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APPENDIX A

SUPPORTING INFORKATION FOR THE
ACCIDENT PROGRESSION ANAINSIS

,

INTRODUCTION,
1

| Appendix A contains information and details about the accident progression
analysis. Subsection A.1 contains a detailed description and listing of;

the accident progression event tree (APET) and the binners that group thea
? outcomes of evaluating the APET. Subsection A.2 contains a description and

listing of the ser function. The user function is a FORTRAN function
j subprogram called by EVNTRE when instructed to do so by the- event tree.

Subsection A.3 contains additiona1 information about the accident
progression analysis: basic information about the plant, a listing of the

.

i initialization questions (1 through 15) in the APET for each plant damage
j state (PDS), a discussion of the time periods used in the APET and -a,
j description of the ac power recovery data used in this analysis.

.

1 A.1 ACCIDENT PROGRESSION EVENT TREE

i A brief description of the Grand Gulf APET is given in Section 2.3 of the
main body of this report, and the binner is treated in Section 2.4. The
material in these sections is not repeated here. The 125 questions in the-;

Grand Culf APET are listed concisely in Table 2.3 1.- This appendix
; consists of four subsections. Subsection A.1.1 discusses each question in
i the Grand Gulf APET. The event tree itself is too large to be depicted

graphically and exists only in computer input fortrat , which appears in
Subsection A.1.2. Subsection A.1.3 discusses the binner in detail, and
Subsection A.1.4 lists the binner, which. like the APET itself, exists onlyin computer input format,

i
,a

|

.

f
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A.1.1 Dererietion of the Grand Gulf APET

Question 1. Vhat Is the Initiating Eventt
3 Branches Type 1

iThe branches for this question are:

1. T1hSP loss of offsite power transient.

2. T2 Transient with loss of the power conversion system.

3. TC ATWS (Anticipated transient without scram).

The branch taken in this question depends solely on the first PDS
characteristic (i.e., B1, B2, T2, or TC).

This question defines the initiating event. Three initiating events were
passed from the accident frequency analysis to the accident progression
analysis. The three that have been retained for further analysis are: loss
of offsite power, transient with loss of the power conversion system (PCS),
and ATWS. All of the TC PDSs involve failure of the standby liquid control
system (SLC).

For PDSs 1 through 8, all the probability is assigned to Branch 1. T14SP.
For PDSs 9 and 10, all the probability is assigned to Branch 3, TC.
Finally, for PDSs 11 and 12, all the probability is assigned to Branch 2,
T2.

Question 2. Is There a Station Blackout (Diesel Generators Fail)? *

2 Branches, Type 1

The branches for this question are:

1. SB This is a station blackout (SBO).
.-

2. nSB This is not an SBO.

The branch taken in this question depends on the first PDS characteristic.

This question determines whether there is any emergency ac power on
Divisions 1 and 2. An SB0 means that there is nc offsite power and the
diesel generators are not supplying power to the ems.feeney buses (i.e.,
neither of the two diesel generators for Divisions 1 at.J 2 is running).
All safety related ac equipment in the plant, except for the high pressure
core spray (HPCS) system, is powered from Divisions 1 and 2.

For the PDSs considered in this study, all of the loss of off site power
transients are' SB0s. The T2 and TC transients do not involve losses ofDivision 1 or 2 power. Thus, Branch 1, SB, is taken for PDSs 1 t.hrough 8,
and Branch 2 is taken for the remaining PDSs, 9 through 12.

A.1.1 1
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Question 3. Is DC Power Available?
2 Branches, Type 1

The branches for this question are:

1. ElfDC Ho de power on Divisions 1,2, and 3.

2. El DC DC power is available from Division 3 and either Division 1
or Division 2.

1
'

The branch taken for this question depends on the first PDS characteristic.

This question determines whether emergency de power is available on either
Divisions 1 or 2 at the time of core damage. The station batteries supply
de power to the following critical equipment: (1) vessel instrumentation
(level, pressure, etc.), (2) pilot - valves on the safety / relief valves
(SRVs) (allow automatic depressurization and relief function), (3) vessel
injection from the reactor core isolation cooling (RCIC) system, and (4)

f diesel generator starters.

For the PDSs analyzed in this study, ac power on either Division 1 or 2
assures that de power will be available on either Division 1 or 2.

For PDSs 'l and B, all the probability is assigned to Branch 1. ElfDC. For
the remaining PDSs all the probability is assigned to Branch 2, El DC.

|

Question 4. Do One or More Safety Relief Valves Fail to Reclose?
2 Branches Type 1

i

4

The branches for this question are:

1. EISORV One or more safety relief valves (SRVs) fail to reclose,
2. EinSORV No SRVs fail to reclose.

The branching ratio for this question is sampled; the distribution is
obtained from TEMAC4 and is the ratio of cut sets with stuck open SRVs to
the total number of cut sets for a given PDS.'

Failure of an SRV to reclose will result in the depressurization of the
reactor pressure vessel (RPV)-during core degradation. In this study, only
the short term station blackout PDSs have some probability of having astuck open SRV valve. For all of the other PDSs, the probability of havinga stuck open SRV is negligible.

For PDS 1, the TEMAC4 mean value quantification for this question is:

Branch 1: EISORV 0.052-

Branch 2: EinSORV -0.948-

For PDS 2, the TEMAC4 mean value quantification for this question is:

Branch 1:. EISORV 0.088-

Branch 2: EinSORV 0.9121-

A.1.1 2
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Por PDS 3, the TEKAC4 acan value quantification for this question is:

Branch 1: EISORV 0.054-

Branch 2: ElnSORV 0.946-

For PDS 7, the TEMAC4 mean value quantification for this question fw:

Branch 1: EISORV 0.040-

Branch 2: EinSORV 0.960-

For all of the other PDSs, all the probability is assigned to Branch 2,
EINSORV.

Question 5. Does High Pressure Core Spray Tail to Inject?
3 Branches, Type 1

The branches for this question are:

1. ElfHPInj The High Pressure Core Spray (HPCS) system is failed and
cannot be recovered.

2. ElrHPInj The HPCS system is failed but can be recovered with recovery
of ac power.

.

3. El HPInj The HPCS system is available.

The branch taken for this question depends on the PDS definition.

The HPCS system provides coolant to the reactor vessel during accidents in
which pressure remains high. The HPCS system consists of a single train
with motor operated valves and a motor driven pump. Division 3 (ac and de
power) is dedicated to t e HPCS system and its supports. Suction is taken
from either the condens te storage tank (CST) or the suppression pool.
Injection to the reactor vessel is via a spray ring mounted inside the core

j shroud. The pump can deliver $50 gpm against a reactor pressure oL 1177
i psig and a full flow of 7115 spm against a reactor pressure of 200 psig,

i The HPCS system is recoverable in PDSs 1, 2, 4, and 5 Thus, for these
four PDSs, all the probability is ' assigned to Branch 2 ElrHPInj. In all

t

the other PDSs, the HPCS system has failed, and therefore, Branch 1 i

ElfHPInj , is assigned to these PDSs. I
I

!Question 6. Does RCIC Fail to Inject Initia11yt
|2 Branches, Type 1

The branches for this question are:

1. ElfRCIC RCIC fails during core degradation.

2. El RCIC RCIC provides coolant injection during core degradation.

A.1.1 3
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1

This question is not used in the analysis and has been included only for
completeness. There are some sequences in which RCIC would be available
during core degradation, but its flow rate is insufficient to prevent core
damage, for these sequences it was estimated that the effect of RCIC on
accident progression was negligible.

The RCIC system provides coolant tc the reactor vessel during accidents in
which system pressure remains high. The RCIC system consists of a single
train with csotor. operated valves and a turbine. driven pump that draws steam
from the main steam lines. Turbine exhaust is dumped to the suppression
pool. Suction for this system is initially from the CST. Suction will
switch to the suppression pool on either low CST level or high suppression
pool level. RCIC requires de power to function. The RCIC pump can deliver
82$ gpm at. any pressure greater than 200 psig. RCIC is isolated by high
steam.line space temperature, steam line high differential pressure, high
turbine exhaust pressure, or low steam supply pressure.

For all the PDSs, except PDS 9, all the probability is assigned to Branch
1 ElfRCIC. For PDS 9, all the probability is assigned to Branch 2, El.
RCIC. The effect of RCIC on the accident progression for this PDS is
negligible and, therefore, is not explicitly modeled in subsequent sections
of this tree.

Question 7. Does the CRD Hydraulic System Fail to Inject?
3 Branches Type 1

The branches for this question are:

1. ElfCRD The control rod drive (CRD) hydraulic system is failed and
cannot be recovered.

2. ElrCRD The CRD hydraulic system is recoverable when ac power is
restored.

3. El.CRD The CRD hydraulic system is providing coolant inj ect. ion to
the reactor pressure vessel (RPV).

This question is not used in the analysis and has only been included for
completeneso. The availability of this system was assessed not to be
important to the accident progression because of the availability of other
injection systems. First, the HPCS system is recoverable when ac power is
restored in the dominant PDS, so the availability of the CRD hydraulic
system is not important, Second, in most SB0 sequences, the RPV is
depressurized by the time ac power is recovered. Once the RPV is at low
pressure, a variety of systems can provide low pressure coolant injection.

This question determines whether the CRD hydraulic system is used as a
backup cource of high pressure inj ec tion. The CRD pumps together can
achieve a flow rate of approximately 238 gpm with the reactor at 1103 psia.
This requires that the discharge path is through the hydraulic control
units' (HCOs) cooling headers. If instrument air is lost, the discharge
path is through the HCU charging headers, which restricM the flow to
approximately 165 gpm. The flow rate through this second path is assumed
to be insufficient for core cooling.

A.l.l.4
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Because this question is not used in subsequent sections of this tree, for
all the PDSs, all the probability has been assigned to Branch 1. ElfCRD.

Question 8. Does the Condensate System Fail?
3 Branches, Type 1

.

The branches for this question are:

1. ElfCond The condensate system fails and is not recoverable.
,

2. ElrCond The condensate system is recoverable when ac power _ is
restored. 5

3. Elacond The condensate system is available to inject coolant into the
RPV.

The branch taken for this question depends on the PDS definition.

This question determines whether the condensate system is available for low
pressure injection. The condensate system has three condensate pumps and
three condensate booster pumps. Since the condensate and condensate
booster pumps are rated at 9170 gpm and 9130 gpm respectively, flow from
any of the six pumps vill result in core cooling. The condensate pumps are
powered by the nonsafety related buses. To use the condensate system as
emergency low pressure injection to the reactor vessel, the operator must
open the air operated feedwater startup' valve.

The availability of this system is important only if HPCS, low. pressure
core spray (LPCS), and low pressure coolant inj ection (LICI) have all
failed.

For PDSs 7, 6, and 8, the condensate system has failed, Branch 1. For PDSs
1 through 5, the condensate system is recoverable when ac power is
restored, Branch 2. For PDSs 9 through 12, the condensate system is
available and can be used as a source of coolant injection once the RPV is
depressurized. --

Question 9. Do the LPCS and LPCI Systems Failt
4 Branches, Type 1

The branches for this question are:

1. ElfLPC Both LPCS and LPCI are failed and are not recoverable.
2. ElrLPC Either LPCS or LPC1 is recoverable when ac power is restored.

3. ElaLPC Either LPCS or LPCI is available to inject coolant into the
RPV.

4 El LPC Either LPCS or LPCI is providing - coolant injection to the
RPV,

The branch taken for this question depends on the third PDS characteristic
(i.e., 11 16).

; A.1.1 5
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Both the LPCS and LPCI systems provide coolant to the reactor vessel during
| accidents in which system pressure is low The LPCS is a single train.

I system consisting of motor. operated valves and a motor driven pump. The
| LPCS pump is rated at 7115 gpm, with a discharge head of 319 psig. The

,

; LPCI system is a three train system consisting of motor. operated valves and
! motor operated pumps. The three LPCI pumps are cach - rated at 7450 gpm.
} Division 1 provides ac and de power to the LPCS train and LPCI train A.
j Similarly. Division 2 provides power to LPCI Trains A and B. Suction is
j normally drawn from the svppression pool.
#

The LPCS system and the LPCI system are both automatically initiated _on the
; receipt of either a low reactor water level signal (.150 inches) or a high
{ drywell pressure signal (+2 psig).
|
' The LPCI system and the -different modes o f the - RHR system share many
L components. The residual heat removal- (RHR)- pumps A and B _are- common to
'

the LPCI, Suppression Pool Cooling (SPC) Shutdown Cooling (SDC), and
|-

Containment Spray (CS) modes. *

f Tor PDSs 2, 3. 6, 7, and 8, all the probability is assigned to ' Branch 1
ElfLPC. For PD$s 1, 4, and $, all the probability is assigned to Branch 2,,

'

ElrLPC. For PDSs 9 through 12, all the probability is assigned to Branch
3, ElaLPC.

:

Question 10. Does RRR Fail (Heat Eachangers'Not Available)?
4 Branches, Type 1

The branches for this question are:
!
'

1. ElfRHR The SPC mode is failed and cannot be recovered.

2. ElrRilR The SPC mode can be recovered when ac power is restored.

3. ElaRHR The SPC mode is available but not. operating.-

4. E14HR The SPC mode is operating. - -

The branch taken for this question depends upon the fourth PDS
charaetoristic (i.e. , Ill, H2, or 113)

<

This question determines the status of the: RHR heat exchangers.- The 3PC
and CS systems are two modes of the RHR system. 'In either the SPC or the
CS modes of operation, the RHR system can remove heat from the-suppression,

pool by passing water from the pool through heat -exchangers (with service
water on the shell side). _ In the . CS mode, _ water _ is sprayed into the
containment. The SPC system is manually initiated and controlled.- The CS ^

_

system, on the other hand, is automatically initiated and controlled.
.

For PDSs 2, 3, and 5. through 8, all the probability is1 assigned to Branch3-

i- 1. ElfRHR. For PDSs 1 and 4, all the probability is assigned to Branch 2"
ElrRHR. For PDSs 9 through 12, all the probability is assigned to Branch

.!
3, ElnRHR.

i.
.

}d

A.1.1 6~
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Question 11. Does the Service Vater System Cross-tie to LPCI Failt
3 Branches, Type 1

The branches for this questions are:

1. ElfSSW The standby service water (SSW) cross tie is unavailable and
cannot be recovered.

2. ElrSSW The SSW cross tie is recoverable when ac power is restored.

3. ElaSSW The SSW cross-tie is available.

This question is not used in the analysis and has been included only for
completeness. The availability of this system was assesr a not to be
important to the accident progression because of the ' of other,

injection systems. Grand Gulf has a variety of s" .. preside
LPCI.

The SSW cross tie system is used to provide a coolant make up source to
reactor vessel during accidents in which normal sources of emergency
injection have failed. The SSW cross tie system uses SSW Pump B to inject
water into the reactor via the LPCI system Train B injection lines. The
SSW cross tie system has no automatic actuation. The system must be
manually aligned and manually actuated.

Because this question is not used in this analysis, for all the PDSs all
the probability is assigned to Branch 1 ElfSSW.

Question 12. Does the Firewater System Cross tie to LPCI Fail?
3 Branet..e, Type 1

The branches for this question are:

1. ElfWS The firewater system (WS) cross tie is unavailable and
cannot be recovered.

-

2. ElofWS The WS cross tie is unavailable because of operator error.

3. ElaWS The WS cross tie is available (but not operating).

The branch taken for this question depends on the PDS definition.

This question determines whether the WS is used as a backup source of low-
pressure inj ection. The WS is a three train system, consisting of one
motor driven pump and two diesel driven pumps. The pumps can each nrovide
1500 gpm at 125 psig. During an SB0 only the two diesel driven pumps are
available. The WS , when used for injection, must be manually initiated
and controlled. The operator is required to align the system and to start
the pumps.

For PDSs 1 through 3 and 7 through 12, all the probability is assigned to
Branch 2, ElaWS. For PDSs 4, 5, and 6, all the probability is assigned to
Branch 2, ElofFWS.

A,1,1 7
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Question 13. Are the Containment (Wetwell) Sprays Pailedt

4 Branches. Type 1

The branches for this question are:

1. ElfCSS The CS system is failed and cannot be recovered.

2. ElrCSS The CS system is unavailable but can be recovered when ae,

'

power is restored.

| 3. ElaCSS The CS system is available, but not currently operating,
i

4. E1. CSS The CS system is operating.

The branch taken for this question depends on the fourth PDS characteristic
(i . e . , Ill, 112, or 113) .

The containment spray system is used to suppress the pressure in the
contairunent during accidents. The CS system is but one mode of the RitR
system and, as such, shares components with other modes.

The CS system is a two. loop system consisting of motor. operated valves and
motor driven pumps. There are two heat exchangers in series per loop.
Power is provided by Divisions 1 and 2 (ac and de). Water for the sprays
is taken from the suppression pool, passed through the RRR heat exchangers,
and returned through spray headers in the containment dome'. There are no
sprays in the drywell.

The CS system is automatically _ initiated and_ controlled. The CS system is
initiated by a high containment pressure, with a 10 minute time delay. At
this time, if containment pressure is +9 psig and drywell pressure is +2
psig, the CS system will initiate: first Train A and, - 90 seconds later.
Train B. Manual actuation is also possible.

For PDSs 2, 3, and 5 through 8, all the probability is assigned to Branch
1 ElfCSS. For PDSs 1 and 4, all the probability is assigned to Branch 2
ElrCSS. For PDSs 9, 11, and 12, all the probability is assigned to Branch
3 ElaOSS, and for PDS 10, all. the probability is assigned to Branch 4
El CSS.

Question 14. What Is the Status of Vessel Depressurizationt
4 Branches, Type-1

The branches for this question are:
!1. ElfDep The RPV cannot be depressurized.
|

2. ElofDep The RPV has not been depressurized because of _ operator error.

3. EinDep The RPV has not been depressurized although depressurization
is still'possible.

4. El-Dep The RPV was depressurized before core damage.

A.1.1 8 -
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The branch taken for this question depends on the stcond PDS characteristic
(i.e., P1, P2, P3, or P4).

The RPV con be depressurized by using either the automatic depressurization
system (ADS) (automatic or manual) or by manually actuating the 12 SRVs
that are not connected to the ADS logic. DC electric power is required to
open the SRVs. Therefore, if de power is not available, the RPV cannot be
depressurized.

During some accident sequences, an SRV may fail to reclose. Reactor
depressurization by this mechanism is considered in Question 26.

For PDSs 7 ;.od 8, all the probability is assigned to Branch 1, ElfDep. For
PDSs 9 through 12, all the probability is assigned to Branch 2, ElofDep.
For PDSs 1, 2, and 3, all the probability is assigned to Branch 3, EinDep.
For PDSs 4, 5, and 6, all the probability is assigned to Branch 4. El Dep.

Question 15. When Does Core Damage Occur?
2 Branches, Type 1

The branches for this question are:

1. CD Fat Core damage occurs in the short term (approximately 1 hour),

2. CD Siw Core damage occurs in the long term (approximately 12 hours).

The branches taken for this question depend on ' the sixth PDS
characteristic.

When core damage occurs in the short term, the plant damage states are
characterized by an early loss of all coolant injection to the RPV, a
subcooled suppression pool, and a relatively dry containment atmosphere.
On the other hand, when core damage occurs in the long term, the PDSs have
characteristics that include several hours of coolant injection to the RPV,
a saturated suppression pool, and a relatively high steam concentration la '

| the containment. --

The times used to represent the start of core damage were estiaated from
BVR LTAS code calculations presented in NUREC/CR 4550M and are consistent
with the times used in the accident frequency analysis. Core damage is
assumed to begin when the collapsed water level is 2 feet above the bottom
of the active fuel (BAF). For Branch 1, core damage in the short term, it
is assumed that core damage begins approximately 1 hour after the
initiating event. For Branch 2, core damage in the long term, it is
assumed that core damage begins approximatelv 12 hours after che initiating,

i event.

For the short term PDSs (i.e., PDSs 1, 2, 3, 7, 9, and 11), all the
probability is assigned to Branch 1, CD Fst, Similarly, for the long term
PDSs (i.e., PDSs 4, 5, 6, 8, 10, and 12), all the probability is assigned
to Branch 2, CD-S1w.

A.I.1 9
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. Question 16. What Is the Level of Pre existing Leakage of Isolation
I Failuro? '

3 Branches, Type 1

The branthes for this question are: i

1. Eint Nominal leakage from the containment. Leakage from the
containment is insufficient to prevent long term
pressurization.

2. E1L2 There is a pre existing leak that will slowly depressurize
the containment (requires more than 2 hours).

3. E1L3 There is a larSe, pre existing leak that - will rapidly
depressurize tFe containment (requires less than 2 hours).

This question is not sampled. The quantification of this question was based
on discussions with the system analyst and personnel at System Energy
Resources, Inc, (SERI).

This question defines the initial containment leakage icvel. While the
containment isolation system is generally fail-safe (air operated valves
are used that require power to remain open), some small lives may not be
closed off (particularly in an SBO). llowever, after review of appropriate
systems by the systems analyst, it was concluded that there was a "

necligible probability of isolation failures. There is, howe"er, some
prot ability that either a personnel hatch or the equipment hatch will not
be properly sealed, There are two personnel hatches. Each personnel hatch
has four inflatable seals and is tested once every 72 hours (technical
specification verification). The equipment hatch has a mechanical seal but '

,

has no 72 hour test. The quantification of this quertion is driven by
operator error. Thus, the probability that the operator fails to seal one
of these hatches properly was quantified using the procedures outlined in
the ASEP HRA guide. A-2 .The probability that one of these hatches is not
nobd w euct13 fu 3.5065. It is assumed that failure to seal the hatchesi

properly will result in a leak (second branch) rather than a rupture Tthird
branch).

The quantification for this question is:

Branch 1: EinL 0.9935-

Branch 2: E1L1 0.0065-

Branch 3: E1L3 0.0000-

Question 17. What Is the Level of Pre-existing Suppression Pool Bypass?
3 Branches. Type 1

The branches for this question are:

1. ElnSPB There is no bypass of the suppression pool (drywell to
containment air space) in excess of the nominal level. For
Grand Gulf, the nominal level corresponds to an equivalent
leakage area of 0.017 fta,

i
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2. El-SPB2 Suppression pool bypass is larger than the nominal value but
within technical specifications.

3. El-SPB3 There is a large pre existing pool bypass. The leakage is
large enough to prevent vent clearing for slow pressurization
for the drywell.

This question is not sampled.

This question determines the level of pre existing leakage from the drywell-
to the containment (wetwell) atmosphere (i.e., suppression pool bypass
level). The allowable (technical specification) limit is determined based
on containment spray performance following a large break loss of coolant
accident (LOCA). The nominal level, determined by test, is significantly
lower than the allowable technical specification level.

Failures of the drywell vacuum breakers and the personnel hatch were both
considered. The Grand Gulf plant has separate normal and post LOCA vacuum
breaker systems. The normal vacuum breaker system consists of an 8 inch
line with two air-operated valves in series. This system would be closed
upon the receipt of a lhCA signal. The post LOCA vacuum breaker system
consists of a 10 inch line through the drywell boundary with two branches
in the containment. At each end of the two branches is a motor operated;

~

valve in series with a check valve. Failure to close the drywell vacuum
breakers was assessed to have a negligible probability. The drywell has
one personnel hatch, which is very similar to the containment personnel
hatch. The drywell personnel hatch has four inflatable seals and is tested
once every 72 hours. Furthermore, this hatch is opened only during
refueling outages. The same method was used to quantify the failure to
seal this hatch properly as was used to quantify the failure of the
containment personnel hatch. The probability that the operator fails to
seal the drywell personnel hatch properly is 0.0004.

The quantification for this question is:

'~

Branch 1: EinSPB 0.9996-

Branch 2: El SPB2 0.0004-

Branch 3: El SPB3 0.0000-

Question 18. What Is the Structural Capacity uf the Containment?
1 Branch, Type 3, 4 Parameters

The branch for this question is:

1. Contain The scructural capacity of the' containment for both quasi- -

static pressurization and dynamic loads,
l
|

The parameters initialized in this question are: )
P21 PCFail The containment failure pressure (kPa) is read in as

Parameter 21.
|
1
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P22 CFRan A random number between 0 and 1 is read in as Parameter 22.
This number is used to determine the mode of containment
failure (from quasi static pressurization)

IP24 IMPCF The containment failure impulse (kPa S) is read in as
Parameter 24

P25 IKRanC A random number between 0 and 1 is read in as, Parameter 25.

This number is used to determine the odo of containment
failure (from dynamic loads).

All the parameters initialized in this question are sampled. The
distribution for the containment failure pressure, PCFail, is discussed in
Volume 2, Part VI, of this report. The distribution for containment
failure impulse, IMPCF, was provided by the Structural Response Expert
Panel, The distributions for the parameters CFRan and IMRanC are described
by uniform distributions between 0 and 1. The comparison of the failure
pressure with the load pressure, and the determination of the mode of
failure, take place in the user function called in a later question,

The assignment of the parameters based on the mean values of the aggregate
distributions is:

383, kPaParameter 21: PCFail -

Parameter 22: CFRan 0.50-

Parameter 24: IMPCF 19.5 kPa S-

Parameter 25: IMRanc 0.50-

Question 19. What Is the Structural capacity of the Drywell?
1 Branch Type 3, 5 Parameters

The branch for this question is:

1. Drywell The structural capacity of the drywell for both quasi static
pressurization and dynamic loading.

._
.

The parameters initialized in this question are:

P26 IPDWF The internal drywell failure pressure (kPa) is read in as
Parameter 26.,

P30 EPDWF The external drywell failure pressure (kPa) is read in as
Paranater 30.

P31 DWPRan A random number between 0 and 1 is read in as Parameter 31.
This number is used to determine the mode of drywell failure
(from both internal and external quasi static
pressurization).

P34 IMPDWF The external drywell failure impulse (kPa S) is read in as
Parameter 34

A,1,1 12
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| P35 IMRanD A random number between 0 and 1 is read in as Parameter 35.
This nwnber is used to determine the mode of drywell failure
(from dynamic loads),

All of the paratne te rs initialized in this question are satupled. The
distributions for both the internal and external drywell failure pressure,
IPDWF and EPDWP respectively, are discussed in Volume 2, Part VI, of this
report. The internal drywell failure pressure distribution represents the
structural strength of the drywell to loads inside the drywell (e.g.,

4

quasi static loads at VB). Similarly, the external drywell failure
"

i distributions (static pressurization and dynamic) represent the structural
strength of the drywell to loads in the wetwell (e.g., loads from hydrogen

i deflagrations or detonationa). In the assessment of the structural
capacity of the drywell, s,overal components of the structure were reviewed.
These components included the cylindrical wall, the drywell roof, . and the
drywell head. Based on this review, the drywell structure's weakest

,

component was assessed to be the cylindrical wall. The distribution for
the external drywell failure impulse, IMPDWF, was provided by the
Structural Response Expert Panel. The distributions for the paramoters
DWFRan and IMRanD are described by uniform distributions between 0 and 1.

The cottparison of the failure pressure with the load pressure and the
determination of the snode of failure take place in the user function, which
is called in a later question.

The assignment of the parameters based on the inean values of the aggregate
distributions is:

588 kPaParameter 26: IPDVF -

Paratneter 30: EPDWF 588 kPa-

Parameter 31: DWFRan 0,50-

Parameter 34: IMPDWF 33 kPa S-

Parameter 35: IMRanD 0,50-

Question 20. What Type of Sequence Is This (Summary of PDS)?
6 Branches, Type 2, 6 Cases '~

The branches for this question are:

1. Fst SB Station blackout PDS in which core damage occurs in
approximately 1 hour.

2. S1w SB Slow station blackout PDS in which core damage occurs in
approximately 12 hours.

3. Fat T2 Fast T2 transient PDS in which core damage occurs in
approximately 1 hour.

4. S1w T2 Slow T2 transient PDS in which core damage occurs in
approximately 12 hours.

5. Fst TC Fast ATWS PDS in which core damage occurs in approximately 1
hour. j

A.1.1 13
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6. S1w TC Slow ATWS PDS in which core damage occurs in approximately 12
.

hours.
.

This question is not sampled. The branching at this question depends upon
the branch taken at Questions 1, 2, and 15.

This is a summary question, and groups the PDS based on the initiator and
the time of core damage. ,

Case 1: This is an SB0 that has core damage in the short term
(approximately 1 hour). For this case, all the probability is assigned
to Branch 1, 5'st SB.

Case 2: '' is an SB0 that has core damage in the long term
12 hours) . For this case, all the probability is(approxim<' ,

assigned to suanch 2, S1w SB.

Case 3: This is a T2 transient that has core damage in the short term
(approximately 1 hour). For this case, all the probability is assigned
to Branch 3, Fat T2.

:

Case 4: This is a T2 transient that has core damage in the long term
(approximately 12 hours). For this case, all the probability is
assigned to Branch 4, S1w T2. <

iCase 5: This is an ATWS transient that has core damage in the short
term (approximately 1 hour). For this case, all the probability is

,

assigned to Branch 5. Fst TC.

Case 6: This is an ATWS transient that has core damage in the long ;

term (approximately 12 hours). For this case, all the probability is
assigned to Branch 6, S1w TC.

Question 21. Do the Operators Turn on the Hydrogen Ignition System Before
Core Damage?
2 Branches, Type 2, 2 Cases '-

i

The branches for this question are:

1. E2-HIS The operators turn the hydrogen ignition system (HIS). on
before core degradation.

,

2. E2nHIS The operators do not turn the HIS on before core degradation.

This question is not sampled. The branching at this question depends upon

the branch taken at Question 2.
,

This question considers the status of the hydrogen ignitors. The Grand
Gulf containment has a distributed HIS. Igniters are located throughout
the containment and drywell volumes. The function of the HIS is to prevent '

the buildup of large . quantities of hydrogen inside the containment during
accident conditions. This is accomplished by igniting, via a spark, small
amounts of hydrogen before it has had a chance to accumulate. The HIS ;

A.1.1-14 |
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consists of 90 General Motors ac Division glow plugs (Model 7G), 45 powered
by each division. The 1115 is manually actuated. The glow plugs would not
perform their function without ac power (i.e., in a blackout). )
This is the first question in a series of questions that involve operator
actions. The other questions that involve operator actions are Questions
22, 26, 27, and 28. The reliability of the operator to perform various
tasks depends on his previous performance. The likelihood that an operator

will perform a task correctly decreases as the number of previous errors
increases. Therefore, it is necessary to keep track of the number of
operator errors when quantifying these types of questions. In addition,

the performance of the operator before core damage is also important
because it indicates whether the operator is susceptible to these types of
errors. For example, core damage occurs in the T2, ATWS, and long-term SB0
PDSs because the operator failed to perform some task correctly.
Therefore, operator errors are more likely to occur in accident
progressions associated with these PDSs than in accident progressions
associated with a short term SB0 that did not occur because of operator
error. The relationships among these questions and the human reliability
analysis (llRA) used to quantify these questions are discussed in Subsection
A.3.3.

Case 1: In this case, there is no SBO. If core damage is incipient,
the emergency operating procedures (EOPs) instruct the operators to
turn on the igniters. A high probability of compliance is expected.
The quantification for this case is:

'

Branch 1: E2 IIIS 0.84-

Branch 2: E2nllIS 0.16-

Case 2: In this case, there is an SBO. For this case, it is not clear
what the operators will do. The EOPs instruct the operator to turn on
the HIS when the RPV level drops below the top of active fuel (TAF).
Discussions with SERI personnel, however, in- ate that operators are
trained not to actuate equipment that they know to be inoperable (llIS
requires ac power). Furthermore, because there is no ac power * TSBO),
the operator will not know the containment hydrogen concentration. It
is highly uncertain what the operator will do in this situation. The
quantification for this casc is:

Branch 1: E2 HIS 0.50-

Branch 2: E2nlils 0,50.

Question 22. Is the Containment Not Vented Before Core Degradation?
2 Branches, Type 2, 5 Cases

The branches for this question are:

1, E3nVent The containment is not vented before core damage.

2. E3 Vent -The containment is vented before core damage.

This question is not sampled. The branching at this question depends upon
the branch taken at Questions 1. 2, 6, 15, and 21.
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This question determines whether the operator successfully vents the'

containment when suppression pool cooling and containment sprays have
failed to reduce the primary containment pressure. The venting procedure

requires containment venting when the pressure exceeds 17.25 psig.i

The vent path is a 20 inch diameter purge exhaust line that is part of the
containment ventilation and filtration system. Containment venting
requires instrument air for opening the air operated dampers. The dampers
also require power from emergency ac Division 1 and 2 for operation of the
solenoids. Therefore, containment venting is not possible during a_ station
blackout. The llRA used to quantify Cases 1 and 2 is discussed in
Subsection A.3.3.

Case 1: In this case, the accident- sequence is a long term ATWS and
the operators have failed to turn on the 111S. The lipCS system provided
initial coolant inj ec tion to the RPV. Because this is an ATWS
sequence, the rate at which energy is released to the suppression pool
is greater than the capacity of the RIIR system. Thus, the suppression

.j pool becomes saturated, and the containment is pressurized. Because
the containment pressure will reach 17.25 psig and ac power is
available, venting procedures would instruct the operator to vent the
containment. However, because the ATWS sequence is dominated by
operator errors and for this case the operator also failed to turn on
the HIS, it is very unlikely that the procedures will be followed and
the containment vented. The quantification for this case is:

1.0; Branch 1: E3nVENT -

0.0Branch 2: E3 VENT -

'
Case 2: In this case, the accident sequence is a long term ATWS, but
the operators successfully turn on the HIS. This case is identical to
the previous case except that the operators do not fail to turn on the
11 1 S . Thus, there is a greater likelihood that the venting procedur,s
will be followed, The probability is still low, however, because the
ATWS sequence is dominated by previous operator errors. The
quantification for this case is:

--

0.805Branch 1: E3nVENT' -

0.195Branch 2: E3 VENT -

Case 3: In this case, the accident sequence is a short term ATWS with
some coolant injection provided by RCIC. The capacity of RCIC for this
case, however,- is insufficient to prevent core damage. It was
estimated that coolant injection provided by RCIC would not result in
significant suppression pool heating, so the containment pressure would
remain low. Thus, the containment is not vented. The quantification
for this case is:

1.0Branch 1: E3nVENT -

0.0Branch 2: E3 VENT -

Case 4: This case includes all other sequences that are not SBos.- In

these sequences, either core damage occurs in the short term, or
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containment heat removs1 is availabic. In either case, the suppression
,

pool remains subcooled, and the containment is not pressurized, Thus, I

the containment is not vented. The quantification for this case is:

1.0Branch 1: E3nVENT -

0.0Branch 2: E3 VENT -

Case 5: This case includes all the SB0 sequences. AC power is not
available in this case, so the containment cannot be vented. The

quantification for this case is:

1.0Branch 1: 03nVENT -

0.0Branch 2: E3 VENT -

Question 23. Do Any SRV Tailpipe Vacuum Breakers Stick Open?
2 Branches, Type 2, 5 Cases

The branches for this question are:

1. oSRVBkr At least one SRV tailpipe vacuum breaker sticks open.

2. cSRVBkr There are no stuck open SRV tailpipe vacuum breakers.

Cases 2, 3, 4, and 5 of this question are samplod; the distributions were
quantified internally. The branching at this question depends upon the
branch taken at Questions 4, 14, and 20.

This question determines whether one or more of the vacuum treakers on the
SRV tailpipes are stuck open. A stuck open tailpipe vacuum breaker
provides a pathway for suppression pool bypass, since gases released from
the vessel down the tailpipe would pass directly into the drywell. If the
drywell is failed, these releases will then pass directly. into the
containment and bypass the suppression pool. On the other hand, if the
drywell has not failed, these releases will enter the suppression pool
through the horizontal vents. Tailpipe vacuum breakers will open after the
associated SRV discharges steam through the tailpipe into the supp'riission
pool. When the steam in the tailpipe condenses on the pipe walls, a vacuum
is formed. The vacuum breaker prevents the tailpipe from drawing
suppression pool water into it. A stuck +open tailpipe vacuum breaker is
significant only if it is the vacuum breaker on the tailpipe for an SRV
that is expected to be open af ter core damage occurs. Thus, the cases
below consider which vacuum breakers are challenged by the sequence during
the boil down phase of the accident. This question roflects only
significant vacuum breakers sticking open (i.e. , ones that will result in 1

fission product releases bypassing the suppression pool). |
|

Case 1: There is a stuck open SRV, so the SRV tailpipe vacuum brenhers
are not repeatedly opened and closed. The probability of a stuck-open !

tailpipe vacuum breaker is negligible for this case The |
quantification for this case is: |,

|

,
Branch 1: oSRVBkr 0.00-

! Branch 2: cSRVBkr 1.00 i-

I
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Case 2: This case includes SBos and T2 transients in which core damage
occurs in the short term. The RPV is at high pressure. The SRVs are
cycled to maintain the RPV pressure. Because the SRVs are repeatedly
opened and closed, the SRV tailpipe vacuum breakers are demanded to
open and close a number of times. Thus, the probability that a
tailpipe vacuum breaker will stick open is not negligible. The mean
value of the distribution - used to determine the branching gives the
following quantification:

0,25Branch 1: oSRVBkr -
4

0.75Branch 2: cSRVBkr -
,

Case 3: This case includes all the accident sequences in which core
damage occurs in the long term and the RPV'is at high pressure. An in
Case 2, the SRVs are cycled to maintain the RPV pressure. The ,

difference in the number of times the SRVs are demanded in Caso 2 and
this case is not appreciable. Thus, the quantification for Case 2 was
also applied to this case, which gives the following quantification:

0.25Branch 1: oSRVBkr -

0.75Branch 2: cSRVBkr -

Case 4: The accident sequence is an ATWS in which core damage-occurs
in the short term. The RPV is at high presrure. Because of the rapid

boil off rate resulting from the ATWS, the low low set SRV is held vide
open prior to core damage, so its tailpipe vacuum breaker does not
cycle. Thus, the probability of the tailpipe vacuum breaker sticking
open in this case is reduced accordingly. The mean value of the
distribution used to determine the branching gives the following
quantification:

0,055-Branch 1: oSRVBkr -

Branch 2: cSRVBkr 0.945-

Case 5: The RPV has been depressurized prior to core damage, so the
SRVs are not cycled repeatedly. It is unlikely that an-SRV t'allpipe
vacuum breaker will stick open. The qu atification for Case 4 was also
applied to this case, which gives the following quantification:

0,055Branch 1: oSRVBkr -

I0.945Branch 2: cSRVBkr -

|

Question 24. Does AC Power Remain Lost During Core Degradation? ;
2 Branches. Type 2, 4 Cases |

|

The branches for this question are:

1. E4fAC AC power is not recovered prior to VB.

2. E4 AC AC power is recovered during core degradation.

Cases 2 and 3 of this question are sampled; the distributions sampled were
obtained from the offsite power recovery curves for the Grand Gulf plant.

A,1,1-18
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The branching at this querition depends upon the branch taken at Questions
2, 3, 15, and 24.

The probability of power recovery here is the probability that offsite
electrical power is recovered in the period in questioa given that power
was not recovered prior to the period (see Subsection A.3).

This question accounts for the delay recovery of offsite power. The time
period of interest here begins roughly when the collapsed water level is 24

- feet above the BAF and ends approximately 15 minutes before vessel breach
(VB). There must be no gap between the time to which the systems analysis
considered power recovery and the time at which this period starts in this

,

!

analysis. Thus, the start of this power recovery period is the time at
which the system analysts terminated their consideration of power-recovery,
which is roughly the onset of core degradation.

Case 1: DC power is not available. Without de power, it is assumed
that ac power cannot be restored within the time frame considered in
this analysis. The quantification for this case is:

1.0Branch 1: E4fAC -

Branch 2: E4 AC 0.0-

Case 2: This case is an SB0 that has core damage in the long term.
Power was not initially available, but recovery was possible. For the
long term seque.nces, the system analysts terminated their consideration-
of power recovery 12 hours after the initiating event. Code
calculations (see Volume 2, Part V, of this report) indicate that
significant core collapse will occur 2.7 hours after core damage
begins. Thus, the recovery period for this case is 12 hours to 14.7
hours, The mean value for power recovery durin5 this time period is:

Branch 1: E4fAC 0.81-

Branch 2: E4 AC 0.19-

Case 3: This case is an SB0 that has core damage in the shor't~ term.
Power was not initially available, but recovery was possible. For the
short term sequences, the system analysts terminated their
consideration of power recovery 1 hour after the _ initiating event.
Code calculations (see Volume 2, Part V, of this report) indicate that
significant core collapse will occur 2.35 hours af ter core damage
begins. Thus, the recovery period for this case is 1 hour to 3.35
hours. The mean value for power recovery during this time period is:

Branch 1: E4fAC 0.38-

Branch 2: E4-AC 0.62 ;-

1

Case 4: Power was previously available and therefore is still !
available. The quantification for this case is:

Branch 1: E4fAC 0.0-

Branch 2: E4-AC 1.0-

i
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Question 25. Is DC Power Available During Core Degradation?
2 Branches, Type 2, 4 Cases

The branches for this question are:

1. E4 fDC DC power is not availabic before VB.

2. E4 DC DC power is available during core degradation.

This question is not sampled. The branching at this question depends upon
the branch taken at Questions 2, 3, 15, and 24.

The station battery depletion time was internally quantified by the system
analyst ^ 8 A distribution was developed for Grand Gulf to model the
failure probability of the station batteries versus time for SB0 sequences.
From this distribution, the conditional probability of battery failure for
at given time interval was obtained. The median battery depletion time is
18 hours. Because of this long depletion time, battery failure is
important only for SB0 sequencer that have core damage in the long term and
for time periods late in the accident progression.

.

Several assumptions are made with regard to the rc16tibaship bEcween ac and
de power. If ac power is available, the emergency power system (EPS)
battery chargers are operational and will supply the de power. Thus, if ac
power is available, it is assumed that de power is available. On the other
hand, because de power is required for circuit breaker control power, once
the station batteries have failed, it is very difficult to get ac power
back to the safety systems. The circuit breakers can be moved manually,
but this is a very complicated and slow procedure. Thus, for the time
frame considered in this analysis, it is assumed that once de power is lost
ac power cannot be recovered. Without ac power, de power cannot be
recovered,

The time periods used for battery depletion are the same as the time
periods used for ac powet recovery.

.-

Case 1: DC power has already been lost. Once de power is lost, it is
assumed that it cannot be recovered. The quantification for this case
is:

Branch 1: E4fDC 1.0-

Branch 2: E4 DC 0.0-

Case 2: AC power is available and, therefore, de power is available.
The quantification for this case is:

Branch 1: E4fDC 0.0-

Branch 2: E4-DC 1.0-

A.1.1 20
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Case 3: This case is an SB0 that has core damage in the long term.
Thus, the time period is from 12 hours to 14,7 hours. The

quantification for this case is:

0.2Branch 1: E4fDC -

0.8Branch 2: E4 DC -

Case 4: The plant damage state is an SB0 that has core damage in the
short term. Thus, the time period is from i hour to 3.35 hours. The

probability that the station batteries fail in this interval is
negligible. The quantification for this case is:

0.0Branch 1: E4fDC -

1.0Branch 2: E4 DC -

Question 26. What Is the RPV Pressure During Core Degradation?
2 Branches, Type 2, 6 Cases

The branches for this question are:

1. E4 liiP The RPV is at high pressure (approximately 1055 psia) during
core degradation.

2. E4 lop The RPV has been depressurized prior to VB (less than 200
psia),

This question is not sampled and was quantified internally. The branching
at this question depends upon the branch taken at Questions 1, 2, 4, 14,
15, 21, 22, and 25.

This question determines whether the RPV was depressurized during core
degradation. To depressurize the RPV during this time regime requires
operator action. The llRA analysis used to quantify this question is
discussed in more de' ail in Subsection A.3.3.

Case 1: The RPV was depressurized prior to core damage and de power is
still available. DC power is required to keep the SRVs open. Without
de power, the SRV would close, and the RPV vould repressurize. The
quantification for this case is:

0.0Branch 1: E4 liiP -

1.0Branch 2: E4 lop -

Case 2: There is at least one stuck open SRV. The RPV will
depressurize through the stuck open SRV and will be at low pressure
prior to VB. The quantification for this case is:

0.0Branch 1: E4 111P -

1.0Branch 2: E4 lop -

9
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Case 3: The reactor vessel cannot be depressurited because either
there is a hardware failure or de power was lost. In either case, the

.SRVs cannot be kept open. The quantification for this case is:

1.0Branch 1: E4 litP -

0.0Branch 2* E4 lop -

Case 4: The accident secuence is a station blackout in which the
operators failed to depressurize the RPV prior to core damage. There
is some probability that the operators will fail to depressurice the,

RPV during core degradation. The quantification for this case is:

0,26Branch 1: E4 liiP -

0.74Branch 2: E4 lop -

Case 5: The accident sequences are T2 and ATWS in which the operators
succeed in turning on the 1115. In addition, for the long term ATWS,

the operators successfully vent the containment. Although the T2 and
ATWS sequences are dominated by previous operator errore, for this case
the operators do not commit any additional errors during core damage.
The quantification for this case ist

0.805Branch 1: E4 llip -

0.195Branch 2: E4. lop -

Case 6: The accident sequences are T2 and ATWS in which the operators
committed additional errors during core damage. The operators either
failed to turn on the llIS prior to core damage or for the long term
ATWS they failed to vent the containment. The quantification for this
case is:

Branch 1: E4 liiP 1.0-

0.0Branch 2: E4 lop -

J

Question 27. What Is the Status of the 11I8 Before VB7
'~2 Branches, Type 2, 7 Cases

The branches for this question are:

1, E4 ilIS The 111S operates during core degradation.

2. E4nilIS The llIS is inoperative during core degradation.

This question is not sampled-and was quantified internally. The branching
at this question depends upon the branch taken at Questions 2, 14, 20, 21,
24, 25, and 26.

This question determines the status of the llIS during core degradation.
The llRA analysis used to quantify this question is diccussed in more detail
in Subsection A.3.3.

Case 1: The llIS was not turned on before core-damage. If the llIS we.re
to be turned on during core degradation, it would provide a global
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ignition source for the hydrogen aircady accumulated in the
containment. Depending on the hydrogen concentration, the loads from ,

the burn could be quite severe and could threaten the integrity of the !

containment, thereby exacerbating the consequences. Thus, allowing the
operator to turn on the !!IS during core degradation would be an error i

of commission, which this analysis does not consider. The I
lquantification for this case is:
i

0.0Branch 1: E4 llIS -

1.0Branch 2: E4nilIS -

Case 2: This case considers accident sequences that are not SBos and
for which the HIS was turned on prior to core damage. There is no

reason for the operators to turn the HIS off. The quantification for

this case is:

1.0Branch 1: E4 HIS -

0.0Branch 2: E4nHIS -

Ocse 3: The accident sequence is an SB0 in which ac power is not
recovered prior to vessel breach (VB). The HIS was turned on prior to

core damage but is not functioning because there is no ac power.
Nothing has changed that would make the operators turn the HIS off.
The quantification for this case is:

1.0Branch 1: E4 HIS -

0.0Branch 2: E4nilIS -

Case 4: The accident sequence is a short term SB0 in which ac power is
recovered during core degradation. The operators have already failed
to depressurize the RPV. Because ac power was lost initially, the
operators do not know what the hydrogen concentration is in the
containment. Therefore, to avoid the possibility of a severe hydrogen
combustion event, the operators should _ turn the HIS off upon recovery
of ac power. However, because of the previous operator error, there is
an substantial likelihood that the operator will fail to turn off the
!!IS . The quantification for this case is:

0.128Branch 1: E4 HIS -

0.872Branch 2: E4nllIS -

Case 5: The accident sequence is a short term SB0 in which ac power is
recovered during core . degradation. The operators have successfully
depressurized the RPV. This case is the same as Case 4 except that the

operators have not committed a previous error. Thus, there is an
increased likelihood that the operators will turn the HIS off. The
quantification for this case is:

0.064Branch 1: E4 HIS -

0.936Branch 2: E4nHIS -

Case 6: The accident sequence.is a long term SB0 in which ac power is
recovered during core degradation. Previous operator errors resulted

A.1.1 23
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in core damage. Thus, there is a substantial likelihood that the
operator will fail to turn off the HIS. The quantification for this

case is:

0.16Branch 1: E4-ilIS -

0.84Branch 2: E4ntlIS -

Case 7: All of the accident sequences should correspond to one of the
previous siv. cases, so this case is not used. The quantification for

this caso is:

0.0Branch 1: E4 ilIS -

1,0Branch 2: E4nllIS -

Question 26. Is RPV Injection Restored During Core Degradation?
3 Branches. Type 2, 10 Cases

The branches for this question are:
'

1. E4nLPI There is no coolant injection into the RPV.

2. E4 LPI There is low pressure coolant injection to the RPV.

3. E4 ilPI There is high pressure coolant injection to the RP'l.
_

This question is not sampled and was internally quantified. The branching
at this question depends upon the branch taken at Questions 5, 8, 9, 12,
20, 24, 26, and 27.

This, question determines whether coolant injection is restored during core
degradation. The llRA analysis used to quantify this question is discussed
in more detail in Subsection A.3.3.

Case 1: AC power, which was initially unavailable, is now restored.
Because llPCS is recoverable once ac power is restored, there is a high
probability that coolant injection will be supplied to the RPV.- The
quantification for this casa is:

0.0Branch 1: E4aLPI -

0.0Branch 2: E4 LPI -

1.0Branch 3: E4 ilPI -

Case 2: The RPV remains pressurized, and there are no high-pressure
injection systems available. Thus, there is no injection to the RPV.
The quantification for this case is:

1,0Branch 1: E4nLPI -

0.0Branch 2: E4 LPI -

Branch 3: E4 IIPI 0.0-

Case 3: The RPV is at-low pressure and ac power is available. Because
either LPCS or LPCI is available, there is a high probability that

!
|
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coolant injection will be supplied' to the RPV, The quantification for

this case is:

0.0Branch 1: E4nLPI -

1,0Branch 2: E4 LPI -

0.0Branch 3: E4 HPI -

Case 4: The RPV is at low pressure, and ac power, which was initially
unavailable, is now restored. HPCS, LPCS, and LPCI have all failed, ,

The condensate system is available, but the operators must manually
align the system before coolant can be provided to the RPV, This
accident sequence is a long term SBO, In this accident sequence, core

damage occurs because of operator error. Nevertheless, the operators

successfully turned the HIS off once ac power was-recovered. Thus, the

{
operators have not committed any additional errors since core damage.
The quantification for this case is:

0,161Branch 1: E4nLPI -

0.839Branch 2: E4-LPI -

0.000Branch 3: E4 HPI -

case 5: This case is the same as the previous caso except that the
operators failed to turn the HIS off once-ac power was restored. Thus,
an additional operator error has been committed since core damage. The
probability that the operators successfully align the condensate system
is lower for this case than for the previous case, The quantification
for this case is:

0.322Branch 1: E4nLPI -

Branch 2: E4-LPI 0.678-

Branch 3: E4 HPI 0.000-

Case 6: The accident sequence is a short-term SBO. The RPV.is at low
pressure, and ac power, which was initially unavailable, 'is now
restored. HPCS, LPCS, and LPCI have all failed. The condensate system
is available , but the operators must manually slign the system' before
coolant can be provided to the RPV, The operators successfully turned
tr+ 4IS off once ac power was recovered. Thus, there have not been any
p) e.ous operator errors, and there is a high _ probability that the
operators will successfully align the condensate system. The
quantification for this case is:

Branch 1: E4nLPI 0,064-

0.936Br_nch 2: E4 LPI -

Branch 3:- E4 HPI 0.000-

Case 7: This case is.the same as the _ previous case except that the
operators failed to turn the HIS off once ac power was restored, Thus,
an operator error has been committed since core damage. The
probability that the operators successfully align the condensate system
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is lower for this case than for the previous case. The quantification
for this case is:

Branch 1: E4nLPI 0.128-

Branch 2: E4 LPI 0.872-

Branch 3: E4 -llPI 0.000-

Case 8: The accident sequence is a short term SBO. The RPV is at low
,

pressure and either ac power is unavailable or ilPCS , LPCS, LPCI, and |
the condensate system have all failed. The W5 is the only remaining !
backup coolant injection system thac is available. The operators must !

l manually align this system. For . the case in which ac power is
recovered, the operators turned off the 1115. Thus, there have not been
any previous operator errors, and there is a high probability that the ;

operators will successfully align the WS, The quantification for this
'

case is:

Branch 1: E4nLPI 0.128-

Branch 2: E4-LPI 0.872-

Branch 3: E4 ilPI 0.000-

Case 9: The accident sequence is a chart-term SBO. The RPV is at low
pressure, and 4.c aower has been restored, ilPCS, LPCS, LPCI, and the
condensate systen have all failed. The WS is the only remaining
backup coolant inj ection system that is available. This case is
similar to the previous case except that the operators failed to turn
the llIS off once ac power was recovered. Because of this previous
operator error, the probability that the operator will successfully
align the WS is reduced. The quantification for this case is:

Branch 1: E4nLPI 0.256-

Branch 2: E4-LPI 0.744-

Branch 3: E4 HPI 0.000-

Case 10: This case includes short-term SBos that have no available
coolant injection systems and long-term SB0s that do not have ac' power.
For the long term SBos the WS may be available, but the probability
that the operators will use it in this sequence is assumed to be
negligible. To Set to core damage in a long-term SBO, the operators
have already failed to use the FWS as an injection source. The
quantification for this case is:

Branch 1: E4nLPI - 1.07
'

Branch 2: E4-LPI 0.0-

Branch 3: E4-HPI 0.0-

Question 29. Is the Core in a Critical Configuration Following Injection
Recovery?
2 Branches, Type 2, 3 Cases

The branches for this question are:
:s

1. E4-Crit The core becomes critical following injection recovery.
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2. E4ncrit The core is suberitical.

This question is not sampled and was internally quaatified. The branching
at this question depends upon the branch taken at Questions 1, 2, 3, and

28.

This question determines whether the core becomes critical following
coolant injection recovery. In a boiling water reactor (BWR),'the control

(B C) compacted in stainless steel tubes.rods consist of boron carbide 4

The control rod material melts at approximately 1500 K, considerably lower
than the core relocation temperature (approximately 2450 K) . Therefore,

during core degradation, it is expected that the control blades will- be
among the first material to relocate. With a significant fraction of the
control blades removed and the core geometry intact, the potential exists -
for the core to go critical once water is restored to the vessel. This
situation will always arise during an ATWS event when coolant injection is
restored to the RPV (the control rods are never in the core during an ATWS-

event). There are several mechanisms, however, that will tend to reduce
the probability that the core will become recritical. First, when the cou
water is inj ec ted into the hot core, it is likely that the core. will
shatter and form a rubble bed. Similarly, if coolant is not restored to
the RPV until after core collapse, the core will again be in the form of a
rubble bed. The probability that the resulting rubble bed of core debris
will become recritical is low because it is more likely to be
undermoderated than the nominal geometry. Finally, the SLC system can be
used to inject baron into the vessel and thereby bring the core to a
suberitical condition. If the core does becomo critical, it is assumed
that the accident progresses to vessel failure (i.e., the core is not
coolable). (A detailed discussion of this subject and the case structure
used in this question can be found in Volume 2, Part VI, of this report.)

Case 1: The accident sequence is an ' ATWS that has had coolant
inj ec tion restored to the core. Because the control rods fail to
insert during the ATUS event and the operators have failed to initiate
the SLC system, the possibility exists that the core will go critical.
The quantification for this case is: --

Branch 1: E4 Crit 0.1-

Branch 2: E4nCrit 0.9-

Case 2: This case includes all accident sequences ' that are not
initiated by an ATWS event and that have had coolant injection restored
to the core. '.n this case, the operators can use the SLC as a method
to control the core reactivity. There is some small probability,
however, that the operators will fail to use this system. The
quantification for this case is: i

|

Branch 1: E4-Crit - 0.01 ;

0.99 |Branch 2: E4nCrit -

Case 3: Coolant injection has not been restored to the core, and
therefore, recriticality is - not a concern. Because the core is not
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being cooled, this case will' always, lead to: vessel" failure.. The-
quantification for this case is:

0.0Branch 1: E4-Crit -

1.0- -|Branch 2: E4ncrit -

.

Question M. What Is the Status of containment. Sprays?
4 Branches, Type 2, f cases

. - }
The branches for this question are:

1. E4fCS The containment sprays are failed and cannot be recovered.

2. E4rCS The sprays are recoverable when ac power is restored.-

3. E4aCS _The sprays are available but not currently operating.
~|.

4. E4.CS The spray _s are opsrating.
~

This question is not sampled-and=was. internally _ quantified. The branching:
at this question depends upon-the branch taken-at-Questions 1, 13,-15, 20,-
and 24.

This question determines the s.tatus = of the CS during core _ damage. .A ,

description of CS system is presented in Question 13.

Case 1: The CS system failed.before core damage ~'and is therefore not-
available_during core' damage. The quantification for'this case.is:

Branch 1: E4fCS 1.00--

Branch 2: E4rCS 0.00.-

Branch 3: E4aCS 0.00-
,

. Branch 4:' E4-CS 0.00-

Case 2: The CS system was in recoverable condition.before core damage. "

Because-ac power 'is not' recovered - during . core. damage, .this' system
remains recoverable'. The quantification for this-case is:-

,

Branch'1: E4fCS~ 0.00-

Branch 2: E4rCS 1.00--

Branch 3: iE4aCS -0.00- - -

Branch 4: E4_-CS 0.00'--

' Case 3: The PDS is a long term ATWS, and-the containment: sprays'were--

previously available. _ Thus,. a considerable amount of steam has- been;
3

generated from the. hot pool, and thel containment pressure -is high
enough to| trigger _ the sprays. . There - is --'some small- probability that

' this system will fail. The quantification:for this case is:
.

Branch 1: E4fCS =0,00-

Branch 2: E4rCS - 0.00-

r

'
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0.01Branch 3: E4aCS -

0.99-Branch 4: E4 CS- -

Case 4: The CS system was either previously available;- or the system
was recoverable, and ac power has been restored.. Tho : PDS- is a long-

..yterm SBO. Thus, a considerable amount of steam has_been generated-from.
'

the hot pool, and the containment pressure _is high 'enough to trigger-

the sprays - There is some small probability that _ this system will
fail. The quantification for_this case is:

q

0.00Branch 1: E4fCS -

0.00Branch 2: E4rcs -

-0.01Branch 3: E4aCS_ -

0.99Branch 4: E4 CS' -

Case 5: This case includes all of the' short term PDSs and the long.

term - T2. In - the short term PDSs, the- suppression pool remains
subcooled. In the long term T2, _ the RHR system - is used to - cool the
pool. Thus, the containment pressure is not-high enough to require the
sprays. The quantifi<' tion for *his-case is:

0.00Branch 1: E4fCS -

Branch 2: E4rCS 0.00-

Branch 3: E4aCS 1.00-

-Branch 4: E4-CS 0,00-

Question 31. What Amount of-Oxygen Is in the Vetwell During- Core
Degradation?-
1-Branch,. Type 3, 2. Parameters

The branch for this question is:
$

1. 02W The . amount of oxygen in the wetwell during core. degradation. .

The parameters initialized in this question:are:

P9 -02W - The amount of oxygen in the .wetwo111(kg moles) is read in as
Parameter 9.

P44 N2W -The-amount of nitrogen in _ the vetwellj(kg moles) is read in -
as Parameter 44,

'

~

'This question.is not sampled -and was internally quantified. To. determine
the amount of oxygen and nitrogen in the : containment, it was~ assumed that.

,

the containment atmosphere was an ideal : gas: that- consisted of; air with a' !
. relative humidity of 100%. Also, ' it _ was assumed that the containment

-pressure and temperature were 14.7 psia and 90*F, respectively.

:The assignment of-_the parameters-(kg-moles) isi !
_

'

Parameter 9: 02W 316--

Parameter 44: ' N2W 1191-
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Question 32. What Amount of oxygen Is in the Drywell During Core Damage?
1 Branch, Type 3, 1 Parameter

The branch for this question is:

1. 02DW The amount of oxygen in the drywell during core degradation.

The parameter initialized in this question is:

P10 02DW The amount of oxygen in the drywell (kg moles) is read in as
Parameter 10.

This question is not sampled and was internally quantified. The amount of
oxygen in the drywell was determined by multiplying the amount of oxygen in
the containment by the ratio of the drywell volume to the wetwell volume.
This neglects the temperature difference between the two volumes, but this
is a relatively minor effect.

The value assigned to the parameter (kg-moles) is:

Parameter 10: 02DW 61-

Question 33. What Amount of Steam Is Present in the Containment at Core
Damage?
1 Branch, Type 4, 1 Parameter, 6 Cases

The branch for this question is:

1. Il20W The amount of steam in the wetwell during core degradation.

The parameter initialized in this question is:

P1 Il20WW The amount of steam in the wetwell (kg-moles) is read in as
Parameter 1.

This question is not sampled and was internally quantified. The parameter
initialized in this question depends upon the branch taken at Questions 1,
2, 10, 13, 14, 15, 16, 20, and 22.

This question initializes the amount of steam in the containment during
core damage.

Case 1: There is a pre existing rupture or the operators vented the
fcontainment before core degradation. For this analysis, it was

estimated that there are no pre-existing cont 'nment failures (i.e., 1
isolation failure) that are the size of a rupture. In addition, in !
this analysis, the only scenario in which the operators will vent the
containment before core degradation is during a long term ATWS PDS.
The only other scenarios that would require venting are the long-term
SB0s, and in these plant damage states, ac power is not availabic
before core degradation. Thus, this case corresponds to a long term
ATWS PDS in which the containment was vented before core damage.
Because the containment has been vented, it is assumed to be at
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atmospheric pressure. In' addition it_is' assume'dethat-'the' air has'been-_

. purged out of . t.he containment by the s te am'. Thus , the containment ~
atmosphere consists only of steam.. The value assigned to the parameter-
(kPa) is: i

1582Parameter-1: H20W - -

Case 2: The PDS is a long term ATWS in which the- q cators have failed' .

to vent'the containment. Because _ the. energy input to - the suppression i

pool during this accident-exceeds the capacity of the suppression pool
cooling system, . the pool becomes saturated. The - steam released from
the saturated pool pressurizes the - containment ~ to the point _ that it-

.

eventually fails. The failure of the- containment - occurs before : core -
damage. Because thel containment has-~ failed, it is -assumed - to _ be . at
atmosphoric-pressure. In addition', it is-assumed that-the air has-been: !-

' Thus , - the containmentpurged out of the containment by : the steam. e

atmosphere consists only of steam. The value. assigned to the parameter ;
'

(kPa) is:

1582Parameter 1:- }!20W -

Case 3: The containment spray ' system in- conjunction with the RilR heat.
~

exchangers is . used to , cool the containment . atmosphere. ~Because the'
containment atmosphere is being c o ole'd ' it 'is assumed that the,

containment pressure and ' temperature :: are 14,7 epsia = and 90'F,'

,

respectively. To estimate the ; amount of= steam in:the' containment, it
is assumed that the - atmosphere -behaves as _ an ideal' gas and that it
consists of air with a relative humidity of 100%. The:value assigned 3

*
to the parameter (kPa) is:

Parameter 1: H20W ~- 75

Case 4: The-- PDS . .is a very11ong-term : SBO- (core : damage f occurs in
approximately 18 hours) in which.ac and de power _are lost and cannot be

a long term SBO, the suppression pool-recovered. Because this _is
cooling system is not avail'able, and- the pool becomes saturated- before
core damage. Extrapolation - of- a .BWRLTAS. run with (RCIC injection, .
procented in?NUREG/CRa4550H, indicates that the containment' pressure

-will be 498 kPa after 18 hours. To catimate the ~ amount of steam in the
containment, it is assumed'that the. total ~ pressure ;is: the - sum' of the
partial pressures of air and steami that thejair behavesLas-an: ideal'
_ gas, and that the pool and'- the . containment atmosphere are in--

equilibrium. The partial pressure of steam is assumed to correspond to
the saturation pressure-ofisteam basedion the temperature of the pool.
The_ temperature _of the pool is determined'such that when the saturation
pressure - of steam . is ~ added 1 to the . partial- pressure of air, both of
which are- based on the pool! temperature, the ' sum equals the total
pressure.in the containment. The value assigned to the parameter (kPa)

~'is :

Parameter.1: H20W 4235-

.

'

A.1.1-31

_ . _ . _ . -_ - , . . .a _ _ _2 - - - . _ .



_.

1

Case 5: The PDS is a long-term SB0 (core damage occurs in
approximately 12 hours) and the _ containment sprays are not operating.
The containment pressure at 12 hours is obtained from a BWRLTAS run
with RCIC injection presented in NUREG/CR 4550.^-1 The amount of steam
in the containment is obtained using the same method that was applied
in the previous case. The value assigned to the parameter (kPa) is:

2200Parameter 1: H20WW -

Case 6: Coro damage occurs in the short term (in ^approximately 1
hour), so the suppression pool remains: subcooled. Because the
containment atmosphere remains cool, it is assumed that the containment
pressure and temperature are 14.7 psia and 90'F, respectively. To
estimate the amount of steam in the containment, it is assumed-that the

atmosphere behaves as an ideal gas and that it consists of air with a
relative humidity of 100%. The value assigned to the parameter (kPa)
is:

75Parameter 1: H20WW -

Question 34. What Amount of Steam Is Present in the Drywell at Core
Damage?
1 Branch, Type 4, 1 Parameter, 6 Cases

The branch for this question is:

1. H20DW The amount of steam in the drywell during core degradation.

The parameter initialized in this question is:

P6 H20DW The amount of steam in the drywell (kg moles) is read in as
Parameter 1.

This question is not sampled and was internally quantified. The parameter
initialized in this question depends upon the branch taken at Questions 1,
2, 10, 13, 14, 15, 20, and 23. -

This question initia11zes the amount of steam in the drywell during core
damage. In all the cases except for the first, the amount of steam in the-
drywell was determined by multiplying the amount of steam in the-
containment by the ratio of the drywell' volume to the wetwell volume. This
neglects the temperature differerce between the two volumes, but this is a
relatively minor effect. The assumptions used in Case 1 are discussed in

-

the description of the case. This question's case structure is - -very
similar to that used in Question 33. The only difference is the first case-
in both questions. Thus, for a detailed description of the cases the
reader is directed to Question 33.

Case 1: A SRV tailpipe vacuum breaker is stuck open. This vacuum
breaker is located in the drywell. Some of the steam that is being
blown down to the suppression pool enters the drywell through this
vacuum breaker. It is assumed that this steam purges all of the air
out of the drywell such that the drywell atmosphere consists only of
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The pressure in the drywell is assumed to b'e atmospheric. The.steam. ,

value assigned to the parameter (kPa)-is: 1

|

305Parameter 6: - ll20DW -

Case 2: The.PDS is a long term ATWS. This case'is the same as Case 2
'

-

in Question 33. The value assigned to the parameter'(kPa) is: [

223'' Parameter 6: il20DW . -

Case 3:. The-containment spray system is " operating with -water passed
~

through the RHR heat exchangers (i.e', cold spray). The PDS is:not-a
long term ATWS,' Thus, the supprecsion pool'is subcooled and the sprays
are removing most of the steam from the containment- atmosphere.: This-
case is the same as Case 3 in Question 33. The'value assigned;to the-
parameter (kPa)'is:

.

14.5_Parameter 6: 1120DW -

,

Case 4: This case corresponds ~to a very long term SBO. This case-is- [
the same as Case 4 in Question 33. The value assigned to the paranieter,

(kPa) is:
a

817Parameter 6:- H20DW -

. long term - SBO in which theCase 5: This- case corresponds - to a
containment sprays are.not available.- This: case is tho-same as Case 5

in Question 33. The value-assigned to the parameter-(kPa) is: '

Parameter 6: .ll20DW 424-

Case.6: This case includes accidents in which core damage- occurs in1

the short term .(1.e. , l - hour); For -these accidents,_ the suppression
pool: remains subcooled,-so there is'only a sma11' amount of steam in th'o
containment atmosphere, rThis case =is the same. as . Case 6 in Question-
33. The value assigned to the parameter (kPa) is: '-~

i

Parameter 6: il20DW 14.'5--

Question 35. What Is the ' Total' Amount ~ of Ilydrogen .'_Releas e d In-Vessel-

During = Core Degrad6 tion? '-
1 Branch. Type 4. 1 Parameter. 6-Cases'

The branch for this question is:-

1. 'll2INVES - The amount = of, hydrogen released _in-vessel -during core
degradation, y

L Tho| parameter initialized-in this-question is: l
!-
t
L P2 ll2INVES The amount of hydrogen release in vessel _ (kg-moles) is_ read-

in asLParameter'2.

I
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The parameter initialized in this_- question is sampled. The distribution =
for the amount of -hydrogen release in vessel was provided by the _ In-Vessel ;,

Phenomenology Expert Panel. (A discussion of this issue is presented _in _j

Volume 2, Part I, of this report). The' parameter- initialized -in this:
question-depends upon the~ branch taken at Questions-1, 14, 26,_and 28.

~

The expert panel considered only. hydrogen _ production. for short term SBos
and short term ATWSs. It is obtimated that differences in the in vessel = J
phenomenology associated with short term PDSs~and long term PDSs are-minor
in terms of their effect on hydrogen production. In addition, . the melt

progression for the T2 PDSs is essentially the same as the SBos. Thus, the.
distributions provided by the' experts for the'short-term' accidents are also
used for the equivalent long term accidents. Furthermore.. the
distributions used for SB0 PDSa are also used for T2 PDSs.

Case 1: The PDS is - either a ; short-term or a long term ATWS.: The'RPV'
is at high pressure- and the - high. pressure injection - systems. are not
available. Thus, core damage beS ns with the RPV at high - pressure. - 1i

During core damage, the operators depressurize ; the RPV, which .~ allows - ;

the low pressure injection systems to provide coolant to the core. ~ Thel i

nean value (kg moles) of the aggregate distribution provided by the -
expert panel for this case is:

222Parameter 2: It2INVES -

Case 2: This case is the same as the previous case except - that the
operators do not depressurize the RPV; so the low pressure inj ection
system cannot be used to provide coolant to the RPV.- Thus, core-damage i

pro :eeds to VB without injection. being _ restored to the RPV. The mean-
value (kg-moles) of _ the aggregate' distribution provided by the expert
panel for this case is:

_

Parameter 2: il2INVES . 461-

Case 3: The PDS is not an ATWS. 'The RPV_.is at high pressure at the-
onset of core. damage. During core damage (i.e. , - the' time period from --

'

the onset of core damage to the_ timet that VB wouldL have '. occurred if '
injection had not been- restore) however, the vessel is depressurized,-

i .and coolant inj ection is restored to the ' RPV. _ - The restoration of
coolant injection to the RPV during core ' damage | does .not ' necessarily --

preclude VB. The issue of VB is considered - by -Questions 62 and - 63.
The mean value (kg-moles) of the aggregate distribution provided by the
expert panel for this case is:

'

1

i

Parameter 2: H2INVES :333. l-

l

Case 4: The PDS is not an ATWS. _The RPV is-depressurized at the onset-
of core damage. Coolant injection is restored to the RPV during core
damage. The mean value (kg moles) of the aggregate distribution
provided by the expert panel for this case.is:

Parameter 2: li2INVES - 283

i
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Case 5: .The PDS is not an ATWS. The RPV is at high pressure, and
coolant injection is not restored before VB, The mean value (kg-moles)
of the aggregate distribution provided by the .. expert panel for this- -

case is: I

l

450 ,Parameter 2: H21NVES -

|

Case 6: The PDS is not an ATWS , The RPV is at low pressure, and
'

coolant injection is not restored before VB. The mean value (kg-moles)
of the aggregato distribution provided by the expert panel for this
ct.se is:

466Parameter 2: H21NVES -

Question 36. -What Is the Level of In-Vessel Zirconium Oxidation?-

7 Branches, Type 5, 1 Case

The branches for this question are:

1. Zrox75 More than 75% -of the in vessel zirconium is oxidized before
VB.

2. Zrox50 Between 50% and 75% of the in-vessel zirconium is oxidized
before VB.

3. Zrox40 Between 40% and 50% of the in vessel zirconium is oxidized
before VB.

4. Zr0x30 Between 30% and 40% of the in-vessel zirconium is oxidized
before VB.

5. Zrox21 Between 21% and-30% of the in vessel zirconium is oxidized-
before VB.

6. Zr0x10 Between 10% and 21% of the in-vessel zirconium is oxidized
before VB. --

7. Zrox<10 Less than 10% of the in vessel zirconium is oxidized before
VB.

This question is a summary of the amount of hydrogen produced in-vessel
before VB, The amount of hydrogen produced is represented by the
equivalent amount of zirconium that must be oxidized to produce this amount
of hydrogen. In this question, the range of possible zirconium oxidation
is divided into discrete levels represented by the seven branches. The
various amounts of hydrogen produced in vessel (Parameter 2) are then
grouped, into the appropriate levels. To do this grouping, the amount of
hydrogen, Parameter 2, is compared with a series of comparison parameters
that represent various levels of zirconium oxidation. By doing this
grouping, the probabilities of the various levels of zirconium oxidation
can be determined. Furthermore, by representing zirconium oxidation by a
branch in this question, zirconium oxidation can-be used in the case
structure in subsequent questions (i.e., the probability or parameter
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assigned in a subsequent question can ~ be ' made dependent .on the- level of
zirconium oxidized assigned in t.his question). It should be noted that the
overpressure associated- with a hydrogen burn is determined by the actual
value assigned to Parameter 2 and not by a level defined in'this question.
Thesa levels -are used only to summarize the amount of: hydrogen produced.

Questbn 37. What Is the Containment Pressure During Core Damage?-
3 Branches, Type 6, 7 Cases

The branches for this question are:

1. E1P>3 The containment pressure -during core damage ,is greater than
300 kPa.

2. E1P>2 The containment pressure is between 200 kPa and 300 kPa.

3. E1P>l The containment pressure is between 100=kPa-and 200 kPa.

This question is not sampled and_was internally quantified. The branching _
at this question depends =upon:the. branch'taken at= Questions.1, 2, 10, 13,
14, 15, 16, 20, 22,- and 30. The containment' pressure is based: on the
amount of air, - steam, and hydrogen' present in = thei containment volume.
Modules in the user function subroutine are used to-calculate the pressure.

Case 1: There is _ either. : a pre existing- rupture or the' operators
vented the ' containment 'before core degradation. The containment
pressure is assumed to be at. atmospheric pressure (14.7 psia)'.

Case 2: The PDS_is a long; term ATUS in which the operators have-failed
to vent the containment._ Becauso the energy -input to the suppression
pool during this accident exceeds the capacity of.the suppression pool-
cooling system, the pool becomes saturated. The steam : released from'

the saturated pool pressurizes: the containment: to: the- point - that it-
eventually fails. The failure of the containment occurs before core- t

damage. Because the containment has; failed, _-it is nassumed to be at
atmospheric pressure. +-

Case 13: The CS ~ system in conjunction' with the - RHR heat exchangers is-

| used to cools the containment atmosphere. -Because the containment
atmosphere:is.being cooled,-it is assumed that its temperature is 90*F.
To estimate ' the containment 1 pressure, 'it ~ is'- assumed thate the-
containment atmosphere behaves ' as an, . ideal gas that ._ consists J of air,

'

(Parameters 9 and 44),Jsteam-(Parameter 1), and hydrogen (Parameter 2)'.

Case- 4 : The PDS is- a long-term SB0;- (core damage occurs in ,
approximately 12 hours), and for this case, the containment sprays are
recovered during core . degradation, . The .' sprays ' are accounted for in '
this- question by making 'sure that; the steam concentration- is less than >

55%, which then allows' for the-possibility of a hydrogen defir.gration.
'

The containment _ pressure . at - 12 hcura ' (i.e. , without hydcogen) was
_

obtained from a BWRLTAc run with RCIC injection ~. A* rhe amount of
steam in the containment was . determined in Question 33 -(Parameter:1) .
:If. the. concentration -of steam iis above 55% after the hydrogen 1 is
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release to the containment, the amount of steam is reduced until its I

Iconcentration is 55%. The pressure in the containment is then adjusted
to account for this reduction in steam and also for the addition of the
hydrogen. ;

Case 5: The PDS is a very long term SB0 (core damage occurs in
approximately 18 hours) in which ac and de power are lost and cannot be
recovered. The containment pressure at 18 hours (i.e, without
hydrogen) was based on an extrapolation of a BWRLTAS run with RCIC
inj ec tion s ^-1 The amount of steam in the containment was determined in
Question 33 (Parameter 1) . The ratio of the number of moles in the
containment af ter the hydrogen is released to the number of moles in
the containment without the hydrogen -is used to adjust the pressure to
account for the addition of the hydrogen.

Case 6: The PDS is a long term SB0 (core damage occurs in
approximately 12 hours), and the containment sprays are not operating.
The containment pressure at 12 hours (i.e., without hydrogen) was
obtained from a BWRLTAS run with RCIC- injection ^-1 The _ ratio of the
number of moles in the containment af ter the hydrogen is released to
the number of moles in the containment without the hydrogen is used to
adj us t the pressure to account for the addition of the hydrogen.

Case 7: Coro damage occurs in the short term (in approximately 1
hour), so the suppression pool remains subcooled. Because the
containment atmosphere is being cooled, .it is assumed that its
temperature is 90*F. To estimate the containment pressure, it is
assumed that the containment atmosphere behaves as an ideal _ gas that
consists of air. (Parameters 9 and 44), steam (Paramoter 1), and
hydrogen (Parameter 2).

Question 38. What Is the Level of Containment Leakage- due to Slow
Pressurization Before VB?
4 Branches, Type 6, 4 Cases

The branches for this question are: --

1. ESPnCL The containment does not fail fcom slow pressurization.

2. ESP CL2 The containment fails in the leak mode; nominal hole size is
20.1 f t .

3. ESP-CL3. The containment fails by rupture; nominal hole size is 7 ft ,2

4. ESP-CL4 The containment fails by catastrophic rupture. This failure
mechanism does not occur in this analysis but has been
retained in the tree for completeness.

The branching at this question depends upon the branch taken at Questions !
1, 2, 14, 15, 16, and 22. A module in the user function 'is used to l

determine whether the containment fails and, if so, the mode of failure. 1

In the user function, the containment pressure (Parameter 5) is compared to
the containment failure pressure (Parameter 21).

A.1.1-37 |
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The way the random number is used to determine the mode of containment j

failure is described in Subsection A.2. The method differs depending on j
whether the rate of pressure rise is fast or slow relative to the rate at

|
which a leak depressurizes the containment. For slow pressure rise, which 1

this question corresponds to, there is a conditional probability for each i
failure mode that is a function of failure pressure. The random number is

. used to select the mode based on these conditional probabilities. For fast
pressure rise, the conditional probability for each failure modo depends on
both the failure pressure and the load pressure, since the development of a
leak at the failure pressure will not arrest the pressure rise.

Case 1: There is either a pre-existing rupture or the operators vented
the containment before core degradation. In either case, the hole size
corresponds to a rupture.

1
\Case 2: The PDS is a long term ATWS in which the operators have failed |

to vent the containraent. Because the energy input to the suppression
pool during this e.ccident exceeds the capacity of the suppression pool
cooling system, the pool becomec saturated. The - steam released from
the saturated pool pressurizes the containment to the point where it
eventually fails. The user function is used to determine the mode of

| failure.

Case 3: The PDS is a very long-term SB0 (core damage occurs in
approximately 18 hours) in which ac and de power are lost and cannot be
recovered.

Case 4: This case covers all of remaining PDSs. In those PDSs, the
initial pressure is not high enough to threaten the containment.

| Question 39. What Is the Maximum Hydrogen Concentration in the Vetwell
Before VB?
6 Branches, Type 6, 7 Cases

The branches for this question are:
.-

1. HWW>20 The H2 concentration is in the range H2 h 20%.

2. HWW>16 The H2 concentration is in the range 16% s H2 < 20%.

3. HWW>12 The H2 concentration is in the range 12% s H2 < 16%.

4. HWW>8 The H concentration is in the range 8% 5 H2 < 12%.2

5. HWW>4 The H concentration is in the range 4% s H2 < 8%.2

6. NoHWW The H concentration is in the range H2 < 4%-2

The branching at this question depends upon the branch taken at Questions
16, 17, 20, 23, and 38. A module in the user function is used to determine
the hydrogen concentration in the wetwell based on the amount of air
(Parameters 9 and 44), steam (Parameter 1), and hydrogen (Parameter 2), and
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on the condition of the containment and ' drywell . The amount of hydrogen
that remains in the wetwell is stored as Parameter 3

It is assumed that all the hydrogen generated in the RPV before VB is
released from the vessel. Typically, the hydrogen released from the vessel
passes through the SRV tailpipes and is discharged into the suppression
pool. Once in the suppression pool, the hydrogen passes directly into the
wetwell volume. However, there are several pathways from which the
hydrogen can leave or be diverted from the wetwell. Some of the hydrogen
can enter the drywell, or if there is a failure of the containment
structure, it can leak out to the _ atmosphere. There are two ways that

hydrogen can enter the drywell before VB. The first path is th ough the

SRV tailpipe vacuum breakers. On each SRV tailpipe is a vacuun breaker
used to prevent pool water from being sucked up into the tailpipt . These
vacuum breakers are located in the drywell. If a vacuum breabr sticks
open, a portion of the hydrogen passed through the tailpipe is released
directly into the drywell. The second way hydrogen can enter the drywell
is if there is a large, pre-existing hole in the-drywell structure (e.g.,
failure of the drywell vacuum breakers). Hydrogen that is in.the wetwell
can pass back into the drywell via this . path. If there is only a small
hole in the drywell, the amount of hydrogen - leaked from the wetwell is
negligible and has therefo e been neglected. Similarly, if the mode of
containment failure is a leak, the amount of gases released from the
containment to the atmosphere has been neglected.

Case 1: The PDS is a long term ATWS, so the containnent is failed. In

addition, for this case, a tailpipe vacuum breaker 'is stuck open.
Because the containment failed early, it is assumed that all of the air
has been purged out of the containment and that a fraction of the
hydrogen is also released from the containment. The effect of the
stuck-open tailpipe vacuum breaker is that some of the -hydrogen is
released directly to the drywell volume.

Case 2: The containment has been ruptured, and there is a stuck open
tailpipe vacuum breaker. As in the previous case, the effect is that
some of the hydrogen is released directly to the drywell volume.
Because the containment failed during core damage, a fraction of the
gases in the wetwell were released from the containment. It is assumed
that all of the hydrogen is released to the wetwell volume before the
containment fails. Once the containment fails, a portion of . the
wetwell gas is released from the containment such that the containment
pressure is reduced to atmospheric. The composition of the released
gas is the same as that of the gas that remains in the containment.

Case 3: The PDS is a slow ~ATWS, and there are no stuck open tailpipe
vacuum breakers. This case is the same es Case 1 except that none of
the hydrogen is released directly to the drywell volume.

Case 4: The containment has been ruptured, and there are no stuck-open
tailpipe vacuum breakers. This case is the same as Ocse 2 except that
none of the hydrogen is released directly to the drywell volume.

|
.
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Case 5: The containment is intact or only leaking, and there is a
,

stuck open tailpipe vacuum breaker. Thus, some of the hydrogen is
released directly to the drywell volume.

Case 6: The drywell structure has been ruptured. Thus, some the

hydrogen initially released to the wetwell volume leaks into the
drywell volume.

|
Case 7: Both the containment and the drywell are intact or have only a

. small leak, and there are no stuck open tailpipe vacuum breakers,
l Thus, the hydrogen that is releaced from the vessel into the wetwell

remains in the wetwell.

Question 40. To What Level Is the Wetwell Inert During Core Degradation?
3 Branches, Type 5, 1 Case

The branches for this question are:

1. E4nWIn The wetwell is not inert; both hydrogen deflagrations and
detonations are possible.

2. E4-win 2 The wetwell is inert to hydrogen detonations.

3. E4-win 3 The wetwell is inert to both hydrogen detonat. ions and
deflagrations.

This question determines whether hydrogen detonations or- deflagrations are
possible in the wetwell before VB. A module in the user function is used
to calculate the mole fraction of steam, Y, t . , in the wetwell. Sherman
and Slezaka-' report that experimental results indicate that stoichiometric
hydrogen-air-steam mixtures with up to 35% steam can detonate. They also
report that the inerting mole fraction of steam, which is believed to be
independent of scale, is about 55%. Based on these values, the inerting
limits used in this analysis are:

'~

Y,t 2 0.55; Inert to detonations and deflagrations

0.55 > Y,t , t 0.35; Inert to detonations

0. 3 5 > Y,t.. ; Both detonations and deflagrations are possible

The wetwell is also considered inert to hydrogen combustion if the mole
fraction of exygen is less ti , 0.05.

Question 41'. Do Diffusion Flames consume *he Hydrogen Released Before VB? |2 Branches, Type 2, 6 Cases

The branches for this question are:

1. E4-Dif The hydrogen burns as a diffusion flame. |

I

2. E4nDif The hydrogen does not burn as a diffusion flame. |

|
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Coses 3, 4, and 5 of this question are sampled; the distributions were
quantified internally. The branching at this question depends upon the
branch taken at Questions 2, 20, 21, 24, 27, and 40.

This question determines whether the hydrogen ignites sufficiently early,
that is, before a large amount of hydrogen accumulates in the wetwell, such
that the pressure rise associated with the combustion is benign. Once.a
diffusion flame occurs, there will be numerous ignition sources in the
containment (hot surfaces, burning debris), Thus, if a diffusion . flame

occurs, all the hydrogen released to the wetwell before VB' is burned
benignly. If the-HIS is operating before core damage , . the hydrogen will -
burn as a diffusion flame,

Case 1: Either the wetwell is inert to hydrogen combustion, or the PDS
is a long term ATWS, All the oxygen is purged out of the containment
before core damage during a long term ATWS. In either case, diffusion

flames are not possible. The quantification for this case is:

0,00Branch 1: E4 Dif -

1,00.Branch 2: E4nDif -

Case 2: The PDS is not an SBO, and the HIS was turned on before core
damage. Thus, the HIS is operating while the hydrogen is being
released to the wetwell. The hydrogen will therefore burn as a
diffusion flame. The quantification for this case is:

Branch 1: E4 Dif 1.00-

Branch 2: E4nDif 0.00-

Case 3: The PDS is not an SBO. Thus, ac power is available, but the
operators failed to turn the HIS on. The hydrogen can still be ignited
by- ac sources. However, it is not certain that the hydrogen will be
ignited before a large amount of hydrogen. accumulates '.in the
containment. Although it is felt that the hydrogen is more likely than
not to burn as a diffusion flame, it is still possible that the
hydrogen will not be ignited until a large amount of it has accuinulated
in the containment. Thus, for this case, a uniform distribution
between 0.5 and 1.0 was used to characterize the probability that the
hydrogen will burn as a diffusion flame. The quantification for this
case, based on the mean value of this distribution, is:

Branch 1: E4 Dif 0.75-

' Branch 2: E4nDif 0.25-

Case 4: The PDS is an SBO. AC power is recovered during core damage,
and the operators turned 'the HIS on. Thus, if ac power is recovered
early enough, the hydrogen will be burned benignly. If, however, ac
power is recovered after a substantial amount of ' hydrogen has
accumulated in the votwell, the burn could threaten the integrity of
the containment. It is estimated that from the start of core damage,
there is a 15-minute time window in which the hydrogen can be ignited
and still ~ burn as a diffusion flame, After this point, there is a
rapid escalation in the production of hyirogen. The probability that
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the hydrogen will burn as a diffusionLflame is based on the probability-
that : ac power is ' recovered within 15 minutes from the . start of core l

damage. This probability-is calculated from the offsite. power recovery' -j
curves for the Grand Culf plant. The quantification forL this case,
based on the mean value of the: distribution, is:

0.12Branch 1: E4-Dif -

-0.88Branch 2: E4nDif -

Case 5: The PDS is an SBO, _ AC power is recovered during core damage,,
but the HIS is not operating, Thus, the- ignition - sources are those
associated with ac power. To reflect the' fact that the ac sources are'
not;as reliable an ignition source ' as : the _ HIS, ; the probability of' ..a
diffusion flame for - this case ' is half the probability used in: the-

previous . case. The quantification for . this case, ' based; on ther mean
value-of.the distribution, is:

0,06'Branch 1: E4 Dif .

0.94-Branch 2: E4nDif -

,

Case 6: The PDS is an SBO, and ac power is not recovered-during core.
damage. Thus, there are only random ignition sources. The probability:
that the hydrogen is ignited at_a low concentration from these sources

.

is negligible. The quantification for this-case is;

0,00Branch 1: E4-Dif -

Branch 2: E4nDif 1,00--

Question 42. What Is the Maximum Hydrogen z Concentration = in the ' Drywell
Before VB?
6: Branches, Type 6, 6 Cases.

The branches for this question are:

'1. HDW20 The 11 concentration-is in the_ range-H2 h 20%,-2
,,

2. HDW16 The.H2 concentration!is in the range 16% s H2 < 20%.

3. HDW12 .The H . concentration is in the range.12% $ H2 < 16%',2 ,

4,7 HDW 8 The H concentration is -in the range 8% s. H ' < 12%.2 2

5.- HDW4 - The Hz concentration is in the range 4% s H -< 8%,2

6. NoHDW The H2 concentration is in.the range H2 < 4% ,

The branching at this' question depends upon the branch taken at Questions-
16, 17, 20, 23, 38, and 41, A .modtile in the user function is used' toc

determine the: hydrogen concentration in the drywell based on the ' amount of
air (Parameter 10), steam (Parameter -6), and hydrogen (Parameter 2), and on :

-

the. condition of the containment and drywell. The amount of hydrogen that-
romains in the drywell.is stored as Parameter 4,
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There are two ways that hydrogen can enter the drywell- before VB. The j

first path is through the SRV tailpipe vacuum breakers. On each SRV i

tailpipe is a vacuum breaker used to prevent pool water from being sucked
up into the tailpipe. These vacuum breakers are located in the drywell .
If a vacuum breaker sticks open, a portion of the hydrogen being passed .

through the tailpipe is released directly into the drywell. The second way |
hydrogen can enter the drywell is if there is a pre-existing hole in the
drywell structure (e.g., failure of the drywell vacuum breakers). Hydrogen !

that is in the wetwell can pass back into the drywell via this path. I

However, if the hydrogen in the wetwell burns as a. diffusion flame, it is |
assumed that none of the hydrogen is able to leak back . into the drywell j

before the burn occurs.

It is estimated that significant hydrogen burns will not occur in the
drywell during core damage, regardless of the hydrogen concentration.- If
the HIS is operating (there are ignitors in the drywell), the hydrogen will
be burned as it accumulates, and the pressure rise will be negligible. The
dominant pathway for a large amount of hydrogen to enter the drywell is
through a stuck open tailpipe vacuum breaker. Not'only does hydrogen enter
the drywell via this pathway, but so does a large amount of steam. As the
drywell is pressurized, this mixture of steam, hydrogen, and air is vented
through the suppression pool and into the wetwell. Thus, the oxygen is
being depleted from the drywell. Scoping calculations performed with'
MELCOR M indicate that there is only a very brief period of time in which
the drywell atmosphere would be combustible. The probability that the
hydrogen would -ignite during this time period is estimated to be
negligible. It is also possible that the hydrogen will autoignite as it is
released from the hot vacuum breaker. If it does burn as it is released
from the vacuum breakers, the accompanying pressure risc will be relatively
benign (i.e., will not threaten-the drywell structure). In this analysis,
there are no pre existing ruptures.. Although-a pre-existing rupture could
potentially result in a significant quantity of hydrogen in the drywell, a
burn in the drywell for this case is not important because the drywall ir
already ruptured. For these reasons, - burns in the drywell before Vb are
not explicitly treated.

,,

The case structure used in this question is very similar to the case
structure used in Question 39. Question 39 determined the hydrogen
concentration in the wetwell, whereas this question determines the hydrogen
concentration in the drywell.

Case 1: The PDS is a long term ATWS in which a tailpipe vacuum breaker
is stuck open. In this PDS, the containment fails before core damage.
Thus, it is assumed that all of the a.ir bn baen 7.trgW. out of both the
wecueil and the drywell. The effect of the stuck open tailpipe vacuum
breaker is that some of the hydrogen is released directly to the
drywell volume. Thus, the drywell atmosphere is at atmospheric
pressure and consists of hydrogen and steam.

Case 2: The containment has been ruptured, and there is a stuck-open
ta11 pipe vacuum breaker. As in the previous case, the effect of the
stuck-open tailpipe vacuum breaker is that some of the hydrogen is
released directly to the drywell volume. Because the containment fails
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during core damage, a fraction of the-gases in the. drywell are removed
such that the pressure of the drywell is reduced to atmospheric. It is

assumed that all of the hydrogen released to the drywell volume enters
the drywell before the containment fails. Thus, the composition of the

drywell atmosphere does not change after the containment fails. Only
the total number of moles of gas changes.

Case 3: The containment is - intact or only leaking, but there is a
stuck open tailpipe vacuum breaker. Thus, some of the hydrogen is
released directly to the drywell volume.

Case 4: The drywell structure has been ruptured, and the hydrogen does
not burn as diffusion flame in the wetwell. Thus, some the hydrogen
initially released to the wetwell volume leaks into the drywell volume.

Case 5: This caso is the same as-the previous case except that drywell
structure has a laak in it rather than a rupture, Thus,'the amount of

hydrogen leaked back into the drywell is less for this case than it was
for the previous case.

Case 6: The drywell structure is intact, and there are no stuck-open-
tailpipe vacuum breakers. Thus, a negligible amount of hydrogen enters
the drywell.

Question 43. Do Deflagrations Occur in the Wetwell Prior To VB7
2 Branches, Type 2, 13 Cases

The branches for this question-are:

1, E4-WDf A deflagration occurs in the wetwell before.VB.

2. E4nWDf The hydrogen does not burn as a deflagration.

Cases 5 through 12 of this question are sampled. Distributions for the
,

ignition probability were provided by the Containment Loads Expert Panel.
(A discussion of this issue is presented in Volume 2, Part II, of~ this
report). The branching at this question depends upon the branch taken at
Questions 4, 14, 20, 24, 26, 39, 40, and 41.

Once the production of hydrogen begins, it continues at a rapid rate. Most
of the hydrogen is produced over a fairly short _ time- period. In this;

'

analysis, the probability of ignition and the resulting pressure rise are
therefore based on the total amount of hydrogen released to the wetwell
before VB. In this question, -the probability of ignitions depends on the
following three factors: availability _ of ac sources, the global hydrogen
concentration, and the RPV pressure. When ac power is available, numerous
ac sources are potential ignition sources. Thus, it is: assumed that if ac 1

t power is available and the hydrogen is in a combustible regime, it will ,

'

| ignite. This assumption was reviewed by the Containment Loads Expert
| Panel, and there were no objections. If ac power is not available, then

only random ignition sources are present. The. probability of ignition from
random sources is a function of ' hydrogen concentration. The ignition
probability increases with an increase in. global hydrogen concentration. |
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To calculate the global hydrogen concentration, it is assumed that the
total amount of hydrogen released _ to the wetwell before VB is dispersed
throughout the wetwel-1 volume. The RPV pressure af fects the way the
hydrogen is released from the vessel into the containment, When the RPV is
at high pressure, the hydrogen is periodically released through one SRV
tailpipe, so local " pockets" of hydrogen form that have hydrogen )
concentration higher than the global hydrogon concentration in the !

containment. When the RPV is at low pressure, the hydrogen is released
formly in the suppression pool, and the slee of hydrogen " pockets" ison

reauced accordingly. Thus, the ignition probability is generally higher
when the RPV is at high pressure than when it_ is at low pressure.

Case 1: Either the hydrogen burned as a diffusion flame, the wetwell
is inert to hydrogen combustion, or the PDS is a long term ATWS, in

any case, the hydrogen does not burn as a deflagration. The -
quantification for this case is:

0,00Branch 1: E4-WDf -

1, NBranch 2: E4nWDf -

Case 2: The RPV has been depressurized using the ADS, and the
concentration of hydrogen in the containment is less than 4%. For this
case, there is a negligible probability that the hydrogen will ignite.
The quantification for this case is:

0.00Branch 1: E4-WDf -

1,00Branch 2: E4nWDf -

Case 3: AC power is available during core damage, and there is
sufficient hydrogen in the wetwell to support a deflagration. Because
of the availability of ac sources, it is assumed that the hydrogen will
ignite. The quantification for this case is:

Branch 1: E4-WDf 1.00-

Branch 2: E4nWDf 0.00-

._

Case 4: The RPV is at high pressure or was blown down through a stuck-
open SRV, and there are no ac ignition sources. The _ global
concentration of hydrogen in the containment is less than 4%. However,
because the hydrogen is being released from one SRV, the potential
exists that the local concentration -of hydrogen is greater than 4%.
Thus, there is some probability that the hydrogen will ignite in this
range. The quantification for this case, based on the mean value of
the distribution, is:

Branch 1: E4 -WDf 0.18-

Branch 2: E4nWDf - 0.82

Case 5: This case is the same as the previous case except that the
global concentration of hydrogen is between 4% and 8%. The
quantification for this case, based on the mean value of the
distribution, is:
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Branch 1: E4 WDf ' O.23 l-

- - 0.77 .|Branch 2: E4nWDf
;

Case 6:- The-RPV has been depressurized using the ADS, and there are no
ac ignition sources. The global ; concentration of hydrogen in : the
containment is between 4% and 8%.'- - The quantification for this case, _
based on the mean value of-the distribution, is: ,

|

0.21Branch 1: E4 WDf -

Branch 2: E4nWDf .. 0.79-

Case 7: This case is the . same as the. Case.5 except.that the global
concentration of hydrogen : is between 8% 1 and ' 12% .1 The quantification ~ f

for this case, based on the mean value of the distribution, is:

0.28eBranch 1: E4 WDC -

0.72Branch 2: - E4nWDf .

Case 8: :This case ;is the - same _ as Ca s e -: 6 except '; that the global:
concentration of hydrogen is between ! 8% 'and 12%. The quantification=
for3this case,. based on the mean value'of the' distribution,.is:

,

Branch 1: . E4 WDf 0.28-

Branch 2: E4nWDf 0.72--

Case 9:- This case - is the - same : as LCase 5 except that the i global-
concentration.o! hydrogen _is between 12% and:=16%. -The quantification
for this. case, based on theinoan value-of:the distribution,-is:--

Branch 1: E4-WDf - 0.39:-

Branch 2: E4nWDf O.61'
-

Case 10: This case is the same as ' Case . 6 except that ; the global . ;
concentration of hydrogen sis- between 12% and _16%. .The'quantification - f

-

for this case,; based on the mean value of the-distribution,' is:
_

Branch 1: - E4 WDf . 0.38-

Branch 2:- E4nWDf: 0.62>

Case 11: This -c-case is the samo = asi Case 5 I except - that- | the global:-
concentration of_hydrogentis greater than 16%". :-The;quantification=for<
- this case, based on the mean value of the distribution,:is:

Branch 1: ; E4 WDf: 0.50 i-:

Branch 2: . E4 nWDf - 0.50-
'

-

Case 12: This case is-: the same t as Case J 6) except .- that the global
concentration of hydrogen is. greater than.16%.- The quantification for
this case, based on the-mean value.of:the distribution is:

. )y

Branch 1: E4-WDf !0.49 -
'

-

-Branch 2: E4nWDf - - =0.51

l

1
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Case 13: All of the possible cases were considered by the previous 12 ';
cases. Thus, this case should not be used.

i

Question 44. Is There a Detonation in the Wetwell Prior To VB7
2 Branches, Type 4, 1 Parameter, 8 Cases-

The branches for this question are:

1. E4 -WD t There is a detonation in the wetwell prior to VB. f

2. F4nWDt A significant detonation does not occur in the wetwell before
VB.

The parameter initialized in this question is:

P20 Imptoad The impulse loading from a detonation (kPa-S) is-read-in as
Parameter 20.

The detonation probabilities-and the parameter initialized in this question
are sampled. The distributions for the detonation frequency and the
accompanying impulse load were provided by the Containment Loads Expert
Panel. (A discussion of this issue'is presented in Volume 2, Part II, of
this report,) The branching at this question depa.nds upon the branch taken-
at Quostions 30, 39,.40, und 43.

The detonation probabilities used in this question are conditional on the
hydrogen having already been ignited (Question 43). In this question, the
probability of a detonation is a funct. ion the hydrogen concentration and
the amount of steam in the wetwell atmosphere. The Containment Loads
Expert Panel indicated. that -- there was - a negligible probability of a
significant hydrogen detonation if the hydrogen concentration was below
12%, High and low levels of steam were considered. The high steam-level.

corresponds to the case in which the wetwell atmosphere was initially inert
to detonations (i.e., mole fraction of steam was greater than 0.35);
however, the steam is slowly condensed and brought into . the detonable
regime by the recovery of sprays. The low steam-level corresponds!t'o the
case in which the steam concentration is low enoughr initially to allow a
detonable mixture to form.

The expert pane'. provided distributions for the impulse load.on the drywell
structure from a detonation in the wetwell. Because of the uncertainties
= involved with this issue-and the range of the-distribution, it is estimated
that these distributions can also be used to characterize the load on the
containment structure. Thus, Parameter 20 is not only used to quantify the
impulse load on the drywell structure, it is also -used to quantify the
impulse load on the containment structure.

Case 1: Either the wetwell is inert to hydrogen detonations (i.e.,

mole fraction of steam is greater than 0.35), or the global
concentration of hydrogen in the wetwell is below 12%. In either case,

A.1.1 47

J



_ .

a hydrogen detonation is not possible. The quantification for this
case is:

1

0.00Branch 1: E4 WDt .

Branch 2: E4nWDt - 1.00

Because Branch 1 is never taken, the value assigned to the parameter
for this branch is irrelevant. Because Branch 2 represents the
situation in which the hydrogen does not detonate, the value for the
impulse load assigned to this parameter is 0.0. In all the remaining
cases, the impulse load assigned to Branch 2 will also be 0.0.

Case 2: The _ wetwell has a high steam concentration (i.e., slowly
decreasing bel ow 35%), and the hydrogen concentration is in the range
1 2 % s 11 s 16%. The quantification for this case, based on the mean -2
value of the distribution, is:

0.22Branch 1: E4 -WD t -

0.78Branch 2: E4nWDt -

For Branch 1, the value assigned to the parameter (kPa-S), based on the
mean value of the distributio;., is:

Parameter 20: ImpLoad 5.8-

Case 3: The wetwell has a low steam concentration, and the hydrogen
concentration is in the range 12% s 11 < 16%, The quantification for2

this case is:

Branch 1: E4 WDt 0.00-

Branch 2: E4nWDt 1.00-

Because Branch 1 is never taken, the value assigned to the parameter
for this branch is irrelevant. As explained above, the impulse load
assigned to Branch 2 is 0.0.

--

! Case 4: This case is the same as Case 2 except that the hydrogen
concentration is in the range 16% s E1 < 20. The quantification for2
this case, based on the mean value of the distributior., is:

Branch 1: E4 -WDt 0.25-

Branch 2: E4nWDt 0.75-

For Branch 1, the value assigned to the parameter (kPa S), based on the
mean .alue of the distributionJ is:

Parameter 20: Imptoad 5.8-

Case 5: This case is the same as Case 3 except that the hydrogen
concentration is in the range 16% s 11 < 20%. The quantification for2
this case, based on the mean value of the distribution, is:
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'0.26'
~

Branch 1: ' E4 WDt -

0.74Branch 2: E4nWDt -

For Branch'1, the.v'alue assigned to the parameter (kPa-S), based on the
mean value of _ the distribution. - is:-

' q
12.4Paramorer--20: ImpLoad -

Case 6: This ~ case ' is the same_as_ Case 2 'except that J the hydrogenL
concentration is in-the range 112 't 20%. . The quantification for ?this '
case, based on the;mean value of the distribution.'is: I

'

-0.25 'Branch 1: E4 WDt -

0;75Branch 2:- E4nWDt .

?

For Branch 1~, the value assigned to the parameter-(kPa-S), based'on the I
mean value of the distribution, is: i

J5,8 ;Parameter 20: Imptoad -

case ' 7: This case is the . same - as : Case : 3 except that ._ the - hydrogen _-
concentration-is in;the range lia a 20%. -The quantification for4this >

case,' based on the mean value _of the distribution, is:- j

Branch 1: E4 WDt 0i45-

. Branch 2: E4nWDt 0.55-

4

For Branch 1,~the-value assigned to.the parameter.(kPa-S) . based on.the.-

mean value of the distribution, is:-

Parameter 20: Impload- _12,4-

'

Case 8: The' hydrogen in the wetwell.did notLignite before~VB. Thus,-a
detonation is not possible. ;The quantification=for this case is: !-

,

f Branch 1: '. E4 -WD t 0.00 ' ' ~
- .-

I Branch 2: E4nWDt - '1,00--
, ,

.

-Because Branch 1 is never taken, ~ the value assigned.to: the parameter
~

for this branch is-irrelevant.

Question 45. 'What Is~the Level of the Containment Impulse Load.Before VB?-
;

-7 Branches, Type 5,'1' Case

The branches;for this question are: 'i

- s.

1. IE-Ip>60 The-impulse is greater =than 60-kPa S.

y 2. .E-Ip>50' The impul'se is in the range 50's Impulse < 60 kPa S.

3. E Ip>40: .The impulse is'in the. range 40 sLImpulse-< 50 kPa-S.
1

4. E-Ip>30 The impulse is in the range:30 5 Impulse < 40 kPa-S.
1
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5. E Ip>20 The impulse is in the range 20 s Impulse < 30 kPa S.

6. E Ip>10 The impulse is in the range 10 5 Impulse < 20 kPa S.

7. E Ip<10 The impulse-is less than 10 kPa S,

This question is a summary of the detonation impulse loads ' (Parameter 20)
initialized in the previous question (Question 44), In this question, the

range of possibic impulse loads is divided into discrete icvels represented
by the seven branches. The various impulse loads are then grouped into the
appropriate levels. To do this grouping, - Qe impulse load, Parameter 20,
is compared with a series of parameters that define the various levels, By

doing this grouping, the probability of obtaining an impulse within a given
range can be determined. Furthermore, by representing the impulse load by
a branch in this question, the impulse load can be used in the caae
structure in subsequent questions (i.e., the probability or parameter
assigned in a subsequent question can be made dependent on the level of
impulse assigned in this question) . It should be . ncted that structural
failure due to a detonation is determined by the actual value assigned to
Parameter 10 and not by a level defined in this question. These levels are
used only to summarize the magnitude of the impulse.

Question 46. With Uhat Efficiency Is llydrogen Burned Prior To VB7
1 Branch, Type 4, 2 Parameters, 12 Cases

The brauch for this question is:

1, il2EfBVB The hydrogen burn efficiency before VB.

The parameters initialized in this question are:

P18 112EfVB1 The effective efficiency of a hydtogen combustion before VB.

P19 I!2Efv82 The actual efficiency of a -hydrogen combustion before VB,

The parameters initialized in this question are sampled. The distribdtions
for Parameters 18 and 19 were provided by the Contain.nen t Loads Export
Panel. A discussion of this issue is presented in_ Volume 2, Part II, of
this report. The parameters initialized in this question depend upon the
branch taken at Questions 39, 40, and 43.

The effective efficiency of a hydrogen burn, Parameter 18, is the ratio of
the peak overpressure, assigned by the expert panel, to the AICC pressure
fer the same set of conditions. The expert panel provided peak.
overpressures for various values of hydrogen concentration and for two
levels of steam concentration, llowever, the conditions in the wetwell do
not always correspond to the conditions considered by the expert panel.
Therefore, to generalize this information, the peak overpressure assigned I

to a set of conditions was divided by the appropriate AICC pressure. This -)
ratio represents an effective efficiency of the hydrogen burn. The peak j
overpressure is less than the AICC pressure because of incomplete
combustion, heat transfer to surrounding structures, and venting of wetwell
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gases into the drywell volume. To calculate the overpressure for a
different set of conditions, the AICC pressure was calculated for the new
set of conditions and then was multiplied by the effective burn efficiency,
Parameter 18, By doing this, the actual composition of the wetwell
atmosphere is properly accounted- for as well as the pressure reduction
factors considered by the expert panel.

ac nal efficiency of the hydrogen burn, Parameter 19, is the ratio ofThe e

the amount of hydrogen burned to the amount of hydrogen that was available
to be burned. This parameter is used to account for the amount of hydrogen
consumed during a hydrogen combustion event properly.

In this question, which is based on the results from the Containment Loads
Export Panel, the effective efficiency of a hydrogen burn is a function of
both the hydrogen concentration and the steam concentration in the wetwell.
The actual hydrogen burn efficiency is a function of only the hydrogen
concentration.

Case 1: There was no hydrogen deflagration in the wetwell before VB,
Because a burn does not occur, it follows that there is no peak
overpressure or burn completeness. The values assigned to the
parameters are:

Parameter 18: H2EfVB1 0.00-

Parameter 19: H2EfvB2 0.00-

Case 2: The steam concentration in the wetwell is high (i.e., between
35% and 55% steam), 'and the hydrogen concentration is less than . 4% .
The mean values of the distributions assigned to these parameters are:

Parameter 18: H2EfVB1 0.079-

Parameter 19: H2EfvB2 0.27--

Case 3: In this case, the steam concentration is low (i.e., less than
35% steam), and the hydrogen concentration is less than 4%. .The mean
values of the distributions assigned to these parameters are: '-

Parameter 18: H2EfVB1 0.00-

Parameter 19: H2EfVB2 0.27--

Case 4: The steam concentration in the wetwell is high (i.e., between
35% and 55% steam), and the hydrogen concentration is between 4% and
8%. The mean values of the distributions assigned to these parameters
are:

Parameter 18: H2EfVB1 0.28-

Parameter 19: H2EfvB2 0.27-

Case 5: In this case, the steam concentration is low (i.e., less than
35% steam), and the hydrogen concentration is between 4% and 8%. The
mean values of the distributions assigned to these parameters are:
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0,28Parameter 18: H2EfVB1 -

Parameter 19: H2EfVB2 - 0.27

case 6: The steam concentration in the wetwell is' high (i.e. , between
35% and 55% steam), and the hydrogen concentration is between 8% and
12%. The mean values of the distributions assigned to these parameters

are:

0.46Parameter 18: H2Efv81 -

0,74Parameter 19: H2EfVB2 -

Case 7: In this case, the steam concentration is low (i.e., less than
35% steam), and the hydrogen concentration is between 8% and 12%. The
mean values of the distributions assigned to these parameters are:

0.57Parameter 18: H2EfvB1 -

0.74Parameter 19: H2EfVB2 -

Case 8: The steam concentration in the wetwell is high (i.e., between
_

35% and 55% steam), and the hydrogen concentration is 'between 12% and
16%. The mean values of the distributions assigned to these parameters
are:

0,48Parameter 18: H2EfvB1 -

Parameter 19: H2EfVB2 0.88-

Case 9: In this case, the steam concentration is low (i.e., less than
35% steam), and the hydrogen concentration is between 12% and 16%, The
mean values of the distributions assigned to these parameters are:

Parameter 18: H2EfvB1 0.73-

Parameter 19: H2EfvB2 0.88-

Case 10: The steam concentration in the wetwell is high (i.e., between
35% and 55% steam), and the hydrogen concentration is greater than 16%,,

The mean values of the distributions assigned to these parameter's are:
~'

!
Parameter 18: H2EfVB1 0.49-

Parameter 19: H2EfVB2 0.93-

Case 11: In this case, the steam concentration is low (i.e., less than
35% steam), and the hydrogen concentration is greater than 16%. The
mean values of the distributions assigned to these parameters are:

,

Parameter 18: H2EfVB1 0.75-

Parameter 19: H2EEVB2 0.93-

Case 12: All the possibic cases have been considered by the previous
cases. Thus, this case should not used.
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Qocation 47. What Is the Peak Pressure in the Containment from a llydrogen
Burn?
6 Branchen . Type 6, 4 Cases

The branches for this questicn are:

1. PBrn>7 The peak overpressure is greater than 700 kPa.

2. I en>6 The peak oserpressure is in the range 600 s P < 700 kPa.

PBrn>$ The peak ovetpressure iw in the range 500 s P < 600 kPa...

1

4. PBrn>4 The peak overptsssure is in the range 400 s P < 500 kPa.

5. PBrn>3 The peak overpret.3ure is in the range 300 s P < 400 kPa.

64 PBrn<3 The peak overpressure. is less than 300 kPa.

The branching at this question depends upon the branch taken at nuestions
16, 22, 38, 41, 43, and 44 In this question, a module in the - user
function is used to determine the peak overpressure in the containment from
a hydrogen deflagration in the wetwell. The peak wetwell overpressure is
used to determine the 'ioad on the contaisunent structure. The calculations
are based on the composition of the wetwell atmosphere (i.e., rooles of
h drogen, air, and steam) and on the effectiveness of the burn (Parameters

18 and 19). In addition to determining the burn overprescure, this module
Mao adjusts the number of moles of hydrogen, oxygan, and steam that are
present in the wetwell after the burn based on the actual efficiency of the
burn.

The load on the drywell structure is - the peak wetwell/dryvell pressure
differential. The peak wetwell/drywell pressure difference that results
from a hydrogen deflagration is extrapolated from the vetwell peak
overpressure. Calculations performed previously with IECTRM aclate the
peak wetwell/drywell pressure differential to the peak wetwell overpressure
as a function of hydrogen concentration. These relationships were
incorporated into the user function. Thus, the peak wetwell/drywell
pressure differential is determined using the relationships extracted from
the HECTR calculations in conj unc tion - with the wetwell overpressure
calculated in this question. If a detonation occurs, the peak pressure
will occur well before the suppression pool vents clear. Therefore, if4

detonatien occurs, it is assumed that the peak wetwell/drywell pressure
differential is the same as the peak wetwell overpressure.

' The module of the user function used in this question returns the peak
wetwell overpressure in Parameter 11.and the peak wetwell/drywell pressure
differential in Parameter 12.

Case 1: The hydrogen in the wetwell does not ignite. Thus, tra e is
no overpressurr. and none of the hydrogen is consumed.

Case 2: CSc hydrogen ignites, and-there is either a large hole in the
contaivuent or the hydrogen burns as a diffusion flame. In either
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i case, the pressure rise is negligibic and does not threaten the drywell
structure. The moles of hydrogen, oxygen, and ste.o mio adjusted to
account for the burn.

Case 3: The hydrogen in the wetvell detonates. the peak*

vetwell/drywell pressure differential is the same as 'e ak wetvell
ove rp re. .sure .

Case 4: The hydrogen in the wetwell burns as a defla6 ration, and there
are no la :ge holes in the containment, j

Question 48. What Is the Level of Drywell Leakage Induced by an Early
Detonation in the Containmentt
3 Branches Type 6, 2 Cases

The branches for this question are:
,

1. EnDWDt The drywell does not fail from a detonation.

2. E DVDt2 A detonation induces a leak in the dryvell.

3. E DVDt3 A detonation induces a rupture in the drywell.

The branching at this question depends upon the branch taken at Question
*4. A module in the user function is used to determine whether the drywell
fails, and the mode of failure. In the user function, the impulse from the
detonation (Parameter 20) is compared to the structural capacity of the
drywell to dynamic loads (Parameter 34).

The way in wh'Ca the random number (Parameter 35) is used to determine the
mode of drywell failure is described in Subsection A.2. The method differs
depending on whether the rate of pressure rise is fast or slow relative to
the rate at which a leak depressurizes the drywell. For detonations, the
fast pressure rise method is used. For fast pressure rise, the conditional
probability for each failure mode depends on both the failure pressure and
the load pressure, since the development of a leak at the failure p're'ssure
will not arrest the pressure rise.

Case 1: There is a detonation in the wetwell. The impulse from the
detonation is compared to the structural capacity of the drywell to
determine whether the drywell fails.

Case 2: A detonation does not occur in the wetwell before VB. Thus,
the drywell does not fail from a detonation.

Question 49. What Is the Level of Containment I.eakage Induced by an Early
Detonation in the C'ntainment?
3 Branches, Type 6, 3 Cases

The branches for this question are:

1. E4nDtF The containment does not fail from a detonation.

.
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2. 04 Dt2 A detonation induces a leak in the containment. ;

|
3. E4 Dt3 A detonation inc'uces a rupture in the containment. '

The branching at this question depends upon the branch taken at Questions
44 and 48. A module in the user function is used to determine whether the
contaitment fails and the mode of failure. In the user function, the
impulse frem the detonation (Parameter 20) is compared to the structural
capacity of the containment to dynamic loads (Parameter 24).

The way in which the random number (Parameter 25) is used to determine the
mode of contais: ment failure is described in Subsection A.2. The method
differs depending on whether the rate of pressure rise is fast or slow

the rate at which a leak depressurizes the containment. Forrelative d'

detonations, the fast pressure rise method it used.

Case 1: The drywell failed (either a leak or a rupture) from a-i

detonation in containment. This case was included in this question to
allow coupling between the drywell response to a detonation and the
containment response. In this analysis, the structural response of the
drywell to dynamic loads (Parameter 34) was correlated to the
structural capacity of the containment (Parameter 24). Thus, this
coupling has already been taken into account, and no additionala

coupling is applied in this case.
,

Case 2: There is a detonation in the wetwell, and it does not fail the
drywell, llowever , because the contal.w:nt is not as strong as the
drywell, there is still some probability that the containment will
fail.

Case 3: A detonation does not occur in the wetwell before VB. Thus,
containment does not fail from a detonation.

Question 50. What Is the Level of containment Leakage Before VB?
4 Branches, Type 6, 4 Cases

,,

The branches for this question are:

1. E5nCL The containment does not fail before VB.

2. ES CL2 The containment fails in the leak mode; nominal hole size is
0.1 f ta,

3. E5 CL3 The containment fails by rupture; nominal hole size is 7 fta,

4. ES CL4 The containment fails by catastrophic rupture, This failure
mechanism does not occur in this analysis but has been

I
retained in the tree for completeness.

The branching at this question depends upon the branch taken at Questions
16, 22, 38, 43, and 49. A module in the user function is used to determine
whether the containment fails, and the mode of failure. In the user
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function, the peak pressure in the containment (parameter 11) $s compared
to the containment failure pressure (paramotor 21).

The way in which the random number (Parameter 22) is used to determin? ti e
mode of containment failure is described in Subsection A.2. The motht d
differs depending on whether the rate of pressure rise is fast or sir 4 |

'

relative to the rate at which a leak depressurizes the containment. "no
fast pressure rise method is used when the loading on the containment is
from a hydrogen burn.

Case 1: The containmen; either had a ore existing rupture, was vented
before core damage, was ruptured by a . sw pressurization event during
core damage, or was ruptured by a detonation, in any case, the
containment is ruptured.

Case 2: There were no deflagrations in the wetwell before VB. The
containment is, however, leakinB. The leak is either from a pre-
existing Icak or was caused by a slow pressurization event in the
ccatainment (e.g., accumulation of steam). Thus, ne events have
occurred that would cause the leak to expand into a rupture.

Case 3: A deflagration occurred in the wetwell before VB. The
containment has failed in the leak mode either by'a pre existing leak,
by a slow pressurization event or by a detonation. Because a leak will
not arrest the pressure rise associated with a hydrogen deflagration,
the containment can still fail in the rupture mode for this case.
Thus, it is certain that the containment failure mode will at least be
a leak, and there is some probability that the failure mode will be a
rupture.

Case 4: A deflagration occurred in the wetwell before VB, and the
containment was intact before the burn. Thus, depending on thc
pressure rise associated with the burn, the containment can either
remain intact, fail in the leak mode, or fail in the rupture mode.

Question 51. What Is the Level of Dryvell Leakage Induced by Cont'ainment
Pressurization?
5 Branches, Type 6, 5 Cases

The branches for this question are:

1. EnDVDf The drywell does not fail before VB.

2. E DWDf2 The drywell fails in the leak mode at the drywell wall.

3. E DWilDf2 The drywell fails in the leakage mode at the drywell head.
In this analysis, it was assessed that there was a negligible !
probability that the drywell head would fail before the !

dryvell wall. Thus, this failure location does not occur in i
this analysis but has been retained in the tree for I
completeness. I

|
|
.
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4 E Dk'Df 3 The drywell fails in the rupture mode at the drywell wall.

5. E DWDf 3 The drywell fails in the rupture mode at the drywell head.
In this analysis, it was assessed that there was a neg?!gibic
probability that the drywell head would fail before the
drywell vall. Thus, this failure location does not occur in
this analysis but has been retained in the tree for
completeness.

The branching at this question depends upon the branch taken at questions
17, 46, and 50. A module in the user function is used to determine whether
the drywell fails and the mode of failure. In the user function, the peak
wetwell/drywell pressure differential (Parametet* 12) is compared to the
drywell failure pressure (Parameter 30).

1
' The way in which the random number (Parameter 31) is used to determine the

mode of containment failure is described in Subsection A.2. The method
differs depending on whether the rate of pressure rise is fast or slow
reintive to the rate at which a leak depressurizes the containment (or
pressurizes the drywell) . The fast pressure rise method is used when the
loading on the drywell is from a hydrogen burn.

Containment failure by rupture has been included in the case structure for
this question to allow for the load on the drywell structure to be reduced
because of the pressure relaxation associated with the containment failure.
A scoping study was performed with MELCORA-5 to investigate the effect
containment failure has on the peak wetwell/drywell pressure differential.
The hydrogen concentrations typically encountered in this analysis result
in very rapid hydrogen burns. Because the pressure rise associated with
these burns is rapid, the effect of the containment failure on the peak
wetwell/drywell pressure differential is minor. Thus, the cases with
contei nment failure are not handled any differently than those without
containment failure. These cases have been I-tained only for the sake of
completeness.

t

Case 1: The drywell has already failed in the rupture mode'. ~ The
failure is caused by either a pre existing failure or by a detonation.

1

Case 2: The drywell has already failed in the leak mode, and the
containment has failed in the rupture mode. Depending on the pressure
rise from the deflagration, it is possible that the drywell leak will
increase to a-rupture.

Case 3: The drywell wes intact before the burn, but the containment
j has failed in the rupture mode.

Case 4: The drywell has already failed in the leak mode, The
containment is either intact or has failed in the leak mode.

Case 5: The drywell was intact before the burn, and the containment is
either intact or failed in the leak mode,

i
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Question 52. What Is the Level of Supprassion Poo1~ Bypass Following Early
Combustion Events?
3 Branthes Type 2, 5 Cases

The branches for this question are:

1. E5nSPB The drywell is intact before VB.

2. ES SPB2 The drywell fails by the leak mode before VB.

3. ES SPB3 The drywell has failed by rupture before VB..

Cases 2 and 4 of this question are sampled. Distribution for the drywell
failure induced by vacuum breaker failure was internally quantified. The
branching at this question depends upon the branch taken at Questions 17,
24, 41, 43, 48, and St.

This question summarizes the levels of drywell failure (e.g., from
detonations and deflagrations) that occur before VB, In addition, drywell
failures from failed drywell vacuum breakers are considered.

Case 1: The drywell was ruptured by either a pre existing failure, a
detonation, or a deflagration. The quantification for this case is:

Eranch 1: E5nSPB 0.0-

Branch 2: E5 SPB2 0.0-

Branch 3: ES SPB3 1.0-

Case 2: The drywell has a pre existing leak, and ac power is available
during core damage. A hydrogen burn occurs in the wetwell before VB
which pressurizes the wetwell. In response to this pressurization, the
dryvell vacuum breakers (which are ac powered valves) will open in an
attempt to equalize the pressure difference between the wetwell and
drywell. As the hot gases pass through the vacuum breakers, the valves
are exposed to a severe thermal environment, llowever, these valves are
designed to pass high temperature gases, so it is unlikely that' they
vill fail during a hydrogen burn, It was estimated that the failure
probability of the valve under these conditions is 0.05. As this case
is sampled zero one, that means that 5% of the observations have 1.0
for Branch 3 and 0.0 for Branches 1 and 2,-and 95% of the observations
have 1.0 for Branch 2 (there is a pre-existing leak), and 0.0 fe
Branches 2 and 3. Based on the mean value of the sample, the
quantification for this case is:

Branch 1: E5nSPB 0.0-

Branch 2: ES SPB2 0.95-

Branch 3: ES SPB3 0.05 )
-

Case 3: Either a pre existing failure,_a detonation, or a defir.gration
failed the drywell in the leak mode before VB. The quantification for
this case is:

|
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0.0Branch 1: E5nSPB -

* 1.0Branch 2: E5 SPB2 -

0.0Branch 3: ES-SPB3 -

Case 4: This case is the same as Case 2 except that the drywell does
not have a pre existing Icak. This case is quantified using the same
distribution that was used in Case 2. This case is campled zero one.
Based on the mean value of the sample, the quantification for this case
is:

0.95Branch 1: E5nSPB -

0.00Branch 2: E5 SPB2 -

0.05 iBranch 3: ES SPB3 -

Case 5: The drywell does not fail before VB. The quantification for

this case is:

1

1.0 iBranch 1: E5nSPB -

0.0Branch 2: E5 SPB2 -

0.0Branch 3: E5 SPB3 -

Question 53. Has the Upper Pool Dumped?
2 Branches, Type 2, 2 Cases

The branches for this question are:

1. UPDmp Water from the upper pool' has been dumped into the
suppression pool.

2. noUPDmp The upper pool has not been dumped.

This question is not sampled and was internally quantified. The branching
at this question depends upon the branch taken at Question'24.

The suppression pool makeup system provides water from the _ upper
containment pool to the suppression pool following a LOCA. Although
gravity is the motive force used to transport the water, ac power must be
available to open the discharge valves. The capacity of the upper pool is
sufficient to keep the uppermost drywell vents covered for all conceivable
accidents. It is assumed that if ac power is available, the upper pool
vill be dumped.

Case 1: AC power is available during core damage, so it is assumed
that the upper pool is dumped- before VB, The n,uantificktion for this
case is:

Branch 1: UPDmp 1.0-

Branch 2: noUPDmp 0.0-

Case 2: AC power is . not available before VB. Therefore, the
suppression pool makeup' system discharge valves.cannot be opened, and
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the upper containment pool cannot be drained into the suppression pool. I
The quantification for this case is: |'

0.0Branch 1: UPDmp -

1.0Branch 2: noUPDmp -

Question 54. Is There Water in the Reactor Cavity?
3 Branches, Type 2, 9 Cases

The branches for this-question are:

1. ES DF1d The drywell is flooded with water.

2. ES DWet The reactor cavity is wet (less than 100 M3 of water).

3. ES DDry The reactor cavity is essentially dry.

Cases 4, 5, and 8 of this question are sampled. This question was
internally quantified. The branching at this question depends upon the
branch taken at Questions 16, 17, 20, 22, 24, 30, 38, 39, 41, 43, 50, 51,
and 53.

Before VB, there are primarily three sources of water that can enter the
reactor cavity. The first source is the suppression pool. If the
suppression pool is depressed sufficiently in the wetwell, water will be -
pushed up over the weir wall and into the drywell. The second source is
the upper containment pool. If the drywell head fails, water from the
'tpper pool will drain into the drywell. The third source is leakage from
the equipment in the drywell (e.g., CRD system, recirculation pumps) .
There are two pathways by which water in the drywell can enter the reactor
cavity. The first pathway is through the drywell floor drains. There are
four 4 inch drains on the drywell floor that connect to the equipment drain
sump in the pedestal. The second pathway is through'a door (3 ft by 7 ft)
in the pedestal _ located 3' 4" above the drywell floor. .

Case 1: There is a rupture in the drywell head. A sufficient' amount
of water from the upper containment pool will drain into the drywell
and flood the cavity. The quantification for this case is:

Branch 1: ES DF1d 1.00-

Branen 2: E5 DWet 0.00-

Branch 3: ES DDry 0.00-

case 2: A _ combustion event in the wetwell ruptures the containment.
It is assumed that a burn of.this magnitude will push a significant-
amount of suppression pool water into the drywell. It is very likely
that the drywell will be flooded. The quantification for this case is:

; Branch 1: ES DF1d 0.99 |
-

Branch 2: ES DWet 0.01 )-

0.00 -|Branch 3.: ES DDry -

|
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Case 3: A significent hydrogen deflagration in the vetwell fails to
rupture the containment. Thus, the vetwell vill pressurize, and
suppression pool water will be pushed into the drywell. It is very

4

likely that the drywell will be flooded. The quantification for this

case is:

0,999Branch 1: ES DF1d -

0.001Branch 2: ES DWet -

0.000Branch 3: E5 DDry -

Case 4: A significant amount of hydrogen, equivalent to a wetwell
hydrogen concentration of more than 84, is bur,ed as a diffusion flame.
Because there were no pre existin6 containment or drywell ruptures and
ac power is not available (i.e., no containment sprays and no drywell
vacuum breakers), the' wetwell will -pressurise from the burn. Some 1

water will likely be pushed from the suppression pool into the drywell.
It is uncertain whether the dryvell will be flooded or only wet. This
case was sampled zero one, so each observation.had all the probability
assigned to one of these three branches. Taking the mean value of the
observations in the sample, the quantification for this case is:

0.45Branch 1: E5 DF1d --

i0.45Branch 2: ES DWet -

0.10Branch 3: ES DDry -

Case 5: The upper containment pool was dumped into the suppression
pool, and enough hydrogen was released from the vessel that the
hydrogen concentretion in the wetwell io greater than 12%. Because
there were no pre existing containment or drywell ruptures, the wetwell
will be pressurized by the addition of the hydrogen. This
pressurization when combined with a high pool level is sufficient to
push suppression pool water into the drywell. It is uncertain whether
the drywell will be flooded or only wet. This case was sampled zero-
one. Taking the mean value of the observations in the sample, the
quantification for this case is:

-

Branch 1: E5 DF1d 0.50-

0.50Branch 2: ES DWet -

Branch 3: ES DDry 0.00-

Case 6: The PDS is a long term SBO. There is a nominal amount of
leakage associated with equipment in the drywell. This leak ge rate,
when combined with long time period between the initiation of the
accident and VB (approximately 14.5 hours for this PDS), will lead to a ,

wet cavity. The quantification.for this case is: l

0.00 |Branch 1: Le DF1d -

Branch 2: ES DWet 1.00-

Branch 3: E5 DDry 0.00-

Case 7: The upper pool was dumpo 1 .into the suppression pool. The
l combination of the high pool level and the discharge of gases from the
| RpV into the suppression pool will result in water being sloshed into
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l the drywell. The drywell will very likely be wet. The quantification
for this case is:

Branch 1: E5 DFid 0.00.

1.00Branch 2: E5 DWet -

0.00Branch 3: ES DDry -

Case 8: Enough hydrogen was released from the vessel that che hydrogen
i concentration in the vetwell is greater than 12%. Because there were
i no pre existing containment or dryvell ruptures, the wetwell will be

pressurized by the addition of the hydrogen. This case is similar to
Case 5 except that ac power is not available, so the upper pool was not

; dumped. Because the pool level is not as high as it was in Case 5. the
wetwell may not be pressurized sufficiently to push suppression roolI

water into the drywell. Thus, it is uncertain as to whether the
drywell vill be dry or wet. This case is sampled zero one. Based on
the mean value of the sample, the quantification for this case is:

| Branch 1: ES DFid 0.00-

"

Branch 2: E5 DWet 0.50-

d Branch 3: ES DDry 0.50+

) Case 9: Either the containment or the drywell is ruptured, or there
was no significant hydrogen generation. In any case, the wetvell does
not pressurite, so water is not pushed from the suppression pool into4

the drywell. The quantification for this case is:

Branch 1: E5 DFid 0.00.

j Branch 2: ES DWet 0.00-

! Branch 3: E5-DDry 1.00-

'

Question 55. What Is the Containment Prassure Defore VBi
3 Branches, Type 6, 5 Cases

The branches for this question are:
.-

1. ESP >3 The containment pressure during core damage is greater than
300 kPa.

2. ES P>2 The containment pressure .is between 200 kPa and 300 kPa.

3. ESP >l The containmant pressure-is between 100 kPa and 200 kPa.

This question is not sampled and was internally quantified. The branching
at this-question depends upon the branch taken at Questions 30, 50, and 52.
In - this question, the containment pressure is adj us ted to account for I
changes in the number of moles of air, steam, and hydrogen that are present j
in the containment just before VB. Burns in the containment will consume I
hydrogen and air, the operation of sprays will condense steam, and failure
of the containment boundary will result in a reduction in the number of
moles in the containment. Modules in the user function subroutine'are used |to calculate the pressure.
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Case 1: The containment is failed (either a leak or a rupture). Thus,
the pressure in the containment (and drywell) is set to atmospheric
pressure. The total number of moles in the containment is reduced to
reficct the reduction in pressure. It is assumed that the composition

of the gas removed from the containment is the same as that of the gas
remaining in the containment.

Case 2: The containment is intact, but the drywell structure has been
drywell vacuum breaker can fail open). The'

ruptured (e.g., a
containment sprays operate during core damage. Because the drywell
structure has been ruptured, it is assumed that the drywell and the
wetwell atmospheres are well mixed. The effect of the sprays is to
condense the steam in the containment. The pressure in the containment
is lowered to account for the steam that has been condensed.

Case 3: This case is similar to Case 2 except that the containment
sprays do not operate during core damage.

Ct.s e 4: The containment is intact and the drywell has not been
ruptured. Most of the steam in the containment is condensed by the
containment sprays, which operate during core damage.

Case 5: The containment is intact and the drywell has not been
ruptured. The containment sprays do not operato during core damago.

Question 56. To What Level Is the Drywell Steam In, c at VB7
3 Branches Type b, 1 Case

The branches for this question are:

1. E5nDIn The drywell is not inert; both hydrogen deflagrations and
detonations are possible.

2. ES Din 2 TSe drywell is inert to hydrogen detonations.

3. E5 din 3 The drywell is inert to both hydrogen detonatiobh and
deflagrations.

This question is used to determine whether the drywell is steam inert at
VB. A module in the user function is used to calculate the mole fraction
of steam, Y, t. . , in the drywell. A discussion of the inerting limits is
presented in Question 40. The inerting limits used in this analysis are:

Y,t., a 0.55; inert to detonations and deflagrations.

0.55 > Y,t.. t 0,35; inert to detonations.

0. 3 5 > Y,t.. ; both detonations and deflagrations are possible.

-

A.1.1-63

- - _ _ - . -_- . - -



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

1
I

Question 57. Is There Sufficient Hydrogen for Combustion / Detonation in the
Drywell Before VB7
3 Branches, Type 5, 1 Case

|

The branches for this question are:

1. E$cDWDt There is sufficient hydrogen and oxygen in the drywell to
support a detonation.

2. E$cDVDf There is sufficient hydrogen and oxygen in the drywell to
support a deflagration but not enough to support a
detonation.

3. E5nDWC There is either insufficient hydrogen or oxygen to support a
burn in the drywell.

This question is used to determine whether there is sufficient hydrogen and
oxygen in the drywell jus + before vessel to support either a hydrogen
detonation or deflagrath A module in the user function is used to
calculate the mole frar :n of hydrogen, Yaz, and the mole fraction of
oxygen, Yoz, in the dr',well. The combustion limits used in this question

are:

Yu2 h 0.16; detonations and deflagrations are possible.

0.16 > Yuz h 0.06; insufficient hydrogen for a detonation but
defla6 rations are possible.

,

0. 06 > Yn2 ; insurficient hydrogen for a deflagration.

In addition to the requirement that a - certain level of hydrogen must be
present in each of the regimes defined above, there must also be enough
oxygen to support a burn at this level. For example, the first branch,
E5cDWDt, will be selected only if the concentration of hydrogen is above

'16% and there is enough oxygen to allow this amount of hydrogert _to
burned. This question does not consider the possibility that the drywumi
may be steam inert, This issue is handled in the previous question.

Question 58. Does an Alpha Mode Event Fail Both the Vessel and the
containment?
2 Branches, Type 2, 2 Cases

The branches for this question are:

1. Alpha /. very energetic molten fuel-coolant interaction (steam
explosion) in the vessel fails the vessel and generates a
missile that fails the containment as well.

2. noAlpha There is no Alpha Mode event.

Cases 1 and 2 of this question are sampled. The distributions used to
quantify this question were ~veloped internally from the opinions
expressed by the Steam Explosion Review Group (SERG) (NUREG 1116) ^4 (The
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experts' individual distributions and the aggregati:n of them are presented
in Volume 2, Part VI, of this report.) The branching at this question
depends upon the branch taken at Question 26.

Case 1: The RPV is at system pressure. Steam explosions are less
likely at high pressure. The aggregate distribution utilized for low
pressure (see the next case) was decreased by an order of magnitude for
use in this case. The quantification for this case, based on the mean
value of the distribution, is:

0.001Branch 1: Alpha -

0.999Branch 2: E4nWDf -

Case 2: The RPV is at low pressure (< 200 psia). Steam explosions are
more likely when the RPV is at low pressure than when the RPV is at
some higher pressure. The aggregate dia':ribution developed from
distributions in the SERG was used for this case. This distribution

covers many orders of magnitude. The quantification for this case,
based on the mean value of the distribution, is:

0.01Branch 1: E4 WDf -

0.99Branch 2: E4nWDf -

Question 59. What Fraction of the Core Participates in Core Slump?
3 Branches, Type 2, 7 Cases

The branches for this question are:

1. HISL More than 50% of the core is molten at core slump.

2. MedSL Between 10% and 50% of the core is molten at core slump.

3. LowSL Less than 10% of the core is molten at core slump.

This question is not sampled and was internally quantified. . The branching
at this question depends upon the branch taken at Questions 7, 24, 26, 28,
and 58.

This que= tion is not referenced by any subsequent question and has only
been included for the sake of completeness.

Case 1: An Alpha Mode event occurs and fails the vessel. An Alpha
Mode event is a very energetic molten fuel coolant interaction, which
implies that a large fraction of the core is molten at the time of core
slump. The quantification for this case is:

Branch 1: HiSL - 1.0
0.0Branch 2: MedSL -

0.0Branch 3: lowSL -

Case 2: The RPV .is at high precsure, and the HPCS system is being used
to inject coolant into the .'essel. An Alpha Mode event does not occur.
Because coolant is being supplied to.the core, only a small fractim of
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core will likely be molten at the timo of VB. The quantification for

this case is:

0.0Branch 1: liiSL -

0.0Branch 2: MedSL -

1.0Branch 3: LowSL .

Case 3: The RPV is at high pressure, and the CRD system is being used
to supply high pressure coolant injection to the RPV. An A1.pha Mode
event does not occur. Because coolant is being supplied to the core,
only a small fraction of core will likely be molten at VB. The
quantification for this case is:

0,0Branch 1: liiSL .

0.0Branch 2: MedSL -

1.0Branch 3: LowSL -

Case 4: The RPV is at high pressure, and coolant injection is not -
supplied to the core. An Alpha Mode event does not occur. The
quantification for this case is:

1.0Branch 1: litSL -

0.0Branch 2: MedSL -

0.0Branch 3: LowSL -

Case 5: The RPV is at low pressure, and coolant is injected into the
vessel. An Alpha Mode event does not occur. Because coolant is
supplied to the core, there will likely be only a small fraction of
core molten at VB. The quantification for this case is:

Branch 1: liiSL 0.0-

Branch 2: MedSL 0.0.

Branch 3: LowSL 1.0-

Case 6: The RPV is at low pressure, and the CRD system supplies
coolant injection to the RPV. An Alpha Mode event does not occur.
Because coolant is supplied to the core, only a small fraction of core
will likely be molten at VB. The quantification for this case is:

Branch 1: HiSL 0.0-

Branch 2: MedSL 0.0-

Branch 3: LowSL 1.0-

Case 7: The RPV is at low pressure, and coolant injection is supplied
to the core. An Aloha Mode event does not occur. The quantification
for this case is:

branch 1: liiSL 1.0-

Branch 2: MedSL - 0.0
Branch 3: LowSL 0.0-
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Question 60. Is There a Large In Vessel Steam Explosion?
-2 Branches. Type 2, 3 Cases

The branches for this question are:

1. VesStx There is a large in vessel steam explosion.

2. nVesStx A large in vessel steam explosion does not occur.

This question is not sampled and was internally quantified. The branching
at this questian depends upon the branch taken at Questions 26 and 58. (A
discussion of the quantification of this issue is presented in Volume 2,
Part VI, of this report.)

Case 1: A large in vessel steam explosion resulted in an Alpha Mode
event (see Question 58). The quantification for this case is:

1.00Branch 1: Vessex -

0.00Branch 2: nVesStx .

Case 2: The RPV is at system pressure. Steam explosions are less
likely at high pressure than they are at low pressure. Thus, it is

unlikely that a large in vessel steam explosion will occur. The

quantification for this case is:

0.10Branch 1: VesStx -

0.90Branch 2: nVesStx -

Case 3: The RPV is at low pressure (less than 200 psia). Steam
explosions are more likely when the RPV is at low pressure than when
the RPV is at some higher pressure. The quantification for this case

is:

0.86Branch 1: VesStx -

0.14Branch 2: nVesStx -
,,

Question 61. What Fraction of Core Debris Vould be Mobile at VBf
2 Branches, Type 4, 1 Parameter, 3 Cases

The branches for this question are:

1. IlitiqVB A large amount of core debris (40%) is mobile when VB occurs.

2. LoLiqVB A small amount of core debris (10%) is mobile when VB occurs.

The parameters initialized in this question are:

P46 Fraction of the core ejected at VB.

The branch probabilities in this question are sampled; the distributions
were quantifie' internally. (A discussion of the quantification of this ;

issue is presented in Volume 2, Part VI, of this report.) The branching at |
this question depends upon the branch taken at Questions 7, 24, 26, and 28.

A.1.1-67

1

)

___ _ , _ . _ _



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

i

Nominal values are used to characterize the awaunt of material mobile at
VB. A nominal value of 10% represents low nobility, whereas a nominal
value of 40% represents high mobility. The 10% value represents the range

~,

fram 0 to 20% molten, and the 40% value represents any larger quantities.

It was felt that the amount of material molten at VB was tightly coupled to
the mode of vessel failure. If the vessel fails early, then the mobility

will be low. In BWRs, early vessel failure would be due to melt flowing
through an instrument tube and failing the tube outside the vessel. If the ,

'

melt were to freeze and plug the tube, then vessel failure would be delayed
until a massive creep rupture occurs. 11 enc e , the major uncertainty is
whether the melt flowing in the instrument tube will freeze. If the vessel

fails by a massive creep rupture and water is being inj ected into the
vessel, it is likely that it_ vill fail with a low mobility. On the other
hand, if there is no water injection and a massive creep rupture occurs, it

~

is uncertain as to how much core debris will be molten.

During the quantification of this question, it was felt that the RPV ,

pressure would have a negligible effect on the amount of core debris that
in molten at VB. Therefore, Cases 2 and 3 use the same quantification.

Case 1: Water is injected into the RPV before VB by the CRD system,
the low pressure injection systems, or the high pressure ' injection
systems. The RPV can be at either Figh or low pressure. The branch
probabilities in this case are sampled zero one, so each. obeervation
had all the probability assigned to one of the branches. Based on the
mean value of the sample, the quantification for this case is:

0.025branch 1: liitiqVB -

0.975Branch 2: LoLiqVB -

For Branch 1, the value assigned to the parameter is: '

0.40Paramocer 46: -

*~

For Branch 2 the value assigned to'the parameter is:

0,10Parameter 46: -

Case 2: The RPV is et system pressure before VB, and water is not -,

injected into the vessel. This case is sampled zero one. Based on the
mean value of the sample, the quantification for this case,is:

0.10Branch 1: 111LiqvB -

0.90Branch 2: LoLiqVB -

- For Branch 1, the value for the - f raction of vore debris molten at VB

that is assigned to the parameter is:

0.40Parameter 46: .

i
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| For Branch 2, the value assigned to the parameter is:

0.10Parameter F -

Case 3: The RPV . at lew pressure (less than 200 psia) before VB, and
water is not injected into the vessel. This case is quantified using
the same distributions that were used to quantify Case 2. Thus, based I
on the mean value of the sample, the quantification for this case is:

0.10Branch 1: HiLiqVB -
,

0.90 |Branch 2: LoLiqVB -

For Branch 1, the value that is assigned to the parameter is:

0.40Parameter 46: -

For Stanch 2, the value assigned to the parameter is:"

0.10Parameter 46: -

Question 62. Does a Large In Vessel Steam Explosion Fail the Vessel?
5 Branches Type 2, 3 Cases

The branches for this question are:

1. SE Alpha An Alpha Mode event failed the vessel.

2. SE BtHd An in vessel steam explosion falls the bottom head of the
vessel (32 M ),

3. SE LgBrch An in vessel steam explosion results in vesoel failure. The
size of the failure is a largo hole (2 M2),

4. SE SmBreh An in vessel steam explosion results in veccel failure. The
size of the failure is a small hole (0.1 M2),

.-

5. SE-nFail The vessel does not fail from an in vessel steam explosion.

Case 2 of this question is sampled; the distribution was quantified
internally. (A discussion of the quantification of this issue is presented
in Volume 2, Part VI, of this report.) The branching at this question
depends upon the branch taken at Questions 26 and 58.

Case 1: An Alpha Mode event occurred. Thus, by. definition of this
type of event, the vessel fails (see Question 58). The quantification

for this case is:

1.00Branch 1: SE Alpha -

0.00Branch 2: .SE-BtHd -

0.00. iBranch 3: SE LgBrch -

0.00Branch 4: SE SmBrch -

0.00Branch 5: SS nPail -
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Case 2: A large in vessel steam explosion occurs. The failure mode of
the vessel is uncertain. Thus, maximum uncertainty has been used to )
quantify the various failure modes, The branch probabilities in this |
case are sampled zero one, so each observation had all the probability
assigned to one of the branches. Based on the mean value of the
sample, the quantification for this case is:

Branch 1: SE Alpha 0.00-

Branch 2: SE BtHd 0.20-

Branch 3: SE LgBrch 0.20-

Branch 4: SE SmBrch 0.30.

0.30 IBranch 5: SE nFail -

Case 3: An in vcesel steam explosion does not occur, so the vessel
does not fail from an in vessel steam explosion. The quantification
for this case is:

|

Branch 1: SE Alpha 0.00-

Branch 2: SE BtHd 0.00-

Branch 3: SE LgBrch 0.00-

Branch 4: SE SmBrch 0.00-

Branch 5: SE nPail 1.00-

Question 63. What Is the Mode of VB?
'5 Branches, Type 2, 3 Cases

The branches for this question are:
1

1. A Fail An Alpha Mode event failed the vessel, .l

2. BH Fail The bottom head of the vessel (32 M2) fails at VB.
!

3. LgBrch The reactor pressure vessel fails. The size of the failure fis a large hole (2 M8) . |

|
|4 SmBrch The reactor pressure vessel fails. The size of the' failure l

is a small hole (0.1 M2) .

5. nBreach The reactor pressure vessel does not fail.

Cases 5 through 10 of this question are sampled; the distriLation were
quantified internally. (A discussion of the quantification of this issue
is presented in Volume 2 Part VI, of this report.) The branching at this
question depends upon the branch taken at Questions 26, 28, 29, 58, 61, and
62.

This question summarizes previous vessel failure modes (e.g., steam
explosions) as well as considers vessel failure from core debris attack.

The vessel is predicted to fail if coolant is not supplied to the vessel or
if the core is in an critical configuration following coolant injection
(Question 29). In either case, the heat generated by the core debris will
fail the vessel. If water is injected into the vessel during core damage,

A.1.1 70



, . . _ . . . _ _ .__

the probability of vessel failure depends on whe ther the core debris is
coolabic (the core debris is not coolable if it is in a critical
configuration). If the core forms as a debris bed in the bottom of the
vessel, it is very likely that the core debris will be cooled and prevent
vessel failure. If, on the other hand, the core forms as a dense layer on
the bottom head, the coolability of the debris depends on the amount of
material involved in the pour. It is very unlikely that a large pour will
be coolable, and it is uncertain whether a small pour will be coolable. In
this analysis, equal probability was given to the formation of a debris bed
and to the formation of a dense layer during core relocation,

Given that the vessel fails from core debris attack, the following modes of
vessel failure were considered:

1. Global thermally induced fracture / creep rupture of the lower head;

2. Ejection of an in core instrument guide tube or CRD; and

3. Flow of molten core materials through a guide tube, CRD, or drain
line leading to their thermally induced rupture below the bottom
head,

E
The most likely failure mode is flow induced thermal failure of a guide gtube or drain, Molten material can enter the tube and flow beyond the
vessel vall. Thermal weakoning followed by rupture of the wall can occur
if the melt gives up its latent and sensible heat to the guide tube or
drain valls, It is uncertain whether the presence of water in these tubes
will prevent tube failure. This uncertainty has been included in the
probability assigned to this mode of failure. This failure mode will
result in a small hole (i.e., Branch 4), It was assessed that there is a
very small probability of multiple tube failures resulting in a large hole.
It was also estimated that thermally induced binding between the guide tube
and the vessel will prevent pressure ejection of the in core instrument
guide tube,

Case 1: An Alpha Mode event failed the vessel, The quantificat' ion for
this case is:

Branch 1: A Fail 1,00-

Branch 2: Bit Fail 0,00-

Branch 3: LgBrch 0,00-

Branch 4: SmBrch 0,00-

Branch 5: nBreach 0,00.

Case 2: An in vessel steam explosion fails the bottom head of the
vessel. The quantification for this case is:

Branch 1: A Fail 0,00-

Branch 2: Bit- Fail 1,00-

Branch 3: LgBrch 0,00-

eraoch 4: SmBrch - 0,00

g Branch 5: nBreach 0.00-
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Case 3: A large in vessel steam explosion fails the vessel. The size
of the failure is a large hole. The quantification for this case is:

0.00Branch 1: A Fail -

0,00Branch 2: Bit Fail' -

1,00Branch 3. LgBrch -

0,00'Branch 4: SmBrch -

0,00Branch 5: nBreach ."

Case 4: A large in vessel steam explosion fails the vessel. The size
,

of the failure is a small hole. The quantification for this case is:

0,00Branch 1: A Fail -

0.00Branch 2: Bil Fail -

0,00Branch 3: LgBrch .

1,00Branch 4: SmBrch -

0,00Branch 5: nBreach -

Case 5: Coolant is inj ec ted into the RPV during core damage, but a
large amount of material is molten at VB. The core is not in a
critical configuration. Because water is being supplied to the vessel,
there is some probability that VB will not occur. The branch
probabilities in this case are sampled zero one, so each observation
had all the probability assigned to one of the branches, Based on the
mean value of the sample, the quantification for this case is:

0.000Branch 1: A Fail -

Branch 2: Bit Fail 0,124-

Branch 3: LgBrch 0,005-

Branch 4: SmBrch 0.371-

Branch 5: nBreach 0.500-

Case 6: The RPV is at system pressure and there is a large amount of
core debris _ molten at VB, Either water is not injected into the RPV,
or the core is in a critical configuration. In either case _the vessel
fails. During the quantification of this queution, it was felt'that if
water is not inj ected into the RPV, neither the RPV pressure nor the
amount of core debris molten at VB will have a major effect on vessel
failure, Therefore, Cases 6, 7 - 9, and 10 all use the same
quantification. These cases have been retained for the sake of
completeness. This case is sampled zero-one. Based on the mean value
of the sample, the quantification for this case is:

Branch 1: A-Fail 0.000-

0.249 !Branch 2: Bil Fail -

0.005Branch 3: LgBrch -

E: Snch 4: SmBrch 0.746-

Branch 5: nBreach 0.000-

Case 7: The RPV is at low pressure (less than 200 psia), and there is
a large amount of core debris molten at VB. Either water is not
injected into the RPV, or the core is in a critical configuration.- In |

!
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either case, the vessel fails. This case uses the same quantification ;

as Case 6, so its quantification is: )

! I0.000! Branch 1: A. Fail .

0.249i Branch 2: BH. Fall .

0,005Branch 3: LgBrch .

0,746i Branch 4: SmBrch .

0.000Branch 5: nBreach .

$

Case 8: Coolant is injected into the RPV during core damage, and a
,

1 small amount of material is molten at VB, The core is not in a

i critical configuratien, Because water is supplied to the vessel, there
is some probability that VB will not occur._ In addition, because lesso
material is molten in this case than in Case 5, the probability- of no

VB is higher for this case, This case is sampled zero.one, Based on
i the meen value of the sample, the quantification for this case is:

! Branch 1: A. Fail 0.000-

0,062Branch 2: BH. Fail -

0.005Branch 3: LgBrch .
'

0,188Branch 4: Smbrch .

0.745Branch 5: nBreach .

Case 9: The RPV is at system pressure, and there is a small amount of
core debris molten at VB, Either water is not beir,g injected into the
RPV, or the core is in a critical configuration. In either case, the

vessel fails. This case uses the same quantification as that for Case
6. so the quantification for this case is:

0.000Branch 1: A. Fail .

Branch 2: BH. Fail 0,249.

Branch 3: LgBrch 0.005.

Branch 4: SmBrch 0.746.

Branch 5: nBreach 0.000.

' Case 10: The RPV is at low pressure (less than 200 psia), and t' hire is
a small amount of core debris is molten at VB, Either water is not

: being inj e c t e d into the RPV, or the core is in a critical
configuration, In either case, the vessel fails. This case uses the'

same e,oantification as that for Case 6, so-the quantification for this
case is:

0.000Branch 1: A. Fall .

Branch 2: BH. Fail 0.249.

Branch 3: LgBr4h 0,005.

Branch 4: SmBrch 0,746.

Branch 5: nBreach. 0,000-

;
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Question 64. Does a High Pressure Melt Ejection Occur?
2 Branches, Type 2, 5 Cases

The branches for this question are:

1. HPME A high presouro acit ejection occurs at VB.

2. nHPME A high pressure melt ejection does not occur at VB.
t

Cases 2 through 5 - of this question are sampled; the distribution were
] quantified internally. The branching at this question depends upon the

branch taken at Questions 26, 58, 61, and 63.'

This question does not address loads associated with HPME/DCil. The loads
accompanying VB were addressed by the Containment Loads Expert Panel. The
distributions provided by the expert panel . include the contribution from
HPME/DCH. Loads accompanying VB are addressed in Questions 70 and 71.
This question is used by subsequent questions to hrlp quantify the
probability of an ex vessel steam explosion and to determine the amount of
hydrogen produced and consumed at VB. Inis question is also referenced in
the source term analysis to determine the source term associated with VB.
If HPME occurs, fraction of radionuclides released during DCH, FDCH, is
applied to the core debris ejected at VB.

If the RPV is at high pressure when the vessel fails, the core debris will
likely be ejected at a high velocity. Because of its high velocity,'it is
expected that the ejected material will undergo extensive fragmentation,
and the result will be an HPHE event. Thus, if the RPV is at high
pressure, HPME is likely. This conclusion is consistent with the values in
the pressurized water reactor (PWR) analyses (Volume 2, Part 1, of this
report) and with discussions with members of the Containment Modeling
Division at Sandia National 1.aboratories who are knowledgeable in this
subject. Cases 2 through 5 are used to distinguish between vessel failure
size and the amount of material molton at - VB, During quantification,
however, it was determined that these cases should be quantified the same.

,

Case 1: An HPME does not occur because the vessel is at low pressure,
the vessel does not fail, or there was - an Alpha Mode event. The

|- quantification for this case is:

Branch 1: HPME 0.00-

Branch 2: nHPME 1.00-

case 2: The vessel fails at high pressure; the size of the failure is
a large hole. There is a large amount of core debris molton' in the-
bottom tead. The branch probabilities in this case are sanipled zero-
one, so each observation had all the probability assigned to one of the
branches. Based on the mean value of the sample, the quantification
for this case is:

0.80Branch 1: HPME -

Branch 2: nHPME 0.20 '
-
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Case 3: The vessel fails at high pressure; the size of thw failure is
large hole. There is a small amount of core debris molten in thea

bottom head. This caso uses the same quantificacion as Case 2. Thus,
the quantification for this case is:

0.80Branch 1: HPME +

0.10Branch 2: nHPME -

case 4: The vessel fails at high pressure; the size of the failure is
a small hole. There is a large amount of core debris molten in the
bottom head. This case uses the same quantification as Case 2. Thus,
the quantification for this case is:

0.80Branch 1: HPME -

0.10Branch 2: nHPME -

case 5: The vessel fails at high pressure; the size of the failure is
a smal. hole. There is a small amount of core debris molten in'the
bottom head. This case uses-the same quantification as Case 2. Thus,
the quantification for this case is:

0.80Branch 1: HPME -

0.10Branch 2: nHPME -

Question 65. Does a Detonation Occur in the Drywell at VB7
2 Branches, Type 4, 1 Parameters, 2 Cases

The branches for this question are:

1. I DVDt A detonation occurs in the drywell at VB.

2. InDVDt There are no detonations in the drywell at VB.

The parameters initialized in this question are:

P36 Impulse load (kPa S) from a drywell detonation. '~

This question is not sampled and was internally quantified. The branching
at this question depends upon the branch taken at Questions 56, 57, and 63.
For a detonation tu occur, there must be a pre-existing detonable mixture
(i.e., just before VB) in the drywell, and the vessel must fail. Vessel
failure provides an ignition source. Accompanying VB is the release of a
large amount of steam from the vessel into the drywell. This release of i
steam will not only tend to inert the drywell but will also push the I

drywell oxygen into the wetwell. Thus, if the drywell could not support a
detonation just before VB, it is ' very unlikely that a detonable mixture
would form at the time of VB.

t

| It was assumed the.t-the impulse 10 4 from a detonation in the drywell is
similar to the impulse load from a detonation in the wetwell. Therefore,,

the mean value for the impulse associated with a detonation that occurs in

j the wetwell when the hydrogen concentration is above 16% (see Question / ,,
|

| Case 5) was used to quantify Parameter 36 '
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Case 1: The drywell is not steam inert, and there is sufficient I

hydrogen and oxygen in the drywell to support a detonation. Vessel'

failure supplies an ignition source. Thus, a detonation occurs at VB.
The quantification for this case is:

Branch 1: 1 DWDt 1.0-

0,0Branch 2: InDWDt -

For Branch 1, the value assigned to the parameter (kPa S) is: !

|

12.0 |Parameter 36: DW.DtILd -

l
Because Branch 2 is never taken in this case, the value assigned to the

'

parameter for this case is irrelevant.

Case 2: Either a detonable mixture does not exist in the drywell just
before VB, or the vessel does not fail. In oither case, a detonation
does not occur. The quantification for this case is:

0.0Branch 1: I+DWDt -

Branch 2: InDVDt 1.0- -

Because Branch 1 is never taken in this case, the value' assigned to the
parameter for this case is irrelevant. For Branch 2, the value
assigned to the parameter (kPa S) is:

Parameter 36: DW DtILd 0.0-

Question 66. Does a Deflagration Occur in the Drywell at VB7
2 Branches, Type 2, 2 Casen

The branches for this question are:

1. I DWDf A deflagration occurs in the drywell at VB.

2. InDVDf A deflagration does not occur in the drywell at VB. *-

This question is not sampled and was internally quantified. The branching
at this question depends upon the branch taken at Questions 56, 57, 63, and
65, This question is similar to the previous, question in that it addresses
ignition of a combustible mixture that exit.ts in the drywell just before 4

VB. This question is primarily used to determine whether this pre-existing
hydrogen is burned or is pushed into the wetwell. The load associated wi' a
the hydrogen burned in the drywell at VB is addressed by the Containment
Loads Expert Panel (see Question 70).

Case 1: The drywell is not steam inert, and there is sufficient
hydrogen and oxygen in the drywell to support a deflagration. Vessel
failure supplies an ignition source. Thus, a deflagration occurs at
VB. The quantification for this caso is:

Branch 1: I-DWDf 1,0-

Branch 2: InDVDf 0.0.
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Case 2: Either a combustible mixture does not exist in the drywell (
|just before VB, or the vessel does not fail. In either case, a

deflagration does not occur. The quantification for this case is:

0.0Branch 1: I DWDf -

1.0Branch 2: InDVDf -

Question 67, Does a Large Ex Vessel Steam Explosion Occur?
2 Dranches, Type 2, 3 Cases

The branches for this question are:

1. ExSE A large ex vessel steam explosion occurs shortly after VB,

2. nExSE A large ex vessel steam explosicn does not occur.

This question is not sampled and was internally quantified. The branching
at this question depends upon the bre oh taken at Questions 28, 58, 63,.and
64. (A discussion of the quantification of this issue is presented in
Volume 2, Part VI, of this report.)

The dropping of hot metal into water has been observed to cause energetic
and violent reactions commonly known as steam explosions. They appear to
be more likely when the water is considerably below the saturation
temperature. At Sandia National Laboratories, steam explosions were
observed in 86% of the tests in which hot metal was dropped into water.
Some of these explosions were extro nely energetic, others were not very
energetic. For an ex vessel steam explosion to occur in a severe reactor
accident, there must either be water in the pedestal cavity before VB or
injection of water into the RPV at the time of VB, and the vessel must
fail, allowing core debris to enter the pedestal cavity.

This question determines whether an ex vessel steam explosion occurs at VB.
This question is referenced by subscquent quescions to determine whether
the reactor pedestal fails from dynamic loading associated with an ex-
vessel steam explosion and to determine the amount of hydrogen producibd and
consumed at VB. This question is also referenced in the source term
analysis to determine the source term associated with VB. This question
does not, however, address the quasi static loads associated with an ex-
vessel steam explosion, The loads accompanying VB were addressed by the
Containment Loads Expert Panel. The distributions provided by the expert
sanel include the contribution from an ex vessel steam explosion. Loads
a ccompanying VB are addressed in Questions 70 and 71.

Case 1: The pedestal cavity is dry with no coolant injection into the
RPV, the vessel does not fail, or an Alpha Mode event occurred. In any
case, an ex vessel steam explosion does not occur. Alpha Mode event
fails both the drywell and the containment and any consequences
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j associated with an ex vessel steam explosion would be negligibic. The |
quantification for this case is:

0.00Branch 1: ExSE -

1.00Branch 2: nExSE -
,

5

i Case 2: The core debris is released from the vessel as a high pressure
melt ejection, HPME. The pedestal cavity contains water or water is'

released from the vessel at VB. It is likely that an ex-vessel steam
explosion will occur. The quantification for this case is:

0.80Branch 1: ExSE
>

-

0.201 Branch 2: nExsE -

! Case 3: The pedestal cavity contains water, or water is releaced from
the vessel at VB. The core debris is not released as a HPME. Based on
experiments referenced above, it is likely that an ex vessel steam
explosion will occur. The quantificatien for this case is:

0.86Branch 1: ExSE -

Branch 2: nExSE 0.14-

Question 68. What Amount of flydrogen Is Released at VB?
1 Branch, Type 4, 1 Parameter, 7 Cases

The branch for this question is:

1. H2VB The amount cf hydrogen released during blowdown at VB.
,

The parameter initialized in this question is:

P7 ll2AVB The amount of _ hydrogen release during blowdown at VB (kg.
moles) is read in as Parameter 7.

The parameter initialized in this question is sampled. The distributions
for the amount of hydrogen released during the blowdown at VB were provided
by the In vessel Phonomenology Expert Panel. (A discussion of this issue
is presented in Volume 2, Part I, of this report.)- The parameter
initialized in this question depends-upon the branch taken at Questions 1,
14, 26, 28, and 63.

The expert panel provided distributions for the cotal amount of hydrogen'

generated in the vessel. -This amount included the hydrogen released during
core damage and the amount released at VB. In addition to the total amount ;

of hydrogen generated, the experts indicated the fraction that is released I

during core damage and the fraction that is releaced at VB. The amount of |
-hydrogen generated during core damage was addressed in Question 35. In j
this question, the amount of hydrogen generated at VB is considered. To

'

insure that the total amount of hydrogen produced is consistent with the
experts' distributions, the amount cf hydrogen released at VB,. Parameter 7,
is correla ted with Parameter 2, amount of hydrogen generated during core
degradation. Furthermore, to insure that the accidents being considered
bsfore VB are consistent with the accidents being addressed in this
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question, Cases 2 through 7 in this question are identical to cases 1
through 6 in Question 35. The experts only considered RPV blowdown as a
mechanism for hydrogen generation at VB; they did not consider llPME/DCil or
ex vessel steam explosions, liydrogen production by these last two events
is addressed in the next question.

