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ABSTRACT

This report describes risk-significant challenges posed to hiark lit containment
systems by sevele accidents as identified for Grand Gulf. Design similarities and
differences betw:en the hiark 111 plants that are important to containment perform-
ance are summarized. The accident sequences responsible for the challenges and
the postulated containment failure modes associated with each challenge are iden-
tified and described. Improvements are discussed that have the potential either to
prevent or delay containment failure, or to mitigate the offsite consequences of a
fission product release. For each of these potential improvements, a qualitative
analysis is provided. A limited quantitative risk analysis is provided for selected
potential improvements.
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FOREWORD

SECY-88-147, dated May 25,1988, presented the NRC staff's program plan to
evaluate generic severe accident containment vulnerabilities via the Containment
Performance improvement (CPI) program. This effort was predicated on the
assumption that there are generic severe accident challenges for each light water
reactor (LWR) containment type that should be assessed to detennine whether
additional regulatory guidance or requirements conceming needed containment
features are warranted, and to confirm the adequacy of the existing Commission
policy. The bases for the presumption that such assessments were needed included
the uncertainty in the ability of LWR containments to successfully survive sc a
severe accident challenges, as indicated by Draft NUREG-l'50. All LWR co.c
tainment types have been assessed beginning with the boiling water reactors
(BWRs) with Mark I containments. This effort was closely integrated with the
Individual Plant Examination (IPE) program and is intended to focus on resolution >

of hardware and procedural issues related to generic containment challenges.

This repon documents the results of NRC-sponsored research related to severe
accident challenges and potential enhancements that could improve containment
performance.The purpose of this report is to provide boiling water reactor (IlWR)
Mark Ill containment owners with infonnation they may find useful in their IPE.
No requirements are contained in this report; it is provided for information only.
Generic letter 88-20, Supplement 3, dated July 6,1990 provides specific guidance
to the industry on the use of this and similar reports.
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ac Alternating cunent ilCTL lleat capacity temperature limit

ADS Automatic depressuritation system llEP lluman error probability

ARI Attemate rod insertion lilS liydrogen ignition system

llPCS liigh-pressure core sprayATWS Anticipated transient without scram

}IVAC lleating, ventilation and air
flWR !! oiling water reactor

conditioning

ilWROG flWR Owners Group
INEL Idaho National Engineering

.

Latwatoy
CCI Core-concrete interaction

IPE Individual Plant Examination
CDI. Core damage frequency-

" * "
CLWO Containment Loads Working Group

" "

CPI Containment } erformance
improvement LOCA Loss-of-coolant accident

CRD Control rod drive LOSP Loss of offsite power

CS Core spray LPCI Low-pressure coolant injection

CST Condensate storage tant LPCS Low-pressure core spray

DilA Design basis accident LTSil Long-term station blackout

hiAAP hiodular Accident Analysis Program
de Direct current

hiACCS MELCOR Accident Consequence
DCil Direct containment heating

Code System

DF Decontamination factor MSCWL Minimum steam cooling water level

ECCS Emergency core cooling systems hiSIV Main steam : solation s alve

EDO Emergency diesel generator h1VSS Multi-Wnturi Scrubber System

EOP Emergency operating procedures NPSil Net positive suction head

EPO Emergency Procedure Guidelines NRC Nuclear Regulatory Commission

ESF Engineered safety feature ORNL Oak Ridge National Laboratory

FCI Fuelwoolant interaction PCPL Primary containment pressure limit

FSAR Final Safety Analysis Report PCS Power conversion system
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i PDS Plant demoge state SGTS Standby Fas treatment system
i

PRA Probabilistic risk assessment SLCS Standby liquid control system ;

RCIC Reactor core isolation cooling
3g 3,g , ; ,, ,

RilR Residual heat removal
SRV Safety / relief valve

,

| RPS Reactor protection system

Rirr Recirculation pump trip

" " ~''"" "I"I U '' "* "IRPV Reactor pressure vessel

SARRP Severe Accident Risk Reduction TAF Top of active fuel

Program,

'

TW Loss oflong-term containmem heat
SBO Station blackout removal

,
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AN ASSESSMENT OF BWR MARK lli
CONTAINMENT CHALLENGES, FAILURE MODES,

AND POTENTIAL IMPROVEMENTS IN
PERFORMANCE

EXECUTIVE SUMMARY

This report concerns boiling water teactor valves, a means of preventing weir wall overflow
(BWR) plants with a Mark III containment de- prior to vessel breach, and a method of venting
sign, of which there are four in the U.S.: Grand the containment through a hardened pipe that is
Gulf, Clinton, Riverbend, and Perry. This report independent of normal and emergency ac power
focuses on the identification of potential chal- sources. The backup power supply for the igni-
lenges to containment integrity that can arise tors could also be sired to provide power for the
from a severe accident and the potential improve- upper containment pool dump valves. The back-
ments that could reduce the probability of con- up power supply would provide an "uninterrupt-
tainment failure or mitigate the offsite ible" hydrogen ignition system that would burn
consequences in the event that a severe accident the hydrogen in a controlled manner before it
should occur. The impact of these improvements could reach concentrations capable of threatening
upon core damage frequency, containment failure containment integrity. Providing enhanced opera-
probability, or risk is examined both qualitatively tor control over the upper containment pool dump
and quantitatively.The quantitative portion of the valves would pennit dumping of the water at po-
analysis used models and data specific to the tentially advantageous times when the normal
Grand Gulf plant, and may not be generic to the pool dump initiation signals were not available,
rtmaining Mark Ill plants. The estimated costs and would also provide the operators with the
for selected improvements were taken from pre- ability to prohibit dumping at other times. Vent-
vlously published infonnation and are not meant ing the containment at the primary containment
to be interpreted as final estimates, pressure limit (PCPL) via " soft" IIVAC ductwork

can result in a failure of the ductwork and thus
The most recent NUREG-1150 analysis of raises concerns about the habitability of the auxil-

Grand Gulf (dated June 1989) has identified the lary building and the survivability of the equip-
dominant containment failure challenges to be ment in the affected aren A hardened vent would
the result of station blackout (SDO) accident se- eliminate these potential concerns. An external
quences. The most significant challenges arising filter could reduce the offsite consequences of
fmm these sequences are due to potential hydro- venting that occur in the Mark Ill as a result of
gen deflagrations and detonations, fuel-coolant drywell-to-wetwell leakage and other suppres-
interactions (FCI), and containment overpressur- sion pool bypass paths,
ization by noncondensible gases from core-
concrete interactions (CCl). Table ES-1 summarizes the potential qualita-

tive benefits, as well as any identified negative
Potentialimprovements to reduce the risk from

aspects, f each oMe pmposed improvements.station blackout include enhanced reactor pres-
sure vessel (RPV) depressurization capability, the
installation of a backup power supply for the A quantitative accident progression analysis
existing hydrogen ignition systems or the in- was performed for selected potential improve-
stallation of powerless ignitors, improvements to ments to estimate the impact of the improvement
the existing fire water system, enhanced operator on containment response. The impact on offsite
control over the upper containment pool dump consequences was evaluated for selected

I

|
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Table ES-1. Qualitative assessment of benefits and drawbacks of potential hiark 111 containment
improvements

Potentic! Improvement Potential flenefits Potential Drawbacks

Enhanced reactor Reduces frequency of some Increases likelihood of
depressuritation system core damage sequences ex-vessel FCI
(50.5ht-1.4ht)

Reduces amount of
hydrogen pencrated
in-vessel

Reduces likelihood of
direct containment
heating (DCil)

Increases the ability to
add water to the RPV

Post-core damage reactor Reduces likelihood of DCil increases likelihood
depressurization system of ex-vessel FCI
(50.5 M-1.4 ht)

Increases the ability to Does not change
add water to the RPV frequency of core damage

Increases amount of
hydrogen generated
in-vessel

llackup water supply Reduces frequeacy of some New hardware may be
system ($0.8thi 2.4hi) core darnage sequences expensive

increases likelihood of
cavity Gooding (see below)

Relatively low cost if
fire protection system is used

Ilydrogen control by Reduces containment failures Increases likelihood of
improved ignition due to hydrogen deflagrations containment failure for
system-backup power to and detonations [short-temi [long-term station

; the ignitors ($300K) station blackout (ST-5BO) blackout (LT-SBO)
| sequences] sequences]

Prevention of weir wall Reduces likelihood of hiay increase likelihood
t overflow ex-vessel FCI of suppression pool

| bypass
|

| Increases likelihood of
l dry CCI

2
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Table ES-1. (continued) |

Potential improvement Potential Benefits Potential Drawbacks ;

Cavity flooding via upper Reduces likelihood of dry CCI increases likelihood of
pool dump FCI

Provides scrubbing of fission increases likelihood of
products should suppression hydrogen bum if dump
pool bypass occur occurs after core damage

Containment venting

| liard-pipe vent system Prevents late liigh likelihood of
with dedicated power overpressure failures for suppression pool bypass

source ($0.69M41M) transients with scram may lead to increase in
risk

| Preemptive ventmg Moderately high cost
reduces containment base
pressure prior to core May not prevent thermal
damage failure or FCI

Reduces probability of Can lead to inadvertent
ex-vessel steam explosion release
by reducing weir wall
overflow

| Filtered containment vent See ebove See above

system with dedicated power
source ($5M-50M) Ensures scrubbing of High cost

releases

improvements. Full use was made of the tools found to be of benefit were backup power to the
developed for the June 1989 Draft NUREG-1150 hydrogen ignition system and early containment

; analysis of Grand Gulf. Thus, no attempt was venting. Enhanced depressurization (following
'

made to develop independent or simplified core damage) increased the probability of an in-
containment event trees for analyzing contain- vessel steam explosion as the probability of a
ment response; the accident progression analysis steam explosion at low pressure (100-200 psi) is

,.

in this report contains the same level of detail as greater than at high pressure (1000 psi). This off-
the Draft NUREG-il50 analysis of Grand Gulf, set the increased probability of recovering injec-
with the exception that no uncertainty analysis tion in the dominant ph.ot damage state.
wa' ocrformed for this report. No analysis was Preventing water from overflowing the weir wall
mtde of front-end risk reductions, that is, was found to increase dry CCI that significantly
improvements that could reduce core damage increased the late threat to containment. Enhance-

frequency, ments to ensure the availability of upper pool
dump during blackout sequences were found to

in tenus of reducing the probability of contain- increase the probability of early containment fail-
ment failure, the only individual improvements ute with suppression pool bypass, because pool

3
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dump results in a higher probability of a flooded Both combined improvement cases with no
or wet cavity at the tirne of vessel breach. This in- weir wall overflow reduced the early fireat to
creases the probability of a large ex-vessel steam containment integrity (early threats occu r prior to
explosion at the time of vessel breach, which in- or at the time of reactor vessel failure) llowever,
creases the impulse loads on the drywell. An ex- these combinations of improvements si nificant-t
vessel steam explosion also produces large ly increased the late threat (late threat. occur a
quantities of hydrogen because debris fragmenta- number of hours after vessel failu'.e) to the
tion rnarkedly increases the rate of ex-vessel oxi. containment, primarily as a result of .he CCI that
dation. The additional hydrogen can ignite, occurs in the dry cavity. |iowever, t. cent
further increasing the probability of containment MELCOR calcula$ns for s depressurized short-
failure at the time of vessel breach. term SBO sequence performed at Oak Ridge

National Laboratory indicate that the contain-
ment threat from CCI may be of less significance

Detailed offsite consequence calculations were than identified in Draft NUREG-1150.
performed for early containment venting. A sig-
nificant increase in all consequence measures

Calculations were performed to determine the
was seen in comparison with the base case.

effect of the dry cavity combined improvements
on offsite consequences. Table ES-2 presents

Three improvement combinations were eva- these results along with those of the base case,

luated in detail, toth in terms of containment re- The table shows that dry cavity combined

sponse and offsite consequences. The first impr vements result m a small reduction in the
,

combination evaluated was an improved hydro- ffsite doses. In general, the conditional probabil-

gen ignition system with 100% diffusion burn ities of the releases were reduced, but the severity

ef6ciency, enhanced reactor depressurization fol- f the releases was increased from the base case;

lowing core damage prevention of water from the dry cavity modifications increase the severity

flowing over the weir wall, and an increased f a g en r case, cause there is Htdc or no

probability that the operators get the fire water scrubbing of the release. As forementioned, the
.

system aligned so that low-pressure injection I te threat to the contamment m a depressunted

into the reactor vessel occurs in fast station black. SBO sequence could be less severe than was
m deled in Draft NUREG-ll50. Therefore, theout sequences with the fire water system avail-

able, no power recovery, and failure of all other risk reduction for a dry cavity may be larger than

emergency injection systems The second combi- the results from this analysis would suggest,
,

nation was identical to the first except that water H wem, the benefits of scrubbing through an

was permitted to flow over the weir wall. The overlying pool of water could be lost if no water

third combination was like the first, except that injecti n system to the reactor vessel is ever
ree vered,

ex-vessel steam explosions were eliminated.

in the case of the combined improvements
The early containment venting and upper pool where water is permitted to overflow the weir

dump modifications were not included in any of wall (i.e., tne cavity is wet in some cases and dry
these combinations because of the detrimental in others, rather than always dry), there is a reduc.<

effects that were observed for these modifications tion in the probability oflate containment failure
in the individual s(nsitivity analysee. However, and an increase in the probability of sontainment
the analysis of these improvements did not reDect survival as compared to the case with no weir
the findings of deterministic analyses perfonned wall overflow. Although the probability of early
since the publication of Draft 1150. These other containment failure is virtually the same in both
analyses indicate that containment venting can be cases, there is a decrease in the probability of late
very important in prevention of ex-vessel steam arid no suppression pool bypass, and an increase

j explosions. in the probability of early suppression pool

4
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Table ES-2. Grand Gulf combined improvement risk comparison

Mean Early hican Latent hican Mean hican

Fatalities Fatalities 5(LMile Dose 1000-Mile Dose Offsite Costs
(per ry*) (per ry) (rnan-rem /ry) (man-rem /ry) (5/ry)

llase case 6.2E-09 1.7 E--03 7.8E-01 10.4 2.2E+03

Combined 6.8E-09 1.7E-03 7.6E-01 10.3 '2.7 E+03

improvement
with no weit
wall overflow

Combined 2.7E-09 1.2E-03 6.2E-01 7.66 1.5E+03

improvement
with weit
wall overflow
permitted

Combined 5.3E-09 1.6E-03 7.4E-01 10.0 2.5 E+03

improvement
with no we;r
wall overflow,
no EYSEb

n. Itenctor year,

I
b. Ex-vessel steam explosion.

bypass. When the combined improvements with than those for any other case. Compared with the
weir wall overflow are compared to the base case, base case values, the mean early fatalities de-
the net effects are dectrases in every early contain- creased 56%, the mean latent fatalities decreased

ment failure mode and increases in the conditional 29%, the mean 50-mile and 1000-mile doses de-

probabilities of late containment failure, venting, creased 21% and 23%, respectively, and the mean
containment survival, and in-vessel recovery. offsite costs decreased 30%, However, for Grand

flowever, as in the case of the containment venting Gulf, the base case is already very small and in-
analysis, this analysis did not reflect the results of cludes a wide uncertainty range. Other plants may

deterministk analyses performed since the publi- observe more significant changes in risk.
' cation of Draft 1150. Important factors missing
from this analysis are deterministic analysis of po- These results indicate that the modifica6on to
tential steam explosions effects, suppression pool prevent weir wall overflow may reduce the over-
bypass, or lack of pool bypass. all benefits of the other combined improvements,

because the reduced probability of flooding in the
Table ES-2 presents the results for the base case cavity increases the probability that dry CCI will

and the combined improvement cases. As indi- occur. A comparison of the two combined im-
cated in the table, the risk measures for the com- provements indicates that the effects on risk of
bined case with weir wall overflow are all smaller the increased probability of dry CCI outweigh

5
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those brought about by the decrease in the proba- periments, or experiences into the current re-
bility of ex-vessel steam explosions. search. As a minimum, these results should be

compared against experiments and analyses com-
These results should not be used without careful pleted after the June 1989 NUREG-1150 effort.

consideration to the ;nderlying assumptions and For example, the necent Oak Ridge MELCOR
implications in tb suite of NUREG-1150 analy* calculations indicate that in at least one depressu-
sis codes. For example, when corium enters the rited ST-SHO sequence, the late threat to con-

.

in-pedestal area and no water is initially present* tainment from CCI may be less severe than was |
there is an 80% chance that no CCI will occur if modeled in Draft NUREG-il50.
vessel breach occurs at high pressure and an injec-
tion source is present. This probability drops to
16% if vessel breach occurs at low pressure. These Each of the potential improvements can have |
probabilities imply that vessel breach at low pres- an impact on the others and thus the potential !
sure is not as likely to result in a coolable debris benents of the combined improvements can have
bed geometry as a high-pressure breach. Another greater benefit. The combinations of improve-
implication is that a low-pressure injection source ments that have been discussed in this report are
is not likely to prevent CCl (although it will eause not necessarily the only or best combinations for
acrubbing of the resulting release): CCI will initi- Grand Gulf or any other Mark 111 facility, but
ate under water and become as vigorous as if no were those that seemed to have the greatest poten-
wa'er had been present, only delayed.Other possi- tial for reducing containment failure probability
ble implications are that the water overlying the or risk. The offsite risk and core damage frequen-
corium will never touch the corium and thereby cy at Grand Gulf are low and are made up of
will not provide any significant cooling, or that an many small contributors. Therefore, the potential
insulating crust will develop and separate the co- benc0ts from these improvements are small,
rium from the water. The Gnal result, that there is

only a 16% chance that injection will prevent CCI
after a low-pressure vessel breach, results from This analysis should not be viewed as a final
consideration of research completed at the time evaluation of the benefits (reductions in contain-
the study was performed, ment challenges and offsite consequences) for any

BWR/6 with a Mark Ill containment. However,it
This suite of codc3 does not alwap permit easy should be considered when preparing or conduct-

transfer of new resuhs from other analyses, ex- ing an Individual Plant Examination (IpE).

|

|
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1. INTRODUCTION

'Ihis report discusses dominar.t severe accident The HWR Mark 111 plants and their important
challenges, as identified by current severe acci. safety design features, along with the differences
dent research, which can threaten the integrity of and similarities among the various plants, are
boiling water reactors (BWP.s) with Mark 111 con- discussed in Section 2. Section 3 discusses the
tainmvois. Potential improvnnents are identified important accident sequences that could chal-
and evaluated as to their ability to arrest or delay lenge containment integrity. Section 4 describes
core damage, prevent or delay containment fail- the containment challenges and failure modes
ure, or rnitigate the offsite consequences of a ns. resulting from the dominant accident sequences,
sion pmduct release.

Section 5 describes improvements that have the

The containment challenges identified in this p tential to prevent core damage or mitigate con-

report involve many phenomenological issues tainment failure and offsite consequences. A

that are still the subject of considerable uncertain- qualitative assessment is provided to identify the'

ty. The material in this report relies primarily on benefits and drawbacks associated with each

the findings of NRC-sponsored research. Contro- potential improvement. Sections 6-13 describe

versial and highly uncertain issues are described the quantitative assessment perfonned to estimate

to provide a reference for further discussion. the benefit for each potential improvement.

!
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2.. MARK lli PLANT FEATURES-

A general summary of design infonnation for The i!CCS for the BWR/6 reactors includes a s

.he BWRs with Mark III c.ontainments is pres- high-pressure core spray (FIPCS) system, a low-
ented in this sectien. As indicated in Table 2-1, pressure core spray (LPCS) system, the low-
there are presently four nuclear power plants pressure coolant injection (LPCI) function of the
with -Mark ill containments, located at tour dif- residual heat removal (RHR) system, and the au.
ferent sites. D_ifferent architecturat/ engineering tomatic depressurization system _(ADS). These -
and construction firms were used to build the systems are segregated into three divisions to
four plants. Design similarities and differences provide separation of redundant functions. Divi-

;

are presented in Tables 2-2 and 2-3. sion I comprises one train of LPCI, LPCS, Divi-
sion I of ADS, an independent standby ac-power
source, and an independent de battery to provide

2.1 Reactor Design emergency de power to vital loads. Division 11 is
composed of the remaining two LPCI trains of
RilR, Division II of ADS, and independent ac -

BWR plants with Mark 111 containments fea- and de power sources analogous to those in Divi-
ture the General Electric Company (GE) BWR/6 sion 1. Division Ill consists of !!PCS, a dedicated

reactor product line. Table 2-2 summarizes some diesel generator as an independent standby ac
of the important reactor design and emergency power source, and an independent de power
core cooling system (ECCS) information, source.,

Table 2-1. United States nuelear power plants with Mark 111 containments *
s..

t

Date of
_

Utility / Plant Neme Architectural Engineer Construction Firm Commercial Operation

Cleveland Gilbert Utility 11/87

Electric -
Illuminating

: Perry 1

Gulf States Stone & Webster Stone & Webster 6/86
| Utilities
11

1
Riverbend i

Illinok fower Sargent & Lundy Baldwin i1/87

Chn;on 1

-- System Energy Bechtel Bechtel 7/85-
Resources -

Grand Cmif I

a. "World I.ist of Nuclear Power Plants " Nuclear News, February 1989.

8
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Table 2-2. Comparison of BWR hiark Ill reactor design characteristics

Plant

Parameter Clin;on Grand Gulf Perry River Bend

Reactor Design

hiodel BWR/6 BWR/6 BWR/6 BWR/6
>

Vessel ID (in.) 218 251 238 218

Number of fuel 624 800 748 624
bundles

Rated power 2894 3833 3579 2894
(h1Wth)

Power density 52.4 54.1 54.1 52.4
(kW/L)

Turbine bypass (%) 35 35 35 10

ECCS

IIPCS

Flow (gpm)
at i14*i psid 1400 1650 1550 1400
at 200 psid 5010 7115 6000 5010

hiinimum 5 4 5 5

NPSil (ft)

Design ac motor ac motor ac motor ac motor

injectiot. Above core Above core Above core Above core
location sparger sparger sparger sparger

LPCS
I

Flow (gpm) 5010 7115 6000 5010
128 psid

Design ac motor ac motor ac motor ac motor

injection Above core Above core Above core Above core
location sparger sparger sparger sparger

|

1

j
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Table 2-2. (continued)

Plant

Parameter Clinton Grand Gulf Perry River Bend

LPCI

Flow (gpm) 5050*3 7450*3 6500*3 5050*3
24 psid 24 psid 20 psid 24 psid

Design ac motor ac motor ac motor ac motor

injection core shroud core shroud core shroud

location

ADS-designated 7 8 8 7

SRVs

RCIC

Flow (gpm) 600 800 700 600

Design Turbine Turbine Turbine Turbine

Injection RPV head Feedwater RPV head RPV head

location

Table 2-3. Comparison of BWR Mark 111 primary containment design characteristics

Plant

Parameter Clinton Gnmd Gulf Perry River Bend

Containment Design

Total free volume 1.80 1.67 1.42 1.43
3(Mft )

Pool volume 0.136 0.14 0.12 0.13
3(Mft )

Containment 0.62 0.44 0.34 0.41

volume / thermal
power rating

3(ft /kW)

10
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Table 2-3. (continued)

Plant

Parameter Clinton Grand Gulf Perry River Bend

Containment Design

Containment 0.G47 0.037 0.034 0.045
pool volume!
thermal power
rating (ft%W)

Drywell/wetwell
vents

Number 102 135 120 129

Design pressure
(psig)

Intemal 15 15 15 15

Extemal 3 0.8 0.6

Drywell
design pressure
(psig)

Internal 30 30 30 25
Extemal 17 21 21 20

| Maximum leakage 0.65 0.35 0.20 0.26

,

(%vol/ day)|

| RllR llXs

Removal rate 37.S*2 50.0*2 46.9*2 37.8*2
(MBtu/hr)

% of core 0.765- 0.764 0.768 0.765
thermal power

Containment spray 3800*2 5650*2 5250*2 N/A
now rate (gpm)

DB A peak response

Drywe11(psig) 18.9 22.0 22.I 19.2

Containment (psig) 8.7 11.5 11.3 7.6

11
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Table 2-3. (continued)

Plant

River BendParameter Clinton Grand Gulf Perry _

Containment Design

Combustible gas
control

f1 mixing drywell to 800*2 1000*2 500*2 2600*2
2

containment (sefm)

Containment purge 300*2 65*2 50 2500

to SGTS (sefm)

11 recombiner 70*2 100*2 100*2 100*2
2

(scfm)

11 ignitors (no.) 115 90 1(M
2

Secondary containment 1.71 3.64 0.393 0.357

Volume (Mft))

Annulus - - 0.393 0.357

Auxiliary building - 3.04 - 1.15

Enclosure building - 0.60 - -

Fuel building - - - 0.724

Operating pressure
(in wg)

Annulus - -0.40 -3.0 -

Auxiliary building -0.25 -0.125 0.0 0.0

Enclosure building - 0.0 - -

Fuel building - - - -0.55

In-leakage rate 0.65 - 100 -

(%vol/ day)

Fission product
control systems

Capacity 4000*2 12,500*2 700*2 12,500*2

(ft)/ min)
_

12
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The ECCS systems associated with the BWR/6 pump could probably delive r more than 100 ppm -
'

plants are designed with sufficient net positive to the reactor vessel.
suction head (NPSil) to ensure pumping capabili-

'

ty with the suppression pool water at saturated All of the Mark Ill plants include an automatic
conditions. This feature becomes significant dur- depressurization system (ADS) as part of the
ing accident sequences that challenge he heat ca. ECCS to depressurize the reactor vessel and al-
pacity limits of the suppression pool. It is also low low-pressure ECCS injection. Upon receipt
important for sequences that involve containment of an ADS initiation signal, the ADS opens a
venting or containment failure before vessel fail- subset of the safety / relief valves (SRVs). Vessel
ure, conditions that could result in rapid contain. effluent is piped through the SRVs to spargers 10
ment depressurization with accompanying cated near the bottom of the suppression pool.
flashing of the suppression pool water. Discharging effluent into the bottom of the sup-

pression paol maxirnizes the condensation of

The llPCS system delivers water to the reactor steam and the scrubbing of any nonnoble gas fis-

core through a peripheral ring spray sparger sion products in the effluent.

mounted inside the core shroud and above the
core. Tb system is capable of supplying coolant The SRVs are grouped into banks of valves that

over the entire range of reactor system operating perate in unison to protect the vessel from over-

pressures. The primary purpose of the system is pressurizati n. Each SRV bank has a successively

to maintain reactor water inventory after small mereasmg pressure setpomt to provide graduated

breaks that do not depressurize the reactor vessel. Pressure relief with increasing reactor system
E"'8 * #'It also provides spray cooling heat transfer during

sequences involving core uncovery. The HPCS
Two low-pressure injection systems, LPCSsystem can draw a suction from either the con-

and LPCI, are provided as part of the ECCS.
densate storage tank (CST) or the suppression LPCS is an independent loop similar to the
pool. The transfer of suction from the CST to the

, flPCS, except that LPCS is a low-pressure sys-
suppression pool is fully automatic; it occurs on

tem, it does not have a dedicated independent
either the low CST or high suppression pool lev-

power supply, and no suction path from the CST
cl. HPCS is automatically actuated on either low-

s available. LPCI is an operational mode of theer reactor vessel water level (Level 2, which is
residual heat removal (RHR) system and is a

well above the top of active fuel) or high drywell
large capacity, low-pressure system.

pressure (~2 psig).

RCIC is steam turbine driven and is capable of
Other high-pressure injection systems include taking suction from either the CST or the suppres-

the condensate /feedwater system, the reactor core sion pool to supply high pressure makeup flow.
, isolation cooling (RCIC) system, and the control Altematively, a suction path from the RHR sys-
| rod drive (CRD) hydraulic system. The RCIC and tem can be established to support the steam-con-
'

CRD systems are not part of the ECCS and have densing mode of RilR. Unlike the ECCS, RCIC is
a lower makeup flow rate than the ECCS. How- only designed to operate with suctic . .empera-
ever, in postulated high-pressure severe acci- tures up to 140'E Automatic actuation of RCIC
dents, these systems may be important sources of occurs on a low reactoc water level signal (Level
makeup flow. The RCIC makeup flow rates are 2) to provide makeup flow to the vessel. As with
included in Table 2-2. The turbine-driven RCIC HPCS, suction transfer from the CST to the sup-
system delivers approximately 10% of the maxi- pression pool occurs automatically.
mum HPCS flow rate. Although a survey of
plant-specific CRD flow rates was not made, it is The RCIC connection to RHR allows RCIC to
expected that the CRD injection rate during nor. pump condensate discharge from the RHR heat
mal operations would be approximately 65 gpm. exchangers, produced during the RHR steam-
With optimum manual valve lineup, each CRD condensing mode of operation, back to the vessel.

13
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The steam-condensing mode of RHR, in con- through the water in the suppression pool, except

junction with the RCIC return,is designed to con- for the nonnal suppression pool bypass leakage.

dense cll of the steam generated 1.5 h following a The benefits of the suppression poolinclude
scram from 100% power. Except at Grand Gulf, (a) scrubbing of the non-noble gas Gssion prod-

the discharge line of RCIC injects into the vessel ucts,(b) a source of water for the ECCS,(c) cool-

head spray connection. The head spray injection ing of the noble gases, and (d) a large heat sink for
3

produces a steam-quenching effect, which de- steam condensation. For example, a 140,000 ft

pressurizes the reactor vessel At Grand Gulf, pool is capable of absorbing 100 MW-hr of ener.
RCIC injects into a feedwater line. A comparison gy with only a 40 F rise in temperature.
of RCIC systems is provided in Table 2-2.

Table 2-3 summarizes the gcyral containment
Reactivity control is provided by cruciform- design information for the four Mark til plant

shaped bottom entry control rods. The reactor sites.The Mark Ill containment has a much larger
3protection system (RPS) monitors several system free volume (1.8 x 106 ft ) than previous BWR

6 3 6 3parameters and,if necessary, generates a reactor designs (0.5 x 10 ft for MarkIls and 0.2 x 10 ft
scram signal to rapidly insert the control rods into for Marks Is). Because of the larger size of the
the core. Anticipated transient without scram Mark 111 containment, containment inerting was
(ATWS) protection is provided by the alternate not included in its design, and systems are pro-t

rod insertion (ARI) and recirculation pump trip vided for hydrogen control during design basis
(RPT) functions. The ARI system provides a accidents,

backup scram signal should the electrical portion
of the RPS fail.The KrWS RPT function trips th F gures 2-1 through 2-4 show the general con-
field breakers to the recirculation pump motors, tainment layout at each of the Mark 111 units stu-
rapidly increasing the core void fraction, and thus died. Two basic containment construction types
reduemg core thermal power to the natural circu- are employed. At Perry and River Bend the con-
lation rod ime hmus. Redundant reactivity control tainment boundary is a free-standing steel shell
is provided by the standby hquid control system that is contained within a concrete reactor build-
(SLCS). The SLCS is manually imtiated from the ing. The Clinton and Grand Gulf containments
control room to pump a sodium pentaborate solu- are both constructed from a steel-lined reinforced
tion into the reactor if the reactor cannot be shut concrete shell. Grand Gulf, which was chosen as
down, or be kept shut down with the control rods. the Mark Ill NUREG-1150 study plant, has a

concrete containment boundary consisting of the
2.2 Containment Design foundation mat, the cylindrical wall, and the reac-

tot building dome. The flat circular foundation
The BWR Mark 111 containment consists of mat is 9 ft 6 in, thick and has an outside diameter

two regions, the drywell and the wetwell(see Fig- of 134 ft. The foundation mat supports a right cir-

ure 2-1). The wetwell consists of an annular re- cular cylindrical wall 3 ft 6 in. thick. with an inner

gion around the drywell and is separated from the radius of 62 ft. and a height of 144 ft 9 in. from the

drywell by the drywell and weir walls. The dry- top of the foundation mat to the springline. Lo-
well atmosphere is in contact with the suppres- cated above the cylindrical wall is the hemispher-

sion pool water surface in the annular region ical shell of the containment dome; 2 ft 6 in, thick

between the weir wall and the drywell wall, with an inside radius of 62 ft.The inner surface of
When the drywell airspace is pressurized, the the concrete wall and dome it. completely lined

suppression pool water is depressed in the dry- with welded steel plate to fonn a gas-tight barri-
well and gases from the drywell are forced er. The volume within the containment boundary

through submerged holes in the drywell wall into consists of the drywell, the wetwells, and sup-
the suppression pool. Because the holes in the pression pool. The drywell is connected to the
drywell wall are below the normal water level of wetwell by 28-in. diameter vents in the cylindri-

the pool, all effluent entering the wetwell passes cal drywell wall (made of reinforced concret

!14
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located below the surface of the suppression pool. two active sumps is normally discharged to
. A water seal is maintained over the vents by a two 5000-gal auxiliary building drain transfer
17-ft weir wall located inside of the drywell wall. tanks, and from there to equipment and floor
Steam released within the drywell boundary is drain collection tanks in the radwaste building.
generally relieved through the annulus between The drywell floor drain collection sump has four
the weir wall and drywell wall, out through the Door drain lines from the 100 ft 9 in. level of the
submerged vents, and into the wetwell water vol- drywell. The floor drains are each 4-in. lines that
ume, where the remainder of the steam is feed two 8-in. drain headers, one of which is re-
condensed. duced to 6 in. before discharging to the floor drain

sump. During severe accidents, the sump dis-
The SRVs discharge through quenchers lo_ charge lines will isolate and the sump pumps may

cated at the bottom of the suppression pool Vacu. experience loss of power, allowing the sumps to

um breakers located in the drywell on the SRV overCow. The drain lines into the sump will pro-
tailpipes prevent the tai! pipes from drawing water vide a flow path for water accumulating on the
up from the suppression pool as the steam in the drywell floor. Because the sumps are equipped
lines condenses following SRV closure, with well-fitted, but not water-tight steel plate

access covers, flooding of the pedestal will be

The Grand Gulf reactor vessel is supported by p ssible before water levels on the drywell floor

a 5.75-ft thick cylindrical pedestal. Exterior to reach the pedestal access and CRD removal open-

the pedestal is a 9-ft thick concrete support mat ing. The rate at which flooding of the pedestal

that sits above the foundation nat and extends cavity occurs is limited by the rate of leakage

from the reactor support pede:,tal to the base of fr m the sump vent (approximately a 1/2-in. line)

the drywell weir wall. The cavity within the ped. r fr m around the sump cover.There should also

estal is 21 ft 2 in. in diameter and 6 ft 3 in, deep be a now path from the pedestal cavity floor into

from the basemat to the top of the reactor pressure the sump, but it is not shown in the Grand Gulf

vessel (RPV) pedestal mat. Molten core debris FS AR. As discussed later in this report, the rate at

from a postulated failure of the RPV bottom head which the cavity can be filled through the floor
dra, lines is an important consideration m deter-mwould likely be contained within the pedestal

cavity. Should corium attack cause the pedestal to mining the potential for a steam explosion should

fail, a resulting vessel movement would likely a severe accident progress to the point of RPV
failure.initiate a suppression pool bypass because of seal

failures of attached piping at the drywell and con-
The containment internal design pressure is

tainment boundanes. 15 psig for all Mark tils, There is a significant
margin between the design pressure and the max-

During normal plant operations at Grand Gulf, imum design basis accident (DB A) pressure for
equipment and floor drains in the drywell drain to both the containment and drywell structures. The
sumps located in the in-pedestal cavity. There are peak containment pressures calculated for design
two 460-gal sumps, each of which is equipped basis accidents occur during the long-tenn phase
with two 50-gpm ac-powered level control of a main steamline break when the peak suppres-
pumps. Each sump has a single 4-in, discharge sion pool temperatures are reached. Several anal-
line common to the two levei control pumps. This yses have estimated the Mark lit ultimate
discharge line is equipped with a pair of normally containment pressures to be significantly higher
open, air-operated isolation valves in series. than the design pressure, with values ranging
These valves wil; automatically close during cer' from 55 to 100 psig.' The higher ultimate
tain conditions, namely, reactor vessel low water strengths are associated with the free-standing
level-Level 2, high drywell pressure, loss of steel designs of Perry and River Bend.
control air, or loss of power to the solenoid pilot
valve, and can also be closed by remote manual All of the Mark 111 plants, with the exception of
operation from the control room. fluid from the River Bend, have a containment spray operating
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mode for their residual heat removal (RHR) return air enters through two lines located just
systems. In addition to the LPCI med: discussed above the suppression pool, Containment purge is
earlier, RHR can also be used to remove energy provided at each of the plants. The purge system
from containment when aligned in either the utilizes the filter trains of the standby gas treat-
suppression pool cooling mode or the contain- ment systems (SGTS)(anm4hes exhaust gas treat-

ment spray mode. Two RHR pump trains circu- ment system at Perry) to filter releases from
late supprersion pool water through two heat containment. Containment makeup air is
exchangers and back to eitner the suppression provided by air compressors that draw from
pool or the containment spray nozzles. Contain- outside air.
ment sprays are initiated automatically during a
loss-of-coolant accident (LOCA) ten minutes 1 The post-LOCA hydrogen recombiners,

ter the containment pressure exceeds the spray which are present at each of the plants, are de-

initiation setpoint. The containment sprays will signed to control long-term containment hydro-

condense steam in the containment and scrub gen concentrations produced as a result of:

non-noble gas fission products. Vacuum breakers
1. Metal-water reactions involving the

are installed in the drywell, which communicate n um fu ea ng an reac-
with the suppression pool air space to control rap- re ant
id weir wall overflow in a large break LOCA.
Drywell vacuum relief is not required to assist in 2. Radiolytic decomposition of the post-
hydrogen dilution or to protect the structural in- accident emergency cooling solutions
tegrity of the drywell following a large break
LOCA.2 (River Bend has neither a containment 3. Corrosion of metals by solutions used
spray system nor dryw cli vacuum breakers. How- for emergency cooling or containment
ever, it does have a unique safety-grade fan cool- spray,

er system.) The Perry FSAR specifies elemental
and particulate iodine removal rates of 2.5/h and if ac power is available, the recombiners can be

used from the onset of an accident in which se-0.88/h, respectively for the cor..ainment spray
system. The. Grand Gulf containment spray sys. vere core damage has resulted. The recombiners

tem elemental and particulate iodine removal cannot, however, control the large-scale genera-

rates are stated as 6.7/h and 1.66/h, respectively, tion of hydrogen that would be expected to occur

The Clinton FS AR did not address the use of con. during a core degradation event.3 Their recombi-

tainment sprays for fission product control, nation rate of 100 scfm was designed to protect
against the hydrogen generation rates occurring
during and after a design basis LOCA, not against 1

Combustible gas control is provided by hydro- the higher rates occurring during the core degra-
gen mixing systems, containment purge systems, dation phase of a severe accident. At these higher
post-LOCA' hydrogen recombiners, and hydro- rates, hydrogen production will overwhelm the
gen ignition systems (HIS). Hydrogen mixing recombiners, allowing flammable concentrations
systems are installed in each of the four Mark 111 to be reached, and the recombiners to become a,

i plants, although the specific design 3 vary from nondistributed ignition source,
plant to plant. At Grand Gulf and Perry, contain-
ment air is forced into the drywell where it mixes Hydrogen control at the rate required during
with hydrogen in the drywell volume. Return air postulated degraded core accidents relles,
flow to the containment passes through the sup- instead, on distributed ignition systems that are

pression pool vents. At Clinton, air from the dry- installed at each of the plants. There are ac-
well is exhausted to spargers located below the powered ignitors distributed throughout the con-
suppression pool surface and return air flows tainment and drywell, designed to burn the
through the containment vacuum breakers into hydrogen in such a manner that containment
the drywell. At River Bend, fans in the upper dry- overpressurization from hydrogen combustion
well exhaust to the containment air space while does not occur.
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3. DOMINANT CORE DAMAGE SEQUENCES

in this section, dominant accident sequences tributor to core damage instead of non-blackout
leading to core damage at discussed, with Grand sequences.
Gulf being used as the Mad FI reference plant.
The latest NUREG/CR-4550 analysis of Grand 3.1 Plant Damage State
Gulf (July 1989) has defined the dominant se- Groupings
quence classes to be those with a frequency great-
er than 1.0 x 10* per reactor-year.4 Four classes

For the purpose of the accident progressionof sequences have been identified that meet this
analysis, it is convenient and useful to group acci-criterion. They are short-term station blackout
dent sequences with similar characteristics into

(SBO), long-term SBO, anticipated transients
plant damaga states (PDSs), Reference 5 usedwithout scram (ATWS), and transients with loss
12 PDSs to encompass all of the Grand Gulf

of the power conversion system (PCS).
dominant accident sequences, as identified in
Table 3-2. For more details, refer to Reference 5,

The importance of each class of sequence with
respect to total core damage frequency is shown There are five dominant PDSs that together
in Table 3-1. The largest contributors to core comprise 98% of the total core damage frequency
damage frequency are clearly those sequences in- (CDF) at Grand Gulf. The dominant PDS (PDS 1,
volving SBO. Next in importance are the ATWS contributing 79% of CDF) is initiated when a loss
sequences (designated as TCUX). Least signifi- of offsite power (LOSP) generates a successful
cant among the dominant sequences are those that reactor scram, followed by a loss of all three divi-
result from transients with a loss of the PCS, des- sions of onsite ac power. The SRVs function to re-
ignated as TQUX. Together these sequence lieve the pressure transient caused by the closure
classes contribute more than 99% of the total of the turbine stop valves, and reactor water level
Grand Gulf core damage frequency. Note that the drops below Level 2 as a result of decay heat-
Draft NUREG-ll50 Grand Gulf core damage induced boiling. The automatic depressurization
profile differs significantly from past Grand Gulf system ( ADS) fails. RCIC fails to start and the
risk assessments (RSSM AP and IDCOR studies), core is uncovered, resulting in core damage with
because of the predominance of SBO as a con- the reactor at high pressure.

,

Table 3-1. Grand Gulf dominant accident sequence contributions to core damage frequency

Contribution to
Core Damage

Sequence Mean Frequency Frequency
Accident Class Designator (per ry*) (%)

Short-term SBO TBU or TBUX- 3.RE-06 94.2

Long-temi SBO TB 1.lE-07 2.6

ATWS TCUX 1.lE-07 2.6

Loss of PCS TQUX 1.3E-08 <1

a. Reactor year.
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Table 3-2.1 Grand Gulf plant damage states

Contribution
.Mean Frequency to CDF

PDS Oroup Sequence Type (per ry') (%)

PDS1 Short-term SBO 3.2E-06 79

PDS 7 Short-term SBO 4.3E-07 11

PDS3- Short-tenn SBO 1.8E-07 4

PDS 8 Long-temi SBO: 6.6E-08 - 2
,

PDS 10- -Long-term ATWS 6.3E-08 2

. PDS 9 - Short-term ATWS 5.0E-08 1

PDS 2 -- - Short-term SBO - 4.8E-08 1

PDS4 Long-term SBO 3.9E-08 i

PDS11- Short-term loss of PCS 1.2E-08 <l

PDS 6 - Long-term SBO 2.0E-09 1
,

PDS 5. - Long-tenn SBO L 1.D09 1
~

,

PDS 12: Long-tenn loss of PCS ~ 2.7E-10 I

,

a. . Reactor year.;

The second most significant PDS (PDS 7)is a _ is recovered. Core damage results because RCIC
short-term SBO and is responsible for 11% of the - and ADS fail By using the available de power,-

tha fire ater system (FWS) can be used fo.r in-- total CDF. In this PDS, offsite power is not recov- w
erable because of commo'n mode failure of the- .jection if the reactor can be depressurized.
station batteries,'which also prevents operation of.

J the diesel generators. Core damage occurs in the The next most significant PDS (PDS 8) is a

,
. short term with 'the reactor at higtipressure; de- long-term SBO that contributes 2% of the_ total

_

,

pressurization and RCIC operation art. not possi. CDF. RCIC operates properly in this PDS until=:

- ble because of the loss of de power, the RCIC turbine trips on high backpressure. 3

During this time, the SRVs are properly limiting -
The third largq contributor to CDF, PDS 3, reactor pressure. After the RCIC turbine trip, the

another short-term SBO (LOSP and failure of the reactor is depressurized and firewater is con.
: diesel generators), contributes 4% of the total nected as a source of reactor. water makeup. The

CDF. Core damage occurs at high pressure and SRVs eventually fait due to battery depletion, but
containment heat removal via the containment the reactor is able to be depressurized by using

,.

sprays is not available in the event that ac power the RCIC steam line. However, the operators fail'
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to maintain pressure below the firewater shutoff steam isolation valves (MSIVs), contributes
head, and core damye results when firewater in- 2% of the totalCDF.Coolantinjectionislostlate
jection is lost. Core damage occurs at high pres _ because of HPCS failure. Top cutsets involve
sure and offsite power is not recovered within mechanical failures of the pump and faults related
12 hours and then is not recoverable because of to room heatup. Core damage occurs in the long
the subsequent loss of de power caused by battery term and with the vessel at high pressure because
depleibn. of operator failure to depressurize,

the fifth largest contributor to CDP is PDS 10, The remaining PDSs contribute <2% of the
a 'ong-term ATWS involving closure of the main - total CDF and are not discussed further,

,

|

|
i
|
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4. CONTAINMENT CHALLENGES AND FAILURE MODES

This section provides a discussion of the con- in the auxiliary building. However, ATWS is sig-
tainment challenges and failure modes resulting nificant and results in both long- and short-term
from the PDSs described in Section 3, These plant damage states. The long-term plant damage
challenges include gradual (quasistatic) overpres- state, by definition, will result in suppression pool
surization, hydrogen-induced overpressuriza- heating of sufficient duration to cause an early
tion,' steam spike-induced overpressurization, overpressure challenge, i.e., before core degrada-
and overpressurization as a result of gases gener- tion. However, the CDF associated with ATWS at

ated by core-concrete interaction (CCl). Grand Gulf may have been overestimated, as dis-
cussed below.

4.1 Inadequate Containment in the ATWS sequences analyzed for Grand
Heat Removal Gulf in Draft NUREG/CR-4550,4 failure to actu-

ate the SLCS was combined in the human factors
analysis with failure to depressunze the RPV;inadequate containment heat removal will
these two events, although separate on the eventcause the containment to pressurize gradually
tree, were treated as one dependent event in the

over a period of several hours to several days,
sequence cut sets. If failure to actuate the SLCS

Pressurization occurs because the containment
were t be treated as a separate event in the se.

heat removal capability is inadequate for the rate
quence cut sets, the mean ATWS sequence fre-

at which energy is being added, resulting in even-
quency could decrease by approximately one

tual saturation of the suppression pool and loss of
rder of magnitude from the curren' NtJREG/the pressure suppression function. The associated

CR-4550 result.4 As a result of combimng the
containment failure mode is leakage or rupture

SLCS actuation failure with failure to depressu.
that is sufficient to prevent further pressurization.

rize, no SLCS hardware failures appear in the se-The potential for mitigation is dependent on
quence cut sets. Table 4.8-4 in the 1989 draft of

(a) reducing the rate of energy addition to con-
NUREG/CR-4550 indicates that these probabih-

tainment, (b) enhancing containment venting
ties are dependent, although treating them as m-

capabilities, or (c) increasing containment heat
dependent (i.e., multiplied together) may be more

removal capability.
accurate.d If SLCS initiation failure were sepa-
rated from failure to depressurize, and a larger

4.1.1 Definition of Challenge. Overpressure human error probability were used, the SLCf
challenges due to an imbalance between the ener- hardware failures could become more important
gy addition rate to containment and the energy re-
moval rate from containment typically are the The two dominant cut sets in the long-term
result of either loss of long-term heat removal ATWS plant damage state involve failure of the
(TW) or ATWS sequences. The most recent Draft HPCS suction transfer from the CST to tae sup.
NUREG/CR-4550 analysis of Grand Gulf found pression pool (sequence 74-B in Reference 4).
TW to be a nondominant sequence, principally The fault tree model used to generate these cut
because early containment failure does not pres- sets appears to be excessively conservative and,
ent a challenge to core integrity at Grand Gulf,4 In although the HPCS fault tree does not explicitly
this respect, Grund Gulf differs from the earlier show it, the discussion in Reference 4 indicates
Mark I and Mark II designs, in which contain- that this transfer is questioned at the point of low
ment failure can lead to a loss-of-coolant injec- level in the CST, not high level in the suppression
tion. This result may be generic to the Mark til pool (which occurs first).4 With a minimum of
plants, because the BWR/6 ECCS pumps are 100.000 gal in the CST reserved for HPCS, and
capable of pumping saturated water, and because with HPCS injecting at ~1000 gpm (the reactor is
the likely containment failure location may not not depressurized in this sequence), low level in
present an cperability threat to equipment located the CST would not be reached for at least
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100 min. With continued steaming to the sup- tion, who performed the Grand Gulf front-end
pression pool at 18--20% of rated pow er [ level as- analysis described in Reference 4 !nter con-
sumed to be controlled at top of active fuel firmed this assumption during a telephone con-
(TAF)) the containment will be overprensurized versation. She indicated that this transfer was not
or sented before the CST is depleted (this as- modeled as a llPCS failure, because the ilPCS

sumes that the automatic IIPCS transfer to the motor bearings could withstand a Guid tempera-
suppression pool on high pool level either failed ture of 350"F for up to 24 hours; seat failure
or was overridden). Therefore, the findings pres- would occur prior to bearing failure, but seal fail-
ented in this report conclude that sequence 74-B ute was not postulated to fail ilPCS.
is not a contributor to CDE lt may contribute to
early containment overpressurization but should
not result in core damage, because neither vent- Furthermore, the existing analysis is based on

ing nor containment failure (failure assumed to be Revision 3 of the BWR Owners Group Emergen-

at the containment springline) should impair ey Procedure Guidelines (EPGs). Revision 4

injection. would require significant revisions to the ATWS
event trees. Under the new EPGs, injection would

Another failure that appears in the cut sets for be maintained from the CST and RPV level con-

long-term ATWS is loss of IIPCS room cooling, trol would first be anempted using CRD flow and

specifically, from failures in the standby service systems that inject outside the core shroud (this

water (SSW) system. Ilowes er, the text of Refer- assumes that the feed pumps are unavailable due

ence 4 states that ilPCS will continue to operate to closure of the MSIVs) At Grand Gulf, this im-

for 12 hours following a loss of room cooling, plies use of only the RCIC,CRD, and condensate

Again, the containment would be overpressuriicd systems. Because the condensate system is a low-

long before this time or the reactor would be suc- pressure system, and RCIC and CRD are inade-

cessfully shut down. Neither of these outcomes quate to maintain level above the minimum steam

would result in core damage. Also, it is not cred- cooling water level (MSCWL) defined in the
ible that an ATWS sequence could continue for EPG, the resuh is that depressurization would be

12 hours without the reactor being Aut down by called for early in the sequence, even if flPCS and

either manual rod insertion or by SLCS injection RCIC were available. After depressurization,
leven with failure of the SLCS pumps, boron can several systems would be available for level con-

be injected via ahernate means, or repairs can be trol. Because of the high injection flow rates
made to the SLCS). available at low pressure, control of Dow rate and

reactor power would be more difficult, hence
Based on prior understanding of the long-term human error probabilities should also change

ATWS sequence, and upon discussions with per- because of the increased complexity of actions re-

sonnel from Sandia National Laboratory,a a dom- quired to maintain level control. The result is that
inant mode of HPCS failure was thought to be the existing ATWS sequences are expected to be
failure of the operator to override the automatic out of context with Revision 4 of the EPGs.
suction transfer to the suppression pool on high
poollevel. Failure to override this transfer would
be postulated to fail llPCS, because the hot sup. Thus, the Reference 4 estimate of ATWS core

pression pool water would provide inadequate damage frequency appears to be overly conserva-

lobe oil cooling, llowever, this failure does not tive. Requantification could eliminate ATWS as a

appear in :my ATWS cut sets; indicating the high dominant core melt challenge and,in tum, the as-

probability that it was not modeled. Mary Drouin sociated containment failure mode of overpres-

of Science Applications International Corpora- sure prior te core damage. However, for the
present, this mode of failure must be considered
as a significant containment challenge, especially

a. Informal meeting between Sandia NUREG/ in light of the Grand Gulf-specific nature of the
CR-4551 analysts and CPI contractors. June 1989 analysis in this report.
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4.1.3 Potential Failure Modes. The specific suppression pool scrubbing. The probability that
containment failure mode associated with inade- combustion will occur and create a pressure load
quate containment. heat removal will be leakage capable of failing containment is relatively high
or rupture caused by quasistatic overpressuriza- for the dominant Grand Gulf plant damage
tion. The most likely failure location is at the head states.6 Because of the relatively high probability
knuckle for steel containments, although both the of combustion-induced overpressure failures,
cylinder wall and the personnel airlock have also and because of the severity of the resulting re-
been identified as possible failure locations.' leases, hydrogen-related challenges are the most
(Reference i summarizes the probable contain- risk-significant category of containment chal- j

ment failure locations for quasistatic overpressur- lenge at Grand Gulf.
'

ization.) Estimated failure pressures range from
$5 to 100 psig, depending on analysis technique Hydrogen-induced overpressurization is
and failure criteria used. The Perry containment, prominent at Grand Gulf because the contain.

'

with its free-standing steel construction, is pre- ment is not inerted, and because the ac-powered

dicted to have an ultimate pressure of 100 psig, HIS will not function during SBO sequences,-

with failure occurring at the head k'nuckle. The which dominate the core damage and risk pro-
Grand Gulf containment, with its reinforced files. During short-term SBOs, hydrogen defla-
concrete design,is predicted to fail at 55 psig. grations and detonations can occur as the result of

with failure occurring at the cylinder near the spontaneous ignition. During some long-term
springline. SBOs, the containment is postulated to become

steam-inerted. However, should the plant recover

4.1.3 Potential for Mitigation. Containment power after the onset of core damage, hydrogen

venting could be used to protect the containment deflagrations and detonations can still occur, be-

from inadequate heat removal. Venting proce- caue containment spray operation (if available) j

dures that me in accordance with the EPGs are in will . nndense steam from the containment atmo-

place at Grand Gulf, and the existing vent path sphere. An ignition under these circumstances is |
'

could reasonably be expected to prevent over- likely and could have severe consequences due to

pressurization during ATWS scenarios.The vent the large t. mount of hydrogen available for
path is composed of two 20-in. lines made up of combustion.

hard pipe and heating, ventilating, and air condi-
tioning (llVAC) ducting. Failure of the llVAC Actions with the potential to reduce the conse-

duct portion of the path would not necessarily quences of combustion are: (a) ensuring ignition

create adverse environmental conditions in the occurs while hydrogen concentrations are within

auxiliary building that would force an end to the range of 4-6 v/o,(b) post-accident inerting of

recovery efforts. the containment, and (c) removal of hydrogen
and oxygen (along with fission products) via con-

- 4.2 Hydrogen-Related 1 I""*"' ve"ti"8-

; Challenges 4.2/1 Definition of Challenge. Oxidation of
l Zircaloy and stainless steel core components dur-

_

Hydrogen deflagrations and detonations could ing core damage produces the hydrogen that
lead to containment failure from both quasistatic threatens containment integrity in severe acci-
and dynamic overpressurization. Prolonged dif- dents. The source of Zircaloy is the fuel cladding
fusion burns can cause failure of sealing materials and channel boxes. The stainless steel in the con.
in the drywell, and at the containment boundaries. trol rod sheaths may also react to generate hydro-

|: The consequences of failures resulting from gen, but to a much lesser extent. Several analyses
hydrogen combustion are aggravated by the pos- have been documented that predict the amount of
sibility of simultaneous failure of both the con. hydrogen generated during postulated core dam-
tainment and drywell. This creates the possibility age events at Grand Gulf. The results obtained

y of a highly energetic release that is unfiltered by differ widely depending on the analytical tool and

i.
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key assumptions used in developing the analyti- Battelle has published the results of STCP cal-

cal model. culations for short-term SBO, long-term SBO,
and ATWS sequences.8 Their short-term SBO-

IDCOR published (in March of 1985) the re. analysis (TBS in their nomenclature), which is

sults of MA AP calculations for TiQUV, AE, very similar to the IDCOR T QUV sequence withi

T 3QW, and T C sequences.7 These sequences, depressurization at Level 1, shows 39% of the ac-
2 23

as defined by IDCOR, differ substantially from tive fuel cladding will oxidize before ved.

the current Draft NUREG-ll50 dominant core breach. The referenced report does not state the

damage sequences, making useful comparisons mass of hydrogen released, either before vessel

difficult. However, the T QUV sequence is simi, breach or later, during reactions in the debris bed.
i

lar enough to the Draft NUREG-il50 short-term However, the long-term SBO sequence is stated
to result in the oxidation of 32% of the active fuelSBO sequence to provide useful insights into the

kinds of results that are obtained with the MA Ap clad,12% of the Zircaloy in the channel boxes,
and 10% of the stainless steel in the control bladecode. The IDCOR T QUV sequence assumes ni sheaths, for a total of 26% of the Zircaloy in theinitiator that results in the compkte loss of injec,

tion when both the main feedwater and conden, e re. With only 32% of the clad reacted, this se-

sate systems are unavailable Thus, neither the quence resulted in the generation of 2000 lbm of

primary injection system nor containment heat hydrogen by the time of vessel breach. Because

removal is available, The key difference between the long-term SBO sequence assumes injection

the IDCOR sequence and the Draft from RCIC until battery failure at 6 hours, and

NUREG-il50 short-term SBO sequence is that subsequent core damage at high pressure due to

the IDCOR analysis assumes the operators de. failure to depressurize, this sequence is not direct-

pressurize the reactor when reactor water level ly comparable to any of the IDCOR analyses de-
scribed above.drops to Level 1 (~20w30 in, above TAF). Core

damage occurs at low pressure, resulting in the
The Draft NUREG 1150 analysis of the short-

release of up to 0.05 lbm/sec of hydrogen gas.
term SBO sequence is based on peliminaryBecause MAAP assumes channel blockage by
MELCOR and BWR-LTAS calculations a Thesemolten fuel and cladding, the reaction is pre-
calculations have not yet been published, but re-

dicted to become limited by steam starvation, and
sults have been made available to CPI personnel

to result in the release of only 10 lbm of hydrogen
in the form of a pre-draft report. The MELCOR

from in-vessel production sources. A total re-
p rti n of the analysis, used to determine con-lease of 3000 ihm is predicted, nearly all of which
tainment response after core uncovery, predictsresults from reactions occurring in the debris bed
an average hydrogen production rate of 0.24 lbm/

| after vessel failure,
sec from the onset of Zirealoy oxidation until ves-

' sel breach, which occurs approximately 3 hours
IDCOR ran a variation of the T QUV sequence later. A total of 2_700 lbm of hydrogen is gener-i

to study the effects of failure to depressurize on ated before vessel brech, followed by an addi.
| the amount of hydrogen generated. This se- tional 820 lbm after vessel breach. Another 1320

quence, in which core damage occurs at high Ibm is predicted to be generated during CCI.
pressure, is very similar to the short-term SBO

_

sequences currently responsible for 94% of the The SNL MELCOR analysis utilizes a hybrid
core damage frequency at Grand Gulf. With n BWR/6 model that was scaled up from an
depressurization before vessel failure, MAAP existinn La Salle BWR/5 input deck, in addition,

'

predicts 430 lbm of hydrogen will be generated the containment model was designed _with a
by in-vessel oxidation, as opposed to 10 lbm
when the vessel is depressurized at Level 1. The
total amount of hydrogen produced in this case is
also higher, at 3,200 lbm as opposed to 3000 lbm a. S. E. Dingman et al., MELCOR Analysesfor Ac-

when the vessel is depressurized at Level 1. cident Progression issues to be issued.

27



relatively coarse nodalization scheme in the inter- analyses (S.E. Dingman et al. draft report) indi-
est of time, care that blowdown of steam and hydrogen to the ;

drywell will tend to push air out into the wetwell ;
Most of the hydrogen generated from in-vessel through the suppression pool vents, leaving the j

oxidation is transported to the suppression pel drywell atmosphere inert to hydrogen burns. A j
through the SRVs. Hydrogen is noncondensible stuck-open tailpipe vacuum breaker could, if it !
and has minimal solubility in water; therefore, failed open during peak release, cause Hammable i
hydrogen released into the suppression pool will conditions in the drywell for approximately 20 I
generally relocate-into the containment air min before the drywell inerted from either steam {spaces flydrogen leaving the suppression pool buildup or oxygen depletion The referenced |
will tend to stratify in the upper regions of the analysis states that, under these conditions, the i
containment in the absence of a mixing force. hydrogen released from the RPV would be hot |
Quarter Scale Test Facility results have provided enough to autoignite and would bum as ajet at the ;

some evidence that enough mixing occurs in the release point. Calculations predict that it would
containment to prevent this stratification. There- take 500 sec for the hydrogen burn to deplete the ;

fore, if the ignitors have been turned on and are oxygen in the drywell and that the resulting pres-
operational during core degradation, hydrogen sure rise would not challenge containment integ- !
should ignite as it evolves from the pool surface, rity. Therefore, while there is some chance of a j
as was evidenced in the Quarter Scale Tests. The hydrogen burn in the drywell prior to vessel q

result would be a diffusion flame that may persist breach, containment integrity is not likely to be
at locations above the SRV discharge into the challenged as a result.
suppression pool. The nature of the containment
challenge resulting from a diffusion flame will During SBO, none of the installed hydrogen
depend very strongly on the rate and duration ci control systems will be operable because of the
the hydrogen release through the SRV . If the unavailability of ac power, and the possibility ex-
burn persists long enough, clastomerie seals in ists that hydrogen may accumulate in the wetwell
both the containment and drywell could be threat- in explosive concentrations before a random igni-
ened by overtemperature. In addition, there is a tion trigger occurs flowever, the absence of an
chance that the wetheSto-drywell vacuum assured ignition source creates a very uncertain
breakers could be failed by the hot gases that re- situation in these sequences, Hydrogen burns
stdt from the diffusion bums. This failure would nave occurred in systems with no moving parts or
create a large suppression pool bypass path. This eleurical components. However, there is no guar.

failure mechanism was modeled in the latest antee that spontaneous ignition will occur at hy-
Draft NUREG-il50 accident progression analy. drogen concentrations low enough for the
sis for Grand Gulf,5 Analysis by ORNL for the resulting burn to be benign. If either a deflagra-
CPI program indicates that this is an unlikely fail. tion or detonation occurred, it would likely occur
ure mode at Grand Gulf.a Finally, containment in the wetwell and both tSe drywell and contain.

- overpressurization is not considered to be a likely ment would be vulcerable to overpressure failure,
result of a diffusion burn.

i In long-term SBO sequences, the SRV dis-

-In sequences where there is some probability charge will heat the suppression pool to its satura-

of an SRV tailpipe vacuum breaker sticking open, tion temperature prior to the onset of core'

some of the hydrogen generated in-vessel will re. degradation. This makes steam-inerting of the
lieve through the stuck-open vacuum breaker to wetwell likely. Assuming recovery of offsite
the drywell. Pre-draft NUREG-Il50 MELCOR power after the onset of core damage, operation

of containment sprays could potentially deinert
i the containment atmosphere after large amounts,

n. S. R. Greene et al., The Response ofBWR MarA of hydrogen have accumulated in the wetwell.
| Ill Containment to Short-Term Station Blaciont Se. Should this happen, both the containment and

vere Accident Sequences, to be issued. drywell could be faded by a deflagration or
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detonation. Note that if the operators at Grand oxide.7 The hiAAP calculations in Reference 7
Gulf cannot verify that power has not been lost to predict hydrogen production after vessel breach
the ignitors, procedures instruct them to prevent to be the dominant source of hydrogen during
power from being restored to the ignitors. Fur- short-term SBO sequences. The above-
thennore, during site visits to Grand Gulf as part teferenced STCP and hiELCOR calculations
of the NUREG-1150 effort and separately, as part both indicate that hydrogen production after ves-
of the CPI program, no trigger sources for hydro- set breach is secondary in importance to in-vessel
gen ignition could be identified. Therefore, igni- production.
tion under blackout conditions would have to be
either spontaneous or the result of operator error, 4.2.2 Potential Failure Modes. The Con.
Finally, it should be noted that containment tainment Perfonnance Working Group (CPWG)

sprays are unavailable in the dominant long-term analyzed local pressure and temperature histories

SBO PDS at Grand Gulf as a result of failures in during diffusion-type hydrogen burns.9 Their
the service water system. Therefore, recovery of analysis covered the case where hydrogen is re.

sprays is not possible. Ilowever, this may not be leased to the wetwell through the SRVs during

applicable to the other two hiark Ill plants with core degradation. Local heat fluxes on the dry-

containment sprays, Perry and Clinton. well and containment walls were calculated and
the impact on clastomeric sealing materials was
assessed. The CPWG concluded that local heat

When the accident progresses to the point of
fluxes caused by diffusion burns at the suppres-

vessel failure, rny hydrogen remaining within the
si n p I surfa e do not degrade either the dry-reactor vessel will be released to the drywell,
well or containment seals.

where the molten core material will provide an ig-
nition source, but the hydrogen will be released The containment response to the slow pressur-
along with any water or steam remaining in th zation caused by a diffusion bum was also ana-
vessel. This may result in immediate inerting of lyzed. The CPWG analysis assumed that 65% of

,

the drywell atmosphere as air, steam, and hydr ' the zirconium in the cladding was oxidized, and
gen are pushed out of the drywell through the that the resulting hydrogen wzs bumed continu-
suppression pool vents. Furthennore, the molten ously as it was released into the wetwell. The re-
fuel will likely be released into a flooded reactor sulting pressure increase was calculated to be no
cavity. Suffic,ent water is likely to be present t more than 15 psi. The CPWG assessed the proba-i

( quench the fuel and slow any oxidation pro- bility of containment failure by this mecnanism to
( cesses. Ilowever, the presence of water m the in- be extremely low.'

pedestal area at the time of vessel failure presents'

the possibility of an energetic FCI(steam spike or hiore recent SNL h1ELCOR studies (S. E.
steam explosion). Dingman et al. draft report) generally confinn the

CPWG conclusions for diffusion bums and pro-
After vessel breach, hydrogen production may vide additional insight into the likelihood of con-

continue, both in core debris remaining in the tainment failure from the more rapid burns that
vessel, and in debris scattered about the drywell characterize deflagration or detonation. NIEL-
and in-pedestal cavity. How ever, the main source COR will identify detonable mixtures based on
of hydrogen production will be the thermal de- user- supplied detonation limits, but cannot pre-
composition of concrete floors and walls in the dict hydrogen detonation or the pressure spike
drywell. CCI generates large amounts of carbon caused by a detonation. Only rapid hy:f rogen
dioxide and steam. When these gases pass bums at user-specified concentrations and flame

through partially molten core debris they oxidize speeds can be analyzed. Note, also, that
the zirconium and other metals in the debns, pro- h1ELCOR cannot accurately model diffusion
ducing hydrogen gas and carbon. Later, the car- burns because it is a control volume code that
bon will react with steam and carbon d: oxide, assumes a uniform concentration throughout the

evolving more hydrogen along with carbon aon- control volmne. Again,it should be noted that the
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IMark Ill MELCOR containment model used by high as 0.8 when core damage occurs with the
SNL was coarsely nodalized, which means that reactor at high pressure. For hydrogen concentra-
more hydrogen would be required to be inside tions between 4 and 8 v/o, the probability of the -

.

-containment before the code would predict bum- containment surviving the maximum deflagra-
~

ing (or pseudo 4etonation), thus resuhing in larg- tion is essentially 10. At concentrations above.

er than anticipated pressure spikes. A more 16 v/o, the probability that the containment will
detailed model should allow burning at the pool survive the maximum deflagration crops to near-
surface. MELCOR calculation performed by ly 0, and the probability that the drywell will sur-
ORNL used a finer nodalization for Mark III vive drops to less than 0.20. These numbers are
containment analysis. The ORNL calculations - for high initial steam concentrations in the .
showed a significantly lower containment pres- containment. At low initial steam concentrations,
sure for diffusion bums. The ORNL results com- these numbers vary somewhat but are still indica.
pare favorably with the flCOG Quarter Scale - tive of a high probability of containment and dry.
Test. Some SBO sensitivity calculations by SNL well failure for high hydrogen concentrations. .j
indicated that wetwell hydrogen deflagrations are

'

|
.

capable of simultaneously failing both the con. 4.2.3 Potential for Mitigation, Mitigating the
tainment and drywell by overpressure. These consequences of hydrogen-related challenges is-

high-pressure bums correspond to relatively high dependant on the ability to burn the hydrogen in a
,

values for initial containment pressure, hydrogen controlled manner as it is formed, so that danger. '

concentration, flame speed, and percent burn ous concentrations are avoided. This approach '

completion, and are characteristic of deflagra. has a high probability of success as long as power ;

tions or detonations rather than diffusion burns, is maintained to the HIS, it is during SBO, when
the normal ignitor power supply is lost, that this .

The results from the MELCOR analyses, as approach fails. Possible solutions include provid-~

well as the FIECTR,'MARCil2, MARCil3, and ing uninterruptible backup power that will be y

MAAP analyses published in a number of sepa- available during SBO, or relymg on catalytic.ig-

rate reports, were evaluated by an expert panel, mtion systems that do not require electric power.

The panelists estimated the probability of hydro. During some long-term SBO sequences, the
gen combustion generating enough of a pressure

potential for the accumulation of dangerous con-6load to threaten containment integnty The issue :
centrations of hydrogen exists even with the igni-

-was defined both in terms of the probability that tors - turned on. In these sequences, the
: hydrogen combustion will occur prior to vessel

containment is inert during hydrogen generation
breach, and in terms of the probability that, given

due to the presence of large amounts of steam.
combustion occurs, either the containment or the

Containment deinerting can result from contain-
drywell'will fail from the resulting pressure load,

ment spray actuation when power is restored. A
- The panelists did not_ address the possibility ofig-

solution to the steam-inerting aspect of the hy-
mtion, or.the probability of containment failure

drogen challenge might be to ensure that the con-
after vessel breach. They presented their results in

tainment can be inerted intentionally and kept
terms of cumulative probability distributions for

nert for the duration of any postulated severe 1
the expected containment Icad resulting for each

accident. This could be accomplished by post- -

.of four distinct ranges of hydrogen concentration,
accident inerting with gas injection systems,

These curves, reflecting the experts' degree of
lialon injection systems, or water fog systems, all

belief that a particular combustion event wouki of which have been considered in previous
be cap-ble of falling contamment, were used in

. studies'
quantifying the Draft NUREG-il50 Grand Gulf
accident progression event trees. Post-accident inerting by gas injection was

studied in the April 1987 draft of NUREG/
The findings of the expert panel indicate that CR--4551 for Grand Gulf.'O The system studied -

the probability ofignition in the wetwell can be as relied on the injection of carbon dioxide gas to
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dilute oxygen to below flammability limits. The achieved with significantly smaller amounts of

system would be supplied with de power to en- Halon than would be required for inerting by di-

zure that actuation would be possible during lution (as with the carbon dioxide system). The

SBO, when normal hydrogen control systems operational advantages of Halon are that a system
would be unavailable, Actuation would be re- can be installed that has few moving puts, mini-

quired, by procedure,in place of the ignitors dur- mal power requirements, high reliability, relative

ing these sequences. The containment would hurdware economy, storage convenience, and

require venting when the system was first ease of testing. The design of a Halon injection
actuated, and the vent path would be secured after system would be very similar to that of the carbon

the gas had been discharged. dioxide rystem discussed above. One disadvan-
tage of Halon injection is the decomposition of

The hardware required by this system would Halon to extremely toxic halogenic acids and car.

consist of carbon dioxide tanks stored outside of bonyl halides at temperatures over 900'F. Italon

j containment, the piping and spray headers re- and its decomposition products are also very cor-

quired to distribute the gas to locations within rosive and could cause potential long-term deg.

containment below the level of the upper contain- radation of safety systems. Halon is also

ment pool,isolution valves and controls, and expensive it will increase containment pressure

safety interkicks to prevent inadvertent operation. at initiation, and must remain at a concentration

Problems with this system include the possibility above the required inertion level at all times or it

of actuation during a design basis accident, when could become an aid to combustion. Hnally, it

1 containment venting would be undesirable, and could be impractical for Mark HI containments

the possibility of inadvertent actuation when per. because of the large amount of equipment

sonnel are inside containment. Total cost for in- required.

stallation of this system was estimated to range Reference 11 also describes a report issued by
from $12,000,000 to $34,000,000.

the Tennessee Valley Authority (TVA) rejecting

.
the use of Halon as a permanent mitigation

A paper published at the Second International scheme for Sequoyah (a PWR with an ice con-
Conference on the impact of Hydrogen on Water denser containment). TVA's objections were
Reactor Safety elaborated on the shortcomings of based on the uncertainty about the radiolytic
a system similar to the one in the NUREG/ decomposition of Halon and subsequent metal
CR-4551 study 10" Among the shortcomings corrosion, uncertainty conceming suitable post-
identified were: (a) the high likelihood of human accident water chemistry control, Halon's toxic-
error involved m initiating the system,(b) the ity at the concentrations required, and the
long-term containment pressurization (as high as difficulty in finding room for and installing the
37 psia) above design pressure should actuation required tanks and components.
occur without simultaneous venting, (c) the high-
er offsite dose caused by the higher leak rates as- Laboratory tests of water fog inerting systems
sociated with the elevated pressures,(d) the have demonstrated that water fogs applied to hy-
requirement to inhibit sprays when the inertinS drogen-air mixtures cause only a marginal in-
system is actuated to prevent even higher contain- crease in the hydrogen lower flammability limit
ment pressures, the reverse of present safety log- (LFL) at room temperature." Increases noted
ie, and (c) the difficulty of ensuring high system were 4.0 v/o to 4.4-5.3 v/o. Fogs generated from
reliability, an air-<lriven nozzle resulted in a slightly higher

LFL of 7.2 v/o at 20 C. Higher gas temperatures

Halon gas, which has also been proposco as a were found to increase the LFL, and the fog den-

post-accident inerting agent, interferes with the sity required to achieve a given level of inerting
combustion process itself. While the exact mech- us found to be strongly dependent upon droplet

anism by which this occurs is not completely un- size. In addition to increasing the LFL, fogs are
derstood, the result is that inerting can be thought to reduce the pressure rise associated

31

1

_ - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ .__ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _________________ __ _ _ __ __ _



. . -_- -_ , ---

with buming hydrogen at a given concentration. disadvantages of the carbon dioxide inerting sys-
While laboratory tests have shown that this con- tem previously discussed. It would be costly, and
cept is viable, the practical application is limited. could be a persormel hazard in the event of inad-
For fog systems to be fully advantageous, they vertent actuation.
should be used in conjunction with the HIS,
because their function is more to reduce the pres. ORNL has analyzed the effectiveness of pre-
sure rise associated with combustion than to emptive venting in removing hydrogen from con-
prevent ignition. Therefore, it is not likely that the tainment during a short-term SBO sequence
dominant short-term SBO sequences would (addressed in the S.R. Greene et al. draft report,
benefit from the installation of a fog generating The Response of BWR MARK W Containment to

system unless it was designed with an indepen. Short-Term Station Blackout Severe Accident Se-
dent power supply that was also capable of pow- quences). The results of this calculation indicate
ering the HIS. However, with the ignitors that venting (via two 20-in. wetwell vents to the
powered, the by system would provide little ad. environment) is not effective at reducing the hy-
ditional benefit, because a controlled burn of hy- drogen detonation threat to containment during
drogen will not threaten containment even the first 7.5 h of the accident. In fact, the preemp-
without the fog system. In the long-term SBO se- tive venting strategy appears to aggravate the
quence, in which the containment is likely to be wetwell detonation problem.
steam-inerted at the time of power recovery, ac-
tuation of a water fog system would have a simi. This result is explained by considering the de-(

lar effect to actuating the containment sprays, tails of the Mark 111 design. The wetwell is rela-

namely deinerting of the containment due to tively open above the upper containment pool.
steam condensation. As discussed earlier, this is However, the drywell-wetwell annular region'

an undesirable effect, because it could lead to a has many obstructions to upward flow, causing

hydrogen burn when the ignitors are recovered. the upward flow to be very turbulent and well-
mixed. Therefore, any gaseous material vented
from the containment will be well-mixed. Thus,.

; Containment Mnting also has the potential to while venting does remove large amounts of hy-

"

prevent hydrogen-related overpressurization by drogen, it also removes large amounts of other
'

removing both oxygen and hydrogen from the gases, leaving the relative wetwell gas concentra-
containment. If venting were accomplished dur- tions unchanged. In addition, the increased dry.
ing the long-term SLO sequences, sufficient oxy- well-to-weiwell leakage of gaseous material as
gen could be removed to maintain an inerted the result of higher drywell-to-wetwell differen-
containment, even given the condensation of tial pressure (the drywell hydrogen concentration
steam from the containment atmosphete caused is even higher than that in the wetwell) causes a
by spray recovery. Condensation of steam in a net increase in the wetwell hydrogen concentra-.

vented ecutainment could lead to sufficient de- tion. ORNL concluded that venting would not be
pressurization to poll oxygen back into the con- useful in removing hydrogen from containment.
tainment from the ou. side atmosphere. The effects of containment venting on the radio-
Condensation of steam in a vented, and then nuclide release from containment will be ex-
sealed, containment could lead to dangerous neg- amined in Section i1.
ative pressure differentials bet.veen the contain-
ment and outside atmosphere. An alternative Finally, minimh.ing the quantity of hydrogen
would be to have a nitrogen gas supply system to generated in-vessel can reduce the amount of
maintain containment presmre by injecting nitro- hydrogen entering the containment prior to vessel
get into the containment as the steam is con- failure. This latter mitigation approach, for
densed. This would prevent oxygen from being station blackout events, means that the reactor

i pulled back into containment and would prevent should be depressurized at an optimum water
1 the cont;tinment from being deinerted. However, level, which current calculations for the Mark 11

a system carable of this would have many ot'the CPI program indicate to be when the core is
.
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approximately two-thirds uncovered, in accor- nometer effect that results from quasistatic pres.

L
dance with Revision 3 of the EPG. surization of the wetwell. This Gooding occurs

when the pressure in the wetwell becomes high!

4.3 Rapid Steam Pressure, enough to lift the suppression pool level in the
dryweH om the top of the weir wall. The pres-Missiles, and Direct sure differential required is at a minimum when

Containment Heating both the suppression pool and the upper contain-
ment pool are both nlled to the top of their respec-

The containment challenges described in this tive operating ranges, and the upper containment

section all occur very near the time of vessel fail. poolis then dumped into the suppression pool,

ure and belong to the broader classification of The Grand Gulf FSAR states that, under these

early containment failure challenges. Included conditions, a wetwell pressure 0.16 psi higher

are in-vessel phenomena such as rapid steam than the drywell pressure will cause overflow of

pressurization and missiles generated at the time the weir wall. The rouired pressure will be high-

of core collapse, and ex-vessel phenomena oc. er when the respchve pool levels are at their

curring at the time of vessel failure, such as direct lower limits, or wh< : 6 "per containment pool

containment heating (DCH) and ex-vessel steam hat .:ot been dumpeo, . ; would be the case in

explosions. Because the creation of missiles with SBO sequences. The amount of water in the sup-

sufficient energy to fail the containment is not pression pool prior to vessel breach, and hence ,

considered likely,12 the predominant containment the differential pressure required to cause flood-

failure mechanism in this category is dynamic ing, is sequerre-specific. During sequences in

overpressurization. - which core d mage occurs in the long term, a sig-
nificant volume >f water may have been injected
int the reactor vessel from the CST, or from oth-4.3.1 Definition of Challenge. Rapid steam'

er sources such as fire water. Most of this water
pressurizations and steam explosions, both within

will be boiled off to the suppression pool beforeand extemal to the reactor vessel, are character-
ized by rapid fragmentation of molten fuel as it is

the onset of core damage. In addition to the extra
inventory from reactor vessel blowdown through

quenched in water, resulting in a large and rapid
transfer of thermal energy to the coolant. This in the SRVs, the suppression pool water will be

tum leads to steam generation, shock waves, and undergoing volumetric expansion caused by

possible mechanical damage. The Severe Acci- energy addition from condensation of the SRV

dent Risk Reduction Program (SARRP) analysis discharge,

of these phenomena relied on expert opinion t The extent to which the wetwellis pre.>surized
. quantify the vessel failure mode, the amount of with respect to the drywell is also sequence-
core participatmg m the reaction, and the result- spec f c. During SBO accident sequences, the

,

ing pressure rise from both in-vessel and ex- wetwell-tcKirywell vacuum breakers will not be
Vessel reactions.

| functional, because the motor-operated damper
is normally closed, and would require ac power to

| Experts determined from the NUREG-il50 open. Leakage from the wetwell back to the
analyses that the status of the in-pedestal cavity drywell can still occur but only at Technical
at the time of vessel breach has a major impact on Specification-allowed leakage rates, which are
the probability of a rapid steam pressurization estimated to be too low to offset wetwell pressur-
event. They agreed that it is statistically certain zation from evaporation of the suppression pool,

- that the Mark 111 drywell will be Gooded at the and frcm the accumulation of hydrogen released
time of vessel failure during ATWS sequences throug i the SRVs during core degradation,
with upper containment pool dump, and that the
probability of Gooding is greater than 80% during A number of calculations have been performed
SBO sequences that preclude upper pool dump, to determine the extent of drywell flooding. Cal-
The primary cause of drywell flooding is the mr- culations performed with BWR-LTAS did not
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predict drywell Hooding, perhaps because the occurs, the potential exists to create a pressure
drywell-to-wetwell leakage am used was impulse sufficient to collapse the reactor vessel
four times the nominal value derrmined from pedestal. Pedestal collapse en td <.ause the reac-
leak rate tests at Grand Gulf. A second calcula- tor vessel to relocate, pots 'y darnaging the.

; tion performed using the llECTR code with the drywell wall, or damaging > . 4 at piping pene-
same assumed leakage area and dryw ell heat load trations through the drywell or containment. The3

did predict drywell Dooding (to a depth of 3 fI in result would be the creation of a large suppre oin
the drywell and 9 to 10 ft in the a ped:. .tal cav- pool bypass path with the potential for a high ..

ity). SNL MELCOR calculations in the draf n- sequence fission product release.
port by Dingman have confirmed the llECTR
nsults and have indicated that Gooding during The likelihood of an ex-vessel steam explo-

SBO is very dependent upon the rate ofin 'essel sion sufficient to challenge containment integrity

hydmen production, with higher genen..lon was evaluated in terms of three parameters: |
rata mnking Omxling more likely. These calcu. (a) the probability that the explosion will occar, 1

la%ns have also shown that hydrogen burns in contingent on a flooded in-pedestal cavity,
the wetwell can cause a sulficient pressure differ. (b) the probability that the pedestal will fall,*

ential to flood the drywell. MELCOR calcula, contingent on the occunence of an explosion, and
;

tions perfonned by ORNL for the CPI program (c) the probability of drywell failure due to'

also predict drywc!! thling as a result of hydro. collapse of the pedestal.' In Reference 6, the

gen diffusion burns when no or inadequate mi6 conditional probability of an explosion was eva-

pative actions are taken (see S.R Greene et al. luated as 0.86, based on intermediate-scale tests

dntit report). using molten thennite and water. The conditional'

probability of pedestal failure, given an explo-
si n, was assigned a unifonn distribution over theIn addition to the above mechanisms for dry-

well Hooding, some experts thought the suppres- interval 0.0 to 1.0 (i.e., a point estimate probabill-
ty of 0.50). The conditional probability of drywellsion pool level would ose:llate as a result of the
failure given failure of the pedestal was estimatedrelease of noncondensibie gws through the

SRVs.* The level oscillations were thought to be as 0.17. The probability of conta,nment failurei

resulting from the explosion was not stated in' sufficient to cause drywell fhling regardless of
Reference 6. Pecent work on Mark 11 contain-

i the amount of wetwell pressurization from the
ments, using state-of-the-art corium discharge

noncondensibles.
computations to estimate the pn.ssure response in,

Mark 11 containments, indicates that steam pres-
With flooding of the drywell virtually ensured, sure spikes at vessel breach due to fuel-coolant

a secondary issue becomer the path by which interactions will not fait containment.33 While
water can flow into the m-pedestal cavity. Flow this work is not directly usticable to the Mark I!!
is expected to pass through the m-pedestal access containment,it does provide data that suggest the
doorway or through the drain lines to the drywell threat from steam explosions may be conserva-
Coor dra,m sump. Three feet of water on the dry- tively overstated in the Draft NUREG-i l50 anal-

|
well floor (predicted by llECTR calculations) yses. A July 1983 report specific to Mark til
will not reach th: access doorway. This leaves containments also concluded that direct failure by
sump over now as the primary mechanism for fill- steam explosion would be extremely unlikely H
ing the in-pedestal cavity. It is anticipated that Corractini has also concluded in his 1981 report

, drainage from the drywell Door mto the cavity via that steam explosions are extremely unlikely.15
sump overnow will occur with sufficient speed to

I ensure cavity Domling prior to vessel breach, in-vessel steam explosions can result in
two types of vessel failures, both of which could

; Given that the cavity is flooded at vessel lead to sudden containment pressurization. In the
breach, the possibility of an ex-vessel steam ex- a mode steam explosion, upper head failure oc-
plosion has to be considered. If a steam explosion cuts with sufficient energy to fail containment
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directly. The second nxxic postulates catastrophic documented in existing Draft NUREG-1150 sup-
f allurt < toth the upper and lower vessel heads, porting documents.
Neither of these failut modes was considered
likely by the majority of NUREG-ll50 experts. 4.3.3 Potential for Mitigation. Some reduc-
In n !!WR, the reactor vessel internals located tion in the probability of drywell failure could be

atxne the core, narnely the steam separators and achieved by minimiring the hydrogen pencrated

dryers, would tend to absorb the impact of an up. in-vessel prior to reactor vessel failure, resulting

wardly directed in-s essel steam explosion. The in the release of unoxidized rirconium to the con-

control e le and instrumentation supports in tainment, thus postponing the hydrogen threat
ilW' 1 hkewise tend to minimize the relative to the time of fission product release.

pote. " ttom head failure. This minimitation of the in-vessel hydrogen
release might be accomplished by revising the

to caH f r depressurization only when two-
Direct containment heating (DCil) refers to the

of he gm haWen unmered, as was stip-high pressure ejcetion of rnotten core materials " "Ied in Revision 3. Further reductions ridght be
from a breach in the vessel. Under certain condi- ach.ieved by timing upper containment pool dump
tions, the material could be rapidly dispersed out m that h ocms only ahn venel bread, dms
of the pedestal into the drywell volume as fine lenen y I an ex-nuel steam

explow{ng f pm aparticles. The combination of direct heat tr nsfer n in de mador cavity at the time of ves-
and rapid exothermic chemical reactions between sel aHum. H won, du.s wiH not enwm that dw
the melt and the drywell atmosphere can lead to drywell is dry prior to vessel breach. Venting con-
rapid containment pressurization and pouible tainment would ensure that a pasitive drywell-
contamment failure. In addition, the chemical

to-wetwell differential pressure ex.sts. This
reactions can result in significant hydrogen pro- pressure differential would prevent water from
duction, increasing the probability of hydrogen reOuxing over the weir wall, and thus, would en-
burns. The NUREG-ll50 expert panel has indi- sure a dry cavity at the time of vessel breach.
cated that DCH would be unlikely to occur with a ""* " "', N* " C"'" I "" ' """"I " ' ' " '*
fkaled in-pedestal cavity."' Therefore, because tainment venting is likely to lead to an increase in

.

of the high probability of a flooded cavity at tmnwqumes, Wause of the likelihood of
Grand Gulf, DCil may not be a significant gener-
ic threat to Mark 111 containments. Altematively, *EE""N"" DE"". It is not clear that any

annm cumndy ex. ts to 0md We dryuHnme
the high pressure ejection of molten debris can a ,a nel bmach, K fkodmg ts prevented be-

,

only occur if the reactor is at high pressure; there- fore vessel breach. Ilowever, when power is re-
fore, der ressurit,ag the reactor before vessel fail-

e vered or an ac-independent water supply is
ure will' preclude DCil,

available, water can be injected into the reactor
vencl; the molten debris and water will end up in

4.3.2 Potential Failure Modes. The poten. the same place. Thus, any core materials still in

tial containment failure modes associated with the reactor vessel when injection is recovered

challenges from ex-vessel steam explosions in, would be cooled, preventing further in-vessel

clude gross failure of either the concrete reactor core degradation, in addition, injecting into a

vessel pedestal or the vessel supports, resulting in failed reactor vessel shculd allow an overlying
s

movement of the reactor vessel. The vessel pool of water to be established for debris outside
the vessel.movement causes seal failure of attached piping

at the drywell wall, resulting in suppression pool DCil un be prevented by ensuring the reactor
bypass. is depressurized before vessel failure. Ilecause

.

failures to depressurire in the Grand Gulf acci.
Potential containment failure from quasistatic dent sequence analysis are mostly the result of

or dynamic overpressurization at vessel brr ach is operator errors, any actions taken to reduce the
possible, but this failure mode is not adequately chance of operator erro would be beneficial in
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s reducing the likelihood of DCil, and would have The other major concern from CCI is the loss
the added benefit of reducing the amount of by- of structuralintegrity of the reactor vessel pedes.
drogen generated in-vessel during core degrada- tal as a result of concrete ablation. If CCI ablates
tion. Ilowever, the probability of an ex-vessel a significant portion of the pedestal, a loss of
steam explosion is increased when the vessel is structural integrity could potentially lead to relo-
1. reached at law pressure and there is w at;r in the cation of the vessel. As discussed in Section 4.3,
reactor cavity. relocation of the reactor vessel could result in

suppression pool bypass. The impact of CCI on
The balance between actions taken to mitigate the strucit"alintegrity of the pedestal has not

DCil and actions taken to mitigate ex-vessel been fully mvestigated and many of the assump-
steam e xplosions cannot be resolved qualitetively. tions regarding its effects are based on expert

opmion."'The Reference 10 analysis listed sever.

