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APPENDIX A

SUPPORTING INFORMATION FOR THE
ACCIDENT PROGRESSION ANALYSIS

INTRODUC? ION

Appendix A cc.ntains 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 binner that groups the
outcomes of evaluating the APET. Subsection A.2 contains a description and
listing of the user function. The user function is a FORTRAN function
subprogram called by EVNTRE when instructed to do so by the event tree.
Subsection A,3 contains additional information about the accident
progression analysis: basic information about the plant, a listing of the
initialization Questions (1 through 11) in the APET for each piant damage
state (PDS), and a description of the ac power recovery data used in this
analysis.

A.1 ACCIDENT PROGRESSION EVENT TREE

A brief description of the Sequoyah APET is given in Section 2.3, and the
binner is treated in Section 2.4. The material in these sections is not
repeated here. The 111 questions in the Sequoyah APET are listed concisely.
in Table 2.3 1. This appendix consists of four subsections. Subsection

.l .1 contains a discussion of each question to the Sequoyah APET. The
tree itself is-too large to be depicted grephically and exists onlyevent

in computer input format, which appears in Subsection A.1.2. Subsection
A.1.3 is a detailed discussion of the binner, and Subsection A.1.4 contains
a listing of the binner, which, like the APET itself, exists only in
computer input format.

i

A i.
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A.l.1 Detailed Description of the Scauoyah APET

Question 1. Size and Location of the Reactor Coolant System Break Vhen
the Core Uncovers?

6 Branches, Type 1

Tne branches for this question are:

1. Brk A A large break in the reactor coolant system (RCS), equivalent
to the break of a pipe greater than 2 in, in diameter.

.

2. Brk-S2 A small break in the RCS, equivalent to the break of a pipe
between 0.5 and 2 in, in diameter.

3. Brk-S3 A very small break in the RCS, equivalent to the break of a
pipe less than 0.5 in, in diameter.

4 Brk V A break in an interfacing system has opened a path from-
inside the RCS to outside the containment. The size is
equivalent to an A break.

5. B SGTR A steam generator tube rupture (SGTR) has occurred. The size
is equivalent to an S break.3

6. B PORV There is no break in the RCS; any loss of coolant will be
through the cycling power operated relief valve (PORV) or
safety relief valve (SRV).

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

There is no branch for S breaks; they are grouped with the A breaks. Ifi

there is no break in the RCS pressure boundary, the RCS pressure will be
maintained near the PORV setpoint, around 2500 psia. B-PORV is used to
represent this situation. A stuck open PORV or SRV is considered to~be an
5 break. Note that this question determines the condition of the RCS2

pressure boundary at the time the water-level had decreased to the top of
active fuel (TAF). This is taken to be the onset of core damage and marks
the transition from the accident frequency analysis to the accident
progression analysis. If an accident initiated by a transient event has
had a reactor coolcnt pump seal failure before the uncovering of top of
active fuel (UTAF), the first characteristic of the PDS is "S", and the3third branch is taken. Similarly, a transient event in which the PORVs
stick open before the UTAF is designated an "S " PDS and the second branch- 2is indicated at this question of the APET. Thus the branch taken in thisquestion may not reflect the original accident initiator.

For some PDS groups, all the probability is assigned to -one branch in an
obvious manner, e.g., Branch 6 (B PORV, no break) for Groups 2 (fast SBO)
and 5 (Transients) and Branch 4 (Brk V) for Group 4 (Event V). Other
groups contain several PDSs that have different size breaks or no break at
all. For example, PDS Group 1, Slow SBO, contains "T", "S", and "S"3 2PDSs. For groups like this, the probability is divided among the branches

A l.1-1

|

|
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according to the frequency of the relevant PDSs relative to the total group
frequency. In the sampling mode, the quantification of this question
depends upon the relative frequency of the RCS break classification, as
provided by the TEMAC4 Code. For PDS Group 1, the TEMAC4 mean value
quantification for this question is:

Branch 1: Brk A 0.000-

Branch 2: Brk-S2 0.028-

Branch 3: Brk-S3 0,954-

Branch 4: Brk-V 0.000-

Branch 5: B-SCTR 0,000-

Branch 6: B-PORV 0.018-

For PDS Group 2, all the probability is assigned to Branch 6, B PORV,

For PDS Group 3, the TEMAC4 mean value quantification for this question is:

Branch 1: Brk A 0.226-

Branch 2: Brk-S2 0.168-

Branch 3: Brk S3 0,606-

Branch 4: Brk-V 0,000-

Branch 5: B-SGTR 0,000-

Branch 6: B PORV 0.000-

For PDS Group 4, all the probability is assigned to Branch 4 Brk V.

For PDS Group 5, all the probability is assigned to Branch 6 B-PORV,

For PDS Group 6, the TEMAC4 mean value quantification for this question is:

Branch 1: Brk A 0.000-

JBranch 2: Brk S2 0.000 '-

Branch 3: Brk-S3 0,757-

Branch 4: Brk-V 0,000-

Branch 5: B SCTR 0.135-

Branch 6: B PORV 0.108 ~
-

For PDS Group 7, all the probability is assigned to Branch 5, B SGTR.

Question 2. Has the Reaction Been Brought under Control?
2 Branches, Type 1

The branches for this question are:

1. Scram The nuclear reaction in the core has been brought under
control by insertion of the control rods or boron injection,

2. no Scram The nuclear reaction in the core has not been brought under
control.

A.l.1 2
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The branch taken in this question depends upon the PDS group being
analyzed. No PDS characteristic was defined for the branching in this

question.

Branch 1 is taken for all PDS groups except Group 6. PDS Group 6 consists !

of accidents initiated by ATWS; Branch 2 is taken for this group. |

l

This question is used with the previous question to determine the RCS- |

pressure at UTAF. For example, if the PORVs are stuck open in the absence I
'

of steam generator (SC) cooling, the RCS pressure will be much lower at
UTAF if scram occurred than if scram did not occur. If scram occurred, the

boiling rate in the core would be relatively low, and the RCS pressure with
the PORVs stuck open is expected to be around 500 psia or lower. If the
control rods cannot be inserted, boiling would occur at a rate high enough
to keep the PORVs open all the time, so the RCS would be at the PORV
setpoint pressure, determining the RCS pressure at vessel breach (VB). As
the water level decreases below TAF, more and more of the core will' lose
the neutron moderating effect of the liquid water, and the nuclear reaction
will decronse.

Question 3. For SGTR, Are the Secondary System SRVs Stuck Open?
2 Branches, Type 1

The branches for this question are:

1. SSRV SO The safety / relief valves on the secondary system are stuck in
the open position.

2. SSRVnSO The safety / relief valves on the secondary system are not
stuck in the open position.

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

This question is used to discriminate between those PDSs that have "11" for
the first characteristic (SGTR with the SRVs on the secondary system stuck
open) and those which have "G" for the first characteristic (" normal"
SGTR). This question is used for PDS Groups 6 and 7. Whether the
secondary SRVs are stuck open is important in determining the source term.
For all PDS groups except Group 7, the second branch is indicated (for PDS
Group 6, any SGTR initiator PDS involves a "G" category SGTR) . The
quantification for Group 7 is a function of the relative frequency of the
"G" and "11" PDSs. When the APET is evaluated in the sampling mode, this
changes from observation to observation. For each observation, the
quantification is provided by TEMAC4.

Question 4. Status of ECCS?
4 Branches, Type 2, 4 Cases

A.l.1-3
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The branches for this question are:

1. .B - ECCS The high pressure injection system (llPIS) and low pressure |
injection system (LPIS) are operating, but not necessarily
injecting water into the RCS.

2. BaECCS The ECCS is available and can operate when electric power is
restored.

3. .BfECCS The ECCS is failed, and is not recoverable. !
!

4 B LPIS The LPIS ic operating; the llPIS is failed.

The branch taken depends upon the second PDS characteristic and upon the
branch taken at Questions 1 and 3.

The first branch is taken- for those - PDSs where both 11PIS and LPIS are
operating when the TAF is uncovered. llowever, water may not be actually
reaching the core because the RCS pressure is too high. Indeed, the fact
that the core is uncovered indicates that sufficient inj ection is not-
taking place. Branch 1 is taken, for ensple, when all auxiliary feedwater .
(AFW) has failed, the RCS is intact, and biced and feed has failed because
the PORVs cannot be opened.

The second branch is used in blackout situations with no ECCS failures; if
or when power is recovered, the ECCS will function. The third branch is
selected when the failures are in the ECCS itself, and'there is no recovery
within the timeframe of this analysis, Since the period in which the ECCS
operates in the injection mode occurs before the uncovering of the core,
the third branch is taken for those PDSs in which the ECCS never operates
as well as those PDSs in which the ECCS operates in the injection mode and
fails in the recirculation mode. The fourth branch indicates that llPIS is
failed, but that LPIS is operating. As in the situation for which Branch 1
applies, core damage occurs because the RCS pressure is so high that no
injection results. The third branch is taken for Event V since much of the 4

water injected by the LPIS goes out the break and a sufficient amount does.
not reach the core.

Cwo 1: There was a large break in the RCS when the core uncovered
(used for PDS Group 3), or there was a SGTR initiator with a stuck open
secondary SRV (used for PDS Groe.p 7). For PDS Group 7, all the
probability is assigned to Branch 3, BfECCS. For PDS Group 3, this
case is used to single out the A and S PDSs so that the status of the

t

ECCS can be assigned appropriately. In the sampling mode, the
quantification of this case depends upon the relative frequency of the
A and S PDSs in PDS Group 3, as determined by TEMAC4 Based on thet
mean values of the PDSs in Group 3, the quantificatim for this case
is:

Branch 1: B-ECCS 0.000-

Branch 2: BaECCS 0.000-

Branch 3: BfECCS 0.246-

Branch 4: B-LPIS 0.754-

A.1.1-4
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Case 2: There was a small break in the RCS when the core uncovered.
This case is used to sinc e out the S PDSs in PDS Group 3 so that the |l 2

status of the ECCS can be assigned appropriately, Some portion of PDS
Group 1 will also satisfy the requirement for _this case, and all the

| probability is assigned to Branch 2, BaECCS. In the sampling mode for !

PDS Group 3, the quantification of this case depends upon the relativo
frequency of the S PDSs, as determined by TEMAC4. Based on the mean2

values of the PDSs in Group 3, the quantification for this case is:

0.000Branch 1: B ECCS -

Branch 2: BaECCS 0.000-

Branch 3: BfECCS 0,224-

Branch 4: B-LPIS 0.776-

Case 3: There was a very small break in the RCS when the core
uncovered. This case is used to single out the S3 PDSs in PDS Groups 3
and 6 so that the status of the ECCS can be assigned appropriately.
Some portion of PDS Group 1 vill also satisfy the requirement for this
case, and all the probability is assigned to Branch 2, BaECCS. For'PDS
Group 6, all the probability is assigned to Branch 3 BCECCS ~. In the
sampling mode for PDS Group 3, the quantification of this case depends
upon the relative frequency of the S3 PDSs, as determined by TEHAC4,
Based on the mean values of the PDSs in Group 3, the quantification for
this case is:

Branch 1: B-ECCS 0.000-

Branch 2: BaECCS 0.000-

Branch 3: BfECCS 0.256-

branch 4: B-LPIS 0.744-

Case 4: This case applies if the RCS is intact when the TAF uncovers,
if there is an interfacing systems loss-of-coolant accident (LOCA)
(Event V), or if there is an SGTR initiator without a stuck open
secondary SRV. The quantification for each PDS Group depends upon the
second PDS characteristic.

_

Question 5. Is the RCS Depressurized by the Operators?
3' Branches, Type 2, 3 Cases

The branches for this question are:

1. Op-DePr The operators opened the PORVs to depressurize the RCS before
UTAF.

2. OpmDePr The operators did not open the PORVs to depressurize the RCS
before UTAF, but they may do so after UTAF.

3. OpnDePr The operators did not open the PORVs'to depressurize the RCS i

before UTAF when they should have, so no credit can be given
for their opening of the PORVs after UTAF.

A.1.1-5
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The branch taken depends upon the PDS Group and upon the branch taken at
Questions 1 and 3.

For use in Question 19, it is necessary to know if the operators can be-
given credit for opening the PORVs af ter UTAF. The Sequoyah emergency
procedures direct the operators to open the PORVs when the core exit
thermocouples reach 1200'F if at least one centrifugal charging pump or
safety injection pump is running. If the PORVs were not opened before UTAF
when they should have been, due to either human error or hardware failures,
no credit is given for deliberate opening of the PORVs after UTAF.

For the A, S, and Sg breaks, opening the PORVs vill have a negligible3

effect and the question is moot. For the Transient PDS Group and the S3
PDSs in the LOCA Group, the operators have failed to open the PORVs before
UTAF or the PORVs are stuck closed. In either case, no credit is given for
deliberate opening of the PORVs in the accident progression analysis and
Branch 3 is chosen. For the anticipated transient without scram (ATWS)
initiators, it was estimated that the operators would be too busy
attempting to shut down the reaction before UTAF to open the PORVs, and the
PORVs would be kept continuously open by the escaping steam in any event.
Thus, the operators may open the PORVs after UTAF and Branch 2 is taken.
For the SGTR initiators, if the operators failed to follow procedures and
did not depressurize the RCS by normal means, no credit is given for their
opening the PORVs after UTAF.

Case 1: There was a very small break in the RCS-when the core
uncovered. This case is used to separate out the S 3 PDSs in FDS Group
3. The operators have failed to open the PORVs before UTAF. No credit
is given for deliberate opening of the PORVs. All the probability is
assigned to Branch 1, OpnDePr.

Case 2: This case applies only to the SGTRs in PDS Group 7_with stuck
open SRVs; the operators failed to follow procedures and did not
depressurize the RCS by normal means. No credit is given for their
opening the PORVs af ter UTAF and Branch 1 is specified. When the APET

| is evaluated in the sampling mode, the quantification_ of this case
| depends upon the relative frequency of the SGTR PDSs.

Case 3: This case includes all the initial conditions not covered in
the first two cases: RCS intact, or any break except an S , or a SCTR

3
in which the SRVs are not stuck open. For PDS Groups 1 and 2, there is
no electrical power, and therefore, the required pumps are not running,
so the procedurer prohibit depressurization and Branch.3 is specified.
For PDS Group 3, LOCAs, Branch 3 is chosen. In the other PDSs. the
break is more effective in depressurizing the RCS than the open PORVs

_

would be, so whether the PORVs are opened is irrelevant. For PDS Group
4, Event V, the break is large and opening the PORVs will have no
effect on the RCS pressure. For PDS Group 5, Transients, Branch 3 is
specified since the PORVs cannot be opened from the control room due to
hardware failures or the operators failed to open the PORVs before
UTAF. For the ATWS Group, Branch 2 is taken as discussed above. In
the SGTR Group GLYY-YNY, the PORVs are open (Branch 1) since the
operators are attempting to cool the core by bleed and feed.

A.l.1-6

__ _
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Question 6. Status-of Sprays?
4 Branches, Type 1, 4 Cases-- "

,

The branches for this question are:

1. B-Sp The containment sprays are operating or are operable in the
recirculation mode.

2. BaSp The containment sprays are available and can ' operate when
electric power is restored.

3. BfSp The containment sprays are failed in the recirculation mode
;

and are not recoverable. |

;
4. nob SW The sprays themselves are operable, but_ heat removal from thej

spray heat exchangers by the service water system is failed =
and cannot be rostored.

The ' branch teken depends upon the third PDS characteristic, and upon the-
branch taken at Questions 1 3,'and 4',

At.Sequoyah, long torm containment heat removal _-is= provided by the -
~

containment spray system. The spray system - consists of two pump . trains
capable of drawing suction from the refueling water storage tank'(RWST).andl

discharging through spray headers in the dome of the containment building.
Water sprayed into containment passes through drains- int the upper
compartment floor to the containment 1 sump, _ When the RWST reaches a-low
level, the pump suction is transferred by operator action to ~ the! sump. In
this mode of operation, heat is. removed.from the containment atmosphore bya heat exchanger in each of - the pump, trains;-- the heat; exchangers7 are in

| turn cooled by a service water system. It:is worth noting that'the failure
to remove the upper compartment drain covers _following-refueling operations
was assessed in RSSMAPA.M to ' be an important source of failure for both
the spray and core cooling systems-in the recirculatien phase,- since water
from spray flow would- be trapped in the upper compartment and would- never
reach the sump. Recent improvements in maintenance prr eduresE have --
significantly reduced the' likelihood that the~ drain covers couid-be left inplace.

-

This question concerns the sprays during the period of core degradation; so
only the recirculation mode of the. containment- sprays is of -interest. The
branch BfSp does not mean that the-sprays did not operate in the_ injection
mode. The ' spray _ injection pumps are high capacity pumps -(4750 gpm) and the

, entire contents of the RWST Jean be injected into the containment-in aboutE ,

! - 20 min if both spray injection pumps and all high- pressure injection (HPI)
'

(- - pumps are operating at capacity. If little HPI is - required,- then it may ;

take about half an hour for the spray pumps alone to empty the RWST. Thus,
the injection mode of' containment spray is over before or shortly after the-

I Whether or not the water from the RWST has been transferred _
. core uncovers.

to the containment is addressed in Question 7.
.

.

4

; A.I.1 7
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For Event V, it is assumed that due to ~ he break location, pressures hight

enough to actuate the spray system do not occur in the containment, so the
sprays are not initiated. Recirculation sprays and heat removal from the
heat exchangers by service water, as well as availability of ice in the 10,
are required for containment heat removal. For branch BaSp, service water
flow to the heat exchangers is assumed to be restored when the centainment

| sprays are restored to operation following power recovery. The fourth
branch is taken for the service water failure sequences which lead to,

containment failure before core melt (the " Core Vulnerable" sequences). No
significant core vulnerable sequences were identified for Sequoyah, so this,

| branch is not used.

Case 1: There was a large break in the RCS when the core uncovered and
the ECCS is failed (used for PDS Group 3), or there was an SGTR i

initiator with a stuck open secondary SRV (used for PDS Group 7). For-
PDS Group 7, all the probability is assigned to Branch 3, BfSp. For
PLS Group 3, this case is used to single out the A and St PDSs so that
the status of the sprays can be assigned appropriately. In the
sampling mode, the - quantification of this. case depends upon the
relative frequency of the A and S t PDSs without ECCS in PDS Group 3, as
determined by TEMAC4. Based on the mean values of the PDSs in Group 3,I

the quantification for this case is:

Branch 1: B-Sp 0.486-

Branch 2: BaSp 0.000-

Branch 3: BfSp 0.514-

Branch 4: nob SW 0.000-

Case 2: There was a small break in the RCS when the core uncovered and
the ECCS is failed. This case is used to single out the Sa PDSs in PDS
Group 3 so that the status of the sprays can be assigned appropriately.
Some portion of PDS Group 1 will also satisfy the requirement for this
case, and all the probability is assigned to Branch 2, BaSp. In the
sampling modo for PDS Group 3, the quantification of this caso depends
upon the relative frequency of the S PDSs without ECCS, as determined2
by TEMAC4. Based on the mean values of the PDSs in Group 3, the
quantification for this case is:

| Branch 1: B Sp 0.413-

| Branch 2: BaSp 0.000-

| Branch 3: BfSp - 0.587
Branch 4: nob-SW 0.000-

I
Case 3: There was a very small break in the RCS when the core
uncovered. This case is uced to single out the S 3 PDSs in PDS Groups 3
and 6 so that the status of the sprays can be assigned appropriately.
Some portion of PDS Group 1 will also satisfy the requirement for this
case, and all the probability is assigned to Branch 2, BaSp. For PDS
Group 6, all the probability .s assigned to Branch 3, B-Sp. In the
sampling mode for PDS Group 3, the quantification of this case depends
upon the relative frequency of the S3 PDSs without ECCS,.as determined

| by TEMAC4. Based on the mean values of the PDSs in Group 3,- the
j quantification for this case is:
\
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Branch 1: B-Sp 0.419-

Branch 2: BaSp 0.000-

0. 81 jBranch 3: Bfsp -

Branch 4: nob SW O.)00 k-

)

Case 4: This case applies if the RCS ii intact at UTAF, if there is an
interfacing systems LOCA (Event V), if *.here is a LOCA without loss of
ECCS, or if there is an SGTR initiator eithout a stuck open secondary
SRV. The quantification for each PDS Group depends upon tho' third PDS
characteristic.

Question 7. Status of ac Power?
3 Branches, Type 1

The branches for this question are:

1. B ACP ac electrical power is available from offsite or from the
diesel generators (DGs) throughout the accident.

;

2. BaACP ac electrical power is not available, but may be recovered.

3. BfACP ac electrical power is not avaa. able , and cannot be
recovered.

The branch taken depends upon the fourth PDS characteristic.

For-internal events, loss of offsite power and failure of the DGs to start
(station -blackout) leads to the second branch since offsite power may
always be restored. Thus, for PDS Groups 1 and' 2, all the probability is
assigned to the second branch, BaACP. For the remaining PDS Groups 3
through 7, all the probability is assigned 'to the first branch, B-ACP,

.

Question 8. Are the RWST Contents Injected into Containment?
3 Branches, Type 2, 2 Cases

The branches for this question are:

1. RWST-I The contents of the RWST have been inj ected into the
containment.

2. RWSTaI The contents of the RWST have not been inj ected into the
containment, but can be if ac power is recovered.

3. RWF101 The ;ontents of the RWST have not been inj ected into the
concainment, and cannot be injected even if power is
recovered.

The branch taken depends upon the fif th PDS characteristic and upon the
branch taken at Questions 1 and 3.

A.1.1-9
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For the V breaks, the water in the RWST will be injected into the RGS, but
it is assumed that most of it will escape through the break and will not
end up in the containment. Thus the third branch is taken for Event V.
For some SGTRs, while some of the water in the RWST will escape through the
tube rupture and thus out of the containment, it is assumed that a _ good
portion of the water in the RWST will pass out of the RCS throt.gh the PORVs
and thus will be retained in the containment. Further, the water escaping
through the PORVs may cause the containment sprays to be initiated, which
will also transfer the water from the RWST to the containment. Enough of
the water from the RWST is expected to be transferred into the containment
sumps that the first branch is taken for SGTRs.

For all of the PDSs with the exception of V and some SGTRs, if the water
from the RWST is transferred from the RWST, it will end up in the
containment. If it is not injected directly into the containment by the
spray injection system, it is injected into the vessel and escapes into the
containment through the break, the PORVs or the SRVs.

The branch taken in this question as well as the amount of ice melt is used
to determine the 1cvel of water in the re.ctor cavity. At Sequoyah, there
is no connection between the cavity a t'm sumps at the floor (basemat)'

level in the lower compartment. If, o cover, enough water accumulates on
the floor oi the lower compartment ( -52, JJO f t3) , it will start to spill
over into the reactor cavity. This occurs wnen the RWST contents have been
injected to containment and approximately one quarter of the ice has been
molted. Neither RWST injection nor total ice melt alone enable water to
enter the reactor cavity. Thus, che only way to fill the cavity, capacity
of approximately 18,000 ft , is for the RWST to be injected to containment.3

The amount of ice melt and the level of cavity flooding are addressed in
Questions 29 and 63.

Case 1: This case addresses a PDS in which there is an SGTR initiator
and the SRVs on the secondary system stick open (PDS HINY-NXY in PDS
Group 7) . For this case, ther6 is no RWST injection to containment,
and all of the probability is assigned to Branch 3, RWSTfl.

Case 2: This case applies for PDS Groups 1 through 6, or for an SGTR
initiator without ,a stuck open secondary SRV in PDS Group 7. The
quantification for each PDS Group depends upon the fifth PDS
characteristic.

Question 9. Heat Removal from the Steam Generators?
4 Branches, Type 2, 2 Gases

.

The branches for this question are:

1. SG HR Heat is removed from the secondary side of the SGs throughout
the accident.

I
2. SGaHR There was no heat removal from the secondary side of the SGs

at the start of the accident, but it may be recovered if
electrical power is recovered.

A.1.1-10
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3. SG filR 11 eat removal from the secondary side of the SGs was fa!1ed at
the start of the accident, and it cannot be recovered.

4. SGdllR There is no heat removal from the secondary side of the SGs
at the uncovering of the core, but the steam turbine-driven
auxiliary feedwater (STD-AFW) operated until battery
depletion. The electric motor-driven AFW pumps could be
started when power is recovered.

The branch taken depends on the sixth . PDS characteristic and upon the
branch taken at Questions 1 and 3. Whether the operators depressurize the
secondary system by blowing down the steam generators is determined in the
next question.

In blackout situations, the sole means of heat emoval from the SGs is the
STD AFW (STD-AFW) pump, which is not dependent on ac power. The " fast" and-

" slow" blackout cases are distinguished by the second and fourth branches
of thic question. If the STD AFW is failed at the start of the accident as
in fast blackouts, core melt ensues rapidly, and Branch 2 of this question
is chosen. If the STD AFW operates for several hours, until battery
depletion, as in slow blackouts, the onset of core degradation will bei

considerably delayed and Branch 4 of this question is chosen.

For the cases with an S break, the secondary system may be used initially3

to reduce the pressure in the primary system. This method is effective if
the pressure in the secondary system is reduced to nearly atmospheric or to
just enough to run the STD AFW, By this means, the RCS may be brought down
to a few hundred psia; the reduced pressure will reduce the flow out the
break, llowever, if there is no water injection to the primary, eventually
enough inventory is lost from the RCS so that the presence of steam in the
primary side of the steam generators will 1,imi t heat removal by this
method. The RCS pressure may then increase te a value limited by the S3
break,

Case 1: This case applies if there was a SCTK when the core uncovered
and the SRVs on the secondary system were not setek open (PDS GLYY-YNY
in PDS Group 7 and PDS GLYY YXY in PDS Group 6). For the "G" category
SGTRs in Group 6, all of the probability is assigned to Branch 1. SG-
IIR. For the "G" category SGTRs in Group 7, all of the probability is
assigned to Branch 3, SGfilR.

.

Case 2: All* situations except those for Case 1 are addressed by this -
case. The quantification for each PDS Group except Groups 6 and'7
depends upon the sixth PDS characteristic. For PDS Groups 6 and 7, all
of the probability is assigned to Branch 1, SG-11R.

Question 10. Is the Secondary Depressurized before the Core Uncovers?
i

2 Branches, Type 2, 3 Cases

The branches for this question are:

A.1.1-11
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1. SecDP The recondary system has been depressurized before the core
uncovers.

2. noSecDP The secondary system has not been depressurized before tl.e
core uncovers.

The branching at this question depends upon the branch then at Questions 1
and 9 and upon the sixth letter of the PDS characteristic.

The procedures direct the operators to depressurize the secondary system in
many situ 2tions as long as A W is available. In most cases, reducing the
pressure in the secondary system will reduce the pressure and temperature
of the water in the primary system as well. It would, for example, redu.%
the flow rate out a break.

Whether the operators will depressurite the secondary system is most
important in the long term blackout scenario in which there are no
tempezature induced breaks in the RCS. In this sequence, the STD AW
system fails af ter battery depletion. Although the RCS will repressurice
to the setpoint level before core degradation commences, blowdown of the
secondary before AW failure determines whether the accumulators discharge
before the core uncovers or at vessel breach.

Case 1: There is an ba break in the RCS and STD AWS operated until
battery depletion. This case applies to slow blackouts (PDS Croup 1)
with a very small break. In the sampling mode, the quantification of
this cane depends upon the relative frequencies of the two S PDSs in

3Group 1 as determined by TEMAC4 Based on the mean values of thesePDSs, the quantification for this case is:

Branch 1: SecDP 0.978-

Branch 2: nosecDP 0.022-

Cane 2: There is an S break in the RCS and STD AWS operated until2
battery depiction, This case applies to slow blackcuts (PDS Oroup 1)
with a small bres.K, and all of the probability is assigned to Branch 2,
noSocDP.

Case 3: All situations except those for Cases 1 and 2 are included in
this case. The quantification for each PDS Group depends upon the
sixth PDS characteristic. For PDS Croup 1, all of the probability isassigned to Branch 1, SecDP.

Question 11. Cooling for RCP seals?
3 Branches, Type 2, 3 Cases

The branches for this question are:

1. B PSC Cooling water is delivered to the ceals of the RCPs
throughout the accident.

A.1.1 12
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2. BaPSC Cooling water is not being delivered to the seals of the RCPs
when the core uncovers, but cooling can be recovered 11 power
is recovered.

3. BfPSC Cooling for the seals of the RCPs is failed and cannot be
recovered.

The branch taken dependo upon the seventh letter of the PDS and upon the
branch taken at Questions 1 and 4.

Water to cool the RCP seals norraally comes f ror. the charging pumps. If
thess pumps fail and the alternate ueans of cooli. g the seals is not
activated, or if all electrical power is lost, there is a good probability
that the seals will fail, resulting in an S size break in the RCS,3

Case 1: There is a large break LOCA with low pressure injection (LP1)
available (PDS Croup 3). This case is used to single out the A and S tPDSs in PDS Croup 3 with LPl available so that the status of the RCP
seal cooling can be assigned appropriately, in the sampling mode, the
quantification of this case depends upon the relative frequencies of
the *A" PDSs in Croup 1 as determined by TEMAC4. Based on the mean
values of these PDSs. t.no quantification for this case is:

(Branch 1: B PSC 0.191 '-

Branch 2: BaPSC 0.000-

Branch 3: BfPSC 0.809-

Case 2: There is an ATWS initiating event, with an S . size break and
3failure of the ECCS (PDS Croup 6). For this case, all of the

probability is assigned to Branch 3, BfPSC.

Case 3: All situations except those for Cases 1 and 2 are included in
this case. The quantification for each PDS Croup depends upon the
seventh PDS characteristic. For PDS Croups 1 and 2, all of the
probability is assigned to Branch 2, BaPSC.

.

Question 12. Initial Containment Leak or Isolation Failure?
2 Branches, Type 1

The branchen for this question are:

1. B Leak The containment leaks at a rate signifim tly above the
design Icak rate; the rate is largo enough to preclude
further failure overpressurization.

2. nob Leak The containment is intact and leaks at the design leak rate,
or at some slightly greater rate which is insufficient to

g preclude gradual overpressurization failure.

The split between the two branches is numpled from a distribution that was
quanttiled internally in the accident frequency analysis. The first branch
includes both isolation failures and pre existing leaks, equivalent to a
hole between 4 ina and 1 ft2 in size. A hole smaller than 4 inz is not of
interest because it is too small to arrest a slow pressure buildup.

A.I.1 13
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The probability of a pre existing Icah large enough to be of concern is
negligibic. The main threat is due to isolation failures which are caused
by air lock failures, purge valve failures or other similar, undetected
failures of the containment boundary. The size of these failures is on the

2order of 1 ft . The failure of these types of events were considered to be
5.0E 3 per demand, rs described in the accident frequency analysis. This

"

is discussed in Section 4.11 of !!UREG/CR 4550, Volume 5, Part 1.A12 In
the sampling mode, the mean value of the distribution provided by the
accident frequency analysts for the quantification of this question is:

Branch 1: B Leak 0.005-

Branch 2: nob Leak 0.995-

Question 13. Do the Operators Turn on the 11ydrogen Igniters?
2 Branches, Type 2, 2 Cases

The branches for this question are:

1. B Ig The igniters are actuated by the operators.

2. BnIg The igniters are not actuated by the operators.

This question is not sampled; the quantification was done internally in the
accident frequency analysis. The branch taken depends upon the branch
taken at Question 7.

The hydrogen ignition system at Esquoyah is provided to help preclude large
hydrogen burns by burniin, relatively small quantities of hydrogen as it is

_

generated. !!ydrogen igniters are located in the upper plenum of the IC,
th e- hme, and the lower compartment. The igniters depend upon ac power and
must be actuated by the operators. If there is no ac power at the time of
UTAF, the igniters will not be switched on.. For the times in which ac "

power is operational, the accident frequency analysts assessed the
unavailability of the igniters due to failure of the operators to switch
Gem on. A.12 The igniters are energized as a standard procedural step, not
h: response to a particular set of containment conditions. The operator
m.tions for igniter activation were considered step by step under moderate
stress.

Case 1: At UTAF, ac power is operational. This question is not
sampled; the accident frequency analysts provided a point value
estimate for the probability of ignitor activation based on human
reliability analysis. The quantification for this case is:

|
|Branch 1: B Ig 0.990-

Branch 2: BnIg 0.010-

Case 2: All situations in which ac power is nct operational st UTAF.,

l

This case applies for PDS Groups 1 and 2 and all of the probaollity is
assigned to Branch 2, Bnig.

i

A.1.1 14

. - - - . - ~ . . _ . . - - --



__ _ ___ . , _ _ _ _ _ _ _ . _ . _ . _ _ _ . . . _ _ . __._ __ _ _ . _ _

i
f

3

!

Question 14. Status of Air Return Fans?
3 Branches, Type 2, 2 Cases

The branches for this question are:

1. B Fan The air return fans (ARFs) are operating during core ;

j degradation.
|

2. 3aFan Due to unavailability of ec power, the ARFs are not operating,

durin6 core degradation, but the fans can operate if power is
recovered.,

1
3. BfFan The ARFs have failed and cannot operate upon demand, 1

;

This question is not sampled; the quantification was done internally in the
accident frequency analysis. The branch taken depends upon the- branch
taken at Qucatiou 7.

The ARF system consists of two recirculation fans, each supplied with its
own separate duct system and dampers. The operation of che fans ensures
that gas, displaced into the upper containment by the binwdown of steam
from the primary system, is returned rapidly to the lower centainment. The
fans provide mixing of the containment atmosphere, thereby reducing thn
hydrogen concentration in stagnant areas of containment. The fans draw
gases from the dome and dead ended regions of containment and exhaust into
the lower compartment. This maintains forced circulation from the lower
compartment through the IC to the dome. A signal for high containment
pressure (3 psig) actuates the fans af ter a short delay time. The ART
system is ac-powered, consists of an exhaust damper, an inlet damper, and a
fan, and has two redundant trains. The accident - frequency analysts
assessed the unavailability of the fans, due to system reliability,u 2

Case 1: At UTAF, ac power is operational. This question is not
sampled; the accident frequency analysts provided a point value
estimate for the probability of ARF system failure. The quantification
for this case is:

Branch 1: B Fan 0.999-

Branch 2: BnFan 0.000-

Branch 3: Bffan 0.001-

Case 2: All situations in which ac power is not operational at UTAF.
This case applies for FDS Oroups 1 and 2 and all the probability is
assigned as follows:

Branch 1: B Fan 0.000-

Branch 2: BaFan 0.999-

Branch 3: BfFan 0.001-

l

Question 15. Event V - Break Location Scrubbed by Sprays?
2 Branches. Type 1

A.1.1 15
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The branches for this question are:

1. V Vet The break location outsido containment is located so that the
radioactive releases will be scrubbed by fire sprays in the
auxiliary building.

2. V Dry The break location outside containment is located so that the l

radioactive releases will not be scrubbed by fire sprays in |
the auxiliary building, j

The split between the two branches is sampled from a distribution that was
quantified internally.

For Jequoyah, the low pressure pumps are located in the auxiliary building,
which has area fire sprays. If the break in the interfacing system is such
that the fire sprays scrub the releases, the effects of the V sequence can
be mitigated. In Draft NUREG 1150,^13 this question was addressed within
the decontamination factor (DF) for ths V+ sequence scrubbing and was
related to containment Issue 8 for Surry. For Surry, however, the break
location has the potential to actually be submerged. The probability that
the break location will be subject to scrubbing from fire sprays is
reasonably high. The distribution used here is a uniform distribution
from 0.60 to 1.00. The mean of this distribution is 0.80. The mean value
of the distribution used to determine the branching gives the following
quantification:

Branch 1: V Wet 0.80-

Branch 2: V Dry 0.20-

Question 16. RCS Pressure at the Start of Core Degradation?
4 Branches. Type 2, 4 Cases

The branches for this question are:
.

1. E SSPr The vessel is at the system safety setpoint pressure,
approximately 2500 psia,

2. E liiPr The vessel is at high pressure, about 1000 to 1400 psia.

3. E ImPr The vessel is at intermediate pressure, about 200 to 600
psia.

4. E LoPr The vessel is at low pressure, below 200 psia.

This question is not sampled. The branch taken at this question depends
upon the btanches previously taken at Questions 1, 2, and 10.

The pressure in the vessel at the start of core degradation is largely a
function of the break size that has. occurred, whether an auxiliary
feedwater system (A NS) is operating, and whether the secondary system has
been depressurized. Once core melt is well underway, whether the AW is
operating and whether the secondary system is depressurized are less

4
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7 important since a gas bubble will form in the SGs, rendering this means of
cooling ineffective. Thus the system may eventually repressurize to a
pressure determined solely by the break size. The relationship between
break size, AWS state, and RCS pressure was primarily determined from the
results of inany STCP runs, although other code results were consulted as
well. The high pressure range is mean':. to cover all pressures between 600
and 2000 psia. The code results indicate that in the majority of accidents
with an S or an S3 3 break, where the secondary system has not-been
depressurized, the RCS will be in the 1000 to 1400 psia range at UTAF, but
the pressure at UTAF is a function of the accident timing and the exact

;size of the break. '

If the RCS pressure boundary remains intact and the RCS has been
depressurized by operation of the AWS, repressurization of the pritnary
system is required before the onset of core damage. Core degradation- will

;not begin until a substantial portion of the primary system water inventory '

has been lost. With no break in the RCS, the only way for water to escape
is through the PORVs or SRVs, and the system must be fully repressurized to
force open the PORVs or SRVs.

Cas? 1: There was an initiating large break (A or S ) or Event Vtoccurred. In either case the RCS pressure is low (below 200 psia).
The quantification for this caso is:

Branch 1: E SSPr 0.0-

Branch 2: E liiPr 0.0-

Branch 3: E ImPr 0.0-

Branch 4: E LoPr 1.0-

Case 2: There is no break in the RCS at the time the core uncovers, so
the only escape path for the water is through the PORVs or the SRVs.
Thus the RCS is at the system setpoint pressure (around 2500 psia).The quantification for this case is:

Branch 1: E SSPr 1.0-
i

Branch 2: E liiPr 0.0 ~

-

Branch 3: E InPr 0,0-

Branch 4: E.LoPr 0.0-

Case 3: The AW is either operating or has been operating. The
secondary system is depressurized and there is either_an S or an S

3 2break. SCTR is included here since it is S in size. The RCS pressure3is intermediate (200 to 600 psia). The quantification for this case
is:

Branch 1: E SSPr 0.0-

Branch 2: E liiPr 0.0-

Branch 3: E-ImPr 1.0-

Branch 4: E LoPr 0.0-

Case 4: Whether or not the AW is or has been operating, the secondary
system is not depressurized when the core uncovers and there is an S -

g
or S size break. The RCS pressure is high (1000 to 1400 psia). The3

quantification for this case is:

A.1.1 17
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Branch 1: E SSPr 0.0.
;

Branch 2: E HiPr 1.0-

Branch 3: E ImPr 0.0-

Branch 4: E LoPr 0.0-
,

Question 17. Do the PORVs or SRVs Stick Open? '

2 Branches, Type 2, 2 Cases
,

The branches for this question are:

1. PORV 50 At least one pressurizer PORV or RCS SRV is stuck open,
resulting in an Sg size leak.

2. PORVnSO There are no PORVs or SRVs stuck open.
,

This question is sampled; the distribution was determined internally. .The
branch taken at this question depends upon the branch taken ct Question 16.

,

With no breaks in the RCS pressure boundary, the only route by which water
can escape from the RCS is through the PORVs or SRVs. If the PORVs cannot
be opened from the control room (as in PDS Group . 5), they may still
function in their relief mode. If they do not open in this mode, the SRVs

;
will open at a slightly higher pressure. After the water level has
decreased below the TAF and core degradation has commenced, the PORVs or~

SRVs will be passing superheated steam and hydrogen at temperatures well in
excess of the temperatures for which they were designed. Further, they
will open and close many times as they cycle about their setpoint. Thus,
the probability that the valves will stick open during the core melt period
may be fairly high. If one or more PORVs or SRVs stick open, the break is
of S 8ise-2

Case 1: The RCS was at system setpoint pressure (about 2500 psia) at
the start of core degradation. PORVs and SRVs stick open occasionally
in normal service. After core melt begins, they will be operating at
temperatures much higher than those they encounter in normal service,
so the single-cycle failure to reclose probability is higher than the
probability for failure to reclose at normal operating conditions.
Further, the valves are expected to cycle many times during core molt.
The distribution for the PORVs or SRVs sticking open during core- melt
was determined internally. Plausible rates of failure for a - single
cycle were estimated by increasing the normal failure rate to account
for degraded performance at above design temperatures. The number of
cycles was estimated from code simulations. The probability estimates
for the PORVs or SRVs sticking open during core melt obtained in this
manner ranged from 0.1 to 1.0. In the absence of any data on the
operation of these valves at the temperatures in question, a uniform
distribution from 0.0 to 1.0 was used for this case, Based on the mean
value, the quantification for this case is:

Branch 1: PORV SO 0.500--

Branch 2: PORVnSO 0.500-

1

|

|

A.1.1 18 1

l

! |

- .- , - _ , - - .- . -. .- -. -- . . . - . . . .



Case 2: The RCS was not at system setpoint pressure at the start of
core degradation, so the PORVs or SRVs will not be cycling. Thus, they
will not stick open. The quantification for this case is:

Branch 1: PORV SO 0.0-

Branch 2: PORVnSO 1.0-
|

1

I
Question 18. Temperature-Induced RCP Seal Failure?

2 Branches Type 2, 4 Cases

The branches for this question are:

1. E PSS3 Due to lack of cooling, the seals of the RCPs fail, resulting
in an "S " size leak.3

|

2. noEPSF The seals of the RCPs do not fail.
Cases 2, 3 and 4 of this question are sampled; the sampling is based on
the conclusions of a special ASEP expert panel that considered only thequestion of RCP seal failures. This question is sampled zero one; that is,
all the probability in an observation in placed in only one branch. Thebranching at this question depends upon the branches previously taken atQuestions 11, 16, and 17.

The accident frequency analysis considered the failure of the RCP seals
before the onset of core degradation. The accident progression analysis
considers the failure of the RCP seals after the onset of core degradation.
The accident frequency analysis considered different modes of failure, each
of which resulted in a different flow ratn. In the APET, only failure orno failure is considered. Selection of the no failure branch in Cases 2,
3, and 4 is rank correlated with the success state (design leakage only) inTDiAC. All RCP seal failures in this analysis are considered to be Sbreaks. 3

Case 1: Either seal cooling was available all along, or it was lostbut re established when power was recovered before the uncovering ofthe core. In either case, pump seal failures do not occur, Thequantification for this case is:

Branch 1: E PSS3 0.0-

Branch 2: noEPSF 1.0-

Case 2: There is no break in the RCS, so the RCS will be at the
setpoint pressure determined by the PORVs, about 2500 psia. There isno cooling for the RCP seals by Case 1. The expert panel concludedthat seal failure was more likely than not. Based on their aggregate
results, the mean probability of seal failure (all the leakage levelsabove design) for this case is 0.71. As this question is sampled zero-

that means that 71% of the observations have 1,0 for Branch 1 andone,

0.0 for Branch 2, and 29% of the observations have 0.0 for Branch 1 and
1.0 for Branch 2. More detail on RCP seal failures can be found inNUREC/CR-4550, Volume 5, Appendix D.5^ 1-' and NUREG/CR 4550, Volume 2,
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Appendix C . 4 . A 14 Based on the the tocan value of the sample, the
quantification for this case is:

,

Branch 1: E PSS3 0.710.

0.290Branch 2: noEPSP -

Case 3: The RCS is at high pressure, about 1000 to 1400 psia. The
experts considering this matter concluded that the degradation of the
RCP seals is largely a matter of ternperature and that the seals would
degrade at any temperatures considerably in excess of their normal l

operating teroperatures. Thus, the lower teinperatures that accornpany |
the lower RCS pressure (cornpared to Case 2) do not appreciably decrease
the probability of seal failure. The snean failure value from Case 2
was reduced slightly to obtain a mean failure value of 0.65. As in
case 2, the sarnpling is zero one. Based on the the mean value of the
s atople , the quantification for this case is:

Branch 1: E.PS$3 0.650-

Branch 2: noEPSF 0.350-

Case a: The RCS is at intermediate or los pressure, below 600 psia.
The reasoning for this case follove that for the previous case. The
mean failure value from case 3 was reduced slightly to obtain a rnean
failure value of 0.60, As in Case 2, the sainpling is zero one. Basedi

on the the incan value of the sarnple, the quantification for this case
is,

i Branch 1: E*PSS3 0.600-

Branch 2: noEPSF 0.400-

Question 19. Is the RCS Depressurised before Breach by opening the
Pressurizer PORVat
2 Branches, Type 2, 3 Cases

The branches for this question are:

| 1. PriDP The operators open the pressurizer PORVs and depressurizo the
'

RCS successfully before VB,

2. noPriDP The operators either do not open the pressurizer PORVs or
they open the pressurizer PORVs so late that there is not
enough time to depressurize the RCS before VB.

This question is not sainpled and was quantified internally. The br.?nch
taken at this question depends upon the branch previously taken at
Questions 4, 5, and 7.

The pressure in the RCS may be reduced directly if_the operators reach the
point in the procedures where they are directed to open the PORVs on the
pressurizer, and if there is sufficient time to blow down the RCS through
the PORVs before core melt. If the accumulators have not been discharged
before, reducing the RCS pressure will allow the accurnulators to discharge
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at this time. As opening the PORVs is a last resort action, it is not
clear that the operators will reach this step before core melt is well,

advanced, and, even if they do reach this step and open the PORVs, it is
not cicar that depressurization of the RCS will have been accomplished
before VB.

:

i The procedures at Sequoyah direer the operators to open the pressurizer
PORVs when the core exit thermocouples reach 1200'F if at least one
centrifugal charging pump or safety injection pump is running. For the
operation of the pumps, ac power is required; so, deliberate
depressurization is not credible in blackout situations. (Standard human
reliability analyses do not consider actions that may be beneficial if they
are in in contradiction to procedures.) Furthermore, operator
depressurization is not allowed here if the operators have already failed
to open the PORVs. The reasoning is that if the operators have already
failed to follow procedures, they cannot now be given credit for returnin6
to and following those procedures.-

|

An an example, consider PDS TBYY.YNY in PDS Group 5. Transients. All AW
is failed and Bleed and Feed fails because the PORVs cannot be opened.
Both LPIS and HPIS are operating but cannot inject because the RCS pressure
is too high. The reason this is a core damage situation is that the
operators failed to depressurize the RCS before the onset of core damage.
Thus, for TBYY YNY, no deliberate depressurization of the RCS is allowed in
this question. For this PDS, however, when the system pressure reaches the
SRV setpoint, the SRVs will be availabic to operate.

Although theoretically a viable means of reducing the pressure in the RCS,
deliberate depressurization by the operators has little effect on the
accident progression at Sequoyah. Of the five "T" (RCS intact at core
uncovering) PDSs, deliberato depressurization is prohibited in tyo of them
because no ac power is available, and deliberate depressurization ir not
credited in the other three because hardware faults make ~ it inpussible to
open the PORVs, or because the operators had failed to depressurizo (and
avoid core damage) before the core was uncovered.

Branch 1 applies in a few cases where the operators had opened the PORVs
before the onset of core damage but this is not reflected in the PDS
indicator. This is discussed in Question 5.

Case 1: The operators opened the PORVs before the- onset of core
degradation. As this was part of their attempt to inject water into
the vessel, there is no reason to think they will close the PORVs
later. The quantification for this case is:

Branch 1: PriDP 1.0-

Branch 2: noPriDP 0.0-

Case 2: There is ac power available, there is at least one pump
running, the PORVs are capable of being opened from the control room
(there are no hardware PORV faults), and the operators have not pre-
vlously failed to depressurize the RCS. Opening the PORVs is directed
by procedures in these situations, and the operators should follow the
procedures with high reliability. The core exit thermocouples should

A.1.1-21

.. .. .- - - -



!

indicate 1200*F well before core slump, and recent code calculations
have shown that opening of the PORVs depressurites the RCS fairty
quickly. There are, however, major uncertainties as to when the ape-
rators will reach this step in the procedures, and how much time will a

be available for depressurization before VB. Therefore, the depressu-
rization probability is not unity. The quasification for this case is:

Branch 1: PriDP 0.900-

Branch 2: noPriDP 0.100-

case 3: Either ac power is not available, or the operators have
already failed to depressurize the RCS by opening the PORVs. In the
absence of ac power, opening the PORVs is prohibited by procedures at
Sequoyah. If the operators are in a core damage situation because they
failed to open the PORVs earlier, no credit is given for them opening
the PORVs now. The quantification for this case is:

Branch 1: PriDP 0.0-

Branch 2: noPriDP 1.0-

Question 20. Temperature Induced SGTR7
2 Branches, Type 2, 2 Cases

The branches for this question are:
,

1. E SCTR One or two SG tubes rupture, resulting in an "S " size leak.
3

2. noESCTR There is no temperature induced SGTR.

Case 1 of this question is sampled; the distribution was provided by the .

In-Vessel Expert Panel (see Volume 2, Part 1, of this report). The branch
taken at this question depends upon the branches taken at the precedingfour questions.

.

SCTRs are possible only if the SGs have dried out and very hot gas is
circulating into the intake plenum from the vessel. The probability of the
temperature induced rupture of a nondefective tube before the hot leg orsurge line fails is quite small. However, defects appear regularly in SG
tubes, and there- are so many tubes in a pressurized vater reactor that
there are certain to be some defective tubes at any time except just afteran inspection of all the tubes.

Case 1: There is no break in the RCS, so the RCS will be at the
setpoint pressure determined by the PORVs, about 2500 psia. Thermal-
hydraulic calculations show that the temperatures to be expected in theSG plenum and in the

tube ends near the tube sheet can be quite high-but that
they lag behind'the temperatures in the hot leg and the surgeline by a significant mar 31n. If- all the tubes were free of defects,

temperature induced SGTR would be highly unlikely. Taking defects into
account, however, increases the probability of an SGTR. The mean value
of the distribution provided by the experts for this case is:

A.1.1 22
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Brcnch 1: E SGTR 0.014-

Branch 2: noESGTR 0.986-

Case 2: There is a break of some size in the RCS, so the RCS will not
be at the setpoint pressure. Compared to the setpoint pressure case,
the reduced pressure reduces the hoop stress on the tubes as well as
the temperatures in the RCS. A temperature-induced SGTR was not
considered credible by the experts. The quantification for this case
is:

Branch 1: E SGTR 0.0-

Branch 2: noESGTR 1.0-

Question 21. Temperature-Induced llot 1.eg or Surge Line Break?
2 Branches, Type 2, 4 Cases

The branches for this question are:

1. E illa An "A" size break occurs in the hot leg or surge line.
2. noE Illa There is no failure of a hot leg or surge line.

Cases 1 and 2 of this question are sampled; the distributions were provided
by the In Vessel Expert panel. The branch taken at this question depends
upon the branches taken at Questions 1 and 9 and at the previous five
questions.

Af ter much of the coce is uncovered, the upper portion of the vessel and
the piping connected r) it will be subjected to temperatures well above the
design temperature The core will be above 2000*F, so temperatures higher
than 1000'F are possible in the vicinity of the hot leg nozzles and the
surge line. If the RCS remains at high pressure during degradation, the
hoop stress on the hot leg and the surge line will be high, and the
elevated temperatures will weaken the metal considerably. It is possiblethat the piping may fail before VB. Both the hot leg and the surge lineare large pipes, so that all failures are of "A" size.

Case 1: There is no break in the RCS, and the AFW is not operating;
the RCS will be at the setpoint pressure determined by the p0RVs, about2500 psia. Some calculations show that temperatures high enough to
cause creep rupture failure may occur in the hot leg and the surge line
(the pipe connecting the hot leg to the pressurizer). Although the
surgo line is farther from the upper plenum than the hot leg, the surge
line has thinner walls than the hot leg, so it may fail before the hot
leg. For the accident progression, it is immaterial which fails. Themean value of the experts' distribution for this case is:

Branch 1: E lilA 0.768-

Branch 2: noE lilA 0.232-

;
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Case 2: There is an S break in the RCS and the AW is not operating.3

In these conditions, some code simulations show the RCS reaching
pressures over 2000 psia late in the core melt scenario. There is less
stress on the hot leg and surge line than in Case 1, and the natural f'
circulation will not be as vigorous as in Case 1, but creep rupture of l
the piping is still credible. The mean value of the experts' idistribution for this case is: I

I
Branch 1: E Illa 0.035-

Branch 2: noE IILA 0.965-

Case 3: The only break in the RCS is a temperature induced SGTR.- The
pressure will decrease from the PORV setpoint value efter the SGTR
occurs, but perhaps not very quickly. This situation is similar enou6h
to the situation in Case 2 - that the same distribution is deemed
applicable. The mean value of the distribution is:

Branch 1: E 111A 0.035-

Branch 2: noE flIA 0.965-

Case 4: The RCS pressure is below 2000 psia _ A temperature induced
break of the hot leg or surge line was not considered credible by the
experts, Tho quantification for this case is:

Branch 1: E Illa 0.0.

Branch 2: noE lilA 1.0-

Question 22. Is ac Power Recovered Early (Between Core Uncovering and VB)?
3 Branches Type 2, 7 Cases

The branches for this question are:

1. E ACP ac power is available in this time period.
2. EaACP ac power is not available in this time period, but it may be

recovered in the future.

3. EfACP ac power is not available in this time period, and cannot be
rocovered.

Cases 3 through 7 of this question are sampled; the distributions were
obtained from an analysis of offsite power recovery for the Sequoyah plant.
The methods used for offsite power recovery are explained in more detail in
Volume 1 of this report and in NUREG/CR 5032. A.1 e The branching at this
question depends upon the branch taken at Questions 1, 7.-9, and 10.

The probability of power recovery here is the probability that offsite
electrical power is recovered in the period in question given that power
was not recovered prior to the period. The derivation of the time periods
used in Cases 3 through 7 is presented in Subsection A.3.

The period of interest for the injection of water into the RCS is from UTAF
A.1.1 24
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to VB. The time period begins roughly 30 min before the UTAF and ends
before VB. Because the end of the electric power recovery period in the
accident frequency analysis is the start of the power recovery period in )
this analysis, the start of the power recovery period here cannot be i

determined by UTAF. Instead, it must be the time at which the accident
frequency analysis terminated the consideration of power recovery. This is
roughly 30 min before UTAF for some PDSs, but is much earlier for other
PDSa.

The power recovery periods are based on the conditica of the RCS at UTAT.
Of course, temperature induced failures or deliberate depressurization may
change the rate of the accident progression, and thus the. time between UTAF
and VB, during the core degradation. Some of these occurrences may hasten
the time to vessel failure (by allowing the RCS inventory to escape more
quickly, for example) while others may delay it (by allowing the-

accumulators to discharge, for example). There are so many combinations of
I important factors contributing to the condition of the RCS that it was not

possible to treat them all. The factors include original RCS conditions,
i AIVS status, secondary system status, and RCS pressure boundary failure and

failure timing during core molt. Even if all of these pcssibilities could,

i have been considered, the supporting database from which to obtain the
required timing information is lacking. Thus, power recovery was
considered for only five time periods, based on the RCS condition at
uncovering as explained in the discussions of Cases 3 through 7.

Case 1: Power was available at the start of the accident cnd remaina
availabic. The quantification for this case is:

Branch 1: E ACP 1.0-

Branch 2: EaACP 0.0-

Branch 3: EfACP 0.0-

case 2: Power was failed at the start of the accident and is not
recoverable. The quantification for this case is:

Branch 1: E ACP 0.0-

Branch 2: EnACP 0.0-

Branch 3: EfACP 1.0-

Case 3: By the preceding two cases, this case and all the following
cases have electric power not initially availabic, but recovery
possible. In this case, the AINS failed at the start of the accident.
The only PDS Group that meets this condition is Fast SBO, so this case
applies to PDS TRRR RSR, when the RCS is intact at UTAF. The recovery
period for this case is 1.0 to 2.5. h. The mean value for power
recovery in this period (0.410) gives the following quantification:

Branch 1: E ACP 0.41-

Branch 2: EaACP 0.59-

Branch 3: EfACP 0.00-

Case 4: By the preceding case, the AINS was operating at the start of
the accident but failed af ter 4. h upon battery depletion. This case

I
+
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applies to the S RRR RCR PDS (slow blackout with stuck open PORVs),2

k'ith this large a break in the RCS, whether the operators depressurized
the recondary system while the the AIN was operating is not very
important. The recovery period for this case is 1.0 to 4. 5 h. The
mean value for power recovery in this period (0.694) gives the
following quantification:

; Branch 1: E ACP 0.694-

: Branch 2: EaACP 0.306-

Branch 3: ECACP 0.000-

,

Case 5: In this case, there is an S break and the operators did not3

depressurize the secondary system while the AWS was operating, so the
PDS to which this case applies is $ RRR RCR. The recovery period for3
this case is 4.0 to 6.0 h. The mean value for power recovery in this
period (0.320) gives the following quantification:

'

Branch 1: E ACP 0.320-

Branch 2: EaACP 0.680-

Branch 3: EfACP 0.000-

Case 6: In this case, there is an S3 break and the operators did
depressurize the secondary system while the AINS was operating. This
case applies to the S RRR RCR PDS. The recovery period for this case3

is 4.0 to 10. 5 h . The mean value for power recovery in this period
(0.721) gives the following quantification:

Branch 1: E ACP 0,721-

Branch 2: EaACP 0.279-

Branch 3: EfACP 0.000-

Case 7: In this case, the operators depressurized the secondary system
while the the AWS was operating and the RCS was intact at UTAF, so de.

~

applicable PDS is TRRR RDR. The recovery period for this case is 7.0,

to 12.5 h. The mean value for power recovery in this period (0.612)
gives the following quantification: ~

Branch 1: E ACP 0.612-

Branch 2: EaACP 0.388-

Branch 3: ECACP 0.000-

Question 23. After Power Recovery Is Core Cooling Re-established
Promptly?
2 Branches, Type 2, 2 Cases

The branches for this question are:

1. E RECC Core cooling is re established promptly by the operators.
2. EnRECC Core cooling is not re established promptly by the operators.
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This question is not sampled; the quantification was done internally. The
branching at this question depends upon the branches previously taken at
Questions 4, 7, and 22.

When power is recovered after a blackout, reinstating coolant flow to the
core will certainly be the operators' first priority. The probability that
the systems required would fail upon demand is so low that it can be
neglected. The operators are trained in this operation.

Case 1: power has been recovered, and restorat on of core cooling in ai

timely manner is very likely. This is based on the fact that
restoration of power and recovery of core injection are covered by both
procedures and training. Iloweve r , this will definitely be a hi h6
stress situation, The quantification for this case is:

Branch 1: E RECC 0.950-

Branch 2: EnRECC 0.050-

Case 2: Power has not been restored or was never lost: the question is
irrelevant. The quantification for this case is:

Bran.h 1: E RECC 0.0-

Branch 2: EnRECC 1.0-

i

|

|

Question 24. Rate of Blowdown to Containment?
4 Branches, Type 2, 4 Cases

The branches for this question are:

1. EBD A The blowdown is equivalent to an "A" break.

2. EBD S2 The blowdown is equivalent to an "S " break
2

3. EBD S3 The blowdown is equivalent to an "S " break.
3

4. noEBD There is no blowdown to containment before vessel breach.

This question is not sampled; the blowdown to containment depends directly
upon the size and location of the break in the RCS pressure boundary. The
branching at this question depends upon the branches taken at Questions 1,
17, 19, and 21.

Note that this question specifically concerns blowdown to containment. If
the blowdown is to some location outside containment, as in Event V, thenthe fourth branch is chosen. There must, of course, be blowdown to
somewhere or the core would not become uncovered. Blowdown due to bothinitiating and induced failures is considered, The blowdown from a cycling
PORV is equivalent-to the blowdown from an S break. The blowdown-frota a3

stuck open PORV is equivalent to the blowdown from an S2 break.
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Case 1: There is a large break inside contairment. The quantification
for this case is:

Branch 1: EBD A 1.0-

Branch 2: EBD S2 0.0-

Branch 3: EBD $3 0.0-

1Branch 4: noEBD 0.0-

wase 2: Event V has occurred. The break is of large size (A site),
but the blowdown is to the auxiliary building. The SCTRs are not
included in this case. It was the opinion of the accident frequency
analysts t. hat in an accident initiated by an SGTR, the operators would
attempt to reduce the pressure in the RCS to reduce the flow out the
tube rupture. Thus, some of the RCS inventory will escape through the
PORVs into the contaitment. As the main use of this question is in
determining the baseline pressure inside the containment just before
VB, SGTRs fit bettet in Case 4 of this question even though more water
may escape through the ruptured tube than through the PORVs. Thus,
only for event V is there considered to be no blowdown to the
containment. The quantification for this case is:

Branch 1: EBD A 0.0-

Branch 2: EBD $2 0.0 !
-

Branch 3: EBD S3 0.0-

Branch 4: noEBD 1.0-

case 3: There is an s break inside containment. This case includesa

delib " ate noening of the PORVs and also a stuck open PORV or SRV. The
quantification for this case is:

Branch 1: CBD A 0.0-

Branch 2: EBD S2 1.0- '

Branch 3: EBD S3 0.0-

Branch 4: noEBD 0.0-

Case 4: There is an S break inside containment. This case ine10 des a3

cycling PORV and SGTRs as explained in the discussion of Case 2 above.
The quantification for this case is:

Branch 1: EBD A 0.0-

Branch 2: EBD S2 0.0-

Branch 3: EBD S3 1.0-

Branch 4: noEBD 0.0-

Question 25. Vessel Pressure just before Breach?
4 Branches Type 2, 4 Cases

The branches for this question are:
i

1. 1-SSPr The vessel is at the system safety setpoint pressure,
approximately 2500 psia.
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2. I HIPr The vessel is at high pressure just before breach. The j
pressure is certainly above 1000 psia and may be as high as ;2000 psia in some cases. i

3. I ImPr The vessel is at intermediate pressure before breach, about |

200 to 600 psia. I
I4. 1 LoPr The vessel is at low pressure before breach, about 200 psia j

or less.

Cases 2 and 3 of this question are sampled zero one; the distributions for
these cases were determined internally. The branch taken at this question
depends upon the branches previously taken at Questions 1, 17, 18, 19, 20,

i

;

and 24.

The pressure rise in the containment due to RCS depressurization at VB is-
dependent on the pressure in the RCS at the time the vessel fails. The
pressure in the vessel just before breach may be considerably higher than

.

I
during most of the cure degradation process. Many descriptions of the core
melt procera have a significant repressurization occurring shortly before
breach when the core slumps into the bottom head and boils off the wateri

remaining there. This pressure decreases at a rate primarily dependent
upon the sice of the hole (s) in the RCS pressure boundary. Therefore, the
RCS pressure at breach may depend strongly upon the time between slump andbreach as the length of this period determines where on the decreasing
pressure curve the breach occurs, Recent code calculations have shown the
pressure spike due to steam generation at core slump may be faster than
that calculated by the source term code package (STCP). Thus, there is
considerable uncertainty in the RCS pressure at VB for situations with S
or Sa breaks, 3

Case 1: There was an initiating or induced large break that resulted
in blowdown to the containment, or Event V occurred, which resulted in
blowdown at a similar rate outside the containment. In either case,
the RCS pressure is low (200 psia or less). Cases with both an S
bronk before UTAF and open PORVa also result in low pressure in the RCS2

at VB, The quantification for this case is:

Branch 1: I SSPr 0.0-

Branch 2: I ImPr 0.0-

Branch 3: I ImPr 0.0-

Branch 4: I-LoPr 1.0-

Case 2: There was an initiating or induced S break, Cases with both2
an S break and open FORVs were considered in Case.1, With an S size2

2
hole in the RCS, the pressure due to the core slump dies away fairly

~ quickly. The RCS pressure at VB could be in the low or intermediate
ranges. The internal analysis, similar to the documented analysis for-

breaks considered in the next case, indicated that low pressure wasS 3

much more likely than intermediate pressure at VB. The sampling was
zero one, so each observation had all the probability assigned to one
of these two branches. Taking the average over all the observations,the quantification for this case is:
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Branch 1: 1 SSPr 0.00-

Branch 2: 1 HiPr 0.00-

Branch 3: I ImPr 0.20-

Branch 4: I LoPr 0.80-

Case 3: There was an initiating or induced 5 break. The increased3

pressure due to core slump dies away fairly slowly. The RCS pressure
at the time of VB could be in the low, intermediate, or hi h pressure6ranges. The internal analysis, described in Volume 2. Part 6, of this
report, indicated that these three pressure ranges were equally likely.
The sampling was zero one, so each observation had all the probability
assigned to one of these three branches. Taking the average ovtr all
the observations, the quantification for this case is:

Branch 1: 1 SSPr 0.00.

Branch 2: 1 illPr 0.33-

Branch 3: 1 ImPr 0.34-

Branch 4: I LoPr 0.33-

Case 4: There was no initiating break, and no induced break has
occurred, so the RCS is near the PORV setpoint pressure (2500 psia).
The quantification for this case is:

Branch 1: I SSPr 1.0-

Branch 2: 1 illPr 0.0-

Branch 3: 1 ImPr 0.0.

Branch 4: I LoPr 0.0.

Question 26. Is Cora Damage Arrested? No VBf
2 Branches, 'lype 2, 9 Cases

The branches for this question are:
i

1. noVB The process of core degradation is arrested and a safe stable
state is reached with the vessel intact.

2. VB Coro degradation continues, resulting in core rielt and VB.

Cases 2, 3, and 5 through 9 of this question are sampled from distributions
that were determined internally. The branching at this question depends
upon the branches previously taken at Questions 1, 3, 20 and 22.

If water flow to the core is restored, is core damage arrested and VB
prevented? If injection from the ECCS is recovered before core degradationhas progressed too far, there is certainly some chance that a safe stable
state can be reached. The restoration of injection eventually terminated
the core damage progression at Three Mile Island (TMI), There is also some
chance that the addition of water does not arrest the melting of the coreand that it proceeds on to VB. While there was no VB at THI, some analystshave concluded that TMI came very close to vessel failure. Note that the
threat to the bottom head, which occurred when about 15 - to 20 tons of
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tuolten material relocated from the ' crucible" in the center of the core to
.

,

'

the bott otn head, occurred af ter core cooling had been re established for
some time. |

I.

f The injection of cold water could cause vessel failure due to pressurized
thern1a1 shock. If RCS failure due to PTS occurs, it is likely to occur in'

the hot leg or near the hot leg. Failure of the bottom head by PTS ' is;

negligibic. If the RCS does f ail by PTS, it is likely to be a failure
equivalent to a temperature induced hot leg or surge line failure, i.e., it

will be a large break which depressurizes the RCS rapidly. While this has;

some neCative impacts on the accident progression (e.g., accelerating the
; rate of water loss from the vessel), it also has some ameliorative effects

(e.g., c ontaitunent failure is less likely at VB if the RCS is at low
pressure). In view of the low-probability of the large break due to PTS,

"

and the uncertain effects of such a break, PTS was not explicitly
considered in this analysis.

The probability of recoverin6 injection of the ECCS in tirne to arrest core
degradation, establish a safe, stable state, and prevent vessel failure was
estimated internally based on the probability of getting power back, the
TMI 2 accident, and MELCOR analyses to determine the rate of accident
progression for Sequoyah. The electric power recovery periods used were
those of Question 22. More detail may be found in Subsection A.3 of this

i volume and in Volume 2, Part 6, of this document. In the analysis done for
this question, power recovery was considered in different time periods for
each PDS or group of PDSs. The start of the time period must be the end of

"

the power recovery period used in the accident frequency analysis to avoid
j gaps or overlap.
4

; Case 1: Core cooling has not been restored, either because power was
3 not recovered, or because the ECCS is failed. Continued core "

degradation and eventual vessel failure is assured. The quantification
for this case is:

Branch 1: noVB 0.0-

Branch 2: VB 1.0<
-

Case 2: At UTAF, there was a large initial break in the RCS, and the
LPIS was operating. The large break (A- or S size) will effectively3

depressurize the RCS, allowing successful LPl. Ther4e - PDSs are core
i damage accidents because the FSAR response criteria require the

successful operation of other systems to prevent any core damage. For
an "A" initiator, the accumulators and the LPIS inust function; the 'A"
PdSs have the accumulators failed. For an "S " initiator, both HPIS

<

i

and LPIS nust operate successfully; the "S " PDSs have the HPTS failed.t
With the LPIS functioning successfully throughout the accident, and a
break large enough to rapidly depressurize the RCS below the LPIS
shutoff head, extensive core damage seems unlikely. However, there
were no code siinulations to indicate just how much or how little damage
could be expected. It was estimated that rho probability of this type ;
of accident progressing to vessel failure was small. . The distribution 1

for avoidin6 VB is uniform from 0.8 to 1.0. The quantification for
,

,

this case, based on the mean of the distribution, is: I
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0.950 IBranch 1: noVB -

Branch 2: VB 0.050+

Case 3: This case is similar to Case 2, except that the RCS
depressurization either occurs later in the accident or the
depressurization is slower. This case includes the situations where
LPIS has been operating since the start of the accident, but the
pressure remains at the PORV setpoint until well after UTAF when an RCP
seal fails or the PORVs stick open. If the RCS pressure decreases
below 200 psia, as determined in Question 25, then LPI is possible.
dowever, as this injection starrs later than in case 2, the probability
of avoiding VB is less. Also included in this case are the accidents
where both HPIS and LPIS are operating at the start of the accident,
but the RCS pressure is too high to allow sufficient injection (e.g. ,
TBYY YNY), Any failure of the RCS pressure boundary will' allow
injection, but whether sufficient injection will occur in time to
prevent VB depends on the size of the break and the time it occurs.
Thus, halting the core damage process is probable, but not as likely as
in the previous case. The distribution for avoiding VB is uniform frota
0.8 to 1.0. The quantification for this case, based on the mean of the
distribution, is:

Branch 1: noVB 0.900-

Branch 2: VB 0.100-

case 4: The fCCS is not recoverable when offsite electrical power is
recovered. This case includes all the situations in which part of the
ECCS is operating but the RCS pressure is not low enough for sufficient
injection to occur. Case 1 accounted for the situationn where power
was not recovered or the ECCS is failed, and Cases 2 and 3 accounted
for the situations in which part of the ECCS is operating and the
pressure is low enough for injection to occur. All the probability is I

assigned to Branch 4. VB. The quantification for this case is:

Branch 1: noVB 0.0-

Branch 2: VB 1.0 ~

-

Case 5: This caso, and all the following cases, by Cases 1 and 4, are
cases in which the ECCS is recoverable and electric power has been
restored. In this case, heat removal from the SCs was not initially
operating, so Case 5 applies to TRRR RSR, PDS Group 2, Fast SBO. The
period during which power must be recovered to ensure injection before

| VB in 1.0 to 2.5 h. For this case, the internal analysis concluded
that the probability of getting power back in time to prevent vessel
failure was fairly high; the distribution for avoiding VB is the same
as for Case 3. The quantification for this case, based on the mean of

I the distribution, is:

Branch 1: noVB 0.900-

Branch 2: VB 0.100-

case 6: By the preceding case, this case and the three following cases
all apply to accidents in which the AFWS. operated for some hours until
the batteries depleted. Case 6 applies to S RRR RCR in PDS Croup 1,2
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Slow SBO. The PORVs stuck open before UTAF, so the accident goes to
UTAF more rapidly than the other cases in which the AWS operates for
several hours. The electric power recovery period is 1.0 to 4.5 h.
For this case, the internal annlysis enneln&d thqt the probtibility of
getting power back before about half the core was molten was reasonably
good, and although not as good as for the previous case. The
probability distribution for avoiding VB for Case 6 is quadratic from
0.0 to 1.0. The quancification for this case, based on the mean of the
distribution, is:

Branch 1: noVB 0.780-

Branch 2: VB 0.220.

Case 7: This case is similar to Case 6 (AWS -operates for several
hours after UTAF), but the break is of size S3 (RCP seal failure)
instead of size S, For S breaks, whether the secondary system was3 3

depressurized while the AWS was operating is important in determining
the timing. In Case 7, the SGs are not depressurized and the
applicable PDS is S RRR.RCR. The electric power recovery period in 4.03

to 6.0 h. For this case, the internal analysis concluded that the
probability of getting power back af ter it is too late to prevent VB is
a little less than that of getting it back in time to prevent VB. The
quantification for this case, based on the mean of the distribution,
is:

Branch 1: noVB 0.670
Branch 2: VB 0.330.

iCace 8: This case is similar to Case 7, except that in Case 8 the SGs '

are depressurized. The applicable PDS _ is S RRR RDR. The electric3
power recovery period is 4 to 10.5 h. The internal analysis concluded
that the probability of getting power back before about half the core '

was molten is quite good. The distribution for Case 3 is used for
this case: uniform from 0.8 to 1.0 The quantification for this case,
based on the mean of the distribution, is:

Branch 1: noVB 0.900-

Branch 2: VB 0.100-

Case 9: This case has no break in the RCS before UTAF. The electric
power recovery period is 7 to 12.5 h. The internal analysis concluded
that the probability of getting power back before about half the core
was molten is quite good. The distribution for Case 3 is used for this
case also; the quantification for this case, based on the mean of the
distribution, is:

j Branch 1: noVB 0.900-

f Branch 2: VB 0.100-

Question 27. Early Sprays?
3 Branches, Type 2, 4 Cases
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The branches for this question are:
<

l. E Sp The containment sprays are operating.

2. EaSp The containnent sprays are available to operate if power is
recovered.

I

3. EfSp The contaitunent sprays are failed and cannot be recovered.
'

a

'
This question is not sampled; the branch taken depends directly upon the
branches taken at previous questions, Questions 6 and 22.

If power has been recovered, and the sprays were initially in the
*available' state, the sprays will operate in this period. If the blowdown
has raised the contairunent pressure to the spray actuation setpoint (3
psig), the sprays will come on automatically when power is restored. If
the sprays are not actuated by existing pressure when power is restored,
they will be actuated by a hydrogen burn (if any) or by VB. There is .a.

good chance that the operators will turn on the sprays before VB cven if
containment pressure is not high since the sprays are the only.way to cool
the water in the sumps, and this water is or may be used for recirculation

,

cooling of the core. If power is recovered and the sprays operate, the j
contents of the RWST will be transferred to the containment regardless of
ECCS operation.

Case 1: The sprays were operating at or shortly after the start of the
accident and they continue to operate. The quantification for this case
is:

Branch 1: E Sp 1.0-

Branch 2: EaSp 0.0-

Branch 3: EfSp 0.0-

case 2: The sprays were failed at tha start of the accident, or the
loss of service water eventually failed the sprays. No recovery is .

possible, so the sprays remain failed, The quantification for this
case is:

Branch 1: E Sp 0.0-

Branch 2: EaSp 0.0-

Branch 3: EfSp 1.0-

,

|
4
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Case 3: The sprays were available to operate at the start of the
accident, and power has been recovered so the sprays now operate. The
quantification for this case is:

1.0Branch 1: E Sp -

0.0Branch 2: EaSp -

0.0Branch 3: Efsp -

case 4: The sprays were available to operate at the start of the
accident, but power has not been recovered so the sprays remain
available to operate in the future when power is recovered. The
quantification for this case is:,

0.0Branch 1: E Sp -

1.0' Branch 2: Easp -

0.0Branch 3: EfSp -

Question 28. Early ARFa?
3 Branches, Type 2, 4 Cases

The branches for this question are:

1. E Fan The ARFs are operating.

2. EaFan The ARFs are available to operate if power is recovered.

3. EfPan The ARFs are failed and cannot be recovered.

This question is not sampled; the branch taken depends directly upon the
branches taken at Questions 14 and 22.

If power has been recovered, and the ARFs were initially in the "available"
state, the fans will operate in this period. If the blowdown has raised
the contcinment pressure to the fan actuation setpoint (3 psig), the fans
will come on automatically when power is restored. If the fans are not
actuated by existing pressure when power is restored, they will be actuated
by a hydrogen burn (if any) or by VB.

Case 1: The fans were operating at or shortly after the start of the
accident and they continue to operate, The quantification for this case
is:

Branch 1: E-Fan 1.0-

Branch 2: Earan 0.0-

Branch 3: Efran 0.0-

Case 2: The fans were failed at the start of the accident, and.no
recovery is possible, so the fans remain failed. The quantification
for this case is:

i
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0.0Branch 1: E Fan -

Branch 2: EaFan - 0.0 |

Branch 3: Efran - 1.0

Case 3: The fans were availabic to operate at the start of the I

accident, and power has been recovered so the fans now operate. The l

quantification for this case is: J

1.0Branch 1: E Fan -

0.0Branch 2: EaFan -

0.0Branch 3: Efran -

case 4: The fans were available to operate at the start of the
accident, but power has not been recovered so the fans remain available
to operate in the future when power is recovered. The quantification
for this case is:

Branch 1: E Fan 0.0-

Branch 2: EaFan 1.0-

Branch 3: EfFan 0.0-

Question 29. Has the Ice Melted out of the Ice Condenser before VBf
3 Branches, Type 2, 10 Cases

The branches for this question are:

1. E Miti The level of early ice melt is greater than 90% of the
original ice inventory.

2. E Mit2 The level of early ice melt is 50 to 90% of the original ice
inventory.

3. E Mit3 The level of early ice melt is less than 50% of the original
ice inventory,

|

This question is not sampled and was quanti fied internally. The branch
taken depends upon the branches taken at Questions 1, 4, 6, 7, 21, 23, and
24

To accommodate steam pressures generated during accident conditions, a
compartment containing borated ice is located between the upper and lower
portions of the containment. The ice condenser (IC) compartment is
annular, subtending an , angle of 300' at the containment center, and is
located between the crane wall and the steel containment shell. As steam
is blown down from the primary system during an accident, it is driven up,

! through the ice, where it is condensed, thereby limiting the pressure in
| containment. The condensed water and melted ice then drains back into the
! lower compartment-of the containment. In addition to its pressure

suppression capability, the IC also plays an important role in the
scrubbing oi fission product releases from the vessel. If the ice is
mel ted from the IC, the benefits of the IC will not be realized. It isi
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i therefore important to note the level of ice snelt before the vessel is
breached.

| The inelted ice and condensed _ vater drain onto the lower compartm<ent floor
' where it enters the sump region. If there is enough water, it can overflow

into the reactor cavity. The atoount of water in the cavity depends upon
whether or not the RWST was injected into containiment (Question f) and upon,

] the amount of ice melt. The level of cavity flooding at VB is dtscussed in

Question 63.

There are several analyses that have been done for Sequoyah that indicate
the amount of ice toelt before VB for various sequences. These analyses

,

include IDCOR Tash 23.1, BMI 2104, BMI 2139, BMI 2160, MARCH MECTR
calculations, and NURE0/CP 0071. A i 7 A 1-12 The analyses indicate that there
can be significant ice melt before UTAF in sequences in which the ECCS
initially operates in the injection inode and containmere, sprays are not
oparating. The larger the break size, the greater the ice melt before VB.
For station blackouts in which the RCS is intact (cycling PORV), the loss

; of water from the RCS is gradual, and although sprays are not operating,
the ice melt is minimal; the availabic analyses indicate less than'$0%.
There is a singic calculation in BMI 2139, however, for a station blackout
in which an induced hot leg LOCA occurs (A size break), that indicates
total ice melt before VB.

4 Case 1: There la no containment heat removal through the service water
heat exchangers. If the service water system cannot remove heat from
the containment via the spray system, the ice will eventually melt,

af ter a substantial period of time. The quantification for this case,
-

is:
4

Branch 1: E Mitt 1.0-

' Branch 2: E Mit2 0.0-

Branch 3: E Mit3 0.0-

Case 2: There is no early blowdown to containment; there will be
minimal melt of the ice. The quantification for this case is:

Branch 1: E M1ti 0.0-

Branch 2: E Mit2 0,0-

Branch 3: E Mit3 1.0

Case 3: There in .1 large temperature induced LOCA with a transient
initiator. The BMI 2139 calculation for this accident scenario
indicates thta tbe f<ce is suelted before VB. Because core degradation
is well underway t t the time the induced LOCA is presumed to occur,
much of the RCS vater inventory is lost as steam when the LOCA occurs.
This will cause substantial molting of the -ice. The BMI 2139
calculation in the only calculation performed for this scenario,
however, and there is much uncertainty associated with the timing of |
the LOCA with respect to VB. Thus , it 19 uncertain whether all the ice !

or simply a large portion will be molted; for this case, the
quantification is:

;
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Branch 1: E+Mitl 0.50-

Branch 2: E Mit2 0.50-

Branch 3: E Mit3 0.00-

case 4: There is a largo break LOCA (A or S ) initiator, and ECCSi

injection is recovered af ter UTAF. A large portion of the sequences
that qualify for this case will never attain VB, so the question of ice
acit as far as containment loads at VB is immaterial. For 10 scrubbing.
of in vessel releases, however, the quantification of this case becomes
more important. There are no analyses that explicitly address
recovered sequences that progress to VB. It is known, however, that
there is a large thermal load on the IC due to the blowdown steam.
With ac power functioning, there is a good chance that igniters are
operating and that hydrogen burns have occurred,' increasing the thermal
load on the IC. It is believed that the chance of some Ice remaining
at VB is more likely than little or no ice r e n.. . n i n g . The
rpantification for this case is:>

Branch 1: E hiti 0.30-

Branch 2: E Mit2 0.70-

Branch 3: E-Mit3 0.00-

case 5: The blowdown is typical of an S size break, and either sprays3
are operating or there is a station blackout. The transient events
with cycling PORVs without temperature induced RCS failures larger than
a pump seal IDCA and Sr ize failures of the RCS are included here.s

The blowdown rate is relatively low. If sprays are operating, or the
ARFS is not operating, the thermal load on the IC is reduced. Also for
station blackouts, the ECCS has not operated, so there is less loss of
coolant from the RCS. There are station blackout pump seal LOCA
calculations in the BMI 2139 and the BMI 2160 reports that indicato
about 25% ice melt before VB. There are transient event calculations
in the IDCOR, EMI 2104, and IIECTR reports that indicate between 35% to
50% ice melt before VB. The IDCOR calculation has an induced pump seal
LOCA also. There is a BMI 2160 calculation that indicates about 35%
ice melt before VB for an accident with a pump seal LOCA in which the
ECCS fails in recirculation but sprays are available throughout the

| accident. There are transient event calculations in which sprays are'

operating, in the IDCOR and BMI 2104 reports indicate 30% and 50% ice
melt, respectively. It is likely that minimal ice molt will occur.
The quantification for this case is:

Branch 1: E-Miti 0.00-

( Branch 2: E Mit2 0.05-
'

Branch 3: E Mit3 0.95-

i

Case 6: The blowdown is typical of an S size break, and sprays are3
not operating and there is no station blackout. The transient events

j with cycling PORVs without temperature induced RCS failures larger than
t a pump scal _ LOCA and Sysize failures of the RCS are included here.
| The blowdown rate is relatively low. If sprays are not operating,
I there in greater thermal load on the IC than in Case 5, above. Thero!

are pump seal IDCA calculations in which the ECCS and sprays fail in
recirculation in the BMI 2139 and the BMI 2160 reports that indicate
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about 50% ice melt before VB. It is believed that the chance -of
minimal ice melt before VB is more likely than greater than 50% ice
melt, althou&h the chance of the higher level is not insubstantial.
The quantification for this case is:

Branch 1: E Miti 0.00-

Branch 2: E.Mit2 0.30-

Branch 3: E Mit3 0.70-

Case 7: The blowdown la typical of an S * size break, and either sprays2
are operating or there is a station blackout. The transient events
with stuck open PORVs without large temperature induced RCS hot leg
failures are included here. The blowdown rate it quite substantial
compared to the S size blowdown rates of Cases 5 and 6, above. If |3.

sprays are operating, or the ARFS is not operating, the thermal load on
the IC is reduced. Also for station blackouts, the ECCS has not
operated, so there is less loss of coolant from the RCS. There are S2
LOCA calculations in which the ECCS has failed in injection or
rectreulation but sprays are operating in the IDCOR and llECTR reports
that indicate between 50% to 65% ice melt before VB. It is believed i

that the chance of greater than 50% ice melt before VB is more likely j
than minimal ice melt, although the chance of the lower level is not ;

insubstantial. The quantification for this case is: 4

)i
Branch 1: E Miti 0.00-

-Branch 2: E Mit2 0.80-

Branch 3: E-Mit3 0.20-

Case 8: The blowdown is typical of an S * size break, and sprays are2
not operating and there is no station blackout. The transient events
with stuck open PORVs without large temperature induced RCS hot leg
failures are included here. The blowdown rate is quite substantial
compared to the S size blowdown rates of Cases, 5 and 6, above. If3

sprays are not operating, there is greater thermal load on the IC than
in Case 7, above. There are S2 IDCA calculations in which the ECCS and
sprays fail in recirculation in the IDCOR and BMI 2139 reports that
indicate about 60% to 70% ice melt before VB. It is believed that the
chance of greater that.50% ice melt before VB is nry likely. The
quantification for this case is:

Branch 1: E Miti 0.01-

Branch 2: E Hit 2 0,99-

Branch 3: E Mit3 0.00-

Case 9: The blowdown is typical of an A size or Se ize break, ands
either sprays are operating or there is an SBO. The transient events
with large temperature induced RCS hot-leg failures are not included
here, but are addressed in Case 3, above. The blowdown rate is very
substantial. If sprc/s are operating, or the ARFS is not operating,
the thermal load on the IC is reduced. Also for- station blackouts, the

i ECCS has not operated, so there is less loss of coolant from the RCS. 1

There is an A size' LOCA calculation in which the ECCS has - failed in
injection but sprays are operating in the IDCOR report that indicates

;
1

l
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about 65% ice melt- before VB. It is believed that the chance of
r,reater than 50% ice melt before VB is very likely. The quantification
for this case is:

Branch 1: E M1t1 0.00-

Branch 2: E Mit2 0.95-

Branch 3: E-Mit3 0.05-

Case 10: The blowdown is typical of an A size or. $g-size break, and
sprays are no operatir.g .and there is no station blackout. The
transient events with large temperature induced RCS hot leg failures
are not included here, but are addressed in Case 3, above. The
blowdown rate is very substat.cial. If sprays are not operating, there
is greater thermal load on the IC than in Case 9, above. There is an
S LOCA calculation in which the 'CCS and sprays fail in recirculationt

in the llECTR report that indicatew about 80% ice melt before VB. It is
believod that the chance of greater that 50% ice melt before VB is very
likely. The qi mtificatica for this case is:

5 Branch 1: E-M1ti 0.01-

Branch 2: E Mit2 0.99-

Brench 3: E Mit3 0.00-

Question 30. litve Bypass Paths Developed in the IC before VB7
3 Branches Type 2, * Qses

The branches for this question are:

1. E IBP1 The IC is essentially totally byparned, and is ineffective
for condensing .ateam, This will be rtferred to in subsequent
questions as a " Level 1" bypass.

2. E IBP2 There is some degree of bypass of the ice in the IC, This
will be referred to in subsequent questions as a " Level 2"
bypass.

3. E-IBP3 The IC is intact, 10 not bypassed and is totally effective.

This question is not sampled and was quantified internally. The branch
taken depends upon ti.; branch taken at Question 29

Flow of gases through the IC is generally considered to be axisymmetric.
However, substantial concentration and density gradients ara apt to be
present in the IC due to the condensation of steam. In fact, these
gradients may lead to asymmetric flow in the IC. This will in turn lead to
asymmetric ice molting and the possibility for developing channels through
the IC which in effect bypass the ice and defeat the steam condensation-
func t i o n . ^.1- 12 Nc test data are available for IC performance under
conditions other than those experienced during design basis accidents. As
the level of ice melt was addressed in the previous question, this question
addresses the degrce of bypass due to the level of ice molt.
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Case 1: There is 90ts or more of the original ice inventory molted.
The remaining ice will not be uniformly distributed throughout the IC.
It is suspected that there will have been asymmatric molting resulting
in severe channeling in the IC and a bypass of Icvel 1 severity. There
is a slight chance that the bypass will be of levol 2 severity. The
quantification for this case is:

Branch 1: E IBP1 0.9-

Branch 2: E-IBP2 0.1-

Branch 3: 0 IBP3 0,0-

Case 2: There 11. 50s to 90% of the original ice inventory melted. It
is suspected that the channeling will r.ot be as likely nor as severe as
in Case 1. The quantification for this case is:

Branch 1: E IBP1 0.0-

Branch 2: E IBP2 0.1-

Branch 3: E IBP3 0.9-

Case 3: There is less than Son of the original ice inventory melted.
Channeling should be minimal and the remaining ice is very likely to be
fully functional. The qutatification for this case is:

Branch 1: E-IBP1 0.00-

Branch 2: E-IBP2 0.01-

Branch 3: E-1BP3 0.99-

Question 31. Are the ARFs Effective Before Hydrogen Ignition?
2 Branches, Type 2, 3 Cases

The branches for this question are:

1. E-EfFan The ARFs are effective in mixing the containment atmosphere
before hydrogen ignition occurs.

2. EnEfFan The ARFs are not effective in mixing the containment
atmosphere before hydrogen ignition occurs.

Case 2 of this question is sampled; the distribution for this case was
determined internally. The branch taken ar this question depends on the
branches previously taken at Questions 14 ; 32.

This question is implemented to address station blackout sequences in which
power is recovered during the period of core degradation. If power is
recovered, the ARFs are automatically initiated aisar a short period of
time, when a signal is received indicating the containment pressure is 3
palg or greater. The subject of concern is whether or not the ARFs can mix
the containment atmosphere before any hydrogen ignition occurs. If
hydrogen ignition occurs before mixing is achieved, there are potentially
high concentrationn of hydrogen in certain areas 01 containment, especially
in the IC and the upper plenum of the IC. These high concentrations pose
the threat of to l detonations in those areas.
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If the fans are effective during this time regime, the containment
atmosphere is assumed to be well mixed, and the hydrogen released to
containment that was generated in-vessel is distributed uniformly
throughout containment. If ignition takes place, the hydrogen
concentration is calculated o., a global basis. If the fans are not
effective and ignition takes place, the hydrogen - concentration is
calculated for the separate compartments of containment.

Case 1: From the start of the accident, ac power is functioning and
the fans initicily operate. For this case, the fans are effective, and
the hydrogen is uniformly distributed throughout containment. The
quantification for this case is:

Branch 1: E Effan 1.0-

0.0Branch 2: EnEfFan -

Case 2: Durin6 a stc. tion blackout, ac power is recovered ' and the fans
are available to operate upon power recovery. For this casa, the
probability of ignition itself is incorporated into the distribution.
In other words, if Branch 2 is taken for this case, i.,nition is always-
assumed in Questions 49 through 51. . Although the queaciticat. ion for
this case was performed internally, the distributions provided by the
Containment Load Expert Panel for probability of. ignition in
unrecovered blackouts were considered and ured as a basis for
quantification. For recovered station blackouts, the chance of
hydrogen ignition before the ARFs mix the containment atmosphere was
considered to be somewhat unlikely, considering the mechanisms for
ignition in the IC and upper plenum. The quantification for this case,
based on the mean of the distribution is:

Branch 1: E EfFan - 0,83
Branch 2: EnEfFan 0.17-

Case 3: Station blackouts without ac power recovery during core
degradation or times in which the fans have failed upon demand. For

l this case, the fans will be ineffective in the time period considered,
regardless of hydrogen ignition. The quantification for this case-is:

Branch 1: E EfFan 0.0-

Branch 2: EnEfFan 1.0-

Question 32. Is the Bulk of the Blowdown Flow Diverted from the Lower
Compartment to the Upper Compartment via the Floor Drains?
2 Branches, Type 2, 2 Cases

The branches for this question are:'

1. E-FDiv Flow is diverted through the floor drain.

2. EnFDiv Flow is not diverted through the floor drain.
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Case 1 of this question is sampled; the distribution was provided by the
Containment Loads Expert Panel (see Volume 2. Part 2, of this report). The ,

'branch taken at this question depends upon the branches taken at Questions
1, 8, 23, 27, and 31.

The IC containment is designed such that during an accident, blowdown gases
are directed from the lower compartment to the upper compartment through
the IC. There is, however, the potential for part of the blowdown gases to
be directed to the upper compartment through two drains located in the
refueling canal. These drains allow containment spray water and condensate
in the upper compartment to drain into the lower compartment recirculation
sump area. If the sprays are aperating, the refueling canal floor will be
flooded, and the water flow through the drains will preclude the
diversionary flow of gases from the lower to the upper compartment through
these drains. For times in which the RWST has been inj ec ted into
containment, the watnr level on the floor of the lower compartment will be
above the locaticn of the drain outlets, again precluding the bypass of the
ICc

The accident sequences of interest, in which some of the blowdown gases may
be diverted through the two drains, are those in which ARFs are not
operating, and there is no RWST injection before VB. These sequences are
typically station blackout sequences. In most blackout sequences, llECTR
and CONTAIN calculations indicate (using MARCil sources), that the nature of
the blowdown is such that the relative amount of flow through these drains
is negligible. There is a CONTAIN calculation, however, that indicates
that for a station blackout sequence with a pump seal LOCA (S size), the3

blowdown rate is low and a substantial amount of blowdown gases enter the
upper compartment through these drains, effectively bypassing the 10,
Consideration of the CONTAIN calculation for this sequence was utilized by
the expert panel for quantification of Case 1.

Case 1: There is an S -size break in the RCS before UTAF, fans are not3

operating, and the RWST has not been injected into containment. This
case is described above. The expert panel concluded that for this
case, the path from the lower-compartment tr. the upper compartment was
more likely to be through the IC than through the refueling canal
drains. This case was sampled zero-one, so each observation had all
the probability assigned to either of these branches. Taking the mean
value of the observations in the sample, the quantification for this
case is:

Branch 1: E-FDiv 0.250-

Branch 2: EnFDiv - 0.750

Case 2: Except for the conditions of Case 1, the diversion of flow
through the refueling canal floor drains is assumed to be minimal. The
quantification for this case is:

Branch 1: E-FDiv - 0.0
Branch 2: EnFDiv - 1.0

|

|
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Question 33: What is the Steam Concentration in the Lower Compartment
and the Oxygen Distribution in Containment During
Core Degradation?
3 Branches, Type 4, 7 Cases

|

The branches for this question are:

1. E LCInl The steam concentration in the lower compartment is greater
than 60% ' nominally 75%).

2. E LCIn2 The steam concentration in the lower compartment is between
25% and 60% (nominally 55%).

3. EnLCIn The steam concentration in the lower compartment is less than
25% (nominally 10%).

Four parameters are defined in this question:

Pl. LC 02 The amount of oxygen in the lower compartment, in kg. moles,
is assigned to Parameter 1.

I

P2. 10 02 The amount of oxygen in the IC and upper plenum of the 10, in
kg-moles, is assigned to Parameter 2.

l
1 P3. UC-02 The amount of oxygen in the upper compartment, in kg moles,

is assigned to Parameter 3.

P4. LC-Stm The amount of steam in the lower compartment, in kg moles, is
assigned to Parameter 4|

|

This question is not sampled; the quantification was performed internally.
The branch taken and the parameters assigned at this question depend upon
the branches taken at Questions 24, 27, 30, 31, and 32.

| The compartmental nature of an IC is an important feature to the accident
progression at Sequoyah. The containment is divided into three major
compartments: the lower compartment, the IC, and the upper compartment.

I The upper plenum of the IC, when not addressed as a separate compartment
for this analysis, is assumed to be part of the IC compartment. The
compartmental nature poses the need to address the partitioning of the
gaseous species in containment. The distribution of steam, hydrogen, and
oxygen is important for the consideration of locally high concentrations of,

| hydrogen, and local inerting of the atmosphere due to high steam
concentrations, or depiction of oxygen.

There have been many studies conducted to explore the flammability limits
of hydrogen-air-steam concentrations. The inerting level for nearly
stoichiometric mixtures has been shown to range from about 50% to 60% steam
concentration.^ 1-13 The value of 60% steam concentration was chosen to
represent the highest level of stenm inerting for this question. The
containment atmosphere is assumed to be an ideal gas for determining the
amounts of the constituents in each compartment. The results of various
calculations were used to S tain the temperatures and pressures in
containment during core degradation. For initialization of the oxygen in
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{ containment, the pressure is considered to be 1 atmosphere and the
terperature is considered to be 38'c in the upper and lower compartments
and O'C in the 10.

The distribution of oxygen throughout the compartments was . addressed in '

this question. It was determined that the case structure for assigning the
steam concentration to the lower compartment would be adequate for
assignin6 the oxygen distributloo. Nitrogen is assumed to be distributed
throughout the containment cot.partments in quantities proportionate to the
amount oxygen.

Case 1: No early blowdown to containment. For this case, all of the
probability is assigned to the branch in which there is essentially
minimal steam inerting, Branch 3. The quantification for this case is:

Branch 1: E.LCIn1 0.0-

Branch 2: E.LCIn2 0.0-

Branch 3: EnLCIn 1.0-

For Branches 1 and 2, the assignment of the parameters is irrelevant.
For Branch 3, the assigna nt of the parameters (kg moles) is:

Parameter 1: LC 02 88.40-

Parameter 2: 10 02 46.70-

sarameter 3: UC-02 163.00-

Parameter 4: LC-Stm 46.60-

Case 2: There is no ice or sprays in containment to condense the
steam. With no containment heat removal, the amount of steam in
containment is dependent upon the ti ' is of VB with respect to the time
of ice melt. There are still pas. Je heat sinks in containment on
which steam condenses until the containment atmosphere . and structures
attain equilibrium. Also, considering the probable time of the ice
molt, it is believed that the amount of steam in containment will most
likely correspond to the inert level with a nominal value of 50% steam
concentration. It is believed that the highest steam level with - a
nominal value of 75% steam concentrat.,on is very unlikely, and that the#

minimal value of nominally 10% steam concentration is somewhat likely.
The pressures corresponding to the nominal levels of 10%, 50%, and 75%
steam concentrations are 21, 38, and 85 psia, respectively. The
quantification for this case is:

Branch 1: E-LCIn1 - 0.010
Branch 2: E LCIn2 0.740-

Branch 3: EnLCIn 0.250-
i

The oxygen in containment is assumed to be distributed uniformly
throughout the containment, adding the volume in the IC from where the
1.:e has melted. For Branch 1, the assignment of the parameters (kg-r. oles) is:

Parameter 1: LC 02 - 86.40
Parameter 2: 1C-02 - 50.70

|
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Parameter 3: UC-02 - 161.00
Parameter 4: 14-Stm 1192.50-

For Branch 2, the assignment of the parameters (kg-moles) is:
l

Parameter 1: LC-02 - 86.40
Parameter 2: 10-02 50.70-

.

Parameter 3: UC-02 161.00-

Pcrameter 4: LC Stm ' 397.50-

For Branch 3, the assignment of the parameters (kg-moles) is:

Parameter 1: LC-02 86.40-

Parameter 2: 10-02 50.70-

Parameter 3: 00 02 161.00-

Parameter 4: LC Stm - 44.20

Case 3: The blowdown is typical ' of . an A-size break, the fans are
operating, and the ice is functional, or the sprays are operating.
There is available from a MARCH-HECTR analysis ,^ 1-11 compartmental
gaseous concentration information for an S LOCA calculation in which

3

the ECCS and sprays fail in recirculation. The initial phase of
blowdown creates a significant amount of steam (~0.5 mole fraction) in
the lower compartment, even when fans have been initiated. The steam
concentration decreases (to less than 0.2 mole fraction) until core
slump when it again becomes significant, and then decreases until the
time of VB. The APET considers only . one time period during core
degradation. For most of the times when the fans are operating, the
igniters will also be operating. Ignition of hydrogen will occur for
levels +' steam concentration less than 60%, only the burn completeness
and amount of oxygen present in the lower compartment will be sensitive
to what that level is. The quantification for this case is:

Branch 1: E-LCInl 0.00-

Branch 2: E-LCIn2 0.400-

Branch 3: EnLCIn 0.600-

For Branch 1, the assignment of the parameters is irrelevant. For
Branch 2, the assignment of the parameters (kg moles) ici

Parameter 1: LC-02 51.20-

Parameter 2: 10 02 54.50-

Parameter 3: UC-02 - 190.40
Parameter 4: LC-Stm - 232.80

For Branch 3, the assignment of the parameters (kg-moles) is:

Parameter 1: LC-02 88.40-

Parameter 2: IC 02 46.70-

Parameter 3: UC-02 - 163.00
Parameter 4: LC-Stm 46.60-

|
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Case 4: The blowdown is typical of an S size break, the fans are2

operating, and the ice is functional, or the sprays are operating. The ,

MARCH HECTR analysis provides information_for an S2 LOCA calculation in
which the ECCS has failed in injection but sprays are operating, The i
initial phase of blowdown creates a significant amount of steam-(~0.5 I

mole fraction) in the lower compartment, even when fans have been I
initiated. The steam concentration decreases (to about 0,2 mole I

fraction) until core slump when it again becomes significant, and then
the vessel is breached. The quantification for this case is:

Branch 1: E LCIn1 0,00-

Branch 2: E LCIn2 0,70-

Branch 3: EnLCIn 0,30-

For Branch 1, the assignn nt of the parameters is irrelevant. For
Branch 2, the assignment of the parameters (kg moles) is:

Parameter 1: LC 02 51,20-

Parameter 2: 10 02 54.50-

Parameter 3: UC-02 - 190,40

Parameter 4: LC-Stm 232.80-

For Branch 3, the assignment of the parameters (kg-moles) is:

Parameter 1: LC 02 88.40-

Parameter 2: 1C-02 46.70-

Parameter 3:-UC-02 - 163.00
Parameter 4: LC-Sem 46.60-

Case 5: The blowdovn is typical of an S size break, the fans are3

operating, and the ice is functional, or the sprays are operating. The
transient events with cycling PORVs without temperature-induced RCS
failures larger than a pump seal LOCA and S -size failures of the RCS

3
are included here. The MARCH-HECTR analysis provides information for a
degraded-core transient initiated event (TMLU) in which sprays and fans
are operating. The initial phase of blowdown creates a significant
amount of steam (> 0,5 mole fraction) -in the LC, even when fans have,

| been initiated, The steam concentration decreases somewhat and
maintains a level of about 0.45 mole fraction. The quantification.for
this case is:

| Branch 1: E-LCIn1 0,05-

Branch 2: E-LCIn2 0,95-

Branch 3: EnLCIn 0.00-

For Branch 1, the assignment of the parameters (kg-moles) is:

Parameter 1: LC-02 23.30-

Parameter 2: IC-02 61.20-

Parameter 3: UC 02 213'.60-

Parameter 4: LC-Stm 349.10-
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For Branch 2, the assignment of the parameters'(kg-moles) is: I

51.20 |Parameter 1: LC 02 -

'Parameter 2: 10 02 54.50-

Parameter 3: UC 02 190.40-

232.80Parameter 4: LC Stm -

For Branch 3, the assignment of the parameters is irrelevant.

Case 6: There is diversion of flow from the lower to the upper
compartment by way of the floor drains in the refueling canal. This
only occurs sometimes for S size breaks (pump seal LOCAs) when the3

fans and sprays are not ' operating, as discussed in Question 32. The
CONTAIN calculation performed for a station blackout sequence with a
pump seal LOCA indicates a steam mole fraction of 0.80 - in the lower
compartment, with a containment pressure of 40 psia. The uncertainty
associated with this case involves the amount of steam that enters the
upper compartment by way of the floor drains. -It is believed that the
steam level with a nominal value of 75% steam concentration is more
likely than the steam level with a nominal value of 50% steam
concentration. The pressure in containment associated with the 75%
level is 35 psia and with the 50% level is 30 pain. The quantification
for this case is:

Branch 1: E LCIn1 0.80-

Branch 2: E LCIn2 0.20-

Branch 3: EnLCIn 0.00-

For Branch 1, the assignment of the parameters (kg moles) is:

Parameter 1: LC 02 41.00-

Parameter 2: 10 02 97.40-

Parameter 3: UC 02 159.70-

Parameter 4: LC-Stm 506.20-

For Branch 2, the assignment of the parameters (kg moles) is:

Parameter 1: LC-02 77.30-

Parameter 2: IC 02 83.70-

Parameter 3: UC-02 137,10-

Parameter 4: LC-Stm 291.00-

i

For Branch 3, the assignment of the parameters is irrelevant.

Case 7: The ARFs are not operating, and the ice is intact and/or the
sprays are operating. The MARCH-ilECTR calculations for a station
blackout sequence (TMLB') and a S LOCA in -which fans are not2

operating, indicate levels of steam in the lower compartment at-
concentrations well above 60%. For this case, the lower compartment is
believed to be at the highest level of steam-inerting. The
quantLfication for this case is:
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Branch 1: E- LCIn1 1.00-

Branch 2: E LCIn2 0.00 }
-

Branch 3: EnLCIn 0.00
|

-

For Branch 1, the assignment of the parameters (kg-moles) is:

Parameter 1: LC 02 - 23.30 '

Parameter 2: 10 02 61.20-

Parameter 3: UC 02 213.60-

Parameter 4: LC Stm 349.10-

For Branches 2 and 3, the assignment of the parameters is irrelevant.

Question 34: What is the Steam Concentration in the IC During Core
Degradation?
3 Branches, Type 4, 6 Cases

The branches for this question are:

1. E-ICIn1 The steam concentration in the IC is greater than 60%
(nominally 75%),

2. E ICIn2 The steam concentration in the IC is between 25% and 60%
(nominally 55%).

3. EnICIn The steem concentration in the IC is less than 25% (nominally
10%).

One parameter is defined in this question:

P5. IC Stm The amount of steam in the IC, in kg moles, is assigned to
Parameter 5.

This question is not sampled; the quantification was performed internally.
The branch taken and the parameter assigned at this question depend upon
the branches taken at Questions 24, 27, 30, 32, and 33

For this question, the IC refers to the volumes of both the IC and upper
plenum of the IC. In general, if the IC is intect, the steam concentration
in the IC is minimal. The amount of the steam, however, is dependent uponthe pressure in containment. The case structure and quantification for
this question is related to that for Question 33.

Case 1: No early blowdown to containment. For this case, all of the
probability is assigned to the branch in which there is essentially
minimal steam-inerting, Branch 3. This case is directly related to
Case 1 in Question 33. The quantification for this case is:

Branch 1: E-ICIn1 - 0.0
Branch 2: E-ICIn2 - 0.0
Branch 3: EnICIn - 1.0
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For Branches 1 and 2, the assignment of the parameter is irrelevant,
For Branch 3, the assignment of the parameter (kg moles).is:

Parameter 5: IC Stm 25.0-

Case 2: There is no ice or sprays in containment to condense the
steam, and the lower compartment has a nominal steam concentration of
75%. This case is directly related to Branch 1 of Case 2 in Question
33. The pressure in containment is 85 psia. The quantification for
this case is:

Branch 1: E ICIn1 1.0-

Branch 2: E ICIn2 0,0-

Branch 3: EnICIn 0,0-

For Branch 1, the assignment of the parameter (kg moles) is:

Parameter 5: IC-Stm - 724.0

For Branches 2 and 3, the assignment of the parameter is irrelevant .

Case 3: There is no - ice or sprays in containment to condense the
steam, and the lower compartment has a nominal steam concentration of
55%. This case is directly related to Branch 2 of Case 2 in Question
33. The pressure in containment is 38 psia, The quantification for
this case is:

Branch 1: E-ICIn1 - 0.0
Branch 2: E ICIn2 1.0-

Branch 3: EnICIn 0.0-

For Branch 1, the assignment of the parameter is irrelevant. For Branch
2, the assignment of the parameter (kg moles) is:

Parameter 5: IC-Stm 240,50-

For Branch 3, the assignment of the parameter is irrelevant.

Case 4: There is diversion of flow from the lower to the upper
compartment by way of the floor drains in the refueling canal, and the
lower compartment has a nominal steam concentration of 75%. This case
is directly related to. Branch 1 of Case 6 in Question 33. The pressurein containment is 35 psia. For this case, both the IC and the upper t

plenum are considered to have minimal amounts of steam, although the
steam concentration in the upper compartment is high. It is believed
that the communication between the upper plenum and the upper
compartment will be low because the upper deck doors will not have been
thrown open, as they normally are when the- bulk of the flow from the
lower to the upper compartment is through the IC. The quantification
for this case is:

|A,1.1-50 '
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Branch 1: E ICIn1 0.0-

Branch 2: E ICIn2 0.0-

Branch 3: EnICIn 1.0-

For Branches 1 and 2, the assignment of the parameter is irrelevant.
For Branch 3, the assignment of the parameter (kg moles) is:

'

Parameter 5: IC-Stm 51.10-

Ca t, e S. Tnere is diversion of flow t' rom the lower to the upper '

compartment by way of the floor drains in the refueling canal, and the
lower compartment has a nominal steam concentration of 50%. This-case
is directly related to Branch 2 of case 6 in Question 33. The pressure
in et tainment is 30 psia. For this case, both the IC and the upper
plenum are considered to have minimal amounts of steam, although the
steam concentration in the upper compartment is high. It is believed
that the communication between the upper plenum and the upper
compartment will be low because the upper deck doors will not have been
thrown open, as they normally are when the bulk of the flow from the
lower to the upper compartment is through the 10. The quantificationfor this case is: y

'

Branch 1: E-ICIn1 0.0-

Branch 2: E-ICIn2 0.0-

Branch 3: EnICIn 1.0-

For Branches 1 and 2, the assignment of the parameter is irrelevant.
For Branch 3, the assignment of the parameter (kg-moles) is:

Parameter 5: IC Stm 43.80-

Case 6: Containment heat removal is available through the sprays or
the 10, or if containment heat removal is not available, the lower
compartment has minimal steam concentration. For this case, both the
IC' and upper plenum have minimal steam concentrations. The
quantification for this case is:

Branch 1: E ICIn1 0.0-

Branch 2: E ICIn2 0.0-

Branch 3: EnICIn 1.0-

For Branches 1 and 2, the assignment of the parameter is irrelevant.
For Branch 3, the assignment of the parameter (kg moles) is:

Parameter 5: IC Stm 25.0-
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Question 35: What is the Steam concentration in the Upper compartment
During Corc Degradation?
3 Branches, Type 4, 6 Cases

The branches for this question are:

1. E UCIn1 The steam concentration in the upper compartment is greater
than 60% (nominally 75%).

'

2. E UCIn2 The steam concentration in the upper compartment is between
25% anit 60% (nominally 55%).

3. EnUCIn The steam concentration in the upper compartment is less than
25% (nominally 10%).

One parameter is defined in this question:

P6c UC Stm The amount of steam in the upper compartment, in kg-moles, is
assigned to Parameter 6.

This question is not sampled; the quantification was performed internally.
The branch taken and the parameter assigned at this question depend upon
the branches taken at Questions 24, 27, 30, 32, and 33.

In general, if the IC is intact, the steam concentration ir the upper
compartment is minimal, The amount of the steam, however, is dependent
upon the pressure in containment. The case structure and quantification
for this question is related to that for Question 33.

Case 1: No early blowdovn to containment. For this case, all of the,

probability is assigned to the branch in which there is essentially
minimal steam inerting, Branch 3. This case is directly related to
Case 1 in Question 33. The quantification for this case is:

Branch 1: E UCInl - 0.0
Branch 2: E-UCIn2 0.0-

Branch 3: EnUCIn 1.0-

For Branches 1 and 2, the assignment of the parameter is irrelevant.
For Branch 3, the assignment of the paramotor (kg moles) is:

Parameter 6: UC-Stm 85.80-

Case 2: There is no ice or sprays in containment to condense the
steam, and the lower compartment has a nominal steam concentration of
75%. This case is directly related to Branch 1 of Case 2 in Question
33. The pressure in containment is 85 psia. The quantification for
this case is:

Branch 1: E-UCInl - 1.0
Branch 2: E-UCIn2 - 0.0
Branch 3: EnUCIn 0.0-

-
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For Branch 1, the assignment of the parameter (kg moles) is. i
l

2342,50 )Parameter 6: UC Stm -

,

For Branches 2 and 3, the assignment of the parameter is irrelevant.

Case 3: There is no ice or sprays in containment to condense the
steam, and the lower compartnent has a nominal steam concentration of
55%. This case is directly related to Branch 2 of Case 2 in Question
33. The pressure in contaituent is 38 psia. The quantification for
this case is:

Branch 1: E UCIn1 0.0-

Branch 2: E UCIn2 1.0-

Branch 3: EnUCIn 0.0-

For Branch 1, the assignment of the parameter is irrelevant. For Branch
2, the assignment of the parameter (kg moles) is:

Parameter 6: UC Stm 780.80-

For Branch 3, the assignment of the parameter is irrelevant.

Case 4: There is diversion of flow - from the lower to the upper
compartment by way of the floor drains in the refueling canal, and the
lower compartment has a nominal steam concentration of 75%. This case
is directly related to Branch 1 of case 6 in Question 33, and is
discussed in detail above. The pressure in containment is 35 psia.
The CONTAIN calculation performed for this sequence indicates a steam
mole fraction of 0.46 in the upper compartment, with 741 kg-moles of
steam, and a containment pressure of 40 psia. The quantification for
this case is:

| Branch 1: E UCIn1 0.0-

Branch 2: E UCIn2 1.0-

Branch 3: EnUCIn ~0 . 0-

| For Branch 1, the assignment of the parameter is irrelevant. For Branch
2, the assignment of the parameter (kg moles) is:

i

' Parameter 6: UC Stm 722.70-

For Branch 3, the assignment of the parameter is irrelevant.

Case 5: There is diversion of flow from the lower to the upper
compartment by way of the floor drains in the refueling canal, and the
lower compartment has a nominal steam concentration of 50%. This case
is directly related to Branch 2 of Case 6 in Question 33. The pressure
in containment is 30 psia. The quantification for this case is:

Branch 1: E UCIn1 0.0-

Branch 2: E UCIn2 - 1.0
Branch 3: E nUC'. t. - 0.0
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For Branch 1, the assignment of the parameter is irrelevant. For Branch
2,.the assignment of the parameter (kg moles) is:

1

Parameter 6: UC Stm 619,50 1
-

(

For Branch 3, the assignment of the parameter is irrelevant.

Case 6: CHR is available through the sprays or the 10, or--if CllR is
not available, the lower compartment has minimal steam concentration. i

For this casa, the upper compartment has minimal steam concentrations. I

The quantification for this case is:

Branch 1: E-UCIn1 0.0-

Branch 2: E UCIn2 0.0-

Branch 3: EnUCIn 1.0-

i

For Branches 1 and 2, the assignment of the parameter is irrelevant.
- For Branch 3, the assignment of the parameter (kg-moles) is:

Parameter 6: UC Stm 85.80-

Question 36. Early Baseline Pressure?
1 Branch, Type 4, 8 Cases

The single branch for this question is always taken. The branch is:

1. E-PBase The baseline pressure in containment during core degradation.

One parameter is defined in this question:

P7. E PBase The baseline pressure in containment during core degradation,
in kPa, is assigned to Parameter 7.

This question is not' sampled; the baseline pressure before VB is a direct
function of the amount of steam in the containment. The available codes
are in reasonable agreement about the value of the pressure in the
containment before VB. The cases for this question depend upon the
branches taken at Questions 12, 24, 27, 30, 31, 32, and 33.

Case 1: If there is no blowdown to the containment or if there is
failure te isolate the containment, the containment is near normal
operating pressure. The assignment of'the parameter (kPa) is:

Parameter 7: E-PBase 103.40-

Case 2: There is no containment heat removal and the steam
concentration in containment is nominally 75%. The assignment of the
paramotor (kPa) is:

Parameter 7: E-PBase - 586.10
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Case 3: There is no containment heat renoval and the steam
concentration in containment is nominally 50%. The assignment of the
parameter (kPa) is:

Parameter 7: E-PBase 262.0-

Case 4: There is no containment heat removal and the steam
concentration in containment is nominally 10%. The assignment of the
parameter (kPa) is:

Parameter 7: E PBase 144.80-

Case 5: Containment heat removal is available and the fans are
operating. The assignment of the parameter (kPa) is:

Parameter 7: E-PBase 144.80-

Case 6: There is diversion of flow from the lower to the -upper
compartment by way of the floor drains in the refueling canal, and the
lower compartment has a nominal steam concentration of 75%. The
assignment of the parameter (kPa) is:

Parameter 7: E PBase 241.30-

Case 7: There is diversion of flow from the lower to the upper
compartment by way of the floor drains in the refueling canal, and the
lower compartment has a nominal steam concentration of 50%. The
assignment of the parameter (kPa) is:

-Parameter 7: E-PBase 206.80-

Case 8: Containment heat removal is available, but fans are not
operating. The assignment of the parameter (kPa) is:

Parameter 7: E-PBase 144.80-

|Question 37. Time of Accumulator Discharge? |3 Branches, Type 2, 3 Cases '

The branches for this question are:

1. El-Ace The accumulators discharge before core degradation starts.
12. E2-Acc The accumulators discharge during core degradation. ;

3. I-Acc The accumulators discharge at VB.

This question is not sampled; the time of accumulator discharge may be
reltably deduced from the values of the . RCS pressure at UTAF and just
before VB. The branch taken at this question depends upon the branches
previously taken at Questions 9, 10, 16, and 25.
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The - accumulators ' discharge at _600 - psig. Whether they have- discharged by
the onset of core degradation or before 'VB is strictly a function of 'the
pressure history of the RCS. Generally, any small (S:j) or large (A) break .
will depressurize the RCS enough that accumulator discharge before the i

onset of degradation is assured. If the AWS is available and the
operators depressurize the secondary system, the RCS: pressure should become-
low enough to result in accumulator discharge even if there is no break.or

,a very small (Sa) break.. _j

Whether the operators will reduce the pressure in the primary - system by
blowing down = the secondary system' is particularly important in the long. '

term blackout scenario if there are no temperature induced breaks - in=the--

'RCS. In this sequence, the STD AWS fails after battery . depletion and .the
;RCS repressurizes-to the setpoint level before core degradation commences. !

Blowdown of the secondary before the - AWS - failure determines whether - the
accumulators discharge before core.de6radation commences, or when the lover'
head of the vessel fails.

!
Case 1: The RCS pressure was intermudiate or low at the enset of core
degradation, or the secondary - was depressurized while - the . AWS was '

operating. Accumulator discharge takes place before the , core has
started to degrade. The quantification for this case is:

Branch 1: El Acc 1.0-

Branch 2: E2-Acc :0.0 !
-

Branch 3: I Acc- 0.0-

i

Case 2: The RCS pressure was--intermediate or_ low JUst before VB. By _
Case 1 the pressure was not in this range-:at the start : of core molt.
Thus accumulator discharge takes place during core degradation.- The
quantification for this case is:

Branch-1: El Acc 0.0--

Branch 2: -E2-Ace 1.0-

Branch 3: I Acc - 0.0

Case 3: If the accumulators did not _ discharge = before or'.during- core
degradation, they must discharge _ at VB. The - quantification; for this
case is:

Branch 1: El-Acc 0.0---

. Branch 2: E2 Acc - .0.0'
Branch 3: I_ Ace 1.' O-

Question 38. Amount of Hydrogen Release In-Vessel During Core Degradation?
:

1 Branch, Type 4, 7 Cases
.

The single branch for this question is always taken.. The branch-is:

1. E-fl2 InV The amount of hydrogen generated in-vessel before VB.
1
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One parameter is defined in this question:

P8. E H21nV 'The amount of hydroger Senerated in vessel before VB in kg.
moles, is assigned to Parameter 8.

All cases of this question are sampled. The distributions for parameter 8
were provided by the In Vessel Expert ' Panel. The conclusions of the
experts and their aggregate distributions are presented in Volume 2, Part
1, of this report. The applicable case for this question depends upon the
branches taken at Questions 16 and 37.

During core degradation, the presence of unoxidized metal in the very hot -
steam atmosphere 1 cads to a metal water reaction that produces hydrogen,
Zirconium is the primary metal oxidized, but some oxidation of steel and
stainless steel may occur as well. The amount of metal oxidized depends
upon the temperatures present and the availability of steam. Sometimes a
blockage is expected to form in the lower portion, severely limiting the
steam available for oxidation in much of the core volume. At other times,
it is expected that no blockage forms, that the blockage is ineffective in
limiting steam availability, or that the zirconium is effectively oxidized
in other locations before or after the blockage limits steam flow.
Oxidation of the entire inventory of zirconium in the Sequoyah core would
result in production of 507 kg moles of hydrogen.

Case 1: The RCS is at system setpoint pressure and the cccumulators
discharge before or af ter -core melt. This is Case 1A/1C of in-vesselIssue 5. The assignment of the parameter (kg moles) based on the mean
value of the aggregate distribution is:

Parameter 8: E H21nV 222.80-

Case 2: The RCS is at system satpoint pressure and the accumulators
discharge during core melt. This is Case 1B of In Vessel Issue 5. The
assignment of the parameter (kg moles) based on the mean value of the
aggregate distribution is:

Parameter 8: E H21nV 255.50-

Case 3: The RCS is at high pressure and the accumulators discharge
before or after core melt. This is Case 2A/20/5 of In-Vessel Issue 5.
The assignment of the parameter (kg-moles) based on the mean value of
the aggregato distribution is:

Parameter 8: E H2InV 164,0-

Case 4: The RCS is at high pressure and the accumulators - discharge
during core melt. This ' is Case 2B of In-Vessel Issue 5. The
assignment of the parameter (kg moles) based on the mean value of the
aggregato distribution is:

Parameter 8: E-H21nV - 192.30
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Case 5: The RCS is at intermediate pressure and the accumulators
discharge before or af ter core molt. This is Case 3A of In Vessel
Issue 5. The assignment of the parameter (kg moles) based on the mean
value of the aggregate distribution is:

Parameter 8: E-fl2Inv 243.50-

Case 6: The RCS is at inte rniedia t e pressure and the accumulators
discharge during core molt. This is case 3B of In Vessel Issue 5. The
assignment of the parameter (kg moles) based on the mean value of the
aggregato distribution is:

Parameter 8: E Il2InV 263.90-

Case 7: The RCS is at low presste. This is Case 4 of In Vesse). Issue
5. The assignment of the parameter (ke, moles) based on the c.ean value
of the aggregato distribution 1:s:

Parameter 8: E H21ny 228.20-

Question 39. Amount of Zirconium Oxidized In-Vessel During
Core Degradation?
2 Branches, Type 5

! The branches for this question are:

1. Ili Zr0x More than 40% of the zirconium in the core is oxidized in-
vessel prior to VB.

2. Lo-Zrox Less than 40% of the zirconium in the core is oxidized in-
vessel prior to VB.

This question is not sampled; the branch taken depends directly upon the
value of the parameter defined in the previous question.

This question concerns the amount of zirconium oxidized during core melt.
Because steel may be oxidized also, it is theoretically possible to have
over 100% equivalent zirconium oxidation. The fraction of zirconium
oxidized in vessel is related to the amount of hydrogen produced and is
divided into two categories, This information is needed for the source
term analysis by the SEQSOR code.

Question 40. Fraction of In-Vessel liydrogen Released from the RCS
During Core Degradation?
1 Branch, Type 4, 4 Cases

The single _ branch for this-question is always taken. The branch is:

1. E-Il2exV The fraction of hydrogen generated in-vessel that is released
from the RCS to containment during core degradation.

A.1.1-58



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

One parameter is_ defined in this question:

P9. E ll2exV The fraction of in vessel hydrogen released from the RCS is
assigned to Parameter 9.

All cases of this question are sampled. The distributions for Parameter 9
were provided by the Containment Loads Expert Panel. The conclusions of
the experts and their aggregate distributions are . presented in Volume 2,
Part 2, of this report. The applicable case for this question depends upon
the banches taken at Questions 1, 20, and 24.

At S equoyai.. hydrogen is a threat to the containment during the time of
core degradation. The amount of hydrogen generated in vessel during core
degradation is established in Question 38. It is necessary to establish
what fraction of the in vessel hydrogen is then released to containment.
There may be areas of the .RCS in which hydrogen accurnulates and is not
released until VB. One area in which hydrogen is believed to accumulate is
in,the SCs. For sequences in which the'RCS is at higher pressures during
core degradation, there is. less hydrogen released to containment than for
those sequences in which the RCS is at lower pressures. The expert panel
cited calculations in which the release of hydrogen from the RCS before VB
was available.

Case 1: There was a transient initiator with the RCS intact at UTAF.
There is quite a bit of hydrogen retention within the RCS for this case
because the PORVs are cycling and the system is at high pressure. The
ansignment of the parameter based on the mean value of the aggregate

'ribution is:

Parameter 9: E-Il2exV 0.6.4-

Case 2: There was an initial or induced SCTR, or there is blowdown to
containment curing core degradation that is typical of an S size

3break. For the SCTRs, the hydrogen will be released outside of
containment; this is addressed in Question 42. The assignment of the
parameter based on the mean value of the aggregate distribution is:

'

Parameter 9: E-112 exV 0.66-

Case 3: The rate of blowdown of RCS inventory is typical of an S -size2break. The assignment of the parameter based on the mean value of the
aggregate distribution is:

Parameter 9: E-ll2exV 0,70-

Case 4: The rate of blowdown to containment is typical of a large
break, or the initiator was an interfacing systems LOCA (Event V). If
Event V occurs, the hydrogen is released outside of containment; this
is addressed in Question 42. The assignment of the parameter based on
the mean value of the aggregate distribution is:

Parameter 9: E Il2exV - 0.85
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Question 41. To What Degree is the Hydrogen Mixed In the Upper
Compartment?
5 Branches, Type 2, 3 Cases

The branches for this question are:

1. W1Mxd The ARFs are operating, and the hydrogen is uniformly
distributed throughout the contairaent,

2. Mxdl The ARFs are not operating, and bulk flow exists from the
lower to the upper compartment by way of the refueling canal
floor drains.

3. Mxd2 The ARFs are not operating, but the upper plenum and upper
compartment atmospheres are well-mixed, and a " clear path"
exists from the lower to the upper compartment through the
IC.

4. Mxd3 The ARFs are not operating, but the upper plenum and upper
compartment atmospheres are well mixed, and no " clear path"
exists from the lower to the upper compartment through the
IC.

5. UnMxd The ARFs are not operating, there is no mixing of the upper
plenum and upper compartment atmospheres, and no " clear path"
exists from the lower to the upper compartment through the
10.

Case 2 of this question is sampled; the quantification of the cases in
which fans are not operating was provided by the Containment Loads Expert
Panel (see Volumn 2, Part 2, of this report), The branch taken at thic
question dependa t.pon the branches taken at Questions 31 and 32,

The branch taken in this question defines the manner in which the hydrogen
will be distributed throughout the containment in Question 42. For the
times in which the flow is diverted from the lower to the upper compartmenti

l by way of the floor drains in the refueling canal, quantification was based
upon the CONTAIN calculation discussed in Question 32. For other times in
which the ARFs are not operating, the experts agreed to use a HECTR
calculation of a TMLB' accident sequenceL H2 as a " base case" for the
quantification of the hydrogen distribution in containment, The experts
considered various factors that cause uncertainty associated with the base
caso quantification. The " clear path" mentioned above involves the
intermediate deck doors between the IC and upper plenum. If a significant
amount of the doors are stuck open, the path from the IC to the upper
plenum and upper compartment is denoted as " clear." If there are few doors
stuck open, then the path to the upper containment is denoted as "not
clear." The mixing of the upper plenum and upper compartment atmosphere

i depends upon the opening of the upper deck doors between the upper plenun
! and upper compartment. Failure to mix could be explained by several upper

deck doors remaining closed. If most of the upper deck doors are open,
! mixing is more likely,
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For Branch 3, the base case distribution of hydrogen is used with no
adj us tments . For Branch 4, the hydrogen in the upper couipartment for the
base case is decreased by 50% and the remaining hydrogen is distributed
throughout the other compartments in a manner proportionate with the
compartmental amount for the base case. For Branch 5, the hydrogen in the
dome for tho base case is decreased by 90% and the remaining hydrogen is
distributed throughout the other compartments in a manner proportionate
with the compartmental amounts for the base case.

Case 1: There is diversion of flow from the lower to the upper
compartment by way of the floor drains in the refueling canal. For
this case, the distribution of the hydrogen is based solely upon a
CONTAIN calculation that results in this scenario. The quantification
for this case is:

Branch 1: VlMxd 0.0-

Branch 2: Mxdl 1.0-
a

- Branch 3: Mxd2 0.0-

Branch 4: Mxd3 0.0-

Branch 5: UnMxd 0.0-

Case 2: The ARFs are not effective in mixing the containment
atmosphera before ignition of hydrogen occurs. This case applies
always to the station blackouts in which power is not recovered before
VB, and sometimes to the station blackouts in which power is recovered
before VB. The expert panel believed that Branches 3 and 4 are equally
likely and that Branch 5 is less likely to occur. 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:

Branch 1: W1Hxd 0.000-

Branch 2: Mxdl 0.000-

Branch 3: Mxd2 0.445-

Branch 4: Mxd3 0.450-

Branch 5: UnMxd - 0.105

Case 3: The ARFs are effective in mixing the containment atmosphere
before the ignition of hydrogen occurs. This case-applies always to
sequences that are not station blackouts, and sometimes to the station
blackouts in which power is recovered. For this case, the containment
atmosphere is well-mixed, and the hydrogen is distributed uniformly
throughout the containment. The quantification for this case is:

Branch 1: W1Mxd 1.0-

Branch 2: Mxd1 0.0-

Branch 3: Mxd2 0.0-

Branch 4: Mxd3 0.0-

Branch 5: UnMxd - 0.0
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Question 42. Distribution of Hydrogen in Containment During Core !
Degradation?

|2 Branches, Type 6, 7 Cases i

The branches for this question are:

1. E Il2xV There is hydrogen in containment before VB.

2. Enll2xV There is no hydrogen in containment before VB.

Four parameters are defined in this question: I

P10, ll2 LC The amount of hydrogen in the lower compartment, in kg moles,
is assigned to Parameter 10.

P11. H2 IC The amount of hydrogen in the IC, in kg moles, is assigned to
Parameter 11.

P12. Il2 UP The amount of hydrogen in the upper plenum of the IC, in kg-
mcles, is assigned to Parameter 12.

P13. H2-UC The amount of hydrogen in the upper compartment, in kg moles,
is assigned to Parameter 13.

For this question, a module within the user function subprogram is
evaluated to distribute the hydrogen throughout the containment, The
applicable case for this question depends upon the branches taken at
Questions 12. 24, and 41.

The user function is a small FORTRAN subprogram that is linked with the
EVNTRE code after compilation. The EVNTRE code is the computer code that
evaluates the APET. The part of the user function evaluated at this
question uses the amount of hydrogen generated in vessel (Parameter 8, E-
Il2inV) and the fraction of the hydrogen generated that is released from the
RCS before VB (Parameter 9, E-H2exV), to establish the amount of hydrogen

i in each compartment (Parameters 10, 11, 12, and 13; H2-LC, H2-IC, H2-UP,
and H2-UC), In the user function module, E-H2inV is multiplied by E-H2cxV

| and an appropriate factor is applied to distribute the hydrogen to each
l compartment, The hydrogen that is retained in the RCS will be released to

the containment at VB. For the sake of .Iivw n lon of this cuestion, the
product of E-H2inV and E-H2exV will be referred to as the ex-vessel
hydrogen (EVll).

.

Case 1: There is no early blowdown to containment. Hydrogen will be
| released from the RCS to the outside of containment, but there will be
l no release of hydrogen to containment. The user function module

denoted H2xV1 is called from EVNTRE. The factor applied to EVH to
obtain H2 LC, H2-IC, H2 UP, and H2-UC is 0.0.;

Case 2: There is an isolation failure of containment. As the
isolation failure is quite large, it is assumed that the hydrogen is
leaked from containment in quantities sufficient to preclude further
failure of containment. The user function module denoted H2xV2 is
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called from EVNTRE. As in Case 1, the factor applied to Evil to obtain
H2 LC,112 10, H2 UP, and H2 UC is 0.0.

Case 3: The containment is well mixed due to the. operation of the
ARFs. This case is directly related to Case 3 of Question 41. The
hydrogen is distributed uniformly throughout containment. The user
function module denoted H2xV3 is called from EVNTRE. The factor
applied to EVH to obtain H2 LC is 0,31, to obtain H2-IC is 0.10, to
obtain H2-UP is 0.04, and to obtain H2 UC is 0.55.

Case 4: The ARFs are not operating and there is diversion of flow from
the lower to the upper compartment by way of the floor drains in the
refueling canal floor. This case is directly related to Case 1 of
Question 41. The values are obtained from a CONTAIN calculation as
described in the discussion of Question 32. The user function module
denoted H2xV4 is called from EVNTRE. The factor applied to EVH to
obtain H2 LC is 0.44, to obtain 112-10 is 0.13, to obtain H2-UP is 0.01,
and to obtain H2-UC is 0,42.

Case 5: The ARFs are not operating, but the upper plenum and upper
compartment atmospheres are well-mixed, and a " clear path" exists from,

the lower to the upper compartment through the IC. The values are
obtained from a HECTR calculation as described in the discussion of
Question 41. The user function module denoted il2xVS is called from

.

EVNTRE. The factor applied to EVH to obtain ll2-LC is 0.35, to obtain
7|H2-IC is 0.*36, to obtain ll2-UP is 0.03, and to obtain H2-UC is 0.26.
q

Case 6: The ARFs are not operating, but the upper plenum and upper
compartment atmospheres are well mixed, and no " clear path" exists from
the lower to the upper compartment through the IC. For this case, the
hydrogen in the upper compartment for Case 5 is decreased by 50% and
the remaining hydrogen is distributed throughout the other compartments
in a manner proportionate with the compartmental amount for the base
case. The user function module denoted H2xV6 is called from EVNTRE.
The factor applied to EVH to obtain ll2-LC is U 41, to obtain H2-IC is

! 0.42, to obtain H2 UP is 0.04, and to obtain F2-UC is 0.13.
|

l Case 7: The ARFs are not operating, there is no mixing of the upper
plenum and upper compartment atmospheres, and no " clear path" exists
from the lower to the upper compartment through the IC, For Branch 5,
the hydrogen in the dome for the base case is decreased by 90% and the
remaining hydrogen is distributed throughout the other compartments in i
a manner proportionate with the compartmental amount for the base case.
The user function module denoted H2xV7 is called from EVNTRE. The
factor applied to EVH to obtain ll2-LC is 0.46, to obtain H2-IC is-0.47,
to obtain H2-UP is 0.04, and to obtain H2-UC is 0.03.
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Question 43. What is the flydrogen Concentration in the Lower Compartment,
and the Burn Completeness if Ignited?
3 Branches, Type 6, 2 Cases

The branches for this question are:

1. IILC>11 The hydrogen concentration in the lower compartment is
greater than 11%.

2. IILC>5.5 The hydrogen concentration in the lower compartment is
between 5.5% and lit.

3, LollLC The hydrogen concentration in the lower compartment is less
than 5.5%.

One parameter is defined in this question:

P14. E LCBC The completeness of combustion in the lower compartment, if
hydrogen ignition occurs, is assigned to Parameter 14.

This question is not sampled; the quantification of Parameter 14 was
provided by the Containment Loads Expert Panel (see Volume 2, Part 2, of
this report), and is calculated in a module within the user function
subprogram. The user function module also c..lculates the hydrogen
concentration, which is divided into the three categories defined by the! branches. The ann 11 cable cne for this oueselon d,>pecyte epn the hnne -

taken at Questiou 31.

The upward flammability limits for hydrogen air-steam mixtures and the
extent of hydrogen combustion depend upon the hydrogen and steam
concentrations. For this question, the amounts of oxygen, steam, and'

hydrogen in the lower compartment are passed to the user function. The
amount of nitrogen is proportionate to the amount of oxygen. The user
function module then calculates hydrogen and steam mole fractions. The
completeness of combustion is also dependent upon the amount of turbulence
in the atmosphere. The completeness of combustion is calculated using an
empirical model - specified by the exporta. The model, developed by C. C.
Wong , ^ l'17 is different for times of turbulent mixing than for times in

j which the atmosphere is quiescent.

Case 1: The ARFs are operating when ionition occurs, the turbulent
burn completeness model is used. The user function module denoted
il2Cnel is called from EVNTRE.

| Case 2: The ARFs are not operating when ignition occurs, the quiescent
| burn completeness model is used. The user function module denoted

il2Cnc2 is called from EVNTRE.

|

|
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Question 44. What is the llydrogen Concentration in the IC, and the Burn
Completeness if Ignited?
6 Branches, Type 6, 2 Cases

The branches for this question are:
;

1. IIIC>21 The hydrogen concentration in the IC is greater than 21%.

2. IIIC>16 The hydrogen concentration in the IC is between 16% and 21%.

! 3. IIIC>14 The hydrogen concentration.in the IC is between 14% and 16%.

4. IIIC>11 The hydrogen concentration in the IC is between 11% and 14%.

5, ilIC> 5. 5 The hydrogen concentration in the IC is between 5.5% and 11%.

5. LollIC The hydrogen concentration in the IC is less than 5.5%.

One parameter is defined in this question:

P15. E ICGC The completonons of combustion in the IC, if hydrogen
ignition occurs, is assigned to Parameter 15.

This question is not sampled; the quantification of Parameter 15 was
provided by the Containment Loads Export Panel (see Volume 2, Part 2, of
this reporr), and is calculated in a r.it,cste dithin the user function
subprogram. The user function module also calculates the hydrogen
concentration, which is divided into the six categories defined by the
branches. The applicable case for this question depends upon the branch
taken at Question 31.

The hydrogen concentration and burn completeness in the IC are calculated
in the user function module as described for the lower compartment in
Question 43, above.

| Case 1: The ARFs are operating when ignition occurs, the turbulent
burn cotrpleteness model is used. The user function module denoted
il2Cnc3 is called from EVNTRE.

Case 2: The ARFs are not operating when ignition occurs, the quiescent
burn completeness model is used. The user function module denoted
!!2Cnc4 is called from EVNTRE.

Question 45. What is the liydrogen Concentration in the Upper Plenum of the
IC and the Burn Completeness if Ignited?
6 Brrnches, Type 6, 2 Cases

The branches for this question are:

1. IlUP>21 'The hydrogen concentration in the upper plenum is greater 1

than 21%.
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2. HUP >16 The hydrogen concentration in the upper plenum |is between 16%. ;
and 21%. '

3. ' HU P>14 The hydro 6en concentration;in the upper _ plenum 1; between 14%
"

and 16%. ''

4. HUP >11 The hydrogen concentration;in'the upper plenum is between lit
and'14%. .!

5. HUP >5.5 The hydro 5en concentration -inL the --upper plenum is between.
5.5% and|11%.

6. LollUP The hydrogen concentration In the -upper plenum is less than-,

5.5%.

One parameter is defined in this question:

P16. E.UPBC The completeness of combustion in the uppor = plenum, . if'
hydrogen ignition occurs, is assigned to Parameter 16.

This question is not. sampled;_ the quant * fication ~ of Parametet .'16 was I

provided by the Containment Loads Expert Panel (see Volume ~2, Part-2, of-
this report), and is calculated in'a module within the user - function
subprogram. The user function module also ~ calculates - the hydrogen.

c.oncentration, which is divided _into the six .' categories ,-defined by. the--

-

branches. The applicable case for this- question depends upon the - branch
taken at Question 31.,

:
! The hydrogen concentration and burn . completeness - in the r upper . plenum .are'

calculated in the user- function module = as described . for the ;1ower-
; compartment'in Question 43.

!
Case 1: The ARFs are -operating when ignition occurs, the . turbulent _-

; -burn completoness~ model is used. .The user L function ; module denoted -
; H2Cnc5 is called from-EVNTRE.

Case 2: The ARFs are not operating when-ignition occurs, the quiescent
burn completeness model -is used. : The : user | function module--denoted
H2Cnc6 is called from EVNTRE.

Question 46. What is the-Hydrogen Concentration in the Upper Compartment,
and the Burn Completeness.If Ignited?
5 Branches, Type 6, 2 cases

The branches for this question are:

1. IlUC>21 The hydrogen concentration in the upper compartment ?is-
greater than 21%.

2. IIUC>16 The hydrogen concentration in the upper ecmpartment is
between 16% and 21%.
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3. HUC>11 The hydrogen concentration in the upper compartment -is:
between lit-and 16%.

4. HUC>5.5 The hydrogen concentration in the . upper compartment is:
,

between 5.5% and 11%.
. |:

-5. l.oHUC The hydrogen concentration in' the upper compartment |is _less j
than 5.5%.

I

One parameter is defined in this question:

P17. E UCBC The completeness of combustion in, the- upper compartment, if
|- hydrogen ignition occurs, is assigned to Parameter _17.

3
This question is not sampled; the quantification- of Parameter 17 was - p
provided by the Containment 1.oads Expert Pane 1L(see Volume 2 Part 2, of

-

this - report), and is calculated in a- module within the user _ function
subprogram. The-. use r function - module - also calculates the hydrogen q

concentration, which is divided : into the five ~ categories . defined -by- the
branches. The applica1>1e case for this question depends upon~ the branch
taken at Question 31.-

'

, q

The hydrogen concentration and burn completeness' in the upper comparttrnn*: ~

are calculated in. the user function module as described _ for _the ' lower--

cotpartment in Question 43, above.

, Case 1: The ARFs are operating when ignition occurs,7 the turbulent'
' burn completeness model is used. The user 71' unction mo'dule - denoted-

H2Cnc1 is called from EVNTRE.

-Case 2: The_ARFs are not operating when ignition occurs, the quiescent-
burn completeness - model is used. The user ~ function module denoted'
H2Cnc2 is called from EVNTRE.

Question 47. Are the Hydrogen Igniters-Operating During Core Degradation?1
~

2 3 ranches. Type 2, 4 Cases

The branches for this question are:

1. E Is The' igniters are operating during core degradation.

2. EnIg The igniters are not operatin6 during core degradation.-

This question is not sampled;. the quantification was :done, internally by the
accident frequency analysts. The branch taken depends upon the branches.

*

! taken at Questions 7, 13, 22, 44, and 46.
_

.

[ If ac power is initially operating, the initiation of the, igniters .by the ;
operators is addressed in Question- 13. This question addresses accidents
involved with loss of offisite power- and subsequent _ power recovery. If the-
hydrogen concentration in containment is less -than 6%, the operating,

g - procedures instruct the - operators to activate the - ignitors . If the
hydrogen concentration is Breater than 6% , the operators are directed -to
refrain from activating the ignitors.

1
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Case 1: The operators initial?.y activated the igniters. Either ac4

power was operating when activation took place, or power was recovered,
allowing the ignitors to operate. The quantification for this case is:

1.0Branch 1: E Ig -

Bran:h 2: EnIg 0.0-

Case 2: The accident involves a station blackout with power recovery
before i 'B . The hydrogen concentration in containment is less than
5.5%. 4RA indicates that failure to initiate will be about 8% of the
time, the quantification for this case is:

Granch 1: E Ig 0.92-

Branch 2: EnIg 0.08-

Case 3: The accident involves a station blackout with power recovery
before VB. The hydrogen concentration in containment is greater than
5.5%. IIRA indicates that incorrect initiation will occur about 8% of
the time. The quantification for this case is:

Branch 1: E Ig 0.08-

Branch 2: Enig 0.92-

P

Case 4: The accident involves a station blackout without power
recovery before VB. The igniters will not be operating. The
quantification fcr this case ist

Branch 1: E Is 0.0-

Branch 2: EnIg 1.0-

Question 48. Does Hydrogen Ignition Occur in che Lower Compartment During
Core Degradation?
2 Branches, Type 4, 5 Cases

The branches for this question are:

1, C LCDef Ignition of hydrogen occurs in the lower compartment during
core degradation.

2. EnLCDef Ignition of hydrogen does not occur in the lower compartment
during core degradation.

One parameter is defined in this question:

P18. E-IgLO Ignition in the lower compartment is fingged by assigning a
value of 1.0 to Parameter 18.
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This question is not sarapled; the quantification of Als question was
performed internally. The branch taken depends upon the branches taken at
Questions 7, 22, 33, 43, and 47.

For accidents in which the ARP systern is not operating; typically, for
station blackout accidents, the lower compartment is s tearn inerted. For
the other compartments in the containtnent, station blackouts are of
concern, because the IC is effective in de inerthg gases that pass through
it. The ignition of hydrogen in the other compartment" during station
blackout accidents was considered by the Containroent Loads r.xpert Panel and
will be addressed in Questions 49 through 51. For accidents in which the
hydrogen ignition system has been activated, and the lower cornpartroent
atmosphere has satisfied the flammability criteria, ignition is certain to
occur,

For all cases, the ignition flag will be set if ignition occurs. The
assignment of the parameter, if Branch 1 is taken, is:

Paramete: 18: E IgLC 1.0-

If Branch 2 is taken the assignment of the parameter is:

Paraa.eter 18: E IgLC 0.0-

Case 1: The ignitere are operating during core degradation, and the
steam concentration the lower compartment is less than 60%. Theo

ignition of hydrogen .s assured. If the flammability limit is not
attained, the burn cornpleteness for the lower compartment, Parameter
14, will hare been set to zero in Question 43. The quantification for
$1s case is:

Branch 1: E LCDef 1.0-

Branch 2: EnLCDef 0.0-

Case 2: The ignitors are not operating, and either the hydrogen
concentration in the lower compartment is less than 5.5%, or the stearn
concentration is greater than 25%. It is assumed that the probability
of ignition will be negligible for times in which there is a large
quantity of steam .n the lower compartment. The quantification for
this case is:

Branch 1: E LCDef 0.0-

Branch '; EnLCDef 1.0-

'

Case 3: Igniters are not operating, the stearn concentration is less
|than 25%, and the hydrogen concentration is greater than 5.5% , For |

| this case, ac power has been operating since UTAF. It is believed that
ignition will have occurred before VB due to random ac power sources.
The quantification for this case is:

Branch 1: E LCDef 1.0-

Branch 2: EnLCDof 0.0-

A.1,1 69

kh?



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

1

Case 4: Igniters are not operating, the steam concentration is less
than 25%, and the hydrogen concentration is greater than 5.5%. For
this case, ac power was recovered during core degradation. The
probability of ignition of hydrogen in the lower compartment before VB
is indeterminate. The quantification for this case is:

Branch 1: E LCDef 0.50.

Branch 2: EnLCDef 0.50-

Case 5: Igniters are not operating, the steam concentration is less
than 25%, and the hydregen concentration is greater than 5.5%. For
this case, ac power ha' not operated at all in the accident, and
ignition, if it occurs, will be due to de power and static sources
only. It is believed that ignition is not very likely to occur before
VB. The quantification for this case is:

Branch 1: E LCDef 0.15-

Branch 2: EnLCDef 0.85-

Question 49. Does Hydrogen Ignition Occur in the IC During
Core Degradation?
2 Branches, Type 4, 5 Cases

The branches for this question are:

1. E ICDef Ignition of hydrogen occurs in the IC during core
degradation.

2. EnICDef Ignition of hydrogen does not occur in the 10 during core
degradation.

Or3 parameter is defined in this question:

1 P19. E IgIC Ignition in the IC is flagged by assigning a value of 1.0 to
Parameter 19.

Cases 3, 4, and 5 of this question are sampled; the distributions were
provided by the Containment Loads Export Panel (see Volume 2, Part 2, of
this report). The branch taken depends upon the branches taken at
Questions 7, 22, 31, 34, 44, and 48,

for accidents in which the ARFS is not operacing; typically, for station
blackout accidents, the IC removes the steam from the gases that pass
through it. Ignition of the hydrogen that begins to accumulate within the
IC during station blackout accidents was considered by the Containment
Loads Expert Panel. The experts believed that the main ignition source for
hydrogen in the IC would he due to static discharge caused by the opening
and shutting of intermediate deck doors between the IC and upper plenum.
The intermediate deck doors consist 'of a urethane core sandwiched by
galvanized steel as described in the Sequoyah FSAR.^ 1*1' They open into
the upper plenum and are stopped by impacting adjacent door panels against
each othnr. The lower deck doors are not expected to contribute to
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probability of ignition because the gases entering the IC are highly steam.
inerted. Thera are no ignitors or no ac powered sources located within the
IC, but for times in which the ARF system is operating, burns initiated in

,

the lower compartment can propagate into the 10.

For all cases, the ignition flag will be set if ignition occurs. The
assignment of the parameter, if Branch 1 is taken, is:

Parameter 19: E IgIC 1.0- t

If Branch 2 is taken the assignment of the parameter is:

0.0Parameter 19: E IgIC -

case 1: Steam concentration in the IC is greater than 60%, or the hy.
drogen concentration is less than 5.5%. It is certain that ignition of
hydrogen will not occur in the IC. The quantification for this case is:

Branch 1: E ICDef 0.0-

Branch 2: EnICDef 1.0-

Case 2 Combustion is initiated in the lower compartment, and flames
propagate to the IC by operation of the ARFs, o t' there is power
recovery during a station blackout and the ARFs are not effective
before hydrogen ignition. For times in which the ARFs are not
effective, ignition is assumed to occur, by the definition of this
criterion as discussed for Case 2 of Question 31. The quantification
for this case is:

Branch 1: E ICDef 1.0-

Branch 2: EnICDef 0.0-

,

Case 3: Igniters are not operating, the steam concentration is less
than 60s, and the hydrogen concentration is greater'than 16%. The mean
value of the aggregate distribution for probability of ignition is:

Branch 1: E ICD:,f 0.197-

Branch 2: Enf0Def 0.803-

Case 4: Igniters are not operating, the steam concentration is less
than 60%, and the hydrogen concentration is between 11% and 16%. The
mean value of the aggregate distribution for probability _of ignition
is:

Branch 1: E ICDef 0.157-

Branch 2: EnICDef 0.843-

Case 5: Igniters are not operating, the steam concentration is less
than 60%, and the hydrogen concentration is between 5.5% and lit. The
mean value of the aggregate distribution for probability of ignition
is:

Branch 1: E ICDef 0.123-

Branch 2: EnICDef 0.877-
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Question $0. Does Hydrogen Ignition occur in the Upper Plenum During
Core Degradation?
2 Branches Type 4, 8 Cases

The branches for this question are:

| 1. E UPDef Ignition of hydrogen occuru in the upper plenum during core
degradation.

2. EnUPDef Ignition of hydrogen does not occur in the upper plenum
during core degradation.

One parameter is defined in this question:

P20. E IgUP Ignition in the upper plenum is flagged by assigning a value
of 1.0 to Parameter 20.

Cases 6, 7, and 8 of this question are sampled; the distributions were
provided by the Containment Loads Expert Panel (see Volume 2, Part 2, of
this report). The branch taken depends upon the branches taken at
Questions 7, 22, 28, 31, 34, 45, 47, and 49.

For accidents in which the ARFS is not operating; typically, for station
blackout accidents, the IC removes the steam from the gases that pass
through it. Ignition of the hydrogen that begins to accumulate within the
upper plenum during station blackout accidents was considered by the
Containmenc Loads Expert Panei. The experts believed that the main
ignition source for hydrogen in the upper plenum would be due to static
discharge caused by the opening and shutting of intermediate deck doors
between the IC and the upper plenum; the construction of the doors is<

discussed in Question 49, It ta expected that the probability of ignition
in the upper plenum will be higher than in the 10, due to the nature of the

'

impacting of the intermediate deck doors. There are igniters located
within the upper plenum;~thus, for accidents in which the hydrogen ignitica
system has been activated, and the upper plenum atmosphere ht.s satisfied
the flammability criteria, ignition is certain to occur.

For all cases, the ignition flag will be set if ignition occurs. The
assignment of the parameter, if Branch 1 is taken, is:

Parameter 20: E IgUP 1.0-

If Branch 2 is taken, the assignment of the parameter is:

Parameter 20: E IgUP 0.0-

( Case 1: The igniters are operating during core degradation, and the
! steam concentration in the upper plenum is less than 60%. The ignition
i of hydrogen is assured. If the flammability limit is not attained, the
i burn completeness for the upper plenum, Parameter 16, will have been
| set to ::ero in Question 45. The quantification for this case is:
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Branch 1: E UPDef 1.0-

Branch 2: EnUPDef 0.0.