Case 1: An Alpha Mode event occurred, or the vessel did not fail. If
the vessel does not fail, there -is no additional hydro 6en production.
An Alpha Mode event fails both the dryvell and the containment, so
hydrogen production is not important for this case. The value assigned
to the parameter (kg.inoles)' for this case is:

0.0Parameter 7: il2AVB -

Case 2: The PDS is either a short terit or a long term ATWS. The RPV-
is at high pressure and the high pressure injection systems are not
available. Thus, core damage begins with the RPV at high pressure.,

During core damage, the operators depressurize the RPV, which allows
the low pressure injection systems to provide coolant to the core.

'
Despite the restoration of coolant . injection to the RPV during core;

damagu, the vessel fails. The mean value (kg moles) of the aggregate
distribution provided by the expert panel for this case is:

Parameter 7: il2AVB 61-

Case 3: This case is the same as the previous case except that the
operators do not depressurize the RPV, so the icw pressure inj ection
system cannot be used to provide coolant to the RPV. Thus, core damage
proceeds to VB without injection being restored to the RPV. The mean
value (kg moles) of the aggregate distribution provided by the expert
panel for this case is:

Parameter 7: il2AVB 89-

Case 4: The PDS is not an ATWS. The RPV is at high pressure,at the
onset of core damage. During core damago (i.e., the time from the .
onset of core damage to ' VB) , bu r. the vessel is depressurized and
coolant injection is restored to the RPV. Despite the restoration of '

'

coolant injection to the RPV during- core damage,- the vessel fails. The
mean value (kg moles) of the aggregate distribution provided by the
expert panel for this case is:,

6

; Parameter 7: il2AVB 53-

Case 5: The PDS is not an ATVS, The RPV is depressurized at the onset
of core damage. Coolant injection is restored to the RPV during core
damage. Despite the restoration of coolant injection to the RPV during'

core damage, the vessel ' fails. The mean value (kg moles) of the
aggregate distribution provided by the expert panel for this case is:

Parameter 7: li2AVB 27-
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Case 6: The PDS is not an ATWS. The RPV is at high pressure and
coolant injection is not restored before VB. The mean value (kg moles)
of the aggregate distribution provided by the expert panel for this
case is:

234Parameter 7: ll2AVB -

Case 7: The PDS is not an ATWS , The RPV is at low pressure and
coolant injection is not restored before VB. The mean value (kg moles)
of the aggregate distribution provided by the expert panel for this
case is:

62Parameter 7: H2AVB -

Question 69. Ilow Much Hydrogen Is Released at VBf
4 Branches, Type 6, 2 Cases

The branches for this question are:

1. I!2VB>50 Greater than 50% of the total in vessel . zirconium is
oxidized at VB.

2. Il2VB>25 Between 25% and 50% of the total in vessel zirconium is
oxidized at VB.

3. Il2VD>10 Between 10% and 25% of the total in vessel zirconium is
oxidized at VB,

4. Il2VB<10 Less than 10% of the total in vessel zirconium is oxidized
at VB.

This question is not sampled and was internally quantified. The branching
at this question depends upon the branch taken at Questions 64 and 67. In
this question, the amount of hydrogen released at VB is adjusted to account
for hydrogen that may be generated from a llPME/DCil or from an ex vessel
steam explosion, ExSE. Modules in the user function subroutine are'used to

i calculate the amount of hydrogen released at VB.

In the previous question, the hydrogen generated during RPV blowdown was
considered. If the core debris is released from- the vessel as an llPME or
if an ex vessel steam explosion occurs, additional hydrogen may be
generated. Results from the FITS D series experiments ^-8 indicate that
considerable amounts of hydrogen can be generated during these types of
events. Similar results are presented in the Parametric CONTAIN study
that was performed to investigate the loads in the Grand Gulf containment
that result when the vessel fails at high pressure. (These calculations
are discussed in Volume 2, Part 2, of this report.) It was found that in
almost all of the cases studied, nearly all the zirconium in the debris
that participated in llPME was oxidized. In addition to the zirconium that
was oxidized, a considerable fraction of the iron in the debris was also
oxidized. Based in part on these experiments - and calculations, it was

:
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assumed that if an HPME or an ex "essel steam explosion occurs, $4 ~ of the=
unoxidized Zirconium in the _ ejected core debris. will be oxidized.

Case _1: The core' debris'is released from the vessel as a hig;> pressure-
melt ejection, llPME, or an ex vessel steam ' explosion occt.rs at VB.- In
the user function subroutine the amount .of hydrogen generated from 'an .

HPME/ex vessel steam explosion is calculated. This value isi then j
compared .with the amount 'of hydrogen _ released during the RPV blowdown ~

(quantified in the - previous question),. and the maximum -of. these tuo: ;

values is.used;to quantify the amount of hydrogen released-at VB.. The |
two ulues are ' not added together because _ in. both cases core debris-

3

that is released from the vessel is being_ oxidized

Case '2: There is no HPME-and no-ex vessel steam' explosion at VB. The a
hydrogen generated at VL is caused by the RPV blowdown, which - was -

'

7

addressed in the previous question.

Question 70. What Is the:. Peak Drywell/Wetwell Pressure Difference
Resulting from VB7
1: 3 ranch, Type 4,' 1 Parametar,14 ; Cases

.

The brsnch for this question is:

1. DPDWVB The peak drywell/wetwell pressun difference at VB.

The parameter initialized in this question'is:

P13 DPDW'b The peak drywell/wetwell I ressure difference at. VB (kPa) . is'
read in as Parameter 13.

The parameter int tiet. ired '11 this quov!ca f,3 prplvl ac dimit.a clous
for thF peak or;well/wotwall _ pressure differential . was Javided- Sy the '.|

| Containment Loads Expert Panel. (A dhcussion of this ' issue 'is presented '

,,

in Volume 2, Part II, _ of this: repor*..) . The' parameter initialized in~ this.-

:

question depends upon the branch taken at questions.26, 54 61,_.and 63.t

In this question, the peak - drywell/wetwell pressure; differential-
accompanying VB fis quantified. .'this ;value is- '. hen compared L- in a
subsequent question, with the drywell structural capacity, to determine _

=whether.the-drywell' fails.from quasi static _ overpressure.

Jun the RPV fails, steam arid coro ddebris are released from the vessel. *

The releaso of this material from the vessel. can pressurize - the -_ drywell.
,

The- dryvel1 and L wetwell n volumes communicate : through horizontalivents -
tocated in the: suppression paol!. When_the drywell-is pressurized (relative.

co :the = wetwell) , the suppression. pool'is depressed in-the d ywell, and the-'

vents are= exposed. The drywell . pressure isL chen relieved through these
-

vents. Thus, to establish a significant pressure differential between the
- 1

drywell and the wetwell, the 'drywell volume must be pres'surized before the:,

L vents clear. Energetic events - that -' lead ~ to crapid. pressurization; of the
|= drywell volume include hydrogen ~ burns in the drywell', DCH, ex vessel steam

_

i explosionsi and to'a lesser' extent RPV blowdown from high pressure.
._
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Factors that affect the x i;surisation of _the drywe11[iuclude the pressure
of the RPV at VB 'in DCll -can only occur - when the LRPV is-at high
pressure), the at ount . oi water in - the i pedestal- cavity ; (i'.e. , for:an-ex-'

vessel steam explosion to occur there must be water in--the cavity), vessel _-

failure size (i.e., hole size), and the amountL of core debris- ejected at
VB.

Case 1: 5;ither an. Alpha Mode event' occurred, or the. vessel did not I

fail. If sn Alpha Mode event. - occurred, both the drywell and :the I

containment structures -_ im.ve . already; failed,. so the loading -on ' the.-
drywell struc ture is not i_mpprtant . If the vessel did not fail there ,

would not_ be any signi. Scant drywell pressurization. The value-(kPa)
assigned to tle parameter in this case is:

0.0Parameter 13: - DPDWB -

Case 2:- The RPV failure mode _is ' a large hole. . A large amount of : s

molten core debris is released from the= vessel'at high pressure into a'
wet or flooded cavity. The mean-value (kPa). of. the aggregate
distribution provided by the expert panel for~this case is:

Parameter 13: DPDWB 434-

Case 3: The RPV failure mooe -is - a small hole. A large amount of
,

molten core debris-is released from:the' vessel at:high presrure into_a '

wet or flooded . cavity. The a moan value |(kPa) of: the aggregate
distribution provided by the expart panel for this casc *a'i

r rameter 13: DPDWB 332-

case 4: The RPV failure mode is - a large hole. ' A ilarge amount of
molten core debris is reJ' =ed fro.n-the vessel at high pressure into a
' dry cavity. _ = The ' mean t lue _(kPa) of _ the' aggregate cdistribution -
provided by the expert pt.c for this case is:

*"Parameter 13: DPDWB 392--

Case 5: The RPV failure mode-isz a" small-- hole . -A large amount of
molten core, debris is released from'the-vessel at high pressure into a
Ldry cavity. The mean value f(kPa) of gthe aggr,sgate Edistribution
provided by the expert paneltfor-this case is:-

'

t

Parameter-13: DPDWB ' 242'-

Case-6: The ".PV faf lure mode is a- large - hole. AL small amount of
molten core debris is released from the vessel.at high pressure'into'a. |

wet or flooded cavity. 'The mear. value (kPa) -. cf the aggregate '. '

distribution provided by the expert panel for this case is:

Parameter 13: DPDWB 425:-
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Case -7: The RPV failure mode 'is 'a . small ~ hole. . A small amount of
molten core debris is released from the vessel at high' pressure;into a-
vet.or flooded cavity. The_ 'mean: value ' (kPa)L of the? aggregate
distribution provided by-the expert panel'for this case.is:

Parameter 13: DPDWB -- 311 i

i

Case 8: The RPV failure mode is' a large hole. A small'- amount of
molten core debris is-released from the vessel''at highipressure into a

i dry cavity. The - mean value (kPa)' of-- the aggregate- distribution-

provided'by the cpert panel for this case is:

4
..336'Parameter 13: DPDWB -

Case 9: The RPV failure mode c is a small. hole. A | small amount 'of ,

molten core uebris is released:from the vessel at high pressure into a

dry cavity. The mean value (kPa) of: _the - aggregate distribution -
provided by the expert panel _for_ this case it

,

Parameter 13: DPDWB LP22-

Case 10: The RPV failure - mode is --a large(hole. A- large amount of -
molten care debris is role.ased' from- the_- vessel at low pressure into a-

vet or flooded cavity. The i mean vrlue. (kPa) of ?the ' aggregate .

distribution provided by the expert pen . fer thisLcase is:

Parameter 13: DPDWB .295-
;

case 11: The RPV failure' mode -is ia small; hole. : A? large _ amount of -
molten core debris -is released from the' vessel .at: low. pressure _into a
wet. or flooded cavity. The omean 1value .(kPa)' of the 1 aggregate-

distribution provided by the-expert panel for e51s. case-is:

Parameter 13: DPDWB 242-.

Case 12: The RPV failure node: is ' a large hole. . Alsmall ambunt.-of
molten core debris is released- from the vessel at low pressure into a
wet or flooded cavity. The 'mean value .(kPa) of L the f aggregate j
distribution provided'by the expert panel forithis. case' is:-:

Parameter 13: DPDWB 290 '
-

Case'13: The- RPV failure mode;is a small hole. . A i small - amount Iof _ j
molten coreidebris - is released. from. the : vessel at -low pressure into a i
wet" or . flooded c avi ty.. _The rean value (kPa) of : thet aggregate.
discribution provided by the expert panel for this case is:

Paramete:: 13: DPDWB - 239-

Case 14: The RPV is at low pressure at the time of vessel; failure and "

_

the core debris it released into a- dry cavity. Because the vessel '

fails at low pressure, DCH does not Loccur. -Similarly, because the
- cavity is dry, there are no ex fessel steam explosions. Thus, loads-

.
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associated with this case are - negligible ~ when compared - to ' the -|
structural capacity of the drywell. - The value --(kPa) assigned to the !_

parameter for this' case is:

0.0 iParameter 13: DPDWVB -

'

question 71. What Is the Peak Pedestal Pressure at'VB7
'

1 Branch, Type 4, 1 Parameter, 18 Cases

The branch for this question is:
'

1. Ped VBP The peak pressure in the reactor cavity at VB.

I ?>e parameter initialized-in this question is:

P39 Ped VBP The peak - pedes tal. . pressure at VB (kPa) is read i.in as
Parameter 39. !

The parameter initialized in this question in sampled, The distributir,ns . 1
'for the peak pressure in the reactor pedestal cavity were provided by the

Containment Loads Expert Panel. .(A discussion of this issue is t asented-
in Volume 2, Part II- of this report. ) The parameter initialized . this !

question depends upon the branch taken.ac Questions 26, 36, 54, 61, and 63. '

In this question, the peak pedestal pressure accompanying VB is-quantified.
This value is then compared, in a' ' subsequent question, with the pedestal
structural capacity to ~ determine whether the -pedestal fails from quasi-
static overpressure. Pedestal failure .and the loss -of RPV , support. can
induce drywell failure. This issue is addressed in Question 76.

When-the RPV fails, steam and core debris--are released from the vessel.into.
,

!: the pedestal cavity below the vessel. Energetic (events that-lead to rapid <

pressurization of . the pedestal. cavity include DCH,. ex-vessel steam
explosions, and to a-lessor extent RPV blowdown from high pressure.-.

i
.

| Factors that affect the pressurization of _ the pedestal cavity include the
pressure of the RPV at VB (i.e. , DCH can occur only when the: RPV is' at high

; pressure), the amount of water in the' pedestal cavity :(i.e. . for an . ex-
i vessel steam explosion to occur, there must be water in the cavity), vessel

failure size (i.e.. hole size) . the -amount of core debris: ejectedi at VB,
,

[ and the amount of ' oxidized metal in 'the ejected debris.-
1

I Case 1:= Either an Alpha. Mode' + vent occurred,1or the vessel- did not

!- -fail. . If an Alph Mode event occurred, both the drywell and- the

.
containment structures have already - failed, so the loading -on the
pedestal structure'is not important.' If the vessel did not fail, there
would be no significant pressurizationc of the -pedestal cavity. The,

value-(kPa) assigned to the parameter in this case is: ;.

:

1 Parameter 39: Ped-VBP' - 0.0
1
4

i Case 2: The RPV failure mode is a large hole. A'large amount of
molten core debris is released from the vessel at high pressure into'a
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wet _or - flooded cavityi The mean value (kPa) .of; the aggregate:
distribution provided by the_ expert panel'for this_ case is: i

:

-3580. !Parameter 39: Ped VBP -

Case 3: The RPV failure ' mode is ! a small hole -. A large- amount' of i
-

.
' '

molten core debris is-released from the vessel'at high pressure'into'a
wet or flooded cavity. - The: mean -value _ (kPa) :of : the . aggregate . q:

distribution.provided:by the expert' panel for._this' case is: i

2780Parameter 39: : Ped VBP -

!i
"

. .
.

.
. . .

Case 4: The. RPV failure mode ois ;a- large . hole. :ALlarge amount of.
-molten core debris 'is released from the| vessel at high pressure into a .
dry . cavity. The mean: value -(kPa)' .ofE the aggregate - distribution =
provided by the expert panel for-this case is:

- - 3080:Parameter 39: Ped VBP

Case '5: The RPV ' failure ' mode 1is Da small hole.' ' A ' larga - amount 'of -
,

- molten core debris :is released:: from the vessel at high peurelinto a j
_

dry cavity. The mean value f(kPa) i of the aggregate: distribution- i

provided by the expert panel for_this case is':
,

s

Parameter 39: Ped VBP - 1720
~

J
Case 6: The .RPV failure mode is 'a- large: hole. A sma'il' amount.of
. molten core debris-is released from.the' vessel at high pressure into a
wet or flooded cavity. .The mean value-- (kPa) - of the aggregate
distribution provided by the expert panel for this case is:

Parameter 39: Ped |VBP. - - 3250

. Case 7 The RPV failure mode 'is = a -- small hole , A smalls amount ~ of
molten core debris is: released from the; vessel =at high pressure into a

- wet or. flooded 1 cavity. Thelmean value . kPa) of ' the J agg'rigate(.

,
~ distribution provided by the expert panel for this case-is:

!

Parameter'39: : Ped VBP '2170:-

Case 8: , The RPV - fail _ure mode _is a-;1arge: hole. . Af small amount of j
'

.

-molton core debris is released from the vesselfat high pressure-into a
' dry _ cavity. ._ The mean - value=' (kPa)- ~of the L aggregate 4 dis tribution
provided by the expert: panel; for;this case is:-

Parameter 39_:- Ped VBP . ;850 1-

Case 9- The RPV failure mode? is .a small .- hole . = A' sma11L amount of- q
. molten core debris is released from the; vessel-at high pressure into a "

|

|
-A
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dry cavity. The mean value (kPa) of the aggregate distribution
provided by the expert panel for this case is:

Parameter 39: Ped VBP 1440-

Case 10: The RPV failure mode is a large hole. A large amount of
molten core debris is released from the vessel at lov pressure into a
wet or flooded cavity. The core debris ejected at VB contains a large

2amount of exidized zirconium. The mean value (kPa) of the aggregate
distribution provided by.the expert panel for this case is:

1120Parameter 39: Ped VBP -

case 11: The RPV failure mode is a small hole. A large amount of
molten core debris is released from the vessel at low pressure into a

.

wet or flooded cavity. The core debris ejected at VB contains a large
amount of oxidized zirconium. The mean value (kPa) of the aggregate
distribution provided by the expert panel for this case is:

Parameter 39: Ped-VBP 734-

Case 12: The RPV failure mode is a large hole. A large amount of
molten core debris is released from the vessel at low pressure into a
wet or flooded cavity. The core debris ejected at VB contains a small
amount of oxidized zirconium. The distribution that was used to
quantify Case 10 is also used to quantify this case. Thus, the mean
value (kPa) of the aggregate distribution provided by e.he expert panel
for this case is:

Parameter 39: Ped-VBP 3580-

Case 13: The RPV failure mode is a small hole. A large amount of
molten core ebris is released from the vessel at low pressure into ad

wet or flooded cavity. The core debris ejected at VB contains a small
amount of oxidized zirconium. The mean value (kPa) of the aggregate
distribution provided by the expert panel for this case is:

Parameter 39: Ped VBP - 557

Case 14: Tne P.PV failure mode is a large hole. A small amount of
molten core debris is released from the vessn1 at low pressure into a

.

wet or flooded cavity. The core cabris ejected at VB contains a large
amount of oxidized zirconium. The : mean value _ (kPa) of the aggregate
distribution.provided by the expert pane 1~for this case is:

Parameter 39: Ped-VBP .1000-

Case 15: The RPV failure mode is a small hole. A small amount of
molten core debris is released from the vessel at low pressure into a
wet or flooded cavity. The core debris ejected at VB contains a large

|

J

%
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amount of oxidized zirconium. The'mean value (kPa) of the aggregate
distribution provided by the expert panel for.this case.is: |

606Parameter 39: Pod VBP -

Case 16: The RPV failure mode : is . a: large hole.- A small amount of
.

molten core debris is released from the vessel: at low pressure into a

wet or flooded cavity. The core debris ejected at.VB contains a small ;i
amount of oxidized zirconium._ The distribution used to quantify case
15' is also used to quantify this ' case. Thus, the mean value~ (kPa) of- ~|
the aggregato distribution provided by thej export panel for this case
is;

Parameter 39: Ped VBP' 606--

,

Case 17: The RPV failure' mode 'is a 'small hole. A small amount:of-

,

molten core abris is released from the vessel at low-pressure into a i
wet or flo b cavity. . The core -debris. ejected at.-VB. contains a small !

amount of widized zirconium. The mean-value (kPa) of the aggregate
,

distribution provided by the expert panel for this case is:
.

,

436Parameter 39: Ped VBP -

Case 18: The RPV is at low pressure at.the. time of vessel failure, and-

the . core debris is ' released into a - dry cavity. - . z Because .the vessel--

fails at low pressure, DCH does not occur. : Similarly,- because the
cavity is dry, there are no' ex vessel i steam explo'sions. Thus,Eloads
associated with this - case are negligible when.- compared Eto the
structural-capacity of the pedestal. The value-(kPa) assigned to the
parameter for this case is:

Parameter 39': . Ped VBP_ 0.0-

Question 72. 'Is the Impulse ' Loading to the- Drywell= at V3 Sufficient : to :
Cause Failure?'

''

3 Branches, Type 6, 2 Cases;

.The branches for this question are:

1. :InDWFI The drywell does tiot fail from anlimpulse' load at ~VB.-

2. I-DWFI2 - An impulse s 1oad in ; the drywell : at VB results in a leak in
'the drywell.

3. LI-DWFI3 An impulse-load in;the.drywell.at VB results in a rupture in
the drywell.

The branching at this question depends. upon the branch taken = at Question
65. A module in the user function is " ed'to determine whether the drywell
fails and, if-so, the' mode of fail e In r5n usetEfunction, the impulse
load (Parameter 36)fis compared-to the st accural capacity of -the drywell' =;

L

to dynamic loads (Parameter 34) . Th- say 11a: which the random -number
(Parameter 35) is- used to determine che mode of drywell failure 'is-
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described in Subsection A.2. The method differs depending on whether the
rate of pressure rise is fast or slow relative to the rate at which a leak j

depressurizes the containment (or pressurizes ~ the drywell) . The fast J

pressure rise method is used in this question. |
|

Case 1: The hydrogen in the drywell detonates at VB, A modul e: in the !

user funct. ion is used to determine whether the drywell fails and the

mode of failure.

Case 2: A hydrogen detonation does not occur in the drywell, and there
are no other energetic events in the drywell at VB that lead to an
impulsive load on the drywell structure. Impulsive loads from ex-
vessel steam explosions are a threat only to the pedestal structure.
Thus, the drywell does not fail from an impulsive load.

Question 73. Is Drywell Pressurization at VB Sufficient to Cause Failure?
5 Branches, Type 5, 1 Case

The branches for this question are:

1. InDWOP The drywell does not fail at VB from quasi-static
overpressure.

2. E DWOP2 The drywell fails in the leak mode at the drywell vall.

3. E-DW110P2 The drywell fails in the leakage mode at the drywell head.
In this analysis, it'was assessed that there was a
negligible probability - that the drywell head would fail
before the drywell wall. _ Thus, thic failure location does
not occur in this analysis but has been retained in the tree
for completeness.

4. E DWOP3 The drywell fails in the rupture mode at the drywell wall.

5. E-DWHOP3 The drywell fails in the rupture mode at the drywell head.
In this analysis, it was assessed that the re ' was a
negligible probability that the drywell head would fail
before the drywell wall. Thus, this failure location does
not occur in this analysis but has been retained in the tree
for completeness.

A module in the user function is- used to determine whether the drywel.'
fcils and, if so, the mode of failure. In the user function, the wak

| drywell/wetwell pressure differential that occurs at VB (Parameter l' is

compared to the drywell tailure pressure (Paran ter 26). The way in ' ah
the random number (Parameter 31) is used to determine the . mode of,

'

containment failure is described in Subsection A.2. The method differs

| depending on whether the rate of pressure rise is fast or slow relative to
the rate at which a leak depressurizes the containment (or pressurizes the
drywell). The fast pressure rise method is used in this question. |

-1

|

|

,
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Question 74. Dees the RPV Pedestal Fail Due to Pressurization at VB7 <
'

2 Branches, Type 5, 1 Case

The branches for this question are:

1. I-PedFP The reactor pedestal fails from quasi-static loads
accompanying VB.

2. InPedFP The reactor pedestal does not fail.

The reactor pedest 1 failure pressure (incorporated into this question as a
comparison parameter) is sampled in this question; the distribution was-
quantified inte*:nally. (A discussion of the quantification of this issue

_

.

is presented in Volume 2, Part VI, of this re; ort.) In this question, it.
is determined whether the reactor pedestal fails from quasi-static
pressurization of the pedestal cavity during VB. The peak pedestal cavity .i
pressure that occurs at VB (Parameter 39) is compared to the pedestal j

failure pressure (comparison parametnr) . If the cavity pressure is greater
than the pedestal failure pressure, the pedes.ta} fails. Failure of the
pedestal implies loss er' ' port to t r 1.. The acan value (kPa) of the
aggregate distribution f<- J.a pedest al 1 11ure pressure is:

1300Comparison Parameter: .

Question 75. Does the RPV Pedestal Fail from an Ex-Vessel Steam Explosion
(Impulse f Oding)?
2 Branches, type 2, 3 Cases

The branches for this questiottare:

1. 1-PedFI The pedestal fails from 'an impulsive load that originated-
from an ex-vessel steam explosion.

2. InPedFI The pedestal does not fail from an impulsive load at VB.

Case 2 of this question ic- sampled; the distribution was qua'nEified
internally. The branching at this question depends upon-the branch taken
at Questions 67 and 74. (A discussion of the quantification of this issue
is prouented in Volume 2, Part VI, of this report.) -

In this w Con, only pedestal failure from a dynamic load -is addressed. ;

Pedestal ' .ure from quasi-static pressurization- was addressed in - the |

previous question. In this analysis , the only significant impulsive load ,

on the - pedestal is from an ex-vessel steam explosion. (The quasi-static -!
load on the pedestal from an ex vessel steam explosion was considered in I
Question 71). |

|

l

The magnitude of the dynamic load associated with the steam explosion and
the structural response of the pedestal to the load depend on a number of
parameters, a number of which are uncertain. To reflect this uncertainty,
pedestal failure and no pedestal failure have been ' quantified with ' equal
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probability (i .e . , it is equally as likely that the pedestal will fail as
remain intact).,

Case 1: The reactor pedestal failed from quasi static pressurization
of the pedestal cavity during VB. Thus, the pedestal has already
failed and does not fail from an impulse load. The quantification for

this case is:

0.0Branch 1: I PedFI -

1.0Branch 2: InTedFI -

case 2: There was a large ex vessel steam explosion in the pedestal
cavity during VB. The pedestal did not fail from quasi-static
pressurization. It is uncertain whether the impulse load associated
with the steam explosion fails the pedestal. The quantification for
this case, based on the mean value of this distribution, is:

Branch 1: 1-PedFI_ - 0.5-
0.5Branch 2: InPedFI .

Case 3: The pedestal did not-fail from quasi-static pressurization at
VB and an ex vessel steam explosion did not occur. Thus, the pedestal
does not fail at VB. The quantification for this case 1s:

0.0Eranch 1: I PedFI -

Branch 2: InPedFI 1.0-

Question 76. Does the RPV Pedestal Failure Induce Drywell Failure?
2 Branches Type 2, 3 Cases

The branches for this question are:

1. I-DWFPed Podestal failure induces drywell failure.

2. InDWFPed Pedestal failure does no*: induce drywell failure,
,_

Case 2 of this question is rampled. '|he distribution for the probability
that pedestal failure induces drywell failure wac provided by the
Structural Response Expert Panel. Tne branching at this quest'.on depends
upon the branch taken at Questicas 52, 58, 72, 73, 74, and 75. (A
discussion of the quantification of this issue is presented in Volume 2
Part III, of this report.)

The RPV is supported by t.he reactor pedestal. Failure of the pedestal will
result in gross motion of the RPV. Several large pipes are attached to the l
RPV that penetrete the drywell (e.g., steam lines and feedwater line). The I

motion of the RPV and hence the motion of these pipes can damage the
penetrations and fall the drywell boundary. The integrity of the drywell
boundary can also be impaired by damage to the steel drywell liner that |
results from the RPV motion. The combination of these events can establish |

pathways that bypass the suppression pool. It is assumed that drywell
failuro by this mechanism will result in a pathway that allows fission |

|
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products to bypass the' suppression pool completely - (1.e, _ rupture o f ; the .
drywell),

i

Case 1: 'Either an Alpha Mode event occurred;. or: the 9 drywell has j
ali cady failed. in the - rupture mode. -In either case,tthe drywell gases
can already completely bypass the suppression pool. The:quantification j
for this case is.

..|0.0Branch 1:- I-DWFPed -

1.0. Branch 2: InDWFPed -

Case 2: The drywell was not' ruptured _before -VB _and drywell-
pressurization at VB did not rupture the drywell'. The pedestal-failedt
at VB from either quasi-static pressurization of the cavity or. *from a

'

dynamic' load associated-with an ex vessel' steam. explosion. This case
'

is sampled - zero one. Based on the mean value c of the sample, the
i

quantification for this case is:

0.175 )Branch 1: I DWFPed -

0.825
,Branch 2: InDWFPed -

i

Case 3: The reactor _pedostal. does not fail at-VB. Thus , the

quantification for this case is:

0,0Branch 1: I-DWFPed- - ,

'
1.0Branch 2: InDWFPed -

Question 77. What Is the Pressure in the Containment at VB ' Prior L To at

Hydrogen' Burn?_ 9

1 Branch, Type 4, 1 Parameter,18 Cases

The-branch for this question-is:

1. CP VB Containment pressure at VB prio~r to a hydrogen: burn.-
''

The parameter-initialized in this question isi

P40 CP VB- The containment : pressure (kPa) at VB - prior to 'a - hydrogen
-burn is read-in-as Parameter 40. '

'The parameter initialized in this question is sampled. _ The distributions-

for the pressure in -the containment - priorito a _ hydrogon'. burn were--

quantified internally. The parameter initialized-in'this; question' depends
upon the. branch taken-at Questions''26,.50, 52,~ 54, 61,.163, 64,~67, 72,:and
'73.

In this question, the. pressure - ri s in the ' containment from energetic
events ini the drywell is determined. The loads ' accompanying VB L (see
Question 70) ' pressurize the drywell. This pressure is relieved through the

3

suppression pool vents. If,Lon the other hand, the- drywell is ruptured, ;
'the- suppression pool is complete 1~y bypassed, and tho' drywell; atmosphere is!

-|-vented directly into the wetwell volume. The. release of drywell gases inte --

.l
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the wetwell at VB will increase the wetwell baseline pressure. Ic is this
increase in the baseline pressure that is determined in this question.

The increase in the base line pressure is based on the peak drywell
pressure loads (Question 70) assigned by the Containment Loads Expert
Panel. If the drywell has been ruptured (i.e., complete bypass of . the
suppression pool), the drywell atmosphere (at its peak pressure) is
isentropically expanded into the wetwell volume with the requirement that
after the expansion, the pressure in the drywell and the wetwell is the
same. The subcases considered by the experts (e.g., the effects of RPV
hole size and the amount' of core ejected) have been averaged together. The

,

offects of RPV pressure and cavity water have still been retained. It

should be noted that this case is genera 11y' not important beenuse most
events that would have resulted in a drywell rupture would have also caused
the containment to rupture. If the drywell is not ruptured, the drywell
atmosphere will be vented through the suppression pool where the steam will
be condensed, and the hot gases will be cooled. The pressure rise in the
wetwell for this case is ' therefore expected to be negligible. A possible

exception to this conclusion is the case in which a very energetic event in
the drywell causes hot gases / particles to " punch through" (i.e., rapidly

pass through the pool without being affected by it) the suppression pool.
Events that could result in punch through are HPME and ex-vessel stoa 2
explosions. Although the pressure rise in the wetwell for the punch,
through case is expected to be less than for the complete bypass case, the
amount of punch through and the effectiveness of the suppression pool under
these conditions is very uncertain. To quantify this case , - the maximum
pressure rise was assumed to be half of the maximum pressure rise
associated with complete bypass. To reflect the large amount of
uncertainty associated with the effectiveness of the suppression pool under
these conditions, a uniform distribution between 0 and this maximum value

_

was assigned to this case.

Case 1: An Alpha Mode event occurred, there was_no vessel failure, or
the containment has been ruptured. If the containment nas been
ruptured, the pressure rise in the containment will be negligible
because the wetwell pressure can be relieved to the outside atmosphere.
If the vessel does not fail,.there will be no significant pressure rise
in the drywell. In any case, the wetwell is not pressurized. The
value (kPa) assigned to the parameter for this case is:

0.0Parameter 40: CP VB -

Caae 2: The drywell has been ruptured, which results in complete-
bypass of the suppression pool. The vessel fails at high pressure and
the c. ore is released into a wet or flooded pedestal cavity. The peak
drywell pressure initialized in Cases 2, 3, 6, and 7 in Question _70
were averaged together. Based - on this drywell pressure, the drywell
atmosphere was isentropically expanded into the wetwell to determine
the pressure rise in the containment. The mean value (kPa) of the
distribution used to quantify e k parameter for this case is:

Parameter 40: CP VB - 50 ]
I
1
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- Case- 3 : The dryvell _has been ~ ruptured | which - results in~ complete; j
bypass of the suppression pool.~ The-vessel-fails at high pressure and--

dry pedestal cavity. ' The_ peak drywellthe core is' released _ into a
pressure initialized in Cases 4, . 5, 8, L andc-9 in _- Question _70._ vere
averaged together. = Based - on _ this drywell pressure, the drywell-
atmosphere was isentropically expanded into the wetwel1~ to determine-
- the pressuro rise - in the containment. The ,mean value --(kPe) of the j

!distribution used to quotify the-parameter forithis case is:

i- -411 Parameter 40: CP-VB' -

Case - 4 : 'The drywell has been ruptured . which results in completel q

bypass of:the suppression pool. -The-vessel fails-at low pressure, and:
the core is released-into a' wet'or flooded pedestal cavity.__The peak

~

drywell pressures initialized in- Cases .10 through 13t in . Question 70_ .
were averaged together. Based on this - drywell pressure, the drywell
atmosphere ' was isentropically expanded into " the -vetwell- to_ determine _ q

the prepure rise in the : containment. - The mean value-(kPa)_ of;the
idistribution used to quantify the parameter-for this case is:

Parameter 40: CP-VB' 35- ;

case '5 : The drywell has been / ruptured _which results in - complete :
bypass of the suppression pool. The' vessel-. fails'at: low pressure,'and

_

the core is released into a-dry. pedestal cavity. The pressure rise in-
the containment for this case'is negligible. The value.(kPa) assigned

~

.,

to the parameter for this case is:

Parameter |40: CP VB 5.0

Case _6: A.large amount of core is released . from :the _: vessel. ' Either -
_

_

the core is ejected as an HPME or an ex-vessel. steam cxplosion occurs -
in the: pedestal cavity. The drywel1~ has- not been _ ruptured, sos the-

drywellL gases will' be . directed; into _ thof suppression pool. _The
possibility- exists that~ the- drywell gases : willL punch through_ the -
suppression pool. The mean-value (kPa)- of the --distribution us~ed to ::

quantify the parameter for this case is:

Parameter 40: CP VB 57---

Case 7: A small amount of core :is released from the vessel. Either:
{ the core is ejected :as--a HPME, or an ex vesa,el steam explosion' occurs
in the pedestal _ cavity. The _ drywull ;has not been 3 ruptured,L so L the
drywell - :: gas e s will: be directoo into - the suppression pocl. The
possibility - exists that the drywel? --' gases _ -_will ; punch through the
suppression - pool. This case ! is quantified the same, as 1 the previousi
case. Thus, mean value (kPa) of the tistryautioniused--to. quantify the-
parameter for'this case is:

Parameter 40: CP-VB 57--

Case 8: _ The _drywell' has not. been ruptured, and there -was not a _large
'

energetic event in the- drywell at VB; Thus, the : suppression pool is
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I

not bypassed, and the pressure rise in the wetwell is, negligible. The
value (kPa) essigned to the parameter for this case is:

0.0Parameter 40: CP-VB -

Question 78. What Is the Concentration of ifydrogen in the Containment
Immediately After VB7
6 Branches, Type 6, 7 Cases

The branches for this question are:

1. IHW>20 The H2 concentration is in the range H2 2: 20%.

2. IHW>16 The H2 concentration is in the range 16% s 112 < 20%.

T

3. 1HW>12 The H2 concentration is in the range 12% s H2 < 16 % .

4 IHW>8 The H2 concentration is in the range 8% s H2 < 12%.

S. IHW>4 The H2 concentration is in the range 4% $ H2 < 8% .
I

t, . I-NoH' The H2 concentration is in the range H2 < 4% .

The branching at this question -depends upon the branch taken at Questions
28, 50, 54, 58, 63, 64, 65, 66, and 67. A module in the user function is
used to determine the hydrogen concentration in the wetwell based on the
gaseous constituents in the drywell and the wetwell and on the condition of
the containment and drywell. The amount of hydrogen that remains in the
vetwell is stored as Parameter 3.

I

In this question, the hydrogen (either pre-existing or generated at VB) and ;
'oxygen in the drywell are either passed to the wetwell or _are consumed byl

burns at VB. The loads from these burns were considered by the Containment
Loads Expert Panel and are therefore reflected in the distributions
provided by this expert panel for the peak'drywell-pressure. The nun.ber of

~

moles in the containment is also adjusted to account for leakage from the
containment. The wetwell hydrogen concentrations calculated in - this
question are - used in subsequent questions to determine the ignition
probabilities , detonation probabilities, and the resulting loads from
either a deflagration o detonation.

Case 1: Either an Alpha Hode=cvent occurred, -or .the vessel did. not
| iail. If-an Alpha Hode event occurred, the concentration of hydrogen

-in the wetwell is not particularly important because both the drywell ;

and the containment have already failed. If the vessel does not fail, |

| the amount of hydrogen in the drywell and wetwell remain unchanged, j
i

Case 2: There is an energetic event in the drywell at VB and the
containment has been ruptured. The energetic events considered in this -j

question include HPME, ex-vessel ' steam explosions, hydrogen
detonations, and deflagrations. It is assumed that if one of these
energetic events -occurs at VB, the hydrogen in the -drywell will be
-ignited. The amount of oxygen in the drywell will limit the amount of-
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hydrogen that is allowed to burn in che drywell. Af ter the burn, the

remaining gaseous constituents are passed to the wetwell. Because the
containment is ruptured, it is at atmospheric pressure - and will not
pressurize. Thorefore, to satisfy this pressure requirement, it is j

necessary to release a fraction of the wetwell gas to the outside j
'

atmosphere.

Case 3: This case is the same as the previous case except that the
containment is not ruptured. Thus, all of the wetwell gases remain in

the containment.

Case 4: There are no large energetic events in the drywell at VB, but
there is water in the- pedestal cavity. The containment has been
ruptured. When the core dabris contacts the water, the steam generated
will be voluminous. Because there are no energetic events and the
drywell will quickly fill with steam, it is believed that the hydrogen
will not burn in the drywell but instead will be driven into the
wetwell. Because the containment is ruptured, it is at atmospheric
pressure and will nc:. pressurize. Therefore, to satisfy this pressure

requirement, it is necessary to release a !.caction of the wetwell gas
to the outside atmosphere.

Case 5: This case is the same as the previoua case except thc. the
containment is not ruptured. Thus, all the wetwill gases remain in the
containment.

Case 6: There are no large energetic ew ucs in the drywell at VB, and
the drywell is dry. The containment however has been ruptured.
Because there are no energetic events and large amounts of steam will
not be generated, it is assumed that a fraction of the hydrogen and
oxygen remains in the drywell. Because the containment is ruptured, it
is at atmospheric pressure. Therefore, to satisfy this pressure
requirement it. is necessary to release a fraction of the wetwell gas to
the outside atmosphere.

Case 7: This case is the same as the previous case except tha~t the
containment is not ruptured. Thus, all of the wetwell gases remain in
the containment.

Question 79. Is AC Power Not Recovered Following VB7
2 Branches, Type 2, 4 Cases

The branches for this question are:

1. If' AC power is not recovered shortly after VB.

2. I-AC AC power is recovered following VB.;.

Cases 3 and 4 of this question are sampled; the distributions sampled were
obtained from the offsite power recovery curves for the Crand Culf plant.,

| The branching at this question depends upon the branch taken at Questions
2, 15, 24, and 25.'
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.

The probability of power recovery is that offsite electrical power is
recovered in the period in question, given that power was not recovered
prior to the period (see the discussion in Subsection A.3).

|

This question accounts for the de) ay in recovery of offsite power. The- )
time period of interest here begins roughly 15 minutes before VB (when the
last time period ended) and ends approximately 2 hours after VB.

Case l' Power was previously available and is therefore still
available. The quantification for this case is:

0,0Branch 1: IfAC -

1.0Pranch 2: I-AC -

Case 2: DC power is noe available. Without de power, it is assumed
that ac power cannot be restored within the timeframe considered in
this analysis. The quantification for this case is:

1.0Branch 1: IfAC -

Branch 2: I AC - 0.0

Case 3: This case is an SB0 that has core damage in the long term.
Power was not initially available, but recovery was possible. For-the
long term sequences, the previous time period was terminated 14,7 hours
after the initiating event. Thus, the recovery period for this case is
14,7 hours to 17 hours. The mean value for power recovery during this ,

time period is:

0,90Branch 1: IfAC -

0,10Branch 2: I-AC -

Case 4: This case is an SB0 that has core damage in the short term.
Power was not initially available, but recovery was possible, For-the
short-te m sequences, tbc previous time period terminated' 3.35 hours
after the initiating event. Thus, the recovery period for this case is
3.35 hours to 5.6 hears. The mean value for: power recovery durity, this
time period is:

0.62Branch 1: IfAC -

0.38-Branch 2: I-AC -

Question 80. Is DC Power Available Following VB?
2 Branches, Type 2, 4 Cases

The tranches for this question are:

1. IfDC DC power is not available shortly after VB,

2. I-DC DC power is available following VB.

Thh. 3.c: tion is not sampled and was internally quancified. The branching
at this question depends upon the branch taken at Questions 2, 15, 24, and
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25. A discussion of this issue and the assumptions about the relationship
between ac and de power is presented in Question 25.

The time periods used for battery depletion are the same as the time j
periods used for ac power recovery.

|

Case 1: DC power has a?. ready been lost. Once de power is Icst it is I

assumed that it cannot be recovered. The quantification for this case l

|is:
|

1.0Branch 1: IfDC -

Branch 2: I DC - 0.0

Case 2: AC power is available, _ so de power is available. The
quantification for this case is:

0.0-Branch 1: IfDC -

1.0Branch 2: I DC -

Case 3: This case is an SB0 that has core damage in the long term.
Thus, the time period is from 14,7 hours to 17 hours. The
quantification for this case is:

0.21Branch 1: IfDC -

0.79Branch 2: I DC -

Case 4: The PDS is an SBO that has core damage in the - short term,
Thus, the time period is from 3,35 hours to 5.6 hours. The
quantification for this case is:

0.01Branch 1: IfDC -

Branch 2: I-DC 0.99-

Question 81. What Is the etatus of the Containment Sprays Following VB7
4 Branches, Type 2, 8 Cases

_

.-

The branches for this question are:

1. IfCS The containment sprays are failed and nannot be recovered.

2. IrCS The sprays are recoverable uhen ac power is restored.

3. IaCS The sprays are available but not currently operating.

4. I-CS The sprays are operating.

Cases 2, 4, and 6 of this question are sampled; the distributions were
quantified internally. The branching at this ques *. ion depends upon the
branch taken at Questions 16, 22, 30, 50, and 79.

This question determines the status of the CS system during the time period
shortly after VB. - A description of containment spray system is presented

|

|
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in Question 13. In this question, failure of the CS system by energetic
events in the containment is addressed, j

Case 1: The CS system failed before VB and is therefore not available
after VB. The quantification for this case is:

Branch 1: IfCS 1.00-

Branch 2: IrCS 0.00 j-

Branch 3: laCS 0.00 l-

0.00 |Branch 4: I CS -

|

)
Case 2: The CS system was recoverable before VB, and ac power is not'
recovered in the time period shortly af ter VB. The containment was
ruptured by an energetic event before VB (most likely a deflagration er
a detonation). Because the event that failed the containment was
severe enough to cause a rupture, it is possible that it also failed j
the CS system. Failure of the CS system is defined in this question as
failure to provide adequate coverage to insure chat the steam in the
wetwell atmosphere is condensed. There .is a large amount of
uncertainty associated with the magnitude of > the load that failed the
containment and the location of the load (particularly in the case of a
detonation). For this case, it is uncertain whether the CS system will
fail or still be in a recoverable condition. This - case is sampled
zero-one. Based on th9 mean value of the sample, the quantification
for this case is:

Branch 1: IfCS 0.50-

Branch 2: IrCS 0.50-

Branch 3: IaCS - 0.00 ;

Branch 4: I-CS 0.00-

Case 3: The CS system was recoverable before VB, and ac power is not
recovered in the time period shortly after VB. Because the contaiament-

was not ruptured before VB , the CS system remains recoverable. The
quantification for this case is:

,_

Branch 1: IfCS - 0.00
Branch 2: IrCS - -1.00
Branch 3: IaCS 0.00-

Branch 4: I-CS 0.00-

Case 4: The CS system was operating before VB, but the-containment was
I ruptured by an energetic event before VB (most'likely a deflagration or
'

a detonation) . . The quantification for this case is the same as for
Case 2, except that it is uncertain whether the CS system is failed or
is still operating. This case is sampled zero one. Based on the mean
value=of the sample, the quantification for this case is:

- Branch 1: IfCS 0.50-

! Branch 2: IrCS 0.00--

f Branch 3: IaCS 0.00-

1 Branch 4: 1-CS - 0.50
|
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Case 5: The CS system was operating before VB. Because the
containment was not ruptured before VB, it is expected that the CS
system will still be operating. The quantification for this case is:

!

Branch 1: IfCS 0.00-

Branch 2: IrCS 0.00-

Branch 3: IaCS 0.00-

Branch 4: I CS 1.00-

Case 6: The CS system was either available or recoverable before VB
and ac power is available following '!B. e.n energetic event (most likely
a deflagration or a detonation) rt.p tured the containment before VB.

i

The quantification for this case is the same as_for Case 2, except that |
it is uncertain whether the CS system is failed or will be available. 1

Because the conte.inment has been ruptured, it will be near atmospheric i

pressure. Furthermore, because the containment is not pressurized, it
is felt that if the CS system does not fail, there is only a small,

I probability that the operators will actuate this system. This case is
sampled zero-one. Based on the mean value- of the sample, the
quantification for this case is:

Branch 1: IfCS 0.50-

Branch 2: IrCS 0.00-

Branch 3: IaCS 0.45 R-

| Branch 4: I-CS - 0.05
1

Case 7: AC power is available following VB, and the CS system has not
failed. Because the containment was not ruptured by an energetic event
before VB, it is very likely that the sprays will be operating. The
quantification for this case is the same as the-quantification in Case
4 of Question 30. The quantification for this case is:

Branch 1: IfCS 0.00 '-

Branci. 2: IrCS 0.00-

Branch 3: IaCS 0.01-

Branch 4: I-CS 0,99 - '--

Case 8: All the potential cases are addressed in the preceding cases.
Thus, this case is not used.

Question 82. To What Level Is the Wetwell Inert After VB7
3 Branches. Type 5, 1 Case

The branches for this question are:

1. InWIn The wetvell is not inert; both hydrogen deflagrations and
detonations are possible,

i

2. I-win 2 Tne wetwell is inert to hydrogen detonations.

3. I-win 3 The wetwell is inert to both hydrogen detonations and
deflagrations.
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This question is used to determine whether hydrogen detenations or i

deflagrations. are possible in the wetwell_ shortly af ter VB. .A module in.- -[
the user function is used to calculate the mole fraction of steam, Y,t,,,,

in the wetwell. A discussion of the inerting limits' is presented in

Question 40. The combustion limits used in this analysis are:

Y,t. , a 0. 55 ; inert to detonations and deflagrations .

0.55 > Y,t,,,a 0.35; inert to detonations.

0.35 > Y,t,,,; both detonations and deflagrations are possible.

Question 83. Is There Sufficient Oxygen in the Containment to Support
Combustion?
5 Branches, Type 5, 1 Case

The branches for this question are:

1. 02Det20 There is enough oxygen in the- wetwell to support a
detonation of a mixture with 20% hydrogen.

2. 02Det16 There is enough oxygen in the wetwell to support a
detonation of a mixture with 16% hydrogen.

3. 02Det12 There is enough oxygen in the wetwell to support a
detonation of a mixture with 12% hydrogen,

4. WO2 There is enough oxygen in' the wetwell to support a'
deflagration but not a detonation.

5, nWO2 There is not enough oxygen in the wetwell to support a
deflagration.

! This question determines the amount of hydrogen that can be burned based on
| the amount of oxygen availabic in the wetwell shortly af ter VB. This is

| not an important issue before VL because the wetwell initially 'lias an
'

abundance of oxygen. After VB,'however, the amount of orygen L in - the
containment may have been depleted by previous burns and/or by containment
failure. A module in the user function is used to calcul ate the mole
fraction of oxygen in the contairment. This question is used by subsequent

( questions to help determine the probabilities of hydrogen deflagrations and
detonations.

Question 84. Does Ignition Occur in the Contsinment at VB?
2 Branches, Type 2, 8 Cases

The branches for this question are:

1. I CIgn The hydrogen in the wetwell is ignited at VB. ;

!

| 2. InCIgn The hydrogen does not ignite at VB,
!

|
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Cases 3 through 7 of this question are sampled. The distributtons for
ignition probability at VB were provided by the Containment Loads Expert
Panel. (A discussion of this issue is provided in Volume 2, Part II, of
this report.) The branching at this question. depends upon the branch taken
at Questions 24, 26, 52, 67, 72, 73, 78, 82, and 83.

In this question, the probability of hydrogen ignition in the wetwell at @
is determined. The ignition sources are the hot gases and b'.,t debris
particles either released from the vessel or generated in the drywell at
VB. If the drywell is failed, some hot gases and/or hot pri.tcles can pass
from the drywell directly into the wetwell, Because of the abundance of
ignition sources present in the wetwell when the drywell boundary is-
fatled, it is assumed that a combustible wetwell mixture will always ignite
if the dryvell is failed. If the drywell is not failed, the hot g:.ses and
particles will pass into the suppression pool where they will be cooled.
If core debris is released from the vessel at high pressure, it is-possible
that hot gases and/or particles will pass through the suppression pool and
provide a ignition source in the wetwell. Although the . expert panel did
not explicitly consider ex . vessel steam explosions in their case-structure,
it is assumed that this energetic event 'will provide the same ignition
potential as debris release from the vessel at high pressure.

Case 1: The wetwell atmosphere is not combustible . (i.e. , not enough
hydrogen, not enough oxygen, or too' much steam) . Thus, the hydrogen
does not ignite. The quantification for this case is:

Branch 1: I CIgn 0.0-

Branch 2: InCIgn 1.0-

Case 2: The wetwell atmosphere is combustible und either the drywell
is failed (i.e., hot drywell gases bypass the suppression pool and
enter the wetwell) or ac power is availabic. In either case, there
will be numerous ignition sources in the wetwell, Thus, ignition is
certain. The quantification for this case is:

Branch 1: I-CIgn 1.0 -
-

Branch 2: InCIgn 0.0-

Case 3: The wetwell atmosphere is combustible and the drywell is
intact. In addition, either the RPV fails at high pressure, or there
is an ex-vessel steam explosion. The concentration of hydrogen.in the
wetwell is greater than 16%. The quantification for this case, based
on the mean value of the aggregate distribution provided by the expert
panel, is:

Branch 1: I CIgn 0.63-

Branch 2: InCIgn 0.37-

Case 4: This case is the same as Case 3 except that the concentration
of hydrogen in the wetwell is between 12% and 16%. The quantification
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for this case, based on the mean value of the aggregate distribution
provided by the expert panel, is:

Branch 1: 1 CIgn 0.56-

Branch 2: InCIgn 0.44-

Case 5: This case is the same as Case 3 except that the concentration
of hydrogen in the wetwell is between'8% and 12%. The quantification
for this case, based on the mean value of the aggregato distribution
provided by the expert panel, is:

0,43Branch 1: I CIgn -

0.57Branch 2: InCIgn -

Case 6: This case is the same as Case 3 except that the concentration
of hydrogen in the wetwell is between 4% and 8%. The-quantification
for this case, based on the mean value of the aggregate distribution
provided by the expert panel, is:

Branch 1: I.CIgn 0.29-

Branch 2: InCIgn 0.71-

Case 7: This case is the same as Case 3 except.that the concentration
of hydrogen in the wetwell is less than 4% , Because of the low
hydrogen concentration, it is very unlikely that . the hydrogen will
ignite. The quantification for this case, based on t e mean value of5

the aggregate distribution provided by the expert panel, is:

Branch 1: I-CIgn 0.035-

Branch 2: InCIgn 0,965-

Case P. : The drywell is intact and the RPV fails at low pressure.
Furthermore, there are no ex-vessel steam explosions in the drywell'.
Without an energetic event in the drywell, the probability that gas hot
enough to ignite the hydrogen will enter the wetwell is negligible, q
The quantification for this case is: '~

Branch 1: I CIgn 0.01-

Branch 2: InCIgn 0.99--

Question 85. Does Ignition 0ccur in the Containment Following VB?
2 Branches, Type 2, 6 Cases

The branches for this question are:

1. IgnFVB The hydrogc.n in the wetwell' is ignited shortly af ter VB.
1

2. nIgnFVB The hydrogen does not ignite shortly after VB.

Cases 3 through 6 of chis question are sampled. The distributions for
ignition probability following VB 'were baseu on- distributions provided by
the Containment 1.oads Expert Panel for hydrogen ignitioti be fo re VB. -The
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branching at this question depends upon the branch taken at Questions 78,
79, 81, 82, 83, and 84.

In this question, the ignition probability of hydrogen in the wetwell
during the time period shortly after VB is addressed. The previous

,

question only considered the ignition probability from sources associated j
with the energetic events that accompany VB. The sources of ignition !

considered in this question, random ignition sources, are essentially the
same sources that were considered by the Containment Loads Expert Panel for
ignition before VB (Question 43) . Therefore, the ignition probability
distributions used in Question 43. are also used to quantify the cases in
this question. In Question 43, the ignition probabilities were a function
of the RPV pressure and the concentration of hydrogen in the wetwell.
Before VB, the RPV pressure affects the hydrogen dis tribution - in the
containment. When the RPV is at low pressure, the hydrogen is released
uniformly throughout the suppression pool. This pathway is similar' to the
way hydrogen will enter the wetwell from -the drywell at VB, Thus, only the
low-pressure RPV distributions used in Question 43 are used. in this
question. The ignition probability is, however, still a function of the
hydrogen concentration.

Case 1: Either the wetwell atmosphere is not combustible (i.e., not
enough hydrogen, not enough oxygen, or too much steam), or it ignited
at VB (previous question). In either case, the wetwell atmosphere does
not ignite during the time period conside.ed in this question. If the-
wetwell atmosphere was inert at VB but the containment sprays are
recovered during this time period, then ignition is not precluded. The *

quantification for this case is:

Branch 1: IgnFVB 0. 0.--.

Branch 2: nIgnFVB 1.0-

|

Case 2: AC power is available following VB, and_the wetwell atmosphere
is combus tible. Because of the availability of ac sources, it is-
assumed that the hydrogen will ignite. The quantification for_ this
case is:

! Branch 1: IgnFVB 1.0-

Branch 2: nIgnFVB 0.0-

Case 3: AC power is not available shortly following VB. Thus, there
| are only random ignition sources. The concentration of hydrogen-in the

wetwell is greater than 16% . The quantification for this case, based
on the mean value of the d!stribution,~is:

Branch 1: IgnFVB - 0.49
| Branch 2: nIgnFVB - 0.51

| Case 4: This case is the same as Case 3 except that the concentration
| of hydrogen in the wetwell is between 12% and 16%. The quantification
' for this case, based on the mean value of the distribution,- is:

Branch 1: IgnFVB - 0.38
Branch 2: nIgnFVB - 0.62
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Case 5: This case is the same as Case 3 except that the concentration
of hydrogen in the wetwell is between 8% and 12%. The quantiff Ttion
for this case, based on the mean value of the distribution, is:

0.28Branch 1: IgnFVB -

0.72Branch 2: nIgnFVB -

Case 6: This case is the same as Case 3 vt that the concentration
of hydrogen in the wetwell is between 4% and 8%. The quantification
for this case, based on the mean value of the distribut.on, is:

Branch 1: IgnFVB - 0,21

0.79
,

Branch 2: nIgnFVB -

|

Question 86. Is There a Detonation in the Wetwell Following VB7 |

2 Branches, Type 4, 1 Parameter, 10 Cases

The branches for this question are:

1. I WDt There is a detonation in the wetwell following VB,

2. InWDt A significant detonation does not occur in the wetwell
following VB.

The parameter initialized in this question is:

P20 ImpLoad The impulse loading from a detonation (kPa-S) is read in as
Parameter 20. This parameter was previously the impulse
load from a detonation that occurred before VB (Question
44). This parameter is reinitialized in this_ question.

The detonation probabilities for Cases 4, 6, 7, 8, and 9 and the parameter
initialized in Cases 2, 3, 4, 6, 7, 8, and 9 are sampled. The
distributions for the detonation probability and the accompanying impulse
load are based on distributions provided by the Containment Loads Expert
Panel for hydrogen detonations before VB, The branching at this qbestion
depends upon the branch taken at Questions 24, 27, 39, 43, 52, 72, 73, 78,
81, 82, 83, 84, and 85.

The detonation probabilities used _in this question are conditional on the
hy<' a ge n having already been ignited (Questions 84 and 85). In this

ion, the probability of a detonation is a function the hydrogenqt -

co'.entration, the oxygen concentration, and the amount of steam in the
wetwell atmosphere . The distributions for the detonation probability and
the accompanying impulse load provided by the Containment Loads Expert
Panel for hydrogen detonations before VL (Question 44) are also used to
quantify the cases in this question. The Containment Loads Expert Panel
indicated that there was a negligible probability of a significant hydrogen
detonation if the hydrogen concentration was below 12%. Two levels of
steam were considered; high and low. The high steem 1cvel corresponds to
the case in which a wetwell atmosphere initia 17 inert to detonations
(i.e., mole fraction of steam was greater the .35) is slowly condensed
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and brought into the detonable regime by the recovery of sprays. The low
steam level corresponds to the case in which the steam concentration is' low ~|
enough initially to allow a detonable mixture to form.

Case 1: The hydrogen was not ignited, the wetwell is inert to hydrogen
detonations (i.e., mole fraction of- steam greater than 0.35 and the
containment sprays are not operating), or the global concentration of
hydrogen in the wetwell is below 12%. In ' any case, a hydrogen
detonaticn is not possible, The quantification for this case is:

0.00Branch 1: 1 WDe +

1.00Branch 1: InWDt -

Because Branch 1 is never taken, the value assigned to the parameter
for this branch is -irrelevant. Because Branch 2 represents the
situation in which the hydrogen does not detonate, the value for the
impulse load assigned to this parameter is 0.0. In all the remaining
cases, the impulse . load assigned to Branch 2 will also be 0.0.

Case 2: There is onough hydrogon arc. Oxygen in the wetwell to support
a detonation, but the HIS has bu*r. operating since before VB. . It is
very unlikely that a detonatie mixture would be able to form in the
wetwell before the hydrogen was burned. The quantification for this
case is:

Branch 1: I-WDt 0.01-

Branch 2: InWDt 0.99-

The parameter initialized in Branch 1- uses the same distribution that
was used to quantify this same parameter in Question 44, Case 5, Branch
1, The value (kPa-S) assigned to the paramster, based on the mean
value of the distribution, is:

Parameter 20: ImpLoad' - 12.4

Case 3: The drywell is failed (i.e., some of the hot drywell ~ gases
bypass the suppression pool at VB), so there are numerous ignition
sources in the wetwell. However, there was insufficient hydrogen in
the wetwell just prior to VB to support a detonation. Assuming that
the hydrogen generated at VB can accumulate in the - wetwell, there is
enough hydrogen to support a. detonation in the wetwell following VB.
However, because a pre-existing detonable mixture did not exist in the
wetwell and there are numerous ignition sources, it is very likely that
the hydrogen will be burned before a detonable mixture can be formed.
Thus, it is very unlikely that a detonation will occur in wetwell
following VB. The quantification for this case is:

Branch 1: I-WDt 0.01-

Branch 2: InWDt - 0.99

The parameter initialized in Branch 1 uses the same distribution that
was used to quantir'y this same parameter in Que M on 44, Case 5
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Branch 1. The value (kPa S) assigned to the parameter, _ based on the
mean value of the distribution, is:

>

12.4Parameter 20: Imptoad -

Case 4: The wetwell has a high steam concentration (i.e., slowly '

decreasing below 35%), and there is sufficient oxygen in the wetwell to
support a detonation. The hydrogen concentration is between 12% and
16%. This -- case is quantified using the same distributions used - to
quantify Question 44, Case 2. Thus, the quantification-ior this case,
based on the mean value'of the distribution, is:

0.22Branch 1: I-WD t -

0.78-Branch 2: InWDt -

For Branch 1, the value (kPa S) assigned to the parameter, tased on the
mean value of the distributions, is:

_5.8Parameter 20: Imptoad -

Case 5: The wetwell has a low steam concentration, and there is
suffiaient oxygen in tne wetwell to support a detonation. The hydrogen
concentration is between 12% and 16%. This case is quantified using
the same distributions used to quantify Question 44, Case 3. Thus,-the
quantification for this case is:

Branch 1: 1 -WD t 0.0-

Branch 2: InWDt 1.0-

.

Because branch 1 is never taken, the parameter value for this branch is
irrelevant, and as discussed in Case 1, the value assigned to. Branch 2
is 0.0.

Case 6: The wetwall has a high steam concentration- (i.e. , slowly
.

decreasing 'oelow 35%), and there is sufficient oxygen in the wetwell to !
-

support a detonation. The hydroben concentration is between.16% and
20%. This case is quantified - using the same - distributions used to
quantify Question 44, Case 4. Thus, the quartification for this case,
based on-the mean value of the distribution, is:

,

<

Branch 1: I WWDt 0.25 /-

Branch 2: InWDt 0.75--

V
For Branch 1, the value (kPa-S); assigned to the parameter, based on the
mean value of the distributions,_ is:

Parameter 20: Imptoad' 5.8--

Case ' 7: The wetwell has a low ; steam concentration, and there is
sufficient oxygen it. the wetwell to support-a detonation. The hydrogen
concentration is - between 16% and-20%. This case _is quantified using
the same distributions used to quantify Question 44,' Case 5. Thus, the
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quantification for this case, based on the mean value of the !

distribution, is:

0.26Branch 1: I -WD t -

0.74Branch 2: InWDt -

For Branch 1, the value (kPa-S) assi ned to the parameter, based on theb
mean value of the distributions, is:

1L4Patsmeter 20: ImpLoad -

Case 8: The retwell has a high steam concentration (i.e., slowly
decreasing below 35%), and there is sufficient oxygen in the wetwell to
support a detonation. The hydrogen concentration is greater than 20%.
This case is quantified using the same distributions used to quantify
Question 44, Case 6. Thus, the quantification for this case, based on
the mean value of the distribution, is:

0.25Branch 1: 1 WDt -

0,75Branch 2: InWDt -

For Branch 1, the value (kPa S) assigned to the parameter, based on the
mean value of the distributions, is:

Parameter 20: ImpLoad 5.8-

Case 9: The wetwell has a lov steam concentration, and there is
sufficient oxygen in the wetwell to support a ootonation. The hydrogen
concentration is greater thar 20%. This case is quantified using the
same distributions that were used to quantify Question 44, Case 7.
Thus, the quantification for this case, based on the mean value of the
distribution, is:

Branch 1: I-WDt n.45-

Branch 2: InWDt 0.55-

-

For Branch 1, the value (kPa-S) assigned to the parameter, based on the
mean value of the distributions, is:

Parameter 20: ImpLoad 12.4-

Case 10: There is not enough oxygen in the wetwell to support _a
detonation. Thus, the quantification for this case is:

Branch 1: 1-WDt 0.0-

Branch 2: InWDt - 1.0

Because Branch 1 is never taken, the parameter value for this branch is
irrelevant, and as discussed in Case 1, the value assigned to Branch 2
is 0.0.
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Question 87. What Is the 1.evel. of the Containment Impulse Load Following i

VB?-
7 Branches, Type 5, 1 Cane

The branches for this question are:

1. I-Ip>60 The impulse is greater than 60 kPa S.

2. 1-1p>50 The impulso is in the range 50 $ Impulse < 60 kPa S.

3. I Ip>40 The impulse is in the range 40 s Impulse < 50 kPa S.

4. I Ip>30 The impulse is in the range 30 s Impulse < 40 kPa-S.

5. I-Ip>20 The impulse is, in the range 20 s Impulso < 39 kPa S.

6. I-Ip>10 The impulse is in the range 10 s Impulse < 20 kPa S.

7. I-Ip<10 The impulse is less than 10 kPa S.

This question is a summary of the detonation impulse loads (Parameter 20)
initialized in the previous question (Question 86). The range of possibic
impulse loads is divided into discrete levels represented by the seven
branches. The various impulse loads are then grouped into the appropriate
1cvels. To do this grouping, the impulse load, Parameter 20, is compared
with a series of comparison parameters that define the various levels. ::t
should be noted that structural failure caused by a detonation is
determined by the actual value assigned to Parameter 20.and not by a level
defined in this question. These levels are used only to summarize the
magnitude of the impulse.

Question 88. With What Efficiency Is llydrogen Burned Following VB7
i Branch, Type 4, 2 Parameters, 9 Cases

,

( The branch for this question is:
[ .-

1. Il2Ef@VB The hydrogen burn efficiency at VB.

The parameters initialized in this question are:

P18 H2EfVB1 The e ff ective efficiency of a hydrogen burn following VB.
Although this parameter was first initialized in Question 46,
it is reinitialized in this question.

P19 Il2EfVB2 The actual efficiency of a hydrogen burn following VB.
Although this parameter was first initialized in Question 46,
it is reinitialized in this question.

The parameters initialized in this question are sampled. The distributions
for Parameters 18 and 19 are based on distributions provided by the
Containment Loads Expert Panel for hydrogen burns before VB. The

1
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|

parameters initialized in this question depend upon the branch taken at |

Questions 78, 81, 82, 84, and 85.
|

The distributions for the effective and the actual burn efficiencies l

provided by the Containment Loads Expert Panel for hydrogen burns before VB |

(Question 46) are also used to quantify the cases in this question. - l

Definitions of these parameters and a discussion of how they are used in
this analysis are presented in Question 46. In this question, which is
based on the results from the Containment Loads Expert Panel, the effective

hydrogen burn is a function of both the hydrogenefficiency of a
concentration and the steam concentration in the wetwell. The actual

hydrogen burn efficiency is only a function of the hydrogen concentration.

Case 1: The hydro 6en in the wetwell is ignited following VB. The
steam concentration in the wetwell is high (i.e. , between 35% and 55%
steam), and the hydrogen concentration is less than Pt. This case is

quantified using the same distributions used to quantify Question 46,
Case 4 The mean values of the distributions assigned to these
parameters are:

0.28Parameter 18: 112EfVB1 -

0.27Parameter 19: II2EfVB2 -

Case 2: This case is the same as Case 1 except that the steam
concentration is low (i.e., less than 35% steam). This case is
quantified using the saae distributions used to quantify Question 46,
Case 5. The mean values. of the distributions assigned to these
parameters are:

0.28Parameter 18: il2EfvB1 -

Parameter 19: 112EfVB2 0.27-

Case 3: The hydrogen in the wetwell is ignited following VB. The
steam concentration in the wetwell is high (i.e. , between 35% and 55%
steam), and the hydrogen concentration is between-8% and 12%. This
case is quantified- using the same distributions used to q0antify
Question 46, Case S. The mean values of the distributions assigned'to
these parameters are:

0.46Parameter 18: il2EfvB1 -

Parameter 19: It2EfVB2 -0.74-

Case 4: This case is the same as Case 3 except that the steam
concentration is - low (i.e., less than 35% steam). This case is
quantified using the same distributions used- to quantify Question 46,
Case 7. The mean values of the distributions assigned to these
parameters are:

Parameter 18: il2EfVB1 0.57-

Parameter 19: il2EfVB2 0.74-

Case 5: The hydrogen in the wetwell is - ignited following VB. The
steam concentration in the wetvell is high (i.e. , between 35% and-55%

1
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steam), and the hydrogen cencentration is between 12% and 16%. This
case is quantified using the same distributions used to quantify
Question 46, Case 8. The mean values of the distributions assigned to
these parameters are:

0.48Parameter 18: H2EfVB1 -

Parameter 19: H2EfVB2 - 0.88

Case 6: This case is the same as case 5 except that the steam
'

concentration is low (i.e., less than 35% steam). This case le
quantified using the same distributions used to quantify Question 46,
Case 9. The mean values of the distributions assigned to these
parameters are:

0,73Parameter 18: H2EfVB1 -

0.88Parameter 19: H2Efv82 -

Case 7: The hydrogen in the wetwell is ignited following VB. The
steam concentration in the wetwell is high' (i.e. , between 35% and 55%
steam), and the hydrogen concentration is greater than 16%. This case
is quantified using the same distributions used to quantify Question
46, Case 10. The mean values of the distributions assigned to these
parameters are:

Parameter 18: H2EfVB1 0.49-

Parameter 19: H2EfVB2 - 0.93

Case 8: This case is the same as case 7 except that the steam
concentration is low (i.e., less than 35% steam). This case is
quantified using the same distributions used to quantify Question 46,
Case 11. The mean values of the distributions assigned to these
parameters are:

Parameter 18: H2EfVB1 0.75-

Parameter 19: H2EfVB2 0.93-

.-

Case 9: The hydrogen does not burn in the vetwell shortly af ter VB.
The values a%igned to the parameters are:

Parameter 18: H2EfVB1 0.0-

Parameter 19: H2EfVB2 0.0-

Question 89. What Would Be the Peak Pressure in the Containment from a
Hydrogen Burn at VB7
6 Branches, Type 6, 4 Cases

The branches for this question are:

1. 1-PBrn>7 The peak overpressure is greater than 700 kPa.

2. I-PBrn>6 The peak overpressure is in the range 600 5: P < 700 kPa.
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3. I-PBrn>5 The peak overpressure is in the ran'ge 500 s P < 600 kPa.

4. I PBrn>4 The peak overpressure is in the range 4r' s P < 500 kPa.

5. I-PBrn>3 The peak overpressure is in the range -0 s P < 400 kPa.

6. I-PBrn<3 The peak overpressure is less than 300 kPa.

The branching at this question depends upon the branch taken at Questions
50, 58, 84, 85, end 86. In this question, a module in the user function is
used to determine the peak overpressure in the containment and the peak
wetwell/drywell pressure differential from a hydrogen deflagration in the
wetwell. The peak wetwell overpressure is used-to determine the load on
the containment structure, whereas the peak wetwell/drywell pressure
differential is used to determine the load on the drywell structure. The
calculations are based on the composition of the wetwell atmosphere (i.e.,
moles of hydrogen, air, and steam) and on the effectiveness of the burn
(Parameters 18 and 19). In addition to determining the burn overpressure,
this module also adjusts the number of moles of hydrogen, oxygen, and steam -
that are present in the wetwell af ter the . burn based on the accual
efficiency of the burned. The same user function module used its Question
47 is used in this question.

The module of the user function in this question returns the peak wetwell
overpressure in Parameter 11 and the peak wetwell/drywell pressure
differential in Parameter 12.

Case 1: The hydrogen in the wetwell dons not ignite. Thus, there is
no overpressure, and none of the hydrogen is consumed.

Case 2: The hydrogen ignites, and there - is a large hole in the
containment. Because the containment is ruptured, the pressure rise is
negligible and does not threaten the drywc11' structure, The moles of
hydrogen, oxygen, and steam are adjusted t.o account for the burn.

-

Case 3: The hydrogen in the wetweil detonates. Thus, th'e peak
wetwell/drywell . pressure differential is the.sume as the peak wetwell
overpressure.

Case 4: The-hydrogen in the wetwell burns as a dr.flagration, and there,

I are no large holes in the containment.

Question 90. What Is the Level of containment Pressurization at VB7
6 Branches, Type 6, 4 Cases

The branches for this question are:

| 1. I-CP>7 The peak contaitunent pressure following VB is greater than
700 kPa.

2. I-CP>6 The peak containment pressure following VB is between- 600 kPa
and 700 kPa.

|
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3. 1-CP>5 Th3 peak containment pressure following VB is L - 500 kPa
and 600 kPa.

4. I-CP>4 The peak containment pressure following VB is between 400 kPa
and 500 kPa.

5. I CP>3 The peak containment pressure following VB is between 300 kPa
and 400 kPa.

6, I CP<3 The peak containment pressure following VB is less than 300 l
'

kPa.

This question is not sampled and was quantified internally. TN branching
at this question depends upon the branch taken at Questions SC, 58, 84, and'
85. In this question, a module in the user function is v ed to determined
the peak pressure in the containment following VB. Th peak pressure is
affected b" the time interval between VB and the occurrence of a hydrogen
burn and the integrity of the containment boundary. The peak overpressure
in the wetwell following VB is initialized as Parameter 41.

Although the Containment Loads Expert Panel provided distributions for the
peak pressure in the containment following VB, these distributions were not
used in this analysis. The primary reason these distributions were not
used is that the hydrogen and oxygen concentrations in the wetwell could
not be explicitly connected with the peak pressure provided by the experts,
The experts indicated that hydrogen burns were _ the. primary cause for
wetwell pressurization. Without a hydrogen burn in the wetwell, the
pressurization in the containment at VB would not be sufficient to pose a
significant threat to the containment structure. If the drywell is intact,
the suppression pool condenses most of the steam and cools the hot gases.
Thus, the pressure rise in the containment frem energetic events in the
drywell is small. The experts folded into their distributions _ their
uncertainty in the amount of hydrogen and oxygen that is present in the
wetwell at the time of VB. This added uncertainty is not needed, however,
because the APET, through a series of questions and user functions, keeps
track of the composition of the wetwell atmosphere. In addition, vi'thout
explicit consideration of the composition of the wetwell_ atmosphere, it is
possible, using these distributions, to predict a containment pressure that- '

is not consistent with the progression of the accident up to this point.
Because the experts felt the pressure rise is dominated by hydrogen burns,
it was decided - that the peak enrainment pressure should be calculated
using the same method used to calculated the pressure rise from , a burn
before VB (see Question 46 and 47) . By using this method,: which is also
based on distributions provided by the Containment Loads Expert Panel, the
peak containment pressure is consistent with the amounts of hydrogen. and
oxygen in the wetwell at VB.

Case 1: The containment was ruptured before VB. Thus, the containment
is at atmospheric pressure and the pressure, rise is negligible (i.e.,
containment atmosphere is vented to the outside atmosphere).

Case 2: The containment has not been ruptured prior to VB. The
hydrogen is ignited in the containment at VB. Because the hydrogen is
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hurned at VB, the pressure rise from a burn, Parameter 11, is added to f
the pressure rise . associated with drywell gases expanding into the I

wetwell, Paramotor 40.

Case 3: The containment has not been ruptured prior to VB. The
hydrogen in the containment does not burn at VB but is ignited shortly
after VB. Because the hydrogen is burned shortly af ter VB, the
pressure rise associated with drywell gases expanding into the wetwell,
Parameter 40, will have decayed by the time the hydrogen burns. Thus, l

the peak pressure in the containment following VB is the maximum of the
pressure rise from a burn, Parameter 11, and pressure rise associated
with the expansion ef drywell gases into the wetwell.

Case 4: The containment has not been ruptured prior to VB, and the
hydrogen in the containment does not burn. Thus, the peak containment
pressure is based only on the pressure rise associated with the
expansion of drywell gases into the wetwell, Parameter 40.

Question 91. What Is the Level of Drywell Leakage Induced by a Detonation
in the Containment at VB7
3 Branches, Type 6, 2 Cases

The branches for this question are:

1. InDWDt The drywell does not fail from a detonation.

2. I DWDt2 A detonation induces a leak in the drywell.

3. I-DWDt3 A detonation induces a rupture in the drywell.

The branching at this question depends upon the branch taken at Question
86. A module in the user function is used to determine whether the drywell
fails and, if so, the mode of failure. In the user function, the impulse
from the detonation (Parameter 20) is compared to the structural capacity

_

of the drywell to dynamic loads (Parameter 34). The way in which the
random number (Parameter 35) is used to determine the mode of tirywell
failure is described in Subsection A.2. The method differs depending on
whether the rate of pressure rise is fast or slow relative to the. rate at
which a leak depressurizes the drywell. For detonations, the fast pressure
rise method is used.

Case 1: There is a detonation in the wetwell.

Case 2: A detonation does not occur in the wetwell following VB.
Thus, drywell does not fail from a detonation.

1

l

|
I
|

A.1.1-113 |

_ _
_ - - _



- -. _ . - - - -_ . - .. - . . . .

Question 92. What Is the Level of Containment Leakage Induced by'a
Detonation at VB7
3 Branches. Type 6, 3 Cases

The branches for this question are:

1. InDtF The containment does not fail from'a detonation.

2. I DtF2 A detonation induces a leak in the containment.

3. I-DtF3 A detonation induces a rupture in the containment.

The branching at this question depends upon the branch taken at Questions
86 and 92. A module in the user function is used to determine whether the
containment fails and, if so, the mode of failure. In the user function,

the impulse from the detonation (Parameter 20) is compared to the
structural capacity of the containment to dynamic loads (Parameter 24).
The way in which the random number (Parameter 25) in used to determine the
mode of containment failure is described in Subsection A.2. The method
differs depending on whether the rate of pressure rise is fast or slow
relative to the rate at which a leak depressurizes the containment. For
detonations, the fast pressure rise method is used.

Case 1: The drywell failed (either a leak or a rupture) from a
detonation in containment. This case was included in this question to
allow coupling between the drywell response to a detonation and the
containment response. In this analysis, the structural response of the

,
drywell to dynamic loads (Parameter 34) was correlated - to the
structural capacity of the containment. (Parameter 24) . Thus, this'

coupling has already been taken into account and no additional coupling
,

i is applied in this case,
l

| Case 2: There is a detonation in the wetwell, and it does not fail the

drywell. However, because the containment is not as strong as the
drywell, there is still mome probability that the' containment will
fail. -

Case 3: A detenation does not occur in the wetwell following VB.
Thus, containment does not fail from a detonation.

Question 93. What Is the Level of Containment Leakage Following VB7
4 Branches, Type 6, 4 Cases

The branches for this question are:

1. INCL The containment does not fail shortly after VB.

| 2. I-CL2 The containment fails in the leak mode; nominal hole size is
| 0.1 ft2,
|-

3. I-CL3 The containment fails by rupture; nominal hole size is 7 ftz,
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4. I-CL4 The containment fails by catastrophic rupture. This failure
mechanism does not occur in this analysis but has been
retained in the tree for completeness.

The branching at this question depends upon the branch taken at Questions
50, 58, and 92. A module in the user function is used to determine whether
the containment fails and, if so, the mode of failure. In the user
function, the peak pressure in the containment (Parameter 41) is compared
to the containment failure pressure (Parameter 21). The way in which the .

random number (Parameter 22) is used to determine the mode of containment
failure is described in Subsection A.2. The method differs depending on

whether the rate of pressure rise is fast or slow relative to the rate at
which a leak depressurizes the containment. The fast pressure rise method
is used when the loading on the containment is from a hydrogen burn.

Case 1: The containment either failed before VB by a cat:'rcrophic
rupture, or an Alpha - Mode event occurred. In either case the
containment is ruptured.

Case 2: The containment was either ruptured before VB or was ruptured
by a detonation following VB, In either case, the containment is
already ruptured.

Case 3: The containment failed in' the leak mode either before VB or
from a detonation following VB. Because a leak will not arrest a fast
pressure rise, the containment can still fail in the rupture mode from
the pressure rise in the containment at VB. Thus, it is certain that
the containment failu.ro mode will at least be a leak, and there-is some

probability that the failure mode will be a rupture.

Case 4: The containment was intact beforc, VB and did not fail from a

detonation (if one occurred) following VB. Thus, depending on. the
pressure rise in the containment following VB, the containment can
remain intact, fail in the leak mode, or fail in the rupture mode,

l

| Question 94. What Is the Level of Drywell I.eakage Induced- by Containment

| Pressurization at VB7
5 Branches, Type 6, 10 Cases

The branches for this question are:

1. InDWDf The drywell does not fail shortly after VB.

2, I-DWDf 2 The drywell fails in the leak mode at the drywell wall.

3. I DWHDf2 The drywell ' fails in the leakage mode at the drywell head.
In this analysis, it was assessed that-there was a negligible
probability that the drywell head would fail before the
drywell wall. Thus, this failure location does not occur in
this analysis but has been retained in the tree for
completeness.
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4. I DWDf3 The drywell fails in the rupture mode at_the drywell wall.

5. I -DWilDf 3 The drywell fails in the rupture mode _at the drywell head.
In this analysis, it was assessed that there was a negligible
probability that the drywell head would fail before the
drywell wall. Thus,. this failure location does not occur in
this analysis but has been retained in the tree for
completeness.

The branching at this question depends upon the branch taken _at Questions
51, 72, 73, 76, 85, 91, and 93. A module in the user function is used to
determine whether the drywell fails, and the mode of failure. In the user

function, the peak wetwell/drywell pressure differentia 1'is compared to the
drywell failure pressure (Parameter 30). The peak wetvell/drywell pressure-
differential is the difference between the peak containment pressure.
Parameter 41, and the drywell pressure, Parameter 40. .This pressure '

differential is calculated only when the hydrogen burns in the containment
shortly af ter VB. If the hydrogen burns at VB, the drywell is still
pressurized from the loads accompanying VB, and a large pressure
differential is not established across the drywell wall. The way in which
the random number (Parameter 31) is used to determine the mode of
containment failure is described in Subsection A.2. The method differs
depending on whether the rate of pressure rise is fast or s. low relative to
the rate at which a leak depressurizes the containment (or pressurizes the
drywell). The fast pressure rise method is used when - the loading on the
drywell is from a hydrogen burn.

Containment failure by rupture has been included in the case structure for
this question to allow for the load on the drywell structure to be reduced
because of the pressure relaxation associated with the containment failure,
lloweve r , as explained in Question 51, the pressure rise associated with
burns typically encountered in this analysis is very rapid, and the effect
that containment failure has on the peak wetwell/dryvell pressure
differential is minor. Thus, the cases with containment failure are not
handled any differently than the cases without containment failure. These-

| cases have only been retained for the sake of completeness. ~

Case 1: The drywell has already failed in the rupture mode. The
failure is caused by a failure before VB, drywell pressurization at VB,
a detonation in the drywell at VB, pedestal failure, or a detonation-in
the vetwell following VB.

Case 2: The drywell head was ruptured before VB.

Case 3: The hydrogen does not' burn in the containment at VB but rather =
shortly af ter VB. The drywell wall has already failed in the - leak
mode, and the containment is ruptured. The drywell wall failure
precludes failure of the head. Depending on the pressure rise in the
containment, it is possible that the drywell wall leak will increase'to'
a rupture.

Case 4: The hydrogen does not burn in the containment at VB but ratheri

shortly af ter VB. The drywell wall has already failed in the leak
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mode, but the containment is either intact or only leaking. The
,

drywell wall failure precludes failure of the head. Depending on the l

pressure rise in the containment, it is possible that the drywell wall i

leak will increase to a rupture.

Case 5: The hydrogen does not burn in the containment at VB but rather
shortly af ter VB. The drywell head has already failed in the leak
mode, and the containment is ruptured. Depending on the pressure rise
in the containment, it is possible that the drywell leak will increase
to a rupture.

Case 6: The hydrogen does not burn in the containment at VB but rather
shortly af ter VB. The drywell head has already failed in the leak
mode, but the containment is either intact or only leaking, Depending
on the pressure rise in the containtnent, it is possible that the
drywell leak will increase to a rupture.

Case 7: The hydrogen does not burn in the containment at VB but rather
shortly after VB. The drywell is intact, and the containment is either
intact or only leaking.

Case 8: The hydrogen does not burn in the - contaitunent following VB,
but the drywell wall has already failed in the leak mode. Because
there are no energetic events in the contaitunent shortly af ter VB, the
drywell failure remains in the leak mode.

Case 9: This case is the same as the previous case except that the
drywell head has failed rather than the drywell wall.

Case 10: The hydrogen does not burn in the containment following VB,
and the drywell is intact. Because there are no energetic events in
the containment shortly after VS, the drywell remains intact,

; Question 95. What Is the Level of Suppression Pool Bypass Following VB7
|

3 Branches, Type 2, 5 Cases
_

The branches for this question are:

1. InSPB The drywell is intact shortly after VB.

| 2. I-SPB2 The drywell has failed by the leak mode.

3. I-SPB3 The drywell has failed by rupture.

Cases 2 and 4 c,f this question are sampled. The distributit.:- Gr the
drywell failure caused by vacuum breaker failure was internally quantified.
The branching at this question depends upon the branch taken at Questions
52, 58, 79, 84, 85, and 94.

This question summarizes the level of drywell failure (e.g., from
detonations and deflagrations) that occurred following VB. In addition,
drywell failures from failed drywell vacuum breakers are considered.
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a failureCase 1: The drywell war ruptured by a failure before VB,
following VB, or an Alpha Mode event. The quantification for this case
is:

0.0Branch 1: InSPB -

0,0Branch 2: I SPB2 -

1,0 -!Branch 3: 1 SPB3 -

!

Case 2: The drywell has a leak and ac power is available following VB. {
A hydrogen burn that pressurizes the wetwell occurs either at VB or
shortly af ter VB. In response to this pressurization, the drywell
vacuum breakers (which are ac powered valves) will open in an attempt
to equalize the pressure difference between the wetwell and drywell.
Because the vacuum breakers are exposed to severe thermal environments
as the hot gases pass through them, these valves- may potentially fail
during a hydrogen burn. This case is quantified using the same
distribution used in Question 52, Case 2. This case is sampled zero-
one, Based on the mean value of the sample, the quantification for
this case is:

Branch 1: E5nSPB 0.00-

Branch 2: E5 SPB2 .0,95 '
-

Branch 3: E5 SPB3 0.05-

Case 3: The drywell has already failed in the leak mode. Either ac
power is not available, or the hydrogen in the wetwell did not burn.
The quantification for this case is:

Branch 1: InSPB 0.0-

Branch 2: I-SPB2 1.0-

Branch 3: I SPB3 0,0-

Case 4: This case is the same as Case 2 except that the drywell is
intact. This case is quantified using the same distribution used in
Case.2,' Question 52. This case is sampled zero one. Based on the mean
value of the sample, the quantification for this case is:

'~

,

Branch 1: E5nSPB 0.95-

Branch 2: ES SPB2 0.00-

Branch 3: E5-SPB3 0.05-

Case 5: The drywell does not fail. following VB.- The quantification
for this case is:

Branch 1: InSPB 1.0-

Branch 2: I-SPB2 0.0-

Branch 3: I SPB3 0.0-
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I Question 96. What Is the Containment' Pressure After VB?t
4 Branches, Type 6, 3 Cases,

1

The branches for this question are:

i- 1. IP>4 The containment pressure after VB is greater than 400 kPa. i
1

2. IP>3 The containment pressure is between 300 kPa and 400 kPa.

3. IP>2 The containment pressure l's between 200 kPa and 300 kPa.
~

4' . IP>l The containment pressure is'between 100 kPa and 200 kPa.

This question is not sampled and was internally. quantified.. The_ branching -
at this question depends upon the branch taken at Questions 81 and 93. In

this question, the containment pressure is adjusted to account for changes ;

in the number of moles of air, steam, end hydrogen - present -in the
containment following.VB. Burns in the containment will consume; hydrogen

,

and air, the operation of sprays will condense steam, - and failure of the - !

'containment boundary will result in a reduction in the number.of-cmoles in
the containment. Modules ~ in the user function subroutine are - used -to -
calculate the pressure.

Case 1: The containment is failed.(either a leak or a rupture). Thus,
-

i_ the pressure in the containment (and '.drywell) is set to atmospheric-
-

"

pressure. The total number moles in the containment 'and drywell - is
reduced to reflect the reduction.in pressure. It is assumedLthat the
composition of the gas removed from the containment is the same as-that
of the gas that remains in the containment.-

Case 2: The-containmentiis intact, and the containment spraps operate
following VB to condense the steam in'the containment._- The pressureiin-.

the containment is lowered - to - account . for ' the : steam that has - been -
condensed.

Case 3: The containment is - intact, but the. containment sprays'do not
operate following VB. The pressure ' is 1 adjusted to account for any_
change in the total number-of moles (e.g,,_ reduction in the number of

j moles of hjdrogen and oxygen because- of a burn) .
L

Question 97. Is Water Not Supplied to the; Debris Late?
3 Branches, Type 2, 6 Cases

The-branches for this question are:

1. nLDBWat. No water is supplied to the core debris _in - the pedestal
cavity-following VB.'

2. S LDBWat A small amount of water (i.e. , partial flow from =a coolant
inj ection ' system) . is supplied- to u the _-core debris- in - the
pedestal cavity.

:
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3. L LDBWat A large amount of water (i.e., full flow from a coolant I
inj ec tion system) is supplied to the core debris in the |
pedestal cavity. |

Cases 2, 4, and 5 of this question are sampled. . Distribution for the
probability of late water injection was internally quantified. The i

branching at this question depends upon the branch taken at Questions 5, 7, ;

8, 9, 11, 12, 28, 63, and 79.

In this question, it is determined whether a continuous supply of water is
injected on the core debtis following VB. The sources of the water are the-
coolant injection systems. Although these systems inject water into the
RPV, the hole that resulted in vessel failure will provide a pathway for
the water to exit the RPV and enter the pedestal cavity. 'The availability
of an injection system does not, however, guarantee that water will be-
supplied to the core debris. It is not certain what condition the reactor
internals will bc in at VB, Energetic events (e.g. , steain explosions and -
core slump) that occur in the RPV prior to and at VB can_ impair or even
fail the inj ection systems. Furthermore, the initiation of an injection
system after VB may cause molten debris to freeze and plug the hole in the
vessel.

If the core debris in the pedestal cavity is in a coolable configuration,
the presences of water in the cavity will preclude CCIs. The ; injection of
water on the hot core debris will also produce vast quantities of steam.
If the suppression pool is bypassed, the steam produced from~ the
interaction of the water and the core debris. in the drywell can pressurize
and steam inert the containment. Although a distinction is made in this
question between partial injection and complete injection, both modes of
injection are treated the same in the subsequent questions that reference
this question.

Case 1: The vessel does not fail. For the vessel to remain intact,-a
large amount of water had to be injected into the ' RPV during core

,
'

damage. The quantification for this case is:
,,

Branch 1: nLDBWat 0.00-

Branch 2: -S-LDBWat 0.00-

I Branch 3: L LDBWat 1.00-

:

Case 2: AC power is not available shortly after VB. Thus, the only
available injection system is the FWS. It is uncertain whether = the
operators will actuate this system after- the vessel fails, and if they
do actuate the system, it is uncertain whether it will inject water
(system may have failed during VB) and, if it does operate, how much
water will be injected. The branch probabilities in this case are
sampled zero one, so each observation had all the probability assigned
to one of the branches. Based on the mean. value of the sample, the
quantification for this case is:

Branch 1: nLDBWat 0.50-

Branch 2: S LDBWat - 0.25
Branch 3: L LDBWat 0.25-
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Case 3: AC power is not availabic shortly after VB and the FWS is also-
i not availabic. Without ac power, none of the remaining inj ec tion

systems are available. The quantification for this case is:
"

1.00Branch 1: nLDBWat -

0.00Branch 2: S LDBWat -

0,00Branch 3: L LDBWat -

Case 4': AC power is available and either the emergency low pressure.
injection systems or the high pressure injection system was operating

; during core damage, Because of the uncertainties associated with the
condition of the RPV at VB, it is uncertain whether these systems will"

inject water and, if they do operate, how much water will be injected.
This case is sampled zero one, Based on the mean value of the sample,

,
' the quantification for this case is:
" 0,333Branch 1: nLDBWat -

0,333Branch 2: S-LDBWat -

0.334Branch 3: L LDBWat# -

Case 5: AC power is available, but the emergency low pressure and high
pressure injection systems were not operating prior to VB, One of
these systems or the condensate system, the CRD system, or the service
water cross-tie was available before VB, Because of the uncertainties
associated with the condition of the RPV at VB, it is uncertain whether

these systems will inject water and, if they do operate, how much water
will be inj ec ted. This case is sampled zero one. Based on the mean'

value of the sample, the quantification for this case is:

0,333Branch 1: nLDBWat -

0,333Branch 2: S LDBWat -

0,334Branch 3: L LDBWat- -
i

.

Case 6: All the injection systems have failed, Thus, water is not
being supplied to the core debris following VB. The quantification for

'~

this case is:

1.00Branch 1: nLDBWat -

Branch 2: S LDBWat - 0,00-

0,00-Branch 3: L LDBWat -

Question 98. - Is There Water in the Reactor Cavity After VB7-

3 Branches, Type 2, 7 Cases

The branches for this question are:.

1. LDWFld The drywell is flooded with water after VB.

2. LRCDWet The reactor cavity is wet ( < 100 W of water) .

3, LRCDry The reactor cavity is essentially dry.
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This question is not sampled and was internally quantified. The branching
at this question depends upon the branch taken at Questions 54, 64, 65, 66,
67, 79, 84, 85, 94, and 95.

In this question, the amount of water in the reactor cavity af ter VB is
summarized. The amount of water that was in the reactor cavity before VB

is considered as well as additional sources of water. llowever, this

question does not consider the injection of water from the RPV. This issue
was addressed in the previous question.

Two sources of water are considered in this question. The first source is

the suppression pool. If the suppression pool is depressed sufficiently in-
the wetwell or if the drywell pressure drops considerable below the wetwell
pressure, water will be pushed up over the weir wall and into the drywell.
The second source is the upper containment pool, If the drywell head
fails, water from the upper pool will drain into the drywell. There are
two pathways by which water in the drywell can enter the reactor cavity.
The first pathway is through the drywell floor drains. There are four'

4 inch drains on the drywell floor that connect to the equipment drain sump
in the pedestal. The second pathway is through a door (3 ft by 7 f t) in -

the pedestal located 3'-4" above the drywell floor.

A ficoded cavity in conjunction with a debris bed that is coolable will
preclude CCIs. A wet cavity in conjunction with a coolable debris bed will
only delay CCI . The amount of water everlaying the core debris also
effects the DF that is applied to the CCI releases in the source term
analysis. A flooded cavity will have a larger DF than an wet cavity,
lloweve r , a wet cavity with a replenishable supply of water is treated the
same as a flooded cavity.

Case 1: Either the reactor cavity was flooded before VB, or the
dryvell head was ruptured following VB. If the drywell head is
ruptured, a sufficient amount of water from the upper containment pool
will drain into the drywell and flood the cavity. The quantification

for this case is:
,_

1.00Branch 1: LDWF1d -

0.00Branch 2: LRCWet -

0.00Branch 3: LRCDry -

Case 2: At VB an energetic event (i.e., 11Pl4E , ex vessel steam

explosion, or a hydrogen burn) occurred in the drywell. This energetic
event in combination with a wet reactor cavity purged most of the
noncondensibles from the drywell and left the drywell filled with
extremely hot steam (and some other gaseous species). As, the drywell-
atmosphere cools, the steam will condense, and the pressure in the
drywell will drop below the wetwell. Because the drywell vacuum-
breakers cannot open (AC power was not available at VB in this case)
and the drywell was not ruptured at VB, the suppression pool will be
depressed in the wetwell, causing pool water to be pushed over the weir
wall and into the drywell. This scenario is supported by calculations
hat were performed with CONTAIN for Containment Loads Expert Panel.
,ec Volume 2, Part VI, of this report.) It is expected that for this-
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case, the drywell will be flooded. The quantification for this case
is:

1.00Branch 1: LDWFid -

0.00Branch 2: LRCWet -

0.00Branch 3: LRCDry -

Case 3: The hydrogen in the. containment burns following VB. Because
in this case the drywell has not been ruptured, the pressure rise in
the containment that accompanies the burn will depress the level of the
suppression pool sufficiently to flood the drywell. The quantification
for this case is:

1.00Branch 1: LDWF1d -

0.00Branch 2: LRCWet -

0.00Branch 3: LRCDry -

Case 4: This case is the same as the previous case except that the
drywell has been ruptured. Although it is still likely that the
drywell will be flooded, it is possible that the rupture in the drywell
will reduce the pressure differential between the two volumes
sufficiently to avoid flooding the drywell. If the drywell is not
flooded in this case, the burn vill still push enough water into the
drywell to result in a wet cavity. The quantification for this case -
is:

Branch 1: LDWF1d 0.90-

0.10Branch 2: LRCWet -

Branch 3: LRCDry 0.00-

Case 5: This case is the same as Case 2 except that the reactor cavity
was dry at VB. The drywell will still be . filled with extremely hot
steam and other gaseous species after VB. However, because the reactor
cavity was dry, the amount of steam produced-at VB will be less in this

( case than in Case 2. Thus, the dryvell atmosphere will contain a
greater concentration of noncondensibles in this case. As the 'drywell
atmosphere cools there will be less steam to condense, so the pressure
differential may not be as great in this case as it was in Case 2.
Although it is still likely that the drywell will be flooded, there is
some chance that the drywell will be wet instead of flooded. The
quantification for this case is:

i

Branch 1: LDWF1d 0,90-

Branch 2: LRCWet - 0.10
0.00Branch 3: LRCDry -

Caee 6: The reactor cavity was wet before VB. Nothing happened during
|- VB to change the amount of . water in the reactor cavity. The

quantification for this case is:

Dranch 1: LDWF1d 0.00-

Branch 2: LRCWet - 1.00
Branch 3: LRCDry 0.00-
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Case 7: The reactor cavity was dry before VB. Nothing happened during
VB to change the amount of water in the reactor cavity. The
quantification for this cese is:

0.00Branch 1: LDWF1d -

0.00Branch 2: LRCWet -

1.00Branch 3: LRCDry -

Question 99. Vhat Is the Nature of the CCI?
5 Branches Type 2, 11 Cases

The branches for this question are:

1. CCI CCIs begin shortly after VB in a dry reactor cavity.

2. WetCCI CCIs begin shortly after VB in a wet reactor cavity.

3. F1dCCI CCIs begin shortly after VB in a flooded reactor cavity.

4. D1yCCI CCIs are delayed for approximately 3 hours af ter VB. The
reactor cavity is essentially dry at the time CCI begins.

5. noCCI There are no CCIs in the reactor cavity following VB.

This question is not sampled and was internally quantified. (A discussion
of this issue is presented in Volume 2, Part VI, of this report.) The
branching at this question depends upon the branch taken at Questions 9,
24, 26, 28, 61, 63, 97, and 98.

In this question, the likelihood that CCIs will occur in the reactor cavity
following VB is determined. CCIs will not occur if the debris is in a
coolable configuration and there is water in the cavity to cool it. The
debris bed will not be coolable if it is finely fragmented or if the debris
reagglomerates after VB. The coolability of the debris that is released at
VB as well as that of the debris slowly released following VB is considered
in this question. The core debris must be coolable in both cases if the
CCI is not to occur. If any of the core debris released to the cavity,
either at VB or after VB, is not coolable, CCI will be initiated. Once CCI'
has been established, it is assumed that all of the material in the reactor
cavity participates in CCI. Thus, the coolability of the debris released
af ter VB is important only if the debris released at VB is coolable.

| The likelihood that the debris - released af ter VB is coolable is the same
for all the cases that have water in the cavity. The debris released after
VB was most likely solid at VB. As the decay heat . melts - this remaining
debris, it is released from the vessel. Thus, it is likely that this
debris will be released with a low amount of superheat. It is expected
that the debris bed that forms from this material will consist of large

| particles that may not be entirely molten. Assuming there is water in the
cavi.ty, it is likely that the debris bed will be coolable.

;

If the RPV fails at high pressure, most of the debris will be ejected from

| the cavity. Although this material will be finely fragmented, it will be
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coolable because it is spread throughout the drywell in a thin layer.
Thus, the coolability of the debris in the cavity is based on the material
that is released after VB.

Case 1: The vessel does not fail. Thus, there are no CCIs in the

reactor cavity. The quantification for this case is:'

0.00Branch 1: CCI -

0.00Branch 2: WetCCI -

0.00Branch 3: FidCCI -

0.00Branch 4: D1yCCI -

1.00Branch 5: noCCI -

case 2: The core debris is released from the vessel into a dry cavity.
In addition, water is not being supplied to the RPV (i.e., or the

cavity) at VB. Because there is no water in the cavity, it is certain
that CCIs will occur in a dry cavity. The quantification for this case
is:

1.00Branch 1: CCI -

0.00Branch 2: VetCCI -

0.00Branch 3: F1dCCI -

0.00Branch 4: D1yCCI -

0.00Branch 5: noCCI -

Case 3: The core debris is released from the vessel at high pressure
into a dry cavity. Although the cavity is dry, a replenishable supply
of water is released from the vessel coincident with the debris.
Because the RPV fails at high pressure, most of the debris released at i

VB is ejected from the cavity. Thus, the coolability of the debris in
the cavity is based on the material released af ter VB. As explained
above, it is likely that the debris released after VB is coolable. If
the debris bed is not cooled, CCI will occur in a flooded cavity (i.e.,
a replenishabic supply _of water is released from the vessel into the
cavity). The quantification for this case-is:

.-

0.00Branch 1: CCI -

Branch 2: WetCCI - 0,00

Branch 3: F1dCCI - 0.20
0.00Branch 4: D1yCCI -

0.80-Branch 5: noCCI -
,

!
Case 4: The core debris is released from the vessel at low = pressure
into a dry cavity. Although the cavity is dry, a replenishable supply
of water is released from the vessel coincident with the debris.
Because the RPV fails at low pressure, most of the debris released at
VB will remain in the cavity. Even though water-is released from the
RPV at VB, the debris will contact essentially a dry floor, and CCI is
likely to initiate. Once CCI is established, gases and steam flow
upward through the debris and create a resistance to water _that would
penetrate and cool the debris. If the debris bed is not cooled, which

a replenishableis likely, CCI will occur in a flooded cavity (i.e. ,
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supply of water is released -from the vessel into the cavity). The
quantification for this case is:

0.00Branch 1: CCI -

0.00Branch 2: VetCCI -

0.84Branch 3: F1dCCI -

0.00Branch 4: D1yCCI -

0.16Branch 5: noCCI -

Case 5: The core debris is released from the vessel into a dry cavity.

Following VB (i.e., not coincident with VB), water is supplied to the

core debris. Because the core debris is released into a dry cavity, it
is certain that CCI will begin. _It is uncertain at what time water
will be supplied to the core debris. If the water enters the cavity
shortly af ter VB, CCI will occur in a flooded cavity. On the other
hand, if it takes several hours for the water to be supplied to the
debris, CCI will have essentially occurred in a dry cavity. Thus, dry
CCI and flooded CCI have been given equal probabilities of occurrence.
The quantification for this case is:

0.50Branch 1: CCI -

0.00Branch 2: WetCCI -

0.50Branch 3: F1dCCI -

0.00Branch 4: D1yCCI -

0,00Branch 5: noCCI -

Case 6: The core debris is released from the vessel at high pressure
into either a flooded or a wet cavity. If the cavity is wet, a
replenishable supply of water enters the cavity after VB. Because the

| RPV fails e t high pressure, the coolability of the-debris in the cavity
~

is based on the material released after VB (see Case 3). As explained
above, it is likely that the debris released after VB is coolable. If

| the debris bed is not cooled, CCI will occur in a flooded cavity (i.e.,
a replenishable supply of water is being released from the vessel into
the cavity). The quantification'for this case is:

,

Branch 1: CCI 0,00-

| Branch 2: WetCCI 0.00-

l - Branch 3: F1dCCI - 0.20
Branch 4: DiyCCI 0.00-

Branch 5: noCCI 0.80-

Case 7: The core debris with a large amount of superheat is-released
from the vessel at low pressure into either a flooded or a wet cavity.
If the cavity is wet, there is a replenishable supply of water that
enters the cavity af ter VB. Because the RPV fails at low pressure,

.

most of the debris released at VB will remain in the cavity. Even
though there is water in the cavity, it is likely that the core debris,

1 -will agglomerate because of its high superheat. Thus, it is likely
| that the core debris released at VB will not be coolable. Thus, even

though it is likely that the debris released after VB is coolable, it
is likely that CCI will be initiated by the-debris released at VB. If

the debris bed is not cooled, which is likely, CCI will occur in a-
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flooded cavity (i.e. , a replenishabic supply of water is being released
from the vessel into the cavity). The quantification for this case .is:

0.00Branch 1: CCI -

0.00Branch 2: WetCCI -

0.84Branch 3: F1dCCI -

0.00Branch 4: D1yCCI -

0.16Branch 5: noCCI -

Case 8: Coro debris with a small amount of superheat is released from
the vessel at low pressure into either a flooded or a wet cavity. If

the cavity is wet, there is a replenishable supply of water that enters
the cavity af ter VB. Because the RPV fails at low pressure, most of
the debris released at VB will remain in the cavity. Even though the
debris has a low amount of superheat and was released at low pressure,
it is uncertain whether the debris released at VB will be coolable. If

the debris bed is not cooled, CCI will occur in a flooded cavity (i.e. ,-
a replenishable supply of water is released from the vessel' into the
cavity). The quantification for this case is:

0.00Branch 1: CCI -

0.00Branch 2: WetCCI -

0.60Branch 3: F1dCCI -

0.00Branch 4: D1yCCI -

0.40Branch 5: noCCI -

Case 9: The core debris is released from the vessel at high pressure
into a wet cavity. The water in the cavity is not replenished after
VB. Because the RPV fails at high pressure, the coolability of _ the

|
debris in the cavity is besed on the material that is released after VB

i (see Case 3). However, because the cavity water is not replenished,

i the cavity will eventually be boiled - dry. Thus, if the debris is

| initic11y coolable, CCI will be delayed. Once the cavity water has
| been removed, CCI will begin. On the.other hand,-if the debris is not-

coolable, CCI will occur in a wet cavity. The quantification for this-
case is:

0.00Branch 1: CCI -

0.20Branch 2: -WeraCI --

0.00Branch 3: F1dCCI -

0.80Branch 4: D1yCCI -

0.00Branch 5: noCCI -

Case 10: The core debris with a large amount of superheat is released
from the vessel at low pressure into a wot cavity. The water in the
cavity is not replenished after VB. Because the RPV fails at low4

pressure and the core debris has a large amount of superheat, it is
likely that the debris will not be coolable (see case 7). However, in-

the unlikely ' event the debris is initially coolable, CCI' will be
delayed _by the presence of the cavity water. Once the cavity water has
been removed, CCI will begin. On the other hand, if the debris is'not
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coolable, CCI will occur in a wet cavity. The quantification for this
case is:

0.00Branch 1: CCI -

0.64Branch 2: WetCCI -

0.00Branch 3: F1dCCI -

0.16Branch 4: D1yCCI -

0.00Branch 5: noCCI -

Case 11: The core denris with a small amount of superheat is released
from the vessel at low pressure into a wet cavity. The water in the
cavity is not replenished after VB. Even though the debris has a low
amount of superheat and was released at low pressure, it is uncertain
whether the debris released at VB will be coolabic (see Case 8) . If

the debris is initially coolable, CCI will be delayed by the presence
of the cavity water. Once the cavity water has been removed, CCI will
begin, On the other hand, if the debris is not coolable, CCI will
occur in a wet cavity. The quantification for this case is:

0.00Branch 1: CCI -

0.60Branch 2: WetCCI -

0.00Branch 3: FidCCI -

0.40. Branch 4: D1yCCI -

0.00Branch 5: noCCI -

Question 100. What Fraction of Core Not Participating in HPME Participates
in CCI?
2 Branches, Type 4, 1 Parameter, 4 Cases

The branches for this question are:

1. HiFCCI A large fraction of the core participates in CCI. A nominal
value of 95% is used for this branch.

2. LoFCCI A small fraction of the core participates in CCI. A , nominal
value of 80% is used for this branch.

The parameter initialized in this question is:

P45 FCCI The fraction- of - the core not participating in HPME that
participates in CCI is read in as Parameter 45.

The parameter initialized in Cases _ 2 and 3 of this question is sampled.
The distributions for Parameter 45 were ' internally quantified, The

_

parameter initialized in ' this question depends upon the branch taken at
Questions 61, 63, and 67.

In this question, the fraction of the core that remains in the reactor
| cavity is quantified. If the core is released from the vessel as an HPME,

| it is assumed that all this material is ejected from the cavity and is
spread throughout the drywell (e.g., floor, walls, and equipment). Because
this material will be spread in a thin layer, it will be cooled and will
not participate in CCI (see the previous question for a discussion on
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debris coolability). It must be remembered that only the fraction of the
core released from the RPV at VB is available to participate in llPME. The
remaining fraction of the core released af ter VB will enter -the reactor
cavity and is available to participate in CCI.

If IIPME does not occur at VB, some core debris may still be 3jected from
the cavity by an ex-vessel steam explosion. It is this fraction of the
core that remains in the cavity after an ex-vessel steam explosion that is
quantified in this question. The amount of core debris that is released
from the vessel at the time of VB was determined in Question 61. Two

levels were used to characterize the amount of material released at VB. A

nominal value of 10% represents a small release from the vessel, whereas a
nominal value of 40% represents a large release from the vessel. Thus, if

a large amount of the core is released at VB (i .e. , 40%) and an ex-vessel
steam explosion occurs, it is possible that up to 40% of the core will be
ejected from the cavity. It therefore follows that if 40% of the core is
ej ected from the cavity, only 60% of the core is available for CCI.
Because of the uncertainties associated with the amount of core released
from the vessel, the amount of released material that actually participates
in an ex vessel steam explosion, and the fraction of the core that would be
ej ec ted from the cavity, a uniform distribution between 0.6 and 1.0
represents the amount of core debris available to participate in CCI. The
low end of the range represents complete ejection from the cavity of the
core debris released at VB, whereas the high end of the range corresponds
to the case in which all the debris remains in the cavity. A similar
approach is used for the case in which only a small fraction of the core is
released at VB.

Case 1: Either an Alpha Mode event occurred or the vessel did not
fail. Naturally, there will be no core debris in the cavity if the
vessel does not fail. If Alpha Mode event occurred, it is likely that
the core debris will be spread throughout the drywell and containment.
The quantification for this case is;

Branch 1: liiFCCI 0.0-

*~
; ' Branch 2: LoFCCI 1.0-

In this case, the core debris does not participate in CCI, so the value
assigned to Parameter 45 for both branches is 0.0.

Case 2: A large amount of core debris was released from the RPV at VB
and subsequently participated in an ex-vessel steam explosion. Thus,
up to 40% of :the core may have been ejected from the cavity. The
quantification for this case is:

Branch 1: liiFCCI 0.0-

Branch 2: LoFCCI - 1.0

Because Branch 1 is never taken in this case, the value assigned to the
parameter -is irrelevant. For Branch 2, the value assigned to the
parameter, based on the mean value of the distribution, is:

Parameter 45: FCCI - 0.8
,
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Case 3: This case is the same as the previous case except that a small
amount of core debris was released from the RPV at VB. Thus, up to 10%
of the core may have been ejected from the cavity. The quantification
for this case is:

1.0Branch 1: HiFCCI -

0.0Branch 2: LoFCCI -

For Branch 1, the value assigned to the parameter, based on the mean
value of the distribution, is:

0.95Parameter 45: FCCI -

Because Branch 2 is never taken'in this case, the-value assigned to the
parameter is irrelevant.

Case 4: There were no ex-vessel steam explosions following VB, Thus,
all the core debris that does not participate in HPME is available to
participate in CCI. The quantification for this case is:

1.0Branch 1: HiFCCI -

- 0.0Branch 2: LoFCCI -

For Branch 1, the value assigned to the parameter is:

1.0Parameter 45: FCCI -

Because Branch 2 la never taken in this case, the value assigned to the
parameter is irrelevant.

Question 101. How Much Hydrogen (and Equivalent Carbon Monoxide) and Carbon
Dioxide are Produced During CCI?
4 Branches, Type 6, 2 Cases

The branches for this question are:,

|
,,

| 1. H2CCI4 The amount of hydrogen (and equivalent carbon monoxide)
generated during CCI is equivalent to the oxidation of more
than 50% of the total in-vessel zirconium.

2. H2CCI3 The amount of hydrogen (and equivalent carbon monoxide)
| generated during CCI is equivalent -to the oxidation of

between 25% and 50% of the total in vessel zirconium.

3. H2CCI2 The amount of hydrogen (and equivalent carbon monoxide)
generated during CCI is equivalent to the oxidation of
between 10% and 25% of the total in vessel zirconium.

|

4. H2CCIl The amount of hydrogen (and equivalant carbon monoxide)
generated during CCI -is equivalent te the oxidation of less
than 10% of the total in vessel zirecnium.
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This question is not sampled and was internally quantified. The branching
at this question depends upon the branch taken at Questions 63, 64, and 99.
In this question, the amount of hydrogen, carbon monoxide (CO), and carbon
dioxide (CO ) generated during CCI is determined. A simple correlation2

that relates hydrogen production to the amount of unoxidized zirconium in
the core debris is used to estimet: the hydrogen production during CCI.
Similar correlations were used so estimate the production of carbon
monoxide and carbon dioxide. The s.o correlations are based on results
obtained from relevant CORCON calculations. (A discussion of this issue
may be found in Volume 2, Part VI, of this report.) Modules in the user
function subroutine are used to calculate the amount of hydrogen, carbon
monoxide, and carbon dioxide produced during CCI.

For the sake of simplicity, moles of carbon monoxide are converted into
equivalent moles of hydrogen. The conversion factor is based on the number
of moles of 11 that must be burned to equal the energy released when one2

mole of carbon monoxide is burned. The conversion is:

NH2 - 1.17 Nco.
1

where Nu2 is the equivalent number of moles of hydrogen and Neo is the
number of moles of carbon monoxide.

Caso 1: There was an Alpha Mode event, the vessel did not fail, or the
core debris in the reactor cavity was coolable. In all of these cases,
there were no CCIs. Thus, no 11, carbra monoxide, or ca: bon dioxide2
was produced from the core debris after VB. In all the subsequent
cases, the core debris in the cavity participates in CCI.

Case 2: The core debris was released from the vessel as ar. HPME. .If
IIPME occurs, it is assumed that all of the core debris that is released '

at VB is ejected from the cavity. Thus, only the material released
after VB participates in CCI and is involved in the production of I'a.
carbon monoxide, and carbon dioxide.

Case 3: The core debris was not released from the vessel as a'n 11PME.
~

However, core debris can still be ejected from the cavity. if an ex-
vessel steam explosion occurs in the cavity at VB. The fraction of the
core left in the cavity and available to participate in CCI was |
datemined in the previous question. Tbn pro @ction of Fa cerbon 1

monoxide, and cSrbon dioxide is based on the core dabris that remains !
in the cavity. '

Question 102. What Is the Level of Zirconium oxidation in the Reactor.
1

Cavity Before CCI? I

7 Branches, Type 5, 1 Case

The branches for this question are:

1 1. Zr0x75 More than 75% of the zirconium in the core debris available
to participate in CCI has been oxidized before CCI begins.

i
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2. Zrox50 Between 50% and 75% of the zirconium in the core debris
available to participate in CCI has been oxidized before CCI
begins.

3. Zrox40 Between 40% and 50% of the zirconium in the core debris
available to participate in-CCI has been oxidized before CCI
begins.

4. Zr0x30 Between 30% and 40% of the zirconium in the . core debris
available to narticipate in CCI has been oxidized before CCI
begins.

5, Zr0x21 Between 21% and 30% of the zirconium in the core debris
available to participate in CCI has been oxidized before CCI
begins.

6. Zr0x10 Between 10% and 21% of the zirconium -in the core debris
available to participate in CCI has been oxidized before CCI
begins,

7. Zr0x<10 1.ess than 10% of the zirconium in the core debris available
to participate in C01 has been oxidized before CCI begins.

This question summarizes of the fraction of oxidized zirconium that is in
the core debris. In this question, only the core debris available to
participate in CCI (i.e., the core debris that remains in the reactor
cavity) is considered. The range of possible zirconium oxidation is
divided into discrete levels represented by the seven; branches . The
fraction of oxidized zirconium in the core debris (Parameter 17) is then
assigned to the appropriate level. To do this assignment, the fraction of
zirconium oxidized, Parameter 17, is compared'with a series of comparison
parameters that represent various levels of zirconium-oxidation. By doing.
this grouping, the probabilities of the various -levels of zirconium
oxidation can be determined. Furthermore, by representing zirconium
oxidation by a branch in this question, zirconium oxidation _can be ,used in

| the case structure in subsequent questions (i.e., the probability or
parameter assigned in a subsequent question can be .made dependent:on the
Icvel of zirconium oxidized assigned in this question).

Question 103. Is the-Containment Not Vented Following-VB7
2 Branches, Type 2, 3 Cases

The branches for this question are:

1. Invent The containment is not vented following VB.

2. I Vent The containment is vented following VB.

This question is not sampled. The branch taken at . this question depends
upon the branches previously taken at Questions 63, 79_, 81, 93, 95, and 99.

This question determines whether the operator vents the containment
following VB. A description of the venting system is presented in Question
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22. t . ugh the venting procedure requires containment venting when the
pressu . :eeds 17.25 psig, these procedures are only applicable before
core dahr .. During core damage, VB, and af ter VB, a large inventory of
radionuclides will accumulate in the containment. It is unlikely that the
operators will vent the containment and release these radionuclides to the
atmosphere.

Case 1: Either ac power is not available shortly af ter VB or the
containment has been ruptured. Without ac power the containment cannot
be vented. If the containment is ruptured, it will not pressurize
following VB. Thus, venting is not necessary. The quantification for 4

this case is:
|

1.0Branch 1: INVENT -

0.0Branch 2: I-VENT -
,

Case 2: AC power is available and the contsinment - has not been
ruptured. Thus, the containmerit can be pressurized- and the venting
system is available to relieve the pressure. However, there are no
CCIs following VB because either the vessel did not -fail or the debris
bed was coolable. If the RPV remains intact, the steam generated in
the vessel is condensed in the suppression pool. In this case, if the
vessel fails, either the suppression pool is not completely bypassed
(i.e., the drywell is not ruptured) or the containment sprays are
operating. Thus, the steam generated from the interaction of the hot
debris and water is condensed either in the suppression pool or by the-
containment sprays. For this case the containment pressure does not
increase significantly following VB, venting. is net necessary. The
quantification for this case is:

Branch 1: INVENT 1.0-

Branch 2: I-VENT 0.0-

Case 3: AC power is available and the containment . has not been'

| ruptured. Thus, the containment can be . pressurized and the venting
system is available to relieve the pressure. In this case, th,e steam'

and/or noncondensibles will pressurize the containment . following VB.
If the core debris is coolable, the drywell is ruptured and the
containment sprays are not operating. Thus, the steam generated from
the interaction of the hot debris with the water will bypass the-
suppression pool and accumulate in the containment. If the core debris
is not coolable, a significant amount of noncondensibles will be
released during CCIs. These noncondensibles will accumulate in - the
containment regardless- of whether the - sprays are operating or the pool
is bypassed. However, in addition to steam and noncondensibles, '

radionuclides will accumulate in the containment. Thus, it is unlikely
that the operators will vent the containment and release those
radionuclides to the atmosphere. The quantification for this case is:

Branch 1: INVENT 0.9-

Branch 2: I-VENT 0.1-
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! Question 104. Is AC Power Not Recovered Late in the Accident?
2 Branches, Type 2, 4 Cases

The branches for this question are:

1. LfAC AC power is not recovered late in the accident.

2. L AC AC power is recovered late in the accident. "

Cases 3 and 4 of this question are sampled; the distributions sampled were
obtained from the offsite power recovery curves for the Crand Culf plant.
The branching at this question depends upon the branch taken at Questions
2, 15, 79, and 80.

The probability of poser recovery as defined in this analysis is the
probability that offsite electrical power is recovered in the period in
question S ven that power was not recovered prior to the period. (See thei

; discussion in Subsection A.3).
1

This questian accounts for the delay recovery of offsite power. In this
question, the time period of interest begins approximately 2 hours after VB

: (when the last t.ime period ended) and ends 24 hours after the initiation of
'

the accident. The end of this time period was arbitrarily set at 24 hours
because, except for very unusual accidents, almost all of the fission
products that are going to be released from the containment will have been
released.

Case 1: Power was previously available and is therefore still
available. The quantification for this case is:

Branch 1: LfAC 0.0-

Branch 2: L AC 1.0-

Case 2: DC power is not availabic. Without de power, it is assumed
i that ac power cannot be restored within the timeframe considered in

this analysis. The quantification for this case is: '~

Branch 1: LfAC 1.0-

Branch 2: L.AC 0.0-

case 3: This case is an SB0 that has core damage in the long term.
Power was not previously available, but recovery was possible. Por the-
long term sequences, the previous eine peried was terminated 17 hours
after the initiating event. Thus, the re overy period for this case is
17 hours to 24 hours. The mean value t a power recovery during this
time period is:

Branch 1: IfAC 0.91-

Branch 2: I AC 0.09-

Case 4: This case is nn SB0 that has core damage in the short-term.
Power was not previously available, but. recovery was possible. For the
chort-term sequences the ' previous time period terminated 5,6 hours
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after the initiating event. Thus, the recovery period for this case is
5.6 hours to 24 hours. The mean value for pov.ar recovery during this
time period is:

|
0.23Branch 1: IfAC -

0.77| Branch 2: I AC -

Question 105. Is DC Power Available Late in the Accident?
2 Branches, Type 2, 4 Cases

The branches for this question are:

1. LfDC DC power is not available late in the accident.

2. L DC DC power is available late in the accident.

This question is not sampled and was internally quantified. The branching *

at this question depends upon the branch taken at Questions 2,1$, 79, and
80. A discussion of this issue and the assumptions made with regard to the
relationship between ac and de power is presented in Question 25. .

The time periods used for battery depletion are the same as the time
periods used for ac power recovery. A description of the late time period
may be found in the previous question.

Case 1: DC power has already been lost. Once de power is lost, it is
assumed that it cannot be recovered. The quantification for this case
is:

Branch 1: LfDC 1.0-

Branch 2: L DC 0.0-

[ Case 2: AC power is available, so de power is available. The
quantificaticn for this case is:

'~
Branch' 1: LfDC 0.0-

Branch 2: L DC 1.0-

Case 3: This case is an SB0 that has core damage in the long term.
Thus, the time period is from 17 hours to 24 hours. The quantification
for this case is:

! Branch 1: LfDC 0.33-

0.67Branch 2: L DC -

Case 4: The PDS is an SB0 that has core damage in the short term.
Thus, the time period is from 5.6 houra to 24 hours. The
quantification for this case is:

Branch 1: LfDC 0.06-

Branch 2: L DC 0.94-
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Question 106. What Is the Status of the Containment jprays Late in the,

Accident?
4 Branches, Type 2, 8 Cases

The branches for this question are:*

i 1. LfCS The containment sprays are failed and cannot be recovered.
1

2. LrCS The sprays are recoverable'when ac power is restored.

3. LaCS The sprays are available but not currently operating.

4. L CS The sprays are operating during the late time period.

] Cases 2, 4, and 6 of this question are sampled; the distributions were
quantified internally. The branching at this questioin depends upon the"-

,

branch taken at Questions 50, 81, 93, and 104.

This question determines the status of the CS system during the late time
period. A description of CS s.ystem is presented in Question 13. In this

question failure of the CS system by energetic events in the containment is
addressed.

Case 1: The CS system failsd previously and is therefore not available
after V8. The quantification for this case is:-

1.0Branch 1: LfCS .

Branch 2: trCS 0.0-

| Branch 3: LaCS 0.0 '.

Branch 4: L.CS 0.0.

Case 2: The CS system was in a recoverable condition shortly after VB,
and ac power is not recovered during the late . time period. The
containment was ruptured by an energetic event at VB or shortly after
VB (most likely a deflagration or a detonation). Because the event
that failed the containment was severe enough to cause a rupture?,~it is
possibic that it also failed the CS system. Failure of the CS system

.

is defined in this question as failure to provide adequate coverage to
insure that the steam in the wetwell atmosphere is condensed. There is
a large amount of uncertainty associated with the magnitude.of the load
that failed the containment and the location of the load (particularly
in the case of a detonation) . For this case, it is uncertain whether

,

the CS system will fail or still be in a recoverable _ condition. This'

case is sampled zero one. The distribution used to quantify.this case
,

is the same that was used to quantify case 2 in Question 81. Based on
the mean value of the sample, the quantification for this case is:

Branch 1: LfCS 0.5-

Branch 2: LrCS 0.5-

Branch 3: LaCS 0.0-

Branch 4: L CS 0.0-
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\ In the late time period, the distinction between a failed CS system and
g

J a recoverable system is not important because in either case the sprays
! will not operate. This distinction was important in the previous time

periods because if the CS systta had not failed, it could be recovered
during a subsequent time period. This distinction has been retained
for completeness.

] Case 3: The CS system was recoverable shortly af ter VB, but ac power
1

is not recovered during the late time period. Because the containment
was not ruptured at VB (or shortly af ter VB), the CS system remains
recoverable. The quantification for this case is:'

1

0.0Branch 1. LfCS .

1.0i Branch 2: trCS -

0.0Branch 3: LaCS .

0.0Branch 4: L CS .
,

Case 4: The CS system was operating shortly af ter VB, but the
; containment was ruptured by an energetic event around the time of VB
j (most likely a deflagration or a detonation). It is uncertain. whether
1 the CS system is failed or is still operating. This case is sampled

zero one. The distribution used to quantify this case is the same
distribution that was used to quantify Case 4 in Question Bl. Based on
the mean value of the sample, the quantification for this case is:

Branch 1: LfCS 0.6.

0.0Branch 2: LrCS *

Branch 3: LaCS 0.0.

Branch 4: L CS 0.5.

Case 5: The CS system was operating shortly af ter VB. Because the
containment was not ruptured following VB, it is expected that the CS
system will att11 be operating. -The quantification for this case is:

Branch 1: LfCS 0.0.

*

Branch 2: trCS 0.0-

Branch 3:- LaCS 0.0--

Branch 4: L CS 1.0-

; Case 6: The CS system was either available or recoverable shortly
i after VB, and ac power is available late in-the accident. -An energetic
~

event (most likely a deflagration or a detonation) ruptured the
containment following-VB, The quantification for this case is similar
to that in Case 2, except in this case it is uncertain whether the CS
system is f ailed - or will be available. Because the containment has,

| been ruptured and is therefore not pressurized, it is felt that if the
; CS system does not fail, there is only a small . probability that the
I operators will actuate this system. This case is sampled zero one.

The distribution used to quantify this case is the same distribution
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that was used to quantify case 6 in Ques. tion 81, Based on the mean
value of the sample, the quantification for this case is:

1

0.50Branch 1: LfCS -

0,00branch 2: trCS -

0.45 lBranch 3: LaCS -

0.0$ ;Branch 4: L CS -

Case 7: AC power is available late in the accident and the CS system )
has not failed. Because the containment was not ruptured by an 4

energetic event following VB, it is very likely that the sprays will be
operating. The quantification for this case is the same as the
quantification used in Case 4, Question 30. The quantification for

this case is:

0.00Branch 1: LfCS -

0.00Branch 2: trCS -

0.01Branch 3: LaCS -

0.99Branch 4: L CS -

Case 8: All the potential cases are addressed in the preceding cases,
so this case is not used.

Question 107. What Is the Concentration of Combustible Gases in the
Containment Late in the Accident?
6 Branches, Type 6, 4 Cases

The branches for this question are:
1

1. LGW>20 The concentraion of combustible gases is greater than 20%.

2, LGW>16 The concentration of combustibio gases is between 16% and
20%.

3. LGW>l2 The concentration of combustible gases is between 12% and
16%. *~

4. LGW>B The concentration of combustible gases is between 8% and 12%.

5. LOW >4 The concentration of combustible gases is between 4% and 84.

6. L- NoGW The concentration of combustible gases is less than 44.

The branching at this question depends upon the branch taken at Questions
63, 93, 95, 97, 98, 103, and 106. A module in the user function is used to
determine the hydrogen concentration in the wetwell during the late time
period. The amount of hydrogen that remains in the wetwell is stored as
Parameter 3.

In this question, the hydrogen generated from CCI is added to hydrogen that
already exists in the wetwell. Because the beginning of this time period
correspondo approximately with the peak in CCI gas production, it is
assumed that all of the noncondensibles generated during CC1, except for a
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small fraction that remains in ' the drywell, enter the wetwell near the
t>eginning of the late time period. Furthermore, it is assumed that any

hydrogen and air in the drywell before CCI is pushed into the wetwell
during CCI. Thus, the combustible gases that existed in the drywell before
CCI and the gases generated during CCI can participate in combustion events
during the late time period. The carbon dioxide generated during CCI is
treated as steam. It is assumed that the inerting qualities of carbon

dioxide are similar to steam. Unlike the steam, however, the carbon
dioxide is not removed f rom the wetwell when the containment sprays are
operating. Containment failure and the operation of the containment sprays-

! will also affect the wetwell hydrogen concentration. If the containment

fails, the number of moles in the containment are reduced to account for
Icakage. If the containment sprays operate, the steam in the wetwell is r

condensed. The wetwell hydrogen concentration calculated in this question
is used in subsequent questions to determine the ignition probabilities,
detonation probabilities, and the -resulting, loads from either a
deflagration or detonation.

Case 1: The vessel fails, and the core debris that enters the reactor
cavity comes into contact with water. The interaction of the core
debris with the water generates copious amounts of steam. In this

case, the suppression pool is bypassed, and the containment sprays do
not operate. A large amount of steam will thus enter and inert the
wetwell. In the user funct!on, the amount of steam required to inert
the wetwell, based on the amount of hydrogen in the containment, is
calculated. The amount of steam in the wetwell is reinitialized with
this value. Thus, subsetuent burns are precluded.

Case 2: The containment either failed or was vented following VB.
Because the containment pressure boundary is not intact, the pressure ,

in the containment will remain near atmoupheric pressure. Therefore,

to satisfy this pressure requirement, it is necessary to release a
fraction of the wetwell gas to the outside atmosphere,

Case 3: The containment is intact and the containment sprays are
operating during the late time period. The containment sprays' remove
the steam from the wetwell atmosphere, but they do not affect the
concentration of carbon dioxide in the wetwell. Thus, the gaseous
species that existed in the drywell before CCI, as well as the
noncondensibles generated during CCI, are added to the wetwell
atmosphere. Most of the steam, however, is removed from the vetwell.

Case 4: This case is the same as the previous case except t. hat the
i containment sprays do not operate during the late time period, so the
| steam in the wetwell is not condensed.

Question 108. To What Level is the Vetwell Inert Late in the Accident?
3 Branches. Type 5, 1 Case

The brarches for this question are:

1. LnWIn The wetwell is not inert; both hydrogen deflagrations and
detonations are possible.
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2. L win 2 The wetwell is inert to hydrogen detonations during the late
time period.

3. L Win 3 The wetwell is inert to both hydrogen detonations and
deflagrations during the late time period.

This question is used to determine whether hydrogen detonations or
deflagrations are possibic in the wetwell during the late time period. A

module in the user function is used to calculate the mole fraction of
steam, Y,t..., in the wetwell. A discussion of the. inerting limits is

; presented in Question 40. The combustion limits used in this analysis are:

Y,t. t 0,55; inert to detonations and deflagrations e

0.55 > Y,t. t 0.35; inert to detonations.

0. 35 > Y,t. ; both detonations and deflagrations are possible.

Question 109. Is there Sufficient Oxygen in the Containment to Support Late
Combustion?
5 Branches, Type 5, 1 Case

The branches for this question are:

1. LO2Det20 There is enough oxygen in the wetwell to support a detonation
of a mixture with 20% hydrogen.

2. LO2Det16 There is enough oxygen in the vetwell to support a detonation
of a mixture with 16% hydrogen.

3. LO2Det12 There is enough oxygen in the wetwell to support a detonation
of a mixture with 12% hydrogen.

4. LWO2 There is enough oxygen in the wetwell to support a
deflagration but not a detonation.

.-
,

5. LnWO2 There is not enough oxygen in the wetwell to suppo-t a

|
deflagration.

This question is used to determine . the amount of hydrogen that can be
,

burned based on the amount of oxygen available in the wetwell during the-

late time period. Late in the accident, the amount of oxygen in the
containment may have been depleted by previous burns and/or by containment
failure. A module in the user function - is used to calculate tho ' mole
fraction of oxygen in the containment. This question is used by subsequent
questions to help determine the probabilities of hydrogen deflagrations and
detonations.

i

d
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Question 110. Does Ignition Occur in the Containment Late in the Accident?
2 Branches, Type 2, 7 Cases

i
'

The branches for this question are:

1. L CIgn The hydrogen in the wetwell is ignited during the late time
period.

2. LnCIgn The hydrogen does not ignite during the late time period.

Cases 4 through 7 of this question are sampled. The distributions for
ignition probability following VB were based on distributions provided by;

; the Containment Loads Expert Panel for hydrogen ignition before VB. The
branching at this question depends upon the branch taken at Questions 82,'

83, 84, 85, 104, 106, 107, 108, and 109.
'

In this question, the ignition probability of hydrogen in the wetwell
during the late time period is addressed. The sources of ignition
considered in this question, random ignition sources, are essentially the
same sources that were considered by the Containment Loads Expert Panel for
ignition before VB (Question 43), The late time period is, however, much
longer than the time period during core degradation. Thus, if an expert's

j distribution for ignition probability was an explicit function of time, the
i distribution was modified accordingly. Therefore, the ignition probability

distributions used in this question are similar to, but not' identical to,

the distributions used in Question 43. In Question 43, the ignition
probabilities were a function of the RPV pressure, and the concentration of
hydrogen in the wetwell. Before VB, the RPV pressure affects the hydrogen
distribution in the containment. When the RPV is at low pressure, the'

hydrogen ic released uniformly throughout the suppression pool. This
pathway is similar to the way the hydrogen generated during CCI will enter
the wetwell. Thus, only the low pressure RPV distributions used in
Question 43 were modified and used in this question. However, the ignition
probability is ttill a function of thu hydrogen concentration,

llydrogen burns in the drywell are not considered during the lat.e' time
period because the large amount of steam generated at VB and during CCI
will inert the drywell. In addition, most of the oxygen orie,inally in the
drywell will have either been consumed by burns at VB or will have been
pushed into the wetwell.

Case 1: The wetwell atmosphere is not combustible (i.e., either not
enough hydrogen, not enough oxygen, or too much steam) . Thus, the
hydrogen in the wetwell does not burn late in the accident. However,
if the wetwell atmosphere was inert following.VB, but the containment
sprays are recovered during this time period, then ignition is not
precluded. The quant!ficati .. for this case. is:

0.00Branch 1: L.CIgn -

,

Branch 2: LnCIgn 1.00' -

Case 2: A combustible mixture existed in the wetwell following VB, but
it did not burn. Thus, the containment and the wetwell atmosphere are

I
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Iin a condition that makes ignition from random sources extremely
unlikely. Therefore, without ac power to provide additional ignition
sources, it is extremely unlikely that the hydrogen will burn during
the late time period. The quantification for this case is:

0.00Branch 1: L CI nC -

1.00Branch 2: LnCIgn -

Case 3: AC power is available late in the accident, and the wetwell
atmosphere is combustibic. Because of the availability of ac sources,i

it is assumed that the hydrogen will ignite. he quantification for

this case is:

1.00Branch 1: L CIgn -

0.00Branch 2: LnCIgn -

case 4: AC power is not available late in the accident. Thus, there

are only random ignition sources. The concentration of hydrogen in the
wetwell is greater than 16%. The quantification for this case, based
on the mean value of the distribution, is:

0.51Branch 1: L CIgn -

0.49Branch 2: LnCIgn -

Case 5: This case is the same as Case 4 except that the concentration
of hydrogen in the wetwell is between 12% and 16%. The quantification
for this case, based on the mean value of the distribution, is:

0.42Branch 1: L CI nE -

Branch 2: LnCI&n 0.58-

Case 6: This case is the same as case 4 except that the concentration
of hydrogen in the wetwell is between 8% and 12%. The quantification

[ for this case, based on the mean value of the distribution, is:
1

0.33 *~Branch 1: L-CIgn -

0.67! Branch 2: LnCIgn -

Case 7: This case is the same as Case 4 except that the concentration
of hydrogen in the wetwell is between 4% and 8%. The quantification
for this case, based on the mean value of the distribution, is:

[

0.29Branch 1: L CIgn -

0.71Branch 2: LnCIgn -

Question 111. Is There a Detonation in the Wetvell Late in the Accident?
2 Branches. Type 4, 1 Parameter, 9 Cases

|

The branches for this question are:

1. L WDt There is a detonation in the wetvell during the late time
period.
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2. LnWDt A significant detonation does not occur in the wetwell during'

the late tirte period.

The parameter initialized in this question is:

P20 In:pLoad The impulse loading from a detonation (kPa S) is read in as
Parameter 20. This pararneter was previously initialized in
Question 44 and Question 86. This parameter is reinitialized
in this question.

This question is not sampled. The detonation probabilities and'

accompanying 1:npulse loads are based on distributions provided by the
Containment Loads Expert Panel for hydrogen detonations before VB, The
branching at this question depends upon the branch taken at Questions 27,
79, 106, 107, 108, 109, and 110.

The detonation probabilities used in this question are conditional on the
hydrogen having already been ignited (Qacstion 110), in this question, the
probability of a detonation is a function of the hydrogen concentration,
the oxygen concentration, and the amount of steam in the vetwell
atmosphere. The detonation probabilities and the accompanying irnpulse
loads are gusntified using the means of the distributions provided by the
Containment Loads Expert Panel for hydrogen detonations before VB (Question
44), The Containment Loads Expert panel indicated that there was a
negligibic probability of a significant hydrogen detonation if the hydrogen
concentration va_ below 12%. Two levels of steam were considered: high and
low. The high steam level corresponds to the case in which a wetwell
atmosphere initially inert to detonations (i.e. , inole fraction of steam was
greater than 0,35) is clowly condensed and brought into the detonable
regime by the recovery of sprays. The low steam level corresponds to the
case in which the steam concentration is low enough initially to allow a
detonable trixture to form.

Case 1: The hydrogen was not ignited, the votwell is inert to hydrogen
detonations (i.e., mole fraction of steam greater than 0.35 and the
containment sprays are not operating), or the global conceiitration of
hydrogen in the wetwell is below 12%, In any case, a hydrogen
detonation is-not possible. The quantification for this case is:

Branch 1: L WDr 0,00-

1.00Branch 2: LnWDt -

Because Branch 1 is never taken, the value ' assigned' to the parameter
for this branch is irrelevant. Because Branch 2 represents the
situation in which the hydrogen does not detonate, the value for the

|
irnpulse load assigned to this parameter is 0.0. In all the remaining

Icases, the Itapulse load assigned to Branch 2 will also be 0,0. |
|

Case 2: The hydrogen ignition system has been operating since VB.
Thus, the hydrogen generated during CCI will be burned as it is
relenced to the votwell, which will preclude the formation of a

!
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detonabic mixture in the containment. The quantification for this case |
1s: 1

0.00Branch 1: L WDt -

1.00Branch 2: LnWDt -

Because Branch 1 is never taken, the value assigned to the parameter
for this branch is irrelevant, and for Branch 2, the value assigned to
the parameter is 0.0.

Case 3: The wetwell has a high steam concentration (i.e., slowly
decreasing below 35%), and there is sufficient oxygen in the vetwell to
support a detonation. The hydrogen concentration is between 12% and
16%. The quantification for this case is:

0.22Branch 1: E4 WDt -

0.78Branch 2: E4nWDt -

For Branch 1, the value assigned to the parameter (kPa S) is:

5.8Parameter 20: Imptoad -

Case 4: The we twell han, a low steam concentration, and there is
| sufficient oxygen in the wetwell to support a detonation. The hydrogen

concentration is between 12% and 16%, The quantification for this case
is:

Branch 1: L WDt 0.00-

Branch 2: LnWDt 1.00-

Because Branch 1 is never taken, the value assigned to the parameter
for this branch is irrelevant, and for Branch 2, the value assigned to
the parameter is 0.0.

Case 5: The wetwell has a high steam concentration (i.e., slowly
| decreasing below 35%), and sufficient oxygen is in the wetwell to
! support a detonation. The hydrogen concentration- is between 16% and

20%. The quantification for this case is:

Branch 1: E4-WDt 0.25-

Branch 2: E4nWDt 0.75-

For Branch 1, the value assigned to the parameter (kPa S) is:
1

Parameter 20: Imptoad 5.8-

Case 6: The wetwell has a low steam concentration, and there is
sufficient c ;yper. in the wetwell to support a detonation. 'The hydrogen
concentration is between 16% and 20%. The quantification for this case

,

is:

{ Branch 1: E4 WDt 0.26-

Branch 2: E4nWDt 0.74-
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For Branch 1, the value assigned to the prrameter (kPa S) is:
l

12.4Parameter 20: Impload -

Case 7: The wetwell has a high steam concentration (i.e., slowly
decreasing below 35%), and there is sufficient oxygen in the wetwell to
support a detonation. The hydrogen concentration is greater than 20%.
The quantification for this case is:

0.25Branch 1: E4 WWDt -

0.75Branch 2: E4nWWDt -

For Branch 1, the value assigned to the parameter (kPa S) is:

5.8Parameter 20: Impload -

Case 8: The wetwell has a low steam concentration, and there is
sufficient oxygen in the wetwell to support a detonation. The hydrogen
concentration is greater than 20%. The quantification for this case

is:

0.45Branch 1: E4.WWDt -

0.55Branch 2: E4nWWDt -

For Branch 1, the value assigned to the parameter (kPa S) is:

12.4Ptrameter 20: Impload -

Case 10: There is not enough oxygen in the wetwell to support a
detonation. Thus, the quantification for this case is:

0.00Branch 1: L WWDt -

1.00Branch 2: LnWWDt -

Because Branch 1 is never taken, the value assigned to the parameter
for this branch is irrelevant and for Branch 2, the value assigned to
the parameter is 0.0.

,

Question 112. What Is the Level of the Containment Impulse Load Late in the
Accident?

,

7 Branches, Type 5, l' Case-
!

The branches for this question are:

1. L 1p>60 The impulse is greater than 60 kPa-S.

2. L Ip>50 The impulse is in the range 50 s Impulse < 60 kPa S.

3. L Ip>40 The impulse is in the range 40 s Impulse < 50 kPa-S.

I 4. 'L Ip>30 The impulse is in the range 30 s Impulse < 40 kPa S.
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5. L Ip>20 The iropulse is in the range 20 s impulse < 30 kPa S.

6. L Ip>10 The irtpulse is in the range 10 s Impulse < 20 kPa S.

7. L Ip<10 The irtpulse is less than 10 kPa S.

This question is a summary of the detonation impulse loads (Parameter 20)
initialized in the previous question (Question 111). In this question, the

range of possible irnpulse loads is divided into discrete levels represented
by the seven branches. The various impulse loads are then grouped into the
appropriate levels, To do this grouping, the impulse load, Parameter 20,
is compared with a series of comparison parameters that define the various
levels. It should be noted that structural failure to a detonation is
determined by the actual value assigned to Parameter 20 and not by a level
defined in this question, These levels are only used to summarize the
magnitude of the impulse.

Question 113. With Vhat Efficiency Is 11ydrogen Burnea Late in the Accident?
1 Branch, Type 4, 2 Parameters, 9 Cases

The branch for this question is:

1. }{2Ef@VB The hydrogen burn efficiency late in the accident.

The parameters initialized in this question are:

P18 il2EfVB1 The effective efficiency of a hydro 6en burn late in the
accident. Although this parameter was initialized in
Question 46 and Question 88, it is reinitialized in this
question.

P19 ll2EfVB2 The cetual efficiency of a hydrogen burn late in the
accident. Although this parameter was initialized in
Question 46 and Question 88, it is reinitialized in this
question, ,

This question is not sampled. The effective and the actual combustion
efficiencies (Parameters 18 and 19, respectively) are based on
distributions provided by the Containment Loads Expert Panel for hydrogen
burns before VB. The parameters initialized in this question depend upon
the branch taken at Questions 106, 107, 108, and 110.

The effective and the actual combustion officiencies (Parameters 18 and 19,

respectively) are quantified using.the means of the distributions provided
by the Containment Loads Expert Panel for hydrogen burns before VB
(Question 46). Definitions of these parameters and a discussion of how
they are used in this analysis is presented in Question 46 In this
question, which is . based on the results from the Containment Loads Expert
Panel, the effective efficiency of a hydrogen burn is a function of both
the hydrogen concentration and the steam concentration in the wetwell. The
actual- hydrogen burn efficiency is only a function of the hydrogen
Concentration.
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Case 1: The hydrogen in the wetwell is ignited late in the accident.
The steam concent. ration in the wetwell is high (i.e. , between 35% and
$5% steam), and the hydrogen concentration is less than 8%. The values
assigned to the parameters are:

0.28Parameter 18: il2EfVB1 -

0.27 (Parameter 19: !!2EfVB2 -

Case 2: This case is the same as Case 1 except that the steam
concentration is low (i.e., less than 35% steam). The values assigned
to the parameters are:

0.28Parameter 18: il2EfVB1 -

0.27Parameter 19: il2EfVB2 -

Case 3: The hydrogen in the wetwell is 1 nited late in the accidert.6
The steam concentration in the wetwell is high (i.e. , between 35% and
55% steam), and the hydrogen concentration is between 8% and 12%. The
values assigned to the parameters are:

Parameter 18: il2EfVB1 0.46-

0.74Parameter 19: il2EfVB2 -

Case 4: This case is the same as Case 3 except that the steam
concentration is low (i.e., less than 35% steam). The values assigned
to the parameters are:

0.57Parameter 18: il2EfvD1 -

Parameter 19: il2EfVB2 0.74-

Case 5: The hydrogen in the wetwell is ignited late in the accident.
The steam concentration in the wetwell is high (i.e. , between 35% and
55% steam), and the hydrogen concentration is between 12% and 16%. The
values assigned to the parameters are:

-

Parameter 18: il2EfvB1 0.48-

Parameter 19: il2EfvB2 0.88-

Case 6: This case is the same as Case 5 except that the steam
concentre'cion is low (i.e. , less than 35% steam) . The values assigned
to the parameters are:

Parameter 18: il2EfVB1 0.73-

Parameter 19: 112EfVB2 0.88-

Case. 7 : The hydrogen in the wetwell is ignited late in the accident.
The steam concentration in the wetwell is high (i.e. , between-35% and
55% steam), and the hydrogen concentration is greater than 16%. The '

| values assigned to the parameters are:
I
| Parameter 18: ll2EfVB1 0.49-

| Parameter 19: il2EfVB2 0.93-

i
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Case 8: This case is the same as Case 7 except that the steam
concentration is low (i.e., less than 35% steam). The values assigned
to the parameters are:

0.75 lParameter 18: il2Efv81 -

0.93Parameter 19: il2EfvB2 -

Case 9: The hydrogen does not burn in the wetwell during the late time
period. The values assigned to the parameters are:

0.00Parameter 18: il2EfVB1 -

0.00Parameter 19: il2EfVB2 -

Question 114. What Is the Peak Pressure in the Containment from a Late,

Ilydrogen Burn?
6 Branches Type 6, 4 Cases

The branches for this question are:

1. L PBrn>7 The peak overpressure is greater than 700 kPa.

2. L PBrn>6 The peak overpressure is in the range 600 kPa 8 P < 700 kPa.

3. L PBrn>5 The peak overpressure is in the range 500 kPa s P < 600 kPa.

4. L PBrn>4 The peak overpressure is in the range 400 s P < 500 kPa.

5. L PBrn>3 The peak overpressure is in the range 300 s P < 400 kPa.

6. L PBrn<3 The peak overpressure is less than 300 kPa.

The branching at this question depends upon the branch taken at Questions
27, 79, 93, 110, and 111. In this question, a module in the user function
is used to determine the peak overpressure in the containment and the peak
wetwcil/drywell pressure differential from a hydrogen deflagration,in the
wetwell. The peak wetwell overpressure is used to determine the load on
the containment structure, whereas the peak wetwell/drywell pressure
differential is used to determine the load on the drywell structure. The
calculations are based on the composition or the wetwell atmosphere (i.e.,i

moles of hydrogen, air, and steam) and c's the effectiveness of the burn
(Parameters 18 and 19). In addition to ditermining the burn overpressure,
this module also adjusts the number of mole of hydrogen,' oxygen, and steam
present in the vetwell after the burn based an the actual efficiency of the

burn. The same user function module used in Questions 47 and 89 is used in
this question.

The module of the user function used in this question returns the peak
wetwell overpressure in Parameter 11 and the peak wetwell/drywell pressure
differential in Parameter 12.

Case 1: The hydrogen in the wetwell does not ignite late in' the
accident. Thus, there is no overpressure and none of the hydrogen is
consumed.
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Case 2: Either the hydrogen ignites and there is a large hole in the
containment, or the llIS has been operating since VB. If the
containment is ruptured, the pressure rise is negligible and does not
threaten the drywell structure. Similarly, if the }{IS has been
operating, the hydrogen generated during CCI is burned as it is
released to the wetwell, which also results in a negligible
overpressure. The moles of hydrogen, oxygen, and steam are adjusted to
account for the burn.

Case 3: The hydrogen in the wetwell detonates. Thus, the peak
wetwell/drywell pressure differential io the same as the peak wetwell
overpressure.

Case 4: The hydrogen in the wetwell burns as a deflagration and there
are no large holes in the containment.

Question 115. What Is the Level of Drywell Leakage Induced by a Late
Detonation in the Containment?

| 3 Branches, Typa 6, 2 Cases
,

The branches for this question are:

1. LnDVDt The drywell does not fail from a detor tion.

2. L DWDt2 A detonation induces a leak in the dry. ell.

3. L-DVDt3 A detonation induces a rupture in the drywell.

The branching at this question depends upon the branch taken at Question
111. A module in the user function is used to determine whether the
drywell fails, and the mode of failure. In the user function, the impulso

'

from the detonation (Parameter 20) is compared to the structural capacity
of the drywell to dynamic loads (Parameter 34). The way in which the
random number (Parameter 35) is used to determine the mode of drywell
failure is described in Subsection A.2. The method differs depent ing onl
whether the rate of pressure rise is fast or slow relative to the rate at
which a leak depressurizes the drywell. For detonations the fast pressure
rise method is used.

Case 1: There is a detonation in the vetwell,

Case 2: A detonation does not occur in the wetwell during the late
time period. Thus, drywell does not fail from a detonation.

Question 116. What In the Level of containment Leakage Induced by a Late
Detonation?
3 Branches, Type 6, 3 Cases

The branches for this question are:

1. LnDtF The containment does not fail from a detonation.

2. L DtF2 A detonation induces a leak in the containment.
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3. L.DtF3 A detonation induces a rupture in the containment.

The branching at this question depends upon the branch taken at Questions
111 and 115. A roodule in the user function is used to determine whether
the containtnent f ails, and the mode of f ailure. In the user function, the

imptise from the detonation (Pararneter 20) is compared to the structural
capacity of the containment to dynamic loads (Parameter 24) . The way in
which the randoin number (Parameter 25) is used to determine the mode of
containment failure is described in Subsection A.2. The method differs
depending on whether the rate of pressure rise is fast or slow relative to
the rate at which a leak depressurizes the containment. For detonations
the fast pressure rise roethod is used.

Case 1: The drywell failed (either a leak or a rupture) from a
detonation in containment. This case was included in this question to

allow coupling between the drywell response to a detonation and the
containment response. In this analysis, the structural response of the
drywell to dynamic loads (Parameter 34) was correlated to the
structural capacity of the containment (parameter 24). Thus, this

coupling has already been taken into account, and no additional
coupling is applied in this case.

Case 2: There is a detonation in the wetwell, and it does not fail the

drywell. However, because the containment is not as strong as the
drywell, there is still some probability that the containment will
fail.

Case 3: A detonation does not occur in the wetwell during the late
time period. Thus, containment does not fail from a detonation.

Question 117. What Is the Level of Containment Leakage Induced by Late
Combustion Events?
4 Branches, Type 6, 4 Cases

The branches for this question are: ,

1. LnCL The containment does not fall from a combustion event during
the late time period.

2, L CL2 The containment fails in the leak mode; nominal hole size is
20.1 ft .

23. L CL3 The containment fails by rupture; nominal hole size is 7 ft .

4. L- CIA The containment fails by catastrophic rupture. This failure
mechanism does not occur in this analysis but has been
retained in the tree for completeness.

The branching at this question depends upon the branch taken at Questions
93, 103, and 116. A module in the user function is used to determine
whether the containment fails, and- the mode of failure. In the user
function, the peak pressure in the containment from a combustion event
(Parameter 11) is compared to the containment failure pressure (Parameter
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21). The way in which the random nuttber (l'a r ano t e r 22) is used to*

determine the mode of containment failure is described in Subsection A.2.
The stethod differs depending on whether the rate of pressure rise is fast
or slow relative to the rate at which a leak depressurizes the containment.
The fast pressure rise method is used when the loading on the containment
is from a hydrogen burn.

Case 1: The containment failed following VB by a catastrophic rupture.

Case 2: The containment was either ruptured or vented following VB or
was ruptured by a detonation during the late time period. In any case,
the containment is aircady ruptured.

Case 3: The containment failed in the leak mode either following VB or

from a detonation late in the accident. Because a leak will not arrest
a fast pressure rise, the containment can still fail in the rupture
inode from the pressure rise in the containment from a late combustion
event. Thus, the containment failure mode will at least be a leak, and
there is some probability that the failure mode will be a rupture.

Case 4: The containment was intact following VB and did not fail irom
a detonation (if one occurred) late in the accident. Thus, depending
on the pressure rise in the containment from a late combustion event,
the containment can either remain intact, fail in the leak mode, or
fail in the rupture mode.

Question 118. Wha t Is the Level of Drywell Leakage Induced by Late'

Combustion Events in the Containment?
5 Branches, Type 6, 7 Cases

The branches for this question aim:

1. LnDWDf The drywell does not fail late in the accident.

2. L.DWDf2 The drywell fails in the leak mode at the drywell wall,. .
i
'

3. L DWHDf2 The drywell fails in the Icakage mode at the dryvell head.
In this analysis, it was assessed that there was a negligible
probability that the drywell head would fail before the
drywell wall. Thus, this failure location does not occur in
this analysis but has been retained in the tree for
completeness.

4, L DWDf3 The drywell fails in the rupture mode at the drywell wall. j

S. L DWHDf3 The drywell fails in tric rupture mode at the drywell head.
In this analysis, it was assessed that there was a negligible
probability that the drywell head would f ail before the

,

| drywell wall. Thus, this failure location does not occur in

| this analysis but has been retained in the tree for
completeness.

1
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The branching at this question depends upon the branch taken at Questionsi

; 94, 115, end 117. A module in the user function is used to determine
; whether the drywell fails, and the mode of failure. In the user function

the peak wetvell/drywell pressure differential (parameter 12) is compared
i to the drywell failure pressure (parameter 30). The way in which the |

'|
random number (parameter 31) is used tr determine the mode of containment
failure is described in Subsection. A.2 The method differs depending on

I whether the rate of pressure rise is fa. or slow relative to the rate at
which a leak depressurizes the containment (or pressurir.es the drywell) .4

The fast pressure rise method is used when the loading on the drywell is
i

from a hydrogen burn.
1

containment failure by rupture has been included in the case structure for
;i this question to allow for the load on the drywell structure to be reduced
i because of the pressure relaxation associated with the containment failure.
' However, as explained in Question 51, the pressure rise associated with

burns typically encountared in this analysis is very rapid, and the effect
that the containment failure has on the peak wetwell/dryvell pressure
differential is minor. Thus, the cases with containment failure are not;

i handled any differently than the cases without containment failure. These
cases have only been retained for the sake of completeness,-'

,

Case 1: The drywell has already failed in the rupture mode. The
failure is caused by either a failure at VB or a detonation in the
vetwell late in the accident.

Case 2: The drywell head was ruptured before vessel. Thus, all other
drywell failure modes are precluded.

Case 3: The drywell wall has already failed in the leak mode, and the
containment is ruptured. The drywell vall failure precludes failure of
the head. Depending on the pressure rise in the containment, the
drywell wall leak will possibly increase to a rupture.

Case 4: The dryvell wall has already failed in the leak mode, ,but the
containment is either intact or only leaking. The drywell vall failure
precludes failure of the head. Depending on the pressure rise in the
containment, the drywell wall leak will possibly increase to a rupture.

Case 5: The drywell head has already failed in the leak mode, and the
containment is ruptured. Depending on the pressure rise in the
containment, it is possible that the drywell leak will increase to a
rupture.

Case 6: The drywell head has already failed in the leak mode, but the
containment is either intact or only leaking. Depending on the
pressure rise in the containment, it is possible that the drywell leak
will increase to a rupture.

Case 7: The drywell was intact before the late combustion event.
Thus, depending on the pressure rise in . the containment from 'a late
combustion event, the drywell can either remain intact, fail in the
Icak mode, or fail in the rupture mode.
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Question 119. Is the containment Not Vented Late in the Accident?
i 2 Branches, Type 2, 4 Cases

The branches for this question are:
1

|

1. LnVent The containment is not vented late in the accident.

2. L Vent The containment is vented late in the accident.

1 This question is not sampled. The branch taken at this question depends
upon the brar.ches previously taken at Questions 63, 81,-95, 99, 104, 106,

i 117, and 118.

This question determines whether the operator vents the containment late in
the accident. A description of the venting system is presented in Question
22. Although-the venting procedure requires containment venting when the
pressure exceeds 17.25 psig, these procedures are applicable only before

) core damage. During core damage, .VB, and after VB, a large inventory of
radionuclides will accumulate in the containment. It is unlikely that the

i operators will vent the containment and release these radionalides to the
atmosphere.

,

Case 1: Either ac power is not available late in the accident, or the
containment has been ruptured. If the containment was vented shortly
after VB, it is included as a containment rupture. Without ac power,
the containment cannot be vented. If the containment is ruptured, it
will not pressurir.e following VB. Thus, venting is not necessary. The

| quantification for this case is:

Branch 1: LnVENT 1.0-

Branch 2: L VENT 0.0-

Case 2: AC power is available, and the containment has not been,

ruptured. Thus, the containment can be pressurized, and the venting
system is available to relieve the pressure. Ilowever , there are no
core. concrete interactions following VB because either the ves'sel did
not fail or the debris bed was coolable. If the RPV remains intact,
the steam generated in the vessel is condensed in the suppression pool.
In this case, if the vessel fails, either the suppression pool is not,

completely bypassed (i.e., the drywell is not ruptured) or the'

containment sprays have been operating since VB. Thus, the steam
generated from the interaction of the hot debris and water is condensed
either in the suppression pool or by the containment sprays.
Therefore, for this case, the containment pressure does not increase

j significantly following VB, so venting -is not necessary. The
'

quantification for this case is:
.

Branch 1: LnVENT 1.0-

Branch 2: L VENT .- 0.0
I

| Case 3: AC power is available and the containment has not been
ruptured. Thus, the containment can be pressurized, and the venting'

system is availab to relieve. the pressure, lloweve r , there are no

A,1,1 153

a

J

,_-._..m. . -._ -- - .,. ,,., ,y_ __-.m ,,, - , _ , , . , , , , - . . , , , _ . - .-m,,,.,m., - , _ , --



. - - - - - -. - _ - . . _ - - - - - . -

;
i

CCIs following VB because the debris bed was conlabic. In this case,

either the containment sprays were not operating at VB bat were
recovered Inte in the accident, or the suppression pool \s not
completely bypasced (i.e., the drywell is not ruptured). Althout h some
steam may accumulate in the containment, its pressure will not bo high
enough to justify venting the containment. The quantification for this
case is:

Branch 1: LnVENT 1.0
Branch 2: L VENT 0.0

Case 4: AC power is available, and the c/.ntainment has not been
ruptured. Thus, the containment can be pressurized, and the venting
system is available to relieve the pressure. In this case, the steam
and/or noncondensibles will pressurfze the containment following VB.
If the core debris is coolable, the drywell is ruptured, and the
containment sprays are not operating. Thus, the steam generated from
the interaction of the hot debris with the water will bypass the
suppression pool and accumulate in the containment. If the core debris
is not coolable, a significant amount of noncondensibles will be
released during CCIs. TIese noncondensibles will accumulate in the
containment regardless of whether the sprays are operating or the pool
is bypassed. However, in addition to steam and noncondensibles,
radionuclides will accumulate in the containment. Thus, it is unlikely
that the operators will vent the containment ' and release these
radionuclides to the atmosphere. The quantification for this case is:

Branch 1: LnVENT 0.9-

Branch 2: L VENT 0.1-

Question 120. How Huch Concrete Must be Eroded to Cause Pedestal Failure?
1 Branch, Type 3, 1 Parameter

The branch for this question is:

I 1. ConErPed The amount of concrete that must be eroded to cause ' reactor
pedestal failure.

The parameter initialized in this question is:

P43 ConErPed The depth o# concrete that must be eroded (m) to cause
reactor pedest.31 failure is read in as Parameter 43.

The parameter initialized in thir question is sampled. The distribution
' f or the amount of concrete that must be eroded to cause reactor pedestal

failure was provided by the Structural Respnse Expert Panel. (A
discussion of this issue is presented in Volume 2 Part III, of this
report.)

The expert panel provided the probability of pedestal failure as a functioni

of crosion depth. Pedestal failure is defined as the loss of support to
the RPV such that gross motion of the vessel results. If the vessel fails,
core debris is released-into the re .ctor cavity. Assuming the debris is
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not coolable, it will participate in CCIs. During CC1, both the concrete
and the extensive mesh of rebar in the pedestal are eroded. If the erosion

,

into the pedestal wall is extensive, the pedestal may collapse from the'

load imposed by the RPV and the shield wall. To assess the probability of
pedestal failure, the experts considered loss of support due to both

; ablation and thermal penetration. However, the Molten Core Concrete Expert
Panel indicated that the thermal front is only slit,htly ahead of the

i

J crosion front, so the difference between these two fronts is not
particularly important.

The pedestal failure depth, Parameter 43, in conjunction with the pedestal
erosion depth that results from CCI, is used in a subsequent question to
determine whether the pedestal f ails. The importance of pedestal failure
is that it can induce drywell failure that results in pathway from the
drywell to the wetwell that completely bypasses the suppression pool. The
value (m) assigned to the parameter, based on the mean value of the
distribution, is:

1.1Parameter 43: ConErPed -

Question 121. At What Time Does Pedestal Failure Occur?
6 Branches, Type 6, 9 Cases

The branches for this question are:

1. PedF@VB The reactor pedestal failed at VB. The failure was from
either the quasi static loads accompanying VB or the dynamic
loads from an EVSE.

,

2. PedF@l0 The pedestal fails from CCI erosion more than 10 hours af ter
g

VB.

3. PedF@6 The pedestal falls from CCI erosion between 6 and 10 hours
after VB.

4. PedF@3 The pedestal fails from CCI erosion between 3 and B ~ hours
after VB.

5. PedF@l The pedestal fails from CCI erosion between 1 and 3 hours
after VB.

6. NoPedF_ The pedestal does not fail.

The reactor pedestal erosion depth (incorporated into this question as a
: comparison parameter) is sampled. in this question; the distributions were

provided by the Molten Core. Concrete Interaction Panel. (A discussion of
this issue is presented in Volume, Part II, of this report.) The
comparison parameters initialir.ed in this question depend upon the branch
taken at Questions 61, 63, 74, 75, 99, and 102.

In this question, the depth of concrete erosion that will fail the reactor
pedestal .- Parameter 43, is compared to the erosion depths that result
during CCI. To . determine the time at which the pedestal fails, this,

|
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comparison is made using f our dif f erent tirne intervals. The tin.c intervals
are defined by the various branches (coe description above) . If the

failure depth is greater than or equal to the erosion depth for a given
J time (i.e., cotoparison parameter), then the pedestal fails in that time

interval. Pedestal failure is defined as the loss of support to the RPV

1 such that gross motion of the vessel results. The importance of pedestal
failure is that it can induce drywell failure that results in pathway from

,

the drywell to the wetwell that completely bypasses the suppression pool.
,

The experts felt that the presence of eater in the reactor cavity, the;

amount of unoxidized tee tal in the debris, the amount of superheat'

associated with debris, and the flow rate of the debris from the vessel
were important parameters that would influence the erosion rate of the
pedestal. Thus, the following cases are various combinations of these
parameters.

