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ABSTRACT

This report describes a risk analysis primarily directed at providing an estimate for the
frequency of tornado induced damage to the core of the High Flux Beam Reactor (HFBR),
and thus it constitutes a Level 1 Probabilistic Risk Assessment (PRA) covering tornado
induced accident sequences.

The basic methodology of the risk analysis was to develop a "tornado specific" plant logic
model that integrates the internal random hardware failures with failures caused externaily
by the tornado strike and includes operator errors worsened by the tornado modified
environment. The tornado hazard frequency, as well as earlier prepared structural and
equipment fragility data (See Ref. [4]), were used as input data to the model. To keep
modeling/calculational complexity as simple as reasonable a "bounding" type, slightly
conservative, approach was applied. By a thorough screening process a single dominant
initiating event was selected as a representative initiator, defined as: "Tornado Induced
Loss of Offsite Power." The frequency of this initiator was determined to be 6.37E-5/year.
The safety response of the HFBR facility resulted in a total Conditional Core Damage
Probability of .621. Thus, the point estimate of the HFBR’s Tornado Induced Core
Damage Frequency (CDF) was found to be:

(CDF)romado = 3-96E-5S/year.

This value represents only 7.8% of the internal CDF and thus is considered to be a small
contribution to the overall facility risk expressed in terms of total Core Damage Frequency.

In addition to providing the estimate of (CDF)y,..4.» the report documents the relative

importance of various tornado induced system, component, and operator failures that
contribute most to (CDF ) mado-

iii







TABLE OF CONTENTS

Page
ABS T RACT .. e e e e e it
LISTOF FIGURES . ... . i i e it c e viii
LISTOF TABLES . ... i i i e e et e ix
ACKNOWLEDGEMENTS . .. ... i i i e i e X
1.0 INTRODUCTION . . .. e e e ettt i e e 1
1.1 Background and Objective . .......... ...ttt 1
12 General Approach ....... ... ... ittt o1
13 Scopeofthe Study ....... ... ... . i 2
20 TORNADO INDUCED INITIATINGEVENTS .. ....... ... . i 4
21 Selection of a Single Tornado Induced Dominant Initiating Event ........... 4
2.2 Elimination of Potential Straight-Wind Initiators ........................ 4
23 HFBR Structural (Wind-Pressure) Fragilities vs Initiating Events ........... 5
24 Frequency of Tornado Induced Loss of Offsite Power Initiating Event . ... .. .. 7
3.0 MODIFICATION OF THE SYSTEM MODELS ........... ... ..., 10
3.1 General ... ... e e 10
32 Locationof the HFBR Equipment .............. ... ... ... vt 10
33 Tornado Missile Fragility of HFBR Equipment ........................ 11
34 Component Fragility Data Assembly ................................ 14
35 Incorporation of Tornado Missile Induced Basic Events Into
the Fault Trees . .. ... .. i i 14
3.6  Screening and Identification of Tornado Specific Human Errors ........... 15
3.7  Assignment of Tornado Specific Human Error Probabilities .............. 16
40 EVENT SEQUENCE DIAGRAM AND EVENT TREE FOR TORNADO
INDUCED LOSS OF OFFSITE POWER INITIATOR ....................... 19
41 Event Sequence Diagram . ............. ...ttt 19
4.2 Event Tree .. ... i e 20
50 DETERMINATION OF THE CORE DAMAGE FREQUENCY ................ 30
51 Quantification of the Tornado Induced Loss of Offsite Power Event
5 4P 30
52 Sensitivity of (CCDP)y,, for Human Failure Probability Assignment ........ 31
53 Leading Event Sequences . .......... ..ottt 32




TABLE OF CONTENTS (continued)

6.0 CONCLUSIONS
7.0 REFERENCES
Appendix A Initiating Event Categorization

Appendix B Basic Event Data Tables

B.1 List of Basic Events Used in the Internal PRA

B.2 List of Human Error Basic Events

B.3  Internal PRA Basic Events Affected by Tornado Induced Failures
and the Fault Trees (Systems) Where They Appear

B4 Internal PRA Human Errors that are Affected by a Tornado Event
and the Fault Trees (Systems) Where They Appear

B.S Definitions and Probabilities for Tornado Induced Hardware Failures
and Human Errors

System Fault Trees Modified for Tornado Initiator

Reactor Scram and Setback Systems

Primary Cooling Water System

Shutdown Cooling Water System Modified for Tornado Initiator
Secondary Cooling Water System Modified for Tornado Initiator
Flow Reversal Valves

Depressurization System Modified for Tornado Initiator

Steam Condensing and D,0 Makeup System Modified for
Tornado Initiator

Poison Water System Modified for Tornado Initiator

AC Power System Modified for Tornado Initiator

DC Power System Modified for Tornado Initiator

Compressed Air System Modified for Tornado Initiator

Logic of the Tornado Induced LOOP24 Event Tree
Explanation of Top Events (Failure of Indicated Systems) for
the Logic of the Tornado Induced LOOP24 Event Tree
Logic of the Tornado Induced LOOP24 Event Tree




Appendix E
E.l
E2
E.3

Appendix F

TABLE OF CONTENTS (continued)

Page
System Cutsets for Tornado Induced Event Tree ...................... E-1
System Unavailabilities and Availability Lower Bounds ................ E.1-1
System Cutsets .. .........iuiintiniiint ittt E.2-1
Conditional Probabilities Without and With Correction for
Tornado Induced LOOP24 Sequences . ..............coiiiiinnnn E.3-1
Important Sequence Cutsets for Tornado Induced Event
F-1

Tree, Sequences Ranked 1-10 ........... ... ... .. ...

vii




LIST OF FIGURES

Map of Long Island and the BNL Site. ........... ... ... oo, 3

HFBRSite Plan. ...t i i i i it ii it i e ne 9
Cutaway View of the HFBR Building. ............ ... .. .. ... 18

Extended Loss of Offsite Power Event Sequence Diagram. ..................... 22
Extended Loss of Offsite Power Event Sequence Diagram. ..................... 23
Extended Loss of Offsite Power Event Sequence Diagram. ..................... 24
Tornado Induced Loss of Offsite Power (LOOP24) Event Tree. ................. 25
Tornado Induced Loss of Offsite Power (LOOP24) Event Tree. ................. 26

Correlation Curve Between CCDP and Human Failure Probability. .............. 36




Table
21
2.2
23
3.1

4.1
4.2

5.1

LIST OF TABLES

Page
HFBR Structural Fragilities .. .. ...... . . i ittt iinnnnn 6
Equipment Fragility Associated with Offsite Power Loss ........................ 6
F, Tornado Strike Frequency Distribution for a Point Structure at the HFBR Site .... 8

Tornado Missile Fragility of HFBR Equipment .............. ... ... ... ... ... 13
Frontline System and Support System Dependency Modeled in the HFBR PRA .. ... 27
Definition of Top Events (Failure of Indicated System) . ....................... 28
Leading Tornado Induced Event Sequence ...............c...ciiiiierinnn.. 35




ACKNOWLEDGEMENTS

The authors would like to express our thanks to Dr. Zoran Musicki for his continual support and
advice over the duration of the analysis.

The authors wish to acknowledge Mr. Timothy P. Powers of the HFBR staff for his constructive
collaboration on selected plant specific issues.

Finally, we would like to express our appreciation to Susan L. Langford for an excellent job in
putting this report into its final form.




1.0 INTRODUCTION
1.1  Background and Objective

Throughout the last few years a program has been conducted at Brookhaven National
Laboratory (BNL) to develop a complete probabilistic risk profile for its research reactor
facility, the High Flux Beam Reactor (HFBR). The reactor facility is located almost at the
middle of Long Island, N.Y. (Figure 1.1) As a first phase in the program a Level 1
Probabilistic Risk Assessment has been completed in the late 1980’s [1] on the accident
sequences initiated by internal events. In the early 1990’s, the risk contributions from
external initiating events, such as earthquakes [2], fire and flood [3], have been assessed.

The objective of this study is to present the results of a probabilistic risk assessment of
accident sequences initiated by a tornado strike to the site of the HFBR. Thus, the study
represents the third part in the series of external initiating event analyses.

The tornado PRA, similar to the previous external analyses, is structured to be a "stand
alone" document, as practicable. However, it extensively refers to the internal event PRA
[1], particularly for detailed descriptions of the facility, operational modes, systems, and
logic model assembly. It also utilizes the results of a companion report that describes the
tornado/high-wind hazards and the fragilities of structures and components of the HFBR
completed recently [4] to provide supporting input for the present study.

In addition, several parts of the seismic PRA [2] are also considered. This is to keep
parallelism in the present study with the modifications of the Level 1 internal events model
that was introduced into the seismic PRA which describes seismic effects.

1.2 General Approach

The basic approach applied for this Level 1 Tornado PRA follows the recommended
practice: integrate the internal random hardware failures with failures caused externally by
the tornado strike and include operator errors made more probable by the environment that
was changed because of the external event.

By using the basic approach the tornado risk profile of the HFBR, i.e., the frequency of
severe core damage, will be determined. In addition, the dominant contributors to plant
risk from possible tornado strikes also will be identified.

The steps to develop the tornado risk profile are the following:
1. Identification and quantification of a single tornado induced dominant
initiating event. This step strongly utilizes the results of the tornado/high
wind hazard and the plant’s structure/component fragility analyses [4].
2. Systems modeling. This is the step that involves the modification of the fault




tree models for the reactor safety systems. The modified fault trees will
include both the tornado-missile induced failures of the hardware and the
"tornado-specific” operator errors.

3. Accident sequence modeling. This step requires developing an appropriate
event tree for the tornado initiator.
4. The last step, quantification of the tornado event tree. This step provides the

total frequency of core damage due to tornado-initiated accident sequences.
It allows for obtaining estimates for tornado risk in terms of effects on public
health in subsequent analyses that integrate the results of the core damage
analysis with those of the calculations performed for the consequences of
tornado initiated accident sequences.

The above steps will be discussed in more detail in subsequent chapters.

1.3  Scope of the Study

The frequencies of tornado induced accident sequences leading to core damage and thus
the total tornado related core damage frequency for the HFBR are point estimates.
Uncertainty calculations may be performed in a later phase of the HFBR probabilistic safety
program.

It is a general belief that the operation of the HFBR at a power level of 60 MW is at higher
risk than the operation at a lower (40 MW) level. That was the reason that the internal
PRA has primarily considered the 60 MW power level operation. The associated plant logic
model (i.e., the assembly of fault trees describing the unavailability of safety systems) thus
provides a "worst case" representation of the facility’s resilience vis-a-vis accidents.

The present study considers only this "bounding” higher level power operation. Therefore,
only the 60 MW internal logic model has been modified by incorporating into it tornado-
induced failure events. The basic event unavailability values were kept the same and the
time basis for systems’ success criteria remained that of the source, i.e., 24 hours. Human
errors influenced by the tornado modified environment were treated in a simplified manner.

As is usually the case for these types of studies, second order effects such as tornado
induced fires or chemical releases were considered as "out-of-scope.”
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2.0 TORNADO INDUCED INITIATING EVENTS
2.1  Selection of a Single Tornado Induced Dominant Initiating Event

The selection of a single tornado induced dominant initiating event was the result of a
thorough screening process.

This process involved:

a. Detailed direct and probabilistic hazard analysis of the BNL site and
vulnerability (fragility) analyses of the HFBR structures and components for
tornado/straight-wind loads (wind pressure) and missiles (see ref. [4]). The
analyses were performed by personnel having general knowledge of wind
engineering and experience in tornado (wind)/seismic fragility calculations.

b. A systematic investigation of HFBR design features to determine the response
of the facility to tornado/straight-wind strikes. The investigation required the
collaboration of analysts experienced in internal/external risk assessment with
plant personnel. It consisted of the following three phases:

. a preliminary "tornado-impact-specific" review of the HFBR systems’
descriptions and the operation-procedure manuals as well as the
internal PRA system logic,

d a tornado-impact-specific "talk-through”" of the emergency
procedures/measures of the facility, and finally
. a tornado-impact-specific walk-through of the facility.
c. An integration of the information obtained via items a and b with the

initiating events identified in the internal PRA.
2.2 Elimination of Potential Straight-Wind Initiators

The risk hazard associated with straight-wind storms (thunderstorms, tropical storms and
hurricanes) is discussed in detail for the HFBR site in Ref. [4]. The wind speed (load) for
which the basic HFBR structures were originally designed is 120 mph. From straight-wind
storms of various types, in general, the hurricanes have wind speed greater than 120 mph.
Straight-winds with velocity < 120 mph usually result in loss of offsite power. Therefore,

they were accounted for by the various categories of the loss of offsite power initiator
LOOP2, LOOP6, and LOOP24 in the internal PRA.

Hurricanes would represent a great risk hazard for an operating HFBR. However,
hurricane warnings are usually issued at the east coast of the U.S.A. (and particularly at
Long Island) much earlier than their arrivals. Given such an early warning, the HFBR shuts
down in an orderly manner, similar to other large experimental facilities at the BNL site.

Thus, hurricanes are effectively screened out as contributors from the list of potential




external initiating events for the HFBR.

2.3  HFBR Structural (Wind-Pressure) Fragilities vs Initiating Events

The major structures and outdoor components of the HFBR facility are shown in Figure
2.1. They are: the reactor building (Building 750), the fanhouse (Building 704), the stack
(Building 705), the pumphouse (Building 707), the cooling tower building, Helium trailer(s),
and several tanks (e.g., secondary water hold-up tank, FA-310; the sulfuric acid storage
tank). There are also other structures. However, they are not related to the safety features
of the reactor. These are, €.g., the CNF building (Building 751) and the liquid nitrogen
tanks. The above structures are made of reinforced concrete, steel, concrete blocks,
masonry, aluminum and even wood (the cooling tower).

The wind pressure fragilities associated with several structures deemed to be the most
important have been determined in Ref. [4]. The fragility values obtained are expressed in
terms of median wind speed (in mph units). Table 2.1 reproduces these values in ranked
order for the structures considered. To indicate uncertainty, the logarithmic standard
deviations for wind velocity distribution (8,) and for the structural capacity distributions (8,)
are also shown in the table.

The structural fragility data show that the pumphouse, the' reactor building, and the
fanhouse are unlikely to sustain any serious structural damage from wind pressure itself.
These structures have rather high structural capacities against wind pressure loading.

Other structures, such as the helium trailer, the stack, and the cooling tower building, have
lower fragility values. These structures and some outdoor tanks, however, are not vital
components of the safety systems. Even if they suffer serious wind damage (e.g., loss of He-
makeup, partial loss of secondary water makeup, damage of cooling tower, sulfuric acid
release), the associated safety systems and/or the accident management would only be
degraded and not completely incapacitated.

Therefore, low wind fragilities of the above structures with a potential partial loss of
associated systems (e.g., secondary cooling system) were not considered as tornado induced
initiating events.

The situation with regard to the low structural fragility for offsite power loss, however, is
completely different. The low structural fragility combined with the extensive missile activity
of a tornado strike renders the offsite power network of the HFBR completely vulnerable
for tornado strike (consider e.g., the 13.8kV/2.4kV transformers outside the fanhouse). The
loss of offsite power causes the loss of all preferred AC power to a number of safety
equipment, and thus triggers an early reactor trip. (The plant equipment affected by the
loss of offsite power and identified in Ref. [4] is listed in Table 2.2. Notice that the
structural fragility of the listed equipment is that of the offsite power loss.)




Table 2.1 HFBR Structural Fragilities

ﬂ Structure Median Wind B, B.
Speed (mph)
1. Pumphouse 716.4 0.10 0.21
2. Reactor Building 690.0 0.10 0.15
3. Fanhouse 511.0 0.10 0.21
4. Trailer 203.0 0.10 0.17
5. Stack 171.7 0.10 0.17
| 6. Cooling Tower Building 137.8 0.10 0.17
" 7. Offsite Power Loss 60.0 0.25 0.25

Table 2.2 Equipment Fragility Associated with Offsite Power Loss

No.* Equipment Median Wind B, B,
Speed (mph)

12 Primary Cooler Cell Motors 60 25 25

“ 33 Canal Clean Up Water Pumps 60 25 25

|| 34 Heavy Water Transfer Pumps 60 25 25

52 Pumphouse Breaker 60 25 25

53 Enjergency Mg_tgr Control Center 60 - 25 25

* Equipment No. is the same that was used for equipment identification in the seismic

PRA study [2].

An inspection of the affected equipment and consideration of other system components
disabled by system’s dependency leads to the conclusion that tornado induced loss of offsite
power represents an unquestionable initiating event. In fact, it is not only unquestionable,
but it is also a dominating initiator; for during the initiator screening process it was rather
difficult to find a potential tornado induced initiating event (see the list of Internal Initiating
Events in Appendix A) where the response characteristics of the safety systems would not
be encompassed by the loss of offsite power initiator (e.g., general plant transient need not
be considered as an independent initiator since it occurs with the loss of offsite power).




24  Frequency of Tornado Induced Loss of Offsite Power Initiating Event

Based on the previously described screening process, the present study assumes that loss of
offsite power occurs with any tornado strike of the HFBR site. The occurrence frequency
of this initiating event can be determined by combining the occurrence frequency of the
tornados with magnitude greater than or equal to F,! in the Long Island area with the
probability that such a tornado effectively strikes a point structure at the HFBR site
(tornado hazard).

The distribution describing the occurrence frequency of F; tornados was determined in Ref.
[4]. For completeness, it is reproduced here in Table 2.3.

From the distribution, the 85 percentile value, i.e., .637E-O4/year is selected as a
conservative point value estimate for the frequency of the tornado induced loss of offsite
power initiator. The selection of the value is not arbitrary; it represents an "approximate
mean" value of the tornado strike frequency distribution. In addition, Ref. [4] useditasa
basic quantity in the determination of the tornado missile fragilities for the safety system
components.

It is reasonable to assume that the tornado induced loss of offsite power initiator belongs
to the LOOP24 category defined in the internal PRA (i.e., it is a loss of offsite power event
lasting 6 hours or more) since tornado disrupted power-net cannot be easily repaired.

1Tornados, like seismic events, are categorized according to their intensity. There are
six tornado groups characterized with increasing central wind speed ranges (F-scale). The
F-groups are defined as:

Group F, F, F, F; F, Fs

Median Wind
Speed, mph 40-72 73-112 113-157 158-206 207-260 261-318

For more details see Rel. [4].




Table 2.3 F; Tornado Strike Frequency Distribution for a Point Structure at the HFBR Site

F; Group
Percentile Median Wind Speed: 92.5mph
(1/year)

50% 0.394E-05
15.0% 0.734E-05
25.0% ' 0.107E-04
35.0% 0.145E-04
45.0% 0.190E-04
50.0% 0.216E-04
55.0% 0.247E-04
65.0% 0.323E-04
75.0% 0.436E-04
85.0% 0.637E-04
95.0% 0.119E-03

Finally, a comment is warranted on the selection of the initiating event. Tornados can cause
loss of offsite power without striking the HFBR site proper, and wind speeds less than those
of an F, tornado can potentially initiate a loss of offsite power. However, there would be
no damage to plant safety systems (i.e., the probability of damage would be negligible, after
all, most of the HFBR structures should resist wind speed up to 120 mph). In these cases
core damage could only occur if wind induced loss of offsite power was coupled with
random safety system components’ failures. Such scenarios, however, were included in the
scope of the internal PRA and are not comsidered in the tornado initiated accident
sequences.
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3.0 MODIFICATION OF THE SYSTEM MODELS

3.1 General

In order to determine the core damage frequencies for tornado induced accident sequences,
the fault trees developed for the internal events analysis have been modified by
incorporating tornado induced component failures and tornado-specific operator errors. For
this modification attention was given to the physical location of the system components
because location determines the vulnerability of a component (or a group of components)
for tornado effects (missiles/debris) or the extent of secondary failures. For the tornado
specific human failures a number of tornado related effects had to be considered: the
probability that the operators suffer personal injury, that missiles/structural debris impede
the operators from performing certain tasks inside/outside the control room, the increased
stress level of the operators, and the time window for additional operators to arrive to help
in the accident recovery management.

In a way, an internal event fault tree modified for tornado strike and the corresponding
fault tree for a seismic event are rather similar.

3.2  Location of the HFBR Equipment

The majority of the HFBR equipment is housed in the reactor building (a reinforced
concrete frame set). An elevation view of the reactor building is shown in Figure 3.1.

There are four floors in the building which are designated as the equipment floor (EL. 93’-
0"), the experimental floor (EL. 113’-6"), the balcony (EL. 128’-6"), and the operations floor
(EL 141-6"). The building is enclosed by an airtight hemispheral confinement dome, as
shown in the figure. The dome is formed from welded 1/4"-thick steel plates supported
upon an internal I-beam frame work.

Some equipment is located in the fanhouse (a single story, reinforced-concrete frame
structure) and in the pumphouse (a single story masonry structure with reinforced concrete
basement and roof).

The areas within the reactor building that were used in the internal PRA for equipment
component location identification and also used in the present study are the following:

the operations level outside the control room, OP

the control room (the control room is at the operations level), CR
the experimental level, EX, and

the equipment level, EQ.

Equipment housed in other structures have "structure characteristic” location identifiers:
FH denotes fanhouse, PH denotes pumphouse, and OD describes plain outdoor equipment
location.




3.3 Tornado Missile Fragility of HFBR Equipment

The tornado missile fragility is a different quantity than the structural fragility of a
building/equipment against wind and tornado loads. Tornado missile fragility is used to
characterize the damage of equipment caused by tornado-born missiles. While the
structural fragility is determined by the conditional probability of failure given a wind speed
level expressed in terms of the fastest mph, the tornado missile fragility is unconditionally
defined by the annual probability of equipment failure due to missiles.

The tornado missile fragility F; can be described by the following expression (which is a
simplified version of Equation (6.1) of Ref. [4] and is essentially identical with it):

Fr=FgxPgxN = FxD 1)
where:

Fg denotes the annual tornado strike probability (i.e., tornado strike frequency)
at a site,

P denotes the probability that a missile generated by the tornado strike reaches
the building containing the equipment under consideration, penetrates
barriers, and strikes the equipment areas, and

N denotes the number of missiles generated by a design basis event (e.g., at the
HFBR site the gas bottle storage area, parking lots).

The quantity D = Pgx N can be used conveniently to characterize "the conditional tornado
missile damage probability," i.e., the damage probability of the equipment multiplied by the
total number of missiles.

The tornado missile fragility for the HFBR equipment was determined by a rather complex
and cumbersome numerical calculation as described in Ref. [4]. Depending primarily on
the location of the equipment, fragility values were evaluated for the following categories:

- equipment on the operation floor, outside the control room,

equipment inside the control room,

equipment inside the fanhouse, and

equipment inside the pumphouse.
The equipment located on the equipment floor has been excluded from fragility analysis.

It was considered highly unlikely that tornado missiles which could penetrate the exterior
steel dome and then the thick concrete slabs or the biological shield, would still have

11




enough velocity to damage the equipment.

The fragility values obtained for the above categories are listed in Table 3.1. The
equipment identification Nos. are the same as those used in the seismic PRA [2]. For
convenience, the table indicates the tornado missile types considered in the fragility
calculations and the conditional tornado missile damage probability (D) values. Essentially
these latter values are used for quantification of tornado failure events in the modified
system fault trees.

12




Table 3.1 Tornado Missile Fragility of HFBR Equipment

Missile Missile Strike
Location | Types* | No. Equipment Cond.
Frequency | Dam. Prob.
_ F(1/year) D

CR D,F 2 | Air Cylinder 9.93E-6 156
CR/EQ Flow Control Valve 9.93E-6 156

| crEQ 7 | Sec. Side Return vaives | 9.93E-6 156
H CR 50 | Electrical Cable Trays and 9.93E-6 156

Conduits
|| CR 60 | "Deli Case" 9.93E-6 156
" CR 68 | Control Room Panels 9.93E-6 .156
CR 75 | 12/24 DC Battery System 9.93E-6 156
OP AB,D, 6 | Poison Water System 2.57E-5 403
EF

| op 15 | Check Valves 2.57E-5 403
OoP 30 | Manual Valves 2.57E-5 403
FH F 9 | Fanhouse 250V Batteries 4.40E-6 .069
13 | Battery Chargers 4.40E-6 069

60 | Battery Circuit Breaker 4.40E-6 069

61 | DC Control and Feed 4.40E-6 069

Panel

PH

F

59

‘DC Distribution Panel

4.08E-6

064

* Missile T

mmoOwy

ypes

6" Sch. 40 pipe (15°)
12" Sch. 40 pipe (15°)
1" Solid Steel Rod (3’) (does not puncture the barriers)
13.5" Utility Pole (35°)
Automobile

Stackpiece

13




34 Component Fragility Data Assembly

In the internal PRA a sixteen character coding scheme was used to describe a basic event.
The scheme is represented by the following character grouping:

SSS CCC NNNNN MMM LL.

The first group describes the system, the second group identifies a generic component type,
the third group identifies a specific component, the fourth group specifies the failure mode,
and the last group gives the component location.

For tornado missile induced basic events associated with component failure (hardware)
another scheme of designators was added to the above event designator scheme. The new
scheme has the following form:

TOR-SXY-FMIS

the prefix TOR identifies the event as tornado specific for the database of the
computer code used for the HFBR analyses. (The computer code name is IRRAS,
and it is described in Ref. [5]),

in the group SXY the characters XY identify the generic equipment type in
accordance with the equipment numbering classification given in Table 3.1 (No. of
Equipment),

and the group FMIS either indicates that the event is just tornado missile (not
structural) fragility related or, if it contains other and/or more characters, it describes
missile failures of more components (e.g., valves) that result in the same
consequences.

Each event also has, of course, a longer descriptor providing more information. The longer
descriptors are given in Table B.5 of Appendix B.

The form of the scheme is analogous to the scheme applied for the seismic analysis. The
purpose of the analogy is to keep parallelism between the tornado and the seismic fragilities
associated with the same basic event.

3.5 Incorporation of Tornado Missile Induced Basic Events Into the Fault Trees

The list of internal basic events describing component (hardware) failures is given in Table
B.1 of Appendix B.1. By reviewing these events according to system and location affiliation
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and considering the equipment failures of Table 3.1, as well as tornado induced loss of
offsite power initiating event, a number of basic events (components) were identified that
are potentially affected by tornado missiles. The affected basic events together with the
corresponding modifying events (i.e., new events describing the tornado induced failures of
the affected components described in the previous section) and the fault trees (systems)
where the basic events appear are presented in Table B.3 of Appendix B. Table B.3 was
compiled by using the cross reference feature of the IRRAS code.

For fault tree modification largely the procedure worked out for the seismic fault tree
development has been applied: whenever an affected basic event appears, it is substituted
by an "OR" gate having two inputs: one is the original internal basic event and the other
is the new tornado missile induced basic event. The new event will acquire the conditional
tornado missile damage probability (D) of the associated equipment given in Table 3.1.
Sometimes, if the new event relates to several basic events (like several valves) the new
event appears at the appropriate place of the fault tree as a "common cause" failure event.

3.6 Screening and Identification of Tornado Specific Human Errors

The list of internal events describing human errors is shown in Table B.2 of Appendix B.
Analogous with the screening process adopted at the component (hardware) analysis, a
screening process was also applied for these events. Only those human actions were
selected which were assessed to occur after a tornado strike of the HFBR site, when there
is only a negligible probability for offsite power recovery within 24 hours. Similar to the
seismic human failure selection, the screening process eliminated those events which
involved pre-existing failures, like "valve left in the wrong position."

The selected internal human failure events together with the corresponding tornado specific

human failures and the fault trees (systems) where these events appear are presented in

Table B.4 of Appendix B. Table B.4 was compiled in the same manner as Table B.3 for the

component failures, by using the cross reference feature of the IRRAS code.

The tornado specific buman failures are identified by the following designator scheme:
TOR-HEP-ABCDEFGH,

where: TOR is for tornado,

HEP is for human error probability, and

ABCDEFGH is a general designator containing information for cross
referencing with the fault trees where they occur.

Each event also has a longer definition providing more descriptive information about the
tornado induced human failure. The longer definitions are given in Table B.5 of Appendix
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B, together with the longer definitions of the tornado missile induced component failures.

The designator scheme for tornado specific human failure events is purposely kept
analogous to the seismic human failure designator scheme. The purpose of the analogy is
to keep parallelism between the tornado and seismic activity induced modification of the
same human failure event.

The fault trees involving the selected human failure events were modified by the method
briefly outlined in Section 3.4; the internal-event-related human errors were "OR-gated" with
the corresponding tornado specific human errors.

The modified fault trees (systems) containing both the tornado missile induced basic events
and the tornado specific human errors are presented in Appendix C. Appendix C also
includes those fault trees of the internal PRA which were not affected by the tornado
induced modifications. This is to provide a complete "tornado specific" logic model of the
HFBR in the present study.

3.7  Assignment of Tornado Specific Human Error Probabilities

The approach developed to assign probability values to tornado specific human failure
events is based on two unique conditions of the HFBR environment:

1. the rather large tornado missile fragility of equipment in the control room
(conditional damage probability, D = .156, see Table 3.1), and

2. the relatively short mean arrival time = = 1 hour of off-duty operators after
having been alarmed to provide help in accident management. Off-duty
operators can be alarmed by a microwave emergency alarm system within half
an hour even if the telephone lines are unavailable. (The availability of this
information is one of the results of a recent seismic event related drill.)

The first condition allows us to presume that the probability of personal incapacitation
(injury) of an operator to perform functions inside/outside the control room is largely
coincident with the conditional tornado missile damage probability of equipment in the
control room. (Essentially it is deemed even larger because humans are unquestionably
more vulnerable for secondary debris, particularly for the "shrapnels” of the large control
room windows than instrument racks.)

The approach is similar to that adopted in the seismic human failure probability assignment
where the failure probability of the weakest block wall was used to represent the human
error probability for any action required to be performed after an earthquake.

Thus, the value D = .156 was assigned to each tornado specific human failure event whose
associated internal human action was deemed "required to be performed" within one hour
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after the tornado strike (i.e., in the time interval 0-1 hour). The selection of such internal
human events was based mainly on the information provided by the operator and the
original probability assignment made in the internal PRA.

During the subsequent two hours (i.e., in the time range 1-3 hours after the tornado strike)
the operator performance probability was considered to be controlled largely by the product
of two probabilities:

1. the probability of personal incapacitation, and

2. the average probability that the off-duty operators cannot arrive during two
hours (arrival may begin at half an hour after the alarm).

By assuming an exponential probability density function for the probability of non-arrival
(with parameter, r = 1 hour), the operator average performance probability can be
estimated as .09.

This value was assigned for all tornado specific human failure events when the associated
internal human action had to be performed in the 1-3 hour time interval after tornado
strike. The selection of such internal human events was, as in the former case, based on
information provided by the operator and the original probability assignment made in the
internal PRA.

In the 3-24 hour interval after the event, the plant model considers that any off-duty
operators that are presumed available will be under post-tornado stress. Under these
circumstances, error rates normally ascribed to the actions of these operators are increased
by a factor of 5 [Ref. 6] to reflect the added stresses that the operators may be subjected
to while attempting to maintain the facility in a stable condition.

The probability values assigned to the individual tornado specific human failures are

presented in Table B.5 of Appendix B, together with the tornado missile failure event
(component) probabilities.
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40 EVENT SEQUENCE DIAGRAM AND EVENT TREE FOR TORNADO INDUCED
LOSS OF OFFSITE POWER INITIATOR

4.1 Event Sequence Diagram

Given a sudden tornado strike at the HFBR site this study presumes that the reactor will
suffer an early scram on Loss of Offsite Power. The event will affect practically all the
preferred AC power sources of the reactor before the tornado would damage further the
various systems. Thus, to trace the potential sequence of events the first task is to clarify
the initial conditions of the reactor systems given loss of offsite power without additional
tornado damage. This can be done by using the dependency table of the plant logic model
(Ref. [1]) describing the connection between the support and frontline systems of the HFBR
(see Table 4.1). An inspection of the table immediately provides information about the
major components of the safety systems still available just after the loss of offsite power.

For further tracing the possible scenarios as the plant response progresses the most
straightforward way is to use the Event Sequence Diagram (ESD) developed in the internal
PRA (Ref. [1]) for extended loss of offsite power.

For convenience the ESD is reproduced from the internal PRA (Ref. [1]) on Figures 4.1a
through 4.1c. In Figure 4.1a the decision box immediately after the initiator examines if the
reactor is scrammed. The next set of decision boxes examines the availability of the forced
flow immediately after scram and for a period of 3 minutes. In connection with the 3
minute pony motor operation, the following note is quoted from the internal PRA: "At 60
MW operation, failure to provide forced flow for the first 3 minutes after scram results in
a small amount of core damage at the core hot spots. It is estimated that about 1% of the
core melts if this condition occurs. To use natural circulation (flow reversal) as a long term
core-cooling process, the operators must vent the steam generated in the vessel to the off-
gas system. This venting operation requires the manual alignment of some valves in the
operations level. However, analysis by the HFBR staff indicates that, in this case, the
resulting level of radiation on the operation level is too high to permit the required
mitigation actions by the operators to assure long-term cooling of the core. Therefore, in
the PRA it is assumed that a loss of forced flow during the first 3 minutes after scram leads
to core damage."