4.4 Core-Concrete Interact |On al important points brought out by the reviewers.
Dehydratior of the concrete, which is enhanced
by heat conduction in the metal rebar, will likely

The containment challenges described in this
*" 0" ' " "I "*C'"'"I "# EOF EI'"'" ""section occur extremely late in the accident se.
rnight be predicted f rom the actual ablation depth.quence and are the result of CCl. Included are

gradual oscessuritation from noncondentible The ablation would preferentially be directed
downward rather than radially, lessening the im-

gases, quasistatic and dynamic overpressuriza-
tion as the result of hy fogen deflagrations and pag n pedestal integrity. Structural integrity

mWao ma ntained by the rebar even if
detonations, pedestal failure, and seal failure.

nearly all the concrete m the pedestal region were
,

""# " #"" * " *# E" "" * '"*'4.4.1 Definllion of Challenge. Following
the pedestal wall m. the Mark 111 containments,

melt-through of the veswl bottom head, core de-
most of the concrete ablatbn is taken in the base-

bns would collect in the m-pedestal area, where
mn bow ulally and radially. Only a few inches

it would interact with and ablate the concrete in
of the 3.5 ft thick peder,tal wall have been pre-

the reactor cavity. The consequences of CCI de-
dicted to be ablated by CC; (see draft report by

pend on the concrete composition and whether
Greene et al.) Therefore, it seems unlikely that

the cavity is milially fhxxled. lf sufficient water is sufficient pedestal wall ablation will result to
present at the time of vessel failure, conum enter-

cause in reactor vessel relocation in the short
ing the cavity may be quenched and a coolable

te m '
debris bed may be formad. In this case, concrete
attack may be reduced ognificantly by maintain-
ing an adequate coolant flow to the debris bed to The drywell temperature is expected to ap-
compensate for boiloff. Cooling could be pro- proach 600-1(XXFF during dry CCI. Under these
vided by firewater injection to the breached ves- conditions, the clastomeric seals separating the
sel, or by recovery of one of the higher capacity drywell from the wetwell are expected to degrade
systems. In the case of a dry in-pedestal cavity, over about a 5-hour period, resulting in a sup-

2corium entering the pedestal would react with the pression pool bypass area of 0.9 ft * Given the
concrete, liberating steam and noncondensible relatively slow rate of gas production during CCI,

2gases. Steam generated in the process would react a 0.9 ft opem.ig may be sufficient to prevent dry.
with zirconium in the melt to release heat and well pressure from being relievec through the
combustible pases, such as hydrogen and carten suppression pool. The result is that fission prod-
monoxide. Noncondensible gas generation could acts released after almut 5 hours of CCI may not

'

lead to gradur.1 oserpressurization and eventual be scrubbed by the suppression pool. This bypass
failure of containment, while ignition of the com- is not expected to have 5 nificant impact on the).
bustible gases in the dry case could result in a time u which the ultimate containment pressure
pressure spike that could contribute to the proba- is reached. The dominant contributor to contain-
bility of drywell or containment failure. ment pressure during CCI is the buildup of
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noncondensible gases (and steam depending on is likely and this probability can be increased by

the sequence) in the containment, which occurs ensuring operator control of the upper contain-
regardless of whether the suppression poolis by. ment pool dump valves during SBO sequences,

passed. If the CCl initially occurs under an oser- llowever. any action to ensure Gooding must be

lying poal of water, no seal damage would be balanced against the increased likelihood of
expc eted. Ilow ever, the w ater w ill be boiled away steam explosions. When the cavity is filled with
without a source of makeup. molten core debris, the availaM!ity of one of the

two paths for Gooding becomes gestionable. !!
4.4.2 Potential Failure Modes. Potential appears likely that the mass of coriun, covering
containment failure modes from CCIinclude the containment drain sump would prevent the
gradual overpressuritation from the production drainage of water into the pedestal from the
of noncondensibles, rapid overpressurization drywell Door drains. Should this occur, the dry-
from combustion of hydrogen and carbon well water level will have to be higher than the
monoxide, pedestal failure resulting in vessel re- pedestal access doorway before flooding can oc-
location, and dryw ell seal failure resulting in sup- cut. It is not clear that any mechanism exists, after

pression pool bypass. vessel breach, to cause this much nooding even if

the upper containtnent pool has dumped. Recov-
4.4.3 Potential for Mitigation. Pential ac* ery of injection after vessel breach can provide
lions to mitigate the threat to the containment Gooding.
from CCI include increasing the likelihood that
the interior of the drywell pedestal is flooded, en.
suring that adequate venting of noncondensible The benefits associated with venting after ves-

pases is provided, and providing a source of water sel breach are questionable because of the high

to ensure that any CCI occurs with an overlying likelihood that suppression pool bypass will pro-

pool of water. Flooding of the drywell and in- duce an unscrubbed release in the absence of an

pedestal cavity during severe accident sequences external filter.

.
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5. POTENTIAL IMPROVEMENTS,

i

improvements for the hiark 111 plants can be the reactor should be depressurized w hen the core
,

obtained by reducing the likelihood of core dam- is approximately two-thirds uncovered if in-
age, by increasing the containment's capability vessel hydrogen generation during SBO is to be
for resisting challenges, or by reducing the offsite minimized. Two-thirds core uncovery is the de-'

consequences of containment failure. The basic pressurization level specified in Revision 3 of the
, - event importance analysis perforrned as part of EPG, a lower level than in Revision 4.*

draft NUREG/CR-4550 identified those events
most capable of lowering CDF if reduced or elim- Next, the installed hydrogen ignition syste;n'

inated.4 The top CDF reduction events identified (Ills) should function throughout a SBO in order
are as follows: to prevent the accumulation of a quantity of hy.

drogen in the containment that could threaten
,

i e - Failure to recover diesel generators containment integrity in the event of an uncon-
trolled burn.This would provide a large reduction

Failure to recover offsite power in the likelihood of the most risk-significant con-*

tainment challenge at Grand Gulf.
Failure of the RCIC turbine pump to*

run. The in-pedestal floor should also be dry
before, and kept flooded after vessel breach. This

These events and a number of other dicsci gen- will reduce the likelihood of FCI and CCI, and
crator-related faults dominate the CDF reduction will enhance fission product retention shculd CCI
potential for Grand Gulf. Note that these events occur. |

are specific to Grand Gulf; evaluations of other
o hiark Ill plants would probably identify a differ- The above actions are those expected to pro-

ent et of events. Therefore,in the discussion that vide the most economical reduction in offsite
follows, 'onc attention will be given to systems risk. The following section.. dso include discus-
that, while not important at Grand Gulf, might be sions of alternative injection systems, improved
ofimportance at other hiark til plants. vacuum breaker operation, and containment vent-

ing (with and without an external filter). Thesc
;

A comprehensive strategy to reduce offsite risk improvements partially address issues already
should address the timing and reliability of reac* covered by previous potential improvements, and
tor vessel depressurization. First, depressurizing provide small, or highly uncertain benefits at
the reactor allows injection from low-pressure Grand Gulf. They are included because the plant
systems. At Grand Gulf, a significant portion of risk profile, and hence the value of the improve-
the SHO CDF could be climinated if a backup menn may be different at other hiark Ill facili-
source of de power were availaole to the SRV s * ties. The benefits and drawbacks of each of the
lenoids. In this respect, depressurization is tied to proposed improvements are summarized in

'

p the backup water supply to be discussed later, be- Tame 5-1 and discussed in following sections.
cause depressurization could also greatly reduce
the short-term SBO CDF if an attemative source 5.1 Enhanced Reactor
at vessel injection, such as the fire water system DepreSSurlZation Capability(FWS), were available w thin a short period of
time following depressurization. Secondly, the
reactor should be depressurized at a water level if no high-pressure tryection is avadable for

e lant makeup, the vessel must be depressurizedthat minimizes the in-vessel production of hydro-
gen. Revision 4 of the EPGs requires depressuri-
ntion at approximately one-third core uncovery, a. S. R. Greene et al., The Response of BWR Mark
ilowever, BWRSAR calculations performed by ill Containment to short-Term Station Blackout Se-
ORNL for the hiark 11 CPI Program indicate that vere Accident Sequences, to be issued.

| .
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Table 5-1. Qualitative assessment of benefits and drawbacks of potential Mark til containment
improvements

Potential Improvement Potential flenefits Potential Drawbacks

Enhanced reactor Reduces frequency of some increases likelihood of
l depressurization system core damage sequences ex-vessel FCI

| ($0.5M-1.4M)
Reduces amount of
hydrogen generated
in-vessel

Reduces likelihood of
Direct containment
heating (DCH)

Increases the ability to
add water to the RPV

Post-core damage reactor Reduces likelihood of DCH Increases likelihood
depressunzation system of ex-vessel FCI
($0.5M-1.4 M)

Increases the ability to Does not change
add water to the RPV frequency of core damage

increases amount of
hydrogen generated
in-vessel

Backup water supply Reduces frequency of some New hardware may be
system ($0.81M-2.4M) core damage sequences expensive

increases likelihood of
i

cavity flooding (see
below)

|

Relatively low cost if
fire protection system is
used

llydrogen control by Reduces containment increases likelihood of
- improved ignition failures due to hydrogen containment failure for
system-backup power to deflagrations and [long-term station
the ignitors ($300K) detonations [short-term blackout (LT-SBO)

,

| station blackout (ST-SBO) sequences]
sequences)
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Table 5-1, (continued)
_

Potential improvement Potential Benefits Potential Drawbacks

Prevention of weir wall Reduces likelihood of May increase likelihood
overflow ex-vessel FCI of suppression pool

bypass

increases likelihood of
dry CCI

i

Cavity flooding via upper Reduces likelihood of dry increases likelihood of
pool dump CCI FCI

Provides scrubbing of fission increases likelihood of
products should suppression hydrogen bum if dump
pool bypass occur occurs after core damage

Containment venting

liard-pipe vent system Prevents late liigh likelihood of
with dedicated power overpressure failures for suppression pool bypass

so irce (50.69M-6.1 M) transients with scram may lead to increase in
risk

Preemptive venting Moderately high cost
reduces containment base
pressure prior to core May not prevent thermal'

damage failure or FCI

Reduces probability of Can lead to inadvertent
ex-vessel steam explosion release

by reducing weir wall
overflow

Filtered containment vent See above See above

system with dedicated power
source ($$M-50M) Ensures scrubbing of fliph cost

releases

to allow injection from low-pressure systems. when needed. A dedicated source of de power to
This can be done using the ADS, w ith manual de- the SRV solenoids would increase the operability
pressuritation by the operator as a t ackup, should of the SRVs during severe accidents. Because of
ADS fail. Since the issuance of the TMt Action the possibili:y of concurrent failure of both the ac
Plan in NUREG-0737, the initiation logic for the and de power systems, the addition of a dedicated
ADS has been modified at some plants to increase de power supply for the SRV solenoids could po-
the likelihood that the reactor willbe depressurized tentially reduce the core damage frequency.
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Revision 4 of the E10s discusses various alter- ing exhaust plenum, bypassing the off-
native means of depressurizing the sessel. For pas treatment system. Plant-specific
example, interhicks could be bypassed to allow design dif ferences in the balancemf-
the MSIVs to be opened. This would allow use of plant may also affeet the condensate
the turbine bypass valves to reket steam to the pump availability. During SHO, the
main condenser, assuming that the main condens- condensate pumps would be unavail-
er was available to condense the steam. The use able, because they require ac power.
of these alternative metnods is indicated if less
than the minimum number of SRVs required fot 2. RHR sysrcm in LPCI mode: The RilR

emergency depressuritation is open, and the dif. pumps get a signal to start upon receipt

ferential pressure between the vessel and the sup- of either a low vessel level signal
pression chamber is above the minimum pressure (30 to 36 in, above TAF) or a hign
required to open an SRV (50 psig is a typical drywell pressure signal (approximate-

value). ly 2 psig). These signals also cause the
RilR system to realign to the LPCI

Once the vessel has been depressurized, a num- m de; the LPCI injection valves do

ber of systems can be used for low-pressure not open, howem, untu venel prey
tr.akeup. Examples include: the condensate sys- sure decreaWow a wt valuelype

cal LPCI now rates are on the order oftem, the RilR systern in the LPCI mode, the

cann t throule the W; he opnator
,000 ppm per loop1.PCS system, the condensate transfer system, the

inketion nowfire protection system, and the service water sys-
tem. Each of these sources is discussed below, r realign the RilR system to any other

along with pouible difficulties that might have to peatmg mode during the first few

be overcome before the source can be used: tmnutes of LPCI operation. Ilowever,
LPCI now can be terrmnated by stop-
ping the RilR pumps. This might be

1. Condensate system: Use of the con- an action taken during an ATWS to
densate system may be limited by tw prevent injection of cold water into a
basic interrelated considerations, critical reactor, Again, during Silo,
First, if the MSIVs were closed, con' the RilR pumps would be unavailable
-lenser vacuum would be required if because of the loss of ac power.
makeup to the condenser were via a
" vacuum drag"line from the CST. The 3. LPCS system: The LPCS pump gener-
available flow rate from the conden- ally receives a signal to start at approx-
sate pumps would then be limited to imately the same time as the RilR
this makeup rate, because condenser pumps. Either LPCS or LPCI is capa-
hotwell inventory is only sufficient for ble of mitigating a design basis
a few minutes of operation at full now LOCA. The LPCS pump may also be
although only a fraction of the full capable of taking suction from the
now rate is needed in most sequences. CST at some plants. Again, like the
Maintaining condenser vacuum could RIIR pumps, LPCS would be unavail-
be difficult if auxiliary steam were not able during SBO.
available as a motive force for the
steam jet air ejectors. Eteam from the 4. Condensate transfer system: The
auxiliary boiler ould be used, but this above systems constitute what might
would of course be dependent upon be called the " normal" means of low-
the availability of the auxiliary boiler. pressure injection. The remaining sys-
The mechanical air removal pumps tems are sometimes refuted to as
could also be used, but these pumps " alternative" means of injection. The
discharge direedy to the turbine build- first of these is the condensate transfer
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system. Interconnections between the 6. Service water system: As a last-ditch

i condensate transfer system and the effort, plant EOPs direct the operator
RilR and LPCS systems could allow to line up the service water system to
the condensate transfer pumps to be inject into the vessel from the ultimate
used to inject water into the vessel via heat sink connection to the RHR sys-
the RHR or LPCS piping. Two restrie- tem. These two systems are isolated
tions apply, however. First, the con- from one another by two MOVs,
r.cctions are via manual valves in the which are operated from keylock
auxiliary building; an operator would switches in the main control room,
have to be dispatched to the auxiliary The valves could also be opened local-

building to open these valves. Under ly, using a manual handwheel attached
some circumstances, the environment to the valve operator. This means of
in the auxiliary building could prohibit injection would also be unavailable'

doing this. Second, the lines are rather during SBO, because ac power is
small (on the order of 4 in. in diame- needed to operate the service water

'ter), thus limiting the injection flow pumps.
rate. Ilowever, this is a source that
should be considered when evaluating Typical PRAs only give credit to the first three

1

the overall failure probability of low-- of these systems when evaluating the availability

pressure injection. As for the above of low-pressure mjection. The lack of operator

systems, the condensate transfer familiarity with using the systems for this pur-

pumps would be unavailable during pose is the reason the other systems are not in-

SBO. cluded. This is not felt to be a valid reason for
excluding thern from consideration, because op-
erators receive extensive training on potential

5. Fire protectitm system: Plants typical- sources of water to be used in an emergency, The
ly have both motor-driven and diesel- use of these systems is spelled out in Revision 4
driven fire pumps, which are used to to the EPGs, funher reducing the likelihood that
supply water to the fire maim. for fire operaton would overlook them in an emergency. (

protection. Ilowever, via a hose or inclusion of these sources would result in a reduc-
spoolpiece connection from the fire tion in the CDF contribution from TQUV se--
main to the service water system or quences. At Crard Gulf, this sequence was not a
some other system, they could also be dominant contributor to CDF or risk- Ilowever,it.

used to inject water kto the reactor might be found to be a more important contribu-
vessel or the containment. The above tot at some other Mark III plant.
restrictions on the use of the conden-
sate transfer pumps also apply to the The following information la provided from
fire pumps. An operator must manual- the ORNL work documented in the S.R. Greene

'

ly connect the fire main to some other et al. draft report:
system, like the service water system,
and the Gow rate is limited by the size "The BWRS AR calculations were per-
of the hose or spoolpiece used to make formed, however, with one very important
the connection. Note that ac pow:er is difference in assumed operator action as op-

required, even if the diesel Ore pumps posed to the procedures currently in effect at
are used, unless the MOVs connecting Grand Gulf. This difference has to do with
tbc service water sys,em to the RilR the time in the short-term station blackout
system can be opened manually. Man- accident sequence at which the operators
ual operation of these valves would re- would manually actuate the ADS. Orand
quire merator entry into the auxiliary Gulf has implemented Revision 4 of the
building. BWR Owners Group Emergency Procedure
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Guidelines (EPGs), which provide (Contin- "If the ADS is actuated with the reactor
gency #3 (Steam Cooling) and WS-10 s essel water level at 71% of core height, the
(RpV Variables Worksheet)) for manual maximum clad temperature in the uncov-
ADS actuation at a water les el equivalent to cred portion of the core at the time is only
71.33% of core height, or 323 in. above ves- about 700'F. Therefore, only a small tem.
3el rero. In contrast, the Susquehanna perature reduction is achieved by steam
(Mark 11) procedures are based upon Revi. cooling. Table 5-2 provides a comparison
sion 3 of the EPGs and call for manual ADS of the times at viiiich major core damage
acteation under station blackout conditions events occur for the two ADS strategies. As
at a water level of 2h4 of core height. indicated, delaying the manual ADS actua-

tion until the water level has decreased to

"In considering the question of the opti. about one-third core height results in a cor-

rnum time to manually actuate the ADS un. responding delay of 25 to 30 trin in the on-

der conditions in which the care is partially set of debris relocation and the subsequent

uncovered and no reactor vessel water in. core degradation events. Obviously, the
jection systems are available,it is important delay should not be too long; it would be
to consider toth the temporary core cooling very undesirable to have the core already in

to be achieved and the effect upon the sub. the process of runaway metal-water reac-
sequent metal-water reactions when the tion at the time : hat ADS was actuated."

core has reheated to runaway oxidation tem-
peratures. With the core partially uncovered 5.2 Backup Water Supply
at the time of ADS actuatic'n, the flashins System
attendant to vessel depressurization will
cause the water level to fall below the cose To anest the Silo sequences with the reactor
plate so that the core willlater be in a

depressurized, a low pressure source of water that
steam-starnd condition during the period s independent of ec power is needed. One such
of nmaway metal-water reactmn, source of water is the diesel-drisen fire pump.

The fire pumpt could be manually connected to
"Although actuatmn of the ADS with the the RIIR sy.vem as outlined atmve. Some plants,

reactor vessel water level at either 719 or such as Grand Gulf, may already have such a con-
339 of core height will result in rapid dry- nection; others may have only a small diameter
out of the core region, there is a significant spoolpiece or a hose connection, which would se-
difference in the amount of core cooling that verely limit the flow rate into containment. Note
is achieved during the blowdown. Ily the that the June 1989 Draft NUREG-il50 analysis
time that coolant tvilaway has reduced the of Grand Gulf (see Reference 6) did not take
reactor vessel water level to 33% of core credit for fire water injection for preventing core
height, ilWRS AR predicts the highest clad damage during short-term S110. An improve-
temperature in the uncovered portion of the ment that allows rapid align r ent of firewater in-
core to be about 1650T.Three min later, the jection could be of great benefit. This
steam cooling provided by the ADS actua- improvement would involve training and hard-
tion is predicted to have reduced the maxi- ware modincations to produce a high probability
mum clad temperature to about 9507. The of successful alignment of the system in the time
ADS maneuver thus delays the onset of core frame required for preventing core damage dur-
degradation, buying time for the operators ing short-term Silo. Drawbacks to using the fire
to continue efforts to restore reactor vessel pumps include the manual connection that must
water injection capability. The maximum be made to align the system, and the limited flow
clad temperature does not again reach rates and lower discharge head that the fire pumps
1650 F until almut 15 min after the time of can pnxluce in comparison with the RilR pumps.
ADS actuation. Also, ac pow er or local manual operation would
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Table 5-2. Calculated timing of significant events for two ADS actuation strategies for the
short-tenn station blackout accident sequence at Grand Gulf

Time
(min)

ADS at 33% ADS at 71%
Core lleight Cnre lleight

Station blackout-initiated scram from 0.0 0.0

10(Ys power. Independent loss of the steam
turbine-driven llPCI and RCIC injection systems

Swollen water level falls below top of core 42.0 42.0

ADS system actuation 75.0 48.2

Core plate dryout 75.6 $0.3

Relocation of core debris begins 106.9 79.0

First local core plate failure 111.0 82.8

Collapse of fuel pellet stacks in central core 184.2 153.1

be required to operate valves, unless the valve op- overlying pool of water, and for adding water to

crators are de-pow cred, which is typically not the the suppression pool.

case.
5.3 Hydrogen Control by

The other identified improvement would be to |mprOVed Ignition Systems
ensure that power is available to the valves that
must be operated. This could be done by utihzing This option involves either backfitting the cur-
an uninterruptible power source (a large one), or rent ac-powered lilS with an independent power
by using de-powered motor operators for these supply or installing advanced hydrogen ignition
valve" devices that will operate without power. This po-

tential improvement would ensure hydrogen con-

If the reactor vessel has been depressurized trol during the Silo sequences that currently
when the backup water supply becomes avail- dominate the Grand Gulf core damage profile,

able, the bacWn water could be directed into the These improvements are primarily aimed at miti-

reactor vessel For accident sequences where the pating the consequences of short-term Silo
reactor has been successfully shut down, the sequences, because the likelihood of steam-
backup water supply would only have to remove inerting during long-term Silo sequences would

the decay heat and thus could prevent core degna- reduce the effectiveness of any enhanced ignition

dation or terminate core failure. For ATWS system. There is some possibility that a continu-

sequences, the reactor is still producing between ously operating ignition system could aggravate
10 and 309 of rated steam flow (following recir- the consequences of some long-term Si1O
culation pump trip) and thus the backup water sequences by triggering a detonation should
supply could only delay core failure, if backup in- recovery of offsite power lead to contaimnent
jection failed to prevent core damage and vessel deinerting through containment sptay actuation.
failure, it still could be used to some benefit for Two possibilities esist for this case, First, the
reducing the threat from CCI by providing an Emergency Operating Procedures (EOPs) could
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instruct the op .ators to turn off the power to the short-tenn SBO. The risk reduction is therefore
ignitors for the long-term Silo before initiation expected to be significant even though inert se-
of containment sprays (i.e., deinerting contain- quences are not af fected. Such a system would be
menti. This would allow the buming of the hy- relatively inexpensive, simple, passive, and inde-
drogen until the containment became inerted and pendent of any power system, flowever, because
would prevent detonations when the containment the powerless catalytic ignitors are larger and
became deinerted (due to operation of the sprays) therefore heavier than the existing ignitors, a seis-
from the operation of the ignitors. While this mic re-analysis of the containment may be re-
wonld not ensure that there would be no detona- quired. Further, hanging these powericss catalytic
tion from other ignition sources, it would mini- ignitors from the existing structures (such as the

i
mite the hydrogen available and the potential for containment dome) poses a new potential threat |
detonation. 'lhe second possibility could be to op- to equipment below from a gravitational missile, |
crate only selected ignitors. For example, opera- and would thus require additional analysis. San.
tion of the drywell ignitors could burn the dia National Laboratories at Livermore has de-
hydrogen until the oxygen had been consumed, veloped a prototype n ilytic ignitor that is
thereby reducing the amount of hydrogen avail- capable of buming hydrogen-air mixtures at hy.
able for participation in later denagrations or det. drogen concentrations as low as 5.1 v/o.'6 The
onations. Additional analysis or experimentation Sandia design is a wetproof improvement to an
might reveal a potential pattern of operable igni- earlier design that was impaired by steam-
tors and sprays that could gradually deinert con- condensing environments. Also reported is the
tainment and burn the hydrogen without any development of a low-power design that uses a
deflagration or detonation. The possibility of det- fraction of the power currently required by in-
onation under these circumstances is uncertain. stalled systems, and that would be well suited to
According to Draft NUPEG-il50, the short- battery-backed operation. Siemens/Kraftwerk
tenn SBO sequences clearly dominate the off site Union (KWU) in West Gennany has also devel-
risk so it is expected that the decrease in risk from oped a passive ignitor. The KWU design has been
short-tenn SBO will be signincantly greater than fully tested and quali0ed for use in Gennan reac-
any increase in risk for the long-term SBO.6 tors, and would presumably be available in the
Again, these conclusions are specific to Grand United States. Reference 16 provides a compari-
Gulf and may not apply to other Mark 111 plants son of the KWU and Sandia designs. Either
with a different core damage profile. would be suitable for use in the Mark 111 contain-

ment and the passive design is potentiaJy less ex-

A 10-15 kW(e) generator would be needed to pensive to install than an additional pow er supply.

power the existing hydrogen ignitors. A non-
Class IE generator of this size would have the ad. 5.4 Modifications to Ensure a
vantage of being able to supply other emergency Dry Cavity at Vessel Breach
loads if desired. A de system capable of supply-
ing the required load could also be installed, and Drywell-to-wetwell vacuum breake: w in-
would have the advantage of increased reliability. stalled at three out of four of the Mark 111 plants,
llowever, a de system would pose additional in- Operation of the vacuum breakers would allow
stallation and maintenance problems. hydrogen from the wetwell to flow into the

drywell and would create the potential for sup-
The use of powerless catalytic ignitors is a very pression pool bypass should they fail open or par-

promising means of mitigating the threat from tially open. Ilowever, operation of the vacuum
short-tenn SBO. During long-term SBO, slow breakers could reduce the pressure transient from
ATWS, and TW sequences, steam-inerting of the hydrogen diffusion burn 3 acJ deflagrations (and
containment would reduce the effectiveness of mme detonations, depending on the length of the
the ignitors, flowever, at Grand Gulf, these se- pressure pulse as compaied to the operating time
quences are much less significant to risk than of the vacuum breaker). This could prevent the
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hydrogen burns from pushing the suppression pedestal area, and the timing of the weir wall
pool water over the drywell weir wall and thus o ernow. Given that sufficient water enters tlw
Gooding the drywell in-pedestal cavity. As dis- drywell in-pedestal area, any CCI that occurs will

cussed previously, this would reduce the potential occur under water, llowever, the chance of steam

for steam spikes or explosions when the reactor explosion will be increased if the drywell is
vessel fails. The resulting potential risk benefit nooded when the reactor vessel fails.

from this improvement is discussed in Section 13.
There is a potential drawback to providing a

During sequences with the vacuum breakers batkup source of power to the upper containment

tperable and open, the check valves in series with pool dump valves and that is the threat that opera-

the large motor-operated vacuum breakers may tion of the valves late in the sequence could result

cycle open and shut repeatedly. Should this occur, in an uncontrolled hydrogen burn inside the con-

there is a chance that one or more of these check tainment. This could be a particular problem if
salves could stick open, creating a suppression the valves were backfitted with de-powered mo-

pool bypass path. tor operators, because the bmshes and commuta-
tors in the de motor would provide a very good

The major uncertainty associated with extend- ignition source. Therefca, it is important that
ing vacuum breaker operation to SBO is whether procedural guidance be provided to ensure the

the available vacuum breaker now area is suffi- valves are operated very early during SBO, be-

cient to prevent weir wall overflow. Current Draft fore core damage occurs, so that the threat to the

NUREG-1150 MELCOR predictions suggest containment frorr mcontrolled hydrogen bums is

that the area is inadequate as indicated in the S.E. minimited and the probability of flooding is max.

Dingman et al. draft report. The CPI program cal. imized. Unfortunately, this also maximizes the

culations also support this prediction, although potential for a steam explosion,

the pressure rise calculated by MELCOR for a
diffusion burn is larger than was observed in the 5.6 Containment Venting
Quarter Scale Test.

Containment venting to prevent overpressur-
5.5 Cavity Flooding ization or to control hydrogen concentration in

the wetwell is currently only considered as a last

This option would extend the operation of the resort, when other means are unavailable or inef-

upper containment pool dump valves to SBO fective. By deliberately venting the containment,

sequences by providing backup power for valve instead of allowing it to fail at its ultimat pres-
control. By ensuring operator control of the upper sure capacity, it may be possible to rescal the con-

pwl dump valves during SBO,it should be possi- tainment at some later point in the accident and

ble to reduce the probability of dry CCI. Dump- thereby reduce releases. Venting, when pe'r-
ing the upper containment pool water volume to formed from the containment wetwell airspace,

the suppressica pool does not, of itself, en>ure also helps reduce releases by scrubbing the efflu-
How over the weit wall and Gooding of the dry- ent through the suppression pool, as long as the
well. The weir wall is designed to hold the normal suppression pool has not been bypassed. The
maximum tuppression pool water plus the water non-noble gas fission products will be scrubbed,

in the upper containment pool. Ilowever, upper but fission product noble gases will only be
pool dump will increase the likelinood that other cooled. Venting may also be useful in controlling

mechanisms will cause Gooding, as discussed in the buildup of hydrogen in the drywell, but cur +
Section 4.3.1. The Draft NUREG-1150 analysis rent ORNL MELCOR calculations (S.R. Greene

has estimated the amount of water that would be et al. draft repon) indicate that venting would be

expected to overf;ow the weir wall. The ORNL ineffective in reducing the hydrogen threat to
MELCOR analysis will provide additional infor- containment, and may actually increase the wet-
mation on the level of the water in the drywell in- well hy drogen concentration.
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Venting the containment is not without poten- tion of ac-independent vent valves that can be re-
tial negative consequences, also. Given an as- motely operated would increase the usefulness of
sumed drywell-to-wetwell leakage area, the the system during SBO sequences, as the existing
Draft NUREG-1150 MELCOR calculations valves would have to be opened manually during
(S.E. Dingman et al. draft report) show the gener. SBO and would require entry into containment to
ation of gases will not occur at a high enough rute complete the valve lineup. This would have to be
to clear the wetwell ventt The result will be re- done in anticipation of a severe containment chal-
leases that are unfiltered by suppression pool lenge, because the only guidance provided in Re- i

scrubbing if the containment is vented. vision 4 of the EPGs is to vent before reaching the |

PCPL and environmental conditions in the con.
There is concern in some BWRs with Mark I tainment would likely preclude entry into contain-

and Mark 11 containments that saturated suppres- ment after the onset of severe core damage,
sion pool water conditions could Icad to injectioni

| failure following venting. In BWRs with Mark lit
containments, the ECCS pumps can pump satu. Venting could encompass the use of an external
rated water, thus injection will continue even with filter, such as the Filtra system proposed by the
a saturated pool. Therefore, sequences that are Long Island Lighting Company (Lilco) for

i vented will not lead automatically to core damage. Shoreham'or the Multi-Venturi Scrubbing Sys-
tem (MVSS). Brieny, the Filtra system would be

The vent path at Grand Gulf is considered to tie a gravel-filled concrele structure separate fromi

a hard-pipe system. It consists of 20-in. diameter the secondary containment, but connected to the
containment supply and purge exhaust lines. The primary containment by a high capacity hardened
exhaust line discharges to the roof after passing vent line. The system would be actuated by oper-
through approximately 20 ft of the au xiliary build- ator action. The gravel bed would scrub non-
ing. Most of this path consists of 20-in. diameter noble gas fission products and the height of the
hard pipe, with about 10 ft of flVAC ducting mid- structure would provide for an clevated release.
way along the path. Should the ilVAC ducting Reference 17 analyzed the proposed Shoreham
segment fail, the compartment at the failure loca- installation an iound that reductions in both core
tion would be filled with steam. This compartment melt frequency and risk could be achieved. The
is connected to the blowout tunnels via a vent that decontamination factor (DF) for the Filtra design
would probably be capable of relieving enough could be on the order of 1000 for fission product
prenure to prevent failure of the compartment particulates, as compared to a DF of 10 to 100 for
door. This compartment pressure relief capability the suppression pool. Such a system is currently
and the location of ECCS pumps in separate wa- in use at the Harseback Nuclear Power Station in
tertight compartments provide a measure of assur. southern Sweden. The MVSS (Asca-Atam de-
ance that failure of the ductwork will not result in sign) is twing incorporated at the Oskarshamm,
environmental conditions that would fail the in- Forsmark, and Ringhals reactor facilities. This
jection systems. This venting arrangement is most design uses approximately 80,000 gal of water
likely differrnt at each Mark 111 plant, and does not aly on ac or de power. This design

is less expensh e than the gravel bed Filtra design ;

liardened vent modifications have been consid- (approximately $5M as compared to $10-550M
cred at other BWR facilities. However,it is doubt- for Filtra). Given that there is normally some
ful that the risk reduction provided by the amount of suppression pool bypass in theL

improved systems would be sufficient to justify M.ek Ill containment because of drywell-to--
the cost. A minimal upgrade could consist of re- wetwell leakage, and that venting exacerbates the
placing the short segment of flVAC pipe with pip- release of fission products from containment, the
ing capable of handling containment pressures of external filter could significantly reduce the re-
17.24 psig (the current venting limit) The addi- lease of non-noble gas fission troducts.
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6. QUANTITATIVE ANALYSIS METHODOLOGY

This section d the report describes the pmcess APETs themselves were analyzed using the

used to analyze the severe e cident response EVNTRE event progression analysis computer

of the contairment. The June 1989 Draft code,18 which was provided, along with the nec.

NUREG-ll50 models for Grand Gulf were used essary input data files, by SNL.

for the quantitative analysis. The Grand Gulf-
specific computer codes, databases, and inputs Because the APETs are so large, there are gen-

were provided on tape from Sandia National erally thousands of end states produced for each

Laboratory (SNL). PDS that is evaluated. This is particularly true
when evaluating an APET in the EVNTRE sam-

'the process begins at core damage, with the re- pling mode (mode 4), where several hundred ob-

sponse of the containment modeled using an acci- servations of the same APET produce extremely

dent progression event tree (APET). The APET large output files. Because it is not practicable to

models relevant severe accident phenomenology calculate a fission product source tenn and offsite

up until the point at which the sequence is termi- consequences for each end state that is generated,

nated, either by a release of fission pmducts from end states with similar characteristics are grouped

containtnent or by recovery of the sequence. The into a smaller number of accident progression

end states of the APET describe the possible final bins prior to perfonning the source tenn calcula-
conditions of the containment, that is, failed, tions. This grouping is done witu the PSTEVNT |

vented, or intact. Also contained in the APET end computer code.W The output from PSTEVNT j

states is information describing the fission prod- consists of a set of accident progression bins asso- !

uct tricase from containment. if there is a release, ciated with each PDS, along with the conditional

This information is used to troup APET end probability of occurrence of each bin.

states with similar characteristice into accident
progression bins. For each of the accident pro. Source tenns are then calculated for each ac ci-

gression bins, a source term is parametrically dent progression bin using the GGSOR pararrat-

generated. These source terms are then used to ric source term generation code / GGSOR's

calculate the offsite consequences of the release, output consists of the isotopic release fractions

A flowchart of the overall analysis process is pro- and release information (timing, energy, etc.) as-

vided in Pigure 6-1. sociated with each accident progression bin.

The APETs constructed for the June 1989 The MELCOR Accident Consequence Code

Grand Gulf Draft NUREG-il50 analysis were System (M ACCS) is used to calculate the offsite

used to model containment response in this re. consequences of a release.20 However, because of

part. Each APET contains 125 questions, or top the large number of accident progression bins

events, with many questions having several pos- involved, consequence calculations could not

sible outcomes or branches.Therefore,the APET be performed for each bin. To reduce the re-

cannot easily be visualized; it is too large for quired number of M ACCS calculations, the

graphical reptrsentation and the large number of PARTITION code was used to map the accident

end states makes it amenable only to computer progression bins into source tenn groups.2' The

manipulation. output of PARTITION is a set of source term
groups, along with their associated characteris-

In the Draft NUREU-l150 analysis of Grand tics. The mapping assignments of the APET acci-

Gulf, an APET was constructed for each of the dent progression bins are also contained in the

12 plant damage states (PDSs) identified in the PARTITION output. This information has to be
front-end accident sequence analysis.4 The retained for input into the final risk calculation.
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The next step in the analysis is to calculate The above discussion has presented a brief

conditional offsite consequences for each source overview of the analysis process. Appendix A'

| term group generated by PARTITION The fol- provides rnore details of the individual steps in

lowing consequence measures are used in this the process, with the objective of tracking the

report:(a) mean number of ently fatalities, flow of information through the analysis. Some

(b) mean nurnber of latent fatalities. (c) mean of the computer files discussed in these sections

]. population dose within a 50-mile radius of the are listed in Appendix B; however, some of the
,

'

plant, (d) mean population dose over the entire larger files are not listed because of space limita-

calculational grid f WO-mile radius;. and tions. Furthermore, some details of the process

(c) mean offsite cor . < 9ted with the release, are omitted, either because of lack of detailed

Only item (c) is uset , agulatory analysis of knowledge or a decision that the infonnation was
|

) a potential plant improvement. The Draft not especially pertinent to the report.' Current
NUREG-ll50 MACCS input deck for Grand plans call for a revision to these codes by SNL'

Gulf provided the required meteorological data, to sirnplify the analytical process, and for ;

emergency response infonnation, etc. these codes to be available from the National |'

Energy Software Center at the Argonne National
'

4

Laboratory in Argonne, Illinois.'

The final step in the analysis is to combine ,

'

the plant damage state frequencies with the _

PARTITION source term group conditional prob" a. Computer matels and data not provided in this;

abilities and the conditional offsite consequenec$ report may currently he obtained by sending a fonnal
from MACCS to produce an annual risk (risk per request to the Director, Division of Systems Research,

reactor-year of operation) for each of the re- Office of Nuclear Regulatory Research, USNRC,

ported consequence measures. Washington, D.C. 20555.

1

i

1
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7. BASE CASE BENCHMARK ANALYSIS

The initial portion of the quantitative analysis As discussed in Appendix A, two h1 ACCS con-
focused on benchmarking the computer codes sequence calculations were performed for the base
and data files obtained from SNL as well as those case benchmark exercise. This was necessary be-
the authors wrote or modified. The objective of cause the current version of hiACCS reDects sig-
this benchmark exercise was to reproduce the nificant revisions from the version used for the
containment failure male probabilities and off- June 1989 draf t of NUREG-il50. The revised
site risk measures reported for Grand Gulf in the base case uses teference time points for dispersion
June 1989 draft of NUREG-1150.6 Success in re- and radioactis e decay of 0.5 for both the first and
producing the Draft NUREG-II5O results would second plumes. The original case used values of
be a good indication that the various computer 0.0 and 0.5, corresponding to the head and mid-
cmles were working correctly and that the input point of the respective plume segments. Also, the
files were correct, revised base case specified that the growing sea-

son actions are independent of long-term actions.
7.1 Results of Accident The original cese specined that these two actions

Progression Analysis were coupled. Alsm the protective action guides
(permissible surface concentration) for the direct

This section presents the results of the APET deposition pathway to milk and crops and their
analysis for each PDS and compares the results to products by food ingestion have been corrected in
the published results in Reference 5. Because the revised case in the original analysis, the per-
Reference 5 presents only a limited subset of the missible surface concentrations were overly re-
accident progression information that is avail- urictive. Finally, the revised base eme utili7es a
able, a full comparison could not be rnade. The corrected dose conversion file, because of a prob-
tables in the following sections present the results tem identified in the lung conversion dose.
of the calculations performed for this report and
compare them to the published information in
Refcrence 5. Table 7-13 illustrates the base case Grand Gulf

risk as published in Reference 5, the base case
Tables 7-1 through 7-12 present the accident Grand Gulf risk that was calculated with the

progression analysis results for PDSs 1-12. For a MACCS Version 1.5.5 input deck, and the base
more detailed discussion of these results, refer to case Grand Gulf risk as calculated with the cor-
Sections 2.5.1.1 through 2.5.1.12 of Reference 5. rected MACCS input deck. This input deck is for

MACCS 1.5.11, which is the version of MACCS
The results from these tables agree to within that is to be released to the public. As this table in.

1% with those in Tables 2.5.1-1 through 2.5.1-12 dicates, the calculated results with the MACCS
in Reference 5. Thus, the base case accident pro- 1.5.5 input deck agree quite well with the values
gression analysis has succeeded in reproducing published in Draft NUREG-il50. The conse-
the results published in Reference 5. quences calculated by M ACCS 1.5.11 differ from

those calculated by M ACCS 1.5.5, but the differ-
7,2 Results of Risk Analysis ences are not great. As this table indicates, the

base case calculations have succeeded in repro-
As discussed in Appendix A, the final risk cal, ducing the Draft NUREG-1150 results. These re-

culation for this report was perfonned using the sults provide confidence that the converted
RISK program (see source code listing in Appen. NUREG-1150 code suite is running correctly
dix C). This code combines the conditional con- with the correct input files. The following sections
sequences from MACCS with the conditional of the report will quantitatively evaluate the twnc-
probabilities of a release from containment and fits of several potential containment perfomiance
the PDS frequencies from the front-end analysis. improvements.
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Table 7-1. Results of the accident progression analysis for PDS 1

Conditional
Order Bin Probabilities" ASeq ZrOsid VB DC WSE SPB CF Sprays MCO SRVBkr |,

Ten most probable bins'

,

1 ABBDDGCCB 3.2038E-02 Fst-SB LoZrOs lop-nLPI LoEXSE SPBEOL3- CL-Rpt LCS FLDCCI cSRVBir
2 ' ABEEAICEB 2.92ME-02 Fst-SB Lo7;Ox nVB nDOI-SE SPBEOLO CnFail LCS noCO cSRVBkr
3 ABEEAGCEB 2.7369E-02 Est-SB LoZrOx nVB nDCII-SE SPBEOLO CL-Rpt LCS noCO cSRVBir

,

4 ABEEAFGB 2.6079E4)2 Fst-SB LoZrOx nVB nDOI,SE SPBEOLO CL-LA LCS noCCI cSRVBkr |
5 ABEEAllCEB 1.9375E-02 Fst-SB LoZrOx nVB nDOI-SE SPBEOLO CL-VENT LCS neCCI cSRVBir !

6 AAEEAFCEB 1.3074E-02 Fst,SB lii7rOx nVB nDOI-SE SPBEOLO CL-Lk LCS mCCI cSRVBkr t

7 AAEEABAEB 1.2814E-02 Fst-SB liiZrOx nVB nDOI-SE SPBEOLO CE-Rpt noCS mCCI cSRVBir I

8 AAEEAIGB 1.2597E-02 Est-SB IliZrOx nVB nDCH-SE SP3EOLO CnFail LCS noCCI cSRVBir [
9 ABDDDGCCB 1.1660E-02 Fst-SB LoZrOx lop-LPI LoEXSE SPBEOL3 CL-Rpt LCS 11.DCCI cSRVBLr

10 AAEEEBAEB I.1197E-02 Fst-SB IliZrOx nVIl nDCil-SE SPBE2L2 CE-Rpt noCS mCO cSRVBir !

M Five most probable bins that have VB

i ABBDDGCCB 3.2038E-02 Fst-SB LcZrOx lop-nLPI LoEXSE SPBEOL3 CL-Rpt LCS FLIXII cSRVBkr
9 ABDDDGCCB 1.1660E4)2 Est-SB LoZrOx lop-LPI LoEXSE SPBEOL3 CL-Rpt LCS FLDCO cSRVBLr

12 ABBDDGACB 1.01ME-02 Est-SB Lo7;Ox lop-nLPI LoEXSE SPBEOL3 CL-Rpt noCS FLDCCI cSRVBLr ;

13 ABBDDGCCA 1.0150E472 Est-SB LoZrOx lop-nLPI LoEXSE SPBEOL3 CL-Rpt LCS FLDCCI oSRVBir [
14 ABBDAIGB 8.5953E-03 Fst-SB LoZrOx lop-nLPI LoEXSE SPBEOLO CnFail LCS noCO cSRVBLr'

p

Five most probable bins that have early CF
|
t

7 AAEEABAEB 1.2814E-02 Est-SB HiZrOx nVB nDOI-SE SPBEOLO CE-Rpt noCS mCO cSRVBLr [
10 AAEEEBAEB 1.1197E-02 Fst-SB liiZrOx nVD nDOI-SE SPBE2L2 G-Rpt noCS noCCI cSRVBkr [
15 AAEEAACEB 7.8431E-03 Est-SB liiZrOx nVB nDOI-SE SPBEOLO CE-Lk LCS noCCI cSRVBir !

18 AAEEllBAEB 7.1341E-03 Fst-SB - liiZrOs nVB nDOI-SE SPBE3L3 -Rpt noCS mCCI cSRVBir ;
31 AABDABACB 4.2698E-03 Fst-SB IliZrOx lop-nLPI LoEXSE SPBE000 G-Rpt noCS FLDCG cSRVBir '

>

Probability of occurrence, given the occunence of the PDS, averaged over 250 obwvations of the APET.a.
._ i

!

i

!
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Table 7-2. Results of the accident pmgression analysis for PDS 2

Conditional
Order Bin Probabilities * ASeq ZrOxid VB DCH-SE SPB CF Sprays MCG SRVBLr

| Ten most probable bins

1 ABBDDGACB 4.2840E-02 Est-SB LoZrOx lop--nLPI LoEXSE SPBEOL3 CL-Rpt mCS FLDCG cSRVBLr

2 ABEEAIAEB 3.4970E-02 Est-SB LoZrOx nVB nDCII-SE SPBEOLO CnFail noCS noCCI cSRVBLr

3 ABEEAGAEB 3.4538E-02 Est-SB LoZrOx nVB nDOI-SE SPBEOLO CL-Rpt mCS mCO cSRVBLr

4 ABEEAFAEB 3.1825E-02 Fst-SB te7;Ox nVB nDOI-SE SPBEOLO CL-LL mCS mCCI cSRVBLr

5 ABEEAIIAEB 2.0970E-02 Fst-SB Lo7;Ox nVB nDOI-SE SPBEOLC CL VENT mCS noCG cSRVBLr

6 AAEEAFAEB 1.6668E-02 Est-SB lii7;Ox nVB nDOI-SE SPBE010 CI,-Lk noCS mCCI cSRVBkr

I 7 ABDDDGACB 1.5021E-02 Fst-SB IxZrOx lop--LPI LoEXSE SPBEOL3 CL-Rpt mCS IlDCO cSRVBir

3 AAEEABAEB 1.3645E-02 Fst-SB HiZrOx nVB nDOI-SE SPBEOLO G-Rpt mCS mCG cSRVBLr

9 AAEEAIAEB 13596F,-02 Fst-SB liiZrOx nVB nDCII-SE SPBEOLO CnFail noCS noCCI cSRVBLr

10 ABBDDGACA 1.2610E-02 Est-SB LoZrOx lop-nLPI LoEXSE SPBEOL3 CL-Rpt mCS FLDCCI oSRVBLr

$ frive most probable bins that have VB

i ABBDDGACB 4.2840E-02 Est-SB LoZrOx teP-nLPI LoEXSE SPBEOL3 CL-Rpt nnCS FLDCO cSRVBir

7 ABDDDGACB 1.5021E-02 Est-SB Lo7;Ox lop-LPI LoEXSE SPBEOL3 CL-Rpt mCS FLIKCI cSRVBir

10 ABBDDGACA 1.2610E-02 Fst-SB LoZrOx leP-nLPI LoEXSE SPBEOL3 CL-Rpt mCS FLDCCI oSRVBLr

13 ABBDAIAEB 1.0565E-02 Est-SB ImZrOx LcP-nLPI 1xEXSE SPBEOLO CnFail mCS mCG cSRVBir

14 ABBDAFAEB 1.0261E-02 Est-SB LoZrOx top-nLPI LoEXSE SPBEOLO CL-Lk mCS mCCI cSRVBir

Five most probable bins that have early CF

8 AAEEABAEB 13M5EA32 Rt-SB IliZrOx nVB nDCII-SE SPBEOLO CE-Rpt noCS mCCI cSRVBkr

12 AAEEEBAEB 1.1778E-02 3 * SD liiZrOx nVB nDOI-SE SPBE2L2 G-Rpt mCS m CCI cSRVBir

17 AAEEllBAEB 9.1099E-03 in -SB HiZrOx nVB nDOI-SE SPBE3L3 G-Rpt mCS mCO cSRVBkr

18 AAEEAAAEB 8.8185E-03 Fst-SB HiZrOx nVB nDOI-SE SPBEOLO G-Lk mCS noCCI cSRVBir

30 ABEEAAAEB 4.7237E-03 Fst-SB 1mZrOx nVB nDOI-SE SPBEOLO CE-Lk noCS mCCI cSRVBkr i

Probability of occurrence, given the occurrence of the PDS, averaged over 250 oNrntions of the APET.a.
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Table 7-3. Results of the accident progression analysis for PDS 3

Conditional

Order Bin Probabilities * ASeq ZrOxid VB DCH-SE SPB CF Sprays MCG SRVBLr

Ten most probable bins

I ABBDDGACB 4.0622E4)2 Est-SB LoZrOx lop-nLPI LoEXSE SPBEOL3 CL-Rpt mCS FLDCG cSRVBLr

2 ABEEAGAEB 2.4206E-02 Fst-SB LoZrOx nVB nDCH-SE SPBEOLO CL-Rpt noCS noCG cSRVBkr

3 ABEEAIAEB 2.1870E-02 Est-SB LoZrOx nVB nDGI-SE SPBEOLO CnFail noCS noCCI cSRVBLr

4 ABEEAFAEB 1.9836E-02 Fst-SB LoZrOx nVB nDCH-SE SPBEOLO CL-LL mCS noCG cSRVBLr

5 ABDDDGACB 1.4050E-02 Est-SB LoZrOx lop-LPI LoEXSE SPBEOL3 CL-Rpt noCS FLDCCI cSRVBLr

6 ABABAEAEB 13065E-02 Fst-SB LoZrOx flip-nLPI LoDOI SPBEOLO CVB-Rpt noCS rmCCI cSRVBLr

7 ABBDDGACA 1.2753E-02 Fst -SB leZrOx lop-nLPI LoEXSE SPBEOL3 CL-Rpt noCS FLDCG oSRVBir

8 ABEEAHAEB L2753E-02 Est-SS LoZrOx nVB nDOI-SE SPBEOLO CL VENT mCS noCCI cSRVBLr

9 AAEEAFAEB 1.0789E-02 Est-SB IliZrOx nVB nDCil-SE SPBEOLO CL-Lk noCS mCG cSRVBLr

10 ABBDAIAEB 1.0067E-02 Fst-SB LoZrOx lop-nLPI LoEXSE SPBEOLO CnFail noCS tmCCI cSRVBkr

! Z Five most probable bins that have VB

1 ABBDDGACB 4.0622E-02 Est-SB LoZrOx lop-nLPI LoEXSE SPBEOL3 CL-Rpt mCS FLDCCI cSRVBir

5 ABDDDGACB L4050E-02 Est-SB LoZrOx lop-LPI LoEXSE SPBEOL3 CL-Rpt noCS FLDCCI cSRVBkr

6 ABABAEAEB 13065E-02 Fst-SB LoZrOx hip-nLPI LoDCII SPBEOLO CVB-Rpt mCS noCG cSRVBLr

7 ABBDDGACA 1.2753E-02 Fst-SB leZrOx lop-nLPI LoEXSE SPBEOL3 CL-Rpt mCS FLDCG oSRVBLr

10 ABBDAIAEB 10067E-02 Fst-SB LoZrOx lop-nLPI LoEXSE SPBEOLO CnFail mCS noCCI cSRVBLr

Five most probabh bins that have early CF

6 ABABAEAEB 13065E432 Fst-SB Lo7M h flip-nLPI IxDOI SPBEOLO CVB-Rpt noCS noCCI cSRVBkr

16 AAEEABAEB 7.2484E-03 Fst-SB HiZrOx nVB nDCH-SE SPBEOLO CE-Rpt noCS mCCI eSRVBLr

18 AAEEEBAEB 6.8120E-03 Fst-SB liiZrOx nVB nDGI-SE SPBE2L2 CE-Rpt noCS mCG cSRVBLr

20 ABABBEAEB 6.7908E-03 Fst-SB LoZrOx hip-nLPI ImDGI SPBE013 CVB-Rpt noCS mCO cSRVBir

22 AAEEIIBAEB 63324E-03 Fst-SB HiZrOx nVB nDCH-SE SPBE3L3 CE-Rpt noCS noCG cSRVBLr

Probability of menu.ce, given the occmrence of the PDS, averaged over 250 observations of the APET.
.

Ia.
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Table 7-4. Results of the accident progression analysis for PDS 4

Conditional
Order Bin Probabilities * ASeq ZrOxid VB DCH-SE SPB CF Sprays MCCI SRVBir f

,

Ten most probable bias 5

1 BABDAGACB 3.2412E-02 Siw-SB HiZrOx lop-nLPI LoEXSE SPBEOLO CL-Rpt noCS FLDCG cSRVBkr I
2 BABDAEACB 3.0998E-02 Siw-SB HiZrOx lop-nLPI LoEXSE SPBEOLO CVB-Rpt noCS FLDCCI cSRVBkr '

'

3 BABDHBACB 2 M22E-02 Siw-SB itiZrOx lop-nLPI LoEXSE SPBE3L3 CE-Rpt noCS FLDCO cSRVBir
.4 BBBDAGACB 2.5715E-02 Siw-SB LoZrOx lop-nLPI LoEXSE SPBEOLO CL-Rpt noCS FLDCCI cSRVBkr [5 BABDAEAEB 2.1786E-02 Siw-SB HiZrOx LcP-nLPI LoEXSE SPBEOLO CVB-Rpt noCS noCCI cSRVBkr !6 .BABDBEACB 1.9932E-02 Slw-SB 11iZrOx lop-nLPI LoEXSE SPBE013 CVB-Rpt noCS FLDCG cSRVBkr [7 BABDAGAEB 1.9923E-02 Siw-SB HiZrOx lop-nLPI LoEXSE SPBEOLO CL-Rpt noCS noCCI cSRVBkr f

8 BABDHBAEB 1.7605E-02 Siw-SB IliZrOx lop-nLPI LoEXSE SPBE3L3 CE-Rpt noCS noCCI :SRVBkr *

3 9 BBBDAEACB 1.M12E-02 Siw-SB LoZrOx 1.oP-nLPI LoEXSE SPDEOLO CVB-Rpt noCS FLDCO cSRVBir
10 BBBDAGAEB 1.5118E-02 Siw-SB LoZrOx lop-nLPI LoEXSE SPBEOLO CL-Rpt noCS noCO cSRVBkr.

Five rnost probable bins that have early CF and early suppression pool bypass
t

'

3 BABDHBACB 2.M22E-02 Siw-SB HiZ Ox lop-nLPI LoEXSE SPBE3L3 CE-Rpt noCS FLDCO cSRVBkr !6 BABDBEACB 1.9932E-02 Siw-SB HiZrOx lop-nLPI LcEXSE SPBEDI3 CVB-Rpt r*.CS FLDCG cSRVBkr !

8 BABDHBAEB 1.7605E-02 Slw-SB HiZrOx lop-nLPI LoEXSE SPBE3L3 CE-Rpt noCS noCG cSRVBkr
II BABDBEAEB 1.3284E-02 Siw-SB HiZrOx lop-nLPI LoEXSE SPBE013 CW-Rpt noCS noCG cSRVBkr
12 BBBDBEACB 1.1899E-02 Stw-SB LoZrOx lop-nLPI LoEXSE SPBE013 CVB-Rpt noCS FLDCG cSRVBir !

!

Probability of wm me. given the wm,umc of the PDS. as eraged over 250 oh 'ms of rhe APETa.
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Table 7-5. Rewits of the accident progression analyris for PDS 5
1

; Conditional
! Order Bin Probabilities" ASeq ZrOxid VB DCH-SE SPB CF Sprays MCCI SRVBkr

Ten most probable bins

1 BABDAGACB 3.6004E-02 Siw-SB HiZrOx imp-nLPI IxEXSE SPP.EOLO CL-Rpt noCS FLDCCI cSRVBkr
2 BABDAEACB 33705E-02 Siw-SB liiZrOx lop-nLPI LoEXSE SPBEOLO CVB-Rpt noCS FLDCCI cSRVBkr
3 BABDHBACB 3.0306E-02 S!w-SB HiZrOx teP-nLPI LoEXSE SPBE113 CE-Rpt noCS FLDCCI cSRVBkr
4 BBBDAGACB 2.8669E-02 Siw-SB LoZrOx imp-nLPI loEXSE SPBEOLO CL-Rpt noCS FLDCCI cSRVBkr
5 BBBDAEACB 2.7144E-02 Siw-SB le7;Ox imp-nLPI LoEXSE SPBEOLO CVB-Rpt noCS FLDCCI cSRVBkr
6 BABDAEAEB 2.3639E-02 Slw-SB HiZrOx lop-nLPI leEXSE SPBEOLO CVB-Rpt noCS noCCI cSRVBkr
7 BABDAGAEB 2.2245E42 Siw-SB HiZrOx leP-nLPI LoEXSE SPBEDLO CL-Rpt noCS noCCI cSRVBkr
8 'BABDBEACB 2.2193E-02 Siw-SB HiZrOx imp-nLPI LoEXSE SPBE013 CVB-Rpt noCS FLDCCI cSRVBkr

s 9 BABDilBAEB 2.0194E-02 Slw-SB HiZrOx imp-nLPI LoEXSE SPBE3L3 CE-Rpt rocs noCCI cSRVBkr
10 BBBDAGAEB 1.9726E-02 S1w-SB LoZrOx LeP-nLPI LoEXSE SPBEOLO CL-Rpt noCS noCCI cSRVBkr

Five most probable bins that have early CF and early suppression pool bypass

3 BABDHBACB 3.0306E-02 Siw-SB HiZrOx lop-nLPI LoEXSE SPBE3L3 CE-Rpt noCS FLDCCI cSRVBkr
8 BABDBEACB 2.2193E-02 Siw-SB liiZrOx leP-nLPI LoEXSE SPBE013 CVB-Rpt noCS FLDCCI cSRVBkr;

9 BABDHBAEB 2.0194E-02 Siw-SB HiZrOx LeP-nLPI ImEXSE SPBE3L3 CE-Rpt noCS noCCI cSRVBkr'

12 BBBDBEACB 1.5054E-02 Slw-SB LoZrOx lop-nLPI LoEXSE SPBE013 CVB-Rpt noCS FLDCCI cSRVBkr
13 BABDBEAEB 1.4790E-02 Siw-SB HiZrOx imp-nLPI IeEXSE SPBEDI3 CVB-Rpt noCS noCCI cSRVBkr

a. Probability of mrurrence, given the occurrence of the PDS.sveraged over 250 observations of the APET.
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Table 7-6. Results of the accident progression analysis for PDS 6

,

Conditional 1

Order Bin Probabilities" ASeq ZrOxid VB DCII-SE SPB CF Sprays MCCI SF.VBkr !

Ten rnost probable bins

I I BABDilBACB 4.4345E-02 Slw-SB HiZrOx lop-nLPI leEXSE SPBE3L3 G-Rpt noCS FLDCCI cSRVBkr
2 BABDAGACB 4.1411 E-02 Slw-SB liiZrOx lop-nLPI LoEXSE SPI?LOLO CL-Ept mCS FLDCG cSRVBkr
3 BABDAEACB 3.6972E-02 Slw-SB liiZrOx lop-nLPI LoEXSE SPBEOLO CVB-Rpt noCS FLDCCI cSRVBkr
4 BBBDAGACB 3.2926E-02 Slw-SB LoZrOx lop-nLPI LoEXSE SPBEOLO CL-Rpt noCS FLDCCI cSRVBkr
5 BABDIIBAEB 2.9551FA)2 Slw-SB HiZrOx lop-nLPI LoEXSE SPBE3L3 -Rpt mCS noCCI cSRVBkr
6 BABDAEAEB 2.59ME-02 Siw-SB liiZrOx leP-nLPI LoEXSE SPBE0IA _CVB-Rpt noCS noCCI cSRVBkr
7 BABDAGAEB 2.5%1E-02 Slw-SB IliZsOx lop-nLPI LoEXSE SPBEOLO CL-Rpt ntCS noCCI cSRVBkr

,

!8 BBBDAEACB 2.5750E-02 S!w-SB Lo7;Ox imp-nLPI LoEXSE SPBEOLO CVB-Rpt noCS FLDCO cSRVBkr
$ 9 BABDBEACB 2.4213E-02 Siw-SB liiZrOx lop-nLPI LoEXSE SPBE0I3 CVB -Rpt noCS II.DCG cSRVBkr (

10 BBBDAGAEB 2.0052E-02 Slw-SB LoZrOx lop-nLPI leEXSF SPBEOLO CL-Rpt noCS noCCI cSRVBkr !

Five most probable bins that have early CF and early suppression pml trjpass

1 BABDilSACB 4.4345E-02 Siw-SB Hi7;Ox leP-nU/I leEXSE SPBE3L3 G-Rpt mCS FLDCG cSRVBkr
5 BABDilBAEB 2.9551E-02 Siw-SB liiZrOx lop-n' PI leEXSE SPBE3L3 -Rpt noCS rwCCI cSRVBkr
9 BABDBEACB 2.4213E-02 Siw-SB HiZrOx lop oLPI leEXSE SPBE013 CVB-Rpt noCS FLDCCI cSRVBkr

12 BBBDBEACB 1.6483E-02 SIw-SB LoZrOx LcP-nLPI LoEXSE SPBE0I3 CVB-Rpt noCS FLDCCI cSRVBLr
13 BABDBEAEB 1.6138E-02 Slw-SB IliZrOx leP-nLPI LoEXSE SPBE013 CVB-Rpt noCS mCCI cSRVBkr

,

a. Probability of occurrence. given the occurrence or tne PDS. averaged over 250 observations of the APET.
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Table 7-7. Results of the accident progression analysis for PDS 7

Conditiona!
ZrOxid VB DCII-SE SPB CF Sy g MCCI SRVBkr

Order Bin Probabilities * ASeq _

Ten most probable bins

I ABABAEAEB 4.1552E-02 Est-SB Lo7;Ox liiP-nLPI LoDGI SPBEOU) CVB-Rpt noCS mCG cSRVBkr

2 AAABAEAEB 2.8179E-02 Fst-SB liiZrOx IliP-nLPI LoDGI SPBEOLO CVB-Rpt noCS ncCCI cSRVBLr

3 AAABAIAEB 2.5240EJ)2 Fst-SB liiZrOx IliP-nLPI LoDGI SPBEOU) CnFail mCS mCO cSRVBLr

4 AAABAFAEB 2.4347E-412 Est-SB liiZrOx IliP-nLPI LoDGI SPBEOLO CL-Lk noCS noCG cSRVBLr

5 ABABBEAEB 1.8223E4)2 Est-SB la,ZrOx liiP-nLPI LoDCII SPBE013 CVB-Rpt noCS mCCI cSRVBLr

6 AAABEBAFB 1.5414E-02 Est-SB lii720x IliP-nLPI LoDGI SPBE2L2 CE-Rpt noCS noCCI cSRVBLr

7 ABABAGAEB I.5209E4)2 Fst-SB ImZrOx liiP-nLPI LoDCII SPBEOLO CL-Rpt noCS rwCCI cSRVBkr

8 ABABAFAEB 1.4255E-C Fst-SB LoZrOx IliP-nLPI lxDGI SPBEOLO CL-Lk noCS noC G cSRVBkri

f
'

'd; 9 AAABABAEB 13800E-02 Est-SB II'rOx iliP-nLPI LoDGI SPBEOLO CE-Rpt noCS noCCI cSRVBir

10 AACHAFAEB 13203E-02 Est-SB IliZrOx IliP-LPI LoDGI SPBEOLO CL-Lk noCS m.CCI cSRVBir

Five most probable bins that have early CF and early suppression pool bypass

5 ABABBEAEB 1.8223E-02 Es:-SB Im7;Ox IliP-nLPI LoDGI SPBEGI3 CVB-Rpt noCS mCCI cSRVBkr

6 AAABEBAEB L5414E-02 Est-SB HiZrOx hip-nLPI LoDGI SPBE2L2 CE-Rpt noCS noCCI cSRVBLr |

13 AAABBEAEB 1.2330E-02 Est-SB HiZrOx liiP-nLPI LoDGI SPBEGI3 CVB-Rpt noCS noCCI cSRVBLr |

16 AAABIIBAEB 1.0746E-02 Fst-SB fliZrOx hip-nLPI LoDCII SPBE3L3 CE-Rpt noCS noCCI cSRVBLr |

}
18 AACBIIBAEB 9.8298E 4)3 Est-SB liiZrOx iliP-LPI lxDCII SPBE3L3 CE-Rpt noCS noCCI cSRVBir |

|

Probability of occurrence, given the occurrence of the PDS averaged over 250 obervations of the APET.a.
3
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Table 7-8. Results of the accident progression analysis for PDS 8

Conditional
Order Bin Probabilities * ASeq ZrOxid VB DGI-SE SPB CF Sprays MCG SRVBkr

Ten most probable bins

1 BAABAAAEB 6.7501E-02 Siw-Sb liiZrOx liiP-nLPI LoIX11 SPBEOLO G-Lk noCS mCO cSRVBkr

2 BBABAAAEB 4.0210E4)2 Slw-SB LoZrOx IliP-nLPI LoDGI SPBEOLO G-Lk noCS noCG cSRVPkr

3 BAABAEAEB 2.9744E-02 Slw-SB HiZrOx hip-nLPI leDCil SPBEOLO CVB-Rpt noCS noCCI cSRVBkr

4 BACBAAAEB 2.9640E4)2 Siw-SB liiZrOx IliP-LPI leDCII SPBEOLO G-Lk noCS noCG cSRVBkr

5 BBABAEAEB 2.7446E-02 Siw-SB LoZrOx IliP-nLPI LoDCII SPBEOLO CVB-R pt mCS mCO cSRVBkr

6 BAABABAEB 2.6864E-02 Siw-SB liiZrOx IliP-nLPI leDCII SPBEOLO CE-Rpt noCS mCO cSRVBkr

7 BAABAAAEA 2.0833E-02 Siw-SB HiZrOx IliP-nLPI LoDGI SPBEOLO CE-Li noCS noCCI oSRVBkr

8 BAABAAACB 1.6874E4)2 Siw-SB liiZrOx IliP-nLPI LoDCil SPBE9LO CE-Lk noCS FLDCCI cSRVBkr |

T 9 BAABBBADB 1.6202E-02 Siw-SB liiZOx IliP-nLPI leDGI SPBECI3 CE-Rpt rmCS DlyCG cSRVBkr

i 10 BAABAGAEB 1.5858E-02 S!w-SB Hil.Ox hip-nLPI LoDCII SPBEOLO Cle-Rpt mCS noCCI cSRVBkr,

Five most probable bins that have early CF and early suppression pool bypass

9 BAABBBADB 1.6202E-02 Siw-SB fli7;Ox thP-nLPI LoDCII SPBE013 -Rpt mCS DiyCCI cSRVBkr

13 BAABBAADB 1.4372E-02 Siw-SB lii720x liiP-nLPI LoDCII SPBEGI3 G-Lk vmC5 DiyCO cSRVBLr

18 BAABEAAEB 1.0326E-02 Slw-SB liiZrOx hip-nLPI LoDGI SPBEZL2 CE-Lk noCS noCG cSRVBkr

21 BBABBAADB 9.0005E-03 Siw-SB LoZrOx hip-nLPI LoDCII SPBE0l3 G-Lk noCS D!yCCI cSRVBkr

23 BBABBBADB 8.9209E-03 Siw-SB Iw7;Ox IliP-nLPI leDGI SPBEGI3 G-Rpt noCS DiyCG cSRVBkr

Probability of occurrence, given the occurrence of the PDS, averaged over 250 observations of the APET.a.



, _
, _

- _ _ _ _ _ .

.

Table 7-9. Results of the accident progression analysis for PD5 9

1

Conditional
Order Bin Probabilities * ASeq ZrOxid VB DCil-SE SPB CF Sprays MCG SRVBle

Ten most probabic bins

1 EAABAECEB 3.7130E-02 Est-TC liiZrOx IliP-nLPI LoDCH SPBEOLO CVB4pt LCS noCG cSRVBLr

2 EBABAECEB 5.5191E-02 Est-TC LoZrOx hip-nLPI LoDCII SPBEOLO CVibRpt LCS noCG cSRVBLr

3 EACBAECEB 3.5098E-02 Est-TC liiZrOx hip-LPI LoDOI SPBSOLO CVB-Rpt LCS mCCI cSRVBkr

4 EAABBECEB 3.2721E-02 Fst-TC liiZrOx hip-nLP! LoDCII SPBE013 CVB-Rpt LCS noCG cSRVBe

5 EUABBECEB 2.8106E-02 Est-TC LoZrOx hip-nLPI LoDOI SPBEGI3 CVB-Rpt LCS notCI cSRVBkr

6 EBCBAECEB 2.1369E4)2 Est-TC LoZrOx hip-LPI ImDCU SPBEOLO CVB-Rpt LCS noCCI cSRVBLr

7 EAABAECCB 2.Il91E-02 Est-TC liiZrOx IliP-nLPI ImDGI SPBEOU) CVB-Rpt LCS FLDCG cSRVBkr ;

!

8 EAADAECEB 1.7610E4)2 Fst-TC liiZrOx liiP-nLPI LoEXSE SPBEOLO CVB-Rpt LCS :CCI cSRVBLr
I

$ 9 EAABAFCEB 1.7548E4)2 Fst-TC IliZ20x iliP-nLPI LoDCII SPBEOLO CL-Lk LCS noCCI :SRVBLr

10 EACBBECEB 1.7120E-02 Fst-TC liiZrOx hip-LPI LoDOI SPBE0I3 CVB-Rpt LCS noCCI cSRVBL

Five rnost probable bins that have early CF and early suppression pool bypass

4 EAABBECEB 3.2721E-02 Est-TC HiZrOx hip-nLPI LoDCIf SPBE0I3 CVB-Rpt LCS tmCCI cSRVHir

5 ERABBECEB 2.S106E-02 Fst-TC Lo7;Ox IliP-nLPI LoDOI SPBE013 CVB-Rpt LCS tmCO cSRVBir

10 EACBBECEB 1.7120E-02 Est-TC liizrox IfiP-LPI LoDOI SPBEGI3 CVB-Rpt LCS noCG cSRVBLr

15 EACBi'ECEB 1.2181E-02 Fst-TC lii7;Ox hip-LPI LoDOI F.PBE3L3 CVB-Rpt LCS noCG cSRVBkr

20 EAABEECEB 8.3463E-03 Est-TC HiZrOx IIiP-nLPI LoDCll SPBE212 CVB-Rpt LCS noCCI cSRVBkr

Pmbability of occunerice, given the occurrence of the PDS. sveraged over 250 obevations of the APET.a.
__
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Table 7-10. Results of the accident progression analysis for PDS 10

Conditional c

Order Bin Probabilities" .ASeq ZrOxid VB DCH-SE SPB _CF Sprays MCCI SRVBkr

Ten rnost probable hins ;

I FAADAADEB 4.7479Fc02 Slw-TC HiZrOx IliP-nLPI LoDCII SPBEOLO G-Lk ECS noCCI cSRVBkr ,

2 FACBAADEB 2.6238FeO2 Siw-TC IfiZrOx liiP-LPI LoDGI SPBEOLO CE-Lk ECS noCCI cSRVEkr
3 FACBABDEB 2.5470E-02 Siw-TC liiZIOx hip-LPI LoDGI SPBEDLO CE-Rpt ECS noCCI cSRVBLr

,

4 FAABABBEB 2.4590E-02 SIw-TC HiZrOr hip-nLPI ImDGI SPBEOLO CE-Rpt ECSnot noCG cSRVBLr

5 FBABAADEB 1.6100E-02 Slw-TC ImZrOx liiP-nLPI LoDCH SPBEOLO G-Lk ECS noCCI cSRVBkr
6 FACBBADEB 1.6055Ec02 Slw-TC liiZrOx IliP-LPI LoDCH SPBEGI3 G-Lk ECS noCCI cSRVBLr
7 FAABAADDB 1.5188FeO2 Slw-TC HiZrOx hip-nLPI LoDCII SPBEOLO G-Lk ECS DiyCG cSRVBkr j

8 FAABABDEB 1.5020E-02 Slw-TC liiZrOx IIiP-cLPI LoDCil SPBEOLO G-Rpt ECS noCCI cSRVBLr |

2 9 FBABABDEB 1.4284E-02 Siw-Tt IeZrOx . IliP-nLPI LoDCli SPBEOLO CE-Rpt ECS noCCI cSRVBkr |

10 FAABABBDB 1.3589E-02 Siw-TC IliZrOx hip-nLPI LoDCil SPBEOLO CE-Rpt ECSnol DiyCCI cSRVBkr
.

Five most pmbable bins that have early CF and early suppression pool bypass

6 FAGBADEB 1.6055E-02 Siw-TC IliZrOx hip-LPI LoDGI SPBE013 G-Lk ECS noCG cSRVBLr
13 FBABBADED 1.1330E-02 Slw-TC LoZrOx hip-nLPI LoDGI SPBE013 G-Lk ECS noCCI cSRVBLr i

16 FAABBBBEB 1.0086E-02 Siw-TC HiZrOx IliP-nLPI LoDCII SPBE013 CE-Rpt EC$not noCG cSRVBLr >

17 FAABBADEB 9.7688E-03 Siw-TC liiZrOx hip-nLPI LoDGI SPBE013 CE-LL ECS noCCI cSRVBkr
22 FAABBBDEB 8.0123Fe03 Siw-TC HiZrOx hip-nLPI LoDCH SPBE013 CE-Rpt ECS noCCI cSRVBkr

!

Probability of occurrence. given the occurrence of the PDS. averaged over 250 obations of the APET. ra.

i
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Table 7-11'. . Resuln of the accident progression analysis for PDS II

Conditional
Order Bin Probabilities * ASeq ZrOxid VB DGi-SE SPB CF Sprays _ MCCI SRVBir

Ten most probable bins

1 CAABAECEB 5.9874E-02 Fst-T2 HiZrOx hip-nLPI lxDCH SPBEOLO CVB-Rpt LCS noCG cSRVBkr
'

? CBABAECEB ?.9842E-02 Est-T2 LoZrOx hip-nLPI LoDGI SPBECLO CVB-Rpt LCS noCCI cSRVBkr
3 CACBAECdB 2.5372E-02 Fst-T2 IliZrOx hip-LPI LoDGI SPBEOLO CVB-Rpt LCS noCG cSRVBkr
4 CBABBECEB 1.8297E-02 Est-T2 LoZrOx hip-nLPI LoDCII SPBE013 CVB-Rpt LCS noCCI cSRVBkr
5 CAABBECEB 1.8139E-02 Fst-72 HiZrOx IliP --1PI LoDGI SPDE013 CVB-Rpt LCS noCG cSRVBkr '
6 CBCBAECEB : L6248E-02 Fst-T2 .LoZrOx hip- .'l LoDCH SPEEOLO CVB-Rpt LCS noCCI cSRVBkr -
7 CAABAECEA- 1.5G16E-02 Est-T2 HiZrOx hip-nLPI LeDCII SPBEOLO CVB-Rpt LCS noCCI oSRVBir -
8 CAABAECCB 1.4554E-02 Fst-T2 HiZrOx hip-nLPI LoDCH SPBEOLO CVB-Rpt LCS FLDCCI cSRVBkr

C 9 CAABAFCEB 1.4449E-02 Fst-T2 HiZrOx IliP-nLPI ' leDCH SPBEOLO CL-Lk LCS noCCI cSRVBkr
10 CAABAICEB 1.2698E-02 Fst-T2 liiZiOx hip-nLPI LeDCH SPBEOLO CnFaiL LCS noCCI cSRVBkr

gve most probable bins that have early CF and early suppression pool bypass [
,

4 CBABBECEB 1.8297E-02 . Est-T2 ' LcZrOx hip-nLPI LoDCH SPBE0I3 CVB-Rpt LCS noCCI cSRVBkr
5 CAABBECEB 1.8139E-02. Fst-T2 HiZrOx - hip-nLPI LoDGI SPBE0E CVB-Rpt LCS noCCI cSRVBkr

13 CACBBECEB 1.Il69E-02 Fst-T2 HiZrOx hip-LPI - LoDCH SPBE013 CVB-Rpt LCS
,

no C1 cSRVBkrr '

18 CAABBECEA 9.0260E-03 Fst-T2 HiZrOx Hii'-nLPI LaDOI SPBE013 CVB-Rpt LCS noCG oSRVBkr
'20 CACBHECEB 7.9503E-03 Fst-T2 HiZrOx hip-LPI leDCH SPBE3L3 CVB-Rpt LCS noCCI cSRVBkr

Probabihty of occurrence given the occurrence of the PDS. neraged over 250 obser stions of the APET !a.
_.
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Table 7-12. Results of the accident progression am y-is for PDS 12

|

Culditional
Order Bin Probabilities * ASeq 720xid VB- DCH-SE SPB CF Sprays MCG SRVBLr

i

Ten most probable bins|

1 DAABAECEB 5.9874E4)2 Slw-T2 HiZrOx IliP-nLPI LoDOI SPBEOLO CVB-Itpt LCS ROCCI cSRVBkr

2 DBABAECEB 2.9842E4)2 Slw-T2 LoZrOx IIiP-nLPI LoDOI SPBEOLO CVB-Upt LCS 4. ''I cSRVBkr

| 3 DACBAECEB 2.5372E4)2 Siw-T2 liiZrOx liiP-LPI LoDOI SPBEOLO CVB- -Rpt LCS .I cSRVBkr

! 4 DBABBECEB 1.8297E4)2 Siw-T2 LoZrOx hip-nLPI LoDCil SPPE013 CV3-Rpt LCS noCCI cSRVBkr

5 DAABBECEB 1.8139E4)2 Siw-E HiZrOx IliP-nLPI LoDCH SPBE013 CVB-Rpt LCS noCCI cSRVBkr

6 DBCBAECEB 1.6248E4)2 Siw-T2 LoZrOx liiP- LPI LoDCII SPBEOLO CVB-Rpt LCS noCCI cSRVBkr

7 DAABAECEA 1.5046FA)2 SIw-n IliZrO, flip-nLPI LoDCH SPBEOLO CVB-Rpt LCS noCG oSRVBkr

8 DAABAECCB 1.4554E-02 Siw-T2 HiZ Ox hip-nLPI LoDOI SPBEOLO CVB-Rpt LCS FLDCCI cSRVBkr

.T 9 DA.ABAFCEB 1.4449E-02 Siw-T2 Hi7rOx iliP-nLPI LoDCH SPBEOLO CL-Lk LCS noCCI cSRVBkr
i

10 DAABAICEB 1.2698E-02 Siw-T2 IUl.rOx IliP-nLPI LoDOI SPBEOLO CnFail LCS noCCI cSRVBkr

Five most probable bins that have er.rfy CF and early mppressica pool bypass

i
! 4 DBABBECEB 1.3297E-02 Siw-T2 LoZrO . hip-nLPI LoDOI SPBE013 CVB-Rpt LCS noCCI cSRVBkr

5 DAABBECEB 1.8139E-02 Siw-T2 Hi7 ')t hip-nLPI LoDCH SPBE013 CVB-Rpt LCS noCCI cSRVBkr

13 DACBBECEB 1.Il69E-02 Siw-T7 w a t)x hip-LPI LoDCil SPBE013 CVB-Rpt LCS noCCI cSRVBkr

IS DAABBECEA 9.0260E-03 Siw -f2 Hi'M)x hip-nLPI LoDCli SPBE013 CVB-Rpt LCS noCCI oSRVBkr

20 DACBilECEB 7.9503E4)3 Siw-T2 Hi2X)x hip-LPI LoDCH SPBE3L3 CVB-Rpt LCS noCO cSRVBkr

I
Probabilitr 4 occurrence, given the occurrence of the PDS, averaged over z.50 observati(ms of the APET.a.
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Table 7-13. Grand Gulf base case risk comparison
B

Mean Early Mean Latent Mean Mean Mean
Fa:alities Fatalities 50-Mile Dose 100% Mile Dose Offsite Costs
(per ry') (per ry) (man-rem /ry) (man-rem /ry) - ($/ry)

NUREG-ll50 8.2E-09 9.4E-04 5.2E-01 5.8 8.5E+03

MACCS 1,5.5 7.6M)9 9.3E-G1 5.3E-01 5.7 8.5E+03

MACCS 1.5.I1 6.2E-09 1.7E-03 7.88-01 10.4 2.2E+03

a. R -tor year.
i

bh
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8. QUANTITATIVE RISK ANALYSIS OF STAND-ALONE
IMPROVED HYDROGEN IGNITION SYSTEM

The improvement to the HIS that was modeled ery of sprays. This is typical of all but one of the
was installation of a backup de power supply to long-term SBO PDSs at Grand Gulf. Ilowever,

E
the existing ignitors, so that the lilS would be op- this result may not be generically applicable to all
etable under SBO conditions. The backup de Mark 111 plants. In PDS 10 ( ATWS), ac power is
power supply was modeled as having an avail- avvitable in the base case, so adding a backup
ability of 0.95. The probability that the operators power source has no effect.
fail to actuate the lilS when required was retained
from the base case APETs. Only PDSs I,3,7,8, The probability of diffusion flames consuming

and 10 were evaluated. These PDSs contribute the hydrogen prior to vessel breach is increased in

over 97% of the base case risk, so limiting the the short-temi SBO PDSs. The probability of dif-

evaluation to these PDSs provided a good fusion burns remains <l.0 because the ignitors

approximation of the total benefit, are assumed to be available 95% of the time, with

the human error probability for failure to tum the

8.1 Effects of Improved HIS on ignitors on remaining unchanged from the base

Containment Response '"5" "".l"*'.m pr babahy of a denagration or
detonation m the wetwell prior to vessel : each is
significantly reduced in the short-term SBO

This section discusses the effects on con- PDSs. Again, there is no change in PDSs 8 and
tainment response of a modification to supply 10, because there were no deflagrations or deto-
backup power to the filS, so that it is functional nations in the base case. As a result of the reduc-
during SBO sequences. Refer to Appendix D for tion in deflagrraions and detonations, the level of
the APET modifications use o model the containment impulse loading before vessel
improved filS. breach is reduced. The frequency of the higher

combustion pressure loads is redistributed to the
Continuously available 1,ydrogen ignitors pro- two lowest pressure categories.

vide a distributed ignition source that bums the
hydrogen released during core degradation in a The amount of containment and drywell leak-
diffusion name whenever flammable conditions age induced by deflagrations and detonations
exist in containment. Table 8-1 shows the effects prior to vessel breach is reduced in the short-term
of the improved lilS on the conditional probabili- SBO PDSs. The amount of no leakage is in-
ties of the presentation bins used in the June 1989 creased significantly. The amount of suppression
draft of NUREG-ll50. These bins are arranged pool bypass following early combustion is also
in decreasing order of severity of failure mode (in reduced from the base case.

- tenns of risk potential).
In the shoit-tenn SBO PDSs, there is a reduced

Table 8-1 illustrates a number of interesting ef- probability that the reactor cavity will be flooded
fects of the improved HIS on containment re- (defined as >l6A ft of water) at the time of vessel
sponse, some of which may not be intuitive. First, breach. However, the reduction in the frequency
note that backup power to the ignitors does not af- of flooding is redistributed to an increased proba-
fect PDSs 8 and 10. In PDS 8 (long-term SBO), bility of having a wet cavity (()-16.4 ft of water).
the drywell and containment are inert to hydrogen The probability of hasing a dry cavity at the time
bums; therefore, the ignitors cannot bom nydro- of vessel breach is also reduced. The implication
gen, so there is no change from the base case. is that a reduction in wetwell deflagrations prior
Note that containment sprays are failed in PDS 8, to vessel breach decreases the probability of cav-
so the containment is not deinerted by late recov- ity flooding, but the diffusion burns in the
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' Table 8-1. Conditional probability of accident progression bins at Grand Gulf--improved filS case
(initial run)

Conditional Probability

Accident PDS1 PDS3 PDS7 PDS8 PDS 10
Progression Bira (ST-SBO) (ST-SBO) (ST-SBO) (LT-SBO) ( ATWS) '

VB * early Ci? early IIIS: 3.97E-02 IIIS: 1.43E-01 111S : 1.77E-Ol filS: 2.94E-01 Ills: 1.(MFA)3
SPBf no CSd Base: 9.63E-02 Base: 2.00E-01 Base: 2.84E-01 Base: 2.94E-01 Base: 1.03E-03

VB.early CF.early filS: 6.96E-02 IIIS: 0.00E+00 tilS: 0.00E+00 IIIS: 0.00E+00 tilS: 2.48E-CI
SPB,CS Base: 4.81E-02 Base: 0.00E+00 Base: 0.00E+00 Base: 0.00E+00 Base: 2.46E-Ol

VB, early CF. late SPB lilS: 9.61E4)3 111S: 1.02E-02 1115: 4.14E-03 filS: 1.42E-03 IIIS: 3.66E-03
Base: 7.91 E-03 Base: 8.39E-03 Base: 3.15E4)3 Base: 1.42E-03 Base: 3.63E4)3

VB.early CF, no SPB lilS: 1.91E-01 Ills- ?42E-01 filS: 3.77E-01 IIIS: 6.58E-01 lilS: 5.91E-01
case: 1.13E-01 Base: 1.68E-01 Base: 3.(ME4)1 Base: 6.58E-01 Base: 5.86E-01

cs
* VB, late CF filS- ?47E-01 Ills: 2.85E4)1 111S: 3.55E-01 tilS: 4.65E-02 filS: 0.00E+00

Base: 2.88E-01 Base: 3.10F,-01 Base: 3.31E4)1 Base: 4.65E4)2 Base: 0.00E+00

VB, vented filS: 5.32E-02 IIIS: 5.84E-02 Ills: 0.00E+00 IIIS: 0.00E+00 tilS: 1.47E4)I
Base: 4.93E-02 Base: 5.07E-02 Base: 0.00E+00 Base: 0.00E+00 Base: 1.55E-01

VB, no CF filS: 5.56E-02 tilS: 4.30E-02 filS: 7.48E-02 filS: 0.00E+00 Ills: 0.00E+(X) *

Base: 5.61E4)2 Base: 3.75E-02 Base: 6.53E4)2 Base: 0.00E+00 Base: 0.00E+(X)

No VB lilS: 3.24E-01 IIIS: 2.08E-01 IIIS: 1.06E-02 111 S : 0.00E+00 IIIS: 8.43E40
Base: 3.24E-01 Base: 2.09E-01 Base: 1.05E-02 Base: ^00E+00 Base: 8.87E-03.

a. Vessel breach.

b. Containment failure.

c. Suppression pool bypass.

d. Containment sprays.