;

Case 1: An Alpha Mode event occurred, the vessel did not fail, there
was no CCI, or the onset of CCI was delayed. An Alpha Mode event fails
the drywell, so for this case, this question is not important. If the
vessel does not fail or the debris is coolable, there will be no
pedestal erosion. If the debris bed is initially cooleble (i.e.,

delayed CCI), it is assumed that pedestal failure, if it occurs at all,
is delayed sufficiently long that it is not an important failure
inechanism during the tirne regime considered in this analysis. For=this
case, values are assigned to the comparsion parameters to force Branch
6, no pedestal failure, to be taken.

Case 2: The reactor pedestal failed .at VB. The failure was from
either the quasi static loads accompanying VB or the dynamic loads from
an ex vessel steam explosion. For this case, values are assigned to
the comparsion parameters to force Branch 1, pedestal failure at VB, to
be taken.

Case 3: At VB, the debris is released from the RPV into a wet cavity.
Initially, the debris in the cavity has a large arnount of superi eat andl
contains a large amount of unoxidized metal'(i.e., at least 50% of the

zirconium in the debris has not been oxidized). The large amount of
molten material at VB is characteristic of debris with a large amount
of superheat. For this case, the flow rate from the vessel is. not4

important. The values (m) assigned to the comparison parameters, based
on the mean value of the distributions, are:

Branch 1: PedF@VB 9999-

Branch 2: PedF@l0 0.83-

Branch 3: PedF@6 0.55-

Branch 4: PedF@3 0.32.

Branch 5: NoPedF 0.19.

Case 4: At VB, the debris is released from the RPV into a wet cavity.
Initially, the debris in the cavity has a small amount of superheat and"

contains a small amount of unoxidized metal-(i.e., at least 50% of the

zirconium in the debris has been oxidized). For this case, the flow
rate from the vessel is not important. The values (m) assigned to the,

|
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comparison parameters, based on the mean value of the distributions,
are:

9999Branch 1: PedF@VB .

O0.79Branch 2: PedF@l0 -

0.52Branch 3: PedF@6 -

0.29Branch 4: PedF@3 -

0.16Branch 5: NoPedF -

Case 5: At VB, the debris is released from the RPV into a wet cavity.
Either the debris in the cavity has a large amount of superheat and has
a small amount of unoxidized metal or it has a small amount of
superheat and a large amount of unoxidized metal. The flow rate from
the vessel is not important for this case. The values (m) assigned to
the comparison parameters, based on the mean value of the ,

distributions, are: |

9999Branch 1: PedF@VB .
,

0.74 :Branch 2: PedF@l0 -

!0.49Branch 3: PedF@6 -

0.26 jBranch 4: PedF@3 -

0.14
'

Branch 5: NoPedF -

Case 6: At VB, the debris is released from the RPV at a high flow rate
into a dry cavity. The combination of a larGe amount of molten
material with a large failure results in a high flow rate.- Initially,
the debris in the cavity contains a large amount of unoxidized metal ;

(i.e., at least 50% of the zirconium in the debris has not been i

oxidized). The values (m) assigned to the comparison parameters, based
on the mean value of the distributions, are:

Branch 1: PedF@VB 9999-

Branch 2: PedF@l0 0.83-

Branch 3: PedF@6 0.66-

Branch 4: PedF@3 0.41-
,

Branch 5: NoPedF 0.20.

case 7: This case is the same as the previous case except that the
debris contains only a small amount of unoxidized metal. The values-
(m) assigned to the comparison parameters, based on the mean value of
the distributions, are:

,

Branch 1: PedF@VB 9999 )-

Branch 2: PedF@l0 0.92 '-

0,73 |Branch 3: PedF@6 .

Branch 4: PedF@3 0.47-

Branch 5: NoPedF 0.26-

~

Case 8: This case is the same as Case 6 except that the flow rate from
the vessel is not as high (i.e. , a medium flow rate) . The values (m) |

|

A.lil-15)

.

A m' - M V4 "'



assigned to the comparison parameters, based on the mean value of the
distributions, are:

9999Branch 1: PedF@VB -

Branch 2: Pedr@l0 0.92-

0.71Branch 3: PedF@6 -

Branch 4: PedF@3 0.47-

0.26Branch 5: NoredF -

i

Case 9: At VB, the debris is released from the RPV into a dry cavity. |
The flow rate of the material from the vessel is either low or medium. |
If the ficw rate is medium, there is only a small amount of unoxidized i

metal in the debris. The values (m) assigned to the comparison
parameters, based on the mean value of the distributions, are:

9999Branch 1: PedP@VB -

Branch 2: PedF@l0 0.82-

Branch 3: PedF@6 0.62-

Branch 4: PedF@3 0.40-

Branch 5: NoPedF 0.20-

Question 122. What Is the Level of Suppression Pool Bypass Late in the
Accident?
3 Branches, Type 2, 7 Cases

The branches for this question are:
*

1. LnSPB The drywell is intact late in the accident.

2. L SPB2 By late in the accident, the drywell has failed by the leak
mode.

3. L SPB3 By late in the accident, the drywell has failed by rupture,

cases 2, 3, 5, and 6 of this question are sampled. The distribut, ion for
drywell failure induced by pedestal failure was provided by the Structural
Response Expert Panel. (A discussion of this issue is presented in Volume
2, Part Ill, of this report.) The distribution for the drywell failure
caused by vacuum breaker failure was internally quantified. The branching
at this question depends upon the branch taken at Questions 95, 104, 110,
118, and 121.

This question summarizes the level of drywell failure (e.g., from
detonations and deflagrations) late in the accident. Drywell failure from
failed drywell vacuum breakers and drywell failure induced by pedestal
failure durin6 the late time period are also considered,

l

|

|

._.
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Case 1: The drywell was cit.her previously ruptured or was ruptured by
a burn (detonation or deflagration) late in the accident. The
quantification for this case is:

0.00Branch 1: Ln3BP -

0.00Branch 2: L SBP2 -

1.00Branch 3: L SBP3 -

Case 2: The drywell has a leak, and the reactor pedestal failed late -4

in the accident from CCI erosion. The RPV is supported by the reactor
pedestal. Failure of the pedestal will result in gross motion of the
RPV. Several large pipes are attached to the RPV that penetrate the
drywell (e.g. , steam lines and feedwater line) . The motion of the RPV,

and hence the motion of these pipes, can damage the penetrations and
fail the drywell boundary. The integrity of the drywell boundary can
also be impaired by damage to the steel drywell liner that results from
the RPV motion. The combination of these events can establish pathways
that bypass the suppression pool. It is assumed that drywell failure
by this mechanism will result in a pathway that allows fission products
to bypass the suppression pool completely (i.e., rupture of the
drywell). If pedestal failure does not induce drywell failure, the
drywell will still be leaking from previous failures. This case is
quantified using the same distribution that was used in Question 76,
Case 2. This case is sampled zero one. Based on the mean value of the
sample, the quantification for this case is:

Branch 1: E5nSPB 0.000-

Branch 2: ES SPB2 0.825-

Branch 3: ES SPB3 0.175-

Case 3: The drywell has a leak, and ac power is available late in the
accident. A hydrogen burn that pressurizes the wetwell occurs late in
the accident. In response to this pressurization, the drywell vacuum
breakers (which are ac powered valves) will open in an attempt to
equalize the pressure difference between the wetwell and drywell.

| Because the vacuum breakers are exposed to severe thermal environments
as the hot gases pass through them, the potential exists that these
valves will fail during a hydrogen burn. This case is quantified using
the same distribution used in Case 2 Question 52. This case is
sampled zero one. Based on the mean value of the _ sample , the
quantification for this case is:

Branch 1: E5nSPB 0.00-

Branch 2: ES SPB2 0.95-

Branch 3: ES SPB3 0.05l -

Case 4: The drywell has already failed in the leak mode. Either ac
power is not available or the hydrogen in the wetwell did not burn. In
either case, the vacuum breakers do not operate. In addition, the
reactor pedestal did not fail, so drywell rupture from the mechanism is
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not possibic. Thus, tse drywell failure modo remains as a leak. The
quantification for thi case is:

0.00.aranch 1: LnSBP -

1.00Branch 2: L.SBP2 -

0.00Branch 3: L SBP3 -

Case 5: This case is the same as Case ? except that the drywell uns
previously intact. The 61stribution used to quantify case 2 was also

uced to quantify this case. The only difference is that if pedestal
failure does not induce dryvell failure , the drywell remains intact.
Based on the mean value of the sample, the quantification for this case
is:

0.825Branch 1: E5nSPB -

0.000Branch 2: ES SPB2 -

0.175Branch 3: ES SPB3 -

Case 6: This case is the same as Cate 3 except that the drywell is,

intact. This case is quantified using the same distribution used in
'

case 2, Question 52. This case is sampled zero one. Based on the mean
value of the sample, the quantification for this case is:

Branch 1: E5nSPB 0.95-

Branch 2: ES SPB2 0.00-

Branch 3: ES SPB3 0.05-

Case 7: The drywell does not fail late in the accident. The
quantification for this case is:

Branch 1: UnSBP 1.00-

Branch 2: L SBP2 0.00-

Branch 3: L SBP3 0.00-

| Question 123. What Is the Late Containment Pressure due to Nonconde,nsibles
I or Steam?
| 2 Branches. Type 4, 1 Parameter, 4 Cases

The branches for this question are:

1. LT-Pres Noncondensibles pressurize the containment during the late
time period.

2, nLT Pres The containment does not pressurize significantly during the
late time period.

The parameter initialized in this question is:

P47 LT Pres The peak containment pressure late 'in the accident (kPa)-is
read in as Parameter 47.

The parameter initialized in Case 2, 3, and 4 of this question are sampled:-
the distributions were quantified internally. .The branching at this

A.1.1-160,
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question depends upon the branch t.aken at Questions 63, 95, 97, 98, 99,
106, 117, 118, and 119.

In this question, the pressure in the containment during the late time
period is determined. The noncondensibles and steam generated by the CCI'

taking place in the reactor cavity (i.e. , in the drywell) are vented from
the drywell to the wetwell. The accumulation of the noncondensibles/ steam
in the containment during the late time period will pressurize this volume.
Because Grand Gulf has a fairly weak containment (mean failure pressure is
334 kPa, gage), pressurization from noncondensibles/ steam late in the
accident is possibly sufficient to fail the containment. The drywell is,

however, essentially at the same pressure as the containment, so a-

significant load is not placed on the drywell structure.

Case 1: The containment has either already failed or was vented late
in the accident. Containment failure will preclude any additional
pressurization of the containment. The quantification for this case
is:

0.00Branch 1: LT Pres -

1.00Branch 2: nLT Pres -

Because Branch 1 is never taken, the value assigned to the parameter
for this branch is irrelevant. Because Branch 2 represents the
situation in which there is no significant accumulation of
noncondensibles or steam, the ve.lue for the late pressure assigned to
this parameter is 0.0. In all the remaining cases, the value for the
late pressure assigned to Branch 2 will also be 0.0.

Case 2: There are no CCIs following VB because either the vessel did
not fail or the debris bed was coolable. In this case, either the
containment sprays are operating late in the accident or the
suppression pool is not completely bypassed (i.e. , the drywell is not
ruptured). Because the core debris does not participate in CCI, there
will not be a significant generation of noncondensibics late in the

| accident. Furthermore, most of the steam generated fr'oni the
! interaction between the hot debris and the water used to cool it will

be condensed either in the suppression pool or by ' the containment
sprays. Thus, the containment pressure will not be high enough late in
the accident to threaten the structure. The quantification for this
case is:

Branch 1: LT Pres 0.00-

Branch 2: nLT-Pres 1.00-

| Because_ Branch 1 is never taken, the value assigned to the parameter
for this branch is irrelevant. For. Branch 2, the value (kPa) assigned

I to the parameter, based on the mean value of the distribution, is:

Parameter 47: LT-Pres 0.00-

case 3: The vessel fails, and the core debris released to the cavity
is covered by water. The drywell is ruptured, so the suppression pool
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is con.pletely bypassed. Furthermore, the containment sprays do operate
late in the accident. Thus, the steam generated from the interaction
between the hot debris and the water in the cavity will not be q

condensed and instead will accumuiste in the containment. The
'

accumulation of this steam will pressurize the containment to the point
that it will eventually fail, thus, the containment pressure is set
equal to the failure pressure of the containment. The quantification

for this case is:

1.00Branch 1: LT-Pres -

0.00Branch 2: nLT Pres -

For Branch 1, the value (kPa) assigned to the parameter is the failure
pressure of-the containment. Based on the mean value of the
containment failure distribution, the quantification for this case is:

383Parameter 47: ImpLoad -

Because Branch 2 is never taken, the value assigned te the parameter
for this branch is irrelevant.

Case 4: The vessel fails and the core debris released into the cavity
=

participates in CCI. If the core debris is covered by water, either
the containment sprays ' are operating or the suppression pool is not
completely bypassed. Thus, the steam generated from the interaction
between the hot debris and the water in the cavity is condensed. The
noncondensibles generated during CCI, however, are released to the
wetwell. If the core debris is released into a dry cavity. the
operation of the sprays and the amount of suppression pool bypass is
not particularly important because of the small amount of steam
generated by CCI in a dry cavity. Thus, in this case, the long-term
pressurization af the containment is dominatad by the: noncondensibles
released during CCI.

| A MELCOR simulation of a TBUX PDS- (short-term SB0 in which ac and dc.
power are not recovered)^-5 indicates that the containment p'ressure
will be approximately 250 kPa. In this calculation, not all of the
core participated in CCI. However, extrapolation of a BMI calculation
for a TB1 accident _ (long- term - SBO) A-8 resulted in a containment
pressure of approximately 550 kPa. Beccuse of the uncertainties-
associated with the amount of steam in the ' containment and the amount
of noncondensibles released during CCI, containment pressure late in
the accident was quantified using a - uniform distribution that ranged
from 250 kPa to 550 kPa. -It was felt that this distribution would
adequately cover the containment pressures that - are . likely to occur
during a severe accident. The quantification-for this case is:

| Branch 1: LT-Pres 1.00-

Branch 2: nLT Pres .0.00-
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For Branch 1, the value (kPa) assigned to the parameter, based 'on the
mean value of the distribution is:

400Parameter 47: LT Pres -

Becausa Branch i is never taken, the value assigned to the parameter
for this branch is irrelevant.

Quencion 124. Does Containment Failure Occur Late due to Noncondensibles or
Steam?
4 Branches, Type 5, 1 Case

The branches for this question are:

1. LPnCL The containment does not fall due to noncondensibles and
steam late in the accident.

2. LP CL2 The containment fails in the leak mode; nominal hole size is
20.1 f t .

2
3. LP-CL3 The containment fails by rupture; nominal hole size is 7 ft .

4. LP - C U+ The containment fails by catastrophic rupture. This failure
mechanism does not occur in this analys s but has been
retained in the tree for completeness.

A module in the user function is used to determine whether the containment
fails late in the accident from the accumulation of noncondensibles and -
steam, and the mode of failure. In the user function, the late containment

.

pressure, Parameter 47, is compared to the containment failure pressure
(Parameter 21). The way in which the random number (Parameter 22) is used
to determine the mode of containment failure is described in Subsection
A.2. .'. method differs depending on whether the rate-of pressure rise is.
fast or slow relative to the rate-at which a leak depressurires the
containn enc . The slow pressure rise method is used in this questio .

Question 125, ilhat Is the Long-Term Level of Containment Leakage?
4 Branches, Type 2, 4 cases

The branches for this question are:

1. LTnCL The containment does not fail during the accident.

2. LT-CL2 The containment fails in the leak mode; nominal hole size is
20.1 ft ,

3. LT-CL3 The containment falls by rupture; nominal hole size is 7 fta,

4. LT-CL4 The containment fails by catastrophic rupture. This fat. ,"

mechanism does not occur in this analysis but has - bm
retained in the tree for completeness.
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This question is not sampled. The branching at this question depends upon j

the branch taken at Ouestions 117, 119, and 124 This question summarizes
tha level of containment f ailure - at the end -of - the accident (i.e.,

essentially 24 hours from initiating event). The containment failures
during the late time period are combined with the failures that resulted
from accumulation of noncondensibles and steam in'the containment.

Case 1: The containment'has failed by a' catastrophic rupture. The

quantification for this case is:

0.0Branch 1: LTnCL -

0.0Branch 2: LT CL2 -

0.0Branch 3: LT CL3 -

1.0Branch 4: LT CL4 -

case 2: The containment has either failed by a rupture or was vented
late in the accident. A vented containment is treated the same as a
ruptured containment in the source term analysis. The quantification

for this case is:

0.0Branch 1: LTnCL -

0.0Branch 2: LT CL2 --

1.0Branch 3: LT-CL3 -

0.0-Branch 4: LT-CL4 .

Case 3: The containment has failed in the leak mode. The
quantification for this case is:

0.0Branch 1: LTnCL -

Branch 2: LT CL2 - 1.0
-

0.0Branch 3: LT CL3 -

0.0Branch 4: LT-CL4 -

Case 4: The containment . does not fail during the accident. The
quantification for this cae,e is:

.

1. 0 -Branch 1: LTnCL -

I Branch 2. LT CL2 0.0-

0.0-Branch 3: LT CL3 -

0.0Branch 4: LT-CL4 -

.
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A.1.2 Listing of the APET

This subsection lists the Grand Gulf APET, The 125 questions in the Grand |

Gulf APET are listed concisely in Table 2.31. The event tree itself is I

too large to be depicted graphically and exists only ar the computer input !

listed here. {
!

The Grand Gulf APET used in the accida".s progression analyses for NUREG- |

1150 is in the form a computer input file. This file is designed to be t

easily understood, with mnemonic abbreviations for each branch of every
que s t ion .- Comments in the APET appear to the right of $s and are ignored
by EVNTRE. The structure of the input file is defined in the EVNTRE
Reference Manual, NUREG/GR 5174.^ 10

>

s

1
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Listing of APET:

CRAND OULF ACCIDENT PROGRESSION EVENT TREE
I

125
HQ

1 1.000
con

1 What is the initiating event?

3 TLOSP T2 TC

1 1 2 3

1.000 0.000 0.000
2 Is there a Station Eleckout (Diesel Generators fail)?

2 SB nSB
1 1 2

1.000 0.000
3 1: DC Power not available?

2 ElfDC El-DC
1 1 2

0.000 1,000

4 Do one or more S/RVs fati to reclose?
2 EISORV EinSORY
1 1 2

0.020 0.980
$ Does HPCS f ail to inJact?

3 ElfilP!nj ElrHPInj El-HPInj
1 1 2 3

0.000 1.000 0.000
6 Does RCIC fall to inject initially?

2 ElfRCIC El-RCIC
1 1 2

1.000 0.000
7 Does the CRD hydraulic system f ail to inject?

3' ElfCRD ElrCRD El-CTJ)
1 1 2 3

1.000 0.000 0.000-
8 Does the condensate system fail?

3 E1!Cond ElrCond Elacond
1 1 2 3

0.000 1.000 0.000
0 Do the LPCS and LPCI systems fail?

4 ElfLPC ElrLPC 'ElalPC El-LPC
1 1 2 3 4

0.000 1.000 0.000 0,000

|- 10 Does RIIR f all (heat exchansers not availabis)?
| 4' ElfRHR ElrRIIR ElaRIIR E1* RJIR _ ,_

1 1 1 2 3 4

0.000- 1.000 0.000 0.000
11 Does the service water system or crossatie to LFCI fall?

! 3 ElfSSW ElrSSW EleSSW
l' 1 2' 3

! 1.000 0.000 0,000
1 12 Does the fire protection system cross-tie to LPCI f ail?

3 ElffWS ElofrWS ElaFWS
1 1 2 3

0.000 0.000 1.000
13 Are the containment (wetwell) eprays f ailed?

4 ElfCSS ElrCSS EleCSS El-CSS
l' 1 2 3 4

0.000 1.000 0.000 0.000
14 What is the status of vessel-depressurisation?

4 ElfDep ElotDep EinDep El-Dep
1 1 2 3- 4

| 0.0000 0.0000 1.0000 .0.0000
' 15 When does core danage occur?

2 CD Fat CD Sir
1 1 2

A.1.2-2

_,. . _ . . _ _ _



. . + . . . . . - . . .. . . . - - . . . ._. . . . - . . . . ~ ~ -. ... ~ - - -. ---

.

1.000 0.000 j
|10 Miet ta the level of pre-existing leakage or isoletion f ailure?

3 Eint E1L2 EIL3
1 1 2 3

0.9035 0.0065 0.000
17 What is the level of pre existing suppression pool bypass?

3 EinSFB El SPB2 El SPB3
1 1 2 '3

0.9996 0.0004 0.0000
18 What is the structural capacity of the contathment?

1 Contain
3 1

1.000 .

4

21 334.00
22 0.20
24 19.50
25 0.50

19 What is the structural capacity of the drywell?
1 Drywell
3 1

1.000
5

26 528.00
30 659.00
31 118,1,2,1
34 32.00
35 118,1,4,1

20 What type of sequence is Lhse (swnmary of plant damage)?
6 Fot SB S1w 'A Tst T2 81w-T2 Fat-TC Siw TC
2 1 2 3 4 5 6
6
2 2 15

1 * 1
SB CD Fat

1.000 0.000 0.000 0.000 0.000 0,000|
1 2

1

BB

0.000 1.000 0.000 0.000 0.000 0.000
2 1 15

2 * 1
T2 CD-Fot

0.000 0.000 1.000 0,000 '0.000 0.000 !
1 1

2 -

T2
0.000 0.000 0,000 1.000. 0.000 0.000

2 1 15
3 * 1

TC CD Fat
0.000 0.000 0.000 0.000 1.000 0.000

Otherwise
0.000 0.000 0.000 0.000 0.000 1.000

21 Do the operators turn on the HIS before core degradation?
2 E2-UIS E2nHIS
2- 1 2

r 2
1 2.

2
n5B

0.840 0.160
Otherwise Station Blackout--

0.500 0.500
22 la the containment not vented before core degradation?

2- E3nVENT E3 VENT

A.1.2 3
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2 1 2

5
3^ 1 15 21 j

3 * 2 * 2
TC CD-Siw E2nHIS

1.000 0.000
2 1 -15

3 -* 2
TC CD-81w

0.805 0.195
3 1 6 15

3 * 2 * 1
TC El RCIC CD-Fst

1.000 0.000
1 2

2

nSB
1.000 0.000

Otherwise f'
1.000 0.000

23 Does (do) any S/RV ta11 pipe vacuum breaker (s) stick wide open?
2 oSRVBkr cSRVLkr
2 1. 2
5

'
1 4

1

E1SORV

0.000 1.000
3 20 20 14

(1 3) -4-

Fat-SB Fat-T2 nEl-Dep
0.250 0.750

4 20 20 20 14

(2 + 4 + 6) -4
Siw SB Siw-72 S1w-TC nEl-Dep

123,2,1 123,2,2
1 20

5

Fa t-TC -
0.055 0.945

Otherwise
123.4.1 123,4,2

24 Does AC power remain lost during core degradation?
2 E4fAC E4-AC
2 1 2

| 4 .-

! 1 3

1

E1[DC
1.000 0.000

2 2 15
1 2

SB CD-51w
0.610 0.390

1 2
1

SB

C.370 0.630
Otherwise

0.000 000
25 la DC power ava. -a during core degradation?~

2- EnfDC En DC
2 1 2
4

1 3

| 1

!

s
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ElfDC
1.000 0.000

1 24
2

E4-AC
0.000 1.000

2 2 15
'

1 2

SB CD-81w
0.200 0.A00

Otherwise-
0.000 1.000-

26 Miat is the RTV pressure during core degradation?
2 E4 hip ~ E4-Lot'
2 1 2
6
2 14 25

4 * 2
El Dep E4-DC:
0.000 1.000

1 4-
1

El-SORV
0.000 1.000 -,

2 14 25
1 + 1

ElfDep E4fDC
1.000 0.000

2 2 14
1 3

S8 EinDep
0.260 0.740

6 21 1 1 15 22 15
1 * (2 + 3 *(2 * 2 + 1))

E2-H15 T2 TC ' CD-Siw E3 VENT CP-Fat
0.60$ 0.105,

otherwise
'

1.000 0.000
27 What is the status of the RIS before vb7

2 E4-HIS E4nHIS '

2 1 2
7

1 21
2

E2nHIS
0.000 1,000 - -

| .1 2

| 2
nSB

1.000 -0.000
1 24

1

E4fAC
'1.000 0.000

4 20 - 26 - 14 - 25
1 * 1 -3 * 2

Fat SB E4-HLP EinDep E4-DC..
~0.128 0.872

2- 20 26
1 * 2

Tst-SB E4-lop
. 0.064 0.936.

| 1 20
2,

Siw-SB'

0.160 0.840

..

l
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Otherwise
0.000 1.000

| 28 Is RPV injection restored during core degradation?
'

3 E4nLPI E4-LPI E4 HPI
2 'l 2- 3

10
2 5 24 !

2 * 2
ElrHP!nj E4-AC

0.000 0,000 1.000
1 26

1-
E4-hip

1.000 0.000 0.000
2 9 24

-1 2
nElfLPI E4-AC

0,000 1.000 0.000
4 6 24 20 27

-1 * 2 * -1 * 2
'

nElfCond E4 AC nFst-SB E4nHIS
O.161 0.630 0.000

3 8 24 20
-1 * 2 * -1

nElfCond E4-AC nFat-SB
0.322 0.678 0.000

3 8 24 27
-1 * 2 * 2

nElicond E4 AC E4nHIS-
0.064 0.S?S 0.000

2 6 24

| -1 * 2
| nElfCond E4 AC

0,128 0.872 0.000
| 5 12 20 24 . 27 24
' 3 * 1 *( 2 * 2 -+ 1)

ElaFPS Fat-SB E4-AC E4nHIS E4fAC
0.126 0.672 0.000

2 12 20
3 * 1

ElaFPS Fat-SS
0.256 0.744 0.000

Otherwise.
1.000 0.000 0.000

20 Is the core in a critical configuration following injection recovery?
2 E4-Crit E4ncrit . -

2 1 2
3

2 1 28
3 2

TC E4-LPI
0.100 0.000

2 28 .28
2 + 3

E4-LPI E4 HPI
0.010 0.090

Othe rwise
0.000 1.000

30 What is the status'of containment sprays?
4 E4fCS E4 rC6 E4aCS E4 C3
2 -1 2 3 4.
5-

1 13
1

ElfCSS
1.000 0.000 0.000 0.000

A.1.2-6
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2 13 24
2 * 1

E1: CSS -04fAC
0.000 1.000 0.000 0.000

2 1 15 ,

3 * 2
TC CD-Siw

0.000 0.000 0.010 0.990
2 20 24

2 * 2
81w-SB I4-AC
0.000 0.000 0.010 0.990

Otherwise
0.000 0.000 1.000 0.000

31 What amount of Orygen is in the wetwell during core degradation?
1 02WW
3 1

1.000
2
9 316.0

44- ,1191.0

32 What amount of Oxygen is in the drywell during core degradation?
1 02DW
3 1

1.000
1

10 61.0 '
33 What amount of steam is present in the containment at core damage?

1 H20WW
4 1

6

2 16 22
3 + 2

E1L3 E3 VENT

1.000
1

1 1562.00
2 1 15-

3 * 2
TC CD-Siw

1.000
1

.1. 1582.00
2 10 13

4 4

El-RIIR El CSS- . -

| 1.000
1

1 75.00
3- 2 14 15 -

1 . * 1 * 2
SB ElfDep CD S1w

1.000
1 - |
1 4235.00
1 - 20

2
$1w SB

i 1.000
1

'

1 2200.00
Otherwise'

1,000
1

| 1 75.00

,

!-
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34 What amount of steam is present in the drywell at core damage 1
1 fl20DW
4 1

,

6 1

1 23
1

oSRVBkr
1.000 -

1

6 305.00 ,

!
2 1 15

3 * 2
TC CD-81w

1.000
1

6 223.00
2 to 13

4 4

E1* R11R El-CSS
1.000

1

6 14.50
3 2 .14 15

.1 * 1 * 2
SB ElfDep CD-81w

1.000
1

6 617.00
1 20

2

-61w-SB
1.000

1

6 424.00 $ STMDWEl.L: Amount of steam in drywell (kg-piole) from LTAS
Othe rwise

1.000
1

6 14.$0 $ STMDWELL Amount of steam in drywell (ks-mole) BMI-2130
35 Total snount of hydro 6en released in-vessel during core degradation?

1 In-Valt2
4 1

6
2 1 2B

3 2

TC E4 LPI
1.000 ,m

2 221.7 il2!NVES - !!2 rolessed in-vessel (Kg-Hole)

1 1

3
. TC

1.000
1

2 4$8.4
3 14 28 28

-4 e -( 2 + 3)
nEl-DeP E4*LPI- E4 IIPI

1.000
1

2 326.1
2 28 2B

(2 + .3)
E4-LPI E A-!!PI

1.000
1

2 277il

.
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1 26
1

E4 HtP
1.000

1

2 442.3
Othe rwise

1.000
1

2 477.0
36 What is the level of In-Vessel strconium oxidation?

7 Zrox75 Erox50 2rox40 Zr0x30 trOx21 Zrox10 Zrox<10
5 1 2 3 4 5 6 7

1 2
H2INVES

AND

GETHRISH 6 1302.7 868.5 694,8 521.1 364.8 173,7

37 What is the containment pressure during core damage?
3 E1P23 E1P>2 EIP>l
6 1 2 3
1

2 16 22
3 + 2

E1L3 E3 VENT
5 9 44 '- 1 2 5

02WW N2WW H20WW H2WW EFBase
FUN-EBASP1
GETHRESH 3 9990.00 9999.00 1.00

2 1 15
3 a 2

TC CD-Siw
5 9 44 1 2 5

02W N2W H20WW H2W EPBase
FUN-EBASP1

GETERESH 3 9999,00 9999,00 1.00

2 10 13
4 4

El-RHR El-CSS
5 9 44 1 2 5

02WW N2WW H20WW H2WW EPBase
FUN-EBASP2

GETERESH 3 304.0 202.6 101.3
.-

| 2 20 30
l 2 4

Siw-SB E4-CS
5 9 44 1 2 5

02W N2W H20WW H2W EPBase
FUN-EBASP3
GETHRESH 3 304.0 202.6 101.3

3 2 14 15
1 * 1 * 2

BB ElfDep CD-S1w
5 9 44 1 2' 5

02WW N2WW H20WW H2WW EPBase
| FUN EBASP4

| GETHRISH 3 304.0 202.6 101.3
!

1 20
2

Siw-SB
5 9 44 1 2 5

A.1.2-9 |
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|

02WW N2WW H20WW H2WW EPBase
'

FUN +EBASP$

GETERESH 3 304.0 202.6 101.3

Otherwise
5 9 44 1 2 S

02WW N2WW H20WW H2WW EPBase
FUN +EBASP2s

GETERESH 3 304.0 202.6 101.3

38 What ta the level of containment leakage due to slow pressurisation before V
4 ESPnCL ESP-CL2 ESP-CL3 ESP CL4'
6 1 2 3 4

4

2 16 22
3 + 2

E1L3 E3 VENT

1 5
EPBase

AND
GETHRESH 3 9999.00 9999.00 1.00

Dummy -- Already failed by detonation
2 1 15

3 * 2
TC CD-51w

2 21 22
PCPatl CFRan

FUN-SLMP1
GETHRISH 3 3.00 2.00 1.00

Dummy -- Already leaking from detonation -
3 2 14 15

1 * 1 * 2
SB ElfDep CD*S1w

3 5 21 22
.EPBase PCFail CFRan

FUN-SLWP2
GETHRESH 3 3.00 2.00 -1,00

Othe rwis e
1 5

EPBase
AND

GETHRESH 3 -1.00 999.00- 990.00
Parameter value triggers particular branch

39 What is the maximum hydrogen concentratien in the wetwell before VB7
' "

6 HW)20 -HWW316 HWR>12 IIW)8 HW)4 NoHW
6 1 2 3 4- S 6
7

2 23 20
'

1 * 6'

oSRVBkr S1w TC
6 2 1 9 3 44 14

In-VsH2 H20W 02W H2W N2W NTOT.
' FUN +H2WW1

iGETERESH $ 0.20 0.16 0.12 0.08 0.04
leakage from tattpipe vacuum breaker and containment hole

4 23 16 38 38
1 * ( 3 + 3 + 4 )

oSRVBkr E1L3 ESP-CL3 ESP-CL4
6 2 1 0 3 44 '14

In-VsH2 !!20W 02W H2W N2W NTOT
FUN *H2WW2

GETHRESH 5 0.20 .0.16 0.12 'O.08- 0.04
leakage from ta11 pipe vacuum breaker and containment hole

1 1 20
6

1

A.1.2-10.
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Siw+TC
6 2 1' 9 3 44 14

In-VsH2 H20WW 02WW H2WW N2WW NTOT

FUN-H2WW3

GETERESH 5 0.20 0.16 0.12 0.08 0.04

3 16 38 38

(3 + 3 + 4)
E1L3 ESP CL3 ESP-CL4

6 2 1 9 3 44 14

In VsH2 H20WW 02WW H2W N2WW NTOT

FUN H2WW4

CETERESH 5 0.20 0.16 0.12 0.08 0.04
Vossal to pool but large containmetat hole

1 23
1

oSRVBkr
6 2 1 9 3 64- 14

In-VsH2 H20WW 02WW H2WW N2WW NTOT

FUN-82WW5
CETERESH 5 0.20 0.16 0.12 0.08 0.04

Large leakage from tailpipe vacuum breaker
1 17

3

E1*SPB3
6 2 1 9 3 44 14

In-VsH2 H20WW 02W H2W N2WW NTOT

FUN-H2WW6

OETERESH 5 0.20 0.16 0.12 0.08 0.04
Large initial suppression peol bypese

Otherwise -- Nominal or small leakage into drywell
6 2 1 9 3 44 14

In-VsH2 H20WW C2WW H2WW N2WW NTOT

FUN-H2WW7

CETKRESH 5 0.20- 0.16 0.12- 0.08 d.04'
Assume leakege back to drywell & vessel retention independent -

40 To what level la the wetwell inert during core degradation?

3 E4nWIn E4-win 2 E4-win 3
5 1 2 3

3 1 3 9
H20WW H2WW 02WW

FUN INRT
GETHRESH 3 0.65 0.45 0.00'

Det Combust Inert
41 Do diffusion flames consume the hydrogen released before VBt

' ' ~2 E4*Dif E4nDit
2 1 2
6

2 40 20
3 + 6

E4-win 3 S1w-TC
0.000 1.000

2 2 21
2 * 1

nSB L2-HIS
1.000 0.000

1 2
2

nSB

0.750 0.250
3 2 24 27

1 * 2 * 1
-SB E4-AC E4-HIS

0.120 0.880
2 2 24

1 * 2
|

A.1.2-11
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SB E4-AC
0.060 0.940

Otherwise -- Low Pressure station blackout without recovery

0.000 1.000
42 What is the maximum hydrogen concentration in the drywell before VB7

6 HDW>20 !!DW)16 HDW212 HDWD8 HDW24 HollDW

6 1 2 3 4 5 6

6
2 23 20

1 * 6
oSRVBkr SLW TC

5 2 3 6 10 4

In-VsH2 H2WW H20DW 02DW H2DW

FUN-H2DW1
GETHRESH $ 0.20 0.16- 0.12 0.08 0.04

Small leaksse from tailpipe vacuum breaker
4 23 16 38 38

1 * (3 + 3 + 4)
oSRVBkr E1L3 ESP-CL3 E3P-CL4

5 2 3 6 10 4

In-VsH2 .H2WW H20DW 020W -- if2DW
FUN-H2DW2
GETHRESH 5 0.20 0.16 0.12 0.08 0.04

Small leakage from tailpipe vacuum breaker
1 23

1

oSRVBkr
5 2 3 6 10 4

In-VsH2 H2WW If20DW 020W H2DW
FUN-il2DW3
GETHRESH 5 0.20 0.16 0.12 0.08 0.04'

Large leakage from tailpipe vacuum breaker
2 17 41

3 * 2
El-SPB3 E4nDit

5 2 3 6 10 4

In-VsH2 U2WW H200W 02DW H2DW
FUN-ft2DW4
GETHRESH $ 0.20 0.16 ' O 12 0.06 '0.04

Large initial suppression pool bypese
2 17 41

, 2 * 2
l El SPB2 E4nDil

5 2 3 6 to 4

In-VsH2 H2WW H20DW 02DW - H2DW
FUW-H2DW5 * *

GETHRESH $ 0.20 0.16 0.12 0.08 0. 0 4 ~-
~

! Small initial suppression pool bypass
Otherwise -- Nominal leakage into drywell only

5 2 3 6 10 4

In-Vs!!2 H2WW H200W O2DW il2DW
TUN H2DW6

GETHRESH $ 0.20 0.16 0.12 0.08 0.04
Assume leakage back to drywell & vessel retention independent

43 Do deflagrations occur in the WW prior to vh?
2 E4*WWDt E4nWWDt
2 1 2

13

3 41 40 20
1 + 3 + 4

E4-Dif E4-win SLW-TC
0.000 1.000

3 26 4 39
(2 * 2) *6

E4-lop ElnSORY NoHWW 4

0,000 1.000

1

:|

A.1.2-12 5
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I

1 24

2
E4 AC
1.000 0.000 1

4 26 14 4 -30 )

( 1 + -4 * 1) * 6
E4-hip nEl-Dep E150RV NoHWW

0.180 0.620
4 26 14 4 39

( 1 + -4 * 1) * $
E4 hip nEl-Dep E180RV IW>4
0.230 0.770

1 39
5

IfWW>4

0.210 0.700
4 26 14 4 39

(1 + *4 * 1) *-4
E4 IllP nEl Dep EISORY (W>8
0.260 0.720

1 39
4

IrrM26
0.280 0.720

4 26 14 4 39
(1 + -4 * 1) * 3

E4 hip nEl Dep EISCRV HWW212

0.390 0.610
1 39

3

IfWWil2
0.360 0.620

5 26 14 4 39 39
( 1 + -4 * 1) *(2 + 1)

E4 hip nE1*Dep EISORY HWW)16 IW320
0.500 0.500

2 39- 39
(2 + 1)

| IIe16 HWW>20
0.490 0.510-

Otherwise
0.000 1.000

44 Is there a detonation in the wetwell prior to vb?
2 E4-WWDt E4nWWDt
4 1 2
8 *-

6 40 30 40 39 39 ' 39
2 * -4 + 3 + 4 + $ + 6

E4-win 2 nE4 CS E4 win 3 UWW)8 IW)4 NoHWW
0.000 1.000

1

20 0.00 0.00
4 43 30 40- 30

1 * 3 * ( 2 * 4)
E4-WWDI HWWalt' E4 win 2 -E4-CS

0.220 0.780
1

20 - 5.60 0.00
2 43 39 1

1 * 3
E4-WWDI HWW)12

0.000 1.000
1

20 0.00 0.00
| 4 43 39 40 30 i

1 * 2 * ( 2 * 4) |
'

!

|
A.1.2-13
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E4-WWDf- 19b16 E4-win 2 E4-CS
0.250 0.750

1

20 144,2,1,1 0.00
2 43 30

1 * 2
E4-WWDf IfWW216

0.260 0.740
1

20 12.40 0.00-
4 43 39 40 30

1 * 1 * ( 2 * 4)
E4-WWDf' HWW)20 E4 win 2 E4+CS

144,4,1 144,4,2
1

20 144,2,1,1 0.00
2 43 - 39

1 * 1
E4 WWDf HWW)20

0.450 0.550
1

20 144,5,1,1 0.00
Otherwise -- No combustion

0.000 1.000
1

.

.

20 0.00 0.00 $ ImpLoed: Impulse loading to dr
45 What le the level of containment impulse load before vb7

7 E-Ip>60 E Ip>50 E-Ip>40 E Ip>30 E Ip>20 E-!p>10 E-Ip*10
5 1 2 3 4 5 6 -7
1 ?.0

Imptoad
AND

GETERESH 6 60.00 50.00 40.00 30,00 20.00 10.00-

46 With what efficiency is hydro 6en burned prior to VB7
1 R2EfBVB
4 1

12
1 43

2
E4nWWDf

1.000
2

18 0.000
1 19 0.000
| 2 40 39 * ^

- 2 * -6
,- E4-win 2 No!!WW

1.000
2

16 0.079
i 19 0.275

1 39
| 0
, NoRWW

l' 1.000
'

2

16 0.000
'19 146,2,2,1

2 40 30
, 2 . * 5
l E4-win 2 IfWR>4

1.000
| 2

|- 18 0.28
19 146,2,2,1

.
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1 30
5

INW>4
1,000 )

2
18 0,280 1

19 146,2,2,1 |
2 40 39

2 * 4

E4 win 1 1% 46
1,000

2

18 0.464
19 0.740

1 39
4

. IMW36

1.000
2

18 0.$15
19 146,6,2,1
2 40 39 .

2 * 3
E4 win 2 !!WW>12

1,000

2
18 0.483
19 0,881

1 39
3

IfWW)12

1.000
2

18 0.734
19 146,8,2,1

3 40 39 39
2 * (2 + 1)

E4 win 2 Ifw)16 HWW)20
1.000

2
18 0,492 '

10 0.935
2 39 39

!(2 + 1)
IfWW)16 ilWW>20-

'1.000
2

18 0,752

19 146,10,2,1
Otherwise

1,000

2
18 0.00
10 0.00

47 What is the-peak pressure in containment from a hydro 8en burn?
6 PBen>7 PBrn>6 PBrns$ PB rn>4 PBrn>3 FBrn<3
6 1 2 3 4 5 6
4

2 41 43
2 * 2j

| EenDlf E4nWDf
' e 3 1 9 $ 11 10 19 44

( ll2WW ll20WW O2W EPBese PBrn H2EfVD1 H2EfVB2 N2WW

}'UN EPBRN1
GETIIRESH $ 709.3 608.0 506.6 405.3 304.0

Parne peak pressure for vurification

!

I

A 1.2-15
1

l

|
|
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5 16 72 38 30 41
3 + 2 4 3 + 4 + 1

Ell 3 E3 Vent ESP CL3 ESP CL4 E4 Dit
8 3 1 9 $ 11 16 19 44

P2W If20W 02W FtBase I'Brn H2EfVB1 I!2EfVB2 H2W
FUN-EFDRh2

CEtimESH 5 709.3 608,0 $06.6 405.3 304,0

Farse peak pressure for verification

1 44

1

E 4 -WDt
8 3 1 9 $ 11 18 19 44

H2W H20W 02W EIT3ase FBrn il2EfVB1 H2EfVB2 N2W
FUN EPDRN3

GEttRESH S 709,3 606.0 $06.6 40$.3 30i.0
Parse peak pressure for verification

Otherwise
..

e 3 1 9 5 11 18 19 44
H2W !!20W 02W EFBase PBrn H2EfVB1 I!2EfVB2 N2W

FUN-EPBRN4
GETHRESH $ 709,3 606.0 506.6 405.3 304.0

Parse peak pressure for verification
48 What is the level of drywell leakage induced by an early detonation in conte

3 EnDWDL E DWDt2 2-DWDt3
6 1 2 3-
2
1 44

1

re-WDt
3 20 34 35

Imptoad IMPDWT IMRanD
FUN-EDI

GEtimESH 2 2.00 1.00
6 Dumy parameter values used to tr158er particular branch

Otherwise
3 20 3a 35

Impload IMPDWF THRanD
AND

GET!RESH 2 0.00 -1.00~
$ Parameter values force Branch 1

40 What la the level of containment leakage induced by an early detonationF
3 E4nDtF E4-DtF2 E4 DtF3
6 1 2 3
3

2 48 40
' ~

2 + 3
E-DWDt2 E*DWDt3

5 20 24 25 34 35:
'

Impload IMPCF. IMkanC IMPDWF IMRanD
FUN-ECII
GETimESH 2 2.00 1.00

.

4

1 44
r g.

E4-WDt
3 20 24 25

Imptood IMICT IMRanC
FUN-ECI2

|GETURESh 2 ~ 2.00' 1.00
|

Otherwise
1 20

Impload
AND

GETHRESH 2 -1.00 -1.00
$ Parameter values force Branch 1

A.I. 2-16

-. , .



- - . - . . . . - - , . - - . . . . . . . . - . . . . - - -- . .- - - .~ . . _. - -.. .--__ _ ___ - - _ .

i

|

30 What is the level of containment leakage before vb1

4 E5nCL ES-CL2 ES-CL3 ES CL4
6 1 2 3 .4

4

5 16 22 38 38 49
3 + 2 + 3 + 4 4 '3 |

E1L3 E3 VENT ESP-CL3 ESP-CL4 E4 DtF3
1 5

EPBase
FUN-ECBrn!

GETERESH 3 9999.00 9999,00 -1.00
Dwruy -- Already failed by detonation

3 16 38 43

( 2 + 2) * 2
E1L2 ESP-CL2 E4nWWDt

,

1 5 >

EFBase
AND !

GETl!RESH 3 9999,00 0.00 +1,00

Dunny '-- Already leaking from det.onetton
3 16 49 38 -

2 + 2 + 2
E1L2 E4-DtF2 ESP-CL2-

4 S- 11 21 22
EPBase PBrn PCFall. CFRan

FUN-ECB rn2
GETERESH 3 9999,00 2.00 1.00'

Dtmnar -- Already leaking from detonation
Othe rwtae

4 5 11 21 22
EF5ase PBrn PCTail CFRan-

FUN ECBrn2
OETHRESH 3 3,00 2.00 1.00

Parameter value trassers particular brar.eh
$1 What is the level-of drywell leakene induced by containment.pressurisation?

5 EnDWDK E-DWDf2 E DWHDf2 E-DWDf3 E DWHDf3
6 1 2 -3 4 5
5
2 17 46

3 + 3
El SFB3 E-DWDt3

1 5
EPBase

AND

GETERESH 4 9999.00 9999.00 9999.00 0.00
. -

3 17 50 50
2 ( 3 + 4)

El-SPB2 E5-CL3 ES-CL4
4 5 11 30 31

EPBase FBrn EPDWF DWFRan

TUN-EDBrn!
| OETERESH 4 9999.00 3.00 2.00 -1.00
L
t 2 50 50-

3 + 4

ES CL3 ES-CL4
.

4 -5 11 30 31
EFDase PBrn EPDWF 'DWFRan

i FUN-EDB rn2
| GETERESH 4 4.00 3.00 2.00 -1.00

1 17'
2

El-SPB2
4 5 '11 30 311

A.1,2-17
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EPBase PBrn -EPDWT DWFRan

TUN EDBrn3
GEti!RESH 4 9993.00 3.00 2.00 -1.00

t

Otherw.tse
4 $ 11 30 31

EPBase PBrn EPDWF DWFRan

TUN EDBrn4
GETHRESH 4 4.00 3.00 2.00 -1,00

$ Dunny parameters select f ailure mode
52 What is the level of suppression pool bypass following early combustion' even

3 E5nSPB E5 SPB2 E5-SPB3
2 1 2 3

5
4 17 48 51 51

3 + 3 4 4 + 5

El SPB3 E-DWDt3 E-DWDf3 E-DWHDf3
0.000 0.000 1.000 t

4 17 24 41 43

2 2 ( 1 + 1)
El SPB2 E4-AC E4+Dit E4 WWDf

0.000 0.050 0.050
4 17 48 51 51

2 + 2 + 2 + 3

El SPB2 E-DWDt2 E DWDf2 E-DWi[Df2
0.000 1.000 0.000

3 24 41 43
2 ( 1 + 1)

E4- AC E4-Dif E4-WWDf
'

152,2,2 0.000 152,2,3
Otherwise

1.000 0.000 0.000
53 Ilas the upper pool dumped?

2 UPDmp noUPDmp
2 1 2
2
1 24

2
E4-AC
1.000 0.000

Otherwise
0.000 1.000

54 la there water in the reactor cavity?

3 'E5 DFid ES-DWet E5*DDry
2 1 2 3
g .-

1 51
5

E-DWHDf3
.1.000 0.900- 0.000

6 16 22 38 38 - 50 50
-3 a 1 + -3 *-4-* (3 + 4).

nELL3 E3nVERT ESP CL3 ESP-CL4 E5-CL3 --' ES-CL4
0.990 0.010 0.000

5 16 22 43 30 30
-3 1 * 1 * ~6 * .-5

nEIL3 EJnVENT- E4*WWDI nNoHWW nHWW)4-
0,999 0.001 0.000-

8 16 22 17 41 30 39 -30 24
-3 1 -3 1 -4 -5 +6 1

nE1L3 E3nVENT nEl-SPB3 , E4 Dit nE4 CS nHWW)4 nNoHWW- E4fAC
0.450 0.450 0.100

7 16 22 17 53 09 39 30
-3 1 -3 1 ( 1 + 2 + 3.)

nE1L3 E3nVENT nEl SPB3 UPDmp . HMb20 trvM>16 HWW212
0.500 0.500 0.000

A.1.2-18
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1 20
2

S1w-BB
0.000 1.000 0.000

1 $3
1

UPDep
0.000 1.000 0.000

7 16 22 24 17 39 39 39-
-3 1- 1 -3 ( 1 + 2 +. 3)

nE11.3 E3nVENT E4nAC nEl-SPB3 HW>20 HWW>16 .HWW)12
0.000 t$4,5,1 154,5,2

Otherwise
0.000 0.000 1.000

55 What is t.he containment pres 6ute before vb?
3 E5Ps3 ESP >2 ESP >1

6 1 2 3

5
1 50

-1
E$-CL

6 1 9 44 3 6 10 4 5

H20W 02WW H2W H2W ~ I!20DW 02DW !!2DW EPBASE

TUN IBASP1
GETHRESH 2 304.0 202.6

2 S2 30
3 * 4

ES SPB3 E4-CS
8 1 0 44 3 6 10 4 S

tt20WW 02W N2WW H2W H20DW 02DW H2DW EPBASE
FUN-IBASP2

GETURESH 2 304.0 202.6

1 $2
3

E5-SPB3
8 1 0 44 3 6 10 4 5

FUN-IBASP3
_ H20DW 02DW _ H20W EPEASEH20WW 02W N2W H2WW

GETERESl! 2 304.0 202.6

1 30
4

.E4 CS
e 1 0 44 . 3 6 10 4 5 --<

H20WW 02WW N2WW H2WW' H20DW 02DW H2DW EPBASE'

FUN-IBASP4
GETHRESH 2 304.0 202.6

Otherwise
8 1 9 44 3 6 10 4 5

H20WW 02W N2W - H2WW H20DW 020W H2DW EPBASE
FUN-IBASPS

GETERESH 2 304.0 202.6

56 To what level la the DW steam inert at vb?
3. E5nDin ES-din 2 ES-din 3.

'5 1 2 3-
0 4 6 10

H2 DWELL H20DW 02 DWELL
FUN-DWIN1 $ Calculates dry air nele fraction in DW

OETERESH '3 140,1.1 140,1,2 ~140,1,3
Det Comb. Inert

57 Is there sufficient HE for combustion / detonation in the DW before VB7
3 E5cDWDt E5cDWDI E$nDV

A.1,2-19
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i
i

S 1 2 3
3 4 6 10

H2tMELL H20DW 02 DWELL -|
FUH+DWCBVB '

GETRRESH 3 0.16 0.06 0.00
I H2 min -- 161, 61.or less than 61

58 Dotc an Alpha Mode Event fail both the vessel and the containment?
2 Alpha- noAlpha

'2 1 2.
2
1 26

1

E4-Bit
0.001 0.999

Otherwise
0.010 0.900 .

50 What fraction of the core participates in core slump?
3 HiSL HedSL '.owS L
2 1 2- 3

7

1 58
1

Alpha
1.000 0.000 0.0C,

2 26 28
1 * 3

E4 H1P E4*HPI
0.000 - 0.000 1.000

3 26 7 24
1 * ( -1 * 2) '

E4* hip nElfCRD E4*AC
0.000 0.000- 1,000

1 26
1

E4-hip

1.000 0.000 0 000
2 28 28

( 2 + 3)
E4-LPI E4-HPI

159,2,2' 159,2,2' 159,2,3
2 7 24

(- ~1 * 2)
nElfCRD E4-AC

| 150,3,1 159,3,2 150,3,3
i Otherwise
| 159,4,1 150,4,2 !$9,4,3

.

-
'

60 la there a large in-vessel steam explosion?_.

2 VesStx nVesSTx
2 1 2
3

|
1 58

1i

Alpha
1.000 0.000

1 26
1

E4-HAP
0.100 0.900

Otherwise-
0.86 0.14

I. 61 What traction of the core debris would be mobile at vb?
2 IllLiqVB LoLiqVB
4 1 2
3

4 7 24 28 28

| ( -1 a 2) + 2 + 3

A.1.2-20
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.

.

nElfCRD E4 AC E4-LP1 E4-HPI
0.025 0.975

3

46 0.400 0,100
1 26 -,

1

E4* HAP
0.100 0.000

1

46- 0.400 0,100

Otherwise -- Low pressure with no injection !
161,2,1 161,2,2

1

46 0.400 0.100
62 Does e lorse in-vessel steun explosion fall the vesself

5 SE-Alpha SE BtHd EE-LSBrch SE SmBrch SE nTeil
2 1 2 3 4 5

3

1 $$
1

Alpha
.

..

1.0000 0.0000 0.0000 0.0000 0.0000 !

1 60
1

VesStz
0.0000 0.2000 0.2000 0,3000 0,3000

Otherwise
0.000 0.000 0.000 0.000 1,000

63 What is the mode of vbf
5 A Fall BH Fail LaBreh SmBreh nBreach
2 1 2 3 4 5

10
1 58

1

Alpha
1.0000 0.0000 0.0000 0.0000 0.0000 '

1 62
2

SE-Btud
| 0,0000 1.0000 0.0000 0.0000 0.0000

1 62
3

SE*LsBrch
0.0000 0.0000 1.0000 -0.0000 0.0000

1 62
4 . .

SE SmBrch
,

0.0000 0.0000. 0.0000 1.0000 0,0000
4 28 28 61 29

(2 + 3) * 1 -* 2
E4-LPI E4 HPI HILiqVB E4ncrit
0.0000 0.1240 0.0050 0.3710 0.5000

2 26 61
~1 1

E4-HAP H1LiqVB
0,0000 -0,2490 0.0050- 0.7460 0.0000

1 61
1

HALiqVD
0,0000 0.2490 0,0050 0.7460 0.0000

3 28 28 29
( 2 + 3) * 2

E4-LPI E4-HP1 E4ncrit
0.0000 0.0620 0.0050 0.1600= 0.7450

;;f1 26
|
t 1

k
3

,.

| i
A.1.2 21 I
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i
1

j

E4* hip
0.0000 0.2400 0.0050 0.7460 0.0000

Otherwise ** Low press., no eteam explosion, no injection
0.0000 0.2490 0.0050 0.7460 0.0000

64 Dose Id6h &&e66ute melt ejection occuri
I

2 IIPME nilPHE
2 1 2

5

3 $8 63 26
1 + 5 + 2

Alpha. tBreech E4* lop
0.000 1.000

3 63 63 61_

(2 + 3) * -1

BH-Fall LgBrch HiLiqVB4

0.800 0.200
2 63 63

(2 + 3)
BH-Tail LaBich

164,2,1 164,2,2
1 61

1

HLLiqVB
164,2,1 164,2,2
Otherwise
164,2,1 164,2,2 1

65 Does a detonation occur in the DW st vb7
2 I-DWDt InDWDt
4 1 2

2
3 56 57 63

1 1 5

E5nDWIn E5cDWDt Breach *

1.000 0.000
1

36 12.00 0.00 $ DW DLILd Impulse load from de
Othe rwise

0.000 1.000
1

36 12.00 0.00 $ DW DtILd: Impulse load from de.
66 Does a deflagration occur in the DW at vb7

2 I-DWDi InDWDf
2 1 2
2

.4 56 57 63 65
3 3 5 2 * *

i nES-DdIn3 nE5nDWC Breach InDWDL
1.000 0.000

Otherwise
0.000 1.000

67 Does a large ex-vessel steam explosion' occur?
2 ExSE nExSE
2 1 2

A
3
4 58 63 M 28

1 + 5 + (3 * 1)
Alpha _ nBreach E5-DDry nLPI
0.000 1.000

1 64'

1

UfHE
0.000 0.200

Otherwise
0.66 0.14

68 What amount of H2 is released at vb7
1 H2VB

f

A.1.2-22
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I

4 1

7

2 63 63
1 + 5

A tail nBrea4h -

| 1.000
'

1

7 0.00
2 1 28

3 2
TC E4 LPI

1.000
1

7 41.0
1 1

3

TC

1.000 '

1

7 65.0
3 14 26 28

4 *(2 + 3)
nEl-DeP E4*LPI E4 HPJ

1.000
1

7 41,0
i

2 26 to
(2 + 3)

E4-LPI E4*HPI
1.000

1

7 15,0

1 26
1

E4-iliP
1.000

1

7 121.0
Otherwise . -- Low Pressure no injection recovery

1.000
1

7 48.0
60 llow much hydrogen is . released at vb7

4 1.2VB250 H2VB>25- H2VD=10 H2VD<10
6 1 2 3 4
, .-

| 2 64 67

(1 + 1)
HOME EXSE

4 2 7 46 8
H21NVES H2VB FEJECT FH2VB

FUN-FIAVB1
GE7JRESU 3 868.5- 434.25 17.37

'cherwtae
4 2- 7 46 8-

H21NVES H2VB FEJECT FH2VB-
FUN +H2AVS2

GETIIRESH 3 868.5 ' 434.25 17.37*

70 What is the peak drywell/wellwell pressure difference resulting'from VB7
1 :DPDWVB
4 1

14

2 63 63
1 + .$

.

a-

l. -

A,1,2-23
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A Fall nBreach
'!1.000 .

| 1
'

13 0.00 4

6 26 61 63 63 54 54
'

1 1 ( 2 _ _ + 3) -( 1 4 2)
E4 hip - HILiqVE BH Fall -LsBrch ES-DFid ES DWet

1.000
1

13 433.00
4 26 61 $4 54

1 1 ( 1 + 2)
E4* hip R1LiqVB ES DFid ES-DWet ~j

1.000
1

13 332.00
4 26 61 63 63

1 1 ( 2 + 3)
E4* hip !!!LiqVB BH Fall LsBreh

1.000
1

13 392.00
2 26 61

1 1
E4+ HAP HiLiqVB
1,000

1

13 242.00
5 26 63 63 54 54

i 1 ( 2 + 3) ( 1 4 2)
E4* HIP BH-Fall LgBrch ES-DFid ES DWet'

1.000
1

13 425.00
|

3 26 54 54
1 ( 1 + 2)

E4* hip ES-DFid E5 DWet
1.000

1

13 312.00
'O 26 63 .63

1 ( 2 + 3)
E4-hip BH-Fall LsBrch
1.000.

1

13 - 337.00 * ^

1 26
1

E4-ilAP
1.000

1

13 222.00
5 61 63 63 54 -54

1 ( 2 + 3) -( l' + 2)
litLiqVD Dil-Fall LaBrch - E5-DFld ES DWet

i 1.000
l-

3

13 205,00

A.l.2-24
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r

3 61 54 54 i

1 ( 1 + 2)
HILiqVB E5-DF1d E5-DWet

1.000
1

13- 242.00
4 63 63 54 54

( 2 + 3) ( 1 + 2)
BH Fall L6Brch E5 DFid ES-DWet

1.000
1

13 290.00 +

2 54 54
( 1 + 2)

E5-DF1d ES-DWet
1.000

I
[.

13 238.00
Otherwise

1.000
1

13 0.00
71 What is the peak pedestal presaqre at vb? '

1 Ped VBP
4 1

18
2 63 63 -i

1 + 5
A-Fall nBreech

1.000
1

39 0.00
6 26 61 63 63 54 54

1 1 ( 2 + 3) ( 1 + 2)
E4* hip B1LiqVB BH-Fail LaBrch ES-DF1d E5 DWet

1.000
1,

' 30 3575.00
4 26 61 54 54

! 1 1 ( 1 + 2)
! E4-hip IllLiqVD E5-DF1d- E5 DWet.

1.000
1 _

30 2780.00
4 26 61 63 63

' ~
1 1 ( 2 + 3)

E4-hip- HiLiqVB BH-Fall ."gBrch

1.000
1

39 3080.00
2 26 61

1 1

E4-hip HALiqVB
1.000

| 1 >

| 39 1720.00
5 26 63 63 54 54

1 ( 2 + 3)- ( 1 + .- 2 )
E4 hip BIl-Fall LsBrch ES-DFid ES-DWet

1.000
1

30 3245.00-
3 26 54 54-

1. ( 1 + 2)
EA-hip ES DFid E5-DWet

1.000
<

'

A.1.2-25
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1
i

I
i

i

i
1a

- 30 2175.00
''

; 3 26 63 63
j 1 ( 2 + 3)
! F4 Hit Bit Fall LgBreh *

1.000
1

39 20$0.00'

1 26
'

1
d to Hit '

1,000
1

| 30 1430.00
7 36 36 63 63 $4 54 61

; (6 * +7). ( 2 + 8) (1 + 2) 1

mtr0x10 nEr0x<10 Bil Teil LaBreh ES Drld r,$.DWet stLigvB
1.000

1

39 1120.00
| 5 36 36 $4 $4 61

(6 * *7) ( 1 + 2) 1

n!r0x10 nZror*10 ES Drld ES-DWet HALiqVB
1.000

1 1'
39 744.00

5 63 63 54 $4 F4
~

j ( 2 + 3) ( 1 + 2) 1
i BH Tail L(,Btt h ES-DF1d E5*DWet H1',sqVB
' 1,000

1
' 30 !?1.10,1,1
; 3 54 54 61
'

( 1 + 1) 1 '

ES'Drld ES-DWet iltLiqYB
1,000

. 1
I 30 557.00
I

6 36 36 63 63 54 54
( -6 * -7) ( 2 + 3) (1 + - 2)

ntr0:10 nte>x*10 Bit * T all LaBren ES+DF1d ES-DWet
'

| 1.000
1

: 39 1000.00
'

4 36 36 54 $4
(0 * -7) ( 1 + 1) -

n1rox10 nIrox*10 E5-DF1d ES bWet
1.000

1

39 605.00
4 63 63 $4 54

( 2 + 3) ( 1 + 2)
- BH* fall LtBrch CS*DTid E$-DWet

1.000
| 1

3 9 171.1$,1,1
j 2 $4 54

,

,

! ( 4 + 2)
ES*DFid E 5-(Met

|
1.000

39 435.00
Othuvise

1.000
1

30 100.00

A.1.2 26 '
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i
1

i
1 ;

i

|,

72 Is the impulse loading to the drywell et YB suffittent to cause f atturet
'

3 In Wr! I tMF12 I-DWrI3
0 1 2 3

2
1 1 8$

1a

I-DWDt
3 36 34 35

DW-DtILd IMPDWF IHRanD
TUN *ID11LD-

CETHRESH 2 2,00 1.00
:

Otherwise
; 1 35

DW-DtILd
AND

GETHFJ.3H 2 0.00 -1.00
$ Dummy parameters force no leakage

73 In drywell pressurisation at YB oufficient to eeuse failure?

5 InDW3P : 1*D@P2 t DWil0P2 I !*cP3 1*DWHOP3
5 1 2 3 4 $
3 13 26 31

DPIMVB IPtMF DWrRan
ITN DWFAVD $ Function returne dumy value depending ou presouro

CLitIRESH 4 4.00 3.00 2.00 -1.00
! $ NcFall Leak Ild, Leak Ruyt.

74 Does the RPV pedestal fail due to pressurisation et vb?
2 I PedFP IntedFP
$ 1 2,

1 39
Ped VBP

AND
THRESH 1 1300.00

,

Pressure required to fait pedestal or lift RPV
75 Does the RPV pedestel f all from an ex-vessel steam explosion (impulse loadin

2 I PedrI IntedTI
2 1 2

: 3 ,

l 1 74
I 1

!*TedFP ,

0.000 1.000 "

1 67
1

ExBE
0.$00 0,$00 * '

Otherwise
0.000 1.000

76 Does the RPV pedestal failure induce drywell failure?
2 1 DWFPed IrdMrred
2 1 2
3

5 52 $8 72 73 73
-3 + 1- + 3 -- + 4 + $

ES-STB 3 Alpha I-DWTIS I-DWOP3 I-DWHOP3
0.000 1.000

2 .76 7$
1 + 1-

I 'edFP I-PedFI
0.175 0.825

Otherwise
0.000 1.000

77 Itat is the pressuto in the containmo.r. at VB prior to a hydrogen burn?
1 CP4'B
4 1

8

A.1.2-27
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5

! '

>

4 63 63 $0 $0

1 4 $ + 3 4 4

A Tati nBreath ES-CL3 ES-CLA
1.000'

1

40 0.00
4

7 $2 72 73 73 $4 $4 26
( 3 + 3 + 4 + $) ( 1 + 2) 1

ES EFB3 DW-ITVB3 3 DWOP3 1 DWHOP3 ES DTld E$ DWet h HAP
! 1.000

1

40 $0.00
$ $2 72 73 73 26

( 2 + 3 + 4 + $) 1
' ES*BPt3 DW Irvt3 1 DWOP3 1-DW110P3 E4 HAP

1.000
1

40 40.00
6 $2 72 73 73 $4 $4

i ( 3 + 3 + 4 + S) ( 1 + 2)
ES $PB3 DW-IrVB3 1-DWOP3 1*DW:10l'3 ES Drld E$*DWet

i 1
'

40 35.00
4 52 72 73 73

( 3 + 3 + 4 + $)
ES BrB3 DW ITVB3 1 DWOP3 1 DWHOF3

1.000
1

40 3.00
3 64 67 61

() + 1) * 1
!!!ME E*BE BtLiqV8

1.000
1

40 $6.75
,

2 64 67
(1 + 1)

HOME ExSE

1.000
1

40 177.6,1,1

Otherwise
1.000

1

40 0.00 *

76 What is the concentration of hydro 6en in cortsinment innediately af ter VB7
| 6 IHW>20 IHW316 IllW>12 IlfWW>8 IUW>4 I N6HWW

6 1 2 3 4 5 6 .

7

2 $6 63
1 + $

ALPRA nBreach
8 1 3 6 4 -7 9 10 44

H20WW H2W H20DW H2DW H2VB 02W 02DW N2W
TUN-!K2WWO

GETERESH $ 0;20 0.16 0.12- 0.06 0.04

6 64 65 66 67 $0 $0
(1 + 1 + 1 + 1) *(3 + 4)

HINE I-DWDt I DWDf ErSE ES-CI.3 ES-CL4
8 1 3 6 4 7 9 10 44

H20W H2W ll20DW H2DW H2VB 02W 02DW N2W
FUN *IH2WW1

GETHRISH $ 0.20 0.16 0.12- 0.r; J.04

-A.l.2 28 +
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|

1

)

i

! '

a
'

; 4 64 65 66 57
( 1 + 1 + 1 + 1) |

I' film l'IMDt 1-tWDr Extt i

j 8 1 3 6 4 7 0 10 44

j II23M H2W 1120|W H2tW H2VB 02W 02!W N2W

]
FUN * Ill2W2

3 CETHAESH 5 0.20 0.10 0.12 0.00 0.04
|
1 E 26 26 $4 $4 $0 50

| ( 2 + 3 e 1 + 2) *(3 + 4)
| to Lil 24 itPI ES DF16 LS DWet TS CL3 ES CL4 -

6 1 3 6 4 2 0 10 44
9

1 !!20W H2W ll20fW ll21W H2VD 02W 02tW N2W
j tw-11!2W3
i OtflIRESH S 0.20 0,16 0.12 0.06 0.04
d Drywell punged by eteem and pool bypessed

4 26 26 $4 S4

( 2 + 3 + 1 + 2)
to Li'l to Hf'I E5 Drld E$ tWet

4 1 3 6 4 7 9 10 44

H23M H2W H20DW H2tM !!!VB 02W 02tW N2W
FUN !!i2W4
DETIIRttH $ 0.20 0.16 0.12 0.06 0.04

2 $0 bo
(3 + 4)

t$ CL3 t$-CL4
6 3 3 8 4 7 0 10 44

H20W 112W !!20DW H2DW H2VB 02W 021W N2W
FUN IH2WS
OETHRISH $ C.20 0.16 0.12 0,06 0.04-

Otherwise
6 1 3 6 4 7 0 10 44

Il20W H2W H20DW ll2DW !!2VE 02W 02tW N2W
FUN 1H2W6
"ETitRESH $ 0.20 0.16 0.12 0.08 0.04

Assume ledese back to drywell & vessel totention Arsepender,t
70 1s AC power not tocovered following vb?

2 1rAC I*AC
2 1 2
4 t.

1 24
2 '

E4 AC
0.000 1.000 *

1 25
1

E4fDC
1.000 0.000

2 2 16
1 2

SB CD-81w
0.670 0.330

Otherwise +- Short. term blackout w/ no tocovery before VB
0.S$1 0.440 .

60 Is DC power evetloble following vb?
2 IfDC 1*DC
2 1 2 |
4

1 2$'
1

E4 ttc
1.000 0.000

1 24
2

i

i

A.1.2-29
|



_ _ . -.m.m.____ . . . _ _ _ _ . _ _ _ _ . . . . - _ _ _ _ _ _ , _ _ _ . _ . _ . . . _ . . _ _ ~ _ _ _ . . - . _ . - - _ _ ~ . _ _ _ _ - . . - -

3 2

1

l

|I

|

1

i |.4*AC
; 0.000 1.000

2 2 15
1 2

; $b CD 81w
1 0.210 0.790
1 Otherwise *- Short term bietkout w/ no recovery before VD

0.010 0.0p0
.

el What is the 6tatus of containment sprays following vbt1
1 4 IfCS 1rCS leos 1 CS ,

1 2 1 2 3 4

4 6

1 30
'

1 1
-

titcas

I 1.000 0.000 0.000 0.000
6 30 70 $0 50 to 22

2 1 ( 4 + 3*( 3 + 1))
tirCBS IfAC ES Ctn ES CL3 nt1L3 23nVENT
0.500 0.S00 0.000 0.000

2 30 70
2 1

titCSS IfAC
4 0.000 1.000 0.000 0.000

$ 30 $0 $0 16 22'

'
d 4 ( 4 + 3 e( 3 + 1))

14 CS t$ CL4 t$*CL3 nt1L3 23nVENT
] 181.2,1 0.000 0.000 101.2.2

1 30j
4

14*CS
1

0.000 0.000 0.000 1.000
$ 70 $0 50 16 22

2 ( 4 + 3 *( +3 +. 1))
1 AC ES-CL4 ES CL3 nt1L3 23nVENTJ

0.$00 0.000 0.4$0 0,0$0
1 70

2
1 AC

; 0.000 0.000 130,4,3 130,4,4
Otherwise

i 0.000 0.000 1.000 0.000
02 To what level is the wetwell inert af ter vbt

3 InWWin 1 WW!n2 1 WW!n3
$ 1 2 3

*~
4 1 3 0 44

220WW H2W 02WW N2W
FUN WWH201

GETERESH 3 140,1,1 140,1,2 140,1,3

23 Is there sufficient oxygen in the containment to support combustion
3 02Det20 020et16 02Det12 WWO2 nWWo2
5 1 2 3 4 5
4 1 3 9 44

1120W I!2W 02W N2W
TUN WWO2

GETKRESH 4 4.0 3.0 2.0 1.0

64 Does ignition occur in the containment at vbt

2 1-C16n InC1gn
2 1 2
6

-3 76 62 63
6 + 3 + $

1-NoHW 1* Win 3 nWWO2
0.000 1.000

-A.1.2-30
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!i
'

I
,

i
i

|

il $ 24 $2 52 72 73 |

| 2 + 2 + 3 4 -1 + 1 I
'

) 1 AC 15-01t2 ES-Sit 3 (W-ItVli 1 14.I'
' 1.000 0.000

4 26 67 70 76 .

'
( 1 + 1) ( 1 * 2)

| $4 1110 Extt IlWe20 IlWm16
1 0.600 0.400
| 3 26 67 76
| ( 1 * 1) 3

14 Itit tatt IlfW=12
i 0.S$0 0.4$0
i a 26 of 78

J ( 1 + 1) 4

.
[4 litt Extt ItWa8 .

I 0.460 0.550
3 26 67 76

( 1 + 1) S

T4 titt tatt IlWa4
0.300 0.700

3 26 t7 ?$
4 ( 1 + 1) 6

1 to flit Extt 1* NolW
i 0.00$ 0.905
q Ottierwlo e

0.010 0.900
j 6$ Does ignition occut in the conteirmient follow!DS vb?
1 2 IgnITD nign!'VD
| 2 1 2

6
5 76 82 61 83 64

6 + 3 * 4 + $ 4 1

I-Hot!W 1 W!n3 nl C8 nWD2 1 C1&n,

0.000 1.000,

1 79!

2
i 1 AC
'

1.000 0.000
.

2 76 78
4 1
-

1 + 2
!!!ab20 li W s16

143,12,1 143,12,2
1 76

! 3

j I!!Ws12
i 143,10,1 143,10,2 . -

1 76
4

Il!Wa8
143,8,1 143,8,2
Otherwtoo
143.6.1 143,6,2

661s there a detonet.lon in the wetwell following vbf
2 1*WDt InWDt
4 1 2

10
6 64 8$ $2 62 61 76 76 76

2 * 2 + ( 8 + 2) * -4 + '4 + 5 + 6
InC!sn nignTVB I W!n3 1-win 2 n! CS IHW> B It!Wa4 INollW -
0.000 1.000

1

20' O.00 0.00 'I

$ 24 27 83 63 63 !

2 * 1 * ( 3 + 2 + 1)
E4-AC E4-l!!S 02Det12- 02Det16 02Det20

0.01 0.90

A,1.2 31
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i

i

!

I
i

i

<

|

1

20 144,5,1,1 0.00
C 52 72 73 73 39 39 39 43

( 1 + *1 * -1 * +3)* (1 * 2 * 3 + 1)
ES SPB 1 DWF1 1-DW3P InDWJP2 nil 2W20 nff2WW16 rJ12WW12 E4-WWDi

0.01 0.99
1

20 144,5,1,1 0.00
0 78 82 82 $3 83 83

3 *( 2 + 3) * ( 3 + 2 + 1)
IllWWa12 1 WW!n2 1 WW!n3 02Det12 02Det16 02Det20

144,2,1 144,2,2
1

20 144,2,1,1 0.00 .

4 78 83 83 83
3 * ( 3 + 2 + 1)>

IlfWW=12 02Det12 02Det16 02Det20
144,3,1 144,3,2

1

20 144,3,1,1 0.00 ,

S 78 82 82 83 83
4 2 * ( 2 + 3) * ( 2 + 1)
1 IlfWW>16 1-WW!n2 1*WWin3 02Det16 02Det20

144.4.1 144,4,2
1

20 144.4.1.1 0.00
3 78 43 83=

2 ( 2 + 1)
$ It!WW>16 02Det16 02Det20

144,5.1 144,5,2
1

20 144,5,1,1 0.00
4 78 82 82 83

1 * ( 2 + 3) * 1
IlfWW>20 1 Win 2 1-W!n3 02Det20

144,6,1 144,6,2
1 ->

20 144,6,1,1 0.00
2 78 83

1 1

IHWW>20 02Det20
144 7,1 144,7,2

1

20 144,7,1,1 0.00
otherwise

0.000 1.000 . -

1

20 0.00 - 0.00
87 What to the level of containment impulse load following vb7

7 1 1p>60 1 Ip>$0 1*!p>40 1-Ip>30 1-!p>20 1 !p>10 1-Ip=10
$ 1 2- 3 4 5 6 7
1 20

- Imptoed
AND

GETURESH 6 60.00 50.00 40.00 30,00 20.00 10.00
- 8 Parse containment impulse load for verification

88 With what officiency lo hydrogen burned following Vt7
1 H2EftVB
4 1

9
7 84 85 82 82 81 78 78

( 1 + 1). *( 2 + 3 * 4) * (5 +' 6)-
1-C1gn 'ignrVB I WWIn2 1-WW!n3 1 CS It!WW34 1-NollWW

e

1.000
2

18 146,4,1,1 ' $ Feak pressute from hydrogen combustion

4

A.1.2-32
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|
|

1

|

|
;

I
,

19 146,4,2,1 8 C6subustion efficiency,

4 64 65 78 78
( 1 + 1) ( S + 8)

1 CIgn 1 stat lifW=4 3 Nol!W
1.000

2

18 146,$,1,1 8 leak pressure from hydrogen comtvstion
10 146,5,2,1 8 Conbustion effarlenty

6 84 8S 62 42 81 78
( 1 + 1) *( 2 + 3 * 4) * 4

1 CIgn IgnWD 1 win 2 1*W!n3 1 C5 IltW>$
1,000

| 2
18 146,3,1,1
19 I46,6,2,1

! 3 64 $$ 78
( 1 + 1) 4

1 C!sn IgrA'B Ilfwa8
1,000;

2
18 146,7,1,1d

19 146,7,2,1
6 64 $$ 82 82 81 78

( 1 + 1) *( 2 + 3 * 4) * 3
1 CIgn Igun'B 2 W1h2 1 W!n3 1 CS IthN=12
1,000

2

18 146,8,1,1
19 146,8,2,1

3 84 BS 78,

; ( 1 + 1) 3

1 C!sn IgnTVB It! Welt
1.000

2

18 146,9,1,1
19 146,9,2,1

7 84 85 82 82 81 78 78
( 1 + 1) *( 2 + 3 * 4) *(1 + 2)

a

1 C!sn IgnWB I-win 2 1* win 3 T C5 !!&M*20 IllW218
1,000

j 2

16 146,10,1,1
19 146,10,2,1

4 to 8$ 78 76
( 1 + 1) ( 1 + 2)

1 Clan IgnlTB IlfW=20 Ilfw =16 * '

1,000
2

18 146,11,1,1
10 146.11,2,1

Otherwise
1,000

2

16 0,00

19 0,00

89 What would be the peak pressure in contaltunent from a hydrogen burn at YBf
6 1 FBrn>7 1 FBrn>6 1 FBrno$ I FBrn>4 I FBrn>3 1 FBrn<3
6 1 2 3 4 5 6
4

2 84 6$
2 * 2

InCIgn nignWB
6 3 1 9 5 11 18 19 44

il2W ' H20W O2W EFBase Ftrn H2EfVB1 H2EfVB2 N2W
*

FUN-IFBRN1
CETHRES!! $ 700,3 608,0 $06.6 405.3 304.0

A 1 4 33

i.
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4

i

4

!
I

f larse' peak Pressure for verifttalion
3 $0 50 56.

. ( 3 + 4 + 1)

| ES CL3 ES-CL4 Alghe
i 6 3 1 9 $ 11 le 19 44

H2WW E20WW 02WW EPBese PBrn 22ErYB11:2tfVt2 N2WW
,

PUN IPbRN2;

j GETURESH S 709.3 606.0 $06.6 -- 4t$ 3 304.0
Perse y+ak pressure for verification

I 1 60

i 1

5 1 WWDt
6 3 1 0 $ 11 16 19 44

ft2WW II20WW 02WW EPtase Fern !!2EfVB1 E2tfVB2 F2WW

i PUN-IPERN3
t. GElitkESH $ 709.3 606.0 $06.6 405.3 304.0

) Perse peak pressure for verilitation
Otherwis e

6 3 1 9 $ 11 16 19 44
2

i It2WW ll20WW 02WW EPBose PBrn H2PfVB1 II2EfVB2 .N2WW

|_ PUN IPERN4
'

OETERESH $ 700.3 606.0 506.6. 405.3 304.0
' Perse peak pressure for verification
j -90 What le the level of containment pressurisation et vb?
1 6 1 CP>7 1 CP>6 1 CP>$ 1 Cran 1 CP*3 1-C P< 3
i t 1 2 3 4 $ 6

| 4

3 $0 50 564

3 + 4 * 1
4 ES CL3 ES CL4 Alpna
I 3 $ 11 41

EPBase PB rn CP-Vrtot .
PUN-CPCLOW

CETERESH $ 709,3 606.0 506.6 405.3 304.0

. 1 64

! 1

! 1-Cign
4 S 11 40 41

EPBase PBrn CP VB CP VBTot
PUN CPC1

i OETERES!! $ 700.3 600,0 $06.6 405.3 304.0-

1 6$
1

j IgnrvB . .

4 & 11 40 41;

| EPBese PBrn CP VB CP VBTot
PUN CPC2'-

l CETERESH $ 709.3 608.0 $06.6 405.3 304.0

Otherwise <

4 S 11 40 41

EPBase PBrn CP YB CP VBTot
FUN CPC3
QETKRESH $ 709.3 600.0 $06.6 40$.3 304.0

0 Parse containment pressure
,

91 What is the level of drywell leakege induced by a detonation in conteinment|

3 InDWDL I DWDt2 1 DWDt3
6 1 2 3

2

1 66 ,

1

[
1 WWD4 '

3 20 34 35
Impload IMPDWF IHRanD

;

A.1.2-34
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i

4

i

i I

U

rvH tut
OET141 Ell 2 2.00 1400'

i $ Dummy }>arameter values used t.o tritter garticultt branch
j Otherwise ** No detonation and thus no tellute
j 3 20 34 3$

Implead IMPDWT ltmanD
HAX

GEilIREEll 2 0.00 1.00
$ farameter values force Eranch 1

02 What is the level of contalignent leakage induced by a detonation et VB7
; 3 InDtt I DtF2 1-DtF3

6 1 2 3

3,

: 2 91 91
i 2 + 3 >

3 DWDt2 1 DWDt3
; $ 20 24 2$ 34 3$

Implead IMICT IrmanC IMFDWF IHRanD
TUN-ECII
OETimE811 2 2,00 1,00

1 C6

1

1-WWDt
; 3 20 24 2$

Implead 1HPCF ItmenC
TUN ECl2
GE1!IRESl! 2 2.00 1.00

Otherwiso
,

a 20 24 25
ImpLoad 1HFCT - ItianC

MAX

CETIRESit 2 0.00 *1.00
$ f aranwter values force Branch 1

93 What le the level of cor4ainment leakage following vb?
4 INCL I-CL2 1 CL3 1 CL4
6 1 2 3 4,

| 4

2 50 $8
4 + 1

E$ CL4 Alpha
1 5

Eltese
AND

Deft!RE0l! 3 9999,00 9909.00 9999.00 *

Dunrny * Already rupt.ured
2 $0 92

3 + 3
E$ CL3 I DtT3

1 5
EFBase

AND
OETimE8tl 3 9999,00 9999.00 1,00

; Dunun ** Already f ailed by detonation
~

2 $0 92 |
2 + 2

E5*CL2 I DtF2
4 5 41 21 22

EPBase CP-VBTot ICTa11 CTRan
TUN ECBrn2

GETIRESil 3 9999.00 2,00 1,00

Dwreny -- Already leakins from detonation -
Otherwise

4 $ 41 21 22-
EPBase CP-VBTot ICrall CFRan

c

l

!
'

A.1.2 35
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=I

,

FUN ECBrn2
OtT1tktsil 3 3.00 2.00 1.00

Farameter value triggern 06tticul6r litanch
94 What is the level of drywell leakage induced by schteinment ptettutis6tiont

$ InDWDr I-tMDf2 1 DWitDf2 1 !MDf3 I-[Mt!Df3
0 1 2 3 4 5

10
$ $1 72 73 76 91

4 + 3 + 4 + 1 + 3

1 D'Df3 1 tWrI3 1 ! MOP 3 1 DWrted I DWDt3
1 $

trPase
AND

OtfitRES!! 4 9999.00 9099.00 9999.00 0.00

1 $1
S

E tMIIDf3
1 $

EPBese
AND

GETl!REEli 4 9999.00 9999.00 9999.00 9999.00

7 8$ $1 72 73 91 93 93
1 *( 2 + 2 + 2 + 2) ( 3 + 4)

IgnrVB ta!NDf2 I DWrIt 1 DWOP2 1 DWDt2 I*CL3 1+CL4
$ $ 41 30 31 40

EPBase CP-VBTot EPDWF DWrRan CP*VB
FUN *IDBrni '

CETifRESil 4 9999.00 3.00 2.00 1.00

5 85 $1 72 73 91
1 * ( 2 4 2 + 2 + 2)

IgnFVD t IMDf2 1 !MrI2 1 ! MOP 2 1*DWDt2
5 $ 41 30 31 40

ErBase CP4TTot EPDWF INFRan Cl-YB
FUN 10Brt>2

GETIIRESl! 4 9999.00 3.00 2.00 1.00

4 85 $1 93 93
1 * 3 * ( 3 + 4)

IgnrVD E-DWHDf2 1 CL3 1 CL4
j 5 5 41 30 31 40
. El' Bas e CP-VBlot EPDWF DWTRan CP VB
| FUN IDBrn3
: GETl!RESH 4 9999.00 3.00 2.00- *1.00 ' ~

|

| 2 BS 51
4 1 * 0

{ 16DTVB E*DWilDf2
S $ 41 30 31 40

i EPBase CP VDTot EPDWF DWrRan CP-VB
j Full-IDBrtin --

: GETliRESU 4 9999.00 3 00 2.00 1.00
| 8 Dunny parameters select f a!!ure mode
i 1 85
| 1
'

IsnTVS
! 5 5 41 30 31 - 40

EPBase CP-VBTot IPDWF DWrRan CP-VB
FUN ICBrn$
GEIIIRESil 4 4,00 3.00 '2.00 -1.00

$ Duneny parameters select f ailure mode
# 4 51 72 73 91
I ( 2 + 2 + 2 + 2)

E-tMDf2 I DWrI2 1-DWOP2 I tMDt2
!

.

!

A.1.2-36
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-|

|

|
4

)
4

1 $

ErBase 1

AND

CETHRESil 4 9999,00 0.00 -1.00 1.00
$ Dumy parameters select f ailure mode

1 $1
3

E DWiiDf2
1 $

ErBase
AND

GETERESH & 9999.00 9999.00 0.00 1.00
$ Dummy parameters select failure mode

otherwise
1 $

EPrese
AND

j GE!!!RESil 4 0.00 1.00 -1.00 -1.00
$ Dumf parameters select failure mode

95 What is the level of suppression pool bypass following VB7
j 3 InSPB I SPB2 1 STB 3
; 2 1 2 3
i $
"

4 $2 94 94 $6
3 + 4 + $ + 1

ES SPB3 1 DWDf3 1 tMl!Df3 Alges
0.000 0.000 1.000

6 $2 94 94 79 64 $$
( 2 + 2 + 3) 2 ( 1 + 1)

E$-tirB2 1 DWDf2 1 DWitDf2 1 AC 1 CIgn IgnTVB
0.000 l$2.2.2 l$2,2,3

3 $2 94 94
2 + 2 + 3

E$ SFB2 1 DWDf2 1 DWilDf2,

0.000 1.000 0.000.

3 79 64 8$
2 ( 1 + 1)

1-AC I Cisn IgnrVB
152,2,2 0.000 152,2,3
Otherwise

1.000 0.000 0.000
96 What is the containment pressure after vbt

4 IP>4 IP=3 IP>2 IP31
6 1 2 3 4

3

1 93 -

-1
1-CL

6 1 9 44 3 6 to 4 $
H20WW O2WW N2W H2W H20DW 02DW H2DW ETBASE

FUN 1.BASP1
GETKRECH 3 40$.3 304.0 202.6

1 81
4

1-CS
8 1 9 44 3 6 10 4 5

H20WW O2W N2WW H2W H20DW 02DW H2DW EPBASE
FUN-LBASP2

GETitRESH 3 40$,3 304.0 202.6

Otherwise
6 l' 9 44 3 6- 10 4 $

ll20WW- 02WW N2W H2WW !!20DW O2DW ll2DW EFBASE
FUN-LBASF3

GETERESH 3 40$.3 304.0 202.6

A.1.2-37

- . . _ _ _ _ _ _ _ _ . _ _ . . _ _ _ .. __ _ _ ,-._ _ _ _ . . . _ . . _ , - -



_____..-m._.._._ .._ _._._ _.__.._.__m ~. _ _ _ . , _ . - . _ _ . . _ . _ . . _ . . . ,

1

19716 water not eurr11*d to the debris let-of .

3 nLDDWat 8 LDDWet L LDBWet '

2 1 2 3

6

1 63
$

ntseech
0.000 0.000 1.000

2 79 12
1 3

IfAC EleFPS
0.500 0.250 0.2$0

1 79
1 r

IfAC
1.000 0.000 0.000

2 28 28
( 2 + 3)

E4*LFI E4*l!PI
0.333 0.333 0.334

5 $ 7 8 0 11
(2 + -1 + *1 + -1 + *1)

ElrHP!n,) nElfCRD nElfCon nElfLIC nElfESW
0.333 0.333 0.334

otherwise
1.000 0.000 0.000

GB Is there water in the teactor envity after VBf
3 LDWFid LRCWet LRCDry
2 1 2 3
7

2 $4 94

1 + 5

E$ Drld I-DWHDf3
1.000 0.000 0.000

7 54 64 67 6$ 66 9$ 79
2 ( 1 + 1 + 1 + 1) -3 1

ES DWet HINE ExSE 1 DWDL I*DWuf n1*SFB3 LfAC
1.000 0.000 0.000

3 64 85 95
( 1 + 1) 3

1 CIgn IsnFVB nI*SPP3
1.000 0.000 0.000

3 84 8$ 95
( 1 + 1) 3

I CIgn IgnTVB I SFt3 '~

U.900 0.100 0.000
6 64 67 65 66 95 79

( 1 + 1 + 1 + 1) -3 1
HIHE Exst I DWDt I DWDC n! SFB3 LfAC

0.900 0.100 0.000
1 54

2

ES DWet
0.000 1.000 0.000

Otherwise
0.000 0.000 1.000

99 What le the nature of the core-concrete interaction?
5 CCI WetCCI FidCCI D1yCCI noCCI
2 1 2 3 4 5

11
1 63

5
nBreech

0.000 0.000 0.000 0.000 1.000
2 97 98

A.I.2 38-
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j
n

i

|

1 1
3

i 1 * 3 1

|
1 nLDDWat LkCDry

1.000 0.000 0.000 0.000 0.000
;

S 96 26 28 9 24
,

1 3 * 1 * ( -1 + 1 * 2)
LRCDry E4* hip E4-LPI nElfLPC E4 AC
0.000 0.000. 0.200 0.000 0.800

-
3 96 26 28

i 3 * 2 * ~1
LRCDry E4 lop E4*LPI

0.000 0.000 0.840 0.000 0.160
1 98

1 3

i LkCDry

}- 0.$00 0.000 0,$00 0.000 0.000
! 4 98 98 91 26

( 1 + 2 * -1) * 1

LDWF1d LkCWet LDBWat E4 Hit,

0.000 0.000 0.200 0.000 0.800
4 98 98 97 61

( 1 + 2 * -1) * -1
LDWF1d LRCWet LDBWet HiLiqVB
0.000 0.000 0.840 0.000 0.160

3 98 98 97

-1)( 1 + 2 *

LDWF1d LRCWet LDBWat
0.000 0.000 0.600 0.000 0.400

1 26
1

E4-hip

0.000 0.200 0.000 0.600 0.000
1 61

1

H1LiqVB
0.000 0.640 0.000 0.160 0.000

Othe rwise
0.000 0.600 0.000 0.400 0.000

100 What fraction of core not participating in HPHE participates in CCIf
2 HiFCCI LoFCCI
4 1 2
4

2 63 63 .

'
1 + $

A* Fall nBreach
0.000 1.000

1 .-

45 0.000 0.000
2 67 61

*

1 1

F.rSE R1LiqVB
0.000 1.000

1

4$ 0.900 0.600
2 67 61

1 2
ExSE LoLiqVB

1.000 0.000
1

4$ 0.900 0.600-
Cthe rwise

1,000 0.000
1

45 1.000 0.000
101 How much H2 (& equivalent CO) and CO2 are produced during CCIf~

4 H2CCI4 H2CC13 H2CCI2 H2CCII
6 1 2 3 4

A.1.2-39-
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I

,

L

3

.3 63 63 99
1 + $ + 5

A-Fall t. Breach noCCI
7 2 46 6 45 16 42 17

IIZINVES FEJECT FH2VB FCCI LH2CC LCC2 FZROX
FUN CC11

CEff!kESit 3 666.50 434.22 17.37

1 64
1

HittE
7 2 46 6 45 16 42 17

H21NVE8 FEJECT Fita'B FCCI LE2CC LCO2 FZRCX
FUN *CC12

GETHRISH 3 666,50 434.22 17.37

Otherwise
7 2 46 6 45 16 42 17

'It21NVES FEJECT Fil2VB FCCI LH2CC LCO2 FEROX
FUN-CC18

OETHREsu S 666.50 434.22 17.37 -

102 What is the level of airconium oxidation in the pedestal before CCIt
? Er0x75 2rox50 trox40 Er0x30 Er0x21 Zrox10 Zr0x*10
S 1 2 3 4- S 6 7

1 17
FIROX
AND

GETl!REsfi 6 0.75 0.50 0.40 0.30 0.21 0.10

103 la the containment not vented fo110 win 6 VBf'
2 INVENT I VENT
2 1 2
3

3 79 93 93
1 + 3 + 4

LIAC 1-CL3 1-CL4
1.000 0.000

4 90 63 61 95
4 ( 5 + 2 + -3)

noCCI nBreach 1 CS n! SFB3
1.000 0.000

Otherwise
0.000 0.100

104 Is AC power not recovered late in the accident? *-

2 LIAC L AC
2 1 2
4

1 79
2

!*AC
0.000 1.000

1 60
1

ElfDC
1.000 0.000.

2 2 15
1

.
2'

EB CD-S1w
0.910 . 0.090

Otherwise
0.230 0.770

10S Is DC power evallable late in the accident?
2 LfDC L-DC
2 1- 2

i
|
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.

I

&

1 1 80
i 1

FifDC
1.000 0.000

1 79
2

1 AC
0,000 1.000

2 2 15
1 2

BB CD Siw
0.330 0.670

Otherwise
0.060 0.940

106 What is the late status of containment sprays?
4 LfC8 trCD LaCS L-C8
2 1 2 3 4

8

1 81
1

IfC8
1.000 0.000 0.000 0.000

6 81 104 $0 50 C3 93
2 * 1* ( 1 + 2) * ( 3 + 4)

IrC8 LfAC ESnCL E5 CL2 1 CL3 1-CL4
181,2,1 181,2,2 0.000 0.000

2 61 104
2 1

1rCS LfAC
0.000 1.000 0.000 0.000

$ 81 SO S0 93 93
4* ( 1 + 2) * ( 3 + 4)

1 C8 E5nCL ES CL2 1 CL3 1 CL4
181,4,1 0.000 181,4,3 181,4,4

1 81
4

1-CS
! 0.000 0.000 0.000 1,000
'

S 104 $0 50 93 93
2* ( 1 + 2) * ( 3 + 4)

i L AC ESnCL ES CL2 1-CL3 1 CL4
181,6,1 181,6,2 181,6,3 181,6,4

1 104
2

L AC .

0.000 0.000 130,4,3 130,4,4
Otherwise -- This case should not be used

| 0.000 0.000 1.000 0.000
| 107 What is the late concentration of combustible Bases in the containment?
' 6 LGWW)20 LGWWD16 LGWW>12 LOWW38 LGWW>4 L-NoGWW

6 1 2 3 4 5 6
4

5 63 95 97 08 106
3 e -.1 * ( .1 + 3) e 4

Breach 1-SPB LDBWat nLRCDry nL*CS
8- 1 3 9 16 42 44 4 10 -

H20WW H2WW 02eM LH2CC LCO2 N2WW H2DW 02tM
FUN *LGHW1

GETRRESil 5 0,20 0.16 :0.12 0.08 0.04

2 93 103
-1 + 2

| I-CL 1* VENT

| 8 1 3 9 16 42 44 4 10
H20WW H2WW 02WW LH2CC LCO2 N2WW H2DW 02DW

A.1.2 41
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!
,

!

FUN-LOW 2
CITHRESH $ 0.20 0.16 0.12 0.08 0.04

1 106
4

L CS
8 1 3 9 16 42 44 4 10

H20WW H2W 02W LH2CC LCO2 N2WW H2DW 02DW

FUN-LOWW3

GETRktCH $ 0.20 0.16 0,12 0.00 0.04

Othe rwis e
8 1 3 0 16 42 44 4 10

H20WW H2W 02W - LH2CC LCO2 N2W H2DW 02DW

FUN LOWW4

OETERESH $ 0.20 0.16 0.12 0.00 0,04
Parse the conbustible ses concentration

108 To what level is tii- wetwell inert after vb?
3 LnWin L-Wint L-win 3

*
5 1 2 3
4 1 3 0 44

H20WW H2W 02W H2W
FUN H4H201

CETRRESH 3 140.1.1 140.1.2 140.1.3

1001s there sufficient brygen in the containment to support late combustion?
' 5 LO2Det20 LO2Det16 LO2Det12 LWWO2 LnWWO2

$ 1 2 3 4 $
4 1 3 9 44

H20WW H2W 02W N2W
FUN WW32

GETHREEH 4 4.0 3.0 2.0 1.0

110 Does ignition occur late in the containment?

2 L-CIgn LnCIgn
2 1 2
7

4 107 108 106 109
6 + 3 * -4 + $

L No0HW I win 3 nL-CS LnWWO2
0.000 1.000

$ 82 83 64 65 104
3 $ ( 2 * 2) 1

nI* win 3 MC2 InCIgn IgnrYB LfAC
0,000 1.000

1 104 .

2
L AC

1.000 0.000
2 107 107

1 + 2
LOWW220 LOWW316

0.510 0.490
1 107

3

LOHd>12
0.420 0.580

1 107
4

LOWW>8

0.330 0.670
Otherwise |

0.280 0.720 |
111 1s there a detonation in the wetwell following vb?

2 L-WDt LnWDL
4 1 2

A.l.2-42
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'

1
,

l
i

0
1 6 110 106 106 100 106 107 107 107

2 + ( 2 + 3) * 4 + 3 + 4 + $ + tii

i Lncign L Wint L Wint nL 05 L-W1n LovM*6 LOW *4 L-No:MW
1 0.000 1.000

1

20 0.00 0.00
2 21 79

1 * 2
F 4 *ll!6 1*A

I0,000 1.000
1,

j 20 0,00 0.00
:) 6 107 106 106 109 109 109
! 3 * ( 2 + 3) * ( 3 + 2 * 1)
! LOWWs12 L-WWin2 L WWir3 102Det12 LO2Dt16 LO2bt20

0.220 0.700
1

20 5.6 0.00
4 107 100 109 109

3 ( 3 + 2 + 1)
LOWS 12 LO2Det12 LO2Dt16 LO2Dt20

i C.000 1.000
1

20 0.00 0.00
$ 107 100 106 100 100

2 * ( 2 + 3) * ( 2 + 1)
LOWW>16 L W!n2 L W!n3 LO20t16 LO2Dtko

0.250 0,750

1

20 S.6 0.00
3 107 109 100

2 ( 2 + 1)
4 LOWWm16 L02D416 LO2Dt20

0.260 0.740
1

20 12.4 0.00
4 107 108 106 109

1 *( 2 + 3) * 1

LOWm20 L* win 2 L Win 3 LO2Det20
0.2$0 0.750

1

20 S.6 0.00
2 107 100

1 1

LOWW>20 LO2Det20 * '

O.450 0.550
) 1

20 12.4 0.00
Otherwise

0.000 1,000

1

20 0,00 0.00
112 What is the late level of containment impulse lood?

7 L+1p>60 L-Ip>SO L !p>40 L 1p>30 L Ip>20 L 1p>10 L !p<10
y

5 1 2 3 4 $ 6 7
1 20

Implead
AND

GETl!RLSh 6 60.00 50.00 40.00 30,00 20.00 10.00
8 Tarse containment impulse load for verification,

113 What is the late gas combustion ef titiency?
; 1 It2tf0VB
| 4 1
'

0
6 110 106 106 106 107 107

a

A.T.2;43-
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! |

|

i

! I
,

j 3 * (2 + 3) * 4 ( $* 6) i

) L* Clan L WWin? L W!n3 L CS LG W an L Nat,w j

j 1.000 )
2 |

it 0.260 8 Feak pressure from hydrogen enmbustion ,<

j 10 0.27$ $ Coahustion officioney |
i 8 110 107 107 )

i 1 ( $ + 6) |

L*CIgn LOWWan L-No0WW
1

4 1.000
; 2

16 0.260 & Peak pressure from hydrogen combustion
10 0.275 $ Combustion offielency

6 110 108 108 106 107
4 1 * (2 + 3) * 4 * 4

L* Clan L Win 2 L-Win) - L-CS LOWa6
1.000

- 2
'

16 0.464
10 0.740

2 110 107
1 4

L CIgn LOWWm6

3
16 0.6?S
19 0.740

6 110 106 108 106 107
1 * (2 + 8) * 4 * 3

' L*C!sn L-WWin2 L-WWin$ L-C8 LOWWs12
1.000

'

2
18 0.463
19 0.681

2 110 107
1 3

L-C!sn LGWW>12

1.000
2

I
18 0.734

, 19 0.681
1

e 110 108 106 106 107 107
1 * (2 + 3) * 4 *( 1+ 2)

L Cign L-win 2 L Wins L*C8 LOWm20 LOW >16
1.000

2 . . -

16 0.492
19 0.935

3 110 107 107
1 ( 1 + 2)

L-CIgn LOW >20 LOWW>16
1.000

2

16 0.752
19 0.935

othe rwise
1.000

2
16 0.00
19 0.00

114 What is be the peak pressure in containment from a late hydrogen burnta

' 6 L-FBrn=7 L-Fern >6 L-FBrn>$ L FBrn*4 L-PBrn>3 L-FBrn*2
6 1 2 3 4- $ 6
4

! 1 110
2i

s

.j
5

l
A.1.2-44
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,

4

LnC!gn
j P 3 1 0 5 11 Ig 19 44

,

H2W U20W 02W ET' Base FBrn H2EfVB1 H2EfVt2 N2W |

FUN 1FtkN1 )
GETitRESU $ 700.3 606.0 $06.6 40$,3 304.0 i

Farse peak pressure for verification
4 4 93 93 27 79 i

3 e 4 + 1 * 2
1-CL3 1 CL4 E4 HIS 1 AC

6 3 1 9 $ 11 26 19 44

H2W ft20WW 02W EFBase FBrn it2Efv81 H2Efv22 N2W
,

FUN-IFBRN2
CETilkttH $ 709.3 600.0 $06.6 40$.3 304.0

Farse peak pressure for verification
1 111

1

L-WWDt
e 3 1 9 $ 11 16 19 44

!!2W I!20WW 02W ETBase PBrn !!2EfVB1 H2EfVB2 N2W
FUN IFBRN3

GETilRESH $ 709.3 606.0 $06.6 405.3 304.0
Faroe peak pressure for verification

i Othe rwise
8 3 1 9 $ 11 16 19 44

4 112WW H20WW 02WW EFBase FBrn H2EfVB1 H2EfVB2 N2WW

FUN !PBkN4
CETIIRESU $ 709.3 606.0 $06.6 40$.3 304 0

Faroe peak pressure for verification
11$ What in the level of drywell leakage induced by e late detonation in contain

3 LnDWDt L DWDt2 L-DWDt3
6 1 2 3

2

1 111
1

L-WWDL

3 20 34 3$
Imptood IMFDWF IMRanD
FUN EDI

GETitRESH 2 2.00 1.00
$ Dummy parameter values used to trigger particular branch

otherwise -- No detonation and thus no f ailure
3 20 34 3$

Impload IMFDWT IMRanD
MAX

GETHRESH 2 0.00 -1.00
$ Forameter values force Branch 1 *-

116 What la the level of containment leakage induced by a late detonation?
3 LnDtr L-DtF2 L-DtF3
6 1 2 3
3

2 11$ 11$
,

2 + 3
'

L-DWDt2 L- DWD r.3
, $ 20 24 2$ 34 3$
( Imptoad IMPCF IHRanC IMPDWF IMRanD
l. FUN ECII

GETERF.SH 2 2.00 1,00

1 111
1

L-WWDL

| 3 20 24 2$
| Impload IMPCF IMRanC

| 'UN ECl2F

| cETitREsu 2 2.00 1.00

.

Ail.2 45
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!

.

)

,

i

Otherw14e
3 20 24 2$

Implead IMPCP 1 % nc
MAX

GET!!RtSH 2 0.00 +1.00,

8 Farameter values force Branch 14

*

117 What to the level cf containment lekksge induced by late combustion event.sf
4 LnCL L*CL2 L-CL3 L*CL4
6 1 2 3 4

4 4

1 93,

i 4'
I-CL4

2 5 11
EPSase FBrn.

TUN LCFLOW
CETERESH 3 9999.00 9999.00 9999.00

Dummy ** Already ruptured
3 03 103 116

1 3 + 2 + 3
1-CL3 1* VENT L-DtF3

2 $ 11
EFBase FBrn

Fl!N-LCPLOW
CETHRISH 3 9999.00 9999.00 1.00*

Dummy ** Already failed
2 93 116

2 + 2
leCL2 L*DtF2

4 $ 11 21 22
EFDase Farn FCrail CFRan :

FUN ECBrn2
GETHRESH 3 9999.00 2.00 1,00

Dummy ** Already leaking from detonation
Otherwise

4 $ 11 21 22
EFBase FDrn FCFall CFRan

FUN ECBrn2
OETERESH 3 3.00 2.00 1.00,

Forameter value triggera particular branch
118 What is the level of drywell leakage induced by late combustion?

$ 1.hDWDf L*DWDf2 L*DWHDf2 L*DWDf3 L*DWHDf3
6 1 2 3 4 $
7

2 94 11$
4 + 3 *~

1*DWDf3 L-DWDt3
|- .1 $

EFBase
AND

GETERESH 4 9999.00 9999.00 9999.00 0.00

1 94
$4

I+DWHDf3
i 1 $

EFBase
AND

GETERESH & '9999.00 9999.00 9999.00 9999.00
$ Dummy case, head rupture le retained

4 94 115 117 . 117
( 2 + 2) ( 3 + 4).

i I+DWDf2 LI-DWDt2 L-CL3 L*CL4
j 4 5 11- 30 31
j ETBase FB rn EFDWF DWPRan
'_

FUN-LDBrni

<

d

)

, A.1.2*46
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j

i

4

i I

l
1 1

| OttilkEEH 4 9999.00 3.00 2.00 -1.00 !

i

i 2 De 11$
4 2 + 2 T

1 1*DWDf2 LI DWDt2
,

i 4 $ 11 30 31 '

Eltese FBrn EFDWF DWPRan

FUN LDBrn2
i CEtitF,EtX 4 9999.00 3.00 2.00 *1.00

| 3 04 117 117
3 ( 3 + 4)

!*DWitDf2 L*CL3 L-CL4,

4 $ 11 30 31
, EFBase I'B rn EFDWF ,DWrRan

| FUN LDDrn3
CETIIRESH 4 9999.00 3.00 2.00 1.00

1 De

3*

#

I DWilDf2
4 $ 11 30 31

E!$ ate FBrn EFDWF DWrRan
FUN LDBrn4
CEtitRLCil 4 9999.00 3.00 2.00 -1.00

$ Dwuna parameters select f ailure mods
otherwtae

4 S 11 30 31
ETBese FBrn EPDWF DWrRen

FUN LDBrn$
OETIIRESH 4 4.00 3.00 2.00 *1.00

$ Dumy parameters select f ailure sede
119 is the containment not vented 1ste?

2 'LnVENT L-VENT
2 1 2
4

3 104 117 117,

1 + ( 3 + 4)
LfAC L*CL3 L CL4

1.000 0.000
4 90 63 81 95

4 ( $ + 2 + +3)
noCCI nBreach I C8 n! SFB3

; 1.000 0,000

$ 99 63 106 lit 116
4 ( $ + 4 + (4 5)) *

noCCI nBreach L-C8 nL*DWDf3 nL DWi!Df3
1103.2,1 1103,2,2
Otherwise
1103,3,1 1103,3,2

120 How much concrete must lie eroded to cause pedestal f ailuret
i 1 ContrFed

3 1

1.000
1

43 0.40 $ ContrFed: Depth of concrete eroded radially to fai
121 At what time does pedestal failure occurt

6 FedF8VB FedF010 PedF06 Fe fl63 FedF01 NoredF
5 1 2 3 4 5 6
9

4 63 63 99 99
1 +$ 4- + $

A-Fall nBreach D1yCCI noCCI
1 43

ContrFed
AND

i

A,1,2 47

,
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1

i

;

!
!

CETKkESH $ 9999.0 9999.0 9999.0 9999.0 9999.0
C Dunny par anieters f orse tranch 6

; 2 75 74

1 + 1
1 FedFI I-FedrP

1 43
ConErred

AND

1.00 +1.00 *1.00 +1.00CETHRESH 5 0.00 -

8 Dummy parameters force Branch 1
,

4 102 102 61 99
1 . 2 * 1 * 2

n1r0x75 nZr0x$0 HiLiqVB WetCCI
1 43

ContrPed
* UD

CETHRESH S 9999.00 0.83 0.$$ 0.32 0.19

4 102 102 61 99
-1 * -2 * 3 * 2

ntrox75 nZrox$0 LoLiqVB WetCCI
1 43

ConErted
AND

OETERESH $ 9999.00 0.79 0.$2 0.29 0.10
"

1 99
2i

WetCC1
1 43

ContrFed
AND

GETERESH $ 9999.00 0.74 0.49 0.26 0.14

$ 102 102 61 63 63 '
*1 * -2 * 1 *( 2 + 3)

nEros?S ntrox50 BiLiqVB BH Fail LsBrch
1 43

ContrFed
AND

GETERISH S 9999.00 0.83 0.66 0.40 0.20

3 61 63 63
1* ( 2 + 3)

H1LiqVB EU Fall LgBech
! 1 43 .

( ContrPed
, =D

GETERESH $ 0999.00 0.92 0.73 0.47 0.26

4 102 102 63 63
*1 * -2 * ( 2 + 3)

nZr0 7$ . ntr0x$0 BR Fall LgBrch
1 ' 43

ConEtted
AND

GETHRESH $ 9999.00 0 92- 0.71 0.47 0.26 '

Otherwise ** Group 4 for FCt! experts
1 43

| ConErPed

| AND
GETKRESH 5 9999.00 0.62 0.62 0.40 0.20,

|

| 122 What is the level of late suppression pool bypass?
'

3 LnSPB L-SPB2 L stb 3

A.1.2-48
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N

i
4

1

2 1 2 3

7
.

0 2$ 110 110
4
-

3 + 4 + 5

1 $rB3 L DWDf3 L DWHDf3.

0.000 0.000 1.000
$ DS 118 lie 121 121'

( 2 + 2 + 8) -1 6

; L SP22 L DWDf2 L !MIDf2 nredfCVB L tedt
| 0.000 176,2,2 176,2,1

$ DS 118 110 104 110-2

. ( 2 + 2 + 3) 2 1

]- L SFt2 L DWDf2 L DWitDf2 L AC L Cign
0.000 IS2,2,2 152,2,3

,

$ 9$ 116 118
2 + 2 + 3 |

L SPE2 L DWDf2 L tMIDf2
0.000 1.000 0.000

2 121 121
1 6

)'niedF8VB L-FedF
'

176,2,2 0.000 176,2,1
2 104 110

2 1

1 L AC L C!sn
t$2.2,2 0.000 IS2,2,3

' otherwtoo
1.000 0.000 0.000

123 What it the late containment pressure due to non-condensibles or steam?
2 LT Fres nLT Pres
4 1 2
4

2 117 119
*1 + 2

L CL L-VENT
0.000 1,000

1

47 0.000 0.000
$ 99 63 106 118 116

4 ( $ + 4 + t4 5))
noCCI nBreach L C8 nt DWDO nL tHIDf)
0.000 1.000

1

| 47 400.0 0.000
'

S 63 95 97 08 106
| $ e 3 e(1 + 1) e -4 - .

| Breach 1 6FB3 LDBWat LDWild nL-CS
'- 1.000 0.000

1

47 118,1,1,1 0.000
Otherwise

1.000 0.000
1

47 1123,2,1,1 0.000
124 Does containment failure occut late due to non condensibles or steam?

4 LPnCL LP CL2 LP*CL3 LP*CL4
S 1 2 3 4

4 5 47 21 22
TPliAftt LT FRES PCrall CTRan

FUN-LTPRES
DETHRESH 3 3.00 2,00- 1.00

1

125 What is the long-term level of containment leakage?
I 4 LTnCL LT CL2 LT-CL3 LT-CL4

2 1 -2 3 4

4

4

A.1.2-49
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i

h

1

1

2 117 124j
4 + 44

L-CL4 LP-CL4
0.000 0,000 0.000 1.000;

] 3 117 124 119
; e + 3 + 2

L-CL3 LP-CL3 L-YENT

i 0.000 0.000 1.000 0.000
2 117 124

2 + t

L-CL2 -LP CL2
j 0.000 1.000 0.000 0.000

Otherwise

| 1,000 0.000 0.000 0.000

.

$

1

m

4

,

'

;

i

5

!

W..s.

4

-
-

A 1.2 50 !

, -
i

^

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



_ _. _ . . _ . . _ __ . . _ . _ . . _ _ _ _ _ _ _ _ ____ _ ___ _. _ _ - _ _ . _ _ _ _

l
.I

# A,1.3 D.escription of the APET Binner

The binner is the computer input file that instructs EVNTRE how to group
the APET pathways. There are too' many outcomes for all to be saved for
analysis afterwards, so as each unique path through the event tree is
evaluated, the probability of that path is added to the probability for the
appropriate accident progression bin. The term "binner" refers to the
computer input file that defines these bins.

,

Section 2.4 of this volume generally describes the accident progression
; bins and defines each attribute of each characteristic, so that material is

not repeated here. The binner itself, a computer input file read by
EVNTRE, defic.es the accident progression bins and is listed in Subsection
A.I.4. This subsection of Appendix A contains a case by. case description
of the binner.

Characteristic 1. ASeq (Plant Damage State Type)
6 Attributes, 6 Cases

The attributes for this charaetoristic are:

A. Fst SB The PDS is a short term SBO, Core damage occurs approximately>

1 hour after the initiating event, None of the energency
coolant injection systems provide water to the RPV before core
damage.

B. S1w SB The PDS is a long-torni SBO, Core damage occurs approximately
12 hours after the initiating event. Emergency coolant
injection systems initially provide water to the core; however,
the systems subsequently fail, and the accident proceeds to
core damage.

C. Fat T2 The PDS is a short term T2 transient. Coro damage occurs
approximately 1 hour af ter the initiating event. None of the
emergency coolant injection systems provide water to the RPV
before core damage. The RPV is at high pressure before core
damage.

D. S1w T2 The PDS is a long-term T2 transient, Core damage occurs
approximately 12 hours after the initiating event. Emergency
coolant injection systems initially provide water to the core;
however, the systema subsequently fail, and the accident
proceeds to core damage. The RPV is at high pressure before
core damage.

E. Fs t-TC The PDS is a ' short term ATWS, The ' standby liquid control
system is not initiated, and core damage occurs approximately 1
hour after the initiating event, None of the emergency coolant
injection systems provide water to .the RPV before core damage.
The RPV is at high pressure before core damage,

A,1.3-1
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F. Siv TC The PDS is a long term ATWS. The standby liquid control system
is not initiated, and core damage occurs approximately 12 hours
after the initiating event. Emergency coolant injection i

'systems initially provite water to the core; however, the
sys teros subsequently fail, and the accident proceeds to core
damage. The RPV is at high pressure before core damage.

4

This characteristic represents the type of accident (i.e., SBO, ATWS, or
T2) and the time at which core damage occurs.

Case 1: This case defines the conditions for Attribute A, Fst SD. The

conditions for thin case are that the PDS must be an SB0 and core
damage inust occur in 1 hour.

.

Case 2: This case defines the conditions for Attribute B, Siv SB. The
conditions for this caso are that the PDS must be an SB0 and core
damage must occur in 12 hours.

Case 3: This case defines the conditions for Attribute C Fat T2. The
conditions for this case are that the PDS must be a 12 transient and
core damage must occur in 1 hour.

Case 4: This caso defines the conditions for Attribute D, S1w T2. The-
conditions for this case are that the PDS must be a T2 transient and
core damage must occur in 12 hours.

Case 5: This case defines the conditions for Attribute E, Fat-TC. The
conditions for this case are that the PDS must be an ATWS and core
damage must occur in 1 hour.

Case 6: This case defines the conditions for Attribute F, S1w TC. The
conditions for this case are that the PDS must be an ATWS and core
damage must occur in 12 hours.

;

Characteristic 2. Zroxid (Fraction of Zirconium Oxidized In-Vessel)
2 Attributes, 2 Cases,

The attributes for this characteristic are:

A. HiZrox A large amount of zirconium was oxidized before VB. . This
attribute represents pathways in which more than 21% of the
zirconium in the core was oxidized.

B. LoZrox A small amount of zirconium was oxidized in vessel before VB.
This attribute represents pathways in which less than 21% of
the zirconium in the core was oxidized.

This characteristic represents fraction of zirconium that is oxidized in
the vessel before core damage.

Case 1: This case defines the conditions for Attribute A. HiZr0x. The
condition for this case is that the fraction of zirconium oxidized

A.1.3 2
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before VB must be greater than 21% of the total inventory of zirconium
in the vessel,

! Case 2: This case defines the conditions for Attributs !), LoZrox. The
| condition for this case is that the fraction of zirconium oxidized

before VB mu.at be less than 21% of the total inventory of zirconium in
the vessel.

Characteristic 3. VB (Vessel Condition at VB)
,

$ Attributes, 5 Cases

The attributes for this characteristic are:
i

A. IliP nLPI The RPV fails at high~ pressure and coolant injection is not
provided to the RPV after VB.,

B. lop nLPI The RPV fails at low pressure and coolant injection is not
provided to the RPV after VB.

C. liiP LPI The RPV fails at high pressure and water is being injected
into the RPV after VB.

D. lop LPI The RPV fails at low pressure and water is being injected
into the RPV after VB.

E. nVB The RPV does not fail (i.e., core damage was arrested).

This characteristic represents the RPV pressure just before VB and the
availability of coolant injection after VB.

Caso 1: This case defines the conditions for Attribute E, nVB.
Coolant injeccion is restored to the RPV during core damage and VB is
averted.

, Case 2: This case defines the conditions fc cribute A, liiP nLPl.

| The conditions for this case are that the RPV a ,.,t be at high iressureT

during core damage and water is not supplied to the- vessel shor tlyi

after VB. Accidents that have partial flow from an injection source
after VB or late recovery of an injection system are- included in this
case.

Case 3: This case defines the conditions for Attribute B, lop nLPI.
The conditions for this case are that the RPV must be at low pressure
(less than 200 psia) during core damage and water is not supplied to
the vessel shortly after VB. Accidents that have partial flow from an
injection source after VB or late recovery of an injection system are !
included in this case, l

Case 4: This case defines the conditions for-Attribute C, liiP LPI.
The conditions for this case are that the RPV must be at high pressure i

during core damage and water must be . supplied. to the vessel af ter VB. |
The water can be supplied to the RPV either during VB or shortly after

A.1.3 3
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VB Recovery of inj ec tion systems late in the accident is not
considered in this case. !,

I

Case 5: This case defines the conditions for Attribute D, lop LPI. l
The conditions for this case are that the RPV must be at low pressure j

(less than 200 psia) during core damage and water must be supplied to J
I

the vessel attor VB. The water can be supplied to the RPV either
during VB or shortly af ter VB. Recovery of injection systems late in
the accident is not considered in this case.

Characteristic 4. DCll-SE (Fraction of Core Participating in DCH or Ex-
Vessel steam Explosion)
5 Attributes, 5 Cases

The attributes for this characteristic are:

A, liiDCH A large fraction of the core (40%) participates in an
(llPME/DCll) event.

B. LoDGd A small fraction of the core (10%) participates in an IIPME/DCll
event.

C. liiEXSE A largo fraction of_ the core (20%) participates in an ex vessel
steam uxriosion.

.

| D. LoEXSE A small fraction of the core (5%) participates in an ex vessel
steam explosion.

E, nDCH-SE Neither an HPME/DCil erent nor an ex vessel steam explosion
occurs at VB.

This characteristic represents whether a HPME/DCH event or an ex-vessel
steam explosion occurs at VB. This characteristic also indicates the
amount of material that is involved in the energetic event.

.

Case 1: This caso defines the conditions for Attribute A, liiDCH. A
itPME/DCH event that involves a large amount of molten core debris
occurs at VB.

Case 2: This case defines the conditions for Attributo B, LoDCll. A

HPME/DCil evcnt that involves a small amount of molten core - debris
occurs at VB.

Case 3: This caso defines the conditions for Attribute C, HiEXSE. An
ex vessel steam explosion that involves a large amount of molten core
debris occurs at VB.

Case 4: This case defines the conditions for Attribute D, LoEXSE. An
ex-vessel steam explosion that involves a small amount of raolton core

j debris occurs at VB.
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Case 5: This caso defines the conditions for Attribute E, nDCil- S E . j

Neither an llPME/DCll c; ent nor an ex-vessel steam explosion occurs at i

VB. )
1

Characteristic 5, SPB-L (Mode and Timing of Suppression Pool Bypass)
8 Attributes, 8 Cases

The av.:.ributes for this characteristic are:

A. SPBEOLO Th. =utpression pool is not bypassed during the accident.

B. SPBE0I3 Tbo dryuell is intact during core damage; however, it is
ruptured at VB or shortly after VB.

C. SPBE0L2 TW drywel L d# elops a leak late in the accident.

D. SPBEOL3 The drywell is intact early in the accident but is ruptured
late in the accident.

E. SPBE2L2 The drywell develops a leak during core damage. The size of
the failure does not increase later_in_the accident.

F. SPBE213 The drywell develops a leak during core damage that increases
into a rupture at VB or shortly af ter VB.

G. SPBEEL3 The drywell develops a leak during core damage. The leak
increases into a' rupture during the late time period,

11 . SPBE3L3 The drywell is ruptured during core damage.

The mode and timing cf drywell failure are represented by this
characteristic. Failure of the drywell establishes a pathway from the
drywell to wetwell that bypasses the suppression pool. A leak in the
drywell allows some radionuclides in the dryvell . to bypass the suppression
pool, whereas a rupture allows all the radionuclides in the r'rywell to
bypass the pool. -

Case 1: This case defines the conditions for Attribute A, SPBEOLO.
The condition for this case is that the drywell- does not fail during
the accident.

Case 2: This case defines the conditions for Attribute B, SPBE0I3 The
condition for this case is that the drywell is intact during core
damage and then is ruptured shortly after VB.

Case 3: This case defines the conditions for Attribute C, SPBE0L2. The
condition for this case is that the drywell is intact during core
damage and shortly after VB and then develops a leak during the late
time period.

Case 4: This case defines the conditions.for Attribute D, SPBEOL3. The
condition for this case is that the drywell is intact during core

A.L.3 5
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damage and shortly' af ter VB and th'en is ruptured during' the late time
period.

Case 5: -This case defines the conditions _for Attributo E, SPBE2L2. The-

condition for this caso is ' that the 'drywelli develops - a leak either
~

i

during core damage or shortly af ter VB. - The size of.the' failure does -i
-

not increase during the later stages of the accident.

Case 6: This case defines the conditions for Attribute F, SPBE213. The=
condition for this case _ is that the drywell- develops a-leak during core
damage that increases _into a rupture-shortly after_VB.. r

Case 7: This case defines the conditions for Attribute G,|SPBE2L3. The
condition for this case 'is that _ the drywell develops a leak; either
during core' damage or ' shortly af ter- VB. The leak increases = into a
rupture during the. late time period. ;

i

Case 8: This caso defines the conditions for Attribute H, SPBE3L3. The- |
condition- for this case ' is that the drywell develops a rupture durinE
core damage.

Characteristic 6._ CLEAK-L_(Mode and Timing of Containment Failure)-
9 Attributes,-9: Cases -

'

The attributes for this characteristic are:

A. CE-Lk The containment _ develops'a leak.during core damage.

-B, CE Rpt The containment is ruptured early during core! damage.

C. CE VENT The operators vent the containment before core damage.

. D. CVB Lk The containment develops a leak shortly after|.VB.'

E. CVB-Rpt The containment is ruptured shortly'after__VB. *

F. -CL-Lk The containment' develops a leak-late.in the accident.
I

G. CL Rpt. The containment is ruptured late:in'the accident,

i H. CL VENT- The containment is vented' late-in.the accident.

I.- CnFail.: The containment-does not fal1~duringLthe accident,
y

The mode' and . timing ~of ' containmentc failure are ' represented by ' this '

r characteristic. In a vented containment, the operators knowingly open.the
-'v o n t and: release radionuclides to. the environment,.but in - a - failed
-containment, _ the operators cannot control the1 event. ' In ~ the source i term ,
analysis a vented containment -is . treated -the same: as; a' ruptured-
containment.

<

1 Case 1: This caso defines the conditions for JAttribute A,= CE LK. The
P condition for this case is that the containment. develops a leak during-
* A.1.3 6.-
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core damage, and it does not increase to a rupture during VB. During
the late time period, the failure can either remain as a leak or
increa.e into a rupture.

Case 2: This case defines the conditions for Attribute C, CE VENT. The
condition for this case is that the operators vent the containment ;

during core damage, j

Case 3: This case defines the conditions for Attribute B, CE-Rpt. The
condition for this case is that the containment is ruptured during core

damage.

Case 4: Th' sso defines the conditions for Attribute D, CVB IX. The
condition'f this case is that the containment is intact during core

damage and then develops a leak at VB. During the late time petlod,
the failure can either remain as a leak or increaso into a rupture.

Case 5: This case defines the conditions for Attribute E, CVB Rpt. The
condition for this case is that the containment is ruptured at VB. The
containment was either intact or leaking during core damage,

Case 6: This case defines the conditions for Attribute F, CL LK. The
condition for this case is that the containment is intact at VB and
then develops a leak late in the accident.

Cann 7: This caso defines the conditions for Attribute !!, CL VENT. The
ccmtition for this case is that the containment is intact at VB, and
then the operators vent the containment late in the accident.

Case 8: This case defines the conditions for Attribute G, CL-Rpt. The
condition for this case is that the containment is intact at VB, and
then is ruptured late in the accident.

Case 9: This case defines the conditions for Attribute I, CnFail. The
condition for this case is that the containment does not fail during
the accident. *

Characteristic 7. Sprays (Time Period in Which Containment Sprays Operate)
4 Attributes, 4 Cases

The attributes for this characteristic are:

A. noCS The containment sprays do not operate during the accident.

B. ECSnot The containment sprays operate early in the accident but are
not available after VB.

l

C. LCS Although the containment sprays do not operate early in the
accident, they do operate after VB.

D. ECS The containment sprays operate both before and after VB.
|
|
|
'
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The r.tatus of the containment spray system during the various time regimes
considered in this analysis is represented by this characteristic. The
operation of the containment sprays is important in the source term
analysis because the water droplets sprayed into the containment atmosphere
will remove a fraction of the airborne radionuclides.

Case 1: This caso defines the conditions for Attribute A, noCS. The
condition for tFis case is that the sprays do not operate during core
damage or shortly af ter VB. The operation of the sprays during the
late time period will not significantly affect the release of
radionuclides from the containment. If the containment fails before
the late petiod, most of the radionuclides will have been released
before the sprays are recovered. When the containment fails in the
late time period, the failure is usually caused either by a hydrogen
burn or by the accumulation of noncondensibles or steam. Although
hydrogen burns in the late timo period are generally ignited when ac
power is recovered, the sprays will n ; be initiated immediately, and
most of the releases will not be affected by the sprays. Similarly,

the sprays are generally not available when the containment fails from
the accumulation of noncondensibles or steam.

Case 2: This caso defines the conditions for Attribute B, ECSnoL. The
condition for this case is that the sprays operate during core damage
but do not operate after VB.

Case 3: This case defines the conditions for Attribute C, LCS. The
condition for this case is that the sprays do not operate during core
d4unage but do operate shorrly af ter VB. As mentioned in Case 1, the
operation of the sprays during the late time period will not
significantly affect the release of radionuclides from the containment.

Case 4: This case defines the conditions for Attribute D, ECS. The
condition for this case is that the sprays operate during core damage
and shortly af ter VB. As mentioned in Case 1, the operation of the
sprays during the late time period will not significantly aff ect the
release of radionuclides from the containment. '

Characteristic 8. MCCI (Type of Core-Concrete Interactions)
5 Attributes, $ Cases

The attributes for this characteristic are:

A. DryCCI Core-concrete interactions occur in a dry cavity.

B. WetCCI Core-concrete interactions are initiated in a wet cavity.
However, the cavity eventually boils dry.

C. FLDCCI Core-concrete interactions occur in a flooded cavity. The
c ore debris is always covered by a pool of water.

D. D1yCCI De onset of core concrete interactions is delayed by several
| hours.

| A.1.3-8
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E. noCCI The core debris in the reactor cavity is cooled by a

replenishable source of water. Thus, CCIs do not occur.

This characteristic summarizes the coolability of the core debris in the
reactor cavity and the amount of water covering this core debris. If the

core debris is coolable, there ar,e no CCIs. ,

Case 1: This case defines the conditions for Attribute A, DryCCI. The
condition for this case is that the core debris in the reactor cavity
is not coolable and CCI occurs in a dry cavity,

Case 2: This case defines the conditions for Attribute B. WetCCI. The
condition for this case is that the core debris in the reactor cavity
is not coolable and CCI occurs _ in a wet cavity. The water in the
cavity is not replenished, so the cavity eventually boils dry.

Case 3: This case defines the conditions for Astribute C, FLDCCI. The
condition for this case is that the core debris in the reactor cavity
is not coolable and CCI occurs in a flooded cavity. Because of the
amount of water in the drywell, ..e core debris in the cavity will be
covered with water throughout the accident.

Case 4: This case defines the conditions for Attribute D, D1yCCI. The
condition for this case _ is that the core debris in the reactor cavity
is coolable and the cavity is wet, llowever, because the water in the
cavity is not replenished, the core debris - will eventually boil dry.
Once the cavity is dry, CCI will be initiated.

Case 5: This case defines the conditions for Attribute E, noCCI. The
condition for this case is that the core _ debris in the reactor-cavity
is coolable and the cavity-is either flooded, or the cavity is wet and
there is a replenishable supply of water. Thus, there are no core-
concrete interactions,

Characteristic 9. SRVBkr (Occurrence of a Stuck-Open SRV Tailpipe Vacuum
'

Breaker)
2 Attributes, 2 Cases

The attributes for this characteristic are:

A. oSRVBkr An SRV tailpipe vacuum breaker sticks open during core
damage.

B. cSRVBkr There are no tailpipe vacuum breakers stuck open.

This characteristic summarizes the performance of_the SRV tailpipe vacuum
breakers. A tailpipo vacuum breaker sticking open is important because a
fraction of the in vessel releases are discharged into the drywell rather
than into the suppression pool. If the drywell fails during core -damage,
the radionuclides released to the drywell can enter the wetwell without
going through the suppression pool. If the drywell is intact during core
damage, these releases will enter the wetwell through the horizontal vents

A.1.3-9
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in the suppression pool, llowever, the decontamination factor (DF)
associated with releases that pass through the horizontal vents is less
then the DF associated with releases that pass through the T quencher at
the end of the SRV tailpipe.

Case 1: This case defines the conditions for Attribute A, oSRVBkr.
The condition for this case is that an SRV tailpipe vacuum breaker
failed to reclose during core damage.

Case 2: This case defines the conditions for Attribute B, cSRVBkr.
The condition for this case is that there are no SRV tailpipe vacuum
breakers stuck open.

Characteristic 10. CF-BVB (Modes and Events That Cause Containment Failure
Before VB)
8 Attributes, 8 Cases

The attributes for this characteristic are:

A. E-VENT The operators vent the containment during core damage.

B. CR-SP The containment is ruptured during core dama6e by steam
genersted from the saturated suppression pool,

C. CR-DET A detonation in the wetwell ruptures the containment during
core damage.

D. CR-DEF A deflagration in the wetwell ruptures the containment during
core damage.

E. CL-SP Steam generated from a saturated sup'pression pool fails the
containment during core damage. The failure mode is a leak.

F. CL-DET A detonation in the wetwell fails the. containment during core
damage. The failure, mode is a leak.

.

G. CL DEF A deflagration in the wetwell fails the containment during
core damage. The failure mode is a leak,

11 . nCFail The containment does not fail during core damage.

This characteristic summarizes the events that cause containment failure ,

and the mode of containment failure during core damage. This information
is not passed on to the source term analysis.

Case 1: This case defines the conditions for Attribute A, E-VENT. The
condition for this case is that the operators vent the containment
during core damage.

Case 2: This case defines the conditions for Attribute B, CR SP. The
condition for this case is. that the containment fails either before or
during core damage as a result - of the accumulation of steam in the

A.1.3-10
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containment. The mode of failure is a rupture. The source of the
steam is the saturated suppression pool,

Case 3: This case defines the conditions for Attribute C, CR DET. The
condition for this case is that a detonation in the wetwell ruptures
the containment during core damage.

Case 4: This case defines the conditions for Attribute D, CR DEF. The-
condition for this case is that a deflagration in the wetwell ruptures
the containment during core damage.

Case 5: This case defines the conditions for Attribute E, CL SP. The
condition for this case is that the containment fails either before or
during core damage as a result of the accumulation of steam in the
containment. The mode of failure is a leak. The source of the steam
is the saturated suppression pool.

Case 6: This case defines the conditions for Attribute F CL DET. The
condition for this case is that a detonation in the wetwell fails the
containment during core damage. The mode of failure is a leak,

Case 7: This caso defines the conditions for Attribute G CL DEF. The
condition for this case is that a deflagration in the wetwell fails the
containment during core damage. The mode of failure is a leak,

Case 8: This caso defines the_ conditions for Attribute H, nCFail. The
condition for this case-is that the containment does not fail before
VB.

Characteristic 11. CF-VB (Hodes and Events That Cause Containment
Failure at VB)
8 Attributes, 8 Cases

The attributes for this characteristic are:

'

A. Erupt The containment is ruptured during core damage.

B. ALPHA An Alpha Hode event fails the containment.

C. IR Det A detonation in the wetwell ruptures the containment shortly
after VB.

D. IR Def A deflagration in the wetwell ruptures the containment-
shortly after VB.

E. E Leak The containment fails in the Icak mode during core damage.

F. IL Det A detonation in the wetwell fails the containment shortly
after VB. The mode of failure is a leak.

G. IL-Def A deflagration in the wetwell fails the containment shortly
after VB. The mode of failure is a leak.
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H. nICFall The containment does not fail shortly after VB.

This characteristic summarizes the events that cause containment failure<

and the mode of containment failure shortly af ter VB, This information is
not passed on to the source term analysis.

Case 1: This case defines the conditions for Attribute A, Erupt. The
condition for this case is that the containment is ruptured during core
damage,

i
.

Case 2: This caso defines the conditions for Attribute B, ALPHA. The
condition for this case is that a large in vessel steam explosion i.

results in an Alpha Mode event. The Alpha Mode event ruptures both the
drywell and the containment.

Case 3: This caso defines the conditions for Attribute C, IR Det. The,

condition for this case is that a . detonation in the wetwell ruptures
the containment shortly _after VB.

Case 4: This caso defines the conditions for Attribute D, IR Def. The,

condition for this case is that a deflagration in the wetwell ruptures
the containment shortly after'VB.

.

Case 5: This caso defines the conditions for Attribute E, E Leak. The
condition for this case is that the containment fails during core
damage. The mode of failure is a leak.

Case 6: This case defines the conditions for Attribute F, IL Det. The
condition for this case is that a detonation in the wetwell fails the
containment shortly after VB. The mode of failure is a leak.

Case 7: This case defines the conditions for Attribute G, IL-Def. The
condition for this case is that a deflagration in the wetwell fails the
containment shortly af ter VB. The node of failure is a leak.

Cane 8: This caso defines the conditions for Attribute H, nICFa'il. The
condition for this case is that the containment does not fail shortly
after VB.

.

Characteristic 12. DF-BVB (Modes and Events That Cause Dryvell Failure
During Core Damage)
5 Attributes, 5 Cases

The attributes for this characteristic are.
.

4

A. DR-Det A detonation in the wetwell ruptures the drywell during core
damage.

B. DR Def A deflagration in the wetwell ruptures . the drywell during
j core damage.

A.1.3 12
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C. DL Det A detonation in the wetwell fails the drywell in the Icak
modo during core damage.

D. DL Def A deflagration in the -wetwell fails the drywell in the leak
mode during core damage.

E. nDFall The drywell does not fail during core damage.

This characteristic summarizes the events that cause drywell failure and
the mode of drywell failure during core damage. Before VB, the only events
that can fail the drywell are detonations and severe deflagrations. It is

also possible for the drywell to have a pre existing leak. Because the
probability of pre existing leaks is small, these leaks . are grouped with'
icaka caused by deflagrations. This information is not passed on to the
source term analysis.

Case 1: This case defines the conditions for Attribute A, DR Det. The
condition for this case is that a detonation in the wetwall ruptures
the drywell during core damage.

Case 2: This case defines the conditions for Attribute B, DR Def. The
condition for this case is that a deflagration in the wetwell ruptures
the drywell during core damage.

Case 3: This case defines the conditions for Attribute G, DL Det, The
condition for this case is that a detonation in the wetwell fails the
drywell during core damage. The-mode of failure is a leak.

Case 4: This case defines the conditions for Attribute D, DL-Def. The
condition for this case is that a deflagration in the wetwell fails the
drywell during core damage. The mode of failure is a leak.

Case 5: This caso defines the conditions for Attribute E, nDFail. The,

'

condition for this case is that the drywell does not fall during core
damage.

.

Characteristic 13. DF-VB (Modes and Events That Cause Drywell Failure at
VB)
12 Attributes, 12 Cases.

|

The attributes for this characteristic are:

A. EDWRpt The drywell is ruptured during core damage.

B. ALPHA An Alpha Mode ' event fails the drywell.

C. R-DWOP The drywell is ruptured by quasi-static loads accompanying.
VB.

D. DR Det A detonation in the wetwell ruptures the drywell shortly
after VB.

A.1.3-13
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DR Def A deflagration in the wetwell ' ruptures ' the drywell shortlyAE. ,

*

after VB;

F. R PedP~ The- f ailure of the reactor pedestal - at VB | ruptures the-

drywell. Quasi staticiloads accompanying VB f ail - the -
pedestal.

C. R-PedSE The failure of the reactor pedestal at ' VB ruptures the:
'drywell. Dynamic loads associated with an ex-vessel: steam

; explosion fail the pedestal at VB;

H. EDWLK The drywell fails in the leak mode during core damage.

. I. L DWOP Quasi static loads accompanying VB' fail the- drywell in the
'

leak mode.

J. DL Dec A detonation in the wetwell fails the drywell shortly- af ter

VB.-'The mode of failure is a leak.

.K. DL Def A deflagration in the.wetwell. fails the drywell shortly after
,
~

-VB. The mode of failure is'a leak- ,

!

L. nIDWF The drywell does not fail shortly.after VB..
_

4

; This characteristic : summarizes the events that scause -drywell- failure and-
the mode of drywella failure shortly ' after ' VB'. This information is not-
passed on to the source'. term-analysis.

,

Case 1: This case defines the conditions for_ Attribute A, EDWRpt. .The
condition for -this case is .that the : drywell ~ is ruptured :during core.-
damage.

Case 2: This case defines the conditions for-Attribute B, ALPHA. -The
condition for - this. case is 'that. a largo in vessel steam explosion-

' results in an Alpha-Mode-event that ruptures both the drywell and the-

~'

containment.

case-3: .This caso defines the conditions for Attribute C,.R-DWOP.-'The
condition for this-case is that thei drywell is ruptured at VB by the
quasi static-loads-accompanying VB. -These. loads include contributions-

<

from DCH, ex vessel steam explosions, and RPV-blowdown.

Case 4: This. case defines the conditions for Attribute D, DR-Det. The
condition' for this : case is that , a : detonation ' in the wetwell ' ruptures'
the drywell shortly after VB.

Case 5: This case defines the conditions for Attribute E,'=DR Def. The
condition for - this case is that a : deflagration in the wetwo111 ruptures

,

the drywell-shortly after VB.' ' R

Case 6: 'This case defines.:the conditions;for-Attribute F,'R PedP. The
condition for this case is ' that failure of the reactor pedestal at _VB. :)

A.1.3-14
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ruptures the drywell. Quasi-static loads accompanying VB fail the
pedestal.

Case 7: This case defines the conditions for Attribute G. R PedSE. The l

condition for this case is that failure of the reactor pedestal at VB
ruptures the drywell, Dynamic loads associated with~an ex vessel steam
explosion failed the pedestal at VB, I

Case 8: This case defines the conditions for Attribute H, EDWLK, The
condition for this case is that the drywell fails during core damage.
The mode of failure was a leak,

Case 9: This case defines the conditions for Attribute I,-L-DWOP. The
condition for this case is that the drywell fails in tl e leak mode at
VB hy the quasi static loads accompanying VB, These loads include
contributions from DCH, ex vessel steam explosions, and RPV blowdown,

Case 10: This caso defines the conditions for Attribute J, DL-Det, The

condition for this case is that a detonation in the wetwell fails the
drywell shortly after VB. The mode of failure is a leak,

Case 11: This case defines the conditions for Attribute.K, DL-Def. The
condition for this case is that a deflagration in the wetwell fails the
drywell shortly after VB, The mode of failure is a leak,

Case 12: This case defines the conditions for Attribute L, nIDWF. The
condition for this case is that the drywell does not fail shortly after
VB.

.

|

|

|

|
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A.l.4 Listinn of the APET Binner

Section 2.4 of this volume generally describes the _ accident progression
bins and defines each attribute of each characteristic, so that material is

not repeated here, Subsection A.l.3 is a detailed case-by-caso description
of the binner, The binner, a computer input file read by EVNTRE,_is listed
here.

The binner file uses a format similar to - that used in the APET, with the
same mnemonic abbreviations for each branch of every quection. The
structure of the binner file _ is explained in the ' EVNTRE reference manual,
NUREG/CR-5174. A*10 The binner is listed below.

.,

L

|

i
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ORAND GULF BINNING INPQT ** Version 7 **
13 ASeq ZrOxid VB DCll-SE SPD-L CLEAK-L SPRAYS

HCCI SRVPKr CF-BVB CF-YB DF-BVB DF-VB
6 6 Tot-SB 51w-SB Fat-72 Siw-T2 Fot-TC Siw-TC
1 1 20

1

Fat-SB
1 2 20

2
Siw-SB

1 3 20
3

Fat-T2
1 4 20

4

Siw-T2
1 5 20

5
Fst-TC

1 6 20
6

51w-TC
2 2 HitrOx LotrOx
2 1 36 36

-6 * -7
nZrOx10 ntrOx<10

2 2 36 36
6 + 7

ZrOx10 ZrOxc10
5 5 hip nLPI lop-nLPI hip-LPI lop-LPI nVB
1 5 63

5
nBreach

3 1 26 97 97
1 ( 1 + 2)

E4-HtP nLDBWat S LDBWat
2 2 97 97

( 1 + 2)
nLDDWat S-LDBWat

1 3 26
1

E4 hip

1 4 26
2

| E4-LcP
5 5 HIDC11 LoDCH HIEXSE LoEXSE nDCII-SE -

2 1 64 61
1 1

HPHE HtLiqVB
1 2 64i

1

HfkE
2 3 67 61t

| 1 1

! ExSE HtLiqVB
! 1 4 67

1

ExSE
2 5 64 67

2 2
niittE nExSE

6 6 SPBEOLO SPBE0I3 SPBEOL2 SPBE0L3 SPEE2L2 SPBE213 SPBE2L3 SPBE3L3
1 1 121

1

LroPB

!

|

A.1.4-2
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2 2 52 9$
1 3

E5nSPB I-SPB3
3 3 52 95 122

1 1 2
E5nSPB InSPB L SPB2

3 4 52 95 122
1 1 3

E5nSPB InSPB L-SPB3
5 5 95 122 52 95 122

(2 * 2) + (1 * 2 + 2)
I-SPB2 L SIT 2 E5nSPB - I SPB2. L-SPB2

2 .6 52 95
2 * 3

ES-SPB2 1-SPB3
2 7 95 122

;
2 * 3

I*SPB2 L-SPB3
1 6 52

3
ES-SPB3

9 9 CE-Lk CE Rpt CE-VENT ' CVB Lk CVB Rpt CL-Lk CL*Rpt
CL VENT CnFall

2 1 50 93 ,

2 - * 2- i

ES-CL2 I-CL2
1 3 22

2
E3-VINT

2 2 15 0 50i

: 3 + 4
I ES-CL3 ES-CLA
! ! .* 93
1 2
| I*CL2

"

2 5 93 93
3 + 4

I-CL3 I-CL4
1 6 125

2
LT-CL2

2 8 103 119
2 + 2

I-Vent L-Vent
2 7 125 '125

3- + 4 - -

LT-CL3 LT-CL4-
1 9 125

'l
LTnCL

4 4 noCS ECSnot LCS .ECS
6 1 30 81 106 30 81 106

( -4 e 4 e -4) + ( - .4 * 4 e 4) .
nE4-CS n!-CS nL-CS nE4 CS nI-CS L C3 -

3 2 30 81 106
4 -4 -4

E4-CS n! CS nL-CS
6 3 30 81 :106 30 Si 106

( - -4 * 4 * -4) + ( -4- * 4 - a - 4)
nE4-CS I-CS nL-CS- nE4-CS, I-CS L-CS -

6 4 30 81 106 30 81 306
( * * 4 * -4) + (4 *- 4 * 4)

E4 C. I-CS nL CS E4-CS 1 CS - ~L-CS i

5 5 DryCCI WetCCI FLDCCI OlyCCI noCCI
1 1 99

1

A.1.4-3
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CCI
1 2 99

2
WeLCCI

1 3 99
3

FidCCI
1 4 99

4

DiyCCI |
1 5 99 j

5

noCCI
2 2 oERVBkr cSRVBkr
1 1 23

1

oSRVBkr
1 2 23

2
cSRVBkr

8 8 E VENT CR SP CR-DET CR*DEF CL-SP CL-DET CL-DEF nCFall
1 1 22

2
E3 VENT

3 2 16 38 38
3 + 3 + 4

El L3 ESP CL3 ESP-CL4
1 3 49

3

E4 DtF3
2 4 50 50

3 + 4

,CL3 ES-CLA
2 5 16 38

2 + 2
El L2 ESP-CL2

1 6 49
2

E4-DtF2
'l 7 50

2
ES-CL2

1 8 50
l'

.E$nCL
.

6 8 Erupt ALPHA IR-Det IR-Def E Leak IL-Det IL-Def nICFall '

2 1 50 50

| 3 + 4-

ES CL3 ES CL4-
1 2' 58

1

ALPEA-
|' 1 3 92
'

3

I-DtF3
I .2 4 93 93

- 3 + 4

1-CL3 I CL4
| 1 5 50

| 2
I ES-CL2

1 6 92
2-

I DtF2

A.1,4 4
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1 7 93
2

I CL2
1 8 93

1

INCL
5 5 DR-Det DR-Det DL Det DL-Det nDFall
1 1 40

3

E DWDL3
1 2 52

-3
ES*SPB3

2 3 48 17
2 * ~2

E-DWDt2 El-SPB2
1 4 52

2
E5 SPB2

1 5 52
1

ES SPB1
12 12 EDWRpt ALPHA R-DWOP R-PedP R-PedSE DR-Det DR Def

EMk L-DWOP DL-Det DL-Det nIDWF
1 1 52

3 i

E5-SPB3
1 2 58

1

ALPHA
2 3 73 73

4 + 5
I-DWOP3 I DWHOP3

2 4 76 74
-1 * 1

1 DWFPed I-PedFP
1 5 76

1

I-DWFPed
2 6 91 72

3 + 3
1-DWDt3 1-DWFI3

1 7 95
3

I-SPB3
1 6 52

l

-

2
1

ES+SPB2
2 9 73 73

2 + 3
I-DWOP2 1-DWHOP2

2 10 91 72
2 + 2

I-DWDt2 'I-DWFI2
1 11 95

2
I-SPB2

1 12 95
1

InSPB
.

,

1
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n.1.5 Description of the APET Rebinner
;

Section 2.4 of this volume generally describes the accident progression
. bins and defines each attribute of each characteristic, so that material is
not repeated here. The-binning scheme utilized for the evaluation of the
APET does not exactly match the input information required by GGSOR. The
additional information in the-initial binning .is kept because it provides a
better record of the outccmes of the APET evaluation. Therefore, there is

a step between the evaluation of the APET and the evaluation of GGSOR known
as "rebinning." In rebinning, a few attributes in some charactaristics are
combined because there are no significant differences between them for
calculating the fission product releases.

In the rebinning for Grand Gulf, there are no changes for. Characteristics 1
through 9. That is, for these nine characteristics , - the information
produced by the APET is exactly that used by GGSOR. Characteristics .10,

11, 12, and 13, provide additional information on the types of events that
caused containment and drywell-failure. This additional information is not
used by GGSOR and has therefore been deleted in the rebinning process.-

_.

O
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A.1.6 Listine of the APE'l Rebinner

Section 2.4 of this volume generally describes robinning and defines < each
attribute of each <haracteristic of the accident progression bins, so that j

material is not repeated here, Subsection A.1.5 describes the function of -|

the robinner. The robinner, a computer input file read by the EVPTRE j

postprocessing code, PSTEVNT, is listed here, j
|

The robinner file uses a format similar to that used in the APET binne J. ;

It uses mnemonic abbreviations for each attribute of each characteristic in j

a manner similar to the way in which the binner itself uses the mnemonic
question and branch mnemonic indicators of the APET, The structure of the_

robinner file is explained in the PSTEVNT Reference Manual, NUREG/CR-
5380.6-11 The robinner is listed below,

.
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ACCIDENT PATINAY BINNING FOR OGSOR
9 ASeq ZrOxid VB DCH-SE SPB CT-- SPRAYS

HCCI SRVEkr
6 6 Fat SB S1w-CB Fat-T2 S1w-T2 Fat-TC Siw-TC
1 1 1

1

Fat-SB
1 2 1

2
Siw SB

1 3 1

3

Fat *T2
'

1 4 1

4

S1w-T2
1 5 1

5
Fat-TC

1 6 1

6

S1w-TC
2 2 HIErox - LoZrox
1 1 2

1

HiZrox
l- 1 2 2

2
LoZrox

'
5 5 hip-nLPI lop nLPI hip-LPI lop-LPI nVB
1 1 3

1

HLP-nLPI-
1 2 3

'
2

lop nLPI

1 3 3
3

HIP-LPI
1 4 3-

4

lop LPI

1 5 3

5

nVD
5 5 HtDCH LoDCU HtEXSE LoEXSE nDCH-SE
1 1 4

1

HtDCH
1 2 4

2
LoDCH-

1 3 4

3

HiEXSE
1 4 4

4

LoEXSE
1 5- 4

5
nDCH+SE

8 8 SPBEOLO SPBE013 SPBEOL2 SPBEOL3 SPBE2L2 SPBE213 SPBE2L3 SPBL3L3
1 -1 5

1

SPBEOLO

|

A.1.6 2 |
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1 2 5
2

SPBE013
1 3 5

3

SPBE0L2
1 4 5

4

SPBEOL3
1 5 5 j

5
SPBE2L2

1 6 5

6
SPBE213

1 7 5

7

SPBE1L3
1 6 5

8

SPBE3L3
9 4 CE-Lk CE-Rpt CE-VENT. CVB Lk CVB Rpt CL Lk- CL-Rpt

CL-VENT CnFall
1 1 6

1

CE-Lk
1 2 6

2
#

CE-Rpt
1 3 6

3

-CE-VENT
1 4 6

4

CVB IA
1 5 6 j

5

. CVB-Rpt
1 6 6

6
CL-Lk

1 7 6
7

CL-Rpt
1 -- 6 6

6

CL-VENT
1 9 6

9

CnFall
4 4 noCS ECSnoL LCS ECS
'1 1 7

1'
noCS

1 2 7
i.

2
ECSnot

1 3 7

3
LCS

1 4 7'

4

ECS

5 5 -DryCCI WetCCI FLDCCI DLyCCI noCCI
1 1 6

1

|
|
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i

i
a

i ..-
g

l'
1:
,

1

j. DryCCI

| 1 2 6
1 -- 2
I .WetCCI
'1

1. 3 8

3

TLDCCI
- 1 4 6

i
'

i
D1yCCI4

i 1 5 e
i
'

S

noCCI 1

2 2 oSRVBkr cSRVBkr
j- 1 1 0 -

1
J

OSRVBkr
1 2 9'

2
8 c5RVBkr
i
d

i
;

1

i

f
a

f
>
F

;j
$

,'
'

*.:

k:

- b

h

t

b

'

>

h
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A.2- - DESCRIPTION AND LISTING OF THE USER FUNCTION

A.2.1 Description of the User Function'for~the Grand Gulf APET

The user function is a FORTRAN function subprogram linked with EVNTRE after, ,

compilation. Without the user function,.EVNTRE is_ applicable.to any event 1

tree evaluation problem. ,once linked with the user function for the Grand--
Gulf APET, however, an executable module of EVNTRE specific for Grand Gulf -r

'

is created. The user function allows calculations and' manipulations to be
performed as the _ event tree is evaluated that are too complicated to be
treated in the tree itself.

The.-general types of calculations' performed'in the user function in support "

-Iof the Grand Gulf APET are those that:

Determine the containment baseline pressure during the various time.

periods;

Compute the amount of, hydrogen released' to the containmentjat VB*

and during CGI;-
{

Compute the concentration and the flammability of the atmosphere in.

the containment and drywell.during the various time periods;-
,

|
' Calculate the pressure rise due to hydrogen burns;.

Determine whether the containment fails'and the~ mode of failure;.

Determine whether the drywell fails and the mode of failure.*

| The Grand Gulf user function consists of a. series of computational modules,-
|- each identified by a six character na.h. The APET accesses . the ,

| computational modules through these names. L APET gestion . types _6 through 8;7
I are used to access the user function.- - The Ecommantin the . APET usedito - .

access the user function is FUN-######,- whero # reprocents an alphanumeric
character. For example, the command FUN-EBASPl in Question 37: accesses the
- computational module EBASP1 in the user function.' ' The various ,

c

computational modules in the Grand Gulf user function are listed cin Table ' '!

A . 2 - 1.-- In addition- to the name of the module, - the . APET question number
from which the- module .is called and a brief description of - the calculation
performed in the module are included in this table. _g

The Grand Gulf user function utilizes four other FORTRAN functions: ' PSLOW,-
PFAST, il2 BURN, and XINTRP. The functions PSLOW and=PFAST determine-whcther
the containment (or drywell) fails, and the mode of . failure for the slow

-and fast pressure' rise methods, respectively. The logic coded-_in these two
functions is explained - in more detail- in the following = paragraphs. The
func tion- ll2 BURN calculates ~ the ' overpressure that results from the-
combustion of hydrogen in an air / steam . mixture based on the . adiabatic
isochoric complete combustion (AICG) model. 'This function is, used with
information provided by the-Containment Loads. Expert Panel to determine the =)
peak pressure in the containment following a_ hydrogen burn. :The function
ll2 BURN calls the function UENERG, which is used -to calculate the change in

A.2;1-1
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|

internal energy of the gaseous constituents as a result of the burn. The i

function XINTRP is a utility . function used to interpolate linearly between 1

!
points in a distribution.

The method of determining containment-(or drywell) failure _and the mode of
-

failure warrants additional discussion. This discussion will refer to the
containment structure, but i the methods: are also applicable to the drywell"

structure. Furthermore, . the method as explained below considers three
modes of failure: leak, rupture, and catastrophic rupture. Ilowever, the

probability -that the Grand Gulf containment will fail as a = catastrophic :;

rupture (CR) is negligible. _Thus, in the_ numerical examples discussed- 4

below, the probability of a CR is zero. These methods can also be extended' 1

to more than three modes of failure, In fact, _ _the~ routines -coded in the-
functions PSLOW and-PFAST can handle five locations with-up to five. failure-

modes at each location.

The method is - straightforward for determining the = mode of containment --

failure for a pressure rise that is slow compared to'the leak rate, but the
method is more complex for determining the mode-of containment failure for
a pressure rise that is__ fast _ compared to the leak rate. For each
observation' in the sample, the UlS code ' selects a containment failure

-

pressure from containment failure pressure _ distribution (see Volume 2, Part-
6) and a random number between zero and one to be used to determine the
mode of failure. The load pressure depends on the - progression of the
accident, and it either can be a fixed value .or can be sampled from a- ,

-distribution. The load pressure _ is considered : a known' quantity in the
following discussion.

The load pressure and the containment: failure pressure are compared in
either function PSLOW or function PFAST, depending on whother the pressure >

rise is slow or fast. If the load pressure is'less than the containment
failure pressure, the containment does not fail. If''the load pressure is
greater-than or equal to the containment _ failure pressure,-the containment
fails. If the containment' fails, the random- number - is _ used - to determine.-

,

the failure mode.

If ~ the pressure . rise is slow' compared to : the time - it takes a leak to
depressurize the containment, .the conditional .: failure : probabilities

j (contained in-.the array PCONC) for the. load' pressure'are used directly. If
the random number is less than the leak = conditional ~ probability, . the;

u failure . mode is : leak. If the random number _ is greater than the_ L leak
conditional probability but less than - the! sum = of the leak conditional
probability and the rupture conditional probability,. the failure mode :is . t

rupture. If the random number is greater than the sum - of the leak
conditional probability _ and . the rupture conditional probability, . the
failure mode is catastrophic rupture. Concider an example -in which the
failure pressure is 335 kPa and the load pressuro~is greater:than 335 kPa.
The data statements in: the - user func tion i show that - the conditional
probability for leak at 335 kPa is 0.69,7 so if the random number is less
than 0.69, the failure mode is leak. The interval conditional probability
for : rupture is O' 31 -(conditional probability of - CR is 0.0), s o - if ' the
random number is between.0.69 and 1.0, the~ failure modo is rupture.

A.2.1 2
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If - the pressure rise is fast comparod' to the time it takes a leak to
depressurize the containment, the determination of the failure mode-is more

l. complicated. Development of a- leak will_ not: arrest :the pressure rise in
the containment, and a rupture or catastrophic' rupture may- occur at a-
higher pressure. ,The pressure will keep on' rising until the load pressure 1

is reached, or- until a rupture or catastrophic rupture -- occurs and -
terminates the pressure rise.. Figure A.2 1 ? illustrates tne process for-

discrete steps, At ? the failure pressure, there is some _ probability of
i rupture and CR. Most of the failures are " shown as leaks in- this

illustration, and for them,_ the pressure rises to the next step, where-
again a fraction is converted to rupture and CR. The process _ stops;at the-, -

load pressure. _ The leak- fraction remaining ;at' that ptessure . is - the _ total:-

leak. probability. The rupture probability is the total of.all the rupture: ,

fractions at all the steps, and similarly for CR..
o

Function ' PFAST performs- an analogous calculation for. mode. of containment
failure considering all. the pressures -'between the : failure pressure and the
load pressure. It calculates the probability,f of rupture or catastrophic'

-

rupture (CR) at all these ' intermediate pressures and then sums them to
obtain totalv conditional probabilities for each failuro1 rode. These-
probabilities 'are specific to the _ pair of failure; and .. load . pressures
considered. Once the total conditional probabilities for failure mode are -

computed, the random number is used to chooseJ the failure. mode, as in the
slow pressure rise case.

4

'

Consider an example in which the failure pressure is 335- kPa and the-' load
~

pressure is 363 kPa. If the containment fails by-rupture or CR at 335 kPa,.
~

,

the failure is so large that the pressure rises.no further; However, if a
leak develops at 335 kPa, the pressure will keep;on rising,: and a. rupture:
or - CR' may develop between 335 and ' 363 kPa. The . prg.bability of : an,
additional failure between ' 335 and 363 JkPa 'is proportional ~ to the failure
probability density .(FPD) for this pressure interval.-_ The portion of the-
cumulative . failure ' probability _(CFp) |' distribution below- 335 ; kPa is-
. discounted because failure has occurred'at 335 kPa.- Thus, the probability.
used to determine whether an additional failure .will occur between 335- and -
'363 kPa -is - not FPD(335) - - 0 . ,10 8 - [ i . e . , CFP(363) CFP(335)], but:-

FPD(335)/[1_ - CFP(335) } - - 0.108/(1 a 0.33) 0.16. .The conditional--

' probability of additional ruptures forming between 335 and 363: kPa---is the-
conditional leak ' probability. at 335 kPa L-times . the conditional 7 rupture
probability for-the 363 kPa-interval times the failure probability for'the?
interval.. For the conditional rupture probability, C,p, forithe interval

~ between 335 and 363 kPa. .the._ average :of the. values for 335 and 363 kPa is
.

used: (0.31 +"0.43)/2 - 0.37. Thus, the' total conditional _ probability of -
rupture, for rapid pressure rise with a failure pressure of 3351kPa and a -

load pressure of 363 kPa, is: q

| 0.31 + 0.69 *-0.37 * 0.16 -0.35.

In general' terms', this is:

R,p(i) -- Rrp(1-1) + Ra(1 1)' * 0. 5~ * [(C,p(1) +!C,p(1-1)} ;

* FPD(1)/[1 - CFP(1-1)]

A,2.1-3
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Figure A.2 1. Process Used to Determine the Mode of Containment Failure
for Fast Pressure Rise.
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where C FPD, and CFP have been defined above and R,p and Ra are therp,

conditional probabilities of rupture and leak for fast pressure rise.
There is an analogous equation for R,, , the conditional probability of- |

catastrophic rupture for fast pressure rise. After R,p and R , have beene

found, the remaining leak fraction is found from:

Ra(i) - 1 R,p(i) R ,(i) .

For a rapid pressure rise, a failure pressure of 335 kPa, and a load
pressure of 363 kPa, the conditional probabilities of leak and rupture may
be shown to be 0.65 and 0.35, respectively. To determine the mode <:,f

containment failure for fast pressure rise, the random number is used as it
is for slow pressure rise. In this example, if the random number is let,
than 0.65, the failure mode is leak, If the random number is greater than
0,65, the failure modo is rupture.

To find the conditional failure mode probabilities.for fast pressure rise,
function PFAST integrates from the failure pressure to the load pressure in
28 kPa increments (for the drywell, the increments are 37 kPa),
incrementing the rupture (and CR if there . were any)- conditional !

probabilities at each step and decreasing the leak conditional probability.
Partial intervals are used at the beginning and the end of this process.

.

4

3

J
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Table A.2-1
Grand Gulf User Function Description

UFUN Question
Nnme Numbe r __ Description

EBASP# 37 The containment pressure before VB is computed
(# - 1 5).

SLWP# 38 Computes whether the containment fails and the
mode of failure caused by slow pressurization
events before VB (# - 1-2),

H2W# 39 Computes the hydrogen concentration (mole %) in
the wetwell for the time regime before VB
(# - 1 7),

INRT 40 Determines whether the wetwell is inert to
hydrogen detonations or deflagrations for the
time regime before VB,

H2DW# 42 Computes the hydrogen concentration (mole - %) in
the drywell for the time regime before VB
(# - 1 6).

EPBRN# 47 Computes the peak pressure in the wetwell and the
peak drywall /wetwell pressure differential
associated with a hydroSen burn in the vetwell
(# - 1 4).

EDI 48,91,115 Determines whether the drywell fails and the mode;

of failure from detonations.in the wetwell.

ECI# 49,92,116 Determines whether . the containment fails and the
mode of failure from detonations in the wetwell
(# - 1,2).