The long term forced flow can only be provided by a shutdown pump fed by the propane
generator (forced flow from the pony motors would not be available due to insufficient
battery power, which is rated to be available only 2 - 3 hours).

There are two event transfers from the portion of the ESD on Figure 4.1a. As noted in
Ref. [1], Transfer 1 (Figure 4.1b) describes a condition in which long term forced core
cooling is unavailable while secondary cooling is available. The loss of forced convection
requires the establishment of flow reversal, i.e., natural circulation of the primary coolant

19




through the core to remove the decay heat. The first block on the figure inquires about the
opening of the flow reversal valves. They are expected to open upon tripping of both
primary and shutdown pumps. The success criteria for this function is the opening of 3 out
of 4 flow reversal valves. If these valves fail to open, core damage is expected to occur. If
the flow reversal valves successfully open, then heat removal from the primary coolant needs
to be considered.

Steam condensing and makeup is the preferred mode of removing heat from the primary
coolant. This is done by depressurizing the reactor to less than 12 psi, draining the vessel
to a level below the primary or shutdown inlet, establishing the secondary flow, condensing
steam in the primary or secondary cooler, and transferring the condensate back to the vessel
using a D,O transfer pump. Depressurization is a preliminary requirement for steam
condensing. It is the first question asked about heat removal from the primary coolant.
With the primary and shutdown pumps tripped, the automatic depressurization valve HCe-
102 is expected to open automatically. This action causes a rapid depressurization of the
reactor. Nevertheless, because of the subsequent high rate of steam generation in the flow
reversal mode, the opening of this valve alone is not enough to maintain the vessel pressure
below 12 psi. To keep the vessel pressure below 12 psi, the manual depressurization valve,
P-102, or the steam vent valves, P-300 A and B (either one), must be manually opened by
the operators.

With the reactor depressurized, the operators need to carry out the rest of the tasks
required to successfully establish the steam condensing mode. If the steam condensing
mode is not established, heat removal can be performed by releasing steam through the
depressurization valves and dumping poison water into the vessel.

Transfer 2 going to Figure 4.1c describes the situation in which secondary cooling is
unavailable. Forced cooling may initially be available. However, without heat removal from
the primary coolant, the pumps will lose their suction head as the coolant becomes
saturated and the flow reversal procedure will have to be followed. Figure 4.1c is similar
to Figure 4.1b except that steam condensing is not possible due to the unavailability of the
secondary cooling system.

4.2 Event Tree

The extended loss of offsite power event tree essentially translates the ESD into the space
of system failure states.

Figures 4.2a and 4.2b show the event tree. The top events in the event tree are systems (or
combination of system portions and operator actions) whose functions are to trip the
reactor, provide forced circulation of the primary coolant, provide secondary cooling
through the coolers, establish natural circulation, and provide makeup to the reactor. Table
4.2 presents the most important information about the top events: the success criteria, the
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associated system(s), the system’s function, and the effect of loss of offsite power to the
system.

The logic of the individual sequences in the event tree (i.e., the combinations of top event
failures and successes) is given in Appendix D.

The event tree provides 172 sequences from which 90 result in core damage (denoted on
the event tree by CD).

The quantification of the tree is discussed in the subsequent section.
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Table 4.1 Frontline System and Support System Dependency Modelled
in the HFBR PRA

EMCC (supported by propane generator):

Normally Operating Compressor (GB301A assumed)

D,O Transfer Pump GA104C

Running Shutdown Cooling Pump

Steam Condensing System (remote closure of primary suction valves)

Offsite Power

All Non-EMCC AC loads

Primary motors

Fanhouse battery chargers

Secondary cooling pumps

Standby compressors (GB301B and C)

Pony motor battery chargers

MCCI :
Poison water system (light water makeup from fuel storage canal)
Cell doors to primary and shutdown cells
D,O transfer pumps GA104A and B

Fanhouse batteries
Shutdown cooling water pump
Closure of 2.4kV AC bkr
Starting of secondary pumps
Compressed air system
Steam condensing system (closure of primary suction valves)
Helium system
D,O transfer system (FA101 to FA102)
Poison water system
D,0O makeup (FA102 to vessel)
Domestic water system
Compressor cooling
Secondary cooling water system (supply to break tank, cross-connection tank)

Poison water system (light water makeup)
Propane generator cooling
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50 DETERMINATION OF THE CORE DAMAGE FREQUENCY
5.1 Quantification of the Tornado Induced Loss of Offsite Power Event Tree

The quantification of the Tornado Induced Loss of Offsite Power Event Tree was
performed in the following steps:

In step 1, the unavailability of each top event was determined by the IRRAS code;

In step 2, a nominal conditional core damage probability value was calculated by IRRAS
for each sequence leading to core damage (CD);

In step 3, the nominal sequence values were corrected by hand calculation for successful
systems. The successful systems are explicitly shown in the sequence logic (Appendix D)
and their success probabilities were determined simply by taking the complementary values
of the unavailabilities obtained in Step 1.

(The reason for this stepwise quantification is that the IRRAS code is primarily designed
to be a calculational tool for constructing/analyzing internal event PRAs where the
probability of a system failure is small. Therefore, the code just uses the value "1" for the
probability of a system’s success, without evaluating "the success" tree. While the
approximation is in order for internal event sequence quantification, it is "overly
conservative" in a tornado/seismic PRA. This was found to be indeed true in the present
study. Itis also to be noted that the IRRAS code eliminates cutsets that are in conflict with
those occurring in the successful systems; i.e., if a sequence cutset implies the cutset(s) of
one (or more) successful system(s), it is eliminated.)

The unavailability and availability values of the individual top events are listed in Table E.1
of Appendix E. The unavailabilities of the individual top events expressed in terms of
cutsets are also presented in Table E.2 of the same Appendix. Presentation of this type
facilitates making comparisons with cutset structures of internal/seismic top events.

The sequence conditional core damage probabilities, i.e., the probability values uncorrected
and corrected for successful top events, are given in Table E.3 of Appendix E. (The
sequence probability truncation value was 1.0E-08.)

By using the corrected sequence probabilities, the Conditional Core Damage Probability
(CCDP) for the whole event tree was obtained as:

In addition to the accident scenarios described by the event tree, the large fragilities of the
control room equipment prompted us to consider the possibility that core damage would
occur if, in the control room vital equipment, wiring for control and instrument were
damaged or all the operators (usually three) were incapacitated. (This possibility was not
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included in the internal PRA. The seismic PRA, however, has considered the loss of
control room as a potential cause of core damage.)

For the present study, therefore, it is simply assumed that the event "loss of control room"
will occur if two pieces of vital equipment, instrumentation racks, or cable trays are
damaged or all three operators become incapacitated (two operators in the control room
by a common cause event, e.g., window breaks and one operator in the adjacent supervisory
room) during the tornado strike (i.e., within a period of 10-20 minutes). Recalling that the
tornado missile fragility of equipment and the incapacitation probability of a person in the
control room area is taken to be the same, D=.156, the CCDP associated with the loss of
control room is:

(CCDP)controon = 2D? = 4.87E-02.

Consequently, the total CCDP for the Tornado Induced Loss of Offsite Power initiating
event, including the loss of control room, is:

(CCDP)y,, = (CCDP)o0p + (CCDP)coneroom = -621.

This value multiplied by the initiating event frequency (see Section 2) gives the total
Tornado Induced Core Damage Frequency of the HFBR:

(CDF)1opnedo = (6.37E-05) x (6.21E-01) = 3.96E-05/year.

5.2  Sensitivity of (CCDP),,, for Human Failure Probability Assignment

To explore the effect of a somewhat different tornado specific human failure probability
assignment than what was used to calculate the (CCDP),,,, sensitivity calculations were
performed. The (CCDP),,, was repeatedly calculated by the procedure described in Section

5.1 for the cases where in the plant model all tornado induced human failure probabilities
throughout 24 hrs. were set equal to:

1. Zero;

2. .045, half of the value assigned to the human failure probability in the time
period 1-3 hours after the beginning of the tornado strike; and

3. .156, the operator incapacitation probability due to tornado missiles.

The (CCDP),, values obtained for the corresponding cases were: .522, .652 and 1.0.

By plotting these values as a function of the associated human failure probabilities, the
correlation curve shown in Figure 5.1 can be obtained.

If the (CCDP),;, value (.621) determined by the current human failure probability
assignment is fitted onto the curve, an "effective" average human failure probability can be
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obtained. Its value is .035, and it is understood as it was "effectively” assigned to each
tornado induced failure event of the plant model.

The relatively low "effective"” human failure probability indicates that the current tornado
specific human failure probabilities that were assigned in this analysis are reasonable. From
the correlation curve one can infer also that the (CCDP)r,, is not too sensitive to the
moderate variation of these probability assignments. That inference is supported by the
moderate values obtained for the Fussell-Vesely importance (I) and the Risk Reduction
Ratio (RRR).

The Fussell-Vesely importance of the tornado specific human failures is:

I(Torn.SpHF)y., - CCDP(035)r,, - CCDPO.0)r,, - 621 -.522 _ g
' iad CCDP(0.35),,, 621 B

and the Risk Reduction Ratio is:

RRR(Ton.SpHF) - Soott0¥)y 621 _ 4 4q
' 7 CCDP(0.0),,, 522

5.3 Leading Event Sequences

By reviewing the corrected sequence CCDP values in Table E.3 of Appendix E, one
immediately observes that several sequences have rather high CCDPs. These leading
sequences represent the major part of the total tornado induced CCDP. In spite of the fact
that these sequences have rather limited statistics, they can be used to gain some valuable
insights about the contribution of the systems (top events) to the tornado induced core
damage frequency.

The first ten leading sequences selected from Table E.3 are reproduced in ranked order in
Table 5.1 The table also indicates the sequence logic and, in addition, to facilitate easy
understanding, a verbal description. Based on this limited sample of sequences, the systems
(top events) can be ranked according to their weighted unavailabilities (i.e., the ratio of
CCDPs summed over the sequences where the system in question occurs to the total CCDP
of the sample). The ranking process resulted in the following order:

1. PW1, Poison Water System

SCMDMU, D,0 Makeup

SL-TOP, Shutdown Cooling, Long Term

SC-TOP2, Secondary Cooling through the Shutdown Cooler
DEPRESS, Depressurization

“nkAL
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6. SHT1PCW, Primary Cooling Water System, first 3 min.
7. SPNFA/B, Secondary Cooling (Steam Condensing) through Primary Coolers
A or B.

The ordering obtained can be taken as a fairly realistic representation of the systems’
contributions to the tornado induced core damage frequency.

Gaining insight can be extended even deeper to the basic event (i.e., system component)
level. For that purpose, the leading cutsets of each of the sequences in Table 5.1 were
determined with the IRRAS Code. The cutsets are presented in tables in Appendix F; one
table for each individual sequence.

It is left to the interested reader to analyze the cutsets individually in detail. Here, just for
illustration, only the cutsets of sequences ranked No. 1 and No. 2 are interpreted. The
cutsets of Sequence No. 1, for example, show that the sequence is caused by the
concatenation of the following basic events (one from each system) shown below:

No. 1, Sequence Logic: SL-TOP*SCMDMU*PW1

System Basic Events

SL-TOP: Shutdown Cooling - Long Term Propane Generator Failures (Failures to Run
or Maintain Load)

SCMDMU: D,0 Makeup Tornado Missile Induced Failures of
Supporting He-System’s Valves Located at the
OP Level

-0r -

Operator Failure to Align He-System in
Timely Fashion

PW1: Poison Water System Tornado Missile Induced Failures of Valves in

the Injection Line

- or -
Simultaneous Failures of the Supporting Low
and High Pressure He-Systems, with Tornado
Missile Induced Valve Failures in the Latter
System
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The cutsets of Sequence No. 2 demonstrate that this sequence is essentially the consequence
of the concatenation of the following basic events (one from each system):

No. 2, Sequence Logic: SC-TOP2*SCMDMU*PW1

System Basic Events

SC-TOP2: Secondary Cooling through the Tornado Missile Induced Failure of the Return
Shutdown Cooler Valve AOV-WR3

SCMDMU: D,0 Makeup Tornado Missile Induced Failures of Supporting

He-System’s Valves Located at the OP-Level
-0r -

Operator Failure to Align He-System’s Train and

Pump Train in Timely Fashion

PW1: Poison Water System Tornado Missile Induced Failures of Valves in
the Injection Line

- 0r -
Simultaneous Failures of the Supporting Low and
High Pressure He-Systems, with Tornado Missile
Induced Valve Failures in the Latter System

Based on the cutset analysis of the leading sequences, one arrives at the conclusion that at
the component level tornado missile induced valve failures (because of their large fragilities)
are the leading contributors to tornado induced core damage frequency. The result is
completely different from that of the seismic PRA where the seismic valve fragilities could
be taken as negligible compared to other "internal" valve failures.




Rank
No.

Event
Tree
No.

Table 5.1 Leading Tornado Induced Event Sequences

Sequence
CCDF,
Corrected

Sequence Logic
(Only Failed Systems)

Description
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1.425E-01

SL-TOP*SCMDMU*PW1

Failure of the Shutdown Cooling - Long
Term in Conjunction with Failures of the
D,0 Makeup and Poison Water Systems

8.974E-02

SC-TOP2*SCMDMU*PW1

Failure of the Secondary Cooling through
the Shutdown Cooler in Conjunction with
Failures of the D,O Makeup and Poison
Water Systems

4.470E-02

SC-TOP2*DEPRESS*PW1

Failure of the Secondary Cooling through
the Shutdown Cooler in Conjunction with
Failures of the Depressurization and
Poison Water Systems

37

4.042E-02

SL-TOP*DEPRESS*PW1

Failure of the Shutdown Cooling - Long
Tenm in Conjunction with Failures of the
Depressurization and Poison Water
Systems

4

3.095E-02

SL-TOP*SC-TOP2*
SCMDMU*PW1

Failures of the Shutdown Cooling - Long
Term and Secondary Cooling through the
Shutdown Cooler in Conjunction with
Failures of the D,O Makeup and Poison
Water Systems

120

2.992E-02

SHT1PCW*SCMDMU*PW1

Failure of the Primary Cooling Water
System in the First 3 minutes in
Conjunction with the Failures of the D,O
Makeup and Poison Water Systems

2.271E-02

SC-TOP2*PW1

Failure of the Secondary Cooling through
the Shutdown Cooler in Conjunction with
the Failure of the Poison Water System

1.760E-02

SHT1PCW*SC-TOP2*
SCMDMU*PW1

Failure of the Primary Cooling Water
System in the First 3 minutes together with
the Failures of Secondary Cooling through
the Shutdown Cooler, the D,O Makeup
and the Poison Water System

50

1.692E-02

SL-TOP*SPNFB*
SCMDMU*PW1

Failures of the Long Term Shutdown
Cooling and the Secondary Cooling (Steam
Condensing) through Primary Cooler B in
Conjunction with the Failures of the D,O
Makeup and the Poison Water Systems

10

65

1.692E-02

SL-TOP*SPNFA*
SCMDMU*PW1

Failures of the Long Term Shutdown
Cooling and the Secondary Cooling (Steam
Condensing) through Primary Cooler A in
Conjunction with the Failures of the D,0O
Makeup and Poison Water Systems
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Figure 5.1 Correlation Curve Between CCDP and Human Failure Probability.




6.0 CONCLUSIONS

The results of the tornado risk analysis performed on the HFBR facility are summarized in
this section. Conclusions are drawn and some suggestions to reduce the tornado induced
core damage frequency are offered.

To develop a tornado specific plant logic model, the tornado hazard frequency and the
structural and component equipment data of Ref. [4] were used as basic input data. To
keep modeling/calculational complexity as simple as reasonable a "bounding" type (slightly
conservative) approach was applied. By a thorough screening process a single dominant
initiating event was selected as a representative initiating event. The representative
initiating event is defined as: "Tornado Induced Loss of Offsite Power." The frequency of
the initiator was determined to be: 6.37E-5/year. The safety response of the facility for this
initiating event resulted in a total Conditional Core Damage Probability = .621. Thus, the
HFBR’s Tornado Induced Core Damage Frequency was found to be:

(CDF)romado = 3.96E-5/year.
The value is a "point estimate." Its uncertainty might be determined later.

For comparison, the CDF values obtained earlier for the internal initiating events as well
as for other external initiators are given below:

Type of Initiating Event CDF (1/year) “
Internal 5.10E-4 "
Seismic 3.84E-4 "
Fire 4.01E-5
" Flood 1.40E-6 |

The comparison shows that the tornado induced CDF is only 7.8% of the internal CDF and
it is practically the same as the CDF due to fire.

Sensitivity calculations were performed to investigate the effects of changes in the tornado
induced human failure probability assignments on the overall results. These calculations
showed only moderate (CDF)r,,,..4, SEnSitivity to changes in human failure probability (the
Fussell-Vesely importance of the tornado specific human failures is I(Tom.Sp.H.F. )., =
.159), which indicated that the (CDF)qqmaq, i§ dominated by hardware failure.
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The systems contributing most to (CDF)q,n.4, cOuld be ranked as follows:

1. Poison Water; 2. D,0 Makeup; 3. Shutdown Cooling, Long Term;
4. Secondary Cooling through the Shutdown Cooler; 5. Depressurization.

This order can be explained mainly by the fact that many components of these systems
(particularly valves) are located at the operation level and are exposed to tornado missile
damages and that the operator action failures are also related to the difficulties lining up
these systems appropriately and in a timely fashion.
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APPENDIX A
Initiating Event Categorization

Potential Tornado Induced Initiating Events, Encompassed by the Tornado Induced
(LOOP24) Initiator, are Marked with an Asterisk

A-1-







T1:

Table A-1 Initiating Event Categorization

Initiating events with no impact on frontline or support systems. Shutdown
mechanism is manual scram or setback.

High in-vessel noise

Failure of experimental system components
Experimental cooler leak

Experimental system leakage

Stack sample causes forced shutdown

Secondary cooling water system leakage

Loss of cooling tower fans
Contaminated helium supply

High cover gas pressure causes forced shutdown

Loss of CO, supply

Contaminated CO,

Purification system problem caused forced shutdown

Excessive leak of drain valve in D,O drain and transfer system

CRD (Control Rod Drive) seal leakage causes forced shutdown

Spurious rod insertion causes forced shutdown

Loss of confinement causes forced shutdown

Loss of air conditioning causes forced shutdown

Experiment problems cause forced shutdown

Fuel element failure causes forced shutdown

Scram due to plant occurrences

Out of specification chemistry causes forced shutdown

Spurious fire alarm or trip of fire suppression system causes forced shutdown
Building ventilation problems cause forced shutdown

Detected fault in PPS (Plant Protection System) causes forced shutdown
Scheduled manual scram

Failures of components in thermal shield and biological shield systems
Reduced flow in thermal shield and biological shield systems causes forced shutdown
Thermal shield and biological shield systems leakage large enough to cause forced
shutdown

CNF (Cold Neutron Facility) problem causes forced shutdown

Momentary loss of commercial offsite power (less than 3 seconds)

Failure of any other instrumentation causes spurious shutdown

Initiating events with impact on one primary pump. Shutdown mechanism is manual
scram.

Single primary cooler leak
Single primary pump bearing problem
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Table A-1 (continued)

Initiating events with impact on both shutdown pumps. Shutdown mechanism is
manual scram or setback.

Shutdown cooler leak
Loss of running and standby shutdown pumps

Initiating events causing total loss of makeup (excluding makeup through helium
pressurization of the tanks). Shutdown mechanism is mainly manual scram even
though it can result in auto scram.

Failure of D,O transfer pumps

Initiating events causing core depressurization through HCe-102 with impact on two
primary and two shutdown pumps. Shutdown mechanism is auto scram.

Spurious low-low level logic signal, tripped pumps can’t start, pony motors

Initiating events with impact on two primary pumps. Shutdown mechanism is auto
scram.

Spurious low-low pressure logic signal

Inadvertent depressurization due to valve openings
Low cover gas pressure caused by pressure controller
Loss of helium supply

Cover gas leakage causes forced shutdown

Trip of both primary pumps

Initiating events with loss of one cooler (loss of primary cooler A is assumed).
Shutdown mechanism is setback or manual scram.

Trip of one secondary water pump
Inadvertent closure of a cooler valve

Initiating event with loss of secondary cooling to both primary coolers. Shutdown
mechanisms are manual scram, setback, and auto scram.

Trip of both running secondary pumps
Inadvertent closure of both primary cooler valves
Rupture in secondary cooling pipes (loss of all pumps and gravity feed capability)




T10:

T11:

Ti12:

T13:

T14:

Table A-1 (continued)

Initiating events with mild reactivity transients and no impact on frontline/support
system. Shutdown mechanism is auto scram.

Insertion of over-reactive sample causes high flux
Rod withdrawal at power causes high flux
Increasing secondary water flow during startup or at power causes high flux

Initiating events with total loss of one primary loop (both for flow and cooling
purposes). Shutdown mechanism is auto scram.

Inadvertent closure of one primary control valve
Inadvertent closure of one primary suction valve

One primary pump seizure
Trip of one primary pump (this is not as severe as the other initiators in this
category)

Initiating events with total loss of both primary loops. Shutdown mechanism is auto
scram.

Inadvertent closure of both primary control valves
Inadvertent closure of both primary suction valves

Initiating events with loss of both pony motors. Shutdown mechanism is auto scram.
Loss of both pony motors

Initiating events with loss of compressed air system. Shutdown mechanism is auto
scram.

Loss of compressed air

Initiating events with loss of 250V dc power. Shutdown mechanism is auto scram.

Loss of 250V dc power
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Table A-1 (continued)

LOQP: Initiating events caused by loss of offsite power. The shutdown mechanism
is auto scram. The impact of frontline/support system depends on the
duration of the loss of offsite power.

Loss of offsite power greater than 3 seconds and less than 2 hours (LOOP2)
Loss of offsite power greater than 2 hours and less than 6 hours (LOOP6)
Loss of offsite power greater than 6 hours (LOOP24)

Large LOCA:

Medium LOCA:

Small LOCA:

Initiating events caused by a pipe break of a size greater than 0.81".
This results in loss of both shutdown and primary pumps (including
pony motors) within 3 minutes after scram. The shutdown mechanism
is auto scram (low pressure, low level).

Initiating events caused by a pipe break of a size between 0.57" to 0.81".
This results in loss of shutdown pumps and primary pump main motors
within 3 minutes after scram. The shutdown mechanism is auto scram
(low pressure, low level).

Initiating events caused by a pipe break of a size smaller than 0.57".
This size break allows the operation of both primary and shutdown
pumps for at least 3 minutes after scram. The shutdown mechanism
is auto scram (low pressure, low level). Note that the primary and
shutdown cooler tube rupture are included in this category.

Beam Tube Rupture: The small leaks in beam tubes are treated like transients with

manual scram (T1). The guillotine or large size break of beam
tubes are treated under this category which directly leads to
core damage. Shutdown mechanism is auto scram on low
pressure or low level.




B.1
B.2

B.3

B4

B.5

APPENDIX B

Basic Event Data Tables

List of Basic Events Used in the Internal PRA
List of Human Error Basic Events

Internal PRA Basic Events Affected by Tornado Induced Failures and the
Fault Trees (Systems) Where They Appear

Internal PRA Human Errors that are Affected by a Tornado Event and the
Fault Trees (Systems) Where They Appear

Definitions and Probabilities for Tornado Induced Failures and Human
Errors
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Appendix B.1
List of Basic Events Used in the Internal PRA
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" Table B.1

BASIC EVENTS SUMMARY REPORT (Alphsbetical Sort)

Family: HFBR-PRA

Generic
Event Bagic Event System Comp. Component Fail. Component
Number Oesignator Code Type 1{:] Mode Location Basic Event Description
1 ACPSBUSBTFANBUSFN  ACP 8Us STFAN BUS 4] BSeta Factor for Fanhouse Suses
2 ACPBUSBTHFBBUSEQ ACP BUS BTHFB Bus EQ Beta factor for HFBR Buses
3 ACPSUSSTO12BUSEQ  ACP BUS 87012 BUS EQ Beta Factor for Failure of MCC1 and 2
4 ACPBUSEMCC-BUSEQ . ACP Bus emcc-  dus EQ EMCC Bus Failure
S ACPSUSEXPS-BUSEQ  ACP 8uUs EXPS- suUs £Q Experimental Bus failure .
& ACPBUSFACB-BUSEQ ACP 8uUs FACB- BUS EQ Facility Bus Feilure
7 ACPBUSFANI2BUSFH  ACP 8US FANT2 BuUS i Random Feilure of Fan House Buses
8 ACPBUSFANNIBUSFN ACP BUS FANMA 8us FH Fanhouse Bus # 1 Failure
@ ACPBUSFANHZBUSFH  ACP BUS FANK2 BUS F4 Fanhouse Bus # 2 Failure
10 ACPBUSFH4BOBUSFH  ACP 8us FH480  BUS PN 480v Fanhouse 8us Failure )
11 ACPBUSHFBR-BUSEG ACP 8us HFBR- BUS EQ Random Feilure of HFBR Bus
12 ACPBUSHFBRIBUSEQ ACP BUS HFBR1 sus EQ HFBR Bus # 1 Failure
13 ACPBUSHFBRZBUSEQ ACP _BUS KFBR2 sUs EQ HFBR Bus #2 Failure
14 ACPBUSMCC1-BUSEQ  ACP BUS Mcct-  BUS €Q feilure of McCt
15 ACPBUSMCCI2BUSEQ ACP 8US MCcC12 BUS EQ Random Failure of MCCY or 2
16 ACPBUSMCC2-BUSOP  ACP BUS MCC2- 8uUs [« 4 Failure of MCC2
.17 ACPBUSPH24-BUSPH  ACP BUS PH24 - 8us PH Pump House 2.4kv ac Bus Failure
."18 ACPBUSREBSB-BUSEQ ACP BUS R8SH- BuUs EQ Reactor and Building Services Bus Failure
19 ACPCBHBTHIFSOZFH ACP CBH BTHIF S0Z FH Beta Factor of FH Bus #i to HFBR Bus #i BKR(AFH)
20 ACPCBNBTHINSOZEQ ACP CBH BTHIN S0z EQ Beta Factor of FH Bus #i to HFBR Bus #i BXR (QHFBR)
21 ACPCBHBTXFRSOZEQ ACP CBH BTXFR s$02 EQ Beta Factor for Supply BKRs of XMFR 1 and 2
22 ACPCBHEMCC-SOZEQ ACP CBH EMCC- - SOZ EQ EMCC Control Power 8KR(dc) )
23 ACPCBHFH24-SO2FH = ACP CBH FH24- $0Z FH Supply Breaker to Pump House 2.4kv Bus Fails Open
26 ACPCBNFHBI2SOZFH ACP . CBH FHB12 S0z FH Fanhouse Bus #1 to Bus #2 Tie BKR Fails Open
25 ACPCEBHFHNTIFSOZFN  ACP CBH FHHIF S0z FH FH Bus # 1 to HFBR Bus #1 BKR Fails Open (@ FH)
26 ACPCBHFHRINSOZEQ ACP CBY FHH1R S0Z EQ Fanhouse Bus #1 to HFBR Bus #1 BKR Fails Open ( at HFBR)
27 ACPCBHFHHZ2FSOZFH  ACP CBH FHR2F s0Z FH Fanhouse Bus #2 to HFBR Bus #2 BKR Fails Open (at FH)
28 ACPCBHFHH2HSOZEQ ACP CBH nmz'n S0z EQ Fanhouse Bus #2 to HFBR Bus #2 BXR Fails Open(at HFBR)
29 ACPCBHFHHIFSOZFH ACP CBH FHHIR S0z FH Random Failure of FH Bus #i to HFBR Bus #i BKR(aFH)
30 ACPCBHFHNIHSOZEQ ACP CBH FHHINW s02 €Q Random Failure of FH Bus #i to HFBR Bus #i BKR(QHFBR)
31 ACPCBNHFBRTFTCEC  ACP (a1 ] HFBRY FTC EQ HFBR Bus #1 to Bus #2 Tie BKR Can't Close
32 ACPCBHHFBRTHEPEQ ACP CBi HFBRT HEP EQ Shift Deesn't Shut HFBR Bus #2 to Bus #1 Tie BKR
33 ACPCBHXMFR-SOZEQ ACP CBH XMFR- S0z €Q Random Failure of Supply BKR for XMFR 1 or 2
34 ACPCSHXMFRISOZEQ ACP CBYH XMFRY soz EQ #1 XMFR Supply BKR Fails Open
35 ACPCBHYMFRISOZFH  ACP CBi XMFR1 s02 FH #1 13.8/2.4 kv XMFR Output BKR FAils Open
36 ACPCBHXMFR2FTCFH  ACP CBH XMFR2 FTC FH #2 13.8/2.4 kv XMFR BKR Can't Close
37 ACPCBHXMFR2SOZEQ  ACP coH XMFR2  SOZ EQ #2 XMFR Supply BKR Fails Open
38 ACPCBHXMFRIFTCEQ ACP [»:1]} XMFR3 F1C €Q #3 XMFR Supply BKR Won't Close
39 ACPCBL4BOVBSOZFH ACP CBL 480v8 (74 FR On-Line Charger AC Input BKR Fails
40 ACPCBLLBOVSFTCFH  ACP CBL 480vs F1C FH Off-line Charger AC Input BKR Fails to Close
&1 ACPCBLBTMCCSOZEQ  ACP ceL BIMCC  SOZ EQ Beta Factor for Supply BKRs for MCC1 and 2
42 ACPCBLBTXFRSOZEQ ACP CaL BTXFR S0z EQ Seta Factor for Output BKRs of XMFR 1 and 2 &
§
i
2
P
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Table B.1 (continued)

BASIC EVENTS SUMMARY REPORT (Alphabetical Sort)