- -
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wetwell result in a reflux of water over the weir Question 52. The mode of pool bypass in Case 4

wall, which decreases the probability that the cav- involvcs failure of the large drywell-tc>-wetwell

ity will be dry at the time of vessel breach. vacuum breakers as a result of diffusion bums in
the wetwell. Recovery of ac power makes these

Table 8-1 also indicates an increase in early vacuum breakers operable, and when wetwell

containment failure in the short-term SBO PDSs. pressure exceeds drywell pressure by a predeter-

There is an especially large increase in the condi. mined amount, these vacuum breakers are

tional probability of early ;ontainment failure opened to eliminate the pressure differential if

with no suppression pool bypass. This result was diffusion bums are occurring in the wetwell when

unexpected, and led to a detailed investigation of these valves open, hot combustion gases can pass

the Grand Gulf APET model and the user through the valves, potentially causing them to

functions used to calculate various parameters in fail in the open position. Although the probability

the APET, of valve failure is low (mean failure probability is
0.05), the large increase in the likeliho(xl of diffu-

The investigation began with a detailed exami, sion burns in the improved HIS case causes a sig.

nation of the frequency output files f rom nificant increase in this mode of pool bypass.

i~ EVNTRE. The first event with an unexpected be-

! havior in the improved lilS sensitivity is Ques- The next step in the investigation was to ex-
tion 57, which addresses the level of hydrogen in amine how the hydrogen concentrations in the
the drywell before vessel breach, in the improved drywell and wetwell are manipulated within the
filS case, there is an increase in the probability APET user function. The function of interest is
that the drywell hydrogen concentration will be IB ASP, which is called by Question 55 and calcu-

detonable or combustible at this point in the se- lates containment pressure prior to vessel breach,

quence. This immediately leads to two questions: The portion of this user function that evaluates
(a) how is the hydrogen getting into the drywell, Case 3 of Question 55 (large pool bypass) calcu-
and (b) why isn't it burned by the drywell lates the concentration of hydrogen in the drywell

ignitors? by multiplying the wetwell hydrogen concentra-
tion by the ratio of drywell-to-wetwell volume.

The second question is easier to answer. The In other words, the drywell and wetwell volumes

hydrogen is not bumed by the drywell ignitors are assumed to be well-mixed and a fraction of

because the Draft NUREG-1150 model for the wetwell hydrogen is transported by the user

Grand Gulf did not include these ignitors. This function into 'he drywell via the bypass path af-
~

was confirmed by discussions with Sandia per, forded by the failed vacuum breaker. This " extra"

sonnel, who indicated that these ignitors were not hydrogen that goes back into the drywell in-
thought to be important for the sequences of in- creases the drywell flammability, leading to an in-

terest, because of the very limited time window of creased probability of drywell failure from-
drywell llammability expected in the base case impulse loading at the time of vessel breach, as a

result of hydrogen detonation in the drywell.sequences,

|- The question about hm/ the hydrogen gets into However, answering the two questions above

| the drywell is harder to answer. The obvious about hydrogen concentration in the drywell does
place to begin lookmg is with those questions that not resolve all the difficulties with the improved
address suppression pool bypass prior to vessel Ills sensitivity. Although the path by which
breach, Question 52, which addresses pool by- hydrogen enters the drywell from the wetwell has
pass following early combustion events, turns out been identified, a question remains es to why this

to be the relevant question. As mentioned a0ove, hydrogen is not consumed by the diffusion bums
the overall conditional probability of pool bypass in the wetwell. The answer to this question,-
is lower in the improved HIS case than in the base and the real deficiency with the Grand Gulf
case, llowever, there is an increase in Case 4 of model, lies in Question 46, which asks about the

67

L
,

i
I, . , .



. - . ._ .. - - - - , - .

efficiency with which hydrogen is burned in the able. This is the reason for the increased
containment prior to vessel breach. probability of containment failure at the time of

vessel breach in the improved HIS case.
There are two parameters in Question 46: the

effective efficiency and the actual efficiency. The To more realistically model the HIS improve-
meaning of these parameters is not documented ment, Question 46 was modified by replacing the
in the APET, so a discussion of these parameters actual diffusion burn efficiency of 0% with the
was held with personnel from SNL SNL ex- recommended efficiency of 100%. With this
plained that the effective efficiency is used as a change, a diffusion bum in the wetwell removes
non-adiabatic correction factor in calculeting the all of the hydrogen, unless the reaction becomes
pressure * aulting from a hydrogen burn. The oxygen-limited. No attempts were made to mod-
actu - t.ociency is used in calculating the amount el ignitors in the drywell, because they are not ex-
of hydrogen (and oxygen) consumed in a burn, pected to have _a significant effect on the
These parameters are inputs te user function progression of the sequence.
EPBRN, which calculates the peak pressure rise
in containment from a hydrogen burn prior to Changes were made to the improved HIS
vessel t, reach. EPBRN also calculates the fraction APETs and sampling files for PDSs 1,3, and 7.
of hydrogen consumed by the burn, based on the No changes were made for PDSs 8 and 10, be-
actual bum efficiency read in from the APET. cause no hydrogen burns were predicted in the

base case for these sequences (containment is in-
Case 1 of Questir,n 40 addresses diffusion ert). The base case APET and sampling files for

burns. Both the effective and actual bum efficien- PDS I were also modified to ensure that the
cies are su to zero in this case. Therefore, the change in actual bum efficiency does not signifi-
diffusion bums consume no hydrogem the molar cantly alter the base case results. No signinermt
fraction of hydrogen is the same before and after change to the base case was observed, because
a diffusion bum. This effect was acknowledged the dominant PDSs are SBOs, where the HIS is
by SNL personnel, who suggested that nr. actual generally unavailable due to a lack of ac power.
efficiency of 100% would more c;osely approxi- Table 8-2 indicates the presentation bins for PDS
mate available data from the Quarter-Scale Tests. 1, for the original and revised base case.

An actual diffusion burn efficiency of 0% al- As Table 8-2 indicates, increasing the diffu-
lows hydrogen to build up in the wetwell even in sion Sum actual efficiency from 0% to 100% pro-
those case where the ignitors operate. When the duces en!y slight changes in the base case
vacuum breakers fail, a fraction of this hydrogen conditional containment failure probabilities,
is transported into the drywell, where it can deto- There is a siight decrease in early containment
nate at vessel breach. However, the larger prob- failures, due to the elimination of detonations in -
lem is the hydrogen that remains unbumed in the the drywell at the time cf vessel breach. The
wetwell, because this hydrogen presents a partic- slight increase in late contairunent failures is the
utarly severe threat to containment integrity as a result of shifting some failures that originally
result of deflagrations and detonations following would have occurred early to late failures occut
vessel breach. Because the improved HIS reduces ring after vessel breach.
the probability of deflagration- and detonation-
induced containment failure before vessel breach Table 8-3 shows the effects of increasing the
(via APET logic, not via user function calcula- diffusion burn emeiency in the improved HIS
tion), hydrogen that does not bum early (before case. Results src a.esented only for PDSs 1,3,
vessel breach) is more likely to burn at or follow- and 7, beense no hydrogen burns were predicted
ing vessel breach if an ignition source is avail- for PDS's 8 and 10.
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The 100% efficiency values from Table 8-3 away from early containment failure is eqected
should be compared with the base case contain- to bring about a reduction in offsite risk,
ment failure probabilities from Table 8-1 tojudge
the effect of the lilS improvement. This compari. Tab;e 8-4 compares the weighted average
n indicates a significant shift from early con- accident progression bin probabilities for the
ta iment failure to no containment failure and improved HIS case with the base case. /. gain,
late containment f ailure. Although overall risk is these results are from the improved HIS case with
not calculated for the HIS improvement, this shift a 100% actual diffusion bum efficiency.

Table 8-2. Effect of diffusion bum efficiency on base case containment failure
probabilities-PDS 1

Containment Failure Conditional Probability Conditional Probability
Bin Bum Efficiency ,0% Bura Efficiency = 100%

VB? early CF,bearly SPBf 9.63E-02 9.63E-02
no CSd

VB, early CF, early SPB, CS 4.8 i E-02 4.48 E-02

VB, eatly CF, late SPB 7.91 E-C. 7.49E-03

VB, early CF, no SPB 1.13E-01 1.07E-01
6

VB, late CF 2.88E-01 2.94E-01

VB, vented 4.93E-02 5.07E-02

VB, no CF 5.62E-02 5.79E-02

No VB 3.24E-01 3.24E-01

a. Vessel breach.

b. Containment failure.

c. Suppression pool bypass.

d. Containment sprays.
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Table B-3. Effect of diffusion burn efficiency on containment failure probabilities-improved HIS
case

Containment
Failure Hin PDSI PD33 PDS 7

VB,' early CF,b carly 0%:' 3.97E4)2 0%: 1.43FA)1 0%: 1.77E-01
SPB,' no CSd 10()% I 2.59E-02 100 %: 7.47E-02 100 %: 1.34E4)!

VB, early CF, early 0%: 6.96E-02 0%: 0.00E+00 0%: 0.00E+00
SPil,CS 100 %: 2.10E-02 100 %: 0.00E+00 100 %: 0.00E+00

VB, early CF, 0%: 9.61 E-03 0%: 1.02E-02 0%: 4.14 E-03
late SPB .100%: 1.90E-03 100 %: 2.19FA)3 100 %; 3.10E-03 |

I
VB, early CF, 0%: 1.9 I E-01 0%: 2.42E-01 0%: 3.77E-0I

|
no SPB 100 %: 5.31FA)2 100%: 9.87E-02 100 %: 2.92E-01 |

VB, late CF 0%: 2.47E-01 0%: 2.86E-01 0%: 3.55E-01
100 %: 3.88FA)1 100 %: 4.5 ! E-01 100 %: 4.54E-01

VB, vented 0%: 1.32E-02 J%: 5.84E-02 0%: 0.00E+00
100 %: E47FA)2 100 %: 91)0FA)2 100 %: 0.00E+00

VB, no CF 0%: 5.56E-02 0%: 4.30E-02 0%: 7.48E-02
100 %: 9.14E-02 100 %: 6,61 E-02 100 %: 1.05 E-01

No VB 0%: 3.24 E-01 0%: 2.08E-01 0%: 1.06E-02
100 %: 2 24E-01 100 %: 2.08E-01 100 %: 1.06E-02

a. Vessel breach.

b. Containment failure.

c. Suppression pool bypass.

d. Containment sprays,

c. 0%: Original improved tilS case with diffusion born efficiency of 0%

|

.f. 100 %: R: w i IIIS improvement with diffusion burn efficiency of 100%;
..

|

P

i
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Table 8-4. Weighted average accident progression bin probabilities-improved HIS

Accident Base Case Improved HIS
Progression Bin

,

Conditional Probability Conditional Probability

VB,' early CF,t' early SFB,' l .22E-01 4.65 E-02
no CSd

VB, early CF, early SPB, CS 4.61 E-02 2.47E-C2

VB, early CF, late SPB 7.23E-03 2.24E43

VB, early CF, no SPB 1.57E-01 1.06E-01

VB, late CF 2.835-01 3.80E-01

VB, vented 4.49E-02 7.42E-02

VB, No CF 5.44E-02 8.75E-02

No VB 2.70Fe01 2.70E-01

a. Vessel breach.

b. Containment failure,

c. Suppression pool bypass,

d. Containment sprays.
~

,.
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9. QUANTITATIVE RISK ANALYSIS OF STAND-ALONE
POST-CORE DAMAGE REACTOR DEPRESSURIZATION

This improvement consista of a backup supply is the effect of depressurization on the probability
of de power to the EdV solenoids, allowing the of in-vessel recovery. As Table 9-1 indicates, the
reactor to be depressurized during sequences in probability of in-vessel recovery (no VB)is high-
which the station batteries (the normal source of er in the depressurized case for all PDSs except 1
power to the SRV solenoids) are failed or de- and 8 The increa<,e in vessel breach probability in
pleted. There are three aspects to enhanced de- PDS 1 occurs in spite of the fact that the probabil-
pressurization, as follows. (a) it can prevent core ity of recovering injection during core degrada-
damage in those sequences where a low-pressure tion is higher for all PDS in the depressurized
injection system is available, (b) it can allow se- case,except PDS 8, where it is 0.0 in both the sen-
quences that have progressed to core damage to sitivity and base case. The reason is the hicreased
be recovered in-vessel, and (c)it can prevent probability of in-vessel steam explosions that fail
high-pressure melt ejection in those cases where the RPV in the depressurized case.
in-vessel recovery is not successful. It should be
noted that the potential improvement, as modeled

The expert panel convened for NUREG-ll50
m this analysis, addresses only items (b) and (c), quantified in-vessel steam explosion as aitem (a) was to be addressed, but calculations

pressure-dependent phenomenon. The mean
could not be completed because of difficulties in

probability of an in-vessel steam explosion is ap-
obtaining Level-1 PRA data in a format suitable

proximately one order of magnitude higher at low
for evaluation.

pressure than at normal operating pressme, be-
cause the necessary trigger for the explosion is

9.1 Effects of Post-Core thought to be more likely at low pressures, in
Damage Depressurization PDS 1, there is a significant probability of recov-

on Containment Response ering imection in the ba:,e case. This probability
does increase in the depressurized case, but the
increase is not enough to offset the increased

Table 9-1 presents the effects of the post-core
damage depressurization system on the condi- probaWty of inmssel steam expWn in the

tional probabilities of the accident progression cases where mj,ection is not recovered. In the oth-

presentation bins used in the June 1989 draft of er PDSs (except PDS 8), the increase in the prob-

NUREG-1150. These bins are arruged in de- ability of recovering injection is large eno'igh to

creasing order of severity of the failure mode (in offset the mereased explosion probability; thus,

terms of risk potential). Refer to Appendix D for the probability of vessel breach increases in
PDS 1 and decreases in the other PDSs.the APET modifications used to model potential

improvements.
The increased probability of in-vessel steam

Post-cora damage depressurization has a num- explosion is also the reason for the increased
ber of effects on the progression of the accident probability of early containment failure indicated
sequence after the onset of core degradation. for PDSs 1 and 8 in Table 9-1. The increased
First, depressurization decreases the probability probability of in-vessel steam explosions makes
that an SRV tailpipe vacuum breaker will stick c: mode failure of the containment more likely in
open, This effect is attributable to the fewer num- the depressurized case, resulting in an increased
her of demands phiced on the SRVs when the probat)ility of early containment failure at the time
RPY is depressurized. This effect would be great- of vessel breach. Several points need to be grasped
er if the depressurization occurred before core to completely understand why these results are
damage (i.e.,in accordance with Revision 3 of the being observed. First, the NUREG-1150 work on
EPGs). Secondly, and perh7 more interesting, Grand Gulf followed the work on other plants,
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Table 9-1. Conuinonai probability of accident progression bins at Grand Gulf-post-core darnage rextor depressurized case

Conditional Probability

' Accident PDS1 'PDS3 PDS7 PDS8 PDS 10
Progression Bin (ST-SBO) (ST-SBO) (ST-SBO) (LT-SBO) (ATWS)

VB,* early CF,6 Dep.: 1.13E4)I Dep.: 1.74E-01 Dep. 1.47E-01 Dep.: 3.56E-01 Dep.: 4.ll E-o*
early SPB.cno CS4 Base: 9.63E-02 Base: 2.00E-01 Base: 2.84E4)1 Base: 2.94E-01 Base: 1.03E-03

IVB, early CF.carly Dep.: 5.42E-02 Dep.: 0.00E+00 Dep.: 0.00E+00 Dep.: 0.00E+00 Dep.: 1.46E-01
E SPB.C3 Base: 4.81E-02 Base: 0.00E+00 Base: 0.00E+00 Base: 0.00E+00 Base: 2.46E-01

VB, early CF, late SPB Dep.: 1.23E-02 Dep.: 1.24E-02 Dep.: 1.06E-02 Depc 1.22E-02 Dep.: 2.25E-02
Base: 7.91E-03 Base: 8.39E-03 Basc 3.15 E-03 . Base: 1.42E-03 Base: 3.63E-03

:
E

VB, early CF, no SPB Dep.: 1.28E-01 Depr 1.33E-01 Dep.: 1.59E-01 Dep.: 2.69E-01 Dep.: 4.35E-01
Base: 1.13E-01 Base: 1.68E-01 Base: 3.(ME4)1 Base: 6.58E-01 Base: 5.86E-01

VB, late CF Dep.: 2.95E-01 Dep.: 3.08E-01 Dep.: 3.66E4)1 Dep.: 3.60E-01 Dep.: 0.00E+00
i Base: 2.88E-01 Base: 3.10E-01 Base: 3.31E4)1 Base: 4.65E-02 Base: 01X)E+00

VB, vented Dep.: 4.67E-02 Dep.: 4.70E-02 Dep.: 0.00E+00 Dep.: 0.00E+00 Dep.: 1.18E4)1
Base: 4.93E-02 Base: 5.07E4)2 Base- 0.00E+00 Base: 0.00E+00 Base: 1.55E-01

V*1. no CF Dep.: 4.86E-02 Dep.: 3.57E-02 Dep.: 4.87E-02 Dep.: 2.37E-03 Dep.: 0.00E+00 i

Base: 5.61E-02 Base: 3.75E-02 Base: ' 6.53E-02 Base: 0.00E+00 Base: 0.00E+(X)

No VB Dep.: 2.91 E-01 Dep.: 2.78E4)1 Dep.: 2.67E-01 Dep.: 0.00E+00 Dep.: 2.78E+01
Base: 3.24E4)1 Base: 2.09E-01 Base: 1.05E-02 Base: 0.00E+00 Base: 8.87E-03,

a. Vessel breach.. '

b. Containment failure.

c. Suppression pool bypass. *

d. Containment sprays.
_
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riotably Peach Bottom..Thus, issues that were sel breac'a, and a corresponding decrease in the
considered to be potentially important at Peach probability of early containment failure.

_

Bottom were carried over to Grand Gulf, at least

as a starting point. Secondly, the important issues There is also an effect on the amount of zirco-

are those that were perceived to have the greatest nium oxidized at the time of vessel bleach, and

probabilities or consequences. Once they were thus on the amount of hydrogen produced (Ques-

identified, the remaining small issues were ig. tion 69). This question addresses ex-vessel oxi.

noted. And finally, this project is considering the dation phenomena, namely high-pressure melt
effects of the "small" issues after the "large" is- ejection and ex-vessel steam explosion. In all
sues have ostmibly been significantly reduced. PDSs except PDS 1, there is a significant shift to-

In a Mark I plant, the reacter head is within a few ward lower zirconium oxidation, because of the

feet of the containment (or drywell) head. If the elimination of high-pressure melt ejection. In
reactor head in a Mark I were to be failed by in- PDS 1, there is an increase in the probability of

vessel steam explosion, it would have a reason- ex-vessel steam explosion because of the in-

able pebability of hitting the containment head, crease in the probability of vessel breach at low

and .ossibly a non-trivial probability of r iling pressure (see the discussion of in-vessel steamt a

containment. In a Mark III (or a large dry con. explosion above). Additional hydrogen is gener.

tainment such as at Zion), the reactor head is lo- ated during the ex-vessel steam explosion, so

cated approximately 100 feet below the there is a shift away from the lowest oxidation
containment. In this case, the reactor head would category toward the next higher one. This is ac.

have to fail and travel a significant distance and companied by a decrease in the highest oxidation

still maintain sufficient energy to fait contain- category, also, because of the climination of high-

ment. In ths case of Grand Gulf, this means fail- pressure melt ejection in the depressurized case,

ing the steel liner and a reinforced concrete Overall, there is a shift from tb; tighest and low-

structure. This result should not be of concern, in est oxidation categories to the middle categories.

any event, because APET end states with alpha Table 9-2 presents the conditional accident
mode failure are of very low probability and d progression bin probabilities weighted by the
not have a large impact on offst.: 1sk. PDS frequencies. Post-core damage depressuri-

zation results in a slight overall decrease in the
probability of early containment failure. Late

in PDSs 3,7, and 10, the increase in the proba- containment failures have increased slightly, as
bility of recovering injection during core degra- has the probability ofin-vessel recovery. This lat-
dation is large enough to offset the increased ter change occurs in spite of the decreased proba-

probability of in-vessel steam explosion, thus bility of in-vessel recovery in PDS I as
giving rise to a decrease in the probability of ves- previously discussed.

.

s<

74

- .



- _ - . _ _ - .. . - -

Table 9-2. Weighted average accident progressior: bin probabilities-enhanced depressurization

Accident Base Case Depressurized Case
Progression Bin Conditional Probability Conditional Probability

VB,' carly CF,bcaly 1;22E-()1 1.21 E-01
dSPBf no CS

VB,early CF carly 4.61 E-02 4.93E-02
SPB,CS

|

VB, early CF, late SPB 7.23E-03 1.21E-02 |

|
.VB, early CF, no SPB 1.57E-01 1.44E-01 1

j .VB, late CF 2.83tM)1 2.98E-01
1

l ''B, vented 4:49E-02 4.21E-02
l-

| \ el, no CF 5.44E-02 4.6SE-02

No VB 2.70E-01 2.77E--0 I

a. Vessel breach.

b. Containment failure.

c. Suppression pool bypass.

d. Containment sprays.
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10. QUANTITATIVE RISK ANALYSIS OF STAND-ALONE
ENHANCED VACUUM BREAKER OPERABILITY

(NO WEIR WALL OVERFLOW)

Enhanced vacuum breaker operability was eliminated. The conditional probability of an ex-

di, cussed earlier as a potential means of ensuring vessel steam explosion is still quite large, even if
no weir wall overflow in order to mitigate the weir wall overflow is prevented. This is especial-

threat to containment from ex-vessel steam ex- ly so in PDSs I and 8, where there is little er no
plosions. Ilowever, recent work by ORNL (S. R. reduction in the conditional probability of an ex-

Greene et al. draft report) indicates that enhanced vessel steam explosion. Eliminating weir wall
vacuum breaker operability alone may not ac- overflow does not ensure a dry cavity. Water can

complish this task, Therefore, improvements to still accumulate as a result of recirculation pump

the vacuum breakers will not be examined fur- seal leakage or drywell upper head failure. If
ther. The evaluated improvement is still preven- there o no water in the reactor pedestal cavity

3tion of weir wall overflow, but the means by (i.e., <656 ft ) before failure of the reactor vessel

which this could be ensured have not been ex- but injection is present, the assumption is made
aminci in this analysis. Possible ways if imple- that sufficient water will come out of the reactor
mentir,g this improvement would be to increase vessel concurrent with, or shortly after, the co-

the height of the weir wall or vent the contain- rium then there will be a possibility of an ex-
I

ment prior to depressurizing the reactor vessel. vessel steam explosion.

10.1 Effects of No Weir Wall Table loi also indicates an increase in the
c nditi na pr b bility of late containment fail-

Overflow on Containment ure, with an accompanying decrease , the proba-m
Response bility that the containment survives intact (VB,

No CF). This increase is primarily atte outed to a
7

. Table 141 presents the effects of not having large increase in the probabili+y , . APET end
weir wall overflow on the conditional probabili- states in which CCI occurs in a dry cavity, in this

tics of the accident progression presentation bins context, dry means there is insuft:cient water
used in h . ae 1989 draft of NUREG-il50. present to prevent a prompt and vigorous CCI.
These bins are arranged in decreasing order of se- The CCI generates hydrogen and noncondensible

verity of the failure modes (in terms of offsite gases, which can threaten containment integrity

consequence potentiab. See Appendix D for a via hydrogen combustion and gradual overpres-

disassion of the APET modifications used to surization, respectively. With the prevention of
model this improvement. weir wall overflow, there is generally a signifi-

cant increase in the probability of late hydrogen
Table 141 indicates that preventing weir wall deflagrations and detonations, accompanied by a

overflow results in a shift in early containment smaller decrease in the probability of eventual
failures with early suppression pool bypass to overpressurization by noncondensible gases. The -

early containment failures with either late pool net effect is an increase in the probability of late

bypass or no bypass. This shift appears to be due containment failure and a decrease in the proba.
g
l to the decrease in ex-vessel steam explosions; bility of containment survival, as indicated in

- however, ex-vessel steam explosions are not Table 142.

i

!
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Table 10-1. Conditional probability of accident progression bins at Grand Gulf--no weir wall overflow

! Conditional Probability

|
| Accident PDS1 PDS3 PDS7 PDS8 PDS 10
i Pnigression Bin

,
(ST-SBO) (ST-SBO) (ST-SBO) (LT-SBO) (ATWS)

VB * early CF,P NWWOc: 8.52E-02 NWWO: 1.64E-01 NWWO: 2.48E4)1 NWWO: 2.94E-01 NWWO: 4.15E4M
| carly SPB, no CS Base: 9.63E4)2 Base: 23X)E-Ol Base: 2.84E4)1 Base: 2.94E-01 Base: 1.03E4)3

VB. carly CF, NWWO: 3.63E4)2 NWWO: 0.00E+00 NWWO: 0.00E+00 NWWO: 0.00E+00 NWWO: 1.21E4)1
| early SPB,dCS* Base: 4.81 E-02 Base: 0.00E+00 Base: 0.00E+N Base: 01X)E+00 Base: 2.46E4)I

VB, early CF, late NWWO. 2.09E4)2 NWWO: 2.70E-02 NWWO: 2.80E-02 NWWO: 2.00E4)3 NWWO: 3.12E-02
SPB Base: 7.91E-03 Base: 8.39E-03 Base: 3.15E-03 Base: 1.42E4)3 Base: 3.63FA)3 i

|

| VB, early CF. no SPB NWWO: 1.22E-Cl NWWO: 1.82E-01 NWWO: 3.14E-01 NWWO: 6.57E-01 NWWO: 6.84 Fall
Base: 1.l E 01 Base: 1.68E-01 Base: 3.(ME4)1 Base: 6.58E-01 Base: 5.86E-01

VB, late CF NWWO: 3.33E4)I NWWO: 3.48E-01 NWWO: 3.77E-01 NWWO: 4.01E-02 NWWO: 0.00E+00
,

| d Base: 2-.88E4)1 Base: 3.10E-01 Base: 3.31E4)1 Base: 4.65E-02 Base: 0.00E+4W)

VB, vented NWWO: 4.43E4)2 NWWO: 4.73E-02 NV",0: OJXS+00 NWWO: 0.00E+00 NWWO: 1.55E-01
Ilase: 4.93E-02 Base: 5.07E4)2 Base 0.00E400 Base: 0.00E+00 Base: 1.55F D1

|
|

| VB, no CU ' NWWO- ? ?3E-02 NWWO: 1.21 E-02 NWWO- 2.22E-02 NWWO: 6.36E-03 NWWO. 0.00E+00
Base: 5.61E412 Base: 3.75E-02 Base- 6.53E-02 Base: 0.00E+00 Base: 0.00E+00'

No VB NWWO: 3.24E4)! NWWO: 2.10E4)I VWWO: 1.05E-02 NWWO: OJX)E+00 NWWO; 8.87E-03
t

Base: 3.24E-01 Base: 2.09E-01 Base: 1.05E4)2 Base: 0.00E+00 Base: 8.87E-03

a. Vessel breach.

b. Containment failure.

c. No weir wall overflow.

d. Suppression pool bypass

c. Containment sprays.

|

1
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Table 10-2. Weighted average accident progression bin probabilities-no weir wall overflow

Accident Base Case No Weir Wall Overflow

Progression Bin Condition _al Probability Conditional Probability

VB,' early CF,bcarly 1.22E-01 1.08E-0i
dSPB,' no CS

VB, early CF, early 4.6IE-02 3.48E-02
SPB,CS

VB, early CF, latc 7.23 E-03 2.12E-02

SPB

VB, early CF, no SPB 1.57E-01 1.67E-01

VB,Iate CF 2.83E-01 3.25E-01 i

VB, vented 4.49E-02 4.08E-02

VB, no CF 5.44E-02 2.24E-02

No VB 2.70E-01 2.70E-01

n. Vessel breach.

b. Containment failure.

c. Suppression pool bypass.

d. Containment sprays.
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11. QUANTITATIVE RISK ANALYSIS OF STAND-ALONE
CONTAINMENT VENTING

Containment venting has been suggested in the presents the effects of venting on the weighted
past as a means of preventing containment over- average accident progression bin probabilities,
pressurization and reducing the threat from hy-
drogen bt.rns during a severe accident. Venting These tables do not indicate whether venting is
was examined quantitatively in this report by as- beneficial or detrimental in terms of the resulting
surning that a backup source of de power is avail, offsite release. Because of the way in which
able ta the solenoids of the containment vent PSTEVNT reads the binning file used to generate
valves, so that the valves can be opened remotely the presentation bins for these tables, vented se-
during SBO. The enhanced venting system is as- quences involving suppression pool bypass are
sumed to have an availability of 0.95. For short- picked up only as vented sequences. The bypast
term SBO, the containment is assumed to be information is passed along to GGSOR for the
vented prior to core degradation (preemptive source term calculation, but it is not retained in
venting), with no later closure of the vent valves. the accident progression presentation bins.
For long-term SBO and ATWS sequences, vent-
ing is not preemptive, because containment pres- 11.2 Risk Results
sure will reach the PCPL prior to core
degradation. MACCS calculations were performed using

the MACCS 1.5.11 input decks to determine the

11.1 Effects of Venting on effect r containment venting on offsite conse-
quences. Table 11-3 presents these results alongnvontelnment Response with those of the base case. As this table indi-
cates, venting (without an extemal filter) leads to

Table Il-1 presents the effects of venting on an increase in offsite risk by an approximate fac-
the conditional probabilities of the accident pro- tor of 2 because of the relatively high probability
pression presentation bins used in the June 1989 of suppression pool bypass in the Mark Ill con-
draft of NUREG-il50. These bins are arranged tainment. These results do not reflect the results
in decreasing order of the severity of the failure of deterministic analyses performed since the
mode (in terms of offsite consequence potential), publication of Draft 1150. ORNL MELCOR cal-
See Appendix D for a discussion of the APET culations showing that weir wall overflow, and
modifications used to model containment vent- therefore the probability of steam explosion,
ing. As exputed, early venting greatly reduces could be reduced by venting were not available in
the threat to containment integrity. Table i1-2 time fer inclusion in this analysis.
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Table 11-1. Conditional probability of accident progression bins at Grand Gulf-vented case
-

Conditional Probability

Accident PDS1 PDS3 PDS 7 PDS8 PDS 10

Progression Bin (ST-SBO) (ST-SBO) (ST--SBO) _ (LT-SBO) (ADVS)

VB," early CF,b Vent: 4.08E-03 Vent: 8.68E-03 Vent: 139E4)2 Vent: 1.46E-02 Vent: 534LW

early SPilf no CS Base: 9.63E4)2 Base: 2.00E-01 Base: 2.84E-01 Base- ? 44E-01 Base: U"E4)3
d

VB, early CF, early Vent: 2.(ME-03 Vent: 0.00E+00 Vent: 0.00E+00 Vent: 0.00E+00 Vent: 1. AQ

SPB,CS Base: 4.81E-02 Base: 0.00E+00 Base: 0.00E+00 Base: 0.00E+00 Base: . -5-01

VB, early CF, late SPB Vent: 3.40E 4M Vent: 3.60FA)4 Vent: 1.50E4M Vent: 6.97E-05 Vent: 2.15E-04

Base: 7.91E-03 Base: 839E-03 Base: 3.15E-03 Base: 1.42E-03 Base: 3.63E-03

VB, early CF, ao SPB Vent: 4.60E-03 Vent: 7.14E-03 Vent: 1.49E-02 Vent. 3.2SE4r2 Vent: 3.49E-02

Base: 1.13E-01 Base: II)8E-01 Base: 3.GtE-01 Base: 6.58E-01 Base: 5.86E4)1

g VB, late CF Vent: 1.22E4)2 Vent: 133E-02 Vent: 132E-02 Vent: 1.97E4)3 Vent: OlX)E+00 ;
'

Base: 2.88E4)1 Base: 3.10E-01 Base: 331E411 Base: 4.65E-02 Base: 0.00E+00

VB, vented Vent: 636E4)I Vent: 7.45E-01 Vent: 9.43E4)1 Vent: 9.50E4)1 Vent: 9.06E-01

Base: 4.93E-02 Base: 5.07E-02 Base: 0.00E+00 Base: 0.00E+00 Base: 1.555-01

VB, no CF Vent: 2.43E-03 Vent: 1.60E-03 Vent: 2.63E4)3 Vent: 0.00E+00 Vent: 0.00E+00

Base: 5.61E-02 Base: 3.75E-02 Base: 6.53E-02 Base: 0.00E+00 Base: 0.00E+00

No VB Vent: 3.24E-01 Vent: 2.095-01 Vent: 1.05E-02 Vent: 0.00E+00 Vent: 433E-02

Base: 3.24E-01 Base: 2.09E-01 Base: 1.05E4)2 Base: 0.00E+00 Base: 8.87E4)3

a. Vessel breach.

b. Containment failure.

Suppression pool bypass.c.

d. Containment sprays.

_ _ - _
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Tcbl)11-2. Weighted average accident progression bin probabilities--containment venting

Accident Base Case Conditional Probability
Progression Bin Conditional Probability with Venting

VBf early CF,bearly 1.22E-01 9.95E4)3
SPB/ no CSd

VB, early CF, early SPB, CS 4.61 E4)2 6.14E-03

VB, early CF, late SPB 7.23E4)3 5.6 i E-04

VB, early CF, no SPB 1.57E-01 1.72E-02

VB, late CF 2.83E411 2.ll E4)2

VB, vented 4.49E-02 6.58E-01

VB, no CF 5.44E4)2 4.17E-03

No VB 2.70E-01 2.70E4)!

a. Vessel breach,

b. Containment failure.

c. Suppression pool bypass.

d. Containment sprays.

Table 11-3. Risk results for containment venting
(stand-alone sensitivity)

Mean Early Mean Latent Mean Mean Mean
Fatalities Fatalities 50-Mile Dose 1000-Mile Dose Offsite Costs

(per rya) (per ry) (man-rem /ry) (man-rem /ry) ($/ry)

Base case 6.2 E-09 1.7E4)3 0.78 10.4 2.2E+03

With venting 1.4 E-.08 3.4E-03 1.3 20.4 2.7E+03

a. Reactor year.
__

,
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12. QUANTITATIVE RISK ANALYSIS OF STAND-ALONE
UPPER POOL DUMP

Because the valves used to dump the Mark 111 information in the form of a weighted average

upper containment pool to the suppression pool over all PDSs.

are operated by ac motors, they are not available
during SBO. A potentialimprovement would be Based on the results in these tables, the upper
to supply these valves with operators which could pool dump modification does not appear to sig-
be actuated independently of ac power, or with nificantly reduce the threat to containment integ-
operators supplied from an independent source of rity Pool dump results in a higher probability of a
ac power. This would allow makeup to the sup- ficoded or wet cavity at t .e time of vessel breach
pression pool from the upper containment pool (the probability of having a dry cavity is 0.0).
during SBO. This increases the probability of a large ex-vessel

steam explosion at the time of vessel breach,
12.1 Effects on Containment which increases the impulse loads on the drywell.

Response ^n ex-vessel steam explosion may also fragment
the melt, exposing it to oxygen in the steam and

Table 12-1 presents the effects of the upper the containment atmosphere. This would acceler-

pool dump modification on the conditional proba. ate oxidation, producing large quantities of hy-

bdities of the accident progression presentation drogen, which could ignite, further increasing the

bins used in the June 1989 draft of NUREG-1150, probability of containment failure at the time of
vessel breach.These bins are arranged in decreasing order of the

severity of the failure mode (in terms of offsite
consequence potential). Refer to Appendix D for However, this analysis was based on the mod-

the APET modifications used to model this els in Draft 18 50. Other evaluationsis concluded

improvement. that steam explosions would not occur when co-
tium falls into water. If this is correct, then assur-

The upper pool dump modification causes a ing the dumping of the upper pool would not
significant increase in the probability of early increase the challenge to containment integrity
containment failure with pool bypass in the but would increase the scrubbing of releases from

short-term SBO PDSs. Table 12-2 presents this the expelled corium.

82 l
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Table 12-1. Conditional probability of accident progression bins at Grand Gulf-pool dump case

Conditional Probability

Accident PDS1 PDS3 PDS7 PDS8 PDS 10
Progression Bin .' (ST-SBO) (ST-SBO) (ST-SBO) (LT--SBO) (ATWS) -

VB * early CF? UCP: 1.02E-01 UCP- 7 08E4)1 UCP: 3.1 I E--OI UCIt 2.94E-01 UCP- 1.03E4)3 i

early SPB,c CS . Base: 9.63E-02 Base: 2.00E-01 Base- '84E-0J Base: 2.94E-01 Base: 1.03E-03d

VB, early CF, early UCP: 5.05E4)2 UCP: 0.00E+00 UCP: 0.00E400 UCP: 0.00E+00 UCP: 2.46E-01
SPB.CS Base: 4.81E4D Rase: 0.00E+00 Base: 0.00E+00 Base: 0.00E+00 Base: 2.46E411

VB.early CF, UCP: 7.41E-03 UCP: 7.89E-03 UCP: 7.84E4M UCP: 1.42E-03 UCP: 3.63E-03 ,

late SPB Base: 7.91E-03 Base: 8.39Er-03 Base: 3.15E4)3 Base: 1.42E-03 Base: 3.63E-03

VB.carly CF. . UCP: 1.08E-01 UCP: 1.63E-01 UCP: 2.72E411 UCP: 6.58E-01 UCP: .5.86E-01
no SPB Base: 1.13E-01 Base: 1.68E-01 Base: 3.(ME-01 Base: 6.58E-01 Base: 5.86E-01

VB, late CF UCP: 2.83E-01 UCP: 3.06E-01 UCP: 3.38E-01 UCP: 4.65E-02 UCP: 0.00E400
$ Base: 2.8SE-01 Base: 3.10E-01 Base: 3.31E-01 Base: 4.65E-02 Base: 0.00E+00

VB, vented UCP: 4.93E-02 UCP: 5 06E4)?, UCP: 0.00E+00 UCP: 0.00E+00 UCP: 1.55E-01
Base: 4.93E-02 Base: 5.07E412 Base: 0.00E+170 Base: 0.00E+00 Base: 1.55E-01

VB, no CF Uti . 5.65E-02 UCP: 3.76E-02 UCIt 6.49E-02 UCIt 0.00E+00 UCP: 0.00E400
Base: 5.61E-02 Base: 3.75E4)2 Base: 6.53E-02 Base- 0.00E+00 Base: 0.00E+00 .

No VB UCP: 3.24E-01 UCP: 2.09E-01 UCP: 1.05E-02 UCP: 0.00E+00 UCP: 8.87E-03
Base: 3.24E4)1 Base: 2.09E-01 Base: 1.05E-02 Base- 0.00E+00 Base: 8.87E-03

a. Vessel breach.

b. Containment failure.
.

t

c. Suppression pool bypass. ,

i
d. Containment sprays.
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Table 12-2. Weighted average accident progression b'n probabilities-pool dump case;

Accident Base Case Conditional Probability

Prog.ression Bin Conditional Probability With UCP Dump

VB,' carly CF,l' early 1.22E-01 1.30E-01
dSPB,* no CS

VB, early CF, early 4.6i E-02 4.79E-.02

SPB,CS-

VB, early CF, late SPB 7.23E-03 6.56E-03

VB, early CF, no SPB 1.57E-01 1.50E-01

VB, late CF 2.83E-01 2.81 E-01

VB, vented 4.49E-02 4,49E-02

VB, no CF 5.44E-02 5.47E 02

No VB 2.70E- Jl 2.70E-01

a. Vessel breach,

b, Containment failure.

c. Suppression pool bypass.

d. Containment sprays.
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13. QUANTITATIVE RISK ANALYSIS OF
COMBINED IMPROVEMENTS

Three additionai sensitivities were examined in improvements where no water is assumed to
which several individual improvements were overflow the weir wall on the conditional proba.
combined: bilities of the accident progression bins used in

the June 1989 draft of NUREG-1150.These bins
The first combined sensitivity in- are arranged in decreasing order of the severity of*

cluded an improved HIS with 100% the failure mode (in tenns of offsite consequence
diffusion burn efficiency, post-core potential). Refer to Appendir ' for the APET
damage reactor depressurization capa- modi 0 cations used to model this combination of
bility, no weit wall overflow, and an improvements. As this table indicates, the first
increased probability that the opera. combined improvement case with no weir wall
tors get the fire water system (FWS) overflow generaMy reduces the early threat to
aligned so that low-pressure injection containment integrity. However, this combined
into the RPV occurs in short-term improvement significantly increases the late
SBO sequences with the IMS avail. threat to the containment, primarily as a result of
able and either no power recovery or the vigorous CCI that occurs after vessel breach.

all other emergency injection systems
failed The percentage of sequences for which the

containment is vented increased in PDSs 1 and 3

The second combined sensitivity was and decreased for PDS 10. In PDS 7, the percent-*

identical to the Orst except that water age of vented sequences remained zero, because

was permitted to overflow the weir ac power is never recovered during the accident

wall progression. The increase in venting for PDSs I
and 3 (short-term SBOs) is primarily due to the

The third combined sensitivity was decrease in the probability of early containmente

also like the first, but with the proba. failure. A secondary effect is the increased build-

bility of ex-vessel steam explosion set up of noncondensibles. The decrease in venting

equal to zero. for PDS 10 (long-tenn ATWS)is due to the in-
crease in the probability of in-vessel recovery,

The enhanced containment venting and upper which increased from 0.009 in the base case to

pool dump modifications were not included in 0.265 in the combined sensitivity.

any of the combined improvement sensitivities
and only PDSs I,3,7, and 10 were ev.J.uated. The effect of the combined improvements on

PDS 8 was not evaluated in any combined im. the probability of in-vessel recovery (No VB ac-
,

provement sensitivity, because the enhanced de. cident progression bin) is similar to that seen for

pressurization and improved FWS modifications the stand-alone post-core damage reactor de-

should preclude core damage for this PDS on the pressurization sensitivity. However, there are
front end, thereby eliminating this PDS from the some notable variations d'ie to the increased
back-end accident progression analysis. Probability of fire water injection in the SBO

PDSs and the 5% unavailability of the post-core

13.1 Combined improvements damage reactor depressurization sy stem assumed

with No Weir Wall f r the combined sensitivity, in PDS 1, the per-
centage of sequences with in-vessel recovery de-

Overflow creased from the base case value, as it did in the

stand-alone post-core reactor damage depressu-
13.1.1 Effects on Containment Response, rization sensitivity. This decrease is due to the
Table 13-1 presents the effects of the combined increased probability of in-vessel steam
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Table 13-1. Conditional probability of accident progression bins at Grand Gulf-combined sensitivity with no weir wall overflow

Conditional Probabihty

Accident PDSI PDS3 PDS 7 PDS 10

Progression Bin (ST-SBO) (ST-SBO) (ST-SBO) (ATWS)

VB." carly CF.6 NWWO:c 2.17E-02 NWWO: 3.74E-02 NWWO: 3.32E-02 NWWO- 7?lE-OS

early SPB,d no CS* Base: 9.63E-02 Base: 2.00E-01 Base- ?84E-OI Base: 1.03E-03

VB, early CF, NWWO: 1.31E-02 N4"A0: 0.00E+00 N%3VO: 0.00E+00 NWWO- 5.21 E--02

early SPB.CS Base: 4.81E-02 Lase: 0.00E+00 Base: 0.00E+00 Base: 2.46E-01

VB. carly CF, NWWO: 7.42E-03 NWWO: 7.79E-03 NWWO: 7.46E-03 NWWO: 4.61 E-02

late SPB Base: 7.91E-03 Base: 8.39E-03 Base: 3.15E-03 Base: 3.63E-03

VB, early CF, NWWO: 4.14E-02 NWWO: 4.49E-02 NWWO: 6.13E-02 NWWO: 5.16E-01

no SPB Base: 1.13E-01 Base: 1.68E-01 Base: 3.04E-01 Base: 5.86E-01 |

VB, late CF NWWO: 4.79E-01 N%TVO: 5.08E-01 NWWO: 5.95E-01 N%TVO: 0.00E+00

Base: 2.88E-01 Base: 3.10E-01 Base: 3.31E-01 Base: 0.00E+00
g

VB, vented NWWO: 9.26E-02 NWWO: 9.47E-02 NWWO: 0.00E+00 N%3VO: 1.20E-01

Base: 4.93E-02 Base: 5.07E-02 Base: 0.00E+00 Base: 1.55E-01

VB, no CF NWWO: 3.6cE-02 NWWO: 1.95E-02 NWWO: 2.50E-02 N%3VO: 0.00E+00

Base: 5.61E42 Base: 3.75E-02 Base: 6.53E-02 Bise: 0.00E+00

No VB NWWO: 3.01E-01 NWWO: 2.81E-01 NWWO: 2.77E-Ol NWWO: 2.65E-01

Base- 3.24E41 Base: 2.09E-01 Base: 1.05E-02 Base: 8.87E-03

a. Vessel breach.

b. Containment failure.

c. No weir wall overflow.

d. Suppression pool bypass.

e. Contaiament sprays.
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explosion at low pressure, , %h ofb ..s the m- recovery is different f rom that seen in the Sim g' ' ' ',
creased probabihty of recosering vessel mjection PDSs discussed above The percentage of s"
prior to vessel breach However, the decrease in quences w ith in-s essel rews ery is mcreased M9
in-vessel recovery was not as large for the com- significantly from 0 9 to 26.59 m the base case. [

nsitivity as n w as f or the stand- alone but is shghtly less than the 27 89 seen in the !rb i
L.- pos. ore damage reactor depressunzation sensi- stand-alone post-core damage reactor depressu. @A

tivity The assumed 59 unavailabibty of post- nzation case. This PDS. a long-term ATWS. n TQ%core dan age reactor depressurization causes the not af f ected by the modificanons to the fire w ater g34
J. combmed sensitn ity case to behas e more hke the sy stem, so the percentage of sequent es with in- ) $$f.

hij).S% base case than the stanJ-alone impros ement, jection is equal to the percentage of depressunzed

.

w hich assumed 10W4 availabihty of post-core sequences, 95% With 1009 post -wre damage ijf
damage depressurization The increased proba- reactor depressunzation as ailabihty.10P9 of the M'c

N[py (|[Q.
bihty of ahgnmg the FWS f or vewel injecuon in- sequences had injection and, thus, there w as a

. ~creases the percentage of sequentes with greater potential f.or ima essel res os ery ~ ffs,%)2:

injection to 97 79 f. rom the base case percentage V
of 879. for post-core damage reactor Jepressuri~ As indaated m lable 13- 2 the net etlect on

h
'

/a' ion alone. the percentage w as 959 (these per- the Draf t Nl' REG- Il50 presentauon bins
ip$h

; is a
/' centrges are for PDS I only L This increase in shdt from earls contamment tailure to late com )'

core injection contributes to mereasing the proba- tamment f ailure and sentmg Thn increase in the
bility of in-vessel recovery in PDS 1 'o 0.301 probabiho, of late conta nment failure n aue g, p .

- from 0 291 f or the case with post-core damage mented by an merease m the osend! probabihty )a. reactoi depressunzanon alone- of containment failure The small merease in the MN
hW. s@s.

- -
probabihty of in -vesset recos ery (No VHi helps

In PDSs 3 and 7, the effect of the combined im. to mitigate the mcrease m late centainment tail-
.

- -;

7.| prosements on the probabihty of m a essd recos - ure. These findmgs would be expected to change 'h
. $$ery is somew hat diff erent from that m PDS 1. In if steam explosions were not a credible result of
|d. , ..

4

PDS 1, depressunzanon restncts m ,essel recos - corium pours at s essel breach " $
4 y

.] ery because of an mereased probabihty of steam | {$
.L explosions taihng the vessel In PDSs 3 and 7. the 13.1.2 Risk Results. M ACTS calculanons i W it..

increase m core injection offsets the increased were performed using the MMTS 1.5 II mput T
T

.

; probabihty of ste; m explosions, resultmg m an decks to determine the eff et t of the first drs M ;
p; overall increase in the probabdity of inaessel r:' cavity combined sensitn its with no w etr w ail NS f

5 cosery. Therefore. the assumed 59 unas ailabdit) os erflow on of fsite consequences lable 13 3
M:hbC.) of post-core dan age reactor depressunzation in- presents these results along w ith those of the base

'';~ hibits core recosery by increasmg the number of case As this table mdicates, the combmed sense d
hksequences that remain at high pressure without in- tn its with no w eir w all os erflow has nu xed

. jection However, fm PDSs 3 and 7. the percent ef fects on the offsite nsk measures While the kd
age of sequences w.tn injection has mereased a mean number of early tatahties and ottsue costs

Ub[httle above that of the stand-alone postscore dam increased, the mean 50- and 1000-mile doses
age depressanzation sensitivity, and significantl) decreased, and the mean number of latent f atal- k

*: above that for the base case. For PDS 3, the per- ities remained the same Considering the sub
.

centages of sequences w nh mjection are 92,91, stantial decrease in the probabihty of early b |i
5f and 69'' , for the combined imprm ements, stand ~ contamment failure m the conibmed sensitn ny, f4

' 1 alone post-core damage reacnue depressunza- these results-insigmficant decreases m dose and I)k |
tion, and base cases, respectn ely For PDS ', the sharp mereases in early fatahties and costs--w ere hh<

corresponding percentages are 90. 87. and 39. not expected Howeser. caretal scrutmy of the j
PARTITION output tiles revealed that. m gener- t;) d

E Finally for PDS 10, the eff ect of the combmed al. the condiuonal probabihues of the release' N.. .a.

;( improsements on the probanility of in aessel were dow n. hut the sesenty ot the releases w as
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Table 13-2.~ Weighted average accident progression bin probabilities-combined improvements,

,

0with no weir wall overflow

Accidint ' Base Case Combined Case
Progression Bin Conditional Probability Conditional Probability

VB,* carly CF,bearly 1.22E-01 2.71 E-02
d=SPB,' no CS -

- VB, early CF, early - 4.61E-02 1.57E-02
SPB,CS-

VB, early CF, late SPB 7.23E-03 8.01Fe03

VB, early CF, no SPB 1.57E-01 6.03E-02

VB, late CF 2.83E-01 4.76E-01

VB, vented 4,49E-02 8.15E-02

VB, no CF 5.44E-02 - 3.47E-02

! No V8 2.70E-01 2.90E-01
-

a. Vessel breach.

- b.~ Containment failure.-

__ c, Suppressionpoolbypass.

d. - Containment sprays.

Table 13-3. ; Grand Gulf combined improvements with no weir wall overflow risk comparison

' Mean Early Mean i atent , Mean Mean . Mean
Fatalities Fate.iities 50-Mile Dose 1000-Mile Dose Offsite Costs

' (per ry*) ' (per ry) (man-rem /rp (man-rem /ry) ($/ry)
i-

- Base case - 6.2E-Oo 1,7E-03 7.8E-01 10.4 2.2E+03 -

Combined 6.8E-09 : 1,7E-03 - 7.6E-01 10.3 2.7E+03
. improvements ---

- with no weir ~

; - wall overflow-

-. a. ' Reactor year. ;-
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increased from the base case.The explanation for progression bins. Comparing these effects with
these apparently anomalous effects was that with those of the combined improvements in Table
no weir wall overnow, the severity of a given re- 13-1 indicates that the conditional probability of
lease increases, because there is little or no scrub- carly containment failure is essentially the same
bing of the release for APET cnd states having for both cases. Ilowever, the conditional proba-
drywell leakage. Also, the combined improve- bility of late containment failure is decreased in
ment case increased the probability of contain- the present case for all of the PDSs analyzed, with
ment failure and this was partially accountable the exception of PDS 10, for which the probabili-
for the increase in late containment failures, gle- ty remains zero. The decreases are 10,7, and 8%
en vessel breach, for PDSs 1,3, and 7 respectively. Furthermore,

the conditional probability of containment sur-
It should be noted that according to the SNL vival following vessel breach has increased for all

APET model, preventing weir wall overflow into of the PDSs analyzed, with the exception of PDS
the drywell does not ensure a dry reactor cavity at 10, for which the probability remains zero. The
the time of vessel breach, nor does it prevent ex- increases are 128,183, and 168% for PDSs 1,3,
vessel steam explosions in sequences that have and 7, respectively. Finally, it should be noted
injection at or shordy after vessel breach. Drywell that the probability of late containment failure in
head failure and recirculation pump seal leakage PDSs 1,3, and 7 is higher than in the base case,
during long-term SBO sequences can both result The increases above the base case values are 49,

3in a wet (water volum, more than 656 ft and wa- 52, and 66% for PDSs I,3, and 7, respectively,
ter depth less than 16.4 ft) or flooded (water The probability ( f vessel breach with no contain-
depth more than 16.4 ft) drywell. The reactor cav- ment failure for f dss I,3, and 7 is larger than in
ity can be flooded at vessel breach if water re- the base case by 4 ',47, and 3%, respectively. The
maining in the reactor vessel is released into the dominant difference between the first combined

- cavity prior to any release of corium. Altemative- improvement case and this case is that the corium
ly, the reactor vessel failure may yield a minor re- is now more likely to pour into a flooded in-
lease of corium followed by a substantial amount pedestal drywell cavity which: (a) increases the 9

of water. A subsequent pour of corium into the probability of an ex-vessel steam explosion,
now flooded cavity coule result in a postulated (b) provides a greater depth of water for scrub-
ex-vessel steam explosion. Finally, it could con- bing the fission products, and (c) reduces the
ceivably exit the reacter vessel concurrently with energetics of CCI.
the corium, or after release of corium to the cav-

ity. Each of these hypotheses may have a poten-
tial for a steam explosion. Therefore, this case . Table 13-5 compares the weighted average

does not eliminate all APET cnd states in which accident progression bin probabilities for the

the corium enters a wet or flooded cavity. Con- c mbined improvements with and without weir

versely,if steam explosions with corium are not wall ver0 w. The net effect of permitting weir -
considered to be credible,15 then these results wall verflow is a decrease in the conditional

could be significantly different. pr bability oflate containment failure and a cor-
responding increase in the probability of contain-

13.2 Combined Improvement ment survival. Although the probability of early
containment failure is virtually the same m bothSensitivity Permitting Weir cases, there is some shifting among the four early

Wall Overflow containment failure bins, with the probability of
late and no suppression pool bypass decreasing,>

13.2.1 Effects on Containment Response. - and the probability of early supprcssion pool
Table 13-4 presents the effects of the combined bypass increasing. Table 13-6 compares the
improvements with weir wall overflow permitted weighted average accident progression bin
on the conditional probabilities of the accident probabilities of the combined improvements with
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Table 13-4. Conditional probability of accident progression bins at Grand Gulf-combined sensitivity permitting weir wall overflow

Conditional Probability

Accident PDS1 PDS3 PDS7 PDS 10

Progression Bin (ST-SBO) (ST-SBO) (ST-SBO) (ATWS)

VB,* early CF,b WWO:' 2.47E-02 WTVO: 5.05E4)2 WTVO: 4.41 E-02 WWO: 433E-OS

carly SPB,d no CS* Base: 9.63E4)2 Base: 2.00E-01 Base: 2.84E-01 Base: 1.03E4)3 >

VB, early CF, WWO: 2.13E-02 WWO: 0.00E+00 WWO: 0.00E+00 WWO: 1.50E4)1

carly SPB, CS Base: 4.81E-02 Base: 0.00E+00 Base: 0.00E+00 Base: 2.46EM)I

VB, early CF. WWO: 2.47E4)3 WWO. 2.61E4)3 WWO: 238E-03 WWO: 2.16E-02

late SPB Base: 7 91E-03 Base: 839E-03 Base: 3.15E4)3 Base: 3.63E-03
i

VB, early CF, WWO: 3.55E-02 WWO: 4.02E4)2 WWO: 5.89E-02 WWO: 4.42E-01 i

no SPB Base: 1.13E-01 Base: 1.68E4)I Base: 3 D4E-01 Base: 5.86E-01

VB, late CF WWO: 430E4)1 WWO: 4.70E4)1 WWO 5.49631 WWO: 0.00E+00

$ Base: 2.88E4)1 Base: 3.10E4)1 Base: 331E411 Base: 0.00E+00

VB, vented WWO: 9.22E-02 WTVO: 9.10E-02 WWO: 0.00E+00 WWO: 1.20E4)1

Base: 4.93E-02 Base: 5.07E-02 Base: 0.00E+00 Base: 1.55E-01

VB, no CF WWO: 833E-02 WWO: 5.52E4)2 WWO: 6.70E4)2 WWO: 0.00E+00

Base: 5.61 E-02 Base: 3.75E-02 Base: 6.53E4)2 Base: 0.00E+(X)

No VB WWO: 3.01E-01 WWO: 2.81E4)I WWO: 2.77E-01 WWO: 2.65E4)1

Base: 3.24E4)1 Base: 2.09E4)1 Base: 1.05E-02 Base: 8.87E-03

a. Vessel breach.

b. Containment failure. >

c. Weir wall overflow.

d. Suppression pool bypass.

e. Containment sprays.

_ _ _ -
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Table 13-5. Weighted average accident progression bin probabilities-combined improvements
with and without weir wall overnow |

1

I
Accident Conditional Probability Conditional Probability

'

i

Progression Bin Without Weir Wall Overflow With Weir Wall Overflow

VB,' early CF,t'early 2.7 I E-02 3.12E-02
dSPB,' no CS

VB, early CF, early 1.57E-02 2.38E-02
SPB,CS

VB, early CF, late SPB 8.01 E-03 2.93E-03

|
VB, early CF, no SPB 6.03E42 5.04E-02

VB, late CF 4.76E-01 4.30E-01

VB, vented 8.15E-02 8.10E-02

VB, no CF 3.47E-02 7.79E-02

No VB 2.70E-01 2.90E-0I

a. Vessel breach,

b. Containment failure.

c. Suppression pool bypass.

d. Containment sprays,

weir wall overnow with those for the base case. pennitting weir wall overflow is less than that for
| Compared with the base case, as indicated in the base case.

Table 13-6, the net effects are decreases in every
early containment failure mode and increases in Preventing weir wall overflow decreases, but

,

the conditional probabilities of late containment does not eliminate, the probability of an ex-'

failure, venting, no containment failure, and vessel steam explosion, in addition, preventing

in-vessel recovery. weir wall overflow increases the probability that
dry CCI will occur. A comparison of the results in

13.2.2 Risk Results. MACCS consequence Tables 13-3 and 13 -7 indicates that the effects on
calculations were performed for the combined risk of the increased probability of dry CCI (mini-

improvement sensitivity permitting weit wall mal scrubbing of fission products through an
overflow, again using the MACCS 1.5.11 input overlying pool of water)in the case without weir
decks. Table 13-7 presents these results, along wall overflow outweigh those brought about by

with those for the base case. As indicated in the the decrease in the probability of ex-vessel steam
table, the offsite risk for the combined sensitivity explosions. It should be remembered that this
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Table 13-6. Weighted average accident progression bin probabilities-combined improvements
with weir wall overflow

Accident Base Case Combined Case
Progression Bin Conditional Probability Conditional Probability

VB,8 carly CF,bcarly 1.22E-01 3.12E-02
SPB,' no CSd

VB, early CF, early 4.61E-02 2.38E-02
SPB,CS

VB, early CF, late SPB 7.23FA3 2.93E-03

VB, early CF, no SPB 1.57E-01 5.04E-02

VB, late CF 2.83E-01 4.30E-0i

VB, vented 4.49E-02 8.10E-02

VB, no CF 5.44E-02 7.79E-02

No VB 2.70E-01 2.90E-01

a. Vessel breach.

b. Containmem faihire.

c. Suppression pool bypass.

d. Containment spray.

Table 13-7. Grand Gulf combined improvement permitting weir wall overflow risk comparison

Mean Early Mean Latent Mean Mean Mean
Fatalities Fatalities 50-Mile Dose 1000-Mile Dose Offsite Costs
(per ry") (per ry) (man-rem /ry) (man-rem /ry) ($/ry)

Base case 6.2E-09 1.7E-03 7.8E-01 10.4 2.2E+03

Combined 2.7E-09 1.2E-03 6.2E-01 7.66 1.5E+03
improvement
permitting
weir wall
overflow

a. Reactor year.
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. case allows an uncontrolled containment failure and 10 show an increase in the probability of ear-
by over-pressurization (i.e., the containment is ly containment failure with late suppression pool
not vented) and produces increased probabilities bypass due to the significant heatup of the con-
for APET end states in which the release is nei- tainment and the suppression pot.1 prior to reactor
ther scrubbed nor filtered (i.e, a shallow pool over vessel failure,

the debris and drywell leakage). Also, this in-
cludes the effects of the depth of the water in the While there is some shifting among accident
in-pedestal cavity, not just the absolute presence progression bins, the general trend is a reduction
or absence of water, in the probability of reactor vessel failure for all v

plant damage states and a shift from early con-

13.3 Combined Sensitivity with tainment failures to late -nanment failures.

No Weir Wall Overflow and Thus, eliminating exa em an uplosions in
the combmed sensitivity with no weir wall over.

No Ex-Vessel Steam flow reduces the conditional containment failure
Explosions probability from the base case and provides addi-

tional time for operator actions and evacuation of
13.J.1 Effects on Containment Response. the public.
A thi:d combined sensitivity identical to the first
was a talyzed in which the probability of ex- Table 13-9 compares the weighted average ac-
vessel 6 team explosion was set equal to zero. cident progression bin probabilities for the com-

bined case with no weir wall overflow and no
Table 13-8 presents the effects of the com- ex-vessel steam explosion with the base case.

bined improvements with no weir wall overflow Comparison of the de:. m Tables 13-2 and 13- 9
and no ex-vessel steam explosions on the condi- indicates t at e'iminating ex-vessel steam explo-h

tional probabilities of the Draft NUREG-1150 sions from the combined case with no weir wall
accident progression bins. For PDSs I and 3. overflow provides a slight additional reduction in '

eliminating ex-vessel steam explosion reduces the probability of early containment failure,
the conditional containment failure probability along with a corresponding increase in the proba-
for all categories except vessel failure with late bilities of late containment failure and contain-
containment failure or vessel failure with con- ment survival.
tainment venting. This is as expected because the
late containment failures are due to a buildup of 13.3.2 Risk Results. MACCS consequence
noncondensible gases and non-condensing steam calculations were perfomied for the no weir wall
(as the result of suppression pool saturation and overflow and no ex-vessel steam explosion case,
having heated the containment structure). PDSs again using the MACCS 1.5.11 input decks.
3,7, and 10 show an increase in in-vessel recov- Table 13-10 presents these results, along with j
ery, as expected. The probability of in-vessel re- those for the base case. As this table indicates,
covery decreases slightly for PDS 1 because of preventing weir wall overflow and ex-vessel
the increased probability of in-vessel steam ex- steam explosion reduces the offsite consequences
plosion (see the discussion in Section 9). PDSs 7 in all categories,

f
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Table 13-8. Conditional probability of accident progression bins at Grand Gulf-combined sensitivity with no weir wall overflow and no
I ex-vessel steam explosion

Conditional Probability

Accident PDS1 PDS3 PDS7 PDS 10
Progression Bin (ST-SBO) (ST-SBO) (ST-SBO) (ATWS)

VB,8early CF,b Com:c 2.03E-02 Com: 3.53E-02 Com: 3.02E-02 Com: 7.82E-05
carly SPB,d no CS* Base: 9.63E-02 Base: 2.00E-01 Base: 2.84E-01 Base: 1.03E-03

VB, early CF, Com: 1.23E-02 Com: 0.00E+00 Com: 0.00E+00 Com: 1.43E-02
early SPB, CS Base: 4.81E-02 Base: 0.00E+00 Base: 0.00E+00 Base: 2.46E-01

VB, early CF, Com: 5.58E-03 Com: 6.02E-03 Com: 5.64E-03 Com: 7.80E-02
late SPB Base: 7.91 E-03 Base: 8.39E-03 Base: 3.15E-03 Base: 3.63E4)3

VB, early CF, Com: 2.01 E-02 Com: 2.44E-02 Com: 3.26E-02 Com: 5.23E-01
no SPB Base: 1.13E-01 Base: 1.68E-01 Base: 3 DfE-01 Base: 5.86E-01

f VB, late CF Com: 4.99E-01 Com: 5.24E-01 Com: 6.20E-01 Com: 0.00E4X)
Base: 2.88E4)1 Base: 3.10E-01 Base: 3.31E-01 Base: 0.00E+00

VB, vented Com: 9.63E-02 Conn. 9.89E-02 Com: 0.00E+00 Com: 1.20E-01
Base: 4.93E-02 Base: 5.07E4)2 Base: 0.00E+00 Base: 1.55E-01

VB, no CF Com: 4.08E4)2 Com: 2.61E-02 Com: 3.47E-02 Com: 0.00E+00
Base: 5.61E-02 Base: 3.75E4)2 Base: 6.53E-02 Base: 0.00E4)0

INo VB Com: 3.01E-01 Com: 2.81E-01 Com: 2.77E-01 Com: 2.65E-01
Base: 3.24E-01 Base: 2.09E-01 Base. 1.05E-02 Base: 8.87E-03

a. Vessel breach.

b. Containment failure.

c. Combined sensitivity with no ex-vessel steam explosior.

d. Suppression pool bypass.

e. Containment sprays.
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Table 13-9. Weighted average accident progression bin probabilities-no weir wall overC.- Y and
no ex-vessel steam explosion

Conditional Probability
Accident Conditional Probability With No Weir Wall

Progression Bin _ of the Base Case Overflow and No EVSE '

VB,bearly CF,c early 1.22E-01 2.56E-02
SPB,d no CS'

VB, early CF, early 4.6iE-02 1.45E-02
SPB,CS

VB, early CF, late SPB 7.23E-03 6.78E-03

VB. early CF, no SPB 1.57E-01 3.95E-02

VB, late CF 2.83E-01 4.95E-01

VB, vented 4.49E-02 8.46E-.02

VB, no CF 5.44E-02 3.93E-02

No VB 2.70E-01 2.90E-01

a. Ex-vessel steam explosion.

b. Vessel breach.

c. Containment failure.

d. Suppression pool bypass.

e. Containment sprays.

Table 13-10. Grand Gulf combined improvement with no weir wall overflow and no ex-vessel
steam explosion risk comparison

| Mean Early Mean Latent Mean Mean Mean
| Fatalities Fatalities 50-Mile Dose 1000L-Mile Dose Offsite Costs

(per ry') (per ry) (man-rem /ry) (man-rem /ry) ($/ry)

Base case 6.2E-09 1.7E-03 7.8E-01 10.4 2.2E+03

Combined 5.3E-09 1.5E-03 7.4E-01 10.0 1.5E+03
improvernent
with no weir
wall overflow
and no EVSEb

a.- Reactor year.

b. Ex-vessel steam explosion.
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14. SUMMARY OF TECHNICAL FINDINGS FROM
QUANTITATIVE ANALYSIS

This section summarizes the significant results reactor to be depressurized during sequences in
of the quantitative analysis presented in Sections which the station batteries (the normal source of
8-13. The discussion in this section is organized power to the SRV solenoids) are failed or de-
around the potential improvemeats evaluated in _ pleted. There are three aspects to this improve-
these previous sections. ment. Enhanced depressurization can (a) prevent

_ _
core damage in those sequences where a low-

14.1 Improved HIS Pressure injection system is available, (b) allow
sequences that have progressed to core damage to

Continuously available hydrogen' ignitors pro. be recovered in-vessel, and (c) prevent high-
vide a distributed ignition source that burns the pressure melt ejection in those cases where in-

hydrogen released during core'degrauation in a vessel recovery is not successful. The first of

diffusion flame whenever flammable conditions these aspects was not analyzed quantitatively,

exist in containment. The improvement to the
HIS that was modeled was the installation of a Reactor depressurization has a number of in-

backup de power supply to the existing ignitors, teresting effects on the progression of the acci-

so that the HIS would be operable under SBO dent sequence after the onset of core degradation,

conditions. The backup de power supply was First, depressurization decreases the probability

modeled as having an availability of 0.95. The that an SRV tailpipe vacuum breaker will stick
,

| probability that the operators fail to actuate the open. This effect is due to the fewer number of

HIS when required was retained from the base demands placed on the SRVs when the RPV is'

case APETs. depressurized. Secondly, the pmNbility of in-
vessel recovery is higher in the depressurized

A hydrogen bum efficiency of 100% was also case for all PDSs except PDSs I and 8, where it is ;

used to more closely approximate available hy. decreased for PDS 1. The increase in vessel
drogen burn data from the Quarter-Scale Tests. breach probability in PDS 1 occurs in spite of the

With this burn efficiency change, a diffusion burn fact that the probability of recovering injection

in the wetwell removes all of the hydrogen pres. during core degradation is higher for all PDSs in

ent, unless the reaction becomes oxygen-limited. the depressurized case, except PDS 8, where it is
0.0 in both the sensitivity and base case The

The improved lilS (with high burn efficiency) _ reason for this occurrence is the increased proba-

produced a significant decrease in the conditional bility of in-vessel steam explosions that fail the

probability of early containment failure, and an RPV in the depressurized case,

increase in the probabilities of containment sur-
vival and late containment failure; Although off. The increased probability of in-vessel steam

site consequences were not calculated for the explosion is also the reason for the increased

stand-alone ll!S improvement, this shift away probability of early containment failure for PDSs

from early containment failure is expected to I and 8. The increased probability of in-vessel
bring about a reduction in offsite risk. steam explosions makes a mode failure of the

containment more likely in the depressurized

14.2 Post-Core Damage case, resulting in an increased probability of early
containment failure at the time of vessel breach.Reactor Vessel
In PDSs 3,7, and 10, the increase in the probabill-

Depressurization ty of recovering injection during core degradation
is large enough to offset the increased probability

This impmvement consists of a backup supply of in-vessel steam explosion, thus giving rise to a
of de power to the SRV solenoids, allowing the decrease in the probability of vessel breach, and a
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corresponding decrease in the probability of early accompanying decrease in the probability that the
containment failure, containment survives intact. This is due primarily

to the very large increase in the probability of CCI
Overall, post-cote damage reactor depressuri- if the suppression poolis prevented from flooding

zation results in a slight decrease in the condition- the drywell, and hence the reactor cavity. The
al probability of early containment failure. Late CCI generates hydrogen and noncondensible
containment failures increase slightly, as does the gases, which can threaten containment integrity
probability of in-vessel recovery. If steam explo- via hydrogen combustion and gradual overpres-
sions are not credible, as some researchers con- surization, respectively. The net effect was an in-
tend, then the probabilities would be further crease in the probability of late containment
reduced. If the reactor were depressurized before failure and a decrease in the probability of con-
core damage (in accordance with Revision 3 of tainment survival.
the EPGs), significant reductions in core melt and
containment failure probabilities and risk would 14.4 Containment Venting
be expected.

Containment venting was examined quantita-
14.3 Enhanced Vacuum tively by assuming that a backup source of de

Breaker Operability (No power is available to the solenoids of the contain.
ment vent valves, so that the valves can be opened

Weir Wall Overflow). remotely during SBO. The enhanced venting sys-
. tem was assumed to have an availability of 0.95.

Enhanced vacuum breaker operability is a For short-term SBO, the containment was as-
potential means of ensuring that no water will sumed to be vented prior to core degradation
overflow the weir wall, thus mitigating the threat-

(preemptive venting), with no later closure of the
to containment from ex-vessel steam explosions. '

vent valves. For long-temi SBO and ATWS se-
However, because recen: work by ORNL (S.R.

quences, unting was again assumed to occur
Greene et al. draft report) indicates that enhanced

Prior to core degradation with a probability of
,

vacuum breaker operability alone may not ac. 0.95; however,in this case the venting is not pre-
complish this task, the improvement that was eva-

emptive, because containment pressure will reach
luated was prevention of weir wall overflow, but

the PCPL prior to core degradatwn.
the means by which this could be ensured were
not examined. Possible ways of implementing Containment venting was found to greatly re-
this improvement would be to increase the height duce the conditional probability of containment
of the weir wall or vent the containment prior t failure. However, venting (without an external
depressurizing the reactor vessel,

filter) leads to an increase in offsite risk because
f the relatively high probability of suppression

Preventing weir wall overflow results in a shift
p 1 bypass m the Mark Ill containment.

in early containment failures with early suppres-
sion pool bypass to early containment failures 14.5 Upper Containment Pool
with either late pool bypass or no bypass. This
shift _ appears to be due to the decrease in ex- Dump
vessel steam explosions; however, ex-vessel
steam explosions are not eliminated. The condi. Because the valves used to dump the Mart. Ill

tional probability of an ex-vessel steam explo. upper containment pool to the suppression pool

sion is still quite large even if water is prevented are operated by ac motors, they are not available

from overflowing the weir wall. during SBOi A potentialimprovement would be
to supply these valves with operators that could

There is also an increase in the conditional be actuated independently of ac power, or with
probability of late containment failure, with an operators supplied from an independent source of
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ac power. This would allow makeup to the sup- fects on the offsite risk measures. While the mean
pression pool from the upper containment pool. number of early fatalities and offsite costs in-

creased from the base case, the mean 50- and
The upper pool dump modification was found 1000-mile doses decreased, and the mean num-

to cause a significant increase in the conditional ber oflatent fatalities remained the same. Consid-
probability of early containment failure with pool ering the substantial decrease in the probability of
bypass in the short-term SBO PDSs. Pool dump early containment failure in this first combined
results in a higher probability of a Dooded or wet sensitivity, these results-minor decreases in
cavity at the time of vessel breach (the probability dose and increases in early fatalities and certs-
of having a dry cavity is 0.0). This increases the were not expected. However, careful scrutiny of
probability of a large ex-vessel steam explosion the PARTITION output files revealed that, in
at the time of vessel breach, which increases the general, the conditional probabilities of the re.
impulse loads on the drywell and produces large leases were down, but the severity of the releases
quantities of hydrogen, which can ignite, further was increased from the base case. Not allowing
increasing the probability of containment failure water to overDow the weir wall increases the se-
at the time of vessel breach. verity of a given release, because scrubbing of the

release is reduced. Also, the conditional probabil-

14.6 Improvement ity of containment failure increased and this was |

COmbinallOnS paniaHy n'sp nsible for the increase in late con- |

tainment failures, given vessel breach. !

Three sensitivities were examined in which
several individual improvements were combined. To further investigate these results, the com-

The first combined sensitivity included an im- bined improvement sensitivity was reanalyzed

proved HIS with 100% diffusion burn efficiency, Permitting reflux of water over the weir wall,

post-core damage reactor depressurization capa- Compared with the effects of the first case, there

bility, no water refluxed over the weir wall. and was a decrease in the conditional probability of

an increased probability that the operators get the I te containment failure and a corresponding in-

fire water system (FWS) aligned so that low- crease in the probability of containment survival.

pressure injection into the RPV occurs in short_ Although, the probability of early containment

term SBO sequences with the FWS available and failure remained virtually the same, there was

either no power recovery or all other emergency some shifting among the four early containment

injection systems failed. The second combined failure bins, with the probability of late and no

sensitivity was identical to the first except that suppression pool bypass decreasing, and the
water was allowed to reflux over the weir wall, probability of early suppression pool bypass in.

The third combined sensitivity was also like the creasing. Compared to the base case, the net ef-

first, but with all ex-vessel steam explosions fccts were decreases in every early containment
failure mode and increases in the conditionaleliminated. The enhanced containment venting

and upper pool dump modifications were not in- Probabilities of late containment failure, venting,

cluded in any of the combined improvement sen, contamment survival, and in-vessel recovery,

sitivities because of the observations in the
stand-alone analyses. The offsite risk, presented in Table 14-1, for

the second combined sensitivity was less than
The first combined improvement case without that for either the base case or the combined case

weir wall overflow generally reduced the early with no weir wall overflow described above. Pro-
threat to containment integrity. However, this hibiting water from overflowing the weir wall de-
combined improvement significantly increased ases, but does not eliminate, the probability of
the late threat to the containment, primarily as a an exaessel steam explosion. In additi sn, this in-
result of the CCI that occurs after vessel breach. creases the probability that dry CCi w11 occur. A
As illustrated in Table 14-1, there were mixed ef. comparison of these two com'imeu sensitivities

!
.
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Table 14-1. Grand Gulf combined improvement risk comparison

l

Mean Early Mean Latent Mean Mean Mean i

Fatalities Fatalities 50--Mile Dose 1000-Mile Dose Offsite Costs
(per ry*) ' (per ry) (man-rem /ry) (man-rem /ry) ($/ry)

Base case 6.2E-09 1.7E-03 18E-01 10.4 2.2E+03

Combined 6.8E-09 1.7E-03 7.6E-01 10.3 2.7E+03

improvement
with no weir
wall overflow

Combined 2.78-09 1.2E-03 6.2E-01 7.66 1.5E+03

improvement
with weit
wall overflow
permitted

Combined 5.3E-09 1.6E-03 7.4E-01 10.0 1.5E+03

improvement
with no weir
wall overflow,
no EVSEb

a. Reactor year.

b. Ex-vessel steam explosion.

indicates that the effects on risk of the increased ment failure modes, at the expense of an in-

! pecbabibty of dry CCI(minimal scrubbing of fis- creased probability of late containment failure
sion products through an overlying pool of water) and .e decreased probability of containment sur-
outweigh those brought about by the decrease in viva! The risk results for this combination are
the probability of ex-vessel steam explosions. also presented in Table 14-1. Eliminating weir

wall overflow and ex-vessel steam explosion
reduced all categories of risk except cost and

A combined sensitivity was also e,alyzed in 1000 mile dose when compared to the base case
which there was no weir wall overflow, and ex- and to the case where only weir wall overflow
vessel steam explosion was climinated. In com- was eliminated,

parison with the no-weir wall overflow
combination, this combination provided a slight 14,7 Summary
additional reduction in the conditional probabili-
ty of early containment failure, along with a As can be seen from these studies, each of the

corresponding increase in the conditional proba- potential improvements can have an effect on oth-

bilities of late containment failure and contain- ers and thus the potential benefits of the combined

ment survival. In comparison with the base case, improvements can have greater benefit than indi-
however, both sensitivities with no weir wall vidual improvements. The combinations of im-
overflow showed decreases in all early contain- provements that have been discussed in this report
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are not necessarily the only or best combinations small contributors. Therefcre, the potential bene-
for Grand Gulf or any other Mark III facility, but fits from these improvements are small This anal.
were those that could have the greatest potential ysis should not be viewed as a complete
for reduction in containment failure probability or evaluation of the benefits (reductions in core dam-
risk. The offsite risk and core damage frequency age frequency or in offsite consequences) for any
at Grand Gulf are low and are made up of many BWR/6 with a Mark 111 containment.

,

1
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APPENDIX A
'

DETAILS OF QUANTITATIVE-ANALYSIS METHODOLOGY

i
A.1 Computer Code Compilation

Initially, five main source codes were compiled on the various computer
platforms that would be used in-the analysis. EVNTRE"'' was used to analyze the '

,

accident progression event trees (APETs); PSTEVNT 2 was used to process theA

output from EVNTRE; GGSOR*'3 was used to parametrically generate source terms for

the various releases from containment; PARTIT10N'" was used to process the
source term output from GGSOR; and MACCS*'5 was used to calculate the offsite

consequences for each source term group generated by PARTITION. There were also

several translation routines-used to parse output data into the format required
for input Linto a follow-on code in the analysis. The sources for these
. translator codes werefalso compiled,

a

The= Draft NUREG-ll50 accident progression analysis codes were written in
'

FORTRAN-77- and developed on a VAX computer, using a VMS operating system.
Because- the authors intended to run the codes on both personal computers using ,

a- DOS operating . system, and scientific workstations using a UNIX operating-

system,. a. number of changes were necessary to compensate for differences in
syntax. As previously mentioned, a number of- translation routines were also
compiled. These routines are discussed further in the sections below,

A.2 EVNTRE Analysis

. The EVNTRE event progression analysis code is documented in Reference A-1, !

It is a keyword-driven code used to analyze event trees that are constructed to
model-the progression of a severe reactor accident. EVNTRE was developed so that
distributed parameters (i.e., the parameter has an associated probability
(distribution) could be tracked and manipulated using user-defined coding. The

_ processing of distributed parameters was necessary to evaluate the uncertainties-

involved in the complex-phenomena that_can occur during severe. accidents. The
keyword file _used to control-the input for the Plant Damage State (PDS) I base

A-3
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'

case evaluation is listed =below. The files used for the other PD$s are similar.
-The annotated comments in the file describe the functions of the keywords. The
other required input files called out.by.the keyword file are listed.in Appendix
B.- For more details on. the keyword -control . features of EVNTRE, _ refer to

~

Reference A-1.
<

MODE 4 $ Specifies the calculational mode for-
EVNTRE.

$

-TREEIN gl_apet.dat $ Specifies the input file name for the
$ tree definition input file.

$-
BININ : . ./ggbin.dat $ Speelfies the input file name for the

.$ binning and sorting information input file.
$
SAMDIN gl_pntr.dat $ Specifies the input file name for the
$- sample definition information input file.
$

SAMllN ../temac.dat $ Specifies the input file name for the
$ first set of sample input vectors.
$

$

SAM 21N_../hcube.dat $ Specifies the input file name for the
$' second-set of sample input vectors.
S.
BIN $ Turns on the binning facility.
$

. STATS $ Indicates that a branch and case frequency
$- table report -will' be generated.

'

-i

-. $ -

NWRTBIN $ Indicates that a binning result report-will
,

$ not be generated when the paths through the
-$ tree are binned.

$

SAVEBIN $ Indicates that a binning results file will
$ :be-generated for post-processing.'
$

RUN $ Indicates that the-tree-is to be evaluated
.' $ - 'after:the input data has'been processed.

,

g

$ - -

KEEPCUT 1.0E-5 $ Specifies the path frequency below which'a-
S' path is. terminated.
$

PRTCUT - l'.0E-5 - $ Specifies the minimum-bin frequency
required to report a bin.

,

$
'

STAT 0VT gl_freq.out $ Specifies the output file name for the
$- branch and case frequency. table.

A-4
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.

SAMROUT gl_samr.pst $ Specifies the output file name for the
i post-processing file.
$

ENbKEY $ Indicates the end of keyword input.
$--

5

As the file listing indicates EVNTRE was run in the sampling mode
(mode 4), with inputs from two sample vector files. The first of these, '

| temac.dat, provides Latin Hypercube Sampling (LHS) data from the Grand Gulf
front-end (accident sequence) analysis. These data were generated with the TEMAC

code. The second file, heube.dat, provides LHS data to be used in evaluating the
accident progression questions in the APET. The APET split fractions and
parameters that are to be sampled are specified in the sample definition input
file gl_pntr.dat.

Another important input file is ggbin.dat. This file provides the

information used to bin the end states of the APET into a smaller set of accident
progression bins. The accident progression bins retain enough information about

the accident to characterize the associated containment failure modes and the
fission product source terms. For the base case analysis, the Grand Gulf Draft
NUREG-ll50 binning input file was used, as provided by SNL. This file is shown
in Appendix B.

The output file generated by this binning process is 91_samr.pst. This
file 'is in binary format, so it is not listed in this report.- It will be

mentioned again when it is used as the principal input file for running the
PSTEVNT code.

EVNTRE produces several other output data files, some of - which are
immediately useful, others of which are primarily used with post processor codes
like PSTEVNT. One of the incre useful output files is 91_freq.out, which shows.
'he realized split fractions for each of the questions in the APET. This-

frequency output file allows the analyst to calculate the conditional probability
of important paths through the APET. -For example, the APET file listing in
Appendix B, shows that the conditional probability of vessel breach is identified

A-5
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in: Question 63, which also addresses' the mode of vessel breach _for those cases
where in vessel recovery is' not' successful. The frequency output file becomes

>
-

particularly- important in the analysis of improvements, where it allows the
analyst to track changes effected by.the improvements and compare the new

.

conditional probabilities to those calculated for the base case.

A.3 PSTEVNT Analysis

EVNTRE was the primary tool;used.to evaluate the very large APETs in the
-

back-end analysis performed for Draft NUREG-Il50. However, a typical EVNTRE run

for.a single PDS can take 24 hours on a scientific workstation, and longer on a

PC. Therefore,-features were provided to save results from an EVNTRE run_for

later processing with a faster post-processor called PSTEVNT. The PSTEVNT post-

processor code''''is used to manipulate the EVNTRE output-(listing of accident
progression bins) in a variety of ways to produce input files for follow-on codes
in the analysis, as well as output files that are directly useful to the analyst,
such as the file showing the presentation bins used in Draft NUREG-ll50.

'

As provide'd by SNL, PSTEVN'T does not utilize keyword-driven input-to the
same extent as-EVNTRE. Instead,'an input file is read that contains the FORTRAN
unit numbers of the required input fi.les and desired output files, as well as a -
listing of . input parameters used to control the PSTEVNT program. Under the VMS
operating system, external file connections are made to associate data files with
the unit numbers provided 'in th~e keyword file. For the UNIX and DOS operating

systems in use at ' INEL,< this is' not -possible; so' the PSTEVNT source code was
modified te allow keyword-driven input similar to that used for EVNTRE.

PSTEVNT is actually run three times'fo'r each PDS group. In the first run,

PSTEVNT is used ,to; produce a set of : source term bins for -input into the
parametric source term generation code GGSOR. The input control file listing for

this run is shown as'follows:

$-- Calculation Control Keywords (for logiSal constants) ------------------- --
'

$
_

0.99999 $ Reduce rebinned results _with weighting
y .r .

-COLLAPS -
factop- $ v..

A-6
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l

!

Si

_ $ _
RERIN - $ Causes rebinning of accident progression

bins
$ ,

RUN $'Causes.PSTEVNT to proceed with data
$ calculations
5

SAVEBIN- 5 Write results of rebin-to post
5 processor file
!

'

N0 SORT $ Do not produce sort tables
$

5-- Calculation Control Keywords (for assigned values) ---- - -- -- -----

?
PCUTFR 0.99999 $ Specifies total rebinned frequency to

$ retain
$

PRTCVT 0.00001 $ Print tolerance cutoff
$

RCUT- 0.00001 $ The relative weight cutoff minimum
; $ value when collapsing bins

5

S-- Input fil e Speci fication Keywords --- - ----- ----- -- - ------- -- ------

5

ASCTRIN $ ASCII output from EVNTRE
$

BININ ' ../ggrebin.dat $ Filename for rebinning input
$

EVNTBIN gl,. bin.asc $ Filename for EVNTRE output file

$- SORTIN sortin $ Filename for sort specification data-
$

S - R e p o r t R e q u e s t Keywo rd s - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

$

ASCSAV $ Rebinning result is ASCll
$

$ RPTMLST $ Write EVNTRE master bin list to message file
$

RPTNPRB $ Report rebinned APBs-by observation '

-$
S. -RPTRBIN $. Write rebinned bins to message file
$

NSPREAD $ Discarded bins are not spread over=
-$. kept bins
S-

KPBYRUN $ Report master bin list by observation
$

$ -- Ou t pu t F i l e S pe :i fi c a t i on Keyword s - - - - -- - - - - - - - - - - - -- - - -- - - - - - - - - - --- - - - -- -
$

BIN 0VT rbin.out $ Rebinning result data
$-

.

$ INP0UT inpout $ Annotated echo of input
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-

$
KEEPOUT keep.out $ Master list of unique kept bins

-$
'SB NOUT gxx_sbin.out $ Rebinning results data (for additional

-$ post-processing)
$'
$ SORT 0VT sortout 5 Result of requested sorts
5

$ TAB 0VT tabout $ Robinning result descriptive table (s)
$

ENDKEY $ Indicates the end.cf keyword input.

As indicated by this file listing, there are two input files for this
PSTEVNT run. 'The first is the binned output file from EVNTRE, g1_ bin.ase, which

is the previously discussed binary file, gl_samr.pst, after convertion into ASCII
using the conversion program BINTO. The second file is the rebinning input file
ggebin.dat. This file,'which is listed in Appendix B, specifies the accident
pathway binning scheme required for input into GGSOR.

This first PSTEVNT run is performed on an by-observation basis, i.e., the

code keeps track of each accident, progression bin generated in each of the 250
!

samples in EVNTRE. Two output files are used: gxx_sbin.out (too large to be
-listed in --this report) provides a listing of each accident progression bin
. generated in each sample observation, along with the conditional probability for

each bin. This information will be combined with the POS frequencies from

-gg_temac.dat in the GG-FRQ code, as described below. The other file is keep.out,
which provides a list of unique accident progression bins for each sampling
observation. ' A keep.out f_ile is generated for each PDS, and these files form an

|input.to-the MASTERK routine, as described below.