Case 2: The igniterr are not operating, and either the hydrogen
concentration in the upper plenum is less than 5.5%, or the steam
concentration is greater than 60%. It is certain that ignition of
hydrogen will not occur in the upper plenum. The quantification for
this case is:

Branch 1: E UPDef 0.0.

Branch 2: EnUPDef 1.0-

Case 3: Combustion is initiated in the IC, and flames propagate to the
upper plenum by operation of the ARFs, or there is power recovery
during a station blackout and the ARFs are not effective before
hydrogen ignition. For times in which the ARFs are not effective,
ignition is assumed to occur, by the definition of this criterion as
discussed for Case 2 of Question 31. The quantification for this case
is:

Branch 1: E UPDef 1.0.

Branch 2: EnUPDef 0.0-

Case 4: Igniters are not operating, the steam concentration is less
than 25%, and the hydrogen concentration is greater than 5.5%. For
this case, ic power has been operating since UTAF. It is beliaved that
ignition will have occurred before VB due to random ac power sources.
The quantification for this case is:

Branch 1: E UPDef 1.0-

Branch 2: EnUPDef 0.0-

Case 5: Igniters are not operating, the steam concentration is less
than 25%, and the hydrogen concentration is greater than 5.54.. For
this case, ac power was recovered during core. degradation. The
probabilty of ignition of hydr 9n in the upper plenum . before VB is
indeterminate, The quantification for this case is:

Branch 1: E UPDef 0.500-

Branch 2: EnUPDef 0.500-

Case 6: Neither the igniters nor ac power is operating, the steam
i concentration is less than 606, and the hydrogen concentration is

greater than 16%. The mean value of the aggregate distribution for
probability of ignition is:

Branch 1: E-UPDef 0.347-

Branch 2: EnUPDef 0.653-

Case 7: Neither the igniters nor ac power is operatin5, the steam
concentration is less than 60%, and the hydrogen concentration is
between 11% and 16%. The mean value of the aggregate distribution for
probability of ignition is:
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Branch 1: E UPDef 0.257-

Branch 2: EnUPDef 0.743-

Case 8: Neither the igniters nor ac power is operating, the steam
concentration is less than 60%, and the hydrogen concentration is
between 5.5% and lit. The mean value of the aggregate distribution for
probability of ignition is:

Branch 1: E UPDef 0.178.

Branch 2: EnUPDef 0.822.

Question 51. Does Hydrogen Ignition Occur in the Upper Compartment During
Core Degradation?
2 Branches, Type 4, 8 Cases

The branches for this question are:

1. E UCDef Ignition of hydrogen occurs in the upper compartment during
core degradation.

2. EnUCDef Ignition of hydrogen does not occur in the upper compartment
during core degradation.

One parameter is defined in this question:

P21. E.IgUC Ignition in the upper compartment is flagged by assigning a
value of 1.0 to Parameter 21.

Cases 6, 7, and 8 of thi question are sampled; the distributions were
provided by the Containment Loads Expert Panel (see Volume 2, Part 2, of
this report). The branch taken depends upon the branches taken at
Questions 7, 22, 31, 35, 46, 47, and 50.

For accidents in which the ARFS is noc operating typically, for station
blackout accidents, the IC removes the steam from the gases that pass
through it. Ignition of the hydrogen that enters the upper compartment
during station blackout accidents was considered by the Containment Loads
Expert Panel. The experts believed that the likelihood that ignition.
sources exist in the upper compartment would be small. The upper deck
doors that separate the upper plenum and upper compartment are panels of
blanketed insulation. The opening of the upper deck doors does not involve
the same type of frictional contact as the opening of the intermediate deck
doors. There are ignitors located within the upper compartment; thus, for
accidents in which the hydrogen ignition system has been activated, and the
upper compartment atmosphere has satisfied the flammability criteria,
ignition is certain to occur.

For all cases, the ignition flag will be set if ignition occurs. The
assignment of the parameter, if Branch 1 is taken, is:

Parameter 21: E IgUC - 1.0
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If Branch 2 is taken the assignment of the parameter is:

parameter 21: E IgUC 0.0-

Case 1: The igniters are operating during core ciegradation, and the
steam concentration in the upper compartment is less than 60%. The
ignition of hydrogen is assured. If the flammability limit is not
attained, the burn completeness for the upper compartment, Parameter
17, will have been set to zero in Question 46. The quantification for
this case is:

Branch 1: E UCDef 1.0-

Branch 2: EnUCDef 0.0-

Case 2: The igniters are not operating, and either the hydrogen
concentration in the upper compartment is less than 5.5%, or the steam
eencentration is genter enan 60%. It is certain that ignition of

- hydrogen will not occur in the upper compartment. The quantification
for this case is:

Branch 1: E-UCDef 0.0-

Branch 2: EnUCDef 1.0.

Case 3: Combustion is initinted in the upper plenum of the 10, and
flames propagate to the upper compartment, or there is power recovery
during a station blackout and the ARFs are not effective before
hydrogen ignition. For times when the ARFs are not effective, ignition
is assumed to occur, by the definition of this criterion as discussed
for Case 2 of Question 31. The quantification for this case is:

Branch 1: E UCDef 1.0-

Branch ?; EnUCDef 0.0-

Case 4: Igniters are not operating, the steam concentration is less
than 25%, and the hydrogen concentration is greater than 5.5%. For
this case, ac power has been operating since UTAF, It is believed that
ignition will have occurred before VB due to randem ac power sources.
The quantification for this case is:

Branch 1: E UCDef 1,0-

Branch 2: EnUCDef 0.0-

Case 5: Igniters are not operating, the steam concentration is less
than 25%, and the hydrogen concentration is greater than 5,5%, For
this case, ac power was recovered during core degradation. The
probability of ignition of hydrogen in the upper compartment before VB
is indeterminate. The quantification for-this case is:

Branch 1: E UCDef 0,500-

Branch 2: EnUCDef 0.500-

1

|Case 6: Neither the ignirers nor ac power is operating, the steam |

. concentration is less than 60%, and the hydrogen concentration is
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greater than 16%. The mean value of the aggregate distribution for
probability of ignition is:

Branch 1: E UCDef 0.097-

Branch 2: EnUCDef 0.903-

Case 7: Neither the igniters nor ac power is operating, the steam
concentration is less than 60%, and the hydrogen concentration is
between 11% and 166 The mean value of the aggregate distribution for
probability of ignition is:

Branch 1: E UCDef 0.092-

Branch 2: EnUCDef 0.908-

Case 8: Neither the 1 niters nor ac power is operating, the steam6
concentration is less than 60%, and the hydrogen concentration is
between 5.St and 11%. The mean value of the aggregate distribution for
probability of ignition is:

Branch 1: E UCDef 0.083-

Branch 2: EnUCDef 0.917-

Question 52. Is There a Transition to Detonation (DDT) in the IC During
Core Degradation?
2 Branches, Type 2, 4 Cases

The branches for this question are:

1. E ICDet A deflagration in the IC is accelerated such that DDT occurs.

2. EnICDet There is no detonation in the 10.

Cases 1, 2 and 3 of this question are sampled; the distributions were
provided by the Containment Loads Expert Panel (see Volume 2, Part 2, of
this report). The branch taken depends upon the branches taken at
Questions 13, 44, and 49

Hydrogen concentrations in the IC can exceed detonable limits for times
when fans and ignitors are not operatin6 The expert panel that addressed
this question believed a hydrogen air steam mixture with a hydrogen mole
fraction of 0.14 or greater will result in a non negligible detonation lond
if ignition and flame acceleration occur. The panel agreed that
spontaneous detonation will not occur; however, the geometry of the IC is
such that, if a deflagration occuro , the flames can be accelerated to

I supersonic speeds, thus resulting in a detonation. The impulsive load
imparted by a detonation, if it occurs, is addressed in Question 55,

i Case 1: A deflagration has occurred in the IC, and the hydrogen
concentration is greater than 21%. The experts believed that it is
likely that the deflagration will transition to detonation. The mean
value of the aggregato distribution for probability of DDT is:
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Branch 1: E ICDet 0.720-

Branch 2: EnICDet 0.280-

case 2: A deflagration has occurred in the IC, and the hydrogen
concentration is between 16% and 21%. The experts believed that it is
fairly likely that the deflagration will transition to detonation. The
mean value of the aggregate distribution for probability of DDT is:

Branch 1: E ICDet 0.620-

Branch 2: EnICDet 0.380-

Case 3: A deflagration has occurred in the IC, and the hydrogen
concentration is between 14% and 16%. The experts believed that it is

.

about as likely as not that the deflagration will transition to
detonation. The mean value of the aggregate distribution for
probability of DDT is:

Branch 1: E ICDet 0.453-

Branch 2: EnICDet 0.547-

Case 4: A deflagration has occurred in the IC, and the hydrogen
concentration is less than 14%. The experts believed that the mixture
is not detonable, and the deflagration will not transition to
de tona *.lon. The value for probability of DDT is:

Branch 1: E ICDet 0.0-

Branch 2: EnICDet 1.0-

Question 53. Is there a DDT in the Upper Plenum of the IC During
Core Degradation?
2 5 ranches, Type 2, 4 Cases

The branches for this question are:

1. E UPDet A deflagration in the upper plenum is accelerated such that
DDT occurs.

2. EnUPDet There is no detonation in the upper-plenum.-

Cases 1, 2, and 3 of this question are sampled; the distributions were
provided by the Containment Loads Expert Panel (see Volume 2, Part 2, of
this report). The branch taken depends upon the branches taken at
Questions 13, 45, and 50,

l
i Hydrogen concentrations in the upper plenum can excend detonable limits for
t times when fans and igniters are noe operating. Similarly for detonations

in the IC as discussed in Question 52, the expert panel believed a hydrogen
mole fraction in the upper plenum of 0.14 or greater will result in a
threatening detonation load. The panol arreed that spontaneous detonation
will not occur: however, the geometry of the upper plenum is such that, if
a deflagration occurs, the flames can be accelerated to supersonic speeds,
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tt.us resulting in a detonation. The geomatry of the upper plenum is
sonewhat less conducive to DDT than it is for the 10. However, considering
the uncortainty associr'.ed with the distributions, the experts believed it
was adequate to use the same distribution for DDT in the upper plenum as
for DDT in the IC. The impulsive load imparted by a detonation, if it
occurs, i.s addressed in Question 56.,

Care 1: A deflagration has occurred in the upper plenum, and the
ayorogen concentration is greater than 21%. The experts believed that
it is likely that the deflagration will transition to detonation. The
at an value of the aggregate distribution for probability of DDT is:

Branen 1: E UPDet 0.720- >

Brsnch 2: EnUPDet 0.280-
,

Case 2; A deflagration has occurred in the upper plenum, and the
hydror.en coacentration la between 16% and 21%. The experts boileved
that it la fairly likely that the defisgration will transition to
detonati)n. The mean value of the aggregate distribution for
probabi.Lity of DDT is:

Branch 1: E UPDet 0.620-

Branca ': EnUPDet/ 0.380-

Case 3: A deflagration has occurred in the upper plenum, and the
hydrogen concentration is between 14% and 16%. Tho experts believed
that it is about as likely as not that the deflagration will transition
to detonatien. ". .t e mean value of the aBgregate distribution for
probability of ')DT is:

Branch 1: E UPT)et 0.453-

Branch 2: Er,UPL e t 0.547-

|
1 Case 4: A deflagration has occurred in the upper plenum, and the

hydrogen concentiarion is less than 14%. The experts believed that the
mixture is not dett nable, and the deflagration will not transition to
detonation. The value for probability of DDT is:

Branch 1: E UP')e t 0.0; -

Branch 2: EnUPten 1.0-

| Question 54. Pressure Riss in Containment due to Early Deflagration.'
2 Dranches, 'lype 6, 4 Cases

|

The branches for this questim are;

1. E DPDef There is a prescure rise in containment due to a hydrogen
deflagration dutiag core degradation.

2. EnDPDef There is no hydros;on deflagration during core degradation.
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One parameter to defined in this question:

P22. DP EDef The pressure rise in c on taintment due to a hydrogen
deflagration during core degradation, in kPa, is assigned to
Parameter 22.

This question is not sampled; the quantification of Parameter 22 was
provided by the Containment Loads Expert Panel (see Voltune 2, Part 2, of
this report), and is calculated in a module within the user function
subprogram. The applicable case for this question depends upon the
branches taken at Questions 13, 27, 30, and 32.

For this question, the existing pressure in containment is passed to the
user function. The other variables passed to the user function module are
(for each compartment in containment): the flag for ignition, the burn
completeness if ignition occurs, and the amounts of oxygen, steam, and
hydrogen (the amount of nitrogen is proportionate to the amount of oxygen).
The user function module calculates the pressure rise based upon a model
provided by the expert panel. The model uses the adiabatic isochoric
complete combustion (AICC) pressure ratio, or overpressure, which is then
adj usted to account for various phenomena. The first adjus tment is to
multiply the overpressure by the cornpleteness of combustion. Then, the
overpressure is reduced by 5% for heat transfer losses to solid surfaces.
This value is then adjusted for isentropic expansion (ideal gas is assumed)
into volurne s that are not participating in the deflagration. The
participating volumes are flagged by Parameters 18 through 21, Even if a
detonation has occurred, the static overpressure due to the burn is still
calculated. As well as computing the pressure rise in containment due to a
burn, the user function also readjusts the values of hydrogen and oxygen
due to their consumption in the burn.

Case 1: The igniters are operating at UTAF, the hydrogen is burned as
it is released, with minimal pressure rise. For this case, the
computed overpressure is decreased by a factor of 20.0 in the user
function module. It was believed that if the igniters are operating,
there will be negligible threat to contain:nont. The consumption of the
hydrogen and oxygen is still needed, and is calculated in the user
functicn for this case. The user function module denoted Burnt is
called from EVNTRE.

Case 2: Igniters are not operating at UTAF, and there is no
containment heat removal in the containment. The AICC burn model in
the user function module requires the temperature of the containment
atmosphere in order to calculate the over pressure. For this case, the
containment atmosphere is assumed to be 135'C. The user function
module denoted Burn 2 is called from EVNTRE.

I Case 3: Igniters are not operating at UTAF, and there is diversion of
flow from the lower to the upper compartment by way of the floor drains
in the refueling canul. The AICC burn rnodel in the user function t; module requires the terr.perature of the containment atmosphere in order

j to calculate the over pressure. For this case, the containment
'

atmosphere is assumed- to be 115'C. The user function modulo denoted l|

Burn 3 is enlled from EVNTRE.
I
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i
i Case 4: Igniters are not operating at UTAF, and there is containment
j heat removal by the IC and/or the sprays. The AICC burn model in the
j user function module requires the temperature of the containment
; atmosphere in order to calculate the over pressure. For this case, the 1
j containment atsonphere is_ assumed to be 38'C. .The user function module- i

|
denoted Burn 4 is. called from EVNTRE.

:

1

:

; Question 55. Impulse from Detonation in 10 During Core Degradation? j
' F Branches, Type 4, 2 Cases
;

' The branches for this question are:
;

] 1. E ImpIC There is an impulsive load delivered to containment
structures due to a detonation in the 10. *

2.- EnImpIC There is no detonation in the IC; therefore - there is no
impulsive load delivered to containment structures.

One parameter is defined in this question:4

1

P23. Imp IC The impulsive load in containment due to _a hydrogen
1 detonation in the IC during core degradation in kPa a, is
; assigned to Parameter 23.

This question is sampled; the distribution for Parameter 23 was provided-by
the Containment 1.oads Expert Panel (see Volume 2 Part 2, of this report).3

*

The applicable case for this question depends upon the branch taken at
Question 52.

The probability that a detonation occurs in the IC before VB was~ addressed~

,

in Question 52. The load accompanying the detonation.is provided-in this
question. The expert panel addressing' the hydrogen threat - before VBa

provided distributions for the impulsive load imparted by - a= detonation.
The panel believed the load to be independent of hydrogen concentration -

i

provided the concentration is . at least _ high enough for a detonation to
occur.

Case 1: A detonation has occurred in-the IC before VB.- For this case, j
all of the probability is assigned to the branch in which there is an !
impulsive load delivered to containment structures. The quantification
for this case is:,

Branch 1: E ImpIC 1,0-

Branch 2: EnImpIC - .0. 0-
i

For Branch 1, the assignment of the parameter based on the mean value ~i,

of the aggregate distribution (kPa s) is:

Parameter 23: Imp-IC 10.40-

1

1 For Branch 2, the assignment of the parameter is irrelevant.
.
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Case 2: A detonation has not occurred in the IC before VB. For this
case, all of the probability is assigned to the branch in which there

i is no impulsive load delivered to containment structures. The
quantification for this case is:

Branch 1: E ImpIC 0.0.

Branch 2: EnImpIC 1.0-

For Branch 1, the assignment of the parameter is irrelevant. For
Branch 2, the assi nment of the parameter (kPa s) is:6

Parameter 23: Imp IC 0.0-

Question 56. Impulse from Detonation in Upper Plenum of IC During
Core Degradation?
2 Branches, Type 4, 2 Cases

The branches for this question are:

1. E ImpUP There is an impulsive load delivered to containment
structures due to a detonation in the upper plenum.

2. EnImpUP There is no detonation in the upper plenum; therefort, there
is no impulsive load delivered to containment structures.

One parameter ic dafined in this qus. tion:

P24 Imp UP The impulsive load in containment due to a hydrogen
detonation during in the upper plenum core degradation, in
kPa s, is assigned to Parameter 24

This question is sampled; the distribution for Parameter 24 was provided by
the Containment 1. cads Expert Panel (see Volume 2 Part 2, of this report).
The applicable case for this question depends upon the branch taken at|

Question 53.

The probability that a detonation occurs in the upper plenum before VB is
addressed in Question 53. The load accompanying the detonation is provided
in this question. The expert panel addressing the hydrogen threat before
VB provided distributions for the impulsive load imparted by a detonation.
The panel believed the load to be independent of hydrogen concentration,
provided the concentration is at least high enough for a detonation to

The same distribution for the impulsive load due to a detonation inoccur.
the IC for Question 55 is applied in this question for a detonation in the
upper plenum.

Case 1: A detonation has occurred in the upper plenum before VB. For
this case, all of the probability it assigned to the branch in which
there is an impulsive load delivered to containment structures. The
quantification for this case is:

i
'
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Branch 1: E ImpUP 1.0-

Branch 2: EnImpVP 0.0-

For Branch 1, the assignment of the parameter based on the mean value of
the aggregate distribution (kPa s) is:

Parameter 24: Imp UP 10.40-

For Branch 2, the assignment of the parameter is irrelevant.

Case 2: A detonation has not occurred in the upper plenum before VB. For
this case, all of the probability is assigned to the branch in which there
is no impulsive load delivered to containment structures. The
quantification for this case is:

Branch 1: E ImpUP 0.0-

Branch 2: EnImpUP 1.0-

For Branch 1, the assignment of the parameter is irrelevant. For
Branch 2, the assignment of the parameter (kPa s) is:

Parameter 24: Imp UP 0.0-

Question 57. CF Criteria for Pressure and Impulse Loadings?
1 Branch Type 3

The single branch for this question is always taken. The branch is:

1. CF Spec The containment failure criteria are specified.

Four parameters are defined in this question:

P25. CF Pr The containment failure pressure, h. kPa, is assigned to
Parameter 25.

P26. RndVal A random number between 0.0 and 1.0 is assigned to Parameter 26.
This number is used to determine the mode of CF.

P27. CFI-UP The impulsive failure criterion in the UP, in kPa s, is assigned
to Parameter 27.

P28, CPI-IC The impulsive failure criterion in the IC, in kPa s, is assigned
to Parameter 28.

This question is sampled, the distributions for the containment static failure
pressure and the dynamic failure impulse were provided by the Structural
Response Expert Panel. A detailed description of the conclusions of the
structural experts who considered the strength- of the.Sequoyah containment,

.

I

l

|

|
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1

and the formation of the aggregate distributions, is contained in Voltune 2,
Part 3. of this report.

The random nwnbe r introduced in this question, Paranieter 26, is used to
determine the mode of containment failure. For both static and dynamic
pressure loadings, the comparison of the failure criterion with the
loadin&, and the determination of the snode of failure, take p* ace in a user
function module, which is called from the APET in the question in the
event tree.

Based on the inean value of the experts' ag6regate distribution for the
failure pressure, the assignment of the parameter is (kPa):

Parameter 25: CF Pr 550.90-

The mean value of the random number distribution is:

Parameter 26: RndVal 0.50-

The assignment of the dynamic failure criteria, based on the mean values of
the experts' aggregato distribution is (kPa s):,

Parameter 27: CFI UP 12.00-

Parameter 28: CFI-IC 21.50-

Question 58. Early Containment Failure and Mode of Failure?
6 Branches, Type 6, 4 Cases

The branches for this question are:

1. EnCF There is no containment failure during core degradation.
! 2. E CPUCL The containment f ails - during core degradation, and the'

failure is a leak in the upper containment; the nominal hole
area is 0,1 fta,

i

3. E CFLCL The containment fails during core degradation, and the
failure is a leak in the lower containment; the nominal hole
area is 0.1 ftz,

4. E CFUCR The containment fails during core degradation, and the
failure is a rupture in the upper containment; the nominal
hole size is 1 ft*,

|

5. E CFLCR The containment fails during core degradation, and the
!failure is a rupture in the lower containment; the nominal '

hole size is 1 ft ,2

6. E CFCtR The containment fails during core degradation, and the i
failure is by catastrophic rupture; the area of the hole is |
at 1 cast 7.0 f t2 (and may be considerably larger) and there
is extensive structural damage.
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For this question, a module within the user function subprogram is
evaluated to determine whether the containment fails, and, if it fatis, the
mode of fatiure. The user function module called in this question depends
upon the branches previously taken at Questions 12, 23, 24, 27, 28, 52, 53,
and 54. The user function (see Subsection A.2) determines the branch taken
at this question.

For a hydrogen detonation, the module of the user function evaluated at
this question compares the impulsive load due to a detonation in either the
IC or upper plenum, Parameter 23 or 24, to the impulsive criterion in the
IC or upper plenum, parameter 28 or 27. If the impulsive load exceeds the
impulsive failure criterion, _ the containment fails and the failure is a
rupture in the upper containment; that is. Branch 4 is taken for- this -
question.

For a hydrogen deflagration, the user function module adds the pressure
rise due to a deflagration, Parameter 22,-to the existing baseline pressure
in contaituacnt during core degradation, Parameter 7, to obtain the load
pressure. This is then compared to the containment failure pressure,
Parameter 25. If the load pressure exceeds the failure pressure, the
containment fails. The way in which the random number, Parameter 26, is
used to determine the mode of containment failure 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 slow pressure rise, the
experts provided an aggregate conditional probability for each failure mode
as a function of failure pressure, and a table containing this information
is contained in the user function. The random number is used to select themode based on these conditional probabilities. 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 pressure will not arrest the pressure rise. The method of
determining the mode of containment failure is described briefly in
Subsection A.2 (See also Issue 2 in Volume 2, Part 3.)

Case 1: A detonation has occurred in the IC or the upper plenum of the
10. The user function module denoted CFDet determines if failureoccurs. If failure occurs, the branch for failure in the uppercontainment, Branch 4, is taken.

,

Case 2: The containment was not isolated at the start of the accident,
with an equivalent failure size of a rupture. Further overpressure
failures are precluded. The user function module denoted NoCF. iscalled fron EVNTRE. The value passed from the user function assures
that the wfailure branch, Branch 1, is taken.

Case 3: The pressure rise is rapid comptred *o the Icak
depressurization rate, that is, development of a leak does not arrest
the pressure rise in this case. The portion of the user function
denoted CFFst determines if failure occurs and the mode of failure.
Case 4: The pressure rise is comparable to the Icak depressurization
rate, that is. development of a leak arrests the pressure rise. This
type of pressure rise would be expected if all containment heat removal
systems failed before VB, Icading to slow overpressure. The portion of
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j the user function denoted CFS1w determines if failure occurs and the
j mode of failure.

:

Question 59. Status of IC before VBt
3 Branches Type 4, 3 Cases

,

The branches for this question are:

1. E24IBP1 The 10 is ineffective for condensing steam, and is
essent .y totally bypassed.

,

2. E2 IBP2 Thor, some deBree of ice bypass in the 10..,

3. E2nIBP The IC is intact and totally effective.

One parameter is defined in this question:

P29, IBPl.v1 The fractional level of ice bypass. is assigned to Parameter
( 29

,

This question is not sampled; the quantification was done internally. The
branch taken and the parameter assignment at this question depends upon the
branches taken at Questions 28, 30, 52, and 58,

i The importance of the IC for its pressure suppressiun capability and for
; removal of fission products from the containment atmosphere is discussed in

Question 29. The effective bypass of the IC due to molting of all the ice,
| and the partial bypass due either to the asymmetric molting of ice or to

channeling was addressed in Question 30. This qucation addresses the
partial bypass of the IC as a result of a local detonation. The degree to
which any partial bypass affects loads and fission product removal is also)

addressed.

Case 1: The IC is offectively bypassed due to total molting of the ice
as established in Question 30, or because the containment has failed
early in the lower region of the containment. All the probability is

; assigned to the highest level of bypass, for which the fractional level
of bypass, Parameter 29, assumes a value of 1.0. The quantification
for this case is:

: Branch 1: E2 IBP1 1.0-

t Branch 2: E2 IBP2 0,0-

Branch 3: E2nIBP 0,0-

4

For Branch 1, the assignment of the parameter is: >

| Parameter 29: IBPLv1 1.0-
m

.

For Branches 2 and 3, the assignment of the parameter is irrelevant,
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Case 2: There is a detonation in the IC, or there is some degree of
early bypass, as established in Question 30. The structural expert
panel roughly addressed the degree of structural damage that would be
imparted to the structures in the 10. It was believed that, at most, a
few dozen ice baskets would be destroyed as a result of a detonation in
the 10. This corresponds to less than 5% of the original ice
inventory.

Some llECTR calculations were performed to examine the response of the
IC to a given steam loading for various configurations of the ice. The
pressure in containment was determined with all ice present, with no
ice present, and with 25% of the ice removed. Two studies were
performed for the times of 25% ice removal. The first study used
nominal assumptions concerning cross flow, frictional loss
coefficients, etc.; whereas the second study used conservative
assumptions. When 25% of the ice is removed, the pressure suppression
is essentially 83% offective for the first study, and 60% offective for
the second study. Another calculation, performed for 2% ice removal,
indicated that only about 7% of the total steam blowdown entered the
voided region of the ice bed. Considering either partial bypass due to
channeling, asymmetric flow, or detonations, it is believed that,

effective bypass of the IC will be minimal. The quantification for
this case is:

'
Branch 1: E2 IBP1 0.0-

Branch 2: E2 IBP2 1.0-

Branch 3: E2nIBP 0.0-

For Branch 1, the assignment of the parameter is irrelevant; for Branch
2 the assignment of the parameter is:

Parameter 29: IBPLv1 0.062-
1

For Branch 2, the assignment of the parameter is irrelevant.

Case 3: No early bypass, or no detonations have occurred in the IC.'

The IC is considered totally effective in its pressure suppression and
fission product removal capacity. The quantification for this case is:

Branch 1: E2 IBP1 0.0-

Branch 2: E2 IBP2 0.0-

Branch 3: E2nIBP 1.0-

For Branches 1 and 2, the assignment of the parameter is irrelevant;
for Branch 3 the assignment of the parameter is:

Parameter 29: IBPLv1 0.0-
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1 Question 60. Are ARFs or Ducting Impaired due to Early Burne?

3 Branches Type 2, 5 Cases.

The branches for this question are:

1. E2 Fan The ARFs are functional and operating before VB.

, 2. E2 aran The ARFs are functional and are available to operate if power
) is recovered.

3. E2fran The ARFs are failed and cannot be recovered. -

e

. This question is not sampled; the quantification was done internally.- The
4 branch taken at this question depends upon the branches taken at Questions

28, 48, and 51.

The ARFs take suction froen the upper containment and discharge into the
dead ended annular region in the lower containment. The fans are fitted to

i ductwork which serves as the collection and distribution system for the
fans. If a global hydrogen burn occurs in the lower or upper compartment,
the ARFs may be rendered inoperable due to - the collapsing of ductwork,
bending of fan blades or the sticking open of dampers. Because there are,

a two independent ARF systems installed on opposite sides of containment, it
is believed that it is not likely that both systems will be failed at the
same time.

Case 1: There is no burn in the upper or lower compartment during core
degradation and the ARFs are operating. The fans will remain operating
through VB. The quantification for this case is:

Branch 1: E2 Fan 1.0-

Branch 2: E2aFan 0.0-

Branch 3: E2fFan 0.0-

Case 2: There is no burn in the upper or lower coropartment during core
degradation and the ARFs are available to operate if- power is
recovered. The fans will continue to be availabic through VB. The
quantification for this case is:

Branch 1: E2 Fan 0.0-

Branch 2: E2aFan 1.0-

Branch 3: E2fFan 0.0-

Case 3: There is a burn in the upper or lower compartment during core-
degradation and the ARFs are operating, It is considered likely that
fans will remain operating through VB. The quantification for this
case is:

|

Branch 1: E2 Fan 0.75-

Branch 2: E2aFan 0.00-

Branch 3: E2ffan 0.25-

Case 4: There is a burn in the upper or lower compartment during core
degrada tion - and the ARFs are available to operate if power is
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recovered. It is concidered likely that fans will remain available
through VB. The quantification for this case is:

0.00Branch 1: E2 Fan -

0.75Branch 2: E2aFan -

0.25Branch 3: E2fFan -

Case 5: The fans had initially failed upon demand. The fans will
remain failed throughout the accident. The quantification for this
case is:

0.0Branch 1: E2 Fan -

Branch 2: E2 aran 0.0-

Branch 3: E2fFan 1.0-

Question 61. Are sprays Impaired dun to Early Containment Failure or
Environment?
3 Branches, Type 2, 7 Cases

i

The branches for this question are:

1. E2 Sp The sprays are functional and operating before VB.

2. E2 asp The sprays are functional and are available to operate if
power is recovered.

3. U2h 11.6 aptays are talled and cannot be recovered.

This question is not sempled; the quantification was done internally. The (

branch taken at this question depends upon the branches taken at Questions
27 and 58.

The two CSS trains that penetrate containment consist of 12 in, pipes. The
residual heat removal (RllR) spray system consists of two 8 in, pipes. The
pipes penetrate the shield building in the vicinity of the ECOS
penetrations, and span a circumferential arc of about 7 ft. Within the
annulus between containment and the shield building, the four pipes rise a
vertical distance of about 100 ft. The pipes then penetrate the
containment dome at about 40 ft above the containment springline.

The CSS and the RHR spray system might fail before VB due to clogging of
3

the sumps by debris, direct damage to the piping by hydrogen burns,
dislocation of the piping, or containment failure. At TMI, the sump water,

| was laden with debris, yet the pumps operated normally. Some pumps in
industrial service operate for years with debris laden fluid. The sump
screens at Sequoyah are large, and there is a trash curb around the Jump,
so that blockage of the sumps severe enough to fail the pumps is deemed
negligible. llydrogen burns in the upper containment at Sequoyah would
probably impart minimal damage to the sprays. Again, at THI, the sprays
survived the hydrogen burns that occurred. Spray failure due to hydrogen
burns in the containment dome is considered negligible for this analysis.
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i

The spray piping can fail due to dislocation of the pipe accompanying the
ovelling of the containment with an increase in pressure. As the
containment wall expands with increasing pressure, the pipe aould be-

dislodged from its supports and subsequently fail. Because of thez

: configuration of the containment within the shield building at Sequoyah,
I the piping can move due to the containment wall expansion, and yet be

constrained at the shield building penetrations.- This factor may als9 lead
to mechanical failure of piping or-piping supports. This failure meetanism-
is believed to be unlikely, as the pipes have supports and penetrations

.

9designed to accommorlate the movements that accompany large chang ss in
[| temperature.

_ ,

Structural engineers at SNL who are familiar with reactor containments were
1 consulted about the probability of spray failure upon containment failure
1 at Sequoyah. They agreed that the probabil. tty of spray failure for ft .'. lure.

modes other than catastrophic rupture - was unlikely. - For catastrophic
rupture, it was their opinion.that the probability of spray failure would
be assured, as the Sequoyah containment is free standing steel, and a
catastrophic rupture failure would _ be likely to involve such _ a large-

| portion of the containment structure that all of the spray trains would be
j severely damaged. It is quite uncertain as to the_ probability of piping
. failure due to rupture failures in the upper containment (mainly at the
i springline). If the rupture occurs in a location far removed from the

spray piping penetrations, the sprays will probably remain intact. For
rupture failures in the lower containment (mainly anchorage failures), the
containment may be uplifted, and the spray piping threatened. If the

i containment fails due to a lower containment rupture failure, it is quite
' likely that the the spray piping will remain intact. Leak failures are of

minimal concern with regard to spray piping failure.

Case 1: The sprays are already failed, or the containment fails by
catastrophic rupture. As mentioned above it is believed that'

catastrophic rupture would involve failure of the sprays.. A widely-

accepted scenario for catastrophic rupture ' involves the "unzippering"-
,

of the containment shell at the springline; Because the spray. piping,

penetrations are located above the sprii 611ne, the sprays are certain.
~

i

to be damaged. The quantification for this case is:,

0. 0'Branch 1: E2 Sp -

Branch 2: E2 asp
'

O.0-

Branch 3: E2fsp 1.0-

l Case'2: The sprays are operating, and there is either no containment
L failure or failure involving a leak in. containment. The mechanisms for'

failing the sprays include clogging of the sumps by ' debris', _ direct i
.. damage to the piping by hydrogen burns, -or dislocation' of the; piping,#

as discussed. above. ' It is believed . that' .the threat _ due to these- j
mochanisms is low. The quantification for this case is:_ l

Branch 1: E2 Sp_ 0.95-

|- Branch 2: E2 asp 0.00--

| ' Branch 3: E2fSp 0.05
{

-
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Case 3: The sprays are availabic to operato if power is recovered, and
there is either no containment failure or failure involving a leak in
containment. As in case 2, the mechanisms for failing the sprays
include clogging of the pumps by debris, direct damata to the pipin6 by
hydrogen burns, or dislocation of the piping. The quantification for
this case is:

Branch 1: E2 Sp 0,00-

Branch 2: E2 asp 0,95-

Branch 3: E2fSp 0.05-

Case 4: The sprays are operating, and there -is a rupture failure in
the upper containment. It is believed to be indeterminate whether the
sprays will fail. The quantification for this case is:

Branch 1: E2 Sp 0.50-

Branch 2: E2 asp 0,00-

Branch 3: E2fsp 0.50-

Case 5: The sprays are available to operate if power is recovered, and
there is a rupture failure in the upper containment, It is believed to
be indeterminate whether the sprays will fail. The quantification for
this case is:

Branch 1: E2-Sp 0.00-

Branch 2: E2 asp 0.50-

Branch 3: E2fSp 0,50-

case 6: The sprays are operating, and there is a rupture failure in
the lower containment. It is believed that spray failuru will be
unlikely. The quantification for this case is:

Branch 1: E2 Sp 0.80-

Branch 2: E2 asp 0.00-

Branch 3: E2fSp 0.20-

( Case 7: The sprays are available to operate if power is recovered, and
there is a rupture failure in the upper containment, It is believed
that spray failure will be unlikely. The quantification for this case
is:

Branch 1: E2 Sp 0.00-

Branch 2: E2 asp 0,80-

branch 3: E2fSp 0.20-

,

!

Question 62. What Fraction of Hydrogen Released In-Vessel Is in
Containment at VB7
2 Branches, Type 5

The branches for this question are:

A.1.1-90
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1. E2-H2Hi The hydrogen in containment at VB is greater than 50% of that
which was generated in vessel. The nominal value ie assumed
to be 85%.

2. E2 H2Lo The hydrogen in containment at VB is less than 50% of that
which was generated in vensel. The nominal value is assumed
to be 25%.

For this question, a module within the user function subprogram is
evaluated to determine which branch is taken.

At Sequoyah, when hydrogen ignition occurs before VB, much of the hydrogen
that was generated in vessel is consumed. Ignition occurs before VB when
Igniters are operating with probability of 1.0, and when the igniters are
not operating, ignition occurs with an estimated probability as discussed
in Questions 48 through 51. One of the experts addressing containment
loads at VB felt that it was necessary to create an additional ~ case-
defining parameter to establish the containment hydrogen inventory at the
time of VB. Thus, the level of pre existing hydrogen was added as an
additional parameter to consider in the experts' subcase definition. The
level of hydrogen was defined to refer to the percentage of hydrogen
released in vessel that still remains in containment at the time of VB.

In this question, the user function module denoted H2 Cont is enlled from

EVNTRE. The amount of hydrogen generated in vessel, the amount of hydrogen
generated that is released from the vessel, and the amount of hydrogen in
the lwer containment, IC, upper plenum, and upper containment are passed
to the user function. The amount of hydrogen initially contained in each
of the compartments is adjusted for burns in Question 54, as dictated by
the burn completeness parameters, Parameters 14, 15, 16, and 17.'

|
t Question 63. Level of Ca'/ity Flood at VBf
j 3 Branches, Type 2, 3 Cases

! The branches for this question are:

1. E2 CDry The reactor cavity contains little (less than 3,000 f t ) or3

no water at the time of VB.
>

2. E2 CWet The reactor cavity contains between 3,000 to 10,000 f t3 of
water at VB. The nominal depth of the water is 10 ft.

3. E2-cdp The reactor cavity is deeply-flooded at VB, containing more'

than 10,000 f t3 of water. The nominal depth of the water is
24 ft.

Case 2 of this question is sampled zero-one, and was quantified internally.
For Cases 1 and 3, the amount of water in the reactor cavity may be
reliably deduced from the information available about the injection of the
RWST water into the containment and the degree of ice melt. The branch
taken at this question depends upon the branches previously taken at
Questions 8, 22, 24, and 29.
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As used here, the cavity includes not only the annular space around the
ve r,s el and the cylindrical space directly under the vessel, but also the
instrumentation tunnel keyway which is completely open on one end to the
cylindrical cavity proper. A personnel accesc located abovt 41 ft above
the reactor cavity floor, above the ceiling of the instrumentation tunnel,
provides a path which allows water on the lower containment floor to
overflow into the reactor cavity. The bottom of -the reactor vessel is
located about 16 ft above the reactor cavity floor. . Thus, the bottom of
the reactor vessel can potentially be submerged in water, given a
substantial amount of water in the cavity. The floor area of the cavity
region is about 650 ft), and the cavity volume is irregularly shaped. The
amount of water needed to contact the bottom of the reactor vessel is about
10,000 ft , At 41 ft above the reactor cavity floor, which is about at the3

location of the hot leg inlet to the reactor vessel, the volume of water is
approximately 18,000 ft .3

The cavity at Sequoyah has no direct connection at or near the basemat ,

elevation with the sumps from the lower containment floor, Thus. the water
that will collect in the cavity is due to the accumulation of water on the
lower containment iloor that overflows into the cavity, as described above.
The amount of water needed on the lower centainment floor for overflow into
the cavity is about $1,000 ft . The injection of the RWST into containment3

before VB can occur by operation of the ECCS and subsequent release through
a break or the p0RVs, or by operation of the sprays. Whether or not the
RWST is injected it,to containment is addressed in Question 8. If the RWST
is injected, the amount of water in the lower containment is about 45,000

3 3ft. The amount of water in the IC is about 39,000 ft . The level of ice
melt before VB is addressed in Question 29. Neither injection of the RWST
alone nor melt of all the ice alone is sufficient to assure water in the
cavity. If one quarter of the ice melts, and the RWST is injected into
containment, there will be about 3,750 ft3 of water in the cavity,
corresponding to a depth of about 5.5 ft. If half of the ice melts, and
the RWST is injected into containment, there will be about 13,500 f t3 of
water in the cavity, u>rresponding to a depth of about 22 ft.

If the only water in the cavity is that due to accumulator dump at VB[ the
water depth will be at least 5 ft. What is of interest here is the
presence of water for the DCil and ex vessel steam explosion _(EVSE) events.
The magnitude of the pressure rise due to DCll depends upon whether there is
water in the cavity. Whether an EVSE occurs also - depends upon whether
there is water in the cavity. If the accumulators discharge at VB, the
accumulator water will enter the avity only after the .the molten core
enters the cavity and af ter DCll occurs. Thus, whether the accumulators

,

discharge at vessel breach is irrelevant for these two events.
1

Case 1: The RWST was not injected into the containment before breach,
so the reactor cavity contains little or no water at breach. The
quantification for this case is:

Branch 1: E2 CDry 1.0-

Branch 2: E2 CWet 0.0-

Branch 3: E2 cdp 0.0-
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Case 2: The RVST was injected into the containment before breach and
there is less than half of the ice melted. If ther is blowdown of the
RCS inventory to contcinment, there will be a substantial thermal load
placed on the IC, as discussed in Question 29. It is believed that at
least one quarter of the ice will be melted, which corresponds to a wet
cavity as defined above. If as much as half of the ice is melted, the
cavity will be deeply flooded. Much uncertainty exists with respect to
the exact amounts of water 'nvolved and the amount of ice melt. As
this case was sampled zero one, each observation had all the
probability assigned to one of these two branches. Taking the average
over all the observations, the quantification for this case is:

Branch 1: E2 CDry 0.00-

Branch 2: E2 CWet 0.f0-

Branch 3: E2 cdp 0.50-

Case 3: The RWST was injected into the containment before breach, and
there is more than half of the ice ac1ted. The cavity is assumed to be
deeply flooded. The quantification of this case is:

Branch 1: E2 CDry 0.0-

Branch 2: E2 CWet 0.0-

Branch 3: E2 cdp 1.0-

Question 64. Does an Alpha Mode Event Fail Both the Vessel
and the Containment?
2 Branches Type 2, 3 Cases

The branches for this question are:

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

.

2. noAlpha The vessel does not fail in this manner.

This question is sampled; the distribution used was developed internally
from the opinions expreswed by the steam explosion review group as
documented in NUREG 1116.^ 115 The experts' individual distributions and
the aggregation of them are presented in Volume 2, Part 6 of this report.
The branch taken at this question depends upon the branches previously
taken at Questions 25 and 26.

Case 1: There is VB with the RCS at low pressure. Steam explosions
are more likely when the RCS is at low pressure then when the I;CS is at
some higher pressure. The aggregate distribution developed from
distribution in the SERG was used for this case. This distribution
covers many orders of magnitude. Based on the mean value of the
distribution, the quantification for this case is: i

Branch 1: Alpha 0.008-

Branch 2: noAlpha 0.992-
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Case 2: There is VB and the RCS is not at low pressure. Steam
explosions are less likely when the RCS is not at low pressure. The
aggregato distribution used in the preceding case was decreased by an
order of :nagnitude for use in this case. Based on the mean value ofthe distribution, the quantification for this case is:

Branch 1: Alpha 0.0008-

Branch 2: noAlpha 0.9??2-

Case 3: The core degradation proosw has been arreswd and there is no
VB. The quantification for this vase is:

Branch 1: Alpha 0.0-

Branch 2: noAlpha 1.0-

Question 65. Type of VB7
5 Branches Type 2, 6 Cases

The branches for this question are:

1. PrEj The molten core material is ejected under considerable
pressure from a hole in the bottom of the vessel.

2. Pour The molten core material pours slowly from the vessel,
primarily driven by gravity.

3. BtmHd A large portion of the bottom head fails, perhaps due to a
circumferential failure.

4 Alpha Alpha mode failure has occurred.

There 'is no failure of the reactor pressure vessel.5. noVB

Cases 2, 3, and 4 are sampled zero one; the type of VB was determined bythe In Vessel Expert Panel. The conclusions of the experts and their
aggregate distributions are presented in Volume 2, Part 1 of ~ this report.
The branch taken at this question depends upon the branches previouslytaken at Questions 23, 24, and 35.

The pressurized ej ection failure mode requires that the RCS be at high
pressure (greater than 200 psia) when the vessel fails. The expert panel
generally had ' in mind the failure of one or a few penetrations in the
bottom bec.d when discussing this failure mode. Although the pour failure
mode is often considered to occur only with the RCS at low pressure (less
than 200 psia), at least one expert concluded that the probability of thisfailure gnode with the RCS at high pressure at VB was non-zero. The
scenario env! caged is that the RCS fails before the bulk of the core debris
rclocates in the bottom head of the vessel. The failure occurs due to a
small amount of molten debris that " dribbles" to the bottom head along an
instrumentation tube and fails near a penetration. The RCS then blows down
through this break, but no core debris is expelled. After tho' blowdown,
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i the bulk of the debris locates to the lower head, subsequently failing it,
and the core debris pours out into the cavity. Although there could be a
small driving force due to the gas pressure in the RCS, the pour failuro
modo is distinguished by the fact that gravity is the primary force causing
the molten core debris to leave the vessel.

,

The bottom head failure modo can occur at any RCS pressure; the failure
could be a circumferential failure in which the whole bottom head falls
into the cavity or some other failure in which a substantial portita of the
bottom head fails. Bottom head failure at high pressure has effects
similar to high pressure melt ejection (HPME); bottom head failure at low
pressure has effects similar to a pour failure. Branches 4 and 5 are used
to indicate that none of tha three preceding branches applies.

Case 1: The core degradation process has been arrosted and there is no
;

VB. The quantification for this case is:

Branch 1: PrEj 0.0 f-

Branch 2: Pour 0.0-

Branch 3: BtmHd 0.0-

Branch 4: Alpha' 0.0 j-

Branch 5: noVB 1.0 i-
;

Case 2: An Alpha modo failure of both the vessel and the containment
has occurred. The quantification for this case is:

Branch 1: PrEj 0.0 i-

Branch 2: Pour 0.0-

Branch 3: BtmHd 0.0-

Branch 4: Alpha 1.0-

Branch 5: noVB 0.0-

Case 3: The vessel fails when the RCS is at system setpoint pressure.
The most likely failure mode is failure of a penetration, leading to
HPME. This is Case-1 of In Vessel Issue 6. The sampling was r.ero one,
so each observation had all the probability assigned to one of these '

three branches. Taking the average over all the observations, the
quantification for this case is:

.

Branch 1: PrEj 0.79-

Branch 2: Pour 0.08-

Branch 3: BtmHd 0.13-

Branch 4: Alpha 0.00-

Branch 5: noVB 0.00-

Case 4: The vessel fails when the RCS is at high pressure. The most
likely failure mode is penetration failure leading to HPME, which is
about twice as likely as the pour failure mode, and four times as
likely as the gross bottom head failure mode. This is Case 2 of In-
Vessel Issue 6. The sampling was zero-one, so each observation had all-

the probability assigned to one of these three branches. Taking the
average over all the observations, the quantification for this case is:

{
,
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Branch 1: PrEj 0.60-

Branch 2: Pour 0.27 *
-

Branch 3: BtmHd' 0 ~.13-

~0.00:Branch 4:- Alpha -

0.00i Branch 5: noVB -

l

case 5: The vessel fails when the. RCS is at. intermediate pressure.
This is Case 3 of In-Vessel Issue 6.. The branch assignment' is

,

identical to that for case 2. Taking the average over. all _ the
'

'

observations, the quantification for this case is:

Branch 1:- PrEj 0.60=-

Branch 2: Pour 0.27-

0.13~Branch 3: BtmHd -- *

Branch 4:. Alpha 0.00-

0.00. Branch -5 : ~ noVB- -

'

Case 6: The vessel fatis when the RCS'is at low pressw - The failure
,

mode is gravity pour. The quantification for this-case is:

Branch 1: PrEj 0.0-

Branch 2: Pour l '. 0-
,

Branch 3: BtmHd 0.0 t-

Branch 4: -Alpha 0.0-

Branch 5: noVB 0.0-

Question 66. Fraction of the Core-Released from the Vessel at. Breach? . |1 Branch -Type'4, 2 Cases
.

The single branch for this question is always taken. The. branch is:
-. -- i

- 1. FCorVB The fraction of the core released from the vessel-at breach.
.

One parenter is defined in this_ question: ' *

|
P30. FCorVB The fraction.of core released from-the-vessel is-assigned to

Parameter 30.

This questim is sampled; the distributior, was provided by- the In-Vessel
Expert Panel as part of: Issue 6. The conclusions of the experts and their:
aggregate distributions are presented Lin Volume 2, :Part11' _ of this - report.,

The case selected. in chis question depends upon' the branch taken 3 at -
| Question 26.

.,

Case 1: VB occurc. Parameter 30.is primarily used to determine the ,

amount ~of the core that : participates in D":t as - a_- result 'of HPME. Based-
on the mean value of the . experts ' aggrega t.. -distribution, the
assignment of the -parameter is: .

<

|
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-Parameter 30: FCorVB 0.30--

Case 2: VB does not occur. There is no core that escapes from the.
3vessel. The assignment of the parameter is: |

,

Pa.rame te r ' 30 : FCorVB 0.0 2-

)
!

Question 67. Level of the Core Released from the Vessel at Breach?
3-Branches, Type 5

Th< branches for this question are:
t

l1. Ili FCoR More than 40% of the core is released promptly from the
vessel at breach.

2. Md FCoR Less than 40%- but more than 20% of the core is - released'
_

!
promptly trom the vessel at breach.

3. Lo FCoR Less t hi.a 20% of the core 'is released promptly from the-
vessel at breach. ,

*

This question assigns the -fraction of the core released at VB, Parameter-
30, to one of three groups as designated by the branches.

Question 68. Fraction of the Core Released at VB-that is
Diverted to th< In-Core Instrumentation Room?
1 Branch, Type 4, 8 1ases

>

The single branch for this question is always taken. The branch :is:.-

1. -CorIR The fraction 'of core released at VB that -is -diverted to the-
ICIR. ~

One parameter is defined in this question:

P31. CorIR The fraction of- the core released - from ' the vessel- that is
-

'

; diverted to the ICIR is assigned to Parameter 31.

Cases 2 : through 8 for this question are sampled;_ the 'distributions were -
determined internally. The case selected in this question depends upon the
branches taken at Questions 1, 24, 25, 63, 65,'and 67.

The _ ejection of molten corium under high pressure from the vessel at breach -
may lead to a containment- failure involving- direct thermal attack of the-

-

containment _ liner in-the in core instrumentation room,.where the seal table-
is located.- This failure mode is described in detail .in SAND 86-21410 A 1-16

<

One of the ways for dispersed debrisito exit the: reactor cavity-is-directly.
through'the personnel access to the instrumentation tunnel as described for
Question 63. Another exit from the'. cavity is deemed possible -if the seal
table fails. The seal table is the plate -at which the , instrumentation 1
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tubes terminate. In this scenario, seal table failure 's assumed to occur Ii

by a combination of thermal attack and mechanical loads. Debris is then -!
inertia 11y driven to enter the instrumentation room and accumulates on.the
floor. If a substantial amount of debris piles up against the wall, the
debris may melt through the 1.5 in. tbick steel containment wall. Input,to
the quantification of this question was obtained from an ad hoc panel
composed of M. Pilch and W. Tarbell of SNL. M. Pilch executed a series of
GASBLOW calculations to aid in the quantification of the amwnt of debris
expected to enter the instrumentation room.

Case 1: HPME does not occur and the level of core ejected from the
vessel is less than 40% of the initial core inventory, there is a very-
large break in the RCS assuring full depressurization, or the cavity is
deeply flooded. The panel formed for quantification of this issue
required that !!PME occur as described for Question 65, with one
exception. If the RCS is not fully depressurized, but at low pressure
when the vessel fails, e.g., 200 psia, and more than 40% of the core is
involved in the ejection of debris from the vessel, they believed that
a small amount of the debris could enter the instrumentation room. If
the initial break in the system was' large (A size or S -size), there2

will be no core debris that enters the instrumentation room. If the
cavity is flooded with water, it is believed that there will be minimal
dispersal of debris from the cavity. For this case, the assignment of
the parameter is:

Parameter 31: CorIR 0.0-

Case 2: HPME does not occur and the level of core ejected from the
vessel is more than 40% of the initial core inventory. Based on the,

mean value of the distribution, the assignment of the parameter is:

Parameter 31: CorIR 0.146-

Case 3: HPME occurs with the RCS at intermediate pressure (between 200
and 600 psia), and more than 40% of the core is ejected at VB._ , Based
on the mean value of the distribution, the assignment of the parameter
is:

Parameter 31: CorIR 0.331-

1
Case 4: HPME occurs with the xCS at intermediate pressure, and 20% to
40% of the core is ejected at VB. Based on the mean value of the
distribution, the assignment of the parameter is:

Parameter 31: CorIR - 0.326

Case 5: HPME occurs with the RCS at intermediate pressure, and less
than 20% of the core is ejected at VB, Based on the mean value of the
distribution, the assignment of the parameter is:

Parameter 31: CorIR - 0.307
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Case 6: }lP".E occurs with the RCS' at high pressure (greaterethan.1000-
- 1

-

psia), - and more. than 40% of the core is . ej ected at - VB. Based on the
mean value of the distribution, the assignment of the-parameter is:

; Parameter 31: CorIR 0,419--

Case 7: HPME-occurs with the RCS at high pressure, and 20% to 40% of
the core is ejected a t .VB .= Based on the ' mean value -of the
distribution, the assignm3nt of the parameter is:

Parameter 31: CorIR 0.417
,

-

Case 8: HPME occurs with the RCS at -intermediate pressure, and -less-
than 20% of the core is ejected at VB. Based on-the mean value of the
distribution, the assigna nt of the parameter is:-,

Parameter 31: CorIR 0.417-

Question 69. Level of the Core Ejected to the In-Core Instrumentation Room-
at VB7
5 Branches,-Type 5

;

The branches for this question are:

1. 60T IR Hore than 50 metric - tons of the core - (nominally 160 . metric -
tons) is released to the' instrumentation room at~VB.

2, 40T IR ~ From 30 to :50 metric tons of the core (nominally 40 metric-
tons) is: released to the instrumentation-room =:at VB. -4

>

3, 20T IR From 10 to 30 metric tons :of the core:-(nominally 20 metric-
tons) is released _to the instrumentation room at.VB.

4, ST-IR Lesu - than -10 metric tons of the core (nominally 5 metric
~

tons) is released to the instrumentation room at VB.

This question _ operates' on the . fraction. of- core released at.VB, Parameter
'

c 30, and the fraction of Parameter 30 that is ejected to the instrumentation
room, Parameter 31. - The paraneters _are multiplied,---and ~ then assigned to
one of five groups as designated by the branches.:

Question 70. Does the Vessel Become a " Rocket" and Fail the Containment-

or Bypass the IC?
3' Branches,' Type 2,-2 Cases

The branches-for this. question are:
|

| 1. Rkt-CF When the vessel fails it is accelerated upward at high speed---

|= and fails the containment.
-

t
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2. Rkt IBP Wien the vessel fails, it . 'is- accelerated upward : and ' impacts
and damages the missile shield, thereoy compromising the seal
between the lower. and upper compartment and ' effectively -

, bypassing the IC.

3. noRkt Wien the vessel fails, it : is not accelerated upward at high _
speed and does not fail the containment, nor does it bypass --

the IC.

This question is not sampled and was quantified internally. The branch !

taken at this question depends upon the branches taken-at Questions.25 and
65.

The " rocket" problem has not been well studied. - A possible scenario- is:
there is gross failure of the: bottom head of the ' vessel' at high pressure. .J

-

The gas inside the vessel is at . about .2500L psia' and :its escape from the --
bottom of the ' vessel accelerates the vessel upwards. . The - bolts holdingo

~down the vessel fail, _the * legs e l cold legs are sheared off, and the i.'
vessel attains enough moment ri e .iear of the shield wall. . Striking.the-
containment wall, the vessel- the pressure boundary. Before striking _

i - the containment wall or dome, the vessel' must dislodge the control _- rod
drive missile shield and avoid or dislodge the polar crane. If the
containment is failed by - the Rocket' mode , it . is _ assumed that_' the IC ' is
totally bypassed,

s

Case 1: There is' gross failure of_the bottom head of the vessel with
the RCS at system setpoint = pressure. The rocket type of event may be-
credible. The Sequoyah cavity is . much larger. than those in Cerman-
PWRs, so -the Rocket failure- mode of containment. is considered to -be
less likely than . estimated for Cerman reactors.. It is ~ believed that
the probability Rocket modo failure ;of containment is- about the: same as

-

the meen probability value for Alpha mode failure;of containment. The
compromise of the seal between the lower and upper compartments ' is
deemed more . likely than containment _ failure. The- quantification for
this case is:

Branch 1: Rkt CF 0.01-

Branch 2i Rkt-IBP 0.04-

Branch 3: NoRkt 0.95-

Case 2: There is gross failure of the: bottom hea'd of ' the vessel with
the .RCS at high pressure. The rocket failure of containment is ' no t-

credible. However, the compromise : of the seal, between the -lower' and~

i

uppe~ compartments in the cavity is < considered possible, though not- I

very.likely The quantification for-this case.is:
~

'

_ _

Branch 1: Rkt CF 0.00-

Branch 2: Rkt IBP 0.05--

Branch 3: NoRkt 0.95-

Case 3: There is no gross failure :of the bottom head of the vessel at4

system setpoint pressure or high pressure: failure of containment or I
4

; - tho ' control rod drive missile shieldEby the- Rocket mode is not
credible. The quantification for this case is:

A.1.1 100
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Branch 1: Rkt CF 0.0.-

Branch 2: Rkt IBF 0.0-

Branch 3: NoRkt 1.0---

|

|

Question 71. Ex-Vessel Steam Explosion at VB? |

3 Branches, Type 2, 4 Cases

The branches for_this question are:

1. EVSE An energetic molten fuel coolant interaction occurs .in the
reactor cavity;upon VBi

2. EVSE CF An energetic molten . fuel-coolant interacdon occurs in the
reactor cavity upon VS, resulting in contaitunent failure.

3. noEVSE No energetic molten fuel-coolant interaction occurs -' in the
reactor cavity upon VB.

- This question is not sampled and was quantified internally. The branch
taken at this question depends ' upon the branches previously taken at
Questions 25, 63, 65, and 37, j

The dropping of hot metal into water has been observed to cause energetic i

and violent reactions commonly known as steam-explosions. They appear to
be more likely when the water is considerablyL below the saturation' !
temperature. At SNL, steam explosions were - observed. in 86% of the tests
where hot metal was dropped into water. - Some < of those explosions were
extremely energetic, othe:a were not very energetic. In a-severe reactor-
accident, a steam explosion may o'ccur when -the core slumps into-_ the. lower

t head of the vessel, known as an in vessel steam 1 explosion (IVSE). or when = 1
the lower head of the vessel fails and the core falls or is expelled into j

water in the reacter cavity beneath the vessel. This latter event is known-
as an EVSE. The Sequoyah-containment is typically considered-invulnerable

; to-- failure- due to an EVSE. ' Only for ' times when the cavity is_ deeply.
'

flooded is it considered possible for failure: to ' occur. The ~ scenario
involves- the transmission of _ the _ impulse - from an. EVSE through -the
instrumentation tunnel that terminates at the seal-tablei- If enough energy'

is imparted to the concrete skirt at the base of 2 the seal reable , it.is
possible that a ' missile could be generated and - driven; through the

.

-

i
i containment wall. The static pressure rise due to an EVSE was addressed by-

the containment loads expert panel that' addressed pret ,.tre rise at VB. A'
discussion of the quantification of this issue is in Vol. 2, Part 6, of,

d

this report.
;

; The effects of EVSEs are considered in two places in this APET.- If theLRCS- M
is at high pressure (greater:than-200, psia) at VB, the effects'of an EVSE
at VB are considered in _ Questions 74' and 75. The experts who considered
pressure rise -at VB -included the pressure rise' due to EVSEs in their
distributions for total pressure rise. ' The other effects of Lan EVSE are
considered to be small when compared with the effects _of HPME. i

_
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As an EVSE is not deemed capable of failing the containment, whether an
EVSE occurs following a low pressure VB de termines:

1. Whether the debris bed in the reactor cavity after VB is in a coolable
configuration;

2. If the pressure rise for a low pressure VB is fast or slow; and

3. The amount of core involved in CCI.

A small steam explosion that involves only a very small fraction of the
core will not have any discernible effect on this analysis. A

'

"significant" EVSE is one that involves a- considerable portion of the
released core material and affects at least one of the three aspects of the
analysis listed above.

Case 1: The cavity is dry at VB, the vessel fails by an Alpha ^ modo
event, or there is no VB. An EVSE is not possible. The quantification
of this case is:

Branch 1: EVSE 0.0-

Branch 2: EVSE-CF 0.0-

Branch 3: noEVSE 1.0-

Case 2: HPME accompanies vessel failure and the water level in the
reactor cavity is below the bottom head of the : vessel. The
quantification for this case is:

Branch 1: EVSE 0.86-

Branch 2: EVSE-CF 0.00-

Branch 3: noEVSE 0.14-

Case 3: The vessel failure resulted in the melt pouring out, driven
primarily by gravity, and the water level in the reactor cavity is
below the bottom head of the vessel; or the cavity is deeply flooded
with less than 20% of the core ejected at VB. The probability of an
EVSE is the same as for Case 2. The quantification for this case is:

Branch 1: -EVSE 0.86-

iBranch 2: EVSE-CF 0.00-

Branch 3: noEVSE 0.14-

Case 4: The reactor cavity is-deeply flooded and more than 20% of the
core is ejected at VB, This . is the only case in which containment -
failure is deemed possible, and the likelihood of failure is believed
to be very small. The probability of an EVSE is the same as for: Cases
2 and 3. The quantification for this case is:

Branch 1: EVSE 0.85 l-

Branch 2: EVSE-CF 0.01 l
-

Branch 3: noEVSE 0.14 I-
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Question 72. Size of Hole in Vessel (After Ablation)?-
2 Branches, Type 2, 2 Cases

The branches for this question are:

1. LgHole The hole size, af ter ablation, - exceeds 0.4 m2 The nominal
large hole size is 2.0 m2

2. Smitole The hole size, after ablation, does not exceed 0.4 m2 The
nominal small hole size is 0.1 m2

Case 1 is s.ampled zero one; this question was quantified internally. _ _The
branch taken at this - question depends upon the branch previously taken at
Question 65.

In situations with HPME, the pressure rise at VB depends upon the size of j

the hole in the vessel. Note that this is the hole.-size after ablation,- E

that.is, the hole size a-f ter any enlargement during thet expulsion of the
molten core debris and at the beginning of the gas blowdown - It is the -
high speed jet of gas impinging on _ the molten ~ corium . in the cavity,
entraining it, and dispersing it throughout the containment, that is

_

responsible for DCH pressure rise. The experts who determined the
distributions for pressure rise at VB concluded that the pressure rise
depended on hole size.

Computer simulations for melt masses varying- from 25 metric tons to 75
metric tons and for pressures ranging from 100 psia to 2500 psia-have shown
that the failure of one PWR bottom head _penatration will result. in a hole,
after ablation, that has an area on the -order of: 0.1 to 0.'2 m2,' .or smaller.
Holes sizes on the order of 0.4 m2 are be observed in computer simulations
only if a number of penetrations fail; simultaneouslyi At 2500 psia, the
time required for melt ejection is about 3 to 4 s , and at 500_ psia, the
time required ' for melt ejection is - about 6 to -8 s. For the multiple-
penetration failures to be considered simultaneous,- they must occur within-
a fraction of the melt ejection time. Thus, to be effective, the multiple
penetration failures must occur within _ a fraction of a - second ~of each

-other. This appears to be very unlikely; More information:on the analysis
-used to determine hole size distribution may be found in Volume 2, Part 6,
of-this report.

Case 1: The-- failure of the vessel is accompanied by HPHE. The hole
size is important in determinin6 the pressure rise'in the' containment.

-

It was concluded that the probability of a small hole in the vessel
when it fails in the HPME' mode. is 0.90. As this question-is sampled
zero one, 90% of the observations : have 1.0, for the _ probability of the

i small- hole branch and 10% - of the observations -have 1.0 for .the. ,
'

probability of clie. large hole branch. Taking the average over al1~.the '
- bservations, the quantification for this case is,o

i

Branch 1: LgHole 0.10-

Branch 2: SmHole 0.90-
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Case 2: The failure of the vessel.is not accompanied-by.IIPME, the mode; j'
of failure involves a large portion of the bottom- head,. -or the hole
size is-irrelevant. The quantification for this case.is:

Branch 1: Lgliole 1.0--

Branch 2: , Smitole - .0.0_-

. -

- :

Question 73. Maximum Peak Pressure Rise at-VBf (For cases that do not.
involve HPME with subsequent dispersal-from the reactor:
cavity.)
2 Branches, Type _4, 9 Casere

a
The-branches fortthis question are:-

.

1. DP1 VB The events at t VB do nnot .-- involve containment pressurization
due to events associated vith- high pressure ejection of-' the
molten - core - from the vessel: with isubsequent 1 dispersal from

'

the reactor cavity. ~

f,

2. nDP1 VB The pressure rise at" VB ' involves HPME' andj d'ebris dispersal
from the reactor cavity.

1
Two parameters are defined in this question:-

P32. DP1-VB The peak pressure rise in containment inTkPa, is assigned to.
Parameter 32, .The-pressure rise for this questionlis duo'to. ,

iall the events ' that occur at =VB for the: times when 11PME is
not involved _in gthe. expulsion offmelt from tho' vessel, or the
cavity-'is deeply flooded. The IC isitotally-functional. ,

-

P33. DP1-IBP The peak pressure-rise in containment, in kPa,::is assignedLto-
Parameter 33. The pressure rise for this question 11sedue to.
all the events 1 that occur at VBL fors thentimes- when- IIPME is
not involved'in the-expulsion of melt from the-vessel,:or-the
. cavity is-deeply flooded.- The IC.is:totallyfineffective.

,

.

The parameter . values in CasesV4 through 8sare sampled. -Dis tributions . for<

the pressure rise at VBiwere ?provided . by thol containmentL loads expert-

. panel. The branch taken: at this-Lquestion :! depends'. uponithe branches
previously taken at Questions- 25, 27, 30,-33,;62,;63=, 64,!65, 70,,and 71,,

The experts provided. distributions :for. pressure . rise. at t VB that -included-
the effects of all the events that accompany! vessel failure. These include

-EVSE, vessel bidwdown, hydrogeni combustion, L and DC11. (The effects . of .the
.various events are inseparable',-so thero_is no waysto extract, for example,p

the contribution of-DCil or.-hydrogen combustion to-the total pressure rise..
Because of the number of cases defined by >the ' experts,= three questionscare -
used to determine pressure rise ~ at VB. . This:| question considers the ; Alpha

; and Rocket mode failures, 'the times when--- the Emelt is -. expelled from the--

'

vessel-in a gravity-driven manner,.and:the times when the. reactor cavity is
deeply. flooded._ The ' next two . questions consider the pressure rise for

~

times in which flPME occurs and the cavity.is not deeply flooded.-
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The experts provided distributions for pressure for times in which the 10
was assumed to be fully effective, and for times in which it was assumed to
be fully ineffective (as in the case of total ice molt) . Parameters 32,
34, and 36 (DP1 VB, DP2 VB, and DP3 VB) are adjusted in Question 77 if it
is determined that there is any degree of ice bypass at VB. The adjustment
is made by considering the effective level of ice bypass as defined in
Question-76, and by using Paramsters 33, 35, and 37 (DP1-1BP, DP2-IBP, and
DP3-IBP).

More information on the determination of the aggregate distributions for
pressure rise at VB by the Containment Loads Expert Panel can be found in
Volume 2, Part 2, of this report.

Case 1: The core degradation process has been arrested and there is no
VB. The pressure rise is zero. The quantification for this case is:

Branch 1: DP1-VB 1,0-

Branch 2: nDP1-VB 0.0-

For Branch 1, the assignment of the parameters is:

Parameter 32: DP1 VB 0.0-

Parameter 33: DP1 IBP 0.0-

For Branch 2, the assignment of the parameters is irrelevant.

Case 2: The vessel failure involves low system pressure or gravity-
driven expulsion of the molt, the sprays are not operating, the IC is
ineffective, and the containment atmosphere has a steam concentration
greater than 60%. There will be no hydrogen burn at vessel failure,
because the atmosphere is steam inert. The existing containment
pressure at VB is high due to the steam partial pressure as specified
in Question 36, Case 2. There will be minimal pressure rise at VB.
The quantification for this case is:

| Branch 1: DP1-VB 1.0
~

-

Branch 2: nDP1 VB 0.0-

For Branch 1, the assignment of the parameters is:

Parameter 32: DP1-VB 0.0-

Parameter 33: DP1-IBP 0.0-

For Branch 2, the assignment of the parameters is irrelevant.

Case 3: There is an Alpha or Rocket mode failure of the vessel and the
containment, or the containment fails by an EVSE at VB. The pressurc
rise at VB is set to an arbitrary high value to ensure that containment
failure occurn in Question 77. The quantification for this case is:

Branch 1: DP1-VB 1.0-

Branch 2: nDP1-VB - 0.0

For Branch 1, the assignment of the parameters is:
A.1.1-105
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9999.0.
l

Parameter 32: DPl-VB- R-

Parameter 33: DPl-IBP 9999.0-

For Branch 2, the assignment of the par maters-is irrelevant.

Case 4: The reactor cavity- is deeply f;. )oded ' at. VB, with water depth
in the cavity nominally'24 ft. The exper s believed that-DCH would be

_

mitigated regardless of ' system pressu'.u . at -vessel ' failure. The
quantification of this-case is the same as for.-Case 7 of this question,
which involves - VB without HPME, a wet cavit y, and ~a aignificant ' amount;
of hydrogen burned before VB (it is assumed that ignition has occurred'
because ac power is . required for flooding of the ' cavity) .. Ths- '

quantification for this_ case is:

Branch 1: .DPl VB 1.0-

Branch 2: nDP1-VB 0.0- 1

For Branch 1. the assignment of the parametirs,- based ' on ' the = mean ; jvalues of the -aggregate _ distributions, is:
,

Parameter 32:- DPl-VB'
134.30 '

-

Parameter 33: DPl-IBP 147.90'-

For Branch 2, the assignment of the -parameters is irrelevant.

Case 5: VB does not involve HPME, the reactor carity=is.. wet (nominal'
depth of 10 ft), and a significant amount of hydrogen remains in !

containment at VB. The quantificatf'n-for this cast is:

Branch 1: DPl-VB _1.0-

Branch 2: nDPl-VB =0.0:-

For Branch _l, the assignment of the parameters, bssed on the mean
values of the aggregate distributions,-18:-

Parameter 32: .DPl-VB- 325.10
-

-

f Parameter 33: -DPl-IBP 357.40--

s,m
i

For Branch 2, the assignment of the parameters is irrelevant.

Case.6: VB does not- involve HPME, the reactor _ cavity is , dry, _ and a-
significant ' amount of ~ hydrogen' remains' Din . containment at: VB, The
quantification for this case is:

Branch 1: DPl VB - 1.0
Branch 2:.-nDPl VB 0.0 D

-

For - Branch 1, - the assignment' of the parameters , - based (n the ' mean
values of the' aggregate distributions,.is:

Parameter 32: DPl-VB 215.10-

Parameter 33:- DPl-IBP 292.30-
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For Branch 2, the assignment of the parameters ir irrelevant.

Case 7: VB does not involve HPME, the reactor cavity is wet (nominal
depth of 10 ft), and a significant amount of hydrogen is burned before
TB. The quantification for this case is:

Branch 1: DPl-VB 1.0-

Branch 2: nDP1 VB 0.0-

For Branch 1, the assignment of - the parameters, based on the mean
values of the aggregate distributions, is:

Parameter 32: DP1 VB 134.30-

Parameter 33: DPl IBP 147.90-

For Branch 2, the assignment of the parameters is irrelevant.

Case 8: VB does not involve llPME, the reactor cavity is dry, and a
significant amount of hydrogen is burned before VB. The quantification
for this case is:

Branch 1: DPl-VB 1.0-

Branch 2: nDPl-VB 0.0-

For Branch 1, the assignment of the parameters, based on the mean
values of the aggregate distributions, is:

Parameter 32: DP1-VB 56.30-

Parameter 33: DPl-IBP 63.50-

For Branch 2, the assignment of the parameters is irrelevant.

Case 9: VB involves HPME, and dispersal of the debris from the reactor
cavity. These scenarios are quantified in Questions 74 and 75, with
assignment of values to the parameters involved with HPME at
intermediate and high pressures. Parameters 32 ~and 33 are there fore
assigned values of zero. The quantification for this case is:

Branch 1: DP1-VB 0.0-

Branch 2: nDP1-VB - 10

For Branch 1, the assignment of the parameters, is irrelevant. For
Branch 2, the assignment of the parameters is:

?

Parameter 32: DPl-VB 0.0--

Parameter 33: DPl-IBP - 0.0
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Question 74. Maximum Peak Pressure Rise-at VB7--(For cases that' involve- '

HPME with-the RCS at intermediate pressure _and significant- 4

hydrogen present at VB.)
,

2 Branches. Type 4, 20 Cases ~|

t
The branches for this' question are:

_

1. DP2-VB The events - at VB involve containment- pressurization due to '

cvents associated with high pressure _ojection of _the molten - !-

core from the vessel with the system at intermediate pressure
and with a - significant amount of_ hydrogen present -in the
containment at VB. >

:t

2. nDP2 VB The pressure -rise at VB either . does , not . involve . HPHE or

involves HPME- inia - situation other" than that= stated" for
Branch 1.

:Two parameters are defined in this' question: }

P34, DP2-VB- The peak pressure rise:in containment, in_kPa, is assigned to
Parameter 34. The pressure rise-for this-questionfis duelto
all 'the events that. occur at VB for the times when HPME .at _|intermediate pressure occurs _and : there |is a, significant
amount of hydrogen :in- the containment at VB .' -The IC 'is -

~

totally functional.

P35. DP2 IBP The peak pressure rise in containment, in kPa,'is assigned to
Parameter _35. .. The pressure rise-fortthis question is due to-
all the events that occur at VB forJ the timca when HPME at-
intermediate . pressure occurs : andSthere is' a" significanty

3amount 1 of hyJ. * gen in the containment at VB. The IC - is - :i
to tally-'ine ffec tive .

The parameter values in Cases 2 through 19 are sainpled. Distributions for:
the pressure rise at VB were provided by the i containment Loads Expert

! Panel. The branch taken f at this question depends _upon- the L brahches
previously taken at Questions 25,|39, 62, 63,~67,-72 tand 73.,

Because'of the number of cases for pressure rise at VB, three questionstare
used. The previous-question addressed no vessel failure, Alpha and-Rocket-
modo failures,.and vessel failures ~.in which HPM2 does'not occur or debris'

i

dispersal . from the reactor cavity does not occur, because fit ~is deeply;
flooded. . This question addresses vessel failures : involving HPME when the -
system is at intermediate pressure (200'to 600 ;: psia) , and' there 11s a-

significant amount of hydrogen in the containment (as discussed in Question
-62). The following question -will address vessel . failures involving"HPME'

.

when the sys tem ; is at intermediate pressure _and a significant amount'of i
~

hydrogen was burned before VB, and vessel failures involving HPME when the
system is at high or setpoint pressure (greater than 1000 psia).

Case 1: The pressure rise at VB was either quantified,in Question.73;
or_it will be quantifiedfin Question 75. The_quantification for this-
case is:
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Branch 1: DP2 VB 0.0-
,

Branch 2: nDP2 VB 1.0-

For Branch 1, the assignment of the parameters is -irrelevant. For
Branch 2, the assignment of the parameters is:

Parameter.34: DP2 VB- 0.0 j--

Parameter 35: DP2 IBP_ - :0.0

Case 2: VB involves HPME with the reactor at intermediate pressure,-

the reactor cavity is wet (nominal ' depth .of 10 f t), a significant
amount of hydrogen remains in the containment'at VB, the fraction'of
core ejected from the vessel is high (greater than 40%), and the-vessel e

hole size after ablation is - large -(greater than 0.4 m2). The !
quantification-for:this case is' !

-

Branch 1: DP2-VB =1.0--

Branch 2: nDP2-VB .0.0-

For Branch 1, the assignment of the parameters, based- on the - mean
values of the aggregate distributions, is:

Parameter 34: DP2-VB 363.10-

Parameter 35: _DP2-IBP 590.20-

For Branch 2, the assignment of the-parameters-is irrelevant.

Case 3: VB involves HPME -with the reactor at intermediate pressure,
the reactor cavity is wet. e. significant_ amount.of hydrogen remains in
the containment at VB, the fraction of core ejected from the vessel 'is

-moderate (from-20% to 40%), and-the vessel hole: size after ablation i~s_
_tlarge. The quantification for this case is:

-Branch 1: DP2-VB - .1. 0 :
Branch 2: nDP2-VB 0,0 --

For - Branch 1, the assignment of the parameters,-f based on the - - mean-

values of the= aggregate' distributions,.-is:

Parameter.34: DP2-VB 252.70--

Parameter 35: DP2-IBP~ ' 413.30-

For Branch 2, the assignment of the parameters is irrelevant.
.

Case 4: VB involves HPME with- the reactor at intermediate pressure,-
the reactor cavity is wet,'.a significant amount of hydrogen remains in
the containment-at VB, the fraction of. core ejected from the vessel is-

small (less - than 20%), and the vessel - hole size 'af ter ablation is=
large. The quantification for this case is:

-Branch 1: DP2-VB 1.0-

Branch 2: -nDP2 VB 0.0-
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For Branch 1, the assignment of the parameters, based on the mean
values of the aggregate distributions, is:

Parameter 34: DP2-VB 193.80-

Parameter 35: DP2-IDP 238.50-

For Branch 2, the assignment of the parameters is irrelevant.

Case 5: VB involves HPME with the reactor at intermediate pressure,
the reactor cavity is wet, a significant. amount of hydrogen remains in
the containment at VB, the fraction of core ejected from the vossel is
high, the vessel hole size af ter ablation is small (less than ).,4 m ),2

and the amount of in vessel zirconium oxidation was high (grer. er than
40%). The quantification for this case is:

Branch 1: DP2-VB 1.0-

Branch 2: nDP2 VB 0.0-

For Branch 1, the assignment of the parameters, based on the mean
values of the aggregate distributions, is:

Parameter 34: DP2 VB .328.20-

Parameter 35: DP2-1BP 567.60-

For Branch 2, the assignment of the parameters is irrelevant.

Case 6: VB involves HPME with the reactor at intermediate pressure,
the reactor esvity is wet, a significant amount of hydrogen remains in
the containment at VB, the fraction of core ejected from the vessel is
moderate, the vessel hole size after ablation is small, and the amount
of in vessel zirconium oxidation was high. -The quantification for this <
case is:

Branch 1: DP2-VB 1.0-

Branch 2: nDP2-VB 0.0-

.

For Branch 1, the assignment of the parameters, based on the mean
values of the aggregate distributions, is:

Parameter 34: DP2-VB 252.70-

Parameter 35: DP2-IBP 413.30-

- For Branch 2, the assignment of the parameters is irrelevant.
|

[. Case 7: VB involves HPME with the reactor at intermediate pressure, '

! the reactor cavity is wet, a significant amount of hydrogen remains in
the containment at VB, the fraction of core -ejected from the vessel is
small, the vessel hole size after ablation is small, and the amount of ,

in vessel zirconium oxidation was high. The quantification for this
case is:

Branch 1: DP2-VB 1.0-

Branch 2: nDP2-VB 0.0-

;
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For Branch .1, the assignment of the - paramt t'ers , based- on the mean
values of the aggregate distributions, is:

-Parameter 34: DP2 VB 193.80--

Parameter 35:- DP2 IBP 238;50 i
-

~

For Branch 2, the assignment.of the parameters is irrelevant.-

Case-8: -VB involves HPME with the reactor at intermediate pressure,
the reactor cavity 1s' wet, a significant amount-of. hydrogen remains in ,

the containment at.VB, the fraction of core ejected from the. vessel is
-

high, the vessel hole siae after. ablation . is small. and - the' amount of -
_

in vessel zirconium = oxidation was: low -(less: than - 40%) . LThe
quantification for this case is:

Branch 1: DP2-VB 1.0-

Branch 2: nDP2-VB 0 -0-

For Branch - 1,- the -assignment of tho ' parameters , based on? the mean-
values of the aggregate distributions, is:

Parameter 34: DP2-VB .-311.30-

Parameter 35: DP2 IBP 536.'50--

For Branch 2, the assignment-of;the parameters is irrelevant.

| Case .9: - VB involves HPME with the reactor at intermediate pressure,
L the reactor cavity is wet, a significant amount:of hydrogen remains in ,

'

L -the containment at VB, the fraction of core ejected from the vessel is-
moderate, the vessel hole size after ablation is small,. and the amount
of-in-vessel zirconium oxidation was low.- The quantification:for this '

case is:

TBranch 1: DP2-VB 1. 0 '-

Branch 2: nDP2 VB 0.0:.-
.

For Branch 1, the assignment of the parameters, . based on the mean
values of the aggregate distributions,:is:

Parameter 34: DP2 VB 252.70'-

Parameter 35: DF2-IBP .~413.30-

For Branch'2, the assignment of the parameters is irrelevant.

Case 10: VB involvos HPME with the reactor at intermediate pressure,-

:the reactor cavity - is wet, a . significant amount of hydrogen. remains in.-
the containment at VB, the fraction of core ejected from the vessel is'-
small, the vessel hole size after ablation is = small,|and -the amount of
in vessel zirconium oxidation. was= low. :The quantification for this
case is:

L I'

Branch 1: DP2-VB 1.0--

Branch 2: nDP2-VB - 0.0
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For Branch 1, the assignment of the parameters, based on the mean |
val:tes of the aggregate distributions, is: |

Parameter 34: DP2 VB 193.80-

Parameter 35: DP2 IBP 238.50-

For Branch 2, . the assignment of -the parameters is irrelevant.

Case 11: VB involves HPME with the reactor at intermediate pressure,
tha reactor cavity is dry, a significant amount of hydrogen remains in

| the containment at VB, the fraction of core _ ejected from the vessel is -
| high, the vessel hole size after ablation is-large, and the amount of

in vessel zirconium oxidation was high. The quantification for this -
case is:

Branch 1: DP2-VB 1.0-

Branch 2: nDP2-VB 0.0-

For Branch 1, the assignment of the parameters, based on the mean
values of the aggregate distributions, is:

Parameter 34: DP2 VB 427.80-

Parameter 35: DP2 IBP 590.20-

For Branch 2, the assi nment of the. parameters is irrelevant.6

Case 12: VB ir.volves HFbiE ~with the reactor at intermediate pressure,
the reactor cavity is dry, a significant amount of hydrogen remains in

| containment ac vessel breach, _the fraction of core ejected from the
vessel is moderate, the vessel hole size after ablation is largo, and
the amoun'- of in-vessel zirconium oxidation was high. The
quantification for this case is:

Bra.ich 1: DP2 VB - 1.0
Branch 2: nDP2-VB 0.0

_

-

For Pranch 1, the assignment of the parameters, based on the mean
valutas of the aggregate distributions, is:

Parame. 34: DP2-VB 323.00-

Parameter 35: -DP2-IBP 413.30-

For Branch 2, the assignmant of the paramoters is Lrrelevant.

Case 13: VB involves HPME wich' the reactor at intermediate pressure,
the reactor cavity is dry, a significant amount of hydrogen remains in
the containment at VB, the fraction.of core ejected from the vessel is
small, the vessel hole size after ablation is large, and the amount of
in vessel Zirconium oxidation was high. _The quantification for1 this
case is:

Branch 1: DP2-VB 1.0-

Branch 2: nDP2-VB - 0.0 i
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For Branch 1, the assignment of the parameters, based on the mean
values of the aggregate distributions, is:

Parameter 34: DP2-VB 189.70-

Parameter 35: DP2 IBP 238.50-

For Branch 2, the assignment of the parameters is irrelevant,

Case 14: VB involves HPME with the reactor at intermediate pressure,
the reactor cavity is dry, a significant amount of hydrogen remains in
the containment at VB, the fraction of core ejected from the vessel is
high, the vessel hole size after ablation is large, and the amount of
in vessel zirconium oxidation was low. The quantification for this
case is:

Branch 1: DP2 VB 1,0-

Branch 2: nDP2-VB 0.0-

.

For Branch 1, the assignment of the parameters, . based on the mean
values of the aggregate distributions, is:

Parameter 34: DP2-VB 418,70-

Parameter 35: DP2 IBP 590,20-

For Branch 2, the assignment of the parameters is irrelevant,

Case 15: VB involves HPME with the reactor at intermediate pressure,
the reactor cavity is dry, a significant amcunt of hydrogen remains in
the containment at VB, the fraction of core ejected from the vessel is
moderate, the vessel hole size after ablation is large, and the amount
of in vessel zirconium oxidation was low. The quantification for this
case is:

Branch 1: DP2 VB 1.0-

Branch 2: nDP2 VB 0.0-
-

For Branch 1, the assignment of the parameters, based on the mean
values of the aggregate distributions, is:

Parameter 34: DP2-VB 304,50-

Parameter 35: DP2-IBP 413,30-

For Branch 2, tho' assignment of the parameters is irrelevant,

Case 16: VB involves HPME with the reactor at incermediate pressure,
the reactor cavity is dry, a significant amount of hydrogen remains in
the containment at VB, the fraction. of core ejected from the vessel is
small, the vessel hole size after ablation is large, and the amount of
in vessel zirconium oxidation was low. The quantification for this
case is:

Stanch 1: DP2-VB - 1,0
Branch 2: nDP2-VB - 0,0m
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For Branch 1, the assignment of the parameters, based on the mean
values of the aggregate distributions, is:

Parameter 34: DP2 VB 100.50-

Parameter 35: DP2-1BP 238.50-
i

For Branch 2, the assignment of the parameters is irrelevant.

Case 17: VB involves HPME with the reactor at intermediate pressure,
the reactor cavity is dry, a significant amount of hydrogen remains in
the containment at VB, the fraction of core ejected from the vessel is
high, and the vessel hole size after ablation is small. The
quantification for this case is:

Branch 1: DP2-VB 1.0-

Branch 2: nDP2-VB 0.0-

For Branch 1, the assignment of the parametera, based on the mean
values of the aggregate distributions, is:

;

Parameter 34: DP2 VB 342.40-

Parameter 35: DP2-IBP 567,60-

For Branch 2, the assignment of the parameters is irrelevant.

Case 18: VB involves HPME with the reactor at intermediate pressure,
the reactor cavity is dry, a significant amount of hydrogen remains in
the containment at VB, the fraction of core ejected from the vessel is
moderate, and the vessel hole size after ablation is small. The
quantification for this case is:

Branch 1: DP2-VB - 1.0
Branch 2: nDP2-VB 0.0-

For Branch 1, the assignment of the paratac te rs , based on the mean
values of the aggregate distributions, is:

Parameter 34: DP2 VB 252.10-

Parameter 35: DP2-IBP - 413.30

For Branch 2, the assignment of the parameters is irrelevant.

Case 19: VB involves HPME with the reactor at intermediate pressure,
the reactor ccvity is dry, a significant amount of hydrogen remains in
the containment at VB, the fraction of core ejected from the vessel is
small, and the vessel hole size after ablation is small. The
quantification for this case is:

Branch 1: DP2-VB - 1.0 j
Branch 2: nDP2-VB - 0.0 '

For Branch 1, the assignment of the parameters, based on the mean
:

values of the agg* egate distributions, is:
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Parameter 34: DP2 VB 180.5-

238.5-Parameter 35: DP2-IBP -
,

For Branch 2, the assignment of the parameters is irrelevant, j

Case 20:' VB . involves . HPME with the reactor 't intermediate pressurea;

i and a significant amount of hydrogen was burned before VB, or the .VB
involves llPME with ' the reactor at high or system setpoint . pressure.

-

These scenarios are quantified in Question 75. -Parameters 32 and 33. .|_
are therefore assigned ' values of zero. The quantification for this
case is:

,

Branch 1: DP2-VB 0.0-

1.0Branch 2: r@P2 VB -

For Branch 1, th0 assignment of - the parameters, is - irrelevant. For
Branch 2, the assignment of the parameters is:

.

Parameter 34: DP2 VB '0.0.-

Parameter 35: DP2 IBP 0.0-

Question 75. -Maximum Peak Pressure Rise at VB7 (For cases that involve
11PME with the RCS at intermediate pressure and'_significant
hydrogen burned before VB. or llPME occurs with the RCS at- .,

high pressure.)
2 Branches, Type 4, 20 Cases

The branches for this question are:

1. DP3 VB The events at' .VB involve containment pressurization due - to
events associated with high pressure ejection of the molten.
core from.the vessel with the system at intermediate pressure
with a significant amount . of hydrogen burned before VB, . or
the llPME1 occurs with the system _at high pressure.-,

t-

2.- nDP3:VB_ The pressure - rise _ at~ VB either does . not , involve -IIPME or
involves llPME in'a situation other than thatf stated for
Branch 1.

Two paraweters are defined'in this_ question:

| P36. DP3-VB.- .The peak pressure. rise in containment, in kPa,- is-assigned to
Parame te r -' 34. The pressure; rise for-this question _is due.to
all the ~ events that occur at VB for the L times when }!PME at

- intermediate i pressure occurs - and a significant -L amount of.-
hydrogen has burned before ~VB,-_or IIPME occurs with the system-
-at high pressure.- The-Ic is totally functional.

P37.-DP3-IBP The peak pressure rise in containment, in kPa, is. assigned to
Parameter 35. The pressure rise for this question-is due to
all the events that occur at VB for the times when-llPME at-
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intermediate pressure occurs and a significant amount' of--

-hydrogen has burned before-VB, or llPME occur' with the. systems
t

at high pressure. The IC is totally ineffective',

. The parameter values in Cases 2.through 19 are sampled, Distributions-for
the pressure rise -at VB were provided - .by. the containment loads expert
panal. .The branch .taken at this question depends - upon - the branches
pr~ lously taken at Questions- 25, 62, 63, 67, 73,-and 74', s

Because of the number of cases for pressure' rise at'VB,1three questions are
used. The previous two- questions , addrsssed no - vessel ; failure,' _ Alpha and
Rocket mode failures, . vessel failures .in which 11PME ;does - not occur, : and
wasel failures involving IIPMEfwhen the . system is -at -intermediate pressure -
(200 to 600. psia), and = there is a -- significant amount 7of _ hydrogen ' in ' the -
containment. This question addresses vessel failures: involving IIPME when
the system is at intennediate pressure and a significant amount of hydro 6en
was burned before VB, and vessel failures; involving 11PME when the system is
at high or setpoint pressure (greater than 1000% sia).

Case 1: - The _ pressure rise at VB was . either. quantified: in'. Question;73 -'

or Question 74_. The quantification for this case is:-

Branch 1: DP3-VB- .0.0 J-

Branch 2: nDP3-VB 1.- 0-

,

~

For Branch 1, the assignment . of the parameters is - irrelevant. For
Branch 2, the assignment of the' parameters is:

Parameter 36: DP3 VB .0.0--

Parameter 37: 'DP3-IBP '0.0-

Case 2: VB involves llPME with the ' reactor .at intermediate pressure,
the reactor _ cavity is wet _ (nominal- depth of '10 ft), a _ significant -t

_

amount of - hydrogen was . burned before VB, and: the fraction of- core
ejected from the vessel is high :(greater than 40%) . . The quantification-
for this case is:-

1

Branch 1: DP3-VB 1,0--

Branch 2: nDP3-VB 0.0-

.

For Branch .1, the assignment - of ' the ~ parameters , based ~ on the, mean
-

values of the a86regate distributiona, is:

Parameter 36: DP3 VB 307.70-

Parameter 37: DP3-IBP_ 497.50-

For' Branch 2, the assignment of the parameters'is . irrelevant.
,

Case 3: The - VB involves llPME with the reactor at -intermediate '-

pressure, the reactor cavity is wet, a significant amount of hydrogen-
- was burned before VB, and -the fraction of core ejected from"tha vessel

;- is moderate (from'20% to 40%). The quantification for this case;is:

.
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Branch 1: DP3 VB 1.0-

Branch 2: nDP3-VB 0.0-

For Branch 1, the assignment of the parameters, based on the mean
i

values of the aggregate distributions, is: ;

Parameter 36: DP3-VB 231.10-

Parameter 37: DP3-IBP 366.00-

For Branch 2 the assignment of the parameters is irrelevant.

Case 4: The VB involves HPME with the reactor at intermediate
pressure, the reactor cavity is wet, a significant amount of hydrogen-
was burned before VB, and the fraction of core ejected from the vessel
is low (less than 20%). The quantification for this case is:

Branch 1: DP3-VB 1.0-

Branch 2: nDP3-VB 0.0-

For Branch 1, the assignment of the parameters, based on the mean
values of the aggregate distributions, is:

Parameter 36: DP3 VB 183.00-

Parameter 37: DP3 IBP 214.70-

For Branch 2, the assignment of the parameters is irrelevant,

Case 5: The VB involves HPME with the reactor at intermediate
pressure, the reactor cavity is dry, a significant amount:of hydrogen
was burned before VB, the fraction of core ejected from the vessel is
high, and the vessel hole size af ter ablation is large (greater than

20.4 m ) . The quantification for this case is:

Branch 1: DP3 VB 1.0-

Branch 2: nDP3-VB - 0.0

For Branch 1, the assignment of the parameters, ' based - on the mean
values of the aggregate distributions, is:

Parameter 36: DP3-VB 385.40-

Parameter 37: DP3 IBP 497.50-

For Branch 2, the assignment of the parameters is irrelevant.

Case 6: VB involves HPME with the reactor at- intermediate pressure,
the reactor cavity is dry, a significant amount of hydrogen was. burned
before VB, the fraction of core ejected from the vessel is moderate,
and the vessel hole size after ablation is large. The quantification
for this case is:

Branch 1: DP3 VB 1.0--

Branch 2: nDP3-VB 0.0-
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For Branch 1, _ the _ assignment of _ the parameters, based on the mean
values of the aggregate distributions,.is: 1.

l
Parameter 36: DP3 VB 290,30 '

-

-Parameter 37: DP3 IBP 366.00-

For' Branch 2,.the assignment of the parameters is irrelevant. -41
~

. .
.

-;
'

Case 7: VB involves llPME with the reactor at intermediate pressure,,

the reactor cavity'is dry,'a significant-amount of hydrogen was. burned | j.

before VB, the fraction of core ejected- from 'the_ vessel is| low, and- the
._,

vessel hole size after ablation'is large. The'quantification for this :|
'

case is:
'

! 4
| Branch 1: DP3-VB 1,0 i-

'
j Branch'2: nDP3.VB 0.0-

s For Branch 1,. the assignment of - the; parameters based _on L the r meen
values of the aggregate distributions,-is:

1- |
1 Parameter 36; DP3.VB 173.30 '-

Parameter 37:- DP3 IBP- 214,70-

.

For Branch 2, the assignment of=the parameters is irrelevant.- !,

: Case 8: VB- involves: HPME with: the reactor at intermediate pressure,
the reactor cavity is dry, a- significant_ ataount of hydrogen was ' burned-

; before VB, the.' fraction .of core; ejected from the vessel is high,_ and
the vessel hole . size after ablation: is small (less .than =.0.4. m ) . The-4 2

quantification for this-case-is:

a
: Branch ^1: DP3-VB 1.0 '

-

Branch 2: nDP3-VB 0.0-

ass 1 nment of L the parameters. 'r For Branch 1, the 8 based' on thej mean
| values of-the aggregate distributions . is:..

.

,

j Parameter 36: DP3-VB 311.30--

! Parameter 37: DP3-IBP 497.50-

:

For Branch 2, the assignment.of the parameters is irrelevant.

Case 9: - VB involves U"ME with the - reactor at intermediate pressure,3

the reactor cavity _is-dry, a significant amount of hydrogen was burned -t
'

; before VB, the - fraction of core ejected from'the_ vessel is' moderate',
and the vessel-hole size after ablation.is small. The quantification

,

>

for this case is:
:t

Branch 1: DP3 VB 1.0-

4 Branch 2: nDP3-VB 0.0-

,

d

- For Branch 1, the assignment of the parameters, based on the mean
i . values of the aggregate distributions, is:
,
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Parameter 36: DP3 VB 232.30 j-

Parameter 37: DP3 1BP 366.00- 1-

4

For Branch 2, the assignment of the parameters is irrelevant.

Case-10:- VBL involves HPME with - the reactor at- intermediate pressure, 1

the reactor cavity is dry, a significant amount of hydrogen was burned
before VB, the fraction of core ejected from the vessel is low,- and the )

vessel hole size after ablation is small. The quantification for this
,

case is:

-Branch 1: DP3-VB 1.0-
;

j . Branch 2: nDP3 VB 0.0 '
-

For Branch 1, the assignment of- the parameters, based on the .mean
values of the aggregate distributions, is;

,

,

. Parameter 36: DP3 VB : --144.30-

Parameter 37: DP3 IBP-:- 214.70-

For Branch 2, the assignment;of the parameters is irrelevant.

Case 11: VB involves HPME with the. reactor at high ot system pressure,
~

~

~

the reactor cavity is wet, and _ the fraction L of core ejected from the-
vesrel is high. The'quantification for-this case is:

'

Branch 11 - DP3 VB 1.0-

Branch 2: nDP3-VB 0.0-

For Branch - 1, the assignment .of the paremeters, based on - the mean-
values of.the aggregate distributions, is:.

~
-

I- Parameter 36: DP3 VB: 372.10:-

Parameter 37: DP3-IBP - -641,40

For Branch 2, the - assignment of; the: parameters :is- irrelevant.-

,

Case 12: VB involves HPME with the reactor at-high or-system pressure,. '

the reactor cavity' is wet,E and the!-fraction of core ejected from the
vessel is moderate. The quantification for this case is:

-1.0- )Branch 1: -DP3 VB -

Branch 2: nDP3 VB : 0.0
. . .

.
. . |For Branch 1, the assignment of the parameters, based on . the mean

values of the aggregate distributions, is: j
1

Parameter 36: DP3-VB 289.90- )
-

. Parameter =37: DP3-IBP .- 464.40- .)
7 For Branch 2, the assignment-of.the parame.ters is irrelevant.

-

,

'
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Case 13: VB involves llPME with the reactor at high or system pressure,
the reactor cavity is wet, and the fraction of core - ejected from the--

,

vessel is-low. The quantification for this case-is:

1,0Branch 1: DP3 VB -

0.0Branch 2: nDP3-VB --

For Branch .1, the assignment of the parameters, based on Ethe mean .j'
values.of the aggregate distributions, is:

'212.30Parameter 36: DP3.VB --

263,90| Parameter 37: DP3 IBP -

For Branch 2, the assignment of the paramet'ers-is irrelevant;

Case 14: VB involves.HPME with the reactor _at high or system pressure,
the reactor cavity is dry, the fraction of core ejected from the vessel-
is - high, and the vessel hole size af ter . ablation ^ is .large. The
quantification for this case:is:

Branch 1: DP3-VB 1,0-

Branch 2: nDP3 VB 0.0-

For Branch 1, the assignment of L the _ parameters , based on the mean
values of. che aggregate distributions, is:

;

!Parameter 36: DP3 VB
'

458.90-

Parameter 37: DP3-IBP - 641.40:

For Branch 2, the1 assignment of the parameters is. irrelevant.

Case 15: VB involves HPME with the' reactor at high or system prossure,.
the- reactor cavity le dry, the - fraction of core ej ected from the vessel
is moderate, and the vessel hole size - after ' ablation is -large;- The
quantification for this case is:

Branch 1: DP3-VB 1.0--

Branch 2: -nDP3-VB 10.0--

For Branch - 1, the _ assignment of the parameters, . based . on . the mean-
. values of the-aggregate distributions',-is:

Parameter.36: DP3-VB .337.20-
,

Parameter 37: DP3-IBP . - - 464,40- ---

For Branch 2 -the assignment 'of the parameters is . irrelevant,

Case 16: VB involves HPME with the reactor at high or system pressure,
-the reactor cavity is dry, the fraction of. core ejected- from' the avessel
is low, and . the vessel hole ' size- af ter ablation 'is large. ,The-

quantification for this case-is:

Branch 1: .DP3-VB 1.0-

Branch-2: nDP3-VB - 0.0 -
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For Branch 1, the assignment of ' the parameters, based on _ the mean
values of the aggregate distributions, is:

196.80Parameter 36: DP3 VB -

263.90Parameter 37: DP3 IBF -

For Branch 2, the assignment of the parameters is irrelevant.,

Case 17: VB involves llPME with the reactor at high or system pressure,
the reactor cavity is dry, the fraction of core ejected from the vessel
is high, and the vessel hole size after ablation is small. The
quantification for this case is:

1,0Branch 1: DP3 VB -

0.0Branch 2: nDP3 VB -

For Branch 1, the assignment ' of the parameters, based on the' mean
values of the aggregate distributions, is:

Parameter 36: DP3 VB 364.40-

Parameter 37: DP3-IBP 641.40-

For Branch 2, the assignment of the parameters is irrelevant.

Case 10: VD involves llPME with the reactor at high or system pressure,
the reactor cavity is dry, the fraction of core ejected from the vessel
is moderate, and the vessel hole size af ter ablation is small. The
quantification for this case is:

Branch 1: DP3-V6 1.0-

Branch 2: nDP3-VB - 0.0

For Branch 1, the assignment of the parameters, based on the mean
values of the aggregate distributions, is:

Parameter 36: DP3 VB 263.60--

| Parameter 37: DP3-IBP 464.40-

1
! For Branch 2, the assignment of the parameters-is irrelevant.

Case 19: VB involves HPME with the reactor at high or system pressure,
l the reactor cavity is dry, the fraction of core ejected from the vessel
t is low, and the vessel hole size 'af ter ablation is small. The

quantification for this case is:

Btanch 1: DP3 VB 1.0-

Branch 2: nDP3 VB - 0.0

For Branch 1, the assignment - of the parameters, based on the mean
values of the aggregate distributions, is:

Parameter 36: DP3-VB - 160.00
Parameter 37: DP3-IBP 263.90-
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For Branch 2, the assignment of the parameters is irrelevant.

Case 20: This ecse is not used, as all relevant cases have been
explicitly defined. The quantification of this case is: {

0.0
.

Branch 1: DP3-VB -

Branch 2: nDP3-VB 1.0-

For Branch 1, the assignment of the parameters, is irrelevant. For
Branch 2, the assignment of the parameters, based on the mean values of
the aggregate distributions, is:

Parameter 36: DP3-VB 160.00-

Parameter 37: DP3 IBP 263.90-

Question 76. Level of Ice Bypass at VB7
3 Branches, Type 4, 6 Cases

The branches for thfs question are:

1. I-IBP1 The IC is ineffective for condensing steam, and is
essentially totally bypassed.

2. I-IBP2 TMre is some degree of ice bypass in the IC.

3. InIBP The IC is intact and totally effective.

One parameter is updated in this question:

P29. IBPLv1 The value of the fractional level of ice bypass, Parameter
29, is updated.

This question is not sampled; the quantification was done' internally. The
branch taken and the parameter assignment at this question depend upon the
branches taken at Questions 59, 63, 64, 70, and 71.

The status of the IC at and immediately af ter VB is important because of
its pressure suppression capability and capacity for removal of fission
products from the containment atmosphere. . This question addresses the
degree of bypass of the IC as a result of events at VB. The events involve
either the loss of the integrity of the seal between the upper and lower
compartments of containment above the reactor vessel, or the direct release
of fission products to the atmosphere by way of a path that bypasses the
IC. The seal between the upper and lower compartments is formed by the
missile shield. The seal may be corapromised due to events involving VB-
resulting in Alpha mode failure of containment, upward acceleration of the
vessel due to gross bottam head failure at system pressure (Rocket mode
vessel failure), or vessel failure resulting in an EVSE. Both total and
partial bypass of the IC are addressed.
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Case 1: The IC is effectively bypassed as established in Question 59,
or the containment fails by cn Alpha mode event, a Rocket modo event,
or by an EVSE, Alpha and Rocket" mode failures of containment both
involve compromise of the seal between the upptr and lower
compartments, Failure of containment by an EVSE could involve bypass )
due to compromise of the seal, or failure of containment in the in core

instrumentation room in which the seal table is located. For these 1

times, it is assumed that the IC is effectively bypassed. All the
probability is assigned to the highest level of bypass, for which the
fractional level of bypasa, Parameter 29, assumes a value of 1,0.. The
quantification for this case is:

Branch 1: I-IBP1 1,0-

Branch 2: I-IBP2 0,0-

Franch 3: InIBP - 0,0

_
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Foc Branch 1, the assignment of the parameter is:'

1

1.0Parameter 29: IBPLv1 -
,

4

Fce Branches 2 and 3, the assignment of the parameter is irrelevant.
'

;

Case 2: The vessel .' s accelerated upward at VB, resulting in'

compromise of the seal be?veen the upper and lower compartments. It is j

| consi(.ored to be indeterninate whether the bypass will be total or
'

partial. The value that the Parameter 29 assumes for partial bypass is
i

discussed in Question 59. Tre quantification for this case is:

] Branch 1: 1.IM 1 0.50-

0,50. :Branch 2: I.IBP2 -

Branch 3: InIBP 0.00-

For Branch 1, the assignment of the parameter ist

Parameter 29: IBPLv1 1.0-

For Branch 2, the assignment of the parameter is:
c

Parameter 29: IBPLv1 0.062-

For Branch 3, the assignment of the parameter is irrelevant.

Case 3: The IC is partially bypassed prior to VB, and an EVSE occurs
that does not fail the containment. It is considered uniikely that
total bypass will result. The quantification for this case is:

<
Branch 1: 1 IBP1 0.01-

Branch 2: 1.IBP2 0.99-

Branch 3: InIBP 0.00-

t For Bratich 1, the assignment of the parameter is:
!

Parameter 29: IBPLv1 1.0-

1

For Br anch 2, the assignment of the parameter is:
i

Parameter 29: IBPLv1 0.062.

i

' For Branch 3 the assignment of the parameter is-irrelevant.

Case 4: The 10 is totally effective prior to VB, and- an EVSE ucurs
i that does not fail' the containment. It is considered unlikely - tnat

either total er partial - bypass will result. The quantification for
,

this case ic:

Brar.ch 1: I IBP1 0.01-

Branch 2: I-IBP2 - 0.01
Branch 3: InIBP -0.98-

:

i
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For Branch 1, the assignment of the parameter is: !

1.0Parameter 29: IBPLv1 -

For Branch 2, the assignment of the parameter is:

0.062Parameter 29: IBPLv1 -

For Branch 3, the assignment of the parameter is:

Parameter 29: IBPLv1 0.0-

Case 5: The IC is partially bypassed prior to VB. The events at VB
that ::e sult in physical bypass of the 10 are addressed in Cases 1
through 4. The bypass of the IC due to molting by thermal loading at
VB will be addressed in Question 83. The quantification for this case
is:

Branch 1: 1 IBP1 0.0-

Branch 2: I IBP2 1.0-

Branch 3: InIBP 0.0-

For Branch 1, the assignment of the parameter is irrelevant. For
Branch 2, the assignment of the parameter is:

Parameter 29: IBPLv1 0.062-

For Branch ,, the assignment of the parameter is irrelevant.

Case 6: The IC is totally effective prior to VB. The events at VB
that result in physical bypass of the IC are addressed in Cases 1
through 4. The bypass of the ice condenser due to melting by thermal
loading at VB will be addressed in Question 83 The qu2ntification for
this case is:

Branch 1: 1-IBP1 0.0-

Branch 2: I IBP2 0.0-

Branch 3: InIBP 1.0-

For Branches 1 and 2, the assignment of the parameter is irrelevant.
For Branch 3, the assignment of the parameter is:

Parameter 29: IBPLv1 0.0-

; Question 77. Peak Pressure - Rise at VBt (Correction for times of ice'

bypass.)
2 Branches Type 6, 3 Cases

I
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The branches for this question are:

1. IDP VB The events at VB involve prescurization of the contaitment.

2. IDPnVB The events at VB do not involve pressurization of the
containment.

For this question, a inodule within the user function subprogram is
evaluated to determine the containment pressure rise associated with VB for

_

times of partial IC bypass. The case selected in this question depends
upon the branches previously taken at Questions 73 and 74.

For times in which there is a pressure rise in containment at VB, the
resulting absolute p' assure is calculated in Question 82 by summing the
baseline pressure, Parameter 7, and one of the values of Parameters 32, 34,
or 36. If the IC is determined in Question 76 to be totally effective and
functional at VB, Parameters 32, 34, and 36 with no corrections are
utilized for the pressure rise at breach. If the IC is determined to be
totally bypassed at VB, Parameters 32, 34, and 36 assume the values of
Parameters 33, 35, and 37, respectively. If the 10 is partially bypassed,
the degree of effective bypass, Parameter 29, operates on Parameters 32 and
33, 34, and 35, and 36 and 37 to establish the new values of Parameters
32, 34, and 36. The quantification of Parameter 29 is Cinuussed in
Question 59.

Case 1: The pressure rise at VB was established in Question 73. The
correction for IC bypass is determined in the user function module
DPVB.

Case 2: The pressure rise at VB was established in Question 74. The.

correction for IC bypass is determined in the user function module
DPVB.

Case 3: The pressure rise at VB was established in Question 75, or no
pressure rise occurs at VB. The correction for IC bypass is determined
in the user function module DPVB.

Question 78. Containment Failure by T' rect Core contact with the
containment Wall?
2 Branches, Type 2, 5 Cases

The branches for this quection are:
|

1. I CFDCn The containment fails when molten core debris in the ICIR
room accumulates on the floor by the containment wall,
subsequently melting through the wall.

2. InCFDCn The containment does not fail by direct contact with molten
core debris.
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Cases 2 through 5 for this question are sampled; the distributions were
determined internally. The case selected in this question depends upon the
branches taken at Questions 69 and 71.

The direct contact mode of containment failure is discussed in Question 6n.
Questions 68 and 69 establish the amount of molten core debris that '

relocates to the in core instrumentation room. This question addresses the
probability of failure due to the amount of core debris that enters the
room. The distributions est.blished for occurrence of failure include the
consideration of the distribution of the dehis in the room and the mass
and depth of debris needed far subsequent melting of the wall. Input to
the quantification was obtained from an ad hoc panel composed of M. Pilch
and W. Tarbell of S!!L.

Case 1: There is no core debris that relocates to the in core
instrumentation room, or an EVSE has occurred at VB, If a steam

*

exp.osion occurs, it is assumed that the debris will not tecumulate in

the instrumentation room in the same amounts as when llPME is involved.
The quantification for this case is:

Branch 1: ICP DCn 0.0-

branch 2: ICFnDCn 1.0-

Case 2: A no.ninal level of 5 motric tons of core debris is released to
the instrumentation room. It is believed to be unlikely that
meltthrough will occur. The quantification for this case, based on the
mean value of the distribution ist,

Branch 1: ICF DCn 0.01-

Branch 2: ICFnDCn 0.99-

Case 3: A nominal level of 20 metric tons of core debris is released
to the instrumentation room, It is believed that melethrough is about
half as likely to occur as no meltthrough. The quantification for this
case, based on the mean value of the distribution is:

.

| Branch 1: ICF Dcn 0.31-
'

Branch 2: ICFnDCn 0.69-

Case 4: A nominal level of 40 metric tons of core debris is released
to the instrumentation room. It is believed that meltthrough is about
as likely to occur as no meltthrough. The quantification for this

) case, based on the mean value of the distribution is:

Branch 1: ICF-DCn 0.53-

Branch 2: ICFnDCn 0.47 ;-

i

Case 5: A nominal level of 60 metric tons of core debris is released |to t.he instrumentation room. It is believed that meltthrough is a |
little more likely to occur than no meltthrough. The quantification |for this case, based on the mean value of the distribution is:

~|
..

Branch 1: ICF DC, 0.60-

Branch 2: ICFnDCo 0.40-
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Question 79. Vhat Fraction of Potentially Oxid*.zable & tal in the Ejected
Core Is oxidized at VB7

,

1 Branch, Type 4, 2 Cases
1

Tha single branch for this question is always taken. The branch is:

1. I Mt10x Fraction of available metal in the core released at VB that
is oxidized in the reactor cavity at VB,

One parameter is defined in this question:

P38. I Mt10x The fractional level of available metal in the core released
at VB that is oxidized in the reactor cavity at VB is
assigned to Parameter 38.

This question is sampled; the distribution for the fraction of metal
oxidized was provided by the Containment Loads Expert Panel. The parameter
assignment at this question depends upon the branches taken at Questions 25
and 65.

Case 1: When the reactor vessel is breached, the RCS in at low
pressure (less than 200 psia), or the vessel failure involves a gravity
driven pour. The experts that addressed this question believed that
the amount of metal oxidized for VB at low system pressure is about 10%
of the amount when high pressure ejection of the melt occurs. Based on
the mean value of the experts' aggregato distribution, the assignment
of the parameter is:

Parameter 38: I Mt10x 0.070-

Case 2: VB involves h'gh pressure ejection ef the molten core. It was
believed that the level of metal oxidation would be quite high for this
case. Based on the mean value of the experts' aggreSate distribution,
the assignment of the parameter is:

Parameter 38: I Mt10x 0.075-

Question 80. What Amount of Hydrogen Is Released to Containment at VBt
2 Branches, Type 5

| The branches for this question are:

1. I H2@VB There is hydrogen released to containment at VB.

2. inh 2@VB There is no hydrogen released to containment because there is,

! no VB.

Two parameters are defined in this question:

P39. I H2@VB The amount of hydrogen released to containment at VB,
including the amount generated in vessel that remains in the
RCS, in kg moles, is assigned to Parameter 39.
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P40. I FrZr The f raction of initial zirconium that remains in the core
for participation in core concrete interaction (CC1).

F< r this question, a module within the user function subprogram is
evaluated to determine the values of Parameters 39 and 40.
For times in which the vessel is breached, the amount of hydrogen released
to containment and the fraction of zirconium in the initial core inventory
that is available for participation in CCI are calculated. The other
variables passed to the user function to determine these parameters are:.

the amount of in vessel hydrogen production, the amount of in vessel
hydrogen released from the RCS before VB, the amount of core released from
the vessel at breach, and the fraction of metal in the core that is
released at breach that is oxidized. The user function module denoted H2VB
is called from EVNTRE.

i

!

Question 81. What Fraction of Hydrogen in Containment In Consumed at VBf
1 Branch, Type 3

The single bra.nch for this question is always taken. The branch is:-

1. T ActBC The burn ecmpletenece at VB.

One partmeter is defined in this question:

P41. I ActBC The fractional level of hydrogen that is in containment at VB
that is burned upon breach is assigned to Parameter 41.

This question is sampled; the distribution for the fraction of metal
oxidized was provided by the Containment Loads Expert Panel.

Whether hydrogen combustion is possible after CCI depends in part on the
fate of the hydrogen produced before or at VB, If this hydrogen is either
burned at VB or escapes from the containment, it will not be available for
combustion after CCI.

l

i

Question 82. Containment Failure at VB and Mode of Containment Failure?
6 Branches, Type 6, 6 Cases

The branches for this question are:

1. InCF There is no containment failure at VB.

2. I-CPUCL The containment fails at VB, and the failure is a leak in the
UC; the nominal hole area is 0.1 fta,

3. I CFLCL The containment fails at VB, and the failure is a leak in the
lower compartment; the nominal hole area is 0.1 ft . 2

4. I CPUCR The containment fails at VB, and the failure is a rupture in
the UC; the nominal hole size is 1 ft2,
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|
5. I CFLCR The containment fails at VB, and the failure is a rupture in

the lower compartment; the nominal hole size is 1 fe ,a

|

6. I-CFCtR rue containment tails at VB, and the failure is by
catastrophic rupture; the area of the hole is at least 7.0
ft2 (and may be considerably larger) and there is extensive
structural damage.

For this question, a module within the user function subprogram is
evaluated to determine whether the containment fails, and if it fails, the
mode of failure. The usar function module called in this question depends
upon the branches previoo ly taken at Questions 12, 58, 64, 70, 71, 73, and
74,

For times in which the containment fails at VB by an Alpha event, the
Rocket mode of failure, or an EVSE, the user function directly assigns the
correct mode of failure. For a quasi. static pressure load as established
in Question 73, 74, or 75, the user function adds the pressure rise due to
events at VS, Parameter 32, 34, or 36, to the existing baseline pressure in
containment at VB,. Parameter 7, to obtain the load pressure. This is then
compared to the containment failure pressure, Parameter 25. If the load
pressure exceeds the failure pressure, the containment fails. The random
number, Parameter 26, is used to detarmine the mode of containment failure.
The method of determining the mode of conteinment failure is deceribed
briefly in Subsection A.2. (See also Issue 2 in Volume 2, Part 3.)

Case 1: The containment is failed by either an Alpha modo event or a
Rocket event. The user function assigns

~

a comparison value so that
rupture in the upper compartment, Branch 4, is selected. The user
function module denoted AlphCF is called from EVNTRE.

Case 2: The containment is failed by an EVSE. The user function
assigns a comparison value so that rupture in the lower compartment,
Branch 5, is selected. The user function module denoted StExCF is
called from EVNTRE.

| Case 3: The containment was not isolated at the start of the accident,
with an equivalent failure size of a rupture, or the containment failed
during core degradation due to a hydrogen combustion or detonation.,

'

Further overpressure failures are precluded. ' The user function assigns
a comparison value so that the no-failure branch, Branch 1, is taken.
The user function module denoted NoCF is called from EVNTRE.

:

Case 4: VB involves low RCS pressure or events that do not involve
ej ec tion of the core debris from the cavity to containment (the
pressure rise was quantified in Question 73). The pressure rise
involves events such as hydrogen combustion and steam explosions, and
is rapid compared to the leak. depressurization rate, that is,
development of a leak does not arrest the pressure riso in this case.
The user function module denoted CFFst is called from EVNTRE.
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Case 5: VB involves intermediate RCS pressure and a significant amount i
of hydrogen exists in containment (the presaure rise was quantified in '

Question 74). The pressure rise involves events such as DCH and
hydro **n combustion, and is rapid compared to the leak depressurization !
rate, that is, development of a leak does not arrest the pressure rise
in this case. The user function module denoted CFFet is called frou.
EVNTRE.

1

Case 6: VB involves intermediate RCS pressure and a significant amount
of hydrogen burned before breach, or VB involves high or setpoint RCS
pressure (the pressure rise was quantified in Question 75) . The
pressure rise involves events such as DCH and hydrogen combustion, and
is rapid compared to the leak depressurization' rate, that is,
development of a leak does not arrest the p, essure rise in this case.
The user function module denoted CFFat is called from EVNM E.

Question 83. Status of the IC Immediately after VB7
3 Branches, Type 2, 3 Cases

The branches for this question are:

1 I? IBP1 The IC is ineifective for condensing steam, and is
essentially tctally 1,ypassed.

2. 12 IBP2 There is some degree of ice bypass in the IC.

3. 12nIBP The IC is intact and totally effective.

TMn quention is not scupit4; the p estification was done internally. The
branch taken and the parameter assignment at this question depends upon the
branches taken at Questions 28, 76, 78, and 82.

The effectiveness of the IC for 5 to 30 min af ter VB can considerably
reduce the amount of fission products released to the environment ' for the
scenarios in which the RCS is at high or setpoint pressure just before
breach. In these scenarios, a large fraction of the fissi.on products
rr1rsted'from the fael is still within the vessel at the time of breach, so
their first exposure to the decontaminating effects of the IC is
immediately af ter vessel failure. Total or partial bypass of the 10. for
events involving the loss of the integrity of the seal between the upper
and lower compartments of containment above the reactor vessel is addressed
in Question 76. This question addresses the total bypass of the IC as a
result of a rupture failure in containment in the lower compartment.

Case 1: The IC is effectively bypassed as established in Question 76,
or because the containment has failed by rupture in the lower regien of
containment at VB. All the probability is assigned to the highest-
level of bypass; the quantification for this case is:

Branch 1: 12 IBP1 1.0-

Branch 2: 12-IBP2 0.0-

Branch 3: 12nIBP 0.0-
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|Case 2: The IC is partially bypassed as established in Question 76.
1The quantification for this case is:

Branch 1: 12 IBP1 0.0-

Branch 2: I2 IBP2 1.0-

Branch 3: 12nIBP 0.0-

Case 3: There is no bypass of containment. The quantification for
this case is:

Branch 1: 12 IBP1 0.0-

Branch 2: I2 IBP2 0.0-

Branch 3: 12nISP 1.0-

Question 84. Are ARFs or Ducting Impaired due to Burns at VB7
3 Branches, Type 2, 5 Cases

The branches for this question are:

1. I2-Fan The ARFs are functional and operating after VB.

2. 12aFan The ARFs are functional and are available to operate if power
is recovered.

3. 12ffan The ARFs are failed and cannot be recovered.

This question is not sampled; the quantification was done internally. The
branch taken at this question depends upon the branches taken at Questions
60, 63, and 65.

The energetic events that may accompany VB can render the ARFs inoperable
due to the collapsing of ductwork, bending of fan blades, or the sticking
open of dampers. Because there are two independent ARF systems installed
on opposite sides of the containment, it is believed that it is not likely
that both systems will be failed at the same time.

Case 1: There is a deeply flooded cavity at VB or there is no VB and
the fans are operating. It is assumed that the threat to the fans will
be miniual in the care. of the deeply flooded cavity, because the
pressure rise at broach is due to EVSE or hydrogen burns. The fans
will remain operating after VB. The quantification for this case is:

Branch 1: 12. an 1,0. -

Branch 2: 12aFan 0.0-

Branch 3: 12fFan 0.0-

|

| Case 2: There is a deeply fleoded cavity at VB or there is no VB and
i the fans are available to operate if power is recovered. The fans will

remain available after VB. The qut.ntification for this case is:
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0.0Branch 1: 12-Fan -

1.0Branch 2: I2aFan -
;

0.0Branch 3: 12fFan -

Case 3: VB occurs, the cavity is not deeply flooded and the ARFs are
operating. It is considered likely that fans will remain operating

_

; after VB. The quantification for this case is:

0.75Branch 1: 12 Fan -

Branch 2: 12sFan 0.00-

Branch 3: 12fFan 0.25-

Case 4: VB occurs, the cavity is not deeply flooded and the AF4 are
available to operate if power is recovered. -It is considered i.kely
that fans will remain available after VB. The quantification for this
case is-

I

Branch 1: 12 Fan 0.00-

Branch 2: 12aFan 0.75-

Branch 3: 12fFan 0.25-

Case 5: The fans had initially failed upon demand, or were damaged
before VB. The f ans will remain failed throughout the accident. The
quantification for this case is:

Branch 1: 12 Fan 0.0-

Branch 2: 12aFan 0.0-

Branch 3: I2fFan 1.0-
.,

t
Question 85. Are Sprays Impaired due to Containment Failure or Environment

at VBf
3 Branches. Type 2, 7 Cases

The branches for this question are:

1. 12 Sp The sprays are functional and operating after VB.

2. 12 asp The spraye are functional and are available to operate if
power is recovered.

| 3. 12fSp The sprays are failed and cannot be recovered.

This question is not sampled; the quantification was done internally. The
branch taken at this question depends upon the branches taken at Questions
61 and 82.

As with the functioning of the 10 after VB, the operation of the sprays for
5 to 30 min af ter breach can considerably reduce the amount of fission
products released to the environment for the scenarios in which the RCS is
at high or setpoint pressure just before broach. In these ' scenarios , a
large fraction of the fission products released from the fuel is still
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within the vessel at the time of breach, so their first exposure to the
decontaminating effects of the sprays is imrnediately after vessel failure.'

The means by which the spray piping can fail and the quantification of
failure probability are discussed in Question 61.

Case 1: The sprays are already failed, or the containment fails by
catastrophic rupture. It is believed that catastrophic rupture would
involve failure of the sprays. A widely accepted scenario for,

catastrophic rupture involves the "unzippering" of the containment
shell at the springline. Because the spray piping penetrations are
located above the springline, the sorays are certain to be damaged.
The quantification for this case is:

Branch 1: 12 Sp 0.0-

Branch 2: 12 asp 0.0-

Branch 3: 12fSp 1.0-

Case 2: The sprays are operating at VB, and there is either no
containment failure or failure involving a leak in containment. The
mechanisms for failing the sprays inc.lude clogging of the sumps by
debris, direct damage to the piping by hydrogen burns, or dislocation
of the piping, as discussed above. It is believed that the threat due
to these mechanisms is low. The quantification for this case is:

Branch 1: 12-Sp 0.95-

Brt.nch 2: I2 asp 0.00-

Branch 3: 12fSp 0.05-

Case 3: The sprays are available to operate if power is recovered, and
there is either no containment failure or failure involving a leak in
containment. As in case 2, the mechanisms for failing the sprays
include ciceging of the sumps by debris, direct damage to the piping by
hydrogen bteens, or dislocation of the piping. The quantification for
this case is:

Branch 1: 12 Sp 0.00-

Branch 2: 12 asp 0.95-

Branch 3: I2fSp 0,05-

Case 4: The sprays are operating, and there is a rupture failure in
the upper containment, It-is believed to be indeterminate:whether tho ,

sprays will fail. The quantification for this case is:

Branch 1: I2 Sp 0.50-

Branch 2: 12 asp 0.00-

Branch 3: 12fSp 0.50-

Case 5: The sprays are available to operate if power is recovered, and
there is a rupture failure in the upper containment. It is believed to
be indeterminate whether the sprays will fail. The quantification for
this case is:
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Branch 1: 12 Sp 0.00-

Branch 2: 12 asp 0.50-

Branch 3: 12fSp 0.50-

Cese 6: The sprays are operating, and there is a rupture failure in
the lower ccatainment. It is believed that spray failure will be
unlikely. The quantification for this case is:

Branch 1: I2 Sp 0.80-

Branch 2: 12 asp 0.00-

Branch 3: 12fSp 0.20-

Case 7: The sprays are available to operate if power is recovered, and
there is a rupture failure in the upper containment. It is believed
that spray failure will be unlikely. The quantification for this case
is:

Branch 1: 12 Sp 0.00-

Branch 2: 12ase 0.60-

Branch 3: 12fSp 0.20-

Question 86. Fraction of Core Not Participating in HPE That Is Available
for CCI?
1 Branch, Type 4. 9 Cases

The singic branch for this questic :.d>cauays taken. The branch is:,

1. Fr CCI Fraction of core not participat.ing in HPME that is available
for CCI.

One parameter is defined in this question:

P42. Fr CCI The fractional level of core not participating in HPME that
is available for CCI is assigned to Parameter 42.

This question is not sampled; it was quantified internally. The branch
taken and the parameter assignment at this question depends upon the
branches previously taken at Questionc 25, 26, 65, 67, 70, and 71.

| How much of the molten corium is available to interact with the concrete'

depends upon the mode of VB and the events that accompany VB. A high
energy event may distribute the corium widely throughout the containment.

| A significant CCI will not take place if the corium is spread out in a thin
uniform sheet throughout the containment. It is estimated that almost allof the core eventually leaves the reactor vessel. Most of the core not
involved in the events that accompany vessel failure will melt and flow out
of the vessel in the next few hours. This material is considered to beavailable for CCI.

Although SEQSOR subtracts out the fraction of the core material that
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participatos in HPME, thero is no doubic subtraction of this fraction - as
the llPME case is explicitly considered in the binner. See the discussion a

4 of binning Characteristic 10 in Section 2.4.1 and later in this appendix.

Case 1: An Alpha mode failure of the vessel and containment has taken
place or containment failure due to an EVSE has occurred. Some portion
of the core debris -is likely to be widely distributed throughout the

'

The.assi nment of the parameter is:containment. 6

0.80- Parameter 42: Fr CCI -

Case 2: The containment has_ failed by = the '. Rocket - mode. Some portion-
of the core debris is 1_ikely_ to be widely distributed throughout the
containment. The assignment of the parameter is:-

Parameter 42: Fr CCI 0.75-

Case 3:- The vessel failure resulted in HPME. Most of the material
eDeted at breach is expected to be widely distributed throughout the
containment, so it_is not available for CCI _ The core debria that is
available for CCI is the material that leaves the vessel after the HPME'
event, and the material that was expelled from the vessel in the llPME
but was not entrained and ejected from the cavity. by the ensuing gas
blowdown. Although SEQSOR subtracts out the - fraction of the core

;

material that participates in HPME there is no double ' subtraction of - '

,

this fraction as the HPME case is explicitly considered in the binner. !

See the discussion of binning Characteristic ~ 10 in section 2.4~.1 and-
later in this appendix. The assignment of the para:neter is:

Parameter 42: Fr CCI 1.0-

<

Case 4: The vessel failed at_ low pressure or otherwise resulted'in a
gravity pour, and an EVSE did not occur. Essentially _all of the core
debris will be available for participation in CCI.- The assignment of
the parameter is:

(.
~

Parameter 42: Fr-CCI 1.0-

Case 5: There was an EVSE involving more than_40% of the core. It is-

assumed that most- of: the - ~ core participating in - the - -EVSE will be-
distributedioutside-the cavity. The assignment of the parameter is:

Parameter 42: Fr CCI 0.70-

Case-6: There --was an EVSE involving 20- to 40% of the core. It is
assumed that about half of'the. core participating in the EVSE will be,

distributed outside the cavity. The assignment of the parameter is:

Parame ter- 42 : Fr-CCI ,- 0.85 j
Case 7: There was an EVSE involving-less than.20% of the core. -It is

'

assumed that some of: the core participating in the EVSE will - be -
distributed outside the cavity. The . assignment of the parameter is:
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0.95Parameter 42: Pr CCI -

Case 8: The vessel failed at low pressure or otherwise resulted in a
gravity pour. There was no EVSE. Essentially all of the core dobris
will remain in the cavity and will be available for CCI. The
assignment of the parameter is:

0.95Parameter 42: Fr CCI -

Case 9: Coro degradation was arrested and there was no VB. CCI does
not take place. The assignment of the parameter is:

Parameter 42: Fr CCI 0.0-
,

Question 87. Level of Core Not Participating in HPME That Is Available
for CCI?
3 Branches, Type 5

The branches for this question are:

1. CCI lii Over 60% of the core is available for CCI.

2. CCI-Med Between 30 and 60% of the core is available for CCI.

3. CCI-Lo Less than 30% of the core is available for CCI.

This question is not sampled; the branch taken depends directly upon the
value of the parameter defined in the previous question. The fraction of
one core not participating in llPME that is available for CCI. Parameter 42,
is arsigned to one of three groups as designated by the branches.

|

| Question 88. Is the Debris Bed in a Coolable Configuration?
2 Branches, Type 2, 7 Cases

The branches for this question are:

1. L-CDB The debris bed is coolable; no CCI takes place as long as-the
debris remains covered with water.

2. LnCDB The debris bed is not coolable. CCI will begin as soon as
| the melt reheats whether water is present or not.

This question is not sampled and was quantified internally. The branch
taken at this question depends upon the branches previously taken at
Questions 4, 25, 63, 65, and 71.

CCIs will not occur if the debris bed is inherently coolable, and if there
is water present to cool it. This question determines whether the debris
bed is coolable depending upon the timing of arrival of water and the
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'amount of water in the cavity. Whether the water is replenished is

determined in the next question. The portion of the moltco core that J

participates in DCH is unavstlable for CCI. Thus the core debris |
considered in this question is the debris expelled at VB that remains in
tha cavity and the debris v. hat leaves the vessel some time after VB. More
discussion of debris coolability topic can be found in Volume 2 Part 6, of
this report.

,

i' hen water is present. i'i the reactor cavity, in order for the debris to
form a coolable debris bed, it must fragment when it hits the _ water, the
resulting particles must quench while falling through the water, and the
size of the bulk of the particles must fall within a 1.0 pm size range.
Further, if a portion of the debris bed is noncoolable, the wailable
evidence is that- this portion of the bed will grow in size until

_

essentially the entire bed has become noncoolable.

Case 1: There was no vessel failure; CCI does not occur. The
quantification of this case is:

Branch 1: L CDB 1.0-

Branch 2: LnCDB 0.0-

Cas- ?: The reactor cavity is dry and vessel failure results in HPME
or gross bottom head failure at a pressure greater than 200 psia. The
core debris involved in HPME is likely to be widely distributed
throughout the containment. Vater from the accumulators or LPIS enters
the cavity before the remaining debris pours out of the vessel. The
quantification for this case is:

Branch 1: L CDB 0.80-

branch 2: LnCDB 0.20-

Case 3: At vessel failure, debris arrives in a dry cavity coincident
with water from the accumulators or LPIS. It is not likely that the
debris will be coolable. The quantification for this case is:

.

Branch 1: L CDB 0,16-

Branch 2: LnCDB 0.84-

Case 4: At vessel failure, debris arrives in a dry cavity without
coincident water, The debris will not be coolable. The quantification
for this case is:

Branch 1: L CDB 0.0-

Branch 2: LnCDB 1.0-

Case 5: The reactor cavity is wet and vessel failure results in HPME
or gross bottom head failure at a pressure greater than 200 psia. The
core debris involved in HPME exits the cavity with the cavity water,
but the water spills back into the cavity. This case is similar to
Case 2; the quantification for this case is:

Branch 1: L CDB 0.80-

Branch 2: LnCDB 0.20--
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Case 6: The reactor cavity is deeply flooded and vessel failure
results in HPME or gross bottom head failure at a pressure greater than
200 psia. As discussed in Question 73, it is assumed that the bulk of
the core debris involved in HPME does not exit the cavity, but
fragments as it passes through the cavity water. The later debris
deposits on top of the fragments. This case is similar to Case 3; it
is unli'kcly that the debris will be cooled. The quantification for
this case is:

Branch 1: L-CDB 0.16-

Branch 2: LnCDB 0.84-

Case 7: The reactor cavity is wet or deeply flooded and the vessel
failed at low pressure or otherwise resulted in a gravity pour. The
pouring of the debris into the cavity may cause reagglomeration of the
debris. The quantification for this case is:

Branch 1: L CDB 0.16-

Branch 2: LnCDB 0.84-

Question 89. What is the Nature of the prompt CCI?
5 Branches, Type 2, 6 Cases

The branches for this question are:

1. DryCCI CCI occurs promptly after VB in a drf cavity.

2. SScrCCI CCI occurs promptly after VB with limited water from
accumulator dump.

3. DScrCCI CCI occurs promptly af ter VB in a wet or ' deeply flooded
cavity, i.e. water depth is at least 10 ft.

4, SD1yCCI A coolable debris bed boils off limited water from the
accumulator dump, then after a short delay, prompt CCI ensues
in a dry cavity.

5. noPrCCI Prompt CCI does not occur.

This question is not sampled; whether- prompt CCI occurs follows logically-
from the information available about the coolability of the core. debris and
the presence of weter in the reactor cavity. The branch taken at this
question depends upon the branches previously taken et questions 4, 25, 63,
65, and 88.

. Case 1: There is no VB. Prompt CCI does not occur; the quantification
for this case is:

,

Branch 1: DryCCI 0,0- ~-

l Branch 2: SScrCCI 0.0-
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i

Branch 3: DscrCCI 0.0-

i Branch 4: %I 0.0'
, -

'

Branch 5: 3; M 1.0-

Case 2: The debris is non coolable, there is only accumulator water in
the cavity, and the water source in nonrepicnishable. The prompt CCI
is scrubbed only by a shallow pool. The quantification for this case
is:

Branch 1: DryCCI 0.0-

Branch 2: SScrCCI 1.0-

Branch 3: DScrCCI 0.0-

Branch 4: SD1yCCI 0.0-

Branch 5: noPrCCI 0.0- -

Case 3: The cavity is dry at VB, and accumulator dump has occurred
before breach. The debris is non coolable and CCI is initiated
promptly. The quantification for this case is:

-Branch 1: DryCCI 1.0-

Branch 2: SScrCCI 0.0-

Branch 3: DScrCCI 0.0-

Branch 4: SD1yCCI 0,0-

Branch 5: noPrCCI 0.0-

Case 4: The debris is non coolable and the cavity __ is wet or deeply
flooded. There is at least 10 ft of water ti.ot covers the debris. CCI
is initiated promptly with maximal scrubbing. The quantification for
this case is:

Branch 1: DryCCI 0.0-

Branch 2: SScrCCI 0.0-

Branch 3: DScrCCI 1.0-

Branch 4: SD1yCCI 0.0-

Branch 5: noPrCCI 0.0-

-

Case 5: The debris bed is coolable and entered the cavity wit.h
accumulator water only, and the cavity water is not replenished. The
water boils off af ter a short delay, _ _ and then CCI ensues.: The
quantification for this case is:

Branch 1: DryCCI 0.0-

Branch 2: SScrCCI 0.0-

Branch 3: DScrCCI 0.0-

Branch 4: SD1yCCI 1.0-

Branch 5: noPrCCI 0.0-

Case 6: The debris bed is coolable and either entered a wet or deeply
flooded cavity, or the water supply is replenishabis. CCI will not
occur in this time period. If the water supply is non replenishable,
the question of long-delayed CCI is addressed in Question 111. The

, quantification for this case is:
!

|
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Branch 1: DryCCI 0.0-

Branch 2: SScrCCI 0.0-

Dranch 3: DScrCCI 0.0-

Branch 4: SD1yCCI 0.0-

Branch 5: noPrCCI 1.0-

,

Question 90. Is ac Power Recovered Late?
3 Branches Type 2, 7 Cases

I The branches for this question are:

1. L ACP ac power is available during prompt CCI.'

2. LaACP ac power is not available for this time period, but may
be recovered in the future.

3. LfACP ac power is not available for this time period, and
cannot be recovered.

Cases 3 through 7 of this question are sampled; the distributions were
'

obtained from an analysis of the recovery of offsite power (ROSP) for
Sequoyah as discussed above for Question 22. The branching at this
question depends upon the branches taken at questions 1, 9, 10, and 22.;

The time period of interent here is between VB and the end of the initial
portion of prompt CCI. Because CCI tapert, off very gradually, the end of
this time period is somewhat arbitrary, but it is intended to be after the
bulk of the hydrogen and radionuelides have been released. To simplify the
number of cases in the nent question about power recovery, the end of this
period of CCI has been taken to be 9 h for Cases 3, 4, and 5, and 17 h for

| Cases 6 and 7. In general, then, the initial period of prompt CCI was
taken to be between 3.0 and 6.5 h.

The probability of power recovery it the probability that offsite
electrical power is recovered in the period in question given that power
was not recovered prior to the-period.

Case 1: Power was available at the start of the accident and remains
available, The quantification for this case is:

Branch 1: L.ACP 1.0-

Branch 2: LaACP 0.0-

Branch 3: LfACP 0.0-

Cas.e 2: Power was not available at the start of the accident and is
-

not recoverable. The quantification for this case is:
'

Branch 1: L ACP 0.0-

Branch 2: LaACP 0.0-

Branch 3: LfACP 1.0-
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Case 3: Power was not initially available, but recovery was por,sibic.
The AWS was failed at the start of the accident, and the RCS was
intact when the water level dropped below the TAF. This case applies

: to PDS TRRR RSR (fast blackout). The recovery period for this case is
2.5 to 9.0 h. The mean value for power recovery in this period (0.823);

! gives the following quantification:

Branch 1: L.ACP 0.823-

Branch 2: LaACP 0.177-

0.000Branch 3: LfACP -

Case 4: Power-was not initially available, but recovery was possible.
The AWS was operating at - the start of the accident but - failed. af ter
4 h upon battery depletion and there is an S2 break in the RCS at UTAF.
This case applies to the SgRRR RCR PDS (slow blackout with stuck-open
PORVs). With this large a break in the RCS, whether the operators
depressurized the secondary system while the the AWS was operating is
not very important. The recovery period for this case is 4.5 to 9.0 h.
The mean value for Uwer recovery in this period (0.667) gives the
following quantification for this case:

Branch 1: L ACP 0.667-

Branch 2: LaACP 0.333-

Branch 3: LfACP 0.000-

Case 5: Power was not initially availabic, but recovery was possible.
The AWS was operating at the start of the accident but failed after
4 h upon battery depletion. The operators did not depressurize the
secondary system while the AWS was operating. There is an S break in3
the RCS at UTAF. This case applies to the S RRR RCR PDS (slow blackout3

with reactor coolant pumps (RCP) seal failure and the secondary not &

depressurized). The recovery period for this case is 6.0 to . 9.0 h.
The mean value for power recovery in this period (0.521) gives the
following quantification:

Branch 1: 'L ACP 0.521-

Branch 2: LaACP 0.479-

Branch 3: LfACP 0.000-

Case 6: Power was not initially available, but recovery.was possible.
The AWS was operating at the start of the accident but failed af ter
4 h upon battery depletion. The operators depressurized the secondary
system while the the AWS was operacing. There is an Sa break in the
RCS at UTAF. This case applies to the SakRR RDR PDS (slow blackout
with RCP seal failure and the _ secondary depressurized) . The recovery
period, for this case is 10.5 to 17 h. The mean value for power
recovery in this period (0.697) gives the following quantification:

Branch 1: L-ACP 0.697-

Branch'2: LaACP 0.303 i-

Branch 3: LfACP 0.000--

Case 7: Power was not initially available, but recovery was possible.
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The AIVS was operating at the start of the accident, but failed after
4 h upon battery depletion. The operators did depressurize the
secondary system while the the AIVS was operating. The RCS was intact
when the core uncovered. This case applies to the TRRR RDR PDS (slow,

! blackout). The recovery period for this case is 12.5 to 17 h. The
mean value for power recovery in this period (0.578) gives the
following quantification:

;

Branch 1: L ACP 0.578-

Branch 2: LaACP 0.422-

Branch 3: LfACP 0.000-

Question 91. Iate Sprayst
,

3 Branches Type 2, 4 Cases

The branches for this question are:

1. L Sp The containment sprays are operating during prompt C01.

2. LaSp The containment sprays are available and will operate when
electric power is restored.

3. LfSp The containment sprays are failed and cannot be recovered.

This question is not sampled; if power has been recovered, c.nd the sprays
were "available" tefore, the sprays will operate in this period. The
branch taken at this question depends upon the branches tal e ct Questions
85 and 90,

The time period of interest is the same as in the preceding question. If
sprays are recovered during this period, the release from CCI will be,

considerably reduced. If the debris bed is coolable and water was present .

but was not being replenished, spray recovery can also prevent dryout and
the start of CCI.

Case 1: The sprays were operating shortly after VB. The sprays
continue to operate. The quantification is:

Branch 1: L Sp 1.0-

Branch 2: LaSp 0.0-

Branch 3: LfSp 0.0-

Case 2: The sprays were failed in the previous time period, so the
sprays remain failed. The quantification for this case is:

Branch 1: L Sp 0.0-

Branch 2: LaSp 0.0-

branch 3: LfSp 1.0-

case 3: The sprays were available to operate and power has been
recovered, so the sprays are initiated during this time period. The
quantification for this case is:
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Branch 1: L Sp 1.0-

Branch 2: LaSp 0.0-

Branch 3: Lfsp 0.0-

! Case 4: The sprays were available to operato, but power has not been
recovered so the sprays remain available. The quantification for this
case is:

Branch 1: L Sp 0.0-

Branch 2: LaSp 1.0-

Branch 3: LfSp 0.0-

Question 92. Late ARFa?
3 Branches, Type 2, 4 Cases-

The branches for this question are:

1. L Fan The ARFs are operating during prompt CCI.

2. LaFan The ARFs are available to operate if power is recovered.

3. Lffan Tho ARFs are failed and cannot be recovered.

This question is not sampled. The branch chosen for this question depends
upon the branches taken at Questions 84 and 90.

The ARFs are important in the time in which CCI occurs in order to
establish the degree of mixing of the containment atmosphere, Whether or

the atmosphere is mixed establishes the conditions for hydrogen burnsnot
if ignition' occurs.

Case 1: The fans were operating shortly after VB. The fans continue
to operate. The quantification is:

Branch 1: L-Fan 1.0-

Uranch 2: LaFan 00-
.

| B'.anch 3: LfFan 0.0-

! Care 2: The fans were failed in the previous time period, so the fans -'

remain failed. The quantification for this case is:

Branch 1: L Fun 0.0-

Branch 2: LaFan 0.0-

Branch 3: LfFan 1.0-

i Case 3: The fans were available to operate and power has been'

recovered, so the - fans are activated during this time period. The
quantification for this case is:

Branch 1: L Fan 1.0-

Branch 2: LaFan 0.0-

Branch 3: LfFan 0.0-
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Case 4: The fans were available to operate, but power has not been
| recovered so the fans remain available. The quantification for this

case is:

Branch 1: L Fan 0.0-

| Branch 2: LaFan 1.0-

Branch 3: Lfran 0.0-

Question 93. Is the Ice Melted or Bypassed Within the First ilour of
Prompt CCI?
2 Branches, Type 2, 5 Cases

' The branches for this question are:

1. L IBP The 10 is ineffective for condensing stearn et for removal of
fission products from the a*.mosphere during prompt CCI.

2. LnIBP The 10 is intact during this period.

This question is not sampled; the branch chosen depends dirce.tly upon the
branches taken at Questions 24 and 83.
The IC is important during the initial phase of CCI not only for its heat
removal capability, but especially for its contribution to decontamination
of the containment atmosphere. The analyses referenced in Question 29 for
level of ice melt before VB also give some indication of ice melt after VB.
These analyses include IDCOR Task 23.1, BMI 2104, BMI 2139, BMI-2160,
MARCil-llECTR calculations, and NUREG/CP 0071. A 17 A 2*12 The anulyses
indicate that a quarter to half the ice can remain up to 1 h or so past
breach. Also indicated is that more ice remains for smaller initial breaks
and for times in which the RCS is intact at breach than for larger initial
breaks. These analyses include thermal loading on the 10 due to blowdown
at VB and hydrogen burns; not included in the thermal loading are events
such as DCH and steam explosions.

|
1 Case 1: There was partial bypass immediately after VB, and there was

either no early blowdown to containment, or the blowdown was typical of
a small break or cycling PORV. It is quite likely that the IC uill
still be effective. The quantification for this case is:

Branch 1: L-IBP 0.15-

Branch 2: LnIBP 0.85-

Case 2: The IC was intact immediately af ter VB, and there was either
'

no early blowdown to containment, or the blowdown was typical of a
small break or cycling PORV. It is more likely than for Case 1 that
the IC will still be effective. The quantification for this case is:

|-.

Branch 1: L IBP 0.05-

Branch 2: LnIBP 0.95-
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Case 3: There was partial bypass immediately after VB, and the early
blowdown to containment was typicci of a large b r e tik . It is
indeterminate whether the IC will still 's effective. The 1

quantification for this case is:

Branch 1: L IBP 0.50-

Branch 2: EnIBP 0.50-

Case 4: The IC was intact emmediately after VB, and the early blowdown
to contaitunent was typica". of n large break. It is more likely than
for Case 3 that the 10 vill still be effective. The quantification for
this case is:

Branch 1: L IBP 0.25-

Branch 2: LnIBP 0.75-

Case 5: The IC was totally ineffective or bypassed immediately af ter
VB. It will remain ineffective for this t iine period. The
quantifica lon for this case is:

Branch 1: L IBP 1.0-

Branch 2: LnIBP 0.0-

Quection 94. Late Baseline Pressure?
1 Brench, Type 4, 6 Cases

The single branch for this question is always taken. The branch is:

1. L PBase The late baseline pressure in containment.

One parameter is defined in this question:

P43. L-PBase The late baseline pressure, in kPa, is assigned to Paramotor
43.

Cases 4 through 6 of this question are sampled; the distribution for the
parameter was determined internally. The assignment of the parameter
depends upon the branches taken at Questions 12, 58, 65 78, 82, 89, 91,
92, and 93.

The late baseline precsure in containment is established to determine the
pressure rise if a hydrogen burn occurs. It is then added to the pressure
rise to establish whether containment failure occurs.

Case 1: Either the containment failed before or at VB, or VB was
averted. The baseline pressure will be minimal. The assignment of the
parameter is:

Parameter 43: L*PBase 103.40-

Case 2: No prior containment failure has occurred and containment heat
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retuoval exists either because sprays are operating, the IC is
functional and not bypassed, or both. The assignment of the parameter
is:

131.0Parameter 43: L PBase -

Case 3: No prior containment failure has occurred and the IC is
functional, but the sprays or fans are not operating. The assignment
of the parameter is:

Parameter 43: L.PBase 151.70-

Case 4: No prior containment failure has occurred and no containment
heat removal existe. The CCI was prompt or slightly delayed without
production of much steam. The assignment of the parameter, based on
the mean value of the distribution is:

Parameter 43: L PBase 241.30-

vase 5: No prior containment failure has occurred and no containment
heat removal exists. The CCI was prompt but deeply scrubbed, involving
the production of more steam than for Case 4 The assignment of the
parameter, based on the reean value of the distribution is:

Parameter 43: L.PBase 275.80-

Case 6: No prict containment failure has occurred and no containment
heat remove.1 exis ts. No prompt CCI has occurred, The assignment of
the paranater, based on the mean value of the distribution is:

Parameter 43: L PBase 206.80-

Question 95. Amount of Ilydrogen (Plus Hydrogen-Equivalent of Carbon
Monoxide and Carbon Dioxide) Cenerated During Prompt CCI?,

| 2 Branches, Type 6, 3 Cases

The branches for this question are:

1. L CCI Prompt CCI takes place and combustible gas is generated.

2. LnCCI No prompt CCI takes place with combustible gas generation.

Two parameters are defined in this question:!

P44. L-H2 The amount of hydrogen and equivalent carbon - monoxide
produced during prompt CCI in kg moles, is assigned to i
Parameter 44. j

P45. L C02 The amount of carbon dioxide produced during prompt CCI, in
kg moles, is assigned to Parameter 45,

1
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This question is not campled, and was quantified internally. Modules in,

the user function subroutine are used to calculate the amount of hydrogen,
carbon monoxide and carbon dioxide produced during CCI. The user function
module utilized in this question depends upon the branches previously taken
at Questions 65 and 89. The value that the user function returns for each
case determines which branch is taken,

flyd rogen , carbon dioxide, carbon monoxide, and other inert gases are
produced by the decomposition of the concrete in the reactor cavity caused
by reaction with the non coolable core debris. At Sequoyah, the concrete

!is limestone coarse aggregate. A simple correlation that relates hydrogen
production to the amount of unoxidized zirconium in the core debris is usedi

to estimate the hydrogen production during CCI. Similar correlations are
used to estimate the production of carbon monoxide and carbon dioxide.
These correlations are based on results obtained from relevant CORCON
calculations. A discussion of the correlations may be found in Volu:ne 2,
Part 6, of this report. The variablee passed to the user function modules
from the event tree include: fractiun of the core released at VB, the
fraction of initial zirconium that remains in the core for participation in
CCI, and the fractional level of core not participating in HPME that is
available for 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 hydrogen that must be burned to equal the energy released when
one mole of carbon monoxide is burned. The conversion is:

Nn2 - 1.17 Neo,

where Na2 is the equivalent number of moles of hydrogen and Neo is the
number of moles of carbon monoxide.

Case 1: Prompt CCI does not occur. No hydrogen, carbon monoxide, or
carbon dioxide is produced from reaction of the core debris and the
concrete in the cavity. The user function module denoted CC11 is
called from EVNTRE.