Family: HFBR-PRA

Generic
Event Basic Event System Comp. Component Fasil. Component
Number Designator Code Type 10 Mode Location Basic Event Description
43 ACPCBLEMCCSSOZEQ AC?‘ caL EMCCS S0z EQ EMCC Suppiu BKR Fails Open
&4 ACPCBLFBEBTSO2EQ ACP CcBL FBEBT $02 EQ Facility Bus to Exp. Bus Tie BKR Fails Open
45 ACPCBLGIOLASOZEQ ACP cBL G104A So2 EQ Pump GA104a Bresker Fails Open
46 ACPCBLG104BSOZEQ  ACP cBL G1048  S02 €Q Purp GA104b Breaker Fails Open
47 ACPCBLGT0LCSOZEQ ACP csL G104C $02 EQ Pump GB104C Breaker Fails Open
48 ACPCBLG3CICFTCEQ ACP csL G301¢ Fre EQ Starter Disconnect Switch Fails to Shut °
49 ACPCBLNCC1-SOZEQ  ACP caL NCCt- $02 EQ MCC #1 Supply BKR Fails Open
SO ACPCBLMCC12SOZEQ  ACP csL MCC12 $02 EQ Random Failure of supply BKR for MCC! or 2
51 ACPCBLMNCC2-SOZEQ ACP c8L MCC2- SO0z EQ MCC #2 Supply BKR FAils Open
52 ACPCBLOFFCHFTCFN  ACP CBt OFFCH FTC N offline Charger 44v AC Supply BKR Fails Open -
53 ACPCBLOLCHGSOZFN  ACP cBL OLCHG 02 FH online Charger 480vac Supply BKR Fails Open
S4& ACPCBLPRPGNSOZEQ ACP cBL PRPGN $02 EQ Generator Output 8KR Fails Open
55 ACPCBLRBSETFTCEQ ACP 8L RBSET F1C (1] Exp. Bus to RE&BS Bus Tie BKR Can’t Close
56 ACPCBLRBSETHEPEQ  ACP cst RBSET HEP EQ shift Doesntt Shut Exp. Bus to REBS Bus Tie BKR
57 ACPCBLRUNCPSOZEQ  ACP CBL RUNCP sS0Z EQ RUN Compressor BKR on EMCC FAils
58 ACPCBLRUNDSSOZEQ  ACP (18 RUNDS S0z EQ Local Disconnect Switch Fails
© .59 ACPCBLSTBDSSOZEQ ACP CBL STBODS S0z £Q Loca Disconnect Switch Fails
60 ACPCBLSTBYASOZEQ ACP cBL STBYA S0z EQ Standby A/C BKR on MCC¥1 Fails Open
61 ACPCBLSTY_CSOZEQ ACP [:18 STY C T soz EQ STBY/GRB301C Switch Fails
62 ACPCBLXMFR-SOZEQ ACP cat XMFR- S0z €Q Random Failure of Output BKR for XMFR 1 or 2
63 ACPCBLXMFRISO2EQ  ACP cat XMFR1 .S0Z £Q #1 XMFR Output BKR Fails Open
&4 ACPCBLXMFRISOZFH  ACP caL XMFR1 . SOz FH #1 13.8/2.4/480v XMFR 480v Output BKR Fails Open
65 ACPCBLXMFR2SOZEQ . ACP CcBL XMFR2 S0z EQ #2 XMFR Output BKR Fails Open
66 ACPCBLXMFR3IFTCEQ  ACP CBL XMFR3 FTC EQ #3 XMFR Output BKR Won't Close
67 ACPEPGPRPGNFOOEQ  ACP EPG PRPGN FDO EQ Propane Generator Fails to Maintain Load
68 ACPEPGPRPGNOPFEQ  ACP EPG PRPGN OPF EQ Propane Generator Fails to Start
69 ACPEPGPRPGNVTMEQ  ACP EPG PRPGN VM EQ Propane Generator Unavailable due to Test or Maintenance
70 ACPSTAG3O1CFDOEQ  ACP STA G301¢C FDO £Q G301C Starter Fails
71 ACPSTARUNSTFDOEQ  ACP STA RUNST FOO EQ RUN Compressor Starter Fails
72 ACPSTASTBSTFDOEQ  ACP STA STBST FbO EQ STBR Compressor Starter Fails
73 ACPTFHXMFR1FDOFH  ACP TFH XMFR1 FDO 1] #1 13.8/2.4 kv XMFR Fails
74 ACPTFHXMFRZFOOFH  ACP TFH XMFR2 FDO FH 13.8/2.4/480v XMFR #2 Fails
75 ACPTFHXMFR2HEPFH  ACP TFH XMFR2 HEP FH Shift Doesn't Place #2 13.8/2.4 kv XNFR Online
76 ACPTFHXMFR2UTMFH  ACP TFH XMFR2 utH FH 13.8/2.4 XMFR #2 Not Available
77 ACPTFLBTO12FDOEQ  ACP TFL 87012 foO €Q Beta Factor for Failure of XMFR 1 and 2
78 ACPTFLXMFR-FDOEQ  ACP TFL XMFR- FDO EQ Random Failure of XMFR 1 or 2
79 ACPTFLXMFR1FCOEQ ACP TFL XMFR1 FDO £Q 2.4/480v XMFR #1 Fails
80 ACPTFLXMFR2FDOEQ ACP TFL XMFR2 fDO EQ 2.4kv/480v XMFR #2 Fails
81 ACPTFLXMFRIFDOEQ ACP TFL XMFR3 FDO £Q #3 2.4kv/480v XMFR Fails
82 ACPTFLXMFRINEPEQ ACP TFL XMFR3 HEP EQ Shift Doesn't Place #3 2.4kv/480v XMFR Online
83 ACPTFSEMERGOPFEQ  ACP TES EMERG - OPF EQ EMCC XFR SW. Fails to Shift to “EMERG™

_ B4 ACPTFSNORM-TSOEQ  ACP TFS NORM- TS0 EQ EMCC XFR Switch Fails in “NORMAL®




Table B.1 (continued)

BASIC EVENTS SUMMARY REPORT (Alphabetical Sort)

Family: HFBR-PRA

Generic
Event Basic Event Systea Comp. Component Fail. Component
Number Designator Code Type 10 Mode Location Sasic Event Description
85 ACPTFSNRMEGTSOEQ ACP TFS NRMEG TS0 EQ EMCC XFR SV in "NORMAL® and “EMERG® Position(CCF)
86 AIRACCARECVILKEQ AIR AcC ARECY 1K EQ Air Receiver Fails
87 AIRCBL-HBA8FDOOP  AIR cst -HB48 OO oP circuit bkr hbi8 fails open
88 AIRCBLHBASEFDOEQ AIR csL HBABE FDO EQ ecircuit bkr hbi8 on emcc fails open
89 AIRCPSG301CFDOEQ  AIR cPs G301C FoO EQ Afr Compressor GB301C Fails to Continue to Run
90 AIRCPSG301CHEPEQ  AIR crs G301C HEP EQ GR301C Mot Started by Shift
91 AIRCPSG30TCOPFEQ AR cPsS G301C OPF €Q G8301C Fails to Start
92 AIRCPSGI0ICUTMEQ  AIR CPS G301C UTH EQ G301C Down for Msintenace
93 AIRCPSRUNC-FDOEQ  AIR cPS RUNC- F0O 1] RUN Compressor Fails .
04 AIRCPSSTBYCFDOEQ AIR [= 23 STBYC FOO0 EQ Standby Compressor Fails to Continue to Run
95 AIRCPSSTBYCOPFEQ AIR crs STBYC OPF EQ Stanchby Compressor Fails to Start
96 AIRCPSSTBYCUTMEQ AIR cPs STBYC UTM EQ Stanchy Compressor Down for Maintenance
97 AIRCPSSTBYYHEPEQ AIR CPS STBYY HEP EQ Operator Doesn't Place nSTRY™ Compressor to “RUN®
98 AIRDRYORYERFDOEQ AIR DRY DRYER fDO EQ Dryer Fsilure
99 AIRFTRAFILYSPZEQ AIR FTR AFILT SP2 €Q Filter A Clogged
100 AIRFTRBFILTSPZEQ  AIR FIR BFILT SPZ EQ Filter B Clogged
" 101 AIRFTROTFLISPZEQ AIR FTR OTFLT SPZ 11} Outlet Filter Clogged
102 AIRFTRPARTFSPZEQ AIR FTR PARTF SPZ EQ Particulate Filter Clogged
103 AIRFTRRUNFLSPZEQ AIR FTR RUNFL sPZ EQ 1 of 3 Filters Clogged
104 AIRFTRSTBFLSPZEQ AIR FIR STBFL SPZ EQ 1 of 3 Fitters Clogged
105 AIRHXZE302XHEPEQ AIR HXZ E302x HEP EQ Aftercooler Clogged
106 AIRMNVARICOSCZEQ  AIR MNV AR100 SC2 EQ Manual Valve AR100 Fails Shut .
107 AIRMNVART01FTOEQ - AIR MmNV AR101 FTO EQ Manual Vaive AR101 Faiis to Operate
108 AIRMNVARIOTHEPEQ  AIR MRV AR101 HEP €Q Operator Feils to Open Manual Valve AR101
109 AIRMNVAR102SCZEQ AIR MNV AR102 sc2 EQ Manual Valve AR102 Fails Shut
110 AIRMNVARIO3SCZEQ AIR MRV AR103 $C2 EQ Manual Valve AR103 Fails Shut
111 AIRMNVARTIOLFTOEQ  AIR MNV AR104 F10 EQ Manual Valve AR104 Fails to Operate
112 AIRMNVARIOGLHEPEQ  AIR MY AR104 HEP EQ Operator Fails to Open AR104
113 AIRMNVAR11-SCZEQ  AIR MY AR11- scz EQ Manual Valve AR11 Fails Shut
114 AIRMNVAR13-SCZEQ  AIR MY AR13- sCz EQ Manuat Valve AR13 Fails Shut
115 AIRMNVARIA-HEPEQ  AIR v AR14- HEP EQ Marusl Valve AR14 Left Closed
116 AIRMNVAR14-SCZEQ AIR MmNV AR14- scz EQ Manual Valve AR14 Fails Shut
117 AIRMNVARISLANEPEQ  AIR MNV ART4A NEP EQ Manual Valve AR14A Left Closed
118 AIRMNVARI4ASCZEQ ~ AIR MNV ARV4A scz EQ Manual Valve AR14A Fails Shut
119 AIRMNVARIS-SCZEQ  AIR [ 1) AR1S- sc2 EQ Manusl Valve AR1S Feils Shut
120 AIRMNVARISASCZEQ  AIR MNV AR1SA scz €Q Manual Valve ARISA Fails Shut
121 AIRMNVAR1S-SCZEQ  AIR MYV AR16~ scz €9 Manuat Valve AR16 Fails Shut
122 AIRMNVART7-FTOEQ  AIR MNV AR17- FT0 £Q Manual Valtve AR17 Fails to Operate
123 AIRMNVAR17-HEPEQ AIR MNV AR17- HEP EQ Operator fails to Open AR17
126 AIRMNVAR1B-SCZEQ ~ AIR MNY AR18-  sC2 €Q Manual Valve AR18 Fails Shut
125 AIRMNVAR19-SCZEQ  AIR MNV AR19- SCZ EQ Manual Valve AR19 Fails Shut
126 AIRMNVAR20-SCZEQ  AIR MNV AR20- sC2 €Q Manual Valve AR20 Fails Shut
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Table B.1 (continued)

BASIC EVENTS SUMMARY REPORT (Alphabetical sort)

Family: HFBR-PRA

Generic
Event Sasic Event System Comp. Component Fail. Component
Number Designator Code Type fo Mode Location Basic Event Description
127 AIRMNVAR21-FTOEQ  AIR v AR21- FT0 EQ Manual Valve AR21 Fails to Operate
128 AIRMNVAR21-HEPEQ AIR v AR21- HEP .EQ Operator Fails to Open AR21
129 AIRMNVAR22-SCZEQ  AIR v AR22- . SC2 EQ Nenual Valve AR22 Feils Shut
130 AIRMNVAR23-SC2EQ  AIR L) ARZ3- scz EQ Nanual Valve AR23 Fails Shut
131 AIRMNVAR24-FTOEQ  AIR L AR24~ F10 EQ Nenual Valve AR24 Fails to Operate *
132 AIRMNVARZ24-HEPEQ AIR NNV AR24- HEP EQ Operator Fails To Open AR24
133 AIRMNVARASAHEPVY  AIR NNV AR4GSA HEP w. Valve AR4Sa mispositioned
134 AIRMNVARGSAVPZEQ AIR L1} ARGSA P2z £Q air mnv aré4Sa plugged
135 AIRMNVARASBHEPVV  AIR MNV AR4SB HEP w air MNV AR4LSB mispositioned .
136 AIRMNVARGSBVPZEQ AIR MNV AR4SB VPl EQ air mnv aréSb plugged
137 AIRMNVARS8-SCZEQ AIR MRV ARS8- SC2 EQ Manual Valve ARS8 Fails Shut
138 AIRMNVARSBASCZEQ AIR v ARS8A scz EQ Manual Vatlve ARS8A Fails Shut
139 AIRMNVAR78-SCZEQ AIR MV AR7S- sC2 EQ Manual Valve AR78 Fails Shut
140 AIRMNVAR79-SCZEQ  AIR L) AR79- SC2 EQ Manual Valve AR79 Fails Shut
141 AIRMNVARBO-FTOEQ  AIR MV ARS80- FT0 EQ Manual Valve ARS0 Fails to Operate
142 AIRMNVARBO-HEPEQ AIR MNV ARBO- HEP EQ Operator Fails to Open AR30
“43 AIRMNVARS1-SCZEQ AIR NV ARB1- SCZ EQ Manual valve AR81 Fails Shut
164k AIRMNVARB2-SC2EQ  AIR MNV AR82- SC2 EQ Marwual Valve ARB2 Fails Shut
145 AIRMNVARS3-FTOEQ  AIR MNV AR83- FT0 EQ Marual Valve AR83 Fails to Operate
146 AIRMNVARB3-HEPEQ AIR MNV ARS3- HEP EQ Operator Fails to Open AR83
147 AIRMNVARBS-SC2EQ  AIR MNV AR8S- sCZ EQ Msnual Valve AR8S Fails Shut
148 AIRMNVARBG-SCZEQG  AIR MNV ARBS- sCz EQ Manual Valve AR8S6 Fails Shut
149 AIRMNVARS7-FTOEQ  AIR MNV AR87- F10 €Q Manual Valve AR87 Fails to Operate
150 AIRMNVARSB7-HEPEQ AIR L)) ARB7- HEP EQ Operator Fails to Open AR87
151 AIRMNVAR9-SCZEQ  AIR v AR99- scz EQ Merwal Valve AR99 Fails Shut
152 AIRMOVLCLOPHEPVV  AIR nov Lcroe HEP w Operator Fails to Operated Manuaily
153 AIRMOVSUPLYFTCEQ AIR MoV SUPLY FTC €Q air supply spool vlv operator fails
154 AIRPIPAIRLNILKVV  AIR PIP AIRLN 1K w Compressor Airline Rupture Occurs that Can't Be Isolated
155 AIRSWILAGSWOPFEQ AIR Swl LAGSW OPF EQ LAG Pressure Switch Fails -
156 AIRSWIR_SSWFDOEQ AIR SVt R_SSW F0O €Q RUN/STBY SEL Switch Fails
157 AIRSWMTRPBFTCOP  AIR SWM MTRPB FIC or sir supply vlv motor pushbutton fails
158 AWP-SYSTEM-UTMEQ  AWP -SY STEM- UTH EQ swp system test/masintenance unsvailability
159 AWPBKRIOOIXXFDOEQ  AWP BKR X000 f00 £Q awp breaker fails to remain closed
160 AUPMNV-DWL2FTOEG AW MNV -DWh2 FT0 EQ domestic water valve dwé2 fails to open
161 AUPMNV-DUAIFTOEQ  AWP L1 -DuW43 F10 EQ domestic water valve dwi3 fails to open
162 AWPHMNV-TUSOFTCEQ  AWP MRV -TWS0 FIC EQ swp valve tw50 fails to close
163 AUPMNVFCI01FTCEQ  AWP nRv FC101 FTC EQ failure to close valve fci101 results in poison removat
164 AUPPMPGA204FDOEQ  AWP e d GA204 FOO EQ awp pump 98204 fails to continue to run (hardware failur
165 B1 81 Break isolation with vessel level above 162.5%
166 B1-COOLER B1- [0 0] LER BREAK ISOLATION ABOVE 162.5“(COOLER RUPTURE)
167 B2 82 Break isolation with level between 162.5% and 120.5% .
168 B2-COOLER B2- coo

LER BREAK ISOLATION ABOVE 120%(COOLER RUPTURE)




Table B.1 (continued)

BASIC EVENTS SUMMARY REPORT (Alphabetical Sort)

Family: HFBR-PRA

Generic
Event Sasic Event System Comp. Component Fail. Component
Nurber  Designator Code Type ()] Mode Location  Basic Event Description
169 81 [ 14 MLOCA ISOLATION FAILURE
170 COWBKRXXXXXFDOEQ CCW BKR 00K FoO EQ ccw punp breaker fails to remain open
171 COMNV-TWITFTCEQ  CCW v -Tu1? FTC £Q valve tul7 (canal viv) fails to throttle
172 COMMNV-TUIOFTCEQ €OV v -9 FTC EQ canal valve twi? fails to close
" 173 CCWPMPGA202FDOEQ  CCW (4 GA202 FDO EQ ccu pump 9a292 fails to continue to run
174 DCPBIRBATTIFDOFH OCP 8TR BATT1 FDO 4] Loss of Battery # 1
175 DCPBTRBATT2FDOFH DCP BIR BATT2 Do FH Loss of Battery # 2
176 DCPBUSEMCC-BUSEQ DCP 8US EMCC- BUS EQ EMCC DC Bus Failure
177 DCPBUSSUGBSBUSPH  DCP BUS SWGBS 8uUs PH Punp House 250v dc SWGR Bus Fails
178 DCPCBHBATIBSOZFH DCP CBH BAT18 S0z FH Battery #1 BKR Fails Open *
179 OCPCBHBAT2BSOZFH  DCP CBH BATZ8 $0Z FN Battery #2 BKR Fails Open
180 DCPCBHBKR1BSOZFH DCP [ ] BKR18 S02 N DC PNL BKR 18 Feails Open
181 DCPCBHBKRICSOZFH DCP CBM BKR1C $02 FH DC PNL BKR 1C Fails Open’
182 DCPCBHBKR25SOZFM  DCP CBM BKR2S s0z2 FH Fanhouse DC PNL BXR 25 FAils Open
183 DCPCBNDKR2BSOZFH  DCP CcBH BKR28 s$o2 i Fanhouse DC PNL BKR 28 Fails Open
184 DCPCBHBKR2BSOZFH DCP CBH B8KR28 $02 FH DC PNL BKR 2C Fails Open
*8S DCPCBHBKR2CFTCFH DCP CBH BKR2C FTC FN DC PNL BKR 2C Fails to Close
186 DCPCBHCHBXRSOZFH  DCP CBH CHBKXR S0z FH On-{ine Charger DC Output BKR Fails Open
187 DCPCBHEMCC-SOZEQ OCP CBH EMCC- $0zZ EQ EMCC 2400v BKR OC Control Power BKR #1 Fails Open
188 DCPCBHEMCCSSOZEQ DOCP CBK EMCCS 502 €Q EMCC DC Supply BKR Fails Open
189 DCPCBHFEED-SOZPH DCP CBH FEED~ S0z PH Feed BKR to Pump House SWGR Bus Fails Open
190 DCPCBHFHOCPSOZFM  DCP [=: L] FHDCP S0z FH Fanhouse DC Power Pnl BKR #1 for 2.4kv BKR Control Failsopen
191 DCPCBHOLBXRFTCFH . DCP . CBH OLBKR FTC FH Offline Charger DC Output BXKR Fails to Close
192 DCPCBHSPPLYSOZPH  OCP cBH SPPLY  $02 PH Supply BKR to Pump House SWGR Bus Fails Open
193 DCPCBHT1BKRSOZFH  OCP CBR. T18KR S0z FH 78 Tie BKR Fails Open
194 DCPCGROFLINFODOFH  DCP cGR OFLIN Foo FH Offline Charger Fails to Run
195 DCPCGROFLINHEPFH  DCP CGR OFLIN HEP 1 Shift Doesn*t Place Charger Online
196 DCPCGROFLINOPFFH  OCP CGR OFLIN OPF FH Offline Charger Fails to Start
197 DCPCGROFLINUTHFH  DCP CGR OFLIN urM Fit Offline Charger Not Available
198 DCPCGRONLINFDOFH  OCP CGR ONLIN FDO FH online Charger Fails
“199 DEPACC3OOAXILKOP  DEP ACC 300AX 1K op AIR SUPPLY PRESSURE TOO LOM
+ 200 DEPACC300BXILXOP DEP ACC 3008X H{E 4 op air supply pressure too low B-accumulator
201 DEPAOV3OOABHEPOP  DEP AQV 300A8 HEP oP OPERATOR FAIL TO OPEN ANY OF THE STEAM VENT VALVES
202 DEPAOVIOOAXFTOOP  DEP AQV 300AX FT0 opP P~300A FAILS TO OPEN MECHANICAL FAILURE
203 DEPAOVI00BXFTOOP  DEP AQV 3008x FT10 op P-300B FAIL TO OPEN DUE TO MECHANICAL FAILURES
204 DEPAOVBT3OCFTOOP  DEP AV B8T300 FTO or BETA FACTOR FOR FAILURE OF BOTH P-300A AND P-3008
205 DEPAOVCM3I0OFTOOP  DEP AV cM300 FTO0 oP COMMON CAUSE POTENTIAL FOR P-3Q0A AND 8
206 DEPCNC300AXILKOP  DEP CNC 300AX LK P CONNECTOR LEAKAGE PREVENTS ENOUGH AIR FLOW TO THE P-300AL8
207 OEPFH2Z3I0O0AXHPZOP  OEP FHZ 300AX HPZ op FLEXIBLE MOSE CLOGGING PREVENTS AIR FLOU
208 DEPFHZ3OO0AXILKOP DEP FHZ 300AX LK oP FLEXIBLE HOSE RUPTURE PREVENTS AIR FLOM TO P-300A VALVES
209 DEPFHZ300BXMPZOP  DEP 4.74 3008X  HP2 [+ FLEXIBLE HOSE CLOGGED-PREVENT AIR FLOW TO P-3008
210 DEPFHZ300BXILXOP  DEP FHZ 3008X ILK op FLEXIBLE HOSE RUPTURE PREVENTING AIR FLOW TO P-3008

|
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Table B.1 (continued)

BASIC EVENTS SUMMARY REPORT (Alphabetical Sort)

Event
Nurber

Basic Event
Designator

211 DEPMNV3OOAISC20P
212 DEPMNV3I00AXSCZOP
213 DEPMNV3I0081SC20P
214 DEPMNVI008KSCZOP
215 DEPMNV3008XSCZOP
216 DEPMNVP102XFTQOP
217 DEPMNVP102XHEPOP
218 DMWLOSS
219 OMMNVD230-SC2EQ
220 DMWMNVDW26-SCZEQ
221 DMUMNVDW28-SCZEQ
222 DMUMNVDW2BASCZEQ
223 DMUMNVDW28BSCZEQ
224 DMUMNVDW29-SCZEQ
225 DIMMNVDWR9IASCZEQ
226 DMWMNVDW29BFTOEQ
27 DMUMNVDW29BHEPEQ
-+ 28 DMWMNVDW3CASCZEQ
229 DMWMNVDU3I0BSCZEQ
230 DMUMNVDW3 1-SCZEQ
231 DMMMNVDW3 1ASCZEQ
232 DMWMNVDW7-SCZEQ
233 DMUMNVDWAS- FTOEQ
234 DMWMNVDUAS-HEPEQ
235 DMMNVDWLS-SCZEQ
236 DMMMNVDWL9-SCZEQ
237 DMWMNVDW50-SCZEQ
238 DMMSOVDUASVSCZEQ
239 DMUSOVDWBSVSCZEQ
240 OMUTCVDWARGSCZEQ
241 DMWTCVDWBRGSCZEQ
242 DMUTCVDUWCRRSC2EQ
243 DUSMNVXXXX1FTOEQ
264 DUSMNVXXXX2FTOEQ
245 DWSMNVIOOXXSFTOEQ
246 DWSXFRHOSEFAILEQ
247 FRVFRV20F4VFTOVL
248 FRVFRVBTO2VFTOVL
249 FRVFRVRANDMFTOVL
250 HESMNV-HE23FTOEQ
251 HESMNV-HE27FTOOP
252 HESMNV-HEZBFTOOP

Family: HFBR-PRA
Generic
System Comp. Component Fajl. Component
Code Type 10 Mode tLocation Basic Event Description
OEP MV 300A1 SCZ oP ISOLATION VALVE FAILS SHUT PREVENTING AIR FLOM
OEP NV 300AX scz opP AIR SUPPLY REGULATOR FAILS CLOSED
DEP v 30081 $C2 opP THE P-3008 ISOLATION VALVE FAILS SHUT
DEP NV 3008k SCZ oP p-3008 BAK UP [SOLATION VALVE FAILES SWUT
DEP MV 3008% o d op p~3008 REGULATOR VALVE FAILES SWUT .
DEP v P102x  FTO op FAILURE OF P-102 TO OPEN PER DEMAND
DEP myv P102X NEP oP OPERATOR FAILS TO OPEN P-102 VALVE '
oM L0S H toss of the domestic water system
(.1 Y] L 0230- sc2 £Q Manual Valve DW230 Fails Shut
[ MRV w26~ scz EQ Manual Valve DW36 Fails Shut
[ MuV ow2s- SC2 £Q Marual Valve DW28 Fails Shut
DMy NV DW28A SC2 EQ Manual Valve DW28A Fails Shut
oM NV puw28s scz EQ Manual Valve DW 288 Fails Shut
oM NNV DW29- stz EQ Manual Valve DU29 Fails Shut
o MmNV DW29A F{ord EQ Marnual Valve DW29A FAils Shut
DMy NNV DWess FT0 EQ Manual Valve DW298 Fails To Operate
D MV pw29s HEP EQ Operator fails to Open DW298
[+ ] MNV DW30A sc2 EQ Manual Valve DW30A Fails shut
DMw MNV DwW308 sc2 EQ Manual Valve DW30B Fails Shut
oM MNV oW31- sC2 EQ Manuat Valve DW31 Fails Shut
oM MNV 0M31A SC2 EQ Marcial Valve DW31A Fails Shut
omv NNV oM47- sC2 €Q Manual Valve DW47 Fails Shut
oMU MNV DwA8- FTO EQ Manual Valve DW48 Fails to Operate
oM MNV DW48- HEP €Q Operator Fails to Open DW48
oM MNV W48~ scz €Q Manuat Valve DW4B Fails Shut
oM MNY DWk9- SC2 EQ Manual Valve DW49 Fails Shut
oMy MNV DW50- $CZ EQ Manual Vatve DWSO Fails Shut
DMy sav DUASY  sCz €Q GB301A Aftercooler DW Solencid Valve Fails Shut
ome sov owesv sCz - EQ GB3018 Aftercooter DW Solencid Valve Fails Shut
oM v OWARG SCZ €Q DM Regulating Valve to GB301A Oil Cooler Fails Shut
oM T DWBRG scz €0 DU Regulating Valve to Gb3018 0il Cooler Fails Shut
oMy TCV DWCRR scz €Q DW Regulating VAlve to GB301C Oil Cooler Fails Shut
bus MNV X001 FT0 EQ domestic water valve fails to open
DusS MNV XXxx2 F10 EQ domestic water valve fails to open
DwS MNV X3 FT0 EQ domestic water valve fails to open
DWS XFR HOSEF AlL EQ flow through domestic water jumper hose fails
FRV FRV 20F4V FTO vt faiture of 2 out of 4 Flow Reversal Valves to Open
FRY FRV groz2yv FT0 Vi Beta Factor for Falow Reversal Valves to Open
FRY FRV RANDM FTO vi Random Feilure of A Flow Reversal VAlve to Open
HES MNV -HE23 FT0 EQ Helium Fill Valve HEZ3 Fails to Open
HES Y -HE27 = FTO op helium valve he27 fails to open
HES MNV -HE28 FT0 oP helium valve he28 fails to open
-B.1-8-




Table B.1 (continued)

BASIC EVENTS SUMMARY REPORT (Alphabetical Sort)

Family: HFBR-PRA
Generic
Event Basic Event System Comp. Component Fail. Component
Number Designator Code Type 10 Mode Location Basic Event Description
253 HESHNV-HE29FTOOP  HES MV ~HEZ29 FT0 oP helium valve he29 fails to open
254 HESMNV-HESAFTOOP  HES MV ~HESA FTO oP Valve HESA Fails to Open
255 HESSYSTEM--FTOVW  MES SYS TEN-- F10 w helium system fails
256 WOUSE-3MIN Hou SE- k)] ) Discredit any operastor action to restore power in 3 min.
257 HOUSE-COOLER nou SE- COOLER 1E of cooler tube rupture .
258 HOUSE-LOOP2 HoU SE- Lo0P2 Loss of Offsite Power Less Than 2 Hours
259 HOUSE-L00P24 Hou SE- LOOP24 Loss of Offsite Power for 24 Hours
260 HOUSE-LOOPS HOU SE- LOOPS Loss of Offgite Power for 6 Hours
261 HOUSE-MLOCA HOU SE- MLOCA HOUSE FOR MLOCA
262 HOUSE-PONY HOU SE- PONY Specialize ac power for pony motors(T for 1E-LOOP2)
263 HOUSE-SLOCA HOU SE- SLOCA Small LOCA Initiating Event
264 HOUSE-T10 HOU SE- T10 TRANSIENT CATEGORY T-10
265 HOUSE-T11 Hou SE- T11 TRANSIENT CATEGORY T-11
266 HOUSE-T12 Hou SE- 112 CATEGORY-12 TRANSIENTS
267 HOUSE-T13 HOY SE- 13 Loss of Compressed Air System Initiating Event
268 HOUSE-T14 HOU SE- 114 Loss of 250v Dc at Fanhouse DC Panel(Initiating Event)
7. 769 HOUSE-T2 HOU SE- T2 TRANSIENT CATEGORY T-2
. 270 WOUSE-T3 HoY SE- 13 TRANSIENT CATEGORY T-3
271 HOUSE-T4 HOU SE- T4 TRANSIENT CATEGORY T-4
272 HOUSE-T5 HOU SE- 15 CATEGORY-5 TRANSIENTS
273 HOUSE-T6 HOU SE- T6 CATEGORY-6 TRANSIENTS
276 WOUSE-T7 HoU SE- 7 TRANSIENT CATEGORY T-7
275 HOUSE-T8 - WU SE- T8 TRANSIENT CATEGORY T-8
276 MO-CLRAHEPFTSW WD -CL RAKEP FTS w Operator Fails to Align for Draining Cooler A
277 WD-CLRBHEPFTSVW  HWD -CL ROKEP F1S w Operator Fails to Align for Draining Cocler B
278 HUOMNV-DAIOFTOEQ MWD NV -DA10 FTO €Q drain valve dal0 fails to open
279 MOMNV-DATIFTOEQ MWD MNV -DA11 F10 £Q drain valve datl fails to open
280 OMNV-DATAFTOEQ WD oy ~DAlS F10 EQ drain valve dalé fails to open
281 HWDMNV-DAISFTOEQ MWD MV -DA1S FT0 EQ drain valve dat$ fails to open
282 INDMNV-DAS-FRCEQ MWD MV “DAS- FRC EQ drain valve da5 fails to reclose
283 HWDMNV-DAS-FTOEQ  HWD MV -DAS- FT0 €a drain valve da5 fails to open
284 WOMNV-DAS-FRCEQ  HWD NNV -DAS- FRC EQ drain valve daé fails to reclose
285 HWOMNV-DAS-FTOEQ WD NV -DA6- FTO €Q drain valve da§ fails to open
286 MOMNV-PTIBFTCEQ KW MRV -p118 FTC €Q drain valve p118 fails to close
287 WNTALIGN-~-HEPW  WJT ALl GN--~ HEP w Operator Fails to Align in time (subseq injectn @ 1.5 hrs)
288 HUTALIGNIHRHEPW  WWT ALl GN3HR HEP w Operator Fails to Align in 3 Hours(subseq injectn @ 1.5 hrs)
289 MMTCKV-XXXXFTREQ  HWT cxv -XXXX FIR EQ Check in Pump Suction stuck
290 WWUTCKV-YYYYFTCEQ  HWT cxv -YYYY FTC €Q Check Valve near P47 fails to close
291 HUTCKV-YYYYFTOEQ  KWT cxv -YYYY Fto EQ Check Valve near P47 fails to operate
292 WMITCKVGIOLAFTOEQ  HWT cKv G104A FT0 EQ Pump Discharge Check Valve Fails to Open
293 WWTCKVGIO04BFTOEQ  HWT (2 4] G1048  FTO EQ Pump GA104b Discharge valve Fails to Open
2946 WITCKVGIOLCFTOEQ  HWT kv G104C FT0 £Q Pump GB104c Discharge Check Valve Fails to Open ;
3
1
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Table B.1 (continued)

BASIC EVENTS SUMMARY REPORT (Alphabetical Sort)
Family: HFBR-PRA

Generic

Event Basic Event System Comp. Component Fail. Component L
Number Designator Code 10 Mode Location Sasic Event Description
295 WNTCKVINJCTFTOOP
296 HWTCKVNNSSCFTOOP
297 WITLTNOONESHEPVV
298 INTLTNOOPMPHEPVV
299 HWTMNV--CD3HEPEQ
300 MWTMNV--CDAHEPEQ
301 HWTMNV-DA7-HEPEQ
302 HWTMNV-PO1-FTOOP
303 HWTMNV-PO2-HEPOP
304 HWTMNV-PO3-FTOOP
305 HUTMNV-P113FTCEQ
306 WHWTMNV-P122HEPEQ
307 MITMNV-PI174FTOEQ
308 HWTMNV-P175FTOEQ
309 HUTMNV-P42-FTCOP
( 310 HUTMNV-P47-FTCEQ

L L T T Y Y T Yy LI PR U L Y TP T Y Y

INJCY L] or FA102 Injection Valve Fails to Open
NNSSC FTO oP Check Valve NNS/SC3 Fails to Open
9OHES _ HEP w oper fails to trens D20 w/helium in 90 min from fal01
S0PNP HEP w oper fails to trans D20 w/ pumps in 90 min from fal01
--CD3 MEP €Q Valve (D3 Open .
--CD4 HEP €Q Valve CD4 Open
-DA7- HEP €Q KT OA7 valve Left Open
-P01- FT0 oP Valve P07 Fails to Open
HEP Operator Fails to Ciose PO2
FT0 oP Valve PO3 Fails to Open
FTC offgas vent vailve pi13 fails to close
HEP operator fails to close vaive pi122
FTO Valve P174 Fails to Open
FTO Vaive P175 Fails to Open
FIC Valve P42 Open
FTC Valve P47 is open
FTO Vatve P47 Fails to Open{Normally Open)
FT0 Valve P48 Fails to Open
FIC Valve P49 Fails to Close
FTC Valve P50 Fails to Close
FT10 Valve PS1 Fails to Open
FTC VAlve P52 Fails to Close
HEP Valve PS3 Left Open
FTO Valve P54 Fails to Open
HEP Valve P54 Left Open
HEP Valve P55 Left Open
FT0 Valve P56 Fails to Open
HEP Valve P56 Left Open
10 valve p57 fails to open
HEP Valve P57 Left Open
FTC Valve P58 Fails to Close
F10 valve p87 fails to open
FT0 valve p88 fails to open
FTC valve p89 fails to close
FTR rancdom failure of pump 104a or b to run (24 hr mission ti
FTS random failure of pump 104a or b to start (10 starts as
FTR beta factor hut pump gall4a or b fails to run
FTS Beta Factor for Pumps 104A and 8 to Start
FTR hwt punp gal04ia fails to run (24 hour misson time)
FIs hwt pump galOka fails to start (10 starts assumed)
JAM pump g104a impeller jams
UTM hut pump gailés test and msintenance unavailability