The second PSTEVNT run is similar to the first,-except that all information

is. aggregated; the output information is a weighted average over.the 250 sampling -

observations made in EVNTRE. The only output file used from this run is the
gxx_rbin.out file, which contains a listing of the unique accident progression-

-bins. This file is-used to compare accident progression bin results with the
published-information in Draft NUREG/CR-4551, ,
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m,

JThe third-PSTEVNT run-is also made on an' aggregate basis. The purpose of

.this run is to-.hombine the/ accident' progression bins into the higher level
;; presentation bins usedlin Draft NUREG-ll50. The input binning file for this run,-
: reduce.dat,'is listed in Appendix B. I

A.4 MASTERK Analysis

- -

The MASTERK code is not described in any of the currently available Draft
NUREG-1150 supporting documentation. Therefore, because the only documentation

is the source code -listing itself, a listing is provided in Appendix C. MASTERK

is used to translate the format of the keep.out files from PSTEVNT into the
correctiformat for-input into GGSOR and PARTITION. MASTERK takes as input the
keep.out _ files for all. PDSs, on a by-observation (by run) basis, and generates
a master list of unique bins. The output can be either by ooservation or not by
observation, as selected by the user. The by-run output file, byr_ mas.kep, is i4

a composit'e listing, over all PDSs, of the unique accident progression bins on !
a by-observation - basis. This file is used as input to the= GGSOR _ code, as

-described below.. The not-by-run output file, nbyr_ mas.kep, is a similar file,
only on an aggregate basis, and is one of the required inputs to PARTITION.. Both

.

of _ these output files are too large to list in this report.

A.b gg_frq Analysis

- Another code not- discussed in -the current' Draft NUREG-ll50 supporting-

= documentation is gg_frq; therefore, fa listing of this code is provided in'-
Appendix; C. Basically,_ gg_frq merges the PDS frequencies from theE file

_

'gg_temac.dat. with fthe accident _ progression bin -conditional probabilities-
; contained in the gxx_sbin.out files to provide an input file for PARTITION. This- -

output- file, .gg.frq, is much too _large to list -in this report. As' mentioned

- above,f the input- files from PSTEVNT- are gxx_sbin.out-'(one file for each PDS).
The output' file, gg.frq, is used as an input:to' PARTITION.

|:
"

'
;

i
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A.6 GGSOR Analysis

GGSOR is the parametric code used to generate fission product source terms
for the accident progression bins. GGS0R is briefly described in Reference A-3.
Basically, GGSOR generates source terms based on a parametric representation of
more detailed mechanistic accident progression calculations. The code also

represents uncertainties in key source term in,ues. The input control file for
GGS0R, ggsor inp, is listed below.

BINNED $ EXECUTION MODE SWITCH (MUST BE FIRST KEYWORD; 2ND LINE MUST BE TITLE)
ALL POSSIBLE BIN COMBINATIONS WITH EXPERT OPINION MEDIAN INPUT FOR GGSOR
$ EXECUTION OPTIONS
PRT!PP $ ECHO INPUT
CONSFL $ KEEP CONSEQUENCE INPUT DATA
$SUMWGT $ PRODUCE REDUCED DIMENSION FILE
KPBYRUN $ USE OBSERVATION SPECIFIC BINS
$REPORTB $ PRINT BIN TRANSLATION REFJLTS
$ DIAG $ PRINT INTERMEDIATE DIAGNOSTIC VALUES
$ FILE ASSIGNMENTS
EXPERT $ EXPERT CPINION TABLE
DEFAULT median.dat $ DEFAULT PARAMETER VALUES FILE
BINFILE byr_ mas.kep $ BIN DEFINITIONS
VECPOS g_vecpos.dat $ SAMPLE VECTOR POSITIONS
SAMPLE 250 1 ../hcube.dat $ SAMPLE VECTOR FILE, 250 SAMPLES STARTING WITH
SAMPLE 1

As indicated in this listing, four input files are required by GGSOR.
Three of these files, median.dat, g_vecpos.dat, and heube.dat, were provided by
SNL. These files are used in sampling the various parameters in the equation
used by GGS0R to calculate the fission product source term. The fourth file,

byr_ mas.kep, is one of the MASTERK output files discussed above. The output file
of GGSOR is an enormous file (~40 MB) called ggsor.cfl. This file is one of the
input files required by PARTITION, Basically, it provides information on the
isotopic release fractions, timing of the release, duration of the release, etc.,
for each unique source term bin produced in the PSTEVNT rebinning process, for

each sampling observation.

A-10
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A,7 PARTITION Analysis

The PARTITION code''' o es essentially what its name implies; it partitions
the source term information generated by GGSOR into a smaller set of source term
groups for which consequences can be calculated using MACCS. it does this by
locating each source term on a two-dimensional grid of potential chronic (latent)
fatalities vs. potential early fatalities using the isotopic release fractions
from GGSOR, the frequencie associat9d with each source term, and a dose factor
table. The isotopic release fractions are supplied from GGSOR in a file named
ggsor.cfl. The source term frequencies come from gg.frq and gg_temac.dat, and
the dose facter table was supplied by SNL as file ggwgt.inp.

One of the output files from PARTITION is maces.inp. This is the MACCS
input data for each source term group generated by PARTITION. It is used in
calculating the conditional consequences for each of the source term groups, it
is not listed in this report, because it is fairly large and the format of the
file makes it not particularly useful to these analyses.

,

4

More useful to the analyst is the consequence summary data file that
PARTITION produces (summcom.dat). This file contains a summary of the overall
source bins of the early and chronic fatality potentia! F all possible releases.
These data are useful for estimating the consequence potential for sensitivity
cases without actually performing new MACCS calculations.

PARTITION generates a number of other output files. However, these files
were not used in the CPI analysis, so they will not be discussed further. Re fer
to Reference A-4 for more information on the capabilities of PARTITION.

A.8 MACCS Consequence Analysis

The MACCS code ^'5 is used to calculate the conditional off;ite consequences
for each source term group generated by PARTITION. The required output file from
PARTITION is maces.inp. However, this file is not in the correct format for
input to MACCS; therefore, it is reformatted using the translator utility STER,,

which was supplied by SNL. Because the only reference for the STER program is

A-;l
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the source code, a code listing is provided in Appendix C.

Two MACCS runs were made in the base case analysis. In the first of these,

-the input deck was modified to reflect the input decks used for MACCS Version
1.5.5 in the Draf t NUREG-1100 analyses. The MACCS code has undergone several

revisions since the completion of the June 1989 draft of NUREG-ll50; currently,

Version 1.5.11 is in use. Therefore,-the second base case run used the input

deck for this later version (modifications were made to the STER program to
reflect input deck differences).

Five-measures of offsite risk were chosen for use in this report. They

include: (a) the mean number of early (acute) fatalities, (b) the mean number
of latent (chronic) fatalities, (c) the mean population dose within a 50-mile
radius, (d) the mean population dose over the entire calculational grid (1000-
mile radius), and (e) the mean offsite costs. Site data files were taken from

the Draft NUREG-ll50 Grand Gulf MACCS deck. Dose data files were supplied by

SNL; however, these were the old files for Version 1.5.5. For the Version 1.5.11

run, Zion Draft NUREG-ll50 dose data files were used, because of the

unavailability of revised Grand Gulf dose data files. Using the Zion dose data
files does not present a problem, because the dose data file is the same for each

plant.

A.9 Risk Calculation

To determine the annual risk, the conditional consequences from MACCS were

combined with the _ conditional probabilities of a release from containment and the

PDS frequencies from the front-end analysis. Because of the unavailability of

the code that was used to perform this calculation for Draft NUREG-ll50 (RISQUE),
a FORTRAN routine called RISK was written to carry out this task. This code.is

listed in Appendix C.

A-12

.



_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ __ _ __ ___ _ _

REFERENCES

A-1. J. M. Griesmeyer and L. N. Smith, A Reference Manual for the Event
Progression Analysis Code (EVNTRE), NUREG/CR-5174, september 1989.

A-2. S. J. .iiggins, A User's Manual for the Postprocessing Program PSTEVNT,
NUREG/CR-5380, November 1989.

A-3. D. Brown et a1., Evaluation of Severe Accident Risks: Grand Gulf
fi 't 1, NUREG/CR-4551, Vol. 6, Part 1, Rev. 1,.luiy 1989.

A-4. R. L. Iman et a1., A User's Guide for PARTITION: A Program for Defining
the Source Term / Consequence Analysis interface in the NUREG-1150
Probabilistic Risk Assessments, NUREG/CR-5253, November 1989.

A-5. D. 1. Chanin et a1., MELCOR Accident Consequence Code System, Draft
NUREG/CR-4691, September 21, 1988.

.

A-13

_ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _



, - _ . . - - - _ _ - _ - - - - - --

APPENDIX B

COMPUTER FILE LISTINGS'
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APPENDIX B

COMPUTER FILE LISTINGS

B.1 Grand Gulf APET for PDS 1

The F ,e listed on the following page, gol_aprt.dat, is the input file to
EVNTRE that describes the APET for PDS 1. Tht: APETs for the other PD$s are
similar,

<
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G8AND GULF ACCIDENT PROGPESSION EVENT TREE - REV. 6.0 - SA289
125

uQ
1 1.000 )

cen |
1 What is tha initiating event? |

3 TLOSP T2 TC $ TLCSP : Less of Offsite Sewar l

1 1 2 3 S TPCS : Powar Conversion System is lost
|1.000 0.000 0.000 S TC : Anticipeted Transient without scram (atWS)
,

2 ts there a Station Blackout (Dieset Generaters fait)? j
2 Sa nSs S Se : Station st ackout, so oc pow e en Division 1 and 2. '

1 1 2 S nS8 : bot a station blackout
1.000 0.000

3 is de Powar not available?
2 E1fDC E1-DC S Et : power en Divisienr 1,2 and 3 1

1 1 2 5 E1 vg sewer is available frese Division 3 and either Div.1 er Div 2. i
0.000 1.000 i

& Do one or more S/RVs fait to rectose? |

2 E1SORY EinSORY S E1Scsrv : crw or ersre S/1tvs fait to rectese I

1 1 2 S EinSCRV : wo S/RVs fait to rectose
0.050 0.950

5 Does MPCS fait to inject?
3 ElfMPtnj ElrMPinj El-NP!nj S E1faPini : McCS f ait to inject i

1 1 2 3 S E1rwPinj : WeCS is recewerobte when oc pewer is re tored |

0.000 1.000 0.000 S El-MPini : nPCS is evsitable
CD 6 Does RCIC fait to inject initially?

E 2 E1fRCIC El-RCIC S E1MIC : #CIC is *aited during core * gradation
1 1 2 S El-RCIC : #CIC is previding injection daring core W tion

1.000 0.000
7 Does the CRD hydraulic system fait to inject?

3 E1fCRD E1rCR0 El-CRD S ElfCND : CBD is failed & is not recoverable
1 1 2 3 S EtrCPD : CR0 is recewerable ence ac pewer is restored

1.000 0.000 0.C00 S E1-CRD : CRD is delivering weter to the vesset
8 Does the condermate system fait?

3 E1fCond EtrCond EtaCord S Effcond : Cendensate system is failed and will renusin sawweitable
1 1 2 3 S EtrCond : Con &=sete is recoverable when oc power is restored

0.000 1.000 0.000 S Etatend : Corhste system is eweitable but net currently injectics weter '

9 00 the LPCS ard LPCI systems fait? S EffLPC : Both LPCS ard LPCI are failed |

4 EifLPC E1rtPC ElaLPC E1-LPC S E1rtPC : Either LPCS or LPCI are recewarable whm oc pcwer is restored |
1 1 2 3 4 S E1stPC : Ef * LPCS er (PCI are available but thare is no injactiont

0.00G 1.000 0.000 0.000 S E1-LPC : Either LPCS er LPCI are providing water injection to RPV
10 Does RwR fait (heat exchangers not available)? S Elfswa : Both SPC ard CSS are f ailed

4 ElfR8tR EtrRNR ElaRNR El-EMR S EtrRuR : Both SPC ard CSS are recovers' whm oc power is restored
1 1 2 3 4 S EtaRNR : Eithar SPC or *S are eveitathe

0.000 1.000 0.000 0.000 S El-RwR : Either SPC or CSS is beint used or contoirewmt heet raevel i

11 Does the service water system er cross-tie to LPCI f ait? |
3 ElfSSW EtrSSW EtaSSW S EffSSW : SSW cross-tie is ts evaitable and cemet tv rectreed I

1 1 2 3 S EtrSSW : SSW cross-tie is recewarable when ac power is reatored
1.000 0.000 0.000 * EleSSW : Service water cross-tie is available

12 voes the fire protection system cross-tie to LPCI fait?
3 E1ffWS ElofFWS EtaFWS S E1frWS : F8re water system is tswweitable ard cemet be recoverad |1 1 2 3 S Elof FUS: Operators failed to align Fire Water system '

!
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i

0.000 0.000 1.000 S Etams : FWS is avaltabte to inject high pressure water into en
13 Are the contairnent twetwett) sprays f ailed? S ElfCSS : Centairrent sprays f ailed |

4 ElfCSS EtrCSS EtaCSS El-CSS S E1rCSS : Sprays are racewerable when oc power is restored ,

I
1 1 2 3 4 S E1aCSS : Contairrent sprsys are avaitacte

0.000 1.000 0.000 0.000 5 El-CSS : Contairrent sprays are operating
14 uhat is the status of vesset & pressurization? i

f~4 ElfDap ElofDep Etreep E1-Dep S E1fDeo : The RPV cannot te &pr=svarized

1 1 2 3 4 S ElofDep: The operaters f ailed to &prssurire the FW
!

0.0000 0.0000 1.0000 0.0000 S Eircep : The RPV has not teen * pressurized

15 Whe *;es core danage occur? f El-Den : RPV has teen *pressurited ,

2 CD-Fst CD-Stw S CD-Fst : Core damage occurs in the short term (1 br.) t

1 1 2 S CD-Stw : Core danage occurs in the long te w (12 br.s) |

1.000 0.000 i

16 What is the tewet of pre-tSistieg teskage er isolation f ailure? j
3 E1rt E1L2 E1L3 S E1rt : #arinet teakage (witSin tech * pac.) - wilt NOT prevent long-ter= press i

1 1 2 3 S E1L2 : Pre-emisting teakaga suf ficie *t to stowty *pressurire the contai.,=et !

0.9935 0.0065 0.000 S Ett3 : Larga pre-existing teak suf ficient to *pressurire the cca taire=at :

i 17 What is the tewet of pre-existing sumression poet bypass?

3 E1nSP8 E1-SP82 E1-SP83 S EinSPB : so pre-existi:=3 SPB in excess of *be neminst tewat i
1 1 2 3 S El-SPS2 : Initiet SP8 !argar than neinst - en the sam- erdee of tech seac le

0.9996 0.0004 0.0000 S El-SP83 : tarv initiat SPB - vants witt s0T ctcar fe- stou pressuriratiersa

18 What is the structural capacity of the contairvent?

1 Contain S initiatires the paraaaters that * fine the pressure er imutse at .Aich

3 1 S the centairwent witi fsit. For pressu e icads, there see 3 mo&s of centsicum

1.000 S failure: teak, rwture, are catastrophic rwture. For imutsiv toads theee
4 S th=re are 2 modes: teak and r w ture?, 21 334.ca S PCFait: Contairweat failure pressure -

u
22 0.20 $ CFRan: Randcza rurtn usad for contaire-et f ailure seda (Pressure)
24 19.50 S IMPCF: Igutse at =Aich centaircrat faits

q

25 0.50 S IautarC: eandem rw6ar used for centaitw=nt f aitu'e orde (tmutse)
19 What is the structural capacity of the drywett?a

1 Drywelt S Initiatires the parameters that define the pressure or imutse at which
,

3 1 S the drywett heed ard the drywett watt fait. For teth pressure and imstsive r

1.000 S tomds there are 2 fsiiure mo&s: Iesk and rupture.

5 i

26 528.00 S IPOWF: internet pressure which results in * ywett faiture
'

5 30 659.00 S EPOWF: External pressure which results in W ywatt failure t

31 915,1,2,1 S cWFaan: tantkm res6ar used for Crywat t failure anda (Pressure)
'

34 32.00 $ I"c0WF: Externet imutse w.ich results in &ywatt failure i; '
' 35 ?13,1,4,1 S 14eare: aandten emeter used fer &ywett failure anda (tgutse)

20 What type of sequence is this (stenary of plant damage)7
6 Fst-58 Stv-58 Fst-TZ Siv-T2 Tst-TC Siv-TC S T8 Ult : Fast S8 at hig% pressure with no injection - ac power is met recewarab

2 1 2 3 4 5 6 S TOLaf/FT8 : Fast core set t other thart T80'N ard ATWS ,

6 S TS : Long-term station t> tac 6out |
2 2 15 S TC-fD*e : ATWS with f ailure to *pressurire the RN (Ytim)

1 * 1 I

58 CD-Fst SCase 1: Fast Statiers tdeckout sequences [
1.000 0.000 0.000 0.000 0.000 0.000 |

1 2 Stase 2: Leng-term Station blacteut sa vanres ,

1 [
58 |

0.000 1.000 0.000 0.000 0.000 0.000
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A

b.

E1S0W
0.000 1.000 SCase 2: Fast core mett with arv at high pressure. Savs are cycted e C *+ti v ~

3 20 20 14 M '*
3) -4 S smett esreer of tims (33 based on sur/tTA$) and, tNs, the F ,

(1 +
5 of tailpipe vacum t:reaker f ailure is low

Est-SS Tst-t2 ff1-Dep

0.250 0.750
4 20 20 20 14 SCase 3: Long-tev e core saett with RPV et high pressure. Says are cycled a

+ 4 + 6) -4 S targe rsater of timas (45 besad on LTAS) and, thus, the probability
(2 5 of tailpipe vacuss breaker f atture is higher

Stw-SS Stw-72 Stw-TC *ft-Dep

f23,2,1 123,2,2 SCase 4: very f ast core mett with RPV at high pressure. Due to t%* roeid beit-
1 20 rate resulting from the ANS the low-tow-set SRV is held wide epan pri55

S to core damage ord its tsitpipe vacuim breaker does not cycte
Fst-TC
0.055 0.945 SCase 5: RPV is depressurfred, savs not eye. led repeatedly.

ctherwise
123,4,1 123,4,2

24 Deas ac p:ner rensin test dring core degradation? S E4fAC : ac power is not avsitabte dJring core damage
2 E4fAC E4-AC S E4-AC : ac power is available daring some portion of the core damage precess
2 1 2
4 S Case 1: f ailure of de power precit*s *C pow r recoverye
1 3

1

E1+DC
1.000 0.000

S Case 2: Long-terw station bisckout segaence
2 2 15

S none a 14.7 he given none 3 12 hr
? 1 2

i N $8 CD-Stw
' O.610 0.390 S Case 3: Fast station blackout accideit segresce
,

1 2 9 ew w a 3.35 hr given none a 1 hr
4 1

$8
0.370 0.630 S Case 4: Power was previously evaltable

Otherwise
0.000 1.000

25 1s de power avaitable during core degradation? '

S E4fDC : de power is uGT evaitabte d; ring core damaga
2 E4fDC E4-DC S E4-0C : de power 15 available daring the core damega twocess ,

2 1 2
4 iS Case 1: de power has already been test
1 3

1

E1fDC t

1.000 0.000 $ Case 2: ac power is ava! table, thus, de power is avaitable
1 24;

2
E4-AC
0.000 1.000 S Case 3: Long-term station blackout sevence - Batteries may daplete

2 2 15'
S If the betteries oeptete before ec power is recovered, both de and oc

4
1 2 S pewer are test58 CD-Stw

0.200 0.800 S Case 4: Fast station blackout accident sespnce
otherwise

0.000 1.000

_



- . _ . . _

26 m et is the RPy pressure during cere degradation?
2 E4-nip E4-top S E4-nip: #PV is et high pressure ( approx. 1055 pole)
2 1 2 S E4-lop: PPV is at low presst M ( < 50 psis)
6
2 14 25 Scase 1: Vesset o-pressurized prior to core damage and de power is stitt

4 * 2 S available
E1-Dep E4-DC
0.000 1.000

1 4 SCase 2: vesset witI dapressurire prior to core dmege (besed on LTAS cates.)
1

El-SORW
0.000 1.000

2 14 25 SCase 3: Rev can not be * pressurized because of harthsare feiture or
1 + 1 S de power i.es lost and the ADS vetves can re long-r be kept een

E1fDep E4fDC
1.000 0.000

2 2 14 SCase 5: Station blackout in which the eparators feited to (V p essurire prior .
1 3 S to enre dmege with ac power recovery. Scuse probability that ADS faits f

58 Eircep 5 and the operators will not depressurfte the RPV
0.260 0.740

6 21 1 1 15 22 15 Stase 5: ATUS or T2 se<parce (operators previously f ailed to *pressurire *PV)
1 * (2 + 3 *(2 2* 13) S and the operators fait to turn on MIS on tong term ATWS and the+

r

E2-MIS T2 TC CD-Stw E3vEmi CD-Fst S eperators fait to vent.
0.805 0.195

iOtherwise SCase 6: ATUS or T2 seqtw ee with nuttilpte operator errors t

to 1.000 0.000
g 27 Wat 4c the status of th* HIS before vesset breach?

[2 E4-M15 E4nMis S E4-MIS : N!$ IS isorking before vesset breach (

2 1 2 S E4nHIS : MIS is NOT working before vesset breach
7
1 21 Scase 1: MIS was not turned on previously, thus, will not be turnad en

2 S (to turn en MIS now would be an error of cope-ission)
E2nNIS
0.000 1.000

1 2 Ease 2: not a 58 and MIS was turned on previously, thus, still en.
2

,

nSS
1.000 0.000

!
1 24 Scase 3: 58 ard ac power has not tm ree:rvered and MIS mes en previousty,

1 S thus, NIS stiti en.
E4fAC
1.000 0.000

*
4 20 26 14 25 SCase 4: Fast 58 with ac power recovery, howaver, the coe-stors feited to

1 * 1 3 2 S to depressurf re the RPv. Some probability the operators will turn
* *

fst-58 E4-nip E1rcep E4-DC S h15 0FF when ac brought into plant.
0.128 0.372

2 20 26 SCase 5: Fast St with ac power recovery with no previous operator fattures
1 * 2 S Some probability the operators will be turned

,

Fst-58 E4-Lee S RIS OFF ihen se brcught into plant.:

! 0.064 0.936 >

1 20 SCase 6: Long-tenn 59 asith ac power recovery (eparator f ailures resulted in
2 S core sett)

t

i

y
_ _ _ _ _ .__
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1

1 j'

. S t w- 58 -
0.160 0.840

otherwise SCase 7: Case should not be used
0.000 1.000

5 28 Is WPV injection restored during core degradation?
3 . E&rtPI ' E&-LPI E&-WPI S E&rtPI: so low pressure injectim into the movf
2 1 2 3 S E&-LPt: There is tou pressure injection into the PPV

10' S E4-MPI: There is MIGN pressure injection iets the RPV
j
i '2 5 24

2 SCase 1: ppCS ises sw. ide and ac power is restored, thus, there is
{ . 2- *

j E1rMP!nj E4-AC S high pressure injection into the RPV
0.000 0.000 1.000

!

1 26 Scase 2: sigh mov pressure prectudes tow pressure injection
4 1

l E&-MiP
1.000 0.000 0.000

2 9 24 Stase 3: no feiture of low pressure injection syste= and oc pomar is evelistMe
-1 2 S injectim is automatic

* ff1ftPI 'E4-AC
0.000 1.000 0.000

4 8 24 - 20 27 Scase 4: Condensate syste= has not f ailed and oc power is evettabte
2 S and act a shcrt tere Sao (operaters have cesseited errors to get to CD)2 * -1- ' *-1 *

4

rf1fted E&-AC nFst-S8 E&rWIS S arw! the operators turned the als off
0.161 0.839 0.000

3 8 24 20 SCase 5: Condensate system has not felled ard oc pouar is eveltatde
* -1 S ard moi e Short tens Sao (operators have casanited errors to get to CD)2c2 -1 *

6 rE1f Cord E4-AC nFst-SS S and the operators FAILED tc turn the MIS Off
0.322 .0.678 0.000*

3 8 24 27 Stase 6: Condensate syste= bas not failed ord oc poner is eveitable
2 S and e Short tere 580 (so previous operaters errors) and the2. *-1 *

r(1ftend E4-AC E&rWIS . S MIS is CFF (to operator er*ers),

0.064 0.936 0.000
2 8 24 SCese 7: Condensate syste= has not failed and oc powar is available

2 S and a Short tere $80 (so previous operators errors) and t?ur,

j -1 *

' rftfCond E&-AC S Nts is ou (operator failed to turn atS Off)

i 0.128 0.8 72 0.000

| 5 12 20 24 27 24 SCase 8: Fest Sao se@ence . ~ th the Fids eveitable ord either no pnuar
2 < 11 S recovery (almost certainty) or att - m i injection failed and3 * 1 *( 2 *'

ElaFPS Fst-58 E&-AC E&rWIS E&fAC S NIS is OFF. Scae probability that operators get fire system ellywd.
O.128 0.872 0.000'

2 12 . 20 Scase 9: Sane as previous case except es:ersters failed to turn mis of f.*

* 1-; 3
'

E1eFPS Fst-SS
} 0.256 0.746 0.003

|,
Otherwise SCase 10: to tow pres. inject source or stou accident with FWS (operators'

1.000 0.000 0.000 S failed to use FWS previously, negligible probability will use it tww)

, .
29 Is the core in a critical configuration following injection recovery?

j i E&-Crit E&#1 Crit .S E&-Crit : Core is in a critical configuration following injecti m recovery

( 1 2 .S E&ntrit : Core is acT in a critical configuration following injection recover2
'3

2 1 28 _
,Scase 1: Arvs accident secasence with teu pressure injection

3 2 5 restored to the RPy

i
I'

. r . - - . _ , , _ .. __. - . ~ . - . . ___ . . . _ _ , _ _ . _ _ _ _ _ _ _ _ _ _ . _



TC E4-LP1
0.100 0.900

2 23 28 Scase 2: Att other transients with either high or low pressure injection
2 + 3 S restored to the RPy

E4-LPI E4-MPI
0.010 0.990

Otherwise Scese 3: No injection recovery (no sederator)
0.000 1.000

30 Wat is the statts of contairsaent sprays? $ E4fCS : Contairswnt sprays are falted and cannot be i_ued
& E4fCS E4rCS E4aCS E4-CS S E4rCS : Spreys are recoverable when oc power is resterad
2 1 2 3 4 5 E4aCS : Sprays are evaltabte
5 S E4-CS : Contairveent sprays are cceratifs
1 13

1 SCase 1: Conteirment sprays were previously felted
ElfCSS

1.000 0.000 0.000 0.000
2 13 24 SCese 2: Sprovs were previously recoverable arvj ec power has u0t ten restored

2 * 1
EtrCSS E4fAC
0.000 1.000 0.000 0.000

2 1 15 Stase 3: Long-tern ATVS (ATWS with MPCS > $ br.3). RNR is insuffielent to
3 2 S to keep the poot coot for this case

*

TC CD-Stw
0.000 0.000 0.010 0.990

2 20 24 Scese 4: Long-terim station blackout (thus, conteirvent pressure is high ereugh7 2 * 2 S to trigger spreys) - some prebebility that automatic actuation fai'+.* Stw-SB E4-AC
| 0.000 0.000 0.01a 0.990

Otherwise SCese 5: Spreys are available but not operated because conteirveent pressure is
0.000 0.003 1.000 0.000 S not sufficiem ty high

31 What armwt of oxygen is in the wetweit daring core degradatien?
1 C2WW S C2WW : Ae-=mt of oxygm in wetwet t prior to core damage
3 1

1.000
2
9 316.0 Spar. 9 : 02WW - ApryM of 02 in wetwett (Kg-mote)

44 1191.0 Spar. 44 : m2WW - Amoet of m2 in setwet t (ts-sete)
32 W et amsunt of oxygen is in the drywatt d; ring core degradation?

1 02DW S 02DW = Asemt of owygm in drywett prior to core damage
3 1

1.000
1

10 61.0 Spar.10 : 02DW - Aaomt of 02 in *ywett tKg-sele)
33 What amemt of steam is pres ~-t in the containnmc et core damsge?

1 '20uu 5 #20WW Aneunt of stese in centeitv= ant during core demoge
4 1 5 Par 1: #20WW - Armtnt of stese in wetwatt (kg-sete)
6
2 16 22 Stase 1: Either Pre-emistig rteture er weirwomt van ad (curreatly no

3 + 2 S prs--nistirva rseture erus t% Wy time conteinmaat witt be v= creed
21L3 E3VE41 S early is during a teng term ATWT, thus, treet tihe cose 7)

1.000
1
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1 1582.00
2 1 15 Sce=e 2: Long-tem A!ws (wrcs emes > 5 be.s - pee 8. beets up

23 *

TC CD-ste
1.000

'

1

1 1582.00
2 to 13 SCm 3: su twd cw.sie spreys wertig. sm tvettre e=swad et

& 4 S 110 F wuritiaue since poet weidd not heet.
E1-RG E1-Css

1.000
1

1 75.00
3 2 14 15 SCese 4: very teng-Tem s8 - Centoievnpet Stese triert

1 * 21 *

s3 ElfDep CD-stu
1.000

1

1 4235.00
1 20 Stese 5: teng-terie station biscio.* without centelevneet spreys

2
stw-se

1.000
1

1 22'FJ.00
7 Ctherwise SCese 6: Fest core sett (iguM, TQUV/FTS, & TCult) - sehccoled poet

1.000"
~

1

1 75.00
34 What aucunt of stese is present in the drywtt et core denege?

1 M20DW
S #20DW : Assaunt of stenra in drywlt durig core dmunge

4 1
S Por 6: M20DW: Assoint of stems in drywett (kg-sole)

6
1 23 Stese 1: stuck epes SRY teitpW vectase breeker

1 1 - targe emoirt of stese entees drywlt through the teilpipe voeism bres
esRVBkr

1.000
1

6 305.00
2 1 15 SCese 2: Long-tem Arvs (uPCs operates > 5 br.s - poet heets to

23 *

TC CD-stw
1.000

1

6 223.00
2 to 13 SCese 3: emt sad cen aimmt sprows worting

!
& 4

E1-RNR E1-CSS
1.000

1

6 14.50
3 2 14 15 SCese 4: very Long-tem ss - Cantaiennent stese Inert

1

t

_ _ . _ _ _



_ .

.
.

-
.

1 * 1 * 2
$8 ElfDep CD-Stw

1.000
1

6 81T.00
1 20 Stase 4: Long-ters station blackout

2
Stw-SE
1.000

1

6 424.00 S STMDWELL: Aposet of steare in drywet t (kg-mot?) fress LTAS
Otbarvise stase 5: Fast core sett (Tsux, Totv/Fis, & Tcux)

1.C00
1

6 14.50 S ST*0WELL: Asa.rtt of steers in drywett (kg-mote) 8m!-2139
35 Totet enastt of hydrogan released in-wesset during core dagendation?

1 In-VsM2 S In-VsR2: Amorsit of In-Wesset W protkrtion

4 1

6
2 1 28 Stase 1: ATVS seguence, rPV et high pressure, no high pressure injectien encet

3 2 S CRD (Tcux) eruf injection recevered

TC E4-LPt
1.000

1

2 221.7 N21 EVES - M2 released in-vesset (rg-pote)
? 1 1 Stase 2: ATVS segurree, RPW et high pressure, MO high pressure injection (705)

3 S WO injection recowered
,

N
| TC
'

1.000
1

2 458.4
3 14 28 28 Stase 3: Core degradation eccors et high pressure, however

-4 *(2 + 3) S injection is restored before vesset breecti.
r(1-DeP E4-LPI E4-MPI

1.000
1

2 326.1
2 22 28 Stase 4: Core dagradati e occurs at low pressure and

3) S injection to the PPV before vessel breech.(2 +

E4-LPI E4-MPI
1.000

1

2 277.1
1 26 Stase 5: Core degradation occurs at high pressure with no water injection

1 S before vesset breech.
E4-nip

1.000
1

2 442.3
Otnerwise Stase 6: Core deyadation occurs at f ew pressure with no water injection

1.000 S before vesset breach.
1
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! 36 What is the fewel of In-vesset rirconium oxidetion?
I .7 Zrox75 Zrox50 Zrox40 Zrox30 Zrox21 Zronto Zrox<to S Zrox75 : trevessel Zr oxidation > 75%
| 5 -1 2 3 4. 5 6 7 S Zrox50 : trrvesset Zr oxidation: 75% > Zrom = 50%

!
1 2 S Zron40 : In-wesset Zr oxidetion: 50% > Zrox * 40%

i M21NVES S Zrox30 : In-wesset Zr oxidation: 40% > Zrom > 30%
S Zrox21 : In-wessen Zr oxidetion: 30% > Zrom > 21%Amo .4

[ GETNRESN 6 1302.7 868.5 694.E 521.1 364.8 173.7 5 Zrox10 : In-wesset Zr oxidation: 21% > Zrom > 10%

I 37 What is the contairment pressure during core demoge?
|~ 3 E1P>3 E1P>2 E1P>1 S E1P>3 : Contsiruent pressure greeter than 3 bers !

J 6- 1 2 3 S E1PS2 : Containment pressure greater than 2 bers but.tess then 3 bars
S E1P>1 : Containment pressure less than 2 t:ers |7 '

- 2 16 22
SCase 1: Either a tewet 3 contairment leek or containment wented ,

$ 3- + 2
~ E1L3 E3 VENT S - contairement can not pressurire

5 9 44- 1 2 5
f02w m2W #20w x2tM EP8ese-

FtM-EBASP1
GET MESn 3 9999.00 9999.00 1.00 ,,

2 1 15 SCese 2: Long-tern ATWS (nPCS operates > 5 ter.s) - not poet.

'

23 *

TC CD-Stu
5 . 9 44 1 2 5

? 02w N2w m20w N2w EP8ese ,

!
a-* FtM-EBASP1
" CET WESN 3 9999.00 9999.00. 1.00

i
,

2 10 13
Scase 3: Ruit and contairment spreys working

; S - contalrument not pressurized dae to steen [
4 4

I E1-tMt E1-CSS
5 9. 44 1. 2 5.'

02w m2w ' N20W M2 w EP9ese,

FUN-EBASP2; r

'GETHRESn 3 304.0 202.6 101.3'
,

2 20 30 Scase 4: Leng-term station bteckout and spreys are working
2 4 S - conteirament pressure controtted by poet temperature (boit-ef f)t

i
Stu-$8 E4-CS

,

!

5 .
~9 44 1 2 5

|02w : N2w H20w H2w EP9ase'
FtM-EBASP3

3

CETnRESN 3 304.0 202.6 101.3
g. +

''

3 2 14 15 Stese 5: very tone term $s (approm 18 br.s to cose seett)
|1

| l' * 1 * 2
|$8 E1fDep CD-Stu'

;j5- 9 44 1- 2 5
azw uzw n20w m2w ErSese

i

FtM-EBASP4 -

-GEThRESM 3 304.0 202.6 101.3 1

'

.

, ,
- , , ,- , - - -- - - - -



l
1 20 stase 6: Long-term station blackeest and sprays ere acT woding

2
Stw-S8

5 9 44 1 2 5
02W a2W N20w M2W EP9ase

FUN-EBASP5
GETHRESH 3 304.0 202.6 101.3

Otherwise SCase 7: Fast core mett (T9ts, TCUV/FTB, & TCUM)
5 9 44 1 2 5

02W N2W M20w H2w EF8ase
FLN-EBASP2

CETHRESH 3 304.0 202.6 101.3

38 what is the tevet of contairvent teakage due to slow pressurization before vs7
4 ESPnCL ESP-CL2 ESP-CL3 ESP-CL4 SESPnCL : moninal contairmemt lea 6 age
6 1 2 3 4 SESP-CL2: Levet 2 contairvent teakage (Leak)

4 SESP-CL3: Level 3 conteirament f ailure (Rwture)
2 16 22 SESP-Ct4: Level 4 contairenent f ailure (Cat. Reture)

3 + 2
E1L3 E3 VENT SCase 12 Contairunmt has teen vented or already had a pre-existing teak.

1 5
EPBase

A4D

? CETHRESM 3 9999.00 9999.00 1.00
Dumy -- Already f ailed by detonation-

* 2 1 15 stase 2: Long-term ATwS (FPCs rms initiet t y), contaironmt wilt f ait
2 s from overpressure3 *

TC CD-Stw
2 21 22

PCFait CFRan
7tju-StuP1

GETHRESH 3 3.00 2.00 1.90
Dwry -- Atready Ieaking from detena* ion

3 2 14 15 Stase 3: very tong term station blackout (core damsge occurs a approx 18 br.s)
21 * 1 *

SS E1fDep CD-Stw
3 5 21 22

EPBase PCFait CFRan
FUN-SLWP2
GETHRESM 3 3.00 2.00 1.00

Otherwise scase 4: Initial pressure is not high enrxagh to threaten the containment
1 5

EP8ase
AwO

CETHRESN 3 -1.00 999.00 999.00
Parameter value triggers particular branch

39 What is the maxinus hydrogen concentration in the wetwett before vg7
6 Hw>20 kw>16 M W>12 rw>8 MW>& moMW S Mw>20 : M2 concentration in w > 20% ww>16 : 16% < H2 concen. < 20%

6 1 2 3 4 5 6 s ww=12 : 12% < M2 concen. < 16% rw>5: 8% < NZ concen. < 12%
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20 5. O.
Stase 3: 12% < n2 < 16% amt Low steam

31- *

E4-Wief MWID12 . f
i 0.000 - 1.000 f
' 1 ?

20 0.00 0.00
40 30

Stase 4: 16% < #2 < 20% and centainment initially inert to detonations, ;
3

i 4 43 39 . ( 2 4) S however, sprays are on dich reduces steam concentration and forms t
2 * *

}
1 *

i E4-Whef MWIA16 E4-VinZ E4-CS S a detonable mixture in containment (nigh stese) ,

.'

i 1
~

0.750 !i 0.250
|

| 20 144.2,1,1 0.00
Scase 5: 16% < NZ < 20% and Low steam .;

; 2 '43 39
|

2 L1 *
i

} E4-WWDf MWl#16 f

3- 0.260 0.740 !!
4 1 !

| 20 .12.40 0.00 SCase 6: N2 > 20% and centalruent initietty inert to detonations, >

4 43 37 40 30
~ S however, sprays are on dich reduces steam concentretien and forms i.- (' 2 * 4)' 1 * 1 * *

S e detonable mixture in contairunent (Hipt steam) ,

j Ft. WWDf NWln20 E4-Vin 2 .E4-CS !

f44,4,1 944,4,2 >

1 1 [
,

j 20 t44,2,1,1 0.0G >

2 43 37 Scase 7: h2 > 20% and Lew steam,
.

4 .

31 ~ g .
[*

E4-WWDf NWh>20 r

0.450 0.550 |
i 1 j

20 f44,5,1,1 0.00 L

'Otnerwise -- so combustion SCase 8: no centustion
t,

0.000 1.000' i

i 1 .

[' 20 0.00 0.00 S tastead: tapulse toading to drywlt structures
#

45 What is the tevet of contaifunent i putse toad before vessel breacb7
7 E-tsp 60 E-tp>50. E-Ip>40 E-tp>30 E-Ip>20 E-sp>10 E-Ip<10 S E-tr+60 : Impulse > 60 KPa-S E-tp>50 e on > tapulse > SO KPa-S ,

5 1 ' 2. 3 4 5 6 7 S E-tp>40 : 50 > Impulse > 40 KPa-S E-tp>30 : 40 m taputse > 30 KPa-S E

20 S E-tp>20 : 30 > Inpulse > 20 KP4-s E-!p>10 : 20 > tepulse > 10 KPa-S (
|1

.Ispload S E-Ip<10 : Isputse < 10 KPa-S "
,

AND l'

GETHRESN 6, 60.00 50.00' 40.00 30.00- 20.00 10.00
1 Perse load to verify result of preceeding question !i

|46 With what ef ficiency is hydrogen burned prior to VB7 S n2Efsys : H2 burn efficiency prior to wesset breer% |
1 M2EfavB ii

i 4 1 h
' 12 Stase 1: so def tsgration in the wettelt before vesset breech i

1 43 !
2 I

E4rMlef [4

! 1.000 ;

| 2 I

! i
i |

! !
! 1

! >

Ii

!
'- - - ~ - - ,
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18 0.0001

1 19 0.003
2 40 39 Scase 2: vetwett steam > 45% (nigh steam) and m2 f rited in Range n2 < 41

| 2 * 6 6

E4-Vin 2 moMW
1.000

2
!

; 18 0.079 S Par 13 : H2Efv61 - Ef fective ef ficiency of N2 certiustion
19 0.275 S Pac 19 : H2Efv32 - Actual efficiency of N2 combustien

1 39
6 Scase 3: Wetweti steam < 45% (Low Steam) and #2 ignited in Range N2 < 4%mopw

1.000
2 t

18 0.tXS
19 I46,2,2,1

|2 40 39 Scase 4: vetwett steam > 45% (nigh steam) and n2 ignited in Range 81 > #2 > 4% |2 5*

E4-Win 2 NW>4
?.000

2
18 0.28
19 946,2,2,1

1 39 Scase 5: WetwetI steam < 45% (Iow stese) aruf p2 ignited in Range 8% > m2 > 4%
t

<

?
y 1.000s

| 18 0.280
j 19 146,2,2,1

2 40 39 Scase 6: uetwetI steam * 45% (high steam) and N2 ignited in Range 12% > M2 > 8% '

2 * 44

j E4-utn2 NW>5
1 i1.000
: 2
] 15 0.464
; 19 0.740
1 1 39 Scase 7: Wetwett steam < 45% (tow steaa) and n2 ignited in Range 12% > m2 > 8%'

4
WW>8
1.000

2
18 0.575

j 19 146,6,2,1
2 40 39 Scase 8: Wetwett steam > 45% (high steam) and N2 ignited in Range 16% > m2 > T22 * 3 '

E4-Utn2 fr.M>12
1.000

2
15 0.483
19 0.881

1 39 Scase 9: uetwett steam < 45% (leu steam) and n2 Ignited in Range 16% > m2 > 12% [
1

i

1

,

l I

J

_ _ _ _ _ . _ . _ _ _ .
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Perse g:*ak pressure for verification,

Otherwise Stase 4: DefIagration in the wetwet t L* fore vesset breach with WO targe
8 3 1 9 5 11 iS 19 44 S failure in the contaircumt

1

H2W M20WW 02W FF9ase Pern M2Efv91 a2EfvB2 N2W !

FtM-EPBRus
GETHRESM 5 709.3 ' 608.0 506.6 405.3 304.0

Perse pesh pressure for verification
48 What is the tevet of drywett leakage induced by an earty detonation in contaircent?

3 EroWDt E-Dwt2 E-DWDt3 S Erc @ t : No drywett fatture irexed by detonation
6 1 2 3 $ E-D W t2 : 9tywe t t t eakaga induced by detonation (Level 2) I

2 1 E-DWDt3 : Drywatt rupture irexed by dattmation (Level 3)
i

1 44 <

j 1 SCase *: Detonation in wetwett before vesset breach
; E4-WWDt
1 3 20 34 35 -

'
, 1eptoad Imp 0WF IMRare
i FtM-EDI

GEThRESN 2 2.00 1.00 i

5 Ommy parameter values used to trigger pa-ticutar branch
Decewise Stase 2: WO detonation in wetwatt before vesset breech - no failure

3 20 34 35 ;
leg oad I*OWF IMRare

AND .
GETHRESM 2 0.00 -1.00 |

S Parameter values force Branch 1 Ig
49 What is the tevet of contairmt tenag. induced by an early detonation?*

[ 3 E4retF E4-OtF2 EC-DtF3 S E4nDtF : no Contairwumt failure induced by detonat on
,

i
*

6 1 2 3 S E4-OtF2 : Contairewnt teakage irdxed by detonation (tevet 21 6

3 S E4-DtF3 : Contairment rsoture irdxM by detonation (tevel 3)
| 2 48 48
i 2 + 3 SCase 1: Detonation failed the drywett (Either Level 2 or 3)

E-D et2 E-DWDt3 S This cas* at tous count ing betwaen drywett and contairvent response
,

'
,

1 5 20 24 25 34 35 |
1spload IMPCF IMR arc 1MPDWF IMRare

f FtM-EC11
GETHRESH 2 2.00 1.00

3 1 44 Stase 2: Detonation in contairmant - No drywet t f ailure frtze detonetion i
1 !

E4-WWDt I
3 20 24 25 |,

; laptoad IMPCF IMPanC i
FtM-ECl2 ;

CETPRESH 2 2.00 1.00 i

Otherwise SCase 3: no detonation in contairnent - 40 f at ture
1 20 '

*inptoad
AND '

GETHRESN 2 -1.00 -1.00 ,

S Parameter values force Branch 1
50 What is the tevet of contairment teakage before vesset breach? $ E5nCL : so contairment failure

4

|

i



_
i

4 E5nCL E5-CL2 ES-CL3 ES-CL4 S E5-CL2 : Contairvent f ailure is a teek (Levet 2)
6 1 2 3 4 5 ES-CL3 : Centainnent faited by rteture (Level 3)

S L5-CL4 : Contairwent failed ty catastreghic rteture (Level 43
4
5 16 22 38 38 -49

3 Scsse 1: Contairvent either had a pre-existirs rupture or was vented or
3 + 2 + 3 + 4 +

E1L3 E3 VENT ESP-CL3 ESP-Ct4 E4-DtF3 S was rtetured ty a detone fon

1 '5
EP8ase

FUW-EC8rn1
M TMRESH 3 9999.00 9999.00 1.00

Otrwry -- Already f ailed by detonation
3 16 38 43 Scase 2: Contaire -* *.eefy teeking and no def tegention occurred

* 2 S - TNas, ro additional teakage2)( 2 +

E1L2 ESP-Ct2 E4nWWDf

1 5
EP8ase

AND

E1MRESN 3 9999.00 0.00 -1.00
Dtsey -- Already teeking f rrse detonation

3 16 49 35
Scase 3: Contairvent either had a pre-existing tesit or has a leek free a

2 5 deterotion
2 + 2 +

Ett2 E4-DtF2 ESP-CL2
4 5 11 21 .2

EP8ase P8rn PCFait CF9an

FU4-ECsrn2
? ETMRESH 3 9999.00 2.00 1.00

Dtswy -- Atready teekir*g free detonation
Contairnent intact before contairvent burn - No f ailure from detonatioN Stase 4:Otherwise

4 5 11 21 22

EP8ase P8rn PCFait CFRan

FtM-EC8rn2
ETHRESH 3 3.00 2.00 1.00

Parameter value triggers particular branch
51 What is the tevet of drywett teakage induced by contairwent pressurirstion?

5 EnDWOf E-DWDf2 E-DWHDf2 E-DWf3 E-DW4Df3 5 Er1DuDf : wo drywett failure
Drywett faiture is a teak at the DW watt (Levet 21

6 1 2 3 4 5 S E-D w f2 :
S E-DWHDf2 : Drywell failure is e teak at the DW head (Level 2)

Dryvett failure is a rupture at the DW wait (Levet 315 S E-Dw f3 :
2 17 48 S E-DW4Df3 : Drywett failure is a rteture at the DW bead (Level 3)

.' + 3
El-SPB3 E-DWDt3 Pre-existing targe leak or drywett already rtptured tw a detonationSCase 1:

1 5 S Ds ywell already f ailed at watt -- prevent head failure
EP8ase

AND

ETMRESH 4 9999.00 9999.00 9999.00 0.00

Scase 2: Dryweit has pre-existing teak and contairment rtetured
3 17 50 50

S Prior drywell teakage to exclude drywell head teskage
2 ( 3 + 4) Contairvent rteture so burn pressure could be estigatedS

El-SP82 E5-CL3 E5-CL4
4 5 11 30 31

EPsase P8rn EPDVF DWFRan

FtM-ED8rn1
ET HRESN 4 9999.00 3.00 2.00 -1.00

. . . . . . . . . . - - . . . _ _ . _ , . . . .

.. .. . . . . . . . . . _ . . _ , . . . . _ ___. .. , _.
. .. . . . . _ . . . _. .. .. ,, __ _ _ .
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Stase 3: NO pre-existing drywet t f ailure ord contaireurnt is rwtured
S Centeimmt rteture so burn pressure could tw mitigatad

2 50 50
+ 43

ES-Ct3 E5-CL4
4 5 11 30 31

EPBase PBro EFDWF DWFRan

Ft.m -EDB rn2
CETHRESM 4 4.00 3.00 2.00 -1.00

SCase 4: Pre-existing drywet t teskage - Prior teakaga to emetta$e head teakage
1 17

2
E1-SPB2

4 5 11 30 31

EPBase PBrn EPDWF DWFRan

(UN EDBrn3
CETHRESM 4 9999.00 3.00 2.00 -1.00

Stase 5: Burn or no W, case with no prior ruptures
Otherwise

4 5 11 30 31

EPBase PBrn EPOWF CWFRai

FUN EDBrn4
CETMRESM 4 4.00 3.03 2.00 -1.00

$ Durry parameters select f ailure ari$e
52 What is the tevet of si.wr-ssion pool byu s+ following earty certustion events?$ E5nSPB : wo sumressien poet bypass

3 E5nSPB ES-SPB2 ES-SPB3 S ES-SPB2 - Sg ur-ssion poet b mass tevet 2 (teak)m
2 1 2 34 S ES-SPB3 : Stepression pool bypass tevel 3 (eteture)
5a
4 17 48 51 51

4 + $3 + 3 +

El-SPB3 E-DWDt3 E-DWDf3 E DWHof3 Stase 1: Drywrit rteture f rom cartustion or pre-existing rtvture
0.000 0.000 1.000

4 17 24 41 43
SCase 2: Pre-existing drywet t teak ard ac pow r is avaisable and M2 cestustiene

2 2 ( 1 + 1) S in contaiment - pre-existing teak enacerbated by vacuta breaker f ait

El-SPB2 E4-AC E4-Dif E 4-WD f

0.000 0.950 0.050
4 17 48 51 51 SCase 3: Drywell teakage f rom either pre-existing tesk, teak from detonation

3 S or leak f rom pressure in contairwomt.22 +2 + +

El-SPB2 E-DWDt2 E-DWDf2 E-DWMDf2
0.000 1.000 0.000

3 24 41 43 Stase 4: ac power is avaiIabtc are M2 concustien in centai rent
S - vacuum breaker faits frte M2 burn1)2 ( 1 +

E4-AC E4-Dif E4 WWDf

'52,2,2 0.000 '52,2.,3 Stase 5: no burns in containremt & no addit onal bypassi

Otherwise
1.000 0.000 0.000

53 Mas the upper poot dtepetn S t#0pp : Upcer pool has durve $ eseter into the sumressim pool
2 (FDep naUPDen S notryp : The tcper contairmemt peot dtrp dces NOT mate
2 1 2
2 is available - t%per Poet Ourp requires ac p werSCase 1: ac power
1 24

2
E4-AC



. _ _ _ _ _ _ _ _ _ _ _ _ _ ._.

, 1.000 0.000
| Otnerwise Stase 2: No AC power - camot operate t4cer pool otro without ac power

0,000 1.000
54 Is there water in the reactor cavity?

3 ES-OFtd . ES-0 Wet ES-Dory 5 E5-DFtd : Drywett is flooded (5 m of water in the pedestat)

2 1 2 3 S ES-DWet : Reactor cavity wet (200 M"3 of water)

9 S ES-Dory : Reactor cavity is dry
1 51

5 Stase 1: Drywet t head rupture - shield poet teoks into drywett *

E-DWHof3
1.000 0.000 0.000

6 16 22 38 38 50 50 Scase 2: wo pre-emisting rtoture or venting and containment faiture either

4) S ty rteture or catastrog4 tic rtoture - conbustion event failed contain-3-3 1 (3* -4 ** * +

nE1L3 F3nVENT ESP-CL3 ESP-Ct4 ES-CL3 ES-Cit
0.990 0.010 0.000

'5 16 22 43 39 39 SCase 3: M-2 coreustion in contairiamt and contaimmt intact e= cept for.

-5 S possione tevet 2 teskoge-3 1 * 1 * -6 *

nE1L3 E3nVE NT E4-WWDf nNOWW nWWD4
0.999 0.001 0.000

8 16 22 17 41 30 39 39 24 Scase 4: so contaiment rteture and to toege stepressinn poet bypess and no '

-3 1 -3 1 -4 -5 -6 1S contairvaant sprays and were than 8% of H2 burns as a dif fusion f twee

r(1L3 E3nVENT ff1-SPB3 E4-Dif nE4-CS nwW>4 reoNW E4fAC
0.450 0.450 0.100

7 16 22 17 53 39 39 39 Stase 5: wo contaiment rteture aruf me targe stgpassion poet bypass and '

2 + 3) S tcper poet durp and vuore than 12% M2 withwt a burncp -3 1 -3 1 ( 1 +
r(1L3 E3nVE NT ff1-SPS3 UPDep NW>20 MW>16 MWu>12*

u, 0.500 0.500 0.000 |
1 20 SCase 6: Long-tera station btactout - Ptsp seeI tenkaga ;;

2 i3

>Stu-SB
0.000 1.000 0.000

I
1 1 53 Stase 7: Upper poot has du e

1"

uroep
0.000 1.000 0.000 -i

7 16 - 22 24 17 39 39 39 Stase 8: 4o ccetairvamt rupture and No targe stppression pool bypess and
'2 + 3) S me ac power, and core than 12% M2 without a burn-3 1 1 -3 ( 1 +

rf1L3 E3nVENT E4nAC nE1-SPB3 erW>20 kW>16 NWm12 ,

0.000 154,5,1 ?54,5,2 !
Otherwise SCase 9: Pre-existing contairvarnt rupture or targe sigpression poet bypess or ;

0.000 0.000 1.000 S no significant #2 generae on L

55 What is the contairvamt pressure before vesset breach? r

3 ESP >3 E5P>2 ESP >1 1 ESP >3 : Contairwent pressure before vesset breach = 3 tuer |

6 1 2 3 S ESP >2 : 3 > contairnent pressure > 2 bor
,

5 1 ESP >1 : 2 ber > contairvnmt pressure L

1 50
-1 SCase 1: Conteirnent has failed

E5-CL S Pressure set to atwest*Heric
8 1 9 44 3 6 10 4 5 ,

; M20Wu 02W N2W H2W M20Du 020W H2Du EPBASE
i FUN-!BASP1

GETN8tESH 2 304.0 202.6

I

. _ _ _ . _ _ _



Scase 2: so Contairwent f ailure with e LARGE sixprenion poot typess and
2 52 30 CS. Base Pressure changed to account for the change in total meterS* 4 of metes. (Drywett erw! Wetwet t assurwd to tw wat t mined)3 S

E5-SP93 E4-CS
8 1 9 44 3 6 to 4 5

M20uu 02W m2W N2W M20DW C2DW N2DW EP8ASE

FUu-!BASP2
CETM8ESH 2 304.0 202.6

SCese 3: no containmant failure with a LARGE stspression poet twposs
1 52 Base Prassure changed to account for the change in total arterS

3 of motes. (Drywett and Wetwett essumed to be welt misad)5
ES-SPS3

8 1 9 44 3 6 10 4 5

H20uW 02W N2W H2W N2tEW 02DW M20W EPBASE

FUN-IBASP3
CETHRESM 2 304.0 202.6

SCase 4: to Cetairv=ent f ailure aruf no targe stepressien poet tes and
1 30 CS. Base Pressure changed to account for the change in total :w4w-S

4 of motes. (Drywet t and Wetwett essumad to be wett misad)S
E4-CS

8 1 9 44 3 6 10 4 5

M20W O2W N2W N2W N20DW C29W N2DW EFEASE

FU4-1EASP4
GETHRESM 2 304.0 202.6

SCase 5: no contairemt f ailura and no CS - sese pressure ediusted to occomt
Otherwise

'V 8 1 9 44 3 6 10 4 5S for change in totat ruder of roles
* H23AJ 02W N2W N2W H2tEW 02DW N2DW EPBASE

FUN-IBASPS
GETMPESH 2 304.0 202.6

56 To what tevet is the DW stewn inert at vesset breach? S E5ccin : Drywett is not inert
3 E5rcin E5-D!n2 ES-D!n3 S ES-D!n2 : Drywet t inert to detonations
5 1 2 3 $ E5-Otn3 : Drywet t inert to M2 combustien
3 4 6 10

FUN-DWIN1 S Catcutetes dry air mole fraction in DW Stase 1: Stuck open S/RV tailpipe vacusa bree6er and RPV et tow pressureH2 DWELL M2tEW O2 DWELL

GETHRESH 3 f40,1,1 ?40,1,2 940,1,3
Det Carb. Inert

57 is there suf ficient M2 for ctreustion/detonetion in the DV before vs? Enough m2 & 02 for e datmetion ( m2 > 16% >S E5cD@t :
3 E5cDWDt E5cDWDf E5fCWC S E5cDWDf : Enough M2 & C2 f er a ccetsustion ( 16% > R2 > 6% )
5 1 2 3 not ennugh m2 or 02 to si. sport cwoustion ( M2 < 6%)S EscowC :
3 4 6 to

M2 DWELL M20DW O2 DWELL
TUN-DWCBVB
GETMDESM 3 0.16 0.06 0.00

m2 min -- 16%, 6% or less than 6%
58 Does en Alpha pode Event f ait both the vesset and the containnent? S At#a : Atpha sesde event fsits the RPV and centminnent

2 AtPa noA t@a S noAtes : There is no Atma moda feiture
2 1 2
i SCase 1: RPV at ulGN Pressure when core stury., occurs
1 26

___



______ _ .. -

1

E4-nip

O.001 0.999
Otherwise SCase 2: RPM is a LOW vessure *Am core sitm ecturs.

0.010 0.990
59 est f raction of the core participstes in core stim?

3 MiSL Med5L towSL S Mist. : >50% of Core eetten et cere stup ,

'
2 1 2 3 S ma351 : Bete 10% & 50% ef cer* wrAten at core stue
7 S Lewst : < 10% of core welten at cere sitre
1 58

1 S"ase 1: Alpe oak failure bes ecc.srre f 6Aich i=pties terga f ractim sett*=,

At @a
1.000 0.000 0.000,

2 26 23 Stase 2: RW at high pressure with migh pressure injectiere & WO al@a caht

31 *

E4-rip EC-kPI
0.000 0.000 1.000

3 26 7 24 Stase 3: RPV at high pressure with CSD injectim & mo al@a seda
i .

1 * ( -1 * 2)
E4-hip rf1fCRD E4-AC
0.000 0.000 1.000

1 26 Stase 4: EW at MIGW pressure e ith m injectim & we al@a eryk
1

E4-RIP
1.000 0.000 0.000

? 2 28 28 Stase 5: Rev et tow pressure and there is eit*=ar high er tow pressure
,

Z ( 2 + 3) S injection, no alpha sak ;I
E4-LPI E4-ppt

!59,2,1 159,2,2 159,2,3i

2 7 24 SCase 6: #W at Low pressure with enty CRD injection, me alpha mde

2)( -1 *

riEf fCPD Es-AC
tS9,3,1 959,3,2 159,3,3
Ctherwise SCase 7: RPV at low pressure with no injection, WO al@a evexk2

159,4,1 I59,4,2 !59,4,3
60 Is there a larga in-vesset stese esplesfort? '

2 Vessta nyessfa S wesstx: There is an in-wesset stem emptosion
2 1 2 S nvessta: There is no in-wesset steem explosien .

'
3
1 58 Scase 1: Large steam emplesion resulted in Alpha sede f ailure |

1

; At$a
1.000 0.000 ;

1 26 SCase 2: RPV is at N!ca pressure and u0 alpa sede feiture
'

'
1

E4-hip

0.100 0.900
Otherwise SCase 3: RPV is at LOW pressure and NO at$a sede falture

'

O.86 0.14
61 W at fracticri of the core debris would be mobite at vesset breach?

2 Miliqv8 Loliqv8 S mil ~qv8: Large amount of core debris (40%) embite at vesset breach
4 1 2 S LoligvB: Smatt acetrit of core Abris (10%) suobite at vessel breach j

i

|

t

_ _ _ _ _ _ ___ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ . _ . . _ _
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S CW-Dtitd: Iepulse toad fras detonation in the drywett
36 12.00 0.00 Scase 2: No vesset breach or mixture not detonableotherwise

0.000 1.000
1

36 12.00 0.00 S DW-Ot!Ld: lepulse load from detonatim in the drywett
66 Does a deflagration occur in the DW at vesset breach? S I-DWDf : Deftagration occurs in DW at vesset b.each

2 I-DWDf InDWDi 5 IrCWDf : ho deitsgratim in DW at vesset be cach
2 1 2
2 . The drywett is not inert and there is a combustible mixture in the
4 56 57 63 65 TCase 1:

crrywett and there is a breach in the vesset and the mixture did kOT
-3 -3 -5 2 s

nES-DWin3 nE5roWC Jreach IrcWDt S detonate

1.000 0.000 Stase 2: me hydrogen, inert, ne breach, er previous detonation
Otherwise

0.000 1.000
67 Does a targe ex-vesset steam explosion occur? S FxSE : A large ex-vesset steam explosl*Jn occurs

2 ExsE rfxK & rExsE : There is NO targe ex-vesset steam explosion
2 1 $ Pd-SEILd (Par. 38): Inpulse loading to pedestat from Stx
3
4 58 63 54 28

1) Stase 1: Either the drywett is DRY and there is NO INJECTICW ints the vesset
1 + 5 + ( 3 *

At@a rsreach ES-DDry nLPI S at the time of VB or the vesset failed by Alpha Mode or there was
$ no vesset faiture

0.000 1.000
1 64 Stase 2: MPME occurs at b8

1
g

HPME

y 0.800 C.200 Stase 3: vs occurs at HIGH pressure (NO kPME) or VB occurs at LOW pressure
Otherwise

0.86 0.14
68 What amount of H2 is released at vesset breach? 5 H2VB : H2 release dJring bloer3mm at VB

1 M2VB S Par 7 - M2AVB : Amount of M2 released at vesset breach (kg-mots) ,

4 1 i

7 Stase 1: Either At@a su3e vesset failure or no vesset f atture
-

2 63 63
5

.

1 *

A-Fait rereach
1.000

1

7 0.00 SCase 2: ATUS sequence, RPV at high pressure, No high pressure injectico except
2 1 28

f CRD (TCUX) and injection re:evered
3 2

TC E4-LPI
1.000

1

SCase 3: ATWS sequence, RPV at high pressure, NO high pressure injection (TCUX)7 41.0
1 1 $ - wo injection recovered

3
TC

1.000
1

7 65.0 SCase 4: Core degradation occurs at high pressure, however
3 14 ri 28



*- aet ' |
i

--4 *(2- + 3) S injection is restored before vesset treach.
nE1-DeP E4-LPI -E4 NPI.

1.000
1

7 41.0 .
. ..

SCase 5: Core degradetion occurs at tow pressure and
2 2S 23

S injection to the RPW before vesset breech.'( 2 + '3)
E4-iP! E4-HP!
'1.000

1-
7 15 0 Stase 6: Core degradation & VS occur at high pressure with no water injection .
1 26

S before vesset breach.
1

E4-hip #

1.000
1

-7 121.0
Otherwise -- Low Pressure no injection rGovery Stase 7: Core degracation & VB occur at tow pressure with no water injection

S before vesset breech.1.000
1

7 48.0 SN2VB>50 : Greater than 50% of the totst Zr is oxidized at vs -69 How much hydrogen is released at vesset breach? SH2VB>25 : setween 25% & 50% of the totat Zr is oxidized at vs
' 4 H2VB>50 H2VB>25 N2VB>10 H2VB<10

6 1 '2 3 4 SH2VB>10 : Between 10% & 2S% of the total 2r is oxidized at vs
SH2vs<10 : Less taan 10% of the totat Zr is cridized at vs

2
m. 2 64 67 Spar 8 : FH2vs - Initiatized in user func* ion FUN-H2 Avej (1 1)-+-

idHE EXSE

4 2 7 46 8 Scase 1: HPME or en ex-vesset steam emptosion has occurred

H21NVES N2VB FEJECT FH2VB

FUN-H2AVB1
GETMRESH 3 868.5 434.25 17.37

SCase 2: oO HPME and wo ex-vesset steam emplosion
Otaervlee

4 2 7 46 8
H2INVES "H2VB FEJECT FH2VB

FUN-H2Av82
t.ETHRESH 3 868.5 434.25 17.37

70 What is the peak drywell/wetwett pressure dif ference resulting from vs? Peak drywett/wetwett pressure difference et vesset breechS DPOWS :
1 DPDWB S Par 13: OP(NYB - Peak drywett/wetwet1 pressure difference at WB
4 1

Scase 1: vesset either failed by Alpha mode ord thus drywell pressuritation is |14
'2- 63 63

.S irrelevant or vesset did not fait at att..1 + 5
A-Fait nBreach

1.000
1

13 0.00 SCase 2: vesset breech at HIGN pressure witt. e LAeGE amount of noteriet through^
6 26 61 - 63 63 54- 54

1 ( _2 + 3) ( 1 + 2) S a LARGE hele into a WET reactor cavity
1

.

E4-hip HiLiqvB BH-Fai t ' tgBrch E5-DFtd E5-Duet S - Expert Case 1-MC.

,
- - _ .
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.
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.i,

-1.000
1

13 433.00
4 26 61 54 54 SCase 3: vesset breacn at WIGn pressure with a LARGE amount of saterial through'-

1 ~1 ( 1 + 2) S a SMALL hote into a WET reactor cavity- r

E4-hip HILiqvB E5-DFtd - ES-DWet. S. -Expert Case 1-hc
1.000

.;
,

13 .332.00
* 4 26 61" 63 63 Stase 4: vessei breach at MiGM pressure with a LARGE amount of materfat through

1 1 ~( 2 + 3) S a LARGE hole into a CRY reactor cavity .
,

E4-hip MiliqVB BH-Fait Lg8rch -'s -Expert Case 2-NC '

1.000
1 i

13 392.00 t

2 ' 26 61 ' Stase 5: vesset breach at HIGu pressure with a LARGE amount of noteriet through ' ,

1 1 S a SMALL hole into a DRY reactor cavity
E4-hip HILiqVB . S -Expert Case 2-hc

1.000
[1 ,

13 242.00
. .. .!

5 26 63 63 54 54 SCase 6: vesset breach at WIGn pressure with a SMALL anomt of materiet through ;
1 ( 2 + 3) ( 1 '+ 2) S a LARGE hote into a WET reactor cavity !

'E4-hip. SH-Fait- "(gerch E5-DFtd ES-DWet S -Expert Case 1-Mc
1.000g

1.

W 13 425.00"
3 26 54 54 SCase 7: Vesset breach at MIGN pressure with a SMALL ano mt of materlat through

1 ( 1 + 2) S a SMALL hole into a WET reactor cavity " ~

,

r4-hip ES-DFid E5-DWet S -Expert Case 1-he
1.000

1

13 312.00
; .i3 26 63 63 ' Scase 8: vesset breach at n!GN pressure with a SMALL anot.rit es materiet through ;

1 ( 2 + 3) S a LARGE hole into a DRY reactor cavity
|E4-MiP BH-Fait igsrch S -Expert Case 2-Mc
!1.000

1

13 337.00
1 . 26 State 9: vesset breach at MIGN pressure with a SMALL amtmt of esterlat through. 'f

.

.

1 S a SMALL hole into a DRY reactor cavity,

E4-hip S -Expert Case 2-he
1.000

1 [
13 222.00

5 61 63 63 54 54 SCase 10: vesset breach at LOW pressure with a LARE amount. of materiet througr ;)
1 ( 2 + 3) ( 1. + .2)- 5 a LARGE hole into a WET reactor cavity

HILiqvB SH-Fail Lgerch ES-OFid ES-DWet- S
' - Expert Case 3-HC

'1.000
1

13 295.00-
3 61 ' 54 54 SCase 11: vesset breach at LOW pressure with a LARGE amount of material through -

.

$

..

.4.4 23' swe-z----'N-,e h tM g pe. 9.-- - .m.a3
__ _ _ . ._
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1 ( 1 + 2) S a 1 MALL hole into a WET reactor cavity
HiLiqVB ES-0Ftd ES-DWet S -Expert Case 3-hC

1.000
1

13 242.00
4 63 63 54 54 SCase 12: vesset breach at LOW pressure with a smALL amount of anterlat through

( 2 + 3) ( 1 + 2) S a LARGE hole into a WET reactor cavity

B& Fait LgBrch ES-DFid ES-:r. Jet S -Expert case 3-He
1.000

1

13 290.00
2 54 54 Scaw 13: Yesset breach at LOW pressure with a SMAtt amomt of materiet through

2) S a SMALL hole into a UET reactor cavity( 1 +

ES-DFid ES-DWet S -Expert Case 3-hc
1.000

1

13 238.00
Otherwise SCase 14: Vesset breach at LOW pressure with a dry cavity

1.000
1

13 0.00
71 What is the peak pedestat pressure at vessel breach? S Ped-vBP : Peak pressure in pedestal at vesset breach

1 Ped-VBP S Par 13: Ped-YBP - Peak pressure in pedestat at vesset breach (Bar)
4 1

18 SCase 1: Vesset either failed by Alpha mode and thus drywett pressuriration is
m. 2 63 63 $ irrelevant or vessel did not fait at att

d 1 + 5
A-Fait nBreach

1.000
1

39 0.00 Scase 2: Vesset brewh at m!GM pressure with a LARGE emomt of anterial through

6 26 61 63 63 54 54 S a LARGE hole into a WET reactor cavity

1 1 ( 2 + 3) ( 1 + 2) S - Expert Case 1-HC
E4-MiP MiliqVS BH-Fait LgBrch E5-DFid E5-014et

1.000
1

39 3575.00
4 26 61 54 54 Stase 3: Vesset breacf: at HIGH pressure with a LARGE amomt of materiat through

1 1 ( 1 + 2) S a SMALL note into a C reactor cavity
E4-hip HiLiqvB E5-DFld E5-DWet S -Expert Case i-hc

1.000
1

39 2780.00
4 26 61 63 63 Stase 4: vesset breach at MIGd pressure with a tARGE anomt of materlat through

1 1 ( 2 + 3) S a LARGE hole into a DRY reactor cavity
E4-hip Miliqvt BM-Fall LgBrch S -Expert Case 2-HC

1.000
1

39 3080.00
2 26 61 SCase 5: Vesset breach at MIGn pressure with a LARGE amoJnt C# anteriet through

1 1 S a SMALL hote into a DRY reactor cavity
E4-hip HILiqVB $ -Expert Case 2-hC

. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _- -.
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1
i 39- 1720.00 . - |

5 26 - 63 63 54 54 Scase 6: vesset breach at MIGN pressure with a set 4LL amount of asteriet through . ,

1 ( 2 + 3) ( 1 . + 2) S a LARE hote into a WET reactor cavity
E4-hip SM-Fait Lg8rch - ES-DFid E5-DWet S -Expert Case 1-He

,

'1.000
. 1 !

! 39 3245.00 !

3 26 54 54 Scase 7: vesset breach at utsw pressure with a somLL anemt of asteriet through
( 1 + 2) S a smALL hote into a WET reactor cavity |i

1 . ES-DFidES-0 Wet S -tmpert Case 1-he -!
E4-hip

i 1.000 6

I [
39 2175.00
3 26 63 63 Scase 8: vesset breach at MIGN pressure with a smALL anoint of asterial through

,

1 ( 2 + 3) S a LARE hole into e DRY reactor cavity (
E4-hip BM-Fait .fgBrch 5 -Expert case 2-9c )

1.000
1 F
39 2850.00 i

E1 26 Scase 9: vesset breach at HICM pressure with a set 4LL amntmt of materiel through
1 S' a smALL hole Irvto a DRY reactor cavity

E4-hip S -Expert Case 2-he
1.000 im

+ 1- '

$ ' 39 - 1430.00
'

7 36 36 63 63 54 - 54 61 Scase 10:.vesset breach at LOW pressure with a LARE amount of debris through t
'

( -6 . -7) ( 2 + 3) ( 1 + 2) 1 S a LARGE hole into a IET cavity with a LARGE amotet of zircenitse exidir* *

nZrox10.nZrom<10 BH-Fait LgBrch ES-DFid ES-Cuet RitiqVB S -Expert case 3 ONC i

1.000 - !
1 t

39 1120.00
; 5 36 36 54 54 61 Scase 11: vesset breach at LOW pressure with a LARGE amotet of debris threugh

( -6 -7) -( 1 + 2) 1 5 a smALL hole into a WET cavity with a LARE amatet of airconium exidir t
*'4

nZrox10 nZrox<10 ES-DFtd ES-DWet M'LiqVB S -Expert Case 3 Chc
1.000

1

39 744.00
3

5 63 63 54 54 61 Scase 12: vesset breach at LOW pressure with a LARGE amount of debris through '
_

( 2 + . 3) ( 1 + 2) 1 S a LARGE hole into a WET cavity with a smALL ameset of zirconium oxidir
BM-Fait Lgerch ES-DFid ES-Duet HiLiqVB S -Expert case 3 okt

' j
;

1.000a

.

1 l

39 571,10,1,1 .

.

f
3 54 54 61 SCase 13: Vesset breach at LOW pressure with s LAaGE amount of debrit through [-( 't + 2) 1 S a SMAtt hole into a WET cavity with a sm4LL amount of 2frconium oxidit -r

ES-DFtd E5-Duet HiLiqvB S -Expert Case 3 che ',
1.000 ,

1
. .

'

39 557.00 "

6 36 36 63 63 54 54 Scase 14: vesset breach at tou pressure with a smALL amatmt of detris through

|
r

6

..m. y . , _ -. m. I.g - y -p . . , - ..,_.-.~-s--..,. sy

'
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1

i

1

. . [

( -6 . -7) ( 2* .3) (1 2) S a LARE bote into a WET cavity neith a (ARGE asomt of 2irconisme ex'dir+ +
:

nZrCx10 nZrox<10 BH-Fait LgBrch ES-DFid ES-DWet . S -Eyert Case 3 One
1.000 i

.T
39 1000.00
4 36 36 54 54 Stase 15: vesset breech at LOW pressure with a suntt anomt of debris through

,

i.
-( -6 -7) - t 1 +.

* 2) S a smALL hote into a WET cavity with a LARE ampt of zirconius oxidir '

nZrox10 nZrou<10 ES-DFtd ES-DWet 5 -Expert Case 3 che' i

1.000
'

1

.39 605.00 . '>
4 63 63 54 54 Scase 16: vesset breach at tou pressure with a sm4LL amount of debris through 'i

( 2 + 3) ( 1 + 2) S ' a LARGE hote into a WET cavity with a smALL aucunt of zirconius oxidiz
i821-Fait LgBrch ES-DFtd ES-DWet S -Expert Case 3 eMc '

1.000
1

39 f71,15,1,1
2 54 54 Stase 17: vesset breach at LOW pressure with a seesttJ omaunt of debris through

-(- 1 + 2) S a SMALL bote into a WET cavity with a smALL amount of. zirconisms oxidir
ES-DFid ES-DWet S -Expert Case 3 che

1.000
1

.
39 435.00

Otherwise' h se '18- Vesset breach at LOW pressure into DRY cavity - negligible pressure
| co 1.000
i-

* 1
a

' "
m 39 100.00

72 Is the inpulse loading to the drywett at VB suf ficient to cause f a8*ure?
3 Ir0WFI' I-DWFI2 1-DWF13 S InDWFI : Dryvett does NOT f ait from invulse toeding at vesset breech
6 1 2 3 5 1-0WFI2 : tapulse toeding results in drywett teskoge (Levet 2)
2 5 1-DWFI3 : taputse toading results in drywett rupture (Level 3) '

1 65 "

1 Stase 1: Detonation in the drywett at vesset breach
I-Diet

3 36 34 35
DW-Dt!La* IMF9WF !MRenD

FUN-1011LD !

GETHRESH 2 2.00- 1.00

Otherwise Stase 2: wo iseutse toading in the drywell at vessel breach
1 36

,

DW-Dt!Ld4

AND
. J

GETHRESH '2 0.00 -1.00 L,

; 5 Dununy parameters f orce no tealage i
731s drywell pressurization at its suf ficient to cause falture? S treWOP' : No drywell failure

'S InDWOP I-DWOP2 I-DWHOP2 I-DWOP3 1-DWMOP3 $ I-DWOP2 : Drywett failure is a teak et the DW wett (Level 2)-
*

5 1 . 2- 3 4 5 S I-Dun 0P2 : Drywett fatture is a teek at the DW head (Level 2) ;
3 13 26 31 S I-DWDP3 : Drywell falture is a rupture at the DW watt (Level 3) ;

: DPDWVB - IPDWF .DWFRan- S I-DWHOP3 : Crywelt falture is a rupture at the DW head (Levet 3) .
FUN-DUFAWB S Function returns dts?sy vetue depending oa pressure for teak or Ptpture ;.

CETHRESH' 4' 4.00 3.00 2.00 -?.00 .

4

I-

I
i
,

u ..
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S NoFail- Lest ed. Leak Rupt5
74 Does the RFv pedestat fah due to pressuritatiern at vesset breech? |

2 fit-PeoFP ' ' IrfedFP - S t-PedFP : Pedestat faits dJe to pressJre at vessel breech r

5 1 2- S IrfedFP i 20 pedestat failure at vesset breech from pressure toeding
'1 39

Ped-VBo'
AND

7 . TMtESH . 1 ~1300.00 -
' Pressure reqJired to fait pedestat or. tift RPV.

| 75 Does the RPV pedestal fait from an ex-wesset steam erptesion (ispulse toeding)?
1 2 'l-PedFI- IrfedFI S I-PedF1 : Pedestat faits dse to impulse toeding at vesset breech '

2 1 2 S trfedFI : ma pedestat faiture at vesset breech from inputse toeding i
'

, 3
i

1 74 - SCase 1: Pedestal has atreedy falted from a pedestat pressurization at V5 I

1

I-PedFP i
0.000 1.000

1 - 67 SCase 2: Ex-wesset steam emptoelen has occurred in the pedestal cavity,

1
,

Ex5E ~

0.500 0.500
Otherwise Stase 3: no ex-wesset steen emptosion +

0.000 . 1.000
76 Does the RPV pedestat failure induce drywell.falture?

2 1-DWFPed frOWFPed S I-DWFPed : Drywell failure Irubced by pedestat failure? 2 1 2- S IrOWFPed : Pedestal failure does NOT ifwiJte drywett falture
W 3*

5 52 58 72 73 73 Scase 1: Drywett le atreedy failed
3 + 1 + 3 +.4 + .5

E5-SPB3 Alpha .1-DWF13 1-DWDP3 I-DWMOP3
I 'O.000 1.000

2 74 75 SCase 2: Pedestat failed from either pressurization or Ex5E. Some probability
1 +-1 5 that pedestat failure tritt induce drywett failure *

1-PedFP I-PedFI
. 0.175 0.825 ',

Otherwise - SCase 3: No pedestat failure .;

0.000 . 1.000' '

77 What is the pressure in the containnent at VB prior to a hydrogen burn?
[

1 CP-VB S CP-VB : Contairement pressure at vesset breach prior to R2 tnirn ;
4 1 1 Par 40: CP-V8 - Contairement pressure at WB prior to M2 burn
8

,

4 63 . 63 50 50 '

'
1 + 5- +'3 + 4 Scase 1: Vesset either failed by Alpha mode or did NOT fait at att '

A-Fait reresch E5-CL3 ES-CL4
'; '1.001

1

40 0.00 i
7 52 ' 72 73 73 54. 54 26 Stase 2: Vesset sreech occurs at mIGH pressure into a WET cavity'and there 'f( 3 g+ '3 +- 41 + 5) ( 1 :+ 2) 1' S is a t.ARGE stepression poot bypass

ES-SPB3 DW-tFVB3 I-DWOP3 1-DWMOP3 ES-DFtd E5-0 Wet- E4-Ni? . ''

1.000
1 ;

i
:
t

i

1.

J

'f

,. ~ . . - _ -. --_- , .- -- , .a u -- _-
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,

40 50.00
. 72 73 73 26 Stase 3: vessel Breach ocetrs at HIGH pressure into a City cavity and there5 52 -

. . . . . .

( 3 3' + 4 '+ 5) 1 S is a LARGE stppression poot bypass-+

ES-SP83 DW-!FVB3 1 -DWCF3 I-DWHOP3 E4-hip

1.000
1

40 40.00
6 52 72 73 73 54 54 Stase 4: vesset Bread occurs at LOW pressure into a WET cavity and there

( 3 + 3 + 4_ 5) ( 1 + 2) $ is a LARGE stppression pool bypass -+

E5-SPB3 DW-IFVB3 1-DWOP3 I-DWHOP3 ES-DFid ES-Duet
1.000

1-

40 35.00
4~ 52 72 73 73 Scase 5: vesset Breach occurs at LOW pressure into a DRY cavity and there i

~( 3 + 3 + 4 +- 5) S is a LARGE suppression pool bypass
ES-SP83 DW-IFv83 1-DWOP3 1-DWHOP3 $ Negligible contairunent pressurization ' ?

1.000
1

.
.

40 -- 5.00
3. 64 67 61 . SCase 6: NO targe suppression poot bypass with either a high pressure snett

( 1 + ~1) * 1 5 ejection (HPME) or ex-vesset steam emplosion at vesset breach which-. ,

HPME Ex5E HiLiqvB 5 involves a LARGE fraction of the core.
t.000

1

40 56.75
? 2 64 67 SCase 7: WO targe stopression pool bypass with either a high pressure melt . >

w ( 1 + 1) S. ejection (HPME) or ex-vesset steam emptosion at vesset breach 6Aich
N 'HPME Ex5E S involves a SMALL fraction of the core.

' 1.000'
1

'

40 !77,6,1,1
Otherwise Stase 8: Nothing energtic enoungh at VB to cause significartt contairement

1.000 S pressurization
t

40 0.00
78 What is the concentration of hydrogen in contairinent imediately af ter VB7

6 !HWW>20 1Hw>16 IHWW>12 IHWW>$ IHWW>4 1-NoHWW $ IHWW>20 : H2 concentration in WW > 20% IHWW>16 : 16% < H2 concen. < 20% .
6 1 2 3 4 5 6 S IHWW>12 : 12% < H2 concen. < 16% IHWW>8 : 8% < H2 concen. < 12%
7
2 58 63 .

* IHWW>4 : 4% < H2 concen. < 8% I-moHWW : H2 concen. in W < 4%
,

1 + 5 SCase 1: Either ALPHA mode failure has occurred or there was NO vesset breach
ALPHA nRreact

'

8 1 3 6 4 7 9 10 44
H20WW H2WW H20DW H2DW H2VB C2WW 020W N2WW

FUN-IH2WWO
'

CETHRESH 5 0.20 0.16 0.12 0.08 0.04
-

4 J

6 64 65 66 67 50 50
('1 + :1 + 1 -+ 1) *(3 4) SCase 1: Either high pressure melt ejection or drywett detonation or drywell.+

HPME l-DWDt I-DWDf ExSE E5-CL3 ES-CL4 S deflagration, or ex-vesset steem explosion - H2 consumed
8 1 3 6' . 4 ~ 7 9 10 44 S and pool bypassed

H20WW H2WW . H20DW 'H20W H2VB 02WW 02DW N2WW

,

t
- " ~ ' *"' * ~a * *

_ _ _ ._____.2-m_



- -

^i

t

,.
~

FUN-!H2W1 '
CETHREsn 5 1 0.20'- 0.16- 0.12 0.08 1 0.04.

.[
,

.
4- 64 - 65 66 67 7 Scase 2: High pressure melt ejection or drywell detonation or drywett

() + 1 + .1-
'

-+ ' 1) S :
,

deflagration with No poet bypass - H2 consumed No pool bypess ..tHPME- I-DWDt. I-DWDf Ex5E
. i

8 1 '3 6 4 -7- . 9- 10 44-
;

H20W H2W - H20DW i H2DW H2VB 02W 02DW' N2W '

FUN-IH2W2 . . r

CETHRETH ,5 0.20 - 0.16 - 0.12 0.08 ' O.04 i

(6 28 28 ' 54 54 150- 50 - Stase 3:' Water in the drywett (either injection to RPV or reactor cavity .

( . 2 ,3! + , 1 + 7) >(3 . 4) .S already has water) and drywell bypassed - drywett purged by steam+ + '

E4-LPI E4-MPI ES-DFtd ES-DWet E5-CL3 ES-Ct.4
. .

8 1 3 6 4 7 9 10 - 44
H20W . H2W .H200W H2DW ' H2VB . 02W ,020W N2W

FUN-IN2W3
CETHRESH 5* 0.20 0.16- 0.12 ' O.08 0.04

Dryweti purged by stema and pool bypassed -
. [4 2R ' 28 54 54 Stase 4: Drywett wet - drywett purged by steam and No poet bypass .

( 2 + 3 + 1 + 2)4

E4-LP! E4-MPI ES-DFid E5-DWet
8 1 '3 6 4 7 '9. 10 44

H20W H2W H20DW - H2DW N?V8 02W 02DW N2W-

TUN-IH2W4' m
GETHRF.SN 5 0.20 0.16 0.12 0.05- 9.04*

*
1 c3 . ,

'

i 2 50 50 Stase 5: Crywell dry and containment falted, drywett retains scae H2
(3 + 4) '

E5-CL3 ES-CL4
8 1 . 3 6 4 7 9 10 44-

H20W H2W H20C1J H2DW H2VB 02W c20W N2W
{FUN-IH2 W)

GETHRESH 5 0.20 0.16' O.12 0.08 0.04 '

otherwise Stase 6: Drywett dry and containment intact, dryweti retains same M2 I
8 . 1 3 6 4 7 9 10 44

'

H20W H2W .H20DW H2DW H2VB 02W 02DW H2W +

FUN-!H2WW6
. I

GETHRESH 5 0.20- 0.16 0.12 0.08 0.04 ''

Asstme leakage back to drywett & vesset retention independent of scenario
79 is ac power rot recovered fottowing vesset breacM

2 IfAC 1-AC' S IfAC : ac power is not' recovered fottowing vesset breach
2 1 2 5 I-AC : ac power is recovered following vesset breech

'4
1 24 SCase 1: ac power was never test or has already been recovered r2'

E4-AC
.

.
'

' O.000 1.000
1 25 Scase 2: Faiture of de power prectudes AC power recovery . :

1

-- E4fDC : - }

i
hi

'
,

h

,

, ,, 7 .wrq - - - - - > ,--ew--= e- -~ -e
r -.--:r,e -
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1.000 0.000
2 2 15 Stase 3: Long-term station blackout with a rAST pour

'1 . 2 S - ruwe a 17 hr.s given nee a 14.73 br.s

58 ' CD-Stw

Otherwise ~ Short-term blackout w/ no recovery befcee V9 5 Case 4: Fast core melt - TAST pour rate from vesset (pe' t CCI 2 hr.s AV3) "f0.670 0.330 .

.

0.551 . 0.449 5 - none Q 5.6 hr.s. given none a 3.35 br.s
80 !s dc.pcwer available fottowing vesset breach?

2 IfDC I-DC 5 ff0C : de power is NOT available following vtsset breach
2 1 2 5 1-DC : de power IS available following vesset breach
4
1 25 SCase 1: de ptwer has stready been test

1 ;

E4fDC
1.000 0.000

1 24 Scase 2: ac power is available, thus de power is avaitable
2

E?-AC
0.000 1.00 0

2 2 15 Scase 3: Long-term station blackout

1 2 6

SB CD-Stw
0.210 0.790

otherwise -- Short-term blackout w/ no recovery before VB $ Case 4: Fast core mett
to 0.010 0.770
y 81 What is the status of containment sprays followirg vesset breach?
to 4 IfCS IrCS laCS 1-CS S IfCS : Contaiment sprays are failed and cannot be recovered

2 1 2 3 4 S IrCS : Sprays are recoverable when ac power is restored
8 5 IaCS : Sprsys are avai1abte
1 30 S I-CS : Contairwent sprays are operating

1

E1fCSS SCase 1: Contair==ent sprays were previously f ailed t

1.000 0.0C0 0.000 0.000
6 30 79 50 50 16 22 Stase 2: Sprays were previously recoverable and ac power has wcT been restored

1)) $ detmatim in the wetwett or contairment' f ailure may have f atted
2 1 ( 4 + 3*( -3 +

E1rCSS IfAC ES-CL4 E5-CL3 nE1L3 E3nvENT S the sprays

0.500 0.500 0.000 0.000
2 30 79 Scase 3: Sprays are previously recoverable and ac power has NOT been restored

i
2 1 5 thus, the sprays are still recoverable

E1rCSS IfAC
0.000 1.000 * 000 0.000

5 30 50 50 16 22 SCase 4: Sprays were working before vesset breach - because of detmation
.