ECBrn# 50,93,117 Determin's whether the containment fails and the
mode of Bilure from quasi-static pressurization
events caused by hydrogen burns in the wetwell
(# - 1,2),

EDBrnu 51 Determines whether the drywell fails and the mode
of failure from quasi-static pressurization
-events caused by hydrogen burns in the wetwell
(# - 1-4).

IBASPn 55 Computes the containment pressure for the time
period immediately before VB (# - 1-5).-

A.2.1-6
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Table A.2 1 (Continued)
!

UFUN Question
,,,,,fJ{.02 L _ Numbee Deserint1on

DWIN1 56 Determines whether the dryvell is inert to
hydrogen detonations or deflagrations.

DWCBVB 57 Determince whether there is sufficient hydrogen
for a combustion or detonation in the drywell
before VB.

I(2AVBfd 69 Computes the amount of hydrogen that is released
at VB (released from RPV, DCll , and ex vessel
steam explosion), (# - 1,2).

IDI1LD 72 Determines whether the drywell fails and the mode
of failure from hydrogen detonatione in the

i drywell at VB.
t

DWFAVB 73 Determines whether the drywell fails and the mode
of failure from quasi + static pressurization
events in the drywell associated with VB.

Ill2W# 78 Computes the hydrogen concentration (mole %) in
the wetwell for the time period associated with
VB (# - 1 7).

.

Wil201 82,108 Determines whether the wetwell ~ is inert to
hydrogen detonations or deflagrations.

WO2 83,109 Determines whether there is sufficient oxygen in
the containment to support a hydrogen
deflagration or detonation.

IPBRNu 89,114 Computes the peak pressure in the wetwell and the
peak . drywell/wo twell pressure differential
associated with a hydrogen burn in the wetwell'
immediately following VB (# - 1-4),

t '

CPC# 90 Computes the peak containment pressure for the
time regime associated with VB (# - LOW,1,2,3).

IDBrn## 94 Determines whether the dryvell fails and the mode
of ' f ailure from quasi-static ' pressurization -

events in the wetwell that cre associated with VB
(# o 1 5). .

4A.2.1 7
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Table A.2 1 (Continued)
1

| UP0ti Question |
Name Numbet Description j'

l
j

| LBASP# 96 Computes the baseline containment pressure for j
!the time period following VB (# - 1 3).

,
^ s

:

CCI# 101 Computes the amount of hydrogen, carbon monoxide,'

and carbon dioxide that are produced during CCI
(# - 1-3). j

LCWu 107 Computes the hydrogen concentration (mole t) in
the wetwell for the latt time regime (# - 1 4), j;'

LCPLoti 117 Sets the containment pressure to atmospheric
! pressure for those cases that have a ruptured,

containment !

4 LDBrna 118 Determines whether the drywell fails and the mode
of failure from quasi static pressurization
events caused by hydrogen burns in the wetwell ,

,
f

!
(# - 1 5),

LTPRES 124 Coroputes whether the containment fails and the i

mode of failure caused by slow pressurization
;
- events in the late timc regime.

|

,

!

l

! !

1

i

!

*
,

.
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A.2.2 Listine of the CransL0ulf API'T Ur:ethme t ion ' |

,

This section contains a listing of the FORTRAN function subprogram
j GGUITN.FOR.
.

)
i
1

h
j

*

-

4

I !

i-
!
i

a >

1

0

i

.

!

j

d
'

I

b

l
1

e

I

I

i

4

1

5

I,

i

5

4

s

T

1

.

.

.

.
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1

e

C

C
|

C GRAND DVLF CET USER FUNCTION 11UEROU11NE * REV 7

I
C Tl!E FUNCTION UTUN >%NIPULATEC THE FM#tETERS Tl!AT ARE AESIGNED IN Tilt
C CET. THE 1401C POR CALL 1H3 Tite UTUN IS CONTAINED IN Tl!E CET, UFUN |

C ONLY >%N!PULATES Tl!E PARAMETER VALUES. Tl!E FAR#tETEh NUMEERS ARE
|

C CONTAINED IN T!!E ARRAY 1DAko (e.g. IDAR0(1) CONTAINS filt FIRET FARAMETER |, '

C NUMEER LICTED FOR A O! YEN TUNCT!DN CALL). THE AkRAY ARO CONTAINS Tl'E'

C VARIOU$ FARAMETER VALUEA. NARG 18 THE NUMEER CF I AP#tETERS L18TED FOR
C A O!VEN FUNCTION CALL, NAME CONTAINS TIIE N#tt (6 CllARACTEkS) 0F THE
C FDDULE IN UFUN TO Ilf ACCESEED. THIS Cl%RACTER STRING CORRESPONDS TO

lC T!!E NAME ABS 10NED IN Ti1E CET (e.g. FUN,,,It2WI)

FUNCTION UTUN(NAMI..NARO,IDARD,ARG)

C
D1 HENS ION AR0 ( * ) ,1DAP4 ( * ) , FT ABLE ( $ , $ ) , FX ( $ ) . I'Y ( $ ) , |

+ PC(21), PTC(21), N ONC(21,3,1), MN(S), ,
.
' + PED (21), PTED(21), FCONED(11,2,2), MPE0(S), |

+ FID(21), PTIDf21), FCONID(21,2,2), MPID($),
+ DC(41), DTC(41), DCONC(41,2,1), HDC(S).
+ DD($0), DTD($0), DCOND($0,2,1). HDD(5),
+ FDIF6(6,1), PDIF10(6,2), PDIF14(6,2), FDIF10(6,2),
+ PDIF25(6,2)
CllARACTER*6 N#tE, FRATE

| REAL INERTB, NTOT, NTOT1. NTOTW. NTOTDW, NLEAK,
+ H2WW,1:2, NATM, NATHDW

C

C INPUT DATA
j C

, DATA 02rRAC, FFRED, TH2DET, FH2CCH/0,2), 0.6, 0.16, 0.06/
l DATA F02C&t, TH2LK/0.05, 1.43/

DATA FU2LK2, Fl!2LKD, F02BRN, FDWB/ 0.01, 0.03, 0.0$, 0.16/'

DATA TI!2DCil,FCCIW/0,9, 0,95/
DATA EkWT, CTA):2 CYColl2/ 79240.0, 0.0219,1.17/
DATA VOLW, VOLDWI 096$0.0, 7640.0/
DATA PATH, NATM, NAtHDW, P2SRYV/ 101.324, 1$62.0, 305,0, 10.0/
DATA STHill, 87H1ED, GTHLOW/ 4235.0, 2200.0, ?S.0/
DATA DWSTIC, DWSTH2/ 392.0, 163.0/
DATA C11112 C1252, C21H2, C22H2 / 1400., ,0, 839.0, 140.0/
DATA C11CO, C12CO, C21CO, C2200 / 2000., 0,0, 959.0, 260,0/
DATA C11CO2, C12CC2, C21CO2, C22C02/ 160., 0.0, 120,0, 10.C/

C

C STRUCTURAL CAI ACITT INPUT FOR THE C00tTA1HMENT AND DRYWELL
C

C "** CONTAIMtENT FAILURE FRCH QUAS!* STATIC LOADS "*
'

C

C PC = FRESSURE (kPa)
C PTC = TOTAL CUMULATIVE FAILURE FROBABILITY COPJLESPONDING TO FC
C PCONC = CONDITIONAL FAILURE FOR EACH HODE AT EACH LOCATION
C NPLC = NUHilER OF FAILUkE LOCATIONS
C NPN = NUMBER OF POINT $ IN PC & PTC
C MN(K) * TOTAL NUMBER OF FDDES AT LOCATION K
C

DATA PC/195.0, 223.0, 251,0, 270.0, 307.0, 335.0, 363.0, 391.0,
+ 419.0, 447.0, 475.0, $03,0, 531.0, 550.0, 567.0, 615.0,
+ $43.0, 671.0, 699,0, 727.0, 755 0/

C
DATA PTC/0.000, 0.022, 0.042, 0.115, 0.223, 0.330, 0.438,0.545,

+ 0.6$3, 0.760, 0.666, 0.952, 0.956, 0.965, 0.971,0.978,
+ 0.964, 0.090, 0.994, 0.997, 1.000/-

C

DATA PCONC/1,000, 1.000, 1,000, 0,92', 0.608,0.689,0.569,0.4$0,
+ 0.330, 0.211, 0.091, 0.001, 0.001,0,001,0,001,0.001,
+ 0,001, 0.001, 0.001, 0,001, 0.001
+ 0.000, 0.000, 0.000, 0.073, 0.192,0.311,0.431,0.550,

A.2.2-2
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;

+ 0.670. 0.709, 0.909, 0.999, 0.999.0.999,0.000.0.999
+ 0.999, 0.999. 0.999, 0.999, 0.999,
+ 21*0.00/

C
DATA NPLC, NP K , M N/1, 21, 3, 4*0/

C
'

C ** DRYWELt. FAILURE INTERNAL Tkai QUAS!* STATIC LOADS m
C

j' C PID = PtLESSURE (kPa)
J C PTID * TOTAL CUHVLATIVE FAILURE PROBABILITY CORRESPONDING TO N

C MONID = CONDITIONAL FA! LURE FCR F.ACH M E AT EACH LOCATION
C NFLID = NUMDER OF FAILURE LCCATIONS
C NPPID = MUMLER OF POINTS IN PC & PTC
C HPID(K) = TOTAL NUMBER OF HODES AT LOCATION K
C

DATA PID/260.0, 29 7.0, 334.0, 371.0, 408.0, 44 5.0, 4 82.0, $19.0,
+ $$6.0, $93,0, 630.0, 667.0, 704.0, 741.0, 778.0,81$ 0,
+ 8$2.0, 689.0, 926.0, 963.0, 1000.0/

C'

DATA PTID/0.000, 0.022, 0.044, 0.099, 0.168, 0.237,0.306,0.37$,
4 0.444, 0 $13, 0.$B2, 0.651, 0.720, 0.769,0.858,0.927,
+ 0.937, 0.968, 0.979, 0.989, 1.000/

C
DATA PCONID/1,000, 1.000, 1.000, 0.946,0.869,0.792,0.716,0.639,

+ 0.561, 0.486, 0.400, 0.332,0.2$6,0.179,0.102,0,026,
+ 0.001, 0.001, 0.001, 0.001,0.004,
+ 0.000, 0.000, 0.000, 0.054,0.131,0.208,0.284,0.361,
+ 0.438, 0.514. 0 $91, 0.668,0.744,0.821,0.896,0.974,
+ 0.999, 0.999, 0.999, 0.999,0.999,
+ 21*0.000, 21*0.000/

C

DATA NPLID, NPPID, HP!D/2, 21, 2, 2, 3*0/
C

C **** DRTWELL FAILURE EXTF.RNAL FROM QUASI STATIC LOADS ***
C

C PED = PRESSURE (kPa)
C PTED = TOTAL CUHL'LATIVE FAILURE PROBABILITY CORAESIVNDING TO PC
C KONED = CONDITIONAL FAILURE FOR EACH tODE AT F.ACH LOCATION
C NFLED = NUMBER OF TAILURE 14 CATIONS3

C NPPED = NUMBER OF MINTS IN N & PTC
i C HPED(K) = TLTAL NUMBER OF PDDES AT LOCATION K
i C

DATA PED /260.0. 297.0, 334.0, 371.0, 408.0, 445.0, 462.0,519.0,
t + $$6.0, $93.0, 630.0, 667.0, 704.0, 741.0, 778.0,815.0,
'

+ 8$2.0, 689.0, 926,0, 963.0, 1000.0/

C
DATA PTED/0.000, 0.022, 0.044, 0.099, 0.168, 0.237.0.306.0.375,

+ 0.444, 0.$13, 0.$42, 0.651, 0.720, 0.789,0.858,0.G27,
4 0.957, 0.966, 0.979, 0.089, 1.000/

C
DATA PCONED/1,000, 1.000,1.000, 0.948,0.669,0.792,0.716,0.639, .

+ 0.$62, 0.466, 0,409, 0.332,0.2S6,0,179.0,102,0,026,
+ 0.001, 0.001, 0.001, 0.001,0,001,
+ 0.000, 0,000, 0.000, 0.0$4,0.131,0.200,0.264,0.361,
+ 0.438, 0.514 0.$91, 0.668,0.744,0.821,0.698,0.974,
+ 0.999, 0,999, 0.999, 0.999,0.999,
+ 21*0.000, 21*0.000/

C
DATA NPLED, NPPED, MPED/2, 21, 2, 2, 3*0/

C-
C **** CONTAINMENT FAILURE IMPULSIVE LOADS *
C
C DC s' IMPULSE (kPa-Sec)
C DTC = TOTAL CUMULATIVE FAILURE PROBABILITY CORRESPORDING TO PC
C DCONC = CONDITIONAL FAILURE FOR EACH tODE AT EACH LOCATION
C NDLC = NUMBER OF FAILURE LOCAT10tt3

b

?
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C NDIC = NatitR OF FOINTS IN FC & PTO'

C MDC(K) = TOTAL NUMBER OF HJDES AT LOCAf!ON K
C

DATA DC/2.$, $.0, 7.3, 10.0, 12.S. 15.0 17.5, 20.0,

i + 22.S. 2$ 0, 27.$, 30.0, 32.5, 35.0, 37.5, 40.0,

+ 42.$, 4 $ 0, 47.$, $0.0, $2.5, $5.0, $7.3, 60.0,
+ 62.$. 85.0, 67.$. 70.0, 72.5, 7$,0, 77.$. 80.0,

+ 82.5, 65.0, 87.5, 90.0, 92.5, 95.0, 97.$, 100.0.
+ 102.5/

C

t DATA DTC/0.026, 0.130, 0.273, 0.360, 0.44 5, 0.$2$. 0.$90, 0.652,
+ 0.709. 0.747, 0.771, 0.793. 0.818, 0.836, 0.852, 0.869,
+ 0.885, 0.902, 0.016, 0.929, 0.939, 0.9$0, 0.957, 0.96$,
+ 0.971, 0.977, 0.980, 0.983, 0.986, 0.989, 0.991, 0.993,
+ 0.994, 0.996, 0.997, 0.998, 0.998, 0.999, 0.999, 0.999,
+ 1.000/

C
DATA D00NC/0.877, 0.856, 0.829, 0.782, 0.650, 0.507,0.309,0.266,

+ 0.226, 0.211, 0.211. 0.211, 0.211, 0.211,0.211,0.211,
+ 0.211, 0,211. 0.211. 0.211, 0.211, 0.211,0.211,0.211,

0.211, 0.211, 0.211. 0.211, 0.211, 0.211,0.211,0.211,+
+ 0.211, 0.211. 0.211, 0.211. 0.211. 0.211. 0.211,0.211,0.211
+ 0.123, 0.144, 0.171, 0.218, 0.3$0, 0.493,0.692,0.734,
+ 0.774, 0.789, 0.769, 0.789, 0.789, 0.789,0.789,0.789,
4 0.789, 0.789, 0,789, 0.769, 0.789, 0.789,0.789,0.789,
+ 0.789, 0.789, 0.789, 0.789, 0.'80, 0.789,0.789,0.789,.

4 0.789, 0.789, 0.789, 0.789, 0.789, 0.789, 0.789,0.709,0.789/
C

DATA NDLC, NDPC, HDC/1, 41, 2, 4*0/ ,

C
C **** DRYWELL FAILURE IMPULSIVE LOADS ***
C

C DD = IMPULSE (kPa See)
C DTD = TOTAL CW81LATIVE FAILURE PROBABILITY CORRESIONDING TO IC
C DCOND * CONDITIONAL FAILUP1 FOR EAC!! HJDE AT EAct1 LOCATION
C NDLD * NUMBER OF FAILURE LOCATIONS
C NDPD = NUMBER OF POINTS IN FC & PTC
C HDD(K) = TOTAL NUMBER OF FODES AT LOCATION K
C

DATA DD/2.S. 5.0, 7.5, 10.0, 12.5, 15.0, 17.$, 20.0,
+ 22.5, 25.0, 27.$. 30.0, 32.$. 3$.0, 37.5, 40.0,
+ 42.5, 45.0, 47.5, 50.0, $2.$, $$,0, $7.S, 60.0,
+ 62.$, 65.0, 67.5, 70.0, 72.5, 75.0, 77.$, 60.0,

,

! + $2.5, 85.0, 87.5, 90.0, 92.5, 95.0, 97.5, 100.0,
'

+ 102.5, 105.0, 107.5, 110.0, 112.5, 115.0, 117.$. 120.0,
+ 122.5, 125.0/

C

DATA DTD/0,000, 0.020, 0.055, 0.104, 0.165, 0.234, 0.313, 0.385,
+ 0.450, 0.$06, 0.551, 0.595, 0.637, 0.670, 0.698, 0.723,
+ 0.747, 0.770, 0.791, 0.811, 0.828, 0.844, 0.85$, 0.867,
+ 0.877, 0.887, 0.895, 0.902, 0.909, 0.918. 0.922, 0.928,
+ 0.934, 0.939, 0.94$. 0.950, 0.954, 0.959, 0.963. 0.968,
+ 0.972, 0.977, 0.981, 0.962, 0.964, 0.986, 0.987, 0.989,
+ 0.991, 0.993/

C
DATA DCOND/0.877, 0.870, 0.861, 0.846, 0.836, 0.827,0.818,0.750,

+ 0.706, 0.619, 0.463, 0.4 59, 0. 4 56, 0.4 $2,0.4 46,0.440,
+ 0.434, 0.428, 0.421, 0.416, 0.409, 0.403,0.397,0.391,
+ 0.385, 0.379, 0.3't3, 0.366, 0.359, 0.352.0.345,0.338,
+ 0.332, 0.324, 0.318, 0.311, 0.304. 0.297,0.291,0.283,
+ 0.276, 0.269, 0.263, 0,258, 0.254, 0.249,0.24e,0 240,
+ 0.235. 0.230,
+ 0.123, 0.130, 0,139. 0.154, 0.164, 0.173,0.183,0.250,
+ 0,294, 0.381, 0.537, 0.540, 0.$44, 0.548,0.$54,0,560,
+ 0.566 U.572, 0.578, 0.583, 0.591, 0.$97,0.603,0.609,
+ 0.615, 0.622, 0.627, 0.634, 0.641, 0.648,0.6$$,0.662

/s . 2 . 2 - 4
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+ 0.660, 0.673, 0.663, 0.669. 0.ttf, 0.703,0.710,0.717,
+ 0.724, 0.731, 0.738, 0.742, 0.747, 0.751,0.750,0.7(1,
+ 0.763, 0.770/

C
DATA NDLD, NDi'D, HDD/1, 50, 2, 4*0/

C

C WLML/DRYWELL PRESSURE DIFFERENTIAL DATA
C

C H2 CONCENTRATION = El
C

DATA PDIF6/ 156.0, 106,0, 213.0, 246.0, 276.0, 284.0,
+ 0.0 0.38 , 0.S4 , 0.75 , 0.96 , 1.0/

C

C H2 CONCENTRATION = 101
C

'

DATA PDIF10/ 196.0, 2$8.0, 291.0, 357.0, 431.0, 440.0,
+ 0.0 , 0.38 . 0.$9 , 0.77 , 0.97 , 1.0/

C

C H2 CONCENTRATION = 141
C

DATA PDIF14/ 185.0, 294.0, 344.0, 423.0, 562.0, $63.0,
+ 0.0 , 0.44 , 0.63 , 0.01 , 0.97 , 1,0/

C

C H2 CONCENTRATION = lit
C

DATA PDIF18/ 173.0, 318.0, 375.0, 460.0, 669.0, 701,0,
+ 0.0 , 0.49 , 0.69 , 0.03 , 0.66 , 1.0/

C

C H2 CONCENTRA110N = 251
C

DATA PDIF2$/ 152.0, 353.0, 418.0, $1$.0, 642.0, 893.0,
t 0.0 , 0,50 , 0.70 , 0.68 . 0.06 , 1.0/

C

C THE 2*DIMENSTIONAL ARRAY PTABLE IS AN EXAMPLE HATRIX OF PRESSURE
C RISE TRCH HYDROGEN BURNS AS 4 FUNCTION OF PERCENT HYDROGEN AND
C PERCENT STEAL THE ONE DIMENSTIONAL ARRAYS PX AND PY CONTAIN THE
C TWO INDEPENDENT VARIABLES, IH2 AND 2STEAH, RESPECTIVELY.
C

DATA PTABLE/$,1,5.2,$.3,5.4,$.5,4.1.4.2,4.3,4.4.4 $,
+ 3.1,3.2.3.3,3,4,3.5,2.1,2.2.2.3.2.4.1.3.1.1.1.2.1.3.1.4.1.6/
DAT A PX , f"fl 5,10,1 $,20,00,0, $ ,10,20,4 0 /

C
C ~ ==

C IMITIAL CONTAINHENT PRESSURE (AND STEAM CONCENTRATION CORIGCTIONS)
C

IF(I!AME( $).EQ.*EBASP')THEN
02W = AR0(IDAR0(1))
N2W = AR0(IDAR0(2))
H20W = AR0(IDAR0(3))
ll2W = AR0(IDAR0(4))

C

C 02W = N OUNT OF 02 IN WETWELL BEFORE H2 BURN (Kg*Hols)
i C N2W * A m VHT OF N2 IN WETWELL BETORE H2 BURN (Y *Hols)4

C H20W = AFOUNT OF H2O IN WETWELL BEFORE It2 BURN (Eg Hola)
C H2W = Am0NT OF H2 IN WETWELL BEFORE H2 BURN (Ks Hols)
C

C PRE-EXISTING RUPTURE OR CONTAINMENT VENTED
I C (OR LONG TEM ATWS)

C

IF(NAME(6:6).EQ.'1')TREN
IW = PATH .

C

C CONTAINMENT $ FRAYS ARE WCEKING - WETWELL NOT PRESSURIZED EY STEAH
| C

| ELSEIF(NAMt.(6:6).EQ.'2')THEN
IW = PATH *(02WtN2W+D20W+H2W)/(02W+N2W+H20W)

A,2.2*5
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| C
' C L0t&TtLM $f ATION BLA"KOUT WITl! El%AYS 3.ECOVEkED

C
|

| LLEE!T ( NM(E( E t t ) . EQ. '3 ' )THEN
! IW = $03.0

PCTH2O * R20W/( 0.W + H2W + lt20W + I!2W )
; C

C IF $f1#1 CONCENTRATION Cl1ATEk THAN $$2, FIDUCE iG $$1 TO ACCOUNT ,

C F0k titAYS (H2 BUkNS WILL bt CONEIDERED AT $$1 M O IUR THIP CAEE)
C

j IF(ICT!!20.07. 0. $ 5)Ti!IN
j H20WF * 0.S$*(02W+N2W+I12W)/0.4$

FW = IW*(It2CWr+112W+02W+N2W)/ Ot20W+02W+N2W)
H20W = I!20WF

ENDIF
: C
'

C VERY LONG-TEhM $1 ATION BLACKOUT * NO AC OR (C F0WER
J C YERY H10!! ETEAM CONCENTRAION

C

ELEEIF(NAME($tt).EQ.'e')TitEN
FW * 41s t . 0 * (!!20W+112W+02W+ N2W) / (It20W+02W + N2W )

C

C LDHG-TERM STATION BLACKOUT WITHOUT SPRAYS4

C

| ELBE1F(HetE(6 t t ) .EQ. ' $' )Tl!EN
IW = 303. 0* ( H2?AAHi!2W+02W+ N2W) / (It 20W+02W+ N2W)3

END1F

3 AR0(! Daft 0(3)) * Il20W
AR0(IDAR0($)) * IW

i (TUN * IW
i RETURN

C

C=== - =-=== == - ==== - ~= - * - = =

C tcES THE CONTAINNENT FAIL FRCH BLOW FRE88URl!ATION DURING CORE DAMACE
C

,

C LONO TERH ATWB (I!FCC * $ IIR 8)
C TKESBURE WILL Colf71 HUE TO RIEE UNTIL FAILURE, THUS, FL * FF
C

ELEEIF(NAME(t$).EQ.'8LWF1')THEN
PL = AR0(IDAR0(1))
FF = AR0(IDAR0(1))
RN * AR0(IDAR0(2))
UFUN * FSLOW(FL,FF,RN IC,FTC,1 CONC,NFLC.HPC,NFit)
RETURN

C-
C VERY LONG TERM CTATION BLACK 0VT (CD AT AFFROX.1011R.8)

| C

ELEEI F ( N#!E ( t $ ) . EQ . ' SLWF2 ' )T!!EN,

PL * AR0(IDAR0(1)) * l'ATH
FF * AR0(IDAkO(2))
RN * AR0(IDAR0(3))
UFUN * FSLOW( PL , FF , RN , PC , FTC , FCONC , NFLC , HFC , N Fit )

RPTURN

C

C === = ====== = = = = = = = = = = - ~ ~ ~ ~ ~ ~

C HAXIFfJH !!YDROJEN CONCENTRATION IN WETWELL BEFORE VBf,

C

ELSEIF(NAME( t 4 ) .EQ. '112W' )THEN
C

1 C !!2VES * AmUNT OF H2 RELEASED IN VESSEL (K040LS)
C R20W = MOUNT OF STEAM IN WETWELL (K04DLS)
C 02W * AM3UNT OF OXYDEN IN WETWELL (K04DLB)
C N2W = MOUNT OF NITR00EN IN WETWELL (KO-mLS)
C H2W '* MOUNT OF HYDROCEN TN WETWELL BEFORE A BURN (K040LS)
C NTOT * TOTAL Hl&EER OF FOLES IN WETWELL BEFORE A BURN
C

A.2.2*6
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!

! |

| R2VES = AR0(IDAR0(1))
j !!20W = AR0(IDAR0(2))

I02W e AR0(IDAR0(3))
i F2W = AR0(IDAR0($))
i C e

i C STUCK Ol'EN ERV TAILPIFI, VACVUM EREAKER AND A LOHO-Tent ATWS
C (CONTAINMENT FAILED, AIk PURGED OUT BY STEAM)

] C

IF(NAME(Sit).EQ.'1 ')THEN
i It2W = l!2VES - E2SRVV

!T( !!2VES LE. H2tkVV) H2W = 0,0
!!2W * NATH*( 1,0 *EXP( -82W/NAIH ))

;j E20W = NATH * !!2W
i 02W = 0.0
l N2W * 0,0
; NTOT = H2W 4 It20W + C2W 4 N2W
j UFUN = II2W/NTOT
| AR0(IDAR0(2)) * H20W
i AR0(IDAR0(3)) = 02W

AR0(IDAR0(6)) * It2W
'

Ak3(IDAR0(5)} = N2W
2 AR0(IDAR0(6)) * HTOT

RETURN
C

C STUCK OPEN SRV TAILPIPE VACUUM LREARER AND A LARGE CONTAINMENT EAILUBE
'

C (KE.E FRACTIONS OF CONSTITUENTS ASStatED TO BE fl!E FME EEFORE AND AFTER"

| C CONTAINMENT FAILURE * ONLT THE TOTAL NUMi1ER OF ICLE8 flAS CilANGED)
C

2 ELSEIF(NAME(5 6).EQ,'2 ')TitEN
!!2W e 112VES - E2SRVV
IF( I!2VES ,LE. H2ERVV) H2W * 0.0
NTOT = lt20W + O2W + H2W + lt2W
702 = 02W/NTOT
YN2 = N2W/NTOT
YH2O = I!20W/NTOT
Y112 = H2W/NTOT
H20W = NATWYl:20
!!2W = NATH8YR2;

02W = NATM*YO2
H2W = NATM*YN2
NTOT = H2W + O2W + H2W + !!20W
UTUN = !!2W/NTOT
AR0(IDAR0(2)) = H2 M
AR0(IDAR0(3)) = 02W
AR0(IDAR0(4)) = B2W
AR0(IDARO($)) = N2W
AR0(IDAR0(6)) = NTOT
RETURN

C
C LONO TERM ATWS (CONTAINMENT FAILED AIR PURGED OUT BY STEAM, A8 !!2
C IS INJECTED I"TO CONTAINMENT STEAM AND 112 IS PURGED OUT)
C

ELSEIFtNAME(5 6).EQ.*3 ')THEN'

| . E2W * !!2VES
l R2W = NATM*( 1.0 -EXP( -E2W/NATH ))

B20W = NATM - I!2W
02W a 0,0

N2W = 0.0i

NTOT * H2W + O2W + N2W + !!20W*

| UFUN = H2W/NTOT
AR0(IDAR0(2)) = !!7M
AR0(IDAR0(3)) = 02W
AR0(IDAR0(4)) = H2W
AR0(IDAR0($)) = N2W
AR0(IDAR0(6)) = NTOT
REftS,N -

A.2.2-7
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C

i C LAkOE CONTAINMI.NT FAILURt (HJLE TkACT!DNS OF CONETITUTETS ASSUMED
C 70 EE Tl!E tett. REFOLF AND AFTER CONTAINMtkT I AILURE - ONLY Tilt TOTAL'

C NtetEER OF FOLES RAS CitANGED)i

C ,

ELSEIF(NAME($16).EQ.84 ')TitEN ,

H2W * It2VEB 1

NTOT = H20W + O2W + N2W + H2W |'

YO2 = 02W/NT07
YN2 * N2W/kTOT
Yl!20 * H20W/NTOT

|
Yll2 = lt2W/NTOT '

||20W = NATM*Yl!20'

a H2W * NATWYtt2
02W * NA1W YO2
N2W * NA1H*YN2
HTOT = I!2W + O2W + H2W + H2W
UFUN = H2W/NT07
AkO(IDAR0(2)) = H20W
AR0(IDAR0(3)) * 02W
AR0(IDAR0(4)) * !!2W
AR0(IDAR0($)) * N2W
AR0(IDAR0(6)) * HTOT,

-

RETURN
C

"
C WitIN A CRV TAILFIlt VACUUH 1Rl1EER ETICK OFEN 17 IB ESTIMATED TitAT
C Tite U2 CONCENTRATION IN THE DRMLL WILL l>E Al'FROXIMATELY 2.51 OR
C 10.0 Kg*Hols (H2ERVV1 (BASED ON HELCOR CA1.CULAT10N8). !F THE MOUNT
C OF !!2 ret. EASED BEFORE VB !$ 1.ESD TitAh 10 Ks Hole. IT 18
C A$$UMED TilAT ALL OF Tit! 112 REHA!NS IN Tilt DRYWELL.
C

C STUCK OFEN CRV TAILFIFE VACVUH BREAKER (HO LARGE CONTAINMENT FAILURE)
C

ELSEIF(N#tE(St6).EQ.'$ ')Ti1EN
!!2W = I!2VES - H2SRW
IF( H2VE5 .LE. H2tRVV ) It2W = 0.0
NTOT * H2W + O2W + N2W + ll20W
UFUN = It2W/NT07
AR0(IDAR0(4)) = 112W

j AR0(IDAR0(6)) * NTOT
1 RETURN

C

C LARGE SUFFRE8810N MOL BYTASS - A FRACTION OF Tilt 112 LEAKS INTO THE
C DRYWELL
C

ELSEIF(NAME(5:6).EQ.'6 ')THEN
It2W = lt2VIS*(1.0 - Flt2LK3)
NTOT * !!2W + O2W + N2W + H20W
UTUN = H2W/NT07
AR0(IDAR0(4)) * H2W
AR0(IDAR0(6)) * NTOT
RETURN

C

C ONLY NOMINAL LEAKAGE EETWEEN Ti(E DRYWELL AND WETWELL
C (NFOL10!$LE AKNJNT OF U2 IS l@DVED FROH THE WETWELL)1

C

ELSEIF(NAMEt$i6).EQ.'? ')THEN
ll2W = H2VES
NTOT * H2W + O2W + N2W + H20W
UFUN * !!2W/NTOT
AR0(IDAR0(4)) = H2W
AR0(IDAR0(6)) * NTOT
RETURN

ENDIF
C

C====== ==== = = = = = = = = = = - === = = ======= =
,

|

A.2.2-8
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! C IkERT 1.EVEL OF WEtifELL DURINO CORE DEORADATION
C TI'It FDDULE DI7ERMINI.5 ICTU THE CONCENTRATION OF STEAM AND OXYOEN
C IN Tl:E WETWELL. IF OXYGEN CONCENTRATION IS LESB Tf!AN $1 17 IS A$fulMED

4 C TilAT TIIERE IC INSUITICIENT OXYOEN FOR CCriBUSTION AND Tilt VALUE RETURNED
C FY Ul'UN 18 0.0. IF THE OXYOEN CONCENTRATION IB OREATER filAN St.
C (1 + CTEAM CONCLkTRATION) IN TI!E WETWELL 18 RETURNED BY UTUN.
C

EL$EIF(EAME.EQ.'INRT ')TI!IN
ll20W * AR0(IDAkO(I))

i fl2W = AkO(IDAk0(1))
1 02W * ARC (IDAR0(3))

PCTil20 * I!20W/( 1120W + Il2W + O2W/02 FRAC)
! PC702 = 02W/( lt20W + II2W + O2W/02 FRAC)

L'ITN * 1.0 - PCTit2O
1F( ICT02 .Lt. F02 Cal) UTUN * 0.0
RETURN

C

C ==== = - - - = = = = = = = = - - - - - = = - = = = = = = = = = ='

C t%XIttJM I!2 CONCENTRATION IN THE DRYWELL DUkING CORE DEGRADATION
C

ELSEIF(NAMrt:4).EQ.'l!2DW')THEN
H2VEB = AkO(IDAR0(1))
E2W = AR0(IDAR0(2))
I!20DW = AR0(IDAR0(3))
02DW = AR0(IDAR0(4))

: C

C 12VES * AmVF' 0F H2 RELEASED IN VETEEL (K040L8)
C H20DW = AmuNT OF STLAM IN DRYWELL (KO-FOLS)
C 02DW = NOUNT OF OXY 0EN IN DRYWELL (K040LE)
C H2DW * ANDUFT OF I!YDROGEN IN DRYWELL BEFORE A BURN (K040LB)
C

C $YUCK OPEN BFV T AILFIPE VACUUM BAF.AKER AND A LONO TERM ATWS
C (CONTAINMENT FAILLT, AIR FunaED OUT BY CTEAM)
C

IF(NAME(5:6).EQ '1 ')THEN
E2DW = U25RVV
IF( It2Vts .LT. I!2SRYV ) li?DW = li2VES

.

1120DW = NATICW - If2DW,

02DW = 0.0
UTUN = 1:2DW/( l!2DW + ll20DW + O2DW/02 FRAC )
AR0(IDAR0(3)) = !!20DW
AR0(IDAR0(4)) = 02DW
AkO(IDAR0($)) = H2DW
RETURN,

!
C

C STUCK Ol'EN SRV TAILPIFE VACUUM BREAKER A.1D A LARGE CONTAINMENT FAILURE
C . (POLE FRACTIONS OF CONSTITUENTS ASSUMED TO BE TIII SAME BEFORE AND AFTER
C CONTAINMENT FAILURE - ONLY THE TOTAL NUMBER OF ICLES HAS C11ANCfD)
C

Ell.EIF(NAME($t6).EQ.'2 ')THEN
H2DW = I!2SRVV
IF( H2VES .LE. H2SRVV) H2DW = I!2Vt3
NTOT * H20DW + O2DW/02 FRAC + H2DW
YO2 * 02DW/NTOT
Yll20 = !!20DW/NT07
Yll2 = H2DW/NT07
It20DW = NATMDW*Yll20
H2DW = NATMDW'YH2
02DW = NATMDW'YO2

1'
UTUN = H2DW/(H2DW + O2DW/02 FRAC + II20DW) |
ARG(IDAR0(3)) = H20DW

[ AR0(IDAR0(4)) = 02DW
AR0(IDAR0($)) = 1120W
RETURN

C

C STUCK Ol'EN SRV TAILPIFE VACUUM BREAKER - NO LARGE CONTAINMENT FAILURE
!

|

|

A.2.2 9
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1

C

ELEEIF(NMIE(5 : 6) .EQ. ' $ ' )THEN
3

ll2DW = H2tRVV
IF( H2VI'S .LT. It2!!RYV ) N2DW = H2VES

j UFUN = li2tM/(H2tM + !!20DW + O2tM/0211X)
AR0(IDAR0(S)) * H2tM
RETURN

C
C LARGE SUFi1ESS10N IU)L BYFASD WITH NO DIFFUS10H FLAME (FRACTION OF Tl!E |
C WETWELL !!YDROGEN ENTERS Tl!E DRYWELL (NOTE: WETWELL !!2 IIAS ALREADT BEEN
C REDUCED TO ACCOUNT FOR flII. LEAKAGE INTO Tile DRYWELL FOR Tl!!S CASE)

]
C,

i ELSEIF(NAME($16).EQ.'4 *)T!!EN
It2DW = H2W8FH2LK3/(1.0 - Fil2LK3)
UTUN = H2tW/( H2tM + If20DW + O2DW/02 FRAC)
AkO(!DAR0($)) = Il2DW
RETURN

C

C SMALL SUPPRESSION IUOL BYPASS WIT!! NO DIFFUSION FLAME (FRACTION OF THE
C WETWELL IfYDROCEN ENTERS THE DRYWELL (NOTE: WETWELL H2 HAS NOT BEEN
C REDUCED TO ACCOUNT FOR Tiff LEAKAGE INTO Tl!E DRYWELL FOR Tills CASE)
C

ELSEIF(NAME(516).EQ. 'S ')THEN
ll2DW = li2WW'FH2LK2
UTUN = H20W/( H20W + H20DW 6 02DW/02 FRAC)
AR0(IDAR0(S)) = !!2DW
AR0(IDAR0(2)) = H2W8(I TH2LK2)
RETUkN

C

C NOMINAL Lf.AKAGE * NEGLIGIBLE H2 ENTERS Titt DRYWELL
C

ELSEIF(NAME( 5: 6) .EQ. ' 6 ' )THEN
H2DW = 0.0
UTUN = H2DW/( H2DW + ll20DW + V2DW/02 FRAC)
AR0(IDAR0($)) = !!20W
RETUM

ENDIF
'

C

C== == - ====== - = = ==== =====

C PEAK FRESSURE FROM H2 BURN BVB
C

ELSEIF(N AME( t S ) . EQ. ' EFBRN ' .OR. HAME( t S ) . EQ. 'I FBRN ' )THEN
!!2 MAX = AR0(IDAR0(1))
!!20 = AR0(IDAR0(2))
C2 = AR0(IDAR0(3))
FBASE = AR0(IDAR0(4))
EFFBC = AR0(IDAR0(6))
ACTBC = AR0(!DAR0(7))
N2 = AA0(IDAR0(8))
TI = 350.D
NTOT = AR0(14)

, C
'

C AR0(12) = FEAK WETWELL/DRYWELL FRESSURE DIFFERENCE
C AR0(14) = TOTAL NUMBER OF H')LES IN WETWELL
C

C Tite BASE FRES3URE, PBASE, FOR IFBRN NEEDS 70 BE AJUSTED TO ACCOUNT _

C FOR Tl!E ADDITION OF H2 (THIS WAS DONE IN A PREVIOUS QUESTION FOR EFBRN
C

IF(NAME(5) .EQ4 'IFBRN' )THEN
ISASE = FBASE*( H2 MAX + !!20 + O2 + H2 )/NTOT
AR0(IDAR0(4)) = FBASE

ENDIF
C

C No H2 BURN
C

IF(NAME(6 : 6) .EQ. * I' )TIIEN

A.252 10'
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AR0(IDAk0($)) = 0.0
AkO(12) * 0.0
ffFUN * Ak3(IDAkO($))
RETURN

C
C !!2 BURNED AS DIFFVSIOh ,s.AME OR CONTAINMENT ALREADY FAILED

C (NEGLIGIBLE PRESSURE R!EE)
C

ELSEIF(NAMt(6 6).EQ.'2')Tl!EN ]
AR0(IDAR0($)) * 0.0

'

AR0(12) * 0.0
UFUN = AR0(IDAR0(5))

C
1 C H2 BURNED AS A DEFLAGRATION OR DETONATION - PRESSURE RISE BASED ON
I C MAXIM'JM CONCENTRATION IN THE WETWELL BEFORE VB
! C

j EME
| !!2BRN = H2 MAX

C'

C LZ3MINE WIIETl!ER H2 OR 02 IS Tt!E LIMITING CONSTITUENT
C

.l IF( H2BRN .07. 2.0*02 ) !!2BkN * 2.0*02
'

C
C (:ALCULATED Tl!E ADIABATIC ISOC110RIC COMPL.ETE CXNBUSTION FRESSURE

' ASED ON fife COMFOSTION IN THE WETWELL BEFORE VBC 3
C

] AICC * R2 BURN ( !!2BRN,1120, 02, N2,1.0, FBASE, TI )
Ci

l C EFFBC * 0.0 INDICATES TitAT 11tE PRESSURE RISE WILL BE CALCULATED
! C IN Tilt USER FUNCTION (i.e., No EXPERT DISTRIBUTION)

C

IF( EFFBC .LT. 0.0 )T!!EN
AR0(IDAR0(S)) * AICC*FPRED PBASE

J ELSE .

! C

C CORRECT DISTRIBUTION BASED ON THE ACTUAL MOUNT OF H2 IN THE
C WETWELL AT THE TIME OF IGNITION;
C

AR0(IDAR0(5)) * EFFBC*(AICC - FBASE)
END1F

| C

1 C !!2 BURNED AS A DETONATION - VERY FAST FRESSURE RISE
C

IF(NAME(6:6) .EQ. '3' ) THEN*

AR0(12) * AR0(IDAR0(5))4

i C
'

C !!2 BURNED An A DEFLA0 RATION
C WETWELL/DRYWELL PRESSURE DIFFERENTIAL IS CALCULATED BASED ON WETWELL

#

C PEAK OVERPRESSURE AND CONCENTRATION OF H2 T!!AT IS BURNED
C

ELSEIF(NAME(616) .EQ. '4' ) THEN
MIH2 = I!2BRN/( E2 MAX + H2O + O2 + H2 )
IW = AR0(IDAR0($))
IF(.FCTil2 .LE. 0.00 ) T!!EN

; AR0(12) * XINTRP( IW, PDIF6, 6 )*fW

ELSEIF( PCTH2 .LE. 0.12 ) THEN
AR0(12) * XINTRP( IW, PDIF10, 6 )*IW

ELSEIF( FCT112 .LE. 0.16 ) THEN
$

ARG(12) = XINTRP( IW, PDIFI4, 6 )*IW

! ELSEIF( FCTH2 .LE. 0.20 ) THEN
'

AR0(12) * XINTRP( IW, PDIF18, 6 )*IW
ELSE
AR0(12) * XINTRP( IW, PDIT2$, 6 )*lW

i. ENDIF
ENDIF

ENDIF

A.2.2 11
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C
C CORRECT FOLAR CCtuos! TION OF H2, 02, AND H2O AFTER Tl!E BUU {
C i

.

IF( H2 MAX *ACTBC .07, 2.0*02 ) ACTDC * 2.0*02/H2 MAX
$ AR0(!DAR0(1)) = H2 MAX + ll2 MAX *ACTDC i

AR0(IDAR0(2)) = H2O + !!2 MAX *ACTbc
AR0(IDAR0(3)) = 02 - L' MAX *ACTBC/2.D
UFUN = AR0(IDAR0($))
RETURN

O
1

C - == === ==

C DRYWELL FAILURE LEVEL FRCH EARLT DETOHATION IN CONTAINMENT
C r

ELSEIF(NAME.EQ.'EDI *)THEN
PL = AR0(IDAR0(1))

: PF = ARG(IDAR0(2))
: RN = AR0(IDAR0(3))- "

'
UTUN * PF AS T ( PL , FF .Rll, DD , DTD , DCUND , NDLD. HDD , ND PD )

RETURN '

| C
' C == = =======- ==-= ==

C CONTAlletENT FAILURE LEVEL FR34 DETONATION
C

i C DE70 HAT 10N FAILED THE DRYWELL
C

ELEE1F(NAME.EQ.'EC11 ')THEN
FL = AkO(IDAR0(1))
PCF = AR0(IDAR0(2))
RN = AR0(IDAR0(3))

I l'DF = AR0(IDAR0(4))
4 RNFED = AR0(IDAR0($))
i UFUN * FFA8T(PL,NF,RN.DC,DTC,DCONC.NDLC,HDC,ND M)

RETURN

! C

C DRYWELL SURVIVED DETOMATION
C

ELSEIF(NAME.EQ,'EC32 ')THEN
PL = AR0(IDAR0(1))
FF = AR0(IDAR0(2))
RN = AR0(IDARG(3))
UFUN = FFAST(PL FF,RN DC.DTC,DCONC.NDLC,tDC.NDM)
RETURN

C

C= . = = - - - - - - -

C LEVEL OF CONTAINMENT FAILURE FR31 H2 BURN BVB
C

C L3 OR VENT OR DtF3
ELSEIF(N#(L . EQ. ' ECBrn18 )TilEN

PL = AR0(IDAR0(1))
.

UFUN = 1,5
RETURN

C L2 OR DtF2
ELSEIF(N#tE.EQ,'ECBen2')THEN

PL = AR0(IDAR0(1)) + AR0(IDARG(2)) - PATM
FF = AR0(IDAR0(3))
RN = AR0(IDAR0(4))
UFUN * FFAST ( PL , FF , RN , IC , PTC , WONC , N PLC , MN , N FIC )
RETURN

C
C=-==== === = == = -

C DRYWELL LEAKAGE INDUCED BY CONTAINMENT FRESSURIZATION ,

C

] ELSE!F(N#2( t5).EQ.'EDBru')THEN '
i FBASE = AR0(!DAR0(1)). 1'

FL = ARG(IDAR0(2)) l

FF = AR0(IDAR0(3))

1

'
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RN = AkO(IDAR0(4))
C CI'B2( Df r3 OR DfF6)

IF(NAME(6:6) /') '1')TilEN
UFUN = ITAST(l'L,FF.RN, FED PTED,PCONED,NFLED,HTED HFI'ED)
IF( UTUN .EQ, 2.S ) UFUN * 3.5

C DfrJ 01: DfF4
ELSEIF(NAME($16).EQ.'2')TUEN

UFUN = FF AST ( l'L , PF , RN , FED , FTED , It0NED , NFLED .HTED , N!'ITD )

C BPC2
ELSEIF(NAME(6:6).00.'3')THEN

UFUN = FT AS' ( FL , FF , RN , l'ED , l'TED , ICONED , N FLF'), HFED , N FFED )
IF( UFUN .EQ, 2,5 ) UFUN = 3,5 i

C OT11ERWICE i BURN OR NO BURN W!til NO PRIOR RUPTURFB
ELSEIF(NAME(6i6) EQ.'4')Tl!EN

UTUN = FTAST(PL,FF RN. FED FTED,POONED,NFLED,HTED,NFFED)
ENDIF
LETURN

C
C = = = = = = = = = - = = = = = = = = = = = - = = = - - ======

C CONTAINHF.NT PRESSURE BEFORE VB
C

ELSEIF( NAME( t $ ) .EQ. 'IBACP' )flitN
C
C lt20WW = #0VNT OF H2O IN THE WETWELL JUST PRIOR TO V8 (K4 Hols)
C 02W * # OUNT OF O2 IN Tilt WETWELL JUST PRIOR TO V8 (Es Hole)
C N2W = A WUNT OF N2 IN THE WETWELL JUST FRIOR TO V8 (Ka-Hols)
C H2W = MOUNT OF 112 IN Titt WETWELL JUST FRIOk TO YB (Es-Hols) s

C NTOT = TOTAL HVHBER OF FOLES IN WETWELL JUST PRIOR TO VD (Ka-Hols)4

C H20DW * #UUNT OF H2O IN THE DRYWELL JUST FRIOR TO VB (K4*Mols)
C 02tW = #OUNT OF 02 IN THE DRYWELL JUSt PRIOR TO VB (Ka Hols)
C H2DW = #0VNT OF 112 IN fitt DRYWELL JUST FRIOR 70 VB (Es this)
C l' BASE = CONTAINHENT BASE PRESSURE
C

ll20W = ARO(IDAko(1D
,

02W = AR0(IDAk0(2))
N2W = AR0(IDAR0(3))
Il2W = AR0(IDAR0(4))
"200".' = AR0(IDAR0(S))
05hW = AR0(IDAR046 D
H2DW = AR0(IDAR0(7))
FBASE = AR0(IDAR0(6))
NTOTI = AR0(14)

C

C CONTAINHENT 11AS FAILED REDUCED TO ATIOSI'RERIC PRESSURE AND
C REDUCE NVHBER OF FOLES IN CONTAINHENT
C

IF(NAME(6:6).EQ.'1')THEN
FBASE = FATH

C

j C ADJUST FOLES IN WETWELL - ASSUME FOLE IT, ACTION BEFORE AND AFTER DOES
C NOT CHANGE
C

NTOTW = H20WW + 02W + H2W + lt2W
C

C WETWELL PRESSURE ABOVE ATPOSPHERIC FRESSURE - REDUCE NUMBER OF FOLES
|

C

IF(NTOTW .07. NATH) THEN
YO2 = 02W/NTOTW
YN2 = N2W/NTOTW
YH2O = ll2CWW/NTOTW

'
YH2 = ll2W/NTOTWW
H20W = NATHaYH2O
ll2W = NATH8YH2
02W = NATM*YC2

' N2WW * NAttr.N2
ELSE

A.2.2 13
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C

C WETWELL IKESSURE PE14W AttOSPl!T.RIC IKESSURE - ADD FULES OF H2O
C TO BRING PRESSUkt UT TO AttOS111ERIC

? C

!!20W = NATM * NTOTW + H20W
ENDIF
NTOT! = H2W + O2W + H2W + ll20WW

C

C ADJUST FOLES IN DRYWELL ASSUME FOLE TRACTION EEFORE AND AFTER
C DOES NOT CitANGE
C

NTOTDW = H20DW + O2DW/02 FRAC + H2DW

| C

C WETWELL PRESJURE ABOYE ATH3SPlfERIC PRESSURE - EEDUCE NUMEER OF POLE 8
C.

IF( NTOTDW .07. NAftOW ) TilEN
YO2 * 02DW/NTOTDWa

'

YUIO = Il20DW/NTOTDW
YH2 = 112DW/NT01DW
H20DW = NATHDW*YH2O
H2DW = NA1HDW*Ytt2
02DW = NATHDW*YO2

ELSE

C

C WETWELL PRESSURE RELOW ATFOSI't!ERIC FRESSURE ADD tOLES OF I!20
C 70 BRING IKESSURE UP TO AftOS11tERIC
C

H20DW = NATHDW - NT0TDW + lt20DW
ENDIF

C

C LAROE SUFFRESSION IVOL BYPASS ASSUME DRYWELL AND WETWELL WELL MIXED -
C

ELSEIF(NAME(6:6).EQ.'2' OR. HAME(6:6).EQ.'3')Ti!EN
IF(NAME(Gi6) .EQ. 828)Tl!EN

C

C CONTAINHENT SPRAYS ARE WORKING * REDUCE STEAM TO NOMINAL LE*EL
C

1120WW = STMLOW

H20DW = 81MLOW*VOLDW/VOLW
ENDIF
NTOT = H20HW + O2W & N2W + H2W +

a + l|20DW + O2DW/02 FRAC + H2DW
C

C IF l'RESSURE BELOW AftOSPitERIC * ADD FOLES OF !!20 TO BRING PRESSURE
C UP TO AftOSPI(ERIC

| C

| IF( NTOT .LT. (NATM + NATHDW) ) THEN
820W = (MATM + NATMDW) * NTOT + H20WW
NTOT = NATM + NATMDW

ENDIF,

C

C ADJUST FOLES IN WETWELL * TIIE RATIO OF TifE WETWELL VOLUME TO THE
C DRYWELL VOLUME IS USED TO CALCULATE T!!E FOLES IN Tl!E WETWELL FRCH
C TIIE TOTAL NUMBER OF FOLES
C

.C FRACTION OF WE1VELL VOLUME TO TOTAL VOLUME
C

TVOLW = VOLW/(YOLW + VOLDW)
C

02W = (02W + 02DW)*FVOLW
H20WW = (It20WW + !!20DW)*FVOLW
N2W * ( N2W+02DW /02 FRAC * ( 1. D *02 FRAC ) ) * FVOLW
lt2W = (It2W + Il2DW)*FYOLW
NTOTW = 02W + H20WW + H2W + H2W

C
) C ADJUST ICLES IN ORiWELL

! A.2.2 14
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C

02W*VOLDW /VOLWW02N *

I!20W*VOLDW/VOLWft20DW =

112DW * !!2W*VOLDW/VOLW
C
C ADJUST TI!E BASE FRESDUKE
C

l' LASE * FLASE*NTOTW/NTOT2
NTOT1 = NTOTW

C
C CONTAINMENT INTACT AND No LARGE BUFPRES$10N ICOL BYTASC
C

ELSE!F(NAME(6 6).EQ.'4'.0R. HAME(6t$).EQ.'$')TitEN
IF(NAME(ta6) .EQ. '4')THEN

C
C CONTAINMENT STRAYS ARE WORKINO * REDUCE STEAM TO NOMINAL LEVEL
C

H20WW = BTMLOW,

1 ENDIF
C

] C TOTAL NUMEER OF FOLES AN T!IE WETWELL
C

NTOTW = ll20W + 02W + N2W + ll2W i
C
C IF ItESSURE BELOW ATIOSFitERIC - ADD ICLES OF 1120 70 BRING PRESSURE
C UF TO ATFOSFl!ERIC
C

IF( NTOTWW .LT, NATM ) TitEN
I!20WW * HATH - NTONW + ll20WW
NTOTWW = NATH

ENDIF
C

C ADJUST Ti1E BASE PRESSURE
C

FI,ASE * FBASE*NTOTW/NTOTI
NTOTI = NTOTWW

C

C ADJUST FOLES OF BTEAM IN DRYWELL BASED ON liESSURE CilANGE IN WETWELL
C

H20DW = FBASE/FATH*NATHDW - (02DW/02 FRAC + 112DW)
IF( !!20DW .LT. 0.0 ) R20DW = 0.0,

ENDIF
AR0(IDAR0(1)) = It20WW
AR0(!DAR0(21) = 02W
ARG(IDAR0(3)) * N2W
AR0(IDAR0(4)) = H2W
AR0(IDAR0($)) = I!200W
AR0(IDAR0(6)) * 02DW
AR0(IDAR0(7)) * H2DW
ARG(IDAR0(8)) * FBASE
AR0(14) NTOT!=

UFUN * FBASE ->

RETURN

C

C======= == = = - === = = == - = === = == --

C INER1 LEVEL OF DRYWELL AT VB
C

ELSEIF( N AME ( 15 ) . EQ . ' DWIN1 ' )TIIEN
H1DW * AR0(IDAR0(1))
I!20DW * AR0(IDAR0(1))

; 02DW = AR0(IDAR0(3))
Ci

! UTUN = 1. - !!20DW/(HZFW + !!20DW + O2DW/C2 FRAC)
i RETURN
; C

e..-- . .- ....-- -... . _
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C $U!TICIENT H2 FOR COMSU$f/DETON IN W liEFOLE YF
C

ELEEll'( NAME . EQ. ' DWBVt ' )THl.N j,

l'2DW = ARQ(IDAR0(I)) |y
'

!!20DW * AkO(IDAR3(2))
02DW = AR0(IDAh0(3))
FTOT * 1:2IW + lt20DW + O2DW/D2 FRAC ,

'

Itti!2 * 112DW/NT07
3

j ltT02 = 02DWINTOT
i 02DET * FH2DET*NTOT/2.
! 02COM * Fl:2CCM*NTOT/2,

C

j IF(ICTE2.0E.Fl!2DET.AND.02DW,0E.02DET)THEN
j UTUN * Tl!2Dtf

ELEEI F ( PCTII2. 0E . Fl:2COM . AND . 02IM. 0t . 02COM) Tite N'

UTUN * l'il200H
J- ELSE
j- UTUN * 0.0

ENDIT
4 RETURN

Ca

; c. * _ . ~ .. .

t C DRYWELL FAILURE Tk:P4 IMPULEE I4ADING AI VB
Ci

} EttEIF(NAME.EQ.'IDIILD')TilEN
1 l'L = AR0(IDAR0(I))
| FF = AkC(IDAR0(21)
'

RN * AR0(IDAkO(3))
VFUN * FFAST(FL,FF,RN,DD.DTD.DCOND,NDLD,HDD NDFD)
RETURN

i ELSEIF(N#tE.EQ.'!DI2LD')Ti1EN
l'L * AMAXI( AR0(IDAR0(I)) AR0(IDAkO(2)) ):' FL = 0.0
FF = AR0(IDAk0(3))

; RN * AR0(IDAR0(4))
i UFUN = FFAST(FL,FF,RN.DD.DTD DCOND,NDLD.HDD,NDFD)
j RETURN

i C

j C === - - - -===-

C DRYWELL FAILURE FROM OVERTRESSURIEATION AT VB,

C

ELSEIT (NAME.EQ. 'IWT AVB' )TitEN
FL = AR0(IDAR0(1))
I'F = AR0(IDAR0(2));

i RN = AR0(IDAR0(31)
UTUN * FF AST ( FL , FF , RN . FID FTID . FCONID , NFLID ,MFID , NFFID )
kETURN

C

C= -- ===~---== === =

I C MOUt!T OF !!YDRCCEN DENERATED At YB
C

C ERWT * INITIAL HAE8 0F ZIRCONUIM IN THE VEESEL
C CIRl!2 = CONVERSION FACTok USED TO CONVERT FR(M KO OF Et TO KB Mob

1 0 0F I!2
i C H2VES * M OUNT OF 112 FRODUCED IN VES$EL DURING CORE DEGRADATION
| C it2BLWDN = #DUNT OF 112 RELEASED AT VB DURING Tl!I BLOW DOWN

C EJECT = FRACTION OF CORT EJECTED AT VS
C FH2VB = FRACTION OF CXIDIEABLE tr IN EJECTED MATERIAL THAT IS OXIDIEED

i C

ELSEIF(NAME( 5).EQ *l!2AVB')THEN
!!2VEB = AR0(IDAR0(1))
li2BLWDN* AR0(IDAR0(1))
FEJECT = AR0(IDAR0(3))

C

IF( NAME(6:E) .EQ. 'I' ) THEN
C

l: A,2.2 16
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l
C !!!ttE OR EX VEttEL ETEAM EX11t$ 0N OCCURE AT \T - ADDITIONAL
C 112 IS GEND.ATED BY TI:ESE EVENTS
C

C Fl:2!Cll a FIACTIDH OF CX1DIEAELE Et IN LJECTED HATEk!AL 111AT 18 OXIDIZED
C FY lllHE OR EvCE
C lt2tcH = I!2 CENERATED EY 111ME OR FvEE
C

H2tcit * IEJECT*( ERWT*CERil2 - II2VI.S )*Ft12tCil
C

IF( E2tCil .07. H2BLWDN ) TIIEN
C

C IF Titt # DUNT OF H2 CENEKATED EY Ti!E I!!ttE OR Ev$E IS GREATER TliAN THE
C TI:E MOUNT FRODUCED BY Titt BISW (044, USE Til! I!2 ASSOCIATED WITH THE
C liittE OR Ev6E
C

!!2V2 = 112:CII
ELSE

C
C Tl!E #OUNT OF 112 RELEASED DURING TliE BLOW DOWN IS CREATER TilW TIIE HittE
C OR Evtt RELIJIE * ONLY USE Titt ELOW DCHN #DUNT
C

H2VB = 1121\LWDN
ENDIF g

C
ELEEIF( NMtE(E tt) .EQ, *2') TilEN

C

C NO HittE Oh Ev$E - 112 IS ASSOCIATED WITl! Tile BLOW DOWN
C

!!2VB = !!211WDN
ENDIF

C

C 112AEJEC = HAXItE>t AtOUNT OF H2 THAT CAN BE CEhERATED BY THE MATERIAL
C EJECTED AT VB
C

I!2AEJEC = (ERWT*CERl:2 H2 VEE)*FEJECT
C

IF( ||2VB ,LT. H2AEJEC )T11EH
C

C T!!E #DUNT OF H2 RELLASED AT VB (CONSIDERING BOTl! THE ELOW
C DCHN AND flII liittE Ok EvCE) CAN BE ASSOCIATED WITil THE HATERIAL EJECTED
C AT \T
C

l'il2VB = H2VB/l:2AEJEC
ELSE

C

C THE #0VNT OF H2 RELEASED AT VB 18 OREATER filAN THE MOUNT
C OF H2 TilAT CAN BE GENERATED EY TIIE MATERIAL EJECTED AT VB.
C T11U5, OXIDIZED ALL OF TUI Er IN THE EJECTED HATERIAL AND THE ArtROPRIATE
C MOUNT OF Zr fliAT IS STILL IN Tile VESSEL
C

Til2VB = 1.D
H2VES = Il2VES + (It2VB - HEAEJTC)

ENDIF
C

C REINITIALIZE TIIE INFUT VARIABLES
C

AR0(ICAR0(1)) = I!2VES
AkO(IDARG(2)) = H2VB
AR3(IDARG(4)) * Fil2VB
UTUN * ll2VB
RETURN

C
C= = === = ========= - == = = = ======== = = - = = = = = = = = = = = = = = = = = = = = = =

C 112 CONCENTRATION IN CONTAINMENT ItT-!EDIATELY AFTER VB
C

ELS EI F (NMtE ( : 5) . EQ. ' IH2WW' )TilEN

,

1
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I
C

C INITT VARIABLES
C

H20W = AR0(IDAR0(I))
!!2W = AR0(IDAA0(2))
!!20DW = Ah0(IDAR0(3))
H2DW = AR0(IDAR0(4))
H2AYB = AR0(IDAR0($))
02W = AR0(IDAR0(6))
02DW = AR0(IDAR0(1))
N2W = AR0(IDAR0(6))

C

C EITHER No VB OR ALFl!A KX)E FAILURE
C - NO VB, TilVS, HO CHANGE IN !!2
C - ALI11A K)DE FAILURE, THUS,112 CONCENTRATION NOT IMPORTANT DRTWELt.

C AND CONTAINMENT ALLEADT FAILTD
C

IF( NAME(6:6) .EQ 'O' ) f t!EN
fl2W = lt2WW

C
'C ENERCETIC ETENT IN DRYWELL AT VB

C

C ALL OF THE FRE-EXISTING H2 (IT THERE IS ENOUGH 02) AND A FRACTION
C (02W'FC2BRN*2,0) 0F THE H2 OENERATED AT VB (H2AVB) IS BURNED
C IN THE DRYWELL AT VB, ALL OF THE RINAINING CONSTITUENTS ARE
C FUSHED INTO THE WETWELL
C

ELSEIF(NAMI(6:6).EQ.'I' .OR HAME(6:6).EQ.'2')THEN
N2W = N2WW + (02DW/02 FRAC)*(I.0 - 02 FRAC)
IF( H2DW .07. 2.0*02DW )THEN *

C

C ALL OF Ti!E DRYWELL 02 IS CONSUMED BURNING TI!E FRE-EXISTING DRYWELL H2
C

I!2DW * H2DW - 2.0*02DW
02DW = 0.0

ELSE
C

C ENOUGH OXYGLE TO CONSUME ALL OF THE FRE EXISTING HYDROGEN
C
C FRE EXISTING H2 IS BURNED 1 SET H2DW = 0,0 AND REDUCE 02DW ACCORDINGLY
C

02DW = 02DW * H20W/2.0
H2DW = 0.0

C

C A FRACTION OF file REMAINING 02 IS USED TO BURN H2 THAT IS CENERATED AT
C VB.
C

C DETEFJ4INE IF H2AVB OR 02DW IS THE LIMITING CONSTITUENT
C

IF( H2AVB .LT. 2.0*020W*FC2BRN )THEN
C

C H2AVB IS THE LIMITING CONSTITUENT
C

H2AVB = 0.0
1 02DW = 02DW * H2AVB/2.0
| EME
l C
| C 02DW*F02BRN IS THE LIMITING CONSTITUENT

C

H2AYB = !!2AVB - 2.0*02DW*F02BEM
02DW = 020W * O2DW*F02BRN

ENDIF
ENDIF

C

C SUM THE WETWELL H2 AND 02
C

c

5
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I!2W = II2W 4 !!2DW + ll2AVI:
02W = 02W + O2tM
H20W = H20W
H2DW = 0.0
02tM = 0.0

C

ELSE!F(NAME(6 6).EQ.'B' .OR. NAME($i6).EQ.'48)TitEN
C

C WATER IS IN THE DRYWELL AT VB WITl! SUFFREEEION LOOL BYFASB
C * STEAM OENERATED AT VB FUROES THE CASES FROM Ti!E DRYWELI. INTO THE
C WETWELL. ALL OF THE DirYWELL CONSTITUENTS ( ll2DW, 02DW, H2tM) ARE
C ADSED TO THE WETWELL CONSTITUENTS
C

It2W = Il2W + !!20W + lt2AVD
02WW = O2W + O2tM
H2W = N2WW + (02DW/02 FRAC)*(1.0 * O2 FRAC)
It20WW = H20HW ,

112DW = 0.0
'

02tM * 0.0
*

C
ELSEIF(NAME(6:6).EQ,'5' .OR. HAME( 616 ) . EQ. ' 6 ' )Tt!EN

C

C No MAJOR ENERCTIC EVENTS A VD AND Tilt DRYWELL IS DRY
C * DRYWELL RETAINS Sale FRACTION (FDWB) 0F T!!E H2 AND 02
C THE FRACTION FDWB IS AI> PLIED TO Ti1E FOLE TkACTIONS OF fl2 (YH2)
C AND AIR (YA!R)
C

C NTOT = TOTAL NUMBER OF ICLES IN TI!E DRYWELL AT VB
C YH2 = FOLE FRACTION OF 112 IN Tilt DRYWELL AT VB
C YAIR = FOLE FRACTION OF AIR IN THE DRYWELL AT VS
C FDWVD = FRACTION OF DRYWELL CONSTITUENTS TilAT REMAIN IN Tl!E DRYWELL
C

ll2W = ll2W + (H2DW + M1AYD)*(1.0 * ITWB)
02W = 02W 4 02DW*(1 FDWVB)
N2W = N2W + O2DW/02 FRAC *(1.0 02 FRAC)*(1.0 FDWVB)
H2DW = (H2DW + H2VD)*FDWVD
02DW = 02DW'FDWB

ENDIF
C

C IF CONTAINMENT FAILED - REDUCE NUMBL*R OF FOLES IN THE WETUELL ASSUMING
C THE WETWELL WAS WELL MIXED
C

IF( NAME(6:6).FO.'1' .OR. NAME(6 6).EQ.'3' .OR.
+ NAME(6:6) .EQ. 'S' ) THEN

C

C CALCULATE POLE FFK TIONT. ASSUMING ALL OASES STAY IN WETWELL
C

NTOT = E20WW + H2W + O2W + H2W
YH2O = H20WW/NTOT
YH2 = I!2W/NTOT
YO2 = 02WW/NTOT
YN2 = N2W/NTOT

C

C \DJUST tOLES OF EACH CONSTITUENT BASED ON FOLE FRACTIONS AND Tl!E
C ~0TAL NUMBER OF FOLES IN THE CONTAINMENT AT ATFDSritERIC FRESSURE
C

H20W= YH20*NATM
H2W = YH2*NATM
02W = YO2*NATM
N2W = YN2*NATM

ENDIF
C

C CALCULATE lOLE FRACTION OF H2 IN WETWELL AT VD
C

UTUN a 'J2W/( H2W + H20WW + 02W + H2W)
C

A.2.2+19
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$
;

)
:
i C LElkITIALIEt INPUT VARIABLLS
I C

l AR0(IDAR0(1)) = H20WW
AR0(II,AR0(2)) * !!2W

AkO(IDAR0(3)) * H20tM
AkO(IDAR0(4)) = M2tW'

AkO(IDAkO(6)) * 02W
AR0(IDAR0(7)) * 02DW,

i AR0(IDAH0(6)) * N2 W
KETURN

C
a ======= = = = ~ ~ - - *=a - =C - * ~ ~ ~-

j C WETWELL INERT LITEL AFTER Ylt
C

ELEEIF(NAME( 0).EQ. 'WH201')Ti1EN
ll20W * AR0(IDARU(1))
ll2W = AR0(IDAkO(2))<

02W = AR0(IDAkO(3))
i N2WW = AkO(IDAR0(4))

C

j C . tDLE FIKTION OF !!20 IN WETWELL
C

FCTI!20 e it20W/(H20W + I!2WW + O2W + H2W)'

C

C UFUN RETURNB 1 * FRACTION OF 1120 IN WETWELL
C

i UTUN = 1.0 - KTil20
'

RTTURN
C
C ~ *= --- - =* ===== = = ==

c SUFFICIENT 02 IN CONTAINMENT TO CUFP0kT CCittlVSTIDH
C

ELEEIF(NAME(44).EQ.'202')THEN
C

C INITIALIEE 1:20. I!2. 02. AND N2
C

H20W = AR0(IDAR0(1))
I!2W = AR0(IDAR0(2))
02WW = AR0(IDAR0(3))
N2W = AR0(IDAR0(4))

C
C 021CT = FERCENTAGE OF 02 IN CONTAINMEvf
C 02BRN1 = K040LES OF 02 REQUIRED TO BURN A HIXTURE OF 121 1:2
C 02BRN2 = EO H3LES OF 02 REQUIRED TO BJIA A MIXTURE OF 161 H2
C OZtIL.N3 a K04DLES OF 02 REQUIRED TO UURN A HIKTURE OF 201 !!2
C

C UTUN = 0.$ i NOT EN000!I 02 FOR COMBUSTION
C UTUN = 1.5 : ENOUGH O2 FOR COMBUSTION BUT NOT FOR A DETONATION
C UFUN = 2.5 : ENOUOll 02 FOR A DTTOKATION WITH 121 !!2
C UFUN = 3.5 i ENOUO!! 02 TOR A DETONATION WITH IE1 H2

. C UTUN = 4.5 t ENOUGH 02 FOR A DETONATION WITl! 201 !!2
! C

02iCT = 02W/( lt20WW + H2W + O2W + N2WW)
02BRN1 = 0.S*(0.12/(1.*0.12))*(H20WW + O2WW + N2W)
02 DAN 2 = 0.S*(0.16/(1.*0.16))*(ll20WW + O2W + N2W)
02DRN3 = 0.S*(0.20/(1.*0.20))*(!!20WW + O2WW + H2WW)

C
C DETERMINE WilAT LEVEL OF CatBUSTION IS ICSSIBLE
C

IF( 02FCT .LT. F0200M)THEN
UFUN = 0.$

ELSEIF( O2W .0E, 02BRN3 )THEN
- UFUN * 4.5

ELSEIF( 02W .0E 02DRN2 )THEN
UFUN = 3,5 -
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f

2

ELSEIF( O2WW .0E. 02BRN1 ) TIIEN j
iUFUN * 2.5

ELSE )
UTUN = 1.$

ENDIF
'

RETURN
C

=== = = ~ ~ = *C=== = =
C LEVEL OF CONTAINMENT PRFSSURIZAf!ON AT VB
C .

|

C THE CONTAINMENT MAS ALREADT PAILED (RUPTURE OR CAT. RUPTURE),

C OVERPRESSURE IS REDUCED
C

ELSEIF(NAME.EQ. 'CICLOW' )THEN
PBASE = FATM
PERN = AR0(IDAR0(2))
PTUI = 0.0
UTUN = PBASE
AR0(IDAR0(1)) * PBASE
AR0(IDAR0(3)) = PTOT
RETURN

ELSE!F(NAME.EQ.'CIC1 *)THEN
PTOT = AR0(IDAR0(2)) + AR0(IDAR0(3))
UTUN = PTOT
AR0(IDAR0(4)) * PTOT
RETURN

ELSt!F(NAME.EQ 'CIC2 8 )TilEN
P1 = AR0(IDAR0(2))
P2 = AR0(IDAR0(3))
PTOT = AMAX1( P1, P2 )
UFUN = PTOT
AR0(IDAR0(4)) = PTOT
RETURN

ELSE!F(NAME EQ. 'CIC3 ' )Tr!EM
PTOT = AR0(IDAR0(3))

'EFUN = PTOT
ARO(IDAR0(4)) * PTOT
RETURN

C

C== -

C LEVEL OF DRYWELL LEAKAGE INDUCED BT CONTAINMENT PRESSURIZATION
C

ELSEIF(NAME(15).EQ.'IDBrn')THE4
FBASE = AR0(IDAR0(1))
PL = AR0(IDAR0(2))
PF = AR0(IDAR0(3))
RN = AR0(IDAR0(4))

| POWB = AR0(IDAR0($))
PL = AMAX1(PL - PDWB, 0.0)
IF(NAME(6:6).EQ.*1')TREN

UFUN = FF AST ( PL . PF , RN . FED , PTED , PCONED , N FLED . MTED , N F PED )

IF( UFUN .EQ. 2.$ ) UTUN = 3.5
ELSEIF(NAME( 6 2 6) .EQ. ' 2 ' )T!!EN

UTUN = PF AST ( PL. PF , RN , PED , PTED , ICONID , N PLED , MPED NPPED )

IF( UPUN .EQ. 2.5 ) UTUN = 3 $
ELSEIF(NAME(626).EQ.'3') FEEN

UTUN = PFAST(PL,PF RN, PED,PTED,FCONED,NFLED.MPED.NPPED)

ELSEIF(NAME(626).EQ.84')THEN
UTUN = PFAST(PL,PF,RN, PED.PTED,PCONED,NPLED,MPED,NPPED)

ELSEIP(NAME(6:6).EQ.'$')THEN
UFUN = PFAST(PL.PF,RN, PED,PTED,iCONED,NFLED MPED,NPTED)

ENDIF

| RETURN

| C

C - ====== - - - = ~ - - - - = - = - - - = ~

I .C CONTAINMENT FRESSURE AFTER VB

.
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C
ELEEIF(NAME(:$),EQ.'LBAFF')THEN

C

C ll20W = #0UNT or ll2O IN THE WETWELL JUST I%IOR TO VB (Ka-Hols)
C 02W = MOUNT OF 02 IN THE WETWELL JUST FRIOR TO VB (Kg-Hols)
C N2W = MOUNT OF N2 IN T!!E WEThtLL JUST PRIOR TO VB (Ka Hols)'
C H2W * #00NT OF H2 IN Tl!E WETWELL Just 11tIOR TO VB (Kg Hols)

* TOTAL N'MDER OF tOLES IN WETWELL JUST PRIOR TO VB (Ka Hols)C NTOT J
C H20DW = AFOUNT OF H2O IN Tile DRYWELL JUST PRIOR TO VB (Kg-Hols)
C 02DW * #DUNT OF 02 IN Ti!E DRYWELL JUST PRIOR TO YB (Ka-Hols)
C !!2DW * AFOUNT OF H2 IN Tl2 DRYWELL JUST PRIOR TO VB (Kg > bis)
C FDASE = CONTAlltiENT BASE PRESSURE
C

!!20WW = AR0(IDAR0(1))
02W = AR0(IDAR0(2))
N2W AkO(IDAR0(3))
It2W = art 0(IDAR0(4))
H20DW * AR0(IDAR0($))
02DW = AR0(IDAR0(6))
H2DW = AR0(IDAR0(7))
FBAst = AR0(IDAR0(6))
NTOT! = AR0(14)

C
C CONTAINMI;NT HAS FAILED * FEDUCED TO ATFOSFHERIC PRESSURE AND
C REDUCE NUMBER OF FOLES IN CONTAINMENT
C

IF(N#1E($ 16) .EQ. 818 )TdEN
FEASE = FATM

C
C ADJUST FOLES IN WETWELL * ASSUME lOLE FRACTION BEFORE AND AFTER DOES
C N01 CilANGE
C

NTOTW = H20WW + O2WW + H2W + H2W
' C

C WETWELL PRESSURE ABOVE AttOSPHERIC PRESSVRE * REDUCE NUMBER OF FOLES
C

IF(NTOTW .07 NATM) THEN
YO2 = 02W/NT01HW
YH2 = N2W/NTOTWW
YH2O = H20WW/NTOTW
YH2 = H2W/NTOTW,

( R20WW = NATH+YH2O
H2W = HATM*YH2
02W = NATH*YO2
N2W = HATH*YN2

ELSE
C

C WETWELL PRESSURE BELOW AftDSFHERIC FRESSURE * ADD FOLES OF !!20
C TO BRINO PRESSURE UF TO ATICSPHERIC
C

| H2CW = NA1H * NTOTW + H20WW
ENDIF
NTOTI = H2W + O2W + H2W + ll20WW

C |

C ADJUST FOLIS IN DRYWELL * ASSUME FOLE FRACTION BEFORE AND AFTER j
C DOES NOT CHANGE |

C |

NTOTDW = H20DW + O2DW/02 FRAC + H2DW
C

C WETWELL PRESSURE ABOVE ATFOSFHERIC PRESSURE * REDUCE NUMBER OF FOLES
C

IF( NTOTDW .07. NATHDW ) TIEN
YO2 = 02DW/NTOTDW
YH2O = H20DW/NTOTDW
YH2 = H2DW/NTOTDW |

H20DW = NATMDW*YH2O

|
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I

|
H2tM = NATM;M YR2 |

02tM = HAIMJ#*YO2
ELSE I

C
C WEIVELL PRESSURE BELOW AftOSI11ERIC !% ESSURE - ADD FOLES OF 1120
C to BRINO PRESSURE UP TO AftOSPl!ERIC
C

!!20DW = NATMM - NTOTIM + H20fM
ENDIF

C
C CONTAI! MENT IHTACT
C

ELSEIF(NAME(6 6).EQ '2'.OR. HAME($16).EQ '$')THEN
IF(N#tE(6:6) .EO. '2')THEN

C
C CONTAINMENT SFRAYS ARE WORKING * REDUCE STEAM TO NOMINAL LEVEL
C

H20WW = STMLOW
ENDII

C

C TOTAL NIHBER OF POLES IN Tile WETWELL
C

NTOTW = H20WW + O2W + N2W + H2W
C

C IF iTstSSURE BELOW AttOSrilERIC * ADD FOLES OF 1:20 TO BRING FRESSURE
C UP To ATPDSPl1ERIC
C

IF( NTOTW .LT. NATM ) T!!Eh
H20WW = HA1H - NTOTW + H20WW
NTOTW = HATH

ENDIF
C

C ADJUST THE BASE FRESSURE
C

f BASE = FBASE*NTOTW/NTOT!
NTOTI * NTOTW

C

C ADJUST FOLES OF BTEAM IN DRYWELL BASED ON PRESSURE CHANGE IN WETWELL
C

H20DW = PBASE/ PATH *NATMDW * (02DW/02 FRAC - H2DW)
IF( !!20DW .LT 0.D ) H20DW = 0.0

ENDIF
AR0(IDAR0(1)) = H20WW
AR0(IDAR0(2)) = 02W
AR0(IDAR0(3)) * N2W
AR0(IDAR0(4)) = I!2W
AR0(IDAR0(5)) = li20DW

, AR0(IDARG(6)) = 02DW

| AR0(IDAR0(7)) = H2DW
ARG(IDAR0(6)) = FBASE
AR0(14) = NTOT!
UTUN = FBASE

| RETURN

i C
| C=== = = -- - === =

| C CASES RELEASED DURIN3 CCI
C

'
C I12VES = AMOUNT OF H2 GENERATED IN VESSEL DURING CORE DEORADATION
C FEJECT = FRACTION OF THE CORE EJECTED AT VB - IT IS
C ASSUMED THAT THL CORE DEBRIS EJECTED AT VB llAS
C THE SAME CCMPOSITION AT THE DEBRIS THAT REMAINS IN Tl!E VESSEL
C Fli2VB = ITACTION OF OXIDIEABLE DEBRIS THAT IS OKIDIZED AT VB
C FCCI = FRACTION OF CORE THAT FARTICIPATES IN CCI. IF A HFME OCCURS, I.
C IS ASSDNED TilAT THE MATERIAL THAT IS FOBILE AT VB IS
C BLOWN OUT OF TFE CAVITY (htttE INCLUDES EX VESSEL STEAM EXPLOSIONS
C TilAT ARE C0fNCIDENT WITH THE HlHE EVENT). IF AN EX-VESSEL STEAM
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C EXFLOSION OCCURS (WITHOUT HitiE), 1 - FCCI REPRECENTC Tiit ITJ4 TION
C OF MATERIAL I1 LOWN OUT OF THE CAVITY BY THE STEAM EXI% CION. IF
C TilERE IS NO !!!ME OR STEAM EXFLDSION, TilEN ALL OF Tite CORE CAN

C FARTICIFATE IN CCI.
C

i ELEEIF(NAME(i3).EQ 'CCI')THEN
H2VES * AR0(IDAR0(1)) !

'
FEJECT = AR0(IDAR0(2))
FE2Ve = ARG(IDAR0(3))
FCCI = AR0(IDAR0(4))

C

C H2EQV = AR0(IDAR0($))
C CO2CCI = AR0(IDAR0(6))
C FEROX = AR0(IDAR0(7))
C FIROX = #Di'NT OF OXIDIZED ZR IN FEDESTAL EEFORE CCI BEGINS
C
C IF ALFilA WDE FAILURE (CCURS OR 111ERE IS NO VB OR NO CCI,
C THEN SET H2CCI, COCCI, AND CO2CCI TO ZERO
C

IF(NAME(4 : 4 ) .EQ. 'I' )T11EN
AR0(IDAR0($)) = 0.0
AR0(IDAk0(6)) = 0.0
AR0(IDAR0(7)) = 0.0
UFUN = AR0(IDAR0f$))
RETURN

ENDIF
C

C ZRVES = MASS OF IN VESSEL Zr TilAT IS AVAILABLE FOR OXIDATION
C ZRLATE = MASS OF Zr fliAT IS RELEASED AFTER VB
C ZRFAST = HASS OF Zr T!1AT IS RELEASED AT V8
C

ERVES = ZRWT * ll2VES/CIRH2
ERLATE = ERVES*(1.0 * * EJECT)
ZRFAST = ZRVES*FEJECT

C

C FOR Hitit CASES ALL OF T!!E HATERIAL RELEASED AT VB IS
C ASSUMED TO BE BLOWN OUT OF THE CAVITY
C

IF(NAME(4:4).EQ.'2')TCCI = 1.0 * FEJECT
C

C FOR CASES IN WHICH THE #DUNT OF HATERIAL RD0VED FRCH THE CAVITY IS
C LESS THAN OR EQUAL TO THE ABOUNT EJECTED AT VB, THE AWUNT OF tr
C OXIDIZED AT VB HUST BE ACCOUNTED FOR
C'

l IF( (1.0 - FCCI) .LE. TEJECT )THEN
l C
' C ZREXIT = #0UNT OF Zr BLCWN OUT OF THE CAVITT AT VB

C ZRFAST = MOUNT OF Zr THAT !$ EJECTED AT VB THAT RD% INS IN THE CAVITY
C ZRCCI = MOUNT OF Zr THAT CAN BE OXIDIZED DURING CCI
C

ZREXIT = ZRVES*( I.0 - FCCI )
ZRFAST = ( ZRFAST - IREXIT )*( 1,0 - FH2VB )
ZRCCI = ZRLATE + ZRFAST

ELSE

ZRFAST = ZRFAST*( 1.0 - FH2VB)
ZRCCI = (ZRLATE + ERTAST)*FCCI

ENDIT
C

C FZR = FRACTION OF UNOXIDIZED Zr IN FEDESTAL CAVITY
C

FZR = ZRCCI/(ZRWT*FCCI)
C
C H2CCI = HYDROGEN FRODUCED DURING CCI (Kg-Hol)
C COCCI = CARBON FONOXIDE FRODUCED DURING CCI (Kg-Hol)
C CO2CCI = CARBON DIOXIDE FRODUCED DURING CCI (Kg-Hol)

, C ll2EQV = HYDROGEN EQUIVALENT - FOLES OF CO ARE CONVERTED TO
l
i
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i

i
1 C EQU! VALENT m LES OF H2 BASED ON Tl!E ENERGY kELEAEED

C DURING CC12USTION
C

IF( FER .LE. 0.2$ )! HEN
H2CCI = ( C11tI2*FER + C12H2 )*FCCI
COCCI = ( C11Co*FER + C12C0 )*FCCI

), CO2CCI = ( C11CO2*FER + C12CO2 )*FCCI
=

ELSE i
H2CCI = ( C21H2*FER + C22H2 )*FCCI
COCCI * ( C21CO*FER + C22C0 )*FCCI
CO2CCI = ( C21CO2*FER + C22C02 )*FCCI

ENDIF
ll2EQV = Il2CCI + COCCI *CVCol!2

! C
AR0(IDAR0($)) = II2ECV
AR0(IDAR0(6)) = CO2CCI
AR0(IDAR0(7)) = 1.0 - FER
UTUN = H2EQV
RETURN

C
-- ===C== - -

C LATE CONCENTRATION OF COMBUSTIBLE GASES IN THE CONTAINMENT.

C

ELSEIF(NAME( 4).EO.*1SWW')THEN
C

C H20W = APOUNT OF STEAM IN WETWELL LATE (Es-Hols)
C H2W = APOUNT OF HYDROGEN IN WETWELt. LATE (BEFORE CCI) (Ks Hols)
C C2W = #00NT OF OXYCEN IN WETWELL LATE (Kg-Hols)
C H2CC = #0UNT OF EQUIVALENT H2 (INCLUDES CO) RELEASED BY CCI (Ka-Hols)
C CO2 = MOUNT OF CARBON DIOXIDE RELEASED BY CCI (Ka Hols)
C N2W = APOUNT OF NITROGEN IN WEINELL LATE (Ka-Hols)
C ll2DW = AFOUNT OF !!2 IN DRYWELL LATE (Ka-Hols)
C 02DW = MOUNT OF 02 IN DRYWLLL LATE (Ks-Hots)
C

lt20W = AR0(IDAR0(1))
H2W = AkO(IDAR0(2))
02W = AR0(IDAR0(3))
H20C = AR0(IDAR0(4))
CO2 = AR0(IDAR0($))
N2W = AR0(IDAR0(6))
H2DW = AkC(IDAR0(7))
02DW = AR0(IDAR0(8))

C

C SUFFRESSION FOOL BYFASS WITH LARGE MOUNT OF STEAM OENERATED BY CCI-
C CONTAINMENT INERT 70 H2 BURNS -
C

IF(NAME($16).EQ.81 ')THEN
C

C SET H2O CONCENTRATION TO 601 (ASSURES WETWELL IS INERT)
C

!!20WW = 0.6/.4*(H2W + H2CC + O2W + H2W + CO2
+ + !!2DW + O2DW/02 FRAC)

IF( H20W .LE. 0.0) H20WW = HATH

ELSEIF(NAME($16).EQ.'2 ')THEN
C

C CONTAINMENT HAS FAILED - REDUCE NUMBER OF tOLES IN THE WETWELL TO
C CORRESPOND TO ATFOSFHERIC PRESSURE ASSUHING THE WETWELL WAS WELL MIXED
C

C CALCULATE THE TOLE FRACTIONS ASSUHING ALL GASES STAY IN THE WETWELL
C

NTOT = H20W + !!2W + H2CC + O2W + N2W + CO2
+ + H2DW + O2DW/02 FRAC

YH70 = (H20WW + CO2)/NT07 .,

| YH2 = (H2W + H2CC + H2DW)/NTOT
YO2 = (02W + O2DW)/NTOT
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,

YN2 = (N2W + O2DW/02 FRAC'(1.0 * 02 FRAC))/NTOT
C

C ADJUST tottS OF EACH CONSTITUENT BASED ON FULE FRACTIONS AND THE TOTAL
C N'JMBER OF POLES IN THE CONTAINMENT AT ATFOSPHERIC PRESSURE
C'

H20W = NATM*YH2O
$ H2W = NATM*YH2

02W = NAIN*YO2
N2W * NATM*YN2

C
ELSEIF(NAME(5:6).EQ,'8 '.OR, NAME(5:6).EQ,'4 *)THEN

C
C CONTAINMENT INTACT * CCI RELEASES ENTER CONTAINMENT
C

IF( NAME(Si6) ,EQ. 83 ')THEN
C

*

C CONTAINMENT EFRAT8 ARE WORKING REDUCI STEN 4 CONCENTRATION
C

H20W = STMLOW
ENDIF

'

H2W = lt2W + H2CC*FCCIW + H2tM
H20W = H20WW + CO2*FCCIW
02W = 02W + O2DW
N2W = N2W + 02DW/02 FRAC *(1.0 - 02 TRAC)

ENDiF
C

C CALCULATE fttE FOLF. FRACTION OF H2 IN THE WTWELL
C

UTUN = H2W/(H20W + H2W + O2W + H2W)
C

C REINITIALIZE PARAMETERS
C

AR0(IDAR0(I)) * H20WW
AR0(IDAR0(2)) = H2W
AR0(IDAR0(3)) = 02W
AR0(IDAR0(6)) = H2W
AR0(IDAR0(7)) = 0.0
AR0(IDAR0(8)) * 0,0

RETURN

C
C - - * - === ==== ====

C THIS FODULE REDUCES THE LATE BURN OVERPREBbURE IS THE CONTAINMENT HAS
C ALREADY FAILED (RUPTURE OR CAT. RUPTURE),
C

ELSEIF(NAME.EQ,'LCPLOW')THEN

PBASE = AR0(IDA20(I))
PBRN = 0.0
UTUN = PBASE
AR0(IDAR0(2)) = FBRN '*

RETURN
C

C=-- = = - - - = = = = = = = ==

C THIS FODULE DETERH2NES THE LEVEL OF DRYWELL LEAKAGE INDUCED
C BY A 1. ATE COMBUSTION-
C

.ELSEIF(NAME(;$).EQ.'LDBrn')THEN
PBASE = AR0(IDAR0(I))
PL = AR0(IDAR0(2))
FF = AR0(IDAR0(3))s

| RN = AR0(IDAR0(4))
' IF(NAME(6:6).EQ.'I')THEN

UTUN = FFAST ( PL , PF , RN , PED , PTED . FCON ED , NPLED , MPED , N PPED )

IT(UTUN..EQ, 2.5)UFUN = 3.5
ELSEIF(NAME(6:6),EQ.'2')TiiEN

UTUN = PFAST(PL,FF,RN FED,PTED,PCONED,NPLED,MPED,NFFED)
IF(UFUN ,EQ. 2,5)UFUN = 3.5
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|

ELSEIF(NAME(6:6).EQ.'3')Tl!EN ;

UFUN = l' FAST (PL,PF RN, PED.PTED,it0NED,NPLED HPED.NPPED) |

ELSEIF(R#iE(6:6).EQ.'4')THEN |
UTUN * PF AS'.'( PL, PP ,RN , PED , PTED , PCONED , NPLED ,HPED, NPPED )

'

ELSEIF(NAME(6 :6) .1T), ' S' )Tl!EN
UTUN * PfAST(PL,PF,RN PED,PTED,1 CONED NPLED,HPED,NPPED)

IENDIF
1

RETURN '

C
= ==== === =C========-==

!
C CONTAINHENT FAILUPE FROM LATE PRESSURE (NON CONDENSIBLES/STEAH)
C

ELSEIF(NAME( ;6).EQ.'LTPRES')TifEN
PL = AR0(IDAR0(1)) + AR0(!DAR0(E)) - PATH
PF = AR0(IDAR0(3))
RN = AR0(IDAR0(4))
UT UN = P5 LOW ( PL , PF . RN , PC . PTC , ICONC . NFLC , HIC , N PPC )

RETURN

ENDIF
C

C === ==== =====

C IF USER FUNCTION NOT TCUND - WRITE ERROR HESSAGE
C

WRI'E(6,10)MAME
10 FORMAT (IX,' USER FUNCTION NAME ',A6,' NOT FOUND')

STOP
END

C= = = = = - = = = = =

C

C PSLOW
C
C = ~ ~=*==== - --=====--

FUNCTION PSLOW ( PL , PF , RN , P , PI , CCt'D , NLOC , H , NP )

DI!1ENSION P(NP), PT(NP), (X'ND(NP,3,NLOC). H(NLOC), STR(10),
+ FRX(5,$)

C

C PL = LOAD PRESSURE
C PF = FAILURE FRESSURE
C RN = RANDOH trJHBCR USED TO DETERMINE FAILU'E FODE
C P = ITJ!SSURE
C PT * TOTAL CUMULATIVE FAILUR2 DISTRIBUTION
C COND = CONDITIONAL FAl!.URE FOR EACH FUDE AT EACH 1.0 CATION
C NLOC = N'JHDER OF LOCAT10NS,

C M(K) = NUMBER OF FAILURE HODES AT LOCATION K
C DP = PRESSURE INCREMENT OF P
C NP = TOTAL NUMBER OF FRESS121U? YNCREMENTS
C SFR = FAILURE FRACTICtl (M (O CMPARED TO T1!IS NUNDER)
C
C IF PL IS LESS T!!AN PF, NO TAILURE.
C SET PSLOW = TOTAL # OF LOCATION / MODE CWBINATIONS + 0.5
C

IF (PL . LT. PF ' ) TIEh
C

C DETERMINE T!!E TOTAL NUtCER OF 10 CATION /FODE CWBINATIONS
C

ISUM = 0.0
DO 60 K = 1, NLOC

DO 70 IH = 1 H(a
ISUM = ISUM + 1

70 CONTINUE

60 CONTINUE

| PSLOW = ISUM + 0.)
| ELSE

C CALCULATE TABLE SPACila i

C

DP =.( P(HP) - P(1) )/( NP - 1)

|

1
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C

C IF PL IS GREATER THAN IT Tl!EN CALCULATE FAILt'kE tODE AT FF. (
C FIND PRESSURE INTERYAL CORRESPONDING TO file SAMPLED FAILURE
C FRESSURE PF. IFO * LOWER VALUE OF INTERVAL. IF1 = UPPER VALUE
C

IFO = (( FF - P(1) )/DP) + 1
IF1 = IFO + 1

C

C INTERIVLATE TO CET l'HE CONDITIONAL TAILURE FODE PROBABILITIES AT
C PF. FRINT * FRACTION OF INTERVAL TO EXTRAPOLATE FOR SAMPLED VALUE
C

FRINT = ( PF - P(IFO) )/DP
C

C 111 NOTE - THIS HETHOD OF SUtt4ING ASStHES THAT EACH LOCATION 11AS THE
C SAME NLHEER OF FODES I1i
C
C THE INPUT ARRAY FOR IHE CONDITIONALS IS IN Tile ORDER LEAK, RUPTURE IVR
C LOCATION 1; LEAK, RUPTURI FOR LOCATION 2 ETC. THE VALUES RETURN BY PFAST
C ARE IN A DIFFERENT ORDER: LEAK LOCATIDH 1, LEAK LOCATION 2 RUPTURE
C LOCATION 1, RUPTURE LOCATION 2 ETC.
C

C ISUH = TOTAL NUMBER OF tODES
C

ISUM = 0
DO 10 IM = 1. H(1)

D0 20 K = 1 NLOC
ISUM = ISUM + 1
C1 = COND(IF0,IH,K)
C2 -= COND(IF1,IM K)
FRX(IM,K) * C1 + FRINTa( C2 - C1)
IF(ISUM ,EQ. 1) TilEN

STR(ISUM) = FRX(IM K)
ELSE

5FR(ISUM) = STR(ISUM -1) + FRX(IN.K)
ENDIF

20 CONTINUE
10 COMTINUE

PSLOW = 0.5
Do 30 I = 1, ISUM - 1

IF( I .EQ. 1)TUEN
IF(RN LT, SFR(I)) PSLOW = ISUM - I + 0.$

ELSE

IF(RN.LT.SFR(1) .AND. RN.0E.STR(1 1))PSLOW=ISUM-I+0.5
ENDIF

30 CONTINUE
ENDIF
RETURN

END
C== ====== = = = = = = = = = = = = = = = = ======

C

C PFAST
C

C===- ==== = = = = = = - -

FUNCTION PFAST(FL,PF.RN,P.PT,COND,NLOC.H,NP)
DIMENSION P(NP), PT(NP). COND(NP.2,NLOC), H(NLOC), SFR(10), ;

+ FR(5,5), C0(5,5), CL(5,5)
C

C PL = LOAD PRESSURE
C PF = FAILURE PRESSURE
C RN = RANDCN NUMBER USED TO DETERMINE FAILURE MODE
C P = FRE::SURE
C PT = TOTAL CUMULATIVE FAILURE DISTRIBUTTON
C COND = CONDITIONAL FAILURE FOR EACil FODE AT EACH LOCATION
C NLOC = NUMBER OF LOCATIONS
C H(K) = NUMBER OF FAILURE FODES AT LOCATION K (MAX IS 2)
C HP = TOTAL NUMBER OF FRESSURE INCREMENTS

A 2,2 28
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C SFR = FAILURE FRACTION (RN IS CCHf ARED To THIS HlH15ER
C
C IF PL IS LFSS TilAN FF, NO FAILURE.

C EET PFAST = TOTAL f LOCATION /mDE C0t21 NATIONS + 0.5
C

IF (PL .Lt. PF ) TilEN
C

C DETERM!NE THE TOTAL NUMBER OF LOCATION / mDE COMBINATIONS
C

ISUM = 0.0
DO 80 K = 1 NLOC

Do 70 IM = I, M(K)

ISUM = ISUM + 1
70 CONTINUE
60 CONTINUE

FFAST = ISUM + 0.5
ELSE

C
C IF FL IS OREATER TilAN PF THEN CALCULATE FAILURE W CE AT PF,
C FIND PRESSURE INTERVAL CORRESPONDING TO THE SAMPLED FAILURE
C PRESSURE PF. IFO = IIMER VALUE OF INTERVAL, IF1 = UPPER VALUE
C

DP = (P(NP)*P(1))/(NP-1)4

IFO = (( PF * P(1) 1/DP) + 1
IF1 = IFO + 1

C

C INTERPOLATE TO OET T!!E CONDITIONAL FAILURE W DE PROLABILITIES AT
C PF. FRINT = FRACTION CF INTERVAL To EXTRAPOI. ATE FOR SAMPLED VALUE
C

FRINT = ( PF - P(IFO) )/DP
C

DO 40 K = 1, NLOC
00 50 IM = 1. M(K)

CI = COND(IF0,IM,K)
C2 = COND(IF1,IM,K)
FR(IM,K) = C1 + FRINT*( C2 - C1)

50 CONTINUE
40 CONTINUE

C A subroutine to calculate fraction of f ailures in each of
C several sedes and locations, for rapidly rising pressures.
C Arguments are IF (f ailure pressure),PL (Load),the total
C cumulative failure distribution (PT), and conditional failures

C in each mode and location, glven that failure occurs within

C the stated pressure interval.

C P(I) = PRESSURE (EQUALLY EPACED POINTS)
C COND(I,J K) = CONDITIONAL FAILURE FOR EACil MODE AT EACil LOCATION,
C I.E., PROBABILITY TilAT A FAILURE OCCURRING IN THE INTERVAL
C P(I-1) TO P(I) IS MODE J AT LOCATION K IS COND(I,J,K)

C M(K)= TOTAL NUMBER OF tODES AT LOCATION K (MAX = 5)
C HLOC=NUtEER OF LOCATIONS (MAX = 5)
C HP= NUMBER OF POINTS IN P,PT ARRAYS (MAX = 200)
C TFaSAMPLED FAILURE PRESSURE
C PL= SAMPLED LOAD PRESSURE
C FR= FRACTION OF FAILURES TN EACl!tODE (VALUES CALCULATED BY
C SUBROUTINE)
r ***..**...**.............****e.....**** ......***........

C XF=TROBASILITY OF FAILURE CORRESFONDING TO FF
IF(FF.LE,P(I))THEN

XF=0.
ELSE IF(FF.GE.P(HP))THEN

XF=1.0
ELSE

DO 5 I 2,NP
IF(P(!),LT.PF)COTO 5

i
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II*I

00T0 7
5 CONTINUE

II*NP
7 XF=PT(II-1)+(PF-P(II 1))*(PT(II)-FT(II-1))/(P(II)-P(II 1))

XT= AMIN 1(XT,1.0)
XF=AMAX1(XF,0,0)

END'IF
C SPACIND OF PRESSURE TABLE

DM(P(NP)*P(1))/(HP-1)
C FIND PUINT CORRESPONDINO TO PF

IF(PF.LE.P(1))THEN
IFO*1

ELSE
IF0=(FF-P(1))/DP+1

END IF
C FIND POINT CORRESPONDING TO PL

IF(PL.OE.P(NP))THEN
IFL=NP-1

ELEE

IFL*(PL-P(1))/DP+1
END IF

C FIND UPPER AND LOWER PARTIAL INTERVAL SIEES
FRINT0=1.-(PF-P(IF0))/DP
FRINTL=(PL-P(IPL))/DP
IFl=IF0+1
IFL1=IFL+1
SUMLK=0,
00 10 K=1, NLOC

DO 11-IM=1,M(K)
C FIND CONDITIONALS FOR LOWER PARTIAL INTERVAL

C1=COND(IF0,IM,K)
C2=COND(IF1,IM,K)

IF(IF1.EQ.IFL1)THEN
,

C0(IM,K) = (C2+3.0*C1+(C2-C1)*(FRINTL+(1*FRINTO)))/4
ELSE

C0(IM,K)= (C2 + (C1+(C2-C1)*(1 FRINTO)))*0.$

ENDIF
C FIND CONDITIONALS FOR UPPER PARTIAL INTERVAL

C1=COND(TFL,IM K)
C2=COND(IFL1,IM,K)
CL(IM,K)=( C1 + (C1+(C2 C1)*FRINTL) )*0.5

11 CONTINUE
SUMLK*SUMLK+FR(1,K)

10 CONTINUE
C NOW WORK UP Frat PF TO PL, DETERMINING PROBABILITY OF NEW RUPTURES

DO 31 IP=IF1, IFL1 .

SlHL=0.0
SUMR=0.0
DO 32 K=1,NLOC

DO 34 IM=2,M(K)'
,

IF(IP.EQ.IF1)THEN
C LOWER PARTIAL INTERVAL ,

IF(!F1.EQ.IFL1) THEN
FX*FRINTL - (1.0 - FRINTO)

ELSE
FX=FRINTO

ENDIF
CX=C0(IM.K)
DIV=AMAX1(i.-XF 1.E-6)

ELSE IF(IP.EQ IFL1)THEN
C UPPER PARTIAL INTERVAL

FX=FRINTL
CX=CL(IM,K)

DIV=AMAX1(1.- PT (IP-1 ) ,1. E-6 )
- ELSE
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C WHOLE INTERVALS
FX*1.
CX=( COND(IP,1H,K) + COND(IP-1,IH,K) )/2

DIvaniAX 1(1. - PT (IP- 1),1. E-6 )
END IF

C RUPTURES IN THIS INTERVAL AND SUME.D RUPTURES
DFR=(PT(IP) PT(IP 1))*CX*FX*SUHLK/DIV
SUM 2=SUHR+DFR
FR(IM,K)*FR(IH,K)+DTR

34 CONTINUE
32 CONTINUE

SUMNU=0.0
Do 321 K=1,in.0C

FR( 1, K )=FR( 1, K) * SUHR* FR( 1, K) / SUM |.K
SUMNU=SUMNU+FR(1,K)

321 CONTINUE
SUHLK=SUMNU

31 CONTINUE
C

C SET UF TO CORRECT VALUES
C
C
C ISUH = TOTAL NWtBER OF HODES
C

ti1 NOTE - THIS HETHOD OF S' tGNO ASSUMES THAT EACH LOCATION HAS THEaC

C SAME NUMBER OF >0 DES Ii1
C
C THE INPUT ARRAT FOR THE CONDITIONALS IS IN THE ORDER LEAK, RUPTURE FOR
C LOCATION 1; LEAK, RUPTURE FOR LOCATION 2 ETC. THE VALUES RETURN BT PFAST
C AR2. IN A DIFFERENT ORDERI LEAK LOCATION 1, LEAK LOCATION 2, RUFTURE
C LOCATION 1, RUPTURE LOCATION 2 ETC.
C

ISLH = 0
00 1$ IM = 1. H(1)

Do 20 K = 1 Ntoc
ISUM = ISUM + 1
IF(ISUM .EQ. 1) THEN
STR(ISUM) = FR(IH,K)

ELSE
SFR(ISUH) = SFR(ISUM *1) + FR(IM,K)

ENDIF
20 CONTINUE
1$ CONTINUE

PFAST = 0.5
00 30 I = 1 ISUM - 1

IF( I .EQ. 1)THEN
IF(RN ,LT. SFRCI)) PFAST = ISUM - I + 0.5

ELSE

IF(RN.LT.S R(I) . ANDi RN.0E.SFR(I-1))PFAST=ISUH I+0.5
ENDIF

30 CONTINUE
ENDIF
RETURN .

END

C============== = === == === == = = = =

C

C H2 BURN

C

C= = ===== == ============= - =======

C THIS FUNCTION CALCULATES THE FINAL PRESSURE ASSOCIATED
C WITH THE ADIABATIC C01BUSTION OF H2 IN AN AIR / STEAM HIXTURE AT
C CodSTANT VOLUME. IT IS ASSLHED THAT ALL COMPONENTS ARE IDEAL CASES,
C

. FUNCTION H2 BURN ( H2, H20, 02, H2, CONV, PBASE TI )
REAL N2,N2P

C

A.2.2-31
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C H2BRN IS THE AMX1NT OF H2 (Kg-mols) THAT BUMS,
C

H2i'RN*H2*CONV
C
C TI = INITIAL GAS TDiPERATURE ;

C TREF = THE REFERENCE TDiPERATURE, CORRESPONDS TO THE TEMPERATURE |
C AT milch THE HEATS OF FORMATION ARE EVALUATED. '

C

TI = TI - 2 D.15
TREF = 25.0

C

C INTERNAL ENEROY OF REACTANTS
C

UR=UENER0(TI TREF,H2,H20,02,N2)
C

C HEAT OF REACT 100
C

UREACT=-2 A06E5*!!2BRN
C

' C MOLES OF FRODUCT
C

!!2P =H2-II2BRN'

( li20P=l!20+E2hRE
'

02P =C2+H2BRN/2,
H2P =N2

C

C TFLGi AND TPHI CORRESPOND TO THE RANGE THAT THE FINAL GAS TEMPERATURE
C IS EXPECTE TO FALL WITHIN.
C

TPLOW=TI
TFHI-2000,

j C

C THE GAf d!PERATURE OF THE PRODUCTS IS DETERMIFFD BY SOLVING THE ENERGY
C EQUAT)'.4 FOR A CONSTANT VOLUME ADIABATIC COMBUSTION. BECAUSF THE,

C INTERNAL ENERGY OF THE PRODUCTS Ill CALCULATED FRCH UEAT CAPACITY DATA
C Mi!CH IS IN THE FORM OF A FOURTH ORDER POLYNOMIAL, THE TDtPERATURE OF
C THE PRODUCTS IS CALULATED USING A TRIAL AND ERROR METHOD (BI-SECTION
C METHOD),
C

j C INTERNAL ENERGY OF PRODUCTU (BASED CN TFLOW)
C

UPLOW=UENERG(TPLOW. TREF,H2P H20P,02P,H2P)
C'

C ENERGY BALANCE
,

Ca

DULOW=UPLOWtUREACT-UR
4

C

C INTERNAL ENERGY OF PRODUCTS (BASED ON TPHI)
C

UPHI=UENER1(TPHI, TREF,H2P,820P,02P,N2P)
1 C
4 C ENERGY BALANCE

C

D MI=UPHI+UREACT-UR
C

C MAKE SURL ILODUCT TDtPERATURE IS IN THE ASSUMED TDiPERATURE
C RANGE
C

5 IF(DUHI*DULOW.GT.O 0)THEN
C

C IF THE AMOUNT OF !!2 IS TO HIGH (PREDICTING ADIABATIC BURN TEMPERATURES
C GREATER THAN 3000 C), .THEN AUTOMATICALLY SET PRESSURI RISE TO 10,

C

IF(TPHI.GT.3000)THEN
H28 URN =10.0
RETURN

4'
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ENDif !
TPHI=T PHI *1. 5
U PH I =UENEkO ( T rill , TREF . H2 P , H20P ,02 P . N 2 P )

DUHI=UPHI+UREACT-UR
00 70 $

ENDIF i
C '

C MIDICINT IN TEMPERAIURE RANGE
C i

10 TIMEte(TPHI+TFLOW)/2.
C

C INTERNAL ENERGY OF FR000 CTS (BASED ON HIDICINT TEMP.)
C

UlHED=UENER0(TIMED, TREF,H2P.H20P,02P N2P)
C
C ENER0Y BALANCE
C

DUMED=UIMED+UREACT UR
C

C DETERMINE WilIC11 SIDE OF MIDTOINT THE SOLUTION LIES
C

IF(D'JLOW*DUMED .GT . O . 0 )T!!EN
TFLOW=T!HED
DULOW=DUMED

ELSE
TFHI= TINED
DUHI=DUMED

ENDIF
C
C SUCCESS CRITER!ON I3 1 C.
C

IF(ABS (TFLOW-T7!!!).0T.1.0)C0 TO 10
TF=(TPLOWtTPHI)/2.

C

C FINAL FRESSURE BASE ON IDEAL CAS LAW
C

PRATID= (H2P+H20P+02Pt N2P) / ( H2+ H20+02 t H2 ) * (TF+ 273.15 ) / (TI + 273.15 )
H2BURNaPRATIO*PBASE
RETUP*.e

END

C == ** = "

C

C UENERO
C
C = = = = = - === ====== === -

C- THIS FUNCTION CALCULATES THE CilANGE IN INTERNAL ENERGY ASSOCIATED
C WITH A CHANGE IN TDQ'IIATURE (FRCH TREF TO TI) 0F GASEOUS !!2,1120,02i

( C AND N2, THE INTER!!AL ENIRGY IS IN JOULES.
C

FUNCTION UENERO(TI, TREF,H2,H20,02 N2)
REAL N2

C

C INTERNAL ENER0Y OF HYDROGEN
C

Ul!2=(20.53*(TI-TRET)+3.625E-5*(TI'*2-TREF **2)+1.096E-6*(
( + T!**3-TREF **3) 2,175E 10*(TI'*4-TRIF**4)).

'C
C INTERNAL ENER0Y OF STE.\M
C

Ull20=(25.15*(TI-TRET)+3.44E 3*(TI**2* TREF **L)+2.535E-6*(
+ TI**3-TREF **3) 8.983E-10*(TI**4 TREF **4))

C
C INTERNAL ENEROY OF OXYOEN

i C |

(. UO2=(20.70*(TI-TREF)+5.70E-3*(TI**2-TREF **2)-2.025E-6*(
+ T!**3-TREF **3)+3.276E-10*(TI**4-TREF **4)) <

'

l
'

i

|- |
;

I
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C

C INiERNAL ENEROY OF HITROGEN
C

UN2=(20.69*(TI-TRET)+1.1E 3*(TI'*2 TREF **2)+1.908E 0*(
+ T!**3-TREF **3) 7.178E-10*(TI**4-TREF **4))

UENERO=UI!2*H2+UH20*H20+UO2*02+UN2*N2
RETURN

END
= " * = + "- ~ ~ ~ * = ' ' * * " - * = -""""*""C==

C
C TLOOK

C
-- - - - --

"=~ ""*
C = ===-
C TABLE LOOKUF SUEROUTINE 1 2 DIMINSIONAL TABLE
C

C Tii!3 FUNCTION DETERMINES Tile VALUE IN TifE MATRIX TABLE FOR A CIVEN
C X AND Y FAIR. THE ARRAYS XRANO AND YRANO N NTAIN THE INDEPENDENT
C VARIAB2.ES FOR Ti1E MATRIX. THE VARIABLES NUMX AND NUMY ARE TIIE
C NUMBER OF ELEMENTS IN TIIE ARRAYS XRANO AND YRANG RESPECTIVELY.
C

FUNCTION TLOOK(X,Y,XRANO.NUMX,YRANO,NUMY, TABLE,NAME)

C
DIMENSION TABLE (NUMX,NUMY),XRAN0(NUMX),YRANO(HUMY),

+ XBOUND(3),YBOUND(3),TBOUND(4)
CI!ARACTER*6 NAME

C
C CHECK TO MAXE SURE THE X AND Y YALUES ARE WITHIN Tl!E RANGE OF Tl!E
C MATRIX. IF Ti!E X AND Y VARLUES FALL OUTSIDE THE RANGE, AN ERROR
C MESSAGE IS RETURNED.
C

IF(X.LT.XRAN0(1).OR.X.0T.XRAN0(NMtX))TilEN
WRITEtS.100)N#!E

100 FORMAT (1X,' ERROR IN FUN ',A6,' IN SUBROUTINE TLOOK, X RANGE')

STOP

ENDIF
IF(Y,LT.YRAN0(1).OR.Y.07.YRAN0(NUMY))TilEN
- WRITE (6,101)HMIE

101 FORMAT (1X,' ERROR IN FUN,',A6,8 IN SUBROUTINE TLOOK, Y RANGE')
ST0F

ENDIF
C

C FIND Ti!E 2 VALUES IN XRANO 111AT SURROUND X
C

!=1
10 IF(X.07.XRAN0(I))THEN

I*I+1.

00 TO 10
ELSE

IF(I.EQ,1)I=2

XBOUND(1)=XRAN0(I-1)
XBOUND(2)=X
XBOUND(3)*XRAN0(I)

ENDIF

! C
C FIND Tl!E 2 VALUES IN YRANO THAT SURROUND Y-
C I

J-1
20 IF(Y.07.YRAN0(J))THEN ;

i- JaJ+1
| 00 TO 20

ELSE

IF(J.EQ.1)J=2 j

YBOUND(1)=YRAN0(J-1)
YBOUND(2)=Y
Y20UNC(3)=YRANG(J)

ENDIF

|
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C
C VOUR VALUES IN THE MATRIX TABLE THAT Col &ESl0ND TO Tilt XRANG AND
C YRANO VALUES THAT SURROUND X AND Y,

C
TBOUND(1)= TABLE (1-1,J 1)
TBOUND(2)= TABLE (1,J-1)
TBOUND(3)* TABLE (1-1,J)
TBOUND(4)= TABLE (I,J)

C

C INTERPOLATE To FIND DEPENDENT VARIABLE THAT CORRESIONDS TO X AND Y.
C

TLOOK=TINTRP(XBOUND,YBOUND,TBOUND)
PRIFT*,XBOUND
l'RINT*,YBOUND
PRINT *,TBW ND
PRINT *,TLOUX
RETURN

END

C = = ===- - ==== - ====== - - ========= =

C

C TINTRP
C

== == -======-~=========== ==
C

C THIS FUNCTION PERF0kMS A 1.INEAR INTERPOLATION OF A 2-DIMENSIONAL TABLE
C X - APIAY CONTAINS 3 ELEMENTS
C X(1)= X VALUE CORRISIONDING TO T(1,1) AND T(1,2)
C X(2)= X VALUE FOR WHICH AN INTERPOLATED VALUE OF T WILL BE OBTAINED,
C X(3)= X VALUE CORRESPONDING TO 1(2,1) AND T(2,2)
C Y = ARRAY CONTAINS 3 ELEMENTS
C Y(1)= Y VALUE CORRESPONDING TO T(1,1) AND T(2,1)
C Y(2)= Y VALUE FOR WHICl! AN INTERPOLATED VALUE OF T WILL BE OBTAINED,
C Y(3)= Y VALUE CORRESPONDING To T(1,2) AND T(2,2)
C

FUNCTION TINTRP(X,Y,T)
C

DIMENSION X(3),Y(3),T(4)
XRATID=(X(2)-X(3))/(X(1) X(3))
YRATID=(Y(2)-Y(3))/(Y(1) Y(3))
T1=(T(1)-T(2))*XRATIO + T(2)
T2=(T(3) T(4))*XRATIO + T(4)
TINTRP=(T1 T2)*YRATIO + T2
RETURN

END

C==-- == == - === = = = = = = = = = = = = - - = = = = = = = = =

C

| C XINTRP
C,

C= == === = == = = = = = = = = = =

C 71115 FUNCTION PERFORMS A LINEAR INTERPOLATION
C
C T(IMAX,2) = 2 DIMENSIONAL ARRAY-
C T(I,1) = X DATA
C T(I,2) = Y DATA
C IMAX = TOTAL NUMBER OF X VALUES (AND ALSO Y VALUES)
C X = X VALUE FOR WHICll A Y VALUE WILL BE CALCULATED
C

FUNCTION XINTRP( X, T, IMAX)
DDtENSION T(IMAX.2) j

C 1

C IF THE VALUE X IS OREATER THAN THE LAST VALUE IN T. SET Y TO THE LAST
'

C VALUE IN T
C

IF( X .07. T(IMAX,1) ) THEN
XINTRP = T(IMAX,2)

ELSEIF( X .LT, T(1,1) ) THEN j

XINTRP = T(1,2) i

|
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f

1
ELSE

':

1*1 )
10 If"( X .0T, T(1,1) ) THEN

I=1+1
0070 10

.y
ELSE

IF(.I .EQ. 1 ) I * 2
XLO = f(I 1, 1S

YLO = 1(1-1, 2)-
XHI = f(1, 1)
YBI = T(I, 2)

XINTRP = (X - XLO)/(XHI * XLO)*(YHI * YLO) + YLO 1

ENDIF
..

ENDIF
. . ..

RETURN ,

END
_
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A.3 ADDITIONAL INFORMATION CONCERNING THE ACCIDENT PROGRESSION ANALYSIS

A summary of basic plant . parameters is presented in Subsection A.3.1. The
quantification of the initial questions in the APET, which are used to
distinguish among the various PDSs, is presented in Subsection . A. 3. 2.
Presented in Subsection A.3.3 is additional information that was used in
the development of the APET.

A.3.1 Summary of Plant Information

Type of Reacter BWR-6 Boiling Water Reactor
Manufacturer General Electric
Date of Commercial Operation 1985

Reactor Core
Nominal Power 3833 MWt 13,082 E6 Btu /h
Number of Fuel Assemblies 800
Fuel Rods Per Assembly 62
Core Weight, Total 259,249 kg 571,550 lbm

Uranium Dioxide 166,195 kg 366,400 lbm
Zircaloy 79,242 kg 174',700 lbm
Miscellaneous 13,812 kg 30,450 lbm

|

|
Reactor Vessel

; Inside Diameter 6.37 m 251 in
'

Inside Height 22.2 m 73 ft
| Design Pressure _8.7 MPa 1250 psig

Design Temperature 301.7'C 575'F

Steam Pressure in Core 7.3 MPa 1040 psig
Primary System-Oper. Temperature 290.6*C 555'F
Reactor Coolant System Liquid Mass 3.17 E5 kg 6.99-E5 lbm

j Reactor Coolant System Steam Mass 10,736 kg 23,667 lbm

Primary Containment ,

Type Mark III'

Constructed by Bechtel Corporation
Design Pressure 0.21 MPa- 15 psig
Free Volume 39,650'm3 1.4 E6 ft3
Inside Diameter 37.8 m 124 ft
Maximum Inside Height 63 m 206.75 ft
Height of Spring Line Above Crade 32 m 105.25 ft

Construction Reinforced Concrete
,! Wall Thickness 1.07 m 3.5 ft

Dome Thickness 0.76 m 2.5 ft,

Basemat Thickness:
Pedestal Cavity Floor 3.35 m. 11.0 ft
Cavity Sump Floor 2.44 m 8.0 ft

Pressure Boundary Welded Steel Liner-
Liner Thickness 0.63 cm 0.25 in

A.3.1-1
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Drywell
Internal Design Pressure (Dif.) 0.207 MPa 30 psid

Design Temperature 165.6'C 330'F
Free Volume 7649 m3 270,100 ft3

Inside Diameter 22.2 m ~ 73 ft

Construction Reinforced Concrete
Wall Thickness 1.52 m 5 ft

Roof Thickness 1.29 m 4.25 ft

Drywell Head Steel 2:1 Ellipsoidal Head

Reactor Cavity
Annular Cavity 3.2 m Radius 10.58 ft Radius.
Wall Thickness (Below CRD Opening) 1.75 m 5.75 ft

Height from Bottom RPV to Floor 8.6 m 28.3 ft

Height from Floor to Access Door 2.9 m 9.6 ft

Concrete Type Limestone Common Sand

Suppression Pool
Nominal Water Volume 3,8 51 m3 136,000 ft3

Horizontal Vents
Number 135
Internal Diameter 0.71m 2.33 ft

Sources of Information:
BMI- 2104^-12
Crand Gulf FSAR

,

i
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a.3.2 Initialization Ouentions

The first fif teen ' questions o! the Grand Gulf APET determine t'w initial
conditions for the accident pragression analysis; that is, the state of the
plant at the time that core degradation starts. This time has been taken j

to be when the collapsed water level in the RPV is 2 feet above the BAF,
although it is realized that actual core damage will not start - until a
short time later. The first 15 questions are used to distinguish between
the different PDS groups. The branch probabilities and-parameter values
are the same for the remaining 110 questions in the APET, but the branch
probabilities for the first 15 questions depend en the PDS group to be
analyzed. This group of APET questions is of ten referred to- as the " tree
top." A listing of the " tree tops" for the 12 PDSs used in this analysis
follows.

.

t
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PDS 1 Tree Ton:

ORAND CULF ACCIDENT PROGRESSION EVENT TREE
125
NQ

1 1.000
con

1 What is the initiating event?

3 TLOSI T2 TC

1 1 2 3

1.000 0,000 0.000
2 Is there a Station Blackout (Diesel 0*nerators fell)?2

' 2 SB nSB
1 1 2

1,000 0.000
3 la DC Power not available?

2 ElfDC El-DC
1 1 2

0.000 1,000

4 Do one or more S/RVs fail to reclose?
2 EISORV EinSCRV
1 1 2

0.020 0.980
5 Does HPCS f all to inject? -

3 ElfHPinj EtrHPinj El-HP!nj
1 1 2 3

0.000 1.000 0.000
6 Does RCIC fall to inject initially?

2 ElfRCIC El RCIC
1 1 2

1.000 0.000
7 Does the CRD hydraulic system f all to inject?

3 ElfCRD ElrCRD El-CRD
1 1 2 3

1,000 0,000 0.000
| 8 Does the condensate system fall?

3 EifCond ElrCond Elacondi

1 1 2 3

0.000 1,000 0,000

0 Do the LPCS and LPCI systems fall?
4 gifLPC ElrLPC ElaLPC El-LPC

i 1 1 2 3 4
l 0.000 1.000 0.000 0.000

10 Does RHR fall (heat exchangers not available)?
4 ElfRHR EtrRHR ElaRHR El-RHR
1 1 2 3 4

0,000 1,000 0.000 0.000
11 Does the service wats 4 system or crossatin to LPCI fail?

3 ElfSSW ElrSSW EleSSW
1 -1 2 3

1.000 0.000 0.000
12 Does the fire protection system cross Lie to LPCI fail?

3 ElfTWS ElofFWS ElaFWS
1 1 2 3

0,000- 0.000 1.000
13 Are the containment (wetwell) sprays failed?

4 ElfCSS ElrCSS ElaCSS El CSS
1 1 2 3 4

0.000 1,000 0.000 0.000
14 What is the status of vessel depressurization?

4 ElfDep ElotDep EinDep El-Dep
1 1 2 3 4

0.0000 0.0000 1,0000 0.0000
15 When does core damage occur?

2 CD Pst CD Siw
1 1 2

1,000 0.000
a

A.3.2 2
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PDS 2 Tree Ton: 1

ORAND OULF ACCIDENT l'ROGRESSION EV4NT TRIEi

125
NQ j

1 1.000 i

con
1 What is the initiating event?

3 TLOSP T2 TC

1 1 2 3

1.000 0.000 0.000
2 Is there a Station Blackout (Diesel Generators fall)?

2 SB nSB
1 1 . 2

1.000 0.000
3 1s DC Power not available?

2 ElfDC El DC
1 1 2

0.000 1.000
4 Do one or more S/RVs fail to reclose?

2 E150RV EinSORY
1 1 2

0.020 0.980
5 Does HPCS f ail to injecL?

3 ElfHP!nj ElrHP!nj El HP!nj
1 1 2 3

0.000 1.000 0.000
6 Does RCIC fail to inject initially?

2 ElfRCIC El RCIC
1 1 2

1.000 0.000
7 Does the CRD hydraulic system fail to inject?

3 ElfCRD ElrCRD El-CRD
1 1 2 3

1.000- 0.000 0.000
8 Does the condensato system fall?

3- ElfCond- ElrCond Elacond
i 1 2 3

0.000 1.000 0.000
0 Do the LPCS and LPCI eystema fall?

.,

4 ElfLPC ElrLPC ElaLPC E1*LPC
1 1 2 3 4

1.000 0.000 0.000 0.000
10 Does RER fall (heat exchangers not available)?

I 4 ElfRHR ElrRHR ElaRHR El-RHR
'

i 1 2 3 4

1.000 0.000 0.000 0.000
11 Does the service water system or cross-tie to LPCI fall?

3 ElfSSW ElrSSW ElaSSW
1 1 2 3

1.000 0.000 0.000
12 Does the fire protection system cross-tie to LPCI f all? '

3 ElffWS ElofPWS ElaFWS
1 1 -2 3

0.000 0.000 1.000
13 Axe the containment (wetwell) sprays failed?-

4 ElfCSS ElrCSS EleCSS El-CSS
1 1 2 3 4

1.000 0.000 0.000 ' 400

14 What is the status of vessel depressurisation?

| 4 ElfDep ElotDep 'ElnDep ' El Dep
| 1 1 2 3 4

0.0000 0.0000 1.0000 0.0000
,

15 When does core damage occur?i

2 CD-Fat CD-Siw
1 1 2

1.000 0.000

A.3.2-3
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PDS 3 Tree Tom:

GRAND GULF ACCIDENT PRCCRESSION EVENT TREE
12$

NQ
1 1.000

con
1 What is the initiating event?

3 TLOSP T2 TC

1 1 2 3

1.000 0.000 0.000
2 Is there a Stetton Blackout (Diesel Generators fall)?

2 88 nSB
1 1 2

1.000 0 000
3 1s DC Power not available?

2 ElfDC El-DC
1 1 2.

0.000 1.000
4 Do one or more S/RVs fall to reclose?

2 EISORV EinSCRV
1 1 2

0.040 0.980
5 Does HPCS f all to inject?

3 ElfliPinj ElrHPInj El-HPInj
1 1 2 3

1.000 0.000 0.000
6 Does RCIC fail to inject initially?

2 ElfRCIC El RCIC
1 1 2

1.000 0.000
7 Does the CRD hydraulic system fall to inject?

3 ElfCRD ElrCRD El CPD
1 1 2 3

1.000 0.000 0.000
B Does the condensato system fa117

3 ElfCond ElrCond Elacond
1 1 2 3

0.000 1.000 0.000
9 Do the LPCS and LPCI systems fail?

4 ElfLPC ElrLPC ElaLPC El-LPC
1 1 2 3 4

1.000 0.000 0.000 0.000
10 Does RIIR fail (heat exchangers not available)?

4 ElfRilR ElrR!m ElaRilR El-RIIR '
i 1 2 3 4

1.000 0.000 0.000 0.000
11 Does the service water system or e,ross-tie to LFCI fall?

3 ElfSSW ElrSSW ElaSSW
1 1 2 3

1.000 0.000 0.000
12 Does the fire protection system cross-tie to LPCI fail?

3 Elf 1VS ' ElofiWS . ElaFWS
1 1 2 3

0.000 0.000 1.000
13 Are the containment (wetwell) sprays failed?

4 ElfCSS ElrCSS ElaCSS El-CSS
1 1 2 3 4

1.000 0.000 0.000 0.000
14 What is the status of vessel depressurisation?

4 ElfDep ElotDep. EinDep El Dep
1 1 2 3 4

0.0000 0.0000 1.0000 0.0000
15 When does core damase occur?

2 CD-Fat CD-81w
1 1 2

1.000 0.000

',.

A.3.2-4
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PDS 4 Tree Ton: |

GRAND OULF ACCIDENT PROGRESSION EVENT TREE
125

l
HQ

I
1 1,000

Icon
1 Rbst is the initiating event?

3 TLOSP T2 TC

1 1 2 3
1,000 0.000 0.000

2 is there a Station Blackout (Diesel Generators fati)?
2 BB nSE
1 1 2

1.000 0,000

3 Is DC Power not evallable?
2 ElfDC El DC
1 1 2

0.000 1,000

4 Do one or more S/RVs fall to reclose?
R EISORV EthSORY
1 1 2

0,000 1.000
5 Does HPCS fail to inject?

3 ElfRPinj ElrHPInj El-HPInj
1 1 2 3

0.000 1,000 0.000
6 Does RCIC fail to inject initially?

2 ElfRCIC El RCIC
1 1 2

1.000 0.000
7 Soes the CRD bydraulic system fail to inject?

3 ElfCRD ElrCRD El CRD
1 1 2 3

1,000 0,000 0.000
8 Does the condensate system feil?

3 ElfCond ElrCond Elacond
1 1 2 3

0.000 1,000 0.000 r

0 Do the LPCS and LPCI systems fail?
4 ElfLFC ElrLPC ElaLPC El LPC

( 1 1 2 3 4

0.000 1,000 0.000 0.000
10 Does RER fall (heat exchangers not available)?

4 ElfRHR ElrRHR ElaRHR El RHR
1 1 2 3 4-

0.000 1,000 0.000 0.000
11 Does the service water system or crosn*tte to LPCI fall?

3 ElfSSW Elr$3W EleSSW !

1 1 2 3
1,000 0.000 0.000

12 Does the fire protection system cross-tie to LPCI fall?

3 ElfrWS ElofFWS ElaiHS
1 1 2 3

0.000 1,000 0.000-
13 Are the containment (wetwell) sprays f ailed?

4 ElfCSS ElrCSS EleCSS El-CSS-
1 1 2 3 4

0.000 1,000 0.000 0.000
14 What la the status of vessel depressurisation?

4 ElfDep ElofDep EinDep El Dep
1 1 2 3 4

i 0,0000 0,0000 0.0000 1,0000

15 When does core dama6e occur?
2 CD-Fat CD-Siw
1 -1 2

0.000 1,000

A.3,2-5
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PDS 5 Tree Ton:

ORAND OULF ACCIDENT PROGRESSION EVENT TREE
12$

7

NQ
1 1,000

con
1 What is the initiating event?

3 TLOSP T2 TC

1 1 2 3

1.000 0.000 0.000
2 In there a Stetton Blackout (Dieset Generators f all)?

2 SB nSB
1 1 2

1,000 0.000
3 la DC Power not available?

2 ElfDC El DC
1 1 2

0.000 1.000
a Do one or more S/RVs fati to reclose?

'
2 E150RV ElnSORY
1 1 2

0.000 1.000
$ Does HPCS f ail to inject?

3 Elfi1PInj ElrHPInj E1*llPInj
1 1 2 3

0.000 1,000 0.000
6 Does RCIC f all to inject initially?

2 ElfRCIC El RCIC
1 1 2

1.000 0.000
? Does the CRD hydraulic system f ail to inject?

3 ElfCRD ElrCRD El CRD
1 1 2 3

1.000 0.000 0.000
!8 Does the condensate system fall?

3 ElfCond EtrCond EleCond
1 1 2 3

0,000 1,000 0.000
0 Do the LPCS and 1PCI systems f ail?

4 ElfLPC ElrLPC -ElaLPC El-LPC-
1 1 2 3 4

0.000 1,000 0.000 04000-
10 Does RHR fall (heat exchansers not available)?

4 ElfRIIR EtrR!IR ElaR)!R El RIIR
1 1 2 3 4

1.000 0.000 0.000 0.000
11 Does 'the service water system or cross-tie-to LPCI fail?

3 ElfSSW ElrSSW ElaSSW
l 1 1 2 3

1.000 0.000 0.000
| 12 Does the fire protection system cross * tie to LPCI fail?

3 ElfTWS ElofFWS ElaIVS
.1 >1 2 3

0.000 1,000 0.000
13 Are the containment (wetwell) sprays failed?

4 ElfCSS ElrCSS ElaCSS El CLS -
1 1 2 3 4 <

1.000 0,000 0.000 C 000
14 What is the status of vessel depressurisation?

4 ElfDep ElotDep EinDep El-Dep.
1 1 2. 3 4

0.0000 0,0000 0,0000 1.0000
15 When does core damage occur?

2 CD-Fat CD-Slw
1 1 2

0.000 1,000

A.3.2-6
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EDS 6 Tree Ton:
I

GRAND GULT ACCIDENT PR37RESSION EVENT TRIE |
125 |
NQ

1 1.000
con

1 What is the initiating event? |
3 TLOCP T2 TC |

1 1 2 3

1.000. 0.000 0.000
2 Is there a Station Blackout (Diesel Generators f all)?-

2 SB nSD
1 1 2

1.000 0.000
3 la DC Power not available?

2 ElfDC El-DC
1 1 2

0.000 1.000
4 Do one or more S/RVs fail to reclose?

2 EISORV EinSORY
1 1 2

0.000 1.000
5 Does EPC3 f ail to inject?

3 ElfRPinj ElrHPInj El-HPInj
1 1 2 3

1.000 0.000 0.000
6 Does RCIC fall to inject initially?

2 ElfRCIC El RCIC
1 1 2

1.000 0.000
7 Does the CRD hydraulic system fail to inject?

3 ElfCRD ElrCRD El CRD
1 1 2 3

1.000 0.000 0.000
8 Does the condensate system f ailt

3 ElfCond ElrCond ElaCond
1 1 2 3

1.000 0.000 0.000
0 Do the LPCS and LPCI systems fall?

4 ElfLPC ElrLPC ElaLPC El LPC
1 1 2 3 4

1.000 0.000 0.000 0.000
10 Does RHR fall (heat exchangers not available)?

4 ElfRHR ElrRHR ElaRER El-RHR
1 1 2 3 4

1.000 0.000 0.000 0.000.
11 Does the service water system or cross-Lie to LPCI fail?

3 'JifSSW .ElrSSW EleSSW
1 1 2 3

1.000 0.000 0.000
12 Does the fire protection system cross-tie to LPCI. fait?

3 ElfTWS ElofTWS ElaFWS
1 1 2 3

0.000 1,000 0.000
13 Are the containment (wetwell) sprays failed?

4 ElfCSS ElrCSS ElaCSS El-CSS
1 1 2 3 4

1.000 0.000 0.000 0.000
14 What is the status of vessel depressurination?

4 ElfDep ElotDep EinDep El-Dep
1 1 2 3 4

0.0000 0.0000 0.0000 1.0000
15 When does core dama5e occur?

2 CD-Fat CD-S1w
1 1 2

0.000 1.000

A.3.2 7
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fpji 7 Tree Ton:

ORAND CULF ACCIDENT PROGRESSION EiTNT TREE
12$

HQ
1 1.000 '

con
1 What is the initiating event?

3 TLCSP T2 TC

1 1 2 3

1.000 0.000 0.000
2 Is there a Stetton Blackout (Diesel Generators fall)?

2 SB nSB
1 1 2

1.000 0.000
3 Is DC Power not available?

2 ElfDC El-DC
1 1 2

1.000 0.000
.4 Do one or more S/RVs fail to reclose?

2 EISORV EinSORV
1 1 2

0.040 0.060
5 Does HPCS f all to inject?

3 Elf!!PInj ElrHPInj El-RPInj
1 1 2 3

1.000 0.000 0.000
6 Does RCIC fail to inject initially?

2 ElfRCIC E1*RCIC j

1 1 2
1.000 0.000

7 Does the CRD hydraulic system fail to inject?
3 ElfCRD ElrCRD El-CRD
1 1 2 3

1.000 0.000 0.000
$ Does the condensate system fail?

3 ElfCond ElrCond EleCond
1 1 2 3

1.000 0.000 0.000
0 Do the LPCS and LPCI systema fall?~

4 ElfLPC ;ElrLPC ElaLPC El-LPC
1 1 2 3 4

1.000 0.000 0.000 0.000
10 Does RIIR f ail (heat exchangers not available)?

4- ElfRHR ElrRER ElaRHR -El-RHR
'l 1 2 3 4

1.000 0.000 0.000 0.000
11 Does the service water system or cross-tie to LPCI fall?

3 ElfSSW ElrSSW ElaSSW
I 1 2 3

1.000 0,000 0.000
12 Does the fire protection system cross tie to LPCI fell? - I

3 ElfiWS ElofEWS - ElaFWS
1' 1 2 3

| 0.000 0.000 1.000
13 Are the containment (wetwell) sprays failed?

i 4 ElfCSS ElrCSS EleCSS El+ CSS
1 1 2 3 4

1.000 0.000 0.000 0.000
14 What is the status of vessel depressurisation?

4 ElfDep . ElotDep ElnDep El-Dep
1 1 2 3 4

1.0000 0.0000 0.0000 0.0000
15 When does core damese occur?

2 CD-Fat CD-Siw l

1 1 2

1.000 0.000

|

A.3.2-8
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PDS 8 Tree Ton:
|

GRAND GULF ACCIDENT PROGRESSION EVENT TREE l

125 )
HQ

1 1.000 ,

)con
1 What is the initiating event?

3 TLOSP T2 TC

1 1 2 3

1.000 0.000 0.000
2 Is there a Station Blackout (Diesel Generators fall)?

2 SB nSB
1 1 2

1.000 0.000
3 !a DC Power not evetlable?

2 ElfDC E1*DC
1 1 2

1.000 0.000
4 Do one or more S/RVs fail to reclose?

2 EISORY ZinSORY
1 1 2

0.000 1.000
5 Does HPCS fail to inject?

3 ElfHPInj ElrHPInj El-UPInj
1 1 2 3

1.000 0.000 0.000
6 Does RCIC fail to inject initially?

2 ElfRCIC El RCIC
1 1 2

1.000 0.000
? Does the CRD hydraulic system fell to inject?

3 ElfCRD ElrCRD El-CRD
1 1 2 3

1.000 0.000 0.000
8 Does the condensate system fail?

3 Elfcond ElrCond Elacond
i 1 2 3

1.000 0.000 0.000 4

9 Do the LPCS and LPCI systems fall?
4 ElfLPC ElrLPC ElaLPC El-LPC
1 1 2 3 4

1.000 0.000 0.000 0.000
10 Does RHR fall (heat exchangers not available)?

4 ElfRHR EirRHR ElaRRR El-RHR
1 1 2 3 4

1.000 0.000 0.000 0.000
11 Does the service water system or cross-tie to LPCI f ail?

3 ElfSSW EtrSSW ElaSSW
1 1 2 3

1.000 0.000 0,000

12 Does the fire protection system cross-tie to LPCI fall?
3 ElfTWS ElofWS ElaFWS
1 1 2 3

0.000 0.000 1.000
13 Are the containment (wetwell) sprays failed?

4 ElfCSS ElrCSS ElaCSS El-CSS
1 1 2 3 4

1.000 0.000 0.000 0.000
14 What is the status of vessel depressurisation?

4 ElfDep ElofDep .EinDep El-Dep
1 1 2 3 4

1.0000 0.0000 0.0000 0.0000
15 When does core damage occur?

2 CD-Fat CD-Siw
1 1 2

0.000 1.000

A.3.2-9
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PDS 9 Tree Ton:

GRAND GULF ACCIDENT PROGRES$!ON EVENT TREE
125
HQ

1 1.000
con

1 What is the initiatin6 event?
3 TLOSP T2 TC
1 1 2 3

0.000 0.000 1.000
2 Is there a Station Blackout (Diesti Generators fall)?

2 SB nSB
1 1 2

0.000 1.000
3 Is DC Power not available?

2 ElfDC El-DC
1 1 2

0.000 1.000
4 Do one or more S/RVe. fall to reclose?

2 E1SORV EinSORY
1 1 2

0.000 1.000
5 Does HPCS f all to inject 7

3 ElfBPInj E1 HPInj 1:1- RPInj
1 1 2 3

1.000 0.000 0,000

6 Does RCIC f all to injett Anitta11y?
2 ElfRCIC E1*RCIC
1 1 .2

0.000 1.00t
7 Does the CRD hydraulic syFtem fall to injsct?

3 ElfCRD ElrC O f.1*CRD
1 1 3 3

1.000 0.000 . p.000
6 Done the condensate sys&o? . fall?

3 Elicond ElrCond Inacond
1 1- 2 3

0.000 0.000 '1.C00
9 Do the LPCS and LPCI systems L'all?

-4 ElfLPC ElrLPC TivLPC El LPC
1 1 2 3 4

0,000 0.000 1.000 0.000-
10 Does 50DL feil (heat exchangers not avallable)? -

4 ElfRIIA ElrR!!R ElaRIEL El+RHR
1 1 2 3 4

0.000 0.000 1,000 0.000
11 Does the service water system or cross tle to LPCI fail?

3 31tSSW ElrSSW ElaS8W

.

1 1 2 3-
1.000 0.000 0.000

12 Does the fire protection system crossatie to LPCI fall?
3 ElfFWS : ElofFWS ElarW
1 1 2 3

0.000 0.000- 1.000
13 Are the containment (wetwell) sprays f a;1od?

4 ElfCSS ElrCSS ElaCSS. E1*C33
1 1 2 3 4

0.000 .0.000 1.000 0.000
14 What is the status of vessel depressurlastion?

4 ElfDer ElofDep EinDep El-Dep
1 1 2 3 4

0.0000 1.0000 0.0000 0.0000
15 When does core damage occur?

2 CD* Fat 'CD*Siw
.1 1 2

1.000 0.000

A.3.2+10-
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PDS 10 Tree Ton: i

ORAND OVLF ACCIDENT PRCGRESSION EVENT TREE
12S

NQ
1 1.000

con
1 What is the initiating event?

3 TLOSP -T2 TC

1 1 2 3

0.000 0.000 1.000
2 In there e Station Blackout (Diesel Censrators fall)?

2 SB nSB

1 1 2
0.000 1.000

3 Is DC Power not available?
2 ElfDC El DC
1 1- .

2

0.000 1.000
4 Do one or more S/RVs fall to reclose?

2 E1SORV Ein50RV
1 1 2

0.000 1.000
$ Does RPCS fall to inject?

3 ElfHPInj ElrHPInj El-HPInj
1 1 2 3

1.000 0.000 0.000
6 Does RCIC fail to inject initially?

2 ElfRCIC El RCIC
1 1 2

1.000 0.000
7 Does the CRD hydraulic system f all to inject?

3 ElfCRD ElrCRD' El CRD
1 1 2 3

'

1.000 0.000 0.000
8 Does the condensate system fall?

3 ElfCond ElrCond Elecend
1 ll 2 3

0.000 0.000 1.000-
9 Do the LPCS and LPCI systems fall?

4 ElfLPC ElrLPC FlaLPC El-LPC
1 1 2 3 4 j'

0.000 0.000 1.000 0.000

( 10 Does RHR fall (heat exchangers not available)?
I 4 ElfRHR - ElrRHR ElaRER El-RER'
| 1 1 2 3 4

0.000 0.000 -1.000 0.000
| 11 Doce the service water system or cross-tie to LPCI f all?

3 ElfSSW ElrSSW ElaS9W'

|- 1 1 2 3
l 1.000 0.000- C.000
'

12 Does the fire protection system cross tle to LPCI fall?

3 ElfTWS Elet'itS ElaFWS
1- 1 2 3

0.000 0.000 1.000
13 Are the containment (wetw+11) sprays falled?

4 ElfCSS EircSS EleCSS -El CSS
I 1 1 2 3 4
I 0.000 0.000 0.000 1.000

14 What la the status ol vessel depressurization?
4- ElfDep ElotDep- EinDep El-Dep
1 1 2 3 4

0.0000 1.0000 0.0000 0.0000
15 When does core damese occur?

-2 CD-Fat CD-Siw
1 1 2|.

j 0.000 1.000

A.3.2-11
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PDS 11 Tree Ton:

CRAND GULF ACCIDfNT PROGRESSION LYENT TREE
125
NQ

1 1.000
con

1 What is the initiating event?

3 TLOSP T2 TC

1 1 2 3

0.000 1.000 0.000
2 is there a Station Blackout (Diesel Generators fall)?

2 SB nSB
1 1 2

0.000 1.000
3 Is DC Power not available?

2 ElfDC- El-DC
1 1 2

0.000 1.000
4 Do one or more S/RVs fail to reclose?

2 E1SORV EinSORV
1 1 2

0.000 1.000
$ Does HPCS f all to inject?

3 ElfHP!nj ElrHP!nj El-RPInj
1 1 2 3

1.000 0.000 0.000
6 Does RCIC fail to inject initially?

2 ElfRCIC El-RCIC
1 1 2

1.000 0.000
7 Does the CRD hydraulic system f all to inject?

3 ElfCRD ElrCRD El CRD
1 1 2 3

1.000 0.000 0.000
8 Does the condensate system fa11t

3 Elfcond ElrCond Elacond
1 1 2 3

0.000 0.000 1.000
9 Do the LFCS and LPCI systems fall?

4 ElfLPC ElrLPC ElaLPC El-LPC
1 1 2 3 4

0.000 0.000 e 1.000 0.000
l- 10 Does RrtR fall (heat exchangers not available)?
l 4 ElfRER ElrRUR ElaRRR- E1*RHR -
|

1 1 2 3' 4

0.000 0.000 1.000 ~0.000
11 Does the service water system or cross-tie to LPCI fail?

3 ElfSSW ElrSSW ElaSSW -
1 1 2 3

1.000 0.000- 0.000
12 Does the fire protection system cross-tie oto LPCI f ati?

-

3 EiffWS ElofiMS ElaIHS '
1 1 2 3

! 0.000 0.000 1.000
13 Are the containment (wetwell) sprays failed?<

( 4 ElfCSS ElrCSS ElaCSS El-CSS
I 1 1 2 3 4

0.000 0.000 1.000 0.000-
14 What is the status of vessel depressurisation?

4 lElfDep Elo tDep EinDep El-Dep
1 1 2 3 4

0.0000 1.0000 0.0000 0.0000
15 When does core damage occur?

2 CD-Fat CD-S1w
1 1 2

1.000 0.000
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GRAND OULF AOCIDENT PROGRESSION EVENT TREE
125
NO

1 1.000
con

1 What is the initiating event?

3 TLOSP T2 TC
,

1 1 2- 3

0.000 1.000 0.000
21s there a Station Blackout (Diesel Generators fall)?.-

2 SB nSB
1 1 2

0.000 1.000
3 Is DC-Power ret available?

2 ElfDC E l-DC
1 1 2

0.000 1.000
4 Do one or.nore E/RVs fall to reclose?

2 E150RV EinSORY
1 1 2-

0.000 1.000
5 Does HPCS f all to inject?

3 ElfRP!nj EirRPInj El-HPInj
1 1 2 3'

1.000 0.000 0.000
6 Does RCIC f all to inject initially?

2 ElfRCIC El RCIC
1 1 2

1.000 0.000
? Does the CRD hydraulic system fall to inject? '

3 ElfCRD ElrCRD El CRD
1 1 2 3

1.000 0.000 0.000
8 Does the condensate system fall?

3 Elfcond ElrCond EleCond
1. 1 2 3

0.000 0.000 1.000.

9 Do the LPCS and LPCI systems f ail?4

'

4 ElfLPC ElrLPC ElaLPC El-LPC
1 1 2 3 4

0.000 0.000 1.000 0.000--

10 Does RIIR fail (heat exchangers not available)? -
4 ElfRHR ElrRHR ElaR!!R El-RfiR
1 1 2 3 4

'

O.000 - 0.000 1.000' O 000
11 Does the service water system or cross-tie to LPCI fall?

3 ElfSSW ElrSSW ElaSSW
1 1 2 3

1.000 0.000 0.000-
12 Does the fire protection system cross tle to LPCI fall?

3 Elf}HS ElofFWS ElaFWS
1 1 2 3

0.000 0.000 1.000
13 Are the containment (wetwell) crays failed?

.

,

4 ElfCSS ElrCSS Elech.1 El-CSS
1 1 2 3 4

0.000 0.000 1.000 0.000
14 What la the status of vessel depresstrisation?

4 ElfDer ElefDep Eincap .L1-Dep-
1 ~1 2 3 4

0.0000 1.0000 0.0000 0 0000
15 When does core damage occuti'

2 CD-Fat CD-S1w
1 1 2

0.000 1.000

A.3.2-13
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A.3.3 Additional APET Information

A.3.3.1 Descriution of liuman Rel:. ability Analysis Used in the APET.

In the APET, there is a series of qt estions that. considers actions the
operator may take to mitigate the a cident. The APET questions that
involve operator actions are Ques tio ns . 21, 22, 26, 27, and 29. The
reliability of the operator to perf< rm various tasks depends on his
previous performance. The likelihood tl.at an_ operator will perform a task

correctly decreases as the number of previous errors increases. Therefore,
it is necessary to keep track of the number of operator errors when
quantifying these types of questions. In addition,- the performance of_ the
operator before core damage is also important because it indicates whether i

the operator is susceptible to these types of errors. For example, core
damage occurs in the T2, ATVS, and long term SB0 PDS because the operator
failed to perform some task correctly. Therefore, operator errors are more
likely in accidents associated with these PDSs than in accidents associated
with a short term SBO, which did not occur because of operator error.

The questions considered in this section were quantified by the system
analyst with input from the personnal at SERI. The system analyst used the
ASEP llRA Methodology ^-D to estimate the llEP. The liEPs are based on the

~

assumption that for a task to fail, the operator must fail to perform the
task correctly and the supervisor must fail to correct the operator's
error. Furthermore, the llEP for a particular task is doubled if the
operator has previously committed an error. For example, the IIEP.
associated with the operator turning off the llIS during core damage is
doubled if the operator has previously failed to depressurize the RPV,

Short-Term SB0 PDSs

The APET question considered in the llRA analysit for the short-term SB0
PDSs are Questions 21, 26, 27, and 28. The relationships between these
questions are shown in Figure A31 In these PDSs, core damage occurs
because of random failures and not because of operator errors. In the

| following four paragraphs, a description of the task performed by the
! operator and the estimated'llEP is presented for each question.

In Question 21, the operator must decide whether to turn on the llIS. The
E0Ps instruct the operator to turn on the . IIIS when the RPV level drops
below the TAF. Discussions with SERI personnel, however, indicate that
operators are trained not to actuate equipment that they know to be
inoperable (llIS requires ac - power) . Furthermore, because there is no ac
power (SBO), the operator will not_ know the containment hydrogen
concentration. Personnel at SERI indicated that during an SBO it.would
take at least 30 minutes to take a sample of _ the containment atmosphere and
determine its hydrogen concentration. It is highly uncertain what the
operator will do in this situation. Thus,- the probability that the
operator will turn the llIS on is 0.5. Because, on the one hand, the_E0Ps
instruct the operators to turn on the llIS and, on the other hand, the
- operators are trained not to actuate equipment that is inoperable, either.

action by the operator could be seen as. appropriate. Thus, the performance

I A.3.3-1
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Question 21 -Question 26 Question 27 Question 28

Turns on ll'.S Depressurizes Turns off IIIS Restores Coolant
;

Before CD RPV During CD During CD Inj ection

________

-. - ____

F

_

. - - - _ _ _ _ _ ________

_______

. - - - _ --_ _ _ _ ________

- -" - - Pathway is not possible

'

l

i

l
i

!-
[
i

Figure A.3-1. HRA APET Question Dependencies, Short-Term SB0
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of-the operator in subsequent questions is-not affected by the action taken
in this question.,

-Question 26 considers depressurization f or the RPV. The EOPs instruct the
operator to depressurize. the RPV before core damage. Thus,_ failure of the

operator to depressurize the 3PV is'- considered an error. If the: operator-

failed to - depressurize the - RPV' before : core damage , = he can still-

depressurize the'RPV during corc~ damage, llowever, it is unlikely that the-

RPV is depressurized during core damage ~because the operator has already ,

committed an error by not -depressurizing the - RPV! before core damage. .To 1

calculate the human error probability (HEP), _ it is _ assumed that- the2

operator is under extremely high ' stress and that the- interaction is
dynamic. The individual HEPs- for the operator and the supervisor are
doubled for the quantification of RPV depressurization.- during core damage
because of their previous errors (i.e.,~did not depressurize the RPV before
core damage). The probability that the operator will fail to depressurize
the RPV is estimated to be 0.26.'

Question 27 considers whether the operator _ turns - the HIS . off during . core
damage. During core damage, the operator will'not know how much hydrogen 3
is in the containment. If a large amount of hydrogen has accumulated in'
the containment and - ac power is recovered with the llIS on, the resulting
hydrogen burn could_ be severe. Thus, if the operator turns - the HIS - on
before the core lo _ damaged and ac power is recovered, the operator _-should
turn the llIS off. The HEP is -calculated assuming that1 the operator is-
under extremely high stress and that the interaction is . -step by - step.
Assuming there were no previous operator errors, the probability that. the ;

operator will fail to. turn the HIS off is estimated to be 0.064- If,the
.

HIS is off before core ' damage . and the (perator turns - it on- during: core;
damage, it-is' considered an error of commission. Errors of' commission are-
not in the scope of' this analysis.

..

Question 28 considers whether the operator s tecessfully aligns an alternate
low pressure injection system. If.HPCS,- LPCS, or LPCI.is-available_when ac-
power is recovered,'it is assumed that coolant injection'is supplied;to the- 1

RPV. If all of; these Lsystems have. failed, the operator must manually
actuate | the condensato system or align the WS and then actuate it. .If.the ;

"operator has previously failed' to _ depressurize the = RPV, these systems L
cannot be used -(both. are low pressure injection _ systems) . The HEPs are
calculated assuming that the operator is under extremely high _ stress and-*

that the interaction is step by step'. Assuming there were nos previous '!
operator errors,'the probability that the operator will fail to actuate the
condensate system , is ' estimated to be' 0.064._ Similarly, the probability--

that the operator will fail to align and actuate the WS-is 0.128.

Lonr.-Term SBO PDSs ,

'The APET question considered in the HRA analysis for both the- short-term -
ATWS PDS and the T2 PDSs are Questions 21, 27, and 28. .The relationships
between those questions are shown in. Figure A.3-2. In these PDSs, core
damage-occurs because the operator has failed to perform various' tasks
correctly. To . reflect the operator's susceptibility to these types of
errors, the individual HEPs for the operator and _ the supervisor are

A.3.3 3
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Quontion 21 Quest. ion 27 Question 28 !

i l

Turns on 1115 Turns off IIIS Restores Coolant )<

Before CD During CD Injection; ,

I
:

1

-

-

:

i

!

Figure A.3 2. IIRA APET Question Dependencies Long Term SB0,

doubled. In all but one of the long. term SB0 PDts. the RPV is I

depressurized before core damage. In the one PDS that the RPV is not i

depressurized, the loss of de power precludes depressurization. Thus, RPV
depressurization is not considered in these PDSs. A description follows of
the task performed by the operator and the estimated llEP is presented for
each question.

; In Question 21, the operator must decide whether to turn on the llIS before
core damage. An explained in the section on the short terra EBos, when a:
power is not available it is not certain whether the operator will follow
the E0Ps and turn on the llIS or follow his training and not actuato a

i system that is unavailable. Thus, the probability-that the operator will
turn the llIS on is 0.5.

Question 27 considers whether the operatur turns _ the 111S off during core
damage. This issue is discussed in the section on short term SB0s. The
llEP is calculated assuming that the operator is under extremely high stress
and that the interaction is step by step. The probability that the
operator will fail to turn the llIS off sa estia.ated to be 0,16.

Question 28 considers whether the operator successfully aligns alternate,

| low pressure injection systems. As with the short term SB0 PDSs, if IIPCS,
LPCS, or LPC1 is available when ac power is recovered, it is assumed that
coolant injection in supplied to the RPV. If all of these systems have
failed, the operator can still manually actuato the condensate system. In
the long term SB0 PDS, the-failure of the operators to use the FWS resulted
in core damage. Because they failed to use this system before core damage,
it is assumed that they will not u.;e it during core damage when they have
much less time to assess the-situation.- The llEPs are calculated assuming
that the operator is under extremely hi h stress and that the interaction

'

S
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is step by step. The probability that the operator will actuate the
i condensate system is estimated to be 0.16,
1

Lone Term ATV.E_f[$

} The APET quest on considered in the llRA analysis for both the short termd

I ATWS PDS and the T2 / dss- are Question 21, 22, and 26. The relationships l

I between these question are shown in Figure A.3 3. In this PDS, core damage
occurs because the operator has failed tu dep essurize the RPV and initiate;

t.he standby liquid control system bes' ore ce le d. mage . - To reflect the ,
'

operat 3r's susceptibility to these types of errors, che individual llEPs for.

the operator and the supervisor are doubled. Although the emergency low
p essure injection systems (i.e. , LPCS or-LPCI) are available, the operator
failed to depressurize the RPV before core damage, so these systems are not
operating. If the operator depressurizes the RPV during core damage, it is

i assumed that one of these systems will provide coolant to the core. .Thus,
coolant injection is not considered in the llRA analysis for this PDS. In
the following paragraphs, a descript. ion of the task performed- by the
operator and the estimated llEP is presented for each question.

_

r

in Question 21, the operator must decide whether to turn on the llIS before
; core damage. In this PDS, ac power is available during the accident.
; Thus, according to the E0Ps and the training, the operator-should actuate
~

the llI S . The llEP is calculated assuming that the operator is under
extremely high stress and that the interaction is step by step. The
prob oility that the operator will fall to turn the llIS on is estimated to

! be 0.16.

In Question 22, the operator must decide whether to vent the containment,

before core damage, The venting procedures instruct the operator to vent
i the containment when its pressure exceeds 17.25 psig. The containment
.

pressure will exceed the venting pressure before coro damage during a long-
| term ATWS PDS. Thus, the operator should vent the containment. The llEP is
I ulculated assuming that the operator is under extremely high stress and'

|
ths.: the interaction is dynamic. The probability that. the operator will

|
fail to vent the containment before core damage is estimated to be 0.8.

i

Question 26 considers the possibility that the operator will- depressuritei

the RPV during core - damage. If he does depressurize - the RPV, - the low
pressure injection systems can provide coolant to the aoro and potentially
arrest core damage. Therefore, the operator should depressurize the RPV
during core damage if he failed to do so before core damage. To calculate
the llEP it is assumed that the operator is under extremely high stress and
that the interaction is dynamic The probability that the operator will.

fail to depressurize the RPV during core damage is estimated to be 0,8.

Ehort Term ATWS and T2 PDja
,

The APET question considered 'in the llRA analysis for both the short term
ATUS PDS and the T2 PDSs are Question 21 and 26. - The relationship between
these questions -is shown in Figure A.3 4. In these PDSs. core damage
occurs because the operator has failed to perform various tasks correctly.

f

f
'
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Question 21 Question 22 Question 26

Turns on !!!S Containment Depressurites RPV#

Before CD Vented Before CD During CD

:

I

4

1

1

:

I
'""*

,

;

:

Figure A.3 3. IIRA APET Question Dependencies, Long+Terin ATWS

i

!

:

Question 21 Question 26'

i :

; Turns on !!IS Depressurites-RPV
. Before CD During CD
i

f
a

5

_

h

|

Fi ure A.3 4. IIRA APET Question Dependencies :T2 Transients&
and Short-Term ATWS
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Although the emergency low pressure injection systems (i.e., LPCS or LPCI)
are ava ilable , the operator failed to depressurize the RPV before core
damage, so these syt.tems are not operating. If the operate depressurizes

! the RPV during core damage, it is assumed that one of these systems will
provide coolant to the core, rurthermore, in the short term ATWS PDS and
the T2 PDSs. the containment does not pressurize suf ficiently before core'

i damage to require venting. Therefore, neither coolant inj ec tion nor

i ve.. ting is considered in the llRA analysis for these PDSs. Thus, except for
venting, the llEPs for these PDSs are identical to the llEPs estimated for
the long term ATWS. That is, the llEPs for turning on the llIS before core

damage (Question 21) and depressurizing the RPV during core darnage'

(Question 26) are 0.16 and 0.8, respectively.

A.3.3.2 APET Time Intervnis. The Grand Gulf APET is divided into
1 four time regimes. The time regimes are used to represent various segments

of the accident. Four time regirnes are considered in the Grand Gulf APET: ,

'before core degradation, during core degradation, following VB, and late.
;

The time intervals defined in this section are used to quantify the,

probability of recovering ac power durin6 the accident. In this analysis,

the probability of power recovery is defined as the nrobability that,

j offsite electrical power is recovered in the period in question given that
power was not recovered prior to the period. A discussion of the power
recovery curves used in this analysis is presented in Subsection A.3.3.3 of

|
this report. A description of each time regime is presented below.

I liefore core Dnmngt. This time regime ranges from the accident initiation *

! to core damage. This tirne regime was analyzed in the accident frequency
analysis and is reported in NUREC/CR 4550, Volume 6. During this time
interval it is deterrnined in the APET whether the operators turned on the
hydrogen ignition system or vented the containtnent. The end of this time
interval is the beginning of the next time period. For consistency, the
time used in the accident frequency analysis is also used in the APET.
Core damage occurs roughly when the collapsed water level in the RPV
reaches 2 feet above the BAF. The time that this level is reached was
estimated from BWRLTAS code eniculations for both a short-term SB0 and a
long term SBO. For a short term SB0 core damage occurs approximately 1
hour after the initiation of the accident. For a long term SB0 core damage
occurr, approximately 12 hours after the initiation of the accident.

This time rc5 me covers the period from core _dartage toDuring Core Damngc, 1

significant core collapse. Core collapse is chosen to end this time regime
because it is assumed that after core collapse, recovery of coolant
injection will not significantly alter the accident progression before VB
(and it will not avert VB). BVRSAR code calculations for a Peach Bottom
short term low pressure sneltdown and a Peach Bottom long term meltdown were
used to estimate the tiene of core collapse. (See Volume 2, Part 1, of this
report).

For a short term SBO, core collapse occurs 3.35 hours after the initiation
of the accident. Coro damage begins 60 minutes after the initiation of the
accident. Thus, the length of this time regime is 2.35 hours. VB occurs
approximately 15 minutes after core collapse.

A.3,3 7
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For a long term SBO, core collapse occurs 14.73 hours after the initiation
of the accident. Core damage begins 12 hours after the initiation of the
accident. For a long term CB0 the length of this time regime is 2.73
hours. VB occurs approximately 15 minutes aftet core collapse.

Followint VB. This time regime ranges from core collapse to 2 hours after
VB. In this time interval, events associated with the failure of the
vessel are addressed. The end point for this time period was selected for
two reasons. First, although contaitunent failure during this time period
is most likely to occur at VB, it is possible that the hydrogen will not be i

'

ignited at VB. Thus, the containment can fail shortly af ter VB if this
hyd ogen is ignited. The hydrogen can be ignited by ac sources associated
with the recovery of ac power or by random ignition sources. It was felt

,

that containment failures within two hours of VB could be grouped together.'

The second reason for selecting this end point is that the peak in CCI
occurs more than two hoers after VB. Adding water to the debris after the !

peak has occurred will not significantly alter the source term. Thus, the I

amount of water in the reactor cavity during the first two hours af ter VB
is important. Furthermore, by selecting this end point, most of the CCI ;

releases (including hydrogen) will be released near the beginning of the i

late time period. Therefore, the hydrogen generated during CCI is
availabic to be burned during the late time interval and is not addressed
in this time interval. .

Idat. This time interval ranges from the peak in CCI to the end of the
accident analysis. In this time regime, the events associated with CCI are
addressed. The end of the accident analysis is arbitrarily set at 24 hours
after the initiation of the accident because, except for very unusual
accidents, almost all of the fission products that are going to be released
from the containment will have been released.