Case 2: Prompt CCI occurs and the release of the core debris from the
vessel involved l!PME. When llPME occurs, it is assumed that all of the

core debrir, that is released at VB is ejected from the cavity. Thus,
only the material that is released after vessel breach participates in
CCI and is involved in the production of hydrogen, carbon monoxide, or
carbon dioxide. The user function module denoted CCI2 is called from
EVNTRE.

tTse 3: Prompt CCI occurs and the release of the core debris did not
it volve llPME. The fraction of the core available to participate in
CCs. Parameter 42, was determined in the Question 8 6 '. The user
fune.' ion uses this parameter to determine what amounts of hydrogen,

Jcarbos monoxide, or carbon dioxide are produced. The user function |
module denoted CCI3 is called from EVNTRE. 1
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Question 96. Vhat Amount of oxygen Remains in the Containment Latet
2 Branches, Type 5

The branches for this ques. tion are:

1. L 02 There is oxygen remaining in contaitunent during prompt CCI.

2. Ln02 There is no oxygen remaining in containment durin6 this time
period.

One parameter is defined in this question:
i
'

P46. L 02 The amount of oxygen remaining in containment during prompt
CCI, in kg moles, is assigned to Parameter 46.

This question is not sampled, and was quantified internally. A module in
the user function subroutine is used to calculate the amount of oxygen
remaining in the containment during prompt CCI. The value that the user
function returns for each case determines which branch is taken.

The amount of oxygen that exists in the containment after the initial
portion of CCI occurs is needed to determine whether the atmosphere will
support late combustion of hydrogen or carbon monoxide. The oxygen
initially in the containment has most probably been depleted by prior
hydrogen burns. If burns occur during core degradation, whether ignition
occurs by ignitors or by random sources, the amount of oxygen consumed in

| the burns is deternined 6 a user function inodule in Question 54. The
amount of oxygen consumed at VB is computed in the user function called in
this question. The user function module denoted 02 Late is called from,

| EVNTRE.

!

Question 97. Amount of Ilydrogen in the Containment af ter Prompt CCI?
2 Branches Type 6, 3 Cases

| The branches for this question are:

1. L il2 There is hydrogen in the co'itaitunent after the period of
prompt CCI.

2. Lnll2 There is no hydrogen in the containment af ter the period of
prompt CCI.

One parameter is updated in this question:

P44. L il2 The c. mount of hydrogen and hydrogen equivalent of carbon
monoxide produced during prompt CCI in kg moles is updated.

| This ques; 4.on is not sampled, and was quantified _ incernally. Modules in
the user function subroutine are used to calculate the amount of hydrogen
(and hydrogen equivalent carbon tuonoxide) in containment after the bulk of
gases have been released during CCI. The user function module used in this
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question depends upon the branches previously taken at Questions 12, 26,
58, 78, and 82. The value that the user function returns for each case
determines which branch is taken.

The arcount of hydrogen in the containment af ter CCI is calculated by
summing the amount remaining after VB and the amount generated during CCI.
These combustibio gases can participate in combustion events during this
late time period. The in vessel hydrogen released to the containment
during core degradation that remains after pre vessel breach deflagrations
is determined in a user function module in Question 54. The amount of
hydrogen that is released from the RCS or produced at VB and consumed
immediately af ter breach is computed in the user function called in this
question.

Case 1: Containment rupture occurs befora VB, or there is no VB. The
amount of hydrogen in the containment is assumed to either be
negligible or irrelevant. For the case of prior containment rupture, a
negligible amount is assumed due to pur6 ng of the hydrogen through thei

rupture, or the amount is irrelevant because a rupture failure of
containment precludes further failures. The user function module
denoted ll2CCII is called from EVNTRE.

Case 2: Containrcent rupture occurs at VB. As in Case 1, the amount of
| hydrogen in the containment is assumed to be negligible or irrelevant.
I The user function module denoted 112CC11 is called from EVNTRE.

*
' Case 3: No prior containment rupturer, have occurred. The amount of

hydrogen and hydrogen equivalent is computed accordingly. The user
function module denoted il2CCI2 is called from EVNTRE.

Question 98. How Much Steam Is in Containment Late?
2 Branches, Type 4, 3 Cases

The branches for this question are: ~

1. L liiStm The steam concentration in containment is greater than 60%.

(nominally 75%).

2. L LoStm The steam concentration in containment is less than 60%-
(nominally 10%).

One parameter is defined in this question:

P47. L.Stm The amount of steam in containment during prompt CCI, in kg-
moles, is assigned to Parameter 47.

| This question is not sampled, and was quantified internally. The branch
I taken and the parameter assignment at this question depends = upon the

branches taken at Questions 91, 92, and 93.
o
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If the containment atmorphere is steam inert after the bulk of combustible
gases has been released from CCI, combustion will be precluded. In
general, if some form of containment heat removal is functional (IC or
sprays), the stca.x concentration in the contairunent should be low, llence ,
a nominal value of 10% was chosen for the low steam branch. If containment
heat removal is not functional, the steam concentration will probably be
above the 60% cut off for flammability limits.

Case 1: Either the containment sprays are operating or the IC is
functional and the fans are operating. The steam level vill be
minimal. The quantification for this case is:

0.0Branch 1: L ilistm -

1.0Branch 2: L LoStm -

For Branch 1, the assignment of the parameter is irrelevant, for Branch
2, the assignment of the parameter is:

Parameter 47: L Stm 157.40-

Case 2: The ice was not bypassed during the first hour of prompt CCI,
The ice may be melted by the time combustion might occur. It is
indeterminate whether the steam concentration is at the high or low
icvel.

Branch 1: L liiStm 0.50-

Branch 2: L LoStm 0,50-

For Branch 1, the assignment of the parameter is:

Parameter 47: L Stm 2000,0-

For Branch 2, the assignment of the parameter is:

Parameter 47: L Sem 500.0-

Case 3: There is no containment heat removal of any kind. The steam
level, and pressure in containment, will be high.

Branch 1: L ilistm 1.0-

Branch 2: L Lostm 0.0-

For Branch 1, the assignment of the parameter is:

Parameter 47: L Stm 4259.0-

For Branch 2, the assigtunent of the parameter is irrelevant.

Question 99. What Is the Inert Level in Containment, and Is There
Sufficient flydrogen or Oxygen for Burns?
4 Branches, Type 5
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The branches for this question are: |

.y
'

1. L-Inert The containment atmosphere is steam inert.-i.e., the steam
~

concentration-is greater than 60%,

2. L-noH2 There is an insuf ficienP emotmt of combustib h p n $n ,
''

containment for combustion, i . e . , the atmosphere is fuel-
t

starved.

!3. L no02 There is an - insufficient amount L of ' vxygen to support
combustion, i '. e . , the atmosphere is: oxygen-starved. !

4. LnInert The flammability limits for combustion aro satisfied, _and-if
ignited, the containment _ atmosphere will. deflagrate.

This question is not. sampled, and was quantified internally. A module.in
the user _ function subroutine is used to ' calculate the . gaseous speciest
concentrations in tha containment and establish the flammability of the
atmosphere. The value that the user- function returns ' for each case,
determines which branch is taken'.

,

!

For late burns in the containment, the-APET does not. divide the cont ament-
volumes as was done for burns before- VB. This is done :to- save
computational t .t m e , . and also ' because. the. acate 'of containment
compartmentalization at this" late time -period .is unknown. If _ a : large =
amount of channeling has occurred in the IC,.and many_ doors leading into or
exiting thu iC and upper plenum are: stuck.open or~ damaged, re circulation
flow can occur between the lower and upper comp 5rtments' of the containment.
To address - the late burns in - containment - it is an z~d that - the
containment compartments communicate with -each other freely. The gaseous
constituents are-assumed to be homoger.susly mixedi Thesnitrogen=that was-

in - the containment initio11y acts - as a diluent, Las = well as the carbon
.

-

dioxide that is generated during CCI. . Tde carbon dioxide Eis treated.as
steam, i.e. , z it is assumed that the- inerting qualities - of. carbon dioxide
are similar to steam. The user - function.-module doncred .LtConc is called -

| from EVNTRE.
|_

|

Question 100. Late Hydrogen Igniters?-

2 Branches, Type-2, 4_ Cases

Ti.e' branches-for this question are:

1. L Ig The igniters are operating during prompt CCI.

2. LnIg The igniters are not operating during prompt CCI.

l' This question:is not sampled; the quantification;was: done ' internally by the
accident frequency analysts. The branch taken- depends upon the branches
taken at Questions 22, 47, 90, and 99.

T
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If the ignitors are operating at the time of VB, the threat from
deflagration of the combustibio gases generated during CCI is minimal. If

the ignitors are initiated during CCI, the containment may be threatered by
a large scale global burn. If the hydrogen concentration in containment is
less thari $$. the operating pr.wedures instruct the operators to activate

1 ntters. If the hydrogen concentration is greater than 6%, theche 6
operators are directed to refrain from activating the igniters. The
actuation of the 1,; niters by the operators during this tima is a inoot point
because if ac powe r is recovr W , it is assumed that if the flammability
criteria as ment.oned in question 99 are met, random sources will
eventually ignite the atmosphere.

Case 1: The ignitors were operating before VB, and will continue to
operate through this time period. The quantification for this case is:

Branch 1: L-Ig 1.0-

Branch 2: LnIg 0.0-

Case 2: The accident involves an SB0 with power recovery durinc prompt
00I. The hydrogen concentration in the containment is less than 5.5%.
Human reliability analysis (IIRA) indicates that failure to initiate
will be c. bout 8% of the time. The quantification for this care is:

Branch 1: LI6 0.92-

Branch 2: LnIs 0.08-

Case *:.. The accident involves an-SB0 with power recovery during prompt
CCI. The hydrogen concentration in the e,ontainment is greater than
5.5%. IlRA indicates that '~ arrect initiation will occur about 8% of
the time. The quantificati for this case is:

Branch 1: L-Ig - 0.08-
Branch 2: LnIg 0.92-

Case 4: The accident involves a station blackout without power
i recovery before or during prompt CCI, or .the igniters were not actuated

earlier. The igniters will not be operating in this time period. The
quantification for this case is:

Branch 1: L Ig 0.0-

tranch 2: LnIg 1.0-

Question 101. Ia There a Late Deflagration in the Containment?
2 Branches, Type 2, 4 Cases

The branches for this question are:

1. L-Def Ignition of combustible p ses occurs during prompt CCI.

2 LnDef Ignition of combustible gases does not occur during _ prompt
CCI.
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This question is not samp1t d;- the quantification of this question was
performed internally. The branch taken depends upon the branches taken st
Questions 90, 99, and 100, i

I

If the flammability criteria are not mot, late ignition of combustible gas,
in the containment ataosphere does not occur. If igniters are operating,
ignition is assured. If ac power is available, it is assumed that
operation of electrical equipment will provide an ignition source for a
flammable atmosphere. .f ac power is not operating, static sources provide
an 1 nition source with a lower probability.6

Case 1: The flammability criteria are not met; a late deflagration
'

does not occur. The quantification for this case is:
'

Branch 1: L-Def 0.0-

Branch 2: LnDef l'. 0 --

Case 2: The flammability criteria are met and ignitars are operating.
Ignition is assured. The quantification for this case is:

Branch 1: L-Def 1.0.

Branch 2: LnDef 0.0-

Case 3: The flammability criteria are met and ac power is operable.
Eventual ignition is assured. The quantification for this case is:

Branch 1: L Def 1.0-

Branch 2: UnDef 0.0-

Case 4: The flammability criteria are met and ac power is not operable.
Ignition is by static sources 2nly, and considered to be unlikely. The
quantification for this caso s:

Branch 1: L-Def 0.15-

Branch 2: LnDef 0.85-

-

Question 102. Pressure Rise due to Late Deflagration?
2 Branches Type 6, 2 Cases

:

j' The branches for this question are:
l

1. L-DPDef Late hydrogen combustion occurs. - i

2. LnDPDef Late hydrogen combustion does not occur.

One parame:ar is defineo in this question:

P48. DP-LDef The pressure rise' in containment due to a late hydrogen,

deflagration, in kPa, is hssigned to Parameter 48.

i
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l

This question is not sampled; Parameter 22 is calculated in modules within' O

the user function subprogram. The applicable user function module for-this
question depends upon the branches taken at Questions 147, 91, 92, 93 arid
101.

For this question, the variables passed to the user function module are the i

amounts of oxygen, steam, . carbon dioxide, and combustible gases (hydtogen
-and carbon monoxide) in containment.- The user function module calculates
the burn completeness based on the model described in Question 43, and the
pressure rise based on the model described - in Question 54. The burn
completeness model, developed by C. C. Wong, Abu is different for times of

.

tarbulent mixing than for times when the atmosphere is quiescent.

Case 1: The igniters are_ operating.at VB, and the hydrogen'is burned ,

as it is released during.CCI v' ;. minimal-pressure riso. The fans aro.
operating, so the turbulen. burn model ' is used to establish bur.n
completeness. The . user function module denoted Brni is called from
EVNTRE.

Case 2: The. ignitors are operating at VB, and the hydrogen t. vned
as it is teleased during CCI. The fans nare - not operating, so the
quies;ent burn model is used to establish burn completeness. The user-
function module denoted Brn2 is enlled from EVNTRE.

| Case 3: Igniters are not ; operating at _ VB,- there ' is containment heat ,

| removal by the IC and/or the sprays, and the fans _ are - operating. The
1 AICC' burn model in the user function module requires the temperature of

.

the containment atmosphere in. order to calculate the overpressure. For. +

this case, the containment atmosphere is assumed to be 38'C, and the -
turbulent- burn model is used to - establish burn completeness. The. user ;

function module = denoted Brn3 is called from EVNTRE. 1
o
). Case 4: _ _ Ignitors are not operating at VB, there is no containment hec.i

removal, and the fans are operating, _ For this case, the containment-
atmosphore is assumed to be 135'C, and :the turbulent burn model is used-
to estabtish burn completeness. Tha user functica module denoted Ern4
is called from EVNTRE.-

Case 5: . Igniters are not operating at VB,' there l's containment < heat
removal by the IC and/or the sprays, . and Ethe fans are not -operating.

_

For this case, _ the containment atmosphere ois assumed to be 38'C,; and
the. quiescent burn _odel is used to establish burn completeness.- The-,

'

user function module denoted Brn5 is called from EVNTRE.

Case 6: Ignitors are not operating at VB, there;is no containment heat
removal, and the fans are not operating. For this . case , the
containment atmosphere is assumed - to be- 135'C, -.and .the quiescent: burn
model is used to establish _ burn completeness. The user function module
denoted BrnG'is called from EVNTRE.

Case 7: There is- no late . de flagration. . The user function module
denoted NoBurn is called from EVNTRE, and-assigns a val.to of 0.0 to
Parameter 48.

I;

'
- -A,1,1 155-

J

, - - - _ _ , . . _ . . _ . . . , - - . . _ , -



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

'l
1

=i

a
_ Question 103. Late Containment Failure and Mode of Failure? ?

6 Branches, Type 6,_4 Cases- |

1The branches for this question are:
q

1. LnCF There isLno' late containment failure. "

2. L-CPUCL There:is a late. containment failure, which is a leak in. the
upper containment; the nominal hole area.is 0.1 fta, j

i
#3. L CFLCL There is a late containment failure, which is La leak in t the

2lower containment; the nominal-hole area is 0.1 ft . ,

4 L-CFUCR There is . a late containment failure, which is a - rupture in- i

2the upper containment; the nominal hole size'is 1 ft ,

5. L CFLCR There ' is a' late containment failure , . which is a - ruptu're |in
''i

-

the lower containment; the nominal hole size is 1 P.2 ,
1

-6. L CFCtR .There=is a late containment failure, which is by catastrophicL
rupture; the area of the hole is at least' 7.0' f ta (and may -be-
considerably larger) and there is extensive s truc tural_ ~ q
damage. I

For this question, a module within the user function ' subprogram is i

evaluated to determine whether the containment-fails, and if it fa11s,7the
mode of failure. The user function module-called in.this question-depends
upon the branches-previously taken at Questions- 12,-58',-'78, 82, and:101;

,

For the quasi-static pressure load' experienceds for a J1 ate burn, the - user .-
function adds the pressure rise, Parameter 48, ; to the late ' basoline ' "

-

p::es Juro in containment, Parameter.43, to:obtaintthe load pressure.- This-
is then compared to the containment failure pressure,iParameter.'25. LIf the s

load pressure exceeds the failure pressure, the; containmentL fails. The
random number, Parameter 0.6, iis used ' to ' determine the mode nof containment
failure. The method of . determining the - mode of a containment faildre is.

l described briefly in Subsection- A.2._ (See also Issue # 2 inlVolume 2, Part
3.)

Case 1: The containment was:not isolated at tho' start of~the accident .-

with an equivalent failure size of a rupture, or the. containment failed.
by rupture during core | degradation. -Further overpressure failures are-
precluded. The user | function assigns _ a comparison value. so that the
no failure branch,- Branch 1~,. is" taken. The user _ function ~ ~ modulo
denoted NoCF is called from'EVNTRE,

I
Case 2: The containment failed by rupture at :VB.. Further overpressure ]i

| failures are precluded. The. user _ function assigns a comparison value |
-

L so that the no-failure branch, Branch 1, is taken. The user function- |
"'

| module denoted NoCF is called from EVNTRE,

.;

'

,.
1
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Case 3: -There.is no previous rupture, and a late'deflegration oc' curs.:
The pressure rise is rapid compared to the leak depressurization rate,'
that-is, developmentLof a: leak . does not arrest the ~ pressure rise: in
this case.. The user function- module denoted CFFat is called from
EVNTRE.

!Case 4: The pressure rise is comparable to the_ leak depressurization
rate, that-is, development of a leak arrests the pressure rise. This
type of pressure rise would be expected if all containment.' heat removal 3

-systems have failed, leading to slow overpressure. The user function i

module denoted CFSiv is called from:EVNTRE.

'l

Question 104. Are Sprays Impaired due to Late Containment' Failure or
Environment?
3 Branches,-Type 2, 7 Cases

The branches for this. question are:

1. L2-Sp The sprays are functional and operating ~after the bulk-of CCI
has. occurred.

2. L2 asp The sprayc are -functional and are available to operate if
power is recovered.

3. L2fSp. The sprays are failed and cannot be recovered,

This question is not; sampled; the quantification was done internally. . The
branch taken at this question depends upon the branches:taken at Questions
91 and 103. The rechanisms by which~the sprays are failed are discussed in i

Question 61.

! Case 1: The sprays are already failed,. or the' containment fails' by
catastrophic rupture, It is believed that catastrophic rupture-would
involve failure . of . the sprays. 'A. widely accepted scenariof for '

~ ~

!

catastrophic rupture involves the "unzippering" of the._ containment
shell at the s p ingline. Because. the : spray' piping - penetrations are-

located above the springline, the sprays are ' certain . to be damaged.
The quantification for this case is.

Branch 1: L2-Sp =0,0-

-Branch 2: L2 asp 00-

Branch 3: L2fSp. 1.0-

Case 2: The sprays are operating, and there is either no. containment'
failure or failure involving a leak in containment. The mechanisms for
,failing the sprays Linclude clogging of the sumps by 1 debris . direct -
damage to the piping by hydrogen burns,- or dislocation of. the piping.
It= h believed that' the - threat .due to L those ' mechanisms ;is. low. 4The
quantification for this case'is:-

|
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t

0.95 ;Branch 1: L2-So -

0.00 3Branch 2: L2 asp -

0.05Branch 3: L2fSp_ t-

)
Case 3: The sprays are available to operate if power is recovered, and
there is either no containment failure or failure involving a leak in ;

!containment. As in Case 2, the mechanisms for failing the sprays
include clogging of the sumps by debris, direct damage to the piping by
hydrogen burns, or dislocation of the piping. The quantification for
this case is:

0.00Branch 1: L2-Sp -

0.95Branch 2: L2 asp -

0.05Branch 3: L2fSp -

Case 4: The a , rays are operating,. and there is a rupture failure in
the upper cow.ainment. It is believed to be indeterminate whethe'r the
sprays will fail. The quantification for this case is:

1

Branch 1: L2-Sp C.50-

Branch 2: L2 asp 0.00. )
-

Branch 3: L2fsp 0.50-

Case 5: The sprays.are available to operate if power is recovered, and
there is a rupture failure in the upper containment. It is believed to
be indeterminate whether the sprays will fail. The quantification for
this case is:

Branch 1: L2 Sp 0.00--

Branch 2: L2 asp - 0.50
Branch 3: L2fSp ,

0.50 <-

Case 6: The sprays are operating, and there is a rupture failure in
the lower containment, It is believed that spray _ failure will be
unlikely. The quantification for this case is:

Branch 1: L2-Sp - 0.80
Branch 2: L2 asp 0.00-

Branch 3: L2fSp 0.20-

Case 7: The sprays are available to operate if power is. recovered, and
there is a rupture failure in the upper conts inment. It is believed-
that spray failure will be unlikely. The que,'ification for this case
is:

Branch 1: L2-Sp - L.00
Branch 2: L2 asp- '.80-

Branch 3: L2fSp 0.20-

i
|
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Question 105. Is ac Power Recovered'Very Late?
3 Btanches, Type 2, 4-Cases (

The branches.for_this question are:.,
,

!

1. L2 ACP ac power is.available-after prompt CCI.

2. L2aACP ac power is not available, but may be recovered in the
future.

3. L2fACP ac power is not -available for this time period. and cannot bo -
.

recovered.

Cases 3 and 4 of this question are sampled. .The distributions are based on
the power recove.ry analysis for . Sequoyah-' discussed in Question 22. The

-branch taken at this question depends upon the branches previously taken at
Questions 1, 9,.10, and 90.

The time period of--interest here . is from the: end -of the pelod crai:'ctet'
in Question 90 to 24 h. The start of this period -is. generally. after almost
all the fission products have been released from-'t he COI. , - If power is
restored during this period, cprays will become available' .

t
'Case 1: Power was available e the start-of tha accident and remains

available. The quantification for this case is:
-t

Branch 1: L2-ACP 1.0--

Branch 2: L2aACP- 0.0--

Branch 3: L2fACP 0.0-:

Case 2: Power was not available at the start of the.ac'cident-and is~
not recoverabic. The quantification for'this case ist

Branch 1: L2 ACP - 0.0
Branch 2: L2aACP -- 0.0- I

( Branch 3: L2fACP- ^

1.0-

!
Case 3: . By cases 11and 2, this case and th'e following case have-
electrical- power.- not initially available", . but recoverable. The AWS-
was operating at the start of the accident'but failed a few hours later

af ter battery deple~ tion; the operatcrs. depressurized the secondrry 1

system while the thei AWS was operating. Either.--there was no- faib '
-

of the RCS pressure boiidary before the-TAF was uncovered or an S '. *
3

pump seal - failure : occurred. ' This. case applies to PDSs: TRRR-RDR, and
SaRRR RDR. The recovery period ~~for this~caseLis 17 to 24 h. LThe mean
value for power ' recovery. in - this period gives the following
.quantification: ,

i

i

L Branch 1: 'L2-ACP O.897 )-

Branch 2: L2aACP 0.103-

Branch-3: L2 fACP . 0.000-

l'
.|
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Case 4: This casa includas tha blacko.t PDSs not included in the
TRRR-RSR, S RRR RCR, and S RRR RCR. The recovery periodpreviour case; 2 3,

for this case is 9 to 24 h. This case applies to PDSs. The mean value'

l
for power recovery in this period gives the following quantification:

Branch 1: L2.ACP - 0.672 )
Branch 2: L2nACP 0.328 '-

Branch 3: L2fACP 0.000-

Question 106. Ve:y Late Sprays?
3 Branches, Type 2, 4 Cases

The branches for this question are:

1. L2 Sp The containment sprays are operating af ter prompt CCI.

2. L2 csp The corma ap uys cre salidole and will operate when
electric powe is restored.

3. L2fSp The containment sprays are failed and cannot be recovered.

This question is not samp1~t: if ac power is recovered, the sprays operate
if they are not failed. The branch taken at this question depends upon the
branches previously taken at Questions 104 and 105.

The period of interest here is the same as in the previous question. If
power has been recovered, and the sprays were "available" before, the
sprays operate in this period. If sprays are recovered during this time
period, and if the debris bed is coolable, spray operation during this
period is required to prevent dryout and subsequent concrete attack.

Case 1: The sprays were operatin6 in the previous period or power has
been recovered and the containment did not fail by catastrophic

| rupture. The sprays operate during this period. The quantification
for this case is:

I ran : 1: L2-Sp 1.0-

tm ' 2: L2 asp 0.0-

Br4.uch 3: L2fSp 0.0-

Case 2: The sprays were failed earlier and cannot be recovered, The
sprays remain failed. The quantification for this case is:

Branch 1: L2-Sp - 0.0
Branch 2: L2 asp - 0.0
Branch 3: L2fSp 1.0-

Case 3: The sprays were available to operate when power was recovered,
and power has been recovered. The quantification for this case is:

A.1.1-160
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Branch 1: L2-Sp - 1.0
0.0Branch 2: L2 asp -

0,0Branch 3: L2fSp -

Case 4: The sprays were available to operate when power was recovered,
power has not been recovered, no the sprays - remain unavailable. The
quantification for this case is:

0.0Branch 1: L2-Sp -

1.0Branch 2: L2 asp -

0.0Branch 3: L2fSp -

Question 107. Eventual Basemat Meltthrough (B"?)?
2 Branches, Type 2, 7 Cases

The branches for this question are:

1. BMT The prompt CCI eventually penetrates the basemat in the
reactor cavity,

l 2. noBMT The basemat does not melt through, or the meltthrough is
irrelevant because the containment has failed by some other
mechanism.

This question is not sampled; it was quantified internally. The branch
,

I taken at this question depends upon the bJanches previously taken at
Questions 4, 25, 58, 65, 78, 82, 87, 89, 103, and 106.

The question of eventual BMT is considered here without respect to whether-
eventual overpressure failure of the containment occurs. From a: risk
perspective, if overpressure failure occurs, whether BMT occurs is
irrelevant since most of the fission products releawd will be released
through the aboveground failure. If the debris bed .is coolable and there
is a replenishable water supply, bMT is not credible. The basemat at
Sequoyah consists of abm 20 f t of 1rnestone concrete. Thus, even with a
large fraction of the core invc1xed in CCI and no water available, eventual
penetration of the basemat by the core .debds is not assured. The amount
of time required for meltthrough of the basc..st is on the order of a few
days. This question was quantified by the analysts involved; advice was
solicited from D. R. Bradley of SNL.

Case 1: The containment is failed alrecdy, or there is no_VB. In the
first case, the probability of BMT is irrelevant, and in the second
case, it is 0.0. The quantification is:

Branch 1: BMT 0.0-

Branch 2: noBMT - 1.0

Case 2: There is no prompt CCI; BMT is'not possible at this time. If

the debris bed is coolable and eventually boils off the cavity water,
BMT would occur af ter lato overpressure failure of containment and ~ thus
would be irrelevant. The quantification for this case is:

A.l.1-161



Branch 1: BMT 0.0-

Branch 2: noBMT 1.0-

Case 3: For this case and the following cases, CCI occurs and is of
interest for Cases 1 and 2. For Case 3, a large fraction of the core
is involved in CCI and the water supply to the core debris in the
cavity is replenishable. There will be more heat loss upward into the
water covering the debris than if the cavity were dry. Whether the
concre*e attack will penetrate the basemat is not known with any.
certainty but no meltthrough is estimated to be mere likely than
meltthrough. The quantification for this case is:

Branch 1: BMT 0.25-

Branch 2: noBMT 0.75-

Case 4: A large fraction of the core is involved in 001 and the water'
supply to the core debris in the cavity is not replenishable. More of
the decay heat will be directed downward into the concrete than in Case
3, so BMT is more likely than in' Case 3. The quantification for this
case is:

Branch 1: BMT 0.40-

Branch 2: noBMT 0.60-

Case 5: An intermediate fraction of the core is involved in CCI and
the water supply to the core debris in the cavity is replenishable.
BMT is less likely than if a large portion of the core were involved in
CCI. Considering the thickness of the Sequoyah basemat, BMT is
unlikely. The quantification for this case is:

Branch 1: BMT 0.05-

Branch 2: noBMT - 0.95

Case 6: An intermediate fraction of the core is involved in CCI and
the water supply to the core debris in the cavity is not replenishable.
BMT is less likely than if a large portion of the core were involved in
CCI in a dry- cavity (Case 4), but more likely than if an intermediate
fraction of the core is involved and the water supply is replenishable
(Case 5). The quantification 1.

Branch 1: BMT 0.20-

Branch 2: noBMT 0.80-

Case 7: Only a small fraction of the core is involved in CCI. BMT is
| 1ess likely than if a larger fra -tion of the core is involved, and does
| not depend strongly on whether the water supply to the ' debris is

replenishable. The quantification for this case is:

. Branch 1: BMT 0.02-

Branch 2: noBMT - 0.98
|

|
!
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Question 108. What Is the_Very Late Pressure in the Containment?
1. Branch, Type 4, 5 Cases

~

The single branch for this question is always taken. The branch is:

1. L2-PBase The baseline pressure in containment during the =very ' late'

time period. i
-

One parameter-is updated in this_ question:

P43. L PBase The late baseline pressure,. Parameter 43, is updatedLinithis,

, question.
1

'

Cases 4 and 5 of this question are sampled; the. dirtribution for the
parameter was determined internally. The assignment 'o f the parameter .
depends upon the branches taken at Questions 4, 25, 58, 63-, 65,E78,'82, 88,
89, 103, and 106,

a

The baseline pressure in containment at a very late time is established to
determine if eventual-overpressure occurs. Late overpressure can be caused

,
,

j by condensible gases, noncondensible gases, or both.

If then is no containment heat removal, and the vessel- has- been breached,
late overpressure by steam is assured. An IDCOR calculation ^ 1*7 for an ' L-)

S2HF sequence (small IDCA with failure of ECCS and sprays in recirculation)
indicates overpressure by steam at about 7 h'after. vessel failure and about ;

i 5 h after the ice has melted. A- BMI-2160 calculati ., Al 10 -- for -an' - S3HF
!

,

sequence (small LOCA .vith - failure of ECCS and sprays '-in recirculation) '

indicates overpretsure by steam- at .about 12 h after vessel failure at,d
about 3 h after the ice has melted,,

<

If there is containment heat removal, and prompt CCI occurs, . it .
.

.

is _ not
known with.any certainty if the containment vill fail due to.noncondensible-

! gases alone. A BMI-2104 calculation ^yi s for ' .a - TMLB' 6-- sequence ' (fast
station blackout with late failure) indicates that overpressure occurs,due
to noncondensibles ~ about 7 h after vessel failure while ' the IC is still

_

funct tonal. 'IDCOR calculations ^ 1-7 for a ? TMLB'. ~ sequence ~ (fast. _ station. .

blac) .aut with temperature-induced pump ' seal failure) ' and ' an S2HF sequence -
(_ small LOCA with failure of .ECCS: and sprays _ in recirculation and retention:
of. water in tbs. upper containment) indicate:that overpressure occurs'due to
noncondensibles more - than 20 h af ter vessel failure. ? A : BMI-2160^ 1-10
calculation for -an S3H sequence (small ' LOCA with failure of ECCS in;
recirculation, but operation of sprays)- indicates that- the containment'^

never fails by overpressure due to noncondensibles whenithe calculation ~has
been carried out to a time about 16 h after? vessel- failure. Essentially:
all of the metals in the debris |were predicted to be consumed at the end-of
the calculation, and by overpressurization did not appear _ to be imminent. :

Case 1: Either the contaitunent in11ed before VB,-at VB, or after the
bulk of hydrogen L and radionue1Nes - release during CCI,- or VB : was
averted. The baseline pressure will be minimat. The assignment of the-
parameter is:
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Parameter 43: L-PBase - 103.40

Case 2: ha prior containment failure has occurred and CCI was not
initiated promptly at VB. Either sprays are operating or there is late
heat removal from the debris bed in the cavity due to a replenishable
water supply. The containment pressure should be quite inw. The
assignment of the parameter is:

131.0Parameter 43: L PBase -

Case 3: No prior containment failure failure has occurred and there is
no containment heat removal. Theto is a large amount of steam in
containment. Containment failure is assured as discussed above.
Failure should occur by about 12 h af ter VB. The pressure is set
artificially high to assure failure in Question 109. The assignment of
the parameter is:

Parameter 43: L-PBase 999.0-

Case 4: No prior containment failure has occurred and containment heat
removal exists. The CCI was prompt or slightly delayed. If
containmant failure occurs, it will be due to noncondensibles generated
during CCI, and it will occur about 20 h after VB. The assignment of
the parameter, based on the mean value of the distribution is:

Parameter 43: L-PBase - 189.60

Case 5: No prior containment failure has occurred and no containment
heat removal exists. The CCI was prompt and there is minimal steam in
containment. The pressure will be somewhat higher than for Case 4.
The assignment of the parameter, based on the mean value of the
distribution is:

Parameter 43: L-PBasu - 241.30
i

Question 109. Very Late Containment Failure and Mode of Failure?
6 Branches, Type 6, 2 Cases

The branches for this question are:

1, L2nCF There is no very late containment failure.

2. L2-CFUCL There is a very late containment failure, which is a leak in
the upper containment; the nomin91 hole area is 0.1 ft ,2

3. L2-CFLCL There is a very late containment failure, which is a leak in
the lower containment; the nominal hole area is 0.1 ft .

!
2

4. L2 CPUCR There is a very late containment failure, which is a rupture,

'

in the upper containment; the nominal hole size is 1 ft .2

i
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5. L2-CFLCR There is a very late containment failure, which is a rupture
in the lower containment; the nominal hole size is 1 ft:,

I
6. L2 CFCtR There is a very late containment failure, which is by

catastrophic rupture; the area c'f the hole is at least-7,0
f ta (and may be considerably 3 arger) and there is extensive
structural damage.

1

For this question, a module within the user function subprogram is
evaluated to determine whether'the containment fails, and, if it fails, the

mode of failure. The_ user function module called in this question depends |

upon the branch taken in Question 108,

For the quasi static pressure load experienced for long term overpresture
of the containment, the user function assigns the very late baseline
pressure in containment, Parameter 43, to the load pressure. This is then
compared to the containment failure pressure, Parameter 25. If the' load

pressure exceeds the failure pressure, the containment fails. The. random
number, Parameter 26, is used to determine the mode of containment failure.
"'o methc- of determining the mode of containment failure is describedi

briefly in ,ubsection A 2. (See also Issue 2 in Volume 2, Part 3.)

Case 1: The oressure rise is comparabic to the leak depressurization
rate, that is, development of a leak arrests the pressure rise. This
type of pressure rise is expected for overpressure failures. The user
function module denoted CFS1w is called from EVNTRE,

,

Case 2: Since Case 1 is always taken,_this case becomes irrelevant.
It is provided to insure the.t no containment failure occurs during the
very late time period. The user function module denoted NoCF is called
from EVNTRF,

Question 110. Sprays After Very Late Containment Failure?
_

2 Branches, Type 2, 4 Cases
|
'

The branches for this question are:

1, L3-Sp The sprays are functional and operating af ter the very late
time period.

2. L3nSp The sprays are failed and cannot be recovered,

' This question is not sampled; the quantification was done internally, The
branch taken at this question depeads upon the. branches taken at Questions
105, 106, and 109.

If the contaitunent is still intact and is.not bypassed, operation of the I

sprays in the finni time period will prevent a conlable debris bed from
drying out. The time period of interest here is 24 h or more after the
start of the accident. It is assumed that if ac power is not failed by
this time period, it will always be recovered. If sprays were not failed
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before this time, or do not fail by late overpressurization of containment,
they will still eperate or be initiated. The mechanisms by which the
sprays are failed are discussed in Question 61.

Case 1: The sprays are already failed, ac power is nonrecoverable, or
the containment fails by catastrophic rupture. . It is believed that
catastrophic rupture would involve failure o f the sprays. A videly

accepted scenario for catastrophic rupture involves the "unzippering"
of the conte.inment shell at the springline. Because the spray piping
penetrations are located abova the springline, the sprays are certain
to be damaged. The quantification for this case is:

0,0Branch 1: L3-Sp
_ 1.0

-

Branch 2: L3nSp -

Case 2: The sprays cr: operating'or ac power has been recovered, and
there is either no containment failure or failure involving a Ic'ak in
containment. The mechanisms for failing tha rprays include clogging of
the sumps by-debris, diiect damage to th'. r a cing by hydrogen burns , or
dislocation of the piping. It is believed that the threat due to th.se
mechanisms is low. The quantification for this case is:

Branch 1: L3-Sp - 0.95
0.05Branch 2: L3nsp -

Case 3: The sprays are operating or ac power has been recovered, .and
there is a rupture failure in the upper containment. It is believed to
be indeterminate whether the sprays will fail. The quantification for
thic case is:

0.50Branch 1- L3-Sp -

Branch 2: L3nSp - 0.50

Case 4: The sprays are operating or ac power has been recovered, and
there is a rupture failure in the lower containment. It is believed
that spray failure will be unlikely. The quantification for this case
is:

0.80Branch 1: L3-Sp -

Branch 2: L3nsp - 0.20

Qte s tic 111. Does Core Concrece Attack After Late Boiloff and Very Late
Containment Failure?
2 Brauches, Type 2, 3 Cases

The branches for this question are:

1. L3 CCI CCI occurs after a long delay to boil off the water in the
cavity,

i

A.1.1-166

!
!

. . _ . . _ __ - ,.



.. . __ -- . . - .

4

2. L3nCCI Very late CCI does not occur.

Case 2 of this-question is sampled zero one, and was quantified internally.
The branch taken at this questiot' depends upon the branches previously
taken at Questions 4, 25, 26, 63, 8o, and 110.

If the debris bed is coolable, and there is a replenishabic water supply,
If the debris bed is coolable and there isvery late CCI will not occur,

no -replenishable source of water to the cavity, core-concrete attack may
occur af ter the cavity waror is boiled off. When this is_the situation,

late overpressurization ot the containment is assured, as is addressed in
Questions 108 and 109. The time to boil the water from a deeply flooded
cavity is on the order of 30 h. E. Copus of SNL performed HOTROX
calculations in which the amount of zirconium metal and zirconium oxide in
the &bric vac varied. Features of the HOTROX model for analysis of
solidified core debris interaction with concrete are: transient conduction
equations, zirconium interaction with gaseous by-products, and a three-
dimensional energy balance. The calculations indicated that romelting of
the core debris would occur in less than 4 h regardluss of zirconium metal

and CCI would initLate soon after at rates ranging from 10 to 40content,

cm/h.

Case 1: The debris bed is coolable, and the water supply to the cavity
is replenishable. CCI will not.be initiated at a very late time. The

quantification for this case is:

| Branch 1: L3-CCI - 0.0
1.0Branch 2: L3nCCI -

Case 2: The debris bed is coolable, the cavity was deeply flooded at
VB, and at containment failure there - is not a. replenishable water
supply to the cavity. It is believed that late concrete attack will
ensue after very late containment failure, if there is no water
supplied to the debris, There is much uncertainty involved with
whether there will be any means or attempts to supply water to the
cavity when the time elapse since containment failure is on the~ order
of a day. It is assumed to be likely that a water supply at this time
will be unavailable. As this case was sampled zero-one, each

I observation had all the probability assigned to one of these two
branches. Taking - the average over all the observations, the
quantification for this case is:

Branch 1: L3-CCI - 0.75
0.25Branch 2: L3nCCI -

Case 3: Prompt CCI has alrea6y occurred. The quantification for this

case is:

0.0Branch 1: L3-CCI -

Branch 2: L3nCCI - 1,0
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A.1.2 Listinc of the Accident Procression Event Tree

This subsection of Appendix A lists the Sequoyah APET. The 111 questions
in the Sequoyah APET are listed concisely in Table 2.3-1. The event tree

'

itself is too large to be depicted graphically and exists only as the'
computer input listed here.

The Sequoyah APET used in the accident progression - analyses for NUREC-
|1150^.t te consists of 2690 lines that form a computer input file. This

forfile is designed to be easily understood, with mnemonic abbreviations
each branch of every question. The structure of the input file is defined
in the EVNTRE reference manual, NUREG/CB '5174.^ 118

The APET Gas developed on a PC spreadsheet program, which greativ
facilitates keeping track of the references to previous questions when
questions are added or subtracted, or when the order of the questions is
changed in the course of the development of the tree. The APET appears as |.

developed on the spreadsheet program. Comments that describe the cases in
the APET appear to the right and are ' ignored by EVNTRE. Comments that
introduce the parameters in the APET begin with a "$" character, and are

also ignored by EWTRE.

The APET listing that is presented in this section is the one that was used
for plant damage state Group 2, Fast Station Blackout. For the other PDS
groups, quantification of Questions 1 through 11 may be - dif ferent,
depending upon the differences in the f 0S group definition. Questions 1
through 11 are referred to as initialization questions, and a listin6 of
these questions for each PDS group is provided in Subsection A.3.

_
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SC000YAH Accident Pro 6tess!Dn Event Tree * Past Station Blackout 1

111
N0uest

1

1 1.000
-1

Cent PInit
1 Sise and location of the RCS break when the core uncovers? PDS * 1st' Letter

6 Brk A Brk 82 Brk 83 Brk*Y B-SCTR B PORY
1 1 2 3 4 5 6

'

0.000 0.000 0.000 0.000 0.000 1.000
2 Bas the reaction been brought under conts91?

2 Scram noScram
1 1 2

1.000 0.000
3 For SOTR, are the secondary erstem SRVs stuck open? PDS = 1st Letter

2 SSRV*SO SSRVn30
1 1 2

0,000 1.000 !

4 Status of ECCS? PDS = 2nd Letter
4 B ECCS BaECCS BIECCS B LPIS
2 1 2 3 4
4

3 1 1 3' Cese-1: Lar6e break in the DCS, used for . ;
1 + 5 * 1 PDS Group 3, or. SGTR with stuck open SRV

Brk A or B*SOTR & $5RV 50 used for PDS Group:7i
0.000 1.000 0,000 0.000

1 1 Case 2: Small break in the RCS, used for '
2 PDS Group 3.

Erk 82 <

0.000 1.000 0.000 0.000
1 1 Case 3: Very small break in the RCS, used ~

3 for PDS Groups 3 and 6.
Bik 53
0.000 1.000 0,000 0.100

Othe rwise Case 4: V, SGTR, or no break in the RCS,
0.000 1.000 0.000 0.0t 0

3 Is the RCS depressurised by the operators?
3 Op DePr OrmDePr -OpnDePr

-2 1 2 3
3

1 1 . Case it: Very anell breaks, used for PDS -
3 Group 6.

Bik S3 -
0,000 0.000. 1.000

2 .1- 3 Case 2: SOTRs with stuck open BRVa, used
5 * 1 for PDS Group 7.

3-37?? & FIPV 90
0.000 0.00C 1.000

' Othe rwis e --Case 3t- A breaks, V, no breaksi or SGTR4 ~
0.000'- 0.000 1.000 with reciosing-SRVs.=-

6 Status of spreys? PDS - 3rd Letter
4 3-Sp - BaSp BfSp not 8W
2 1 2- 3 4
4 '

..

4 1 4 1 3 Caos 3 :-Large break in -the RCS, with ECCS
1 * 3 + S * 1 fatture, used in.PDS Group 3 or SCTR=

Bik-A &' BfECCS or-3 SCTR & 83RV 80 ~ with stuck open reitet valva, used-ih
0.000 1.000 0.000 0.000 PDS Group 7.

'

;' 2 1- 4 Case 2: Snell break in the RCS,1with RCCS
2.,* 3 ' failure, used la PDS Group 3.

Bek-82 & BftCCS
0.000 1,000 0.000, 0.000-

t 2 1 4 . Case 3: Very emell- break in the RCS, with
| 3 * 3 ECes failure. .used in PDS Group 3.
| ' Brk 33 & B fEOCS

O.000 '1.000 0.000. 0.000 *
yOtherwise

. Case 4t LOCAs w/o ECCS fatlure, SGTRs'w/o.
0.000 1.000 0.000 0.000 ; etuck open SRVs, - and =other PDS Groupe,j 7 Status of AC powerf ' POS '- 4th Letterj- 3= B-ACP BaACP BtACP

L

|
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1 1 2 3 I

0,000 1.00* 0.000
0 Are the refuelins water storage tank contenta injected into containment? P;S - Sth Letter

3 RW37 1 RWSTa!. RWS1f! )
2 1 2 3

2
2 1 3 Case 1: SOTR with secondary SRVs stuck

$ * 1 open, used in PDS Oroup 7,
B SGTR & SSRV-SO

0.000 1.000 0,000

Otherwise _ Case 2: SGTR with secondary SRVs not stuck .
0.000 1,000 0.000 opin and PDSs not in Group 7.

9 Heat removs1 ! rom the ss,am generators? PDS - 6th Letter
4 SG-BR SGaHR ScriiR SodER
2 1 2 3 4

2

2 1 3 Case it SGTR with secondary SRVs not stuck
5 * 2 open is PDS Oroup 7 and SGTR in Group 6.

B*SOTR & SSRVnSO
-

0,000- 1.640 0,300 0,000
C.he rsis;

_
Case 2: 80TR w!Lh secondary 8RVs stuck ope w

0.000 1.000 0.000 0.000 and PDSs not in Group 7 or w/o 50TR,
10 Is the secondary depressurised befcze the core uncovers? PDS - 6Lh Letter

2 SecDP noSecDP
2 ' 1.- 2
3

2 1 0 Case 1: Slow blackouts with 83 sise break,
3 * 4 in PDS Oroup 1,

Brk*S3 & SGdKR

0.000 1.000
2 1 9 Case 2 etow blackouts with 82 sise break,

2 * 4 in Pb. .roup 1,
Brk 32 & SGdER

0,000 - 1.000
Othe rwis e Case 3: S*ow blackouts with no break and

0.000 1.000 PDSs not.in Group 1.
11 Cool!.is for reactor coolart pump seals? PDS * 7Lh Letter

3 B PSC BaPSC BfPSC
2 1. .2 3
3
4 1 9 1 4 Case 1: Slow blackoute' with RCS intact in

{ 6 * 4 + 1 * 4 PDS Oroup 1, and large break LOCAS with-
B PORY & SGdRR or Bek-A & B LPIS LPIS available in PDS Oroup 3.
0.000 1.000 0,000

2 '1 4 Case 2i ATWSs with small break and failure
3 * -3 ' of ECCS, in PDS Oroup 6.

Brk S3 & BfECCS
0,000 1.000 0.000 '

Otherwise Case 3: Other PD$s in Groupe 1. 3 and 6
0.000 1.000 0.000 . and oth?* PDS Groups.

12 Initial containment leak or isolation failure?
2 8 Leak nob Leak
1 1 2

0.005 0.995
13 Do the operatars turn on the hydrogen isnitors?

2 B Is BnIs.
2 1 2
2
1- 7 Case 1: AC power evetlable

1

B ACP
0,090 0.010

Otherwise Case 2t Station blackout
0.000 1.000 )

14 Status of air return fans?
)3 B-Pan BaFan BfFan

2 1 2 3 j

2 |
1 7 Case 1: AC power available . j

A.1.2 '
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1

B ACP
0.999 0.000 0.001

Otherwise - Case 2: Station blackout
0.000 114,1,1 114,1,3

15 Event V - break location scrubbed by sprays?
2 V Wet V Dry
1 -1 2

0.000 0.200
16 RCS pressure et the start of core degradation?

A E*SSPr E*E1Pt E*ImPr E*LoPr
,

2 1 2 3 4 .

4

2 1 1 Case 1: Large break - low pressure.
1 + 4

Brk A or Brk+V
0.000 0.000 0.000 1.000

2 1 2 Case 2: No break or reactor not scrammed -
6 + 2 system setpoint pressure.

B PORY or noScram
1.000 0.000 0.000 0.000

1 10 Case 3: Secondary depressurisation and
1 S3 or S2 break, or SGTR ? inte rmedia te -

SecDP pressure.
0.000 0.000 1.000 0.000

Othe rwise Lose g 6) break witn AFW or S2 break with
0.000 1.000 0.000 0.000 noDePr - high pressure.

17 Do the pressuriser PORVs stick open?
2 PORV-SO PORVnSO
2 1 2
2
1 16 Case 1: PORVs are cycling.

1

E*SSPr
0.500 0.500

Otherwise Case 2t RCS not at setpoint pressure,
0.000 1.000 water loss is not through the PORVs.

13 Temperature-laduced RCP seal f ailuret
i 2 E*PSS3 noIPSF

2 1 2
4

1 11 Case it Bave seal coolina.
1

B+PSC

0.000 1.000
2 16 17 Case 2: RCS sL system setpoint pressure,-1 * 2 distribution from ASEP special panel.

E*SSPr & PORVnSO "

O.710 0.290
1 16 Case 3: RCS et high pressure.2'

E*B1Pr,

l 0.650 - 0.350
Otherwise .

Case 41.BCS et IM or low pressure.0.600 0.400
19 !s the RCS depressurised before V5 by opening the pressuriser PGtVaf

2 Pr1DP noPr1DP
2 1 2
3

1 $ Case 1: Phe opereLors have opened the
1

PORVs before the core uncovered.Op*DePr
| 1.000 0.000

4 $ 7 4 4 Case 2: The operators are directed to open2 *- 1 *( 1 + 4 ) the PORYS by procedures (must have AC
OpnDePr &- B-ACP & ( B*ECCS or B LPIS ) power and pumps' running).0.900 0.100
Otherwise Case 3t Opening the PORVs la prohibited, or0.000 1.000 the operator felled to' follow procedures

]
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20 Temperature-indeced SCTR?
2 E-SCTR noESGTR
2 1 2
2
4 16 19 17 14 Case 1: No breaks and no APW. ROS et1 * 1 * 2 * 2 setpoint pressure. In Vessel Issue f2.

E f.SPr & noPr1DP & KRVnSO & noEPST
0.014 0.966

Otherwise
~

Case 2: ROS not et settelnt ;rtstar6,
0.000 1.000

21 Temperature induced hot le6 or eur6e line breakt
2 E ELA noI*ELA
2 1 2
4

S It 18 17 16 20 Case 1: No breaks and no ATW, ROS pressure
1 * 2 * 2 * 2 * 2 at about 2500 psia, In* Vessel Issue fl.

t-ESPr & noPr!DP & PORYnSO & noEPSF & notSGTR
0.768 0.232

6 1 1 0 0 10 17 Case 2: ROS around 2000 psia.
( 3 + 5 ) *( 2 + 4)* 2 * 2
( Brk 33 or B SGTk ) &( SGahR or 80dHR') & nePriDP & PORVr40

0.035 0.965
1 20 Case 3t T !' induced SCTR, pressure is redu's$

1 somewhat, about equivalent to 53 break. .
E SGTR

121.2.1 121,2.2
Otherwise . Case et RCS not et 2000 2330 psia.0.u00 1.000

| 22 la A0 power recovered early (Between uncovering and VB)?
i

3 E*AOP EaAOP EfAOP
2 1 2 3
7

1 7 Case 1: Power initially tunctioning.
1

B AOP
1.000 0.000 0.000

1 7 Case 2s Power initially failed.
3

BtAOP
0.000 0.000 1,000

2 0 0 Case 3: No initial AFW (fast TtE2'),
~

2 + 3 recovery period is 1 to 2.5 hours.ScaHR or SGfBR
0.410 0.590 -0.000

1 12

. Case 4: Initial ATW and 32 break.2

Brk 82- recovery period in 1 to 4.$ hours.i

'

O.694 0.306 0.000
2 1 10 Case Si Initial ATW and no secondary DePr3 * -2 with $3 break, recovery period is 4 toBrk 33 & nosecDP 6 hours.--0.320 0.680 0.000
2 1 10 Caso et Initial ATW and sesondary DePr,3. * .1 with S3 break, recevery period is 4 toBrk 33 & SecDP.

10.5 hours.0.721 0.279 0.000
Dtherwise

Case 7:-Initial AFW and secondary-DePr.0.612 0.368 0.000
23 Af ter power recovery,1s. core cooling re established? with no break, recovery 7 to 12.5 hours.

2 E RICC EnRECC
2 1 2

-2 Case la !! AC power is restored then core3 7 22 4 cooling should be obtained.2 * 1 -* 2.
BaACP & E-AOP & BaECCS
0.950 0.050 Case 2 AC power not restored,.Othe rwis e
0.000 1.000

24 Rate of blowdown to containment?

A.1.2-5
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4 EED+A EBD-S2 EBD 53 poEBD

2 1 2 3 4

4

2 1 21 Case 1: Large break - initial or induced.

1 + 1

Brk A or E*ELA
1.000 0.000 0.000 0.000

1 1 Case 2: Event V * no blowdown to'contain-
4 ment.

Brk+V
0.000 0.000 0.000 1.000

3 1 19 17 Case 3: 82 break * initial, induced, or

2 e 1 + 1 celtberate, includes stuck open -PORV. j

Brk-82 or PriDP or PORV-50
0.000 1.000 0.000 0,000

,
,. 1

1

Othe rwi s e Case 4: 83 break - initial or induced, or

0.000 0.000 1.000 0.000 rycling PORV, or SGTR (w/ cycling PORV).
25 Vessel pressure before VB1

4 1 SSPr 1.BiPr 1*1mPr 1*LoPr
2 1 2 3 4

4

5 24 1 1 19 17 Case 1: Large break or S2 break with PORVa
1 + 4 +( 2 *( 1 + 1 )) open low pressure, 200 psis or 1rss.

EBD-A or Brk-V or ( Brk 52 &( PriDP or PORV SO ))
0.000 0.000 0.000 1.000

1 24 Case 2t 52 break, intermediate pressure,
2 200-600 psia.

EBD 82
0.000 0.000 0.200 0.800

4 1 1 16 20 Case 3: 33 break, high pressure. 1000 2000
3 + 5 + 1 + 1 psia (ERD +S3 includes B PORV).

Bek 53 or B SGTR or E* PS$3 or E*SGTR
O.000 0.330 0.340 0.330'

l Otherwise Cese 4: RC pressure boundary intact,

1.000 0.000 0.000 0.000 system setpoint pressure. -2500 psia.
26 la core damage arrested? No vessel breech?

2 noV3 V3
2 1 2
9
4 22 4 23 7 Case 1: No power, no initial ECCS, or

-1 + 3 + 2 * 2 no recovered ECCS.
EnACP oz BfECCS or EnRECC & B4ACP
0.000 1.000

2 1 4 Case 2: Large break w1Lb LPIS evellable.,

( 1 * 4 RCS will depressurite before core demase
Brk A & B * PIS bas progressed very far.
0.950 0.029

4 25 4 25 4 -Case 3: Depressurisatica ses either later
4 * 4 + -1 * 1 or earlier than case 2.r-

I 1-LoPr & B LPIS or InSSPr & B ECCS
0.000 0.100

1 4 Case 4: Sequences without recoverable ECCS
-2 . - includes nondepressurised cases with

nBaECCS . LPIS - available .
0.000 1.000

2 0 9 Case 5: Recovered 530 with no initial ATW
2 + 3 (f ast TMLB'), recovery period is l'to

ScaHR or SCfER 2.5 hours.-

126,3,1 126,3,2
,

1 1 Case 6: Recovered SB0 with initial /JW and
2 S2 break,'rscovery period is 1 to 4.$- ;

Brk-52 hours.
0.780 0.220-

2 1 10 -Case 7: Recovered SB0 with initisi AFW, no
3 2 secondary DePr P.nd 53 break, recovery

Brk S3 noSeeDP perloo is 4-to 6 hours. |

0.670 0.330
2 1 10 Case 8: Recovered 380 with initial ATW,

3 1 secondary DePr and S3 break,, recovery
.
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Brk 53 SecDP period is 4 to 10,$ hours.
,

126.3.1 126,3,2
Othe rwise Case 9; Recovered EBO with initial ArW.
126,3,1 126.3,2 no break, recovery 7 to 12.5 hours,

27 Early sprays?
3 E-Sp EaSp Ef5p
2. 1 2 3
4

1 6 Case 1: Sprays operated initially.
1

B Sp
1.000 0.000 0.000

2 6 6 Case 2: Spreys were initially failed,
3 + 4 or loss of service water eventently.

SfSp or nob SW failed sprays.

0.000 0.000 1.000-
2 6 22 Case 3: Sprays were initially evallable.

2 * 1 and power was recovered.
Ea$p & E*ACP

1.000 0.000 0.000
Otherwise Case 4: No power recovery,

0.000 1.000 0.000
It Estly Air retern f an67

3 E-fan 'Eafan Effan
2 1 2 3
4
1 14 Case 1: Tans operated initially.

1-
B Tan
1.000 0.000 0.000

1 14 Case 2: Tans were inttially failed.
3

B fTan
0.000 0.000 1.000

2 14 22 Case 3:' Tens were initially evalliable,
2 * 1 and power was recovered.

Bayan A E AOP
1.000 0.000 0.000

Otberwise Case e t No power recovery.
0.000 1.000 0.000

29 H a the ice melted ' rom the ice condenser before VB7
3 E-Mat t E-Hit 2 E-Mat 3
2 1 2 3

10
1 6

'

Case 1 No containment heat removal
4 - Ace lo melted,

not SW

| -1.000 0.000 0.000 "

| 1 24 Case 2 No early. blowdown to containment.
4

noESD

0.000 0.000 1.00b
2 1 21 Case 3: Large induced LOCA with a

6 * 1 transient initiator.
B PORV & E RLA

| 0.$00 0.$00 0.000
3 4 23 24 Case 4: A-site early blowdown with ECCS

( 1 + 1) * 1 injection after power recovery.
( B ECCS or E RTf'C ) & EBD A

0.300 0.700 0.000
3 6 7 24 _ (.se $153-site blowdown with either spray

( -1 + '-1 ) * 3 or station blackout.
( B-sp or BaACP ) & EBD-83

( 0.000 0.050 0.950
-

; 1 24 Case 6: 83-site blowdown without sprays
3 (ECCS failed in either recirc. or inj.)

EBD*S3
0.000 129,4,1 12f,4,2

3 6 7 24 -Case 7: 82-site blowdown with either sprey.
4

A.1.2-7
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( 1 + *1 ) * 2 or etstion blockout.
( B-Sp or BnACP ) & EBD-82

0.000 0.600 0.200
!

1 24 Case 8: 52 sise blowdown without sprays.
; 2 (ECCS failed in either recirt, or inj.)
'

EBD-82
0.010 0.990 0.000

3 6 -7 24 Case 9: A-sise blowdoom with either spreys
( 1 + -1 ) * 1 or station blackout.
( B-Sp or DnACP ) & EBD-A

0.000 129,$,3 129,$,2
Otherwise

.0.000 (ECCS failed in either recire. or inj.).
Case 10: # sise b1cwdown without spreys

129,8,1 129,8,2
30 Have bypass paths developed in the ice condenser before VBf

3 E IBP1 E IBP2 EnIBF
2 1 2 3
3

1 29 Case 1: 901 or more of the ice is melted.
1

E Hiti

0.000 0.100 0.000
1- 29 Case 2: 502 902 of the ice is melted.

2
E-Mit2

0.000 130,1,2 130.1.1
Otherwise Case 4: Less than 501 of the ice is melted

0.000 0,010 0.990
31 Are the air return fans effective before hydrogen ignition?

2 E EfTan EntfTan
2 1 2
3

1 14 Case 1: Tans initially operating.
1

B-Tan
1.000 0.000 ..

2 14 22 Case 2: Recovered station blackout, with
2 * 1 fans available. !BaTan & E*ACP-

0.830 0.170
Othe rwise Case'3: Tans are either available or -|0.000 1.000 failed.

32 Is the bulk of blowdown flow diverted from the 14 to the UC via the floor drains?
.

2 E FDiv EnTDiv
2 1 2
2 ~

S 1 31 5- 27 23 Case la 53 break, no f ans, and no RW37
3.* 2 * -1* ( -1 + 2) injection before VB (provided in Loads

Brk 53 & EnECTan & noRWSTI & ( noESp er EnRT.CC ) Issue d2).
0.2$0 0.750

Otherwise case 2: Blowdown 'te forced through the IC ~
0.000 1.000

. er the drains are blocked by water.
33 Whe! le the steam concentration in the LC and 02 distribution in containment during CD?

3 tCint E-LCIn2 'ESClo
t 1 2- 3
7 4 14-02 - Parmeeter 1 ' Amount of 02 in lower compartment, ks mole.
1 26 8 IC-02 - Pareweter 2 Amount of 02 LL Ace condenser, ks-mole.

4 8 VC-02 - Parameter 3 Amount of 02 in upper compartment, ks mole.
noEBD 8 14 Ste - Parameter 4 Amount of staan in lower compartment, ks-mole.
0.000 0.000 1.b00 Case 1: No blowdown tc containment.4

1 23.30 St.20 86.40
3 104.70 78.60 46.70

3 3 170.10 168.30 163.00-
4 349.10 232.80 46.66
2 30 27 Case 2: Containment has neither ice1 * *1 nor sprays to cendense steem.'E-IBP1 & not-Sp (p=65,38,21 pain)

0.010 0.740 0.250
4

i

A.1.2-8 4

- -
- - _ - _ - _ _ _ _ - _ _ - _ _ - - _



~ - . . - - . . - ..-. . . - -- - . .. . . - - _ . - . .. . . . .

1 86.40 86.40 56.40
; ,

2 50.70 50.70 $0.70
3 161.00 101.00 161.00
4 1192.50 307.50 a4.20

.

2 al 24 Case 3: A blowdown, fans operating,

! 1 * 1
and ice is functional or sprays are

E E fT an ' & EBD A ope ratin6

0.000 0.400 0.600
4

1 23.30 31.20 48.40
2 61.20 54.50 - 46.70 >

3 213.60 190.40 163.00
4 349.10 230.00 46.60 .

.

2 31 24 Case 4: 82* blowdown, f ans ope.retins.

1. * 2 and ico is functional or spreys are

E Eff an & EBD-52 operating,
0.000 0.700 0.300

4

1 23.30 $1.20 88.40
2 61.20 $4.50 46.70
3 213.60 100 40 163.00 -3

i
4 349.10 232.00 46.60

Case $1 $3* blowdown, f ans opes.* tins.
1 31

aad ice is functional or sprays are
1

E EfFan operatins.

0.050 0.950 0.0b0
4

1 23.30 $1.20 88.40
2 61.20 $4.50 46.70
3 213.60 100.40 163.00
4 349.10 232.80 46.60 *

1 *2 Case og Flow is civerted directly from
i

1 the lower compartment to the-cpper
E-TDiv compartment via the ficor drains in the
0.t00 0.200 0.000 refueling canal. For LC steam = 752,

4
.

P = 35 pais, for LC steam = $01. P = 30 -
1 41.00 77.30 88.40 peia. i

2 97.40 83.70 46.70
3 150.70 137.10 -163.00
4 506.20 291.00 46.60 -

Otherwise Case 7: A11'other cases when' fans not
1.000 0.000 0.000 operatingi ice or sprays are Antact. 4

|4

1 23.30 $1.20 48.40
2 61.20 54.50 46.70
3 213.60 190.40 163.00
4 349.10 232.40 46.60

[

|
34 What is the steam concentration in.the ice condenser during core de6tadation?4

_

-3 E ICIn1 E ICIn2 EnICIn
4 1 2 3 .

- 6 $ IC Sta - - Parameter S ' Amount of steen.in ice condenser, ks-mole.

1 24 Case-1: No blowdown to containment. 4
4

noEBD
0.000 0.000 1.000

1

$ 187.60 125.10 25.00
3 30 27 33 Case 2: Containment has neither. ice nor

1 * -1 * -1 sprays to condense steam, and lower
E-IBF1 & not Sp & E LCIn1 compartment .is level 1 inert, pressure

1.000 0.000 0.000 = 85 poie.
1

5 724.00 240.50 26.80
3 30- 27 33 Case 3: Containment has neither ice nor

1 * 1 * 2 spreys to condense steam, and lower
E IBP1 & noE Sp & E LCin2 compartawns is level 2 inert, pressure
0.000 _ 1.000 0.000 = 38 reis.

_

$ 724.00 '240.50 26.80:

A.1.2 9
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2 32 33 Case 4: Flow is diverted directly from |

1 *- 1 the lower compartment to the upper j

E FDiv & E LCint compartment via the floor dreins in the 1

0.000 0.000 1.000 refueling canal, and the concentration
'

1
of cteam in the LC is 751. P = 35 psia. ;

5 382.80 255.20 $1.10 |

2 32 33 Case St Flow is diverted directly from

1 * 2 the lower compartment to the upper

EarDiv & E LCin2 compartment via the floor drains in the 1

0.000 0.000 1.000 refueling c anal, and the concentration
1

of steam in the LC is 501. P = 30 psia.

S 328.10 218.80 43.60
Othe rwise Case 6: All other cases with sprays

'0.000 0.000 1.000 operating, no lie bypass, or ice bypass
I with lower compartment not inert.
S 187.60 125.10 25.00

35 What is the steam concentration in the upper compartment during core detradetion?
3 E DC2n1 E*UCin2 InUCIn
e' 1 2 3

6 8 UC Stm * Parameter 6 Amount et steam in upper compartment, ks mole.
1 24 Case 1 No blowdown to containment.

4

noEBD
0.000 0.000 1.000

1

6 643.60 429.10 85.80
3 30 27 33 Case 2: Containment has neither ice not

1 * -1 * 1 spreys to condense steam, and lower
E IBP1 & noE*Sp & E-LCIn1 compartment is level 1 inert, pressure

1.000 0.000 0.000 = 85 psia.
1

6 2342.50 780.80 86.60
3 30 27 33 Case 3: Containment has neither ice nor

1 * -1 * 2 sprays to condense steam, and lower
E IPP1 & net Sp & E LCIn2 compartment is level 2 inert, pressure
0.000 1.000 0.000 = 38 pais.

1

6 2342.50 760.P0 85.80
2 32 $3 Case 4: Flow is diverted directly from

1 * 1 the lower compartment to the upper
E FDiv & E LCIn1 compartment via the floor drains in the
0.000 1.000 0.000 refuelina crial, and the concentration c

1 of steam in the LC is 751. P = 35 psia.
6 1064,00 722.70 144.50
2 32 33 Case St Flow is diverted directly from

1 * '2 the lower compartment to the upper
' #

E-FDiv & E LCIn2 compartment vis the floor drains in the

0.000 1.000 0.000 refueling canal, and the concentration

1 of steam in the LC is SCI, P = 30 psia.

C 929.10 619.50 123.90
Otherwise case 6: All otber cases with sprays

0.000 0.000 1.000 operatins, no ice bypass, or ice bypass
1 with lower compartment not inert.
6 643.60 429.10 85.60

36 Early baseline pressure?
1 E PBase
4 1 8 E*Pbase - Parameter 7 Early baseline pressure in containment (KPa)
6

2 24 12 Case 1: No b',owdown or early containment

4 + 1 isolation failure,

noEBD or B Leak
1.000

1
7 103.42
3 27 30 33 Case 2: No opreys or ice, and containment

1 e 1 * 1 is level 1 steam inert.
noESp & E IEP1 & E LCIn1
1.000

1
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7 $86.06
3 27 30 33 Case 3: No sprays or ice, and containment

-1 * 1 * 2 is level 2 steem inert.
noESp & E IBF1 & E-LCIn2
1.000

1

7 262.00
3 27 30 33 Case 4: No spreys or ice, and containment

-1 $ 1 e 3 is not steam inert.
notsp & E IBP1 & EnLC!n
1.000

1

7 144.79
1 31 Case $ Fans operating with either spreys

1 or ice or both.
E ECTan

1.000
1

7 144.*9
2 32 33 Case 6: Flow is diverted directly from

1 * 1 the lower compartment to the uppe(
E FDiv & E-LCIn1 compartment via the floor drains in the
1.000 refueling canal, and the concentration

1 of steam in the LC is 751,
7 241.32
2 32 33 Case 7: Flow is diverted dt;ectly from

1 * 2 tha-lower compartment *,o the upper
E FDiv & E LCIn2 somperLaent via the floor drains in the
1,000 refueling canal, and the concentration

1 of steem in the L7 14 402,
7 206.84

Othe rwise Case 8: No f ans with either sprays or ice
1.000 or both.

1

( 7 144.70
'

37 Time of accumulator discharge?
3 El Acc E2-Acc I Acc
2 1 2 3
3

4 16 16 9 10 Case-1: RCS pressure low or intermediate
3 + 4 +( 4 * 1) at UTAF, or seconda y is depressurised.

E ImPr or E LoPr or ( SGdKR & SeeSP )
! 1.000 0.000 0.000~

2 2%- 2$ Case 2: RCS pressure low or intermediate
3 + -4 just before YB and not earlier.

1-ImPr or I LoPr -
0,000 1.000 0.C00

Otherwise
j 0.00( 0.000 1.000 .

Case 3: If not discharged before, must
. discharge at VB.

| 30 Amount of hydrogen released in-vessel during core degradation?
1 E 52inV
4 1 8 E-E2inV- - Parameter 8 Bydrogen generated in-vessel before VB (ks-moles)! 7

2 16 37 Case 1: RCS et system setpoint pressure,
1 * -2 accum, dump before or efter core melt. .iE*5SPr & E2nAcc In Vessel Issue (S. Case la,1c (442 Zr)

1.000
1
8 222.80
1 16- Case 2: RCS at system setpoint pressure,

1 accumulator dump during core melt.
E-SSPr4

In-Vessel Issue f5, Case Ib (501 2r)
1.000

1

8 255.50
2 16 37 Case 3: RCS at high pressure, accumulator

2 * -2- dump before or after core melt.
E-BAPr & E2nAcc In-Vessel Issue f5, Case 2a,2c,5 (323 Zr)

1.0004

A.1.2-11
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|
4

l'

8 164,00 !

1 16 Case 4: RCS et high pressure, occumulator
2 dump during core owlt.

E-HiPr In-Vessel Issue #5, Case 2t (383 Zr)

1.000
1

e 102.30
2 16 37 Case St RCS et-intermediate pressure,

3 * 2 accum. dure before or after core molt.
E ImPr & EinAcc In Vessel Issue f 5, Case 3e (482 tr)

1.000
1 4

6 J43.50
1 16 Case 6: RCS at ' intermediate pressure,

3 accumulator dump during core melt.
E ImPr In Vessel Issue fS, Cese 3b (52: tr)

1,000
1

8 253.00
Otherwise * E LoPr Case 7: RCS et low pressure.

1.000 In Vessel Issue d5, Case 4 (451 Er)
1

6 228.20
39 Amount of tr oxidised in-vessel during core degradetion?

2 Bi ZrOz Lv Zrox
5 1 2
1 8 Assign fraction of Zr oxidised to 2

E B2inV categories - necessary for SEQSCR.
AND

TERESH 1 202.70
E2 generation equivalent to 401 Er fraction

40 Fraction of in-vessel hydrogen released from the RCS during CD?
1 E E2etV
4 1 8 E 82exV . - Fernmeter 9 Fraction of in-vessel H2 released from RCS
4 8 before VB (provided in Loads Issue #2.)
1 1 Case la Transient initiator with cycling

6 PORV.
B PORY

1.000 -
1 <

9 .0.636
3 1 2C 24. -Case 2: SOTR initiator (equivalent to $3.

S + 1 + 3 break), transient initiator with induced
B SGTR or E-SGTR or' EBD-S3 SOTR of S3 size, or blowdown equivalent

1.000 to an 83 LOCA.
1 -

0 0.662
1- 24 . Case 3: Rate of blowdown equivalent

2 to en 82 LOCA.
EBD*S2 |

1.000
3- i

0 0.700
othe rwise Case 4: Rate of blowdown equivalent to a

1.000 large LOCA, or Event V has occurred,
1

9 0.850
41 To what degree is the hydrogen mixed in the upper coepartment?

5 W1Mrd -Mxd1 Mad 2 Mrd3 - UnMxd
2 1 2 3- 4 .5
3

1 32
1

E FDiv . Case .li Flow is diverted in S3B sequence
'

0.000 1.000 0.000 0.000 0.000- (provided in Loads Issue (2).
1 31 Case 2: All other cases of ineffective -

2- fans (provided in Loads !ssue (2).
EnEffen
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i
i.

0,000 0.000 0.44$ 0.450 0.105 ~I-

Case 3: Tans are'ef fective.Othe rwis e .

1.000 0.000 0.000 0.000 0.000
42 Distribution of hydrogen in containment during CD7

|

2 E E2 V T.nn2 V
6 1 2 8 E2-LC * Farameter 10 Amount of B2 in lower compartment, ks-mole.

7 8 E2*2C Parameter 11 Amount et R2 in its condenser, kg-mole, j

1 24 8 E2 UP - Parameter 12 Amount of E2 in 2C upper plenum, kg mole.
4 8 R2*UC - Paramete. 13 Amount of B2 in upper compartment, ks mole.

ncEBD Case 1: No early blowdown, no hydrogen
6 e 9 10 11 12 13 released during core d* gradation.

E E21mV E E2e:V B2 LC B2 IC E2 UP E2 UC

FUN E2sV1
THRESH 1 0.001

1 12 Case 2: Isoletion f ailure comparable to -
1 a rupture, hydrossn le leaked from

B Leak containment.
6 8 9 10 11 12 13

E E2inv E E2exV E2*LC H2 !C E2 UP E2*UC
FUN B2aV2

TERESB 1 0.001

1 41 Case 3: Fans operating.
1

W1Mxd
6 8 9 10 11 12 13 a

E E2inV E-E2exV H2-LC E2 !C H2*UP R2*UC
FUN-E2:Y1

TEREa1 1 0.001

1 41 Case 4: Fans not operating and diverrion
2 of flow from the LC to the UC. ,

Mxd1
6 8 9 10 .1 12 13

E P2inV E E2e V R2*LC H2-IC R2*UP E2*UC
FUN E2xV4

( .TERESB 1 0.001

|
1 41 Case 5: Fans not operating, but UC is

3 mixed and there is a ' clear path". f romj

j Mxd2 the LC to the DC through the IC.
6 8 9 10 11 12 13

E R2inV E 82erV E2 LC E2 IC E2*UP E2-UC
FUN D2xVS

THRESH 1 0.001

1 41 Case 6: Fans not operating, but UC is
4 mixed and there is no " clear path" from

Hxd3 the LC to the UC through the IC.
6 8 9 10 11 12 13

E E2inV E E2exV E2 LC B2 IC E2 UP. B2-UC
TUN-E2sV6

TERESE 1 0.001

Otherwise Case 7: Fans not operating and the UC
6 8 9 10 -11 12 13 -La unmixed.|

I E E2inV E E2erV B2*LC B2 IC E2 UP E2*UC

|- FUN H2.xV7

| THRESH 1 0.001

43 What is the E2 concentration in the 12 and burn completeness. if ignited? -
3 ELC=11 ELC*S.S LoELC
6 1 2 3
2

1 31 8 E LCBC - Parameter 14 Burn completeness'in LC (for E2/02 consumption).
1 Case 13. Fans operatins, turbulent burn

E-Eff an completeness model.
4 1 4 10 14 )

,
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14-02 LO Sta B2 LC E 14BC

FUN-B2:nct
2 0.110 0.055CFTERESB Determine B2 mole fraction and parse into discrete levels Case 2: Fans operating, quiescent burn

Otherwise completeness model.
4 1 4 10 14

LC 02 LC Sta B214 E 1f8C

TUN 82Cuc2
| 2 0.110 0.055CITERE5B

Determine E2 mole fraction and parse into discrete levels
'

44 What is the E2 concentration in Lhe IC and burn completeness, if ignited?
6 BIC>21 BIC=16 BIC=14 BIC=11 BIC>S.5 LoHIC

6 1 2 3 4 5 6

Burn completeness in IC (for 82/02 consanption).2 8 E !CBC - Parameter 15
1 31 Case 1: Fans operating, turbulent burn

1 completeness model.
E-eft an

4 2 5 11 15
( IC 02 IC Sta B2 3C E ICBC

FUN-82Cnc3
5 0.210 0.160 0.140 0.110 0.055

CETERESB
Determine B2 mole fraction and parse into discrete levels Case 2: Fans operatins, quiescent burn

Otherwise completeness model.
4 2 $ 11 15

IC-02 IC Stm B2 IC E ICBC

TVN B2Cnce
CETERISH S 0.210 0,160 0.140 0.110 0.055

Determine B2 mole fraction and parse into discrete levels
45 What is the B2 concentration in the UP and burn completeness, if ignited?

6 BUPz21 BUPS16 EUP>14 BUPall EUP>$,5 LoEUP

6 1 2 3 4 5 8

1 31 8 E-UPBC - Parameter 16 Burn completeness in UP (for E2/02 consumption).2

Case 1: Fans operating, turbulent burn
1 completeness model.

E-E fT an
4' 2 5 12 16

IC 02 IC-SLm B2 UP E UPBC

VVN*B2Cnc5
CETRRESB 5 0.210 0.160 0.140 0.110 0.055

Determine B2 mole fraction and parse into discrete levels ,

Case 2 Fans operating, quiescent burn(
Othe rwise completeness model.

4 2 5 12 16

IC 02 IC-Sta B2-UP E-UPBC

! FUN E2Cnc6
CETBRISH 5 0.210 0.160 0.140 0.110 0.055

Determine B2 mole fraction and parse into discrete levels .
46 What is the B2 concentration in the DC and burn completeness, if ignited?_

I 5 BUC>21 BUCm16 EUC311 BUC=5.5 LeBUC

6 1 2 3 4 5

1 31 $ E-DCBC - Parameter 17 Burn completenese in UC (for E2/02 consumption).2

Case 1 Fans operating, turbulent burn
1 completeness model.

E EEFan
4 3 6 13 17

UC 02 UC Sta B2 UC- E UCBC

FUN *E2Cnc1
CETERE5B 4 0.210 0.150 0.110 0.055

Detenmine B2 mole traction and perse into discrete levels case 2 Fans operating, quiescent burn
Othe rwise

4 3 6 13 17 completeness model.

UC-02 UC Sta B2-UC E UCBC

TVN*B2Cnc2
CETERISB 4 0.210 0.150 0.110 0.055

Determine B2 mole fraction and perse into discrete levels
47 Are the hydrogen ignitors operating during core degradation? -

2 E*!g EnIs
2 1 2

4 Case 1 Operators turned on igniters
2 13 22

|
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initis11y and either had AC power1 * 1

B Is & E ACP initially or recovered power.

1.000 0.000 .

,

4 7 22 46 44 Case 2: Station bisckout initially w/o

-1 * 1 * 5 * 6 isnt' c's turned on. Now power is
and E2 conc <61.nob ACP & E ACP & lok'JC & LoHIC rec' *-

0.920 0.060 I

2 7 22 Case A, Station blackout initisily w/o

-1 * 1
ignitors turned on. Now power is

nob-ACP & E*ACP recovered and E2 conc. >61.
0.080 0.920

Otherwise Case 4: No power recovery.
0.000 1.000-

,

'

48 Does hydrogen ignition occv; in the lower compartment during CD7
2 E-LCDs f EnLCDef
a 1 2 8 E IgLC - Parameter 16 Ties for ignition in LC.
5

2 47 33 Case it Early igniters, and <601 steam.
1 * *1

E Is & EnLCIn1
1.000 0.000

1

18 1.000 0.000
3 33 33 43 Case 2: Lower compartment inert, or

1 + 2 + 3 insufficient hydrogen for burn.

E LCIn1 or E-LCin2 or toHLC
0.000 1.000

1
'

18 1.000 0.000
2 7 47 Case 3: No station blackout, no ignitors

1 + 2 - random AC ignition sources.

B ACP & EnIg
1.000 0.000

1

16 1.000 0.000
2 7 22 Case 4: Station blackout, AC power is

2 * 1 recovered a random AC ignition sources.

BaACP & E ACP
0.500 0.500

1

to 1.000 0.000
Othe rwise Case 5: DC and static sources only, in a

0.150 0.850 relatively steamy environment.
1

18 1.000 0.000 -e

49 Does hydrogen ignition occur in the ice condenser during CD? - '

2 E ICDsf EnICDef
4 1 2 $ E IgIC - Parameter 19 Plas fot ignition in IC. -

$

2 34 44 Case 1: Ice condenser inert or insufficent
1 + 6 hydrogen for burn, l

E-ICIn1 or LoEIC
-0.000 1.000

1

19 1.000 0.000
$ 46 31 7 22 31 Case 2: Propagation of combustion flames

1 * 1 + 2 * 1 * 1 from LC, f ans on, and >S.52 B2 conc.
E LCDet & E EfTan or BaACP & I ACP & E-EfPan (no ignitore in ice condenser), or

1.000 0.000 recovered blackout with f ans inef fective
1 before R2 agnation.

19 - 1.000 0.000
'

2 44 44 ' Case 3: Station blackout, B2 concentration
- 1 + 2 in IC *161; Loads Issues f2.

BIC321 or BIC216
0.197 0.803

1

19 1.000 0.000
1 44 Case 4: Station blackout B2 concentration

4 in IC 11-161, Loads Issue f2.

A l.2-15
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1

I

BICall
0.1$7 0.643

1 I

19 1.000 0.000 Case $1 Station blea cut. 82 concentration l
Othe rwise '

in IC 5.$-111, Loads issue #3.
0.123 0,677

1

le 1.000 0.000 '

50 Does bydrogen ignition cecur in the upper plenum during CD7
2 E-UPDef. EnUPDef
4 1 2 8 E IgUP Parameter 20 Piss for ignition in UP.
6 Case it Early ignitors, and c60! steam.
2 47 34

1 -1
E Is En1CIn1

1.000 0.000
1

20 1.000 0.000 .

iCase 2: Upper plenv. inert or insufficent
2 34 45 bydrogen for k,su.

1 . + 6

E ICini or LoEUP
0.000 1.000

1

20 1.000 0.000
~31 -Case 3: Propagetton of combustion flames

.

. . .

S 49 28 7 21

1 + 1 + 2 * 1 * 1 f r om IC, f ans on, and > S. 51 H2 conc . , or

E ICDet & E Pan or BsAOP & E+ACP & E*ffPan recovered blackout w'.*|i fans ineffective
.

before E2 ignition.
,1.000 0.000

1

20 1.000 0.000
2 7 47 Case 4: No scation blackout, no ignitors

- random AC ignition sources.
1 * 2

B ACP & fnIg

146,3,1 148,3,2
1

20 1.000 0.000
2 7 22 Case 5: Station blackout, AC power is

2 * 1
recovered - random AC ignition sources.

BaACP & E ACP
I46,4,1 148.4.2

1

20 1.000 0.000
2 45' 45 Case 6: Station blackout, 82 concentratior.

1 + 2 in UP >161, Loads issue i2.

BUP221 or EUP=16
0.347 0.6S3

1

20 1.000 0.000
| Case 7 4 8tation blackout".. R2 concentration ..

1 45 .in UP 11*161, Loada Issue f2.,

4

EUPsil
0.257- 0.743

1

20 1.000 0.000
Otherwise - Case 8: Station blackout, B2 concentration

0.176 0.822 in UP 8.5 112, Loads Issue it.
1

'

20 1.000 0.000^
$1 Does hydrogen ignition occur in the upper compartment during CD7 -

2. E*UCDef EnUCDef
4 1 2: 8 E IgDC . - Parameter 21 Plag for ignitian in UC.

I
6 .

Case '11 Early ignitors, and <601 steam.2 47 35
1 al t

E !g EnUCini
1.000 0.000

1

21 1.000 0.000
2 35 46 Case 2: Upper compartment inert or

A.?.2 16
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1 + $ insufficient bydrogen for burn.

E-UCIn! or LoHUC
0.000 1.000

1

21 1.000 0.000
4 $0 7 22 31 Case 3: Ew ignitors and propagation of

1 + 2 * 1 * 1 flame s f r om UP with > $. 51 B2 c one .
E.UPDe f or BaACP & E ACP & E-EfFan (provided in Loads Issue #2), or

1,000 0.000 recovered blackout with f ans ineffective
g before E2 ignition.

21 1.000 0.000
2 7 47 Case 4: No station blackout, no igniters

1 * 2 * random AC ignition sources.

B-ACP & EnIs
146,3,1 146,3,2

1

21 1.000 0.000
2 7 22 Case Si Station blackout, AC power is

2 * 1 recovered - random AC ignition sources.
'

BaACP & E-ACP
146,4,1 146,4,2

1

21 1.000 0.000
2 46 46 Case 6: Station blackout,-B2 concentration

1 + 2 in UC *162, Loads Issue f 2
BUC>21 or EUC>16
0.097 0.003

1

21 1.000 0.000
1 46 Case 7: Station blackout B2 concentration

3 in UC 11 161, Loads Issue #2.

BUC=11
0.092 0.008

1

21 1.000 0.000
Otherwise Case 6: Station blackout, E2 concentration

0.063 0,917 in UC 5.$ 111. Loads Issue #2.
1

21 1.000 0.000
$2 Is there a transition to detonation (DDT) in Lbe ice condenser durina CD?

i 2 E ICDet f.nICDet
2 1 2
4

3 49 44 13 Case 1: A deflagration occurs in the IC,
1 * 1 * 2 with E2 concentration >211, Loa's Issued

E-ICDet & BIC221 & Bn!g #2.
0.720 0.280

3 49 44 13 -Case 2: A deflagration occurs in the IC,
1 * 2 * 2 with 82 concentration 16-211, Loads,

E-ICDet & BICzi6 & Bnts lasue (2.
0.620 0.360

3 49 44 13 Case 3: A deflagration occurs in the IC,,

1 * 3 * 2 with E2 concentration-14 161, Loads
E-ICDet & EIC214 & BnIs Issue f2.

0.453 0.547
Otherwise Case 4: A deflagration occurs in the IC,

0.000 1.000 with E2 conc. <142 Loads Issue d2.
$3 Is there a transition to detonation (DDT) in the upper plenum during CD7

2 E-UPDet EnUPDet
2 1 2
4

3 $0 45 13 Case 1: A deflagration occurs in the UP,
1 * 1 * 2 with 82 concentration >211, Loads Issue

E-UPDe t & BUP>21 & Bn!g #2.
IS2,1,1 t$2,1,2

3 $0 45 13 Case 2: A deflagration occurs in the UP,
1 * 2 * 2 with E2 concentration 16-211, Loads

E-UPDet & EUP>16 & BnIs Issue (2.
t$2.2.1 t$2,2,2

w
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3 $0 4$ 13 Case 3: A deflagration occurs in the UP.

1 * 3 * 2 with E2 concentration 14161. Loads -
E-UPDe t & EUP214 & BnIs Issue f2.
t$2.3.1 IS2.3.2
Otherwise Case 4: A deflagretion occurs in the UP, !

0.000 1.000 with 82 cone._<142. Leeds issue it.
$4 Pressure-rise in containment due to early deflagration?

. .

12 E-DPDef EnDPDet .

Pressure rise due to early burn (kPe)6 1 2 $ DP EDef * Parameter 22
4 , (E2. 02, and steam and 16nition flags
1 13 passed to user function implicitly)

,

1- Case 1: Ignitors are operating early .in i

B Is the accident. R2 is burned as it is
6 7 14 15 16 17 12 released, with minimal pressure rise. 1

E Pbase- E LCBC Z ICBC E*UPBC E UCBC DP EDef
PUN *Burni ;

THRISH 1 0.001

2 30 27 Cm;* 21 Ignitors are' not operating anc
'

1-* ~1 thire is no containment heat removal.
E ISP1. & noE Sp

6 ? 14 1$ 16 17 22
E-Pbase E LCBC E ICBC E*UPBC~ E*UCBC DP-EDef

FUN Burn 2
TERESH 1 0.001

1 32 Case 3: Ignitors are not operating and
1 there is flow diversion from the LC

E FDiv to the UC vie the floor drains, r
6 7 14 1$ 16 17 22 f

*

E Pbese E 1CBC E-ICBC E UPBC E UCBC DP EDef
fun Burn 3

T!DtISB . 'l 0.001

Otherwise . Case 4: Igniters are not operating, and

6 7 14 15 16 17 22 there $s containment host removal with
E+Pbase E LCBC 1 ICBC E-UPBC E*UCBC. DP-EDe t no ice bypass.

PUN-Burn 4
TRRESH 1 -0.001 . i

!

$5 Impulse from detonation in ice condenser?
2 E lepIC -- EnImpIC
4 1 2 8 Imp IC - Parameter 23 - Impulso due to early detonation in IC (kPa*s).
2

. i
'

1 $2 Case 1: A detonation has occurred in
1 the Ici Loads Issue f2.

E ICDet
1.000 0.000

.

'
1

I 23 10.36 0.00
Otherwise Case 23 5o detonation has occurred 'in

0.000 1.000 - .the IC.
1

23 0.00 _ 0.00-
- $6 Impulse from detonation in upper plenumt -

-2 E lapUP EnImpuP.
4 _1 '2- 8 Imp-UP - * Par ameter ' 24 Impulso due to early detonation in UP (kPe s).
2
1 $3 Case 1: A detonation has occurred in :

1 the UP.
E UPDet

1.000 0.000
1

24 155,1,1,1 0.00
- Otherwise case 2: No detonation has occurred'in
I 0.000 1.000 the UP.-

1

24 0.00 0.00
' $7 Containment failure criterie for pressure and impulse loadings?

A l.2 18
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1

I

!
i

1 CF Spec
3 1 8 CT Pr - Parameter 25 Containment failure pressure.

1.000 $ kndVal - Parameter 26 Random number for f ailure mode.
4 8 CTI UP * Parameter 27 Impulsive failure criterion in UP.

# 25 550.0 $ CTI-IC Parameter 28 Impulsive failure criterion in IC. |
26 0.5 8 (Pressure criterion in kPa. Impulsive criterte in kra s)

27 12.00
26 21.56

56 Early conteinment failure and mode of failure?
6 EnCT E CTUCL E CFLCL E-CTUCR E-CTLCR E CTCtR
6 1 2 3 4 5 6

4

2 $3 52 Case 1: Detonation in the IC or UP. ,

1 e 1

E UPDet or E ICDet
4 24 23 27 28

Imp UP Imp IC CT!*UP CTI IC
TUN *CTDet
CETERISH $ 6.0 5.0 4.0 3.0 2.0

1 12 Case 2: Isolation failure, equivalent

1 to rupture, precludes 1.'.or failures.
B Leak

1 7
4

E Pbase
TUN * NOCT

CETERESH $ 6.0 5.0 4.0 3.0 2.0

1 54 Case 3t A deflagration has occurred.

1

E DPDef
4 7 22 25 26

E Pbase CP-EDef CT Pr Rndval
TVN CTfst
CETBRISH 5 6.0 5.0 4.0 3.0 2.0

Othe rwise Case 4:-Tellure by early overpressure.

3 7 25 26
E rbase CT Pr CadVal

TVN-CTS 1w

GETERESH- 5 6.0 5.0 4.0 3.0 :2.0

59 Status of ice condenser before VB7
3 E2-IBF1 E2 IBr2 E2nIBP $ IBPLv1 - Parameter 29
4 1 2 3 8 Ice bypass level.
3 ,

4 30 56 . 58 28 Case 1: Early 1002 ice bypass, including '

1 + 5-+( 3 * -1 ) LC rupture failure and LC leak with

E-IBP1 or E-CTLCR or (E-CTLCL & noETan ) ; no f ans.

1.000 0.000 0.000
1

29 1.000 0.000 0.000
2. - 52 30 Case 2: Detonation in'IC or early level 2

1 + 2 ice bypass.
E ICDet . or - E-IBP2

0.000 1.000 0.000
1

20 0.000. 0.062 0.000
Otherwise Case 3: No early bypass, or detonations.

0.000 0.000 1.000
l- 1

29 0.000 -0.000 0.000 ,

60 Are air return fans or ducting impaired due to early burns?
3 E2* Tan E2aFan E2fTan
2 -1 2 3
5

3 48 51 28 Case 1: No early burns, early f ans.

2 * 2 * 1

EnLCDef & EnUCDet & E-Tan

A.l.2-19
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1.000 0.000 0.000 Case 2: No early burns, f ans available.
3 48 51 28

2 * -2 *. 2

EnLCDef & EnUCDet & EaFan
3

0.000 1.000 0.000
3 48 51 28 Case 31 Early burn (s), early fans.

( 1 + 1) * 1

(E LCDef or E UCDet ) & E-F an'

0.750 0.000 0.250 Case e t Early burn (s), f ans available,
3 46 51 28

( 1 + 1) * 2

(E LCDef or E UCDef ) & EaFan
0.000 f60,3,1 160,3,3

Case 5: Fans f ailed early.
Otherwise

0.000 0.000 1,000
61 Are sprays impaired due to early containment f ailure or envirorment?

3 E2*Sp E2 asp E2 fSp

2 1 2 3

7

2 58 27
Case 1: Sprays failed e ,1y, or tai

containment failed by catastroph10
6 + 3

E CFCLR or EfSp rupture.
'

0.000 0.000 1.000 '

4 58 58 58 27 -Case 2: Early sprays, and either a leak
* ' 1 f ailure or no centsinment f ailure.( 1 + 3 + 2)

( EnCT or E CTLCL or E-CTUCL ) & E Sp
0.950 0.000 0.050

4 58 58 58 27 Case 3: Epreys available and either a
* 2 leak f atture or no containment failure.( 1 + 3 + 2)

( EnCF or E-CTLCL or E CTUCL ) & EaSp
0.000 161,2,1 161,2,3

2 58 27 Case 4: Rupture in upper compartment and
4 * 1 early sprays,

E-CTUCR & E-Sp
0.500 0.000 0.500

2 58 27 Case 5: Rupture in upper compartment and
4 * 2 epreys available.

E*CTUCR & EaSp
0.000 161,4,1 161,4,3

2 58 27 Case 6: Rupture in lower compartment and
5 * 1 early sprays.

E-CFLCR & E Sp
-0.600 0.000 0.200

Otherwise Case 7: Rupture in lower compartment and
0.000 f61,6,1 161,6,3 'epreys available.

62 What fraction of B2 released in-vessel is in containment at V37
2 E2-8281 E2-E2Lo
5 1 2

6 8 9 10 11 - 12 13

E R2inV E E2e:V B2 LC E2-IC E2 UP H2-UC '

FUN E2 Cont
THRISH 1 0.500

63 Level of cavity flood at vessel breach?
3 E2-CDry E2-CWet E2-cdp
2 1 2 3

3
4 6 22 8 24 : Case in No RWST injection, or no early

( 2 * -1 ) + 3 + 4 blowdown to containment (V or SGTR)
( RWSfal & EnACP ) or RWSTf! or noEBD

1.000 0.000 0.000
1 20 Case 2: RWST injection and less than

3 half ice melt (1/4 melted = ~3750 ft*3
E-Hit 3 1/2 melted - ~13500 CL*3; water touches
0.000 0.500 0.500 bottom head of vessel at ~10000 ft*3.

Othe rwis e Case 3: RWST injection and more than
0.000 0.000 1.000 belt the ice melted.

64 Does an Alphe mede event fail both the vessel and containment?
2 Alpha noAlphe

A.1.2-204
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4

2 1 2

3

2 26 2$ -Case 1: Core dama6e not arrested and low
2 * 4 RCS pressure.
YB & 1-LoPr

G.0064 0.9916
2 26 25 Case 2: Coro deme 6e not errested and not

2 * -4 low RCS pressure.
VB & InLoPr

0.0006 0.9992
Othe rwis e Case 3: No vessel breech.

0.000 1.000
6$ Type of vessel breech?

5 Prtj Pour S taBd Alphe woVB
2 1 2 3 4 5

6

1 26 Case la No vessel breech,

1

noVB2

0.000 0.000 0.000 0.000 1.000
1 64 Case 2: Alpha mode failure

1

Alpha
0.000 0.000 0,000 1.000 0.000

1 2$ Case 3: RCS at system setpoint pressure
1 at VB, IV Issue #6, Case 1.

1 SSPr
0.790 0.080 0.130 0.000 0.000

1 2$ Case 4: RCS at bl6h pressure at VB, IV
2 Issue #6, Case 2.

I B1Pr
0.600 0.270 0.130 0.000 0.000

1 25 Case 5: RCS at intermediate pressure at
3 VB, IV. Issue f6, Case 3.

1 ImPr
16$,4,1 16$,4,2 165.4,3 0.000 0.000
Othe rwis e Case 6: RCS at low pressure et YB.

0.000 1.000 0.000 0.000' 0,000

66 Fraction of core released from vessel at vessel breech?
1 FCorVB
4 1 S FCorVB - Parameter 30 Fraction of core released at VB.
2 Case 11 Vessel breach occurs, In Vessel
1 26 Issue #6.

2
VB

1.000
1

30 0.30'

! Otherwise Case 2 No vessel breach.
I 1.000

1

30 0.00
67 Level of core released from vessel at vessel breach?

3 Bi-TCor M FCor Lo FCor.
S 1 2 3
1 30

FCorVB The values from the previous questi a are -
AND parsed into discrets levels.

GETHRISH -2 0.4 0.2

66 Fraction of core released that la diverted to in core instrument tube seal room (ICIR)?
1 CorIR
4 1 8 CorIR - Parameter 31- Fraction of core released that is diverted to IC
6

6 63 2$ 65 67 24 1 Case it Deeply flooded cavity, or no HPN2
3 +( 4 + 2)* -1 + 1 + 4 and intermediate or low core fraction

E2 cdp or ( I LoPr or Pour ) & nHiFCor or EBD A or Brk*V released from vessel at VB, or A-sise
1.000 break in *.he RCS.

1

#

A.l.2-21
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31 0.00
3 25 65 67 Case 2: Low pressure or no EPHI and h16h

( 4 + 2)* 1 core fraction released from vessel at VB
( 1*LoPr or Pour ) & Bi-FCor

1.000
1

31 -0.146
2 25 67 Case 3: Intermediate pressure and high

3 * 1 core fraction released from vessel.
1*1mPr & Bi FCor

1.000
1

31 0.331
2 25 67 Case 4: Intermediate pressure and medium

3 * 2 core fraction released from vessel.
I*ImPr & Md FCor
1.000

1

31 0.326
2 2$ 67 Case 5: Intermediate press'ure and low

3 * 3 core fraction released from vessel,
I ImPr & Lo+FCor
1.000

1

31 0.307
1 67 Case 6t B18h pressure and hi8h core

1 fraction released from vessel.
Hi FCor

1.000
1

31 0.419
1 67 Case 7: B1 h pressure and medium core8

2 fraction released from vessel.
Md FCor

1.000
1

31 0.417
Othe rwise Case 8: B18h pressure and'10w core

1.000 fraction released from vessel.
1

31 0.416
69 Level of core ejected to in-core instrument tube oesi room?

$ 60T-IR 40T*IR 20T*IR- ST*IR McEjIR
5 1 2 3 4 5
2 30 31

FCorVB CorIR
"

HULT

GETERESH 4 0.3759 0.2256 0.07$2 0.0001 -The core in the ICIR is parsed.

70 Does the vessel become a " rocket * and fail the containment or bypass = tho' ice condenser? '-
3 Rkt-CF Rkt ISP noR14
2 1 2 3
3

2 65 25 Case 1: Cross bottom head failure and
3 1 system is at eetpoint pressure t VB.

BlaBd .I*SSPr
0.010 0.040 0.950

2 65 23 Case 2: Gross bottom head failure and
-3 2 system is at h16h pressure t VB.

BtmRd I B1Pr
0.000 0.0$0 0.950

Otherwise Case 3: Other forms of vessel failure,j. 0.000 0.000 1.000
. or no VBi

71 Ex-vessel steam erplosion at vessel breach?
3 EVSE EYSE-CF noEVSE
2 1 2 3
4

3 63 6$ 65 Case 18-Dry cavity, alpha-mode feiture
1 + 4 + $ of vessel and containment, or no VB.

A.1.2-22
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E2 *CDry or Alphe or noVB
0.000 0.000 1.000

3 25 65 63 Case 2: HPNE with wet cavity (water level
'4 * 2 * 2 is below the bottom heed of the vessel).

IntoPr & toPour & E2 CWet
0.850 0.000 0.140

3 63 63 67 Case 3: Vessel et low pressure with wet
2 + 3 * 3 cavity, or deeply flooded cavity with

E2-CWet or E2-cdp & Lo+FCor less than 202 of the core ejected et VB.
0.860 0.000 0.140

Otherwise Case 4: Deeply flooded cav!'y wit.h 20*601
0.850 0.010 0.140 of the core ejected at VB.

72 Site of hole in vessel (efter abletion)?'
2 LsHole SaHolo
2 1 2,

2

1 65 Case 1: Holten core ejected under pressure
1

Prfj

0.100 0,000
Othe rwise Case 2: Core not ejected under pressure,

1.000 0.000 bottom head failure, os irrelevant.
73 Maximum posk pressure rise et VBt (Low pressure, non*EPPE, or deeply flooded cavity)

2 DPl*VB nDP1 VB
4 1 2
0 $ DP1 VB Paremeter 32 Pressure rise 0 VB (low RCS pr., no ice bypass)
1 65 8 DPA IBP --Peremeter 33 Pressur. sise t VB (low RCS pr., 2002 bypass)

$ Case la No vessel breach.
noVB

1.000 0.000
2

32 0.00 0.00
33 0.00 0.00

5 25 65 27 30 33 Cese 2: Low pressure or no EPME and the
j ( 4 + 2)* 1 * 1 * 1 containment has neither ice nor sprays
l ( I*LoPr or Pour ) & noESp & E-IBP1 & E*LCIn1 .to condense steem, and containment has

1.000 0.000 >602 steen concentration.
2

32 0.00 0.00
33 0,00 0.00

3 64 70 71 Case 3: Alpha mode CT, Rocket CF, or
1 + 1 + 2 CF by ex vessel steem explosion.

Alphe or Rkt*CT. or EVSE CF
* 1.000 0.000

| 2

32 9999.00 0.00
33 9999.00 0.00

~

1 63 Case 4 Deeply flooded cavity at VB.
3

E2-cdp
1.000 0.000

2
32 134.30 0.00
33 147.00 0.00

4 25 $$ 62 63 Case 5 Low pressure or no BPNE, wet
( 4 + 2)* 1 * 2 cavity, and insigni!! cant E2 burned
( I*LoPr- or Pour ) & E2 E2H1 & E2-CWet before VB. Leeds !ssue (8, Case 4,

1.000 0.000
2

32 325.10 0.00
33 357.40 0.00
3- 25 65 62 Case 6: . Low pressure or no EPHE, dry

(. 4 + 2)* 1 cavity, and insignificant E2 burned
( I LoPr or Four ) & E2 E2Hi before VB. Loads Issue 98. Case 4e, ab.

1.000 0.000
2

32 215.10 0.00
33 292.30 0.00

4 25 65 62 63 Case 7: Low pressure or no EPNE wet
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I

( 4 + 2)* 2 * 2 tavity, and significant E2 burned

( I LoPr or Pour ) & E2*RELo & E2 CWat' before VB. Loads issue #6, Case 4

1,000 0.000
2

32 173,4,1,1 0.00
33 173,4,2,1 0.00

3 2$ 6$ 62 Case 8: Low pressure or no RPYE, dry
( 4 + 2)* 2 cavity, and significant E2 burned
( 1 LoPr or Pour ) & E2 B2Lo before VB, Leeds issue 90. Case es, Ab.

1.000 0.000
2

32 56,25 0.00
33 63.45 0.00

Otherwise Case 9: Intermediate pressure with RPPE
0.000 1,000 or high pressure with BPME.

2

32 0.00 0.00
33 0.00 0.00

74 Haximee peak pressure rise at YB7 (!ct, pressure w/ E2 present at VB) !

2 DP2*VB nDP2-VB
4 1 2

20 $ DP2 YB Parameter 34 Pressure rise t VF fint. RCS pr., no lee bypass)

3 73 25 62 8 DP2 12P - Pernmeter 3$ Pressure rise t VB-(int. RCS pr., 1001 bypass)
1 + 3 * 2 Case la Pressure rise quantified in

DP1-VB or 1-ImPr & E2 B2Lo previous question.
0,000 1.000

2
34 0,00 0.00
35 0,00 0.00 . . .

4 2$ 67 72 63 Case 2: HPME at intermediate pressure,
3 * 1 * 1 * 2 high core fraction, large hole in

1-ImPr & Bi FCor & LgHole & E2 CWet vessel, and wet cavity. Loads Issue #6,
1,000 0.000 Case 3, 3b,

2
34 363,10 0.00;

35 500,20 0.00'

4 25 67 72 63 Case 3: HPPE at intermediate pressure,

3 * 2 * 1 * 2 medium core fraction, large hole in

1 ImPr & Md FCor & LaRole & E2 CWet vessel, and wet cavity. Loads issue f8,
1,000 0.000 Case 3, 3b.

2

34 2$2,70 0.00
35 413.30 0.00

4 25 67 72 63 Case 4: RPME st intermediate pressure,
3 + 3 * 1 * 2 low core fraction, large hole in

1 ImPr & Lo FCor & LgBole & E2 CWet vessel, and wet cavity.: Loads Issue #8,
1.000 0,000 Case 3, 3b.

2
34 103,80 0,00

35 236.50 0,00

$ 25 67 72 b3 39 Case 5: RPHZ at :intermedlete pressure,
3 * 1 * 2 * 2 * 1 high core: fraction, small hole in

1 ImPr & Bi-PCor & SmRole .& E2-CWet & Bi+1rox vessel, wet cavity, high in vessel Zr

1.000 0.000 oxidation, Leeds issue f6, Case 3, 3b,

| 2
34 328.20 0,00

35 567.60 0.00
$ 25 67 72 63 30 Case 6: HPNE at intermediate pressure,

3 * 2 * 2 * 2* 1 medium core fraction, small hole in

1-ImPr & Md PCor & SmRole & E2 CWet . & - Bi Zrox vessel, wet cavity, high in-vessel Zr

1.000 0.000 oxidation. Loade issue #6, Case 3, 3b,

2

j 34 174,3,1,1 0.00
- 35 174,3,2,1 0.00

$ 21 67 72 63 39 Case 7: BPME at intermediate pressure. |

|
3 * 3 * 2 * 2 * 1 low core fraction, small hole -in

1 ImPr & Lo FCor & SmHole & E2 CFet & El-Zrox vessel, wet cavity,'high in-vessel Zr

1.000 0.000 oxidation.-Loads issue f6, Case 3, 3b.

2
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|

34 174,4,1,1 0.00
35 174,4,2,1 0.00 ;

4 25 67 72 63 Case-8 BPHE et intermediate pressure,
3 * 1 * 2 * 2 high core fraction, small hole in

1 laPr & Bi FCor & Sanole & E2 CWet vesseli wet cavity, low in-vessel tr

1.000 0.000 oxidation. Loads Issue ##, Case 3, 3b.

2

34 311.30 0.00
35 $36.50 0.00

4 25 67 72 63 Case 9: EFFE et intermediate pressure,
3 * 2 * 2 * 2 medium cere fraction, small hole in -

I ImPr & Md FCor & SmHole & E2 CWet vessel, wet cavity, low in-vessel Er

1.000 0.000 oxidation. Loads Issue #6, Case 3, 3b.
2

34 174,3,1,1 0.00
3$ 174,3,2,1 0.00

4 2$ 67 72 63 Case 10t EPHE et intermediate pressure,
3 * 3 * 2 * 2 low core fraction, small hoto in

1 ImPr & Lo FCor & SmBole & E2 CWet vessel, wet cavity, low in-vessel Zr

1.000 0.000 oxidation. Loads !ssue #8, Case 3, 3b.

2

14 174,4,1,1 0.00
35 174,4,2.1 0.00

4 2$ 67 72 39 Case 11: EPME et intermediate pressure,
3 * 1 a 1 * 1 high core fraction, large hole in

1 ImPr & Bi FCor & LgHole & Hi tr0x vessel, dry cavity, hash in vessel Zr

1.000 0.000 oxidation. Loada Issue #8, Case 3a, 3b.
2

34 427.s0 0.00
35 174,2,2,1 0.00

4 25 67 72 39 Case 12: BPHE at intermediate pressure,
3 * 2 * 1 * 1 medium core fraction, large hole in

I*!mPr & Md FCor & LgHole & Bi Erc vessel, dry cavity, hilh in-vessel Zr
1.000 0.000 oxidation. Loads issue f8, Case 3e, 3b.

2

34 323.00 0.00
35 174,3,2,1 0.00

4 25 67 72 39 Case 13: HPHE at intermediate pressure,
3 * 3 * 1 * 1 low core fraction, large hole in

I*ImPr & Lo FCor. & LgHole & Bi Erox vessel, dry cavity, high in vessel Zr
1.000 0.000 oxidation. Loads Issue #8, Case So, 3b.

2
34 189.70 0.00
35 174,4,2,1 0.00

3 25 67 72 Case 14: RPHE at intermediate pressure,-
3 * 1* 1 high core fraction, large' hole in

I ImPr & Ri FCor & LgBole vessel, dry cavity, low in-vessel.Zr
1.000 0,000 oxidation, Loads Issue #8, Case 3e, 3b.

2
34 418.70 0.00
3$.174,2,2,1 0.00-

3 25 67 72 Case 15: EPHE et intermediate pressure
3 * 2 * 1 ' medium core traction, large hole in

1 ImPr & Md FCor & LgBole vessel, dry cavity, low in-vessel Zr
1,000 0.000 exidation. Loads Issue #8, Case 3a, 3b.

2
34 304.50 0.00
35 174,3,2,1 0.00

3 2$ 67 72 Case 16: RPNE at inturnediate pressure,
l 3 * 3 * 1 low core fraction, la se hole in

I laPr & Lo-FCor & L& Bole- vessel, dry cavity, low in-vessel Zr
1.000 0.000- oxidation. Loads Issue $8, Case 3e, 3b.

2
34 160.50 0.00
35 174,4,2,1 0.00

3 2$ 67 72 Case 17: EPHE st : intermediate pressure,
3 * 1 * 2 high core fraction, small hole in |

,

1-ImPr & Bi FCor & SmRole vessel, and dry cavity Loads Issue #6, -
1,000 0.000 Case 3a, 3b. |

|

I
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2

36 342.40 0.00
35 174,5,2,1 0.00

3 25 67 72 Case 16 RPMI at intermediate pressure,
t

3-* 2 * 2 medium core traction, small hole in -

I ImPr & Md FCor & SmRole vessel, and dry cavity. Loads Issue f 8, j
1.000 0.000 Case 3e, 3b.

2
34 252.10 0.00
35 174,3,2,1 0.00

3 25 67 72 Case 19: EPHE et intermediate pressure,
3 * 3 * 2 low core fraction, small hole in

!=ImPr & Lo-FCor & Sanole vessel, and dry cavity. Leeds Issue (8,

1.000 0.000 Case 3a, 3b.
2

34 154.20 0.00
35 174.4,2,1 0.00

Othe rwis e Case 20: Intermediate RCS pressure with
0.000 1.000 BPME and insignificant E2 present et VB,-

2 and 81th RCS pressure with RPHE.
34 0.00 0.00
35 0.00 0.00

75 Haximum peak pressure rise et vessel breach 7 (Int, pressure w/o B2, or high pressure cases)
2 DP3 VB nDP3 VB
4 1 2

20 8 DP3 VB - Parmneter 36 Pressure rise t VB (high RCS pr., no ace bypass)
2 73 74 8 DP3-IBP Parameter 37 Pressure rise t VB (hish RC5 pr., 1001 bypass)

1 + 1 Case 1: Pressure rise quantified in
.

DP1 VB or DP2*VB previous questions.
0.000 1.000

2
36 0.00 0,00

37 0,00 0.00
4 25 67 63 62 Case 2: EPHI et intermediate pressure,

3 * 1 * 2 * 2 high cere fraction, wet cavity, and

1 ImPr & Bi-FCor & E2 CWet & E2*B2Lo significant E2 burned before VB, Loads
1.000 0.000 issue 98 Case 3, 3b.

2
34 307.70 0.00
35 497.50 0.00

4 25 67 63 62 Case 3: HPHE et intermediate pressure,
3 * 2 * 2 * 2- medium core fraction, wet cavity, and

1 ImPr & Md FCor & E2-CWet & E2 R2Lo significant R2 burned before VB. Loads
1.000 0.000 Iseue #6, Case 3, 3b.

2
34 231.10 0.00
35 366.00 0.00

4 25 67 63 Of Case as EPHI at intermediate pressure,,

3 * 3 * 2 * 2 low core fraction, wet cavity, and
I-ImPr & Lo PCor & E2 CWet & E2 E2Lo significant H2 burnou 6 t' ore VB. Loads
1.000 0.000 Issue #6, Case 3, 3'

2
34 183.00 0.00
35 214.70 0.00

4 25 67 72 62 Case 5: RPHE at intermediate pressure,
3 * 1 * 1 * 2- high core fraction, larse hole in

1 ImPr & Bi-FCor & L& Bole & E2 R2Lo vessel, dry cavity, and elsnificant E2
1.000 -0.000 , burned before VB. Loade Issue f6, Case

2 Se, 3b.
34 305.40 0.00
35 175.2.2.1 0. C-0

4 -25 67 72 62 Case 6: BPME et intermediate pressure,
3 * 2 * 1 * 2 medium core fraction, large hole in

!*1mPr & Md FCor & L6 Bole & E2-E2Lo vessel, dry cavity, and alsnificant B2 -
1.000 0.000 burned before'VB. Loads Issue #6, Case

2 Se, 3b.
34 '.00.30 0.00
35 175.3.?,1 0.00

4 . 67 72 62 Case 7: HPHE et intermediate pressure,

A.l.2-26
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low core irection, large tole in
3 * 3 * 1 * 2 vessel, dry cavity, and significant E2

LS ole & E2*E2LoH1*1mPr a Lo*FCor & burned before V5 Leeds issue f6, Case
1.000 0.000 Se, 3b.

2

34 173.30 0.00
35 175.4,2,1 0.00 Case St EPHI et intermediate pressure,

3 25 67 62 high core fraction, small hole in
3 * 1 * 2 vessel, dry cavity, and et&nificant R2

!*1mPr & Bi FCor & E2-E2Lo burned before YB. Loads issue #6, Case
1.000 0.000 Se, 3b.

2

34 311.30 0.00
35 175,2,2,1 0.00 Case 9: EPNE et intermediate pressure,

3 25 67 62 medium core fraction, small hole in
3 * 2 * 2 vessel, dry cavity, and significant 22

!*1mPr & Md-FCor & E2 E2Lo burued before VB, Loeos issue #6, Case
1,000 0.000

3e, 3b.
2

34 232.30 G.00
35 175,3,2,1 0.00 Case los EPPE et intermediate pressure,

3 25 67 62 low core fraction, small hole in
3 * 3 * 2 vessel, dry cavity, and significant E2

1-ImPr & Lo*FCor & E2 E2Lo burned before V3. Loads Issue #8, Case
1.000 0.000 3e, 3b.

2
34 144.30 0,00
35 175,4,2,1 0.00 Case 11: HPPE st high or setpoint pressure

I 2 67 63 high core fraction, wet cavity, Loads
1 * 2 Issue #8, Case 1, ib.

Bi TCor & E2-CWet
1,000 0.000

; 2
36 372.10 0.00

| 37 641.40 0.00
| Case 12r EPNE et high or setpoint pressure

2 67 63
; medium core fraction, wet cavity. Loads
|

2 * 2
Issue #6, Case 1, ib.Hd FCor & E2*CWet

1.000 0.000
2

36 289.90 0.00
37 464.40 0.00

2 67 63 Case 13t HPHE at high or setpoint pressure

3 * 2 low core fraction, wet cavity. Loads
Issue #8. Case 1, Ib.Lo-FCor & E2-CWet

1.000 0.000
2

36 212.30 0.00 ~

37 263.90 0.00
2 67 72 Case 14: HPHE et high or setpoint pressure

1 * 1
high core fraction, large hole in

Ri FCor & LaBole vessel, arso dry cavity. Loads issue #6,
1.000 0.000 Case la, ib.

2
36 458.90 0.00
37 173,11,2,1 0.00

2 67 72 Case 15: EPHE et high or setpoint pressure

2 * 1
medina core fraction, large hole in

Md*FCor & LaRole, vossal, and dry cavity. Loads Issue f 6,
1.000 0.000 Case la, ib.

2,

36 337.20 0.00
37 175,12,2,1 0.00

2 67 72 Case 16: RPME et high or setpoint pressure

3 * 1
low core fraction, large hole in

Lo-FCor & L& Bole vessel, and dry cavity. Loads issue #8,
4 1.000 0.000 Case la, Ib.

2
36 196.00 0.00
37 175,13,2,1 0.00

1
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2 67 72 Cese 17: HPHE et high or setpoint pressure
1 * 2 bl6h core fraction, unall hole in

Hi rCor & SmRole vessel, and dry cavity. Loads Issue 98,
1,000 0.000 Case la, ib.

2

36 364.40 0.00
37 175,11,2,1 0.00

_

2 67 72 Case 18: RPHE et high of setpoint pressute
2 * 2 medium core traction, small hole in

Md TCor & SmRole vessel, and dry cavity. Loads Issue $6.
1.000 0.000 Case la, 1b.

2

36 263.60 0.00
37 175,12,2,1 0.00

2 67 72 Case 19: RPNE at hi6h or setpoint pressure
3 e 2 low core traction, small hole in

Lo-rCor & Smaole vessel, and dry cavity, Leeds Issue #6,
1.000 0.000 Case lo, Ib,

2 '
'

i

36 160.00 0.00
37 175,13,2,1 0.00

Otherwise Case 20: No vessel failure.
0.000 1.000

2
36 0.00 0.00
37 0.00 0.00

76 Level of ice bypass et vessel breach?
3 I*ISP1 1*IBF2 InIBP
4 1 2 3
6
4 $9 70 64 71 Case 1: Early ice bypass, rocket mode CT,

1 + 1 + 1 + 2 Alphe* node CT, of CF by ex-vessel stoma
E2*IBP1 or Rkt CT or Alphs or EVSE*CF erplosion.

1.000 0.000 0.C00
1

29 1.00 0.00 0.00
1 70 Case 2: The vessel becomes a rocket et VB,

2 resulting in ice condenser bypass.
Rkt*IBP

0.$00 0.S00 0.000
1

29 1.00 !$9.2,1,2 0.00
3 71 63 59 Case 3: Ex-vessel steem explosion in a

1 * 3 * 2 deeply flooded cavity with-early level 2
EYSE & E2* cdp & E2 !!?2 ice bypass. ~

,

0.010 0.000 0.000
1

20 1.00 159,2,1,2- 0.00
2 71 63 Case 4: Ex vessel steem orplosion in a

1 * 3 deeply flooded cavity with no early ice
EYSE & E2* cdp bypass.,

'

O.010 0.010 0.060
1

29 1.00- t $9,2,1,2 - 0.00
1 $9 Case $t Early level 2 ice bypeas.

2
E2*IBP2

0.000 1.000 0.000
1

29 1.00 IS9,2,1,2 0.00
Otherwise Case 6: No early ice bypese.

0.000 0.000 1.000
1

29 1,00 t$9,2,1,2 0.00
77 Peak pressure rise et vessel breach? (Correction for ice bypese cases)

2 IDP-VB IDPnVB
6 1 2
3

1 73 Case la A correction is made for ice

A.1.2+28
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1 bypass. The pressure rise calculated
DP3 YB in Question 73 is terrected for bypass

3 29 32 33 utillains the pressure rise for an i

IBPLv1 DPi VB DPl*!BP offective IC and a bypassed IC, as |

FUN DrvB well as the degree of brpass. |

THRISH 1 0.00

1 74 Case 2: A corsection is made for ice
1 bypass. The pressure rise es1culated

DP2 YB in Question 74 is corrected fer bypeas

3 29 34- $$ utilising. the pressure rise for an

IBPLv1 DF2 VB DP2*IBP effective IC and a bypassed IC, as
FUW-DrvB well as the degree of bypass.

THRISD 1 0.00

Otherwise Case 3: A correction le made for See .j

2 29 36 37 bypass. The pressure rise calculated,
*

ItrLv1 DF3 VB DP312P in Question 75 is corrected for bypass

TUN DTVB utilising the pressure rise for en

THRESH 0.00 effective IC and a bypassed IC, as
well se the degree of bypass.

78 Containment fatture by direct core contact with containment well?
2 1*CFDen inCTDCn
2 1 2
$
2 60 71 Case 1: No core released to seal table

5 + -3 room et VB, or ex-vessel steam explosion
NotjlR or EVSE
'O.000 1.000

1 69 Case 2: Less than 10 MT of core detris
4 released to ICIR ($ HT nom.)

ST*IR
0.010 0.990

1 69 Case 3: 10 to 30 HT of core debris
3 released to ICIR (20 MT nom.)

207 IR
0.310 0.600

1 69 Case 4: 30 to 50 MT of core debrie
2 released to ICIR (40 P2 com.)

40T*IR
i 0.530 0.470
| Othe rwis e Case $1 Greater than 50 MT of core debris

0.600 0.400 . released to ICIR (60 PR nom.)
! 79 What fraction of potentially oxidisable metal in the ejected core is caldised at VBf
I 1 1*Ht10x

4 1 8 1*Ht10x - Parameter 38 Fraction of evallable metal oxidised at VB
2

2 2$ 65 Case 1: Low pressure et no RPHE.
4 + 2

I*LoPr or Pour
;

1.000,

1
'

| 36 0.075
Otherwise Case 2: RPNE.

1,000
1

36 0.750
80 What enount of hydrogen is released to contairusent at vessel breech?

2 1*E28VB InR2fvB
5 1 2 8 I R2tVB - Parameter 39 B2 released at Vb (includes remainder in RCS).
6 8 9 30 38 39 40

E E2inV E-E2exv FCorVB 24tt10x I+R2tVB 1 Frtr
FUN E2VB $ 1 FrZr - Parameter 40 Fraction of initial Zr remaining for CCI.

THRESB 1 0.000

| 61 What traction of hydrogen in containment is consumed at vessel breach?
' 1 I ActBC

3 1 - 8 I*ActBC - Parameter 41 Burn completeness at vessel breach.
1.000

A.1.2-29
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;

I
41 0.7?5

62 Containment failure et vessel breach and mode of failure?'
6 InCT I CTUCL I CTirt I-CTUCR I-CTLCR I-CTCtR

6 1 2 3 4 5 6

6 Case la Alphe or Rocket. CT is e rupture ,

!
2 64 70 in DC.

1 e 1

Alphs or Rat CT
i 1 32

DPl*VB
TUN AlphCT
CETHRISH $ 6.0 5.0 4.0 3.0 2.0

Case St- Containment f ailure by ex vessel
1 71 steem erplosion. CT mode is one in which

2 the ice condenser is brpessed.
TVSt-CT

1 32-
DPl+VB

TVN*StExCT
DETERESH $ 6.0 5.0 4.0 3.0 2.0

4 11 58 58 $6
Case 3 Isolation failure, equivalent

to rupture, and early ruptures preclude
1 + 6 + 4 + 5

later failures.
B Leak or E CTCLR or E*CTUCR or E CFLCR

1 7

E Pbase
TUN NOCT
CETHRISH 5 6.0 5.0 4.0 3.0 2.0

Case et low pressure or non EPHI pressure
1 73 Increments.

1

DPl*VB
4 7 32 25 26

E Pbase DFl*VB CT Pr RndVal

TVN CTTot
CETHRISH 5 6.0 5.0 4.0 3.0 2.0

Case 5: Intermed, pressure RPME pressure
1 74 increments w/ significant B2 present at

1
VB.

DP2*VB
4 7 34 25 2E

E Pbese DP2*VB CT Pr Rndval

TUN CTTat
GETHRESH $ 6.0 5,0 4.0 3.0 2.0

Case 61 Intermed, pressure BPME pressure
Otherwise increments w/o significant E2 present et

4 7 36 25 26

E Pbese DT3 VB CT-Pt Rndval VB, or high pressure HPHE pressure rises

TUH CTTs4
GETHRESU ~ $ 6.0 $.0 4.0 3.0 12 . 0 .

63 Statue of ice condenser immediately af ter vessel breach?
3 12 IBP1 12=IBP2 - 12nIBF

-

2- 1 2 3

3

l 5 76 82 76 B2- 28 Case it Total ice bypess et vessel breach.
|

1 + $-+ 1 + 3 - * -1 or LC rupture failure, or CT by direct

I IBP1 or I-CFLCR or I-CFDCn or I-CFLCL &' noETar. contact, or I.C leak w/o fans.

1.000 0.000 0.000 Case 2: Level 2 bypass et vessel breach.
1 76

2
1 IBP2
0.000 1.000 .0.000 Case 3: No bypass et vessel breech'.<

|- Othe rwise
0.000 0.000 1.000 -)

64 Are air return f ans or ducting impaired due to burns S VB7
3 I2-Tan 12aTan 12rTan

.

2 1 2 3 !
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3 63 65 60 Case 1: Deeply flooded cevity 6 VB or no
( 3 + $)* 1 VB, and early fans.
( E2 cdp or noVB ) & E2-Fan

1 1,000 0.000 0.000
3 63 6$ 60 Cese 2: Deeply flooded cavity a VB or no

( 3 + . 5)* 2 VB, and fans evallable.

( E2-CDP or noVB ) & E2aFan
0.000 1.000 0.000

1 60 Cese 3: Cavity is not deeply flooded at
1 VB, early fans.

E2 Tan
160,3,1 150,3,2 160,3,3

1 60 Case 4: Cavity is not diep.y flooded at
2 VB, fans available.

E2 aran
160,4,1 160,4,2 160,4,3
Otherwise Cese St Fans already f ailed.

0.000 0.000 1.000
8$ Are sprays impaired due to containment failure or environment 6 VBf

3 I2 Sp 12 asp 22fSp
2 1 2 3
7

2 82 61 -Case 1: Spreys f ailed earlier, or the
6 + 3 containment failed by catastrophic

I CFCtR or E2fSp rupture.
0.000 0.000 1.000

4 82 82 62 61 Case 2: Spreys before vessel breech, and
( 1 + 3 + 2)* 1 either a leak f ailure or no containment
( InCF or I*CTLCL or 1 CTUCL ) & E2 Sp failure.
161,2.1 0.000 161,2,3

4 82 82 82 61 Case 3: Spreys available, and either e
( 1 + 3 + 2)* 2 leak failure or no containment failure.
( InCT or I-CTLCL or I CFUCL ) & E24Sp

0.000 161,3,2 161,3,3'
2 82 61 Case 4: Rupture in upper compartment and

4 * 1 epreys operating.
1 CTUCR & E2*Sp
161.4.1 0.000 161,4,3

2 62 61 Case $ Rupture in vpper compartment and
4 * 2 epreys ovellable.

I-CTUCR & E2 asp
0.000 161,$,2 161,$,3

2 62 81 Case 6: Rupture in lower compartment and
S * 1 apreys operating.

I CTLCR & E2 Sp
161,6,1- 0.000 161,6,3

. Otherwise case 7: Rupture in lower" compartment and-
{ 0.000 161,7,2 161,7,3 apraye evellable.

86 Fraction of core not pesticipatina in RPNE that le evellable for CCI?
1 Tr-CCI
4 1 8 Fr-CCI --Parameter 42 Core traction eve 11eble for CCI,
9
2 65 71 Case.1: Alpha mode containment failure, or

4 + 2 . failure by ex-vessel eteam explosion.
Alphs or EYSE-CF
1.000

1

42 0.00
1 -- 70 Case 2: Rocket mode containment f ailure.

1

Rkt-CT
1.000

1

42 0.75
1 63 Case 3: Pressurised ejection, the remainder

1 of the core orpelled from the vessel is
PrEj evailable for CCI.

1.000

/( .1. 2 - 31
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1

42 1.00
4 2$ 26 65 71 Case 4: Low pressure or no BFNE, and no

( 4 * 2 + 2)* 3 ex vessel steen orplosion.
( 1 LePr & VB os Pour ) & noEVEE

1.000
1

41 1.00
2 71 67 Case St Es-vessel steem erplosion and high

1 * 1 level of core traction released from
EVSE & Bi FCor vessel at V1.

1.000
1

42 0.70
2 71 67 Case 6: Ex-vessel eteam erplosion and

1 * 2 medium level of core fraction released
EVSE & Md FCor from vessel at V3,

1.000
1

42 0.05
2 71 67 Case 7: Ex-vessel eteam erplosion and low

1 * 3 level of core fraction released from
EVSE & Lo FCor vessel at VB.

1.000
1

42 0.05
2 65 65 Case 8: YB without BPNE, alpha. rocket, or

2 3 es-vessel steam explosion.
Pour BLaRd

1.000
1

42 1.00
Otherwise Case 9: No vessel breach.

1.000
1

42 0.00
87 Level of core not participating in HPME that is available for CCl?

3 CCI Ri CCI Hed CCI Lo
5 1 2 3
1 42

Fr CCI
'AND' Paree the fraction cf core evellable

GITERESS 2 0.60 0.30 for CCI into discrete levels,
i

68 Is the debris bed in a coolable configuration?
2 L CDB LnCDB
2 1 2
7

| 1 6$ Case 1: No vessel breach.
S

noVB
1.000 0.000

4 63 25 65 65 Case 2 At YB, most of debris leaves the
1- * -4 *( 1. + 3) cavity, the later debrio enters cavity

E2-CDry & InLoPr &( PrEj or Btand ) with water from accumulatore and/or LPIS
0.800 0.200 in the cavity..

3 63 4 25 Case 3: At VB, debris arrives in a dry -

1 *( 4 + -4 ) cavit", coincident with water from the
E2 CDry & ( B LPIS or InLoPr ) occumulators and/or LPIS.

0.160 0.640
1 63 Case 4: At VB, debris arrives in a dry-

1 cavity, without coincident water.
E2-CDry

0.000 1.000
5 63 25 65 65 71 Case 5: At V3, most of debris leaves the

2*( -4 *( 1 + 3) + 3) cevity with the cavity water; the later
E2-CWet & ( InLoPr &( PrEj or Stand ) or EYSE ) debris receives water from the.LPIS or
186,2.1 186,2,2 from LC water spilling' beck into cavity.

4 63 25 65 65 Case 6: At VB, the debris is fragmented

A.1.2 32
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3 * 4 * ( . 1 + 3) es 1: passes throush the cavity water,
E2 CDP & InLoPr &( PrEj or BLaHd ) . and la held up it the cavity, the later

_

168,3,1 168.3,2 debris deposits on top of the fragments,
Otherwise Case 7: At VB, low RCS pressure may cause

0.280 0.720 reagglomeret. ion of debris in cavity.
89 Wbst is the nature of the proatt cose* concrete interactlant

$ DryCCI SScrCCI DScrCCI SD1yCCI acPrCCI

2 1 2 3 4 5

6

1 6$
$

Case la No vessel breach,

noVB
0.000 0.000 0.000 0.000 1.000

4 63 25 4 86 Case 2: Accumulator water only in cavity,

1 * -e * -4 * 2 with a non-replenishable water source,
E2-CDry & InLoPr & BnLPIS & LnCDB and a nCDB.

0.000 1,000-- 0.000 0.000' O.000 .
1 63 Case 3: Dry cavity and no. accumulator

'1 d e p, aCDB.
, E2-CD ry

1.000 0.000 0.000 0.000 0.000
4 63 - -25 4 86 Case 4: Flooded-covity with a nCDB.

( *1 +( +4 * 4 -)) * 2
t( InCDry or ( IntoPr & B 1.PIS )) & LnCDB

0.000 0.000 1,000 0.000 0.000
4 63 25 4 86 Case St Accumulator water only in cavity,

1 * 4 * -4 * 1 with a non replenishable water source, !

E2-CDry & IntoPr & BnLPIS ' & L-CDB and a CDB.'
O.000 0.000 -0.000 1.000 0.000

othe rwise - Case 6: Flooded cavity, or replenishable
0.000 0.000 0.000 0.000 1.000 water supply with a CDB.

90 la AC power recovered late?
3 L-ACP LaACP LfACP
2 1 2 3

7

1 22 Case 1: Power functionina earlier.
1

E ACP-
r - 1.000 0.000 0.000

1 22 Case 2: Power feiled initially.

3

EfACP
0.000 0.000 1.000

2 0 0 -Case 3: Bo initial AFW (Fast-TFLB').
2 + 3 recovery period la 2.5 to e hours.

SGaRR or - SGIER
0.823 0.177 0.000 _

1 1 Case 41 Initial AFW and 82 break, recovery

2- period le 4.5 to 9 hours.

Brk-82
0.667 0.333. 0.000

2 1 10 Case 15: Initial AFW and 83 break, rui
,

3 * 2 secondary depressurisation, recovery i

Brk 83 & noSecDP period la 6 to 9 houze.
0.521 0.479 0.000 . . .

*
2 1 10 Case 6 Initial AFW and 83 break,

,

3 * 1 secondary depressurisation, recovery- !

Brk-83 '&' 8ecDP period is 10.5 to 17 hours.
0.697 0.303 0.000

Dtherwise * B PORY Case 7: Initial AFW and no break, secDP,
0.578 0.4 12' O.000 recovery period is 12.5 to 17 hours.

91 Lato spreys7
3 L-Sp' LaSp LfSp
2 1 2 3
4

1 $$ Case 1: Sprays operated after VB.
1

'12-Sp
1.000 0.000 0.000

aA.1.2-33

w - - . ... ._. ._ _. . _ . _ . - . .. - ~ , . . _..a



- , . - . . . ~ . . . _ . . . _ . . -- - - . _ . . _ . . . - - .- . . - - . - - . - _ _ _ _ - - . - - _

* Cese 2: Spreys f ailed earlier.
1 65

3

12fSp
0.000 0.000 1.000 Case 3: Spreys were evallable and power

2 65 90 bas been recovered.
2 * 1

1265p & L ACP
1,000 0.000 0.000 Case 4: AC power not recovered.

Otherwise
0.000 1.000 0.000

'

92 Late air a turn f ans?
3 L* T an LaFan LfT an

2 1 2 3

Case 1: Tans operated et vessel breach.4

1 64
1

12 Tan
1.000 0.000 0.000 Case 2: Fans f ailed after vessel breach.

1 84
3

12fTan s

0.000 0.000 1.000 -Case 3: Tana evallable after vessel
-

.

2 64 90 breach, power is recovered,
2 + 1

12aTan & L ACP
1.000 0.000 0,000

Case 4: Tans evallable af ter vessel
Othe rwise breach,. power not recovered. >

0.000 1,000 0.000 '

- 93 Is the ice melted or bypassed within the first hour of prompt CCIf
2 L-IBP LnIBP '

2 1 2

S

3 83 24 24
Case 1: Level 2 ice bypass et VB, and

early $3 sise blowdown, or no early
2 *( 3 + 4)

12 IBP2 & ( EBD S3 or noE3D ) blowdown.

0.150 0,6$0
3 83 24 24

Case 2: Ice intact at vessel breach,.
early $3-also blowdown, or no early

3 *( 3 + a)
I2nIBP & ( EBD*S3 or noEBD ) blowdown.

0.050 0.950 Case 3: Level 2 Ace bypass af ter VB,
1 83

with A or 82 blowdown.2
12 IBF2

0.$00 0.500
Case 4: Ice intact efter VB, with other.

1 83
than A or 52 blowdown.

3

12nIBP!- *

0.250 0.750 Case $i Total bypass at vessel breach.
,

Othe rwis e
1.000 0.000

94 Late baseline pressure?
I :L-PBase
4 1 8 L-PBase - Parameter 43 Late baseline pressure (KPa)

6
$ 58 82 - 65 12 . 78 Case 1: Containment fatted before or at

.

-1 + -1 + 5 + 1 + 1 VB, or no vessel breech.

E-CT or I-CT or noVB or B Leak or I CFDCn.
1,000

1

43 103,42

3 92 93 91 Case 2: No containment is11ure, f ans

1 *( 2 + 1) operating, ice intact or sprays
L-Tan &-( LnIBP or L Sp ) operatins, or both.
1.000

1

43 131.00
3 92 93 91 Case St No convainment failure, ice 1

-1 *( 2 + 1) intact, ~ but no f ans or sprays. |

L2nTan &( LnIBP or L Sp )

A.l.2 34
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'
. 1.000
1 |

43 151.69 i
3 64 89 to Case 4: Prompt CCI with little or no . ;

1 + 2 + 4 steam, no containanet best removal.
DryCCI or BScrCCI or SD1yCCI

1.000 l

1

43 241.32
1 89 Case 5: Deeply scrubbed prompt CCI, no.

3 contairment boot removal.
DScrCCI

1.000
1

43 275.79
- Otherwise Case 61 No prompt CCI, no containment

1.000 heet removal.
1.

43 206.64
95 hoount of R2 (plus E2 equivalent of CO) and CO2 generated during prompt CCIf

2 L CCI LnCCI
6 1 2
3 $ L-H2 - Parameter , 44 R2 (CO) in contaitunent after prompt CCI ;
1 69 .8 L-CO2 - Farameter--45 CO2 in containment efter prompt CCI

$ Case la No prcept CCI.
noPrCCI

5 30 40 42 44 45
FCorYB I FrZr Fr-CCI L*B2 L-CO2

M CCII
GETHRESH 1 0.001

1 65 Case 2. *rompt CCI and prior B M .,

1

FrEj

S 30 40 42 44 4$
FCorVB I Frt: Fr-CCI L B2 L-C02

'

FUN *CCl2
CITERESH 1 0.001

Otherwise Case 3: Prompt CCI without prior H M .
S 30 40 42 44 45

FCorVB I*TrZr Fr CCI L E2 L-CO2
FUN CCI3
GETERETE 1 0.001

96 What enount of oxygen remains in containment late?
2 L-02 Ln02

, 5 1 2 8 L-02 - Parameter 46- Oxygen remaining'in containment after VB.
I 6 -1 2 3 39 41 46
I I4-02 IC-02 -UC-02 I 528VB 1-ActBC L*02

FUN 02Lete
THRISS 1- 0.001

97 knount of hydrogen in containment after CCI?
2 L-E2 LnB2

*
6 1 2
3.
S. 12 26 $6 $6- $8- Case 1: Previous contaltunent rupturo.

1- + 1 + 6 + 4 + $
B Leak or noVB or E-CFCtR or E-CTUCR or E CTLCR

3 39 41 44
I B28VB I ActBC L*B2

FUN-E2CCII
THR158 1 0.001

4 82 82 82 78 Case 2: Previous containment rupture.
6 + 4 + $ + 1

I CFCtR or 1-CTUCR or 1 CTLCR or I CFDCn
1 3 39 41 44

A.l.2 35
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| I 82tVB 1- Ac LBC L*E2

TUN +E2CC11
THRESB 1 0.001

Case St No prior containment rupture and
Othe rwis e vessel is bresched.

3 39 41 44

1-R28VB I ActBC L E2
TVM E2CC12

THRESH 1 0.001

98 How much eteem is in contstrument late?
2 L Bista L-LoSta
4 1 2 8 L-Stm - Paruneter 47 Steam in containment et late t0me
3 Lose 1: Late spreys or ice intact with
3 91 93 91

1+ ( 2 * 1) fans operating,

h-Sp or ( LnIBP & L Pan )
0.000 1.000

1

47 157.40 157.40 Case 2: Ice intact NILh no fans o, spreys.
1 93

2
Ln!BP
0 $00 0.500

1

47 2000.00 500.00 Case 3: No CHR of any kind.
Otherwise

1.000 0.000
1

67 42$9.0c $00.00 (
99 What le the inert level in containment, and to there sufficient E2 or 02 for burnet

4 L* Inert L-noE2 L no02 Ln!nert
$ 1 2 3 4

4 44 45 46 47 Determine species concentrations and

L E2 L*CO2 L-02 L*Stn flammability limits.

TUN *LLCone
GETHRIS8 3 3.0 2.0 1.0

100 Late hydrogen ignitors?
2 L-Is Lnis
2 1 2 ,

4

2 47 90 Case it Ignitors already operating.
1 * 1

E Is & L-ACP
1.000 0.000

3 22 90 99 Case 2: Station blackout with power

-1 * 1 * 2 recovery and e63 B2 conc.

noE*ACP & L'ACP & L* nob 2

147,1,1 147,2,2
2 12 90 Case 3: Station blackout with power

-1 * 1 recovery and >61 E2 conc.

not ACP & L'ACP
147,3,1 147,3,2

Case 4: Station blockout w/o recovery,
Otherwise .

or ignitors not inittsted earlier,0.000 1.000
101 Is there a late deflagration in containment?

2 L Def LnDef
2 1 2

(
4

3 99 99 99 Case li Flammability criterie not met.

1 + 2 + 3

L-Inert or L-noE2 or L-no02
0.000 1.000 Case 2i Late hydrogen ignitors, with

1 100
flammability criterie met,

1
L-!

1.000 0.000 Case 3: Random AC ignition sources, with
1 90

A.1.2-36
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1 flammability criteria met.
L ACP

148,3 * '48,3,2

Otherw.a. Cese 4: DC sources only.
148,$,1 ' l,5,2

102 Pressure rise 4 . to late deflegration? ,

2 lbP Def LDPnDef
6 1 2 8 LDP Def - * Parameter 48 Pressure rise due to late burn,
7

2 47 92_ Case 1: Isniters operating at VB, B2 is
1 e 1

bu:ned as.it is released with minimalE-Is & L Tan pressure rise. Fans are operating, so6 43 44 4$ 46 47 48 turbulent burn model is used.L*PBese L-E2 L-CO2 L*02 L-Sta LDP Def
FUN Brni

TERESB 1 0.001

1 47 - 4.4? 2: Ignitors operating at VB, but fan
1 are not s;**ating, quiescent burn model

E Ig .La used.
6 43 44 45 46 47- 48

L PBase L E2 L-CO2 L-02 L-S La LDP Def
PUN Brn2

THRISH 1 0.001

4 101 92 93 91 Case 3: Leto deflagration with fans1 * 1 *( 2 + 1) operating, and CHR available.L-Det & L Fan &( Ln!BP or L*Sp )
6 43 64 45 46 47 46 -iL PBase L h2 L C02 L 02 L-Sta LDP Def '

FUN *Brn3
THRESH 1 0.001

2 101 92 Case 4: Late deflagration with f ans1 * 1

-L-Det & L fan operettas, and CHR not available.
6 43 44 45 46 47 46-L-PBase L E2 L-C02 L 02 L Sta . LDP-DetFUN-Brun

THRESH 1 0.001

3 -101 93 91 Case St Late deflagration without sans1 *( 2 + 1) operating, and CHR available. -L-Det &( LnIBP or L-Sp )
6 43 44 45 46 47 48L PBase- L-E2 L C02 L-02 L*Sta LDP DefFUN Brn$

THRESB 1 0.001

1 101
1 Case 6: Late deflasration wtLhout fans

.L*Def~ operatins, and CHR not avellable.
6 43 44- 45 46 47 46

L-PBes e L-E2 L-C02 L-02 L-Sta - LDP-DefFUN-Brn6#

THRISH 1 0.001
'

Otherwise
Case 7: No late deflagration.1 48

LDP-De f
FUN Noturn

THRESB 1 0.001

103 Late containngnt failure and mode of fatture?
6 LnCF L-CTUCL L-CFLCL L-CTUCR L-CTLCR L-CFCtR'6 1 2 3 4 5 34

4 12 56 56 $6 Case 1: Previous containment rupture or1 + 6 + 4 + S equivalent.

A.1.2-37
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1 !
1 I

i

)

B Leak or 1 CKt.R or 1*CTLER or !*CTLCR
1 43

L* Plane
FUN *NoCFa

CETKF. Eta S 6.0 5.0 4.0 3.0 . 2.0

j 4 62 82 62 74 Case 2: Previous containment rupture.
6 + 4 + $ + 1

1 CFCtR et !*CFUCR or 3 CTLCR or 1*CFDCn
1 43 r

' L*rtese
FUN NOCT,

_~' '' GETRRttB S 6.0 S.0 4.0 3.0 2.0i

1 101 Case t No previcu6 turture, and a burn
1 occurs.

L*Def
4 43 46 15 26

L*r*ese LDP Def CT*Pr- RndYet
TUN-CFTot
CETBRISH S 6.0 5.0 4.0 3.0 2.0

Otherwise Case 4: No previous rep $ure 6nd no burn.
3 43 2$ 26

L Ptsee CF*Pr kndval
rt'N CT51w
otTRRISH $ 6.0 S.0 4.0 3.0 2.0

: 104 Are spreys impetred due to late containment failure or environmenti e
3 L2*Bp L2 esp L1 tsp
2 1 2 3

7

2 103 91 Case 1: Spreys f ailed earlier, or the
6 + 3 containment felled by setestrophie

L*CFCLR or LfSp rupture.
0.000 0.000 1.000

'4 103 103 103 91 Case 2: $ preys opeteting earlier, and
t 1 + 3 + 2)* 1 either a leak feature or no containment
( LnCF or L*CFLCL or L*CTUCL ) & L Sp failure.
161,1,1 0.000 161,2,3

4 103 103 103 91 Case 3: Spreys evallable, and either a
( 1 + 3 * 2)* 2 leak f ailure or no containment f ailure.( LnCF or L*CFLCL or L*CTtX'L ) & La$p

0.000 161,3,2 161,3,3
2 103 91 Case 4: Rupture in upper compartment and

4 * 1 epreys operatin6
L*CTUCR & L*6p *

f(1,4,1 0.000 161,4,31

'
2 103 91 Case 3: Rupture in upper compartment and

, 4 * 2 spreys evallable.'
L*LTUCR & La8p

0.000 161,5.2 161,l.3
2 103 91 Came 6: kupture in lower s.aspartment ,3d

. S * 1 spreys operatina.'

L*CTLCR & L*8p
161,6,1 0.000 161,6,3 '

i Othe rwise Case 7: Rupture in lowes compartment and
0.000 161,7,2 161,7,3 epreys eve 11able.

10$ 1s AC Power recovered very 1 stet
3 1.2 ACP L2aMr L2fACP
2 1 2 3
4

1 90
Case 1: Power functionths earlier.

1

L*ACP
1.000 0.000 0.000

| 1 to Case 2: Power failed initially and is
t S not recoverable.

I t.;.t
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?
)

; D.000 0.000 1.000
f

4 9 1 1 10 Case 3: Initial Arw and (no break w/4*( 6 e( 3 * 1 )) secondary depressurisetton). Recovery
$3d!!R & ( )*PORY or ( Brk 83 & Se DP )) persed is 17 to 24 hours.
0.t97 0.103 0.000

) Otherwise Case 4: All other blackouts, recovery
! 0.672 0.326 0.000 period is 9 to 24 hours.

106 Very late spreys (7 hours or longer efter CCI)?
3 L2*Sp L2 asp L2fSp
2 1 2 3
4

! 1 104 Case 1: $ preys operated after VB.
1

L2*Sp
1.000 0.000 0.000

!,
1 104 Ces. At tpreys failed earlier..

3

L2fsp
0.000 0.000 1.000

2 104 10$ Cnee 3: Spreys were eve 11able and
2 * 1 power was recovered.

L2 ssp & L2*ACP *

1.000 0.000 0.000
Otherwise Case 4: AC power not recovered.

0.000 1.000 0.000
107 Eventual basemat selt*through?

2 atff noBPfT
2 1 2

! ?

$ 65 $6 61 103 78 Case 1: No VB, or con *sinment is etreadyi 5 + *1 + *1 * *1 + 1 telled, melt *thru is irrelevant to risk,noVB or t*CF or leC' or L*CF or 1 CFDCn
0.000 1.000

1 49 Case 2: No prompt CCI, melt *thru is not
3 possible et this time. If CDB and letenotrCCI

. water belloff BMT would occur efter CF.0.000 1.000
4 87 106 25 4 Case 2: Large amount of core is involved '

1 *( 1 e +4 * 4) in prompt CC1 and water supply to cavityCCl*D1 &( L2 sp or InLoPr & B LPIS ) is replenishable.0.250 0.750
1 87

Case 4: Large amount of core is involved1

CCI*BA in prompt CCI and water supply to cavity
is not repleulshable.0.400 0.600

4 47 106 25 4
Case 3: totermediate amount of core is2 *( 1 + +4 * 41 involved in prompt CCI and water supplyCC!*Pkd &( LJ*$p or InLoPr & B*LPIS ) to sovity is replenishable,j 0.050 0.950

l 1 67
Cese 6: Intermediate amount of core is2

CCI-Hed involved in prompt CCI and water supply
0.200 0.000 to sovity is not replenish 4ble.

Otherwise
Case 7: Small amount of core is involved'O.020 0.960 in CCI.100 What is the very late pressure in containmentt .

1 L2*PBese
4 1

$

$ 65 $6 82 10) ?$ Case 1: Containment f ailed or no VB.S + -1 + *1 + -1 + 1
noVB er E CT or I-CF or. L-CT or 1 CFDCn

1.000
1

43 103.42
4 40 106 25 4 Case 2: No prompt CCI and either late5 * ( 1 + 4 * +4 ) spreys, or late heat removal from thenotrCCI & ( L2*Sp or intoPr & BnLPIB ) debris.1.000

A.1.2*39
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1
4

l !

! l
4

.

'
1

43 131.00
4 100 68 63 69 Case 3: No erreys, with either det,

1 *( 1 * 3 * 3) scrubbed CC1, or Ct2 that boils o.,

i L2nsp &( L CDB & E2 cdp or D$crCCI ) flooded sovity water. CT is about 12
I 1.000 hours after V).
I 1

43 999.00
2 106 49 Case 4: Ptoept CCI ocevre with stroys, or

1 + 1 dry CCI, pressure due to tontendensibles
L2*8p et DryCCI !! CT occurs, it will 1e later then 1$

1.000 hours efter VB.
1

43 180.60 I

l- Othe rwis e Case $t Prompt CCI with little water one
1.000 ho spreys..

.-7
d 1

43 241.30
100 What is the mode of very late containment f ailuref _

6 L2nCT L2*CFUCL L2 CFLCL L2 CTUCR L2*CFLCR L2-CTCtR>
6 1 2 3 4 5 6 -

2 '

1 tot ~ Case 1: Containment falls due to late
1 overpressuritation.

L2*Ptese '
,

3 .43 2$ 26
Lattese CT-tr Rndval

TUN * CTS 1w

GETHRISH $ 6.0 S.0 4.0 3.0 2.0

Othe rwis e Case 21 No very late contesteent f ailure,<

1 43 or basemat p>elt-throu6h.
L*Flese

TUA* NOCT
~'

CITKRISH S 6.0 S.0 4.0 3.0 2.0

110 Spreys efter very 1ste containment fallutet.
'

2 L3 Sp L3nSp 8 Assume AC power always recovered'
2 1 2 8 by this time if secoverable.
4

3 109 106 105 Case is $ preys or AC power unrecoverstle<

6 * 3 + 3 or containment (4114 by totestrophis
L2 CFCtR or L2fSp or L2fACP rupture.

,

,

0.000 1.000
t 3 109 109 109 Case 2: Either a lenk failure or no
j 1 + 3 + 2 containment fallute.
, L2nCT or L2*CFLCL or L2 CTUCL'

161,2.1 161,2,3,
.

Rupture in upper compartment.I 100 Case 3:
.

4

L2 CTVCR
,

3- 161,4,1 161,4,3
.

'

; Othe rwis e Case 41 Rupture in lower compartment.-
161.6.1 161.6,3 -

111 Does core concrete attack occur efter late boiloff and very late Cr? #

2 L3 CCI L3nCCI
2 1 2
3
5 68- 63 110 25 4 Case it Coolable debris bed with late

1*( 3 * 1 + 4' * 4) water replenishment,
j. L-CDB & ( 12-cdp & L3*Sp or InLoPr & 8 LPIS ')
'

O.000 1.000
4 63 86- 110 - 26 Case 2: Coolable debris bed with deepl)

3 * 1 * 2 * 2 flooded tavity at NT, with no water
E2 CDP & L CDB & L3nSp &' VD replenishment.
0.7$0 0.250

Otherwise Case 3: trompt CCI,
0.000 1.000;

3

.
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A.1.3 Descriotion of the Secuovnh Binner

The binner is the computer input that instructs EVNTRE how to group the
outcomes that are produced in the evaluation of the APET. There are too

; many outcomes for them all to be saved for analysis afterwards, so as each
I unique path through the event tree is evaluated, the probability of that

path is added to the probability for the appropriate accident progression
bin (APB). The term abinner" refers to the set of computer input that
defines these bins.