EEEEIIEIIEEZ33
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<7 311 WJTMNV-P47-FTOEQ

.. 512 WITMNV-P4B-FTOEQ
313 HWTMNV-P49-FTCEQ
314 MWTMNV-PS50-FTCEQ
315 HWTMNV-PS1-FTOEQ
316 HWTMNV-PS52-FTCEQ
317 HWTMNV-PS3-HEPEQ .
318 HWTMNV-PS54-FTOEQ
319 HWTMNV-PS54-HEPEQ
320 HUTMNV-PS55-HEPEQ
321 HUTMNV-PS6-FTOEQ
322 HWTMNV-PS6-HEPEQ
323 HWTHNV-PST-FTOOP
324 HWTMNV-PST-HEPEQ
325 HWTMNV-PS8-FTCEQ
326 HUTMNV-PST-FTOOP
327 HWUTMNV-PBS-FTOOP
328 MWTMNV-P89-FTCEQ
329 HWTPMP104ABFTREQ
330 HWTPMP104ABFTSEQ
331 HWTPMPBTOABFTREQ
332 BUTPMPBTOABFTSEQ
333 HUTPMPG104AFTREQ
334 HJUTPMPGIOGLAFTSEQ
335 HUTPMPG10GAJAMEQ
336 HUTPNPG10LAUTHVY
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Table B.1 (continued)

BASIC EVENTS SUMMARY REPORT (Atphabetical Sort)

Basic Event
Designator

Event
Number

337 WUTPMPGI04BFTREQ
333 INTPHPGI048FTSEQ
339 INTPHPGI04BJANEQ
340 ITPHPGIOABUTIVY
WJTPHPG104CFTREQ
HUTPMPGI0ACFTSEQ
HWTPHPG104CUTHVY
NWTSRVSVI03FTREQ
UTTNKFA101INSEQ

346 HWTTNKFA102INSOP

347 1E-BTR

348 1E-COOLER

349 IE-LLOCA

350 1E-L0OP2

351 1E-L00P24

352 1€-L00P6
" 53 1E-MLOCA

354 1E-SLOCA

355 1E-T1

356 1E-T10

357 1E-T11

358 1E-T12

359 1E-T13

360 1E-T14

361 1E-T2

362 1€-T3

363 I1E-T5

364 1€-16

365 1E-17

366 1€-18

367 I1E-T9

368 1E-TRANSIENT

369 LOOP-INDUCED

370 NEPMNV300AKSCZOP

371 OFGMNV--P17FTCOP

372 PCIAOVBTOABSCZWY

373 PCIAOVCMOABSCZVV

374 PCIAOVHCOIASCZVY

375 PCIAOVNCO1BSCZVY

376 PCIAQVHCO2ASCZIWV

377 PCIAGVNCO2BSCZVV

378 PC3BRGGI01AFDOVV

EEEERE

Basic Event Description

weascccvscccccens P L T N R L LYY LY PP T T L P L e Y L

hut pump gat04b fails to run (24 hour misson time)
hwt pusp ga104b fails to start (10 starts assumed)
pmp gl04b impelier jams

hut pump gailib test and meintenance unavailsbility
hut pamp get0ic fails to run (26 hour migson time)
hut pump gal0ic fails to start (10 starts assumed)
hut pump gatléc test and meintensnce unavailability
Svi03 Stuck Open

insufficient D20 in fal01l

insufficient 020 in FA102

IE: BEAM TUBE RUPTURE

1E FREQUENCY:COOLER TUBE RUPTURE

LARGE LOCA INITIATING EVENT

LOOP 2 INITITAING EVENT

LOOP 24 INITITAING EVENT

LOOP & INITIATING EVENT

medium LOCA INITIATING EVENT

SMALL LOCA INITIATING EVENT

T1 INITIATING EVENT

T10 INITIATING EVENT

T11 INITIATING EVENY

T12 INITIATING EVENT

T13 INITIATING EVENT

T14 INITIATING EVENT

T2 INITIATING EVENT

T3 INITIATING EVENT

TS INITIATING EVENT

T6 INITIATING EVENT

T7 INITIATING EVENT

T8 INITIATING EVENT

Transient Initiating Event Frequency T9

GENERIC TRANSIENT INITIATING EVENY

Loss of Offsite Power Subsequent to the {E

THE BACK UP ISOLATION VALVE FAILS SWUT

Offgas Vent Valve P17 Fails to Close

THE BETA VALUE FOR COMMON CAUSE OF SUCTION OR OISCHARGE VALY
COMMON CAUSE POTENTIAL OF SUCTION OR DISCHRGE VALVE
FAILURE OF PRI. CONTROL VALVE-TRAIN A IN THE FIRST 3 MIN.
FAILURE OF PRIMARY CONTROL VALVE-TRAIN B FOR THE FIRST 3 MIN
FAILURE OF PRIMARY SUCTION VALVE-TRAIN A FIRST 3 MIN.
FAILURE OF PRIMARY SUCTION VALVE-TRAIN 8 FIRST 3 MIN.
FAILURE OF THE MAIN PUMP-A BEARINGS SEIZURE FIRST 3 Nil

Family: HFBR-PRA
Generic
System Comp. Component Fail. Component
Code Type 1] Mode Location
Wy 0 4 G104B FTR -]
(.14 PwP G1048 F18 EQ
T . G1048 .JM €Q
wr P GI048 UM w
wr L, G104C FIR EQ
T [, 4 G104C F1S$ EQ
HuT PP G104C UTH w
wWr SRV $V103 FIR -}
nT ™wK FA101 INS EQ
HT ™K FA102 INS oP
1€~ 8TR
1E- coo LER
1E- LLo CA
1E- LOO P2
1E- L00 P24
1€~ LOO P6
1E- MO CA
1E- SLo CA
1E- T1
IE- 110
1E- ™
1E- 12
[E- 113
IE~ 114
1E- T
1E- 13
1€~ 15
18- 16
1E- 7
1E- 18
1€~ 14
¢ 3 TRA NSIEN T
LO0 P-1 NDUCE 0
NEP MRV 300AK $C2 oP
QFG v «-P17 FTC oP
Pc3 AV BTOAB scz w
Pc3 MV CMOAB scZ w
Pe3 AOV HCOA SCz w
Pc3 AoV HCO18 sC2 w
PC3 AOV HCO2A sCz w
Pc3 ADv HCO2B  sC2 w
PC3 BRG G101A FDO w
-B.1-11-




Table B.1 (continued)

BASIC EVENTS SUMMARY REPORT (Alphabetical Sort)

Family: HFBR-PRA

Generic
Event Basic Event System Comp. Component Fail. Component
Number Designator Code Type 10 Mode Location Basic Event Description
379 PCIBRGGI01BFDOVV  PC3 BRG G1018 FDO w FAILURE OF MAIN PUMP-B BEARINGS SEIZURE FIRST 3 MIN.
380 PC3BTRGPOTAFDOVY  PC3 BTIR GPOIA FOO w FAILURE OF PONY MOTOR BATTERY-A TO PROVIDE POMWER PER D!
381 PCIBTRGPOIBFDOVY PC3 BTR GPO18 . FDO w FAILURE OF PONY MOTOR BATTERY-B TO PROVIDE POWER PER DEMA|
382 PC3CBHGAOTAFDOVY PC3 CBH GAOTA fDO w FAILURE OF NAIN MOTOR BREAKER TRAIN-A FIRST 3 MIN.
383 PC3CSHGAOIRSOZEQ PC3 CBH GAO18 $02 EQ FAILURE OF MAIN MOTOR BREAKER TRAIN-@ FIRST 3 MIN.
384 PC3CBLGPOIAFDOVW PC3 8L GPOTA FDO w FAILURE OF PONY MOTOR-A PUMP BREAKER FIRST 3 NIN
385 PC3CBLGPOIBFDOVW PC3 CBL GPO18 FOO w FAILURE OF PONY MOTOR-8 PUMP BREAKER FIRST 3 MIN.
386 PCICGRGPOTAFDOVV  PC3 CGR GPO1A FDO w FAILURE OF PONY MOTOR-A BATTERY CHARGER FIRST 3 MIN.
387 PC3CGRGPOIBFOOVW  PC3 CGR GPO18 FDO w FAILURE OF PONY MOTOR-B BATTERY CHQRGER FIRST 3 MIN.
388 PCIDMRBTOABOPFW  PC3 MR 8T0AB OPF w THE BETA FACTOR FOR BOTH PONY MOTORS FAILURE TO RUN
389 PC3DMRCMOABOPFVY. PC3 OMR CMCAS OPF w COMMON MODE POTENTIAL FOR BOTH PONY MOTORS FAILE TO ENGAG
390 PCIDMRGPOIAOPFVY  PC3 DMR GPO1A OPF w FAILURE OF PONY MOTOR-A TO ENGAGE MECHANICALLY
391 PCIDMRGPOTAUTM Pc3 DMR GPO1A U™ MAINTENANCE OOWNTIME CONTRIBUTION OF PONY MOTOR A
392 PC3DMRGPOIBOPFVW  PC3 DMR GPO18 OPF w FAILURE OF PONY MOTOR B8 TO ENGAGE MECHANICALLY
393 PC3DMRGPO1BUTM PC3 DMR GPO18 UTH MAINTENANCE DOWNTIME FOR PONY MOTOR-B
394 PCINXZEAOMNAILKVY PC3 HX2 EAC1A X w PRIMARY COCLER LEAKAGE
( 95 PCIHXZEACIBILKVYWY PC3 HX2Z EAO1B j18 4 w PRIMARY COOLER-B LEAKAGE
496 PCIMTRBTOABFDOVV  PC3 MIR 870AB fDO w THE BETA FACTOR FOR SEIZURE OF BOTH PRIMARY PUMPS
397 PCIMTRCMOABFDOVV  PC3 MTR CMOAB fDO w COMMON MODE POTENTIAL BOTH PRIM. PUMP SEIZURES FIRST 3 MI
398 PCIMTRGAOIAFDOVW  PC3 MTR GAD1TA F0O w FAILURE OF MAIN PRIMARY MOTOR-A FIRST 3 MIN
399 PCIMTRGAOIBFDOVV PC3 MTR GAO18 foO w FAILURE OF MAIN MOTOR-8 FIRST 3 MIN.
400 PCIPMPSBTOABFDOVY  PC3 PMP BTOAB FOO w THE BETA FACTOR FOR FAILURE OF BOTH MAIN PUMPS (SEIZURE)
401 PC3PMPCMOABFDOVY - PC3 PMP CMOAB FbO v THE COMMON MODE POTENTIAL FOR BOTH MAIN PUMPS(SEIZURE)
402 PCISELGIOIAFOOVW  PC3 SEL G101A FOO w SEAL FAILURE IN PUMP-A CAUSING SEIZ2URE IN FIRST 3 MIN.
403 PC3SELGI0IBFOOVY  PC3 SEL G1018 F0O w SEAL FAILURE IN PUMP-B CAUSING SEIZURE IN FIRST 3 MIN.
4046 PCLAOVBTOABSCZW  PCL AV 8TOAB sc2 w Beta factor for HCVIO1A and B
405 PCLAOVCMOABSCZVV  PCL AQV CMOAB sCZ w COMMON CAUSE POTENTIAL OF SUCTION OR DISCHARGE VALVE
406 PCLAOVCMOABSCZYV  PCL AQV CMOAB sCz w Random Failure of HCV101a OR 8
407 PCLAOVHCOIAFTOVV  PCL AQV KCOtA FT0 w primary coolant viv hc102s fails to OPEN
408 PCLAOVHCOIASCZVW  PCL AQV HCOTA SCZ w FAILURE OF PRIMARY CONTROL VALVE-TRAIN A IN 26 MOURS
409 PCLAOVHCOIBSCZVVY  PCL AV KCO1B sC2 w FAILURE OF PRIMARY CONTROL VALVE-TRAIN B IN 24 HOURS
410 PCLAOVHCOZ2ASCZVV  PCL AOV HCO2A scz w FAILURE OF PRIMARY SUCTION VALVE-TRAIN A IN 24 HOURS
411 PCLAOVHNCOZ2BSCZVV  PCL AOV HCO28 sCZ w FAILURE OF PRIMARY SUCTION VALVE TRAIN B IN 24 HOURS
412 PCLAOVHCIABFTCEQ PCL AV HC1AB FTC €EQ Valve hel02a/b fails to close
413 PCLAQVHCOIASCZVW  PCL AOV HCO1A s$cZ w Primary Cooler Valve Fails Shut
414 PCLAOVHCO1BFTOVV  PCL AoV HCO1B FYO w Primar Cooler Valve HCV1018 Fails to Open
415 PCLAOVHCO1BSCZVV  PCL ACV HCO18 scz w Primary Cooler Valve KCV101 B Fails Shut
416 PCLBRGGIOIAFDOVV  PCL BRG G101A FDO w FAILURE OF THE MAIN PUMP BEARINGS SEIZURE IN 24 HOURS
417 PCLBRGGI01BFDOVY  PCL 8RG Gi018 FDO w FAILURE OF MAIN MOTOR BEARING IN 24 WRS/PUMP SEIZURE
418 PCLBTRGPOIAFDOVV  PCL aTrR GPO1A ~ F0O w FAILURE OF PONY MOTOR BATTERY A TO PROVIDE POMER PER DE!
419 PCLBTRGPOIBFDOVV  PCL 8IR GPO18 FoO w FAILURE OF PONY MOTOR BATTERY 8 TO PROVIDE POWER PER DE
420 PCLCBHGAGTAFDOVY  PCL CBH GAO1A FDO w FAILURE OF MAIN MOTOR BREAKER TRAIN-A IN 24 HOURS




Table B.1 (continued)

BASIC EVENTS SUMMARY REPORT (Alphabetical Sort)

Family: HFBR-PRA

Generic
Event Basic Event System Comp. Component Fail. Component
Number Designator Code Type 10 Mode Location Basic Event Description

421 PCLCBHGAO1BSOZEQ PCL CBH GAO1B S0z €Q FAILURE OF MAIN MOTOR BREAKER TRAIN-B IN 24 HOURS

422 PCLCBLGPOIAFDOW  PCL csL GPOTA FDO w FAILURE OF PONY MOTOR SREAKER TRAIN-A IN 24 HOURS

423 PCLCBLGPOIBFDOVV  PCL cet GPO18 fDO w FAILURE OF PONY MOTOR BREAKER TRAIN-B IN 24 HOURS

424 PCLCGRGPOTAFDOVWV  PCL CGR GPO1A FDO w FAILURE OF PONY MOTOR-A CHARGER IN 24 WOURS

425 PCLCGRGPOIBFDOVWY  PCL CGR GPO18 FDO w FAILURE OF PONY MOTOR-B CHARGER IN 24 WOURS

426 PCLOMRBTOABFOOW  PCL DMR 8T0A8 FDO w FAILURE OF TWO PONY MOTORS TO RUN FOR 24 MRS (BETA FACTOR)

427 PCLDMRBTOABOPFW  PCL DMR _BYOAB OPF w THE BETA FACTOR FOR BOTH POKY MOTORS FAIL TO OPERATE

428 PCLDMRCMOABFOOVWW  PCL DMR CM0AB FDO w COMMON MODE POTENTIAL FOR BOTH PONYS FAIL TO RUN FOR 24 HRS

429 PCLDMRCMABFDOVV PCL OMR CMABF ooV v common mode potential for failure of pony moyors to run

430 PCLDMRGPOIAFDOW  PCL DMR GPO1A FDO w failure of pony motor to continue run for 24hrs

431 PCLDMRGPOIAUTM PCL DMR GPOTA UTH MAINTENANCE DOWNTIME CONTRIBUTION OF PONY MOTOR A

432 PCLDMRGPOIBFDOVV  PCL DMR GPO1B FDO w failure of the pony motor b to continue to run for 24 hrs

433 PCLDMRGPOTBUTH PCcL DMR GPO1B uTH MAINTENANCE DOWNTIME FOR PONY MOTOR 3

434 PCLEXZEAOTAILKVY  PCL X2 EAOTA 1K w primary cooler b leskage

435 PCLHXZEAO1BILXW  PCL HXZ EAG1B 1 4 w primary cooler b leskage

435 PCLMTRBTOABFOOVW  PCL MTR BTOAB FoO w THE BETA FACTOR FOR SEIZURE OF BOTH PRIMARY PUMPS

“37 PCLMTRCMOASFDOVV  PCL MTR CMOAB FDO w COMMON MODE POTENTIAL FOR BOTH PRIMARY PUMP SEIZURES IN 24

+38 PCLMTRGACIAFDOVV PCL MTR GAD1A f0O w FAILURE OF PRIMARY PUMP MOTOR-A IN 24 HOURS

439 PCLMTRGAOIAFTSVV  PCL MTR GAOTA FTS w failure of mein pump a to start

440 PCLMTRGAOIBFOOW  PCL MTR GAOC18 FDO w FAILURE OF MAIN MOTOR-B IN 24 HRS

441 PCLNTRGAOTBFTSW  PCL MTR GAOIB  FTS W failure of main putp b to start

442 PCLPMPBTOABFOOVW  PCL PMP BTOAB FOO w THE BETA FACTOR FOR FAILURE OF BOTH PUMPS (SEIZURE)

443 PCLPMPCMOABFDOW - PCL PMP CMOAB FoO w THE COMMON MODE POTENTIAL FOR BOTH MAIN PUMPS (SEIZURE)

444 PCLSELGIC1AFDOW  PCL SEL G101A FOO w SEAL FAILURE IN PUMP-A CAUSING SEIZURE IN 24 HOURS

445 PCLSELGIO1BFOOVW = PCL SEL G1018 fDO w SEAL FAILURE IN PUMP-B CAUSING SEIZURE IN 24 HOURS

448 PCUWCBLDMTRAFOOEQ PCW csL DMTRA F00 (-] primary cooler a cell door motor breaker fails open

447 PCUCBLDMTRBFDOEQ PCW C8L OMTR8 FOO EQ primary cooler b cell door motor breaker fails open

448 PCUCELDAMTRFYSEQ PCW CEL DANMTR FTS EQ primary cooler a cell door motor fails to start

&49 PCWCELDBMTRFTSEQ PCW CEL DBMTR FTS EQ primary cooler b cell door motor fails to start

450 PCWPMP--~~-FTREQ PCW PP ceeee FTR €Q primary pump continues to operate

451 PWTAOVHCI02FTOOP  PW1 A0V KC102 £10 oP Nce-102 Fails to Open

452 PUIE33 Pyt E33 house event loop/transient with core wulnersbie =1 (true)

453 PUtE3S Put €34 house event (oop/transient with core wulnerable =1 (true)

454 PAREGS P2 (173 house event loop/transient with core wilnerable =1 (true)

455 PUCSCHMSYS--UTMVW  PWC SCM SYS-- Ut w primary coolers test or maintenance unavailability -

456 PUS---LPHESFIRVV PWS e- LPHES FTR w low pressure helium system fails

457 PUS-SYSTEM-UTHW  PUS -SY STEM- uTH w pws test and maintenance unavailability

458 PUSFLX-HOSE-PZOP PWS FLX -HOSE -PZ oP flex hose plugged

459 PUSFLXHOSE-UATOP PWS FLX HOSE- UAT oP flex hose not reattached post test

460 PUSLWM-HEP-ALNW  PUS L “HEP~  ALN w failure to align pws correctly

461 PUMSMNV-PT10HEPOP  PUS MNV -P110 HEP oP valve p110 is not closed by the operator(inct in top hep)

462 PWSMNV-PI12FTOOP PWS  MNV  -P112  FTO 0P valve p112 fails to open 4
:-d
1
3
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Table B.1 (continued)

BASIC EVENTS SUMMARY REPORT (Alphabetical Sort)
Family: HFBR-PRA

Generic

Basic Event System Comp. Component Fail. Component
Designator Code Type 10 Mode Location Basic Event Description

463 PWSMNV-P134-LO0P
464 PUSHNV-P134FTCOP
465 PUSMNV-P134HEPVY
466 PUSMNV-TW21FTOOP
467 PUSMNV-TW24FTOOP
468 PWSHNV-TW2SF TOOP
469 PWSMNY-TW27F TOOP
470 PUSMNV-TW2THEPOP
471 PUSMNV-Tu28-P20P
472 PUSHNV-TW2BFTOOP
473 PUSHNVP111-FTOOP
474 PNSSRVSV202FTROP
475 PUSSYS--HEPFTSWV
476 PUSSYS-HEP-ALNWY
477 PUSSYS-HEP-WSHVV
478 PUSTNKFA202LEKOP
79 PUSTNKFA202LOWOP
480 RCSSYS--P]-MSCWV

FSEEETEILILLE

"
(]

valve p134 inedvertently left open post meintenanc
valve p134 fails to ctose

operator feils to correct diversion

valve tu2t (spring loeded vlv) fails to open
valve tu2é fails to open .

valve tu25 fails to open

valve tu27 (tank vent viv) fails to open

valve tu27 (tank vent) inadvertantly left open
valve tw28 is pltugged
valve tw28 fails to open
vaive p111 fails to open
safety valve sv202 fails to reseat

operstor reluctasnce to initiate the pus

failure to align the pws correctly

pw washout post loca (operator fails to control level)
pu tank fa202 leaks or ruptures upon pressurization
insufficient inventory in pw storage tank fa202

-

GR83E80RR85308888383

res pressure transmitter miscalibration
failure to meintain rcs pressure below 250 psig
fhb power line to control box failure
miscelanous reel wiring or fuse failure

481 RCSSYSPRESSHGHVY
482 REFBUSFHBXXFOOWV
483 REFBUSMISCLFOOVV

o
- »

484 REFCLCCLUCHFDOWV
485 REFCNCIOTI3ILKWY
486 REFELMTFALLFOOVV
487 REFELMTIMPRHEPVV
488 REFELMTLOOSHEPVV
489 REFELMTRELSHNGVV
490 REFELMTRENOHEPVV
491 REFELMTSTUCFDOVV
492 REFFANFHONSHEPVY
493 REFFANFHBXXFOOVV
494 REFFHZAIRMSFOOVY
495 REFFHZHOOKXILKVV
496 REFFHZLINKGFDOVV
497 REFFHZVIRESILXVY
498 REFHOKJAMEDFDOVV
499 REFHOKOPENXNEPVY
500 REFHOKPIKUPSOZVV
501 REFINBONNETHEPVV
502 REFMNVIWAYXFOOVY
503 REFMNVBTRFLSCZIVV
504 REFMNVNOTOPHEPVY

op
opP
w
oP
oP
opP
oP
[ 4
> 4
oP
> 4
oP
w
w
w
oP
op
w
w
w
REF w
w
w
w
w
w
w
w
w
w
w
w
w
w
w
w
w
w
w
w
w
w

reel clutch failure .

one out of 13 hook disconnects fails and iesk the air
element falls during withdrawl when improperly hooked
element is improperly hooked

stuck etement can not be knocked toosed

fallen element hangs up (does not go to vessel or canal)
can't return the element to canal/vessel(no mech failure)
element physically stuck in bonnet

fuel handeling blower (FHB) not started (per refueling/i4
fuel handling blower failed during operation

air hoses inside and outside tritium cont. fail

hook’s hose fail

the linkage shaft and the hose failure of stide

hook's hose and wire breaks

mechsnical jamming of the hook

inadvertant opening of the hook pickup head

pickup head suddenly opens

element not fully raised in to bonnet(therefore not coole
control box three way valve fail

air butterfly valve suddenly ciose .
air butterfly valve not opened by operator(per refueling/




Table B.1 (continued)
C
BASIC EVENTS SUMMARY REPORT (Alphabetical Sort)

Family: HFBR-PRA

Generic
Event 8asic Event System Comp. Component Fail., Component
Number Designator Code Type 10 Mode Location Basic Event Description
S05 REFMNVSLIWYSCIW  REF niv SL3wY sc2 w the slide 3-way valve suddenly close
506 REFMTRRELMTFOOVW  REF MIR RELMT FOO w reel motor fails during operation
S$07 REFREELMECHFDOVW  REF REE LMECH .. FDO w reel mechanical failures
S08 REFSLDJAMEDFDOW  REF SLD JAMED fDO w slide or piston jammed
509 REFSLDJMMEDFDOVV  REF SLo JMMED f00 w slide not full over then jemmed (note-2)°
510 REFSLDJMNEDHEPW  REF SLD JMMED HEP w element not raised enough then siide jarmed
511 REFSWITOTFAILKW  REF Svl 10TF4 LK w one out of four slide disconnects fail
512 REFSWIFHBXXFDOVV  REF sut FHBXX fDO w fuel handling blower switch fails
513 REFULMTREWDHEPVV  REF WM TREWD HEP w can't return element to canal/vessel(mech. failures present)
514 S3LCKVPI0OXFTOEQ  S3L cxv P100X FTO0 EQ Check valve P100 faiis to open
$15 S3ILMNVP100XHEPEQ S3L MV P100X HEP EQ Marusl valve P100 teft closed
516 SB-COOLER S8- coo LER BREAK IN SHUTDOMN COOLER
517 S8-SLOCA $8- SLo CA Braak occurred in shutdown system
518 SCMBE2 SCu 8€2 House event "steam condensing with D20 mekeup = true"
519 SCMSYS-HEPFTSVV ScM SYS ~HEPF sv v Operator Failure to Align for Steam Condensing
520 SCRCBLBT101FTOVW  SCR CBL BT101 FT0 w BETA FACTOR FOR FAILURE OF K101 TO OPEN
321 SCRCBLBTI03FTOW  SCR cBL 8T103 FTO w BEYA FACTOR FOR K-103 FAIL TO OPEN
522 SCRCBLBTKOSGFTOVWW  SCR csL B8TKOS FT0 w COMMON CAUSE BETA FACTOR FOR SCRAM BREAKERS K106-A, 8, C
523 SCRCBLCMIOIFTOVW  SCR c8L CM101 10 v COMMON CAUSE POTENTIAL FOR BREAKERS K-101 FAIL TO OPEN
524 SCRCBLCMI03FTOW  SCR csL CcM103 FTO0 w COMMON CAUSE POTENTIAL FOR K-103 BREAKERS FAIL TO OPEN
525 SCRCBLCMKOSFTOW  SCR CBL CMK06 FT0 w COMMON CAUSE POTENTIAL FOR 2/3 K106 BREAKERS FAIL TO OPEN
526 SCRCBLK10TAFTOVY  SCR CBL K101A FT0 ‘W FAILURE OF X101A TO OPEN PER DEMAND
527 SCRCBLKIO1BFTOW - SCR caL K1018 FTO w FAILURE OF BREAKER K1018 TO OPEN PER DEMAND
528 SCRCBLK101CFTOVW  SCR cBL K101C FTO0 w FAILURE OF CIRCUIT BREAKER K101C TO OPEN PER DEMAND
529 SCRCBLK103AFTOVW  SCR cst K103A FT0 w FAILURE OF BREKER K103A TO OPEN PER DEMAND
530 SCRCBLK103BFTOW  SCR CBL K1038 FT0 w FAILURE OF BREKER X1038 TC OPEN PER DEMAND
531 SCRCBLKIO3CFTOW  SCR c8t X103C FTO w FAILURE OF BREKER X103C TQ OPEN PER DEMAND
532 SCRCBLKIOGAFTOVW  SCR CBL K106A FT0 w FAILURE OF SCRAM BREAXER K106A TO OPEN PER DEMAND
533 SCRCBLXK10SBFTOVVY  SCR [ 18 X1068 FTO w FAILURE OF SCRAM BREAKER 1048 TO OPEN PER DEMAND
534 SCRCBLKIOSCFTOW  SCR caL - K106C FTO0 w FAILURE OF SCRAM BREAKER 106C TO OPEN PER EDEMAND
535 SCRCRDBTPRIOPFW  SCR CRD BTPRI OPF w BETA FACTOR FOR 5 OUT OF 8 ROD MECHANICAL FAILURE
536 SCRCROCMPRIOPFVW  SCR CRD CMPR1 OPF w COMMON MODE POTENTIAL FOR MECH. FAILURE OF PRIM. ROD
537 SCREMLBTNSSFOOVY  SCR EML BTNSS FDO w BETA FACTOR FOR WIDE RANGE NSS SAFETY AMPLIFIER
538 SCREMLCMNSSFOOVV  SCR EML CMNSS FDO w COMMON MODE POTENTIAL FOR WIDE RANGE ANPLIFIER TO FAIL
539 SCREMLNSSCAFDOW  SCR EML NSSCA FOO w FAILURE OF WIDE RANGE AMPLIFIER CHANNEL-A
540 SCREMLNSSCIFDOVVY  SCR EML NSSCB FOO w FAILURE OF WIDE RANGE AMPLIFIER CHANNEL 8
. 541 SCREMLNSSCCFDOVVY  SCR EML NSSCC fDO w FAILURE OF WIDE RANGE AMPLIFIER CHANNEL C
542 SCRFYDFRATOFDOVW  SCR F1D FRAT0 fDO w FAILURE OF FLOW TRANSMITTER FRa100
543 SCRFTDGACIAFOOVV  SCR F1D GAGITA FOO w FAILURE OF FLOM TRANSDUCER FOR GA101A
Sk& SCRFTDGAOIBFDOVV  SCR F_TD GAGIB . FDO w FAILURE OF FLOW TRANSOUCER FOR GA1018
545 SCRIZCNSSCAFOOVWW  SCR 12C NSSCA F0O v FAILURE OF IONIZATION CHAMBER CHANNEL A
566 SCRIZCNSSCBFDOVV  SCR 12€ NSSCB FOO w FAILURE OF IONIZATION CHAMBER CNANNEL 8

e 2 DR
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Table B.1 (continued)

BASIC EVENTS SUMMARY REPORT (Alphabetical Sort)

Family: HFBR-PRA

Generic

Event Basic Event System Comp. Component Fail. Component

Number Designator Code Type 10 Mode Location Sasic Event Description
547 SCRIZCNSSCCFDOVVY  SCR 12¢ NSSCC FOO w FAILURE OF IONIZATION CMAMBER CHANNEL C
548 SCRPTDDA101FDOVV  SCR PTD DA101 00 w FAILURE OF CORE DELTA P TRANSDUCER Pdaei01
549 SCRPTDDA102FDOVV  SCR PTD DA102 .§00 w FAILURE OF CORE DELTA P TRANSDUCER Pda 102 .
550 SCRPTDOA103FDOVY  SCR PTD OA103 DO w FAJLURE OF CORE DELTA P TRANSDUCER Pda-103
551 SCUALMP1ZSXOPFCR  SCW ALM PI3X OPF R Fajlure of low level alerm of P1, P2, andP-3 sump -1EEE 50
552 SCUALMPASXXOPFCR  SCW ALM P4SXX OPF CcR Feilure of low level alarm of P-4 and P-5 sump - 1EEE 500
553 SCUAOVHEP12BFTEQ SCU AV HEP12 8FT EQ Dependency factor for operator inadvert. close WR-1 and WR-
554 SCUAOWWR-12BFTEQ SCV AoV WR-12 8FT EQ Beta factor for AOV's WR-1 and WR-2 transfer closed
555 SCUAOVMR-12HEPEQ  SCW AV WR-12 HEP EQ Any of WR-1 or WR-2 inadvertently closed by operators
556 SCUAOWR-12SCZEQ  SCu AoV WR-12 sc2 EQ Any of WR-1 or WR-2 transfers closed
557 SCWAOVMR-1XHEPEQ  SCW AoV WR-1X HEP €Q Air operated valve WR-1 inadvertently closed by operators
558 SCUAOWVMR-1XSCZEQ  SCW Aov WR-1X scz 3] AQV WR-1 transfers closed
559 SCUAOVWR-2XHEPEQ  SCW AoV WR-2¢ HEP EQ AOV WR-2 inadvertently closed by operators
560 SCUAOVWR-2XSCZEQ  SCW AQv WR-2X scz €Q AOV WR-2 transfers. closed
561 SCUAOVWR-IXHEPEQ  SCW AV WR-3X HEP EQ AQV WR-3 inadvertentiy closed by operators
562 SCUAOVWR-3XSCZEQ SCW AQV WR-3X scz EQ AOV WR-3 transfers closed