1)) $ or contairment failure sprays may not be operating now4 ( 4 + 3 *( -3 +

E4-CS ES-Ct4 ES-CL3 nE1L3 E3nvEtsi
!B1,2,1 0.000 0.000 181,2,2

1 30 Stase 5: Sprays were working before vesset breach
4

E4-CS
0.000 0.000 0.000 1.004

5 79 50 50 16 22 SCase 6: ac power is available - because of a detonation in the wetwett or
1)) S contairment f ailure the sprays may not be operating - also, operators i

2 ( 4 + 3 *( -3 +

I-AC ES-CL4 ES-CL3 nE1L3 E3nVENT S nay have f aited to turn on sprays even with power available

. . - --_____ _. _.
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i i

j. !
,

Y

0.500' - 0.'000
-

.0.050m0.450 -:

' /i1- 79 LScase 7: se power is avaltable
}* 22 '

1-Ac
,

.!
'

'O.000. 0.000 130,4,3 ' 130,4,4,

' ;Otherwise .

. Stase 8: This case should not be used i0.000- 0.000 - 1.000 . 0.000 .
82 to what tevet is the wetwett inert af ter vesset bre.:ach? |

3 Ir w !n I-W!n2 I- Win 3 S Irwin : wetwett is not inert 'I5 11 2- 3
.4 1 3 . 9 44

. * 1-win 2 : Wetwett inert to detonations
,

H20W . H2W . 02W N2W '
:

Ftm- W H201 .3

'i'

GETHRESN 3 140,1,1 f40,1,2 .!40,1,3

83 Is there suf ficient oxygen in the containmmt to support combustion 5 02Det20 : Enough oxygen to stoport a detonation with 20% N2
|

,

5 -02Det20- 02Det16 02Det12 . WO2 re02 5 02Det16 : Enough osygen to -stoport a detenction with 16% M2 .!5. 12 ~ 2 -3 4- 5 S 02Det12.: Enough exrgen to steport a detonation with 12% M2 I4 1- . 3 9 44 ''
H2adW H2W . 02W m2W '

FtM-WO2
>

GETHRESH 4 4.0 E 3.0 2.0 1.0 '

84 Does ignition occur in the containment et vesset breach? >
'

2 I-Cign IrCIgn S I-CIgn : Ignition occurs in the contairvient at vesset breachg
2 1 ~2..

* S InCIgn : Ignition does not occur in the containment6
3 78 ' 82 83 Scase 1: Contairment is cir.her steam inert or there is insuf ficient 02

'

6 +' 3 + 5
I-NoHW 1-W!n3 nWO2a

0.000 1.000
5 24 . 52 52' 72 73 Scase 2: ac power is available or teak /rteture in the d:ywett

i

2,, 2 +- 3 + -1 + -1 S Pathway for ignitiert sources to pass from drywett into conteirament
+

I-AC E5-SPB2 ES-SPB3 DW-IFYB I-DWOP
~1.000 0.000

,

t

4 26 67 73 73 Scase 3: RPV at RIGN pressure before VS or steam explosion and contairment {

.
. i

( .1- + 1) ( 1- + 2) S H2 concentration + 16% '
E4-hip ExSE IHW>20 IHW)16
0.600 0.400 '~;

!
. 3 26 67 78 Scase 4: RPV at HIGH pressure before VB or steam explos% and containment j'

-( 1: + , 1) . 3 5 H2 concentration range: 16% > N2 > 12%

f[
'

E4-hip Ex5E I HW>12
0.550 0.450 !

3' 26 ' 67 - ' 78 Scase 5: RPV at MIGM pressure before VB or steam explosion and containment
>

( 1 + . 1) 4 S H2 concentration range: 12% > m2 > 8% .iE4-hip ERSE IHW>B
0.450 .0.550

3- '26 67 78 Stase 6: RPV at nIGN pressure before WB or steam exptosion and contairment - u[
a

( -1 + 1) .5~ S- N2 concentration range: 81 > n2 > 4% '

E4-hip ExsE IHW>4
; 0.300 0.700

3 26 67 78 Scase 7: RPV at MIGH pressure before WB or steam explosion and contairment

1
t

i

- , , _ - ,r- . , < . - - _
_ _ _ _ _ _ . _ _ _ _ _,. 7
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_-

+ 1) 6 S ' H2 concentration range: M2 < 4% .
(. 1'
E4-MiP 'ExsE t-WoNWW *

0.005 0.995 SCase 8 : Nothing energetic in drywett
Otherwise

0.010 0.990 .
,.

85 Does ignition occur in the contairment following vesset breach? Ignition occurs in the contairment followirq vessel breach ~l
1 IgnFVB :

2 IgnFvg 'nignFvB
2' 1 2

S nIgnF8 : Ignition does not occur in the contairsent or it occurred at vs . |

6 Stase 1: Contairment is either' stems inert er there is insasf ficient 02 or
5 78 82 81 83 ' 84

1 'S' m2 or ignition has already occurred at vesset breach
6- + 3 * -4 + 5- *

I-moNWW ' 1-Wir.3 n!-CS rMWO2 I-Cign#

0.000 1.000 Scase 2: ac power is recovered fottowing vesset treach
1 . 79 '

;2

I-AC
1.000 0.000 Stase 3: Coeustible concentration > 16% - no oc power

2 78 75
1- + -2

IHWW>20 '1HW >16
143,12.1 !43,12,2 Stase 4: Coeustible concentration in range 16% > LGWW > 12% - no ac power

1 73
3 !

IHW>12
143,10,1 143,10,2 Stase 5: Caeustible concentration in range 12% > LGWW > 81 - no ac powertn

1 781 7

4
IHWW>$ '

f43,8,1 f43,8,2 Stase 6: Canbustible concentration in range 8% > LGWW > 4% - ma ac power
Otherwise
143,6,1 !43,6,2

86 is there a detonation in the Wetell following vessel bresch? Detrnation in wetwett fottowing vesset breach
'

'
S I-WWDt :

2 I-WLCt InWiet S treAct : no detcriation in wetwett following vesset breach
E ~ 1 2

10 78 78 Stase 1. no ignition or Contair==mt inert or M2 in conteirment < 12% e

8 84 85 82 82 81 78
'+ 5 + 6; * -4 + 42 + '( 3 . + 2)' 2 *

InCIgn ' nignFVS 1-Win 3 I-Win 2 n!-CS IHWW>8 IHWl#4 INoHWW
0.000 1.000

1
,
' 20 0.00 0.00

5 24 27 83 83 83 Scase 2: His is on daring vs and there is enough oxygen to set
* 1 * ( 3 + 2 a 1) S e detonation' ,

2.
E4-AC E4-H!s 02Det'2 02Det16 02Det20

O.01 0.99'

1

20 144,5,1,1 0.00'
8 52 72 a 73 ' 39 39 . 39 43 Stase 3: suppression poet bypass daring vs and enough 02 to steport ,

'

-2 * -3 + 1) $ a detonstion. -3) * ( -1
*

( -1 + -1 + -1 ' *

ES-sPS I-OWF1 : .I-DWOP f rCWOP2 nH2WW20 nH2W16 nM2W12 E4-WWDf
0.01 0.99

1

a i

!

!
' , s,----- m v ',-q+- .+ 7 p- sn,e , .,,-
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20 !44,5,1,1 0.00 .

.

6- 75 82 82 83 83 83 Scase 4: 12% < M2 < 16% and corstainment initially inert to detonatione.
1) S however, sprays are on which reduces steam concentration and forms j-( 3 .+ 2.3 *{ 2 .+. -3) * +

IHW>12 ~ I-win 2 I- win 3 '02Det12 02Det16 02Det20 S a detonable mixture in contairunent (High steam) j

. 144,2,1 944,2.2 -!

'1 . !

20 f44,2,1,1 0.00
4 78 83 83 83 Scase 5: 12% > Containment M2 > 8% and Low stems

2 + ' 1) S' Low steam DDT-3 ( 3 . +*

IHw>12 02Det12 02Det16 02Det20:
144,3,1 : !44,3,2

1
I20 f44,3,1,1 0.00 .

5 70 82 82 83 83 Scase 6: 16% < H2 < 20% and containment initietty inert to detonations,
( 2 + , 3) ( 2'+ 1) S however, sprays are on which reduces steam concentration and forms2 **

. IHw>16 I-Win 2 I-W!n3 02Det16 02Det20 S a detonable mixture in containment (High steam)

144,4,1 !44,4,2
1

20 144,4,1,1 0.00 .

Stase 7: 20% > Conteirunent M2 > 16% and Low steam
.

3 78 . 83 83
2 -( 2 + 1) S Low steam DDT-

IHw>16 02Det16 02Det20
f44,5,1 144,5,2

1

20 t44,5,1,1 0.00g
'4 78 82 82 83 Scase 8: 82 > 20% and containment initletty inert to detonations,,

' 3) . 1 S bowever, sprays are on which reduces steam concentration and formsg 1 * .( 2- + *

IHw>20 'I- win 2 1-win 3 02Det20 $ e detonable mixture in containment (High steam)
f44,6,1 f44,6,2

1

20 144,6,1,1 0.00
2 , 78 83 Stase 9: Containment H2 > 20% and Low steam

1 1 S Low steam 00T
!Hw>20 02Det20

144,7,1 -- 144,7,2
.1-
20 f44,7,1,1 0.00

Otherwise Stase 10: No enough omygen to support a detention
0 000 1.000

1

20 0.00 0.00
87 What is the tevet of containment ' impulse toad followig vesset breach?

S 1
2 ' I-Ip>40

I-Ip>30 I-!p>20 1-Ip>10 1-Ip<10 S I-!p>60 : Inpulse > 60 KPa-S I-Ip>50 : 60 > Inpulse > 50 KPa-S7 I-lp>60 I-Ip>50'
3 4 5 6 7 $ I-Ip>40 : 50 > Imputse > 40 KPa-S 1-Ip>30 : 40 > Inputse > 30 KPa-S

1 20 - S I-Ip>20 : 30 > !aputse > 20 KPa-s I-Ip>10 : 20 > Impulse > 10 KPa-S
Impload S I-Ip<10 : Inpulse < 10 KPa-S

AND
CETHRESN 6 60.00 50.00: 40.00 30.00 20.00 10.00

$ Parse contaf rument impulse load for verification
88 With what efficiency is hydrogen burned following V87

1 .H2Ef3VB
' S N2Efav8 : Ef ficiency at notich H2 is burned following VB

4 1

.. .. ..
- . . . . . . .. . - . -- .-- -- ---v - - - - - = - - - '-- --- ~ ' - - - - - '" ~
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9
7 f% . 85 82 82 81 78 78 Scase 1: Wetweti steam > 45% (High Stesa) and N2 ignited its Range H2 < 8%

4) * (5 + 6)( 1 + 1) *( 2 + 3 *

1-C!gn IgnFVB I-W!n2 1- W!n3 1-Cs IHW>4 I-NoHW
1.000

2
18 146,4,1,1 S Peak pressure from hydrogen combustion
19 146,4,2,1 S Cmbustion ef ficiency
4 84 85 '78 73 Case 2: Wetwelt steam < 45% (tow steam) ard "2 fonitM in range M2 < 8%

< 1 + 1) ( 5 + 6)
!-CIgn IgnFVB I HW>4 I-NoHW
1.000

2
18 146,5,1,1 S Peak pressure from hydrogen coeustion
19 446,5,2,1 S Conbustion efficiency

6 84 85 82 82 81 78 Stase 3: Wetwett steam > 45% (His*i steam) and H2 ignited in Range 12% > M2 > 8%
4) * 43 *( 1 + 1) *( 2

.

+

I-CIgn IgnFvs I-W!n2 1 -Win 3 I-CS IHW>8
1.000

2
18 !46,6,1,1
19 !46,6,2,1
3 84 35 78 Stase 4: Wetwett steam < 45% (Low Steam) and H2 ignited in Range 12% > H2 > 8%

( 1 + 1) 4
1-CIgn IgnFV8 IHW)8

7 1.000
A 2
" 18 !46,7,1,1

19 !46,7,2,1
6 84 85 82 82 81 78 Stase 5: Wetwett steam > 45% (High steam) and H2 Ignited in kange 16% > H2 > 12

3( 1 + 1) *( 2 + 3 4) **

I-CIgn IgnFVB I-W!n2 I- W!n3 I-CS IH W>12
1.000

2
18 !46,8,1,1
19 146,8,2,1
3 84 85 '78 Stase 6: wetwet t steam < 45% < tow steam) and H2 ignited in Range 76% > H2 > 12%

( 1 + 1) 3
1-Cign IgnFV3 IHW>12
1.000

2
18 f46,9,1,1
19 946,9,2,1

7 84 85 82 82 81 78 78 Stase 7: Wetwett steam > 45% (High steam) and H2 Ignited in aange M2 > 16%

1) *( 2 + 3 4) *(1 + 2)( 1 *

I-CIgn IgnFVB I-W!n2 I-W!n3 I-CS tHW>20 IHW>16
1.000

2
18 I46,10,1,1
19 f46,10,2,1
4 84 85 78 78 SCase 8: Wetwelt steam < 45% (Lew steam) and H2 ignited in Range M2 > 16%

-( 1 + 1) ( 1 + .2)

_ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - _ _ _ _ _ _ _ _ _ _ _ _ - _ _
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.I-CIgn IgnFVB - IHW>20 IHW>16
1.000

' ~

-2
~18 146,11,1,1
:19 146,11.2,1'

; 'Otherwise SCase 9: No burn following vesset breech
.

!
. 1.000
2

'
18 0.00
19 - L0.00

89 What would be the peak pressure in containment from a hydrogen burn at VS7
>

.6 I-P8rn>T I-PBrn>6 I-PSrn>5 I-P8rn>4 I-P9rn>3 1-P8rn<3 S 1-P8rn>3 : 4 > Peak Press > 3 bar I-P8rn<3.: Peak Press < 3 ber I
'

6 1- 2 .3 . 4- 5: 6
f4-

- -

1

2' 84 85 SCase 1: No hydrogeri ignition, thus, no pressure rise
; -2 * 2

Inc!gn nignFVs
'<

8 3' 1 9 5 11 . -18 19 44
H2W ' H20W 02W

FUN-!P8RN1
, EPBase PBrn H2Efv81 H2EfVs2 m2W

,

*

GETHRESH 5 709.3:- 608.0 506.6 405.3 ' 304.0 '

Parse peak pressure for verification
3 50 50 ' 58 SCase 2: Containment already failed, negligible pressure rise -

,

( 3- ..+ 4 + 1) '

'ES-Ct3 . ES-Ct4 : Alpha
? 8 3 1. .9- 5 11 18 ' 19 - 44,

A H2W H20W - 02W EPBase Pern H2EfVB1 H2EfVs2 N2W*
FUN-IP9RW2 ;

GETHRESH 5 .'709.3 608.0 506.6- 405.3 304.0
Parse peak pressure for. verification t

1 86- Scase 3: Detonation in the Contatraent '

1

1-lact ,

8 3 1 9 5 11 18 19 44
H2W ' H20W .: 02W - EP9ase P9rn H2EfVE1 H2EfVB2 N2Wi' Ftm-IPSRM3

~

5 GETHRESM S -709.3- 608.0 -506.6' 405.3 304.0 '>

Parse peak pressure for verification
Otherwise

'

SCase 4: Hydrogen burn at or following vesset breach
S 3 1 .19 ' ' 5 11 18 19 44 i

i . H2W ' H20W 02W , EPBase P9rn H2Efv81 H2EfVs2 N2W
FUN-IPSRW4

.

.

j'

GETHRESH 5- 709.3 608.0 506.6 405.3 304.0
Parse peak pressure for verification

90 What is the levet of conta'nment pressurization at vesset breach?
6 -I-CP>7 I-CP>6 1-CP>5' I-CP>4 1-CP>3- I-CP>2 S I-CP>7 : Peak Press > 7 Car I-CP>6 : 7 > Peak Press > 6 bor T

,

6 1 2 3. 4 5 6' S I-CP>5 : 6 > Peak Press > 5 ber I-CP>4 : 5 > Peak Press > 4 ber I4 S I-CP>3 : 4 > Peak Press > 3 bor I-CPt3 : Peak Press < 3 bor3 50 ' 50 58 ,

13 + '4 + 1 ' SCase 1: Large containment teek or Alphe mode fatture
. iES-Ct3 ES-CL4 Alpha .S Contairment strendy faited - assign negtigible pressurization3 5 11- 41

k

f
,

- u ,a1 +,+ay . - ~ ~ , .e , - > 3.p,~...s m. u.., e
__ __ __ __ , ,
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EP6ase PBrn CP-VSTot
FtfN-CPCLOW

CETHRESH $ 7D9.3 608.0 506.6 405.3 304.0

SCase 2: H2 is ignited in the contairvnent at vessel breach
5 Corbine pressure increments from toads at V8 with H2 burn1 64

1

I-C1gn
4 5 11 40 41

EPBase PSrn CP-V8 'CP-VBiot
FtM-CPC1
CETHRESH 5 709.3 608.0 506.6 405.3 304.0

' Stase 3: H2 is burned in contairment following vesset breach
1 85 - Bese pressure is towered from value used for ignition at V8$

1

Igr4VB
4 5 11 40 41

EPBase P3m CP-V8 CP-VBiot
FUN-CPC2
CETHRESH 5 709.3 608.0 506.6 405.3 304.0

$ Case 4: No H2 burn
Otherwise

4 5 11 40 41

EPBase PSrn CP-V8 CP-VSTot
FtM CPC3
GETHRESH 5 709.3 608.0 506.6 405.3 304.0

cxy S Parse containment pressureg is the tevet of drywell Leakage induced by a detonation in containment at VB? No drywett faiture induced by detonation91 Whatm $ trouot :
.3 trouDt 1-DuDt2 1-DuDt3 51-DuDt2 : Drywett teskage irduced by detonation (tevet 2)
6 1 2 3 S I-DuDt3 : Drywett rtoture induced by detonation (Levet 3)
2
1 86 Stase 1: Detonation in wetwett following vesset breach

1

't-uuDt

3 20 34 35
Inpload IMPDWF IMR arc

FUN-EDI
GETHRESH 2 2.00 1.00

$ Dummy parameter values used to trigger particular branch NO csetonation in wetwett following vesset breach - NO f ailure$ Case 2:
Otherwise - No detonation and thus no failure

3 20 34 35
Inptoad IMPDuF IMRarc

MAX

GETHRESH 2 0.00 -1.00
S Paraneter values force Branch 1

is the tevel of contairinent teskage induced by a detonation at V87
3 Irctf t-OtF2- I-OtF3

' S tretF : No Contairinent failure induced by detonation92 what
$ t-DtF2 : Contairvnent tenkage incbced by detonation (Levet 2)

6 1 2 3 S I-OtF3 : Contairunent rtpture induced by detonation (Level 3)
3

Stase 1: Detonation failed the drywell (Either Levet 2 or 3)2 91 91
2 + 3 This case attows coupting between drywett and contairment response$

1-DuDt2 1-DuDt3
5 20 24 25 34 35

-_.
-

_ _ _
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Inpload" 'IMPCF !MRanC IMPOWF ' IMRanD
FUN-ECII
GETHRESH 2- 2.00 1.00

1 86 Scase 2: Detonation in contairvent - no drywett failure from detonation
1

1 -WDt
3

.

20 - 24 25
Impload IMPCF IMRanC

FUN-ECl2
CETHRESH 2 2.00 1.00

Otherwise Scase 3i No detonation in Contairveent - Wo f ailure
3 20 24 ;

leptoad '!MPCF. IMRanc
MAX

CETHRESH' 2- 0.00 -1.00
$ Parameter values force Branch 1

93 What is the level of containment teskage following vessel breacft? S INCL : No containment failure
4 INCL I-Ct2 1-Ct3 1-CL4 S I-CL2 : Containment failure is a teak (tevet 2)
6 1 2 3 4 5 1-Ct3 : Contairunent failed by ris>ture (tevet 3)
4 S l-Ct4 - Containnent f ailed by catastrophic rupture (Level 4)
2 50 58

4 +- 1 Stase 1: Contairunent already f ailed by catastrophic rtetured or Alpha mode
m ES-CL4 Alpha
g 1 5
m EPBase

AND i
CETHRESH 3 9999.00 9999.00 9999.00

Otsmry -- Already ruptured
2 50 92 Stase 2: Containment already rtotured or ruptured from a detonation following VB

3 3+-

E5-CL3 I-OtF3
1 5

EP%se
AND

GETHRESH 3 9999.00 9999.00 1.00
Disnmy -- Already f ailed by detonation

2 50 92 $0ase 3: Contairunent already teaking or teaking from e, detonation following VB
2 + 2

ES-Ct2 I-OtF2
4 5 41 21 22

EPBase CP-VBTot PCFait CFRaq
FUN-ECBrn2
GETHRESH 3 '9999.00 2.00 1.00

Dummy -- Alre6dy tea %Ing from detonation
Otherwise SCase 4: Contairunent intact before containment txtrn

4 5 41 21 22
EPBase CF-VBiot PCFait CFRan

FUN-EC8rn2
GETHRESH 3 3.00 2.00 1.00

Parameter value triggers particular branch

_ ~ _ _ _ . _ _ _ ..
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94 What is the levet of drywett teakage irv3uced by contalruent pressurization?
~: No drywett failure .5 froWDf . 'I-DWDf2 I-DWHDf2 : .1-DWDf3 1-DWHDf3~

'

S treef

6 L1 2. - | 3. 4- 5 5 I-DWDf2'.: Drywett failure is a teak at the Du watt (Level 2)
10 S I-DWMDf2 : Dryvett falture is a tesk at the DW head (Levet 2)-'

'

5- 51 -72' < T3 L 76: 91 S t-D ef3-: Drywett failure is a rteture at the Du watt (Levet 3)
,4 + 3 +--4.- +- 1 +. '3, S 1-DWMDf3 : Drywett failure is a rteture at the Du head (Level 3) ;

E-DWDf3 .'I-DWF13 't-DWOP3 I-DWFPed I-DWDt3
1 5-

~ Stase 1: Drywett stready rtetured
EPBase S Drywett already failed at watt -- prevent head falture [

AND
+

GETHRESH 4 9999.00- 9999.00 9999.00 0.00 t
a

l' '51. SCase 2: Drywett head already rtetured
.5' .

E-cWHDf3 .(
1 5-

EP9ase
AND

' GETHRESH 4, 9999.00 9999.00 9999.00 9999.00
,

7 85 51 . 72 73 91 93 93 SCase 3: Dryvett watt atready teaking, contairment is raptured !
1

1 *( 2 + 2 +- 2 + 12) - ( 3 + 4) S - Prior watt failure precludes head failure
i IgnFVB ~ JE-DWDf2 1-DWFI2 t-DWOP2 I-DWDt2 1-Ct3 I-Ct4 5 - Conteirnent rtstured so burn presstre could be sitigated

5 5. 41 30 : -31 40 -
i

EPBase ' CP-VBiot EPOWF DWFRan CP-VB I

? FUN-IDBrn1
GETHRESH - 4 9999.00 3.00 2.00 -1.00 ;

5 85 . 51 72 ' 73 - 91 SCase 4: Drywett watt already leaking - NO contairment rtpture :

f
( 2 -+ 2 + 2.+ .. 2) S - Prior watt failure prectte$es head fatture1 - *

IgnFVB- E-DWDf2 1-DWFI2 1-DWOP2 1-DWDt2 .,6
5 .5- 41- 30 31 , 40

EPBase CP-VBTot EPDWF DWFRan CP-VB
FUN-IcBrn2

j CETHRESH 4 '9999.00- 3.00 2.00 -1.00 7

j

- 4 85 51 - 93 93 SCase 5: Prior drywett head teakage and contairment rtpture i'

4) S - Prior head leakage precludes no failure },.1
. *L3 .(' 3 +*

"

'IgnFVB E-DWHDf2| I-CL3 t-CL4 S - Contairment rtotured so burn pressure could be mitigated*

+

. 41 30 31 - 405 5
.

:

EPsase CP-VBiot. 'EPDWF- DWFRan CP-VB .

I
FUN-ID8rn3 . ..

-iGETHRESH ?4 9999.00 3.00 2.00 -1.00
'?

2 85. ~ $1, SCase 6: Prior drywell head teskoge and NO contairment Neture -i

*- 3 5' - Prior head teskage precludes no failure f1,
IgnFVB E-DWMDf2. .

40
,

;5- 5 41 30 . ' 31.
.

'

fEPBase CP-VBTot .EPDWF DVFRan CP-VB
FUN-IDBrn4 ' *

CETHRESH- 4 9999.00, . . . ' 3.00 ' 2.00 |-1.00
* Dtmey parameters select failure mode ,

!
'

i

_ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _
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i
;

| 1 85 Stase 7: Burn with no prior ruptures
l - 1

IgnFVB
5' 5 41 30 31 40

EPBase CP-VBiot .EPDWF OufRan CP-VB
Ft;N-!DBrn5

GETHRESH 4 4.00 3.00 : 2.00 -1.00
tS Dumy parameters select f ailure mode

4 51 72 73 91 $ Case 8: No burn - Pre-existing tevet 2 teakage in drywett watt
( 2 2 2 2)+ + +

E-DuDf2-~1-DWFI2 I-DWOP2 1-DWDt2
1 5

EPBase
AND

GETHRESH 4 9999.00 0.00 -1.00 -1.00
$ Dumy parameters select f ailure mode

1 51 ' SCase 9: No burn - Pre-existing tevet 2 teakage in drywett head
3

E-DWHDf2..
1 5

EPBase
AND

GETHRESH 4 9999.00 9999.00- 0.00 -1.00
5 Dursny parameters select fat ture mode

otherwise
m. Stase 10: No Burn - No drywet t f ailure

1 5

$ EPBase
AND

GETHRESH . 4 0.00 -1.00 -1.00 -1.00
S Di.ssny parameters select foiture : node

95 What is the tevet of si.gpression pool bypass following VB7
3 InSP8 1-SPB2 1-SPB3 5 InSPS : No si4prmion pool bypass
2 1 2 3 5 1-SPs2 : Swores ion poot bypass tevet 2 (Leak)
5 $ I-SPB3 : Swpression pool bypass tevel 3 (Rupture)
4 52 94 94 58

3^ + 4 + 5 + 1
ES-SPB3 1-DWDf3 1-DWHDf3 Alpha' Stase 1: orywell rupture from contiustion or pre-existing rtoture

0.000 0.000 1.000
6 52 94 94 79 84 85 sCase 2: Pre-existing drywett teak and ac power is available and H2 corrtustion

( 2 2 3) 2 -( 1 + 1) S in containment pre-existing teak exacerbated by vacuum bres6er fait
+ +

E5-SP82 I-DuDf2 1-DWHDf2 1-AC 1-Cign IgnFVB
0.000 152,2,2 ,152,2,3

3 52 94 94 SCase 3: Pre-existing drywell teak - nothing has happened to change it
2 + 2. + 3

. E5-SPB2 -I-DuDf2 1-DWHDf2
0.000 1.000 0.000

3 . 79 84 85 SCase 4: ac power is available and H2 coctustion in conteirvient
2 ( 1 . + 1) 5 - vacutre breaker f aits from H2 burn

I-AC !-Cign IgnFVB
!52,2,2 0.000 !52,2,3
Otherwise

. Stase 5: so burns in containment & no additienat tnr.) ass1.000 0.000 0.000

>
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99 Is there water in the reactor cavity after VB7
3 LDWFtd LRCWet LRCDry S LOWFid : Reactor cavity flooded after vesset breach
2 1 2 3 S LRCWet': Reactor cavity wet after vesset breach
7 $ LRLDry : Reactor cavity dry after vesset breach
2 54 94

1 * 5 Stase 1: Reactor cavity was previously flooded or r mture in drywett head
ES-Citd 1-DWH0f3 S - R mture in drywelt head will drain part of shield poot into drywelt

1.000 0.000 0.000
7 54 64 - 67 65 66 95 79 Scase 2: Orywett is already wet and No tarse s w pression poot bypass and No ac

2 ( 1 + 1 + 1 + 1) -3 1 5 power and at VB either high pressure mett ejection or steam explosion
ES-DWet HPME ExSE I-DWDt 1-DWDf nt-SP83 LfAC S or N2 contustion in drywett - steam in drywett condenses and sucks

1.000 0.000 0.000 $ water back into drywel'
3 84 85 95

( 1- + 1) -3 Scase 3: H2 cortustion in containment following V8 and NO targe suppression
1-Cign IgnFV8 n!-SPB3 $ pool bypass
1.000 0.003 0.000

3 84 85 95 Stase 4: M2 contustion in contairvaent fottowing VB and 1ARGE swpression
( 1 + 1) 3 5 poot bypass

i1-C!gn IgnFV8 I-SPB3 '

O.900 0.100 0.000
6 64 67 65 66 95 79 SCase 5: Drywet1 is DRY and No targe suppression pool bypass and No ac

( 1 + 1 + 1 + 1) -3 1 S power and at V8 either high pressure melt ejection or steam explosion
HPME ExSE I-DWDt I-Dtof n!-SP83 LfAC S or H2 combustion in drywett - steam in dryvett condenses and sucks

0.?00 0.100 0.000 $ water back into drywet t - Not as auch steam, thus, less likety floodM
1 54w

2 SCase 6: Reactor cavity is already wet and nothing has hamened to change this.

$ E5-DWet
0.000 1.000 0.000

Otherwise iCase 7: Reactor cavity is dry and nothing has happened to change this
0.000 0.000 1.000

99 What is the nature of the core-concrete interaction? 1 CCI : Core-Concrete interaction begin following vesset breach in a dry cavity
5 CCI WetCCI FtdCCI DtyCCI noCCI $ WetCC1 : Crt begins following vesset breach in a wet cavity
2 1 2 3 4 5 S DtyCCI : CCI is delayed - Does NOT begin imediately af ter vesset breach

11 S noCCI : No core-concrete interactions
1 63

5 Stase 1: No vessel breach, thus, NO CCI.
n8 reach

0.000 0.000 0.000 0.000 1.000
2 97 98 SCase 2: Cavity is dry and there is no injection into the cavity 6

1 * 3
nLDBWat LPCDry

1.000 0.000 0.000 0.000 0.000
5 98 26 28 9 24 SCase 3: Debris is released into a dry cavity coincideot with water from

3 1 ** + -1( -1 2) S an injection source (RPV at HIGH Pressure at VB)*

LRCDry E4-hip E4-LP! nElfLPC E4-AC
0.000 0.000 0.200 0.000 0.800

3 98 26 28 Stase 4: Debris is released into a dry cavity coincident with water from
3 * 2- -1 S an injection source (RPV at LOW Pressure at VB)*

LRCDry . E4-lop E4-LP!
0.000 0.000 0.840 0.000 0.160

1 98 Stase 5: Debris is released into a dry cavity, water from an injection source
3 S is added to the cavity after debris has enter the cavity

. _ _ - _ _ _ _
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LRCDry
0.500 0.000 0.500 0.000 0.000

4 98 93 97 26 SCase 6: Cavity is wet and there is a replenishable source o' wa'er or the
* 1 5 the cavity is floooed.. The RPV is at NIGH pressure at vs-1)( 1 2 *+

LDWF H LRCWet LDBWat E4-hip

0.000 0.000 0.200 0.000 0.800
4 98 98 97 61 SCase 7: Cavity is wet and there is a replenishable source of water or the

1 $ the cavity is flocied. The RPV is at LOW pressure at VB and the2 -1) *( 1 *+

LDWfid tRCWet LDBWat HiLiqv3 5 debris has a LARGE .mut of swerheat
0.000 0.000 0.840 0.000 0.160

3 93 93 97 Stase 8: Cavity is wet and there is a replenishable source of water or the
-1) 5 the cavity is flooded. The RPV is at LOW pressure at vs and the( 1 + 2 *

LDWFt1 LRCWet LDBWat $ debris has a SMALL amount of s@erheat j

0.000 0.000 0.600 0.000 0.400 !

1 26 Scase 9: RPV cavity is WET with no reptenishabte source of water and the
1 5 RPV was at HIGH pressure at WB

E4-hip

0.000 0.200 0.000 0.800 0.000
1 61 SCase 10: RPV cavity is WET with ho replenishable source of water and the

1 5 RPV was at low pressure at V8 and debis has a LARGE amomt of
$ st.perbeatMiLiQVB

0.000 0.840 0.000 0.160 0.000
Otherwise Scase 11: RPV cavity is WET with NO replenishable source of water. RPV pressure

0.000 0.600 0 000 0.400 0.000 $ LOW pressure at va and debis has a SMALL anomt of s werbeat i

|
100 What fraction of core not participating in HPME participates in CCl? iMiFCCI : NIGM fraction cf core participates in CCI

2 MiFCCI LoFCCI SLoFCCI : LOW fraction of core participates in CCI
tr' 4 1 2 Spar 45 - FCCI : Frac. of core not participating in MPwE which participates in.

~ 4
2 63 63 SCase 1: Either Alpha Mode fa: Lure or No vesset be each

51 +

A-Fait n8 reach
0.000 1.000

1

45 0.000 0.000
2 67 61

SCase 2: Ex-vessel steam explosinn with a LARGE aacunt of core oebris mobite

1 1 S at vesset breach
ExSE HiLigts

0.000 1.000
1

45 0.900 0.600
2 67 61 SCase 3: En-vesset steam emplosion with a suALL amount of core debris mobile

1 2 5 at vesset breacn
ExSE Lotiov9

1.000 0.000
1

45 0.900 0.600 SCase 4: to ex-vesset steam explosion, thus, att materlat riot participating in
Otherwise

1.000 0.000 $ HPwE particapates in CCI.
1

45 1.000 0.000
101 How such 92 (1 equivatent CD) and Ce2 are produced daring CCl?

4 h2CCl4 N2CCI3 H2CCl2 #2CC11 SN2CCI : H2 (eg. CD) prodsced during CCI

_ _ _ _ _ _ _ _ _ _ _. _

;
- -

_.

_



_ - _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ - _ _ _ _ _ - _ _ _ - _ _ _ _ _ - - _ _ _ _ _ _ _ _ _ - .

6 1 2 3 4 Spar.16 : LH2CC - Kg-motes H2 & equ' valent CO produced during CCI
3 5 - parameter initiatired in FUN-CCl#
3 63 63 99 $ Par 42 : LCO2 - Kg-motes CO2 produced oJring CCI

1 + 5 + 5 5 - parameter initialized in FUN-CCir
A-Fait nBreach noCCI

7 2 46 8 45 - 16 42 17 Stase 1: Either Alpha mode falture occurred or there was NO vesset breach

H2!NVES FEJECT FH2VB FCCI LH2CC LCO2 FIROX S or No CCI
FUN-CC11

CETHRESH 3 868.50 434.22 17.37

1 64
1

*
HPME

7 2 46 8 45 16 42 17 SCase 2: High pressure mett ejection has occurred (HPME)
H2INVES FEJECT FH2VS FCCI th20C LCO2 FZROX $ Ejected debris (material mobile at VB) blown out of cavity frorn HPME

FUN-CCl2
GETHRESH 3 868.50 434.22 17.37

Otherwise SCase 3: NO HPME
7 2 46 8 ~ 45 16 42 17 5 Possible some debris btown out of cavtiy f roen ex-vesset steam explosio

H2!NVES FEJECT FH2VB FCCI LH2CC LCO2 FZROX
FUN-CCI3

CETHRESH 3 868.50 434.22 17.37

102 What is the levet of rirconius oxidation in the pedestat before CCl?
7 Zrox75 Zrox50 Zrox40 Zrox30 Zrox21 Z mx10 Zrom<10 $ Zrox75 : Total Zr oxid. (Before CCI) > 75%.

m 5 1 2 3 4 5 6 7 s Zrox50 : Totat Zr oxid. (Before CCI): 75% > Zrox > 50%"
1 17 5 Zrox40 : Total Zr oxid. (Before CCI): 50% > Zrox > 40%

FZROX $ Zrou30 : Total Zr oxid. (Before CCI): 40% > Zrox > 30%
AND $ trox21 : Totat 2r oxid. (Bef ore CCI): 30% > Zrox > 21%

CETHRESH 6 0.h 0.50 0.40 0.30 0.21 0.10 5 Zrox10 : Totat Zr oxid. (Before CCI): 21% > Zrox > 10%
5 Zron<10: Totat Zr oxid. (Before CCI): Zrou < 10%

103 Is the containment not vented fottowing V87
2 INVENT 1-VENT 5 INVENT : Contairunent is NOT vented fot towing vesset breach
2 1 2 5 t-VENT : Containment IS vented following vesset breach
3
3 79 93 93 Stase 1: Either NO ac power or contairrent already has LARGE teak

31 + + 4
LfAC I-CL3 1 -Ct 4

1.000 0.000
4 99 63 81 95 $ Case 2: NO core-concrete interaction and either NO vesset breach or LATE

4 ( 5 2 -3) $ containment sprays or 40 LARGE suppression pool bypass+ +

noCCI n8 reach LCS nl-SPB3 5 i.e., pressure in containnent has stabilized and venting not needed
1.000 0.000 $ Analysis does NOT allow errors of commission - thus no sptit f raction

Otherwise SCase 3: Pressure rising in contairment and ac power available
0.900 0.100

104 ts ac power not recovered late in the accident?
2 LfAC L-AC 5 Lfa.C : ac power is NOT recovered late
2 1 2 $ L-AC : ac power is recovered late
4
1 79 5 Case 1: ac power was already recovered or never tost

2

i
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. g - AC '-
.

-0.000 1.000
1 80 Stase 2:' Faiture of de power prectudes AC power recovery

.,.
..

.

E1fDC-
' I1.000. 0.0004

~2 2: 15 Scase 3: Long term station blackout with'a FAST pour, k
L1" 2 S ' mone a 24 hr.s given none a 17 hr.s ,'' S8 " CD-Stw.

--0.Vto 0.090 i
Otherwise1 SCase 4: Fast Core Mett with HIGN pour rate from vesset,

0.230 ' "0.770
. S Mone a 24 hr.s given none a 5.6 hr.s

105 Is de power avaitabte late in the accident?-
2 LfDC L-DC .S LfAC : ac power is NOT recovered late ';

2 1' 2- S L-AC : ac power.is recovered late-
4 ;
1 ' 80 .Scase 1: ac power has already been tost

3,

E1fDC
!-1.000 : 0.000

1 79 Scase 2: ac power is avaitable, thus de power is available
" ~2

1-AC
!0.000 - 1.000 '

'
2 2' 15 SCase 3: Long-term station blackout

? .1 2 ' |",

W
"

, SB CD-Stw
r

0.330 0.670
Otherwise' SCase 4: Fast Core Melt t

0.060 0.940 $ None a 24 hr.s given none a 5.6 hr.s |106 m at is the late status of containment sprays?
L4 LfCS trCS. 'LaCS- L-CS S LfCS : Contairunent sprays are falted end cannot be recovered

2 1 2 3- 4. S trCS : Sprays are recoverable when oc power is restored*

8 S LaCS : Sprays'are available i
1 81 S L-CS': Contairunent sprays are operating ;

1 ',

.IfCS, . . . SCase 1: Containment sprays were previously failed
'

1.000 0.000 0.000 0.000
6 81 104 50 50 93 1 93 Scase 2: Sprays were previously recoverable and ac power has NOT been restored:*

2 1*-( '1 + 2) * ~ ( 3 -+- 4) 5 detonation in the werwett or contairunent failure fottowing vs may
trCS ~ LfAC E5nCL- ES-CL2 '1-CL3 I-Ct4 S. have failed the sprays .!,

!81,2,1 I81,2,2 0.000 0.000- !
- 2 81 104 SCase 3: Sprays were previously recoverable and ac power has NOT been restored t

2 1 5 thus, the sprays are stilt recoverable - !trCS. LfAC >

0.000 1.000 0.000 - 0.000" !
5 81 50 : 50 - 93 . . 93 .Scase 4: Sprays were working previously - because of detonation I

4* '( 1 + 2) (3 + ' 4) S or contairunent falture sprays may not be operating now - 5
*,

I-CS E5nCL 'ES-CL2 I-CL3' 'I-CL4 - !
t81,4 1 0.000 t81,4,3 -!81,4,4 ' L3

i 1 81 - Scase 5: Sprays were working previously
4

-i
.

I
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1-CS . .

0.000 - 0.000 .0.000 .1.000
5- 104_, 50 ' 50 -- 93 93 SCase 6: ac power is avaltabte - because of a detonation in the wetweit or-'

. ' 4) S contairunent f ailure following Wei the sprays may not be operatir,( ~3 +2*: ( .1 + '2) - *

L-AC~ E5rs1 ' ES-CL2 I-CL3 - I-CL4
!81,6,1 - !81,6,2 ' f81,6,3 f81,6,4

.Scase 7: ac power is available.1 -104
^2

L-AC .

0.000 0.000 f30,4,3 - 130,4,4
Otherwise -- This case should not be used SCase 8: This case should not be used

0.000 0.000 1.000 0.000
107 What is the' tate concentration of con 6ustible gases in the contairunent? '

I 6 LGW>20 ' LGW>16 LGW>12 LGW>8 LGW>4 L-NoGW S LGW>20 : M2 concentration in W > 20% LGW>16 : 16% < p2 concen. < 20%

6 1 2 3 4 5 6 L 5 LGW>12 : 12% < n2 concen. < 16% LGW>8 : 8% < n2 concen. < 12%
S LG W>4 : 4% < M2 concen. < 8% L-meGW : H2 concen. in W < 4%

4 .

5 63 95 97 98 106
* -4 SCase 1: Sw pression poet bypass with water in the reactor cavity and NO tate_ -3)* -1 '* ( -1 +-5

Breach .I-SPB LDBWat nLRCDry nL-CS S contairunent sprays. Steam generated from water over core debris

8 1 3- 9 . 16 - 42 . 44 4 10 S inerts contairunent.
N20W - H2W ' 02W LH2CC 'LCO2 N2W H2DW O2DW

FUN-LGW1 - .

GETHRESN 5 ,0.20 0.16 0.12 0.08 0.04

2 93 103
SCase 2: Contairunent failure or has beer * vented? -1 . + 2
S - contairunent does not pressurire and, thus, some CCI retesses

on 1-CL I-VENT
# 8 1' 3 9 '16 42 44 4 10 S purged out of contairunent

H20W H2W C2W LH2CC LCO2 N2W H2DW 02DW

FtM-LGW2
GETHRESH 5 0.20 0.16 0.12 C 05 0.04

1 '106 SCase 3: Contairunent NOT f ailed and the e are contairunent sprays
.4 S - steam content reduced in containearit

L-CS
8 -1 3 9 16 42 44 4 10

H20W H2W O2W LH2CC LCO2 N2W H2DW O2DW

FUN-LGW3
GETHRESH 5 0.20 0.16 0.12 0.08 0.04

SCase 4: Contairunent is riot teaking - CCI releases enter containment
Otherwise-

8 1. 3 9 16 42 44 4 to

H20W H2W O2W LH2CC LCO2 N2W H2DW O2DW

FtM-LCW4
GETHRESH 'S 0.20 0.16 0.12 0.08 0.04

Parse the combustible gas concentration
108 To what levet is the wetwett inert af ter vesset breach?

3 tr w in L-Win 2 L-Win 3 S trwin : Wetwett is not inert
5 1 2 3- S t.-Win 2 : Wetwett inert to detonations
4 1 3 9 44

H20W H2W O2W - N2W
FtM-WH201

'

_- _---_:- .. - .. _ _ . _ _ . =
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f

GETHRESH ~3 140,1,1 140,1,2 ?40,1,3
,

'
1
- -109 Is there sufficient ?xygen in the conteirvamt to se late casustion? S LO2Det20 : Enough oxygen to st@ port a detonation with 20% M2

i
, 5 LO2Det20 LO2Det15 LO2Det12 tWO2 trWO2 S LO2Det16 : Enough cargen to stsport a detonation with 16% M2 )

i 'S- 1- 2- 3 4- 5- .S Lo2Det12 : Enough oxygen to st.w ort a detonation with 12% H2 -
4

.
1 3 '9 44 S - contairement does not pressurize

. H20W . ' H2W 02W ' N2W -
!FUN-WO2

.

*

GETHRESH 4 ' 4.0 - . 3.0 . 2.0 1.0
.

r

110 Does ignition occur late in the contairunent? *

2 t-C1grs - LnCign S L-Cign : LATE ignition in the contairunent
2 1 2 S inC1gn : uO tate ignition in the contairunent
7
4 107 108 106 .109 Scase 1: Insuf ficient cosustible anterlat or conteirunent inert to casustion

6 . + '3 5 S or not enough 02 in contairvamt to steport combustion* e4 +

L-NoGW ' t-W!n3 nL-CS LnWO2
0.000 1.000' 'i

5 82 .83 84 85' 104 Scase 2: Combustible mixture in contairret fottowing vs did NOT ignite
-3 -5- (2 2) 1 S Therefore, arixture won't burn now intess ac on late*

n!-W!n3 WO2 InCIgn IgnFVB LfAC
0.000 1.000

't 104- Scase 3: ac power available late
2

L-AC . -}? 1.000 0.000
m 2 107 107 Scase 4: Con 6ustiote concentration > 161 - no ac powe.-* '1 + 2

LGw>20 LGW>16
0.510 'O.490

1 107- tease 5: Coeustibit concentration in range 16% > LGW > 121 - No ac power
3

LC'.An 12
0.420 0.580 +

1 107 Scase 6: Canbustible concentration in range 12% > LGW > r.% - no ac power 4

'4
,

LGW>8
0.330 0.670 *

Otherwise SCase 7: Cceustible concentration in range 8% > LGW > 4% - WO ac power
0.280 0.720,

111 Is there a detonation in the wetwett following vesset breach?4

2 L-Wot trmDt - S L-WDt : Late detonation in wetwett'

4 1 2 S trmot : No late detonation in wetwett !

i 9'
. ,

8 -110 108' 108 106 .- 108 . 107 107 107 Scase 1: No ignition or Contairunent inert or N2 in contairunent < 12%
2 + (2 + 3) * -4 + 3 + 4 +15 - +- 6

LnCIgn L-W!n21 L-W!n3 nL-CS . L-W!n LGw>S LGW>4 L-NoGW
0.000 1.000

1

20 0.00 0.00 '
2 27' 79 Stase 2: ac power is ou after vesset breach and the mis is ou -

1 . * 2

.i
-[

.i

5
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' E'4-H 13 I- AC ''
O.000 1.000 1

1 e

' 20 0.00- 0.00-- . .

.

6- 107 '108 '108- 109'- 109 .109- ' Scaw 3: 12% < n2 < 16% and conteinment initistty inert to detonations,
* ( 13 ' + . 2 ' + .1) S however, sprays are on which reduces steam concentration and forms3 *( 2 + '3)

LG W>12' L-Win 2 ' L-win 3 - Lc2Det12 LO20t16 LO2Dt20 - -S' a detonable mixture in contairement (High steam)
0.220 0.780 .;

1

20 5.8' O.00
' 109- Stase 4: 12% < H2 < 16% and Low steam4 107 109 /109-

- 3- (- 3 + .2~ .+'1)- S Low steam DDT ,

LG W>12 Lo2Det12' LO2Dt16 - LO2Dt20.
"0.000 1.000 '

1 .

20 0.00 L0.00..
.5 107 108' 108. ." 109 . -109 Stase 5: 16% < H2 < 20% and contairusent inittatty inert to detonations,

('2 + 1) S' however, sprays are on d ich reduces steam concentration and forms: ;2 * ( -. 2. :+ 3). *

LGW)16 _ - L-Win 2 ' L-Win 3 . LO2Dt16 LO2Dt20 5 a detonable mixture in containment (High steam)
,

0.250 0.750- .

1

.20 5.8 0.00
i 3 107 7109. 109 Scase 6: 20% > containment H2 > 16% and Low steam

2 ( 2 + 1) S- Low steam DDT

7-
LG W>16 LO2Dt16 LO2Dt20

i0.260 0.740
& 1
* 20 12.4- 0.00 .

Scase 7: H2 > 20% r.nd containment initiatty inert to detonations,108 L1094 c107 1'38
'+ 3) * 1 S hewever, sprays are on which reduces steam concentration and fv ms1 *( . 2. ..

LG W>20 L-win 2 L- Win 3 -LO2Det20 S' a detonable mixture in containment (High steam)

0.250 0.750 i

'
1 .

20 5.8 0.00 ,

containment H2 > 20% and Low steam
a

2 -107 109 Scase 8:
1 1 - S Low steam DDT i

'

LGW>20 LO2Det20
O.450. . 0.550.- ,

1

20 12.4 0.00 -2

'Otherwise .

$ Case 9: Not enough oxygen to support a detonation 5

0.000- 1.000
1

20 L0.00 0.00 . . .

.

>

112 What is the late levet of containment impulse toad?

7 L-!p>60 L-Ip>50,- L-!p>40 L-Ip>30 L-!p>20 L-Ip>10 L-Ip<10 S L-!p>60 : Inputse > 60 KPa-S
.

L-Ip>$0 : 60 > Inpulse > 50 KPa-S
5 '1 2 3 '4-- 5 6. 7 5 L-Ip>40 : 50 > Impulse > 40 KPa-S t-Ip>30 : 40 > Inpulse > 30 KPa-S ~ -

~1 -20 $ L-Ip>20 : 30 > Inpulse > 20 KPa-s Lalp>10 :"20 > Impulse > 10 KPa-S
..

Inptoad
,

S L-!p<10 : Inputse < 10 KPa-S

'AND .. , . , . .
.

GETHRESH. '6 . 60.00- 50.00 . 40.00 - 30.00 20.00' 10.00
S Parse contairunent: impulse load for verification

I'
. 1

,

h

h

,
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113 What is the late gas corrbustion efficiency?

1 H2EfavB S H2Efavs : Efficiency at which H2 is burned fottowing VB
4 1

9
6 110 108 108 106 107 107 stase 1: Wetwett s% > 45% (nigh Steam) and H2 ignited in Range M2 < 8%

(21 * 3) * 4 ( 5+ 6?+

L-CIgn L-win 2 L-W!n3 L-CS LCW>4 L-NoGW
1.000

2
18 0.280 5 Peak pressure from hydrogen conbustion
19 0.275 5 Cabustion ef fieiency
3 110 107 107 Case 2: Wetwett steam < 45% (its steam) and H2 ignited in range n2 < 8%

1 ( 'S + 6)
L-Cip LCW>4 L-NoCW

1.000
2

18 0.280 S Peak pressure from hydrogen corbustion
19 0.275 S Corbustion ef ficiency

5 110 108 108 106 107 Scase 3: Wetwet t steam > 45% (High Steam) and H2 ignited in Rarse 12% > M2 > 8%
1 * (2 3) * 4 * 4+

L-CIgn L-Win 2 L-win 3 L-CS LGW>8
1.000

2
18 0.464
19 0.740

? 2 110 107 Stase 4: Wetwett steam < 45% (tow Steam) and H2 igni*ed in Range 12% > H2 > 8%
(n 1 4
" L-CIgn LCW>8

1.000
2

18 0.575
19 0.740
5 110 108 108 106 107 stase 5: Wetwet t steam > 45% (High Steam) and H2 ignited in Range 16% > H2 > 12

(2 + 3)1 * * 4 * 3
L-Clgn L-win 2 L-W!n3 L-CS LGW>12

1.000
2

18 0.483
19 0.881
2 110 107 Scase 6: Wetwet t steam < 45% (Low Steam) and M2 ignited in Range 16% > H2 > 12%

1 3
L-C1gn LCW>12

1.000
2

18 0. 734
19 0.881
6 110- 108 108 106 107 107 Scase 7: Wetwett steam > 45% (High Steam) and H2 ignited in Range M2 > 16%

1- * (2 + 3) * 4 *( 1+ 2)
L-C!sn L-Win 2 L-Win 3 L-CS LCW>20 Lt.W>16

1.000
2

18 0.492

_ - _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ -
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19 0.935 Stase 8: Wetwalt ste== < 45% (tw steam) 4-wf m2 irited in taw m2 * TS*
3 110 107 107

2)* *1 (
t -Cf cy, tG:.Ar>20 t GW>16

1.000
2

18 0.752
19 0.935 SCase 9: to LAtt tecnOtherwise

1.000
2

18 0.00
19 0.00

114 dret is the reak pressure in cor,* aim f rom a late Sydeccen burn?
6 L-PBem 7 L-rBrm 6 L - r9m*5 t-Pgrm 4 t-Psem 3 t-Psen>2
6 1 2 3 4 5 6

4 SCase 1: me late *2 igmtion
1 110

2
LnCIgn

8 3 1 9 5 11 18 19 44

M2W M2CW C2W EPBase PBen M2EfvSt W2Efv52 42W

FLM-IPSP41
GEtuREsa 5 709.3 608.0 506.6 405.3 A .0

Parse peak pressure for verificati m
* 4 93 93 27 79 58;ase 2: C mtai e stready faited ce se m e M w:s e-* w W esm

2 S sf ter venet brew %+ 4 + 1 *
3c>

I-Ct3 1-Ct' E4-His I-AC
8 3 1 9 5 11 18 19 44

b2W M20WW O2W EP3ase P9m P2E f v81 #2E f VS2 #2W

FLM-IPBWW2
GEtwPtsu 5 709.3 608.0 506.6 405.3 304.0

Parse p*ak pressure fer verification State 3: Detmatim in Cmteie
1 111

| 1

L-mCt
8 3 1 9 5 11 18 19 44

m2W k20W O2W Er9sce PSen M2Egygt a2Efv52 #2W

<te-IPgsw3

GE tatsM 5 709.3 608.0 506.6 405.3 304.0
Perse peat pressure fer verificati m Scaw 4: tate s2 turn

Otherwise
8 3 1 9 5 11 18 19 44

M2W #20W C2W EPBase PGen #2E'V91 82Ef V52 #2W

FL4-!PB944
GEt pEsa 5 709.3 508.0 506.6 405.3 304.0

Parse geak pressure for verification '

is t * tevet of drywatt teakaga iedxed ty a late datmatiert in c etai e ? |h S treWe : so drvw.t t f oi ture scutx*d ty eterwtim '
115 What

3 trouDt L-0Wt2 t -cwt 3 S L-O W t2 : Drywatt leakege imod tv *tmetim (tewet 2)
6 1 2 3 S L-OWt3 : Orywett rtMure ifw*xed bv *tmetion (Levat 3)
2
1 111



_ _ _ _ _ _ _ - _ _ _ _ . - - -~. - . - -

1 Stase 1: Late &tonetion in wtwet t
t-uuDt

3 20 34 35
Irvtoad IMPDWF Im8 tare
FtM-ED!

|
GET MESM 2 2.00 1.00

5 Dsery parameter vattes uscd to triggae perticular branth
Otherwise -- no &tonation and thus no f aiitre SCasa 2: aC iate &tenation in wtwii - no faiiure

3 20 34 35
[i c ose :w w =a.

wax
CE TWE Ss 2 0.00 -1.00

S Parameter values f orce Branch 1
116 What is ttie tevet of conteiramt testage induced ty a late &tenation?

3 tetF t-DtF2 L OtF3 $ trCtF : no Contairemmt f ailure indxed tv &tonetion'

6 1 2 3 5 L-StF2 : Contairemt teskaga irviuced by detonation (Levet 2)
3 S L-OtF3 : Coritairemt rseture indtxed by *tonation (Levtt 3)
2 115 115

2 3 SCase 1: tate & tonation failed the & ywatt (Esther Level 2 or 3)*

'.
L-DuDt2 L-DWDt3 5 This case at tows ceteting trtween drywat t and contairemmt fasco se

5 20 24 25 34 35
Ievtoad !*CF I*anC IMrt%T I4 arc

FtM -Etti
CETNEESn 2 2.00 1.00

? 1 111 Stase 2: tate *tonetion in contairwwnt - so drywett f aiture f rem *tmation
tn 1*

L-WuDt
3 20 24 23 -

Icptoad IMPCf Imanc '

FUN-ECI2
GETHRESN 2 2.00 1.00

Otherwise Stase 3: so tste detonation in contairwent - no f ailu e
3 to 24 25

f e cad IMPCF Iwaanc
sesw

GET E Sn 2 0.00 -1.00
$ e. . Nter values force Branch 1

|117 W at is the tevet of :Ntaiment teakage irdxed ty tate costustien events? 5 tJ1CL : to contai-rvsmt f ailure
(4 trG L-Ct2 L-Ct3 L-Ct4 S L-Ct2 : Conteiramt failure is a teak (tavat 2) i6 1 2 3 4 5 L-CL3 : Contasm ant failed by rteture (Level 3)

4 5 L-Ct4 : Contair==mt f ailed by catastrephic rteture (Level 4) '
1 93

4 Sce=e 1: Contaimmt alre=3y f ailed by catastreghic ruptur.
I-Ci4

2 5 11
EPSase P9re

Fult-tCPLOW
GFTMRESH 3 9999.00 9999.00 9999.00

D m -- Aiready rte ured
3 93 103 116 Scase 2: Containment et ready etetur*d or etetured free e late etonation er

i

l
e

__ __ _.
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6 Pedtavs PedFC10 Pedra6 Pefta3 P= drat needF S PedFato : Ped stat fe;ts 10 hours fram vs

6 1 2 3 4 5 6 S Pedra6 : Pedestet faits 6 hours frem Vs
9 S PefF33 : Pe * stet felts 3 beurs fr m vs
4 63 63 99 09 S PefF31 : Fedesta4 faits I hours freue VB

5 5 m#edF : no pad stat failure1 + 5 4 +

A-Feit r6reech .DtyCCI neCC1
1 43 Scese 1: we cere-carete interactlens - no padastet eresim tut &try d

CerErPed S CCI eAich would be very tete g=+ stet eresim er WO vesset
AuO S breach tuo CCI) er Algas sede f ailure in sAich cese g=d stat4

GE1MetsM 5 v;r99.0 9999.0 9999.0 9999.0 9999.0 S feiture is no tongar e c mcern j

$ hevy parameters force arench 6
2 75 76 Stese 2: Pedastet eIready feitad frent im otse er pressueiretien et 53

1 + 1
1-PedFI l-PedFP

1 43
! Core * Ped

AuD

GETPaEsa 5 0.00 -1.00 -1.00 -1.00 -1.00
S Durvy perawers force Branch 1

4 102 102 61 99 SCose 3: water and nigh meget, e,=$ high e t
1 * 2 S Group 1 for PCC1 Epp rts-2-1 * *

nZrom75 nZromSC Nitiqvs WetCCI
1 43

Cor1ErPed
AND

Y GEfMPESN 5 9999.00 0.83 0.55 0.32 0.19
o

' " r4 102 102 61 99 Stase 4: unter and tew e=tet, and tow s e =t
2 S Greep 3 for PCCI Erparts i-1 -2 2** *

nZrom75 nZrox50 totiqvs * etCCI
1 43

CortrPed
AND

CETHREsa 5 9999.00 0.79 0.52 0.29 0.16

I 1 99 Scese 5: a==weining cese with water
2 S Grero 2 for MCCI Espects

} WatCCI
1 43'

ConErPed *

AND
GET urEsa 5 9999.00 0.74 0.49 0.26 0.14

5 102 102 61 63 63 SCase 6: to Water end niya au tet, and migh f tew

-2 * 1 *I 2 3) S Creep 6 for MCCI En=rts-1 * +

nZrom75 nZrox50 nitiqvs sm-Fait tssrch
1 43

CorfrPed
AeD

GETheEsp 5 9999.00 0.83 0.66 0.40 0.20
?

3 61 63 63 Stase 7: me water and tow e-tet, and migh flew !

- _ _ _ _ _ _ _ - _
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.

I

t

!

|
i. .

S Grene 7 for MCCI Emperts . e1.* ( 2 + 3)
I

Nitiqv5 - SW-Fait Lggrch
!

1 43 -
[CortrPed
!

| Amo

| GETMRESd 5 9999.00 0.92 0.73 0.47 0.26 j
~

i
' 4 102' 102, 63 63 Scase 8: me water and migh metet, and8eediume flew

-2 ( 2 + 3) S Grote 5 for MCCI Emperts !*
| -1 *
'

nZrox75 nzrox50 t#4ait Lgerch
| 1 43
! CortrPed
i Ale .

0.92 0.71 0.47 0.26
.

1
i GETMeESn 5 ' 9999.00

|;
. SCas 9: no Weter and Lew metet, and seediuur flew er Lew flow i4 .otherwise -- Group 4 for 8ECCI experts;

1 43 S Grene 4 for seCCI Emperts !
,

Corf rPad ;

. Asei

GETMRESa 5 . 99 % .00 0.82 0.62 0.40 0.20 ;

|
122 What is the tewet of tete stgeression poet braess?

'
' L-SP82 't-SP83 S EnSPS : No stspression poet byposs3 LnSPS :

(.

2 1 2 '3 S L-SPS2 : Stepression poet bypass tevet 2 (Leek)
'

7 5 L-SPS3 : 544vression poet bypess tevet 3 (n.pture)
; ,

3 95 118 118 ,.g '

i $ 3 + 4 + 5
t-SPS3 L-DWf 3 L-DWMof3 SCase 1: Drywett rupture freue Cembustion or pre-emlsting rtg*ture

'

O.000 0.000 1.000 ,

5 95 118 113 121 121 Stase 2: Pre-ewisting drywett teek aruf Late padestet feiture i

+ 2 + 3) -1 -6 S - Pedestat failure causes rteture with preemisting teak i

i ( 2
L-SPs2 L-DWDf2 L-OWNDf2 nPedF3WS L-PedF f
0.000 176,2,2 !76,2,1 |

:

! 5 95 118 118 104 110 SCase 3: Pre-emisting dry-ett teek and oc power is eveitable eruf m2 cemeustien ,

3) 2 1 S in conteirme:t - pre-emisting teek exacerbeted by vacume treekee feito i-( -2 .+ 2 +

4,

L-SPS2 t-DWDf2 L-DWMDf2 L-AC. t-Ctsn [
,

0.000 !S2,2,2 152,2,3 [
3 95' _115 118 Stase 4: Pre-emisting drywett teek - nothing has haw to chenye it ;

32 +- 2 +

L-SPs2 L-DWDf2 t-DWMDf2
,

'

(( 0.000 1.000 0.000
2 121 121 Scase 5: Drywell failure caused by Late pedestet feiture ,1

-1 -6 ,

I
efedF3VB L-PedF

f176,2,2 - 0.000 !76,2,1
i 2 106 110 SCese 6: ec power is avaitable and u2 comeustion in centoie f

2 1 S- - vacuumr bresker f aits freau m2 burn -

*

L-AC L- Ign c

152,2,2 0.000 152,2,3
*

Otherwise .SCase 7: no burns in centaircumt & no additlenet bypass
1.000 ' O.000 0.000

123 What is the late contaifunent pressure due to nort-condensibles or steen? ;
j

>#

i ,

!

!
t

-,.n._, . ~ . - ~ r n, :,<. _-__ . _ _ _ w
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1.
1-

!
+

|

-2 LT-Preg ftT-Pres S LT-Pres :. Late contoi e pressure j

4 1 .2 S stT-Pres : Late pressure negligibie I

4 .
S Par 47 - LT-Pres : Late contairement pressure from m. m a ibles er steen

|2 117 119
2 - Stase 1: Containment either streedy feited or vented - centairement wilt ret-1- +

L-CL. L-WEuT S pressurire from rion-condensibles or steam I

0.000" 1.000' - !
4

; 1 r
'

1 47 0.000 0.000
1 5 99- 63 106 118 118 Scase 2: he w+ rete interactlens and either me weswt treach er Laft

( -4 -53) S contairement sprays or to LATE stseression poet tyspots -4 ( 5 + 4 +
"

rioCCI rereach L-CS et-DWf3 et-Dwef3 S- Rmt mer rot be initiated;
0.000 1.000 ;

i 1 i

47 400.0 .0.000 (
'

5 63. 95 97 98 106 Scase 3: Laqpe amoun* of steem is being 9enerated by meter ever core dearis jn

* -4 ~ S- (cavity either flooded or injectlen source) erut the starressien i* 3 * ( -1.. -5 + 1)
sreech -I-SPS3 LD9 Wet LDWFtd rt-CS S pool is bypessed with no late centairment spreys !i

1 1.000 0.000

!

. 1 !,

|47 f13,1,1,1 0.000
| Otherwise SCese 4: so means of pressure retlef

,

1.000 0.000 *

-1 L

1 . 47 t123,2,1,1 0.000 ;

j 7 124 Does contairement failure occur tete due to non-concknsib8es er stees?
' * 4 LPnCL LP-CL2 LP-CL3 LP-CL4 S LPnCL : No contairement f ailure front tete .e maibles or steen
j 5 1 2 3 4 S LP-CL2 : Conteirament failure is a teek (Levet 23 |#

.
'4' 5 47 21 22 S LP-CL3 : Contairement failed by rteture (Levet 3)

1 EP9ASE LT-P#ES #CFait Cftan S LP-CL4 : Containment failed by cetestrephic rteture (Level 4)

FIM-LTPRES ?
! GETMRESw 3~ 3.00 2.00 1.00

125 What is the teng-term tevet of contairument teskoge? S Linct : no LoeG-TElps contairement feiture
<

4 L.~nCL LT-CL2 LT-CL3 LT-CL4 S LT-CL2 : Contairment fatture is a teek P.evet 2) r
-

2 1 2 3 4 S LT-CL3 : Conteirament failed by eteture (Levr>t 3)
.

|
4 'S LT-CL4 : Contairement failed by catastregtic rteture (Level 4) |,

t 2 1*7 124 ;

| 4 + 4 Scase 1: Contairement streedy failed by catastrophic rupture {
i L-CL4 LP-CL4 ;

} O.000 0.000 0.000 1.000 l

: 3 117 124 119 Stase 2: Contairemmt stready etetured o vented late

! 3 + 3
i L-CL3 LP-CL3 ~ . +

2
L-vEmi

| 0.000 0.000 1.000 0.000
1 2 117 124 Stase 3: Conteiruent streedy leaking

i 2- + 2 i'
: L-CL2 LP-CL2'

].
0.000 1.000 0.000 0.000 i

Otherwise SCase 4: 180 ccritoirment falture i

) 1.000 '0.000 0.000 0.000 [

j
i

-

;- i

k
h

9
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B.2 EVNTRE Binning Input File

The file listed below, ggbin.dat, is used in EVNTRE to bin the APET end
states into accident progression bins.

GitAND GULF BINN!NG lhPUT " Version 7 "
13 Aseg fr0xid VB DCH $[ $PB L CLIAK L $ PRAYS

MCCI SRVBKr CF-BVB CF vB DF BVB DF VB
6 6 Fst 5B Siw-1B Fst T2 51w 12 Fst TC $1w-TC
1 1 20

1

rst 58
1 2 20

2

51w-5B
1 3 26

3

Fst 12
1 4 20

4

$1w 12
1 5 20

5 *

Fst-TC
1 6 20

6

$1w TC
2 2 H\lron Loir 0s
2 1 36 36

*
1.s

nZr0:10 nZr0xc10
2 2 36 36

6 + 7

Zr0x10 Zr01<10
$ $ H I P -n'. P l lop-nLPl HtP-LPl lop LPI nVB

1 5 63
5

nBrench
3 1 26 97 97

2)i. ( 1 +

[4 hip nLDBWat 5 LDBWat

2 2 97 97

( l + 2)
nLOBWat S LDBWat

1 3 26
1

,

l' [4-hip

| 1 4 26
' t

[4 lop

$ $ HIDCH LoDCH Hi[15[ LoEX$[ nDCH 5[
? I C4 61

1 1

HPM[ HillqVB
1 2 64

1

HPME

2 3 67 61

1 1

[x$[ HiLiqVB
1 4 67

1

ExS[

B-65

_ _ _ . _ . - _ . . . ._ - . - _ . _ . . . _ . _ -- _ --- ..___ _ _ . . J



! $ 64 67
t t

nHPMt ntu$t
8 8 $P6t0LO $PBt013 $PBt0Lt SI'Bl0L3 $PBttLt $PBttl3 $P$ttL3 Sitt3is
I 1 !!!

1

LnsPB
t2 52 95

1 3

(5nSPB l*$PB3
3 3 52 95 122

1 1 2

($nsPB In$PB L $PBt
3 4 52 95 122

1 1 3
($n$PB In5PB L $PB3

$ 5 95 122 52 95 122
(2 t)*

(1 ?
* * ?)+

| $PBt La$PBt (5n$PB l $PB2 L $PBt
t 5 52 95

*t 3
(5 $PBt : 1 $PB3

2 7 95 !??
*

? 3
1 $PBt L LPB3

1 8 52

3
(5-$PB3

9 9 Ct Lk Cl-Rpt CC Vthi CVB Lk CVB Rpt CL Lk CL kpt
CL Vthf CnFall

2 1 50 93
*

2 2

(5-CL2 - 1-CLE -
_

_1 3_ ??
-t

(3 YtNT
t t 50 50.

3 + 4
!$ CL3 [5 CL4

1 4 93
2

1-CL t
t 5 93 93

3 + 4
I CL3 1 Cl4

1 6 125
2

LT CLt,

t 8 103 119
2 + t"

| Vent L-Vent
5 t 7 125 125-

3- + 4
LT CL3 LT CL4

1 9 125
1

LinCL
4 4 noC$ (C$nol LCS [CS
6 1 30 81 '106 30 B1 -106

9 ( 4 * -4 * -4) +(4 4 ** 4)
nte+C$ n! CS nL C$ nia C$ n! CS L C$

.3 2 30 81 106
4 4 -4

(4 C$ n! CS . nL-C$
6 3 30 81 . 106 30 81 . 106

( -4 * 4 * 4). +-( 4 4 * 4)
*

n[4 C$ 'l-C$ nL C$ n[4 C$ l C$ L C5
6 4- 30 81 106 30 81 106
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4)(4 0 4 *
d)( 4 * 4 * +

14 -( $ l C$ til C$ 14 C$ l C5 L C$
6 6 OtyCCI WetCC) ILDCC) 01yCCI noCCI
1 1 18 9

1

CCl
I t PD

t

WetCCI
1 3 P9

3

f 1 kcl
1 4 99

4

OlyCCI
1 6 99

5

rio0Cli

| ? t etRvlAr c5R * r

j 1 1 23
1

o$k vi* r
1 t 13:

! ?

| c5RVi*r
0 6 t V(h1 CR $P CR DIT CR DIF CL $P CL Dtf CL M ' nCleil
1 ) 22

t

(3vtNT
l 3 1 16 38 3B
"

3 + 3 4 A

tl-L3 ($P CL3 ($P CLA
1 3 av

3

(4 DtF3"

2 4 $D 50'

3 + 4

(6 CL3 lb CLA
7 6 10 3D

t + t'

ll*Lt ($P-CLt
i 6 49

t

le-Dtil
1 7 !>D

t

(5 CLt
1 8 50

1

[5nCL
8 8 (Rupt ALPHA 1R*Det IR Def [* Leak II. Det IL-Def nlCFall
i 1 50 50

3 + 4

[5 Cl3 [5 Cl4
1 t $8

1
+

ALPHA

1 3 92
3

1+DtF3
7 4 93 93

3 4 4

1*CLS l CL4
1 6 50

t

(5 Cit
1 6 92

2
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1
' l Dtit

1 7 93
t

1 Cl2
1 6 93

1

INCL
6 6- DR Det DR Def DL Det DL Def nDrally

1 1 48
,

1

( DVDt3
1 2 52

-i 3
'

(5 5PB3
2 3 48 17

'

r * 2

t DVDt2 (1 SPB2
1 4 52<

t
(5 5PB2

1 6 52 1

1 1
'

(5 5PB1
12 12 IDWRpt ALPHA R DVDP R PedP R Ped $t DR Det DR Def

IDVLk L DVDP DL Det DL.Def nlDWF
1 1 52

||

[$ 5PB3
1 2 LB

"
1

ALPHA

2 3 73 73
4 + 5

1 DWDP3 1 DWHDP3
2 4 76 14 .

*
1 1

1 DVIPed 1 PedFP
3 5 76

I
l DVFPed

2 6 91 72
3 + 3

1 DVDt3 1 DWF13
1 7 95

3

1 5PB3
I B 52 -

2,

"
(6 SPB2

; 2 9 73 73
2 + 3

1+DWOP2 l*DWHOP2
2 10 91 72

2 * - 2
I DVDt2 1 DWF12

1 11 95
2

1 SPB2
1 12 95

1

InSPB
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B.3 Frequency Output File From EVNTRE

The realized split fractions calculated by EVNTRE for PDS 1 are contained
in gl freq.out, shown below. The files for the other plant damage states are
similar (the split fractions are different, of course).

1 TREE ID: GRAO GULF Arti. R(V. ? 1 MAR 69 LH$ Ris - PD$G1 SARRP

f 0F OU($110N$: 12$
OBS[RVA110NS: 250

FOR $ trit $: GRAND GULF P0thi(R
St0VENCE ID: een

"""" Oul$110N: I What is the initiating event?
Q 1YP[/flMES A$ KID: INDEP. INPUT PROB. ?$0

BRANCHt$: iLOSP 17 1C

1 7 3

REALIICD $Ptll: 1.000t+00 0.000t+00 0.000E+00

"*""* Out$ TION: 2 is there a Station Blackout (Diesel Generators f ati)?
0-1YPC/11Mt$ ASKtD: IN0tP.-INPUT PROB. 2$0

BRANCHis: $B n$B
1 2

RtAttilD $PLIT: 1.000t+00 0.000E+00

QUt$110N: 3 la de Power not available?""""

0 TYPt/ TIMES A$KED: INOLP. input PROB. t$0
BRANCHES: tifDC (1-DC

1 2

RIAtll[D $PLll: 0.000C+00 1.000t+00

"""" Outsfl0N: 4 Do one or more $/RVs fail to teclose?
0-1YPt/11Mt$ ASKED: INDLP. INPUT PR0b. $00

BRANCHC5: [150RV [In$0RV
1 2

Rf Alll[D $PLit: $.203[ 02 9.480E 01

""""
Out$110N: $ Does HPC$ f all to inject?

Q TYPL/flMES ASK[D: INDlP. INPUT PROB. $00
(LR ANCHt $: [1fHP!nj [lrHP!nj tl HP!nj

i 2 3

R[AtlitD $PLI 0.000t+001.000E+00 0.000f +00

" * " " * OVESTION: 6 Does RC)C f all to inject initially?
Q ifet/11MI$ ASKf0: IN0tP. INPUT PROB. $00 -

BRANCHt$: (ifRCIC (1 RCIC
1 2

R[ Allit0 $PLll: 1.000C+00 0.000t+00

"""" Out $110N: 7 Does the CRD hydraulic system fati to inject?
0-1YP(/11ML$ A5KED: IN0lP. INPUT PROB. 500

BRANCHt$: tifCR0 (IrCR0 [1 CRD
1 2 3

Rt AtllED $PLli: 1.000t+00 0.000E+00 0.000t+00

* * " * " *
QUt$110N: B Does the condensate system fallt

0 1YPt/11ME5 ASKtD: th0tP. INPUT PROB, $00
BRANCHt$: ElfCond (IrCond llatond

1 ? 3
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RIAll210 $PL!Y: 0.000t+00 1.000(+00 0.000[+00

'"""* QUl$110N: 9 Do the LPC$ and (PCI systems f all?
0-iYP(/TIMIS ASKED: IN0(P. INPUT PROD. 500

BRANCHES: [lfiPC ElrLPC [leLPC [1-LPC
1 2 3 4

RE ALIZED $PLll: 0.000E+001.000E+00 0.000t+00 0.000E+00

' """" Out$110N: 10 Does RHR fall (heat exchangers not available)?
0-TYPE /ilME$ ASKiD: IND(P. INPUT PROB. 500

BRANCHt$: fifRHR (IrRHR [leRHR [1 RHR
1 2 3 4

REALIZED $PLIT: 0.000E+001.000t+00 0.000t+00 0.000E+00

""""
OUESTION: 11 Does the service mater system or cross t te to LPCI falli

0 TYPC/ TIME $ A$ KID: INDEP. INPUT PROB. 500
BRANCH [$t (if$$F [le$$V [la$$W

l 2 3

REALIZE 0 $PLIT: 1.000E+00 0.000E+00 0.000E*00

"""" OU($110N: 12 Does the fire protection system cross tie to LPCI f all?
Q-TYP(/f!M[$ ASKID: IND[P. INPUT PROB. 500

BRANCHES: LifPVS [lofPV$ flaFWS'
1 2 3

R(All2(D $PLil: 0.000C+00 0.000E+00 1.000E+00

"""" OUE$110N: 13 Are the contairmnt (weteell) sprays f a t ted?
Q-TYP[/ TIMES ASK[D: INDCP. INPUT PROB. 500

BRANCHl$ [lfC$$ IlrCS$ [lat$$ (1-C$$
1 2 3 4

REAll2[0 $PLIT: 0.000E+00 1,000r.+00 0.000t+00 0.000C+00

**""" Out$110N: 14 What is the status of vessel depressuritation?
0-TYP(/TIMt1 ASKED: INDEP. INPUT PROB. 500

BRANGi|,: (IfDep (lof 0ep (inDep Il-Dep
1 2 3 4

REALIZED $PLif: 0.000(+00 0.000(+00 1.000E+00 0.000t+00

"""** OVESTION: 15 When does core damage occur?
t,-iVPE/ TIME $ ASKlD: INDEP. INPUT PROB. '500

DRANCHES: CC Fst CD $1w
I .2

REALIZED $PL11 1.000E+00 0.000E+00

QUESTION: 16 What is the level of pre-existing leakage or isolation failure?""""

Q TYP[/flM[$ A$K[D: INDEP. INPUT PROB. 1000
BRANCHES: [ Int [lL2 EIL3

1 2 3
R(ALIZED SPLli: 0.935E-01 6.5:.i 03 0.000f+00

OVE$fl0N: 17 What is the level of Pre-existing suppression pool bypass?""""

Q-TYPE /TIMis A$KED: INDEP. INPUT PROB. 1500
BRANCH [$: [In$PB [1-SPB2 [1 $PB3

1 2
.

3

RfALIZED $PLli: 9.996E 01 3.974I-04 0.000C+00

' " " * " OVE$110N: 18 What is the structural capacity of the containment?
0-fYPE/ TIME $ A$K(0: INDEP. INPUT PROB. INPUT PARM. 1500
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BRANCH [$: Contain
1

RIAL!![0 $PLit: 1.000t+00

QUEST 10N: 19 What is the structural capacity of the drywell?********

Q-1YP(/11MC$ tit 0: IN0(P. INPUT PROB. INPUT PARM. 1500
BRANCHES: Orywell

1

REALII[0 $PLIT: 1.000E+00

Out STION : 20 What t,upe of sequence is this (sumary Cf plant damage)?********

Q-1YPt/11M[$ ASKl0: DEP. INPu? PROB. !$00
BRANCHl5: Fst $B $1= $B Fst-T2 $1w-T2 Ist-TC $1w TC

1 2 3 4 5 6

RIAlltfB $Pllt: 1.000t+00 0.000f *00 0.000t+00 0.000E+00 0.000E400 0.000[+00
I

$UMMARY BY CA$t

| CA$( N WBER/$PLIT: 1 1.000E+00 :

1 DEPIN0(NCIES: 2 15 I
'

I
R[Q. BRANCHES: 1

*
1

OtsCRIPfl0N: $8 CD Fst

CA$[/ BRANCH $PLli 1.000t+00 0.000E+00 0.000[400 0.000C+00 0.000E*00 0.000t+00

CA$E NUMBCR/$PLIT: 2 0.000t+00
0(P(NDENCl[$: 2

REQ. BRANCHt$: 1

DESCRIPi!ON: $B

CA$t/ BRANCH $PLIT: 0.000t+00 0.000t+00 0.000t+00 0.000E+00 0.000E+00 0.000E+00

CA$[ NUMBER /SPlli: 3 0.000E+00
0(P(NDENCIES: 1 15

*
REQ. BRANCHES: 2 1

OCSCRIPTION: T2 CD-Fat

CA$t/ BRANCH $PLIT: 0.000E+00 0.000t+00 0.000t+00 0.000C+00 0.000E+00 0.000E+00 -

CA$( NUMBER /$PLIT: 4 0.000t+00
0(PENDENCl[$t 1

R(Q. BRANCHE$1 2

DESCRIP110N: T2

CA$t/ BRANCH $PLIT: 0.000E+00 0.000(+00 0.000E+00 0.000E+00 0.000E+00 0.000C+00

CA$( NUMBER / SPLIT: $ 0.000E+00
DEPIN0(NCl[$: 1 15

REO. BRANCHE$: 3 1
*

DCSCRIPTION: TC CD Fst

CASE / BRANCH $PLli: 0.000E+00 0.000(+00 0.000E+00 0.000E+00 0.000t+00 0.000C+00

CASE NLHBCR/ SPLIT: 6 0.000E+00
DESCRIPTION: Otherwise

CASE / BRANCH $PLIT: 0.000t+00 0.000E+00 0.000f+00 0.000E+00 0.000E+00 0.000E+00
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******** Out$fl0N: 21 00 tre operators turn on the Hl$ lefore core degradelioni
0-iYtt/TIMt$ ASKt0: DEP. IhPUT PROB. 2760

BR ANCHt$: (2*Hl$ linH11
1 2

R(Atllt0 $PLif: $ 000( 01 $.000t 01

$UMMARY BY CA$(

CA$l NUMB (R/$PLIT: 1 0.000t+00
OtPIN0(NCl[$: ?

REO DRANCHis: 2

DESCRIPTION: h$$

CA$(/hRANCH $PLIT: 0.000t+00 0.000E+00

CA$( NUMB (R/$PLit: 2 1.000t+00
OtsCRIPTION: Otherwise Station Blackout-

CA$t/ BRANCH $PLit: 5.0000 01 $.000t 01

**'''**' Out$110N: 27 la the containment not vented before core degradationi
0-TYP(/ TIMES A$Kt0: 0(P. INPUT PROB. 2750

BRANCHE$1 [3nV[NT (3V[Ni
1 2

REAllit0 $PLli: 1,000(+00 0.000t+00

$UMMARY BY CA$(

CA$l NUMBtR/$PLIT: 1 0.000t+00
0(PtN0(NCl[$1 1 15 21

R(Q, BRANCHt$ 3 * *! t

Ot$CRIPil0N: TC CD $1= (2nHl$

CA$(/ BRANCH $PLlf: 0,000E+00 0.000E+00

CA$( NUMBER /$PLIT: 2 0,000[+00
0(P(N0(NCl[$: 1 15

REO BRANCH [$f 3 * f

0[$CRIP110N: TC CD $1w

CA$t/ BRANCH $PLIT: 0.000t+00 C.000C+00

CA$( NUMB (R/$PLIT: 3 0.000C+00
DEPENDENCl($: 1 6 15

REQ, BRANCH ($: 3
*

?
*

1

DESCRIPil0N: TC tl-RCIC CD Fst

CA$[/ BRANCH $PLll: 0,000t+00 0,000(+00

CA$( NUMbtR/$PLIT: 4 0.000(+00
0[P(NDENCl[$1 2

R(Q, BRANCHt$: 2

;

DESCRIPfl0N: . n$8

CA$(/ BRANCH $PLIT: 0.000t+00 0.000t+00

-
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CA$( NUMBER /$PLll: $ 1,000t+00

1 0($ TRIP 1104: Otherwise
CA$t/ BRANCH $PLit: 1.000f+00 0.000f+00

*"*"" Out$fl0N: 23 Does (do) any $/RV tallptpe vacuum breaker (s) sttek wide openi
0-1YPL/ TIME $ A$tt0: 0(P. INPUT PROB. 4206

BRANCH [$: c5RVBkr cSRVBkr I

1 2

REALIZED SPLIT: 2.417t 01 7.$B3E 01

i $UMMARY BY CA$t

CA$[ NUMB [R/$PLli: 1 $.20?[ C2
DEP(NotNCl[$: 4

R(0. BRANCHES: 1-

Ot$CRIPTION: [l$0RV

CA$t/ BRANCH $PLIT: 0.000t+00 $.202f-02

CA$( NUMBIR/$PLIT: 2 9.4 Bot 01
0(P(N0(NCl($: 20 20 14

3) /4*
Rt0 BRANCHE$: ( 1 +

Ot$CRIP110N: Fat 1B Fat it /[1 Dep

CASE / BRANCH $PL!1: 2,417[ 01 7.063t*01

CA$( NUMB (R/$PL!1: 3 0.000t+00
OtP(NDENC!t$ 20 20 20 le

RIO. BRANCHI$: ( 2 + 4 + 6) /4*

DESCRIPTION: $1w $D $1w-f! $1w-TC /ti Dep

CA$t/ BRANCH $PLIT: 0.000E+00 0.000E+00

CASE NUMBER /$PLIT: 4 0.000(+00
0(P(N0tNCit$: 20

R[Q. BRANCHI$: $

DESCRIPfl0N: Tst TC

CA$t/ BRANCH $PL11: 0.000E+00 0.000E+00

CA$[ NUMBER /$PLli: $ 0.000E+00
Of5CRIPfl0N: Otherwise

CA5(/ BRANCH $PLll: 0.000E+00 0.000E+00

" " * " * OutSTION: 24 Does ac power remain lost during core degradation?
0 1YPL/11HES ASK!1: OtP. INPUT PROB. 7792

BR ANCHES: (4fAC E4 AC
! 1 2

REALII[0 SPLIT! 3.7$2t 01 6.248( 01

$UMMARY BY CA$[

CA$C NUMBER /$PLll: 1 0.000C+00

| -DEPIN0(NCl($: 3

RE0. BRANCHES: 1

DESCRIPil0N: Elf 0C

u
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CASE /bRADCH $PLIT: 0.000s.90 0.000Eo00

CA$[ NUMBER /$PLIT: 2 0.000E+00
DEPENDENCIES: 2 16

RE0. BRANCHES: 1
*

2

DE$CRIPfl0N: $6 CD-$1w

CA$[/DRANCH $PLIT: 0.000E+00 0.000E+00

CA$[ NUMBER /$PLIT: 3 1.000E+00
DEPENDENCl[$: 2

REQ. BRANCHES: 1

DESCRIPil0N: $B

CASE / BRANCH $PLIT: 3.752E 01 6.24BC 01

CA$E NUMBER /$PLIT: 4 0. 000E + 00
DESCRIPTION: Otherwise

CA$[/ BRANCH $PLIT: 0.000E+00 0.000E+00

********
OUESTION: 2$ Is de power available during core degradationi

0-TYPE / TIMES A$KED: DEP. INPUT PROB. 1792
BRANCHE$: [4f0C [4 DC

1 2

REALIZE 0 $PLIT: 0.000E+00 1.000E+00

$UMMARY BY CASE

CA$[ NUMBER / SPLIT: 1 0.000E+00
DEPENDENCIE$ $

REO. BRANCHES: 1

DESCRIPTION: ElfDC

CA$[/ BRANCH $PLIT: 0.000E+00 0.000E+00

CA$E NUMBER /$PLIT: 2 6.24BE 01
DEPENDENCl[$: 24

REQ. BRANCHES: 2

DESCRIPfl0N: [4-AC

CA$[/ BRANCH $PLIT: 0.000E+00 6.248E-01

CASE NUMBER /$PLIT: 3 0.000E+00
DEPENDENCIES: 2 15

REQ. BRANCHES: 1 2
*

DESCRIPfl0N: $B CD $1w

CA$E/ BRANCH $PLIT: 0.000E+00 0.000E+00

CA$[ NUMBER / SPLIT: 4 3.752[-01
DESCRIPTION: Otherwise

CASE / BRANCH $PLIT: 0.000E+00 3.752E-01

******** QUE$fl0N: 26 What is the RPV pressure during core degradationi
Q-TYPE / TIMES ASKED: DEP. INPUT PROB. 12792
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BRANCHf$: (4 HtP (4 top
1 t

RfAll!!D $PLlf: 2.465t 01 7.63$[-01

$UMMARY BY CA$t

CA$[ NUMB (R/$PL11: 1 0.000f+00
D(PINDCNCIES: 14 26

REQ. BRANCHES: 4 * 2

DESCRIPT10N: Il-Dep [4 OC

CA$(/DRANCH $PLil: 0.000t+00 0.000[+00

CASL NUMBER /$PLli: 2 5.20lt-02'

DfPENDENCit$: 4

REQ. BRANCHt$: 1

DESCRIPil0N: (ISORY

CA$t/ BRANCH $PLil: 0.000E+00 5.20l[ 02

CA$t NUMBER /$PLll: 3 0.000t+00
DEPINDENCl[$: 14 25

R[Q. BRANCHt$: 1 + 1

DESCRIPi!ON: [lfDep [4fDC

CA$[/ BRANCH $PLlit 0.000E+00 0.000C+00

CA$t NUMBER /$PLIT: 4 9.480[ 01
DEPINDENCl[$ 2 14

*
RtQ. FAANCHES: 1 3

DCSCRIP110N: $8 Ein0ep

CA$[/ BRANCH $PL!1: 2. 4 66t -01 7.016[-01

CASE NUMBfR/$PLil: $ 0.000E+00
D(PIN 0(NCl[$: 21 1 1 16 22 16

!