Section 2.4 of this volume gives a general description of the APDs anu-
defines each attribute of each characteristic, That material is not
repeated here. The binner itself, a computer input file read by EVNTRE,,
defines the accident progression bins and is listed in Subsection A.1.4.
This section of Appendix A contains a case by case description of the
binner,

Characteristic 1. CF Time (Time of containment failure)
7 Attributes, 11 Casest

i

The attributes for this characteristic are:

A. V Dry Check valve failures resulted in a pipe break in an
interfacing low pressure system. The releases are not
scrubbed.

B. V Wet Check valve failures resulted in a pipe break in an
interfacing low pressure system. The releases are scrubbed. <

C. CF.Early The containment failed during the period of coro degradation.

D. CF atVB The containment failed at the time of VB, |

E. CF 1. ate The containment failed in the very late period, during the
initial part of CCI (nominally a few hours after VB).

F. CF VLate The containment failed in the very late period (from 12 to 24
h after VB) during the latter part of CCI.

C. NoCF The containment did not fail, nor did Event V occur.

This characteristic primarily concerns the time of containment failure. In2

addition to four time periods in which the containment may fail, there is
an attribute for no containment failure and two attributes concerning Event
V, which initiates the accident and provides a large bypass of the ,

| contairunent at the same time.

Case 1: This case defines the conditions for Attribute A, V Dry. The
conditions for this case are an Event V initiator and that the break is

i located 'such that the fire sprays in the auxiliary building will not
scrub the releases. '

.

A.1.3 1
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'

Case 2: This case defines the conditions for Attribute B, V Wet. The
i conditions for this case are an Event V initiator and that the break is

located such that the fire sprays in the auxiliary building vill scrub3

the releases.

! Case 3: This caso defines the conditions for Attribute G, NoCF. For
| this characteristic, no containment failure is interpreted to mean no
'

failure of the containment pressure boundary itself and no bypass by
Event V. If an SCTR occurred, and there was no other failure or bypass
of the containment, it is included in this case. SCTRs are considered
separately in Characteristic 6, as they can occur in addition to
failures of the containment itself. The site or type of containment
failure is treated in Characteristic 10, and bypass of the containment
is specifically identified there. .

Case 4: This case defines the conditisns for Attribute C, CF Early,
when there is a rupture failure of the containment. Early containment
f ailure here means failure during core degradation, before VB, if it,

occurs. Containment failure due to hydrogen combustion before VB, as
well as failures to isolate the containment (from failure to properly
secure an airlock, for exampic) are included in this case. Isolation
failures would provido an equivalent failure area of about 1 ft*, and
thus are included in the rupture case.

Caso 5: This case defines the conditions for Attribute D, CF atVB,
when there is a rupture failure of the containment. The containment,

'

fails within several minutes of VB due to the events accompanying
i vessel failure.

Case 6: This caso defi#,cs the conditions for Attribute E. CF. Late, i
when there is a rupture failure of the containment. The containment

. fails during the initial part of CCI. It could occur anywhere from a
: few tens of minutes af ter VB to several hours af ter VB. Failure in

this time period is due to a - burning of combustible Bases created
during CCI.

Case 7: This case defines the conditions for Attribute F. CF VLate,
when there is a rupture failure of the containment. The containment
fails from several hours after VB to about 24 h after UTAF. Failure in
this time period is by eventual overpressurization of the containment
due to steam and noncondensible gases.

Case 8:. This caso defines the conditions for Attribute C, CF Early,
when there is a leak failure of the containment. The containment fails
by combustion or detonation of hydrogen during core degradation.

Case 9: This caso defines the conditions for Attribute D, CF atVB.i when there is a leak failure of the containment. The containment fails
by the events that accompany vessel failure.

!

| Case 10: This case defines the conditions for Attribute E. CF Late,
when there is a leak failure of the containment. The containment fails
by burning of combustibic gases created during CCI. '

.
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Case 11: This case defines the conditions for Attribute P, CF-VLate, i
when there is a leak failure of the containment. Failure for this case

i is by eventual overpressurization of the containment due to steam and
noncondensible gases and BMT is also included in this case,

i

Characteristic 2. Sprays (Operation of containment sprays)'

9 Attributes, 9 Cases

The attributes for this characteristic are:

i A. Sp Early The sprays operate only.in the early period, that is, during
'

the time of core degradation.

,

B. Sp E+1 The sprays operate only in the early and intermediate,

periods, that is, before during core degradation,' and
immediately after VB.

! C. Sp E+14L The sprays operate only in the early, intermediate, and late
.

periods, that is, from UTAF through the initial part of CCI.

D. SpAlways The sprays always operate during the periods of interest for
fission product removal, that-is, for at least 24 h starting
at UTAF.

E. Sp Late The sprays operate only in the late period, that is, during
the initial part of CCI.

F. Sp L4VL The sprays operate only in the late : and very late periods,
that is, from the start of CCI through the release of almost

; all the fission products from CCI,

C. Sp Vb The sprays operate only in' the very late period, that is,
I

during the latter part of CCI.

H. Sp Nover The sprays never operate during the accident.

I, Sp Finni The sprays operate only during the final period, which is not
of interest for fission product removal.

This characteristic concerns the operation of the containment sprays. The
sprays are important for reduction of aerosol concentrations in the
containment atmosphere.

Case 1: This case d0 fines the conditions for Attribute A, Sp Early.
In this case, the sprays operate only in the period during core
degradation, before the VB (if it occurs).

I
Case 2: This case defines the conditions for Attribute B, Sp E+1. In
this case, the sprays operate only before and at VB.

.
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Case 3: This case defines the conditions for Attribute C, Sp E+I4 L.
In this case, the sprays operate only from the start of the accident
through the initial part of CCI.

Case 4: This case defines the conditions for Attribute D. SpAlways.
In this case, the sprays operate continuously fro n UTAF for at least
24 h.

Case 5: This case defines the conditions for Attribute E, Sp Late. In
this case, the sprays operat.e only during the initial part of CCI.

Case 6: This case defines the conditions for Attribute F, Sp L+VL. In
this case, the sprays operate only during the late and very Inte
periods, that is, from the start of CCI through the release of almost,
all the fission products from CCI.

3

Case 7: This case defines the conditions for Attribute 0, Sp VL. In
this case, the sprays operate only during the latter part of CCI, which
includes release of almost all of the fission products from CCI.

Case 8: This case defines the conditions for Attribute 11 Sp Never.
In this case, the containment sprays do not operate at all when they
could contribute to fission product removal. '

case 9: This case defines the conditions for Attribute I, Sp Final.
In this case, the sprays first operate 24 h or more after the start of
the accident.

Characteristic 3. CCI (Core-concrete interactions) i
6 Attributes, 6 Cases

The attributes for this characteristic are:

A. I'rmt Dry CCI takes place promptly following VB in a dry cavity. .There
is no overlying water pool to scrub the releases.

B. PrmtSh1 CCI takes place promptly following VB. There is a shallow
(about 5 ft) overlying water pool to scrub the releases.

C. No CCI CCI does not take place.

D. prmtDp CCI takes place promptly following VB. There is a deep (at
least 10 f t) overlying water pool to scrub the releases.

E. SD1y Dry CCI takes place after a short delay, in a dry cavity. The
debris bed is initially coolabic, but the limited amount of
water in the cavity is not replenished. The delay time is
the time needed to boil off the accumulator water.

F. LD1y Dry CCI takes place af ter a long delay, in a dry cavity. The
debris bed is coolable, but the water in the cavity is not |
replenished. The delay is the time needed to boil of f the ~
water in a deep cavity. ,
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This characteristic concerns the CCI; if it takes place, when it takes
place, and whether there is overlying pool of water to scrub the fission
products released from the CCI.

Case 1: This case defines the conditions for Attribute A. Prmt Dry.
CCI takes place promptly following VB in a dry cavity. As there is no
water in the cavity after VB, whether the debris bed is coolable is not
relevant. The cavity was dry before breach and the accumulators did

not dischar6e at VB.

Case 2: This case defines the conditions for Attribute B. PrmtShl.
CCI takes place promptly following VB. The cavity was either dry just
before vessel failure and the accumulators discharge at VB, or the
amount of water in the cavity was minimal and the debris was not.
coolable. When CCI starts there is about 5 f t of water in the cavity.

Case 3: This case defines the conditions _for Attribute C. No CCI, If
neither prompt CCI nor delayed CCI takes place, there is no CCI.
Either there was no VB, or the debris is coolable, water was present at
VB, and the water supply is continuously replenished.

Case 4: This caso defines the conditions for Attribute D, PratDp. CCI -

takes place promptly following VB, and the cavity water is deep (at
least 10 ft) when CCI commences.

Case 5: This caso defines the conditions for Attribute E, SD1y Dry,
CCI takes place after a short delay. The debris bed is initially
coolable, and the cavity contains a limited amount of water (5 ft or
less). The delay before the onset of CCI is the time needed to boil
off the water.

Case 6: This case defines the conditions for Attribute F, LD1y Dry.
CCI takes place after a long delay. The debris bed is initially
coolable, and the cavity is full of water at VB. Af ter all the water
is boiled away, CCI commences in a dry cavity.

Characteristic 4. RCS-Pres (RCS pressure before VB)
4 Attributes, 4 Cases

The attributes for this characteristic are:

A. SSPr Just before VB, the RCS is at system setpoint pressure, about
2500 psia. This pressure is determined by the setpoint of
the PORVs.

B. HIPr Just before V9 the RCS is in the range denoted high
pressure. The nole in the RCS pressure boundary is small
enough that the pres;:ure spike that follows core slump decays
away relatively slowly. The pressure at VB can range from
1000 to 2000 psia.

,
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C. ImPr Just before VB, the RCS is in the range denoted interme:diate
pressure. The hole in the RCS is larger than for Attribute
B, so the pressure at breach is within the rangt, of 200 to
1000 psia.

D. LoPr Just before VB, the RCS is at low pressure, less than 200
psia.

This characteristic determines the pressure in the RCS just before the
failure of the vessel. This pressure, together with the mode of VB,
Characteristic 5, largely determines the events thot take place in the
containment immediately following VB. In most detaileo, mechanistic
analyses of core deCradation, vessel failure follows the relocation or
slumping of many tons of molten core material into the lower head of the
vessel. The lower head usually contains some water at this time, so the
core slump generates a large amount of nteam. This will increase the
vessel pressure, at least temporarily, if the RCS was below the PORV
setpoint pressure at the time of the slump. The pressure at VB depends
upon how fast the RCS pressure decreases af ter core slump and the delay
between core slump and vessel failure.

Case 1: This caso defines the conditions for Attribute A, SSPr. The
RCS is at system setpoint pressure, about 2500 psia, when the vessel
fails.

Case 2: This case defines the conditions for Attribute L HiPr. The
RCS is in the range denoted high pressure, 1000 to 2000 psia, when the
vessel fails.

Case 3: This case defines the conditions for Attribute C, ImPr. The
RCS is in the range denoted intermediate pressure, 200 to 1000 psia,
when the vessel fails.

Case 4: This case definer the conditions for Attribute D, Lopr. The
| RCS is at low pressure, less than 200 psia, when the vessel fails.

Characteristic 5. VB Mode (Mode of ves.el breach)
6 Attributes, 6 Cases

The attributes for this characteristic are:
A. VB IIPME VB occurs when one or more penetration (s) fails and the,

l vessel is above 200 psia. These conditions ensure HPME,

B. VB-Pour Molten core material pours out of the vessel at breach,
| driven primarily by the effects of gravity.
! C. VB BtmHd Either there is a circumferential failure of the bottom head

of the vessel, or a large portion of the bottom head of the
vesetl fails.

.
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D. Alpha An Alpha mode failure occurs resulting in containment-

failure as well as vensel failure.

E. Rocket Upward acceleration of the vessel occurs, which results in
containment failure as well as vessel failure (Rocket mode).

T. No VB No VB occurs.

This characteristic determines the mode of vessel failure. The mode of
vessel failure and the pressure in the RCS just before the failure of the
vessel, Characteristic 4, largely determine the events that take place in
the containment immediately following VB. In two of the failure modes, the ;

failure of the vessel directly causes the failure of the containment as i

well. Characteristic 5 is not used in SEQSOR. The information SEQSOR
requires about HPHE is obtained from Characteristic 9.

Case 1: This caso defines the conditions for Attribute A, VB HPME.
HpME results when one or more penetration (s) fails and the vessel is
above 200 psia.

Case 2: Thi.s case defines the conditions for Attribute B. VB Pour.
The molten core pours out of the vessel, driven primarily by the
effects of gravity. This mode of vessel failure always occurs if the
vessel is at low pressure when it fails. It can also occur when the
vessel ic at higher pressures if the gases in the vessel escape before
an appreciabic .sount of molten core material leaves the vessel.

Case 3: This case defines the conditions for Attribute C, VB BtmHd,
and the rocket mode failure of containment does not occur. The vessel
failure involves a substantial part of the bottom head.

Case 4: This case defines the conditions for Attribute 0, Alpha, l

Alpha modo failure is defined to be a steam explosion in the vessel
that fails the vessel and also results in containment failure.

Case 5: This case defines the conditions for Attribute E, Rocnet. If
gross bottom head failure occurs and the vessel is at very high
pressure, it is conceivable that the entire vessel could be propelled
upward and somehow fail the containment.

Case 6: This case defines the conditions for Attribute F, No VB. Core
damage was arrested in time to preclude VB.

Characteristic 6. SGTR
3 Attributes, 3 Cases

The attributes for this characteristic are:

1 A. SGTR A steam generator tube rupture (SGTR) occurs. The SRVs on
( the secondary system are not stuck open.

B, SG SRVO An SCTR occurs. The SRVs-on the secondary system are stuck
open. -
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C. No SGTR An SGTR does not occur.

This characteristic determines whether an SGTR occurs and, if it does,
whether the SRVs on the secondary system are stuck open. Because the SOTR
bypasses the containment, and can occur in addition to a direct containment
failure, SGTRs are considered separately in this characteristic. The
situation in which there was an SGTR but no failure of the containment
pressure boundary itself was considered to be No CP in Characteristic 1.

Case 1: This case defines the conditions for Attribute A, SGTR. An
SGTR occurred and the SRVs on the secondary system are not stuck open.
For a temperature induced SCTR, the secondary SRVs do not stick open.

Case 2: This case defines the conditions for Attribute B, SG SRVO. An
SGTR occurred and the SRVs on the secondary system are stuck open.

Case 3: This case defines the conditions for Attribute C, NoESGTR.
There is no SGTR.

Characteristic 7. Amt-CCI (Amount of core not in HPME available for
CCI)
4 Attributes, 4 Cases

The attributes for this characteristic are:
A. lli CCI A large amount of the core (70 1004) not involved in llPME

participates in the CCI.

B. Med CCI An intermediate amount of the Core (30 70%) not involved in
HPME participates in the CCI.

C. Lo CCI A small amount of the core (0 30%) not involved in HPME
participates in the CCI.

D. No CCI There is no CCI.
l

This characteristic determines how much of the core that is not in HPME
participates in the CCI. Whether the CCI occurs at all and.the timing and4

the conditions of the CCI are determined in Characteristic 3, The
selection of one of the first three attributes in this characteristic
implies that CCI occurs. The definition of this binning characteristic is
different fro the definition used in the ApET itself. In the APET, the
amount of core in CCI was the amount of the total core available to
participate in CCI, without respect to whether HPME had occurred. This
value was used in determining the amount of hydrogen produced during CCI
and the likelihood of 3MT. The primary use of this binning characteristic
is to pass information >n to SEQSOR for the source term analysis. SEQSORinternally subtracts o at the amount of core involved in HPME from the
amount passed to it to this characteristic. (The fraction of the core
involved in HPME is determined by Characteristic 9.) Therefore, in the
binner it is neceasary to define this characteristic as the amount of the
core not involved in HPME that takes part in the CCI. Otherwise, the
amount of the core participating in CCI would be subtracted twice. ~

A.1.3-8
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Case 1: This caso defines the conditions for Attribute D, No CCI. If

there is no prompt CCI and there is no deltjed CCI, then there is no
CCI.

Case 2: This case defines the conditions for Attribute A. Hi CCI,

Either a large amount of the core (70 100%) was determined to be
available for CCI in the APET, or HPME occurred. In SEQSOR, the
fraction of the core involved in HPME will be subtracted from the total
amount of core material. Setting Characteristic 7 to large here
ensures that a large fraction of the core not involved in HPME is
available for CCI. HPME is meant to include all the events-in which
core material leaves the vessel first under high gas pressure, followed
by blowdown of the gas. The PrEj case in the APET includes only those
cases where the hole in the vessel involves only a small fraction of
the area of the bottom head. Thus the situation where the bottom head
fails at any pressure above a few hundred psia has to be specifically
included.

Case 3: This case defines the conditions for Attribute B, Med CCI.- An

intermediate amount of the core (30-70%) was determined to be availabic
for CCI in the APET.

Case 4: This case defines the conditions for Attribute C, Lo CCI. A

small amount of the core (0 30%) was determined to be available for CCI
in the APET.

Characteristic 8. Zr-Ox (Zirconium oxidation in-vessel)
2 Attributes, 2 Cases

The attributes for this characteristic are:

A. Lo Zr0x A small amount of the core zirconium was oxidized in the
vessel prior to VB. This implies a range from 0 to 40%
oxidized, with a nominal value of 25%.

B. Hi Zrox A large amount of the core zirconium was oxidized in the
vessel prior to VB. This implies that more than 40% of the
zirconium was oxidized, with a nominal value of 65%.

This characteristic determines how much of the zirconium in the core was
oxidized in the vessel before VB. The amount is really the amount of
equivalent zirconium oxidized since it is possible to oxidize some of the
iron and chromium in the stainless steel as well. Thus, the amount
oxidized can exceed 100% at the very upper end of the distribution provided
by the In Vessel Expert Panel.

Case 1: This caso defines the conditions for Attribute A. Lo Zr0x,

The fraction of equivalent zirconium oxidized in the vessel prior to
breach was low.

Case 2: This caso defines the conditions for Attribute B, Hi Zr0x.
The fraction of equivalent zirconium oxidized in the vessel prior to
breach was high.

A.1.3 9
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Characteristic 9. IIPME
4 Attributes, 4 Cases

The attributes for this characteristic are:

A. Ili HPME A high fraction (> 40%) of the core was ejected under
pressure from the vessel at failure.

B. Md llPME A moderate fraction (20 40%) of the core was ejected under
pressure from the vessel at failure.

C. Lo liPME A low fraction (< 20%) of the core was ejected under pressure
from the vessel at failure,

D. No llPME There was no llPME at vessel failure.

This characteristic determines how much of the core participated in llPME.
As mentioned in the discussion of Characteristic 7, llPHE is not limited to
vessel failure in which only a small part of the bottom head failed. Thus,
the requirements for Cases 1, 2, and 3 here are similar to those for Case 2
in Characteristic 7,

Case 1: This caso defines the conditions for Attribute A, Ili llPME. A
high fraction (> 40%) of the core was ejected under pressure from the
vessel at failure. Pressurized ejection, as defined in the APET,
implies ejection through one or a small number of penetration failures.
If the entire bottom head, or a large portion of it, fails at elevated
pressure, the resulting situation is so similar to ejection through a
relatively small hole that both are considered to be llPME , If the
cavity is deeply flooded at breach, nominally 24 ft deep with <

,

submergence of the vessel bottom, there will be little dispersal of the
core debris from the cavity; if this is the case, Attribute D, No llPME,
is specified.

Case 2: This case defines the conditions for Attribute B, Md llPME. A
moderate fraction (20 40%) of the core was ejected under pressure from
the vessel at failure. HPME is defined as in Case 1.
Case 3: This case defines the conditions for Attribute C, Lo llPME. A
low fraction (< 20%) of the core- was ejected under pressure from the
vessel at failure, llPME is defined as in Case 1

Case 4: This case defines the conditions for Attribute D, No llPME.
There was no llPME at vessel failure. This case includes the Pour mode
of vessel failure, bottom head failures at low pressure, Alpha mode
failures, situations where there was no VB, and deep flooding of the
cavity (as discussed in Case 1).

|
,
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Characteristic 10. CF-Sire (Containment failure size or type)
6 Attributes, 6 Cases

The attributes for this characteristic are:

A. Cat Rpt The containment failed by catastrophic rupture, resulting in
a very large hole and gross structural failure.

B. Rupture The containment failed by the development of a large hole or
rupture; nominal hole size is 7 ft .2

! C. Leak The containment failed by the development of a small hole or
a leak; nominal hole size is 0.10 fta,

D. BMT The contaitunent failed by BMT, and there was no above ground
failure or bypass.

E. Bypars The containment did not fail, but was bypassed by Event V or
an SGTR.

F. No CF The containment did not fail, and was not bypassed

This characteristic determines how the containment failed. The first three
attributes define the hole size if the containment pressure boundary failed
above ground. The fourth attribute is an underground failure. The fifth
attribute implies that the pressure boundary itself did not fail, but that
it was bypassed by Event V or an SGTR. Only the mest severe mode of
failure is counted. That is, if the containment ruptures, a subsequent BMT
is not of interest since essentially all the radioact.ive release will take
place through the above ground failure. Bypass takes precedence over all
the direct failure modes since it provides a direct path from the RCS to
the outside of the containment during core degradation,

Case 1: This case defines the conditions for Attribute A, Cat Rpt.j

| The containment failed by catastrophic rupture or major structural
failure. This can occur by events accompanying VB, by a hydrogen burn
during core degradation or after VB, or by late overpressure failure of
the containment.

Case 2: This case defines the conditions for Attribute B -Rupture.
The conteinment failed by the development of a large hole, denoted
rupture in this analysis. This can occur by isolation failures, by a
hydrogr.n detonation or burn during core degradation, by events
accomp mying vessel breach, by- a hydrogen burn af ter VB, or by late
overpressure failure of the containment.

Case 3: This caso defines the conditions for Attribute C, Leak. The
containment failed by the development of a small hole, denoted a leak
in this analysis. This can occur due to a hydrogen burn during core
degradation or after VB, by events accompanying VB, or by late
overpressure failure of the containment.

|

- .
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Case 4: This case defines the conditions for Attribute D, BMT. The
containment failed by BMT. There are no above ground containment
failures and the containment is not bypassed.

Case 5: This case defines the conditions for Attribute E, Bypass, The
containment was bypassed by Event V or an SCTR, The SGTR may be either

! initiating or temperature induced during the core melt. Even if core
degradation is arrested before the vessel fails, a substantial portion
of the fission products in the core may be released from the fuel and
escape to the environment before a safe, stabic state is reached.

i

. Case 6: This case defines the conditions for Attribute F, No CF. The
j containment did not fail above ground or below ground, and it was not

bypassed.

Characteristic 11. RCS-Ilole (Number of large holes in the RCS)
2 Attributes, 2 Cases

I The attributes for this characteristic are:
3

A. 1-ilole There is only a single large hole in the RCS following VB.

B. 2 Holes There are two large holes in the RCS following VB.

This characteristic determines if there is effective natural circulation,

through the reactor vessel in the period following its breach. The source
term experts gave two distributions for the parameter that determines the
late release of fission products from the vessel; one distribution applied
when there was natural circulation, and the other distribution applied when
there was no natural circulation through the vessel. For effective natural

; circulation to take place, two large holes are required, neither of which
involves a long path between the vessel and the containment atmosphere.
The vessel failure, of course, creates one such hole. The question, then,
is whether there is another hole that is not very small or does not lie at
the end of a long or circuitous length of pipe.

Case 1: This case defines the conditions for Attribute A, 1-Hole.
There is only one large hole in the RCS fol'. awing VB. "A" and "S"*2,

size breaks are considered to be large h%es, so they are excluded.
Event V is included here, as the pathwa, is too long for effective
natural circulation. The same holds true for SGTR. "S " size breaks3

a are too small to allow effective naturai circulation, and-most S3

breaks are pump seal failures, in which c ase the path is too long
anyway.

Case 2: This case defines the conditions for Attribute B, 2 Holes.
There are two large holes in the RCS following VB. A size breaks are
obviously large holes, and S breaks are also considered to be large2

holes. The typical scenario for Alpha mode failure has the entire head
of the vessel torn off. Natural circulation may be expected to be
vigorous in this case due to the heat production in the vessel. In the

.

9
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Rochet mode situation, there was gross failure of the bottom head, and
the upward anotion of the vessel tore off the hot and cold legs, so
again natural circulation will be very effective.

|

Characteristic 12. E2 IC (Early ice condenser function)
3 Attributes, 3 Cases

The attributes for this characteristic are:

A. E2 InByp There is no bypass of the IC during the early period, i.e.,

during the RCS releases. The IC is intact.

B. E2 IpByp There is partial bypass of the IC during the early period.

C E2 IByp There is total bypass of the IC or the ice is completely
recited during the early period.

i

This characteristic in conjunction with Characteristic 14 determines what
DF should be credited to the IC for the RCS releases. The ice may be
partially bypassed due to hydrogen detonations or preferential molting and
subsequent channeling. The IC may be totally bypassed due to a rupture
failure of contairunent in the 1.C or due to breach of the boundary between
the lower and upper compartments. For times of c itainment failure in
which catastrophic rupture occurs, the IC is ar sned to be totally
bypassed; however, Characteristic 12 does not reflect this mode of bypass
because SEQSOR already assumes ice bypass when catastrophic rupture occurs.
Complete ice melt also constitutes total ice bypass.

Case 1: This case defines the conditions for Attribute A, E2 InByp.
The IC is totally functional and is credited with the full DF for the
RCS releases.

-

Case 2: This case defines the conditions for Attribute B, E2 IpByp.
There is partial bypass of the IC during the early period. The
effecGvc bvpass level is nominally 10%; i.e., the IC is credited with
an effective DF that is 90% of the DF for E2 InEyp.

Case 3: This case defines the conditions for Attribute C, E2 IByp.
There is total bypass of the IC during the early period. If the ice is
melted and the fans are operating, the IC is credited with an effective
DF that is 20% of the DF for E2 InByp.

Characteristic 13. I2-IC (1. ate IC function)
3 Attributes, 3 Cases

The attributes for this characteristic are:

A. 12-InByp There is no bypass of the IC during the late period, i.e.,
during CCI releases. The IC is intact.

l

| B. 12-IpByp There is partial bypass of the IC during the late period. -

.
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i C 12.IByp There is total bypass of the IC or the ice is completely
ac1ted during the late period.

This characteria. tic, in conjunction with Characteristic 14, determines what
decontecination factor DF should be credited to the IC for the late
relecees. The same mechanisms for bypass as discussed above for
Characteristic 12 apply here.

Case 1: This caso defines the cone.itions for Attribute A, 12 InByp.
;

| The IC is totally functional and is credited with the full DF for the
late releases.'

Case 2: This case defines the conditions for Attribute B, 12.IpByp.
There is partial bypass of the ice condenser durin6 the late period.
The effective bypass level is nominally lot; i.e., the IC is credited
with an effective DF that is 90% of the DF for 12.InByp.

Cass 3: This case defines the conditions for Attribute C, 12.IByp.
There is total bypass of the 10 durinC the late period. If the ice is
acited and the fans are operating, the IC is credited with an effective
DF that is 20% of the DF for 12.InByp.

Characteristic 14 ARFans (Status of ARFs)

The attributes for this characteristic are:

A. ARF.Erly The ARFs operate only in the early period, i.e., during the
,

RCS releases.

B. ARF E+ L The ARFs operate in both the early and late periods, i.e.,

during RCS and CCI releases.

C. ARF Late The ARFs operate only in the late period, i.e., during the
CCI releases.

D. No ARF The ARFs do not operate for the early or late periods.
. . .

This characteristic concerns the operation of the ARFs before VB and during
the initial phase of CCI. This characteristic is used in conjue M n with
Characteristics 12 and 13 to establish the 10 DF. The Source Term Expert
Panel members who evaluated the IC DF, determined that the DF was sensitive
to the number of passes through the 10. If fans are operating, there is
more than one pass through the ice beds and larger DFs are attributed to
the 10. If the fans are not operating, the aerosol laden gases make only a
single pass through the ice, and the DF is not as substantial as when they
are operating.

Case 1: This case defines the conditions for Attribute A, ARF-Erly.

| The fans are operating only for the early period.

Case 2: This case defines the conditions for Attribute B, ARF.E+L. .
The fans are operating for both the early.and late periods. -

A.1.3 14
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Case 3: This case defines the conditions for Attribute C, ARF Late.
1 The fans operate only for the late period.
!
4

case 4: This case defines the conditions for Attribute D, No ARF. - The'
,

j fans do not operate for either the early or late periods.
;
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A.I.4 Listing of the Secuovah Binner

| Section 2.4 of this volume gives a general description of the ApBs and
defines each attribute of each characteristic. That material is not

. repcoted here. Subsection A.1,3 is a detailed case by case description of
the binner. The binner itself, a compute .nput file read by EVNTRE, isi

j listed in this section. When used as com; ter input, the binner follows
directly behind the APET vithout any break in the input file. It has been
separated here for clarity.

The Sequoyah binner used in the accident progression analyses for NUREC-
1150^.1 3 consists of 225 lines of coroputer input. The binner file uses a
format similar to that used in the APET, with the same mnemonic
abbreviations for each branch of every question. The structure of the
binner file is explained in the EVNTRE reference manual. A 1-18

,

.

The binner was developed along with the _ APET on a pc spreadsheet program,
which greatly facilitates keeping track of the references to APET questions
when questions are added or subtracted, or when the order of the questions
is changed in the course of the development of the tree. The binner
appears below as developed on the spreadsheet program. *

.

4

I

.

O
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1

i
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1

1
tequoyah Fir.htng 16 Chestetettstits

| 16 CF time Spreys CC1 RCS Ites Yb44 ace SOTR

| Amt CCI Er On liittr CF tA e RCS Ilote 12 IC

j 12 IC Akrant
i 7 11 V Dry V Wet Cr*Estly CF 61VP CF Lete CrWLete ,.

NoCr
2 1 1 16

) 4 * 2
bek V & V-Dry

5 2 2 1 15

| 4 * 1

htk+V & V Wet
1 7 7 12 $6 02 76 103 107 100 _ .

'

2 * 1 + 1 * 3 * 1* '2 + 1

{'
nob-Led & Enct & InCr & InCFDCn & LnCF & ticlH1 & L2nct

4 3 12 $6 $8 $6

1 1 + 4 + $ + C y

| B-Le d et L-CTUCR or E CFLCA et t CFCt.k
* 6 4 82 42 42 ?>

f
4 + $ + $ + 1

i 1 CTU;*R er 1 CritR et 1*CFCtk et 1 CFDCn
j $ $ 103 103 103
' 4 + s + 6

L CTUCR et L*CI'LCR et L*CFCt.R
3 6 109 109 109

7
4 + 6 + 6

L2 Cl"Khor L2 CFLChot L2-Cret.R
, 2 3 $8 $6

j 2 + D

3 E-CTUCL or E CFLCL
2 4 82 42 .

2 + 3
g

1 CTUCL et l*CFLCL
2 $ 103 103

2 + 3

l L-CTUCL ct L-CFLCL

) 3 6 100 109 107
2 + 3 + 1

L2 CTUCLot L2-CFLCL et pft

9 9 Sp Early Sp E+1 Sp E+!+L' SpAlways Sp-Late Sp-L+VL
i Sp*VL fp Hever Sp rinal

4 1 27 $$ 91 106

1 * 1 * ~1 * *1
E Sp & 12nSp & Ln8p & L2nSP

! & 2 27 8$ 91 106
1 * 1 * *1 * . *1

| t Sp & 12 Sp & LnSp & L2ntp
4 3 27 $$ 91 106

1 * 1 * 1 * *1
| E Sp & 12 Sp & L tp & L2r.Sp

4 4 27 $$ 01 106

1 * 1 * 1 * 1.
E Sp & 12*Sp & L Sp & 'L2 Sp

i 4 $ 27 $$ 91 106
1 e 1 e 1 e .1

.

LnSp & 12nSp & L -Sp & L2nSp
4 6 27 $$ 91 .106

'

1 e og e 1 e 1

EnSp & 12nsp & .L-Sp & L2 Sp. [
i 4 7 27 $5 $1 106 b

1 e 1 * 1 e 1

EtiSp & 12nSp & LnSp & L2*Sp
6 $ 27 65 91 106

1 e 1 e 1 e 1

I EnSp & 12nSp & Lnsp & L2nSp
1 9 110 1

1

L3 Sp ..
.

..

6 E Trmt-Dry Prmt Shi- No-Cf trmt Dp ' BD1y Dry LD1y Dry
*

.
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; 1 1 80
i 1

i DryCCI *

1 2 $ 9-,

!' 2
i $5ctCCI

2 3 e9 111
$ * 2,

sicPrCCI & L3nCCI
g

1 4 $9.
'

8
I DSctCCI
I

'4 $ 60
4

i SD1yCCI

, 1 6 111
! 1

L3 CCI .

4 4 E$Pr !!!!'r ImPt LePr i

1 1 25
1<

1 S$tr 1

6 1 2 25

| 3

1, !*llit t
' 1 3 23

! 3

!*1mPr
1 4 25

4

!*l. opt

6 6 VB Hit 1E VD Pour VB Btalld &lpha Rocket Ho*VB
1 1 6$.,

, 1

PsEj
1 2 65

2
Pour

I 2 3 6$ 70
1 3 * 3
I t t.m!'d & nRocket

1 4 6$
4

I Alpha
1 5 70

8
*

Rocket
1 6 65

$
noVB

3 3 $0TR S0-SRVO No*BOTR
3 1 1 3 20

$ * 2 + 1-

B-80TR & SSRVnSO or E*SOTR
2 2 1 3-

5 * 1

B*SGTR & CSRV-SO
2 3 1 20

3* 2

noBSOTR & noESOTR
4 4 !!1*CCI Hed-CCI Lo-CCI No CCI
2 4 89 111

$.* 2

~ noPrCCI & L3nCCI
1 1 67

1

- CCI-lii
1-2 87

- - .

2 .
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3 |
J

1

I
i

CCI Hed
1 1 67 I

! 3 l

CCI Lo
|. 2 2 Lo-tr0x Hi Trox
1 1 1 39
| 2

Lo-Erom

i 1 2 30

d lli-Zr0si

; 4 4 tit !!!ME Md filHE Lo-HINE No ElHE
j $ 1 6$ t.$ 25 67 63

( 1 + 3 * -4 )* 1 * -3,

"
( PrEj or BtmHd & InLorr )* fli FCor & InoRCDP

.

S 2 65 65 25 67 63
( 1 + 3 * +4 )* 2 * +3

'

| ( PrEj or BtmHd & Inlett )* Md-TCor & InokCDP
5 3 $$ 6$ 2$ 67 63

( 1 + 3 * +4 )* 3 * +3

|
_ 4 6S 63

( PrEj or BtmHd & IntoPr )* Lo TCor & InoRCDP
2

+1 -+ 3

McPrEj or E2 cdp
6 8 Cat *Rpt Rupture Leak BMT Bypeas . No CF
4 1 $6 82 103 100

6 + 6 + 6 + 6
E-CFCtR or 1*CFCtR or L CFCLR or L2-CTCtk

4 2 58 62 103 10G
"

4 + 4 + 4 + 4

E-CTUCR or I CTUCR or L-CFUCR or L2-CI'UCR
4 2 $6 82 103 100

$ + 5 + 5 + $

E-CFLCR er I*CFLCR or L-CFLCR or L2 CFLCR
S 3 56 82 103 100 12

2 + 2 + 2 + 2 + 1

E-CFDCL or I-CTUCL or L-CFUCL or L2-CTUCL or B-Lesk
5 3 $8 82 103 100 76-

! 3 + 3 + 3 + 3 + 1
,

E*CFLCL or 1 CFLCL or L*CFLCL or L2 CFLCLor 1*CTDCn
1 4 107

1

BMT

3 5 1 1 20
4 + 5 + 1

Brk+V or B-SGTR or E SOTR -
6 6 12 $8 82 103 107 100'

2 . * 1 * 1 * 1 * 2 * I.

ncB-Leak & EnCF & InCT & Lncr & noBMT & L2nCT
2-2 1 Holo 2 Holes.
4 1 24 24. . 64 70

.g a *2 * 2 * 3
ncEBD-A & noEBD-82 & noAlpha EnRocket

4 2 24 24 64- -70
1 + 2 + 1 + 3

EBD-A or EBD-82 or Alpha or Rocket
3 3 E2-InByP E2 !pByP E2 IByP.-
1 1 50-

3

.E2n1BP
1 2' $9

2
E2-1BF2

2 3 $9 58
1 + 5

E2-1BP1 or E-CFLCR
3 3' 12-InByP I2-IpPyP 12-IByP-
1 1 83 -
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A.1.5 Description of the Scauovnh Rebinner

Section 2.4 of this volume gives a general description of the APBs and
defines each attribute of each characteristic. That material is not
repeated here. The Sequoyah rebinner used in the accident progression
analyses for NUREG 1150418 makes very few changes in the original binning
of the APET output.

For binning Characteristic 2, containment _ spray operation, Attribute 8, Sp-
Never, and Attribute 9, Sp Final, are combined into one attribute in the
rebinner because operation of the sprays in the final period does not
affect the fission- product release as calculatted - by SEQSOR. For
Characteristic 10, containment failure size, two pairs of attributes are
coalesced. Attributes 3, Leak, and 4, BMT, are combined because SEQSOR
treats BMT as a leak when computing releases. Attributes 5, Bypass, and 6,
No CF, are combined because in either case the primary mode of fission 4

,

product release is not through a failure of the containment. For SGTR, in i
which early containment failure is much more likely than for Event V, |
releases due to containment failure are calculated separately and added to i
the SGTR releases. !

i
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! A,1.6 M stinr. of the Sequovab Rebinner

Section 2.4 of this volume gives a general deteription of rebinning and
: defines each attribute of each characteristic of the accident progression

bins. That material is not repeated here. Subsection A.1.5 describes the
function of the rebinner. The rebinner itself, a computer input file read,

: by the EVNTRE postprocessing code, PSTEVNT, is listed in this section,
i

j The rebinner file uses a format similar to that used in the APET binner.
It uses mnemonic abbreviations for each attribute of.each characteristic'in<

j a manner similar to the way- in which the binner itself makes use of the
innemonic question and branch mnemonic indicators of the APET. The
structure of the rebinner file is explained in the PSTEVNT reference
manual , NUREG/CR.5360. A 120 '
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Segwoyah Lobinnlos 14 Attributes
16 CF *1 tre Stroys CC1 RCS Fres VB4bde S3TR

Amt*CC1 tr-Os Ettit CT Site ECS-Bole L2-1C

12-3C AATans
7 7 V Dry V wet Ct larly CT*etVB CT* Late CT-VLate

NoCF

1 1 1

1

V Dry
1 2 1

2

v Wet
1 3 1

3

CFalarly

1 4 1

4

CT*stVB
1 5 1

S

CF Late
1 6 1

6

CF Vinte
1 1 1

7

NOCT
e6 tr*tarly Sp E+1 Sp t+1+L SpAlways Ep Late Sp*L+VL

5p+VL Sp-Hon 0p
1 1 2

1

Ep tarly
1 2 2

2

Sp !*1
2 3 2

3

Sp-!+1+L
1 4 2

4

$pAlways
1 $ 2

S

Sp* Late
1 6 2

6

Sp*L*VL
1 7 2

| 1

Sp YL
2 0 2 2

6 + 9
$p-Never cr$p Tinal

! 6 Frat * Dry Prat Sh1 No CCI Pret Dp ED1y* Dry 1.Diy* Dry
1 1 3

1

Frat Dry

1 2 3

2

Prat Ch1
1 3 3

3

No-CCI
1 4 3

4

Pret*Dr
1 5 3

5

SD1y Dry
1 6 3

'

6
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LD1y Dry
4 6 $$tt Eart Inte LeFr

1 1 4

1

L$tt
1 1 4

2

Eitt
|
i 1 3 4

3

Inst
1 4 4

4

LoPr
6 6 V3*E M VB Pour Yt StaJid Alpha Rocket Fo*VB

1 1 5
1

V8 E M
1 2 5

1
2 '

VP Four
1 3 $

1

VB StnJid
1 4 $

4

Alpha
1 3 5

S

Rocket
1 6 $

6

No VB
3 3 SGTR $3 SRVO No SOTR

1 1 6

1

80TR

1 2 6
2

80 5RVO
1 3 6

3

No 83TR
4 4 El-CCI H @ CC1 Lo CC! No CCI

i 1 7

1

Ei CCI
1 2 7

2

Hed CCI
1 3 7

3

Lo*CCI
1 4 7

4

No CCI
2 2 Lo tror I!1 Eroz
1 1 6

1

Le it0s
1 2 8

2
E!*Er0x

4 4 Bi E M M*EM Lo E M No EM
i 1 0

1

El E M
1 2 9

2

NEM
1 3 0 - ,
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Lo Bitte
1 4 9

' 4

No* Bitte
4 6 Cat Rpt Rupture Le A No CT

i
1 1 10

1

Cat Rpt
1 2 10 !

2

Rupture
2 3 10 10

3 + 4

Lea et Stff |

2 4 10 10

5 + 6

typass er No-CF
2 2 1 Holo 2 Boles
1 1 11

1

1* Hole
1 2 11

2 -

2 Holts
3 3 T.2 IntyP E2 !ptyP E2-1ByP
1 1 12

1

12 ItJy?

1 2 12
2

E2 1 PyP5

1 3 12
3

E2=IPy?
3 3 12 IrayP 12 !pty? 12 IBy?

1 1 13
1

12 IntyP
1 2 13 <

2

12 !pByP
1 3 13

3

12 !!yt

a 4 MJ isly ).FJ E+L e35 Late No-tJJ

1 1 14
1

133 itly 4

1 2 14

( 2

MJ t+L
1 3- 14

3

MJ Lete
i 1 4 14

i 4

No ART
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A.2 DESCRIPTION AND LISTINC OF Tile USER FUNCTION

A.2.1 Description of the User Punction for the Scouovah APET

The user function is a FORTRAN function subprogram that is linked with
EVNTRE after compilation. Without the user function, EVNTRE is applicabic
to any event tree evaluation problem. Once linked with the user function
for the Sequuyah APET, however, an executable module of EVNTRE specific for
Sequoyah 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 that are performed in the user function
in support of the Sequoyah APET are:

Compute the amount and distribution of hydrogen in the containment*

during the various time periods;

Compute the concentration and the flammability of the atmosphere ine

the containment during the various time periods;

e Calculate the pressure rise due to hydrogen burns and adjust the
amounts of gases consumed in the burns accordingly; and

Determine whether the containment fails and the mode of failure.e

The Sequoyah user function consists of a series of computational modules.
Each module is identified by a character string, or name, that can consist
of up to six characters. The APET accesses the computational modules
through these names. APET question types 6 through 8 are used to access
the user function. The command in the APET used to access the user
function is FUN-######, where # represents an alphanumeric character. For
example, the command FUN-il2xv1 in Question 42 accesses the computational
module ll2xV1 in the user function. The various computational modules in
the Sequoyah user function are listed in 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

i is also included in this table.

( The Sequoyah user function uses four other FORTRAN functions: PSLOW, PFAST,
ll2 BURN and XINTRP. The functions PSLOW and PFAST determine whether the
containment fails and the mode of failure for the slow and fast pressure
rise methodn, respectively. The logic coded in these two functions is

! explained more detail in the following paragraphs. The function H2 BURN
calculates , overpressure that results from the combustion of hydrogen in
an air /ste, mixture based on the adiabatic isochoric complete combustion
(AICC) model. This function is used in conjunction with information I

provided by the Containment Loads Expert Panc1 to determine the peak
pressure in the containment following a hydrogen burn. The function ll2 BURN lcalls the function UENERG, which is used to calculate the change in |internal energy of the gaseous constituents as a result of the burn. The
function XINTRP is a utility function used to lineurly interpolate between - |

|
points in a distribution. |*
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The method of determining containment- failure and the mode of failure -
warrants additional-discussion. Furthermore.-the method as explained below
considers three modes of failure: leak, rupture, and catastrophic rupture.<

Two of the modes are associated with two failure locations: leak or
. rupture can occur in either ther lower or-upper containment, thus
2

establishing whether the IC is bypassed when- . the containment fails. :
Catastrophic. rupture is considered to be a-global type of-failure and thus '

) there is no failure location variation for this failure mode. The' methods
1 can also be extended to - more than three modes of failure. In fact, the

f- routines coded in the functions pSLOW and PFAST can handle five locations |_

4 with up to five failure modes at each location, t

The method for determining the mode of containment failure for a pressure
i rise that is slow compared to the leak - rate is straightforward, but _the

method for determining the mode of containment failure for a~ pressure rise
which is fast compared to the leak rate is more complex. .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 thea

; mode of failure. The load pressure depends on the progression of .the
; accident and it can either be a fixed value or-it 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 whether the pressure
j rise is slow or fast. If the load pressure _is loss 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--

(contained in the array PCONC) for the load pressure are us.ed directly. If;

| the random number is less than the leak conditional probability", _ the
j failure modo is leak. If the random number is greater- than the leak
; -- conditional probability but less than ' the sum o f . the leak conditional
| probability - and the rupture conditional - probability, the failure mode is
: rupture. If the random number is- greater than the sum of the1 leak
[ conditional probability and the rupture conditional probability, the
| failure mode is catastrophic rupture.

_

Consider an example in which the failure pressure is 412 kPa 'and the load-
pressure is greater than 412 kPa. The data statement for_the array PCONC
in the user function supplies random values for the modes _and-locations in

.L the following order: leak, lower compartment leak, upper compartmentL
rupture, lower compartment; rupture, upper compartment; catastrophic-

;. rupture; and no' failure (to fill the array). The conditional probability
for leak at 412 kPa_is 0.15,-so if the random number _is less than 0.15 the,

[ failure mode is leak. The interval conditional probability for rupture is
; 0.78, so if the number is between 0.15 and 0.93, the failure mode is a
L . ,

.
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rupture. The interval conditional probability of catastrophic rupture is 1

0.07, so if the random number is betwcon 0.93 and 1.0 the failure mode is |
catastrophic rupture. !

If the pressure rise is fast compared to the time it takes a leak to
depressurize the containment, the determination of the failure mode is more '

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 presourc will keep on rising until-the load pressure
is reached or until a rupture or catastrophic rupture occurs and terminates
the pressure rise. Figure A.2-1 illustrates the process for discrete
steps. At the failure pressure, there is some probability of rupture and
catastrophic rupture. The bulk of the failures are shown as leaks in this
illustration, and for them the pressure rises.to the next step,,where again
a fraction are converted to rupture and catastrophic rupture. The process
stops at the load pressure. The leak fraction remaining at that pressure
is the total leak probability. The rupture probability is the total of all
the rupture fractions at all the steps, and similarly for catastrophic '

rupture.

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 of rupture or catastrophic
rupture at all these intermediate pressures, and then sums them to obtain
tccal conditional probabilities for each failure modo, 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 choose the failure modo as in the slow pressure
rise case,

consider an example in which the failure pressure is 412 kPa and the -load
pressure is 446 kPa. If the containment fails by rupture or catastrophic
rupture at 412 kPa, the failure is so large that the pressure rises no
further. However, if a leak develops at 412 kPa, the pressure will keep on
rising, and a rupture or catastrophic rupture may develop between 412 and
446 kPa. The probability of an additional failure between 412 and 446 kPa
is proportional to the failure probability density (FPD) for this pressure
interval. The-portion of the cumulative failure probability (CFP)
distribution below 412 kPa is discounted since failure has occurred-at 412
kPa. Thus, the probability used to determine if an additional failure will
occur between 412 and 446 kPa is not FPD(interval 412 to 446) - 0.041
(i.e., CFP;446) - CFP(412)), but FPD(interval 412-to 446) / ( 1 - CFP(412)).- 0 . 0 ',1 /( 1 - 0,083 ) 0.045. The conditional probability of-

additional ruptures forming between 412 and 446 kPa is the conditional leak
probability at 412 kPa times the conditional rupture probability for the
interval times the failure probability for the interval. For the
conditional rupture probability, O for the-interval between 412 and 446n,
kPa, the average of the rupture values for 412 and 446 kPa is used: ( 0.78,

l + 0. 83 ) / 2 - 0,81, Thus, the total conditional probability of rupture,
for rapid pressure rise with a failure pressure of 412 kPa and a load
pressure of 446 kPa, la:

0.78 + 0.22 * 0.81 * 0.045 - 0.79. -

|
*
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{ Figure A.2-1, Process Used to Determine the Mode of Contaitunent Failure
for Fast Pressure Rise

|

|
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In general terms, this is:
|

Rrp(i) - R,p(1 1) + Ra(1-1) * 0.5 * ( C,p(i) + C,p(1-1) )
* FPD(1) / ( 1 - CFP(1 1) )

where C,p, FPD, and CFP have been defined above and R,p and Rm are thei

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 been found the
remaining leak fraction is found from:

Ra(i) - 1 R,p(i) R ,(1) .

For a rapid pressure rise, a_ failure pressure of 412 kPa, _and a load pressure
of 446 kPa, the conditional probabilities of leak, rupture, and catastrophic
rupture may be shown to be 0.13 and 0.79, and 0.08 respectively. To determine
the mode-of 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 less than 0.13 the failure mode is leak. If the random number is between
0.13 and 0.92 the failure mode is rupture, and if the random number is greater
than 0 92, the failure mode is catastrophic rupture.

So, to find the conditional failure mode probabilities for fast pressure rise,
function PFAST integrates from the failure pressure to the load pressure in
34.5 kPa increments, incrementing the rupture and catastrophic rupture
conditional probabl11 ties at each step, and decreasing the leak conditional
probability. Partial intervals are used at the beginning and the end of this
process.

. .
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Table A.2 1 ;

Sequoyah User Function Description

! UFUN Question
! Name Number Descriotion-

Il2xV# - 42 During the time _ of . core -degradation, the L hydrogen i

distr.ibution between the four containment
compartments is calculated (#.- 1 7). .

Il2Cnc# 43,44,45,46 Computes.the hydrogen concentration (molo %) and burn
completeness (if _ ignition occurs). in- the four
containment: compartments during _ the ~ timo _ of core-
degradation (#_- 1 6).

Burn # 54 Calculates _the pressure rise in containment =due to a
hydrogen: deflagration ' during-_ the ' time of core-
degradation (# l-4).

,

.

CFDet 58 Determines whether the containment fail's during core
degradation by hydrogen. detonation. The failure mode
is always set.to_ upper compartment rupture.

NoCF 58,82,103,109 This is a dummy _ function that re. ns- a . value
: associated with -no containment failure. This
! function is. called either if no events occur to cause -

failure or if an : earlier rupture =has occurred, thus-
precluding subsequent overpressure failure.

CFFst 58,82,103 Determines whether the containment fails and the mode
i of failure from quasi-static pressurization events,

i
CFS1w 58,103,109 Determines whether the containment fails and the mode-

of failure caused by slow pressurization _ events.

H2 Cont -62 Calculates the - fraction of ' hydrogen released in-
_ vessel _that exists in_ containment-immediately'bdfore-

,

VB.
,

- .

|

.

e s

es
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Table A.2-1 (continued)

UFW Question
Name limber De s c ri tition

'
,

'

DPVB 77 Calculates the peak pressure rise at VB when a
correction is made for ice bypass (if any occurs).

H2VB 80 Deterinines the anount of hydrogen that is released- to
contaitunent at VB.

AlphCF 82 This is a dummy function that returns a value
associated with a rupture failure of contaitunent: and
is called if Alpha tuode failuro of 'the vessel and
containment occurs.

.

StExCF 82 This is a dummy function that returns a value
associated with a rupture failure of containment, and
is called if a steam explosion that fails containment
occurs.

CCI* 95 Calculates the amount of hydrogen, carbon monoxide
(as well as its hydrogen equtvalent), and carbon
dioxide generated during prompt CCI (# - 1 3).

02 Late 96 Determines the amount of oxygen that remains in
containment alter VB.

H2CCI# 97 Determines the amount of combustibic gas thet is in
containment for the late time period (# - 1 2).

LtCone 99 Calculates the concentrations (mole %) .of hydrogen,
oxygen, carbon dioxide and steam that exist in
contaitunent during the late time period. ~

Brn# 102 Calculates the pressure rise in contaitunent due to a
late hydrogen deflagration (# - 16) .

NoBurn 102 This is a dummy function that returns a value of zero
far the pressure rise when no burn occurs.

.
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j A.2.2 Listinn of the Seouoyah APET User Function
u

This section Contains a listing of the FORTRAN function subprogram SEQUFUN.FOR'

C
].
'

C

C SEQUOYAH APET USER FUNCTION SUBROUTINE
C

C

C THE FUNCTION UTUN MANIPULATES Tl!E PARM1ETERS THAT ARE ASSIONED IN THE
C CET. THE LOGIC FOR CALLING THE UFUN IS CONTAINED IN THE CET, UTUN
C ONLY MANIPULATES THE PARAMETER VALUES. THE PARAMETER N'JtBERS ARE
C CONTAINED IN THE ARRAY IDARO (e.g. IDAR0(1) CONTAINS THE FIRST PARAMETER,

C NUMBER LISTED FOR A CIVEN FUNCTION CALL). THE ARRAY ARG CONTAINS THE#

C VARIOUS PAR #!ETER VALUES FOR ALL THE PARAMETERS DEFINED IN T!!E TREE PRIOR
C TO THZ CALL FOR THE USER FUNCTION. NARG IS THE NUMBER OF PARAMETERS LISTEDy

C FOR A CIVEN FUNCTION CALL. NAME CONTAINS THE NAME (6 CHARACTERS) 0F TIII
j C 100ULE IN -UTUN TO BE ACCESSED. THIS CHARACTER STRING CORRESPONDS.70

C THE NAME ASSIONED IN THE CET (e.g., "li2xV1" FROM " TUN-82xV1")
C

FUNCTION UTUN(NAME,NARO,IDARG,ARG)

C
D IMENS ION AR0( * ) , ID AR0 ( * ) , PT ABLE ( 5, 5 ) , FX ( 5 ) , PY ( 5 ) , FC ( 20 ) , PTC ( 20 ) ,

1 PCONC(20,5,2),M N(5)
CHARACTER *6 NAME
RIAL N2, INERTS

C

C INPUT DATA
C

DATA C11!I2, C12H2, C2182, C22!'2 /1400. , 0. , 639. ,140./
DATA C11CO, C12CO, C21CO C22C0 /2000 , 0,, 959., 260 /

DATA C11CO2, C12CO2, C21CO2, C22CC2/160,, 0., 120.0, 10./

C

C STRUCTURAL CAPACITY INPUT FOR THE CONTAINMENT FOR QUASI-STATIC LOADS
C PC = PRISSURE (kPa)

TOTAL CUMULATIVE FAILURE PROBABILITY CORRESPONOING TO PCC PTC a

CONDITIONAL FAILURE FOR EACH FCDE AT EACH LOCATICHC KONC =

N'JMBER OF FAILURE LOCATIONSC HPLC =

NUMBER OF POINTS IN PC AND PTCC NFFC =

C MPC(K) = TOTAL N'atBER OF MODES AT LOCATION K
C '

DATA PC/ 273.7, 308.2, 342.6. 412.1, 411. E . 4 4 6.1, 480.5,
,

412.0, 549.5, 564,0, 618.4, 652.9, 687.4, 721.0,*

756.3, 790.8, 825.3, 659.8, 894.2, 928.7/*

C

DATA PTC/ 0.000, 0.018, 0,038, 0.060, 0.083, 0.124, 0.197,
0.39$, 0.527, 0.706, 0,780, 0.833, 0.878, 0.922,' *

* 0.948, 0.975, 0.987, 0.994, 0.997, 1.000/
'

C

C DATA PCONC/ 0.091, 0.091, 0.001, 0.026, 0.026. 0,000, 0.000,
0.000, 0.014, 0.207, 0.001, 0.001, 0.010,.0.000,C *

4

0.011, 0.007, 0.007, 0.007, 0.007, 0.007,C *

0.152, 0.152, 0.152, 0.026, 0.026, 0.014, 0.014,C *

0.000, 0.145, 0.040, 0.143, 0.077, 0.000, 0.000,C *

0,000, 0.000. 0.000, 0.000, 0.000, 0.000,C * ,

0.086, 0.086, 0.086, 0.107, 0.107, 0.239, 0.211, jC *

0.039, 0.039, 0.070, 0.024, 0.019, 0.019, 0.019, qC *

0.019, 0.019, 0.019, 0.019, 0.019, 0.010,. 1C *

M 30, 0.338, 0.338, 0.483, 0.483, 0.306, 0.167,C *

0.039, 0.039, 0.019, 0.060, 0.198, 0.339, 0.339,; C *

0.019, 0.019, 0.019, 0.019,'O.010, 0.010,C *

0.333, 0.333, 0.333, 0.359, 0.359, 0.442, 0.608,C *

0.922. 0.762, 0.664, 0.752, 0.705, 0.633, 0.635,C *

0.952, 0,956, 0.956, 0.956, 0.956, 0.056,C *

0.000, 0 000, 0.000, 0.000, 0.000, 0.000, 0.000..
| C *

-

|
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C * 0,000, 0,000, 0.000, 0.000, 0.000, 0.000, 0.000,
D a to, 0.000, 0.000, 0.000, 0.000, 0.000/C *

C

0ATA PCONC/ 1.000, 0.273, 0.250, 0,076, 0.075, 0.000, 0.000,
i0.000, t.018, 0.390, 0.000, 0,004, 0.029, 0,023,*

0.032, 0.021, 0.020, 0.021, 0.022, 0.022,*

0.000, 0.455, 0.417, 0.076, 0.075, 0.041, 0.023,*

0.000, 0.177, 0.075, 0.004, 0.000, 0.000, 0.000,*
* 0.000, 0.000, 0.000, 0.000, 0.000, 0,000,

0.000, 0.091, 0.097, 0.154, 0.154, 0.571, 0.340,*

* 0.034, 0,050, 0.107, 0.023, 0.000, 0.000, 0.000,
0.000, 0.000, 0.000, 0.000, 0.000, 0.000,*

0.000, 0.182, 0.236, 0.619, 0.622, 0.255, 0.240,*

0.034, 0.050, 0.009, 0.024 0.000, 0.000, 0.000,*

0.000, 0,000, 0.000, 0.000, 0.000, 0.000*

0.000, 0.000, 0.000, 0.076, 0.075, 0.133, 0.397,*

* 0.933, 0.704, 0 419, 0,950, 0.996, 0.971, 0.977,

0.068, 0.979, 0.980, 0.979, 0.978, 0.978,*

0.000, 0.000, 0.000, 0.000, 0.000, 0.000, 0,000,*

0.000, 0.000, 0.000, 0.000, 0,000, 0.000, 0.000,*

0.000, 0.000, 0.000, 0.000, 0.000, 0.000/-*

DATA HPLC, NPPC, MPC/2, 20, 3, 3, 3*0/
C

C== = --==-==== = - - ======-

C

C DISTRIBUTION OF HYDROGEN IN CONTAINMENT BEFORE VESSEL BREACH
C QUESTION 39 IN THE CET
C User Functions - H2xV(1-7)
C The following values are in kg molest
C ARG(11) = E-H2inV, Amount of H2 Benerated in-vessel
C AR0(12) = E-H2exv, Fraction of H2 released before VB
C ARG(13) = H2 LC, Amount of H2 in lower compartment
C ARG(I4) a H2 IC, Amount of H2 in ice condenser
C ARG(15) = H2-UP, Amount of H2 in upper plenum
C ARO(16) = H2*UC, Amount of H2 in upper compartment
C

IF(NAME(:4).EQ.*H2xV')THEN
11=IDARG(1)
12=ICARG(2)
13=IDARG(3)
14=IDAR0(4)
15=IDARG(5)
70=IDAR0(6)

C

C 'XLC' = Fraction released to lower compartment
C 'XIC' = Fraction released to ice condenser
C 'XUP' = Fraction released to upper plenum
C 'XUC' = Fraction released to upper compart.mont
C

C For releases to contai ment, these fractions are subject
C to the constrainti
C XLC + XIC + XUP + XUC = 1.0
C

C No early blowdown, no hydro 5en released to containment.
IF(NAME(5:6).EQ.'1 ')THEN

3 XLC=0.0
XIC=0.0
XUP=0.0
XUC=0.0
GO TO 10

C Isolation f ailure, hydtc6en released from vessel is i.enked from
C containment

ELSEIF(NAME(516).EQ.'2 ')THEN
XLC=0,0

XIC=0.0
XUP=0. 0
XUC=0.0

.
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ARG(11)=(1-ARG(12))*ARG(II)
00 TO 15

C Fans operating, and thus the hydrogen la well-mixed in containment.
C Compartment voltenen are:

C LC - 10912 m'3, IC - 3475 m'3, UP - 1330 m'3, UC - 19355 m'3
ELSEIF(NAME(!:6).EQ.'s ')Th&N

XLC=0.31
XIC=0.10
XUP=0. 04
XUC=0,55

00 TO 10
C Fana not operating and flow diversion from the lower compartment to the upper compartment through
C Lhe floor drains. The expert specified values to be obtained from the
C CONTAIN S3B calculation

Ei.SEIF(NAME(5:6).EQ '4 ')THEN
XLC=0,44
XIC=0.13
XUP=0.01
XUC=0.42
00 TO 10

C Fana not cperating but upper containment well-mixed and there is a
C " clear path" from the lower compartment to the upper compartment through the IC. The experts specified
C that values be obtained .from HECTR calculations.

ELSEIF(NAME(5:6).EQ.'S *)THEN
XLC=0.35
XIC=0.36
XU P=0. 0 3

XUC=0.26
00 TO 10

C Fans not operating but upper containment well mixed and there is no
C " clear path" from the lower compartment to the upper compartment through the IC. The arperts specified
C that values be obtained from HECTR calculatiens, with 50I of the EECTR
C fraction of hydrogen in the dome, with the remainder distributed in
C proportionate quantities throughout the other compartments.

ELSEIF(NAME(5:6).EQ.'6 *)THEN
XLC=0.35 + 0.35/0.74 * 0.26*0.5
XIC=0.36 + 0.36/0.7% * 0.26*0.5
XUP=0.03 + 0.03/0.74 * 0.26*0.5
XUC=0.26*0,5

00 TO 10
C Fans not operating and no mixing. The experts specified that values
C be obtained from HECTR calculations, with 101 of the EECTR fraction
C of hydrogen in the dome, with the remainder distributed in proportionate
C quantities throughout the othar compartments.*

ELSEIF(NAP 2(5:6).EQ.'7 ')THEN
XLC=0.35 + 0.35/0.74 * 0.26*0.9
XIC=0.36 + 0.36/0.74 * 0.26*0.9
XUP=0.03 + 0.03/0.74 * 0.26*0.0
XUC=0.23*0.1

ENDIF
C Define the arguments and user function

10 .ARG(13) = XLC*ARG(II)*ARG(12)
ARG(14) * XIC*ARG(11)*ARG(12)
ARG(IS) = XUP*ARG(II)*ARG(I2)
AR0(16) = XUC*ARG(II)*ARG(12)
AR0(II) = (1 ARG(12))*ARG(11)
UFUN = ARG(I3)+ARG(I4)+AR0(IS)+ARG(I6)-

15 RETURN
C
C=== == ======= = = = - = = = ==

C

C WHAT IS THE HiDROGEN CONCENTRATION .IN THE 1.OWER CMPARTMENT, ICE
C CONDENSER, UPPER PLENUM AND UPPER C W PARTMENT BEFORE VB7
C QUESTIONS 40, 41, 42, AND 43 IN THE CET

..
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C User functions - H2Cnc(1-6)
C The following values are in ks-moles -

C AR0(11) * (Capt) 02, Amount of 02 in Cmpt
C AR0(12) = (Capt) Stm, Amount of steam in Capt
C AR0(13) = H2-(Capt), Amount of H2 in Cmpt j

| C AR0(14) = Burn completeness (siven ignition) in Cmpt ;

C N2 = Amount of N2 in Capt
C

ELSEIF(NAME( 5).EQ.'B2Cnc')THEN
11=IDAR0(1)
12=IDAR0(2)
13*IDAR0(3)
I4=IDARO(4)
02=AR0(II)
H20=AR0(12)
H2=ARG(I3)
N2 = 02/0.21*0.79

C Hydrogen concentration in lower compartment and upper compartment, fans operating, turbulent burn
C completeness model

IF(NAME(6:6),EQ.'1')THEN
TOTAL = H2+H20+021H2
X1 = 26.638
X2 = 1.0463
00 TO 20

C Hydrogen concentration in lower compartment and upper compartment, fans not operating, quiescent
C burn completeness sedel

ELSEIF(NAME(6:6).EQ.'2')THEN-
TOTAL = H2+H20+02+N2
X1 = 30.499
X2 = 1.2827
GO TO 20

C Hydrogen concentration in IC, fans operating, turbulent burn
C completeness model

ELSEIF(NAME(6:6).EQ.'3')THEN
TOTAL = H2+(H20+02+N2)*3475./(1330.+3475.)
X1 = 28.638
X2 = 1.0463
00 TO 20

C Hydrogen concentration in IC, fans not operating, quiescent burn
C completeness model

'ELSEIF(NAME(6:6).EQ.'4')THEN
TOTAL = H2+(H20+02+N2)*3475./(1330.+3475.)
XI = 30.499
X2 = 1.2827
CO To 20

C Hydrogen concentration in UP, fans operating, turbulent burn
C completeness model

ELSEIF(NAME(6:6).EQ.'5')THEN
TOTAL = H2+(H20+02+N2)*1330 /(1330.+3475. )
X1 = 28.638
X2 = 1.0463
GO TO 20

C Hydrogen concentration in UP, fans not operating, quiescent burn
C completeness model

ELSEIF(NAME(6:6).EQ.'6')THEN
TOTAL = H2+(H20+02tN2)*1330./(1330 +3475.)
X1 = 30.499
X2 = 1.2827

ENDIF
20 UTUN = H2/ TOTAL

XSTH = H20/ TOTAL
A = XSTM*(-4,1966+3.3985*XSTM)
AR0(I4) = AMIN 1((X1*UFUN - X2)*EXP(A),1.0)
RETUR'!

,
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C = == - ==== = ===== = === = ==-= = == = = = = = = = = = ~ ~ = =====
C

! C FRESSURE INCREMENT FROM HYDROGEN BURNS
' C QUESTION 51 IN THE CET

C User functions - Burn (1-4)
C The values of 02, Stm, and H2 are in kg* moles:
C AR0(II) = E-FBese, Early beseline pressure, kPa
C AR0(12) = E-LCBC, Burn completeness in LC
C AR0(13) = E-!CBC, Burn completenecs in IC
C AR0(14) = E-UPDC, Burn completeness in UP
C AR0(15) = E UCBC, Burn completeness in UC
C AkO(16) = DP EDet, Pressure rise in containment, kPa
C AR0(1) = LC-02, Amount of 02 in LC
C ARG(2) = IC-02, Amount of 02 in IC, UP
C AR0(3) = UC-02, t. mount of 02 in UC

C AR0(4 ) = LC+$ te, Amount o f s te am in LC
C AR0(5) * IC*Stm, Amount of steam in IC, UP
C AR0(6) = UC-Stm, Amount of steam in UC
C AR0(10) = H2-LC, Amount of H2 in LC
C AR0(11) = U2 IC, Amount of H2 in IC
C AR0(12) = H2-UP, Amount of H2 in UP

| C AR0(13) = H2 UC, Amount of H2 in UC
'

C AR0(10) = E-IgLC, Fle6 for 16nition in LC
C AR0(19) = E-IsIC, Fiss for ignition in IC
C AR0(20) = E IgUP, Fla6 for ignition in UP
C AR0(21) = E IsVC, Flas for ignition in UC
C N2 = Amount of N2 in combustion compartments
C

ELSEIF(NAME(14).EQ.' Burn')THEN
11=IDAR0(1)
12=IDAR0(2)
13*1DAR0(3)
14=IDAR0(4)
15=IDAR0(5)
I6=IDAR0(6)
PEASE =AR0(II)
BCLC=AR0(12)
DCIC=AR0(I3)
BCU P=AR0(14 )

BCUC=AR0(15)
02LC=AR0(1)
02IC=AR0(2)
02UC=AR0(3)

, U20LC=AR0(4)
| H20TC=AR0(5)

,

| H200C=AR0(6)
H2LC=AR0(10)!

( H2IC=AR0(11)
H20P=AR0(12),

i
H2UC=AR0(13)

| FLOLC=AR0(10)
.FLOIC*AR0(19)
FLOUP=AR0(20)
FLOUC=AR0(21)

C Determine combustion votume and non participating expansion volume.
C The compartment volumes are included in the combustion volume if the
C ignition flag is non-stro.

VDRN = FLOLC+10912. + FLOIC*3475. 4 FLOUP*1330
1 + FLOUC*19355.

VEXP = 35072. - VBRN
IF(VLRN.LT.O.0001) 00 TO 30

| C Adjust burn completeness for times of insufficient oxygen
! IF(02LC.LT.H2LC*BCLC/2.) BCLC=BCLC*2.*02LC/H2LC

IF(021C*3475. / (1330.+34 75. ) .LT.H2IC* BCIC/2. ) BCIC=BCIC*2.*
1 02tC*3475./(1330.+3475.)/H2IC

IF(021C*1330./(1330.+3475. ) LT.H2UP*BCUP/2. ) BCUP=BCUP*2.*
1 02IC*1330 /(1330.t3475.)/h2UP

- <
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IF(02VC.LT.H20C*BCUC/2.) BCUC=BCUC*2.*02UC/H20C
C Determine crysen, hydrogen, steam and nitrogen in combustion volume

02 = 02LC*FLGLC + O21C*3475./(1330.+3475. )*FLGIC + .
1 021C*1330./(1330.+3475)*FLGUP + O2VC*FLGUC

H2 = HZLC*FtGLC + H2IC'FLGIC + H2UP*FLGUP +
1 H2UC*FLGUC

H2O = H20LC*FLGLC + H20!C*3475./(1330 +3475.)*FLGIC +
1 H201C*1330./(1330.+3475. )8FLGUP + H20UC*FLGUC

N2 = 02/ 21*.79
C Determine combustion completeness in combustion volume

IF(H2.EQ.0.0)THEN
CCOMP=0.0 i

GO TO 30
ENDIF
CCOMP = (BCLC*H2LC*Ft.GLC + BCIC*H2IC+FLGIC +

1 BCUP*H2UP*FLGUP + BCUC*H20C+FLGUC)/H2 . .

C The temperature of the containment atmosphere is low when containment
C heet removal is available, or there is no ice bypass When the ignitors
C are operating early, temperature is irrelevant to the burn pressure rise.

IF(NAME(5:5).EQ.'1'.OR.NAME($15).EQ.'4') TI = 38,0
C Temperature is high for times without containment heat removal

IF(NAME(5:5).EQ '2') TI = 135.0
C Temperature is high for times of flow diversion bypass of ice condenser

'

IF(NAME(5:5).EQ.'3') TI a 115.0
C Compute final pressure for AICC burn and corresponding overpressure

PFAICC = H2 BURN (H2,H20,02,N2,CCOMP,PBASE TI)
OVERP = PFAICC - PBASE

C Burn with ignitors operating, minimal pressure rise

IF(NAME(5: 5).EQ. * 1' ) OVERP = OVERP * .05
C Overpressure correction with 51 reduction for heat transfer to
C solid surfaces

P1 = OVERP*.95 + PBASE
C Isentropic expansion correction for non participating volumes

DVi = ((P1/PBASE)**(1/1.4) - 1) / ((VEXP/VBRN) +
1 (P1/PBASE)**(1/1.4))

DV2 = DV1 * VEXP/VBRN
P3 = P1/(1 + DV2)**1.4

C Assign adjusted parametric values

ARG(1) = 02LC - H2LC*BCLC/2.0
ARG(2) = 02IC - H21CaBCIC/2.0 - H2UP*BCUP/2.0
ARG(3) = 02UC - H2UC*BCUC/2.0
ARG(10) = H2LC - H2LC*BCLC
ARG(11) = H2IC - H21C*BCIC
ARG(12) = H2UP - H2UP*BCUP
ARG(13) = H2UC - H2UC*BCUC
ARG(I6)=P3 - FBASE *

UFUN=P3 - PBASE
RETURN

30 ARG(16)=0.0
l L' FUN =0. 0

RETURN
C

C = ===== = ======= - ~= = ==

C

C CONTAINMENT FAILURE AND WDE OF FAILURE 7
C QUESTION 55 IN THE CET
C User Function - CFDet
C The following values are in kPa si
C ARG(II) = In.p-UP, Impulse due to detonation in UP
C ARG(I2) = Imp-IC, Impulse dee to detonation in TC
C ARG(13) = CFI-UP, UP impulsive failure criterion
C ARG(I4) = CFI-IC, IC impulsive failure criterion
C

ELSE!F(NAME(1:5).EQ.'CFDet')THEN
I1=IDARG(1)
12=IDAPG(2)
1& ID: Di1%

_,
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!

I4=IDAR0(4)
C

C The value of UFUN indicates type of containment f ailure:

C 0 < X = 2 for cataatrophic rupture

C 2 < X < 3 for lower compartment rupture

C 3<X<4 for upper compartment rupture
C 4 = X < 5 for lower compartment leak
C 5 < X < 6 for upper compartment leak
C 6 < X * 7 for no containment failure
C
C Inittelise X for no containment failure

X = 6,5
C Detonation containment failure always results in upper compartment

C rupture
IF(AR0(II).07.AR0(13)) X = 3.5-
IF( AR0(12).07. AR0(14 )) X = 3. 5
UTUN = X
RETURN

C

C == = ==== ==== ====== ==

C

C CONTAINMENT FAILURE AND FODE OF FAILURE 7
,

C QUESTIONS 55, 79, 100, AND 106 IN THE CET
C User Function - NoCF
C AR0(11) = X PBase, Baseline prensure at time 'X'

C AR0(12) = Pressure rise in containment, kPa

C

C The value of UFUN indicates 4 ype of containment failure:
C 6 < UFUN < 7 for no esotainment failure
C
C No containment failure at very late time

ELSEIF(NAME(1:4).EQ.'NoCF')THEN
UTUN = 6.5
RETURN

C

C- ===== === = = = = =

C

C CONTAINMENT FAILURE AND MODE OF FAILURE?
C QUESTIONS 55, 79, AND 100 IN THE CET
C User Function - CFFat
C The following values are in kPat
C AR0(I1) = X-PBase, Baseline pressure at time 'X'

C AR0(12) = Pressure rise in containment
C AR0(13) = CF-Pr, Containment failure pressure
C AR0(14) = RndmVal, Random number for failure mode
C

ELSEIF(NAME(1:5).iQ.'CFFa',')ThEN
11=IDAR0(1)
12=IDAR0(2)
13=IDAR0(3)
14=IDAR0(4)
PL = AR0(II) + AR0(12)
PF = AR0(13)
RN = AR0(14)

C

C The value of UTUN indicates type of containment failure:
C 0 < X < 2 for. catastrophic supture
C 2 < X < 3 for lower compartment rupture
C 3 < X < 4 for upper compartment rupture
C 4 < X < 5 for lower compartment leak
C 5 < X < 6 for upper compartment leak
C 6 < X < 7 for no containment failure
C

PFAST(FL,PF,RN,M ,PTC,FCONC NFLC,H N ,NPPC)UTUN =

RETURN

C

C .

- ,
_

E

A.2.2-7

-_
.. .. -__



_ . . . - - - . . . . . - . - . = - . - . = - - _ . . - - - - - . . - . - - ,

C
* * = " = = = " " ' ' * " * = * * * * " " * *C==== = ==========*=*=***=*==="***-

C

C CONTAINMENT FAILURE AND PODE OF FAILURE?
C QUESTIONS S$, 70, 100 AND 106 IN THE CET
C User Function - CFSlw
C The following values are in kPat

C AR0(11) = X-FBase, Baseline pressure at timw 'X'

C AR0(12) = CF Fr. Containment failure pressure
C AR0(13) = Rndmval, Random number for failure mod,
C

ELSEIF(NAME(1:5).EQ.'CFS1w')THEN
11=IDAR0(1)
12=IDAR0(2)
13=IDAR0(3)
FL = AR0(II)
FF = AR0(!2)
RN = AR0(13) *

C
,

C The value of UFUN indicates type of containment failure:
C 0 < X * 2 for catastrophic rupture

C 2 < X < 3 for lower compartment rupture '

C 3 < X < 4 for upper comparLeent rupture

C 4 < X * 5 for lower compartment leak
C 5 = X = 6 for upper compartment leak
C 6 * X < 7 for no containment failure,

C
UFUN = FSLOW(FL,FF.RN,M:,FTC,TCONC,NFLC,HFC,NFFC)
RETURN

C
C= =-== = -- "

C
C CONTAINMt:NT FAILURE AND FODE OF FAILURE?
C QUESTION 79 IN THE CET
C User Functions - AlphCF, StExCF
C AR0(II) = X FBase, Baseline pressure at time 'X'
C
C The value of UTUN indicates type of containment f ailure:
C 0 < X < 2 for catastrophic rupture

C 2 < X < 3 for lower compartment rupture

C 3 < X < 4 for upper compartment rupture

C 4 < X * 5 for lower compartment leak
C 5 < X < 6 for upper compartment leak
C 6 < X < 7 for no containment failure
C

C Alpha-mode or rocket containment failure always results in upper
C compartment rupture

ELSEIF(NAME(1:6).EQ 'AlphCF')THEN
UFUN = 3.5
RETURN

C Containment failure by steam explosion always results in rupture that
C bypasses the ice condenser (equivalent to lower compartment rupture)

ELSEIF(NAME(1:6),EQ.'StExCF')THEN
UTUN = 2.$
RETURN

C
C === * ===== - ~ = ~~ ~ ~ - ===

C
C MIAT FRACTION OF 112 RELEASED IN VESSEL IS IN CONTAINMENT AT VB?
C QUESTION 59 IN THE CET
C User function - H2 Cont
C Hydrogen values are in ks-moles:
C AR0(II) = E-H2inV, Amount of H2 generated in-vessel
C AR0(12) = E-H2exV, Fraction of 112 released before VB
C AR0(13) = H2-LC, Amount of 112 in lower compartment
C AR0(I4) = H2-IC, Amount cf H2 in ice condenser
C AR0(15) = H2-UF, Amount of H2 in upper plenum -

.
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C AR0(16) = ll2*UC, knount of H2 in upper compertment

C ARO(14) = E-LCBC, Burn comi.leteness in LC
C AR0(15) * E-ICBC, Burn completeness in IC
C AR0(16) = E-UPbC, Burn completeness in UP
C AR0(17) = E UCBC, Burn completeness in UC
C AkO(1g) = E-IgLC, Flag for ignition in LC
C AR0(19) = E-IgIC, Flag for ignition in IC

C AR0(20) = E-IgUP, Flag for ignition in UP
C /A0(21) = E-IgUC, Flag for ignition in UC

C ,

F.LSEIF(NAME(:6).EQ.'H2 Cont')THEN
'

11=IDAR0(1)
12=IDARU(2)
13*IDAR0(3)
14=IDAR0(4)
15=IDAR0($)
I6=IDAR0(6)

C Determine the amount of hydrogen in containment now -

H2NOW = (AR0(13)+AR0(14)+AR0(IS)+AR0(16))
C Determine the amount of hydrogen generated in-vessel

IF(AR0(12).NE.1.) THEN
H21NV = ARO(11)/(1,-AR0(12))

*

ELSE
H2LC = 0.0
H21C = 0.0
H2UP = 0.0
H2UC = 0,0
BCLC = AR0(14)*AR0(18)
BCIC = ARO(15)*AR0(10)
BCUP = AR0(16)*ARO(20)
BCUC = AR0(17)*AA0(21)
IF(BCLC.NE.1.) li2LC = ARO(13)/(1. BCLC)
IF(BCIC.NE.1.) H21C = AR0(I4)/(1.-BCIC)

' IF(BCUP.NE.1. ) H2UP = ARG(IS)/(1. BCL'P)
IF(BCUC.NE.1.) H2UC = AR0(16)/(1.-BCUC)
!!21NV = H2LC + t'21C + H2UP + H2UC

ENDIF
IF(H2fNV.EQ.0.) H2 = 0.0
IF(ll21NV.NE.D. ) !!2 = !!2NOW/!!21NV
UTUN = H2
RETURN

C

C==== = = = = = - == = = = = = = = = = = = - = = -

C

C PEAK PRESSURE AT VESSEL BREACH 7 (CORRECTION FOR ICE BYPASS)
C QUESTION 74 IN THE CET -

C User function - DPVD
C Pressure rise values are in kPat
C AR0(11) * IBPLv1, Ice bypass level - volume
C -fraction of voided region
C AR0(I2) = DPz-VD, Pressure rise with no bypass
C AR0(I3) = DPz-IBP, Pressure rise with total

C bypass
C

ELSEIF(NAME(tS).EQ 'DPVB')THEN
11=IDAR0(1)
12=IDAR0(2),

13=IDAR0(3)
C Hodel by S. Dinaman using HECTR calculations indicated 401 bypass
C level for 251 void region, and 72 bypass for 21 void region

IF(AR0(II).LE.0.02)THEN
BP = 3.5*AR0(11)
00 To 70

ELSEIF( AR0(II) LE.O.25)THEN
EP = (3.5 - ( ARG(II) .02)/.23*1.0) * AR0(li)
00 TO 70-

ELSEIF(AR0(II) LE.1.0)THEN

- - . . w
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!

BF = (1.6 - (ARG(11) .25)/.75*.6) * ARG(11)
ENDIF

70 ARG(12) = (CG(I3) ARG(12))*BF + ARG(12)
UFUN = ARG(12)
RETURN

| C
| C-===~=-== - --- = = - - - = = - = =

C

C WHAT ANUNT OF !!YDROGEN IS RELEASED TO CONTAINMENT AT VESSEL BREACH 7
C QUESTION 77 IN THE CET
C User function - H2VB
C Hydrogen values are in kg-moles:
C ARG(11) = E*H2inV, Amourt of U2 generated .in-vessel
C ARG(12) = L-82erV, Fraction of H2 released before VB
C ARG(13) = FCorVB, Fraction of core released at VB '
C ARG(14) = I-Mtiox, Fraction of available metal that
C is oxidized at VB
C ARG(15) = I-H28VB, Hydrogea released at VB .

C ARG(16) = 1*FrZr, Fraction of initial Zr potentially
C eva11able for CCI
C

ELSEIF(NAME(15).EQ.'82VB')THEN
*

11=IDARG(1)
12=IDARG(2)
13=IDARG(3)
14=IDARG(4)
15=IDARG(5)
16=IDARG(6)

C Zr in Sequoyeh is 253.2 ka-moles and Fe is 392.0 ks-moles, assume
C uniform quantity of oxidisable metal in ejected debris

ARG(15)=ARG(13)*ARG(14)*(1290.4-ARG(11))+ARG(11)*(1.0-ARG(12))
C Assume Zr is preferentially oxidised before VB

ARG(16) = 1. - (ARG(11)/506.4)
IF(ARG(11).GT.506.4) ARG(16) = 0.0
UFUN = ARG(IS)
RETURN

C
C== = == = --===

C

C AmUNT OF H2 (FLUS EQUIVALENT CO) AN.0 CO2 GENERATED DURING FRCMPT CCI?
C QUESTION 92 IN THE CET
C User function - CCI(1 3)
C Hydrogen values are in ks-moles:
C ARG(II) = FCorVB, Fraction of core released at VB
C ARG(12) = I-FrZr, Fraction of initial Zr potentially

C available for CCI
C ARG(I3) = Fr-CCI, Fraction of core not participatins .

C in HFt0: that is available for CCI
C ARG(14) * L-H2, H2 (CO) in containment after prompt CCI
C ARG(15) = L-CO2, CO2 in containment after prompt CCI
C

ELSEIF(NAMI( 3).EQ. 'CCI')THEN
I1=IDARG(1)
12=IDARG(2)
13=IDARG(3)
14=IDARG(4)
15=IDARG(5)

C

C FCCI = TRACTION OF CORE THAT FARTICIFATES IN CCI
C ERCCI = FRACTION OF UNOXIDIZED Zr IN CAVITY
C

C When there is no prompt CCI, there is no gas liberation
IF(NAME(4:4).EQ.'1')THEN

ARG(14) = 0.0
ARG(I5) = 0.0
UFUN = 0.0

i RETUPN

_
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1

C When there is prompt CCI with prior HIME, the amount of core ejected
C at vessel breach 'is subtracted from the ente eve 11able for CCI

ELSE!F(NAME(4:41.EQ.'2')THEN
FCCI = (1.0- AR0(II))*Ak0(13)
ZRCCI = AR0(12)*(1.0-ARQ(11))*AR0(13)
00 70 72

C When there is prompt CCI with no li!HE, the amount of core that

C participates in CCI is Fr-CCI

ELSEIF(NAME(4:4).EQ.'3')Ti!EN i
'

FCCI = AR0(!3)
ERCCI = AR0(12)*AR0(13)

ENDIF
72 CONTINUE

C

.C H2CCI = Hydrogen produced during CCI (kg* mole)
C COCCI = Carbon monoxide produced during CCl (kg-mole)

i

| C CO2CCI = Carbon dioxide produced during CCI (kg* mole)
C H2EQV = Hydrogen equivalent moles of CO are converted to -
C equivalent moles of H2 bened on' the energy released
C during combustion-

C

IF( ERCCI .LE 0.85 )THEN
*

H2CCI = ( C11H2*ERCCI + C12H2 -)*FCCI/3.4
COCCI = ( C11CO*ERCCI + C12C0 )*FCCI/3.4
CO20CI = ( C11CO2*ZRCCI + C12CO2 )*FCCI/3.4

ELSE

H2CCI = ( C21H2*ERCCI + C22H2 )*FCCI/3.4
CtX'CI = ( C21CO*IRCCI + C2200 )*FCCI/3.4
CO2CCI = ( C21CO2*ERCCI + C22002 )*FCCI/3.4 l

ENDIF
H2EQV = H2CCI +' COCCI *1.17

AR0(I4) = H2EQV
AR0(15) = CO2CCI
UTUN = H2EQV
RETURN

C
C = == = == - = a = = ===

C

C WHAT AMOUNT OF OXY 0EN REMAINS IN CONTAINMENT LATE?
C QUESTION 93 IN THE CET
C User function - 02 Late
C 0xygen and hydrogen values are in ks-moles:
C AR0(II) = LC-02, Amount of 02 in LC
C AR0(12) = IC 02, Amount of 02 in IC, UP
C AR0(13) * UC 02, Amount of 02 in UC *

C AR0(14) = I+H20VB, Hydrogen released at VB
C AR0(15) = I-ActBC, Burn completeness at VB

; C- AR0(16) = L*02, Amount of 02 in containment late

| C
| ELSEIF(NAME(16).EQ.'02 Late')THEN
'

11*IDAR0(1)
I2=IDAR0(2)
I3=IDAR0(3)
14=IDAR0(4)
15=IDAR0(5)
16=IDAR0(E)

C Determine amount of orygen before vessel breach, and maximum amount
C of crygon consumed (when hydrogen In burned). Then edjust hydrogen burn
C completenese accordingly to correspond to crygen consumption

02BVB = ARG(II) + AR0(12)-+ AR0(13)
02 MAX = AR0(14)*(1.-AR0(15))/2.

; IF(02BVD.LT.0.001)THEN
' AR0(IS)=040

AR0(16)=0.0
UFUN=0.0
RETURN ~
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ELSEIF(02BVB.07.02 MAX)Tl!EN
AR0(16) = 02EVB - 02 MAX
UFUN=AR0(16)
RETURN

ELSEIF(O % LE.02 MAX)Tf!EN
ARO ' d ) = 0. 0
AFe.IS) = 2,0*r2BVB/AR0(I4)
# ,N=AR0(16)

aETURN
'.;NDIF

C
= = - = = = = = = = ===

C== =
C

C AFOUNT OF HYDROGEN IN CONTAINMENT AFTER CCI?
C QUESTION 94 IN THE CET
C User functions - H2CCI(1 2)
C Hydrogen values are in kg-moles:
C AR0(11) = I H20VB, Hydrogen released at VB
C AR0(12) = I ActBC, Burn completeness'at VB
C AR0(I3) * L-H2, Hydrogen generated daring CCI
C

ELSEIF ( N AME ( t S ) . EQ , ' H2CCI ' )Ti!EN
*

I1=IDAR0(1)
12=IDARG(2)
13=IDAR0(3)

C Frevious containment failure or no vessel breach-
IF(NAME(6: 6) .EQ. 81' )TtIEN

| AR0(13)=0.0
UTUN=0.0
RETURN

C No containment failure and vessel breach
ELSEIF(NAME(6:6).EQ.'2')THEN

AR0(13)=AR0(11)*(1.-ARG(12))+AR0(13)
UTUN=AR0(I3)
RETURN

ENDIF
C
C === = ==

C
C WlIAT IS TIIE INERT LEVEL IN CONIAINMENT, AND IS THERE SUFFICIENT

a C !!2 OR 02 FOR BURNS 7
C QUESTION 96 IN TIII CET
C User function . LtConc
C The following values are in ks-moles

C AR0(II) = L-H2, Amount of H2 in containment

C AR0(12) = L-C02, Amount of CO2 in containment -

C AR0(13) = L-02, Amount of 02 in containment

C ARG(I4) = L-Stm, Amount of steam in containment
C,

ELSEIF(NAME(:6).EQ.'LtCone')THEN
I1=IDARG(1)
12=IDAR0(2)
I3=IDAR0(3)
14=IDAR0(4)
H2=AR0(II)
CO2=AR0(12)

! 02=AR0(13)
H20=AR0(I4)
N2=1120.3
TOTAL = H2 + CO2 + O2 + H2O + H2

C Initialise the concentration to be non-inert
UFUN = 0.5

C Check for steam /CO2 inerting
i- IF((CO2+H2O)/T0fAL.0E,0.55)THEN

UFUN = 3.5
RETURN

C Cneck for insufficient hydrogen __

,

...
,
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ELSEIF(H2/ TOTAL.Lt.0.05)THEN
UFUN = 2.5
RETURN

C Check for insuf ficient cryson

ELSEIF(02/ TOTAL.LT.O.05) TEEN
UFUN * 1.5
RETURN

ENDIF
RETURE i

C ,

c. .. _--....

C

C PRESSURE RISE DUE TO VERY LATE DETLAGRATION?
C QUESTION 99 IN THE CET
C User functions - Brn(1-6)
C The values of 02, SLm, and H2 are in kg-moles:
C ARG(11) = L PBase, Late baseline pressure, kPa
C ARG(12) = L-H2, Amount of H2 in centainment
C AR0(13) = L-CO2, Amount of CO2 in containment
C AR0(I4) = L-02, Amount of 02 in containment

C AR0(15) = L-Stm, Amount of steam in containment

C AR0(16) = Pressure rise in containment, kPa
*

C N2 = Amount of N2 in combustion compartments

C

ELSEIF(NAME( 3).F.C.*Brn')THEN
11=IDAR0(1)
12*IDARG(2)
13=IDARG(3)
14=IDAR0(4)
15=IDARG(5)
16=IDAR0(6)
PBASE=ARG(II)
H2=AR0(12)
CO2=AR0(13)
02=AR0(14)
H20=AR0(IS)
INERTS =H20+CO2
N2=1120.3
TOTAL = H2 + CO2 + O2 + H2O + H2
XH2 = H2/ TOTAL
XSTM = H20/ TOTAL
A = XSTM*(-4.1966+3.3985*XSTM)

C Fans operatins, turbulent burn completeness model
IF(NAME(4:4).EQ.'18.OR.NAME(4:4).EQ.'2')

1 BC = AMIN 1((78.638*XH2 - 1.0463)*EXP(A),1.0)
C Fans not operating, quiescent burn completeness model -

IF(NAME(4:4).EQ '2'.OR.NAME(4:4).EQ.'4')
| 1 BC = AMI51((30.499*XH2 - 1.2827)*EXP(A),1,0)

C Readjust burn completeness 11 insufficient orygon
IF(02.LT.H2*BC/2. ) BC=BC*2.*02/H2

C The temperature of the containment atmosphere is low when containment
C heat removal is available, and irrr. levant if ignitors are operating

, C throughout the period of H2 liberation

| IF(NANE(4 :4) .EQ. '1' OR.NAME(4 :4) .EQ. '2' OR.NAME(4:4).EQ.*3'.OR.
l + NAME(4:4).EQ.'5') TI = 38.0

IF(NANE(4:4).EQ.'4'.OR.NAME(4:4).EQ '6') TI = 135.0
C- Compute final pressure for AICC burn and corresponding overpressure

PFAICC = H2 BURN (H2, INERTS,02,N2,BC PBASE,TI)
OVERP = PFAICC - FBASE

C Burn with ignitors operating, minimal pressure rise

I F ( NAME ( 4 : 4 ) EQ . ' 18 .OR . NAME ( 4 : 4 ) . EQ . ' 2 ' ) OVER P=OVER P* . 05
C Overpressure corzection with 52 reduction for heat transfer to
C solid surfaces

P3 = OVERP*.95 + PBASE
|

AR0(16)=P3-PBASE
UTUN=P3-PBASE
RETURN . -

_

m
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C
C=~~==~~****~~====~~~~*~~~*'~~~~~~**""************
C

C PRESSURE RISE DUE TO VERY LATE DEFLAGRATION?
C QUESTION 96 IN TIIE CET
C User function - NoBurn
C AR0(11) * Pressure rise in containment, kPa