( <63 SCWBRKP-4BKFOPPH  SCW 8RK P-4BK FoP PH Pump P-4 breaker fails open

- 564 SCWBRXP-S8KFOPPH  SCW BRK P-58K FoP PH Pump P-5 breaker fails open
565 SCUCBRP-1XXOPFPH  SCW C8R P-1xX OPF PH Putp P-1 breaker fails open
566 SCUCBRP-2XXOPFPH  SCW C8R p-2xx OPF PH Pump P-2 breaker fails open
567 SCUCBRP-3XXOPFPH  SCW CBR P-3xXX OPF PH Pump P-3 breaker fails open
568 SCWUCKVBETAFFTOPH  SCW cKv BETAF F10 PH 8eta factor for check valves fail to open
569 SCUCKVCV-DIFTOPH - SCW cxv Ccv-D1 FTo PH Check valve near MNV D1 fails to open (fails closed)
570 SCUCKVCV-D1ILKPH  SCW cxv cv-d1 K PH Gross internal Leskage of check valve near MNV D1
571 SCUCKVCV-D2FTOPH  SCW cxv cv-D2 FTO PH Check valve near MNV D2 fails to open (fails closed)
572 SCUCKVCV-D2ILKPH  SCW KXV cv-D2 1K PH Gross internal leakage of check valve near MNV D2
$73 SCUCKVCV-D3FTOPH  SCW v Cv-D3 FT0 PH Check valve near MNV D3 fails to open (fails closed)
574 SCWCKVCV-D3ILKPH  SCW cxv cv-03 LK PR Gross internal leskage of check valve near MNV D3
575 SCUCKVCVIXXFTOPH  SCW cxv CVXXX FT0 PH Common-mode failure between check valves near 01, D2, and O
576 SCUCKVFWUCKVFTOEQ  SCW v FucKy FT0 EQ Check valve on fire water Line fails to open
S77 SCUCKVWR-1SFTOEQ  SCW cxv wm-15 F10 EQ Check valve near WR-15 fails to open
S78 SCUCKVWS-20FTOPH  SCW v Ws-20 FT0 PH Check valve after WsS-20 fails closed (faitls to open)
579 SCWCKWWS-20ILKPH  SCW cxv us-20 H{E 4 PH Gross internal leakage through check valve after WS-20
$80 SCWCKWS-3XILKEQ SCW cxv Ws-3X {1 4 EQ Gross internal leakage through check valve after Ws-3
581 SCUCONFIREAQPFXX  SCW CON FIREA OPF x Failure of fire uater connection A (277)
582 SCWCONFIREBOPFXX  SCW CON FIREB OPF xX Failure of fire water connection B8 (77?)
583 SCWCOOE101ASSLEQ  SCW €00 E101A SSL EQ Shell side teak through cooler EA-101A
584 SCWCOOE1018SSLEQ  SCW coo E1018 SsL EQ Shell side teak on cooler EA-101B
585 SCWFLSNOACTHEPCT SCW FLS NOACT HEP cT Operators do ffot take action to unclog flume screens
586 SCWFLSP-4SXHEPCT  SCW FLS P-45X . HEP cT Operators inadvertently shutdown any of P-4 or P-5 pumps
587 SCWFLSP123XCLGCT  SCW FLS P123X CLG cT Flume screen clogged on sump of pumps P-1, P-2, and P_3
SB88 SCWFLSPASXXCLGPH  SCW FLS P45SXX CLG PH flume screen clogged on sump of pumps P-4 and P-$
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Table B.1 (continued)

BASIC EVENTS SUMMARY REPORT (Alphabetical Sort)

Family: HFBR-PRA

Generic
Event Basic Event System Comp. Component Fail. Component
Number Designator Code Type f0 Mode Location  Basic Event Description
589 SCULCWMCV-1FTCPH  SCW LoV nev-1 FTC PH Air operated CT level control valve fails to close
SO0 SCULTDPIZIXOPFPH  SCW LD PI23X OPF PH Failure of level sensor of P1, P2, and P3 sump
591 SCULTDPASXXOPFCY  SCuU LTD PASXX OPF ct Failure of tevel alarm of P4 end P5 sump
592 SCUMNVEETAFFTOPH SOV myv SETAF .F.TO M Beta factor for MNV D1, D2, end D3 fail to open
593 SCUMNVD~123FTOPH  SCM v -1 FT0 ] Manusl valve (any of D1, D2, D3) fails to open (common mode)
594 SCUMNVD-IXXFTOPH  SCW v D-1xX F10 ] Manual valve D1 fails to open (fails closed)
595 SCUMNVD-2XXFTOPH  SCW v D-2X% F10 PH Msrual valve D2 fails to open (fails closed) .
596 SCUMNVD-3IXXFTOPH  SCW v D-3XX FT0 i Marnual valve D3 fails to open (fails closed)
597 SCUMNVDUOIXFTCPH  SCW v D10 FTC PH Manual valve D1 fails to close (fails open)
598 SCWMNVD1XOOXHEPPH  SCW MmNV DIXXX HEP PN Operators do not close valve D1
599 SCUMNVDDOKFTCPH  SCW MNY D2X%X FIC PH Manual valve D2 fails to close (fails open)
600 SCUMNVDOOXHEPPH  SCW v D2XXX HEP PH Operators do not close valve D2
601 SCUMNVDIXXXFTCPH  SCW v o3oXx £1C PH Manual valve D3 fails to close (fails open)
602 SCWMNVO3XXXHEPPH  SCW Y D3xXX HEP PH Operators do not close valve D3
603 SCWUMNVDY-1XFTOEQ  SCW MNV DW-1X FT0 EQ Manual valve DW-1 fails to open (fails closed)
604 SCWMNVDM- IXHEPEQ  SCW MNV DW-1X HEP €0 Operators do not open valve V-1
- %05 SCUMNVMV-25FTCPN  SCW - MRV nv-25 FTC PH Msrual valve MV-25 fails to close (fails open)
606 SCUMNVMV-2SHEPPR  SCW MNV Mv-25 HEP PH Operators do not close valve 25
607 SCUMNVHV-29FTOPH  SCW MNV Mv-29 F10 PH Manual valve 29 fails to open (fails closed)
608 SCUMNVWILIBHEPEQ  SCW MNV W1418 HEP €Q Operators fail toc establish return flow path (EA-103)
809 SCUMNWIIDFOREPXX  SCW MNV W19F0 HEP XX Operatoers do not open valve 19
610 SCUMNVUE-19HEPEQ  SCW MNV us-19 HEP EQ Operators fail to establish return flow path (EA-101A)
611 SCUMNVW9-20HEPEQ  SCUW MRV w9-20 HEP EQ Operators fail to establish return flow path (EA-1018)
612 SCUMNWWR-14FTOEQ  SCW NNV WR-14 FTO EQ Maruial valve WR-14 fails to open (fails closed)
613 SCWMNVWR - 14HEPEQ  SCW NNV WR-14 NEP EQ Operators do not open WR-14
614 SCUMNVWR-1SHEPEQ  SCW NV WR-15 HEP EQ Operators do not open WR-15
615 SCUMNWAR-18FTOEQ  SCW NNV WR-18 FT0 EQ Manual valve WR-18 fails to open
616 SCUMNWR- 18HEPEQ - SCW v WR-18 NEP EQ Operators do not open valve WR-18
617 SOMNIVR-19FTOEQ  SCU Ly w-19 F10 EQ Hanual valve WR-19 fails to open (fails closed)
618 SCWMNVWR-20FTOEQ  SCW MuV WR-20 FT0 EQ Manual valve WR-20 fails to open (fails closed)
619 SCUMNVWR-BXFTOEQ  SCW NNV WR-8X FT0 EQ Manual valve WR-8 fails to open (fails closed)
620 SCUMNVWR-9XFTOEQ  SCW NNV WR-9X FT0 EQ Manuat valve WR-9 fails to open (fails closed)
621 SCUMNVWS-19FTOXX  SCW MNV ws-19 FT0 xx Manual velve WS-19 fails to open (fails closed)
622 SCWNWIS-20FTCPH  SCW MV ws-20 FTC PH Manual valve WS-20 fails to close (fails open)
623 SCUMNVWIS-20HEPPH  SCW MV ¥s-20 NEP PH Operstors do not close valve WS-20
626 SCWMOVHEP12BFTEQ  SCW nov HEP12 SFY EQ Beta factor for operators inadvert. closing both WS-1 & WS-2
625 SCUMOWWS-128FTEQ  SCW Hov ws-12 8FT EQ Beta factor for spurious closure of WS-1 and WS-2
626 SCWMOVWS-12HEPEQ  SCW mov ws-12 HEP EQ Operators inadvertently close any of WS-1 or WS-2
627 SCWMOWS-12SCZEG  SCW MOV ws-12 sc2 (-] Spurious closure of any of WS-1 or WsS-2
628 SCWMOVMS- IXHEPEQ  SCU MoV Ws-1X HEP €Q Operator inadvertently closes WS-1
629 SCWMOVWS-1XSCZEQ  SCW Mov ws-1X ~ sC2z €Q Spurious closure of MOV WS-1 (EAI01-A cooler supply)
630 SCWMOWWS-2XNEPEQ  SCW MOV wS-2X HEP EQ Operstor insdvertently closes WS-2 )




Table B.1 (continued)

BASIC EVENTS SUMMARY REPORT (Alphabetical Sort)

Family: WFBR-PRA

Generic

Event Basic Event System Comp. Component Fail. Component

Number Designator Cocle Type 10 Mode Location Besic Event Description
631 SCWMOWIS-2XSC2EQ SCW MOV ws-2x sc2 £Q Spurious closure of MOV WS-2
632 SCUMOWS-3XFTCEQ  SCW MOV wS-3X FIC EQ HOV WS-3 fails to close
633 SCWUMOVMS-3XHEPEQ SCW nov ws-3x KEP EQ Operators inadvertently closes WS-3
634 SCWUMOVMUS-3XSCZEG  SCW Mov ws-3X- sc2z EQ Spurious closure of MOV WS-3
635 SCWMOWS-3XSPOEQ  SCW Mov us-3x sPO EQ Spurious opening of WS-3 (transfers open) .
636 SCWMOVWS3FCHEPEQ  SCW MOV WS3FC HEP EQ Operators fail to close WS-3
637 SCUPMPBETAFFTRPR  SCW PMP BETAF FTR PH 8Bets factor for pumps P31, P2, and P3 fail to run
638 SCUPMPBETAFFTSPH  SCW PP BETAF FTS [ ] geta factor for pumps P1, P2, and P3 fail to start
639 SCUPMPHEPXXBFTPH  SCW Pup HEPXX BFT PH Seta factor for operators fail to put atl three pumps onli
640 SCUPMPP-123HEPPH  SCW PP P-123 HEP PH gBeta factor for all three discharge valves left closed
641 SCUPMPP-1XXFTRPH  SCW NP P=1%xX FTR L] Pump P-1 fails to run
642 SCUPMPP-1XXFTSPH  SCW PMpP P-1%XX FTS PH Pump P-1 fails to start
643 SCUPMPP-1XXHEPPH  SCW e P-1XX  HEP PN Operators do not put pump P-1 on line
644 SCUPMPP-1XXUTMPH  SCW PHP P=1XX UtM PH Unavailability of pump P-1 due to test and maintenance (?
645 SCUPMPP-2XXFTRPH  SCW PHP P-2xX FIR PH Pump P-2 fails to run
646 SCUPMPP-2XXFTSPH  SCW PMP P-2xx F1s PR Pump P-2 fail to start

( T S47 SCUPMPP-2XXHEPPH  SCW PMP P-2XX HEP PH Operators do not put punp P-2 on line

T b8 SCUPMPP-2XXUTMPH  SCW PMP p-2XX UTe PH Unavailability of pump P-2 due to test and maintenance (77
649 SCWPMPP-3IXXFTRPH  SCW PHp P-3%X FTR PH Pump P-3 fails to run
650 SCWPMPP-3XXFTSPH  SCW PMP P-3xx (243 PH Pump P-3 fails to start
651 SCUPMPP-3XXHEPPH  SCW pup P-3xx HEP PH Operators do not put pump P-3 on line
652 SCUPHMPP-ZXXUTMPH  SCW PMP P-3xxX ut™ PR Unaveilability of pump P-3 due to test and maintenance (?
653 SCUPMPP-4XXFTRPH  SCW PHp P-4XX FIR PH Pump P-4 fails to run
654 SCUPMPP-4LXXNEPPH  SCW PP P-4XX HEP PH Operators inadvertently shut off pump P-4
655 SCUPMPP-SXXFTRPH  SCW PMP P-5SXX FIR PH Pump P-5 fails to run
656 SCWPMPP-SXXHEPPH  SCW PHP P-5X% HEP PH Operators inadvertently shut off puwp P-S
657 SCWPMPPI2SXFTRPH  SCW PMP P123X FIR PH Any of pumps P-1, P-2, and P-3 fail to run
658 SCWPHPPIZ3XFTSPH  SCW pup P123X FTS PH Any of pumps P-1, P-2, and P-3 fail to start (cosmon mode
659 SCWPMPPASBFFTRPH  SCW PMp P4SEF FTR PH 8eta factor for pumps P-4 and P-5 fail to run
660 SCUPMPPASXXFTRPH  SCW PHp P4LSXX FIR PH Any of pumps P-4 and P-5 fail to run
661 SCUSWMP-1XXOPFPH  SCW S\M P-1xx OPF PH Failure of manusl electric switch of pump P-1
662 SCUSWMP-2XXOPFPH  SCW SWM P-2xX OPF PH Failure of manual electric switch of Puwp P-2
663 SCUSWMP-3XXOPFPH  SCW SWM P-3xX OPF PH Faiture of menual electric switch of pump P-3
66k SCWUTNKFASOOHEPPH  SCW ™K FA309 HEP PH Operators fail to establish flow path from tank FA-309
665 SO3BRKG102AS0ZEQ  SD3 BRK G102A $02 EQ Running pump dc supply breaker fails open
666 SD3BRKG1028SO2EQ  SD3 B8RK G1028 $02 €0 Standby pump dc supply bresker fails open
647 SD3BRKRECTFSOZEQ  SD3 BRK RECTF S0Z EQ Rectifier breaker fails open
668 SO3CKVFRVLNFTOEQ  SD3 cxv FRVLN FT0 EQ Check valve on line to flow reversal valves fails to open
669 SD3CXVP100XFTOEQ  SD3 cxv P100X FT0 EQ Check valve P100 fails to open (3 min)
670 SD3CKVPYTXXILKEQ  SD3 cxv POTXIX  ILK  EQ Gross internal leakage through check valve P97
671 SD3CKVPYBXXFTOEQ  SD3 cxv P9BXX FTO £Q Check valve P98 fails to open (3 min)
672 SD3ICKVPOIXXILKEQ  SD3 cKv POIXX K EQ Gross internal {eakage through check valve P-99
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Table B.1 (continued)
BASIC EVENTS SUMMARY REPORT (Alphabetical Sort)

Family: HFBR-PRA

Generic
Event Basic Event Systea Comp. Component Fail. Component
Number  Designator Code Type 10 Mode Location Basic Event Description
673 SO3LOLOLEVLSATEQ SO3 LoL OLEVL SAT EQ Spurious actuation of Low-tow level during transient (3 min)
674 SO3MNVP100XHEPEQ SD3 v P100X HEP €Q Marual valve P100 left open
675 SDIMNVPIBXXNEPEQ SD3 MV POBXX . HEP £Q Marual valve P98 left closed
676 SO3PWPG102AFTREQ  SD3 PWP G102A FIR £Q Pump GA-102A fails to run (3 min)
&77 SO3PMPG102BFTSEQ O3 PHP 61028 FTS EQ Pump Ga-1028 fails to stert .
678 SD3PMPG102BUTMEQ  SO3 PHP Gtoz8 uTH €Q Starcby pump unavailsble due to msintenance
&79 SDIRLYG1028FTOEQ  SD3 RLY Gi028 f10 EQ Relay fails to close contacts on demand (stby pmp‘ switch)
680 SDIRTFGI02AFDOEQ  SD3 RTF G102A FOO EQ Rectifier fails during operation (same as battery charger)
681 SO3RTFGI02AUTMEQ  SD3 RYF G102A (] EQ - Rectifier unavailable due to maintenance
682 SD3ISUICONSLHEPCR  SD3 SWI CONSL HEP CR console switched to off
653 SD3SWIGI02ASOZEQ  SD3 SWi G102a S0z EQ RuMning pump EMCC disconnect switch fails open
684 SD3SWIGI028LO-EQ  SD3 SWi 61028 Lo- EQ Standby pump switch local disconnect (left) open
685 SO3SWINHAMDHEPCR  SD3 SWl NHAND HEP CR Operators do not put console switch in “HAND®
686 SDITFSGI02AFDOEQ  SD3 1FS G102A FOO EQ Rumning pump transfer switch fails during oper. (S0Z-relays)
687 SOSTFSG102AOPFEQ  SD3 TFS G102A OPF EQ Running pump transfer switch fails to transfer ]
688 SD3ITFSG1028FDOEQ  SD3 TFS G028 FDO £Q Standby pump transfer switch fails during oper. (SO0Z-relays)
. %89 SDCCBLDRMTRFOOEQ SOC Cc8L DRMTR FOO EQ sd cooler cell door motor bresker fails open
- 690 SOCCELDRMTIRFTSEQ SDC CEL DRMTR F1s EQ sd cooler cetll door motor fails to start
691 SOCMNV--POSFTCEQ  SOC MNV «-P95 FIC EQ sd pump valve p95 fails to close
692 SOCMNV--POSFTCEQ  SOC MNV --p96 FTC €Q sd pump valve p96 faiis to close
693 SOCMNV--POTFTCEQ  SOC MNV --P97 FTC EQ sd pump valve p97 fails to close
694 SDCMNV--POIFTCEQ  SDC MNV --p99 FTC -EQ sd pump vaive p99 fails to close
695 SDCMNV-BETAFTCEQ - SOC MNV -BETA FIC £Q beta factor for SD pump isclation valves ftc
696 SDCMNV-P101FTCEQ  SOC MNV -p101 FTC EQ Bypass Valve P101 Fail to Close
697 SDCMNV-PXXXFTCEQ SDC - MNV -PXXX FTC €0 random failure of one SD pump isolation valve
698 SDCSCMSYS--UTMW  SDC SCM SYS-- 034} w sdc scm test and maintenance unavailability
699 SOLBRXG102ASO2EQ  SDL BRK G102A 02 EQ Running pump DC supply breaker fails open
700 SDLBRKG1028SOZEQ  SOL BRK G1028 $0Z €Q Standby pump DC supply breaker fails open
701 SODLBRKRECTFSOZEQ SDL BRX RECTF soz . EQ Running pump rectifier breaker fails open
702 SOLCXVPOTXXILKEG  SDL [« 4] POTXX 1K EQ Gross internal leakage through check valve P97
703 SOLCKVPOOXXILKEQ  SOL cxv POMXX LK EQ Gross internal leakage through check valve P99
704 SOLLOLOLEVLSATEQ  SOL Lot OLEVL SAT EQ Spurious actuation of low-low level during transient
705 SOLPMPGI102AFTREQ  SOL PMP G102A FTR EQ Pump GA-102A fails to run
706 SOLPMPG102BFTREQ  SDL PMp G1028 FIR EQ Standby pump fails to run
707 SOLPMPGI02BFTSEQ  SOL PHp 61028 FT1S EQ Purp GA-1028 fails to start
708 SOLPMPG102BSBGEQ  SOL PMP 61028 S8G EQ Steam binding of standby pump
709 SOLPMPNOVNTMEPEQ  SOL PMP NOVNT HEP €aQ Pump casing not vented by the operators (gas binding)
710 SOLRLYG102BFTOEQ  SDL RLY 61028 f10 EQ Relay fails to close contact on demand (stby pump switch)
711 SOLRTFGI02AFDOEG  SDL RTF G1024 foo £Q Rectifier fails during operation
712 SDLSWICONSLMEPCR  SDL Swi CONSL_ HEP [=] conscle switched to off
713 SOLSWIG102AS02EQ  SOL SW1 G102A S0z EQ Running pump EMCC disconnect switch fails open
714 SOLSWIGI02BLO-EQ  SDL swi 61028 LO- EQ Standby pump local disconnect switch {eft open
i
3
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Family: HFBR-PRA

Generic
Event Basic Event System Comp. Component Fail. Component
Nunber Designator Code Type 10 Mode Location Basic Event Description
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715 SOLSWINHANDHEPCR  SOL Sl NHAND HEP CcR Operators do not put standby pump console switch fn “HAND®
716 SOLTFSGI02AFDOEQ  SOL TFS GI02A FDO EQ Rumning pusp transfer switch fails during operation
717 SOLTFSG102A0PFEQ  SOL TFS G102A OPF EQ Rumning pusp transfer switch fails to transfer

718 SDLTFSG102BFDOEQ  SOL TFS G1028  “FDO EQ Standby pump transfer switch fails
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Table B.2

HUMAN ERROR BASIC EVENTS SUMMARY REPORT

Family: HFBR-PRA

Generic
Event Basic Event System Comp. Component Fail. Component
Number Designator Code Type 10 Mode Location Basic Event Description
32 ACPCBHHFBRTHEPEQ ACP CBH HFBRT HEP ] Shift Doesn't Shut HFBR Bus #2 to Bus #1 Tie BKR
S6 ACPCBLRBSETHEPEQ ACP caL RBSET HEP EQ shift Doesn't Shut Exp. Bus to REBS Bus Tie BKR
75 ACPTFHXMFR2HEPFH  ACP TFH XMFR2 HEP FH Shift Doesn't Place #2 13.8/2.4 kv XMFR Online
82 ACPTFLXMFRIHEPEQ  ACP TFL XMFR3 WEP EQ shift Doesn't Place #3 2.4kv/480v XMFR Online
90° AIRCPSG301CHEPEQ  AIR (=] G301C HEP EQ GB301C Not Started by sShift
* 97 AIRCPSSTBYYHEPEQ AIR cPs £1{ 144 HEP EQ Operator Doesn't Place “STBY" Compressor to “RUN®
105 AIRNXZE302XHEPEQ AIR HXZ E302x HEP EQ Aftercooler Clogged
108 AIRMNVARTOTHEPEQ AIR MNV AR101 HEP €Q Operator Fails to Open Manual Valve AR101
112 AIRMNVARIO4HEPEQ  AIR MNYV AR104 HEP EQ Operator Fails to Open AR104
115 AIRMNVART4L-HEPEQ  AIR MNY AR14- HEP EQ Manual Valve AR14 Left Closed .
117 AIRMNVARTI4GAHEPEQ  AIR MNV AR1TGA HEP EQ Manual Valve AR14A Left Closed
123 AIRMNVAR17-HEPEQ AIR NNV AR17- HEP EQ Operator Fails to Open AR17
128 AIRMNVAR21-HEPEQ AIR NNV AR21- HEP €0 Operator Fails to Open AR21
132 AIRMNVAR24-HEPEQ AIR - MNV AR24- HEP EQ Operator Fails To Open AR24
133 AIRMNVARGSAHEPVWY AR MNV ARGSA HEP w Valve AR4Sa mispositioned
135 AIRMNVARASBHEPVWY  AIR MNV AR4S8 NEP w air MRV AR4SB mispositioned
-j 142 AIRMNVARBO-HEPEQ AIR MNV AR8Q- HEP EQ Operator Fails to Open ARBO
"7 1646 AIRMNVARB3-HEPEG  AIR MNV AR83- HEP EQ Operator Fails to Open ARS3
150 AIRMNVARS7-HEPEQ AIR MNV ARS7- HEP EQ Operator Fails to Open ARS7
152 AIRMOVLCLOPHEPVV  AIR MOV LcLop HEP w Operator Fails to Operated Manuatly
195 DCPCGROFLINHEPFH  DCP CGR OFLIN HEP FH Shift Doesn't Place Charger Online
201 DEPAOV3OOABHEPOP DEP AV 300A8 HEP oP OPERATOR FAIL TO OPEN ANY OF THE STEAM VENT VALVES
217 DEPMNVPI02XHEPOP  DEP MNV P102X HEP oP OPERATOR FAILS TO OPEN P-102 VALVE
227 DMWMNVDWZ9BHEPEQ DMW MNV Dw298 HEP EQ Operator Fails to Open DW298
234 DMUMNVDWLB-HEPEQ DMV MNV DW4S- HEP EQ Operator Fails to Open DW48
276 WWD-CLRANEPFTSVW  HWD -CL RAHEP F1S w Operator fails to Align for Oraining Cooler A
277 HWD-CLRBHEPFTSVWW  HWOD -CL RBHEP F1S w Operator fails to Align for Oraining Cooler B
287 HUTALIGN---HEPW  HWT ALl GN--- HEP w Operator Faiis to Align in time (subseq injectn @ 1.5 hrs)
" 288 HUTALIGHIHRHEPWY  HWT ALI GN3HR HEP w Operator Fails to Align in 3 Hours(subseq injectn @ 1.5 hrs)
297 HUTLTMPOHESHEPVV  HWT L™ QOHES HEP w oper fails to trans D20 w/helium in 90 min from fa101
298 HWUTLTMOOPMPHEPVY  HWT LM 90PMP HEP w oper fails to trans D20 w/ pumps in 90 min from fa101
299 RUTMNV--CDIHEPEQ  HWT NV --CD3 HEP EQ Valve CD3 Open
300 HWTMNV--CD4HEPEQ  HWT NNV --CD4 HEP EQ Vatve CD4 Open
301 HUTMNV-DA7-HEPEQ  HWT MmNV -0A7- HEP EQ HYT DA7 valve Left Open
303 HUTMNV-PO2-HEPOP  HWT NV -p02- HEP opP Operator fails to Close PO2
306 HUTMNV-PI22HEPEQ  HWT MNV -p122 HEP €Q operator fails to close valve p122
317 HWUTMNV-PS3-HEPEQ  HWT MNV -pP53- HEP EQ Valve P53 Left Open
319 HUTMNV-PS4-HEPEQ HWT MNV -PS4- HEP EQ Valve P54 Left Open
320 HWTMNV-PSS-HEPEQ  HWT MNV -pP55- HEP EQ Valve PS5 Left Open
322 HUTMNV-PS&-HEPEQ HWT MNV -p56- HEP EQ Valve P56 Left Open
324 HUTMNV-PS7-HEPEQ  WWT MNV- -P57- " HEP £Q Valve P57 Left Open
460 PUSSLWM-HEP-ALNVV P\WS LW -HEP- ALK w failure to align pws correctly
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HUMAN ERROR BASIC EVENTS SUMMARY REPORT

Family: HFBR-PRA

Generic

Event 8asic Event System Comp. Component Fail. Component

Number Designator Code Type 10 Mode Location Basic Event Description
461 PUSMNV-PII0HEPOP PWS MRV -P110 HEP oP vaive p110 is not closed by the operator(incl in top hep)
465 PUSMNV-PI3LHEPW  PUS MNV -P134 HEP w operator fails to correct diversion
470 PUSMNV-TU27THEPOP  PWS NNV -T\27 HEP op valve tw27 (tank vent) inadvertantly left open
&75 PWSSYS--HEPFTSW  PUS SYS ~<~HEP F1s w operator reluctance to initiate pus
476 PUSSYS-HEP-ALNW  PWS SYS ~HEP- ALN w faiture to atign the pus correctly
477 PWSSYS-HEP-USHW  PWS sYS ~HEP-  WSH w pw washout post loca (operator fails to control level)
487 REFELMTIMPRNEPVWY  REF ELM TIMPR HEP w element is improperly hooked
488 REFELMTLOOSHEPVY  REF ELN TLOOS NEP w stuck element can not be knocked |oosed
490 REFELMTRENDHEPVV  REF ELM TREND HEP w can't return the element to canal/vessel(no mech failure)
492 REFFANFHBNSHEPW  REF FAN FHBNS HEP w fuel handeling blower (FKB) not started (per refueling/14)
499 REFHOKOPENXHEPW  REF HOK OPENX HEP w inadvertant opening of the hook pickup head
501 REFINBONNETHEPVV  REF INB ONNET HEP w element not fully raised in to bonnet(therefore not cooled)
504 REFMNVNOTOPHEPVV  REF MNV NOTOP HEP w air butterfly valve not opened by operator(per refueling/14
510 REFSLDJMMEDHEPVYV  REF SLD JMMED MEP w element not raised enough then slide jammed .
513 REFWLMTREWDHEPVV  REF WLM TREWD HEP w can't return element to canal/vessel(mech. failures present

515 S3LMNVP10OXHEPEQ  S3L MNV P100X HEP €Q Menual valve P100 left closed

( " 519 SCMSYS-HEPFTSW SCM SYS -HEPF TSV v Operator fails to align for steam condensing
;553 SCWAOVHEP12BFTEQ SCW AoV HEP12 BFT £Q Dependency factor for operator inadver. close WR-1 and WR-2

555 SCUWAOVWR-12KEPEQ  SCW AoV WR-12 HEP EQ Any of WR-1 or WR-2 inadvertently closed by operators
557 SCUAOVWR-1XHEPEQ  SCW AOV WR-1X HEP EQ Air operated valve WR-1 inadvertently closed by operators
559 SCWAOVWR-2XHEPEQ  SCW AoV WR-2X NEP EQ AOV WR-2 inadvertently closed by operators
561 SCWAOVWR-3XHEPEQ  SCW AoV WR-3X HEP ] AQV WR-3 inadvertently closed by operators
585 SCWFLSNOACTHEPCT  SCW FLS NOACT HEP cT’ Operators do not take action to unciog flume screens
586 SCWFLSP-4SXHEPCT  SCW FLS P-45X HEP [4) Operators inadvertently shutdown any of P-4 or P-5 pumps
598 SCUMNVDIXXXHEPPK  SCW MNV D1XXX HEP PH Operators do not close valve 01
600 SCWMNVD2XXXHEPPH  SCW MNV 02xXX HEP PH Operators do not close valve D2
602 SCWMNVD3XXXHEPPH  SCW MNV D3XXX HEP PH Operators do not close valve D3
604 SCWMNVDW- IXHEPEQ  SCW MNV bu-1X HEP EQ Operators do not open valve DW-1
606 SCWMNVMV-2SHEPPH  SCW MNV Mv-25 HEP PH Operators do not close vatve 25
608 SCWMNVW1418HEPEQ  SCW “MNV w1418 HEP EQ Operators fai!l to establish return flow path (EA-103)
609 SCUMNVWTOFOHEPXX  SCW MNV W19F0 HEP XX Operators do not open valve 19
610 SCUMNVUB- 19HEPEQ  SCW MNV ws-19 HEP EQ Operators fail to establish return flow path (EA-101A)
611 SCWUMNVWO-20HEPEQ  SCW MNV w9-20 HEP £Q Operators fail to establish return flow path (EA-101B)
613 SCUMNVWR- 14HEPEQ  SCW MNV WR-14 HEP EQ Operators do not open WR-14
614 SCUMNVWR- 1SHEPEQ  SCW MmNV WR-15 HEP EC Operators do not open WR-15
616 SCWMNVUR- 18HEPEQ  SCW MNV WR-18 HEP EQ Operstors do not open valve WR-18
623 SCUMNVUS-20HEPPH  SCW MNV ws-20 HEP PH Operators do not close valve WS-20
626 SCWMOVHEP12BFTEQ  SCW MOV HEP12 BFT EQ gBeta factor for operators inadvert. closing both WS-1 &
626 SCWMOWWS-12HEPEQ  SCW MOV us-12 HEP EQ Operators inadvertently close any of WS-1 or Ws-2
628 SCWMOVUS-IXHEPEQ  SCW MOV WS-1X HEP EC Operator inadvertently closes WS-1
630 SCWMOVWS-2XHEPEQ  SCW MOV~ WS-2X  HEP EQ Operator inadvertently closes WS-2
633 SCWMOVWS-3XNEPEQ  SCW MOV ws-3x HEP EQ Operators inadvertently closes wWS-3




Table B.2 (Continued)

WUMAN ERROR BASIC EVENTS SUMMARY REPORY
Family: HFBR-PRA

Generic

Event Basic Event System Comp. Component Fail. Component
Designator Code ype 10 Mode Location Basic Event Description

636 SCWMOVWS3FCHEPEQ
639 SCUPMPHEPXXBFTPH
640 SCWPHPP- 123HEPPH
643 SCWPMPP+ 1XXHEPPH
647 SCWPHPP-2XXHEPPH
651 SCUPMPP-3XXHEPPH
654 SCWPMPP-4XO(HEPPH
656 SCWPMPP-SXXNEPPH
664 SCWTNKFASO9HEPPH
674 SD3MNVP10OXHEPEQ
675 SD3MNVPIBXXHEPEQ
682 SD3SWICONSLHEPCR
685 SD3SWINHANDHEPCR
709 SOLPMPNOVNTHEPEQ
712 SDLSWICONSLHEPCR
715 SOLSWINHANOHEPCR

WS3FC HEP EQ Operators fail to close WS-3
HEPXX BFT PH Beta factor for operators to fail to put all three pumps oni
P-123 HEP PH Beta factor for all three discharge valves left ctosed
P-1XX  NEP PH Operators do not put pump P-1 on Line
P-2X HEP ] Operators do not put pump P-2 on tine
P-3xx HEP PH Operators do not put pump P-3 on line
P=-4XX HEP PR Operators inadvertently shut off pump P-4
P-5Xx HEP PH Operators inadvertently shut off pump P-5
FA309 HEP PK Operators fail to establish flow path from tank FA-309
P100X HEP EQ Manual valive P100 Left open N
POBXX HEP EQ Manual vatve P98 teft closed
CONSL HEP CR console switched to off
NHAKD  HEP =] Operators do not put console switch in "MAND®
EQ
cR
CR

§33¥338

-t
=
x

NOVNT HEP Pump casing not vented by the operators (gas binding)
HEP console switched to off
NHAND HEP Operators do not put standby pump console switch in “HAND®

geegnRBoggaeagasgg

fEFecEE




Appendix B.3
Internal PRA Basic Events Affected by Tornade Induced Failures and the Fault Trees
(Systems) Where They Appear
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Table B.3

Trees (Systems) Where They Appear

SYSTEM NAME

DCBKR28, DCBKR283
DCBKR28, DCBKR283
DCBKR28, DCBKR283
DCBKR28, DCBKR283
DCPUMPHS
DCPUMPHS
DCPUMPHS

DCSDP3, DCSDPL, DCNONSDP
DCSDP3, DCSDPL, DCNONSDP

DEPRESS
LOPEMCC

EVENT-SYSTEM LOGIC REFERENCE REPORT

FAMILY:

LOPEMCC, SC-TRNOS, CMPSDAIR, PW3 .