1))*
| REQ BRANCHES: 1 *( 2 + 3 *( 2 2 +

DESCRIPil0N: L2 Hl$ T2 TC CD-51w E3V[NT CD Fat

CA$E/ BRANCH SPLli: 0,000t+00 0.000E+00

CASE NUMB (R/ SPLIT: 6 0.000E+00
DESCRIPTION: Otherwise

CASE / BRANCH $PLIT: 0.000C+00 0.000E+00

. QUESTION: 27 Vhat is the status of the Hl$ before vessel breach?* " * * * * *

Q-1YPE/ TIME $ ASKfD: D(P. INPUT PROB. 14890

BRANCHES: (4 Hl$ (4nHl$
1 2

REALIZID $PLli: 2.126E 01 7.075t 01

$UMMARY BY CA$(

CASE NUNDER/ SPLIT: 1 6.000E-01
DEPINDENCl[$: 21

REQ. BRANCHES: 2
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DESCRIPfl0N: (2nH!l

CA$t/ BRANCH $PLIT: 0.000E+00 $.000E 01

CA$[ NUMB (R/$PLlf: 2 0.000t+00
DEP[NDENCl[$t 2

REQ. BRANCHES: 2

DESCRIPTION: n$8

CASE / BRANCH $PLIT: 0.000E+00 0.000E+00

CA$E NJMBER/$PLit: 3 1.B76t 01
DEPENDENCIES: 24

R(0. BRAN 0HES: 1

DESCRIPfl0N: (4fAC

CA$[/ BRANCH $PLit: 1.876[ 01 0.000E+00

CA$t NUMB (R/$PLif: 4 7.699E 02
DEPENDENCit$: 20 26 14 2$

REQ. BRANCHES: 1 1 3
** *

2

DE$CRIPfl0N: Fst $B [4 H1P [InDep [4 DC

CA$(/ BRANCH $PLIT: 9.851t 03 6.714E 02

CA$( NUMBER /$PLIT: $ 2.354E-01
DEP(NDENCIES: 20 26 i

R(Q. BRANCHES: 1
*

2

DESCRIPfl0N: Fst $8 (4 lop

CA$(/ BRANCH $PLII: 1.$0$E 02 2.203( 01

CAS[ NUMBER /$PLIT: 6 0.000E+00
DEPEND [NCl[$: 20

R[Q. BRANCHES: 2

DESCRIPTION: $1w $8

CASE / BRANCH $PLif: 0.000C+00 0.000(40

CA$[ NUMBER /$PLift 7 0.000E+00
DESCRIPfl0N: Otherwise

CASE / BRANCH $PLIT: 0.000E+00 0.000E+00

* * * * * * * *
QUESTION: 28 Is RPV injection restored during Core degradationi

D TYPC/IIMES ASKED: DEP. INPUT PROB. 17334
BRANCHES: (4nLP) (4-LPI (4 HPl

1 2 3

REALIZIO $PLif: 1.286E 01 2.466E 01 6.24BC 01

$UMMARY BY CA$E

CASE NUMBER /$PLIT: I 6.24BE 01
D(P(NDENCl[$ $ 24

REQ. BRANCHE$: 2 2
*
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Ol5CRitT10h: firHP!nj (4.AC

CA$t/ BRANCH $PLit: 0.000l+00 0.000t+00 0.24tt 01

CA$t NUMBER /$Ptit: ? 0.740! Of
OLPINDENCit$: f t,

REQ. BRANCHt$: 1

OlstRIPt!0N: 14 HtP

CA$t/ BRANCH $PLli: 9.f 4BI 02 0.000!+00 0.000t+00

| Call NJM0tR/$PLIT: 3 0.000l+00
OtPIN0thClt$- p 24

RIO. BRAN;Ht$: /1 2
*

Ot$CRIP110N: /LifLPC (4*AC

CAtt/ BRANCH $PLIT: 0.000t+00 0.000t+00 0.000t+00

CAtt NUMBER /$Ptit: 4 0.000t+00
OtPtNotNCl[$: 8 24 20 !?

* * *
Rio BRANCHt$: /1 t /1 2

,

Ot$CRIPf!Dti: /tiftond (4 AC /Fst $B (4nHl$

CA$t/ BRANCH $PLIT: 0.000t+00 0.000E+00 0.000t+00

CA$t NUMBER /$Ptli: $ 0.000t*00
DCPINDENCit$: 8 24 20

REQ. BRANCHt$: /1 2 /1* *

Ot$CRIPfl0N: /Clftond (4 At /Fst $B

CA$t/ BRANCH $PLIT: 0.000t+00 0.000t+00 0.000t+00

CA5t NUMBLR/$PLIT: 0 0.000t+00
DIPENDENC]t$: 6 $4 27

Rt0. BRANC 1: /1 2 2* *

Ot$CRIPil0N: /tiftend (4-A0 tenHl$

CA$t/ BRANCH $PLit: 0.000t*00 0.000t400 0.000t+00

Cast NUMBER /$PLll: 7 0.000t+00
OtPEN0tNClt$: B 24

RlQ. BRANCHt$: /1 2
*

Ot$CRIP110N: /tifCond 14 AC

CA$t/ BRANCH $PL11: 0.000t+00 0.000t+00 0.000t+00
i

CA$t NUMBER /$PLll: B t 827t 01
DEPENotNCll$: !? 20 24 27 24

1)* *
RIO. BRANCHt$: 3 1 '( ? ? +

Ot$CRIP110N: ElefWS Fet-$B [4+AC (AnHl$ [4fAC

CA$t/ BRANCH $PLIT: 3.010t-02 2.466E 01 0.000t+00

CA$t NUMBIR/ SPLIT: 9 0.000t+00
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i

4 OtPINDlNClt$2 12 20

RIO. BRANCHt$: 3
'

1

1
1 DESCRIPTION: IleFV5 Fst $B

cat [/ BRANCH $PL11: 0.000E+00 0.000t+00 0.000t+00

! CA$l NUMBER /$PLIT: 10 0.000C+00
i

DESCRIP110N: Otterwise
'

CA$t/ BRANCH $PLIT: 0.000E+00 0.000E+00 0.000E+00
1

* * " " " Out$t10N: 29 !s the core in a critical configuration following injection recovery?,

'

0-TYPC/TIMIS A$KED: DEP. INPUT PROB. 22629
BRANCHES: (4 Crit tantrit

1 2

RIAllZED $PLIT: 8.661t 03 9.913[ 01

$UMMARY BY CA$t
;
'

CA$t NUMBER /tPLll: 1 0.000C+00
DEPINDINCl[$: 1 28

*R(0, BRANCHl$: 3 2

|

D($CRIP110N: TC [4 LPI
"

CA$t/DRANCH $PLIT: 0.000t+00 0.000E+00

CA$( NUMBER /$PLIT: 2 8.714L 01
J D(P[N0tNCl[$: 28 28

RCO BRANCHt$: 2 + 3

D($CRIPTION: [4-LPI (4 HPl

CASE /0 RANCH $PLIT: 6.661[ 03 8.627E 01

CA$t NUMB (R/$PLit: 3 1.286t 01
DESCRIPT10Nt Otherwise

CA$[/ BRANCH $PL11: 0.000t+0D 1.266[ 01

* " " * " OutsT10N: 30 What is the status of containment sprays?
Q-1YP(/flMES A$KED: OCP. INPUT PROB. 226?9

BRANCH ($: [4fCS (Art $ EdaC5 [4 C$
1 2 3 4

REALIZ(D $PLll: 0.000E+00 3.7$2E 01 6.248E 01 0.000E+00

$UMMARY BY CASE

CA$[ NUMB [R/$PLit: 1 0.000C+00
DEPINOLNCl[$: 13

RIO. BRANCHES: 1

Ot$CRIPTION: [lfC$$

CA$[/ BRANCH $PLil: 0.000C+00 0.000f+00 0.000C+00 0.000E*00

CA$( NUMBER /$PLIT: 2 3.7$2E-01
DIP [NDENCl[$: 13 24

*R(0, BRANCHf$: 2 1

; DESCRIPfl0N: (IrC$$ [4fAC

|
i

|

; B-78
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CA$t/ BRANCH $PLIT: 0.000E+00 3.752E 010.000E+00 0.000t+00

CA$t NUMBER /$PLit: 3 0.000(+00
DEPINotNCl[$: 1 15

*
REQ. BRANCHES: 3 2

DESCRIPTION: TC CD $1w

CA$[/ BRANCH $Ptli: 0.000t+00 0.000[400 0.000E+00 0.000E+00

CASE NUMBIR/$PLIT: 4 0.000E+00
OCP(NO[NCit$: 20 24

*
REQ. BRANCHES: 2 2

DESCRIP110N: $1w-$8 [4 AC

CA$t/ BRANCH $PLIT: 0.000E+00 0.000E+00 0.000E+00 0.000E+00

CA$E NUMBIR/ SPLIT: $ 6.248t 01
DESCRIPi!ON: Otherwise

CA$E/ BRANCH $PLIT: 0.000E+00 0.000t+00 6.24BE 01 0.000E+00

QUESTION: 31 What amount of Oxygen is in the wetwell daring core degradationi"***"*

Q-1YPE/ TIMES A$KIO: INDEP. INPUT PROB. INPUT PARM, 22629
BRANCHES: 02W

l
REAllZE0 $PLIT: 1.000E+00

"""" OVESTION: 32 What amount of Oxygen is in the drywell during core degradation?
Q-TYPE / TIM [$ ASKt0: INOCP. INPUT PROB. INPUT PARM. 22629

BRANCHES: 020V
1

REALIZ[0 $PLIT: 1.000E+00

QUEST 10N: 33 What amount of steam is present in the containment at core de nagei""**"

Q-TYPE / TIME $ ASKt0: DEP. INPUT PROB. INPUT PARM. 22029
BRANCHC$: H20W

1

REALIZE 0 $PLli: 1.000E+00

$UMMARY BY CA$E

CA$[ NUMBER /$PLIT: 1 0.000E+00
DEPENDENCl[$: 16 22

REQ. BRANCHES: 3 + 2

DESCRIPTION: ell 3 E3 VENT

CASE / BRANCH $PLIT: 0.000E+00

CASE NUMBER /$PLli: 2 0.000t+00
DEPEN 0(NCIES: 1 15

*
REQ. BKANCHES: 3 2

OESCRIP110N: TC CD-$1w

CASE / BRANCH $PLli: 0.000E+00

CASE NUMBER / SPLIT: 3 0 000t+00 /

DEPENDENCIES: 10 13
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REQ. BRANCHES: 4 * 4

DESCRIPT!0N: El RHR El-CS$

CASE / BRANCH $PLit: 0.000C+00

CA$E NUMBER /$PLli: 4 0.000E+00
DEPE NDE NCIE$ 2 2 14 l$

REQ. BRANCHES: 1
* *

1 2

DESCRIPTION: $B Elf 0ep CD-S1w

CA$E/ BRANCH $PLIT: 0.000E+00

CASE NUMBER /$PLit: $ 0.000E+00
,

DEPENDENCIES: 20- |

REO. BRANCHES: 2

DESCRIPf!ON: $1w $$

CA$t/ BRANCH "' '? * 0,000E+00

CA$E NUMBER /$PLIT: o 4.000E+00
D'ECR!?fl0N: Otherwise

CA>E/6kANCE $PLIT: 1.000E+00

******** QUC$fl0N: 34 What amount of steam is piesrat in the deywell at core d,imagei
Q-TYPE /i!MES AEKED: DEP. INPUT PROB. INPUT PARM. 22629

BR ANCHES: H20DV
1

REAll2E0 $PLIT: 1.000E+00

$UMMARY BY CASE

CA$E NUMBER /SPLli: 1 2.416E-01
DEPENDENCIES: _73

REQ. BRANCHES: 1

DESCRIPfl0N: oSRVBk r

CA$E/ BRANCH $PLli.- 2.416E-01

CASE NUMBER / split: 2 0.000E+00
DEPENDENCIES: 1 15

REQ. BRANCHES: 3 2
*

DESCRIPTION: TC Co $1w

CASE / BRANCH $PLli: 0.000E+00

CA$C NUMBER / SPLIT: 3 0,000E+00
DEPENDENCIES: 10 13

REQ. BRANCt!$: 4 * 4

DESCRIPTION: E l-R HR El-C$$

CA$E/ BRANCH $PLIT: 0.000E+00

CASE NUMBER /SPLli: 4 0.000E+00
DEPENDENCIES: 2 14 l$

* *
REQ. BRANCHES: 1 1 2
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Ot$CRIPfl0N: $8 [lfDep 00-$1=

,

CA' ' BRANCH $PLIT: 0.000E+00
|

Cs NBER/$PLIT: $ 0.000f+00
/EN0tNCl[$: 70

Rio. BRANCHt$: 2

DC$CRIPfl0N: $1w $$

CA$t/ BRANCH $PLIT: 0.000t+00

CAtt NUMB (R/$PLIT: 6 7.!>B4[ 01
Dt$CRIPfl0N: Othe rwise

CA$f/ BRANCH $PLIT: 7.!. Bot 01

***"*** OVE5110N: 35 total amount of hydrogen released in vessel during core degradation?
Q TYP(/flM[$ A$ KID: 0(P, ikPUT PROB. INPUT PARM. 22629

BRANCH [$ In VsH2
1

REALIZCD $PLil: 1.000t+00

$UMMAAY BY CA$t

CA$t NUMB (R/SPLlf: 1- 0.000[+00
DCP(NotNCl[$: 1 28

Rt0. BRANCHI$: 3 2
*

DESCRIPf!ON: TC (4 LPI

CA$t/ BRANCH $PLif: 0.000(+00

CA$t NUMBER /$PLIT: 2 0.000[+00
DCP[NDENCl[$t 1

R[0, BRANCHt$: 3

DESCRIPTION: TC

CA$t/ BRANCH $PLIT: 0.000t+00

CA$t NUMBfR/ SPLIT: 3 B,714t-01
DIPIND(NCl[$; 14 28 2B

3)Rto. BRANCHES: /4 *( 2 +

DESCRIP110N: /Il Dep (4 LPI I4 HPl

CA$[/ BRANCH $PLli: 8.714E 01

CA$[ NUMB (R/$PLIT: 4 0,000C+00
DEP[ND(NCl[$: 28 28

3)R(Q, BRANCHt$: ( 2 4

'D[$CRIPi!0N: (4 LPI [4 HP!

CA$[/ BRANCH $PLll: 0.000E*00

CA$( NUMBER /$PLIT: $ 9.24BE-02
DEPINDENCl[$: 26

REO. BRANCHE$: 1
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DESCRIPTION: (4 HtP

CA$t/ BRANCH $PLli: 9.24ef 02

CA$t NUMBfR/SPLil: 6 3.617f 02
0($CRIPfl0N: Otherwise

CA$(/BR ANCH $PLli: 3.017( 02

OUESTION: 36 What is the level of In-Vessel :trconism oxidationi""""

Q-fYP[/i!MES A5Kt0: th0tP. CALC. PROB. 22629
BRANCHI$: Ir0x75 Zr0:50 IrDa40 Zr0x30 Zr0x21 Zr0x10 2r0x<10

1 2 3 4 5 6 7

R[AL!ZfD $PLIT: 0.000t+00 3.540E-021.134[ 01 1.446t 01 1.455C-012.043[ 013.500t 01

Out$110N: 37 What is the containment pressure during core damagei""""

0-TYP[/flM[$ A$Kf0: 0(P. CALC. PROB. 22029
BRANCHES: [lP=3 [lP>2 [lPal

1 2 3

REALIZED $PLIT: 0.000t+00 0.000[+00 1.000E+00

SuHMARY BY CA$(

CA5! NUMBER /SPLli 1 0. 000(+ 00
DCPENO[NCl[$: 16 22

R[Q. BRANCHI5: 3 + 2

DESCRIPil0N: ell 3 [3VlNT

CA$(/ BRANCH split: 0.000t+00 0.000E+00 0.000f +00

CAS( NUMBtR/$PLIT: 2 0.000t+00
DEPENO[NCl[5: 1 15

R[Q. BRANCHES: 3 2
*

DESCRIPi!0N: TC CD Siw

CAS(/ BRANCH $PLIT: 0.000E400 0.000(+00 0.000(+00

CASE NUMBER /SPLli: 3 0.000(+00
DEPINDENCIE5: 10 13

REQ. BRANCHES: 4 * 4

DESCRIPil0N: E l-R HR [1 CS$

CASE / BRANCH $PLIT: 0.000L+00 0.000E+00 0.000E+00

CA$( NUMDIR/5PLll: 4 0.000t+00
DEP(N0(NCl[5: 20 30

*
REQ. BRANCHE$: 2 4

DESCRIPTION: Slw-$B [4 C$

CASE / BRANCH SPLIT: 0.000E*00 0.000E+00 0.000[+00

CA$[ NUMBER / SPLIT: 5 0,000E+00
DEP[N0(NCit$: 2 14 15

* *
REO. BRANCH (S: 1 1 2

DESCRIPfl0N: SB Elf 0ep CD-51w

CASE / BRANCH SPLli: 0.000E+00 0.000E+00 0.000E+00,

!
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CA$t NUMblR/$PLll: 6 0.000t+00
OtPINotNCit$i 20

klQ. BRANCHE$: ?

DistRIPfl0N: $1w $B

CA$t/ BRANCH $PLift 0.000E+00 0.000t+00 0.000(+00

CA$t NUMB (R/$PLll: 7 1.000t+00
| Ot$CRIP110N: Otterwise
! CA$t/ BRANCH $PLIT: 0.000(+00 0.000!+00 1.000t+00

" "**** Out$110N: 3B vhat is the level of containment leakage due to slow pressurtration before VBT
Q TYPt/flMIS A$Kt0: DIP. CALC. PROB. 22620

BP,ANCH($ : EstnCL (SP CL2 [$P CL3 ($P CL4
1 2 3 4

REAL!ZID $PL!it 1.000(+00 0.000t+00 0.0000+00 0.000E.00

f tVHMARY BY CA$t

CA$l NUMBtR/$PLIT: 1 0.000!+00
0(PIND(NCl[$; 10 22

RIO. BRANCHt$: 3 + 2

Ot$CRIPfl0N: [lL3 (3V(Ni,

CA$[/ BRANCH $PLIT: 0.000(+00 0.000E+00 0.000E+00 0.000t+00

CA$[ NUMBER /$PLit: 2 0.000t+00
0(P[N0(NCl($: 1 16

*
REQ. BRANCHt$: 3 2

0($CRIP110N: TC CD-$1w

CA$t/ BRANCH $PLll: 0.000C+00 0.000E+00 0.000t >00 0.000[+00

CA$l NUMBCR/$PLIT: 3 0.000t+00
0[PENO[NCl[$: 2 14 15

* *
R(Q BRANCH [$: 1 1 2

DESCRIPi10N: $B ClfDep CD-$1w

CA$t/ BRANCH $PLli: 0.000[+00 0.000t+00 0.000(+00 0.000E+00

CA$( NUMB (R/$PLit: 4 1.000C+00,

0($CRIP110N: Otherwise
CA$t/ BRANCH $PLli: 1.000t+00 0.000t+00 0.000t+00 0.000t+00

******** QutsTION: 39 Vhat is the maximum hydro 0en concentration in the wetwell before VB7
Q-TYP(/i!Mt$ A!Kto: OCP. CALC. PROB. 22629

BRANCHES: HW>20 HW> l6 HW>lt HW>B HW>4 NoHW
1 2 3 4 6 6

;

REALIZIO $PLIT: 4.0$lt-019.161[ 02 9.311E 02 9.812E-02 8.470E 02 2.274(-01

$UMMARY BY CA$t

CA$[ NUMBER /$PLIT: 1 0.000t+00
O!PENDENCits: 23 20

*REQ, BRANCH ($: 1 6

|

|
i
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DESCRIP110N: e5RvBk r $1w TC

CA$E/ BRANCH $PLli: 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00

CASE NUMBER /$PLIT: 2 0.000E+00
DEPEh0ENCIES: 23 16 38 3B

REQ. ORANCHES: 1 *( 3 + 3 + di

DESCRIPT10N: otRYBkr EIL3 ESP-CL3 ESP CL4

CA$E/ BRANCH $PLli: 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00

CA$[ NUMBER /$PLIT: .3 0.000E+00
DEPENDENCl[$: 20

REQ. BRANCHES: 6

DESCRIP110N: $1w-TC

'CA$E/ BRAN 0H $PLIT: 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00

CASE NUMBER /$PLIT: 4 0.000E 00
DEPENDENCIES: 16 38 38

REQ. BRANCHES: ( 3 + 3 + 41

DESCRIPT10N: ell 3 ESP-CL3 ESP CL4

CA$E/ BRANCH $PLlf: 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00

CAtt NUMBER /$PLIT: $ 2.41tE-01
DEPLN0(NCIE$t 23

REQ. BRAV.HES: 1

DESCRIPTION: oSRVBkr

CASE / BRANCH $PLlf: 9.549E 02 2.lBSE 02 2.359E-02 2.530E 02 1.739E 02 $.794E 02

CASE NUMBER / SPLIT: 6 0.000E+00
DEPENDENCIE$i 17

REQ. BRANCHES: 3

DESCRIPil0N: El $PB3

CASE / BRANCH $PLli: 0.000E+00 0.000E+00 0.000E +00 0.000E+00 0.000E+00 0.000E+00

CA$[ NUMBER /SPLll: 7 7.584E-01
DESCRIPil0N: Otherwise - Nominal or small leakage into drywell

CA$[/ BRANCH $PLIT: 3.096E-01 6.966E 02 6.9$3E-02 7.273E 02 6.740E-02 1.69$E 01

'"*"**
QUESTION: 40 To what level is the wetwell inert during core degradation?

Q-TYrt/TlHES ASKED: INDEP. CALC. PROB. 22629
BRANCHES: E4nV!n E4 Vln2 E4 Win 3

1 2 3

REAl.lZED $PLit: 1.000E+00 0.000E+00 0.000E+00

'"*****
OVEst10N: 41 Do diffusion flames consume the hydrogen released before VB7

Q-TYPE / TIMES ASKED: DEP. INPUT PROB. 29846
BRANCHES: E4 Otf E4n01f

1 2

REALIZE 0 $PLIT: 3.900E-02 0.610E-01

$UMMARY BY CASE
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CA$( NU4tR/SPtif: 1 0.000t+00
0(P[N0 ENCL [$: 40 20

RIQ, BRANCH [$: 3 + 6

DESCRIPTION: (4 Win) $1w-TC

CA$(/BRAhCH $PLli: 0.000t+00 0.000E+00

CAS( NUMBER /$PLIT: 2 0.000t+00
OLPENDENCIE$: 2 21

RIQ. BRANCHt$: 2 *
1

DESCRIPi!0N: n$$ [2 Hl$

CASE / BRANCH $PLil: 0.000C+00 0.000E+00

CASE NUMBER /$PLit: 3 0.000t+00
OtPENDENCl[$: 2

RtQ. BRANCHI$: 2

DESCP,lPil0N: n$$

CA$[/ BRANCH $PLIT: 0,000E+00 0.000E+00

CA$[ NUMBER /$PLli: 4 2.487t 02
DEP[N0(NCit$: 2 24 27

REQ. BRANCHES: 1 2 1
* *

0($CRIPil0N: $B (4 AC [4-Hl$

CA$(/ BRANCH $PLIT: 2.966E 03 2.190E 02

CAS[ NUHBER/$PLif: $ 5.999E 01
DEFINotNCl[$: 2 24

RIQ, BRANCH [$: 1 2
*

Ot$CRIPi!0N: $8 (4 AC

CA$t/ BRANCH $PLll: 3.603t 02 $.C39t 01

CASE NUMBER /$PLIT: 6 3.752t-01
DESCRIPTION: Otherw1:e -- Low Pressure station blackout without recovery

CA$t/ BRANCH $PLIT: 0.000t+00 3.7$2[-01

********
QU[$ TION: 42 What is the maximum hydrogen concentration in the drywell before VB7

Q TYP(/TlHt$ ASKIO: OfP. CALC. PROB. 29846
BRANCHES: HDV>20 HDVe16 HOW 12 HDu HDW>4 NoHDW

1 2 3 I $ 6
'

REAllZED $PLIT: 0.000E+00 0.000E+00 0.000E+00 0.0t. 70 0.000E+00 1.000ts00

$UMMARY BY CA$t

CASE NUMBER /$PLIT: 1 0.000C+00
DEPEND [NCit$: 23 20

REQ. BRANCHES: I '
6

| DE$CRIP110N: OSRVBkr $1w TC

CASE / BRANCH $PLli: 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000C+00 0.000E+00
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CASE NUMBER /SPLll: 2 -0.000E+00
DEPENDENCIES: 23 16 38 38

REQ. BRANCHES: 1 *( 3 + 3 + 4)

DESCRIPTION: OSRVBkr ell 3 ESP CL3 ESP-Cl4
i

CASE / BRANCH SPLIT: 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00

CASE NUMBER /SPLli: 3 2.416E-Cl
DEPENDENCIES: 23

,

REQ. BRANCHES: 1

DESCRIPil0N: oSR|1kt

CASE / BRANCH SPLli: 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 2.416E 01

CASE NUMBER / SPLIT: 4 0.000E+00
DEPENDENCIES: 17 41

*
REQ. BRANCHES: 3 2

DESCRIPil0N: El SPB3 E4nDif

CASE / BRANCH SPLIT: 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00

CASE NUMBER / SPLIT: 5 2.494E 04
DEPENDENCIES: 17 41

*
REQ. BRANCHES: 2 i

DESCRIPT 0N: El-SF82 E4notf

CASE / BRANCH SPLIT: 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 2.494E-U4
9 .

CASE NUHBER/ SPLIT: 6 7.581I 01
DESCRIPTION: Otherwise -- Nominal leakage into drywell only

CASE / BRANCH SPLIT: 0.000E+00 0.000E+00 0.000E+00 0.000E400 0.000E+00 7.5.'lt 01
s

******** QUESTION: 43 Do deflagrations occur in the WV prior to vessel breach?
Q TYPE /ilHES ASKED: PEP. INPUT PROB. 36564

BRANCHES: E4-WV0f EinWV0f
1 /

REALIZED SPLll: 6.129E-01 3.871E-01

SUMMARY BY CASE

CASE NUMBER / SPLIT: 1 3.900E 02
DEFENDENCIES 41 40 20

REQ. BRANCHES: 1 + 3 + 6

DESCRIPTION: E4-Dif E4-Win 3 $1w-TC

CASE / BRANCH SPL'li: 0.000E+00 3.900E 02

CASE NUMBER / SPLIT: 2 1.t?0E-Oi
OEPENDENCIES: 25 4 '39

REQ. BRANCHES: ( 2 2) 6* *

0ESCRIFi!0N: E4-top EinSORY - NoHWW

CASE / BRANCH SPLIT: 0.000E+00 1.670E 01

CASE NUMBER / SPLIT: 3 4.784E 01
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DEPENDENCIES: 24

REQ. BRANCHES: 2

DESCRIPil0N: .E4 A0
'

CASE / BRANCH SPL!i: 4.784E 01 0.000E+00

CAS! NUMBER /SPLif: 4 4.B81E-0J
DEPENDENCIES: 26 14 4 39

REQ. BRA 'S: ( l + /4 1) 6
* *

DESCRIPil0N: E4 hip /El Dep EISORV *oHW

CASE / BRANCH SPLIT: 1.053E-03 S.82BE 03

CASE NUMBER /SPLli: $ -6 ?34E 03
DEPENDENCIES: 26 14 4 39

REQ. BRANCHES: ( 1 + /4 1) $
* *

DE$CRIPilVN: E4-hip /El-Dep EISORY HW > 4

N4/ BRANCH SPLIT: 1.323E-03 4.911E 03

CASE NUMBER /SPLll: 6 2.137E-02
DEPENDENCICO .%

REQ. BRANCuES: $

DESCRIP !.DN: kWP4

CASE /DRANCH SP W 3.f'3E-03 1,756E 02

CASE NUMBEk!$"8IT: -7 1...L"-02
DEPENDENCit!: 26 14 4 ' 39

REC. DRANCHES: ( 1 + /4 1) 4
* *

OESCRIPilW: E4 hip /El Dep EISORY HW>8

CASE / BRANCH SPLll: 3.036E 03 8.210E C3

CASE NUMBER / SPLIT: B 2.573E-02
DEPENDE61ES: 39

|
'

REO. BRANCHES: -4

DESCRIPTION: HW >B

. CASE / BRANCH SPLIT: 7.609E-03 1.792E 0?

CASE NUMBER /SPLll: 9 1.222[ 02
DEPENDENCIES: 26 - 14 4 39

REQ. BRANCHES: ( 1 + /4 1) 3
* *

DESCRIPTION: E4 HIP /El-Dep EISORY HW>l2

CASE / BRANCH $PLIT: 4.771E-03 7.445E 03

CASE NUMBER / SPLIT: 10 2.4B9E 02
DEPENDENCIES: 39

REQ. BRANCHES: 3

DESCRIPil0N: HW> l ?
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CASE / BRANCH SPLIT: 1.022C 02.1.467E 02

CASE NUMBER / SPLIT: 11 7.741E-02
DEPENDENCIES: 26 14 4 39 39 f

1

REQ. BRANCHES: ( 1 + /4 1) *( 2 + 1) !*

DESCRIPTION: E4 HiF /El Dep EISORV HW>l6 HW>20

CASE / BRANCH SPLIT: 3.861E 02 3.879E-02

CASE NUH3ER/ SPLIT: 12 1.316E-01
DEPEN 0!hCIES: 39 39

REQ. BRANCHE$: ( 2 + 1)

DESCRIPi10N: HW >l6 HW>20

CASE / BRANCH SPLIT: 6.387E-02 6.768E-02

CASE NUMBER / SPLIT: 13 0.000E+00
DESCKIPTION: Jtherwise

CASE / BRANCH SPLIT: 0.000E+00 0.000E+00

******** QUESTION: 44 1s there a detonation in the wetwell prior to vessel breachi
Q-TYPE /T!HES ASKED: DEF. INPUT PROB. INPUT PARH, 44444

'

BRANCHES: E 4-W0t [4nW0t
1 2

REALIZED SPLIT: 1.53SE 01 8.46SE 0)

SUHHARY BY CASE

CASE NUMBER / SPLIT: 1 4.103E-01
DEPENDENCIES: 40 30 40 39 39 39

* /4 + 3 + 4 + $ + 6REQ. C'lANCHES: ?

DESCRIPTION: E4-Win 2 /E4 CS E4 Win 3 HW>8 HW>4 NoHW

CASE / BRANCH SPLIT: 0.000E+00 4.103E-01
|

CASE NUMBER / SPLIT: 2 0.000E+00 -|
1

DEPENDENCIES: 43 39 40 30

REQ. BRANCHES: 1 3 *( 2 4)* *

DESCRIPil0N: E 4-W0f HW>l2 E4 Win 2 E4 CS

CASE / BRANCH SPLIT: 0.000E+00 0.000E+00

CASE NUMBER / SPLIT: 3 6.774E-02
DEPENDENCIES: 43 39

*
REQ, BRANCHES: 1 3

OESCRIPTION: E4 W0f HWP12

CASE / BRANCH SPLIT: 0.000E+00 6.774E-02

CASE NUMBER / SPLIT: 4 0.000E+00
DEPENDENCIES: 43 31 40 30

REQ. BRANCHES: 1 2 *( 2 4)* *

DESCRIPTION: E4 WDf HW> l6 E4 Win? E4 CS
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CASE / BRANCH SPLIT: 0.000E+00 0.000E+00

CASE NUMBER / SPLIT: $ 6.640E 02
DEPENDENCIES: 43 - 39 |

|

REQ, BRANCHES: 1 2
*

DESCRIPTION: E4 WDf FW>l6

! CASE / BRANCH SPLIT: 1.092E-02 4.948E 02
|
' - CASE NUHBER/ SPLIT: 6 0.000E+00

DEPENDENCl[S: 43 39 40 30

REQ, BRANCHE$: 1 1 *( 2 4)* *

DESCRIPTION: E4 WOf tW >20 [4-Vin 2 E4-CS

CASE / BUNCH SPLIT: 0,000E+00 0.000E+00

CASE NUMBER / SPLIT: 7 3.056E-01
DEPENDENCIES: 43 39

REQ, DRANCHES: 1 1
*

DESCRIPTION: E4 WDf HW>20

CASE / BRANCH SPLIT: 1.366E-01 1.090E 01

CASE NUHBER/ SPLIT: 8 1,499E 01
DESCRIPTION: Otherwise No combustion--

CASE / BRANCH SPLIT: 0.000E+00 1,499E 01

******** QUESil0N: 45 What is the level of conteinment impulta had before vessel breach?
Q-TYPE / TIMES ASKED: INDEP. CALC. PROB, 44444

BRANCHES: E-lp>60 E-Ip>SO E+1p>40 E-!p>30 E*ip>20 E IP>10 E-!p<10
1 2 3 4 5 6 7

REALIZED SPLIT: 8.32BE-05 1.811E-03 3,286C-03 4,62SE-03 1.852E 02 S.276E-02 9.189E-01

4

********
QUEST 10N: 46 With what efficiency is hydrogen burned prior to VB7

Q-TYPE /TlHES ASKED: DEP. INPUT PROB INPUT PARH, 44444
BRANCHES: H2EfBVB

1

REALIZED SPLIT: 1.000E+00

SUMMARY BY CASE

CASE NUMBER / SPLIT: 1 3.B71C-01
DEPENDENCIES: 43

REQ. BRANCHES: 2

'

DESCRIPTION: E4nWDf
|

CASE / BRANCH SPLIT: 3.B71E 01

CASE NUHBER/ SPLIT: .2 0.000E+00
DEPENDENCIES: 40 39

REQ, BRANCHES: 2 6*

DESCRIPfl0N: E4-Win 2 NoHW

CASE / BRANCH SPLIT: 0.000E+00

j CASE NUMBER /$PLIT: 3 4.644E 02

|
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DEPENDENCIES: 39

REQ. BRANCHES: 6

DESCRIPTION! NoWW

CASE / BRANCH SPLli: 4.644E-02

CA$E NUMBER / SPLIT: 4 0.000E+00
DEPENDENCIES: 40 39

REQ. BRANCHES: 2 5*

DESCRIPil0h: E4 Wir.2 HW>4

CASE / BRANCH SPLIT: 0.000E*00

CASE NUMBER / SPLIT: 5 5.BBIE-02
DEPENDENCIES: 39

REQ. BRANCHES: 5

DESCRIPTION: HW)4

CASE /BRANCt. W IT: 5 BBIE 02

CASE NUMBER /SPLli: 6 0.000E+00
DEPENDENCIES: 40 39

*
REQ. BRANCHES: 2 4

DESCRIP110N: E4-Win? HW>B

CASE / BRANCH SPLll: 0.000E+00

CASE NUMBER /SPLli: 7 6,792E J2
DEPENDENCIES: 39-

REQ. BRANCHES: 4

DESCRIPil0N: HW>B

CASE / BRANCH SPLli: 6.792E-02

CASE NUMBER /SPL!i: B 0.000E+00
DEPENDENCIES: 40 39

REQ. BRANCHES: 2 3*

DESCRIP110N: E4-W!r2 Esd>12

CASE / BRANCH SPLIT: 0.000E+00

CASE NUMBER / SPLIT: 9 6.774E-02
DEPENDENCIES: 39

REQ. BRANCHES: 3

DESCRIP110N: HW> l2

CASE / BRANCH SPLIT: 6.774E-02

CASE NUMBER / SPLIT: 10 0.000E+00
DEPENDENCIES: 40 39 39

1)REQ. BRANCHES: 2 *( 2 +

DESCRIPTION: E4 Win? HW>l6 HW>20
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CASE / BRANCH SPLift 0.000E+00

CASE NUMBER / SPLIT: 11 3.720E-01
DEPENDENCIES: 39 - 39

REQ. BRANCHES: ( 2 + 1)

DESCRIPil0N: HW>16 HW)20

CASE / BRANCH SPLli: 3.720E 01

CASE NUMBER / SPLIT: 12 0.000E+00
DESCRIPTION: Otherwise

CASE / BRANCH SPLli: 0.000E+00

"*"*"
. QUEST 10N: 47 What is the peak pressure in containment from a hydrogen burn?

Q TYPE /i!MES ASKED: DEP. CALC. PROB. 44444
BRANCHES: PBrn>7 PBrn>6 PBrn>$ PBrn>4 PBrn>3 PBrn<3,

! 1 2 3 4 5 6
REAlllED SPLil: 2.458E-02 2.B43E 02 4.510E-02 7.687E-02 S.08EE 02 7.082E 01

SUMMARY BY CASE

CAST N'.HBES /SPLli: 1 3.4BIE 01
DEPENDENCIES: 41 43 s

REQ 8 RANCHES: 2 2
*

DESCRIPTION: E4nDif E4nWDf

CASE / BRANCH SPLIT: 0.000E+00 0.000E+00 0 000C+00 0.000C+00 0.000E+00 3.481E-01

CASE NUMBER / SPLIT: 2 3.900E-02 -

DEPENDENCIES: 16 22 38 38 41 '

REQ. BRANCHES: 3 + 2 + 3 + 4 + 1

DESCRIPTION: ell 3 E3 VENT ESP-CL3 ESP CL4 E4 Dif

CASE / BRANCH split: 0.000E+00 . 000E+00 0.000E+00 3.000E+00 0.000E+00 3.900E-02

CASE NUMBER / SPLIT: 3 1.535E 01
DEPENDENCIES: 44

REQ. BRANCHES: 1

DESCRIPTION: E 4 -WDt

CASE / BRANCH SPLli: 1.132E-02 1.16SE-02 1.421E-02 2.832E 02 6.14SE-03 8.187E-02

CASE NUMBER / SPLIT: 4 4.594E-01
DESCRIPTION: Otherwise

CASE / BRANCH SPLIT: 1.326E 02 1.678E 02 3.089E-02 4.854E-02 S.072E-02 2.992E-01

*""*"
QUESTION: 48 What is the level of drywell leakage induced by an early detonation in containment'

Q-1YPE/TlHES ASKED: DEP CALC. PROB. 44444
BRANCHES: EnDWDt E-DWDt2 E-DW0t3

1 2 3
REALIZED SPLIT: 9.826E-01 1.413E-02 3.31BE-03

L SUMMARY BY CASE

CASE NUH3ER/ SPLIT: 1 1.53SE 01
DEPINDENCIES: 44

l
,

P

|
t
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REQ. BRANCHES: 1

DE$CRIPTION: E4 WDt

CASE / BRANCH SPLIT: 1.361E-01 1.413E 02 3.318E 03

CA$E NUMBER / SPLIT: 2 8.465E 01
DESCRIPTION: Otherwise

CA$(/ BRANCH $PLIT: 8.465E 01 0.000E+00 0.000E+00

* " " " * OVESTION: 49 Vhat is the level of containment leakage induced by an early detonation?
Q TYPE / TIMES ASKED: DEP CALC. PROB. 44444-

BRANCHES: E4n0tF E4 OtF2 E4 OtF3
1 2 3

REALIZED $PLIT: 9.460E-01 3.384E 02 2.011E-02

SUMMARY BY CA$f

CASE NUMBER / SPLIT: 1 1.745E-02
DEPENDENCIES: 48 48

REQ. BRANCHES: 2 + 3

DESCRIPTION: E DV0t2 E-0V0t3 i

l

CASE / BRANCH $PLIT: 0.000E+00 7.537E 03 9.910E-03

CASE NUMBER / SPLIT: 2 1.361E-01
DEPENDENCIES: 44

REQ. BRANCHES: 1

OESCRIPTION: E4 W0t

CASE / BRANCH SPLIT: 9.956E-02 2.630E 02 1.020E-02

CASE NUMBER / SPLIT: 3 8.465E-01
OESCRIPTION: Otherwise

CASE / BRANCH SPLIT: 8.465E-01 0.000E+00 0.000E+00

QUESTION: 50 Vhat is the level of containment leakage before vessel breach?* " * * " *

Q-TYPE /f!MES ASKED: -0EP. CALC. PROB. 44444

BRANCHES: f5nCL ES-CL2 E5-CL3 E5-CL4
1 2 3 4

REAllZE0 SPLIT: 7.706E-01 5.978E-02 1.696E-01 0.000E+00

SUMMARY BY CASE

CASE NUMBER / SPLIT: 1 2.011E-02
OEPENDENCICS: 16 22 38 38 49

REQ. BRANCHES: 3 + 2 + 3 + 4 + 3

OESCRIPTION: E1L3 E3 VENT ESP-CL3 ESP-Cl4 E4-OtF3

CASE /8 RANCH SPLIT: 0.000E+00 0.000E+00 2.011E-02 0.000E+00

CASE NUMBER / SPLIT: 2 2.444E 03
DEPENDENCIES: 16 38 43

2) 2
*

REQ BRANCHES: ( 2 +

OESCRIP110N: E1L2 ESP-CL2 EdnWDf

CASE / BRANCH $PLIT: 0.000E+00 2.444E 03 0.000E+00 0.000E+00
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CASE NUMBER / SPLIT: 3 3.740E 02
DEPEN 0fNCl[S: 16 49 38 |

REQ, BRANCHES: 2 + 2 + 2

DESCRIPil0N: EIL2 E4-OtF2 ESP CL2

CASE / BRANCH SPLIT: 0.000E+00 2.287E-02 1.453E-02 0.000E+00

CASE NUMBER /SDLIT: 4 9.400E 01
DESCRIPil0N: Otherwise

CASE / BRANCH SPLIT: 7.706E-01 3.447E-02 1.349E-01 0.000E+00

*"*"**
QUESil0N: 51 What is the level of drywell leakage induced by containment pressurization?

Q-TYPE /TlHES ASKED: DEP CALC. PROB. 44444
BRANCHES: En0V0f E DV0f2 E-DVHDf2 E-0VDf3 E-OvHDf3

1 2 3 4 5
REAtlZE0 SPLIT: 9.045E-01 5.895E 02 0.000E+00 3.652E-02 0.000E+00

SUMMARY BY CASE

CASE NUMBER /SPLli: 1 3.31BE 03
DEPENDENCIES: 17 48

REQ. BRANCHES: 3 + 3

DESCRIPTION: El SPB3 E-0W0t3

CASE / BRANCH SPLIT: 0.000E+00 0.000E+00 0.000E+00 3.318E-03 0.000E+00

CASE NUMBER / SPLIT: 2 4.407E 05
DEPENDENCIES: 17 50 50

REQ. BRANCHES: 2 *( 3 + 4)

DESCRIPTION: El SPB2 ES-Cl3 E5-CL4

CASE / BRANCH SPLIT: 0.000E+00 3.502E 05 0.000E+00 9.04DE 06 0.000E+00

CASE NUMBER / SPLIT: 3 1.662E-01
DEPENDENCIES: 50 50

REQ. BRANCHES: 3 + 4

! DESCRIPTION: E5-CL3 ES-CL4

CASE / BRANCH SPLIT: 8.394E-02 4.907E-02 0.000E+00 3.320E 02 0.000E+00

CASE NUMBER / SPLIT: 4 2.216E-04
DEPENDENCIES: 17

REQ. BRANCHES: 2

DESCRIPTION: El SPB2

CASC/ BRANCH SPLIT: 0.000E+00 2.216E-04 0.000E+00 0.000E+00 0.000E+00

~ CASE NUMBER / SPLIT: 5 8.302E 01
DESCRIPTION: Otherwise

CASE /8 RANCH SPLIT: 8.206E-01 9.621E-03 0.000E+00 0.000E+00 0.000E+00

***""*
QUESTION: 52 What is the level of suppression pool bypass following early combustion events

Q-TYPE /TlHES ASKED: DEP, INPUT PROB. 44444
BRANCHES: E5nSPD E5-SPB2 ES-SPB3

1 2 3
REAtlZE0 SPLIT: 8.692E-01 7.000E-02 6.079E-02
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SUMMARY BY CASE

CAS! NUMBER / SPLIT: 1 3.652E 02
DEPENDENCIES: 17 48 51 51

REQ. BRANCHES: 3 + 3- + 4 + $

DESCRIPTION: El SPB3 E DVDt3 E-DVDf3 E DVHDf3

CASE /DRANCH SPLIT: 0.000E+00 0.000E+00 3,652E-02

CASE NUMBER / SPLIT: 2 1.389E-04
DEPENDENCIES: 17 24 en 43

1)REQ. BRANCHES: 2 2 *( .1 +*

DE$CRIPTION: El-SPC2 E4 AC (4 Dif E4-WDf

CASE / BRANCH SPLIT: 0.000E+00 1.30$E-04 0.417E 06

CASE NUMBER / SPLIT: 3 6.987E 02
DEPEh?!NCIES: 17 4B $1 51

REQ. URANCHES: 2 + 2 + 2 + 3 j
,

DESCRIPTION: El SPB2 E-DWDt2 E-DVDf2 E-DVHDf2

CASE / BRANCH SPLIT: 0.000E+00 6.987E-02 0.000E+00

CASE NUMBER / SPLIT: 4 4.403E 01
DEPENDENCIES: 24 41 43

1)REQ. BRANCHES: 2 *( 1 +

DESCRIPTION: E4-AC E4 Dif E4-WDf

CASE / BRANCH SPLIT: 4.160E 01 0.000E+00 2.426E 02

CASE NUMBER / SPLIT. 5 4.532E-01
DESCRIPTION: Otherwise

CASE / BRANCH SPLIT: 4.532E-01 0.000E+00 0.000E+00

******** QUESTION: 53 Has the upper pool durnped?
Q TYPE / TIMES ASKED: DEP. INPUT PROB. 44444

DRANCHES: UP0mp noVPDmp

1 2

REALIZED SPLIT: 6.248E 01 3.752E-01

SUMARY BY CASE

CASE NUMBER / SPLIT: 1 6.24aE-01
DEPFhDENCIES: 24

REQ. BRANCHES: 2

DESCRIPTION: E4 AC

CASE /BRANCtiSPLIT: 6.248E 01 0.000E+00

CASE NUMBER / SPLIT: 2 3.752E 01
DESCRIPTION: Otherwise

CASE / BRANCH SPLIT: 0.000E+00 3.752E-01

******** QUESf!ON: 54 Is there water in the reactor cavity?
Q TYPE / TIMES ASKED: OCP. INPUT PROB. 49060
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DRANCHE$: E5 DFid [$ D0et E5-DDry
*

1 2 3

REAll![0 SPLIT: 5.167E-01 3.009E 01 1.824E 01

$UMMARY BY CASE

CA$E NUMBER /$PLIT: 1 0.000E+00
DEPENDENCIES: 51

REQ. BRANCHES: 5

DESCRIPTION: E DWHDf3

CASE / BRANCH $PLIT: 0.000E+00 0.000E+00 0.000E+00

CASE NUMBER /$PLIT: 2 1.695E 01
DEPENDENCl[$: 16 22 38 38 50 50

1
'

/3 /4 *( 3 + 4)* *
REQ. BRANCHES: /3 1

*

DE$CRIPTION: / ell 3 [3nVENT / ESP CL3 / ESP CL4 E5-CL3 ES-CL4

CASE / BRANCH $PLIT: 1,679E 01 1.654E 03 0.000E*00

CASE NUMBER /$PLIT: 3 3.381[-01
DEPENDENCl[5: 16 22 43 39 39

REQ. BRANCHES: /3 1 1 /0 /5* * * *

DESCRIPTION: / ell 3 E3nVENT E4 WDf /NotW /bW)4

CASE / BRANCH SPLIT: 3.378[-01 2.854E 04 0.000E+00

CASE NUMBER /$PLIT: 4 0.000E+00
DEPENDENCIES: 16 22 17 41 30 39 39 24

* * * * * */5 /6 1REQ. BRANCHES: /3 *
1 /3 1 /4

DESCRIPTION: /E1L3 E3nVENT /El SPB3 E4 Dif /[4-CS /HW >4 /NoHW E4fAC

CASE / BRANCH $PLIT: -0.000E+00 0.000E+00 0.000E+00

CASE NUMBER / SPLIT: 5 2.130E 02
DEPENDENCIESt 16 22 17 53 39 39 39

REO. BRANCHES: /3 1 /3 1 *( 1 + 2 + 3)* * *

DESCRIPTION: /EIL3 E3nVENT /El SPB3 UPDmp HW>20 HW>l E HW>l2

CASE / BRANCH SPLIT: 1.103E-02 1.027E 02 0.000E+00

CASE NUMBER / SPLIT: 0 0.000E+00
DEPENDENCIES: 20

REQ. BRANCHES: 2

| DESCRIPTION: Slw-$B

CASE / BRANCH SPLIT: 0.000E+00 0.000E400 0.000E+00

. CASE NUMBER /$PLIT: 7 2.242E-01
'

DEPENDENCIES: 53

REQ. BRANCHES: 1

| OESCRIPfl0N: UP0mo
1

CASE / BRANCH SPLIT: 0.000E+00 2.242E 01 0.000E+00p

|

|
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CASE NUMBER / SPLIT: 8 1.286E 01
DEPENDENCIES: 16 22 24 17 39 39 39

* * /3 *( 1 + 2 +REQ. BRANCHES: /3 1 1
*

3)

0ESCRIPTION: /EIL3 E3nVENT [4fAC /El SPB3 HVV>20 HVW>l6 HVW>12

CASE / BRANCH SPLIT: 0.000E+00 6.449E-02 6.412E-02

CASE NUMBER / spi!T: 9 1.183[ 01
DESCRlf'il0N: Otherwise

CASE / BRANCH SPLIT: 0.000E+00 0.000E+00 1.lB3E-01

********-
QUESTION: 55 What is the containment pressure before vessel breach?

Q-TYPE /flHES ASKED: DEP. CALC. PROB. 49060
BRANCHES: ESP >3 ESP >2 [5P>1 !

! 2 3 1
REALIZED $PLIT: 0.000E+00 0.000E+00 1.000E+00 '

SUMMARY BY CASE

CASE NUMBER /SPLITt 1 2.293E-01
DEPENDENCIES: 50

REQ. BRANCHES: /1

DESCRIPTION: /E5nCL

CASE / BRANCH SPLIT: 0.000E+00 0.000E+00 2.293E 01

CASE NUMBER / SPLIT: 2 0.000E+00
DEPENDENCIES: 52 30

REQ. BRANCHES: 3 * 4

DESCRIPTION: E5-SPB3 E4-CS

CASE / BRANCH SPLIT: 0.000E+00 0.000E+00 0.000E+00

CASE NUMBER / SPLIT: 3 1.905E-02
DEPENDENCIES: 52

REQ. BRANCHES: 3

DESCRIPTION: E5-SPB3

CASE / BRANCH SPLIT: 0.000E+00 0.000E+001.90SE 02

CASE NUMBER / SPLIT: 4 0.000E+00
DEPENDENCIES: 30

REQ. BRANCHES: 4

DESCRIPTION: E4-CS

CASE / BRANCH SPLIT: 0.000E+00 0.000E+00 0.000E+00

CASE NUMBER / SPLIT: 5 7.516E-01
DESCRIPT10N: Otherwise

CASE / BRANCH SPLIT: 0.000E+00 0.000E+00 7.516E-01

i

********
QUESTION: 56 To what level is the OW steam inert at vessel treacn?

Q-TYPE / TIMES ASKED: INDEP. CALC. PROB. 49060
BRANCHES: E5noln ES 0!n2 ES-Oln3

1 2 3
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REAlll[D $PLlf: 9.217E 017.304E 02 5.305E-03

******** QUEST 10N: 57 la there sufficient H2 for combustion / detonation in the DW before VB7
Q TYPE /flMES ASKEDi INDEP. CALC, PROB. 49060

BRANCHE$t [5cDVDt E 5cDWDf [5n0VC
1 2 3

REALIZED $PLli: 5.891[ 04 3.445E 03 9.960E 01

******** QUE$i10N: 58 Does an Alpha Mode Event fall both the vesserl and the containment?
Q TYPE / TIMES ASKED: DEP, INPUT PROB. 52427

BRANCHES: Alpha noAlpha
"

1 2

REALIZED $PLif> 1.901E 03 9.921[ 01

$UMMARY BY CA$[

CASE NUMBER /$PLIT: 1' 2.464E 01
DEPENDENCIES: 26

REQ. BRANCHES: 1

DESCRIPTION: E4 HlP

CASE / BRANCH $PLIT: 2.368E 04 2.462E-01

CASE NUMBER / SPLIT: 2 7.536E 01
DESCRIPil0N: Otherwise

CASE / BRANCH $PLli: 7.664[ 03 7.459E 01

QUESTION: 59 What fraction of the core participates in core slump?********

Q TYPE /ilMES ASKED: DEP. INPUT PROB. 52427
BRANCHES: Hl5L HedSL LowSL

1 2 3

REALIZED SPLIT: 1.360E-01 0.000E+00 8.640E 01

SUMMARY BY C41E

CA$E NUMBER /$PLIT: 1 7.901E 03
DEPENDENCIES: 58

REQ BRANCHES: 1

DESCRIPTION: Alpha

CA$E/ BRANCH SPLIT: 7.901E 03 0.000E+00 0.000E+00

CASE NUMBER / SPLIT: 2 1.538E-01
DEPENDENCIES: 26 28

*
REQ. BRANCHES: 1 3

DESCRIPT!0N: E4 H1P E4 HP]

CASE /8 RANCH SPLIT: 0.000E+00 0.000E+00 1.53BC-01

iCASE NUMBER /$PLIT: 3 0.000E+00
-DEFENDENCIES: 26 7 24

REQ. BRANCHES: 1 *( /1 2)*

DESCRIPi10N: E4-H1P /ElfCRD E4-AC

CASE / BRANCH $PLIT: 0.000E+00 0.000E+00 0.000E+00

CASE NUMBER / SPLIT: 4 9.237E-02
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DEPENDENCIES: 26

RE9. BRANCHES: 1

DESCRIPTION: [4-hip

CASE / BRANCH SPLIT: 9.037E 02 0.000E+00 0.000E+00

-CASE NUMBER / SPLIT: 5 7.101E-01
DEPENDENCIES: 28 28

REQ. BRANCHES: ( 2 + . 3)

DESCRIPTION: E4-LPI [4 HP)

CASE / BRANCH SPLIT: 0.000E+00 0.000E+00 7.101E 01

CASE NUMBER / SPLIT: 6 0.000E+00
DEPENDENCIES: 7 24

REQ. BRANCHES: ( /1 2) |
*

|

OESCRIPil0N: /[1fCR0 E4 AC |

CASE / BRANCH SPLIT: 0,000E+00 0.000E+00 0.000E+00

CASE NUMBER / SPLIT: 7 3.575E 02 <

DESCRIPTION: Otherwise
CASE / BRANCH SPLIT: 3.575C-02 0.000E+00 0.000E+00

********-QUESil0N: 60 is there a large in-vessel steam explosion?
Q-TYPE / TIMES ASKED: DEP. INPUT PROB. 80884

BRANCHES: Vesstx eVesSix
1 2

REALIZED SPLIT: 6.741E-01 3.259E-01

SUMMARY BY CASE

CASE NUMBER /SPLli: 1 7.903E-03
DEPENDENCIES: 58

REQ._ BRANCHES: 1

DESCRIPTION: Alpha

CASE / BRANCH SPLIT: 7.903E-03 0.000E+00

CASE NUMBER / SPLIT: 2 2.462E-01
DEPENDENCIES: 26

REQ. BRANCHES: 1

DESCRIPTION: E4-hip

CASE /BRt.NCH SPLIT: 2.453E-02 2.216E-01

CASE NUMBER / SPLIT: 3 7.459E 01
DESCRIPTION: Otherwise

CASE / BRANCH SPLIT: 6.417E-01 1.042E-01

QUESTION: 61 What fraction of the core debris would be mobile at vessel breach?********

Q-TYPE /TlHES ASKED: DEP. INPUT PROB. INPUT PARM. 80884
BRANCHES: HiLiqVB LoliqVB

1 2

REALIZE 0 SPLIT: 3.390E-02 9,661E-01
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SUMMARY BY CASE

CASE NUMBER / SPLIT: 1 8.714E-01
DEPENDENCIES: 7 24 28 28

REQ, BRANCHES: ( /1 2)* + 2 + 3

OCSCRIPTION: /ElfCR0 E4 AC E4-LPI E4 HPI

CASE / BRANCH SPLIT: 2.080E-02 8.506E-01

CASE NUMBER / SPLIT: 2 9.245E-02
DEPENDENCIES: 26

REQ. BRANCHES: 1

OESCRIPil0N: E4-hip

CASE / BRANCH SPLIT: 9.421E-03 8.303E-02

CASE NUMBER / SPLIT: 3 3.610E 02
OESCRIPTION: Otherwise - Low pressure with no injection

CASE / BRANCH SPLIT: 3.680E-03 3.242E 02

* * " * * " OVESTION: 62 Does a large in vessel steam explosion fail the vessel?
Q-TYPE / TIMES ASKED: DEP. INPUT PROB. 80884

BRANCHES: SE Alpha SE-BtHd SE LgBrch SE-SmBrch SE nfall
1 2- 3 4 5

REALIZE 0 SPLIT: 7.903E-031.340E-01 1.3a0E-012.00eE-01 S.233E 01

SUMMARY BY CASE

CASE NUMBER / SPLIT: 1 7.903E 03
OEPENDENCIES: 58

REQ. BRANCHES: 1

DESCRIPTION: Alpha

-

CASE / BRANCH SPLIT: 1.903E-03 0.000E+00 0.000E+00 0.000E+00 0.000E+00

CASE NUMBER / SPLIT: 2 6.662E-01
DEPENDENCIES: 60

REQ. BRANCHES: 1 ';

DESCRIPil0N: VesStx

CASE / BRANCH SPLIT: 0.000E+00 1.340E 01 1.340E 01 2.008E 01 1.974E-01

CASE NUMBER / SPLIT: 3 3.259E-01
OESCRIPTION: Othersise

CASE / BRANCH SPLIT: 0.000E+00 0.000E+00 0.000E+00 0.000E+00 3.259E-01

QUESil0N: ' 63 What is the mode of vessel breachi**"""

Q TTPE/T!HES ASKED: DEP. INPUT PROB. 80884
BRANCHES: A-Fall BH-Fati LgBrch SmBrch nBreach

1 2 3 4 5

REALIZE 0 SPLIT: 7.903E-03 1.8SSE-Ut 1.384E-01 3.430E-01 3.251E-01

SUMMARY BY CASE

CASE NUMBER / SPLIT: 1 7.901E 03
DEPENDENCIES: 58

REQ. BRANCHES: 1
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DESCRIPTION: Alpha

CASE / BRANCH SPLIT: 7.903E 03 0.000E+00 0.000E+00 0,000E+00 0.000E+00

CASE NUMBER / SPLIT: 2 1.340E 01
DEPENDENCIES: 62

REQ. BRANCHES: 2

DESCRIPTION: SE BtHd

CASE / BRANCH SPLIT: 0.000E+00 1.340E 01 0.000E+00 0.000E+00 0.000E+00

CASE NUMBER / SPLIT: 3 1.340E 01
DEPENDENCIES: 62

REQ. BRANCHES: 3

DESCRIPfl0N: SE-LgBrch

CASE / BRANCH SPLIT: 0.000E+00 0.000E+00 1.340E 01 0.000E+00 0.000E+00
,

CASE NUMBER / SPLIT: 4 2.008E-01
DEPENDENCIES: 62

REQ, BRANCHES: 4

DESCRIPTION: SE-SmBrch

CASE / BRANCH SPLIT: 0.000E+00 0.000E+00 0.000E+00 2.008E-01 0.000E+00

CASE NUMBER / SPLIT: 5 S.608E-03
DEPENDENCIES: 28 28 61 29

REQ. BRANCHES:-( 2 + 3) 1 2
* *

DESCRIPTION: E4 LPI E4 HP] HillqVB E4nCrit

CASE /8 RANCH SPLIT: 0.000E+00 0.000E+00 0.000E+00 2.818E 03 2.790E-03

CASE NUHBER/ SPLIT: 6 8.733E 03
DEPENDENCIES: 26 61

REQ. BRANCHES: 1
*

1

DESCRIPTION E4 HtP H1LiqVB

CASE / BRANCH SPLIT: 0.000E+00 2.103E 03 0.000E+00 6.629E-03 0.000E+00

CASE NUMBER / SPLIT: 7 1.273! 03
DEPENDENCIES: 61

REQ. BRANCHES: 1

DESCRIPTION: HlliqVB

CASE / BRANCH SPLIT: 0.000E+00 2.396E-04 0.000E+00 1.033E 03 0.000E+00

CASE NUMBER / SPLIT: 8 4.138E 01
DEPENDENCIES: 28 28 29-

REQ. BRANCHES: ( 2 + 3) 2
*

DESCRIPTION: E4-LPI E4 HPl .E4ncrit

CASE / BRANCH SPLIT: 0.000E+00 2.426E-02 4.247E-03 6.294E-02 3.223E 01
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CASE NUMBER /$PLIT: 9 7.853E-02
DEPENDENCIES: 26

REQ. BRANCHES: 1

DESCRIPTION: E4 HIP

CASE / BRANCH SPLIT: 0.000E+00 2.106C-02 0.000E+00 5.74?E 02 0.000E+00

CASE NUMBER / SPLIT: 10 1.536E 02
DESCRIPTION: Otherwise -- Low press., no steam explosion, no injection

CASE / BRANCH SPLIT: 0.000E+00 3.921E 031.351E-04 1.130E 02 0.000E+00

QUESTION: 64 Does high pressure melt ejection occur?" * " * * *

Q-TYPE / TIMES ASKED: DEP. INPUT PROB. 80884
BRANCHES: HPME nHPME

1 2

REALIZED SPLIT: 1.130E-01 8.870E-01

SUMMARY BY CASE

CASE NUMBER / SPLIT: 1 8.592E 01
DEPENDENCIES: 58 63 26

REQ. BRANCHE$: 1 + 5 + 2

DESCRIPTION: Alpha nBreach E4-lop

CASE / BRANCH SPLIT: 0.000E+00 8.592E-01

CASE NUMBER / SPLIT: 2 2.412E-03
OEPENDENCIES: 63 63 61

3) 1REQ.. BRANCHES: ( 2 + *

DESCRIPTION: BH-Fall LgBrch HiLiqVB

CASE / BRANCH SPLIT: 2.069E 03 3.431E-04

CASE NUMBER / SPLIT: 3 4.016E-02j

| DEPENDENCIES: 63 63

1

3)REQ, BRANCHES: ( 2 +

DESCRIPTION: BH-Fall LgBrch

CASE / BRANCH SPLIT: 3.368E-02 6.483E 03

CASE NUMBER / SPLIT: 4 9.030t-03
DEPENDENCIES: 61

REQ. BRANr.HES: 1

DESCRIPi!ON: HiLiqVB

CASE / BRANCH SPLIT: 7.959E 03't.071E-03

CASE NUMBER / SPLIT: 5 8.916E 02
OESCRIPTION: Otherwise

CASE / BRANCH SPLIT: 6.928E-02 1.988E-02

QUESTION: 65 Does a detonation occur in the CW at vessel breach?" * * * * * *

Q-TYPE / TIMES ASKED: DEP. INPUT PROB. INPUT PARM. 80884

BRANCHES: 1-0W0t In0V0t
1 2

REALIZE 0 SPLIT: 4.984E-04 9.995E 01
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CASE NUMBER / SPLIT: 1 4.984E 04
DEPENDENCIES: 56 57 63

REQ. BRANCHES: 1 1 /5* *

OCSCRIPil0N: E5n0ln E$c0VDt /nBreach

CASE / BRANCH SPLIT: 4.984E-04 0.000E+00

CASE NUMBER / SPLIT: 2 9.995E-01
DESCRIPTION: Otherwise

CASE / BRANCH SPLIT: 0.000E+00 9.995E-01

******** QUESil0N: 66 Does 6 deflagration occur in the DV at vessel breach?
Q-TYPE / TIMES ASKED: DEP. INPUT PROB. 80884

BRANCHES: 1-DWOf In0VDf
1 2

REALIZE 0 SPLIT: 2.844E-04 9.997E-01

SUMHARY BY CASE

CASE NUMBER / SPLIT: 1 2.844E-04
DEPENDENCIES: 56 . 57 63 65

REQ. BRANCHES: /3 /3 /5 2* * *

DESCRIPTION: /ES-0!n3 /E5n0VC /nBrea:h In0VDt

CASE /89ANCH SPLIT: 2.B44E-04 0.000E+00

fASE NJMBEk/ SPLIT: 2 9.997E-01
DESCRIPTION: Otherwise

CASE / BRANCH SPLlit 0,000E+00 9.997E-01

QUEST 10N: 67 Does a large ex-vessel steam explosion occur?********

Q-TYPE / TIMES ASKED: DEP. INPUT PROB. 109901
BRANCHES: Ex5E nEx5E

1 2

REALIZED SPLIT: 5.303E-014.696E 01

SUMMARY BY CASE

CASE NUMBER / SPLIT: 1 3.777E-01
DEPENDENCIES: 58 63 54 28

REQ. BRANCHES: 1 + 5 +( 3 1)
*

DESCRIPTION: Alpha nBreach ES-00ry EdnLPI

CASE / BRANCH SOLIT: 0.000E+00 3.777E-01

CASE NUMBER / SPLIT: 2 8.568E-02
DEPENDENCIES: 64

REQ. BRAN. DES: 1

DESCRIPTION: HPME

CASE / BRANCH SPLIT: 6.861E 02 1.707E-32

CASE NUMBER / SPLIT: 3 5.366E 01
-DESCRIPTION: Otherwise

CASE / BRANCH SPLIT: 4.617E-01 7.489E 02

|
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QUESTION: 68 Vhat amount of H2 is released at vessel breachi********

Q TYPE / TIMES ASKED: -DEP. INPUT PROB. INPUT PARM. 109901

BRANCHES: H2VB

1

REAllZED SPLIT: 1.000E+00

SUMMARY EY CASE

CASE NUMBER / SPLIT: 1 3.332E-01
DEPENDENCIES: 63 63

REQ. BRANCHES: 1 + S

DESCRIPTION: A-Fati nBreach

CASE / BRANCH SPLIT: 3.332E-01

CASE NUMBER / SPLIT: 2 0.000E+00
OEPENDENCl[$: 1 28

*
REQ. BRANCHES: 3 2

DESCR!Pil0N: TC E4-LPI

CASE / BRANCH SPLIT: 0.000E+00

CASE NUMBER / SPLIT; 3 0.000E+00
DEPENDENCIES: 1

REQ. BRANCHES: 3

DESCRIP110N: TC

CASE / BRANCH SPLIT: 0.000E+00

CASE NUMBER / SPLIT: 4 S.388E-01
DEPENDENCIES: 14 28 2B

3)REQ. BRANCHES: /4 *( 2 +

DESCRIPTION: /El-Dep E4-LPI [4-HPI

CASE / BRANCH SPLIT: S.388E-01

CASE NUMBER / SPLIT: S 0.000E+00
DEPENDENCIES: 28 2B

REQ. BRANCHES: ( 2 + 3)

DESCRIPTION: E4 LPI E4-HPl

CASE / BRANCH SPLIT: 0.000E+00

CASE NUMBER / SPLIT: 6 9.23SE 02
DEPENDENCIES: 26

REQ. BRANCHES: 1

DESCRIPTION: E4 hip

CASE / BRANCH SPLIT: 9.23SE-02

CASE NUMBER / SPLIT: 7 3.568E-02
DESCRIPTION: Otherwise -- Low Pressure no injection recovery

CASE / BRANCH SPLIT: 3.568E 02
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********
QUESTION: 69 How much hydrogIn is released at vessel breach?

Q-TYPE / TIMES ASKED: DEP. CALC PROB. 109901
BRANCHES: H2VB>50 H2VB>25 H2VB>10 H2VB<10

1 - 2 3 4

REALIZED SPLIT: 0.000E+00 4.053E-02 6.047E 01 3.54BE-01

SUMMARY BY CASE

CASE NUMBER /SPLITt 1 5.746E 01
DEPENDENCIES: 64 67

REQ. BRANCHES: ( 1 + 1)

DESCRIPTION: HPME Ex5E

CASE / BRANCH SPLIT: 0.000E+00 3.747E-02 5.372C-01 0.000E+00

CASE NUMBER / SPLIT: 2 4.253E-01
DESCRIPil0N: Otherwise

CASE / BRANCH SPLIT: 0.000E+00 3.053E 03 6.74BE 02 3.548E-01

*"*****
QUEstl0N: 70 What is the peak drywett/wetwe|| pressure dif ference resulting f rom VB7

Q-TYPE / TIMES ASKE0: DEP, INPUT PROB. INPUT PARM. 109901
BRANCHES: OPOVYB

1

REALIZED SPLIT: 1,000E+00

SUMMARY BY CASE

CASE NUMBER / SPLIT: 1 3.332E-01
DEPENDENCIES: 63 63

REQ. BRANCHES: 1 + 5

DESCRIPTION: A Fall nBreach

CASE / BRANCH SPLIT: 3.332E-01

CASE NUMBER / SPLIT: 2 9.915E-04
_

DEPENDENCIES: 26 61 63 63 54 54

*
REQ. BRANCHES: 1 1 *( 2 + 3) *( 1 + 2)

DESCRIPTION: E4-hip HiLiqVB BH-Fail LgBrch ES-DFid E5-0 Vet

CASE / BRANCH SPLIT: 9.915E 04

CASE NUMBER / SPLIT: 3 6.462E-03
DEPENDENCIES: 26 61 54 54

REQ. BRANCHES: 1 1 *( 1 +*
2)

DESCRIPTION: E4-HIP HILiqVB E5-DFld ES-0 Vet

CASE / BRANCH SPLIT: 6.462E-03

CASE NUMBER / SPLIT: 4 1.421E-03
DEPENDENCIES: 26 61 63 63

REQ. BRANCHES: 1 1 *( 2 + 3)
*

DESCRIPTION: E4-hip HILiqVB BH Fall LgBrch

CASE /BRANCt! SPLIT: 1.421E-03

CASE NUMBER / SPLIT: 5 2.566E-03

B-104



_ - - . . .

1

DEPENDENCl[$: 26 61

REQ. BRANCHES: 1
*

1

. DESCRIPTION: -[4 hip HlLiqYB

CASE / BRANCH $PLIT: 2.566E 03-

CASE NUMBER /$PLIT: 6 3,166E-02

DEPENDENCIES: 26 63 63 54 54

REQ. BRANCHES: 1 *( 2 + 3) '( 1 + 2)

DESCRIPTION: E4-hip BH Fall LgBrch E5 Ufld E5 DWet

CASE / BRANCH $PLIT: 3.166E 02

CASE NUMBER /$PLIT: 7 6.885E-02
DEPENDENCIES: 26 54 54

REQ. BRANCHES: 1 *(- 1 + 2)

DESCRIPilDN: [4 hip [5-DFid E5 DWet

CASE / BRANCH $PLIT: 6.B85E 02

CASE NUMBER / SPLIT: -B B.465E-03
DEPENDENCIES: 26 63 63

3)REQ. BRANCHES: 1 *( 2 +

DESCRIPTION: [4 hip BH-Fall LgBrch

CASE / BRANCH SPLIT: B.465E 03

CASE NUMBER / SPLIT: 9 2.026E 02
DEPENDENCIES: 26

REQ. BRANCHES: 1

DESCRIPTION: E4 HIP

CASE / BRANCH SPLIT: 2.026E-02

CASE NUMBER /$PLIT: 10 4.529E 03
DEPENDENCIES: 61 63 63 54 54

2)3) *( 1 +
REQ. BRANCHES: 1 *( 2 +

DESCRIPTION: HlLiqVB BH+ Fall LgBrCh ES-DFid E5-DVet

CASE / BRANCH SPLIT: 4.529E-03

CASE NUMBER /SPL1T: 11 9.826E 03
DEPENDENCIES: 61 - 54 - 54

2)REQ. BRANCHES: 1 *( 1 +

DESCRIPTION: HILiqVB E5 DF1d ES DWet

CASE / BRANCH SPLIT: 9. B26E-03

- CASE NUMBER / SPLIT: 12 2.230E 01
DEPENDENCIES: 63 63 54 54

3) *( 1 + 2)REQ. BRANCHES: ( 2 +

DESCRIPTION: BH Fall LgBrch ES-DFld E5 DWet
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CASE / BRANCH SPLIT: 2.230E 01

CASE NUMBER / SPLIT: 13 1.640E 01
DEPENDENCIES: 54 54

REQ. BRANCHES: ( 1 + 2)

DESCRIPil0N: ES DFid E5-DWet

CASE / BRANCH SPLITt 1.B40E-01

CASE NUMBER / SPLIT: 14 1.04BE-01
DESCRIPTION: Otherwise

CASE / BRANCH SPLIT: 1.048E-01

******** QUESilDN: ?! What is the peak pedestal pressure at vessel breach?
'Q-TYPE / TIMES ASKED: DEP. INPUT PROB INPUT PAPM, 109901

BRANCHES: Ped-VBP
1

REALIZED SPLIT: 1.000E+00

SUMMARY BY CASE

CASE NUMBER / SPLIT: 1 3.332E 01
DEPENDENCIES: 63 63

REQ. BRANCHES: 1 + 5

DESCRIPTIONt A-Fall nBreach

CASE / BRANCH SPLIT: 3.332E 01

CASE NUMBER / SPLIT: 2 9.915E-04
DEPENDENCIES: 26 61 63 63 54 54

REQ. BRANCHES: 1
*

1 *( 2 + 3) *( 1 + 2)

DESCRIPTION: E4 hip HILiqVB BH-Fall LgBrch ES DFid ES-DWet

CASE / BRANCH SPLIT: 9.915E-04

CA$l NUMBER / SPLIT; 3 6.462E 03
DEPENDENCIES. 28 61 54 54

REQ. BRANCHES: 1 1 *( 1 + 2)
*

DESCRIPT10N: E4 hip HiLiqVB E5-Dild E5-0 Wet

CASE / BRANCH SPLIT. 6.462E 03

CASE NUMBER / SPLIT: 4 1.421E-03
DCPENDENCIES: 26 61 63 63

REQ. BRANCHES: 1 1 *( 2 + 3)*

DESCRIPTION: E4 hip HiLiqVB BH-Fall LgBrch

CASE / BRANCH SPLIT: 1.421E-03

CASE NUMBER / SPLIT: 5 2,566E-03
DEPENDENCIES: 26 61

.. REQ. BRANCHES: 1 1
*

DESCRIPTION! E4-hip HlliqVB
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CASE / BRANCH SPLIT: 2.566E-03

CASE NUMBER / SPLIT: .6 3.166E 02
DEPENDENCIES: 26 63 63 54 54

2)3) *( 1 +REQ. BRANCHES: 1 *( 2 +

DESCRIPil0N: E4-HIP BH-Fall LgBrch ES-0Fid ES-0 Wet

CASE / BRANCH SPLIT: 3.166E 02

CASE NUMBER / SPLIT: 7 6.885E-02
DEPENDENCIES: 26 54 54

2)REQ. LRAhCHES: 1 *( 1 +

DESCRIPT10Nt E4-hip E$-DFid ES 0 Wet

CASE / BRANCH SPLIT: 6 BB5E 02

CASE NUMBER / SPLIT: 8 8.465E-03
DEFENCENCIES: 26 63 63

3)REQ. BRANCHES: 1 *( 2 +

DESCRIPTION: E4 hip BH-Fall LgBrch

CASE / BRANCH SPLIT: 8.465E 03

CASE NUMBER / SPLIT: 9 2.026E 02
DEPENDENCIES: 26

REQ, BRANCHES: 1

DESCRIPil0N: E4 hip

CASE / BRANCH SPLIT: 2.026E-02

CASE NUMBER / SPLIT: 10 2.708E-03
DEPENDENCIES: 36 3C 63 63 54 54 61

2) 1REQ, BRANCHES: ( /6 /7) *( 2 + 3) *( 1 + **

DESCRIPTION: /Ir0x10 /Zr0x<10 BH Fall LgBrch E5-0Fid ES-DWet HILiqvB

CASE / BRANCH SPLli: 2.708E-03

CASE NUMBER / SPLIT: 11 4.073E-03
DEPENDENCIES: 36 36 54 54 61

2) 1REQ,' BRANCHES: ( /6 /7) *( 1 + **

DESCRIPil0N: /lr0x10 /Zr0x<10 E5-DFld ES-DWet H1LiqVB

CASE / BRANCH SPLIT: 4.073E-03-

CASE NUMBER / SPLIT: 12 1.82]E 03
DEPENDENCIES: 63 63 54 54 61

2) 13) *( 1 +
*

REQ. BRANCHES: ( 2 +

= DESCRIPTION: BH-Fail LgBrch ES 0Fid ES-0 Wet HiliqVB

CASE / BRANCH SPLIT: 1.821E 03

CASE NUMBER / SPLIT: 13 5.754E-03
DEPENDENCIES: S4 54 61
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REQ. SRANCHES: ( 1 + 2) 1
'

DESCRIPTICN: ES-DFld E5 0 Wet HILiqvB

CASE / BRANCH SPLIT: 5.754E 03

CASE NUMBER / SPLIT: 14 1.039E-01
DEPENDENCIESt 36 36 63 63 54 54

REQ. BRANCHES: ( /6 /7) *( 2 + 3) *( 1 + 2)
*

DESCRIPTION: /Zr0x10 /Zr0x<10 BH-Fall LgBrch E5 DFid E5-0 Wet

CASE / BRANCH SPLIT: 1.039E 01

CASE NUMBER / SPLIT: 15 9.235E 02
DEPENDEhCIES: 36 36 54 54

REQ BRANCHES: ( /6 /1) *( 1 +* 2)

DESCRIPTION: /Zr0x10 /Zr0x<10 ES-0Fld ES-DWet

CASE / BRANCH SPLIT: 9.235E 02

CASE NUMBER / SPLIT: 16 1.191E-01
DEPENDENCIES: 63 63 54 54

REQ. BRANCHES: ( 2 + 3) *( ~ l + 2)

DESCRIPTION: BH Fall LgBrch E5-DFld ES-0 Wet

CASE / BRANCH SPLIT: 1.191E 01

CASE NUMBEF./ SPLIT: 17 9.161E 02
DEPENDENCIES: 54 54

REQ. BRANCHES: ( l + 2)

DESCRIPTION: E5-DFid ES DWet

CASE / BRANCH SPLIT: 9.161E-02

CASE NUMBER / SPLIT: 18 1.048E 01
DESCRIPTION: Otherwise

CASE / BRANCH SPLIT: 1.048E-01

********
QUESTION: 72 la the impulse loading to the drywell at VB sufficient to cause failuref

Q-TYPE / TIMES ASKED: CEP. CALC. PROB. 109901
BRANCHES: InDWFI l-0VF12 -1 DWF13

1 2 3

REALIZE 0 SPLIT: 9.999E 01 9.723E-05 0.000E+00

SUMMARY BY CASE

CASE NUMBER / SPLIT: 1 4.978E 04
DEPENDENCIES: 65

REQ. BRANCHES: 1

DESCRIPTION: 1-DVDt

CASE / BRANCH SPLIT: 4.006E-04 9.723E-05 0.000E+00

CASE NUMBER / SPLIT: 2 9.995E 01
DESCRIPTION: Otherwise

CASE / BRANCH SPLIT: 9.995E-01 0.000E+00 0.000E+00

5
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* * * * * " * QUESTION: 73 is drywell prsssurlistion at VB sufficient to cause failure?
Q-TYPE / TIMES ASKED: INDEP. CALC. PROB. 1W901

BRANCHES: InDWOP l-0 WOP 2 1 DWHOP2 1 DWOP3 1-DWHOP3
1 2 3 4 5

REAlllED SPLIT: 9.10$E-01 2.746E-02 0.000E+00 6.198E 02 0.000E+00

* * * * * " * QUESTION: 74 Does the RPV pedestal fail due to pressuritation at vessel breach?
Q-TYPE / TIMES ASKED: INDEP. CALC. PROB. 109901

BRANCHES: 1-PedFP InPedFP
1 2

REAlllED SPLIT: 1.689E 01 8.311E-01

"***"* OVESTION: 75 Does the RPV pedestal fall from an ex-vessel steam explosion (impulse loading)
Q TYPE / TIMES ASKED: DEP. INPUT PROB. 129120

BRANCHES: 1-PedF1 InPedF1
1 2

REALilED SPLIT: 2.016E-01 7.983E-01

SUMMARY BY CASE

CASE NUMBER / SPLIT: 1 1.689E 01
DEPENDENCIES: 74

REQ. BRANCHES: 1

DESCRIPil0N: 1-PedFP

CASE / BRANCH SPLIT: 0.000E+00 1.689E-01

CASE NUMBER / SPLIT: 2 4.050E-01
EIPENDENCIES: 67

REQ. BRANCHES: 1

DESCRIPfl0N: Ex5E

CASE / BRANCH SPLIT: 2.016E-01 2.034E 01

CASE NUMBER / SPLIT: 3 4.260E-01
DESCRIPTION: Otherwise

CASE / BRANCH SPLIT: 0.000E+00 4.260E 01

***""* QUESTION: 76 Does the RPV pedestal failure induce drywell failure?
Q TYPE / TIMES ASKED: DEP. IN')UT PROB. 129120

BRANCHES: 1 0WFPed In0VFPed
1 2

REAllZED SPLIT: 5.398E-02 9.460E-01

SUMMARY BY CASE

CASE NUMBER / SPLIT: 1 1.243E-01
DEPENDENCIES: 52 58 72 73 73

REQ. BRANCHES: 3 + 1 + 3 + 4 + 5

DESCRIPTION: E5-SPB3 Alpha I-DWF13 1 0 WOP 3 1 DWHOP3

CAsi/ BRANCH SPLIT: 0.000E+00 1.243E-01

CASE NUMBfR/ SPLIT: 2 3.171E-01
,

| DEPENDENCIES: 74 75

l
| REQ. BRANCHES: 1 + 1

|

|
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DESCRIPil0N: 1-PeoFP l-PedF1

CASE / BRANCH SPLIT: 5.398E-02 2.631E-01

CASE NUMBER / SPLIT: 3 5.586E 01
DESCRIPTION: Otherwise

CASE / BRANCH SPLIT: 0.000E+00 -5.586E 01

********
QUESTION: 77 What is the pressure in the containment at VB prior to a hydrogen burni

Q-TYPE / TIMES ASKED: DEP. INPUT PROB. INPUT PARM. 129120
BRANCHES: CP VB

1

REALIZED SPLIT: 1.000E+00

SUMMARY BY CASE

CASE NUMBER / SPLIT: 1 4.472E-01
DEPENDENCIES: 63 63 50 50

REQ. BRANCHES: 1 + 5 + 3 + 4

DESCRIPil0N: A Fall nBreach E5-Cl3 ES Cl4

CASE / BRANCH SPLIT: 4.472E-01

CASE NUMBER / SPLIT: 2 1.095E-0?
DEPENDENCIES: 52 72 73' 73 54 54 26

REQ. DRANCHES: ( 1 + 3 + 4 + 5) *( 1 + 2) 1
*

DESCRIPTION: ES SPB3 1-DW8 '3 1 DV093 1-DWHOP3 ES-DFld ES DWet E4-hip

CASE / BRANCH SPLIT: 1.095E 02

CASE NUMBER / SPLIT: 3 7.790E-04
DEPENDENCIES: 52 72 73 73 26

REQ, BRANCHES: ( 3 + 3 + 4 + 5) 1
*

DESCRIPTION: E5-SPB3 l DWF13 1 DV0P3 1-DVHOP3 E4-HtP

CASE / BRANCH SPL!T: 7.790E-04

CASE NUMBER / SPLIT: 4 4.554E 02
DEPENDENCIES: 52 72 73 73 54 54

REQ. BRANCHES: ( 3 - + 3 + 4 + 5) *( 1 + 2)

DESCRIPil0N: ES-SPB3 1 DWF13 1 DV0P3 1 0VHOP3 ES-DFid ES-DWet

CASE / BRANCH SPLIT: 4.554E-02

CASE NUMBER / SPLIT: 5 0.000E+00
DEPENDENCIES: 52 12 73 73

REQ,-BRANCHES: ( 3 + 3 + 4 + 5)

DESCRIPTION: ES-SPB3 1-DVF13 1 0V0P3 1 DWHOP3

CASE / BRANCH SPLIT: 0.000E+00

CASE NUMBER / SPLIT: 6 2.331E-02
| DEPENDENCIES: C4 67 61

i REQ. BRANCHES: ( 1 + 1) 1
*

I

( DESCRIPTION: HPME Ex5E HiltqvB

|
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.~

CASE / BRANCH SPLIT: 2.331E-02
i *

CASE NUMBER / SPLIT: 7- 3 992E 01
DEPENDENCIES: 64 67

1)REQ, BRANCHE$: ( 1 +

DESCRIPTION: HPME Ex5E

CASE / BRANCH SPLIT: 3.992E 01

CASE NUMBER / SPLIT: 8 7.298E 02
DESCRIPTION: Otterwise

CASE / BRANCH SPLIT: 7.298E 02

******** QUESTION: 78 What is the concentration of hydrogen in containment immediately af ter VB7
0 TYPE / TIMES ASKED: DEP. CALC PROB. 129120

BRANCHES: lHW>20 lHW>l6 lHWil2 IHW)8 IHW>4 l-hoHWW

1 2 3 4 5 6

REAllZEb $PLIT: 1.488E-01 3.598E-02 6.082E 02 2.424E 01 2.676E-01 2.443E-01

SUMMARY BY CASE

CASE NUMBER / SPLIT: 1 3.332E-01
DEPENDENCl[5: 58 63

REQ. BRANCHES: 1 + 5

DESCRIPTION: Alphe nBreach
t

CA$E/ BRANCH SPLIT: 2.367E-02 7.766E 03 8.191E-03 1,653E 02 5.087E-02 2.262E 01

CASE NUMBER / SPLIT: 2 1.013E-01
DEPENDENCIES: 64 65 66 67 50 50

4)1) *( 3 +REQ. BRANCHE$: ( 1 + 1 + 1 +

DESCRIPTION: HPME l-DVDt 1 DV0f Ex5E E5-CL3 ES-CL4

CASE / BRANCH SPLIT: 1.561E-03 1.393E-03 3.259E 03 2.747E-02 6.759E-02 0.000E+00

CASE NUMBER / SPLIT: 3 4.734E-01
DEPENDENCIES: 64 65 66 67

~

1)REQ. BRANCHES: ( 1 + 1 + 1 +

DESCRIPTION: HPME l-DVDt I DVDf Ex5E

CASE / BRANCH SPLIT: 1.066E-01 2.200E 02 4.163E 02 1.901E-01 1.130E-01 0.000E+00

CASE NUMBER / SPLIT: 4 1.267E 02
DEPENDENCIES: 28 28 54 54 50 50

4)2) *( 3 +' REQ. BRANCHES: ( 2 + 3 + 1 +

DESCRIPTION: E4 LPI E4-HPI ES DFid ES DVet ES CL3 E5-CL4

CASE / BRANCH 5" 3.240E 05 4.853E-05 9.827E-05 2.898E-04 3.189E-03 9.016E 03

CASE NUMBER / SPLIT: 5 6.214E-02
DEPENDENCIES: 28 28 54 54

2)
'

BRANCHES: ( 2 + 3 + 1 +

OE5CRIP110N: E4-LPI E4-HPI ES-DFid ES DVet

B-lli
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CASE / BRANCH SPLIT: 6.471E 03 1.911E 03 3.686E-03 8.034E-03 3.297E 02 9.074E-0J

CASE NUMBER / SPLIT: 6 0.000E+00
DEPENDENCIES: $0 50

REQ. BRANCHES: ( 3 + 4)

DESCRIPTION: -ES-CL3 ES-CL4

CASE / BRANCH SPLli: 0.000E+00 0.000E+0D 0.000E+00 0.000E+00 0,000E+00 0.000E+00

CASE NUMBER / SPLIT: 7 1.72BE 02
DESCRIPTION: Otherwise

CASE / BRANCH SPLIT: 1.046E-02 2.BSSE-03 3.959E 03 2.456E-06 0.000E+00 0.000E+00

******** OVEST10"! 79 Is ac power not recovered following vessel breach?
Q-TYPE / TIMES ASKEs: DEP. INPUT PROB. 170124

BRANCHES: IfAC 1 AC
1 2

REALIZED SPLIT: 2.351E 01 1.64BE-01

SUMMARY BY CASE

CASC NUMBER / SPLIT: 1 6.253E 01
DEPENDENCIES: 24

REQ. BRANCHES: 2

DESCRIPT10N: E4-AC

CASE / BRANCH SPLIT: 0.000E+00 6.253C-01

CASE NUMBER / SPLIT: 2 0.000E+00
DEPENDENCIES: 2$

REQ. BRANCHES: 1

DESCRIPTION: E4f0C

CASE / BRANCH SPLIT: 0.000E+00 0.000E+00

CASE NUMBER / SPLIT: 3 0.000E+00
DEflNDENCIES: 2 15

REQ. BRANCHES: 1 2
*

DESCRIPil0N: SB CD Slw

CASE / BRANCH SPLIT: 0.000E+00 0.000E+00

CASE NUMBER / SPLIT: 4 3.747E 01-
DESCRIPT10N: Otherwise - -Shcrt term blackout w/ no recovery before VB

CASE / BRANCH SPLTT: 2.351E-01 1.396E-01

l ********
GUESTION. 60' ts de power available following vessel breach?