A.3.3.3 Conditional Probability _of AC Power Recoverv. Whether offsite
electrical power is recovered during a specified period following the onset
of core degradation is determined by sampling from a set of distributions
for power recovery.^-14 These distributions-reflect the type of electrical
switchyard at Grand Gulf, as explained in NUREG 1032.M5 To get ac power
to the safety systems, not only does ac power have to be restored to the
site, but de power must be available as well. DC power is required for
circuit breaker control power; once the station batteries have failed, it-
is very difficult to get ac power back to the safety systems. Althou5h the
circuit breakers can be moved manually, this procedure is very complicated
and slow. Thus, for the timeframe considered in this analysis, it is
assumed that once de power is lost, ac power cannot be recovered. The
station battery depletion time was internally quantified during the
accident frequency analysis. A distribution was developed for Grand Gulf
to model the failure probability of the station batteries versus time for
Sh0 sequences.A'15 This distribution was convolved with the ac power
recovery distributions for the time intervals of interest. The result is
the probability of recovering ac power in a given tirne interval conditional
on ac power not being available at the start of the time interval and
conditional on de power not being lost before ac power is restored. Figure
A.3 5 shows the conditional probabilities of power recovery for the time
intervals used in this analysis (see previous sections). The programs used
to generate these distributions are presented in Appendix E.

A.3.3 8
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B.1 LISTING OF GGSOR

This section contains a listing of the FORTRAN program GGSOR.FOR.

i

:
1

i
i
1

| .

!
i
1

i

.

4

i

,

f
4

i

!
,

)
i
!
9

4

i
4

i

!

,

;

!-
,

d

I

.

f
:

l'
i
*

1;
T

M

| -.
, i
j 0.1=1
1

. . - . . . .._ . . - - . _ _ . - . - , _ . . _ _____ _ _ _ _ _ _ _ , _ _ _ _ , .



.. . . . .. - - -- - . .__ - .- - - - -. - ~

l

PROGRAM OGSOR
C***** ADAPTATION OF RELTRAC INPUT PROCESSOR FOR USE IN 00SOR

FARAMETER (MAXBD=20, W.KBIN=10000, MAXSMP=300 MAXCAS=B, )

1 MAXISS*20, HAXLEV*10, MAXVAR*100, MAXVAL-12000,
2 MAXSFC=10, MAXTIW 10)
LOGICAL NOCALC, SAMPLE, REPRTB, BINNED, BYRUN, CONSFL, DIAO,

1 EXPERT, FRTINP, NOCF, SUBCL, CDB, THICDB, BRKOPN, VB, ECF, ICF
COH-ON / KEYS / NOCA14, SAMPLE, REPRTB, BINNED, BYRUN, CONSFL, DIAO,

1 EXFERT, PRTINP, FrXF, SUBCL, CDB, THICDB, BRKOFN, VB, ECF, ICF
CatON /CONTRL/ NLHS, NOBS, NSTART, NBIN, NDM, NTOT

C
C
C*"" READ KIYWRDS AND RELATED INFORMATION FRCH UNIT $.
C" *** KEYWORDS DETEFJt!NE OPERATION OF RELCLC
C""*(1) BINNED INPUT WITH SAMPLING
C*** " (2) BINNED INPUT WITHOUT. SAMPLING
C*****(3) DIRECT INPUT WITH SAMPLIN3
C*****(4) DIRECT INPUT WITHOUT SAMPLING

CALL INPUT
C*"" CHECK FOR BINNED EXECUTION

IF (BINNED) THEN
Ca******* CHECK TOR SAMPLING EXECUTION

IF (SAMPLE) THEN
C*********** BINNED INPUT WITH SAMPLING

CALL BIFSMP
ELSE

C "*** "**HBINNED INPUT WITHOUT SAMPLI.NO
CALL BIN

ENDIF
ELSE

C**** " ** CHECK FOR SAMPLING EXECUTICH
IF (SAMPLE) THEN

C****** " " * DIRECT INPUT WITH SAMPLING
CALL DIRSMP

ELSE
C***""**** DIRECT ILPUT WITHOUT SAMPLING

CALL DIk
ENDIF

ENDIF
STOP

END

SUBROUTINE INPUT
C**"*PRCCESS KEYWRD INPUT ON UNIT 5

PAR #tETER (MAXLEN*101)
FARAMETER (MAXBD=20, HAXBIN=10000, MAXSMP=300, MAXCAS*8,

1 MAXISS=20, MAXLEVa10, HAXVAR=100 HAXVAL=12000,
2 MAXS N =10. MAXTI W 10)
CatON /CONTRL/ NLflS. HOBS, NSTART, NBIN, NDN, NTOT
LOGICAL NOCALC, BAMPLE, REPRTB, BINNED, BYRUN, CONSFL, DIAG,

1 EXPERT, PRTINP, NOCF, SUBCL, CDB, TMPCDB, BRKOPN, VB, ECF, ICF

|
CatON / KEYS / NOCALC, SAMPLE, REPRTB, BINNED, BYRUN, CONSFL, DIAO,

1 EXPERT, PRTINP, NOCF, SUBCL, CDB, THICDB, BRKOFN, VB, ECF, ICF
CilARACTER BINARR*(MAXBD), STITLE*80, TITLE *80
CatON / BINS / BINARR(MAXBIN), BTITLE, TITLE
CHARACTER *B0 FILNAM
CilARACTER*80 DEFFIL, SAMFIL, VECFIL
CatON /FILBLK/ DEFFIL, SAMFIL, VECTIL
CHARACTER CARDe(MAXLEN), CVAL*(MAXLEN), KEYWRD*20

C***** SET L(X11 CAL TYPES FOR FREE FORMAT SU3 ROUTINE RDSTRO
| LOGICAL EOR, LVAL, TYPE (4)
| C
'

C

C*****INITIALLIEE COLUMN POINTER FOR CURRENT RECORD
IC=1

C***** READ RECORD
READ ($,1001) CARD

|

B,1 2
|
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C***"kEAD tODE EWITCH
CALL RDSTho (CARD, IC, KEYWRD, LVAL, IVAL, kVAL, KLHOTH, TYPE,

1 EOR)

C "*** CHECK FOR BINNED OR DikECT EXECUTION
IF (KEYWRD(1:KLHOTh) .EQ. ' BINNED *) TIIEN

C""*"*tET BINNED EXECUTION TYPE
BINNED *.TRUE.

ELEE IF (KEYWRD(1 11NOTIt) .EQ. ' DIRECT') Yl!EN
C******" SET DIRECT rX W tTION TYFE

BINNED =.FALEE.
ELSE

Ca*"****FODE SWITCil WAS NElff!ER BINNED NOR DIRECT B0 PRINT ERROR MESSAGE
WRITE (6,5030)
STOP

ENDIF
Ca** " SET DEFAULT VALUE8

SAMPLE =. FALSE.
NOCAI4= . FALSE.
PRTINI% FALSE.
NOBS *1

REPRTB*.FALSF.
BYRUNo. FALSE.
CONSFL*. FALSE.
DIA0a. FALSE.
EXPERT *. FALSE,

C*** HINITIALLIZE NUMP.ER OF BINS
NBIN=0 j

C*"** READ TITLE
READ (5,1001) TITLE

C*****!'RINT MESSAGE FOR EXECUTION TYPE AND TITLE
WRITE (6,1003) KEYWRD(1:11NOTH) TITLE

{WRITE (6,1002) CARD '

WRITE (6,1002) TITLE
C***** PROCESS KEYWORDS

666 CONTINUE |

C***HREAD RECORD
READ (8,1001 END*6000) CARD
WRITE (6,1001) CARD

C'H"INITIALLIEE COLUHH POINTER FOR CURRENT RECORD
ICal

500 CONTIFUE
C***" READ CitARACTER STRING FOR COMPARISON AGAINST KEYWORDS

CALL RDSTRO (CARD, IC, KEYWRD, LVAL. IVAL, RVAL, KLNOTIt, TYPE,
1 EOR)

C***HCHECK FOR END OF-kECORD
IF (FOR) 00 70 666

C***** CHECK CilARACTER STRING AGAINST KEDORDS
IF (KEYWRD(1:KLNGTd) .EQ, '$ AMPLE') Ti!EN

C**" *"* SET SAMPLE TYPE TO .TRUE,
SAMPLE *.TRUE.

C********0BTAIN BAMPLE INFORMATION
C********0BTAIN L4BER OF 5 AMPLE VECTORS TO BE EXECUTED

CALL RDSTRO (CARP, IC, CVAL, LVAL, NOBS, RVAL, LENGTH, TYPE,
1 EOR)

C* * * * * * * *CitECK FOR INTEGER VALUE
IF (TYPE (3)) Ti1EN

C***********0BTAIN SAMPLE VECTOR NVIEER TO BEGIN EXECUTION . .

CALL RDSTRO (CARD, IC. CVAL, LVAL, NSTART, RVAL,.LtNOTH,
1 TYPE, EOR)

C***********CIIECK FOR INTEGER VALUE
IF (TYPE (3)) THEN

C**************0BTAIN NAME OF FILE CONTAINING CAMPLE YECTORS
CALL RDSTRO (CARD, IC, FILNAM, LVAL, IVAL, RVAL, LENGTH,

1 TYFE, EOR)
C+" * * * ** ** * * * *CI:ECK FOR CHARACTER VALUE

IF (TYPE (1)) THEN
;

!

!

1
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|

i C**"* * *** ********CilARACTER VALUE FOUND, OPEN EAMPLE YECTOR FILE'

OPEN(3 FILE *FILNAM. STATUS *'OLD'. ERR *8000, REAt0NLY)
<

ELSE
'

C* * * *"* * * * * * * * * * * rRINT ERR 0k MESSAGE
00 TO 9200

ENDIF'

ELSE
C**** H H****** PRINT ERROR MESSAGE

i 00 TO 9100
ENDIF

ELSE

C******"*" PRINT 12ROR MESSAGE
00 TO 9100

ENDIF
ELSE IF (KEYWRD(liKLHOT!!) .EQ. 'NORUN') TilEN

C**** *"* SET TYPE FOR VALIDATION OF INPUT ONLY, NO EXECUTION
NOCALC= . TRUE .

ELSE IF (KEYWRD(1:KLNGTH) .EQ. 'DETAULT') THEN
C " "**" READ NAME OF FILE CONTAINING DEFAULT VALUf.S

CALL RDSTRO (CARD, IC, DEFFIL, LVAL IVAL, kVAL, LENGTit, TYFE,
1 EOR);

C*""***CIIECK FOR CilAkACTER VALUE
IF (.NOT. TYPE (1)) 00 TO 9100

ELSE IF (KEYWRD(itKLNOTH) .EQ. 'VECFOS') THEN
Co***" ** READ NAME OF FILE CONTAINING RAMPLE VECTOR IOST10N INFORMATION.

CALL P&STRO (CARD, IC, SAMFIL, LVAL, IVAL, RVAL, LENGTH, TYPE,
1 EOR)

C**"****CIIECK FOR CitARACTER VALUE
IF (.NOT. TYPE (1)) 00 TO 9100

ELSE IF (KEYWRD(1 KLHOTH) .EQ. '31NFILE') ft!EN
C****" ** READ A BIN ARRAY FILE
C*"*****Cl!ECK FOR BINNED EXECUTION

IF (BINNED) TIENi

C******* " ** READ HAME OF FILE CONTAINING BIN INFORMATION
CALL RDSTRO (CARD, IC, FILNAM, LVAL IVAL, RVAL, LENGTH,2

1 TYl'E, EOR)
C*"""**HCIIECK FOR CHARACTER VALUE

IF (TYPE (1)) TilEN
C"*"**""***CitARACTER VALUE FOUND $0 0 FEN BIN FILE

OFEN(4, FILE *FILNAM, SIATUS**0LD', ERR =6000, READONLY) c

ELSE,

C********"**HFRINT ERROR MESSAGE'

CO TO 9200
ENDIF

ELSE
C"***"****NO BINS USED FOR DIRECT EXECUTION, PRINT ERROR MESSAGE

00 TO 9300
ENDIF

ELSE IF (KEYWRD(itKLHOTH) .EQ. 'FRTINP') THEN
C*"*" " SET CONTROL FLAG FRTINP

FRTINP=.TRUE.
ELSE IF (KEYWRD(1:KLNGTH) .EQ. 'REPORTB') THEN

C*"""*EET CONTROL FLA0 REPORTB
REPRTB*.TRUE,

ELSE IF (KEYWRD(laKLNOTH) .EQ. 'KPBYRUN') THEN
C* " ***** SET CONTROL FLAG KFBYFUN

BYRUN*.TRUE.
ELSE IF (KETWRD(1tKLNGTH) .EQ. 'CONSFL') TitEN

, C"**"** SET CONTROL FLAG CONSFL
i CONSFL=.TRUE. *

ELSE IF (KEYWRD(1tKLNOTH) .EQ. 'DIAO') THEN
C+"***** SET DIAONOSTIC PRINT CONTROL FLAG DIA0

i

DIA>.TRUE.
! ELSE 'r (KEYWRD(1:KLNGTII) .EQ. ' EXPERT') THEN
! C***""*%T EXFERT OTINIOR CONTROL TLAG EXPERT

EXFERT= . TRUt;.

>

11,1 4
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| LEE
C"*""*!NVALID KEYWJRD, FRINT ERROR MESSAGE

j WRITE (6,5020) KEYWRD(1 KLNOTH)
NOCALC=.TRUE,

ENDIF
00 TO S00

E000 CONTINUE
C'""YALIDATE CCP1BINATION OF FLAGS

IF (EXPERT . AND. (( .H7T. BINNED) .OR. (.NOT. SAMPLE))) TEEN
WRITE (6,6001)
STOP

ENDIF
IF (NCCALC) STOP

C u***FRINT CONTROL INFORMATION
IF (SAMPLE) WRITE (6,5025) NOBS, NSTART

C""* CALCULATE TOTAL NUMBER OF SOURCE TERMS FOR BINNED / SAMPLED EXECUTION
IF (BINNED .AND. BYRUN) THEN

C***** "* READ BIN FILE TO DETERMINE TOTAL NUMBER OF SOURCE TERMS
NTOT=0
NSAMPL*NSTART + NOBS * 1
DO 7000 10BS=1,NSAMPL

READ (4,1001) BTITLE
READ (4,*) NDM, NBIN
IF (10BS .0E. NSTART) NTOT=NTOT + NBIN
IF (NBIN .07. 0) READ (4,1001) (BINARR(1)(11NDM) I=1,NBIN)

7000 CONTINUE
REWIND 4

ENDIF
RETURN

C***** FILE OPEN ERROR
8000 WRITE (6,5022) FILNAM, KEYWRD(1 KLNOTH)

NOCALC=.TRUE.
00 TO $00

9100 CONTINUE
C***** PRINT ERROR MESSAGE FOR WRONO TYFE OF VARIABLE

WRITE (6,9101) KEYWRD(1 KLNGT11)
NOCALC= TRUE.
00 TO S00

9200 CONTINUE
C""*FRINT ERROR MESSAGE FOR No FILE AAME

WRITE (6,9201) KEYWRD(1 KLHOTH)
NOCALC=.TRUE.
00 TO $00

9300 CONTINUE
C*""FRINT ERROR MESSAGE FOR BINNED KEYWORD USED FOR DIRECT EXECUTION

WRITE (6.9301) KEYWRD(1 KLNGTH)
NOCALC= TRUE.
00 TO SCO

9500 CONTINUE
C***" PRINT ERROR MESSAGE FOR INVALID EVENT NAME FOR OFFSET CONT *QL

WRITE (6,9501) KEYuiD(1:KLHOTH), CVAL(1tLENGTH)
NOCALC=.TRUE.
00 TO 500

C* **" FORMAT STATD1ENTS
1001 FORMAT (A)
1002 FORMAT (11X,A)
1003 FORMAT (/1X,130(see),

1 /1X.46('*'),5X,'GGSOR ',A,' EXECUTION',iX,48(**'),
2 /1X,20('**),5X,A,5X,20('*'),

3 /1X,130('*'),/)
1004 FORMAT (1X,A)
$020 FORMAT (1X,* p n >UNREC00NIZED KEYWORD (*,A,')',/)
$022 FORMAT (1X,' n n >OFEN ERROR ON FILE *,A,' F0k KEYWORD ',A,/)
5025 FORMAT (//1X,'THE INPUT WILL EE SAMPLED WITH ',14,

1
i SAMFLE VECTOR (S) STARTING WITH SAMPLE YECTOR ',14,//)

$030 FORMAT (1X,'>pnUNRECCXiNIZED KOE DWITCH',/)

I

,
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6001 FORMAT (1X,'*nnBINNED AND SAMPLE Ft.A3S HJST EE 2PECIFITD ',
1 'TO USE EXIEkT OPINION T AELES')

9101 FORMAT (1X,'*nnVALUE(S) FOL1/. MING KEYmRD ', A ' INVALID',/)
1401 FORMAT (1X, * *npNo FILE NAME FOUND FOLLOWING KEYWRD ', A,/ )
9301 FORMAT (1X,'nn>!NVALID KEYWokD (', A,') SPECIFIED FOR DikECT ',

1 * EXECUTION',/)
0$01 FORMAT (1X,'onnUNABLE TO LOCATE FVENT MAME ', A,' DURING ',

1 'FRTESSING OF KEYWRD ' , A, /)
END

SUtkOUTINE DIR
C,**n*1MPLEMENTS 00rcR RUNS WUICH INVOLVE DIRECT INPUT WITH0UT

C***** SAMPLING
FARAMETER (MAXBD=20, HAXBIN=10000, MAXSMP=300, MAXCAS=6,

1 MAXISS=20, MAXLEV=10, MAXVAR=100, MAXYAL=12000,
2 MAXSPC=10, HAXTIM*10)
CHARACTER BINARR*(MAXBD), BTITLE*80, TITLE *B0
CatON / BINS / $1NARR(MAXBIN), BTITLE, TITLE
COtON /CONTRL/ NLP.S. NOBS, NSTART, NBIN, NDM. NTOT
CRARACTER*7 NAME
LOGICAL LDEFLT, LRT.AL
COtON /DEFLT1/ NAME(MAXVAR)
CettON /DEFLT2/ ITVAR, NVAL, NYCB1, NYCB2, NYCB3, NVCB4,

1 NVCBS, IDIMEN(3,MAXVAR), IEPOS(MAXVAk),
2 ISMPPS(MAXVAL). IPNT(MAXVAR), LDFFLT(MAXVAL),
3 LREAL(MAXVAL)
LOGICAL NOCA14. SAMPLE, REFRTB, BINNED, BYRUN, CONSFL, DIAO, i

1 EXPERT, PRTINP, NOCF, SUBCL, CDB, TMICDB, BRKOPN, VB, ECF, ICT
COtON / KEYS / NOCALC, SAMPLE, REPRTB, BINNED, BYRUN, CONSFL, DIAG,

1 EXPERT, FRTINP, NOCF, SUDCL, CDB, TMPCDB, BRKOPN, VB, ECT, ICF
COtON /SRCTRM/ ST(MAXSIC), STE(MAXSM), STCCI(MAXSM),

1 STL(MAXSPC), BTIL, STRVOL(MAXSPC),
2 STi(MAXS M ). ST2(MAXSPC), RV(MAXSPC)
CuttOH /BASVAL/ FCOR(MAXSIC), FVES(MAXSPC), DFVPA(MAXSPC),

1 DKPA(MAXSIC), FZYSE(MAXSPC), FDCH(MAXSPC).
2 FCCI(MAXSIC), DFCAV(MAXSPC), VBPUT(MAXSPC),
3 FCONV(MAXSPC), FCONC(MAXSPC). DFSPRV(MAXSPC),
4 DF8PRC(MAXSM), FREVO(MAXSPC), VALISS(MAXISS),
5 FLTI1, FLT12, NSPEC, FLV, TUPE, EVSE, WFAC, FFAC,
5 FPLBYE, FPLBYP, FPLBYD, TPLBYC, FTLPH FTLPL,
7 FTLP TC11, TC12, W il, TB12 TB21, TS22. TBS 1,
6 TBS 2, TBR1, TBR2, TW, T1, T2, DT1, DT2, DTCDB,
0 ELEV, ICFF
CatON / BINNED / FCOR0(MAXSPC.MAXCAS), FVE80(MAXSIC HAXCAS),

1 DFVP A0 (MAXSPC , MAXCAS ) . DFCPA0 (MAXS PC .MAXCAS ) ,
2 FDCH0 (M4XSM ,11AXCAS) , FEVSE0 (MAXSPC , W,XCAS ) ,
3 FCC10(MAXSPC MAXCAS). DFCAVO(MAXSPC.MAXCAS),
4 VBPUF0(MAXSIC MAXCAS), FCONVo(MAXSM,MAXCAS),
5 FCONC0(MAXSIC,MAXCAS). DFSPRV0(MAXSPC MAXCAS),
6 DFSPRC0(MAXSPC,HAXCAS), FREV00(MAXSPC,MAXCAS),
7 FLTIl0(MAXCAS), FLT120(MAXCAS), Fi!PE0(MAXCAS),
6 EVSE0(MAXCAS), FPLBYO(3), TWO(MAXTIM),

4
0 T10(MAXTIM). DT10(MAXTIM), DT20(MAXTIM), '

A PUFF 0(MAXTIM)
C0ttON / EXPERT / FCORL(MAXSPC MATLEV,MAXCAS),

1 FVESL(MAXSIC.MAXLEY,MAXCAS),
2 FREVOL(MAXSIC MAXLEV.MAXCAS),
3 FCCIL(MAXSIC MAXLEY,MAXCAS),
4 FCONVL(MAXSIC,MAXLEY,MAXCAS),
5 FCONCL(MAXSPC,MAXLEY,MAXCAS),
6 FLTI1L(MAXLEY,MAXCAS), FLT12L(MAXLEY,MAXCAS), i

7 FDCRL(MAXSIC.MAXLEV.MAXCAS),
6 FEYSEL(MAXS M ,MAXLEV,MAXCAS),
9 DFVPAL(MAXSPC,MAXLEV,MAXCAS),
A DFCPAL(MAXSIC,MAXLEY,MAXCAS),
B DFCAVL(MAXSIC,MAXLEV,HAXCAS),
C DFSPRVL(MAXSM.MAXLEV,MAXCAS),

B,1 6
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D DFBl*CL(MAXEPC ,MAXLFV,t%XCAS ),

| E It.bLEV(HAXLEV)
| COtON /LliSBLK/ XLitS(MAXSMF)

[ DATA 10b6 / 1 /, IPIN / 1 /

l
C
C'""$ET NOEER OF $ AMPLE VALUES

NVAkTal
XLl!S(1)=0.0

CH '*FFFINE VAA1ABLt RAMES FOR DETAULT INPUT
CALL DEFINE

I C***" SET DEFAULT VALUE ARLAY LY READINO DEFAULT INPUT FRO 4 FILE DtFFIL
'

CALL SETDEF
C***** PRINT DEFAULT VALUE INFORMAT10N

IF (PRTINP) CALL WRTIAR
C***" TERMINATE EXECUTION 1F ONLY VAllbATING INPUT OR ERROR ENCOVNTELED

| C'""DURING RLADING OF INPUT DATA
IF (NOCALC) Tl!EN

C' * * " *"I'RINT HESSAGE
WRITE (C,1010)
STOP

ENDIF
C**"* TRANSFER DEFAULT VALUE AREAY 70 COtON BLDCK VALUES

CALL TRANS (FCOR(1), FCOR0(1,1), FCORL(1,1,1))
1 C*"" PRINT CONTENTS OF COtON BLOCKS

1F (REPRTB) CALL WRREL
C"*"$ET TCrfAL NUMEER OF SOURCE TERHS

NTOT=1

C "* " WRITE HEADER TO CONSEQUENCE DATA FILE
IF (CONSFL) WRITE (0,1006) TITLE, NDM, NSI'EC, NTOT, HOBB

C***" PERFORM SOURCF. TERM CALCULATIONS
CALL 00SORC (10b8, IBIN)

C""* PRINT lt0 CESSING SUttiARY
WRITE (6,2003)
gNew

C** " * FORMAT STATEHENTS
1006 FORMAT (1X,A,/1X,4110)
1010 FORMT(/1X,' EXECUTION TERMINATED FOLLOWING VALIDATION OF INPUT')
2003 FORMAT (/1X,' SINGLE DIRT.CT EXECUTION FROCESCED')

END

SUBROUTINE DIRBMP
C'**" IMPLEMENTS 00SOR RUNS WillCil 1NVOLVE DIRECT INPUT WITl!
C***** SAMPLING

FARAMETER (HAXBD=20. HAXBIN=10000 HAXSMf+300, HAXCAS=6,
1 MAXIFE=20, HAXLEV=10, HAXVAR=100, HAXVAL=12000,
2 HAXSPC=10. HAXTIHa10)
C11ARACTER BINARR*(MAXBD), BTITLE*80, TITL!*80
COtON / BINS / BINARR(HAXPIN), BTITLE, TITLE
COtOH /CONTRL/ NLHS, NOBS, NSTART, NBIN, NDM, NTOT
CilARACTER*7 NAME
LOGICAL LDEFLT, LREAL

COtON /DEFLT1/ NAME(MAXVAR)
COtON /DEFLT2/ NVAR, NVAL, NVCB1, NVCB2, NVCB3, NYCB4,

1 NYCB$, IDDtEN(3,HAXVAR), ISPOD(MAXVAk),
2 IBMTPS(HAXVAL), ITNT(MAXVAR), LDEFLT(t%XVAL),
3 LREAL(MAXVAL)
LOGICAL NOCALC, SAMPLE, REPRTB, BINNF.D, BYRUN, CONSFL, DIAO,

1 EXPERT, PRTINP, NOCF, SUBCL, CDB, TMPCDP, BRKOPN, VB, ECF, ICF
CQtON / KEYS / NOCALC, BAMPLE, REIT(TB, BINNED, BYRUN, CONSFL, DIAO, ,

3 1 EXPERT, FRTINP, NOCF, SUBCL, CDB, TMNDB, BRKOFN, VB, ECF, ICT
CQtON /SRCTRM/ ST(t%XSPC), STE(HAXSPC), STCC1(HAXSPC) .

1 STL(HAXSPC), STIL, STRVOL(HAXSPC),
2 ET10%XSN), ST2(MAXSN), RV(MAXSPC)
COtDH /BASVAL/ FCOR(MAXSPC) TVESOWXSN), DFVPA(MAXSPC),

1 DFCFA(MAXSN), FEVSE(MAXSPC). FDCil(MAXSPC),
2 FCCI(HAXS K), DFCAVU%XSPC), VBPUF(MAXSPC),

|
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5 3 l' CONY (HAKEPC), FCONC(HAX$It), DFSl'RV(MAXSit),
| 4 DFSitC(MAKSK), FlJYo(HAKSPC). VALISS(MAXISE), !

i S FLT11. FLT!!, NSFEC, FLY, IHIT, EVSE, WTAC, PFAC,
i 6 FFLI'YE, FFLBYP, FPLtYD, FPLBYC, FTLi'll, FTLPL,
| 7 FTLP, TC11. TC12, TS11, TB12. TI:21, 7222. TSS1,
| P TBC2, TbR1, TtR2, TW, 71, T2, DT1, DT2, DTCDB,
; 9 ELEY, PUFF
' CQtDN /LINNED/ FCOR0(l%KSPC,HAXCAS), FVESO(MAXUTC MAXCAS),
i 1 DFVFA0(HAKSIC,HAXCAS). DFCFA0(HAXSit HAXCAS),

2 Fici!0(MAXBit mXCAS), FEYSE0(MAKSK.MAXCAS),
3 FCC 10 ( MAXE lt , HAXC AS ) , DFCAVO (MAX 3 PC . HAXCAS ) ,

; 4 VB PUF0 ( HAXS N , HAX0AS ) , FCONVO ( HAXS it , MAXCAS ) ,

j $ FCONC'0 (HAXSit ,HAXCAS ) . DFSPRVO (HAXSIC ,MAXCAS ) ,
4 6 DI S PRC0 (HAXSit . HAXCAS ) , FREVO0 (HAXSIC, MAXCAS ) ,
! 7 FLT!10(MAXCAS), FLT120(MAXCAS), FIIPE0(MAX 0AS), *

'

8 EVSt0(HAXCAS), FFLSYO(3), TWO(HAXT!H),
0 T10(HAXT1H), DT10(MAXTIM), DT20(HAXT!H),
A PUFFD(HAXTIM)
C(itDN /EXI'ELT/ It0RL(MAXSIC,HAXLEY,l%XCAS),

1 FVESL(MAXSit,MAXLEY,HAXCAS),
2 FREVOL(HAXCIC,HAXLTV,HAXCAD),
3 FCOIL(HAXSit,HAXLEY,HAXCAS),*

! 4 FCONVL(HAXSPC,MAXLEV,HAXCAS),
$ ICONCL(HAXSPC E XLEY,HAXCAS),
6 FLT!1L(HAXLEV,HAXCAS), FLTI2L(HAXLEY,HAXCAS),
7 FDCHL(HAXSPC,HAXLEY,HAXCAS ) ,
6 FEvsEL(MAXSit.MAXLEV,HAXCAS),
p DFVT AL(HAXSPC,HAXLEY,HAXCAS ) ,
A DFCFAL(HAXSit,HAXLEY,HAXCAS),
B DFCAVL(MAXSFC,HAXLEV,MAXCAS),
C DFSI'RVL(HAXSit,MAXLEV,HAXCAS),

i D DFSitCL(HAXElt,MAXLEV,HAXCAS),
t PRBLEV(HAXLEV)
C0 TON /LilSBLK/ XLHS(MAXSHP)

'

C

C

C"***DEFIFE VARIABLE NAMES AND POSITION INFOR*'ATION FOR DEFAULT
C*u** INPUT AND F, AMPLE VECTOR BUBSTITUTION

CALL DEFINE
C' " ** SET DEFAULT VALUE ARRAY BY READING DEFAULT INPUT Frat FILE DEFFIL

CALL BETDEF
,

C*** " SET CAMPLE VECTOR IOSITIONS
CALL YECIOS

C'****1'RINT DEFAULT VALUE AND SAMPLE VECTOR POS! TION INFORMATION
IF (IRTINP) CALL WRTFAR

C" "*TERMINA1E EXECUTION IF ONLY VALIDATING INPUT OR ERROR ENCOUNTERED
C*""DURING READING OF INPUT DATA

IF (HOCALC) Ti1EN
C**"*"*1'RINT HESSAGE

j WRITE (6,1010)
STCP

ENDIF
C+"**SKIF TO STARTINO SAMPLE VECTOR

.

IF (NSTART .NE. 1) THEN
[c 1000 ISEff*1,NSTART-1

READ (3,*) 10DSD, NLIIS, (XLHS(!),1=1,NLilS)
1000 CONTlWUE

ENDIF
C"*"E!:T TOTAL NUMBER OF SOURCE TERMS

NTOf*NDES
C*****IIKCESS CAMFLE VECTORS

to 100010BS=1,NDBS
C******** READ CURRENT SAMPLE VECTOR

*
i

{ READ (3,*) 10BSD, NLits, (XLHS(I),I'1,NLHS)
C "***"* SET NVttER OF SAMPLt VALUES

NVART*NLHS '

|
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C*"**"*TRANSFEk CAMPLE YECTOR VALUES TO DEFAULT ARRAY
CALL SUtVEC

C*"*""!RANSFER DEf AULT VALUE ARRAY TO Cotton B14CK VALVES
CALL TRANS (FCOR(1), FCOR0(1,1), FCORL(1,1,1))

] C*"*""FRINT CONTENTS OF COtON BLOCKS
IF (REPFTB) CALL WRREL

C***""* WRITE IIEADER TO CONSEQUENCE DATA FILE
IF (CONSI'L ,AND. (10BS ,EQ, 1))

1 WRITE (0.1006) TITLE, NDM, NSPEC, NTOT, HOES
C*" " "*FERFORM F4URCE TERM CALCULATIONS

CALL CKCORC (IOBS+NSTART-1, IBIN)
2000 CONTINUE

C***"FRINT FROCESSING Butt 4ARY
IF (NOBS ,EQ, 1) THEN

WkITE(6,2003) NOBS
ELSE

WRITE (6,2004) NSTART, NSTART+ NOBS 1, NOBS
ENDIF
kETURN

C***"F0hMAT STATDtENTS
10C6 FORMAT (1X,A,/1X,4110)
1010 FOPJ4AT(/1X,' EXECUTION TERMINATED FOLLOWING VALIDATION OF INPUT')
2003 l'ORMAT(/1X,1$,8 SAMPLE VECTOR FROCESSED')
2004 FORMAT (/1X,'SAMPLt VECTORS ',14,' TitRU 8,15,

1 * WERE FROCESSED (TOT AL OF ',15,' )')

END

SUBROUTINE BIN
C**"*1MPLDitNTS OG30R RUNS WHICH INYOLVE BINNED INPUT WITHOUT
C+ "**SAMPLINO

FARN2TER (MAXBD*20, MAXBIN=10000, HAXSMP=300, MAXCASat,
1 MAXISS*20, MAXLEV=10, MAXVAR*100 MAXVAL=12000,
2 MAXSita10, MAXTIM=10)
CHARACTER BINARR*(MAXBD), BTITLE*B0, TITLE *B0
CatON / BINS / BINARR(MAXBIN), BTITLE, TITLE

j COTTON /CONTRL/ NLilS, HOBS, NSTART, NBIN, NDM, NTCrf
CHARACTER *7 NAME
LOGICAL LDEFLT, LREAL
COtON /DEFLT1/ NAME(MAXYAR)
Cat 0N /DEFLT2/ HVAR, NVAL, NYCB1, NVCB2, NYCB3, NYCB4,

1 NVCBS, IDIMEN(3 MAXVAR), ISFOS(MAXVAR),
2 ISMPI'b(MAXVAL) . IPNT(MAXVAR), LDEFLT(MAXVAL),
3 LREAL(MAXVAL)
LOO! CAL NOCALC, SAMPLE, REPRTB, BINNED, BYRUN, CONSFL, DIAG,

1 EXTERT, FRTINP, NCCF, SUBCL, CDB, TMPCDB, BRKOPN, VB, ECT, ICF
i CCttON / KEYS / NOCALC, SAMPLE, REPRTB, BINNED, BYRUN, CONSFL, DIA0i

1 EXFERT, FRTINP, NOCF, SUBCL, CDB, TMPCDB, BRKOPN, VB, ECF, ICF
CtetON /SRCTRM/ ST(MAXSFC), STE(MAXSIC), STCCl(MAXSM),

1 STL(MAXSPC), STIL,'STRVOL(MAX 6ft),
2 ST1(MAXSIC), ST2(MAXSPO), RV(MAXSIC)
CatON /EASVAL/ FCOR(MAXSPC) FVES(MAXSN), DFVFA(MAXSPC),

1 DFCtA(MAXSPC). FEYSE(MXSM), FDCH(MAXSIC),
2 FCCI(MAXSN), DFCAV(MAXSFC), VBPUT(MAXSIC),
3 FCONV(MAXSN), FCCHC(MAXSIC), DFSPRV(MAXSIC),
4 DFSPRCIMAXSIC), FRIVo(MAXSPC), VALIS$(MAXISS),
$ I",T!!, FLT!2, NSPEC, FLV, FUPE, EVSE, WFAC, FFAC,
6 FPLBYE, FPLBYP, FPLBYD, FFLBYC, FTLPil, FTLPL,
7 FTLY, TC11, TC12 TB11, TB12 TB21. TB22, TBS 1,
8 TBS 2, TPJt1, TBR2, TW, T1, T2, DT1, DT2, DTCDB,
9 ELEY, PUFF
CCetDN / BINNED / FCOR0(MAXSPC,HAXCAS), FVESO(MAXSIC.HAXCAS),

1 DFVFA0(MAXSN,MAXCAS), DFCF A0(MAXSIC,MAXCAS),
2 FDCH0(MAXSIC.MAXCAS), FEVSE0(MAXSIC.HAXCAS),
3 FCC10(MAXSit,HAXCAS), . DFCAV0(MAXSPC,MAKCAS),
4 VtPUF0(MAXSPC,HAXCAS), FCONVO(MAXSPC,MAXCAS),
5 FCONC0(MAXSIC,MAXCAS), DFSPRY0(MAXSPC,MAXCAS),
6 DFSPRC0(mXSFC,MAXCAS). TREV00(MAXSPC,MAXCAS),

.B.1 9
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7 FLTIl0(MAXCAS), FLT120(MAXCA5), THFED(MAXCAS),
e EVSE0(MAXCAS), FFLBYO(3). TWO(MAXTIM),
9 T10(MAXTIM). DT10(MAXTIM), DT20(M/U(TIM) .
A PUFF 0(MAXIIH)
CGtON /EXIERT/ FCORL(MAXSIC,MAXLEV,MAXCAS),

1 FVESL(MAXSPC,MAXLEY,MAXCAS),

E FREVOL(MAXS!C,MAXLEY,MAXCAS),

3 FCCIL(MAXSit,MAXLEY,MAXCAS),
6 FCONYL(MAXSPC,tuXLEV,MAXCAS),

5 FCONCL(MAXSPC MAXLEY,MAXCAS),

6 FLTI1L(MAXLEY,MAXCAS), FLT!2L(MAXLEY,MAXCAS),
7 FDCHL(MAXSIC,MAXLEV,MAXCAS), l

|

6 FEYSEL(MAXSPC,MAXLEV,MAXCAS),
9 DFYFAL(MAXSIC,MAXLEY,MAXCAS),
A DFCPAL(MAXSPC,MAXLEY,MAXCAS),

B DFCAVL(MAXSIC,MAXLEY,HAX0AS),
C DFSFRVL(MAXSPC MAXLEY,MAXCAS),

D DFSPRCL(MAXSPC,MAXLEY,MAXCAS),

E PRBLEV(MAXLEV)
CatOH /LHSBLX/ XLES(MAXSMP)
DATA IDES / 1 /

C

C

C'**** DEFINE VARIABLE NAMES FOR DEFAULT INPUT '
CALL DEFINE

C***' SET DEFAULT VALUE ARRAY BY READING DEFAULT INPUT FRCH FILE DEFFIL
CALL SETDEF

C** m PRINT DffAULT VALUE INFORMATION
IF (PRTINP) CALL WRIFAR

C H*** TERMINATE EXECUTION IF ONLY VALIDATING INPUT OR ERROR ENCOUNTERED
C"*HDt' RING READING OF INPUT DATA

IF (NT,ALC) THEN
C m ** m PRINT MESSAGE

WRITE (6,1010)
STOP

ENDIF
C***" TRANSFER DEFAULT VAA,UE ARRAY TO C&M)N BLOCK VALUES

CALL TRANS (FCOR(1) FCOR0(1,1), ICORL(1,1,1))
C*****0NE SET OF BIN DEFINITIONS IS USED

READ (4,1001) BTITLE
READ (4,*) NDM, NBIN

C***** BET NUMBER OF SAMPLE VALUES EQt;AL TO YALUE OF BIN DIMENSION
,

NVART=NDM

IF (NBIN .07. MAXBIN) THEN
C a * * * * * PRINT ERROR FO:SSAGE

WRITE (6,1011) NBIN, MAXBIN, NBIN
STOPa

ENDIF
IF (NBIN .0T. 0) READ (4,1002) (BINARR(!)(1:NDM),1=1,NBIN)
WRITE (6,1003) BTITLE, NBIN, (I, BINARR(1)(1:NDM),1=1,NBIN)
WRITE (B,1004)

C*"** SET TOTAL NUMBER OF SOURCE TERMS
NTOT*NBIN

Ca**" WRITE HEADER TO CONSEQUENCE DATA TILE
IF (CONSFL) WRITE (9,1006) TITLE, NDM, NSFEC, NTOT, NCES

C***** LOOP OVER INDIVIDUAL BINS
Do 1000 IBIN=1,NBIN

C***"*** TRANSLATE CURRFNT BIN ID To PARAMETERS F01t USE IN RELCLC
CALL BINTRN (IBIN)

C***** * FRINT CONTENTS OF CatON BLOCKS
IF (REPRTB) CALL WRREL

C********FERFORM SOURCE TERM CALCULATIONS
CALL OGSORC (10BS, IBIN)

1000 CONTINUE
C**" *FRINT NUMBER OF BINS FROCESSED

WRITE (6,2003) NBIN

B.1-10
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kITURN
C u m FORMAT STATEMENTS

1901 FORMAT (A)
1002 FORMAT (1X A)
1003 FORMAT (//1%,130(*='),

1 //1X,'BINNINO INFORMATION',
2 /1X,A,
3 . //1X,'THE FOLLOWING * ,17, ' BIN (S) ARE TO EE l'ROCEI. SED: * ,
4 //(1X,17,' ',A))

2004 FORMAT (/1X,130('='),//1i

'

1006 FORMAT (1X. A,/1X 4!10)
1010 FORMAT (/1X,' EXECUTION TERMINATED FOLLOWING VALIDATION OF INWT')
1011 FORMAT (/1X,'nznN'htBER OF BINS (',17,') EIAD FROM FILE IS ',

1 ' LARGER TilAN ALLOWED DIMENSION (',17,')',

2 /1X,'unn!NCREASE PARAMETER MAXBIN TO AT LEAST ',17,
i B /1X,'>nnEXECUTIOF TERMINATED')

2003 FORMAT (/1X,17,' BIN (S) PRCX"ESSED')
END

SUBROUTINE BINSMP
C***** IMPLEMENTS 00SOR RUNS WHICH INVOLVE BIENED INPUT WITH SetPLING

PAlW!ETER (MAXBD=20, MAXBIN=10000, MAXSMP=300, MAXCAb*e,
1 MAXISS*20, HAXLEV=10, MAXVAR=100, MAXVAL-12000,
2 MAXSIC=10, HAXTil+'10)
CHARAF ER BINARR*(MAXBD), BTIILE*80, TITLE *60
COtON / BINS / EINARR(MAXBIN), BTITLE, TITLE
CGtON /CONTRL/ NLl!S, NOBS, NSTART, NBIN, NDM, NTOT
CHARACTER *7 NAME
LD31 CAL LDEFLT, LREAL
CCitON /DEFLT1/ NAME(MAXVAR)
CatON /DEFLT2/ NVAk, NVAL, NVCB1, NYCB2, NYCR3, NYCB4,

1 NVCBS. IDIMEN(8,HAXVAR), ISPOS(MAXVAR),
2 ISMPPS(MAXVAL), IPNT(MAXVAR), LDEFLT(MAXVAL),
3 LREAL(MAXVAL)4

LOGICAL NOCALC, SAMPLE, REPRTB, BINNED, BYRUN, CONSFL, DIAO,
1 EXi'ERT, PRTINP, NOCF, BUBCL, CDB, TMICDB, BRKOPN, VB, ECF, ICF
CatON / KEYS / NOCALC, SAMFLE, REPRTB, BINNED, FYRUN, COH3FL, DIAO,

1 EXPERT, PRTINP, NCCI', SUBCL, CDB, TMitDB, BRKOPN, VB, ECF, ICF
CatON /SRCTRM/ ST(MAXSN), STE(MAXCN), BTCCI(MAXSN),

1 STL(MAXSN), STIL, STR"OL(MAXSPC),
2 ST1(MAXSIC), ST2(MAXSN), RV(MAXSPC)
CatON /BASVAL/ FCOR(MAXBN), ITTS(MAXSPC) DFVPA(MAXSN),

1 DFCPA(MAXSPC). FEVSE(MAXSPC). FDCII(MAXSN),
2 FCCI(MAXSIC). DPCAV(MAXSPC), VRPUT(MAXSIC),
3 FCONV(MAXSPC), FCONC(MAXSPC) DTSPRV(MAXSN),
4 DFSPRC(MAXSfC) FREVD(MAXSPC), VALISS(MAXISS),
$ FLTII, FLT12. NSFEC, FLV, THPE, EYSE, WFAC PFAC,[

| 6 FPLBYE, FPLBYP, FPLBYD, FPLBYC, FTLPl!, FTLFL,
| 7 l'TLP. TC11. TC12. TBil, TB12 TB21. TB22, TBS 1,
)

6 TBS 2, TBR1, TBR2, TW, T1. T2, DTI, DT2, DTCDB,
9 ELEV PUFF
Cotton / BINNED! FCOR0(MAXSN,MAXCAS), FVES0(MAXSPC.MAXCAS),

.

1 Di' IPA 0(MAXSPC,MAXCAS) . D N PA0(MAXSPC,HAXCAS),
2 IE H0(MAXSIC.MAXCAS), FEYSEO(MAXSPC,MAXCAS),
3 FCCI O ( MAXSN . MAX 0 AS ) . DFCAVO ( MAXS PC . MAXCAS ) ,

4 4 VBPUF0(MAXSPC.MAXCAS), FCONVO(MAXSIC,MAXCAS),
$ FCONC0(MAXSPC.MAXCAS), DFSPRV0(MAXSPC.MAXCAS),
6 DFSPRC0(MAXSPC MAXCAS). TREV00(MAXSit,MAXCAS),
7 FLT!10(MAXCAS), FLTIPO(MAXCAS). THPE0(MAXCAS),
t EVSE0(MAXCAS), FPLBYU(3), IWO(MAXTIM),
9 T10(MAXTIM) DT10(MAXTIM). DT20(MAXTIM),
A PUFF 0(MAXTIM)-
C(ItON /EXTERT/ It0RL(MAXSPC,MAXLEV,MAXCAS),

1 FVESL(MAXSPC,MAXLEY,MAXCAS),
2 FREVOL(MAXSit,MAXLEY,HAXCAS ),
3 FCCIL(MAXSPC ,HAXLEY,HAXCAS),
4 FCONVL(MAXSPC.MAXLEY,MAXCAS),

A l 11
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5 FCONCL(MAXSPC,h&XLEY.MAXCAS),
6 FLT!1L(MAXLEV.MAXCAS), FLT!2L(MAXLtV.MAXCAS),*

; 7 FDCitL(MAXSit ,HAXLEY,MAXCAS ) ,
8 FEVEEL(MAXS K ,M%XLEY,MAXCAS),
9 DFVFAL(MAXSPC,FMLEY.MAXCAB),
A DFCFAL(MAXtPC.MAXLEV,MAXCAS),
B DFCAVL(MAXS K ,MAXLEV,HAXCAS),
C DFSPRVL(MAXSit,HAXLEV,HAXCA$),'

*
D DFBPRCL(MAXSIC,HAXLEY,MAXCAS),
E PRBLIT(MAXLEV)
C040N /LHEBLK/ XLlib(MAXSMF)

C

C ?

C***" DEFINE VAk1ABLE kAMt's AND F081 TION INFORMATION FOR DEFAULT
C"*** INPUT AND SAMPLE VECTOR SUBSTITUTION

CALL DI.FIkT1

C**"*CET DEFAULT VALUE ARRAY BY RtADING CEFAULT INPUT TRQi FILE DEFFit
CALL EF.TDEF

C*****EET BAMPLt VECTok POSITIONS
CALL VECPOS

C*****FRINT DEFAULT VALUE AND $ AMPLE VECTOR PODITION INFORMATION
IF (l'RTINP) CALL WRTI'AR

C*"** TERMINATE EXECUTION IF ONLY VALIDATING INPUT OR ERROR ENCOUNTERED
C""*DURING READING OF INPUT DATA

IF (HOCA!.C) Tl!EN
C* * * *"* * IT. INT MEEBACE

WRITE (t.,1010 )
fWOF

ENDIF

IF ( .NOT. BYRUN) Tl:EH
C********kEAD SET OF BINS WillCil WILL tt USED FOR ALL BAMPLtB

READ (4,1001) BTITLE
READ (4,*) NDM, WBIN
IF (NBIN .07, MAXBIN) ft!EN

C+*"*"*"*I'RINT ERROR MESSAGE
WRITE (6,1011) NBIN, MAXt!N, NBIN
CTOP

ENDIF

IF (NBIN .07, 0) READ (4,1002) (BINARR(1)(1:NDM),1*1,NPIN)
q WRITE (0,1003) 10BS, BTITLE, NBIN,

1 (1, FINAh(!)(1:NDMhl=1,NBIN)
WRITE (6,1004)

C****"** BET TOTAL NUMEER OF SOURCE TERMS
NT0f*NB!W * N01,8

ENDif,

C'*"*CIIECK FOR STARTING BAMPLE VECTOR
IF (NSTART .NE, 1) THEN

C****** HSK1P TO STARTlHO SAMPLE VECTOR
Do 1000 3SKIlv1,NSTART*1

C""H*"" READ BAMPLE VECTOR VALUES
kEAD(3,*) 100ED, NLl!3, (XLl!$(1).I=1,NLitS)
IF (BYRUN) T!!EN

i ce************* READ EIN DEFINITIONS FOR CURRENT SAMPLE VECTOR
ktAD(4,1001) BTITLE
READ (4,*) NDM, NFIN

. 1F (Nt!N .07, MAXBIN) Tl!EN
C***************** PRINT ERROR MESSAGE

WRITE (6,1011) NBIN, ISK!!', HAXBIN, NBIN--
i

BTOP
ENDIF

IF (NBIN .0T, C) READ (4,1002)
1 (BINARR(I)(1NDM) 1=1,NBIN)

; ENDIF
1000 CONTINUE

j ENDIF

C" "* PROCESS SAMPLE VECTOR

v
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DO 3000 10ES=1,N0?S
C******** READ CURRENT SAMPLE YECTOR VALUES

READ (3,*) 100$D, NLHS, (XLHS(!),1*1.NLMS)
C******** VALIDATE NUMBER OF SAMPLE VE0 TOR VALUES

IF (NLMS .07. MAXtMP) THEN
WRITE (6,100$) NLflS, MAXF.MP
STOP

ENDIF
C*****"* TRANSFER SAMPLE VECTOR VALUES

CALL SUBYEC
C "*** '*1RANSTER DEFAULT VALUE ARRAY TO C0ftON BLOCK VALUES

CALL TRANS (FCOR(1), FCOR0(1,1), FCORL(1,1,1))
C******** WRITE HEADER TO CONSEQUENCE DATA FILE

IF (CONSFL .AND, (10B8 .EQ, 1))
1 WRITE (9,1006) TITLE, NIti. NSFEC, NTOT, NODS

C"***"*USE EXFERT OPINION TABLES-

IF (EXPERT) CALL EXITAB
C****" ** CHECK FOR SEFARATE BIN DEFINITIONS FOR LACB SAMPLE

IF (BTRUN) Tl!EN
Cu u *****" READ SET OF BINS FOR CURRENT SAMPLE

READ (4,1001) BTITLE
READ (4,*) NDM, NBIN
IF (NBIN .0T. MAXBIN) THEN

C" * * " * " * * * * * PRI NT ERRCR MESS AGE
WRITE (6,1011) NBIN, NSTART+10BS*1, MAXBIN, NBIN
STOF

ENDIF
IF (hBIN .07 0) READ (4,1002) (PINARR(I)(it Niti),1=1,NBIN)
WRITE (6,1003) 10BS, BTITLE, NBIN,

1 (I, BINARR(I)(ItFDM),1=1,NBIN)
WRITE (6,1004)

ENDIF
C***"*" SET NUMBER OF Llis VARIABLES FLUS NUMEER OF BIN DEFINITIONS

f NVART=NLUS + HDH
C**"**" LOOP OVER INDIVIDUAL BINS

DO 2000 IBIN*1,NBIN
C"******"* TRANSLATE CURRENT BIN ID TO FAR* METERS FOR USE IN RElfLC

CALL BINTRN (IBIN)
C* ******"** PRINT CONTENTS OF CatON BLOCKS

IF (REPRTB) CALL WRREL
C******** m FERFORM SOURCE TERM CALCULATIONS

CALL OGSORC (IOBS+NSTART-1, IBIN)
2000 CONTINUE

C****""FRINT NUMBER OF BINS FROCESSED FOR CURRENT SAMPLE VECTOR ~
WRITE (6,2003) NBIN, IODS+NSTART+1

3000 CONTINUE
RETURN

C***** FORMAT STATEMENTS
1001 FORMAT (A)
1003 FORMAT (1X,A)
1003 FORMAT (//1X,130('='),

1 //1X,'BINNING INFORMATION FOR SAMPLE VECTOR ',14,
2 /1X,A,
3 //1X,'THE FOLLOWING ',I7,' BIN (S) ARE TO BE FROCESSEDi',j
4 //(1X,17,' ',A))t

( 1004 FORMAT (/1X,130('='),//)
2005 FORMAT (/1X,' u n > NUMBER OF SAMPLE VECTOR VALUT.! (',14,i

I
1 ') READ FROM UNIT 3 EXCEEDS 8,
2 /1X, ' nn> MAXIMUM N'J4EER ALLOWED (MAXSMP=* ,I4, * )' ,
3 /1X,'>nnEXECUTION TERMINATED')

1006 FORMAT (1X,A,/1X 4110)
1010 FORMAT (/1X,' EXECUTION TERMINATED FOLLOWING VALIDATION OF INFUT') I

1011 FORMAT (/1X,' u n>NUHbER OF BINS (',17,') READ FROM UNIT 4, '
,

1 ' SAMPLE VECTOR '.I4,

2 ', IS LARGER TilAN ALLOWED DIMENSION (',17,')',

3 /1X, *annINCREASE FARAMETER tuXBIN TO AT LEAST ',17,

. A
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6 /1X,'""> EXECUTION TERMINATED')

2003 FORMAT (/1X,17,' BIN (S) IROCESSED FOR SAMPLE VECTOR ',14)
END

SUBROUTINE DFFINE
C'**' DEFINE NAMES AND DIMENSIONS OF VAk1 ABLES TO BF SET THROUGH
C*"" DEFAULT INFVT AND SNiPLE VECTOR $UBSTITUTION

I ARAMETER (MAXBD*20, MAXtIN*10000, MAXDMP=300, MAXCAS=0,
j 1 MAXISS=20 MAXLEV*10, MAXVAR=100, HAXVAL=12000,
'

2 MAXSPC-10 MAXTIH=10)
CHARACTER *7 NAMT,

LOGICAL LDEFLT, LREAL
CQtDN /DEFLT1/ NAME(MAXVAk)
CQtDN /DEFLT2/ NVAR, NVAL, NYCB1, NVCB2, NYCB3, NVCB4,

1 NYCBS, IDIMT.N(3 MAXVAR), !$POS(MAXYAR),"

2 ISMTPS(MAXVAL), ITNT(MAXVAR), LDEFLT(WXVAL),
3 LkEAL(MAXVAL)
1 E ICAL N3"ALC, Fm PLE, REltTB, BINNED, BYRUN, CONSFL, DIAG,

1 EXFFRT, FRTINF, NOCF, llVBCL, CDB, TMNDB, BRl;DFN, VB, ECT, ICI
CatON / KEYS / NOCALC, FAMPLE, REPRTB, BINNED, BYRUN, CONSFL, DIAG,

1 EXPERT, FRTINP, NOCF, SUBCL, CDB, TMPCDB, BRKOPN, VB, ECF, ICF
C"*" DEFINE VARIABLE NAMES AND CORRESPONDING I,IMENSIONS TO BE SET

C**"*TffROUGil DEFAULT AFD SAMPLE VEC10R SUBSTITUTION FOR BINNED
C***** EXECUTION. VARIABLE NAMES AND DIMENSIONS CORRESPOND EXACTLT
Cu***TO ORDER OF %ARIALLES IN CQtON BLOCKS:
C "* " (1) BASVAL, (2) BINNED, AND (3) EXPERT
C**ue AS 18 THESE Cats BLCcKS ARF, CONCATENTAftD,

DATA NAMr /
1 'FCOR', 'FVES*, 'DFYFA', ' E C.*,*, ,

3 ' FEVSE ' , ' FDCN ' , ' FCCI ' , ' DFCAV ' ,
3 ' VBPUF ' , 'FCOM , 'FCONC',
4 'DFEFRV', 'DFSIRC' , 'FREVO* , 'VALIS8' ,
5 'FLT!!', 'F1.T12', 'NSPEC', '!LV', 'FHTE', 'EVSE', 'WTAC',
6 'PTAC', 'FPLBYt', 'FPLBYP', 'FPLBYD', 'FPLfYC', 'FTLPH',
7 'FTLPL', 'FTI,P', 'TC118, 'TC12', 'TB11', 'TB12', 'TB21',
e 'TB22*, 'TES1', ' TBS 2', 'TBR1', 'TBR2',
9 'TW', 'T1', 'T2', 'DT1', 'DT2', 'DTCDB', 'ELEY', 'FUFF',
A 'FCORO', 'FVES0*, 'DFYFAD',
B ' DFCFA0 ' , ' FDCil0 ' , ' F EYS E 0 ' ,
C ' FCC10 ' , ' DFCAV0 ' , ' VliPUF 0 ' ,
D 'FCONV0', 'FCONC0',
E 'DFSPRV0' , 'DFSPRCO' , 'FREV00' , * FL'. Il0 ' ,
F ' FLT120 ' , ' FEFE0' , 'EYSE0', 'FFLPiO',
0 'Two', 'T10', 'DT10' 'DT20', 'TJTFO',
il 'FCORL', 'FVESL',
I ' FREVOL ' , ' FCCIL ' ,
J 'FCONVL', 'FCONCL8,
K 'FLT11L', 'FLT!2L',

L ' FDCHL ' , ' FEYSEL ' ,
M ' DFVFAL' , ' DFCFAL' ,
N 'DFCAVL', 'DF3ftVL',
0 'DFSPRCL', 'FRhLEV',
F 12*' ' /

j C*"** DEFINE 3 DIMENSIONS FOR EACil 0F THE VARIABLES
DATA IDIMEN /

1 MAXSPC,1,1, HAXSPC,1,1, MAXSPC,1,1, MAXSPC,1,1,
2 MAXSPC,1,1, MAXSIC,1,1, HAXSFC,1,1, W.XSIC,1,1,,

i 3 MAXSPC,1,1, HAXSFC,1,1, MAXSPC,1,1,
4 MAXSIC,1,1, MAXSPC,1,1, MAXSIC,1,1, MAXISS.1,1,'
S 1,1,1, 1,1,1, 1,1,1, 1,1,1, 1.1.1, 1.1.1, 1,1,1.
6 1,1,1, 1,1,1, 1,1,1, 1,1,1, 1,1,1, 1.1.1,
7 1,1,1, 1,1,1, 1,1,1, 1,1,1, 1,1,1, 1.1.1, 1,1,1,
B 1,1,1, 1,1,1, 1.1.1, 1,1,1, 1,1,1,
9 1,1,1. 1,1,1, 1,1,1. 1,1,1, 1,1,1, 1,1,1, 1.1.1, 1,1,1,
A MAXS PC , MAXCAS ,1, HAXSIC . MAXCAS .1, HAX S IC , MAXCAS ,1,
B MAXSit,MAXCAS.1, HAXSPC,MAXCAS,1, MAXSit.MAXCAS 1,
C MAXSit MAXCAS,1, MAXSit,MAXCAS,1, HAXtiPC.MAXCAS,1,

B,1 14
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D MAXSN,MAXCAS I . MAXSK,MAXCAF,1,
E MAXSPC,HAXCAS.1, MAXSPC,HAXCAS 1, MAXEN,MAXCAS ,1, MAXCAS,1,1,
F MAXCAS,1,1, HAXCAS,1,1, MAXCAS,1,1, 3,1,1,
O HAXTIM,1,1, MAXTIM,1,1. MAXTIM,1,1, MAXTIM,1,1, MAXTIM,1,1,
!! MAXS N.MAXLEV,HAXCAS, HAXSPC,MAXLEY,HAXCAS,
1 MAXSN,MAXLEV,MAXCAS, HAXSIC MAXLEY,HAXCAS,
J MAXSit , MAXL EY , HAXCAS . HAXS PC , HAXLEY , MAXCAS ,

K MAXLEY,MAXCAS,1, HAXLEY,HAXCAS,1,
L HAXSPC,MAXLEV,HAXCAS HAXSPC.MAXLEV,HAXCAS,
M HAXSIC,HAXLEY,MAXCAS. HAXSPC,MAXLEY,MAXCAS,
N MAXS PC , MAXLEY , HAXCAS , , HAXS PC . HAXLEY , MAXC AS ,
O MAXS PC , MAXLEV , HAXCAD , tdAXLEV ,1,1,
P 36*0 /

C"*** DEFINE NUMBERS OF VALUES IN CCitON BLOCXS:
C'****(1) BASVAL, (2) BINNED, AND (3) EXPL1T

DATA NYCB1 / 193 /, NYCE2 / 1205 /, NVCB3 / 10570 /, NVCB4 / 0 /,
1 NYCBS / 0 /

C
C

C***"INITIALLIEE MAXIM' M LENGTH OF VARIABLE NAMESJ
NCHAR*7

C*"** SET DEFAULT TYPES 70 . FALSE.
'

Do 2000 1=1,HAXVAL
LDEFLT(I)=. FALSE.

1000 CONTINUE,

C**e nINITIAll.4EE NUMBLR OF VARIABLES
NVAR=0

C*****INITIALLIEE TOTAL NUMBER OF VALUES
NVAL=1

C'"** SET POSITION INFORMATION
Do 2000 IVAR*1,HAXVAR

Ca**"***CHECX FOR BLANK VARIABLE NAME
IF (NAME(IVAR) .EQ. ' ') 00 70 3000

C*****"* INCREMENT NUMEER OF VARIABLES
NVAR=NVAR + 1

C********SAVE STARTING POSITION OF CURRENT VARIABLE
Isr05(NVAR)*NVAL

C** " " ** CHECK FOR HON EERO DIMENSIONS
IF ((IDIMEN(1,NVAR) .LE. 0) .OR. (IDIMEN(2,NVAR) .LE. 0) 10R.

1 (IDIMEN(3.NVAR) .LE. 0)) THEN
C*********** PRINT ERROR MESSAGE<

WRITE (6,1001) NAME(IVAR), (IDIMEN(I,NVAR),1=1,3)
NOCALCa.TRUE.

ENDIF
C******** INCREMENT TOTAL NUMBER OF VALUES

NVAL*NVAL + IDIMEN(1,WVAR)*IDIMEN(2,NVAR)*IDIMEN(3 NVAR)
2000 CONTINUE
3000 CONTINUE

C"*** SET TOTAL NUMBER OF VALUES
NVAL*NVAL * 1

C*"** VALIDATE TOTAL NUMBER OF VALUES AGAINST HAXIM' H DIMENSIONJ
IF (NVAL .07. MAXVAL) THEN

C* **"*** PRINT ERROR MESSAGE
WRITE (6.3001) NVAL, HAXVAL, NVAL
NOCALC= TRUE.

ENDIF
C***** VALIDATE TOTAL NUMBER OF VALUES AGAINST SUM OF VALUES IN
C*"" DEFAULTED CCetOH BLOCXS

IF (NVAL .NE. NYCBl+NVCD2+NYCB3 tNVCB4+NVCE$) THEN
C******** PRINT ERROR MESSAGE

WRIIE(6,3002) NVAL, NYCBl+NYCB2+NYCB3+NYCB4+NYCBS
NOCALC=.TRUE,

ENDIF
Ca**** SET ASCII CODE FOR CRARACTERS I AND N

ICI=ICHAR('I')
ICN*1CllAR( ' N ' )
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C"*"INITI ALLIEF YA1UE ICINTER
IVALtI

C+""EET VAR!ABLE TYl'ES
to $000 IVAR=1,NVAk

C* * * * * * * * I N tTI ALLI EE ICI NT Ek ARRAY
II'HT(IVAk)*IVAR

CH****** SET ASCII CODE FOR FIRST CI!ARACTER OF VARIALLE FAFI
IC=ICKAR(NAME(IVAR)(lil))

C++"**"COMFARE ASCII CODE TO I THRU N RANGE (INTEOCt VAh!Alf t)
IF ((IC .0E, ICI) .AND. (IC .LE. ICN)) TifLN

C+"""*"* SET RF.AL VARIABLE FLAG TO ,FALLE (!NTEGER MA!/N l')

LREAL(IVAL)* FALSE.
ELSE 4

C""""*** BET REAL VARIABLE FLAG TO .TRUE. (REAL VAk1ABLL )
LREAL(IVAL)=.TRUE.

ENDIF
C******** BET ALL TYTES FOR CURRENT VARIABLE J

IFIRST*IVAL
ILAST*IVAL - 1 + Elr4EN(1,IVARFIDIMEN(2,IVARPIDIMKh3, tVAR)
DO 4000 I*IFIRST,ILAST

LREAL(1)*LkEAL(IVAL)
4000 CONTINUE

C* **"** * RESET VALUE FOINTER
IVAL=ILAST + 1

5000 CONTINUE

C*** HALL INFORMATION FOR VARIABLES THAT MAY BE SET THROUUlf DETAJLT
C*****AND VECTOR ICSITION HAS BEEN SAVED
C"*** SORT LIST OF YARIABLE NAMES USING ICINTER II'HT 70 F ACILITAYE
C H *" SEARCHING

CALL CSORT (NVAR, NAME, IPNT)
RETURN

C**"* FORMAT STATDtENTS
1001 FORMAT (1X,'> n nDIMENSIONS FOR VARIABLE ',A,' MUS1 BE GREATER ',

1 'TRAN O',
2 /1X, '>nnDIMENSION 1 *' ,IS, ' . DIMENSIDH 2 =' ,1$,
3 ', DIMENSION 3 =',I$,
4 /1X,'un> CHECK VARIABLE DEFINITIDNS IN SUBROUTINE DEFINE',/)

3001 FORMAT (1X,'nznNUMBER OF YARIABLES (NVAR=',IS,') EXCEEDD ',
1 ' DIMENSION (MAXVAR=',15, ')',
2 /1X,'nn>CitECK YARIABLE DEFINITIONS IN SUBROUTINE DEFINE ',
3 'AND/OR',
4 /1X,'un" RESET FARAMETER MAXVAR TO AT LEAST ',15,/)

3002 FORMAT (1X,'>n"N'JMBER OF VALUES WHICll CAN BE SET THROUGH ',
1 ' DEFAULT AND VECTOR SUBSTITUTION (',1$,')',
2 /1X,'>nnSHOULD BE EQUAL TO THE TOTAL NUMBER OF VALUES ',
3 'IN THE CatON BLOCKS TO EE SET ',
4 /1X , ' u n> (NYCB l + NVCB24 NVCB3 + NVCB 4 + NVCB S= ' , I S . ' ) *

,

5 '- SUBROUTINE DEFINE',/)
END

SUBROUTINE SETDEF

C'*"* SET DETAULT VALUES BY READINO VARIABLE NAMES AND CORRESPONDING v
C "*** VALUES Frat TILE DESIONATED FOR DEFAULT VALUES (DEFFIL)

FARAMETER (MAXLENo101, MAXYLN=20)
FARAMETER (MAXBD=20, MAXBIN=10000, MAXSMF=300,:dXCAS=8,

1 MAXISS=20, MAXLEV=10, HAXVAR=100, MAYVAL*12000,
2 MAXSFC=10, MAXTIt+=10)
CILARACTER*? HAME
LOGICAL LDEFLT, LREAL
Cotton /DEFLT1/ NAME(MAXVAR)
CatON /DEFLT2/ NVAR, NVAL, NYCB1, NYCB2, NYCB3, NYCB4,

1 NVCBS, IDIMEN($,MAXVAR), ISPOS(MAXVAR),
2 ISMPFS(MAXVAL), ITNT(MAXVAR), LDEFLl(MAXVAL),
3 LREAL(MAXVAL)
LOGICAL NOCALC, SAMFLE, RETRTB, BINNED, BYRUN, CONSFL, DIAO,

1 EXPERT, FRTINF, NOCF, SUBCL, CDB, TMFCDB, BRK0l'N, VB, ECT, ICI
Cotton / KEYS / NOCALC, SAMPLE, RETRIB, BINFED, BYRUN, CONSF9. DIAO.,

)
1

!

!
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1 EXFERT, FRTINP. HOCF, EUBCL, C0B. IttPCDB, BRKOPN, VB, ECF, ICF
CilARACTER*60 DEFFIL, SAMFIL, VECTIL
COtON /FILELK/ DEFFIL, SAMFIL, VECFIL
CHARACTEk*(MAXLEN) CARD |
CilARACTER*(MAXVLN) CVAL, TMPVAL

DIMENSION INDX(3) s

I
IDGICA1 EOR. TYPE (4), LVAL
Cf1ARACT!**10 IFR"i
CatON / VALUES / RVL(MAXYAL)
DIMENEION IVL(MAXVAL)
EQUIVALENCE (IVL, RYL)

C

C

C"***FRINT HEADER MESSAOE
IF (FRTINP) WRITE (6,1003) DEFFIL

C*"** WRITE INTEGER FORMAT FOR READING YARIABLE AkRAT INDICES
WRITE (IFRMT,1004) MAXVLN

C'***!NITI ALLIEE CURRENT VALUE ICSITION
IVf0S= 1

C*****OPEN DEFAULT FILE
OPEN(1, FILE =DEFFIL, STATUS ='OLD'. READONLY, ERR =9100)

1000 CONTINUE
C"*"RTAD RECORD

READ (1,1001,END=8000) CARD
C*"** PRINT RECORD

IF (FRTINP) WRITE (6,1002) CARD
C*****INITIALLIEE COLUMN ICINTER FOR CURRENT RECORD

IC=1
2000 CONTINUE

C***** READ NEXT VALUE ON RECORD
CALL RDSTRO (CARD, IC, CVAL, LVAL, IVAL, RYAL, LENOTU, TYPE, EOR)

C*"** CHECK FOR END-OF RECORD
IF (EOR) 00 TO 1000

C**"* CHECK FOR CHARACTER VALUE (VARIABLE NAME)
IF (TYPE (1)) THEN

C******"INITIALLIEE ARRAY SPECIFICATIONS
INDX(1)=1
INDX(2)al
INDX(3)=1

C"****" CHARACTER VALUE (VARIABLE NAME) FOUND
C"*"*" CHECK FOR LEFT FARENTHESIS IN VARIABLE NAME

ILPAR=INDEX(CVAL, '(')
IF (ILPAR .NE. 0) THEN

C***********FOUND LEFT PARENTHESIS, CHECK FOR RIGHT FARENTHESIS
IRPAR=INDEX(CVAL, ')')
IF (IRLAR .NE, 0) THEN

C'*** *** ** *** * *FOUND RIOHT FARENTHESIS, Ct!ECK FOR Catu
ICOttM=INDEX(CVAL, ' , ' )
IF (ICatM .NE. 0) THEN

Ca *****"*"*** ***FOUND Catu, DET12MINE FIRST ARRAY INDEX
IS=ILf'A.E + 1
IEaICatM
IND=1

3000 CONTINUE
IE=IE - 1
IF (CVAL(!E:IE) .EQ. ' *) 00 TO 3000
IF (IE GE. IS) THEN

C* * * * * " * * * * "" * * * * * SET CURRENT ARRAY INDEX
TMPVAL=' '
TMPVAL(MAXVLN*IS-1E:MAXVLN)=CVAL(IS1IE)
READ (TMPVAL,IIWft, ERR =9200) INDX(IND)

ELSE
C* * * * * * " * * * * * * * * * * * * INVAL ID ARRAY INDEX

WRITE (6.3001) IND, CVAL(1:LENGTB)
NOCA1C*.TRUE.

ENDIF
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i -C " * * * * * * " * * * * * * *Cf!ECK FOR F IN AL ARRAY I NDEX FOUND
IF (ICOt% .07. 0) THEN

IS*ICat% + 1
C+ " * * * " * * " * " * * * * * LOCAT E FEXT Ca t A

ICat%=1NDEX(CVAL(IEtLENGTH), ''),

IF (IC0ft% .07. 0) THEN
ItalM*IS + Icat% * 1
IE*IOOtM

ELSE
IE*tRFAR

ENDIF -
C"""**"*""***" INCREMENT COUNTER FOR CURRENT AkkAY INDEX

IND=IND + 2
IF (IND .07. 3) THEN

ce**********************HJRE titan 3 ARRAY INDICES
WRITE (6,3002) CVAL(ItLENGTH)
IVF00= 1
NOCALC=.TRUE.
00 TO 2000

ENDIF
00 TO 3000

ENDIF
ELSE

C"" * * * * * * * "* * * * NO COtM 10UND , ONLY ONE ARRAY INDEX
IS=ILFAR + 1
IE=IRFAR
IND=1

4000 CONTINVE
IE=IE - 1
IF (CVAL(IE IE) ,EQ. ' ') 00 TO 4000
!F (!E .0E 18) THEN

C*** ne************** BET SINGLE ARRAY INDEX
THPVAI.=' *
TMTVAL(MAXYLN+18 !E:HAXVLN)=CVAL(IB IE)
READ ( THFVAL , I FR?ft , ERR * 0200 ) I NDX ( I ND )

ELSE
Ce******************* INVALID ARRAY INDEX

WRITE (0,4001) CVAL(1 LENGTH)
NOCALCa.TRUE,

ENDIF
ENDIF

C***"****"*"BLANK OUT ARRAY INDEX FORTION OF VARI ABLE NM1E
CVAL(ILFARIMAXYLN)=' *

ELSE

C u n *** n u * u ERROR IN ARRAY INDEX SFECIFICA110N
WRITE (6,4001) CVAL(1 LENGTH)
NOCALC*.TRUE.

ENDIF
ENDIF

C* ** * * ** * SEARCH IVR VARI ABLE NAME
CALL ST. ARCH (NVAR, CVAL(1tLENGTH), NAME. IPNT, IFCINT)

C****"" CHECK FOR VAPIABLE NAME FOUND
IF (IFOINT .07. 0) THEH

C*"*"""* VARIABLE NAME FOUND, VALIDATE ARRAY INDICES
IF ((INDX(1) .0E. I) .AND. (INDX(2) .0E 1)..AND.

1 -(INDX(3) .0E. 1) .AND.
2 (INDX(1) .LE. IDIMEN(1,IFNT(IFOINT))) .AND.
3 (INDXt2) ,LE.'TDIMEN(2,IPNT(IFOINT))) .AND.
4 (INDX(3) .LE. IDIMEN(3,IPNT(IFOINT)))) THEN

C************** VALID ARRAY INDICES, SET CUkRENT VALUE ros! TION
IVIVS=ISIVS(IFNT(IIVINT)) + INDX(1) +

1 (INDX(2) **IDIMEN(',IPNT(IFOINT)) +
2 (INDX(3) 1s*IDIMEN(1,IFNT(IIVINT))*
d -IDIMEN(2,IFNT(IICINT)) * 1

ELSE
CH *"*"*"** * INVALID ARRAY INDICES
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WkITE(6,4002) NAME(IPHT(IPOINT)),
.

i

1 (I, INDX(I) IDIMEN(1,IPNT(IPOTNT)).Ip1,3)
C" * * * * * * m * * *!;ET INV ALID VALUE JOSITION

IVPOS=-1
NOCALC*.TRUE.

LNDIF
ELSE

C*"******** VARIABLE NNtE NOT FOUND
WRITE (6,4003) CVAL(1.LENGT!!)-

C*"*"mSET INV/1ID V ~1UE POSITION
IVIOS=*1
NOCALCa.TRUE.

.NDIF
'

ELF.E IF (TYPE (3)) Tl!EN
C'******* CHECK FOR VALID VALUE POSITION

IF (IVPOS .GE. 0) TIIEN
C********** * SET STARTING IOSITION OF VARI ABLE IT. MING CURRENT VARI ABLE.

IP=IPNT(IPOINT)
I WXTV=ISPOS(IP) + IDIMEN(1,IP)*!DIMEN(2,IP)*1DIMEN(3,IP)-

C*********** CHECK FOR VAL'D ARRAY POSITION
IF (IVFOS .L). IPNXTV) Tt!EN

Ca *m***"**" INTEGER VALUE FOUND SO CHECK FOR INTECER VARIABLE TYPE
IF (.NOT. LREAL(IVIT)) THEN

C**"***** *"" INTEGER VARIABLE SO TRANSFER INTEGER VALUE
; IVL(IVPOS)=IVAL

C* " * * * u e m * " * * SET DEFAUL* FLA0
LDEFLT(IVPOJ)= TRUE.

ELSE
C*****************REAL V MIABLE, PRINT ERROR MESSAGE

WRIG(6,4004) NAME(IPNT(IPOINT)), IVAL
Nor ALC=.TRUE.

ENDIF
t.i4E

C*"******""*l."!*110 ARRAY 10GITION, PI INT EMM, itESSAGE
WRITE (6,4006) NAME(IPHT(I MINT)).

1 ;1DIMEN(1,IPNT(IPOINT)),1=1,3)
NOCALC=.TRUE,

ENDIF
Ca********** INCREMENT VALUE POSITION

-IVitS=IVIOS + 1
ENDIF

--ELSE IF (TTTE(4)) fl!EN
C******** CHECK FOR VALID NALUE IOSITION

IF (IVPOS .GE, 0) THEN
C*********** SET STARTING IVSITION OF VARIADLE FOLLOWING CURRENT VARIABLE

IP=IPNT(IPOINT)
IPNXTV=ISIOS(IP) + IDIMEN(1,IP)*IDIMEN(2,IP)*IDIMEN(3,IP)

C**u e** m *CllECK FOR VALID ARRAY POSITION
IF (IVPOS .LT, IPNXTV) Tt!EN

! ca*************REAL VALUE FOUND SO CHECK FOR REAL VARIABLE TYPE
IF (LREAL(IPTOS)) T!{EN

Ca *** * * * *"* * * * ***REAf VA . ABLE SO TRANSFER REAL VALUE
RVLUVIOS)=RVAL'

C * * * " * * * "* * * * * * * SET DEFA ULT FLAG
LDEFLT(IVPOS)=.TRUE.

ELSE
C***************** INTEGER VARIABLE, PRIWT ERROR MESSAGE

WRITE (6,4003) NAME(IPNT(IIVINT)), RVAL
| NOCALC=.TRUE.
|. ENDIF
! ELSE
|

C************** INVALID AP"AY IQ 17!ON, PRINT ERROR MESSAGE
WRITE (6,4006) HME(IPNT(IPOINT)),

'

1 ((CIMEN(I,IPNT(IPOINT)),1=1,3)
NOCALC=.TRUE.

ENDIF
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C a *""* " * * INCREMENT VALUE POSITION
IVPOS=IVMXi + 1 |

ENDIF
ENDIF
00 TO 2000

8000 CONTINUE
C*****C1E E DEFAULT FILE

CIDSE (1)
FITURN

9100 CONTINUE
C""* ERROR IN OPENING DEFAULT FILE

WRITE (6,9101) DFIFIL
,

STOP

9200 CONTINUE
C***" ERROR IN READING ARRAY INDEX

WRITE (6,9201)
NOCALC=.TRUE. 1

00 TO 1000
Ca""FOPMAT STATD1ENTS j

1001 FORMAT (A)
1002 FORMAT (11X, A)
1003 FORMAT ('1',/1X,130('*'),

1 /1X 53('*'),5X,' DEFAULT INPUT',5X,54('*'!,
2 /1X,17(**'),5X,' FILE **,A,5X,17('''),

3 /1X,1*n('''),/)
2004 FORMAT ('(I' ,I2,' l' )i

3001 FORMAT (1X,'>"nDEFAULT VARIABLE nRRAY INDEX 8,11,' FOR ',
1 ' VARIABLE ',A,' IS INVALID',/)

3002 FORMAT (1X,'>nnHORE THAN 3 ARRAY INDICES O!VEN FOR VARIABLE ', A,
1 'ON DEFAULT FILE')

4001 FORMAT (1X,'*nnDETAULT VARIABLE ARRAY INDEX FOR ',
1 'VAklABLE ',A,' IS INVALID',/)

4002 FORMAT (1X,'>nnARRAY IMDICES FOR DEFAULT VARIABLE ', A,
1 ' ARE OUT OF RANGE: 8

2 / (IX , ' >nn INDEX',12,' a',IS,', VALID RANGE = 1 TO ',15 /i))
4003 FORMAT (1X,'> n nDEFAULT VARIABLE NAME ',A,

1 * NOT FOUND IN DEFAULT VARIABLE LIST *,/)
4004 FORMAT (1X,'>nnATTEMPT TO DEFAULT REAL VARIABLE (8, A,

1 *) TO INTEGER VALUE (',110,')',/)
4005 FORMAT (1X,'>nuATTEMPT TO DEFAULT INTEGER VARIABLE (', A,

1 ') TO REAL VALUE (',1PE10.3.')',/)

i
4006 FORMAT (1X,'>nnINVALID ARRAY IOSITION ENCOUNTERED WHILE '.,

1 ' SETTING DEFAULT VALUES FOR VARIABLE--',
2 A,'(8,12,',',12,',',I2,')')

8001 FORMAT ('1')
9101 FORMAT (1X,' n zn ERROR OPENING DEFAULT FILE ',A,/)
9201 FOPMAT(1X,'nn* ERROR IN READING PREVIOUS ARRAY INDEX')

END

SUBROUTINE VECPOS
C***** SET SAMPLE VECTOR POSITIONS BY READING VARIABLE NAMES AND

[ C***** CORRESPONDING SAMPLE VECTOR POSITIONS FROM FILE DESIGNATED
' C**"*FOR SAMPLE VECTOR IOSITIONS (SAMFIL)

PARAMETER (MAX 80-20, MAXBIN=10000, MAXSMP=300. MAXCM =8,
1 MAXISS=20, MAXLEV=10, MAXVAR=100 MAY ' P00,
2 MAXSPC=10, MAXTIH=10)

PARAMETER (MAXLEN=101, MAXVLN=20)
CRARACTER*7 NAME
LOGICAL LDEFLT, LREAL
CatON /DEFLT1/ NAME(MAXVAR)
Cat 10N /DEFLT2/ NVAR, NVAL, NVCB1, NVCB2, NVCB3, NVCB4,

1 NYCB5, IDIMEN(3,MAXVAR), ISIOS(MAXVAR),
2 ISMPPS(MAXVAL), IPNT(MAXVAR), LDEFLT(MAXVAL),
3 LREAL(MAXVAL)
LOGICAL NOCALC, SAMPLE, REPRTB, BINNED, BYRUN, CONSFL, DIAG,

1 EXPERT, PRTINP, NOCF,.SUBCL, CDD, TMPCDB, BRXOPN, VU, ECF, ICF
Cat 10N /XEYS/ NOCALC, SAMPLE, REFRTB, BINNED, BYRUN, CONSFL, DIAO,
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I EXPEkT, PRTINP, NOCF, SUBCL, CDb, IM NDE, BRKOPH. VB, ECF, ICF
CilARACIER*60 DEFFIL, EAMFIL, VECFIL
CGtON ff!LBLK/ DEFFIL, SAMFIL, VECFIL

Cf1ARACTEk*(MAXLEN) CARD .
CilARACTER*(MAXVLN) CVAL, TMPVAL
CHAAACTER*10 IFRMT

.lDIMENSION INDX(3)
LOGICAL EOR, TYPE (4), LVAL

C

C

C * * * * * PRINT IIEADER HESSAGE |

IF (PRTINP) WRITE (6,1003) SAMFIL |
'

C'$*** WRITE INTEGER FORMAT FOR READINO VARIABLE ARRAY INDICES
WRITE (IFleff,I004) MAXVLN

C*****INITIALLIEE CURRENT VALUE POSITION
IVPOS=-1

C*****0 PEN SAMPLE VEc!'$ FOSITION FILE
OPEN(1 FILt.=SAtf!L, STATUS ='OLD', READONLY, ERR =9100)

1000 CONTINUE
C***** READ RECORD

READ (1,1001.END=9000) CARD
C***** PRINT RECORD

IF (FRT!NP) WRITE (6,1002) CARD
C*****INITIALLIEE COLik24 POINTFR FOR CURRENT RECORD

IC=1
2000 CONTINUE

Ca**** READ NEXT V.',LUE ON RECORD
CALL RDSTRO (CARD, IC, CVAL, LVAL, IVAL, RVAL, LEHOTif, TYPE, F.OR)

C***** CHECK FOR END OF RECORD
IF (EOR) 00 TO 1000

C*****CHFCK FOR CHARACTER VALUE (VARIABLE NAME)
IF (TYPE (1)) THEN

C********INITIALLIEE ARRAY SPECIFICATIONS
INDX(1)=1
INDX(2)=1
INDX(3)=1

C******** CHARACTER VALUE (VARIABLE NAME) FOUND
L******** CHECK FOR LEFT PARENTHESIS IN VARIABLE NAME

ILPAR=INDEX(CVAL, '(')
IF (ILPAR ,NE. 0) THEN

C***********FOUND LETT FARENT!!ESIS, CHECK FOR RIO!!T PARENTHESIS
IRFAR=INDEX(CVAL, ')')
IF (IRPAR .NE, 0) THEN

C e * * * * * * * * * * * * *FOUND RIGHT P ARENTHESIS , CIIECK FOR CGttA
ICatMalNDEX (CVAL , ' , ' )
IF (ICGt1A ,NI. 0) THEN

C* * * * * * * * * * ** * * * * * FOUND CattA , DETERMINE F IRST ARRAY INDEX
IS=ILPAR + 1
IE=ICatiA
IND=1

3000 CONTINL'E
IE=IE - 1
IF (CVAL(IE IE) .EQ, ' ') 00 To 3000
IF (IE .0E, IS) THEN

C********************SET CURRENT ARRAY INDi:X
TMPVAL*' '
TMPVAL(MAXVLNtIS-IE:MAXVLN)=CVAL(IStIE)
READ (TMPVAL,IFRMT, ERR =9200) INDX(IND)

ELSE
Ca******************* INVALID ARRAY INDEX

WRITE (6,3001) IND, CVAL(1: LENGTH)
NOCALC=,TRUE.

ENDIF
C*******a********* CHECK FOR FINAL ARRAY INDEX FOUND

I IF (ICat1A ,GT, f) THEN

IS=ICattA + 1
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C***************++*e*LOCATE HEXT cotta
ICGtM*INDEX(CVAL(IS:LEHOTit), ',')

IF (ICut1A .07. 0) TitEN
'ICuttA*!S + ICOtM - 1
IE=IC01%

ELSE
IMIRPAR

ENDIF
C********************INCR11 TENT COUNTER FOR CURRENT APJAY INDEX

INrnIND + 1 ,

IF (IND .0T, 3) THEN

C**********************m 1E THAN 3 ARRAY INDICES
WRITE (6,3002) CVAli(ItLENGTil)
IVPOS =-1
NOCALCa.TRUE.
00 70.2000

ENDIF
00 TO 3000

ENDIF
ELSE

C'* * * * * * * * * * * * * * * * No Cat % FOUND , ONLY ONE ARRAY I NDEX
IS=ILPAR + 1
IE=IRPAR
IND=1

4000 CONTINUE
IE=IE - 1
IF (CVAL(IErIE) . EQ. ' ' ) 00 TO 4 000
IF (IT. 0E. IS) TitEN

C********************SET SINGLE ARRAY INDEX
TMPVAla' '
TMPVAL (MAXVLN+ 18-I E t MAXVLN )< VAL (IS t I E )
READ (TMPVAL,IFRMI, ERR =9200) INDX(IND)

ELSE
C******************** INVALID ARRAY INDEX

*
WRITE (6,4001) CVAL(11LENGTU)
NOCALC=.TRUE.

ENDIF
ENDIF

C**************BLANK OUT ARRAY INDEX' PORTION OF VARIABLE NAME
CVAL(ILPAR:MAXVLN)=' '

ELSE
C***** * ****** ERROR IN ARRAY INDEX SPECIFICATION

WRITE (6,4001) CVAL(ItLENGTH)
NOCALC=.TRUE.

ENDIF
ENDIF

C******** SEARCH FOR VARIABLE NAME
CALL SEARCH (NVAR CVAL(1: LENGTH), NAME, IPNT IPOINT)

C******** CHECK FOR VARIABLE NAME FOUND
IF (IPOINT .0T, 0) THEN

Ce********** VARIABLE NAME FOUND, VALIDATE ARRAY INDICES
IF ((IND%(1) 0E, 1) .AND (INDX(2) .0E , .1) .AND.

1 (INDX(2) ,0E. 1) .AND.

2 (INDX(1) . .LE. IDDtEN(1,IPNT(IFOINT))) .AND.
3 (INOX(2) .LE. IDIMEN(2,IPNT(IPOINT))) .AND.
4 (INDX(3) .LE. IDIMEN(3,IPNT(IPOINT)))) THEN,

C**************VALID ARRAY INDICES, SET CURRENT VALUE IVCITION
IVPOS=ISPOS(IPNT(IIVINT)) + INDX(1) +

1 (INDX(2)-1)*IDIMEN(1,IFNT(IPOINT)) +
2 ( I NDX ( 3 ) - 1 ) * I D DEN ( 1, I PNT ( I POI NT ) ) *

3 IDIV".N(2,IPNT(IPOINT)) 1-

ELSE
C************** INVALID ARRAY INDICES

WRITE (6,4002) CVAL(ItLENGTi!),
1 (1, INDX(I), IDDtEN(',IPNT(IPo!NT)),1=1,3)

C******a******* SET INVALID VALUE POSITION

|

l
i
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NOCALC*.TRUE,
ENDIF

ELSE

C*"""*"* VARI ABLE NAME NOT FOUND
WRITE (6,4003) CVAL(1t!.ENOTH)
NOCALC*.TRUE.

ENDIF
ELSE IF (TYPE (1)) THEN

Cu**"**Cl!ECK TOR VALID VALLI *0SITION
IF (IVPOS .0E. 0) THEN

C**"******* SET STARTING POSITION OF VARIABLE FOLLOWING CURRENT VARIABLE
IP=IPNT(IPOINT)
IPNXTV=ISPOS(IP) + IDIMEN(1,IP)*IDIMEN(2,IP)*IDIMEN(3,IP)

Cu****"*" CHECK FOR VALID ARRAY POSITIDH
IF (IVIOS .LT, IPNXTV) TIIEN

C**"*"*""" TRANSFER INTEGER VALUE TO SAMPLE VECTOR POSITION
ISMPPS(IVPOS)*IVAL

ELSE
C************** INVALID ARRAY POSITION, PRINT ERROR MESSAGE

WRITE (6,4006) NAME(IPNT(IlOINT)),
1 (IDIMEN(I,IPNT(IFOINT)),1=1,2)

NOCALC=.TRUE.
ENDIF

C * * * * * * * * * * * INCRDfENT VALUE POSITION
IVPOS=IVPOS + 1

ENDIF
ELSE IF (TYPE (4)) THEN

C*****"*REAL VALUE TYPE, INVALID FOR SAMPLE VECTOR POSITION
WRITE (6,4004) RVAL, NAME(IPNT(IPOINT))
NOCALC=.TRUE.

ENDIF
00 TO 2000

9000 CONTINVE
C*****CLOSE SAMP!.F. VECTOR POSITION FILE

CLOSE (1)
RETURN '

0100 CONTINUE
C***** ERROR IN OPENING SAMPLE VECTOR POSITION FILE

WRITE (6,9101) SAMFIL
STOP

9200 CONTINUE
Ca**** ERROR IN READING AARAY INDEX

WRITE (6,9201)
NOCA!4=.TPUE,
00 TO 1000

C*ee**FOPJiAT STATEMENTS
1001 FORMAT (A)
1002 FORMAT (11X,A)
1003 FORMAT (*1',/1X,130('*'),

1 /1X,4 6(' * * ),5X, ' SAMPLE VECTOR POSITION INPUT' ,5X,4 6(' * * ),
2 /1X,17(**'),5X,' FILE =',A,5X,17('**).
3- /1X,130('**),/)

1004 FORMAT (*(I',12,')')
3001 FORMAT (1X,'> n nSAMPLE VECTOR POSITION VARIABLE ARRAY INDEX ',

1 11,* FOR VARIABLE ',A ' IS INVALID',/)

3002 FORMAT (1X,'>n>40RE THAN 3 ARRAY INDICES CIVEN FOR VARIABLE ', A,
1 'ON SAMPLE VECTOR POSITION FILE')

4001 FORMAT (1X,'> n nSAMPLE VECTOR POSITION VARIABLE ARRAY INDEX ',
1 'FOR VARIABLE ',A,' IS INVALID',/)

4002 FORMAT (1X,'nonARRAY INDICES FOR SAMPLE VECTOR POSITION 8,
1 ' VARIABLE ',A,' ARE OUT OF RANGE;'
2 / (1X, * pn> INDEX*,12,' =',IS,' VALID RANGE = 1 TO ',15,/:))

4003 FORMA 1(1X,'>nnSAMPLE VECTOR POSITION VARIABLE NAME ', A,
1 * NOT FOUND IN DEFAULT VARIABLE LIST',/)

004 FORMAT (1X,'>"nATTEMPT TO USE REAL VALUE (' ,1PE10.2,') TO ' ,
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1 'SFECIFY SAMPLE VECTOR IOSITION FOR VARIABLE ',A,/)
4006 FORMAT (1X,' nan!NVALID ARRAY IOSITION ENCOUNTERED WHILE ',

1 * BETTING DEFAULT VALUES FOR VARIABLE ',
2 A,'(8,12,',*,12,',',I2,')') )

9101 FORMAT (IX,'un" ERROR OPEN!NO SAMPLE VECTok 105ITION FILE ', A,/)
9201 FORMAT (IX, * nanERROR IN READING FREVIOUS ARRAY TNDEX')

END

SUBROUTINE RDSTRO (CARD, IC, CVAL, L''AL, IVAL, RVAL,
1 LENGTH, TYPE, EOR)

CH* ** CONVERTS A RECORD STRING TO A CHARACTER VA'.UE, A LOGICAL VALUE,
C*"**A REAL VALUE, AND AN INTEGER VALUE

PARAMETER (IL=100)
CHARACTER *(*) CARD, CVAL
CHARACTER *(IL) TMPChD
CHARACTER *8 IFRNT, LFHMT, RFRMT
LOGICAL EOR, FIRST, LVAL, TYPE (4)
DATA FIRST / .TRUE, /

C
C

C***** CHECK FOR TIRST TIME INTO ROUTINE
IF (FIRST) THEN

C******** WRITE INTEGER AND REAL IVRMATS
WRITE (IFRMT,1001) IL
WRITE (RTRMT,1002) IL
WRITE (LFRMT,1003) IL

C"""** RESET INITIALLIEATION TYPE
FIRST=, FALSE. k

E!OIF
C***** SET 3 NOTH OF INCCt41NO RECORD

IDtAX=L'H(CARD)
C***** SET LENOTH OF CilARACTER VARIABLE

LENCVAL*LEN(CVAL)
Ca**"INITIALLIEE VARIABLE FLAG TYFES (1=C11AR, 2* LOGIC, 3=INTEO, 4-REAL)

Do 1000 I=1,4

TYPE (I)=. FALSE.
1000 CONTINUE

C*****INTIALLIIE END-OF-RECORD TYFE
EOR =, FALSE,

C*" ** RESET STARTING FOSITION FOR CilARACTER ICINTER
IC=IC - 1.

C***** SEARCH FOR FIRST Noli BLANK CHARACTER
2000 CONTINUE

C***** INCREMENT CHARACTER ICINTER
IC=IC + 1

C*** " CHECK FOR END OF RECORD
IF (IC .0T, ILMAX) 00 TO 0100

C***** CHECK FOR BLANK C11ARACTER (STRING DELIMITER)
IF (CARD (ICtIC) .EQ, ' ') GO TO 2000-

C***"C)tECK FOR DECINNING OF CottiENT
IF (CARD (IC IC) .EQ, '8') 00 TO 0100

C***** CHECK FOR CotttA CHARACTER (STRING DELIMITER)
IF (CARD (ICric) .EQ. ',') 00 TO 2000

C*** " CHECK FOR QUOTE CHARACTER (CHARACTER STRING DELIMITER)
IF (CARD (IC:IC) ,EQ, '''') T1:EN

C********SAVE STARTING FOSITION OF CHARACTER STRING
IS=IC + 1

C******** SEARCH FOR ANOTHER QUOTE
-IC=INDEX(CARD (IS:IDtAX), '''')
IF (IC .EQ, 0) THEN

C*********** QUOTE NOT FOUND SO CONTINUE SEARCH FOR BLANK TO TERMINATE
C*" "****** CHARACTER STRING

IC=IS - 1
ELSE

C*********** QUOTE FOUND
IC=IS +-IC - 1
CO TO 3100
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ENDIF
C***""* SEARCH FOR END OF CilARACTER STRING (' SIGNIFIES BEGINNING AND
C***" " *END OF CHARACTER STRING)

3000 CONTINUE
C"****** INCREMENT CIIARACTER FOINTER

IC=IC + 1
C*"***"CHFfK FOR END OF RECORD

IF (IC .07. ILMAX) 00 TO 9100 1

C****"** CHECK FOR BEGINNING OF CCMiENT
IF (CARD (ICtIC) .EQ. '8' ) 00 TO 3100 ,

C***"***CffECK FOR BLANK 70 TERMINATE CitARACTER STRING
IF (CARD (IC IC) .NE. * *? 00 TO 3000

3100 COHTINUE
C********END OF CilARACTER STRING FOUND
C********CCMPARE STRING LENGTH TO CHARACTER VARIABLE LENGTH

IE*1C - 1
IF (IE-18+1 ,0T. LENCVAL) 00 TO 9300

C********TRANSTER CHARACTER STRING
CVAL= CARD (I$iIE)

C* ***"** SET LEHOTH OF CHARACTER STRING
LEH011t*IE - IS + 1

C******** SET VARIABLE FLAG TYPE FOR CHARACTER VARIABLE FOUND
TYPE (1)=.TRUE.

ELSE

C"******SAVE STARTING IVSITION IVR STRING
IS=IC

Ca***"** SEARCH FOR END OF STRING (BLANK OR , SIGNIFT END OF STRING)
4000 CONTINUE

C "****** INCREMENT CHARACTER POINTER
IC*1C + 1

C"**"** CHECK FOR END OF RECORD
IF (IC .07. I!>MX) 00 TO 9100

C*"***** CHECK FOR BEGINNING OF Cott!ENT
IF (CARD (IC:!C) .EQ. '0') 00 TO 4100

C* * * * * * * *CtIECK FOR CattA CHARACTER
IF (CARD (IC IC) .EQ. ',') 00 TO 4000

C * " * * " * CHECK DR BLANK CHARACTER
IF (CARD (IC:IC) .NE. ' ') 00 TO 4000

4100 CONTINUE
C********END OF STRING FOUND
C"******CCt4 PARE STRING LENGTH T'' FORMAT LENGTH

IEalc - 1

IF (IE-IS+1 .0T. IL) 00 TO 9200
C***"***RIGHT JUSTIFY STRING FOR INTERNAL FORMATTED READS

THICRD=* '
TMFCRD(IL+IS-IE:IL)= CARD (IS IE)

C******** READ STRING WITH LOGICAL FORMAT (NOT USED IN 00SOR)
C READ (TMFCRD,LFRMT, ERR =$000) LVAL
C TYPE (2)*.TRUE.
C $000 CONTINUE

C******** READ STRING WITH INTEGER FORMAT
C READ (TMPCRD,IFRtft, ERR =6000) IVAL
C TYPE (3)=.TRUE.
C 6000 CONTINUE

C"*""* READ STRING WITH REAL FORPMT
READ (TMPCRD,RFRMT, ERR =7000) RVAL

TYPE (4)=.TRUE.
C*"***** CHECK FOR DECIMAL POINT IN VALUE AND MACHITUDE OF VALUE

IF ((INDEX(TMPCRD, '.') .EQ. 0) .AND.
1 (ABS (RVAL) .LE. 1.0E10)) THEN

IVAL=NINT (RVAL)
TYPE (3)=.TRUE.

ENDIF
GO TO 8000

7000 CONTINUE
C******** STRING IS NOT LOGICAL, INTEGER, OR REAL SO ASSUMED TO BE CHAR
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C****"**CraiPARE STm.!NG LENGTH TO CHARACTER V,\h1 AELE LENGTH

IF (IE-ISt1 .GT. LENCVAL) 00 TO 9300
C**'*"*TRANSIER CHARACTER STRING

CVAL* CARD (IS IE)
C******** SET LENGTH OF CHARACTER STRING

LENGTH *IE 18 4 1
C+""*** SET VARIABLE FLAG TYPE FOR CHARACTER VARIABLE FOUND

TYFE(I)*.TRUE,

8000 CONTINUE
ENDIF

C*"** CHECK FOR BEGINNING OF Cf.ItiENT
IF (CARD (IC:!C) .NE '8') IC=IC + 1
RETURN

9100 CONTINUE
C*****END OF RECORD ENCOUNTERED SEARCHING FOR VALUE PCGITION
C* *'SF.T END-OF-RECORD TYPE

EOR =.TRUE.
RETURN

9200 CONTINUE
C*****LENGT!! 0F STRINO 700 LONG FOR EITHER CHARACTER STORAGE OR INTERNAL
C***** FORMATTED READ

WRITE (6,9201) CARD, IL
RETURN

0300 CONTINUE
C*****LF.NOTH OF STRING TC9 LONO FOR CHARACTER VARIABLE

WRITE (6,9301) CARD (IS IE), LENCVAL
RETURN

C***" FORMAT STATDiENTS
1001 FORMAT ('(I',13,')')
It>2 FORMAT (*(E',13,*,0)')
1003 FORMAT (*(L',13,')')
0201 FORMAT (1X,'nn>LENGT!! 0F STRINO 700 LONG FOR EITifER CilARACTER ',

| 1 ' STORAGE OR INTERNAL FORMATTED READ *,

2 /1X,'>>>>>',A,
3 /1X,'annRESET PARAMETER IL IN RDSTRO TO A VALUE ',
4 'OREATER THAN ',I3 * TO ACCOUNT FOR ',
5 /1X , ' n > LARGER STRING SIZE FOR VALUES ON INPUT FILE',/)

9301 F0FNAT(1X,'nn> LENGTH OF STRING 700 LONG FOR CHARACTER ',
1 ' VARIABLE STORAGE ',
2 /IX,'>>>>>',A,

3 /1X,'nn> RESET CORRESIONDING CHARACTER VARIABLE LENGTH ',
4 ' IN RDSTRO TO A VALUE ',
4 /1X,* n n>CREATER THAN ',13,' TO ACCOUNT FOR ',
5 ' LARGER STRING SIZE FOR VALUES ON INPUT FILE',/)

END

SUBROUTINE SEARCH (NVAR, CVAL, NAME, IPNT, IPOINT)
C***** LOCATE VARIABLE NAME CVAL USING BINARY SEARCH RETURNING IPOINT
C*****AS POSITION IN IPNT OF NAME (IIVINT=0 IF NOT LOCATED)

CitARACTER*(*) CVAL,.HAME(NVAR)
DIMENSION IPNT(NVAR)

C

C
C***" SET LOWER LIMIT POINTER FOR SEARCH RANGE

IL=1
C***** SET UPPER LIMIT POINTER FOR SEARCH RANGE

IH*NVAR
C***** SET HIDFO!NT f0 INTER FOR SEARCH RANGE'

IM=IH / 2
C"*"BEGINNING OF BINARY SEARCH LOOP

1000 CONTINUE
I C***** COMPARE SEARCil ID TO CURRENT MIDPOINT ID

IF (CVAL .EQ. NAME(IPNT(IM))) 00 TO 2000
C*****Cl!ECK TO SEE IF MIDFOINT ID IS GREATER TilAN SEARCH ID

IF (CVAL .GT. NAME(IPNT(IM))) THEN
Ca******* SEARCH ID IS IN UPPER RALF OF SEARCH RANGE

, C**"**** RESET LOWER LIMIT POINTER TO F0 PEER MIDPOINT
l
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!L=IM
C******** RESET HIDICINT TO CURRENT INTERVAL1

JHa(IL+IH+1) /2
ELSE

C********SEARCll ID !$ IN LOWER liALF OF SEARCil RANGE
C"****** RESET UFPER LIMIT M) INTER To FOPI(Ek MIDIVINT

If!=IM
C'*" **** RESET MIDPOINT TO CURRENT INTERVAL

IH'(IL4IH) / 2
ENDIF
IF (IL+1.EQ. IH) T!!EN

IF ((CVAL .NE. NAME(IPNT(IL))) .AND.
1 (CVAL .NE. HAME(IPNT(IH)))) TIIEN

C****. ..a**VALUE NOT FOUND So RETURN 0 TOR ICINTER .

IPOINT=0
RETURN

ENDIF
ENDIF
00 TO 1000

2000 CONTINUE
C*****VALUE FOUND SO RETURN MIDPOINT FOR POINTER

IPOINT=IM
RETURN

END
SUBROUTINE CSORT (NVAR, NAME, IINT)

C***** SORT NVAR VALUES OF CilARACTER ARRAY HAME IN INCREASING ORDER
C*ea**USING Po!NTER ARRAY IPNT

CilARACTER*(*) NAME(NVAR)
DIMENSION IPNT(NVAR)

C

C

N*NVAR

L=N/2+1
IR=N

100 CONTINUE
IF (L.LE.1) 00 TO 700
L*L-1
L110LD=IPNT(L)

200 CONTINUE
J=',

300 CONTINUE
I=J
J-2*J
IF (J-IR) 400, 500, 600

400 CONTINUE
IF (NAME(IPNT(J)) .LT. NAME(IPHT(J+1))) J=Jt1

500 CONTINUE
IF (NAME(LilJLD) .CE. N/.ME(IPNT(J))) 00 TO 600
ITNT(I)=IPNT(J)
00 70 300

600 CONTINUE
IPNT(I)=LHOLD
00 TO 100

700 CONTINUE
Li!OLD=IPNT(IR)
IPNT(IR)=IPNT(1)
IR=IR =
IF (IR..C' 1) 00 TO 200
IPNT(1)*LiiOLD
RETURN

END

SUDROUTINE SUBVEC
C***** SUBSTITUTE S#fPLE VECTOR VALUES INTO DEFAULT VALUE ARRAY

PARAMETER (MAXBD=20, MAXBIN=10000 MAX &lP=300, MAXCAS=8,
1 MAXISS=20, MAXLEV=10, MAXVAR=100. MAXVAL=12000, -i

2 MAXSPC=10, MAXTIH=10) )

l
i

I
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COFtON /LHSBLE/ XLifS(MAXEMF)
CHAAACTER*7 NAME
LOGICAL LDEFLT, LREAL
COTTON /DEFLT1/ NAME(MAXVAR)
Cotton /DEFLT2/ NVAR, NVAL, NYCB1, NYCE2, NYCB3, NVCB4,

1 NYCBS, IDIMEN(3 MAXVAR), ISPOS(MAXVAK),
2 ISMTPS(MAXVAL), IPNT(MAXVAR), LDEFI.T(m XVAL),
3 LRIAL(MAXVAl)
CQtON / VALUES / RVL(MAXVAL)
DIMENSION IVL(MAXVAL)
LQUIVALENCE (!YL, RVL)

C

C

C***"MAKE SAMPLE VECTOR SUBSTITUTIONS
Do 1000 IVALal,NVAL

C+++* "** CHECK FOR JOSITIVE SAMPLE VECTOR SUBSTITUT!0N POSITION
IF (ISMPPS(IVAL) .07. 0) THEN

C * * * * * " * * * * CHECK FOR REAL VALUE
IP (LRIAL(IVAL)) THEN

Ca * * * "* * * ** * " TRANSFER REAL VALUE
RVL(IVAL)*XLH3(ISMPPS(IVAL))

ELSE
C* "** * * ** * * *" TRANSFER INTEGER VALUE

I vt ( IVAL ) = NI NT ()(LHS (I SMPPS ( IVAL ) ) )
ENDIF

ENDIF
1000 CONTINUE

RETURN
END
SUBROUTIFE WRTPAR

C*"**FRINT DEFAULT AND SAMPLE VECTOR BUBSTITUTION INFORMATION FOR
C***" BINNED AND DIRECT EXECUTIONS

FARAMETER (MAXBD=20, MAXBIN*10000, MAXSMP=300, MAXCAS=6,
1 MAXISS=20, MAXLEV=10, MAXVAR=100 HAXVAL=12000,
2 MAXSPC=10, MAXTIM=10)

PARAMETER (MAXPR*132)
CHARACTER *(MAXPR) RECOUT
CHARACTER *7 NAME

-LOGICAL LDEFLT, LREAL
Cotton /DEFLT1/ NAME(MAXVAR)
CattON /DEFLT2/ NVAR, NVAL, NYCB1, NVCB2, NVCB3, NVCB4,

1 NVCBS, IDIMEN(3,MAXVAR), ISPOS(MAXVAR),
2 ISMPPS(MAXVAL). I PNT(MAXVA,R) , LDEFLT (MAXVAL) ', .
3 LP.EAL(MAXVAL)
C0ttON / VALUES / RVL(MAXVAL)
DIMENSION IVL(MAXVAL)
EQUIVALENCE (IVL, RYL)

C

C

Ca**** PRINT IIEADER RECORD <

WRITE (6,1001)
,

C""* LOAD OUTPUT RECORD BEFORE PRIETING (10 OR FEWER VALUES rr.n RECURW
IVAL=0

C***** LOOP OVER VARIABLES, PRINTING IN SORTED ORDER
DO 4000 IVR*1.NVAR

IVAR=IPNT(IVR)
Ca******* START NEW RECORD FOR EACH VARIABLE

WRITE (RECOUT,2001) NAME(IVAR)
C*"*****INITIALLIZE VALUE POSITION FOR CURRENT VARIABLE

IVAL*ISPOS(IVAR) - 1
C*****"* SET COLUMN POINTER

IC=1
C******" LOOP OVER VALUES FOR CURRENT VARIABLE (3RD DIMENSION)

DO 3000 IDM3=1,IDIMEN(3,IVAR)
Ca********** LOOP OVER VALUES FOR CURRENT VARIABLE (2ND DIMENSION)

DO 2000 IDH2=1,IDIMEN(2,IVAR)-

(
,
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C"***"**"*** LOOP OVER VALUES FOR CURRENT VARI ABLE (IST D! TENSION)
DO 1000 IDM1*1,IDIMEN(1,IVAR)

C* * "" * * * *" * * * * *INCRDfENT VALUE POINTER
IVAL=IVAL + 1

C * * * * * * * "' * * * * * * I NCRDtENT COLIt21
IC=IC + 11

C******** u ******* CHECK FC"t DEFAULT AND SAMPLE VECTOR SUBSTITUTION
IF (ISMFFS(IVAL) .GT 0) THEN

C'*"*"***"* *** ** *TRANOTER ShiPLE VECTOR 'IOSITION TO OUTPUT RECORD
WRITE (RECOUT(ICtIC+10),2002) ISMPPS(IVAL)

ELSE IF (LDEFLT(IVAL)) THEN
C******** '********** CHECK FOR REAL DEFAULT VALUE

IF (LRFAL(IVAL)) THEN
C" * * * * * "" * * * * * * * * * * * * TRANSFER REAL VALUE TO OUT PUT RECORD

WRITE (RECOUT(ICi1C+10),2003) RVL(IVAL)
ELSE

C******************* u* TRANSFER INTEGER VALUE TO OUTPUT RECORD
WRITE (RECOUT(IC Ict10),2004) IVL(IVAL)

ENDIF
ELSE

C********************HO DEFAULT OR SAMPLE VECTOR SUBSTITUTION
WRITE (RECOUT(IC:IC+10),200$)

ENDIF
C*"**"*** *** **** CHECK FOR OUTPUT RECORD WITH PORE THAN 104 COLUMNS

IF (IC .0T, 104) THEN

C* " *"" * * * * * * * * * * * * PRINT OUTPUT RECORD
WRITE (6,2010) RECOUT

Ca * " * * * * * * * * * * * * * * * * I h !T I ALLI ZE OUTPUT RECORD
RECOUT=' '

C********************RESET COLUMN POINTER
IC=1

ENDIF
1000 CONTINUE
2000 CONTINUE
3000 CONTINUE

C**** "**IF INFORMATION IS STORED ON OUTPUT RECORD, PRINT OUTPUT RECORD
IF (IC .OT. 1) WRITE (6,2010) RECOUT

4000 CONTINUE
C***** START NEW FACE

WRITE (6,3001)
RETURN

C***" FORMAT STATDIENTS
1001 FORMAT (*1',/1X,130('**),

1 /1X,30('**),$X,' DEFAULT INPUT AND SAMPLE VECTOR ',
2 '8UBSTITUTION INFORMATION',5X,34(**'),
3 /1X,130(**'),/)

2001 FCRMAT(1X,A9)
2002 FORMAT (' V-POS *,I3.3)-

2003 FORMAT (1PE11.3)
2004 FORMAT (Ill)
2005 FORMAT (' NO VALUE')
2010 FORMAT (A)
3001 FL+JiAT( * 1' )

END
SUBROUTINE TRANS (CB1, CB2, CB3) s

Ca****TRANSTER VALUES TRai ARRAY RVAL TO C0ttON BLOCKS CB1 AND CB2.
C*****IN THIS ORDER

PARRiETER (MAXBD=20, MAXBINa10000, MAXSMP=300, MAXCAS=8,
1 MAXISS*20, MAXLEV=10, MAXVAR=100 MAXVAL=12000,
2 MAXSPC=10, MAXYIM=10)
CHARACTER *7 N#tt
LOUICAL LDEFLT, LREAL
CCHON /DEFLT1/ NAME(MAXVAR)
CatON /DEFLT2/ NVAR, NVAL, NVCB1, NYCD2, NVCB3, NVCB4,

1 NYCBS, IDIMEN(3,WJVAR), ISPOS(MAXVAR),
2 ISMPPS(MAXVAL), IPNT(MAXVAR), LDEFLT(MAXVAL),

c
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3 LREAL(MAXVAL)
CatON / VALUES / RYL(MAXVAL)

i DhtENS!ON IVL(MAXVAL)
' EQUIVALENCE (IVL, RVL)

DIMENSION CBI(NYCB1), CB2(NVCB2), CB3(NYCB3)
C
C

C*****INITIALLIZE VALUE COUNTER
IVAL=0

C***** CHECK NUMBER OF VALUES ASSIGNED TO CatON DLOCK 1
IF (NVCB1 .07. 0) THEN

C**** ** ** TRANSFER VALUES FOR CatON B14CK 1
DO 1000 !=1,NYCB1

C*** * ***** INCREMENT VALUE COUNTER
IVAl*IVAL + 1
.B1(I)=RVL(IVAL)

1000 CONTINUE
ENDIF

C***** CHECK NUMDER OF VALUES ASS 10NED TO Cotton BLOCK 2
IF (NYCB2 .07. 0) THEN

C******** TRANSFER VALUES FOR Cotton BLOCK 2
Do 2000 I=1,NYCB2

C*********** INCREMENT VALUE COUNT 1'R
IVAL=IVAL + 1
CB2(1)=RVL(IVAL)

2000 CONTINUE
ENDIF

C***** CHECK NUMBER OF VALUES ASSIGNED TO Cott0N BLOCK 3
IF (NVCB3 ,07, 0) THEN

C********TPANSFER VALUES FOR CQt0N BLOCK 3
Do 3000 !=1,NYCB3

C*********** INCREMENT VALUE COUNTER
IVALalVAL + 1
CB3(1)=RVL(IVAL)

3000 CONTINUE
ENDIF
RETURN

END

SUBROUTINE WRREL
Ca**** PRINT CONTENTS OF CatON BLOCKS

PARAMETER (MAXBD=20. HAXBIN*10000, HAXSMP=300 MAXCAS=8,
1 MAXISS=20, MAXLEV=10, MAXVAR=100, MAXVAL=12000,
2 MAXSPC=10, MAXTnH10)
CatON /BASVAL/ FCOR(MAXSPC), FVES(MAXSPC), DFVPA(MAXSPC).

1 DFCPA(MAXSPC). FEVSE(MAXSPC), FDCl!(MAXSPC),

| 2 FCCI(MAXSIC), DFCAV(MAXSPC), VBPUF(MAXSPC),
l 3 FCONV(MAXSPC), FCONC(MAXSPC). DFSPRV(MAXSPC),

4 DFSPRC(MAXSPC), FREVO(MAXSPC). VALIS$(MAXISS),
5 FLTII, FLTI2, NSPEC, FLV, FHPE, EVSE, WFAC, PFAC,
6 FPLBYE, FPLBYP, FPLBYD, FPLBYC, FTLPH, FTLPL,
7 FTLP TC11, TC12, TB11, TB12, TB21, TB22, TBS 1,
8 TBS 2, TBR1, TBR2, TW, T1, 72, DT1, DT2, DTCDB,
9 ELEV, PUFF

C
C

WRITE (6,1001)
C***** PRINT Cotton BLOCK BASVAL ARRAY VARIABLES

WRITE (6,1002) 'BAEVAL', ' BASE VALUES FOR 00SOR*
WRITE (6,1003) 'FCOR ', 'FVES ', 'DFVFA * 'DFCPA ',,

1 'FEVSE ', 'FDCH ', 'FCCI ', 'DFCAV 8,
2 'VBPUF 'FCONV* '

,

DO 1000 K=1,NSPEC
WRITE (6,1004) FCOR(K), FVES(K), DFVPA(K), DFCPA(K),

1 FEVSE(K), FDCH(K), FCCI(K), DFCAV(K),
2 VBPUF(K), FCONV(K)

1000 CONTINUE
i
.
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WRITE (0,1003) 'FCONC ', 'DFEPRV *, 'DFsFkC ', 'FREVO '

Do 2000 K=1,NSFEC
WRITE (6,1004) FCONC(K), DTEPRV(K), DFSI'RC(E), FREv0(K

2000 CGNTINUE
WRITE (6,1003) 'VALISS '
DO $000 IICS=1.MAXISS

WRITE (6,2004) VALISS(IISS)
3000 CONTINUE

C m ** PRINT C0ttDN BLOCK BASVAL SINGLE VAkIABLES

', 'FLV
',WRITE (6.1003) 'FLTIl ', 'FLT12 ', 'NSPEC ,

'PFAC ',1 ' Flite ', 'EYSE ', 'WFAC '

2 'FiU YE 8, 'FPLBYP '
WRITE (6,1004) FLTIt, FLTI2, FLOAT (NDPEC), FLV,

1 THPE, EVCE, WFAC, PFAC,
2 FPLBYE, FPLBYP
WRITE (6,1003) 'FPLBYD ', 'FPLBYC ', 'FTLPH ', 'FTLPL ',

1 'FTLP ', 'TC11 ', 'TC12 ', 'TB11 ',
2 'T812 ', 'TB21 '

WRITE (6.1004) FPLBYD, FPLBYC, FTLPit, FTLPL,
1 FTLP, TC11. TC12 TB11,
2 TB12, TB21
WRITE (6,1003) 'TB22 ', ' TBS 1 ', ' TBS 2 ', 'TBR1 ',

1 'TBR2 ', 'TW ', 'T1 ', 'T2 ',

2 'DTI ', 'DT2 '

WRITE (6,1004) 7B22, TBS 1, TBS 2, TBR1,
1 TBR2, TW, T1, T2,
2 DT1, DT2
WRITE (6,1003) 'DTCDB ', 'ELEV ', 'PUTF '

WRITE (6,1004) DTCDB, ELEV, PUFF
RETURN

C***** FORMAT STATDiENTS
10D1 FORMA?(*1')
1002 FORMAT (//1X,130('m'),

1 /1X,5('*'),' CONTENTS OF COHON BLOCK ',A,' ' $('*'),,

2 /7X,A,
3 /1X,130('a'))

1003 FoletAT(/3X,10( A7,4X))
1004 FORMAT (1X,1P,10E11,3)

END

SUBROUTINE BINTRN (IBIN)
C***** PERFORM BIN TRANSLATION
C
C BIN DIMENSIONS
C

C----- ----------------- --------- ---------*----- -------- --------

C==== INDX(1): ACCIDENT SEQUENCES
C lt FAST STATION BLACKOUT
C 2: SLOW STATION BLACKOUT
C 3: FAST TRANSIENT
C 41 SLOW TRANS! TNT
C St FAST TC
C 6: SLOW TC
C==== INDX(2) t ER OXIDATION
C 1: !!!Gil
C 2: LOW
C==== INDX(3 ): VESSEL CONDITION AT VESSEL BREACH
C 1r HIGH PRE?SURE, NO LOW PRESSURE INJECTION AFTER VB
C 2: LOW PRESSURE, HO LOW PRESSURE INJECTION AFTER VB
C 3: IIIGH PRESSURE, -LPI RECOVERY AFTER VB
C 4: LOW PRESSURE, LPI RECOVERY AFTER VB
C 5: NO VESSEL BREACil
Ca*=== INDX(4) FRACTION OF CORE PARTICIPATING IN DCH OR STEAM EXPLOSION
C 1: HIGH DCH, NO STEAM EXPLOSION
C 2: LOW DCil, NO STEAM EXPLOSION
C 3: r.C DCH, *.*IGH STEAM EXPLOSION
C 4: NO DCll, LOW STEAM EXPLOSION

|

1

|
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C 5: NO DCit, NO STEAM EXPLOSION
C= = * INDX(5): KOL BYPASS
C lt NOMINAL (860 CIH)
C 2: EARLY N@!!NAL, INTER 10;DIATE LARGE (CCHLPETE BYPASS)

| C 3: EARLY NOMINAL, LATE atALL (6600 CFM)
| C 4: EARLY NOi!NAL, LATE LARGE
I C 5: EARLY SMALL, LATE SMALL

C 6: EARLY W.LL, INTEPHEDIATE LARGE
C 7: EARLY SdALL, LATE LARGE
C 8: EARLY IN GE, !. ATE LARGE
C===== INDX(6): CONTAIWtENT FAILURE
C 1 EARLY LEAI BEFORE VB
C 2: EARLY RUP"URE BEFORE VB
C 3: EARLY VENT
C 4: LEAK AT VB
C 5: RUPTURE AT VB
C 64 LATE LEAK
C 71 LATE RUPTURE
C 8: LATE VENT
C 9: NO CF
C = == INDX(7) CONTAINMENT SPRAY
C 1: NO SPRAY
C 2: EARLY SPRAY ONLY.
C 3: LATE SPRAY ONLY
C 4: EARLY AND 1 ATE SPRAY
C== INDX(8): FOLTEN CORE CONCRETE INTERACTION
C 1 DRY CAVITY
C 2r WET CAVITY (WATER A!JOST DRYOUT AFTER 10 !!OURS)
C 3: FLOODED CAVITY
C 4 DELAY CCI RELEASE
C 5: NO CCI RELEASE (1.E., C00LABLE DEBRIS BED)
C== = INDX(9): TAIL PIPE VACUUM BREAKER STUCK OPEN
C 1: YES (Sate POOL BYPASS DURING IN-VESSEL RELEASE)
C 2: NO
C

C -------------*---------- ----------------------------------------------- -
C
C SPECIES INDEX = ISP.1 TO NSPEC; ORDER IS NO,1,CS,TE,SR,RU,LA CE,BA
C
C == --= === === -

PARAMETER (MAXBD=20, MAXBIN-10000, MAXSMP=300, MAXCAS=8,
1 MAXISS=20, MAXLEV=10, MAXVAR=100, MAXVAL=12000,
2 MAXSPC=10, MAXTIM=10)
CHARACTER BINARR*(MAXBD), BTITLE*80, TITLE *80
CatON / BINS / BINARR(MAXBIN), BTITLE TITLE
LOGICAL NOCALC, SAMPLE, REPRTB, BINNED, BYRUN, CONSFL, DIAG,

1 EXPERT, PRTINP, NOCF, SUBCL, CDB, TMPCDB, BRKOPN, VB, ECF, IUF
CCttiDN / KEYS / NOCALC, SAMPLE, REPRTB, BINNED, BYRUN, CONSFL, DIAG,

1 EXPERT, PRTINP, NOCF, SUBCL, CDB, TMPCDB, BRKOPN, VB, ECF, ICF
CatON /SRCTRM/ ST(MAXSPC), STE(MAXSPC), STCCI(MAXSPC),

1 STL(MAXSPC), STIL, STRVOL(MAXSPC).
2 ST1(MAXSPC), ST2(MAXSPC), RV(MAXSPC)
Catl0N /BASVAL/ FCOR(MAXSPC), FVES(MAXSPC), DFVPA(MAXSPC),, j

1 DFCPA(MAXSPC), FEVSE(MAXSPC), FDCH(MAX 5PC),
;

2 FCCI(MAXSPC). DFCAV(MAXSPC), VBPUF(MAXSPC), i

3 FCONV(MAXSPC), FCONC(MAXSIC), DFSPRV(MAXSPC), !

4 DFSPRC(MAYSPC) FREVO(MAXSPC), VALISS(MAXISS), |
5 FLTII, FLTI2, NSPEC, FLV, FHPE, EVSE, WTAC PFAC, |
6 FPLBYE, FPLBYP, FPLBYD, FPLBYC, FTLPS, FTLPL, i

7 FTLP, TC11, TC12, TBil, TB12,.TB21 TB22, TBS 1, -|
8 TBS 2, TBR1, TBR2, TW, T1, 72, DT1, DT2, DTCDB, |

9 ELEV, PUTV |
Cat 0N / BINNED / FCOR0(MAXSPC,MAXCAS}, FVE90(MAXS N ,MAXCAS), |

1- DFVPA0(MAXSPC,MAXCAS), DFCPA0(MAXSPC,MAXCAS),
2 FDCH0(MAXSPC,MAXCAS), FEVSE0(MAXSPC MAXCAS),
3 FCCIO(MAXSPC,MAXCAS), DFCAVO(MAXSPC,MAXCAS),

i
|
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4 VBPUF0(MAXSPC,MAXCAS), FCONYO(MAXS N ,MAXCAS), |
|

5 FCorC0(MAXSN,MAXCAS), DFSPRVo(MAXSN MAXCAS),
6 DFSPRC0(MAXSPC,MAXCAS), FREVOO(MAXSPC,MAXCAS),

7 FLT!!0(MAXCAS), FLT120(MAXCAS), FHPE0(MAXCAS),
8 EVSE0(MAXCAS), FPLBY0(3) TWO(MAXTIM),
9 710(MAXTIM). DT10(MAXTIM), DT20(MAXTIM),
A PUFF 0(MAXTIM)

CQ10N /BININD/ INDX(MAXBD)
C

C

ICAM1=ICHAR('A') - 1
C***** ACCIDENT SEQUENCF

INDX(1) = ICHAR(BINARR(IBIN)(1:1)) - ICAMI
C*"* *ER OXIDATION

INDX(2) = ICHAR(BINARR(IBIN)(2:2)) - ICAM1
C""* REACTOR PRESSURE AT VESSEL BREACH

INDX(3) = ICHAR(BINARR(IBIN)(3:3)) - ICAM1
C***** FRACTION OF CORE PARTICIPATING IN DCH OR STEAM EXPLOSION

INDX(4) = ICHAR(BINARR(IBIN)(4:4)) - ICAMI
C***** FOOL BYPASS

INDX(5) = ICHAR(BINARR(IBIN)(5:5)) - ICAMI
C"*** CONTAINMENT FAILURE TIME AND FODE

INDX(6) = ICHAR(BINARR(IBIN)(6:6)) . ICAM1
Ca**** CONTAINMENT SPRAYS

INDX(7) = ICHAR(BINARR(IBIN)(717)) - ICAM1
C*****FOLTEN CORE CONCRETE INTERACTION

INDX(8) = ICHAR(BINARR(IBIN)(8:8)) - ICAM1
C***** TAIL PIPE VACUUM BREAKER STUCK OPEN

INDX(9) = ICHAR(BINARR(IBIN)(0:9)) - ICAM1
C***** SET LOGICAL FLAGS TO BE PASSED INTO OGSORC
C***** TEMPORARY C00LABLE DEBRIS BED OR COOLABLE DEBRIS BED

TMNDB=(INDX( 8) .EQ. 4)
CDb(!NDX(8) .EQ. 5)

C***** VESSEL BREACH
VB=(INDX(3) .NE. 5)

C+**** SUPPRESSION POOL TEMPERATURE
SUBCL=(INDX(1) .EQ. 1) .0R. (INDX(1) .EQ. 3) .OR.

1 (INDX(1) .EQ. 4) .OR. (INDX(1) .EQ. 5)
C*****NO CONTAINMENT FAILURE FLAG

NOCF=(INDX(6) .EQ. 9)
C+****EARLY CF BEFORE VB

ECF=(INDX(6) .LE. 3)
C*a*** INTERMEDIATE CF AT VB

ICF=(INDX(6) , EQ. 4 ) .0R. (INDX(6) .EQ. 5)

C"*" TAIL PIFE VACUUM BREAKER STUCK OPEN FLAG
BRKOPN=(INDX(9) .EQ. 1)

C***" LOOP OVER SPECIES
DO $00 ISP=1,NSPEC

C a * * * " * * FCOR * * * * * * * * * * * * * * * * *

IF (INDX(2) .EQ. 1) THEN
FCOR(ISP)=FCOR0(ISP,1)

ELSE
FCOR(ISP)=FCOR0(ISP,2)

ENDIF
C * * * * * * * * FVES * * ' * * * * * * * * * * * * *

IF (INDX(1) .LE. 2) THEN
C*********** STATION BLACKOUT

.IF ((INDX(3) .EQ. 1) .OR. (INDX(3s .EQ. 3 )) THEN
C* * * *"* ** * * * * *HIOR PRESSURE AT VB

FVES(ISP)=FVES0(ISP,1)
ELSE

C* * * "* * * * ** ** * LOW PRESSURE AT VB
FVES(ISP)=FVES0(ISP,2)

ENDIF
ELSE

C*****"***eTRANSIENTS, TC: CRD FLOW

.
:

;
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IF ((ICX(3) .EQ. I) .OR. (INDX(3) .EQ. 31) THEN
C**************ll!GH PRESSURE AT VB

TVES(ISP)=FVESO(ISP,3)
ELSE

C""* * * * " * * " LOW PRESSURE AT VB
FVES(ISP)=FVES0(ISP,2)

ENDIF
ENDIF

C "******REVOLATILIZATION AFTER VESSEL LREACl!
IF (INDX(3) .EQ. $) TilEN

C*"*"** ***NO VESSEL BRZACil, NO REVOLATILIZATION
FREVO(ISP)=0.0

ELSE IF ((INDX(3) . EQ , 3 ) .OR (INDX(3) .EQ, 4)) 71!EN
C"""*"* *LPI RECOVERY, AFTER VB

FREVO(ISP)=FREV00(ISP,3)
ELSE

C* **"* *"**NO LPI RECOVERY AFTER VB
FREVO(ISP)=FREV00(ISP I)

ENDIF
C * * " * * * * FCCI ************

IF (CDB) TifEN
C+ " * * * " * * *COOLABLE DEBRIS BED : NO CCI RELEASE

FCCI(ISP)=0.0
ELSE IF ((INDX(8) .EQ. a) .OR. TMFCDB) THEN

Ca*"*****" DRY CAVITY OR CCI RELEASE AFTER WATER DRYOUT
IF (INDX(2) .EQ. I) THEN

C* *"**"*** ***HIGH ZR OXIDATION . IE. , LOW ZR CONTENT IN NCI
FCCI(ISP)=FCCIO(ISP,1)

ELSE
C** * * ***"*"** LOW ZR OXIDATION IE. , EI0li ER CONTENT IN KCI

FCCI(ISP)=FCCIO(ISP,3)
ENDIF

ELSE

Ca********** WATER OVER DEBRIS DURING CCI RELEASE
IF (INDX(2) .EQ. 1) THEN

C**************HIGH IR OXIDATION .IE., LOW ER CONTENT IN N CI
FCCI(ISP)=FCC10(ISP,4)

ELSE
C+*** * ****** * * * LOW ZR OXIDATION IE. , HIGli ZR CONTENT IN KCI

FCCI(ISP)=FCCIO(ISP,2)
ENDIF

ENDIF
C" e * * " * FCONV : CONTAINMENT RETENTION FOR IN VESSEL RELEASE, OUTER
Ca******* CONTAINMENT ONLY
C******"FCONC: CONTAINMENT RETENTION FOR EX VESSEL RELEASE, INCLUDING
Ca**""* DRYWELL AND OUTER CONTAINMENT

C*"*****THIS IS RETENTION WITHOUT CONSIDERING OTi1ER EFFECTS SUCH AS:
c********Itot BYPASS, CONTAINMENT SPRAYS, ETC.

IF (INDX(6) .EQ, 9) THEN

C***********NO CONTAINMENT FAILURE
FCONV(ISP)=FCONVO(ISP,7)
FCONC(ISP)=FCONC0(ISP,7)

ELSE IF ((INDX(6) .EQ. 1) .OR. (INDX(6) .EQ. 4)) Tl!EN
C * * " * * * * * * * EARLY LEAK

IF (SUBCL) THEN
C* * * " * * * * * * * * * SUPPRESS ION POOL I S SUBC00 LED

FCONV(ISF)=FCONVQ(ISP,I)
FCONC(ISP)=FCONVO(ISP,1)

ELSE

FCONV(ISP)=FCONVO(ISP,2)
FCONC(ISP)=FCONC0(ISP,2)

ENDIF
ELSE IF ((INDX(6) .EQ. 2) .OR, (InDX(6) .EQ. 3) .OR.

I (INDX(6) .EQ. 5)) THEN
C* ** " * * " * * EARLY RUPTURE

!F (SUSCL) TilEN
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C66************ SUPPRESSION POOL SUBC00 LED
FCONV(ISP)=FCONVD(ISP,3)
FCONC(IS P)*FCONC0(ISP,3 )

ELSE

C* '' * * *"* * * *SUPPRF.SSION POOL SATURATED
FCONV(ISP)*FCONVD(ISP,4 )
FCONC(ISP)*FCONC0(ISP,4)

ENDIF
ELSE IF (INDX(6) .EQ. 6) THEN

C * * * * * * " * * * LATE LEAK
FCONV(ISP)*FCONVD(ISP,5)
FCONC(ISP)*FCONC0(ISP,5)

ELSE

C*********** LATE RUPTURE OR LATE VENTING
FCONV(ISP)=FCONV0(ISP,5)
FCONC(ISP)*FCONC0(ISP,6)

ENDIF
C********FDCH OR EX* VESSEL STEAM EXPLOSION ************

IF (INDX(4) .EQ. 5) THEN
C*"****"* *NO DCH, No STEAM EXPLOSION

FUPE=0.0'
EVSE=0.0
FDCil(ISP)=0.0
FEYSE(ISP)=0.0

ELSE IF (INDX(4) .LE, 2) THEN

C"*"*"***DCH, No STEAM EXPLOSION
EVSE=0.
FEVSE(ISP)=0.
FDCH(ISP)*FDC110(ISP,1)
IF (INDX(4) .EQ 1) THEN

THFE=FHPE0(1)
ELSE

THPE=FHPE0(2)
ENDIF

ELSE
C**** *"****NO DCH, BUT EX-VESSEL STEAM EXPLOSION

FHPE=0.0
FDCH(ISP)=0.0
FEVSE(ISP)*FEVSEO(ISP,1)
IF (INDX(4) .EQ. 3) Ti1EN

EVSE=LVSE0(1)
ELSE

EVSE=EVSE0(2)
ENDIF

ENDIF
C******** POOL BYPASS
C"*** ***FPLBYE, FPLBYI, AND FPLBYLt
C********FOR EARLY PilASE, ASSUME VACUUM BREAKER STICKS OPEN FOR ASSIGNING
C* * * * * " * FPLBYE . IF BRKOPEN IS FALSE, SET FPLBYE TO 0.0 LATER

IF (INDX(5) .LE. 4) THEN
Co * ******"*ALL EARLY NOMINAL CASES: TAIL PIPE VACUUM BREAKER STAYS CLOSED

FPLBYE=FPLBYO(1)
IF (INDX(5) .EQ. 1) THEN

C * * * * * * * " * * * * * NCHI N AL BYPASS FOR ALL STAGES
FPLBYI=FPLBYO(I)
FPLBYL=FPLBYo(I)

ELSE IF (INDX(5) .EQ. 2) THEN
C**************EARLY N0HINAL, INTERMEDIATE LARGE

FPLBYI=FPLBYO(3)-
FPLBYL=FPLBY0(3)

ELSE IF (INDX(5) .EQ. 3) THEN
C a * * * * * * " * * * * * EARLY NOMIN AL , LATE SMALL

FPLBYI*FPLBYo(I)
| FPLBYLaFPLBYO(2)

ELSE

C**************EARLY NGtINAL, LATE LARGE

|

|
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FPLBYI*FPLBYO(I)
FPLBYL=FPLBY0(3)

ENDIF
KLSE IF (INDX(S) .EQ. S) THEN

C * * * * * * " * * * EARLY SMALL OR 1 ATE SMALL
FPLbyE=FPLBY0(2)

| FPLBYl=FPLBYo(2)
FPLBYL*FPLBYo(2)

,

ELSE IF (INDX(5) .EQ. 6) TIIEN
C* * " * " * " * EARLY SMALL . I NTERMEDI ATE LARG E

FPLBYE*FPLBYo(3)
FPLBY!aF*LBY0(3 )
FPLBYL*FPLBYo(3)

ELSE IF (INDX(S) EQ. 7) TFEN
C * * " * * * * * " EARLY BMALL , L ATE WF

FFLBYE=FPLBY0(2)
FPLBYI*FPLBYo(2)
FPLBYL*FPLBYO(3)

ELSE IF (INDX(S) .EQ. 8) THEN
C+"**** *"*EARLY I.ARGE AND LATE LARGE

FPLBYE=FPLBYo(3)
FPLBYI FPLBYo(3)
FPLBYL=FPLBY0(3)

ENDIF
C*****"*IF BRKOPN IS FALSE, THEN FPLBYE=0.0 IRREGARDLESS OF DRYWELL
C*"""* LEAKAGE SINCE EVERYTHING GOES THROUGH IVOL

IF (.NOT. BRK0PN) FPLBYE=0.0
IF (BRKOPN) THEN

Ca**********FOR VACUUM BREAKER STUCK OPEN CASES, ASSION TAIL PIPE FLOW
C*"*"***** FRACTION FOR HIO!! PRESSURE VERSUS LOW PRESSURE SEQUENCES

IF ((INDX(3) .EQ. 1) .OR (INDX(3) .EQ. 3)) THEN
C* * *" * * * "* * * * VESSEL AT 1110H PRESSURE

FTLNFTLPH
ELSE

C**************VESSEL AT LOW PRESSURE
FTLP=FTLPL

ENDIF
ELSE

C*********** VACUUM BREAKER BTAYS CLOSED, NO POOL BYPASS
FTLP=0.0

ENDIF
C**"**"THE THREE ICOL BYPASS FRACTIONP ARE FOR A * DRY CAVITY" AND
C********* FAILED CONTAINMENT". IT IS MULTIPLIED BY '?FAC' IF CONTAINMNT
C"****"HAS NOT FAILED AND DIVIDED BY 'WFAC' IF THE CAVITY IS FLOODEDc
C***"*"
Ca******* ESTIMATE BYPASS FRACTION FOR THE VESSEL BRF.ACH PUFF (FPLBYP),,

l C+**"***DCH (FPLBYD) AND CCI RELEASES -(FPLBYC)
C****"**
C********FOR IN VESSEL RELEASE PHASE, ASSUMES NO PRESSURE FACTOR (PFAC)-
C* "***** APPLIES BUT STEAMING FACTOR (WFAC) ALWAYS APPLIES

FPLBYE=FPLBYE / WFAC
C " ******FOR THE PUFF CASE, 17 IS ASSUMED VALUES WITH STEAM ALWAYS APPLY
C****"" ROUGHLY CONSISTENT WITH TB2
C******"FOR DCH, POOL BYPASS IS TREATED LIKE PUFF RELEASE

FPLBYP=FPLBYI / WFAC
FPLBYD=FPLBYI / WFAC

C***"*** LATE CONTAINMENT FAILURE CASES, APPLY PRESSURE CORRICTION
IF (INDX(6) .0E. 6) THEN

FPLBYP=FPLBYP * FFAC
FPLBYD=FPLBYD a PFAC

ENDIF
C********CCI RELEASE

FPLBYC=FPLBYL
C********FOR WET OR FLOODED CAVITY CASES, STEAM.ING FACTOR APPLIES

IF ((INDX(8) .EQ. 2) .OR. (INDX(8) .EQ. 3))
1 FPLBYC=FPLBYC / WFAC

| B.1 36

. , . .. . .- .



. - - _ -. . . . . . . .

IF (INDX(6) .GE. 6) FPLEYC=FFLEYC * IIAC
FPLBYE= MIN (FPLBYE, 1.0)
FPLBYP=+ TIN (FPLBYP, 1.0)
FPLBYD* MIN (FPLBYD, 1.0)
FPLBYC=HIN (FPLBYC, 1.0)

C**"*"* LATE IODINE RELEASE FROM IOOL
IF (SUBCL) THEN

FLTIl-FLTIl0(1)
ELSE

FLTI1=FLTIIO(2)
ENDIF

C"****" LATE IODINE RELEASE FROM CAVITY WATER
IF ((INDX(6) .EQ 1) .OR. TMFCDB) THEN

C" * * * * " * * * DRY CAVITY CASES
FLTI2=1.0

ELSE IF (INDX(8) .EQ. 2) THEN
C"* ***** *" WET CAVITY CASE LIKE TBS

FLT!2=FLT120(1)
ELSE IF (INDX(8) .EQ. 3) THEN

Ca********** FLOODED CAVITY CASE LIKE TC
FLT12=FLT!20(2)

ELSE
C* * " * * * * * * * HO CCI RELEASE C ASE

FLTI2=0.0
ENDIF

C****"**!N-VESSEL RELEASE IML SCRUBBINO
DFVPA(ISP)=DFVPA0(ISP,1)

C******" EX-VESSEL RELEASE POOL SCRUBBING
DFCPA(ISP) = DFCPA0(ISP,1)

C"" * * * * CONTAINMENT (WLTWELL) SPRAY DF
IF (INDX(7) .EQ. 1) THEN

C*********"NO SPRAYS

OFSERV(!OP)*i.C
CFSPRC(ISP)=1.0

ELSE IF (INDX(7) .EQ 2) THEN
C******Ha**EARLY SPRAYS ONLY

DFSPRV(ISP)=DFSPRVo(ISP,1)
DFSPRC(ISP)=1.0

ELSE IF (INDX(7) .EQ. 3 ) THEN
C*********** LATE SPRAYS ONLY

DFSPRV(ISP)=1.0
DFSPRC(ISP)=DFSPRC0(ISP,1)

ELSE
C*"***** *"EARLY SPRAYS AND LATE SFRAYS

DFSPRV(!$P)=DFSPRV0(ISP,1)
DFSPRC(ISP)=DFSPRC0(ISP,1)

ENDIF
Ca**"*" REACTOR CAVITY WATER SCRUBBING OF FISSION PRODUCTS

IF ((INDX(8) .EQ. 1) .OR. TMFCCB) THEN
Ca*****"*** DRY CAVITY OR DELAYED CCI RELEASE CASE

OFCAV(ISP)=1.0
ELSE IF (INDX(8) .EQ. 2) THEN

C** **"**"* WET CAVITY LIKE BMI-2139 TBS /TBR
DFCAV(ISP)=DFCAVO(ISP.1)

ELSE

C a * * * * * * * " * FLOOLED CAVITY CDB: LIKE BMI-2139 TC
DFCAV(ISP)=DFCAVO(ISP,2)

ENDIF
C**"****0THER VARIABLES NOT SAMPLED IN LHS
C********ASSLHES ALL CORE ULTIMATELY LEAVE VESSEL AFTER VESSEL BREACH

FLV=1.0
IF (.NOT. VB) FLV=0.0

C***"** * VESSEL BREACH PUFF RELEASE
VBPUF(ISP)=VBPUF0(ISP,1)

500 CONTINUE
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C*"** WARNING T1HE
IF ((INDX(1) .EQ, 1) .OR. (INDX(1) .EQ. 3) .OR.

1 (INDX(1) .EQ. 5)) TilEN
C** ****" FAST DTATION BLACLOUT, FAST TRANSIENT, F AST TC

TWeTWO(1)

ELSE IF ((INDX(1) .EQ. 2) .OR. (INDX(1) .EQ. 4)) THIN
C******** SLOW STATION BLACK 0UT, SLOW TRANSIENT

TW=TWO(2)
ELSE

C* " * '** SLOW TC
TW=TWO(J)

' ER0!F
C*""CONittNMENT FAILURE TIME SA START OF FIRST RELEASE
C*****WARNINO 'IME, CONT *. briuT ?AILURE TIME, OR FIRST RELEASE TIME

IF ((INDX(1) .EQ. 1) .OR. (INDX(1) ,EQ. 3) .OR.

1 (INDX(1) .EQ. 5)) THEN
C****"" FAST SBo, FAST TRANSIENTS, TAST TC

TW-TWO(1)
IF (INDX(6) .LE. 3) TilEN

C*" * * * "* * *CF BEFORE VB
T1=T10(1)

ELSE IF (INDX(6) .GE. 6) THEN
C* * * * * " * * * * LATE CF OR Ho CF

T1=T10(3)
ELSE

Ca**********CF AT VB
T1=T10(2)

ENDIF

ELSE IF ((INDX(1) .EQ. 2) .OR. (INDX(1) .EQ. 4)) THEN
C* " ***** SLOW SB0. SLOW TRANSIENTS

TW=TWO(2)
IF (INDX(6) .LE, 3) THEN

C"" * * * * * "CF BEFORE VB
T1=T10(4)

tLSE IF (INDX(6) .GE. 6) THEN
C * " * * * * * * * * LATE CF OR NO CF

T1=T10(6)
ELSE

C* * * * * " * * * *CF AT VB
T1=T10(5)

ENDIF
ELSE

Cu****** SLOW TC
TW=TWO(3)
IF (INDX(6) .LE 3) THEN

C" * * * * * * * * *CF BEFORE VB
T1=T10(7)

ELSE IF (INDX(6) .GE. 6) THEN
C*********** LATE CF OR NO CF

T1=T10(9)
ELSE

Ca**********CF AT VB
T1=T10(6)

ENDIF
ENDIF

Ca* "* RELEASE DURATIONS DT1 AND DT2
C

IF (INDX(6).EQ.9) THEN
C*****NO C.F.

DT1 = DT10(4)
DT2 = DT20(3)

ELSE IF (INDX(6).LE.3) THEN
C***"C.F. LEAK, RUFTURE, OR VENT BEFORE V.B.

DT1 = DT10(1)
IF (INDX(4).LE.4) THEN

Ca****DCH, OR EVSE OCCURS
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DT2 = DT20(1)
ELSE

C8 " * * NO DCH , NO EVS E

DT2 = DT20(2)
ENDIF

C***"IF THE EARLY C.F.16 LEAK THEN USE LEAKAGE DT2
IF (IN!1X(6).EQ.1) DT2 = DT20(3)

ELSE IF ((INDX(6).EQ,4) OR (INDX(6).EQ.6)) THEN

C"*** LEAK AT V.B. OR LEAK LATE
DT1 = 0T10(4)
DT3 = DT20(3)

ELSE

C+"**C.F. RUPTURE AT V.B. OR LATE OR VENT LATE *

IF (SUBCL) THEN
071 = DT10(2)

ELSE

DT1 * DT10(3)
ENDIF

DT2 = DT20(2)
ENDIF

C***** START OF SECOND RELEASE
Ca**" NO TEMPORARY COOLABLE DEBRIS S

T2=T1 + DT1
C+"** TEMPORARY C00LABLE DEBRIS BED

TF (TMPCDB) T2=T2 + DTCDB
C*****FOR LATE CONTAINMENT FAILURE CASES, ASSIGN FRACTION
C+"**0F TOTAL RELEASE TO THE FIRST RELEASE SEOMENT
C*** " SET DEFAULT OF PUFF TO 1.0

PUFF = 1,0

IF ((INDX(6) .EQ. 7) .OR. (INDX(6) .EQ. 6)) THEN
C***"*** LATE RUPTURE OR LATE VENT

PUFF = PUFF 0(1)

ELSE IF ((INDX(6).EQ.6) OR.(INDX(6).EQ.9)) THEN
C****"" LATE . LEAK OR NO CONTAINMENT FAILURE

PUFF = PUFF 0(2)
ENDIF
RETURN

END

SUBROUTINE EXPTAB

C***** SET VARIABLES IN CatON BLOCK BINNED BY INTERPOLATION OF
Ca**** EXPERT OPINION TABLES

PARAMETER (MAXBD=20, HAXBIN=10000, MAXSMP=300, MAXCAS=8,
1 MAXISS=20, HAXLEV=10, MAXVAR=100 MAXVAL=12000,
2 MAXSPC-10 HAXTIH=10)
C0ttlON /BASVAL/ FCOR(MAXSPC). FVES(MAXSPC), DFVPA(MAXSPC),

1 DFCPA(MAXSPC), FEVSE(MAXSPC). FDCH(MAXSPC).
2 FCCI(MAXSPC). DFCAV(MAXSPC), VBPUT(MAXSPC),-
3 FCONV(MAXSPC), FCONC(MAXSPC), DFSPRV(MAXSPC),
4 DFSPRC(MAXSPC). FREVO(MAXSPC) VALISS(MAXISS),
5 FLTII, FLTI2, NSPEC, FLV FHPE, EVSE, WTAC, PFAC,
6 FPLBYE, FPLBYP, FPLBYD, FPLBYC, FTLPH, FTLPL,
7 FTLP. TC11. TC12, TB11, TB12, TB21. TB22 TBS 1,
6 TBS 2, TER1, TBR2, TW, 71, T2, DT1, DT2, DTCDB,
9 ELEV, PUFF
C@t10N IBINNED/ FCOR0(MAXSPC,MAXCAS), FVESO(MAXSPC HAXCAS),

1 DFVPA0(MAXSPC HAXCAS), DFCPA0(MAXSPC,MAXCAS),
2 FDCH0(MAXSPC,HAXCAS), FEVSE0(MAXSPC.MAXCAS),
3 FCCIO(MAXSPC.MAXCAS),.DFCAVO(MAXSPC.HAXCAS),

-4 - VBPUF0(MAXSTC,MNCCAS), FCONVO(MAXS?C.MAXCAS),
5 FCONC0(MAXSPC.HAXCAS). DFSPRVO(MAXSPC,MAXCAS),
6 DFSPRC0(MAXSPC.MAXCAS), FREVOO(MAXSPC.MAXCAS),
7 FLTIl0(MAXCAS), FLT!20(MAXCAS), FHPE0(MAXCAS),
8 EVSEO(MAXCAS), FPLBY0(3), Two(MAXTIM N

f 9 T10(MAXTIM). DT10(MAXTIM), DT20(MAXTIM),
'

A PUFF 0(MAXTIM)
COtt0N / EXPERT / FCORL(MAXSPC,HAXLEV,HAXCAS),
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1 FVESL(MAXSPC,HAXLEY,t%XCAS ),

2 FREVOL(MAXSPC,t%XLEV,tMXCAS),

3 FCCIL(MAXSit,HAXLEV,MAXCAS),
4 FCONYL(MAXSN HAXLEV,MAXCAS),

5 FCONCL(MAXSN ,MAXLEY,MAXCAS),

6 FLT!1L(MAXLEY,t%XCAS). FLTI2L(MAXLEY,HAXCAS),
7 FDCHL(HAXSPC,MAXLEV,MAXCAS),

6 FEVSEL(MAXSPC.MAXLEY,MAXCAS),

9 DFVPAL(MAXSPC,HAXLEV,HAXCAS).

A DFCFAL(MAXSPC,HAXLEV,H4XCAS),

B DFCAVL(MAXSPC,HAXLEY,MAXCAS),

C DFSPRVL(MAXSPC,MAXLEV,HAXCAS),
*

D DFSPRCL(HAXSPC,HAXLEV,MAXCAS),

E PRBLEV(MAXLEV)

DATA 11 / 1 /
C

C

C***" SET VALUES FOR RELEASE ITACTIONS DURING IN-VESSEL RELEASE
CALL INTERP (MAXSPC, HAXLEY, HAXCAS, VALIS$(1), FCORL, FCORD,

1 PRBLEV)
C***" SET VAI.UES FOR RELEASE FRACTIONS FROM VESSEL

CALL INTERP (MAXSFC, HAXLEV, MAXCAS, VALIUS(2), FVESL, FVES0,
1 PRbLEV)

C***** SET VALUES FOR REVOLATILIZATION RELEASE AFTER VESSEL BREACH
CALL INTERP (MAXSIC, HAXLEV, HAXCAS, VALISS(3), FREVOL, FREV00,

1 PRBLEV)
C"*** SET VALUES FOR RELEASE FRACTIONS DURING CCI RELEASE

CALL INTERP (MAXSPC, HAXLEV, MAXCAS, VALISS(4), FCCIL, FCCIO,
1 PRBLEV)

C*"** SET VALUES FOR RELEASE FRACTIONS FROM CONTAINMENT TO ENVIRONMENT
Ch***FOR IN-VESSEL RELEASE SOURCE TERMS-

CALL INTERP (MAXSPC, HAXLEV, HAXCAS, VALISS(5), FCONVL, FCONVO,
1 PRBLEV)

Ca**** SET VALUES FOR RELEASE FRACTIONS FRCH CONTAINMENT TO ENVIRONMENT
C*****FOR EX VESSEL RELEASE SOURCE TERMS

CALL INTERP (MAXSPC, HAXLEV, HAXCAS, VALISS(6), FCONCL, FCONC0,
1 PRBLEV)

'

C* "** SET VALUES FOR RELEASE FRACTIONS FOR LATE IODINE kFLEASE FROM
C***** SUPPRESSION POOL

CALL INTERP (11, HAXLEV, HAXCAS, VALISS(7), FLTI1L, FLTIlo,
1 FRBLEV)

C***** SET VALUES FOR RELEASE FRACTIONS FOR LATE IODINF. RELEASE FRCH
C***" CAVITY WATER

CALL INTERP (11. HAXLEV, HAXCAS, VALISS(8), FLT12L, FLTI20,
) PRBLEV)

C***** SET VALUES FOR RELEASE FRACTIONS DUE TO DIRECT CONTAINMENT REATING-
CALL INTERP (MAXSPC, MAXLEV, HAXCAS, VALISS(0), FDCHL, FDCHO,

1 FRBLEV) !

'

C***** SET VALUES FOR SUPPRESSION ICOL DF FOR IN* VESSEL RELEASE
CALL INTERP (MAXSPC, MAXLEV, HAXCAS, VALIS8(10), DFVPAL, DFVPA0,

1 -PRBLEV)
Ca**** SET VALUES FOR SUPPRESSION POOL DF AFTER VESSEL i>REACI!

CALL INTERP (MAXSPC, HAXLEV, HAXCAS, VALISS(11) DFCFAL, DFCPAO, j

1 PRDLEV) I
!

C***" SET VALUES FOR CAVITY WATER DF FOR CCI RELEASE
CALL INTERP (MAXSPC, HAXLEV, HAXCAS, VALISS(12). DFCAVL, DFCAVO,

1 PRBLEV)
C***** SET VALUES FOR CONTAINHENT SPRAYS DF FOR IN-VESSEL RELEASE

CALL INTERP (MAXSPC, HAXLEV, MAXCAS, VALISS(13), DFSPRVL, DFSPRVO,
1 PRELEV)

C***** SET VALUES FOR CONTAINMENT SPRAYS DF FOR EX-VESSEL RELEASE
CALL INTERP (HAXSPC, MAXLEV, HAXCAS, VALISS(14), DFSPRCL, DFSPRCO,

1 . PRBLEV)
C*"** SET VALUES FOR EX-VESSEL STEAM EXPLOSION RELEASE

CALL INTERP (MAXSPC, HAXLEV, HAXCAS, VALISS(15), FEVSEL, FEVSEO,.
1 PRDLEV)

B.1-40

|
,

-



- - . . . , . . . .. ... --

RETUFR

END
SUBkOUTINE INTERP (MAXSPC, KULEY, HAXCAS, PROB, RL, R0, FRBLEV)

Ca**** PERFORM INTERFOLATION IN SPECIFIED EXPERT OPIN!ON TABLE
D I MENS I ON RL ( HAXS PC , HAXLEY , HAXCAS ) , R0( W SPC,HAXCAS),

1 FRBLEV(HAXIJV)
LOJ! CAL FIRST
DATA FIRST /..TRUE. /

C

C

IF (FIRST) THEN
C******** DETERMINE NUMBER OF LEVELS

DO 100 ILEVa2,HAXLEV
IF (FRBLEV(ILEV) .LE. 0.0) THEN

NLEV=ILEV - 1
00 TO 200

ENDIF
100 CONTINUE

NLEVattAXLEV
200 CONTINUE

IF (NLEV .LE. 1) THEN
WRITE (6,1002)
STOP

ENDIF
FIRST=. FALSE.

ENDIF
C***** VALIDATE PROBABILITY

IF (PROB .LT PRBLEV(1)) THEN
WRITE (6,1001) PROB, (PRBLEV(I),1=1,RLEV)
STOP

ENDIF'

I

C***** LOCATE PROBABILITT LEVELS TO INTERPOLATE BETWEEN
D0 1000 ILEVa2,NLEV

IF (PROB .LE. PRBLEV(ILEV)) THEN
JLEV=ILEV
00 TO 2000

ENDIF
1000 CONTINUE

C***** PROBABILITY VALUE OtffSIDE OF TABLE RANGE
WRITE (6,1001) PROB, (PRBLEV(I),1=1,NLEV)
STOP

; 2000 CONTINUE
'

C'** ** LOOP OVER CASES
DO 4000 ICAS=1,HAXCAS

C******** LOOP OVER SPECIES
DO 3000 ISPEC=1.MAXSIC

| C*********** PERFORM INTERPOLATION FOR CURRENT SPECIES.AND CASE
IF ((RL(ISPEC,1,ICAS) .07. 0.0) .AND.

1 (RL ( IS PEC, NL EV, ICAS ) /RL ( ISPEC ,1, ICAS ) .07. 10.)) THEN-
C**************PERFORH LOOARITHMIC INTERPOLATION

' R0(ISPEC,ICAS)=10 **(LOG 10(RL(ISPEC.JLEV-1,ICAS)) +.
-1 (PROB-PRBLEV(JLEV-1)) *

2 (LOO 10(RL(ISPEC,JLEY,ICAS))-LOO 10(RL(ISPEC,JLEV-1,ICAS))) /
3 (PRBLEV(JLEV)- PRBLEV(JLEV-1)) )

ELSE
C**************PERFORM LINEAR INTERPOLATION

R0(ISPEC,ICAS)=RL(ISPEC JLEV-1,1CAS) +
1 (PROB-PRBLEV(JLEV-1)) *
2 (RL(ISPEC,JLEV,ICAS)-RL(ISPEC JLEV-1,1CAS)) /
3 (PRBLEV(JLEV) PRBLEV(JLEV-1))

ENDIF
3000 CONTINUE
4000 CONTINUE

RETURN

C***** FORMAT STATEMENTS
1001 FORMAT (/1X, * n>" PROBABILITY VALUE (' ,FS.2, ') CUT OF RANGE FOR * ,
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I ' INTERPOLATION OF LEVELS',
2 /1X, * n>nPRBLEV(I )*' ,20F6,3)

1002 F0kMAT(/1X,'n n> FEWER THAN 2 FROBABILITY LEVELS (PkBLEV) ',
i

I 'LPECIFIED')
[ END

SUBROUTINE GOSORC (10B3, IBIN)
Ca**** CALCULATE XXSOR TYPE OF F,0URCE TERMS FOR THE GRAND GULF

C--- ----------- ------------------------ --------- ~~~------ ----

C

C - - - - OUTPUT - - -

C

C ST(ISP) == TOTAL ENVIRONMENTAL RELEASE FRACTIONS FOR SPECIES 'ISP'
C (EARLY + LATE)
C STE(ISP) == RELEASES OP THROUGH VESSEL BREACl! THE DEFINING TIME
C IS RELEASE TO THE CONTAINMENT ACTUAL RELEASE TO THE .

C ENVIRONMENT WILL BE LATER IF CONTAINMENT FAILURE IS LATER .!

C STCCI(ISP) = CCI RELEASE SOURCE TERMS
C STL(ISP) = LATE RELEASE SOURCE TERMS (CCI+STIL+STRVOL)
C ETIL = " LATE" IODINE COMPONENT, TREATED AS GASEOUS (E.O., ORGANIC)
C IODINE RELEASED FR m POOL AND FLOODED CAVITY;
C NO DF'S OR CONTAINMENT RETENTION FACTORS APPLY
C STRVOL(ISP)== 1. CS AND TE COtPONENT REVOLATILIEED Frat PRIMARY SYSTEM:
C TREATED AS AEROSOL; DF'S FOR SPRAYS, SUPPRESSION POOL
C SCRUBBING, AND CONTAINMENT RETENTION APPLY
C= === - - = = - = = = = = = = = = = = =====

C
C SPECIES INDEX=ISP, 1 TO NSPEC; ORDER IS NO,1,CS,TE,SR RU,LA CE,BA
C

C FCOR == RELEASE FRACTION OF EACH ELDiENT CROUP FRCN THE FUEL DURINO
C DURING IN-VESSEL RELEASE
C TVES = RELEASE FRACTION FROM Tl!E VESSEL (FRACTION OF FCOR)
C DFVPA == POOL DF'S DURING IN VESSEL RELEASE.
C DFCPA == POOL DF'S DURING CCI RELEASE
C VBPUF == PUFF RELEASE FRACTION OF THE TOTAL CORE AT VESSEL BREACH

POOL BYTASS PARAMETERS - - -C *--

C FPLBYE, FPLBYP, FPLEYD, FPLBYC =

C FRACTION OF ICOL BYPASS AT IFFERENT TIME STEPS:
C EARLY (EEFORE VB), PUFF SOURCE TERMS,
C DCH SOURCE TERMS, AND CCI SOURCE TERMS,
C THIS FRACTION DO NOT 00 THROUOH SUPPRESSION POOL
C FCONV == FRACTIONS OF AEROSOL SPECIES RELEASED FRCH THE RCS TO THE
C CONTAINMENT AND THEN TO THE ENVIRONMENT
C FCONC = FRACTIONS OF AEROSOL SPECIES RELEASED TO FROM CCI TO THE
C CONTAINMENT AND THEN TO THE ENVIRONMENT (INCLUDES DRTWE'.L
C RETENTION AND OUTER CONTAINMENT' RETENTION)
C DFSFRV= DF'S FOR SPRAYS (ESTIMATED FROM CALCULATED CS AND I R1 LEASES)
C DFSPRC== DF'S FOR SFRAYS (ESTIMATED FRCH CALCULATED SR AND CE R7. LEASES)
C FLTIl == LATE IODINE RELEASE FROM SUPPRESSION POOL
C FLTI2 = LATE IODINE RELEASE FRCH CAVITY WATER
C

PAAAMETER (MAXBD=20, HAXBIN=10000, HAXSMP=300, MAXCAS=8,
1 MAXISS=20, MAXLEV=10, MAXVAR=100 MAXVAL=12000,
2 MAXSPC=10. MAXTIMa10)
CHARACTER BINARR*(MAXBD), BTITLE*00, TITLE *80
Co m 0N / BINS / BINARR(MAXBIN), BTITLE, TITLE
LOOiCAL NOCALC, SAMPLE, REFRTB, BINNED, BYRUN, CONSFL, DIAO,

I EXPERT, PRTINP, NOCF, SUBCL, CDB, THKDB; BRKOPN, VB, ECF, ICF
CCFtON / KEYS / NOCALC, SAMPLE, REPRTB, BINNED, BYRUN, CONSFL, DIAO,

1 -EXPERT, PRTINP, NOCF, SUBCL, CDB, TMPCDB, BRKOPN, VB, ECF, ICF
Com0N /SRCTRM/ ST(MAXSFC), STE(MAXSPC), STCCI(MAXSPC),

1 STL(MAXSit). STIL, STRVOL(MAXSPC),-
2 STi(MAXSIC), ST1(MAXSFC), RV(MAXSPC)
Cotton /BASVAL/ FCOR(MAXSfC), FVES(MAXSFC). DFYPA(MAXSPC),

1 DFCPA(MAXSPC), . FEVSE(MAXSft), FDCH(MAXSPC),
2 FCCI(MAXSFC), DFCAV(MAXSPC), VBPUF(MAXSPC),
3 FCONV(MAXSPC), FCONC(MAXSPC), DFSPRV(MAXSPC),

a
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4 DFCPRC(MAXSPC), FREVO(MAXSPC). VA1.ISS(PAXISC) .