OFLINCGR
P300A
P300A
P300A
P3008
P3008
P3008
PCHAS
PCWB3
PU1
PW1
PW1
Pyt
PW2
PW2
PW2
Pl
PW4
PU4
Pié4

SC-TRNO1, SC-TRNO2, SC-TRNO3, SC-TRNO4, SC-TRNOS
SC-TRNO2, SP-TRNO2, SP-TRNOS

SCM5
SCM5
SCM5
SCM5
SCM5
SCM3MUP
SCM3NUP
SCMBMUP
SCMBMUP
SP-TRNO1
SP-TRNO4

* Value changed.

HFBR-TOR

BASIC EVENT

DCPCBHBAT1BSOZFH
DCPCBHBAT2BSOZFH
DCPBTRBATT 1FDOFH
DCPBTRBATT2FOOFH
DCPCBHBKR25S0ZFH
DCPCBHFEED-SOZPH
DCPCBHSPPLYSOZPH
DCPCBHBKR 1BSOZFH
DCPCBHBKR2BSOZFH
DEPMNVP102XFTOOP

DMWLOSS*

DCPCBHBKR2CFTCFH
DEPMNV300AXSCZOP
DEPACC300AXILKOP
DEPMNV300A1SCZOP
DEPMNV300B1SCZOP
DEPACC300BXILKOP
DEPMNV300BKSCZOP
PC3AOVHCO1ASCZVV
PC3AOVHCO1BSCZVWV
PW1AOVHC102FTOOP
HESMNV-HE29F TOOP
HESMNV- HE28FTOOP
HESMNV-HE27FTOOP
PWSMNVP111-FTOOP
PWSMNV-P112FTOOP
PWSMNV-TW28FTOOP
PUSMNV-TW24FTOOP
PWSMNV-TW25FTOOP
PWSMNV-TW27FTOOP
PHSMNV-TW21FTOOP
SCHAOVWR - 3XSCZEQ
SCWCKVWS-20FTOPH
HESMNV-HESAFTOOP
HWTMNV-PO1- FTOOP
HWTHMNV-PO3- FTOOP
OFGMNV--P17FTCOP
HWTCKVINJCTFTOOP
HWTMNV-PO1-FTOOP
HWTMNV-P57-FTOOP
HUTMNV-P8T7- FTOOP
HWTMNV-P88- FTOOP
SCWAOVUR - 1XSCZEQ
SCWAOVWR - 2XSCZEQ

** New stand-alone event.

-B.3-3-

Internal PRA Basic Events Affected by Tornado Induced Failures and the Fault

TORNADO
BASIC EVENT

TOR-S60-FMIS
TOR-S60-FMIS
TOR-S09-FMIS
TOR-S09-FMIS
TOR-S59-FKHIS
TOR-S59-FMIS
TOR-S59-FRIS
TOR-$61-FMIS
TOR-S61-FMIS
TOR-S30-P102
TOR-PROP-HSIV**

TOR-S61-FMIS
TOR-S30-300A-1X
TOR-S02- FMIS
TOR-S30-300A-1X
TOR-S30-3008- IX
TOR-S02-FMIS
TOR-530-300B-IX
TOR-S05-FMIS
TOR-S05-FMIS
TOR-S06-FMIS
TOR-S30-HE2789
TOR-S30-HE2789
TOR-S$30-HE2789
TOR-S30-P1112728
TOR-$30-P1112728
TOR-530-P1112728
TOR-S$30- TW21457
TOR-530-TW21457
TOR-S30-TW21457
TOR-S30-TW21457
TOR-SO7-FMIS
TOR-S21-FMIS
TOR-S30-H5A1317C
TOR-$30-H5A1317C
TOR-S30-H5A1317C
TOR-$30-H5A1317C
TOR-$30-H5A1317C
TOR-$30-P1578788
TOR-S30-P1578788
TOR-S30-P1578788
TOR-$30-P1578788
TOR-SQ7-FMIS
TOR-SO7-FMIS

file: torevnt.wq2
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Appendix B.4
Internal PRA Human Errors that are Affected by a Tornado Event and the Fault Trees
(Systems) Where They Appear
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Table B.4

EVENT-SYSTEM LOGIC REFERENCE REPORT

SYSTEM NAME

......................................................................................

AIRG10
AIRG11
AIRG14
AIRGIC

AIRG1C, AIRG1AB

AIRG3S
AIRGS
AIRG7
AIRG7
AIRGS
AIRGY
DEPRESS
DEPRESS
PW

PW3
$3-ToP
SC-TRNOT,
SC-TRNO1,
SC-TRNOZ,
SC-TRNO3,
SC-TRNO3,
SC-TRNO3,
SC-TRNO3,
SC-TRNO3,
SC-TRNO4,
SC-TRNO4
SC-TRNO4,
SC-TRNO4,
SC-TRNO&,
SC-TRNOS
SCM7
SCMBMUP
SCMBMUP
SCHONUP
SCNOMUP
SCMOMU
SCHNSD

SC-TRNO2, SC-TRNO3

SC-TRNO2, SC-TRNO3, SC-TRNO4, SC-TRNOS

SC-TRNO3

SP-TRNO3, SP-TRNOG
SP-TRNO3, SP-TRNOG6
SP-TRNO3, SP-TRNOS
SP-TRNO3, SP-TRNOS
SP-TRNO3, SP-TRNOG
SC-TRNOS

SC-TRNOS
SC-TRNOS
SC-TRNOS

SL-TOP, SL-TRNG6, SLS-TOP
SL-TOP, SL-TRNOS, SLS-TOP

SP-TRNO1
SP-TRNO1,
SP-TRNO2,
SP-TRNOA
SP-TRNO4,
SP-TRNOS,
SP-TRNOS
SP-TRN11
SP-TRN12

SP-TRNO2, SP-TRNO3
SP-TRNO3

SP-TRNOS, SP-TRNOS
SP-TRNOS

FAMILY:

KFBR-TOR

BASIC EVENT

AIRMNVAR104HEPEQ
AIRMNVAR101HEPEQ
AIRCPSSTBYYHEPEQ
DMWMNVDW29BHEPEQ
DMWMNVDW4B-HEPEQ
AIRMNVAR21-HEPEQ
AIRMNVAR17-HEPEQ
AIRMNVARS3-HEPEQ
AIRMNVARS0-HEPEQ
AIRMNVARS7-HEPEQ
AIRMNVAR24-HEPEQ
DEPAOV300ABHEPOP
DEPMNVP102XHEPOP
PWSSYS-HEP-ALNVV
PWSLWM-HEP-ALNVV
SD3SWINHANDHEPCR
SCWMOVWS - 3XHEPEQ
SCWAOVIWR - 3XHEPEQ
SCWMNVW1418HEPEQ
SCWMNVD3XXXHEPPH
SCWTNKFASO9HEPPH
SCWMNVUS - 20HEPPH
SCWMNVD 1XXXHEPPH
SCWMNVD2XXXHEPPH
SCWMNVWR - 15HEPEQ
SCWMNVW19FOREPXX
SCWMNVUR - 18HEPEQ
SCWMOVWS3FCHEPEQ
SCWMNVWR - 14HEPEQ
SCWMNVDW- 1XHEPEQ
AIRMOVLCLOPHEPVV
HWD-CLRAHEPFTSVV
HWD-CLRBHEPFTSVV
HWTLTMOOPMPHEPVV
HWTLTMOOHESHEPVV
HWTALIGN---HEPVY
SCMSYS-HEPFTSW

SOLPMPNOVNTREPEQ
SDLSWINHANDHEPCR
SCWAOVWR - 1XHEPEQ
SCWMOVWS - 1XHEPEQ
SCWMNVWB- 19HEPEQ
SCWAQOVWR - 2XHEPEQ
SCWMOVWS - 2XHEPEQ
SCWMNVW9 - 20HEPEQ
SCWMNVMV- 25 HEPPH
SCWMOVWS - 12HEPEQ
SCWAOVMWR - 12HEPEQ

-B4-3-

TORNADO
BASIC EVENT

TOR-HEP-AIRG112
TOR-HEP-AIRG112
TOR-HEP-AIRG14
TOR-HEP-AIRG1C29
TOR-HEP-AIRG1CAS
TOR-HEP-AIRG3
TOR-HEP-AIRG6
TOR-HEP-AIRG7-83
TOR-HEP-AIRG7-80
TOR-HEP-AIRG8
TOR-HEP-AIRGY
TOR-HEP-DEP-300
TOR-HEP-DEP-102
TOR-HEP-PW1
TOR-HEP-PW3-ALN
TOR-HEP-S3TOP
TOR-HEP-SSSM3X
TOR-HEP-SSSA3X
TOR-HEP-SS1418
TOR-HEP-SSS3X
TOR-HEP-SSSTNK
TOR-HEP-SSSMOV20
TOR-HEP-SSS1X
TOR-HEP-$SS2X
TOR-HEP-§5141518
TOR-HEP-SC4MNV19
TOR-HEP-$5141518
TOR-HEP-SS45MOV3
TOR-HEP-551418
TOR-HEP-SC5MNV1
TOR-HEP-SCM7

TOR - HEP-SCM8MUP
TOR - HEP-SCM8MUP
TOR-HEP-SCMOMPU
TOR-HEP-SCMPMHES
TOR-HEP-SCMDMU
TOR-HEP-SSS
TOR-HEP-SSSSOPMP
TOR-HEP-SSSSDCR
TOR-HEP-SP1-1X
TOR-HEP-SPUS1X
TOR-HEP-SP23M19
TOR-HEP-SP4-2X
TOR - HEP-SPM2X
TOR-HEP-SP56M20
TOR- HEP-SP&MN25
TOR-HEP-SP11M12
TOR-HEP-SPTRN12
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Appendix B.S
Definitions and Probabilities for Tornado Induced Hardware Failures
and Human Errors
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Table B.5
BASIC EVENTS PROBABILITY REPORT

Family: HFBR-TOR Case: ALTERNATE
Calculation Mean
Primary Name Type Probability Lamda * Tau*
TOR-HEP-AIRG112 1 9.000E-002 +0.000E+000 +0.000E+000
Op. Fails to Open Manual Valve AR 104 Due to Tornado
TOR-HEP-AIRG14 1 9.000E-002 +0.000E+000 +0.000E+000
Op. Does Not Place "Stby" Compressor to "Run” Due to Tornado
TOR-HEP-AIRG1C29 1 9.000E-002 +0.000E+000 +0.000E+000
Op. Fails to Open DW29B Due to Tormado
4 TOR-HEP-AIRGICAB 1 9.000E-002 +0.000E+000 +0.000E+000
Op. Fails to Open Manual Valve DW48 Due to Tornado
5 TOR-HEP-AIRG3 1 9.000E-002 +0.000E+000 +0.000E+000
Op. Fails to Open Manual Valve AR21 Due to Tornado
6 . TOR-HEP-AIRG6 1 9.000E-002 +0.000E+000 +0.000E+000
Op. Fails to Open Manual Valve AR17 Due to Tornado
7 TOR-HEP-AIRG7-80 1 9.000E-002 +0.000E+000 +0.000E+000
Op. Fails to Open Manual Valve AR80 Due to Tornado
8 TOR-HEP-AIRG7-83 1 9.000E-002 +0.000E+000 +0.000E+000
Op. Fails to Open Manual Valve AR83 Due to Tornado
9 TOR-HEP-AIRGS 1 9.000E-002 +0.000E+000 +0.000E+000
Op. Fails to Open Manual Valve AR87 Due to Tornado
10 TOR-HEP-AIRGY 1 9.000E-002 +0.000E+000 +0.000E+000
Op. Fails to Open Manual Valve AR24 Due to Tornado
11 TOR-HEP-DEP-102 1 1.560E-001 +0.000E+000 +0,000E+000
Op. Fails to Open PV 102 Due to Tornado
12 TOR-HEP-DEP-300 1 1.560E-001 +0.000E+000 +0.000E+000
Op. Fails to Open Any of the Sys. Vent. Valves Due to Tornad
13 TOR-HEP-PW1 1 9.000E-002 +0.000E+000 +0.000E+000
Failure to Align Systems Correctly Due to Tornado
14 TOR-HEP-PW3-ALN 1 9.000E-002 +0.000E+000 +0.000E+000
Failure to Align System Correctly Due to Tornado
15 TOR-HEP-S3TOP 1 1.560E-001 +0.000E+000 +0.000E+000
Ops. Do Not Put Console Switch to "Hand" Due to Tornado
16 TOR-HEP-SC4MNV19 1 5.000E-004 +0.000E+000 +0.000E+000
Ops. Do Not Open VS19 Due to Tornado
17 TOR-HEP-SC5MNV1 1 5.000E-004 +0.000E+000 +0.000E+000
Ops. Do Not Open Valve DW-1 Due to Tornado
18 TOR-HEP-SCM7 1 5.000E-004 +0.000E+000 +0.000E+000
Op. Fails to Operate Manually Due to Tornado
19 TOR-HEP - SCM8MUP 1 5.000E-004 +0.000E+000 +0.000E+000
Op. Fails to Align for Draining Cooler (A/B) Due to Tormado
20 TOR-HEP-SCMIMHES 1 9.000E-002 +0.000E+000 +0.000E+000
Op. Fails to Transfer D20 w/Hel in 90 Min Due to Tornado
21 TOR-HEP-SCMIMPU 1 9.000E-002 +0.000E+000 +0.000E+000
Op. Fails to Transfer D20 w/Pumps in 90 Min Due to Tornado
22 TOR -HEP - SCMDMU 1 9.000E-002 +0.000E+000 +0.000E+000
Op. Fails to Align in Time (Subs Inj to 1.5 Hrs) Due to Torn
23 TOR-HEP-SP1-1X 1 5.000E-004 +0.000E+000 +0.000E+000
Air Op. Valve WR-1 Inadvert Closed by Op. Due to Tor Stress
24 TOR-HEP-SP11M12 1 5.000E-004 +0.000E+000 +0.000E+000

Op. Inadv Closes Suction Vlv WS-1 or WS-2 Due to Tor Stress
* Standard failure rate parameters used in the IRRAS code but not applicable

in the present table.
1994 /04 /28 15:32:22 page 1
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Event
Number

1994/04 /28

BASIC EVENTS PROBABILITY REPORT

Family: HFBR-TOR

Case: ALTERNATE

Mean
Probability

Calculation
Primary Name

TOR-HEP-SP23M19 9.000E-002 +0.000E+000
Ops. Fail to Establish Flow Return Path EA-101A
TOR-HEP-SP4-2X 1 5.000E-004 +0.000E+000
Op. Inadvert. Closed WR-2 (Air Op. Valve) Due to
TOR-HEP-SP56M20 1 9.000E-002 +0.000E+000
Op. Fails to Establish Return Flowpath (EA-101B)
TOR-HEP-SPEMN25 1 9.000E-002 +0.000E+000
Ops. Do Not Close Valve 25 Due to Tornado
TOR-HEP-SPM2X 1 5.000E-004 +0.000E+000
Ops. Inadvert. Close WS-2 Due to Tornado Stress
TOR-HEP-SPTRN12 1 5.000E-004 +0.000E+000
Op. Inadvert Closes Return Vlv WR-1 or WR-2 Due
TOR-HEP-SPWS1X 1 5.000E-004 +0.000E+000
Ops. Inadvert Close WS-1 Due to Tornado Stress
TOR-HEP-SS141518 1 5.000E-004 +0.000E+000
Ops. Do Not Open MNV WR-14/WR-15/ WR-18 Tornado
TOR-HEP-S5S51418 1 9.000E-002 +0.000E+000

+0.000E+000
Due to Torn

+0.000E+000
Tor Stress

+0.000E+000
Due to Torn
+0.000E+C00

+0.000E+000
+0.000E+000
to Tor Stres
+0.000E+000
+0.000E+000

+0.000E+000

Ops. Fail to Establish Return Flow Path EA-103 Due to

TOR-HEP-SS45M0V3 1 5.000E-004 +0.000E+000
Ops. Fail to Close WS-3 Due to Tornado
TOR-HEP-SSS 1 9.000E-002 +0.000E+000

Op. Fails to Align for Steam Condensing Mode Due
TOR-HEP-S5SS51X 1 9.000E-002 +0.000E+000
Ops. Do Not Close Manual Valve D1 Due to Tornado
TOR-HEP-SSS2X 1 9.000E-002 +0.000E+000
Ops. Do Not Close Manual Valve D2 Due to Tornado
TOR-HEP-SSS3X 1 9.000E-002 +0.000E+000
Ops. Do Not Close Manual Valve D3 Due to Tornado
TOR-HEP-SSSA3X 1 5.000E-004 +0.000E+000
Ops. Inadvert. Close WR-3 Due to Tornado Stress
TOR-HEP-SSSM3X 1 5.000E-004 +0.000E+000
Ops. Inadvert. Close WS-3 Due to Tornado Stress
TOR-HEP-SSSMOV20 1 9.000E-002 +0.000E+000
Op. Fails to Close WS-20 Due to Tornado
TOR-HEP-SSSSDCR 1 1.560E-001 +0.000E+000
Ops. Do Not Put Stby Pump Cons. Switch to "Hand"
TOR-HEP-SSSSDPMP 1 9.000E-002 +0.000E+000
Pump Casing Not Vented by Ops. (Gas Binding) Due
TOR-HEP-SSSTNK 1 9.000E-002 +0.000E+000
Ops Fail to Establish Path from Tank FA-309 Due
TOR-PROP-MSIV 1 5.000E-003 +0.000E+000
Loss of propane during 24 hours due to tornado
TOR-S02-FMIS 1 1.560E-001 +0.000E+000
AIR CYCLINDER FAILURE DUE TO TORNADO
TOR-S05-FMIS 1 1.560E-001 +0.000E+000
FAILURE OF PRIMARY CONTROL VALVE DUE TO TORNADO
TOR-S06-FMIS 1 4.,030E-001 +0.000E+000
Auto depressurization valve HC102 fails to open

15:32:22 pa

+0.000E+000

+0.000E+C0Q0
to Tornado
+0.000E+000

+0.000E+000

+0.000E+000

+0.000E+000

+0.000E+0C0

+0,000E+000

+0.000E+000
Due to Torn
+0.000E+000
to Tornado
+0.000E+000
to Tornado
+0.000E+000

+0.000E+000

+0.000E+000

+0.000E+000
due to torna

ge




52
53
54
55
56
57
58
59
60

61

62

BASIC EVENTS PROBABILITY REPORT

Family: HFBR-TOR Case: ALTERNATE
Calculation Mean .
r Primary Name Type Probability Lamda™ Tau*

TOR-S07-FMIS 1 1.560E-001 +0.0C0E+000 +0.000E+000
Failure of return valve due to tornado

TOR-S09-FMIS 1 6.900E-002 +0.000E+000 +0.000E+000
Fanhouse battery failure due to tornado

TOR-S21-FMIS 1 1.560E-001 +0.000E+000 +0.000E+000
WS-20 valve clogs due to tornado debris

TOR-S30-300A-1IX 1 4,030E-001 +0.000E+000 +0.000E+000
AIR SUPPLY REG. VALVE 300AX OR ISO. VALVE 300AI FAIL DUE TO

TOR-S30-300B-IX 1 4.030E-001 +0.000E+000 +0.000E+000
AIR SUPPLY REG. VALVE 300BX OR ISO. VALVE 300BI FAIL DUE TO

TOR-S30-H5A1317C 1 4.030E-001 +0.000E+000 +0.000E+000
Failure of MNVs HeS5A, P1, P3, P17 and CKVINJ due to tornado

TOR-S30-HE2789 1 4.030E-001 +0.000E+000 +0.000E+000
Failure of valves HE 27, 28, 29 due to tornado

TOR-S30-P102 1 4.030E-001 +0.000E+000 +0.000E+000
VALVE P102 FAILS DUE TO TORNADO

TOR-S30-P1112T28 1 4,.030E-001 +0.000E+000 +0.000E+000
Failures of injection line wvalves, P111, P112, TW 28 due to

TOR-S30-P1578788 1 4.030E-001 +0.000E+000 +0.000E+000
Failure of MNVs P1, P51, P87, P88 and CKVINJ due to tornado

TOR-S30-TW21457 1 4_030E-001 +0.000E+000 +0.000E+000
Failure of valves TW 21, 24, 25, 27 due to tornado

TOR-S59-FMIS 1 6.400E-002 +0.000E+000 +0.000E+000
Pumphouse DC dist. panel failure due to tornado

TOR-S60-FMIS 1 6.900E-002 +0.000E+000 +0.000E+000
Fanhouse battery breaker failure due to tornado

TOR-S61-FMIS 1 6.900E-002 +0.000E+000 +0.000E+000
Loss of DC control due to tornado

1994,/04/28 15:32:22 page 3
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APPENDIX C

System Fault Trees Modified for Tornado Initiator®

Reactor Scram and Setback Systems

Primary Cooling Water System

Shutdown Cooling Water System Modified for Tornado Initiator
Secondary Cooling Water System Modified for Tornado Initiator
Flow Reversal Valves

Depressurization System Modified for Tornado Initiator

Steam Condensing and D,0 Makeup System Maodified for Tornado Initiator

Poison Water System Modified for Tornado Initiator
AC Power System Modified for Tornado Initiator
DC Power System Modified for Tornado Initiator

Compressed Air System Modified for Tornado Initiator

System fault trees C.1, C.2, and C.5 are given here for a complete presentation of the
tornado model.




Appendix C.1 Reactor Scram and Setback Systems
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Appendix C.2 Primary Cooling Water System
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Appendix C.3
Shutdown Cooling Water System Modified for Tornado Initiator
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Appendix C4
Secondary Cooling Water System Modified for Tornado Initiator
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Appendix C.5 Flow Reversal Valves
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Appendix C.6
Depressurization System Modified for Tornado Initiator
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Appendix C.7
Steam Condensing and D,0 Makeup System Modified for Tornado Initiator
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Appendix C.8
Poison Water System Modified for Tornado Initiator
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Appendix C.9
AC Power System Modified for Tornado Initiator
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Appendix C.10
DC Power System Modified for Tornado Initiator
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Appendix C.11
Compressed Air System Modified for Tornado Initiator
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APPENDIX D
Logic of the Tornado Induced LOOP24 Event Tree
D.1 Explanation of Top Events (Failure of Indicated Systems) for the Logic of the
Tornado Induced LOOP24 Event Tree

D.2 Logic of the Tornado Induced LOOP24 Event Tree







APPENDIX D.1
Explanation of Top Events (Failure of Indicated System) for the Logic of the Tornado
Induced LOOP24 Event Tree
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Table D.1 Explanation of Top Events (Failure of Indicated Systems)

for the Logic of the
Tornado Induced LOOP24 Event Tree

SCRLP: Scram or setback system

SHT1PCW: Primary cooling water, first 3 min

S3-TOP: Shutdown cooling, first 3 min

SL-TOP Shutdown cooling, long term

SPNFA, SPNFB: | Secondary cooling through primary cooler A or B, steam
condensing mode

SC-TOP2: Secondary cooling through the shutdown cooler

FR-TOP: Flow reversal valves

DEPRESS: Depressurization system

SCMDMU: Heavy water makeup

SCMSD: Steam condensing, shutdown cooler

PW1: Poison water system
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Appendix D.2
Logic of the Tornado Induced LOOP24 Event Tree
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Sequence Name | System | System { System {

*eescReersercses camcesscaacse seea cessssavavsocnne

Event Tree Name: LOOP24

3 | 7SCRLP | 7sHTiPCU | 7sL-TOP |
) " | /SPNFA | /75PNFB | sc-Top2 |
’ | 7¥R-TOP | /OEPRESS | /scuomu i
I Pt | | |
5 | 7scRrLp | 7sHTIPCU | 7sL-TOP |
| 7SPNFA | /sPNFB | sc-Tor2 |
| 7¢r-TOP | /OEPRESS | scromu |
| Pl | I |
7 | sscrLp | 7sHT1PCUH } /sL-ToP }
| 7SPNFA | /7sPNFB | sc-toP2 ]
| 7er-TOP | DEPRESS | Pt |
] | sscrLp | /ssuTiPCU 4 7sL-T0P |
| /sPNFA | ssPuFs | sc-TopP2 |
| FR-TOP | } | °
1 | 7ScRLP | 7suT1PCUY | /sL-T0P ]
| 75PNFA | SPNFB | sc-top2 |
| 7¢R-TOP {.-7OEPRESS | 7scromy | .
| P | | |
13 | 7scrLp | 7sKT1PCU | /7sL-TOP |
{ 7SPNFA | spxfB | sc-rop2 |
| 7Fr-TOP .| /OEPRESS | scuomu ]
{ | P1 | | 1
X5 | 7sCRLP | 7sHTiPCU | ssL-ToP |
| /SPRFA | sPNFB | sc-Top2 |
| 7FR-TOP | DEPRESS | Pt |
16 | /7scrLp | 7sHTiPCW | 7sL-TOP |
| /SPNFA | sPNFB | sc-top2 |
| FR-TOP | . I
19 | /SCRLP T | ssHTiPCM | sst-ToP | -
| SPNFA | 7sPxF8 | sc-top2 ]
| 7FR-TOP - | /OEPRESS | 7scMomu |
| put I | |
21 . | £SCRLP | 7sHTIPCU | 7sL-ToP |
| SPNFA | /spufs | sc-top2 ]
| 7¢FR-TOP " | sDEPRESS | scMomy |
| Pt J | I
23 | 7scrLP | ssHTiPCW | 7sL-Top |
| SPNFA | /SPNFB | sc-Top2 |
} 7FR-TOP | DEPRESS | PN I
2 | sscrLp | /SHTIPCU | ssi-Top i
| SPNFA | ssPNFB | sc-tap2 i
| Fr-TOP | | ]
r1s | sscaLp | ssHTIPCM | /ssL-ToOP {
| SPNFA | ‘sPNFB | sc-top2 |
| 7FR-TOP | /OEPRESS | put ]
-D.2-3-




29 ) | /SCRLP | /suriecu | 7sL-ToP I

| sPNFA | spwrFB | sc-ToP2 I
| 7FR-TOP | DEPRESS | Put |
C

2 | /SCRLP | /sHTiPCY | ssL-Top |
| SPNFA | spnrFB | sc-tor2 o
| FR-TOP | | |

3 | 7SCRLP | /7sHTiPCMY | sL-ToP |
| 7SPNFA | /sPNFB | /sc-ToP2 |
| 7FR-TOP | /DEPRESS | /7scvomy |
| scMso | w1 | 1

35 ] /screp | /suripcy | st-vop }
| /SPNFA | /sPuFB | 7sc-ToP2 i
| /FR-TOP | /0EPRESS | scMomu |
| ot [ + |

37 | /scRep | /suT1PCU | st-1op ]
| /SPNFA | 7sPNFB | /sc-T0P2 |
| 7FR-TOP | DEPRESS .} ewt ]

38 | /SCRLP | /suTiPCUW | st-Top ]
| 7SPNEA | /spuF8 | 7sc-top2 |
| FR-TOP | | |

40 | /SCRLP | /sHTiPCW ] sL-ToP I
| /SPNFA | /SPNFB | sc-1op2 |

. | 7FR-TOP | /OEPRESS | /scuomy |
= | Pyt | | |

b .

42 | 7SCRLP | 7SHT1PCMW | st-Top ]
| 7SPNFA | 7sPNFB | sc-toP2 |
| /FR-TOP | /OEPRESS | scMomu |
| Pl [ | |

“ | /SCRLP | /sutipcu | st-Top |

T | /SPNFA | 7sPNFB | st-toP2 |-
| 7FR-TOP | DEPRESS |t ] T

45 | 7scaLp | ssurircy | sL-Top |
| 7sPNFA | /sPNFB | sc-topr2 ]
| FR-ToP I | |

48 | 7scRLP ] /sHTiPCU | st-ToP |
| /SPNFA ] sewFa | 7sc-T0P2 ]

| sFR-TOP | /DEPRESS | 7scuomu i
| scuso ] P } ]

50 | 7scRLP | /SHTiPCU | sL-top |
| /SPNFA | spuFs | /sc-T0P2 ]
| 7FR-TOP | /DEPRESS | scHomMuy |
| PW1 | | !