Q-TYPE / TIMES ASKED: UEP. INPUT PROB. 187326,

i BRANCHES: IfDC 1-DC
1 2

REAllZED #vLIT: 3.191E-03 5.967E-01sg
|-
; -: SUMMARY BY CASE
,

| CASE NUMBER / SPLIT: 1 0.000E+00
DEPENDENCIES: 25

!

| REQ. BRANCHES: 1

8-112
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DESCRIPT10N: (4fDC

CASE / BRANCH SPLIT: 0.000E+00 0.000E+00

CA$E NUMBER / SPLIT: 2 6.25tE-01
DEPENDENCICS: 24

REQ. BRANCHES: 2

DESCRIPTION: (4 AC

CASE / BRANCH SPLIT: 0.000E+00 6.256E-01

CASE NUMBER / SPLIT: 3 0.000E+00
DEPENDENCIES: 2 !$

REQ. BRANCHES: 1 2*

DESCRIPTION: SB CD-5)w

CASE / BRANCH SPLIT: 0.000E+00 0.000E+00

CASE NUMBER / SPLIT: 4 3.743E 01
DESCRIPfl0N: Otherwise - Short term blackout w/ no recovery before VB

CASE / BRANCH SPLIT: 3.191E-03 3.711E-01

******** QUESTION: 81 What is the status of containment sprays following vessel breach?
Q TYPE / TIMES ASKED: DEP, INPUT 2 ROB. 204304

BRANCHES: IfCS IrCS laCS 1-CS
1 2 3 4

REAllZED SPLIT: 0.573E 02 2,202E-01 6.493E 02 6.291E 01

SUMHARY BY CASE

CASE NUMBER / SPLIT: 1 0.000E+00
DEPENDENCIES: 30

REQ, BRANCHES: 1-

DESCRIPTION: E4fCS

CASE / BRANCH SPLIT: 0.000E+00 0.000E+00 0.000E+00 0.000E+00

CASE NUMBER / SPLIT: 2 2.8CBE-02
DEPENDENCIES: 30 79 50 50 16 22

1))REQ. BRANCHES: 2 1 *( 4 + 3 *( /3* +

DESCRIPTION: E4rCS IfAC ES CL4 ES-CL3 /E!L3 E3nVENT

CASE / BRANCH SPLIT: 1.484E 02 1.3BSE 02 0.000E+00 0.000C+00 ,

CASE NUMBER / SPLIT: 3 2.054E-01
DEPENDENCIES: 30 79

*
REQ. BRANCHES: 2 1

DESCRIPilDN: E4rCS IfAC

CASE / BRANCH SPle'' O.000E+00 2.064E-01 0.000E+00 0.000E+00

CASE NUMBER / SPLIT: 4 0.000E+00
DEPENDENCIES: JO 50 50 16 22

1))REQ. BRANCHES: 4 *( 4 + 3 *( /3 +

B-113
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DISCRIP110N: (4 C$ (6 CL4 t$ CL3 /t!L3 (3aYtNT

CA$l/lAANCH $PL!T: 0.000t+00 0.000t+00 0.000t+00 0.000t*00

CA$l NUMBER /$PLlf $ 0.000t*00
OtPIN0tNCitti 30

RtQ. BRANCHt$: 4

DISCRIP110N: 14 C$

Clit/ BRANCH $PLif: 0.000t+00 0.000t+00 0.000t+00 0.000t+00

C m NUMBER / SPI'f 6 . 407' '
Ott'IN0tNC.;$ 2 79 Fh $0 16 22

c

1))RtQ. bRANCHt$: 2 *( 4 + 3 *( /3 +

DESCRIPfl0N: 1 AC [$ CL4 t$ CL3 /EIL3 (3rYtNT

CA$t/ BRANCH $PLIT: 7.089[-02 0.000t+00 5.915t-021.069E-02
'

CA$t NUMBER /SPL11: 7 6.242C-01
DIPIND(NCit$: 79

REQ. BRANCHt$ 2

0[tCRIPfl0N: 1 AC

CA$t/ BRANCH $PLit: 0.000[+00 0.000(+00 t 77ar t)3 6.184t 01

CA$t NUMBER'$PL!l: 8 0.000t+00
Ot$CRIPil0N: Otherwise

CA$t/ BRANCH $PLit: 0.000t+00 0.000t+00 0.000E+00 0.000t+00

" " " * * OVE*fl0N: 82 10 what levci is the wetwell inert af ter vessel tireacht
"

Q-TYPE /11MES A$KEDA IN0(P. CALC. PROD. 204304
DRANCHis IriWin I Wint l Win 3

1 2 3

RCAll![0 $PLIT: 9.723t 01 2.775t 02 0.000E+00

"**"" QUt$110N: 83 18 there suf ficient oxygen in the containment to support combustion
Q-TTPL/T!Mt$ A$rt0: IN0tP. CALC PROB. 204304

rtANCHf$: 020et20 020etl6 020etl2 WO2 nWO2
1 2 3 4 5

RIA' tt0 $PLIT: 6.036[ 01 7.096t 02 6.818t 02 4.143E 02 2.15BE 01

' " * " "
QUt$ TION: 84 Does ignition occur in the contatnwnt at vessel breach?

Q-ifPE/TIMF.$ ASKED: OtP. INPUT PROB. 234274
BRAfaCHES: 1 tt0n inCign

1 2

REAllltD $PLli: 4 428t 01 $.571t 01

'

$UMMARY BY CA$t

CASE NUMBER /$PLlf: i 4.0$9E-01
DEPEN 0t hCIES: 78 82 Si

RID. BRAWCH'.$: 6 + 3 + $

Ol5CRIP110N: 1 NotfW 1 Win 3 nWO2

CASC/SRANCH $PLIT: 0.000t+00 4.0$9t-01

CA$t NUMBER /$PLIT: 2 3,441E-01

.
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l

D(P(ND(NCl!$ r to $t f.? 72 73

kl0.(> RANCH ($: t + t + 3 + /t + /1

DL$ TRIP 110N: (4 AC ($-$PB2 ($+$Pb3 /InDWI /InDv0P

CA5(/ BRANCH $PLll: 3.441[ 01 0.000t+00

CA$t NUMfi[R/$Pllt: 3 9.745[-0?
DIPIND(NCit$: f6 67 78 78

PLO. ItRANCH[$: ( 1 + 1) *( l + f)
DI$tRIPflDh: (4-hip [v$( law *to l>W>l 6

CA$t/ BRANCH $ Pill: 6.054[ 02 3.690E 02

! CA$( FilMBER/$PLll: 4 1.677t 02
| OtP(ND(NCl($: 26 67 78

R(0. DRANCHt$: ( 1 + 1) *
3

0($CRIPfl0N: (4 HtP (t$t itWelt

CA$t/(IRANCH $PLl'* 1.0131 02 6.636( 03

CA$t NUMBtR/$PLit $ 4.f>76[-02
DEP(NDINCl[$: 26 67 78

Rt0. BRANCHt$ ( i + 1) * 4

0($CRIPfl0N: [4 HtP [r$( ItW>B

Cast / BRANCH $PLII: 1.969[ 02 t,000E 02

CA$[ NUMBER /$PLli: 6 f.42$( 02
CIP(NDINCl[$ T E. 67 78

1) $R(Q. InRANCH[$: ( 1 + *

DESCRIP110N: (4-HtP Ex$[ ltW>4

CAS(/ BRANCH $PLit: 7,796( 03 1.040[ 02

CA$( NUMBER /$PLIT: 7 0.000(+00
DIP (ND(NCit$: 26 67 78

.

R(0, BRANLHIS: ( 1 + 1) 6*

Ot$CRIP110N: (4 hip (mS[ 1 NotW

CASE / BRANCH $PLif: 0.000f+00 0.000(+00

CA$[ NUMDIR/$PLli: 8 6.572( 02
Ot$CRIPfl0N: Otherwise

CA5(/ BRANCH $PLIT: 5.518E 04 6.517f 02

* * * * " * * QUt$1|0N: 85 Does ignttton occur in the containment following vessel breacht
0-TYP(/i!Mt$ ASKf0: DEP, INPUT PROB. 749747

BRANCht$i IgnFVB nignFV8
1 2

R[All!!O $PLit: 8.833t 02 9.ll6E 01

$UMMARY BY CA$[

CA!! NUMBER /$PLli: 1 8.490C 01
DEPENDENCl[$: 78 82 81 83 84
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Rt0,f*ANCHt$: 6 + 3 /4 + 6
* + 1

0($CRIPfl0N: 1 hotW 1 Win 3 /l C$ iWD2 I-(!gn

Calf / BRANCH $PLll: 0.000t+00 8.490f 01

CA$( NUHf'tR/$PLIT: 2 5.035f 02
OtP(N0(NCl[$t 79

'

Rt0. BRANCHt$: 2
.

DESCRIPfl0N: l AC

CA$(/ BRANCH $PLit: 5.635t 02 0.000E+00

CA$( NUMB (R/$PLIT: 3 4.375[ 02
0[P(ND(NC!!$: 78 78

Rio. BRANCHES: 1 + 2

Ot$CRIPfl0N: ItW>20 ! >Wel t

CA$l/0 RANCH $PLit: 1.099t-02 2.0701 02
,

1

CA$[ NWB(R/$PLli: 4 1.061t 02 |
DIPIND[NCl($: 78 ;

REQ. BRANCHt$: 3

Of$CRIPil0N: DWalt,

CA$t/PAktH $PLli: 3.848t 03 0.060C 03

CA$[ NUMB (R/$PLit $ 2.163( 02
0(P[NOCNCl($: .18

R(0,BRANCHE$: A

0($CRIPfl0N: ItW>8<

CA$[/0 RANCH $PLil: 6.017( 03 1.661[ 02

CA$t NUMBER /$PLIT: 6 1.872[ 02
DESCRIPil0N: Otherwise

CA$[/ BRANCH $Pitt: 5.120t 03 1.369( 02

*"*"" Out$fl0N: 86 18 there a detonation in the wetwell following vessel breach?
Q TYP(/TIMI$ A$KlD: DEP, INPL'i NOB INPUT PARM. 279091

BRANCHES: 1 WDt InWDt
1 2

RfAll2[D $PLit: 6.010C 02 9.396t 01 ;

$UMMARY BY C/.$(

CAS[ NUMBER /$PLIT: 1 8.273E-Ol
0(P(N0tNCl[$1 84 86 82 B2 81 78 78 78

RIO. BRANCHt$: 2 2 +( 3 + ** 2) /4 + 4 + 5 + 6

DESCRIPTION: InCign nigr#v6 1 Win 3 1 Win 2 /1 0$ It W >B lHW > 4 1 NoHW

CA$(/ BRANCH $PLIT: 0.000t+00 8.273[-01

CA$[ NUMBER /$PLit: 2 2,043t 03
DEPENDINCits: 24 21 83 83 83

B-ll6
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RtQ. BRANCH [$i 2 1 *( 3 + 2 +* 1)

DE$ TRIP 110N: (4 AC (4 H!$ C2Dett! 02Detit 02Det20

CA$t/ BRANCH $PLit: 5.039t 06 2.0361 01

CA$t NUNC[R/$PLit: 3 0.00BE 03
DEPIND(NCit$: $2 72 73 73 39 39 39 43

R[0. (AANCH[$ (/t + /t + /1 * /3) *( /1 /2 /3 * 1)* *

DESCRIP110h: /I$n5PB /InDvFl /InDV0P /1-0dHOP2 /HW>20 /HW>ll /HWel? [ 4-WD f

Cast / BRANCH $PLll: 4.739[-0$ 6.020[-03

CAS[ NUMBCP/$PLit: 4 0.000[+00
OtttNDENCl!$: 76 B2 B2 83 L3 B3

RIO. DRANCHE5: 3 *( 2 + 3) *( 3 2 + 1)+

0[5CRIP110N: I tVW> 12 1 W!n2 1-Win 3 020et12 02Detit 0?Det20

CA$t/ BRANCH $PLIT: 0.000t+00 0.000t+00

CA$[ NUMD[R/$PLli: 5 2.002[ 02
OtttND(NCit$: 78 83 B3 B3

RIO. BRANCH [$: 3 *( 3 + 2 1)*

0($CRIP110N: DW>l2 02Det!! 02Detit, 02Det20

CA5[/DRANCH $PLll: 0.000t+00 2.60?t-02

CA$t NUMBtR/SPLif: 6 0.000t+00
OtP[NDENCit$: 78 B2 62 63 83

R(0, DRANCHt$: 2 *( 2 + 1)3) *( 2 +

DESCRIP110N: lHWel6 l-Win? l Win 3 020et10 020et20

CAST / BRANCH $PLli: 0.000t+00 0.000t+00

Cast NUMB [R/ SPLIT: 7 1.681[-02
OtPINDE NCl[$: 78 B3 B3

REO BRANCHIS: 2 *( 2 + 1)

0[$CRIPfl0N: D W >l6 02Detl6 02Det20

CA$t/ BRANCH split: $.t,67[-03 1.314t-02

CA$t NUMBER /SPLll: 8 0.000E+00
OtP[NDENCl[5: 78 82 62 83

R[0. BRANCHES: 1 *( 2 + 1
*

Ot5CRIPTION: ItVb20 1 Win? l-Win 3 020et20

CA$[/ BRANCH SPLIT: 0.000E+00 0.000[+00

CAST NUMBER / SPLIT: 9 1.188[ 01
0[P[ND(NCl[$: 78 B3

RIO. BRANCH [$: 1 1
*

DESCRIPi10N: I HW >20 0?Det20

C A$t/BR ANCH SPLll: 5.43S[-02 0.440E-02

B '17
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CAtt huMttR/$PLit: 10 9.j pt 04

0($CRIP110h: Otherette
CAtt/likANCH $PLll: 0,000(+D0 $. lDt*04

"""" Out$fl0N: 87 What is the itvel of containment tmralse ic4d f ollo iep itssel t:teachi
0 TYP!/11Mi$ A!. KID: INDIP. CALC. FR0ti. 27H91

BRANCH [$: 1 lp>t>0 1-lp>$0 1 !P=40 1 10 30 1-!p>20 1 !p>10 1 1p<10
1 2 3 4 5 0 7

RIAlli!0 $PLit: 0.390l-0$ B.50lt441.114t-03 2.231103 0.540t-03 2.0%C 02 9 t400 01

"""" Oul$110N: 14 Vith what ef ficiency is Fyerogen twened f olio.ing VS7
0 tYPt/11MI$ A!Kt0: Ott. IhPUT PR0b. l APUT PARW. 27H91

DRANCHt$: H2tftVB
1

RIAll2l0 $PLit: 9.9HL 01

$UmARY tY CAtt

CA$t NUMBER /$PLll: 1 0.000t+00
DtPtN0tht!!$: to t$ 12 02 !! 78 7B

0)1) '( 2 + 3 4) *( $ +*
RIO. BRANCHt$: ( 1 +

Ot$CRIP1!DN: 1 Clgn lontVB l Wint 1 Win 3 1-C$ I HW>4 1-koHW

CAtt/ BRANCH $PLll: 0.000l+00

CA$t NUMBER /LPLIT: 2 1.7321 01
OtPINDENClt$: B4 t$ 7B 76

6)R(0,BRANCHt$: ( 1 + 1) *( $ +

Ot$CRIP110N: 1 Clgn IgnFvB ltwee | ho6W

CA$t/ BRANCH $PLll: 1.732[-0)

CA$t NUMBin/$PLil: 3 0.000t+00
DEPENotNCit$: B4 B6 B2 62 B) 78

* * 4+ 3 4)REQ. BRANCHt$: ( ) + 1) *( 2

DESCRIPfl0N: 1 Cign IgnFVB l Win? 1-Win 3 1 C$ l >W2B

CA$(/ BRANCH $PLil: 0.000t+00

CA$[ NUMBER /$PLll: 4 1.651t 01
OtPENDINCit$: 84 BS 76

1)
* 4REQ. BRANCHt$t ( 1 +

Ot$CRIP110N: 1 Clgn IgnFvB ltW> B

CA$t/B.(ANCH $PLll: 1.851t 01

CA$[ NUMBER /$PLll: $ 0.000t+00
DEPEN 0(NCl[$: 84 BS B2 B2 B1 78

1) *( 2 + 3 4) 3* *
RIO. BRANCHt$: ( l +

DESCRIP110N: l-Clgn IgnFVB l Win? l W!n3 1-(t it W >i?

CA$t/ BRANCH $PLili 0.000t+00

CA$t NUMBER /$PLll: 6 2;B25t-02
DLPEN0tNCitt: 84 85 78

B ll8
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e

RIO. BRANCHll: ( ) + 1) 3
*

Ot$CRIPt!ON. I Clgn IgnFYB IRVWill

CA$t/ BRANCH $PLll: 2.826[ 02

CA$[ NUMBER /$PLili 7 0.000t+00
OfPENotNCIES: 84 85 02 82 61 78 78

RIO. BRANCtts: ( 1 + 1) '( 2 + 3 *
4) '( 1 + 2)

Di$CRIPil0N: 1 Cign IgnFVB l-Vdin? l-VVin3 1-C5 IHVW>20 IHVW >10

CA$t/ BRANCH $PLit: 0.000t+00

CA$t NUMBIR/$PLli: 8 1.444E-01
DEPINDENCit$t 84 65 76 78

R(0 BRANCHt$: ( 1 + 1) '( 1 + 2)

0[$CRIPTION: 1-tlon lonFVB IHVV>20 1RvW>16

CA$t/ BRANCH $PLli: 1.444E-01

CA$[ NUMBER /$PLll 9 4.090t 01
0[$CRIPfl0N: Otherwise

CA$t/ BRANCH $PLIT: 4.090E 01

'*******
QUt$110N: 89 V5at would be the peak pressure in containment from a hydrogen burn at YBT

Q-1YPL/11Mi$ A$Kt0: DEP. CALC. PROB. 27969) *

BRANCHt$;
l PBrn>7 1 PBrn>6 1-PBrn>5 1 Pern>s 1-PBrn>3 | PBrn<3

1 2 3 4 5 6
RfAL12t0 $PLit: 3.396t 02 1.700E-02 2.167f 02 1.307[ 02 2.225t-02 B.800E-01

$UMMARY BY CA$[

CA$( NUMBER / split: 1 4.690f 01
DIPIN0tNCit$1 B4 B$

R(0, BRANCHES: 2 *
2

DESCRIPi!ON: Intion nignFVB

CA$t/ BRANCH $PLli: 0.000t+00 0.000t+00 0.000t+00 0.000t+00 0.000t+00 4.090[ 01

CA$[ NUMBER /$PLit: 2 8.592[ 02
0[P(N0(NCl[$: 50 50 58

RfQ. BRANCH ($ ( 3 + 4 + 1)

DESCRIPil0N: t5-CL3 ($-CL4 Alpha

Cast / BRANCH $PLit: 0.000t+00 0.000E+00 0.000E400 0.000t+00 0.000(+00 8.542C 02
' - CA$t NUMBtR/$PLIT: 3 5.941t-02

OtPENotNCl[$: 86
.

REQ. BRANCHt$ 1

DESCRIPT!0N: 1 VV0t

Cast / BRANCH $PLll: 1.445t 02 7.633t-03 9.093E-03 3.038t 03 2.151t-03 2.2450-02

Cast NUMBER / SPLIT: 4 3.856E 01
Ot$CRIPil0N: Otherwise

CA$t/ BRANCH $PLll: 1.952t 02 9.306t-03 1.24BI 02 1.543t 02 2.010E-02 3.087[-01
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"*""* OUE$fl0N: 90 Vhat is the level of contatrvnent pressurtration at vessel t>reachi
Q-1YPE/11MES ASKED: DEP. CALC. PROB. C79091

BRANCHE$: 1 CP>7 |-CP>C 1 CPa$ l CP>4 1-CPz3 | cps 2

1 2 3 4 5 6

REALIZE 0 $PLIT: 4.227E 021.813E 021.799E-02 2.068E 02 3.854E 02 8.E23E 01

St>tMARY BY CASE

CASE NLntBERISPLli: 1 1.740E 01
DEPENDENCIE S: 50 50 58

REQ. BRANCHES: 3 + 4 + 1

DESCRIPTION: E$ CL3 E6-CL4 Alpha

CASE / BRANCH $PLIT: 0.000E+00 0.000E+00 0.0M!+00 0.000E400 0.000E+001.740E 01

CA$[ NUM5ER/SPLli: 2 3.619E-01
OEPlNDENCIES: 84

REQ. BRANCHE5: 1

DESCRIPTION: 1-Cign

CA$E/ BRANCH $PLIT: 3.375E 021.34BE 021.240E 021.327E 02 3.00$E 02 2.589E-01

CASE NUMBER /$PLIT: 3 8.30BE-02
DEPENDENCIES: 65

REO. BRANCHES: 1

DESCR!P110N: IgnFVB |

CASE / BRANCH $PLIT: 8.519E-03 4.645E 03 5.591E-03 7.401E 03 8.491E 03 4.843E-02

CASE NUMBER /$PLIT: 4 3.809E-01
DESCRIP110N: Otherwise

CASE / BRANCH $PLIT: 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 3.809E-01

OVES 110N: 91 What is the level of drywell leakage induced by a detonation in conteirvnent***"*"

Q-TYPE /TlHES ASKED: DEP. CALC. PROB. 219691

BRANCHES. In0V0t I DV0t2 1 DV0t3
1 2 3

REAlllED SPLli: 9.895E 01 7.392E-03 3.055E 03

$UM".ARY BY CASE

CASE NUMBER /SPLli: 1 6.010E 02
DEPENDENCIES: 86

REQ. DRANCHES: 1

DE$CRIPT10N: 1 W0t

CASE / BRANCH $PLIT: 4.965E-02 7.392E 03 3.055E 03

CASE NUMBER /$PLIT? 2 9.399E 01
DESCRIPTION: Otherwise -- No detonation and thus no fallute

CASE / BRANCH $PLll: 9.309E-01 0.000E+00 0.000E+00

OUE$110N: 92 Vhat is the hvel pf containment leakage induced by a detonation at VBT"**""

Q TYPE / TIMES ASKED: DEP. CALC. PROB. 279691

BRANCHE$: In0tF 1 OtF2 1-OtF3

.
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RCAllit0 $PL11: 9.757t 01 1.423t-02 1.003t 02

StH4ARY Bt CA$t

CASE NUMBER /$PLif: 1 1 445[ 02
DEPENDENC!t$: 91 91

REQ. BRANCHi$: 2 + 3

DESCRIPTION: 1 DVDt2 1 DV0t3

Cast / BRANCH $PLit: 0.000t+00 4.780E 03 5.666t 03

CA$t NUMatR/$PLIT: 2 4.965t 02
DEPINDENCl[$1 B6

REQ. BRANCHE$: 1

DESCRIPfl0N: 1 -W0t

CA$t/ BRANCH $PLit: 3.583t-02 9.453t 03 4.366E 03

CA$t NUMBER /$PL11: 3 9.399t 01
Ot$CRIPil0N: Otherwise

CASE / BRANCH $PLIT: 9.399t-01 0.000E+00 0.000E+00

" * * * " * QUt$110N: 91 What is the level of contatnment leakage following vessel breach?
0 fYPE/ TIMES ASKED: DCP. CALC. PROB. 279691

BRANCHES: INCL I-CL2 1 CL3 1 CL4
1 2 3 4

REAllZl0 $PL]T: 6.387t 01 8.756t 02 2.657E-01 7.859t 03

$UMMARY BY CA$t

CA$t NUHBCR/$PLit: 1 7.859I 03
DEPENDENCl[$t 50 58

RIQ, BRANCHC$: 4 + 1

Ot'.CPIPTION: (5 CL4 Alpha

CA$t/ BRANCH $PLIT: 0.000E+00 0.000t+00 0.000C+00 7.859t 03

CASE NUMBER /$PLit: 2 1.762t 01
DEPIND[NCIIS: 50 92

REQ. BRANCHt$: 3 + 3

DESCRIPTION! E5 CL3 !*DtF3

CASE / BRANCH $PLIT: 0.000E+00 0.000!+00 1.762E-01 0.000E+00

CA$t EUMBER/$PLIT: 3 7.250( 02
DEPENDENCl[$ 60 92

REQ. BRANCH [$ 2 + 2

DESCRIPi!ON: ES Cl2 1 DtF2

CA$t/ BRANCH $PLit: 0.000E+00 6.380C 02 8.704t 03 0.000t+00

CASE NUMBER /$PL11: 4 7.434t 01
OtsCRIP110N: Otherwise

CA$t/ BRANCH $PLIT: 6.387E 01 2.377t-02 8.085E 02 0.000E+00

" " * " *
QUL$i10N: 94 What is the level of drywell leakage induced by containment pressurtration?
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i f} fYPL/11Ht$ A$rtD: DtP. CAtt. PROB. 279091

0RANtHl$t triDVtf I DvDft 1 DvHDft 1 DVDf3 1 DvHDf0

1 2 3 4 $

ktM 12[0 !.PLifi 9.700E 017.103t 02 0.000t+001 !.62t 010.000t+00

$UHr.ARY FY CA$l

CA$t NJHB!R/$PLil: 1 1 $06t 01
DIPINDINCit$: $1 72 73 76 91

1 + 3R!0. DRANCHl$t 4 + 3 + 4 *

Ot$CRIP110N: E DvDf3 1 DvF13 1 DV0P3 1 DvFred I DWDt3'

J CA$t/bkANCH $PLli: 0.000t+00 0.000t+00 0.000t+001.606t 010.000l+0D

CALI NUMBIR/$PLIT: 2 0.000!+00,

DIP (NDINClt$: $1

RIO. BRANCHES 2 $

OlSCRIPilDN: t 0dHDf3

CA$t/ BRANCH $PLIT: 0.000t+00 0.000t+00 0.000!+00 0.000t+00 0.000t+00
1

CA$t NJHOER/$PLll: 3 1.571t-03
DEPINDENCll$: t$ $1 72 73 91 93 93

4)RIO, BRANCHt$: 1 *( ! + 2 + 2 + 2) *( 3 +

DE$CRIPi!0N: IgnFve t DVDf? l 0WF12 1 DWOP2 1 0WDt! l CL3 1 CL4 1;

CA$t/ BRANCH $PLIT: 0.000t+001.2$0t-03 0.000t+00 2.770E 04 0.000t+00
q
d

CA$t NUMBER /$PLli: 4 4.60ll 04
DEPINDENCits: B5 $1 ?! 73 91

2)RfD. t>RANCHt$: 1 *( 2 + 2 + 2 *

Dt$CRIP110N: IgnFVB t DWDf2 1 DWF12 | DWOP2 | DVDt2

CA$t/ BRANCH $PLll: 0.000t+00 4.6C6t 04 0.000t+00 0.000t+00 0.000t+00

CA$t NJHetR/$ Pili: $ 0.000t+00
'

DIPENDENCl[$: B$ $1 93 93
>

* 3 '( 3 + 4)REO.[LRANCHt$ 1

DE$CRIP110N: IgnFVB l DdHDf? l CL3 l Cl4

CA$t/ BRANCH $PLll: 0.000l+00 0.000t+00 0.000t+00 0.000t+00 0.000t+00

CA$l NUMDIR/$PLIT: 6 0.000t+00
DEFINDtNCit$: 65 $1

REQ, BRANCHt$: 1 3*

DESCRIPfl0N: IgnFvB t DWHDf2

CA5E/ BRANCH $PLIT: 0.000l+00 0.000t+00 0.000t+00 0.000t+00 0.000t+00

CA$t NUMDIR/$PLIT: 7 B403Bt 02
DEPENDENCit$: B$

RIO. BRANCHt$t 1

Dt$CRIP110N: 10nFVB
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CA$t/ BRANCH $ Pill: 0.619t 0? to0$0103 0 000[400 7.14f( 03 0.000t+00

CA$t NJMBIR/$PLili B 0.4B2t 0T
D(P!NDINCl[$: (,) ?? 73 91

t t 0.11R ANCHl $ : ( ! + t + t + ?!

Ot$CRIP1|0N: t tVDf t 1 0dit 1 0v0Pr 1 DVDt2

CA$l/ BRANCH $PLll: 0.000t+DO 6.4&?[ 0? 0,000!+00 0.000t+00 0.000t +00

CA$t N#3tt/$PLll: 9 0. 001 00
DIFINDE NClt !,: $1

tt0. BRANCHt$) 3

Ot$CRIP110h 1 0W4Df?

CA$t/ BRANCH $PL11: 0.000l+00 0.000t+00 0.000t+00 0.000t+00 0.000t+00

CA$t NUMDIR/$PL11: 10 7.019t 01
Ot$CRIPTION: Otherwise

CA$t/CRANCH $PLit: 7.019t-01 0.000l+00 0.000t+00 0.000t+00 0.000t+00

" * " " * Out$110N: 9!, What is the level of suppreiston pool bypass fo110 wing VB1
0-?ftt/f!MES ASKl0: DLP. INPUT PROB. 279691

(iR ANCHt $ : In$PB l $PCF 1 SPB3
1 2 3

klAllfl0 $ Pill: 7.268t 01 7.760t 02 1.833t-01

$UMMARY BY CA$t

CA$l NUMBER /$PLIT: 1 1.BB3t 01
DCP!NDENCl[$t $2 94 04 $8

RIO. BRANCHt$: 3 + 4 + $ + 1

Ot$tklP110N: l$-$PB3 1 0WDf3 1 0WH0f3 Alpha

CA$t/ BRANCH $Pltt: 0.000l +00 0.000t+001.BIGI 01 -

CA$t NUMDtR/$PLl11 2 2.B76t 02
DEPINDINC!t$: $? 94 94 79 64 B$

RIO. DRANCHt$: ( t + 2 + 3) *
2 '( 1 + 1)

Ot$CRIP110N: [$ $P02 | DV0ft 1 0W40f? l AC 1 Clgn IgnPVB

CA$t/DRANCH $Ptil 0.000l+00 f.B21t 02 $.Bl?t-04

CA$t NUMDIR/$PLift 3 4.958t 02
OtttNDINCit$: $? 04 94

Rf0. DRANCHt$i ? + t + 3

Ol&CRIPTION: t$-$PS2 1 0WDff 1 DVHDf2

CA$t/ BRANCH $PLit: 0.000t+00 4.956t 0? 0.000t+00

CA$t NUMDtR/$PLll: 4 2.954t 01
OCPIN0tNCit$1 79 B4 6$

Rt0. BRANCHt$: -2 *( 1 * 1)

Ot$CRIPfl0N: 1 AC l-Clgn ignPVB

CA$t/ BRANCH $PLIT: 2.910E 01 0.000t+00 4.378t 03
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CA$t NUMBtR/$PLit: $ 4.376t 01
0($CRIPfl0N: Otherwise

CA$t/ BRANCH $PLll: 4.37BC 01 0.000t+00 0.000t+00

"""" O'JI5110N: 96 What is the containmemt Pressure af ter vesse) breacht
0 fYPt/T!Ht$ ASKt0: OtP. CALC PROB. 279091

BRANCHt$: IP=4 IP 3 IP>2 leel
1 2 3 4

REAll210 $PLli 0.000t+00 0.000t+001.221[ 02 9.877t 41

$UMMARY BY CA$t

CA$t NUMBER /$PLIT: 1 3.612t 01
OtPENDENCl[$: 93

REQ. BRANCHt$ /!

Ot$CRIP110N: / INCL s

CA$t/ BRAN 0H $PLif: 0.000t+00 0.000t+00 0.000t+00 3.612t 01

CA$t NUMBtR/$PLIT: 2 4.90BI 01
OtPtN0tNClt$: 81

RtQ, BRANCHt$1 4

DESCRIPil0N: 1 C$

CA$t/ BRANCH $PLit: 0.000(+00 0.000E+00 0.000!+00 4.908t 01

CA$( NUMBER /$PLIT: 3 1.479t 01
Ot$CRIPfl0N: Otherwise

CA$t/ BRANCH $PL11: 0.000t+00 0.000t+00 1.221[ 02 1.357t 01

" * " " * QUC$fl0N: 97 !s water not supplied to the debris late?
0 TYPE /T!MI$ ASKt0: DEP. INPUT PROB. 279691

> BRANCHt$: nLDBWat $ L0i..at L LDBWat
1 2 3

REALIZE 0 $PLift 2.449[ 01 2.151t-01 $.399t 01

$UMMARY BY CAtt

CA$t NUMBER /$PLII: 1 3.261[*01
OtPtNDENCit$: $3

Rt0. BRANCHt$1 $

Ot$CRIPi!0N: nBreach

CA$t/ BRANCH $PLIT: 0.000t+00 0.000t+00 3.261t 01

CA$t NUMBER /$PLIT: 2 1.88$t-01
OCPtNDENCit$: 79 12

*
RIQ. BRANCHt$: 1 3

DESCRIP110N: IfAC tlaFW$

CASE / BRANCH $PLlf; 9.174t 02 4.876t 02 4.798E 02

CASE NUMBER /$PLif: 3 0.000t+00
DEPtNDINCl[$: 79

RtQ. BRANCHt$: 1
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OlstRIPfl0Nt IfAC

Cast /6KANCH $PLif: 0.000!+00 0.000t+00 0.000t+00

CA$[ NUMB (R/$PLll: 4 4.360[ 01
DEP[hDE NCit $: 28 28

RIO. BRANCH [$: ( 2 + 3)

Ot$CRIPfl0N: (4 LPl [4 HP!

CA$t/ BRANCH $PLIT: 1.376[ 01 1.607t-01 1.496t 01
|

CA$t NUMBER /$PL11: $ 4.726[ 02
OLP[ND(NCit$: $ 7 8 9 11

RIO. BRANCHis: ( 2 + /1 + /1 + /1 /1)+

DISCRIPTION: [1rHPinj /[lfCR0 /tiftond /[lfLPC /El.~$$V

Cast / BRANCH $PLli: 1.$57t 021.572t 021.595t 02

Cast NUMBER /$PLIT: 6 0.000t+00
DESCRIPil0N: Otherwise

CA$t/BRANCe iPLll: 0.000L+00 0.000t+00 0.000t+00

******** Qut$110N: 98 is there mater in the reactor cavity 6f ter VB1
0-TYP[/ TIMES ASKth: DIP. INPUT PROB. 291904

BRANCHE$: LDWFld LRCVet LRC0ry
1 2 3

RIAllll0 $Pt,lI: 8.630t 019.188t 02 4.440E 02

$UMMARY BY CA$(

CA$( NUMB [R/$PLIT: 1 5.174t 01
OLPIND(NCl[$: $4 94

R(Q. BRANCHt$i 1 4 $

Ot$CRIPil0N: ($ 0F1d I DVHDf3

CAS(/ BRANCH $ Pill: 6.174E 010.000t+00 0.000E+00

CASE NUMBER /$PLil: 2 2.240t 02
0(P[ND(NC]I$: $4 64 67 6$ 66 95 19

REO 6RANCHt$1 2 *( 1 + 1 + 1 + 1) /3 1
* *

Ot$CRIPTION: ($-0 Vet HPMI [x$t 1 DV0t 1 0V0f /l-SPB3 IfAC

CA$[/ BRANCH $PLll: 2.240[ 02 0.000t+00 0.000t+00

CASE NUMBER /$PLit: 3 2.5$0C 01
DCPINDENCIES: C4 85 95

REO. BRANCHt$: ( l + 1) * /3

Ot$CRIPil0N: 1 Clgn IgnFVB /1 $PB3

CA$t/ BRANCH $PLli: 2.5$0t 010.000[+00 0.000t+00

P CA$( NUMB (R/$PLll: 4 5.621t 02
DEP(NDINCl[$i '84 B$ 95

R[Q. BRANCHt$: ( ) - 1) 3*

Ot$CRIP110N: 1 Cign 10nFVB l-$PB3
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CA$t/ BRANCH $PL11i 5,080t 02 $.40B( 03 0.000t+00

CAtt NUMBIR/$PLif: $ 1.996[ 02
OtPIN0(NCit$: 64 67 t$ 06 95 79

* *
1) /3 1R(0 BRANCHE$: ( l + 1 + 1 +

DESCRIP110N: HPM[ (x$[ I DV0t 1-DV0f /l $PB3 IfAC

CA$t/ BRANCH $PLIT: 1.802t 02 1.95BC-03 0.000E+00

CA$[ NUMBER /$PLIT: 6 8.452[ 02
DIPENDENCl[$: $4

RtQ. BRANCH ($: 2

DESCRIPTION: (5-DVet

CA$t/ BRANCH $PLit: 0.000(+00 8.452t 02 0.000t+00

CASI NUMBER /$PL!l: 7 4.440t-02
DC$CRIP110N: Otherwise

CA$t/ BRANCH $PLli: 0.000t+00 0.000t+00 4.440t 02

******** QUt$110N: 99 Vhat 18 the nature of the core-concrete interactient
0 TYPL/i!M($ A$KtD: DtP. INPUT PROB. 410964

BRANCHE$: CCl WetCCI F1dCCI OlyCCl noCCI

I 2 3 4 $

RCAll![D $PLll: 7.589( 03 2.265t 03 3.471( 01 2.114t 03 6.40BC 01

$UMMARY BY CA$(

CA$( NUMBER /$PLIT: 1 3.272( 01c.

DEP[N0(NCl[$; 63

f REQ. BRANCHIS: $

[
'

DESCRIP110N: nBreach

CA$[/DRANCH $PLIT: 0.000E+00 0.000C+00 0.000(+00 0.000t+00 3.272[ 01

CA$( NUMBER /LPLit: 2 6.297( 03
DEPENDENCl[$: 97 98

R(0 BRANCHt$: 1 3*

DESCRIPI10N: nLDBWat LRC0ry

CA$t/ BRANCH $PLIT: C.297[ 03 0.000E+00 0.000E+00 0.000(+00 0.000E+00

CA$( NUMB (R/$PLif: 3 0.000(+00
DIP (N0tNCll$t 98 26 28 9 24

REQ. BRANCHt$2 3 1 *( /1 + /1 2)* *

DESCRIPTION: LRC0ry (4 hip /[4nLP! /C1fLPC (4 AC

CA$t/ BRANCH SPLli: 0.000t+00 0.000t+00 0.000t+00 0.000C+00 0.000E+00

CA$t NUMBIR/$PLll: 4 4.365( 03
DEPIND(NClt$; 98 26 &$

R(0. BRANCHES: 3 2 /1* *

DESCRIP110N: LRCDry (4 lop /I4nLP!
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CA$t/ BRANCH $PL11: 0.000t+00 0.000t+00 3.680t 03 0.000t+00 6.648t 04

CA$t NUMBER /$PLIT: 6 2.584t 03
DEPIN0lNCit$: 98

RIQ. BRANCH [$: 3

Ot$CRIPTION: LRC0ry

CA$[/ BRANCH $PLil: 1.29?t 03 0.000t+001.292t 03 0.000[+00 0.000l+00

CA$t NLHBER/$PLIT: 6 1.383t 01
OtPINDENClt$: 98 98 97 26

Rt0. BRANCHis: ( 1 + 2 /1) 1
* *

Ot$CRIPfl0N: LOWF1d LRCWet /nLDOWat (4 HtP

CA$t/ BRANCH $PLIT: 0.000t+00 0.000E+00 2.719t 02 0.000t+00 1 111t-01

CA$t NUMBER /$PLit: 7 1.852t 02
DEP[N0tNCit$: 98 98 97 61

R[Q. BRANCHt$: ( 1 + 2 /1) 1
* *

K$CRIPi!0N: LOWFId LRCWet /nLDBWat H1LiqVB

CA$t/ BRANCH $PLIT: 0.000E+001.000E+001.563t 02 0.000t+00 2.895t 03

CA$[ NUMBER /$PLIT: 8 4.982t 01
DEPENO[NCl[$: 98 95 97

R[Q. BRANCHE$: ( 1 + 2
* /1)

Ot$CRIPfl0N: LOVFld LRCWet /nLDBWat

CA$t/BRANfH $PLll: 0.000t+00 0.000t+00 2.993[ 010.000t+001,989( 01

CA$t NUMBER /$PLIT: 9 9.494t.04
"

0[PINDENCl[$2 26

RIQ. BRANCHt$: 1

DESCRIP110N: E4 hip

CAS[/ BRANCH $PLll: 0.000t+00 1.720E 04 0.000t+00 7.774E-04 0.000(+00

CA$[ NUMBER /$PLIT: 10 9.458t 05
DEP[N0(NCl[$i 61

RIQ. BRANCH ($: 1

DESCRIPilCN HlLiqvB

CA$t/ BRANCH $PLIT: 0.000E+00 8.162t 0$ 0.000C+001.2960 0$ 0.000t+00

CA$t NUMB (R/$PLli: 11 3.33s[ 03
DC$CRIPil0N: Otterwise

CA$t/ BRANCH $PLit: 0.000E+00 2.012E 03 0.000E+001.324[ 03 0.000E+00

******** OVE$110N: 100 What fraction of core not participating in HPMC participates in CCit
0-1YP(/T!HIS ASKED: DIP, INPUT FRDB. INPUT PARM. 416964

BRANCHES: HIFCCI Lo CCIr
1 2

RIAll2t0 $PLli: 6.432t-01 3.$66[ 01

$UMMARY BY CA$t
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CA$t NUMDIR/$PLll: 1 3.360t 01
DIPEND[NCit$: 63 63

RtQ. BRANCHt$: 1 + $

Ot$CRIP110N: A Fati nBreach

CA$t/ BRANCH $PLll: 0.000t+00 3.360E 01

CA$t NJMB[R/$PLli: 2 2.159t-02
0(P(ND(NCl[$1 $7 61

*
RtQ. BRANCHl$: 1 1

DESCRIPi!0N: ta$t Htligv0

CA$t/ BRANCH $PLIT: 0.000E+00 2.169[-02

CA$t NUMBtR/$PLIT: 3 6.081t 01
0(PINDENCl($: 07 61

REQ. BRANCHt$: 1
* 2

Ot$CRIPTION: [m1! LoliqVB

CASE /BRANr.H $PLIT: 6.081t 01 0.000L,00

CA$( NUMBtR/$PLIT: 4 1.352[ 01
DESCRIPTION: Otherwise

CA$t/ BRANCH $PLit: 1.352[ 01 0.000E+00

1

******** Out$110N: 101 How much H2 ($ equivalent CD) and 002 are produced during CCl? I
Q TYPL/11MES ASKt0: DEP, CALC. PROB. 410904 '

BRANCHL$i H2CCl4 H2CC11 H2CCl2 H2CCII
1 2 3 4

RCAll?t0 $PLli: 3.$39t 01 1.299E 04 0.000t+00 6.459t 01

$UMMARY BY CA$l

'
CA$t NUMBER /$PL11: 1 6.459E 01

0(PEND [NCl[$1 03 63 99

RIO, BRANCHis: 1 + $ + $

0($CRIPfl0N: A-Fall nBreach noCCI

CA$t/ BRANCH $PLIT: 0.000E+00 0.000E+00 0.000f+00 6,459t-01

CA$[ NUMBtR/$PLIT: 2 2,294[-02
DEPEN 0(NCl[$: 64

REQ. BRANCHl$: 1

DESCRIPTION: HPME

CASE / BRANCH $PLIT: 2.294[-02 0.000C+00 0.000E+00 0.000E +00

CA$[ NUMBER /$PLli: 3 3,311C 01
DCSCRIPfl0N: Otherwise

CASC/ BRANCH $PLll: 3.309E 01 1.299E-04 0.000f +00 0.000E+00

******** OVE%i10N: 102 What is the level of rirconium oxidation in the pedestal before CCl?
Q-TTPC/ TINE $ ASKED: INDEP. CALC. PROB. 410964

BRANCHES: Zr0x7$ tr0x50 from40 2r0x30 Zrox21 frox10 Zrom<10
1 2 3 4 $ 6 7
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RtAtl2t0 $Ptit: 1.t99t44 f.tttt 02 4.?)tt 02 6.061t 02 4.64?t 02 8.401t 02 7.367t 01

"'""' Out$110N: 103 le the containment not vented fo11omin9 VBt
0 TYtt/flHis 4$tt0: 0(P. INPUT PROB. 409496

BRANCHt$1 leVtNI 1*VINI
1 i

RtAL!?ID $PLIT: 9,443[ 01 5.544t 02

$UMMARY BY CA$t

Cast NUMBtR/$PL11: 1 4.34Lt 01
DIPEN0tN0lt$i 79 93 93

Rt0. BRANCHI$: 1 + 3 + 4

Ot$CRltt!ON: IfAC 1 Cl3 1 CL4

CA$t/ BRANCH $PLIT: 4.340t 01 0.000t+00

Cast NUMB!R/$PLit: 2 3.300t 06
OIP(NDtNCit$: 99 63 81 95

Rtg. BRANCHt$ 4 *( $ + 2 + /3)

Di$CRIPilDNi OlyCCI nBreach Irt$ /1 $PB3

CA$t/ BRANCH $PLit: 3.300t-06 0.000t+00

Cast NUMBER /$PLIT: 3 5.6$1t.01
Ot$CRIP110N: Otherwise

CAtt/ BRANCH $PLIT: 5.097t 01 5.544t 02

'""*" Out$T10N 104 la ac power not recovered late in the acetdent?
Q-TYPI/flMt$ A$KIO: OtP. INPUT PROD. 545236

BRANCHt$ LfAC L AC
1 2

REAL!?t0 $PLlit 5.743t 02 9.424t 01

$UMMARY BY CA$t

CA$t NUMBER /$PLll: 1 7.670t-01
DLPIN0tNCit$: 79

RIO. BRANCHt$: ?

Ot$CRIP110N: 1-AC

CASE / BRANCH $ Pill: 0,000t+00 7.670[ 01

Cast NUMBER /$PLll: ? 1.508t-03
DEPINDENCit$ 80

RIO. BRANCHt$ 1

Ot$CRIP110N: If0C

Cast / BRANCH $PLll! ),568t-03 0.000t+00

Cast NUMBER /$PLlit 3 0.000t+00
OLPINDENCits: ? 15

PtQ. BRANCHES: 1 2
*

Ot$ TRIP 110N: $8 CD $1w

CA$t/ BRANCH $PLIT: 0.000t+00 0.000t+00
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CASE N OBER/$PL!l: 4 1.3:SE Cl
DESCRIP t!CN: Otherwise

CA$t/ BRANCH $PLlf: 5.586t 02 1.7$4E 01

'"""' OVE$110N: los is de power available ice en the acetrient?
0-fYPt/flMES ASKID: DEP. INPUT PROB. $95B58

BRANCHES: LfDC L DC
1 2

REAllZED $PLil: 1.422E 02 9.656t-01

$UMMARY BY CA$t

CASE NUMBER /$PLIT: 1 2.31BE.03
DEPENDENCIES: 80

!4I0. BRANCHES: 1

DESCRIP110N: IfDC

CA$t/ BRANCH $PLIT: 2.31BE 03 0.000E+00

CASE NUMBER /$PLIT: 2 7.679E 01
DEFENDENCit$: 79

REQ. BRANCHES: 2

DE$CRIPil0N: 1-AC

CASE / BRANCH $PLIT: 0.000E+00 7.679E 01

CA$t HUMBER/$PLIT: 3 0.000E+00
DIPINDENCIES: 2 16

RIO. BRANCHt$: 1 2
*

DESCRIP110N: 10 CD-$1w

CASE / BRANCH $PLIT: 0.000E+00 0.000t+00

CA$t NUMBER /$PLit: 4 2.296E-01
DESCRIPil0N: Otherette

CASE /6 RANCH $PLli: 1.190E 02 2.176t-01

"*"*" OVESY10N: 106 What is the late status of containment spraysi
0 fYPt/IIMES A$tED: DEP. INPUT PROB. 603675

BRANCHE$: LfC$ trC$ lac $ L-($
1 2 3 4

REAllZED $PLli: 1.393t 01 4.840E-02 1.639E 0? 1.956E 01,

$UM ARY BY Cast

CA$E NUMBER /$PLil: 1 8.600E-02
DEPENDENCit$: 81

RE0. BR ANCHES: 1

DESCRIPTION: IfCS

CASE / BRANCH $PLli: 8.600E 02 0.000E+00 0.000E+00 0.000t+00

CASE NUMBER /$PLIT: 2 1.053t 02
DEPENDENCIES: 81 104 $0 50 93 93

RIO. BRANCHES: 2 1 *( 1 + 2) *( 3 +* 4)
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DE$CRIPT!ON: frC$ LfAC [5nCL (5 Ct2 1 CL3 l CL4

CA$t' BRANCH $PLIT: 4.909E-03 6.617E-03 0.000E+00 0.000E+00

CA$t NUMBER /$PLIT: 3 4.278E 02
DIPINDINClt$: 81 104

R(0, BRANCHl$: 2 *
1

DESCRIPTION: IrC5 LfAC

CASE / BRANCH $PLIT: 0.000E+00 4.27BE-02 0.000E+0' O.000E+00

CASE NUMBER /$PLIT: 4 5.908E-02
DEP(NotNCIES: 81 50 50 93 93

R(Q. BRANCHE$: 4 *( 1 + 2) *( 3 4)+

DE5CRIPTION: 1-05 E5nCL [5 CL2 1-CL3 1-CL4

CASE /Bf(ANCH $PL]T: 3.190E 02 0.000t+00 0.000E+00 2.71BE 02

| CASE NUMBER / SPLIT: 5 5.737E 01
DEPENDENCit$1 B1

REQ. BRANCHE5: 4

OESCRIPfl0N: 1 C5

CA$t/ BRANCH SPLIT: 0.000E+00 0.000t+00 0.000E+00 5.737t-01

CASE NUMBER /$PLIT: 6 3.326E 02
OEPINDENCitS 104 50 50 93 93 c

R(Q. BRANCHE$: 2 *( ) + 2) *( 3 + 4)

DESCRIPfl0N: L-AC (SnCL ES-CL2 1 CL3 l CL4

CA$!/ BRANCH $PLIT: 1.053I-02 0.000E+001.509E-021.6362 03

CASE NUMBER / SPLIT: 7 1,944[-01
DIFINDENCits: 104

RIQ. BRANCHES: 2

Ot1CRIPTION: L AC

CASE / BRANCH SPLIT: 0.000t+00 0.000E+00 1.303( 03 1.931E 01

CASE NUMBER / SPLIT: 8 0,000E+00
DESCRIPTION: Otherwise - This case should not be used

CASE / BRANCH SPLIT: 0,000E+00 0.000E+00 0.000t+00 0.000E+00

''****** OutST10N: 107 What is the late concentration of combustible gases in the containment?
Q TYPE / TIMES ASKt0: DEP. CALC. PROB. 603675

BRANCHES: 4.GW220 LGWal6 LGW>!? LOW)8 LGW>4 L- NoGW
1 2 3 4 5 6

REAll2E0 SPLIT: 3,398E-01 1.406[ 02 1.752E 02 4.251E 02 1.531E 01 4.327E-01

SUMMARY BY CASE

CAS( NUMBER /$PLIT: 1 7.606E 02
DEPENDENCIES: 63 95 97 98 106

*
REQ. BRANCHES: /5 /1 *( /1 /3) /4*+

OESCRIPTION: /nBreach /InSPB /nLDBWat /LRC0ry /L-CS

l'
|
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CA$[/ BRANCH $PLIT: 0.000[+00 4.2LBC 07 3.tL9( 0$ 9.640[ 04 3.654! 03 7.145[ 02

CA$( NUMB (R/$PLli: 2 3.357f-01
0(P(N0(NCit$: 93 103

R(0 BRANCHt$: /1 + 2

DESCRIPil0N: / INCL l V[NT

CA$[/ BRANCH $PLIT: 1.156[-01 1.LB6[ 03 2.756t-03 B 054[ 03 $.232[ 021.$43[ 01

CA$[ NLHBIR/$PLIT: 3 $.5$$t 01
DEP(NDINCl[$: 106

R[Q. BRANCHE$: 4

Ot$CRIPTION: L-C$

CA$(/ BRANCH $PLIT: 2.078E 01 1.181[ 02 1.306[ 02 2.966t-02 9.343[ 02 1.990E 01

CA$t NUMB (R/$PLIT: 4 3.244[-02
Ot$CRlPfl0N: Otherwise

CASE / BRANCH $PLit: 1.612t 02 6.60$t-04 1.00?[ 03 2.792t 03 3.80B[ 03 7.90B[-03

*""*" OUC$110N: 108 to what level is the wetwell inert af ter sesse't t: reach?
0 TYPE / TIMES ASKCD: INDEP. CALC. PROB. 603675

BRANCH [$: LnWin L-W!n2 L. Win 3
1 2 3

-REALIZED $PLIT: 9.193E 01 4.005f 03 7.606t-02

* " * " " 00t$110N: 109 Is there suffletent oxygen in the containment to support late combustioni
Q TYPE / TIMES A'.KED: IN0(P. CALC. PROB. 60367$

BRANCHt$: -LO2Det20 LO20etl6 LO20etl2 LWD 2 LnWO2
1 2 3 4 6

RIAlll[0 $PLIT: 4.568E 01 $.044t 02 4.064E 02 4.662[-02 3.993C 01

""**" Out$i!ON: !!0 Does ignition occur late in the containment?
Q TYPC/ TIMES A$KED: 0(P. INPUT PROD. 6063B1

BRANCHE$: L-Clgn LnClgn
1 2

REAlllED SPLIT: 2.740[ 01 7.256E-01

$UMMARY BY CA$[

CA$[ NUMBER / SPLIT: 1 7.088E 01
0(P(NDENCl[$: 107 108 106 109

R(0. BRANCHE$: 6 + 3 /4 + 5
*

DESCRIPTION: L- NoGW L-Win 3 /L CS LnWO2

CA$[/ BRANCH $PLIT: 0.000E+00 7.068( 01

CASE NUMBER /$PLIT: 2 1.400E 02
DEPIN0(NCit$: 82 83 84 85 104

REO BRANCHt$r /3 /5 *( 2 2) 1
* * *

DCSCRIPfl0N: /1-Win 3 /nWO2 InC!gn nignFVB LfAC

CAS(/ BRANCH $PLIT: 0.000(+00 1.400E 02

CASE N""** SPLli: 3 2.717(-01
t, .stNCl[$i 104
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R[Q. BRANCH!$1 2

DISCRIP110N: L AC

CA$!/ BRANCH $PLIT: 2.717t 01 0.000t+00

CA$t NUMBER /$PLit: 4 3.L42[ 03
DEFINDENCl[$: 107 107

REQ. BRANCHt$: 1 + 2

DESCRIPTION. LGWm?Q LGW>l$

CA$t/ BRANCH $PLIT: 1.$20t 03 1.727t-03

CA$( NUMBER /SPL!T: $ 0.000(+00
SEPINDINCl[$1 107

t0. BRANCHis: 3

DESCRIPf!0N: LGWalt

CA$(/ BRANCH $PLIT: 0.000E+00 0.000t+00

CA$t huMBER/$PLIT: 6 5.20$t 07
DEPEND (NCit$: 107

REQ. BRANCHI$: 4

DC$CRIP110N: LCW>B

CAtt/ BRANCH $PLil: 0.000t+00 5.2t$t 07

CA$t NUMB (R/$PLIT: 7 1.712t 03
DESCRIPil0h: Otherwise

CA$t/ BRANCH $PLit: 4.07BC 04 1.244t 03

" " * * * * Out$110N: 111 la there a cetonation in the wetwell fcilowing vessel t>reacht
0 TYPI/ TIMES ASKtD: DEP. INPUT PROB. INPUT PARM. 041281

bRANCHt$: L WDt LnW0t
1 2

RIAll!!D $ Pill: 6.179E-02 9.341t 01

$UMMARY BY CA$t

CA$( NUMBER /$PLIT: 1 B.260I-01
DIPtNO[NCl[$: !!O 100 108 100 106 107 107 107

3) /4 + 3 + 4 + $ + 0*
RIQ. BRANCHES: 2 +( 2 +

DESCRIPil0N: Lntign L-Win? L-Win 3 /L-C$ L Win 3 LGW>B LOW >4 L-NoGW

CA$t/ BRANCH $PLIT: 0.000(+00 8.206E 01

CA$t NUMBER /$PLit: 2 1.284E 02
DEPEN 0tN0!I$: 27 79

*
R(0. BRANCHt$: 1 2

DESCRIPTION: [4 Hl$ l-A0

CA$t/ BRANCH $PLIT: 0.000C+00 1.264t 02

CA$[ NUMBER /$PLit: 3 0.000E+00
depth 0tN0!E$: 107 108 108 109 109 109
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RID. BRANCHES: 3 '( 2 + 3) *( 3 + 2 + 1)

Ot$CRIP110h: L OW>l2 L Wint L Win 3 LO2Detl2 LO2Det16 LO20ct20

CA$t/il'ANCH $vLIT: 0.000t+00 0.000t+00

CA$l NUMBtR/$PLIT: A 1.B&4E 03 '

Ot Pt WOLNilt $: 107 109 109 109

RIO.fiRAN;Ht$: 3 '( 3 + 2 + 1)

DISCRIPi!0N: LOW >12 LO20et12 LO2Det10 LO20et20

CA$t/ BRANCH $PLIT: 0.000t+00 1.844[-03

CAtt NUMDIR/$PLIT: $ 0.000t+00
OtPINDIN0!!$: 107 108 108 109 109

RIO. BRAN;His: 2 *( 2 + 3) '( 2 + 1)

Ot$tRIPi!0h: LOW 16 L Wint L Win 3 LO2Detit LO20et20

CA$t/DRANCH $PLIT: 0,000t+00 0.000t+00

(A$t NUMBtR/$PLli: 6 1.04(t 03
DEFIN0tNClt$: 107 109 109 '

Rt0. DRAN0HES: 2 '( 2 + 1)

OtttRIPi!0N: LOW >10 LC20et10 LO20et20

CA$t/tiRANCH $PLIT: 4.191[ 04 1.225t-03

LCA$l NUMDtR/ SPLIT: 7 0.C00t+00 %
DEPEN 0tNCit$: 107 10B 108 109

Rt0. tiPANCHtB: 1 *( 2 + 3) 1
*

Ot$CRIP110N: LGW>20 L-Win 2 L Win 3 LO20et20

CA$t/ BRANCH $PLIT: 0.000t+00 0.000t+00

CA$t NUMBtR/$PLli: B 1.4$$t 01
OtPEN0tNCit$: 107 109

Rt0. BRANCHE$: 1 1
*

Ot$CRIPi!ON: L *FW >20 LO2Det20

CASC/ BRANCH $PLIT: 6 $37t-02 8.009t 02

CA$t NUMDIR/$PLli: 9 1.1$1[ 02
Ot$CRlri!0N: Otherwise

CA$t/l1 RANCH SPLIT: 0.000t+00 1.1$1t 02

******** 00t$110N: 112 What is the late level of containment impulse load?
0-1YPC/flMt$ ASKED: IN0tP. CALC. PROB. 641281

tiRANCHt$: L-lp>LO L-!p>$0 L lp>40 L lp>30 L lp>20 L-lp>10 L-lp<10
1 2 3 4 5 6 7

RIAll2[D 5PLit: 0.000t+00 0.000t+00 0.000t+00 0.000t+00 0.000t+00 6.$79t-02 9.342[-01

'"***** QUt$fl0N: 113 Vhat is the late gas combustion ef ficiency?..

Q-TYPt/TIMt$ A$KCO: OtP, INPUT PROB. INPUT PARM. 041281
BRANCHt$1 H2tfMB

1

REAllICO $PLll: 9.99BI-01
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$UMMARY BY CA1[

CA$[ NUMB (R/$PL11: 1 0.000t+00
DIPIND[kCIIS: 110 108 108 106 107 107

* 4 *( $ + 6)3)Rto, BRANCHt$: 1 *( ! +

DE SCRIPT 10N: L Clgn L Wint L Win 3 L-C$ L GW>4 L-koGW

CA$t/ BRANCH $PLli: 0.000t+00 i

i

CA$t NUMBIR/$PLIT: 2 9.030(-02 )
DCPENDENCll$: 110 107 107

|

Rt0. BRANCH [$1 1 '( $ + 6)
l

DESCRIPTION: L-Clgn LGW>4 L NoGW

CA$[/ BRANCH $PLIT: 9.030t 02

CA$t NUMBER /$PLli: 3 0.000(+00'

DCP(NDENCits: 110 108 108 106 107

3) 4 * 4Rt0. ItRANCHt$: 1 *( 2 + *

Dt$CRIPfl0N: L-Cign L Wint L Win 3 L C$ LGW>8

CA$t/ BRANCH $Ptit: 0.000t+00

CA$t NUMBER /$PLIT: 4 9.665t 03
DEPEND [NCl[$2 110 107

,

REO. BRANCH [$: 1
* 4

DEstRIPTION: L Cl0n LOW'8

CA$t/ BRANCH $PLIT: 9.60$t 03

CA$t NUMB (R/$PLll: $ 0.000[+00
DtPINDENCl[$: 110 108 108 106 107

3) 4 * 3*
RIQ BRANCHES: 1 '( 2 +

DESCRIPi!0N: L Clgn L Wint L W!n3 L C$ LGW>12

CASC/ BRANCH $PLIT: 0.000t+00

CA$t NUMBER /$PLift 6 2.429[ 03
DEPEND [NCit$: !!0 107

*
R[Q. BRANCHC$: 1 3

NSCRIP110N: L Cign LGW>l2'

CAS[/BRANCi;$PLli: 2.429C-03

CA$t NUMBIR/$PLif: 7 0.000(+00
DEP(ND(NCit$: 110 108 108 106 107 107

2)* 4 '( 1 +3)REQ. BRANCHt$: 1 *( 2 +

DESCRIPi!0N: L-Cign- L W!n2 L Win 3 L-C$ LGW>20 LOW >l6

CA$t/ BRANCH $PLIT: 0.000E+00

CA$t NUMBER /$PLit: 8 1.709E-01
DEPENDENCIES: 110 107 107
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| RIO. BRANCHES: 1 *( l + 2)

D!$CRIPfl0N: L Clgn LGW 20 LGWil6

CASE / BRAN 0H $PLIT: 1.709[ 01

CASC NUMBER /SPLif: 9 7.265[ 01
Di$CRIPfl0N: Otterwise

CA$[/ BRANCH $PLli: 7.265t 01

'"**"* QUt$110N: 114 What is the peak pressure in containment from a late hydrogen burn?
Q fYP(/t!MES ASKED: DEP. CALC. PROB. 641281

BRANCHE$: L PBrn>7 L.P$rn>6 L PBrns$ L PBrn>4 L PBrn>3 L PBrn>2
1 2 3 4 $ 6

REAlll(D $PLli: 1.251( 01 2.260E 03 7.293t 03 7.172t 03 9.476[ 03 B.48$t-01

$UMMARY BY CASE

CA$t NUMBER /$ FLIT: 1 7.265t 01
DLP[NDIN.Its: 110

R(0 BRA NCH[$t 2

DESCR.Pfl0N: LnClgn

CAlt/ BRAN'H $PLif: 0.000E+00 0.000E+00 0.000t+00 0.000t+00 0.000t+0C 7.2tSE-01

CAtt NUMBER /$PLIT: 2 -3.577t-02
DCPINDENCl[$: 93 93 27 79

RtQ. BRANCH ($: 3 + 4 + 1
* 2

DESCRIPi!ON: 1 CL3 1 CL4 (4 Hl1 ! AC

CA$t/ BRANCH $PLli: 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000t+00 3.$77[ 02

CA$[ NUMBER /$PLift 3 6.493E 02
DEP(NDENCl[$: 111

R(Q. BRANCH [$: 1

DESCRIPfl0N: L-WDt

CA$t/ BRANCH $PLIT: $.326E-02 9.7BDE 04 3.0BSE 03 2.486E-03 2.$77E-03 2.537E 03

CASE NUMBER / SPLIT: 4 1.726t 01
DESCRIPTION: Otterwise

CASE / BRANCH $PLIT: 7.180E 02 1.2B2C 03 4.208f-03 4.686E 03 6.f 9E 03 8.370E 02

* * " * * " QUEST 10N: 11$ What is the level of drywell leakage induced by a late detonation in containment
0 TYPE / TIMES ASKED: DEP. CALC. PROB. 641281

/ BRANCHES: LnDVot L DVDt2 L DVDt3
1 2 3

REALIZED $PLIT: 9.872[ 01 1.039t 02 2.320E 03

WMMARY BY CASE

CASE NUMBER / SPLIT: 1 6.578E 02
DEP[NDENCIES: 111

REQ. BRANCHES: 1

0($CRIPi!0N: L-WDt

CASE / BRANCH $PLIT: $.308E-02 1.039E-02 2.320E 03
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CASE NUMBER /$PLli: 2 9.342E-01
DE$tRIPi!0N: Otherwise No detonation and thus no f ailure

CASE / BRANCH $PLIT: 9.342E 01 0.000E+00 C.000E+00 ,.

'"'"" QUt$ TION: 116 What is the level of containment leakage induced by a late detonationt
0-1YPE/ilHES ASKED: DIP. CALC. PROB. 641261

BRANCHES: LnDtF L Dti2 L DtF3 .
I 2 3

REALIZED $PL11: 9.72BI 01 1.970E-02 7.429E-03

$UMMARY BY CA$t

CA$E NUMBER /5''Lil: 1 1.271E-02
DEPENDENCit$: 115 11$

RtQ. BRANCHt$: 2 + 3

DESCRIPTION: L 0W0t! L-DV0t3

CA$t/ BRANCH $PL17: 0.000E+00 9.740E-03 2.965E 03

CA$t NUMBER /$PL11: 2 5.308I 02
DEPENDENCIE$; 111

REQ. BRANCHE$: 1

DESCRIP!10N: L W0t

CASE / BRANCH $PLIT: 3.666t-02 9.957E 03 4.464E-03

CA$E NUMBER /$PLIT: 5 9.342E-01
DESCRIP110N: Otherwise

CASE / BRANCH $PLIT: 9.34?E-01 0.000E+00 0.000E+00

QUt$110N: 117 What is the level of containment leakage induced by late combustion events?"""**

Q TYPE / TIMES ASKED: DEP. CALC. FR00. 641281
BRANCHES: LnCL L CL2 L-CL3 L CL4

1 2 3 4

REALIZED $PLli: 4.574E 01 B.084t-02 4.5371 01 7.771E 03

$UMMARY BY CASE

CASE NUMBER /$PLIT: 1 7.771E 03
DEPINDENCIES: 93

REQ. BRANCHES: 4

DESCRIPi10N: 1-CL4

CASE / BRANCH $PL11: 0.000E+00 0.000E+00 0.000E+00 7.771E 03

CA$( NUMBER / SPLIT: 2 3.278E 01
DEPENDENCIES: 93 103 !!6

REQ. BRANCHES: 3 + 2 + 3

DESCRIPTION: 1 CL3 1-VEh1 L-OtF3

CASE / BRANCH $PLIT: 0.000E+00 0.000E+00 3.278E-01 0.000E+00

CASE NUMBER / SPLIT: 3 9.651E-02
DEPENDEhCIES: 93 116

REQ. BRANCHt$: 2 + 2
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DESCRIPTION: 1 CL2 L DtF2

CA$[/ BRANCH $PLli: 0.000t+00 7.883t-021.76BI 02 0.000t+00

CA$t NUMBER / split: 4 $.677[ 01
Di$CRIPTION: Otherwise

CA$t/ BRANCH $PLIT: 4.$74t 01 2.0111-03 1.082t-01 0.000E+00

''****** QUt$110N: 118 What is the level of drywell leakage induced by late Combustion?
Q-TYP(/ TIME $ A$ KID: DEP. CALC. PROB. 041281

BRANCHES: LnDVDf L DVDft L-DVHDf2 L-DV0f3 t DvHDf3
1 2 3 4 $

REAllIE0 $PLli: 6.$83( 01 7.$BDC-02 0.000t+00 2.656t 01 0.000E+00

$UMMARY BY CA$t

CA$t NUMB [R/$PLli: 1 1.$92t 01
0(P(NDINCIES: 94 !!$

REQ. BRANCHt$: 4 + 3

DESCRIPTION: 1 DVDf3 L DVDt3

CA$t/ BRANCH $PLIT: 0.000E+00 0.000E+00 0.000t+001.592t 010.000t+00

CA$[ NUMBER /$PLIT: 2 0.000t+00
DtP(NDENCl[$: 94

RtQ. BRANCHE$: $

DC$CRIP110N: 1 DVHDf3

CA$t/ BRANCH $PLli: 0.000i,+00 0.000E+00 0.000(+00 0.000t+00 0.000t+00'

CA$t NUMBER /$PL]T: 3 $.865E 02
DEP(NDENCit$: 94 115 117 117

2) *( 3 + 4)RtQ. BRANCHE$: ( 2 +

Ot$CRIPTION: 1-0VDf2 L-DVDt2 L-CL3 L CL4

CASE / BRANCH $PLli: 0.000E+00 4.991E-02 0.000E+00 B.731103 0.000E+00

CASE NUMBER /$PLIT: 4 2.189[ 02
OCPENDENCl[$: 94 115

R[Q. BRANCHE$:. 2 + 2

DESCRIPil0N: 1 DVDf2 L DVDt?

CA$[/ BRANCH $PL]T: 0.000E+00 2.189E 02 0.000C+00 0.000E+00 0.000t+00

CA$[ NUMBER / SPLIT: $ 0.000C+00
DEPENDENCl[$: 94 117 117

R(Q. BRANCHES: 3 *( 3 + 4)

DCSCRIPil0N: 1-DVHDf2 L-CL3 L CL4

CASE / BRANCH $PLli: 0.000E+00 0.000C+00 0.000t+00 0.000E+00 0.000t+00

CA$( NUMBER /$PLli: 6 0.000(+00
DEP(NDENCl[$: 94

REQ. BRAC HES: 3

DESCRIP110N: 1 DVH0f2
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(A$t/ BRANCH $PLll: 0.000t+00 0.000 +00 0.000t+00 0.000t+00 0.000t+00 |
1

CA$t NUMBER /$PLli: 7 7.000t 01
DESCRIP110N: Otherwise

CA$t/ItRANCH $PLIT: 6.5B3t 01 4.002t 03 0.000t+00 9.762[-02 0.000E+00

**""" Out$110N: 119 la the containment not vented latet
0-TYPt/ TIM [$ ASKED: DIP. INPUT PROB. 705497

BRANCHES: Lnythi L VENT
1 '2

REAL12[0 $PLIT: 9.512t-01 4.840t ??

$UM ARY BY CA$t

Cast NUMBtR/$PLit: 1 4.996t-01
DEPINDINCit$: 104 117 157

4)Rt0. BRANCHt$: 1 *( 3 +

DESCRIPT10N (fAC L CL3 L CL4

CAtt/ BRANCH $PLll: 4 996[ 01 0.000t+00
|

Cast NUMBtR/ SPLIT: 2 2.009t 04
DirtN0tNC!t$; 99 63 61 9$

I Rt0. BRANCHt$: 4 '( $ + 2 + /3)

DistRIPfl0N: DlyCCI nBreach Irt$ /1 SPB3
I

CA$t/ BRANCH $PLIT: 2.609E 04 0.000t+00

CA$t NUMBER /$PLll: 3 8.64DC 05
DIPtN0tNCit$: 99 63 106 118 118

REO. BRAN 0Htt: 4 *( 5 + 4 +( /4 /$))*
,

DISCRIPfl0N: DiyCCI nBreach L C$ /L 0W0f3 /L 0VH0f3

CASC/ BRANCH $PLll: 8.6491 05 0.000E+00,

CA$t NUMBtR/$PLll: 4 4.997t 01
OtsCRitt10N: Otherwise

Cast / BRANCH $PLIT: 4.513[ 01 4.B40t 02

'""*" QUt$110N: 120 How much concrete must be ereded to cause pedestal f.tlluret
| 0-1YPC/i!MCS ASKED: IN0tr. INPUT PROB. INPUT PARM. 705497

BRANCHt$1 ContrPed
i

-

RCAli!!D $PLll: 1.000E+00

"""" OutSTION: 121 At what time does pedestal failure occur?
0 TYPC/f!Mt$ A$KED: DEP. CALC. PROB. 705497

; BRANCHES: Pedr0VB PedF910 PedF96 Peff93 PedF#1 NoPedF

1 2 3 4 5 6

REAL!!t0 $PLIT: 1.792[ 01 1.089t 018.624E 03 2.980t-021.733t 02 6.55BE-01

$UH ARY BY CASE

CA$t NUMBER /$PLIT: 1 6.472[ 01
DEPENDENCl[$: 63 63 99 99

ktQ. BRANCHES 1 + 5 4 + 5*
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DESCRIPTION: A Fati nBreach Olytt! noCCI

CA$t/EtR4NCH $PL17: 0.000E+00 0.000E+00 0.000E+00 0.000E+0D 0 000E+00 6.472E-01

CASE NW2ER/$ plt 7: 2 1.792[ 01
DEPENDENCIC): 75 24

REQ. BRANCHES: 1 + 1

DESCRIPTION: 1-PedFl 1 PevP

CAlt/dRANCH $PLll: 1.792E-010.000E+00 0.000E+00 0.000E 00 0.000E+00 0.000E+00

CA$E kWBER/$PLif: 3 3.179(-05
PEPlNDENClf$r 102 102 61 99

REQ. BRANCHES: /1 * */2 1
*

2
i

OE%CRIPTION: /Zr0x75 /Zr0x50 HILiqvB WetCCI

CASE /0 RANCH $PLIT: 0.000E+00 3.55BE-06 0.000E+00 0.630E-061900E-0$ 0.000E+M

CASE NUMBER /$PLlf: 4 6.822E 04
DEPENDENCIE$: 102 102 fl 99

REO, BRANCHE5t /1 /2 2
** *

2

DESCRIPil0N: /Jr0x75 /2r0x50 loLiqv8 WetCCI

CASE /BRMCM $PLlit 0.000E+00 2.914E-041,265E 04 5.589E-051.791E 04 2.93X 05 *

CASE NUMBER /$PLIT: 5 2.681E~0$
DEPENDENCIE$: 09 9

REO DRANCHES: 2

DESCRIPTION: WetCCl

CASE /BRANCW $PLli 0.000l4U01.491E 05 9.970E 06 0.000E+00 3 937E Of, 0.000E+00

CASE. NUMBER /$PLit: 6 1.375E-03
0EPENDENCl[$: 152 102 61 63 63 -*

REO. BRANCHES: /1 /2 -

1 *( 2 +* *
3)

DESCRIPil0N: /Zr0x75 /Zr0x50 UltiqvB BH Fall LDBrch

CASE / BRANCH $PLIT: 0.000E+00 1.077E-03 0.400E+00 3.0COE+00 2.979E-04 0. tor,E+00

CASE NWBER/$PLIT: 7 1.525E 03
0(PLN0(NCIEst 61 63 63

REQ. BR ANCHE$ : 1 *( 2 + 3)

DESCRIPil0N: HILiqVB BH-Fall Egirch

CASE / BRANCH $PLlf: 0.000E+00 1.026E-OL 0.000E+00 0.0}0!+00 0.000E+C0 1.524E 03

CASE NUMBT.R/$PLli: 8 7.922E C?
DEPENDENCIES: 102 102 63 63

REQ. BRANCHES: /1 /2 *( 2 + 3)*

\ DESCRIPT!0N: /Zr0x75 /Zr0x50 BH-Fail LgBrch

CASE / BRANCH SPLIT: 0.000E+00 4.6661 02 6.020C 03 1.440E 02 8.817E*03 3.243E-03

CASE NUHDE9/$PLIf: 9 9.039E-02
,

k

\

B 140s

,



. __.

DESCRIPil0N: Ottemise - Group 4 for CICI experts
CA$t/ BRANCH $PLit: 0.000E+00 6.085t-02 2.468[ 03 1.520E 02 8.010l 03 3.80ll 03

*""*"* 00E $11t!N: 122 What is the level of late suppression pool bypass?
Q 1YP!/11Ht$ ASKt'J: DEP. IkPUT PROB. 70$497

BPANCHI5: Ln$PB L $PB2 L f?B3
'

1 t i

RtAt!ZIO $PLIT: 6.077t 01 7.8$lt-02 3 '34[ 01

$UMMARY BY CA$t

CA$t NUMSCR/$PLIT 1 2.990t 01
DtPENDtNCit$: 95 116 118

k!Q. BRANCHt$: 3 + 4 + $

*'
Ct tRitt10's 1 $PB3 L DVDf3 l DWHDf3

CAtt/BRHO 3PI .fi 0.000t+00 0.000t+00 2.990t 01

CA$f k p B t/5F 11: 2 1,$D1t 02
DIPT W AC1 0 '5 118 118 12; 121

RtQ. BRA %CHt$ ( 2 + 2 + 3) /1_* * /6

DESCRIP11DD- 1-tP82 L DVDff t DVH0f2 /Pe# 9VB / Nope #

A$t' BRANCH $PL1' O.000E+00 1.145t 02 3.$63t 03

: *tBtR/$PL14 3 7.006t 03
OCPt M P tlis 95 118 118 104 110

-
'

REQ. BRANCHt$ ( & 4 2 + 3) * 2 1
*

DISCRIP110N: l SPB2 L DV0f2 L-DVHDf2 L AC L Clgn

CA$tJbRAMM L ,! '' O 000t+00 7.027t 03 3.889t 05

CF.A. NVHIEt /$PLIT: 4 6.004t-02
DEPEMht,4.5 : a 118 118

REQ. 8RA% hf): } + 2 + 3

Ot$CRIPi!0N: 1 $.8 2 L-DVDf2 L DVH0f2

CA$t/ BRANCH $PLll: 0.000t600 6.004t 02 0.000E+00

CA$[ NUMBER /LPLit: 5 6.810t-02
DEPENDENCl($t 121 1C1

*
atQ. BRANCHt$1 /1 /6

?! At!!#'''#: /Peof fnt / Nope #

tAst/BRMCI: 5 'A ' $.B49t 07. 0.000t+PD 9.6881 03

CA$t NUMBtR/$PLIT: 1 9. 63?i-0.!
Ot*tN0thCit$: 1d4 110q

REQ. Bu NCHt$: 2 1

Ot$CRIPil04: L AC d d rn

Qt/ BRANCH $PLII: 9.5 A 0+ P.000t+00 1.13bt 03
,.

CA$t NUN 2fR/$PLIT: 7 4.$39M1
DE$CRift10N: Otherwise

i
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CASE / BRANCH SPLifi 4.539E 01 0.000E+00 0.000E+00

' " * " * * QUESil0N: 123 'What is the late containment pressure due to non-condensibles or steam? @

Q+ TYPE / TIMES ASKED: DEP. INPUT PROB. INPUT PARM. 705497
BRANCHES: LT-Pres nLT Pres

1 2

REAlllE0 SPLIT: 4.151E 01 5.846E 01

SUMMARY BY CASE

CASE NUMBER / SPLIT: 1 5.842E-01
DEPENDENCIES: 117 119

REQ. BRANCHE$: /1 + 2

DESCRIPi10N: /LnCL L VENT

CASE / BRANCH SPLIT: 0.000E+00 3.842E 01

CASE NUMBER / SPLIT: 2 3,949E-04
DEPENDENCl[S: 99 63 106 118 118

'

REQ. BRANCHES: 4 *( 5 < 4 +( /4 /5))*

DESCRIPil0N: DlyCCI nBreach L-CS /L-DV0f3 /L DWM0f3

CASE / BRANCH SPLli: 0.000E+00 3.949E 04

CASE NUMBER / SPLIT: 3 1.581E-03
DEPENDENCl[S: 63 Pf. 97 98 106

REQ. BRANChtS: /5 3 *( /1 +*
1) /4*

DESCRIPfl0N: /nBreach |-SPB3 /nLDBWat LDWFid /L-CS

CASE / BRANCH SPLIT: 1.581E-03 0.000E+00

CASE NUMBER / SPLIT: 4 4.135E 01
DESCRIP110N: Otherwise

CASE / BRANCH SPLIT: 4.135E-01 0,000E+00

**""" QUESTION: 124 Does containment f ailure occur late due to non-condensibles or steam?
Q TYPE / TIMES ASKED: INDEP CALC. PROB. 705497

BRANCHES: L PnC'. LP CL2 LP-CL3 LP-CL4
1 2 3 4

REAllZED SPLIT: 7.ll7E-01 1.600E 01 1.281E 01 0.000E+00

* * * * * * " QUEST 10N; 12$ What is N long-term level of containment laakage?
Q TYPE / TIMES ASKED: DEP. INPUT PROS, 705497

BRANCHES: LinCL LT CL2 LT CL3 LT-CL4
1 2 3 4

REAlllED split: 1,319E-01 2.293E 01 6.307E-01 7.787E-03

SUMmRY BY CASE

CASE NUMBER / SPLIT: 1 7.787E 03
DEPENDENCIES: 117 124

RLQ. BRANCHES: 4 + 4

DESCRIPil0N: L-CLA -LP-CL4

CASE / BRANCH SPLIT: 0.00CE+00 0.000C+00 0.000E+00 7.787E-03

CASE NUMBER / SPLIT: 2 6.317E 01

i
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DEPENDENClf5: 117 124 119

REQ. BRANCHE$: 3 + 3 + 2

DE SCRIPil' N: L CL3 LP CL3 L VENTJ

LASE / M ANCat $PLIT: 0.000E+00 0.000E+00 6.307E 010.000E+00

CASE NUMBER /$PLIT: 3 2.293E 01
OtPENDENCIE$: 117 124

PEQ. BRANCHES: 2 + 2

DESCRIPil0N: L-CL2 LP-Cl2

CASE / BRANCH SPllt: 0.000E+00 2.293E 01 0.000E+00 0.000E+00

CASE NUMBER /$PLIT: 4 1.319E 01
DESCRIPil0N: Otherwise

CASE / BRANCH $PLIT: 1.319E 010.000E+00 0.000E+00 0.000E+00

|

B.4 PSTEVNT Rebinning Input File for GGS0R

The PSTEVNT program is used to collapse the accident progression bins into
9 dimensional source terms bins for input into GGSOR. The input file that

controls this rebinning process, ggrebin.dat, is shown below.

ACCIDENT PATHWAY BINNING FOR GGSOR
9 Aseg Zr0 rid VB DCH-SE $PB CF $ PRAYS

MCCI SRVBkr
0 6 F6t $8 51w-50 Fst-T2 51w-T2 Fat-TC $1w-TC
1 ! 1

I
Fst-SD

1 2 1

2

$1w-$8
1 3 1

3
Fst T2

1 4 1

4

$1w-T2
1 5 1

5
Fat-TC

1 6 1

6
Slw-TC

2. 2 HtZr0x LoZr0x
1 1 2

1

HtZr0x
1 2 2

2
| LoZr0x

$ $ HIP nLP! lop-nLP! hip-LPI lop-LPI nVB
1 1 3

1

B-143



. _ - . . - - . . . . . . . _ - . . . _ - . - . . . . ~ - ._

-

H tP.nLPI -,

. _ 2 31

2
lop nLP)

1 3 3

3-1

HIP LP!
1- 4 3

4
lop LPI ~

l 5 3
$

nVB

5 5 HiDCH LoDCH H1EX$E LoEX$E nDCH $E

-1 1 4

1.
HIDCH

I 2 4

t

LoDCH

1 3 4

3
-HIEX$E

1 4 4

4
.;

LoEX$E I

1 .5 4

5

nDCH SE
8 8 $PBEOLO $P8E0!3 $PBE0L2 $PBE0L3- $PBE2L2 $PBE213 $PBE2L3 $PBE3L3
1 1 5

1

$PBEOLO

1 2 5

2

$PBE013
1 3 5

3
$PBE0L2

1 4 5
-4

$PBE0L3 '

-1- $ 5

5

$PBE2L2
1 6 5

6
$PBE213

- 1 -- 7 -5-
1

$P8E2L3
1 8 5 ,

9
$PBE3L3- - _ _

9 9 CE Lk CE Rpt- CE VENT CVB Lk CVB-Rpt CL-lk CL Rpt
CL VENT Cnfall

l- 1 6
1

CE Lk
12. 6

2

CE Rpt
l' 3 6

3

CE-VENT
1 4 6-

4

CYB-Lk
,
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1 5 C

5
CYB-Rpt

1 6 6
6

CL-Lk
1 7 6

7

CL-Rpt
1 8 6

8

CL V[NT
1 9 6

9

CnFail
4 4 noCS EC$not LCS [CS

1 1 7

1

noCS

1 2 7

2

(CSnot.
1 3 7

3
LCS

1 4 7 %

] 4

ECS

5 5 DryCCI VetCCI FL'Acl DiyCCI noCCI
1 1 8

1

DryCCI
I 2 8

2

WetCCI
1 3 8

3

FLDCCI

1 4 8
4

OlyCCI
1 5 8

5

noCCl

2 2 oSRVBkr cSPVBkr
1 1 9

1

oSRVBkr

1 2 9

2
cSRVBkr

B.5 PSTEVNT Rebinning File for Presentation Bins

The PSTEVNT program is also used to collapse the accident progression bins
into the Draft NUREG ll50 presentation bins. This rebinning is controlled by the
file reduce.dat, shown below.

B-145

_ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _



REBINNED BINS FOR FRESENTATION
1 Blh
B 6 NoVB NCF VENT LCF (CF NPB (CF LPB [CF-[PB-5 ECF-[FB NS
1 1 3

5
nVB

2 2 3 6
/5 9

*

VB NoCF

3 3 3 6 6

/5 * (3 8)+

VB C[ VENT CL-VENT
3 4 3 6 6

/5 * (6 7)+

VB CL Lk CL-Rpt
6 5 3 6 6 6 ( 5

/5 * (1 + 2 + 4 + 5) 1
*

VB ECF NoSPB
t 7 6 3 6 6 6 6 5 5

/5 * (1 + 2 + 4 + 5) (3 + 4)*

VB [CF L-5FB
11 7 3 6 6 6 6 5 5 5 5 5 7

/5 * (1 + 2 + 4 + 5) * (2 + 5 + 6 + 7 + 81 * /1
VB [CF E-SPB ECS

11 8 3 6 6 6 6 5 5 5 5 5 7

/5 * (1 + 2 + 4 + 5) * (2 + 5 + 6 + 7 + 8) * 1
VB ECF E SPB noC5

0

.