ELSEIF(NAME( 6).EQ.'NoBurn')THEN
11=IDAR0(1)
AR0(II)=0.0
UFUN=0.0
RETURN

ENDIF
WRITE (6,500) NAME

500 FORMAT (IX,' USER FUNCTION NAME',A6,' NOT FOUND')
STOP

END -

C
* ~~~**** ~~C"

=== - ******* ""*"*"" *"*****C======
C
C THIS FUNCTION CALCULATES THE FRESSURE RISE RATIO (Pf/P1) ASSOCIATED
C WITH THE ADIABATIC C'*GUSTION OF 112 IN AN AIR / STEAM MIXTURE AT
C CONSTANT VOLUME. IT IS ASSUMED TilAT A L COMPONENTS ARE IDEAL CASES.
C

' FUNCTION ll2 BURN (H2,H20,02,N2,CONV,FBASE TI)
PIAL N2 N2P

C
C !!2BRN IS THE AFOUNT OF H2 (Ka-mots) Ti!AT DURNS.
C

If 2BRN=l!2 * CONY

C

C TI = INITIAL GAS TEMPERATURE
C TREF = Ti1E REFERENCE TEMPERATURE, CORRESPONDS TO THE TEMPERATURE

C AT WitICH THE HEATS OF F0FNATION ARE EVALUATED.
C

TREF =25.0

[ C
'

C INTERNAL ENIROY OF REACTANTS
C

UR=UENERG ( T I , TRE F ,112, H20,02 , N 2 )

C
C !! EAT OF REACTION
C

| UREACT=-2.406E5*H2BRN
C
C FOLES OF FRODUCT '
C

ll2P =tl2*H2BRN
H20P*H20+H2BRN
02P =02*H2ERN/2,
N2P =N2

C
C TPLOW AND TPHI CORRESPOND TO THE RANGE TilAT THE FINAL GAS TEMPERATURE
C IS EXPECTE TO FALL WITHIN.
C

TFLOW-TI
Tit!I=2000.

C

C THE GAS TEMPERATURE OF THE FRODUCTS IS DETERMINED BY SOLVING THE ENER0Y
C EQUATION FOR A CONSTANT VOLUME ADIABATIC C W BUSTION, BECAUSE T!!E

| C INTERNAL ENERGY OF T!!E PRODUCTS IS CALCULATED FRW HEAT CAPACITY DATA
C WHICH IS IN THE FORM OF A FOURTH ORDER FOLYNOMIAL, THE TEMPERATURE OF

C THE FR0 DUCTS IS CALULATED USING A TRIAL AND ERRD METH00 (BI-SECTION
C METil00) .
C

-

4
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C INTERNAL ENER0Y OF PRODUCTS (BASED ON TPLOW)
C

UPLOWa0ENER0(TPLOW,TkEF,H2P H20P,020,N2P) ;
C

C ENERGY BALANCE
C

DULOW=UPLOW+VREACT-UR !
C

C INTERNAL ENERGY OF FRODUCTS (BASED ON TPIII)
C

UPHI*UENER0(TPHI TREF,il2P,H20P,02P N2P)
C

C ENERGY BALANC2
C

DUlflaUPlf!+UREACT-UR
C

C HAKE SURE PRODUCT TDIPERATURE IS IN T!!E ASSUMED TDtPERATURE
C RANGE +

C
5 IF(DUllI*DULOW.07.0.0)THEN

C

C IF THE APOUNT OF H2 IS TO HIOi! (PREDICTING ADIABATIC BURN TDtPERATURES
C OREATER TilAN 3000 C) THEN AUTatATICALLY SET FRESSURE RISE TO 10. *

C

IF(TPHI 0T.3000)TIIEN
B2 BURN =IO.0
RETURN

ENDIF
Tit!I=TP.!I*1,5

U PH ! a VEN ER0 ( T PHI , TEIF , H2 P , II20P ,02 P , N2 P )

DUHI=UPHI+UREACT*UR
00 TO 5 s

ENDIF
C

C HIDl'0!NT IN TDiPERATURE RANGE
C

10 TlHED=(TPHI+TFLOW)/2,
C

C INTERNAL ENERGY OF PRODUL -9ASED ON MIDPOINT TDiP,)'

C

UINED=UENER0(TPMED TRIF,H2P,1120P,02P,N2P)
C

C ENER0Y BALANCE
C

DUMED=UittED+UREMU-UR
C .

C DETERMINE WHICH SIDE OF HIDPOINT THE SOLUTION LIES
C

IF(DULOW*DUMED.07. 0. 0)TIIEN
TPLOWTittED
DULOW=DUMED

ELSE

TPill=TittED
DUllI=DUMED-

ENDIF
C

C SUCCESS CRITERION IS 1 C.
C

IF(ABS (TPLCW TPl!!).0T,1.0)00 TO 10
TF=(TPLOW4TPlil)/2.

C

C PRESSURE RISE RATIO (Pf!PA) BASE ON IDEAL GAS LAW
C

PRATIO= (!!2MH20P+02 P4 N2P ) / ( H2 +H20+02 + N2 ) * (TF + 273 ,15 ) / (T I+ 273.15 )
H2 BURN =PRATIO*PDASE
RETURN

EPD
_

.. _,

.9
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C

C================* = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =

C=======~~==========-========--====-~=======
C

C THIE FUNCTION CALCULATES THE CHANGE IN INTERNAL ENER0Y ASSOCIATED
C WITH A CllANGE IN TEHFERATURE (FRai TREF TO TI) 0F GASEOUS H2,H20,02
C AND H2. THE INTERNAL ENERGY IS IN JOULES,
C

FUNCTION UENER0(TI, TREF.H2,H20.02,82)
REAL N2

C

C INTERNAL ENER0Y OF llYDROGEN
C

UH2=(20.53*(TI TREF)+3.82$E-S*(TI**2* TREF **2)+1.00EE*6*(
+ TI* * 3 TREF"3 )-2.17 5E- 10* (TI * * 4 -TREF"4 ) )

C

C INTERNAL ENERGY OF ETEAM
C

UH20=(25.1$*(TI-TREF)+3.44E 3*(T!**2 TREF **2)+2.446E-6*(
+ TI" 3-TREF"3 ) * 6. 983E 10* (TI'* 4 * TREF * * 4 ) )

C

C INTERNAL ENERGY OF OXYOEN
C *

UO2 = ( 20.7 9 * (TI-TRET ) + 5. 7 9E * 3* (TI"2 -TREF * *2 ) * 2. 025E-6* (
+ TI"3* TREF * *3)+3.276E-10*(TI**4 TREF * *4 ))

C

C INTERNAL ENER0Y OF NITROGEN
C

UN2=(20.69a(TI TRET)+1.1E 3*(TI**2* TREF **2)+1.008E 6*(
+ II"3 TREF **3) 7.178E+10*(TI"4-TREF **4 ))

UENER0=Ul!2*H2+UH20*H20+UO2*C2+UN2*N2
RETURN
END

C
C==================== - ===== - ======

C ==== - - - = = = = = - = = = = = = = = - = =

C

C TABLE LOOKUF SUBROUTINE i 2-DIMINSIONAL TABLE
C

C THIS FUNCTION DETERMINES THE VALUE IN THE MATRIX TABLE FOR A GIVEN
C X AND Y PAIR. THE ARRAYS XRANO AND YRANO CONTAIN TEE INDEFENDENT
C VARIABLES FOR THE MATRIX. THE VARIABLES NUMX AND NUMY ARE THE
C NWiBER OF ELEMENTS IN THE ARRAYS XRANO AND YRANO RESPECTIVELY.
C I

FUNCTION TLOOK(X,Y,XRANO,NWiX,YRANO,N'JMY, TABLE,NAME)
C

DIMENSION TABLE (NUMX.NUMY),XRAN0(NUMX),YRAN0(NUMY),
+ XBOUND(3),YBOUND(3).TBOUND(4)

CHARACTER *6 NAME-
C

C CllECK TO MAXE SURE THE X AND Y VALUES ARE WITHIN THE RAN% OF THE
C MATRIX; IF THE X AND Y VARLUES FALL OUTSIDE THE RANGE, AN ERROR
C MESSAGE IS RETURNED.
C

IF(X.LT.XRAN0(1),0R.X.0T.XRAN0(NUMX))THEN
WRITE (6,100)NAME

100 FORMAT (1X,' ERROR IN FUN _',AB,' IN SUEROUTINE TLOOK, X RANGE')
STOP

ENDIF

IF(Y.LT.YRAN0(1).OR Y.0T.YRAN0(NUMY))THEN
WRITE (6,101)NAME

101 FORMAT (1X,* ERROR IN FUN,',AS,' IN SUBROUTINE TLOOK, Y RANGE')
STOP

ENDIF
C

C FIN 9 THE 2 VALUES IN XRANO THAT SURROUND X
C

_

, -

Q -
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I=1
10 IF(X.GT.XRAN0(I))THEN

I=1+1
00 TO 10

ELSE

IF(1.EQ.1)l=2
XBOUND(1)=XRAN0(I-1) )

XBOUND(2)=X
XBOUND(3)=XRAN0(I)

ENDIF
C

C FIND TNE 2 VALUES IN YRANO TilAT SURROUND Y
C

Ja1
20 IF(Y.07.YRAN0(J))TIIEN

J=J+1
00 TO 20

ELSE

IF(J.EQ.1)J=2
YBOUND(1)=YRANO(J 1)
YBOUND(2)=Y

~

YBOUND(3)*YRAN0(J)
ENDIF

.

C

C FOUR VALUES IN THE MATRIX TABLE THAT CORRESPOND TO THE XRANO AND
C YRANO VALUES THAT SURROUND X AND Y.
C

TBOUND(1)= TABLE (I-1,J 1)
TBOUND(2)= TABLE (I,J-1)
TBOUND(3)= TABLE (I-1,J)
TBOUPD(4)= TABLE (I,J)

C

C INTERICLATE TO FIND DEPENDENT VARIABLE THAT CORRESIONDS 70 X AND Y.
C

TLOOX=TINTRP(XBOUND,YBOUND TBOUND)
PRINT *,XBOUND
PRINT *,YBOUND
FRINT*,TBOUND
PRINT *,TLOOK
RETURN '

END
C
C= -- - - ===

C=-- === = = = =

C - = == === =======
C
C PSLOW
C

C=== === ==== - = == = = = =

FUNCTION PSLOW(PL,PF,RN,P,PT,COND,NLOC,M.NP)
DIMENSION P(NP), PT(NF), COND(NP,5,NLOC) M(NLOC), SFR(10),

+ FRX(5,5)
C

| C FL = LOAD PRT.iSURE
! C PF = FAILURT FRESSURE
'

C RN * RAND' d NUMBER USED TO DETERMINE FAILURE toDE
C P = PRT oURE,

| PT = TGfAL CUMULATIVE FAILURE DISTRIBUTIONw

! C Conu = CONDITIONAL FAILURE FOR EACH MODE AT EACH LOCATION
C NLOC = NUMBER OF LOCATIONS
C M(K) = NUMBER OF FAILURE MODES AT LOCATION K
C DP = PRESSURE INCREMENT OF P
C NP = TOTAL NUMBER OF PRESSURE INCREMENTS
C SFR = FAILURE FRACTION (RN IS CCHPARED TO THIS NUMBER)
C

C IF PL IS '.,ESS THAN PP, NO FAILURE.
C SET 1"5 LOW = TCTAL f 0F LOCATION /toDE CCHa! NATIONS + 0.5

. . . .+
, . -
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C
IF (PL .LT, PF ) THEN

C

C DETERMINE THE TOTAL NUMBER OF LOCATION /H3DE COMBINATIONS-
C

ISUM = 0.0
l

DO 60 K = 1, N1DC
DO 70 IM = 1, M(K)

ISUM = ISUM + 1
70 CONTINUE
60 CONTINUE

-PSLOW ='ISUM + 0.5
ELSE

C CALCULATE TABLE SPACINO
C

DP = ( P(NP) - P(1) )/( NP * 1).
C

C IF PL IS GREATER Tl!AN PF THEN CALCULATE FAILURE FODE AT PF, '

C FIND FRESSURE INTERVAL CORRESPONDINO TO THE SAMPLED FAILURE
C PRESSURE PF, IFO = LOWER VALVE OF INTERVAL IF1 = UPPER VALUE
C

IFO = (( PF - P(1) )/DP) + 1 .

IF1 = IFO + 1
C

C INTERPOLATE TO GET THE CONDITIONAL FAILURE MODE PROBABILITIES AT
C FF. FRINT = FRACTION OF INTERVAL TO EXTRAPOLATE FOR SAMPLED VAT.UE
C

FRINT = ( PF - P(IFO) )/DP
C

C !11 NOTE - THIS METHOD OF SUH!ING ASSUMES THAT EACH LOCATION HAS THE
C SAME NUMBER OF FODES ti1
C

C THE INPUT ARRAY FOR THE CONDITIONALS IS IN THE ORDER LEAK, RUPTURL FOR
C LOCATION 1: LEAK, RUPTURE FOR LOCATION 2 ETC. THE VALUES RETURN BY P?AST

C ARE IN A DIFFERENT ORDER: LEAK LOCATION 1 LEAK LOCATION 2. RUPTURE
C IDCATION 1 RUPTURE LOCATION 2 ETC.
C $

C ISUM = TOTAL NUMBER OF FODES
C

ISUM = 0
00 10 IM = 1 M(1)

DO 20 K = 1, NLOC
ISUM = ISUM + 1
C1 = COND(IF0,IM,K)
C2 = COND(IF1,IM.K)

|- FRX(IM,K) = C1 + FRINT*( C2 * C1) ~

j IF(ISUM .EQ. 1) THEN
| SFR(ISUM) = FRX(IM,K)

ELSE

SFR(ISUM) = SFR(ISUM -1) + FRX(IM K)
ENDIF

20 CONTINUE
10 CONTINUE

PSLOW = 0.5
Do 30 1 = 1, ISUM - 1

IF( I .EQ. 1)TittN
IF(RN .LT. STR(I)) ISLOW = ISUM - I + 0.5

ELSE

IF(RN.LT.STR(I) .AND. RN.GE.SFR(I*1))PSLOW=ISUM-I+0.5
ENDIF

30 CONTINUE
| ENDIF

RETURN

END

C=========-====-======== = = = = = = = = = = = = = = = = = = =
C
C -PFAST

_ _ . _+
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lC====--====-==~--============-== ~ ~ ~ ~ = = = = = - i

FUNCTION PFAST(PL PF,RN,P,PT,COND,NLOC,M,NP)
. (DIMHSION P(NP), 'PT(NP), COND(NP,2,NLOC), M(NLOC),'SFR(10),=

+ FR(5,5), C0(5,5), CL(5,5)
C \

C PL = LOAD PRESSURE
|

C FF = FAILURE PRESSURE
C RN = RANDOM NUMBER USED TO DETERMINE FAILURE 10DE
C P = FRESSURE
C PT = TOTAL CUMULATIVE FAILURE DISTRIBUTION
C LOND = CONDITIONAL FAILURE FOR CACH MODE AT EACH LOCATION
C NLOC = NUMBER OF LOCATIONS

r
C M(K) = NUMBER Of Fall.URE tODES AT LOCATION K (MAX IS 2)
C NP = TOTAL NUMBER OF PRESSURE INCREMENTS . (

'

| C SFR = FAILURE FRACTION (RN IS COMPARED TO THIS NUMBER)
C

C IF PL IS LESS THAN PT, NO FAILURE,
..

.

-

*

C SET PFAST = TOTAL f LOCATION /FDDE COMBINATIONS + 0,5
C

IF (PL .LT, PF ) THEN
C

*

C DETERMINE THE TOTAL NUMBER OF LOCATION /FDDE CCNBINATIONS
C

ISUM = 0.0
DO 60 K = 1, NLOC

DO 70 IM = 1, M(K)
ISUM = ISUM + 1

70 CONTINUE
| 60 CONTINUE

PFAST = ISUM + 0.5
ELSE

C

| C IF PL IS CREATER THAN PF THEN CALCULATE FAILURE FODE AT'FF.
C FIND PRESSURE INTERVAL CORRESPONDING 70 THE SAMPLED FAILURE
C PRESSURE PF, IFO = LOWER VALUE OF INTERVAL, IF1 = UPPER VALUE
C

DP = (P(NP)-P(1))/(NP-1)
IFO = (( PF - P(1) )/DP) + 1

) IF1 = IFO + 1
, C

C INTERPOLATE TO CET THE CONDITIONAL FAILDRE FODE PROBABILITIES AT
C PF. FRINT = FRACTION OF INTERVAL TO EXTRAPOLATE FOR SAMPLED VALUE
C

FRINT = ( PF - P(IFO) )/DP
C -

DO 40 K = 1, NLOC
00 50 IM = 1 M(K)

C1 = COND(IF0,IM,K)
C2 = COND(IF1,IM,K)
FR(IM,K) = C1 + FRINT*( C2 - C1)

| 50 CONTINUE
| 40 CONTINUE

C

C . A module to calculate fraction of failures in each of
C several modes and locations, Eor rapidly rising pressures,
C Arguments are PF (failure pressure),PL (Load),the total
C cumulative failure distribution (PT), and conditional failures
C in each mode and location, given that failure oscurs within
C the stated pressure hterval,
C P(I) = FRESSURE (EQUALLY SPACED POINT 3)
C COND(I,J,K) * CONDITIONAL FAILURE FOR EACH FDDE AT EACl! LOCATION,
C I.E., PROBABILITY THAT 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 MODES AT LOCATION K (MAX = 5)
C NLOC=N'JMDER OF LOCATIONS (MAX = 5)

.

Ses .
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C N!* Nut 2ER OF ICINTS IN F.PT ARRAYS (MAX = 200)
! C l'l-SAMPLED FAILVAE PAL!!$URE

C PL=SAMFLtD LOAD l'REtSURE
C Tk=I1 ACTION OF FA! LURED IN EACH ICDE (VAltfE8 CALCVLATED Bf tDDULE)-1

'
C *********************************************************
C XF=I'ROEABILITT OF FAIL 1'RE CnKRESIONDING TO FF

IF(FF.LE.P(1))THENs

1 XF=0,

ELEE IF(FF.0E.P(NF))Tl!!N
| XF=1.0

ELFE
DO $ !=2,NF

IF(F(I).LT.FF)00TO $
!!=1
0070 7

$ CONTINUE
II=FP

i 7 XF3FT(!!*1)+(FF P(II+1))SPT(!!)*I1(II-1))/(P(II) P(II'*1))
i XF* AMIN 1(XF 1.0)

XF*NMX1(XF,0.0)
END IFw

C 5 FACING OF PRESSURE TAELE *,

DP=(P(NP)*l'(1) )/(NF-1)
! C FIND FOINT Col *ESIONDINO TO FF
{ IF(FF.LE.F(1))TUL1

IF0=14

ELSE

Ir0=(FF F(1))/DP*)
ErrD IF

C FIND ICINT CORRE81VNDINO 10 PL'

IF(FL.0E.F(NP))THEN,

I IFL*NP4
1

ZLSE

IFL*(FL P(1))/DP+1
END IF

C FIND UFFER AND LOWER FARTIAL INTEuYAL EI?.ED
FRINTD=1.*(FF F(IF01)/DP
FRINTL=(FL-P(.FL))/IlP iIrl=IF O-* 1
IFL1=IFL+1

4 S M K=0. t

DO 10 K*1, NLOC
Do 11 IM-1.M(K).

C FIND CONDITIONALS FOR LOWER FARTIAI. INTLWAL
C)*COND(fro,IM K)
C2=COND(IF1.IM.K)
IF(IF1.EQ.IFL1)1 HEN

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*

2

.C FIND CONDI?IONALS FOR UFTf9 FARTIAL INTERVAL
C1=COND(IFL.!M.K)
C2=COND(IFL1,IM K)

CL(IM.K)=( C1 + (C1+(C2*C1)*TRINTL)-)*0.5
11 CONTINUE

SUMLK*$UMLKd7R(1.K)
10 CONTINtit
C NOW M K UP FROM FF TO FI., DETERMINING IKOBABIt.ITY OF NEW RUPTURES

Do 31 IlW F1, IFL1
SUML=0.0
SUMR=0.0.
DO 32 K=1,NLOC

Do 34 Itt*2.M(K)
.IF(IF.EQ.IF1)THEN

C LOWER FARTIAL INTERVAL
IF(IFI.EQ.IFL1) TilEN

w. -

* , + -
u.

A.2.2-20
,

-'

|-
g
' . - _ . . _ . . - - - _ - . . , _ . ~ . _ . . . . , _ . . . . - . - _..a...,_.-..:...a._._...._. . , - - . . . _ ~ , . . _ . - _ - - - ,- ,. -.



_ _ . - . . . . . _ . ~ - - - - - _ _ ~ . - - _ _ . . - . . - _ . - . - . _ - . . _ . . . . _ . . _ . . . . . . ~ _ . . . ~ . . . . - _ .

*

4

i
i

!
L

4

FX=I11NTL * (1.0 TRIN10)
ELSE

FX*rR!NTO
ENDIF
CX*CC(IM.K)
DIV*AmX1(1. KF,1,E-6),

ELSE IF(IF.EQ.IFL1)TilEN
C UTFER l' ART 1AL INTERVAL

FX*TRINTL
CX=CL(IM.K)
DIV=AmX1(1. M(IF 1),1.E 6)

ELSE

| C W110LE INTEKVALS
i l'X * 1.

| CXa( COND(!P,1H K) + COND(!P-1,IH,K) )/2
| DIV=A mX1(1.*FT(IF 1),1.E 6)

END !F
d C RUFTURES IN Tit!S INTERVAL AND SUtttED RUTTURES

DrF(IT(IP)*FT(IP 1))*CX*TX*SUHLK/DIV
SWU(=SUHR+DTR

l'
. FR(!H,K)=TR(IM,K)+LFR

34 CONTINUE * '
32 CONIINUE

SUHNU=0.0
! DO 321 K=1,NLOC
| FR ( 1, K ) * rR ( 1, K ) * SW9t* TR ( 1, K ) / SWtLK

SUMNU=SUMNU+FR(1,K)
321 CONTINUE

SUHLK*StA1NU
31 CONTINUE
C, 1

C SET UF 70 CORRECT VALUES,

i C

| C

C ISW1 * TOTAL nut 2ER OF H0 DES
Ci

i C 11f NOTE - THIS HETHOD or SWttING ASSUKES TilAT EACH LOCATION HAS THE'
C SAHE NW1BLR OF H3 DES itI
C

C THF. INFUT ARRAY FOR ft!E CONDITIONALS 18 IN T!!E ORDER LEAKi RUPTURE FOR
. C LOCATION 1: LEAK, RUFTURE FOR LOCATION 2 ETC. THE VALUES RETURN BY FFAST
!

C ARE IN A DITIERENT ORDER: LEAK LOCATION 1. LEAK LOCATION F RUPTURE
C LOCATION 1, RUI'TURE LOCAf!ON 2 ETC.

| ISUM * 0
Do t$ IM = 1, H(1) '~

DO 20 K * 1, NLOC
18UM = ISUM + 1
IF(!SUH .EQ.1) THEN

SFR(I*'N) * IR(IM.K)
ELSE

STR(ISUM) * STR(ISUM *1) + TR(IM.K)
ENDIF

20 CONTINUE
15 CONTINUE

17/.57 * 0.$
Do 30 1 = 1. ISUM 1

IF( 1 .EC. 1)THEN
IF(RN .LT. SFR(1)) FFAST * ISUM - I + 0.$

ELSE

IF(RN.LT.SFI(I) .AND. RN CE.BrR(I 1))FFAST=ISUM I+0.$
ESIDIF

30 CONTINUE
ENDIF
RETURN

END

C=========a==================-============================ -

- . . ..
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| C
2 C TH16 FUNCTION PERFOMG A LINEAR INTEAPOLATION OF A 2 DIMENS10NAL TABLE

C X = ARRAY CONTAINS 3 ELDIENT8
C X(1)* X VALUE CORRESIONDING TO f(1,1) AND T(1,2)
C X(2)* X VALUE FOR WHICH AN INTERPOLATED VALUE OF T WILL RE caTAINED.
C X(3)= X YALUE CORRF2PONDING TO T(2.1) AND T(1,2)
C Y a ARRAY CONTAINS 3 ELDtENT8
C Y(1)= Y VALUE CORRE$lONDING To f(1,1) AND T(2,1)

S C Y(2)* Y VALUE FOR Wil!CH AN INTERPOLATED VALUt OF T WILL BE OBTAINLC-
'I C Y(3)* Y VALUE CORRESPONDING TO T(1,2) AND T(2,2)-

'

C

FUNCTION TINTRP(X,Y,T)
C,

DIMENSION X(3 hT(3).T O),

XRATIO=(X(2)*X(3))/(X(1)*X(3))
-YRATIO=(Y(2)*Y(3))/(Y(1) Y(3))
T1*(f(1)*T(2))*KkAT10 + f(2)
T:=(f(3)*T(41)*XRATIO + T(4)-
TINTRP=(71*T2)*YRATIO + T2
$1 TURN

END

.

i

!

._

|

t

,

. . . ..
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! A.3. SUPPORTING INFORMATION FOR Tile ACCIDENT PROGRESSION ANALYSIS

1

~

A,3.1 Eur.an ry of Plant Information

Secuoyah Nuclear Power Station. Unit 1

Type of Reactor Pressurir.ed Vater Reactor
Manufacturer Westinghouse

i Date of Commercial Operation 1981

Reactor Core
Dominal Power 3570 MWt 1217 E7 Btu /h
Number of fuel assemblies 193,

' Fuel rods per assembly 264
Uumber of fuct rons 50,952

'

Core weight, total 132,940 kg 292,810 lb -

Uranium dioxide 101,120 kg 222,740 lb
Zircaloy 23,120 kg 50,910 lb *
Miscellaneous 8,700 kg 19,160 lb

Reactor Vessel
Inside diameter 4.4 m 173 in
Overall height 13,4 m 43,8 ft
Thickness at teltline 0.216 m 8,5 in
Head thicknest 0,140 m 5.5 in

RCS

Volume (nominal) 374 m3 13,200 fts
Unter in system (nominal) 248,520 kg 547,400 lb
Operating temperature (nominal) 304'c 580'F
Operating pressure (nominal) 15,6 MPa 2265 psia
PORV netpoint (nominal) 17.2 MPa 2500 psia
Number of RCPs 4
Number of SCs 4

Contcinment
Inside diameter 35,1 m 115 ft
Cylinder height 34,7 m 114 ft
Free volume 36,400 m3 1,286,000 ft*

Free volume upper compartment 11,000 m3 388,000 it8
Free volume lower compartment 20,300 m3 716,000 ft3
Free volume ice condenser 5,100 m3 182,000 ft*

Design leak rate 0.25%/ day
; Design pressure 176 kPa 10,8 psig
| Operating temperature 48.9'c 120'F

Construction Steel
Bottom liner plate thickness 0,63 cm 0,25 in
Cylinder thickness 3.5 to 1,3 cm 1,4 to 0,5 in
Dome thickness 1.1 to 2.4 cm 0.44 to 0.94 in
Basemat thickness 2.7 m 9,0 ft

! Floor thickness above liner O.61 m 2.0 ft . -

! .

A,3.1-1
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} Reactor Cavity
| Annular Cavity 5.2 m dia 17 ft dia

i Floor Area 16 m 650 ft8
Vater Capacity (including

j

| instrumentation tunnel) 510 m8 18,000 ft*

Shield Building
Inside diameter 38.1 m 125 ft

j Cylinder height 45.7 m 150 ft

i Wall Thickness 0.9 m 3 ft

i Construction Reinforced concrete
i

! IC
| Voight of Ice 1.1 E6 kB 2.4 E6 lb
; Ice temperature 6.7'c 20*F
1
1

RWST 1325 m8 46,800 ft8
,

! Containment spray pumps
Number 2"

{
Design flow (each) 300 1/s 4750 gpm

0 Containment spray heat exchangers
Number 2,

]
Design capacity (each) 28 MW 95 E6 Btu /h

; Accumulators
Number 4;

_.4.6 MPa 660 psigPressure.
,

Water capacity (total) 153 m8 5400 ft* .

*

Sources of Information: ,

f Sequoyah FSARA114
BMI.2104A.10

,

!I

- - 4

O

A.3.1 2
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i A.3.2 inLt ialirAt.1.cn_Que e t iom

The first 11 questions of the Sequoyah APET determine the initial
conditions for the accident progression analysis; that is, the state of the
plant at the time that core degradation starts. This time has been taken
to be the uncovering of the top of active fuel (UTAT), although it is
realized that actual core damage will not start until a short time after

,

i UTAP. The first 11 questions were distinguished between the different PDS
i groups. The branch probabilities and parameter values are the same for the
! remaining 100 questions in the APET, but the branch probabilities for the
| first 11 questions depend on the PDS group to be analyzed. This section

concerns how the branch probabilities are determined for these first 11
| questions. This group of APET questions is of ten referred to as the " tree
) top."

,

The branch probabilities for most of the first 11 questions' in the APET
f ollow directly from the definition of the PDS. For example, in tho' 14CA
PDS group, three PDSs have "S " for the first characteristic, indicating *

3

that there is a very small break in the RCS. This implies that in the
first question Branch 3, Brk.$3, should have a probability of 1.0.'

1 Ideally, the PDS groups would contain so few PDSs, and the case structure
of the initialization questions would be so detailed that all the
probability would be associated with only one branch of each initialization

i question. This was not practical; to obtain a reasonable number of PDS
groups, it was sometimes necessary to group together several different PDSs
with the result that not all the probability could be assigned to only one<

; branch for all the questions for s.ome PDS groups. And making the case
structure detailed enough to consider every combination of PDSs was not
feasible either. Therefore fractional branch probabiliten are required for
most PDS groups. Determining the fractions to be assigned to each branch
of the questions for which fractional branch probabilites are required is
the subject of this appendix. The information required comes from
manipulating the results of the accident frequency analysis.

The fractional branch probabilities are determined by taking the ratio of
the frequency of one or more PDSs to the frequency of a group of PDSs.
These ratios are defined below for each PDS group. The frequency of each
PDS varios from one observation to the next in. the sample, so each
fractional branch probability varies with the observation as well. That
is, the file prepared by TEMAC for the APET evaluation for internal

j initiators contains 22 pieces of information for each observation: the
'

frequency for each of the 7 PDS groups, and the values of the 11 fractional
branch probabilities defined below.

A PDS is by definition all the cut sets that are indistinguishable for the
accident progression analysis. So, each PDS has all the probability
assigned to only one branch for each initialization question. Thus, there
are no fractional branch probabilities for PDS groups which have only a
cingle PDS. The seven PDS groups for internal initiators are:

1. Slow Blackout,,

'

2. Fast Blackout, - - - -

.

j A,3.2 1
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3. Loss of Coolant Accidents,
4. Event V,
5, Transients,
6. ATWS, and
7, SCTRs.

Groups 2, 4, and 5 are single PDS groups (see Table 2.2 2) and require no
fractional branch probabilities in the initialization questions. The other
four PDS groups for internal initiators require fractional branch
probabilities for at least one question, and will be discussed in turn.
Note that most of the caces where fractional branch probabilities are
required involve only two branches. The final branch is the complement of
the sum of the other branches and is calculated by EVNTRE. The following
abbreviations are utilized:

FP(Br.n) - the fractional probability of branch n,

f(PDSn) - the frequency of PDSn, and *

a

Ef(PDSm + PDSn) - the sum of the frequencies of PDSm and PDSn.

PDS Groun 1 Slow Blackout

PDS Group 1 consists of four slow blackout PDSs. One of these PDSs has the
RCS intact at UTAF, two have S3 breaks, and one has S breaks. Therefore,2
Question 1, which determines the condition of the RCS at the start of the
accident progression analysis, must have fractional bravch probabilities.

Fractional Branch Probabilities for PDS Group 1 - Slow Blackout
Question 1 RCS State at UTAF

Brk S2: FP(Br.2) - f( S RRR RCR ) / Ef( all )2

Brk S3: FP(Br.3) - If( S RRR RCR + S RRR RDR ) / (Ef( all )3 3

* (1 FP(Br.2)))
B PORV: FP(Br.6) Calculated by EVNTRE

Brk S2 is a mnemonic abbreviation for Branch 2 of Question 1, etc., and
If( all ) is the sum of the frequencies of all the PDSs in the group.

The difference between the two 'S" PDSs in PDS Group 1 is whether the3

secont.ary system is depressurized while the AFW is operating before the
core uncovers. This requires fractional branch probabilities for Case 1 of
Question 10.

Fractional Branch Probabilities for PDS Group 1 - Slow Blackout
Question 10 Secondary System Depressurization, Case 1 Sa breaks

SeeDP: FP(Br.1) - f( S RRR RDR ) / Ef( S RRR RDR + S RRR RCR )3 3 3
noSecDP: FP(Br.2) - Calculated by EVNTRE

I

| - . ~ ..

.

A 3.2-2
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|

PDS Group 3 IDCAq

PDS Croup 3 consists of 13 LOCA PDSs. Four of the PDSs have an A size'

break, and three of the PDSs have an S size break, which is considered to
3

be the same thing in this portion of the analysis. There are three PDSs
with an 5 size break and three PDSs with an Sa size break. Therefore.3
Question 1 must have fractional branch probabilities.

Fractional Branch Probabilities for PDS Group 3 iDCAs
Question 1 RCS State at UTAF

Brk A: FP(Br.1) - Ef( AINY WN + AIW-WN + ALYY-WN + ALW WY +
S 1NY WN + S 1W nH + S LYY n1 ) / Ef ( all )1 3 i

FP(Br.2) - Ef( S 1NY WN + S 1YY WN + S LYY YYN ) / (Ef( all )Brk S2: 2 2 2

* (1 FP(Br.1)))
Brk S3: FP(Br.3) Calculated by EVNTRE

Five of the PDSa in this group have the LPIS cperating at the onset of core *

damage as discussed in Section 2.2.2. For Question 4, the " A" and * S "3
breaks are treated in Case 1, the *S " breaks are treated in Case 2 and the3

"S " breaks are treated in Case 3.3

Fractional Branch Probabilities for PDS Group 3 LOCAs
Question 4 - Status of ECCS, Case 1 Large Break

B LPIS: FP(Br.4) - Ef( ALYY WN + ALYY YYY + S LYY-WN ) / Ef( AINY-nH1

+ AIYY-YYN + ALW WN + ALYY nY + S INY-YYN3

+ S IYY YYN + S LYY YYN)t 3

BfECCS: FP(Br.3) Calculated by EVNTRE

Fractional Branch Probabilities for PDS Group 3 1ACAs
Question 4 Status of ECCS, Case 2 Small Break

B LPIS: FP(Br,4) - f( S LW WN ) / Ef( S 1NY-YYN + S 1W WN + S LW'WN)2 2 2 2

BCECCS: FP(Br.3) Calculated by EVNTRE

Fractional Branch Probabilities for PDS Group 3 - LOCAs
Question 4 - Status of ECCS, Case 3 Very Small Break

B LPIS: FP(Br.4) - f( S LYY WN ) / Ef( S 1NY YYN + S IW WN + S LW WN)3 3 3 3

BfECCS: FP(Br.3) Calculated by EVNTRE

| Four of the PDSs in this group have the sprays failed at the onset of core
| damage as discussed in Section 2.2.2. For Question 6, the "A" and "S"tbreaks are treated in Case 1, the "S " breaks are treated in Case 2 and the2

''S " breaks are treated in Case 3.3

Fractional Branch Probabilities for PDS Group 3 LOCAs
Question 6 - Status of Sprays, Case 1 - Large Break with ECCS failure

BfSp: FP(Br.3) - Ef( AINY WN + S 1NY YYN ) / Ef( AINY WN + AIYY-YYN1 i

+ S INY YYN + S IYY YYN )i 1

B Sp: FP(Br.1) -- Calculated by EVNTRE -

.

A,3.2 3
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| Fractional Branch Probabilities for PDS Croup 3 LOCAs

Question 6 Status of Sprays, Case 2 Small Break with ECCS failurei

FP(Br.3) - f( S 1NY.YYN ) / Ef( S INY'WN 4 Sg1YY WN )BfSp: 2 2
! B Sp: FP(Br.1) Calculated by EVNTRE

I Fractional Branch Probabilities for PDS Croup 3 LOCAs

Question 6 Status of Sprays, Case 3 Very Small Break with ECCS failure

FP(Br.3) - f( S 1NY WN ) / If( S 1NY WN + S 1W WN )Bfsp: 3 3 3

J
B Sp: FP(Br,1) Calculated by_ EVNTRE

one of the PDSs in PDS Croup 3 has cooling for the RCP seals operating.
i The split for ths large breaks for Question 11 is treated in Case 1.-

Question 11 Status of RCP Seal Cooling, Case 1 Large Break with ECCS

B PSC: FP(Br,1) - f( ALYY WY) / Ef( ALYY YYN 4 ALYY+WY + $ LYY WN )
3

BfPSC: FP(Br,3) Calculated by EVNTRE

PDS Groun 6 ATWS

Group 6 contains the three ATWS PDSs. There are many differences between
these three PDSs, but most of them are treated-in the case structure of the
initialization questions, Only the differences in the RCS state at the
onset of core damage need be treated by fractional branch probabilities.

Fractional Branch Probabilities for PDS Croup 6 - ATWS
Question 1 RCS State at UTAF

Brk S3: FP(Br.3) - f( S NW-YXN ) / Ef( all )3,

l B SGTR: FP(Br 5) - f( CLW YXY ) / (Ef( all ) * ( 1 FP(Br,3))
B PORV: FF(Br,6) - Calculated by EVNTRE

PDS Groun 7 - SGTRg

PDS Group 7 consists of two PDSs that are initiated by SCTRs and that do
not have scram failures. PDS HINY NXY has stuck open SRVs in the secondary
system while PDS CLYY YNY does not. The difference requires fractional
branch probabilities for Question 3, and the remaining differences are
treated in the case structure of other questions.

Fractional Branch Probabilities for PDS Croup 7 SCTRs
Question 3 - Secondary SRVs Stuck Open

SSRV-SO: FP(Br,1) - f( HINY NXY ) / Ef( all )
SSRVnSO: FP(Br.2) - Calculated by EVNTRE

.

*

A,3,2 4
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Li s t inr of the Fi rst- 11 APET Ousstions for PDS Groun 1 '

i

CEQUOYAll Accident Progression Event free PDS Group 1 (Slow Blackouts)
ill

HQuest
1 1.000,

Cent P! nit
1 Site and location of initial break?

6 Brk A Brk $2 Brk 83 Brk V B SOTR B PORY .
I 1 2 3 4 $ 6

0.000 0.028 0.954 0.000 0.000 0.016
2 Bos the reaction been brought under contro174

{ 2 Scram noscr am
.

1 1 2
1.000 0.000 '

3 For SGTR, are the secondary system SRVs stuck open?
2 CSRV SO SSRVnSO
1 1 2

0.000 1.000
| 4 Status of ECCS?

4 B-ECCS BaECCS BfECCS B LPIS .

2 1 2 3 4
4

1 3 1 1 3
1 + $ * 1

e Brk A or B BOTR & ESRV*SO
1 0.000 1.000 0.000 0.0004

1 1

2
Brk-52
0.000 1.000 0.000 0.000

1 1

3

Brk+S3
i 0.000 1.000 0.000 0.000

Otherwise
0.000 1.000 0.000 0.000 .

5 !a the RCS depressurised by the operators?
3 Op DePr OpmDePr OpnDePr |

'

2 1 2 3
; 3

1 1

3
Brk-$3
0.000 0.000 1.000

2 1 3

i S * 1

B SGTR & SSRV-SO
0.000 0.000 1.000

Otherwise
0.000 0.000 1.000

6 Status of sprays?
4 B Sp BaSp Rffp nob-SW
2 1 2 3 4

,
'

4

4 1 4 1 3
1 * 3 + 5 * 1

i Brk-A & BfECCS or B-SGTR & SS2V-SO
I 0.000 1.000 0.000 0.000

2 1 4

2 * 3-
Brk S2 & BfECCS
0.000 1.000 0.000 0.000

-

, . -* . =

l

I .

. A.3.2*5-
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2 1 4

3 * 3
Brk-83 & PfBOCS
0.000 1.000 0.000 0.000

| Otherwlte
1 0.000 1.000 0.000 0.000
! 7 Status of oc power?
I 3 B AOP BtACP 2fACP

1 1 2 3,

; 0.000 1.000 0.000
B Are the tofueling watet storage tank contents injected into containmentt

3 RWST-1 RW37e! RWSTf!
2 1 2 3

! 2
'

2 1 3
l $ * 1

B BOTR & BERV 80
0.000 1.000 0.000 .

Otherwise --

0.000 1.000 0.090
0 Heat removs1 from the steam generatorat

a 80-1m 80 alm 80ftfR 80dHR
2 1 2 3 4

*

2

2 1 3

$ * 2
B-SGTR & SSRVn30
0.000 0.000 0.000 1.000

| Othe rwis e
0.000 0.000 0.000 1.000

10 Is the secondary depressurised before the core uncovets?
2 SetDP notetDP
2 1 2
3

2 1 9
3 * 4

! Brk S3 & BGdHR

0.978 0.022
2 1 0

2 * 4
! Bak 82 & SGdHR
I 0.000 1.000

Otherwise
1.000 0.000

11 Cooling for reactor coolant pump sealst
3 B-PSC Be?SC EfPSC
2 1 2 3
3

4 1 9 1 4
6 * 4 + 1 * 4

B-h1RV & SOdHR or Btk A & B *l.PIB
| 0.003 1.000 0.000
1 2 1 4

3 * 3
Brk+S3 & BitCCS
0.000 1.000 0.000

| Otherwise
0.000 1.000 0.000i

listles of the First 11 APFT Ouestions fer PDS Oroup 2.

SEQuoYAH Accident Progression Event free PDS Orpup 2 (Fast Blackouts)
111

NQuest
+

+

+-* y 9 T

g .

e
#

A.3,2 6
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1 1.000
' Cent PInit

| 1 Site end location of initial breakt
S trk-A Brk 82 Brk 83 Bat V B-E.GTR B-PORY

1 1 2 3 4 5 6 *
0.000 0.000 0.000 0.000 0.000 .1.000

! 2 Bas the reaction been brought under control?
2 Scram no$c r am

|'
1 1 2

1.000 0.000
| 3 For SGTR, are the secondary system SRVs stuck open?

2 SSRV-SO SSRVnSO

1 1 2
0.000 1.000

| 4 Status of ECCS?
j 4 B-ECCS BsECCS B fECCS B LPIS

2 1 2 3 4

4 -

3 1 1 3-
1 + S * 1

Brk A or B 80TR & SSRV 80
0.000 1.000 0.000 0.000 ,

i 1 1

2

Btk 82
0.000 1.000 0.000 0.000

1 1

3
Brk 43

'
O.000 1.000 0.000 0.000

Otherwise
0.000 1.000 0.000 0.000

5 Is the RCS depressurised by the operators?
3 Op-DePr OpnDePr opnDeFr
2 1 2 3

3

1 1

3

Brk 83;

0.000 0.000 1.000
2 1 3

5 * 1

) B SGTR & SSRV-50
0.000 0.000 1.000

Otherwise
0.000 0.000 1.000 >

6 Status of spraysf .
4 B-Sp BsSp If6p nob SW
2 1 2 3 4

4

4 1 4 1 3

1- * 3- + 5 * 1

Brk A & BfECCS or B SOTR & SSRV SO
0.000 1.000 0.000 0.000

2 1 4

2 * 3

Brk 82 & BfECCS
0.000 1.000 0.000 -0.000

2 3 4

3 * 3

Brk S3 & BfECCS
0.000 1.000 0.000- 0.000-

Otherwise
0.000 1.000 0.000 0.000

. .

,, Wi. m _ w .. E+t'

1
*
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!
7 Status of oc powet?

3 B-ACP BaACP BfAOP

1 1 2 3

0.000 1.000 0.000
8 Are the refueling water storege tank contents injected into containment? '

3 RW37-1 RWStal RWSTf!

2 1 2 a

I 2
2 1 3

5 * 1

B SOTR & BERV*SO
0.000 1.000 0.000

Otherwise
0.000 1.000 0.000

9 Beat removal from the steam generatorst
4 80-l!R S0allR SofHR 80d!!R

2 1 2 3 4

2 .

2 1 3

5 * 2

B SOTR & BSRVnSO
0.000 1.000 0.000 0.000

aOthe rwise
,

' O.000 1.000 0.000 0.000
10 le the secondary depressurised before the core uncoverst

2 SetDP nosecDP
2 1 2

3

2 1 9
3 * 4

Bak 83 & Sod!!R
0.000 1.000

2 1 9
r 2 * 4

Brk-82 & SGdlIR

0.000 1.000
Othe rwise

0.000 1.000
11 Coolins for reactor coolant pump eesist

3 B-PSC BaPSC BtPSC
2 1 2 3

3

4 1 9 1 4

6 * 4 + 1 * 4

B IORY & $0d!!R or Btk A & B LPIB
0.000 1.000 0.000

2 'l 4

3 * 3

Brk 83 & BfECCS
0.000 1.000 0.000

|
; Othe rwise

0.000 1.000 0.000

, Listice of the Pirst 11 APPT ouestions for PDS Oroun 3
l

SEQUOYAH Accident Progression Event free - PDS Group 3 (LOCAs)
111

HQuest
1 1.000

Cent P1 nit
1 Sise and location of initial break?

6 Brk-A Brk S2 Brk-S3 Brk-V B-EGTR B P0F.V

| 1 1 2 3 4 5

0.226 0.168 0.606 0.000 0.000 0.000

.

W e 4k.'

,c'

* *

- /t . 3 . 2 8 .

._ _ _ . _ . _ . _ _ _ . . . . . . _ . _ _ _ _ ._ - - _ . . ,-__- ._ , . .._ -. . . . .
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i

!

)

i
!
'

2 Has the teettiph l>een bgputht under tenttot?

j 2 $c r am no$s t am
1 1 2

1.000 0.000
; 3 for $0TR, are the secondary system $RVs stuck opent
| 2 $$kV 83 $3RVn&O
4 1 1 2
j 0.000 1.000 '

4 Ftatus of 10CEf .

4 t*t:08 BatCOS FftCCS t LFIS<

4 2 1 2 3 4-
1 4

3 1 1 3
3

1 + $ * 1i

trk A or l>*SOTR & BCRV 80
0.000 0,000 0.246 0.754

1 1

2
'

Stk*t2 -

O.000 0.000 0.224 0.776
1 1

3

tak*t3 *

0.000 0,000 0.256 0.7444

' Othetwise
0.000 0.000 0.000 1.000

$ le the RCS deptesourised by the operators?
3 Op*Detr Opnbstr OpnDeFr,

2 1 2 31
'

8

1 1

1 3
! Brk+83

0.000 0.000 1.000
4

2 1 0

$ * 1,

B SOTR & BERV 80
0.000 0.000 1.000

Otherwise,

0.000 0.000 1.000
j 6 $tatus of splayst
! 4 B*$p taBr Pf8p not-BW
I 2 1 2 3 4

4

4 1 4 1 3
1 * 8 + $ * 1

Brk A & BfEOCS or B*SOTR & BSRV B0
0.466 0.000 0.$14 0.000

2 1 4

2 * 3

I f *k*$2 . & BftCCS
0.413 -0.000 0.$67 0.000

2 1 4

3 * 3

trk-83 & t!EOCS
0.410 0.000 0.$61 0.000

Otherwise
1.000 0.000 0.000 0,000

7 Status of et power?
3 B*AOF taAOP BfA0F
1 1 2 3

1.000 0.000 0.000
0 Are the refueling water storage tank contents injected into containment?

3 RRST*1 RW37s1 RWSTf1

-

s+ y " 44 . e
'

.*-.
*

&

A.3.2-9
|
|

|
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I
1

I

i
4

|
'

!

j 2 1 2 3

2
2 1 3

$ * 1

B SGTR & SSRV-SO
1.000 0.000 0.000

otherwise
! 1.000 0.000 0.000
j 9 Ilest removal from the steam generatorst

4 SG IIR S0aftR SQfMR SGdMR

2 1 2 3 4

1

2 1 3

$ + 2

,

B*SGTR & SSRVnSO
1.000 0.000 0.000 0.000

Otherwise
1.000 0.000 0.000 0.000 ,

10 Is the secondary depressurised before the core uncovers?
2 SecDP moSecDP

2 1 2<

3 ,

2 1 9

3 * 4

Brk 83 & SGdKR

1.000 0.000
$ 2 1 0
! 2 * 4

Brk 52 & BGdHR

I 1.000 0.000
' Otherwise

1.000 0.000
i

11 Cooling for reactor coolant pump sosist'

3 B PSC BaPSC BfPSC

2 1 2 0
'

3
4 1 9 1 4

6 * 4 + 1 * 4

I B PORY & SGdHR or Brk+A & B-LPIS
! 0.191 0.000 0.60s

2 1 4
i

| 3 * 3

Brk S3 & BfEOCS
0.000 0.000 1.000

Othe rwise
0.000 0.000 1.000

listine. of the First 11 Aitt 09estiens for PDB Orcur.4

SEQUOYAH Accident Progression Event free - PDS Group 4 (Event V)
til

l NQuest
1 1.000

Cent P! nit
1 Site and location of inittel break?

6 Brk A Brk S2 Btk 33 Brk+V B SOTR B PORY
i

| 1 1 2 3 4 $ 6

l 0.000 0.000 0.000 1.000 0.000 0.000
2 lias the reaction been brought under control?

2 Scram noScram
i 1 2

1.000 0.000-

3 For SGTR, are the secondary system SRVs stuck open?

' . . 2 SSRV-SO SSRVnSO

_

- . . .

-
.-
4

A.3.2-10
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1

T

I

J

i

1 1 2
0.000 1,000

4 Status of SCCS?
4 b ECCS BaLCCS BfECCS b-LPI6 I
2 1 2 3 4 - i

4 |

3 1 1 3'

1 + $ * 1

Brk A or B-SOTR & SSRV SO '

O.000 0.000 1.000 0.000 |
'

1 1

2

Brk-82
0.000 0.000 1.000 0.000

: 1 1

3
Brk 83
0.000 0.000 1.000 0.000

Otherwise
,

0.000 0.000 1.000 0.000
$ is the RCS depressurised by the operators?

3 Op-DePr 05mDePr OpnDePr
2 1 2 3 '

3

1 1

3
Brk 83
0.000 0.000 1.000

2 1 3

5 * 1

B-80TR & SSRV SO
0.000 0.000 1,000

Othe rwis e
0.000 0.000 1,000

6 Status of sprays?
4 B Sp thSp BfSp mob SW
2 1 2 3 4
4

4 1 4 1 3
1 * 3 + 5 * 1

Brk-A & BfECCS or B-SGTR & SSRV 50
0.000 0,000 1.000 0,000

2 1 4

2 *' 3
Brk 82 & BfECCS
0,000 0.000 1.000 0.000

2 1 4

3 * 3
Brk-S3 & BfECCS
0.000 0,000 1,000 0.000

Othe rwis e
0.000 0.000 1.000 0.000

? Status of ac power?
3 B-ACP BaACP B fACP
1 1 2 3

1,000 0.000 0.000
8 Are the refueling water storage tank contenta injected into containment?

3 kWST-I RW$tal RWSTf1'
2 1 2 3
2
2 1 3

5 * 1

B-SOTR & SSRV-SO
0.000 0,000 1,000

.-

. . .. .,

.-
,

2
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1

!

i
i

Otherwise
I 0.000 0.000 1.000

9 Ilent removal from the steam generatorsti

4 SG IIR ScaHR SOfHR Sod!!Ri

2 1 2 3 4

2

2 1 3
1

$ * 2
B LOTR & SLRhSO

1.000 0.000 0.000 0.000
Otherwise

1.000 0.000 0.000 0.000
j

i 10 Is the secondary depressurised before the core uncoverst
2 SecDP nosecDP

j 2 1 2

3

2 1 0

3 e a .

Brk 53 & $0d![R
1.000 0.000

2 1 9

2 * 4
*

Brk+S2 & $0dKR
1.000 0.000

Otherwise
1.000 0.000

11 Cooling for reactor coolant pump sealet
S B PSC BaPSC Pfl%C
2 1 2 3

3
4 1 0 1 4

6 * 4 + 1 * 4

B-PORV & Sod!!R or Brk A & B*LFIS
1.000 0.000 0.000

2 1 4

3 * 3

Brk 83 & BfECCS
'

1.000 0.000 0.000
Otherwise

1.000 0.000 0.000

Listin of the First 11 APTT Oiestions fo_r_P E 0rour.$.
,

SEQUOYAH Accident Progression Event ires PDS Oroup 5 (Transtents)
i 111

N0uest
1 1.000

Cent Finit
1 Sise and location of initial break?

6 trk A Brk 82 Brk S3 Brk-V B SGTR B PORV'
1 1 2 3 4 $ 6

0.000 0.000 0.000 0.000 0,000 1.000
2 Has the reaction been brought under control?

2 Scram noScram
1 1 2

1.000 0.000
3 For SGTR, are the secondary system SRVs stuck open?

2 SSRV-So ESRVnSO

1 1 2

0.000 1.000
4 Status of ECCS7

4 B-ECCS BaECCS BfECCS B LFIS
2 1 2 3 4

4

|

-

. . .. ..<

,,_

. -

A 3.2-12
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!

i
|

3
.

$
s

3 1 1 3

1 + $ * 1

| Brk A er B*SOTR & CCRV LO
1.000 0.000 0.000 0.000

1 1

| 2
4 trk*$2
$ 1.000 0.000 0.000 0.000

1 1

8

Brk+S3
1.000 0.000 0.000 0.000

1 Othe rwis e

| 1.000 0.000 0.000 0.000
'

$ 16 the F.CS depressurised by the operatorst
3 Op DePr 0;nbePr OpnDePr
2 1 2 $

I 3
*

1 1

3

Brk+S3
0.000 0.000 1.000

2 1 3 *

$ * 1

b SGTR & $5RV 50
0.000 0.000 1.000

1 Othe rwise
0.000 0.000 1.000

0 Status of spreyst
& B*$p BnSp BfSp nob SW
2 1 2 3 4

4

4 1 4 1 3
1 * 3 + $ * 1

Brk A & BrtCCS or B BOTR & SSRV-50
1.000 0.000 0.000 0.000

2 1 4

2 e 3

Brk 82 & BfECCS
1.000 0.000 0.000 0.000

2 1 4

3 * 3

Brk 83 & BfECCS
1.000 0.000 0.000 0.000

Otherwise
1.000 0.000 0.000 0.000

7 Status of ac rower?
-

3 B*ACP BaACP BfACP
1 1 2 3

1.000 0.000 0.000
, 8 Are the refueling water storage tank contente indected into containment?
3 3 RWST*! RWSta! RW3tt!

2 1 2 3
2
2 1 3

$ * 1

B 50TR & SSRV*SO
| 1.000 0.000 0.000

Otherwise
1.000 0.000 0.000

9 Heat removal from the steam generators?
4 S0 tm 50 alm SOfim SGd!!R
2 1 2 3 4

2

:

-

i _ _.. . . _<

|
-

.-

1 .

i; A.3.2 13
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i

3 )
i

.

] 2 1 3
*

1 $ *- 2

B-SOTR & SSRVr.50
0.000 0.000 1.000 0.000

Otherwise-
0.000 0.000 1.000- 0.000

10 Is the secondary depressurised before Lhe core uncovers?
2 SecDP noSecDP
2 1 2'

3

2 1 9
3 e 4

Brk 83 & SOdHR

0.000 1.000
2 1 9

2 * 4

Brk 32 & SGd!!R

0.000 1.000 -

Othe rwise
0.000 1.000

' 11 Cooling for reactor coolant pump seals?
3 B PSC BaPS0 BfPSC ,

2 1 2 3

3

4 1 0 1 4

4 6 * 4 + 1 e 4
i B-PORY & SGdER or Brk A & B LPIB

1.000 0.000 0.000
2 1 4

3 * 3

Brk-83 & BrECCS
1.000 0.000 0.000

Otherwise
1.000 0.000 0.000

Listitt of the First 11 APET Ouestions for PDS Oroup 6

SEQUOYAH Accident Progression Event free * PDS Oroup 6 (ATW3s) ,

'

111 t

NQuest
1 1.000

Cent P! nit
1 Sise and location of initial brekk?

6 Brk A Brk 82 Brk 33 Brk V B+SGTR B-PORY

1 1 2 3 4 5 6

0.000 0.000 0.757 0.000 0.135 0.108
2 Has the reaction been brought under control?

2 Scram noScram
1 1 2

0.000 1.000
3 For SGTR. are the secondary system SRVs stuck optn?

2 SSM bv SSRVnSO
1 1 2

0,000 1.000
4 Status of ECCS?

4 B.ECCS BaECCS BfECCS B LPIS
2 1 2 3 4

4

3 1 1 3

1 + 5 * 1

Brk-A or B-SGTR & SSRV 80
0.000 0.000 1,000 0.000

_

1 1

2

i
!,

l ..

I . . ' .a-, ..

. , ~ + i

.

A.3.2*14 t

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



- - - _ - . . - - . - - . - - . _ . - . - _ . . - . . - . - - - - - - - _ . - - - . - . - . . . - . , . _ .. . . ~

,

i
1

1

!
I

tt> st
0.000 0.000 1.000 0.000

1 1

'
trk $3

1 0.000 0.000 1.000 0.000
Otherwise

0.000 0.000 0.000 1.000

; $ le the ROS depressurised by the opeastorst
3 Op-Dett (whePt OpnDert;

i 2 1 2 3

3
1 1

34

! tak 83
0.000 0.000 1.000

2 1 3q

| 5 * 1
~

B BOTk & CSkV 80
j 0.000 1.000 0.000

Ot.he rwis e
0.000 1.000 0.000

; e tietuo of opteyet
- 4 B Sp t esp -EfSp nob SW

2 1 2 3 4
3

i a

f 4 1 4 1 3

: 1 * 3 + $ * 1
d Bak'A & BftCC8 or B 60Tk & $8RV 80
. 1.000 0.000 0.000 0.000
1 2 1 4

2 * 3

BtPS2 & BftCCS'

1.000 0.000 0.000 0.000
2 1 4

3 * 3

: Bak*53 & BitCCB
J 1.000 0.000 0.000 0.000

Otherwise
1.000 0.000 0.000 0.000

; 7 Status of oc power?
3 B ACP BaACP BfACF'

1 1 2 3

1.000 0.000 0.000
8 Are the refueling water storage tank contente injected into contativoentt

3 RWST ! RWStel RWSTf1
~

2 1 2 3

2

2 1 3
$ * 1

P SOTR & $SRV 80
1.000 0.000 0.000

Otherwise
i 1.000 0.000 0.000

9 lleet removal from the steam generatorst
4 $0*l!R Scal!R SOftm 83di!R
2 1 2 3 4

i 2

2 1 3,

; S * 2

| B SOTR & SSRVnSO
1.000 0.000 0.000 0.000

Otherwise,

1.000 0.000 0.000 0.000

i
i

, ., . -. .4-
| !. . - -

| . -
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10 Is the secondary depressurised before the core uncovers?
2 SecDP nosecDP
2 1 2

3

2 1 0

3 * 4

Brk-83 & SGd!!R

0.000 1.000
2 1 9'

'
2 * 4

Bak-82 & SGdlIR

0.000 1.000
;

l Otherwise
0.000 1.000

11 Coolins for reactor coolant pump seals?
3 B PSC BaPSC BfrSC|

'
2 1 2 3

3 +

4 1 0 1 4

6 * 4 + 1 * '4

B IVRV & $0d!IR or Brk-A & B-LPIS
1.000 0.000 0.000

'
2 1 4

3 * 3

Brk 53 & BTECCS
0.000 0.000 1.000

Otherwise
1.000 0.000 0.000

listina. of the First 11 APET Ouestions for PDS Oroue ?.

SEQUOYAH Accident Progression Event free - PDS Oroup 7 (SGTKs)
111

HQuest
1 1.000

Cent Finit
1 Size and location of initial break?

6 Brk-A Brk-S2 Brk 83 Brk-V B SCTR B-PORY
1 1 2 3 4 5 6

0.000 0.000 0.000 0.000 1.000 0.000
2 Has the reaction been brou$ht under control?

2 Scram noScran,
1 1 2

1. 00 0.000
3 For SOTR, are the secondary system SRVs stuck open?t

| 2 SSRV SO SSRVnSO

( 1 1 2
' O.792 0.206

4 Status of ECCSF
'

4 B-ECCS BaECCS BfECCS B LFIS
2 1 2 3 4

i. s

3 1 1 3

1 + 5 * 1'

Brk A or B-50TR & SSRV-SO
0.000 0.000 1.000 0.000

1 1

| 2

Brk-S2
0.000 0.000 0.000 1.000

1 1

3

Brk S3
0.000 0.000 0.000 1.000

!

)

. . .

9
'* * '9 34

,,,e I
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1

,

!

Othe rwis e
0.000 0.000 0.000 1,000

$ Is the RCS depressurised by the operators?
0 ruDePr Opr.De Pr3 Op-DePr 3

2 1 2 3

3

1 1 r
!' 3

Brk 83
1 0.000 0.000 1.000

2 1 3

$ * 1

B-SOTR & SSRV-50
0.000 0.000 1.000

Otherwis e
.1,000 0.000 0.000

6 Status of sprays?,

2 1 2_

BfSp nod SW -4 B-Sp taSp
3 4 t

-4
4 1 4 1 3

1 * 3 + $ * 1
*

Brk A & BfECCf or B-SOTR & SSRV 80
0.000 0.000 1,000 0,000

2 1 4

2 * 3

Brk 82 & BfEOCS
1,000 0.000 0.000 0.000

2 1 4

3 * 3

Brk S3 & BfECCS
1.000 0.000 0.000 0.000

Otherwise
1.000 0.000 0.000 0.000

7 Status of AC power?
3 B-ACP BaACP BfACP
1 1 2 3

1,000 0.000 0,000

8 Are the refueling water storage tank contenta injected into containment?
.

3 RWST-I RWStal RWSTf1
2 1 2 34

2
2 1 3

$ * 1

B-SOTR & SSRV.S0
0.000 0.000 1.000

Otherwise
1,000 0.000 0.000

0 Heat ramoval from the steam generators?
4 SG-HR 80aHR SOfER SodHR. s

2 1 2 3 4

2
2 1 3

$ * 2 '

D-SGTR & SSRVnSO
0.000 0.000 1,000 0.000

Otherwiss
1.000 0.000 0.000 0.000

10 la the secondary depressurited before the core uncovers?
2 SecDP noSecDP
2 1 2
3

2 1 9

3 .- * 4

. .-

* e '-we ak-

ee''
n

*

A.3'.2 17

|
|

, - , . , _ - , , . . , - - - . - - , . . . - . . . -:.-,,.-.-..--.--- -.-, ,.- . ..w,-...... .- . .- . -.



_ . _ _ _ _ . . . . _ _ _ _ _ . _ _ . . .___._-.,_..-.._.__..._-._.____...__.-.m_. ~ . - _ . _ . ~ . . _ . . ..

)

)
I

.

J

'
Pth-53 & SGdKR ;

0.000 1.000 i

| 2 1 9
I 2 * 4

Brk 82 & S0dlE
0.000 1,000

- Otherwise
! 0.000 1.000
i 11 Cooling for reactor coolant pump sealet

3 2 PSC BatsC BfPDC |
'

2 1 2 3

3
4 1 9 1 4

6 * 4 + 1 * 4

B4PORY & C0dRR or Brk A & B-LFIS.
'

1.000 0.000 0.000
2 1 4

5 * 3 *

Bak*$3 & BfECC8
1.000 0.000 0.000

Otherwise
1.000 0.000 0.000

,

,

!

l
?

- !

;

I
,

l !
!

4

|

|
i

|

|

-

i

l

. ;

1

f

;

I
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A.3.3 Additionni Discussions of Selected Ouestions

This section contains additional discussions for two questions in the APET
that are too lengthy to fit conveniently in Subsection A.1.1. The two'

questions are:

i 22, Is ac power recovered early? (Also relevant to the other offsite
power recovery Questions 90 and 105.)

a

26. Is core damage arrested? No VB7

.

Question 21. Is ac nower recetered enriv?,

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. A 1'e These distributions reflect
the type of electrical switchyard at Sequoyah, as explained in NUREG+
1032.^ 3-1 Figure A.31 is a plot of 5 percentile, inedian, and 95 percentile
of this set of distributions. A single curve of the set summarized in
Figure A 31 gives the probability that the tirne to offsite power recovery
will be greater than time t, where t is measured from the start of the
accident, i.e., from the 14SP. Figure A.3 1 shows that the probability of
power recovery is quite high in the first 2 3 h and that the probability of
power recovery is fairly small after 6 or 8 h.

The remainder of the discussion in this section concerns the detornination :

of the lengths of the periods used for the ROSp in the Sequoyah AMT. The ?,

APET censiders three time periods:

Early - from the end of the recovery period considered in the accident
frequency analysis to vessel failure;

Late from vessel failure to- the end of prorapt CCI; and .

Very Late from the end of prompt CCI to 24 h.
'

It may be possible to arrest the core _ degradation process, achieve a safe
stable state, and avoid vessel failure if power is recovered in the early

{ period. For internal initiators, it is estimated that power vill almoct
always be recovered about-a day after the initial LOSP. The use of exactlyi

24 h for the end of the Very Late period is arbitrary. In the interface
i with the accident frequency analysis, it is important to account for all
j -the time since the start of the accident, and not count any period twice.

There are three questions in the Sequoyah APET concerning the ROSP:
Question 22 for the Early period; Question 90 for the Late period; and
Question 105 for the Very Late period.
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Figure A,3 1. Mean and 90% Bounds of the Offsite Power Recovery
Distributions for Sequoyah

The five SB0 PDSs for Sequoyah are given below with the percentage each PDS
contributes (see Table 2,2 2) to the total mean core damage frequency and
the nominal times to which power recovery was ennsidered in the accident
frequency analysis,

Table A,3 1

SB0 PDSs for Sequoyah

Accident Frequency
Analysis (AFA)

PDS 4 MCDP Recovery Time (h)

TRRR RSR 17 1.0

S RRR RCR <1 1.02

S RRR RCR <1 2,5-7,0 (4,0)3

S RRR RDR 7 2.5 7,0 (4,0)3

TRRR RDR <1 7,0
1

1

PDS TRRR RSR is the only PDS in the Fast SB0 group; the other four. PDSs
constitute the Slow SB0 group, The APWS driven by the steam turbino runs - .,

Iuntil battery depletion in the Slow SB0 accidents; whereas it fails at or
,

'
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! shortly af ter the start of the accident in the Fast SB0 group. The start
and end of the offsite power recovery time periods in clock time depend

j upon the P.DS since some of the accidents develop rauch faster than others.
Both whether the AFWS operates until battery depletion and the size of the
break in the RCS determine' the time until core damage commences, and the
rate at which it progresses.

!

The end of the time period for electric power recovery is a sampled
variabic in the accident frequency analysis. Because the start of the

,

period is fixed at the start of the accident, this is feasible for the
accident frequency analysis. Treating both the start of the period, the

1

end of the period, and the power recovery distribution itself did not prove ~

feasible in the accident progression analysis. Therefore, fixed time
periods are used in the accident progressiert analysis. The start of the;

early power recovery period is fixed at the nominal time for the end of the
period used in the accident frequency analysis. These times are given
above.

.

The power recovery times for the S RRR RCR and S RRR RDR PDSs depend upon3 3

the cutset, and varied from 150 min to 420 min, as explained in the report
of the accident frequency analysis.^.12 The bulk of the frequency for,

| S RRR RCR is concentrated in cutsets for which power recovery times of 2013

rain (3.4 h) and 246 min (4.1 h) were used, and the bulk of the frequency
for S RRR RDR is concentrated in cutsets for which power recovery times of3

216 min (3.6 h) and 252 min (4.2 h) were used. The re fo re , 4 h is used as

the start of the early power recovery period in the accident progression
analysis for these two PDSs. For the TRRR RSR, the power recovery times
were 1 h and 234 min (3.9 h), where the bulk of the cutsets considered
power recovery at 1 h; thus, I h was used as the start of the early power
recovery period for this PDS. For S RRR RCR and TRRR RDR the power3,

} recovery times in the accident frequency analysis were 1 h and 7 h,
respectively.1

The time to the UTAF, taken to be the nominal time for the start of core
degradation, and the time of VB, are taken from analysesA.14. A.1 10. A 3 24
performed for the NUREG 1150 project that used the STCP, While it would
have been preferable to rely on other coder that perform detailed modeling
of the core melt progression as well, this did not prove feasibic, The
time from the start of the accident to UTAF _is determined primarily by a
water boil-off calculation, and this does not vary greatly from code to
code. The rate of progression for the core melt and the time from core
slump to VB may differ from code to code, but these differences are
considered to be small relative to the uncertainty in - the time at which
offsite power will be recovered.

Tables A.3 2 and A.3 3 summarize the information available from the STCP
.runs made in the last few years for NUREG 1150. A 14 The information 'in

these tables was . analyzed to determine UTAF and VB times that were
applicabic to the five PDSs for SB0 at Sequoyah. The results are
summarized in Table A.3 4 The end of the period for which power recovery.
was considered in the accident frequency analysis forms the start of the
early APET period. This must be the case to avoid a period in which power
recovery is not considered, even though the start of the early period is - -

conceptually at UTAF. The end of the early period is at VB. *'
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Table A.3-2 ,

ITiming in STCP W R Blackout Sequences
i

i
i<

[All columns are times in minutes except the last colten which is in psia] !
Break AW AW SG Depres. Accum. Disch. RCS Pr. |

Plant S_eouence Time On Qff Start frd Start End UTAF VB at VB Source !

Surry TB -- 0 300 90 150 250 340 668 758 2518 Letter :

{ Surry TMLB' -- -- -- -- -- 155 155 96 155 2365 2104 & 2139
i Sequoyah TMLB' -- -- -- -- -- 158 158 98 158 2375 2104

i

| Surry SB 60 0 300 70 100 101 141 521 628 1900 Letter3

Surry SB 0 -- -- -- -- 146 146 SS 146 2012 2160
3 ;

i- Sequoyah SB 60 0 300 70 100 121 143 507 617 1509 Letter |3

Sequoyah SB 0 0 300 -- -- 374 374 237 374 1996 2139
3 ,

10 70 30 310 362 510 724 2160Sequoyah S B(del) 180 0 =
3

,

.

"
. Sequoyah TBA 572 0 300 -- -- 572 572 518 986 15 2139 i

u
I- f

i ;

.t
*

Table A.3-3
''

,

'Timing in STCP WR IDCA Sequences
,

I
!

{ All columns are times in minutes except the last column which is in psia.] j
i AW AW -SG Depres. Accum. Disch. PORVs RG Pr..

Plant Secuence On 9ff Start End Start End Open UTAT _.V_B. at VB Source

30 60 40 80 -- 525 835 1659 Letter !Surry S DS 0 =
3

30 60 40 80 658 525 849 22 LetterSurry S DZ 0 =
3

30 70 32 73 -- 541 962 32 LetterSequoyah SD 0 =
3

= -- -- 410 410 -- 272 410 1993 2139 i.Sequoyah S HF 03

, Sequoyah S HF 0 = -- -- 428- 428 -- 274. 428 2159 2160
4 3.

,

| Surry S DY 0 = 30 60 44 65 148 115 .314 16 Letter '*
2

-- - -- -- 55 91 -- 28 164 617 2104 !Surry S D-T2,

| Surry S D-E - - -- -- 55 91 -- 28 227 18 2104 ;i

2

Surry S HF - - -- -- before UTAF - - - 163 260 41 2104 i2
..

!..L
-

t
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Table A.3 4
,

Timing Information for Sequoyah Blackout PDSs
(Times in h)

. . . .

Start Farly Relevant
PDS A iod QTAE VB Seouences*

TRRR RSR 1.0 1.6 2.6 Q,R TMLB'

S RRR RCR 1.0 1.9 5.2 R S 11F, R S DY, Q S HF, Q sad2 2 2 3

S RRR RCR 4.0 4.0 6.2 Q S B (2139)3 3

SaRRR RDR 4.0 8.6 10.4 Q,R S B (Letter)3

TRRR RDR 7.0 11.1 12.6 k TB

*Q indicates a Sequoyah sequence; R indicates a Surry sequence. Where
there are two sequences with the same identifier, the source is indicated
in parentheses.

Estimating the time of VB for the Sa blackout PDS is more difficult than
for the other PDSs since there are no STCP results for blackout accidents
with the PORVs stuck open, so the UTAF and VB times are estimated from
other sequences. For S RRR RCR, .the operators do not depressurize the SCs2

and there are no comparable STCP analyses. Comparin6 Sequoyah sad with
S 11F shows a very marked effect of depressurizing the SGs. But RCS3

pressures will be much lower in an S2 sequence, so this may not apply. The
UTAF time is actually longer for the Surry S HF sequence than for the Surry2

S DY sequence even though the S 11F run did not have the AFW operating. It2 2

was estimated that the stuck open PORVs will depresst the RCS enough soe
that the effects of the depressurization of the ondary system are

! minimal, so 4.5 h appears to be a reasonable VB time,
i

Table A 3 5 recapitulates the start and end times of the early period, the
period in which electric power recovery may lead to the arrest of the core
degradation process, Times have been rounded off to the nearest half hour.
Table A 3 5 also contains two times for the end of rapid CCI. The time! from VB to the start of CCI will depend on the amount of water to be boiled

| off if the core debris is coolable. Table A.3 5 shows the end of rapid CCI
times for a cavity which is dry at VB and-receives no substantial amount of
additional water, and for a cavity which is dry at VB but receives the
accumulator contents shortly after VB.

.

,
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Table A.3-5
Elcetric Power Recovery Times for Sequoyah

(Time in hours)

% Start of End Of End CCI End CCI
Total Early Early Dry Partially

PDS RQ,DE., Period Period Cavity Wet Cavit,y

TRRR RSR 17 1.0 2.5 8.0 9.0

S RRR RCR <1 1.0 4.5 10.0 11,02

S P.RR RCR <1 4.0 6.0 11.5 12.53

S RRR RDR 7 4.0" 10.5 16.0 17.03

TRRR RDR <1 7.0 12.5 18.0 10.6
.

The contal ment sumps are not connected o the cavity at a low level in the
-

Sequoyah containment. The only way for water to overflow into the cavity
is if the RWST is injected into the contaitunent (through the break or by
the sprays), and at least about one-qunrter of the ice melts. As electric
power is required to <4erate the spray or ECCS pumps, it is not possible to
have a wet cavity at VB for the blackout PDSs. The exception is the case
in which electric power is recovered just before VB, but too late to arrest
core damage and prevent VB. In this case, it is conceivable that the
cavity coeld be wet (see _ the discussion of Question 63 in Subsection
A.1.1). If power is recovered I h beffore VB, the chances of arresting core
damage are very good. Thus, the probability of a full cavity at VB for SB0
accidents is negligibic.

The period of rapid CCI denotes the period in which most of the fission
products th t will eventually be released from the CCI are indeed released,
As the releases decrease slowly over time, this period cannot be rigidly
ce finec' . A length of cbout 5 to 6 h is used for this period here, '

The power recovery distributions (Figure A.3 1) are very flat after 8 to 10
h, so many of the time distinctions in Table A.3-5 are not significant
compared to the variation between the curves in the distribution.
Therefore: the cimplified electric power recovery periods in Table A 3-6
are used. This sche-o preserves the differences between caces in the early
period in which power recovery is more likely and more important, but
condenses cases at long times when power recovery is less likely and less
important.

.,

a *- e * .
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Table A.3 6
Electric Power Recovery Periods for Sequoyah

(Times in hours)

% Start Start Start
Total Early Late Very Late

PDS MCDP Period Period Period

TRRR R$4 17 1.0 2.5 9.0

S RRR 0 GR <1 1.0 4.5 9,02

S RRR Rct <1 4.0 6.0 9.03 e

S RRR-RDR 7
^

4.0 10.5 17.03

TRRR RDR <1 7.0 12.5 17.0 c

,

,

Given the time periods for each PDS as shown in Table A.3-5, the caso
structure for the offsite power recovery questions can be defined. The
cases are listed below for the three offsite electric power recovery
questions in the Sequoyah APET.

Question 22 Is ac nower recovered cariv?

Case 1: llad power initially - have power now
Case 2: Power failed initially, not recoverable
Case 3: TRRR RSR, recovery period - 1.0 - 2.5 h
Case 4: S RRR RCR, recovery period - 1.0 - 4.5 h t

2

Case 5: S RRR-RCR, AFW, no secondary depressurization,3

recovery period - 4.0 - 6.0 h
Case 6: S RRR-RDR, AFW, secondary depressurization,3

recovery period - 4.0 - 10.5 h
Case 7: TRRR RDR, recovery period - 7.0 - 12.5 h

Ouestion 90. Is ac nower recovered late?

Case 1: Had power earlier - have power now
Case 2: Power failed, noc recoverable
Case 3: TRRR-RSR, recovery period - 2.5 - 9.0 h
Case 4: S RRR-RCR, recovery period - 4.5 - 9.0 h2

Case 5: S RRR RCR, AFW, no secondary depressurization,3

recovery period - 6.0 - 9.0 h
Case-6: S RRR RDR, AFW, secondary depressurization,3

recovery period - 10.5 17 h,

| Case 7: TRRR RDR, recovery period - 12.5 - 17 h

Ouestion 105. Is ac nower recovered very late?

Case 1: Had power earlier - have power now
Case 2: Power failed, not recoverable -

Case 3: S RRR-RDR and TRRR-RDR, recovery period - 17 - 24 h ~ - -

,J3

. -
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Case 4: TRRR RSR, S RRR RCR, and S RRR RCR,2 3

recovery period - 9 - 24 h

Ouestion 26. Is core damage arrested? No VB7

The problem of arresting core damage before VB has received little
attention since the accidents which are most important to risk are those
which proceed on to core melt. The TMI-2 accident is the primary source of
information on this subject. Based on the current understanding of the
TMI-2 accident, a method has been devised for estimating the probability of
core damage arrest for each of the SB0 PDSs. .This method uses the electric
power recovery periods defined 'in the previces portion of Subsection A.3.3
(see Question 22). The application of this method to the Sequoyah APET is
described here, following a brief recapitulation of the relevant parts of
the THI 2 accident. *

The TMI-2 Accident. The TMI-2 core was finally quenched in a series of
events starting about 200 min after the start of the accident when HPI
operated for 17 min and filled the ve s s el . ^.3-e,7 Evidently the core was
not in a coolable configuration when first covered with water as the
steaming rate was less than the decay heat Eeneration rate until the
relocation of about 25 metric tons of melt to the lower plenum at 224 min
(Ref. A.3-6, p. 56). After the relocation or slump, the core assumed a
coolable configuration and the temperature in all parts of the core began
to decrease. However, the temperature decrease of the molten material in
the center of the lower part of the core may have been quite slow due to
the thick insulating crust around it. The temperature decrease of the
molten material that flowed down into the lower plenum is believed to have
been much more rapid.

For reference, the estimated end state of the TMI 2 core is as follows
(Ref. A.3 6, Table 1, p. 26, updated with information from Ref. A.3-8):

t

! Recion Fraction of Total Core Mass

Upper Core Debris (Rubble Bed) .24
Previously Molten Zone .26
Standing Rods .32
Debris in Lower Plenum .18

If it is assumed that all of the lower plonum debris came from the molten
zone at the time of relocation, then the molten zone at one time contained
about 45% of the core (mass). Note that the computer simulations often-
track " fraction relocated" or some other measure of core damage, which may

| be reported as fraction of core molten. By these measures, the mass in the
rubble bed would count a:. well; and the value for " core no longer in
original geometry" would be about 60%. Some computer codes assume core

i " slump" and vessel failure when the f ractior, molten or otherwise damaged
reaches a throuhold value. These threshold values have ranged from-50% to
about 85%. ~ - "

-
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Bacberound. The problem is to determine distributions for the probability
that power recovery in the early time period (see the discussion of ;

Question 22 above) will arrest the core degradation process and prevent
'

vessel failure, Core damage arrest is envisaged to result in a safe stabic
state as in TMI 2, although the extent of damage may be much less than that
at TMI 2. As discussed under Question 22, the period of interest for power
recovery is from the end of the power recovery period used in the accident
frequency analysis to VB. Once power is restored, the initiation of
appropriate core inj ec tion systems is considered highly likely as the
operators are periodically trained in this procedure (see the discussion of
Question 23 in Subse- tion A.1.1) .

The power recover; iod in the APET that is of interest here is the Early
period. The begi .ng and end of this period (in minutes) for the SB0 PDSs
are given below:

Accident
Frequency

Power Recovery Period Analysis STCP
PDS Start EDd (AFA) UIAE

TRRR RSR 60 150 60 102
S RRR RCR 60 270 60 1112

S RRR RCR 240 360 240 2403
*

S RRR-RDR 240 630 240 5163,

| TRRR-RDa 420 750 420 660

l
The accident frequency analysis UTAF column contains the nominal time used
for UTAF and the onset of core damage in the accident frequency analysis.
The STCP UTAF column contains UTAF times derived from STCP analyses as
explained above in the discussion of Question 22. (The start of the early
period is constrained to be the end of the -power recovery period used in
the accident frequency analysis io that there are no gaps in the times for
which power recovery is considered.) The end of the APET carly period was
obtained by determining the VB times from available STCP calculations.

This value was then rounded to the nearest 30 min as discussed above (see
Question 22).

Basis of the Method. From the TMI-2 data ^ 3-8 and subsequent annlyses, it|
has been estimated for a core and vessel size similar to TMI 2, that if
less than about 30 metric tons of the core is in debris form when ECCS -flow
refills the vessel, the chances of VB are small; and if more than 60 metric
tons is in debris form when the vessel is refilled, the chances of VB.are
large. If the amount of debris is between 30 and 60 metric tons, it is
difficult to say what the outcome would be. If less than 30 metric tons is
in debris form, then either all the debris is coolable in the core, or, if
part of the debris relocates to the bottom head, then the mass in the
bottom head is small enough that the bottom head will not be heated to the
failure point. If more than 60 metric tons is in debris form, then it is

I
not coolabic. This was shown at TM1 where the debris in the " crucible" or i

" teacup" in the central core region continued to heat up after the core was,

| reflooded. If 60 metric tons of the core is in debris form, then about .

half that amount may relocate into the bottom head as at TMI. With .30 l

l
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metric tons of core debris located' in the bottom head, heat trancfer |

analyses show that the head will probably heat up- to the point where its
loss of strength is significant.

If an appropriate scaling could be done for' the Sequoyah core and reactor
vessel, and if the ends of the power recovery periods = vere fairly.close-to~ .

UTAF and VB, then the relative amounts of time from UTAF to the equivalent
of 30 and 60 metric tous of debris -(as derived from the STCP runs): could .be -
used to estimate the-. conditional probability of core damage ~ arrest '. This
approach cannot be used because the start of'the power recovery period is
of ten not very close < to the time of UTAF as shown above. Further, it.

,

appears that the STOP overestimates the rate of core degradation.

A comparison of the- results of the different detailed,-mechanistic codes.
indicates that the newer codes ~such as MELCOR,rMELPROC, CORMLT, and MAAP
predict a slower core melt progression than the MARCM module of the STCP _
Therefore, the- method used to estimate . tb = probal liity of core damage
arrest is based on a MELCOR runA38 for ' Surry for - which UTAF occurred at

'

-
,

100 min and with the PORVs stuck open -(RCS at 6,6 MPa) . . Allowing-a few
minutes for refilling the vessel- to - the TAF, ' this simulation showed that
injection had to start at 47 min-after UTAF to have the core covered before =!

30 metric tons of the core was in- debris form, and that injection had to ,

start at 63 min after UTAF to have the core" covered-before 60 metric tons
of the core was in debris form.

Acolication to Scauovah, The results of the Surry MELCOR run can be scaled
to Sequoyah with respect to percent of the total; core that-is molten if the-
ratio of the core mass to the surface area of the lower head is roughly the:
same for the two reactors - The mass of the surry core is-103 metric tons'

iand the inner diameter of the vessel is 3.99 m. For Sequoyah, the core
mass is 133 metric tons, and the -inner diameter of -the vessel is 4.39 m.
Thus, the ratio of core mass to - the.' surface area of the lower head = for
Sequoyah.is about 1,07 times that for Surry. Therefore, the MELCOR results-
for Surry can be applied to. Sequoyah when considering . relocation in terms
of fraction of the total core. .For-Surry, 30 metric tons is about 30% of

'

the-core and 60 metric tons is about 60% of,the core.

The results. of- MELCOR run are applied - t_o. the ' Sequoyah blackout PDSs
according to the decay heat leve1~by means-of a multiplier on the times for
30% and 60% of the core in debris form. This multiplier-is comprised of
two factors: .one based on the decay power level,.and the other based on the
latent heat of vaporization. These two factors = suffice for - this purpose
because the rate of core degradation is largely-.a- function of the rate at
which water is boiled off. -The rate of -water boiloff dependsi directly on
the heat available and the amount of-heat'necessary to change liquid water
to steam, which is a function of pressure, ;

The following talle gives the reactor. power.at UTAFo(time' derived from the
STCP runs), the nominal pressure, latent heat of Lyaporization, and the
total. multiplier (MPX). The MPX is .used to scale the MELCOR times and ~is,

calculated from.th, equation

MPX - (1,11 / %RC * [h , / 1530] * 1,07 - . .
t

. .
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where 1.11 is the reactor power at 100 min (% of rated power) and 1530 is |
the latent heat of vaporization (kJ/kg) at 6.6 MPa. For the S PDSs, |3

'values of hg, in the middle of the range were used.

RCS

Reactor Pressure hr,
PDS Power (t) ._(,H P a ) . . (kJ /kg) MPX

MELCOR Run 1.11 6.6 1530 1.00

TRRR RSR 1.10 15.2 990 0.66
S RRR RCR 1.06 2,8 1810 1.232

S RRR RCR 0.85 7-14 1500 1100 1.103

S RRR RDR 0.66 7 14 1500 1100 1.433

TRRR RDR 0.57 15.2 990 1.25

Using the multipliers given above, the times when 30% and when 60% o'f the
core is in debris form can be calculated for each PDS from the MELCOR
results. That is, for the time after UTAF when 30% is in debris form, the
value of 47 min calculated by MELCOR l' scaled by the appropriate MPX, The
time when 60% is in debris form is similarly calculated from the 63 minute
MELCOR value. The results are as follows:

.

Relative to UTAF Relative to Accident
STCP 30% Core 60% Core 30% Core 60% Core
UTAF Debris Debris Debris Debris

PDS (min) (min) (mini (mini (min)

TRRR-RSR 102 31 41 133 143
S RRR-RCR 111 58 78 169 1892
S RRR-RCR 240 52 70 292 3103

S RRR RDR 516 67 90 583 6063

TRRR RDR 660 59 79 719 739

For example, for TRRR-RSR, MPX is 0.66, so 47 min is multiplied by this
value to obtain 31 min for the time to 30% core debris for TRRR-RSR
relative to UTAF. UTAF is estimated by the STCP to occur 102 min after the
start of the accident, so, for TRRR RSR, 30% of the core is estimated to be
in debris form 133 min after the start of the accident.

These times can be used to estimate the conditional probability for each
PDS or groups of PDSs that, given power recovery in the period before VB,
when the vessel has been refilled the core will have less than 30% in
debris form, between 30% and 60% is debris form, or more than 60% in debris
form.

E2RRR-RCR. The MELCOR analysis is almost directly applicable to S RRR RCR2
| as the uncovering time and the pressures are close to those used in the
i MELCOR run. The nominal value for the intermediate pressure range (400

psin 2.8 MPa) is somewhat lower than the pressure observed as typical-

i during core degradation in the MELCOR run, so there is an adjustment for
{ the latent heat of vaporization. The total multiplier is 1.23 as given in

the table above. The SCTP UTAF time for the S PDS is 111 min (decay power -2
. - 1.06%).
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Le t t,( 30mR) be the time (minutes), relative to UTAF, at which injection
has to start to refill the vessel to TAF before 30% of the core is in
debris form. Let t (60mR) be the analogous time for 60%. Using theu
multiplier defined above, for S RRR-RCR, t (30mR) - 58 and t (60mR) - 78,2 u o

Let t,(30mR) be the time (minutes), relative to the start of the accident,
at which injection has to start to refill the vessel to TAF before 30% of
the core is in debris form. Let t, (60mR) be the analogous time for 60%.
From the table above, the UTAF time is 111 min, so t (30mR) 169 min.-

Based on these definitions, the relevant times for S RRR RCR may be2

summarized:

t,(30mR) - 169
t (60mR) - 189 -

where the times are in minutes,

Let A(<30) be the period when less than 30% of the core is in debris form,
.

which extends from the start of the APET power recovery period to t,(30mR) .
If power is recovered in this period, core damage arrest and the prevention
of VB is very likely (on the order of 0,90). Let At(30-60) be.the period
when between 30% and 60% is in debris form. This period extends from
t,(30mR) to t,(60mR) . Ifpower is recovered in - this period, the
probability of arresting core damage and preventing of VB is indeterminate
(about 0.50). Finally, let At(>60) be the period when more than 60% of the +

core is in debris form. This period extends from t (60mR) to the end of
the power recovery period. If power is recovered in this period, core
damage arrest and the prevention of VB is very unlikely (on the order of
0,10),

Based on the information above, the lengths (minutes) of these three
periods can be found for S RRR RCR:

2

At(>30) --109
At(30 60) - 20
At(>60) - 81

If power recovery is equally likely at all times during the early period
for S RRR RCR, the probability of core damage arrest would be on the order2
of 0,45. Ilowever, from 1 to 4 h, the power recovery curve is not flat, and
the probability of power recovery is much higher in the earlier part of the
period than in the latter part, Considering the relative lengths of the
three periods given above, and the shape of the power recovery curves (see
Figure A.3-1 above in the discussion of Question 22), a cumulative
probability distribution defined by y = x2, where y is the probability and
x varies from 0,0 to 1.0, was selected for-the S PDS. The mean and median2
values for this distribution are around 0.8,

LRRR RCR. The STCP UTAF time for S RRR-RCR is 240 min (decay power3 -

0,85%). Compared with the previous case, the longer time to UTAF results
in a lower decay power at UTAF. But this is not as important as the lower

value of the latent heat of vaporization due to the higher pressure ~in the ,
.-

|
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RCS. The result is that MPX -!1.10'for this PDS. Scaling the 30%:and 60%--

debris times from the MELCOR reference case ~ by this value gives the
following values

i

t (30mR) 52.o

t (60mR)_ - 70u ;

t (30mR) - 292-
i>

t,(60mR). '310 l
and

'

at(<30)- - -52-
3At(30 60) 18- -% -

At(>60)' 50-

Based on the lengths of these three periods,: the probability of core damage s..

arrest would be about 0.41 if power , recovery - is : equally - likely- for alln ,

times in the early period for SaRRR RCR. For the 4 to_6 h period fori hist

PDS, the power-recovery curves _are not as ' nonlinear as they_- are fc,r the' l'- ,

l

to 4 h . period considered for the previous f case.: Nonetheless,- the
probability of power recovery early :in the period -is greater than that of
recovery late in the period. Therefore,1 a uniform . distribution from 0.33_ ,

to 1.-0 was selected for the recovery probability density for this.PDS..and
is the maximum entropy : distribution for thisivariable_, indicating maximum .
uncertainty. The mean and median values'for this distribution are 0.67. j

i
-

q

13RRR-RDR. The STCP UTAF time for SaRRR-RDR is 1516 : min (decay - power __ -- 10.66%). . Scaling the 30% - and 60%' debris times ' from' the MELCOR . reference .-

c

- case by the multiplier of 1.43 based on the - ratios of the; decay - power at
UTAF and the ~ latent heat = of vaporization gives: the following valuesr

t (30mR) 67-u

t (60mR) 90-u

t,(30mR) - 583
.

t,(60mR) - 606=

and
,

At(<30)- -- 343'
At(30 60) = 23

-iAt(>60) -24
,

For this PDS, the start of the power recovery _ period is so late .that the
! -- -power recovery curve is quite flat forj the . time ; period of interest. The

_ length of At(<30) is much greater than the, lengths. of the 'other two- periods
together. Thus, the arrest -of the core . degradation; process Land theej_ prevention of VB is quite likely.

-

However,-there'are so many uncertainties _j

involved in core melt progression and lowerihead. failure,:that-coresdamage;
'

arrest cannot be considered.certain or nearly_certain. A linear cumulative- y.

distribution from 0.8 to' l.0 -is considered appropriate for , core : damage k
.

arrest for S RRR RDR.
-

1,

This_ results 'in a -uniform probability don'sity from --
;

3
.

0.8 to 1.0. The median and mean values- of athis curve are: 0.90. ' * ''
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| TRRR-RSR. The STCP UTAF time for TRRR RSR is 102 min (decay power -

1.10%), so the scaling by ratio of the decay power at UTAF is negligib1c.
Itoveve r , the difference in br, betwoon this PDS and the reference MELCOR
conditions is large. Thus, the total multiplier is 0.66 as explained
above. This results in the following times:

t (30mR) 31-
o

t,(60mR) 41-

t (30mR) - 133
t,(60mR) - 143

and
.

At(<30) 73-

At(30 60) 10-

6t(>50) 7-
,

If the RCS pressure boundary could be assumed to remain intact until VB,
the relative lengths of these three periods, together with the steep
descent of the power recovery curves for the times of interest for TRRR-
RSR, imply that the arrest of core damage and the prevention of VB is
likely, flowever , the probability of at least one depressurization event
occurring after UTAF is large. If the hot leg or surSe line fails, a great
deal of the remaining core inventory is likely to be lost by flashing as
the vessel depressurizes. This is more than compensated for by the
discharge of the accumulators, however, so the time to e,(60mR) will

| probably be longer than if the hot leg failure did not occur. The hot leg
failure will not occur until some time after UTAF, and whether it procedes
or followc t,(30mR) is indeterminate.

The effects of a PORV sticking open, or a RCP seal failure are more
uncertain. Which depressurization event will occur is uncertain, and the
offects and the timing of the depressurization events are uncertain as
well. Even though the period before 30% is in debris form is much longer
than the period after 30% is in debris form, core damage arrest cannot be
assured due to the many uncertainties involved. Therefore, the linear
cumulative core damage arrest distribution from 0.8 to 1.0 used for S RRR-

3RDR is applicable to TRRR RSR as well.

TRRR RDR. This PDS is very lengthy due to the operation of the STD AFWS
until battery depletion and the absenco of a break in the RCS at UTAF. The
STCP UTAF time for TRRR-RDR is 660 min (decay power - 0.57%). These two
PDSs should not be confused with TRRR RSR in which the STD AFWS fails.at
the start of the accident and the UTAF time is 102 min. The value of MPX
(1.25) for TRRR-RDR is not as largc as might be expected from the from the
low decay power level due to tbe low value of hg. The following times are
obtained for TRRR-RDR:

t (30mR) 59-o

t (60mR) 79-u
.

t,(30mR) - 719 - -

t,(60mR) - 739 : '
A.3.3-14 |
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and

At(<30) - 299 l
i

20 )| At(30 60) -

At(>60) 11-

As in S RRR RDR, At(<30) is much greater than At(30-60) and At(>60)3

together, and the power recovery curves are relatively flat. So the arrest
of core damage in time to avoid vessel failure is rather likely. In
addition to the uncertainties involved in core melt progression and lower
head failure, TRRR-RDR has the uncertainties involved with the inadvertent,
temperature-induced RCS depressurization events that were . discussed abover

| with respect to TRRR-RSR,-so arrest cannot be considered certain or nearly
certain. The linent cumulative core damage arrest distribution from 0.8 to
1.0 used for SaRRR RDR and TRRR-RSR'is appropriaEe for TRRR RDR also.

,

|

|
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APPENDIX B

SUPPORTING INFOP,MATION FOR

THE SOURCE TERM ANALYSIS

INTRODUCTION

Appendix B contains information and details about the cource term analysis.
Subsection B.1 contains a listing of the SEQSOR computer model. Subsection
B.2 provides a listing of the data file used by SEQSOR that contains the
distributions for the source term variables described in Subsection 3.2.
Subsection B.3 contains results from the source term analysis for Sequoyah
internal events, and Subsection B.4 provides information that was used in
the partitioning of the source terms.
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PROGRAM SEQSOR

C CALCULATE SOURCE TERMS FOR SEQUOYAH (CENTRAL AND/OR LHS)
C MAXIM'JM NUMBER OF BIN ENTRIES = 5000
C MAXIMUM NO, OF ST GROUPS = 9
C MAXIMUM No. OF ISSUES = 300
C NISST= TOTAL No, OF ISSUES IN SAMPLE
C NISS= TOTAL NO, OF ST ISSUES (MAX =20)
C NSP= ACTUAL NUMBER OF SOURCE TERM OROUPS
C UTILIEED IN THE ANALYSIS,
C IFRINT = UNIT No. FOR " PRINT" FILE
C IBINNR = UNIT NO FOR " BIN" FILE
C ISAMPL = UNIT No, FOR * SAMPLE" FILE
C IRELOUT = UNIT No, FOR " RELEASE" FILE
C IWROUT = UNIT NO, FOR " WEIGHTS" FILE
C ISTDAT = UNIT No, FOR * SOURCE TERM DATA" FILE

DIFENSION ST ( 9 ) , STE ( 9 ) , STL( 9 ) , XNDX( 300 )

DIMENSION ISSST(20) _

*~

DATA HSP/9/
DATA NTOT/0/
CHARACTER BINJ($000)*20
CHARACTER NAMRUN*80,NAMBIN*80 ,

CHARACTER BINOUT*20
LOGICAL EARLY,11 CALL,12 CALL DIAG BYOBS

C OET THE RUN TITLE
READ (5,1000)NAMRUN

C OET THE I/O UNIT NUMBERS
READ (5,*)IFRINT,IBINNR,ISAMPL,IWROUT,IRELOUT,

$1STDAT
C OET THE ISSUE NUMBERS

READ (5,*)NFSST NISS,NSAM
C READ WHICr . SUE NO, AFFLIES T3 EACH ST ISSUE

READ ($,*: SST(E),K=1,NISS)
C IF DIAGNOSTICS ARE REQUIRED, DIA0 = .TRUE,
C IF SOURCE TERMS ARE TO BE READ BY OBSERVATION,
C BYOBS = .TRUE.

READ (5,999)DIAO,BYOBS
C WRITE THE IDENTIFICATION AND UNIT NUMBER

WRITE (IPRINT,1004)NAMRUN,NSAM,ITRINT.ISAMPL IBINNR.IRELOUT,
8 IWROUT,ISTDAT
WRITE (IPRINT 1044)NISST,NICS
11 CALL =,TRUE,

IF(.NOT.BTOBS) THEN
READ (IBINNR,1000)NAMBIN
READ (IBINNR,*)NDIM,1: BIN
NTOT*NBIN*NSAM
WRITE (IPRINT,1005)NAMBIN,NDIM,NBIN,NTOT
READ (IBINNR,1006)(BINJ(J),J*1,NBIN)

C PUT A HEADER ON THE " RELEASE" OUTPUT FILE
WRITE (IRELOUT,2002)NAMRUN,NDIM,NSP,NTOT,NSAM

ELSE
DO 890 ISAthl,NSAM

C PUT A HEADER ON TIIE " RELEASE" OUTPUT FILE
READ (IBINNR,1001)IOBSD,NAMBIN
READ (IBINNR,*)NDIM,NBIN

-NTOT=NTOTtNBIN
READ (IBINNR,1006)(BINJ(J),Jal,NBIN)

890 t.UNTINUE
WRITE (IFRINT,1007)NAMBIN,NDIM,NTOT
WRITE ( IRELOUT ,2002 ) NAMRUN , ND IM, NS P, NTOT , NSAM

REWIND IBINNR
ENDIF
D0 900 ISAM 1,NSAM

C STEP THROUGH SAMPLE
READ (ISAMPL,*)IODSD NLMS,(XNDX(J),J=1,NISST)

,
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12 CALL =.TRUE.
C STEP THROUGH MASTER BIN LIST, BY OBSERVATION

IF(BYOBS) 7t!EN
READ (IBINNR.1001)IOBSD,NAMBIN

,~

READ (IBINNR,*)NDIM,NBIN
READ (IBINNR,1006)(BINJ(J),J-1,NBIN)

END IF
C CALCULATE SOURCE TEPJ13

DO 910 IB=1,NBIN
CALL SGRST(NSP,11 CALL BINJ(IB),NISS,ISSST,12 CALL,

$ XNDX,ST.STL,EARLY,ISTDAT,DIAO,IFRINT,
8 TW,71,DT1,E1,72,DT2,E2,ELEY,ISAM)

C

11 CALL =. FALSE.
72 CALL =. FALSE,

C OET EARLY AND LATE EFFECT WLIGETS
C WEE = EARLY EFFECT OF EARLY RELEASE
C WLE = LATE EFFECT OF EARLY RELEASE --

C WEL = EARLY EFFEOT OF LATL RELEASE
C WLL = LATE EFFECT OF LATE RELEASE

00 770 ISP=1,NSP
IF(EARLY)THEN *

STE(ISP)=ST(ISP)
ST(ISP)=STE(ISP)+STL(ISP)

ELSE
STE(ISP)=0,
STL(ISP)=ST(ISP)+STL(ISP)
ST(ISP)*STL(ISP)

END IF
770 CONTINUE

( IF(EARLY)THEN
j CALL WEIGHT (NSP,STE, WEE,WLE)

CALL WEIGifT(NSP,STL,WEL WLL)
ELSE

WEE =0,

WLE=0,

CALL WEIGHT (NSP.ST,WEL,WLL)
END IF
DO 888 IJ=1,20

I IF(IJ.LE NDIM)THEN
i BINOUT(IJ:IJ)=BINJ(IB)(IJ IJ)

ELSE
BINOUT(IJ:IJ)=* '

END IF
886 CONTINUE

WRITE (IRELOUT 1775) ISAM PINOUT TW,71,DT1,72,DT2,ELEV
WRITE (IRELOUT.17751) El,(STE(IS),IS=1,NSP)
WRITE (IRELOUT,17751) E2,(STL(IS),IS=1,NSP)
WET = WEE +WEL

WLT=WLE+WLL
C WRITE (IWROUTil777) ISAM,IB. WEE WLE,WEL,WLL, WET WLT

IF(DIAO)THEN
WRITE (! PRINT,2010)IB,BINJ(IB),ISAM,(STE(ISP),

8 IS P= 1, NS P ) , ( STL( I SP) . ISP=1, NSP ) ,
8 (ST(ISP),ISP=1,NSP)

WRITE (IPRINT,2011), WEE,WLE,WEL,WLL, WET.WLT
END IF

910 CONTINVE
900 CONTINUE
999 FORMAT (L1,1X,L1)
1000 FORMAT (A)
1001 FORMAT (IS,A)
1004 FORMAT ($X,*RUN TITLE: ',A80/

$ 5X,' SAMPLE SIZE = ',13/
$ 5X,'FRINT FILE ON UNIT ',12/

-
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S 5X,' INPUT SAMPLE FILE ON UNIT ',12/
$ 5X,' INPUT BIN FILE ON UNIT ',12/
C 5X,' OUTPUT ST FILE ON UNIT ',12/
$ $X,' OUTPUT WEIGHTS FILE ON UNIT ',12/
$ 5X,' INPUT fARAMETERS ON UNIT ',12)

1005 FORMAY($X,' BIN TITLE: ,AB0/5X,' DIMENSIONS: ',I3/*

$ 5X,' NUMBER OF BINS: ',14/
$ SX,' TOTAL NUMBER OF SOURCE TERMS * I7),

'1006 FORMAT (1X,A20)
1007 F0FJtAT(5X,' BIN TITLE: ',A80/5X,' DIMENSIONS: ',13/

$ $X,' TOTAL NUMBER OF SOURCE TERMSt ' I7),

1044 FORMAT (5X,* TOTAL NO. OF-ISSUES =',13/5X,'NO. OF ST ISSUES =',13)
1775 FORMAT (14,2X,A20/6(IFE12,3))
1777 FORMAT (215,6(IPE11.3))
2002 FORMAT (2X,AB0/417)
2010 FORMAT (//$X,' OUTPUT FOR BIN ENTRY v ',14,2X,A20/SX,

0 ' SAMPLE MEMBER',14/5X,'STE = ',9(IPE9.1)/
8 5X,'STL = ',9(1FE9.1)/5X,'STT = ',9(1PE9.1)) -

2011 FORMAT (5X,' WEE = ',F8.4,' WLE = ',F8.4,' WEL = ',F8.4,

WLL = ',F8.4/5X,' WET = ',F8.4 ' WLT = ',F8.4)8 '

17751 FORMAT (10(1FE12.3))
END ,

SUBROUTINE SORST(NSP,11 CALL, BIN,NISS,ISSST,12 CALL,XNDX,ST,
8 STL,EARLY,ISTDAT DIAG,IPRINT,TW T1,
8 DT1,E1.T2,DT2,E2,ELEV,ISAM)

C

C

C

C

C 2-ND GENERATION PROGRAM TO CALCULATE SOURCE TERMS FOR SEQUOYAH
C

C THE SOURCE TERM FOR SPECIES GROUP I (1.NE.2 OR 5) IS
C APPROXIMATED BY:
C ST(I)=FCOR(I)*(FISO(I)*FOSO(!)+(1 FISO(I))*FVES(I)*((1.-FBYPV)
C /DFICVtFBYPV)*FCONV/DFE.
C + F FART * ( 1 -FCOR ( I ) ) * FCCI (I ) * ( ( 1. -FBYN ) / DIFCC+ FBY N ) * FCONC ( I ) /DFL
C + ( 1-FCOR (I ) ) *FittE* FDCH C I) * FCONV* ( (1. -FBYPV) /DFICDH+ FBYPV ) +
C + F LAT E ( I ) * ( FCOR ( I ) * ( 1 - TVES ( I ) ) + FRDi* ( 1- FCOR (I ) ) * FCONRL (I ) / D FL ( 1 )
C WHERE:

C ST(I)= FRACTION OF INITIAL INVENTORY RELEASED TO ENVIRONMENT,
C FISG(I)= FRACTION OF INITIAL INVENTORY RELEASED INTO STEAM GENERATO
C FOSO(I)= FRACTION OF INITIAL INVENTORY RELEASED FROM STEAM GENERATO
C FCOR(I)= FRACTION OF INITIAL INVENTORY RELEASED FROM FUEL FRIOR TO
C BREACH.
C FVES(I)= FRACTION OF FCOR NOT DEPOSITED IN THE VESSEL.,

| C FCONV= FRACTION OF MATERIAL RELEASED TO CONTAINMENT PRIOR TO -
C OR AT VESSEL BREACH WHICH WOULD BE RELEASED FRCH CONTAINMENT IN
C THE ABSENCE OF DECONTAMINATION MECHANISMS.
C FBYPV= EFFECTIVE BYPASS FRACTION OF ICE CONDENSER UP TO T!IE TDtE OF
C VESSEL BREACH
C DFICV= DECONTAMINATION FACTOR FOR ICE CONDEUSER UP TO THE TDtE OF
C VESSEL BREACH
C DFE= DECONTAMINATION FACTOR APPLICABLE TO RCS RELIASE.
C FFART= FRACTION OF CORE INVOLVED IN CCI
C FCCI(I)= TRACTION OF INVENTORY REMAINING IN THE MELT
C RELEASED DURING CORE-CONCRETE INTERACTION (CCI).
C FCONC(I)= FRACTION OF CCI RELEASE ESCAPING CONTAINMENT,
C FBY N = EFFECTIVE BYPASS FRACTION FOR ICE CONDENSER DURING CCI RELEA
C DFICC= DECONTAMINATION FACTOR FOR ICE CONDENSER DURING CCI RELEASE
C DFL *)* DECONTAMINATION FACTOR APPLICABLE TO CCI RELEA3E,
C FFttE= FRACTION OF CORE INVOLVED IN PRESSURIZED MELT EJECTION.
C FDCH(I)= FRACTION OF MATERIAL INVOLVED IN FRESSURIZED ET
C EJECTION RELEASED FROM CONT!.INMENT DUE TO DIRECT HEATING
C LFICDH= DECONTAMINATION FACTOR FOR ICE CONDENSER APPLICABLE TO
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C DCN RELEASE
C FLATE(I)= FRACTION OF MATERIAL REMAINING IN THE RCS AFTER VESSEL
C BREACH WHICH IS REVOLATILIZED LATER.
C FREM= FRACTION OF CORE MATERIAL REMAINING IN VESSEL AFTER BREACH;

C FCONRL(I)= FRACTION OF LATE REVOLA".ILIEED MATERIAL WHICH WOULD BE
C RELEASED FR m CONTAINMENT IN TiiE ABSENCE OF DECONTAMINATION
C HECliANISMS.
C

C FOR IODINE, AN ADDITIONAL TERM IS ADDED: !

C +XLATE*(RELIV-RELIC)
C WHERE:

C XLATE IS THE FRACTION OF IODINE REMAINING IN CONTAINILTNT LATE
C IN TIIE ACCIDENT WHICH IS CONVERTED TO ORGANIC IODIDES.
C RELIV= FRACTION OF INITIAL INVENTORY OF IODINE RELEASED TO
C CONTAINMENT.
C RELIC = FRACTION OF INITIAL INVENTORY OFIODINE RELEASED FROM
C CONTAINMENT.
C -

C NISS* NUMBER OF ST ISSUES
~ C ISSUE-1: IN-VESSEL RELEASE FRCti FUEL (FCCR)
C ISSUE-2: RELLASE FROM VESSEL (IN-VESSEL RETENTION) (FVES)
C ISSUE-3: V-SEQ. DF WITH SUBMEROED RELEASE (VDF) *

C ISSUE-4: RELEASE OF RCS SPECIES FRm CONTAINMENT (FCONV)
C ISSUE-51 RELEA3ES F1tCM MELT IN CCI (FCCI)
C ISSUE-6: RELEASE OF CCI SPECIES FRm CONTAI!NENT (FCONC)
C ISSUE-7: SPRAY DF'S (SFRDF)
C ISSUE 81 LATE IODINE RELEASES FR m CONTAINMENT (XLATE)
C ISSUE 9: LATE REVOLATILIEATION (FLATE)
C ISSUE-10: RELEASE DUE TO DIRECT !! EATING (FDCH)
C ISSUE-lit DECONTAMINATION FACTOR FOR ICE CONDENSER
C ISSUE-12: STEAM GENERATOR TUBE RUPTURE FISO & FOSG
C ISSUE-13: TOOL SCRUBBING OF CCI
C
C ST BINS ARE DEFINED BY A 14 LETTER WORD, " BIN *
C IST LETTER: CONTAINMENT FAILURE FODE.
C A= CONT. BYPASS, NOT SUBMERGED
C B= CONT. BYPASS, SUBMERGED
C C= CONT. TAILURE BEFORE VESSEL BREACH
C D= CONT. FAILURE HEAR THE TIME OF VESSEL FAILURE
C E= LATE (CA. 6 HkS AFTER VB) CONTAINMENT FAILURE
C F=VERY LATE (CA, 24 HRS AFTER VB) CONTAINMENT FAILURE
C O=NO CONTAINMENT FAILURE
C
C 2ND LETTER: SPRAY OPERATION
C (E=EARLY, UP TO VESSEL BREACH)-

t C (I= INTERMEDIATE, VB TO VB+4MtIN) ~

'

C (L= LATE, VBt42 TIN TO END OF CCI)
C (V=VERY LATE, AFTER CCI)
C (--NON-OPERATION)
C A=E---
C B=EI--
C C CIL-
C D=EILY
C E= -L-

C- F=--LV
C O=---V
C H=----
C
C 3RD LETTER: CCRE-CONCRETE INTERACTION
C A*PRCMPT DRY--FULL UNSCRUBBED CCI
C B*PR W PT SHALLOW SCRUBBED
C C=NO CCI
C D= PR mPT DEEP SCRUBBED
C E*S!! ORT DELAYED, TRERIAFTER DRY
C F=LONG DELAYED, THEREAFTER DRY

.. .
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C

C 4TH LETTER: PRESSURE IN kCS AT VB
C A*AT SYSTEM SETPOINT; 7 EEQUENCES: OUTFIDW TIIROUGH CYCLING PORV
C B=H10t! PRESSUREj $3 EEQUENCES; VERY SMALL LEAK W/O SO COOLING
C C= INTERMEDIATE FRESSURE: $2 SEQUENCES: ACCUttULATORS DISCHARGE
C D= LOW IRESSURE; A/S1 SEQUENCES; NEAR ATH]SPl!ERIC PRESSURE
C

C STl! LETTER: HDDE OF VESSEL BREACH
C A= Hit!E
C B= POUR

C C=0ROSS BOTTOM HEAD FAILURE
C D=A1.P!IA H3DE
C E= ROCKET

C F=tlO VESSEL BREACll
l C

C ETl! LETTER: SGTR
C A=0CCURS (EITHER S2 OR $3), SRV CLOSES
C B= OCCURS, - SRV REMAINS OPEN *

C C=NONE

C

C 77H LETTER: AFOUNT OF CORE IN CCI
C A=LARGE A mUNT (70-1001) NatINALLY 852 ,

C batODERATE AFOUNT (30-70I) NottINALLY 502
C C=ShALL AFOUNT(0-302) NOMINALLY 151
C D=NotlE
C
C STH LETTER: ER OXIDATION
C A= LOW ER OXIDATIM (0-401) NOMINALLY 251
C B=1!!OH ER OXIDATIOt8 (>402) NOMIPALLY 65%'

C DTH 1.ETTER: HIcil PRESSURE MELT EJECTION
C AallIGH !!MtE (75TH FERCENTILE OF IN VESSEL PANEL)
C B-FDDERATE Hit!E (50TH PERCENTILE OF IN VESSEL-FANEL)
C C=LCW liniE (25Til PERCENTILE OF IN-VESSEL PANEL)
C D=NO HIttE
C
C 10Til LETTERt CONTAINMENT FAILURE SIZE

i C A= CATASTROPHIC RUPTURE--0ROSS STRUCTURAL FAILURE
C B= RUPTURE- NatINALLY 7 SQ. FT.
C C= LEAK--HGtINALLY 0.1 SQ. FT.
C L=NO FAILURE
C
C 11TH LETTER: HOLES IN RCS
C A=ONE LARGE HOLE -

C B=TWO LARGE IlOLES
C

~

C 12TH LETTER: ICE CONDENSER FUNCTION BEFORE VESSEL BREACH
C A=NO BYPASS; IC FUNCTIONS AS DESIONED
C B= PARTIALLY BYPASSED
C C= COMPLETELY BYPASSED OR ICE MELTED
C
C 13Til LETTER: ICE CONDENSER FUNCTION DURING CCI
C A=NO BYPASS; IC FUNCTIONS AS DESIONED
C D= PARTIAL BYPASS,

j C C=CCitPLETELY BYPASSED OR ICE MELTED
C
C 14Tli LETTER: AIR RETURN FANS
C A=EARLY: FANS OPERATE ONLY UP TO VESSEL BREACH<

C B=EARLY AND LATE: FANS OPERATE BEFORE AND AFTER VESSEL BREACH
C C= LATE ONLY: FANS OPERATE ONLY AFTER VESSEL BREACH
C D=NEVER; AIR RETURN FANS NEVER OPERATE
C
C

C PARAMETERS TO BE SET BY ISSUES HAVE 10 LEVELS-- LEVELS 1-9
C DEFINE THE CDF, I.E., THEY ARE MINLtlLH, MAXIMUM, AND 7 INTERMEDIATE

. -
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C FERCENTILES, (12, 52, 25I, 502, 752, 95I, 901) 0F CDF.

C LEVEL 10 FOR ANY ISSUE INDICATES THE " CENTRAL" LEVEL, HENCE IF ALL-
C LEVELS ARE SET TO 10. THE ' CENTRAL" RELEASE WILL BE GIVEN.
C

C THE LEVELS FOR EACH SAMPLE MEMBER ARE SET BY A VECTOR, XNDX, WHERE

C XNDX(I) IS A REAL NUMBER. IF XNDX(!) IS SET TO A VALUE GREATER THAN
C OR EQUAL TO 1.0, THE " MAXIMUM" PERCENTILE VALUES FOR THE GIVEN PARAMETER
C ARE SEttcTED. IF XNDX(I) IS SET TO 0.0, THE * MINIMUM' PERCENTILE VALUES
C FOR THE GIVEN PARAMETER ARE SELECTED, IF XNDX(I) IS SPECIFIED AS
C A REAL VALUE BETWEEN 0.0 AND 1.0, EITHER A LINEAR OR A LOCARITHMIC
C INTERPOLATION SCHEME IS INVOKED TO SELECT THE FROPER VALUE FOR A GIVEN
C PARAMETER. TO CET THE " CENTRAL" RELEASE MENTIONED IN THE PREVIOUS
C PARAGRAPH, SPECIFY A NEGATIVE REAL VALUE FOR XNDX(I),
C

DIMENSION FCORL(10,0,4),FCOR(9),FVHH(10,9),FVHP(10,9),FVIP(10,9),
8 FVLP(10,9),FVV(10,9),FVSO(10,9),FVES(9),
8 FCCNVI(10,6),VDFL(10),DFICVI(10,5),DFICCI(10,5),
SCCI(10,9,4),FCCI(9),FCONCI(10,9,6),DFSPR1(10), -

SDFSPR2(1C),DFSPRC(10),FIHEL(4),FPARTL(4),
$LATEIL(10),FLATE(10,0,4),FLATEX(9),FCONC(9),
$FDCHL ( 10, 9,2 ) , DLATE ( 9 ) , DFL ( 9 ) , FCONRLX ( 9 ) ,
$LVL(20),XNDX(300),VPSL(10,9,2),VPS(9),

,

$XSO ( fe ) , ST ( 9 ) , STL ( 9 ) , FISG( 10,9,1) , FOSO( 10,9,2 ) ,XOSO( 9 ) ,

C SFCONRL(0), DST (0),ISSST(20)
$ DST (0),ISSST(20)
REAL LATEIL,LVL
LOGICAL ISPR(4) IFAN(2),DIAO,EARLY, TEST,11 CALL,12C.tLI.
CHARACTER *20 BIN
CHARACTER CHH

C FRACTION OF CORE RDIAINING IN VESSEL: THIS MAY EVENTUALLY BE
C PASSED BY CET. FOR THE PRESENT THIS QUANTITY IS FIXED AT SI.

DATA FRDi/.05/
DATA FPARTL /1.. 5. 15,0./

C FOR THE FIRST CALL TO THIS SUBROUTINE, READ IN ST DATA
IF(. NUT.11 CALL) 0070 8550

C BLOCX 1: FCOR= FRACTION OF EACH NUCLIDE RELEASED FRCri CORE
C CASE 1= LOW ER OXIDATION (HIGH ZR REMAINING)
C CASE 2al!IGH ZR OXIDATION (LOW ZR REMAINING)

READ (ISTDAT,*)(((FCORL(L,ISP,IC),ISP=1,NSP),L=1,10),1C=1,2)
IF(DIAG) WRITE (IPRINT,2004)(((FCORL(L.ISP,1C),ISP=1,NSP),

8 L=1,10),IC=1,2)
'2004 FORMA?(/5X,'FCORL:'/(9(1PE10.1)))

C PLOCX 2: FVES, FRACTION RELEASED FRCri VESSEL
I C BASED ON RCS PRESSURE AT TIME OF VESSEL BREACH
I C TVHH: SYSTEM SETPOINT PRESSURE

C FVHP: SIGH PRESSURE (LUMPED WITH INTERM. BY EXPERTS)
C FVIP: HIGH OR INTERMEDIATK FRESSUPE
C FVLP: LOW FRESSURE
C FVV: LARGE INTERFACING SYSTD1 LOLA
C

READ ( ISTDAT , * ) ( ( TVHH ( L , I S P ) , IS P= 1, NS P ) , L= 1,10 )

IF(DIAG) WRITE (IPRINT,2010)((FVHH(L,ISP),ISP=1,NSP),
t 8 L=1,10)
| 2010 FORMAT (/5X,'FVHH:'/(9(IPE10.t)))

| READ (ISTDAT,*)((TVHP(L,ISP),1SP=1,NSP),L=1,10)
| IF(DIAG) WRITE (IPRINT,2011)((FVUP(L,ISP) ISP=1,NSP),

$ L-1,10)

2011 FORMAT (/5X,'FVHP:'/(9(IPE10,1)))
L READ ( ISTDAT , * ) ( ( FVI P(L . IS P ) , ISP=1, NSF) , L=1,10 )

IF(DIAG) WRITE (IPRINT,2012)((TVIP(L ISP),ISP=1,NSP),
8 L-1,10)

2012 F0FNAT(/5X.'FVIP '/(9(1PE10.1)))

i
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READ (ISTDAT,*)((FVLP(L,ISP),IS!*1,NSP).L-1,10)
|IF(DIAO) WRITE (IPRINT,2014)((TVLP(L,ISP),ISP=1,NSP),

$ L-1,10) 1

2014 TORMAT ( / 5X , ' FVLP : ' / ( 9 ( I PE 10.1 ) ) )
READ (ISTDAT,*)((FVV(L,ISP),ISP=1,NSP),L=1,10)

IF ( DI AO)WRI TE ( I PRI NT ,2016 ) ( ( TVV(L , ISP ) , IS P= 1, NS P) ,
8 L=1,10)

2016 FORMAT (/5X,'FVV '/(9(1FE10.1)))
C FVES FOR SGTR

READ (ISTDAT,*)((TVSO(L,ISP),ISPwl,NSP),L=1,10)
I F (DI AO ) WRITE (I FRINT ,2018 ) ( ( TVSO( L , IS P ) . ISP=1, NS P) ,

8 L=1,10)
2016 FORMAT (/5X,'FVSO.'/(9(1PE10.1)))

C BLOCK 3: FISO AND FOSG
C FIso-FRACTION k;NTERING SO IN SOTR

C FOSoaFRACTION LEAVINO STEAM OENERATOR
C CASE 1: SRV CLOSES. CASE 2 SRV DOES NOT CLOSE

READ (ISTDAT,*)(((FISO(L,ISP.IC),ISP=1,NSP),L=1,10),IC=1,2)-
_

IF(DIAO)THEN
Do 20201 IC=1,2

WRITE ( I PRINT ,2020 ) IC , ( ( FI SO (L , ISP, IC ) , ISP=1, NS P ) ,
8 L=1,10)

,

20201 CONTINUE
ENDIF

2020 FORMAT (/5X,'FISO '/5X,' CASE ',13/(9(1PE10.1)))
READ (ISTDAT,*)(((FOSO(L,ISP,1C),ISP=1,NSP),L=1,10),IC=1,2)

IF(DIAO)THEN
00 20221 IC=1,2

WRITE (IPRINT,2022)IC,((FOSG(L,ISP,IC),ISP=1,NSP),
$ L=1,10)

20221 CONTINUE
ENDIF

2022 FORMAT (/5X,'10SO:'/5X,' CASE *,13/(9(1PE10.1)))
C BLOCK 4: VDF=DF AFPLIED TO SCRUBBED V SEQUENCE.

READ (ISTDAT,*)(VDFL(L),L=1,10)
IF(DIAG) WRITE (IPRINT,2024)(VDFL(L),L=1,10)

2024 FORMAT (/5X,'VDF '/($(1TE10.1)))
C
C BIDCK 5: FCONV= FRACTION OF RCS RELEASE LEAVING
C CONTAINMENT; SIX CASES
C CASE 1: EARLY LEAK, DRY CONTAINMENT
C CASE 2: EARLY LEAK, WET CONTAINMENT
C CASE 3: EARLY RUPTURE, UPPER COMPARTMFNT
C CASE 4: EARLY RUPTURE, LOWER CCHPARTMENT
C CAJE 5: LATE RUPTURE
C CASE 6: V SEQUENCE
C

READ (ISTDAT,*)((FCONVI(L,ICASE),L=1,10),ICASE=1,6)
IF(DIAO)THEN

DO 2222 ICASE=1,6
WF.I T E (I PRINT ,2025 ) TCASE , ( FCONVI ( L ,1 CASE ) , L= 1,10 )

2222 CONTINUE
END IF

2025 FORMAT (5X,'FCONV--CASE ',I3/(10(1PE10,1)))
C

C BLOCX 6: FCONC= FRACTION OF CCI RELEASE LEAVING
C CONTAINMENT; FIVE CAFES
C CASE 1: EARLY LEAK (CEFORE CCI) DRY CONTAINMENT
C CASE 2: EARLY LEAK (BEFORE CCI), WET CONTAINMENT-

"C CASE 3: EARLY RUPTURE (BEFORE CCI), UPPER CCHP,
C CASE 4: EARLY RUPTURE (BEFORE CCI), UPPER CCMP,
C CASE 5: LATE RUPTURE (AFTER CCI)
C CASE 6: V-SEQUENCE
C

READ (ISTDAT,*)(((FCONCI(L.ISP,1 CASE),ISP=1,NSP),L-1,10),

-

-
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6 ICASE=1,6)
IF(DIAO)THEN

00 7223 ICASE=1,6 i

WRITE (IPRINT,2026)ICASE ((FCONCI(L ISP,1 CASE),
o ISP=1, NSP) ,L-1,10 )

2223 CONTINUE
END IF

1026 F0lWAT($X,'FCONC--CASE ',I3/(9(1PE10,1)))
C B14CK 7: CCI= FRACTION OF MATERIAL REMAINING IN DEERIS
C RELEASED IN CCI
C CASE 1: LOW ER OXIDATION (HIGH ZR REMAINING), NO WATER
C CASE 2: HIGH ER OXIDATION (LOW ZR REMt.INING), NO WATER
C CASE 3: LOW ER OXIDATION, WATER PRESENT
C CASE 4: HIGH ZR OXIDATION, WATER PRESENT

READ (ISTDAT,*)(((CCI(L,ISP,1C),ISP=1,NSP),L=1,10),IC=1,4)
IF(DIA3) WRITE (IPRINT,2028)(((CCI(L ISP,1C),ISP=1,NSP),

6 L=1,30),1C=1,4)
2026 FOM MT(/5X,'CCIt'/(9(1PE10.1))) *

C BLOCK 8: SPRAY DF-S
__

C DFSPR1= SPRAY DF FOR EIGH PRESSURE, EARLY
C CONTAINMENT RUPTURE FOR RCS RELEASE.
C CURRENTLY ONE VALUE FOR ALL NUCLIDE CROUPS (EXCEPT NG),

,

READ (ISTDAT,*)(DFSPR1(L),L*1,10)
IF(DIAG) WRITE (IPRINT,2034)(DFSPR1(L),L=1,10)

2034 FORMAT (/5X,'DFSTR1:'/(10(1PE10,1)))
C DFSPR2= SPRAY DF FOR ALL OTHER CASES, FOR RCS RELEASE,

READ (ISTDAT,*)(DFSPR2(L),L=1,10)
,

IF(DIAG) WRITE (IPRINT,2036)(DFSPR2(L),L=1,10)
2036 FORMAT (/SX,'DFSPR2:'/(10(1PE10,1)))

C DFSPRC= SPRAY DF FOR CCI RELEASE
READ (ISTDAT,*)(DFSPRC(L),L=1,10)

IF(DIAG) WRITE (IPRINT,2038)(DFSPRC(L),L=1,10)
2038 FORMAT (/5X,*DISPRC:'/(10(1PE10.1))) 1

C BLOCK 9: FRACTION OF IODINZ REMAINING IN CONTAINMENT
": WHICH IS CONVERTED TO VOLATILE FORMS

READ (ISTDAT,*)(LATEIL(L),L=1,10)
IF(DIAO) WRITE (IPRINT,2044)(LATEIL(L),L=1,10)

2044 FORMAT (/5X,'LATEIL:'/(10(1PE10,1)))
C BLOCK 10: FRACTION OF MATERIAL REMAINING IN RCS'WHICH IS
C REVOt.ATILIEED LATE IN TH2 ACCIDENT.
C CASE 1: ONE HOLE IN RCS
C CASE 2 TWO HOLES IN RCS

READ (ISTDAT , * ) ( ( ( FLATE (L , IS P ,1C ) , IS P= 1, NSP ) ,L= 1,10 ) , N= 1,2 )
IF (DI AO ) WRITE ( I PRINT ,2046 ) ( ( ( FLATE (L , IS P. IC ) , I SP=1, NSP ) ,

a L-1,10),IC=1,2)
2046 FORMAT (/5X,'FLATE:'/(9(IPE10.1)))

C BLCr% 11: FOR DIRECT FTATING
C FDCH= FRACTION OF FPME RELEASED FRO 1 CONTAINMENT (FOR EARLY CF
C ONLY)

READ (ISTDAT,*)((FDCHL(L,ISP,1),ISP=1,HSP),L=1,10).
IF(DIAG) WRITE (IPRINT,2051)((TDCHL(L,ISP,1),ISP=1,NSP),L=1,10)

2051 FORMAT (/5X,1DCHL: HI PRESSURE'/(9(1PE10.1)))
READ (ISTDAT,*)((FDCHL(L,ISP,2),ISP=1,NSP),L=1,10)

IF(DIAG) WRITE (IPRINT,2052)((FDCHL(L,ISP,2),ISP=1,NSP),L=1,10)
2052 FORMAT (/5X,'FDCHL: INT PRESSURE'/(9(1PE10,1)))
C BDXK u. DF FOR POOL SCRUBBING.
C CASE 1: ACCUMULATOR WATER ONLY
C CASE 2: FULL CAVITY

READ (ISTDAT,*)(((VPSL(L,ISP,1C).ISP=1,HSP),L=1,10),IC=1,2)
$

IF (DI AG) WRITE ( I PRINT,2056 ) ( ( ( VPSL (L , IS P ,1C ) , ISi=1, NSP) , '

O L=1,10),1C=1,2)
;

2056 FORMAT (/5X,'VPSL '/(9(IPE10,1)))
C BLOCK 13: FRACTIONS OF CORE IN HENE (RICH, IODERATE, LOW)

READ (ISTDAT,*)(FINEL(L),L=1,3)
FFMEL(4)=0.0

.
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IF(DIAO) WRITE (IFRINT,2056C)(FFMEL(L),L=1,3)
20566 FORMAT (5X,* TRACTION OF CORE IN HIEE:'/SX,'H10H ' ft.3/ ;

8 5X,'mDERATE ',F8,5/5h,' LOW ',Ft 3)

C BLOCK 14
C DATA FOR ICE CONDENSER DECONTAMINATION FACTOR FOR RCS RELEASE
C FOUR CASES"
C CASE 1: FANS OPERATING, NO CF
C CASE 2 FANS OPERATING, CONTAINMENT FAILED
C CASE 3: FANS NOT OPERATING, DEFAULT CASE
C CASE 4: HIHE OR DCH EVENT

READ (ISTDAT,*)((DFICVI(L.IC),L=1,10),1C=1,4)
IF(DIAO)THEN

00 16456 IC=1,4
NF.ITE ( I PRINT ,164 57 ) 1C , ( DFICVI ( L ,1C ) , L= 1,10 )

16456 CONTINUE
END IF

16457 FORMAT (/5X,'DFICV, CASE ',12/2X,(10(1PE8,1)))
C PLOCK 15 -

C DATA FOR ICE CONDENSER DECONTAMINATION FACTOR FOR CCI RELEASE
C THREE CASES--
C CASE 1: FANS OPERATING, NO CF
C CASE 2: FANS OPERATING, CONTAINMENT FAILED

,

C CASE 3: FANS NOT OPERATING, DEFAULT CASE
READ (ISTDAT,*)((DFICCI(L,IC),L=1,10) IC=1,3)
IF(DIAO)THEN

00 16458 IC=1,3
WRITE (IPRINT,16459)IC,(DFICCI(L,1C),L=1,10)

16458 CONTINUE
END IF

16459 FORMAT (/5X,'DFICC, CASE ',12/1X,(10(1PE9.1)))
C THIS IS THE END OF THE DATA INPUT.

8550 CONTINUE
IF(12 CALL) THEN

DO 10 ISS=1,NISS
ISSUE =ISSST(ISS)
LVL(ISS)=XNDX(ISSUE)

10 CONTINUE
END IF
CHH= BIN (1:1)
EARLY= FALSE.

IF(C3H.LE.'D'.OR.BIH(6:6).LT.'C')EARLY=.TRUE.
IF(DIAO) WRITE (IFRINT 1009) BIN,ISAM,(LVL(ISS),ISS=1,NISS)

1009 FORMAT (///5X,' DIAGNOSTIC OUTPUT FOR BIN ',A20,
$ ' SAMPLE MEMBER *,I4/
S 5X,'ST LEVELS = ',4(5F5.1,3X))

C MAIN CALCULATION
C

( C SET UP SFRAY INDICES
'

C "TRUE" INDICATES SPRAY IS OFERATING DURING THE FOLLOWING TIME
C PERIODS.
C PERIOD 11 UP TO VESSEL BREACH (EARLY)
C PERIOD 2: VESSEL BREACH TO START OF CCI (INTERMEDIATE)
C PERIOD 31 DURING CCI (LATE)

(- C PERIOD 4: AFTER CCI (VERY LATE)
CALL SFRAY(BIN,ISPR)i

IF(DIAO) WRITE (IPRINT,1010)(ISTR(L),L=1,4)
1010 FORMAT (5X,'"$ PRAY" CALLED; ISPR = 8.,4L1)
C SET UP FAN INDICES
C PERIOD 12 UP TO VESSEL BREACH
C PERIOD 2: AFTER VESSEL BREACl!-

CALL FAN (BIN,IFAN)
IF ( DI AO )WR ITE ( I PRI NT ,1011 ) (I F AN ( L ) , L* 1,2 )

1011 FORMAT (5X,'" FAN'* CALLED; IFAN = 8,2L1)
| C RELEASE CHARACTERISTICS
| CALL RELCHAR(BIN,TW,T1.DT1,E1,72,DT2,E2,ELEV,ISPR)

.

_
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DTW-71-TW
I F (DI AO ) WRITE (I PRI NT ,214 5 ) TW , DTW, T 1, DT1. E 1,72 , DT2, E2, ELEV

2145 FORhAT(5X,'"kELCHAR" CALLED) RELEASE CHARACTERISTICS '/
S 9X,'TW',7X,'DTW',0X,'71',7X,'DT1',0X,'El',7X,*T2',

S 7X,'DT2',EX,'E2',7X,'ELEV'/5X,9(1FE9,1)/5X,
,

$ ' TIMES IN SEC."REL. RATES IN WATTS- ELEY. IN METERS')
J

'

C IN VESSLL RELEASE FOR EACH OROUP (FCOR)
CALL CORER (BIN,NSP.FCOR,FC0KL,LVL(1)) !

!

I F ( DI AQ sWRI TE (I PRI NT ,1014 ) ( FCOR ( IS ) , IS= 1, NS P )

1014 FORMAT (5X,' * CORER" CAL 1.ED' /5X, 'FCOR = 8,9(IPE9.1)) .
C IN-VESSEL RETENTION

CALL VESREL ( BI N , FVES , FYHil, FVilP , FYI P , FYLP, rVV,

8 FVSO,NSP,LVL(2))
IF(DIAO) WRITE (IPRINT,1016)(TVLS(IS),IS=1,NSP)

1016 FORMAT (5X,'"VESREL" CALLED' /5X,'TVES a ' ,9(IPEO.1))
C CALCULATE FISSION PRODUCTS ENTERINO STEAM OENERATOR
C (FOR SOTR ONLY)

Do 195 IEP=1,NSF -

XSO(ISP)=0.
XOSO(ISP)=0,

IF(BIN (5:6).EQ,'C')GOTO 195
ICASE=1 ,

IF(BIN (6:6).EQ,'B')ICASE=2
XSO ( I S P ) =XI NTERPLSC ( LVL ( 12 ) , FI SO , I S P . ICAS E , I LOO )

XOSO(ISP)=XINTERPLSC(LVL(12),F030,ISP ICASE,ILOO)
195 CONTINUE

IF (DI AG ) WRITE (I PRINT ,2076 ) (XSG (ISP ) ,I S P= 1, NSP)
2076 FORMAT (5X,' RELEASE TO S0-St '/5X,0(1PE9.1))

I F (DI AO) WRITE ( I PRINT ,20781 ) ():0SG ( ISP ) , ISP=1, NSP )
20761 FORMAT (5X,' RELEASE FROM S0*S '/5X,0(IPE9,1))

IL00=1
VDF=1,0

IF ( Cl!H , EQ . ' B ' )VDF=XINTERPL ( LVL ( 3 ) , VDFL , ILOO )i

| IF(DIAO) WRITE (IPRINT,20791)VDF
20791 FORMAT (5X,'VDi' = ',1PE10.1)
C RELEASE OF MATERIAL FRCH CONTAINMENT (FCONV AND FCONC)-

CALL FCONVC(BIN,ISPR,FCONVI.FCONV,TCONCI,
8 FCONC,LVL(4),LVL(6),NSP)

IF(DIAG) WRITE (IPRINT,1018)FCONV,(FCONC(IS).IS=1,NSP)
1010 FORMAT (5X,'"FCONYC" CALLED'/5X,'FCONY = ',1PE10.1/,

j $ SX,'7 CONC = 8,9(1PE10.1))
| C CCI RELEASE
|

CALL CCIREL(BIN,NSP,CCI,FCCI LVL(5))
IF(DIAO) WRITE (IPRINT,1020)(FCCI(IS) IS=1,NSP)

1020 FORMAT (5X'"CCIREL" CALLED'/5X,'FCCI = *,9(1PE9,1))
C DCU RELEASE

IDCH=ICHAR(BIN (9:9))-64
FIHE=FINEL(IDCH)* (1. -FREM)
IF(DIAO) WRITE (IPRINT,20777)FPME

20777 FORMAT (5X,' FRACTION OF CORE IN HIME = ',F6.4)
C FRACTION OF CORE PARTICIPATING IN CCI

ICCI=ICHAR(BIN (7:7)) 64
C MATERIAL REMAINING IN VESSEL, AND MATERIAL INVOLVED IN HIGH
C , PRESSURE MELT EJECTION, CANNOT PARTICIPATE IN CCI

FPART=FPARTL(ICCI)*(1.-FREM-FIHE)
IF(DIAO) WRITE (IPRINT,10200)FPART

| 10200 FORMAT (5X,' FRACTION CF CORE IN CCI = ',Fe.3)
C F.FFECTS OF SPRAYS

CALL SPRDF(BIN,ISPR.DFSPR1,DFSPR2,DFSPV DFSPRC,DFSPC,
SLYL(7))

I F ( D I AO ) WRITE (I PR I NT ,1022 )D FS PV , DFS PC

1022 FORMAT (5X, * "SPRDF" CALLED; DFSPV = ',F7.1, ' DFSPC = ' , F7,1)
C POOL SCRUBBINO DF
C FIND CASE (SHALLOW OR DEEP)

ICASE=3

.

. . _t
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TL00=1
IF(BIN (3:3).EQ.'B')ICASE=1
IF(BIN ( 3 : 3 ) . EQ. * D' )1CAS'E=2
DO 185 ISP=1,NSP

IF(ICASE.EQ.3)THEN
VPS(ISP)=1,

ELSE
VPS ( I S P ) =X I NT ERPLSC ( LYL ( 13 ) , VPSL , I S P ,1 CAS E , I LOO ) )

'

END IF
185 CONTINUE j

IF(DIAG) WRITE (IPRINT,2077)(VPS(ISP),ISP=1,NSP)
2077 FOPJ%T(5X,'DF(P00L SCRUB):' /5X,9F7.1)
C FIND EFFECTS OF ICE CONDENSER

CALL ICE (BIN,IFAN,DFICVI.DFICCI DFICV,DFICC.DFICDH,FBYPV,
8 FBYPC,LVL(11))

IF(DIAO) WRITE (IPRINT,20877)DFICV,FBYPV,DFICC,FBYPC
20877 FORMAT ($X,' ICE CONDENSER DFSt'/5X,*RCS ',1PE10,1,

$ ' BYPAS* FRACTION: ',1PE10.1/ --
.

0 SX,'CCIs ',1PE10.1,' BYPASS FRACTION: ' 1PE10.1),

C FIND OVERALL DF
ILOO=1
DTE=1.0

Do 22620 ISP-1,NSP
-*

DFL(ISP)*1.0
226?S CONTINUE
C FOR V-SEQUENCE WITH WATER:

IF(CHH.EQ.'B')THEN
DFE=VDF

Do 22621 ISP=2,NSP
DFL(ISP)=AMAX1(VDF VPS(ISP))

[ 22*21 CONTINUE
i ELSE

C FOR ALL OTHERS:
C OVERALL DF IS SET EQUAL TO THE LARGEST FOR ALL OPERATIVE
C MECHANISMS, FOR EARLY CF (BEFORE CCI) DFL CANNOT BE GREATER
C THAN WRAT THE SPRAY DF WOULD BE,- IF SPRAYS WERE OPERATING.

DFE=DFSPV

DTE*DFE/tt1.-FBYPV)/DFICV+FBYPV)
IL00=1
Do 22622 ISP=2 NSP

DFL(ISP)=AMAX1(VPS(ISP),DFSPC)
IF((BIN (itl) .EQ. 'D' 0R. BIN (1:1).EQ 'C')

8 .AND.DFL(ISP).0T.1.)DFL(ISP)*
8 AMIN 1 ( DFL ( I S P ) , XI NTERPL ( LVL ( 7 ) , DFS PRC , ILOG ) )

DFL(IS P) =DFL (ISP ) / ( ( 1. -TBYIC ) /DFICC + FBYPC )
22622 CONTINUE

END IF
C Do NOT ALLOW OVERALL DF-8 T2 EXCEED 10,000.

DFE= AMIN 1(DFE,1.E4)
DO 11211 ISP=2,NSP

, DFL(ISP)= AMIN 1(DFL(ISP),1.E4).

'77 I PRINT ,1026 ) DF E , ( DFL ( I S P ) , I S P= 1, NS P )

102G = ',F7.1/5X,'DFLz'/4X,(9(1PE10.1)))

! ( /DC.1L . LVL ( 10 ) , NS P , DST , FCOR , DI AG , I PRI NT ,
'

f

;(IPRINT,17775)(DST (ISP),ISP=1,NSP)
177h DCH RELEASE TO CONTAItttENT '/9(IPE10.1))

6

C _ ,RE OR LARGE LEAX, NO EFFECT OF SPRAYS ON DCH RELEASE.
DO 176 4,P=2,NSP

DST (ISP)= DST (ISP)*FCONY
17f COM?tNur

IF(BIN (It1).EQ.'O') DST (1)=.005* DST (1)
IF(DIAO) WRITE (IPRINT,17776)(DST (ISP),ISP=1,NSP) |

-
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17776 FORMAT (5X,'DCH RELEASE FROM CONTAINMENT '/9(IPE10.1))
C CALCULATE SOURCE TERMS

FCN0=1.
IF(BIN (1:1).EQ.'O')FCN0=.005
ST(1)=FCOR(1)*(XSO(1)*XOSO(1)+(1.*XSO(1))*FVES(1)*FCNO)+ DST (1)

| STL(1)=FPART*(1.-FCOR(1))*FCCI(1)*FCHO
| ORCS *ST(I)
; GCCI-STL(1)

DO 200 ISP=2 NSP
ST(ISP)=FCOR(ISP)*(XSO(ISP)*XOSO(ISP)+(1.-XSO(ISP))*

$ FVES(ISP)*FCONV/DFE)+ DST (ISP)
STL( IS P)= ( 1. -FCOR(ISP) ) *FPART * FCCI ( I SP ) * FCONC ( ISP ) /

8 DFL(ISP)
200 CONTINUE

C " LATE" RELEASES OF GROUPS 1-3 ARE TRANSFERRED TO EARLY
C RELEASES, IF CCI IS PRONFT AND CONTAINHENT FAILURE IS EARLY
C IF SOTR OCCURS NOBLE GAS RELEASE IS TEPftED EARLY

IF((BIN (1:1).07.'b'.OR. BIN (3:3).EQ.'F').AND. BIN (6:6).EQ.'Ct) ,~

$ 00TO 2333
Do 230 ISP=1,3
ST(ISP)*ST(ISP)+STL(ISP)
STL(ISP)=0.

*

230 CONTINUE
C LATE REVOLATILIEATION FROM THE RCS. RELEASE FRACTIONS FRG.
C CONTAINHENT ARE SET EQUAL TO THOSE FOR " LATE" (CCI) To.
2333 ILOG=0

FCONRLX(1)=1.
FLA?JD((1)=1.

C NOBLE GASES RELEASED IN VESSEL, NOT YET RELEASED TO CONTAINHENT
S0Q1=FCN0
IF(BIN (6:6),EQ.8B')S0Q1=1.
DL1=FCOR(1)*(XSO(1)*(1.-X030(1))*S0Q1+(1. XSO(1))*

8 (1.-FVES(1))*FCHO)
C NOBLE CASES NOT YET RELEASED, FRCH HATERIAL REMAINING IN RCS

DL2=(1. FCCR(1))*FREH*FCNG
C NOBLE GASES IN MATERIAL LEAVING VESSEL BUT NOT IN CCI

DL3=(1.-FCOR(1))*(1.-FPART FREM-FittE)*FCNG
C REVOLATILIZED NOBLE GASES,

! DLATE(1)=(DL1+DL2tDL3)
OTOT=GRCS+0CCI+DLATE(1)
IF(DIAO) WRITE (IPRINT,7763)0RCS,0CCI,DL1,DL2,DL3,0 TOT

7763 FORMAT (//5X,' NOBLE GASES:'/5X,'FRCH RCS: ',1PE12.3/
8 SX,'FRCH CCI: 8,1PE12.3/5X,' LATE RCS: ',1PE12.3/
$ SX,' LATE REM: ',1PE12.3/5X,' LATE NCC: ' 1PE12.3/,

8 SX,' TOTAL ',1PE12.3)
C NO REVOLATILIZATION IF No VESSEL BREACH

IF(BIN (5:5).EQ 'F')TilEN
DO 99570 ISP=1,NSP

DLATE(ISP)=0
90570 CCNTINUE-

ELSE

ICASE = ICHAR(BIN (11:11))-64
00 9957 ISP=2,NSP

DFLX=DFSPC

IF(.NOT.ISFR(4))DFLX=1.
! FCONRLX(ISP)=FCONC(4),
| FLATEX(ISP)=XINTERPLSC(LVL(9),FLATE,ISP,ICASE,ILOO)
| SGQ*0.
| IF(BIN (6:6).EQ.'B')S0QaFCOR(ISP)*XSO(ISP)

$ *(1.-XOSG(ISP))
DLATE ( I SP )=FLATEX ( ISP ) * ( FCOR( ISP ) * ( 1, -XSQ ( IS P ) ) *