$ FLTII, FLTI2 NSPEC, FLV, FHPE, EVSE, WTAC, PFAC,
6 FPLBYE, FPLBYP, FPLBYD, FPLBYC, FTLPH, FTLPL,
7 FTLP, TC11, TC12, TB11, TB12, 7521. TB22, TBS 1,
6 TBS 2, TBR1, TLR2, TW, 71, T2, DT1, DT2, DTCDB,
9 ELEV, PUFF

CCitON /BININD/.INDX(MAXBD)
CCHON /CONTRL/ NLiiS, NOBSj NSTART, NBIN, NDH NTOT
DIMENSION RFDCH(mXSPC), RFCCI(MAXSPC), RFDVB(MAXSPC), ,

1 RTEVSE(MAXSPC)-
C

C

C*****1ERO OUT THE SOURCE TERH ARRAYS
DO 1000 ISP=1,HSPEC

RFBVB(ISP)=0.0
RTEVSE(ISP)=0.0
RFDCll(ISP)=0.0
RFCCI(ISP)=0.0
ST(ISP)=0.0
STE(ISP)=0.0

i
STCCI(ISP)=0.0
STL(ISP)=0.0 1

STRVOL(ISP)=0.0
1000 CONTINUE

P00LI=0.0
CAVWI=0.0
STIL=0.0

C""*SAVE I, CS, AND TE IN VESSEL FOR REVOLATILIEATION IN LATE RELEASES
DO 1200 ISP=2,4

RV(ISP)=FCOR(ISP) * (1.0 TVES(ISP))-
1200 CONTINUE

C***** RELEASE FROM VESSEL PRIOR To E 3SEL BREACH
Do 2000 ISP=1 HSPEC

C******** RELEASE FRACTION THRU TAIL PIPE T!!AT BYPASSES POOL
RELFl=FTLP * FPLBYE / DFSPRV(ISP) ,

Ca******* RELEASE FRACTION THRU TAIL PIPE TIIAT 00ES TIIRU POOL
RELF2=FTLP * -(1.0 FPLBYE) / HAX (DFCPA(ISP), DFSPRV(ISP))

C******** RELEASE FRACTION T!!RU T-QUENCHER
RELF3=(1.0-FTLP) / MAX (DFVPA(ISP), OFSPRV(ISP))

Ca*******EARLY RELEASE FRACTION
STE(ISP)=FCOR(ISP) * FVES(ISP) * (RELF1tRELF2+RELF3) *

1 FCONV(ISP)
RFBVB(ISP)=STE(ISP)

C********SAVE IODINE IH 100L
IF (ISP .EQ. 2) T!!EN

P00L1=FCOR(ISP) * FVES(ISP) *
1 MAX (0.0, (1.0-RELF1-RELF2-RELF3))

ENDIF
2000 CONTINUE

IF (DIAG) THEN
Ca******* DIAGNOSTIC PRINT

WRITE (6,2001) i

WRITE (6,4202)-(STE(ISP),ISP=1,NSPEC)
WRITE (6,4203) (STL(ISP),ISP=1,NSPEC)

|
WRITE (6,4204) (ST(ISP),ISP=1,NSPEC)
WRITE (6,4205) (RFBVB(ISP),ISP=1,NSPEC)
WRITE (6,4206) (RFEVSE(ISP),ISP=1,NSPEC)
WRITE (6,4207) (RFDCH(ISP),ISP=1,NSPEC)
WRITE (6,4208) (RFCCI(ISP),ISP=1,NSPEC)
WRITE (6,4209) (STCCI(ISP),ISP=1,NSPEC)
WRITE (6,4210) -(RV(I),1=2,4 ), (STRVOL(I),I=2,4), POOLI.

1' CAVWI, STIL
ENDIF

C*****!F NO VB, THEN NO PUFF, NO CCI, NO DCU SOURCE TERMO.
IF (.NOT. VB) CO TO 7500

Ca**** ADO VESSEL BREACif PUFF RELEASE TO EARLY SOURCE TERM
!
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DO 3000 ISP=1,NSFEC
Ca* m *** RELEASE FRACTION DUE TO VESSEL BREACH PUFF THAT BYPASSES POOL

RELF1=FPLBYP / OFSPRC(ISP)
C*"*m* RELEASE FRACTION DUE TO VESSEL BREACH PUFF THAT 00ES THRU POOL

RELF2=(1.0 FPLBYP) / MAX-(DF"PA(ISP), DFSPRC(!CP))
C"** " " EARLY RELEASE FRACTION-

STE(ISP)=STE(ISP) + VBPUF(ISP)*(RELF1+RELF2)*FCONC(ISP)
STE(ISP)= MIN (STE(ISP), 1.0)

C" * * " * * SAVE IODINE IN POOL
IF (ISP .EQ,.2) THEN

P00LI=P00LI + VBPUF(ISP)* MAX (0,0, (1.0 RELF1*RELF2))
ENDIF

3000 CONTINUE
IF (DIAO) THEN

C* "* * * * *DI AGNOSTIC PRINT
WRITE (6,3001)
WRITE (6,4202) (STE(ISP),ISP=1,NSPEC)
WRITE (6,4203) (STL(ISP) ,ISP=1, NSPEC)
WkITE(6.4204) (ST(ISP),ISP=1,NSPEC)
WRITE (6,420$) (RFBVB(ISP),ISP=1,NSPEC)
WRITE (6,4206) (RFEVSE(ISP),ISP=1,NSPEC).
WRITE (6.4207) (RFDC8(ISP),ISP=1,NSPEC)
WRITE (6,4206) (RFCCI(ISP), ISP=1,NSPEC) -
WRITE (6,4209) (STCCI(ISP),ISP=1,NSPEC)
WRITE (6,4210) (RV(I),1=2,4), (STRVOL(I),I-2,4), POOLI,

1 CAVWI, STIL
ENDIF

Ca**** ADD DIRECT CONTAINMENT HEATING RELEASE TO EARLY SOURCE TERM
DO 4000 ISP=1,NSPEC

C******** RELEASE FRACTION DUE TO DIRECT CONTAINMENT HEATING
RFDCll(ISP)= MAX (0.0, (1.0-FCOR(ISP)4BPUF(ISP))) * FLV *

1 FHPE * FDCli(ISP)-
IF (RFDCH(ISP) .01. 0,0) THIN

C*********** RELEASE FRACTION DUE TO DIRECT CONTAINMENT !! EATING THAT
Ca *"*** * *** BYPASSES POOL

RELFl=FPLBYD / DFSPRC(ISP)
C'********** RELEASE FRACTION DUE TO DIRECT CONTAINMENT HEATING THAT

i C***********00ES THRU POOL
RELF2=(1.04PLBYD) / MAX (DFCPA(ISP), DFSPRC(ISP))

C "*******"EARLY RELEASE FRACTION
STE(ISP)=STE(ISP) + RFDCH(ISP) * (RELF1+RELF2) * FCONC(ISP)
STE(ISP)= MIN (STE(ISP), 1,0)

C* * * ** ** * * * *SAVE IODINE IN PO3L
IF (ISP .EQ. 2) THEN

. . . .

P00LI=P00LI + RFDCil(ISP)* MAX (0,0, (1.0-RELF1-RELF2))
ENDIF-

ENDIF
4000 CONTINUE

IF (DIAG) THEN
C **"*DI AGNOSTIC PRINT

WRITE (6,4201)
-WRITE (6.4202) (STE(ISP),ISP=1,NSPEC)
WRITE (6,4203) (STL(ISP),ISP=1,NSPEC)
WRITE (6,4204) (ST(ISP),ISP=1,NSPEC)-
WRITE (6,4205) _ (RFBVB(ISP),ISP=1,NSPEC)
WRITE (6.4206) (RFEVSE(ISP) ISP=1,NSPEC)
WRITE (6.4207) (RFDCH(ISP),ISP=1,t: SPEC)
WRITE (6.4206) ,RFCCI(ISF),ISP=1,NSPEC)
WRITE (6,4209) (STCCI(ISP),ISP=1,NSPEC)
WRITE (6,421h (RV(1),1=2,4), (STRVOL(I),I=2,4), POOLI,

1 CAVWI, STIL
EN3IF

C*a*" ADD EXWESSEL STEAM EXPLOSION (DCH TAKES PRECEDENT OVER EVSE)'
DO 4500 ISP=1,HSPEC

Ca **"*** RELEASE FRACTION DUE TO EXWESSEL STEAM EXPL(JION
R7EVSE(ISP)= MAX (0.0, (1.0 FCOR(ISP)-VBPUF(ISP))) * FLV *

I
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1 EVSE * FEVSE(ISP)
IF (RFEVSE(ISP) ,07. 0.0) THEN

C"**"** ** RELEASE FRACTION DUE TO EX VEFSEL STEAM EXPLOS!ON, THAT
C* * " *""* * BYPASSES POOL

RELF1=FPLBYD / DFSPRC(ISP)
i

C*********** RELEASE TRACTION DUE TO EX-VESSEL STEAM EXPLOSION THAT
Ca * * * * " * * * *00ES THRU FOOL

RELF2=(1,0 FPLBYD) / HAX (DFCPA(ISP) DPSPRC(ISP))
Cm*"*"**EARLY RELEASE FRACTION

STE(ISP)=STE(ISP) + RTEVSE(ISP)*(RELF1+RELF2)*FCONC(ISP)
STE(ISP)=HIN (STE(ISP), 1.0)

C********m SAVE IODINE IN POOL
IF (ISP .EQ. 1) THEN

P00LI=POOLI + RTEVSE(ISP)* MAX (0.0, (1.0*RELF1*RELF2))
ENDIF

ENDIF
4500 CONTINUE

IF (DIAO) THEN
C****"* *DI AONOSTIC PRINT

WRITE (6,4501)
WRITE (6,4202) (STE(ISP),ISP=1,NSPEC)
WRITE (6,4203) (STL(ISP),ISP=1,NSPEC)
WRITE (6,4204) (ST(ISP) ISP 1,NSPEC)
WRITE (6,4205) (RTBVB(ISP),ISP=1,NSPEC)
WRITE (6.4200) (RFEVSE(ISP),ISP=1,NSPEC)
WRITE (6.4207) (RFDCH(ISP),ISP=1,NSPEC)
WRITE (6,4208) (RFCCI(ISP),ISP=1,NSFEC)
WRITE (6,4209) ($TCCI(ISP),ISP=1,NSPEC)
WRITE (6,4210) (RV(I),1=2.4). (STRVOL(I) I=2,4), POOLI .

1 CAWI, STIL
ENDIF
IF (EVSE .0T 0.0) THEN

XCCI=1.0 - EVSE
ELSE IF (FHPE .07. 0.0) THEN

XCCI=1.0 - THPE
ELSE .

XCCI=1.0
ENDIF
IF (. HOT CDB) THEN

C******** CORE CONCRETE INTERACTION RELEASES AND CAVITY SCRUBBING
DO $000 ISP=1,NSPEC

C'"******** RELEASE FRACTION DUE TO CORE-CONCRETE INTERACTIONS
RFCCI(ISP)= MAX (0.0, (1.0-FCOR(ISP)-VBPUF(ISP)))|* FLV *

1 XCCI * FCCI(ISP)
C***"****** RELEASE FRACTION DUE TO CORE-CONCRETE INTERACTIONS THAT
C*********** BYPASSES POOL

RELF1=FPLBYC / HAX (DFCAV(ISP), DFSPRC(ISP))
C*"**"a*" RELEASE FRACTION DUE TO CORE-CONCRETE INTERACTIONS THAT
C* * * * * * * * * * *00ES THRU KOL

RELF2=(1.0-FPLBYC) /
1 MAX (DFCAV(ISP) DFCPA(ISP), DFSPRC(ISP))

Ca********** CORE + CONCRETE RELEASE FRACTION

STCCI(ISP)=RFCCI(ISP) * (RELF1+RELF2) * FCONC(ISP)-
C***********SAVE IODINE IN CAVITY WATER AND IN POOL

IF (ISP .EQ. 2) THEN
CAWI=1.0 - 1.0/DFCAV(ISP)
P00LI=P00LI + RFCCI(ISP) *

1 MAX (0.0, ( 1. 0-RELF1-RELF2-CAWI ) )
CAWI=RFCCI(ISP) * CAWI

ENDIF
5000 CONTINVE

ENDIF
C*****REVOLATIEATION RELEASE OF I, CS, AND TE
C*** " (S! HILAR TO VESSEL BREACH PUFF RELEASE)

DO 6000 ISP=2,4
C*"***** RELEASE FRACTION DUE TO REVOLATILIEATION THAT BYPASSES ! COL

*
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RELF1*FPLBYC / DFSPRC(ISP)
C"*"*** RELEASE FRACTION DUE TO REVOLATILIEATION THAT OOIS THRU FOOL

RELF2=(1.0-FPLBYC) / HAX (DFCPA(ISP), DFSPkC(ISP))
C*"*""kEVOLATILIZATION RELEASE FRACTION j

STRVOL(ISP)=FREVO(ISP) * RV(ISP) * (RELF1*RELF2) * FCONC(ISP)
C""** * *SAVE !ODINE IN POOL

IF (ISP .EQ, 2.) THEN

POOLI=POOLI + FREVO(ISP)*RV(ISP)*
1 HAX (0.0, (1.0-RELF1*RELF2))

ENDIF
6000 CONTINUE

C*****CCI, RCS !tEVOLATILIZATION WERE SKIPPED IF VESSEL BREACH WAS PREVENTED,

C*****BUT LATE IODINE RELEASE FROM THE IVOL CAN STILL OCCUR.
7500 CONTINUE

'
C"***nW WE CALCULATE THE IODINE REVOLATILIEED FRai THE IVOL,
C*"' MHICH IS NOT SUBJECT TO ANY DF'8 OR CONTAINMENT RETENTION IF
C*****CONTAINHENT FAILS. HOWEVER, IF NO CONTAINMENT FAILURE, ASGUME
C*****ONLY SMALL FRACTION RELEASED TO ENVIRONMENT.
C*****FOR LATE IODINE RELEASE Frat CAVITY WATER, POOL BYPASS FRACTION
C***** APPLIES. IVOL DF OF IODINE APPLIES TO FRACTION GO THROUOH POOL

STIL1=FLTIl * POOLI
STIL2*FLTI2 * CAWI * (FPLBYC+(1.0 FPLBYC)/DFCPA(2))
STIL=STIL1 + STIL2

C***HIF NO CONTAINHENT FAILURE, LATE IODINE RELEASE IS TREATED SIMILAR
C u***TO NOBLE OASES SINCE !ODINE IS VOLATILE

IF (NOCF) STIL=STIL * FCONC(1)
C""%*)D ALL SOURCE TERMS UP TO OET TOTAL SOURCE TERMS

DO 8000 ISP=1,NSPEC
STL(ISP)=STCCI(ISP) + STRVOL(ISP)
ST(ISP)=STE(ISP) + STL(ISP)

8000 CONTINUE
ST(2)=ST(2) + STIL
STL(2)=STL(2) + STIL

C"*** REALLOCATE RELEASE FRACTIONS
DO 9000 ISP=1,t* SPEC

IF (ECF) THEN
C* * " * * * * * * *CF BEFORE VB

ST1(ISP)=RFBVB(ISP)
ST2(ISI)*ST(ISP) - STI(ISP)

ELSE IF (ICF) THEN
C***********CF AT VD

STi(ISP)=STE(ISP)
ST2(ISP)=STL(ISP)

ELSE

C*********** LATE LEAK OR RUPTURE OR NO CONTAINMENT FAILURE
STE(ISP)=0.0
ETL(IP)=ST(ISP)
ST1(ISP)= PUFF * ST(ISP)
ST2(ISP)=(1.0-FUFF) * ST(Isr)

ENDIF
0000 CONTINUE

C***** CALCULATE ENEROY RELEASES
CALL ENEROY (E1, E2)

Ca****CALCUI. ATE ENEROY RELEASE RATES
ER1=El / DT)
ER2=E2 / DT2
IF (DIAO) THEN

WRITE (6,8001)
WRITE (6.4202) (STE(ISP),ISP=1,NSPEC)
WRITE (6.4203) (STL(ISP),ISP=1,NSPEC)
WRITE (6.4204) (ST(ISP), ISP=1, NSPEC)
WRITE (6,4205) (RFBVD(ISP),ISP=1,NSPEC)
HRITE ( 6. 4206 ) ( RFEVSE ( IS P ) , IS P= 1, HS PEC)
WRITE (6,4207) (RFDCH(ISP),ISP=1,NSPEC)
WRITE (6,4208) (RFCCI(ISP),ISP=1,NSPEC)
WRITE (6,4209) (STCCI(ISP),ISP=1,NSPEC)
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- Wh!TE(6.4210) (RV(1),1*2,4). (CTRVOL(!),1=2,4), KrJL1,
! 1 CAYW1. STIL

WRITF(6,4211) TW, 71, DT1, 72 DTJ, f: LEV, ERA, ER2;

' WRITE (0,4212) ($f1(!$P).1SP 1,NSITC)
I WRITt(6.4213) (ST2(!$P),lSI*1,NSITC)
! Entr

1F (CONI FL) TilEN
C+"* p H Wk!Tl SOURCE TERM TO FILE

WRIT,(9,1003) 1088, BINARR(IBIN)(1:HDM)
WRIf f(0,1004) TW, fl. DT1, T2, DT2, ELEY
WRI /E(0,1004) ER1, (ST1(ISP),ISI*1,NSitC)

;

! WP .TE(0,1004) FJt2, (ET2(!$P),ISP 1,NSPEC)
ENDTi
RE* .1RN

C+" " rgMAT STATpfENTS4

- 100' FORMAT (14,1X.A)

| I N4 FORMAT (1F10E12.4)
2001 F0WT(// 5X, '""* DIAONOSTIC FRINT *****' ,

1 /10X,'===== I AR/JttTf.R VALUES UP TO VESEEL BREACH ~~==')
3 001 FORMAT ( / / 5X , ' * * * * * DI AONOSTIC Th! NT "" * ' ,

1 /10X,'- FARAMETER VALUES AFTER VESSEL BREACH ')
4201 FORMAT ( // 5X, ' *"** DI AGNOSTIC PRINT * *"* * ,

1 /10X,8 - PARAMETER VALUES AFTER IX'H = ')
4202 FofuiAT(/5X,'STE ',1',/($X,10E10.2))
4203 FORMAT ($X,'BTLt',1P,/(5X,10t10.8))i

; 4204 FORMAT (5X,'ST s',1P,/(5X,10E10.2))
i 4205 FORMAT ($X,*kFBVB ',1P,/($X,10E10.21)
.! 4206 TOI N T($X,'RFEVSE ',1t p($X,10E10.2))
i 4207 FORMAT ( $X , 'RFDCli s ' ,1P , / ( fX ,10f.10. 2 ) )

4206 FORMAT (5X,'RFCCit',1P,/(5X,10E10.2))
l 4M9 FORMAT (5X,'STCCit ',1P,/(5X,10E10,2))

4 2 ) * FORMAT ( 5X ,1 P , ' RV1 = ' E 10. 2,5X ' RVCS = 8 , E10,2,5X , ' RYT E = ' , E 10. 2,

1 /5X,'STRVOL(2) = ',E10.'d,5X,'CTRVOL(3) = ',E10.2,
2 SX,'STRVnLge) = e,E10,2,
3 /5X,8100LI = * , L10.2.5X, 'CAYWI * ', E10.2,
4 SX,'BTIL * ',E10.2)

4211 '1EMAT(/$X,' SOURCE TERM INFORMATION ',
1 /5X,1P,*TW =',E10,2,5X,'71 =',E10.2,5X,'DT1 *',E10,2,54,
2 ' T2 o' ,E10.2,5X , ' DT2 = ' ,E10. 2,
3 / 5X , ' ELEV = ' , E10. 2,5X, * ER1 = ' ,E10. 2. 5X , * ER2 = ' , E10. 2 )

4212 F0 W T(5X,'ST11',1P,/($X,10E10.8))
4213 FORMAT (5X,'ST2 ',1P,/($X,10J10.2))
4 501 FORMAT ( / / 5X , ' * * * * * DI AGNOSTIC FRINT * " * * ' ,

1 /10X,'= = FARAMETER SALUES AFTER EYSE = ==')
6001 FORMAT (//5X,'"*H DI AGNOSTIC FR1NT "** * * ,

1 /10X,'=== PARAME1ER VAL 11ES AT D'D OF 00SORC ')
) END

SUBROUTINE ENEROY (EARLY, TAIL).
! C'**"LSTIMATE ENER0T RELEASES FOR BOTH EARLY PUFF AND 1. ATE

C*"" TAIL. DATA BASE ARE TAKEN FRCti RESULTS OF STCP CALCULATIONS
C*"**FOR 'AAND CULF TC, Tal, TB2, AND tbs.
C+"**TC11: 15 MINUTE PUFF ENEROY RELEASE (BTU) FOR TC
C"* "TC12 : TOTAL ENERGY RELEASE (BTU) FOR TC
C""* EARLY : CALCULATED 15 MINUIE PUFF ENER0Y RELIME (,10ULES)
C*"* *T AIL : CALCULATED ENER0Y RELEASE AFTER 15 MINUTES (JOULES)
C'"**RLATCF C00 RECT 10N FACTOR FOR LATE CONTATNMENT FAILURE,
C**"* AND IS EQUA', TO RATIO OF TB22/TB12.
C"***SPRISC: 'ONTAINMENT SPRAY FACTOR FOR M8 EARLY AND TAIL
C*****ENERF/ RLLEASE, AND TS EQUAL TO RAT!O 'S TOS2/TER2.

PAR'AETER (MAXBD=20. MAXBIN=10000, MAX 9tiw300, MAXCAS*6,
i MAXISS=20, MAXLEV=10, MAXVAR=100, MAXVAL=12000,
2 MAXSPC=10. MAXT!H=10) 1

CC;tDN /i ASVAL/ FCOR(MAXBPC), TVES(MAXSFC) DFVPA(MAXSIC),
'

1 DFCPA(MAXSIC), FEVSE(MAXSIC), FDCH(MAXSPC).<

2 FCCI(MAXSPC), DFCAV(MnXSPC) VBPUT(MAXSPC),

3 FCONV(MAXSPC), FCONC(MAXSPC). DFSPRV(MAXSIC),

)
.
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]

!

.

6 DFSPRC(MAXSTO), FREvotHAX5It), VALISS(MAXICS),
5 FLT11. FLTIt, NSFEC, FLY, THtt, EYSE. WFAC, FTAC,

j 6 FPLBYE, FPLBYP, FPLBYD, FFLBYC, FTLFU, FTLPL,
f FTLP, TC11. TC12. TB11, TB12 TB21. TB22. TBS 1,

j
H TBS 2, TBR1, TER2, TW, 71, 72 DT1, DT2, DTCDB,
9 ELEY, PUFF

, C0 TON /BININD/ INDX(MAXBD)
* C

C

RLATCF=T222 / TB12
SI'RFAC= TBS 3 / TBR2

C*""!F CONTAINMENT DOES NOT FAIL, BYFASS CALCULATION
3 IF (INDX(6) .NE. $) TI!EN

C**"****CONIAINMENT FAILS EARLY OR LATE
CHHH**AESIGN SIMY FACTORS *

i IF (INPX(?) ,EQ. 1) THEN
SIAAYV=1.0

*

SPRAYC=1.0
ELSE IF (INDXtf) .EQ.2 ) THEN

SPRAYV*SPRFAC
SIM YC=1.0

ELtt IF (INDX(7) .EQ. 3) T!!EN
Slu YY=1.0
CIM YC=SPRFAC

ELSE IF (INDX(7) .EQ. 4) THEN
EPRAYVaSPRFAC
SPRAYC*SPRFAC

] END IF
j IF (INDX(3) .EQ. $) THEd
1 C****He****HO VESSEL BREACH

EARLY=TC11 / SIM11
TAIL =0.0

ELSE
C'**********VESSEt, BREACH

!F (INDX(1) .CE. 5) THEN
*************i*.,2 TC SEQUENCE

LARI.Y=TC11 / SPRAYV
TAIL =(TC12 TC11) / SPRAYC

ELSE IF ((!NDX(1) .EQ. 1) ,OR, (INDX(1) EQ. 3)) THEN.

Cu*** *"****uLIKE TBS /TBR SEQUENCES

],
F.ARLY=1681 / SPRAYV '

TAIL =(TBS 2-TBS 1) / STRAYC
ELSE

| c************** SLOW TRANSIENT AND SLOW 880: LIKE TB1/TB2 SEQUENCES
EARLY=TB21 / SPRAYV
TAIL =(TB22 TB21) SPRAYC*

ENDIF
IF (INDX(6) .G;. 6) THEN

C+++*********** CORRECT FOR IATE CF
TAIL = TAIL / RLATCP

ENDIF
ENDIF

ELSE "

! C+*H****NO CONTs .NMENT FAILURE
' EARLY=s.0

TAIL =0.0

j F.NDIF

j. C'**** CONVERT BTU TO JOULES
i EARLY=105$. * EARLY
|. TAIL-1055. * TAIL
'

RETURN

END

l
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i

l.isting,of CGSOR Data File'

i $ OGSch 0ATA BAtt i FEERUARY 17, 1980

| F****'*"******"*****"***"""***"""*******"**"*"""***""
'

$ LNER0Y RELEASE I ARAMETEkB BASED ON CTCP VALUES (BTU) (Mf!*2139)
1 TC11 $.4SE+7 8 1$ MIN, ENEROY IILLASE (TC)

TC12 1.44E*0 $ TCIAL ENERGY kELEASE (TC)
{i Till 1. 91EO $ 15 MIN. ENER0Y RELEAEE (721)

Tl!12 1.9$F+7 8 TOTAL ENERGY RELEASE (TF1)'

! Tis 21 1.9EE+7 8 It., 'UN. ENEROY RELEASE (TE2)
j TE22 4.07E47 $ TOTAL ENERGY RELEAtt (TB2)
4 TES1 S.10E+$ $ 15 MIN, ENERGY LELEASE (TBS)
j TES2 2.bOE+7 8 TOTAL ENE!!OY RELLASE (TBS)

TER1 3.$7E+6 815 MIN. ENER0Y l' LEASE (TER)J.

! TIA2 $.4$E+0 $ TOTAL ENER0Y RELEASE (TER)

i $ WARNING TIME (B) CORE DAMADE (2 FT ABOVE BOTTOM OF ACTIVE FUEL)
"

TWD(1) 3000. C FACT ETATION BLACKOUT
TWO(2) 43200. 8 BLOW STATION BLACKOUT
TWD(3) 26600. 8 $1DW TC
S CONTAINMENT FAILURE TIME OR FIRST RELEASE TIME ?$)

i T10(1) $200. 8 FAST SEQUENCES, CF BEFO%E VB

J T10(2) 12060. 8 FAST SEQUENCES, CF AT VD
T10(3) $0400. 8 FAST SEQUENCES, CF LATE OR NO CF

|

J T10 (4 ) 46600. 2 SLOW Sho, CF BEFORE VB
T10($) $4000. $ SLOW $B0 CF AT YE
T10(6) 72000. C SLOW Sho, CF LATE OR NO CF
T10(7) 32400. P BLOW TC, CF BEF0kE VB
T10(6) 36000. 8 SLOW TC, CF AT VD

,

| 710(0) 72000, 8 BLOW TC, CF LATE OR NO CF
. $ REIIASE DURATION FOR FIRST RELEASE (6)
i DT10(1) 4680. $ CF RUFTURE, VENTING OR LEAK BEFCFLE VD
i DT10ft) 160. 8 CF RUPTURE AT VB OR LATE, SUBC00 LED
'

DT10(3) 900. 8 CF RUPTURE AT VB OR LATE, SATURATED
DT10(4) 7200, 8 LEAK
8 RELEASE DURATION FOR Sit 0ND RELEASE (S)
DT20(1) 3600. S CF RUPTURE BEFORE VB AND DCl! OR EVSE AT VD
DT20(2) 14400. 8 CF RUFTURE AT VB OR LATE
DT20(3) 21600. S CF LF.AK
$ DELAY TIME FOR SECOND RELEASE (6) FOR TEMPORARY C00LABLE DEERIS BED
DTCDB 10800..

$ FIRST RELEA$E (FUFF) FRACTION FOR LATE CONTAINMENT FAILURE
FUFF0(1) 0.90 $ LATE CONTAINMENT FAILURE
FUFF0(2) 0.$0 $ LATE LEAK OR NO CONIAINMENT TAILURE
$ RELEASE ELEVATION (M)
ELEV 32.
g eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee............................. ...
$ FPLBYO IT. ACTION OF FOOL BYFASS flAS filREE CASES
FFLBYO(1) 0.0$64 1.32 1.E+06
8 DRY CAVITY AND CONTAINMENT TAILURE CASES DERIVED FROM BMI 2130 00 STCP CALC
$ IF CAVITY 16 WET, DIVIDED BY WFAC
9 IF LATE CF, MULTIPLIED BY FFAO
$ BTLAMING CORRECTION FACTOR FOR FPLBYO IF CAVITY 78 NOT DRY
hTAC 3,1

$ ITIS $URE C0kkECTION FACTOR FOR FFLEY0 TF LATE CONTAINMENT FAILUIE

j FFAC 3.9
6 SFLIT FRACTIDH EETWEEN TAIL FIFE VACUUM BREAKER OPENING AND T+QLENCHER

,

$ 1110!! FRESSURE SEQUENCES
l'TLFil 0.39
C LOW FRESSURE SEQUENCES
FTLPL 1.0
geeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee****u e.............eeeeeee. ,

8 FHFE: FRACTION OF CORE FARTICITATING IN DCH OR STEAM EXPLOSION
C Tic CASESi (1) !!!011 (2) LOW
THTE0(1) 0.4 0.1
g .....................eeeeeeeeeeeeeeeeeeeee ****eeeeeeeeeeeeeeeeeeeeeene
8 EYSE: FRACTION OF CORE FARTICIFATING IN EX-VF.SSEL STEAM EXFLOSION

!

i
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1

DTE0(1) 0.2 0.05
, ..................eeeeeeeeeeeeee........................................
$ FUFF RELEASE AT YESSEL BREACH: ONE SET FOR ALL n USE 00 TB1/TB2
\TFUF0(1.1) 7.55E-$ $.92E-S 6.83E S S.30E 5 1.67E 7 2.31E-10 7.64E 12

0.0 S.63E 6
; 3 ......................................................................

6 THE FOLLOWING DATA BLOCKS WHICH 11 AVE VARIABLES ENDING WITH *0",

$ ARE TAKEN FkoM MEDIAN VALLTS FROM EXFERT OFINION VALUES FOk CRAND OULF
$ UNLESS OTHERW!EE NOTED.
C (1) FIRST DIMENSION IS CHEMICAL SPECIES
$ (2) SECOND DIMENSION 18 CASE
g ..................................eeeeeeeeeeeeeeeeeeeeeeeeeeeeee....
4 HUMBER OF CHEMICAL SITCIES (NO, 1, CS, TE, SR, RU, LA, CE, BA)
NSFEC 9
t **********************************************************************
$ ICORD s IN* VESSEL MLEASE TRACTION FRW CORE TO RFV AtmS.
$ BWR CASE lt HIO!! ER OX1DAT10N
FCOR0(1,1) .9 74 ,59 .15 6.4E 3 4.st 3 1.0E 4 1.SE 4 6.6E-3
$ BWR CASE 2: LOW ER OX1DATION
FCokO(1,2) .90 .69 .50 .14 4.00 4 2.0E 3 1.0E 4' 1.$E 4 6.$E 3

I $ BWR CASE 2: LOW ER OXIDATION
g ......................................................................e

$ NTS0: FRACTION OF RADIONUCLIDE LEAVING VESSEL CU!RNO IN+ VESSEL
$ RELEASE PHASE

' 8 N ES BWR CASE lt TBUX (FAST, HIGH FRESSURE)

FVE80(1.1) 1. .006 .033 .033 .0?3 .033 .033 .033 .033
$ FVES DWR CASE 2: TBU (FAST, LOW PRESSURE)
MTS0(1,2) 1. 41 .30 .27 .26 .26 .26 .26 .26
$ TVES BWR CASE St TCUX (SLOW, H108 PRESSURE, CRD)

MT50(1.3 ) 1. .28 .2S .10 .076 .078 .978 .076 .078
3 eeeeeeeeeeeeeeeeeeeeeeeeeeee...eeeeeeeeeeeeeee....eeeeeeeeeeeeeeeeeeeeeeeee
$ FCCIO: RELEASE FRACTIONS FROM H3LTEN CORE CONCRETE INTERACTION
$ FCCI DWR CASE 1: LOW ER CONTENTS AND WY CAVITY
FCCIO(1,1) 1. 1. 1. .66 .0$2 S.EE 9 2.2E 3 2.9E 3 .061
$ FCCI BWR CASE 2: LOW ER CONTENTS AND WATER OVER DEBkIS
FCCIO(1,2) 1. 1. 1. .64 .036 1.7E-9 2.1E 3 2.$t 3 .032
$ FCCI BWR CASE 3: HIGH ER CONTENTS AND DRY CAVITY
FCCID(1.3) 1, 1. 1. .67 .052 S.6E 9 2.2E-3 2.0E 3 .061
8 FCCI BWR CASE 4: LIGH ER CONTENTS AND HATER OVER DEDRIS
FCC10(1.4) 1. 1. 1. .64 .036 1.7E 9 1.1E 3 2.SE 3 .032
geeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee ***eeeee***ee
$ FDCH: DIRECT CONTAINMENT HEATING RELEASE
$ FDCH: BWR ONE CASE ONLYi FOR E10H PRESSURE SEQUENCES
FDCH0(1.1) 1.0 1.0 1.0 .043 .012 .020 .011 .011 ,012
g.....e**e. .......................... ee.....eeeeeeeeeeeeeeee..............

8 F"VSE: EX-VESSEL STEAM EXFLOSION RELEASE
FD 1. 1. .043 .012 .020 .011 .011 .012
g..'SE0(1,1) 1............................................................

4 FLTI12 LATE IODINE RELEASE FR W SUFFRESSION F00Lt IODINE ONLY
$ FLT!1 CASE It SUBC00 LED SUFFREES!ON FOOL
FLTIl0(1) 1.55E 3
8 FLTIl CASE 2: BATURATED SUFFRESSION ICOL

' FLTIl0(2) 4.63E 3
g. ...........................e**ee....... eeeeeeeeeeeeee, eeee........ e**ee.

$ FLT12 LATE IODINE RELEASE TR W CAVITY WATER: IODINE ONLY
$ FLTI2 CASE li WET CAVITY (LIKE TBS)
FLT120(1) .647
$ FLTI2 CASE 2r FLOODED CAVITY LIKE TC (REFLEN!EHABLE WATER SUFFLY)
FLT120(2) .435
g.......e**e.............e** .................e* ......................

$ FREV00: REVOLATILIZATION RELEASE AFTER VESSEL BREACH I,CS AND TE
$ SET ALL OTHER NUCLIDE GROUFS TO ZERO
$ BWR CASE 11 STATION BLACKOUT AND HIGH DRYWELL TEMPERATURE
FREV00(1,1) 1. .115 .051 0. C. C. 0. O. O.

8 BWR CASE 2: STATION BLACKott! AND LOW DRYWELL TIMFERATURE

J $ (NOT AFFLICABLE TO CRAND DVLF SINCE ORAND OULF CONTAINMENT SFRAY

B.2 3
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8 IS IN OUTEK CC*TAINMENT. NOT DRYWELL)
FRFVOO(1.2) 1. .114 .050 0. D. O. O. O. O.

| 8 BWR CASE 3: ATW3 !!!O!! 11 ESSURE (TCUX) AND LOW l'RESS. SYSTEMS
8 AVAILABLE Fok INJECTION AFTER VESSEL IREACH

|

MIVOO(1.3) 1. .03 .001 0. D. 0. C. O. D.

8********************************************************************** ,

8 FCONVr CONTA!! MENT RELEASE 11 ACTION BEFORE VESSEL EkEACll
8 FCONV OG CASE 1: EARLY LEAK SUBC00 LED POOL'

FCONVo(1,1) 1. .233 .233 .233 .233 .233 .233 .233 .233
$ FCONY 00 CASE 2: EARLY LEAK CATUARATED FOOL
FCONV0(1,2) 1, .245 .24S .24$ .24$ .245 .24$ .24$ .245
4 FCONY 00 CASE St EARLY RUPTURE SUBC00 LED MCt
FCONVO(1.3) 1. .639 639 .E39 .639 .639 .639 .639 .639
8 FCONY 00 CASE 4: EARLY RUPTURE SATURAiED Pf.0L
FCONVD(1,4) 1. .639 .639 .639 .639 .639 .639 .639 .639
8 FCONY 00 CASE $1 LATE LEAK
FCONv0(1,5) 1. .052 .052 052 ,0$2 .052 .0$2 .052 .052

8 FCONV 00 CASE E LATE RUPTUkE
FCONV0(1.6) 1. .064 .064 .064 .084 .064 .064 .064 .064
8 NO CONTAINMENT FAILURE CASE
FCONVo(1,7 ) 0.00$ 1.0E 6 1.0E 6 1.0E 6 1.0E 6 1.0E 6 1.0E-6 1.0E 6 1.0E-6
c.................................................................
8 FCONC: CONTAINMENT RELEASE FRACTION ATTER VESSEL EREACH
8 FCONC 00 CASE 1: EARLY LEAK SUBCOOLED 100L
FCON00(1,1) 1 .200 .260 .251 .251 .251 .2$1 .2$1 .2$1
8 FCONC 00 .*.ASE 2: EARLY LEAK SATURATED IO3L
FCOH00(1.2) 1. .25) .251 .231 .231 .231 .231' .231 .231
8 FCONC 00 CASE 3s EARLY RUFTURE SUBC00 LED POOL
FCON00(1,3) 1. .743 .743 .720 .720 .720 .720 .720 720

$ FCONC 00 CASE 4: EARLY RUFTURE SATURATED IVOL
FCONC0(1,4) 1. .719 .719 .675 .675 .675 .67$ .675 .675
8 FCONC 00 CASE $1 LATE LEAK
FCONC0(1,$) 1. .052 .052 .062 .063 .082 .063 .072 .072
8 FCONC 00 CASE 6: LATE RUPTURE
FCONC0(1,6) 1. .064 .064 .107 .094 .107 .004 .094 .004
8 NO CONTAINMENT FAILURE CASE
FCONC0(1.7) 0.005 1.CE 6 1.0E-6 1.0E-6 1.CE 6 1.0E 6 1,0E 6 1.0E 6 1.0E-6
3 ........................................................................
8 SUFFRESSION IOOL DF VALUES BASED ON VALUES FR34 DRAFT NVREG/CR 4551

*

8 EXPERT MEDIAN VALUES
S SUF11ESSION ICOL DF fnROUGH SRV T-QUENCHERS
DFVFA0(1.1) 1.0 $6. $6. 56. $6. $6. S6. 56, 56.,

| 8 SUFPRESSION POOL DF THROUoll DOWNCOMERS

| DFCFA0(1,1) 1.0 6.8 6.6 6.6 6.6 6.6 6.8 6.6 6.6
3 ..........<,............................; ...** ........................

8 CONTAINMENT SPRAYS DF BASED ON VALUES FROM DRAFT NURE0/CR-4551
DFSFEV0(1,1) 1.0 11, 11. 11. 11. 11. 11. 11, 11.
DFSPRC0(1,1) 1.0 17, 17. 17, 17, 17, 17. 17. 17.
g ............................................................s..........

8 CAVITY WATER DF VALUIS BASED ON VALUES FROM DRAFT NORE0/CR-4551
C EXPERT MEDIAN VALUES
8 CASE 1: WET CAVITY LIKE GRAND OULF TBS CASE
DFCAVO(1,1) 1.0 4.4 4.4 4.4 ..e 4.4 4.4 4.4 4.4
8 CASE 2: FLOODED CAVITY LIKE GRAND OULF TC CASE
DFCAV0(1.2) 1.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0
g .................................................................

8=========-==== = = = = = = = = = = = = = = = = =

3 .................................................................i

I 8 ORAND OULF LATIN HYFERCUBE SAMPLE INTERICLATION DATA BASE

| 8 ALL VARIABLE ARRAYS END WITH "L" TO REPRESENT LHS VARIABLES
8 STANDARD ARRAYS HAVE THREE DIMENSIONSt
8 FIRST DIMENSION = RADIONUCLIDE GROUF 1 THROUGH 9
8 SECOND DIMENSION = CUMULATIVE FROBABILITY FOINTS
8 THIRD DIMENSION = DIITEkENT CASES
S NINE NUCLIDE GROUPS GOING ACROSS: NO,1.CS,TE,SR,RU,LA.CE,BA

8 NINE CUM'JLATIVE PROBABILITY ICINTS 001NO DOWN:
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0 0. 0.01.0.05.0.25,0.5.0.76.0.95.0.99,1.0
FRSLEV 0.0 0.01 0.0$ 0.25 0.50 0.75 0.95 0.99 1.00
$ EACli CASE CohSISTS OF A BLOCK OF DAIA 0F 9 BY 9
3 ..................................ee...................ee

$ FCORL : IN-VESSEL RELEASE FRACTION FRO 4 CORE TO RFV ATKt3.
8 BWR CASE 1r HIGH ER OX1DATION

*

FCOI1(1,1,1) .0$ .03 .02 0. C. D. 0. C. D.

FCopt(1,1,1) .073 .069 ,033 3.0E 3 3.0E-$ 0. D. O. 2.2E 4
FCORL(1,3,1) .17 .13 .07 .018 2.$1 4 0. D. D. 1.2E 3
FCORL(1,4,1) .56 .34 .26 .071 2.1b3 $,0b$ 2.0E S 2.CE $ 4.2E 3
FCORL(1,$,1) .9 74 .$9 .1$ 6.4E 3 4.6b 3 1.0E 4 1 $E 4 8.6b 3
FCORL(1,6,1) L .96 .69 .59 .018 .02 1.2D 3 3.0P 3 .03
FCORL(1,7,1) 1. 1. 1. .91 .$2 .081 .021 .085 .52
FCORL(1,8,1) 1. 1. 1. .99 1. .14 .1 .51 1.
FCORL(1,9,1) 1. 1, 1. 1. 1. .27 .11 1, 1.

6 BWR CASE 2: LOW ER OXIDATION
FCORL(1,1,2) .02 6.0E 3 $.0D 3 0. 0 0. C. O. O.

, FCORL(1,2,2) .033 6.6E-3 $.8E 3 2.9D 3 3.v e $ 0. C. D. 1. lb e
i

| FCORL(1,3,2) .064 0.2E*3 9.0P 3 7.3E 3 1.5D 4 0. D. O. 2.2E 4
FCCRL(1,4,2) .41 .16 ,088 .049 7.6b e 5.0E S 2.0b 5 2.0b $ 1.7b3
FCORL(1,$,2) .90 .69 .59 .14 4.0E 3 2.0D3 1JE*4 1.$U4 6.tt 3
FCORL(1,6,2) 1. .91 .83 46 .013 .012 6 $b4 2.$b3 .027'

FCORL(1,7,2) 1. 1. 1. 489 .$2 .0$8 .b21 .085 .$2
3| FCORL(1,8,2) 1. 1. 1. .98 1 .14 .10 .61 1.

FCORL(1. 9,2 ) 1. 1. 1. 1. 1. .27 .11 - 1. 1.
g..........e6......................................................

8 FYESLt FRACTION OF RADIONUCLIDE LEAVINO VESSEL DURING IN VESSEL
8 RELEASE l' RASE

8 FVESL BWR CASE 1: TBUX (FAST, HIGH PRESSURE)
!

M SL(1,1,1) 1. O, 0. 6. O. 0 O. D. 0.
FVESL(1,2,1) 1. 2.CP$ 2.0b$ 1.CE $ 1.00510PS 1.0b81.CE $ 1.0E-$
FVESL( 1,3,1) 1. 8.0P 5 8.0E*$ S.CP S $,0E-S 5.0 D 5 S.0U S $ 0F S 5.0E $
M SL(1,4,1) 1. 9.6D 3 S.1D 3 1.9D 3 1.9b 3 1.0E-3 1.9P 3 1.9D 3 1.9D 3
FVESL(1,$,1) 1. .066 .033 4033 .033 .033 .033 .033 . 033 -
TVESL(1,6,1) 1. .33 .32 .31 .25 .2$ .25 .2$ .25
FVESL(1,7,1) 1. .79 .79 .78 .77 77 .77 .77 .77
FVESL(1,8,1) 1. .96 .96 96 .95 .95 95 .95 .95
TVESL(1.9,1) 1. 1. 1. 1. 1. 1. 1.. 1.
8 FVESL BWR CASE 2 T8U (FA&T, L d FRESSURE) ,

TVESL(1,1,2) 1, D. D. O. O. D. O. O. O.
,

| M SL(1,2,2) 1. 5.9b 3 3.3 D 3 3.3 b 3 3.3P 3 3.3 b 3 3.3 b 3 3.3 0 3 3.3E-3
| M SL(1,3.2) 1. .041 .023 .023 .023 '.023 .023 .023- .023
' FVESL(1,4.2) 1. .23 .14 .14 .13 .13 .13 .13- .13

M SL(1,$,2) 1. .41 .30 .27 ,26 .26 .26 .26 .26
FVESL(1,6,2) 1. .63 .60 .59 .58 .56 .$8 .58 .58

. FYESL(1,7,2) 1. .99 .99 99 .99 .99 99 .99 .99
! M SL(1,8,2) 1. 1. 1. 1. 1. 1. 1. 1. 1.

TVESL(1,9,2) 1. 1. 1. 1. 1. 1. 1. 1. 1.
8 M SL BWR CASE 3: TCUX (SICW, HIGH FRESSURE, CRD)

(
FVESL(1,1,3) 1. O. 1,0P $ 0. O. C. O. O. - C.

i - TVESL(1,2,3) 1. 8.0b 5 0.0E-5 2.0P S 2.0b 5 2.0U 5 2.0 P S 2.0 P S 2,CD 5
FVESL(1,3,3) 1. .018 7.6E 3 1,0P4 1.0D4 1.0b e 1.0E+4 1.0E-4 1.0b 4
FYESL(1,4.3) 1. .089 .0$2 4.9E 3 4.8P 3 4.6b 3 4.8D 3 4.6E 3 4.8P 3

(

|
M SL(1,$,3) 1. .28 .25 .10 .076 .078 .078 .076 .078 -
TVESL(1,6.3) 1. 75 .63 .39 .29 .29 .29 .29 .20>

| FVESL(1,7,3) 1. .95 .9 7 .7 .7 7 7 .74

FYESL(1,8,5) 1. .99 ,99 .68' .88 .68 .66 .88 .88
FVESL(1.9,3) 1. 1. 1. .98 .98 .96 .98 .98 .98
g.........................................ee..........eeeeeeeee.....

8 FCCILr RELEASE FRACTIONS FROH FDLTEN CORE CONCRETE INTERACTION
$ FCCI OG CASE 1: LOW ER CONTENTS AND DRY CAVITY
F%IL(1,1,1) 1. 1. 1. 4.4E 3 0, 1.0 b 9 0. O. 3.0E-5

i

j FCCIL(1,2,1) 1. 1. 1. .012 5.0 P 5 1.0E-9 0. D. 1.2D 4
j. -FCCIL(1,3,1) 1. 1. 1. .069 3.1 P 4 1.2E-9 1.0b ! 3.0E $ 4.9E-4 i

l
l FCCIL(1.4.1) 1. 1. 1. .32 2.6E 3 2.4b 9 2.1 P4 3.2E-4 3.2b 3

FCCIL(1,$,1) .1. 1. 1. .66 .052 5.6P 9 2.2E-3 2,9b 3 .061

a
!
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FCCIL(1,6,1) 1. 1, 1. .76 ,02 S.CE 6 .013 .070 45

FCCIL(1.7.1) 1. 1. 1 .94 .9$ 7.3E 3 .006 .016 .68

F.CIL(1,6,1) 1. 1. 1. .99 .99 9.7E*2 .1 .2 .98

FCCIL(1.9,1) 1. 1. 1. 1. 1. .25 .1 .2 1.

6 FCCI 00 CASE 2: LOW ER CONTENTS AND WET CAVITY
FCCIL(1,1,2) 1. 1. 1, 1.2E 3 0. 1.0E*9 0. C. 1.0E $

j FCCIL(1,2,2) 1. 1. 1. 4.tt 3 2.0E $ 1.0E*9 0. C. 8.0E $

FCCIL(1,3,2) 1. 1. 1. .032 2.7E 6 1.1E 9 0. 1.0E 5 3.6E 4
FCCIL(1,4.2) 1. 1. 1. .26 2.0E 3 1.3E 9 1.9E-4 2.0E 6 2.3E 3
FCCIL(1,S,2) 1. 1. 1. .64 .036 1.7E 9 2.1E 3 2.$E-3 .032
FCCIL(1,6,2) 1. 1. 1. .74 .$9 1.0E-6 .012 .02 41

FCCIL(1,7,2) 1. 1, 1. .93 .94 2.$t 3 .084 .17 .67

FCCIL(1,8,2) 1. 1, 1. .99 .99 $.8E*2 .099 .2 .96

: FCCIL(1,9,2) 1. 1. 1. 1. 1. 1$ .1 .2 1.

1 8 FCCI 00 CASE 3: HIGH ER CONTENTS AND DRY CAVITY
FCCIL(1,2,3) 1, 1. 1. 4.4E 3 0. 1.0E 9 4. O. 3.0E-5

FCCIL(1,2,3) 1. 1, 1. .012 5.0E 5 1.0E 9 0. C. 1.2E 4

FCCIL(1,3,3) 1. 1. 1. .069 3.1E-4 1.2E 9 1.0E*$ 3.0E 5 4.9E-4
FCCIL(1,4,3) 1. 1. 1. 40 2.6E 3 2.4E-9 2.1E 4 3.2E 4 3.2E 3
FCCIL(1,$,3) 1. 1. 1. .67 .052 S.6E-9 2.2E 3 2.QE-3 .061
FCCIL(1,6,3) 1. 1, 1. 79 .65 S.0E 6 .02 .031 .51

FOCIL(1,7,3) 1. 1. 1. .96 .97 7,3E 3 .11 .16 .9
FCCIL(1,6,3) 1. 1. 1. .99 1. 9,7E 2 .15 .2 .98

FCCIL(1,9,3) 1. 1. 1. 1. ' 1. .25 .16 .2 1,

8 FCCI 00 CASE 4: HIGH ER CONTENTS AND WATER OVER DEBRIS
FCCIL(1.1.4) 1. 1. 1. 1.2E 3 0, 1.0E 9 0, 0, 1.0E $
FCCIL(1,2,4) 1, 1. 1. 4.8L*3 2,0E-$ 1.0E 9 0. D. 6.0E $
FCCIL(1,3,4 ) 1. 1. 1. .032 2.7E 4 1.1E 9 0. 1.0E $ 3.6E 4
FCCIL(1,4,4) 1. 1 1. .26 2.0E 9 1.3E 9 1.9E 4 2.6E*4 2.3E 3
FCCIL(1,$.4) 1. 1. 1. .64 .036 1.7E-9 2.1E*3 2.5E*3 .032
FCCIL(1,6,4) 1. 1. 1. .74 .$9 1.0E 6 .012 .02 41

FCCIL(1.7,4) 1. 1. 1. .93 .94 2.5E-3 .084 .17 .87
FCCIL(1,6,4) 1. 1. 1. .99 .99 $.8E 2 .099 .2 496

1. 1. 1. 1, 1. .15 - .2 1.
g . ....eeeeee***eeeeeeeeeeeeeee....................... 41FCC.IL(l,9,4) .................

8 FDCH: BWR ONE CASE ONLY: FOR HIGH FRESSURE SEQUENCES
$ FIERT DIMENSION * RADIONUCLIDE GROUF
$ SECOND DIMENSION = PROBABILITY FOINTS
FDCHL(1,1,1) 1. .063 .063 0. 0, 0. O. O. D.

FDCHL(1.2,1) 1. .15 .15 0. O. O. O. D. D.

FDCKL(1,3,1) 1. .50 .50 .001 .001 .001 .001 001 .001
VtCHL(1,4,1) 1. 1. 1. .006 .002 007 .002 .002 .004
FDCHL(1,$,1) 1, 1, 1. .043 .012 .020 .011 .011 .012
FDCHL(1,6,1) 1. 1. 1. .500 .030 063 .040 .040 .067
FDCHL(1,7,1) 1. 1, 1. .975 .751 .700 .067 .087 .663
FDCHL(1,8,1) 1, 1. 1. 1. .980 .900 .200 .260 .960
FDCHL(1,9,1) 1. 1, 1. 1. 1. .950 .230 .330 1.
g.........e...................................e***eeeeeeeee...ee** .........

8 FEVEE: EX-VESSEL STEAM EXFLOSION RELEASE
TEYSEL(1,1,1) 1. .063 .063 0. O. O. O. O. O.

FEVSEL(1,2,1) 1. .1$ .15 0. -0, 0. 0. O. O.

FEVSEL(1,3.1) 1. .50 .b0 001 .001 .001 .001 001 ,001

FEYSEL(1,4,1) 1. 1. 1. .006 .002 .007 .002 .002 004

FEYSEL(1.5,1) 1, 1, 3. .043 .012 020 .011 .011 .012
FEYSEL(1.6,1) 1. 1. 1. .600 .030 .063 .040 .040 .067
FIVSEL(1,7,1) 1, 1. 1. .975 .7$1 .700 .067 .087 .663
FEVSEL(1,8,1) 1. 1. 1. 1. .960 .900 .200 .260 .960
FEVSEL(1,9,1) 1. 1, 1. 1. 1. .950 .230 .330 1.
see..............****ee...e***ee.......e**ee.....................e**ee.......
$ FLTIlt 1. ATE IODINE RLLEASE FROM SUFFRESSION FOOL: IODINE ONLY
$ THEREFORE, PROBABILITY 00!NO ACROSS

$ FIRST PIMENSION * FROBABILITY FOINTS
$ SECOND DIMENSION = CASES

$ FLTIl CASE 1: SUBC00 LED SUFFRESSION FOOL
<

FLTI1L(1.1) 0. O. O. 5,00E-4 1.$5E*3 .0276 .085 .097 .10 |
8 FLTIl CASE 2 SATURATED SUFFRESSION FOOL

i

|
4

|
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FLT11L(1,2) 0. 1.E-6 4.06E-5 9.36E-4 4.63E-3 .173 .750 .0J 1.
g........................................................................ 3...

8 FLTI2: LATE IODINE RELEASE FROM CAYITY WATER: IODINE ONLY
$ FLTI2 CASE 1: BET CAV17Y (LIKE TB8)
FLTI2L(1,1) .060 .309 .153 .36$ .647 .957 1. 1. 1.
8 FLT12 CASE 2: FLOODED CAYITY LIKE TC (RtFLENISHABLE WATER SUFFLY)
FLTI2L(1,2) .004 404 .300 .247 435 .670 .936 .98$ 1.
g..........................................................................

8 FRFVOL krYOLATILIZATION KELEASE AFTER VES$EL EREACDs 1,CS AND TE

$ EET ALL OTHER NUCLIDE CROUTS TO ZERO
$ BWR CAEE lt STATION BLACKOUT AND HIGH DRYWELL TEHFERATURE

1 IREVOLtl.1,1) 1. C. D. D. O. C. O. D. .O.
rREVOL(1,2,1) 1. O. O. O. D. D. O. D. -D.
FREVOL(1,3,1) 1. O. O. D. O. O. D. C. D.

FREVOL(1,4,1) 1. .03 .001 0. 04 0. C. D. D.

FkrVOL(1,$,1) 1. .11$ .051 0. D. D. D. O. O.

FREVOL(1,6,1) 1. .306 .132 .024 0. D. O. O. O.

TRrYOL(1,7,1) 1. .S$7 .264 .224 0. C. D. C. D.

FREVOL(1,8,1) 1. .600 .535 .413 0. O. D. D. O.

FREVOL(1.0,1) 1. 1. .7$0 .600 0. O. D. D. O.

8 PWR CASE 2: STATION BLACKOUT AND LOW DRYWELL TDiFERATURE
C (NOT AFFLICABLE TO ORAND OULF SINCE GRAND OULF CONTAINMENT STRAY
S 18 IN OUTER CONTAINMENT, NOT DRYWELL)
FREv0L(1,1,2) 1. O. O. D. O. D. O. D. D.

FREVOL(1,2,2) 1. O. C. D. C. D. D. O. 0.
FREVOL(1,3,2) 1. O. C. O. C. C. D. O. O,

ITIVOL(1,4,2) 1. .03 .001 0. C. O. 0, 0. D.
FREVOL(1,$,2) 1. .114 .0$0 C. O. D. O. O. O.

rkrVOL(1,6,2) 1. .261 .122 .024 0, 0. C. O. O.

rRTVOL(1,7,2) 1. 466 .236 .200 0. O. O. D. O.

FREVOL(1,8,2) 1. .600 436 413 C. O, 0. D. - 0.
FREVOL(1,9,2) 1. 1. -.7$0 ,600 0. O. O. D. O.

8 BWR CASE St ATWS HIGH FRESSURE (TCUX) AND LOW FRESS. SYSTEMS
,

8 AVAILABLE FOR INJECTION AFTER YESSEL BREACH
FREVOL(1,1,3) 1. O. 0, 0. O. 0. D. O. 0.
FREVOL(1,2.0) 1 O. C. C. O. O. C. C. D.
FKrVOL(1,3,3) 1. C. D. O. 0. D. O. O. C.
FREVOL(1,4,3) 1. D. O. D. O. C. O. 0. D.
FREVOL(1,$,3) 1. .03 .001 0. O. O. O, 0, 0.
FREVOL(1,6,3) 1. .117 .061 .024 ?. C. O. O. 0.
FREVOL(1,7,3) 1. 439 .200 .209 0. O. O. D. O.
FREVOL(1,0.3) 1. .600 .267 413 0, 0. D. O. O.
FREVOL(1,0.3 ) 1. 1.00 .7$0 .600 0. D. O. O. 0,
3........................................................................
6 FCONV: CONTAINMENT RELEASE FRACTION BEFORE YESSEL BREACH: ALL NINE OROUP8
8 FCONVL 00 CASE 11 EARLY LEAK, SUBCO3 LED FOOL
FCONYL(1,1,1) 1. .001 .001 .001 .001 .001 .001 .001' 001
FCONVL(1,2,1) 1. .003 .003 .003 .003 .003 .003 .003 .003
FCONVL(1,3,1) 1. .012 .012 .012 .012 .012 .012 1012 .012
FCodVL(1,4,1) 1. .117 .117 .117 .117 .117 .117 .117 .117
FCONVL(1,$,1) 1, .233 .233 .233 .233 ,233 .233 .233 .233
FCONVL(1,6,1) 1. 417 417 417 417 .417 .417 417 417
FCONVL(1,7,1) 1. .676 .676 .676 .676 .676 .676 .676 .676
FCONVL(1,8,1) 1. .764 764 ,764 .764 .764 .764 .764 .764
FCONVL(1.0,1) 1. .949 .949 .949 .949 .949 .949 .949 .949
8 FCONVL 00 CASE 2: EARLY LEAK, SATURATED FCCL
FCONVL(1,1,2) 1. .002 .002. 002 .002 .002 .002 .002 .002
FCONVL(1,2,2) .1. .006 .006 .006 .006 .006 .006 .006 .006
F00NVL(1,3.2) 1. .030 .030 .030' .030 .030 .030 .030 .030 .i

FCONVL(1,4,2) 1. .151 .151 .151 .1$1 .151 .151 .151 .151
.FCONVL(1,$,2) 1. .245 .245 .245 .245 .24$ .245 .245 .245
FCONVL(1,6.2) 1. 447 447 447. 447 447 447 447 447 j

FCONYL(1,7,2) 1. .695 .695 .60$ .695 .695 .695 .69$ .695
'

|FCONVL(1,8,2) 1. .792 .792 792 .792 792 .792 .792 .792
FCONVL(1,9,2) 1. .9$3 .953 .9$3 .953 .cS3 .953 .953 .953
$ FCONVL 00 CASE 3: EARLY RUFTrdt. SUBOOOLED 1901 -

:
i

|
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{ ICONVL(1.1.3) 1. .021 .021 .021 .021 .021 .021 .021 .021
F00KVL(1.2.3) 1. .000 000 .090 .090 .000 .000 ,000 .090

! FCONVL(1. 3.3 ) 1. .197 .197 .197 ,197 .497 .107 .197 .197

) FCORVL(1.4.3) 1. 437 437 437 437 437 437 ,637 437

FC0KYL(1.S 3) 1. .639 .639 .639 .639 .639 .639 .639 .639
FC0KVL(1.6,3) 1. .700 790 770 .770 .770 .770 .770 770

FC0FVL(1,7,3) 1. .91$ .91$ .t02 .692 .692 .892 .692 .692 .

; FCONVL(1,0.8) 1. .966 .966 .966 .966 .966 .966 .966 .966
I FCONVL(1,9,3) 1. .996 .996 .996 .996 .996 .996 .996 .996

$ FCONVL 00 CASE 41 1.ARLY RUI'TUIt, CATURATED F03L=

FCORYL(1,1,4) 1. .021 .021 .021 .021 .021 .021 .021 .021
F00kVL(1,2.4) 1. ,090 .000 .090 .000 .000 .000 .090 .090
FCONVL(1,3.4) 1. .197 .197 .197 .197 ,197 .197 .197 .197
FCONVL(1,4,4) 1. 437 437 .437 437 437 437 437 437
FCONVL(1, $ ,4 ) 1. .639 .639 .639 .639 .639 .639 .639 .639
FCOVVL(1,6.4) 1. .700 .790 .770 .770 770 770 770 e770
FCONVL(1,7,4)- 1. .915 .915 .692 492 .692 .692- ,892 .692

FC0KVL(1,6,4) 1. 966 .966 .966 .966 .966 966 .966 .966
FCONYL(1,0.4) 1. .996 .996 .996 .996 .996 .996 .996 .996
8 FCONVL 00 CAEE St LATE LEAE
F00RYL(1,1.$) 1. O. C. D. C. D. D. C. O.

FC0FYL(1,2,5) 1. O. O. C. D. D. 0 .- 0. D.
1

FCONVL(1,3,$) 1. .001 .001 .001 .001 .001 .001 .001 .001
FCONVL(1.4.5) 1. .006 .006 .006 .006 .000 .006 .006 .000
FC0KYL(1,S,$) 1. ,0$2 .0$2 .0$2 .052 .0$2 .052 .052 .052
FC0KVL(1,6,5) 1. .326 .128 .126 .120 .128 .128 .126 .126I

FCOKYL(1,7,$) 1. .330 330 .330 .330 .330 .330 .330 .330
FC0KVL(1,6,5) 1. .510 .510 .510 .510 .510 .510 .510 .510
FC0KVL(1,9,5) 1. .814 ,tle .814 .814 .614 .814 .814 .614

8 FCONVL 00 CASE 6: LATE RUPTURE
FCONVL(1,1.6) 1, C. O. C. D. O. D. C. O.

FCONVL(1,2.6) 1. O. O. O. O. D. D. D. O.

FCONVL(1,3,6) 1. .002 .002 .002 .002 .002 .002 .002 .002
i FC0KVL(1,4.6) 1. .017 .017 .017 .017 .017 .017 .017 .017
; FC0FVL(1,$.6) 1. .084 .064 .064 .064 .064 .064 .064 .064

FCONVL(1,6.6) 1. .166 .166 .166 .186 .166 .186 .166 .186
FC0KVL(1,7,6) 1. .338 .336 .338 .338 .336 .336 .338 .336
FC0KVL(1.6,6) 1. .540 .540 .540 .540 .$40 .540 .540 .540
FC0KYt(1.9.6) 1. .969 .969 .969 .969 .969 .969 .969 .069
$ ?CONVLt NO CONTAINMENT TAILURE CASE
F00KVL(0.1,7) 0.00$ .0E 61.0E 6 3.0E 61.0E 61.0E 61.0E-61.0E 61.0E 6
ICONVL(1,2,7) 0.00! 1.0E 6 1.0E 6 1.0E 6 1.0E-6 1.0E 6 1.0E-6 1.0E-6 1.0E 6
FC0FVL(1,3,7) s.?ot 1.0E 6 1.CE 6 1.0E-6 1.0E 6 1.0E-6 1.CE 6 1.0E 6 1.0E 6
FC0KVL(1,4,7) 0.005 1.0E 6 1.0E-6 1.0E 6 1.0E 6 1.0E 6 1,0E 6 1.0E-6 1,0E-6
FCORVL(1,$,7) 0.00$ 1.0E 6 1.CE 6 1.0E 6 1.0E 6 1.0E*6 1.0E 6 1.CE 6 1.0E-6

,

FCONVL(1,6,7) 0.00$ 1.0E 6 1.0E 6 1.0E 6 1.0E 6 1.0E 6 1.0E 6 1.0E 6 1.0E 6
i FCONVL(1,7,7) 0.005 1.CE 6 1.0E 6 1.0E 6 1.0E 6 1.0E 6 1.0E 6 1.0E 6 1.0E 6

FCONVL(1,6,7) 0.00$ 1.0E 6 1.0E-6 1.0E*6 1.0E 6 1.CE 6 1.0E-6 1,0E+6 1.0E 6
FC0KVL(1,9,7) 0.00$ 1.0E*6 1.0E 6 1.0E+6 1.CE 6 1.0E 6 1.0E*6 1.0E 6 1,0E-6
$*************************************************************************
$ FCONC: CONTAINMENT RELEA$E FRACTION AFTER VESSEL BREACHt ALL HINE GPAUPS
S FCONC 00 CASE 1: EARLY LEAK, BUBC00 LED ICOL

! FCONCL(1,1,1) 1. .001 .001 ,001 .001 001 .001 .001 .001
FCONCL(1,2,1) 1. .303 .003 .003 .003 .003 .003 .003 .003
FCONCL(1,3,1) 1. .012 .012 .012 .012 .012 .012 .012 .012

,

FCONCL(1,4.1) 1.' .115 .115 .088 .066 .C66 .068 .066 .068
FCONCL(1,$,1) 1, .260 .200 .251 .251 .251 .251 .251 .251
ICONCL(1.6,1) 1. 461 461 .428 428 426 426. 426 428-
FCONCL(1,7,1) 1. .672 .672 .672 .672 .672 .672 .672 .672
FCONCL(1,8,1) 1. ,779 .779 .779 .779 ,779 .779 .779 .779
FCONCL(1,0.1) 1. .676 .676 .676 .876 .676 .676 .676 .676
8 FCONC OG CASE 2: EARLY LEAE, EATURATED 100L

FCONCL(1.1.2) 1. .002 .002 ,002 .002 .002 .002 .002 .002
FCONCL(1,2.2) 1. .006 .006' .006 .006 .008 ;008 .006 .000

FCONCL(1.3.2) 1. .030 .030 .024 .024 .024 .024 .024 .024
FCONCL(1,4,2)- 1.= .141 .141 .115 .115 .115 .315 .115 .115

.

-
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FCONCL(1,$,2) 1, ,2$1 ,2$1 .231 .231 .231 .231 .231 .231'

FCONCL(1,6,2) 1. 449 ,449 %05 40$ 405 40$ 40$ .40$
FOONCL(1.7,2) 1. .689 .689 .669 .689 .689 .689 .689 .689
FOONCL(1,8,2) 1. .789 .789 .769 789 789 789 789 789
FCONCL(1,9,2) 1. .892 .892 .892 .892 .892 .P92 .892 .892

1 C FCONC 00 CASE 3: LARLY RUFTURE, SUDCOOLED ICC,
FCONCL(1,1,3 ) 1. .038 .038 .015 .01$ .01$ .015 .015 .015
FCONCL(1,2,3) 1. .148 .148 .054 .0$4 .0$4 .054 .0$4 .0$4

) FCONCL(1,3.3 ) 1. .218 .218 .169 .169 .169 .169 .169 .169
'

FCONCL(1,4,3) 1. .512 .512 4$1 .451 451 451 .4$1 451

FCONCL(1,$,3) 1. .743 .743 .720 .720 720 .720 .720 .720
FCONCL(1,6,3) 1. .882 .662 .855 .8$$ .85$ .85$ .45$ .855
FCONCL(1,7,3) 1. .98$ .985 .985 .985 .985 .985 .98$ .985
FCONCL(1,$,3) 1, . 990 .990 .990 .990 990 .990 .000 ,900

FCONCL(1,9,3) 1, 1. 1. 1, 1. 1. 1. 1, 1.
8 FCONC 00 CASE 4: EARLY RUFTURE, SATURATED FOOL

FCONCL(1,1,4) 1. .038 .036 .013 .013 .013 .013 .013 .013
FCONCLtl.2,4) 1. .148 .148 .042 ,042 .042 .042 .042 .042 .

FOONCL(1,3,4) 1. .218 .218 ,1$3 .1$3 .153 ,1$3 .1$3 .1$3

; FCONCL(1,4,4) 1. 491 491 435 435 .435 43$ .43$ 43$

FCONCL(1,$,4) 1. .719 719 .673 .E73 .67$ .675 .675 .675 ,

FCONCL(1,6,4) 1. .889 .8$9 .626 .828 .626 ,828 .626 .626
FCONCL(1,7,4) 1. .940 .940 .936 .936 .936 .936 .936 .936
FCONCL(1,8,4) 1. .974 ,974 .974 .974 .974 .974 .974 .974
FCONCL(1,9,4) 1. .994 .994 .994 .994 .994 .994 .994 .994
$ FCONC 00 CASE $1 LATE LEAK
FCONCL(1,1,$) 1. O. 0. D. O. C. 0. O. O.

FCONCLt1.2.5) 1. O. O. .001 .001 .001 .001 001 .001
FCONCL(1.3,$) 1. .001 .001 .002 .002 .002 ,002 .002 .002

-

FCONCL(1,4,$) 1. .008 ,006 .023 .014 .023 .014 .014 .014
FCONCL(1,$,5) 1. .052 ,0$2 .082 .063 .062 .063 .072 .072'

FCONCL(1,6,5) 1. .128 .128 .163 .149 .163 .149 .164 ,164
FCONCL(1,7,$) 1. .330 .330 .423 .392 ,423 .392 404 404

FCONCL(1,8,5) 1. .$10 .$10 $95 .$10 .50$ .510 .510 .510
FCONCL(1,0.$) 1. .814 .814 .820 .614 .620 .814 .814 814

8 FCONC 00 CASE 61 LATE RUFTVRE
FCONCL(1,1,6) 1. O. D. O, C. 0. O. O. O.
FOONCL(1,2,6) 1. O. O. .001 .001 .001 .001. 001 .001
FCONCL(1,3,6) 1, .002 .002 .003 .003 .003 003 .003 .003
FCONCL(1,4,0) 1. .017 .017 .037 .020 .037 .U20 .020 .020
FCONCL(1,$,6) 1. .084 .084 ,107 .094~ .107 .094 .094 094
FCONCL(1,6,6) 1. .186 .186 .256 .226 .256 .226 .226 .226
FCONCL(1,7,6) 1. .338 .338 .775 .771 .775 .771 .771 .771 ,

FCONCL(1,8,6) 1. .540 .540 .920 .920 .920 .920 .920 . 920
FCONCL(1.9.8) 1. .969 .969 .973 .973 973 ,973 .973 .973

$ FCONCLt NO CONTAINMENT FAILURE CASE
FCONCL(1,1,7) 0,00$ 1.0E 6 1.0E 6 1.0E 6 1.0E 6 1.CE-6 1.0E 6 1.0E 6 1.0E-6
FCONCL(1,2.7) 0.005 1.0E 6 1.0E-6 1,0E 6 1.0E 6 1.0E 6 1.0E*6 1.0E 6 1;0E 6
FCONCL(1,3,7) 0.005 1.0E-6 1.0E-6 1.0E 6 1.0E 6 1.0E 6 1.0E-6 1.0E-6 1.0E-6
FCONCL(1.4,7) 0.00$ 1.0E-6 1.0E-6 1.0E 6 1,Ft 6 1.0E-6 1.0E-6 1.0E 6 1,0E-6
FCONCL(1,$.7) 0,00$ 1;0E 6 1,0E 6 1.0E 6 1.0E 6 1.0E 6 1.0E 6 1.0E-6 1,0E 6
FCONCL(1,6,7) 0.00$ 1.0E-6 1.0E*6 1.CE 6 1.0E 6 1.0E 6 1.0E 6 1.0E 6 1.0E-6
FCONCL(1,7,7) 0.00$ 1,CE-6 1.0E 6 1.0E-6 1.0E 6 1.0E 6 1.0E-6 1.0E 6 1.0E-6
FCONCL(1,8,7) 0.00$ 1.0E 6 1.0E-6 1.0E-6 1.0E 6 1.0E 6 1,0E-6 1.0E-6 1.0E 6
FCONCL(1,9,7) 0.00$ 1.0E 6 1.0E-6 1.0E-6 1.0E-6 1.0E-6 1.0E-6 1.0E 6 1,0E-6
3.............................................................................
8 DFVFA SUFFRESSION FOOL DF DURINO IN-VESSEL RELEASE FHASE
$ (THROUOH T-QUENCHER)
$ DFVFA 00 CASE 1: DRAFT NUREO/CR-45$1
DFVFAL(1,1,1) 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0

: DFVFAL(1,2.1) 1.0 1.1 1.1 1.1 1.1 1.1 1.1 -1.1 1.1
DFVFAL(1,3.1) 1.0 1.8 1.8 1.8 1.8 1.8 1.0 1.6 1.b
DFVFAL(1,4,1) 1.0 16. 16, 16. 16. 16, 16. 16, 16.
DFVTAL(1,$,1) 1.0 56, $6. $6. $6. $6. 56. $6. $6.
DFVFAL(1.6,1) 1.0 160. 160. 180. 180. 180. 180. 180. 180.
DFVFAL(1,7,1) 1.0 2$00, 2$00. .2500. 2$00. 2500. 2$00. 2$00, 2$00.
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DFVFAL(1,8,1) 1.0 4300. 4300. 4300. 4300, 4300. 4300. 4300. 4300, )
DrYFAL(1,9.1) 1.0 5000. $000. $000, $000. $0D0. 5000. $000. $000.
c.............................................................................
8 DFCFA: SUITRESSION F0JL Dr Ti1RU VENT FII'ES
8 DFCFA 00 CASE 1: DRAFT NURE0/CR 45$1
DFCFAL(1,1,1) 1.0 4.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
DFCFAL(1,2,1) 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
DFCFAL(1,3,1) 1.0 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2

i

DFCFAL(1,4.1) 1.0 2.6 2.6 2.6 2.6 2.6 2.6 2.6 2.6
DFCI'AL(1, S ,1) 1.0 6.6 6.8 6.8 6.8 6.8 6.8 6.4 6.8
DFCT AL(1. 6,1) 1.0 20. 20. 20. 20 20. 20 20. 20.
DFCFAL(1,7,1) 1.0 72. 72. 72. 72. 72. 72. 72. 72.'

DFCF AL(1,8,1) 1.0 94. 94, 96 94 64 94, 94. 94.

DFCFAL(1,9.1) 1.0 100. 100. 100, 100. 100, 100. 100
,

g..............................................
100

a .. .................... .....

8 DFCAV CAVITY WATER Dr FOR CCI RELEASE
8 DFCAV 00 CASE 1: WET CAVITY BIMILAR 70 BMI 2139 00 788
8 (DRAFT NURE0/CR 45$1)
DFCAVL(1,1,1) 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0

,

DFCAVL(1,2.1) 1.0 1.0 1,0 1.0 1.0 1.0 1.0 1.0 1.0
DFCAVL(1,3,1) 1.0 1.1 1.1 1.1 1.1 1.1 1.1 1.1 1.1
DFCAVL(1,4,1) 1.0 2.0 2.0 2.0 2.0 2.0 1.0 2.0 2.0
DFCAVL(1.S 1) 1.0 4.4 4.4 4.4 4.4 4.4 4.4 4.4 4.4
DFCAVL(1,6,1) 1.0 11, 11. 11. 11. 11. 11. 11. 11.
DFCAVL(1,7,1) 1.0 41, 41. 41, 41. 41. 41. 41. 41.
DFCAVL(1,8,1) 1.0 65. 65. 65. 65. 65. 65. 6$. 65.
DFCAVL(1,9,1) 1.0 73, 73. 73. 73. 73. 73. 73. 73.

8 DFCAV 00 CASE 2: FLOODED CAVITY SIM!LAR TO DMI*2139 00 TC
DFCAVL(1,1,2) 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
DFCAVL(1,2,2) 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
DFCAVL(1,3,2) 1.0 1.2 1.2 1.2 1.2 1.2 1.2. 1.2 1.2

,

|
DFCAVL(1,4,2) 1.0 2.8 2.8 2.8 2.6 2.8 2.0 2.8 2.8
DFCAVL(1,5.2) 1.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0'

DFCAVL(1,6,2) 1.0 15, 15, 1$. 15. 15. 15. 15, 15.'

! DFCAVL(1,7,2) 1.0 $6. 56, $6. 56. So, 56 $6. $6.
DFCAVL(1,8,2) 1.0 89. 89. 89. 89. 89. 69. 89. 89.
DFCAVL(1,0.2) 1.0 100. 100. 100. 100. 100. 100,- 100. 100.
3..................................****....ee....................***e.......
8 DFSFRV: SFRAY DF FOR IN* VESSEL RELEASES
$ DFSPRV 00 CASE 1 DRAFT NURE0/CR 4$$1 (SURRY)
DFSPRVL(1,1,1) 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
DFSPRVL(1,2,1) 1.0 1.1 1.1 1.1 1.1 1.1 1.1 1.1 1.1
DFSFRVL(1,3,1) 1.0 1.3 1.3 1.3 1.3 1.3 1.3 1.3 1.3
DFSPRVL(1,4,1) 1.0 4.2 4.2 4,2 4.2 4.2 4,2 4.2 4.2
DFSPRVL(1,5,1) 1.0 11, 11. 11. 11. 11. 11. 11. 11.
DFSPRVL(1,6,1) 1.0 29, 29, 29. 29, 29, 29, 29. 29.
DFSPRVL(1,7,1) 1.0 78. 78. 76. 76. 78. 76. 78. 7 6.-

DFSFRVL(1,8,1) 1.0 95. 95, 95, 95. 95. 95. 95. 95.
DFSPRVL(1,9,1) 1.0 100. 100. 100, 100. 100. 100, 100. 100.
g.............................................................................e

$ DFSPRC: SFRAY Dr FOR CCI RELEASES
8 DFSI'RC 00 CASE 1 DRAFT NURE0/CR-4$$1 (SURRY)
DFSPRCL(1,1,1) 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
DFSFRCL(1,2,1) 1.0 1.1 1.1 1,1 1.1 1.1 1.1 1.1 1.1
DFSPRCL(1.3.1) 1,0 1.5 1.5 1.5 1.5 1.5 1.5 1.$ 1.$
DFSPRCL(1,4,1) 1.0 7.8 7.8 7.8 7.8 7.8 7.8 7.8 7.8
DFSPRCL(1.S,1) 1.0 17, 17. 17 17. 17. 17 17 17

DFSPRCL(1,6,1) 1.0 29, 29, 29, 29. 29. 29, 29, 29.
DFSTRCL(1,7,1) 1.0 460, 480. 480. 480. 460. 480. 480. 480. !

DFSPRCL(1,8,1) 1.0 860. 660. 660. 860. 860. 660. 860. 660.
DFSPRCL(1,9,1) 1.0 1000. 1000. 1000. 1000, 2000. 1000. 1000. 1000.
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B.3 SOURCE TEPE RESULTS ,

This section cont.ains examples of additional source term results for
internal initiators.

' F1 ure B.31 presents the compicmentary cwnulative6
distribution function (CCDP) for release fractions for the iodine, cesium,
s trontiwn , and lanthanum radioroiclide classes. The CCDFs for noble gases
are not particularly interesting, since almost all the noble gases that
escape from the fuel are eventually released to the environment. If the
containment fails, the noble gases are released within a day or less. If
the conta%ent does not fail, the xenon and krypton fission products are *

released from the containment over many days due to design level leakaBe-
The CCDFs for the other four radionuclide classes are not. shown because
they are similar to -the CCDFs that are displayed. Figure B.3 1 shows the
relationship of exceedance frequency to release fraction for each of the
250 observations in the sample for Crand Culf.

Figure B.3 2 illustrates another way to present the results of the source,

'

term analysis. This figure shows the range of release fractions for
accidente in which both the containment and drywell fail early and the
containment sprays are not available (summary APB 1). Figure B.3 3
presents the same type of information for accidents in which both the
containment and drywell also fail early; however, in these accidents the
containment sprays are operating (summary ABP 2). These plots were,

' constructed by considering all the source terms computed for each
radionuclido class without regard for their frequency. To obtain the mean
value for iodine for the accidents that involve early failure of the
containment, drywell, and containment sprays. For example, all the iodine
release fractions for source terms resulting from these accidents are
simply averaged. That is, the total release fractions for all of these
types of accidents are treated equally even though one may be more likely
than another by several orders of magnitude. Thus, it is not possibic to
give a probabilistic interpretation to the means or the quantiles shown in

.

Figures B.3 2 and B.3 3.

l

!
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; B.4 INTOPJtATION USED IN SOURCE TEDt PARTITIONIUC

'l This noction contains one figure and two tables that present information '

term partitioning for Grand Culf. Specifically, F16ure
. used in source
! B.4 1 and Table B.4 1 present the results of site specific MACCS
|

calculations for Grand Gulf used in the definition' of early and chronic
>

j health effect weights, respectively. The generation of_ these results is
! discunsed in the methodology volume of this report _ (Volume 1) and in
! NUREC/CR $353 M . Table B.4 2-lists the PARTITION input file for the Crand
i Culf analysis. It contains dose factors, reactor inventory, summaries of

the rusults in Figure B.41 and Table B.41, -and other information needed
to define the early and chronic health effect veights,-

|
i l
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s

Figure B.4 1. Total Release Fractions for Summary APB 2: Early Containment
Failure, .Early Suppression _ Pool Bypas s , - - and Containmen* ,

Sprays Available

The curve relates released activity-(Bq)'for 7 131 to a corresponding mean-
number of early fatalities predicted by a- full MACCS calculation. . This-
calculation assumed an instantaneous ground level release, no plume rise, I

and' no evacuation or -other mitigating actions. The assumptions / data used

B.4 1
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in the calculation are the same as those-described in Volume ?, Part 7 of

this report.

Table 11 . 4 * 1 presents the results of a full MACCS calculation for each
isotope. Each calculation assumes that the indicated quantity of the
isotope under consideration is released. Additional computational
assumptions are the same as those indicated in conjunction with Figure
B.4+1.

Table;B.4 1

>1ceted MACCS Hean Results for Single
Isotope Releases for Grand Gulf

Releasel Elmnant! !actope Half life Release Early3 Early' E.L.C.F.A C t.C.F.6
C1e e itgE21,,, . O a) . Feta 1itiea 10.1211E1

1 0.00E+00 1,$0E*02 2.93E 01 0.00E+00
LR 0.00E+00 1.50E 02 1.63E 01 0.00E+00

KR-BS 3.919E+03 3.317E+15 0.00E+00 0.00E+00 1.27E 04 0.00E+00
KR 65H 1.867E-01 1.206E+17 0.00E+00 0.00E+00 4.37E*C3 0.00E+00
KR*67 S.27BE*02 2.163E+17 0.00E+00 0.00E+00 1.44E 02 0.00E+00
KR 86 1.167E-01 2.96CE+17 0.00E+00 1.$0E-02 1.44E 01 0.00E+00

XE 0.00E+00 0.00E+00 1.30E 01 0.00E+00
XE 133 S.291E+00 7.162E+17 0.00E+00 0.00E+00 1.12E 01 0.00E+00
XE 13$ 3.621E 01 .1.707E+17 0.00E+00 0.00E+00 .1.60E-02 0.00E+00

2 6.21E 01 2.$$E+00 9,10E+00 2,18E402

1 6.21E 01 2.55E+00 9.10E+00 2.1BE+02
1 131 6.041E+00 3.417E+17 '6.76E 03 6.7t! 02 S.30E+00 2.18E+02
1 132 9.$21E 02 5.020E+17 9.60E 02 4.32E*01 -3.21E-01 0.00E+00
1*133 6.667E 01 7.172E+17 1.43E 01 $.73E-01 2.15E+0C 3.BtE 04
1 134 3,653E 02 7.650E+17 4.42E 02 2.94E 01 1,64E 01 .0.00E+00

1 135 2.744E-01 .6.761E+17 3.20E 01 1.16E+00: 1.14E+00 3.37E-16

3 4.53E 03 4.15E 02 6.67E+00 1.2BE+04
RB 0.00E+00 0.00E+00- 1.23E 03 1.24E-03

RB 66 1.665E+01 1.056t+14- 0.00E+00 0.00E+00 1.23E 03 1.24t*03

CS 4.53E 03 4.15E 02 6.67t+00 1.26E+04
C3 134 7.$24E+02 $ 596E+16 4.$3E 03 4.00E*02 4.45E+00 6.11E+03
CS-136 1.300E+01 .1.501E+16 0.00E+00' 1.11E 03 6.43E 01 1.24E+00
CS-137 1.099E+04' 3.350E+16- 0.00E+00_ 3.61E 04 1.36E+00 4 . 66 t + 0 3 ..

4 6.02E-01 1.97t+00 1.69E+01 7.33E+00
58 6.66E 05 2.07E 02 7.39E-01 3.64E 02

B5 127 3.600E+00 3.077E+16 0.00E+00 3.70E 04- 6.33E 01 3.64E 02
BB-129 1.606E 01 1.066E+17 s.66E-0$ 2.03E*02 1.06E 01 2.96E 25

TE 6.02E-01 1.9$E+00'1.61E+01 7.29E+00
TE-127 3.696E-01 2.97DE+16 0.00E+00' O.00E+00 5.10E-03 3,03E 15

.TE 127H 1.0001402 4.010E+1$ 0.00E+00 0.00E+00 7.5CE-02 6.36E 02
TE-129 4.661E 02 1.002E+17 0.00E+00 0.00E+00. 1.25E-03 0.00E+00
TE-120H 3.340E+01 2.634E+16 0.00E+00: 0.00E+00 6.14E 01 3.01E-01
TE-131H = 1.250E+00 5.0$6E+16 6.05E 0$ 1.67E 02 7.27E-01 5.75E+00
TE-132 3.250E+00 4.944E+17 6.02E 01 1.93E+00 1.65E+01 1.16E+00

$ 2.60E 01 7.90E 01 .7.13E+00 6.4BE+03
$R 2.60E 01 7.90E-01 7.13E+00 6446E*03-

.SR-89 5.200E+01 3.373E+17 9.20E 02 1.34E+02 2.63E+00 1.46E+03
ER-90 1.026E+04 2,$99E+16 0.00E+00 .0.00E400 2.67E+00 :S 00E+03
ER-91 .3,950E 01 4.771Et17 1.19E*01__4.93E 01_. 1.03E+00L6.25E-02
SR 92 1.129E,01- 4.964E+17 4.66E-02 _2.04E 01 3.97E 01 .2.94E 30
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Tabic B.4-1 (continued)

:

4 E.L.C.r.$ C.L.C.r.6! R.1... 2 E1. .nt2 1.otep, stair lit. R.1.... Early3 Early

| Clets .. (Davn) (t u) . retalities Jnjurl+4
.

8 1.56E+00 6.91E 01 6.83E+01 1.90E+02
j 0.00E+00 0.00E+00 6.06E 01 3.08E+01CO

CO-$8 7.130E+01 2.024E+15 0.00E+00 0.00E+00 7.92E 02 7.28t 01.
C0-60 1.921E+03 2.423E+15 0.00E+00 0.00E+00 $.27E 01 3.81E+01

H0 2.05E 01 2.32E-01 7.25E+00 9.51E-02
HO-99 2.7$1E+00 6.436E+17 2.0SE-01 2.32E*01 7.75E+00 9.51E 02

0.00E+00 3.37E-03 6.$2E-02 6.03E 197C
.

0.00E+00 3.37E 03 6.$2E 02 8.03E-19TC 99M 2.30BE 01 $.S$4E+17

RU 1.35E+00 4.55E-01 .7.90E+01' 1.$1E+02
RU 103 3.950E+01 4.677E+17 1.09E 01 3.17E-01 1.12E+01 4.73E+01
RU 105 1.850E 01 3.2$4E+17 3.2EE 03 0.2$E 02 2.75E*01 4.04E 05
RU 106 3.600!+02 1.327E+17 1.24E400 $.$1E*02 6.64E+01 1.04E+02

.
RH 0.00E+00 7.43E 04 $,08E 01 2.11E 04

kH 105 1.479E+00 2.429E+17 0.00E+00 7.43E 04 S.08E 01 2.11E 04

[ 7 S.21E+00 7.84E+00 1.64E+02 4.73E+02
Y 1.03E+00 2.61E 01 2.95E+01 8.68E+00

Y 90 2.670E+00 2.783E+16 0.00E+00 0,00E+00 4.47E 01 3.03E*04
Y-91 S.880E+01 4.462E+17 6.21E-01 6.00E 02 2.77E+01 8.68E+00
Y 92 1.475E 01 $ 004E+17 3.40E 02 S 91E 02 1.64E-01 9.04E 31
Y 93 4.208E*01 5.690E+17 1.77E 01 1.41E-01 1.1$E+00 6.50E-12

*

ER -0 34E 01 2.7$E+00 2.62E+01 3.15E+02
ER-9$ 6.SSCE+01 S.899E+17 3.14E 01 8.04E 01 2.06F+01 3.15E+02-
ER 97 7.000E*01 6.073E+17 6.20E 01 1.95E+00 S 60E+00 2.38E 06

1

NB 2.14E-01 7.37E-01 1.37E+01 7.14E+01
NS 95 3.510E+01 $.$61E+17 2.14E*01 7.37E-01 1.37E+01 7.14E+01

LA 1.29E+00 4.06E+00 1.41E+01 8,38E 02
LA 140 1.676E600 6.655E+17 1.18E+00 .65E+00 1.37E+01 3.61E-02
LA 141 1.641E-01 6.14$E+17 1.84E*02 14E 02 1.48E-01 -4.77E*02
LA 142 6.625E-02 5.91TE+17 9.21E*02 4.uvE-01 2.92E 01 0.00E+00

PR 1.90E-01 1.94E 02 8.34E+00 4.31E-01
PR 143 1.356E+01 5.643E+17 1.90E 01 1.94E 02 8.34E+00 4.31E-01

ND 2.28E-02 1.19E 02 3.79E+00' 1.16E+00
FD-147 1.099E+01 2.522E+17 2.2SE-02 1.19E-02 -3.79E+00 1.16E+00

AM 0.00E+00 0.00E+00 2.40E+00 3.79E+00
AM-241 1.581E+05 2.903E+13 -0.00E+00 0.00E+00- 2.40E*00 3.79E+00

CM 1.$3E+00 0.00E+00 8,61E+01 7.22E+01

CM-242 1.630E+02 7.667E+1$ 1.$3E+00 0.00E+00 6.33E+01 4.29E+01
CM 244 6.611E+03 4.137E+14 6.00E 04 0.00E+00 2.28E+01 2.93E+01

8 8.29E+00 $.41E+00 4.18E+02 4.3EE+02:
( CE 4.54E+00 4.92E-01 1,67E+02 1.54E+02

CE-141 3.253E+01 $.922E+17 1.18E-01 3.32E-02 8.71E+00 9.07E+00i

CE-143 1.375E+00 5.765E+17 1,37E-01 2.19E-01 4.42E+00 5.00E 02

CE-164 2.644E+02 3.641E+17 4.28E+00 2.40E-01 1.54E+02 1.45E+02

NP 3.69E+00 4.92E+00 4.38E+01 7.83E-01
NP-239 2.35CE+00 7.$16E+16 3.69E+00 .4.92E+00 4.38E401 7.63E-01

|

(
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Table B.4 1 (continued)

3 Early' E .1. .C . F . 0 C.L.C.F.6l Element 2 Isotope flalt-life Release Earlykalease
.Cless (tava ) . .(ta) rats 11 ties M g, iga

PU 6.00E-02 0.00E+00 2.07E+02 2.41E+02
PU 238 3.2$1E+04 S.22EE+14 6.06E 02 0.00E+00 9.36E+01 1.21E+02
PU 239 6.912E+06 1.32$E+14 0.00E+00 0.00E+00 2.2SE+01 3.20E+01
FU 240 2,469E+06 1.659E+14 1.39E 04 0.00E+00 2.66t+01 4.01E+01
PU 241 S.333E+03 2.856E+16 0,00E+00 0.00E+00 6.20E+01 6.79E+01

2.39E 01 3.7$E-01 2.97E+01 6.$$E+019
BA 2.39E*01 3.7$E 01 2.97E+01 6.S$E+01.

BA-139 $.771E 02 6.612E617 0.00E+00 $.1$E-03 1.61E-02 0,00E+00,

BA-140 1.279E+01 6.$22E+17 2.30E-01 3.70E 01 2.97t+01 6.S$E+01-

1The Release Class row contains the sum of the results for all isotopos in
the release class.

j
2The Element row contains the sum of the results for all isotopes of the
element.

3Mean number of early fatalities.

'Mean number of prodromal vomiting cases.

5Mean number of latent cancer fatalities due to early exposure (i.e.,
within 7 days of the accident).

6Mean number of latent cancer fatalities due to chronic exposure.

1
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Table B.4 2,

1%RTITION Input File for Grand Gulf Analysis Containing |
!Dose Factors, Reactor Itwentory, Site Specific MACCS

1 Results, and Other Information Needed to Define the
Early and Chronic Ilealth Effect Weights
ORAND 00Lrt (1) 8 LATE, (2) CLD CF, (3) INH EE, (4) ORD $r, ($) DEE VEL |

2.66E*4 0.75 0,41 0.J3 0.01 (
KACCS DDSE CONVERS1DN EILE H3D CER f32, 1 HOV 06, 10:20:02 (RED HARROW oHLY) j

CLOUDCHINE OROUND OROUND OROUND INHALED 1HRALED IN3ESTION
EEIELtil MQt!L,.RfJ fj3PLFJll MUE. C! M IC-

_

60
Co-$8 3.600E 14 2.179t 11 4.430E-10 7.$79E 16 1 $77E 10 0,226E 10 2.601E 10
CO-60 9.957E*14 $.032E 11 1.0$$t 091.747E 1$ 3.966E 101.71tt 001,311E 00'
KR 65 8.562E 17 0.000E+00 0.000t+00 0.000E+00 6.600E 14 7.007E 14 0.000E+00-

KR S$M S.$4GE*15 0.000E+00 0.000E+00 0.000E+00 6.369E*14 6.372E 14 0.000E*00
KR 07 3.456E 14 0.000E+00 0.000E+00 0.000E+00 2.179E 13 2.179E 13 0.000E+00
KR 68 1.156E-13 0.000E+00 0.000E+00 0.000E*00 3.666E 18 3.666E-1$ 0.000E+00
K6-66 3.60$E 1$ 1.979E 12 3.662E-11 6.913E 17 0.07tE*10 2.362E 09 3.789E-00
SR 89 S.$16E 18 2.996t*1$ 6.017E*14 1.043E 19 9.360E 10 S 651E 09 3.261E-09*

SR-90 0.000E+00 0.000E+00 0.000E+00 0.000E+00 1.72SE-09 3.0$1E 07 1.752E 07
SR*91 3.936E 14 1.$99E-113.760E 117.620E 16 7.944E*11 1.44CE 101.233E*10

,

' CA 92 6.327E-14 1.266E 11 1.$$6E 110.190E 16 4.114E 114.213E 114.22SE 11
Y*90 0.000E+00 0.000E+00 0.000E400 0.000E+00 2.666E-12 1.$07E 11 3.664E 13
Y 91 1.436E 16 7.310E 14 1.476E 12 2.543E 16 2.70eE 11 3.174E 10 6.562E 12
Y 02 1.012E 14 2.70PE 12 3.423E 12 1.861E-16 2.061E 12 2.079E 12 4.930E 12
Y-93 3.71;E 151.443E 12 3.427E 12 6.531E 17 3.495E 12 4.016E 12 4.936E 12
ER-95 2.924E 14 1.656E 113.$75E*10 S 740E-16 2.645E*10 3.207E 09 2.135E 10
ER 97 6.064E 14 2.673E 11 1.044t*10 1.191E-1$ 1.079E 10 1.396E-10 1.297E*10
EP 05 3.051E 14 1.711E*11 3.367E-10 $.061E-16 1.212E 10 4.42?E 10 1.993E+10
H3-99 6.0$7E 1$ 4,111E 12 S.687E 11 1.202E 10 3.096E-11 $.074E 11 7.972E 11
TC 00M 4.217E 15 1.755E 12 2.915E 12 9.323E 17 2.296E*12 2.369E 12 6.273E 12
kU+103 1.649E-14 1.093E 11 2.166E 10 3.006E 16 8.176E-11 3.163E*10 1.666E*10'

EU 10$ 3.076t*14 1.021E 11 1.$$6E*116.1$2E 16 7.221E 12 7.686E 12 2.340E 11
RU-106 8.0$4E 1$ 4.022E 12 0.660E 11 1.606E 16 0.744E 11 1.770E 091.463E-09

s RH-10$ 2.936E 1$ 1.682E 121.116E 116.310E-17 6.36$t 12 7.74EE-121.463E 11
St*127 2.$84E 14 1.456E*11 1.739E 10 $.200E 16 9.334E-11 1.547E 10 1.317E-10'

EL-129 S.771t 14 1.811E 21 2.540E-11 1.076E 15 1.60tt 11 1.664E 11 3.661E 11
TE-127 1.636E 16 E.40$E-14 1.679E*13 3.869E 18 3.342E 12 3.96CE 12 6.413E 12
TE-127H 2.632E 17 $.643E 14 2.669E 121.034E 18 2.769E-10 S.300E 09 $.373E-09
TE-120 2.042E 1$ 2.501E 13 2.$22E-13 4.186E-17 6.131E 13 6.131E-13 7.610E 13
TE-12DH 1,2$11-151.344E 12 2.940E 112.524E 17 4.8$4E 10 3.030E*C9 3.432E 09
TE 131H 6.02tE 14 3.011E*11 1.918E*10 1.145E*15 9.441E*11 1.386E 10 2.393E*10
TE*132 7.642E 1$ 3.$31E 11 6.006E 10 1.681E-16 2.500E 10 3.951E 10 4.064E 10

4 1-131 1.440E 14 0.670E-121.366E 10 3.057E*16 3.518E 116.260E 119.444E 11
1-132 9.132E 14 1.910E 11 2.099E 11 1.757E*15 1.401E 11 1.401E 112.450E 11
1-133 2.35CE 14 1.196E*11 S.196E 114.72SE 16 2.454E*112.717E 114.313E 11.
1 134 1.0$9E 13 9.006E 12 0.02SE 12 1.982E 1$ 6.067E 12 6.067E*12 1.090E 11
1 13$ 6.656E 14 2.377E*11 4.062E 11 1.16SE 15 2.104E 11 2.231E-11 3.638E 11
XE 133 7.293E-16 0.000E+00 0.000E+00 0.000E+00 1,$$8E-131.666t 13 0.000E+00
XE-135 9.226E 15 0.000E+00 0.000E+00 0.000E+00 2.532E-13 2.$$4E 13 0.000E+00
CS-134 6.1$2E-14 3.466E 11 7.303E-10 1.211E 1$ 9.057E-10 1.176E-06 1.666E-06
CS-136 6.593E+14 4.6$3E 11 6.24$E-10 1.630E 15 7.016E 10 1.8$$E-09 2.o$2E 09
CS 137 2.217E-14 1.260E-11 2,666E 10 4.410E 16 $.62SE 10 6.29$E 09 1.31BE-06
BA 139 1.227E-1$ 1.641E 13 1.87$t 13 2.607E-17 4.351E 12 4.3$1E 12 9.610E*13
BA 140 7.071E 1$ 7.296E*12 6.52$E 101.471E 16 4.739E 101.221E-09 4.219E 10
LA-140 9.461E 14 4.410E 113.242E 101.643E 151.440E 10 2.124E+10 2,610E 10
LA 141 1.712E 15 4.54SE 13 7.461E-13 2.917E 17 $.104E 12 6.64$E 12 1.073E-12
LA-142 1.221E-13 1.$21E 11 1.560E 11 1.099E 1$ 6.799E*12 6.700E-12 1.930E 11-
CE-141 2.419E-15 1.$56E-12 3,047E 11 5.422E-17 2.434E-11 6.691E-11 3.396E-11
CE-143 9.54$E 15 S.330E 12 3.345E-11 2.010E 16 2.039E 11 2.953E 11 S.074E 11-
CE-144 1.662E-1$ 9.613E-13 2.070E 11 3.4$70 17 4.02SE-112.76CE-09 6.660E-11
FR ' 3 J J.L5il-42 1.W636-19 b.Fo16 46 b.b44E 24 4.864E-12 1.497E 11 1.039E 12
ND-147 4.471E 1$ 2.729E-12 4.662E*11 9.576E-17 3.426E 11 9.219E-11 $.042E-11
NP 239 - S.454E-1$ 3.314E-12 3.09tE 11 1.20eE 16 7.943E-112.07$E-10 4.660E-11
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Tabic B.4 2 (continued)

PU 238 4.53$E 191.113E 15 2 240E-14 3.669E 20 2.552E-09 5.785E 051.a6CE 06
PU-239 1.671t 18 1.379E-15 2.665E-14 4.766E 20 2.400E 09 6.566E-05 1.405E 06
FU+240 4.661E 19 1.09$E 15 2.301E 14 3.80$E 20 2.400E 09 6.562E 05 1.40$E-06
FU 241 0.000E+00 6.539E 19 3.14CE 16 0.000E+00 4.411t 13 1.42EE 06 2.700E 10
AM-241 3.203E 16 2.657E-13 5.580E 12 9.220E 16 4.647E 081.73BE-041,446E 06
CH 242 4.915E 191.296E-15 2.6t4E*14 4.503E-20 $.125E-06 3.908E 06 3.581E-06
CH-244 3.563E 19 1.097E-15 2.301E 14 3.80$E 20 5.102E 08 9.330E-05 7.76CE 07
1 131 EARLY FATALITIES V8 INVENTORY RELEASED
RELEASE # EARLY FATALITIE8

(bQ)
16
1.000E*16 1.65E 01
2.000E+18 5.21E-01
3.000E+10 1.02E*00
5.000E*18 2.15E+00
7.000E+10 3.40E+00
1.000E*19 $.3t>E+00
2.000E+19 1.3CE+01
3.000E*19 2.10E+01

1 5.000E+19 4.01E+01
7.000E+10 5.70E+01
1.000E420 8.03E+01
2.009E+20 1.51E+02
3.000E+20 2.25E*02
5.000E*20 3.91E+02
7.000E+20 5.87E+02
1.000E+21 9.57E+02

ISOTorE liALF LIFE RELEASE EARLY EARLY E.L.C.F. C,L.C.F.

(DAYS) (BQ) FATALITIES INJURIES
Co-5B 7.130E+01 2.024E+15 0.00E+00 0.00E+00 7.92E 02 7.26E 01
CO-60 1.921E+03 2.423E+15 0.00E+00 0.00E+00- 5.2?E 01 3.81E+01
KR-85 3.919E*03 3.317E+15 0.00E+00 0.00E+00 1.27E 06 0.00E+00
KR 85H 1.667E-01 1.206E+17 0.00E+00 0.00E+00 -d.37E 05 0.00E+00
KR 87 5.278E 02 2.163E+17 0.00E*00 0.00E+00 1.44E 02 0.00E+00
KR 86 1.167E 01 2.960E+17 0.00E+00 1.50E*02 1.44E 01 0.00E+00
RB+86 1.665E*01 1.056t+14 0.00E+00 0.00E+00 1.23E 03 1.24E 03
SR-89 5.200E+01 3.673E+17 0.20E 02 1.34E*02 2.63E+00 1.46E+03
ER*90 1.026E+04 2.599Et16 0.00E+00 0.00E+00. 2.67E+00 5.00E+03
ER-91 3.950E-01 4.771E+17 1.19E-01 4.93E*01 1.03E+00 6.25E 02
ER-92 1.129E-01 4.964E+17 4.66E 01 2.84E 01 3.97E-01 2.94E 30
Y 90 2.670E+00 2.763E+16 0.00E+00 0.00E+00 4.e7E 01 3.03E 04
Y-91 5.660E*01 4.462E+17 8.21E 01 6.00E 02 2. . . '01 0.60E*00.

Y-92 1.475E 01 5.004E+17 3.40E 02 5.91E 02 1.64E 01 9.04E 31
Y 93 4.206E-01 5.690E+17 1.77E 01 1.41E 01 1.15E+00 6.50E-12
ER-95 6.550E+01 5.899E+17 3,14E 01 0.04E 01 2.06E+01 3.15E+02

ER-97 7.000E+01 -6.073E+17 6.20E 01 1.95E+00 5.60E+00 2.38E-06
NB 95 3.510E+01 5.581E+17 2.14E 01 7.37E*01 1.37E+01 7.14E+01-
HO-99 2.751E+00 6.43CE+17 2.05E 01 2.32E-01 7.25E+00 0.51E 02
TC-99H ' 2.506E-01 5.554E+17 0.00E+00 3.37E 03 6.52E 02 6.03E 19
RU-103 3.959E+01 4.677E+17 1.09E 01 3.17E 01 '1.12E+01 4.73E+01
RU-105 1.850E 01 3.254E+17 3.26E-03 6.25E-02 2.75E-01 4.04E-05 )
RU-106 3.600E+02 1.327E+1' 1.24E+00 5.51E 02 6.84E+01 1.04E+02- !

Ril-105 1.479E+00 2.420E+17 0.00E+00 7.43E-04 5.08E 01 2.11E 04
SB-127 3.600E+00 3.077E+16 0.00E+00 3.70E 04 6.33E 01 3.64E 02
SB-129 1.806E 01 1.066E+17 8.66E 05. 2.03E 02 1.06E-01 2.96E-25
TE 127 3.896E 01 2.979E+16 0.00E+00 0.00E+00 5.10E 03 3.03E-15
TE 127H 1.000E+02 4.010E+15 0.00E+00 0.00E+00 7.50E-02 6.36E-02
TE*129 4.861E 02 1.002E*17 0.00E+00 0.00E+00 1.25E-03 0.00E+00
TE 120H 3.340E+01 2.634E+16 0.00E+00 0.00E+00 8.14E-01 3.01E-01
TE-131M 1.250E+00 5.058E+16 8.05E-05 1.67E-02 7.27E-01 5.75E+00
TE-132 3.250E+00 4.944E+17 6.02E-01 1.93E+00 1.65E+01 1.18E+00
1-131 6.041E+00 3.417E+17 6.76E-03 8.78E 02 5.30E+00 2.18t+02
1 132 9.521E-02 5.020E+17 9.00E 02 4.32E 01 3.21E 01 0.00E+00
1-133 8.667E 01 7.172E+17- 1.43E-01 5.73E-01 2.15E+00 .3.86E-04
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Table B.4*2 (continued) ,

1 134 3.653E-02 7.850E+17 4.42E-02 2.94E-01 1.84E-01 0.00E+00
1-135 2.744E-01 6.751E+17 3.29E-01 1.16E+00 1.14E+00 3.37E 16
XE 133 5.291E+00 7.182E+17 0.00E+00 0.00E+00 1.12E-01 0.00r+00
XE-135 3.821E 01 1.707E+17 0.00E+00 0.00t+00 1.80E-02 0.00E+00
CS 134 7.524E+02 $.596E+16 4.63E 03 4.00E-02 4.45E+00 6.11E+03
CS 136 1.300E+01 1.501E+16 0.00E+00 1.11E 05 6.43E 01 1.24E+00
CS-137 1.099t+04- 3.350E+16 0.00E+00 3.61E 04 1.36E+00 4.66E+03
BA*139 5.771E-02 6.612E+17 0.00E+00 5.15E-03 1.61E-02 0.00E+00
BA*140 1.279E+01 6.522E+17 2.39E*01 3.70E 01 2.97E+01 6.55E+01
LA-140 1.676E+00 6.655E+17 1.18E+00 3.65E+00 1.37E+01 3.61E 02
LA*141 1.641E 01 6.145E+17 1.84E 02 1.14E*02 1.4BE-01 4.77E 02
LA 142 6.625E 02 5.912E+17 9.21E 02 4.00E-01 2.92E*01 -0.00E+00
CE-141 3.253E+01 5.922E+17 1.16t*01 3.32E 02 8.71E+00 9.07E+00
CE-143 1.375E+00 5.785E+17 1.37E-01 2.10E*01 4.42E+00 5.06E 02
CE 144 2.844E+02 3.641E+17 4.28E+00 2.40E 01 1.54E+02 1. 4 5E+0.3

FR-143 1.358E+01 5.643E+17 1.901-01 1.94E-02 8.34E+00 4.81E 01-
ND-147 1.000E+01 2.522E+17 2.26E 02 1.19E-02 3.79E+00 1.16E+00
NP-239 2.350E+00 7.516E+16 3.69E+00 4.92E+00 4.88E+01. 7.83E-01
PU-238 3.251E+04 5.226E+14 6.085 02 0.00E+00 9.36E+01 1.21E+02
PU 239 8.912E+06 1.32SE+14 0.00E+00 0.00E+00 2.25E+01 3.20E+01
PU 240 2.469E+06 1.659E+14 1.39E-04 0.00E400 2.66E+01 4.01E+01
PU 241 5.333E+03 2.856E+16 0.00E+00 0.00E+00 6.20E+01 Bi?0E+01
AM-241 1.581E+05 2.903E+13 0.00E+00 0.00E+00 2.40E+00 3.79E+00
CM-242 1.630E+02 7.667E+15 1.53E+00 0.00E+00 6.33E+01 4.20E+01
CH-244 6.611E+03 4.137E+14 6.80E-04 0.00E+0D 2.28E+01 2.93E+01
1.071 POWER LEVEL FOR ORAND OULF (BWR INVENTORY)
NUCHAM ICROUP HAFLIF ACTIVITY

(S) (BQ)
CO-58 6 6.160E+06 2.014E+16
CO-60 6 1.660E+08 2.423E+16
KR 85 1 3.366E+06 3.317E+15
KR 85M i 1.613E+04 1.206E+17
KR-67 1 4,560Et03 2.193E+17

KR-68 1 1.000E+04 2.960E+17
kB 66 3 1.611Et06 1.856t+15
ST? e9 5 4.493E+06 3.673E+18
SR-90 $ 8.865E+06 2.599E+17
SR-91 5 3.413E+04 4.771E+16
EK-92 5 9.756E+03 4.984E+18
Y 90 7 2.507E+05 2.783E+17
Y 91 7 5.080E+06 4.482E+18
Y 92 7 1.274Et04 5.004E+18
Y 93 7 3.636t+04 5.690E+18
ER-95 7 5.659E+06. 5.899E+16
ER*97 7 6.046E+04 6.073E+16
NB-95 7 -3,033E+06 5.581E+18

H3 99 6 2.377E+05 6.436E+16
TC-09M 6 2.167E+04 5.554E+18
RU 103 6 3.421E+06 4.677E+18
RU 105 6 1.596E+04 3,254E+18

RU-106 6 3.188t+07 1.327E+18
RR-105 6 1.278E+05 -2.429E+18
SB-127 4 3.263E+05 3.077E+17
SB-120 4 1.562E+04 1.068E+16
TE 127 4 3.366E+04 2.979E+17
TE*127M 4 9.418E+06 4.010E+16
TE-129 4 4.200E+03 1.002E+18
TE 12DM 4 2.886E+06 2.634E+17
TE 131M 4 1.060E+05 5,058E+17

TE-132 4 2.808E+05 4.944E+18
I-131 2 6.947E+05 3.417E+18
1 132 2 8.226E+03 5.020E+16
I-133 2 7.468E+04 7.-172E+18
I-134 2 3.156E+03 7.850E+18
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Tabic B.4 2 (continued)'
i

1-13$ 2 2.371E+04 6.7$1E+16
; '

1 XE-133 1 4.$71E+0$ 7.162E+17
! XE-135 1 3.301E+04 1.707t+17

CS 134 3 6.$01E+07 $.$96E+17
CS 136 3 1.123E+06 1.$01E+17
CS-137 3 9.49$E+06 3.3$0E+17
BA 139 9 4.966E+03 6,612E+16
BA 140 0 1.10$E+06 6,$22E*16
LA-140 7 1.448E+0$ 6.6$$E+16
LA 141 7 1.418E+04 6.145E+16
LA 142- 7 $.724E+03- $.912E+16
CE-141 6 2.611E+06 S.922E+16
CE-143 6 1.166E+0$ $.765E+16
CE 144 8 2.457E+07 3.641E+16
PR-143 7 1.173E+06 $.643E+16
ND-147 7 9.49$E+0$ 2.$22E+16

|
N P-239 6 2.030E+0$ 7.$16E+10
FU-236 8 2.609E+09 $.226E+154

| PU-239 8 7.700E+11 1.32$E+1$
PU-240 6 2.133E+11 1.659E+15

' PU+241 6 4.606E+06 2.6$6E+17
AM-241 7 1.366E+10 2.903E+14 _

CM 242 7 1.406E+07 7.667E+16
CM 244 7 $.712E+06 4.137E+1$

!
i

i

I
}

.

".

| |

I
i
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APPENDIX C
SUPPORTING INFORMATION FOR THE CONSEQUENCE APALYSIS

Tabic C.1 provides a more detailed representation of the mean consequence
analysis results for internal initiators at Crand Gulf than is given in
Table 4.3 1. Table C.1 shows mean results for the population within 10
miles of the plant under the assumptions that everyone evacuates, everyone
continues normal activity, and everyone takes shelter. Further, divisions

of results betweer within 10 miles and beyond 10 miles and between early
exposure (within 7 days) and chronic exposure (beyond 7 days) are also
shown. In addition, the mean result for the effects nf early exposure -
(obtained by combining the results for normal activity beyond 10 miles with
the results for evacuation, normal activity, and sheltering within 10
miles) is listed. This result is labeled TOTAL EARLY in Table C.1. As

indicated in the table, 99.5% of the population is assumed to evacuate,
0.5% is assumed to continue normal activity, and 0% is assumed to take
shelter. The mean effects from early exposure are also combined with the
mean effects from chronic exposure to produce a mean that includes effects
from both early and chronic exposure (labeled TOTAL) . The source terms
used for the MACCS calculations that produced the results in Table C.1 are
given in Table 3.4 4 A more detailed description of the information in
each column of Table C.1 follows.

The column labeled EVACUATE, 0 10 MI contains the mean effects incurred by
the population within 10 miles of the reactor due to radiation exposure
within seven days of the accident under the assumption that everyone within
10 miles evacuates 1.25 hours after the warning time. For the two
population dose consequence measures, the results are only for the part of
the population initially within 10 miles. (The results for the population

initially beyond 10 miles are in the column headed NORMAL ACTIVITY, >10
MI.) The value 0.995 in the row labeled WEICHT at the top of the column
indicates that 99.5% of the population within 10 miles evacuates; the
results in this column are multiplied by 0.995 in the Seneration of the
mean results in the columns headed TOTAL EARLY and TOTAL.

The column labeled NORMAL ACTIVITY, 0 10 MI contains the mean effects
| incurred by the population within 10 miles of the reactor due to radiation

exposure within seven days of the accident under the assumption that
everyone within 10 miles continues their normal activities after the
accident. For the two population dose consequence measures, the results ,

are for only the part of the population initially within 10 miles. (The
results for the population initially beyond 10 miles . are in the column
headed NORMAL ACTIVITY, >10 MI.) The value 0.005 in the row labeled WEICHT
at the top of the column indicates that 0.5% of the population within 10
miles continues normal activities; the results in this column are
multiplied by 0.005 in the generation of the mean results in the columns
headed TOTAL EARLY and T01AL.

The column labeled SHELTER, 010 MI contains the mean effects incurred by
the population within 10 miles of the reactor - due to radiation exposure
within seven days of the accident under'the assumption that everyone within
10 miles takes shelter 45 minutes after the warning time. For the two

population dose consequence measures, the results are only for.the part of
the population initially within 10 miles. (The results for the population

C.1
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initially beycnd 10 miles are in the column headed NOPJiAL ACTIVITY, >10
MI.) The valt.e 0.000 in the row labeled WEIGHT at the top of the column
indicates that none of the population within 10 miles takes shelter; the
results in thir column are ignored in computing the mean results.

The column labeled NOPJiAL ACTIVITY, >10 M1 ~ contains the mean effects
incurred by the population further than 10 miles from . the reactor due tu
radiation expos,tre within seven days of the accident under the assumption
that everyone beyond 10 miles continues their normal activities. .For the
two population cose consequence measures,: the results are only for the part
of the population initially beyond 10 miles. The value 1.000 in the row
labeled WEIGHT et the top of the column indicates that' everyone beyond 10
miles continues normal activities ; the results in this column are
multiplied by 1.000 in the gc.noration of the mean results in the columns

j headed TOTAL EARLY and TOTAL.

The column lateled TOTAL EARLY contains the total mean effects incurred by
the entire population des to radiation exposure within se"en days of the t

accident. The values in this column are weighted sums of . - values in the
first four columns as explained above.

The column labeled CHRONIC contains the total mean effects incurred by the
entire population due to radiation exposure more than seven days after the
accident.

The column labeled TOTAL contains the total mean effects incurred- by the
entire population due to both early (within 7 days) and chronic (after 7
days) radiation exposure. The values. in this column are weighted sums of
the values in columns 1, 2, 3, 4, and 6. The weights used are contained in
the first row, labeled WEIGHT. As column 5 contains the weighted sum of

columns 1 through 4, the TOTAL values may_ equivalently be obtained by
summing colurans 5 and 6.
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Table C-1
-Detailed Listing of Mean Consequence Results for h.ternal Initiators

i

SOURCE TERM 00-0.-l. HEAN FREQUENCY = 1.51E-08 /YR
CONSEQUENCE 8 EVACUATE NORMAL SHELTER NORMAL TOTAL CHRONIC TOTAL

ACTIVITY ACTIVITY EARLY

0 10 HI 0 10 MI -0-10 MI *10 HI
1.000

{ WEIGHT 0.995 0.005 0.000 1.000 --------

2.94E-06EARLY FATALITIES 0.00E+00 5,66E 04 3.14E 04 0.00E+00 2.94E 06 ----

6.23E-04PRODROH VOMITING 0.00E+00 1.25E-01 9.92E 02 0.00E+00 6.23E 04 ----

1.95E-08EF RISK, 1 HI 0.00E+00 3.90E-06 2.40E 06 --- . 1.95E 08 ---*

CANCER FATALITIES 0.00E+00 4.051 01 3.34E 01 1.26E+00 1.26E+00 5.19E400 6.46E+00
"1P DOSE, 0-50 HI 0.00E+00 1.68E+01 1.4BE*01 1.34E+01 1.35E+01 1.11E+02 1.25E+02
JP DOSE, 0 1000 MI 0.00E+00 1.88E+01 1.49E+01 7.62E+01 7.63E+01 3.39E+02 4.15E+02

7.50E+06 7.50E+06ECON 0 HIC COSTS (8) ---- ---- - -- ---- ----

3.62E-063.62E-08POP ET RISK, 0-1 MI 0.00E+00 7.24E 06 ! 37E 06 *-------

1.97E-07 1.62E 05 1.64E-05POP CF RISK 0-10 MI 0.00E+00 3.95E 05 3.26E 05 ----

SOURCE TERM 00-01-2, HEAN FREQUENCY = 4.34E 08 /YR
CONSEQUENCE EVACUATE NORMAL SHELTER NORMAL TOTAL- CHRONIC TOTAL

ACTIVITY ACTIVITY EARLY
0-10 MI 0-10 MI 0-10 HI >10 HI

WEIGHT r.v95 0.005 0.000 1.000 1.000 ------ -

0.00E+00EARLY FATALITIES 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 ----

2,10E-04PRODROH VOHITING 0.00E+00 4.19E 02 3.26E-02 0.00E+00 2.10E 04 ----

0.00E+000.00Et00ET RISK, 1 HI 0.00E+00 0.00E+00 0.00E+00 ~~ -----

CANCER FATALITIES 4.46E 04 3.14E-01 2.45E 01 1.19E+00 1.19E+00 6.21E+00 7.39E+00
POP DOSE, 0 50 MI 0.09E-02 1.62EiO1 1.20E+01 1.28E+01 1.29E+01 1.27E+02 1.40E+02
POP DOSE 0-1000 MI 2.09E-02 1.62E+01 1.20E+01 7.25E+01 7.26E+01 4.01E+02 4.74E+02
ECONOMIC COSTS ($) 3.91E+06 3.91E+06---- ---* ---- ---- ----

0.00E+00POP EF RISK. 0-1 h1 0.00E+00 0.00E+00 0.00E+00 0.00E+00 --------

1.97E-07 1.27E 05 1.29E-05IOP CF RISK, 0-10 HI 4.35E-08 3.07T 05 2.39E-05 ----

SOURCE TERH 00-01-3. HEAN FREQUE! = 0.00E+00 /YR
N

SOURCE TERM G0-02-1, HEAN FREQUENCY = 8.26E 08 /YR
CONSEQUENCE EVACUATE NORMAL SHELTER NOFJ1AI. TOTAL ' CHRONIC TOTAL

-ACTIVITY ACTIVITY EARLY
0 10 MI 0-10 MI 0 10 HI >10 HI

WEIGHT 0.995 0.005 0.000 1.000 1.000. . --------

EARLY FATALITIES 0.00E+00 1.70E-02 - 9.01E-03 0.00E+00 8.48E 05 8.48E 05-----

PRODROH VOMITING 0.00E+00 4.32E-01 3.31E-01 0.00E+00 .2.16E-03 2.16E 03----

3.67E-07EF RTSX, 1 HI 0.00E+00 7.33E 05 3.64E-05 3+67E-07.---- ----

CANCER FATALITIES 0.00E+00 1.27E+00 8 ,7.E- 01 2.95E+00 2.96E+00 2,69E+01- 3.19E+01
POP DOSE, 0-50 HI 0.00E+00 7.44E+01 4.9BE+01 S.61E+01 5,65E+01 3.62E+02 4.19E+02*

POP DOSE, 0-1000 MI 0.00E+00 7.44E+01 -4.98E+01 2.05E+02 2.06E+02 1.8tS+03 2.09E+03
ECON 0 HIC COSTG ($) 1.00E+08 1.00E+08---- ---- ---- ---- **--

POP EF LISK. 0-1 HI 0.00E+00 2.05E-04 1.10E-04 ---* ' 1.03E-06 1.03E-06----

6.21E-07 5.79E*05 5.85E-05 .]POP CF RISK. 0-10 MI 0.00E400 1.24E-04 8.52E-05 ----

1
'

SOURCE TERH C0 02 2, HEAN FREQUENCY = 6.30E-08 /YR
CONSEQUENCE EVACUATE NORMAL SHELTER NORMAL TOTAL CHRONIC TOTAL

ACTIVITY ACTIVITY EA?.LY

0-10 MI 0-10 HI 0-10 HI >10 HI
WEIGHT 0.995 0.005 0.000 1.000 ---- 1.000 ----

(- EARLY FATALITIES 0.00E+00 2.72E-04 1.29E-04 0.00E+00 1.36E-06 ---- 1.36E-06
PRODROH V0HITING 0,00E+00 9.89E-02 .7.32E-02 0.00E+00 4.94E 04 ---- 4.94E-04
EF RISK, i HI 0.00E*00 2.97E-06 1.59E-06 1.48E-08 -- - 1.48E-08-----

t
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Table C 1- (continued)
._

CANCER FAT ALITIES 5.68E 04 8.71E-01 5.04E 01 2.82E*00 2.81E+00 4.00E+01 4.28E*01
POP DOSE, 0-50 HI 2.80E 02 5.57E+01 3.61E+01 5.16E+01 5.19E+01 3.66E+02 4.18E*02
POP DOSE, 0-1000 MI 2.80E-02 5.57E+01 3.01E+01 1.06E+02 1.96E+02 2.52E+03 2.72E+03

1.45E*08 1.4$E+08ECONOMIC COSTS (8) ---- ---- ---* **-- ----

1.72E 08POP EF RISK. 0 1 HI 0.00E+00 3,44E 06 1.64E-06 ---- 1.72E-08 ----

4.80E-07 5.11E-05 5.16E 05PLP CF RISK. 0-10 MI 5.53E-08 8.49E-05 5.50E-05 ----

SOURCE TERM 00-02 3, HEAN FREQUENCY = 0.00E+00 /YR

<

SOURCE TERM 00-03-1 HEAN FREQUENCY = 1.18E 07 /YR
CONSEQUENCE EVACUATE NORMAL SHELTER NORMAL TOTAL CHRONIC TOTAL-

ACTIVITY ACTIVITY EARLY
0-10 MI 0 10 HI 0-10 HI *10 MI

1.000WEIGHT 0.995 0.005 0.000 1.000 --------

1.01E-05EARLY FATALITIES 0.00E+00 2.03E-03 1.51E 05 0.00E+00 1.01E-05 ----

6.00E 04PRODROM VOMITING 0.00Et00 1.20E 01 1.99E-02 0.00E+00 6.00E-04 ----

4.16E-094.16E 09EF RISK, 1 HI 0.00E+00 8.31E-07 0.00E+00 - ---*-

CANCER FATALITIES 0.00E+00 2.01E+00 1.00E+00 8.57E+00 8.58E+00 8.52E+01 9.38E+01
POP DOSE, 0-50 MI 0.00E+00 1.34E+02 7.77E+01 1.88E+02 1.88E+02 5.10E+02 . 6.98E+02 :
POP DOSE, 0 1000 MI 0.00E+00 1.34E+02 7.77E+01 6.66E+02 6.66E+02 5.56E+03 6.22E+03

6.83E+08 6.83E+08---- ---- --- ---- ---*
ECONOMIC COSTS (8)

9.52E 069.52E-08POP ET RISX, 0 1 HI 0.00E+00 1.90E-05 1.91E 07 --------

9.80E 07 6.60E*05 6.70E-05PCP CF RISK. 0-10 MI 0.00E+00 1.96E-04 1.06E-04 ----

SOURCE TERM 00 0*-2, 'tEAN FREQUENCY = 5.73E 08 /YR
CONSEQUENCE EVACUATE NORMAL SHELTER NORMAL TOTAL CHRONIC TOTAL

ACTIVITY ACTIVITY EARLY
0-10 MI 0 10 MI 0-10 MI >10 MI

1.000WEIOut 0.905 0.005 0.000 1,000 --------

5.15E-06EARLY FATALITIES 0.00E+00 1.03E-03 4.47E 04 0.00E+00 5.15E-06 ----

7.11E-04PRODROM VOMITING 0.00E+00 1.42E-01 1.04E-01 0.00E+00 7.11E-04 ----

2.59E-062.59E 08EF RISK, 1 HI 0.00E+00 5.19E-06 3.15E-06 --------

CANCER FATALITIES 6.27L-04 3.15E+00 2.23E+00 7.76E+00 7.78E+00 9.07E+01 9.85E+01
POP DOSE, 0-50 MI 3.22E-02 1.32E+02 9.40E+01 1.52E+02 1.53E+02 6.47E+02 8.00E+02
POP DOGE. 0-100C HI 3.22E-02 1.32E+02 9.40E+01 5,41E+02 5.42E+02 5.67E+03 6.21E+03

5.92E+06 5.92E+08ECONOMIC COSTS (8) ---- ---- ---- ---- ----

6.37E-08 6.37E 06POP EF RISK, 0 1 HI 0.00E+00 1.27E 05 5.66E-06 --------

1.60E-06 7.47E-05 7.63E-05PCP CF RISK. 0-10 MI 6.12E 08 3.07E 04 2.17E-04 ----

SOURCE TEFN 00-03-3, HEAN FREQUENCY = 0.00E+00 /YR
1

SOURCE TERM 00 04-1, HEAN FREQUENCY = 9.16E-08 /YR
CONSEQUENCE EVACUATE NORMAL -SHELTER NORMAL TOTAL CHRONIC TOTAL

ACTIVITY ACTIVITY EARLY
0-10 MI 0-10 HI 0-10 HI >10 HI

.|1,000 ----
WEI0tfT 0.995 0.005 0.000 1.000 ----

EARLY FATALITIES 0.00E+00 3.59E-05 0.00Et00 0.00E+00 1.80E 1/ L---- 1.80E-07
4.98E-05- 1PRODRCH VOMITING 0.00E+00 0.96E-03 9.03E-05 0.00E+00 4,98E 05 ----

'0,00E+00 . 0.00E+00EF RISK, 1 HI 0,00E+00 0.00E+00 0.00E+00 --------

CANCER FATALITIES 0.00E400 0.92E-01 2.97E-01 5.66E+00 5.66E+00 7.48E+01 8.05E+01
POP DOSE, 0-50 MI 0.00E+00 7.09E+01 2.65E+01 1.21E+02 1.21E+02 4.48E+02 5.68Et02
POP DOSE. 0-1000 MI 0.00E+00 7.00E+01 2.65E+01 4.41E+02 4.41E+02 4.78E+03 5.22E+03

3.47E+08 3 47E+08ECONOMIC COSTS (8) ---- ----' ---- ---- ----

|
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Table C 1 (continued)
,

|

1.72E-09POP EF RISK 0-1 HI 0'.00E+00 3.44E-07 0.00E+00 1.72E-09 --------

4.35E-07 5.83E-05 5.47E-05POP CF RISK, 0-10 MI 0.00E+00 0.70E*05 2.90E-05 - --

SOURCE TERM 00-04*2. HEAN FREQUENCY = 2.30E-N /YR
CONSEQUENCE EVACUATE NORMAL EHELTER NORMAL TOTAL CHRONIC TOTAL

ACTIVITY ACTIVITY EARLY
0 10 HI 0-10 MI 0-10 HI >10 MI

1.000WEIO51T 0,995 -0.0r5 0.000 1.000 --------

5.89E-07EARLY FATALITIES 0.00E+00 1.18E 04 1.51E 05 0.00E+00 5.89E 07 ----

3.44E-05
j PRODROM YOKITING 0.00E+00 6.89E-03 2.48E 03 0.00E*00 3.44E-05 ----

0.00E+000.00E+00
|

EF RISK,1111 0.00E*00 0.00E+00 0.00E+00 --------

| CANCER FATALITIES 4.55E-04 1.01E+00 6.17E 01 4.06E+00 4.07E+00 8.17E+01 8.58E+01
| POP DOSE, 0-50 MI 2.48E-02 7.93E*01 5.23E+01 9.87E+01 9.91E+01 7.08E+02 8.07E+02

PO? DOSE 0-1000 MI 2.48E-02 7.93E+01 '5.23E+01 3.17E+02. 3.17E+02 4.98E+03 5.20E+03'

1.85E+08 1.85Et08ECON 0 HIC COSTS ($) ---- ---- --** ---- - --

7.46E 097.46E-09POP EF RIEK, 0-1 HI 0.00'+00- 1.4t0-06 1.92E-07 --------

t 5.36E 07 .8.16E 05 0.22E 05POP CF RISK. 0-10 HI 4.44E 08 0.84E-05 6.01E-05 -- -
'

SOURCE TERM 00-04 3. HEAN FREQUENCY = 0.00E+00 /YR

SOURCE TEM 1 00-05-1, HEAN FREQUENCY = 1.07E 07 /YR
CONSEQUENCE EVACUATE NORMAL SHELTER NORMAL . TOTAL CHRONIC . TOTAL

ACTIVITY ACTIVITY EARLY
0 10 MI 0 10 MI 0-10 HI >10 MI

1.000WEIGHT 0.995 0.005 0.000 1.000 -------

2.19E-03EARLY FATALITIES 0.00E+00 4,30E-01 1.17E 03 0.00E+00 2,19E 03 ----

3.58E-02
| FRODROH V0HITING 0.00E+00- 2.91E+00 1.07E 01 2.13E 02 3.58E 02 ----

6.00E 066.00E 06| EF RISK, 1 MI 0.00E+00 1.20E 03 1.01E-07 -- ----

CANCER FATALITIES 0.00E+00 7.00E+00 1.BSE+00 3.85E+01 -3.86t+01 1.64E+02 2.02E+02'

POP DOSE. 0-50 MI 0.00E+00 5.20E+02 1.64E+02 8.75E+02 8.78E+02 9.41E+02 1.82E+03
i POP DOSE, 0 1000 MI 0.00E+00 5.19E+02 1.64E+02 3.21E+03 3.22E+03 1.12E+04 1.44E+04

1.62E+09 1.62E+09l ECONOMIC COSTS ($) ---- ---- ---- ---- ----

2.02E-05 ---- 2.02E-05
| POP EF RISK. 0-1 HI 0.00E+00 4.04E-03 1.32E-05 ----

3.41E-06 9.21E 05 9.55E 05POP CF RISK. 0-10 MI 0.00E+00 6.80E-04 1.80E-04 - - - -
i

1

SOURCE TERM 00-05 2, HEAN FREQUENCY = 7.36E-08'/YR
CONSEQUENCE EVACUATE NORMAL SHELTER NORMAL- TOTAL CHRONIC TOTAL

- ACTIVITY ACTIVITY EARLY
| 0-10 MI -0-10 MI 0-10 MI >10 HI
( WEIGHT 0.995 0.005 0.000 1.000 . 1.000 .---------

, EARLY FATALITIES 0.00E+00 8.37E-02 3.86E-02 0.00E+00 4.19E 04 4.19E 04----

' 6.10E-03'FRODROH VOMITING 0.00E+00 1.22E+00 6.75E-01 0.00E+00 6.10E 03 ----

1.46E 06 1,46E-06EF RISK, 1 HI 0.00E*00 2.92E-04 0.17E 05 --------

CANCER FATALITIES 7.28E-04 1.38E+01 1;03Et01 2.84E+01 2.85E+01 1.55E+02 1.83E+02
POP DOCE, 0 50 MI 3.86E-02 5.00E+02 3.82E+02 5.79E+02 $.82Et02 .1.03E+03 1.61E+03
POP DOSE, 0-1900 MI 3.86E-02 5.00E+02 3.82E+02 2.07E+03 2.coE+03 1.05E+04 1.26E+04

3.05E+09 3.05E+09ECONOMIC COSTS (S) ---- ---- ---- ---- ----

5.02E-06POP EF RISK, 0-1 HI 0.00E+00 1.00E-03 4.76E-04 5.CTE-06 ---------

6.60E*06 9.94E-05 1.06E 04POP CF RISK, 0-10 MI 7.10E 08 1.'3 5E-03 1.01E 03 ----

i

SOURCE TERM CO-05-3 HEAN FREQUENCY = 0.00E+00 /YR

(
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Table C 1 (continued)

COURCE TERM 00-06-1, HEAN FREQUENCY = 1.60E-07 /YR
CONSEQUENCE EVACUATE N0kHAL EHELTER NORMAL TOTAL CHRONIC TOTAL

ACTIVITY ACTIVITY- EARLY-
0-10 MI 0-10 HI 0-10 MI *10 MI

1.000 ----

WEIGHT 0.995 0.005 0.000 1.000 ----

3.66E-05EARLY FATALITIES 0.00E+00 7.32E-03 4.07E 05 0.00E+00 3.66E-05 ----

1.16E-03
PRODRCH VDMITING 0.00E+00 2.32E-01 3.27E-02 0,00E+00 1.16E 03 ----

6.40E-086,40E-08ET RISK, 2 HI 0.00E*00 1.28E-05 0.00E+00 --------

CANCER FAIALITIES 0.00E+00 2.63E+00 1.33E+00 l'.30E+01 1,30E+01 1.93E+02 2.06E+02
IVP DOSE, 0-50 MI 0.00E+00 1.71E+02 9.41E+01 2.65E+02 .2.66E+02 1.19E+03 1.45E+03
POP DOSE, 0-1000 MI 0.00E+00 1.71E+02 9.41E+01 9 $CE+02 9.57E+02 1.19E+04 1.29E+04

2,43E+09 2.43E+09---- ---- ---- ---- --**
ECONOMIC COSTS ($)

?.68E-073.08E-07POP ET RISK, 0 1 HI 0.00E+00 7.36E-05 5.16E 07 --------

1.28E 06 1.35E-04 1.36E-04
j POP CF RISK, 0-l's HI 0.00E+00 2.57E*04 1.29E-04 ----

SOURCE TERM U0-06*2, HEAN FREQUENCY = 6.29E-08 /YR -
CONSEQUENCE EVACUATE NORMAL SHELTER NORMAL TOTAL CHRONIC TOTAL

ACTIVITY ACTIVITY EARLY
0-10 HI 0-10 MI 0 10 HI *10 HI

1.000 ----

WEICHT 0.995 '05 0.or" 1.000 ----

6.55E*06EARLY FATALITIES 0.00E+00 1 **03 3* .-04 0.00E+00 6.55E 06 ----

7.50E-04
PROPROH VOMITING 0.00E+00 1., .-8E-02 0.00E+00 7.50E*04 ---*

1,67E-061.67E-08EF RISK, 1 MI 0.00E+00 3.33h .. e.13E-07 ----.--- -

CANCER FATALITIES 6.08E-04 2.36E+00 1.56E+00 8.05E+00 8.06E+00 2.90E+02 2.98E+02
POP DOSE. 0-50 MI 3.65E 02 1.30E+02 8.87E+01 1.71E*02 1.71E+02 1.46E+03 1.63E+03 *

POP DOGE, 0-1000 HI 3.BSE 02 1.30E+02 8.87E+01 5.73E+02 $ 74E+02 1.07E+04 1.73E+04 -

9.89E+08- 9,89E+08
ECONOMIC COSTS ($) --- -- - ---* - - * -- -

8.29E-088.29E-08POP EF RISK, 0-1 HI 0.00E+00- 1.66E 05 4.19E-06 ----- --

1.21E-06 1.53E 04 1.54E 04POP CF RISK, 0-10 MI 5.93E-08 2.30E 04 1.52E-04 ----

j

SOURCE TERM 00-06-3 HEAN FREQUENCY = 0.00E+00 /YR
1

SOURCE TERM- 00-07-1, HEAN FREQUENCY = 4.79E 07 /YR
CONSEQUENCE EVACUATE NORMAL SHELTER NORMAL TOTAL CHRONIC TOTAL-

ACTIVITY ACTIVITY EARLY
0-10 HI 0-10 MI 0-10 MI *10 HI-

1.000 ----

; WEIGHT 0.995 0.005 0.000 1,000 ----

1.71E-05' EARLY FATALITIES 0.00E+00 3.42E 03 0.00E+00 0.00E+00 1.71E-05 -----

2.97E-04PR00 ROM VOMITINO 0.00E+00 5.94E 02 0.00E+00 0.00E+00 2.07E-04 ----

6.17E-09 :---- 6.17E-09EF RISK.1 HI 0.00E+00- 1.23E+06 0.00E+00 ----

CANCER FATALITIES 0.00E+00 2.12E+00 4.48E 04 1.78E+01 1.78E+01 1,65E+02 1.83E+02
POP DOSE, 0-50 HI 0.00E+00 1.12E+02 2.68E-02 '3.04E+02 3.04E+02 9.73E+02 1.28E+03
POP DOSE, 0-1000 MI 0.00E+00 1.12E+02 2.68E-02 1.27E+03 1.27E+03 '1.07E+04 1.10E t04

3.47E+09 3.47E+09ECONOMIC COSTS ($) . - - - ---- - -- ---- ' ----

1.14E*071.14E-07POP EF RISK, 0-1 HI 0.00E+00 2.28E-05 0.00E+00 --------

1.03E-06 9.29E-0 5 - 9.40E 05 -POP CF RISK, 0-10 MI 0.00E+00 2.06E-04 4.37E-08 ----

SOURCE TERM 00-07-2. HEAN FREQUENCY = 1.0tE-08 /YR
CONSEQUENCE EVACUATE NORMAL SHELTER NORMAL TOTAL -CHRONIC TOTAL

ACTIVITY ACTIVITY EARLY
,

L 0-10 MI 0-10'HI 0-10 HI >10 HI
1.000

( WEIGHT 0.995 0.005 0.000 1.000
, 1.74E 07

---------

1.74E-07|. EARLY FATALITIES 0.00E+00 3.48E-05 3.37E-06 -0.00E+00 ----

4.57E-05
| PRODROM V0HITINO 0.00E+00 9.14E-03 3.260 03 0.00E+00 4.57E-05 ----

0.00E+00 . ---- 0,00E+00EF RISK. 1 HI 0.00E+00 0.00Et00 0.00E+00 ----

CANCER FATALITIES 1.40E-03 1.91E+00 1.19Et00 8.17E+00 8.18E+00 2.90E+02 2.98E+02
ICP DOSE, 0-50 MI 8.86E-02 't.05E+02 6.87E+01 1.62E+02 1.63E+02 4.44E+03 1.60E+03

.

POP DOSE, 0-1000 MI 8.86E 02 1.05E+02 6.87E401 5.78E+02 5.79E+02 1.69E+04 1.75E+04
!

c.6
,

-w -g + y yy---$



Table C-1 (continued)

ECONOMIC COSTS ($) -- ---- ---- ---- ---- 1.54E+09 1.54E+09
2.21E-09 ---- 2.21E-00POP EF RISK, 0-1 MI 0.00E+00 4.41E-07 4.27E-08 ----

1.06E-06 1.46E-04 1.47E-04POP CF RISK, 0-10 MI 1.36E-07 1.86E-04 1.16E-04 ----

SOURCE TERM 00-07-3, MEAN FREQUENCY = 0.00Et00 /YR

SOURCE TERM 00-08-1. MEAN FREQUENCY * 2.22E-07 /YR
CONSEQUENCE EVACUATE NORMAL SHELTER NORMAL TOTAL CHRONIC TOTAL

ACTIVITY ACTIVITY EARLY
0-10 MI 0-10 MI 0-10 MI >10 MI

WEIGHT 0.995 0.005 0.000 1.000 ---- 1.000 ----

EARLY FATALITIES 0.00E+00 7.04E 01 1.91E 01 0.00E+00 3,52E-03 ---- 3.52E-03
2.11E-02FRODROM VOMITING 0.00E+00 4.21E+00 1.67E+00 0.00E+00 2.11E-02 ----

ET RISK, 1 MI 0.00E+00 4.15E-03 8.37E*04 ---- 2,07E-05 -- - 2,07E-05

CANCER FATALITIES 0.00E+00 1.10E+01 7.67E+00 2,94E+01 2.94E+01 3.66E+02 3.97E+02
POP DOSE, 0-50 MI 0.00E+00 5.51E+02 3.92E+02 6.24E+02 6.26E+02 4. E+03 2,63E+03

POP DOSE, 0-1000 MI 0,00E*00 5.51E+02 3.92E+02 2.00E+03 2.09E+03 2,26E*04 2.47E+04
4.79E+09 4,79E+09ECONOMIC COSTS ($) ---- ---- ---- ---- ----

3.81E-05 -- - 3.61E-05POP EF RISK, 0-1 MI 0.00E+00 7.62E-03 2.20E-03 ----

POP CF RISK, 0-10 MI 0.00E+00 1.08E-03 7.48E-04 ---- 5.38E-06 1.62E-04 1.68E-04
1

SOURCE TERM 00-08-2, MEAN FREQUENCY = 1.40E-07 /YR
CONSEQUENCE EVACUATE NORMAL SHELTER NORMAL TOTAL CHRONIC TOTAL

'ACTIVITY ACTIVITY EARLY
0-10 MI 0-10 MI 0-10 MI >10 MI

WEIGHT 0.995 0.005 0.000 1.000 ---- 1.000 ----

EARLY FATALITIES 0.00E+00 1.85E-01 7,61E-02 0.00Et00 9,24E-04 ---- 5,24E-04

1.15E-02PRODRCH VOMITING 0.00E+00 2.31E+00 1.14Et00 0.00E+00 1.15E-02 ----

2.63E 06 ---- 2.63E-06EF RISK, 1 MI 0.00E+00 5.27E 04 1.55E-04 ----

CANCER FATALITIES 5.56E-03 2,06E+01 1.54E+01 5,27E+01 5.29E+01 5.20E+02 5.73E+02
FOP DOCE, 0 50 MI 2.67E-01 6.94E+02 5.28E+02 9.79E+02 9.82E+02 2.20E+03 3.18E+03
POP DOSE, 0-1000 MI 2.67E-01 6.94E+02 5.28E+02 3,58E+03 3.58E+03 3.22E+04 3.58E+04

ECONOMIC COSTS ($) - - - ---- ---- ---- ---- 7.13E+09 7.13E+09
POP EF RISK, 0-1 M1 0.00E+00 2.15E-03 0.32E-04 - -- 1,07E-05 ---- 1.07E-05
POP CF RISK, 0-10 MI 5.42E 07 2.00E-03 1.50E-03 ---- 1.06E 05 1.29E-04 1.39E-04

SOURCE TERM G0-08-3, MEAN FREQUENCY = 0,00E+00 /YR

SOURCE TERM GG-09-1, MEAN TREQUENCY = 1.59E-07 /YR
CONSEQUENCE EVACUATE NORMAL SHELTER NORMAL TOTAL CERONIC TOTAL

ACTIVITY ACTIVITY EARLY
0-10 MI 0-10 MI 0-10 MI >10 >H

WEIGHT 0.995 0.005 0.000 1,000 ---- 1,000 ----

EARLY FATALITIES 0.00E+00 1,29E-02 0.00E+00 0.00E+00 6.45E-05 ---- 6.45E-05
! PR00RCH VOMITING 0.00E*00 1.98E-01 9.08E-04 0.00E+00 9.90E-04 9.90E-04----

' FF RISK, 1 MI 0.00E+00 4.87E-05 0.00E+00 2.43E-07 ---- 2.43E-07----

CANCER FATALITIES 0.00E+00 3.21E+00 5.66E-01 2,35E+01 2.35E+0) 3.67E+02 6.10E+0.2
POP DOSE, 0-50 MI 0.00E+00 1.76E+02 3.66E+01 4.05E+02 4.06Et02 2.15E+03 2.56E+03
POP DOSE, 0-1000 MI 0.00E+00 1.76E+02 3.66E+01 1.58E+03 1.58E+03 3.43E+04 3.59Et04
ECONOMIC COSTS ($) -+-- ---- ---- ---- ---- 3.96E+09 3.96E+09
POP EF RISK, 0-1 MI 0.00E+00 1.01E-04 0.00E+00 ---- 5.0$E 07 ---- 5.05E-07
POP CF RISK. 0-10 MI 0.00E+00 3.13E-04 5,72E-05 - - - 1.57E-06 1. 71E-04 1,72E-04

SOURCE TERM 00-09-2, MEAN FREQUENCY = 3.63E-08 /YR
CONSEQUENCE EVACUATE NORMAL SHELTER NORMAL TOTAL CHRONIC TOTAL

ACTIVITY ACTIVITY EARLY
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Table C 1 (continued)

0-10 MI 0-10 MI 0-10 MI *10 MI
1.000WEIGHT 0.995 0.005 0.000 -1.000 -------

L.59E-c'EARLY FATALITIES 0.00E+00 1.12E-02 3.96E 03 0.00E+00 5.59E 05 ---

e ' : .nTRODR M V mITING 0.00E+00 1.89E-01 8.77E-02 0.00E+00 9.47E-04 ---

4.97E-08 4.07E 08ET RISK. 1 HI 0,00E+00 9.94E-06 9.17E 07 ----

CANCER FATALITIES E.05E-04 4.81E+00 3.35E+00 1.64E+01 1.64E+01 4.51E+02 4.6?E+02
POP DOSE, 0-50 MI 3.17E-02 2.16E+02 1.55E+02 3.35E+02 3.36E+02 1,85E+03 2.19E+03
POP DOSE, 0 1000 HI 3.17E-02 2.16E+02 1.55E+02 1.13E+03 1.14E+03 2,64E+04 2.75E+04.

2.84E+09 2.84E+09---- -*-- -~- --~ ----
ECONWIC COSTS ($)

7.02E-077,02E-07POP EF RISK. 0-1 HI 0.00E+00 1.40E-04 5.02E-05 --------

2.40E-06 1.26E-04. 1,29E-04POP CF RISK. 010 HI 4.93E-08 4.69E 04 3.27E-04 ---

SOURCE TERM 00-09-3, HEAN FREQUENCY = 0.00E+00 /YR
1

SOURCE TERM 00-10-1, HEAN FREQUENCY = 2.07E*07 /YR
CONSEQUENCE EVACUATE NORMAL Bl!ELTER NOGHAL TOTAL CHRONIC TOTAL

ACTIVITY ACTIVITY EARLY
0-10 MI 0 10 MI 0-10 MI >10 MI

1,000WEIGHT 0.995 0.005 0.000 1.000 -- -----

4.91E 06EARLY FATALITIES 0.00E+09 9.82E-04 0.00E+00 0.00E+00 4.91E-06 ---

3.27E-04FRODRM VOMITP.U 0.00E+00 6.53E-02 0.00E+00 0.00Etu0 3.27E-04 ---
'

2.26E 092.26E 09EF RISK 1 HI 0.00E+00 4.52E-07 0.00Et00 ----~~

CANCER FATALITIES 0.00Et00 2.01E+00 0.00E+00 1.43E+01 1.43E+01 6.13E+02 6.27E+02
POP DOSE, 0-50 MI 0.005+00 1.22E+02 0.00E+00 2.56E+02 2.57E+02 -2.32E+03 2.58E+03
POP DOSE, 0-1000 MI 0.00E+00 1.22E+02 0.00E+00 9.59E+02 '9.60E+02 3.49E+04 3.59E+04

1.b6E+09 1.96E+09ECONm!C COSTS (8) ---- -~~ ---- ~~ *---

6.19E 066.19E 08POP EF RISK, 0-1 HI 0.00E+00 1.24E-0$ 0.00E+00 - - -~--

9.82E-07 1 Gf.E-04 1.97E-04iCP CF RISK, 0-10 HI 0.00E+00 1.96E-04 0.00E+00 ---

SOURCE TERM 00-10-2. HEAN FREQUENCY = 4.07E-09 /YR
CONSEQUENCE EVACUATE NORMAL SHELTER NORMAL TOTAL CHRONIC TCrfAL

ACTIVITY ACTIVITY 4ARLY
0-10 MI 0-10 MI 0-10 til >10 MI

WEIGHT 0.995 0.005 0.000 1.000 1.000 ~~---

7.03E-06.EARLY FATALITIES 0,00E+00 1.41E-03 1.78E-04 0.00E+00 7.03E*06 ----

PRODR M V mITING 0,00E+00 3,43E 02 1.34E-02 0,00E+00 1.72E-04 ' --- 1.72E-04
1.72E-11ET RISK, 1 HI 0.00E+00 3.44E-00 0.00Et00 ---- -1.72E-11 ----

CANCER FATALITIES 2.62E-04 3.15E+00 2.05E+00 1.37E+01 1.37E+01 4.88E+02 5.02E+02
ICP DOSE, 0-50 MI 1.85E-02 1.57E+02 1.06E+02 -2.62E+02 2.63E+02. 2.04E+03 2.31E+03
10P DOSE, 0-1000 HI 1.85E-02 1.57E+02 1.06E+02 9.33E+02- 9.34E+02- 2.84E+04 2.04E+04

3.12E+09 3.12E+09'ECONOMIC COSTS (S) ---- ---- --- --- ---

8.882-08 8.88E 08POP ET RISK, 0-1 HI 0.00E+00 1.78E-05 2.26E-06 - - - - ----

1.56E 06 1.48E-04 1.49E 04ICP CF RISX. 0 10 MI 2.55E-08 3.07E*04 2.00E 04 ~~

SOURCE TERM 00-10 3, HEAN FREQUENCY = 0.00Et00 /YR

SOURCE TERM 00-11-1, HEAN FREQ'JENCY = 3.44E-08 !YR
CONSEQUENCE EVACUATE' NORMAL SHELTER NORMAL TOTAL CHRONIC TOTAL

ACTIVITY ACTIVITY EARLY
0-10 M1 0-10 MI 0-10 MI . >10 MI

1.C00 ----
WEIGHT 0.995 0.005 0.000 .1.000 ----

4.02E-02EARLY FATALITIES -0.00E+00 8.05Et00 3.83E+00 0.00E+00 4.02E-02 ---

PR00RCH VOMITING 0.00E+00 2.33E+01 1.22E+01 7.65E-04 1.17E-01 -- - 1.17E-01
EF RISK.1 HI 0.00Et00 3.10E-02 1.95E-02 ---- 1.55E-04 ---- 1.55E-04
CANCER FATALITIES 0.00E+00 3.41E+01 2.72E+01 8.33E+01 8.35E+01 8.58E+02 9.41E+02
FDP DOSE, 0 50 MI 0.00Et00 1.61E+03 1.20E+03 1.46E+03 1.47E+03 3.26Et03 4.73E+03
IOP DOSE, 0 1000 MI 0.00E+00 1.31E+03 1.20E+03 5.57E+03 5.57E+03 5.18E+04 5.73E+04

)
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Table C-1 (Continued)

ECoNm C CorTs ($) ---- ~~ - -- ---- --- 6.79E+09 8.7sE+09
2.06E 042.06E 04EOP ET RISK, 0-1 H! 0.00E+00 4.11E-02 2.84E 02 - - ----

1.67E-05 1.24E-04 1.40E-04DOP CF RISK, 0-10 MI 0.00E+00 3.34E-03 2,66E-03 ----

1

SOURCE TERM 0G-11-2, HEAN FREQUENCY = 7.30E 08 /YR
CONSEQUENCE EVACUATE NORMAL SEELTER NORMAL TOTAL CHRONIC TOTAL

ACTIVITY ACTIVITY EARLY
0-10 MI 0-10 MI 0-10 MI >10 HI

1.000WEIGHT 0.995 0.005 0.000 1.000 ----- --

1.90E-02.EARLY TATALITIES 0.00E*00 3.79E+00 1.65E+00 0.00E+03 1.00E 02 --~

2.09E-01PRODRCH VOMITINC 0.00E+00 2.13E+01 1.07E+01 1.03E 01 2.00E-01 "-a

6.59E-056.59E*05EF RISK, 1 HI 0.00E*00 1.32E-02 7.26E-03 --------

CANCER FATALITIES 2.86E-02 5.62E+01 4.41E+01 1.43E+02 1.44E*02 1.14E+03 1.29E+03
POP DOSE, 0*50 MI 9.93E 01 1.87E+03 1,45E+03 2.35E*03 2.36E+03 3.48E+03 5.84E+03
POP DOSE 0-1000 HI 9.93E-01 1.87E+03 1.45E+03 9.27E+03 9.23E+03 6.92E+04 7.84E+04

.1.11E+10 1.11E+10--- --- - - - ~~ ~~
ECONOMIC COSTS ($)

1.07E-04'1.07E 04POP EF RISK, 0 1 HI 0.00E+00 2.DE 02 1.41E 02 ------

3.02E 05 1.06E-04 1.38E-04POP CF RISK, 0-10 HI 2.79E 06 5.48E-03 4.30E-03 -~~

SOURCE TERM 00-11-3, HEAN FREQUENCY = 0.00E+00 /YR

SOURCE TERM 00-12 1, HEAN FREQUENCY = 3.62E 06 /YR
CONSEQUENCE EVACUATE NORMAL SHELTER NOFNAL TOTAL CHRONIC TOTAL

ACTIVITY ACTIVITY EARLY
0-10 MI 0-10 MI 0-10 MI >10 MI

1.000WEIGHT 0.995 0.005 0.000 1.000 ------

EARLY FATALITIES 0.00E+00 9.96E-01 1.53E 01 0.00E+00 4.99E-03 ---- 4.99E-03
4.44E-02PRODRW M ITINO 0.00E+00 5.24E+00 L O3E+00 1.82E-02 4.44E-02 ----

2.58E-052.58E-05ET RISK. 1 HI 0.00E+00 5.16E-03 2.73E-04 ---------

CANCER FATALITIES 0.00E+00 2.00EiO1 1.24E+01 7.42Et'J1 7.43E+01 7.69Et02 8.44E+02
POP DOSE, 0-50 MI 0.00E+00 7.60E+02 4.74E+02 1.16E+03 1.17E+03 2.87E+03 4.04E+03-
POP DOSE, 0 1000 MI 0.00E+00 7.60E+02 4.74E+02 4.32E+03 4.63Et03 4.69E+04 5.1CE+04

9.86E+09 9.86E+09ECON WIC COSTS ($) ---- --- --- --- ----

5.10E 05POP EF RISK, 0-1 H! 0.00E+00 1,02E-02 1.86E-03 ---- 5.10E-05 ----

POP CF RISK, 0-10 MI 0.00E+00 1.95E-03 1.21E-03 9.74E-06 1.44E-04 1.54E-04----

SOURCE TERM 00-12-2. HEAN FREQUENCY = 5.73E-06 /YR
CONSEQUENCE EVACUATE NORMAL SHELTER NORMAL TOTAL CHRONIC TOTAL

ACTIVITY ACTIVITY EARLY
0-10 MI 0-10 MI 0-10 MI >10 MI

WEIGHT C 905 0.005 0.000 1.000- 1.000 -----+- -

EARLY FATALITIES 0.00E+00 2.58E-01 9.78E-02 0.00E+00 1.29E 03 1.29E-03=----

FRODROM V0HITINO 0.00E+00 2.87E+00 1.2BE+00 0.00Et00 1.43E-02 1.43E-02---

EF RISK. 1 HI 0.00E+00 7.10E 04 2.19E-04 3.55E-06 3.55E-06---- ----

CANCER FATALITIES 2.27E-03 1.73E+01 1.26E+01 5.86E+01 5.87E+01 1.01E+03 1.07E+03-
IOP DOSE, 0-50 MI 1.65E 01 6.43E+02 4.81Et02 1.05E+03 1.06E+03 3.13E+03 4.19E+03
POP DOSE, 0-1000 MI 1.65E-01 6.43E+02 4.81E+02 3.87E+03 3.87E+03 5.97t+04 6.36E+04
ECON WIC COSTS ($) ~-- --- "-- ---- ---- 8.20E+09 8.20E+09
POP EF RISK, 0-1 HI 0.00E+00 2.84E-03 1.1BE-03 L 42E-05 ---- 1.42E 05~~

| POP CF RISK, 0-10 MI 2.21E-07 1.68E-03 1.23E-03 8.64E-06 1.27E-04 1.36E 04-~-

SOURCE TERM 00-12-3. HEAN FREQUENCY = 0.00Et00 /YR
1
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Table C 1 (continued)

SOURCE TERM 00-13-1. MEAN FREQUENCY * 1.39E-09 /YR'
' CONSEQUENCE EV'CUATE NORMAL EHELTER -NORMAL TOTAL CHRONIC TOTAL

ACTIVITY ACTIVITY EARLY

l 0 10 MI 0-10 MI 0 10 MI >10 MI
1.000WEIGHT 0.995 0.005 0.000 1.000 -~---

1.63E+00EARLY FATALITIES 0 00E+00 5.38E+01 3.32E+01 -1,36E+00 1.63E600 ---

7.79E+00
PRODROM VOMITING 0.00Et00 8.61E+01 4.52E+01 7.36E+00 7.79E+00 ---

3.47E-043.47E-04ET RtSK, 1 MI 0.00E+00 6.93E 02 5.76E 02 ~~~-

CANCER FATALITIES 0.00E+00 1.97E+02 1.80E+02 8.00E+02 8.01E+02 1.58E+03 2.38E+03,

POP DOSE, 0 50 MI 0.00E+00 1.01E+04 7.73E+03 8.65E+03 8.70E+03 1.01E+04 1.88E+04
IOP DOSE, 0-1000 MI 0.00E+00 1.01E+04 7.73E+03 3.97E+04 3.97E+04 1.02E+05 1.41E+05

2.67E+10 2.67E+10---- ~~ ~~ ~~ ~~
ECON TIC COSTS ($)

4.02E 044.02E-04POP EF RISK, 0 1 MI '0.00E+00 8.04E 02 .6.98E 02 ~~---

9.58E 05 1.17E-04 2.13E 04POP CF RISK, 0 10 MI 0,00E+00 1.92E-02 1.75E-02, ---

a

SOURCE TERM 00-13-2, MEAN FREQUENCY = 7.99E-10 /YR
i

CON 3EQUENCE- EVACUATE NORMAL SHELTER NORMAL TOTAL CHRONIC TOTAL'

ACTIVITY ACTIV!TY EARLY
0-10 MI 0-10 MI 0-10 MI >10 MI

-1.000WEIGHT 0.995 0.005 0.000 1.000 ~~---

1.48E+00EARLY FATALITIES 1.E3E-06 5,82E+01 3.94E+01 1.19E+00 1.48E+00 ' ----

1.09E+01
FRODR W 1r0HITING 5.89E 06 9,58E+01 5.97E+01 1.04E+01 1.00E+01 -~-

2,52E-04 ~ ~ ~ 2.52E-04ET RISK, 1 MI 0.00E+00 5.04E-02 4.50E-02 ----

CANCER FATALITIES 3.04E*01 2.33E+02 2.12E+02 1.02E+03' 1.02E+03-1.71E+03 2.73E+03
POP DOSE, 0-50 MI 7.84E+00 1.10E+04 9.34E+03 1.12E+04 1.13E+04- 8.89E+03 2.02E+04

j POP DOSE, 0-1000 MI 7.84E+00 1.10E+04 9.34E+03 5.03E+04 5.03E+04 1.10E+05 1.61E+05
2.85E+10 2,85E+10

i ECONOMIC COSTS ($) -~* ---- - - ~ --- ---

3.07E 043.07E 04POP EF RISK, 0-1 MI 2.07E-08 6.14E-02 5.54E-02 ~~---

1.43E-04 8.85E-05 2.32E-04POP CF RISK, 0 10 MI 2.96E*05 2.27E-02 2.07E-02 ----

SOURCE TERM 00-13-3, MEAN FREQUENCY = 0.00E+00 /YR ,

!

SOURCE TERM 00-14 1, MEAN FREQUENCY = 3.79E 09 /YR
CONSEQUENCE EVACUATE. NORMAL SHELTER NORMAL TOTAL CHRONIC TOTAL

: ACTIVITY ACTIVITY EARLY
0-10 MI 0-10 MI 0 10 MI >10 M1

1.000WEIGHT 0.995 0.00$ 0.000 1,000 --------

5.26E-021 EARLY FATALITIES 0.00E+00 1.04E+01 3,78E+00 - 4.54E-04 5.16E 02 -~-

8.68E-01PRODRM VOMITING 0.00E+00 0.01E+01 1.19E+01 7.17E 01 8.68E-01: ----

1.66E-041.66E-04EF RISK, 1 MI 0.00E+00 3.31E 02 1.82E-02 --------

CANCER FATALITIES 0.00E+00 5.10Et01 4.00E+01 1.73E+02' 1.73E+02 1.50E+03 1.67E+03
POP DOSE, 0 50 MI 0.00F W 2.04E+03 1.46E+03 2.33E+03 2.64E+03 6458E+03 8.93E+03
POP DOSE, 0-1000 MI S.00E+00 2.04E+03 1.46E+03 1.06E+04 1.06E+04- 9.08E+04 1.01E+05a

1,73E+10 1.73E+10-ECONOMIC COSTS ($) --- ---- ~ ~ - ---- ---

2.10E-042.10E-04POP ET RISK. 0-1 MI 0.00E+00 4.21E-02 2.64E-02 -------
.