P
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APPENDIX C

SOURCE CODE LISTINGS

C.1 Source Code for MASTERK

PROGRAM MASTRK

IN!EGER POIM, PFILE, PSMRY

PARAMETER (PO!M = 14, PFILE =20, PSMRY =30000)
CHARACTER MASTER (PSMRY)'(PDIM), COMP'(POIM), FILENM*60,

* 111LE*B0, RTliLE*BD, YN'10
OIMENSION NEXTF(PSMRY),NEXTB(PSMRV),10ROER(PSMRY),1NV0RD(PSMRY)
LOGICAL BYRUN

WRiiE(6,1005)
1005 FORMAT (* ENTER THE NAME OF THE KEEP BIN FILE')

REA0(5,2001) FILENM
OPEN (UNiis7, FILE =FILENM, STATUS ='NEW')
VRITE(6,1001)

1001 f0RMA1(' ENTER THE TITLE OF THE KEEP BIN FILE')
READ (5,2001) Ril1LE

2001 F00MA1(A)
WRITE (6,1009)

1009 FORMA 1(' ENTER NUMBER OF FILES 10 BL PROCESSED')
READ (5,*) NFILES
WRITE (6,1002)

1002 FORMAi(' ENTER lHE NUMBER OF OBSERVAil0NS TO BE PRDtlSSE0')
REA0(5,*) NOBS
WR11E(6,1008)

1008 FORMAL (' ARE KEPT B1''S TO BE DE TERMINED BY RUN7 (Y/N)')
READ (5,2 01) YN
IF(YN(1:1) .EQ. 'Y ' .0R.YN(1:1) .EQ. 'y') THEN

BYRUN=.1 RUE.
ELSE

PWUN=. FALSE.
ENDif

l NLISi=0
C

C LOOP 10 OPEN FILES
DO 10 IFILE-1,NFILES

C

C READ FILE NAMES TO BE PROCESSED
VRilE(C,1003) IFILE

1003 FORMAT (' ENTER THE NAME OF FILE ',!4)
RfAD(5,2001) FILENM
INUNIT=lflLE+20
OPE N ( UN I T = l NUN i i, F I L E =F I L E NM , S T AT US = ' OL O ' )

10 CONTINU!
C

C LOOP OV'9 00SERVAll0NS
00 % 10BS=1, NOBS

C

C ]NlilALIZE BIN COUNTER
IF(BYRUN) NLIST=0

C

C LOOP OVER FILES
00 110 IFILE=1,NFILES

INUNIT=lflLE+20
REA0(INUNii,2002) TITLE

2002 FORMAI(IX,A19)
READ (INUNii,*) N0lM, NBIN
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C VRITE(6,1004) NBIN,ilTLE
C1004 FORMAT (16,* BINS VILL BE READ FROM:*/lX, A)

C

C READ BINS FROM FILE AND INSERI THEM INTO LIST
00 100 ! BIN =1,NBlh

REA0(INUNIT,2003) COMP (1:N0lM)

2003 FORMAT (lX,A)
CALL LINKL(COMP MASTER,NLIST,NEX1F,NEXTS,lFIR$1,lL AST,

LASTBN)*

100 CONTINUE

'110 CONilNUE
C

C REORDER ACCORDING 10 LINKE0 LIST
IF(BYRUN.0R,10BS.EO.NDBS) THEN

00 120 !al,NLIST
10RDER(1)el
INV0R0(l)al

!?O CONilNUE
ICORR=lFIRST
D0 130 !=1,NLIST'

-COMP = MASTER (!)

MA51[R(1)= MASTER (10RDER(ICURR))
MASTER (10ROER(ICURR))= COMP
10RDER(INVOR0(1))=10RDEh(ICLAR)
INv0R0(10RDER(ICURR))=1hYOR0(1)
10RDER(ICURR)=1
ICURR=NIXTF(ICURR)

130 CONilNUE

C

C ' REPORT RESUL15

IF(BYRUN)THEN
VRITE(6,~1006) 1085, NLIST

1006 FORMAT (* OBSERVA110N',lS,' PR000CED',ls,' UN!QUE BINS')
VR!iE(7,1007)l0BS.RiliLE N0lM,NLIST

1007 FORMAT (IS,1X.A/2110)
ELSE
- VRITE(6,1010) NOBS, NLIST

1010 FORMA 1(IS ' OBSERVAil0NS PRODUCED',lS,' UNIQUE BINS')
VRITE(7.10ll) RTITLE,NDIM.NLIST

,1011 FORMAT (IX A/2110)
EN0lf
00 300 lllSial,NLISI

VRii[(7,2003) MAsiER(lllST)(1:N0lM)
300 CONilNVE

EN0if-
310-CONilNUE

00 400 IFILE =1,NFILES
CLOSE(UkiTelFILE+20,SiATUS=' KEEP')

,

'400 CONTINUE.-

CLOSE(UNIT =7,51ATUS=' KEEP')
STOP

(ND
SUBROUTINE LINKL(CINDEX,CBNSMR,NBINS.-

NEXIF,NEXTB,lFIRST,lLAST,LASTBN)*

C|.
j- C- LINKL INSERTS CINDEX INTO THE LINKE0 LIST DESCRIBE 0 BY CBNSMR,

C- NBlNS, NEXIF, NEXiB,1FIRST, IL AST, LASTBN
C

C A MASTER LISI 0F THE BINS IS 'KEPT IN ORDER BY MEANS OF A LINKED
C LISI SCHEMI,
C

CHARACTER *(*) CBNSMR, -ClNDEX
O!MENSION NEXTB(*). NEXff(*), CBNSMR(*)

C

C CHECK FOR FIRST BIN

0-4
|
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JF( NBIN5'.EQ 0) THEN
C

C SET "CBN5MR" FOR THE FIR $1 BIN.
CBNSMR(1) e CINDEX
NBINS = 1
IFIR$1 = 1
!LAST ='l
LASTBN=1

ELSE

C

C FIND P051 TION OF Elk VITHlN THE LINKED LIST:
C IF liti INDEX 15 NOT EQUAL 10 ANY OF THE PRIOR INDICES,
C THE INDEX 15 " STUCK IN" THE APFRDPRI ATE PL ACE IN THE
C LINKED LIST W!iH LINKED INDICES IN ASCENDING ORDER.
C

C CHECK IF SMALLEST INDEX
.lF(CINDEX.LE.CBNSMF (IFIR$1)) THEN

IF(CINDEX.NE.C U SMR(IFIRST)) THEN
NBINS NBINS*l
NEX1F(NBINS) * IFIRST
NEXTB(IF!RST) N61NS
IFIRST = NBINS
CBNSMR(NBINS)4 CINDEX

ENDIF
L ASi641FIRST

C

C. CHECK 'lF GREATEST INDEX
ELSE IF(ClNDEX.GE.CBNSMR(ILAST)) THEN

IF(CINDEX.NE.CBNSMR(llAST)) THEN
NBINS = NBlNS+1
NEXir(ILAST) NBINS

NEX1B(NBINS) = ILAST
ILAST * NBlNS 'f

CBNSMR(NBINS)=CINDEX +

ENDIF
LASTBN=lLAST i

C
'
>

C INSERT INTO LIST
ELSE

ICURR = LASTBN f

C SELECT FORWARD OR BACKWARD SEARCH
.lF(CINDEX.GT.CBN;MR(ICURR))THEN,

| C CHECK IF CINDEX IS BETWEEN CURRENT HND NEXT BlN

| 20 IF(CINDEX.LT.CBNSMR(NEXIF(!CURR)))THEN
I C CHECK IF ClNDEX IS EQUAL 10 CURRENT BlN

IF(ClNDEX .EQ. CBNSMR(!CURR)) THEN
'

LASIGN=lCURR
0010 30 ,

ELSE
'

NBlNS = NBINS+1 -

s

NEXTF(NBINS) = NEXTF(ICURR)
NEXTB(NEXTF(ICURR))=NBINS

-NEXTF(ICURR) = NBINS
NEXiB(NBINS) = ICURR-
CBNSMR(NBINS) = CINDEX
LASIBN=NBINS
GOTO 30

ENDIF

ELSE

C

C INCREMENT LIST POINTER

ICURR = NEXTF(ICURR)
GOTO 20

ENDIF.

ELSE
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|

C CHECK IF C hDEX 15 BE10EEN CURRENT AND PREVIDUS BIN |
?$ IF(ClNDEX.01.CBNSMR(NEX1B(ICURR))) 1 HEN I

C CHECK IF CINDEX 15 EQUAL 10 CURRENT BlN
IF(CINDEX .EO CBN$HR(ICURR)) THEh

LA51BkalCURR
0010 30

ELSE

NDIN$ e NBIN$+1
NEXTB(NBlN$) = NEXTB(ICURR) I

NEX1F(NEXiB(lCURR)) e NBINS
NExiB(ICURR)=NBINS

'

NEXtr(NBlNS) = 'lCURR
CBN5MR(NBINL)=CINDEX |
LA$1BNeNBINS .;
GOTO 30

ENDir
ELSE

C

C DECREMENT LIST POINTER
ICURR e NEX1B(!CURR)-
GDID 2$

ENDlf
ENalr

-ENDif
ENDlf

30 CONilNUE
RETURN

END

!

C.2 Source Code Listing for GG_FRQ

PROGRAM GGFRQ
C'"" MERGE PLAN! DAMAGE STATE FREQUENCIES VliH bin CONDil10NAL~
C'""PROBABillilE$ FOR U$E WITH PAR 11110N AND FRMIS
C djp'
C djp PARAMETER-(MAX 0M 0, MAXBIN 1700, HAX$MPal55, MAXPDS 12
C djpt MAXDATe100) ]C djp i

FARAME1ER (MAXDH+0, MAXBINal700, MAXSMP=2$0, MAXPDS 12,

1- MAXDAT=100)
C djp

CHARACTER *10 NDINil, NDlMTL
CHARACTER *20 LABEL
CHARACTER *80 FILNAM, TITLE, I!! LEK
CHARACTER *(MAXDM)BlNID(MAXBIN.MAXPDS,HAX$MP),

1 .
BIN]DS(MAXBik),BlN!DK(MAXBIN)

DlHENSIDNCPROB(MAXBIN.MAXPDS,MAXSMP),NBIN(MAXPD$, MAX $MP),

1. IPNT(MAXBlN),PDSFRQ(MAXPDS,MAXSMP),IDAT(MAXDAT)~
LOGICAL ERROR-
DATA ERROR / . FALSE. /

C

C////////////////////////////////////////////////////////
C'""0 PEN TEMAC4 FILE CONTAINING PDS FREQUENCIES BY OBSERVAT10h
C-dip OPEN (4,
C ajpl FILE ='GG LHS.1EMAC.DAT',
C djp? SI ATUS='0LD', RE AD0NLY)

'
C

C

. C / ////// //// ///// // // / ///// ///// / /// ///// / /// // / // / // ////,

? C*****0 PEN 1EMAC4 FILE CONTAINING PDS FREQUENCIES BY OBSERVATION
OPEN (4,
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,

1 FILE ='gg.temac.dat',
2 STATUS ='0LD*, READ 0NLY)

h"***READNUMBEROFSAMPLEOBSERVATIONSANDNUMBEROF
C"*" PLANT DAMAGE STATES
C

READ (4,*)NSMP,NPDS
C

C"*" LOOP THROUGH OBSERVATIONS
C

-00 500 ISMP.1,NSMP
READ (4,*) 1085, NDAT, (TDAT(K),Kel,NDAT)
PDSFRQ(1,lSMP)=TDAT(1)
PDSFRQ(2,lSMP)=TDAT(2)

PDSFRQ(3 lSMP)=TDAT(3)
PDSFRQ(4.!$MP)'IDAT(4)
POSFPQ(S.lSMP)=TDA1(S)
PDSFRQ(6,lSMP).TDAT(6)
PDSFRQ(?,lSMP)*TDAT(7)
PDSFRQ(8,lSMP)eTDAT(8)
PDSFRQ(9,lSMP).TDAT(9)
PDSFRQ(10,lSMP)*TDAT(10)
PDSFRQ(ll,lSMPL.TDA1(ll)

.PDSFRQ(12.lSMP?=TDAT(!!)
500 CONTINUE

C""""CLOSE TEMAC4 PDS FREQUENCY FILE
CLOSE (4)

C/////////////////u//////////////////////////ununu/
C"**? VAL' IDATE NUMBER OF PLANT DAMAGE STATES AGAINST DIMENSION

!F (NPDS .GT. MAXPDS) THEN
VRITE(6,*) '>nn!NCREASE PARAMETER MAXPDS TO AT LEAST , NPDS
STOP

CNDif
C"*"VAllDATE NUMBER OF SAMPLE AGAINST DIMENSION

IF (NSMP .GT. MAX $MP) THEN
WRITE (6,*) . 'nn>lNCREASE PARAMETER MAXSMP 10 AT LE AST ,.NSMP
STOP

ENDif
C*"" LOOP OVER PLANT DAMAGE STATES

00 3000 !PDSel,NPDS
C""*"* GENERATE FILE NAME FOR BIN CONDITIONAL PROBABILITIES FOR
C"*"*" CURRENT PL ANT DAMAGE STATE

VRITE(FILNAM,2001) IPDS-
C""""0 PEN CURRENT PLANT DAMAGE STATE FILE

OPEN (1, FILE =FILNAM, STATUS ='OLD', REA00NLT)
C"""" READ FILE HEADING

READ (1,1001) TITLE
C""**" READ NUMBER OF BIN ATTRIBUTES'

READ (1,*) NDH
C'"*""VAllDATE DIMENSION OF BIN 10

IF (NOM .GT. MAXDM) THEN
VR ITE(6, *) 'n> INCREASE PARAMETER TD AT LEAST '..NDH
STOP

-ENDIF
C"""" READ BIN ATTRIBUTE DESCRIPTIONS (NOT SAVED)

READ (1,1001) (NDIMTL, IDM*l,NDH)
C'***"" LOOP OVER BIN ATTRIBUTES

00 1000 IDM=1.NDM
C"""*"" READ NUMBER OF POS$1BLE OUTCOMES FOR CURRENT BIN ATTRIBUTE

REA0(1,*)NPO
C***"*"*" READ POSSIBLE OUTCOME DESCRIPTIONS (NOT SAVED)

READ (1,1001) (hBlNTL, IPO.1,NPO),

1000 CONTINUE

C"""" LOOP OVER SAMPLES
00 2000 ISMP 1,NSMP
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C"""**"* READ LABEL, $ AMPLE Nt>MBER, AND NUMBER '0F BIN $ FOR CURRENT SAMPLE
READ (1,2002) LABEL, !$MP1, NBIN(IPD$,]SMP)

- C*""""" VALIDATE $ AMPLE NUMBER
-IF (l$MPT .NE. ISMP) TMEN .

WR11[(6,9001) ISMP, ISMPT.
$10P

[NDir
C""*""** VALIDATE. NvMBER OF BINS FOR CURRENT SAMPLE

IF (NBlN(1PDS.15MP) .GT. MAxBIN) THEN
WRilE(6;*) '>nnlNCREASE PARAMt'IER MAxBIN TO AT ',

1 'LEAST ",'NBlN(IPDS,lSMP)
STOP

C"""*"+* D BIN ID's AND CONDITIONAL PROBABILITIES
READ (1,2003) (BINID(IBIN,IPDS,1$MP)(1:NDM),

! CPROB(IBIN,IPDS,1!MP),
g IBIN.1,NBIN(IPDS,15MP))

2000 CONTINUE

C'"*""CtOSE CURRENT PLANT DAMAGE STATE FILE
CLOSE (1)

3000 CONilNUE
C"*"lNITIALLIZE TOTAL NUMBER OF BINS ON PDS FILES

NBINKS=0
C"*"lNiilALLIZE TOTAL NUMBER OF BlNS ON .KEP FILE

NBINSS=0
C*""0 PEN . KIP FILE CONTAINING BINS BY SAMPLE
C djp OPEN (2,
C djpl FILE ='BYRUN_ MASTER, KIP',
C djp2 STATUS ='OLD',READONLY)
C'""0 PEN .KEP FILE CONTAINING BINS BY SAMPLE

OPEN (2,
1 FILE ='byr, mas.kep',
2 STATU5='OLD', REA00NLY)

C"*" LOOP. OVER $ AMPLE $-
DO 5000 15MPal,N$MP

C"""" READ SAMPLE LABEL
READ (2,1001)TITLEK

C'""*" READ NUMBER OF BINS -FOR CURRENT SAMPLE
READ (2,*)NOUM,NBlNK

'

C"""" READ BIN ID'S FOR CURRENT SAMPLE
READ (2,100t)(BINIDK(IBiN)(1:NDM1,lBIN=1,NBINK)
NBINS$*NBlNS$ + NBINK
NBINK$eNBINKS + NBINK

C'"*"**lNTIALLIZE NUMBER OF BIN $ FOR PDS FILES FOR CURRENT SAMPLE
,NBINS=0

C"""" TRANSFER BIN IDS FOR PDS
00 3600 IP0$='.NPDS ,

DO3400IBIN=1,NBIN(IPDS,lSMP)
NBlN$sNBlNS + 1

' BIN]DS(NBINS)=BINID(IBIN,lPOS,lSMP)
IPNT(NB]N$)=NBlNS

3400 1 CONTINUE

3600 CONTINUE
C"""" SORT BIN IDS FOR CURRENT SAMPLE

CALL CSORT (NBIN$, BlNIDS, IPNT)
C"""** REMOVE MULTIPLE OCCURRENCES OF SAME BIN 10 g

NBTMP=1
00 3000 IBINS.2,NBINS

|F-(BINIOS(IPNT(IBIN$)) ,NE. BINIDS(IPNT(NBTMP))) THEN
NBIMP=NBIMP + 1

IPNT(NBIMP)=lPNT(IBINS)
ENDif ~

'3800 CONTINUE

NBlNS=NBIMP
i C'"""* VALIDATE NUMBER OF BINS

C8
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IF (NBINS .NE. NBINK) THEN
VR11E(6,9002) NBINS, NBINK, ISMP

-ERROR 1 RUE.
END]F

C'""'*'iALIDATE BIN 10 LISTS FOR CURRENT SAMPLE
00 4000 IBINel,NBlNK

C//// IF (ISMP.EO.8) VRITE(6,0000) IBIN, BIN!DS(lPhi(! BIN)),BINIDK(! BIN)
C/// B000 FORMAL (16,$X, A,5X, A)

IF (BINIDS(IPNi(IB!N)) .NE. BlNIDK(IBlN)) THEN
VR11E(6,9003)ISMP
E R ROR = . T R UE ,-

G0 10 5000
ENDif

4000 CONTINUE

5000 CONTINUE
C*****CLCSE MASTER .KEP BIN Lis' 57 % AMPLE

CLOSE (2)
C""*lF VAllDAll0N ERROR MS DCCURED, TERMINATED EXECU110N

IF (ERROR) STOP
C*""VRITE PLANT DAMAGE STA 'E FREQUENCY AND B]N Ll$1 VITH CONDITIONAL
C"*** PROBABILITIES VS SAMPLE AND PDS

WRITE (6,5001) NBINSS, N31NKS -
C'"*0 PEN 'llE FOR BIN CONDifl0NAL PROBABILTIES AND PDS FREQUENCIES FOR
Ct""ALL PDS .

OPEN (3, FILE * *gg.f rq' STATUS ='NEV',
n CARRIAGECONTROL= LIST')
Vk!TE(3,1001) TITLE
VR11E(3,5002) NDM, NSM'', NPOS
DO 7000 ISMP=1,NSMP

DO 6009 IPDS=1,NPDS
VRlit(3,5003) ISMP, IPDS, NBIN(IPDS,lSMP), POSFRQ(IPDS,lSMP)
IF (NBlR!!PDS,lSMP) ,GT, 0) VRiiE(3,5004)

1 'BINID(IBIN,lPD!,lSMP)(1:NDM),
2 UROB(! BIN,lF05,lSMP),IBlNel,NBIN(lPDS,lSMP))

6000 CONTINUE-
7000 CONilNUE 1

'

CLOSE (3)
STOP

C"'*f 0RMAT ST ATEMENis
1001 FORMAT (A)
1002 FORMAL (lX,A)

| C djp
| . C2001 FORMAT ( ' UD16 ; (SJHI GGl . GG,PS T E VN T_L HS_R I S] GG_PDSG ' ,12, '_LHS_R I S,,

C *REBIN,PST')
C djp
2001 FORMAT (*g',12.2,'_sbin.out')

C djp
2002 FORMAT (A,215)
2003 FORMAT (A,1X,E20.0)
5001 FORMAT (1X,17,' BINS ON PDS FILES'.,

1 /11,17. ' BINS ON ,KEP FILE ')
5002 FORMAT (318)-
5003 FORMAT (318,lPE12.4)
5004 FORMAT (A,1X,lPE12.4)
9001. FORMAT (* > " " ERROR READING SAMPLE ','!3,*, FILE INDICATES ',

I ' SAMPLE ',13)
9002 FORMAT (* nn> NUMBER OF BINS ON PDS FILES ('.16,') NOT SAME ',

! ' NUMBER OF BINS ON ,KEP FILE (*,16,')',
2 /' >nnFOR SAMPLE ',16)

9003 FORMAT (' >nLIST OF BINS FOR PDS FILES NOT SAME AS LIST OF ',
1 ' DINS FOR .KEP FILE FOR SAMPLE ',16)

END
SUBROUTINE CSORT (NVAR NAME, IPNT)'

C'**"$0RT NVAR VALUES OF CHARACTER ARRAY NAME IN INCREASING ORD!R
C*""USING POINTER ARRAY IPNT

C9



CHARACTER *(*)NAME(NVA3)-
OlMENSION[PNT(NVAR)

C

C

NaNVAR

.L*N/2+1
IR*N

-100 CONTINUC
IF (L.LE.1) GO T0.700
L*L-1
LHOL0elPNT(L)

200 CONTINUE
J4

300 CONTINUE
!=J
J 2*J
IF (J-IR) 400, 500, 600

400 CONTINUL
JF (NAME(IPNT(J)) ,LT, NAME(!PNT(J+1))) JoJ+1

$00 CONTINUE

IF(NAME(LHOLD).GE.NAME(IPNT(J)))G010600
IPNT(l)=lPNT(J)
GO 10 300

600 CONilkUE
IPNT(!).LH0t,0
GO 10 100

700 CONilNUE
LHOL0alPNT(IR)
IPNT(IR)=lPNT(l)
IRelR - 1
IF.(IR..GT. 1) GO TO 200
IPNT(1)=LHOLO
RETURN

END

C.3 Source Code Listing for STER _IN

PROGRAM STER

C"*" READS PARTITIONED $0URCE TERM INFORMATION ANO flMING
C"***lNFORMATION AND GENERATES MACCS INPUT RECORDS FOR RELEASE
C""*0ESCRIPTION FOR ATMOS AND FOR EMERGENCY RE$PONSE DE$CRIPil0N
C""*FOR EARLY-(SUBGROUP INFORMATON)
C""* SUBGROUP 1 = TEVAC < T1-TESCAPE

11+0T1C'"" $UBGROUP 2 = TI TESCAPE < TEVAC <
C""* $UBGROUP 3 = Tl+011 < TEVAC < 12
C*"" SUDGROUP 4 = T2 < TEVAC
C"*"(i!MES IN SECONOS FROH SCRAM UNLES$ $PECIFIED OTHERWISE)
C

C THIS PROGRAM MODIFIED 9 MARCH 89 BY 0. CHAN!N TO CORRECT AN ERROR IN
C THE CALCULAi!0N OF THE SHELTER SCENARIO RESULTS.
C
C .THE CALCULAll0N OF TiOSH2, THE 11ME TO TAKE SHELTER, IS BEING CHANCEO.
C PREV 100$ TO THis CHANGE, ITOSH2 WAS CALCULATED AS 2700 + TW.

C THE CURRENT STER CODE USES A VALUE OF 2700 FOR T10SH2 (INDEPENDENT OF TW).
C-
C -THE EARLY MODULE DEFINES THE TIME TO TAKE $HELTER AS MEASURED FROM OALARM.
C NOT SCRAM 1]ME.
C

PARAMETiR (MAXSG=4, MAXFRC=9, MAXPUF=2, MAXREC=1000, MAXLEN=80)
C djp

CHARACTER *80 DUMMY
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1

C djp' - )
CHARACTER *4 $1TE i

CHARACTER'(MAXLIN)FILNAM,fliLE,ATNBA$(MAXRIC),IARBAS(MAXREC)
DIMIN$10N DEVAC(0: MAX $0),TEVAC(0:MAXLG),TW(0: MAX 50),

1 $GCP(MAX $G), $GF(MAX $G), REF TIM (MAXPUF ),

2 FRACP(MAX $G), LA$MOV(MAX $G), LAS(VA(MAX 50),

3 LASHE2(MAXSG), TIT $(MAX $G), li0$H2(MAX 5G), ,

4 STI(MAXFRC,0: MAX 5G), $12(MAXFRC,0: MAX 5G),
5 ELEv(0: MAX $G),11(0: MAX $G),Dil(0:MAXSG),12(0: MAX $G),

-6 D12(0: MAX $0),El(0: MAX $G)._t2(0: MAX $G)
DATA IDOMIN / 1 /, REFilM / 0.0, 0.5 /, NPUFFS / 2 /,

1 FRACP / 4'0.3333 /, 10 / 0 /, 11 / 1 /, 12 / 2 /, 13 / 3 /,
2 ZERO / 0.0 /, ONE / 1.0 /,112 / 12 /, !!5 / 15 /,

3 L ASMOV / 0, 0,15, 0 /, L ASEVA / 0, 0,10, 0 /.
4 L ASHE2 / 0,12,12, 0 /,

S T10$H2 / 0.0, 2700., 2100., 0.0 /
C

C

VR11E(6,*)' ENTER 2104LEiiER$1TEABBRtV!Afl0N'
READ (5,1001) $ lie
VR11E(FILNAM,21)Slif
OPEN (7, FILE *FILNAM, ST ATU$='NEW'., CARRI AGECONTROL='ll$T')

,

VRlif(7,*) 'ENi[R 2 TO A LETTER $l1[ ABBR (VIAi!DN'[
! VRITE(7,1001) $ lit
| WRl1E(6,*) *(NTER EVACUA110N ESCAPE TIMC (SEC)*
'

WRITE (1,*) ' ENTER (VACUATION ESCAPE ilME ($(C)'
READ ($,*)TESC
WRliE(7,*) TESC ..

.

VRITE(6,*) 'LNTER CVACUA110N DEL AY 11ME (SEC)*
WR11E(7,*) * ENTER EVACUA110N DEL AY TIME ($(C)*
READ (5,*) TDEL
WRITE (7,*) IDEL

C'*"INITIALLIZE COUNTER FOR NON ZERO GROUPS
N$i=0

C"'* LOAD ATMOS BASE CASE INPUT RECORDS
NRECA=0
WRITE (FILNAM,101)$1TE
OPEN (2, FILE =FILNAM, $iATUS='01.0')

100 CONilNUE
NRECA=NRECA + 1

IF (NR[CA .GT. MAXREC) THEN
VRITE(6,4) '> " p lNCRIA$E PARAMITER MAXREC'
$10P

ENDIF ..

READ (2,1001,tND=200) ATMBA5(NRECA)
00 10.100

200 CONilNUE
CLOSE(2)
NRECAsNRECA - 1
NRECE=0
WRiiE(FILNAM,201) Slit
OPEN (3 FILEiFILNAM, $TATU5='OLD')

300 CONTIRVE
NRECE=NRECE + 1

i IF (NRECE .GT. MAXREC) THEN
l'- W811E(6,*)** n!NCREASE_ PARAMETER MAXR[C'

STOP

ENDif
REA0(3,1001,(ND=400)[ARBA$(NRECE)

C""* LOCATE WIND-SHIFT INDEX
IF (INDEX(EARBA$(NR[CE), 'HllPLUME001') 4GT. 0) THEN

READ (( ARBA$(NRECE)(12:MAXLEN),*)IWS
ENDIF ,

GO<10 300r

[
400 CONilNUE

|
|
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CLOSE(3)
NRECE=NRECE - 1

IF ((NRECA .GT. MAXREC) .OR. (NRECE .GT. MAXREC)) THEN
WR11E(0,*) 'nn>lNCRE ASE PARAME TER MAXREC'
STOP

ENDIF
C djp
C djp OPEN JCL FILE

OPEN (13, 'JCL ,DA1',5i ATUS= 'OL D')

*0 PEN FILE CONTAINING FARflil0NED SOURCE TERM AND TlWING INFORMAll0N )
WRITE (FILNAM,401)$11E
OPEN (1, FILE *FILNAM, STATUS ='OLD')

C'""RE AD flTLE
READ (1,1001) T!!LE
WR11E ( * , * ) 'T !1LE = ', TITLE
WR11L(7,*) ' TITLE =', ilILE

C'"" READ NUMBER OF RELE ASE CLASSES (7 OR 9) AND NUMBER OF SOURCE TERM GROUPS
READ (1,*) NRC, NG
VR11E(*,*) ' NUMBER OF RELEASE CLAS$CS=', NRC
WR!iE(7,*) ' NUMBER OF RELEASE CLASSESa', NRC
WRllE(*,*) ' NUMBER OF SOURCE TERM GROUPS =', NG
VRliE(7,') ' NUMBER OF SOURCE TERM GROUPS =', NG '

WRifE(*,*)
VRITE(/,*)

C""' LOOP OVER SOURCE TERM GROUPS
DO 4000 IG=1,NG

C""""RE AD GROUP 1NDEX, NUMBER OF SUBGROUPS FOR THIS GROUP,
C'*"''' GROUP f.,EQUENCY, AND GROUP COND1110NAL PROBABill f Y ,

RE AD(1,*) IGROUP, NSG, GFRQ, GCPRB

C'""" CHECK FOR NON-ZERO GROUP FREQUENCY 10 RE AD A00lil0NAL
C'""" RECORDS FOR THIS GROUP

IF (GFR0 .07. 0.0) lHEN
C/// NSi=NST + 1
C/// VRITE(*,*) 'GENERAllNG SOURCE TERM ', NSI
C/// WRITE (7,*) 'GENiRATING SOURCE TERM ', NST
C"'"""" READ RELE ASE/ EVACUATION ST ART DIFFERENCE (T1-TEVAC),
C'"'""" EVACUATION ST ART TIME, WARNING TIME, ST ART OF PUFF RELE ASE ,
C'"""*" DURATION OF PUFF RELEASE, START OF Tall RELEASE,
C"'*""' DURA 110N OF TAIL RELEASE, RELEASE ELEVATION (M),
C"*"""' PUFF ENERGY RELEASE RATE (W), NRC RELEASE FRACTIONS FOR PUFF, AND
C'"*""" Tall ENERGY RELEASE RAi! (W), NRC RELE ASE FRACTIONS FOR Tall

READ (1,*) DEVAC(0), TEVAC(0), TW(0),
i 11(0),Dil(0),T2(0),DT2(0),ELEv(0),
2 El(0), ($11(1,0),]=1,NRC),
3 E2(0),(ST2(1,0),1=1,NRC)

C""*"'"$[I DURATIONS IN RANGE 60 - 86400 $ AND PRINT A MESSAGE IF
C"*'"""THE VALUE HAS BEEN MODIFIED
C/// Dil(0)=CLIPli ('011', DTI(0), 60 , 86400. )
C/// DT2(0)=CLIPli ('D12', 012(0), 60., 86400.)
C"'"""* SE T R' 'ASE 2 START TIME TO BEGIN AFTER RELEASE 1 IS COMPLETED
(""'""'BUT th REFERENCE POINT CAN NOT BE MORE THAN 100 HOURS AFTER
C'*""""THE START OF RELEASE I
C/// ALLOWD=3.6ES

C/// RFPN12=12(0) + REFilH(2) * DT2(0)
C/// OlFRNC=RFPN12 - 11(0)
C"""*''CALCUL ATE THE MAXIMUM ALLOWABLE VALUE FOR 12
C/// if (DIFRNC GT. All.0WD) THEN
C/// VALMAx=12(0) - (DIFRNC ALLOWD)
C/// ELSE

C/// VALMAX=1.[3S
C/// ENDIF
C/// 12(0)=CLIPli ('i2', 12(0), 11(0)+011(0), VAL MAX)
C''''"*""LOCP OVER SUSGROUPS FOR CURRENT GROUP

D0 1000 ISG=1,NSG
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c.o....."**** READ SUBGROUP :lNDEK, SUBGROUP FREQUENCY,

c*o"**"" * SUBGROUP CONDITIONAL PROBABILITY,.AND COND!il0NAL PROBABillfV

C""""""*'FOR SUBGROUP DIVIDED BY SUM OF ALL SOURCE TERM FREQUENCIES
READ (1,*) ISGRP, SGF(ISG), SGCP(ISG), SGCPT j

.lf.(ISG .EQ. 3) GO TO 1000 -1

N$i NST + 1
C""*"""*"!NITIAL12E SUBGROUP SOURCE TERM PARAMETERS

ELEV(!$G)=0.0
TW(ISG)*0.0
El(ISG)0.0~

.

E2(ISG)=0.0
il(ISG)*0.0
T2(ISG)=0,0
D11(ISG)=0.0
012(15G)=0.0
00 800 IFRC 1,NRC

STI(IFRC,lSG)=0.0
|- ST2(IFRC,lSG)=0.0

*) ' GENERATING SOURCE lERM ', N$i
WRITE (7,*) ' GENERATING SOURCE TERM ', NST

i C"*"*"""** CHECK FOR NON-2ERO SUBGROUP FREQUENCY TO READ ADDITIONAL
l

en."""*"" RECORDS FOR THis SUBGROUP
IF (SGF(ISG) .GT, 0.0) THEN

t' C""""*"""" READ RELE ASE/ EVACUATION START DIFFERENCE (TI-TEVAC),
C'******"***** ** *EVACUAfl0N START. TIME, WARNING TIME, START OF PUFF REL E ASE ,

C*".."""**"**"**""
DURATION OF PUFF RELE ASE , START OF T AIL RELE ASE.

* *''DURAi!ON OF TAIL RELEASE, RELEASE ELEVATION (M).**g.
C**"*"*"**""* PUFF ENERGY RELEASE RATE (V), NRC RELE ASE FRACTIONS FOR PUFF, AND
C"*"*"""*""1 All ENERGY RELEASE RATE (W), NRC RELEASE FRACTIONS FOR IAll

READ (1,*)DEVAC(ISG),IEVAC(ISG),TV(ISG),TI(ISG).
1 Dil(ISG),T2(ISG),DT2(ISG),ELEV(ISG),
2 El(ISG),(Sil(1,lSG),1=1,NRC),
3 E2(ISG),(S12(1,lSG),1*l,NRC)

ELSE

C'*************"* SET EVACUATION VALUES WHEN SUBG' OUP 15 EMPTYR
,

C//// TW(ISG)*1W(0)
IF (!SG .EQ. 1) (HEN

TEVAC(ISG).TI(ISG) - TESC - 1800.
ELSE IF (150 .EQ. 2) THEN

TEVAC(ISG)*TI(ISG)
ELSE IF (ISG .EQ. 3) THEN

TEVAC(ISG)*i2(ISG)
ELSE

TEVAC(ISG)=TI(ISG) + TDEL
ENDif
DEVAC(!$G)*TI(ISG) - TEVAC(!SG)

EN0if
C""""""" SET DURATIONS IN RANGE 60 86400 $ AND PRINT A MESSAGE IF

.

C"""""""THE VALUE HAS BEEN MODIFIED
OTI(ISG)=CLIPli(*DTI',Dil(ISG), 60.,86400.)

(' Di?(ISG)*CLIPli ('DT2', DT2(ISG), 60., 86400.)
: C""""""" SET RELEASE 2 START TIME 10 BEGIN AFTER RELEASE 1 IS COMPLETED
C"*"*""""BUT ITS REFERENCE POINT CAN NOT BE MORE THAN 100 HOURS AFTER
C"*""""*"THE ST ART OF RELEASE 1

-ALLOWO4.6ES
RFPN1212(!$G) + REFTIM(2) * DT2(ISG)
DIFRNC=RFPNT2 - T1(15G)

C""""""" CALCULATE THE MAXIMUM Alt 0VABLE VALUE FOR 12
IF (DIFRNC .GT. ALI.0WD) THEN

VALMAX=T2(ISG) a (DIFRNC ALLOW 0)
ELSE

p V AL MAX = 1. [35

ENDIF
'

12(ISG)=CLIPit ('i2'.,12(ISG), TI(ISG)+Dil(ISG), VALMAX)

|
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. Ca****"*****" DEFINE SHELTER DURATION AS 12 HR
SHELT2=43200.

C*"*******"**VRitt ATMOS INPUT FILE US!NG BASE ATHOS INPUT PLUS
C""""""" RELEASE INFORMATION FOR THIS GROUP

VRITE(FILNAM,1002) SITE,NST
OPEN (11, FILE FILNAM, STATUS ='NEV'

1 CARRIAGECONTROL ' LIST')
C djp

REVIN0(13)
SO REA0(13,1005,EN0=60) DUMMY

ILOC=lN0EX(00MMY,'90')
IF(ILOC.GT,0)THEN

0UMMY(! LOC:! LOC +1) = FILNAM(9:10)
ENDIF

VRITE(ll,1004) DUMMY
GOTO 50

60 CONTINUE

VRITE(ll,1001)(ATMBAS(IREC),lRECal,NRECA)
VRITE(ll,2001)NST,IG,TV(ISG),100 MIN,

g -(REFTIM(1).1=1,NPUFFS) NPUFFS,
2 El(!$G),E2(ISG)

VRITE(ll,2002)ELEV(ISG),ELEV(!$G),
1 Dil(!$G),OT2(ISG),11(ISG),T2(ISG)

VRITE(11,2003) NST, IG, (ST)(1,lSG),1=1,NRC)
VR[iE(ll,2004) (Si2(1,lSG),I.1,NRC)
CLOSE(11)

C'""""""VRITE EARLY INPUT FILE USING BASE ATHOS INPUT PLUS
C""""""" EVACUATION I! MING INFORMAfl0N FOR THIS SUBGROUP
C djp
C djp VRITE(FILNAM,1003) SITE,NST,IWS
C djp

VRITE(FILNAM,1003) SITE,NST
OPEN (12, FILE =FILNAM, STATUS ='NEW',

1 CARRIAGECONTROL=' LIST')
C OPEN (12 FILE =FILNAM, STATUS =' unknown',
C 1 ACCESS =' APPEND')

'

'VR!iE(12,1001) (EARBAS(IREC),IREC=1,NRECE)
IF (SGF(ISG) .GT, 0.0) THEN

VRITE(12,3001) NST, IG,.II, ONE, !!$
VRITE(12,3002) !!2, TOEL
VR!iE(12,3003) ZERO,'ZEr.0, 10. ZERO, ZERO

ELSE
VRITE(12,3001) NSi, IG, 11, ONE, 10
VRITE(12,3002) 10, ZERO
VRiiE(12,3003) ZERO, ZiRO, 10, ZERG, ZERO

ENDIF

VRITE(12,3001)NST,IG,12,ZERO,10
VRITE(12,3002) 10, ZERO
WRITE (12,3003) ZERO, ZERO, 10, ZERO, ZEii0

VRITE'12,3001) NSi, IG, 13, ZERO, 10
VRITE(12,3002)10,ZERO
VRITE(12.3003) ZERO,ZERO,LASHE2(3),

1 T10$H2(3),SHELT2
.CLOSE(12)

1000 'CONilNUE
ENDir

4000 CONTINUE

CLOSE(1)
VRITE(*,*) 'MACCS 'lNPUT FILES GENERATED FOR', NST, ' SOURCE TERMS'
VRITE(7,*) 'MACCS INPUT FILES GENERATED FOR*, NST, '. SOURCE TERMS *
STOP
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C'**** FORMAT STATEMENTS
21 FORMAT (A,' STER.0UT')

101 FORMAT (A.'ATM.!NP')
201 FORMAT ( A,'I AR !NP')
401 FORMAT ( A,'MACCS.lNP')

1001 FORMAT ((A))
C djo
C1002 FORMAT (A,'ATM',13,'.INP')
C djp

1002 FORMAT (A.'ATM*,',',12,2,'INP')
C

C djp
C1003 FORMAT (A,' EAR',13,'',11,'1,1NP')
C djp

1003 FORMAT ( A ' E AR ' , ',,,' ,12. 2 ' . l NP ' )

C

C djp
,

| C1004 FORMAT (A,'FAR',13,' ',ll,' E.lNP')
C djp

1004 FORMAT (A80)
C djp

1005 FORMAT (A80)
C djp

2001 FORMAT ('********************** RELEASE DATA BLOCK *************',
1 /**',

2 /'RDATNAM2001 '' SOURCE TERM ',13.3,', GROUP.',13.3,'''',
3 /''',

4 l'* TIME AFTER ACCIDENT INITI ATION WHEN THE ACCIDENT ',
S 'RE ACHES GENERAL, EMERGENCY',

6 /'* CONDITIONS -( AS DEFINED IN NUREG 06S4), OR VHEN PLANT *,
7 ' PERSONNEL CAN REllABLY',

8 - /'' PREDICi THAT GENERAL EMERGENCY CONDITIONS VILL BE ',

9 ' ATTAINED *,

A. /**',

B /'R00ALAkM001 ',fl0.0,
C /''',

0 /** SELECTION OF RISK DOMINANT PLUME',
E /''',

F. /'RDMAXRIS001 '.110,
G /**',

H /'* REFERENCE TIME FOR DISPER$10N AND RADICACTIVE DECAY',

I /'''.

J / *R0REFTIM001 ',2F10.2,
K /**',

-

L '/'* NUMBER OF PLUME SEGMENTS THAT ARE RELEASE 0',
M /**',

N /'RONUMREL001 ',110,
0 /'**,

P /: HEAT CONTENT OF THE RELEASE SEGMENTS (W)',

Q /'* A VALUE SPECIFIE0 FOR EACH OF THE RELEASE SEGMENTS'
R /'**,

S /'ROPLHEAT001',lP2E10.2)
2002 FORMAT (***,

- 1 -/'* HEIGHT OF THE PLUME SEGMENTS AT RELEASE (M)',

2 / ** A VALUE SPECIFIE0 FOR EACH OF THE RELEASE SEGMENTS',
-

3 -/***,

4 /'ROPLHITE001 ',2F10.0,
S /'**,

6 /** DURATION OF THE PLUME SEGHENTS (S)',
7 /** A-VALUE SPECIFIED FOR EACH OF THE RELEASF SEGHENTS',

8 /''', ;

t

9 /'ROPLUDUR001 ',2F10.0,
A /'**,

B /** TlHE OF RELEASE FOR EACH PLtiME ($ AFTER SCRAM)',

C /'* A VALUE SPECIF1ED FOR EACH OF THE RELEASE SEGHENTS',.
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0 /'**,

[ / *ROPDEL AY001 ',tF10.0)
2003 FORMAT (**',

1 /** RELEASE FRACTION $ FOR ISOTOPE GROUPS IN RELE ASE',
2 /**',

3 /** SOURCE TERM ',13,3,', GROUP ',13.3,
4 /''',

5 /** ISOTOPE GROUPS: XEiKR 1 CS TE SR RU ',
6 'LA CE DA',
7 /''',

8 /*RORELFRC001',lP9E9.2)
2004 FORMAT ( ' RDRE L F RC 002 ' , l P9E 9. 2,

1 /',')

3 0 01 F OR M A T ( ' " " " " " * " * " " * * " " " " " * " " * " " " " " " " " * " ' ,
! /'' EMERGENCY RESPONSE SCENARID',
2 /'**,

3 /'EZEANAM2001 " SOURCE TERM ',I3.3,
4 ', GROUP ',13.3,' ',ll,'''',

4 /***,

5 /'* FRACTION OF THE TIME THl$ SCEhAR10 AFFECTS',
6 /'*',

7 /'EZWTFRAC001 ,F6.4,
8 /**',

0 /'* LAST RlNG IN THE MOVEMENT ZONE',
[ /**',

F /'EZLASMOYD01 ' 15),

3002 FORMAT ( ''',
1 /'* FIRST SPAT! AL INTERVAL IN THE !vACUATION ZONE ',
2 /''',

3 / 'EZlN!!VA001 1 (ND INNER SHELTER ZONE)',
4 /''',

5 /'' DISTANCE INTERVALS OF THE THREE EVACUATION 20NES',
6 /***,

7 /'EZLASEVA001 0 0 ',16,
B /''',

9 /'* EVAC DEL AY TIMES FOR THE THREE EVAC OEL AY RINGS:',
A /" TIME FOR PEOPLE TO GET MOVING AFTER BEING WARNE0',
D /"*,
C /'EZE0ELAY001 0. O. ',FB.0)

3 0 03 F OR MA T ( ' ' * " * " " * " * " " * " " " " * * " " " " " * " " * " * " * '
I /'' SHELTER RESPONSE DEFINIT 10N',
2 /''',

3 /'' TIME TO TAKE SHELLER (INNER SHilllR ZONE) (S)',
4 /''',

S /'SRTTOSH1001 ' , F 10. ti,
6 /''',

7 /'* SHELTER DURATION (INNER SHELTER ZONE) (S)',
8 /''',

9 / 'SRSHELT 1001 ',F10.0,
A /''',

B / " LAST RING (0 UTER SHELTER ZONE)',
C /***,

0 /'SRLASHE2001 ',110,
E /''',

F /'* TIME TO tar.E SHELTER (0 UTER SHELTER ZONE) (S)',
G /''',

H /'SRTIDSH2001 * F10.0,,

I /"',
J /'' SHELTER DURATION (OUTER SHELTER ZONE) (S)',
K /***,

'

L /'SRSHELT2001 ',F10.0,
M /' ')

END

FUNCT!DNCLIP!T.(NAME,VALUE,VALMIN,VALMAX).
C*"" COMPARES VALUE TO A RANGE (VALMIN TO VALMAX)
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C"*"VALMIN <= VALUE <* VALMAX -~ CLIP!T*VALUE -.

C""*VALUE < VALMIN OR VALUE > VALMAX - CLIPITeV E MIN OR VALMAX
CHAR ACTER. *(*) NAME

C

C

IF -(VALUL .LT. VALMIN) THEN
CLIPli.VALMIN
VRITE(*;*) ' ', hAME, ' RESET FROM ' ,VALUE,

-
' .

1

~

' TO MIN! MUM: , VALMIN
WRITE (7,*)' ', NAME, ' RESET FROM ' ,VALUE,

I ' TO MINIMUM: , VALMIN'

ELSE IF (VALUE ,GT, VALMAX) THEN
CLIP!TeVALMAX
WRITE (*,*)' ', hAME, ' RESET FROM ' ,VALUE,

I ' TO MAX 1 MUM: '' VALMAX,

VRITE(7,') * , NAME, * RESET FROM ' ,VALUE.*

1 ' 10 MAXIMUM: ', VALMAX
ELSE

CLIPIT=VALUE
EN0lf

-RETURN
ENO

C4 Source Code listing for STER 2_IN.F

PROGRAM STER
'C'"" ret,0S PARtlT10NED SOURCE TLRM INFORMATION AND TIMING

C'""lNFORMATION AND GENERATES MACCS INPUT RECOROS FOR RELEASE
C*****0ESCRIPil0N FOR ATMOS AND FOR EMERGENCY RESPONSE DESCRIPTICN
C"*"FOR EARLY (SUBGROUP INFORMATON)
C"*" -- SUBGROUP 1 = TEVAC < TI-TESCAPE

il+0T1< TEVAC <C"'* SUBGROUP 2 = T1-TESCAPE
C*"** SUBGROUP 3 = Tl+0T1 < TEVAC < T2
C*''** SUSGROUP 4 = T2 < TEVht '

C"*"(T!MES IN SECONOS FROM SCRAM UNLESS SPECIFIED OTHERWISE)
C-

C THIS PROGRAM M00!FIED 9 MARCH 89 BY 0. CHANIN TO COPRECT AN ERROR IN
C 1HE CALCULAi!ON OF THE SHELTER SCENARIO RESULTS,

C

C -THE CALCULATION Or T10$H2, THE' TIME TO TAKE SHELTER, 15 BEING CHANGED,
C PREVIOUS TO IHl$ CHANGE, TTOSH2 VAS CALCULATED AS 27C0 + TW.

C THE CURRENT STER CODE USES A VALUE OF 2700 FOR T10$H2 (INDEPEN0!NT OF TV).
"

C-
C THE EARLY MODULE DEFINES THE TIME TO TAKE SHELTER AS MEASURED FROM 0 ALARM,
C NOT SCRAM TIME,
C

PARAMETER (MAXSG=4, MAXFRC=9, MAXPUFe2, MAXRECa1000, MAXLEN=80)

C djp
CHARACTER *SO DUMMY

C djp
. CHARACTER *4 SITE
CHARACTER *(MAXLEN) FILNAM, TITLE, ATMBAS(MAXREC) EARBAS(MAXREC)
DIMENSION DEVAC(0:MAXSG) TEVAC(0:MAXSG),TW(0:MAXSG),-

1 SGCP(MAXSG), SGF(MAXSG), REF11M(MAXPUF),

2' FRACP(MAXSG), L ASMOV(MAXSG)..L ASEVA(MAXSG),

3 .LASHE2(MAXSG),ITTS(MAXSG),ITOSH2(MAXSG),
4 Sil(MAXFRC,0:MAXSG),ST2(MAXFRC,0:MAXSG),
5 ELEV(0:MAXSG),TI(0:MAXSG),Dil(0:MAXSG),12(0:MAXSGI,
G 012(0:MAXSG),El(0:MAXSC),E2(0:MAXSG)
DATA 100 MIN / 1 /, REFTIM / 0.S. 0.5 /, NPUFFS / 2-/,

1 FRACP / 4'0.3333 /, 10 / 0 /, 11 / 1 /, 12 / 2 /, 13 / 3 /,
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2 ZERO / 0.0 /, ONE / 1.0 /, 112 / !? /, 115 / 15 /,
3 LASMOV / 0, 0,15, 0 /, LA$[VA / 0, 0,10, 0 /.
4 LASHE2 / 0, 12. 12. 0 /,
5 T10$H2 / 0.0, 2700., 2700., 0.0 /

C

C

WRITE (6,*) ' ENTER 2 TO 4 LETIER $1TE ABBREVIAil0N'
REA0(5,1001)$1TE
VRITE(FILNAM,21) Slif
OPEN (7, FILE =FILNAM, STATUS ='NEV', CARRIAGECONTROLa*Ll$1')
VRiit(7,*) ' ENTER 2 TO 4 LETTER SITE ABBREVIAfl0N'
VRITE(7,1001) $1TE
WRITE (6,*) ' ENTER IVACUATION ESCAPE TIME (SEC)'

WRiiE(7.') ' ENTER EVACUATION ESCAPE TIME ($lC)'
REA0(5,*) TESC
VR11E(7,*)TESC
VRITE(6,*) ' ENTER EVACUAil0N DELAY llME ($CC)'
WR11[(7,*) ' ENTER [VACUATION DELAY TIME (SEC)*
REA0(5,*) 10EL
WR11E(7,*)TOEL

C'****lNITIALLllE COUNTER FOR NON ZERO GROUPS
N5T*0

C*""LCAD ATMOS BA5E CASE INPUT RECORDS
NRECA=0

WRITE (FILNAM.101) SITE
OPEN(2, FILE =FlLNAM,$1ATU5='OLD')

'sVO CONilNUE
NRECA*NRECA + 1

IF (NRECA .GT HAXREC) THEN
WRITE (6,*)*> INCREASE PARAMETER MAXREC'

-STOP
EN0lf
REA0(2,1001,END=200) AIMBAS(NRECA)
GO 10100

200 CONilNUE
CLOSE(2)
NRECA=NRECA 1
NRECE=0
WRITE (FILNAM,201) SlfE
OPEN (3 FILE =FILNAM, STATUS ='OLD')

300 CONTINUE
NRECE NRECE + 1

-!F (NRECE- GT. MAXREC) THEN
VRITE(6,*) * nnalNCRE ASE PARAMETER MAXREC*
STOP

EN0if
REA0(3,1001.END*400)EARBAS(NRECE)

!?"" LOCATE WIND-SHIFT INDEX
IF (INDEX(CARBAS(NRECE), 'HllPLUME001') .GT 0) THEN

REA0(EARBAS(NRECE)(12:MAXLEN),*)IWS
EN0!F

. GO 10 300
400 CONilNUE

CLD5E(3)
!;

NRECE=NDECE - 1
IF ((NRECA .GT MAXREC) .0R, (NRECE .GT. MAXREC)) THEN

d WR!iE(6,*) '>n INCREASE PARAMETER MAXREC'
STOP

ENDIF
C d,Ip
C djp CPEN JCL FILE

OPE N ( 13, 'JCL . 0Al ' , S T ATUS = 'OL D ')
C djp
C""*0 PEN FILE CONTAINING PARTITIONED SOURCE TERM AND TIMING INFORMATION

q- WRITE (FhNAM,401) SITE

l
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OPEN(1, FILE =FILNAM, STATUS ='OLD*)
C'**'RE AD TITLE

READ (1,1001) TITLE
WRITE (*,*).* TITLE *',IIILE
VRITE(7,*) ' TITLE =', TITLE

C***" READ NUMBER OF RELEASE CLASSES (7 OR 9) AND NUMBER OF SOURCE TERM GROUPS
READ (1,*)NRC,NG
WRITE (*,*) ' NUMBER OF RELEASE CLASSES =', NRC

WRITE (1,*) ' NUMBER OF RELEASE CLASSES =', NRC
WRITE (*,*) ' NUMBER OF SOURCE TERM GROUPS =', SG

VRITE(7,*) ' NUMBER OF SOURCE TERM GROUPS =', h3
VRITE(*,*)
VRITE(7,*)

C""* LOOP OVER SOURCE TERM GROUPS
00 4000 IGal.NG

C""*"* READ GROUP INDEX, NUMBER OF SUBGROUPS FOR THl$ GROUP,
C"*"*" GROUP FREQUENCY, AND GROUP CONDITIONAL PROBABILITY

READ (1,*) IGROUP, NSG, GFRQ, GCPRB
C"*"*" CHECK FOR NON ZERO GROUP FREQUENCY TO READ AD0!TiONAL
C*""*" RECORDS FOR THis GROUP

IF (GFRQ .GT. 0.0) THEN
'C/// NST=NST + 1

C/// WRITE (*,*) ' GENERATING SOURCE TERM ', NST

C/// WRITE (7,*) ' GENERATING SOURCE TERM ', NSI
C"""""* READ REl. EASE / EVACUATION START DIFFERENCE (T1-TEVAC),
C*"*""*" EVACUATION START TIME, WARNING ilME, ST ART OF PUFF RELEASE,

C'*""***"*"""*
DURATION OF PUFF RELE ASE, START OF Tall RELEASE,
DURATION OF TAIL RELEASE, RELEASE ELEVATION (M),e "

C*""''** PUFF ENERGY RELEASE RATE (W), NRC RELEASE FRACT!ONS FOR PUFF, AND
C*""'*""iAll ENERGY RELEASE RATE (W), hRC RELEASE FRACTIONS FOR Tall

READ (1,*)DEVAC(0),TEVAC(0),TW(0),
1 11(0), oil (0). T2(0), DT2(0), ELEv(0),
2 El(0),(Sil(1,0),1=1,NRC).
3 E2(0),(ST2(1,0),1=1,NRC)

C*"*"*"" SET DURAil0N$ IN RANGE 60 - B6400 $ AND PRINT A MESSAGE IF
C'"""""THE VALUE HAS BEEN MODIFIED
C/// DTI(0)=CLIPli ('Dil', DTI(0), 60., B6400.)
C/// DT2(0)=CLIPli ('DT2', DT2(0), 60., B6400.)
C"""""* SET RELEASE 2 START TIME 10 BEGIN AFTER RELEASE 1 IS COMPLETED

| C""*"""BUT ITS REFERENCE POINT CAN NOT BE MORE THAN 100 HOURS AFTER
| C'"""*"THE START OF RELE ASE 1

C/// AL L OWD=3. 6E S

C/// RFPNT2=T2(0)+REFTIM(2)*DT2(0)
C/// OlFRNC=RFPNT2 - TI(0)
C*"**""' CALCULATE THE MAXIMUM ALLOWABLE V At.UE FOR T2
C/// IF (OlFRNC GT. ALLOWD) THEN
C/// VALMAX=T2(0) - (DIFRNC - ALLOWD)
C/// ELSE

C/// VALMAX=1.E35

C/// ENDIF

C/// T2(0)=CLIPIT ('T2', T2(0), T1(0)+0T1(0), VALMAX)
C"***"**" LOOP OVER SUBGROUPS FOR CURRENT GROUP

DO 1000 ISG=1,NSG
C""""""" READ SUBGROUP INDEX, SUBGROUP FREQUENCY,
C"*""""*** SUBGROUP CON 0lil0NAL PROBABILITY, AND CONDtil0NAL PROBABILITY
C""""""**FOR SUBGROUP DIVIDED BY SUM 0F ALL SOURCE TERM FREQUENCIES

READ (1,*) ISGRP, SGF(ISG), SGCP(!$G), SGCPT -
.IF (ISG .EQ, 3) G0'10 1000

NST=NSI + 1
C"*""*"""INiil AlllE SUBGROUP SOURCE TERM PARAMETERS

ELEv(ISG)=0.0
TV(ISG)=0.0-
El(ISG)=0.0
E2(ISG)=0.0
TI(ISG)=0.0
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~T2(15G)=0.0-
011(15G)=0.0
DT2(ISG)=0.0-
DO 800 IFRC=1,NRC

ST1(IFRC,lSG)=0.0
ST2(!FRC,lSG)=0.0

800 CONTINUE
VRITE(*,*) ' GENERATING SOURCE TERM '. NST
VRITE(7,*) ' GENERATING SOURCE TERM '. NST

ca**n********* CHECK FOR NON ZERO SUBGROUP FREQUENCY TO READ AD0!TIONAL
C**"""""" RECORDS FOR THis SUBGROUP

IF (SGF(ISG) .GT, 0.0) THEN
C''* ******** * * *" READ RELEASE / EVACUATION START DIFFERENCE (T1-TEVAC),
C"""""*"""EVACUATIDW START TIME. WARN!NG TIME, ST ART OF PUFF RELE ASE,
C***************** DURATION OF PUFF RELEASE, START OF Tall RELEASE,
Ca * ** ******** * * *" DURATION OF Tall RELEASE, RELEASE ELEVATION (M),
C***************** PUFF ENERGY RELEASE RATE (V). NRC RELEASE FRACTIONS FOR DUFF, AND
C**"*****"""" Tall ENERGY RELEASE RATE (w), NRC RELEASE FRACTIONS FOR TAIL

READ (1.*) DEVAC(ISG), TEVAC(ISG), TW(ISG). 11(ISG).
1 DTi(ISG),12(ISG).DT2(ISG).ELEVIISG)'
2 El(ISG),(ST1(1.!SG).1=1.NRC),
3 E2(ISG),(ST2(1,lSG).1=1.NRC)

ELSE

C***************** SET EVACUATION VALUES VHEN SUBGROUP IS EMPTY
C//// TV(ISG)=TV(0)

IF (!$G .EQ. 1) THEN
TEVAC(ISG)=Ti(ISG)-TESC-1800.

ELSE IF (ISG .EO 2) THEN
TEVAC(ISG)=T1(ISG)

ELSE IF.(ISG EQ, 3) THEN
TEVAC(ISG)=T2(ISG)

ELSE

TEVAC(ISG)=Ti(ISG)+TDEL
ENDIF

DEVAC(!$G)*TI(ISG)-TEVAC(ISG)
ENDIF

C'"""""*" SET DURATIONS IN RANGE 60 86400 S AND PRINT A MESSAGE !F
C*"""""* * * THE VALUE . HAS BEEN MODIFIED

Dil(ISG)=CLIPIT ('DT1', Dil(ISG), 60. 86400,)
DT2(ISG)=CLIPIT ('DT2', DT2(ISG), 60,, 86400.)

C'""""**'" SET RELEASE 2 START TIME TO BEGIN AFTER RELEASE 1 15 COMPLETED.

C'"""""*"BUT ITS REFERENCE POINT CAN NOT BE MORE THAN 100 HOURS AFTER
C'*"*"* **"* *THE START OF RELEASE 1

ALLOVD=3.6ES-

RFPNT2=T2(ISG)+REFilM(2)*DT2(ISG)
DIFRNC=RFPNT2 - 11(156)

C"""*"*"** CALCULATE THE MAXIMUM ALLOVABLE VALUE FOR T2
IF (DIFRNC .GT. ALLOVD) THEN

.-VALMAX=T2(ISG) - (DIFRNC - ALLOVD)
-ELSE

VALMAX=1.E35
ENDIF

T2(ISG)=CLIPli ('T2', T2(ISG), TI(ISG)+DT1(!$G), VALMAX)
C'""""""*0EFINE SHELTER DUR ATION AS 12 HR

SHELT2=43200.
C*"'*"""**VRITE ATMOS INPUT FILE USING BASE ATMOS INPUT PLUS
C'*""""""RELE ASE INFORMATION FOR THis GROUP

VRITE(FILNAM.1002) SITE, NST
OPEN (11 FILE =FILNAM, STATUS ='NEV',

I
1 CARRIAGECONTROL=' LIST')

C djp
REVlND(13)

- 50 READ (13,1005,END=60) DUMMY

ILOC=lNDEX(DUMMf.*00')
IF(ILOC.G' 0) THEN
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DUMMY (ILOC:lLOC+1)'=FILNAM(9:lG)
EH01F

VRITE(!! 1004) DUMMY
00T0 $0

60 CONTINUE

WRITE (ll,1001)(ATMBA$(! REC),lRECel,NRECA)
VRITE(ll,2001)NST,16.TV(ISG),100 MIN,

I (REFilM(1),1=1,NPUFFS), NPurr$,
2 El(!$G),[2(ISG)

VR11E(11,2002) ELEV(I$G),ELEV(1$G),
3- 0T1(150),012(15G),11(!$G),T2(!$G)

VRiiE(11,2003) NST, IG (Sil(1,lSG),1=1,NRC)
VRlfE(ll,2004)(5T2(1,15G),1*l,NRC)
CLOSE(11)

C""*"*"""WR11E EARLY INPUT FILE USING BASE ATMOS INPUT PLUS
C"""'"***" EVACUATION TIMlkG IHr0RMA110N FOR THIS $UBGROUP
C djp-
C djp VRITE(FILNAM,1003)$1TL,N51,IWS
C djp

VRITE(FILNAM,1003) $1TE, N5T
OPEN (12, FILE =FILNAM, STATUS ='NEW',

1 .
CARRI AGECONTROLa'L IST ')

C OPEN (12. FILE =FILNAM, STATU5=' unknown',
C 'l ACCE SS= ' APPE N0' ) -
C djp

WRITE (12.1001) (E ARBAS(! REC),lREC=1,NRECE)
IF (SGF(!$0) ,GT. 0,0) THEN

VRITE(12,3001)NST,10,11,ONE,115
WR11E(12,3002) 112, 10EL
VRITE(12.3003)2ERO,ZERO,10,ZERO,ZERO

ELSE ,

VRITE(12,3001) NST,-lG, !!, ONE, 10
VRITE(12,3002) 10, ZERO
VR11E(12,3003) ZERO, ZERO,10. IERO, ZERO

EN0!F,-

VRITE(12.3001) NST, IG, 12 ZERO, 10
WR11E(12,3002) 10 ZERO
VRITE(12,3003) ZERO, ZERO,10. ZERO, ZERO

VRITE(12,3001)NST,IG,13,ZERO,10
VRITE(12,3002)10,ZERO
VR11E(12,3003) ZERO, ZERO, LASHE2(3),

1 iTOSH2(3),-SHEll2
CLOSE(12)

1000 CONilNUE'
EN0lf

4000 CONTINUE-

CLOSE(1)
VRITE(*,*) 'MACC$ INPUT FILES GENERATED FOR*,.NST, ' $0URCE TERMS'
WR11E(1,*) 'MACCS INPUT FILES GENERATED FOR','NST,1' SOURCE TERMS'
STOP

-- C'"" FORMAT STATEMENi$ -
21 FORMAT (A,'$1ER,0UT*)

101 FORMAT (A,' AIM,1NP')

201 FORMAT ( A 'E AR.INP')
401 FORMAT ( A. 'MACCS,1NP')

1001FORMAf((A))
C djps

CIC02 FORMA 1(A.'ATM',13,',1NP')
C dip

1002 FORMAT (A,'ATM','_',12,2,',1NP')
-C-
C djp-
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C1003 FORMA 1(A.' EAR'.,13,' ',11,' 1,1NP')
..$C djp - >

- 1003 FORMAf ( A, 'E AR * , ',,,' ,12.2, * . INP ')
' *

C

C djp - -

C1004 FORhA1(A,' EAR',13 ' ',ll,'*2.!hP')
C djp

1
1004 FORMA 1(,*20)

C djp g
1005FORMAi(ABD)

C djp - g

2 001 FORMAT ( ''"""" * " * * *""" RE L E ASE DAT A BL OCK * """ * '" * * ,
1 /"',
2 /'RDAINAM2001 '' SOURCE TERM ',13.3,', GROUP ',13.3,'''',

3 /''',

4 /'* TlHE AFTER ACCIDENT INITIATION WHEN THE ACClDrN1 ',
S. ' REACHES GENERAL EMERGENCY',

,

C / " CONDITION $ (AS DEFINED IN NUREG-06S4), OR WHEN PLANT *
,

7 ' PERSONNEL CAN Rts' ABLY'
B /"PREDICTTHATGENEkRkMER0ENCYCONDIT10NSWILLBE',
9 ' ATTAINED *,

,

A /"',
b /'RDOALARM001 ',F10,0,*

C /"', '

0 /'* $[LEC1'ON OF RISK DOMINANT PLUME',
E /"', '

F -/'RDMAxRIS001 ',110,.
-0 /"',

/".. REFERENCE TIME FOR DI$PERSION AND RAD 10ACilvf DECAY',H
; j. la

,

J /'R0REFTIM001 *,2F10,2,
K /"'
-L' /'* NUMBER OF PLUME SEGMENTS THAT ARE RELEASED',

i- M /"',
N- "/'RONUMREL001.*,110,

,

0 /"',
P- /" UEAT CONTENT OF THE RELEASE SEGMENTS (W)', i
0 / " A VALUE SPECIFICO FOR EACH OF THE REl. EASE $[GMENTS',
R /''',

S /'ROPLHEAT001.',lP2E10,2)
P002 FORMAT ("', t

1 / " HEIGHT OF-THE PLUME SEGMENTS AT RELEAST (M)', -

2 -/ " ,A VALUE SPECIFIED FOR EACH OF THE RELEASE SE6t'ENTS', ('
3- fu_,-
4 /'ROPLHl1E001 ',2F10,0, ,,

S: ~/'**,
~

6 /'* DURAtl0N OF THE PLUME SEGMENTS (S)',--

7 |/'* A VALUE SPECIFIED FOR EACH OF THE RELFASE SEGMENTS', J
B /"',
9 /'RDPLUDUR001 ',2F10,0,
A: :/''',

B /" 11HE OF RELEASE FOR EACH PLUME ($ Afi[R SCRAM)',
C /'' A VALUE- SPECIFIED FOR EACH OF THE RELEASE SEGMENT $',
D: '/"',

E /'RDPDELAY001.',2F10,0)
2003FORMAi("',

1 -/** RELEASE FRACTIONS FOR ISOTOPE GROUPS IN RELEASE',
2 /"',
3 /" ' SOURCE TERM ',13.3,', GROUP ',13,3,
4 /''',

S / "~ ISOTCPE GROUPS: XE/KR 1 CS TE SR RU '

6 'LA CE BA',
7- /"',
B' /'RDRELFRC001',lP9E9.2)

,2004 FORMAT ('RORELFRC002',lP9E9,2,

C-22
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3 j ,,)
3 001 F OR MA T ( ' " * " " " * " " " * " * * " * " * " " * " * " " " " * " " * " " " ' ,

1 /" EMERGENCY RE$70NSE $CENAR10',

t /'*,
3 /'EZEANAM2001 ''50VRCE TERM ',13.3, .I

, GROUP. ' ,13. 3, ' ' , I I , ' ' ' ' , |'
4

_ /'', !4-
$ /" FRAC 110N OF THE TIMI THit $CENARIO AFFECT $', )
6- /*", ;

I
7 /*EIW1FAAC001 ' F6.4,,

t

g. j.e.,
D / " LAST R140 th THE MOVEMENT ZONE', "

E /*',
F l'EZLASMOY001 ',15)

3002 FORMAT ('".
1 /" FIRS 1 SP ATI AL lETERVAL 14 THE EVACUAi!0N 20tE',
2 /*",
3 /'EZlN'!EVA001 1 (NO INNER SHELTER ZONEl',

.

4 /'**,

$ /" Di$iAHCE INTERVAt$ OF THE THREE EVAcbetCN 10C5',
6 /'**,

*

7 /' Ell fsStVA001 0 0 ',IE,
0 /"',

.

9 /'* EVAC DiLAY TIME $ FOR THE TPREE EllAC DELAY RL|,GS:',
A /" TIME FOR PEOPLE TO GET MOVING AFTER BEING VARNED',
B /*",
C /'EZEDELAY001 0. 6. ',Fa.0)

3 003 F OR MA T ( * "" * "" *" " "" " " " " " " " " * " " " " " " "" ' ,
SHELTER RESP 0bE DEFI11TICC,

/"..,1

7,.g -

3 /'* t!ME TO TAKE SHELTER |lNNER SHELIER ZONE) ($)', >

4 f...,

5 ./'5R110$H1001 ',710.0,
6 /'",
7 /'*$HELTERDURAtl0N(INNERSHil7tR20NC)(5)'-

6 - /. ' " ,
9 /'$RSHELT1001 ',F10.0,
A /**',

B /'' LAST RING (OUTER 5HELTER JONE.)',
C /''',

0 /'5RLASHE2001 ',110
E /t**,

.

F /,". TIME TO TAKE 5HEL TER (OUTER SHELTER ZONE) ($)',
s js ,

iH /'$RT70$H2001 ',fl0.0,

! /'",
,1 /'* SHELTER DURAil0N (0 UTER SHELIER ZONE) (S)',
K. /"',

L /'54SHELT2001 ',F10,0.
M /',*)

END
FUNCTIONCLIPli(NAME,'VALUE,VALMlh,_VALMAX)

C***** COMPARE $ VALUE TO A RANGE (VALMIN 10 VALMAX)
C"*"VALMIN u -VALUE o VALMAX -- CLIPIT=VALUE
C""*VALUE < VALMIN OR VALUE > VALMAX ~CLIPIT=VAtMik OR VALMAX

CHARACTER *(*)NAME
C;

-C

IF (VALUE .LT VALMIN) THEN
CLIPitaVALMIN
VRITE(*,*);' ,: NAME, ' RESET FROM ' ,VALUI.,'

'
1- ' 10 MINIMUM: , VALMIN

VRITE(1,*).' , NAME, * RESET FROM * ,VALUE,*
,

I ' 10 MINIMUM: , VALMIN'

ELSE IF (VALUE GI, VALMAX) THER

C-23
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CLIP 11=VALMAX
VRITE(*,*)' ' , NAME , ' RESE T F ACH ' ,VAIUE,

I * 10 MAXIMUM: ', VALP,tX
VR MLi*,*) ' ', N AME , ' RE SE T FRL'4 ' , vt10E.

, 1 ' T2 '4AXIMUM: ' , V AL MAX
n;:

tt ! *17, /401
Eh01F

'

At as,W
M

C.5 Source Code Listing for RISK

PROGRAM RISK

C*"** READS PAR'lTIONED SOURCE TERM FREQUENCY INF00 MAT 20m AND>

C'""MACCS OTPUT RECORDS FOR ME All TOTAL EARLY FATALITIES. TOTAL CANCER

fC*""FATALITIP, 50 AND 1000 MILE POPULATION DOSES, AN:. TOT AL COST.

PARA"[TER (MAXSCsi, MAXFRC=9, MAXPUF=2, MAXREC=1000, MAXLEP 80)
C djp

EHA1ACTER'/00 LINE
REAL ERLFAT

C djp ,e

CH/RACTER*4 SITE
CU QACTER*(MAXLEN) FlLNAM, TITLE, ATMBAS(MAXRlf;, EARBAS(MAXREE) :'

3 ''
DW[h51N . EVAC (0:MAMGi, TEVAC(0:MAXSG) TW(0:MAXSG),

'

1 SGCP(MAXQ), SF(MAXSG), REF11M(MAXPUF),
2 l'RACP(Main (, L ASMOV(MAXSG), L ASEVA(MAXSG),
3 LASHE2(MAks0) TTIS(MAXSG), ITDSH2(MAXSG), I)
4 01(MAXFRC,9: 1AXSG),ST2(MAXFRC,0:MAXSG):
S ELEv(0:pe?.S$J,TI(0:NAXSG), DTI(0. AAXSG),12(0:MAXSG),
6 012(0:MAXSG), U (0:MAXSG), Ez(0 MAXSC .

CATA 100 MIN / 1 /, ElFilM / 0.0, 0.5 /, NPUFFS / 2 /,
1 FRACP / 4'0.3333 /, 10 / 0 /, 11 / 1 /, 12 / 2 /, 13 / 3 /,

_

y

2 Ii .0 / 0.0 /, ONE / 1.0 /,112 / 12 /,115 / IS /,

3 LASMOV / 0, 0, 15, 0 /, LA;;VA / 0, 0, 10, 0 /, (
4 LASHE2 / 0, 12, 11, 0 /,

TTO A2 / 0.0. 2700.- 2700., 0.0 /
C

C
WRITE |3,*) '(NTER 2 TO 4 LETTER SITE A GREVI ATION'
RfAtts,1001) SifE
Vki W ILNAM,21) SITE
C PE't U, Fil.E=FILNAM, ST ATU$ .'NEV', CARRI AGECONTROLa* LIST ')

C
t
C***"INITI ALLIZE COUNTER FOR NON-ZERO CRCUPi (

NST=0
-NRECA=0
fMECAsNRErA - 1
E ARICL= 0.t
CANTOL=0.0
NSSIOLwC,0
'00SITCL=0.0

, COSiiOL =' ,0
C vjp

C"""UPEN FILE CCATAIN/N3 PAR'li!SNEC VJURCE "|ERM GRUP FkEQUENCIES
V911LiflLNAM, WL) Al?E
t?[N (1, FILE =FiLN#i, 31aTUS ='Ot r)

C''""PE'Af. T ITLE
kEA0(111'M1) TITsE
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C"" D U R LLI Att CLA$$t$ (t OR 9) AND WOMDIR OF $0uRtt it&M GRO#$
AtAD(1,*) NRC, NG
VRitt(7,+) ' NUMBER OF $0uRCt itRM GkOW$**, NG
VRit[(7,*)

C'"" LOOP OvtR $0VRCC llRM GROUPS
DO 4000 ! Gal.NG

C""""Rt AD GROUP jh0tX, NUMBtk 0F $UBGROTT, FOR THl1 GROUP,
C*"""* GROUP FRt0VENCY, AND GROUP CONM10NAL PROBAE! LIM

READ (1,*) IGROUP, NSG, GFRO, ACPRB
C""""CHitt. FOR NON Ilk 0 GROUP FRt01tNCY 10 Rt AD ADDITIONAL
C""**"RICORDS FOR THl$ GkDUP

le (GFR0 .GT. 0.0) THIN
VRlit(7.1004) IG, GFRO, GCMB

1004 F ORMA1 (14 ,12,31, l P , ( 10. 4 .101, l P , [ 10, 4 )

C""""*"$ KIP DVER REL!Aff/IVACUAi!DN $1ARI DlIf tRINCI III'liVACI'(,C"**"*""tVACUA110N $1 ART TIMt. VARNING 11M!, $1 ART OF PUFF RELE A$
C""*""" DURATION OF PUt r RELt A$t, $1 ART OF 1 A!L RELE A$t,
C'"*"*""DUR ATIDW Or T AIL Rttt A$t, RELI A$! (LtVA110N (M),
C'""""" PUFF (NCRGY Ritt A$l RAf t (V), NRC RtLtA$t FRACil0NS FOR PUU, AND c
t""""***1All (NtRGY RittA$t RAll (V), NRC Ritt Att FRAC 110NS FOR TAIL

RE AD(1,*) DIVAC(0), itVAC(0). IWID),
1 11(o; Dil(0),12(0), 012(0), (LIVIO),
2 t (0), ($11(1,0),1*l,NRC),
3 (t(0),($12(1,0),l'1,NRC)

C""*""" LOOP OVtR $UBGROUPS FOR CURR[N1 GROUP
DO 10D0 l$Gol,N$G

IF (1$G .to. 3) N$1*N$1*1
c++.**ue""**RI AD $UDGROUP INDEX, $UBGROUp FRt0VtNCY,
C"""""""$UBGROUP COND1110NAL PROBABILITY, AND CONDITIONAL PROBABILITY
C**"*"*"*"*FGR $0BGROUP DIVIDID BY SUM OF ALL SOURCI itRM FRCOU(NCit$

RE AD(1,*) !$GRP, SGF(I$G), SGCP(l$G), SGCPI
C"""""*"*CHtCK FOR NON,2tR0 $UDGROUP FREQUENCY 10 RIAD NACC$ R15K

-

gn o n"**"**Rtt0RDS FOR THl$ SI'%ROUP
_ IF ($6F(150) .01, 0,0) THEN

N51*N$f + 1
c.ne.n u.."***RE AD RtttA$t/[V4UA110N $1 ART DIFitRtNCE (fl 1tVAC). C

tVACUATION $1AR111MI, WAkNING 11MI, $1 ART CF PUFF RittAtt.
C"*"."ao"e""u"*"aeDURA110N OF PUFF RItt A$t, $1 AR10F 1 AIL RELL A$t,n eg.e u
C"""""*""" DURA 110N OF 1 All RELL A$t, RILEA$t (LEVATIC1 (M),

C""""."en".". ".o* PUFF INCRGV Rtlt A$t RAlt (V), NRC Ritt A$t FR AC110N$ FOR PUrf, ANDtAlt (NIRGY RittA$t RAlt (W), NRC RillA$t FF AC110NS FDR Tallrue a.
~

READ (1,*)OtVAC(ISG).TtVAC(ISG),TV(l?G).IlllSG),
1 Dil(I$G), 12(l$0). DT2(I$G), (LEY (ISG),
2 t)(156),($11(1,1$G),1*1,NRC),
a (t(15G),($1t(1,lSG),1*1#RC)'

VRlit(FILNAM,1003)$11[,N$1
0FlN (17. F ILl*FILN AM, ST ATUS* *0LD')

g.nu.aeo.e*****LOCATI TOTAL ( ARLY F ATAL11) INDEX
00 10 I*l,100000

LINT ** '
READ (12,1001,lND=2) LINI
Ir (IN0tx(LINT,'HE ALTH tFFICi$ CA$tS') .G1. 0) 1 HEN

RIAD(12,?001)(RLFAi,CANFA1,DO$t$0,00$t100,C0$1
7001 FORMAT (148.tll,2.////////,I4B.tll 2 /////////////////////////

1///////////////,148,(11.?,/,148.(11.2.////

7//////////////////////////////////////////////////
3//////////////////////////////////////////////////

4//////////////////////////////////////////////////
b//////////////////////////////////////////////////,146,[11.2)

WRITE (1,2002)N$1,!$0,$GF(ISG),$GCP(1$G),$6 CPI *
1[RLFA1, CANFAl, 00$t$0*100.0. D0$[100'100.0, COST

2002 F OR MA f ( i t ,15,11,3X , lP , t 10.4,3X , l P , t t 0. 4. 3X , l P ,( 10. 4, $X. l P, t 8. 2,
ISX,lP,tB,t,$X,lP,t8.7,$X,lP,tB.? 51,lP,t8 2)

IAR10LalAR10L*($GF(ISG)*ERLFA1)
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C Ari? 9t *C Ak t 0L* 1 $Gr ( 150) *C Ahr A1 )
00$010L * 00 $ $ 10L + ( $GF ( 150 ) * 00$! $0' 100. 0)
00$ 110L = 00$ 110L + ( $GF ( 150 )' 00$ t 100' 100. 0 )
00$t t0L =C0$1M +($GF (1$G)*CO$1)
GnTO t

th01F
10 C0hilNut

? CLO$t(It)
(L$t
VRitt(7,2003) 15G $$F(15G), $GCP(1$G), $GCPT

2003 FORMA 1(15 l l ,3K ,1 P , t 10. 4. 3X , l P ,(10. 4,3X ,1 F , t 10. 4 )
(N0!F

1000 CONTINUt
(NDIF

4000 CONTINut
VR!it(7.2000) (ARTOL, CANTOL, 0*$$10L. 00$liOL, C0$170L

2 b06 F OR MA1 ( // ,150,1 P , t B . 2, 57. . l P , t B . 7,51,1 P , t B . 2, $x , l P , t B ,2,5X ,1 P , t 8. 7 )
CLO$t(7)
CLO$t(1)
$10P

C'*"* FORMAT $1 AttMEN15
21f0RMA1(A,' RISK.0VT')

401 FORMA 1( A,'MACC$. !EP')

1001 FORMAT (A)
1003 FORMA 1(A,'MACC$,',lt.2)

(ND

s-
%)

6
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APPENDIX D

APET MODIFICATIONS USED IN MODELING POTENTIAL IMPROVENENTS

-

This appendix details the modifications that were made to the apt'is in
modeling_the potential improvements discussed in the main body of the report.

D.1 Improved HIS (Stand Alone Improvement)

For PDSs i, 3, 7, and 8, which are SB0 sequencn, ac power is not
available. The hardware unave' lability of the improved HIS in this case is
assumed to be.0.05. The first APET question that is modified is Question 21,
which asks whether the ' operators turn on the HIS. In the base case, this

question simply asked whether the operators positioned the HIS control switch to
ON; it did not actually question whether the ignitors operated. For the
improvement analysis, the meaning of this question was changed to include both
operator action to turn on the HIS and'ignitor operation. Along with this change
in meanirig, the HIS availability for the SB0 PDSs was changed to 0.80. This is !

simply the probability that de backup power is available (assumed to be 0.95)
multiplied by the probability that the operators turn on the HIS when required

(taken to be 0.84 from base case APET). Actu lly, the human error probability
in the base case SB0 APETs was 0.5, based on operator training not to actuate
equipment known to be inoperable (recall that the HIS required ac power in the
basecase). With a backup source of de power to the HIS, this quantification is
no longer valid, so the human error probability was taken from the PDSs that have
k. power. In PDS 10 (long term ATWS), which - has ac power, the hardware
availability was assumed to be 1.0 (either at or de power can be used to power
tho ignitors), thereby rcducing unavailability to the base case human errors

probability of 0.16.

The next APET question to be modified is Question 27, which addresses the

status of the His prior to vessel breach. The base case quantification of this
event was modified so that, if the HIS is turned on in Question 21, it is always
on pri_or to vessel breach. Conversely, if the HIS is not turned on in Question

D3
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21, then it is assumed to be off prior to vessel breach.

Question 28, which asks whether RPV injection is restored during core
degradation, is the next APET event to be modified. The base case APET modeled
human error dependencies in several places, in this question, for example, there
is a dependency between failure to turn the HIS of f when required and failure to
establish RPV injection from available systems. Case 6 was altered by adjusting
the split fraction for failure to recover injection upward to that used for Case
7 in the base case. This was done because it is now an error to not turn on the
HIS during an 580. Similarly, the split fraction for Case 7 was adjusted
downward, because turning the HIS on during SB0 is no longer treated as an error,
finally, the branch structure and split fractions for Case 8 were interchanged
with those of Case 9 and the HIS dependency on ac power was removed.

Question 41 asks whether diffusion flames consume the hydrogen released

prior to vessel breach. For the $80 PDSs (1, 3, 7, and 8), the HIS ac power
dependency removed from Case 4 and Case 5 was modified by including failure of
the Hl$ in an AND relationship with the other two questions. No modifications

were required for PDS 10 (slow ATWS).

Question 84 asks whether hydrogen ignition occurs in the containment at
vessel breach. This question was modified by adding operation of the HIS in an
OR relationship with the other questions in Case 2.

Question 85 is similar to Question 84, except that it questions ignition
following vessel breach. Case 2 was modified analogously to Question 84 to
include HIS operation.

Question 86 asks whether there is a hydrogen detonation in the wetwell
following vessel breach, Case 2 was modified to remove the His dependency on ac

,

power,

Question 110 addresses late ignition of hydrogen in the containment.
Case 3 was modified to include the HIS as a viable ignition source in an OR
relationship with ac power.

D4
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Question 111 asks whether there is a late hydrogen detonation in the j

j wetwell. Case 2 was modified to remove the HIS dependency on ac power. |

Question 114 asks about the peak pressure in containment produced by a late
hydrogen burn, Case 2 was modified to remove the HIS dependency on ac power.

; finally, sampling had to be turned off for those question cases that were
modified to prevent sampling from overriding the new split fractions. This was
done by making the appropriate changes to the sampling definition input file,
gxx_pntr.dat.

D.2 Enhanced Depressurization (Stand Alone Improvement)

For PDSs 1, 3, and 10, only Question 14, which addresses the status of
vessel depressurization, had to be modified, for this question, the branch split
fraction was adjusted such that the vessel was always depressurized. In PDSs 7

i and 8, this same modification was made, but Question 26, which addresses RPV

pressure during core degradation, also had to be modified, to remove the
dependency of depressurization on the existing de power system. This
modification was not required in the other PD$s, because de power from the

,

station betteries is always available. No changes had to be made to the sampling
definition input file, gxx_pntr.dat, because neither Question 14 nor 26 is

|- sampled in the base case.
1

0.3 Enhanced Vacuum Breaker Operability (Stand Alone Improvement)

Questions 54 and 98 address the amount of water in the reactor cavity
before and after vessel breach. These questions were modified so that the cavity
is-always dry, with the exception of PDS 8, where leakage from the recirculation
pump scals always results in a wet cavity. The sampling definition files were
madified, also, to turn off sampling for Question 54.

D5
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!

D.4 Containment Venting (Stand Alone Improvement)

Question 22, which addresses containment venting prior to core degraoation,
'

was modified for all PDSs such that venting occurs with a probability of 0.95.
Questions 103 and 119, which address containment venting after vessel failure,
were modified to remove the base case dependency on ac power, but the split

fractions were not modified. No modifications had to be made to the sampling

input files, because the venting questions wtre not sampled in the base case.

D.5 Upper Pool Dump (Stand Alone Improvement)

The only question in the APET that addresr e:, upper pool dump is
Question 53. In the base case, the probability of upper pool dump is 1.0 if ac

power is available and 0.0 otherwise. To analyze the potential pool dump
improvement, this probability was set to 1.0 for all cases. No changes were made
to the sampling input flies, because Question 53 is not sampled in the base case.,

D.6 Combined improvements - Dry Cavity Case'

for the combined sensitivity, the APETs for PDSs 1, 3, 7, and 10 a. vere
modified as follows. The improvement to the HIS was modeled as in the individual

improved HIS sensitivity with 100% dif fusion burn - ef ficiency. A detailed
discussion of the necessary APET modifications was presented earlier and will not

be repeated here.
4

The enhanced vessel depressurization was modeled slightly different for the

combined sensitivity than in the stand alone improvement described earlier. For
the combined sensitivity, the assumption was made that the reactor vessel was
depressurized 95% of the time. The 5% failure to depressurize in PDSs 1, 3, and
7 was due to the unavailability of the backup de power to the SRV solenoids. For
PDS 10, the assumption was made that the operators failed to depressurize the RPV

_

5% of the time. For POSs 1, 3, and 10, only the split fractions of Question 14
'had to be altered for the vessel to be depressurized 95% of the time. For PDS

7, Question 14 was similarly altered. Additional _1y, Question 26 of PDS 7 was

modified to remove the dependency of depressurization on the existing de power

D-6
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system. No changes were made to the sampling definition input file for these
modifications, because neither Question 14 nor 26 is sampled in the base case.

Hodifications to the APETs that would ensure that the reactor cavity
_ remains dry at the time of vessel breach are identical to those for the separate

,

dry cavity sensitivity analysis presented earlier.

The final modification for the combined sensitivities was an increase in
the probability that the operators get the FWS aligned so that low pressure
injection into the RPV occurs in fast SB0 sequences with the FWS available and
either no power recovery or all other emergency injection system f ailure. In the
base case, if the operators made no previous errors, the probability of getting
the FWS aligned was 0.872. If the operators had made an error, the probability |-

was 0.744. In the combined sensitivity, the split fractions for Question 28,
cases 8 and 9, were modified such that the probability of getting the FWS aligned
was increased to 0.95 regardless of whether or not the operators had made a
previous error during the scouence. Because this modification affects only the ,

fast 580 PDSs, only the APETs for PDSs 1 3, and 7 were .nodified. -No

modifications' were made to the sampling input file for this. improvement, as
Question 28, cases 8 and 9, are not sampled in the base case.

,

0.7 Combined improvements - Wet Case

The APET modifications were identical to those for the combined improvement

sensitivity described in Section D.6 except Questions 54 and 98, which address
| the amount of water in the reactor cavity prior to and_ at vessel breach, were

unmodified from the base case AT:Ts.-
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