S (1. FVES(ISP))+FREM*(1.-FCOR(ISP)))*FCONRLX(ISP)/DFLX
$ +FLATEX(ISP)*S0Q

STL(ISP)=STL(ISP)+DLATE(ISP)
9957 CONTINUE

- -
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END IF |
ETL(1)=STL(1)+DLATE(1) |

IF (DI AO ) WRITE (II1 TINT ,1050 ) ( FLATEX (I SP ) , ISPal , NSP) ,
8 (DLATE(ISP),ISN1,NSP)

1050 FORMAT (5X,' LATE REVOLATILIEATION: FLATE = ',9(1PE10.1)/
8 SX,'DLATE = 8,9(1PE10.1))

C MISCELLANEOUS LATE SOURCES OF IODINE
XLATE=XINTERPL(LVL(6),LATEIL,ILOO)
CALL CLATE12(FCOR(2),FVES(2),FCCI(2),

8 FLATEX(2),XLATE,DIAO,IPRINT, BIN.FFART,
8 ST(2),STL(2),012,DLATE(2),XSO(2),XOSO(2))

C IF EARLT RELEASE OVERLAIS LATE RELEASE, A FRACTION OF THE EARLY
C RELEASE IS PUT INTO THE LATE RELEASE.

IF(T1+DT1.0T.T2) THEN
OVERLAP =(71+DT1 T2)/(T1+DTI)
DT1=AMAX1(72-71,0.)
DO 7772 ISP=1,NSP

FRACT=0VERLAP*ST(ISP) *

ST(ISP)=ST(ISP)-FRACT
STL(ISP)aSTL(ISP)+FRACT

7772 CONTINUE
ENDIF

C MASS BALANCE OF CORE MATERIAL 2l
'

IF(DIAO)THEN
FM1=FREM

FM2=FIHE
FM3=FPART

'

TH4=(1.-FREM-F mE) FFART
SUM =FM1+FM2+IH3+IN4
WRITE (IPRINT,10$8),FM1,FM2,IE3,FM4 SUM

1058 FORMAT (/5X,' CORE DISTRIBUTIONt'/
$ 10X,'IN RCS ' F7.3/,

l 8 10X,*HTME ',F7.3/
1 $ 10X,'CCI ',F7.3/

l 8 10X,'OTHER ',F7.3/

S 10X,' ------ 8/
$ 10X,' TOTAL ',F7.3)

WRI TE ( I FRI NT ,1032 ) ( ST ( IS ) , I S= 1, NS P ) ,
8 (STL(IS),IS=1,NSP)

1032 FORMAT (5X,' SOURCE TERMS '/5X,'RCS: ',9(1PE9.1)/
$ SX,'CCli ',9(1PE9.1))

END IF
C TEST THAT RELEASES FOR ALL SPECIES DO NOT EX".ED 1.0 -

TEST =, FALSE.

DO 300 ISP=1,NSP
IF(ST(ISP)+STL(ISP)-1. 0T.1.E-3)THEN

TEST =.TRUE.
BAD =ST(ISP)tSTL(ISP)
WRITE (IFRINT,5000) BIN,ISP, BAD

END IF
300 CONTINUE

IF(TEST)STOP0999
5000 FORMAT (' BIN ',A20,' GR0"O ',II,

$' ERROR IN SOURCE TERH; TOTAL RELEASE = *,E15.7)
C NOBLE CAS RELEASE SHOULD EQUAL 1.0, EXCEPT FOP MELTTEROUGH OR NO

|
C CONTAINMENT FAILURE.

RN0=ST(1)+STL(1)
| IF(CHH.LT . 'O' . AND. ABS (1.-RNG) .0E.1.E-2. AND. BIN (5: 5) .NE. 'F' )THEN
j WRITE (IPRINT,5010) BIN,RRO

STOP 9998
' - END IF

5010 FORMAT (* BIN ',A20,8 GROUP 1 ',
0 ' TOTAL RELEASE = ',E15.7,' SHOULD BE 1.0')

RETURN

END

- |
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EULROUTINE RELCHAR ( BIN TW.T1.DT1,E1,12 DT2,E2, ELEY,IEITS I
.

C
\

C Orlainsi by WBM, Autum 1966 ]4

J C Revised by RJB, 11 Feb 1989 ,1

|
14XIICAL 1EFR(4) 1

CHARACTER *20 BIN
CilARACTER CIIH1, Cilll3, Cithd Cull 10

C i

C T1118 $UBROUTINE COMFUTE8 THE RELEASE CilARACTERISTICS ** |
C WARNING TIME, RELEASE TIMES, AND ENERGY OF fitt RELEA$ta

C ALL TIMES ARE IN BECONDS
C TW = WARNING TIME - UFUALLY TIIE TIME OF CORE COLLAFSE, BUT
C Ti1E TIME T!!E CORE UNCOVERED (TAF) FCR V OR CF EEFORE CH
C NOTE: TW 18 NOT THE WARNING INTERVAL, BUT TIME E!NCE THE
C ETART OF THE ACCIDENT4

'
C

C T1 = TIME OF START OF ft!E F1kST OR EARLY RELEA$e -

C ( T1 15 ft!E CAME AS T2, IF THEkt IS NO LARLY ret?.ASE)
C DTW = WARNING MfERVAL * T1 TW
C DT1 = DURATION OF THE EARLY RELEASE
C El = ENER07 RELEASE RATE OF Tl!L EARLY RELEASE ( WATTS ) ,

C

C T2 = T!HE OF START OF THE $ECOND OR LATE LELEASE,
C DT2 = DURATION OF tt!E LATE RELEASE
C E2 * ENERGY RELEASE F, ATE OF file LATE RELEASE ( WATT 8 )
C

C ELEV * ELEVATION OF THE RELEASE ( HETERS )
C

C CET Ti!E LETTER FOR FOUR CHARACTERISTICS OF Tilt BIN:
C CHARACTERISTIC 1 - CF TIME
C C",ARACTERIETIC 3 - CCI
C CilARACTERISTIC 6 * BOTR
C CilARACTERIFTIC 10 - CF E!EE

'

CIIH1 * BIN (1:1)
Cl!H3 = tlNf3:3)3

CKH6 = BIN (6:6)2

CHH10 * 8!N(10:10)
C

C EET THE DEFAULT CORE UNCOVIRY TIME TO 300 MINUTES = $ inERS
TCU = 18000,

C

C EET DEF/. ULT RELEASE DURATIONS -
C CHH10 A FOR CATASTROTHIC RUFTURE ( 10 SECONDS )
C Chil10 = 8 FOR RUFTURE ( 3.3 HINUTES )
C CitH10 = C FOR LEAK OR BASEMAT HELT THRU ( 3 HOURS )
C CHH10 = D FOR .NO CF CR BYTAS$ ONLY ( 24 HOURS )

IF ( chi!10 .EQ. 'A' ) THEN
DT1 = 10.
DT2 = 10.

ELSEIT ( CHH10 EQ, 'B' ) TIIEN
#

DTI = 200
DT2 = 200,

ELSEIF ( CHH10 .EQ. 'C' ) THEN
071 = 10800.
DT2 = 10600.

ELSEIF ( CHH10 .EQ. 'D' ) THEN
DT1 = 86400.
DT2 = 86400.

ENDir
C

C SET DEFAULT ENERGIES AND ELEVATION
El = 0.
EZ * 0.
ELEY = 10.,

. -
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| C
'

C FIRST COHs! DER THE F.GTkB
i IF ( Cilll6 .NE. 'C' ) 00 TO 70
1 C

C NLKT CONSIDER THE V's, AND TifEN BORT ON CF TIME
- IF ( Cl!!!! .LE. 'B' ) 00 70 10
! IF ( Cilill .LE. 'D' ) CO 70 30
i IF t CitH1.EQ. 'E' ) 00 12 40

1F ( ClfH1 .EQ. 'F8 ) 00 TO 30
IF ( Cl!Ill .EQ. 'O' ) 00 TO 60

; C
j C V-EEQUENCE - CitH1 = A FOR V*DRT, ("tull = B FOR V WET

{
10 TCU = 12$0.

i TW = TCV
T1 = 2400 + TCU

|- DT1 = 1800.
; El = 3.7E6
'

IF ( CHH1 .EQ. 'B8 ) El = El / 2. -'

T2 = 9000. + TCU;
' DT2 = 21600.
| t2 = 1.1ES
i ELEV a 0,

,

RETURN
'

C
C CF AT OR EEFORE VB " CfD11 = C FOR CF BEFORE VB, = D FOR CF AT VB

) 30 TW = 4300. + TCU
T1 = 10000. + TCU
El = 3.6E9 / DT1
IF ( !$PR(1) .OR. ISFR(2) ) El * El / 10.

- DT2 = 21600.
! E2 = 1.6E6
! IF ( ISTR(3) ) E2 = E2 / 10
! C

C DETERMINE 1F CCI WILL tt PRCHPT OR DELAYED "
C CHl!3 = A FOR PRCHPT - DRY CHH3 = B FOR PRCMPT BilALLOW.

' C CHH3 * C FOR NO CCI ClfH3 * D FOR PROT *T * DEEP
, C Clul3 * E FOR E!! ORT DELAY = DRY Cl!H3 = F FOR LONO DELAY - DRY
| C

.

IF ( Clul3 .EQ. 'C' ) 00 TO 34!

C PROtPT CCI " Cl!H3 = A. 8, OR D
i IF ( Cl!H3 .LE, 'D' ) T2 = 11000. + TCU
! C 6110RT DELAYED CCI -- Clu!3 = E

IF ( CHH3 .EQ. 'E' ) T2 = 16000. + TCU
C LONO DELAYED CCI " CHH3 = F

IF ( CitH3 .EQ. 'F' ) T2 = 28000. + TCU
RETURN

C
C NO CCI " CHH3 = C
34 T2 = 1.E6

DT2 = 1.E6
' KETURN
| C
I C LATE OR V12Y LATE FAILURE -- CHH1' = E

40 TW = 4300. + TCU
T1 = 29000. + TCU
DT1 = 0.r

I T2 = 29000 + TCU
E2 = 7.E9 / DT2
IF ( IT'1t(3) ) E2 = E2 / 10.
RETU3h !

C

C FAILURE IN THE FINAL PERIOD ( AFTER 24 HOURS ) ~ Cl!!!! = F
$0 TW = 4300. + TCU

T1 = 29000. + TCU
D71 = 0.

I

~

, . . . . ,

e *

.
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d

4
,

I

!

!

'
1

! )
;

T2 * 60400. + T1
E2 = 7.E8 / DT2
IF ( !$FR(4) ) E2 = El / 10.,

; RETURN

C

C NO CONTA!!atENT FAILURE * Cititi = 0
t.0 W* 4300. + TCU j

i 71 * 29000. + TCU ,

2 DT1 * 0.
| T2 * T1

DT2 = 86400.
1 ELEY = 0.
'

RETURN

j. C

i C ETIM OENERATOR TUBE RUFTURES - SGTRs
70 El * 1.0E6

| C USE THE DEFAULT VALUES FOR DT2 UNLES8 Tif!AE 78 NO CF, !

C THEN USE 6 1100*.S >

IF ( C111110 .EQ. 'D' ) DT2 * 21600,
i C 80TRs -* SEFARATE filt *U" 80TRs l*dOH Tilt *0" $0TRs

IF ( C11116 ,EQ. ' A' ) CD TO 60
C '

| C 50TRs WITl! Ti!E CECONDARY ERVs BTUCK Of'EN ** BINY*NXY
C N * 10 HOURS. T1 = 14.2 HOURS, DT1 * 1 Il0VR -

TW = 36000.
T1 = $1000.

j DT1 * $600. -

'
i 00 TO 63
' C

C SOTRs WITil THE SECONDARY $RVs RECLOSING -* OLYY YsY
C TW * $.5110VRS. T1 * 3.5 ll0URS, DT1 = 1 HOUR
60 TW = 12600.

71 = 10000.
i DT1 = 3600.
' C

C NOW SORT OUT Ti!E CCI RELEASE 8
63 IF ( Cl!H3 .EQ. 'C' ) 00 70 68

3
C FRGil'T CCI " Clllt3 * A, B, OR D ** ADD 16.7 HINUTE$

IF ( Cill!3 .11 'D' ) T2 = T1 + 1000.
C S!! ORT DELAYED CCI " CHH3 m E ** ADD 1.67 HOURS

} IF ( Clfi!3 .EQ. 'E' ) T2 = T1 + 6000.
C LONG DELAYED CCI -* Cl!!!3 = F ~ ADD 5.0 HOURS

IF ( Chit 3 .EQ. 'F' ) T2 = T1 + 16000.
RETURN

C

C NO CCI -* CUH3 = C
66 72 * 1.0E6

DT2 = 1.0E6
RETURN-
END

SUBROUTINE CORER (BIN,NSF,FCOR.FCORL,LYL)
REAL LYL

CitARACTER*20 BIN
C RELF.ASE OF RADIONUCLIDES FROH Titt CORE.

DIMENSION FCOR(0),FCORL(10,9,4) !

IC*ICIIAR(BIN (6:6))*04
ILOO-1

Do 10 ISI*1,NSF
FCOR ( I S F ) *XI NT ERFLSC ( LYL , FCORL ,1 $ F .1 C ,1 LOO )

10 CONTINUE
RETURN

END
SUEROUTINE CCIREL(BIN,NSF.CCI.FCCI,LYL)
DIMENSION CCI(10,9,4),FCCI(9)-
REAL LYL

-

$ % 4 .*

$ ,'

. *
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!
;
1

i

i
!

CliALACTEk*20 !!N
i C DEGAEE OF 3 OXIDATION
i IC*ICilAR(!!!N($14)) f.4
! C IS WATF.A PREFENT?

! IF ( t!N ( 5 : 31. EQ . " B ' .OR.1 IN ( 3 : 3 ) . EO . 'D' )1C= 1C+ 2
i IL00=1

FCCI(1)=1,0.

C CALCULATE ItELt.ASE DURING CORE * CONCRETE INTERACTION,

j IF($1N(8:3).tQ.'C') 00T0 20
s C NON+C00LABLE LED; CCI (CCURt.

i M 10 181*2,NEP
FCCI(ISP)+X1NTEAPLBC(tVL CC2,Iti',10,1LDO)4

| 10 CONTINUE
' LETURN
i C IERMANENTLY C00LABLE DEliRIB EED; NO CCI (CCUAS.
4 20 DO 80 Itl*2,NSI'

FCCI(ICP)=0.
30 CONTINUE -

kFTURN
END

I DUlikOUTINE SPRAY (BIN,IDi'R) ' |
'

LCCICAL 1611L(4) ,

j CHAAACTER*20 f1N
EllARACTER CICP

C EETS UP Tlit *IEPR" HATRIX.
* .TRUE, SPEAYS BEFORE VE!; EEL EkEAcil.! C 18PR(1)

C IEPR(2) * .TRUE. : CPRAY$ AFTER YEEEEL BREA0N BUT BLFORE CCI'

C ItrR($) * .TRUE. SFAAY$ DURING CC3.
C 2EPR(4) = .TRU!, i BPkAYS AFTER CC1..

C
Cl;SI* TIN (2 : 2 )
Do 10 18I*1,4

18It(18t)=.FAL8E.
10 CONTINVE,

i IF(CH8P.LE.'D')18FR(1)*.TRUE.
I F (Clis t . 0E . ' B ' . AND . Cl!E P . LE , ' D ' )1E FR ( 2 )* . TRUE .

,

| IF(CitSP.CE. 'C' AND.CH$P.LE , 'F' )181'R( 3 )* TRUE ,
! IF(Cl!5P.EQ. ' D' .OR.Cl!5F. EQ. ' F ' .OR.Cil8P.EQ. '0' )1EPR(4 )* TRUE .'

RETURN
END

BUBROUTINE FAN (BIN,1 FAN)
CilARACTER*20 BIN
LO31 CAL IFAN(2)

j C BET Ur FAN INDICED
'

! TAN (1)*.FALBE.
IF(BIN (14:14).LE.'t')1 FAN (1)*.TRUE.
IFAN(2)*, FALSE.
IF(BIN (14:14).EQ.'B'.0R.EIN(14:14).EQ.'C')1 FAN (2)* TRUE..

'

RETURN
END

3 SUBROUTINE ICE (BIN.! TAN,DFICVI,DFICC2,DFICV,DFIOC.DFICDit,
$ FPYl'V.FBYFC.LYL)

C FIND DF S FOR ICE CONDENSER. DTICV APFL!ts 70 RCS RELEAEE.
C DFICC Al' PLIES TO CCI RELEASE.'

I DDtENSION DFICVI(10,5) DFICCI(10,5)
CHARACTER *20 BIN

j REAL LYL
1.001 CAL IFAN(2)
DATA FBYPVD.FBYPC0/.1,.1/<

C. FOR V SEQUENCE. ICE IS INEITECTIVE
; IF(BIN (1:1);Lt.'B')Tt:EN

DFICV=1
DFICC=1.
FE YI'V=1.
FPYPC=1.

1

j - .
i

... . . .

..-
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I

'

4

! DFICDH=1,
! RI: TURN

| END IF
1L0>14

C FIND CAEE FOR RCS RELEASE
3

i C CASE 3 IS THE DEFAULT
ICASV 4

j IF(.N07.! FAN (1))OOTO 100
IF (BIN (I t 1) . EQ. ' C ' .OR . BIN ( 1 : 1) . EQ. 'D' )TI'IN.

ICAEva2
ELtt

ICASV=1
END 1F>

1 C FIND CASE FOR CCI RELLASE
I C CASE 3 18 DEFAULT

100 ICASC=3

l IF(.N07.1 FAN (2))00TO 200
| IF(BIN (1:1).tQ.'C'.OR. BIN (1:1).EQ.'D'.0R (BIN (1:1).EQ.'E' +

& .AND, BIN (3:3).EO.'F'))T11EN
ICASC=2

ELEE

ICASC=1
'

END 1F
200 DFICV*XINTERFLC(LYL.DF1CVI,1CASV,ILOO)

DTICC*XINTERFLC(LYL,DFICCI.!CASC,1 LOG)
ICAEDil*4

i DF ICDila X I NT ERFLC ( LYL , DFI CVI ,1 C ASDil , IISO )

C FIND WittTl!ER ICE CONDENSER 18 BYFASSED DURING RCS RELEASE
4 FBYFV=0.
! C IARTIAL BYFASS ONLY IF ICE CONDENSER WALL IS BREACHED

IF(BIN (12:12).EQ.'B'.AND. BIN (1:1).EQ.'C')FBYFV*FBYFVO
'

IF(BIN (12:12).EQ 'C')TBYFV=1.
C IF FANS OFERATE ICE CONDENSER IS FARTIALLT EFFECTIVE, EVEN IF
C ALL ICE 10 MELTED

IF(ITAN(1). AND.BIH(12:12).EQ 'C' . AND. BIN (111),NE. 'C')TBYFV".B
i C FIND WHITIIER ICE CONDENSER IS BYFASSED DURING CCI EELLASE
1 FBYK=0.

IF(BIN (13 :13 ) .EQ. ' D ' .MD. (BIN (1: 1) .EQ. 'C * .OR.BIH (111) . EQ. 'D ' ))
$ FBYN=FEYKO
IF(BIN (13:13).EQ.'C')TBY K=1.
IF(ITAN(2),AND.BIH(13:13).EQ.'C' AND. BIN (111) 0T.'D')FBY K=.8
RETURN

END

SUBROUTINE CLATE!2(FCOR,FVES,FCCI.FLATE,XLATE,
6 DIAO,IFRINT, BIN,FFART,ST,STL DI2,DLATE,XISO,XOS0)

; LOGICAL DIA0
CilARACTER*20 BIN
CilARACTER Clfil
Cl!!!=BIH(1:1)

4 C CONTRIBUTION OF HISCELLANEOUS LATE SOURCES OF IODINE,
C INCLUDING (BUT NOT LIMITED TO) OROANIC 10DIDES,
C

, . . .

C RtLRCS- FRACTION RELEASED FROM TIIE RCS AND CCI.=

C CONTI2 FRACTION REMAINING IN CONTAllNENT.=

C RELI = FRACTION RELEASED TO THE ENVIRONMENT, FRCH CONTAINMENT.
C

C kEVOLATIllEATION AND 1 FROM SO'S IS NOT INCLUDED
C

DS0*FCOR*XIS0*X0r4
RELI*ST+STL-DLATE DSO

.FRCS=FVES*(1. XISO)
: RELROS*FCOR*FRCS+(1.-FCOR)*FFART*FCCI+DI2

CONTI2*RELRCS RELI
; C IF $0! OR FORE 11AS ALREADY BEEN RELEASED, REDUCE ADDED
! C ATUNT.

.

9h,e e ie 2 e%

e,'#

*

B.1=19

,, , - - . . _ . . , . . . - . _ . . , _ . _ , _ _ _._ _ - _ . , _ _ .-.. _ . _ _ . _ ,_.



!

ADD 12* CONT!P XLATE

IF(RELI.07.0.$) ADDI2*ADDI2*2.*(1.*AMAX1(0,$,RELI))
Ir(chi!.EO. 'O') ADDI2=ADDI2*.00$

CTL*STL+ ADD 12

IF(DIAO) WRITE (IFRINT,1000)XLAft,RELRCS.kELI,CONTI2. ADD 12
*000 FoletAT ( / SX , 'XLATL = ' , F 8. 4 /

$ tX,'r1L. TO CON *. * ',1FE10.1,'kEL, FR:H CONT. * ',
8 Itt10,1,' REH. IN C0kT, = ',1IT10.1/SX,
C 'ADDFD IODINE * ',1PE10.1)

RETURN

END

SUtkOUT!!(E Yt): EEL (t!N,FVES,FYl!!! FVitt',
8 FYIF,FVLP.FVV.FV30,NSP,LYL)

DIHENS !(* FVES ( 0 ) , hTH ( 10, 9 ) , MTF ( 10,9 ? , FVI F ( 10,9 ) , lTLP (10, 0 ) ,
$ TVV(10,0),fT30(10,0) j

RZAL LYL
'

CitAAACTEk CliH
CilAIACTER*20 BIN ~

CHH BIN (1t1)
ILCOa1 - !

C FILLAst OF RADIONUCLIDES FROM T1!E ITSSEL
C

C V+tEQUENCE liAS SITCIAL TfIATMENT
&

_
.

IF(Cuu.Lt.'B')0OTO 100
IF(BIN (6:6).LE.'B')0070 200
100=ICIIAR(BIN (4 :4))*04
DO 10 ISP*I,NSP

CCTO (11,12.13,14),100
11

FVES (I S P ) * X I NTERPLS ( LYL , FV11H . !S P. ILOO )
Ocrto 10

12
TVES (I S P)*XINTERPLS (LVL , MTP . !SP, ILCO )
00T010

13 FVES(ISF)*KINTERFLS(LVL,FVIP,ISP ! LOO)
00T010

14
ITES ( I S P) *XINTERPLS (LYL , FVLP, IS P, ILOG )

10 CONTINUE
C IF No VESSEL BREACll, F. EDUCE RELEASE (EXCEPT NO) BY 2,0

IF (BIN ( $ : $) .EO. 'F ' )Tl!EN
D0 17 ISI*2,NSP

ITES(ISP)*ITES(!$P)/2,
17 CONTINUE

END IF
RETURN

100 DO 40 ISP=1,NSP

DTS (ISP)aXINTERPLS (LYL , FVV, ISP, ILOO )
40 CONTINVE

RETURN
200 DO $0 ISP=1,NSP

IF(BIN (6i6) .EQ. ' A' )Ti1EN
FVES ( I SP )*X INT ERPLS ( LVL , FVSO , I S P , ILOG )

ELEE

MTS ( I SP)*XINTERPLS (LVL , nT, IS P. ILOG )
END IF

$0 CONTINUE
RETURN
END

SUBROUTINE FCONVC(t!N,ISPR,FC06TI,FCONV.FCONCI,
8 FCONC.LVL4,LYL6,NSI')

~

DIMERSION FCONVI(10,6)
DDfENS ION FCCECI ( I O ,0,6 ) , FCONC( 9 )
REAL LYLA LYL6

Cf!ARACTER*20 BIN
14CICAL ISPR(4)
CitARACTER CEH1,CitH10

-

.,- ,5 4 4 94
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*
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I Cilill* BIN (1:1)
CHH10* BIN (10:10)

ILOO=1
C RELEASE OF MATERIAL FRJi CONTAINMENT.
C FCONV: RELEASE OF MATERIAL FROM RCS
C FCONC: RELEASE OF MATERIAL FROM CCI
C
C Cast 1 = EARLY F. MALL LEAK, DRY CONTAINMENT.
C CASE 2 = EARLY EMALL Lf.AK, WET CONTAINMENT.
C CASE 3 = EARLY RUFTURE OR LARGE LEAK, UTFIR COMP.
C CASE 4 = EARLY RUPTURE OR LARGE LEAK, LCHER COMP.
C CASE $ = LATE RUFTURE OR LAROE LEAK
C CASE 6 = Y* SEQUENCE
C

' IT(CHH1.LE.'B')0070 100
IF(CHH1.EQ.'C')00TO 110,

IF(CHH1.EQ.'D')!J1=1
IF(CHH1.EQ.'E')1J1=2 ''

.

IF(Chill.EO 'F')1J1=3
4

IF(CUH1.EQ 'O')1J1=4
IJ2=ICllAR(CHH10) 64
IF(IJ1.EQ.4.OR.IJ2.EQ.4)OOTO 120 -

IOO=(IJ1 1)*3+!J2
00T0(10,20.30,40,40,60,80,60,60),100

C CATASTROFl!!C RUPTURE AT VESSEL BREACH USE LARGE FCONV & FCONC
10 FH-FCONVI(S.$)

Fl=XINTERFLC(LVL4 FCONVI,3,ILOO)
C USE 95-Til l'ERCENTILE OF CASE 3 AS HEDIAN

FX=FCONVI(7.3)
IF(FI.EQ 1..OR.FM.EQ.1..OR.FX.EQ.1.)TIIEN

FCONVol.
ELSE

Y!aFI/(1. FI)
YH IH/(1, FM)

YS=FX/(1.*FX)
FHI*YS/YM
FCC*V= PHI * YI / (1. + FH! * YI )

END IF
00 11 ISP=2,NSP

TH=FCONCI(5,ISP,3 )
Fl=XINTERPLSC(LYL6,FCONCI,ISP,3,ILOO)

; FX*FCONCI(7,ISP,3)
IF(FI.EQ.1..OR.FM.EQ.1..OR.FX.EQ.1.)THEN

i FCONC(ISP)=1,
ELSE

YI*FI/(1.-FI)
YH-FM/(1.-IH)
YS=FX/(1. FX)
FHI=YS/YM
FCONC(ISP)= PHI *YI/ (1.+ Fili *YI)'

END IF
11- CONTINUE

FCONC(1)=1.
RETURN

C LARGE BREAK AT VESSEL BREACH
20 ICASv=3

ICASC=3
C LARGE EREAK IN LOWER CCHPARTMENT

IF(BIN (12112).EQ.'B'.AND. BIN (1:1).EQ.'C'.AND.
8 BIN (10:10).LE.'B')THEN

ICASV=4
ICASC=4

END IF
0070 150-

C SMALL LEAK AT VESSEL BREACH

. -

4* Sb 4 M + ayk

.- i

. -
m
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!
, 30 ICASY=1
I IF(ISPh(1))1CASv=2

ICASC*1
IF ( IS PR ( 1 ) . OR . !SPR ( 2 ) . OR . !S!'R( 3 ) )1CASC= 2
00T0 150

I C CAIASTROrillC RUPTURE OR RUPTURE LATE
40 IF(ISTR(2).OR.!SPR(3))I1 FEN

FACTV*XINTERPLC(LYL4,FCONVI,$,ILOO)/FCONVI(5,$)
FCONV*.01*FACTV '

ICASC=$
C FOR DELAYED CCI, A LATE CF IS TIIE SAME AS EARLY CF

IT(BIN (3:3).EQ,'F')lCASC=3
DO 41 ISF=2,NSP

i FCONC ( 18 P ) *X I NTERFLSC ( LVL6, FCONCI , I S P ,1 CASC , I LOO )

41 CONTINVE

FCONC(1)*1.
RETURN

ELSE- ..

ICASV=5
ICASC=5
IF(BIN (3:3).EQ *F')ICASC*3
0070 I$0

END IF
"

C LATE LEAK
to IF(ISI1t(2).OR.ISPR(3))OOTO C5
C NO SPRAYS AFTER VB

FACTV*XINTERPLC(LYL4,FCONVI,1,ILOO)/FCONVI($,1)
FCONV*$.E 3*FACTV
FCONC(1)*1.
DO 61 ISP-2,NSF

C IF CCI IS LONO DELAYED, * LATE" LEAK IS SAME AS EARLY
; C USE EARLY FOR TE AND RU

IF(BIN (3:3).EQ.'F'.OR.ISP.EQ.4.OR.ISP.EQ.6)THEN
FCONC(ISP)*XINTERPLSC(LVL6,FCONCI,ISP,1,ILOO)

ELSE
FACTC=XINTERPLSC(LYL6,FCONCI,ISP,1,ILOG)/TCONCI(5,ISP,1)
FCONC(ISP)*1.E-2*FACTC

END IF
61 CONTINUE

RETURN

C SFRAYS OPERATE AFTER VB: RDOVE RCS RELEASE
65 FACTV*XINTERPLC(LYL4,FCONVI,2,ILOG)/FCONVI($,2)

FCONV=.001*FACTV
DO 67 ISP=2,NSP

i IF(BIN (3:3).EQ 'F'.OR.ISP.EQ.4.OR.ISP.EQ,6)fl!EN
FCONC(ISP)=XINTERPLSC(LYL6,FCONCI,ISP,2,ILOO)

ELSE

FACTC=XINTERPLSC(LVL6,FCONCI,ISP,2,ILOO)/FCONCI(5,ISP,2)
IF(ISFR(3))THEN

FCONC(ISP)=.005*FACTC
ELSE

FCONC(ISP)*1.E-2*FACTC'

IF (BIN (3 : 3 ) . EQ. ' F ' .OR . ISP.EQ,4.OR. ISP.EQ . 6 )
S FCONC(ISP)*XINTERPLSC(LVL6,FCONCI,ISP,2,ILOO)

END IF
END IF

67 CONTINUE

FCONC(1)*1.
RETURN

C VERY LATE (24 IIRS) RUPTURE OR LEAK
- 80 FCONV*1.E-6

DO 85-ISP=2.NSP
FACTC*XINTERFLSC(LYL6,FCONCI,ISP,3,ILOG)/FCONCI($,ISP,3)
FCONC(ISP)=1.E-4*FACTC

6$ CONTINVE

.-

est e S e T:9

SA*

a.
d

B,1 22

-. - . _ . _ . _ _ _ _ , . , . - - , . - . _ _ , _ , . , , _. . . , ~._ _ _ _ , _ . _ . - . . . _._ _ _ .



...._-._,.~-______.__._,.~m...m..__._...__.-..._ - . _ . . . . . _ _ _ . _ _ _ . _ _ _ _

!

! *

| FCONC(1)*1.
! ktTURN

C V stQUtHOL (CASE 4)'

100 1CASV=6
*

j ICASC=6
f 0070 150
| C CONTAINHLNT FA!LUkt BEF0ht YtDSCL liktA0li Ok 180LAT!DN FAIWRt
; 110 IF(Citft10.Lt . 'It' )TittN

C CATAETRott!!C RUTTURt OR RUITURE til%E YEEEEL BLEACil
ITHFCONY!($,5 )

1 F I +X I NT ERP14 ( LYL 4 , FCONVI ,8 , I LOO ) i
'

C ORDINARY kUPTURE U$ts 75 Til 1%RCENTILE AB HEDIAN
FX*FCONVI(0.8):

! C CATACTROPillC RUPTUkt UCES 90 TH ITRCENTILl:
! IF (Cl!H10. tQ. ' A' )l'X=FCONVI( 0. 8 )

IF(F1.EQ.1..OR.FH.tQ.1..OR.FX.tQ.1.)TitEN
FCONV=1.'j

Ettt '

r

.-

Y!*FI/(L FI)
YW FH/(1 *FM)

! YD*FX/(1.* FX ) ,

'
PUI*YB/YM, '

FCONV*FHI*Yl/(1 +l111*Y1)
END IF
DO 111 !$l*2.Ntf

IF(Cittl10.tO. ' A')THEN
FWFCONCI($,ISP,$) '
F l *X I NT ERPLF.C ( LYL6, FCONC I ,1 t P , $ , I LOG )

FX*FCONCI(6,1BP,$)'

IF(FI.EQ.1..OR.FH.tQ.1. 0R.FX.EQ 1.)TiiEN
FCONC(ISP)*1.

ELSE
YI+F1/(1, F1)

n> FM/ (1. .Itt)
YBaFX/(1. TX),

i Fl!!*YS/YH
FCON0(ISP). Fill *Y!/(1.4 Pit!*y!)

END IF
ELSE

FCON0 ( ! $ P )* X I NT ER PLEC ( LVL6, FCONC1,1 GP , 3 ,1100 )
j

END IF
111 CONTINVE

FCONC(1)*1.
LETURN

C LEAK OR BMALL !$0LAT10N FAILURE EttoRE VtsSEL DREACH
C USE AVERAGE OF CASES 1 OR 2 AND 3

ELSE
11FC=1 *

| IF(ISPR(1))11FC=2

|'
F2=XINTERPLC(LYL4,FCONVI,3,ILOG)
Fl*X1NTERPLC(LVL4,FCONVI,11FC.! LOO)

FCONV=(F1+F2)/t.
DO 114 IS=2,NSF

FCONC ( ! $ )* X I NT ER PLBC ( LYL 6 , FCONCI , I S , I I TC , ILCO )

114 CONTINVE

FCONC(1)*1.
END IF
RETURN ,

C NO FAILURI
120 FCONV=1.t 6

FCONC(1)=.00$
Do 121 ISP=2,NSP

FCONC(ISP)=1.t-6
121 CONTINUE

LETURN

..

, -9=.' em 14 . ,4

9g
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C CA14ULATE FCONV AND FCONC FRCH CIVEN CASE
1$0 FCONV=XINTERPLC(LYL4.FCONVI,1CASV,ILOO)

,

DO 151 ISP=2,NSP
FCONC(ISP)=XINTERPLSC(LYL6,FCONCI,lSP,1CASC,ILOG)

151 CONTINVE
FCONC(1)=1.
RETURN

END
SUBROUTINE SPRDF(BIN,ISPR,DFSFR1,DFSFR2,DFSPV,DFSFRC,DFSIC,

8 LVL)
DIMENSION DFSTR1(10),DFSFR2(10),DFSPRC(10)
LOGICAL ISPR(4)

REAL LVL
CilARACTER*20 BIN
CHARACTER CHH1,CHU10

CHH1= BIN (1:1)
CHH10* BIN (10:10)

ILOO-1 -

C DF FOR SPRAYS.
C DFSPV IS THE DF FOR VESSEL RELEASE. DFSPC IS
C THE DF FOR CCI RELEASE. NO CREDIT FOR SPRAYS (EARLY OR LATE)
C FOR V* SEQUENCE OR LARGE CF BEFORE MELT. ,

C DEFAULT IS No SPRAYS.
DFSPV*1.
DFSPC=1,
IF(Ct!H1,LE.*B'.OR.(CHH1.EQ,'C'.AND.CHH10.LE.'B')) RETURN

C F.ARLY TAILURE
IF(CHH1.07.'D')00TO 100
IF(ISPR(3))DFS N*XINTERPL(LYL,DFSPRC,ILOG)
IF(BIN (4:4).LE.'B'.AND.CHH10.LE.'B')T!IEN

IF(ISPR(1))DFSPV=XINTERPL(LYL.DFSFR1,ILOO)
ELSE

I F ( I S PR ( 1 ) ) DTS PV=XI NTERPL ( LYL , D FS FR2 , I LO3 )

END IF
C SPRAY DF SHOULD NOT BE GREATER THAN 10,000

DFSPC= AMIN 1(DFSPC,1.E4)
DFSPV= AMIN 1(DFSPV,1.E4)

RETURN
100 IF(CIIH1.07. 'E')00TO 110

|

I F ( ISPR( 1) OR . I SPR( 2 ) . OR . ISPR( 3 ) )DFSPV=,

$ 10.*XINTERFL(LVL,DFSPR2,ILOG)j
IF(ISFR(3))DFSPC=XINTERPL(LVL,DFSPRC,ILOO)

| C SPRAY DF SHOULD NOT BE GREATER THAN 10,000.

( DFS N = AMIN 1(DFSM ,1.E4)
'

DFSPV= AMIN 1(DFSPV,1.!4 )
RETURN

110 IF (I SFR ( 1) .OR . IFPR( 2 ) .OR . IS PR( 3 ) .OR . I SFR( 4 ) )
$ DFSPV=10,*XINTERPL(LVL,DFSFR2,ILOO)

IF (IE PR( 3 ) .OR. ISPR( 4 ) )DFSPC=10. *XINTERPL ( LVL , DFS FRC , ILOO )
C STRAY DF SHOULD NOT RE GREATER THAN 10,000.

DFSPC= AMIN 1(DFSPC,1.E4)

DFSPV= AMIN 1(DFSPV 1.EA)
RETURN
END

SUBROUTINE DHEAT(BIN,FDCHL,LDCH,NSP, DST.FCOR,DIAO,IFRINT,FFME,ISPR)
C
C H3 DEL DEVELOPED BY D. A. POWERS

| C DCH RELEASE OF NUCLIDE "I': ( ADDITION TO ST "I'')
'

C DST (I)=(1.-FCOR(I))*FIHE*FDCH(I)
C FIHE= FRACTION OF CORE PARTICIPATING IN FRESSURIZED MELT EJECTION
C FIHE ASSUMED NOT TO FARTICIPATE IN CCI
C FDCH(1)= FRACTION OF EJECTED MELT RELEASED TO CONTAINMENT

DIMENSION FDCHL(10,9,2), DST (0),FCOR(9),FDCH(9)
LOGICAL DIAO,ISPR(4)

' REAL LDCH
,

1

~

.~ m. ..

1 -
. -
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CllARACTER*20 BIN
C CONTRIBUTION DUE TO AEROSOLIEATION IS ONLY CALCULATED FOR
C CONTAIhttENT FAILURE AT YESSEL EREACit, [

C NOT CALCULATED FOR LOW PRf3SURE SEQUENCES
DO 1 ISP=1,NSF

DST (ISP)a0.
1 CONTINUE

!F( Fit 2. EQ. 0. .OR. BIN ( 4 : 4 ) . 07. 'C ' ) RETURN
C CASE lt HI0li ITISSURE -

'c CASE 2t INTERMEDIATE FRESSURE
IC=1
IF(BIN (4:4).07,'B')1C=2

C CONTAINMENT FAILURE LATE: DO NOT CALCULATE DCf! RELEASE
C EARLY LEAE AND SPRAYS OPERATE: DO NOT CALCULATE DCll RELEASE

IF((b1N(1:1).EQ.'D',OR.ltIN(1:1).EQ 'C')
$ .AND,(BIN (10:10),LE.'B+,0R. TIN (10:10). ,

8 EQ,'C'.AND.,NOT.ISPR(1))) 00TO $
IF(DIAG) WRITE (IPRINT,950)-

.
.

''

950 FORMAT ($X,'DC11 RELEASE NOT CA14ULATED*)

DST (1)*(1.-FCOR(1))* Fit 7.
RETURN

5 1L00=1 ,

DO 10 ISI*1,NSP
FDCf! ( !$ P ) = XI NTERPLSC ( LDCll , FDCf!L , I S P ,1 C , T Loc )
DST (ISP)=(1,-FCCR(ISP))*FIME*FDCH(ItF)

10 CONTINUE
IF (DIAO) WRITE It'RINT,1000)(FDCt!(ISF),ISf*1,NSF)

1000 TORMAT($X,'FDCil = ',9(IPIt,1))
RETURN

END

SUBROUTINE WEIOi!T (NSP,St.WE.WL)
DIMENSION ST(0),WFE(0),WFL(9)
DATA (WFE(I),1=1,9)/.08,1.. 12,.78,46,2.13,6.31,6.. 55/
DATA (WFL(1),1=1,9)/.001). 1,L .,104,,7,1,10,2,62,$.4,,2/
WE=0,

,

WL=0,
Do 10 ISP=1,NSP

WE=WE+ST(ISP)*WFE(ISP)
WL=WL+ST(ISP)*WFL(ISP)

10 CONTINUE
RETURN

END

REAL FUNCTION XINTERPL(LITEL,TARAM,ILO3)
DIMENSION T ARAM (10 ) , CDF ( C ) , F ARAP0(( 10 ) *

REAL LEVEL
DATA CDF /0. , ,01, .05. 25, . 5, .7$ , ,95, .99,1. / '

IF(LEVEL.LT,0. )TIIEN
XINTERPL=PARAM(10)
RETURN

ELSE IF(LEVEL,0E.1.)Tl!EN
XINTERPL*PARAH(9)

RETURN
ELSE IF(LEVEL.EQ,0. )T!!EN

( XINTERFL*FARAM(1)
i RETURN

ELSE

IF(ILOO.EQ. 0 )T!IEN
DO 2 L*1,9

FARAMX(L)=FARAN(L)
| 2 CONTINUE

ELSE

( DO 4 L=1,9
'

FARAMX(L). LOO (FARAM(L))
4 CONTINUE

END IF

4g..- -
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10 6 L*2.9
i

IF(CDF(L).Lt.LEYYL)0OTO 6 '

FR=(LDTL-CDF(L-1))/(CDF(L) CDF(L 1))
00TO 6

6 CONTINUE
L*9
FR=1.

6 XINTERFL* PAP #E(L 1)+FR*(t/AME(L) FARNtX(L-1))
I F ( ILOO . 0T . 0 )XI NTEM'L=EX P( X! NTERPL )
RETURN

END IF
END

RF41 FUNCTION XINTERPLS(LEVEL,FARAM,IEP.ILOG)
DIMENSION PAkAM(10.9),PARAMX(10),CDF(9)
REAL LEVEL
DATA CDF /0.. 01 0$. .ES. .S 7$, .95, .99,1./
IF(LDTL.LT. 0. )THEN

XINTERPLS=PARAM(10,ISF) --

RETURN

ELSE IF(LEVEL 0E.1.)THEN
XINTERPLS=FARAM(9,ISP)

RETURN

ELSE IF(LEVEL.EQ.0.)THEN
*

X1NTERPLS=FARAM(1,18P)
RETURN

ELSE

1F(1143.EQ.0)THEN
Do 2 L=1,9

FARN5(L)*PARAM(L,1SP)
2 CONTINUE

ELSE

DO 4 L=1.9
FARAMX(L)= LOO (PARAM(L,1CP))

4 CONTINUE
END IF
DO 6 L=2,9

1F(CDF(L).LE. LEVEL)00TO 6 |
FR*(LEVEL-CDF(L 1))/(CDF(L) CDF(L-1))
00TO 8

6 CONTINVE
L*0
FR=1.

8 XINTERPLS=PARAMX(L 1)+FR*(FARAMX(L)*FARAMX(L-1))
IF(ILOO.07.0)XINTERPLS=EXP(X1NTERPLS)
RETURN

END IF *

END

REAL FUNCTION XINTERPLSC(LEVEL,FARAM,ISP,1 CASE,ILOG)
DIMENSION FARAM(10,0,5),FARAMX(9),CDF(9)
REAL LEVEL
DATA CDF /0.. 01. 0$,.ES.,$,.75. 95,.99,1./
IF(LEVEL.LT.O.)THEN

XINTERPLSC*PARAM(10 ISP.ICASE)
RETURN

ELSE IF(LEVEL.0E.1.)THEN
XINTERPLSC=PARAM(9,ISP ! CASE)

RETURN

ELSE IF (LEVEL.EQ 0.) THEN
XINTERPLSC=PARAM(1,ISP ICASE)
RETURN

ELSE

IF(ILOO.EQ.0)THEN
Do 2 L=1,9

-PARAMX(L)=PARAM(L,ISP ICASE)
2 CONTINUE

. .
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DO 4 L*1.9
FARA* (L)=LC0(FARAM(L,1SF,1 CASE))

,

4 CONTINUE
'

END JF
DO 6 L*2,9

,

IF(CDF(L).LE. LEVEL)CCTO 6
FR=(LEVEL-CDF(L-1))/(CDF(L)*CDF(L-1))

; 00T0 8
'

O CONTINUE
1 L*0

FR=1.
8 XINTERFLSC=FAFJMX(L 1)+FR*(FARAMX(L)-FARAW(L*1))

IF(ILOO 07.0)XINTERFLSC=EXF(XINTERFLSC)
RETURN*

END IF
END
REAL FUNCTION XINTERFLC(LEVEL,FARAM,1 CASE,1 LOO) --

D1HENSION FARAM(10,4),FARAMX(9),CDF(0)' .

REAL LEVEL
DATA CDF / 0, , . 01, . 0 5, . 25, . S , . 7 5, . 95, . 99,1. /
IF(LEVEL.LT . 0. )TitEN '

XINTERFLC=FARAH(10,1 CASE)
RETURN

ELSE IF(LEVEL 0E.1.)THEN
XINTERFLC*FARAM(9,1 CASE)
RETURN

ELSE IF (LEVEL.EQ.0.) THEN
XINTERFLC=FARAM(1,1CAF.E)
RETURN ,

ELSE

IF(ILOO.EQ 0)THEN
00 2 L=1,9

FARAm (L)=FARAH(L,1 CASE)
2 CONTINUE

ELSE,

DO 4 L-1,9
FARAMX(L)=LC0(FARAM(L,1 CASE))

4 CONTINUE
END IF
DO 6 L=2,9

IF(CDF(L).LE. LEVEL)OOTO 6
'

FR=(LEVEL-CDF(L-1))/(CDT(L)*CDF(L*1))
00T0 8

b CONTINUE
L*9
FR=1.

8 XINTERFLC=FARAMX(L*1)+FR*(FARAm (L) FARAMX(L-1))
IF(ILOO 07.0)XINTERFLC=EyF(XINTERF14)

,

END IF
END

i

+
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B.2 SEQSOR DATA FILE-

This section conrains the data file read by SEQSOR when it begins
execution. Most blocks of data contain separate distributions for each
radionuclide class. In these blocks, the nine columns give the

i distributions for the nine radionuclide classes:

Column Radionculide Class

1 Noble cas
2 lodino
3 Cesium
4 Tellurium
5 Barium

~

6 -- Strontium
7 Ruthenium
8 Lanthanum
9 Cerium -

In the blocks of data containing separate distributions for each
radionuclido class, each line contains the values for a given percentile of
the distribution. These values are:

Line 1 2 3 4 5 6 7 8 9
Percentile 0 1 5 25 50 75 95 99 100

The tenth line contains a nominal value used for running SEQSOR in a non-
sairpling mode for checkout. For the data blocks that do not contain
separate distributions for each radionuclide' class, each entry is the
percentile value in the order given above and the tenth entry is a nominal
value. The comment lines starting with $s have been added for listing in
this appendix to explain each block of data,

..
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;

Listing of SEQSOR Data l'ile
i

0 FooR distributions for low Et oxidation in-vessel
) 8.0E-02 2.CE-02 1.0E 02 1.0E 09 1.0E*09 1.0E*09 1.0E 09 1.0E 09 1.0E 09
1 9.9E*02 3.3I-02 1.4E 02 2.3E 03 3.0E-0$ 1.0E-09 1.0E 09 1.0E-09 1.1E 04

1.tt 01 6.41 -02 6.7E 02 1.3E-02 1.$t 04 1.0E-09 1.0E 09 1.0E 09 2.2E 04
8.0E 01 3.7E-01 3.0E-01 7.6E*02 7.6t 04 $.0E 0$ 2.0E*0$ 2.0E 0$ 1 'E*03

' 9.0E-01 6.9E-01 S.9E*01 2.CE*01 4.0E 03 2.0E 03 1.0E 04 1.$E-04 6.4E 03 i

1.0E+00 9.1E 018.3E*01 4.6E 01 1.3E*021.2E-02 9 $E-04 2.SE*03 2,7E 02 Ii

- 1.0E+001.0E+001.0E+00 8.BE*01 $ 2E 01 S 6E 02 2.1E 02 P.$E*02 $.2E 01
1.0E+00 1.0E+00 1.CE+00 9.6E-01 1.0E+00 1.4E 01 1.0E*01 3.1EC,1 1.0E+00
1.CE+00 1.0E+00 1.0E+00 1.0E+00 1.0E+00 2.7E 01 1.1E 01 1.0E+00 1.0E+00
1.0E+00 9.9E-01 9.9E 01 2.7E 01 1.3E 01 1.0E 06 1.0E*07 1.0E 07 1.3E*01

$ FCOR distributions for hi6h Er oxidetton in-vessel
9.9E 02 9.9E-02 3,$E-02 1,CE 09 1.CE 09 1.0E 09 1.CE 09 1.0E 09 1.0E-09
1.6E-01 1.4E-01 8.1E 02 3.0t*03 1.0E-09 1.0E 09 1.0E 09 1.0E*09.2.2E 04
4.2E*01 2. 6E-01 1.7E 01 1.8E 02 2.$E 04 1.0E-09 1.0E-09 1.0E 09 1.2E 03
8.0E-01 S.6E 014.2E*019.7t 02 2.1E*03 $.0E 0$ 2.0E 0$ 2.0E 0$ 4.2E 03a

9.2E 01 7.SE*01 8.2E-01 3.3E-01 6.4E 03 4.6E-03 1.0E 04 1 $E 04 8.6E-03 -
,

1.0E+00 9.6E 01 8.9E 01 $.9E-01 1.8E 02 2.0E 02 1.2E 03 3.0E 03 3.0E 02
1.0E+00 1.0E+00 1.0E+00 9.1E 01 $.1E 01 6.1E*02 2.1E-02 8.$E 02 $.2E*01 "

1.0E+00 1.0E+00 1.0E+00 9.9E 01 1.0E+00 1.4t 01 1.0E*01 $.1t 01 1.0E+00
5 1.0E+00 1.0E*00 1.0E+00 1.0E+00 1.0E+00 2.9E 01 1.1E 01 1.0E+00 1.0E+00

1.0E+00 9.9E 01 9.9E 01 8.4E 01 1.3E 01 1.0E 06 1.0E-07 1.0E*07 1.3E 01 FCOR*

8 FVES distributions for VB with the R08 et system setpoint pressure '

1.0E+00 1.0E 09 1.0E*09 1.0E-09 1.0E 09 1.0E 09 1.0E 09 1.0E-09 1.0E*00
1.0E+001.0E 0$ 1.0E-051.0E 0$ 1.0E*0$ 1.0E 0$ 1.0E 0$ 1.CE 0$ 1.0E 0$
1.0E+00 1.0E 05 1.0E 0$ 1.0E 0$ 1.0E 05 1.0E-0$ 1.0E 05 1.0E 0$ 1.0E 0$
1.0E+00 9.3E-03 $.it 03 1. 8E-03 1.8E 03 1.8E*03 1.8E-03 1.8E 03 1.81 03
1.0E+00 8.6E 02 4.2E 02 2.8E 02 2.6E 02 2.8E-02 2.8E-02 2.6E-02 2.8E 02
1.0E+00 3.$t-01 3.$E*01 1.6E-01 1.8E-01 1.8E 01 1.8E 01 1.6E-01 1.8E 01
1.0E+00 7.7E 01 7.7E 01 7.6E-01 7.6E-01 7.6E*01 7.64-01 7.6E 01 7.6E 01
1.0E+00 9.6E-01 9.61 01 9.6E-01 9.6E*01 9.6E-01 9.6E-01 9.6E 01 0,6E-01
1.0E+00 1.0E+00 1.0E+00 1.0E+00 1.0E+00 1.0E+00 1.0E+00 1.0E+00 1.0E+00
1.0E*00 2.4E*01 2.0E*01 1.$E-01 1.1E-01 1.0E*01 1.0E 01 1.0E 01 1.1E*01 FVRH+

8 TVES distributions for VB with the RCS et h16h pressure
1.0E+00 1.CE 09 1.0E 09 1.0E 09 1.0E 09 1.0E*09 1.0E 09 1.0E 09 1.0E 09
1.0E+00 1.0E-0$ 1,0E*0$ 1.0E 0$ 1.0E 0$ 1.0E-05 1.0E*05 1.0E 05 1.0E-0$
1.0E+00 1.0E 0$ 1.0E-05 1.0E 0$ 1.0E*05 1.0E 0$ 1.0E 0$ 1.0E*0$ 1.0E-0$
1.0E+00 9.3E 03 $ 1E 03 1.8E 03 1.8E 03 1.6E*03 1.8E-03 1.8E-03 1.8E*03i

1.0E+00 0.0E*02 4.2E-02 2.8E*02 2.6E-02 2.8t*02 2.6E 02 2.6E-02 2.8E 02
1.0E+00 3.$E 01 3.SE 01 1.8E 01 1.8E 01 1,8E-01 1.6E 01 1.6E 01 1.6E 01 +

1.0E+00 7.7E-01 7.7E*01 7.6E 01 7.6E 01 7.6E 01 7.6E 01 7.6E 01 7.6E 01 -

1.CE+00 9.6E 01 9.6E-01 9.6E-01 9.6E 01 9.6E*01 9.6E 01 9.6E-01 9.6E 01
1.0E+00 1.0E+00 1.0E+00 1.0E+00 1.0E+00 1.0E+00 1.0E+00 1.CE+00 1.CE+00
1.0E+00 2.6E 01 2.8E 01 0.0E 02 2,7E*01 2,7E 01 2.7E*01 2.7E 01 2.7E*01 FvuP*

|

8 FVES distributions Eot VB with the RCS et intermediato pressure
1.0E+00 1.0E 09 1.0E 09 1.CE 09 1.0t 09 1.0E-09 1.0E 09 1.0E+09 1.0E 09

| 1.0E+00 3.0E-0$ 3.0E 0$ 3.0E 0$ 3,0E 0$ 3.0E 0$ 3.0E*0$ 3.0E 0$ 3.0E-0$
'

1.0E+00 1.1E-02 0.0E-03 8.0E-03 8.6E-03 8.6E-03 8.6E 03 0.6E 03 8.6E 03
1.0E+00 2.0E 01 1.3E 01 1.2E-01 1.3E*01 1.3E 01 1.3E 01 1.3E 01 1.3E 01
1.0E+00 4.1E 01 2.9E-01 2.SE-01 2.4E 01 2.4E 01 2.4E-01 2.4E-01 2.4E 01.

1.0E+00 6.1E 01 $.9E 01 4.3E-01 3.7E 01 3.7E-01 3.7E-01 3.7E 01 3.7E 01
1.0E+00 8. 9E-01 8.9E-01 8.9E-01 8.7E-01 8. 7E-01 8.7E 01 8.7E 01 8. 7E-01
1.0E+00 9.9E 01 9.9E 01 9,9E 01 9.9E 01 9.9E-01 9.9E 01 9.9E-01 0.9E-01
1.0E+00 1.0E+00 1.0E+00 1.0E+00 1.0E+00 1.0E+00 1.0E+00 1.0E+00 1.0E+00
1.0E+00 $.0E 01 $.0E-01 2.0E 02 3.4E 01 3.4E-01 3.4E*01 3.4E-01 3.4E 01 FVIP*r

F

$ TVES distributions for VB with the RCS et low pressure
1.0E+00 1.0E 091.0E 09 1.0E C A 1.0E 09 1.0E-09 1.0E*00 1.0E-09 1.0E-09

} 1.0E+00 2. $E-02 1.1E-02 5.9E* t- $.9E 03 $.9E-03 $.9E 03 S.9E*03 $.9E 03
1 1.0E+00 1.2E 01 7.2E-02 4.0E-02 4.0E-02 4.CE 02 4.0E 02 4.0E-02 4.0E-02 .

1.0E+00 3.1E-01 2.0E-01 1.7E-01 1.7E-01 1.7E*01 1.7E 01 1.7E*01 1.7E*01,

.
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j 1.0E*00 $.2E-01 4.0E-01 3.3t 01 3.3E 01 3.3E 01 3.3E*01 3.3E-01 3,3E-01

1.0E+00 8.70-01 8.7E-01 6.?E-01 6.2E-01 6.28-01 6.2E*01 6.2E*01 6.2t*01
1.CE+00 9.9E 01 9.9E-01 9.9E 01 9.9E 01 9.9E-01 9.9E-01 0.91-01 9.9t 01'

1.0E*00 1.0E+00 1.0E+00 1.0E+00 1.0E+00 1.0t+00 1.0E+00 1.0E*00 1.0E+00
1.0E+00 1.0E+00 1.0E+00 1.0E*00 1.0E+00 1.0E+00 1.0E+00 1.0E*00 1.0E+00
1.0E+00 8.7E 01 8.7E 01 0.3E-01 7.7E 01 7.7E-01 7.7E-01 7.7E-01 7.7E-01 TVLP*

$ FVES disttsbutions for Event V.

1.0E+00 8.SE-02 6.2E*02 S.1E-02 8.1E 02 8.1E 02 8.1t 02 8.1E 02 8.1E 02
1.0E+00 7.9t 02 1.4E 01 $.3t-02 6.$E-02 8.SE 02 8.$E*02 8.$E 02 8.$0*02'

1.0E*00 1.tt 01 1.$t 01 6,4E 02 1.0E*01 1.0E*01 1.0E 01 1.0E-01 1.0E-01

i 1.0E+00 4,1E 01 4.0E 01 1.1E 01 1.7E-01 1.7E 01 1.7E*01 1,7E*01 1.7E*01
1.0Et00 6.it 01 6.0E 01 2.SE-01 3.$E 01 3.St 01 3.$E 01 3.$E 01 3.St 01 -

' 1.0t+00 7.mt 01 7.8E+01 S.$E 01 6.7E*01 6.7E-01 0.7E 01 6.7E-09 6.7t 01
; 1.CE+00 9.8E-01 9.7E 01 9.3t 01 9.6t*01 9.6E 01 9.6E 01 9.6E*01 9.6E 01
1 1.0E+00 9.9E 01 9.9E-01 9.8E 01 0.9E 01 0.92 01 9.9E*01 0.9E 01 0.9E*01

1.0E+00 1.0E+00 1. 0t+ 00 1.0E +00 1. 0E + 00 1.0E + 00 1.0E+00 1. 0E+00 1.0E +00
1.CE+00 2.0E 01 2.0E 01 1.CE*01 1.0E 01 1.0E 01 1.0E 01 1.0E-01 1.0E*01 TVV*

$ TVES disttsbutions for BOTRs
1.0E*00 0.0E 03 8.9E*03 7.1E 02 1.0E 02 7.$r 93 1.0E 02 1.0E*02 1.CE 01 ,

1.0t+00 1.1E*02 2.2E 02 7.3E-02 2.2E 02 7.9E 03 1.1E 02 1.1E 01 1.1E 02
1.0E+00 2.4E-02 2.44-02 8.et-02 1.3E 02 9.4E 03 1.3E 021.3E 021.3t-02 *

1.0E+00 8.31-02 0.3E+02 1.$E 01 2.3E 02 1.7E 02 2.3E*02 2.3E*02 2.3E*02,
; 1.0E+00 1.7E*01 1.7E-01 3.2E 01 $.8E 02 4.4E 02 S.8t 02 $.EE 02 $.8E 02

1.0E*00 3.3E-01 3.3E*01 6.3t-01 1.9E*01 1 $t 01 1.9E 01 1.9E-01 1.9E 01
1.0t+00 8.7E 01 8.2E 01 9.$E 01 7.3t*016.7E 01 7.3E 01 7.3E 01 7.3E 01
1.0Z+00 9.3E 01 9.3E 01 9.9E 01 9.2E 01 8.9t 01 9.2E 019.2E 01 9.2E 01
1.0E+00 1.0t+00 1.0E+00 3.0E+00 1.0E+00 1.0E+00 1.0E+00 1.0E+00 1.0E+00

' 1.0E+001.7t 01 1.7E 013.2t*01 $.8E 02 4.4E 02 $.8E 02 $.8E 02 6.8E 02 TVS0*

; 8 FIBO distributions for 80TRs with the secondary BRVs socios1h6
' 1.SE 01 8.6E 02 6.4t 02 2.6E*01 1.4t 01 1 $t-01 1.$E 01 1.SE-01 1.4E*01
- 1.7E*01 7.3E 02 9.9E-02 2.6E 01 1.$E-01 1.$t-01 1.SE-01 1.$E 01 1.$E 01

2.$E 01 1.1E 01 1.0E*01 2.9E 01 1.6E 01 1.7E*01 1.7E 01 1.7E 01 1.6E 01
4.4E 01 2.0E*01 2.0E 01 3.8E 01 2.2E 01 2.2E 01 2.2E*01 2.2E+01 2.2E-01
$.8E 012.9E-01 2.6E 01 $.6E 01 3.3E 01 3.4E 01 3.4E 01 3.4E 01 3.3E-01
7.2E 01 4.1t 01 3.9E 01 8.$E-01 $.3E 01 $.4E-01 $,4E 01 $,4E 01 $.3E-01
9.$E 01 8.$E 01 7 7E 01 1.0E+00 9.0E 01 9.0E 01 9.0E 01 9.0E*01 0,0E-01
9.8E 01 0.2E 01 9.2E*01 1.0E+00 9.7E 01 9.8E-01 0.8E-01 0 lE*01 9.8E-01.

1.0E+00 1.CEt00 1.0E*00 1.0E+00 1.0E+00 1.0E+00 1.0E+00 1.0E+00 1.CE+00
$.0E-012.9E-01 2.8E 01 $.6E 01 3.3E-01 f 4E 01 3.4E-013.4E 01 3.3E 01

8 FISO disttsbutions for SOTRs with the secondary SRVs stuck open
1.0E400 0.00000 0.00000 0,00000 0.00000 0.00000 0.00000 0.00000 0.00000
1.0E+00 4.9E*07 4.9E 07 $.2E 07 $.2E 07 $.2E-07 $.2E*07 S.2t*07 $.2E 07
1.0E+00 2.8E*0$ 2.8E 07 3.8E-0$ 3.tE 0$ 3.8E 0$ 3.8E 0$ 3.8E*0$ 3.8E-0$
1,0E+00 7.31*02 6,2E 02 4.0E 02 3.0E 02 3.0E 02 3.0E*02 3.0E 02 3.0E 02
1.0E+00 2.7E 01 2.6E 01 1.7E 01 2.4E 01 2.4E 01 2.4E-01 2.4E-01 2.4E-01

i 1.0E+00 S.6E 015.5E*014.3E-01 $,$E-01 $ SE 01 $.$E 01 $.$t-01 $.$T-01
1.0E*00 8.0t-01 7,8E 01 7.7E 01 7.6E 01 7.6E 01 7.6E-01 7.6E 01 7.8E-01
1,0t+00 9.6E-01 9. SE*01 9.4E 01 0,1E*01 9.1E 01 9.1E 01 9.1E*01 0.1E*01

! 1,0E*00 1.0E+00 1.0E+00 1.0E+00 1.0E+00 1.0E+00 1.0E+00 1.0E+00 1.0E+00
1.0E+00 2.7E-01 2.6E 01 1,7E-01 2.4E 01 2.4E 012.4E-01 2,4E 01 2.4E 01 FIS0*

8 F000 distributions for SOTRs with the 6scondary ERVs tectosing
1.8E 01 1.2E 01 1.2E 01 2.3E*01 2.22-01 2.3E 01 2.3E 01 2.3E-01 2.UE*01
2.0E 01 1.3E-01 1.9E 01 2.3E 01 2.4t*01 2.3E*01 2.4E-01 2,4E-01 2.4E 01
2.9E 01 2.0E*01 2.0E-01 2.6E 01 2.6E 01 2.SE*01 2.SE-01 2.6E 01 2.6E 01

1 5.0E-01 3.7E*01 3.8E 01 3.4E-01 3.$E-01 3.4E 01 3.$E 01 3.$t-01 3.$E 01
6.7E-01 $.3E 01 $.4E 01 S.CE 01 $.2E 01 $.3E 01 $.3E 01 $.3E 01 $.3E-01
8.4E 01 7.4E 01 7.6E-01 7.2E 01 8.4E-01 8.3E 01 8.4E 01 8.4E*01 8.4t 01
1.0E+00 1.0E+00 1.0E+00 9.3E 01 1.0E+00 1.0E+00 1.0E+00 1.0E+00 1.0E +00
1.0E+00 1.0E*00 1.0E+00 9.8E-01 1.0E+00 1.0E+00 1.0E+00 1.CE+00 1.0E+00 +

1. 0E +00 1. 0E +00 1. 0E 4 00 1. 0E + 00 1. 0E * 00 1. 0E+00 1. 0E+00 1.0E+ 00 1. 0E+ 00
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1 6.7t-01 S.3t-01 $.4E 01 S.0E 016.2E 01 S.3E-01 $.3t 01 $.3E 01 s.st-01
I

| b rpGO distributions for 60 tee with the secondary ERVs ste k open
I 1.0E+00 1.CE+00 1.0E+00 1.0E+00 1.0E+00 1.0L+00 1.0E+00 ;.0E+00 1.0E+00
i 1. CE *00 1. 0E + 00 1.0E+00 1.0E+00 1. 0E +00 1. 0E+00 1. 0E400 1. 0E+00 1.0E+00

1. 0E * 00 1. CE+00 1. 0E+00 1. 0E+ 00 1. 0E+00 1. 0E+00 1. 0E+00 1. 0E+ 00 1. 0E+00 )
i 1.0E+00 1.0E+00 1.0E+00 1.0E+00 1.0E+00 1.4E+00 1.0E+00 1.0E+00 1.CE+00 1

Il 1. 0E* 00 1. 0t+ 00 1. CE +00 1. 0E+00 1. 0E +00 1. 0 E+00 1. 0E+00 1.CE+00 1.CE+ 00
1.0t+00 1.0E+00 1.0E+00 1.0E+00 1.0E+00 1.0E+00 1.0E+00 1.0E+00 1.0E+00
1.0E+00 1.0E+00 1.0E+00 1.0E+00 1.0E+00 1.0E+00 1.0E+00 1.0E+00 1.0E+00
1.0E+00 1.0E+00 1.0E+00 1.0E+00 1.0E+00 1.0E+00 1.0E+00 1.0E+00 1.0t+00

l 1.0E+00 1.CE+00 1.0E+00 1.0E+00 1.0E+00 1,0E+00 1.0E+00 1.0E+00 1.0E+00
? 1.0E+00 1.0E+00 1.0E+00 1.0E+00 1.0E+00 1.0E+00 1.0E+00 1.0E+00 1.0E+00 Fos 0* |

J

8 Decontaimination factor distribution f&t pool scrubbine for Event V
S.1E+03 4.$t+03 4.1E+03 1.3E+02 6.2E+00 3.0t+00 1.8E+00 1.7E+00 1.6E+00 $.0E+00 VDF*

I $ FCONV distilbution for early leak * dry centsthment ' *'
. .

1.0E 03 2.0E*03 8.0E-03 8.8E 02 1.PE 01 4.2E 01 6.9E*01 7.9E-01 0.1E 01 1.0E-01
$ FCONY distribution for early leak - wet containment

1.0E-03 3.0E 03 0.0E*03 1.1E 01 2.3E 01 4.7E*01 7.4E*01 8.7E 01 9.SE-01 1.0E-01 .
;

$ FCONY distribution for early rupture in uppet part of containment
,

*

1.0E 02 8.9E-02 2.0E 01 4.EE 01 6.8E 01 8.0E-01 8.9E 01 9.4E 01 0.9E 01 6.4E 01
8 FCOFV distribution for early turture in lower part of containment

4.6E-02 1.ct 01 2.7E 01 $ 0E-01 7.3E 01 8.8E 01 9.8E*01 1.0E+00 1.0E+00 9.8t 01
8 FCONY distribution for late rupture,

1.0E-0$ 1.0E*04 1.0E 03 S.CE 03 3.5E*02 1.6E 01.$.8E 01 6.7E*01 7.4t*01'1.0E 01
8 FCONV distribution for Event Y

. 1.3E 02 5.9E*02 1.6E 01 3.4E 01 S 0E*01 7,0E 01 8.6E 01 9.$t 01 0.7E 01 8.0E-01 FCONV*
!

! 8 FCONC distributions for early leak * dry containment
i 1.0Et00 1.0E-03 1.0E 03 2.0E 03 2.0E 03 2.0E-03 2.0E 03 2.0E 03 2.0E-03

1.0E+00 2.0E-03 2,0E-03 6.0E-03 6.0E 03 6.0E 03 6.0E 03 6.CE 03 6.0E 03
1.0E+00 8.0E-03 8.0E 03 1.7E-01 1.7E 01 1.7E 01 1.7E-01 1.7E 01 1.7E 01
1.0E+00 8.6E 02 8.6E 02 9.4E 02 9.4E 02 9.4E 02 9.4E 03 9 J 2-02 9.4E 02
1.0E+00 2.0E-01 2.0E 01 2.1E-01 2.E 01 2.1E 01 2.1E-01 2.1E 01 2.1E 01,

1.0E+00 4.1E 01 4.1E 01 4.1E 01 4.1E 01 4.1E 01 4.1E-01 4.1E-01 4.1E 01
1.0E+00 0.4E-01 6.8E 01 6.8E-01 6.8E 01 6,8E*01 6.8E*01 6.8E 01 6.8E 01
1.0E+00 7.8E 01 7.8E 01 7.8E-01 7.87-01 7.8E 01 7.8E 01 7.8E-01 7.8E 01
1.0E+00 0.8E 01 8.6t*01 8.8E-01 8.8E-01 8.8E 01 C.8E*01 8.8E 01 8.8E-01
1.0E+00 1.$t-01 1.SE 01 1.$t 01 1.5E 01 1.5E 01 1.5E 01 1.5E-01 1.$t-01,

1
0 FCONC distributions for early leah - wet antainm+nt

1.CE+00 1,0E 03 1.0E 03 4.0E-03 4.0E 03 4.0E*03 4.0E-03 4.0E 03 4.0E-03
1.0E+00 3.0E 03 3.0E 03 9.0E 03 9.0E 03 0.0E-03 0.0E*03 9.0E 03 0,0E 03
1.0E+00 9.0E 03 9.0E 03 2.4E 02 2.4E 02 2.4E-02 2.4E-02 2.4E 02 2.4E 02
1.0E+00 1.1E 01 1,1E-01 1.2E 01 1.2E 01 1.2E 01 1.2E 01 1.3F 01 1.2E 01
1.0E+00 2.3E-01 2.3E 01 2.4E-01 2.4E 01 2.4E-01 2.4E 01 3.4E*01 2.4E 01
1.0E+00 4.6E-01 4.6E-01 4.6E*01 4.6E+01 4.6E-01 4.6E 01 4.6E 01 4.6E 01

| 1.0E+00 7.3E 01 7.3E 01 7.3E-01 7.3E 01 7.3L 01 7.3E 01 7.3E 01 7.3E 01
1.0E+00 8.6E 01 8.6E 01 8.et 0; 8.6E 01 8.6E-01 8.6E 01 8.6E-01 8.6E-01
1,0E+00 9.5E 01 0.5E 01 0.$E 01 9.5E 01 9.5t*01 0.5E 01 9.SE-01 9.SE-01,

1.0E+00 1.$t 01 1.5E 01 1.$E 01 1.SE 01 1.5E 01 1.5E*01 1.$E 01 1.$E-01'

$ FCONC distributions for early rupture in upper part of containment
1.0E+00 1.0E-02 1. 0E-02 1.0E 02 1.0E 02 1.0E-02 1.0E-02 1.0E-02 1.0E 02
1.0E*00 8.9E*02 8.9E 02 8.8E-02 8.8E 02 8.8t*02 8.8t*02 8.8E 02 8.8E 02
1.0E+00 1.9t-01 1.9E 01 1.6E-01 1.8E 01 1.6E-01 1.6E-01 1.6E-01 1.6E-01
1.0E+00 4. 5E 01 4.5E-01 4.1E*01 4.1E 01 4.1E-01 4.1E 01 4.1E-01 4.1E 01
1.0E+00 8.3E 01 6.3E 01 6.0E 01 6.0E-01 6.0E 01 6.0E-0* 6.0E 01 6.0E 01

i 1.CE+00 7.5E 01 7 $E-01 7.3E 01 7.3E 01 7.3E 01 7.3E 01 7.3E-01 7.3E 01
i 1.0E+00 8.8E-01 8.8E 01 8. $E 01 8.5E-01 8.5E 01' 8. $E 01 8.5E 01 8.$E 01

1.0E+00 9.1E-01 9.1E 01 9.0E Oi 3.0E*01 0.0E 01 0.0E 01 9.0E-01 9.0E 01
| 1.0E+00 9.9E 01 0.9E-01 9.9E 01 9.9E-01 9.9E-01 9.9E 01 9.9E-01 9.9E-01
| 1.0E 01 4.3E-01 4.3E 01 4.3E 01 4.3E-01 4.3E 01 4.3E-01 4.3E o' 4.3* 01

.
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8 FOONC distributions for early rupture in lower part of containment

1.0E*00 2.$t-02 2.$E-02 2.SE-02 2.$t*02 2.5E 02 2.$t-02 2.SE 02 2.SE*02'

1.0E+00 1.61 01 1.6E 01 1.2E-01 1.2E 01 1.2E-01 1.2E-01 1.2E 01 1.2E-01
1.0E+00 2.6E 01 2.6t-01 2.0E-01 2.0E 01 2.0E 01 2.0E-01 2.0E 01 2.0E-01
1,0E+00 $.2E-01 $.2E 01 4.7E-01 4.7E 01 4.7E 01 4.7E 01 4.71 01 4.7E-01 I
1.0E+00 7.3E-01 7.3E-01 7.0E-01 7.0E-01 7.0E 01 7.CE 01 7.0E 01 7.0E-01
1.0E+00 8.$t-01 8.$E 01 8.4E-01 8.4E 01 8.4E-01 8.4E 01 8.4E 01 8,4E-01 |

1.0E+00 9.4E 01 9.4E 01 9.4E-01 9.4E 01 9.4E 01 9.4E*01 9.4E-01 9.4E-01 |

1.0E+00 9.6E-01 9.6E 01 9.6E 01 9.61-01 9.61 01 9.6E 01 9.6E 01 9.6E-01
1.0E+00 9.8E 01 9.8E 01 0.8E 01 9.8E 01 9.8E-01 0.8E*01 9.8E 01 9.8E 01 |

f,

1.0E+00 4.3E 01 4.3E 01 4.3E 01 4.3E 01 4.3E 01 4.3E*01 4,3E 01 4.3E-01

1$ TCDNC distributions for late rupture

1.0E+00 1.0E 03 1.0E 03 1.0E 03 1.0E*03 1.0E*03 1.0E 03 1.0E*03 1.0E 03 |
1.0E+00 1.0E 03 1.0E 03 1.0E 03 1.0E 03 1 CE*03 1.0E*C3 1.0E 03 1.0E 03 1

1.0E+00 1.0E 03 1.0E*03 3.0E*03 3.0E 03 3.CE 03 3.0E 03 3.0E 03 3.0E-03
1.0E+00 1.4E-02 1.4E 02 3.6E 02 2.0E 02 3.6E 02 2.0E 02 2.0E 02 2.0E 02
1.0E+00 6.7E-02 6.7E-02 1.1E 01 8.02 02 1.1E 01 8.0E 02 8.0E 92 8.0E-02
1.0E+00 1.9E 01 1.9E-01 3.2E 01 2.1E*01 3.2E 01 2.1E-01 2.1E-01 2.1E-01 ,

1.0E+00 6.2E 01 6.21 01 6.4E-01 6.2E 01 6.4E 01 6.2E 01 6.2E 01 6.2E-01 I

1.0E+00 7.2E 01 7.2E 01 7.4E-01 7.2E 01 7.4E 01 7.2E 01 7.2E 01 7.2E 01
1.0E+00 7.SE-01 7.$E-01 8.5E 01 7.SE 01 8.SE*01 7.5E 01 7.SE 01 7.$E-01
1.0E*00 1.0L*01 1.0E 01 3.7E 01 1.6E 01 3.7E 01 1.6E-01 1.6E-01 1.6E-01

$ FCONC distributions for Event V
1.0E+00 S.3E-03 S.3E-03 $.3E*03 $.3E 03 S.3E 03 S.3E*03 S.3E 03 S.3E 03
1.DE+00 2.4L 02 2.4t-02 2.4E 02 2.4E-02 2.4E-02 2.4E-02 2.4E 02 2.4E-02

,

1.0E+00 1.1E 01 1.1E 01 9.3E*02 9.3E-02 9.3E 02 9.3E 02 9.3E 02 9.3E 02
1.0E+00 3.1E*01 3.1E*01 2.7E 01 2.7E 01 2.7E-01 2.7E 01 2.7E-01 2.7E-01
1.0E+00 $ 0E 01 S.0E 01 4.7E*01 4.7E*01 4.7E 01 4.7E 01 4.7E 01 4.7E 01
1.CE+00 6.6E 01 6.6E 01 8.$t-01 6.SE-01 6.SE 01 4.$E 01 8.SE 01 6.$E-01
1.0E+00 7.7E-01 7.7E 01 7.7E-01 7.7E 01 7.7E 01 7.7E 01 7.7E-01 7.7E-01
1.0E+00 6.4E 01 8.4E-01 8.4E 01 8.4E*01 8.4E-91 8.4E 01 8.4E-01 8.4E 01
1.0E+00 9.2E 01 9.2E 01 9.2t 01 9.2E 01 9.2E*01 9.2E-01 9.2E-01 9.2E-01
1.0E+00 4,3E-01 4.3E 01 4.3E 01 4.3E 01 4.3E-01 4.3L-01 4.3E 01 4.3E-01 FCONC*

$ FCCI distributions for low Er oxtdation in-vessel and dry containment
1.0E+00 1.0E+00 1.0E+00 1.1E-02 1.0E 09 1.0E*09 1.0E 09 1.0E 09 1.0E-09
1.0E+00 1.0E+0L 1.0E+00 2.4E 02 2.0E 05 1.0E*00 1.0E-09 1.0E-09 9.0E 05
1.0E+00 1.0E+00 1.0E+00 1.0E*01 3.2E 04 1.0E 09 1.0E 09 2.0E-05 4.3E 04
1.0E+00 1.0E+00 1.0E+00 3.6E-01 1.9E 03 1.0E 06 2.4E 04 2.9E-04 2.7E 03
1.0E+00 1.0E+00 1.CE+00 S.7E 01 $,0E-02 2.3E 0$ 8.6E 04 1.2E-03 4.5E 02

h.0E+00 1.0E+00 1.0E+00 6.7E-01 2.3E-01 3.3E-04 2.2E 02 2.7E 02 1.9E 01
1.st+00 1.0E+t0 1.0E+00 9.5E 01 8.4E-01 1.7E 02 9.6E-02 9.8E 02 $.2E 01
1.0E+00 4.0E+00 1.0E+00 9.8E-01 9.4E-01 8.3E 02 1.8E 02 1.9E 01 9.0E 01
1.0E+00 1.0E+00 1.0E+00 9.9E-01 1.0E+00 1.2E 01 2.6E 01 2.3E 01 1.0E+00
1.0E+00 L CE *00 1.0E+00 4.5E-01 1.7E-01 3.8E 06 8.7E-03 6.5E-03 1.0E 01

$ FCCI distributions for ht6h Er oxidation in-vessel and dry containment
1.0E+00 1.0E+00 1.0E+00 7.2E 03 1.0E 09 1.0E 09 1.0E-09 1.0E 09 1,0E 09

,
1,0E+00 1.CE+00 1.0E+00 1.6E-02 2.0E 05 1.0E 09 1.0E-00'1.0E*09 5.0E-05

| 1,0E*00 1.0E+00 1.0E+00 5.9E-02 2.7E 04 1.0E 09 1.0E-09 1.0E 0$ 3.4E-04

1.0E+00 1.0E+00 1.0E+00 2.3E*01 1.6E-03 1.0E-09 2.2E 04 2.3E 04 1.9E-03
1.0E+00 1.0E+00 1.0E+00 4.9E-01 5.7E-02 2.3E 05 7.0E+04 9.5E 04 3.1E-02
1.0E+00 1.0E+00 1.0E+00 6.3E 01 2.1E 01 3.3E 04 8.8E-03 1.1E-03 1.7E 01
1.0E+00 1.0E+00 1.0E+00 9.00-01 4.8E-01 1.7E 02 8.6E-02 0.3E-02 4.4E-01
1.0E+00 1.0E+00 1.0E+00 9.7E 01 8.7E-01 6.3E 02 1.8E-01 1.8E-01 8.5E-01
1.0E+00 1,0E+00 1.0E+00 1.0E+00 1.0E+00 1.2E-01 2,4E 01 2.5E 01 1.0E+00

1.0E+00 1.0E+00 1.0E+00 4.5E-01 1.7E-01 3.6E-06 6.7E 03 6.5E-03 1.0E 01

$ ItCI distributions for low Er oxidation in-vessel and wet containment-
1.0E+00 1.0E+00 1.0E+00 2.5E-03 1.0E 09 1.0E 09 1.0E 09 1.0E-09 1,0E-09
1.0E+00 1.0E+00 1.0E+00 7.2E-03 2.0E-0$ 1.0E 09 1.0E 09 1.0E-09 2.0E-05'
1.0E+00 1.0E+00 1.0E+00 2.8E-02 1.4E-04 1.0E-09 1.0E-09 1.0E-05 5.0E-05
1,0E+00 1.0E+00 1.0E+00 1.3E-01 8.4E 04 1.0E 09 0.0E-05 1.1E-04 9.7E-04
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1.0E+00 1.0E+00 1.0E+00 2.4E-01 2.0E-02 4.0E-06 3.9E-04 4.7E-04 2.0E-02
1.0E+00 1.0E+00 1.0E+00 3.tE-01 2.0E-01 6.tE-05 S.0E 03 8.1E-03 1.0E-01
1.0E+00 1.0E+00 1.0E+00 9.1E*01 4.1E-01 1.0E 02 7.4E-02 8.3E 02 3.4E-01
1.CE+00 1.0E+00 1.0E+00 9.BE-01 6.1E 01 5.0E-02 9.8E 02 1.3E-01 7.3E-01
1.0E+00 1.0E+00 1.0E+E0 1.0E+00 9.0E 01 6.9E 02 1.1t 01 1.EE 01 0.2E-01
1.0E+00 1.0E+00 1.0E+00 4.SE-01 1.7E-01 3.4E 06 8.7E-03 6.$E 03 1.0E*01

$ FCC1 distributions for high Er oxidation in-vessel and wet containment

1.0E+00 1.0E+00 1.0E+00 1.7E 03 1.0E-09 1.0E 09 1.0E-09 1.0E-09 1.0E*09
1.0E+00 1.CE+00 1.0E+00 $.2E 03 1.0E-0$ 1.0E-09 1.0!-09 1.CE 06 2.0E 0$

'
1.0E+00 1.0E+00 1.0E+0C 2.2E 02 1.1E 04 1.0E 09 1.0E-09 1.0E-09 S.0E-0$
1.0E+00 1.01+00 1.0E+00 1.2E*01 S.1E 04 1.0E-09 0.0E 0$ 1.0E-04 7.$t 04
1.0E+00 1.0E+00 1.0E600 2.3E-01 1.0E*02 4.0E 06 3.1E-04 4.3E-04 1.1E 02
1.0E+00 1.0E+00 1.0E+00 3.4E 01 1.4E 01 6 EE 05 4.21-03 6.6E 03 1,4E 01

1.0E+00 1.0E+00 1.0E+00 8.6L-01 3.0E-01 1.0E 02 7.3E-02 7.9E*02 2.SE 01
1.0E+00 1.0E+00 1.0E+00 9.6E-01 7.0E-01 $.0E-02 9.8E 02 1.0E-01 6.1E-01
1.0E+00 1.0E+00 1.0E+00 9.9E-01 8.8E 01 6.9E-02 1.0E*01 1.2E-01 7.7E-01
1.0E+00 1.0E+00 1.0E+00 4.$E-01 1.7E*01 3.8E 06 8.7E-03 6.SE-03 1.0E 01 FCCI*

$ Epray DF distribution for RCS release, CF at VB, RCS at h16h pressure
2.tt+00 2.6t+00 2.2E+00 2.CE+00 1.8E+00 1.7E+00 1.6E+00 1.4E+00'1.0E400 2.tt+00 DFSPR16 _

"$ Spray DF distribution for RCS release, all cases not included above
2.6E+03 2.6E+03 1.8E+3 7.4E+014.0E+01 9.4t+00 3.0Ev00 2.4E+00 2.$E+00 4.$E+01 Dr$PR2*

8 Spray DF distribution for CCI release

3.2E+03 2.9E+03 2.CE+03 2.4E+02 2.8E+01 1.4E+01 7.7E+00 6.8E+00 6.7E+00 3.0E+01 DFS PRC*

8 Distribution for the late lodir.e release
0.0E+00 1.0E-03 S.0E 03 1.0E 02 S.0E-02 8.0E-02 1.0E-01 1.0L-01 1.0E-01 0.0E+00 LATEIL*

8 Distribtion for the revolett11:stion release from the RCS, one holo in RCS

1.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
1.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.GS+00 0.0E+00
1.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E400 0.0E+00 0.0E+00 0.0Et00
1.0E+00 1.1E-02 1.0E-03 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
1.0E+00 4 $t-02 2.3E-02 0.0E+00 0.0E+00 0.0E+00 0.0Es00 0.0E+00 0.0E+00
1.0E+00 1.0E 01 7.2E-02 2.4E-02 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0.t00
1.0E+00 4.4E 01 1.7E 012.1E-010.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
1.CE+00 8.0E 012.5E-014,1E 010.0E+00 0.CE+00 0.0E+00 0.0E+00 0.0E+00

1.0E+00 1.0E+00 7.5E-01 8.0E-01 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
0.0E+00 0.0E+00 0.0E+00 0.0Et00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00

$ Distribution for the revolatilisation release from the RCS. two holes in the RCS
1.0E+00 0.0E+00 0,0E+00 0.0E+00 0.0E+00 0.0Z+00 0.0E+00 0,0E+00 0.0E+00
1.0E+00 0.0E+00 0.0E*00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
1.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.CE+00 0.0Et00
1.0E+00 3.6E-02 2.7E 02 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0Et00-

| 1.0E+00 1..SE 01 9.5E 02 0.0E+00 0.0E+00 0.0E+00 0,0E+00 0.0E+00 0.0E+00
1.0E+0C 3.0E-01 2.7E-01 7.7E 02 0.0E+00 0.0E+00 0,0E+00 0.0E+00 0.0E+00
1.0E+00 7.2E 01 7.0E-01 6.3E-01 0.0E+00 0.0E+00 J.0E+00 0.0E+00 0.0E+00
1.0E+00 9.2E-01 0.1E 01 8.9E-01 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
1.0E+00 1.0E+00 1.0E+00 1.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00

| 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 FLATE*

| 8 Distribution for the DCH release - kCS et high pressure i

1.0E+00 6.7E-016.7E 012.3E-03 5.2E-0$ S.0E-05 5.2105 S.2E-0$ $.2E-05
1.0E+00 6.rE-01 6.7E-013.4E-03 7.0E 05 7.3E-05 7.0E-0$ 7.0E-0$ 7.0E-0$
1.0E+00 6.8E-01 6.8E-01 1.7E-02 2.3E-04 3.3E-04 2.3E-04 2.3E-04 2.3E 04
1.0E+00 7.5E-01 7.5E-01 6.8E-02 1.3E-03 7.7E 03 1.3E-03 1.35 03 1.3E 03
1.0E+00 9.2E-01 0.2E 01 2.0E-01 6.0E-03 2.21-02 6.0E 03 6.0E-03 9.0E-03

| 1.0E+00 9.7E-01 9.7E 01 2.8E-01 2.5E-02 8.2E-02 1.6t-02 1.8E-02 4.3E 02
1 1.0E+00 1.0E+00 1.0E+00 3.6E-01 2.3E-01 2.1E-01 6.3E-02 6.3E 02 2.9E 01
| 1.0E+00 1.0E+00 1.0E+00 4.0E-01 3.9E-01 3.0E-01 1.3E 01 1.61-01 3.0E-01.

1.0E*00 1.0E+00 1.0E+00 4.0E-01 4.4E 01 4.2E-01 1.EE-01 2.0E-01 4.2E-01'

.
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ij 1.0140) s.2t-01 p.2t-01 2.0t-01 0.0t-03 2.2t-07 c.et-03 6.or*03 0.tt*0: rtcidttra
4

$ !.istribution for t.be ICll release * hCC et it.termediate prose. ire
1.t:t*00 0.7t-01 L.7t 012.3t-03 $.St 05 $.2t*05 $.St 0$ 5.St-05 5.$t-0$ i

1.0t+00 0.7t-01 6.7t 01 3.4t-03 7.0t-05 7.DE*0$ 7.00 03 7.0E-05 7.02-05
i 1.0t+00 E.tt 01 6 tt-01 1.71 02 1.tt*04 2.tE*04 1.et 04 1, tt-04 1.6t*04

1.0t*C0 7.$t*01 7.52-01 S.71 02 7.71 04 7.1E*C3 7.7t*04 7.70 04 7.71-04
i 1.t D00 p.2t*010.21 01 2.0t*01 4.7t 03 2.0E-02 4.71 03 4.7E*03 7.7E 03

|| 1.0t+0D 5,7E*01 9.7t-01 2.tt 01 2.it 02 7.tt-02 1.St 02 1.SE-02 3.9t 02
q

1.014001.0t+001.0t+00 3.St 012.21-012.CE 01 $.0t*02 S.0E*02 2.4t 01-

1. 0E+00 1.ct+00 1.0t+00 3. ht*01 3.7t *01 3.4t 01 1.1t-01 1.4t-01 3.7t-01
'

2.01100 1.0t+00 1.0t+0. 3.tt 01 4.21 01 3.0t*01 1.3t*01 1.$t 01 4.0E 01
1.0t*00 9.2E-01 0.2t 01 2.00 01 4.7E*03 2.0E*02 4.7t*03 4.70 03 7.7D03 l'IcitL-II*

.

. & Dr distribution for pool scrubting of CCI relasse partially full cavity -
ij 1.Ct+00 4.1D03 4.1t+03 1.tt+03 4.1D03 1.6t'03 4.1L+03 4.1t+03 4.1t+03 '

1.0D00 3.tt+03 3.0t+03 1.$t+03 3.0t+03 1.$t+03 3,6t+03 3.0t+03 3.0t+03 !
1.Ct+00 3.31*03 3.$t *03 1.8D03 3.3t+03 1.3t+03 3.3E+03 3.3t+03 3,3D03 !
1.0D00 1. 01+02 1. 0!+02 4.20+01 1.0DC2 4.2E +01 1.0t+02 1.0D02 1.0t +02 '

; 1.01+00 S.0D00 5.0D00 2.0!+00 S.f>t+00 2.CD00 S.0E+00 S 0E+00 $.0D00
| 1.Ct+00 2.4T+00 L 4D001.0D00 2.4D001.0t+00 2.4t+00 2.4D00 2.4t+00 1

1. 0t *00 1. 4T+00 1.4t+00 1.0t+00 1.4t+00 1.0t+00 4.4E+00 1. 4E+00 1.4t t00
.

1.01+00 1.6t+00 1.4t+00 1.0!+00 1.4t+00 1.Ct+00 1.41+00 1.4t+00 1.4t+00
1. 0t+00 1 $t+00 1.3t +00 1,0t+00 1.3t+00 1.0t+00 1.3t+00 1.8D00 1.3t+00

l1.DD00 S.0D00 6.0D00 2.0t+00 5,0t+00 2.Ct+00 5.0!+00 S.0D00 $,0D00 1

f. 01 distritmtion for pool strubtins of CCI release + full cavity
1.0t+00 2.1t+04 2.1t+04 1.1t+04 2.lt+04 1.1t+04 2.1t+04 2.1t+04 2.1E+04
1.0D00 1. tt+04 1.6D04 0,4t+03 1,6t+04 9.4t+03 1.tt+04 1.BD04 1.6t+04
1. 0t + 0 0 1. 7t +04 1. 7t +04 8.0!+03 1.7D04 8.6D03 1.7t+04 1. 7t+04 1.7DC4
1.0!+00 $.2t+02 $.tr+02 2.7D 02 1.2t+02 2.7t+02 $ 2t+02 $.21+02 S.2E+02

; 1. 0t +00 2. SD01 2. St +01 1. 3t+01 2. $t+01 2. 5D 01 1.3E+01 2.5D01 2. $t +01'

1.0t+00 1.2t+01 1.2t*01 6.3t+00 1.2t+01 6.$t+00 1.2t+01 1.2t+01 1.2t+01
3 1.0t+00 7.2D00 7.2t+00 3.6t+00 7.2t+00 3,$t+00 7.2t+00 7.2E+00 7.2t t 00
| LLDOC 0.0t+00 E.0t+00 3.Et+00 6.St+00 3.Et+00 6.0D00 6.0D00 6.9D00'

1.0t+00 6.4D00 6.4t+00 3.4D00 6.4t+00 3,4E+00 6.4t+00 6.4t+00 6.4D00
1. 0! +00 2. $t +01 2. $t+01 1. 3E +01 2. $t+01 1.St+01 2. SD 01 2. 5E+01 2. St+01 VPSI.e

8 Traction of core in I!!HE for high. sederate, and low ranges of fraction ejected.

.396 .265 .19$ TIHt+

8 Ice condenser Di' distribution for RCs release, fans operatins, no prior CF
3.0L+01 2.ft+01 1.CE*01 6.CE+00 2.tt+00 1.ct+00 1.2t+00 1.1L*00 1.0!+00 4.0t+00

01ce condenser Di' distribution for RCS release, f ans operatirg, prior CF
1.0t+01 9.7D00 8.2D00 4.01+00 1.0D00 1.2t+00 1.0D00 1.0t+00 1.0t+00 3.0D00

$ Ice condenser DP distribution for RCS release, fans not operating
4.3t+01 4.1E+01 3.St+01 2. 4D01 7. 0t+00 2.3E4 00 1.3t+00 1.11'00 1.0t+00 7,0t+00

$ Ice condenser tr distribution for kCS release, it!Mt or DCll event .
B.1D01 C .5D01 3.2t*01 6,7D00 3.0D00 2.4E+00 1.4t+00 1.II+00 1.0t+00 7.0t+00 DTICV*

$ Ice condenser DF ttistribution for CCI release, fans operatins, no prior CF
3. 0D01 2. 6D01 1.6D01 6.0t+00 2.BD00 1.00 *00 1.2t+ 00 1.it+00 1.0F+00 7.0D00

i

$ Ice condenset DT distribution for CCI release, fans operat.ing, prior CF
1.tt+01 9.7t+0D B.2t+00 4.0t+00 2.0E+00 1.2Et00 1.1t+00 1.0t+00 1.0!+00 3.0t+00

$ Ice c-ondenser DF distribution for CCI release, tant not operatin6
2,0t+01 1.0D 01 1,$t+01 3.St+00 2.St+00 1.7D00 .1.1t +00 1,0t+00 1.0D00 7.0D 00 DTICC*

- -
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B.3 SOURCE TERM RESULTS

This section contains examples of additional source term results for
internal initiators. Figure B.31 presents the complementary cumulative
distribution functions (CCDFs) for release fractions for the iodine,
cesium, strontium, and lanthanum radionuclide classes. The CCDP for noble
gases is not particularly interesting since almost all the noble gases that
escape from the fuel are eventually released to the environment; if the
containment does not f ail, the xenon and krypton fission products are,

released from the containment over many days due to design level leakage.
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
200 observations in the sample for Sequcyah.

..

Figure b.3-2 illustrates another way to present the results of the source I
t e ria analysis. This figure shows the range of release fractions for |

accidents in which there is early failure of the containment (Summary
accident progression bins (ApBs) 1 through 4). Figure B.3 3 provides the
same type of information for accidents in which there is late failure of
the containment (Summary APB 5). These plots were constructed by
considering all the source terms computed for each radionuclide class
without regard for their frequency. To obtain the mean value for iodine,

for early containment failure, for example, all the -iodine - release
fractions for source terms resulting from early containment failure are
simply averaged. That is, all the iodine total release fractions are,

treated equally even though one may be more likely than another by several
orders of magnitude. Thus it is not possible to give a probabilistic-
interpretation to the means or the quantiles shown in Figures B.3 2 and
B.3 3.

!
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B.4 INFORMATION USED IN SOURCE TERM PARTITIONINC

This section contains one figure and two tables that present information
used in source term partitioning for Sequoyah. Specifically Figure B 4 1
and Tabic B.4 1 present the results of site specific MACCS calculations for
Sequoyah used in the definition of early and chronic health effect weights,
respectively. The generation of these results i s, discussed in the
methodology volume of this report (Volume 1) and in NUREG/CR 5253.B A 1

,

Table B.4 2 lists the PARTITION input file for the Sequoyah analysis. It1

contains dose factors, reactor inventory, summaries of the results in
rigure B.4 1 and Table B.4 1, and other information needed to define the
early and chronic health effect weights.

..
'

The curve shown in Figure B.4+1 relates released activity (Bq') for 1 131 to
a corresponding mean number of early fatalities predicted by a full MACCSq

calculation. This calculation assumed an instantaneous ground Icyc1
release, no plume rise, and no evacuation _or other mitigating actions, The *

assumptions and data used in the calculation are the same as those
*

described in Sprung et al. (1989).
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Selected MACCS Mean Results for Singic Isotope Releoson for Sequoyah Table
; !\.4 1 presents the results of a full MACCS calculation for each isotope.
- Each calculation assumes the indicated inventory of the isotopo under

consideration is released. Additional computational assumptions are the
s.ame as those indicated in conjunction with Figure B.4+1.,

Table B.4 1
) Selected MACCS Mean Results for Single

Isotope Releases for Sequoyah,

! kolossel Element 2 3,,gep, gg tg.11te Inventory Early3 Early' E.L.C.F.S C.L.C.F.6
I Class (Days) (bg) Fetalities injuries

| 1 _ 040E+00 8.61E-03 1.14E+00 0.00E+00
KR 0.00t+00 6.61E 03 9.SCE 01 0.00E+00

KR 85 8.919E+03 2.475E+15 0.00E+00 0.00E+00 8.09E 05 0.00E+00
KR 85H 1.867E-01 1.159E417 0.00E+00 0.00E+00 2.38E-02 0.00E+00
KR 87 $.278E*02 2.118E+17 0.00E+00 0.00E+00 9.$3E-02 0.00Et00 *

KR-68 1.167E-01 2.e64E+17 0.00E600 8.61E 03 8.37E 01 0.00E+00

XE 0.00E+00 0.00E+00 1.84E 01 0.00E+002

XE 133 S.291E+00 6.782E*17 0,00E+00 0.00E+00 1.28E-01 0,00E+001
XEa13$ 3.821E-01 1.273E+17 0,00E+00 0.00E+00 $ 59E 02 0.00E+00

2 9.35E-01 $.$6E+00 4.69E+01 1.69E+02
1 0.3SE 01 $ 56E+00 4.69E+01 1.60E+02.

1 131 8.041E+00 3.206t+17 3.21E 03 1.13E-01 2.37E+01 1.69E+02
1 132 9.$21E 02 4.72SE+17 1.10E 01 9.4SE 01 2.07E+00 0.00E+00
1-133 8.667E-01 6.77,E+17 1.62E-01 1.13 E + 00 _ 1. 26E +01 4.01E 04
1-134 3.653E-02 7.440E+17 $.42E 02 7.20E-01 1.09E+00 0.00E+00
1 135 2.744E-01 6.392E+17 S.77E 01 2.67E+00 7.47E*00 2.21E 15

3 6.43E 04 2.41E 02 2.36t+01 9.75E+03
. RB 0.00E+00 0.00E+00 $.70E 03 $.$1E 03'

RB 86 1.66SE+01 1.688E+14 0.00E+00 0.00E+00 $.70E 03 3.$1E 03

CS 6.43E 04 2.41E 02 2.36E+01 9.75E+03
CS+134 7.524E+02 4.324E+16 6.43t 04 2.3SE-02 1.$7E+01 $.6SE+03 '

CS-136 1.300E+01 1,316E+16 0.00E+00 6.37E 04 3.43E+00. 4.79E+00CS-137 1.099E+04 2.417E+16 0.00E+00 0.00E+00 4.47E+00 4.10E+03

( 4 1,06E+00 -3.91E+00 7.81E+01 1.13E+01
BB 1.42E 0$ 1.98E 02 3.39E+90 1.54E 01

EB 127 3.800E+00 2.787E*16 0.00E+00 6,86E 05 2.72E+00 1,54E 01
SB 120 1.608E-01 9.672E+16 1.42E-0$ 1.97E 02 : 6.67E 01:2.01E*24

TE 1.06E+00 3.89E+00 7,47t+01 1.11E+01
TE 127 3.896E-01 2.692E+16 0.00E+00 0.00E+00 3.11E+02 1.79E-14! TE 127H 1.000E+02 3.564E+15 0.00E+00 0.00E+00 2.97E 01 2;43E 01
TE-120 4.861E-02 9.267E+16 0.00E+00 0.00E+00 8.27E 03 0.00E+00
TE+129H 3.340E+01 2.443E+16 0.00E+00 0.00E+00 3.27E+00. 1.21E+00
TE 131M 1.250E+00 4.680E+16 1.28E 0$ 1.48E-02 3.58E+00 4.41E+00i TE 132 3.250E+00 4.6.*8E+17 1.06E+00 3.88E+00 6.75E+01 $.28E+00

$
3.14E-01 1.57t+00 2.97E401 .4.69E+03

SR 3.14E-01 1.57E+00 2.97E+01 4.69E+03
SR 89 $.200E+01 3.590E+17 1.10E-01 1.41E-02 1.21E401-1.06E+03
SR 90 1.026Et04 1.936Et16 0.00E+00 0.00E*00 9.09E+00 3.63E+03'

SR 91 3.950E 01 4.616E+17 1.$1E 01 1.02E+00 $.9BE+00 2.60E*01
SR 92 1.129E-01 4.803E+17 $.31E-02 $.39E-01 2.51E+00 2.12E*29

% -
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Tabic B.4-1 (continued)

6 2.20E+00 1.03E+00 3.87E+02 7.08t+02
CO 0.00E+00 0.00E+00 2.8BE+00 1.71E+02

Co-58 7.130E+01 3.223E+15 0.00E+00 0.00E+00 5.53E 01 4.99E+00
Co-60 1.021E+03 2.465E+15 0.00E+00 0.00E+00 2,34E+00 1,66E+02

HQ 2.77E*01 3.61E 01 3.40E+01 4.33E 01
H0-99 2.751E+00 6.098t+17 2.77E 01 3.61E-01 3,40E+01 4.33E-01

7C 0.00E+00 2.57E-03 4.23E-01 5.36E-16
YC 90M 2.50tt 01 5.263E+17 0.00E+00 2.57E-03 + 23E-01 5.36t-18

8

i RU 1.92E+00 6.64E 01 3.47E+02 5.37E+02
RU-103 3.959E*01 4.542E+17 1.13E-01 5.24E 01 4.67E+01 1.90E+02
RU 105 1.850E 01 2.954E+17 1.20E-03 1.03E-01 1.52E+00 1.90E 04
RU-106 3.690E*02, 1.032E+17 1.81E+00. 3.66E-02 2.99E+02 3.47E+02

RH 0.00E+00 2.94E-04 2.17t+00 9.20E-04
RH-105 1.479E+00 2.04tt+17 0,00E+00 2,94E-04 2.17E400 9.20E 04 +

'

7 6.36E+00 1.80E+01 7.06E+u2 1.79E+03
Y 1.98E+00 3.79E 01 1,49E+02 3.65E+01

Y-90 2.670E+00- 2.079E+16 0.00E+00 0.00E+00 1.56E+00 1.00E*03
Y 91 5.880E+01 4.374E+17 1.6eE+00 8,02E 02 1,40E+02 3.65E+01

Y-92 1.475E 01 4.621E+17 3.76E 02 8.35E 02 1.04E+00 6.52E 30
Y-93 4.208E-01 5. 454 E +17 2.50E-01 2,15E 01 6.43E+00 4.01E 11

ER 1,7ft+00 6.18E+00 1.11E+02 1.27E+03

ER-95 6.550E+01 5.526E+17 4.92E 01 1.61E+00 0.01E+01 1.27t+03
ER 97 7.000E-01 5.759E+17 1,27E+00 4.57E+00 3.12E+01 1.32E 05

NB 3,04E-01 1.45E+00 5.48E401 2.89E+02

NB 95 3,51nE+01 5.224Et17 3.04E-01 1.45f+00 5.48E+01 2.89E+02
.

LA 2.62E+00 9.93E+00 7.03E+01 3.71E 01
LA-140 1.676E+00 6.352E+17 2,49E+00 9.00E+00 6.76E+01 1.75E-01

LA-141 1.641E-01 5.626E+17 1.29E-02 1.16E-02 8.27E 01 1.96E-01
LA 142 6.625E 02 5.616E+17 1.17E 01 9.17E-01 1.65E+00 0,00E*00

PR 2.55Ee01 1.96E-02 3.60E+01 1.61E+00
PR-143 1.358E+01 5.395t+17 2,55E-01 1.96E*02 3.60E+01 1.81E+00

ND 1.66E-02 1,14E-02 1.62E+01 4.91E*00

KD-147 1.099E+01 2.412E+17 1.66E-0* 1.14E 02 1.62E+01 4.91E*00

AH 0.00E+00 0.00E+00 4.PSE+00 6.48t+00
AM-241 1.581E+05 1.159E+13 0.00E+00 0.00E+00 4.08E+00 6.48t+00.

CH 1.42E+00 0.00E+00 2.64E+02 1.85E*02
CH-242 1.630E+02 4.436E+15 1.42E+00 0.00E*00 1.97E+02 1.0$E+02
CM-244 6.611E+03 2,596E+14 0.00E+00 0.00E+00 6.70E+01 7.67t+01

8 1.71E+01 1.14E+01 1.73E+03 1.3BE+03
CE 9.56t+00 7.16E-01 6.39E+02 5.90E+02

CE-141 3.253E+01 5.651E+17 1.30E 01 3.635-02 3.76E+C1 3.74Et01
| CE-143 1.375E+00 5,494E+17 1.69E-01 3.51E-01 2.13E+01 2.12E-01

CE-144 2.644E+02 3.405E+17 9.25E+00 3.29E-01 7.60E+02 5,52E+02

NP 7.55E+00 1.07E+01 2.02E+02 3.04E+00 i

NP-239 2.350E+00 6,464E+18 7.$5E+00 1.07E+01 2.02E+02 3.04E+00 I

PU 2.31E-02 0.00E+00 6.tSE+02 7.68E+02
PU-238 3.2$1E+04 3.664E+14 2.31E-02 0.00E+00 3.46t+02 3,63E+02- |

PU 239 6.912E+06 8.263E+13 0.00E+00 0.00E+00 6.63E+01 8.55E+01 j
--- 19-240 2.469E*06 1.042E+14 0.00E+00 0.00E+00 6.63E+01 1.06Ef02-

,
l
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Table B.4 1 (continued)

FU-241 $.333E+03 1.75SE+16 0.00E+00 0.00E+00 1.66t+02 2.31E+02

| 9 3.42E 01 6.26E 01 9.32E+01 2.75E+02
BA 3.42E-01 6.262 01 9.32E+01 2.75E+02

i BA 139 5.771E 02 6.282E+17 0.00E*00 $.60E 03 1.02E 01 0.00E+00
BA 140 1.279E+01 6,216E+17 3.42E 01 6.22E 01 9.31E+01 2.75E+02

,

row contains the sum of the results f or all isotopes1The " release class a

in the release class.

2The " clement" row contains the. sum of the results for all isotopes of the

element.

8Hean number of early fatalities. ,

'Hean number of prodromal vomiting esses.

SMean number of latent cancer fatalities due to early exposure (i.e.,

within seven days of the accident).

SMean number of latent cancer fatalities due to chronic exposure,

,

i.

|
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Tabic B.4 2
PARTITION Input File for Sequoyah Analysis (Containing. Dose Factors,
Reactor Invento y Site Specific MACCS Results, and Other Information

Needed to Define'the Early and Chronic Health Effect Weights)

3EQUOY Ad: (1) B RATE. (2) CLD SF, (3) INH SF, (4) CRD SF,-(5) DEP VEL
2.66E-4 0.75- 0.41- 0.33 - 0. 01 .

HACCS DOSE CONVERSION FIIEs Hr4 SER f32, 1 NOV-68, 10:20:02' (RED HARROW ONLY)
CLOUDSHINE GROUND OROUND GROUND INHALED IN!!ALED INGESTION

SHINE 8IR MHINE .7 DAY SHINE RATE ACUTE CERONIC

60
Co-56 3.869E-14 2.179E-11 4.433E 2n 7.579E-16 1.577E-10 9.228E-10 2.601E 10-
00-60 0,957E-14 5.032E-11 1.055E 39 1.747E-1$ 3,986E 10 1,718E-06 1.311E-09
KR-85 8,562E-17 0.000E+00 0.000Et00 0.000E+00 6.608E 14 7.007E-14 0.000E+00
KR-85H 5.549E-15 0.000E+00 0.000E+00 0,000E+00.6.369E-14 6.372E-14 0.000E+00
KR-87 3,456E*14 0.000E+C3 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 3.66cE-13 3.066E-13 0.000E+00
RD 86 3.805E 15 1.979E-12 3.682E-11 6.913E-17 8.078E-10 2.362E-09 3.789E-00
SR 89 5.518E-18 2.998E-15 6.017E 14 1.043E 19 9.360E*10 5.651E-09 3.261E*09 *

SR-90 0.000E+00 0.000E+00 0.000E+00 0.000E+00 1.725E 09 3.051E*07 1.752E-07
SR*01 3.936E 14 1.599E-11 Di?60E-11 7.620E 16 7.944E*11 1.446E 10 1.233t*10
SR 92 5.327E 14 1.266E-11 1.556E-11 9,196E-16 4.114E 11 4.213E-11 4.22SE-11
Y 90 0.000E+00 0.000E+00 0.000E+00 0.000E+00 8.666E 12 1.507E 11 3.664E 13
Y-91 1.436E-16 7.310E 14 1.476E 12 2.543E-18 2.798E 11 3.174E*10 6.562E*12
Y 92 1.012E 14 2.700E-12 3.423t-12 1.861E-16 2.061E 12 2.079E-12 4.930E 12
Y-93 U.710E 15 1.448E-12 3.427E-12 6.532E-17 3.495E 12 4.018E 12 4.036E-12
2R-95 2.924E 14 1.656E-11 3.575E 10 5.740E-16 2.845E-10 3.207E-09 2;135E-10
ER-97 6.084E-14 2.673E-11 A.044E 10 1.191E-15 '1.079E 10 1.396E-10 1.207E-10
F' 195 3.051E 14 1.711E-11 3.36'E 10 5.9618-16 1.212E 10 4.425E 10 1,993E 10

HO-99 6.057E-15 4.111E*12 5.68?E-11 1.202E 16 3.096E-11 5.074E-11' 7.972E-11
TC-9mi 4.217E 151.755E-12 7. 915512 9.323E-17 2.296E*12 2.389E-12 6.273E-12
RU-103 1.649E-14 1.093E 11 2.166E 10 U.606E-16 8.176E 11 3.183E-10-1,666E 10

.U-105 3.076E 14 1.021E-11 1.558E-11 6.152E 16 7.221E-12 7.688E-12 2.34CE-11
RU-106 8.054E-15 4.622E-12 9.660E 11 1.608E-16 8.744E 11 1.770E-091.483E 09
RH 105- 2.936E-15 1.682E-12 1.116E-11 6.310E-17 5.385E 12 7.746E-12 1.463E '1
SB 127 2,584E*14 1.456E-11 1'799E-10 5.200E-1* 9.334E-11 1.547E-10 1.317E 10

SB-129 5,771E-14 1. 811E-11 2.5,0E*11 1.078E 15 1.608E-11 1.654E 11 3.661E-11
TE 127 .1.835E 16 8.405E 14 1.67 9E-13 3.869E-18 3.342E-12 - 3.986E-12 6.413E-12
TE 127H 2.632E-17 5.643E-14 2.66RE-12 1,0341-18 2.769E*10 5.309E-09 5.373E 00 -

TE 129 2.042E-15 2.501E-13 2.57.2E-13 4.186E-17 6.131E-13 6.131E-13 7.610E-13
TE-129H 1.259E-15 1.344E-12-2.940E-11 2,524E-17'4.854E-10 3.038E-09 3.432E*09
TE-131H 6.026E 14 3.011E-11 L 918E*10 1.145E-15 9.441E-11 1.386E-10 2.393E-10

! TE-132 7.642E-15 3.531E-1L 6.00bE*10 1.681E-16 2.500E-10 3.951E 10 4.064E-10
| I 131 1.440E 14 8.678E-12 1,364E 10 3.057E-16 3.518E-11.6.260E-11 9.444E-11

1-132 9.132E-14 1.910E-11 2.099E 11 1.757E-15 1.401E 11 1.401E 11 2.450E-11:
1-133 2.350E-14=1.196E-11 5.196E 11 4.725E-16 2.454E 11 2.717E-11 4.313E-11'
I 134 1.059E-13 0.000E-12 9.02tE-12 1.982E-15 6.067E 12 6.067E-12 1.000E*11-
I 135 6.658E-14 2.377E-11 4.582E 11 1.165E-15 2.194E 11 2.231E 11-3.636E 11
XI-133 7.293E-16 0.000E+00 0.000E+00 0.000E+00 1.558E-13 1.686E-13 0.000t+00-
XE-135 9.228E*15 0.000E+00 0.000Ee10 0.000E+00 2.532E-13 2.554E 13 0.000E+00
CS-134 6.152E-14 3.488E-11 7.303E 10 1.211E 15 9.057E 10 1.178E-08 1.868E-06
CS-136 . 8.593E 14 4.653E *11 8.245E-10 1.6:0E-15 7.018E-10 1.855E-09 2,952E-091
CS 137 2.217E 14 1.260E-11 2.666E 10 4.A10E-16 5.625E-10 8.295E 09 1.316E-06
BA-139 1.227E 15 1.841E-13 1,875E-13 2.607E-17 4.351E-12 4.351E-12 9.610E-13

BA 140 7.071E-15 7.296E-1E 6.-525E-10 1.471E-16 4.7390-10 1.221E-09 4.219E-10
LA-140 9.481E-14 4.419E 11 1.242E*10 1.643E 15 1.440E-10 2.124E 10 2.816E-10
LA-141' 1.712E 15 4.545E-13 7.461E-13 2.917E 17 5.104E-12 6.845E 121.073E-12 -
LA-142- 1.221E-13 1.521E-11 1.569E-11 liS90E-15 6.799E-12 6.799E-12 1.930E-11-
CE-141 2.419E-15 1.556E-12 3.047E-11 5.422E-17 2.4 34E-11 8.891E-11 3.396E-11
CE-143 9.545E-15 5.330E 12 3.345E-11 2.010E-16 2.039E-11 2.953E 11 5.074E 11 - ,

CE-144 1.882E-15 8.613E-13.2.070E-11 3,457E*17 4.025E-11 2.786E 09 8.660E-11

17.-143 3.552E-22 1.983E-13 3.531E-18 6.944E 24 4.864E-12 1.497E 11 1.039E-12 -
i
'

,
ND-147 4.471E-15 2.729E-12 4.682E-11 9.576E-17 3.426E-11 9.219E-11 5.042E-11

_

]| NP-239 -- 5.454E-15 3.314E-12 3.095E-11 1.208E-16 7.943E-11 2.075E-10 4.660E-11 *;

. -. A- \.a
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Table B.4-2-(continued)

i

PU-238 4.535E-19 1.113E-15 2.340E-14 3.869E 20 2.552E 09 5.785E 05 1.266E-08
PU 239 1.671E-18 1.379E-15 2.665E-14 4.788E-20 2.400E-09 6.568E-05 1.405E 08 |

PU 240 4.661E-19 1.095E 15 2.301E-14 3.80$E 20 2.400E-09 6.562E-05 1.40$E-08
PU-241 0.000E+00 8.539E-19 3.146E-16 0.000E+00 4.411E 13 1.426E 06 2.780E-10
AH 241 3.203E 16 2.657E 13 5.580E-12 9.228E-18 4.847E*08 1.736E 04 1.448E*06
CM-242 4.915E 19 1.206E 15 2.684E-14 4.503E-20 5.125E-08 3.908E-06 3.581E 08
CM-244 3.583E 19 1.097E-15 2,301E-14 3.80$E-20 5.102E 06 9.330E-05 7.766E 07
1-131 EARLY FATALITIES VS INVENTORY RELEASED
INVENTORY f EARLY FATALITIES

(8Q)
16

1.000E+18 2.54E-01 ,,

2.000E+18 1.12E+00 -
- ~

3.000E*18 2.20E*00
5.000E+18 5.18E+00
7.000E+18 8.77E+00
1.00CE+10 1.47Et01 ,

2.000E+19 3.80E+01
3.000E+19 6.25E+01
5.000E+1D 1.26E+02
7.000Et19 2.12E+02
1.000E+20 3.74E+02
2.000E+20 1.1EE+03
3.000E+20 2.29E+03
5.000E+20 4.95E+03
7.000E+20 7.65E+03
1.000E+21 1.14E*04

ISOTOPE HALF-LIFE INVENTORY EARLY EARLY E.L.C.F. C.L.C.F.
(DAYS) (60) - FATALITIES INJURIES -

C0-58 7.130E+01 3.223E+15- 0.00E+00 0.00E+00 5.53E 01 4.99E+00-
Co-60 1.021E+03 2.465E+15 0.00E+00 0.00E+00 2.34Et00 1.66E+02
KR 85 3.919E+03 2.475Et15 'O.00E+00 0.00Et00 8.09E 05 0.00E+00
KR-85M 1.867E-01- 1.159E+17 0.00E+00 0.00E+00 2.38E-02 0.00E+00
KR-87 5.278E*02 2.118E+17 0.00E+00 0.00E+00 9.53E-02 0.00E+00
KR-88 1.167E 01 2.864E+17 0.00E+00 8.61E-03 8.37E-01 0.00E+00
RB-86 1.865Et01 1.88SE+14- 0.00E+00' O.00E+00 5.70E 03 5.51'*03
ER-89 5.200E+01 3.590E+17 1.10E-01 1.41E 02 1.21E+01~ 1.06E+03 -
SR-90 1.076E+04 1,938E+16 0.00E+00 0.00E+00 9.09E+00 3.63E+03
SR-91 3.950E 01 4.616E+17 1.51E 01 1.02E+00 5.98E+00 2.60E-01
SR-92 1.129E-01 4.803E+17 5.32E 02 5.30E 01 2.51E+00 -2.12E-29 .

Y-90 2.670E+00 2.079E+16 0.00Et00 0.00Etr.0 1.56E+00 1.09E-03
Y 01 5.880E+01 4.374E'17 '1.69E+00 8.02E-02 1.40E+02 3.65E+01
Y 92 1.475E 01 4.621E+17 3.76E-02 8.35E 02 1.04E+00 6.52E 30
Y-93 4.208E 01- 5. 4 54 E + 17 2.50E-01 2.15E 01 6.43E+00 4.02E-11
ZR*05 6.550E+01 5.026E+17- 4.92E-01 1.61E+00 8.01E+01' 1.27E+03
ER 97 7.000E 01 5.759E+17 1.27E+00 .4,$7E+00 3.12E+01 1,32E*05
NB-95 3. 510E+01 - 5.224E+17 3.04E*01' 1.45E400 5.48E+01 - 2.89E+i2
MD-99 2.751E+00 6.098E+17 2.77E-01 3.61E-01 3.40E+01 4.33E-01
TC-99M 2.508E-01 5.263E+17 0.00E+00 2.57E-03 -4.23E-01 5.36E-18
RU-103 3.959E+01 4.542E+17 1.13E-01 5.24E 01- 4.67E+01 1.90E+02
RU-105 1.850E-01 2.954E+17 1.20E-03 1.03E-01 1.52E+00 1.90E-04
RU 106 3.690Et02 1.032E+17 1.81E+00 3.66E-02 2.99E+02' 3.47Et02
RH 105 1,479Et00 2.046Et17 0.00E+00- 2.94E-04 2,17E+00 9.20E-04-
SB-127 3.800E+00 2.787E+16 0.00E+00 6.86E-05 2.72E+00 1.54E 01
SB-129 1.800E-01 0.872E+16 1.42E 05 1.97E-02' 6.67E 01 2.01E-24
TE-127 3.896E-01- 2.692E+16 ~0.00E+00 0.00E+00 3.11E-02 1.79E-14 |TE-127M 1.090E+02 3.564E+15 0.00E+00 0 (*E+00 2.97E+01 2.43E-01

9TE 129 4.881E-02 0.267E+16- 0.00E+00 0.00E+00 8.21E-03 0.00E+00 1

TE-120M 3.340E+01- 2.443E+16 0.00E*''0 0.00E+00 3.27Et00 1.21Et00 }
TE-131M 1.250E+00 4.680E+16' 1.28E-05 1.48E-02 - 3.58E+00 4.41E+00
TE-132 ~ ~~3.250E+00 4.658E+17 -1.06Et00 3.88E+00 6.75E+01 5.28Et00 :~~
1-131 8.041E+00 3.206E+17 -3,21E 03 '1.13E-01 2.37E+01 1.69E+02 - .

~ . .. .c
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Tabic 15.4 2 (colittnue,

1-132 9.521E-02 4.725E+17 1.10E*01 9.45E 01 2.07E+00 0.09E+00
I-133 8.667E-01 6.779E+17 1,82E-01 1.13E*00 1.26E+01 4,01E-04
1 134 3.653E-02 7.440Et17 5,42E 02 7.20E-01 1.09E+00 0.00E+00
1-135 2.744E-01 6.392E+17 5,77E-01 2,67E+00 7.47E*00 2.21E-15 ,

XE 133 5.291E*00 6.782E+17 0.00E+00 0.00E+00 1.26E-01- 0.00E+00 - j

XE-135 3.821E-01 1,273E+17 0,00K+00 0.00E*00 5.59E 02 -0.00E+00
'

CS-134 7.524E+02 4.324E+16 6.43E-04 2,35E-02 1.57E+01 5.65E+03
CS 136 1.300Et01 1.316E+16 0.00E+00 6.37E-04 3,43E+00 4.79E+00-
CD 137 1.099E+04 2.417E+16 0.00E+00 0.00E+00 4.47E+00 4.10E*03
BA-139 5.7715 02 6.282E+17 0.00E+00 5.60E 03 1.02E-01 0.00E+00
BA-140 1,279E+01 6.216E+17 3.425-01 6.22E 01 9.31E+01 2.75E+02
LA-140 1,676E+00 6.352E+17 2,49E+00 9.00E+00 6.76E*01 1.75E-01
LA-141 1.641E*01 5.826E+17 1.20E-02 1.16E*02 8.27E-01 1.96E 01
LA 142 6.625E 02 5.616t+17 1.17E 01 _9.17E 01 1.85E+00 -0.00E+ 00
CE-141 3.253E+01 5.651E+17 1.39E-01 3.63E-02 3,78E+01 3.74E+01-
CE 143 1.375E+00 5,494E+17 1,69E-01 3.51E 01 2,13E+01 2.12E 01
CE-144 2.844E+02 3.405E+17 9.25E+00 3.29E 01 7,60E+02 5.52E+02
FR-143 1,358E+01 5.395E+17 2.55E 01 1.96E-02 3.60E+01 1.81E+00 '

ND-147 1.099E+01 2.412E+17 1.66E-02 1.14E 02 1.62E+01 4.91E+00
NP-230 2.350E+00 6.464E+18 7.55E+00 1.07E*01 2.02E+02 3.04E+00
PU-236 3.251E+04 3.664E+14 2,31E 02 0.00E+00 3.46E+02 3,63E+02
PU 239 8.012E+06 8.263E*13 0.00E+00 0.00E+00 6.63E+01 8.55E+01
FU 240 2.469E+06 1.042E+14 0.00E+00 0.00E+00 8.63E+01 1.00E+02
FU 241 5.333E+03 1.755E+16 0.00E+00 0,00E*00 1.86E+02 2.31E+02

AM*241 1.581E+05 1.159E+13 0,00E+00 0.00E+00 4.08E+00 6.48E+00
CH 242 1.630E+02 4.436E+15 1.42E+00 0.00E+00 1.97E+02 1.06E+02
CH-244 6.611Et03 2.596E+14 0.00E+00 0.00E+00 6.70E+01 7.67E+01
1.003 IWER LEVE1. FOR SEQUOYA!! (IVR INVENTORY)
NUCNAH 1 GROUP RAFLIF ACTIVITY

(S) (BQ)
CO-58 6 6.160E*06 3.223E+16
Co-60 6 1.660E+08 2.465E+16
KR-85 1 3.386E+08 2.475E+16
KR 85H 1 1.613E+04 1.159E+18
KR-87 1 4.560E+03 2.118E+18
KR-88 1 1.008E+04 2.864E+18
RB-86 3 1.611E+06 1.888E+15
SR-89 5 4.493E+06 3,500E+18

ER-90 5 8.865E+08 1.038E+17
SR 91 5 3,413E+04 4.616E+18

SR 92 5 9.756E+03 4,803E*18

Y-90 7 2.307E+05 2.079Et17
Y 01 7 5.080E+06 4.374E+18
Y-92 7 1,274E+04 4.621E+16

Y-03 7 3.636E+04 5.454E+18
ER-95 7 5.659E+06 5.526E+18
ER 97 7 6.046E+04 5.759E+18 !

NB-95 7 3.033E+06 '5.224E+18
HO-99 6 2.377E+05 0.098Et18
TC 99M 6 2.167E+04 5.263E+18
RU-103 6 3.421E+06 4.542E+18 i

RU-105 6 1.598Et04 2.954E+18
RU 108 6 3.188E+07 1.032E+18
Ril-105 6 1,278E+05- 2.046E+18

Sb-127 4 3.263E+05 2.767E+17
SB-129 4 1.562E+04 9.872E+17
TE-127 4 3.366E+04 2.692E+17
TE-127H 4 S.418E+06 3.564E+16
TE-129 4 4.20nE+03 1.002E+18
TE 129M 4 2.886E+06 9.267E+17
TE-131M 4 1.080E+05 4.680E+17
TE-132 4 2.808E*05 4.658E+18
I-131 -~2 6.947E'05 3.206E+16 % -

- . . . .. .i.
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Table B.4-2 (continued)-

1 132 2 6.226E*03 4.725E*16
I-133 .2 -.7.466E+04 6.779t+16
1-134 2 3.156t+03 7.440E+16
1 135 2 2.371E+04 6.362E+16
XE-133 1 4.571E+0S 6.762E+16
XE-135 1 3.301E*04 1.273E+16
CS 134 3 6.501E+07 4.324E+17
CS-136 3 1.123E+06 - 1.316Et17
CS-137 3 9.495E+06 2.417E*17
6A-139 9 4.966E+03 6.282E+18
EA 140 0 1.105E+06 6.215Et16
LA 140 7 1.446E+0$ 6.352E+18
LA 141 7 1.416E+04 5.626E+16
LA-142 7 S.724t+03 S.616E+16

, , . ,

--

CE-141 6 2.611E+06. 5.6$1E+16
CE-143 8 1.168E+05 5.404Et16
CE-144 8 2.4$7E+07 3.405E+18
PR 143 7 1.173E+06 $.39$E+16
KD-147 7 9.495E+05 2.412E+18 '

NP 239 6 2.030E+05 6.464E+10
PU 236 6 2.600E+09 3.664E*1$-
PU-239 8 7.700Et11 6.263E+14
PU-240 6 2.133E+11 1.042E+1S
PU 2,1 6 4.608E+06 ' 1.755E+17
AM-241 7 1.366t+10 1.159E+14
CM-2+2 7 1.408t+07 -4.436Et16-
CM-244 7 5.712E*08 2.$96E+15

. >

_
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APPENDIX C

SUPPORTING INFORMATION FOR THE CONSEQUENCE ANALYSIS

Table C.1 provides a more detailed representation of the mean consequence
analysis results for internal initiators at Sequoyah than is given in
Table 4.3-1. Table C.1 shows mean results for the population within 10 mi
of the plant under the assumptions that everyone evacuates, everyone
continues normal activity, and everyone takes shelter. Further, divisions
of results between within 10 mi and beyond 10 mi and between early exposure
(within 7 days) and chronic exposure (beyond 7 days) are also shown. In

,

l addition, the mean result for the effects of early exposure (obtained by
combining the results for normal activity bey.ond 10 mi with the results for
evacuation, normal activity, and sheltering within 10 mi) 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 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.

j The column labeled EVACUATE, 0 10 MI contains the mean effects incurred by
| the population within 10 mi of the reactor due to radiation exposure within

7 days of the accident under the assumption that everyone within 10 mi
evacuates 2.3 h after the warning time. For the two population dose
consequence measures, the results are only for the part of the population

| initially within 10 mi, (The results for the population initially beyond
! 10 mi 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 mi evacuates; the results in this column are
multiplied by 0.995 in the generation 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 mi of the reactor due to radiation
exposure within 7 days of the accident under the assumption that everyone
within 10 mi continues their normal activities after the accident. For the
two population dose consequence measures, the results are only for the part
of the population initially within 10 mi. (The results for the population
initially beyond 10 mi are in the column labeled 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 mi 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 TOTAL.

The column labeled SHELTER, 0-10 MI contains the mean effects incurred by
| the population within 10 mi of the reactor due to radiation exposure within

7 days of - the accident under the assumption that everyone withih -10 mi
takes ,helter 45 min af ter the warning time. For the two. population dose - j'
consequence measures, the results are only for the part of the population T.

4
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initially within 10 ml. (The results for the population initially beyond
10 mi are in the column headed NORMAL ACTIVITY, > 10 MI ) Thu value 0.000
in the row labeled WEICitT at the top of the column indicates that none of
the population within 10 mi takes shelter; the results in this column are
ignored in computing the mean results.

The column labeled NORMAL ACTIVITY, > 10 MI, contains the mean effects
incurred by the population further than 10 mi from the reactor due to
radiation exposure within 7 days of the accident under the assumption that
everyone beyond 10 mi continues their normal activities, For the two
population dose consequence measures, the results are only for the part of
the population initially beyond 10 mi. The value 1,000 in the row labeled
WEICilT at the top of the column indicates that everyone beyond 10 mi
continues normal activities; the results in .this column are multiplied by
1,000 in the generation of the mean results iti the columns' labeled TOTAL
EARLY and TOTAL.

The column labeled TOTAL CARLY contains the total mean effects incurred by '

the entire population due to radiation exposure within 7 days of the
accident. The values in this column are weighted sums of the values in the
first four columns as explained above,

The column labeled Ci!RONIC contains the total mean effects incurred by the
entire population due to radiation exposure more than 7 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

i 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 WEIGilT. As column 5 contains the weighted sum of
columns 1 through 4, the TOTAL values may equivalently be obtained by
summing columns 5 and 6.

l
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-Table C.1
Detailed Listing of Mean Consequence Results for Internal Initiators

SOURCE TERM SEQ-01-1, MEAN FREQUENCY = 0.00E+00 /YR
j

i
SOURCE TERM SEQ-01-2, MEAN FREQUENCY = 7.821-08 /YR
CONSEQUENCE EVACUATE NORMAL SHELTER NORMAL TOTAL CHRONIC TOTAL

ACTIVITY ACTIVITY EARLY
0 10 MI 0 10 MI 0-10 MI >10 MI

WE!cHT 0.995 0.005 0.000 1.000 1.000---- ----

EARLY FATALITIES 1.08E 03 0.00E+00 0.00E+00 0.00E+00 1.07E 03 1.07E-03----

PRODRO1 VOMITING 4.58E 01 1.69E-02 0.21E-03 0.00E+00 4.56E 01 4,56E-01----

EF RISK, 1 MI 1.57E 06 0.00E+00 0.00E+00 1.56E 06 1.56E-06---- ----

CANCER FATALITIES 1.75E+00 5.16E 01 3.82E-01 2.36E+00 4.11E+00 7.83E+00 1,19E+01
POP DOSE, 0-50 MI 7.40E+01 2.68E+01 1.74E*01 7.62E+01 1.50E+02 2,08E+02 3,58E+02
FOP DOSE, 0-1000 MI 7.40E+01 2.68E+01 1.74E*01 1.35E+02 2.09E+02 5.12E+02'7.21E+02
ECONOtIC COSTS ($) ~~-- --" ---- ---* ---- 2.94E+06 2,94E+06-
POP EF RISK, 0-1 MI 2.43E-06 0.00E+00 0.00E+00 2.42E 06 2.42E-06---- ----

FOP CF RISK, 0-10 MI 4.49E 05 1.32E 05 9.79E 06 4.47E 05 1.20E 05 5.67E-05---

-

SOURCE TERM SEQ-01-3, MEAN FREQUENCY = 0.00E+00 /YR

SOURCE TERM SEQ-02-1, HEAN FREQUENCY = 2.19E-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 2.89E 02 1.53E-04 0.00E+00 1.44E 04 1.44E-04----

FR00 ROM YOtITING 0.00E+00 4.31E 01 5,27E 02 0.00E+00 2.16E-03 2.16E-03-----

ET RISK, 1 MI 0.00E+00 3.72E-06 0.00E+00 1.86E-08---- 1.86E-08--- -
CANCER FATALITIES 2.86E 03 2.89E+00 1.65E+00 1.86E+01 1.86E+01 2.62E+01 4.49E+01POP DOSE, 0-50 MI

3.10E-01 2.56E+02 1.67E+02 9.89E+02 -0.91E+02 4.37E+02 1.43E+03-POP DOSE, 0-1000 MI
3.10E-01 2.56E+02 1.67E+02 1.57E+03 '1.57E+03 2.40E+03 3.97E+03

ECONmIC COSTS ($) ---- -~- ---- ---- --- 3.87E+07 3.87E+07-POP EF RISK, 0-1 MI 0.00E+00 7.27E-05 3.85E-07 3.64E 07---- 3.64E-07'----
POP CF RISK, 0-10 MI 7.33E-08 7.41E-05 4.23E 05 4.44E-07 1.93E-05 1.98E-05----

SOURCE TERM SEQ-02-2, HEAN FREQUENCY = 1.27E-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 1.69E-03 0.00E+00 0.00E+00 0.00E+00 1.68E-03 1.68E-03--~

PRODRO1 VOMITING 4.40E-01 2.19E-02 1.09E-02 0.00E+00 4.37E 01 4.37E-01'----

EF RISK, 1 MI 1.16E 06 0.00Et00 0.00E+00 1.16E-06---- 1.16E 06----

CANCER FATALITIES
1.87E+00 1.14E+00 4.21E-01 4.85E+00 6.71E+00 5.01E+01 5.68E+01POP DOSE, 0-50 MI
8.35E+01 7.81E+01 J.03E+01 2.14E+02 2.97E+02 1.00E+03 1.30E+03FOP DOSE, 0-1000 MI
8.35E+01 7.81E+01 2.03E+01 3.42E+02 4.25E+02 3.12E+03 3.54E+03

ECONWIC COSTS ($) ---- ---- ---- --~ ---- 3.95E+07 3.95E+07FOP.EF RISK, 0-1 MI 4.06E 06 0.00E+00 0.00Et00 4.04E 06---- 4.04E-06----

POP CF RISK, 0-10 MI 4.81E 05 2.04E-05 1.08E-05 4.80E-05 5.07E-05 9.87E-05---

SOURCE TERM SEQ-02-3, MEAN FREQUENCY = 7.44E-09 /YR
CONSEQUENCE EVACUATE NORMAL SHELTER NORMAL TOTAL CHRONIC TOTAL

ACTIVITY ACTIVITY EARLY
0-10 MI 0-10 MI 0-10 MI >10 MI

WEIGHT 0.99$ 0.005 0.000 1.000
'

1.000---- ----

EARLY FATALITIES 8.17E 01 4.48E-01 2.64E-01 0.00E+00 8.15E-01 8.15E-01--~

FRODROI VWIITING 1.21E+01 3.51E+00 2.57E+00 0.00E+00 1.21Et01 1.21E+01---

.
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Tabic C.1 (continued)

ET RISK, 1 HI 8.06E-04 4.14E-04 2.12E-04 ---- 8.04E-04 8.04E 04----

CANCER FATALITIES 6.03Et00 3.33E+00 2.57E+00 7.84E+00 1.58E+01 1.96E+01 3.55E+01
POP DOSE, 0-50 MI 2.51E+02 1.42E+02 1.05E+02 3.22E+02 5.72E+02 4.83E+02 1.06E+03
POP DOSE, 0-1000 MI 2.51E+02 1.42E+02 1.0$E+02 4.34E+02 6.84Et02 1.26E+03 1.94E+03
ECON WIC 00STS ($) 1.03E+07 1.03E+07--- ---- --- ---- ---

POP EF RISK, 0-1 HI 1.37E-03 1.05E-03 6.35E 04 1.37E 03 1.37E-03---- --"

POP CF RISK. 0+10 MI 2.06E 04 8.54E 05 6.59E-05 2.0$E-04 3.00E 05 2,35E-04----

SOURCE TERM SEQ-03 1, HEAN FREQUENCY = 2.28E-07 /YR
CONSEQUENCE EVACUATE NORMAL SHELTER NORMAL TOTAL CHRONIC TOTA 1.

ACTIVITY ACTIVITY EARLY
0-10 MI 0-10 HI 0-10 MI >10 MI

WEIGHT 0.995 0.005_ 0.000 1.000 ~^ 1.000- - - ~ - - ~

EARLY FAIALITIES 0.00E+00 3.65E 02 3.80E-04 0,00E+00 1.92E-04 1.92E 04~~

PRODRCH V WITING 0.00E+00 4.54E 01 5.83E-02 0.00E+00 2.27E-03 2.27E-03----

EF RISK, i HI 0.00E+00 8.20E-06 0.00E+00 4.10E-08 4.10E-08---- ----

CANCER FATALITIES 3.89E-03 3.16E+00 1.82E+00 2.24E+01 2.24E+01 1.44E+02 1.66E+02 ,

POP DOSE, 0-50 HI 4.14E 01 2.73E+02 1.79E+02 1.13E+03 1.13E+03 1.83E+03 2.96E+03
POP DOSE, 0-1000 MI 4.14E-01 2.73E+02 1.79E+02 1.86E+03 1.86E+03 9.00E+03 1.09E+04
ECONCHIC COSTS ($) 1.76E+08 1.76E+08--- ---- ---- --- ----

TOP ET RISK, 0 1 HI 0.00E+00 9.68E 05 9.57E-07
]

4.84E-07 4.84E 07- - - --~

ICP CF RISK, 0 10 HI 9.98E-08 8.12E 05 4.67E-05 5.0$E-07 3.74E-05 3.79E-05----

SOURCE TERM SEQ-03 2 HEAN FREQUENCY = 3.20E-07 /YR
CONSEQUENCE EVACUATE NORMAL SHELTER HORMAL TOTAL CHRONIC TOTAL

ACTIVITY ACTIVITY EARLY
0-10 HI 0-10 MI 0-10 MI >10 MI

WEIGHT 0.995 0.005 0.000 1.000 1.000---- ~~

EARLY FATALITIES 9.79E 05 0.00E+00 0.00E+00 0.00Et00 9.74E-05 9.74E 05----

PRODRCH V W ITING 1.18E-01 6.34E 03 1.63E-03 0.00E+00 1.17E-01 1.17E-01----

EF RISK, 1 HI 8.43E-08 0.00E+00 0.00E+00 8.39E 08 8.30E-08---- ----

CANCER FATALITIES 1.83E+00 1.52E+00 4.30E-01 8.23E+00 1.01E+01 2,62E+02 2.72E+02
POP DOSE, 0-50 MI 1.04E+02 1.06E+02 2.58E+01 3.57E+02 4.61E+02 3.28Et03 3.75E+03
FCP DOSE, 0-1000 MI 1.04E+02 1.06E+02 2.58E+01 5.92E+02 6.96E+02 1.51E 94 1.58E+04
ECONWIC COSTS (S) 2.57E+08 2.57E+08--- --- --- --- ----

POP ET RISK, 0-1 MI 2.47E 07 0.00E+00 0.00E+00 2.45E-07 2.45E-07--- ---

POP CF RISK. 0-10 HI 4.71E-05 3.90E 05 1.10E-05 4.70E-05 1.00E-04 1.47E-04---

'

SOURCE TERM SEQ-03-3, HEAN FREQUENCY = 0.00Et00 /YR

SOURCE TERM SEQ-04-1. HEAN FREQUENCY = 2,90E 10 /YR
CONSEQUENCE EVACUATE NORMAL SHELTER NORMAL TOTAL CHRONIC TOTAL

ACTIVITY ACTIVITY EARLY
0-10 HI 0 10 HI '0-10 MI >10 HI

WEIGHT 0.995 0.005 0.000 1.000 1.000--- ----

EARLY FATALITIES 0.00E+00 5.74E+00 1.04E+00 0.00E+00 2.87E-02 2.87E-02-~

PRODROi VCHITING 0.00E+00 1.80E+01 4.27E+00 0.00E+00 9.00E-02 9.00E-02----

EF RISK, 1 MI 0.00E+00 5.66E-03 4.54E-04 2,83E 05 2.63E 05--- --~

CANCER FATALITIES 8.58E 04 4.43E+01 3.08E+01 1.80E+02 1.80Et02 3.14Et02 4.94E+02
POP DOSE, 0-50 HI 4.38E-02 1.30E+03 8.08E+02 4.682+03 4.69E+03 3.02E+03 7.71E+03
ECP DOSE, 0-1000 MI 4.38E 02 1.30E+03 8.08E+02 9.32E+03 0.32E+03 1.99E+04 2.92E+04
ECON TIC COSTS (S) 3.99E+09 3.99E+09---- ---- --- -* ---

POP EF RISK. 0-1 HI 0.00E+00 1.12E-02 2.52E-03 5.62E 05 - -- 5.62E 05---

ECP CF RISK. 0-10 MI 2.20E-08 1.14E-03 7.91E-04 5.71E-06 8.55E-05 0.12E-05----

- '. .
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-Table C.1 (continued)

l
SOURCE TERM SEQ-04-2, HEAN FREQUENCY = 2.65E-13 /YR

Cor(SEQUENCE EVACUATE NORMAL SHELTER NORMAL TOTAL CHRONIC TOTAL

ACTIVITY ACTIVITY EARLY
0-10 MI 0-10 HI 0-10 HI >10 HI !

1.000 ----

WEIGHT 0.495 0.005 0.000 1.000 ----

6.62E-01
EARLY TATALITIES 8.60E-01 1,37E+00 5.77E-01 0.00E+00 8.62E 01 ----

5.15E+00 j'
PRODROH YOH.tTINO 5.16E+00 5.25E+00 2.87E+00 0.00E+00 5.16t+00

----

8.9sE-048.99E-04 ----
EF RISK, 1 HI 6.98E-04 1.19E-03 3.32E-04 ---

CANCER FATALITIES 9.46E+00 5.65E+00 3.94E+00 2.57E401 3.51E+01 1.56E+02 1.91E+02 -
POP DOSE, 0-50 MI 7,91E+02 4.39E+02 3.16E+02 1.38E403 2.17E+03 2.43E403 4.60E+03
POP DOSE, 0-1000 HI 7,91E+02 4.39E+02 3.16E+02 2.03E+03 2.62E+03 9.42E+03 1.22E+04

1.28E+08 1.96E+08---- ---- ---- ---- ----

ECONOMIC COSTS ($) 2.09E-032.09E-03
POP EF RISK. 0-1 HI 2.08E 03 3.2SE-03 1.43E-03

* 2.42E-04 4.71E-0 5 2.89E-04
--------

POP CF RISK, 0 10 MI 2,43E-04 1.45E-04 1,01E-04 ----

SOURCE TERM SEQ-04-3, HEAN FREQUENCY = 1.28E-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 ----

6.41E-01
EARLY FATALITIES 6.41E 01 7,73E-01 4.18E-01 0.00E+00 8.41E-01 ----

1.21E+01
PR00R34 V0HITING 1.21E+01 5.09E*00 3.41Et00 0.00E+00 1.21E+01

----

8.36t-048.30E-04 ----

EF RISK, 1 HI 8,30E-04 7.86E-04 3.41E-04 ----

CANCER FATALITIES 9.26E+00 7.96E+00 5,03E+00 2.60E+01 3.72E+01 3.34E+02 3.71E+02
POP DOSE, 0-50 HI 3.26E+02 4.92E+02 3.14E+02 1.33E+03 1.66E+03 4.66E+03 6.32E+03
POP DOSE, 0-1000 HI 3,26E+02 4.92E+02 3.14E+02 1.98E+03 2,30E+03 1.94E+04 2.17E+04

4.96E+08 4,96E+08-- - ---- ---- ---- ----
ECONOMIC COSTS ($) 1.43E-031.43E-03 ----

POP EF RISK. 0-1 HI 1.42E 03 1.63E-03 1,01E-03 ----

2.37E-04 1.15E-04 3.53E-04POP CF RISK, 0-10 MI 2.38E-04 2.04E-04 1.29E 04 ----

SOURCE TERM SEQ 05-1 HEAN FREQUENCY = 0.54E-00 /YR
CONSEQUENCE EVACUATE NORMAL SHELTER NORMAL TOTAL CHRONIC TOTAL

ACTIVITY ACTIVITY EARLY
0-10 H1 0 10 MI 0-10 MI >10 HI

WEIGHT 0.995 0.005 0.000 1,000 - -- 1,000 ----

1.38E-03EARLY FATALITIES 0,00E+00 2.77E-01 1.53E-02 0.00E+00 1.38E-03 ----

9.20E-03
PRODROH V0HITINO 0.00E+00 1.84Et00 2.85E-01 0.00E+00 9.20E-03 ----

1.34E*061.34E-06EF RISK, 1 MI 0.00E+00 2.69E-04 1.62E-06
------ -

CANCER FATALITIES 6.20E 03 5.97E+00 3.55E+03 4.54E+01 4.54E+01 6.77E+02 7.22E+02
POP DOSE, 0-50 HI 5'. 4 6E-01 3.96E+02 2.65E+02 1.82E+03 1.62E+03 3.73E+03 5.55E+03
POP DOSE, 0-1000 HI 5,46E-01 3.96E+02 2.65E+02 3.21E+03 3.22E+03 3.86E+04 4.18E+04

---- ---- ---- ---- ---- 1.44E+09 1.44E+09
ECONOMIC COSTS ($) 3.39E-063.39E-06POP EF RISK, 0-1 HI 0.00E+00 6.79E-04 3.86E-05 --------

9.24E-07 7,17E-05 7.26E-05POP CF RISK, 0 10 HI 1.59E-07 1,53E-04 9,10E+05 - --

SOURCE TERM SEQ-05-2, HEAN FREQUENCY = 1.95E-07 /YR

CONSEQUENCE EVACUATE NORMAL SHELTER NORMAL TOTAL CHRONIC TOTAL

ACTIVITY ACTIVITY EARLY
0-10 H1 0-10 MI 0-10 HI >10 MI

1.000
WEIGHT 0.995 0.005 0.000 1.000 --------

2.89E-03
EARLY FATALITIES 2,86E 03 1.02E-02 6.75E-04 0.00E+00 2.89E-03 ---*

FR00ROH YOHITING 3.50E-01 2.38E-01 7.71E-02 0.00Et00 3.4rE-01
--- 3.40E-01

9.31E-079.31E-07EF RISX, 1 HI 9.31E-07 7.65E-07 0.00E+00
--------

CANCER FATALITIES 2.00E+01 8.19E+00 4.31E+00 4.62E+01 6.82E+01 6.39E+02 .7.07E+02
POP DOSE, 0-50 HI 6.48E+02 3.74E+02 1.70E+02 1.7 5E+03 2.39E+03 5.37E+03 7.76E+03
POP DOSE, 0-1000 MI 6.46E+02 3.74E+02 1.70E+02 3.07E+03 3,71E+03 3.76E+04 4.13E+04

2.20E+09 2.29E+09
ECONOMIC COGTS (0) ---- ---- ---- --- ----

7.13E-06PCP EF RISK, 0-1 HI 7.04E-06 2.57E-05 1,70E-06 --- 7.13E-06 ----

5.13E-04 1.43E 04 6.56E 04POP CF RISK, 0-10 MI 5.14E-04 2.10E 04 1,10E 04 ----

.,
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Table C.1 (continued)

SOURCE TERM SEQ-05-3, MEAN FREQUENCY = 0.00'.+00 /YR

SOURCE TERM SEQ-06 1, MEAN FREQUENCY = 3.55E 07 /YR
CONSEQUENCE EVACUATE NORMAL SHELTER NORMAL TOTAL CHRONIC TOTAL

ACTIVITY ACTIVITY EARLY
0-10 HI 0 10 MI 0 10 HI >10 MI

1.000WEIGHT 0.995 0.005 0.000 1.000 ---- ----

EARLY FATALITIES 0.00E+00 3.66E-02 2.74E-04 0.00E+00 1.83E 04 ---- 1.83E-04
PRODROM VCHITING 0.00E+00 4.73E-01 5.37E-02 0.00E+00 2.37E-03 2.37E-03----

3.30E-063.30E-08EF RISK, 1 HI 0.00E+00- 6.60E-06 0.00E+00 ---- ----

CANCER FATALITIES 5.75E-03 3.68E+00 2.06E+00 2.84E+01 2.84E+01 3.98E+02 4.27E+02
POP DOSE, 0-50 HI 5.60E 01 2.86E+02 1.83E+02 1.20E+03 1.29E+03 3.22E+03 4.51E+03
POP DOSE, 0-1000 MI 5.60E-01 2.86E+02. 1.83E+02 2.17E+03 2.17t+03 2.30E+04 2.52E+04

7.16E+08 7.16E+08ECONOMIC COSTS ($) ---- -- - ---- ---- ----

4.60E-07 4.60E-07POP EF RISK, 0-1 HI 0.00E+00 9.21E 05 6.91E-07 ---- ----

6.19E-07 5.73E-05 5.79E-05Itk CF RISK, 0 10 HI 1,47E 07 9.44E-05 5.28E-05 --"

.

SOUNCE TERM SEQ-06-2, MEAN FREQUENCY = 5.52E-07 /TR
CONSEQUENCE EVACUATE NORMAL SHELTER NORMAL TOTAL CHRONIC TOTAL

ACTIVITY ACTIVITY EARLY
0 10 MI 0 10 MI 0 10 MI >10 HI

WEIGIIT 0.995 0.005 0.000 1.000 1.000---- ----

EARLY FATALITI%S 1.54E-03 1.54E-03 1.22E 04 0.00E+00 1.54E-03 1.54E-03----

PRODRCH WWIT'.NO 2.94E 01 1.06E 01 3.51E 02 0.00E+00 2.93E 01 2.93E-01----

EF RISK, 1 MI 1.80E-07 0.00E+00 0.00E+00 1.79E-07 1.79E-07---- ----

CANCER FATALITIES 3.84E+00 2.55E+00 1.02E+00 1.43E+01 1.82E+01 5.79Et02 5.97E+02
FOP DOSE, 0-50 MI 2.47E+02 1.6?E+02 6.01E+01 6.06E+02 8.52E+02 5.2SE+03 6.11E+03
ICP DOSE, 0-1000 MI 2.47E+02 1.67Et02 6.91E+01 9.87E+02 1.23E+03 3.28E+04 3.40E+04
ECON WIC COSTS ($) 8.7IE+08 8.72E+08- -- ---- ---- ----- ----

FOP EF RISK, 0-1 HI 3,87E-06 3.89E 06 3.06E-07 3.87E-06 3.87E-06---- ----

POP CF RISK, 0-10 MI 9.86E-05 6.53E-05 2.62E-05 ---- 9.84E-05 1.3aE 04 2.37E 04

i

SOURCE TERM SEQ-06-3, MEAN FREQUENCY = 0.00E+00 /TR

SOURCE TERM SEQ-07-1, MEAN FREQUENCY = 0.00E+00 /YK

SOURCE TERM SEQ-07-2, MEAN FREQUENCY = 0.00E+00 /YR

I SOURCE TERM SEQ-07 3, HEAN FREQUENCY = 9.70E-08 /YR
CONSEQUENCE EVACUATE NORMAL SHELTER NORMAL TOTAL CHRONIC TOTAL

ACTIVITY ACTIVITY EARLY
0-10 MI 0-10 MT 0-10 MI *10 MI

WEIGHT 0.995 0.005 0.000 1.000 1.000---- ----

EARLT FATALITIES 1.93E+00 4.97E+00 2.57E+00 0.00E+00 1.95E+00 ---- 1,95E+00
PRODRCH VWITING 1.94E+01 1.84E+01 1.12E+01 1.05E-01 1.95E+01 1.95E+01----

EF RISK,1 HI 1.73E-03 4.84E 03 2.30E 03 ---- 1.75E-03 1.75E 03----

CANCER FATALITIES 1.92E+01 3.22E+01 2.36E+01 1.32E+02 1.51E+02 1.54E+03 1.69E+03
FOP DOSE, 0-50 MI 9.13E+02 1.59E+03 1.17E+03 5.11E+03 6.02E+03 8.88E+03. 1.49E+04
FOP DOGE. 0-1000 MI 9.13E+02 1.59E+03 1.17E+03 8.70E+03 9.61Et03 8.97F+04 9.93E+04
ECONWIC COSTS ($) ---- --*= --** ---- ---- 7.04E+09 7.04E+09
POP EF RISK, 0-1 HI 3.02E-03 1.06E-02 5.81E-03 3.06E-03 3.06E-03---- ----

POP CF RISK, 0-10 MI 4.93E-04 8.25E-04 6.06E-04 ---- 4.95E-04 2.09E-04 7.04E-04
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Table C.1 (Continued)

SOURCE TERM SEQ-08-1, HEAN FREQUENCY = 1.27E-08 /YR
CONSEQUENCE EVACUATE NORMAL 5HELTER NORMAL TOTAL CHRONIC TOTAL

ACTIVITY ACTIVITY EARLY
0 10 MI 0-10 HI 0-10 MI >10 MI

WEIGHT 0,995 0.005 0.000 1.000 1.000~~ ----

EARLY FATALITIES 0.00E+00 2.72E+00 9.00E 01 0.00E+00 1.36E 02 1.36E-02~~

PRODROM VCHITING 0.00E+00 9.09t+00 2.68E+00 0.00E+00 4.55E-02 4.55E-02~~

EF RISK, 1 HI 0.00E+00 1.95E-03 4.51E 04 9.76E 06 9.76E-06~~-- ----

CANCER FATALITIES 1.31E+00 8.65Et01 6.47E+01 3.19E+02 3,21E+02 1.08E*03 1.40E+03.
FOP DOSE. 0-50 HI 8.01E+01 2.56E+03 1.89E+03 8.11E+03 8.20E+03 7.58E+03 1.58E*04
IOP DOSE, 0 1000 MI 8.01E+01 2.56E+03 1.89E+03 1.73E+04 1.74E+04 6.8FE+04 8.60E+04
ECCH WIC COSTS (8) 1,75E+10 1.75E+10--- --- ~~~ --- ~~

POP EF RISK, 0-1 HI 0.00Et00 5.52E*03 2.06E-03 '' 2.76E 05 2.76E 05~~ -~-

POP CF RISK, 0-10 HI 3.37E-05 2.22E-03 1.66E 03 4.47E-05 1.18E 04-'1.62E-04-~-

I

SOURCE TERM SEQ-08*2, HEAN FREQUENCY = 2.24E-07 /YR ;

CONSEQUENCE EVACUATE NORMAL SHELTER NORMAL TOTAL CHRONIC TOTAL- '

'
ACTIVITY ACTIVITY EARLY

0-10 MI 0-10 HI 0 10 HI *10 HI
WEIGHT 0.995 0.005 0.000 1.000 1.000---- ----

EARLY FATALITIES 5.68E-02 2.37E-01 6.23E-02 0.00g+00 5.77E 02 5.77E-02---

PRODRW VOMITING 1 74Et00 1.65E+00 6.12E-01 0.00E+00 1.74E+00 1.74E+00---

EF RISK, i HI 5,07E-05 2.06E-04 2.25E-05 5.15E-05 5.15E-05-- - ----

CANCER FATALITIES 4.701+01 1.66E+01 1.01E+01 1.19E+02 1.65E+02 1.51E+03 1.68E+03
NP DOSE, 0 50 HI 1.54E+03 6.92E+02 3.94E+02 3.89E+03 5.43E+03 8.11E+03 1.35E+04
IOP DOSE, 0-1000 HI 1.54E+03 6.92E+02 3.94E+02 7.31E+03 8.85E*03 8.00E+04 9.78E+04
ECON TIC COSTS ($)

.

-~- ---- ---- 6.87E+09 6.87E+09---- ---

POP EF RISK, 0-1 HI 9.08E 05 5.74E 04 1.56E-04 9.32E-05 9.32E 05--- - --

POP CF RISK, 010 ill 1.21E-03 4.25E-04 2.59E-04 1.20E-03 1.88E-04 1.39E-03---

SOURCE TERM SEQ-08-3, HEAN FREQUENCY = 1.25E 07 /YR
CONSEQUENCE EVACUATE NORMAL SHELTER NORMAL TOTAL CHRONIC TOTAL

ACTIVITY ACTIVITY EARLY
0-10 MI 0-10 HI 0 10 HI *10 MI

WEIGHT 0.995 0.005 0.000 1.000 1.000---- ---

EARLY TATALITIES 1.61E+00 2.87E+00 1.53E+00 0.00Et00 1.61E+00 1.61Et00--~

PRODRCH V WITING 1.75E*01 1.18E+01 7.41E+00 9.10E-02 1.75E+01 1.75E+01----

EF RISK, 1 HI 1.48E-03 2.91E-03 1.58E-03 1.49E-03 1.49E-03---- ----

CANCER FATALITIES 1.67E+01 2.89L+01 2.09E+01 1.07E+02 1.24E+02 0.2 set 02 1.05E+03
POP DOSE, 0 50 MI 7.63E+02 1.18E+03 8.50E+02 4.02E+03 4.78E+03 5.88E+03 1.07E*04
FOP DOSE, 0-1000 MI 7.63E+02 1.18Et03 8.50E+02 6.77Et03 7.53E+03 5.50E+04 6.2sE+04
ECONCHIC COSTS (8) ---- --- ---- ---- ~~ 7.48E+09 7.48E+00
FOP EF RISK, 0-1 HI 2.59E-03 6.23E-03 3.56E-03 2 03 2.61E-03--- -- -

POP CF RISK. 0-10 MI 4.29E-04 7.41E-04 5.37 bo4 4.3. 1.22E-04 E.53E-04'----

SOURCE TERM SEQ-09 1, HEAN FREQUENCY = 2.39E-07 /YR
CONSEQUENCE EVACUATE NORMAL SHELTER NORMAL TOTAL CHRONIC TOTAL

ACTIVITY ACTIVITY EARLY
0*'10 HI 0 10 HI 0-10 HI *10 HI

WEIGHT 0.995 0.005 .0,000 1.000 1.000----- ----

EARLY FATALITIES 0.00Et00 6.12E-01 6.76E-02 0.00E+00 3.06E-03 3.06E 03----

PRODRCH V0HITINO 0.00Et00 3.09E*00 8.13E-01 0.00E+00 L54E 02- 1.54Ed2----

ET RISK, 1 HI 0.00E+00 4.40E-04 1.14E 05 2.20E-06 2.20E-06---- ---

CANCER FATALITIES 4.38E-01 1.20Et01 7.75Et00 6.49E+01 6.54Et01 1.37E+03 1.44Et03
POP DOSE, 0-50 HI 3.56Et01 7.24E+02 4.92E*02 2.82E+03 2.86E+03 7.45E+03 1.03E+04
POP DOSE, 0-1000 HI 3.56E+01 7.24Et02 4.92Et02 4.57E+03 4.61E+03 7.84Et04 8.31Et04
ECONTIC COSTS (8) ---- ---- ---- --- ---- 3.61Et0D 3.61Et0D
POP EF RISK, 0-1 HI 0.00E+00 1.51E-03 1.70E-04 ---- 7.55E-06 7.55E 06- --

FOP CF RISK, 0-10 MI 1.13E-05 3.08E-04 1.99E-04 1.27E 05 1.73E 04 1.66E-04~--
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Tabic C.1 (continued)

SOURCE TERM SEQ-09-2, HEAN FREQUENCY = 7.38E-07 /YR
CONSEQUENCE EVACUATE NORMAL SHELTER NORMAL TOTAL CHRONIC TOTAL

ACT!YITY ACTIVITY EARLY
0-10 MI 0-10 MI 0-10 HI >10 MI

WEIGHT 0.995 0.005 0.000 1.000- - -- 1.000 ----

8.13E 02EARLY FATALITIES 8.08E 02 1.85E 01 3.88E-02 0.00E*00 8.13E 02 ---

1.51E+00FR00RCH V WITINO 1.51E+00 1.40E+00 S.31E 01 0.00E+00' 1.51Et00 ~ - -

7.92E 057.022 05ET RISK, 1 HI 7.91E-05 8.52E 05 5.12E*06 --------

CANCER FATALITIES 4.23E+01 1.39E+01 9.28E+00 7.49E+01 1.17E+02 1,14E+03 1.26E+03
POP DOCE, 0-50 HI 1.37t+03 5.57t+02 3,57E+02 2.44E+03 3.81E+03 6,74E+03 1.05EiO4
POP DOSE, 0 1000 MI 1.37E+03 5.57t+02 3.57E+02- 4.59E+03 . 5.96E+03 6.63E+04 7.23E+04

4.00E+09 4.00E+09ECON WIC COSTS (8) --- --~ ~-- ~~ - - ~

'1.25E-041.25E-04POP EF RISK, 0 1 HI 1.23E-04 4.60E 04 9.76E 05 ~~-~
* 1,08E-03 1.67E 04 1.25E 03POP CF RISK, 0 10 HI 1.08E-03 3.57E 04. 2.38E 04 --**

SOURCE TERM SEQ-09 3, HEAN FREQUENCY = 0.00E+00 /YR

SOURCE TERM SEQ-10 1, HEAN FREQUENCY = 5.04E 08 /YR
_

CONSEQUENCE EVACUATE NORMAL JHELTER 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 --------

EARLY FATALITIES 0.00E+00 1.21E-01 4.78E 03 0.00E+00 6.03E-04 6.03E-04---

PRCDROM VCHITING 0.00E+00 1.15E+00 2.30E 01 0.00E+00 5.77E-03 5.77E-03---

EF RISK, 1 HI 0.00E+00 2.16E 05 0.00E+00 1.00E 07 1,08E-07----- --

CANCER FATALITIES 1.65E 01 5.97E+00 3.20E+00 3.82E+01 3.84E+01 1.08E+03 1.12E+03
K)P DOSE, 0 50 HI 1,46E+01 4.01E+02 2.39E+02 1,68E+03 1.70E+03 6.26E+03 7.96E+03
POP DOSE, 0-1000 MI 1.46E+01 4.01E+02 2.39E+02 2.64E+03 2.66E+03 6.13E+04 6,39E+04

ECONOMIC COSTS (8) 2.18E+00 2.18E+09-~ ---- - - - - ---- ----

POP EF RISK, 0-1 HI 0.00E+00 3.04E 04 1.20E-05 1.52E-06 ---- 1.52E 06- - -

POP CF RISK, 0 10 HI 4.23E 06 1.53E 04 8.21E-05 4.98E-06 1.67E-04 1.72E-04-----

SOURCE TERM SEQ-10-2, HEAN FREQUENCY = 2.25E 08 /YR
CONSEQUENCE EVACUATE NORMAL SHELTER 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 3.45E*04 0.00E+00 0.00E+00 1.73E 06 1.73E 06---

PRODP0H ValITINO 2.64E 02 6.11E-02 1.64E 02 0.00E+00 2.66E-02 2.66E+02----

ET RISK, 1 HI 0.00E+00 0.00E600 0.00E+00 0,00E+00 ---- -0.00E+00----

CANCER FATALITIES 2.79E+00 4.24E+00 9.95E-01 2.83E+01 3.11E+01 1.10E+03 1.22E+03
POP DOSE, 0 50 MI 1.92E+02 3.00E+02 6.98E+01 1.33E+03 1.52E+03 9.34E+03 1.09E+04
POP DOSE, 0-1000 HI 1.92E+02 3.00E+02 6.98E+01 2.06E+03 2.25E+03 6.75E+04.6.96E+04
ECON 0 HIC COSTS (8) 2.37E+09. 2.37E+09---- --- - - ~ ---- -~-

POP EF RISK. 0-1 HI 0.00E+00 8.70E-07 0.00E+00 --- 4.35E-09 4.35E-09--~

POP CF RISK, 0-10 MI 7.16E-05 1.09E 04 2.55E 05 7.18E-05 2.41E 04 3.13E 04- - -

SOURCE TERM SEQ-10-3, HEAN FREQUENCY = 0.00E+00 /YR

SOURCE TERM SEQ-11-1, HEAN FREQUENCY = 1.10E-06 /YR
CONSEQUENCE EVACUATE NORMAL S. TER NORMAL TOTAL CHRONIC TOTAL

ACTIVITY ACTIVITY EARLY
0-10 MI 0-10 HI 0-10 M1 >10 MI

WEIGHT 0.995 0.005 0.000 1.000 1.000 --------

EARLY FATALITIES 0.00E600 1.96E+01 8.80E+00 0.00E+00 9.90E-02 9.90E-02----

PRODR@l VCHITING 3.12E 04 5.07E+01 2.03E601 1.17E+00 -1.42E+00 ---- 1.42E+00
EF RISK, I HI 0.00E+00 2.05E-02 1.1VE 02 1.02E-04 1.02E-04~~ ----

CANCER FATALITIES 2.14Et01 1.41E+02 1.11E+02 5.70E+02 5.92E+02 2.47E603 3.07E+03*. .
POP DOSE, 0-50 MI 6.73E+02 5.04Et03 3.72E+03 1,29E+04 1.36E+04 1.29E+04 2.65Et04. _ , . , ,,

. -
e

C.8

- P



Tabic C.1 (continued)
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POP DOSE, 0-1000 MI 6.73E+02 5.04E+03 3.72E+03 2.87E+04 2.94E+04 1.51E+05 1.80E+05
ECONOMIC COSTS (8) 2.60E+10 2.60E+10---- ---- ---- ---- ----

POP EF RISK 0-1 HI 0,00E400 2,14E-02 1.43E-02 1.07E 04 1.07E 04-- - ----

POP CF RISK, 0 10 MI 5.50E 04 3.62E 03 2.86E 03 5.65E-04 8.65E-05 6.52E-04---*

SOURCE TERM SEQ-11-2 HEAN FREQUENCY = 2.92E 07 /YR I

CONSEQUENCE EVACUATE NORMAL SHELTER NORMAL TOTAL CHRONIC TOTAL
ACTIVITY ACTIVITY EARLY

0-10 HI 0 10 HI 0-10 HI *10 MI
wtIGHT 0.995 0.005 0.000 1.000 1.000---* ----

EARLY FATALITIES 2.boE+00 3.24E+00 1.29Et00 0.00E+00 2.60E+00 2.60E+00-- -

PRODR34 ittGTING 1.26t+01 1.65E+01 6,38E+00 9.85E 01 1.36E+01 1.3EE+01----

EF RISK 1 HI 2.55E*03 3.15E 03 9.75E-04 --- ~ 2.55E-03 -2.55E 03----

CANCER FATALITIER 9.21E+01 3.47E+01 2.37E+01 3.07E+02 3.99E+02 3.00E+03 3.40E+03
POP DOSE, 0-50 MI 3.65E+03 1.47E+03 1.03E+03 8.50E+03 1.21E*04 1.27E+04 2.48E+04
POP DOSE, 0-1000 MI 3.65E+03 1.47E+03 1.03E+03 1.00E+04 2.27E+04 1.80E*05 2.02E+05
ECONOMIC COSTS (8) ---- ---- ---- ---- -- - 2.25E+10 2.25E+10 ,

POP EF RISE, 0-1 HI 2.20E-03 6.2SE-03 2.96E-03 2.22E-03 2.22E-03-~~- ----

POP CF RISK 0-10 MI 2.36E-03 8.90E 04 6.09E-04 2.36E 03 1.17E 04 2.47E-03----

SOURCE TERM SEQ 11-3, HEAN FREQUENCY = 2.09E-07 /YR
CONSEQUENCE EVACUATE NORMAL SHELTER NORMAL TOTAL CHRONIC TOTAL

ACTIVITY ACTIVITY EARLY
0-10 HI 0-10 HI 0-10 HI >10 MI

WEIGHT 0.995 0.005 0.000 A.000 1.000---- ----

EARLY FATALITIES 2.81E+01 1.04E+01 1.17E+01 0,00E+00 2.81E+01 2.81E+01----

PRODROH VOMITING 6.31E+01 5.44E+01 3.23Et0} 1.44E+00 6.45E+01 6.45E+01---

EF RISK 1 HI 1.35E-02 2.03E-02 1.40E-02 1.36E-02 1.36E-02---- ----

CANCER TATALITIES 2.85E+02 1.62E+02 1.31E+02 6.22E+02 0.06E+02 1.81E+03 2.72E+03
POP DOSE, 0-50 HI 9.04E+03 5.48E+03 4.23E+03 1.44E+04 2.35E+04 1.02E+04 3.36E+04
POP DOSE, 0 1000 MI 9.04E+03 5.4BE+03 4.23E+03 2.97E+04 3.87E+04 1.13E+05 1.52E+05
ECONOMIC COSTS (8) 2.08E+10 2.08E+10---- -* - ---- ---- ----

POP ET RISK 0-1 HI 1.57E-02 2.26E-02 1.71E-02 ---- 1.57E-02 1.57E 02----

POP CF RISK, 0-10 MI 7.32E-03 4.16E 03 3.37E-03 7.30E-03 7.24E-05 7.37E-03----

SOURCE TERM SEQ-12-1. HEAN FREQUENCY = 3.03E-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 6.13E+00 1.90E+00 0.00E+00 3.06E-02 3.06E 02----

PRODROH VOMITING 0.00E+00 1.88E+01 6,91E+00' O.00E+00 9.42E-02 9.42E-02----

EF RISK, 1 HI 0.00E+00 8.77E 03 1.92E-03 ---- 4.38E-05 4.38E 05----

CANCER FATALITIES 2.95E+00 3.53E+01 2.51E+01 1.55E+02 1.58E+02 2.30E+03 2.45E+03
POP DOSE, 0-50 MI 1,98E+02 1.88E+03 1.33E+03 5.49E+03 5.69E+03 1.13E+04 1.70E+04
POP DOSE, 0 1000 HI 1.98E+02 1.88E+03 1.33E+03 1.03E+04 1.05E+04 1.34E+05 1.44E+05
ECONOMIC COSTS (3) ---- ---- ---- ---- ---- 1.03E+10 1.03E+10
POP EF RISK, 0-1 HI 0.00E+00 1.12E-02 4.34E-03 5.61E-05 5.61E-05---- ----

POP CF RISK. 0-10 MI 7.57E-05 9.05E-04 6.43E-04 7,98E 05 1.17E 04 1.97E-04----

SOURCE TERM SEQ-12-2. HEAN FREQUENCY = 1.07E-06 /YR
CONSEQUENCE EVACUATE NORMAL SHELTER NORMAL TOTAL CHRONIC TOTAL

ACTIVITY ACTIVITY EARLY
0-10 MI 0 10 MI 0-10 MI >10 HI

WEIGHT 0.99; 0.005 0.000 1.000 1.000---- ----

EARLY FATALITIES 9.47E-01 1.38E+00 4.76E-01 0.00E+00 9.49E-01 9.49E-01----

PRODROM V0HITING 6.12E+00 7.14Et00 2.77E+00 1.36E-01 6.26E+00 6.26E*00----

EF RISK, I HI 6.69E-04 1.09E-03 3.07E-04 ---- 6.71E-04 6.71E-04----

CANCER JATALITIES 6.48E+01 2.48E+01 1.56E+01 1.59E+02 2.24E+02 2.43E+03 2.65Et03.
POP DOSE, 0-50 MI 2.51Et03 1.0$E+03 6.77E*02 5.01Et03 7.52E+03 1.0$E+04 1.60E+04
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Tabic C.1 (continued)

POP DOSE, 0-1000 HI 2.51Et03 1.09Et03 6.77E+02 9.93E+03 1.24E+04 1.42E+05 1.55Et05
( ECONOMIC COC'S (8) 1.20E+10 1.20E+10--** ---- -- - ***- *--*

POP EF RISK, 0 4 HI 9.35E-04 3.07E-03 1.16E-03 9.46E 04 9.46E 04---- ----

IOP CF RISK, 0 10 HI 1.66E-03 6.36E-04 3.90E-04 1.66E-03 1.57E-04 1.82E 03----

SOURCE TERH SEQ-12 3, HEAN FREQUEN0Y = 1.16E*11 /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 *--- ~~--

EARLY FATALITIES 2.49E+00 4.26E+00 2.14E+00 0.00E+00 2.50E+00 2.50E+00----

ET RISK,1 HI 2.06E 03 5.34E-03 2.33E-03
" 2.35E+01 2,35E+01FRODROH V0HITING 2.34E+01 1.70E+01 1.02E+01 1.76t+01 ----

2.07E-03 ~2.07E-03---- ----

CANCER FATALITIES 2.65E+01 1.55E+01 1.09E+01 7.27E+01 0,92E+01 1.72E+03 1.62E+03
POP DOSE, 0 50 MI 1.32E+03 8.83E+02 b 24E+02 2.90E+03 4.30E+03 6.62E+03 1.00E+04
POP DOSE, 0-1000 MI 1.32E+03 8.83E+02 6.24E+02 4.93Et03 6.25E+03 9.64E+04 1.05E+05
ECONONUC COSTS (8) 4.70E+09 4.70E+09- -- ---- ---- ---- ----

POP EF RISK, 0-1 HI 3.52E-03 8.05E-03 4.52E 03 3.55E-03 3.55E-03---- ----

POP CF RISK, 0-10 HI 6.61E-04 3.99E 04 2.79E-04 6,79E-04 7.23E 05 7.52E-04----

SOURCE TERM SEQ-13 1. HEAN FREQUENCY = 1.02E-07 /YR
CONSEQUENCE EVACUATE NORMAL SHELTER NORMAL TOTAL CHRONIC TOTAL

ACTIVITY ACTIVITY EARLY
0 10 HI 0 10 MI 0-10 MI >10 HI

WEtGHT 0.995 0.005 0.000 1.000 ---- 1.000 ----

, eLY FA'ALITIES 0.00E+00 2.25E+00 6.40E 01 0.00E+00 1.13E-02 1.13E-02----

FRODROH V0HITING 0,00E+00 8.01E+00 2.78E+00 0.00E+00 4.01E 02 4.01E-02----

| EF RISK, 1 HI 0.00E+00 2.56E-03 4.92E 04 1.26E-05 1.28E-05-- - ----

CANCER FATALITIES 3.00E+00 2.53E601 1.79E+01 1.06E602 1.09E+02 1.46E+03 1.57E+03
i POP DOSE, 0 50 HI 1.77E+02 1.15Et03 8.08E+02 3.73E+03 3.92Et03 8.30E+03 1.22E+04

POP DOSE, 0-1000 HI 1.77E+02 .1.15E+03 8.08E+02 6.82E+03 7.00Et03 - 8.523+04 9.22E+04
I ECON 0 HIC COSTS (8) ---- ---- ---- ---- ---- 7.80E+09 7.60E+09
| POP EF RISK, 0-1 HI 0.00E+00 4.93E-03 1.58E-03 2.47E-05
!

.
2.47E-05---- ----

POP CF RISK, 0 10 HI 7.71E-05 6.49E-04 4.50E-04 6.00E-05 1.19E-04 1.99E-04----

SOURCE TERM SEQ-13-2, HEAN FREQUENCY = 7.49E-C /YR
CONSEQUENCE EVACUATE NORMAL SHELTER NORMAL TOTAL CHRONIC TOTAL

ACTIVITY ACTIVITY EARLY
0-10 MI 0-13 HI 0-10 HI >10 HI

WEIGHT 0.995 0.005 0.000 1.000 1.000---- ----

EARLY FATALITIES 4.64E-02 1.98E-01 4.37E-02 0.00E+00 4.72E-02 4.72E-02----

PRODROH V0HITING 1.56E+00 1.46E+00 5.58E 01 0.00E+00 1.56E+00 1.56E+00----

EF RISK, 1 HI 4.32E-05 1.29E-04 1.00E-05 4.37E-05 4.37E 05---- ----

CANCER FATALITIES 1.57E+01 7.19E+00 4.02Et00 5.11E+01- 6.67E+01 2.13E+03 .2.20E+03
POP DOSE, 0-50 HI 1.03Et03 4.66E+02 2.81E+02 2.'13 E +03 3.16E+03 1.03E+04 1.34E+04
POP 00SE, 0 1000 Hu 1.03E+03 4.66t+02 2.81E+02 3.71E+03 4.74E+03 1.21E+05 1.26E+05
ECONOMIC COSTS (8) 4.88E+09 '4.88E+09---- ---- ---- ---- ----

POP EF RISK, 0-1 HI 4.77E*05 4.88E-04 1.10E*04 4.99E-05 4.99E-05----- ----

POP CF RISK, 0-10 MI 4.03E-04 1.85E 04 1.03E-04 ---- 4.02E-04 2.28E-04- 6.29E-04

SOURCE TERM SEQ-13-3, HEAN FREQUENCY = 0.00E+00 /YR

SOURCE TERM SEQ-14-1, HEAN FREQUENCY = 5.23E-09 /YR
CONSEQUENCE EVACUATE NORMAL SHELTER NORMAL TOTAL CHRONIC TOTAL

ACTIVITY ACTIVITY EARLY
0-10 MI 0 10 MI 0-1C MI >10 HI

WEIchT 0.995 0.005 0.000 1.000 1.000 --------

EARLY FATALITIES 1.17E+00 1.57E+02 9 04Et01 1.10E+01 1.29E+01 1. 2 9E +01' -----

PRODROH V0HITING 1.16Et00 2.54E+02 1.16E+02 6.09E+01 8.33E+01 8.33E+01 . . _,
----
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Table C.1~ (continued);

EF RISK 1 HI 1.43E 03 5.30E 02' 4.68E-02 -1.69E-03 '** 1.69E-03<- --

CANCER FATALITIES 3.14E+02 7.74E+02 6.92Et02 5.01E+03' 5.32E+03 3.48E+03i 8.80E+03
ICP DOSE, 0 50 HI 7.18E+03 '3.71E+04 2.87t+04 8.64E+04 9.37E+04 1.95E+04 1.13E+05=
ICP DOSE, . 0-1000 HI 7.18E+03- 3.72E+04 2.87E+04 1.72E+05 1.80E+05 2.21E+05' 4.01E+05
ECON WIC COSTS (8)- - ~ ~ . --- ~~ ' - - ~ ---- 5.17E+10, Sil7E+10-

* 1.44E-03POP EF RISK, 0-1 HI- 1,19E-03 4.98E 02 4.38E-02 '1.44E-03--- ----

8.11E-03 7.23E-05L 8.19E*03
.

-POP CF RISK. 0-10 MI 8.0$E-03 1.99E 02 1.77E 02 ---

SOURCE TERM SEQ-14 2. HEAN FREQUENCY = 4.75E 08 /YR.
. TOTAL _CONSEQUENCE . EVACUATE NORKIL SHELTER, NC5 THAL TOTAL CHkONIC

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 - i+ ~
EARLY FATALITIES 4.99E+01 3.19E+01. 1.04E+01 3.35E+00 5;31E+01= 5.31E+01--~

PRODRCH V mITING '.1.02E+02 1.14E+02 5.03E+01 7.28E+01 1.74E+02- 1.74E+02----

EF RISK. 1 HI 1.30E-02'1.62E-02 1.17E-02- - - . .1.30E 02 --a - 1.30E-02 '
'

CANCER FATALITIES 4.12E+02 1.39E+02 1.14E+02 1,19E+03, 1.60Et03 4.79E+03- 6.40E+03 -

POP DOSE, 0-50 HI 1.65E+04 5.34E+03: 4.01E+03 2.42E+04 4.07E+04 ~-- 1. 4 7E+04 ' 5.54E+04 -

'

POP DOSE 0-1000 MI 1.65E+04 5.34E+03- 4.01E+03 6.13E+04 7.77E+04 2.93E+05 3.71E+05' ;
-

ECON WIC CCSTS-($) 5.24E+10 5.24E+10
'

~~- --- ---- ~~ - - - -

IOP EF RISK, 0-1 HI 1.26E-02 1.39E 02 1.09E-02- '1.26E-02- - . ~ ~ - 1.26E-02- - - ~

POP CF RISK, 0-10 HI '1.06E 02.'3.56E-03. 2.91E*03 1.05E-02 8.50E-05 1.06E 02-~~

SOURCE TERM SEQ 14 3. HEAN FREQUENCY = 7.98E-08 /YR
CONSEQUENCE EVACUATE NORMAL SHELTER- NORMAL TOTAL CHRONIC 1 TOTAL

ACTIVITY . ACTIVITY EARLY
-0-10 MI 0-10 MI 0 10 MI - >10 HI i

WEIGUT 0.995 0.005- 0.000 1.000' v1.000- ''~~-- - ~ -

EARLY FATALITIES 1.40E+02 7.83E+01 4.73E+01 4.34E-01 1.40E+02
'

1.40E+02---

PRODRCH VCHITING 1.79E+02 1.84Et02. 1.08E+02 3.35E+01; 2.12E+02 2.12E+02.-- -

EF RISK. 1 HI 3.39E*02 4.47E 02 3.5BE 02- _--- 3.40E 02- 3.40E 02-- -

CANCER FATALITIES 5.78E+02 4.06E+02 3.49E+02^ 2.12E+03 L 2i70E+03 .3.20E+031 5.90E+03
POP DOSE, 0-50 MI 2.81E+04 1,$6E+04 1.21E+04' 4.03E+04 6.83E+04 _1.37E+04 -8.20E+04
POP DOSE, 0-1000 MI 2.81E+04 1.56E+04- 1.21E+04 8.63E+04.:1.14E+05 2.01E+05' 3.16E+05
ECONOMIC COSTS (8) f --- '4.21E+10 :4.21E+10---- -- ' '~~----

IOP EF RI3K, 0 1 HI '2,91E-02 4.28E-02 3.50E-02 2.92E-02 2.92E-02<----- ----