52 | 7SCRLP | 7sHTIPCW | st-Top |

7 ; | 7SPNFA | sPnfB | /sc-TOP2 |
: /FR-T0P DEPRESS Pt
L I | e [ [
3 | sscrep | /sHTIPCY | st-Top I
-D.2-4-
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S5

57

59

65

o

7%

78

| /SPNFA
| FR-TOP

Jsserep
| /SPNFA
‘| IFR-TOP
1 put

L/ScrLp

| /SPNFA
| /s#R-T0P

-1

| 7scrip
| 7sPNFA
] 7FR-TOP

| rscrLp
| 7sPHFA
| FR-TOP

| 75crLp
| SPNFA

| 7FR-TOP
| seusp

| 7scrLP
| SPNEA

| 7FR-TOP
| put

| /SCRLP
| SPNFA
| /FR-TOP

| 7scRLP
| SPNFA-
| FR-TOP

| /SCRLP
| sPuFA

| 7FR-TOP
| Pt

| /scrLp
] SPRFA

| 7FR-TOP
| put

| 7scaLp
| SPNFA
| 7FR-TOP

| /SCRLP
| SPNFA
| FR-TOP

| /scaip
| sPxfa
| /7FR-T0P

| spafs-

| /sHTiPCUY
| SPNFB

/%//DEPRESS

| /sHTIPCM
| seNFB

| soepRESS
I .

| 7sHTiPCY
| spnrB
| DEPRESS

| 7sTiPCU
| senFB

!

| 7sHTIPCU
| 7sPNFB

| /DEPRESS
| put

| ssuTiPCY
| 7sPxF8
| /DEPRESS

| 7sKTiPCU
| 7sPNFB
| DEPRESS

| 7sHTIPCU
| ssPnfs

| 7sHTIPCY
| /sPNFB

| /DEPRESS
|

| 7suriecy
| /sPNEB

| /OEPRESS
|

} 7sHTIPCY
| 7sPNFB
| DEPRESS

| /sutipcu
| /sPNFB

| /sHTiPCY
| spnFs
| /0EPRESS

| /sc-ToP2
|

| st-Top
| sc-Top2
| 7scMOMy
|

| sL-Top
| sc-top2
| scHomu

| st-Top
| sc-Top2
| Pt

*°] st-Toe
| sc-vop2

| sL-toe
| 7sc-10P2
| 7scvomu

SL-Top
/SC-T0P2
SCMOMU

SL-TOP
/SC-T0P2
| Pt

. | sL-top
| 7sc-ToP2

.. -
-

| sc-top-
| sc-top2
| 75Cvomu
|

| sL-top
| sc-top2
| scomy
|

] sL-ToP
| sc-Top2
| put

| st-Top
| sc-vop2
|

| sL-Top
| /7sc-TOP2
{ /75CMoMy
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SCHOMU

/SCRLP
/SL-T0P
SC-TOP2
Pl

| /SCRLP
| /sL-TOP
{ sc-top2

J /scaup

| 7sL-TOP
SC-TOP2
/ScMOMU

/SCRLP
/sL-10P
SC-TOP2
SCMDMU

/SCRLP
/SL-TOP
SC-T0P2
Ut

/SCRLP
/SL-TQP
SC-T0P2

/SCRLP
/SL-TOP
SC-T0P2

PW1

/SRT1PCY
SPNF8
JOEPRESS

/SHT1PCY
SPNFB
DEPRESS

/SHT1PCY
SPNFB

/SHTPCY
SPNFB

SHT1PCY
/SPNFA
/FR-TOP
Pt

SHT1PCW
/SPNFA
/FR-TOP
(4}

SHT1PCU
/SPNFA
/FR-T0P

SHT1PCU
/SPNFA
FR-TOP

SHT1PCW

/SPNFA
/FR-TQP
PUt

SHT1PCY
/SPNFA
/FR-TOP
put

| sHT1PCW

| /SPNFA

| /FR-TOP

I

| suTiPCU
| /SPNFA
| fR-TOP

| suTiPCy
| SPNFA
| /FR-TOP

] sL-ToP
| /sc-ToP2
| scMomy

| sL-Top
| 7s€-TOP2
| Pt

| st-top
} 7sc-toP2

| st-top
| sc-top2
T

/53-T0P
/SPNFB
/OEPRESS

/83-T0P
/SPNFB
/DEPRESS

/83-10P
/SPNF8
DEPRESS

| 7s3-TOP
| 7sPNFB

| /53-108
| sPnfs
/DEPRESS

/83-ToP
SPNFB
/OEPRESS

/53-TOP
SPNF8
DEPRESS

/83-100
/SPNFB
/DEPRESS
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106

108

109

12

114

115

A8

120

122

123

125

127

129

| 7scMOmU

| 7sCRLP

.| rsL-ToP

| sc-ToP2
| scomu

| /SCRLP
| 7sL-TOP
{ sc-ToP2
| Put

| /SCRLP
| 7sL-t0P
| sc-Top2

| 75CRLP
| 7sL-TOP
| sc-ToP2
| Pyt

| /SCRLP
| 7sL-T0P
| sc-ToP2
| s

| /ScRLP
| /sL-TOP
| sc-top2

| /scrLp

| sL-top

| 7sc-T0P2
| 7scomu

| /sCRLP
| st-Top
| ssc-T0P2
| scuomu

| 7SCRLP

| sL-Top

| /sc-10P2
| eut

| 7scRLy
] st-ToP
/SC-TOP2

| /SCRLP
| sL-Top
| sc-Top2
| 7scMomy

/SCRLP
sL-TOP
SC-T0P2
SCMOMU

— —— a— —

/SCRLP

| Put

| suTiPCy
| SPNFA

| 7FR-TOP
| put

| sHTtPCW
| SPNFA

| /FR-TOP
|

| suTIPCW
| SPNFA
| FR-TOP

| swriPcy
| SPNFA
| /FR-TOP

| sHT1PCY
| SPNFA
| /FR-TOP

| sHriPCY
| SPNFA
| FR-TOP

| SHTiPCW
| /SPNFA
| /FR-TOP
| scuso

| suTiPcw
| /SPNFA
| /FR-TOP
| Pt

| SuTiPCw
| /SPNFA
| 7FR-TOP
|

| SHTIPCW
| /SPNFA
| FR-TOP

SHT1PCW
/SPRFA
/FR-TOP
Put

SHTTPCW
/SPNFA
/FR-TOP
PUl

— — — —

| SHT1PCW

| /s3-100
| /sPNFB

"] /oEPRESS
|

| /7s3-10P
| /75PNF8
| DEPRESS

| 7s3-T0P
| /spPNFB |
I I

L 7s3-T0p ©
| sers
| JOEPRESS

| 7s3-T0P
| spnf8
| DEPRESS

— v ——
.

| ss3-T0P |
| sPNFB |
| |

| 783-10P
| 7sPnFB

| /DEPRESS
| pW1

| /53-T0P
| /sPNFE

| /0€EPRESS
l '- .

} 7s3-T0P
| /sPNFB
DEPRESS

/$3-100 |
/SPNFB |

/83-T0P
/SPNFB
/DEPRESS

—— — —

/53-T00
/SPNFB
/DEPRESS

783-T0P H
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| sL-ToP
| sc-Top2
| P

| 75crep
| sL-Top
| sc-Top2

| 7screp

{ sL-Top

| 7sc-TOP2
| 7soom

| sscrLp
| sL-top
| /sc-Top2
| scomy

| 7scrLp

| st-top

| /7sc-T0P2
| P

| /7scrRiLp
| st-ToP
| 7sc-T0P2

| 7scrRLP
| st-ToP
| sc-Top2
| 7scHomu

| /SCRLP
| st-1op
| sc-T0p2
| scmomy

| /SCRLP
| sL-voP
| sc-ToP2
| put

| /scrLp
| sL-Top
| sc-10p2

/SCRLP
sL-TOP
/SC-T0P2
/SCMOMU

/SCRLP
sL-TOP
/SC-T0P2
SCMOMU

/SCRLP
sL-T0P
/SC-T0P2
Ul

/SPNFA
/FR-TOP

SHT1PCUW
JSPNFA
FR-TOP

SHTIPCUY
/SPNFA
/FR-TOP
SCMSD

| sutipcy
| /SPNFA
| sFR-TOP
| Pt

] SHTIPCW
| /SPNFA
| /FR-TOP
i

| SHTIPCW
| /SPNFA
| FR-TOP

SHT1PCW
/SPNFA
/FR-TOP
Ut

SHT1PCW
/SPNFA
/FR-TOP
PW1

SHT1PCUW
/SPNFA
/FR-TOP

SHTTPCW
/SPNFA
FR-TOP

SHT1PCW
SPNFA
/FR-TOP
SCMSD

SHT1IPCY
SPNFA
/ER-TOP
pPWl

SHTIPCW
.SPNFA
JER-TOP

| /SPNFB
| DEPRESS

| /53-T0P
| 7sPNFB

| 783-TO0P
| sPNF8

| /DEPRESS
| Pt

| 7s3-TOP
| sPNFB

| /DEPRESS
|

.o

| /s3-T0P
| sPnF8
| DEPRESS

| 7s3-T0P
| SPNF8

/83-10P
SPNFB
/DEPRESS

| 73-T0P
| sPNFB

| /DEPRESS
|

| 7$3-T0P
| seNFB
| DEPRESS

|

| /53-T0P
| sPNFB

| /s3-T00
| /sPNFB

| /DEPRESS
| w1

| 753-10P
| /SPNFB

| /DEPRESS
|

/53-10P
/SPNFB
DEPRESS
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153

’ﬁll.\

157

159

160

163

165

167

168

170

7

172

................

G\

| 7scrLp
| st-Top
| 7sc-ToP2

| /SCRLP
] st-top
| sc-Top2
| 7scrvomu

| /scrLp
| st-top
| sc-Top2
| scHomy

| /scRLP
| st-Top
| sc-top2
| 1

| /SCRLP
| sL-Top
| sc-ToP2

] /SCRLP

{ sL-Top

| /sc-ToP2
| /scvomu

| 7SCRLP
| sL-Top
| 7sc-toP2
| scvomu

| /scrLP

| st-top

{ /sc-10P2
| P

| /SCRLP

| st-top

| 7sc-toP2 |
| 7scrLp

} sL-ToP

| sc-top2

| /SCRLP

| scaLp

emae

| suTipCY
| SPNFA
| FR-TOP

| SHTIPCW
| SPNFA

| 7Fr-TOP
| pw1

| suT1PCY
| SPNFA

| sFR-T0P
| Pt

| SHT1PCW
| SPNFA
| /FR-TOP

| SHTiPCW
| SPNFA
| FR-TOP

| sutipcH
| SPNFA
| /FR-TOP
| scusp

| SHT1PCW
| SPNFA

| 7FR-TOP
| put

| suTiPCW
| SPNFA

| /FR-TOP
|

SKT1PCY
SPNFA
FR-TOP

SHT1PCW
SPNFA
| Pl

| sutripcw

e

/83-T0P
/SPNFB

| 7s3-10P
| 7sPNF8

| /DEPRESS
I

| 7s3-T0P
| /SPNFB

| /DEPRESS
I

| /s3-TOP
| /SPNF8

.} DEPRESS

| /s3-ToOP
| 7sPNFB

| 783-10P
| senF8

| /DEPRESS
| pW1

| 783-T0P
| spPNFB

| /DEPRESS
|

| /s3-T0P
| SPNFB
| DEPRESS
l .,

| /s3-10p
| sPNFB

/s3-T0P
SPNFB

| s3-Top

| System

................
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APPENDIX E

System Cutsets for Tornado Induced Event Tree

E.1  System Unavailabilities and Availability Lower Bounds
E2 System Cutsets

E.3 Conditional Probabilities Without and With Correction for Tornado Induced
LOOP24 Sequences
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Appendix E.1
System Unavailabilities and Availability Lower Bounds
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Table E.1 System Unavailabilities & Availability Lower Bounds for the
Tornado Induced LOOP24 Event Tree

System (Top Event) | IRRAS Calculated Unavailability | Availability Low_er Bound “
SCRLP 2.39E-6 1
SHTIPCW 1.56E-1 0.844
$3-TOP 3.05E-2 0.969 u
" SL-TOP 1.40E-1 0.860
| sPNFA 9.16E-2 0.908 |
SPNFB 9.16E-2 0.908
SC-TOP2 1.57E-1 0.843
FR-TOP 3.26E-5 1
DEPRESS 2.45E-1 0.755
SCMDMU 7.51E-1 0.249
| scmsp 2.40E-1 0.760 |
| pw1 8.44E-1 0.156 |
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Appendix E.2
System Cutsets
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SYSTEM CUT SETS (QUANTIFICATION) REPORT

Family : HFBR-TOR Analysis : RANDOM
System : SCRLP Case : ALTERNATE
Mincut Upper Bound : 2.394E-006
Cut % % Cut Prob/
No. Total Set Freq. ALTERNATE CUT SETS

1 100.0 100.0 - 2.3E-006 SCRCRDBTPRIOPFVV, SCRCRDCMPRIOPFVV
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SYSTEM CUT SETS (QUANTIFICATION) REPORT
Family : HFBR-TOR Analysis : RANDOM
System : SHT1PCW Case : ALTERNATE
Mincut Upper Bound : 1.560E-001

% Cut Prob/
ALTERNATE CUT SETS

TOR- S05-FMIS
PG3DMRBTOABOPFVV, PC3DMRCMOABOPFVV
PC3DMRGPO1AOPFVV, PC3DMRGPO1BOPFVV
PC3BTRGPO1AFDOVV, PC3DMRGPO1BOPFVV
.0E-006 PC3BTRGPO1BFDOVV, PC3DMRGPO1AOPFVV
.7E-007 PC3DMRGPO1AOPFVV, /PC3DMRGPO1AUTM,
PC3DMRGPO1BUTM
.7E-007 PC3DMRGPO1AUTM, PC3DMRGPO1BOPFVV,
/PC3DMRGPO1BUTM
.4E-007 PC3BTRGPO1AFDOVV, PC3BTRGPO1BFDOVV
.3E-007 PC3BTRGPO1AFDOVV, /PC3DMRGPO1AUTM,
PC3DMRGPO1BUTM
.3E-007 PC3BTRGPO1BFDOVV, PC3DMRGPO1AUTM,
/PC3DMRGPO1BUTM
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Family : HFBR-TOR Analysis : RANDOM

System : S3-TOP Case : ALTERNATE
Mincut Upper Bound : 3.052E-002

3 % Cut Prob/

Total  Set Freq. ALTERNATE CUT SETS
22.5 22.5 6.8E-003 ACPEPGPRPGNFDOEQ, TOR-S09-FMIS
45.1 22.5 6.8E-003 ACPEPGPRPGNFDOEQ, TOR-S60-FMIS
67.7 22.5 6.8E-003 ACPEPGPRPGNFDOEQ, TOR-S61-FMIS
74.5 6.7 2.0E-003 ACPEPGPRPGNOPFEQ, TOR-S09-FMIS
81.2 6.7 2.0E-003 ACPEPGPRPGNOPFEQ, TOR-S60-FMIS
88.0 6.7 2.0E-003 ACPEPGPRPGNOPFEQ, TOR-S61-FMIS
89.9 1.8 5.6E-004 ACPEPGPRPGNVTMEQ, TOR-S09-FMIS
91.7 1.8 5.6E-004 ACPEPGPRPGNVIMEQ, TOR-S60-FMIS
93.5 1.8 5.6E-004 ACPEPGPRPGNVIMEQ, TOR-S61-FMIS
95.0 1.4 4.5E-004 SD3CKVFRVLNFTOEQ
96.5 1.4 4.5E-004 SD3CKVPI98XXFTOEQ
97.6 1.1 3.4E-004 TOR-PROP-MSIV, TOR-S09-FMIS
98.7 1.1 3.4E-004 TOR-PROP-MSIV, TOR-S60-FMIS
99.9 1.1 3.4E-004 TOR-PROP-MSIV, TOR-S61-FMIS

100.0 0.3 1.0E-004 SD3MNVP98XXHEPEQ

100.0 0.1 4.0E-005 ACPEPGPRPGNFDOEQ, DCPCBHBKR28SOZFH

100.0 0.1 4.0E-005 ACPEPGPRPGNFDOEQ, DCPCBHEMCCSSOZEQ

100.0 0.0 2,8E-005 SD3BRKRECTFSOZEQ, TOR-S09-FMIS

100.0 0.0 2.8E-005 SD3BRKRECTFSOZEQ, TOR-S60-FMIS

100.0 0.0 2.8E-005 SD3BRKRECTFSOZEQ, TOR-S61-FMIS

100.0 0.0 2.1E-005 ACPEPGPRPGNFDOEQ, DCPBTRBAT12FDOFH,

DCPBTRBTO12FDOFH

22 100.0 0.0 2.0E-005 ACPTFSEMERGOPFEQ, TOR-S09-FMIS

23 100.0 0.0 2.0E-005 ACPTFSEMERGOPFEQ, TOR-S60-FMIS

24 100.0 0.0 2.0E-005 ACPTFSEMERGOPFEQ, TOR-S61-FMIS

25 100.0 0.0 1.2E-005 ACPEPGPRPGNOPFEQ, DCPCBHBKR28SOZFH

26 100.0 0.0 1.2E-005 ACPEPGPRPGNOPFEQ, DCPCBHEMCCSSOZEQ

27 100.0 0.0 9.4E-006 ACPCBLPRPGNSOZEQ, TOR-S09-FMIS

28 100.0 0.0 9.4E-006 ACPCBLPRPGNSOZEQ, TOR-S60-FMIS

29 100.0 0.0 9.4E-006 ACPCBLPRPGNSOZEQ, TOR-S61-FMIS

30 100.0 0.0 6.4E-006 ACPEPGPRPGNOPFEQ, DCPBTRBAT12FDOFH,
DCPBTRBTO12FDOFH

31 100.0 0.0 3.2E-006 ACPEPGPRPGNVTMEQ, DCPCBHBKR28SOZFH

32 100.0 0.0 3.2E-006 ACPEPGPRPGNVTMEQ, DCPCBHEMCCSSOZEQ

33 100.0 0.0 2.0E-006 DCPCBHBKR28SOZFH, TOR-PROP-MSIV

34 100.0 0.0 2.0E-006 DCPCBHEMCCSSOZEQ, TOR-PROP-MSIV

35 100.0 0.0 1.7E-006 ACPEPGPRPGNVIMEQ, DCPBTRBAT12FDOFH,
DCPBTRBTO12FDOFH

36 100.0 0.0 1.0E-006 DCPBTRBAT12FDOFH, DCPBTRBTO12FDOFH,
TOR-PROP-MSIV

37 100.0 0.0 4.6E-007 ACPEPGPRPGNFDOEQ, DCPBTRBATT1FDOFH,
DCPBTRBATT2FDOFH

38 100.0 0.0 3.1E-007 ACPEPGPRPGNFDOEQ, DCPBUSEMCC-BUSEQ

3% 100.0 0.0 1.9E-007 ACPBUSEMCC-BUSEQ, TOR-S09-FMIS

40 100.0 0.0 1.9E-007 ACPBUSEMCC-BUSEQ, TOR-S60-FMIS

41 100.0 0.0 1.9E-007 ACPBUSEMCC-BUSEQ, TOR-S61-FMIS

42 100.0 0.0 1.6E-007 ACPTFSNRMEGTSOEQ, TOR-S09-FMIS

1994/04 /22 14:17:22

SYSTEM CUT SETS (QUANTIFICATION) REPORT
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Family : HFBR-TOR Analysis : RANDOM
System : S3-TOP Case : ALTERNATE
Mincut Upper Bound : 3.052E-002
Cut % § Cut Prob/
No. Total Set Freq. ALTERNATE CUT SETS

43 100.0 0.0 1.6E-007 ACPTFSNRMEGTSOEQ, TOR-S60-FMIS

44 100.0 0.0 1.6E-007 ACPTFSNRMEGTSOEQ, TOR-S61-FMIS

45 100.0 0.0 1.6E-007 SD3SWIG102ASOZEQ, TOR-S09-FMIS

46 100.0 0.0 1.6E-007 SD3SWIG102ASOZEQ, TOR-S60-FMIS

47 100.0 0.0 1.6E-007 SD3SWIG102ASOZEQ, TOR-S61-FMIS

48 100.0 0.0 1.6E-007 DCPCBHBKR28SOZFH, SD3BRKRECTFSOZEQ

49 100.0 0.0 1.6E-007 DCPCBHEMCCSSOZEQ, SD3BRKRECTFSOZEQ

50 100.0 0.0 1.4E-007 ACPEPGPRPGNOPFEQ, DCPBTRBATT1FDOFH,
DCPBTRBATT2FDOFH

51 100.0 0.0 1.2E-007 ACPTFSEMERGOPFEQ, DCPCBHBKR28SOZFH

52 100.0 0.0 1.2E-007 ACPTFSEMERGOPFEQ, DCPCBHEMCCSSOZEQ

53 100.0 0.0 1.1E-007 ACPEPGPRPGNFDOEQ, SD3BRKG102ASOZEQ,
SD3PMPG102BFTSEQ

54 100.0 0.0 1.0E-007 SD3PMPG102AFTREQ, TOR-S09-FMIS

55 100.0 0.0 1.0E-007 SD3PMPG102AFTREQ, TOR-S60-FMIS

56 100.0 0.0 1.0E-007 SD3PMPG102AFTREQ, TOR-S61-FMIS

57 100.0 0.0 9.3E-008 ACPEPGPRPGNOPFEQ, DCPBUSEMCC-BUSEQ

58 100.0 0.0 8.7E-008 DCPBTRBAT12FDOFH, DCPBTRBTO12FDOFH,
SD3BRKRECTFSOZEQ

59 100.0 0.0 8.7E-008 ACPEPGPRPGNFDOEQ, DCPBTRBATT1FDOFH,
DCPCBHBAT2BSOZFH

60 100.0 0.0 8.7E-008 ACPEPGPRPGNFDOEQ, DCPBTRBATT1FDOFH,
DCPCBHBKR2BSOZFH

61 100.0 0.0 8.7E-008 ACPEPGPRPGNFDOEQ, DCPBTRBATT2FDOFH,
DCPCBHBAT1BSOZFH

62 100.0 0.0 8.7E-008 ACPEPGPRPGNFDOEQ, DCPBTRBATT2FDOFH,
DCPCBHBKR1BSOZFH

63 100.0 0.0 8.7E-008 ACPEPGPRPGNFDOEQ, DCPBTRBATT2FDOFH,
DCPCBHT1BKRSOZFH

64 100.0 0.0 8.3E-008 ACPEPGPRPGNFDOEQ, SD3PMPG102BFTSEQ,
SD3TFSG102A0PFEQ

65 100.0 0.0 6.4E-008 ACPTFSEMERGOPFEQ, DCPBTRBAT12FDOFH,
DCPBTRBTO12FDOFH

66 100.0 0.0 5.5E-008 ACPCBLPRPGNSOZEQ, DCPCBHBKR28SOZFH

67 100.0 0.0 5.5E-008 ACPCBLPRPGNSOZEQ, DCPCBHEMCCSSOZEQ

68 100.0 0.0 4 .0E-008 ACPEPGPRPGNFDOEQ, SD3BRKG102ASOZEQ,
SD3SWIG102BLO-EQ

69 100.0 0.0 3.7E-008 ACPEPGPRPGNVTMEQ, DCPBTRBATT1FDOFH,
DCPBTRBATT2FDOFH

70 100.0 0.0 3.5E-008 SD3LOLOLEVLSATEQ
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SYSTEM CUT SETS (QUANTIFICATION) REPORT

Family : HFBR-TOR Analysis : RANDOM
System : SL-TOP Case : ALTERNATE
Mincut Upper Bound : 1.397E-001
Cut % % Cut Prob/
No. Total Set Freq. ALTERNATE CUT SETS

1 71.4 71.4 9.9E-002 ACPEPGPRPGNFDOEQ
2 92,9 21.4 3.0E-002 ACPEPGPRPGNOPFEQ
3 98.7 5.8 8.1E-003 ACPEPGPRPGNVTMEQ
4 100.0 3.5 5.0E-003 TOR-PROP-MSIV
5 100.0 0.5 7.5E-004 SDLPMPG102AFTREQ
6 100.0 0.2 4 .0E-004 SDLBRKRECTFSOZEQ
7 100.0 0.2 3.0E-004 ACPTFSEMERGOPFEQ
8 100.0 0.1 1.3E-004 ACPCBLPRPGNSOZEQ
9 100.0 0.0 1.1E-004 SDLRTFG102AFDOEQ
10 100.0 0.0 1.7E-005 SDLLOLOLEVLSATEQ
11 100.0 0.0 1.3E-005 SDLCKVP99XXILKEQ
12 100.0 0.0 2.7E-006 ACPBUSEMCC-BUSEQ
13 100.0 0.0 2.4E-006 ACPTFSNRMEGTSOEQ
14 100.0 0.0 2.4E-006 SDLSWIG102ASOZEQ
15 100.0 0.0  2.4E-006 SDLTFSG102AFDOEQ
16 100.0 0.0 2.4E-007 DMWLOSS

1994 /04/22 14:17:52 page 1
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Family :
System :

%
Total

.2
.3
.8
.9
.0
.0
.0
.0
.0
.0
.0
.0

1994/04 /22

SYSTEM CUT SETS (QUANTIFICATION) REPORT

HFBR-TOR

S

% Cut

Set

QOO0 O0OO0OOOCOOOH®

CooO000OOHULON

PNFA

SENNPNORPOONERE OV O

Mincut Upper Bound :

Prob/

.0E-002
.0E-003
.0E-004
.0E-004
.2E-005
.0E-005
.0E-005
.0E-005
.3E-006
.5E-007
.3E-007
.5E-008

Analysis : RANDOM

Case

. ALTERNATE

9.161E-002

ALTERNATE CUT SETS

TOR-HEP-SP23M19

SCWMNVWS8 - 19HEPEQ
TOR-HEP- SPWS1X

SCWMOVWS - 1XHEPEQ
SCWCOOE101ASSLEQ
SCWMOVHEP12BFTEQ,
SCWCKVWS - 20FTOPH,
SCWMOVHEP12BFTEQ,
SCWMOVWS - 1XSCZEQ
SCWCKVWS - 20FTOPH,,
SCWMOVWS - 12BFTEQ,
SCWCKVWS - 20FTOPH,

14:18:24

TOR-HEP-SP11M12
TOR-HEP-SSSTNK
SCWMOVWS -12HEPEQ

SCWTNKFA309HEPPH
SCWMOVWS -12SCZEQ
SCWMNVMV - 29FTOPH




SYSTEM CUT SETS (QUANTIFICATION) REPORT
Family : HFBR-TOR Analysis : RANDOM
System : SPNFB Case : ALTERNATE
Mincut Upper Bound : 9.161E-002

3 % Cut Prob/

Total Set Freq. ALTERNATE CUT SETS
98.2 98.2 9.0E-002 TOR-HEP-SP56M20
99.3 1.0 1.0E-003 SCWMNVW9-20HEPEQ
99.8 0.5 5.0E-004 TOR-HEP-SPM2X
99.9 0.1 1.0E-004 SCWMOVWS-2XHEPEQ
100.0 0.0 7.2E-005 SCWCOOE101BSSLEQ
100.0 0.0 5.0E-005 SCWMOVHEP12BFTEQ, TOR-HEP-SP11M12
100.0 0.0 4.0E-005 SCWCKVWS-20FTOPH, TOR-HEP-SSSTNK
100.0 0.0 1.0E-005 SCWMOVHEP12BFTEQ, SCWMOVWS-12HEPEQ
100.0 0.0 2.3E-006 SCWMOVWS-2XSCZEQ
100.0 0.0 4.5E-007 SCWCKVWS-20FTOPH, SCWINKFA309HEPPH
100.0 0.0 2.3E-007 SCWMOVWS-12BFTEQ, SCWMOVWS-12SCZEQ
100.0 0.0 7.5E-008 SCWCKVWS-20FTOPH, SCWLCVMCV-1FTCPH,
TOR-HEP-SP6MN25
13 100.0 0.0 4.5E-008 SCWCKVWS-20FTOPH, SCWMNVMV-29FTOPH
1994 /04 /22 14:18:48 page 1
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SYSTEM CUT SETS (QUANTIFICATION) REPORT
Family : HFBR-TOR Analysis : RANDOM
System : SC-TOP2 Case : ALTERNATE
Mincut Upper Bound : 1.565E-001

% Cut Prob/
ALTERNATE CUT SETS

TOR-SO7-FMIS
TOR-HEP-SSSA3X
SCWAOVWR - 3XHEPEQ
TOR-HEP-S5S141518, TOR-HEP-S§S1418
TOR-HEP-SS141518, TOR-HEP-SSSTNK,
TOR-S21-FMIS
SCWAOVWR - 3XSCZEQ
SCWMNVW1418HEPEQ, TOR-HEP-SS141518
. TOR-HEP-SS141518, TOR-HEP-SSSM3X
.8E-008 SCWTNKFA309HEPPH, TOR-HEP-SS141518,
TOR-S21-FMIS
.0E-008 SCWMOVWS-3XHEPEQ, TOR-HEP-SS141518
.2E-008 TOR-HEP-SC4MNV19, TOR-HEP-SCSMNV1,
TOR-HEP-SS1418
.0OE-008 SCWCKVFWCKVFTOEQ, TOR-HEP-SCSMNV1,
TOR-HEP-551418
.0E-008 SCWCKVWS-20FTOPH, TOR-HEP-SS141518,
TOR-HEP-SSSTNK
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SYSTEM CUT SETS (QUANTIFICATION) REPORT

Family : HFBR-TOR Analysis : RANDOM
System : FR-TOP Case : ALTERNATE
Mincut Upper Bound : 3.260E-005
Cut % $ Cut Prob/
No. Total Set Freq. ALTERNATE CUT SETS
1 97.5 97.5 3.1E-005 FRVFRVBTO2VFTOVL, FRVFRVRANDMFTOVL
2 100.0 2.4 8.0E-007 FRVFRV20F4VFTOVL
1994,/04 /22 14:19:44 page 1
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Family :
System :

$
Total

1994/04/22

SYSTEM CUT SETS (QUANTIFICATION) REPORT

HFBR-TOR
DEPRESS

Mincut Upper Bound :

% Cut Prob/

_2E-002
_5E-002

.4E-002
.4E-002
.0E-003
.5E-003
.1E-004
.8E-004
.8E-004
.5E-004
.5E-004
.0E-005
.OE-005

.0E-005
.OE-005

.6E-005
.6E-005
.6E-005
.6E-005

.6E-005
.5E-005

.5E-005
.5E-005
.1E-005
.5E-006
.5E-006
.2E-006

.2E-006

Analysis

Case

: RANDOM
: ALTERNATE

2.451E-001

ALTERNATE CUT SETS

TOR-5830-300A-IX, TOR-S30-300B-IX,

TOR-S30-P102

TOR-HEP-DEP-300, TOR-S30-P102
TOR-S02-FMIS, TOR-S30-P102
TOR-HEP-DEP-102, TOR-S30-300A-IX,

TOR-S30-300B-1X

TOR-HEP-DEP-102, TOR-HEP-DEP-300
TOR-HEP-DEP-102, TOR-S02-FMIS

DEPAOV300ABHEPOP,
DEPAOV300ABHEPOP,
DEPMNVP102XHEPOP,
TOR-S30-300B-1IX
DEPMNVP102XHEPOP,
DEPMNVP102XHEPOP,
DEPMNV300AKSCZOP,
TOR-S30-P102
DEPMNV300BKSCZOP,
TOR-S30-P102
DEPMNV300AKSCZOP,
TOR-S30-300B-1IX
DEPMNV300BKSCZOP,
TOR-530-300A-1IX
DEPAOV300ABHEPOP,
DEPAQOVBT300FTOOP,
TOR-S30-P102
DEPMNV300AISCZOP,
TOR-S30-P102
DEPMNV300AXSCZOP,
TOR-S30-P102
DEPMNV300BISCZOP,
TOR-S30-P102
DEPMNV300BXSCZOP,
TOR-S30-P102
DEPCNC300AXILKOP,
DEPMNVP102XFTOOP,
TOR-S30-300B-IX
DEPMNVP102XFTOOP,
DEPMNVP102XFTOOP,
DEPAOVBT300FTOOP,
TOR-HEP-DEP-102
DEPFHZ300AXHPZOP,
TOR-S530-P102
DEPFHZ300BXHPZOP,
TOR-S30-P102
DEPMNV300AISCZOP,
TOR-830-300B-IX
DEPMNV300AXSCZOP,

14:20:20

TOR-S30-P102

TOR-HEP-DEP-102
TOR-S30-300A-IX,
TOR-HEP-DEP - 300
TOR-S02-FMIS

TOR-S30-300B-IX,
TOR-S30-300A-IX,
TOR-HEP-DEP-102,
TOR-HEP-DEP-102,

DEPMNVP102XHEPOP
DEPAOVCM300FTOOP

TOR-S30-300B- IX,
TOR-S30-300B-IX,
TOR-S30-300A-IX,
TOR-S30-300A-1X,

TOR-S30-P102
TOR-S830-300A-1X,

TOR-HEP-DEP-300
TOR-S02-FMIS
DEPAOVCM300FTOOP
TOR-S30-300B-1IX,
TOR-S30-300A-1X,
TOR-HEP-DEP-102,

TOR-HEP-DEP-102,




Family : HFBR-TOR Analysis : RANDOM
System : DEPRESS Case . ALTERNATE
Mincut Upper Bound : 2.451E-001
Cut % % Cut Prob/
No. Total Set Freq. ALTERNATE CUT SETS
TOR-S30-300B-IX
31 100.0 0.0 6.2E-006 DEPMNV300BISCZOP, TOR-HEP-DEP-102,
TOR-530-300A-1IX
32 100.0 0.0 6.2E-006 DEPMNV300BXSCZOP, TOR-HEP-DEP-102,
TOR-S830-300A-IX
33 100.0 0.0 6.2E-006 DEPCNC300AXILKOP, TOR-HEP-DEP-102
34 100.0 0.0 5.8E-006 DEPFHZ300AXILKOP, TOR-S30-300B-IX,
TOR-S30-P102
35 100.0 0.0 5.8E-006 DEPFHZ300BXILKOP, TOR-S30-300A-IX,
TOR-S30-P102
36 100.0 0.0 2.5E-006 DEPFHZ300AXHPZOP, TOR-HEP-DEP-102,
TOR-S30-300B-1IX
37 100.0 0.0 2.5E-006 DEPFHZ300BXHPZOP, TOR-HEP-DEP-102,
TOR-S830-300A-IX
38 100.0 0.0 2.2E-006 DEPFHZ300AXILKOP, TOR-HEP-DEP-102,
TOR-S530-300B-1IX
39 100.0 0.0 2.2E-006 DEPFHZ300BXILKOP, TOR-HEP-DEP-102,
TOR-S30-300A-IX
40 100.0 0.0 1.9E-006 DEPMNV30OAKSCZOP, DEPMNVP102XHEPOP,
TOR-S30-300B-IX
41 100.0 0.0 1.9E-006 DEPMNV300BKSCZOP, DEPMNVP102XHEPOP,
TOR-S30-300A-IX
42 100.0 0.0 1.5E-006 DEPACC300AXILKOP, TOR-S30-300B-IX,
TOR-S30-P102
43 100.0 0.0 1.5E-006 DEPACC300BXILKOP, TOR-S30-300A-IX,
TOR-S30-P102
44 100.0 0.0 9.8E-007 DEPAOV300ABHEPOP, DEPMNVP102XFTOOP
45 100.0 0.0 6.0E-007 DEPACC300AXILKOP, TOR-HEP-DEP-102,
TOR-S30-300B-IX
46 100.0 0.0 6.0E-007 DEPACC300BXILKOP, TOR-HEP-DEP-102,
TOR-S30-300A-1X
47 1060.0 0.0 3.7E-007 DEPAOVBT300FTOOP, DEPAOVCM300FTOOP,
, DEPMNVP102XHEPOP
48 100.0 0.0 3.7E-007 DEPMNV300AKSCZOP, DEPMNV300BKSCZOP,
TOR-S30-P102
49 100.0 0.0 2.3E-007 DEPAOV300AXFTOOP, DEPAOV300BXFTOOP,
TOR-S30-P102
50 100.0 0.0 2.0E-007 DEPMNV300AISCZOP, DEPMNVP102XHEPOP,
TOR-S30-300B-IX
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SYSTEM CUT SETS (QUANTIFICATION) REPORT
HFBR-TOR
SCMDMU