POP CF RISK, 0-10 MI 0.00E+00 4.07E-03 3.90E-03- 2.49E-05- 1.47E 04 1.71E-04' ---

1a

SOURCE TERM OG-14-2, MEAN FREQUENCY = 0.01E-00 /YR
CO'! SEQUENCE EVACUATE NORMAL SHELTER - NORMAL - TOTAL CHRONIC TOTAL

} ACTIVITY ACTIVITY EARLY
0 10 MI 0-10 MI- 0-10 MI >10 MI-

-1.000WEIGHT 0.395 0,00$ 0.000 1.000- *-------

2.95E-02EARI.Y FATALITIES 0.00E+00 5.85E+0C 2.66E+00 2.59E-04 2.95E-02 - - - -

7.27E 01PRODROM VOMITING 0.00E+00 2.63E601 1.26E+01 5.95E 01 7.27E-01 =~-

8.17E 05--- 18.17E 05-EF RISK, 1 MI 0.00Et00 1.63E 02 9.70E-03 ---

CANCER FATALITIES 5.41E 32 7.00E+01 5.68E+01 2.71E+02 2.72E+02 1.91E+03 -2.18E+03
POP DOSE, 0-50 MI 1.81E+00 2.29E+03 1.77E+03 3.42E+03 3.44E+03 5.91E*03 9.35E+03
POP DOSE, 0-1000 MI- 1.81E+00 2;29E+03 1.77E+03 1.66Et04 1.67Et04 1.15E+05- 1.32E+05

2.06E+10 2.06E+10ECONOMIC COSTS ($) ---- ---- ---- ---- ----

1
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Table C 1 (continued)

1.192-04 ---- 1.19E-04IOP EF RISK. 0-1 HI 0.00E+00 2.39E-02 1.67E-02 ----

3.96E 05 1.09E 04. 1.49E-04IOP CF RISK. 0-10 MI 5.27E 06 6.92E-03 5.54E-03 ~~

SOURCE TERM 00 14 'd, HEAN FREQUENCY = 0.00Es00 /YR

SOURCE TERH 00-15-1. HEAN FREQUENCY = $.20E 07 /YR
CONSEQUENCE EVACUATE NORMAL SilELTER NORMAL TOTAL CIIRONIC TOTAL

ACTIVITY ACTIVITY EARLY
0 10 HI 0-10 HI 0 10 MI >10 HI

1.000WEIGl:T 0.995 0.005 0.000 1.000 -~~~~

EARLY FATALITIES 0,00E+00 0.00E+00 0.00Et00 0.00E+00 0.00%+00 0.00E+00---

-0.00E+00PRODROM V0HITING 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 ---

0.00E+00 ---- 0.00E+00EF RISK, 1 HI 0.00E+00 0.00E+00 0.00E+00 ----

CANCER EATALITIES 0.00E+00 2.65E-04 0.00E+00 4.83E-03 4.83E 03 5.36E 03 1.02E 02
POP DOSE, 0 50 MI 0.00E+00 1.63E-02 0.00E+00 2.09E-02 2.10E-02 3.26E-01 3.47E 01
P0F DOSE, 0-1000 MI 0.00E+00 1.63E 02 0.00E+00 2,93E-01 2.93E 01 4.94E*01 7,87E 01

1.19E+05 1J10E+05ECONCHIC COSTS ($) --~ - - - ' ~~ --~ ~~

0.00E+0070P ET RISK, 0-1 HI 0.00E+00 0.00E+00 0.00E+00 0.00E+00-- ----

POP CF RISK. 0 10 MI 0.00''+0C 2.58E 06 0.00P00 1.20E-10 6.252-09 6.38E-00- - ~

SOURCE TERM 00-15 2 HEAN FREQUENCY = 4.20E 10 /YR
CONSEQUENCE EVACUATE NORMAL SHEL.TER NORMAL TOTAL CHRONIC TOTAL

ACTIVITY ACTIVITY EARLY
0-10 MI 0-10 MI 0-10 HI >10 MI

WEIGHT 0.995 0.005 0,000 1.000 1.000 -~.--~

EARLY FATALITIES 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00- --

PRODRCH V0HITING 0.00E+00 0.00Ev00 0.00E+00 0.00E+00 0.00E+00 0.00E+00----

EF RISK, i HI 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00~~ ~~

CANCER FATALITIES 4.32E-05 1.98E 02 1:B4E*02 1.03E-01 1.03E 01 4.18E 03 1.07E 01
POP DOSE, 0-50 MI 2.04E-03 9.28E-01 8.61E-01 8.3BE-01 8.44E-01 3.22E-01 1'17E+00.

POP DOSE, 0-1000 MI 2.04E-03 0.28E 01 6.61E-01 5.99E+00 5.99E+00 4.59E-01 6.45E+00
ECONCHIC COSTS (8) 1.14E+05 1.14E+c5--- - - - ---- --- ~~

POP EF RISK, 0-1 HI 0.00E+00 0.00E+00 -0.00E+00 0.00E+00 ---- 0.00E+00----

POP CF RISK, 0 10 MI 4.21E 09 1.93E*06 1.79E-06 1.38E*06 2.94E-09 1.68E-06----

SOURCE TERH 00-15-3, HEAN FREQUENCY = 0.00E+00 /YR
1

SOURCE TERM 00-16*1, HEAN FREQUENCY = 3.82E-07 /YR
CONSEQUENCE EVACUATE NORMAL SHELTER NORMAL TOTAL CHRONIC TOTAL

ACTIVITY ACTIVITY EARLY
0-10 MI 0-10 MI -0-10 MI *10 MI

WEIGHT 0.995 0.005 0.000 1.000 1.000-~~ ----

EARLY FATALITIES- 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00---

PRODRCH V0HITING 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00---

EF RISK 1 HI 0.00E+00 0.00E+00- 0.00E+00 ---- 0.00E+00- ' ----- 0.00E+00
CANCER FATALITIES 0.00E+00 6,52E 03 0.00E+00 5.20E-02 5.20E-02 2.61E-01 3,13E-01
POP DOSE, 0-50 MI 0.00E+00 5.23E 01 0.00E+00 5. u -01 5.93E-01 1.23E+01 ''1.29E+01
POP DOSE 0-1000 MI 0.00E+00 5.23E-01 0.00E+00 3.57E+00 3.58E+00 3.11E+01 3.47E+01
ECONatIC COSTS (S) 2.08E+05 2.08E+05--- ---- ---- --~ ~~

POP EF RISK, 0-1 HI 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00Et00----- ---

POP CF RISK, 0-10 MI 0.00E+00 6.36E-07 0.00E+00 3.18E-09 1.45E-07 1.48E 07----

SOURCE TERN 00 16-2, HEAN FREQUENCY = 3.83E-10 /YR
CONSEQUENCE EVACUATE NORMAL SHELTER NORMAL -TOTAL CHRONIC TOTAI.

ACTIVITY ACTIVITY EARLY
0-10 MI 0-10 MI 0-10 MI >10 HI

C.11
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Table C 1 (continued)

WEIGHT 0.995 0.005 0.000 1.000 ---- 1.000 ----

0.00E+00EARLY FATALITIES 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 *---

0.00E+00PRODROH YOMITING 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0,00E+00 -----

0.00E+00 ---- 0.00E+00EF RISK, i HI 0.00E+00 0.00E+00 0.00E+00- - --

CANCER FATALITIES 8.10E-05 3.70E-02 3.41E-02 1.97E-01- 1.97E 01 2.57E-01 4.54E-01
POP DOSE, 0 50 HI 3.82E 03 1.73E+00- 1.59E+00 1.58E+00 1.59E+00 7.81E+00 9.40E+00
POP DOSE, 0-1000 MI 3.82E-03 1.73E+00 1.59E+00 1.15E+01 1.15E+01 1,50E+01 2,65E+01

.---- 1,27E+05 1.27E+05
ECONOMIC COSTS ($) ---- --*- ---- ----

0.00E+00 ---- 0.00E+00POP EF P.ISK, 0 1 HI 0.00E+00 'O.00E+00 0.00E+00 ----

2.59E-08 3.43E-07 3.68E-07P0f CF RISK, 0-10 MI 7.90E-00 3.61E-06 3.33E 06 ---- ,

SOURCE TERM 00-16 3, HEAN FREQUENCY a 0.00E+00 /YR

SOURCE TERM 00-17-1. HEAN FREQUENCY = 1.80E-07./YR
CONSEQUENCE EVACUATE NORMAL SHELTER NORMAL TOTAL' . CHRONIC TOTAL

JCTIVITY ACTIVITY EARLY
0-10 HI 0-10 MI 0-10 MI >10 PG

1.000WEIGHT 0.995 0.005 0.000 1.000 --------

0.00E+00EARLY FATALITIES 0.00E+00 0.00E+00 0.00E*00 0.00E+00 0,00E+00 ---

0.00Et00PRODROM V0HITING 0,00E+00 0.00E+00 0.00E+00 0.00E+00 0,00E+00 ----

0.00E+000.00E+00-EF RISK, i HI 0.00E+00 0.00Et00 0.00E+00 --------

CANCER F/.TALITIES 0.00E+00 3.18E-02 0.00E+00 7.30E-01. 7.30E-01 3.21E+00 3.94E+00.
POP DOSE, 0 50 MI 0.00Et00 2.04E+00 0.00E+00 3.82E+00 3.83E+00 6.91E+01 7,29E+01
POP DOSE, 0-1000 MI 0.00E+00 2.04E+00 0.00E+00 4.52E+01. 4.52E+01 2.16E+02 2.61E+02

1,40E+06 1.40E+06-ECON 0 HIC COSTS ($) ---- ---- ---- ---- ----

0.00E+000.00E+00POP EF RISK, 0-1 HI 0.00E+00 0.00E+00 0.00E+00. --------

1.55E*08 4.40E 06 4;50E-06POP CF RISK, 0-10 HI 0.00E+00 3.10E-06 0.00E+00 ----

1

SOURCE TERM 00-17*2, HEAN FAEQUENCY = 3.63E-09 /YR
CONSEQUENCE EVACUATE NORMAL- SHELTER NORMAL TOTAL CHRON'C TOTAL

ACTIVITY . ACTIVITY EARLY
0 10 HI 0 10 MI 0 10 MI >10 MI

1.000WEIGHT 0.995 0.005 0.000 1.000 --------

0.00E+00EARLY FATALITIES 0.00E+00 0.00Et00 0,00E+00. 0,00E+00 0.00Et00 ----

0.00E+00-PRODROM YCHITING 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 ----

0,00E+000.00E+00.EF RISK, 1 HI 0.00E+00 0.00E+00 0.00E+00 - ---------

CANCER FATALITIES 2,8tE-04 7,70E 02 5.98E-02 6.30E-01 6.31E-01 3.42E+00 4.05E+00
POP DOSE, 0-50 MI 1.42E-02 4.282+00 .3.19E+00 4,25E+00 4.29E+00 8.27E+01 8,70E+01
POP DOSE, 0-1000 MI 1.42E 02 4.28Et00 3,19E+00 3.82E+01 3.83E+01 - 2.00E+02 ' 2.47E+02

3.05E+06 3.0 $E+06 'ECONOH!C COSTS ($) -*-- ---- - *- ---- ----

0.00E+00 ~ 0.00E+00POP EF RISK, 0-1 HI 0.00E+00 0.00E+00. 0.00E+00 ----- - - -

POP CF RISK. 0-10 MI 2.82E-08 7.51E-06 5.83E-06 ---- 6.56E-08 9.'74E-06 9.80E-06

SOURCE TERM 00-17-3, HEAN FREQUENCY = 0.00E+00 /YR

SOURCE TERM CO-18-1, HEAN FREQUENCY = 5.00E-07 /YR-
,

| CONSEQUENCE EVACUATE NORMAL SHELTER NORMAL TOTAL CHRONIC TOTAL

: ACTIVITY ACTIVITY EARLY
l 0-10 HI- 0-10 HI 0-10 MI >10 MI
! 1,000 ----

WEIGHT 0.995. 0.005 - 0.000 1.000 ----

0.00E+00
! EARLY r!JALITIES 0.00Et00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 ----

! PF00RCH YOMITING 0.00E+00. 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00-----

0.00E+00( EF RISK, 1 HI 0.00E+00 0.00Et00 0.00E+00- ---- 0.00E+00 ----

CANCER FATALITIES 0.00E+00 2.42E-01 7,90E-06 2.16Et00- 2.16E+00 3.43E+01 3.64E+01

POP DOSE, 0 50 HI 0.00E+00 1.88E+01 7.11E-04- 3.13E+01 3,14E+01 .3.14E+02 3.46E+02
POP DOSE, 0-1000 MI 0.00E+00 1.88E+01 7.11E-04 1.56E*02 1.56E+02 2.20E+03 2.35E+03

- -- ---- ---- ---- ---- 8,55E+07 8.55E+07ECONOMIC COSTS (S)

i
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Tabic C 1 (continued)

0.00E+000.00E+00POP ET RISK, 0-1 MI 0.00Et00 0.00E+00 0.00E+00 --~~~

1,18E-07 4.31E-05 4.32E 05POP CF RISK, 0-10 MI 0.00E+00 2.36E-05 7.71E-10 ---

SOURCE TERM G0 18-2. MEAN FREQUENCY = 2.4 5E-08 /YR
cot. SEQUENCE EVACUATE NORMAL SHELTER NORMAL TOTAL CHRONIC TOTAL

ACTIVITY ACTIVITY EARLY
0-10 MI 0-10 MI 0 10 MI >10 MI

.1.000WEIGHT 0.995 0.005 0.000 1.000 --------

0.00E+00EARLY FATALITIES 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 ----

0.00E*00PRODROM VWITING 0.00Et00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 ----

0.00E+000,00E+00EF RISK, 1 MI 0.00E+00 0.00E+00 0.00E+00 ------

CANCER FATALITIES 8.62E-05 3.53E-01 1.76E-01 1.54E+00 1.54E+00 2.97E+01 3.13E+01
IVP DOSE, 0-50 MI 4.55E-03 2. 54E + 01 1.37E+01 2.45E+01 2.46E+01 3.46E+02 3.70E+02
POP DOSE, 0-1000 MI 4.55E-03 2.54E+01 1.37E+01 1.07E+02 1.07E+02 1.85E+03 1.95E+03

7.95E+07 7.95E+07--- -~ ---- -- - ----
ECONTIC COSTS ($)

0.00E+000.00E+00POP EF RISK. 0-1 HI 0.00E+00 0.00E+00 0.00E+00 --------

1.80E-07 4.97E-05 4.99E-05POP CF RISK, 0-10 MI 8.41E-09 3.44E 05 1.72E-05 ----

SOURCE TERM GG-10-3, HEAN FREQUENCY = 0.00E+00 /YR
1

SOURCE TERM GG-19 1, MEAN FREQUENCY = 1.6b -07 /YR
CONSEQUENCE EVACUATE NORMAL SHELTER NORMAL TOTAL CHRONIC TOTAL

ACTIVITY ACTIVITY EARLY
0-10 MI 0-10 MI 0-10 MI >10 MI

1.000 ----
WEIGHT 0.995 0.005 0 000 1.000 ----

0.00E+00EARLY FATALITIES 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 ----

PRODRat VOMITING 0.00E+00 7.96E-05 0.00E+00 0.00E+00 3.98E-07 ---- 3.98E-07
0.00E+00 ---- 0.00E+00EF RISK, 1 MI 0.00E+00 0.00E+00 0.00E+00 ----

CANCER FATALITIES 0.00E+00 5.76E-01 1.47E-03 5.09E+00 5.10E+00 2.02E+02 2.08E+02
ICP DOSE, 0-50 MI 0.00E+00 3.70E+01 1.07E-01 8.01E+01 8.03E+01 1.04E+03 1.12E+03
POP DOSE, 0-1000 MI 0.00E+00 3.70E+01 1.07E-01 3.49E+02- 3.49E+02 1.17E+04 1.21E+04-
ECONW IC COSTS ($) ---- ---- --- ---- ---- 8.60E+08 8.60E+08

0.00E+000.00E+00POP EF RISK, 0-1 MI 0.00E+00 0.00E+00 0.00E+00 ----+---

2.81E-07 1.04E-04 1.04E-04POP CF RISK 0-10 MI 0.00E+00 5.62E-05 1.44E-07 ----

SOURCE TERM 00-19-2, MEAN FREQUENCY = 1.72E-08 /YR
CONSEQUENCE EVACUATE NORt%L SHELTER NORMAL TOTAL CHRONIC TOTAL

ACTIVITY ACTIVITY EARLY
0-10 MI 0-10 MI 0-10 MI >10 MI

1.000 ----
WEIGHT 0.995 0.005 0.000 1.000 ----

0.00E+00EARLY FATALITIES 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 ----

PRODROM VCHITING 0.00E+00 2.72E-05 0.00E+00 0.00E+00 1.36E-07 ---- 1.36E 07
EF RISK, 1 MI 0.00E+00 0.00E+00 0.00E+00 ---- 0.00E+00 - - - - - . - 0.00E+00
CANCER FATALITIES 5.09E-05 1.04E+00 5.80E-01 4.10E+00 4.10E+00 1.73E+02 1.77E+02
POP DOSE, 0-50 MI 3.18E-03 5.67E+01 3.28E+01 7.38E+01 7.41E+01 1.04E+03 1.11E+03
POP DOSE, 0-1000 MI 3.18E 03 5.67E+01 3.28E+01 2.77E+02 2.77E+02 9.97E+03 1.02E&04

--- --- - ~ ~ ---- ~~ 7.00E+08 7.00E+08ECONTIC COSTS ($)
0.00E+000.00E+00POP EF RISK, 0-1 MI 0.00E+00 0.00E+00 0.00E+00 ~~- - - -

5.12E 07 1.29E-04 1.29E-04IVP CF RISK, 0-10 MI 4.96E-09 1.01E-04 5.65E*05 ---

SOURCE TERM GG-19-3, MEAN FREQUENCY = 0.00Et00 /YR

SOURCE TERM C0-20 , MEAN FREQUENCY = 0.00E+00 /YR
!

|
|
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APPENDIX D
RISK RESULTS

This appendix presents detailed risk results for Grand Gulf for internal
initiators. Figure D.1 contains the CCDFs for early fatalities, latent
cancer fatalities, population do_se_ within _50 miles, population dose within
the entire region, individual risk of early fatality within one mile of the

,

site boundary, and individual risk of latent cancer fatality within 10 j
miles of the plant. Each frame in this figure displays 250 CCDFs; - each
individual curve results from one observation in the LHS samp1- for Grand
Gulf. These families of curves are the most basic risk results generated
in this probabilistic risk assessment. i

Table - D.1 presents the PRAMIS output for internal initiators in slighlty_
edited form for Sample 1. The PRAMIS output uses PDS as at abbreviation
for plant damage states. The 12 PDSs for internal initiators st Grand Gulf
are:

PDS 1-3, 7 Short Term SBO
PDS 4-6, 8 Long Tecm SB0
PDS 9 Short Term ATWS
PDS 10 Long Term ATWS
PDS 11 Short Term T2
PDS 12 Long-Term T2

PRAMIS . uses CSQ as an abbreviation for consequence measure. The nine
consequence measures for which results are reported are:

_

1. Early Fatalities
2. Early Injuries
3. Individual Early Fatality Risk at 1 mile
4. Latent Cancer Fatalities
5. Population Dose - 10 miles (SV)
6. Population Dose Entire Region (SV)

_

7. Economic Cost ($)
8. Individual Early Fatality-Risk-within 1 mile
9. Individual Latent Cancer Fatality Risk within 10 miles.-

PRAMIS uses PAR as an abbreviation for source term groups.- The source term
groups are defined in Section 3.4. PRAMIS uses APB as.an abbreviation for-
accident progression bin; the APB1 attributes and characteristics are
defined in.Section 2.4 .The two methods of calculating fractional
contribution to risk are ' discussed in Section 5.1. 2. The lists of the
fractional contributions of individual . APBs have been truncated to show
only the top 63 contributors.

~
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Table D.1
PP&lIS Results for Grand Gulf

CSQ

1 2 3 4 5 6. 7 8 . 9
MEAN RISK * 8.1E-09 6.0E-08 1,9E 11 9.2E-04 5.1E*03 5.7E-02 8,3Et03 3.3E*11 3.3E-10

HFCR - FRACTIONAL CONTRIBUTIONS OF PDS TO CSQ, NORMA 1.IZED ON A S#tFLE BASIS

CSQ
1 2 3 4. 5 6 7 8 9

FDS -

1 0.38100 0.39184 0.37638 0.41780 0.42647 0.41967 0.41273 0.38393 0.43361 -
2 0.00662 0.00616 0.00660 0.00500 0.00581 0.00500 0.00618 0.00625 0.00550
3 0.09084 0.08968 0.09049 0.08516 0.08351 0.08533 0.09023 0.09042 0.07911
4 0.03662 0.03208 0.03611 0.01598 0,01388 0.01566 0.01707 0.03337 0.01262
5 0.00160 0.00167 0.00147 0.00067 0.00058 0.00066 0.00076 0.00139 0.00046
6 0.00649 0.00545 0.00513 0.00213 0.00172 0,00206 0.00199 0.00*59 0.00152
7 0.36143 0.34848 0.J6689 0.34427 0.34123 0.34415 0.35246 0.36158 0.33681
8 0.02033 0.02638 0.01921 0.03104 0.02814 0.03004 0.02677 0.01948 0.02630
0 -0.04643 0.04454 0.05162 0.02627 0.02922 0.02678 0.02911 0.04884 0.03367

10 0.03276 0.03858 0.03021 0.05612 0.05364 0.05497 0.04869 0.03404 0.05204
11 0.01477 0,01491 0.01563 0.01401 0.01527 0,01417 0.01357 0.01584 0.01774-
12 0.00021 0.00022 0.00026 0.00063 0.00055 0.00061 0.00043 0.00027 0.00061'

FCHR *- FRACTIONAL CONTRIBUTIONS OF PDS TO CSQ
CSQ

1 2 3 4 5 6- 7' '8- 9

FDS

1 0.61049 0.61678 0.65537 0.70747 0.72117 0.70978 0,72141' O.66768 0~74280- ;

2 0.01010 0.01001 0.01122 0.01920-0.01604 0.01851 0.01270 0.01030 0.01674
3 0.05015 0.05793 0.06785 0.04576 0.04432 0.04575 0.04549 0.06451 0.03902'
4 0.01649 0.02366 0.02252 0.01922 0.01694 0.01898 0.01892 0.02228 0.01300
5 0.00226 0.00377 0.00325 0.00221 0.00177 0.00217 0.00220 0.00310 0.00094
6 0.00041 0.00054 0.00049 0.00077 0.00065 0.00075 0.00069 0.00054 0,00054
7 0.25227 0.20927 0.18834 0.14028 0.13786 0.13979 0.13978 0.17923 0.12951
6 0.02741 0.04219 0.01796 0.02600 0.02378 0.02553 0.02403 0401846 0.02106
9 0.00830 0.00553 0.01553 0.00958 0.01071 0,00969 0.00946 0.01462-0.01262- i

10 0.01131 0.02798 0.01424 0.02575 0.02323 0.02535 0.02245 0.01596 0.01987
11 0.00181 0.00232 0.00321 0.00370 0.00348 0.00364 0.00282 0.00323'0.00383
12 0.00001 0.00001 0.00001 0.00007 0.00006 0.00006 0.00004 0.00002 0.000C7.
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Table D 1 (continued)

FRACTIONAL CONTRIBUTIONS OF PAR TO CSQ, NORtiA1.12ED ON A SN4PLE BASIS

CSQ
1 2 3 4 5 6 7 8 9

PAR

1 0.00103 0.00525 0.00178 0.00096 0.00184 0.00097 0.00032 0.00112 0.00257
2 0.00000.0.00399 0.00000 0.00165 0,00401 0.00169 0.00018 0.00000 0.00463
3 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
4 0.04543 0.04932 0.04829 0.01084 0.01637 0.01110 0,00700 0.04824 0.02268
5 0.00083 0.00943 0.00381-0.00748 0.00996 0.00758 0.00427 0.00099 0.01419
6 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
7 0,01241 0.02784 0.00272 0.04112 0.04168 0.04311 0.04567 0.01180 0.04508
8 0.00197 0.01262 G.01350 0.01679 0.01906 0.016810.01416 0.00232 :0,02214
9 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

10 0.00036 0.00369 0.00000 0.01797 0.01041 0.01844 0.01219 0.00038 0.02277
i 11 0.00019 0.00048 0.00000 0.00684 0.00916 0.00675 0.00232 0.00023 0.01152
| 12 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
i 13 0.06706 0.09355 0.05521 0.03001 0.03823 0.03313 0.03089 0.07255 0.03013 '

14 0.02305 0.02409 0.02362 0.01367 0.01746 0.01486 0.02440 0.02679 0.01667
15 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
16 0.02126 0.03257 0.01761 0.06006 0.06632 0.06072 0,08551 0.02206 0.08091
17 0.00586 0.01170 0.00393 0.03872 0.03517 0.03696 0.01885 0.00485 0.04593
18 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
19 0,01921 0.01955 0.00450 0.04532 0.05020 0.04746 0.08366 0.01573 0.05005

" 20 0.00005 0.00049 0.00000 0.01048 0.00892 0.01002 0.00847 0.00006'0.01116
| 21 0,00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

22 0.23983 0.17391 0.30619 0.08464 0.09057 0.08502 0.11623 0.27819 0.08702
23 0.06484 0.06768 0.05255 0.07283 0.06872 0.07347 0.09701 0.07618 0.05304
24 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0,00000'0.00000
25 0.01003 0.01101 0.01571 0.08006 0.06249 0.07739 0.06604.0.00929 0.06649
26 0.00803 0.00644 0.00379 0.02375 0.02070 0.02304 0.01914 0.00950 0.02088
27 0.00000 0.00000 0,00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000-
28 0.00102 0.00371 0.00022 0.03124 0.02517 0.02980 0.01480 0,00132 0.02906
29 0.00057 0.00073 0.00000 0.00430 0.00359 0.00415 0.00397 0.00067 0.00376
30 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0,00000 0.00000 0.00000-

31 0.13552 0.06650 0.14873 0.03225 0.02976 0.03210 0.03410 0.12125 0.01763
32 0.09222 0.10995 0.09700 0.05532 0.05029.0.05555 0.05486 0.08978 0.02822
33 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

| 34 0.08807 0.08813 0.10911 0.05310 0.04724 0.05335 0.06958 0.10884 0.03247
35 -0.02880 0.03017 0.02362 0.04268 0.03284 0.04188 0.03970 0.03467 0.02050
36 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
37 0.06501 0.05638 0.02319 0.00568 0.00731 0.00556 0.00701 0,01803 0.00170

38 0.01870 0.01917 0.00572 0.00335 0,00392 0.00323 0.00339 0.00480 0.00138
39 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
40 0.02356 0.03190 0.02274 0.00599 0.00608 0.00594 0.00700 0.01680 0.00254
41 0.02709 0.03962 0.02627 0.01627 0.01442 0.01620 0,01822 0.02376 0.00566

42 0.00000 0.00000 0.00000.0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
,

43 0.00000 0.00000 0.00000 0.00002 0.00008 0.00002 0.00004 0.00000 0.00002 ;

|- !44 U.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000-0.00000 0.00000|

| 45. 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000-
| 46 - 0.00000 0.00000 0.00000 0.00016 0.00092 0.00029 0.00002 0.00000 0.00013
1 47 0.00000 0.00000 0.00000 0.00000 0.00000-0.00000 0.00000 0.00000 0.00000
i 48 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

49 0.00000 0.00000 0.00000 0.00393 0.00886 0.00411 0.00031 0.00000 0.00636
50 0.00000-0.00000 0.00000 0.00055 0.00101 0.00052 0.00014 0.00000 0.00111
51 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
52 0.00000 0.00000 0.00000 0.07062 0.08516 0.07221 0.03740 0.00000 0.11252 -
53 0.00000 0.00000 0.00000 0.00502 0.00728 0.00494 0.00245 0.00000 0.01076
54 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
55 0.00000 0.00012 0.00000 0.09542 0.08588 0.09123 0.06470 0.00000 0.10144
56 0.00000 0.00000 0.00000 0.01092 0.01092 0.01024 0.00600 0.00000 0.01689'
51 0.00000 0.00000 0.00000 0.00000 0,00000 0.00000 0.00000 0.00000 0.00000

58 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0,00000
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Table D.1 (continued)

FRACTIONA1. CONTRIBUTIONS OF FAR TO CSQ-
CSQ

1 2 3 4 5 ~ 6 7 8 9

3 RISK = 8.1E-09 8,0E-08 1.9E-11 9.2E-04 5.1E-03 5.7E 02 8.3E+03 3.3E 11 3.3E-10

FAR

1 0.00001 0.00016 0.00002 0.00011 0.00037 0.00011 0.00001 0.00002 0.00075
2 0.00000 0.00015 0.00000 0.00035 0.00119 0.00036 0.00002 0.00000-0.00170
3 0.00000 0.00000 0.00000 0.00000 0.00000 D 00000 0.00000 0.00000 0.00000
4 0,00087 0.00295 0.00160 0.002t5 0.00674 0.00305 0.00100-0.00258 0.01469
5 0.00001 0.00068 0,00007 0.00385 0.006?? 0.00399 0.00145 0.00004 0.01303
0 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
7 0.00015 0.00117 0.00003 0.01196 0.01607 0.01298 0.00970 0.00034 0.02400
8 0.00004 0.00067 0.00008 0.00610 0.00804 0.00620 0.00400 0.00011 0.01328
9 0.00000 0.00000 0,00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000.

10 0.00000 0.00008 0.00000 0.00708 0.01017 0.00845 0 00383 0.00000 0.01634
11 0.00000 0.00001 0,00000 0.00221 0.00375 0.00223 0.00053 0,00001 0.00594
12 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.0s 00'0.00000 0.00000
13 0.02917 0.063510.03407 0.02358 0.038110.02732 0.02vv5 0.06645 0.03115
14 0.00382 0.00742 0.00568 0.01457 0.02312 0.01639.0.02704 0.01126 0.02371
15 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
16 0.00073 0.00306 0.00054 0.03577 0.04571 0.03650 0.04608 0.00181 0.06633
17 0.00005 0.00078 0.00006 0.02029 0.02001 0.01924 0.00750 0.00016 0.02945
18 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000'
19 0.00102 0.00235 0.00016 0.00495 0.11974 0.10170 0.20046 0.00168 0.13664-
20 0.00000 0.00001 0.00000 0.00341 0.00330 0.00327 0.00196 0.00000 0.00473
21 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0,00000 0.00000 0.00000

22 0.09684 0.07732 0.24282 0.0952A 0.11375 0.09679 0.12794 0.25890 0.11252
23 0.01609 0.02664 0.01950 0.08689 0.08694 0.08868 0.12038 0.04639 0.05063
24 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000'0.00000 0.00000
25 0.00127 0.00260 0.00204 0.10407 0.07930 0.10074 0.07575 0.00246 0.08348-
26 0,00025 0.00057 0.00010 0.01834 0.01551 0.01764 0.01242 0.00078 0.01412
27 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
28 0.00013 0.00112 0.00002 0.14082 0.10448 0.13171-0.04001 0.00039 0.12427
29 0.00000 0.00001 0.00000 0.00221 0.00183 0.00211 0.00153 0.00001 0.00186
30 0.00000 0.00000 0,00000 0.00000 0.00000'0.00000 0.00000 0.00000 0.00000

31 0.17186 0.06663 0.28255 0.03508 0.03170 0.03495 0.03648 0.21647 0.01476
32 0.17126 0.25226 0.25501 0.10114 0,08334 0.10119 6.09765 0.23725 0.03063
33 .0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
34 0.02243 0.02659 0.04946 0.03305 0.02849 0.03311 0.04304 0.05664-0.01698'
35 0.00917 0.01354 0.01076 0.06633 0.04672 0.06440 0.05660 0.02493 0.02368
36 0.00000 0.00000 0.00000 0.00000 0.00000 0,00000 0.00000.0.00000 0.00000
37 0.28133 0.17910 0.02554 0.00358 0.00510 0.00349 0.00447 0.01714 0.00000
38 0.14680 0.14401 0.01066 0.00236 0.00313 0.00226 0.00274 0,00752 0.00056
39 0.00000 0.00000 0.00000 0.00000-0.00000 0.00000 0.00000 0.00000 0.00000
40 0.02472 0.05439 0.03333 0.00686 0.00660 0.00677 0.00791.0.02454 0.00198 i

~ ~

41 0.02200 0.072210.02$910.01417 0.01096 0.01402 0.014910.02210 0.00272
42 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000'
43 0.00000 0.00000 0.00000 0.00000 0.00002 0.00000 0.00000 0.00000 0.00001
44 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000.0.00000 0.00000
45 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000'
46 0.00000 0.00000 0.00000 0.00013 0.00006-0.00023-0.00001 0.00000 0.00017
47 0.00000 0.00000 0.00000-0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
48 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
49 0.00000 0.00000 0.00000 0.00077-0.00256 0.00083 0.00003 0.00000 0.00247
50 0.00000 0.00000 0.00000 0.00002 0.00006 0.00002 0.00000 0.00000 0.00011
51 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

- 52 0.00000 0.00000 0.00000 0.01074 0.03365 0.0208$ 0.00515 0.00000 0.06563
53 0.00000 0.00000 0.00000 0.00083 0.00177 0.00085 0.00023 0.00000 0.00371
54 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0,00000

55 0,00000 0.00000 0,00000 0.03620 0.03532 0.03428 0.01675 0.00000 0.05109

56 0.00000 0.00000 0.00000 0.00320 0.00372 0.00310 0.00145 0.00000 0.00679-
57 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0,00000

58 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
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Table D.1 (continued)

TRACTIONAL CONTRIBUTIONS OF APB ATTRIBUTES TO CSQ 1, NORMALI1ED ON A SAMPLE BASIS. ,

!

CSQ- 1
APB ATTRIBUTES

1 2 3 4 5 6 7 8 9 j
'

A 0.84079 0.54466 0.42465 0.04441 0.31846 0.03673 0.78343 0.02988 0.30117-
B 0.06504 0.45533 0.31029 0.39013 0.35919 0.22020 0.02677 0.01252 0.69882
C 0.01477 0.12577 0.02831 0.00476 0,01325 0.18313 0.61531-
D 0.00021 0.11900 0.33132 0,07819 0.05240 0.00667 0.09166
E 0.04643 0.02020 0.20583 0.12325 0.55401 0.25062
F 0.03276 0.02327 0.01565
0 0.00671 0.09835
U 0.08615 0.00940
1 0.00000

FRACTIONAL CONTRIBttt10NS OF APB ATTRIBUTES TO CSQ 2, NORMALIZED ON A SAMPLE BASIS-
CSQ 2

AFB ATTRIBUTES
1 2 3 '4 5 6 7 8 9

A 0.83616 0.54709 0.42555 0.04756 0.34980 0.05891 0.76101 0.02812 0.29111
B 0.06550 0,45200 0.2949$ 0.36854 0.31806 0.26261 0.02866 0.01123 0.70688

C 0.01491 0.12569 0.02821 0.00400 0.01505 0.20005 0.57624
D 0.00022 0.12424 0.34273 0.08536 0.05152 0.01028 0,00024

E 0.04454 0.02956 0,10206 0.11647 0.46366 0.29216
F 0.03858 0.02569 0.02070
0 0.00660 0.11658
H 0.09293 0.01096
1 0.00000

FRACTIONAL CONTRIBUTIONS OF AP,B ATTRIBUTES TO CSQ 3, NORMALIZED ON A SAMPLE BASIS
CSQ 3

AFB ATTRIBUTES
1 2 3-- 4 5 S 7 8 9-

A 0.84035 0.54391 0.43059 0.04460 0.33340 0.03699 0.77015 0.02689 0.29486
B 0.06192 0.45608 0.30081 0.39493 0.35005 0.19521 0.02612 0.01358 0.70513
C 0.01563 0.12783 0.02960 0.00545 0.01180 0.18980 0.63746 -
D 0.00026 0.12058 0.32453 0.08176 0.05700 0.00493 0.06412
E 0.05162 0.02018 0.20625 0.12504 0.58131 .0.25794
F. 0.03021 0.02006 0.01356-
0 0.00683 0.09760
H 0.07651 0.00654
1 0.00000

FRACTIONAL CONTRIBUTIONS OF APB ATTRIBUTES TO CSQ 4, NORMALIZED ON A SM4PLE BASIS
CSQ 4

APB ATTRIBUTES
1 2 3 4 5 6 7 8 9

A 0.85315 0.54270 0.42084 0.04594 0.47908 0.06266 0.70021 0.01631 0.28541
B 0.04982 0.45729 0.25443 0.41042 0.21826 0.25387 0.02393 0.00883 0.71458
C 0.01401 0.13597 0,02408 0.00472'0.01407 0.24304 0.46097

D 0.00063 0.11922 0.34931 0.09276 0.03093 0.03281 0.03526
-E 0.02627 0.06053 0.17024 0.10233 0.28701 0.47862

F 0.05612 0.02385 0.10312
0 0.00369 0.19715
H 0.07530 0.04201
1 0.00016
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Table D.1 (continued)

FRACTIONAL CONTRIBUTIONS OF APB ATTRIBUTES TO CSQ 5. NORMALIZED ON A SAMPLE BASIS
CSQ 5

APB ATTRIBUTES

1 2 3 4 5 6 7 8 9

A 0.85701 0.53892 0.41331 0.04475 0.49448 0.06567 0.68203 0.01413 0,27342
B 0.04430 0.46107 0.25145 0.40457 0.21334 0.23978 0.020$4 0.00613 0.72657
C 0.01527 0.13728 0.02366 0.00467 0.01198 0.26366 0.44967
D 0.00055 0.12076 0.35025 0.09377 0.04201 0.03376 0.03196.
E 0.02922 0.07719 0.17676 0.09647 0.28694 0.49610

F 0.05364 0.02217 0.10668
0 0.00367 0.20238
U 0.07124 0.04372
I 0.00085

FRACTIONAL CONTRIBUTIONS OF AFB ATTRIBUTES TO CSQ ?. NORMALIZED ON A SAMPLE BASIS

CSQ 6'

APB ATTRIBUTES
1 2- 3 4 5 6 7 8 9

A 0.85505 0.54216 0.41948 0.04582 0.47806 0.06212 0.69838 0.01593 0.28385
B 0.04842 0.45783 0.25534 0.40893 0.21801 0.25214 0.02341 0.00876 0.71613
C 0.01417 0.13555 0.02405 0.00474 0.01371 0.24603 0.46411
D 0.00061 0.12036 0.35103 0.09396 0.04048 0.03217 0.03462
E 0.02678 0.06926 0.17016 0.10186 0.28803 0.47657
F 0.05497 0.02364 0.10276
0 0.00375 0.19858
H 0.07509 0.04191
1 0.00027

FRACTIONAL CONTRIBUTIONS OF AFB ATTRIBUTES TO CSQ .7, NORMALIEED ON A SAMPLE BASIS

CSQ 7
APB ATTRIBUTES

1 2 3 4 5 6 7. 8 9

A 0.86160 0.54505 0.42860 0.04637 0.45011 0.05566 0.71919 0.01606 0.29145
B 0.04659 0.45494 0.26463 0.41495 0.23636 0.24648 0.02263 0,00931 0.70853
C 0.01357 0.13391 0.02584 0.00516 0.01339 0.23160 0.51370
D 0.00043 0.12436 0.35630 0.09562 0.04620 0.02657 0.03693
E 0.02911 0.04845 0.15654 0.11037 0.33634' O.42391
F 0.04869 0.02301 0.08115
0 0.00409 0.18481
H 0.07527 0.03392
1 0.00006

FRACTIONAL CONTRIBUTIONS OF APS ATTRIBUTES TO CSQ 6,' NORMA 1.IZED ON A SAMPLE BASIS

CSQ .8-
AFB ATTRIBUTES

1 2 3 4 5 6 7 8 9

A 0.84217 0.54468 0.42894 0.04602 0.34311 0.04133 0.76737 0.02302 0.28952
B 0.05883 0.45531 0.29496 0.39638 0.32536 0.22041 0.02707 0.01321 0.71047
C 0.01584 0.12960 0.02907 0.00572 0.01265 0.19763 0.63441
D 0.00027 0.12563 0.33578 0.08873 0.05680 0.00793 0.05463
E 0.04884 0.02087 0.19275 0.12558 0.53082 0.27472
F 0.03404 0.02175-0.01720
0 0.00643 0.11171
H 0.08132 0.00907
I 0.00000
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Table D 1 (continued)

FRACTIONAL CONTRIBUTIONS OF APB ATTRIBUTES TO CSQ 9, NORMALIEED ON A SAMPLE BASIS

CSQ 9
AFB ATTRIBUTES

1 2 3 4 5 6- 7 8 9

A 0.85503 0.53293 0.40718 0.04238 0.53611 0.07132 0.65212 0.01178 0.25908
B 0.04090 0.46706 0.24346 0.40553 0.19725 0.20732 0.01527 0.00663 0.74091
C 0.01774 0.14237 0.02272 0.00459 0.00980 0.29490 0.39507
0 0.00061 0.11543 0.34427 0.00180 0.04351 0.03770 0.01962
E 0.03367 0.09156 0.18510 0.08720 0.27932 0.56668
F 0.0$204 0.01894 0.12036
0 0.00256 0.21685
H 0.06154 0.05131
1 0.00022

FRACTIONAL CONTRIBUTIONS OF APB ATTRIBUTES TO CSQ. NORMALIZED ON A SAMPLE BASIS
APB ATTRIBUTE 1

CSQ

1 2 3 4 5 6 7 8 9

A 0.84079 0.83616 0.84035 0.85315 0.85701 0.85505 0.66160 0.84217 0.85503 -
B 0.06504 0.06559 0.06192 0.04982 0.04430 0.04842 0.04650 0.05883 0,04090
C 0,01477 0.01491 0.01563 0.01401 0.01527 0.01417 0.01357 0.015$4 0.01774
0 0.00021 0.00322 0.00026 0.000;J 0.00055 0,00061 0.00043 0.00027 0.00061
E 0.04643 0.04454 0.05162 0.02627 0.02022 0.02678 0.02911 0.04884 0.03367
F 0.03276 0.03858 0.03021 0.05612 0.05364 0.05497 0.04869 0.03404 0.05204 J

FRACTIONAL CONTRIBfJI!ONS OF APB ATTRIBUTES TO CSQ. NORMALIZED ON A SAMPLE BASIS -
APB ATTRIBUTE 2

CSQ
1 2 3 4 5 6 7 8 9

A 0.b4466 0.54709 0.54301 0.54270 0.53892 0.54216 0.54505 0.54468 0.53293
B 0.45533 0.45290 0.45608 0.45729 0.46107 0.45783 0.45494 0.45531 0.46706

FRACTIONAL CONTRIBUTIONS OF AFB ATTRIBUTES 70 CSQ. NORMALIZED ON A SAMPLE BASIS
APB ATTRIBUTE 3

CSQ
1 2 3 -4 5' 6 7 8 9

A 0.42465 0.42555 0.43059 0.42084 0.41331 0.41948 0.42860 0.42894 0.40718
B 0.31029 0.29495 0.30081 0.25443 0.25145 0.25534 0,26468 0.29496 0.24346

C 0.12577 0.12569 0.12783 0.13597 0.13728 0.13555 0.13391 0.12960 0.14237
D 0.11909 0.12424 0.12058 0,11922 0.12076 0.12036 0.12436 0.12563 0.11543

E 0.02020 0.02956 0.02018 0.06953 0,07719 0.06926 0.04845 0.02087 0.09156

FRACTIONAL CONTRIBUTIONS OF APB ATTRIBUTES TO CSQ. NORMALIZED ON A SAMPLE BASIS
APB ATTRIBUTE 4

CSQ
1 2 3 4 5 6 ~ 7 8 9

A 0.044410.04756 0.04469 0.04594 0.04475 0.04582' 0.04637 = 0.04602 0.04238
B 0.39013 0.38854 0.39493 0.41042 0.40457 0.40893 0.41495 0.39638 0.40553 -
C 0.02831 0.02821 0.02960 0.02408 0.02366 0.02405 0.02584 0.02907 0.02272
0 0.33132 0.34273 0.32453 0.34031 0.35025 0.35103 0,35630 0.13578 0.34427
E 0.20583 0.19296 0.20625 0.17024 0.17676 0.17016 0.15654 0.19275 0.18510

FRACTIONAL CONTRIBUTIONS OF APB ATTRIBUTES TO CSQ. NORMALIZED ON A SAMPLE BASIS
AFB ATTRIBUTE $

CSQ

1 2 3 4 5 -- 6 7 8 9
A 0.31846 0.34989 0.33340 0.47908 0.49448 0.47896 0.45011'0.34511 0.53611:
B 0.35919:0,31806 0.35005 0.21826 0.21334 0.21801 0.23636 0.32536 0.19725

C 0.00478 0.00490 0.00545 0.00472 0.00487 0.00474 0.00516 0.00572 0.00459
D 0.07819 0.08536 0.08176 0.09276 0.09377 0.09396 0.00562 0.08873 0.09180
E -0.12325 0.11647 0.12504 0.10233 0.09647 0.10186 0.11037 0.12558 0.08720
F 0.02327 0.02569 0.02006 0.02385 0.02217 0.02364 0.02301 0.02175 0.01804
G 0.00671 0.00669 0.00683 0.00369 0.00367 0.00375 0.00409 0.00643 0.00256-
H 0.08615 0.09203 0.01651 0.075JO 0.07124 0.07509 0.07527 0.08132 0.06154.

D.10
|

.. . .
.. . . . . . . . . . .

.
.



. .- . . ._

Table'D.1 (continued)

FRACTIONAL CONTRIBUTIONS OF AFB ATTRIBUTES TO CSQ. NORMALIEED ON A SAMPLE BASIS
AFB ATTRIBUTE 6

CSQ
1 2 3 4 .5 6 7 8 9

A 0.03673 0.05891 0.03609 0.06266 0.06567 0.06212 0.05566 0.04133 0.07132
B 0.22020 0.26261 0.19521 0.25387 0.23978 0 25214 0.24848 0.22041 0.20732
C 0.01325 0.01505 0.01180 0.01407 0.01198 0,01371 0.01339 0.01265 0.00980
D 0.05240 0.05152 0.05700 0.03993 0.04201 0.04048 0.04620 0.05660 0.04351
E 0.55401 0.46366 0.58131 0.28701 0.28694 0.28803 0.33634 0.53082 0.27932
F 0.01565 0.02070 0.01356 0,10312 0.10668 0.10276 0.08115 0.01720 0.12036
0 0.09835 0.11658 0.09760 0.19715 0,20238 0.19858 0.18481 0.11171 0.21685
H 0.00940 0.01096 0.00654 0.04201 0.04372 0.04191 0.03302 0.00007 0.05131
I 0.00000 0.00000 0.00000 0.00019 0.00085;0.00027 0.00006 0.00000 0.00022

FRACTIONAL CONTRIBUTIONS OF APB ATTRIBUTES TO CSQ. NORMALIZED ON A SAMPLE BASIS
APB ATTRIBUTE 7

CSQ

1 2 3 4 5- 6- 7 8 9

A 0.78343 0.76101 0.77915 0.70021 0.68203 0.69838 0.71919 0.76737 0,65212
B 0.02677 0.02866 0.02612 0.02393 0.02054 0.02341 0,02263 0,02707 0,01527
C 0.18313 0.20005 0.18980 0.24304 0.26366 0.24603 0.23160 0.19763 0.29490
D 0.00667 0.01028 0.00403 0.03281 0.03376 0.03217 0.02657 0.00703 0.03770

FRACTIONAL CONTRIBUTIONS OF APB ATTRIBUTES TO CSQ. NORMALIZED ON A SAMPLE BASIS
AFB ATTRIBUTE 8-

CSQ
1 2 3 4 5 6. 7 8 9 ,

A 0.02988 0.02812 0.02689 0.01631 0.01413 0.01593 0.01606 0,02302 0.01178
B .0.01252 0.01123 0.01358 0.00883-0.00813 0.00876 0.00931 0.01321 0.00663-
C 0.61531 0.57624 0.63746 0.46097 0.44967 0.46411 0.51378 0.63441 0.39507
0 0.09166 0.00024 0.06412 0.03526 0.03196 0.03462 0.03693 0.05463 0.01982
E 0.25062 0.29216 0.25704 0.47862 0.49610 0.47657 0.42391 0.27472 0.56658

FRACTIONAL CONTRIBUTIONS OF ATB ATTRIBUTES TO CSQ, NORMALIZED ON A SAMPLE BASIS
AFB ATTRIBUTE 9

CSQ
1 2 3 4 5 6- 7 8 9'

A 0.30117 0.29111.0.29486 0.28541 0.27342 0.28385 0.29145 0.28952 0.25908'
B 0.69882 0.70888 0.70513 0.71456 0.72657 0.71613 0.70853 0.71047 0.74091

t
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Tablo D 1 (continued)

FRACTIONAL CONTRIBUTIONS OF APB ATTRIBUTES TO CSQ 1-

CSQ 1 RICK = 0.1E 09
AFB ATTRIBUTES

1 2 3 4 5 6 '7 6 9

A 0.93200 0.55398 0.32152 0.01354 0.14432 0.00815-0.83024 0.04868 0.43612
B 0.04657 0.44601 0.47087 0.25490 0'.30951 0.35642 0,01017 0.01170 0.56387
C 0.00181 0.05972 0.01979 0.02851 0.00491 0.14020 0.59118
D 0.00001 0.13312 0.52532 0.06666 0.01042 0.00130 0.16727-
E 0.00830 -0.01477 0.18544 0.12280 0.51726 0,18107

F 0.01111 0.01090 0.00375
0 0.00295 0.08609
H 0.22432 0.00210
1 0.00000

FRACTIONAL CONTRIBUTIONS OF APB ATTRIBUTES TO CSQ 2-
CSQ 2 RISK = 6.0E-06

APB ATTRIBUTES
1 2 3 4 5 6 7 8 9

A 0.89309 0.55099 0.30552 0.01935 0.13901 0.01327 0.82570 0.03295 0.43138 i
B 0.07017 0.44000 0.46852 0.23345 0.34144 0.49236 0.02604 0.01186.0.56860
C 0.00232 0.06150 0,03955 0.02305 0,01334 0.14608 0.60587
D 0.00001 0;14371 0.53912 0.07030 0.03029 0.00218 0.16076
E 0.00553 0.02074 0,16853 0.10196 0.34914 0.18855
F 0.02798 0.01524'0.00684
0 0.00286 0.08227
H 0.30515 0.00349
1 0.00000

FRACTIONAL CONTRIBUTIONS OF AFB ATTRIBUTES TO CSQ 3 -
CSQ 3 RISK = 1,9E-11

AFB ATTRIBUTES
, ;

1 2 3- 4- 5 6 7 8 9-
A 0.92277 0.43642 0.26813 0.02196 0.15301 0.00800 0.76076 0.01072 0.33784
B 0,04422 0.56357 0.408910.24150 0.38490 0.31363 0.J1293 0.(1570-0.66215
C 0.00321 0.08686 0.03066 0.07122 0.00618 0 21543 0.*/2314
D 0.00001 0.'2797 0.53977 0.08685 0.09510 r,.00187 0.05297

E 0.01553 0.01813 0.16600 0.08815 0.49675 0.19747-
F -0.01424 0.01308 0.00653
0 -0.00483 0.07050
H 0.19796 0.00330'
I -0.00000

- FRACTIONAL CONTRIBUTIONS OF AFB ATTRIBUTES TO CSQ 4
CSQ 4 RISK = 9.2E 04

AFB ATTRIBUTES
1 2 3 4- 5 6 7 8 9

A 0.91271 0.62828 0.22556 0.03569 0.37739-0.04522-0.60950-0.01799 0.28143
B 0.04819 0.37170 0.38727 0.20426 0.22461 0.29517 0.01540 0.00739 0,71856
C 0.00370 0.00136 0.03421 0.02878 0,00597 0.36272 0.52556

D 0.00007 0.20679 0.51077 0.00613 0.05467 0.01236 0.02240
E 0.00958 0.00001 0.20605 0.11020 0.17867 0.42665-
F 0.02575 0.01574 0.18744
0 0.00193 0.16363

| H 0.14514 0.06904

[
I 0.00017

i

D.12

_ _ _ _ _ _ _ _ . . _ _ __ - -_. . .. _ . . _ , , -. _ -. . _



|

|

l

|

I

Table D.1 (continued)

FRACTIONAL CONTRIBUTIONS OF AFB ATTRIBUTES To CSQ $
CSQ 5 RISK = 5.1E-03

AFB ATTRIBUTES

1 2 3 4 5 6 7 8 9

A 0.91938 0.60568 0.22467 0.03239 0.36021 0.04829 0.58321 0.01500 0.26725-
B 0.04314 0.39431 0,39796 0.20739 0.23346 0.26766 0.01230 0.00707 0.73274
C 0.00348 0.08317 0.02856 0.03439 0.00512 0.39175 0.53714
D 0.00006 0.20074 0.52959 0.11533 0.06825 0.01274 0.02111
E 0.01071 0.09345 0.20207 0.11695 0.18982 0.41967
F 0.02323 0.01277 0.16024
0 0.00172 0.18995
H 0.12516 0.06960
I 0.00106

FRACTIONAL CONTRIBUTIONS OF AFB ATTRIBUTES TO CSQ 6
CSQ 6 RISK = 5.7E-02

AFB ATTRIBUTES
1 2 3 4 5 6 7 8 9

A 0,91382 0,62492 0.22562 0.03533 0.36879 0.04533 0.60763 J 01746 0.27937
B 0.04743 0.37506 0.39185 0.20481 0.22795 0.29482 0.01507 0.00741 0.72062
C 0.00364 0.08145 0.03339 0.02927 0.00588 0.36502 0.53199
D 0.00006 0.20499 0.52274 0.10079 0.05623 0.01226 0.02223
E 0.00969 0.09608 0.20371 0.11152 0.18004 0.42090
F 0.02535 0.01549 0.17932
0 0.00193 0.16939
H 0.14426 0.06872
I 0.00027

3.

FRACTIONAL CONTRIBUTIONS OF APB ATTRIBUTES TO CSQ 7
CSQ 7 RISK = 8.3Et03

APB ATTRIBUTES
1 2 3 4 5 6 7 8- 9

A 0.91939 0.63371 0.23971 0.03617 0.26499 0.04350 0.60773 0.01510 0.27181
B 0.04584 0.36628 0.44801 0.21718 0.28209 0.30153 0.01352 0.00841 0.72817
C 0.00282 0.08249 0.02967 0.03830 0.00548 0.36805 0.59914
0 0.00004 0.17109 0.54724 0.13317 0.06707 0.01068 0.02517-
E 0.00946 0.05869 0.16973 0.12383 0.19875 0.35217
F 0.02245 0.01439 0.00713
0 0.00193 0.21862
H 0.14130 0.06790
I 0.00002

FRACTIONAL CONTRIBUTIONS OF AFB ATTRIBUTES TO CSQ 8
CSQ 8 RISK = 3.3E-11

AFB ATTRIBUTES
1 2' '3 4 5 6-- 7 8 9

A 0.92180 0.43642 0.25610 0.07307 0.'15726 0.01579 0.74222 0.00966 0.32831
B 0.04438 0.56357 0.48828 0.23073 0.34889 0.32690 0.01313 0.01422 0.67168
C 0.00323 0.08838 0.03008 0.07619 0.00590 0.24090 0.71590
0 0.00002 0.14525 0.55005 0.10162 0,10586 0.00374 0.04264

E 0.01462 0.02199 0.16606 0.10107 0.43867 0,11757

F 0.01596 0.01436 0.00807
0 0.00446 0.09108
H 0.19615 0.00464
I 0.00000
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Table D.1 (continued)
4

FRACTIONAL CONTRIBUTIONS OF APB ATTRIBUTES TO CSQ 9-
CSQ 9 RISK = 3.3E+10

AFB ATTRIBUTES
1 2 3 4 5 6 7 8 9 ,

A 0.92806 0.60326 0.21329 0.03074 0.43567 0.05199 0.51420 0.01456 0.24362 i

B 0.03554 0.39673 0.37576 0.20170 0.21083 0.18017 0.00771 0.00533 0.75636
C 0.00383 0.08383 0.02368 0.03423 0.00347 0.46425 0.49246
0 0.00007 0.21149 0.52420 0.12321 0.07829 0.01383 0.01079-
E 0.01262 0.11563 0.21967 0.11326 0.17856 0.47664
F 0.01987 0.00787 0.20239
0 0.00103 0.21783
H 0.07388 0.08698
I 0.00031 I

FRACTIONAL CONTRIBUTIONS OF AFB ATTRIBUTES TO CSQ
AFB ATTRIBUTE 1

CSQ
1 2 3 4 5 6 7 -8 -9

A 0.93200 0.89399 0.92277 0.01271 0.91938 0.91382 0.91939 0.92180 0.92806j

B 0,04657 0.07017 0.04422 0.04819 0.04314 0.04743 0.04584 0.04438 0.03554'

d C 0.00181 0.00232 0.00321 0.00370 0.00348 0.00364 0.00282 0.00323 0.00383
i D 0.00001 0.00001 0.00001 0.00007 0.00006 0.00006 0,00004 0.00002 0.0C007

E 0.00830 0.00553 0.01553 0.00958 0.01071 0.00969 0.00946 0.01462 0.01262
F 0.01131 0.02798 0.01424 0.02575 0.02323 0.02535 0.02245 0.01596 0.01987

FRACTIONAL CONTRIBUTIONS OF AFB ATTRIBUTES TO CSQ
AFB ATTRIBUTE 2

CSQ
1 2 3 4 5 6- 7 8 9

A 0.55398 0.55999 0.43642 0.62828 0.60568 0.62492 0.63371 0.43642 0,60326

B 0.44601 0.44000 0.56357 0.37170 0,39431 0.37506 0.36628 0.56357 0.39673

FRACTIONAL CONTRIBUTIONS OF APB ATTRIBUTES TO CSQ
AFB ATTRIBUTE 3.

CGQ
1 2 3 4 5 6 7 8 9

A 0.32152 0.30552 0.26813 0.22556 0.22467 0.22562 0.23971 0.25610 0.21320
B 0.47087 0.46852 0.49891 0.38727 0.39796 0.39185 0.44801 0.48828 0.37576
C 0.05972 0.06150 0.08688 0.08136 0.08317 0.00145 0.08249 0.08838 0.08383
0 0.13312 0.14371 0.12797 0.20679 0.20074 0.20499 0.17100 0.14525 0.211491
E 0.01477 0.02074 0.01813 0.09901 0.09345 0.09608 0.05869 0.02199 0.11563

FRACTIONAL CONTRIBUTIONS OF APB ATTRIBUTES TO CSQ
APB ATTRIBUTE 4-

CSQ
1 2 3 4 5 . 6 7 8 9

A 0.01354 0.01935 0.02196 0.03569 0.03239 0.03535 0.03617 0.02307 0.03074
B 0.25490 0.23345 0.24150 0.20426 0.20739 0.20481 0.21718 0.23073 0.20170
C 0.01979 0.03955 0.03068 0.03421 0.02556 0.03339 0.02967 0.03008 0.02368
0 0.52632 0.53912 0.53977 0.51077 0.52959 0.52274 0.54724 0.55005 0.52420-
E 0.18544 0.16853 0.16609 0.20605 0.20207 0.20371 0.16973 0.16606 0.21967

FRACTIONAL CONTRIBUTIONS OF AFB ATTRIBUTES TC ';SQ
APB ATTRIBUTE 5

CSQ
1 2 3 4 5 6 7 8 9

A 0.14432 0.13991-0.15301 0.37739 0.36021 0.36879 0.26499 0.15726-0.43567
B 0.39951 0.34144 0.38490 0.22461 0.23346 0.22795 0.28209 0.34889 0.21083
C 0.02851 0.02305 0.07122 0.02878 0.03439 0.02927 0.03830 0.07619 0.03423
0 0.06668 0.07039 0.08685 0.09613 0.11533 0.10079 0.13317 0.10162 0.12321
E 0.1*280 0.10196 0.08815 0.11028 0.11695 0.11152 0.12383 0.10107 0.11326
F 0.01090 0.01524 0.01308 0.01574 0.01277 0.01549 0.01439 0.01436 0.00787
0 0.00295 0.00286 0.00483 0.00193 0.00172 0,00193 0.00193 0.00446 0.00103

1 H 0.22432 0.30515 0.19796 0.1451% 0.12516 0.14426 0.14130 0.19615 0.07388
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Table D.1 (Continued)>

i FRACTIONAL CONTR1%UTIONS OF AFB ATTRIBUTES TO CSQ
AP1 ATTRIBUTE 6;

CSQ

l 1 2 3 4 $ 6 7 6 0

i A 0.0061$ 0.01327 0.00000 0.04522 0.04829 0.04333 0.04350 0.01$70 0.05199
B 0.35642 0.49236 0.31363 0 29517 0.26766 0.29462 0,30153 0.32890 0.16017'

.
C 0.00491 0.01334 0.00616 0.00$97 0.00512 0.00566 0.00646 0.00$00 0.00347 -

'

| D 0.04062 0.03929 0.09510 0.0.'467 0.06825 0.05623 0.06707 0.10$66 0.07829
E 0.51726 0,34914 0.49675 0.17t67 0.16982 0.16004 0.1967$ 0.43867 0.176$6
F d.00375 0.00664 0.006$3 0.16744 0.16024 0.17932 0.09713 0.00607 0.20230 ,

0 0.06099 0.08227 0.070$0 0.16363 9.1Pt95 0.16939 0 21662 0.09106 0.21783 |
'

il 0.00210 0.00$*9 0.00330 0.06904 0.96960 0.06672 0.06700 0.00464.0.06606;
I 0.00000 0.00000 0.00000 0.00017 0.00106 0.00027 0.00002 0.00000 0.00031

t

FRACTIONAL CONTRIBUTIONS OF AFB ATTRIBUTES 70 CSQ
AFB ATTRIBUTE 7'

C8Q

4 1 2 3 4 5 6 7 8 9 3
i

A 0.63024 0.62570 0.76976 0.60950 0.S6321 0.60763 0.60773 0.74222 0.51420.

B 0.01017 0.02604 0.01293 0.01540 0.01230 0.01$07 0.01352 0.01313 0.00771
C 0.14920 0.14606 0.21$43 0.36272 0.39175 0.36502 0.36605 0.24000 0.464P5
0 0.00130 0.00216 0.00167 0.01236 0.01274 0.01226 0.01066 0.00374 0.01363

FRACTIONAL CONTRIBUTIONS OF AFB ATTRIBUTE 8 70 CfQ
AFB ATTRIBUTE 6

CSQ

1 2 3 4 $ .6 7 8 9
i

.

A 0.04866 0.0320$ 0.01072 0.0179; 0.01b00 0.01746 0.01510 0.00966 0.01456
B 0.01179 0.01166 0.01570 0,00739 0.00707 0.00741 0.00641 0.01422 0.00$33
C 0 $9116 0.60587 0.71314 0.$2556 0.$3714 0.53199 0.$9914 0.71500 0.49246
D 0.16727 0.16076 0.0$297 0.02240 (.02111 0.02223 0.02517 0.04264 0.01070 2

E 0.17107 0.16655 0.19747 0.42665 0.41967 0.42000 0.3$217 0.21757 0.47664

FRACTIONAL CONTRIBUTIONS OF !JB ATTRIBUTES TO CS')
AFB ATTRIBUTE 9

CSQ ,

1 2 3 4 5 6 7 8 9
A 0,44612 0,43136 0.23764 0.26143 0.36725 0.27937 0 27161 0.32631 0.24132
B 0.$63C7 0.$6660 0.66215 0.71656 0.73274 0.72062 0,72617 0.67166 0.7$636

.
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Table D.1 (continu0d)

1 FRACTIONAE CONTRIBUTIONS OF AFB TO CSQ NORMA 1.1EED ON EAMFLE BASIS
CSQ 1 CBQ 2 CSQ 3

ABALBEACB 0.018!J 0.01859 ABAttEAEE 0.01407 0.01407 ABABBEACB 0.020$6 0.020$6
ABABAEACB 0.01469 0.03327 ABABBEACB 0.01374 0.02781 ABABAEACB 0.01790 0.03646
ABABLEAEb 0.01348 0,04675 ABABAEACB 0.01268 0.04049 ABBDDGACB 0.01454 0.0$300
ABEEBEAAB 0.01310 0.0$985 ABBEBEAAB 0.01175 0.0$224 ABAEBEAEB 0.01431 0.06731

1 ABBDDOACB 0.01 M7 0.07163 ABBDDOACB 0.01172 0.06306 AAABAEACB 0.01245 0.07975
AAABAEACB 0.01106 0.08290 ABABAEAEB 0.00911 0.07307 AABEBEACB 0.00026 0.06904
ABABEEADB 0.01020 0.09319 ABBDDOCCB 0.00000 0.06107 ABCBBEACB 0.00004 0.09806
ABCBBEACB 0.00939 0.102$8 AAABAEACB 0.00864 0.09061 AAABBEAEB 0.00631 0.10638
AABtBEAct 0.0002$ 0.11183 ABABBEADB 0.00706 0.09879 ABBED0AAB 0.00601 0.11440
AAABEBACB 0.00706 0.11982 AAABEBACB 0.00763 0.10662 ABABEEACB 0.00720 0.12169
ABABEEACB 0.00744 0.12726 ABBEDGAAB 0.00736 0.11399 AABDEBACB 0.00714 0.12664'

ABBED0AAB 0.00743 0.13469 AAABAEAEB 0.00712 0.12111 ABBEBEAAB 0.00685 0,13$60
f AABDEBACB 0.00738 0.14207 ABCBBEACB 0.0066$ 0.1270$ ABABBEACA 0.00661 0.14250
I AAABBEAEB 0.00692 0.14899 AABDEBACB 0.006$0 0.1344S AAABEEACB 0.00661 0.14930

ABBDDOCCB 0.00669 0.1$$68 ABDDDOCCB 0.00646 0.14001 AAABEBACB 0.00676 0.1$607
ABABBEACA 0.006$$ 0.16223 AABDUBACB 0.00603 0.14693 ABABBEADB 0.00661 0.16266
ASAEBLADB 0.006$1 0.16874 ABABEEACB 0.00595 0.15206 ABBDDGACA 0.906S2 0.16920
AABDHBACA 0.00642 0.17315 AABDHBACA 0.00587 0.15875 AAABBEACB 0.00646 0.17565

l MABAEAEB 0.00631 0.16146 AAABHBACB 0.00$$1 0.16426 ABCBAEACB 0.00577 0.16142
AAABAEAEB 0.00$$6 0.16704 AABEBEACB b.00$60 0.16974 ABDDAEACB 0.00S$1 0.18693
ABCBBLACA 0.00$37 0.19241 ABAEBEADB 0.00$32 0.17$06 ABAEAEACB 0.00546 0.19236
ABBDDOACA 0.00$35 0.19776 ABABBEACA 0.00517 0.10023 ABBDDOCCB 0.00532 0.19771
AABDitBACB 0.00$29 0.20305 AAABBEAEB 0.00512 0.18535 AAABAEAEB 0.00$31 0.20301
BABDNBACB 0.00$23 0.20626 AAABBEADB 0.00504 0.19039 AABDBEACB 0.00507 0.20606
AAABBEACB 0.00$21 0.21350 AADD11BACB 0.00504 0.19543 ABBEBEACB 0.00503 0.21312
AAABBEADB 0.00506 0.21658 ABBDDOACA 0.00494 0.20036 BABDBEACB 0.00464 0.R1796
AADDHBACB 0.004 v 22355 BABDHBACB 0.00483 0.20$10 ABABEEAEA 0.00482 0.22278
AAABEEACB 0.00493 0.22648 EAEEAECEB 0.00463 0.20082 ABABAEACA 0.00400 0,22758
ABDDD0CCB 0.00464 0.23332 AAABABACB 0.00442 0.21424 AADDl!BACB 0.00479 0.23237
AABDBEACB 0.00477 0.23600 ABCBBEACA 0.00439 0.21863 AABDHBACB 0.00478 0.23715
ABCBAEACB 0.00450 0.24256 ABABAEAEA 0.00487 0.22300 ABCBBEACA 0.00463 0.24177
AAABHBACB 0.00449 0.24706 AACBHBACB 0.00436 0.22736 ABDDDOCCB 0,004$8 0,246''
ABAEAT.ACB 0.00423 0.25130 AAABEBAEB 0.00435 0.23171 ABABAEAEB 0.004$10. J
ABABAEACA 0.00410 0.25540 ABAEAEAEB 0.00425 0.23596 ABBDAEACB 0.00423 0.25310
ABBEBEACB 0.00405 0.25945 ABABAEACA 0.63422 0,24019 EAEEAECEB 0.00415 0.25925
EAEEAECEB 0.00403 0.26340 BAABBBADB 0.00416 0.24435 BARDl!BACB 0.00414 0.26330
ABDDAEACB 0.00399 0.26747 ABCBAEAEB 0.00415 0.24850 AAABHBACB 0.00413 0.26752
ABADBEADB 0.00397 0.27144 EBABAECEB 0.00401 0.25251 AAABEEAEA 0.00395 0.27146
ABAb8EAEA 0.00393 0.27537 ABABBEAEA 0.00393 0.25644 AAABEEAEB 0.00382 0.27529
ABBDAEACB 0.00382 0.27919 ABBDDOCCA 0.00300 0.26024 ABBDBEACB 0.00366 0.27896
BBBDBEADB 0.00377 0.28206 ABCBAEACB 0.00369 0.26393 ABAEAEAEB 0.00363 0.26250
ADABBEADA 0.00367 0.26662 AADDFBACB 0.00367 0 26760 ABABEEAEB 0.00353 0.26612.,

ABCBAEAEB 0.00361 0.29024 ABDDAEACB= 0.00350 0.27110 AA2AAACB 0.00349 0.28961 ,

ABABAEAEA 0.00357 0.29381 AAAtEBAEA 0.00351 0.27470 AAABAEACA. 0.00341 0.29302
ABAEAEAEB 0.003$2 0.29733 AAABUBAEB- 0.00344 0.27814 AACBBr%CB 0.00336 0.29641
AAABAAACB 0.00351 0.30084 ABAEAEACB 0.00336 0.28150 AABEBECCB 0.00337 0.29976
BABDBEACB 0.00348 0,30432 ABADBEADB 0.00333 0.26483 AABDFBACB 0.00325 0.30302
AACBHBACB 0.00344 0.30776 AADDABA0B 0.00330 0.26813 AADDDOACB 0.00319 0.30621
AABDHBAEA 0.00325 0.31101 AAABAAAEB 0. '0326 0.29139 ABABAEAEA 0.00316 0.30940
BAABBBADB 0,D032$ 0.31426 ABCBBEAEB 0.00317 0.29457 CAABAECEB 0.00314 0 312$4
AADDFBACB 0,00319 0.31745 AABDFDACA 0.00317 0.29774 EBABAECEB 0.00312 0.31566
AAABBEAEA 0.00314 0.32059 AACBMACB 0.00312 0.30006- AACBAEACB 0.00311 0.31876
AABDFBACA 0.00313 0.32372 AABDFBACB 0.00311 0.30397 ABCBBEAEB 0.00311 0.32160
AAABEBAEB 0.00312 0.32664 AAABEEAEB 0.00310 0,30706 AAABBEACA b.00310 0.32499
AAABEEAEB 0.00311 0.32995 ABBDHBACB 0.00309 0,31015 AABDEEACB 0.00306 0,32607
ABBDBEACB 0.0030$ 0.33300 AABDHBAEA 0.00308 0.31323 AABEDOAAB 0.00305 0.33113
BABEBEADB 0.00304 0.33604 BBBDBEADB 0.00307 0.31630 'AACBAAACB 0.00301 0.33414
ABCBBEAEB 0.00297 0.33901 AAABAAACB 0.00292 0.31922 AABDAEACB 0.00301 0.33714
EBABAECEB 0.00296 0.34197 AAABBt.ACB 0.002t1 0.32211 ABAEBEACB 0.00300 0.34014
CAABAECEB 0.00292 0.34489 ABABBEADA 0.00479 0.32490 AACBHBACB 0.00299 0.34313
fi 8BEACB 0.00290 0.34779 ABBED0ACB 0.00275 0.32765 AADDBEACB 0.0020$ 0.34606
tbABEEAEB 0.00290 0.35066 ABBDAEACB 0.00275 0.33039 BAAB6BADB' O.002W2 0.34900
AAAPHBAEB 0.00263 0.353$2 AAABBtADA 0.00274 0.33314 AABDHBACA 0.00286 0.35167

.
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Table D.1 (continued)

FRACTIONAL CONTRIBUT1DNS OF AFB TO CSQ. HORMALIEED ON CAMFLE BABIB
CSQ 4 Cs0 $ CSQ 6

ABABAEAEB 0.01740 0.01740 ABBDDGCCB 0.0.798 0.01790 ABABAEAEB 0.01751 0.017$1
AEBDDOCCB 0.01674 0.03414 ABABAEAEB 0.0170$ 0.03504 ABBDDOCCB 0.01709 0.03460-

ABAttEAEB 0.014$$ 0.04869 ABABBEAE2 0.01403 0.04907 ABABBEAEB 0.01467 0.04027
AEBDDOACB 0.01371 0 46240 ABi;DDGACB 0.01345 0.062$2 ABBDDGA0B 0.01382 0.06309
MABEBAEB 0.01026 0.07268 AAABAEAEB 0.01009 0.07262 AMBEBAEB 0.01017 0.07326
AAABALAEB 0."942 0.08210 AAABEBAEB 0.00926 0.08188 AAABAEAEB 0.00966 0,08292

AtBDDOCCA 0. N S3 0.06063 ABBDDOCCA 0.00761 0.08949 ABBDDOCCA 0.0076$ 0.000$$ j

AAABAFAEB 0.00703 0.09666 AAABAFAEB 0.00739 0.09687 AAABAFAES 0.00706 0.09765
ABABRACB 0.00687 0.103$3 ABDDDOCCB b.00731 0.10418 ABABAEACB 0.00695 0.10460
ABDDDOCCB 0.000$6 0.11010 ABABAEACB 0.00683 0.11101 ABDDbOCCB 0.00606 0.11146-
ABABBEACB 0.0062$ 0.1163$ AAABABAEB 0.00649 0.11749 ALABBEACB 0.00622 0.11769
AAABABAEB 0.00611 0.12246 AAAtllBAEB 0.00579 0.12329 AAABABAEB 0.00603 0.12371
AAABHBAEB 0.00S80 0.12825 ABEEAOCEB 0.00$74 0.12902 AAABitBAEB 0.00585 0.12956
ABABAEAEA 0.00535 0.13361 ABABBtACB 0.00$65 0.1346$ ABABAEAEA 0.00547 0.13$03
ABAEBEAEA 0.00$25 0.13686 ABABAEAEA 0.00$$7 0.14022 ABBDDGACA -- 0.00523 0.14026

ABBDDGACA 0.00S25 0.14411 ABABBEAEA 0.00483 0.14$0S ABAEBEAEA 0.00$20 0.14$45
AABDEBACB 0.00$02 0.14913 ABBDDGACA 0.00476 0.14961 AABDEBACB 0.00510 0.1$0$6
AAABAEACB 0.00490 0.1$403 AAABAEACB 0.00474 0.2$4$4 AAABAEACB 0.00491 0.1$$47
ABEEAOCEB 0.00479 0.15661 AABDEBACB 0.00467 0.1$922 ABEEAOCEB 0.00481 0.1602$
ABABEEAEB 0.0044S 0.16327 ABEF.AllCEB 0.00462 0.16383 ADABEEAEB 0.00480 0.15458
AAABBEAEB 0.00429 0.16755 AAABBEAEB 0.00436 0.16821 AAAEBEAEB 0.iO428 0 ?%88C
ABBEDGAAB 0.00429 0.17164 AACBAFAEB 0.00413 0.17234 ABliEDOAAB 0.00418 0.17304
ABCBAEAEB 0.00407 0.17$91 ABCBAEAEB 0.0039$ 0.17620 #DCBAEAE8 0.00406 0.17710
AADDAEACB 0.00404 0.17995 AAEEHBAEB 0,00363 % 18011 AADDAeACB 0.00399 0.18109
ABEEAllCEB 0.00389 0.18264 AAELAFCEB 0.00300 0.18392 ABT.EAliCEB 0.00300 0.16499
AABDHBACB 0.00386 0.18770 ABABAGAEB 0.00374 0.18766 AABDUBACB 0.00387 0.18886
AAABEBACB 0.00381 0.191$2 AACBHBAIM 0.00387 0.19133 AAABEBACB 0.00365 0.19271
ABCBBEAEB 0.00368 0.19519 ABABEEAEL C.00363 0.19497 ABCBBEAEB 0.00363 0.19634
ABAEAGAEB 0.00367 0.19886 AAEEABAEB 0.00357 0.198$4 AACtAFAEB 0.00360 0.19994
AACBAFAEB 0.003$9 0,20245 AABDlibACB 0.00355 0.20209 ABABA0AEB 0.003$8 0.20352
AACBHBAEB 0.00354 0.20$99 AAABAEAEA 0.003$3 0.20$62 ABDDDOACB 0.00353 0.20705
AAEEAllCEA 0,003$0 0.20949 ABBED0AAB o.00353 0 20015 AACBEBAEli 0.00350 0.21055
ABDDDGACB 0.00347 0.21296 ABBED0CCB 0.00351 0.21|66 AAABEEAEB 0.00343 0.21398
AAABEEAEB 0.00344 0.21640 AAABAGAEB 0.00351 0.21E17 A MEAHCEA 0.00341 0.21739
AAEEHBAtB 0.00339 0.21979 AADDABACB 0.00349 0.21966 AA1EAFCEB 0.00340 0.22079
AAEEEBAEA 0.00338 0.22317 ABDDDGACB 0.00347 0.22314 AAA'AEAEA 0.00337 0.22416
AAABAFACB 0.00337 0.22654 MAEEBACB 0.00339 0.22652 AAE11BAEB 0.00836 0.227$3
AAEEAFCEB 0.00335 0.22989 'AAABABAEA 0.00325 0.22977 ABBEi T*t 0.00335 0.23086'

AAABAEAEA 0.00333 0.23321 ABCBBEAEB 0.00317 0.2320$ AAEEEBAEA 0.00334 0.23422
ABBED3CCB 0.00326 0.23649 AAEEAHCEA 0.00312 0.23607 AAABATACB 0.00320 0.23751
AAABABAEA 0.00320 0.23969 AAABEEAEB 0.00310 0.23917 AAABABAEA 0.00320 0.24071
AAABHBAEA 0.00319 0.24287 AAABAGACB 0.00305 0.24222 AAABHBAEA 0.00310 0.24390
AAEEAFCEA 0.00314 0.24602 AAABHBAEA 0,00300 0.24*t2 AAAuAGACB 0.00'16 0.2470$
AAABAGACB 0.00310 0.24912 AAABAFACB 0.00298 0.24,20 AAABAGAEB 0.00306 0.2$012
AAEERBAEA 0.00304 0.2$216 AAEEAHCEB 0.00293 0.25114 AAEEAFCEA 0.00305 0.25317
AAABACAEB 0.00304 0.25520 AAEEEBAEA 0.00293 0.2$406 AADDFBACB 0.00302 0.25619
AADDFBACB 0.00304 0.2$624 ABEEAFCEB 0.00290 0.25606 AAEERBAEA 0,00200 0,25918

AAEEABAEB 0.00297 0.26121 AAABABACB 0.00281 0.25977 AAEEABAEB 0.00298 0.26216
AAABABACB 0.00294 0.26415 ABAEAEAEB 0.00279 0.26257 AAABABACB 0,00206 0.26512
/.ADDI!BACB - 0.00201 0.26706 AABDABACB 0.0027$ 0.26531 AADDHBACB 0.00293 0.26605
AAABBBAEB 0.00291 0.26996 AABDA0ACB 0.00273 0.26S05 AAAMBAEB 0.00289 0.27093
ABEEAHCEA 0.00287 0.27264 AAEEAFCEA 0.00271 0.27073 AABDABACB 0,00268 0.27382
AAfDABACB 0.00285 0.27$69 EAABAECEB 0.00268 0.27343 ABEEARCEA 0.00278 0.27660
ABAAAEAEB 0.00274 0.27843- AADDHEACB 0.00267 0.27610 AAABEBAEA 0.00273 0.27932
AAABEBAEA 0.00274 0.20117 AADDFBACB 0.00261 0.27672 ABAAAEAEB 0.00270 0.28203
AAABHBACB 0.00269 0.28386 MABAFAEA 0.002$8 0.26130 AABDAGACB- 0.00269 0.28472
AABDAGACB 0.00260 0.26646 ABETAHCEA 0.00258 0 26368 AAADHBACB 0.00267 0.28739
AABDFBACB 0.00259 0.2890$ AAABBBAEB 0.002$7 0.28645 AABDBTACB 0.00262 0.29001
AABDBFACB 0.00259 0.29164 ABABATAEB 0.00253 0.26896 ABBEDGACB 0.00260 0.29261
ABBED0ACB 0.00258 0.29422' AABDBTACB 0.00251 0.29149 AABDFBACB 0.00259 0.29520
AAABAFAEA 0.00254 0.29676 AABDATACB 0.00250 0.29399 AMBAFAEA 0.00253 0.29774
AABDAFACB ' 0,002$2 0.29927- ABBEICACB 0,00249 0.20648 AABDATACB 0.002$3 0.30026
AABDBBACB 0.002$0 0.30176 AAABEBAEA-.0.00248 0.29895 AAEEAHCEB 0.002$1 0.30277
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Table D.1 (continued)
1

FRACTIONAL CONTR!W!!DNS OF Al'B TD CSQ HDRMAL1tED ON SAMFLE BASIB
4

4 CSQ 7 CSO 6 CSO 9
ABABAEAEB 0.02116 0.02116 ABABBEACB 0.016$1 0.01651 ABBDD3CCb 0.01957 0.019$7
ABABBEAEB 0.01666 0.03761 ABABAEACB 0.01$$$ 0.03437 ABABAEAEB 0.01647 0.03604 -

ABBDD ZCB 0.01616 0.0$397 ABAtBEALB 0.01$64 0.0$000 ABABBEAEB 0.0135$ 0.0$1$9
AhBDDGACB 0.01496 0.06802 ABliDD3ACB 0.01462 0.0646k ABBDDOACB 0.01233 0.06092
AAABALAEB 0.01037 0<07029 MABAEACB 0.01194 0.076$6 AAABALAEB 0.0117$ 0.07$67 i

AAABEBAEB 0.00069 0.06096 AbCEBEW1 0.00612 0.08468 AAABEBAEB 0.00636 0.06403
ALABALACB 0.00006 0.00606 ABDEDUAAB 0.00600 0.00278 AAABAFAEB 0.00610 0.09222'

ABBDICCCA 0.00778 0.10$d3 AAAEEBACB 0.00774 0.100$1 AAABABAEB 0.00612 0.10034
ABABBEACB 0.00774 0.11357 AABDEBACB 0.00774 0.1062$ ABBDDOCCA 0.00769 0.10623
ABABAEALA 0.00677 0,12034 AAABBEAEB 0.007$$ 0.11$63 ABEEAGCEB 0.00719 0.11642

i ABDDDGCCB 0.00663 A 12697 ABBDDGCCB 0.007$2 0.1233$ ABDDDOCCB 0.00701 0.12242
AAABATAEB 0.00603 0.13361 AABEBEACB 0.00719 0.13054 ABABAEAEA 0.00$p5 0.12637

| AAABHBA.B 0.006$6 0.14010 ABABAEAEB 0.00602 0.13746 ABEEAHCEB 0.00566 0. D423
AAABAEACB 0.00646 0.14666 A!!BDDGACA 0.006$3 0.14399 ABABAEACB 0.00$49 0.13072
AABDEBACB 0.00619 0.1$206 AAAh W ta 0.00649 0.45046 ABABAGAEB 0.00$28 0.14$00
ABABBEAEA 0.0056$ 0.1$$$1 ABABBEACA 0.00631 0.1$679 AAABl!BAEB 0.00$10 0.1$018
AtBDDGACA 0.00$$$ 0.1640$ BABDHBACB 0.00$64 0.16263 AAEEUBAEB. 0.00477 0.15496
AAABBEAEB 0.00$37 0.16042 ABABEEACB 0.00$83 0.16846 AAELABAEB 0.00471 0.15067
AAABEBACB 0.00$06 0.17446 ABDDDOCCB 'O.00567 0.17413 ABABBEAEA 0.00470 0.16437
AAABADAEB 0.00403 0.17941 ABCBAEACB 0.00$42 0.1795$ AAABBEAEB 0.00464 0.16901
ABAP/EAEB 0.00400 0.16410 ABABBEADB 0.00540 0.18495 AACBlIBAEB 0.00461 0.17362
ABLEDGAAB 0.00460 0.18870 ABAEAEACB 0.00$25 0.19020 AACBAFAEB 0.00454 0.17816
ABCBALAEB 0.00431 0.19301 AAABBEACB 0.00$17 0.19537 - AAEEAFCEB 0.00433 0.18249
AABDHBACB 0.00394 0.19695 ABDDAEACB 0.00$13 0.200$0 ABBDDGACA 0.00419 0,18668
AAABAEAEA 0.00368 0.20063 ABBEBEAAB 0.00$07 0.20$$7 AAABALAEA 0,00410 0.19076

AADDABACB 0.00308 0.20471 AAABELACB 0.00466 0.21043 ABCBAEAEB 0.00401.0.19460
AAABEEAEB 0.00384 0.2065$ AABDl!BACB 0.00464 0.21527 AAABAEACB 0.00399 0.10679
ABCBBEAEB 0.0036$ 0.21220 AtABAEACA 0.00464 0.22010 ABBEDGCCB 0.00363 0.20261
AABDAGACB 0.00352 0.21$72 ABABBEAEA 0.00483 0.22494 ABABBEACB 0.00374 0.2063$
AAABABAEA 0.00347 0.21010 AADDHBACB 0.0046$ 0.22959 AAEEEBAEB 0.00373 0.21008
AtDDDGACB 0.00347 0.22266 EAEEAECEB 0.00413 0.233?2 ABABEEAEB 0.00365 0.21378
AAABBbAEB 0.00343 0.22606 ABCBBEACA 0.00409 0.23761 ABAEAEAEB 0.00364 0.21737
AAEEHBAEA 0.00340 0.22946 ABBDAEACB 0.00400 0.24187 ABEEAFCEB 0.003$0 0.*2067
AAEEAHCEA 0 00336 0.23266 AABDBEACB ~ 0.00404 0.?4$91 ABDDDOACB 0.00046 0.22433
AABDABACB 0.00335 0.23621 AAABEBAEB 0.00397 0.24966 EAABAECEB 0.0034$ 0.22776
AAABRBAEA b.00334 0.2395$ AAABHBAct- 0.00377 0.25366 AAABAGAEB 0.00343 0.23122.
AAABABACB 0.00328 0.24264 ABABAEAEA 0.00372 0.2$737 AAEEAHCEB 0.00236 0.23460
ABABAEACA 0.00322 0.24606 ABAEAEAEB 0.00370 0.2t107 ABEEA!K'.EA 0.00330 0.23790
AACBHBAEB 0.00313 0.24919- AAABAAACB 0.00368 0.26475 AAABAGACB 0,00326 0.24116
AAEEAFCEA 0.00311 0.25230 ABABEEAEB 3.00367 0.26642 EBABAECEB 0.00322 0.24438
AAABAGACB 0.00308 0.25$36 AAABHBAtB 0.00362 0.2720$ ABABAFAEB- 0.00322 0.247$9
ABBEDGCCB 0.00306 0.2$644- BABDBEACB 0.00359 0,27$64 AABDEBACB 0.00313 0.25073

i AADDFBACB 0.00304 0.26140 AAABBEALI 0.003$0 0.27914 AAABABAEA 0.00312 0.2$365-
AAEEEBAEA 0.00209 0,26447 ABBEBEACB 0.00346 0.26260 AAEEAUCEA 0.00310 0.2$69$
AABDBFACB 0.00299 0.26746- AAABEEAEB 0.00341 0.26602 AAABEEAEB 0.00306 0.26001
AADDHBACB 0.00206 0,27042 ABCBBEAEB 0.00338 0.28940 ABCBBEAEB 0.00303 0.26304'
ABDDAEACB 0.0020b 0.27337 EBABAECEB -0.00338 0.29277 AAABAFACB 0.00302 0.2660$
ABAAAEAEB 0.0020$ 0.27632 ABCBAEAEB 0.00334 0.29611 AAABAFAEA 0.00266 0.26601-
ABCBAEACB 0.00286 0.27017 AABDFBACB 0.00324 0.2993$: AABDAGACB 0.00271 L.27162
AACBAFAEB 0.00284 0.28201 ABBDBEACB 0.00316 0.302$1 ABEEAGAEB 0,00268 0.27430
AAABAGArB 0.00274 0.2647$ AADDFBACB 0.00311 0.30562 AAEKAFCEA 0.00262 0.27691
AACBHBACB 0.00266 0.26741 AACBHBACB 0.00307 0.30869 AABDHBACB 0.00258 0.27950
BABDHbACB 0.0026$ 0.29006 ABBDDOCCA 0.00306 0.31175 AACBAEAEB 0.002$4 0.26204
AABDFBA" 0.00263 0.29269 AABEBE0CB. 0.00301 0.31476 AABDATACB 0.00253 0.264$7
ABBED0ACB 0.00261 0.29$30 CAABAECEB 0.00301 0.31777 AAABHBAEA 0.00249 0.267.7
AAABEBAEA 0.00257 0.29787 AAABAEACA 0.00207 0.32074 AADDABA0B 0.00246 0.26955
ABCBAEAEA 0.002$3 0.30039 BAABBBADB 0.00295 0.32369 ALBEDOAAB 0.00245 0.29200
AABDEBA0B 0.00246 0.3028C ABBED0ACB 0,00286 0,320$4 ABADAEAEB 0.00242 0.29442
AADDEBACB 0.00244 0.30530 AAABEBAEA 0.00283 0.32938 ABAAAEAEB 0.0023$ 0.29678
AAABBBACB 0.00242 0.30773 4. 8:EEBAEA 0.00262 0,33220 ABDDDOCCA 0.00233 0.29911 ,
ABEEAHCEB 0.00241 0.31013 A .: WFACB 0.00281 0.33501 AABDAFCCB 0.00231 0.30141

'

EAABAECEB 0.00240 0.312$4 EAABAECC*- 0.00200 0.33781 ABCBAGAEB 0.00230 0.30371
.AAEEAFCEB 0.00240 0.31494- AAABABACB 0.00279 0.34060 ABBDANCCB .J.00220 0.30600
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! Table D.1 (cont.inued)
t
-

-

) FRACTIDEAL CONTRIBUTION 3 OF ATB TO CSQ

CBQ 1 CSQ 2 CSQ 3

|' AtbDl!BACB 0.0$1$0 0.05150 AbBDHBACB 0.07$65 0.0758$ ABBDHBACB 0.07666 0.07666 .

1 AAAtBEAD6 0.0$096 0.10246 - AABDHLACA 0.03977 0.11563 ABBDBEACB 0.03733 0.11401

AABDilBACA 0.04011 0.14256 AAABttADB 0.03763 0.1$326 ABBDCDCCB 0.03650 0.150$1

ABBEBEAAB 0.02665 0.16921 ABBDHBACA 0.03100 0.16433 ABBDHBACA 0.03139 0.16190

AABDHBAEA 0.02600 0.19$30 MBDHBAEA 0.02$73 0.21007 AAABBEACB 0.02569 0.20779 ,

9

3 ABBDBEACB 0.022$9 0.21789 AAADABACB 0.01864 0.22891 ABBDCDCCA 0.01624 0.22603

ABBDifBACA 0.02106 0.23608 ABBEBEAAB 0.01696 0.24$67 ABEDDEACB 0.01706 0.24311'

AAABBEADA 0.02079 0.25977 AADDHBACA 0.01$66 0.261$6 ABBDBEACA 0.0.524 0.23635
1' AAADABACB 0.01920 0.27697 AAABBEADA 0.01540 0.2769S AAABBEACA 0.01249 0.07064

AABDEECCA 0.01730 0.20627 ABDDDOCCB 0.01267 0.28962 ABEEHBACB 0,01236 0.28320

AAABITACB 0.01$74 0.31201 ABBEltBACB 0.01223 0.0016$ ABBDDOACB 0.010$4 0.29374

l AADDEEACA 0.01546 0.32747 ABBDCDCCB 0.01162 0.31347 AABDBBACA 0.00900 0.30354

AADDl!BACA 0.01$09 0.342$6 AAEEABAEA 0.01102 0.32449 AAABBEADB 0.00951 0.3130$
s

ABBDCDCCB 0.01456 0.35712 AABDEECCA 0.01102 0.33$51 ARABAEACB 0.00917 0.32223 -

ABABBEADB 0.s1210 0.36921 ABBDBEADB 0.0100$ 0.345$6 ABABBEACB 0.00004 0.33127
j ABBDBEADP 0.01192 0,36114 AADDEEACA 0.00964 0.35540 AAABBEAEB 0.00001 0.34026

AABDEECEA 0.01153 0.39267- AABDBBACA 0.00969 0.36$09 AAEEABAEA 0.00696 0.34926
AADDEEAEA 0.01030 0.40297 ABBDBEACB 0.00603 0.37402 AABEBEACB 0.00764 0.35710
ABbDDEACB 0.01000 0.41306 AADDHBAEA 0.00666 0.38266 ABBDBECCB 0.00762 0.36472-
ABBED0AAB 0.00909 0.42304 ABBDDGACB 0.00706 0.39066 ABABBEAEB 0.00730 0.37212
AAADAEACB 0.00965 0.43269 ABABBEADB 0.00757 0.39624 AACBHBAEA 0.00733 0.37944
ABBDBEACA 0.00927 0.44216 AACPHBACA 0.007$5 0.40576 MDDilBACB 0.0070$ 0.38649'

AADDHBAEA 0.00676 0,4$002 AADDHBACB 0.00747 0.41326 ABDDDOCCB 0.00676 0.39327
ABBEllBACB 0.00830 0.45922 AABDEECCA 0.00734 0.42060 ABBDDEACA 0.00664 0.39991
AAEEABAEA 0.00626 0.46747 AACBHBAEA 0.00726 0.42766 AABDBBAFA 0.00631 0.40622
ABABBGADB 0.00774 0.47$21 ABBEDGAAB 0.00699 0.43467 AABDHMCB 0.30$46 0.41170 ;

AAABBEACA 0,00760 0.48261 AAADABACA 0.0067S 0,44162 AAABBEAEA 0.00526 0.41698
] ABBDCDCCA 0.00727 0.40006 BAABBBADB 0.006$6 0.44620 ABDDCDACB 0.0051$ 0.42213

f AABEEECCA 0.00700 0.49714 AAABBEACB 0.006$6 0.45476 ABCBAEAEB 0.00$00 0.42722
AAADAP WA 0.00668 0.50402 AADDEEAEA 0.00656 0.46131 AthlHBACA 0.00$03 0.43226
AABDEBACA 0.00658 0.$1060 BBPBBADB 0.00644 0.46776 AC N!BACB 0.00482 0.43706
BBABBBADB 0.00652 0.$1712 AAADAEACB 0.00631 0.47407 A M AECCB 0.00436 0.4414$
AADEEEACA 0.00630 0.S2342 AABDBBAEA 0.00624 0.46031 ' ABCDEEAEB 0.00414 0.44$60
ABBED0AAA 0.00614 0,$2956 AABDitBACE 0.00597 0.48628 AADDBEACB 0.00397 0.449$6
ABBDDOACB 0.00601 0.$3557 ABBDCDCCA 0.00561 0.49209 AABEBEAEB 0.0039$ 0.45351
ABDDDOCCB 0.00$00 0.54136 AAABHBACB . 0.00$60 0.49i46 ABBDDGACA 0.00394 0.4$745

l ABCBBEACB 0.00567 0.54704 AACBHBACB 0.00567 0.$03S5 AAAtBEADA 0.00300 0.46135
ABABAEACB 0.00533 0.$5237 AADDHBCCA 0,00534 0.50669 AACBHBACB 0.00367 0.46522
ABABBEADA 0.00523 0.55761 FAACbCBDB 0.00517 0.51406 AABDHBACA 0.00381 0.46903
ABABBEACB 0.00513 0.56274 ABBEMBACA 0.00'96 0.51904 ABBDBEABB 0.00366 0.47269
ABADBEADB 0.00$11 0.$678$ ABABBOADB- 0.00403 0.52396 ABBDBECCA 0.00364 0.47633
MCBHBAEA 0.00494 0.57279 AABEHBACA 0.00485 0 $2861 AADEBECCB 0.00364 0,47097'

3 ABAEBEADB 0.00465 0,$7764 ABDDF.0CCB 0.00465 0.53346 ABDDCDCCB 0.00362 0.463$9
AABEHBACA 0.00481 0.$624$ AABEEECCA 0.00447 0.53793 ABBDBDCCB' O.00360 0.48719.
AADDHBACB 0.00479 0.$6724 AAABHBAEA 0.00432 0.$422$- AACDBEACB 0.00356 0.49077
AABEEECEA 0.00463 0.59167 ABBDDEACB 0.0041$ 0.54639 ABBDABACB - 0.00355 0.49432
ABCBBEA0A 0.00449 0.59636 ABBED0AAA 0.00412 0.55051 ABBDD A"'CB 0.00352 0.49764
AABEBEACB 0.00441 0.60076 BAABBtADA 0.00400 0.$$4$2 ABBED0AAB 0.00334 0.50116
ABBDAEACB 0.00424 0.60$02 AADEEEACA 0.00399 0.55850 AABEBBACB- 0.00326 0.50446
AABDBBAEA 0.00424 0.60925 BBABBBADA 0.00397 0.56246 AAABAEACB 0.00324 0.50770
AADEEEAEA 0.00419 0.6134' BBACBEADB 0.06390 0.56638 ABCBAEAEA 0.00323 0.$1093
ABBEBEAAA 0.00416 0.61762 FBAABBBDB 0.00365 0.57023- AADDHEACA 0.00318 0.51411e

BBABBBADA 0.00397 0.62160 BABDBOADB 0.00363 0.57406 AADEBEACB 0.00313 0.51724
AAABBEAEB 0.00396 0.6255$ ABBDBEACA 0.00359 0.57766 ABBDBEADB 0.00307 0.$2031

'
ABBDDEACA 0.00394 0.62949 ABBDABACE 0,00357 0.58122 ABADEECEB 0.00297 0.$2326
ABABBEAEB 0.00361 0.63330- AADDHBCEA 0.00355 0.56476 AACBHBACA 0.00295 0.52623
AADDHEACB 0.00361 0.E3711 ArBCBEACB 0.00355 0.56833 EAABBECCB 0.00292 0.52915
AAADAEACA 0.00351 0.64062 ABCBBEACB 0.00347 0.59160 AABDEBACB 0.00289 0.53204
ABBDBECCB 0.00344 0.64406 AADDE R B 0.00342 0.59522 AADDEBACB 0.00267 0,53491

ABBEHBACA 0.00338 0.64744 AAABHBACA 0.00330 0.598$2 AABDBEACB' O.00267 0.53776
AAABHBACB 0.0033$ 0.6$079 AABEEBACB 0.00330 0.60182 AADEAECEB - 0.00264 0.$4061-
AABDABACA 0.00319 0.65396. AABDABACA 0,00326 0.60$10 AAABAEAEB 0.00264 0.$4345
ABCBAEAEB 0.00309 0.65706 ABADBEADB 0.00326 0.60636 BA/ BBBADB - 0.00275 0.$4621
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Table D.1 (continued)

FRACTIONAL CONTRIBU?IDN$ OF AFB TO CSQ

CSQ 4 Ct.Q $ CSQ 9

ABBDHBACB 0.03041 0.02041 ABBDilBACB 0.02$06 0,02$06 ABBDHBACB 0.03043 0.03043

AADDAFCCB 0.02817 0.0$658 MBDBOCCB 0.02079 0.04585 AADDAFCCB 0.02451 0.0$493

AAEEAFCEB 0.02260 0.07927 AADDAFCCB 0.019$9 0.06S44 AAEEAFCEB 0.02 D0 0.07623

AADDMCEB 0.01744 0.09671 AABDDOCCB 0.01935 0.08479' AABDbOCCB 0.01766 0.09389

AABDBOCCB 0.01648 0.11320 MEEMCEB 0.017$5 0.10234 /ABDDOCCB 0.01644 0.11033

AADDDOCCB 0.01$35 0.12854 ABBDCDCCB 0.01710 0.11944 AADDAFCEB 0.01633 0.1266$ 1

ABBDCDCCB 0.01432 0.14266 AADDAFCEB 0.01304 0.13248 ABBDCDCCB 0.01455 0.14120 |

AEBDl!BACA 0.01245 0.15$31 ABBDl!BACA 0,01026 0.14274 ABBDHEACA 0.01246 0.15366

AABDATACB 0.01160 0.16711 AABDMACB 0.00908 0.1$162 AABDAFACB _ 0.01108 0.16474

ABEEUBAEA 0.01006 0.17719 AbDDDOCCB 0.00676 0.16056 ABEEHBAEA 0.00981 0.174$5
AAABBEAEB 0,00778 0.18407 ABBDCDCCA 0.0085$ 0.16912 AAABBEAEB 0.00766 0.18221 i

MBDATAEB 0.00776 0.19273 ABBDDOACB 0.00831 0.17743 ABBDCDCCA 0.00727 0.18948 |
AAEEAFCEA 0.00748 0.20022 ABBDDOCCB 0.0082S 0.18568 AABDMAEB 0.00727 0.1967$ j

AADDMCCA 0.00745 0.20767 AADDEBACB 0.00779 0.19347 AAEEAFCEA 0.00717 0.20391

ABBDHBAEB 0.00740 0.21$07 ABEEHBAEA 0.00722 0.20069 ABBDDOCCB 0.00710 0.21100

ABBDCDCCA 0.00715 0.22222 AAABBEAEB 0.00718 0.20787 AADDAFCCA 0.00715 0.21822

ABBDDOCCB 0.00696 0.22920 AABDDOACB 0.00605 0.21482 ABBDRBAEB 0.00712 0.22534

ABBDllEAEA 0.00676 0.23$96 AABDBOACB 0,00669 0.221$2 ABBDDOACB 0.00603 0.23227 !
I

ABBDDCACB 0.0065$ 0.242$1 ABBDHBAEB 0.0067$ 0.22777 ABBDHBAEA 0.00656 0.23863

AADDAllCCB 0.00609 0.24661 AAEEAFCEA 0.00$93 0.23370 ADDDDOCCB 0.00640 0.24523

AAIEAFAEB 0.00$99 0.25459 AABDAFAEB 0.00568 0.23958 AABDDOACB 0.00594 0.25117 |

AAEEAHCEB 0.00$72 0.26032 AABEDOCCB 0.00585 0.24543 AADDAllCCB 0.00586 0.25703-
ABDDDOCCT 0.00562 0.26594 AADDAFCCA 0.00573 0,25110 AADDEBACB 0.00$72 0.2627$

AABDDOACB 0.00$$7 0.27151 AAABt!BAEB 0.00537 0.25653 AABDBOACB 0.00566 0.26843
AMBHBAEB 0.00551 0.27702 ABABAEAEB 0.00527 0.26160 AAEEAFAEB 0.00563 0.27407
AAABEBAEB 0.00538 0.28240 AACBHBAEB 0.00521 0.26701 AAABHBAEB 0.00558 0.27965
AACBHBAEB 0.00532 0.26772 ABABBEAEB 0.00497 0.27198 AAEEAHCEB 0.00$43 0.28506
AABDBOACB 0.00$31 0.29303 AAEEAHCEB 0.00460 0.27664 AAABEBAEB 0.00$34 0.29041
ABAEAEAEB 0.00$21 0.29824 AABDBHCCB 0.00464 0,28168 AACBHBAEB 0.00533 0.29574
AADDEBACB 0.00514 0.30338 ABBDUBAEA 0.00478 0.26646 ABABAEAEB 0.00520 0.30093
AADDAltEA 0.00497 0.30635 AAABBi!CEB 0.00470 0.29122 AABEDOCCB 0.00497 0.30$90
ABABBEAEB C.00403 0.31328 AMBEBAEB 0.00474 0.20$96 ABABBEAEB C.00495 0.3108b
ABBDBEACB 0.00400 0.31818 AAEEAFAEB 0.00472 0.30068 ABBEHBACB 0.00491 0.3157$
ABhEUBACB 0.00490 0.32306 AADDAllCCB 0.00460 0.30538 ABBDBEACB 0.00469 0.32064
AABDHBACB 0.00483 0.32791 AAABBOCCb 0.00460 0.30998 AABDHBACB 0.00486 0.32551

AAJDABACB 0.00476 0.33269 ABBDDOCCA 0.00457 0.2145$ AADDAFCEA 0.00476 0.33027
AABEDOCCB 0.00464 0.33733 ABBDBEACB 0.00447 0,31301 AADDABACB- 0.00467 0.33494

EAABBBADB 0.00454 0.34167 AABDDHCCB 0.00446 0.32348 BAABBBADB 0.00459 0.33953
AABDBBACB 0.00441 0.34628 AABDHBACB 0.00433 0.32781 AABDBBACB 0.00447 0.34400
ALBDDOCCA 0.00426 0.3$0$5 BMBBBADB 0.00428 0.33209- ABBDDOCCA 0.00430 0.34830
AADDA!!CEB 0.00406 0.35464 AAEEABAEB 0.00422 0.33631 AAB9BitCCB 0.00411 0.35241
AAEEEBAEA 0.00402 0.35865 AAPDBBACB 0.00419 0.340$0 AAEEEBAEA 0.00406 0.35649
AAEF.ABAEB 0.00?99 0.36264 ABBEHBACB 0.00404 0.34454 AAEEABAEB 0.00406 0.36056
AABDBBACA 0.00300 0.36654 AAEEEBAEA 0.00305 0.34649 AAABBHCEB 0.004 N 4,36 60

AADEAFCCB 0.00300 0.37044 AAABAEAEB 0.00393 0.35243 AAABBOCCB 0 Dv391 0.36850
AAABBEAEA 0.00366 0.37430 ABEEAHCEB- 0.00301 0.3$634 AABDBBACA 0.00300 0.37241
AAEEABAEA 0.00385 0.37815 ABBDADCEA 0.00385 0.36019 AAEEABAEA 0.00365 0.37626
AABDBHCCB 0.00364 0.38109 AADDAFCEA 0.00362 0.36401 AADDAHCEB 0.00382 0.36006
ABBED0AAB. 0.00381 0.36$80 AADDEBACA 0.003$3 0.36754 AABDDHCCB 0.00379 0.38387
AAABBHCEB 0.00377 0.38957 ABEEAFCEB 0.00353 0.37107- AAABBEAEA 0.00378 0.38765
AAABBOCCB 0.00365 0.39322 AADDABACB 0.00351 0.374$8 ABBED0AAB 0.00372 0.39138
AACBHBAEA 0.00362 0.39684 AAABBEAEA 0.00345 0.37803 AADEAFCCB 0.0036$ 0.39503
AABDDHCCB 0.00354 0.40038 AAABABAEB 0.00336 0.38140 AADDEBACA 0.00361 0.39864
AADDEBACA 0.00354 0.40392 ABBEDCAAB 0.00326 0.38465 AACBHBAEA 0.00360 0.40224

AABDATACA 0.00340 0.40732 AAEEABAEA 0.00322 0.38787 - AAABAEAEB 0.00342 0.40567
AAABBEACB 0.00337 0.41069 AABDBBACA 0.00322 0.39109 M ABBEACB 0.00337 0.40903
BAAAEAAEB 0.00337 0.41406 AABDBliCEB 0.00316 0.39425 AABDAFACA 0.00327 0.41231
AADCAFACB 0.00333 0.41738 AAAAEFAEB 0.00314 0,39739 BAAAEAAEB 0.00327 0.41558
ABEEAHCEB 0.00328 0.42067 ABDDAOCCE - 0.00313 0.40052 ABEEAHCEB 0.00326 0,41883

AAABAEAEB 0.00327 0.42393 AAABBEACB 0.00309 0.40361 AAABHBAEA 0.0032' O.42206
ABEEAHCEA 0.00323 0.42716- AADDAllCEB - 0.00307 0.40669 AABCATACB '0.00313 0.42$19

AAABHBAEA 0.00322 0.43036 AABDABACB - 0.00304 0.40973 AABDABACB 0.00312 0.42831
AAEEAHCEA 0.00321 0.43359 AACBHBAEA 0.00301 0.41273 AADDHBACB 0.00311 0.43141
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| Table D.1 (continued)

FRACTIONAL CONTRIBUTIONB CF AFB TO CSQ

CSQ 7 CLQ 8 CSQ 9
AAbDBOCCB 0.03480 0.03400 ABBDHEACB 0.07134 0.07134 AABDBOCCB 0.02376 0.02376

AABDD3CCB 0.03240 0.06720 ABBDCDCCB 0.03892 0,11026 AADDAFCCB 0.02343 0.04719

ABBDHBACB 0.02936 0.09656 ABBDHBACA 0.02920 0.13946 AABDDOCCB 0.02212 0.00031

ABBDCDCCB 0.01923 0.11579 ABBDBEACB 0.02662 0.16827 AAEIAFCEB 0.02162 0.00113
ABBDHBACA 0.01202 0.12782 AAABB".ACB 0.01998 0.18825 ABBDCDCCB 0.01691 0.10804

.BBDCDCCA 0.01945 0.20770 AADDAFCEB- 0.01562 0.12367AABDDOA3 0.01125 0.13908 *

AABDBOACB 0.01110 0.15025 ABODEACB 0.01352 0.22122 AABDATACB 0.01114 0.13480

AALEDOCCB 0.00970 0.18004 ABBDDOACB M 1337 0.23459 ABBDDOCCB 0.01052 0.14533
ABBDCDCCA 0.00961 0.16965 ABDDDOCCB 0.01322 0.447ei ABBDHEACB 0,00921 0.15454

AADDAFCCB 0.00933 0.17896 ABBDBEACA 0.01168 0 4 5949 ABBDCDCCA 0.00845 0.16299

AADDEBACB 0.00912 0.16811 ABBEHBACB 0.01150 0.27099 ABBDDOACB 0.00606 0.17107

ABEEHBAEA 0.00882 0.19693 AAABBEACA 0,b0959 0.26058 AABDDOACB 0.00604 0.17911
ABBDDOCCB 0.00609 0.20502 AAABBEAEB 0.00923 0.28981 ABDDDOCCB 0.00797 0.18708

AABDBHCCB 0.00805 0.21307 AABDBBACA 0.00912 0.29893 AADDEBACB 0.00773 0.19482
AAABBBCEB 0.00706 0.22103 MEEABAEA 0.00837 0.30730 AABDBOACB 0.0C765 0.20247

AAEEAFCEB 0.00700 0.22892 ABABBEACB 0.00774 0.31504 AAABBEAEB 0.00714 0.20061
AAABISOCCB 0.00770 0.23663 ABBDBECCB 0.00758 0.32262 AABDAFAEB 0.00709 0 21670
AAABBEAtB 0.00760 0.24423 ADABAEACB 0.00750 0.33018 AAEEAFCEA 0.00671 0.22341
AABDDHCCB 0.00747 0.25170 ABABBEAEB 0,00740 0.33758 AABEDOCCB 0.00660 0.M000
ABBDDOACB 0.00731 0.25001 AACBHBAEA 0.00693 0.34451 ABABAEAEB 0.006C2 0.23672
AAABHBAEB 0.007c3 0.26603 AAABBEADB 0.00677 0.3$128 AAEEAHCEB 0.00652 0,24324

AADDAFCEB 0.00608 0.27211 AABELEACB 0.00673 0.35601 ABEF.AFCEB 0.00646 0.24970
AACBHBAEB 0.00596 0.27807 AADDHBACB 0.00662 0.36463 AADDAFCCA 0.00620 0.25591
BAABBBADB 0.00591 0.28396 AABDUBACB 0.00596 0.37059 AAEEAFAEL 0.00597 0.26187
ABBDHBAEA 0.00575 0.28973 AABDBBAEA 0.00587 0.37646 ABEEAHCEB 0.00565 0.26??2
AABDBBACB 0.00564 0.29537 AEDDCDACB 0.00549 0.38195 ABBDHBAEB 0.00571 0,27343

i

AAABEBAEB 0.00559 0.30006 ABBDDEALA 0.00524 0.38719 ABBDADCEA 0.00561 0.27604'

AABDHBACB 0.00557 0.30653 AAABBEAEA 0.00$00 0.39220 AABDBHCCB 0.00556 0.28460
AAEEEBAEA 0.00529 0.31182 ABDDBOCCB 0.00486 0.39706 ABBDDOCCA 0.00547 0.29907
AADDAFCCA 0.00526 0,31709 ABBEHBACA 0.00468 0.40174 AAABBHCEB 0.00544 0.29551 L

AABDBHCEB 0.00527 0.32237 AAABHBACB 0.00462 0.40637 AAABBOCCB 0.00526 0.30077
ABABAEAIB 0.00527 0.32764 AADDEBACB 0.00461 0.41097 ABBDADCEB 0.00521 0.30509
AAAAEFAEB 0.00526 0.33200 ABCDEEAEB 0.00441 0.41539 .AABDDHCCB 0.00510 0.31109.

ABBDBEACB 0.00$19 0.33810 ABBDDGACA 'O.00439 0.4197B AADDAHCCB 0.00$02 0.31611
ABABBEAEB 0.00514 0.34323 ABBDDGCCB 0.00413 0.42391 . ABABBEAIB 0.00494 0.32104
AAEEAFCEA 0.00511 0.34835 AAABAEAEB- 0.00405 0.42700 ABDDAOCCB 0.00457 0.32562
AtDDDOCCB 0.00506 0.35340 ABCBAEAEB 0.00394 0.43100 AAABAFAEB 0.00437 0.32998
ABBDEBAEB 0.00502 0.35842 ABDDCDCCB 0.00388 0,43578 AACBHBAEB 0.00437 0.33435
AAEEABAEB 0.00490 0.36332 ABEEHBAEA 0.00385 0.43064 ABEEAOCEB 0.00427.0.33062
AADDEBACA 0.00468 0.36620 AACBHBACB 0.00385 0.44348 AAABAEAIB 0.00424 0.34286
ABBEUBACB 0.00473 0.37294. ABBDBDCCB 0.00384 0.44732 AADDAFCEA 0.00414 0.14700
ABBDDOCCA 0.00453 0.37747 BAABBBADB 0.00353 0.45085 AAEEEBAEB 0.00408 0.35106
AADDAHCCB 0.00450 0.38106 ABBDABACB 0.00350 0.45435 AAABABAEB 0.0t395 0.35503

| AADDABACB' O.00428 0;38624 AABDBBACE 0.00348 0.45783 . AAEEHBAEB. 0.0(390 0.35897
'

AABDAFACB 0.00423 0.39047 ABBDBECCA 0.00345 0.46127 ABEEAHCEA 0.00390 0.3R26z
AABDABACB 0.00411 0.39457 AABEBEAEB ' O 00342 0.46469 AAABHBAEB 0.00370 0.6e661
AABDEACCA 0.00393 0.39850 AADTAECCD 0.00340 0.46809 ABBDHBACA 0,00377 0.37038

AAABBOAEB 0.00368 0.40239 AABDHBA0A 0.00333 0.47142 AADDEBAEB -0.00376 0.37414
ABBDADCEA 0.00383 0.40622 ABBED0AAB 0.00330 0.47472 ABEERBAEA 0.00373 0.37787
AABDEBACA 0.00377 0.40999 AABDELACB 0.00326 0.47799 ,AADDAHCEB 0.00370 0.38156
AAABHBAEA 0.00375 0.41374 MBEBBACB 0.00326 0.48124 AAEEAHCEA 0.00366 0.38523
AAEEABAEA 0.00367 0.41741 ABBDDDCCB 0.00325 0.48449 AAEEABAEB' O.00362 0.38885
AAABBEAEA 0.00366 0.42108 AAABAEACB 0.00320 0.46769 AABDBHCEB .0.00361 0.39246
ABBED0AAB 0.00358 0.42466 ABADEECEB 0.00317 0.49086 AAAAIFAEB 0.00359 0.39606
AAABAEAEB 0.00355 0.42821 AADDBEACB 0.00312 0.49398 ABDDAOCCA 0.00359 0.39965
AAABBEACB 0.00355 0.43175 AAABHBAEB 0.00308 0.49706 AADEAFCCB 0.00350 0.4031$
AABDBBAEB 0.00354 0.43529 AADDAEACB' O.00287 0.49994 AAABBOAEB 0.00343 0.40656

.

ABDDBACCB 0.00351 0.43880. aABEBECCB 0.00284 0.50277- AAABEBAEB 0.00341 0.40999
AADDAFCEA 0.003$0 0.44230 AADEBECCB' b.00283 0.50560' ABBED0CCB 0.00334 0.41333
AACBHBAEA. 0.00342 0.44572 .AAAEBLAEB 0.00282 0.50643 AAABBEAEA 0.00332 0.41665
ABBDBECCB 0.00335 0.44907 ABBDBEABB 0.00280 0.51123 ABEEAFCEA 0.00323 0,41968

MBDEBACB 0.00329 0.45236 AAABBEADA 0.00277 0.51400 AABDATACA 0.00322 0.42311 ,

/ADDEBAEA 0.00323 0.45358~ ~ AACDBEACB ' O.00274 0.51674 - ABEEMBAEB 0.00314 0.42625 )
,
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APPENDIX E
SAMPLING INFORMATION

irnpleinented byt asThe Grand Gulf analysis uses Latin hypercube sampling -1
the UlS Programt 2 in the propagation of uncertainties. The variables
sampled in the analysis for Grand Gulf are listed in Tables 2.2 5, 2.3 2
and 3.21 of this report. Several input files and programs are used to

; generate the final UlS sarnple for Grand Gulf. The relationship between

these files and programs is depicted in rigure E 1. These files were used'

to generate a sarnple of size 250 for Grand Gulf.

;

i

INPUT FILES INITIAL UlS EXTENDER EXTENDED*

SAMPLE GODE SAMPLE

GG.INP FINAL
UlS.FOR EXTutS . FOR SAMPLE USED

IN ANALYSIS

i USRDST
-

PROB,DAT AG POWER REGOVERY

DATA'
UISLOS P . DAT

-

EXTDIS.DAT

Figure E.1. File Structure Used to Generate Final UlS
Sarnple for Grand Gulf

The input to the UlS program, GG.1NP, is listed in Subsection E.1. This
file contains the input distributions from the accident frequency analysis,
the uncorrelated distributions used in the accident progression analysis,
and the random numbers used in the source term analysis (see Subsection
3.2.3). As indicated at the end of the U{S input in Appendix E.1, this

file also contains three pairs -of variables that were required to have a
rank correlation of 0.999.E-3 There are many other groups of distributions
that have a rank correlatioi of 1 that are handled in the " extender code."
For each of those groups of correlated distributions, only a single .

variable is included in the input file listed in Subsection E.1.

i
j

|
|

'|
|

E.1 I
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! Some of the sampled variables have user defined distributions. These
distributions are implemented by the subroutine USRDST listed in Subsection

. E.2. The distributions are defined in several ways. The input to UlS for

! such distributions cot,tains an . integer flag that characterizes how the
distribution is described as well as the numeric data needed for this
description. The nature of these flags is described in comments at the
beginning of USRDST.

The UlS input in Subsection E.1 generates a Latin Hypercube sample of size
250 f rom 90 variables. However, this is not the sample actually used as
input to the integrated analysis for Grand Gulf. Rather, certain variables

are converted into a format that is easier to use in the r integrated
| analysis, or are expanderi into additicnal variables with the " extender"

code EXTutS, which is shown in Subsectien E,3. Four-types'of conversions
occur.

(1) Variables used as indicator variables for events that either
always occur or never occur are converted into "01" (zero-
one) variables. Such variables are identified by an integer

flag of 2 in the Latin Hypercube Sampling (UIS) input shown
in Subsection E.1. The subroutine USRDST shown in Subsection
E.2 recognizes such variables by the integer flag -just

; indicated and outputs a section of FORTRAN code that'

identifies these variables and the mutber of "0+1" cases to

be generated in the extender code EXTul5 This FORTRAN code
is then inserted 'into the extender code .:.XTLHS; the inserted

code for Grand Gulf can be seen in EXTUIS in Subsection E.3
immediately af ter the ' comment line "C_ READ IN THE NECESSARY
No _OF BRANCHES FOR THE 01 VARIABLES." A ' single "0 1"

variable is generated for each case associated' with an
indicator variable in the original sample. These variables-
are inserted into the extended sample starting at the
location of'the original indicator variable; an appropriate
shi t.t is made when several indicator variables appear in
sequence.

i

| (2) The probability of Alpha Mode failure is modified to incor.

I porate a reduced ' probabillty of . occurrence for conditions
involving high pressure in the RPV. - The - Alpha' Mode

7

probability sampled in the original Latin Hypercube sample is;

. assumed to be for- events occurring when the RPV is at low q'

! pressure. Alpha mode failures are believed to be less likely
when the ' RPV is at high pressure. This is implemented by

| introducing a second variable into the sample that is 1/10
the original Alpha Mode probability. This new probability _
for Alpha Mode failure is used when the RPV is at, high

. pressure.

(3) The probability of off site power recovery. is generated from
an indicator variable included-in the ' original sample. This

I variable _ is _ identifiad by ' the subroutine USRDST by the
j integer flag 4. This variable is then used in EXTulS to

- select - 250 sequences of power recovery probabilities from a
set of 500 sequences of power recovery probabilities. These-
recovery probabilities _ are defined by a model for of f site

E.2

.- . . - __ _ , , _ . _ . _ ___ - _ . . _ _ . -.
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power recovery developed by Iman and flo ra . H The actual
calculation of power recovery curves is performed by the
program MODEL, which is presented in Subsection C.4 In

turn, the output of MODEL is used by the program LOSP.FOR to
generate conditional probabilities of power recovery for
specified time intervals given that power has not been
recover d in a previous time interval and given that de power
is available during the time interval of interest; this
program is given in Subsection E.5. The result of the
operation of the programs in Subsections E.4 and E.5 is the
500 sequences (i.e., rows) of power recovery probabilities
given in Subsection E.6. The first set of data presented in
Subsection E.6 contains ac power recovery data used in the
accident frequency analysis. The first and second columns
contain the probability of failure to restore ac power within
1 hour and within 12 hours of the initiating event,
respectively. The second set of data presented in Subsection
E.6 is the power .covery probabilities used in the accident
progression ana .is. Each row in Subsection E.6 consists of
six conditionr4 probabilities for power recovery defined as
follows:

Prob of Recovery Ofvon No
Col. A Between Recovery By

1 1 and 3.35 h I h
2 3.35 and 5.6 h 3.35 h
3 5.6 and 24. h 5.6 h
4 12 and 14.7 h 12 h
5 14.7 and 16.7 h 14.7 h
6 16.7 and 24 h 16.7 h

For each observation in the original sample, one row is
selected from the table in Subsection E.6 with the indicator
variable in the original sample (this is the last variable in
the UlS input given in Subsection E.1). Then the value for
the indicator variable is dropped from; the original sample
and the sequence of 8 (2 for accident frequency analysis and-
6 for the accident progression -analysis) . power recovery
probabilities from Subsection E,6-is inserted-in its place.

(4) In addition, EXTLilS also generates variables for all the
correlated variables not handled in UlS. These variables are
contained in the file EXTDIS.DAT, which is listed in
Subsection C.7. As mentioned previously, a single variable
was included in uis for each group of correlated variables - !,
that is handled in EXTLilS. From this single variable, a l

group _of correlated variables is obtained_. For example, the |
containment failure pressure is correlated with the drywell i

failure pressures (inte"nal and external). In the UlS input,
GG.INP, a single variable appears for those distributions.
For each observation, the single variable from the original

-

sample is used to obtain values for the containment failure
|

,

E.3
| \

|
, . . - - - - _- . . . , - . . - --
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i >

pressure, the internal drywell failure pressure, and the
external drywell failure pressure from the distributions in
Subsection E.7. In the extended ills, the original singic
variable is dropped, and the three new correinted variables
are added.

The original IJIS sample that contained 90 variables was extended to
include 226 variables that were used in the integrated analysis.'
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E.1 11[S._I ntm t Fli e CG . INP Li s t i.DI,

TITLE NEW VERSION 3/1/B9 FOR GRAND OULF
kANDOM EEEL 98376433
NOES 2$0
LCCHOU1AL N V-CC m V FAILS TO OPEN

0.1(90t-04 0.0513E 01
LCONORMAL W V MA m V OUT FOR MAINTENANCE

0.3974E-0$ 0.2270E 01
LCENOR!%L MDP TB ?OTOR DRIVIN PUMP FAILS TO START

0.1490E-04 0.6513E-01
4

LO3NOFJ%L FCP FR W TOR DRIVEN PUMP FAILS TO RUN
0.3576E 0$ 0.2043E 01

LOGNORMAL MDP MA H3 TOR DRIVEN FUMP OUT FOR MAINT.
0.9935E CS 0.56751 01

LOGNORMAL TDP-FS TURB. DRIVEN PUMP FAILS TO BTART
' O.1400E 03 0.6513E+00

USER DISTRIBUTION TI'P-FR TURB DRIVEN PUMP FAILS TO RUN
$ 3 0.

0.1200E-01 0.1200E+00 0.1000E+01

LOGNOPJ%L DDP FR DIESEL DRIVEN PUMP FAILS To STAkT
,

)0,9438E-04 0.5392E+00
LOGNOPJWL !GN*TS DIESEL CENERATOR FAILS TO START

'

O.3040E-02 0.1690E+00
LOGNORMAL DON FR DIESEL CENERATOR FAILS TO RUN

0.7948E-04 0.4540E+00
LOGNORMAL DGN-MA DIESEL CENERATOR OUT FOR MAINTENANCE

0.2960E-06 0.1703E+00
.

LOGNORMAL BAT LP BATTERY FAILS TO DELIVEk PorlER
0.1016E 03 0.6301E 02

LOONORMA1 SSW-Xilt RE TAB 24 FAIL.70 RESTORE SSW TRAIN AFTER MAINT. )
0.2360E*0$ 0.7946E-01

USER DISTRIBUTION RA RCICDEP-12HR ?????????????
$ 3 0,

0,4100E 02 0.4100E 01 0.4100E400
LOONOR ML CCT tC 4 CCF OF DRYWELL PRESSURE SENSORS * MISCALIBRATION

0.3333E-06 0.191$E-02
L00 NORMAL BETA 2D0 BETA FACTOR FOR CCF OF TWO DON'S

0.3661E-02 0.2394E+00
LOGNORMAL BETA-3 BAT C0tt0N CAUSL FACTOR FOR CCF OF THREE BATTERIES

0.4064E-03 0.2520E 01
LOGNORMAL BETA SSSW Cotton CAUSE TACTOR TOR CCF OF THREE SSW PUMPS

0.1422t-02 0.8821E 01
LOGNORF%L IE-72 LOSS OF >%IN FEED WATER SYSTEM

0.164tE+00 0.1021E+02
LOGNORMAL RA INJ 1HR 'AILURE TO RESTORE COOLANT INJECTION WITHIN 1H

0.1730E 0$ 0.9932E-02
LOGNORW.L RA-FWSACT 12HR FAILURE TO REST 0hL FWS ACTUATION WITHIN 12H

0.1490E 03 0.8513E+00
USER DISTRIBUTION RA-ICS 1HR FAILURE TO RESTOP.E PCS WITHIN 1H
5 3 C.

0.1000E 01 0.1000E+00 0.1000E+01

LOGNORMAL IE TC ATWS
0.7244E+00 0.4492E+02

LOONORMAL CM ??????????????????????????
0.4967E-07 0.2836E-03

USER DISTRIBUTION ADS *XHE ???????????????????
5 3 0.

0.1250E 01 0.12$0E+00 0.1000E+01

USER DISTRIBUTION IE 71 LOSI
6 1000 0.
USER DISTRIBUTION Q18C1P21,Q1001F26,Q19C1F30-CF PRESSURE

B 3 0.
UNIFORM Q1BCASE1F22 RAN-CF PRESS.
0.0 1.0
USER DISTRIBUTION Q16 CASE 1P24,Q19C1P34 CF IMPULSE'

8 2 0.

E.1 1
e

.. - - . _ -. , . . _ . _ _ . . - . . . _ _ . _ _ _ .- . . . , , . _ . - -



- - _ _ .. ~ ~ . _. - - - _ _ _ . . . . _ _ _ _ . . _ . . ~ . . _ _ - . . _ . . _ _ . , . _ _ _ - _ . . _ . - _ _ _ _ - - _ _ _ _

i

I

i

l UNITOP.M Q1BCASEll'25 kAN CF IMFULSE
0.0 1,0

{ UNIFORM 043CAtt2 SRV Ekt 1
1 1.0E 2 0.$

UNI ORM 023 CASE 4 SRV 1*r 2
1 1.01 2 0.1
1 USER DISTRIBUTION 03$1Cl-C6)P2 H2-Inverse 1
I 9 6 0.
I UN! FORM - Q41 CASE 3 Dit nSB

0$ 1.0
. USER DISTR!bVTION 041 CASE 4,041 CASES Dif-8B

5
1 6 2 0.

USER DISTk!BUTION Q43(C4-C12) Deflag BVB
600,
USER DISTRIBUTION Q44C2,C4,CS C7 Deton BVB'

B 4 0.
' USER DISTklBUTION 044 CASE 2F20,Q44C$F20 Deton Impulso

6 2 0.
USER DISTRIBUTION 046|C2,C4-C11]P18 tifect.Brn Press
6 9 C."

USER D18TRIBUTION Q46(C2,6,6,10]P19 Brn Completeness
' yC 4 0. '

USER DISTRIBUTION 052C2 DW Tell- Vee Brk
2 2 0.

l 1 .9$
2 .0$
USER DISTRIBUTION Q$4C4 DW F1d - Diff Tim
2 3 C.
1 45
2 4$
3 .1
UStk DISTRIBUTION Q$4CS DW Fid - H2'

I
i 2 2 0.
I 1 .50

2 .$0
USER DISTRIBUTION Q5801AM Alpha4

7-2 0.
USER DISTRIBUTION Q61C1 Liq. VB - Inject.
2 2 0,

| 1 .025
j' 2 .975
i USER DISTRIBUTION 061C2 Liq. VD No inject

2 2 0.
r 1 .10

2 .90<

USER DISTRILUTION 062C2 RFV Fail - SE;
2 4 0.
1 .2 >

2 .2
1 3 .3

4 .3>

i- USER DISTRIBUTION 065C5 RTV Fait - Inj. & B1 Liq VB
!. 2 4 0.
I 1 .124
| 2 .005
'
t i .371
j 4 .5
|- USER DISTRIBUTION Q63C6 RTV Fall - !!!F & Hi Liq VB

| 2 3 C.
1 .249.

' - 2 .005-
i. 3 .746
J USER DISTRIBUTION 063C7 RFV Fall - LoF & Hi Liq VB ,

23 0, 6

i 1 .240
2 .00$,

! -3 .746

:
,

E,1 2

'
8
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1
'

t

!

USER DISTRIDUTION Q63CB RPV Fall - Inj. & Lo Liq VB*

'
3 4 0.

! 1 .062
2 .00$

,

3 .166.

4 .745
USER DISTRIBUTION 063C0 RPV Fall - litt & Lo Liq VB j
2 3 0.
1 .249
2 .00$

i 3 746
3

USER DISTk1BUT10N 063710 RPY Fall - Lot & Lo Lig VB
' 2 3 0.

1 .249
3 2 .005

3 .740
USER DISTRIBUTION 06402 HittE
2 2 0.
1 .8
2 .2;

USER DISTRIBUTION Q66|C2-C7) H2 * AVB
10 6 0.
USER DISTRIBUTION Q701C2,3,6,)]P13,Q7?C2F40 DW Press.atVB-HAPAWet Cav<
6 5 0.
USER DISTRIBUTION Q70!C4,$,0.9)P13,Q77C3P40 DW Press.stVB hip & Dry Cav.
6 5 0.
USER DISTRIBUf!ON Q70110 13)P13.Q77C4P40 DW Press.atVB-lop & Wet Cav.
6 5 0,

i USER LISTRIBUTION Q71[02 C3,C6 C7]P39 Fedestal Press.st VB*HiPkWet Cav.
| 6 4 0.

USER D.tBTRIBUTION Q71(;4,CS C6,CG)P39 Fedestal Press,at VB-HAP & Dry Cay,4

6 4 0.
U3ER DISTRIBUTIOh Q71l010,11,1S*1$,17]P39 Pedestal Press at VB-LcPkWet Cav.
6 6 0.

I UNIFORM Q74 CASE 1 Pedeatal Fall. Press.
f 900, 1700.

UNIFORM 07$ Pedestal Fall. Et SE
'0. 1.

UNIPORM Q77 CASE 6P40 WW Pressure at VB
0.0 113.$
USER DISTRIBUTION Qe1 CASE 2 CS - WW Failed - No AC
2 2 0.
1 <$

2 .5;

USER DISTRIBUTION QB1 CASE 6 CS * WW Failed - AC
2 3 0.
1 .5
2 45
3 .05
USER DISTRIBUTION 'Q84C3-C7 16nitton at VB
6 $ 0.
USER DISTRIBUTION 076C2 DW Fall - Fedestal Fall
2 2 0,
1 .175
2 ,825

USER DISTRIBUTION 007C2 Late Water * No AC
2 3 0.
1 .5
2 .2$

- 3 .25
USER DISTRIBUTION. Q97C4 Late Water-- Inject BVB
2 3 0.
1 .333

'

2 .333
3 .334
USER DISTRIBUTION 097C$ Late Water - No Inject BVB
2 3 0.

.
1 .333 -

1

E .1 3R
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!
'

,i

i 2 .333
'

3 .334

!,.
UNIFORM 010002 Low Debris * CCI
.6 1.0

) UNIFORM Q100C3 !!! Debris + CCI
.9 1.0,

USER DISTRIBUTION Q110!C4,CS,N ,C71 lanition Late
'

'

6 4 0.

I USER DISTRIBUTION Q12001F43 Fedestal Fai1+Erction Depth .,

j b 12 3.201
' 3.0 0.0 '
'

1.0 0.000666-
2.6 0.342
3.0 0.397333
3.3 0.431

i 3.5 0.464666 ,

3.7 0.496333
4.0 0.532
4.4 0.565666

j 4.8 0 $99666
5.5 0.966666
7.0 1.00
USER DISTRIBUTION - Q121 Fedestal trosion Depth * CCI
8 28 0.

i UNIFORM Q123C2 Late Pressure-Noncondensibles
' 250 $$0

UN! FORM 00SOR1 FCOR
0.0 1.0
UNIFORM 00SOR2 TVES
0.0 1.0
UNIFORM OGSOR3 FREVOg

0.0 1.0
f, UNIFORM 0030R4 FCCI

' 0,0 1.0

UN! FORM OGSORS FCONY'

O.0 1.0
UNIFORM OGSORO FCONC

0.0 1.0
UNIFORM GGSOR7 FLT1
0.0 1.0
UNIFORM OGSORB FDCil
0.0 1.0
UNIFORM .0030R9 DFPOOL
0.0 1.0
UNIFORM 00SOR10 DFSTRAY.

0.0 1.0
UNIFORM 00SOR11 DFCAV
C.0 1.0
UNIFORM 00SOR12 FEVSE

,

0.0 1.0
USER DISTRIBUTION Q24.Q79,Q104 AC Power Recovery

5

4 500. D.
CORRELATION MATRIX
3
45 46 .999
65 66 .999
70 71 .999

s.

i

l

1-
r

'

_ - -

;
L

E.1 4
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E.2 User Distribution Subroutine USRDSTGG.rOR Listinn

CC** *************************************************************
SUEROUTINE USRDST(J)

C
C FDDIFIED FY AWS 1/25/09 TO TRANSFER SAMFLIN3 OF CORRELATED
C VARIABLES TO THE EXTENDER CODE.
C tODIFIED BY AWS 12/23/88
C tODIFIED BY 0. WILXINSON (11/17/88) FOR GRAND OULF RUN -
C VARIAtLES FOR SCREENING SENSITIVITY STUDY FOR GRAND GULF
C

C SUEROUTINE USRDST WILL GENERATE VALUES FROi A
C I) DISCRETE DISTRIBUTION (WITH AND WITHOUT INTERIOLATION):
C INDICATED WITH IFL = I AND IFL * 3.
C 2) DISCRETE DISTRIBUTION FOR LOSP * INDICATED BY IFL = 4
C AN ARRAY REQUIRED FOR LOSP IS SET IN THE DATA STATEMENT.
C 3) ZERO-ONE CASES INDICATED BY IFL-2. A FILE ASSIGNED TO UNIT 90
C IS WRITTEN FOR INKf7 TO EXTLitS.FOR.
C

C FOR IFL=5
C GENERATE A MAXIffJM ENTROFY DISTRIBUTION FUNCTION FOR THE
C VARIABLE WITH IFL SET TO $. AN ADDITIONAL LINE OF INPUT IS
C REQUIRED GIVING THE LOWER END OF THE RANGE, A , Tite HEAN, RifJ,
C AND THE UiTER END OF THE RANGE, B .***HOTE*** FOR THIS

C CASE A 1. INK TO IMSLIUS/ LIB IS REQUIRED.
C

C IOR IFLa6
C GENERATE A DISTRIBUTION FUNCTION KR INITIATING EVENT DATA.
C AN ADDITIONAL INPUT FILE .IS REQUIRED ASSIGNED TO UNIT 20.
C THE FILE NAME 18 'IE.DAT',
C

C FOR IFL*7 |

C GENERATE A DISTRIBUTION FUNCTION FOR ALP 51A H0DE VB. ONLY
C ONE VARIABLE IS SAMPLED HERE. THE OTHER ONE IS COMPUTED IN
C THE SUBROUTINE THAT EXTENDS THE LHS l%TRIX FOR 20 CASES.
C AN ADDITIONAL INPUT FILE IS REQUIRED ASSIGNED TO UNIT 28.
C Tile FILE NAME IS 'COMPOSIT. CAT' . A FILE ASSIGNED TO UNIT 99
C IS WRITTEN FOR INPUT TO EXTLitS.FOR.
C

C FOR IFL.GT.8
C ONLY R IS STORED FOR THE SAMPLE SO THAT IT CAN BE COiPUTED
C IN THE EXTENDER. A FILE ASSIGNED TO URIT 99
C IS WRITTEN FCR INTUT TD EXTLES.fCR 'f _ g~

p.y'z , N"'f 9C p
' ' . < >C FOR IFL-9

C R IS SAVED TO BE STORED FOR T1IE VARTABLE WTTH IFL = 10
C

C THE FOLLOWING SIX LINES OF CODE ARE REQUIRED BY USRDST:
C

C NMAX IS THE MAXItfJM NUMBER OF OBSERVATIONS.
C NVAR IS THE MAXIMUM NUMBER OF VARI ABLES.
C LENT IS THE LENGTH OF THE TITLE.
C

FARAMETER (NMAX=$00)
PARAMETER (NVAR=210)
PARAMETER (LENT =12$)
COtON/FARAM/ TITLE (LENT),ISEED,N,NV, IRS,ICM,NREP,IDATA,IHIST,

1 ICORR.IDIST(NVAR),IRP
COtON/SAMP/X(NMAX*NVAR)

C
C THE FOLLOW!is PARAMETERS ARE REQUIRED FOR THE DISCRETE PROBABILITY FUNCTION
C

PARAMETER (NC NIDO)
DIMENSION XYAL(NCP), CP(NCP)

C

C THE FOLLOWING FARAMETERS ARE REQUIRED FOR THE LOSP YARIAELES
C

!
r

E.2 1
!

_
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5 a

i

|
d

4

C HF Is Tnt NUMtER OF FAIRS CF IVAL AND TkEQ
| C IVAL(K) IS THE KTH UNIQUI VALUE OF THE RANKt4 YARIABLE
i C FLEQ(K) IS THE FkohAEILIT) A$$:X'!ATED WITil THE KTl! VALUE
'

C

IAkAMETER(MAXNP=500)
DIMENSION IVAL(MAXNI'),FkEQ(>%XNF),CDF(MAXNFil)
DATA FREQ/f,00*.002/

C

C THE FOLLOWING Tl!AEE LINES OF CODE Akt NEEDED l'OR ****IFL*$****
C XX, 7 AND WORK AKE USED BY THE MAXIWJM ENTROFY DISTRIBUTION.
C A, IUtJ AND D ARE Tilt L(MER, MEAN AND UFFER POINTS FOR THE
C MAXIttM ENTROFY CISTRIBUTION. 1

C FCN IS A SUl; ROUTINE NEEDED TO OEN!1 ATE Tilt MAXIHJM ENTROFY

$ C DISTRIBUTIDS.
C

DIMENSION XX(I), F(1) WKt100)
CotitN /FXIFCL/ A. RMU, 2
EXTERNAL FCN -1

C

C Tl!E FOLLOWING STATEMENTD ARE NEEDED FOR ***IFL=6***
C
C RIEVAL(K) 12 THE DISTRIBUTION FOR Tl!E INITIATING EVENT VARIABLE.

IARAMETER(NFIE=1000)
DIMENSION RIEVAL(NFIE)

C

C Ti1E FOLLOWING STATD!ENTS Akt NEEDED FOR ****II*L=7****
1 C

C DVAL(K) IS Tl!E DISTRIBUTION FOR THE ALFliA F0DE VB CASE,"

'

C

1 FARAMETER(MAXDI$*5500)
DIMENSION DVAL(MAXDIS)

C
C THE FOLLOWING FUNCTION DEFINITION IB REQUIRED BY USRDST,

C
LOC (1,J) = (J-1) * N + 1

C

C READ FRCH Li1E INFUT FILES
C

READ (7,*)IFL.NF,DSR
IF(IFL.EQ.2)Tl!EN

WRITE (90,109)J NF
Ili9 FORMAT (7X,'ID (',13,') = ',I2)

DO 200 K*I.NF
200 READ (7,*)XVAL(K),CP(K)

DO K= 2 .NP
CP(K) = CP(K-I)+CP(K)
ENDD0

00 TO 6
ENDIF
!F(IFL.EQ.4)00 TO 98
I?(IFL.EQ.$)00 70 300
IF'IFL,EQ.E)oo TO 405:

Ti(IPL.EQ.7)Tl!EN
NAMa2
WRITE (99,109)J, NAM
WRITE (99,198)J.

190 FORMAT (7X,' JAM = ',13)
00 70 $00

ENDIF
IF(.IFL.0E. 8)T!!ENi

WRITE (09,107)J,NP
197 FORMAT (7X, 'ID6(' ,IS, * ) * ' ,12 )

i IF(IFL,EQ.9)!NEN
' WRITE (90,297)J

297 FORMAT (7X,'JSAV = ',IS)
! ENDIF
| . IF(IFL ,EQ. ID )Tl!EN

E.2 2
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i
i

i
!

I
!

Wh1TE(99.298)J
268 FORMAT (7X,'JOET a ',13)

ENDIF
I WM6

tNDir

| IC 5 K=1 NF
AEAD(7.* ) XVAL(K), CF(K)

eC DIVIDED BY INPUT VALUE, DSR 10 CKAN9E VALUES AS REQUIRED
'

j IF(IFL.EQ.3)XVAL(K)*XVAL(K)/DSR
'- $ CONTINUE

I C BET Tl!E CIARTINO POINT (BTRTFT) EQUAL TO ZERO AND T!!E FROBABILITY
j C INCRD:ENT (FR0!!!NC) EQllAL 701/N FOR A Lil5 Wi! eke N IS T!!E SAMPLE $1EE

C

6 STRTFT*0.0
, PROBINCof. 0/ FLOAT (N)
1 IF(IRS.F.Q 1)FROBIHCa'1.O

C

C THIS LOOP WLL 031AIN Tile N SAMPLESi

C
DO 4 !*'t , N

'
i R*STRTFT + PROBINC*RAN(ISEED) '

C FOR IFL*0********NEED ONLY R
IF(IFL.EQ.6,0R.IFL.EQ.9)THtN
X(LOC (1,J)) = R

,

00 TO 25'

ENDIF
1 C FOR IFL*10******** STORE 0.FOR HOW
'

IF(ITL.EQ.10 )TitEN
X(LOC (1,J)) = 0.
00 To to

ENDIF
,

C!

C 0 1 VARIABLES IFL=2
t C
I IF (ITL.EQ.2)T!!EN
! IF (R.LE.CP(1)) X(LOC (1,J)) = XVAL(1)

IC 2 K=2,NP
f IF ((R.0T.CP(K 1)).AND.(R.LE.CP(K)))
| 8 X(LOC (I,J)) = XVAL(K)

2 Cot:TINUE
00 TO 2$

ENDIF
C

j C ALL VARIABLES OTHER TilAN 0 1 VARIABLES IFL=1 AND IFL=3
C

i Do 3 K+1,N1 1 ;

IF(R.CE.CF(K), AND.R.LT.CP(K41)) THEN
IF(XVAL(K),EQ XVAL(K+1)) Ti!EN

C

C DISCRETE l'ROBABILITY
C

X(LOC (1,J))*XVAL(K)
ELSt

C
C INTERICLATION
C

X(LOC (I,J)) = ((R CP(K))/(CP(K+1) CP(K)))*
1 (XVAL(KtilaXVAL(K))+XVAL(K)

ENDIF.
GO TO 25

ENDIF
3 CONTINUE

WRITE (99,*)' FELL Ti!RU',J
2$ CONTINUE'

IF(IRS.NE.1)STRTFT STRTFT + FROBINC
4 CONTINUE

00 TO 99

1

t
'

E.2 3
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C LOSF VARIAELES
C

DB NPat4AXNP
IC 110 K=1,NF

j IVAL(K)*K
110 CONTINUE

C

C CONSTRUCT THE CUtfJLATIVE DISTRIBUTION FUNCTION
C

CDF(1)=0.0
DO 120 K=1,NP

! 120 CDF(K+ D=C0rtO *fREQ(K)
1 C

C EET THE STARTING POINT (STRTPT) EQUAL f tERO AND ft!E FROBABILITY
C INCREMENT (PROBINC) EQUAL TO 1/N FOR A LHS Wi!ERE N IS Tlit
C SAMPLE SIEEe
C

STRTPT=0.0
PROBINC=1.0/ FLOAT (N).'

C

C IF A RANDOM SAMPLE IIAS BEEN SPECIFIED IN THE PARAMETER LIST TitEN
C THE ARGtf 2NT IRS HAS BEEN STT EQUAL TO 1 IN T!!E MAIN TROGRAM,
C EENCE Tf!E /ROBABILITY INCRIMENT IS SET EQUAL TO 180 TilAT ALL
C OBSERVATIONS ARE SELECTED BY USING TliE INTERVAL (0,1).'

C

IF (IRS.EQ.1) MOBINC = 1.0
C
C THIS LOOP WILL OBTAIN THE N SAMPLE.
C

Do 150 I=1,N
C

C R IS A LANDOMLY SELECTED FOINT IN THE CURRENT SUBINTERVAL OBTAINED
C BY USING THE RANDOM NUMBER CENERATOR RAN.
C

125 R = STRTPT + IROBINC * RAN(ISEED)
C

C THIS LOOP WILL SELECT THE STECIFIC VALUE OF THE RANDQi VARIABLE
,

C CORRESPONDING TO R TIIROU0il THE INVERSE CtMJLATIVE FUNCTION. THESE
C VALUES ARE STORED BY USE OF THE LO FUNCTION.
C

DO ISO K=1,NP
IF(R 0E.CDF(K).AND.R.LT.CDF(K+1)) X(LOC (1,J))=IVAL(K)

130 CONTINUE
C
C CIIECK TO MAKE SURE THAT Tl!E INTEGERS BEING BAMPLED TOR THE LOSP
C VARIABLES ARE SAMPLED WITHOUT REPLACEMENT,

C
DO 135 L=1,2

IF(T(LOC (1,J)).EQ.X(LOC (L,J)).AND.I.NE.L) 00 TO 125
13$ CONTINUE

C

C RESET Tilt STARTING POINT TO T!!E BEGINNING OF THE NEXT SUBINTP. VAL
C UNLESS A RANDOM SAMPLE HAS EEEN SPECIFIED

IF(IRS.NE.1)STRTPT=STRTPT+FROBINC
1$0 CONTINUE

C
99 RETURN

C
C FOR IFL*5

i C

C THIS SECTION OF THE SUBROUTINE CONSTRUCTS THE SAMPLE
'

C VARIABLES BASED ON Ti1E MAXIMUM ENTROP" DISTRIBUTION.
C

300 NSIG =4
NN =1

ITMAX = 20

|

E.2 4
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READ ( 7, * ) A, 100, B
C THE NEXT LINE IS A DIAGNOSTIC TO HELP DETERMINE
C IF THE COMBINED LVENTS ARE CORRECTLY POSITIONTD
C IN THE L!tS INFUT FILE
C PRINT *, A Ied, B

XX ( 1 ) * - 1. 0 / RMU
CALL ESCNT(FCN,NSIG.NN,ITMAX,FAR,XX,FNORM.WK,IER)
BETA = XX(1)
k!$7A = 1.0 / BETA
LA = EXP(BETA * A)
EB = EXP(BETA * B)
TERM = EB - EA

C

C SET THE STARTING POINT (STRTFT) EQUAL TO EERO AND THE FROBABILITY
C INCRDA.ENT (PROBINC) EQUAL TO I/N FOR A Lils WHERE N IS TIII
C SAMPLE E!EE.
C IF A RANDOM SAMPLE HAS EEEN SPECIFIED IN THE FARAMETER LIST THEN
C THE ARGUMENT IRS 11AS BEEN SET EQUAL TO 1 IN TifE MAIN PROGRAM,
C HENCE T!!E PROBABILITY INCREMENT IS SET EQUAL TO 150 TilAT ALL
C OBSERVATIONS ARE EELECTED BY USING THE INTERVAL (0,1).
C

STRTFT * 0.0
PROBINC = 1.0 / FLCAT(N)
IF (IRS .EQ. 1) PROBINC = 1.0

C

C THIS LOOP WILL OBTAIN T!!E N SAMPLE VALUES.
C R IS A RANDmLY SELECTED POINT IN THE CURRENT SUBINTERVAL OBTAINED
C BY USING THE RANDOM NUMBER GENERATOR RAN.
C CENLRATE Tile t.AXIMUM ENTROPY DEVIATES.
C RESET THE STARTING POINT TO THE BEGINNING OF THE NEXT SUBINTENVAL
C UNLESS A RANDOM SAMPLE P.AS BEEN SFECIFIED,

DO 880 1 = 1,H
R = STRTPT + PROBINC * RAN(ISEED)
X(LOC (1,J)) = RBETA * LOO (iEPN * R + EA)

-IF (IRS .h.1) STRTPT * STRTPT * PROBINC
360 CONTINUE

RETUR!?

C
C IFL-S FRONT END IE
C

405 CONTINUE
C

C READ IN Tilt SAMPLE VALUES FOR THE INITIATING EVENT
C

OFEN (UNIT = 29, FILE * 'IE.DAT8, STATUS = 'OLD')
READ (20,*) (RIEVAL(K), K = 1,NFIE)

C

C SET THE STARTING FOINT (UTRTPT) EQUAL TO EERO AND THE PROBABILITY
C INCREMENT (PROBINC) EQUAL TO 1/N FOR A Lils WHERE N IS THE
C SAMPLE SIEE.
C IF A RANDOM SAMPLE MAS BEEN SPECIFIED IN THE FARAMETER LIST THEN
C THE ARGUMENT IRS HAS BEEN SET EQUAL TO 1 IN THE MAIN FROGRAM,
C HENCE THE FROBABILITY INCRD4ENT IS SET EQUAL TO 1 SO THAT ALL
C OBSERVATIONS ARE SELECTED BY USING THE INTERVAL (0,1).
C

STRTFT = 0.0
TROBINC = 10 / FLOAT (N)
IF (IRS EQ, 1) PROBINC = 1.0

C

C THIS LOOP WILL OBTAIN THE N SAMPLE VALUES
C k IS A RANDOMLY SELECTED POINT IN THE CURRENT SUBINTERVAL CBTAINED
C BY UEING THE RANDOi NUMBER GENERATOR RAN.
C THE INNER LOOP WILL SELECT THE SPECIFIC SAMPLE VALUE CORRESPONDING
C 70 R THROUGH THE INVERSE EMPIRICAL DISTRIBUTION FUNCTION
C THESE VALUES ARE STORED IN THE VECTOR X THROUGH THE USE
C OF THE LOC FUNCTION.
C RESET THE STARTINO POINT TO Tile BEGINNING OF THE NEXT SUBINTERVAL

2

E.2-5 i
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C UNLESS A RANDOM CAMPLE flAS liEEN EFECIFIED.
C

CD $1 I = 1 N
R = STRTFT + FRu.'INC * f#(IE! ED)
X(LOC (1,J)) = RIEVAL(R*NIIE*1)
IF (IRS .NE 1) STRTFT = STRTFT + FROBINO

51 CONTINUE
RETURN

C

C IFL*?********
C

.l 500 REWIND 20
READ (28,*)(DVAL(I),I=1,MAXDIS)

C SET Tilt STARTING FOINT (STRTFT) EQUAL TO EERO AND TifE FROBABILITY
C INCREMENT (PROBINC) EQUAL TO 1/N FOR A LHS Wi!ERE N IS T!!E EAMPLE SIEE
C

STRTFT=0.0
PROBINC=1.0/ FLOAT (N)

C

C IF A RANDal SAMPLE RAS BEEN SFECIFIED IN Tite PARAMETER LIST THEN THE
C AROUMENT IRS !!AS BEEN SET EQUAL TO 1 IN THE MAIN FR00 RAM, HENCE THE$

C FROBABILITY INCREMENT IS SET EQUAL TO 1 80 THAT ALL OBSERVATIONS ARE
C SELECTED BY USING Tl!E INTERVAL (0,1)
C

IF(IR3,EQ.1)!'ROBINC=1. 0
C

C THIS LOOP WILL OBTAIN THE N SAMPLE VALUES
C

DO 204 !=1,N
C
C R IS A RANDCMLY SELECTED FOINT IN Tt!E CURRENT SUBINTERVAL OBTAINED
C BY USING TIIE RANDCM NUMBER CENERATOR RAN
C

R=STRTIT+FROBINC*RAN(ISEED)
C

C SELECT Tite SPECIFIC VALUE OF Ti!E RANDCH VARIA LE CORRESPONTING 70 R
C THE VALUE IS STORED BY USE OF TIII LOC FUNCTIC..
C
C

X=R*HAXDIS+1
X(LOC (I,J))=DVAL(K)

C
C RESET THE STARTING FO!NT TO THE BE0!NNING OF Titt NEXT SUBINTERVAL
C UNLESS A RANDOM SAMPLE IIAS BEEN SPECIFIED
C

IF(IRS.NE.1)STRTFT=STRTFT+FROBINC
204 CONTINUE

RETURN

END
SUBROUTINE FCN(XX,F,8N FAR)
DIMENSION XX(NN), F(NN), FAR(1)
C0itON /FXIMSL/ A RMU, B
BETA = XX(1)
EA = INF(BETA * A)
EB = EXP(BETA * B)
TERM = (B * EB * A * EA) / (EB * EA)
F(1) * TERM - (1.0 / BETA) * RHU
RETURN

END

I

!
|
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E,3 Extender Cove EXTLHS.FOR Listi.ng
;

i

J PROGRAM EXTLHS
ce..................... eeeeeeeeeeeeee.e................eeeeeeee.... **e

C

C K)DIFIED FRCli NEXTLHS TO INCLUDr. Cte1PUTING SAMPLES POR FLA0GED'

j C DISTRIBUTIONS 1/25/89 (AWS)
*C 1HIS FROGRAM READS IN AN Ll!S DATA FILE AND THEN

, *
C CONVERTS THOSE VARIABLES CONTAINING INTEGER REPRESENTATIONS'

' *
C (1,2,3,4) INTO THE API'ROPk1 ATE D 1 SAMFLING SCIIEME.

i C 17 ALSO READS A FILE CONTAINING CONDITIONAL PROBABILITIES OF *

! C RECOVERY TIME FOR LOSP BASED ON THE INTEGER VALUTS IN Tilt LAST *

$ 0 COLUMN OF THE LHS DATA, THE LOSP PROBA21LITIES ARE SAMPLED ACROSS *
*

C ALL TIMES. THIS FORCES 7t!E LOSP VAk!AtLES TO 11 AVE A RANK
*C CoJJ. ELATION OF EXACTLY ONE,
e

C

C***********************************************************************
*

C
3 *
I C NVAR IS Tl!E INITIAL N'JMBER OF LilS VARIADLES.

*C NLMS IS THE Ll!$ SAMPLE SIEE,
C NTIME IS TIIE NUMBl3 Or TIMES ($ COLUMNS) IN Ti!E LOSP DATA (BACKEND)

"

*'

C l'LUS THE ONE FOR THE FRONTEND
*

C NLOSP IS THE NUMEER OF ROWS IN THE LOSP DATA
C MADD IS AN INTEGER THAT IS ADDED TO THE DIMENSIONING OF X TO MAKE *

! C EURE THAT X WILL BE BIO ENOUGH TO HANDLE Tl!E INITIAL NUMuCR *

C OF VARIABLES AS WELL AS ALL T!!0SE THAT ARE ADDED INTO THE MATRIX *
C ID IS AN ARRAY FOR TRACKING Tl!E NUMBER OF PERCENTAGES UPON *

C WHICH TIIE 0 1 VARIABLES ARE BASED; A *2" INDICATES TilAT THE *

C VARIABLE IS BASED ON TW3 PERCENTAGES: A "3" INDICATES THAT THE *'

f C VARIABLE IS BASED ON THREE PERCENIAGES,ETCt *

C LOC IS A VARIABLE USED TO TRACK THE LOCATION OF EACH 0 1 VARIABLE; *

C THIS VARIABLE IS " SHIFTED" OR UPDATED EACH TIME A NEW COLUMN IS *

*C INSERTED.
eC

<

C***********************************************************************
FARAMETER ( NLHS=250, NV AR= 90, MADD=200, NTIME= 0, NLOS P= 500 )

) DIMENSION X(NLHS,NVAR+MADD). ID(NVAR), CPROB(NLOSP,NTIME-2),
1 AC(NLOSP,2),CPRollSAM(NLf!S,NT DtE) ID8(NVAR),XVAL(100),CP(100) . .
ERSAV(NLHS)

CHARACTER *60 !!EAD
OPEN($, FILE ='LilS.DAT'. STATUS *'OLD')
0 FEN (6, FILE =' PROB.DAT', STATUS ='OLD')
OIEN(8, FILE ='LHSLOSP.DAT', STATUS ='OLD')
OPEN(7, FILE ='EXTLHS.DAT', STATUS ='NEW')
OPEN(20, FILE ='EXTDIS.DAT',$TATUS='OLD')

CC

C INITIALIEE THE ID ARRAT
CC

Do 10 I=1,NVAR
ID(I)a0,

ID6(I PO
10 CONTINUE

CC

C READ IN THE THE NECESSART NO OF BRANCHES FOR THE 01 VARIABLIS
' %

ID8( 27) * 3
106( 20) = 2
108( 33) = 6
J6AV * 33
ID8( 3$) = 2.

ID6( 36) = 0
IDS ( 37) = 4
IDB( 38) = 2
ID8( 39) 9=

ID8( 40) = 4
ID ( 41) = 2
ID ( 42) = 3

i
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I

I

( ID ( 43) = 2
ID ( 44) = 2
JAM = 44
ID ( 45) = 2
ID ( 46) = 2
ID ( 47) = 4
ID ( 46) = ,

ID ( 49) = 3
ID ( $0) = 3

'

ID ( $1) = 4
I ID ( $2) = 3
! ID ( $3) = 3

ID ( $4) = 2
ID6( SS) = 6
JGET = $$
ID8( $6) = 5
ID6( $7) = $
ID6( $8) = $,

106( $9) = 4'

j IDet 00) = 4
' IDe( 61) = 6
, ID ( 65) = 2
' ID ( 66) = 3

ID6( 67) * $
ID ( 68) * 2
ID ( 69) = 3
ID ( 70) = 3
ID ( 71) = 3 i

ID8( 74) = 4
ID6( 76) = 26

CC
C CONVERI THE INTEGER REFRESENTATIONS FROM LHS (1,2,3,...)
C INTO EEROS OR ONES BASED ON THE PERCENTAGE INTERVALS:
C THIS IS DONE OVER ALL CAMFLES. ;

CC
l DO 20 K-1,NLHS
I NTVAR = NVAR

READ ($,*)(II,12,(X(K,1),1=1,NVAR))
I REWIND 20
' 10C=3

DO 30 Jal,NVAR
toc = LOC + 1
IF(ID(J).EQ.0)00 TO 25

i

IF(ID(J).EQ.2)THENi

j DO 40 !=1,NTVAR-LOC

[
X(K NTVAR+ID(J)*I) * X(K,NTVAR4ID(J) I 1)

| 40 CONTINUE

l NTVAR = NTVAR + 1
'

C CHECK TOR ALTHA K)DE
IF(J.EQ. JAM)THEN
X(K, LOC +1) = .1*X(K, LOC)
LOC = LOC +1

00 TO 30 ,

ENDIF
CC

C ERROR MESSAGE
CC

IF(NTVAR.07.NVAR+MADD) STOF ' NTVAR EXCEEDS DIMENSIONS *
IF(X(K, LOC).EQ.1)THEN
-X(K, LOC) = 1
.

| XtK, LOC +1) = 0
| ELSE IF(X(K, LOC).EQ.2)THEN

X(K, LOC) = 0
X(K, LOC +1) = 1

ENDIF
LOC = LOC + 1

- C IF JTH ITEM IN THE ID ARRAY = 3

,

I
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ELSE IF(ID(J).EQ.3)THEN- i

DO 50 f*1,NTVAR-LOC i
X(K,NTVAR+1D(J)-1) = X(K,NTVAR6!D(J) I-2) - .i

50 CONTINUE
NTVAR = NTVAR + 2
IF(X(K, LOC).EQ.1)THEN

X(K, LOC) = 1
X(K, LOC +1) =0
X(K, LOC +2) = 0

ELSE IF(X(K, LOC).EQ.2)THEN
.X(K, LOC) = 0
X(X, LOC +1) = 1
X(K, LOC +2) = 0

ELSE IF(X(K, LOC).EQ.3)THEN
X(K, LOC) * 0
X(K, LOC +1) = 0-
X(K, LOC +2) * I

ZNDIF ,

LOC = LOC + 2 ;
'

C IF JTH ITEM IN THE ID ARRAY = 4
ELSE IF(ID(J).EQ.4)THEN

00 60 !=1,NTVAR-LOC
X(K,NTVWID(J)-1) = XC NTVAR+1D(J)*I-3)

60 CONTINUE
NTVAR = NTVAR'. 3-
IF(X(K LOC).EQ.1)THEN

X(K, LOC) = I'
X(K, LOC +1) = 0

,

X(K, LOC +2) = 0
X(K LOC +3) = 0

ELSE IF(K(K, LOC).EQ.2)THEN
X(K, LOC) a o

_

X(K. LOC +1) = 1
X(K, LOC +2) = 0
Xf%, LOC +3) = 0

;;* dE IF(X(K, LOC).EQ.3)THEN
X(K. LOC) = 0
X(K, LOC +1) = 0
X(K, LOC *2) = .
X(K, LOC +3) = 0

ELSE IF(X(K, LOC).EQ.4)THEN
X(K, LOC) = 0
X(K, LOC +1) = 0

,

X(K, LOC +2) = 0 i

X(K LN+3) = 1 >

ENDIF
LOC = LOC + 3

ENDIF '
GO TO 30

C COMPUTE 'iAM]VS FOR Q]VEN NUMBER of plRTEIPTION$
55 IF(IDe(J).EQ.0)co TO 30

IF(JSAV.EQ.J)RSAV(K)=X(K, LOC)-
NOD =ID8(J)

'R = X(K, LOC) . ;

IF(JOET.EQ.J)R=1.-RSAV(K) {
DO 65 I=1,NTVAR-LOC
X(K,NTVAR+ NOD-I) = X(K,NTVAR*I+1)'

{ 65 -CONTINUE
NTVAR = NTVAR -5 N00-1

DO 6 ND=1, NOD
- READ (20,'(A)') HEAD

i 90 FORMAT (A) .