POP CF RISK. 0 10 HI- 1.48E 02 1.04E-02' 8.94E 03. 1.48E-02 4.88E 05 1.40E-02'~~

SOURCE TERM SEQ-15-1, HEAN FREQUENCY = 5.87E 07 /YR
.

--

CONSEQUENCE EVACUATE NORMAL 3 SHELTER NORMAL TOTAL-- -CHRONIC-- TOTAL
ACTIVITY .ACTIVITYf_-EARLY )

0-10 HI 0-10 MI ' 0 10 HI :. >10 MI :
WEIGHT 0.995 .0.005- -0.000 11.000 ---.- 1.000. ---

.EARLY FATALITIES 0.00E+00 2.19E+01 8.64E+00 :0.00E+002 1.09E-01 - - ~ " ~1.09E 01'
PRODROM V mITING 1.87E-03 16.01E+01? 2.41E+01 1.76E+00= 2.06E+00.- .2.06E+00---

EF RISK, 1 HI 0.00E+00--2.15E-02-.1.18E*02 '1.07E-04 '1.07E 04 ---- - - - - - -

-CANCER FATALITIES 1.40E+01 8.12E+01 :- 6.'17E+01 - 3. 58E+02 3.72E+02 3.06Et03 - 3.43E+03 - *

POP DOSE, 0 50 MI . -6.91E+02 4.08Et03 .2.93E+03 1.03E+04 1.10E+04'.1.16E+04- 2.26E+044

. POP DOSE, 0-1000.HI 6.91E+022 4.08E+03 2.93E+03- 2.17t+04- 2.24E+04 11.81E+05 2.03E+05
ECON 0 HIC COSTS (S) 2,11E+10 2.11E+10---- - - - - - ---- - -- ---

POP EF RISKE-0 1 HI 0.00E+00 2.2SE 02-ti.40E-02 >~a -1.13E-04' ' -m- f 1.13E-04
ICP CF RISK. 0-10 MI 3.59E 04 2.08E-03 1.58E 03- ------ 3.67E 0411.06E 04- 4.73E 04

SOURCE TERM SEQ-15 2. HEAN FREQUENCY = 3.69E-07 -/YR .
CONSEQUENCE - EVACUATE NORMAL -SHELTER NORMAL TOTAL ^ "CURONIC - TOTAL

ACTIVITY- ACTIVITY -EARLY'
0-10 HI. 0 10 MI 0-10 MI' 310 MI.

WEIGHT 0.99$ 0.005 ' O.000 i 1.000 :----> 1.000 ----

EARLY FATALITIES 1.03E+01 .7.19E+00 2.75E+00 4.24E 02- 1.03E+01-- - - - - - 1.03E+01 -

PR00RCH V m ITING 3.56Et01 3.75E+01 1.44E*01 9.66E+00~ 4.53E+01-
"

.4.53E+01 . j.-

---
,
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Table C.1 (continued;
!

2.29E-032.20E-03EF RISK, 1 MI 2.26E-03 8.61E-03 2.76E-03 ---- ----

I CANCER FATALITIES 1.31E+02 4.5BE+01 3.17E+01 4.02E+02 5.32E+02 4.16E+03 4.70E+03
POP DOSE, 0 50 MI 6.59E+03 2.24E+03 1.60E+03 1.15E+04 1.81E+04 1.26E+04 3.07E+04
POP DOSE, 0-1000 MI 6.59E+03 2.24E+03 1.60E+03 2.54E+04 3.20E+04 2.47E+05 2.79E+05

2.80E+10 2.00E+10ECONOMIC COSTS ($) -- - --*- -- - - - - -- -

4.18E-03 4,18E-03POP EF RISK, 0-1 MI 4.15E-03 9.04E-03 5.44E 03 ------ -

3.35E 03 1.43E-04 3.49E 03POP CF RISK, 0-10 MI 3.36E 03 1.17E-03 8.13E-04 ----

SOURCE TERM SEQ-15-3, MEAN FREQUENCY = 5.42E-09 /YR
CONSEQUENCE EVACUATE NORMAL SHELTER NOFMAL TOTAL CHRONIC 70'IAL

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--+- ----

1.61E+01EARLY FATALITIES 1.60Et01 2.72E*01 1.47E+01 0.00Et00 1.61E+01 ----

PRODROM VOMITING 7.63E+01 8.12E+01 4.70E+01 3.49E+00 7.98E+01 7.98E+01----

1.14E-021.14E-02ET RISK, 1 MI 1.14E-02 2.67E-02 1.79E-02 -------

CANCER FATALITIES 7.53E+01 6.26E+01 4.66E+01 2.98E+02 3.73E+02 3.13E+03 3.5CE+03
POP DOSE. 0 50 MI 4.47E+03 3.40E+03 2.51E+03 1.01E+04 1.46E+04 1.08E+04 2.53E+04
POP DOSE, 0-1000 MI 4.47E+03 3.40E+03 2.51E+03 1.94E+04 2.38E+04 1.85E+05 2.00E+05

1.89E+10 1,89E+10ECONOMIC COSTS ($) ---- ---- ---* ---- ----

POP EF RISK, 0 1 MI 1.37E-02 2.87E 02 * 08E 02 ---- 1.38E-02 1,38E-02----
.

POP CF RISK, 0-10 MI 1.93E-03 1.61E 03 1.20E-03 ---- 1.93E-03 7.09E 05 2.00E-03

000RCE TERM SEQ-16-1, MEAN FREQUENCY = 2.24E-05 /YR

j CONSEQUENCE EVACUATE NORMAL SHELTER NORMAL TOTAL CitRONIC TOTAL
' ACTIVITY ACTIVITY EARLY

0-10 MI 0-10 MI 0-10 MI >10 MI
RFIGHT 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-

| PRODROM VOMITING 0.00E+00 0,00E+00 0.00E+00 0.00E+00 0.00E*00 ---- 0.00E+00
| EF RISK, 1 MI 0.00E+00 0.00E+00 0.00E+00 ---- 0.00E+00 ---- 0.00E+00

| CANCER FATALITIES 6.58E-09 1.52E-03 1.38E-04 6.86E-03 6.87E-03 1.55E-02 2.24E-02
i POP DOSE, 0-50 MI 5.29E-07 1.20E-01 1.23E-02 2.14E-01 2.15E-01 1.17E+00 1.39E+00
| POP DOGE, 0-1000 MI 5.29E-07 1.20E-01 1.23E-02 4.87E-01 4.87E-01 1,85E+00 2.34E+00

ECCNOMIC COSTS (S) 4.36E+05 4.36E*05---- ---- ---- ---- ----

|
POP EF RISK, 0-1 MI 0.00E+00 0.00E+00 0.00E+00 0.00E+00 ---- 0.00E+00-- -

POP CF RISK, 0-10 MI 1.69E-13 3.89E-08 3.55E-09 1.95E-10 7.10E-09 7.30E-09----

SOURCE TERM SEQ-16-2, MEAN FREQUENCY = 1.53E 12 /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+^0 0.00E+00 0.00E+00----
,

| PRODROM VOMITINO 0.00E*00 1.04E-03 4.23E-04 0.00E+00 5.20E-06 ---- 5.20E 06
EF RISK, 1 MI 0.00E+00 0.00E+00 0.00E+00 0.00E+00 ---- 0.00E+00----

CANCER FATALITIES 1.18E-01 1.30E-01 1.12E-01 4.82E-01 6.00E-01 1.84E-03 6.02E-01
POP DOSE, 0+50 MI 5.74E+00 6.18E+00 5.35E+00 1.30E+01 1.97E+01 7.10E-02 1.97E+01
POP DOSE, 0-1000 MI 5.74E+00 6.18E+00 5.35E+00 2.63E+01 3.20E+01 1.11E-01 3.21E+01
ECONOMIC COSTS ($) 5.56Et05 5.56E+05---- ---- ---- ---- ----

POP EF RISK. 0-1 MI 0.00E+00 0.00E+00 0.00E+00 ---- 0.00E+00 0.00E+00----

POP CF RISK, 0-10 MI 3.03E-06 3.35E-06 2.89E 06 ---- 3.03E-06 2.64E-C0 3.03E-06

SOURCE TERM SEQ-16-3, MEAN FREQUENCY = C.00E+00 /YR

|
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Table C.1 (continued)

SOURCE TERM SEQ-17-1, HEAN FREQUINCY = 1.49E-05 /Yh
CONSEQUENCE EVACUATE NORMAL SHELTER NORMAL TOTAL CHRONIC TOTAL

ACT!YITY ACTIVITY LARLY
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----

PRODROM V0HITING 0.00E+00 0.0ct+00 0.00E+00 0.00E+00 0.00E600 0.00E+00- - -

ET RISK 1 MI 0,00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00--*e --

CANCER FAI ALITIES 1.06E*07 1.91E-02 1.40E-03 7.46E-02 7.49E 02 1.56E-01 2.31E-01
PDF DOSE, 0-50 MI 1.04E-05 1.56t*00 1.38E 01 2.70E+00 2.71E+00 6.E2E+00 1.13E+01- 1

POP DOSF. 0 1000 MI 1.04E 05 1.56E*00 1.38E 01 5.52E+00 5.53E*00 1.61E+01 2.36E+01
ECON 341C COSTS ($) 5.10E+05 5.10E+05---- ---- ---- --- -*--

P0F ET RISK, 0-1 HI 0.00E+00 0.00E+00 0.00E+00 --- , 0,00Et00 0.00E+00- --

10F CF RISK, 0-10 Mt 5.03E-12 4.91E-07 3,81E 06 2.46E-09 1.04E-07''1.07E 07---*

SOURCE TERM SEQ-17*2. HEAN FREQUENCY * 1,00E 06 /it
CONSEQUINCE 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 0.00E+00 0.00E+00 0.00E+00 0.00E+00 - 0.00E+00-- -

PR00 ROM V0HITINO 0.00E+00 3.75E-03 1.26E-03 0,00E+00 1,88E-05 1.86E 05---

ET RISK. 1 HI 0.00E+00 0.00E+00 0.00E+00 - 0.00E+00 0.00E+00---- ----

CANCER FATALITIES 2.76E-01 3.02E-01 2.29E 01 1.10Et03 1.47E+00 1,14E+00 2.61E+00
POP DOSE. 0 50 MI 1.34E*01 1,57E+01 1.07E+01 3.52E+01 4.06E*01 3.91Et01 8.76E+01
POP DOSE. 0 1000 MI 1.34E+01 1.57Et01 1.07Et01 6.64E+01 8.16E+01 1,03E+02 1.85E+02
ECONOMIC COSTS (S) ---- ---- ----- ---- ---- 9.74E+05 9.74E+05
POP EF RISK. 0 1 MI 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00- - - ----

PCF CF RISK, 0-10 HI 7.14E-06 7.75E 06 5.67E 06 7.14E 06 1.36E 06 6.50E 06----

SOURCE TERM SEQ-17 3, HEAN FREQUENCY = 0,00E+00 /YR

SOURCE TERM SCQ-18-1. MEAN FREQUENCY = 9.22E-06 /YR
CONSEQUENCE EVACUATE NORMAL Si1ELTER NORMAL TOTAL CHRONIC TOTAL

ACTIVITY ACTIVITY EARLY
0-10 MI 0-10 Pu 0 10 >G *10 HI

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 0.00E600 0.00E+00----

PRODROM VOMITING 0.00Et00 0.00E+00 0.00E+00 0.00E+D0 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 TATALTTIES 2.28E 05 9.76E 01 .9.63E 03 6.72E+00 6.73E+00 3.31E+01 3,90E+01
POP DOSF. 0-50 MI 1.95E-03 8.77E+01 6.20E 01 3.;LE+02 3.28E+02 7.03Et02 1.03E+03
POP DOSE 0-1000 MI 1.05E 03 6.77E+01_ B.20E 01 5.69E*02 $.69E+02 2.33E+03 2,89E+03
ECONOMIC COSTS ($) --- ---- ---- ---- ---- 2.62E+07 2.62E+07
P0F EF RISK. 0-1 HI 0.00E+00 0.00E+00 0.00E+00 - -- ' O.00E+00 0.00E+00---

POP CF RISK. 0-10 MI 5.85E-10 2.50E-05 2.51E-07 1,26E 07 3.92E 05 3.94E-05----

SOURCE TERM SEQ-18-2, MEAN FREQUENCY = 1.16E-06 /YR
CONSEQUENCE EVACUATE NORMAL SHELTER NCEMAL TOTAL CHRCHIC TOTAL

ACTIVITY ACTIVITY- EARLY
0 10 HI 0 10 MI 0-10 Nu >10 MI

WEIORT 0.995 0.005 0.000 1.000 1.000---- ----

EARLY FATALITIES 0.00Et00 0.00E+00 0.00E+00 0,00E+00 0.00Et00 0.00Et00----

PRODROM VCHITING 8.17E 03 1.77E-02 6.86E*03 0.00E+00 8.22E 03 8.22E-03----

EF RISK. 1 MI 0.00E*00 0.00E+00 0.00Et00 0.00E600 0.00Et00---- ----

CANCER TATALITIES 8.3DE-01 1.02Et00 4.37E-01 4.02Et00 4.66E+00 1,63E+02 1.66Et02
POP DOSE, 0-50 MI 4.58E+01 6.68E601 2.460+01 1.08E102 2.14E+02 2.92E+03 3.14E+03
POP DOGE. 0-1000 MI 4.58Et01 6.68E+01 2.46E+01 2.72E+02 3.18E+02 9.33E+03 9.65E +03 -
ECONOMIC COSTS (S) --*- ---- ---- ---- ---- 9.73%+07 9.73E+07
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Table Col (continued)

10P ET RISK, 0 1 HI 0.00E+00 0,00E+00 0.00E+00 0.00E+00 0,00E+00---* ---+

POP CF RISK, 0 10 HI 2.15E-0$ E 62E-05 1,12Z 05 2,1$E 05.1.20E 04 1,41E-04----

SOURCE TERM SEQ-18-3, MEAN FREQUENCY = 0.00E*00 /YR

SOURCE TERM REQ-19 , HEAN FREQUENCY = 0.00E+00 /YR

..
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Appendix D-

RISK'RESULTS

This appendix presents detailed risk results for Sequoyah for internal
initiators. F1 uros D.1 through D.6 contain the complementary cumulative6
distribution functions (CDDFs) for early fatalities, latent with cancer
fatalities, t.opulation dose within 50 mi, population dose within the entire
region, individual risk of early fatality within 1 mi of the site boundary,

, and individual risk of latent cancer fatality within 10 mi of the plant.
| Each plot displays 200 CCDFs; each individual curve results from one

observation in the Latin hypercube sampling ~ (LilS) sample for Sequoyah.
These families of curves are the most basic risk results generated in this
probabilistic risk assessment. --

_
_

Tables D.1 and D.2 present the PRAMIS output for internal initiators in
slightly odited form. The PRAMIS output uses plant damage state (PDS) as
an abbreviation for PDS group. The 7 PDS groups for internal initiators;atSequoyah are:

i PDS Group 1 Slow SB0
PDS Group 2 Fast SBO

|
PDS Group 3 Loss of Coolant Accidents

,

| PDS Group 4 Event V
PDS Group 5 Transients
PDS Group 6 ATWS
PDS Group 7 SGTR

PRAMIS uses CSQ as an abbreviation for consequence measure. The nine 4

consequence measures for which results are reported are:

1 Early Fatalities
2 Early Injuries
3 Individual Early Fatality Risk at 1 mi
4 Latent Cancer Fatalities
5 Population Dose - 10 mi (Sv)
6 Population Dose - Entire Region (SV)
7 Economic Cost ($)
8 Individua1'Early Fatality Risk within 1 mi
9 Individual Latent Cancer Fatality Risk within 10 mi

PRAMIS uses PAR as an abbreviation for the partitioned source term groups.
,

| The source term groups are defined in Section 3.4 PRAMIS uses AFB as anabbreviation for accident progression bin; the APB attributes - and
characteristics are defined in Section 2.4
fractional contribution to risk are discussedoin Section 5.1.3.The two methods of calculating

The lists! of the
fractional contributions of individual AFBs have been truncated to! show only the tcp 60 contributors.

i
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Table D 3 i

PRAMIS Results for Sequoyah
Internal Initiators

|
t

CSQ
1 2 3 4 5- 6 7 6 0

MEAN RISK = 2.6E 05 7.6E-05 9.2E-09 1.4E 02 1.2E-01 8.0E 01 6.7E+04 1.1E 08 1.0E-06

MFCR * FRACTIONAL CONTRIBL710NS OF PDS TO CSQ, NORMALIEED ON A BAMPl.E BASIS

CSQ
1 2 3 a 5 6 7 8 9

PDS

1 0.06655 0.07273 0.06904 0.08376 0.07053 0,08339 0.08012 0.07047,0,00150
2 0,18174 0.20016 0.16216 0.25395 0.24331 0.25416 0.24331 0.18981 0.230.0
3 0.13031 0.14634 0.12310 0.20809 0.28092 0.22055 0.15036 0.12643 0.25605
4 0.40545 0.32948 0.38918 0.10045 0.10413 0.09675 0.14036 0.37683 0.16175
5 0.01313 0.01426 0.01395 0.01367 0.01344 0.01367 0.01293 0.01376 0,01684

'

6 0.06811 0.07860 0.07330 0.05747 0.05286 0.05642 0.06141 0.07205 0.07492
7 0.13471 0.15843 0.14027 0.28140 0.22582 0.27507 0.31152 0.14866 0.16876

FCHR * FRACTIONAL CONTRIBUTIONS OF PDS TO CSQ, NORMALIEED ON A GLOBAL BASIS
CSQ

1 2 3 4 5 6 7 8 9
,

PDS ,
!

1 0.06040 0.11228 0.06560 0.12450 0.11006 0.12504 0.12356 0.08542 0.11757
2 0,16013 0.23963 0.16201 0.28627 0.26542 ( 28681 0.27232 0.17669 0.28250

3 0.01720 0,04044 0.02544 0.14238 0.18613 0.14553 0.08807 0.03162 0.14866

4 0.67053 0.48205 0,66286 0.10330 0.14022 0.00630 0.14284 0.61835 0.29106

5 0.00145 0.00248 0.00200 0.00452-0.00470 0.00455 0.00305 0.00213 0.00474
6 0.01919 0.02910 0.02178 0.03830 0.03682 0.03828 0.03562 0.02221 0.04134

|
7 0.05306 0.09401 0.06012 0.30074 0.24665 0.30148 0.33365 0.06350 0.11324

i
|

|

l
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Table D.1 (continued)
l
|

I HFCR * FRACTIONA!. CONTRIBUTIONS OF PAR TO CSQ, NORMAL ZED ON A SAMPLE BASIS
CSQ

1 2 3 4 5 -6 7 8 9 ,

PAR

1 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 i.00000 0.00000 0.00000
2 0.00013 0.00275 0.00026 0.00007 0.00021 0,00008 4 00001 0.00025 0.00059
3 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.10000 0.00000 0.00000 |

4 0.00009 0.00013 0.00001 0.00366 0.00803 0.00499 0..'0122 0.00019 0.00236
5 0,00077 0.00619 0.00088 0.00079 0.00152 0.00082 0.00028 0.00136 0.00192
6 0.00069 0.00150 0.00098 0,00001 0.00003 0.00001 0.00000 0.00123 0.00000
7 0.00004 0.00006 0.00001 c.00728 0.00474 0.00764 0.00344 0.000.2 0.00243
8 0.00032 0.00509 0.00061 0,01130 0.01264 0.01093 0.00551 0.00044 0.00005
9 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0,00000 0.00000 0.00000

10 0.00000 0:00000 0.00001 0.00002 0.00002 0.00002 0.00004,0.00001 0.00000
11 0,00000 0.00000 0.00000 0.00000 0:00000 0.00000 0.00000 0.00000 0.00000 -~
12 0.02063 0.04597-0.03181 0.00737 0.00967 0.00716 0.00317 0.04012 0.00860
13 0.00010 0.00013 0.00024 0.004LS 0.0035$ 0.00446 0.003910.00030 0.00145
14 .0.00078 0.00956 0.00034 0.02235 0.02212 0.02176 0.02265 0.00180 0.02753
15 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 ,

16 0.00072 0.00112 0.00015 0.02089 0.02496 0.02851 0.02437 0.00142 0.00977
17 0.00370 0.01372 0.00096 0.03055 0.02873 0.02914 0.01824 0.00504 0.01884
18 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
19 0.00000 0,00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000'

20 -0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
21. 0.00710 0.01353 0.01029 0.01033 0.00849 0.01014 0.01049 0.01268 0.00561
22 0.00001 0.00001 0.00002 0.00008 0.00121 0,00101 0.00264 0.00005 0.00025'
23 0.00910 0.02915 0.01243 0.03291 0.02440 0.03206 0.03945 ' .4578 0.03824
24 0.02270 0.03938 0.03163 0.01233 0.01159 0.01234 0.01090 0.0"S26 0.00837
25 0.00281 0.00166 0.00346 0.04754 0.03516 0.04594 0,04159 0.00633 0.01533
26 - 0.05433 0.09125 0.07259 0.08750 0.07326 0.08421 0.06796.0,07505 0.12124
27 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0,00000 0.00000
28 0.00013 0.00013 0.00003 0.01789 0.01117 0.01692 0.01437 0.00032 0.00475-
29 0.00000 0.00005 0.00000 0.00557 0.00447 0.00$23 0.00368 0.00000 0.00196
30 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
31 0.00100 0.00160 0.00141 0.00313 0.00304-0.00312 0.00494 0.00113 0.00152
32- 0.09226 0.08473 -0.12545 0.05763 0.04765 0,05736 0.07794 =0.10108 0.06729
33 0.20282 0.12588 0.18816 0.03717 0.03982 0,03553 0.06167 0.1762e 0.08573.

34 0.00956 0.00469 0.01667 0.06445 0.04854 0.06327 0.07315 0.01587 0.01525
35 0.15039 0.14972 0.16858 0.12655 0.09753 0.12381 0.14420 0.17373 0.13320
36 0.00001 0.00001 0.00002 0.00000 0.00000 0.00000 0.00000 0.00002 0.00000
37 0.00105 0,00042 0.00161 0.01869 0.01462 0.01833-0.02468 0.00209 0.00454
38 0.00116 0.00360 0.00160 0.00632 0.00447 0.00612 0.00465-0.00128 0.00324
39 0.00000 0.00000 0.00000 0.00000 0.00000'O 00000 0.00000 0.00000 0.00000

'

40 0.00915 0.01196 0.00509 0.00860 0.00833 0,00754 0.01112 0.00528 0.00850-

41 0.07462 0.06750 0.06586 0.01757 0.01689 0.01718 0.02834 0.06097 0.03635
42 0.12630 0.08019 0.09772 0.02884 0.03155 0.02723 0.03791 0.08138 0.04902.
43 0.01116 0.02707 0.01761 0.07227:0,05796 0.07151 0.08433 0.01595 0.02714
44 0.17114 0.15610 0.11402 0.06964 0.05448 0.06922 0.09133 0.13746 0.07344
45 0.02521 0.02302 0.02856 0.00440 0.00298 0.00433 0.00723 0.02574 0.00433'
46 0.00000 0.00000 0.00000 0.00016 0.00078 0.00028 0.00129 0.00000 0.00008'
47 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
48 0,00000 0.00000 c.00000-0.00000 0.00000 0.00000 0.00000'O.00000 0.00000
49 0.00000 0.00000 0.00000 0.00106 0.00397 0.00173 0.00102 0.00000 0.00069

| 50 0.00000 0.00000 0.00000 0.00001 0.00004 0.00002 0.00000 0.00000 0.00007
- 5.1 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 0.13056 0.24595 c.15047 0.03740 0.00000 0.18746 -
53 0.00000 0.00!?2 0.00000 0.02002 0.02842 0.01918 0.00587 0.00000 0.02376
54 0.00000 0.00'00 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000',

[ 55 0.00000 0.00J00 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

.
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Table D.1 (continued)

FCMR * l'RACT10hAL CONTRIBUTIONS OF PAR 70 CSQ. NORMALI2ED ON A GLOBAL BASIS
i

CSQ

( 1 2 3 4 5 6 7 8 9

PARi

1 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000'

2 0.00000 0.00047 0.00001 0.00007 0,00024 0.00007 0.00000 0.00002 0.00044
3 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
4 0.00000 0.00001 0.00000 0 00072 0.00264-0.00109 0.00013 0.00001 0.00043
5 0.00001 0,00073 0.00002 0.00053 0.00142 0.00057 0.00008 0.00005 0.00125
6 0.00023 0.00119 0.00065 0.00002 0.00007 0.00002 0.00000 0.00097 0.00017
7 0.00000 0.00001 0.00000 0.00278 0.00580 0.00311 0.00060 0.00001-0.00006
6 0.00000 0.00051 0.00000 0.00660 0.01060 0.00653 0,00127 0.00001 0.00484
9 0.00000 0,00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

10 0.00000 0.00000 0.00000 0.00001 0.00002 0.00001 0.00002 0.00000 0.00000 ~~ ~

11 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00003
12 0.00412 0.02036 0.01157 0.00349 0.00695 0.00348 0.00095 0.01723 0.00450
13 0.00001 0.00001 0.00001 0.00508 0.00456 0.00501 0.00207 0.00003 0.00069
14 0.00002 0.00000 0.00002 0.01016 0.01305 0.01011 0.00672 0.00013 0.01277
15 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 .

16 0.00000 0.00001 0,00000 0.01113 0.01377 0.01122 0.00382 0.00002 0.00205
. 17 0.00003 0.00213 0.00001 0.02428 0.02898 0.02355 0.00724 0.03323 0.01332 *

18 0.00000 0.00000 0.00000 0.00000 0.00000 0.0000C 3.00000 0.00000 0.00000
19 0.00000 0.00000 0,00000 0.00000 0.00000 0.0*a00 * v0000 0.00000 0.00000
20 0.00000 0.00000 0.00000 0.00000 0.00000 0.** *v L,u3000 0.00000 0.00000

21 0.007.95 0.02492 0.01853 0.01207 0.01244 0.04..'8 f 01027 0.02820 0,00682 -
22 0.0000; 0.00001 0.00001 0.00131 0.00173 0 9013; b.00334 0.00003 0.00021

23 0.00049 0,00513 0.00126 0.02769 0.02600 0,02748 P.02311 0.00198 0.03108
24 0.00778 0.02904 0.02038 0.00969-0.01153 0.00982 0.01409 0.03144 0.00602
25 0.00003 0.00005 C.00006 0.02537 0.02121 0.02401 0.01298 0.00017 0,00445

26 0.00230 0.01469 0.00638 0.06853 0.06672 0.06698 0.04441 0.00877 0.09150
27 0.00000 0.00000 0.00000 0.00000 0. ,000 0.00000 0.00000 0.00000 0.00000-

28 0.00000 0.00000 0.00000 0.00416 0.00345 0.00405 0.00165 0.00001 0.00087 |
29 0.00000 0.00001 0.00000 0.00202 0.00211 0.00197 0.00080 0.00000 0.00070 i

35 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000'- ;

31 0.00004 0.00021 0.00012 0.00248 0.00250 0.00248 0.00429 0.00011 0.00072
32 0.02910 0.05232 0.08129 0.07312 0.06257 0.07437.0.09677 0.06159 0.07207
33 0.22548 0.17791 0.30t59 0.04194 0.06072-0.03993 0.06547 0.31231 0.15440
34 0.00036 0.00038 0.00145 0.05490 0.04433 0.05512 0.04692 0.00161 0.00596
35 0.03888 0.08817 0.07832 0.20867 0.16560 0.20657 0.19288 0.09609 0.19336
36 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000.
37 0.00004 0.00005 0.00014 0.01176 0.01068 0.01177 0.01193 0.00024 0.00202
38 0.00014 0.00154 0.00036 0.01215 0.00871 0.01185 0.00550 0.00036 0.00472
39 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
40 0.00258 0.00574 0.00096 0.00330 0.00508 c.00262 0.00406 0.00071 0.00427
41 0.09675 0.10898 0.06748 0.02241 0.02266 0.02213 0.03745 0.05691 0.05035
42 0.43138 0.22295 0.29633 0.03469 0.05633 0.03155 0.05053 0.22147 0.11806
43 0 00245 0.01592 0.00692 0.14819 0.11408 0.14940 0.18608 0.00630 0.02778 '

44 0.14717 0.21987 0.09231 0.12754 0.09755 0.12025 0.15543 0.14629 0.12676-
45 0.00334 0.00569 0.00680 0.00140 0.00118 0.00142 0.00154 0.00711 0.00108
46 0.00000 0.00000 0.00000 0.00004 0.00027 0.00007 0.00015 0.00000 0.00002
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 0.00025 0.00145 0.00044 0.00011 0.00000 0.00016
50 0.00000 0.00000 0.00000 0.00000 0.00001 0.00000 0,00000 0.00000 0.00001
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 0.02703 0.08174 0.03356 0.00363 0.00000 0,03622

53 0.00000 0.00013 0.00000 0.01434 0.03123 0.01404 0.00170 0 00000 0.01645
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 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
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Table D.1 (continued)
i

. ;

IMFCR FRACTIONAL CONTRIBUTIONS OF AFB ATTRIBUTES TO CSQ 1, NORMAL 12ED ON A SAMPLE BASIS
CSQ 1

AFB ATTRIEUTES

1 2 3 4 5 6 7 8. 9 - 10 11 12 13 14

A 0.26488 0.07845 0.61972 0.00429 0.10174 0.17931 0.80666 0.51412 0.02759 0.15962 0,55912 0.68368 0.73362 0.27431 {
'

B 0.14057 0,00000 0.01047 0.05299 0.67931 0.03111 0.00000 0.48587 0.03300 0.20274 0.44088 0.05176 0.04607 0.53156
C 0.11969 0.00833 0.18562 0.10271 0.01816 0.769$6 0.00749 0.01062 0.22667 0.06456 0.22031 0.10789- ;

D 0.27335 0.17375 0.11332 0.84000 0.04461_ 0.18562 0.92879 0.41077 0.08621 1

E 0.00507 0,00270 0.00000 0.00197 ]
F 0.02266 0.02098 0.07087 0.15421
0 0.17378 0.02122
H 0.69456

i

HFCR - FRACTIONAL CONTRIBUTIONS OF AFB ATTRIBUTES TO CSQ 2 NORMALIEED ON A SAMPLE BASIS !g
--- CSQ 2 --

!
3

AFB ATTRIBUTES
1 2 3 4 5 6 7 8 9 10 11 12 13 14

A 0,15570 0.092 8 0.56552 0.00578 0.12775 0.19757 0.76697 0.50719 0.03528 0.17368 0.53700 0.88238 0.71570 0.26140
B 0.17378 0.00000 0.01823 0.07153 0.62614 0.04545 0.00000 0.49260 0.04404 0.21464 0.46209 0.05667 0.05047 0.52934 - ,

C 0.13267 0.00999 0.22068 0.12841 0.02314 0.75697 0.01035 0.01380 0.22259 0.06094 0.23383 0.11670 ;

D C,30554 G.20444 0.15561 L.76416 6.G566= 0.22068 0.90686 0.38689 0.09256 '

E 0.00391 0.00316 0.00000 0.00195
F 0.02846 0.03110 0.05995 0.18218
0 0.19614 0.02143
H 0.63700

| MFCR - FRACTIONAL CottTRIBUTIONS OF APB ATTRIBUTES TO CSQ 3, NORMALIZED ON A SMiPLE BASIS

i CSQ 3
f

l APB ATTRIBUTES
1 2 3 4 5 6 7 8 9 10 - 11 -12 13 14- I

! A 0.21868 0.08211 0.61065 0.00539 0.11413 0.19003 0.79131 0.51381 0.02929 0.16100 0.56204 0.89052 0 74182 0.27434
B 0.17050 0.00000 0.01571 0.05078 0.65413 0.04048 0.00000 0.48618 0.03864 0.19391-0.43796 0.05462 0.04879 0,52848- 1

C 0.11407 0.00891 0.20157 0.11127 0.01785 0.76949 0.00711 0.01360 0.22734 0.05485 0.20939 0'10616,

D 0.27260 0.18411 0.11730 0.82355 0.04153 0.20157 0.11847 0.41774 0.09102
E 0.00721 0.00306 0.00000 0.00324 - t

l' F 0.02598 0.02274 0.05477 0.16913
0 0.19016 0.02188
H 0.67720 t

MFCR - FRACTIONAL CONTRIBUTIONS OF AFB ATTRIBUTES TO CSQ 4. k')RMALIZED ON A SAMPLE BASIS !

CSQ 4
AFB ATTRIBUTES-

1 2 3 4. 5 6 7 8 9 ?0 11 12 13^ - 14

A 0.04012 0.10343 0.49879 0.00823 0.23227 0.12663 0.77688 0.51397 0.05510 0.27847 0.56809 0.88050 0.74676 0.24322'
B 0.06033 0.00000 0.07865 0.14652 0.55831 0.20067 0.00000 0.46603 0.07697 0.19724 0.43191 0.06561 0.06110 0.48911
C 0.11448 0.01999 0.19626 0.22904 0.04216 0.66369 0.02684 0.0$020 0.24927 0.04489 0.19213 0.15785
D 0.28857 0.17334 0.19619 0.61621 0.p1753 0.19676 0.81763 0.27501 0.100S2.

E 0.09100 0.05479 0.00000 0.00356
P 0.18913 0,04651 0.03010 0.14616
0 0.21628 0.01864
11 0.58329

HFCR - FRACTIONAL CONTRIBUTIONS OF AFB ATTRIBUTES TO CSQ 5, NCRMALIZED ON A SAMPLE BASIS -
CSQ -5'

APB ATTRIBUTES
1 2 3 4 .5 6 7 8 9 10 11 12 13 14

A 0.04213 0.10200 0.45698 0.00863 0.23030 0.10460 0.79480 0.51059 0.05034 0.29729 0.57114 0.89816 0.78100 0.24087'
B 0.06200 0.00000 0.07141 0.14332 0.58356 0,16644 0.00000 0.46941 0.07118 0.20007 0.42885 0,06350 0.06032 0.50097
C 0.00482 0.02426 OJ81610.23253 0.04273 0.72896 0.02358 0.04400 0.26205 0.03833 0.1$867 0.15511- ,

D 0.25238 0.17803 0.25675 0.61551 0.01367 0.18151 0.83447 0.24058 0.10304
E 0.09715 0.06430 0.00000 ~0.00294
F 0.27177 0.05129 0.03325 0.12672
0 0.17975 0.01648
H 0.56364

.
..;_ _ .. x:
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Table D.1 (Continued)
W

HFCR - I'RA0TIONAL CONTRIBUTIONS OF AFB ATTk!DUTES TO CSQ 6. NORMAL 12ED ON A $AHFLE BA$18
CSQ 6,

AFB ATTk!BUTES
1 2 3 4 $ 6 7 6 9 10 11 12 13 14

A 0.0377$ 0.10200 0.4t410 0.0087$ 0.2335$ 0.12293 0.78131 0.51340 0.0546$ 0.26323 0.$6626 0.66998 0.75154 0.24173
B 0. W 900 0.00000 0.07760 0.14660 0.56133 0.20514 0.00000 0.46660 0.07637 0.19914 0.43373.0.06$62 0.06133 0.4697*
C 0.11110 0.02072 0.10206 0.230$6 0.04230 0.67192 0.02662 0.05004 0.24941 0.04489 0.18712 0.15661

i

D 0.26307 0.17274 0.2006$ 0.61439 0.01703 0.19206 0.61694 0.26822 0.10902 i
.

'
E 0.00266 0.05660 0.00000 0.00350
F 0.20456 0.04700 0.03121 0.14220
0 0.21166 0.01862
H 0.16114

| MFCR * TRACT 10NAL CONTRIBUTIONS OF AFD ATTPIBUTES TO CSQ 7 _ NORMAL 12ED ON A SAMPLE BASIBg

.. CBQ ?
4 Al'8 ATTk!BUTES

1 2 3 4 6 6 7 6 9 10 11 12 13 14

J A 0.06611 0.001$7 0.55104 0.00685 0.2150$ 0.14773 0.76190 0.01691 0.0$$11 0.23976 0.$7011 0.66675 0.721$9 0.25170
B 0.07425 0.00000 0.0763$ 0.13461 0.$6607 0.22726 0.00000 0.46100 0.07376 0.19637 0.42068 0.06464 0.DS909 0.46814 ,

C 0.12067 0.01466 0.19207 0.21061 0.03719 0.62500 0.02602 0.04822 0.2406$ 0.04939 0.21932 0.14660
D 0.31287 0.16$30 0.14$02 0.64793 0.02404 0.19207 0.62291 0.32103 0.11136

,

1 E 0.07006 0.03489 0.00000 0.00375
| r 0.11710 0.03732 0.035$2 0.1$299

0 0.23694 0.02112
H 0.63414

) HFCR * TRACTIONAL CONTRIBUT10HB Of APD ATTRIBUTE 6 TO CSQ 8. NORMALIZED ON A $ AMPLE BASIS
CSQ J

APB ATTkt?UTES
1 2 3 4 5 6 7 8 9 10 11 12 13 14

A 0.16620 0.08542 0.60263 0.00$43 0.1174t 0.16606 0.78597 0,$1036 0.03030 0.16796 0.S$742 0.66700 0.73970 0.27092
B 0.16662 0.00000 0.01668 0.06018 0.64976 0.04106 0.00000 0.43963 0.04002 0.19660 0.44256 0.0$563 0.0$014 0.52720

; C 0.1210$ 0.00913 0.20$02 0.11743 0.01980 0.77193 0.00000 0.01495 0.22$18 0.05616 0.21016 0.11121
; D 0.27693 0.16420 0.11904 0.81696 0.03966 0.20502 0.91471 0.40626 0,090f.7

} E 0.00633 0.00398 0.00000 0.00204
F 0.02695 0.0243$ 0.05663 0.17131

: 0 0.16791 0.021$7
! II 0.6718$

MFCR * TRACTIONAL CONTRIBUTIONS OF APB ATTRIBUTES TO CSQ 9. No# %L12ED ON A EAMPLE BAS 16
CSQ 99

AFB ATTRIBUTES

( 1 2 3 4 5 6 7 8 9 10 11 12 13 14
A 0.06S45 0.11634 0.43857 0.00997 0.16974 0.16707 0.74723 0,49706 0.04255 0.26603 0.S1817 0.88904 0.75110 0.23482'

j B 0.07030 0.00000 0 044$6 0.11066 0.3712$ 0.07445 0.00000 0.50294 0.0$706 0.21261 0.48163 0.ue616 0.06178 0.817vo
C 0.12240 0.02047 0.23692 0.19630 0.0334$ 0.75047 0.01$63 0,02773 0,23770 0.04477 0.16711 0,14306
D 0.28339 0.22023 0.24366 0.66284 0.02241 0,23692 0.67164 0.28344 0.10419
E 0.04968 0.03577 0.00000- 0.00319

'

F 0,12389 0.05064 0.03627 0.17995
O 0 18680 0,02027
H 0.53607j

i

i

.

!
I
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Table D,1 (continued)

,

i

HrCR - FRACTIONAL CONTRIBUTIONS OF Art ATTRIBUtts TO CSQ, NOM uLIEED ON A $ AMPLE BAtl$

| AFB ATTRIBUTE 1
CSQ;

! 1 2 3 4 5 8 'i 8 9

A 0.26468 0.15570 0.21868 0.04012 0.04213 0.03775 0.06611 0.16820 0.08$4$
B 0.140$7 0.17378 0.170$0 0.06033 0.08100 0.05900 0.07426 0.le662 0.07630j
C 0.11969 0.13267 0.11487 0.11448 0.09482 0.11110 0.12067 0.1210$ 0.122404

D 0.2733$ 0.30934 0.27260 0.288$7 0.25230 0.26307 0 $'267 0.27803 0.26339
E 0.00$07 0.00301 0.00721 0.09100 0.09715 0.09286 0.07006 0.0Cn.3 0.C' f.8
F 0.02**.6 0.02846 0.02$90 0.18013 0.27177 0.20416 0.11710 0.&269$ 0.16489
0 0.17375 0.19614 0.19016 0.21620 0.1797$ 0.21166 0.23694 0.18791 0.16689 -

HFCR IT CTIONAL CONTRIBUTIONS OF AFB ATTRIBUTES TO CCQ NORMAL 1EED ON A $ AMPLE BASIS
AFB ATTRIBUTE 2

,
~

CSQ
~

1 2 3 4 $ 6 7 8 9

A 0.0784$ 0.09238 0.08211 0.10343 0.10200 0.10200 0.092$7 0.08542 0.11634
8 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
C 0.00833 0.00009 0,00891 0.01999 0.02426 0.02072 0.01466 0.00913 0.02047 ,

D 0.1737$ 0.20494 0.16411 0.17334 0.17803 0.17274 0.16$30 0.18420 0.22023
t 0.00270 0.00316 0.00306 0.01479 0.06430 0.0$680 0.03489 0,00396 0.03$77

i F 0.02098 0.03110 0.02274 0.04f',10.0$120 0.04709 0.03732 0.0143$ 0.0$084
0 0.02122 0.02143 0.02188 0.01J64 0.01648 0.01862 0.02112 0.02157 0.02027

j H 0.69456 0.63700 0.67720 0.08329 0.$6364 0.58114 0.63414 0.6713$ 0.$3607

I HFCR + TRACT 10NAL CONTRIBUTIONS OF AFB ATTRIBUTES TO C&Q. NORMALIEED ON A $ AMPLE LAS!B
AFB ATTRIB 97E 3

i C.%
| 1 2 3 4 $ 6 . 7

~

8 9

i A 0.61972 0.$65$2 0.6106S 0.49879 0.4$698 0.49210 0.S$104 0.60283 0.43657
B 0.01047 0.01823 0.01571 0.07865 0.07141 0.07798 0.07635 0.01666 0.044$8

| C 0.18562 0.22006 0.201$7 0.19626 0.18161 0.19206 0.19207 0.20$02 0.23692
i D 0.11332 0.13562 0.11730 0.19619 0.25675 0.20665 0.14$02 0.11904 0.24366 ;

- E 0.00000 0.06e00 0.00000 0.00000 0.00000 0.00000 0.00000 0,00000 0.00000
3 F 0.07087 0.0$995 0.0$477 0.03010 0.0332$ 0.03121 0.03352 0.05663 0.03627'
a

- HfCR - FRACTIONAL CONTRIBUTIONS OF AP2 ATTRIBUTES TO CSQ, NORMAL 12ED ON A SAMPLZ BASIS
'

. AFB ATTRIBUTE 4

|
..1 2 3 4 $ 6 7 8 9

CSQ
=

A a.00429 0.00$76 0.00539 0.00623 0.00863 0.0082S 0.00665 0.00543 0.00997
| B 0.05200 0.07153 0,05078 0.14652 0.14332 0.14680 0.13461 0,06018 0,11068
I C 0.10271 0.12641 0.11127 0.22904 0.232$3 0.23056 0.21061 0.11743 0.19650
| D 0.84000 0,79428 0.823$5 0.Fif.21 0.61551 0.61439 0.64793 0.61696 0.68284.

HPCR = FRACTIONAL CONTRIBUTIONS OF APS ATTRIBUT13 TO CSQ. NOPML12ED ON A SAMPLE BASIS

| AFB ATTRIBUTE $
CSQ

'
1 2 3 4 $ 6 7 8 9'

A 0.10174 0.12775 0.11413 0.23227 0.23039 0.23355 0.21505 0.11742 0.18974 .

B 0 67931 0.62614 0.65413 0.55831 0.583S6 0.56133 0.56607 0.64976 0.5712$
C 0,01816 0.02314 0.01785 0.04216 0.04273 0,04230 0,03710 0.01980 0.0334$
D 0.0 461 0.03684 0.041$3 0.017S3 0.01367 0.01703 0.02494 0.03066 0.02241
E 0.00197 0.00195 0.00334 0.00356 0.00294 0.00350 0.00375 0.00204 0.00319
F 0.15421 0.16216 0.16913 0.14616 0.12672 0.14220 0.15299 0,17131 0.17995

HFCR - FRACTIONAL CONTRIBUTIONS OF Al'B ATTRIBUTES TO CSQ, NOPMLIEED ON A SAMPLE BASIB
AFB ATTRIBUTE 6-

'

CSQ

1 2 3 4 5 6 7 8 9
A- 0.179310,19757 0.19003 0.12663 0.10460 0.12293 0.M"3 0/18698 0,16707

B 0.0'111 0.04545 0.04048 0,20067 0.16644 0.20$14 0.22726 0.04108 0.07445
C 0.78956 0 75697 0.76949 0.66360 0.72896 0.67192 0.62500 0.77103 0.75847 2

-

.. '*W9.8 b i g
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Table D.1 (continued)*

!

71FCR a FRACTIONAL CONTRIBUTION 3 OF AFB ATTRIBUTES TO CSQ, NORML1EE0 ON A SAMPLE BASIS
AFB ATTRIt' TE 7J

CSQ

1 2 3 4 5 6 7 6 9

A 0.80606 0.76697 0.79131017666 0.79460 0.761310.76190 0.76$97 0.74723
B 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
C 0.00749 0.01035 0.00711 0.02084 0.02358 0.02662 0.02602 0.00000 0.01$63

,

D 0.18562 0.22066 0.201$7 0.19626 0.16161 0.19206 0.19207 0.20$02 0.23692;

M7CR FRACTIONAL CONTRIBUTIONS OF AFB ATTRIBt/TES TO CSQ, NORMAL 1EED ON A F. AMPLE BASISj
AFB ATTRIBUTE 6

CSQ

1 2 3 4 $ 6 7 8 9

i A 0.51412 0 $0719 0.$1361 0.$1397 0.$10$9 0.51340 0.$1691 0.51036 0.49706
B 0.46$87 0.49280 0.46618 0.46603 0.469410.46660 0.46106*0.46063 0.$0294 .

i,

MFCR - FRACTIONAL CONTRIBUTIONS OF AFB ATTRIBUTES TO CSQ, NORMALIEED ON A EAMPLt BASIS
AFB ATTRIBUTE 9

CSO *

1 2 3 4 $ $ 7 8 9

A 0.027$9 0.03S26 0.02929 0.0$$10 0.0$034 0.05465 0.0$$11 0.03030 0.04256 .
B 0.03300 0.04404 0.03864 0.07607 0.07118 0.07637 0.0737S 0.04002 0.05786
C 0.01062 0.01360 0.01360 0.0$020 0.04400 0.05004 0.04822 0.01493 0.02773
D 0.92879 0.90666 0.91647 0.61763 0.83447 0.61894 0.62291 0.91471 0.67164i

HFCR * FRACTIONAL CONTRIBUTIONS OF AFB ATTRIBUTES TO CSQ, NORMALIEE0 ON A SAMPLE BAS 18
AFD ATTRIBUTE 10

CdQ

1 2 3 4 5 6 7 6 9

A 0.1$982 0.17366 0.16100 0.27647 0.29729 0.28323 0.23975 0.16796 0.26605
B 0.20274 0.21464 0.19391 0.19724 0.20007 0.19914 0.10837 0.19660 0.21281
C 0.22667 0.22250 0,22734 0,24927 0.2620$ 0.24941 0.24065 0.22$18 0.23770
D 0.41077 0.36889 0.41774 0.27S01 0.24056 0.26822 0.32103 0.40826 0.26344

MFCR - TRACT 10NAL CONTRIBUTIONS OF AFB ATTRIBUTES TO CSQ NORMAL 12ED ON A SAMPLE BARIS;
AFB ATTRIBUTE 11e

CSQ
1 2 3 4 5 6 .7 8 9

,

A 0.55912 0.53790 0.56204 0.56809 0 $7114 0.56626 0.$7011 0.55742 0.$1617 ,

f 0.44086 0.46209 0.43796 0.43191 0.42665 0.43373 0.42900 0,442$8 0.44163

Ns FRACTIONAL CONTRIBUTIONS OF AFB ATTRIBUTES TO CSQ, NORMALIEED ON A BAMPLE BASIS

i AFB ATTRIBUTE 12
CEQ

1 2 3 4 5 6 7 8 9 --
,
4 A 0.66366 0.68236 0.69052 0.669$0 0.69816 0.86996 0.6857$ 0.66796 0.68904.

B 0.05176 0.05667 0.05462 0.065610.06350 0.06$62 0.06464 0.0$$63 0.06618
C 0.06456 0.06094 0.0546$ 0.04463 0.03833 0.04430 0.04939 0,0$616 0.04477

MFCR - TRACTIONAL CONTRIBUTIONS OF AFB ATTRIBUTES TO CSQ..HORMALIZED ON A LAMPLE BASIS
AFB ATTRIBUTE 13

CSQ-
1 2 3 4 5 6 7 8 9

A 0.73362 0.71$70 0.74182 0.74676 0.78100 0.75154 0.72159 0.73970 0.75110
B 0.04607 0.05047 0.04679 0.06110 0.06032 0.06133 0.05909 0.0$014 0.06176
C 0.22031 0.23363 0.20939 0.19213 0.15867 0.18712 0.21932 0.21016 0.16711

MFCR a FRACTIONAL CONTRIBUTIONS OF AI'B ATTRIBUTES TO CSQ, NORMALIZFD ON A SAMPLE LASIS
AFB ATTRIB 77t 14

CSQ

1 2 3 4 5 6 7 8 9

A 0.27431 0.26140 0.27434 0.24322 0.24087 0.24173 0.25170 0.27092 0.23482
B 0.$3158 0.52934 0, $2848 0.460110.$0097 0.46974 0.46814 0.52720 0.51790 ,

0 -C Il[10789 0.11670 0.10616 0.1578$ 0.15511 0.15861 0.14680 0.11121 0,14306
D 0.08621 0.09256 0.09102 0.10982 0.10304 0.10992 0.11136 0.00067 0.10419 ._ . _.

;c.

. . -
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Tabic D.1 (Continued)'

TOR - TEACTIONAL M)NTR!bUIl0NS OT Art ATTRIBUTES TO CSQ 2. NORMALIZED ON A OLOBAL BASIS
CSQ 1

IArt ATTkIB'JTES
1 2 3 4 $ 6 7 6 9 10 11 12 13 14

A 0.434$4 r ^2236 0.00426 0.00169 0.103210.06772 0.54700 0.$3378 0.01$72 0.10374 0.76400 0.496610.6720$ 0.32366
d B 0.24$03 0.s0000 0.00092 0.064B6 0.64970 0.00$4$ 0.00000 0.406210.06723 0.06316 0.21$20 0.02600 0.02439 0.4$927
.j C 0.02485 0.00307 0.0$130 0.0$939 0.00366 0.02082 0.00070 0.00017 0.30677 0.07316 0.103$$ 0.120$8

'

D 0.239t2 0.00302 0.039$1 0.6740$ 0.01046 0.0$138 0.91606 0.44433 0.00626
E 0.00013 0.00070 0.00000 0.00013
F 0.00627 0.01036 0.00700 0.03262
0 0.04755 0.01$28
H 0.86$16

FCHR - FLACTIONA1. CONTLIBUTIONS OF AFD ATTk!BUTES TO C50 2, NORMALIZED ON A OLOLAL LAS15
- -CSQ 2

-' ''

APB ATTR!hUTES
1 2 3 4 $ $ 7 8 9 10 - 11 12 13 - -14

A 0.24377 0.04717 0.01139 0.00372 0.1640$ 0.10202 0.60$76 0.63$74 0.03174 0.243310.69220 0.67017 0.62464 0.20$40
B 0.23626 0.00000 0.017$4 0.11963 0.740$6 0.02224 0.00000 0.46426 0.12010 0.13003 0.30779 0.03060 0.03676 0.40943 .

- C 0.046$7 0.00484 0.09260 0.09666 0.00$22 0.67$73 0.001$3 0.00072 0.20724 0.00022 0.13060 0.17756
! D 0.87446 0.098$6 0.06$$7 0.7777f 0.01101 0.00269 0.64784 0,3$041 0.14761

E 0.00027 0.001$2 0.00000 0.0002$
F 0.01632 0.02398 0.01261 0.0$010
0 0.07633 0.025$3
H 0.70037

}Q R - FRACTIONAL CONTRIBUTIONS OF AFD ATTRIBUTES TO CBQ 3, NORMALIZED ON A OLOBAL BASIS
CSQ 8

AFB ATTRIBUTES
1 2 3 4 $ $ 7 6 0 10 11 12 13 14

A 0.33772 0.03297 0.8t$66 0.00223 0.11700 0.07366 0.927$4 0.$2379 0.019110,1$163 0.79304 0.01342 0.(7164 0.32368

9 0.32$14 0.00000 0.01$50 0.07$74 0.81674 0.00943 0.00000 0.47020 0.07701 0.06398 0.2000$ 0.03040 0.02627 C a60$$
C 0.033$6 0.00341 0.0713e 0.05770 0.00318 0.91688 0.00100 0.00046 0.8177$ 0.05600 0,00080 0.11111

D 0.23202 0.060$4 0.03660 0.66433 0.01212 0.07136 0.90340 0.44643 0.09645
E 0.00032 0.001$6 0.00000 0.00019
F 0.00993 0.01630 0.00667 0.0$076
0 0.00072 0.01878
H 0.6$$33

TQ91 MACTIONAL CONTR1tVT10NB 0F AFB ATTRIBUTES TO CBQ 4,'HOPNAL!EED ON A OLOBAL BASIB
CSQ &

AFB ATTRIBUTES
, ,

14i 1 2 3 4 5 6 7 8 9 10 11 12 13
'

A 0.04103 0.11908 0.60424 0.00929 0.37077 0.100710.606710 $t6$$ 0+00002 0.31393 0.66224 0.00207 0.79240 0.236$9
B 0.06137 0.00000 0,08232 0.2$302 0.49690 0.23640 0.00000 0.43143 0.22040 0.17342 0.3177$ 0.06623 0.06362 0.41417;

'
C 0.00743 0.0104$ 0.16200 0.20117 0.0170$ 0.60287 0.01126 0.02210 0.26162 0.03066 0.14390 0.19300
D 0.46100 0.12778 0.11400 0.$3561 0.00941 0,18200 L.b 640 0.25103 0.-1$424
E 0.03950 0.03010 0.00000 0,00104
F 0.10703 0.06670 0.01736 0.10462
0 0.19083 0.02903
H 0.t1631

|

| TOR * TRACTIONAL CONTRIBUTIONS OF APS ATTRIBUTES TO CSQ $ NORMA 1.! ZED ON A OLOEAL BASID
C8Q $

APB ATTRIBVTES
1 2 3 4 $ 6 7 8 9 10 11 12 13 14

A 0.06500 0,117$$ 0.$7982 0.006tf 0.32999 0.06611 0.808B3 0.$0278 0.07441 0.29442 0.00114 0290120 0.60601 0.24622
B 0.06413 0.00000 0.0746$ 0.23064 0 $4204 0.19206 0.00000 0.43721 0.18646 0.17893 0.30885 0.06274 0.0$887 0.43821
C 0.Ct927 0.01391 0.17936 0.1997$ 0.02072 0.72160 0.01170 0.02069 0.27919 0.03605 0,13512 0.'17756,

D 0.411$0 0.13064 0.14799 0.56077 0.00006 0.17B36 0.71B21 0.24746. 0.13601
E 0.04002 0.03661 0.00000 0.0011$
F 0.130$7 0.004$3 0.0181$ 0.0970$
0 0.160$3 0,0[106 i.
H 0.60370 ~
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Table D.1 (continued)

, FQE - FRACTIONAL CONTRIBUTIONS OF AFB ATTRIBUTES 70 CSO 6, NORMALIEED ON A OLOLAL BASIB

| C50 6
! AFB ATTRIBUTES

{ 1 2 3 4 $ 6 7 8 9 10 11 12 13 14
'

A 0.03875 0.11822 0.60119 0.00926 L 97276 0.10078 0.80632 0.$68$0 0,06930 0.31511 0.67961 0.89307 0.79336 0.2371$
B 0.0$9$$ 0.00000 0.08236 0.2$415 0 49$65 0.23664 0.00000 0.43149 0.22040 0.17546 0.32036 0.060210.06364 0.4140$
C 0.09643 0.01086 0.18046 0.20319 0.0171$ 0.66237 0.01121 0.02210 0.26099 0.03871 0.14299 0.19363
D 0.4$0$6 0.12876 0.11621 0.53339 0.00934 0.18046 0.66820 0.24643 0.1$$16
E 0.04086 0.03092 0.00000 0.00103

d

F 0.11371 0.06634 0.01777 0.10407
j 0 0.19114 0.02982
'

H 0.61467

FCHR - FLACTIONAL CONTRIBUTIONS OF AFB ATTRIBVTES TO CBQ 7, NORMALIEED ON A DLOBAL BASIS |,

i
CSQ 7 -- = l

.

~ AFD' ATTRIBUTES
~ '

1 2 3 4 5 6 7 8 0 10- 11 12 13 14
A 0.061$3 0.06966 0.66707 0.0077$ 0.36870 J.11019 0.64224 0.$7417 0.09813 0.29403 0.68969 0.68962 0.79622 0.24$67
B 0.08131 0.00000 0.08200 0.24338 0.51456 0.2$968 0.00000 0.42$62 0.22048 0.1$688 0.31030 0.06264 0.0$796 0.407$0

1
C C.06247 0.00720 0.14999 0.18974 0.010$9 0.C29910,00775 0.0142$ 0.26145 0.047$2 0,14$60 0.185$4 '

O 0.45670 0.114$7 0.08490 0.$$913 0.00991 0,14999 0.66712 0.28764 0.16129
E 0.01936 0.01$06 0.00000 0.00071
F 0.09400 0.03318 0.01$96 0.01$$1
0 0.20451 0.03232
H 0.66772

FCHR * FRACTIONAL CONTRIBUTIONS OF AFB ATTRIBUTES TO CSQ 8, NORMAL 18ED ON A OLOBAL BASIS

CSQ 8
AFB ATTRIBUTES

1 2 3 4 $ 6 7 8 9 10 11 12 13 ' in
A 0.27344 0.03947 0.85150 0.00293 0.14240 0.07801 0.021$4 0.$1421 0.02392 0.17083 0.776e$ 0.91341 0.87194 0.30666
B 0.34491 0.00000 0.01442 0.00032 0.79112 0.00689 0.00000 0.48$78 0.09354 0.10401 0.22314 0,03409 0.03260 0.4$171
0 0.04168 0.00372 0.07739 0.07066 0.00269 0.01309 0.0010$ 0.000$6 0.30654 0.05150 0.00$46 0.12676
0 0.27015 0.07504 0.04634 0.83606 0.01189 0.07739 0.88107 0.41861 0.11266

! E 0.00043 0.00160 0.00000 0.00019
F 0.01001 0.02281 0.01024 0.0$1$2
0 0.05919 0.02149
11 0.63579

,

FCHR - FRACTIONAL CONTRIBUTIONS OF AFB ATTRIBUTF,S TO CSQ 9, NORMALIEED ON A OLOBAL BA$18

CEQ 9
AFB ATTRIBUTES

1 2 3 4 5 6 7 8 9 10- 11 12 13 14
A 0.13972 0,11976 0.63214 0.00974 0.2683$ 0.10832 0.6089$ o.$2666 0.049410.29063 0.66708 0.86426 0.797710.24007
B 0.1$224 0.00000 0.04295 0.18839 0.$9920 0.04464 0.00000 0.47113-0.17036 0.16969 0.33200.0.06053 0.05645 0.42102
C 0.09$35 0.00913 0.18$$4 0.14093 0.01169 0.64703 0.00$$0 0.00626 0.26491 0.0$$20 0.14$83 0.18713
D 0.44170 0.13479 0.12102 0.66094 0.01228 0.16$54 0.77394 0.274$7 0.1$177

: E 0,01095 0.01025 0.00000 0,00066
I T 0.05500 0.06365 0.01744 0,10761

0 0.10494 0.02928
H 0.63312

.
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I Table D.1 (continued)
!

| Fom FRACTIONAL CONTRIBUTIONS OF AFB ATTRIBUTE $ TO CSQ, NORMAL 12ED QN A OLOBAL BASIS
AFB ATTRIBUTE 1,

*
CBQ

1 2 3 4 5 6 7 8 9
A 0.43454 0.24377 0.33772 0.04193 0.06500 0.03875 0.06153 0.27344 0.13972a

1 B 0.24503 0.23626 0.32514 0.06137 0.08413 0.0$95$ 0.06131 0.34401 0.15224
| C 0.0246$ 0.04657 0.03356 0.09743 0.06927 0.09643 0.06247 0.04166 0.00$3$

D 0.23962 0.37446 0.23262 0.46100 0.41150 0.4$956 0.45670 0.27015 0.44170
E 0.00013 0.00027 0.00032 0.03950 0.04902 0.04066 0.01936 0.00043 0.01095
F 0.00627 0.01632 0.00903 0.10703 0.13957 0.11371 0.09409 0.01001 0.0$500
0 0.047$5 0.07633 0.06072 0.19063 0.160$3 0.19114 0.20451 0.0$919 0.10494

K'HR a FRACTIONAL CONTRIBUTIONS OF AFB ATTRIBUTE 0 TO CCQ, NORMALIZED ON A GLOBAL BASIB
AFB ATTRIBUTE 2 ,

CSQ ^
~

1 2 3 4 $ 6 7 8 9
,

; A 0.02236 0.04717 0.03297 0.11906 0.1175$ 0.11622 0.06066 0.03947 0.11976
h B 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

C 0.00307 0.00464 0.00341 0.01045 0.01391 0.01066 0.00726 0.00372 0.00913 *

D 0.06302 0.006tB 0.06054 0.12773 0,13664 0.12676 0.11457 0.07504 0.13479
E 0.00070 0.001$2 0.00156 0.03010 0.07661 0.03092 0.01506 0.00166 0.0102$.

F 0.01036 0.02396 0.01639 0.06670 0.06453 0.066$4 0.05316 0.02261 0.0630$
0 0.01$20 0.025$3 0.01676 0.02963 0.02$06 0.02062 0.03232 0.02149 0.02026
0 0,68316 0.79837 0,6$$33 0.61631 0,60370 0.61467 0.66772 0.63579 0.t3312

, FCMR * FRACTIONAL CONTRIBUTIONS OF AFB ATTRIBUTES 70 CSQ,-NORMALIEED ON A OLOBAL BASI 8

1 AFB ATTRIBUTE $
CSQ

| 1 2 3 4 5 6 7 8 9
A 0.69426 0.01130 0.66S66 0.60424 0,$7962 0.60119 0.66707 0.63159 0.63214
8 0.00602 0.017$4 0.015$0 0.06232 0.07465 0.06236 0.06206 0.01442 0.04205
C 0.0$136 0.09260 0.07136 0.16200 0.17936 0.16046 0.14999 0.07739 0.16$$4
D 0.03951 0.06$57 0.03660 0.11400 0.14709 0.11621 0.06490 0.04634 0.12192
E 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000,

F 0.00700 0.01261 0.00667 0.01736 0.0181$ 0.01777 0.01596 0,01024 0.01744
i

FCMR FRACTIONAL CodTRIBUTIONS OF AFB ATTRIBUTES TO CSQ, NORMALIZED ON A OLOBAL BASIS
AFB ATTRIBUTE 4

CSQ
1 2 3 4 5 6 7- 6 9

A 0,00160 0.00372 0.00223 0.00929 0.00664 0.00926 0.0077$ 0.00293 0.00974
j B 0.06466 0,11963 0.0?S74 0.2$392 0.23064 0.2541$ 0.24336 0.00032 0.16639

C 0.0tS39 0.09666 0.05770 0.20117 0.19975 0.20319 0,16974 0.07066 0.14093
D 0.67405 0.77776 0.66433 0.$3561 0.56077 0.53339 0.3$913 0.63606 0.66004

FCMR - FRACTIONAL CONTRIBUTIONS OF AFB ATTRIBUTES TO CSQ, NORMALIEED ON A GLOBAL BASIB-
AFB ATTRIBUTE S

CSQ
_ .

1 2 3 4 5 6 7 8 9i
A 0.10321 0.1646$ 0.11700 0.37077 0.32999 0.37276 0.36870 0.14240 0.26635
1 0.64970 0.740$6 0.61674 0.49600 0.54204 0.49565 0.$1456 0.79112 0.50920 -
C 0.00366 0.00522 0.00316 0.01705 0.02072 0.01715 0.010$9 0.00269 C.01169
D 0.01046 0.01101 0,01212 0.00041 0.00006 0.00934 0.00991 0.01169 0.01226

| E 0.00013 0.00025 0,00019 0.00104 0.00115 0.00103 0.00071 0.00010 0.00066
F 0.03262 0.05610 0.05076 0.10482 0.00705 0.10407 0.00S$1 0,0$1$2 0,10761 i

FCHR * l'RACTIONAL CONTRIBUTIONS OF AFB ATTRIBUTES To CSO. NORMALIZED ON A OLOBAL BASIS-

AFB ATTRIBUTE 6
j CSQ

1 2 3 4 $' 6 7 8 9
A 0.06772 0.10202 0.07366 0.10071 0.06611 0.10076 0.11010 0.07601 0.10832
B 0.00$45 0.02224 0.00943 0.23640 0,19206 0.13664 0.25968 0.00669 0.04464
C .0,.,92662 0.67573 0.91666 0.66267 0.72160 0.66237 0.62991 0.91300 0.64703 t_,
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Table D.1 (continued)
_ _ _

!

FCHR * FRACTIONAL CONTRIBUTIONS OF AFB ATTRIBUTES 70 CSQ. NORMALIZED ON A CLOBAL BASIS
AFB ATTRIBUTE 7

CSQ
1 2 3 4 5 6 7 8 9

A 0,94790 0.90$78 0.927$4 0.60671 0.60663 0.60632 0.84224 0.921$4 0.8069$
B 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
C 0.00070 0.001$3 0.00106 0.01128 0.01176 0.01121 0.0077$ 0.0010$ 0.00$$0
D 0.0$136 0.092e9 0.07136 0.18200 0.17938 0.16046 0.14999 0.07739 0.18$$4

WI* FRACTIONAL CONTRIBUTIONS OF AFB ATTRIBUTES 70 CSQ. NORMA 1,IZED ON A OLOBAL BASIS
APB ATTRIBUTE 6

CSQ
1 2 3 4 $ 6 7 8 9

A 0.53378 0.53$74 0.52379 0.$68$$ 0.56278 0.$6850 0.$7417,_0.$14210.52880-
~' ~

B 0.46621 0.46426 0.47620 0.43143 0.43721 0.43149 *.42$82 0.48578 0.47113

FOf - FRACTIONAL CONTRIBUTIONS OF AFB ATTRIBUTES TO CSQ NORMALIZED ON A 0148AL BASIS -
AFB ATTRIBUTE 9

CSQ '

1 2 3 4 $ 6 7 6 0 (A 0.01572 0.03174 0.01911 0.08902 0.07441 0.06930 0.09813 0.02392 0.04041
B 0.06723 0.12018 0.07701 0.22040 0.16648 0.22040 0.22046 0.093$4 0.17038
C 0.00017 0.00072 0.00046 0.02210 0.02069 0.02210 0.0142$ 0.00056 0.00626
D 0.91666 0.64734 0.90340 0.66646 0.71621 0.66620 0.66712 0.86197 0.77394

FCHR FRACTIONAL CONTRIBUTIONS OF AFB ATTRIBUTES TO CSQ, NORMALIZED ON A OLOBAL BASIS
APB ATTRIBUTE 10

CSQ
1 2 3 4 $ 6 7 8 9

A 0.16374 C.24331 0.1$183 0.31393 0.29442 0.31$11 0.29403 0.17063 0.29083
B 0.0631b 0.13003 0.08308 0.17342 0.17893 0.17$46 0,1$684 0.10401 0.16969
C 0.30677 0.26724 0.3177$ 0.26162 0.27919 0.26099 0.2614$ 0.306$4 0.26491
D 0.44433 0.35941 0.44643 0.25103 0.24746 0.24643 0.28764 0.41661 0.274$7

FCMR - FRACTIONAL CONTRIBUTIONS OF APB ATTRIBUTES TO CSQ. NORMALIZED ON A CLOBAL BASIS
AFB ATTRIBUTE 11

CSQ
1 2 3 4 $ 6 7 8 9

A 0.78469 0.69220 0.79394 0.68224 0.69114 0.67961 0.66969 0.7768$ 0.66798
B 0.21$29 0.30779 0.2060$ 0.31775 0.3068$ 0.32035 0.31030 0,22314 0.33200

FCHR - FRACTIONAL CONTRIBUTIONS OF AFB ATTRIBUTES TO CSQ NORMALIZED ON A CLOAAL BASIS
APB ATTRIBUIE 12

CSQ
1 2 3 4 $ 6 7 8 9

A 0.89681 0.87017 0.01342 0.69267 0.00120 0.69307 0.48062 0.01341 0.68426
B 0.02000 0.03960 0.03040 0,06623 0.06274 0.06621 0.06264 0.01400 0.06053
C 0.07$16 0.00022 0.0$609 0.03668 0.03605 0.03871 0.047$2 0.0$1$9 0.0$$20

FCHR - FRACTIONAL CONTRIBUTIONS OF AFB ATTRIBUTES TO CSQ. NORMALIEED ON A CLOBAL BASIS
AFB ATTRIBUTE 13

CSQ
1 2 3 4 5 6 7 8 9

A 0.67205 0.62464 0.87184 0.79246 0.60601 0.79336 0.79622 0.67194 0.79771
B 0.02439 0.03676 0.02627 0.06362 0.0$867 0.06364 0.0$796 0.03260 0.0$845 |C 0.1035$ 0.13660 0.09980 0.14390 0.13$12 0.14299 0.14560 0.09546 0.14583

FCHR - FRACTIONAL CONTRIBUTIONS OF AFB ATTRIBUTES TO CSQ. NORMALIZED ON A CLOBAL BASIS
AFB ATIRIBUTE 14

CSQ
|

1 2 3 4 $ 6 7 8 9
A 0.32366 0,26540 0.32388 0.23659 0.24622 0.2371$ 0,24567 0.30866 0.24007
B 0.4$927 0.40043 0.466$$ 0.41417 0.43821 0.4140$ 0.407$0 0.45171 0.42102
C 'FT120$6 0.17756 0.11111 0.19300 0.17756 0.19363 0.16$54 0.12676 0.18713

^
--

D 0.09628 0.14761 0.09645 0.15424 0.13601 0,1$$16 0.16129 0.11266 0.15177 - -~ ' ' '

.<>
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Table D.1 (continued)

MFCR + IT.ACTIONA!. CONTRIBUTIONS OF AFB TO CSQ. NOR!uL12ED ON A BAMFLB BASIS,

CF,Q 1 CSQ 2 CSQ 3'

1 AllADBCAADDAAAB 0.050$4 0.0$0$4 CDCbfADADDBAAB 0.04158 0.04158 AllADBCAADDAAAB 0.0416$ 0.0416S
AllADBCAADDAAAA 0.03931 0.08965 CDCDFADBDDBAAB 0.035$4 0.07712 ODCDFADADDBAAB 0.04061 0.06227
CDCDFADADDBAAB 0.03747 0.12732 BitADBCAADDAAAB 0.03214 0.10926 ODCDFADBDDBAAB 0.03301 0.11527,

| AllADBCABDDAAAB 0.03630 0.16362 AHADBCAADDAAAs 0.02933 0.13861 AllADBCAADDAAAA 0.03240 0.14768
A!!ADBCAADCAAAB 0.03404 0.19766 BilADBCAADDAAAA 0.,2$00 0 16361 BilADBCAADDAAAB 0.03108 0.17676'

GDCDFADBDDBAAB 0.03018 0.22783 BilADBCABDDAAAB 0.02401 0.16762 AllADBCABDDAAAB 0.03010 0.20605
AHADBCABDDAAAA 0.02823 0.25606 AllADBCAADDAAAA 0.02283 0.2104S AllADBCAADCAAAB 0.02805 0.23690
AllADBCAADCAAAA 0.02647 0.2t2$3 BilADBCAADCAAAB 0.02166 0.23231 BIRDICAADDAAAA 0.02417 0.26108
B11ADBCMDDAAAB 0.02524 0.30777 AllADBCABDDAAAB 0.02174 0.2$40$ B11ADBCABDDAAAB 0.02378 0.26486
AliADBCABDCAAAB 0.02451 0.33228 AllADBCAADCAAAB 0.01977 0.27382 A!!ADBCABDDAAAA 0.02340 0.30626
BHADDCABDDAAAB 0.01977 0.33206 bilADBCABDDAAAA 0.01868 0.29250 AllADBCAADCAAAA 0.02181 0.33000
BHADBCAADDAAAA 0.01963 0.37169 BilADBCAADCAAAA 0.01701 0.30951 BilADBCAADCAAAB 0.0211$ 0.35123

~

AHADBCABDCAAAA 0.01906 0.39075 AllADBCABDDAAAA 0.01690 0.32642 AllADBCABDCAAAB DiO2030 0.37153
B!!ADBCAADCAAAB 0.01723 0.40706 BilADBCABDCAAAB 0.0162$ 0.34266 BHADBCABDDAAAA 0.01650 0.30004
BBADBCABDDAAAA 0.01538 0.42336 AllADBC91< 9 1A 0.01$38 0.35604 BRADBCAADCAAAA 0.01647 0.40650
BilADBCAADCAAAA 0.01341 0.43677 A!!ADBCABDCAAAB 0.01466 0.37270 BilADBCABDCAAAB 0.01610 0.42261'
BHADBCABDCAAAB 0.01339 0.45016 DHADBCABDABAAC 0.01402 0.38672 AllADBCABDCAAAA 0.01$79 0.43839 ,

DilADBCABDABAAC 0.01272 0.46289 CDCDFADADDBAAA 0.01369 0.40041 ODCDFADADDBAAA 0.01336 0.45175
ODCDFADADDBAAA 0.01232 0.47521 BHADBCABDCAAAA 0.01264 0,4130$ BIIADBCABDCAAAA 0.01253 0.46428
DHFDBCAADBBACB 0.01100 0.48621 CDCDFADBDDBAAA 0.01162 0,42467 DRADBCABDABAAC 0.01091 0.47519
bliADBCABDCAAAA 0.01042 0.49663 cACDFCDBDABAAB 0.01161 0.43628 ODCDFADDDDBAAA 0.01079 0.48598
CDCDFADeDDBAAA 0.00963 0.50647 AllADBCABDCAAAA 0.01130 0.44767 DitADBCAADABAAC 0.00956 0.495$$
bliADBCAADABAAC 0.00978 0.$1625 DRADBCAADABAAC 0.01000 0.45767 CACDFCDBDABAAB 0.00945 0.50$00
CACDFCDBDABAAB 0.00646 0.52471 DHFDBCAADBBACB 0.00981 0.46748 DIIFDBCAADBBACB 0.00783 0.51283

i DHADDCAADBBACC 0.00797 0.$3269 DilADBCABDABAAD 0.007S1 0.47499 DHADDCAADBBACC 0.00736 0.52021
DHADBCABDABAAD 0.00679 0.53947 DilDDBCAADBBACB 0.00726 0.48225 DRADBCABDABAAD O.00701 0.52722
CADDBCABDABAAB 0.00661 0.54606 DilADDCAADBBACC 0.00624 0.48849 DilDDBCAADBBACB' 0,00696 0.53418
DHDDBCAADBBACB 0.00610 0 $5218 CADDBCABDABAAB 0.00$70 0.49419 CADDBCABDABAAB 0.00562 0.53981

'
CDCDFCOBDBBCCB 0.0050$ 0.55723 CDCDFCDBDBBCCB 0.00$62 0.49981 CDCDFCDBDBBCCB - 0.00468 0.54448
CHDDBCABDABAAB 0.00$01 0.56223 CACDFADADDBAAB 0.00459 0.50440 DilDDBCABDBBACB 0.00457 0.54906
DHADDCAADBBACD 0.00439 0.$6662 CSDDBCABDABAAB 0.00415 0.5085$ OACDTADADDBAAB 0.00446 0.$$352
GDDCAAABDDBAAB 0.00431 0.57093 DtlADBCABDAAAAC 0.00412 0.51267 ODDCAAABDDBAAB ' O.00428 0.$$780
DHFDDCAADBBACB 0.00425 0.57517 DtiDDBCABDBBACB 0.00405 0.$1672 CilDDBCABDABAAB 0.00415 0.5619$
ODDCBAABDDBAAB 0,00417 0.$7934 ODDCBAABDDBAAB 0.00396 0.$2066. DHADBCAADABAAD 0.00411 0.56606
CACDFADADDBAAB 0.00412 0.58346 DilADBCABDABCCC 0.00385 0.$2454 DHADBCABDABCCC 0.0039$ 0.57001
DHDDBCABDBBACB 0.00409 0.58755 GACDFADBDDBAAB 0.00382 0.52836 DilADBCABDAAAAC 0.00389 0.$7390
D!!ADBCABDABCCC 0.00401 0.$91$6 CACDFCDBDABAAA 0.00370 0.53206 DitADDCAADBBACD 0.00360 0.S7779
DHADBCABDAAAAC 0.00388 0.59544 GRADBBAADDAAAB 0.00365 0.$3572 ODDCBAABDDBAAB 0.00354 0.58133

| CAFDBCABDABAAB 0.00353 0.39897 ODCDFADADDBBBB 0.00364 0.$3935 CDCDFADADDBBBB 0.003$4 0.58487
DHFDBCAbDBBACB 0.00352 0.60249 DilADBCAADABAAD 0.00361 0.54206 GACDFADBDDBAAB 0.00354 0.58841
GDCDFADADDBBBB 0.00327 0.60576 CDDCAAABDDBAAB 0.00352 0.54649 OllAD3BAADDAAAB 0.00345 0.59186

| GACDFADBDDBAAB 0.00322 0.60898 DilADDCAADBBACD 0.00332 0.54981 CitADBCABDBBBBC 0.00334 0.59520
| DilADBCAADABAAD 0.00313 0.61211 CHADBCABDBBBBC . 0.00314 0.$5205 D!!FDBCABDBBACB 0.00323 0.59843

CHADBCABDBBBBC 0.00312 0.61524 00CDFADBDDBBBB 0.00300 0.55604 CACDFCDDDABCCB C.00320 0.60163
DRADBCAADAAAAC 0.00299 0.61823 CAFDBCABDABAAB 0.00302 0.5$906 D11ADBCABDAAAAD 0,00310 0.60473
DitFDDCABDBBACB 0.00206 0.62110 DHFDDCAADBBACB 0.00200 0.56205 DilADBCAADAAAAD 0.0030$ 0.60778
ODCBTADBODAAAB 0.00206 0.6241$ DHADBCAADAAAAC 0.00297 0.56502 CACDFCDBDABAAA 0.00300 0.61078

; OliADBRAADDAAAB_ 0.00274 0.62E49 DilADBCABDAAAAD 0.00289 0.56701 ODDCAAAADDBAAB 0.00297 0.61375
| DHACACAAAAAAAC 0.00273 0.62962 O!!ADBBAADDAAAA 0.00284 0.57075 Dt1ADDCABDBBACC 0.00297 0.61671

CACDFCDBDABAAA 0.00270 0.63232 DHFDBCABDBBACB 0.00284 0,57359 ODCDFADBDDBBBB 0.00286 0.61059
I 'CTADBCABDBBBBC 0.00268 0.63499 DHACACAAAAAAAC 0.00215 0.$7634 CFADBCABDBBBBC 0.00286 0,6224$

CFADBCABDBBCCC 0.00266 0.6376S GDCBTADBDDAAAB 0.00272 0.$7006 DHFDDCAADBBACB 0.00271 0.62516
DilADDCABDBBACC 0.00263 0.64028 CFADBCABDBBBBC 0.-00269 0.56175 GHADBBAADDAAAA 0.00268 0.62784
DilADBCABDAAAAD 0.00263 0.64291 FHADBBAADCAAAB 0.00261 0.58436 DILADBCAADAAAAC 0.00266 0.630$0
ODCDFADBDDBBBB 0.00262 0.64553 DHADBCAADABCCC 0.00261 0.58607 DGACACAABCAACD 0.00263 0.63313
CHADBCABDBBCCC 0.00259 0.64812 CACDFCDBDABCCB 0.00260 0.58957 ODCBFADBDDAAAB 0.00257 0.63570
DtIDDBCAADBBCCB 0.00259 0.65071 DHFDDCABDBBACB 0.00255 0.59213 DllADBCABDABZ D 0.00249 0.63819
DHFDBCAADBBACA- 0.00258 0.65329 DHDDBCAADBAACB 0.00249 0.59461 CAFDBOABDABAAB 0.00242 0.64061
DilADBCAADABCCC 0,00253 0.65583 ODDCAAAADDBAAB 0.00247 0.59708 FRADBBAADCAAAB 0,00234 0.64295

| DitADBCABDABCCD 0.002$0 0.65633 CFADBCABDBBCCC 0.00245 0.59954 DHACACAAAAAAAC -0.00233 0.64528
| DGACACAABCAACD~ 0.00240 0.66082 CHADBCABDBBCCC 0.00242 0.60195 DACCACDAAAM.AB 0.00226 0.64735
'

ODDCAAAADDBAA I D.00243 0.66325 DilADBCABDABCCD 0.00239 0.60435 DiiFDDCABDBBACB 0.00226 0.64960'' -
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Trdh D.1 (continued),

1
I

i

| MICR - |MC71Dl4A1. C0fttk!Bt'T10ffB 0F AFP TO CDD IJDitMi&ED ON A f.Ahl'1.0 BABl$ I

CSD 4 CSQ 5 CSO 6
CDCDFe tDDBA O 0.02515 0.02$15 O!CDIADBDDtAAB 0.02044 0.02044 ODCDi'ADBDDhAAB C.0243$ 0.02435

i O!cDFADADDBAAB 0.02431 0.04945 ODCDFAD20!AAB 0.02007 0.040$1 ODCDTADADDtAM 0.02356 0.04700
OIM tBAADDAAAB 0.01306 0.062S4 OIMDtBMDIAAAB 0.01114 0.05165 OHADtBAADDAMB 0.01267 0.06077

i CACDFCDDDABAAB 0.01295 0.07$49 CACDFCDBDALMB 0.01071 0.06237 DIMDBOALDABAAC 0.01260 0.07357
D11ADBCABDAMAC 0.01292 0.06640 DIMMAbbAIAAC 0.01064 0.07301 CACDFCitDALMB 0.01256 0.06t12
FIMDBBAADCAAAB 0.01070 0.09919 BIMDICAADDAMB 0.01052 0.063$4 Fit @tBAAD0AAAB 0.01040 0.096tl.
BIMMAADDAAAB 0.01027 0.10G46 BHADBOABDDAAG 0.00940 0.09303 OMDIBAADtAAAA 0,01002 0.10663
OllADBBMDDAAAA 0.01016 0.11065 1h@tBAADCAAAB 0.00670 0,10173 LIMbCAADDAMB 0.01000 0.11664
BIMDbCAbhDAAAB 0.00024 0.12660 OIMDBtAADDAAAA 0.00667 0.11040 BIMBCMDDAAAB 0.00906 0.12$71
FIM BBAADCAAAA 0.00639 0.13726 THDDICAADDBAAb 0,00641 0.11661 FIMti;BAMCAAM 0.00616 0.13366

ODCDFADBDDBAAA 0.00631 0.14559 BIMDBCA ODAAAA 0.00610 0.12700 ODCDFC BDDBAAA 0.00605 0.14193
CDCDFADADDLAAA 0.00602 0.1S361 FilDDICAADABAO 0.00600 0,13400 BIMDBCAADD/AAA 0.00776 0,14971

4 l'ItAblCAADDAAAA 0.00799 0.16160 BIMICABDDAAAA -- D.00736 0.14236 OICDIADADDBAAA 0.00777 0.1$746
DilADBCAADAbAAC 0.00766 0.16926 LL@lCAADA!AAC 0.00735 0.14973 DilADBCAADABAAC 0.00765 0.16$13
BilADBCABDDAAAA 0.00716 0.17645 Blmb80AADCAAAB 0.00717 C.15600 DIMDMADDALAAD 0.00706 0.17221
DitADBCABDABAAD 0.00714 0.16360 FHDDBCABDALAAt 0.00713 0.1640$ BilADMABDDAAAA 0.00706 0.17927'
BHADBCAADCAAAB 0.00696 0.19057 D11ADBCAADABAAC 0.00703 0.17106 LIMDBCAADCAAAB 0.00660 0.16607 .

CHADBBABDDAAAl' O.00000 0.19747 MMBCABDDAMB 0.00696 0.17004 WADE AADABAAC 0.0067$ 0.19262
AllADBCABDDAAA6 0.00667 0.20414 F DDBCABDBBAM 0.00695 0.16406 " 9 tBABDDAAAB 0.00669 0.199$1
M1ADBCAADDAAAB 0.00650 0.21063 M MDBCAADCAAAB 0.00665 0.19163 MLADICALDb4AAB 0,00634 0.20$65

i ELADBCARAtAAC 0.00646 0.21712 FilADI:BAADCAAM 0.00677 0.10660 BIMDBCABDCAAAB 0.00617 0.21202
BIMDICAt-DCAAAB 0.00626 0.22339 ODCDFADDDDBAAA 0.00677,0.20$37 AIMDMAADDAAAB 0.00005 0.21607
BIMDBCAADCAAAA 0.00544 0.22663 CDCDFADADDBAAA 0.00663 0.21200 Bu@lCAADCAAAA 0.00529 0.22336
OliADBI!ABDDAAAA 0.00$36 0.23421 BIMDICABDCAAAB 0.0064$ 0.21645 LTADBCABDABAAC 0.00523 0.226S9
CDCDFCDBDB!CCB 0.00520 0.23941 EEADBCABDABAAC 0.00640 0.22465 OHADBBABDDAAAA 0.00$21 0.23360
Fit @ BBABDCAAAB 0.00$10 0.24460 DRADBCABDABAAD 0.00610 0.23006 Fl!DDMAADABAAB 0.00517 0.23607
MMBCABDDMAA 0.00510 0.24978 BI M bCAADCAAAA 0.00$56 0.23654 CDCDFCDBDBICCB 0.00$14 0.24411
AllADBCAADDAAAA 0.0050$ 0.2S464 MMDBCABDDAMA 0.00$43 0.24197 F!MDBBABDCAMB 0.00$04 0.2491$
ELADBCABDABAAC 0.00492 0.25975 MMDBCAADDAAAA 0.00533 0.24729 FI'DDBCAADBBAAB 0.00404 0.25400
BilADBCABDCAAAA 0.00469 0.26464 BilADBCADDCAAAA 0.00502 0.2523% MMDICABDDAAAA 0.00493 0.25902
FMDBCAADABAAB 0.004$$ 0,26919 Olp tBABDDAAAt 0.00465 0.2$717 BlMBCADDCMAA 0.00480 0.26362'

AltADBCABDCAAAB 0.00449 0.27367 /J1ADBCABDCAAAB 0.00470 0.26166 MIADBCAADDAAAA 0.00470 0.266S2
AllADBCAADCAAAB ' O.00440 0.27607 AIM BCAADCAAM 0.00463 0.26640 AllADBCABDCAMB 0.00426 0.27279

i GRACABABBDAAAB 0.00416 0.26226 CDCDFCOBDBBCCB 0.00424 0.27073 AllADBOAADCAAAB 0.00410 0.27669
Fl!DDBCAADBBAAB 0.00417 0.26642 EEADBOABDABAAD 0.00413 0.27465 dim BCAADABAAD 0.00400 0.26006
CACDFCDBDABAAA 0.00416 0.200$9 DRADbCABDAAAAC 0.00379 0.27665 OllACABABBDAAAB 0.00409 0.26506
dim BCAADAIMAD 0.00407 0.20466 CHADBBABDDMAA 0.00370 0.26243 FEDBCABDABAAB 0.00406 0.26912
TitADBLABDCAAAA 0.00405 0.29671 EEADBCAADABAAD 0.00376 0.26621 CACDFCDDDAMAA 0.00404 0.29316
DilADBCABDAAAAC 0.00397 0.30266 FilADBBABDCAAAB 0.00367 0.26966 DHADBCABDAAAAC 0.00307 0.20713
GHABABAACDAAAB 0.00300 0.30663 MMICABDCAAAA 0.00365 0.29353 EEADBCABDABAAD 0.0039$ 0.30106
EEADBCABDABAAD 0.00301 0.31054 MMDBCAAbCAAAA 0.00000 0.29713 F11ADBBABDCAAAA - 0.00393 0.30$01
M1ADBCABDCAAAA 0.00340 0.31403 DilAD K AADABAAD 0.003SS 0.30066 O!MABAACDAMD 0.00369 0.30600
FEDBCABDABAAB 0.00347 0.31750 CACDFCDDDABAAA 0.0034S 0,30413 FHDDBOABDBBAAB 0.00364 0.31273
AIMBCAADCAAAA 0.00342 0.32002 OIMCABABBDAAAB 0.00337 0.307S0 EEADBCAADABAAD . 0.00352-0.3162S

( EEADBCAADABAAD 0.00342 0.32434- FDDDBCADDCBAAB 0.00331 0.31061 MLCBCABDCAAAA . 0.00332 0.31957
OHBCBBAADDAAAB 0.00341 0.32775 FDDDICAMCBMB 0.00326 0.31400 _ OHBCBBMDCAAAB - 0.00330 0.32266
EEADBCAADABCCC 0.00336 0.33111 FDDCACAADCAAAB 0.00320 0.31729 MIADBCAMCAAAA 0.00319 0.3260$
OHACABABBDAAAA 0.00325 0.33437 OlMBABAACDAAAB 0.00297 0.32027 EEADKAADABCCC 0.00316 0.32924
[ODBCABDIBAAB 0.00324 0.33761 D11ADBBAADMAAI 0.0020S 0.32322 OliACABABBDAMA 0.00316 0.33241
DHDDBCAADBBACB 0.00324 0.34066 DHADBCABDAAAAD' O.00204 0.32616 DIMBBAADAAAAB 0.00316 0.33$$7
DMADBBAADAAAAB 0.00315 0.34401 THADBBABDCAAAA 0.00266 0.32902 DWDBCAADBBACB 0.00304 0.33661
CHOABAACDAAAA 0.00306 0.34700 THDDBCAADBBAAA . 0.00276 0.33160 OllABABAACDAAM 0.00303 0.34164-
DilADBCABDAAAAD 0.00303 0.35012 FDDBCAADAAAAB 0.00274 0.33455 DIMDICABDAAAAD 0.00303 0.34467
D@DBCABDSBACB 0.00269 0.35301 FDDCICAADCAAAB 0.00272 0.33726 CACDFCDDDABOCB 0,00263 0.34749

- CACDFCDBDABCCB 0.00266 0.3SS89 FilDDBCAADABAAA 0.00265 0.33992 CilADBCABDBBBBC 0.00260 0.3S030-
CHBBBilAADDAAAB 0,00267 0.35677 OHACABABBDAAAA 0.00262 0.342S3 FHACA MBBCAAAb 0.00276 0.35306
FHACABABBCMAB 0.00265 0.36162 Fl:FDBCAADDBAAB 0.00259 0.34512 DHDDBCADDBBACB- 0.00276 0.35565

1 'CilADBCABDBi$1C 0.00264 0.36445 GHICtBAADDMAB 0.00256 0.34766 OHBBBBAADDMAb 0.00276 0.35661
'

CADDBCABDABAAB 0.00260 0.36725 EEBCBCMDAAAAC 0.002$4 0.35022 CADDBCABDABAAB 0.00272 0.36132
GACDFADBDDBAAB 0400277 0.37002 FHFDBCMDABAAB 0.00249 0.3S271 CACDFADBDDBAAB 0.00266 0.36401

.CHADBCAADABAAC 0.00271 0,37273 FEDbCABDAAAAB 0.60246 0.35$19- GACDFADADDBAAB 0.00262 0.366C3
OACDFADADDBAAB 0.00270 0.37543 EF.ADBCAADABCCC 0.00246 0.3576$ Ft1ABABAAOCAAAB 0.00260 0.36923
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Table D.1 (Continued)

'HFCk - FRACTIDNAL CONTRIBt1TIONS OF AFB TO CSQ. NORMALIZED CH A SAMPLE BASIS
CsQ 7 CSQ 6 CSQ 9

0:CDFCBDDBAAB 0.0294$ 0.0294$ GDCDFADADDBAAB 0.04013 0.04013 ODCDFADADDBAAB 0.03467 0.03467
GICDFADADDBAAB 0.02659 0.0$60$ M1ADBCAADDAAAB 0.03$30 0.07$$2 CDCDFADBDDBAAB 0.03165 0.066$2
onADBBAADDAAAB 0,01369 0.07193 B11ADBCAADDAAAB 0.03469 0.11021 AHADBCAADDAAAB 0.01461 0.06132
Di@ BCABDABAAC 0.01366 0.06$61 0 CDFADDDDBAAB 0.03246 0.14267 CACDFCDDDABAAB 0.01466 0.00$96
BHALBCAADDAAAB 0.01277 0.09637 AllADBCAADDAAAA 0.02753 0.17020 A!!ADBCABDDAAAB 0.01326 0.10927
FRADtBAADCAAAB 0.01164 0.11001 BRADBCAADDAMA 0.02696 0.19716 BRADBCAADDAAAB G.01300 0.12227
CACDFCDBDABAAB 0.01162 0.1216J AfMbCADDDAus 0.02f 37 0.22354 Dl%DBCABDABAAC 0.01230 0.134$6
BHCBCABDDAAAB 0.01121 0.13264 BHADBCABDDAAAB 0.0261$ 0.24970 BilADBCABDDAAAB 0.01152 0.14606
Mt@ BCAADDAAAB 0.01110 P.1439$ M1ADBCAADCAAAB 0.02364 0.27354 AllADBCAADDAAAA 0.011$2 0.1$760
Ol @ BBAADDAAAA 0.01061 0.1$47$ BilADBCAADCAAAB 0.02359 0.29713 ODCDIADADDBAAA 0.01143 0.16903
MLADBCABDDAAAB 0.01060 0.16$3$ AllADBCABDDAMA 0,020$0 0.31763 ODCDFADBDDBAAA 0.010$3 0.17956
Bl%DBCAADDAAAA 0.00093 0.17$20 BHADBCABDDAAAA- 0.02035 0.33797 ,, AllADBCABDDAAAA 0.01033 0.16969-
CICDTADBDDBAAA C.000?0 0.16496 A!!ADBCAADCAAAA 0.016$4 0.3$651 BHADDCAADDAAAA 0.01011'0.20000
ODCDFADADDBAAA 0.00943 0.19441 BilADBCAADCAAAA 0.01636 0.37466 AllADCA\DCAAAB 0.00997 0.20997
FilADBBAADCAAAA 0.0090$ 0.20346 M1ADBCABDCAAAB 0.01776 0.39265 Bite BCABDDAAAA 0.00606 0.21692
Bl# !CADDDAAAA 0.00672 0.21216 BRADBCABDCAAAB 0.01770 0.41036 AHADBCABDCAAAB 0.00603 0.2276$
bl# BOAADABAAC 0.00670 0.22066 M1ADBCABDCAAAA 0.01362 0.42416 BilADBCAADCAAAB 0.00064 0.23669 *

BlmDBCAADC/AAB 0.00664 0.229$2 BilADBCABDCAAAA 0.01376 0.43795 DilADBCAADABAAC 0.006$1 0.24$20
AIRDBCAADDAAAA 0.00664 0.2361$ ODCDFADADDBAAA 0.01320 0.4511$ bilADBCABDCAAAB 0.00784 0.2$304
M M bCABDDAaAA 0.00624 0.24639 DilADBCABDABAAC 0.01230 0.463$3 AllADBCAADCAAAA 0.0077$ 0.26079
DHADBCABDABAAD 0.00793 0.2$432 00CDFADBDD3AAA 0.01062 0.4741$ DHADBCABDABAAD 0.00744 0.26623
BRADBCABDCAAAB C.00702 0.26194 CACDFCDBDABAAB 0.010$9 0.46474 M1ADBCABDCAAAA 0.00694 0.27517
AllADBCAADCAAAB 0.007$4 0.26946 DilADBCAADABAAC 0.00992 0.49466 BilADBCAADCAAAA 0.00666 0.2620$
Gil@BBABDDAAAB 0.00722 0.27670 DHFDBCAADBBACB 0.006$3 0.$0319 OliADBBAADDAAAB 0.00666 0.26671
MIADBCABDCAAAB 0.00712 0.26362 DilADBCABDABAAD 0.00721 0.$1040 Fl!DDBCAADABAAB 0.0063$ 0.29506 i

,

BilADbCAAD2AAAA 0.00673 0,200$$ DilADDCAADBBACC 0.00669 0.$1729 BHADBCABDCAAAA 0.00610 0.30116
$llADBCABDCAAAA 0.00$93 0.29649 Dl!DDBCAADbBACB 0.00661 0.$2410 Fl!DDbCAADBBAAB 0.00601 0.30716
Mt@lCAADCAAAA 0.00$67 0.3023$ CADDBCABDABAAB 0.00$64 0 $2994 CDCDFCDBDBBCCB 0.00531 0.31247
GHCBBAbDDAAAA 0.00553 0.30706 CDCDFCDBDBBCCB 0.00563 0.$3$$7 O!!ADBnAADDAAAA 0.00$16 0.31765
Mtc BCABDCAAAA 0.00$$4 0.31352 DHDDBCABDBBACB 0.00467 0.$4023 THDDBCABDABAAB 0.00$15 0.32200
FilADBLABDCAAAB 0.00$41 0.31693 OACDFADADDBAAB 0.00440 0.$4464 CACDFCDDDABAAA 0.00471 0.327$1
CDCDFCDBDEBCCB 0.00$26 0.32419 DilADBCAADABAAD 0.00413 0.$4677 FliADBBAADCAAAB 0.00466 0.33218
DHDDBCAADtBACB 0.00463 0.32001 DMADBCABDAAAAC 0.00406 0 $$26$ Fl!DDBCABDBBAAB 0.00464 0.33662
DRADBCAADABAAD 0.00437 0.33339 ODDCAAABDDBAAB 0.00404 0.$$669 DRDDBCAADBBACB 0.00412 0.3e094
DHFDBCAADBBACB 0.00436 0.3377$ Cl!DDBCABDABAAB 0.00306 0.$6067 DilADBCABDAAAAC 0.00396 0.38492
Ol|ACABABBDAAAB 0.00426 0.34201 ODDCBAABDDBAAB 0.00366 0.56433 EEADBCAADABAAC 0.00394 C.37.666
FRADBBABDCAAAA 0.00422 0.34623 CDCDFADADDBBBB 0.003$0 0.56603 CACDFADADDBAAB 0.0036$ 0.35271
EEADBOAMABAAC 0.00407 0.3$030 CACDFADBDDBAAB 0.00349 0.$71$2 DilADBCAADABAAD 0.0036$ 0.3$655
DIMDBCABDAAAAC 0.0040$ 0.3$435 DilADDCAADBBACD 0.00347 0.57499 EEADBCABDABAAC 0.00366 0.36022
GHBCBBAADDAAAB 0.00394 0.35620 ORADBBAADDAAAB- 0.00340 0.$7639 TRADBBJ3M933. 0.00364 0.3636$
CADDBCABDABAAB 0.00392 0.36221 CACDFCDBDABAAA 0.00337 0.$6176 CACDFADBDDBAAB 0.00352 0.36737
CACDFCDliDABAAA 0.00372 0.36$03 DRADBCABDABCCC - 0.00334 0.58$10 CADDBCABDABAAB 0.00347 0.37064
Df:DDBCABDBBACB 0.00362 0.36955 Cl%DBCABDBBBBC 0.00331 0.$6641 DHDDBCABDBBACB 0.00336 0.37422
OHtBBBAADDAAAB 0.00362 0,37317 CACDFCDBDABCCB i.00313 0.59154 ODCDFADADDBBBB 0.00304 0.37726
OlMtABAACDAAAB 0.00354 0.37672 DIMDBCABDAAAAD 0.00299 0.594$4 DIMDBCABDAAAAD 0.00302 0.30029
Dl%DBBAC AAAAB 0.003$1 0.36022 DHFDBCABDBBACB 0,00200 0.$97$0- DEADBCABDABCCC 0.00300 0.36320
CHACABABBDAAAA 0.00331 0.363$4 DEADBCAADAAAAC 0.00291 0.60041 CHADBCABDBBBBC 0.00293 0.36622
Cl@BCABDBBBBC 0.00330 0.36664 Df1FDDCAADBBACB 0.0026$ 0.60326 ODDCBAABDDBAAB 0,00266 0.36909
EllADBCAADABAAC 0.00326 0.30012 CFADBCABDBBBBC 0.00264 0.60610 ODCDFADBDDBBBB 0.00264 0.39193
EEADBCABDALAAC 0.00326 0.39340 ODCDFADBDDBBBB 0.00263 0.60603 CDDCAAABDDBAAB 0.00261 0.39415
OACDFADBDDBAAB 0.00322 0.39662 ODDCAAA CDBAAB 0.00269 0.61162 FDDCBCAADCAAAB 0.00260 0.3973$
GACDFC CDBAAB 0.00317 0.39970 DHADBCAADAAAAD 0.00266 0.61430 CACDFCDBDABCCB 0,002$7 0.39992
EEADBCABDABAAD 0.00316 0.4029$ GDCBFADBDDAAAB 0.00267 0.61697 FDDCACAADCAAAB 0.002$2 0.40243
DiaDBCABDAAAAD 0.00311 0.40606 GIMDBBAADDAAAA 0.00264 0.61961 DACCACDAAAAAAB 0.00252 0.40495
OHBCBBACDAAAA 0.00307 0.40013 DilACACAAAAAAAC 0.00263 0.62224 FDDDBCAADCBAAB 0.002$2 0.40746
GRACABAACDAAAB 0,00206 0.41211 FilADBBAADCAAAB 0.00262 0,62466 CFADBCABDFBBBC 0.002$1 0.40907
CACDFCDBDABCCB 0.00295 0.41506 CAFDBCABDABAAB 0.002$6 0.62744 DRACACAAAAAAAC 0.00240 0.41237
FIIACABABBCAAAB 0.00293 0.41199 DGACACAABCAACD C.002$6 0.63000 CllADBCABDBBBBD 0.00:36 0.41476
CFADBCABDBBBBC 0.00263 0.42062 DHADDCABDBBACC 0.00249 0.63249 FHDDBCAADAAAAB 0.00230 0.41706
OltBBBBAADDAAAA 0.00262 0.42364 DHFDDCABDBBACB 0.00237 0.63466 ODCCFADBDDAAAB- 0.00226 0.41931
OHABABAACDAAAA 0.00276 0.42641 DACCACDAAAAAAB 0.00236 0.63722 DHADBCAADAAAAC 0.00224 0.421$$
DHADBBAADAAAAA 0.00271 0.42911 DHADBCAADBBACD 0.00213 0.63936 FDDDBCABDCBAAB 0.00223 0.42376

. . . .
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Table D.1 (continued)

<

FCMR - FMCTIONA1. CONTRIB11TIONS OF AFB 70 CSQ. NOFJM1.IZED ON A 0'.0BAL BASIS
CF,Q 1 CsQ 2 CSQ 3

AllADBCABDDAAAB 0.07516 0.07S16 A!!ADBCABDDAAAB 0.04251 0.04251 AHADBCABDDAAAB 0.05964 0.0$984
AIMDBCAADDAAAB 0.06706 0.14222 BftADBCAADDAAAB 0.04074 0.06325 Bl!ADBOAADDAAAB 0.0Y U.11$31
AllADBCABDDAAAA 0.05652 0.20074 DflADBCAADABCCC 0.03739 0.12064 AftADBCAADDAAAB 0.0sc73 0 16603
AHADBCAADDAAAA 0.0$214 0.25286 AIMDBCAADDAAAB 0.03727 0.15791 BilADBCALDDAAAB 0.04855 0.21458
A!MDBCABDCAAAB 0.05095 0.30383 BilADBCABDDAAAB 0.03564 0.19376 AHADBCABDDAAAA 0.046$9 0.26117
BHADBCMDDAAAB 0.04t16 0.35000 AftADBCABDDAAAA 0.03310 0.22685 BHADBCAADDAAAA 0.04313 0.30430
AftADBCAADCAAAB 0.04518 0,29518 BIIADBCAADDAAAA 0.03168 0.2$6$4 AHADBCABDCAAAB 0.040$0 0.344Y0
AllADBCABDCAAAA 0.03967 0.43485 Df1ABACAABBAAAD 0.02063 0.28637 AHADBCAADDAAAA 0.03944 0.36424
BitADBCAADDAAAA 0,03$00 0.47074 AllADBCAADDAAAA 0.02898 0.31735 2HADBCABDDAAAA 0.0377$ 0.42199
AHADBCAADCAAAA 0.03529 0.50603 A11ADBCABDCAAAB 0.02879 0.34013 BitADBCAADCAAAB . 0.03753 0.45932
DilADBCAADABCCC 0.03319 0.53923 BHADBCABDDAAAA 0.02787 0.37401 BilADBCABDCAAAB 0.03472 0.49423
BilADBCABDDAAAB 0.03234 0.$71$7 BilADBCAADCAAAB 0.02776 0.40176 _ AllADBC^ADCAAAB 0.03424 0.52647
BitADBCAADCAAAB 0.03112 0.60269 BilADBCABDCAAAB - 0.02527 0.42703 AHADbCABDCAAAA 0.h i$3 0.56000
BHAbBCABDDAAAA 0.02515 0.62784 A!!ADBCAADCAAAB 0.02518 0.45221 BilADBCAADCAAAA 0.02931 0.58930-
BHADBCAADCAAAA 0.02431 0.0$214 AftADBCABDCAAAA 0.02241 0.47462 BHADBCABDCAAAA 0.02701 0.61631
BHADBCABDCAAAB 0.02327 0.67541 DitADBCABDABAAC 0.02176 0.49638 AHADBCAADCAAAA 0.02673 0.64304
DHABACAABBAAAD 0.01997 0.69538 B!!ADBCAADCAAAA 0.02166 0.51804 DIMDBCAADABCCC 0.0231$ 0.66619 '

BRADBCABDCAAAA 0.01611 0.71349 BilADBCABDCAAAA 0.01966 0.53770 DHABACAABBAAAD 0.012S3 0.67872
DitADBCABDABAAC 0.01433 0.72782 AIMDBCAADCAAAA 0.0196$ 0,$$735 DIMDBCAADABAAC 0.01135 0.60006
DilADBCAADABCCD 0.01419 0.74201 DEADBCAADABAAC 0.01907 0.57642 ODCDFADADDBAAB 0.01082 0.70088
DilADBCAADABAAC 0.01249 0.75450 Dt1ABACAABBAAAC 0.01645 0.59468 ODCDFADBDDBAAB 0.00990 0.71078
DilABACAABBAAAC C.0123$ 0.76685 DiMDBCAADABCCD 0.01596 0.61086 DHADBCAADABCCD 0.00990 0.72068
DHADBCABDABCCC 0.01050 0.77736 DGABACAABBAAAD 0.01349 0.62435 DitADBCABDABAAC 0.00964 0.73052
ODCDFADADDBAAB 0.00947 0.78663 GDCDFADADDBAAB 0.01332 0.63767 DHABACAABBAAAC 0.00775 0.73827
DGABACAABBAAAD 0.00003 0.79566 DilADBCABDABAAD 0.01217 0.64964 DilADBCABDABCCC 0.007$6 0.74$85
DitADBCABDABAAD 0.00703 0.80379 DHADBCABDABCCC 0.01200 0.66184 DIIADBCABDABAAD 0.L 524 0.75208
DRADBCABDABCCD 0.00701 0.81080 DiiADBCABDAAAAC 0.01048 0.67232 DHAb NABCAAAD 0.00593 0.75601
DDDCAAABDCBAAB 0.00661 0.81761 DDDCAAABDCBAAB 0.01017 0.68249 DGAL ,AABBAAAD 0.00566 0.76367
DilADBCABDAAAAC 0.00661 0,82422 ODCDFADBDDBAAB 0.00881 0.69130 DHADbCABDAAAAC- 0.00$23 0.76800
D!iACACAAAAAAAC 0.00$41 0.62963 D11ACACAAAAAAAC 0.00810 0.69940 DilADBCABDABCCD 0.00504 0.77394
ODDCBAABDDBAAB 0.00476 0.63438 DRADBCABDABCCD 0.00700 0.70739 DtlADBCAADABAAD 0.00504 0.77898
DilADBCAADABAAD 0.00466 0.83904 DilADBCAADABAAD 0.00785 0.71525 DFABACAABCAAAC 0.00464 0.78382
CDCDFADDDDBAAB 0.00452 0.B4357 DIMDBCABDAAAAD 0.00723 0.72248 DOABACAABCAAAD 0.00436 0.78818
DilADBCABDAAAAD 0.00443 0.64600 GDDCBAABDDBAAB- 0.00632 0.72880 DDDCAAABDCBAAB 0.00427 0.7C245
DHACACAAAAAAAD 0.00413 0.85213 DRACACAAAAAAAD 0.00616 0.73498 DHADBCABDAAAAD 0.00404 0.79649
ODCDFADADDBAAA 0.00312 0.85524 DFABACAABCAAA0 0.00$4$ 0.74043 ODCDFADADDBAAA 0.00357 0.80006
ODCCBADDDDBAAB 0.00257 0.85781 ODCDFADADDBAAA 0.00439 0.74482 CDDCAAABDDBAAB 0.003$5 0.80361
DFABACAABCAAAC 0.00240 0.66022 CACDFCDBDABAAB 0.00433 0.74914 CACDFCDBDABAAB 0.00353 0.60714
DDDCAAABDCBAAA 0.00227 0.86248 DRABACAABCAAAD 0.00361 0.7$296 DHACACAAAAAAAC 0.00344 0.81058
DilABACAABCAAAD 0.00212 0.86461 DDDCAAABDCBAAA 0.00339 0.75635 DHBBACAABBAAAD 0.00338 0.81397
CACDFCDBDABAAB 0.00184 0.86644 GDCCBADBDDBAAB- 0.00339 0.75974 ODCDFADBDDBAAA 0.00326 0.81725
BilADDCABDBBACB 0.00175 0.86619 DACCACDAAAAA7 0.00327 0.76301 Df!ADBCAADAAACC 0.00326 0.82051
ODDCAAABDDBAAB- 0.00162 0.86981 ODCDFADBDDBAAA 0.00292 0.76593 ODDCBAABDDBAAB 0.00313 0.82364
DilADBCABDABBBC 0.00161 0.87142 DGABACAABCAAAD 0.00261 0.76873 DRADBCAADABACC 0.00307 0.82670
DGABACAABCAAAD 0.00156 0.87298 GDDCAAABDDBAAB 0.00278 0.771$1 DACCACDAAAAAAB 0.00291 0.82061
GDDCBAABDDBAAA 0.0015$ 0.87453 CDCDFCDBDBBCCB 2.00269 0.77420 Df1ACACAAAA W D 0.00261 0.83222
FDDCBAABDCBAAB 0.00154 0.87607 CilADBCABDBABBC 0.00258 0.77676 DHADBCAADAAAAL 0.00243 0.83466
CDCDFADBDDBAAA 0.00149 0.87757 DACCACDAAAAAAA 0.00246 0.77924 BhADDCABDBBACB 0.00240 0.83706
AKADBCABDAAAAB 0.00149 0.87906 DHADBCABDABPBC 0.00244 0.78168 DACCACDAAAAAAA 0.00218 0.63924
CDCDFCDBDBBCCB 0.00147 0.86053 CFADBCABDBABBC 0.00221 0.78380 CRADBCABDBABBC 0.00215 0.64140
DACCACDAAAAAAB 0.00144 0.88197 DFABACAABBAAAC 0.00220 0.76609 DHBBACAABBAAAC 0.00214 0.84354
BIMDDCABDBBACA 0.00135 0.68332 DHBBACAABBAAAD 0.00216 0.78827 DilADBCAADAAACD 0.00209 0.84563
DDCCAADBDCBAAB 0.00130 0.86462 DRADBCAADAAACC 0.00210 0.79036 DHABACAABCAAAC 0.00208 0.64771
GDCCAADBBDBAAB 0.00128 0.68590 ODDCBAABDDBAAA 0.00207 0.79243 DHADBCAADAAAAC 0.00201 0.84972
DfBBACAABBAAAD 0.00123 0.68712 DiMDBCAADAAAAC 0.00206 0.79449 DF/.BACAABBAAAC 0.00195 0.65167
DIMDBCABDABACC 0.00120 0.88632 FDDCBAABDCBAAB 0.00205 0.796$5 DilADBCAADABACD 0.00168 0.853$$
Dl!ADBCAADAAAAC 0,00120 0.68052 DHADBCAADABACC 0.00199 0,79654 BIMDDCABDEBACA 0.00185 0.85541
DilADBCAADABBfC 0.00118 0.89071 DDCCAADBDCBAAB 0.00194 0.60046 CFADBCABDBABBC 0.00185 0.85725
CllADBCADDBABBC 0.00116 0.89189 ODCCAADBBDBAAB 0.00168 0.60236 CDCDFCDBDBBCCB 0.00171 0.85896
DilADBCAADAAACC 0.00117 0.89306 DOADBCAADCAACD 0.00188 0.80423 ODCCBADBDDBAAB - 0.00170 0.86066
DRADBCAADABACC 0.00111 0.89417 Df!ADBCAADABBBC 0.00166 0.80610 DGADBCAADCAACD 0.00167 0.86242
DACCACDAAAAAAA~ b.00108 0.89525 DFABACAABCAAAD 0.00182 0.80792- DFABACAABCAAAD 0.00162 0.66394 ]
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; Table D.1 (continued)
,

100( - FRAC 710NA1, CONTR!!NTIONS OF AFB TO C5Q, NDMMt.1 ZED ON A 01.0BAL BASIS
CDQ 4 CSQ $ CSQ 6

DHADBCAADABAAC 0.01890 0.01890 DIMBCAADABAAC 0.01$34 0.01$34 DilADBCAADABAAC 0.01664 0.01664
DitABACAABBAAAD 0.01731 0.03621 ODCDFADBDDBAAB 0.01409 0.02943 D!iABACAABBAAAD 0.01754 0.03638
ODCDfADBDDBAAB 0.01666 0.0$288 Bl!ADf4CAADDAAAB 0.01360 0.04323 ODCDFADBDDBAAB 0.01664 0.05301
DIADBCABDABAAC 0.01468 0.067$6 B11ADBCABDDAAAB 0.01326 0.0$649 DilADBCABDABAAC 0.01482 0.06763
GHADBBAADDAAAB 0.01432 0.08166 DilABACAABBAAAD 0.01324 0.0t973 OIMDBBAADDAAAB 0.01435 0.08210
CDCDFADADDBAAB 0.01350 0.09538 ODCDFADADDBAAB 0.0122$ 0.08106 ODCDFADADDBAAB 0.01344 0.09562
DRADBBAADAAAAB 0.01320 0.106$8 OllADBBAADDAAAB 0.01173 0.09371 D!iAD!BAADAAAAB 0.01331 0.10894
DFABACAABCMAC 0.01200 0,12148 AllADBCABDDAAAB 0.01146 0.10$17 DFABACAABCAAAC 0.0'277 0.12171
O!!ACABABBDAMB 0.01222 0.13371 DtiADBCABDABAAC 0.0113$ 0.116$1 03ACABABBDAAAB 0.01230 0.13401
OllABABAAADAAAB 0.01117 0.14487 B11ADBCAADDAAAA 0.01073 0.12724 OllABABAAADAAAB 0.01126 0.14527
OHADBBAADDAAAA 0.01114 0.1$602 BitADBCABDDAAAA 0.01031 0.137$6 OttADBBAADDAAAA 0.01116 0.15643
CACDFCDBDABAAB 0.01106 0.16707 DFABACAABCAAAC 0.t1024 0.14779 CACDFCDBDABAAB 0.01092 0.1673$
DHOACAABBAAAC 0.01070 0.17770 DilADBBAADAAAAB - 0.01017 0.15796 " DilABACAABBAAAC 0.0108$'0.17820
DfiADEBAADAAAAA 0.01010 0.18797 AHADBCAADDAAAB 0.0C08$ 0.16780 DilADBBAADAAAAA 0.01026 0.16646
F11ADBBAADCAAAB 0.01003 0.19800 CHACABABBDAAAB 0.000$3 0.17733 FliADBBAADCAAAB 0.01004 0.198$2
BilADDCABDDAAAB 0.01003 0.20602 BilADBCAADCAAAB 0.00941 0.16674 BitADBCABDDAAAB 0.00979 0.20630'
B!lADBCAADDAAAB 0.00974 0.21776 BIIADBCABDCAAAB 0.00931 0.1960$ ORACABABBDAAAA 0.00957 0.21787 -

'
O!LACABABBDAAAA 0.000$0 0.22727 CACDFCDBDABAAB 0.00930 0.20$3$ BRADBCAADDAAAB 0.00940 0.22726i

DitADBCABDAAAAC 0.0092$ 0.23651 OllADBBAADDAAAA 0.00913 0.21448 DitADBCABDAAAAC 0.00927 0.2365$
DilADBCAADABAAD 0.00016 0.24$70 AllADBCABDDAAAA 0.00802 0.22340 DIMDBCAADABAAD 0.00918 0.24$73

#

OHABABAAA0AAAA 0.00868 0.2$438 OHABABAAADAAAB 0.00662 0.23202 DRADBCABDABAAD 0.00876 0.25449
DIMDBCABDABAAD 0.00867 0.26306 FilADBBAADCAAAB 0.00832 0.24034 O!!ABABAAADAAAA 0.0067$ 0.26324
FilACABABBCAAAB 0.00815 0.27121 DilABACAABBAAAC 0.00819 0.246$3 FilACABABBCAAAB 0.00821 0.27145
DACBACDBBAAAAB 0,00791 0.27012 DilADBBAADAAAAA 0.0078$ 0.2$636 DGABACAABBAAAD 0.00793 0.27936
DOABACAABBAAAD 0.00783 0.28694 DitADBCAADABCCC 0.00778 0.2641$ FBADBBAADCAAAA - 0.00781 0.28719
filADBBAADCAAAA 0.00700 0.29475 AftADBCABDCAAAB 0.0077$ 0.27190 DACBACDBBAAAAB 0.00773 0.29492
BRADBCABDDAAAA 0.00780 0.30254 DACBACDBBAAAAB 0.00770 0.27961 DACCACDAAAAAAB 0.00767 0.302$9
DACCACDAAAAAAB 0.00775 0.31029 AHADBCAADDAAAA 0.00766 0.28726 BHADBCABDDAAAA 0.00761 0.31020
DHADbCAADABCCC 0.00769 0.31798 OltACABABBDAAAA 0.00741 0.29467 DilADBCAADABCCC 0.007$9 0.31780
BilADBCAADDAAAA 0.00756 0.32$$6 DIMDBCAADABAAD 0.00740 0.30207 FilABABAAACAAAB 0.007$1 0,32$30
FilABABAAACAAAB 0.00745 0.33300 BttADBCAADCAAAA 0.00734 0.30041 DitADBCABDAAAAD 0,00738 0.33260 '

AHADBCABDDAAAB 0.00739 0.s4039 JADBCABDCAAAA 0.00725 0.31666 BliADBCAADDAAAA 0.00731 0.34000
DilADBCABDAAAAD 0.00736 0,34777 DP4DBCABDAAAAC 0.00719 0.3236$ AllADBCABDDAAAB 0.00664 0.34663
BRADBCABDCAAAB C.00701 0.3$476 GLADBCABDABAAD 0.00643 0 33069 BRADBCABDCAAAB 0,00664 0.35367
BilADBCAADCAAAB 0.00664 0.3614;. UnAIC BMjtDAAAA 0.00671 0.33739 BilADBCAADCAAAB 0.00641 0.36006
FilACABABBCAAAA 0.00634 0.36776 A!!ADPOMMAB 0.00666 0.3440$ FilACAbABBCAAAA 0.00636 0.36646
AtMDBCAADDAAAB 0.00633 0.37409 FRADEBAADCAAAA 0.00646 0.3$0$3 DACBACDBBAAAAA 0.00600 0.3724$
DACBACDBBAAAAA 0.00613 0.36022 THACABABBCAAAB 0.00636 0.35689 DDDCAAABDCBAAB 0.00598 0.37643
DDDCAAABDCBAAB 0.00$90 0.36612 DACCACDAAAAAAB 0.0061$ 0.36304 AHADBCAADDAAAB 0.00$84 0.36428
DACCACDAAAAAAA 0.00$81 0.39193 AllADBCABDCAAAA 0.00603 0.36907 FRABABAAACAAM 0.00$53 0.39011
FilABABAAACAAAA 0.00$79 0.39772 DGABACAABBAAAD 0.00$98 0.37506 LACCACDAAAAAAA 0.00576 0.39587
A!!ADBCABDDAAAA 0.00576 0.40346 DACBACDBBAAAAA 0.00$97 0.36103 CHADBCABDBABBC 0.00568 0.4015$
CliADBCABDBABBC 0.00$74 0.40921 1,uADBCABDAAAAD 0.00$76 0.36681 ODCDFAD9DDBAAA 0,00$$2 0.40707
ODCDFADBDDBAAA 0.00$$3 0.4147$ FilABABAAACAAAB 0.00$75 0.392$6 OtlABACAAbCAAAD 0.00$42 0.41249
BHADBCABDCAAAA 0.00$4$ 0.42020 AHADBCAADCAAAA 0.00520 0.39776 AIMDBCABDDAAAA 0.00$32 0.41781
DIMBACAABCAAAD 0.00$33 0.42$$3 FilACABABBCAAAA 0.00494 0.40270 BRADBCABDCAAAA 0.00132 0.42313

- DFABACAABBAAAC 0.00$20 0,43072 EEADBCAADABAAC 0.00490 0.40760 DFABACAABBAAAC 0.00$14 0.42626
BilADBCAADCAAAA 0.00$16 0.43590 CDCDFADBDDBAAA 0.00466 0.41226 BRADBCAADCAAAA 0.00$00 0.43327-
AllADBCABDCAAAB 0.00$00 0.44090 DACCACDAAAAAAA 0.00461 0.41669 CFADBCABDBABBC 0.00468 0.4381$
CFADBCABDBABBC 0.00492 0.44$63 CilADBCABDBABB0 0.004$7 0.42146 DflACACAAAAAAAC 0.00467 0.44302
AHADBCAADDAAAA 0.00402 0.4507$ DHABACAABCAAAD 0.00456 0.42602 AHADBCABDCAAAB 0.00462 0.44764
DHACACAAAAAAAC 0.00481 0.45$$$ DDDCAAABDCBAAB 0.004$1 0.430$4 AIMDBCAADDAAAA 0.00454 0.45219
GDCDFADADDBAAA 0.00446 0.46001 FRABABAAACAAAA 0.00447 0.43$01 ODCDFADADDBAAA 0.00444 0.45663
DGADBCAADCAACD 0.00444 0.4644$ DFABACAABBAAAC 0.00412 0.43913 DGADBCAADCAACD 0.00440 0.46102
EEADBCAADABAAC 0.00431 0.46676 CDCDFADADDBAAA 0.0040$ 0.44316 EEADBCAADABAAC 0.00439 0.46$41
DFABA0AABCAAAD 0.00431 0.47307 CFADBCABDBABBC 0.00393 0.44710 DFABACAABCAAAD 0.00427 0,46968
AHADBCAADCAAAB 0.00429 0.47736 DHDDBCAADAAAAB 0.00375 0.4506$ CDCDFCDBDBBCCB 0.00416 0.47366
CDCDFCDBDBBCCB 0.00421 0.481$8 DitACACAAAMAAC 0.00366 0.454$4 DGABACAABCAMD 0.00399 0.47785
CDDCAAABDDBAAB 0.00306 0.46553 EEADBCAADAAAAC 0.003$3 0.45807 ODDCAAABDDBAAB 0.00306 0.48163
DHDDBCAADAAAAB 0.00393 0.46046 DGADBCAADCAACD 0.003$2 0.46159 AHADBCAADCAAAB 0.00396 0.46$79

i

JDGABACAABCAAAD 0.00392 0.49339 CDCDFCDBDBBCCB 0.00344 0.46$03 DHDDBCAADAAAAB 0.00391 0.48920
AllADBCABDCAAAA~0.00369 0,49728 DFABACAABCAAAD 0.00342 0.4664$ DACBACDABAAAAB- 0.00376 0.49349' .
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Tabic D.1 (Ccmtinued)2

i

.

FCHR FRACT!DNA!, CONTRIBUTIONS OF AFB 20 CSQ. NORMA 1,1 ZED ON A 01.OBA1. BA$1B
; CSQ 7 CSQ 8 CDQ 9
| Dl!ABACAABBAAAD 0.02109 0.02109 BIIADBCAADDAAAB 0.0$679 0.0$679 BHADBCAADDAAAB 0.02$$8 0.02$$8
i DMDBCAADABAAC 0.01960 0.04060 tilADBCABDDAMB 0.0$364 0.11043 AIMDBCABDDAAAB 0.02$07 0.0$06$'

GDCDFADBDDBAAB 0.01729 0.0$798 AllADBCABDDAAAB 0.04903 0.1$946 BIMDBCABDDAAAB 0.02304 0.07360
i DitADBCADDABAAC 0.01700 0.07407 BliADBCAADDAAAA 0.04416 0.20362 A!MDBCAADDAAAB 0.02066 0.09437

lDitADBBAADAAAAB 0.01656 0.09156 B11ADBCABDDAAAA 0.04171 0.24532 BIMDBCAADDAAAA 0.01989 0.11426
|O!!ADBBAADDAAAB 0.01448 0.10604 AllADDCAADDAAAB 0.040$1 0.28583 D!lADBCAADABAAC 0.01980 0.13406 1

CDCDFADADDBAAB 0.01427 0.12031 BilADBCAADCAAAB 0.03854 0.32437 AHADBCABDDAAAA 0.019$2 0.1$357
GilACABABBDMAB 0.01407 0.13436 AllADBCABDDAAAA 0.03816 0.362$3 BRADBCABDDAAAA 0.01791 0.17149
O!!ABABAAADAAAB 0.01398 0.14836 BHADBCABDCAAAB 0.0381$ 0.40066 DilABACAABBAAAD 0.01747 0.16896;

BMDBCAADDAAAB 0.01323 0.161$8 AllADBCABDCAAAB 0.0331S 0.43382 BilADBCAADCAAAB 0.61720 0.20e25
DilABACAABBAAAC 0.0130$ 0.17463 A!!ADBCAADDAAAA 0.03150 0.46$32 DilADBCAADABCCC 0.01728 0.22353
BIIADBCABDDAAAB 0.01288 0.187$1 BIMDBCAADCAAAA 0.03006 0.49$40 ,, A!!ADBCALDCAAAB 0.01695_0.24046
DIMDBCAADABCCC 0.01285 0.20036 BilADBCABDCAAAA - 0.02068 0.$2508 B!tADBCABDCAAAB 0 01653'0.2$701
DilADBBAADAAAAA 0.01280 0.21316 A!!ADBCAADCAAAB 0.02739 0.$$246 .0DCDFADBDDBAAB 0.01630 0.27331
DIABACAABCAAAC 0.01192 0,22$08' ARADbCABDCAAAA 0.02580 0.$7627 AllADBCAADDAAAA 0.01608 0.28939
011ADBBAADDAAAA 0,01127 0.2363$ AMADBCAADCAAAA 0.02137 0.$996$ ODCDFADADDBAAB 0.01$76 0.30$15
OllACABABBDAAAA 0.01094 0.24729 DilABACAABBAAAD 0.0198$ 0.61949 DilADBCADDABAAC 0,01442 0.319$8 #

AllADBCAlsDDAAAB 0.01089 0.2$619 DilADBCAADABCCC 0.01953 0.63902 AllADBCAADCAAAB 0.01397 0.333$4
O!!ABABAAADAAAA 0.01087 0.26005 DRADBCABDABAAC 0.01487 0.63390 BilADBCAADCAAAA 0.01350 0.3470$
DilADBCABDABAAD 0.01029 0.27935 DILADBCAADABAAC 0.01411 0.66800 AIMDBCABDCAAAA 0.01320 0.36024j BilADBCAADDAAAA 0.01029 0.28063 DRABACAABBAAAC 0.01228 0.66026 BilAUBCABDCAAAA 'O.01266 0.37311d

D11ADBCABDAAAAC 0.01003 0.29966 ODCDFADADDBAAB 0.00991 0.69019 DFABACAABCAAAC 0.01195 0.38$06
BilADBCABDDAAM 0.01002 0.30966 ODCDFADBDDBAAB 0.00930 0.69949 A!!ADBCAADCAAAA 0.01090 0.39506
FHADBBAADCAAAB 0.00985 0.319$3 DOABACAABBAAAD 0.00898 0.70646 CACDFCDDDABAAB 0.01085 0.40681
DilADBdAADABAAD 0.00960 0.32912 DilADBCABDABAAD 0.00667 0.71714 DHABACAABBAAAC 0.01081 0.41762
DGABACAABBAAAD 0.00954 0.33666 DilADBCAADABCCD 0.0083$ 0.72$49 DACBACDBBAAAAB 0.01056 0.42816
CACDFCDBDABAAB 0.000$4 0.34820 DilADBCABDAAAAC 0.00772 0.73321 D!!ADBCAADABAAD 3.00912 0.43730
FItACABABBCAAAB 0.00039 0.35758 DDDCAAABDCBAAB 0.00677 0.73998 DilADBCABDAAAAC 'O.00899 0.44628FHABABAAACAAAB 0.00932 0,36690 DitADBCABDABCCC 0.00647 0.74644 DilADBCABDABAAD - 0.00877 0.4$$0$
AHADBCAADDAAAB 0.00925 0.3761$ DHADBCAADABAAD 0.00640 L.7$264 DACBACDBBAAAAA 0.00819 0.46324
BilADBCABDCAAAB 0.00000 0.38524 DFABAf'M9E 0.00564 0.7$678 DOABACAABBAAAD 0.00700 0.47114

.

BilADBCAADCAAAB 0.n0896 0.39422 D!!ADBCABDAAAAD 0.00$63 0.76441 Dt1ADBCAADABCCD 0.00739 0.47852'

AllADBCABDDAAAA 0.00848 0.40270 DHACACAAAAAAAC 0.00542 0.76983 DACCACDAAAAAAB 0.00716 0.48571
DHADBCABDAAAAD 0.00784 0.41054 DHABACAABCAAAD 0.00449 0.77432 D!lADBCABDAAAAD 0.00711-0.49281
FilADBBAADCAAAA 0.00766 0.41820 CACDFCDBDABAAB 0.00439 0.77871 DDDCAAABDCBAAB 0.00$96 0.49877
AllADBCABDCAAAB 0.00737 0.42556 DMADBCABDABCCD 0.00439 0.78300 DilADBCABDABCCC 0.00580 0.$04$7
Ft1ACABABBCAAAA 0.00730 0.43266 DilACACAAAAAAAD 0.00413 0.78713 ODCDFADBDDBAAA 0.00$41 0.$0907
FilABABAAACAAAA 0.00724 0.44010 ODDCBAABDDBAAB 0.00386 0.79098 DACCACDAAAAAAA 0.00$30 0.51536DilABACAABCAAAD 0.00720 0,44730 D.*CCACDAAAAAAB 0.00357 0.79455 CilADBCABDBABBC - 0.00$37 0,$2073
DDDCA.ABDCBAAB 0.00719 0.4$449 DGABACAABCAAAD 0.00330 0.79786 DilABACAABCAAAD 0.00S25 0.52596
AllADBCAADDAAAA 0.00719 0.46166 ODCDFADADDBAAA 0.00327 0.60112 ODCDFADADDBAAA 0.00520 0.53119
DACCACDAAAAAAB 0.00716 0.46885 CDCDFADBDDBAAA 0.00300 0.80421 DilACACAAAAAAAC 0.00484 0.53603
BilADBCABDCAAAA 0.00707 0.47592 ODDCAAABDDBAAB 0.00293 0.80714 DFABACAABBAAAC 0.00481'O.54064
BHADBCAADCAAAA 0.00701 0.48203 CHADBCABDBABDC 0.00266 0.80962 CFADBCABDBABBC 0.00461 0.$4545AllADBCAADCAAAB 6,00627 0.48019 DACCACDAAAAAAA 0.00264 0.01250 DilDDBCAADAAAAB 0.00443 0.$4986DilACACAAAAAAAC 0,00$62 0.49$02 DilBBACAABBAAAD 0.002$6 0.81$06 DOADBCAADCAACD -- 0.00412 0.S$399'
ODCDFADBDDBAAA 0.00574 0.S0076 DilADBCAADAAACC 0.00247 0.61753 CDCDFCDBDBBCCB 0.00411 0.$5810
AllADBCABDCAAAA ' O.00573 0 $0649 bilADDCABDBBACB 0.00244 0.81997 DFABACAABCAAAD 0.00399 0.$6210
DilADBCAADABCCD 0.00549 0.51198 DFABACAABBAAAC 0.00239 0.62236- ODDCAAABDDBAAB - 0.00396 0,56606 *
DACCACDMAAAAA 0,00$37 0.51736 DitADBCAADABACC 0.00233 0.62469 DGABACAABCA uD 0.00386 0.56995
CitADBCABDBABBC 0.00532 0.57268 CDCDFCDBDBBCCB 0.00230 0.62699 DilADBCABDABUCD 0.00364 0.$7379
DOABACAABCAAAD 0.00530 0.52796 CFADBCABDBABBC. 0.00230 0.62930 CACBFCDBDAAAAB 0.00376 0.S775$
DACBACDBBAAAAB 0.00513 0.53310 DDDCAMEDCBAAA 0.00226 0.83155 DilACACAAAAAAAD 0.00366 0.58123
AllADBCAADCAAAA 0.00489 0.53799 ODCCBADBDDBAAB 0.00206 0.63361 CACDFCDBDABAAA 0.00355 0.56478
DFABACAABBAAAC 0.00460 0.54260 00ADBCAADCAACD 0,00204 0.83566 ODDCBAABDDBAAB 0.00340 0.58618' ODDCAAABDDBAAB 0,00475 0.$475$ DFABACAABCAAAD 0.00198 0.63764 DHBABCAADAAAAC 0.00305 0.59122
CDCDFADADDBAAA 0.00471 0.S$226 DHADBCAADAAAAD 0.00196 0.63962 DHBBACAABBAAAD 0,00300 0.59423
DHADBCABDADCCC 0,00460 0.$5686 DRADBCAADAAAAC 0.00191 0.641$3 DFBBACAa.BCAAAC 0.00298 0.59721
CFADBCABDBABBC 0.00457 0.56143 BilADDCABDBBACA 0.00168 0.64341 DFACACAt.20MCC 0.00294 0.6001$
DilACACAAAAAAAD 0.00443 0.$658$ DILADBCABDABBB0 0.00171 0.64$12 DilADBCAADAAACC 0.00260 0.60303DliBBACAABBAAAD 0.00411 0,$6997 DLBBACAABBAAAC 0.00162 0.84674 DilADDCAADAAAAD 0.00282.0.60585
DOADBCAADCAACD ~0.00411 0.57407 'DilADBCAADAAACD 0.001$8 0.64633 CHADBCABDBABBD 0.00274 0.60859
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APPENDIX E

SAMPLINO INFORMATICN
,

INTRODUCTION

The Sequoyah analysis uses Latin flypercube Sampling (UIS)E 1 as implemented
by the UlS programt.2 in the propagat!on of uncertainties.= The variables
sampled in the analysis for Sequoyah are listed in Tables 2.2 5, 2.3 2, and
3.2 1 of this report. Several input files and programs are used to
generate the final Uls sample for Sequoyah. The relationship between these
files and programs is depicted in Figure E.1. These files were used to
generate a sample of size 200 for Sequoyah.

|
,

INPUT FILES INITIAL UlS IIXTENDER EXTENDED
*

SAMPLE CODE SAMPLE
1

;.

SEQ.INP FINAL
UlS.FOR EXTutS . FOR SAMPLE USED

IN ANALYSIS
USRDST

MODEL.FOR CPROB.SAS

EXTDIS.DAT

Figure E.1. File Structure Used to Generate Final
UlS Sample for Sequoyah -

The input to the UlS program, SEQ INP, 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 Section
3.2.3). As indicated at the end of the UlS input in Subsection E.1, this
file also contains 35 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 correlation of 1 that are handled in the " extender code." For
each of these groups of correlated distributions only a single variabic is
included in the input' file listed in Subsection E.1.
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Some of the sampled variables have user. defined distributions. These
1 distributions are implemented by the subrouti o USRDST listed in Subsection |

E.2. These user. defined distributions are defined in several ways. The
input to UlS for such distributions contains an integer flag which

~

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 an UlS of - size 200 from 108
variables. However, this is not the sample that is actually used as input
to the integrated analysis for Sequoyah. Rather, certain variables are

,

; converted into a format that is easier to use in the integrated analysis or
were expanded in additional variables with the " extender" code EXTutS,,

which is shows in Subsection E.3. Five typen of conversions. occur and are
listed below.

1. Variables used as indicator variables for events that either always ;

occur or never occur are converted into *0+1" (zero one) variables. *

Such variables are identified by an integer flag of 2 in the Uls
input shown in Subsection E,1. The sub routine USRDST shown in
Subsection E.2 recognizes such variables by the integer flag just

) indicated and outputs a section of FORTRAN code which identifies
'

these variables and the number of "01" cases to be generated in
the extender code EXTulS. This FORTRAN code is then inserted into
the extender code 'EXTutS; the inserted code for Sequoyah can be
seen in EXTulS in Subsection E.3 immediately after the comment line
"O READ IN THE NECESSARY NO OF BRANCllES FOR THE 01 VARIABLES."
A single "0 1" variabic is generated for each case associated with
an indicator variabic in the original sample. These variables are
inserted into the extended sample starting at the-location of the
original indicator variable; an appropr! ate shift is made when
several indicator variables appear in sequence.

2. The frequency of Alpha mode failure is modified to incorporate a
reduced frequency of occurrence for conditions involving high -

-pressure in the reactor coolant system (RCS). The Alpha mode
frequency sampled in the original Uls is assumed to be for events
occurring when the RCS is at low pressure. Alpha mode failures are
believed to be less likely when the RCS is at high t.ressure. This
is implemented by introducing a second - variable - into the sample
which is one. tenth the original Alpha mode frequency. This new-

frequency for Alpha mode failure is used when the RCS is at high
pressure.

3. The probability of offsite power recovery is. ' generated from and
indicator variable included in the original sample. This variable
is identified by the subroutine USRDST by the integer flag 3. This
variable is then used in EXTutS to select 200 sequences of power
recovery _ probabilities from a set of 500 sequences of power
recovery probabilities. These recovery probabilities are defined
by a model for offsite power recovery developed by _ Iman and

-Hora . M The actual eniculation of power recovery curves is- -

3-performed by the program NODEb presented in subsection E.4r -I n
-

*7 l
turn, the output of MODEb is post processed by an SAS program .to -

E.2

. -_ _- ~ _ _ _ - , __ __ _. . . - - ,
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generate conditional probabilities of power recovery for specified
time intervals given that power has not been recovered _ in a
previous time inte rval; this program is given in Subsection E.5.
The result of the operation of the programs in Subsection E.4 and
E.5 is the 500 sequences (i.e., rows) of power recovery
probabilities given in Subsection E.6. Each row in Appendix E.6
consists of 12 conditional probabilities for power recovery defined
as follows: i

Prob of Recovery Given No
Col. 1 Between- Recovery By

1 1 and 2.5 h ih
2 1 and 4.5 h I h..

3 4 and''6 h 4h
4 4 and 10.5 h 4h a

5 7 and 12.5 h 7h
6 2.5 and 9 h 2.5 h *

7 4.5 and 9 h 4.5 h
8 6 and 9 h 6h
9 10.5 and 17 h 10.5 h

10 12.5 and 17 h 12.5 h
11 9 and 24 h 9h
12 17 and 24 h 17 h

For each observation in the original sampic, 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 12 power
recovery probabilities from Subsection E.6 is inserted in its
place.

4. EXTutS also generates variables tor all of the correlated variables
that were not handled in UlS. These variables are contained in the
file EXTDIS.DAT which is listed in Subsection E.7. As mentioned
previously, a single variable was included in UlS for each group ofa

correlated variables that are handled in EXTulS. From this single
variable a group of correlated variables is obtained. _ For example,
the amount of hydrogen that is generated in. vessel is correlated
for the .7 df fferent cases - in Question 38 in the APET, as well as
being correlated with the occurrence of temperature induced hot leg
failure and temperature induced steam generator tube rupture
(SGTR). In the UlS input. SEQ.INP, a single variable appears for
these distributions. For each observation, the single variable
from the original sample is used to obtain values for each. of the
other variables from the distributions' in Subsection E.7. In the
extended UlS, the original single variable is dropped and the new
correlated variables are added.

t.-
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5. In addition, EXTuts also generates and appends to the end of thei

; extended UlS eight "0 l" variables for reactor coolant pump (RCP)
1 seal loss of coolant accidents (LOCA) for use in the accident

frequency analysis. These variables and their mean probabilities
are listed below:

RCP lhCA 240GPM 240 gpm RCP SEAL LOCA at 90 min 5.0E 2
RCP lhCA 620 AVG 240 to 1000 gpm RCP seal IDCA at 150 min 1.25E 1

; RCP lhCA 433GPM 433 gpm RCP seal lhCA at 90 min 5.0E 3
'

RCP IDCA 717 AVG 433 to 1000 gpm RCP seal IDCA at 210 min 5.0E 3-
RCP lhCA 1000GPM 1440 gpm RCP seal LOCA at 90 min 5.25E 1
RCP lhCA 1920GPM 183 gpm RCP seal IDCA at 90 min 5.0E 3

NORMAL No failure 2.7E 1
i

The eriginal IJis that contained 108 variables was extended To ' include 225
variables that were used in the integrated. analysis.
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TITLE EtOUOYAll 2/11/$9

j LANLOM SEED 6$244671$
i N0!!S 200

} LiGNORMAL ACT*FA
0.4023E 04 0.2038E-01

LO3NOR!%L A0V FT
0.1010E-03 0.63 bit 02

LO3 NORMAL (CN * FR- 11LS.

0.093SE 0$ 0.$07$E*01
LOGNOM%L DON-FR 1AA6

0.5061E-04 0.340$t+00
LOGNORMAL DON-FS

0,8046E 02 0.1690Et00
LCONORt%L DO* HAda

'

0.2960E*04 0.1703E+00
USER DISTR!!IUTION AOP*lGN-kC-U2
$ 3 . .

0.5600E-01 0.2010E+00 '0.1000E+01
'' _,

LO3NODEL STEAH EINDING
0.1962E*00 0.7020E 03

LCGNOMML HDP FR EUR
0.6041E 06 0.$10tE 02 *

LOGNORMAL HDP FB
0.1400E 04 0.0513E 013

LOGNORMAL HDP TH
. 0.003SE*05 0.$67$E*01

LOGNORMAL HOV CC
0.1400E-04 0.6$13E 01

LOGNORMAL FP840V-FT
0.1490E-04 0.8518E*01

LOGNORt%L HJV+00
0,1490E 04 0.8$13E 01

LOGNOM RL PPS 80V-FT
0.3120E-04 0.1760E+00

USER DISTRIBUTION TDP*FR 6HR
S 3

0.3000E 02 0.3000E-01 0,3000E600
USER DiBTRIBUTION TDP TS
5 3

0.3000E-02 0.3000E*01 0.3000E*00
LOONORMAL TOP D1

0.4967E-04 0.263tE+00
; USER DIS?R10UTION XILE-DPRZT7

$ 3
0.2000E-02 0.2900E 01 0.2000E+00

| LOONORt%L !!PR-XHE F0
; 0.1010E 04 0.$617E 01

LOGNOMRL I!RP-XRE*FO-BIMIN
-0.1410E-04 0.0067E 01

LO3 NORMAL llPR Xilt-PO-C1HN1
0.12471*04 0.7123E-01

| LOGNOMRL HOS XHE-F0
| 0.1669E 04 0.9646E-01
i USER DISTRIBUTION !!PI-XIIE F0

S 3
0.2200E-02 0.2200E 01 0.2200E*00

USER DISTRIBUTION HSS*KILE-FO-ADV
-S 3

0.1000E-01 0.1000E+00 0.1000E+01
USEl. DISTRIBUTION ATW XHE-OFNVALVE
$ 3

0.6400E 02- 0.6400E-01 0,0400E+00
,

LOGNORMAL IE T7
0.4967E 04 O.2636Et00

USER DISTRIBUTION RA3
$ 3 :.___

~

0.1120E 01 0.1120E600 0.1000E+01- --
.

. , . . . . , . . ,

&|

m '"

E . I'* 1

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



, . _ . ~ - _ _ . - . - _ . _ _ . - . _ . . - _ . - _ _ _ . _ -_.....__...._m. . _ . . _ . . _ . _ . _ _ _ _ _ . - - . _ .

4

!

!
>

1

h

; i
IMNORMAL IE-E3

j 0,1321E-02 0.8191E-01
IMHOURL M14

'' O.6954E-04 0.3973E+00
14CNORMAL E

|| 0.179t! 03' O.2690E+00
j LOGNORFML RAll
j 0.6954E 04 0.3973E+00
, USER DISTRIBUTION R

S 3 '

J 0.3400E 01 0.3400E+00 0.1000E+01
I lcm 09%L IE TDCI
? 0.2484E 04 0.1419E+00

000NOR % A

0.$080E 04 0.3150E 02
LO3 NORMAL K "

0.1809E 0$ 0.764SE 03
LOGNORMAL IE-T3 --

i 0.1$68E+01 0.2120E+02
"^ - -

| 1M NORe%L Ibt!
0.1195E+01 0.1615E+02

LOGNORMAL IE T
.

0.1314E+01 0.1776E+02
'

LOONO4% IE*T2
0,1797E+00 0.2420E+01

4 LOONORMAL BETA-200
0.3881E 02 0.2394E+00

LOONORMAL BETA 8A0V
0.3475E 02 0.21$5E+00

; LOGNOMRL IAS PTF LF A0V
! 0.496'E 06 0.2838E 02/

) USER DISTRIBUTION INTERFACING SYSTEM FOR LOCA'

1 21
1.83E 13 0.00
1.26E 11 0.05

'
4.82E 11 0,10

1.74E-10 0.15 '
! 4.??E 10 0.20
j. 1.10E-00 0.2$
q 2.10E-09 0.30

4.13E 00 0.35
8.94E 09 0.40

;- 1.10E-08 0.45
; 1.63E 06 0.50

2.43E-06 0.SS.

3.?2E 08 0.60 -

5.23E*08 0.65 I

8.20E 08 0.70
i 1.24E 07 0.75
! 1.94E-07 0.80-

3.30E 07 0.8$ . '

; 6.7eE-07 0.90
1.72E-06 0.95 '

1.50E 05 1.00
USER DISTRIBUTION LOSS OF OFFSITE IDIER
6 1000
LOONOMML Q12Cl LEAK OR ISOLATION FAILURE,

A.4BE $ 0.142i

] UNIFORM Q15C1 EVENT V - BREAK LOC. UNDER WATER
.8 1.0
UNIFORM Q17C2- FORVS STICK OITN

,

; 0.0 l '. 0
; USIR DISTRIBUTION Q18C2' RCP SEAL FAILURE
( 2 2
| 1 .71
| 2 .29
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|
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1

.

USER DISTRIBUTION Q1 TLC 3 RCP $EAL FAILURE
2 2
1 .6$
2 .3$
USER DICTRIBUTION Q18C4 RCP EEAL FAILURt.

2 2
1 .60
2 40
US11 DISTRIBUTION 02SC2 V33SEL PRES. I,EFORE VB

,

2 2 .
1 .2
2 .8
USER DICTRIBUTION 02SC3 VESSEL FRES. BEFORE VB ;
2 3
1 .333 ,

2 .334 i

! 3 .333 I
'

UNIFORM Q26C2 CORE DAMAGE ARREST N0 VB ;..

.9 1. - ~~ *~

!
'

UNIFORH Q26C3 CORE DAMAGE ARREST NO VB b

.8 s.
UN'r0RM 026C6 CORE DAMAGE APJtEST No V8

06 1. -

UNIFORM 026C7 CORE DAMAGE ARREST No VB
l' .34 1.

USER DISTRIEUTION 031C2 H2 IGNITION ON RECOVERED BBO'S
1 20

0.000E+00 0.0
3.100E-02 1.655E-01
4.800E-02 1.546E*01
6.300E*02 1.974E-01
8.000E-02 2.870E-01 1

1.000E-01 4.080E 01
1.500E-01 $.454E 01
2.000E 01 6.946E*01
2.500E 01 7.930E 01
3.000E-01 8.733E 01 -

4.000E-01 0.156E*01
$.000E 01 0.501E-01
5.270E 01 0,$64E 01 .

5.500T-01 9.616E*01
6.0000 01 S 930E 01
7.000E 01 0.947E 01

~ +

i 7.500E 01 0.957E 01
0.000E-01 9.962E-01
8.500E 01 9,972E 01 .

0.000E 01 1.000E+00
USTJL DISTRIBUTION Q3201 LC TO UC VIA FLOOR DRAIN
2 2'
1 ,2$

i 2. 75

(fSER DISTRIBUTION Q20.21.38 T-1 INDUCED TAIL /IN V-E2
8 10

- USER DISTRIBUTION Q40C1P9 FRAC. H2 RELEASED TR W RCS
! 1 7

0.25 0.0
0.30 0.01
0.55 0.25
0.70 0.50
0.75 0.15
0.80 0.99
0.85 1.00
USER DISTRIBUTION Q40C2P9 FRAC. H2 RELEAEED FRCH RCS

.. ! 7

0.35 :0.0
0.40 0.01 ,

t--
_
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e -&

>e. ' '

E.1-3

t

., - . . . , .-, , - - , .- , , . . - . . _ - - . . -. . , , . . - . . . -



j_ _ _ _ _ . _ _ _ _ . . _ . . .
. _ . _ _ . _ . . _ _ . . . __.m..__.- , _ _ . _ ~ . _ _ . . ...._........_.m...___._..__.m . . . _ _ _ _ _ _ . ,

.i

.I
- 1

J

d
1

|
,

,

i

I

l 0.60 0.25
0.70 0.50

4 0.75 0.75
' O.60 0.9P _

0.6$ 1.00
USER DIETR;BUTION Q40C3P911.AC. H2 RELEASED TROM RCS
1 7
0.55 0.0
0.60 0,01 ),

0.05 0.25 5

0.70 0.50 j

0.75 0.75 !

! 0.60 0.99 .

0.65 1.00 !

, USER DISTk!BUTJON 040C4P911LMO. H2 RELEASED FROM RC8 i

! 1 7
0.65 0.0 ~!

0.70 0.01
.. ,,

-6
.-

0.75 0.25
-

0.85 0.50 :

4 0.95 0.75 1

1.00 0.99'

*
1 1.00 1.00

USER DISTRIBUTION Q41C2 HYDROGEN MIXTURE IN UPPER COMP.
2 3 ]
1 .446 ,

i 2 45
3 .104

,~

USER DISTRIBUTION Q49,50,51 H2 10 NIT 10N FOR $BO
6 0

i USER DISTRIBUTION C52Cl C3 DENONATION TRANSITION
i 0 3

.

IMI% BE TR m DET.
'i

UStR DISTRIBUTION Q55C1P1
1 19
0.000E+00 0.000E+00
1.960E+00 4.573E-03
2.000Et00 8.000E-03
3.0000+00 9.033E 02
4.000E+00 1.751E 01

;. 5.000E400 2.500E 01 ;

6.000E+00 .2.693E-01-
0.000E+00 3.716E-01-
1.100E+01 5.666E-01 ]
1.200E+01 6.927E+01 !

1.300E+01 7.899E 01
i 1.400Et01 8.538E-01

1.450E+01 8.774E 01 ,

1.500E+01 9.010E-01 j
1.540E+01 9.067E-01 '

2.400E*01 0.57tt 01
P 600E+01 9.857E 01 j

4.OOCE+01 9.930E-01
5.940E+01 1.000E+00 1

USER DISTRIBUTION Q$7CIP1 EAILURE FOR 112S$
1 20

273.70 0,000

308.17 0.016 '

342464 0.056 !

377.12 0.060
411.59 0.083
446.07 0.124
460.54 0.197
515.01 0.395
$49.49 0.527
583.96 0.706
618.43 0.760- -i

~

3; g,.
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94*

*

E.1-4- 1

i
i

I
1

- - ~ - . . . . _ . . . . _ .. ,
I

-



_. - - _ _ _ _

|

|

'

052.01 O A33
687.38 0.878
721.66 0.922
756.33 0.948
700.81 0.975
82$.28 0.967
859.75 0.994
894.23 0.997
928.70 1.00

UNITOPH Q57C1P2 FAILURE W DL !

0.C 1.0
" DER DISTRIBUTION QS7C1P3,C1P4 IMPULSIVE TAILURE CRITERION
6 2
JSER DISTRIBUTION Q6)C2 LEVEL OF CAVITY FLOOD At VB
2 2
1 .S
2 .S .

L'SER DISTRIBUTION Q64C1 ALPilA WDE EVENT . . .
~4 6000 - ~

USER DISTRIBUTION 005C2 TYP" 0F VB
2 3

5 1. .79
'

2 .08 -

3 .13
USER DISTRIBUTION Q65C3 TYPE OF VB-(Q62C4-CET PNTR TO 3)
* 3
1 6
2 .27
') .13
USER DISTRIBUTION Q66C1 intAC OF CORE IN HINE
1 $
0. O.
.13 .08
.27 .5 ;

4 .73
.6 1.0
USER DISTRIBUTION Q68C2*C8, TRAC.0F CORE AT VB DIVERIED SEAL. TABLE
8 7
USER DISTRIBUTION Q71C4 EX* VESSEL STEAM EXPLOSION AT VT
7 2
.001 .01 .1

]
USER DISTRIBUTION Q72C1 SIZE OF HOLE IN VESSEL
2 2
1 .1
2 ,9

USER DISTRIBUTION Q7303-C7 PRESSURE RISE AT VB -NO HIHE
8 10 -

USER DISTRIBUTION 074 Q75 PRESSURE RISE AT VB IIINE
43

USER DISTR?BUTICN Q78C2 CF IMPINGEMENT ON WALL
2 2
1 .01
2 .99
USER DISTRIBUTION Q76C3 CP IMPINGDtENT ON WALL
2 2
1 .31
2 .69

- USER DISTRIBUTION Q78C4 CF IMPINGEMENT ON WALL
2 2
1 .53
2 '. 4 7
USER DISTRIBUTION Q78C$ CT IMPIN0?2NT ON WALL
2 2
1 .60
2 .40

*-
. . ,
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USER DISTRIBUTION 07DC1F1 FRAC. METAL OXIDIZED AT VB
1 3
0.0 0,0

0.05 0.5
0.2 1.0
UNIFORM 079C2F1 FRAC. METAL OX1DIZED AT VB
0.5 1.0 j
USER DISTRIBUTION QB1C1 B2 CONSUMEJ AT VB !

1 3
0.7 0.0
0.75 0,5
0.9 1.0
UNIFORM Q94C4 F121 l>TE BA3E1.It'E l'RESSURE
206.6 275.6
CIFORM Q94CSF181 LATE BASELINE FRESSURE
241.3 310.3
UNIFORH Q94C4F1B1 LATE. BASELINE FRESSURE
172.4 241.3
UNIFORM Q106C4 VERY LATE FRESSURE ~

. ~' ~

137.9 241.3
UN!FORH Q106CS VERY LATE FRESSURE
137.9 344.7
USER DISTRIBUTION Q111C4 VERY LATE C.CI *

2 2
1 .75
2 .25
UNIFORM IN VESSEL RELEASE FROM FUEL (FCoh)
0.0 1.0
UNIFORM RELEASE FROM VESSEL (TVES)
0.0 1.0
UNIFORM V SEQ. DF WITH SUBMERGED RELEASE (VDF)
0.0 1.0
UNIFORM RELEASE OF RCS SPECIES FR31 CONT.(FCONV)
0.0 1.0
UNIFORH RELEASES FROM MELT IN CCI (FCCI)
0.0 1.0
UNIFORM RELEASE OF CCI SFECIES FRCH CONT.(FCONC)
0,0 1,0

UNIFORM SFRAY DF'S-(SFRDF)
0.0 1.0
UNIFORM LATE IODINE RELEASES FROM CONTAINMENT (XLATE)
0.0 1.0
UNIFORM LATE REVOLATILIEATION (FLATE)
0.0 1.0
UNIFORM RELEASE DUE TO DIRECT HEATING (FDCH)
0.0 1,0

UNIFORM DECONT FACTOR FOR ICE CONDENSER (ICDF)
0.0 1,0

UNIFORM STEAM OENERATOR TUDE RUFTURE FISO & FOSO
0.0 1.0
UNITORM FOOL SCRUBBING OF CCI
0.0 1.0
USER DISTRIBUTION LOSF Q22C3 7,Q00C3-7,Q105C3,4
3 0
CORRELATION MATRIX
35
2 3 .999
12 13 .999
12 14 .999
13 14 .999
20 21 .999
20 22 .999
21 22 .999
49 50 .999
49 51 .999
50 51 .999

t.-
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I

I.

52 $3 .999
S4 $5 .999
54 $6 .999
54 57 .999
55 56 .990 - !
$$ 57 .999
50 $7 .999
61 62 .999-
61 63 .999
61 64 .999-
62 63 ,999'

62 64 .999
63 64 999
73 74 .999
81 82 .999
81 83 .999
81 84 .999
82 83 .999 , , _

82 84 .999 - ~ **

83 84 .999
85 86 .999
08 89 .999
88 90 .999 < ._

89 90 .999 '

91 02 .999 .

.
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cene....... **esee.ce........ee.***eae.*****een...e**eeeeeeeeeee*
SUBROUTINE USRDST(J)

C

C FOR SEQUOYAH Lits
.

C

C THE SUBROUTINE ilAS BEFA WRITTEN TO RFJD A FLAO, IFL, TO INDICATE
C Wit!Cll 0F THE 5 SECTIONS OF TKE SUEROUTINE IS 70 BE IMPLEMENTED. iC THE FIRST LINE OF INPtJT IS '!FL,NP' WlIERE NP IS T!!E NUMBER OF PAIRS
7 TO 8E READ IN FOR IFL*I AND Ifi '. NP IS 500 FOR IFL=3. FOR IFL=4
C AND 5 NP IS A DUtt4Y VARIABLE BUT MUST BE PRESENT.
C

C FOR IFL=I
C UENERATE A DISCRETE DISTRIBUTION FUNCTION WITH INPUT OF X VALUES
C AND Clkt0LATIVE PROBABILITIES.
C

C FOR IFL=2
C GENERATE A DISCRETE DISTRIBUTION FUNCTION OF INTEGERS AS SPECIFIED

' '
C IN THE INPUT THESE INTEGERS ARE REPRESENTATIONS OF A 0-1

-

C S#tPLING SCHEME AND WILL BE DECODED OUTSIDE OF Ll!S. TifE
>

C VARIABLE NUMBER J AND THE NUMBER OF BRANCHES NP IS WRITTEN TO
C UNIT 30. THIS INFORMATION IS EDITED INTO SEQEXT.FOR. TiiE VARIABLE
C NUMBER FOR ALPflA FDDE (IFL=4) IS ADDED AT EDIT TIME WITH NPa2, '

C

C FOR IFL=3
C GENERATE A DISCRETE DISTRIBUTION FUNCTION FOR LO3P, '

C AN ADDITIONAL INPUT FILE 16 REQUIRED ASSIGNED 70 UNIT 27.
C THE FILE NAME IS ' DISCRETE.DAT'.
C

C FOR IFL=4
C GENERATE A DISTRIBUTION FUNCTION FOR ALPHA FODE VB, ONLY

C ONE VARIABLE IS SAMPLED HERE. THE CTHER ONE IS C04PUTED IN
C THE SUEROUTINE THAT EXTENDS TIIE Lil3 MATRIX FOR EO CASES."

AN ADDITIONAL INPUT FILE IS REQUIRED ASSIGNED TO UNIT 28.
C THE FILE NAME IS 'COMFOSIT.DAT'.
C

C FOR IFL=5
C GENERATE A MAXIMUM ENTROPT DISTRIBUTION FUNCTION FOR THE I
C VARIABLE WITH IFL SET TO 5. AN ADDITIONAL LINE OF INPUT IS-
C REQUIRED GIVING Tl:0 LOWER END OF THE RANGE, A , THE MEAN, RMU,
C AND THE UPPER END OF THE RANGE, B . * NOTE *** TOR THIS
C CASE A LINK TO IM3 LIDS / LIB IS REQUIRED.
C

C FOR IFL=6
C GENERATE A DIST*IBUTION FUNCTION It)R INITIATINO-EVENT DATA.
C AN ADDITIONAL INPUT FILE IS REQUIRED ASSIGNED TO UNIT 29.
C THE FILE NAME IS 'IE.DAT'.
C

'C FOR IFL*7

C GENERATE A MAXIMLN ENTROPY DISTRIBUTION FUNCTION FOR THE
C VARIABLE AND INDICATE TilAT A VARIABLE WILL BE ADDED.
C AN ADDITIONAL LINE OF INPUT IS REQUIRED OIVING THE LOWER
C END OF file RANGE, A , THE MEAN, RMU AND THE UPPER END OF
C THE RANGE. B . *** NOTE *** FOR THIS CASE A LINK TO
C IM3 LIBS / LIB IS REQUIRED.
C

C FOR IFL-8
C ONLY R IS STORED TOR THE SAMPLE SO THAT IT CAN BE COMPUTED
C IN THE EXTENDER. A FILE ASSIGNED TO UNIT 99
C IS WRITTEN FOR INPUT TO EXTLHS.FOR
C

C Ti!E FOLLOWING SIX LINES OF CODE ARE REQUIRED BY USRDST
C

PARAMETER (NMAX=I000)
PARAMETER (NVAR=205)
t GAMETER (LENT =I25)

- )_ _
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LQtON/FAKAM/ TITLE (LENT),IEEED,N,NV, IRS.ICM.NKEP,IDATA IMIST,
I ICORR,IDIST(NVAR),IRP

| CatON/SAMP/X(Nt%X*NVAR)
I C

C THE FOLLOWING ETATFMENTS ARE NEEDED FOR ***IFL=Ia**
C XVAL AND CP FfJST BE DIMENSIONED TO THE MAXIlfJM HUMBER FAIRS
C 70 ist READ.
C

IAkMtETER(NCP=S0)
DIMr.NSION XVAL(NCP),CP(NCP)

C

C THE FOLLOWING STATEMENTS ARE HEEDED FOR ****IFL=2 AND I FL-3 * " *
C

C NP IS THE NUMBER OF PAIRS OF IVAL AND FREQ.
C IVAL(K) IS THE KTl! UNIQUE VALUE OF THE RANDOM VARIABLE.
C FREQ(K) IS Ti1E FROBABII,ITY ASSOCIATED WITil THE KTil VALUE,
C

,
-

PARMtETEP (MAXNP=S00 ) ~
~

DIMENSION IVAL(MAXNP),FREQ(MAXNP),CDF(MAXNP+1)
C

C THE FOLLOWING STATDtENIS ARE NEEDED FOR **"!FL*4""
C *

C DVAL(K) IS THE DISTRIBUTION FOR THE ALPilA FODE VB CASE.
C

FARAMETER(MAXDIS=5500)
DIMENSIDH DVAL(MAXDIS)

C
C THE FOLLOWING THREE LINES OF CODE ARE NEEDED FOR ****IFL=S****
C XX, F AND WORK e''E USED BY TIII MAXIlfJH ENTROPY DISTRIBUTION,
C A, RMU AND D ARE THE LOWER, MEAN AND UPTER POINTS FOR THE

( C MAXIMUM ENTROPY DISTRIBUTION,

C FCH IS A SUDROUTINE HEEDED TO GENERATE THE MAXIMUM ENTROPY
C DISTRIEUTION. *

C
DIMENSION XX(1), F(1), WK(100)
CatON /FXIMSL/ A RMU, B
EXTERNAL FCN

C

C THE FOLLOWING STATDtENTS ARE NEEDED FOR ***IFL-6***
C
C RIEVAL(K) IS Tile DISTRIBUTION FOR THE INITIATING EVENT VARIABLE,

FARMtETER(NPIE=1000)
DIMENSION RIEVAL(NPIE)

C
C THE FOLLOWING FUNCTION DEFINITION IS REQUIRED BY USRDST,
C

LOC (1,J) = (J-1) * N + I
| C

i C
l C READ IFL AND NP (NP IS A Duttft PARAMETER FOR IFL=4,5 AND 6)

C
READ (7,*)IFL,NP
IF(IFL.EQ,2.0R.IFL EQ,3)GO TO 98
IF(IFL.EQ.4)GO TO 200
IF(IFL.EO.5)GO TO 300
IF(IFL.EQ.6)GO TO 40S
IF(IFL.EQ 7)THEN
WRITE (30,99)J,NP
WRITE (30,106)J

196 FORMAT (7X, 'JME =' ,13 )
GO TJ 300

ENDIl
IF(IFL.EQ.8)THEN

|

| WRITE (30,107)J,NP
107 FoIWAT(7X,'ID8(',13,') = * 12),

.
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00 TO 6
ENDIF

C

C FOR IFL=1
C

C READ IN TifE AP VALUES FOR THE CONTINUQUS PROBABILITY CURVE
C

DO 1 K=I.NP
1 READ (7,*)XVAL(K),CP(K)

C
'

C

C SET T!!E ETARTING FOINT (STRTFT) EQUAL TO EERO AND THE PROBABILITY
C INCREMENT (PROBINC) EQUAL TO 1/N FOR A LIIS WlIERE N IS THE SAMPLE BIEE
C

6 STRTPT=0.0
PROBINC=1.0/ FLOAT (N)

C

C IF A RANDOM SAMPLE RAS BEEN SPECIFIED IN THE PARAMETER LIST TIRN THE
C ARGUMENT IRS HAS BEEN Srf EQUAL TO 1 IN THE-MAIN PROGRAM, HENCE THE~

~

C PROBABILITY INCR12iENT IS SET EQUAL TO 180 T!!AT ALL OBSERVATIONS ARE
C SELECTED BY USING THE INTERVAL (0,1)
C

IF(IRS.EQ.1)PROBINC=1,0 *
'

C

C THIS LOOP WILL OBTAIN THE N SAMPLE VALUES
C

DO 4 I-1,N
C

C k IS A RANDCHLY SELECTED POINT IN THE CURRENT SUBINTERVAL OBTAINED
C BY USING THE RANDOM NUMBER OENERATOR RAN
C

R=STRTPT+PROBINC*RAN(ISEED)
C FOR IFL=6********NEED ONLY R

IF(IFL.EQ.8)THEN
X(LCC(I,J)) = R

00 TO 25
ENDIF

C

C THIS LOOP WILL SELECT THE SPECIFIC VALUE OF THE RANDOM VARIABLE-
C CORRESPONDING To R BY LINEAR INTERPOLATION. THE VALUE IS STORED BY
C USE OF THE LOC FUNCTION
C

C THIS LOOP WILL OBTAIN THE N SAMPLES
C

Do 3 K=1,NP-1

IF(R.0T.CP(K). AND.R.LT.CP(K+1)) X(LOC (I J))=
1 ((R-CP(K ) )/ (CP(K +1)-CP(K)))*
2- (XVAL(K+1)*XVAL(K))+XVAL(K)

3 CONTINUE
C

C RESET THE STARTING FOINT TO THE BEGINNING OF THE NEXT SUBINTERVAL
C UNLESS A RANDCH SAMPLE HAS BEEN SPECIFIED
C

25 IF(IRS.NE.1)STRTPT=STRTFT+PROBINC
4 CONTINUE

RETURN

C

C IFL-2
C
98 IF(IFL.EQ.2)THEN

-C THIS SECTION OF THE SUBROUTINE CONSTRUCTS THE SAMPLE
C VARIABLES BASED FOR THE EERO-ONE CASES, IFL=2,
C AND THE VARIABLES FOR LOSP, IFLa3 -
C

DO 100,K=1,NP
READ (7,*)IVAL(K),FREQ(K)

-_- -t ,
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|
100 CONTINUE

WRITE (30.99)J,NP
99 FORMAT (7X,*ID (',13,8) = ',12)

ELSE
C

_

C IFL=3
| C

REWIND 27
RF.AD(27,*)NP
DO 110 K = 1,NP
READ (27,*)IVAL(K),FREQ(K)

110 CONTINUE
ENDIF

C

C CONSTRUCT THE CUMULATIVE DISTRIBUTION TUNCTION
C

CDF(1)=0.0
Do 120 Ka1.NP ..

120 CDF(Ktl)=CDF(K)+FREQ(K) '
^ ~

,

C

C SET THE STARTING POINT (STRTPT) EQUAL TO EERO AND THE PROBABILITY
C INCREMENT (PROBINC) EQUAL TO 1/N FOR A LHS W!!ERE N IS THE
C BAMPLE SIEE.
C

STRTPT=0.0
PROBINC=1.0/ FLOAT (N)

C

C IF A RANDCH SAMPLE ilAS BEEN SPECIFIED IN THE PARAMETER LIST THEN
C TIIE ARGUMENT IRS IIAS BEIN SET EQUAL TO 3 IN Tite MAIN PROGRAM,

i C !!'NCE THE PROBABILITY INCREMENT IS SET EQUAL TO 1 So THAT ALL
| C OBSERVATIONS ARE SELECTED BY USING THE INTERVAL (0,1),

C

STRTPT = 0.0
PROBINC = 1.0 / FLOAT (N)
IF (IRS .EQ. 1) PROBINC = 1.0.

C

C THIS LOOP WILL OBTAIN THE N SAMPLE.
C

Do 150 !al,N
'C

C R IS A RANDCHLY SELECTED POINT IN TifE CURRENT SUBINTERVAL OBTAINED
C BY USING Tile RANDCN NUMBER GENERATOR RAN,
C

125 R = STRTPT + PROBINC * RAN(ISEED)
C

C THIS LOOP WILL SELECT THE SPECIFIC VALUE OF TifE RANDCN VARIABLE
C CORRESPONDING 70 R THROUGil THE INVERSE CUMULATIVE FUNCTION, TitESE

C VALUES ARE STORED BY USE OF THE LOC FUNCTION.
C

DO 130 K=1,NP
IF(R.GE.CDF(K),AND.R.LT.CDF(K+1))X(LOC (1,J))=IVAL(K)

130 CONTINUE

IF(IFL.EQ.2)GO TO 140
C

C IFL=33 THE ''Do 135" LOOP CHECKS TO MAKE SURE T!!AT THE INTEGERS
C BEING SAMPLED FOR THE LOSP VARIABLES ARE SAMPLED WITit0UT REPLACEMENT.
C

Do 135 L=1,1
IF(X(LOC (I J)).EQ.X(LOC (L,J)).AND.I.NE.L)GO TO 125

135 CONTINUE
C

C RESET THE STARTING ICINT TO T!!! BEGINNING OF THE NEXT SUBINTERVAL
C UNLESS A RANDW SAMPLE !!AS BEEN SPECIFIED
C

140 IF(IRS.NE.1)STRTPT=STRTPT+FROBINC
150 CONTINUE

_.
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RETURN
C

,

C FOR'IFL = 4
C ;

200 REWIND 28
.

RIAD(26,*)(DVAL(I).I=1,MAXDIS)
NAHa2
WRITE (30,99)J, NAM
WRITE (30,199)J

199 FORMAT (7X,' JAM a',13)