( - READ (20, *,END=999)IFL,NP,DSR
DO 5 KK=1,NP
READ (20,*) XVAL(KK), CP(KK)

C DIVIED BY INPUT VALUE, DSR TO CHANGE VALUES AS REQUIRED i

IF(IFL EQ 3)XVAL(KK)=XVAL(KK)/DSR
,

.
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S CCNTINUE
Do 3 KK=1,NP-1
IF(R.LT.CP(KK))GO TO 3

C R GE CP(KK)
IF(CP(KK).NE.CP(KK+1))GO TO 7

C R GE CP(KK) AND CP(KK) = CP(KK+1)
yrt(KK+2),CT.NP)THEN
X(K, J +ND 1)=XVAL(NP)
00 TO 6

ENDIF
IF(R .LT.Cl(KK+2))THEN

C R GE CP(KK) AND R Li CP(KK+2)
X(K, LOC +ND 1)=XVAL(KK+*
00 TO 6

ENDIF
7 IF(R.GE.CP(KK), AND.R.LT.CP(KK+1)) Ti!EN

IF(XVAL(KK).EQ.XVAL(KK+1)) THEN
C
C DISCRETE FROBABILITY
C

X(K, LOC +ND-1)=XVAL(KK)
ELSE

C

C INTEAPGLATION
C

X(K, LOC +ND-1) = ((R-CP(KK))/(CP(KK+1)-CP(KK)))*
1 (XVAL(KK+1)-XVAL(KK))+XVAL(KK)

ENDIF
00 TO 6

ENDIF
3 CONTINUE

WRITE (99,*)' FELL THRU',J K
6 CONTINUE

LOC - !OC + NOD-1
30 CON i ~ F -:-e

3 20 CONTiNilE
CC
C READ IN THE MATRIX OF CONDITIONAL PROSAPILITIES FOR LOEP FOR BACKF.HD-
CC

00 70 I=1,NLCSP
READ (6,*)(CPROB(I,J).J-1,NTIMP

70 CONTINUE
CC

C RFAD IN THE MATRIX OF AC DATA FOR LOSP FOR FRONTEND
CC

DO 71 I=1,NLOSP
READ (8,*)(AC(I,JJ,J=1,2)

71 CONTINUE
CC

C SAMPLE TifE CONDITICNAL FROBABILITIES FOR LOSP
CC

DO 80 I=1,NLHS
DO 90 J=1,NTIME 2

CPROBSAM(I,J) = CPROB(X(1,NTvAR),J)
"

90 CONTINUE
CFROBSAP(1,NTIM*-1) = AC('.(1,NTVAR),1)
CPROBSAM(1,NTIME) = AC(YsI,HTVAR),2)

80 CONTINUE
DO 100 I=1,N G S

12 = NTVAR - 1 + KtIME
II2 = 12 - NTItE

CC
C ERROR MES3 AGE ,

CC

IF(I2.GT.NVAR+MADD) STOP ' 12 EXC?.EDS DIMENSIONS '
WRI T E ( 7, * )1,12. (X (I , J ) ,J= 1,112 ) , (CPROBS 41( i . J ) , J a l , NTIME ) -,

100 CONTINUE
STOP ' NORMAL TERMINATION'

99 WR"E(99, * )IFL, N P,DSR
E'fD .
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E.4 Listing of MODEL.FOR

C 12/14/68 REVISED FOR GRAND GULF
C

C PROGRAM TO IMPl.EMENT THE MIXTUFI FCDEL FOR THE TIME TO RECOVERY OF LOSP
C AS DD'ELorED IN NUREG/CR*5032, SANDB7-2428, JANUARY 1988:
C

C "FDDELING TIME TO RECOVERY AND INITIATING EVENT TREQUENCY FOR LOSS OF
C OFF* SITE POWER INCIDENTS AT NUCLEAR 10WER PLnNTS"
C BY RONALD L IMAN AND STEPHEN C. HORA
C

C THE MIXTURE FODEL PODEL AS DIVEN IN EQUATION (23) 0F THAT REPORT IS
C of THE FORM:
C

U G(x) = Pl*G1(x) + P2*G2(x) + P3*03(x)
C

C WiERE TliE O(x)'s REPRESENT T!!E FITTED GAbitA DISTRIBUTIONS
C AND THE P's ARE WEIGHTS TIIAT ARE TREATED 'fITH A DIRICHLET DISTRIBUTION
C
C TO RUN USE LINK RECOVERY, APOSLIB,IMSLIBS/l .o
C

PROGRAM t0 DEL
PARAMETER ( NRE P= 500 , N PLANT = 70, K= 3 , NX = 79, N T IM2= 79 )

JDIMENSION RESULTS(NREP,NX),X(NX),0UTPUT(K,NX),FMAX(K),IDT(NTIME)
1 ,ISWITCH(NPLANT),P(K),S(K),CUMFi.0B(K),PD(K),B(K),ICalP(K)
ClfARACTER*1 CANS .

CilARACTER*3 IP
CHARACTER *21 IPLANT(NFLANT)
CHARACTER *3 NAME(NPLANT)
CHARACTER *80 CFILE
EXTERNAL GAMIC,GAFNAMA, QUANT SIFT
CatON A(3),N(3),NN
CatOH ISEED AA

C
C .NX TIME STEPS ARE USED TO GENERATE A GRAFil 0F THE RECOVERY CURVE.
C THE TIME STEPS CORRESPOND TO TIMES OF 1.0 70 24.0 IN INCRDIENTS
C OF 1/6
C

C THE VECTOR IDT IS USED TO DETERMINE THE TIMES FOR Wi!!CH THE UNCERTAINTY
C DISTRIBUTION WILL BE SAVED IN A FILE. THESE TIMES ARE 1.0 TO 24.0 IN
C INCREMENTS OF 1/6
C

CALL ERXSET(100,1)
C
C READ IN *li!E PLANT DATA FILE
C

OPEN(UNIT =10, FILE =' REC', STATUS ='OLD')
I=1

9 READ (10,100,END=5)IPLANT(I),HAME(I).ISWITCH(1)
100 FORMAT (2A I4)

I=1+1
GO TO 9

$ NP = I - 1
CLOSE(10)

C

C SELECT THE PLANT WHOSE INITIATING EVENT FREQUENCY IS DESIRED
C

Do 10 I a 1,21

WRITE (*.101)NAME(I),IPLANT(I),NAME(I+22),IPLANT(I+22), i

1NAME(I+43),IPLANT(1+43) |
'

10 CONTINUE
WRITE (*,101)HAME(22),IPLANT(22)

101 FORMAT (1X,A,' ',A19,2X.A,' 8,A19,2X,A,' ',A19)

PRINT *,' INPUT THE ADBREVIATION FOR THE FLANT OF INTEREST'
READ .'(A)',IP

00 11 I = 1,NP

E.4-1
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IF(IP.EQ.NAME(I))THEN
ID=ISWITCH(I)
LAST = 1
GO TO 12

FNDIF
11 CONTINUE i

12 CONTINUE
NPC = 43

C
C IDENTITY THE COMPONENTS TO BE USED IN THE COMPOSITE lODEL
C

C 1 - PLANT CENTERED CaiPONENT
C 2 - CRID CQiPONENT
C 3 - WEATHER COMIONENT
C

1 FRINT *,'IS THE PLANT CENTERED COiPONENT TO BE USED IN THE'
PRINT 105,IPLANT(LAST)

10$ ?ORMAT(1X,' COMPOSITE tODEL FOR 'A.'?')
PRINT *,'Y OR N'
READ '(A)', CANS

,

ICOMP(1)=1 -

IF(CANS.EQ.'N')lCOMP(1)=0 '[
PRINT *,'IS THE GRID CCHPONENT TO BE USED IN THE'
PRINT 105,IPLANT(LAST) /
PT. INT *,'Y OR N'
READ '(A)', CANS
ICOMP(2)=1
IF(CANS.EQ.*H')ICOMP(2)=0-'
PRINT *,'IS Tite WEATHER COMPONENT TO BE USED .IN Ti!E'
PRIfif 10t,IPLANT(LAST)
PRINT *,'Y OR N'
READ ''A)', CANS
ICOMP(3)=1
IF(CANS.EQ.'N')ICOMP(3)=0
ISUM = ICOMP(1) + ICOMP(2) + ICOMP(3).
IF(ISUM.EQ.0)THEH

PRINT *,'NO COMPONENTS WERE SELECTED'
00 TO 1

ENDIF
C

C INPUT SECTION FOR T!!E GAfttA DISTRIBUTIONS, O(x)'s
C CALCULATE THE PRODUCT, P, OF THE Xs FRCH THE GEOtETRIC MEAN
C CALCULATE THE SUN, B, OF THE Xs FRCH THE ARITHMETIC MEAN
C

IF(ICOMP(1).EQ.0)GO TO 2
C.

C INPUT THE FLAG FOR SWITCHYARD CONFIGURATION AS DEFINED IN NURIG-1032
C 1 = Il
C 2 = 12
C 3 = 13
C 4 = ALL PLANT CENTERED IL\TA USED
C

FRINT a,'THE SWITCHYARD CONFIGURATION PER NUREG-1032 FOR'
PRINT 106,IPLANT(LAST),ID

106 FORMAT (1X,A,8IS ',I1)
PRINT *,'DO YOU WISH TO CHANGE THIS VALUE7 Y OR N'
READ '(A)', CANS
IF(CANS.EQ.'N')CO TO 13
PRINT *,' INPUT NUMBER FOR SWITCHYARD CONFIGURATION PER HUREG-103''2
PRINT *,' ENTER 1 FOR 11 SWITCl! YARD'
PRINT *.' ENTER 2 FOR 12 SWITCHYARD'-
PRINT * ' ENTER 3 FOR 13 SWITCHYAED'
PRINT *,' ENTER 4 IF CONFIGURATION IS UNKNOWN'
READ *,ID

13 IF(ID.EQ.1)THEN-
P(l)=.0855**14
S(1)=.20536*14

E.4-2.
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N(1)=14
ELSE IF(ID.EQ.2)TilEN

P(1)=.17413**13
S(1)=.39231*13
:l(1)=13

ELSE IT(ID.EQ.3)TitEN
P(1)=.45722**16
S(1)=1.2523*16
N(1)=16

El.SE
P(1)=.19788*43
S(1)= 65144*43
N(1)*43

ENDIF
2 CONTINUE

IF(IC04P(2).EQ.0)GO TO 3
C

C SET TIIE PARAMETERS FOR ORID
C

P(2)=.65420**13
S(2)=1.23638*13
N(2)=13

3 CONTINUE
IF(ICOMP(3),EQ.0)00 TO 4

C

C SET THE PARMiETERS FOR WEATilEh
,

C

P(3)=4.108544**7
S(3)=4.591420*7'
N(3)=7

4 CONTINUE
C
C INPUT SECTION FOR THE DIRICHLET DISTRIBUTIONS, P's
C

C INPUT TIII WEATHER HAZARD RATIO FOR THE SPI.CIFIC PLANT
C

RATIO = 1.
IF(ICOMP(3).EQ.1.AND.ISUM.GT.1)THEN

PRINT *,'THE GENERIC WEATHER RATIO FOR'
PRINT 107,IPLANT(1.AST)

107 FORMAT (1X,A,'I" l')
PRINT *,'D0 YOU WISH TO CHANGE Tif15 VA1.UE7 Y OR N'
READ *(A)', CANS
IF(CANS.EQ.'N')GO TO 14

PRINT *,' INPUT THE PLANT SPECIFIC WLATHER HAZARD RATIO'
READ *, RATIO

14 CONTINUE
I ENDIF

R1=ICOMP(1)*NPC
R2=IC(EP(2)*N(2)-
R3=ICOMP(3)*N(3)

C

C GENERATE TIIE TIME IN STEPS OF 1/6 FROM 1. To h.D FOR THE RECOVERY CURVE
C

Do 1S I=1,67

IDT(I) * I
X(I) = 1 + (I 1) * (1./6)
IF (I.EQ.15) X(I) = 3.35
IF (I.EQ.29) X(I) = S.6

1$ CONTINUE
C

-C CENERATE THE TIME IN STPPS OF 1 UR. FRCH 12. TO 24.0
C

-a
DO 16 I=60,79:

IDT(I) = I
X(i) = X(I-1)+1
IF (1.EQ.70) X(I) = 14.73

:

f

L |

! |

E.4 3

-

I
_ . - _ _ - -- a.. .- . _. - . -. _, ..._..



. . - - -. - - .- .~.- . . .. .-r. - . .. . . - . - ,. - - -- .- . - . - . _ _ _ _

i

16 CONTINUE
C

ISEED=327251
C

C SETUP
C

00 $0 !=1,K

IF(IcatP(I).EQ.0)00 TO $0
C

C FIND THE MAXIMUM YALUE OF THE VARIABLE THAT MAXIKIZES THE MARGINAL
C DENSITY OF ALPHA (EQUATION 16 0F TifE LOSP REPORT)
C

CALL RMAX(XMAX,S(I),P(I),N(I))
C

C FIND THE MAXIM'JM VALUE OF THE MARGINAL DENSITY OF ALPl!A
C

FMAX(I)=F(XMAX.N(I),P(!),5(1))
50 CONTINUE

DO 6 I = 1,K

6 PD(I) = 1.
FRINT *,' '

PRINT *,'PLEASE T: W!!ILE THE HFTE CAkLO IS BEINO PERFORMED'
FRINT *,' i

'

IPC = 0
DO 500 J-1,NREP

300 00 70 I*1,K
IF(ICOMP(I),EQ.0)00 TO 70

iNN=N(I)
C

C OBTAIN A VALUE OF BETA FROM THE CONDITIONAL DENSITY OIVEN BY'
C EQUATION 17 0F THE 1.05P REltRT
C

CALL GAMPARAH(A(!),B(I),S(I),P(I),fhAX(1));
i 70 CONTINUE

C

C
C

AR04=.001
IAR01=1
IF(ISUM.EQ 1)GO TO 7
IF(ISUM.EQ.3)THEN

! CALL DIRICHLET(R1,R2,R3,PD(1),PD(2))
l PD(3)*1. PD(1)-FD(2)

ELSE IF(ICOMP(1)+1 COMP (2).EQ.2)TffEN
CALL DIRICHLET2(R1,R2,PD(1))
PD(2)=1.-PD(1)

ELSE IF(ICCHP(1)+1CCHP(3).EQ.2)THFN
CALL DIRICKLET2(R1,R3,PD(1))
PD(3)=1.-PD(1)

. ELSE IF(ICOMP(2)+ICatP(3).EQ 2)THEN
CALL DIRICHLET2(R2,R3,PD(2))
FD(3)=1.-PD(2)-

.ENDIF
7 CONTINUE

TOT = 0.
PD(3) = PD(3)* RATIO
DO 8 I = 1,K

TOT = TOT + PD(I) * ICCHP(I)
O CONTINUE

DO 410 I=1,NX
DO 450 ICal,K
IF(ICOMP(IC).EQ 0)GO TO 450
Y=X(I)*B(IC)
IF(Y.07.200.) 00 TO 300
CALL CAMIC(Y,A(IC),AR04,IAR01,CLNPROB(IC),NZ)

! 450 CONTINUE
. .

j| RESULTS(J,I) =.1. - ICOMP(1)*PD(1)/ TOT *CLHPRf4(1)

|
'

!

|
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1 - ICOMP(2)*PD(2)/ TOT *CUMPROB(2) * ICOMP(3)*PD(3)/ TOT *CUMPROB(3)
410 CONTINUE

!F(mD(J,NREP/100) EQ.0)THEN
IPC=1FC+1
PRINT 109,Ilt

.

109 FORMAT (*+THE CALCULATION IS ',13,'I CatPLETE') . |

::NDIF - j
500 CONTINUE j

C I

C WRITE OUT THE FILE CONTAINING THE UNCERTAINTY DISTRIBUTION AT '|
C EACli 0F THE NTIME SPECIFIED TIME ICINTS -]

i

C '

C TitIS FItE WILL DE AN NREP x NTIME MATRIX WITH EACH COLUMN CONTAINING
C THE UNCERTAINTY DISTRIBUTION AT A GIVEN TIME POINT. THESE DISTRIBUTIONS |

C ARE USED BY THE Lh5 PROGRAM IN THE UNCERTAINTY AFALYSIS. .THE VALUES IN
C EACH COLUMN llAVE BEEN SORTED FR W SMALLEST TO LARGEST,

C
OPEN (UNIT = 11, FILE = IP//' DAT', STATUS * 'NEW')
DO 800 I=1,NX
CALL SIFT (NREP.P':SVLTS(1,I))

800 CONTINUE
* '

DO 9000.1 * 1,NREP
WRITE (11,*) (RESULTS(1,IDT(J)),J*1,NTIME)

9000 CONTINUE j

CLOSE (UNIT = 11)'
C
C WRITE OUT FILE FOR MAPPER WITH 901 UNCERTAINTY. BOUNDS
C AND FILE WITH THE COMPLETE UNCERTAINTY DISTRIBUTION
C FOR THOGE TIME ICINTS IDENTIFIED IN IDT
C

PRINT *,'D0 YOU WArfT TO CREATE A MAPPER FILE FOR PLOTTIN07 Y OR N''
READ '(A)', CANS
IF(CANS.EQ.'N')GO TO 802
Do 801 I=1,NX
CALL QUANT (.05,NREP,RESULTS(1,I),0UTPUT(1,I))
CALL QUANT ( 50,NREP,RESULTS(1,1),0UTPUT(E,I))
CALL QUANT (.95,NREP,RESULTS(1,1),0UTPUT(3,1))

801 CONTINUE
CALL MAPPER (0UTPUT,X,IPLANT(LAST),IP)

802 CONTINUE
STOP

EED
C

C SUEROUTINE TO SELECT A RANDat VARIABLE FR(et A 0#ttA DISTRIBUTION
C - USING THE ACCEPTANCE-REJECTION METHOD -
C

SUBROUTINE OAMPARAM(AA,B.S,P FMAX)
Cat 0N A(3),N(3),NN
CatON ISEED,AAA
EXTERNAL GAMIC,GAtttAMA, QUANT, SIFT

300 T*RAN(ISEED)-
PB=RAN(ISEED)
AA=T/(1.-T)
AAA=AA

C
C IF ALPilA IS 700 LARGE OR TOO SMALL, TRY ANOTHIR VALUE,
C TEIS AVOIDS HUMERICAL PROBLDt |

'C

IF (AA.LT.(5.0E+3)).00TO 300
IF(AA.07..G999i)9) 0070 300-
F1' (T NN,P,5)

C
(. ACCEPT OR REJECT THE V)LUE OF: ALPHA
C

. _

.

_g
_

.IF (F1/FMAX.LT.RAN(ISEED)) 00TO 300-
ARG1=2.*PD*AA*NN
AR02=0.1*NN*AA |

I
i
1

9
i

' ''
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ARG3=.0001*NN*AA-
AR04=1.
IF(AA 07.20.) 0070 300

C
C FIND A VALUE OF BETA CORRISPONDING TO A CUMULATIVE PROBABILITY P
C

CALL FINVER(OAFtiAMA,PB.AR01,AR02,AR03,AR03,MG4)
B=ARol/S

'
330 CONTINUE

RETURN
END

C

C
C

'REAL FUNCTION FtT N,P,S)
DIMENSION P(1),S:1),N(1) |

A=T/(1.*T)
NN=N(1)
SS=S(1)
PP=F(1)

- - FLa(A 1,)* LOO (PP)+0AMLN(NN*A)*NNa0AMLN(A)
X NH*A* LOG (SS)*2* LOO (1.-71* LOO (A)

F=EXP(FL) i

TTEST=F
RETURN
END

C i

C

C
REAL FUNCTION FNE0(T.P.S N,N2.N3)
DIMENSION P(1),S(1),N(1) '

FNE0=-F(T N,P,5)
FTEST=FNEO
RETURN
END

C

C FINDS T!ft VALUE OF THE VARIABLE TRAt MAXIMIZES THE DENSITY F.
C

SUBROUTINE RMAX(XMIN,8,P N)
DIMENSION P(1),S(1),N(1)
EXTERNAL FNEO
E= 01
A=E
Ba1 *E
TOL=.001
CALL ZXGSP(FNEO,P,3,N,IP4,IPS, A. ,TOL,XMIN,IER)
FTEST=XMIN

i- RETURN
l END

C
C i

C
SUUROUT' tAK4(X,F0FY)
CCitCN Au ...< 3 ),NN
CottCH ISEED,AA
IF (X.LT.O.0) THEN

F0FX=0.
REIURN

ENDIF
TOL=1.E-5
NUNIT*1
XX=X
AAA2AA*NN

-Ir (X,07.$.*AAA) THEN

F0fW =1.0
RETURN

ENDIF

I i

E.A-6'
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CALL C#f!C(X,AAA,70L,NUNIT,F0FX,NZ) 4
'

F0FXX-F0FX
RETURN

END
C

C
SUDROUT I NE DI RICHLET (k i , R2, R3, P1, F2 )

CatON A(3),N(3),NN
Cotton ISEED,AA
CONL=0AML!i(R1+R2+R3)-GAMLN(R1) OAHLN(R2)-0MtLN(R3)
RN=R1+R2+R3
P1 MAX =(RP1.)/(RN-1.)
P2 MAX =(R2-1.)/(RN-1.)
FMAX=CONL+(R1 1.)* LOO (P1 MAX)+(R2 1.)*Lo0(P2 MAX)+(R3-1.)*

X LOG (1,-F1 MAX P2 MAX)

100 CONTINUE
Pl=RAN(ISEED)
F2=RAN(ISEED) i
P3=RAN(ISEED)
IF( Pl+ F2,0T .1. ) 00T0 100
F=CONL+(R1-1.)* LOO (P1)+(R2-1.)* LOG (P2)+(R3 1.)* LOO (1-P1-P2)
IF (F3.LT.EXP(F-FMAX)) RETURN
0070 100
END ;

C

C
SUBROUTINE DIRICHLET2(R1,R2,P1)
C0ttON A(3),N(3),NN
C0ttON ISEED,AA
CONL=CAMLN(R1+R2)-0AMLN(R1) OAMLN(R2)
RN=RitR2
PIMAX=(R1-1.}/(RN-1.)
n:AX =CONL+ (R1 - 1. ) * LOO ( P IMAX ) + (R2- 1. ) * LOO ' t . - P1 MAX)

100 CONTINUE
Pl=RAN(ISEED)
P2=RAN(ISEED)
F=CONL+(R1-1.)*Lo0(P1)t(R2-1.)* LOO (1-P1)
IF (P2 LT.EXP(F-FMAX)) RETURN
00 TO 100
END

C

C

C
SUBROUTINE QUAFT(QNT N,X,XQNT)

DIMENSION X(N)
IF (MOD (FLOAT (N)*QNT,1,0) .EQ. 0.0) IBEN

IQNT * N * QNT
JQNT = IQNT + 1

ELSE

IQNT = N * QHT + 1 (
JQNT = IQNT

ENDIF
XQHT = 0.5 * (X(IQNT) + X(JQNT))
RETURN
END

?SUBROUTINE SIFT (N,KV)
DIMENSION XV(F)
Mah

10 PM/2
IF (H) 30,20,30

20 RETURN
30 K=N M

J=1
4C !=J

i
50 L=I+M

-IF (XV(I)-XV(L)) 70.70,00

60 A=XV(I)

E,4-7
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4

XV(I)=XV(L) i

XV(L)=A
I=I+M
IF (I) 70,70,50

70 J=J+1
IF (J-K) 40,40,10

END

C

C SUBROUTINE TO WRITE OUT MAPPER FILE FOR PLOTTING
C

SUBROUTINE MAPPER (XQ,X,IPLANI,IP)
'PARAMETER (K=3,N=139)

DIMENSION XQ(K,N),X(N)
C11ARACTER* (* ) IPLANT,IP
OPEN (UNIT =2, FILE = IP/ / ' MAP' , STATUS *'NEW')

C ;

C WRITE OUT T!!E TITLE IN ThE PLOT FILE FOR MAPPER
C

WRITF (2,104)
WRITE (2,105)IPLANT

C
C WRITE OUT 1,0WER 51 PQINTS
C

ONE=1,0

EER0=0.0
WRITE (2,106)
WRITE (2,101) EERO.ONE
DO 40 I = 1,N-1
WRITE (2,102) X(I), XQ(1,1)

40 CONTINUE
WRITE (2,103) X(N), XQ(1,N)

C

( C WRITE OUT 501 POINTS
C

WRITE (2,107)
WRITE (2,101) EERO,0NE
DO 50 I = 1,N-1

WRITE (2,102) X(I), XQ(2,1)
50 CONTINUE. |

WRITE (2,103) X(N), XQ(2,N)
C

t

C WRITE OUT UPPER 52 POINTS
C

WRITE (2,108)
WRITE (2,101) EERO,0NE
DO 60 I = 1,N-1
WRITE (2,102) X(1), XQ(3,1)

60 CONTINUE
WRITE (2,103) X(N), XQ(3,N)
CLOSE'(2)

101 FORMAT ('SLINE(',E14,7,*,',E14.7,',18)
102 FORMAT (E14.7,',''Ent.7),

103 FORMT (F.14.7, ' , ' ,E14.7, ' ,2' , / , ' RETURN ' )
104 FOP. MAT (** TITLE *',/' LABEL (1,,8.5,9.5,11,2,0')
105 FORMAT ('&I .3 5> RECOVERY CURVE FOR ' , A, / , * RETURN ' )

l 100 FORMAT ('* LOWER *').
| 107 FORMAT (** MEDIAN **)

108 FORMAT.('* UPPER *')
RETURN
END

!

i
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E.S Listine of LOSP.FOR

C
C Pro 6 ram Writt* By R.L. Iman (Sandle National Laboratories)
C

PROGRAM LOSP
DIMENSION XDC(6) YDC(6),XAC(9),YAC(9) TINT (6,2),1C(6),

1
.

PROB (6) ICP(6)
DAT A XAC/ 0. 1. ,3,3 5. 5. 12. ,14. 5,I*. 5,24. ,24. /
DATA YAC/8*0.,1,/

' DATA XDC/U.,4.,8.,12.,18.,24./
DATA YDC/.0. 01,.05,,10. 5,1,/. -

;

DATA TINT /1.,3.35,5.5,12.,14.5.16.5,3.35.5,5,24.,14.5,16.5,24./'
OPEN(UNIT =5, FILE ='AC.DAT*, STATUS ='OLD')
OPEN(UNIT =6, FILE =' PROB,0VT', STATUS ='NEW')'
ISEED = 73159581
NREP = 10000

C

C LOOP OVER THE NUMBER OF OBSERVATIONS IN THE AC.DAT FILE
C

.12 READ (5,*,ENN 11)(YAC(I),!=2,8)
C

C CONVERT THE VALUES IN AC.DAT TO CUMULATIVE PROBABILITIES !o

C
DO 4 I = 2,8

YAC(I) = 1. - YAC(I)
4 CONTINUE

C
^

C SET THE COUNTERS TO EERO FOR EACH INTERVAL OF INTEREST
C

DO 9 I = 1,6

IC(I) = 0
ICF(I) = 0

9 CONTINUE
Do 1 H = 1,NREP

C'
C SELECT THE RANDUM PROBABILITIES FOR THE AC.AND DC DISTRIBUTIONS-
C

RAC = RAN(ISEED)
RDC = RAN(ISEED)

C
C FIND THE TIME TO DC LOST CORRESEONDING TO RDC
C=

00 5 J=1,5
IF(RDC .GT. YDC(J) .AND, RDC .LT. OC(J+1))THEN

TDC = XDC(J)F ((RDC - YDC(J))/'YDC(J+1) - YDC(J)))*
1 (KDC(J+1) - XDC(J))-

00 TO 6
ENDIF

S CONTINUE

.C .. 6 CONTINUE
C FIND THE 'f1ME TO AC RECOVERY CORRESPONDING TO RAC
C

DO 7 J-1,8

IF(RAC .GT.-YAC(J) .AND. RAC .LT. YAC(Jti))THhN-
TAC = XAC(J)+ ((RAC - YAC(J))/(YAC(J+1) - YAC(J)))"

1 (XAC(J+1) * XAC(J)).

00 TO 8
ENDIF

.7 CONTIFUE
6 CON *,tiUE

-C-
C IS TIME TO AC RICOVERY 1 TIME b DC LOSS W.R.T. EACH INTERVAL
C

IF(TAC ,LT. TDC)THEN
DO 13 T = 1,6

E,5-1
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;

3

i

)IF(TAC .07. TINT (1,1) .AND, TAC .LT, t!NT(I,2))lC(I)*IC(I)+1. ?

IF(TAC .LE.' T!f (1,1))lCP(!)=1CP(1)+1
13 CONTINUE

ENDIF'
1 CONTINUE
DO 10 1 =1,6

PROB (I) = (FLOAT (IC(I))/ FLOAT (NREP))
! 1 /(1. - FLOAT (ICP(I))/ FLOAT (NREP))
,

10 CONTINUE
WRITE (6,*) PROB-
00 TO 12

11 CONTINUE ;
STOP
FND
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i

l

l
j

| E.6 AC Power Recovery Probabilities
L

Accident Frequency Analysis - Probability of Failure to Rostore Power

IJISIJ3S P . DAT ' e

j 7.9794422E-02 2.2558868E-04
8.5901774E-02 3.5417452E-04
8.70$6696E-02 3.9152056E-04r

| 9.9756189E 02 3.9403141E-04-
0 1007567 4.1712821E-04
0.1008827 -5.8925152E-04
0.1039087 6.4211339E 04
0.1053379 6.7840$17E*04
0.1054513 6.3363056E-04
0.1056214 6.7039173E-04 i

0.1072977 9.2697889E-04
-0.1081468 1.0097027E 03

|- 0.1091165 1.0221228E 03
0.1098356 1.0520G63E 03
0,1098790 1.0948703E 03
0.1103600 1.1283979E-03
0.1114173 1.2600422E-03 ?

0.1122436 1.2772419E*03 j1

O.1122605 1.3160333E 03''

0.1144732 't.5204176E 03
i

0.1147016 1.6123652E-03
0.1164860 1.671120tE-03
0.1167319 1.7063916E 03
0.1184245 1.7331094E-03
0.1184302 1,7493516E-03
0.119031" '1.8153302E-03
0.1190582 1.8365234E-03

f
0.1193146 1,8383414E 03
0.1200074 1.8982217E 03
0.1209129 1.0197389E-03'

t 0.1210983 1.9474179E-03
! 0.1214489 -2.0675063E-03

-

;

i
! 0.1215020 2.0795241E-03

0.1218372 2.0912215E-03
0.1228233 2.1547414E-03-
0.1232736 2.1602660E-03
0.1248818 2.1642558E-03
0.1264736 2.1919943E-03
0.1279022 2.1955743E-0$

1

0.1283704 2.2358894F 03
0.1290165 2.'300515BE*03-
0.1290888 .2.3107007E-03
0.1296740 2.3397878E-03
0.1298000 4.3754463E-03
0.1300259 2.5083423E-03 -

.

0.1301226 2.5227293E 03
0.1304177 2.5459751E 03
0.1326118 -2.5659874E 03
0.1327455 2.5888905E 03

.0.132e9$5 2.6195459E 03 -]
0.1333409 2;6457012E-03 :p

0.1333429 2.6576802E 03
0.1336073 2.7621910E-03
0,1336141 2.77043$1E-O'-
0.1337110 '2.852350$E-03
0.1344235 2.8584749E-J3 !

0.1346671 2.8836779E 03
l 0.1347392 2.9071718E*03-

|- 0.1349017 2.91'1142E-03
*

i 0.1357550 2.9706508E-03

|~ 0.1361356 2.9740706E-03
! :

E.6-1 a
,

'
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0.1361725 3.0274764E-03
0.1366004 3.0377656E-03-
0.1368643- -3,0580387E 07
0.1369783 3.0639172E-03
0.1371537 3.0715466E 03

|- 0.1372940 3.0625064E 03
1 0.1373282 3.0898824E-03

0.1375166 3.1567290E-03
0.1376955 3.1660423E-03
0.1383062 3.1858049E-03 ;

0.1385000 3.2297745E 03 ,

0.1369142 3.3292584E-03 ;

0.1389930 3.3574775E-03
0.1399394 ?.4655370E-03
0.1399830 3.5262406E 03
0.1403240 3.6365017E 03
0.1405199 3.6490038E-03
0,1408374 3.7639327E 03 L

0.1414480 3,9498769E 03
0.1416489 3.9950088E-03-
0.1419491 4.0101409E 03 ,

0.1431381 -4.0123314E 03 _;

0.1433241 4.0218532E 03 !

,

0.1436273 4.0639192E-03
~

0,1439265 4.0857717E-03
0.1439327 4.0950440E-03
0 1430329 4.1192845E-03
0.1440633 4.1322187E-03
0.1450991 4.1529238E-03
0.1460806 4.1652918E-03 ;

0.1461121 -4.1838437E 03
.0.1462118 4.1859299E-03

0.1463068 4.1960999E-03
0.1464476 4.2041615E 03 .

0.1467625 4.2054653E-03
0.1484477 4.2335669E-03
L.1488504 4.3013506E-03
0.1490858- 4.3900311E-03
0.1493708 4.3950826E 03
0,1495307 4.4681728E-03 ..

1

0.1496549- 4.'4754148E 03
0.1509384 '4.5040995E-03
0.1510926 4.6209432E-03 ,

0.1511139 4.6278230E 03
| 0.1512201 4.7300011E 03
!- 0.1513327 4.7492310E-03

0.1514643 4.7569573E-03
0.1517463 4.6693791V-03
0.1518854 4.9100742E 03
0.1521592 4.9684197E-03
0.1529649 4.9894750E-03

I ~ 0.1531189 4.9978346E-03
0.1536847 5,0797015E-03

i 0.1540754 5.1054358E-03
| 0 1545816 $,'1165670E-03 q

0.1550739 5.1663369E-03
;'-

0.1558614 5.1744580E-03
0.1563536 5.2397996E-03

-- 0.1564167 5.3178295E-03'
O.1565666 5.4152422E*03 ,

0.1568288 5.4210313E-03
0.1571389 5.4243207E-03
0.1571507. 5.4305494E-03 l

|0.1$72312 5.5407509E-03
.0.1572314- -5.5484027E 03-
0.1576090 5.5805072E-03 ,

0.1579974 5.5846795E 03 (
;

I

i
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1
fI. 0't591SSZ S'90C01St3-0C-

|- 0't59LVC6 919LSVC3-0C
S'siCLIZZ3-OCS'0't59939C

I 0'IS60ZLl' S*lG59L493-OC
i 0'tS60969 9'L4991043 0C

0't561291 s'99010L92 OC
0'IS69221 C'952Z9953 OC
0'tS6959E S'9StoC043 0C
0't902992 S'96CC9t$3-0C
0*1009199 S'69St5993-0C
0't909St9 S*69008ZC3 0C
0't9ttLC3 9'itt6SC93 0C
0't9tCZiv 9'20006LS3 0C
0*t9tCt59 9'ECOSSSS3 0C
0't9tttiS 9'3C999263 OC
0'19tG592 9*2G999Lt3-OC
0't9301G9 9*26910C93-0C
0't923149 9'Cttt9993 0C i

'

0't93iGCV S'CT6946C3-0C

9'v$$49993-0C~
C0'19C0tCL

9' iSitC93-0C0*t9C09$$
0*t9CICtt 9'tLCGtC43-0C- _

0*t9Ct919 9'99955603 0C
0't9CL699 9'96996993-0C
0*t9C6609 9't661Ct03 0C
O'19t099$ 9'GttatC13-0C

f 0'1992619 9*Si591903-OC
O'199tt04 9'G9CtLCt3-0C
0';949696 9'9E9Ctot3-oC

| 0'19tLtiC 9*lC09Lt93-0C
0't994991 ?'99ZCt9C3 0C ~

0'1991001 9*99L69LC3-OC
0't9SZS66 9*6t94C063-0C
0't959CLC' 9'69414203-0C
0't99TS49 L'00999LS3-OC
0't9L0640 L 099910C3 OC
0*f9LZ9SO l'Ztstt913-0C
0't9L399L 4'CC91L963 OC
0't9LCOLO t*CLCC9293-OC
0't9L5996 l'tt909903 0C
0't9L5661 l'St09Ltt3-0C
0't99099L l'9169L603-0C
0'19993Y1 l'9Z9vt913-0C
0't996903 l'40Ct6C93-0C

| 0'19609C1 t'LCEL6CL3-OC

| 0't95192S l'9tt99993-0C
0'1961943 t'99ZCIt93-0C
0't9600C1 t'99949643-0C
0't96CCSL t'6004G693-0C
O'196900C l'62449293-0C

I 0't969649 L*6CSC0393-0C*

q 0'1966419 S'0091S643-0C
0'1409109 9'019CLCS3-0C-'
O'1409SEL 0'0tttt903-0C
0'llit649 8'0CttCt53 OC
0*ttiCCiv S'T0VGG193-OC
0'tLt9999 -9'tG009993-0C

- 0'141S499 8'304!!393-0C.
0'14T9096 8'3T904223-0C-
0'iLT9 tic 8*EZt66C63-0C-
0'14149TC :9'399Z99C3-OC
0*ILtL99V e' cit 9S293 OC
0 71L30E90 0'CC929LS3-0C
0't439006 9'CS099363-OC

| 0'1405990 9'CG1ZZ613 0C
'0*tLtit90 9'C99SZSt3-OC

0'149999C 8'55316093*0C-.

!-
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|
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0.1748445 8.5573420E 03
0.1748728 8.5650086E-03
0.1750614 8.6030513t-03
0.1751958 8.6231157E-03
0.1754709 8.6528808E 03
0.1757252 8.6790472E-03

.0.1763569 8.6987503E-03
-0.1767113 8.7175705E 03

0.1769820 8.7176561E-03
0.1772220 8.7268800E-03
0.1772925 8.7292343E 03 .;,
0.4772963 8.7555014E-03
0.1774194 8.7739602E-03
0.'1775368 8.8103486E-03
0.1779169 6.8421851E-03-
0.1779770 8.8638365E-03
0.1781991 8.9040510E-03
0.1786227 9.0254545E 03
0.1788720 9;1194212E-03

0.1789517 9.1868713E-03
0.1791374 9.2006031E-03
0.1791663 9.2330277E-03
0.1797240 9.3630590E-03
0.1797971 9.3707368E 03
0.1800282 9.5138624E-03
0.180065$ 9.5201880E 03-
0.1802937 0.5378458E 03
0,1804444 9.5893592E-03
0.1809843 9.6153542E-03
0.1810278 9.6361637E-03 \'
O.1811448 9.7265616E-03-
0.1812379 9.8184347E-03
0.1812424 9.8384693E 0*
0.1818008 1.0063037E-0.
0.1820402 1.0162852E 92
0.1822553 1.0223478E-02
0.1825850 1.0253131E-02
0.1832905 1.0267243E-02
0.7839433 1.0267779E-02
0.1843549 1.0294169E-02 '

O.1843755 1.0311179E-02 -
0.1850308 1.0388397E 02

' O.1852194 1.0405578E-02
0.1855774 .1.04*J$87E 02
0.1856726 1.0522610E-02

.0.1858776 1.0538578E-02
0.1860911 -1.0507378E 02-
0.1861426 1.0622196E-02
'0,1863033 1,0668080E 02
0.1863369 1.0674238E 02

.0.1812902. 1.0674749E-02
0.1874821 -1.0731798E-02
0.18'5247 '1.0752626E-02
0.1873636 1.0760512E-02
0,1876155 1.0842019E-02
0.1876607- 1.0880776E-02

4' -0.1870273 1.0918289E 02
0.1886224 1.0915683E 02
0.1390669 - 1.1010103E-02 -- -

0.1890802 1.1049032E-02
0.1894244 1.1060001E+02-
0.1893720_ 1.1091053E-02
0.1894268 - -).1216752E-02
0.1896910- 1.1259602E-02,

0.189943$ 1.1287317E-02
0.1901984- 1.1328168E-02
^ 1902528 '1.1333503E 02.

.
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0.1906373 1.1383317E-02
0.1912080 1.1543756E 02 ,

I
0.1912395 1;1587620E 02

0.1915091' 1.1604980E-02
0.1915582 1.1618152E-02
0.1918256 . 1.1717677E-02
0.1918396 1,1746310E 02

0.1922916 . 1.1847392E-02 1
i

0.1923329 -1.1912018E*02 ;<

0.1925761 1,1971384E-02
0.1927401 1.1971802E-02
0.1927966 1.1993$35E-02
0.1036296 1.2016800E 02
0.1936931 1.2039997E-02
0.1939327 1.2003969E 02
0.1944567. 1.2148984E-02
0.1945304 1.2319334E 02 _ |

0.1946816 1.2348086E*02
0.1947573 1.2430780E-02
0.1947643 1.2460314E 02
0.1948318 1.2464941E-02
0.1949497 1.2483023E 02 :!

0.1949666 1.2540985E 02
0.1952058 1.2565866E 02
0.1956867 1.2616105E 02
0.1957383 1.1661330E-02-
0.1958965 1.2741551E 02
0.1960301 1.2841739E-02
0.1963198 1,2850560E-02

0.1064052 1.2867087E 02
0.1965536 1.2914948E-02-
0.1972874 1.2963511E 02
0.1973002- 1.3072040E 02
0.1973632 1.3077348E-02
0.1975085 1.3150051E 02
0.1981657 1.3174004E 02-
0.1981840 1.3223000E-02
0.1984962 1.3265721E-02
0.1985800 - 1.3461724E-02
0.1988986 1.3567090E*02
0.1980728 1.3570807E-02
0.1991750 1.3585098E-02
0.1992847 1.3717249E-02
0.1993668 1.3745546E-02
0.1995236 1.3858944E-02
0.1995574 1.4034830E 02
0.1995806 1.4055811E-02
0.1997483 1.4113806E-02-
0.1998195 1.4172286E 02
0.1998383 1.4301285E 02

-0.2006649 -1.4318004E-02-
0.2007584. 1.4328696E-02 <

0.2007967 1.4330208E-02
0.2013223 1.4447898E-02
0.2013596- ' ),4572769E 02

0.2021465 1.4637351E-02
0.2023132 1.4753655E-02
0.2023860 - 1.4993109E-02
0;2031404 1.5062280E 02
0.2034627 - 1.5208364E-02
0.2037505 1.5236214E 02
0.2045568 1.5257955E-02
0.2046452 z1.5259974E 02'
O.2046800 1.5268780E 02
0.2049940 1.5343517E 02 |
0.2051462 1.5460037E-02-
0.2054712 1.5462060E 02 i

,
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0.2050411 1.5569538E 02
1

0.2058938 1. 56417 7 9E-02
]0.2061235 1.5657291E 02

0.2061895 1.5661684E 02 ,

'

0.20e5201 1.5687160E 02
O.2071619 1.5891276E 02
0.2077063 1.6083110E-02
0,2076441 1.6121060E-02
0.2081376 1.6333658E-02

"

0.2087311 1.b339853E 02-
0.2087535 1.6340315E-02
0.2080259 1.6342819E-02
0.2001284 1.6454622E-02
0.2003093 1.6535185E-02
0.2006000 .1.6550524E 02
0.2104479 1.6500604E-02
0.2107140 -1,6642578E-02

0.2114872 1.6661316E-02
0.2115632 1.6694427E 02
0.2120778 1.6725063E 02
0.2123716 1.6745239E 02
0.2125086 1,6883373E-02 e

0,2128853 1.6965888E-02
0.2131231 1.6972154E*02
0.2133479 1.6976006E-02
0.2134265 1.7020632E-02
0.2134010 1.7101884E-02
0.2137392 1.7282367E 02
0.2138287 1.7530903E-02
0.2143417 1.7793521E 02
0.2143867 1.7812043E 02
0.2144127 1.7850861E-02
0.2148648 1.7P67774E 02

'
0.2159099 1.762 692E 02
0,2160687 1.7998151E-02
0.2162233 1.8006988E-02
0.2164070 1.8040918E 02
0.2167544 1,8204957E 02
0.2169325 1.8391296E 02--
0.2170020 1.0473417E 02
0.2170347 1.8516116E 02
0.2170358 1.8611997E 02
0.2170786 1.8619320E-02
0.2170950 1.8630714E*02
0.2174935 1,8734440E 02

~j

0.2175758 1.8913668E 02
0.2178069 1.9017562E 02
0.2178306 1.0019760E-02
0.2183448 1.9203529E-02
0.2183491 - 1.9480988E-02

-0.2194994 1.9717425E 02
0.2198149 1.9741252E*02
0.2198991 1.9928738E-02 -

0.2199630 2.0054504E-02'
O.2200105 2.0138353E-02 i

0.2201850 2.0197995E-02
0.2200006 2.0256557E-02
0.2214947 2.0312361E-02-
0.2222516 2.0460397E*02
0.2224989 2.0848073E 02
0,2227818 2.1354660E 02
0.2228632 2.1450007E-02
0.2230280 2.2002317E 02-
0.2238228 2.2005881E-02
0,2244660. 2.2101283E-02-
0,2249502 2.2211209E-02
0,2256865 2.2303410E-02-

1
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0.2257084 2.2499546E-02
0.2270493 2.2536342E-02
0.2272471 2.2585437E-02
0.2274662 2.2590056E-02
0.2274687 2.2671379E-02
0.2280639 2.2934496E-02
0.2291868 2.3231506E-02
0.2295704 2.3446709E 02
0.2297674 2.3540877E 02
0.2303550 2.3812085E*02
0.2306863- 2.3633185E-02
0.2314264 2.3926310E-02
0.2314315 2.a139807E-02
0.2323025 2.4264855E-02
0.2323908 2.4314880E-02
0.2331028 2.4438538E-02
0.2338444 2.4445079E-02
0.2352236 2.4454661E-02
0.2352444 2.4546221E 02
0.2350478 2. 4 57730 5E-02
0.2360882 2,5056094E-02

C.2361231 2.5167300E-02
0.2363284 2.5166375E-02
0.2366340 2.5204495E-02
0.2369494 2.5568314E-02
0.2370144 2.5595456E-02-
0.2375442 2.5C16676E 02
0.2384769 2.5623620E-02
0.2387049 2.569140$E 02
0.2398724 2.5791486E-02
0.2398844 2.6132859E 02
0.2400226 2.6393488E-02
0.2403001 2.6482888E 02
0.2403110 2.6753962E 02
0.2412140 2.7058825E-02
0.2418581 2.7215943E-02
0.2436963 2.7233444E-02
0.2437429 -2.7277835E-02

'
O.2456424 2.7766734E-02
0.2457470 2.7846046E-02
0.2470414 2.8230421E-02
0.2484683 2.8682910E-02
0.2499293 2.8715365E-02
0.2501812 2.8826758E 02
0.2532132 2.8923556E-02
0.2535051 2.9781669E-02
0.2543350 2 9786190E 02
0.2549275 2.9214165E 02
0.2564167 2.9975355E-02
0.2581803 3.0690759E 02
0.2610647 3.0750290E 02
0.2611887- 3.1547233E 02
0,2614516 3.1599276E-02
0.2614738 3.1729631E-02
0.2565243 3.1762242E 02
0.2684644 3.210961PE 02 :
0.2686158 3.2803262E 42
0.2692371 3.3309236E-02 ._

0.2702793 3.3391811E-02
0.2709870 3.3742376E 02
0.2710571 3.3915095E-02
0.2720114 3.3943966E-02
0.2759343 3.40567232 02

.0.2766286 3.4346193E-02-
0.2766518 3.4540474E-02
0.2767257 3.4615323E-02
0.2787978 3.4966808E-02

E.6-7
|

..
.

. . .



~ . - . _ _ . - . ~~. . . . . ..- - - . . . ~ . . . -, - . . - . . ~ _ . -

.?
.)

1

0.2766357 3,5672422E 02
0.2802001 3.6190592E-02
0.2802709 3.6501467E 02
0.2829140 3.7506421E-02

,

0.2836088 3.8349211E-02
I 0.2838960 3.8661256E 02

0.2849647 3.0870560E-02
0.2851635 4.0334672E-02,

0,2869682 4.0925249E 02
I 0.2685301 4.1510358E-02

' j

| 0.2891191 4.2737819E-02 -|
| 0.2925200 4.3191351E-02

0.2950006 4.4510082E 02
0.2963497 4.4946775E-02
0.2967976 4.5216694E 02
0.2991363 4.5240052E-02-
0,3002821 4.5281343E-02
0.3023470 4.6095360E 02
0.3025551 4. 834 5715E-02
0.3029373 4.8776757E 02

1 0.3037922 4.9348027E-02
0.3043612 4.9616158E-02
0.3059763 -5.1940039E-02
'O 30t4025 5.3503461E-02
1.3134484 5.5517182E-02
0.3119312 5.5676464E 02 .

0.0169592 5.7891078E 04
0.3201599 5.8791041E-02 .;

0,.3208228 5.9662053E-02
0,3224621 6.0811117E-02
0.3259569 6.2010311E 02
0.32730e2 6.3437069E-02
0.3321247. 6.3842401E-02-

!
0.3341407 6.8331718E-02
0.3502851 7.7652646E 02
i.3541158 9.9557742E 02

4091691 0.1506062
|

|
r
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Accident Progression Analysis - Probability of Recovering AC. power

PROB.DAT

0.8161490 0.5810806 0.6774176 4.3477807E 02 9.0008781E-02 0.0000000E+00 i

0 7706212 0.5517249 0.7912070 9.5238507E-02 0.0000000E+00 0.0000000E+00
0.7609466 0.5544550 0.7666664 8.0000073E 02 8.6955614E-02 0.0000000E+00
0.7847084 0.4766361 -0.7946421- 0.1071433 ^000073E-02 0.0000000E+00
0.7645913 0.5247929 0.7478260 3.0302927E-# 30052E-02 6.4516589E-02g

0.7626311 0.5381522 0.7304347 0.1142862 .J0000E+00 0.0000000E+00 (
0.7667612 0.4493929 0.7720593 8.8234581E-02 9.0000000E+00 0.0000000E+00
0.7813689 0.5043478 0.7719309 0.0000000E+00 0.0000000E+00 3.7037432E-02
0.7288628 0.4376921 0.7911393 0.1499997 2.3411525E-02 0.0000000E+00'
O.7438162 0.4689658 0.8246757 9.6774884E-02 3.5714440E-02 0.0000000E+00
0.7330755 0.4565219- 0.7933341 8.5714661E-02 3.1250052E-02 0.0000000E+00
0.7516161 0.5092938 0.8333343 0.2121205 3.8461328E-02-0.1200001
0.7300274 0.5102043 0.8333330 0.2000009 0.1071433 4.0000036E-02
0.7174310 0.5097405 0.8145694 0.1176461 3.3333100E 02 3.44e2706E-02
0.7358320 0.5536327 0.8294578 7.6922655E 02 4.1666996E-02 -4.3477607E-02
0.8942731 0.4812683 0.8222219 5.4053791E 02 2.8571552E 02 5.8823049E 02
0.7306337 0.4999998 0.8169948 8.8234581E 02 6.4516589E-02 -3.4482706E-02 |

0.7390931 0.4303443 0.7894748 0.1304351 7.4999854E-02-2,7026895E-02 i

0.7170819 0.4811325 0.8181821 0.1951208 6.0605854E-02 3.2258295E-02
0.7444255 0.5268456 0.8014176 8.8234581E 02 6.4518589E-02 3.4482706E-02
0.7160392 0,4149859 0.8423657 0.1860466 5.7143103E-02 3.0302927E-02
0.7464672 0.4918033 0.7677415 0.1914891 2.6315963E-02 2.7026895E 02
0.7116404 0.4342507 0.7945959 0.2040825 2.5641080E-02 0.0000000E600
0.7230372 0.4381368 0.0066288 0.1777789 0.0000000E*00 5,4053791E-02

0.7174103 0.3777000 0.J656718 0.2162152 6.8965413E-02 0.0000000E+00
0.7080479 0.4780050 0.8033720 0.2173919 0.0000000E+00 2.7777767E-02
0.7103685 0.4437869 0.8297863 0.1707307 5.8823049E-02 0.0000000E+00
0,7161824 0.4502922 0.8404246 0.1282054 8,8234581E-02 3.2258295E-02

'

0.7002416 0.4408605 0.8413464 0.1111118 9.9999793E-02 8.3333306E-02
O.6951422 0.4450547 0.7920787 0.1071433 8.0000073E-02 8.6956739E-02
0.7149531 0.5027323 0.8406603 0.1707307 8.8234581E-02 6.4516589E-02
0.7045812 0.4893047 0.8534027 0.2249995 3.2258295E-02 6.6666201E-02
0.7055464 0.4598342 0.8256403 0.1555565 5.2631926E-02 '5.5555534E-02
0.6903798 0.4464755 0.8066038 0.2321439 2.3255823E 02 2.3809627E*02
0.6797439 0.5024997 0.8040192 a.2656254 0.1063829 7.1428888E-02
0.6797798 0.5012283 0.7980307 0.1929827 8.6956739E-02 2.3809627E*02
0.7002323 0.4726684 0.8284318 0.1521743 7.6923251E-02 2.7777767E-02
0,6913109 0.4567903 0,8272722 0.1400001 0.1162791 0.0000000E+00
0.6972763 0.4935731' O.8020308 0.1481481 4.3478370E-02 0.1136360
0.6883789 0.5050381 0.8509617 0.2826094- 3.0302927E 02 3.1250052E-02
0.7189016 0.4568967- 0.8359798 0.2195109 3.1250052E-02- 0,0000000E600

0.6947792 0.41$7896 0.8603600 0.1739135 5.2631926E*02 0;1388889

0.6954510 0.4227848 0.872t059 0.2553189 0.1714293 0.0000000E+00 -
0.6860556 0.4390865 0.8235305 0.1851851 6.8181589E-02 4.8780192E-02
0.6861701 0.4406780 0.8181812 0.1403511 8,1633000E-02 6.666706?E 02

0.6909233 0.4784810 0.8009701 0,1346146 4.4444721E 02 4.6511646E-02
0.6729751 0.4444443 0.8208337 0.1578950 8.3332956E-02 2.2727195E-02
0.6866465 0.4866828 0.8490565 0.2127657 0.1081076' 3.0302927E 02
0.6932155 0.4750617 0.8256887 0.1063829 2.3809627E-02 7.3170297E-02
0.6811807 0.4722221 0.8508762 0.2800003- 0.0000000E+00 5.5555534E*02
0.6840212 0.4285715 0.8541671 0.1923067 0.1190481 -Si4053791E-02
0.6809006 0.4549876 0.8348206 0.1296296 0.1276594- 9.7560383E-02
0.6953543 0.4424998 0.8475334 0.2909081 5.1282160E 02 8.1080690E-02
0.6987767 0.4162439 0.7913043 0.1911766 -7.2727025E 02 5.8623396E 02
0.6961285 0.5120193 0,7980307 0.1000003 0.2037036 L4.6511646E 02
0.6980057 0.4457547 0.8425523 0.2500007 8.8889442E-02 9. 7560383E-C2
0.7078221 0.4409448 0.7746472 0.1909998 7.6922655E-02 0.0000300E+00
0.684$284 0.4521528' O.8515280 0.2506011 0.1428$78- 5.5555534E-02
0.6924180 0.4460096 0.7881362 -0.2083333 8.7719426E 02 3.8461326E-02
0.6789322 0.4741574 0.8290595 0.1929827 0.1006059 2.4390096E-02
0.6907368 0.4127358 0.8353407 0.1724135 - 0.14!a327 0.0000000Et00
0.6713339 0.4843046 0.8130434 0.1754389- 6 *a.9720E-02- 2.2727195E-02-
0.6680732 0.4789133 0.8252023 0.1333337 i '.53326E-02 8.5106291E-02,
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-0.0678370' O.4566596- - 0.8599231 0.1785722 0.1304351 9.~9999793E-02 -4

0.6706630 0.4518201 0.8749994 0.1800002- 0,1219505 -0.1111111 !
'

0.6751725' O.4585987 0.8431373 0.1666672 0.1400001- 6.9767475E-02
0,6820144 0,4366516 0.8192765 0.1999998 9.6153326E 02- 4.2553145E-02
0,6783669 'O.5033408 0.8430491 0.1600001 0.1190481 5.4053791E-02
0.6890935 0.4555807 0.8075324 0.1000003 9.2592560E-02 6;1224759E-02

0.6797995 0.4407156 0.8200008 Di2352943 0.1153840' 2.1739185E 02 -|
'

0.6622283 - 0,4087136 0.6210520 0.2026962 3.6363512E-02 3.7735950E-02
3.6606625 0.4748545 0.8070166 0.1111111- 4.1666478E-02 4.3476370E-02 ,

0.6769645 0.4719335 0.8622053 0.2452837 7.4999854E-02 5.4053791E-02
0.6654778 0.4285716 0:8320903 0.2631576' 8.9286111E-02 0.1176468 '

0.6801960 0.5076585 0.8355563 ~0.1904770 0.2352936 5.1282160E-02
O.6951046 0,4426603 0.8065351 0.1999992- 8.9286111E*02 -7.8431189E-02
0.7008960 0.4608296 0.6119655 0.2222232 0,1020413 0.0000000E+00
0.6770099 0.4039304 0.7765567 0.1518967 4.4776261E-02 4.6875082E-02
0.6636054 0.4404256' O.8174901 0.1538460 7,2727025E 02 5.8827396E*02
0.6805645 044400673 0,7976663 0.2435903 0.1016945 1.8867975E-02
0.6605939 0.4314115 0.7797208 0.1428568 0.1410259 5.9701674E-02
0.6518723 0.4382471 0.8546106 -0.2307660 8.0000073E-02 0.1086959
0.6667369- 0.3916608 0.8321913 '0.2631576 7.1428880E-02 .5.7691995E-02
0.6748971 0.4576050 0.8287946 0,1764707 0.1071433 .0.1200001
0,6846265 0.4464691 0,6271612 0.1851851 2.272?195E-02 2.3255823E 02
0.6592858 0.4297695 0.8125005~ 0.2151899 0.1451609 : 3.7735950E-02
0.6580419 0.4335378- 0.8231045 0,1999992 0.1071433 2.0000018E-02
0,6742424 0.4101432' O.8028679 0.2374995 6.5573782E-02 3.5087768E-02
0.6607630 0.4959842 0,7808768 0.2222230 6.5238514E*02 3.5087768E-02-
0.6437165 0.4427766 0.7979803 0,1764710- .7.1428277E-02 7.6923013E 02
0,6645061 0.4053404 0.8581307 0.3068237 8.5106291E-02 4.6511646E-02
0.6859106 0.4266957 0.8511451 0.2686575 041020413 0.1136360
0.6666666 0.3953075 0.8408297 0.2236639 0,1016945- 0.1320758
0,6867976 0.4618833 0.8000004 0,1857135 8.7710426E-02 7.6922655E-02-
0.6463139 0.4285713 0.8164927 0.2988501 6.5573782E 02 7.0175536E 02
0.6877550 0.4161221 0.7985082 0.1710524 0.1111116- 3,5714440E-02

'

;

0.6591242 0.4152048 0,8000008 0.197674$ 7.2463639E-02 6.2500104E-02
O.6875395 0.3987857 0.7777783 0,1379308 -5.3333383E-02 7.0422679E-02
0.6422267 0.4497155 .0.8172418 0.1866668 6.5573782E*02 7.0175$36E-02
0.6556290 0,4442309 0.8477501 0.2727264 8.3332956E 02 0.0000000Et00
0.6578773 0.4624275 0.8064522 0.1527777 3.2786891E 02 8.4745400E 02

-0.6739562 0.4503406 0.8609021- 0.2535216- 0.1698118 0.1590904
0,6640001 0.4503967 0.7870034 'O.1707319' 7.3529460E-02 6.3492335E 02
0.6574015 0.4075474- 0.8057318 0.2700003 8.2191564E 02 8.9552522E-02
0,6520$66 3.4416606 0.8437407- 0.2499999 7.4074045E 02 0.1000001
0.6640975 0.4416828 0.8253420 0.2352947 0.1692306 5.5555537E-02
0.6827495 0.4208335 0.8597115 0.2812505 4.3478370E-02 0.1136360
0,67?6342 0.4023440 0.8039212 0.2247194 4.3478183E-02 9,u908788E-02
0,6683672- 0.4357976 -0.8551729 0.2463764 0,1153840 8.6956739E-02
0,6483517 0,4411763 -0.8280480 0.1486491 0.1111116 7.1428880E-02
0.6847969 0.4324325 0.8205128- 0.1830990 0.1034481 5.7691995E 02
0.6820758 0.4C16915 0.8127212 0.2409637 7.9365432E 02 8.6206771E-02
0.6703015 0,4241245 0.8175669 0.2325583 0.1515146 3.5744440E-02
0,6701338 0.3967279 0.8203368 0,2527467 0.1323530 0,1016945

0.6563529 0,4348657 0.6169490 '0.2340423' O.1527777 0.1147541-

0.6568567 9,4032648 0,8593272 0.2499999 7.4074045E 02 8.0000073E-02
0.6538210 0.4226417 0.8071893 0.1851858 7.5757325E 02 3.2786891E-02- '

O.6570697 0.4216417 0.8483866 0.2891564 0.1186436 .9.6153326E 02
0.6570197 0.4236984 0.7943020 'O.1875003- -8,9743786E 02 '7.0422679E-02

0.6501682. 0.4379999 0.8469747' O.0535216 0,1132079' 8.5106291E 02
0.6660317 0.41444G5 0.7922081 0.1978018 ~8,2191564E-02 4.4776261E-02

0.6629001 0,3966483 0,8395059 0.2325583 .0.1212117 0.1034481--
.0.6790814 0.3984526 0.8167209 .0.2073173- -9.2307612E-02- 3.3698160E-02
0.6565782 0.4316546 0.8132911 0.2087907 0.1388889 -4.8386976E-02
0.6633102 0.3887851 0.8226299' O.192??09 5.9701674E-02. 7,W365432E-02

0.6645163 0.3961540 0.8216555 0.1728401 0.1343288 3.4482706E-02
0.6631838 0.4007593 0.8179009 0,2043012 0.1466491 6.3492335E-02
0.6653359- 0.4104831 0.7808214 0,1162791 0;1052630 5.8823563E-02
0.6582356 0.4566786 0.8239006 0.2738088 9.8360680E*02 3.6363512E-02
0.6478427 0.4162164 0.8086417 0.2268041 9.3333416E-02 8.8235346E-02
0,6545894 0.4230768 0.8060608 0.1919197- 9.9999793E-02 0.1111111

,
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0.f449848 0.3761125 0.8379116- 0.2315783 0.1232873 7.8125134E-02
?.6348910 0.4129692 0.8255817 0.2386356 2.9850837E-02 7.6923013E-02
0.6257413 0.4263076 0.8149174 0.2450975 7.7921815E-02 5.6338139E-02-
0.6545454 0.4319417 0.8530349 0.2499997 0.1052633 9.8038994E-02-
0.6593614 0.4319851 0.7928802- 0.2424249 9.3533416E-02 5.8823563E-02
0.6597812' O.4303572 0.8150473 0.1538458 0,1168827 0.1323530
0.6408451 0.4046345 0.8502994- 0.2500006 0.2173909 7.4074045E-02
9.6513076 0.4142857 0.8231703 0.1910115 0.1249999 7.9365432E 02
0.6517692 0.3975044 0.8224650 0.1666666 0.1200001 0.0908788E-02

'

0.6509871 0 1826954 0.8086249 0.1862741 0.1204818 2.7397187E-02
O.64'3235 0.4048443 0.7936050 0.2090013 0.1149424 7.792181$E 02
0.6414278 0,4033615 0.8478875 0.2584274 0.1212117 6.8965413E-02
0.6634405 0.3623447 0.7827299 0.1574074 8 79?'896Z-02 6.0240921E-02
0.6503tt3 0.3937823 0.8262112 0.1752577 0.1624v97 8.9552522E-02
0.631744? 0.4054513 0.7564468 0.1339284 */ u .64 94 5E-02 5.5555537E-02
0.6467357 0.3834106 0.8095233 0.1960780 9.1097562 6.8492971E-02
0.6502947 0.3982458 0.79883?1 0.2403647 7.5949371E-02 5.4704375E-02
0.6414368 0.4364939 0.8000005 0.1894732 0.;038958 8.6956367E-02
0.6639447 0.3962P17 0.8328175 0.2380949 0.1874996 0.1692306
0.6546013 0.4031973 0.7976196 0.2037036 8.1395380E 02 0.1392405
0.6136374 0.4038833 0.8469048 0.2582930 0.1166670 0.1132079
C.f>00119 0.4257605 0.8037378 0.2525259 5.4054227E 02 9.9999584E-02
0 6637877 0.4000001 0.7737002 0.1346154 9.9999904E-02 8.6420037E-02
0 6396734 0.3954705 0.8097988 0.2121218 8.9743786E-02 7.0422679E-02
0.6652334 c.4165139 0.8239001 0.2857135 5.0000150E-02 1.7543884E-02
0.6354229 0.4006679 0.824$126 0.2452837 0.1249998 9.9999584E 02
0,6498422 0.3927930 0.8219587 0.2285711 0.1358029 0.1428566
0,6373954 0.4151565 0.8056340 0.1578950 0.1875003 0.1153849
0.6521468 0.4203937 0.8055553 0.2424249 6.6666730E-02 9.9999584E-02
0.6513761 0.3877194 0.8166187 0.2323239 0.1184209 4.4776261E-02
0.6472034 0.3919862 0.8080227 0.1414145 0.1411768 8.2191564E 02
0.6536503 0.3741829 0.8328987 0.2000002 0.137499? 7.3463639E-02
0.6418918 0.3700736 0.7872931 0.1926602 6.8181589E-02 6.0975649E 02
0.6402149 0.4046435 0.8050140 0.1818166 0.1333333 0.1025643
0.6367301 0.4231380 0.8049446 0.2252253 0.1162701 6.5789394E 02
0.6434782 0.4094077 0.8259582 0.2584274 4.5454394E-02 6.3492335E-02
0.6406523 0.3646678 0.7959182 0.2093024 0.127*507 0.1011237
0.6505440 0.4134949 0.7935098 0.1862741 0.1204818 4.1095782E-02
0.6466030 0.3827993 0.8060111 0.35B8i87 8.888P854E-02 0.1341465
0.6470588 0.4092411 0.7988831 c.1465515 0.1616166 0.1325300
0.63922$2 0.3926175 0.8314920 0.2477060 0.1463417 0.1285700

| o.6270797 0.3969231 0.7933671 0.2346588 7.9207860E-02 0.1290324
|__ 0.656 312 0.3861720- 0.8021974 0.2053570 7.6651801E 02 0.1219514
'

O.6356856 0.4125985 0.8230565 0.2523367 0.1249998 5.7142619E-02
0.0168115 0.3963691 0.8195487 0.2812505 0,1521743 7.6923251E-02
0.6356854 0.3707864 0.7831611 0.2318836 0.1226418 8.6021565E-02 -

0.6327485 0.4124205 ;.22 sed 4 2.2?A0565 0.1585368 8.6956367E-02
0.6329724 0.3918034 0.77088r1 .0.1860406 0.1047618 9.5744573E-02
0.6331360 0.4225808 0.810055' O.2434782 0.1494251 8.1081346E-02
0.6559203 0.4241906 0.8047336 0.2105266- 0.1133333 0.1538465
0.6451613 0.3989898 0.8151255 0.2592592 9.9939763E-02 8.3333306E-02
0,6512535 - 0.3929711 0,7947371 0.2260869 8.9887775E 02 3.7037160E-02

| 0.f245488 0.3026283 0.8126655 0.2363641 7.1428381E*02 8.9743786E 02
l' O.6240689 0.4039635 0.8200720 0.2268906 0.1304351 0.1249998
'

O.6268306 0.4207220 0.7669384 0.2187504 0.1000001 4.4444427E-02
' O.6422020 0.3589744 0.8549996 0.2894741 0.1728401 0.1343288
! 0.6372723 0.3760130 0.7662336 0.1705427 6.5420635E-02 0.1000001

0,6286533 0.4120369 0.7970002. 0.1517856 8.4210284E*02 0.1149424
0.6497433 0.4006515 0.8016298 0.2212384 0.1363632 '3.9473638E-02
0.6280112 0.3765061 0.8115939 0.2109379 0.1188118 0.1235957
0.6328611 0.3811727 0.7880303 -0.1709405 6.1855670E-02 6.5933928E 02,

l 0.6225769 0.3821751 0.7995111 -0.2442743 0.1010104 7 8651801E-024

f 0.6452165 0.3884428 0.7926509 0.1929827 7.6087147E-02 7.0568402E 02
| 0.6283547 0.4101521 0.8162162 0.1650489 0.1279070 -9.3333416E-02
| 0.6219178 0.4086956 0.8406868 0.2450975 3.8960008E-02 0,1216220

! 0.6472270 0.3670093 0.7974364 0.2333329 6.5217555E 02 8.1395300E 02
0.6404560 0.4041206 0.7872344 0.2682924 5.5555537E-02 5.8823671E-02
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0.'6070419 0.3994294. 0.8099760 '0.1507936 0'.1121497' 0.1578943'
O.6243684 0.3931240 0.8251231 0.2053570 0.1011237 -0.1124998
0.6282405 0.3664600 0.8149884 0.2116787 0.1759259 0.1123597
0.6339833 0.3683410 0.8192777 0.2362201 0.1030928 0.1379308
0.6344633 0.1910655 0.8426400 0.19C9095 0.2134635. 0.1142852
0.6104417 0.3431517 0.8071747 0.2582781 0.1071428-- 0.140C301
0.6391454 0.4044000 0.7963876 0.1959996 0.1354169 9.638!664E-02
0.6494444 0.3866879 0.7958660 0.1982756 6.4516179E-07 9.1953A81E-02
0.6284701 0.3831478 0.8376288 = 0.2631583 0.1666662 9.9999134E 02
0.6188090 0.3722629 0.8023250 0.1729323 0.1090911 0.13265,t8

0.6249288 0.3778451 0.7926827 0.1897809 0.1261262 0.1237113
0.6473292 0.3$66775 0.7898734 0.1818184 0.1388888 0.1075170
0.6191628 0.3755589 0.8066829 0.2518523 8,9108847E 02 0,119561)-

'

0.6327211 0.3648486 0.8399014 0.2682924 0.15555$5 0.1447367
O.6187906 0.3767707 0.8068177 0.2173909 0.1296296 9.5744573E 02
0.6257844 0.3902440 0.7924996 0.1940206 0.1388888 0.1075270
0.6237677 0.3871906 0.8147266 0.2325582 0.1212124 0.1034481
0.6239555 0.3940741 0.8719611 0.2645525 .0.1022724 8.8607594E 02
0.6167473 0.3599440 0.8140041 0.2153844 8.8235088E-02 '8.6021565E-02
0.6217391 0.3706897 0.7876713 0.1865669 6.4220063E-02 8.8235088E-02
0.6240311 0.3770250 0.7919624 0.2532469 0.1217391 0.1287128
0.6410959 0.3923663 0.8015076 0.2290071 0.1188118 . 0.1123597
0.6100766 0.4143258 0.7037649 0.2753618 6.0000058E*02' 8.5106291E-02 -
0.6425365 0.4065933 0.7910050 0.2222227 8.7911896E-02 4.8192732E-02

.0.6327211 0.3969698 0.7814072 0.1942449 0.8214194E 02 0.1386138
0.6334056 0.3949703 0.8044012 0.2105263 0.1619045 9.0908781E-02
0.6261161 0.3716420 0.8076007 0.2125961 0.1400001 5.8139563E-02 |
0.6182616 0.3544668 0.8035717 0.1968501 7.8431189E 02 6.3829720E-02
0,6166395 0.3673758 0.8251119 0.2187504 0.1100001. 0.1235957
0.6118844 0.4041380 0.8263886 0.2032518 P.1836572E-02 0.157J036
0.6343042 0.3613570 0.7829104 0.2499997 7.0175536E-02 0.1132079
0.6053600 0.4260985 0.7819026 0.2397264 7.2072111E-02 8.7378800E-02
0.6415712 0.3576865 0.8341227 0.1794876 9.3750156E-02 0.1954020
0.6229598 0.3665224 0.7562640 0.2147236 9.3750164E-02 7.7586085E-02

| 0.6147681 0.4071321 0.8070174 0.2288137 9,8900877E 02 6.0975689E 02
' O.6297131 0.3936170 0.7969924 0.2406015 6.9306800E-02 0.1392977
| 0.6254107 0.3888887 0.8157890 0.3043473 0.1041669 0.1046512
'

O.6413276 0.3402987 0.7624434 0.1592358 0.1212123 9.4827443E-02
[

0,6263676 0.3543191 0.7777780 0.2307688 9.9999800E-02 9.2592560E-02
! 0.6275901 0.3894582 0.7961630 0.2222221 7.1428448E-02 6.5933028E-02

0.6184633 0.3636363 0.8219784 0.2030075 0.1698118 7.9545185E 02
0.6283464 0.3954802 0.7990853 0,2370375 9.7087562E-02 7.5268865E-02
0.0148180 0,3751705 0.8318782 0.2536227 0.1650489 0.1046512.
0.6321902 0.3744361 0.8004810 0.2481750 0.1165051 8.7911896E-02
0.6040975 0.3748251. 0,8008944 0.2214761 0.1120688 0.1359226
0.6073016 0.3669850 0.7952584 0.2077923 0.1229508 0.1121497
0.6186073 0.3808844 0.8179726 0.2105263 0,1523807 0.1123597
0.6250648 0.3881217 0.7878100 0.1935483- 0.1440001 0.1214955
0.6153444 0.3758480 0.7956522 0.1986304 0.1367524 6.9306880E 02
0.6208178 0.3851541 0.7881$47 0.2101445 9.174294SE 02 -6.0606223E-02
0.6063953 3.3690637 0.7698020 0.1867469 0.1333336 8.5470274E-02
0.6026739 0.3808883 0.7739130 0.1666664 0.1230768 8.7719426E 02
0.6424760 0.3880599 0.8048779 0.2132354 - 0.1588787 0.1111111
0.5986984 0.4148649 0.7450589 0.2068962 0.1086955. 0.1056909
0.6217644 0.3924580 0.7747126 0.*744963 8.9430787E 02 -0.1249999
0.6321839 0.4090909 0.7740387 0.1956518 9.9099152E-02 6.0000058E-02
0.6393075 0.3631039 0.7839079 0.1478876 9.0900228E-02 0.1454548
0,6083376 0.3692510 0.8041671 0.1761004 0,1450379 0.1607141 .

'

0.6064063 0.3883627 0.7765489 0.1801243 0.1439396 0.1061944
O.6348286 0.4031793 0.7966102 0.2442743 5.0505187E*02' O.1063819
0.6228632 0.3966007 0.7582164 0.1744963 0.1056909 6.3636489E-02
0.6258993 0.4010990 0.7775225 0.2222226 0.10C8403 9.3458056E-02
0.6224279 0.4005449 0.7909086 -0.1748253 0.1101696 0.1238094
0.6107144 0.4010484 0.7789932 0.1794869 0.1015627 0<1217301
0.6131014 0.3849205 0.8236554 0.2499999 0.1388888 0.1182797
0.6151873 0.3840001 0.8116887 0.2123291 8.6956516E-02 0.1714283
0.6174948 0.3951286 0.7941830 0.2077923 0.1557377 0,1067963
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0.6305367 Di3765866- 0.7601809 0.2269935 0.1031746 6.1946750E-02
0.0127658 0.3009761 0.7972663 0.2550331 0.1081082 0.1010104
0.6306306 0 3617885 0.7834303 -0.2307692 0.1364614- 8.9265A3AE 02
0.6031169 b.3674347 0.7663245 0.2026147 0 1065574 8.2568653E 02-
0.6131879 0.3530200 0.7883815 0.2106432- G.1602862P 02 0.1428570-
0.6066045 0.3036160 0.7872807 0.2341772- 9.000922 4 02 0.1181821
0.0283326 0.3712060 0.7716116 0.2101913 0.1129035 7.2727410E<02
0.6314994 0.4095690 0.8097448 0.2446046 0.1142b56 0.3182797
0.6156210 0.3957219 0.8119470 0.2534250 7.3394358E 02 0.1584157
0.6008024 0.3932162 0.7805379 0.1939394 0.1052631 -0 1092436
0.6116603 0.3652243 0.7961376 0.2327042 0.114754;. 0.1203703
0.5993915 0.4202532 0,7598258 0.1717789 9.6296474E-02 9.8360680E-02
0.$995851 0.3568083 0.7414143 0.2000001 9.2105143E 02 7.2463630E-02
0.6139979 0.3646155 0.7946431 0.1986755 0.1157027 0.1401671
0.62248$9 0.3570236 0.7914895 0.2283950 0.1040001 0.1249999
0.6153077 0.3498049- 0.7879998 0.2459017 0.1231882 0;1239671 I

0.6093429 0.3692510 0.8020637 0.2151890 0.1200326 0.1203703
0.6004643 0,4127829 0.6072565 0;2654320 0.1344537 0.1747576
0.6016376 0.3833333- 0.7713099 0.2150539 0.1369845 0,1269641

'

0.5928753 0.4187501 0.7827953 0.2766359 9.3750164E-02 0,1293101

O.6080469 0.4091487 0.7670963 0.2331285 8.0000000E 02 0.1331304
0.6142569 0.3617200 0.7843946 0.2000000 6.3333425E-02 0.1322316
0.6174667 0.3818426 0.7667366 0.2095805 0.1060607- 8.4745832E-02
0.5959809 0.3717278 0.7612504 0.2606633 9.2307612E-02 0.1101696
0.5983606 0.3775509 0,8094264 0.2272728 8 4033564E-02 0.14678874

0.6070305 0.3658212 0.8064208 0.2452828 0.1333331' . 0.1250000
0.6155779 0.3669281 0.7761199 0.2427744 7.633572)E-02 0,1322?16'

O.6131313 0.3966668 0.7510826 0.2083335 7.5187966E-02- 6.5040573E 02
0.6342800 0.4046320 0.7391307 0.2102273 -0.1079130 8.0645353E-02.
0.6404048 0.4194443 0.8205737 0.2426472 0.1747576 0.1176473-
0,6185567 0.3603603 0.7766717 0,1966295 0.1118882 0.1338560
0.5952500 0.3374084 0.7878230 0.2211539 0.1790123 0.1353383s
0 *t20633 0.3905405 0.7762710 0.2716762 0.1349206 - B.2566653E-02i
0.6234475 0.3865435 0.7870963 0.2670454 0.1472869 0.1000002. 4

0.6241413 0.3746735 0.7557408 0.1593408 0.1241632 0.1268655
0.6132076 0.3324776 0.8173079 0.2345678 0.1048390 0.1441442
0.6163002 0.3774573 0.7457892 0.2574846 0.1451616 8.4905693E 02
0.5963487 0.3905683- 0.76190*5 0.1510414 0.1268342 0.1549299
0.6122037 0.3836150 0.81012of 0.1824323 0.1900829 8.1632510E-02
0.5962701 0.3520599 0.7861267 0.1828573 0.1398603 9.7560668E-02
0.5892766 0.3608374 0.7745660 0.1920902 9,7902171E-02 9.3023300E-02

0.6063461 0.3740554 0.8068407 0.2121213 0.1307691 0.1504421
0.6122551 0.3540223 0.7309240 0.1526316' 8.0745392E-02 9.4594516E-02
0.5851814 0.3766707 0.7485382 0.2318843 0.1132074 8.5106298E-02 ;

0.5919396 0,3370372 0.7821233 0.2074466 0.1208051 0.1068700
'

O.5996941 0.3324842 0 7843512 0.1626505- 0.1079138 8.8700883E-02
0.5823951' O 3419117 0.7914343 0.2051280 0.1419354 -0.1578947
0.6081814 0.3786162 0,7894741 0.2093024 9.5588207E*02 0.1544714
0.5856379 0.3702336 0.7851567 0.1712705 0,1666668 0.1200001-
0.6131460 0,3488976 0.7191237 0.2187498 0.1371430 6.6225156E-02
0.5980933 0.3945068 0.7917526 -0.2024537 9.2307612E*02 0;1440679

0.5844544 0.3381295 0.7753626 0.1725689 0.1656439 8.8235346E 02
0.0029556 0.3362282 0.7794303 0.1813473 0.1075949 0.1631204
0.6019901 0.3825001 0.7732798 0.2209042 0.1205672 '9.6774422E-02
0.5963973 0.3546442 0.7514019 0,2128711 0.1069181 6.3380405E-02
0.5996065 0.3316954 0.7738967 0.2316643 8/1760928E-02~-0.157$345

;- 0.6035857 0.3844222 - 0.7816322 0.2835051 0.1007195 0.1440001
| 0.6117074 0.3404524- 0.7657141 0.1813473 -8.8607594E 02 0;1458333.

! 0.6067251 -0.3531599 0.7701147 0.2277226 -0.1410254 0.1044775
| 0.6112196 0.3676286 0.7757933 0.2032085- 0,1206051 - 0.1374043 . .

- 0.5009753 0,3463021 0.7477311 'O.1926607 0.1250000 9.7402647E 02
0.6232252 0.5485869 D.7768598 E0i2000002~ 0.1071429 0.1360001
0.6200501 0.3667546 0.7054'170 0.1975308 0.1076022 0.1120688

-0.6184013 0,3320157 0.7573963 0.1534091 'O 1140937 ~6.8181895E-02-
0,6095144 0.3629441 0.7749006 0.1967213 0.1156463 0.1307691-
0.6034889 0.3614744 0,7616301 0.1932369 0.1077642 0.1409393-
0.6081082 0.3805419 0.7833002 0,1802326 0.1347516 0.1065574-
0.6006808 0.3605360 0.7619046 0.2029702- - 9.9378943E-02. 0.1379308

I

E.6 13
i

- . _ . . _ .. _ . u ._.s_ _ . - . . . . - _ _ - _ - , , ,_ _, ,



. . _ _ _ _. . _ - _ _ = __,_ ._ . . _ _ -._. _ _ _ . _ _ _ _ _ - - . _ _ _ _ _ - - - - - _ _

|
I

0.5909313 0.3563767 0.7925923 0.1865287 0.1401275 0.1703707
0.5962643 0.3440095 0.7305606 0.1777780 0.1351354 6.8750113E-02-
0.6127765 0.3883248 0.7572612 0.2252750 9.9290669E-02; 7.8740031E-02 1

0.5898685 0.3479809 0.7340621 0.1408450 0.1147541 9.8765396E-02 j

0.6108968 0.3510208 0.7495223 0.2010048' 8.1760928E 02 0.1027399- 1

0.5763431 0.3370411 0.7365773 0.1666666- 9.7435810E-02 ' 0;107054$ 1

0.5948477 0.3734104 0.7546126 0.1924881- 0.1337210 0.1073823
0.6033220 0,3546798 . 0.7519085 0.1753556 0.1149424 0.1558442
0.6202651 0.3291770 0.7565057 0.1567570 7.0512705E-02 9.6551575E-02 |

0.6012328 0.3317479 0.7597861 -0.1822432 0.1200001 0.1233767
0.6211412 0.3543211 0.7380501- 0.2207208 0.1156069 0.1045753

0.6001927 0.3578313 0.7746500 0.2000002- 0.1437503 0.1240875
0.5880880 0.3766707 0.7524368 0.1675678 6.4935103E-02 0,1180555

0.5974695 0.3690337 0.7656827 0.1527096 0.1220931 .0.1589404
0.5835976 0.3384113 0.7828946 0.2181817 0.1046512 0.1428572
0.5866200 0.3382687 0.7452670 0.1935482 6.8571500E-02 9.2024416E-02
0.5968707 0.3641553 0.7468581 0.1813954 0.1136364. 9.6153691E-02
0.6087735 0.3524027 0.7597177 0.2026431 0.1325965 0.1337581-
0.5843012 0.3540724 0.7565675 0.1737088 0.1136364 0.1089742
0.5829847 0.3846155 0.7590582 0.1553396- 0.1264366 0.1249998
0.5869263 0.3434343 0.7555556 0.1775703 0.1193182 7.7419311E 02
0.5965725 0.3536164 0.7460037 0.1619045 0.1079545 8.9172073E-02'
O.5840076 0.3478260 0.7192S85 0,1702126 8.2051210E-02 0.1061453'
O.5958042 0.3483175 0.7734510 0.1649484 0.1296296- 9.2198484E-02
0.5785388 0.37594n0 0.7152776 0.1914061 0.1111112 0.1086956
0.5992828 0.3713641 0.7722417 0.2296650 8.6956576E-02 0.1292517
0.6039469 0.3406720 0.7504390 0.1874998 0,1098902 0.1234568
0.5685912 0.3468951 0.7393444 0.1791667 0.1015220 0.1016948
0.6060321 0.3456938 0.7641680 0.1639756 0,1686047 9.7902171E-02
0.6014217 0.3674197 0.7180450 0.1725664 0.1122994 9.6385464E-02
0.6020453 0.3497206 0.7611684 0.1857140 9.3567379E-02 0.1032257
0.6116728 0.3337277 0.7619895 0.1973094 0.1229051 '0.1464970
0.5878219 0.3363636 0.7397264 0.1851853 0.1363636 0.1111113-
0.5859618 0.3658797 0.7512694 0.2123894 0.1011237 8.1250139E-02 .;
0.5857605 0.3772320 0.7616485 0.2169811 9.6385464E 02 0.1133334
0.5741000 0.3534578 , 0.7300510 0.1927709 0.1144279 0.1067417'
O.5991032 0.3814318 0.7730003 0.2058825 0.1234568 0.1197185
0.5801507 0.3344155 0.7300611 0.1920002 7.9207860E 02 0,1075270

0.5879396 0.3569845 0.7293100 0.1851853 8.5858554E 02 0.1325965
0.5816752 0.3628320 0.7395830 0.1814160 0.1351354- 6.2500112E-02
0.5905058 0.3271939 0.7423512 0.1794871 0.1145832 5.8823466E-02
0.5826771 0.3329634 0.7420062 0.2042551 9.0900071E-02 8.8235192E 02
0.5853772 0.3450820 0.7696245 0.1964284 0.1055555 0.1614908
0.5723860 0.3563218 .0.7142854 0.2007722 6.7632921E-02 - 8.8082977E-02
0.5944573 0.3314350 0.76F'096 0.1636363 0,1249999 0.1490684
0.5927419 0.3443344 0.7315437 0,2163264- 9.3749866E-02 8.0459647E-02-
0.5818264 0.3805407 0.7504367 0.1801803 0.1098002 0.1172839
0,5637083 0.3293050 0.7372370 0.1842105 7.3732637E 02 0.1293533 i

0.5808058 0.3725702 0.7504305 0.1956521 0.1351354 9,3750156E-02-

0.5953039 0.3447100 0.7690070 0.1954544 0.1412428 - 0.1249990-
0.5772541 0.3697750 0.7397961 0.1499999- 9.0909071E-02 9.9999890E-02

.0.5741993 0.??.20339 0.7300624 0.2140219 0.1361501 9.2301238E-02
0.5835617 0.*464912 0.7197987 0.1595332 9.2592560E-02 Di1479504
0.5702883 0.3323014 0.7465224 0.1502592 ~ 0.1321585 0.1675128
0.5845071 0.3654661 0,7262105 0.1353713 9.0009056E-02~ 8.8888854E-02
0.5838338 0.3551610 0.7177283 0.1600002 0.1142856 0.1182797
0.5862222 0.3619763 0.7356809 0,'1949154 8.9473717E 02 9.2485495E-02
0.5672515 0.3586279 0.7277149 0.1867706. 5.7416242E-02 0.1472082-
0.5632544 0.3503054 0.7257056 0.1792116 0.1353713 0.1161616

| 0.5775143 0.3762994 0.7633333 0.2317071 9.5238200E-02: 0.1695900
| 0.5726307 0.35'5130 0.7258068 Ci1390977 0.1528385 0.1237113
'

O.5899743 0.3605015 0.7369278 0.2125986 0.1300001- 7.4712530E-02
0.5633615 0.3126272 0.7570371 0.1771216" 0.1434977 0.1413612
0.5007679 0.3242951 0.7310419. 0.1935484 8.0000073E-02 9.2391238E-02
0.5834452 0.3598281 0.7315437 0.1615383 0.1422020 0.1443850
045824365 0.3247423 0.7450379- 0.2071429 0.1486487- 0.'1164023
0.5017312 0.3417722 0.7195515 0.1423220 0.1441040 0.1071430

|

|

|
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0.5849786- -0.2998965 0.7548003 0.2124542 0[1209303 -0.1216933
0.5764288 0,3106694 0.7132015 -0.187713$' O.1008403 0,1168226 |
0.5650639 -0.3296147 0.7564297 ~ 0.1886120 0.1798243- 0.1390374' !

0.5877193 0.3180852 0.7488297 0.2159089 0.1352658 0.1005587
0.5816681 0.3104880 0.7319278- 0.1714286- 0,1077587_ 0.1400968
0.5750000 0.3095076 0.7055305 0.1839464 0.1311476 7.0754714E-02
0.5900254 0.3391753 0.7488297 0.1742422 0,1513763 0.1297299 ;

0.5746835 0.3144842 0.7264831 0.2149835 .0.103738 0.1250000
0.5670416 0.3126874 0.7281979 0.'2072370~ 0.12865 0.1095237
0.5613067 0.3346229 0.6962212 0.1891026- 9.8814 7+02 8.3333232E-024

'

0.5717449 0,3309203 0.7310663 0.1411290 8.9201808E-02 0.1030928
O.5693641 0,3250239- 0.7230114 0.1672474 9. 20 50314E-02 0.1013824
0.5806310 0.3542319 0.7330096 0.1962265- 0.1070811- 0.1315790
0.5765306 0.3122489 0.7167885 0.1688742 9.9601619E-02 v.1415929
0.5829806 0.3461928 0.7298135 0.2086329 8.6363576E-02 0.1343284
0.5885835 0.3627955 0.7258060 0.1621621 0.1290321 0.2005292
0.5013932 0.b263817 0.7368422 0.2056740 0.1160713 0.1414141
0.5803572 0.3326866 0.6913043 0.1987768 8.3969474E-02 0.1125001
0.5932274 0.3278520 0.7354739- 0.1748253 0.1567798 0.1306531
0.5834768 0.301652a 0.7337277 0.1518518 '9.6069932E-02 0.1304349
0,5535117 0.3014981 0.7117965 0.1940298- 9.6296258E-02 0.1188525
0.5746581 0.3234086 0.7040968 0.1842107 8.8709667E-02 0.1371682
0.5816583 0,3083083 0.7033283 0,1812298 0.0908997E-02 0.1086056-
0.5604990 0.32544w3 0.6956519- 0.1603775 0.1011235 9.5833376E-02 {

0.500851b 0.3158973 0.7286358 0.2040133 0.1512604 0.1039603
'

O.5738803 0.2046954 0.7061282 0.1708076 0.1235954 9.8290563E-02
0.5590484- 0.3102120 0.7164803 0.2048191 9.0908997E-02 0.1541667
0.5820408 0.3076172 0.7263749 0.1678323 .7.5630203E-02 0,1181617

0.5820188 0.2922465 -0.7120785 0.1694353 8.8000081E-02 -0.1008771
i

0.5754250 0.2627124 0.6910785 0.1265059 9.6551776E-02 0.1145038
O.5598840 0.3097929 0.7025921 0.170346G 5.7034194E-02 0.1200677'

0.5541366 0.3048668 0.6986112 0.1647396 0.1038061- 0.1196911
0.5696046 0.0062201 0.7255173 0.1739130 0.1093118 9.5454477E-02

; 0.5685238 0.3006597 0.7250677 0.1906250 0.1042471 . 0.1206808
| 0.5615355 0.3032490 0.7007772 0.1608187 9.0592355E-02 0.1149426

0.5753919 0.2746212 0.7036552 0.1768116 9.8501529E-02 0.1132812
0.5475239 0.3071491 0.7133760 0.1903409 0.1122806 0,1106718

0.5741106 0.3144231 0.7265074 0.1879195 7.8512326E-02 0.1255605
0.5750812 0.3190066 0.7433377 0.2200002 0.1068376 0.1244018
0.564a761 0.3010446 0.7051631 0.1884500 8.9487574E-02 .0,1069960
0.5771224 0.3393025 0.6990013 0.1904763 0.6274512E-02 9.4420634E 02

i

0.5538400 0.3407277 0.7267834 0.1945200 0 ?320755 0.1173013
0.5705906 0.3187614 0.6764705 0,1934604 0,1c47296 8.6792499E-02
0.5572042 -0.3183423 0.6959895 0.1792718 0.2150256E-02 0.1165413
0.5597656 0.3185449 0.6744793 0.1580310 9.5384531E-02 0.1496599
0.5645785 0.3223800 0.6749670 0.1525845 0.1254020 8.8235348E-02
0.5894014 0.3407614 0.6887326 0.1428573 0.1319444~ 0.1160001
0.5711078 0.3228621- 0.6804124 0.1693121 9.5541328E-02 0.1267605
0.5621165 0.3327496 0.7125983 0.1527374 0.1088436 0.1641222
0.5704253 0.3079020 0.6758530 0.1788f1S 0.1056105 8.8560805E-02
0.5805370 0.3031111 0.6964284 0.18926;/ 8.3b21715E-02 .9.5056988E-02
0.5734702 0.2981099 0.6976742 0.1794197 0.1254c20' . 9.1911815E-02
0.5701755 0.3018707 0,6662608 0.1707920 8.9552164E+02 0.1016394

| 0.5687705 0,3020304 0.6678790 '0.1569620 8.10811221 02 0.'1045751
! 0.5808600 0.3170733 0.6619896 0.1695762 7.2072111h*02 -0.1423948
| 0.5854272 0.3203464 0.6777073 -0.1273713 0.1024845 0,1245674
j 0.5687870 0.2667239 0.6865497- 0.1670951 7.4074352E-02 0.1066668.-
' O.5701439 '0.3087867 -0.6731235- 0.1409923 6 r008865E-02 0.1176470

0.5874278 0.3064799 0,6641412 0.1546392' 6,4024352E-02- 0 1335504-

0.5699819 0.2918419 0.6912112 0.1286089 S 0361379E-02 -0.1390728
- 0.5700254- - 0.2876481 0.6652706 0.1397060 9.1168135E-02 0.1191223

~

0.5779579 0.2768559 0.6243963 0.1202830 6.4143184E 02 . 0.1088825
0.5785688 0.2969203 0.6565532 0.1018277 7.2674446E-02 0.1128527
0.5794036 0.3190437 0.6731235 0.1017811 9.3484372E-02 0.1562500
0.5700001 0.3056478 0.6411484 0.1393643 .6.5340914E-02 8.8145964E-02
0.5643244 -0.2952854 0.6502346 0.1401425 5.5248640E 02 0.1286549
0.5803477 0.3161453 0.6378244 0.1585366~ 6.3768111E-02'.9.28792'3E-02

P
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0.5720816 _0.5032046- 0.635f131 _ 0.1524250 8.7193437E-02- 7.7611901E-02 ~ i

0.5750877- 0.2782824 0.6475971- 0.1666666' '.7.4666610E-02 0.1123920' |

0.5699189 0.2915643 0.6612718 0.1751153 .'8.9385524E-02 0.1012270
0.5658400 0.3057120 0.6187716 0.1406594' 7.6726362E-02 6.9/67711E-02
0.5860049 s.2922564 ~0.5870590 -0.1341710- 7.5060539E-02 8.11 02

'

0.5650661 0.2928000 0.6097285 0.1290322 0.1157407 9,685to 02

O.5854167 0.2883072 0.6258825 0.1645022 0.1010362 8.35735436-02
0.5687978 0.2707493 0.6066298 0.1198347 7.5117409E-02 9.6446745E-02

( 0.5811789 0.3185185 0.6147345 D.1406927 8.5642383E-02 0.1212121
0.5869060 0.2920354 0.6170455 0.1512097 0.1021377 0,1064656

0.5798995 0.3102073 0.5907515 0.1298174 8.8578038E-02 9.4629176E 02
0.5776972 0.2875000 0.5964913 0.1375969- 8.9887656E 02- 9.1358058E-02
0.5755755 0.3089622 0.6029580 0.1553785 7.5471692E*02 0.1096939:
0.58185$4 0.2993474 0.5844004 0.1555117 -7.2261028E-02 0.1030151
0.5683690 0.3229006 0.5783540 0.1386322 9 4420634E-02 0,1137440

0.5644212 0,3003003 0.5901286- 0 1128405 7.4561410E-02 9.4786666E-02
0.5750902 0.2960726 0.5461372 9.5149234E*02 3.5051547E-02 9.6153803E-02
0.5796344 0.2655280 0.5792810 0.1050656 5.8700223E*02 0.1135857
0.55811G9 0.2689199 0.5386914 0.1178398 5.7513911E 02 9.6456647E-02-
0.5777851 0.2607330 0.5501585 0.1095152 2.2177417E 02 -0.12104pS

0.5624798 0.2678967 0.5655242 ~ 0.1064169 0.1077504 8.688*.J60E-02
0.5046369 0,2318624 0.5326193 6.4620336E 02. 0.1053$40 . 7 '.a59057E-02'
O.5664962 0.2588496- 0.5631841 0.1026490 8.3025835E 07 U.1167002
0.5697026 0.2426206 0.5494297 0.1257862 6.6;66775E-04 '8.6705148E-02
0.5574891 0.2331460 0.5338876 0.1062874 6.03014wgi-02 9.2691608E-02 ;

0.55652b6 0.2113156 0,5332757 0.1014706 6.0556460E 02 5.9233464E-02
~

0.5406404 0.1977212 0.5588972 0.1095101 5.9870549E-02 .9.1222055E-02
0.4752299 0.2447710 0,5711078 0.1074380 ;7.0987627E-02 4.8172776E-02

0.4405340 0.2787418 0.6067669 0.1306902 5.5743255E-02 6,4400740E-02

0.4437028 0.2613459 0.6002824 0.1505945 4.5101088E-02 .7.8175902E-02
0.4472808 0.2424699 0.5102717 2.0833330E-02' 8.7609477E 03 6.6919163E-02
0.4421488- 0.2192593 0.4263124 7.7788189E-02 -5.2845530E-02 2.6824025E-02-
0.3883145 0.1442610 0.2775838 7.3065028E*02 4.0080164E-02 5.7063326E-02

i

f

|
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E.7--1.istine-of EXTDIS.DAT

USER DISTRIBUTION Q18 CASE 1P21_
'

1 21 0.
195.0 0.000
223.0 0.022
251.0 0.042
279.0 0.115 - 1

307.0 0.223 I

335.0 0.330
363.0 0.438
391.0 0.545 t

419.0 0.653 |
* 447.0 - 0.760-

,

475.0 0.868
503.0 0.952 ;

531.0 . 0.958
$59.0 0.065
587.0 0.971
615.0 0.978
643.0 0.084
671,0 0.990
699.C C.994
727.0 0.997
755.0 1.000

V3ER DISTRIBUTION Q19 CASE 1P26
1 21 0.

260.0 0.000
297.0 0.022
334.0 0.044
371.0 0.099
408.0-. 0.178
445.0 0.237
482.0 0.306
519.0 0.375
556.0 0.444
593.0 0.513

-630.0 0.582
667.0 0.651
704.0 0.720
741.0 0.789,

778.0 . 0.858
815.0 0.927
852.0 0.957

1 889.0 0.968
926.0 0.979
963.0 0.989:

| 1000.0 1.000
USER DISTRIBUTION Q19 CASE 1F30+

1 21 0.
260.0 0.000
297.0- 0.022
334.0 0.044
371.0 0.099
408.0 0.168
445.0 0.237
482.0 0.306
519.0 0.375
556.0 0.444
593.0 0.513

.630.0 -0.582.
667.0 0.651
'704.0 0.720
741.0 0.789
778.0 0.858
815.0 0.927-

852.0 0,957

880.0 . -0.968

-E.7-1-

_.
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, 926.0 0.979
3 963.0 0.989

2000.0- 1.000
USER DISTRIBUTION Q18 CASE 1P24 ,.

I1 42 0.
~ 0. O,

2.5 0 .(12 6
$,0 0.130
7.5 0.273
10.0 0,360

12.5 0,44$ i

1$.0 0.525
17.5 0.500
20.0 0,652

22.5 0.709
25.0 0.747
27.5 0.771
30.0 0.795
32,5 0.818
35.0 0.836
37.5 0.852
40.0 0.869
42.5 0.885 .

45.0 0.902
47.5 - 0.916
50.0 0.029
52.5 0.939
55.0 :0.950
57;$ 0.957
60.0 0.965
62.5 0.971
65,0 0.977
67,5 0.980
70.0 0.983
72,5 0.986
75.0 0.980
77.5 0.991
80.0 0.993
82.5 0.994
85,0 0.996

IB7.5 0,997
90,0 0.996
92.$ 0.998
9$ 0 0.999 ;

( h0 h 9
.102.5 1.000
USER DISTRIBUTION Q19 CASE 1P34
1 51 0,

2,$ 0.000
5.0 0.020
7.5 0.055

! 10.0 0.104
12.5 0.185

-15,0 0.234
17.5- 0.313
20,0 --0.385
22.5 -0.450
25.0 0.$06 -

|- 27.5 0,551
j; -30.0 0.$95 =

52.5 -0.637
35,0 0.670

- 37.$ 0.698
40.0 0.723
42.5 0.747
45.0 0,770
47.5 0.791

E.7-2-
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50.0 0.811
|52.5 0.828
1

55.0 0.844
57.5- -0.855
60.0 0.867
62.5 0.877
65.0 0.687
67.5 0.895
70.0 0.902-
72.5 0.909
75.0 0.916
77.5 0.922
80.0 0.928 I

62.5 0.934 i

85.0 0.939 )
87.5 0.945
90.0 0.950
92.5 0.954
95.0 0.959-

|97.5 0.963
100.0 0.908
102.5 0.972
105.0 0.977
107.5 0.981
110.0 0.982
112.5 0.984
115.0 0.986
117.5 0.967 i

120.0 0.989
122.5 0.991
125.0 0.993
125.0 1.000
USER DISTRIBUTION Q35CASESP2
3 9 .0576
2.100E+00 0.000E+00 -

4.651Et00 1.000E-02
7.740E+00 5.000E-02
1.681E+01 2.500E-01
2.442E+01 5.000E-01
3.436E+01 7.500E-01
4.594E+01 9.500E-01
5.393E+01 9.900E 01
7.000E+01 1.000E+00

USER DISTRIBUTION Q3 5 CASE 3P2
3 9 .0576
0.000E+00 0.000E+00
0.000Et00 1,000E-02

0.000E+00 5.000E-02
3,526Et00 2.500E-01

1.487E+01 5,000E-01

3.237E+01 7.500E-01
4.745E+01 9.500Ea01
5.600Et01 9.900E 01
6.000E+01 1.000E+00

USER DISTRIBUTION - Q35 CASE 6P2
3 9 .0576
0.000E+00 0.000E+00
5.200Et00 1.000E-02
9.596E+00 5.000E-02'
1.790Et01 2.500E-01 ,

2.520E+01 5.000E-01 j

3.417E+01 7.500E-01 j

4.719E+01 9.500E-01
5.960E+01 0.000E 01
7.400Et01 1.000E600

USER DISTk!BUTION Q35 CASE 4P2
3 1B .0570
0.000E+00 0.000E+00

|

E;7-3
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0.000E+00 1 000E-02
0.000E+00 $,000E-02

^

5.860E+00 2.500E-01
1,461E401 5.000E-01
2.492E+01 7.500E-01
3.650E+01 9.500E-01
4.320E*01 9.900E-01
5.200E+01 1.000E+00

USER DISTRIBUTION Q35 CASE 2F2
3 9 .0576
0.000E+00 0.000E*00
3.601E+00 1.000E-02
8.600E+00 5.000E 02
1.956E+01 2.500E 01
2.551E+01 5.000E-01

.

3.313E+01 7.500E-01
4.577E+01 9.500E-01
5.303E+01 9.900E-01
7.300E+01 1.000E+00

USER DISTRIBUTION Q35 CASE 1P2
3 9 .0576

0.000E+00 0.000E+00
0.000E+00 1.000E-02
0.000E+00 5.000E 02
0.000E+00 2.500E 01
9.501E+00 5.000E-01
2.102E+01 7.500E 01
3.464E+01 9.500E 01
4.806E+01 9.900E-01
5.500Et01 1.000E+00

USER DISTRIBUTION-Q41 CASE 4
1 5 0.
O. O.

0.095 0.1
0.12 0.5
0.16 0.9
0.17 1.0 ,

USER DISTRIBUTION Q41 CASE 5
150.
O. O.

0.0475 0.1
0,06 0.5
0.08 0.0
0.085 1.0
USER DISTRIBUTION Q43C4
1 14 0.

0.000E+00 0.000E+00
1.000E-03 -6.668E-01

'

1.800E-01 6.933E 01
3.200E 01 7.233E-01
4,200E-01 7.500E-01
5.000E-01 7.767E-01
5.600E 01 8.067E-01
6.100E-01. 8.333E 01 .

6.400E-01 8,600E 01
.6.700E 01 8.000E-01
6.900E-01 9.167E*01
7.000E 01 9.433E-01 t

7.100E-01 9.733E 01
l- 7.200E-01 1.000Et00

'

USER DISTRIBUTION--Q43 CASE 5
1 30 0.

O. O.
0.000E+00 1.667E-01
2,000E-02 1.857E-01-

3.000E-02 2.169E-01
4.000E 02 3.065E 01 3

5.000E-02 3.977E-01 -{

.

|- E . iF- 4
'
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6.000E-02 4.320E-01
8.000E-02 4.959E-01-
1.000E-01 . 5.558E-01
1.200E-01 6.124E-01- i

1.300E-01 6.373E 01
1,400E-01 6.602E-01
1.600E-01 6.692E-01
1.800E 01 6.783E-01
2,000E 01 6.841E 01
2.200E-01 6.698E-01

.2.300E-01 6.910E-01
2.400E-01 6.928E-01
2.700E-01 7.015E-01
3.860E-01 7.223E-01
4.930E-01 7.500E-01
5.670E 01 7.777E-01
6.190E-01 8.057E-01
6.560E 01 8.333E*01 ,

1

6.810E 01 8.610E 01
7,000E-01 8,890E-01

7.130E-01 0.167E-01
7.230E 01 9.443E 01
7,300E 01 0.723E-01
7.350E 01 1.000E+00

USER DISTRIBUTION 043 CASE 6
1 30 0.

O, 0.
0.000E+00 1.667E 01
2.000E-02 1.864E*01
3.000E 02 2.179E-01
4.000E-02 3 077E*01
5.000E-02 3.993E-01
6.000E-02 4.345E-01
8.000E-02 4.984E 01
1.000E-01 5.590E-01
7. 7'0E-01 6.162E-01
1.300E-01 6.414E-01
1.400E 01 6.646E 01
1.600E-01 '6.743E-01
1. 600 E-01 6.840E-01
1.820E-01 6.847E-01
2,000E-01 6.913E-01

!2.200E-01 6,988E-01

2,400E-01 .7,029E 01

2.700E-01 7.123E 01
13.190E 01 7,223E-01

4,240E 01 7.500E-01
5.030E 01 7.777E-01
5.630E-01 8.057E-01
6.060E-01 8.333E 01

| 6.420E-01 8.610E-01
6.680E-01 8.890E-01
6.880E-01 9.167E-01
7.030E-01 9.443E-01
7.140E-01 9 723E-01
7.230E-01 1.000E+00

| USER DISTRIBUTION Q43 CASE 7

| 1 31 0.
0.000E+00 0.000E+00
2.000E-02 :1.866E-02
4.000E-02 5.731E-02
6,000E-02 1.093E-01
7.000E-02 1.520E-01

-8.000E-02 2.155E-01
1.000E-01- 3.358E 01

-1.100E-01 3.920E-01
1.200E Oi 4.235E-01
1.400E*01 4.785E-01

E.7-5 .

:
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I

1.600E-01 5.236E-01
1.800E-01 5.653E-01
2,000E-01 6.004E-01
2.200E 01 6.355E 01
2.400E-01 6.639E-01
2. 700E-01 - 6.869E-01
2.780E 01 6.890E-01

3

2.900E-01 6.920E-01
3.100E-01 6.961E 01
3.300E 01 7.027E 01
4.520E*01 7.223E-01

!5.630E-01 7.500E-01
6.320E-01 7.777E-01
6.760E 01 8.057E-01
7.030E-01 8.333E 01
7.200E-01 8.610E-01
7.310E-01 8,890E-01

7.380E-01 9.167E-01
7.430E 01 9.443E-01
7.450E 01 9.723E 01
7.470E-01 1.000E+00

USER DISTRIBUTIDN Q43 CASE 8
1 32 0.

0.000Et00 0.000E+00
2.000E-02 1.866E-02
4.000E-02 5.731E-02
6.000E-02 1.093E 01
7.000E-02 1.520E-01
8.000E-02 2.155E 01
1.000E 01 3.358E-01
1.100E-01 3.926E-01
1.200E-01 4.235E-01
1.400E-01 4.765E-01
1.600E 01 5.23eE-01
1.800E-01 5.653E-01
2.000E-01 6.004E 01
2.200E-01 c.355E-01
1.400E+01 6.630E-01
2.500E-01 S.827E-01
2.700E 01 6.869E~01
2.780E-01 C.690E-01
2.9003-01 6.920E-01
3.100E-01 6.961E-01
3.300E 01 - 7.027E-01
4.520E 01- 7.223E-01
5.630E-01 7.500E-01
6.320E-01 7.777E-01
6.760E 01 8.057E-01'
7.030E*01 8.333E-01
7.200E-01 8.610E-01
7.310E-01 8.890E 01
7.380E 01 0,167E-01

7.430E-01 9.443E-01
7.450E-01 9.723E 01
7.470E*01 1.000Et00

USER DISTRIBUTION Q43 CASE 9-
1 36 0.'

O.000Et00 0.000Et00
2.000E-02 4.809E 03
4.000E-02 1.962E 02
6,000E 02 4-100E-02.

8.000E-02 7.257E-02
1.000E-01 1.074E-01
1.200E-01 1.455E 01

~ .803E-011.400E-01 1

1.600E 01 2.118E-01
1.800E-01' 2.399E 01
2.000E-01 2.648E-01'

E.7-6'
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|

:1

2.200E-01- 2,862E*01
2.400E*01 3.044E-01
2.700E-01 3.199E-01-
2.600E-01 3.40?E-01'
2.900E-01 3.747E-01
3.100E-01 4.462E-01
3.300E-01 5.110E 01
3.500E-01 5.356E*01
3.700E 01 5.606E*01
3.750E-01 5.668E-01
3,900E-01 5.866E-01

1 4.100E-01 6.095E-01 i
4.300E-01 6.359E-01
4,600E-01 6,933E 01

5.000E 01 7.130E-01
5.630E-01 7.223E-01
6,560E*01 7.500E*01
7.030E-01 7.777E 01i

7.270E-01 8.057E-01
7,360E-01 B,333E 01
7.440E-01 8.610E 01
7,470E-01 0.890E-01
7.490E-01 9.443E 01
7,500E-01 9.723E-01
7.500E 01 1.0

USER DISTRIBUTION _ Q43 CASE 10
1 37 -O.

*

0.000E+00 0.000E+00
2.000E-02 4.910E-03
4,000E*02 1.082E-02
6.000E-02 4.140E 02
8,000E 02 7,297E-02

1.000E-01 1,079E 01

1,200E-01 1.461E 01
1.400E-01 1,610E 01

1.600E-01 -2,126E-01
1.800E-01 2.409E 01
2,000E-01 2.658E-01
2.200E-01 2.873E-01
2.400E-01 3.056E-01
2.700E-01 3.213E-01
2,800E-01 3,421E-01'

2.900E-01 3.762E-01 !

3.100E-01 4.478E 01
3,300E-01 5.127E-01
3.500E-01 5.376E 01
3.510E-01 5.388E-01

| 3.700E-01 5.639E 01
|- 3.900E-01 5,903E 01 -

l 4.100E 01 6.133E 01
4.300E-01 6.397E-01
4.600E-01 6,973E-01

5,000E 01 7.170E-01
5.350E-01 7.223E 01 -

-6.330E 01 7,500E-01
6.850E-01 7.777E-01

| 7;140E 01 6.057E*01
7.290E+01 8.333E 01'

7.380E-01 -8.610E 01
7.430E 01 8 600E-01;

| 7,460E-01 5.167E 01'
7.480E*01 9.143E-01

!, 7.490E-01 0,723 -91

75 1.
USER DISTRIBUTION Q43 CASE 11
1 43 0,

0.000E+00- 0.000E+00
2.000E-02 4,316E*03

a

E.7-7

i
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IJ

t4.000E 02 8.632E-03-.
~

')6,000E-02 1.902E+02
8.000E 02 3.726E-02 i

1.000E-01 5.491E-02
1.200E-01 7.2SCE 02
1.400E 01 9.355E 02
1.600E-01 1.179E-01.

1.800E-01 1.368E-01
2,000E-01 1.632E-01
2.200E-01 1.641E-01
2.400E-01 2.018E 01
2.700E-01 2.233E-01
2.000E 01 2.409E 01
3.100E 01 2.586E-01
3.300E 01 2. 729E-01 --
3.500E-01 '2.839E-01
3.700E-01 2.982E-01
3.900E-01 3.092E-01
4.100E-01 3.168E-01
4.300E-01 3.245E 01
4.500E-01 3.321E 01
4.600E 01 3.509E 01
4.700E 01 3.718E-01
4.000E 01 4.170E-01
5.100E 01 4.588E-01
5.300E-01 '4,973E-01

5.400E-01 5.182E-01
5,500E-01 5.304E 01
5.630E 01 5.462E-01
5.700E 01 5.557E 01
5.000E-01 5.797E 01
6.100E-01 6.037E-01
6.300E-01 6,311E 01

6.900E 01 7.031E 01
7.000E-01 7.217E-01
7,030E 01 7.223E-01
7.380E-01 7.500E-01
7.470E-01 7.777E-01

3 7.490E-01 e.057E-01 |

7.500E-01 9.723E-01
.75 1.0

USER DISTRIBUTION Q43 CASE 12
1 46 0. . !

0.000Et00 0.000E+00
2.000E-02 4.513E-03-

' 4.000E-02 9.026E 03
6.000E-02 2.021E 02-
8.000E-02 3.805E 02
1.000E-01 5.590E-02
1.200E-01 7.375E 02
1.400E 01 9.493E-02
1.600E-01 1.194E-01
1.800E-01 1,406E-01
2.000E-01 1.651E-01
2.200E 01 1.863E 01
2.400E-01 - 2.042E 01-

:| '_ 2.700E 01 2.259E-01
~

2.900E*01 2.438E-01
3.100E 01 2.616E-01
3.300E*01 2.761E 01
3.500E-01' 2.873E 01

| 3.700E-01 3.018E-01
3.900E-01. 3.130E 01

. -- 4.100 E-01 - 3.200E-01 -~

| 4.300E-01 3.287E-01
1 4.500E-01 3.365E 01
! 4.600E-01 3.555E 01

| 4.690E-01 3.744E-01

' E. 7' 8-
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!

l 4,700E-01 3.766E-01
4,900E-01 4.242E-01
5.100E-01 4.684E-01

!
5.300E-01 5,093E-01

I- 5.400E-01 5.315E-01
5,500E 01 5.448E-01
5.700E 01 5.716E 01

I 5,900E-01 5.0$0E-01
6,100E-01 6.184E 01
6.300E-01 6.452E-01
6.330E-01 6,487E-01
6.000E*01 7.303E 01
6.970E-01 7.450E*01
7.000E-01 7.530E-01
7.250E-01 7.777E 01
7.360E-01 6.057E-01
7,440E-01 8.333E-01

| 7.470E 01 8.610E-01
7.490E-01 9.167E 01
7,500E 01 9.723E 01 't

,75 1.
USER DISTRIBUTION Q44 CASE 2
1 40,

0.000E+00 0.000E+00
'1.000E 04 6,667E 01
.6.639E-01 6.667E-01
6.639E 01 1.000E+00 -.;

USER DISTRIbuTIOF Q44 CASE 4
1 4 0.

0.000E+00 0.000E+00
1.000E-04 6.667E-01
7.400E-01 6,667E*01

7,490E-01 1,000E+00
j

USER DICTRIBUTION 044 CASE 5
1 37 0. -'

0, C. !
l 0.000E+00 1,667E-01

2.000E-02 1,701E-01

4.000E 021.786E-01 |
6,000E-02 1.905E 01 -j

8.000E 02 2.042E-01
1.000E-01 2.186E 01
1,200E-01 2,329E 01

1,400E-01 2,467E-01
1,600E-01 2.595E-01

1.800E-01 2.712E 01
1.900E 01 2.811E-01
1,990E-01 6.154E 01
2.200E 01 6.241E 01
2,400E 01 6.320E 01
2.700E*01 6,388E 01

2,900E-01 6.444E 01
3,100E-01 6.492E 01
3.300E-01 6.530E*01
3.500E 01 6.5622 01
3,700E 01 6.567E 01

3.900E-01 6.60?E-01
4.100E*01 6.621E-01
4.300E 01 6,634E 01

4.500E 016.643E 01
4.700E-01.6,650E-01

4,900E 01 6,655E-01

5.079E 01 6.658E 01
5.079E 01 9.991E 01
5,100E 01 9.902E 01

5,300E 01 9.995E-01 |

5.500E-01 0.096E 01
5,700E 01 9.998E-01

_

E.7-9
.
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,

1

3.900E-01 9.999E-01
6.100E-01 9.999E-01 |'

6.300E-01 9.999E 01
6.$00E-01 1.000E+00

USER DIOTRIBUTION Q44 CASE 7
.

1 36 0
'

O 000E+00 0.000E+00
2.000E-02 6.767E 03
4.000E-02 2.3P0E 02
A.000E-02 4.763E 02
6.000E-02 7.497E-02
1.000E-01 1.038E 01
1.200E-01 1.3251-01 !'

1.400E-01 1.600E 0.1
$1.600E-01 1.657E-01

1.800E-01 2.091E 01
2.000E-01 2.299E-01
2.200E 01 2.462E-01
2.400E-01 2.640E-01
2.700E 01 2,775E-01

2.000E-01 2.689E-01;

3.100E-01 2.983E 01
3.300E-01 3.060E-01
3.500E-01 3.123E-01
3,700E-01 3.173E-01

3.900E 01 3.213E-01
4.100E-01 3.244E 01
4.300E 01 3.268E 01
4.500E-01 3.286E 01
4.700E-01 3.300E-01
4.900E-01 3,310E 01

4.990E 01 3.313E-01
4.990E-01 6.647E-01
5.100E-01 6.650E-01
5.300E-01 6.656E 01
5.500E-01 6.659E 01
5.700E-01 6.662E-01
5,900E-01 6.664E-01

6.100E-01 6.665E-01
6.300E-01 6.666E 01
6.990E-01 6.666E-01'
7.010E-01 1.000E+00

USER DISTRIBUTION -Q44 CASE 2P2C
1100.

2.771 0.000
2.850 0,025

3.565 0.250
4.704 0.322
4.833 0.355
6.000 0.654
7.120 0.769
7.515 0.810 j

11.667 0.975
12.296 1,000

USER DISTRIBUTION Q44 CASE 5P20 ,

1 -73 0
0.000E+00 0.000E+00
1.000E+00 3.778E-03
1.353E+00 :5.111E-03 ~
1.397E+00 :1.361E 02
1.793E+00 9.011E-02.
2.000E+00 9.870E-02

| 2.667?+00 1.264E-01
! 2.'50E+00 1.384E-01

3.000E+00 1.738E 01
3.500E+00 2.446E 01
3.770E600 2.612E-01
3.990E+00 2.747E-01

E.7-10
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|

4.000E+00 2-750E 01-.

5.000E+00 2.988E-01
6.000E+00 3,223E-01
7.030Et00 3.763E-01
7,2$0E+00 3,898E-01
7,667Et00 4.121E 01

8.000E+00 4.233E-01
9.000E+00 4.570E-01
1.000E+01 4.907E 01
1.100E+01 5.247E-01
1.200E+01 5.583E-01
1.300E+01 6.007E-01
1.400E+01 6.430E 01
1.500E+01 6.857E-01

.1.600E+01 7.200E 01 '

1.700E+01 7.703E-01
1.800E+01 8.127E-01 i
1.900E+01 8.241E 01
2.000E+01 6.351E 01
2.100E+01 8.465E 01

.

2.200E*01 8.579E 01
2.300E+01 8.690E 01
2.400E+01 8.804E 01
2.500E+01 8.918E 01
2.600E+01 0.002E-01
2.700Et01 9,069E-01
2.800E+01 9.140E 01
2.900E+01 9.207E-01
3.000E*01 9.278E 01
3.100 E + 01 9. 318E-01
3.200Et019.359E 01

'3.300E+01 9.400E-01
3.400E+01 9.437E 01
3.500E+01 0,477E 01
3.600E*019.518E 01
3.700E+01 9.559E 01
3.800E+01 9.599E-01
3,900E+01 9.640E-01
4.000E+01 9.E81E-01
4,100E+01 9.721E-01
4.200E+01 9.762E-01
4.300E+01 9.779E-01
4.400E+01 9,797E-01

4.500E+03 9.814E-01
4.600Et01 9.831I-01
4.700E+01 9.848E-01
4.800Et01 9.862I-01
4.000Et01 9.880E-01
5.000Et01 9.897E-01

| 5.100Et01 9.914E-01
5.200Et01 9.932E 01'

-5.300E+01 0.949E-01;-
5.400E+01 9.966E-01

1 5.$00!+0! 9.070! it -

~ ~'5!6'00E+01 9.974E-01
| 5.700Et01 9.981E 01

| 5.800E+01 9.985E-01
5.000E+01 9.989E-01
6.000E601.9.997E-01
6.200Et01-9.997E*01
6.300Et01 1.000E+00

USER DISTRIBUTION Q46 CASE 2P10
3 4 130,3

0.000Et00 0.000Et00
1.000E 03 6.667E 01
3.100E*01 6.667E 01
3.100E+01 1.000E+00

USER DISTRIBUTION Q46 CASE 4P18
.

E.7-11
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i
3 22 379.7

0.000E+C0 0.000Et00 - :

0.000E*00 5.000E-01
9.601E+01 S.000E-01-
1.039E+02 5.002E-01-
1.090E+02 S 006E-01
1.158E+02 5.019E-01
1.218t+02 S 054E-01:

l' 1,277E*02 5,127E-01
1.336E+02 $ 256E-01
1.396t+02 5.451E 01
1.4$$E+02 5.690E-01
1.515E+02 S.96BE-01
1.574E+02 6,21GE 01
1.633E+02 6.410E-01
1.603E+02 6.540E 01
1.752Et02 6.613E-01
1.812E+02 6.647E-01
1.671E+02 6,661E 01
1.930E+02 6.66SE 01
1.000E+02 6.666E 01
2.432Et02 6.667E-01
2.432E+02 1.000E+00

USER DISTRIBUTION Q46CASESP16
3 20 28?.3

0.000E+00 0.000E+00
0.000Et00 1.667E 01
$.465E+01 1.667E 01
5.465E+01 5.000E+01
1,102Et02 5.000E 01

1.12 set 02 S.013E-01
1.12$E+02 6.346E-01

'
1.162E*02 6.367E-01
1.221E+02 6.400E-01
1.281E+02 8.467E-01
1.340E+02 8.600E 01,

'

1.400E+02 6.80CE-01
1,459E+02 0.033E-01

1.519E+02 9.300E-01
1.$79E+02 9.533E*01
1.638E*02 9.733E 01
1.698E+02 9.667E 01
1.757Et02 9.933E 01
1.817E*02 9.067E-01
1.676E+02 1.000E+00 ,

USER DISTRIBUTION Q46 CASE 6P18
3 26 619.1

-5

0.000E+00 0.000E+00
0.000Et00 3.333E-01
1.797Et02 3,333E-01

1.694E+02 3.334E 11
1.991E+02 3.334E-01
2.088E+02 3.336E 01

'

2.185E+02 3.344E 01
2.282E+02 3.364E-01
2.379Et02 3.412E-01
2.476E+02 3.510E-01
2.574E+02 3.669E-01
2.671Et02 3.971E-01

i 2.768E+02 4,363E-01

2.865Et02 4.838E 01
2,962Et02 $.340E-01

3.059E*02 5.800E-01 -
-

3.156E+02 6,166E 01

3.253Et02 6.414E 01
3.351Et02 6.S$8E-01-
3.448Et02 6,627E-01

3.545Et02 6.655E-01

i-

E 7-12-;
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|

3.600E+02 6.664E+01 |
3.788E+02 6.666E-01 1

3.685E+02 6.667E 01
5.737E602 6.667E 01
5.737E+02 1.000E+00

USER DISTRIBUTION 046 CASE 7P16
3 20 466.6

2.336E+02 0.000E+00
I 2.336E+02 3.367E-01

2.386E+02 3.412E 01
2.464E+02 3.510E-01
2.581E+02 3.669E-01
2.678E+02 3.971E-01
2.776E+02 4.363E 01
2.650E+02 4.725E 01
2.850E+02 8.059E-01
2.673E+02 8.171E-01
2.970E+02 8.673E-01
3.068E+02 9.134E 01
3.165E+02 9.499E 01
3.263E+02 9.748E 01-
3.360E+02 9.891E-01
3.457E+02 9.961E-01
3.555E+02 9.988E-01
3.701E+02 9.997E-01-
3.798Et02 9.999E-01
3.696E+02.1.000E+00

USER DISTRIBUi' ION Q46 CASE 8PIB
! 3 25 855.8

.0.000E600 0.000E+00
0.000E*00 3,333E-01

-3.567E*02 3.333E 01
3.702E+02 3.334E-01
3.836E+02 3.335E-01
3.971E+02 3.338E-01'
4.105E+02 3.345E-01
4.240E+02 3.363E-01
4.375E+02 3.403E-01
4.509E+02 3.483E-01
4.644Et02 3.626E-01
4.776E+02 3.87 n-01
4.913E+02 4.2v2E 01
5.115E+02 4.647E-01
5.250E*02.5.157E-01
5.384Et02 5.665E-01
5.519E+02 6.095E 01

i 5,653E+02 6.397E-01

5.78BE+02 6.567E-01
5.923Et02 6.640E-01
6.057Et02 6.662E 01
6.102E+02 6.666E-01
6.326E+02 6.667E 01
7.220E+02 6.667E-01
7.220Et02 1.000E+00

WER DISTRIBUTION Q46 CASE 9P18
3 24 647.9

'

'
3.523E+02 0.000E+00
0.656E+02 3.333E-05
3,789Et02.1.333E-04

-34922E+02 4.333E-04 4

3.970Et02 7.086E-04
3.970Et02 3 340E 01
4.055E+02 3.345E 01 -

+

;. 4.188E+02 3.363E 01
~ 4.321E*02 3.403E-01

4.454E*02 3.463E-014

4.587Et02 3.626E-01
-4.720E+02 3.860E-01

E.7-13
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4.853E+02 4.202E-01
5.052E+02 4.647E-01*

5.183E+02 5,149E-01.

5.183E+02 8.484E-01
5.185E+02 8.491E-01 1

$,318t+02 8.998E 01
'

5.451E+02 9.428E-01
5.584E+02 9.731E-01
5.717E+02 9.901E 01
5.850E+02 9.974E-01
$.983E+02 9.995E 01
6.116E+02 1.000E+00

USER DIETRIBUTION Q46 CASE 10P18
3 23 1013.3

0.000E*00 0.000E+00 -

0.000E+00 3.333E 01
4.892E+02 3.333E-01
5.052E+02 3.334E-01
5.213E+02 3.334E-01
5.373E*02 3.336E-01
5.533E+02 3.340E-01
5.694E+02 3.351E-01
5.8$4E*02 3.373E-01
6.095E+02 3.410E 01
6.255E+02 3.501E 01
6.416E+02 3.636E-01
6.576E+02 3.834E 01
6.736E+02 4.092E 01
6.897E+02 4.380E 01
7.057E+02 4.648E 01

.7.218E+02 4.847E-01
7.378E*02 6.622E 01
7.538E+02 6.660E 01
7.699E+02 6.666E-014

7,859E+02 6.667E-01
7.917E+02 6.667E-01
7.917E+02 1.000E+00

USER DISTRIBUTION Q46 CASE 11P1B
3 22 832.5

4.510E+02 0.000E+00
4.510E+02 3.333E-01
5.299E+02 3.333E-01
5.473E+02 3.334E-01
5.647E+02 3,334E-01

5.821E+02 3.336E-01
5,994E+v. 3.340E-01

6.168E+02 3.351E-01
6.342E+02 3.373E-01
6.603E+02 3.410E 01

( 6.660E+C2 3.446E 01
6,660E+02 6.779E-01
6.776E+02 6.834E-01
6.050E+02 6.969F 01
7.124E+02 7.168E-01
7.298E+02 7.426E-01

, 7.471E*02 7.713E-01
! 7.645E+02 7.982E-01
! 7.819E+02 4.180E 01~

7.993E+02 9.955E-01
8.166t+02 9.993E-01

| 8.340E*02 1.000E+00
, USER DISTRIBUTION Q46C2P19
L 1 23 0.

0.000E+00.0.000E+00
0.000E*00 2.500E*01
2.990E-01 2.500E-01
2.990E 01.7.500E*01.

3.300E*01 7.501E-01

'E.7-14 ,
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3.500E-01 7.502E-01 'I
3.700E 01 7.$00E 01
3.900E 01 7.529E 01
4.100E-01 7.$61E-01-
4.300E-01 7.690E-01

;

1 4.500E-01 '. 884E-01
- !4.700E-01 8.176E-01

4.000E-01 8.548E-01-

5.100E-01 8.951E-01
5.300E-01 9.023E 01
5.500E-01 9.615E*01
5.700E-01 9.810E-01
5,000E 01 0.019E-01
6.100E-01 9.971E*01
6.300E-01 9.991E-01 .

!

6.500E 01 9.998E-01
6.700E-01 9.999E-01
6.900E 01 1.000E+00

USER DISTRIBUTION Q46 CASE 6P19
1 24 0.

3.700E-01 0.000E+00
3.900E 01 5,000E-05

4.100E-01 1.000E 0*
4.300E 01 4.500E 04
4.500E-01 1.550E 03
4.700E-01 4.600E 03
4.900E-01 1.175E-02
5,100E-01 2.655E 02
5.3002-01 5.335E 02
5.500E-01 9.570E 02
5.700E-01 1.544E 01
5.900E-01 2.256E 01
6.100E-01 3.009E 01
6.300E*01 3.701E 01
6.500E-01 4.249E 01
6.700E-01'4.62iE 01
6.900E*01 4.837E-01
7.100E 01 4.941E 01
7.300E-01 4.983E-01
7.600E-01 4.996E-01
7.800E-01 4.999E-01
8.000E-01 5.000E 01
8.840E-01 5.000E-01

.8.860E-01 1.000E+00
USER DISTRIBUTION Q46 CASE 8P19
1 23 0,

5.300E-01 0.000E+00
5.500E*01 5.000E 05

_ _5.700E-01 2.000E-04
5.900E-01 6.500E 04
6.100E-01 1.800E*03

- 6.300E-01 4.500E 03
6.500E-01 1.050E 02
6.700E-01 2,245E-02 -
E.000E 01 4.395E-02
7.100E-01 7.005E-02
7.300E-01 1.303E 01
7.600E 01s1.971E 01
7.800E 01 2.7362 01-
8.000E 01 3.497E 01

i 8.200E-01 4.142E 01
8.400E 01 4.596E-01
8.600E-01 4.851E 01
8.800E 01 4.961E-01
9.000E-01 4.993E*01

| 9.200E 01 4.999E-01
' 9.400E-01 5.000E-01

9.000E-01 5.000E-01

E.7-15
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1.000E+00 1.000E+00
USER DISTRIBUTION Q46 CASE 10P19
1 22 0.

5.900E-01 0.000E+00
6.100E-01 2.500E-05
6.300E-01 5.000E 05
6.500E*01 1.500E 04
6.700E 01 4.000E-04
^ 900E-01 1.050E-03.

7 100E-01 2.625E-03
7.300E-01 6.000E-03
7,600E-01 1.2764-02
7.800E-01 2.507E*02
0.000E-01 4.535E-03
6.200E-04 7.515E-02
8.400E 01 1.138E-01
8.600E-01 1.570E 01
8.000?.-01 1.972E 01
9.000E-01 2.270E 01
9.200E-01 4.632E-01
W.400E-01 4.989E 01
9.000E*01 4,999E-01
9.600E-01 5.000E 01
9.900E-01 5,000E-01
1,000E+00 1.000E+00

USER DISTRIBUTION 068C6
3 9 .000576

0.000E+00 0.000E+00
1.778E 03 1.000E-02
8.889E-03 5.000E-02
3.556E-02 2.500E-01
6.991E-02 5.000E 01
2.728E-01 7.500E-01
3.007E-01 9.500E-01
3.186E 01 0.000E-01 .

3.600E 01 1.000E*00
USER DISTRIBUTION Q68C4
3 0 .000576

0.000E+00 0.000E+00
v.;!?'+00 1.000E-02

0.000E+00 a.20^'-02
1.000E-02 2.500E-01
2.336E-02 5.000E-01
4.144E-02 7.500E-01
8.142E-02 U.500E 01
1.103E 01 0.000E 01
1.500E-01 1.000Et00

USER DISTRIBUTION Q60C7
3 9 .000576
0.000Et00 0.000E+00
3.077E 04 1.000E-02
1.538E-03 5.000E 02

| 7.692E-03 2.$00E 01
2.702E-02 5.000E-01
4.606E 02 7.500E 01 -

9.500E-02 9.500E-01
1.600E-01 0.900E-01
2.400E*01 1.000E+00

USER DISTRIBUTION Q68CS
3 0 .000576

0.000E+00 0.000E+00
0.000E+00 1.000E-02
0.000E+00 5,000E-02
3.448E-03 2.500E-01
6.620E-03 5.000E-01
2.363E 02 7.500E 01
4.600E-02 9.500E-01
6.60$E 02 9.900E-01

i

E.7-16
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9.000E*02 1.000E+00
USER DISTRIBUTION Q68C3'
3 9 .000576
0.000E+00 0.000E+00
1.000E-03 1.000E-02
5.000E-03 5.000E-02
2.222E 02 2.500E-01
3.750E-02 5,000E-01

5.596E+02 7.500E 01
1.115E*01 9.500E-01
2.363E 01 9.000E-01
3.700E-01 1.000E+00

USER DISTRIBUTION 066C2
3 9 .00057C
0.000E+00 0.000E600
0.000E600 1.000E 02
0.000E+00 5.000E 02
6.922E-03 2.500E 01
2.375E 02 5.000E-01
4.205E-02 7.500E-01
8.436E 02 9.500E-01
2.464E 01 9.900E-01
4.500E-01 1.000Et00

USER DISTRIBUTION Q70 CASE 2P13
3 9. 0.01

0.00 0.00
0.33 0.01
0.57 0.05 -
2.25 0.25
3.62 0.50 ;

5.72 0.75
9.23 0.95

14.00 0.99.
20.00'1.00-

1- USER DISTRIBUTION Q70 CASE 3Pl$
I 3 9 0.01
|- 0.00 0.00

0~20 0.01.

0.35 0.05
| 1.66 0.25
i 2.47 0.50

k| 3.48 0.75
|: 8.75 0.95

14.00 0.99
20.00 1.00

USER DISTRIBUTION Q70 CASE 6P13
3 0 0.01

0.00 0.00' .

0.33 0.01-
0.57 0.05
2.25 0.25
3.52 0.50

. 5.45 0.75
9.25 0.95.

| 14.00 0.99 4

' 20.00 1.00 .
USER DISTRIBUTION Q70 CASE 7P13
3 9 0.01

0.00 0.00
0.20 0.01
0.35 0.05
1.20 0.25
2.10 0.50
3.39 0.75
6.75 0.95

14.00 0.99
20.00 1.00

USER DISTRIBUTION Q76 CASE 2P40

E.7 17~
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'

--I 9.O,

3.35 0.00
4.21 0.01
7.22 0.05

27.00 0.25
41.30 0.$0
61.20 0.75

113.00 0.95 ..

166,00 0.99

227.00 1.00
USER DISTRIBUTION Q70 CASE 4P13
3 9- 0,01 >

0,33 0.00

0.39 0.01
0.60 0.05
2.07 0,25

3.49 0.50
5.60 0.75
8 01 0.95'
9.10 0.99
9.50 1.00

USER DISTRIBUTION Q70CASESP13
3 9 0.01

0.20 0.00
- 0.24 0.01

0.36 0.05
1.30 0.25
2,50 0.50

3.43 0.75
4.44 0.95
4.97 0.99
5.31 1.00

USER DISTRIBUTION Q70 CASE 8013
3 0 0.01

0.33 0,00

0.39 0.01
0.60 0.05
1.80 0.25
3.13 0.50
4,53 0.75

0.00 0.05
8.19 0.93

j -8.85 1.00
USER DISTRIBIIIION Q700ASE9P13

| 3 9-0,01

0.20 0.00
0.24 0.01

-0.36 0.05
1.30 0.25
2.27 0.50
3.04 0.75
3-98 0.95.

4.91 0.99
.5.31 1.00

USER DISTRIBUTION Q76 CASE 3P40-
1 9 0.
4,38 0.00

4.99 0.01
7.52 0.05

-24.00 0.25
40.30 0.50
56,80 0.75
76.90 0.05
87.60 0.99
02.50 '1.00

- USER DISTRIBUTION Q70 CASE 10P13
3 0 0.01

0.00 0.00

E,7-18
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.

0.30 0.01
0.32 0.05
0.44 0.25
1.62 0.50
3.97 0.75

"

8.75 0,95
14.00 0,90

20.00 1.00 ,

USER DISTRIBUTION Q70 CASE 11P13
'

3 9 0.01
0.00 0.00
0.17 0.01
0.27 0.05
0.39 0.25
0.85 0.50
2.70 0.75

,

6.50 0.95
14.00 0.99
20.00 1.00

USER DISTRIBUTION Q70 CASE 12P13
3 0 0.01

0.00 0.00
0.11 0.01
0.16 0.05
0.35 0.25
1,62 0,50

,

3.97 0.75 '

8.75 0.95 !

14.00 0.90
20.00 1.00- .

,

i

USER DISTRIBUTION Q70 CASE 13P13
3 9 0.01

0.00 0,00 j

0.11 0.01 i

0.15 0.05
0.31 0.25
0.85 0.50
2.70 0.75
8.50 0.95

14.00 0.99
20.00 1.00

USER DISTRIBUTION Q76 CASE 4P40
1 9 0
2.36 0.00
2.76L 0.01
3.58 0.05
5.88 0.25
18,61 0.50

46.60 0.75
108.70 0.95
166.00 0.99
227.00 1.00
USER DISTRIBUTION .Q71 CASE 2P39
3 13 .01

5.500E+00 0.000E+00
6.000E+00 5.000E-03
8.000E+00 2.500E 02,

l.500E401 1.250E-01'

2.000E+01 16667E-01
'

3.000E+01 3.750E-01
i- 4.000E+01 5.694E-01
Y

*

4.800Et01 7.850E 01
5.000Ev01 8.368E-01
6.000E+01 9.456E-01
6,$00E+01 D.'750E-01

L 6.000Et01.9.950E-01
8.375Et01 1.000Et00

USER DISTRIBUTION Q71 CASE 3P3D

_E.7-19
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3 13 .01
4.680E+00 0.000E+00
5.1r" *0 5.000E-03
6.. .aai 2.500E-02
1.2,'A+t; 1.250E-01
1.500<6' 2.471E-01
2.500E, 4 4.951E-01

2.550E+01 5.067E-01
4.000E+01 8.185E-01
4 . 0 80E+01 8. 290E-01
5. 000 E + 01 9. 387E-01
5.525E+0! 9.750E 01
6.800E+01 9.950E-01
7.119E+01 1,000E+00

!)NR DISTRIBUTION Q710ASE6P39
3 13 .01

4.400E+00 0.000E+00
4. 900Et00 5.0001-03
6.400E+00 2.500E-02
1.200E+01 1.250E-01
2.000E+01 2.083E-01
2.400E+01 3.000E*01
3.840E+01 6,050E 01

4.000Et01 6.368E-01
5.000E+01 0.103E-01
5.200E+01 9.350E-01
6.000E+01 9.883E-01

'

6.400E+01 9.950E 01
f.700E+01 1.000E+00

USER DISTRIBUTION Q71 CASE 7P39
3 13 ,01

3.740E+00 0.000E+00
4.080E+00 5.000E-03
5.440E+0C 2.500E-02
1.000E+01 1.208E-01
1.020E+01 1.300E-01
2,000E t 01 4. 951E-01

'

2.040E+01 5.080E 01
*

3.000E+01 7,980E-01

3.26eE+01 8.382E-01
4.000E+01 9.387E 01
4.420E+01 9.750E-01
5.440E+01 9.950E-01
5.695E+01 1.000E+00

USER DISTRIBUTION Q71 CASE 4P39
3 13 .01

3.850E+00 0.000E+00
4.200E+00 5.000E 03
5 600E+00 2.500E-02
1.050E+01 1.250E-01
2.000E+01 2.381E*01
2.100E+01 2.625E*01
3.360Et01 5.450E-01
4.000E+01 6.788E*01
4.550E+01 8.350E 01

| 5. 000E + 01 9. 336E-01
5,600E+01 9.750E-01

5.863E+01 9 931E-01
6.000E+01 1.000E+00-

USER DISTRIBUTION Q71 CASE 5P39 !
'3 13 .01

O.000Et00 0.000E+00 '

3.270E+00 5.4 50E-02 ).

i 3.570E+00 6.450E-02
4.760E+00 1.043E-01
8.930E+00 2.738E 01
1. 500E t01 4. 601E-01
1.785E+01 5.570E-01

|

-E.7-20 ;
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!
' 2.500E+01 7.83$t-01

2.8$6E+01 8.428E-01'

3.$00E+01 9,386E 01
3.868E+01 9.7$0E-01

I
4.760E+01 9.950E 01 i

14.963E+01 1.000E+00
|USER 0!STR!bUTION 071 CASE 6P392

|
? 3 13 .01 '

3.060E+00 0.000E+00
3.360E+00 S.000E*03
4.480E+00 2.$00E 02 l

6.400E+00 1.2$0E 01
j 1.680E+01 2.$00E-01
{ 2.000E+01 2.897E 01

2.688E+01 4.610E-01'

'
3.640E+01 8.600E*01

*
j 4.000E+01 7.336t*01
* 4.480E+01 6.410E-01

4.690E+01 6.880E 01
5.000E+01 9.$00E 01.

i 6.000E+01 1.000t+00
USER DISTR W, tor' Q71 CASE 91'39
3 13 .01,

2.620E*00 0.000E*00
2.860E+00 5.000E 03
3.810E+00 2.$00E-02
1.000E+00 6.074E 02

1
7.140E+00 2.014E-01
1.200E+01 4.601E 01
1.428t+(. 3.$70E 01
2.000E+01 7.834E-01
2.28SE+01 8.$3$t 01
2.$00E+01 0.016E-01
3.094E+01 9.7$0E 01
3.806E+01 9.0$0E*01
3.986E+01 1,000E+00

USER DISTRIDUTION Q71 CASE 10P39*

3 0 .01
2.00 0.00-

1 2.16 0.01
4 2.79 0.05
1. 4.E2 0.2$'

7.92 0.50
14.00 0.75

1 29.00 0.9$
i 38.00 0.99
'

42.00 1.00
UEER DISTRIBUTION Q71 CASE 11F39;

I 3 9 .01
l 1,38 0.00
' 1,63 0.01

2.10 0.0$
3 40 0.2$
5.85 0.$0
9.66 0.75'

I 16,91 0.95

| 21.60 0.99
24.00 1.00

USER DISTRIBUTION, Q71 CASE 13T39
3 9 .01

'
O.69 0.00
0.81 0.01 6

1.06 0.0$
2.43 0.2$
4.47 0.50
7.37 0.75

12.00 0.9$
21.60 0.99

E.7 21
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n

4
;1

2

3

|
i
1 24.0; 1.00 i

| USER !..u'.!BUTION Q71CASEler39
'

3 9 . s4
1.00 0,f3

1.12 0.01,

1.60 0.05
3,76 0.2$

6.06 0.$0
a 12.55 0.75

29.00 0.9$'

38.00 0.99
42.00 1.00

USER DISTRIBUTION 071 CASE 15r39 t'

3 9 01.

1.00 0.00
1.12 0.01

| 1.$3 0.0$
j 2.$0 0.25
1 4.68 0.50

7.75 0.75
i 14. 91 0. 9 $

19.00 0.994

21.00 1.00 f
, USER DIETRIBUT!DN Q11 CASE 17P39

~

f 3 9 01.

0.69 0.00
] 0.81 0.01 >

J 1.05 0.05
{ 1.88 0.kJ
j 3.$0 0.$0

S.90 0.7$
9.54 0.9$4

| 14.40 0.99 5

| 16,00 1.00

| USER DISTRIBUTION Q63 CASE 3
1 45 0.

1,000E*01 0.000E+00
1.10.E 01 3.333E*0$3

i 1.400E 01 1,000E-04
' 1.600E 01 2.333E 04

1.800E 01 $.333E 04
2.000E 01 1.033E*03
2.200E*01 1.867E*03
2.400E 01 3.200E 03
2.700E 01 S.200E*03
2.900E*01 6.000E*03
3.100E 01 1.163E*02
3,300E*01 1.600E-02
3.$00E-01 2.337E*02
3.700E-01 3.137E-02
3.900E-01 4.107E*02
4.100E 01 S.250E-02
4.300E*01 6.567E*02

i 4.500E*01 8.0$0E 02
4.700E*01 9.683E-02
4.900E 01 1.14SE-01
S.100E 01 1.333E 01;

| S.300E 01 1.$28E*01
5.500E 01 1.726E*01-'

| S,700E 01 1.925E 01

s.670E-01 2.00cE 01'

5,900E-01 2.1$7E-01
S.990E*01 2.356E 01
5.990E 01 5.734E*01
6.100E 01 S.930E-01
6.300E-01 6.355E-01
6 $00E*01 6.765E*01
6.700E 01 7.1$9E*01

,
: E.7-22i

:

| i

,
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i
i

l

1
<

1

6.900E 01 7.$3SE*01
7.100E-01 7.892E 01 'l

7.200E*01 8.061E 01
7.300E-01 8.188E*01

} 7.600E*01 8.508E 01
7.800E 01 8.728E 01
8.000E 01 8.934E 01
8.200E*01 9.128E-01 )
8.400E*01 9.312E 01 1

8.600E 01 9.490E 01
j 8.800E-01 9.682E-01

9.000E*01 9.632E-01
4 9.200E 01 1.000E*00

UEER DISTRIBUTION Q83CA0E4 .

"
1 48 0.

4.000E 02 0.000E600
6.000E 02 3.333E 05
0.000E-02 1.333E 04
1.000E 01 4.667E-04i

1.200E 01-1.267E 03
1.400E-01 2.833E 03
1.E00E-01 5.567E 032

1.800E 01 0.900E 03
2.00CE-01 1.617E-02
2.200E-01 2.470E 02
2.400E 013.570E 02
2.700E 01 4.920E 02
2.000E 01 0,517E*02
3.100E 01 8.330E 02
3.30cE 01 1.032E*01 '

3.$00E 01 1 245E 01,

3.700E 01 1.466E 01
3.000E-01 1.689E 01

I 4.100E 01 1.900E 01
+4.300E*01 2.119E 01,

1 4.500E-01 2.317E 01
4.700E-01 2.468E 01 !

4.900E-01 2.660E 01
5.100E-01 2.80&t-01
S.300E 01 2.923E 01
$.$00E 01 3.024E 01
$.b40E 01 3.040E 01
5.660E-01 3.256E 01

) 5.700E 01 3.331E 01
!. 5.900E-01 3.689E 01
1 5.990E 01 3.844E 01

S.990E 01 7.212E 01
6.100E 01 7.366E-01
6.300E-01 7.6e8E*01 i
6.$00E-01 8.010E-01
6.680E-01 8.300E-01
6.700E 01 8.319E 01
6.900E+01 8.498E 01
7.100E 01 8,872E 01

7.300E 01 8.844E 01
7.600E-01 0.097E 01
7.800E 01 9.265E 01
8.000E 01 9.433E-01
8.200E 01 9.600E 01
8.400E+01 9.767E 01
8.400E*01 9.833E-01
8.600E 01 9.933E 01
8.680E 01 1.000E+00

USER DISTRIBUTION Q83 CASES '

1 40 0.
O. O.
2.000E-02 2.000E-04
4.000E-02 2.100E 03

E.7-23

-
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I f. 0001-02 7.600t 03
$

b.000t+02 1.7771 02'

| 1.0001-01 3.2911 02 ',

i[
1.200E-01 $.2601 02
1.400E 017 $40t 02
1.t.005 01 1.017t 01

| 1.200t-01 1.206t-01
| 2.0001-01 1.557t 01
{ 2.2001 01 1.6191 01
i 2.400t C1 2.064t-01
j 2.7001 01 2.2081-01
1 2.900t 012.46CE 01
i 3.1001 01 2.6$9t 01
! 3.300t 01 2.60$t 01

*

|- 3.$001-01 2.9262 01
] 3.630t*01 2.991t*01
i 3.690!*01 3.167t 01
3 3.7001 01 3. 217E-01
1 3.900t*01 3.7611 01
| 4,100!*01 4.$41E 01

? 4.300E 01 4.6tet 01
! 4.500t-01 $.0B0t 01

4.700E 01 $.270t*01
4.900t*01 $.463t 01

5 $.100E 01 5.630t*01
$.0001-01 $.803E-01

''
$.6002 01 $,978t*01

. $.7002 01 6.141t*01
4 $.900t 01 6.308t 01

6.9901 01 6.882t 01 .

'6.000t*01 9.732t 01
6.100t*01 9.6072 01

i f.130E-01 9.631t*01
1 6.300t 01 9.974t-01
; 6.330E 01 9.999E-01

6.$00t 01 9.999t 01
6.700E 01 1.000t+00

UttR DISTRIBUTIch QB3:'A$t6
1 37 0.

! 0,000t+00 0.000t+00

0.000t+00 1.667t*01d

2.000t*03 1.676t 01
! 4.0001 02 1.72$t 01 ;

{ 6.000Ea02 1.6201 01 '

6.0002 02 1.952t*01
1.000E 01 2 110t*01

! 1.2002 01 2.276t*01
I 1.S30E 01 2.567t 01

1.360E 01 2.$95E 01
1.4001 01 2.663E 01

| L6(CE 01 S.$$$t 01
1.600E 01 4.412t 01
2.000t*01 4.774t 01
2.200E 01 5.117E*01
2.400E 01 5.441t 01
2.700t*01 5.8685-01
2.9002 01 6.160t*01.

3.060E 01 6.364t*01
3.100E*01 6.440t*01
3.200E-01 6,$75t 01.

0.300E-016.$91t 01
; 3.$00t*01 6.614t 01
.

3.700t-01 6.631ta01

| 3.900E-01 6.643t 01
4.1001 01 6.661t-01

,

4.300t 01 6.f6?t 01.'

4.$00E-01 6.661t 01
4.7001-01 6.6631-01

E.7 24 !

!

|

|
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1

i

)
i :

4. 900E*01 6. f46E-01
4

j $.100E*01 6.66SE-01 t
'

j $.300E*01 6,666t*01 '
1 $.$00E*01 6.666E-01
- $.700E*01 6 f46E-0.;

! $.900E-01 6.666E*01 ,

. 5.900E*01 6.6t7E*01
i $.990E-01 1.000E+00
| VDER DISTRItt'710N QB30ASE7 s

i 1 7 0,

0.010t+00 0.000E+003

0.000E+00 6.667E 01
; $,000E-03 6.667E-01
; 6.000E 03 $.833!*01
j 1.200E*02 8.333E 01

3.300E-02 9.ent 01)- *
3.$00E*02 1.000E+004

| UEER DIETRIBUTION Q1100AEE4
i 1 38 0.

0.000E+00 0.000E+00
2.000E*02 3.383E*03

,
~ 4.0002 02 6.667E*03

6.000E*02 1.667E 02
i 6.000E 02 3.333E*02

1.000E-01 S.000E-02
1.200E*01 6.667E*02
1.400E*01 6.6671 02
1.600E-01 1.100t*01 4

1.600E*0) 1.300E-01,

2.00CE 01 1.$33E*01
"

2.200E*01 1.733E 01 -

2.400E*01 1.900E 01,

2.700E 01 2.100t 01
1 2.900E*01 2.267E*01
9 3.100E 01 2.433t 01

3.300E*01 2.$67E*01
3.500E 01 2.667E*01.

3.700!*01 2.600E 01
I 3.900E*01 2.900E*01
*

4.100E 01 2.967t+01
4.300E-01 3.033t 01

.|- 4 $00E-01 3.100E-01
4.600E-01 - 3.263E-01
4.700E*01 3.487E-01

<

4.900E*01 3.920E 01
$.100E*01 4.337E 01,

$.300E*01 4.712E 01
i $ 400E 01 4.917E-01
*

$ 500E 01 5.033E 01
- $.700E*01 $.267E*01'

$.900E-01 $ 467E*01
6.100E*01 S.667E-01
6.300E*01 $.900E*01 r

6,900E*01 6.$00E 01
7.000E*01 6.667E*01

| 7.490E*01 6.667E*01
7.500E 01 1.000E+00

'

USER DISTR 16UTION Q110 CASES
1 27 0.

| 0.000E+00 0.000E+00 t
2.000!*02 8.333L*03.

4.000E-02 1.667E 02.

6.000E-02 3.667E 02
6,000E-02 6.667E*02,

1,000E-01 1.000E*01
1.200!*01 1.367E-01

| 1.400E*01 1.700E*01
' 1.600E-01 2.000E*01
1

E.7*25

._
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i

1.600E-01 2.267E-01
2.000E*01 2.500E 01
2.200E-01 2.700E-01<

i 2.400E-01 2.667E*01
'

2.700E-01 3.000E-01 !

|

! 2.600E*01 3.200E+01

| 2.900E*01 3.533E*01
3.100E*01 4.233E-01
3.300E*01 4.667E*01
3.500E-01 S.100E-01
3.700E-01 S.333E-01<

3.900E 01 5.567E*01,

| 4.100E-01 S 767E 01
! 4.300E 01 6.000E 01

4.000E-01 6.500E-01
5.000E*01 6.667E*01
7.490E*01 6.667E*01

'

7.$00E-01 1.000E+00
USER DISTRIBUTION Q1100ASE6
1 22 0.

j 0.000E+00- 0.000E+00
2.000E*02 1.667t 02
4.000E*02 5.333E 02

I 6.000E*02 1.033E*01
! 7.000E 02 1.4$0E 01

0.000E*02 2.075E*01
1.000E-01 3.258t*01
1.100E*01 3.61?E*01

! 1.200E*01 4.115E*01
1.400E*01 4.646E*01
1.600E 01 $.07?E 01
1.600E*01 S.474E*01
2.000E 01 $.00SE 01

| 2.200E*01 6.136E*01
2.400E 01 6.400E*01
2.500E*01 6.578E*01

' 2.700E*01 6.600E 01
i 2.400E*01 6.633E 01
* 3.100E-01 6.633E 01

3.300E-01 6.667E 01
7.490E*01 6.667E*01

1 7.500E 01 1.000E+00
i UEER DISTRIBUTION Q110 CASE 7

1 20 0.
i 0.000E+00. O.
J 0.000E+00 1.667E*01
I 2.000E*02 1.033E*01
'

3.000E 02 2.133E*01
4.000E 02 3.017E 01 4

'

S.000E 02 3.917E 01
6.000E*02 4.254E-01
0.000E*02 4.663E-01
1.000E 01 5.437E. 014

'

1.200E-01 S.97CE 01
1.300E 01 6.217E-01

' 1,400E-01 6.433E-01
1.600E-01 6.500E*01
1.600E 01 6.567E-01
2.000E*01 6.600E 01

i 2.200E*01 6.633E*01
2.400E 01 6.633E*01
2.700E 01 6.667E 01
7.490E 01 6.667E-01

-7.500E*01 1.000E+00 -

I
USER DISTRIBUTION Q1210ASE3 11!R
3 10 100/

0.0000000E+00 0.0000000E+00
$ 953478 0.2500000

E.7 26
|

.

,

.-,,-,.r-. .nn~,.+.- s- . ,



- . . _ - .. . - . _ . - _ - . _ _ - . - ~ . . . - . - - . . - . . - . . - _ . - - . . _ _ _ - . . - - .- . ~ . - - . . . -

!

i
.

j 16.64606 0.4661985
t 17.61362 0.$117$97
] 23.49041 0,670374$
! 28.39725 0.7576681
l. 29.37640 0.7708541

51.46236 0.9666416.

i $3.06035 0.9999926
$3.08253 1.000000

| U$ER DISTRIBUTION Q121 CASE 4 1HR
3 16 100. *

0.0000000E*C0 0.0000000t+002

'
4.093$3D 0,2209126
$.334964 0.2666074

; 11.41873 0.4728452
11.42960 0.473*953
13.43750 0.5224683

| 19.46350 0.6536177
21.67472 0.6957226
25.34775 0.7522194 .

,

I 25.37491 0.7526503
27.67278 0.7924019
29.11012 0.8105679
36.42460 0.0112193

4 37,32767 0.9214275
5 30.09656 0.9352706 '-

1 $1.47277 0.9945450
s $3.06035 0.9999964

$3.06253 1.000000
; USER DISTRIBUTION Q121 CASES 1ER
j 3 9 100.
; 0.0000000E+00 0.0000000E+00

3.$$1772 0.fS00000
, y

8,712700 0.$000000
j 10.46350 0.6909575

25.34775 0.7787747'

25.37401 0.7792329
36.42460 0.9774911
37,32767 0.9692$73

'
30.09656 1.000000

USER DISTRIBUTION Q121 CASE 6 1HR
3 26 100.

2.270435 0.0000000E+00
2.274242 1.9336406E 05
2.202922 3,8bO2249E-04
6.002966 0.1687912
6.041298 -0.16395$4
10.47471 0.2556697
11.14722 0.2732996,

| 11,$425$ 0.2640600
1 12.19428 0.3016663

16.9593$ 0.4320623,

18.41677 0.4764471
16.64640 0.4004125
20.16964 0.5336965

i 21.29661 0.5723103
21.31329 0.3726333
22.35411 0.6110032

.23,86576 .0.6560960
26,2695$ 0,7200799
26,38547 0.763$713 1

29.69636 0.7874333'

29.95587 0,7683382
41.2503$ 0,9418595

,

41.26199 0.941969/
42.96329 0.9572882
$6,43262 0.9973109
60.34173 1.000000

| - USER DISTRIBUTION Q121 CASE 7 !!Di

E.7 27

i
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!

! I
1

i
!
o ,

d

3 10 100..

2.27043$ 0.0000000E+00
2.292922 3.2181561E-04
11.00492 0.2135701
14.58827 0.2622474
24.69499 0.4796260

; 26.90180 0.$323169
32.6$723 0.7161146,

! 34.79766 0.7594682
60.49671 0.9964084
60.6$$76 1.000000,

USER DISTRIB' TION Q121 CASE 8 IHRJ<

; 3 10 100,

i 2.270435 0.0000000E+00
'

2.292922 3.2181$81E-04
11.09492 0.2135701
14.$6627 0.2822474
24,89499 0.4799000 i

26.66987 0.5360594 |

31.74091- 0.7137173:

33.73302 0.758$$28
i 60.49671 0.9964584
^

00.05576 1.000000
USER DISTRIBUTION -Q121 CASE 9 11!R
3 9 100.

2.274242 0.0000000E+00
2.292922 4.0467255E 04 '

6.041*98 0.2026839
11.542$5 0.2004972
18.84640 0.4664659

2 21.31329 0.5305300
" 28,937$4 0.7461098

29.18244 0.752160$
42.97687 1.000000

USER 0187RIBUTION Q121 CASE 3 31tR
| 3 9 100.

0.0000000Et00 0.0000000E+00
16.50000 0.2$00000
31.39897 0.49607S1

. 31.75829 0.5029814
1 41.44250 0.7126878
t 43.37365 0.7438735

4$.14155 -0.7647642.

72.68$94 0.9872$322

75.03593 1.000000
USER DISTRIBUTION Q121 CASE 4 3RR
3 18 100.

0.0000000Et00 0.00600002+00
11.20000 0.2256808
13.90$34 0.2676052
24.24066 0.4570495
24.48396 0.4621632
30.21343 0.5451938
30.$0451 0.5500473

1 30.$1007 0.$501481
37,99240 0.6918640,

'
39.73213 0.7219386
40.29735- 0.7299435--
42.12517 0.7537074
42,47548 -0.7$74492
44.40321' O.7766545
68.56092 0.9778116

.

,

66.$7101 0.9778221'

f' 72.68504 0.9938164
75.00503 1.000000

USER DISTRIBUTION Q121 CASES 3'4R -
3 9 100.

0.0000000E+00 0.0000000E+60

E.7 28

,

,
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9.97690$ 0.2$00000 |

20.94160 0.4969369
'

21.14689 0.5010033
37.99240 0.7224541
40.29735 0.7477712
42.47546 0.7666370 .

68.56992 0.9999946
$A.57191 1.000000

USER DISTk!BUTION Q121 CASE 6 3HR
3 26 100.

7.463674 0.0000000E+00
7.466670 S.6199556E*06
10.93431 2.46$4103E 02
10,93467 2.46$7412T-02
23.14310 0.1992946
23.43725 0.20365$$
26 S4735 0.2$06082
26.01058 0.2564804
29.69695 U.3024120
33.11627 0.3643242
36.230$7 0.4290231
37.61667 0.4$77365
37.68377 0.4632160
41.2$622 0.534156$
41,63605 0.5426631
42.39139 0.$$9090$
48.92?22 0.6890982
49.06990 0.6917475

_$0.84687 0.7216159i

$0.832$8 0.7218712
56.50129 0.7883639
$8.36134 0.8080113
70.18518 0.922$063
62.46173 0.9930394
82.62964 0.9937$55
85.20407 1.000000

USER DISTRIBUTION Q121 CASE 7 Sith
3 9 100.

7.483674 0.0)00000E+00
10.93431 1.6968534E*02
30.22285 0.2315$26
33.56226 0.2771508
45.$9721 0.402$308
46.36205 0.$057600
62.16943 0.7247473
66,17133 0.7715705
8$.36031 1.000000

USER DISTRIBUTION Q121 CASE 8 3HR
3 0 100

7.483674 0.0000000E*00
10.93431 1.6979644t*02
30.20054 0.2314791
33.56226 0.2008905
43.77651 0.4917673
44.49478 0.5046906
62.13A96 0.7267240
66.17133 3.7717230
85.36031 1.000000

USER DISTRIBUTION. Q121 CASE 9 3RR
3 0 100.

'.486b70 0.0000000E+00
10.93467 2.7020072E-02
23.43725' O.2228237
26.91058 0.2802631
37.78364 0.4831$52
30.47709 0.5166284
50.36345 0.7474766
$0.$6673 0.7500047

E.7-29-

(
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!

SS.20407 1.000000
| U6tR fi1CTRIBUTION 0121CA$t3 Ellk

3 11 100,

i 14,60000 0.0000000t+00

) 35.07625 0.2471976
$b.4250S 0.2519239 )4

s49.59264 0.477792$j
4 $0.09053 0.4661303
j $3.69096 0.5534931
a 62.24906 0.7367463
$ 62.62326 0.7426773

| 63.50159 0,7527924
125.9930 0.9999976t
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i3 21 100. l

14.60147 0.0000000E+00
-
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1 43.$1390 0.4475966
1 49.11921 0.5496912 !
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j 125.9947 0.9999$44
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*
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26.31446 0.2474420:

1 28.$2501 0.2512661
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43.650S7 0.223736S
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63.2622S 0,S532392
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75.94279 0.6969924
} 7$.95174 0.6970835
' 77.15455 0.7074027
j 92.42503 0.6027300

94.44394 0.8123923
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'

102.9761 0.771$912
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3.10 100,
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121.3426 0.7469887
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In support of the Nucle r Regulatory Commissicis (NRC's) assessment of the risk
from severe accidents at commercial nuclear power plants in the U.S. report in
NUREG-1150, the Severe Accident Risk Reduction Program (SARRP) has completed a
revised calculation of the risk to the general public from severe accidents at the
Grand Gulf Nuclear Station, Unit 1. This power plant, located 3.1 Port Gibson,
Mississippi, is operated by the System Energy Resources, Inc. (ball).

The emphasis in this risk analysis was not on determining a "so-called" point
estinnte of risk. Rather, it was to determine the distribution of risk, and to
discover the uncertainties that account for the breadth of tnis distribution.
Off-site risk initiated by events internal to the power plant- was assessed,
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