C SET THE STARTING POINT (ETRTFT) EQUAL TO EERO AND THE FROBABILITY
C INCREMENT (PROBINC) EQUAL TO I/N FOR A LilS Wl!ERE N IS THE SAMPLE SIEE
C

STRTPT=0,0

PROBINC=I.0/ FLOAT (N)
C

C IF A RAND 04 S#tPLE !!AS BEEN SPECIFIED IN THE FARAPGTIER LIST T!!EN THE
C ARGUMENT IRS IIAS BEEN SET EQUAL TO 1 IN THE MAIN PROGRAM, IIENOE THE

C PROBABILITY INCREMENT IS SET EQUAL TO 1 SO'THAT'ALL OBSERVATIONS ARE
.-

C SELECTED BY USINO THE INTERVAL (0,1).
C .

IF(IRS.EQ,1)PROBINC=1.0
C .

C THIS LOOP WILL OBTAIN THE N SAMPLE VALUES
C

Do 204 I=1,N
C

C R IS A RANDO(LY SELECTED ICINT IN THE CURRENT SUBINTERVAL OBTAINED
C BY USINO THE RANDCM NUMBER GENERATOR RAN.
C

| R*STRTPT+PROBINC*RAN(ISEED)
| C

C SELECT THE SPECIFIC VALUE OF THE RANDCM VARIABLE CORRESTONDINO TO R
C THE VALUE IS STORED BY USE OF THE LOC FUNCTION

I C
C

K=R*MAXDISt1
X(LOC (I,J))*DVAL(K)

C

C' RESET THE STARTING POINT TO THE BEGINNING OF THE NEXT SUBINTERVAL .
C UNLESS A RAdDOM SAMPLE HAS BEEN SFECIFIED
C

IF(IRS.NE.1)STRTFT*STRTPT+FROBINC
204 CONTINUE 1

RETURN
C

C FOR IFLa5
.C

C THIS SECTION OF THE SUBROUTINE CONSTRUCTS THE SAMPLE
C VARIABLES BASED ON THE MAXIMUM ENTROPY DISTRIBUTION.
C

300 NSIG =4
NN =1

ITMAX = 20
READ (7,*) A. RMU, B

C
THE NEXT LINE IS A DIAGNOSTIC 70 HELP DETERMINE

C
IF THE CCMDINED EVENTS ARE CORRECTLY IVSITIONED

C
IN THE LHS INPUT FILE __,

i C PRINT *, A. RMU, B
XX(1) = -1.0 / RMU
CALL ESCNT(FCH,NSIO,NN,ITMAX,FAR,XX,FNORM,WK,IER)
BETA = XX(1)
RBETA = 1.0 / BETA
EA = EXP(BETA * A)
EB = EXP(BETA * B)
TERM = EB - EA

~ i.
_
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C

C SET Ti!E STARTING POINT (STRTPT) EQUAL TO ZERO AND Tl!E PROBABILITY
C INCREMENT (FROBINC) EQUAL TO 1/N FOR A LHS WilERE N IS TIIE
C EAMPLE SIZE. -

C IF A RANDai SMPLE llAS BEEN SPECIFIED IN THE FARAMETER LIST TilEN ;
C THE ARGUMENT IRS IIAS BEEN SET EQUAL TO I IN Tilt MAIN FROGRAM,
C HENCE THE PROBABILITY INCRDtENT IS SET EQUAL TO 1 $0 T!!AT ALL i

C OBSERVATIONS ARE SELECTED BY USING THE INTEhVAL (0,1).
C

STRTFT = 0.0
FROBINC = 1.D / FLDAT(N)
IF (IRS ,F.Q. 1) PROBINC = 1,0 '

C

C T!!!S LOOP WILL OBTAIN TtIE N $#fLE VALUES,
C R IS A RANDOC.Y SELECTED POINT IN THE CURRENT SUBINTERVAL OBTAINED
C BY USING Tl!E RANDCH NUMBER GENERATOR RAN.
C OENERATE fliE MAXIMUM ENTROPY DEVIATES.
C RESET THE STARTING ltINT TO THE BEGINNING OF ftIE NEXT SUBINTER7AL ~ -

C UNLESS A RANDOM SAMPLE HAS BEEN SPECIFIED.
DO 350 1 * I,N
R = STRTPT + IROBINC * RAN(ISEED)
X(LOC (1,J)) = RBETA * LOO (TERM * R + EA)

.

IF (IRS NE,1) STRTPT * STRTPT + PROBINC
380 CONTItrUE

RETURN

C
C IFL*6 FRONT END IE
C

405 CONTINUE
C

C READ IN THE SAMPLE VALUES FOR Ti!E INITIATING EVENT
C

OPEN (UNIT = 29, FILE = 'IE DAT', STATUS = 'OLD')
READ (29,*) (R! EVAL (K), K = 1,NPIE)

C

C SET THE ETARTING IVINT (STRTPT) EQUAL TO ZERO AND Tile PROBABILITY
C INCRDfENT (FROBINC) EQUAL TO 1/N FOR A LBS WHERE N IS T!!E
C . SAMPLE SIZE.

C IF A RANDOM SAMPLE ilAS BEEN SPECIFIED IN THE PARAMETER *.IST THEN
C THE ARGUMENT IRS HAS BEEN SET EQUAL TO 1 IN T!!E MAIN PROGRAM,
C IIENCE THE PROBABILITY INCRDtENT IS SET EQUAL TO 1 SO THAT ALL
C OBSERVATIONS ARE SELECTED BY USING Tile INTERVAL (0,1),
C

STRTPT = 0,0
FRODINC = 1,0 / FLOAT (N)
IF (IRS .EQ. 1) FROBINC = 1,0 '

C

C THIS LOOP WILL OBTAIN THE N SAMPLE VALUES,

C R IS A RANDOMLY SELECTED POINT IN Tile CURRENT SWINTERVAL OBTAINED
C BY USING THE RAND W NUMBER GENERATOR RAN. ,

-

C THE INNER LOOP WILL SELECT THE SPECIFIC SAMPLE VALUE CORRESiONDING -
C 70 R THROUGH THE INVERSE EMPIRICAL DISTRIB7IION FUNCTION
C TilESE VALUES ARE STORED IN THE VICTOR X T!IROUGH THE USE
C OF Tile LOC FUNCTION,

C RESET Tilt STARTING POINT TO Tile BEGINNING OF THE NEXT SUBINTERVAL
C UNLESS A RANDOM SMIPLE 11AS BEEN SPECIFIED.
C

DO 31 I = 1,N

R = STRTPT + PROBINC * RAN(ISEED)
X(LOC (I,J)) = RIEVAL(R*NP+1)
IF (IRS .NE.--1).STRTPT = STRTPT + PROBINC

51 CONTINUE
RETURN

END

SUDROUTINE FCN(XX,F,NN, PAR)
DIMENSION XX(NN), F(NN), PAR (1)

.
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Cat 10N /fXItCL/ A, Mf), B

BE1A = XX(1)
EA = EXP(BETA * A)
EB = EXP(BETA * B) -

TERM = (B * EB - A - * EA ) / (EB - EA)
F(1) = TERH - (1.0 / BETA) - RMU
RETVRN ,

END
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PROGRAM EXTSEQ8
C***********************************************************************
C * -

C toDIFIED Fkai NEXTLit3 TO INCLUDE CQ4PUTINO SAMPLES FOR FLAGGED
C DISTRIBUT10NS-2/10/60 (AWS)
C ADDED COMPUTATION FOR IFL-7 2/11/89
C CatPUTE SAMPLES FOR GIVEN NUMEER OF DISTRIBUTIONS -

C THIS l'ROGRAM READS IN AN Lils DATA FILE AND THEN *

C CONVERTS THOSE VARIABilt CONTAINING INTEGER REPRESENTATIONS *
,

!C (1,2,3,4, . . . ) INTO THE APPROI'RI ATE 0*1 SAMPLING SCHDtE. *

C IT ALSO READS A FILE CCHTAIN'HO CONA TIONAL PROBABILITIES OF *

C RECOVERT TIME FOR LOSP; BASED ON TifE INTEGER VALUES IN T!!E LAST *

|C COLtitN OF THE LES DATA, THE LOSP PROBABILITIES ARE SAMPLED ACROSS *
C ALL TIMES. T!!!S FORCES THE LOSP VARIABLES TO HAVE A RANK *

|
C CORRELATION OF EXACTLY ONE. A SEPARATE 0-1 SAMPLING SCHEME *

'

C CONSISTINO OF ONE EIGHT* LEVEL 0-1 MRIABLE IS CREATED AND MERGED *

C ONTO THE END OF THE MATRIX ._ - * - - - -

*

C *

Ca**********************************************************************

C *

C NVAR IS THE INITI AL NUMBER OF Ll!S VARIABLES. *
'

C NLl!S IS THE LIIS SAMPLE SIZE. * A

C NTIME IS THE NUMBER OF TIMES (fCOLUMNS) IN Thi LOSP DATA *

C NLOSP IS THE NLitBER OF ROWS IN THE LOSP DATA *

C NVONE IS Tite NUMBER OF VARIABLES (CONSISTING OF ONE HULTI* LEVEL *

C 01 VARI ABLE) TilAT ARE MERGED ONTO THE END OF THE EXTENDED *

C LilS DATA MATRIX. *

C t%DD IS AN INTEGER T!!AT IS ADDED TO THE DIMENSIONING OF X TO MAKE *

C SURE TilAT X WILL BE BIO ENOUGH TO HANDLE THE INITIAL NUMBER *

C OF VARIABLES AS WELL AS ALL THOSE THAT ARE ADDED INTO THE MATRIX *
C ID IS AN ARRAY FOR TRACKING TIIE HUMBER OF PERCENTAGES UFON *

C WitICH THE 0-1 VARIABLES ARE BASED; A "2" INDICATES THAT THE *

C VARIABLE IS BASED ON TWO PERCENTAGES: A "3" INDICATES THAT THE *

C VARIABLE IS BASED ON THREE PERCENTAGES,ETC; *
C LOC IS A VARIABLE USED TO TRACK THE LOCATION OF Encil 01 VARIABLE; *

C THIS VARIABLE IS "Sif1FTED" OR UPDATED EACH TIME A NEW COLlttN IS *

C INSF.RTED. *

C *

C***********************************************************************

FARAMETER(NLHS=200,NVAR=108,HAbb=200,NTIME=12,NLOSP=500,NVONE=7)
-DIMENSION X(NLHS NVAR&MADD), ID(NVAR), CFROD(NLCSP,NTIME),
& CPROBSM1(NLHS,HTDtE), IDVAR(NVONE), CLitPROB(NVONE),
& PROBINT(t W NE.NVONE), XONE(NLHS*NVONE),ID8(NVAR),
& XVAL(100) CP(100)
OPEN(5, FILE **Ll!S.DAT', STATUS ='OLD')
OPEN(6, FILE ='CFROB.DAT', STATUS ='OLD')
OPEN(7. TILE *'EXTLHS.DAT', STATUS ='NEW')
OPEN(0, FILE ='ONES.DAT', STATUS ='OLD')
OPEN(20, FILE =' DISTR.DAT',CTATUS='OLD')

CC

C INITIALIEE Ti!E ID ARRAY
CC

00 10 I=1,NVAR
ID(I)=0
ID8(I)=0

10 CONTINUE
CC

C PIAD IN T!!E Tite NECESSARY NO OF BRANCf!ES FOR THE 0-1 VARIABLES
CC

ID ( 40) = 2
ID ( 50) = 2
ID ( $1) = 2
ID ( $2) = 2
ID ( 53) = 3
ID ( 59) - 2

- i.
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ID6( 60) = 10
ID ( 05) = 3
IDB( 66) = 9
ID6( 67) = 3 *

ID8( 71) = 2
ID ( 72) = 2
ID ( 73) = 2
JAM = 73
ID ( 74) * 3
ID ( 75) = 3

~

ID8( 77) = 7
ID ( 78) = 2
JME = 76
ID ( 70) = 2
IDB( 80) = 1D
IDB( 81) = 43
ID ( 82) = 2

~'
ID ( 83) = 2 _. .

- - -

ID ( 64) = 2
ID ( 85) = 2
ID ( B4) = 2

CC ,

C CONVERT TIIE INTEGER REFRESENTATIONS FROM LifS (1,2,3, . . . )
C INTO EEROS OR ONES BASED ON THE l'ERCENTAGE INTERVAL 8; ,

C THIS IS DONE OVER ALL SAMFLES,
CC

Do to K=1,NLl!S
NTVAR = NVAR
READ ( 5, * ) ( 11,12, (X ( K . I ) ,1= 1, NVAR ) )
REWIND 20
LOC =0
DO 30 J-1,NVAR

LOC = LOC + 1,

( IF(ID(J).EQ 0)CO TO 25
'

IF(ID(J ) . EQ . 2)Tf!EN '
DO 40 I=1,NTVAR-LOC

X(K,NTVAR+1D(J)*I) = X(K,NTVAR+1D(J)-I-1)
40 CONTINUF.

P'NAR = NTVAR + 1
C CIIECK FOR ALFilA W DE VB VARIABLE - ID(JAM) WILL BE 2

IF(J.EQ. JAM)THEN
. - X(K ,trC+1)= .1* X(K , LOC)

LOC = LOC +1

00 TO 30
ENDIF

C CHECK FOR MAX. ENT. VARIABLE - ID(JME) WILL BE 2 .
IF(J.EQ.JME)THEN

X (K, LOC + 1)= ,86 / ( 1,-X(K, LOC ))
LOC = LOC +1

00 TO 30
ENDIF

CC

C ERROR MESSAGE
CC

IF(NTVAR.OT.NVARtMADD) STOP'' NTVAR EXCEEDS DIMENSIONS *
IF(X(K, LOC),EQ,1)THEN

X(K, LOC) = 1
X(K, LOC +1) = 0

ELSE IF(X(K, LOC).EQ,2)THEN
X(K, LOC) = 0
X(K, LOC +1) = 1

ENDIF
LOC = LOC + 1

ELSE IF(ID(J).EQ 3)T!mM
DO 50 I=1,NTVAR* LOC

X(K,NTVAR+ID(J)-!) * X(K,NTVAR+1D(J)-I-2)
,

|
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50 CONTINUI
NTVAR = NTVAR + 2
IF(K(K, LOC).EQ.1) THIN

X(K, LOC) = 1 .

X(K,00C +1) = 0
X(K, LOC +2) = 0

ELF.E IF(X(K, LOC).EQ.2)THEN
X(K, LOC) = 0
X(K; LOC +1) = 1
X(K, LOC +2) = 0

ELSE ,IF(X(K, LOC) .EQ.3 )Tl!EN
X(K, LOC) = 0
X(K, LOC +1) = 0
X(K, LOC +2) = 1

ENDIF
LOC = LOC + 2

ELSE IF(ID(J).EQ.4)THEN
DO 60 Ial,NTVAR LOC

. ,_ .
_ --- -

* ' '

X(K,NTVARtID(J)-1) = X(K,NTVARtID(J)-I-3)
60 CONTINUE

NTVAR = NTVAR + 3
IF(X(K, LOC).EQ 1)THEN

E(K, LOC) = 1
X(K,14C+1) = 0
Y(K,1DC+2) = 0
X(K, LOC +3) = 0

ELSE IF(X(K, LOC).EQ.2)THEN
X(K, LOC) = 0
X(K,Loct1) = 1
X(K, LOC +2) = 0
X(K, LOC +3) = 0

ELSE IF(X(K, LOC).EQ.3)THEN
X(K, LOC) = 0
F(K, LOC +1) = 0
X(K,Loct2) = 1

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
X(K,Loct3) = 1

ENDIF
LOC = LOC + 3

ENDIF
00 TO 30

25 IF(ID8(J).EQ.0)GO TO 30
NOD =ID8(J)
R = X(K LOC)
DO 65 I=1,HTVAR-LOC
X(K,NTVAR+N00-1) = X(K,NTVAR-I+1)

65 CONTINUE

NTVAR = NTVAR + N00-1
DO 6 ND=1,N00

READ (?0,'(A)') HEAD
99 FORMAT (#1

READ (20,*,END=999)IFL.HP
DO $ KK=1,NP
READ (20,*) XVel(KK), CP(KA)

.5 CONTINUE
DO 3 KK=1,HP-1
IF(R.LT.CP(KK))GO TO 3

C R GE CP(KK)
IF(CP(KK) NE.CP(KKti))GO 70 1

C R GE CP(KK) AND CP(KK) = CP(KK+1)
IF((KKt2).07.NP)THEN
X(K LOC +ND-1)=XVAL(NP)

g
'
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GO TO 6
ENDIF
IF(R .LT.CP( m 2))THEN

C R DE CP(KK) AND R LT CP(KK+2) -

X(K, LOC +ND*1)=XVAL(KK)
00 TO 6

ENDIF
7 IF(R.0E.CP(KK).AND.R.LT.CP(KK+1)) THEN

IF(XVAL(KK).T4.XVAL(KK+1)) THEN
C

C DISCRETE PRO'tABILITY
C

X(K, LOC +ND*1)*XVAL(KK)
ELSE

C

C INTERPOLATION
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,R,X(K, LOC +ND-1)

6 CONTINUE
LOC = LOC + NOD *1

30 CONTINUE
20 CONTINUE
CC

C READ IN THE MATRIX OF CONDITIONAL PROBABILITIES FOk 1.0SP
CC

DO 70 I=1,NLOGP
READ (6,*)(CPROB(I,J),Jal,NTIME)

70 CONTINUE
CC

C S#tPLE THE CONDITIONAL FROBABILITIES FOR LOSF
CC

DO 80 I-1,NLitS
DO 90 J-1,NTIME

CFROBSAM(I,J) = CFROB(X(1,NTVAR),J)
00 CONTINUE
80 CONTINUE

CC
C 12 IS THE NUMBER OF VARIABLES AFTER Ti;E 0-1 VARIABLES
C HAVE BEEN EXTENDED AND AFTER THE LOSP VARIABLES HAVE BEEN
C SAMPLED,
CC

12 = NTVAR - 1 + NTIME
CC

C 112 IS THE NUMBER OF EXTENDED LilS VARIABLES HINUS THE LOSP VARIABLES
CC

II2 = 12 - NTIME
CC

C ERROR MESSAGE
CC

IF(12.0T.NVAR+MADD) ETOP ' I2 EXCEEDS DIMENSIONS *
C

C READ IN THE VALUES FOR THE DISCRETE PROBABILITY FUNCTION
C
C FRONT END VAR

DO 100 K=1,NVONE
READ (6,101)lDVAR(K),CUMPROB(K)

101 FORMAT (12,40X,E13.5)
100 CONTINUE

C

C FIND THE CUMULATIVE PROBABILITIES
,

'

.
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C

DO 110 K * 2 NVONE
Cit! PROD (K) = CUMi%0B(K) + CUMPROB(K-1) '

110 CONTINUL -

C

C EET UP THE DESIRED l'ROBABILITY INTERVALS
C

DO 120 K = 1,NVONE
,

IF(K.EQ.1)THEN i

It0BINT(1,1) = 0,

it0BINT(1,2)<iA4FRCB (1)
ELSE

PROBINT(K,1)aCUMPROB(K 1)
PROBINT(K,2)=CUMISOB(K)

ENDIF
120 CONTINUE

C

STRTPT=0.0 *-

-PROBINC=1,0/ FLOAT (NLH3)
_ _ .-

C

C SET ALL ELEMENTB IN THE MATRIX TO EERO INITIALLY
C

Do 130 !=1,NLHS
- DO 130 Lal,NVONE

130 XONE((L*1)*NLitS+1) = 0.
C

KTDtP = 1
DO 140 !=1,HLHS

R=STRTPT+PROBINC*RAN(ISEED)
DO 150 K=KTDtP,NVONE

IF(R.CE.PROBINT(K,1) AND.R.LT.PROBINT(K,2))THEN
XONE((IDVAR(K)*1)*HLH3+I)= 1.
KTDt? = K

ENDIF
150 CONTINUE

STRTPT=STRTPT+FROBINC
140 CONTINUE

CC

C I2 IS THE TOTAL NUMBER OF VARIABLES IN THE EXTENDED MATRIX
CC

12 *-12 + NVONE
CC

C ERROR MESSAGE
CC
500 11 = 0

DO 160 lat,NLil3
11 = Il + 1

IF(12.CT NVAR+MADD) STOP ' 12 EXCEEDS DIMENSIONS *
WRITE (7,*)!1,12,(X(1,J),J-1,II2),(CFROBSAM(I,J),Jal,HTIME),

1 (XONE((L*1)*NLHStI);tal,NVONE)
160 CONTINUE

STOP * NORMAL TERMINATION'
009 TYPE *,IFL,NP

TYPE *,' EOF'
.END

- t -.
-
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C
C 116T, RAM TO IMPLIMENT Tile MIXTURE PODEL FOR THE. TIME TO RECOVERY OF LOSP
C AS DEVELOPED IN NURE0/CR 5032, S/JiD87-2428, JANUARY 1988: -

C

C "tODELING TIME TO RECOVERY AND INIIIATING EVENT FREQUENCY IVR LOSS OF
C OPT SITE ItMER INCIDENTS AT NUCLEAR POWER P13.NTS*
C BY RONALD L. IMAN AND STEPIIEN C, HORA
C

C THE MIXTURE IODEL PODEL AS O!VEN IN EQUATION (23) OF T!!AT REPORT IS
C OF THE FORM:
C
C O(x) = Pl*01(x) + P2*02(x) + P3*03(x)
C

C MIERE THE O(x)'s KEPRESENT THE FITTED 0#tiA 'JISTRIBUTIWS
C AND THE P's ARE WEIGHTB THAT ARE TREATED WITil A DIRICHLET DISTRIBUTION
C
C TO RUN USE LINK RECOVERY,#0SLIB,IMSLIBS/ LID *

--

C

PROGRAM tODEL
PARAMETER (NREP=500,NPLANT=70,K=3,NX*136,NTIME=11)

C NOTE W11EN NTIME CHANGES, THE NUMBER IN FORMATS 8000 AND 8001 CHANGES.
D IMENS ION RESULTS ( NRE P , NX ) , X ( NX ) ,00TPUT ( K , NX ) , )HAX ( K ) , I DT ( NT IME ) -

1 , ISWITCH (N FLANT ) , P(K) ,5 ( K ) , CUMPROB (K ) , PD(K ) , B (K ) ,1COiP(K) ,

2REQTIM(NTIME)
CHARACTER *1 CANS
CHARACTER *3 IP
CHARACTER *21 IPI. ANT (NPLANT)
CHARACTER *3 N#1?.(NPLANT)
CHARACTER *80 CFILE
EXTERNAL GAMIC,0#tiAMA, QUANT, SIFT
C0t40N A(3),N(3),NN
CCitON ISEED, AA
DATA REQTIM/1. 2.5,4.,4.5,6.0,7(,0. 10.5.12.5,17.,24./

C
C NX TIME STEPS ARE USED TO GENERATE A GRAPH OF THE RECOVERY CURVE.
C T11E TIME STEPS CORRESPOND TO TIMES OP.05, .10,...,(.05), ..., 2.50,
C 2.75, ...,(.25)i... 24.00. NX=136.
C
C THE VECTOR IDT IS COMPUTED TO INDEX THE TIMES FOR WHICH THE UNCERTAINTY
C DISTRIBUTION WILL BE SAVED IN A FILE.
C

CRLL ERXSET(1:0,1)
C
C READ IN THE PLANT DATA FILE
C

OPEN(UNIT =10, FILE =' REC', STATUS ='OLD')
I=1

9 READ (10,100,END=5)! PLANT (I),NAME(! h! SWITCH (!)
100 FORMAT (2A,14)

I=I+1
00 TO 9

5 NP = I - I

CLOSE(10)
C
C SELECY THE PLANT WHOSE INITIATING EVENT FREQUENCY IS DESIRED
C

Do 10 I = 1,21

WRITE (*,101)NAME(!).IPLANT(I),NAME(I+22),IPLANT(I+22),
! INAME(I+43),IPLANT(I+43)

10 CONTINUE -
WRITE (*,101)NAME(22),IPLANT(22)

101 FORMAT (1X, A, ' ' , A19,2X, A, ' ' , A19,2X, A, ' 8, A19) _
FRINT *,' INPUT THE ABBREVIATION FOR THE PLANT OF INTEREST'
READ '(A)',IP

DO 11 I = 1,NP
,

%4 w * i a.
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IF(IP,EQ,NAME(I))Ti!EN
ID=ISWITCH(!)
LAST * I
00 TO 12 *

ENDIF
11 CONTINUE
12 CONTINUE

HPC * 43
C

C IDENTIFY Tile CatPONENTS TO fiE USED IN TI!E CQ4POSITE MODEL
C

C 1 - PLANT CENTERED CalIONENT-
C 2 - OkiD COMPONENT
C 3 - WEATilt? CuiiCNENT
C

1 PRINT *,'18 THE PLANT CENTERED COMPONENT TO BE LSED IN THE'
FRINT 10$,IPLANT(LAST)

105 FOMtAT(1X,'CatPOEITF, toDEL FOR ' A,'?')_ . . ..
- - -

6

PRINT *,'Y OR N'
READ '(A)', CANS
ICOMP(1)*1
IF (CANS, EQ. 'N' )!CatP(1)a0

,

FRINT *,'IS Tt!E ORID COtPONENT TO BE.USED IN Tl!E'
FRINT 105,IPLANT(LAST).
PRINT *,'Y OR N'-
READ '(A)', CANS
ICatP(2)=1
IF (CANS . EQ. * H ' )ICOMP(2 )*0
PRINT *,'IS Tile WEATHER CatPONENT TO BE USED IN T!!E' -

,

FRINT 105,IPLANT(LAST) "

PRINT *,'Y OR N'
READ '(A)', CANS
ICr*1P ( 3 )= 1
If'~' EQ . * N ' )ICatP(3 )=0 !

If. ; iCatP(1) + ICafP(2) + ICa!P(3)
IF(Int). EQ. 0 )TilEN

FR!NT *,'NO CatPONENTS WERE SELECTED'
00 TO 1

ENDIF
C

C INPUT SECTION FOR TIIE CANb D!%IRIBUTIONS,'0(x)'s
C CALCULATE flIE PRODUCT, P, OF THE Xs Frat TiiE GEatETRIC MEAN

t
t C CALCULATE Tile SUM, S, OF Tile Xs FROM THE ARITIIMETIC MEAN ' '

( C

IF(ICalP(1),EQ,0)00 TO 2
C ~

C INPUT THE FLAG FOR SWITCf! YARD CONFIGL" RATION AS DEFINED IN NUREG-1032
C 1 = Il
C 2 = 12

| C- 3a 13
C 4 = AuL PLANT CENTERED DATA USED
C

PRINT *,'THE SWITCllYARD CONFIGURATION PER NUREG-1032 FOR'.
PRINT 106,IPLANT(LAST),ID

106 FORMAT (1X,A,'IS ',11)
; FR!NT *,'D0 YOU WISH TO CI!ANGE THIS VALUE? Y OR N'
'

READ '(A)', CANS
IF(CANS,EQ,'N')OO TO '13
PRINT *,' INPUT NUMBER FOR SWITCHYARD CCNFIGURATION PER NUREG-1032'
PRINT *,' ENTER 1 FOR 11 SWITCliYARD'
PRINT *,' ENTER 2 FOR 12 SWITCt! YARD'
PRINT *,' ENTER 3 FOR 13 SWITCt! YARD'
PRINT *,* ENTER 4 IF CONFIGURATION IS UNKNOWN'
READ *,ID

'13 IF(ID,EQ.1)THEN
P(1)=,0855**14

,
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S(1)*.20530*14
N(1)*14

ELSE IF(ID.EQ.2)THEN
P(1)= .17413"13 -

B(1)=.39231*13
N(1)a13

ELSE IF(ID.EQ.3)Tl!EN-
P (1 )= . 4 572?"10
8(1)=1.2523*16
N(1)=16 S

ELSE

P(1)= .107 8" 4 3
B(1)=.6S144*43 ',

N(1)=43
ENDIF

2 CONTINUE
IF(ICatP(2).EQ.0)co TO 3

C
. - -- -

~

C BET THE PARAMETERS FOR ORID
C

P(2)=.e5420**13
8(2)=1.23636*13

.

N(2)=13
3 CONTINUE

IF(ICOMP(3).EQ.0)00 TO 4
C

C GET THE PARAMETERS FOR WEATilER
C

P(3 )=4 .108 54 4 " 7
S(3)=4.591420*7
N(3)=7

4 CONTINUE
C

C INPUT $ECTION FOR TIIE DIRICl!LET DISTRIBUTIONS, P's
C

C INPUT T!!E WEAft!ER llAZARD RATIO FOR Tl!E SPECIFIC FLANT
C

RATIO = 1.
IF ( ICatP ( 3 ) . EQ .1. AND . I SUM . 0T .1 )TitEN

PRINT *,' Tile GENERIC WEATHER RATIO FOR'
11 TINT 107,IPLANT(LAST)

107 FORMAT (1X,A.'IS l')
PRINT *,'D0 YOU WISH TO CilANCE TilIS VALUEt Y OR N'
READ '(A)'. CANS
IF(CANS.EQ 'N')0O TO 14

PRINT *,' INPUT TIIE PLANT SPECIFIC WEATilER IIAZARD RATIO'
READ *, RATIO

14 CONTINUE'
ENDIF

R1=ICOMP(1)*NPC
R2=! COMP (2)*N(2)
R3=ICOMP(3)*H(3)

C

C- GENERATE Tile TIME IN STEPS OF .05 FRCH .05 TO 2.5 FOR Tl!E RECOVERY CURVE
C

Do 15 I-1,50
X(I)= 0$*I

13 CONTINUE
C
C

GENERATE TUE TIME IN STEPS OF .25 FROM 2.75 TO 24.0 FOR Tl!E RECOVERY CURVE
C

00 16 !=51.136
X(1) = 0.25 * ! - 10.0.

16 CONTINUE
C
C ' DETERMINE THE INDICES FOR THE TIMES RE')dESTED

t ..-
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C
Do 20 I=I,NTIME
DO 19 J*1,136 -

IF(RFri1M(!).EQ.X(J))THEN
IDT(I)=J
GO TO 20
ENDIF

10 CONTINUE
PRINT *,' REQUESTED TIME NOT IN LIST',EEQTIM

STOP 20
20 CONTINUE

C

C I'RINT THE TIMES REQUESTED
C

1RINT 8000,(X(IDT(1)),1=1,NTIME)
8000 FORMAT (2X,'THE COI.UMNS WRITTEN TO THE FILE ARE Fok THE TIMES:',/,

12X,11((6.2)) ~ -
ISEED=327251 .

C

C SETUP
C

.

DO 50 !al,K

IF(ICatP(!).EQ.0)GO TO So
C
C TIND THE MAXIMUM VALUE OF Tile VARIABLE TliAT MAXIMIZES THE MARGINAL
C DENSITY OF ALPHA (EQUATION 16 0F THE LOSP REFORT)
C

CALL RMAX(XMAX,S(!),P(I),N(I))
C

C FIND THE MAXIMUM VALUE OF THE mR0!NAL DENSITY OF ALFIIA
C

IHAX(I)=F(X$4AX,N(1),P(I),S(I))
50 CONTINUE

DO 6 I = 1,K

6 PD(1) = 1.
PRINT *,' '
FRINT *,'FLEASE WAIT W111LE THE FONTE CARLO IS BEING PERF0DtED'

'FRINT *,'

IFC = 0
DO 500 Jal,HREP

300 DO 70 I=l,K

IF(ICatP(I) 'Q c)G0 TO 70
NNaN(1)

C
C OFIAIN A VALUE OF BETA FRai THE CONDITIONAL DENSITY GIVEN BY
C EQUATION 17 0F THE LOSP REPORT
C

CALL GAMPARAM(A(I),B(I),S(!),P(I),FMAX(!))
70 CONTINUE

C
C

C
ARG4=,001

IARG1=1
IF(ISUM.EQ.1)GO TO 7
IF(ISUM,EQ,3)THEN

CALL DIRICHLET(R1,R2,R3,FD(1),PD(2))
FD(3)=1.-FD(1)-FD(2)

ELSE IF(ICOMP(1)+1 COMP (2).EQ 2)TilEN
CALL DIRICHLET2(R1,R2,FD(1))
PD(2)=1.-FD(1)

ELSE IF(ICCMP(1)+1CaiP(3).EQ.2)THEN
CALL DIRICHLET2(RI,R3,PD(1))
PD(3)*1.-PD(1)

ELSE I F ( IC@lP( 2 ) + ICQiP ( 3 ) . EQ . 2 )Ti!EN
CALL DIRICHLET2(R2,R3,PD(2))

--

e 'd -I
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PD(3)=1. PD(2)
ENDIF

7 CONTINUE
TOT = 0, '

PD(3) * PD(3)* RATIO
DO 8 I = 1,K
TOT = TOT 4 PD(I) * ICQ4P(I)

8 CONTIhVE
DO 410 !=1.HX
DO 450 ICal,K
IF(ICOMP(IC).EQ.0)GO TO 450
Y=X(1)*B(IC)
IF(Y.07.200;) 00 TO 300
CALL CAM!C(Y,A(IC),AR04,IAR01,CUMPROB(IC),NZ)

4$0 CONTINUE
RESULTS(J,1) = 1. - ICQ1P(1)*PD(1)/ TOT *CUMPP.0B(1)

1 - IC m P(2)*PD(2)/ TOT *CUMPROB(2) - IC M P(3)*PD(3)/ TOT *CUHFROB(3)
410 CONTINUE ~

.-- - ~ '" "

IF(tDD(J.NREP/100),LQ.0)THEN
IPC=IPCt1
PRINT 109,IPC

f100 FOR51AT('+THE CALCULATION IS ',13,'I COMPLETE')
ENDIF

500 CONTINUE
C
C WRITE OUT THE FILE CONTAINING THE UNCERTAINTY DISTRIBUTION AT iC EACH OF THE HTIME SPECIFIED TIME POINTS
C

C
THIS FILE WILL BE AN NREP R NTIME MATRIX WITH EACH COLUMN CONTAINING

C
THE UNCERTAINTY DISTRIBUTION AT A CIVEN TIME POINT. THESE DISTRIBUTIONSC
ARE USED BY TEE LHS PROGRAM IN THE UNCERTAINTY' ANALYSIS. THE-VALUES IN

C EACH COLUMN HAVE BEEN SORTED FR W SMALLEST TO LARGEST,
C

OPEN (UNIT = 11, FILE = IP//',DAT', STATUS * 'NEW')
DO 800 Ial,NX
CALL SIFT (NREP,RESULTS(1,1))

800 CONTINUE
DO 9000 ! = 1,NREP
WRITE (11,8001) (RESULTS(I,IDT(J)).J=1,NTIME)-

8001 FORMAT (11E12,5)
0000 CONTINUE

CLOSE (UNIT = 11)
*

C
C

WRITE OUT FILE FOR MAPFER WITH 901 UNCERTAINTY BOUNDS
C AND FILE WITil Ti1E CmPLETE UNCERTAINTY DISTRIBUTION
C FOR THOSE TIME POINTS IDENTIFIED IN IDT
C.

PRINT *,'Do YOU WANT TO CREATE A MAPPER FILE FOR PLOTTINO? Y OR N'
READ '(A)', CANS
IF(CANS.EQ.'N')co TO 802
DO 801 I=1,NX
CALL QUANT (.05 NREP,RESULTS(1,1),0UTPUT(1,1))
CALL QUANT (.50,NREP,RESULTS(1,1),0UTPUT(2,1))
CALL QUANT ( . 95, NREP , RESULTS ( ) ,1 ) ,0UTPUT(3,1 ) ) i

801 CONTINUE
CALL MAPPER (OUTPUT,X,IPLANT(LAST),IP)

802 CONTINUE
STOP
END

C

C
' SUBROUTINE TO SELECT A RAdDQi VARIABLE FROM A C#t1A DISTRIBUTION

C U3ING THE ACCEPTANCE-REJECTION METHOD
C 4

SUBROUTINE CAMPARAM(AA,B,S P.FMAX)
CCet0H A(3),N(3),NN
CCetOP ISEED,AAA

-
. ..
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EXTEkN AL OAMI C , GAttiAMA , QUANT , S ! FT

300 T=RAN(ISEED)
PB=RAN(IStt.D)
AA-T/(1.-T) *

AAA=AA
C
C IF ALPHA IS TOO 1.AkOE OR 700 SMALL, TRY ANOTHER VALUE.
C THIS AVOIDS NUMERICAL PROBLDC.
C

IF (AA.LT.(5.0E-3)) 00TO 300' ;

IF(AA.GT. 999999) 00To 300
Fl=F(T,NN,P,S)

C
C ACCEPT OR REJECT THE VALUE OF ALPHA
C

IF (F1/FMAX,LT. RAM (ISEED)) 0070 300
AR01*2.*FB*AA*NN

'
AR02*0.1*NN*AA ._

--

AR03=.0001*NN*AA
ARG4=1.

IF(AA.CT.20.) GOTO 300
C

C FIND A VALUE OF BETA CORRESPONDING TO A CUMULATIVE FROBABILITY P
C

CALt. FItNER(GAttiAMA, PB. AR01, ARG2, ARC 3, ARG3, ARG4 )
B=AR01/S

310 CONTINUE
RETURN

END
C
C
C

REAL FUNCTION F(T,N,P,5)
DIF2NSION P(1),S(1),N(1)
A-7/(1.-T)
NN*N(1)
SS=S(1)
PP=P(1)
FL=(A-1.)* LOO (PP)+0AMLN(NN*A)-NN*GAMLN(A)

X -NN*A* LOO (SS)*2* LOO (1.af) LOG (A)
F=EXP(FL) '

FTEST=F
RETURN
END

f C

C

C
' REAL FUNCTION FNE0(T,P,S,N,N2,N3)

DIMENSION P(1),8(1),N(1)
| FNEG=*F(T,N,P.S)

FTEST=FNEG
RETURN

END
C

C FINDS THE VALUE OF THE VARIABLE THAT MAXIMIZES THE PENSITY F
C

( SUBROUTINE SMAX(XMIN,S,P,N)
l DIMENSION P(1),8(1),N(1)

EXTERNAL FHEG
E= 01
A=E'
B=1.-E
TOL= 001
CU.L ZXGSP(FNEO,P,5,N,IE4,IPS.A,B,TOL,XMIN,IER)
FTLST=XMIN
RETURN

._
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END
C i
C |

C -

SUBROUT!NE 0#1 W M(X,F0FX)
Cotton A(3),N(3),NN

C0ff0N ISEED.AA '

IF (X.LT,0,0) TifEN

F0FX=0.
RETURN

INDIF
70L=1.E-$
NUNIT=1
XX=X
AAA=AA*NN
IF (X.0T.5,*AAA) THEN

F0 FOX 1,0
RETURN

F.NDIF
, ,

' ~
. . -

CALL C# TIC (X,AAA.TOL,NUNIT,F0FX,NZ)
F0FXX=F0FX
RETURN

,

~END i

C

C
SUBROUTINE DIRICt!LET(R1,R2,R3,P1,P2) i
CatON A(3),N(3),NN
CatON ISEED,AA
CONL=GMEN(RitR2tR3)-0MLN(R1) 0AHLN(R2) CML!'(R3)
RN=R1+R2+R3

P1HAX=(R1-1.)/(RN*1.)
(2 MAX =(R2 1,)/(RN-1.)
FMAX=CONL+(R1-1.)* LOG (P1 MAX)+(R2-1 )* LOO (P2 MAX)+(R3-1 )*-

X L00(1.-P1HAX-P2 MAX)
100 CONTINUE

Pl=RAN(ISEED)
P2=RAN(ISEED)
P3=RAN(ISEED)

i. IF(Pl+P2,GT.1,) GOTO 100
F=CONL+(R1-1,)* LOO (P1)+(R2-1.)*Lo0(P2)+(R3-1 )* LOG (1 P1-F2)
IF (P3.LT.EXP(F-FMAX)) RETURN

| GOTO 100
1 END

C
C

SUBROUTINE DIRICitLET2(R1,R2,P1)
CQt0N A(3),N(3),NN

C@ TON ISEED.AA
CONL=0M EN(R1+R2).G#1N(R1) GMEN(R2)
RNaR1+R2

P1 MAX =(R1-1.)/(RN-1.)
FMAX-CONL+(R1-1 )* LOO (P1 MAX)+(R2-1 )* LOG (1.-PIMAX)

j 100 CONTINUE
; Pl=RAN(ISEED)

P2=RAN(ISEED)'

F=CONL+(R1-1.)* LOO (P1)+(R2-1.)* LOO (1-PI)
IF (P2.LT.EXP(F FMAX)) RETURN
GO TO 100
END

C
C
C

SUBROUTINE QUANT (QNT,N,X,XQNT)

DIMENSION X(N)
IF (60D(FLOAT (N)*QNT,1,0) ,EQ, 0.0) TIIEN

IQNT = N * QNT

sw o e, s%
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JQNT = IQNT + 1
ELSE

TQNT = N * QNT + 1 '

JQNT = IONT *

ENDIF
XQNT = 0.5 * (X(!QHT) + X(JONT))
RETURN

END

SUBROUTINE CIFT (N,XV)
DIMENSION XV(N)
H=N

10 M-M/2
IF (M) 30,20,30

20 RETtTRN
30 K=N H

J-1
40 1*J
50 LaI+M

_
--- --

~

IF (XV(I) XV(L)) 70,70,60

60 A=XV(1)
XV(I)*XV(L)
XV(L)=A

.

1*I-M
IF (!) 70,70,50

70 JaJti
IF (J-K) 40,40,10 I

END

C

-C SUBROUTINE TO WRITE OUT MAPPER FILE FOR PLOTTING
C

SUBROUTINE HAPPER(XQ,X,IPLANT,IP)
PARAMETER (K=3,H=106)
DDtEN3!ON XQ(K,N),X(N)
Ct!ARACTER*(*) IPLANT,IP

|
OPEN (UFIT=2, FILEa IP//'. HAP', STATUS *'NEW')

C

C WRITE OUT THE TITLE IN TIIE PLOT FILE FOR MAPPER
C

WRITE (2,104)
WP!TT (2,105)IPLANT

C !

C WRITE OUT LOWER $2 POINTS
C

ONE=1.0
Z?R0=0.0
WRITE (2,106) "

WRITE (2,101) EERO,0NE
DO 40 I = 1,N-1

~

WRITE _(2,102) X(I), XQ(1,I)
40 CONTINUE

WRITE (2,103) X(N), XQ(1,N)
C

C WRITE OUT 503 POINTS
C

WR!TE-(2,107)
. WRITE (2.101) ZERG,0NE'
DO 50 I = 1,N-1

WRITE (2,102) X(I), XQ(7,I)
50 CONTINUE

WRITE (2,103) X(H), Xf,(2.N)
C-
C WRITE CUT UPPER 51 POI- '

C
WRITE (2,108)
WRITE (2,101) ZERO,0NE.
DO 60'I = 1,N 1

~ , , '

_
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! |

WRITE (2,102) X(1), XQ(3,1)
,60 CONTINUE

WRITE (2,103)'X(H), XQ(3,N)
CLOSE (2) .

101 FORMAT ('SLINE(*,514.7,',8,E14,7,',1')
,

i 102 FORMAT (Ele.7,8,8,E14,7)
103 FORMAT (E14,7, 'aE14,7,',2',/,' RETURN')'

,

104 FORMAT (** TITLE *',/' LABEL (1.,8 S,9,$,11,2,0')
10$ FORMAT (' AI .3$> RECOVERY CURVE IOR ', A, /,' RETURN'). ;

|
106 FORMAT ('* LOWER *',
107 FORMAT ('* MEDIAN *')
108 FORMAT (**UPITR*')

RETURN

END

*
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j * L0SP FOR SEQUOYAlt

* Til!S PROGRAM OENERATES Tilt CONDITIONAL PROBABILITY
! * Fit 1<T*t2/Tatt) AND SORTS THEM 80 TRAT T!!E DES 1kED:

*

j * QUANTILES MY lu FICEED OFF;
i * Tl!E PRODABILITY 18 (A - D)/A Wi!ERE $ * F(T*B) * l'F(B);
j * AND A * F(T*A) * 1*F(A);
4 og

} DATA A;

1 INFILE RECCEQ;
INPUT T11!k T',$lm T4HR 74,,$ltR 7611R 7711R 79tm T10,$2 T12,$1:R T17tiR 72411R;
F1 * (T111R - T2,$l!R) / Til!R;
DROP T1B (2,$HR T411R T4,,$11R Tbi!R 771tR T911R 710,$l!R 712,$1IR T171tR T2412:

; FROC SORT 1
BY F1;

J DATA B-
| ' VtLE RECSEQ;
E ANPUT TillR T2,$llR TeltR 74,$11R 761tR 77tIR 7911R T10,$11R T12,$2 T1711R T241:R; -- *

(T111R T4,$11R) / T1!!RP2 *
DROP T111R T2,$11R T411R T4,$ltR 761!R T71!R 7911R T10,$l1R T12,$1m T171:R T24HR:

11l0C DORT;

BY F21 .

DATA C
,

1 .1NFILE RECSEQ1
| 11;PUT T11(R T2,,$ltR Tel!R T4,$l!R 76HR T7tlR 791m T10 ,$11R T12,$l!R T1712 T2411R;

(T411R - T6HR) / Telm;F3 *
j DROP T1tIR T2,,$lik Tel!R T4,$l!R 16t!R 7711R 79tIR 710,,$11R T12,$1!R T171!R T24ftR;

PROC RORT;
1 BY F3;

DATA D'
INFILF RT.CSEQs
IN M T11tR 72,$l!R T4lm T4,,$l!R 7611R 77ttR T913 T10,,$HR T12,$1[R T171!R T24!!R

;T4|IR 710,,$ltR) / 1411R;t =

OROP T111R T2,$HR T4HR T4,,$ltR T6!!R 771!R 7911,1 T10,,$1:R T12,$1!R T171!R T24tm;
F 2 SORT:, ,

BY F4:
DATA Et

INFILE RECSEQ;
.'

INPUT T11tR T2,$5 T411R T4,$11R 76ftR T7tm T9tm T10,,$1m T12,$1m 717ttR 724dRJ
(T7!m - T12.,$ER) / 771m;?$ =

DROP TalfR T2,,$11R 7411R T4,$11R 7611R 7711R T9HR T10,$lm T12,$1m T17tIR T2412;
' 7'RCC SCAT;

BY F$3
DATA F

INFILE RECSEQi
INPUT filIR T2,$11R T4t!R T4,,$1(R T611R T7HR 791tR T10,,511R T12,,$lm T17f!R T24tIR:

(T2,$11R - T91m) / T2,$lIRPC *
L 'Dh0F T1HR T2 $1?R T41m T4,,$HR T6tm T71m 791!R 710,,$1m T12,$1m T1711R T24!!Ri

PROC SORT;
BY P6;

DATA 0;
I INFILE RECSEQ;

INPUT fillR T2,,$HR Telm T4,,$l!R 76HR 7712 79HR T10,$ltR 712,$1IR T178R T24fm; *

(74,$1m - T91m) / T4,$11R;! P7 * +

- DROP. TilIR T2,$lm T4tm T4,$11R T6HR T711R 79fm T10,$1m T12,$1m T17ttR T24HR;
FROC SORT; ;
BY F7; ;

DATA 11;
INFILE RECS N;

.

I' INPUT TU.A T2,$1!R T4HR T4,$lIR 76HR 771:R 7913 T10,51!R T12,$11R T171tR T2411R;.
P8 (T6HR - T98R) / T6tm;*

DROP Illm T2,$HR 74tIR T4,,$11R T61:R 77f!R T9!tR T10,5!!R T12,5!m T17HR T24HR;
PROC SORT;
BY P6; |

'

DATA Is !
'

INFILE RECSEQ ,
. ,.

+ . . , n. .,M-.,
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! INPUT filIR T2,$1m TenIR T4,$ilR TCt!R 77ttR TullR T10,$11R T12,$1m 717t!R T24tiki
j P9 = (T10,,$11R * T17tfR) / T10,$ltR;

I
DROP 71im T2,,$lIR TallR T4,$lik T012 T71Ik T91tk T10,$11R T12,$lik T1711R T24ftR

1 FIKC SORT; -

i BY P9a
DATA J

INTILE LECSEQ;
1

! INPUT T111R 72,$ltR T4tIR T4,$ltk 7011R 7711R 79tIR T10,ff!R T12,$HR T1781R T241!R y

i
1 F10 = (T12,$1!R - T17)!k) / T12,$11R;
j DROP fil!k T2,,$1!R Tata 74,$1!R 76ttR 77tIR 7911R T10,$11R T12,$ltR T17tIR T24tIR;

FR C SORT;;

| BY P10 ,

DAfA As
INTILE RECEEQ
INFUT TillR T2,,$ltR Tel!k T4,$llR 7611R 77tIR T911R T10,$11R 712,$1IR T17ttR T24tik

*
P11 = (79tIR * T24!1R) / 791$1

j- DROP T111R T2,$l!R T41th T4,$11R T6t!R 771tR T912 710,$11R T12,$ltR T178tR T2411R|

J. PROC f. ORT |
'' t.

t BY P11:
, .. ..

,

j DATA LI
INFILE ktCSEQ44

]
INPUT T1tIR T2,$10t Tel!R T4jl!R TCl!R 7711R T91[R T10,$ltR T12,$11R T178tR T2411RJ ,

F12 = (T1?ltR * T24t!R) / T171?R;
2 DROP T111R T2,$lIR T4t!R T4,$l!R 76tIR 7711R TbitR T10,$ltR T12,$1IR 7171!R T24IIk;

TROC BORT:
BY F121

DATA MER0Eli4

| HERGE A B C D E F1
! DATA HER0E2;

HERGE O 11 1 J K L
DATA HERGE3

HERGE HERCE1 HERGE2;
FROC PRINT DATA = HERGE3 N0025;

t

1
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4

!

!
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I
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C.237208 0.429430 0.111497 0.300822 0.202$31 0.4160$1 0.26912$ 0.177409 0.10$264 0.03850$ 0.366900 0.07078$.

0.26219$ 0.497650 0.1$4671 0.379167 0. 2 $1t.6 9 0.$67303 0.342965 0.222562 0.227164 0.162406 0.371261 0.176082
0,26$671 0.496244 0.1$6692 0.4468t2 0.296113 0.616128 0.387810 0.2$7600 0.264216 0.20$980 0.40936$ 0.191035
0.269646 0.$01$t6 0.169104 0.4$1276 0.297681 0.6243$1 0.394417 0.26083$ 0.326601 0.237096 0.$25$80 0.201110j

0.2t977$ 0.$12706 0.171033 0.4$1732 0.304834 0.624818 0.397454 0.27474$ 0.337433 0.237408 0.$30970 0.20$0041

0.352724
0. $i. 4 366 0.17$361 0.431764 0.314416 0.6256$4 0.405457 0.276$33 0.353232 0.249$24 0.$35026 0.213238'

O.357061 0 $927$6 0.160720 0.4$$09$ 0.316103 0.627111 0.416113 s.26 W 2 0.357697 0.2$6425 0.S$3304 0.2439$6i
0.35910$ 0.$93570 0.194741 0.466$13 0.32$133 0.629619 0.423417 0.289$72 0.356070 0.2$6102 0 $76582 0.2999094
0.36024$ 0.609438 0.19$665 0.472340 0.327930 0.63277$ 0.430$$9 0.200863 0.3$9632 0.260894 0.$66326 0.3171$6-

0.3602$0 0.614981 0.200$$0 0.474360 0.329799 0.646220 0.44343$ 0.291402 0.360631 0.264278 0.603764 0.317102I
0.360493 0.617080 0.201742 0.47$434 0.332481 0.646392 0.446370 0 293144 0.371675 0.267244 0.61$691 0.3320$8

'

O.360660 0.619368 0.203026 0.4t999$ 0.334137 0.6$10$3 0.447$71 0,29$646 0.373791 0.267269.0.622$16 0.360606i

0.361318 0.619700 0.206397 0.492802 0.33$$68 0.6564$2 0.449930 0.3024$1 0.379707 0.267948 0.630662 0.360827
0.361464 0.621283 0.213212 0,4$60$3 0.340$22 0.659$65 0.4$3735. 0.302500 0.383216 0.274567 0.633446 0.364761
0.361$46 0.62$46$ 0.214130 0.$0$433 0.347007 0.667241 0.46041) 0.302619 0.347041 0.276714 0.640677 0.3702795

0.St2021 0.62$691 0.214378 0.507497 0.349253 0.660429 0.4604$9 0.302706 0.390684 '0.263164 0.643064 0.370639i
0.362361 0.626068 0.216226 0,$07896 0.35228$ 0.670$94 0.463134 0.303897 0.392$63 0.2803$3 0.6$6406 0.372247
0.66327$ 0.627136 0.217719 0.$10400 0.353167 0,671223 0.464930 0.304136 0.60$689 0.31$087 0.6$9242 0.372537
0,363366 0.627771 0.216064 0.310$47 0.3$$134 0.67930$ 0.464093 0.3053$4 0.407$36 0.32872$ 0.600240 0.37$299
0.363563 0.62648$ 0.216603 0.$11031 0.357643 0.679722 0.466374 0.3063$0 0.410421 0.32904$ 0,669937 0.360212
0.363661 0.628$98 0.220709 0.$12262 0.361920 0.6798$3 0.470269 0.308837 0.437528 0.3302$4 0.674323 0.360634
0.364$34 0.629712 0.220682 0.$1398$ 0.364626 0.6M630 0.471095 0.312719 0.442156 0.331$61 0.696124 0.390363
0.365016 0.629661 0.221$36 0.$14239 0,36$732 0.661136 0.471224 0.325647 0.443$35 0.332166 0.699021 0.393$01i
0.366049 0.t29926 0.223629 0.$14$91 0.866181 0.681171 0.472007 0.330964 0.447200 0.333278 0.699312 0.397248,

0.366062 0.630323 0.224310 0.$16B22 0.36960$ 0.681649 0,476673 0.332500 0.4$0393 0.334703 0.703763 0.400826'

O.366139 0.630387 0.224$80 0.520001 0.373216 0.66301$ 0,478426 0.343463 0.450768 9.33$629 0.704066 0.403477
0.366216 0.631101 0.226027 0.$23499 0.37421$ 0.692664 0.4834$1 0.343666 0.451819 0.337318 0.70422$ 0.406447'

O.3662$9 0.631$37 0.226327 0 $2$222 0.377254 0.695637 0.464621 0,34$775 0.4553$9 0.336434 0.707754 0.409972
0.36666$ 0.63174$ 0.226333 0.$25844 0.360833 0.703016 0.486027 0.348406 -0.458241 0.340547 0.710364 0.419076

1

I

0.367223 0.63211$ 0.229119 0.$41466 0.364893 0.703$06 0.487931 0.3$1461 0.459631 0.341974 0.711620 0.423$30
0,3673$6 0.632709 0.229263 0,$43444 0.36$134 0.70$385 0.401693 0.354370 0.4006$2 0.343098 0.712114 0.42$$$6
0.367$15 0.6327$2 0.229722 0,$$0030 0.396983 0,707749 0,497789 0.356017 0.462647 0.343314 0.712604 0.426211j

0.367$$1 0.632871 0.229972 0.$$3176 0.403212 0.706899 0 $0$71$ 0.360367 0.466391 0.34$666 0.71440$ 0.428044;

0,367929 0.633016 0.230617 0.S$4661 0.414$60 0.709414 0.506016 0.361$66 0.466622 0.34r070 0.716982 0.428163'

O.3?8116 0,633262 0.232956 0.$$6100 0.429706 0.710471 0.$079$0 0.362360 0.467254 0.346833 0.721751 0.420041
0.366326 0.633$13 0.235810 0.562147 0.434346 0 71061$ 0,$00264 0.363$79 0.467284 0.349232 0.731118 0.4343221

0.36857$ 0.633635 0.23660$ 0.$64277 0.438678 0.710825 0.$12416 0.367273 0.469275 0.349935 0.740639 0.43463/
0.368674 0.634074 0.23714$ 0,$64941 0.43999$ 0.712624 0.515085. 0,366020 0.470600 0.36106$ 0.740730 0.440$03

,

0.366933 0.6343$2 0.237226 0.56t833 0.440858 0.712773 0.$16866 0.368264 0.470728 f.362070 0.74472$ 0.440612
';

O 366964 0.634$20 0.237713- 0.576636 0.446004 0.714833 0.$19696 0,369611 0.4726$7 0.363291 0.74$426 0.441064
0.366981 0.634704 0.23671$ 0,$'7096 0,446418 0.71$$61 0.519631 0.370262 ~ 0.47360$ 0.36342$ 0.74$859- 0.446990
0.St9142 0.634847 0.23*737 0.$78760 0.446566 0.71635$ 0.$20133 0.370564 0.473674 0.3656$6 0.747079 0.4$147$

i

|

0.369146 0.63$0$3 0.239048 0,$79937 0.446683 0.720632 0.$270$9 0.379431 0.475076 0.36$910 0.747822 0. 451$911

0,369631 0.635066 0.240002 0.582295 0.446087 0.724040 0.$27$64 0.380444- 0.476703 0.366176 0,746652 0.4$2690l

0.369633 0.63$125 0.240068 0.$64106 0.446210 0.7244$6 0.$28162' 0.360793 0.479146-0.371774 0.749506 0.45610$j
0,369735 0.63$132 0.240304 0.584413 0.4500$0 0.72$317 0.529065 0.381121 0.482200 0.374172 0.749646 0,456752j
0,369702 0.635224 0.240375 0.$64$0$ 0,4$1245 0.72603$ 0.$30327 0.381766 0.496208 0.367703 - 0.752463 0,4645$7

|
0.369017 0.63$$66 0.241361 0.$64753 0.4$2623 0.726902 0.$30330 0.341956 0.511693 0.3997$0 0.752663 0.46676$
0.37007) 0.63$717 0.241764 0.564790 0.453099 0.727116 0.531430 0.362601-0.$24424 0,390817 0.7602$$ 0,473307
0.370163 0.63$777 0.241626 0.$85867 0.4$323$ 0.72601$ 0.531951 0.383042 0.526462 0.405637 0.760931 0.474529
0.370466 0.63$644 0.242310 0,$66564 0.453739 0.726327 0.$36643 0.3e3052 0.$30266 0.40730$ 0.779$27 '0.47$354
0.370528 0.6356$4 0.24312$ 0.567185 0.4$3749 0.72636$ 0.5379M 0.3t3164 0.$33997 0.407973 0.761691 0.475$$7

',

O.370541 0.636074 0.243223 0.$68030 0.4$6650 0.728639 0.$3809$.0.383409 0 $368$$ 0.408906- 0.793944 0.496250,

0.370697 0.636116 0.244100 0 $66422 0.4$7167 0.?20070 0.$39230 0.381623 0.537522 0.411400 0.797$01 0.496130
0.370709 0.636130 0.244t94 ~ 0.$8A675 0.457312 0.729464 0.$39422 0.364r32 0.$36376 0.41928$ 0.798647 0.499874<

0.376782 0.636103 0.246042 0.589007 0.460387 0.720$26 0.539427 0.3675$7 0.$395'3 0.419513 0.800817 0.$00768} 0.370871 0.63626$ 0.246046 0 $91382 0.4604B3 0.72957$ 0,$30a37' O.36?'64 0.540152 0.41976$ 0.801729 -0.$031$2
) 0.370996 0.636368 0.247161 0.592665 0.460656 0.730474 0.$41262 0.388067 0,$40296 0.419967 0.802426 0.508451

0.371016 0.636392 0.247!6$ 0.$94629 0.460094 0.731343 0.543443 0.391$60 0.540623 0.421927 0.602$26 0.$09473
0.371010 0.636399 0.247742 0.$99219 0.464065 0.736012 0.$4413$ 0.396733 0.$43420 0.422703 0.602798 -0.$13261*

0.371046 0.636$03 0.248318 0.599828 0.464001 0.741019 0.$49141 0.399991 0.$44204 0.423364 0.603293 0.$1360$
0.3714$1 0.636600 0.248723 0.606740 0.467740 0.7410$4 0,$49227 0.400200 0.544653 : 0.42$613 0.603772 0.514939
0.371336 0.636773 0.249773 0.6087$7 0,472736 0.74$129 0.$$4426 0,404$62 0.54536$ 0.427707 p.006496 0.$1$696
0.371661 0.Qf 996 0.2$0610 0.609225 0.474391 0.745373 0. $$$4 72 0,404565 0.$45623- 0.428001 .V.807$94 0.515630 -

,

!

0.371698 0.637042 0.2$0732 0.610235 0.474816 0.74$640 0.53$923 0.404801 0.$47539 0.428049 0,607726 0.516927 e
4 .-
*
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0.37182' O.037205 0,251664 0,610369 0,474881 0.746066 0.S$6080 0.40$076 0.549476 0.428348 0.808162 0.518504
0.372003 0.637507 0.251690 0.610593 0.470827 0.746239 0.S$732$ 0.407237 0.550137 0.428606 0.809266 0.519443
0.372180 0.637512 0.252237 0.610668 0.477736 0,146480 0.558360 0.407704 0.55027S 0.426869 0.811436 0.519620
0.372200 0.637567 0.2$2766 0,611054 0.470840 0.746629 0.560021 0.407824 0. S 51$14 0.428950 0.011606 0.$19752
0.372260 0.637702 0.252924 0.611219 0.480400 0.746701 0.560079 0.406066 0.552207 0.429431 0.812196 0.521066
0.372438 0.637733 0.253670 0.611460 0.481071 0.746717 0,$60132 0.408661 0.553185 0.430918 0.812$28 0.$22026
0.372553 0.637780 0.2$3761 0.611532 0.481572 0.746726 0.560310 0.409$30 0.55$$33 0.431939 0.812997 0.522966
0.372621 0.637907 0.254466 0.611926 0.483006 0.746762 0.S60$$9 0.410$72 -0.S$7990 0.4320$6 0.814217 0.524458
0.372640 0.63802$ 0.2$4687 0,6119$1 0.483101 0.747426 0.560704 0.410727 0.561743 0.432233 0.81$250 0.$2$417
0.372786 0,6382$3 0.255642 0.t12375 0 483229 0.747520 0.$60852 0.411143 0.$62472 0.432282 0.817387 0.$25461
0.3728$$ 0.638713 0.255962 0.618$31 0.483232 0.747631 0.S61423 0.411518 0.563795 0.432804 0.818182 0.526325
0.372027 0.638744 0.256180 0.614030 0.484432 0.747904 0.561430 0.411902 0.567519 D.433819 0.810184 0.526523
0.373068 0.638768 0.2$t236 0.614273 0.484674 0.747940 0.561642 0.411992 0.$67995 0.4363$1 0.818S03 0.526944
0,373074 0,639228 0.2$6443 0.614000 0.485020 0.748439 0 $61952 0.412231 0.5691$9 0.4382$$ 0.820704 0.527031
0.373160 0.639666 0.256830 0.615$06 0.485391 0.748937 0.562106 0.412296 0,$69473 0.441922 0.621144 0.$27669
0.37366$ 0.640$07 0.257410 0.616191 0.48$437 0,750232 0.562$38 0.412429 0.569$$3 0.442667 0.821268 0.$27726

'

O.374032 0.640531 0.2$161$ 0.616650 0.485817 0.750375 0.$62S84. 0.412812 0. li? o747 0.442747 0.821311 0.5277$8
0.374103 0.6428S5 0.258096 0.617774 0.486600 0.750550 0.563213 .0:413117 0.$71066~0.442882 0.821353 0.527919
0.374170 0.643471 0.259073 0.617779 0.486766 0.7516$8 0.563516 0.413417 0.$71664 0.443402 0,824312 0.S20672

1

0.374170 0,644787 0.259229 0.618272 0.486006 0.752125 0.564062 0.413794 0.$73317 0.444005 0.824330 0.$30058 '

O.374273 0.644800 0.2$9267 0.610144 0.487236 0.732230 0,$64690 0.414046 0.5733$3 0.444266 0.82$708 0.$32417
0.374604 0,644673 0.259400 0.610148 0.487762 0.7522$3 0.SfS396 0.414256 0.573400 -0.448301 0.826089 0.$32639 *

0.374664 0.64$420 0.250$31 0.619377 0.488677 0.7$$735 0.567774 0.414367 0.573444 0.449252 0.826182 0.$32840
0.374713 0.64$681 0.2602t0 0.620372 0.480126 0.758123 0.570267 0.414629 0.573663 0.451987 0.827091 0.$33000i

0.374716 0.645807 0.260$87 0.620646 0.489303 0.7$8381 0.$70604 0.418120 0.574440 0.4$2006 0.827100 0.535095 *

0.375000 0.64$9$8 0.2606$6 0.623863 0.489$38 0.758S97 0.$72107 0.416639 0.574518 0.4S3344 0.827300 0.537801 (
0.87$140 0.646230 0,261267 0.626$02 0.489813 0.759546 0,$73816 0.4192$8 0.$74756 0.45383S 0.827852 0.836068
0.375327 0.6462$0 0.261270 0.627017 0.400070 0.7$9764 0.$74011 0.419524 0.$74075 0.455010 0.628271 0.538458
0.375$$9 0.646684 0.261368 0.827107 0.490$87 0.760445 0.574620 0.422368 0,573191 0.45$136 0.628574 0.538494
0.375000 0.647413 0,262425 0.627572 0,492003 0.763045 0.57$641 0.42$621 0.$7S296 0,455691 0,829049 0.536495
0.375012 0.647481 0.262810 0.627728 0.492285 0?*3966 0,576062 0.427605 0.$75667 0.455793 0.829578 0.538771
0.376461 0.647$52 0.263089 0.628362 0.492881 0.764347 0.576163 0.427836 0,$75937 0,4$6745 0.629854 0.$41243
0.376773 0.648329 0.263S70 0.628642 0.493330 0.764441 0.576235 0.428061 0.576222 0.456995 0.830186 0.$41347'

O.377260 0.648580 0.264322 0.626865 0.494648 0.76$106 0.$76410 0.428561 0.576273 0.457476 0.830517 0.541498
0.377771 0.648683 0.266150 0.629099 0.49467$ 0.765526 0.$77011 0.429088 0.576$13 0.457879 0.830857 0.541660
0.378040 0.648831 0.2672$$ 0.630162 0.495090 0.765696 0.577506 0.420672 0.577262 0.456090 0.830000 0.543306 (
0.378304 0.648163 0.267574 0.634572 0.49555$ b.766028 0 $77816 0.430320 0.577890 0.4$6288 0.835782 0.$49495
0.379377 0.648984 0.26774S 0.634S97 0.496076 0.766126 0,$78015 0.431$56 0.578297 0.458308 0.836366 0.549503
0.370423 0.649170 0.268627 0.640246 0.496153 0.767684 0.580$32 0.431611 0.578627 0.458907 0.836987 0.550363

, 0.380$33 0,640193 0.269281 0.641492 0.4062$7 0.7680$9 0.581030 0.432636 0.570430 0.458933 0.837706 0.554322
1

0.300691 0.649451 0.270814 0.644271 0.496430 0.770$$3 0.585498 0.432636 0.560057 0.459411 0.839689 0.$64846
0.380957 0.640471 0.270967 0.644530 0.496790 0.771980 0.585613 0.432649 0.$80320 0.456535 0.640660 0.567469
0.381164 0.640515 0,273775 0.644560 0.496674 0.772066 0.587535 0.434230 0.$80470 0.459628 0.848360 0.568743
0.381512 0,649654 0.274077 0.645$99 0,499685 0.774433 0.$91030 0.43562$ 0.560$36 0,460243 0.849998 0.57346$
0.381$64 0.649677 0.2753$9 0.646418 0.$07261 0.775112 0.596186 0.440634 0.580594 6.46L462 0;850006 0.$77756
0.381690 0,649803 0.276$$5 0.648741 0.508131 0.775403 0.597932 0.441030 0.581168 0.460646 0.8500$4 0.578275
0.361730 0.649823 0.278393 0.650690 0.$17530 0.776384 0.598304 0.442746 0.581524 0.461457 0.850137 0.579052
0.381828 0,649927 0.278403 0.631257 0,510625 0.776565 0.598550 0.443036 ' 586456 0.461798 0.850776 0.570481;

^

0.381971 0,650174 0.276481 0.651999 0.5213$2 0.777040 0.599200 0.444$85 0.56.'*$ 0.461640 0.850868 0,$80087
0,362343 0.650305 0.281016 0.652217 0.522795 0.777167 0,590437 0.444894 0.$68500 0.462164 0.850960 0.$60671
0.382466 0,850798 0.281258 0.653411 0.$23555 0.777587 0.$99701 0.445083 0.591$77 0.462618 0.851265 0 $80764
0.362514 0.6$0807 0.261511 0.65443$ 0.$23722 0.760$48 0.608903 0.4$1638 0.591810 0,462844 0.851366 0.581157
0.382654 0.650882 0.281873 0.655966 0.523755 0.780699 0.609317 0.452381 0.592840 0.463458 0.851701 0.$62349
0.382935 0.651623 0.282797 0.857455 0.523677 0.783287 0.609612 0.452942 0.593657 0.464580 0.851030 0.$82501
0.362995 0.652766 0.262976 0.6$7940 0.524564 0.783484 0.609725 0.453030 0.593644 0.467273 0.631031 0,582720
0.383036 0.653107 0.283254 0.659369 0.$25354 0.763489 0.609744 0.453164 0.595147 0.467560 0.852436 0.562755
0.3R3345 0.653232 0.283670 0.659377 0.525950 0.783523 0.610037 0.453824 0.596632 0.468504 0.854297 0.$62813 !

0.383447 0.653506 0.283601 0.662499 0.531015 0.763563 0,610042 0.454256 0.598499 0.469441 0.855631 0.$63118
0.383507 0.653612 0.283992 0.668677 0.533931 0.783658 0.610418 0.454770 0.600146 0.470403 0.856069 0.583590
0.383573 0.653839 0.283904 0.660039 0.534454 0.783674 -0.610682 .0.455117 0.602319 0.4705$8 0.856661 0.563776
0.363620 0.6$4282 0.284013 0.669280 0.$34633 0.763076 0.611646 0.455167 0.602935 0.471256 0.857448 0.563925 .

0.383605 0.654320 0.284458 0.669293 0.536277 0.785261 0.612620 0.457232 0,603151 0.471674 0.657592 0.565002 '

O.383856 0.654$40 0.264694 0,669376 0.$36800 0.7858$3 0.61282$ 0.457730 0,603921- 0.473230 0.857736 0.585643
0.364146 0.65$063 0.284766 0,669903 0.537943 0.786393 0.616243 0.458156 0.606267 0.475039 0.858090 0.585955
0.364160 0.655416 0.285025 0.660009 0,$38355 0.787112 0.616570 0,458$15 0.610180 0.481329 A 8$9001 0.566022
0.384341 0.656200 0.285216 0.671432 0.536357 0.767801 0.61691$ 0,461763 0.610311 0.482006 b.859614 0.586217 -
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) 0.364564 0.656281 0.285240 0.671971 0.536534 0.788199 0.610994 0.461070 0.610894 0.464570 0.660312 0.567060
0. 3 84 $( 9 0.857724 0.285304 0.672013 0.$38717 0.760071 0.617261 0.461930 0.611610 0.464753 0.600$01 0.$67716*

0.364579 0.657735 0.285622 0.072164 0.539336 0.789181 0.61728$ 0.462030 0.614466 0.465213 0.661424 0.590437
0.384661 0.657916 0.285757 0.672710 0.540481 0.769636 0.617401 0.4t2210 0.61$17$ 0.466764 0.861632 0.$91500
0.3P4766 0.6$7936 0.265822 0.674660 0.$41020 0.789760 0.6174t9 0.462416 0.631062 0.499123 0.863936 0.592995
0.384811 0.6$6010 0.266066 0.67$00$ 0.541573 0.790*70 0.616667 0.462479 0.631122 0.502339 0.870290 0.$93101
0.384866 0.658228 0.286339 0.67$6$2 0 $42004 0.700620 0.6166$6 0.462744 0.631494 0.$02$43 0.670477 0.$95154
0.384903 0.656467 0.266$32 0.67$710 0.542606 0.791130 0.618666 0.463458 0.63230$ 6.$04160 0.6722$3 0.595262
0.365095 0.659361 0.28666$ 0.67$782 0.542977 0.791170 0.616913 0.4637t9 0.632487 0.50$348 0.872660 0.$96067
0.3t$276 0.6$9942 0.266681 0.675680 0.$43240 0.791$78 0.610100 0.464306 0.6329$0 0.506087 0.874461 0.602106
0.38$300 0.660320 0.266910 0.67S972 0 $43403 0.791796 0.619116 0.464306 0.633326 0.$06426 0.675479 0.604381
0.385379 0.661667 0.266992 0.676041 0 $48345 0.79161? 0.619273 0.464407 0.633$96 0.507$4$ 0.677331 0.609906
0.38539$ 0.662004 0.287038 0.676188 0.5$3587 0.792012 0.619$13 0.464453 0.634510 0.$07672 0.660712 0.618350
0.36$449 0.663399 0.267497 0.676262 0.$$3730 0.79205$ 0.619731 0.464762 0.634746 0.509266 0.881076 0.619333 ,

0.38$$64 0.663740 0.287499 0.676293 0.5$4343 0.792006 0.619600 0.464796 0.635220 0.$09366 0.662181 0.61947$ l
0.363$91 0.663956 0.267860 0.676360 0 $54361 0.792103 0.620240 0.464928 0.635$39 0.510154 0.682501 0.619$26
0.38$799 0.665005 0.268110 0.676390 0.5$$021 0.792200 0.620389 0.465282 0.6372$9 0.510330 0.685000 0.620006
0.365632 0.665160 0.2664$7 0.676497 0.555023 0.792317 0.620406' 0446531$ 0.637204- 0.$104$3 0.885289 0.620177
0.385843 0.665168 0.288$$9 0.670707 0.S$$176 0.792379 0.620627 0.466200 0.637402 0.$10$22 0.885412 0.620910 )
0.385026 0.665277 0.268611 0.676730 0.$$$$31 0.792449 0.620600 0.466364 0,638724 0.511127 0.66S611 0.622185 |
0.36$926 0.66$320 0.288705 0.676620 0.S5$662 0.792470 0.620628 0.467334 0.630291 0.$11476 0.~68$617 0.6224$0 l

0.385033 0.665353 0.286762 0.676016 0.S$S867 0.792460 0.621067 0.467487 0.630446 0.$11686 0.865656 0.623001 l.

10.366002 0.66$606 0.286666 0.677338 0.$$5960 0,792649 0.621275 0.467662 0.639492 0.511993 0.685733 0.624443
0.386113 0.66$666 0.1890$9 0.677419 0.$$6046 0.792727 0.621364 0.466187 0.641680 0 $13006 0.68$77$ 0.624462
0.386316 0.665764 0.269719 0.677487 0.S$6140 0.792953 0.621$21 0.468269 0.642311 0 $13138 0.88$671 0.624636

1 0.366335 0,66$607 0.290334 0.677593 0.$$6225 0.792962 0.622441 0.466440 0.642479 0.513162 0.86$908 0.624978 c

0.366355 0.66$813 0.290762 0.677798 0.5$62$9 0.793$20 0.623561 0.4684$1 0.642963 0.$13851 0.885975 0.625025
0.366410 0.66$851 0.200600 0.678245 0.556752 0.794265 0.624763 0.473353 0.643965 0.513929 0.866066 0.625249
0.366446 0.666661 0,290064 0.670073 0.$$6631 0.795793 0.627385 0.474477 0.64425$ 0.$14755 0.866094 0.625470
0.366586 0.666050 0.291176 0.681632 0.557167 0.79736$ 0,620684 0.479113 0.644646 0.$15940 0.666283 0.625633

0.366632 0.667037 0.291233 0.682SS3 0.S$7453 0.798311 0.630$44 0.461112 0.644921 0.516273 0.686623 0.62S63$
0,366930 0.66713$ 0.291666 0.662614 0.$57470 0.790502 0.630669 0.461530 0.645074 0.517727 0.686646 0.62$804

0.366974 0.66731$ 0.291762 0.662839 0.557656 0.799301 0.630916 0.481001 0.645607 0.518270 0.687237 0.62$986
0,366976 0.667441 0.291697 0.683075 0.S$7774 0.799701 0.631026 0.462350 0.646269 0.516822 0.887534 0.62601$
C.387060 0.667447 0.291966 0.663629 0.5$7883 0.600055 0.631740 0.482670 0.646524 0.516662 0.687770 0.626310
0.367064 0.667701 a.292314 0.66$230 0.557933 0.600371 0.0319$0 0.46204$ 0.6466S6 0.510156 0.687975 0.626357
0.387100 0.667863 0.292360 0.685S72 0.$56291 0.601207 0.632531 0.483495 0.647106 0.$19446 0.688069' O.626376
0.387382 0.661941 0.292633 0.665666 0.558575 0.801500 0.632910 0.483600 0.647171 0.519481 0.668108 0.626647
0.367404 0.667994 0.292678 0.666390 0.558564 0.60160$ 0.633118 0.463725 0.647308 0.510741 0.668163 0.627170
0.387467 0.6681$9 0.292616 0.f91826 0.$59219 0.601620 0.633434 0.483677 0.648047 C.520022 0.866503 0.627268
0.387507 0.668228 0.292959 0.692407 0.$60117 0.602963 0.636100 0.463971 0.6481$4 0.$21272 0.868765 0.627427
0.387529 0.668297 0.293165 0.694630 0.560139 0.803619 0.637518 0.464014 0.648769 0.$21438 0.668983 0.627513

| 0.367602 0.66653$ 0.295755 0.694963 0.$60160 0.804405 t.630286 0.465001 0.649404 0.521538 0.880060 0.627654
0.367606 0.666643 0.296221 0.695247 0.$60$$6 0.oea<ss 0.630267 0.48602$ 0.640542 0.521592 0.889095 0.627768
0.387608 0.669168 0.296312 0.695378 0.560768 0.60$037 0.639778 0.466066 0.649832 0.522023 0.889299 0.628107
0.367847 0.669196 0.297178 0.69$443 0.560006 0.80$105 0.640317 0.466360 0.6$0251 0.522367 0.689375 0.628691
0,367923 0.669331 0.297731 0.695492 0,560961 0.60$221 0.640413 0.466554 0.653107 0.522672 0.860657 0.628815
0.387975 0.6693$9 0,298309 0.695528 0.561385 0.606610 0.641690 0.486076 0,65362$ 0.525085 0.890215 0.626946i

0.366072 0.669403 0.296908 0.695712 0.561670 0,807750 0.642010 0.467044 0.654302 0.525649 0.600473 0.629003
0.368086 0.660439 0.200510 0,696617 0.562756 0.807771 0.64284$ 0.487701 0.654596 0.527613 0.892792 0.620025
0,366396 0.660517 0.299937 0.697076 0 $63116 0.607967 0.642896 0.466771 0.656381 0.528101 0.892036 0.629141
0.368440 0.670416 0,300606 0.697135 0.564452 0.606264 0.643736 0.486676 0.656342 0.$26666 0.893047 0.629207
0.368493 0.670571 0.301377 0.697403 0.566265 0.608395 0.643914 0.469664 0.660162 0.520214 0,693089 0.629362

0.368$56 0.570602 0.302143 0.697605 0.567102 0.609271 0.644012 0.489829 0.660411 0.$295S1 0.693252 0.629377,

' O.388599 0.671036 0.302391 0.697916 0.568102 0.809801 0.644048 0.469697 0.b604$8 0.529885 0.893370 0.629764
0.386636 0.671179 0,302936 0.697995 0.568774 0.810355 C 6444B7 0.490046 0.660603 0.530013 0.893494 0.629968

0.368737 0.671200 0.303185 0.696928 0 $70100 0.811275 0.646541 0.490305 0.660942 0.530506 0.693523 0.630019
0.366601 0.671310 0.303475 0.698062 0.570263 0.611279 0.646792 0.490$74 0.661112 0.530605 0.893627 0.630127
0.366881 0.671530 0.30$117 0.699444 0.$71673 0.811305 0.646796 0.490639 0.662420 0.530745 0.894130 0.630673
0.389112 0.671698 0.305165 0.702666 0.571764 0.811331 0.646926 0.490668 0.663248 0.530906 0.894222 0.631328
0.389141 0.671622 0.306186 0.702669 0.571856 0.811747 0.646974 0.490901 0.663430 0.$30951 0.894440 0.632106
0.389161 0.671943 0.306710 0.707156 0 $73273 0.811800 0.647267 0.491264 0.664062 0.530958 0.894562 0.632251
0.369222 0.672133 0.3068$6 0.703605 0.576501 0.813317 0.6$Cf59 0.49148$ 0.664213 0.531297 0.894630 0.633251
0.369232 0.672197 0.306666 0.705466 0.576240 0.613344 0.650650 0.491892 0.664547 0.531660 0.894695 0.633569
0.369303 0,672401 0.307289 0.705717 0.578962 0.813378 0.651306 0.492073 0.664600 0.531922 0.895014 0.633825

0.389307 0.522427 0.307453 0.706419 0.$813$6 0.813426 0.651504 0.492004 0.664667 0.532721 to.695634 0.636986 _
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' O.389416 0.673303 0.307494 0.700$06 0.581387 0.614343 0.651559 0.492436 0.665061 0.$33009 0.896232 0.637171

0.369767 0.673935 0.307905 0.708165 0.582809 0.814714 0.651706 0.492$32 0.66$243 0.533415 0.897609 0.638053
0.369773 0.674216 0.306477 0.700110 0.$84403 0.814827 0.652007 0.492$91 0.6653$$ 0.534142 0.898731 0.641064
0.389921 0.674766 0.308622 0.709201 0.$90404 0.614992 0.6t2124 0.492625 0.665551 0.$34353 0.899291 0.642073
0.389934 0.675901 0.308972 0.709433 0.$91214 0.815490 0.652233 0.492700 0.665676 0.$34462 0.699848 0.643872
0.38W959 0.678197 0.309076 0.709634 0.592341 0.816016 0.632250 0.493758 0.66$737 0.535375 0.900637 0.644121
0.390099 0.678214 0.30921$ 0.700672 0.592716 0.818159 0.652254 0.494571 0.666234 0.$35575 0.900871 0.644313
0.390208 0.678249 0.30932$ 0.709756 0.592867 0.816174 0.652311 0.495306 0.666593 0.$35882 0.002160 0.644449
0.391738 0.678408 0,309614 0.709777 0.593503 0.816423 0.652566 0.49$944 0.673560 0.$39868 0.903625 0.6445$9 |

0.391664 0.678667 0.309760 0.709962 0.594301 0.816$07 0.652613 0.496201 0.675630 0.540$06 0.003994 0.646419 |
0.391910 0,678631 0.309769 0.710146 0.595126 0.0168Si 0.652634 0.497992 0.675852 0.541075 0.003908 0.646821 1

0.392060 0.670061 0.309845 0.710281 0 $952$7 0.817004 0.653116 0.498212 0.678622 0.5456$6 0.904121 0.647399
0.392166 0.680592 0.309848 0.711089 0 $95333 0.817422 0.653236 0.40P221 0.681080 0.$48533 0.00$347 0.646$10
0.302203 0.680758 0.309864 0.711391 0.$95570 0.817429 0.613604 0.496301 0.682111 0.549875 0.9081$2 0.6$1627
0.392576 0.680601 0.309909 0.711563 0.597180 0.817447 0.653689 0.496411 0.686970 0.S$4795 0.009299 0.654219
0.392950 0.660868 0.310034 0.711639 0.$98209 e 817$33 0.6$4172 0.499135 0.687073 0.$$$825 0.910311 0.6$460$
0.393025 0.682089 0.310107 0.712161 0.598637 0.418739 0.654359 0.499550 0.687468 0.$56789 0.910413 0.654766
0.393466 0.682182 0.310141 0.712193 0.$986$0~ 0.810498 0.654679' 0:499942 0.6888$2- 1.$$828$ 0.911997 0.657023
0.393634 0.682236 0.310174 0.714242 0.599526 0.821218 0.658017 0.502672 0.669146 0.$56638 0.912950 0.662854
0.393728 0.682252 0.310310 0.714795 0.590782 0.622105 0.654374 0.502874 0.689929 0.$$8704 0.913326 0.662910
0.393786 0.682322 0.310$80 0.715456 0.600051 0.822363 0.65t906 0.504637 0.690766 0.S61020 0.'913765 0.666900
0.394335 0.082404 0.310620 0.715603 0,600378 0.822S42 0.669J36 0.$04663 0.6912fs 0 $62260 0.913967 0.660116 a

0.394537 0.682635 0.310797 0.71631$ 0.600442 0.822601 0.6605$4 0.50$121 0.691366 0.$63706 0.014047 0.669122
0.394640 0.682869 0.310812 0.716889 0.600758 0.822822 0.660588 0 $05693 0.692253 0.$64391 0.914106 0.660608
0.394646 0.682886 0.3112$2 0.718977 0.600892 0.822963 0.681206 0.$05805 0.692286 0.564951 0.914306 0.669736
0:396818 0.682953 0.311349 0.719957 0.604$15 0.823007 0.661275 0.505038 0.692315 0.56S081 0.91$554 0.672720 <

0.397095 0.683292 0.311483 0.719061 0.60$061 0.623039 0.661423 0.506004 0.692400 0.$65265 0.917042 0.673S12
0.397393 0.68350$ 0,311695 0.720154 0.605297 0.6230$0 0.661650 0.5060$3 0.692696 0.565303 0.917127 0.673579

0.397427 0.683$43 0.311697 0.720180 0.0057$7 0.623054 0.661898 0.506000 0.692000 0.$65403 0.917180 0.67$671
0.39804$ 0.684243 0.311841 0.720396 0,60$992 0.823337 0.662144 0.$06146 0.693077 0.565520 0.910156 0.676636

0.396249 0.685001 0.312079 0.720433 0.606145 0.823741 0.662216 0.50F601 0.60$224 0.566314 0.918467 0.677362
0.398385 0.68$263 0.312086 0.720820 0.606763 0.823745 0.652219 0.506738 0.696215 0.560560 0.916617 0.677781
0.398523 0.685317 0.312281 0.721004 0.607603 0.623749 0.662531 0.507040 0.697836 0.571022 0.918632 0.677878
0.396649 0.685347 0.312310 0.721115 0,607633 0.623782 0.662850 0.507242 0.699726 0.571522 0.920562 0.676126

0.398750 0.685600 0.313311 0.721158 0.607831 0.823827 0.662866 0.507460 0.699882 0.573329 0.021060 0.676626
0.399405 0.685758 0.312346 0.721796 0.'90096 0.623658 0.663066 0.507558 0.701917 0.575337 0.921424 0.670963
0.399601 0.687816 0.312454 0.722185 0.i 9015 0.824164 0.663144 0.507577 0.707218 0.582424 0.021604 0.680204
0.390781 0.686620 0.312646 0.722196 0.6 9128 0.824250 0.663435 0.508203 c.708905 0.584817 0.023610 0.661096
0.400125 0.600002 0.312700 0.722254 0.610343 0.624424 0.663471 0.509103 0.710942 0.587297 0.925667 0.681196
0.400263 0.690044 0.312743 0.722330 0.610447 0.624462 0.663713 0.509767 0.711572 0.588315 0.92$769 0.664208
0.400553 0.690221 0.312793 0.722337 0.614958 0.825162 0.663783 0.509773 0.712989 0,560926 0.925914 0.664405

0.400736 0.690265 0.313003 0.722425 0.615003 0.82S$92 -0.663648 0.510077 0.716617 0.591177 0.926001 0.685647
0.401234 0.690628 0.313022 0.722560 0.615932 0.626169 0.664075 0.511995 0.717007 0.591655 0.927053 0.685663
0.402323 0.690673 0.313133 0.722604 0.616170 0.626452 0.664616 0.512291 0.716464 0.592020 0.927385 0.667341
0.402338 0.690775 0.313254 0.722698 0.616356 0,827026 0,664999 0.513424 0.716617 0.592755 0.927395 0.689045

0.402471 0.600904 0.313300 0.722814 0.616408 0.827555 0.665698 0.514207 0.719175 0.593265 0.027814 0.660235
0.402544 0.600952 0.313344 0,722919 0.618570 0.827714 0.666604 0.515139 0.719176 0.593660 0.928623 0.690651
0.402673 0.691119 0.313416 0.723064 0.619069 0.627629 0.667131 0.515160 0,719510 0.593747 0.929405 0.694472
0.4021J6 0.691287 0.313532 0,723614 0.619426- 0.828413 0.666092 0.515670 0.719934 0.594168 0.929470 0.695304
0.4026$8 0.691293 0.313594 0.725641 0.619596 0.829073 0.666353 0.516726 0.7206$3 -0.594329 0.920765 0.696526
0.402890 0,691598 0.313736 0.727243 0.620527 0.829250 0.669842 0.519010 0.721085 0.594450 0.930127 0.699239

0.402921 0.691640 0.313750 0.727467 0.621350 0.629336 0.669914 0.519160 0.722477 0.595620 0.930639 0.701032
0,402996 0.691707 0.314200 0.727920 0.622004 0.829574 0.670459 0.519905 0.722597 0.595915 0.931274 0.701723

0.403123 0.691741 0.314210 0.726652 0.622419 0.630341 0.671660 0.520677 0.722659-0.596469 0.931315 0.701801
0.403232 0.691747 0.314213 0.729042 0.624231 0.630563 0.671689 0.$20923 0.722898 0.597030 0.931527 0.702636
0.403296 0.691781 0.314331 0.729202 0.624460 0.830711 0.672012 0.521080 0.723127 0.597003 0.931845 0,702643

0.403427 0.691791 0.314499 0.729234 0.624561 0.630952 0.672499 0.521194 0.723140 0.597$26 0.931669 0.703091
0.403660 0.691870 0.314616 0.729406 0.624697 0.630958 0.672520 0.521342 0.723452 0.596672 0.931974 0.704187
0.403705 0.691875 0.314707 0.730140 0.624726 0.631107 0.672704 0.521719 0.724496 0.599295 0.033297 0.704264
0.403710 0.691957 0.314746 0.731050 0.624855 0,631140 0.672860 0.521737 0.725094 0.599369 0.933432 0.704335

0.403977 0.691962 0.314812 0.731140 0.6260$$ 0.831152 0.673453 0.522084 0.725139 0.599534 0.933578 0.705065
0.404199 0.691968 0.314955 0.731414 0.626131 0.831251 0.673514 0.522431 0.726321 0.599747 0.933710 0.705101
0.404642 0.692115 0.31$166 0.731534 0.626340 0,831366 0.673706 0.522862 0.726654 0.599788 0.933785 0.705402
0.404659 0.692182 0.315343 0.731540 0.626634 0.631564 0,674157 0.523796 0.726798 0.600350 0.933683 0.705637
0.404606 0.692397 0.315400 0.731627 0.626639 .0.831663 0.675031 0.523925 0.727645 0.600645 0.933913 0.705735
0.404685 0.622479 0.315452 0.731741 0.627756 0.831716 0.675$45 0.$24153 0.727646 0.600762 50r033983 0.706062 ,_
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0.404992 0.692400 0.315472 0.731895 0.628496 0.832477 0.676714 0.S26205 0.727964 0.600877 0.934010 0.706297
0.405010 0.692606 0.315530 0.732417 0.628781 0.83293$ 0,677$03 0.$27162 0.72606S 0.600925 0.934023 0.706630
0.405196 0.6926$4 0.315534 0.!:te$1 0.629039 0.834071 0.676208 0.53131$ 0.726368 0.601025 0.934040 0.706049
0.40$216 0.692666 0.31$752 0.732492 0.630173 0.834100 0.678$24 0.$31685 0.728567 0.601073 0.934087 0.707093
0.405343 0.692696 0.315822 0.734909 0.63106$ 0.834187 0.678520 0.$32044 0.728661 0.001181 0.9341$1 0.707006
0.403533 0.692787 0.3159J1 0.735810 0.631161 0.834337 0.679434 0.532826 0.726809 0.601368 0.934391 0.707052;

O.406643 0.692608 0.31614$ 0.736120 0.631373 0.634339 0.679622 0.533302 0.726891 0.601462 0. 935 $42 0.709011'

0.406907 0.692623 0.316155 0.737676 0.631462 0.834463 0.67962$ 0.533641 0.72892$ 0.601591 0.93$8$1 0.709436
0.407116 0.692997 0.316227 0.741452 0.631668 0.634$06 0.679816 0.534257 0.729170 0.601695 0.936090 0.710049
0.407299 0.693055 0.316310 0.741937 0.637397 0.834$13 0.679939 0.$34684 0.723663 0.601967 0.936175 0.710436
0.407348 0.693062 0.316320 0.742067 0.6375$0 0.834$79 0.680198 0.$35042 0.730178 0.602242 0.936612 0.711670
0.407500 0.694070 0.316376 0.742170 0.639822 0.634626 0.680374 0.53$745 0.730196 0.602267 0.936637 0.711$30
0.407691 0.693394 0.316392 0.742666 0.642563 0.834673 0.680466 0.$36078 0.73066$ 0.602391 0.936899 0.711661
0.407787 0.693469 0.316440 0.742636 0.642932 0.834694 0.660717 0.$36269 0.731044 0.602$$8 0.936463 0.714598
0.408358 0.693819 0.316$94 0.743285 0.643094 0.834707 0.680943 0.536378 0.733683 0.602610 0.939411 0.714657
0.408441 0.694037 0.316663 0.743417 0.643623 0.834752 0.681007 0.536418 0.733834 0.6028$9 0.939695 0.71$212
0.408609 0.697112 0.316605 0.744137 0.643742 0.835683 0.6810$8 0.53934$ 0.734297 0.603157 0.94006$ 0.720326
0.408689 0.697$89 0.316707 0.744366 0.644632 0.836123 0.68160f' 0i$39955 0.734337" 0.603506 0.940408 -0.721057
0.4087$4 0.697773 0.316711 0.744574 0.644649 0.836$73 0.681608 0.541246 0.734443 0.603963 0.940420 0.724022
0.400006 0.697967 0.316812 0.744760 0.645145 0.839926 0.686047 0.$4$449 0.734$35 0.604053 0.9406$$ 0.724072
0.409100 0.697992 0.316820 0.745096 0.648575 0.640162 0.687227 0.548417 0.735092 0.604$87 0.940727 0.725063
0.409248 0.698368 0.316948 0.745141 0.648$95 0.840959 0.688590 0.548494 0.735118 0.604744 0.940784 0.725224
0.409315 0.69837$ 0.317012 0.745210 0.64872$ 0,641065 0.689327 0.$48528 0.73$302 0.60$072 0.940818 0.725$46
0.409368 0.696647 0.317089 0.745320 0.640169 0.841767 0.680371 0.548530 0.73$865 0.605894 0.940837 0.728441
0.409403 0.698724 0.317123 0.745674 0.649225 0.841925 0.689471 0.$48697 0.736253 0.606316 0.941243 0.726450
O.409511 0.698990 0.317126 0.746775 0.649368 0.842276 0.689503 0.$48741 0.736637 0.607346 0.941832- 0.728783'

0.409624 0.699266 0.317144 0.748377 0.649645 0.842279 0.689533 0.549164 0.737434 0.607466 0.942136 0.726648
0.409767 0.699335 0.317259 0.748835 0.649080 0.847435 0.689813 0.$49325 0.738073 0.608526 0.942192 0.7296$0
0.410100 0.699669 0.317266 0.746665 0,6$0004 0.642907 0.689997 0.549472 0.738304 0.608$44 0.942368 0.730080

0.410773 0.699798 0.317397 0.749006 0.650471 0.642071 0.600016 0.549721 0.738543 0.606641 0.942420 0.730254
0.410850 0.700102 0.317431 0.749239 0.650825 0.643251 0.690203 0.549644 0.738714 0.608735 0.942568 0.730297
0.412601 0.701094 0.317452 0.749276 0.6$1067 0.643268 0.690328 0.$49970 0.738763 0.608756 0.942572 0.730413
0.413273 0.701260 0.317479 0.749449 0.651141 0.643437 0.600492 0.$$0020 0.738990 0.606070 0.942711 0.730456
0.413318 0.701399 0.317536 0.749549 0.6$1264 0.84349$ 0.690729 0.550046 0.739316 0.609314 0.943095 0.730601
0.413630 0.701760 0.317608 0.749503 0.651474 0.843621 0.690750 0.$$0056 0.739376 0.609684 0.943119 0.730603
0.414031 0.702223 0.317660 0.749632 0.651789 0.643643 0 6912$7 0,$50081 0.730419 0.609960 0.9434$8 0.730628

0.41428$ 0.702354 0.317777 0.749832 0.652093 0.843694 0.691495 0.$$0165 0.739789 0.611547 0.943544 0.730677
0.414347 0.702409 0.317816 0.749687 0.653014 0.64?695 0.691678 0.550276 0.739931 0.611749 0.943659 0.730683
0.414727 0.702639 0.317927 0.749924 0.653179 0.843723 0.691736 0.550424 0.740118 0.612156 0.943818 0.730752
0.414777 0.703473 0,317955 0.7499$1 0.6$3264 0.843031 0.692258 0,550513 0.741202 0.612372 0.943664 0.730923
0.414870 0.704146 0.317998 0,750162 0,653479 0,844116 0.692283 0.$50646 0.741316 0.612842 0.944275 0.731143

0.414664 0.706813 0.318152 0.7$0167 0.653609 0.644366 0.692733 0.S$0656 0.741368 0.612904 0.945399 0.731301
| 0.414906 0.706962 0.318180 0.750250 0.654299 0.844585 0.692968 0.550745 0.745932 0.617$90 0.945707 0.7316$7

0.415011 0.707201 0.318346 0.7$026$ 0,654363 0.644700 0.693040 0.$50771 0.747718 0.620593 0.945803 0.731673

0.415172 0.707505 0.316386 0.750375 0.655208 0.644708 0.693061 0.550670 0.749961 0.622471 0.946010 0.732035
0.415720 0.707723 0.318744 0.750574 0.6$$314 0.844712 0.693196 0.550969 0.753003 0.625277 0.946336 0.732653
0.415724 0.706134 0.318960 0.750669 0.655968 0.8448$9 0.603231 0.550906 0.753539 0.626243 0.946744 0.733114-
0.415606 0.708135 0.319427 0.7$0690 0.656187 0.845260 0.693266 0.551032 0.754301 0.627161 0.946015 0.733217

| 0.415827 0.706673 0.319534 0.7$0602 0.656266 0.645704 0.693337 0.551162. 0.756192 0.632458 0.947646 0.733308
0.415948 0,708787 -0.319959 0.7$0755 0.656343 0.84$961 0.693386 0.551248 0.762512 0.639566 0.947946 0.733631

0.416023 0.709079 0.320068 0.751068 0.6$7901 0.647132 0.693730 0.551266 0.762715 0.639587 0.946257 0.733699
0.416146 0.709278 0.320115 0.751196 0.657023 0.647342 0.693755 0.5$1299 0,764932 0.640763 0.945644 0.734160

| 0.416222 0.710780 0.320323 0.751374 0.658089 0.647784 0.694129 0.55172$ 0.7654S9 0.642690 0,948644 0.735522
0.416364 0.710935 0.322030 0,751450 0.6$8188 0.849546 0.695662 0.551732 0.765645 0.643601 0.946969 0.738400
0.416421 0.711116 0.222138 0.7$1674 0.658310 0.649815 0.695669 0.551753 0.766734 0,643700 0.9504$0 0.740512

; 0.416438 0.711645 0.322573 0.?$2025 0.658477 0.8$0346 0.696290 0.551917 0.766800 0.643608 0.950476 0.740721
! 0.416478 0.711700 0.322679 0.752067 0,658521 0.650424 0.696642 0.$$2070 0.767252 0.64401$ 0.9$0605 0.740973

0.416468 0.712043 0.322376 0.752580 0.656629 0.852179 0.698512 0.552076 0.767356 0.644128 0.950913 0.741762
0.416517 0.712277 0.323277 0.752803 0.658797 0.8$2201 0.699394 0.552376 0.769440 0.646376 -0.951141 0.742692
0.416500 0.712414 0.324968 0.7$2919 0.659323 0.852412 0.699595 0.552476 - 0.770262 0.646708 0.951922 0.743436
0.416600 0.712676 0.325517 0.752919 0.661014 0.852566 0.699675 0.5$2872 0.770362 0.646070 0.951934 0.743698

. 0.416726 0.712696 0.325912 0,7$3615 0.661069 0.8526$9 0.699720 0.553061 0.771663 0.648582 0.951944 0.743667
' O.416781 0.713561 0.325915 0.753705 0.661446 0.652689 0.700417 0.553166 0.772439 0.646604 0.953244 0.744557

0.416901 0,714387 0.326015 0.754241 0.6614$4 0.853276 0.702069 0.$53368_.0.772743 0.648983 0.953306- 0.7446$2

0.417105 0.714538 0.326504 0.755551 0.662397 0.853296 0.702196 0.553468 0.773028 0.649742 0i953379. 0.745156
0,417329 0.214576 0.326949 0.756464 0.662756 0.653762 0.703494 0.553494 0.773621 0.652056 t o.953404 0.745623
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0.417336 0.714779 0.327211 0.7$646$ 0.663127 0.654477 0.7036$$ 0.S$4166 0.774249 0.652622 0.9$3552 0.746636
0.417413 0.715182 0.327407 0.750371 0.66327$ 0,6$4600 0.703766 0 $$4$02 0.774642 0.052$20 0.9$4366 0.747360
0.417475 0,71$260 6.326324 0.760601 0.6t$666 0.65$200 0.703?94 0.5$4661 0.774646 0.652617 0.9$44$6 0.746649
0.417600 0.71$470 0.329129 0.76$793 0.666090 0.65$766 0.703616 4.S$4666 0.775271 0.6$271$ 0.9$4494 0.750$41
0.417604 0.71679$ 0.329627 0.766166 0.666642 0.65$679 0.703627 0.$$4911 0.775$79 0.t$2663 0.9$467$ 0.7$1126
0.417666 0.717012 0.334021 0.766366 0.660126 0.65$695 0.703949 0.$$$013 C.??$676 0.6$4275 0.956239 0.764650
0.417950 0.717363 0.334940 0.766636 0.671094- 0.6$6034 0,704142 0.S$$367 0.77701$ 0.6$4772 0.956520 0.7$$496
0.416361 0.71740$ 0.335336 0.766699 0.677612 0.6b6276 0.704147 0.$$$754 0.777562 0.6$4974 0.0$$$23 0.75$614
0.4164$3 0.717F26 0.33$903 0.76601$ 0.679622 0.6$6333 0.704433 0.S$$939 0.777563 0.($4963 0.0$7131 0.7$6360
0.4164$6 0.7162$6 0.336994 0.769206 0.660374 0.6$799$ 0.704460 0,$$$945 0.777056 0.655$67 0.957335 0.756714
0.416737 0.718266 0.337140 0.760226 0.661026 0.658146 0.70$600 0.$$60$4 0.776476 0.656509 0.9$6$30 0.7$9210
0.419091 0.716516 0.336439 0.769446 0.661046 0.6$6324 0.70$694 0.S$6113 0<776537 0.656662 0.956097 0.766279
0.419127 0.719206 0.339141 0.76964$ 0.661100 0.6$6369 0 705701 0.S$6455 0,779336 0.656934 0.959145 0.7606$3
0.419433 0.719217 0.33919$ 0.769019 0.661304 0.0$6466 0,706093 0.S$6570 0.779693 0.6$7402 0.950163 0.761$20
0.4194$1 0.710336 0.341666 0.770202 0.681$07 0.656614 0.706639 0.S$$774 0.779991 0.657467 0.959200 0.762643
0.420214 0.719699 0.341693 0.770653 0.662363 0.6$6626 0.70?$14 0.$$7466 0.760162 0.6$7500 0.0$9217 0.762012

i 0.420320 0,719923 0.342396 0.771300 0.662777 0.660037 0.70??60 0.$$7610 0.760294 0.6$63$1 0.950224 0.762014
0.420330 0.7199$4 0.342671 0.772666 0.662063 0.660934 0.7093(2" 0.$$7664 0.760$64 -0.656596 0,950260 0.763169
0.4203$6 0.72000$ 0.34$649 0.772017 0.663227 0.661136 0.710144 0,$$7942 0.760063 0.659463 0.959299 0.'.63566
0.420402 0.720226 0.346$02 0.772036 0.663232 0.661203 0.711633 0.S$6024 0.764996 0.6$9$66 0.959320 0.764022 ,

0.420400 0.720486 c.349477 0.77233$ 0.663346 0.661653 0.713066 0.$$6144 0.765363 0.660326 OctS9461 0.764670
0.42'523 0.720616 0.3$0766 0.77366$ 0.683686 0.661676 0.715662 0.5$9260 0.765$33 0.660650 0.959462 0.76$623 .

0.42226$ 0.720694 0.351260 0.773749 0.663709 0.661696 0.716314 b.5$93$9 0.76644$ 0.661537 0.9$9697 0.765969
J.424360 0.720636 0.3$1671 0.773706 0.66$639 0.661901 0.716501 0.$60173 0.766666 0.601000 0.960002 0.767175
0.424664 0.720992 0 %$2922 0.77$111 0.666140- 0.662124 0.716$17 0.560634 0.767033 0,662401 0.960926 0.767333
0.425693 0.720994 0.352962 0.776729 0.666343 0.662$36 0.717043 0.560611 0.767262 0.662$71 0.961316 0.767347 (

0.42$697 0.721061 0.353036 0.760369 0.669461 0.662026 0.717123 0.$62729 C.767499 0.663230 0.961$17 0.769066
0.426066 0.7211$2 0.3$4714 0.761146 0.669673 0.663024 0.720279 0 $62740 0.766$25 0.664121 0.961$43 0.769957
0.426366 0.721237 0.3$6196 0.761641 0.6699$9 0.664129 0.720601 0.563229 0.766793 0.6662$9 0.962419 0.770521
0.426669 0.721432 0.3$762' 0,783460 0.600643 0.664240 0.721154 0.564041 0.700267 0.669133 0.9627$3 0.7700$7
0.426690 0.721664 0.356204 0.7643$$ 0.691$49 0.666302 0.724599 0.$64291 0.791664 0.660900 0.963231 0.7721$9
0,426733 0.721666 0.359639 0.764535 0.691711 0.666460 0.72464$ 0.564333 0.792303 0.670226 0.063607 0.772366
0.426763 0.722642 0.361$66 0.764566 0.692447 0.666497 0.725$10 0.$64953 0.79$00$ 0.670312 0.063894 0.772422
0.426773 0.723007 0.362004 0.76$366 0.692$94 0.666664 0.720026 0.$66653 0.79$456 0.670966 0.963929 0.775019
0.429046 0.7230$1 0.362365 0.766470 0.692613 0.069066 0.730966 0.574514 0.796$41 0,674607 0.963956 0.777716
0.429373 0.723$20 0.362676 0.766760 0.693104 0.660522 0.731667 0.576277 0.796759 0.675234 0.964047 0.7760$1
0.430014 0.723$73 0.363066 0.766624 0.693132 0.6699$0 .0.731766 0.577746 0.797160 0.67$737 0.96423$ 0.776$77 (

0.430300 0.723$75 0.363202 0.769316 0.693600 0.670964 0.733091 0 $61457 0.797261 0.676410 0.964620 0.776710
0.430656 0.723769 0.363436 0.769420 0.604200 0.671447 0.733145 0.562994 0.797414 0.676797 0.064630 0.779112
0.431711 0.725115 0.364123 0.769664 0.694674 0.671567 0.733299 0.563021 0.79741$ 0.676020 0.964037 0.770170
0.431633 0.72$791 0.36460b 0.790326 0.695010 0.6716S$ 0.734566 0.563100 0.797603 0.676671 0.065406 0.779627
0.432296 0.725670 0.3653$1 0.790426 0.69$995 0.671933 0.735434 0.563696 0.797701 0.676663 0.065636 0.760762
0 332706 0.726012 0.36$$$6 3.79060$ 0.696376 0.672044 0.735466 0.564147 0.796200 0.679090 0.065661 0.762202
0.434609 0.726373 0.36$641 0.790011 0.696601 0.672173 0.735649 0 $64$07 0.790004 0.679233 0.96$674 0.762521
0.436316 0.726601 0.366473 0.791413 0.696005 0.672176 0.735666 0.564616 0.799600 0.679437 0,966719 0.764006

| 0.436606 0.72660$ 0.366661 0.792066 0.609069 0.672$22 0.73$664 0.56$069 0.600017 0.660150 0.966775 0.767619
0.436433 0.730001 0.366726 0.792139 0.699141 0.672540 0.736306 0.56$215 0.600263 0.660766 0.966992 0.791761 4

0,436097 0.731176 0.366062 0.792332 0.690170 0.673595 0.736449 0.592661 0.600604 0.661269 0.967117 0.791672
i 0.430466 0.731180 0.366963 0.792556 0.699316 0.67$960 0.740$07 0 $99993 0.600530 0.661466 0.967525 0.792370

0.4402$9 0.732114 0.367261 0.795672 0.699376 0.670042 0.741053 0.601214 0.601143 0.661990 0.967711 0.792707
0.440343 0.732206 0.367702 0.796446 0.699634 0.676362 0.741103 0.601274 0.602115 0.662263 0.967769 0.796270
0.441310 0.732332 0.367912 0.796472 0.7004t$ C.676900 0.741226 0.601995 0.602127 0.662654 0.96615$ 0.796951
0.441564 0.732$31 0.36791$ 0.797064 0.7023$0 0.677641 0.743173 0.602010 0.602129 -0.662675 0.966603 0.7961$$
0.441796 0.732$60 0.366020 0.797110 0.70270$ 0.670201 0.745614 0.602209 0.602234 0.662626 0.966624 0.602669
0.n41922 0.732641 0.360031 0.797547 0.703120 0,679323 0.746707 0.602276 0.602675 0.662991 0.966690 0.603124

i 0.441945 0.732926 0.366099 0.796$11 0,703394 0.6602$2 0.746436 0.602342 0.602062 0.663613 0.969666 0.603403
0.441970 0.733049 0.366251 0.603464 0.703463 0.660413 0.746616 0.602443 0.603260 0.66372$ 0.970142 0.603467
0.442063 0.733340 0.366341 0.603669 0.703595 0.660$$$ 0.746672 0.603276 0.603279 0,663676 0.970271 0.603597
0.442447 0.733352 0.366679 0.604236 0.704123 0-6006$9 0.749279 0.603297 0.60343$ 0.664141 0.070666 0.603794.

0.442465 0.733459 0.369347 0.604407 0.704241 0.660661 0.750$67 0.604027 0.603494 0.6643$1 0.9700$6 0.603920
0.443044 0.733607- 0.3699$4 0.604433 0.704646 0.660619 0.7$$$05 0.604146 0.603610 0.66$362 0,970961 0.604363
0.443274 0.734176 0.370026 0,604666 0.706066 0.661065 0.753539 0.60451$ 0.603635 0.666$96 0.971037 0.604$73
0.443372 0.734445 0.370074 0.604961 0.706477 0.661166 0.7$3740 0.604591 0.606950 0.666630 0.971175 0.60$260
0.443442 0.734450 0.372734 0.605207 0.706665 0.661376 0.753974 0.604626 0.610616 0.691761 0,971274 0.00$644
0.443867 0.734537 0.372741 ~ 0.007610 0.707466 0.66211$ 0.753966 0.60$067~ 0.613290 0.692403 0.971330 0.60$746
c.444176 0 ,344653 0.372898 0.609697 0.70957$ 0.662472 0.75$669 0.609430 0.013400 0.692916104971439 0.00$792
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C.444784 0.734721 0.3/3163 0.810604 0.71106S 0.682551 0.757011 0.6101$4 0.81t193 0.693004 0.971454 0.80$914 l

0.444902 0.734065 0.373813 0.811918 0.712040 0.864839 0.738343 0.612939 0.814$64 0.693465 0.971540 0.606523
j 0.445285 0.736666 0.373818 0.813756 0.713103 0.685024 0.761094 0.612977 0.814703 0.696776 0.971819 0.009361
- 0.445403 0.738006 0.373849 0.81$124 0.714413 0.866007 0.761744 0.616221 0.814917 0.696943 0.971621 0.609787

0.445751 0.736430 0.374436 0.81$76$ 0.714627 0.687224 0.763015 0.620428 0.615168 0.69743$ 0.971635 0.610$10
0.44$995 0.7364$9 0.374477 0.81$$$0 0.714732 0.866468 0.764036 0.62158$ 0.61$796 0,697517 0.971852 0.810900
0.44643$ 0.738870 0.37$473 0.816000 0.714833 0.888046 0.764074 0.622172 0.8161$9 0.697722 0.971661 0.812006
0.44645$ 0.739245 0.37$660 0.016167 0.7149$7 0.889678 0.167246 0.626904 0.816466 0.698225 0.971898 0.812274
0,446bJS 0.730326 0.37$662 0.816272 0.715050 0.890166 0.767$37 0.627136 0.01691$ 0.60003$ 0.071996 0,8130$0
0.446$80 0.739547 0.3761$3 0.816854 0.71$120 0.890396 0.786320 0.630412 0.817120 0.696991 0.972060 0.814449
0.44663$ 0.740437 0.376235 0.8171$7 0.71521$ 0.091233 0.768$92 0,633066 0.817209 0.700461 0.972270 0.8147c4
0.4469$7 0.7413$3 0.376541 0.?)7610 0.71$921 0.892440 0.769716 0.6344$4 0.817317 0.70130$ 0.972$40 0.814676
0.446961 0.741399 0.376$46 0.81/930 0.716068 0.894020 0.772779 0.63$1$0 0.817$58 0.701396 0.972$$2 0.815226
0.447006 0.741667 0.376694 0.018566 0.71630$ 0.8940$7 0.773117 0.6354$$ 0.017924 0.703932 0.973420 0.81$239
0.447000 0.742198 0.37670$ 0.816882 0.716719 0.894106 0.773366 0.636266 0.818121 0.706936 0.973628 0.8162$9
0.44721$ 0.742667 0.377042 0.812BS8 0.717721 0.894281 0.773766 0.630073 0.816711 0.710033 0.974031 0.817213
0.447444 0.742642 0.377323 0.822964 0.717883 0.894576 0.773632 0.63820$ 0.816946 0.710569 0.9740$1 0.816675
0.447454 0.743193 0.374268 0.823540 0.718160- 0.894597 0.7738$5' O.638716 0.818972 - 0.711262 0.075204 0.82010$
0.447496 0.743682 0.378680 0.623580 0.716628 0.89478$ 0.773960 0.638741 0.819078 0.*11648 0.976664 0.622477
0,447$26 0.745995 0.370061 0.824140 0.716944 0.896278 0.773995 0.6396$6 0.819462 0.712979 0.9768$4 0.822682
O.447764 0.746349 0.379186 0.82$62$ 0.720$67 0.897170 0.774681 0.640276 0.620194 0.713806 0.'976862 0.823424'

0.447798 0.748416 0.379498 0.82$632 0,723062 0.897194 0.775464 0.640417 0.820726 0.714175 0.977088 0.823981
0.447820 0.748694 0.3795$6 0.826477 0.723777 0.897275 0.77$$00 0.640632 0.821071 0.714939 0.977112 0.823998
0.447836 0.748776 0.379939 0.828160 0.72582$ 0.898674 0.776406 0.641381 0.821549 0.71$336 0.977204 0.824211
0.447942 0.746909 0.360043 0.831304 0.72$963 0.890381 0.778483 0.642263 0.821000 0.715637 0.977222 0.824$78
0.447078 0.748993 0.380107 0.83200$ 0.727199 0.899664 0.778995 0.642633 0.822390 0,718765 0.977321 0.824761 .

0.448040 0.740433 0.381491 0.832060 0.729333 0.900329 0.700276 0.642689 0.826899 0.716768 0.977329 0.8248$4
0.448051 0.7$0079 0.382$74 0.632176 0.736439 0.901353 0.760839 0.643657 0.831520 0.719$65 0.077331 0.827016
0.448174 0.7512$4 0.382686 0.632890 0.736962 0.901613 0.781326 0.643863 0.831903 0.719730 0.977340 0.827419
0.448216 0.751486 0.3827C8 0.833045 0.744811 0.901685 0.761406 0.644136 0.832089 0.720172 0.977491 0.827$82
0.440740 0.731779 0.382982 0.833087 0.746544 0.001672 0.781460 0.644230 0.632393 0.72020$ 0.977502 0.827987
0.449S47 0.751660 0.363852 0.833350 0.764281 0.002360 0.781587 0.644287 0.832578 0.720634 0.977664 0.8286$4
0.449771 0.7$1976 0.384264 0.833618 0.7$$072 0.002364 0.781857 0.644383 0.833923 0.7200$8 0.976202 0.828832
0.449667 0.751997 0.385105 0.833675 0.737469 0.902440 0.781924 0.644400 0.634462 0.723379 0.978507 0.629036
0.449969 0.752227 0.3852$8 0.83$837 0.757666 0.902555 0.782014 0.644476 0.836087 0,724047 0.976509 0.529263
0.450037 0.7$2671 0.36$tS8 0.836067 0.7$9471 0.002867 0.782018 0,644590 0.838163 0.725632 0.978582 -0.829384

0.450100 0.7$2946 0.385671 0.8369$8 0.7$9866 0.903116 0.782500 0.644747 0.836620 0.725716 0.979563 0.829302
4 0.450135 0.752954 0.366060 0.837006 0.760717 0.003$$1 0.782529 0.644919 0.839583 0.726826 0.979598 0.829534

0.4$0307 0.1561$7 0.38613b 0.637951 0.761437 0.9030$7 0.782033 0.645145 0.641045 0.729765 0.980204 0.829885
0.450404 0,75%224 0,366437 0.638155 0.781729 0.904433 0,783256 0.64$21$ 0.841925 0.729892 0.980295 0.829928
0.450600 0.756406 0.3670' 2 0,838167 0.762027 0.904553 0.783450 0.64$$19 0.644541 0.730052 0.980420 0.829998
0.450760 0.756$32 0.;2*404 0.838306 0.762007 0.004588 0.763465 0.645575 0.646333 0.730143 0.981060 0.630793

0.450766 0.7$7195 0.389766 0.838337 0.762443 0.904601 0.783793 '0.645661 0.851863 0.735170 0.981318 0.831016
0.4$1173 0.759429 0.369665 0.838411 0.762463 0.004862 0.763845 0.645963 0.852022 0.736525. 0.981360 0.631088
0.451219 0.7$9631 0.390149 0.638443 0.762727 0.90506$ 0.784137 0.646124 0.852472 0.736149: 0. 981377 0.831695,

( 0.451293 0.759681 0.390630 0.838780 0.763364 0.905339 0.784160 0.646314 0.8$2567 0.738301 0.981425 0.032145
0.451314 0.7$9609 0.390654 0.830123 0.76$006 0.005446 0.784789 0.646560 0.853166 0.739233 0.9815$1 0.632536,

0,4$1642 0.760160 0.391462 0.639300 0.765113 0.00$97$ 0.784904 0.646625 0.853819 0.739334 0.981556 0,833060
0,453736 0.760164 0.392075 0.830392 0.766357 0.907289 0.769149. 0.646717 0.85$682- 0.739372 0.081821 0.833199

0.454667 0.760279 0.392171 0.839569 0.766661 0.007427 0.789432 0.646733 0.856362 0.739518. 0.081691 0.833440
0,455289 0.760519 0.303064 0.639833 0.767056 0.90750$ 0.789956 0.647186 0.856746 0.740434 0.98214$ 0.833706
0.45$619 0,760715 0.3930$3 0.641039 0.771606 0.907604 0.789971 0.647730 0.8$7229 0.741291 0.982247 0.634177,

| 0.457245 0.760728 0.401734 0.843213 0.773531 0.907677 0.791696 0.647838 0.858111 0.741654 0.P62402 0.834321
| 0.457526 0.761452 0.405810 0.844509 0.776607 0.908105 0.792804 0.646253 0.858159 0.745264 0.982468 0.634726
i 0.460627 0.761520 C.406392 0.647072 0.777204 0.908131 0.793052 0.649063 0.858604 0.745746 0.962820 0.8349$4
| 0.46$3$3 0.761708 0.406436 0.847238 0.777291 0.906S49 0.796009 0.649957 0.859069 0.745936 -0.982865 0.635554
i 0.465450 0.781628 0.406490 0.646366 0.777889 0.908607 0.796387 0.654306 0.859869 0.746216 0,963002 0.836630

j 0.468*86 0.761999 0.406492 0,853652 0.778239 0.906683 0.797764 0.655526 0.861$29 0.74657$ 0.983476 0.836964

0.469621 0.762076 0.403505 0.85541$ 0.770261 0.908935 0.798203 .0.655626 0.861774 0.746954 0.983983 0.837040
0,470173- 0.763381 0.407385 0.056158 0.779297 0.009095 0.796236 0.6$7270 0.661623 0.749154 0.964140 0.637067
0.470681 0.763420 0.409331 0.856335 0.780959 0,910076 0.801422 0.659067 0.862452 0.749348 0.964172 0.637220

0.470972 0.764101 0.40992$ 0.857756 0.766667 0.910978 0.802216. 0.661409 0.664300 0.7515=J 0.964220 0.837292-
0,471534 0.764736 0.410936 0.8$8076 0,7861$8 0.911126 0.602557 0.663004. 0.864591 0.752023 0.964319 0.837823-

0.471565 0.785505 0.410998 0.858302 0.768172 0.911172 0.803017 0.663165 0.864731 0.752513 0.986053 0.839760
0.471627 0.766767 0.413093 0.859016 0.788423 0.912309 0.804745 0.665166 0.665192 0.7$3419 0.986063- 0.642093
0.471026 0 466814 0.413512 0.8%997$ 0.786868 0.914748 0.804763 0.674183 0.671537 0.760244to.986295 0.843021
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j 0.472013 0.767083 0.413318 0.800142 0.789108 0.916266 0.80$000 0.67$$75 0.875600 0.771242 0.966981 0.644686
O.472051 0.767091 0.414016 0.86023. 0.789564 0.916663 0.806163 0.676484 0.675947 0.771520 0.98703G 0.64$12$'

0.472006 0.767$37 0.414264 0.861017 0.790017 0.917086 0.808073 0.677649 0.876$34 0.773923 0.987928 0.84$$23,

| 0.47216$ 0.767623 0.415188 0.861199 0.790203 0.917916 0.806995 0.677768 0.684921 0.766342 0.986030 0.646026
'

O.472690 0.773136 0.415664 0.862142 0.790711 0.91867' O.600660 0.678169 0.88$321 0.789997 0.988079 0.647410
|

0.472622 0,773319 0.416102 0.862174 0.7008$5 0.919071 0.010631 0.676232 0.86$646 0.79024$- 0,966093 0.4$3413
! 0.473302 0.773462 0.4168$8 0.602247 0.791617 0.919335 0.811023. 0.676622 0.888722 0.7906a2 0.968187 0.853483

0.473418 0.77$500 0.416924 0.862667 0.792775 0.920190 0.811613 0.676667 0.890$72 0.79*469 0.968368 0.8$3678
| 0.476418 0.77$735 0.416971 0.662956 0.793502 0.921509 0.811826 0.6793$1 0.800677 -0.794473 0.990248 0.8$4543'

O 474446 0.77$683 0.417240 0.862967 0.793621 0.921$66 0.812906 0.679359 0.8907$1 0.79$062 0.990274 0.eS6171
0.474$96 0.776702 0.417631 0.663260 0.793663 0.921$92 0.813424 0.680631 0.893113 0.796149 0.990478 0.856419

| 0.474906 0.778585 0.418760 0.863$91 0.796003 0.021734 0.413630 0.680693 0.893902 0.790673 0.990886 0.6$6481
'

O.476797 0.783003 0.410389 0.863618 0.706268 0.921955 0.814369 0.881114 0.89$779 0. 7 P* ,'31 0.990911 0.856711
0.476906 0.78$214 0.420674 0.863988 0.796499 0.922048 0.815178 0.68163$ 0.80***7 S :264 0.990914 0.8$7398
0.477453 0.790357 0,421475 0.864240 0.797308 0.923891 0.815389 0.662190 0.. 0,991238 0.8$6199
0.477$43 0.792753 0.423286 0.664553 0.798277 0.924324 0.01$617 0.682617 . 0913?8 0.858241'

4

w.sc76 7 0.991485 0.85949$: 0.477664 0.742972 0.424293 0.664663 0.799944 0.924847 0.81$896, 0.683134 . ,.

0.478644 0.793330 0.42$918 0.864938 0.601761> 0.933562 0.828170 0;706$91 0. t s26$ 7 "~0. 80890s 0.991$70 0.864779
0.479196 0.793020 6.426645 0.875085 0.803439 0.933360 0.833868 0.707230 0.003536 0.809526 0.991608 0.668223
0.479250 0.7941$$ 0.426704 0.884820 0.808023 0.935790 0.837185 0.713843 0.904731 0.810$v2 0.931680 0.866866

- 0.479642 0.794191 0.431030 0.68$388 0.828345 0.938789 0.841510 0.718023 0.00$906 0.011441 0.991764 0.872678
0.480827 0.795111 0.441$62 0.893663 0.832723 0.040177 0.844133 0.718284 0.006026 0.61$624 0.991845 0.874695 -

0.481060 0.795207 0.445031 0.695628 0.833661 0.940178 0.844596 0.725136 0.907329 0.61$664 0.991857 0.876085
0.481383 0.799538 0.447729 0.896260 0.834299 0.940254 0.847459 0.775677 0.009556 0.017191 0.991938 0.877667
0.461484 0.003668 0.449016 0.696843 0.834924 0.940261 0.840747 0.7z9260 0.910278- 0.016364 0.991951 0.877984
0.462363 0.60$900 0.440860 0.897094 0.842117 0.043199 0.853$99 0.732367 0.012316- 0.620299 0.992319 0.680146
0.461971 0.607102 0.456515 0.897178 0.842389 0.946603 0.PS3766 0.733830 0.012946 0.821218 0.992367 0.680242)

0.463449 0.815224 0.4$9634 0.697720 0.84$614 0.947075 0.8544$4 0.73459$ 0.915202 0.821641 0.992369 0.680912
0.464864 0.816081 0.463099 0,896021 0.047424 0.947434 0.857010 0.734912 0.915446 0.623 07 0.992$10 0.681294
0.490626 0.816803 0.465723 0.000533- 0.854615 0.948110 0.858431 0.739364 0.915464 0.828078 0.992518- 0,681714

0.511297 0.621697 0.468127 0.907095 0.8$8632 0.948$37 0.660666 0.7430$1 0.916350 -0.830738 0.092982 0.663090,

0.523723 0.82742$ 0.469015 0.900203 0.660410 0.94859$ 0.862913 0.745919 0.925199 0.834294 0.993014 0.883$97
0.524795 0.829237 0.469105 0.910$7* 0.867044 0.949444 0.86$087 0.7$0815 0.928700 0.637706 0.993124 0.684761
0.526061 0.832811 0.480007 0.921742 0.66930$ 0.954260 0.880985 0.771123 0.931481 0.84646$ 0.993471 0.68$316>

0.$32049 0.841299 0.492672 0.934439 0.871113 0.964474 0.89722$ 0.768284 0.936180 0.857045 0.993462 0.865779
0.556020 0.845533 0.514561 0.9369$9 0.8720$$ 0.96$799 0.697480 0.797923 0.944176 0.868181 0.993$07 0.666327
0.$60377 0.849137 0.533005 0.939765 0.668970 0.070908 0.91041$ 0.808160 0.945005 0.872867 0.99363$ 0.686676
0.564649 0.833703 0.$$61$9 0.944482 0.669612 0.97$111 0.916081 0.810925 0.948944 0.879353 0.9936$6 0.687893
0.564978 0.879364 0.$68545 0.947691- 0.002556 0.960129 0.923257 0.81346$ 0.047463 0.683026 0.994224 0.689732
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UEER DIETk!BUTION Q2001 T 1 SOTR
{ 1 20

,

0. 0 - 0.0 -

| 1.t*$ 1.4t*1=
1~ 9.t*$ 2.43tt*1
! 1.4t*4 S.937t 1

a.4t*4 7.2540 1>

.

j 1.41E*3 7.3t 1
s 7.031 3 7.43t*1 I"
{ 8.$9t*3 7.$t*1
j 1.50DE*2 7.772 1
1 1.71$t 2 7.872 1

1.9972 2 7,972 1'

l 2.203t*2 0.0672 1 +

; 2.3$6t*2 8.10E 1
2.$00t*2 8.167t*1

I 3.30$t 2 6.433t*1
,, _ _

*'
. . -

3.982t*2 8.$33t*1
4.7030 2 0.667t*1'

5.029t*2 8.733E 1 '

1.111t*1 9.033t*1
*1.20t!*1 1.0

l UF.tR DI$fk1DUTION Q21C1 Tal HOT LEO FAILURE
'

1 24
; 0.0000 0.0000
1 0.0000 0.1400

0.0439 0.1600
0.2921 0.1600

j 0.4611 0.200D
0.$809 0.2200

j 0.6489 0.2400
0.7146 0.2600
0.7630 0.26004

| 0.8316 0.3000
| 0.867$ 0.3200 t

0.5947 0.3400
0.0165 0.3600
0.6389 0.3600

'

O.962$ 0.4000
0.9783 0.4200
0.0820 0.4400
0.00$3 0.4600
0.9668 0,4800

3 0.9924 0.5001
0.9066 0.$201

: 0.9999 0.$401
.

| 1.0000 0.9601
1.0000 1.0000

USER DISTRIBUTION Q21C2 ~ T 1 HOT Ltd FAILURE
1 $
0. 0 .'

.0001 .62

.20 .9$

.50 .99 . i
1.0 1.0
UstR DISTRIBUTION Q38C1 HYDROGEN RELLASED IN-V"SSEL

1 9.
'O.00'0.000

;

130.41 0.010
'$0.68 0.0$0
141.90 0.250
197.6$ 0 $00 i
2$3.40 U 750
486.$3 0.950

- 633.$0 0.990
t ...

. .- -
_

, .- w : ,, 4s 4'
.
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d
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i
i
l~
4

)
I

! l
'

i

f 658.64 1.000
) USER DISTRIBUTION Q3BC2 1:YDROGEN LELEASED IN WESSEL
! 1 0

0.00 0.000 .

i 40.54 0.010
j 101.36 0.050
1 172.31 0.250
) 228.06 0.500
i 314.22 0.750
1- 471.32 0.950

633.50 0.990 e

i 658.64 1.000
] USER DISTR 115UTION Q36C3 I!YDROGEN RELEASED INWESSEL

1 9
0.00 0.000

35.40 0.010
i 70.95 0.050

116.56 0.250
__ , _ -

*-

152,04 0.500 |
1W7.65 0.750a

7' 266.68 0.950 !

369.06 0.000
405.44 1.000

i USER DISTRIBUTION Q3BC4 IIYDROCEN RELEASED INW1CSEL
S' 1 9

0.00 0.000
40,54 0.010

46.16 0.050
3 13i.64 0.250
i 162.$5 0.500 i
~

236.2s 0 750
324.35 % 950
395.30 0 000

f 430.70 1.000
! USER DISTRIBUTION Q3605 !!YDROGEN RELEASED IN* VESSEL

1 0
25.34 0.000
60.22 0.010
91.22 0.050

136.64 0.250
202.72 0.500

4

324,35 0.750

491.60 0.050
577.75 0.000
608.16 1.000

USER DISTRIBUTION 03CC6 !!YDROGEN RELEASED IN WESSEL
1 9

25.34 0.000
60,62 0.010

101.36 0.050
172.31 0.250
243,26 0.500

329.42 0.750
491.60 0.950
rt77.75 0.000
608.16 1.000

USER DISTRIBUTION 036C7 - HYDROGEN RELEASED INWESSEL
1 p:

25.34 0.000 -

$5.75 0.010
.76.02 0.050
121.63 0.250

3

167.24 0.500
'

319.26 0.750
491 60 0.950
577.75 0.990'

L
..

4 .t S -- 6 ew 4
"

e .' O
, 4 i

E,7 2
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! I
a t

(

I
.

1

4

I i
I

608.16 1.000
i USEk DISTk1BUT10N 049C310 NIT 1DN FREQ.1N 3CE CONDENSER

1 33
0.000E+00 0.000E+00 '-

1.000E-02 1.060E 02, ,

f-- 3.900E 02 2.249E 02
j S.000E 02 2.202E 02
j 7.$00!*02 6.127E-02
| 9.400E*02 9.812E*02
; 1.000E*01 1.108E 01
'

1.120E 01 1.375E*01
1.13CE 01 1.41$E-01
1.390E 01 2.742E 01

j 1.410E-01 2.893E*01
1.$80E-01- 4.33SE 01 P

i - 1.630E401 4.6$0E 01
! 1.770E-01 S.499E-01 ('

1.940E 01 6,091E 01
,_.

.. . - - - .|
~ ~ -

1.960E*01 6.100E 01
2.000E-01 6.200E 01 '

2.080E 01 6.375E-01
2.120E 01 6.713E 01

.

2.210E 01 6.947t-01
2.330E*01 7.187E-01

3 2.500E 01 7.398E 01 i

- 2.540E 01 7.602E*01
2.590E 01 7.858t*01
3.000E 01 9.687E 01
4.000E*01 S.693E-01

i S.000E-01 9.707E 01
'

S.500E 01 9.713t*01
6.000E-01 9.720E-01
7.000E 01 9.740E-01
8.500E 01 0.807E-01
9.000E 01 1.000E+00
1.000E+00 1.000E+00

USER DISTRIBUT10!1 Q49C4 IGNITION FREQ.1N ICE CONDENSER
1 32
0.000E+00 0.000E+00
8.000E*03 S,947E 03
1.600E-02 2.2$5E 02
3.$00E 02 9.477E 02 :

i 3.900f 02 1.1$7E 01
i 5.000E 02 1.742E 01

$.200E-02 1.850E-01
( 7.100E 02 2.777E 01 * '

|- 7.$00E 02 2.892E-01
9.200E-02 3.484E 01

j 9.4005 02 3.528E-01
;. 1.000E-01 3.672E-01

1.070E 01 3.854E 01
'

1.130E-01 4.000E 01
r 1.210E-01 4.279E-01 i

1.220E-01 4.338E-01
1.390E-01 4.769E-01
1.$80E 01 S.719E 01
1.960E-01 6.785E 01
2.000E 01 - 6.890E-01
2.210E-01 7.743E-01
'2.330E-01 8.158E 01 i

2.540E-01- 8.724E 01-t

2,590E 01 8.861E 01
(: 3.000E-01 0.707E 01 't
'

4.000E-01 9.723E-01
5.000E-01.- 9.743E-01
5.500E+01~ 9.757E 01

& .|
_. ;

,. m.- . . - + .< 3 , ;
. .*
e. 4

E.7-3
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i
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h

i

! i

|
a-

'
.

5

1

| t

| 6.000E-01 9.773E*01
1 8.000E*01 9.877E-01
! 9.000E 01 1.000t+00

1.000E+00 1.000E+00 -4

i USER D!$7Ribt' TION Q400$ 10N1710N TktQ.1H 1CE CONDENSER
1 29

! 0.0 0.0
1 0.000E+00 3.333E 03
1 1.000E*03 1.732E 02

7.000E 03 1.712E*01
! 1.$00E 02 2.608E-01
| 2.900E 02 3.169E 01

3.100E 02 3.369E*01
1 3.600E 02 3.535E-01
! 3.000E 02 3.568E-01
; 5.000E-02 3.670E+01
i 7.500E*02 3.802E 01
{ 9.400E-02 4.176E-01 .. - -

'

1.000E 01 4.276E 01
1.130E-01 4.549E-01

i 1.390E 01 S.368E 01
1.$80E 01 6.435E 01

,

i 1.960E 01 7.734E*01
'

2.000E-01 7.663t 01
2.210E 01 8.520E 01
2.330E-01 0.822E 01
2,$40E 01 9.192E 01,

2.$90E 01 0.281t 01
{ 3.000E 01 9.743E 01
1 4.000E*01 9.?B0E 01
. S.000E 01 9.823E-01
'

6.000E 01 9.677E-01
; 7.000E 01 9.957E 01

7.500E-01 1.000E+00i

1.000E+00 1.000E+00,

i USER DISTRIBUTION Q$0C6 10 NIT!DN FREQ. IN UEFEk FLENUM
j_ 1 30
i 0.000E+00 0,000E+00
; 2.$00E-02 .1.906E-02

$.000E 02 J.927E 02i

9.700E 02 4.656E 02
1.000E-01 4.649E-02
1.220E 01 6.284E 02
1.470E 01 8.248E 02
1.500E-01 8.72SE 02
1.610E-01 4.412E 01
2.000E 01 1.880E-01
2.190E-01 2.351E*01
2.270E 01 2.530E-01
2.500E 01 3.164E 01'-
2.610E-01 3.468E 01
2.970E 01 4.249E 01-
3.000E 01. 4.291E 01
3.240E-01 4.637E 01-
3.300E 01 4.706E-01
3.610E-01 b.440E 01-
3.750E 01 5.757E 01-
3.600E 01 5.684E-01
4'000E-01 6.358E 01.

4.130E 01 6.682E-01
4.460E 01- 7.261E*01-
4.680E*01 7.514E 01..
5.000E 01 7.662E-01
5.270E*01-' 7.00$E 01
S.500E 01 8.077E-01-
6.000E 01- 1.000E+00

b ---

.
.., . z .v -.

4 .*#

.- *'

E.7-4'

.
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-



. . . _ _ _ - - - . . . . . _ _ . _ _ _ _ . . _ _ _ _ . _ _ _ _ _ _ _ . . - -_..._ ._.._ _ _.- _ ,_._.._ .. .

E

i

!

!
,

!-
i

|
*

!

!
4 1.000E+00 1.000E+00
| USER DIETk!$UT1DN QSOC7 IGNITION TkEQ. IN UETER PLtNUM
4 1 29

,

0.000E+00 0.000E+00 --

2.$00E*02 2.210E-02
S.000E-02 4.53tE 02
$.200E 02 4.590E-02
6.300E-02 6.151E 02

a 9,700E*02 1.121E 01 1

j- 1.000E-01 1.160E 01
| 1.1$0E 01 1.462E 01
! 1.220E 01 1.670t-01 i

1 1.470t*01 2.414E 01
1.650E 01 2.714E 01

j 1.010E 01 3.tSOE*01
b 1.960E 01 4.36tE 01

2.000E-01 4.460E-01
! 2.190E 01 .S.181t*01 -- . _ _ .. t-
! 2.3$0E'01 S.7$$t-01

2.610E*01 6.471t 01
2.670E*01 6.601E*01

1 2.670E+01 7.067.E 01
,

! 2.970E 01 7.250E 01
3.000E 01 1.265E 01
3.240E*01 7.517E 01

' 3.610E-01 7.760E 01
3.600E-01 7.660E*01
4.0000 01 7.950E 01
$.000E 01 6.$$0E 01

4 5 $00E-01 0.150E-01
! 6.000E-01 1.000E+00
I 1.000Et00 1.000E+00
! USER DISTRIBUTION Q$0C6 IONITION FREQ. IN UPPER PLENUH

1 27
0.000E+00 3.333E-03.

- 2.000E*03 1.660E*02.

'
6.000E-03 0.107E 02

1 1.700E-02 1.631E+01
| 2.$00E*02 2,123E-01

4.0001 02 2.97$E-01i

5.000E*02 3.020E 01
7.700E+02 3.S97E*01-
6.400E*02 3.791E 01,
6.900E 02 3.943E 01
9.000E 02 3.960E+01
9.700E+02 4.007E 01
1.000t-01 4.033E 01
1.220E-01 4.235E 01
1.470E 01 4,498E*01-

1.610E-01 5.130E 01
2.000E-01 S.620E 01
2.190E*01 6.131E 01
2.610E-01 7.178E-01
2.970E 01 7.652E 01
3.000E*01 7.665E s1
3.240E-01 0.202L el
3.610E 01.- 6.535E 01
3.600E*01 6.763E+01
4.000E*01 6.003E-01
5.000E-01 1.000E+00
1.000E+00^ 1.000E+00

USER DISTRIBUTI0h Q$1C6 IGNITION FREQ. - DOME
1 22
0.000E+00 0.000E+00

'1.000E 02 6.500E-03
!2.000E 02 1.600E-02

.

L-

MN e- 4 m
_

paid
4 .?y

C.7 $' *

s
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I

:
.

!
i

I 3.400E 02 3.690E-02'
4.000E*02 4.760E 02
4.600E 02 8.000E 02

i 5.000E 02 1.047E-01 i.
' 6.000E 02 1.310E-01
| 6.300E 02 1.401E 01
) 7.000E-02 1.749E*01

7.100E-02 1.807E-01
7.600E-02 2.669E-01

'
8.000E 02 2.974E*01
9.000E 02 3.870E 01
1.000E-01 7.321E 01

4 1.040t 01 7.500t 01
| 1.$20E 01 8.7$0E-01
! 1.760E 01 0.500E-01
d 1.430E-01. 0.750E-01 -

,

2.220E-01 0.950E*01
2.500E 01 1.000E+00 -

i 1.000E+00 1.000E+00
~~

.. .. .

'

USER DISTRIBUTION QSIC7 IONITION l' REQ. 101E |

1 22 i
,

i 0,000E+00 0.000E+00 l

|_ 1.000E 02 1.700E 02 !
*

' 2.000E+02 3.650E-02
| 3.400E-02 7.360E+02 i
' 4.000E-02 0.200E 02

4.600E 02 1.24eE*01'
S.000E-02 1.497L 01
6.000E 02 1.90$E 01

,! 6.300E 02 2.053E-01
7.000E 02 2.534E 01-

j 7.100E*02 2.616E 01
7.600E 02 3.6304 01
8.000E-02 4.019E 01
9.000E 02 S.36SE 01
1.000E 01 7.321E 01
1,040E 01 7.500E 01

,

1.520E-01 8.750E 01
1.760E 01 9.500E-01
1.830E-01 9.750E-01

! 2.220E 01 9.950E-01
2.So0E 01 1.000E+00 *

1.000E+00 1.000E+00
USER DISTRIBUTION- QSIC8 IGNITION EREQ. - D0ttE
1 22
0.000E+00 0.000E+00
1.000E-02 3.400E-02
2.000E 02 7.250E 02
3.400E 02 1;471E*01

4.000E 02 1.815E 01 --- - ~

,

4.600E 02 2.146E 01.
S.000E-02 2.397E*01
6.000E 02 3.095E*01

,

1 6.800E 02 3.354E*01
; _7.000E*02 4.004E-01

7.100E 02 .4.231E 01
| 7.600E 02 5,506E-01'
I 8.000E*02- 6.100E-01-

9.000E 02 - 6.870E-01*,-
' 1.000E-01 7.321E-01
| 1.040E 01 7.500E-01
, 1.520E 01 8.7S0E-01
'

1.760E 01 9.S00E 01-
1.630E<01' 9.7S0E-01'
2.220E-01.. -9.950E 01.-
2.500E 01. 1.000E+00

t._
_

, . =-- .. , as,

.- !
-m ,.

- E i7 - 6 -|
t

j --

h
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!

|
l

'

I

i !
6

j 1.000E*00 1.000E+00 i

; USER DIBTRIEUTION 052C1 DETONATION TRANEITION
1 8 8

4.040E*01 0.000E+0D .-+
!

] 5.000E-01 3.333E-03
: $.010E 01 3.372E 01
} 6.500E*01 4.167E 01

8.000t-01 F.000E-01.
*

O.000t*01 S.633E 01'

9.010E 01 0.175t 01,

1.000t+00 1.0 *

i ' USER DISTR 1BUTION QS2C2 DETONATIDH TRANSITION
| 1 9

1 4.940E 01 0.000E+00
S.000E 01 3.333E 06
5.010E 01 3.372E-01

| 6.000E 01 3.000E 01
6.010E 01. 7.230E 01 --

. . . ,

6.500E 01 7.500E*01 s

6.000E 01 8.333E*01
9.000E*01 9.167E*01
1.000E+00 1.0 ,

'

USER DISTRIBUTION Q$2C3 DETONATION 1RANS1710N,

' 1 0 i
1.000E*01 0.000E+00
1,010E*01 3.333E 01
4.940E 01 3.333E*01
$.000E-01 3.367E 01
S.010E 01 6.70$E*01
6.500E 01 7.$00E 01 I

*

6.000E 01 8.333E 01
0.000E 01 0.167E 01
1.000E+00- 1.0 +

USER DISTRIBUTION QS7C1F3 .TAILURE OF UrrER PLEUM IMPULEE,

1 19 i
0.46 0.0
0.69 2.381E 3
1,38 1.266E 2
2,07 7.444E 2
3.45 1.976E*1
3.70 2.000E*1
4.48 2.546E*1
5.65 3.221E 1
6.90 4.00E 1

| 9,45 5.210E-1
10.34 $,643E 1 -

12.41 6.450E-1
13.45 6.71SE-1
16.07' 7.669E-1
16.62- 6.267E 1
20.69 6.550E-1
22,76 8.612E-1

| 44.82 9.433E 1 >

48.42 1.000 s

i USER DISTRIBUTION Q$7C1P4 EAILURE OF ICE CONDENSER IMPULEE

| l' 25

j 0.69 0.0
| 1.30 3.33E 3
i 4.63 1.667E*1

$.16 1.763E 1
6.50 2.153E-1
6.00 2.290E-1
7.-93 2. 64 EE-1
9.66 3.234E 1 ;$

10.07 3.294E 1
12.27- 3.661E 1

L
,

*** w -- ek'

.e*
e *

- E ,. 7 7 J

|- ,

.__ ._: _ , _ , - . . . ~ , _ _ _ _ . . _ , , _ _ _. _ _ . . . . . ._. _ . _ . _ _ _ - . - . -.
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1
4

1

!
i

!
i
i

a

| 11,79 3.000E-1
( 17.24 4.433t 1

20.66 4.912L-1
j 24.22 6,$470+1 .

27.56 0.250E 1'

| 30.34 7.000E 1
+ B4.46 7.634E-1

30.54 0.21DE 1
l 40.00 6.027t 1
i 41.37 6.9262-1
' 44.82 9.550E 1

46.26 9.033t 1
55.16 9.033t 1

;- 02.06 9.9672 1
1 63,76 1.0
! USER DISTk!BUTION 0060211.A0.0F C0kt AT VB DIVERTED SLAL T ABLL '-
j 1 7

0.0002 0.0b _

+*
.,

0.0190 0.05,

l 0.0650 0.25 '

i .0.1110 0.50
4 0.2030 0.75 r

! 0.3457 0.05
*

i 0.4718 1.00
5 UEER DISTRIBUTION Q(i6CD FRAC.0F CORE Af VB DIVERTED $LAL TABLE
! 1 7
1 0.0000 0.00
3 0.0859 0.05

0.1662 0.25
0.273$ 0.50-

' O.4192 0,75 !
0.7257 0.95

'

O.9577. 1.00
USER DISTRIBUTION 00004 FRAO 0F C0kt At VB DIVEkTED $LAL TABLE
1 7

0.0011 0.00
0.0035 0.05

I 0.1764 0.25
0.2565 0.50
0.4057 0.75
0.7464 0.05
0.0009 1.00

; USER DISTR 19UTION 068C5 FRAO.0F CORE AT VB DIVERTED SEAL TABLE
1 7

f' 0.0012 0.00
1 0.0tS3 0.05

0.1508 0.25
0.2529 0.50
0.3896 0.75

;- 0.7161- 0.05
; 0.9507 1.00
'

USFR DISTRIBUTION 06606 FRAC.0F CDRE AT VD DIVERTED SEAL TABLE '
1 7

0.0015 0.00
| 0.1690 0.05
! 0.2523 0.25

'O.3559 0.50
0.$319 0.75
0.0600 0.9$
0.9730 1.00

L'OER 010Tn!O' TION 00007 FF.AO.07 C0kt AT VB DIVERTED ELAL TABLE . !J
1 7

0.0013 0.00
0.1665 0.05
0.2564 0.25
0.3511 0.50 ;

t ,. >. - -
...

n O9 W %_ *' Q

i.,+*
- '

.

E.7 8 . )
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I
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|

|
1

!

,
I

I
!

i

| 0 $333 0.7$
| 0.t$40 0.e$

O.0730 1.00'

UStR DISTRIBUTION 00606 IUC.0F CORE AT VD DIVERTED BEAL TABLE .

| 1 7
- 0.0014 0.00
| 0.10$0 0.0$

0.2405 0.2$
i 0.3540 0.50
| 0.$327 0.7$
; 0.60$7 0.0$
' O.9760 1.00

UEF.R b!tTRIBUTION Q730JI'1B1 l'RES$URE RISE At VB * N0 filHE
! 1 0 :l

3.60 0.00 |

|1 15.00 0.01
1 t>0.00 0.0$
1 180,00 0.2$ -*'

I " . ..

260.00 0.50
330.00 0.7$a

| 370.00 0.9$
400.00 0.09,

,'

407.$0 1.00
USER DISTRIBUTION 073C3F261 FRESSURE RISE At VB - NO !!!HE

] 1 9
3.60 0.00'

| 1$,00 0.01
4 60.00 0.0$
; 20$.00 0.2$

330.00 0.50
40$ 00 0.75
470,00 0.95

: $25,00 0.99
$36.80 1.00

USER DISTRIBUTION Q73C4F191 FRESSURE RIEE AT VB - FO lilitE
; 1 0

60.00 0.00j
- 80.00 0.01
? 60.00 0.0$

80.00 0.25
10$.00 0.$0 |
3$$ 00 0.75

1240.00 0.95
^

132$.00 0.99
1346.30 1.00 *

USER DISTRIBUTION 073C4F2B1 FRESSURE RISE AT VB - No liittE ',

| 1 9
68.00 0.000>

66,00 0.010
i,

! 60.00 0.050
68.00 0.250

11$.$0 0,$00.
391.$6 0.750
1864,00 0.950

14$7.$0 0.000 I

| ' 1480.93 1.000
USER DISTRIBUTION 073C3 FIB 1 FRESSURE RISE AT VB * NO !!!ttE
1 9
12.00 0.00 ,
16,70 - 0.01
35.70 0.0$

i.. $9.60 0.25
74.20 0.507

| 238.30 0.75
'

B06.70 0.95
027.50 0.99

i .
-

_
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E

i

1

4

P17.70 1.00
'JOCR DISTk1BUTION 07305P2$1 PkESSURE R!st AT VB + NO IIME,

1 9, ,

'10.70 0.00
, ..

] 16.70 0.01
40.90 0.05
60.40 0.25,

5 75.20 0.50
'

311.60 0.75
1202.50 0.05
1325.00 0.99,

1355.60 1.00,

*

USER DISTRIBUTION Q73CCP121 PRESSURE RISE AT VB = NO HIKE
1 9,

8.10 0.00
16.70 0.01
61.00 0.05
60.00 0.25

. ..
-

79.10 0.50
106,70 0.75

'

303.70 0.95
353.10 0.99

'

365.50 1.00
j USER DISTRIBUTION Q73C6P2B1 PRESSURE RISE AT VB - No liittE

1 0

0.91 0.000
20.57 0.010
67,10 0.050

! 75.00 0.250
87.01 0.500

216.37'0,750

334.07 0.950
368.41 0. EGO
402.05 1.000

USER DISTRIBUTION Q73C7P191 PRESSURE RISE AT VD + No HPt2
1 9,

4.00 0.00
6.30 0.01

12.50 0.05
30.00 0.25 i

j 64.80 0.50
74.30 0.75
93.50 0.95

122.50 0.99
129.80 1.00

USER DISTRIBUTION Q73C7P281 PRESSURE RISE AT VB * NQ liitC
1 0

4.10 0.00 i

6.30 0.01
15.00 0.05
50.00 0.25

; 62.50 0.50
75.00 0.75

i

112.00 0.95i

| 142.50 0.09

| 150.10 1.00
' USER DISTRIBUTION Q74C2PIB1 PRESSURE RISE AT V5 - HPttE
l 1 0.

| 45.90 0.00
$1.00 0.01
75.60 0.05

171.70 0.25
284.50 0.50
545.20 0.75
76$.00 0.95
926.60 0.99

' L. . .
,

-

_

. _. . , , , a
e,=*

.. - - !

E.7 10i
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i
,

1

!

i

909.50 1.00
USER DISTKIBUTION 074C2P291 ITESSURE RISE AT Yb - HIHE
1 9

'
50.80 0.00 ..

72.30 0.01
156.40 0.05 -

*341.60 0.25
597.30 0.50

I 764.00 0.75
1117.60 0.95
1226.70 0.99
1254.00 1.00

USER DISTRIBUTION 074C3P181 PRESSURE RISE AT VB * !!!HE

| 1 0
43.50 0.00
47.60 0.01
64.10 0.05

130.20 0.25 --

201.60 0.50 ^
_.. ... ._

355.60 0.75
540.40 0.05
632.10 0.09
655.00 1.00

USER DISTRIBUTION Q74C3P2B1 PRESSURE RISE AT VB + !!!ME
1 0
24.70 0.00
44.60 0.01

124.20 0.05
255.90 0.25

' '

363.00 0.50
518.60 0.75
831.10 0.95
924.20 0.99 --
947.50 1.00

USER DISTRIBUTION Q74C4P181 !*ES$URE RISE AT VB - HIHE
1 9
25.60 0.00
33.20 0.01
62.60 0.63
09.60 0.25

140.40 0.50
276.30 0.75,

422.10 0.95-
492.60 0.99
510.20 1.00

USER DISTRIBUTION Q74C4P2B1 l'RESSURE RISE AT VB -- HIHE,

| -1 9

14.40 0.00
25.50 0.01
69.60 0.05 !

152.00 0.25
222.80 0.50
296.90 0.75
471.60 0.05
533.40 0.99
548.60 1.00

USER DISTRIBUTION 074C5P1B1 PRESSURE RISE AT VB - HINE- ;
3 g _ ;

45.90 0.00
' 50.80 0.01

70.60 0.05'
144.90 0.25 (
259.20 0.$0 j

( . 0.75 |491.90
i 700.50 0.95

,

l 66L 60 0.99 }
t i.-

__ _ _ _

e .*d
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l

,

e
*

n

905.60 1.00
.

USER DISTR 111UTION 074C$1'2B1 PRESSURE RISE AT VB - firME
1 9
81.10 0.00 .

98.20 0.01' -

i 166.50 0.0$
345.40 0.25

' 562,10 0.$0
710.00 0.75

1085.50 0.95
1206.10 0.99
1236.30 1.00

USER DISTRIBUTION Q74C8PIB1 i'RESSURE R!SE AT VB - IIINE
1 9
45.90 0.00
50.30 0.01
67.80 c.0$

135.70 0.25 ~

227.40 0.50
, - --

465.00 0.75
E98.80 0.95
847.70 0.99

1 .884.00 1.C0
USER DISTRIBUTION Q74C8P2B1 PRESSURE RISE AT VB * HIHE
1 9
32.30 0.00
$4.30 0.01

142.40 0.05
313.90 0.25
501.10 0.50
689.40 0.75

1084.30 0,9$

1206.10 0.99
1238.60 1.00

USER DIL.fRIBUTION Q74C11P1B1 PRESSURE RISE AT VB - HlHE
1 9
95.50 0.00

106.40 0.01
150.00 0.0$

9,

299.$0 - 0.25 '

t 412.60 0.,50
'

532.20 0.75
728.70 0.95
9$4.40 0.99

1010.80 1.00
USER DISTRIBUTION 074C12P181 TRESSURE RISE AT VB - HIHE
1 9
88.70 0.00
97.60 0.01

133.30 0.05
235.50 0.25
318.00 0.50
390.30 0.75
!*.5.00 0.93
683.40 0.99
723.50 1.00

USER DISTRIBUTION Q74013PIB1 PRESSURE RISE AT VB - I!!HE -
1 0
46,70 -0.00

; $2,00 0.01
| 72.90 - . 0.05

132.80 0.25
191.40 0 $0
232.30 ' O.75
309.20 0.95
403.20 . 0.99

L
4,.
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l |
|

|
4

426.70 1.00
USER DISTRIBUTION 074Cl4P1B1 IT.ES$URE RICE Af VB * 1:It!E i

1 9
j 67.60 0.00 ,

80.10 0.01
130.10 0.05
266.70 0.25
405.70 0.50
528.40 0.7$
727.50 0.95
948.80 0.00
997.80 1.00

USER DIE *RIBUTION 074C1$PIB1 IRESSURE RISE AT VB * !!! tie
1 9
32.90 0.00
45.00 0.01 ,

93.50 0.05
209.90 -0.2$

*
,

*-

304.10 0.50
382.60 0.7 $
522.70 0.9S
662.$0 0.99

*

607.50 1.00
USER DISTRIBUTION 074C16P191 PRESSURE k!SE AT VB + Bit!E
1 9
16.80 0,00 ,

2$.70 0.01
$3.00 0,0$

110.00 0.25
164.50 0.50
228.$0 0.75
308.00 0.95
392.50 0.99 i

413.60 1.00
USER DISTRIBUTION Q74C17P1B1 PRESSURE RISE AT VB !!!ttC
1 9
$6.80 0.00
70.20 0.01

123.60 0.05
216.90 0,25

325.00 0.$0
431.80 0.75
626.80 0.95'

761.90 0.90 I;

705.70 1.00
USER DISTRIBUTION 074C18PIB1 PRESSURE RISE AT VB !!! tit
1 9
34.00 0.00
47.00 0.01

!~ 99.10 0.0$
1$9.60 0.25
243.10 0.$0 .

309.50 ~ 0.'75
467,80 0.9$
543.80 0.99
$62.80 1.00

USER DISTRIBUTION- Q74C19f'1B1 l'RESSURE RISE AT VB - tiltil

| 1 0
19.40 0.00

-26.70 0.01
$5.80- 0.05
94.80 0,25

154.00 0.50
191.90 0.75

'280.60 0.0$
333.20 0.99 .

4.
*

l
.

. . .
(. .-

E . 7 * 13 - 4
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1

!
!

d=

i

$

| 346.30 1.00 |
USER DISTRIBUTION Q75C2P1B1 ITESSURE RISE AT VB * 11PME

; 1 0
34.00 0.00 .

38.90 0.01j

i $6.70 0.05
j 126,50 0.2$
1 225.60 0.50
j 459.60 0.75
]' 720.00 0.9$

| 819.40 0.99
; B44.30 - 1.00
1 USER DISTRIBUTION Q75C2P281 PRESSURE RISE AT VB - HittE
1 1 0
#

2$ 70 0.00
37.$0 0.01
64,00 0.05

253.40 0.2$4 .-

439.8(- 0.50 *
. . .

x

} 675.30 0.75
1000.80 0.95d

1207.30 0.99
0 1236.40 1.00 * '

USER DISTRIBUTION Q7$C3PIB1 PRESSURE RISE AT VD - HittE
3 1 9
. 22.60 0.00
1 27.60 0.01

46.50 0.05
107.30 0.2$
162.40 0.$0

'
321.20 0.7$
$34.60 0.9$
606.30 0.99
626.70 1.00

USER DISTRIBUTION 075C3P2B1 PRESSURE RISE AT VB - HittE
l' 9

17.00 0.00;

25.00' O.01
$7.10 0.0$

i 191.20 0.25
- 316.70 0.50
5- 482.70 0.7$
! 83 20 0.9$ .
! 924.30 0.99
| 947.60 1.00

USER DISTRIBUTION .Q75C4P181 PRESSURE RISE AT VB HittE
1 9
15.40 0.00
23.30 0.01

1
* ~$4.80 0.05-

68.20 0.25
130.80- 0.50
250.00 0.75
419.20 0.95
480,70 0.99>

' - 496.10- 1.00
USER DISTRIBUTION Q75C4P2B1 PRESS'JRE RISE AT VB. . ERNE . ' l

1 0- '
;

..0.00| 10.60
15.70 - 0.01
36.10 0.05 ;.

120.60 -0.25 !.

189.60.' O.50
278.90- 0.7$
471.60 0.95
$33.40 0.99

:
-

WP g 9- q%.

+.'d.
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1

1

i

I
I '46.90 1.00

USER DISTRIBUTION Q7$C$1'1B1 PRESSURE RISE AT VB * IIIttE
1 9
37.80 0.00 ,

46.90 0.01i

83.30 0.05
241.70 0.25

) 384.40 0.$0
5 498.60 0.7$

697.40 0.95
916.30 0.99
971.00 1.00

USER DISTRIBUTION Q7$C6P1b1 PRESSURE RISE AT V> - Hit 4E
1 9
25.10 0.00
31.30 0.01
56.30 0.05

104.20 0.25 ...
.

.

294.00 0.$0
375.80 0.75
518.20 0.95
621.40 0.99

*
647.20 1.00

USER DISTRIBUTION Q7$C7PIB1 PRESSURE RISE AT VB - HIHE
1 0
14.00 0.00
18.80 0.01
$4.40 0.05

112.10 0.25
179.40 0.$0 ;

225.10 0.75
'

30S.80 0.95
372,00 0.99
386.50 1.00

USER DISTRIBUTION Q7$CCP181 PRESSURE RISE AT \1 * IIItE
1 9 r

30.00 0.00
37.50 0.01
67,50 0.05

177.70 0.25
301.30 0.50

| 404.50 0.75
610.60 0.95
746.40 0.99
780.30 1.00

USER DISTRIBUTION Q7L*0PIB1. PRESSURE RISE AT VB - HitE
1 9
20.00 0.00
25.00 0.01
45.00 0.0$

139.20 0.25
226.20 0.50
299,20 0.75
462.20- 0.95
512.70 0,99

- $25.30 1.00
USER DISTRIBUTION Q75C10PIB1 ItPSSURE RISE AT VB - HIHE
1 9
12.40 0.00
1$ 70 0.01
28.80 0.0$
84.60 0.25

14$.$0 0 $0
386.80 0.75
277.80 0.95 -
-317.60 0.99

'

- i . .
-.
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.

327.00 1.00
USER DISTRIBUTION Q7$C11F1B1 FRESSURE RISE AT VD a HlHE1 9

46.40 0.00
$3.50 0.01 ..

41.60 0.0$
173.$0 0.1$
267.70 0.50
$37.50 0.75
614.60 0.95

1021.50 0.99
1073.10 1.00

USER DISTRIBUTION 075C11F281 FRESSURE RISE AT V4 * !!!ME1 9
49.60 0.00
63.40 0.01

217.60 0.0$
427.40 0.25 *'

$19.60 0.$0 , -

635.40 0.7$
106.40 0.0$ i

1246.90 0.99 ,

1276.$0 1.00 ,

USER DISTP1BUTION Q75C12F181 FRESSURE RIEE AT VB * lilHE1 9 1

44.80 0.00
$1.10 0.01
76.$0 0.0$

147.70 0.25 . I

236.40 0.$0
413.$0 0.75 |
$9*.60 0.9$
712.$0 0.99
740.90 1.00

USER DISTRIBUTION
07$C12F2B1 FRESSURE RISE AT VB * HIHE1 9

32.10 0.00
$$.E3 0.01

149.70 0.0$
327.60 0.25
433,$0 0.$0
$91.10 0.7$
646.90 0.95
926.00 0.99
945.30 1.00

UECR DISTRIBUTION
075C13F181 FRESSURE RICE AT VB * HTME1 9

26,40 0.00
34 90 0.01
66.60 0.0$

106.40 0.25
156.60 0.$0
30$ 10 0.7$
451.30 0.9$
$32.60 0.99
$$3.20 1.00

USER DISTRIBUTION
Q7$C13F281 FRESSURE RISE AT VB * !!!HE1 9

16.10 0.00
31.00 0.01
62.40 0.0$

166.90 0.25
246.00 0.50
333.10 0.7$
460.50 0.9$
$34.30- '0.99

L- *
_

;

~
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547,70 1.00
USER DISTRIBUTION Q75C14P181 PRESSURE RISE AT VB - UtE
1 9
96.00 0.00 -

112.50 0.01
178.40 0.05
309.70 0.25
416.20 0,50
552.70 0.75
664.00 0.05

1068.80 0.99
1119.7C 1.00

USER DISTRIBUTION 075C15P181 PRESSURE RISE AT VB .NHtE
1 9-
61.40 0.00
75.00 0.01

129.60 0.05
232.00 0.25 . - --- -

*

317.10 -0.50
427.10 0.75
$87.30- C.95
712.50 0.99
743.80 1.00

USER DISTRIBUTION Q75C16P181 PRESSURE RISE AT VB - HPHE
19
33.10 0.00
40.70 0.01
71.10 'O.05

131.00 0.25
101.00 0.50 -

250.70 0.75 I

340.30 0.05
417.50 0.99
436.80 1.00

USER DISTRIBUTION Q75C17P181 PRESSURE RISE AT VB - HIM1
1 9
72.00 0.00
90.00 0.01

,

162.10 0.05
236.00 0.25
319,80 0.50
43t70 0.75
709.90 4.95
855.00- 394

891.30 1.00
USER DISTRIBUTION Q75C18P181- PRESSURE RISE AT VB - HINE
1 9
46.00 0.00
60.00 0.01

116.20 0.05 e

176.00 0.25
242.20- 0.50
316.20 0.75
495.60 0.95

,

570.00 0.99
588.60 1.00

USER DISTRIBUTION Q75C19PIB1 PRESSURE RISE AT VB - HINE,

j 1 9

| 25.43 0.00
-33.20 0.01

64.40 0.05
103.00 0.25 ,

153.50 0.50
'195.30. 0.75
294.50 0.95
346.30- 0V
9. 2u -1. 4 I-

_
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