Mincut Upper Bound :

PR O VOOVOHRFRRFRHEERREBEREBMEBEBBEBRODNONDNEESEPRPEANOVOONNNWANODOHFHNODO®WOSS

Prob/

.0E-004
.3E-004
.7E-004
.5E-004
.SE-004
.5E-004
.0E-004
.7E-004
.7E-004
.4E-004
.4E-004
.5E-004
.2E-004
.2E-004
.0E-004
.OE-004
.0E-004
.0E-004
.0E-004
.0E-004
.0E-004
.0E-004
.0E-004
.2E-005
.0E-005
.0E-005
.OE-005
.7E-005
.4E-005
.0E-005
.0E-005

Analysis

Case

: RANDOM
: ALTERNATE

7.510E-001

ALTERNATE CUT SETS

TOR-S30-H541317C
TOR-S30-P1578788
TOR - HEP - SCMDMU

ACPEPGPRPGNFDOEQ,
HWTLTM9OHESHEPVV,
ACPEPGPRPGNOPFEQ,
HWTALIGN- - -HEPVV
ACPEPGPRPGNFDOEQ,
TOR -HEP- SCMIMHES ,
ACPEPGPRPGNVTMEQ,
HWTLTMSOHESHEPVV,
ACPEPGPRPGNFDOEQ,
HWTLTM9OHESHEPVV,
ACPEPGPRPGNOPFEQ,
HWTSRVSV103FTREQ,
HWTLTM9OHESHEPVV,
ACPEPGPRPGNOPFEQ,
ACPEPGPRPGNVTMEQ,
HWTLTM9OHESHEPVV,
TOR-HEP- SCMIMHES ,
HWTCKVINJCTFTOOP
HWTCKVNNSSCFTOOP
HWTCKVG104CFTOEQ,
HWTPMPG104CFTSEQ,
ACPTFSEMERGOPFEQ,
ACPEPGPRPGNVTMEQ,
HWTLTM9OHESHEPVV,
HWTSRVSV103FTREQ,
ACPCBLG104CSOZEQ,
ACPCBLPRPGNSOZEQ,
HESMNV - HESAFTOOP
HWTMNV - PO1 - FTOOP
HWIMNV - PO3 - FTOOP
HWTMNV - P57 - FTOOP
HWTMNV - P58 - FTCEQ
HWTMNV - P87 - FTOOP
HWTMNV - P88 - FTOOP
HWIMNV - P89 - FTCEQ
OFGMNV - - PL7FTCOP
HWTPMPGLO4CFTSEQ,
HWTLTM9OPMPHEPVV,
HWTLTM9OHESHEPVV,
HWTLTM9OHESHEPVV,
HWTPMPG104CFTREQ,
ACPEPGPRPGNFDOEQ,
HWTCKV - YYYYFTOEQ,
HWTCKVG104CFTOEQ,

14:20:50
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HWTLTM90HESHEPVV
TOR-HEP-SCMIMPU
HWTLTM90HESHEPVV

TOR - HEP - SCM9MHES
TOR -HEP - SCHIMPU
HWTLTM9OHESHEPVV
TOR-PROP-MSIV

HWTSRVSV103FTREQ
HWTPMPG104CFTSEQ
TOR - HEP - SCMIMHES
TOR - HEP - SCMIMPU
HWTLTM90PMPHEPVV
HWTSRVSV103FTREQ
TOR -HEP - SCHIMHES
HWTPMPG104CFTREQ
TOR - PROP-MSIV

HWTLTMIOHESHEPVV
TOR -HEP - SCHOMHES
HWTLTMYOHESHEPVV
HWTSRVSV103FTREQ
HWTPMPG104CUTMVV
TOR-PROP-MSIV

HWTLTM9OHESHEPVV
HWTLTM9OHESHEPVV

HWTSRVSV103FTREQ
TOR - HEP - SCHOMHES
HWTMNV-P174FTOEQ
HWTMNV-P175FTOEQ
TOR-HEP-SCMIMHES
HWTCKV-YYYYFTOEQ
TOR - HEP - SCHIMPU

TOR - HEP - SCMOMHES




SYSTEM CUT SETS (QUANTIFICATION) REPORT
Family : HFBR-TOR Analysis : RANDOM
System : SCMDMU Case : ALTERNATE
Mincut Upper Bound : 7.510E-001

% % Cut Prob/

Total Set Freq. ALTERNATE CUT SETS

100.0 0.0 3.0E-005 HWTLTM90PMPHEPVV, HWTSRVSV103FTREQ

100.0 0.0 2.7E-005 ACPTFSEMERGOPFEQ, TOR-HEP-SCM9MHES

100.0 0.0 2.4E-005 HWTPMPG104CUTMVV, TOR-HEP-SCMIMHES
1994/04/22 14:20:50 page 2
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SYSTEM CUT SETS (QUANTIFICATION) REPORT
Family : HFBR-TOR Analysis : RANDOM
System : SCMSD Case : ALTERNATE
Mincut Upper Bound : 2.403E-001

% Cut Prob/
ALTERNATE CUT SETS

TOR-S07-FMIS

TOR-HEP-SSS

.0E-002 SCMSYS-HEPFTSVV

.OE-004 TOR-HEP-SSSA3X

.OE-004 HWDMNV-DAS5-FTOEQ

.OE-004 HWDMNV-DA6-FTOEQ

.0E-004 SCWAOVWR- 3XHEPEQ

.5E-005 TOR-HEP-SS141518, TOR-HEP-SS1418

.OE-005 SDCMNV-BETAFTCEQ, SDCMNV-PXXXFTCEQ

.OE-006 TOR-HEP-SS141518, TOR-HEP-SSSTNK,
TOR-S21-FMIS

.4E-006 SCWAOVWR-3XSCZEQ

.OE-007 SCWMNVW1418HEPEQ, TOR-HEP-SS5141518

.5E-007 TOR-HEP-SS141518, TOR-HEP-SSSM3X

.8E-008 SCWTNKFA309HEPPH, TOR-HEP-S55141518,
TOR-S21-FMIS

.0OE-008 SCWMOVWS-3XHEPEQ, TOR-HEP-SS141518

.2E-008 TOR-HEP-SC4MNV19, TOR-HEP-SCSMNV1,
TOR-HEP-SS1418

.0E-008 SCWCKVFWCKVFTOEQ, TOR-HEP-SC5MNV1,
TOR-HEP-S81418

.0E-008 SCWCKVWS-20FTOPH, TOR-HEP-S5S141518,

TOR-HEP-SSSTNK
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SYSTEM CUT SETS (QUANTIFICATION) REPORT
Family : HFBR-TOR Analysis : RANDOM
System : PW1 Case : ALTERNATE
Mincut Upper Bound : 8.439E-001

% % Cut Prob/

Total Set Freq. ALTERNATE CUT SETS
47.7 47.7 4.0E-001 TOR-S30-P1112T28
95.5 47.7 4.0E-001 TOR-S30-TW21457
100.0 46.8 3.9E-001 PWS---LPHESFTRVV, TOR-S30-HE2789
100.0 10.6 9.0E-002 TOR-HEP-PW1
100.0 10.6 9.0E-002 TOR-HEP-PW3-ALN
100.0 3.1 2.6E-002 TOR-S06-FMIS, TOR-S30-300A-1IX,
TOR-S$30-300B-IX, TOR-S30-P102
7 100.0 3.0 2.5E-002 TOR-HEP-DEP-300, TOR-S06-FMIS, TOR-S30-P102
8 100.0 3.0 2.5E-002 TOR-S02-FMIS, TOR-S06-FMIS, TOR-S30-P102
9 100.0 1.2 1.0E-002 TOR-HEP-DEP-102, TOR-S06-FMIS,
TOR-530-300A-1IX, TOR-S30-300B-1IX
10 100.0 1.1 1.0E-002 PWSLWM-HEP-ALNVV
11 100.0 1.1 1.0E-002 PWSSYS-HEP-ALNVV
12 100.0 1.1 9.8E-003 TOR-HEP-DEP-102, TOR-HEP-DEP-300,
TOR-S06-FMIS
13 100.0 1.1 9.8E-003 TOR-HEP-DEP-102, TOR-S02-FMIS, TOR-S06-FMIS
14 100.0 0.1 1.6E-003 DEPAOV300ABHEPOP, TOR-S06-FMIS, TOR-S30-P102
15 100.0 0.1 1.0E-003 DWSXFRHOSEFAILEQ
16 100.0 0.0 6.2E-004 DEPAOV300ABHEPOP, TOR-HEP-DEP-102,
TOR-S06-FMIS
17 100.0 0.0 3.2E-004 DEPMNVP102XHEPOP, TOR-S06-FMIS,
TOR-S30-300A-IX, TOR-S30-300B-IX
18 100.0 0.0 3.1E-004 DEPMNVP102XHEPOP, TOR-HEP-DEP-300,
TOR-S06 - FMIS
19 100.0 0.0 3.1E-004 DEPMNVP102XHEPOP, TOR-S02-FMIS, TOR-S06-FMIS
20 100.0 0.0 1.0E-004 AWPMNV-DW42FTOEQ
21 100.0 0.0 1.0E-004 AWPMNV-DW43FTOEQ
22 100.0 0.0 1.0E-004 AWPMNV-TWSOFTCEQ
23 100.0 0.0 1.0E-004 CCWMNV-TW19FTCEQ
24 100.0 0.0 1.0E-004 DWSMNVXXXX1FTOEQ
25 100.0 0.0 1.0E-004 DWSMNVXXXX2FTOEQ
26 100.0 0.0 1.0E-004 DWSMNVXXXX3FTOEQ
27 100.0 0.0 1.0E-004 PWSMNV-P112FTOOP
28 100.0 ‘0.0 1.0E-004 PWSMNV-TW21FTOOP
29 100.0 0.0 1.0E-004 PWSMNV-TW24FTOOP
30 100.0 0.0 1.0E-004 PWSMNV-TW25FTOOP
31 100.0 0.0 1.0E-004 PWSMNV-TW27FTOOP
32 100.0 0.0 1.0E-004 PWSMNV-TW28FTOOP
33 100.0 0.0 1.0E-004 PWSMNVP11l-FTOOP
34 100.0 0.0 9.8E-005 HESMNV-HE27FTOOP, PWS---LPHESFTRVV
35 100.0 0.0 9.8E-005 HESMNV-HE28FTOOP, PWS---LPHESFTRVV
36 100.0 0.0 9.8E-005 HESMNV-HE29FTOOP, PWS---LPHESFTRVV
37 100.0 0.0 6.8E-005 PW1AOVHC102FTOOP, TOR-S30-300A-IX,
TOR-S30-300B-1X, TOR-S30-P102
38 100.0 0.0 6.6E-005 PW1AOVHC102FTOOP, TOR-HEP-DEP-300,
TOR-S30-P102
39 100.0 0.0 6.6E-005 PW1AOVHC102FTOOP, TOR-S02-FMIS, TOR-S30-P102
1994 /04/22 14:21:47 page 1
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SYSTEM CUT SETS (QUANTIFICATION) REPORT

Family : HFBR-TOR Analysis : RANDOM
System : PW1l Case : ALTERNATE
Mincut Upper Bound : 8.439E-001
Cut 2 % Cut Prob/
No. Total Set Freq. ALTERNATE CUT SETS

40 100.0 0.0 6.2E-005 DEPMNV300AKSCZOP, TOR-S06-FMIS,
TOR-S30-300B-1IX, TOR-S30-P102

41 100.0 0.0 6.2E-005 DEPMNV300BKSCZOP, TOR-S06-FMIS,
TOR-530-300A-IX, TOR-S30-P102

42 100.0 0.0 4.0E-005 PWSFLX-HOSE-PZOP

43 100.0 0.0 4. 0E-005 PWSMNV-TW28-PZOP

44 100.0 0.0 2.6E-005 PW1AOVHC102FTOOP, TOR-HEP-DEP-102,
TOR-S30-300A-IX, TOR-S30-300B-IX

45 100.0 0.0 2.5E-005 PW1AOVHC102FTOOP, TOR-HEP-DEP-102,
TOR-HEP-DEP-300

46 100.0 0.0 2.5E-005 PW1AOVHC102FTOOP, TOR-HEP-DEP-102,
TOR-S02-FMIS

47 100.0 0.0 2.4E-005 DEPMNV300AKSCZOP, TOR-HEP-DEP-102,
TOR-S06-FMIS, TOR-S30-300B-IX

48 100.0 0.0 2.4E-005 DEPMNV300BKSCZOP, TOR-HEP-DEP-102,
TOR-S06-FMIS, TOR-830-300A-IX

49 100.0 0.0 2.0E-005 DEPAOV300ABHEPOP, DEPMNVP102XHEPOP,
TOR-S06-FMIS

50 100.0 0.0 1.2E-005 DEPAOVBT300FTOOP, DEPAOVCM300FTOOP,
TOR-S06-FMIS, TOR-S30-P102

1994,/04 /22 14:21:47 page 2
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Appendix E.3
Conditional Probabilities Without and With Correction for Tornado Induced
LOOP24 Sequences

Correction is defined as: multiplication by the product of the
availabilities of successful top events. (Successful top events for
each sequence are listed in Appendix D.2.)
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Table E.3 Conditional Probabilities Without and With Correction for
Tornado Induced LOOP24 Sequences

Cond. Probabilit‘y Cond. Probability 1‘
Sequence # w/o Correction w. Correction
3 2.024E-1 2.271E-2
5 2.000E-1 8.974E-2
7 7.473E-2 4.470E-2
8 5.102E-6 3.052E-6
11 2.000E-2 2.466E-3
13 2.008E-2 9.899E-3
15 7.083E-3 4.656E-3
16 4.578E-7 3.010E-7
19 2.000E-2 2.466E-3
21 2.008E-2 ' 9.899E-3
23 7.083E-3 4.614E-3
24 4.578E-7 3.010E-7
27 1.868E-3 1.012E-3
29 6.558E-4 4.738E-4
30 4.018E-8 2.903E-8
33 2.016E-2 2.210E-3
| 35 3251E-1 1.425E-1
37 6.917E-2 - 4.042E-2
38 4.687E-6 2.738E-6
40 3.138E-2 4.092E-3
42 5.933E-2 3.095E-2
44 1.115E-2 7.756E-3
45 1.217E-7 5.020E-7
48 1.862E-3 2.242E-4
50 3.513E-2 1.692E-2

* Truncation Value: 10E-8

-E.3-3-




Table E.3 (continued)

Sequence #

Cond. Probability
w/o Correction”

Cond. Probability
w. Correction”

52

6.538E-3

4.198E-3

53

4.091E-7

2.627E-7

55

2.912E-3

5.629E-4

57

5.580E-3

3.199E-3

59

1.021E-3

7.805E-4

60

5.797E-8

4.431E-8

63

1.862E-3

2.242E4

65

3.513E-2

1.692E-2

67

6.538E-3

4.198E-3

68

4.091E-7

2.627E-7

70

2.912E-3

4.173E-4

72

5.580E-3

3.200E-3

74

1.021E-3

7.805E-4

75

5.797E-8

4.431E-8

78

1.714E-4

2.268E-5

80

3.303E-3

1.748E-3

82

6.016E-4

4.245E-4

&3

2.571E-8

1.814E-8

85

2.900E-4

2.436E-4

88

3.388E-2

4.388E-3

90

3.397E-2

1.760E-2

92

1.203E-2

8.310E-3

93

7.935E-7

5.481E-7

96

3.142E-3

4.471E-4

* Truncation Value: 10E-8




Table E.3 (continued)

Cond. Probability Cond. Probability
Sequence # w/o Correction” w. Correction’

98 3.157E-3 1.797E-3
100 1.107E-3 8.403E-4
101 6.965E-8 5.287E-8
104 3.142E-3 4.471E-4
106 3.157E-3 1.797E-3
108 1.107E-3 8.403E-4
109 6.965E-8 5.287E-8
112 2.915E-4 1.824E-4
114 1.012E-4 8.442E-5
115 -- -
118 3.171E-3 4.011E-4
120 5.912E-2 2.992E-2
122 1.111E-2 7.496E-3
123 7.217E-7 4.869E-7
125 4.954E-3 7.461E-4
127 9.486E-3 5.714E-3
129 1.745E-3 1.402E-3
130 1.004E-7 8.065E-8
133 2.902E-4 4.034E-5
135 5.560E-3 3.092E-3
137 1.019E-3 7.556E-4
138 5.797E-8 4.298E-8
140 4.543E-4 7.519E-5
142 8.693E-4 5.755E-4

* Truncation Value: 10E-8




Table E.3 (continued)

Cond. Probabilit‘y Cond. Probability ll
Sequence # w/o Correction w. Correction

144 1.573E-4 1.388E-4
145 - - "
148 2.902E-4 4.034E-5 |
150 ' 5.560E-3 3.092E-3
152 1.019E-3 7.556E-4
153 5.797E-8 4.298E-8
155 4.543E-4 7.519E-5
157 8.693E-4 5.755E-4
159 1.573E4 1.388E-4
160 - -
163 2.618E-5 4.000E-6
165 5.128E-4 3.133E-4 |
167 9.138E-5 7.446E-5 |
168 - -
170 4.446E-5 4313E-5 “
171 4.815E-3 4.815E-3 I
172 2.394E-6 2.394E-6 |

* Truncation Value: 10E-8
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APPENDIX F

Important Sequence Cutsets for Tornado Induced Event Tree
Sequences Ranked 1-10
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SEQUENCE CUT SETS (QUANTIFICATION) REPORT

Family
Analysis :
Case
Cut % % Cut
No. Total Set
1 a1 ua
2 22,2 11.1
3 33.1 10.9
4 38.1 4.9
5 43.1 4.9
6 48.1 4.9
7 53.1 4.9
8 58.0 4.8
9 62.9 4.8
10 66.2 3.3
11 69.6 3.3
12 72.8 3.2
13 75.3 2.4
14 77.8 2.4
15 79.3 1.5
16 80.8 1.5
17 82.3 1.5
18 83.8 1.5
19 85.3 1.4
20 86.8 1.4
1994/04 /25

: HFBR-TOR

RANDOM

: ALTERNATE
Mincut Upper Bound :

Prob/
Freq.

D I T T i T T I ittt

1.6E-002
1.6E-002
1.6E-002
1.6E-002
1.5E-002
1.5E-002
1.0E-002
1.0E-002
1.0E-002
8.0E-003
8.0E-003
4 .8E-003
4.8E-003
4 .8E-003
4 .8E-003
4.7E-003

4.7E-003

Sequence

Event Tree
Init. Event
3.251E-001

: 035 Rank 1
: LOOP24

: IE-LOOP24

ALTERNATE CUT SETS

ACPEPGPRPGNFDOEQ,
TOR-S30-P1112T28
ACPEPGPRPGNFDOEQ,
TOR-S30-TW21457

ACPEPGPRPGNFDOEQ,
PWS- - - LPHESFTRVV,
ACPEPGPRPGNFDOEQ,
TOR-S30-P1112T28
ACPEPGPRPGNFDOEQ,
TOR-S30-TW21457

ACPEPGPRPGNFDOEQ,
TOR-S30-P1578788
ACPEPGPRPGNFDOEQ,
TOR-S30-TW21457

ACPEPGPRPGNFDOEQ,
TOR-S30-H5A1317C,
ACPEPGPRPGNFDOEQ,

HWTLTM90HESHEPVV,
HWTLTM90HESHEPVV,
HWTLTM90HESHEPVV,
TOR-S30-HE2789

TOR-S30-H5A1317C,
TOR-S30-H5A1317C,
TOR-S30-P1112T28,
TOR-S30-P1578788,
PWS - - -LPHESFIRVV,

TOR-S30-HE2789
PWS - - -LPHESFTRVV,

TOR-S30-HE2789, TOR-S30-P1578788

ACPEPGPRPGNOPFEQ,
TOR-S30-P1112T28
ACPEPGPRPGNOPFEQ,
TOR-S30-TW21457
ACPEPGPRPGNOPFEQ,
PWS- - - LPHESFTRVV,
ACPEPGPRPGNFDOEQ,
TOR-HEP- PW1
ACPEPGPRPGNFDOEQ,
TOR-HEP- PW3-ALN
ACPEPGPRPGNOPFEQ,
TOR-S30-P1112T28
ACPEPGPRPGNOPFEQ,
TOR-S30-TW21457
ACPEPGPRPGNOPFEQ,
TOR-S30-P1578788
ACPEPGPRPGNOPFEQ,
TOR-$30-TW21457
ACPEPGPRPGNOPFEQ,
TOR-S30-H5A1317C,
ACPEPGPRPGNOPFEQ,

HWTLTM9OHESHEPVV,
HWTLTM9OHESHEPVV,
HWTLTM9OHESHEPVV,
TOR-S30-HE2789

HWTLTM9OHESHEPVV,
HWTLTM9OHESHEPVV,
TOR-S30-H5A1317¢C,
TOR-S30-H5A1317C,
TOR-S30-P1112T28,
TOR-S30-P1578788,
PWS- - -LPHESFTRVV,

TOR-S30-HE2789
PWS - - -LPHESFTRVV,

TOR-S30-HE2789, TOR-S30-P1578788

09:46:12
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SEQUENCE CUT SETS (QUANTIFICATION) REPORT
Family : HFBR-TOR Sequence : 005
Analysis : RANDOM Event Tree : LOOP24
Case : ALTERNATE Init. Event : IE-LOOP24
Mincut Upper Bound : 2.000E-001

Prob/
ALTERNATE CUT SETS

TOR-S07-FMIS, TOR-S30-H5A1317C,
TOR-S30-P1112T28

TOR-S07-FMIS, TOR-S30-HS5A1317C,
TOR-S30-TW21457

TOR-SO7-FMIS, TOR-S30-P1112T28,
TOR-S30-P1578788

TOR-S07-FMIS, TOR-S30-P1578788,
TOR-S30-TW21457

PWS- - - LPHESFTRVV, TOR-SO7-FMIS,
TOR-S30-H5A1317C, TOR-S30-HE2789

PWS- - - LPHESFTRVV, TOR-SO7-FMIS,
TOR-S30-HE2789, TOR-S30-P1578788
TOR-HEP-PW1, TOR-SO7-FMIS, TOR-S30-H5A1317C
TOR-HEP-PW1, TOR-SO7-FMIS, TOR-S30-P1578788
TOR-HEP-PW3-ALN, TOR-SO7-FMIS,
TOR-S30-H5A1317C

TOR-HEP-PW3-ALN, TOR-SO7-FMIS,
TOR-S30-P1578788

TOR-HEP-SCMDMU, TOR-S07-FMIS,
TOR-S30-P1112T28

TOR-HEP-SCMDMU, TOR-SO7-FMIS, TOR-S30-TW21457
PWS- - - LPHESFTRVV, TOR-HEP-SCMDMU,
TOR-S07-FMIS, TOR-S30-HE2789
HWTLTM9OHESHEPVV, TOR-HEP-SCMIMPU,
TOR-SO7-FMIS, TOR-S30-P1112T28
HWTLTM9OHESHEPVV, TOR-HEP-SCM9MPU,
TOR-S07-FMIS, TOR-S30-TW21457
HWTLTMIOHESHEPVV, PWS---LPHESFTRVV,
TOR-HEP-SCM9MPU, TOR-SO7-FMIS, TOR-S30-HE2789
TOR-HEP-PW1, TOR-HEP-SCMDMU, TOR-SO07-FMIS
TOR-HEP-PW3-ALN, TOR-HEP-SCMDMU, TOR-SO7-FMIS
HWTLTM9OHESHEPVV, TOR-HEP-PW1,

TOR-HEP- SCM9MPU, TOR-SO7-FMIS
HWTLTM9OHESHEPVV, TOR-HEP-PW3-ALN,

TOR-HEP- SCM9MPU, TOR-S07-FMIS
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SEQUENCE CUT SETS (QUANTIFICATION) REPORT

Family : HFBR-TOR Sequence : 007 Rank 3
Analysis : RANDOM Event Tree : LOOP24
Case : ALTERNATE Init. Event : IE-LOOP24
Mincut Upper Bound : 7.473E-002
Cut % % Cut Prob/
No. Total Set Freq. ALTERNATE CUT SETS

1 5.5 5.5 4.1E-003 TOR-S06-FMIS, TOR-SO7-FMIS, TOR-S30-300A-IX,
TOR-S30-300B-IX, TOR-S30-P102
2 11.0 5.5 4.1E-003 TOR-S07-FMIS, TOR-S30-300A-IX,
TOR-S30-300B-IX, TOR-S30-P102,
TOR-530-P1112T28
3 16.5 5.5 4.1E-003 TOR-S07-FMIS, TOR-S30-300A-1IX,
TOR-S30-300B-IX, TOR-S30-P102,
TOR-S30-TW21457
4 21.9 5.4 4.0E-003 PWS---LPHESFTRVV, TOR-S07-FMIS,
TOR-S30-300A-1IX, TOR-S30-300B-IX,
TOR-S30-HE2789, TOR-S30-P102
5 27.2 5.2 3.9E-003 TOR-HEP-DEP-300, TOR-S06-FMIS, TOR-SO7-FMIS,
TOR-S30-P102
6 32.4 5.2 3.9E-003 TOR-HEP-DEP-300, TOR-S07-FMIS, TOR-S30-P102,
TOR-S30-P1112T28
7 37.7 5.2 3.9E-003 TOR-HEP-DEP-300, TOR-S07-FMIS, TOR-S30-P102,
TOR-S30-TW21457
8 43.0 5.2 3.9E-003 TOR-S02-FMIS, TOR-S06-FMIS, TOR-SO7-FMIS,
TOR-S530-P102
9 48.3 5.2 3.9E-003 TOR-S02-FMIS, TOR-SO7-FMIS, TOR-S30-P102,
TOR-530-P1112T28
10 53.6 5.2 3.9E-003 TOR-S02-FMIS, TOR-S07-FMIS, TOR-S30-P102,
TOR-S30-TW21457
11 58.8 5.1 3.8E-003 PWS---LPHESFTRVV, TOR-HEP-DEP-300,
TOR-S07-FMIS, TOR-S30-HE2789, TOR-S30-P102
12 64.0 5.1 3.8E-003 PWS---LPHESFTRVV, TOR-S02-FMIS, TOR-SO7-FMIS,
TOR-S30-HE2789, TOR-S30-P102
13 66.1 2.1 1.5E-003 TOR-HEP-DEP-102, TOR-S06-FMIS, TOR-SO7-FMIS,
TOR-S830-300A-IX, TOR-S30-300B-IX
14 68.2 2.1 1.5E-003 TOR-HEP-DEP-102, TOR-S07-FMIS,
TOR-S30-300A-IX, TOR-S30-300B-IX,
TOR-S30-P1112T28
15 70.4 2.1 1.5E-003 TOR-HEP-DEP-102, TOR-S07-FMIS,
TOR-S30-300A-IX, TOR-S30-300B-IX,
TOR-S30-TW21457
16 72.5 2.0 1.5E-003 PWS---LPHESFTRVV, TOR-HEP-DEP-102,
TOR-S07-FMIS, TOR-S30-300A-IX,
TOR-S30-300B-IX, TOR-S30-HE2789
17  74.5 2.0 1.5E-003 TOR-HEP-DEP-102, TOR-HEP-DEP-300,
TOR-S06-FMIS, TOR-SO07-FMIS
18 76.5 2.0 1.5E-003 TOR-HEP-DEP-102, TOR-HEP-DEP-300,
TOR-S07-FMIS, TOR-S30-P1112T28
19 78.6 2.0 1.5E-003 TOR-HEP-DEP-102, TOR-HEP-DEP-300,
TOR-S07-FMIS, TOR-S30-TW21457
20 80.6 2.0 1.5E-003 TOR-HEP-DEP-102, TOR-S02-FMIS, TOR-S06-FMIS,
TOR-S07-FMIS

1994 /04/25 09:44:32 page 1
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SEQUENCE CUT SETS (QUANTIFICATION) REPORT

Family : HFBR-TOR Sequence . 037 Rank 4
Analysis : RANDOM Event Tree : LOOP24
Case ¢ ALTERNATE Init. Event : IE-LOOP24
Mincut Upper Bound : 6.917E-002
Cut % % Cut Prob/
No. Total Set Freq. ALTERNATE CUT SETS

- - - - -——- - P e T T I T T N A e e T . I T ar Qi Cap

1 3.8 3.8 2.6E-003 ACPEPGPRPGNFDOEQ, TOR-S06-FMIS,
TOR-S30-300A-IX, TOR-S30-300B-IX,
TOR-S30-P102
2 7.6 3.8 2.6E-003 ACPEPGPRPGNFDOEQ, TOR-S30-300A-IX,
TOR-S30-300B-IX, TOR-S30-P102,
TOR-S30-P1112T28 ,
3 11.4 3.8 2.6E-003 ACPEPGPRPGNFDOEQ, TOR-S30-300A-IX,
TOR-S30-300B-IX, TOR-S30-P102,
TOR-S30-TW21457
4 15.1 3.7 2.5E-003 ACPEPGPRPGNFDOEQ, PWS---LPHESFIRVV,
TOR-S30-300A-IX, TOR-S30-300B-IX,
TOR-S30-HE2789, TOR-S30-P102
5 18.8 3.6 2.5E-003 ACPEPGPRPGNFDOEQ, TOR-HEP-DEP-300,
TOR-S06-FMIS, TOR-S$30-P102
6 22.4 3.6 2.5E-003 ACPEPGPRPGNFDOEQ, TOR-HEP-DEP-300,
TOR-S30-P102, TOR-S30-P1112T28
7 26.1 3.6 2.SE-003 ACPEPGPRPGNFDOEQ, TOR-HEP-DEP-300,
TOR-S30-P102, TOR-S30-TW21457
8 29.7 3.6 2.5E-003 ACPEPGPRPGNFDOEQ, TOR-S02-FMIS, TOR-S06-FMIS,
TOR-S30-P102
9 33.4 3.6 2.5E-003 ACPEPGPRPGNFDOEQ, TOR-S02-FMIS, TOR-S30-P102,
TOR-S30-P1112T28
10 37.0 3.6 2.5E-003 ACPEPGPRPGNFDOEQ, TOR-S02-FMIS, TOR-S30-P102,
TOR-S30-TW21457
11 40.6 3.5 2.4E-003 ACPEPGPRPGNFDOEQ, PWS---LPHESFTRVV,
TOR-HEP-DEP-300, TOR-S30-HE2789, TOR-S30-P102
12 44.2 3.5 2.4E-003 ACPEPGPRPGNFDOEQ, PWS---LPHESFTRVV,
TOR-S02-FMIS, TOR-S30-HE2789, TOR-S30-P102
13 45.7 1.4 1.0E-003 ACPEPGPRPGNFDOEQ, TOR-HEP-DEP-102,
TOR-S06-FMIS, TOR-S30-300A-IX,
TOR-S30-300B-IX
14 47.2 1.4 1.0E-003 ACPEPGPRPGNFDOEQ, TOR-HEP-DEP-102,
TOR-S30-300A-IX, TOR-S30-300B-IX,
TOR-S30-P1112T28
15 48.6 1.4 1.0E-003 ACPEPGPRPGNFDOEQ, TOR-HEP-DEP-102,
TOR-S30-300A-IX, TOR-S30-300B-IX,
TOR-S30-TW21457
16 50.1 1.4 9.9E-004 ACPEPGPRPGNFDOEQ, PWS---LPHESFTRVV,
TOR-HEP-DEP-102, TOR-S30-300A-IX,
TOR-S30-300B-IX, TOR-S30-HE2789
17 51.5 1.4 9.7E-004 ACPEPGPRPGNFDOEQ, TOR-HEP-DEP-102,
TOR-HEP-DEP-300, TOR-S06-FMIS
18 52.9 1.4 9.7E-004 ACPEPGPRPGNFDOEQ, TOR-HEP-DEP-102,
TOR-HEP-DEP-300, TOR-S30-P1112T28
19 54.3 1.4 9.7E-004 ACPEPGPRPGNFDOEQ, TOR-HEP-DEP-102,
TOR-HEP-DEP-300, TOR-S30-TW21457
20 S55.7 1.4 9.7E-004 ACPEPGPRPGNFDOEQ, TOR-HEP-DEP-102,
TOR-S02-FMIS, TOR-S06-FMIS
1994 /04 /25 09:46:40 page 1
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SEQUENCE CUT SETS (QUANTIFICATION) REPORT

Family

Analysis :

Case
Cut $ % Cut
No Total Set
1 9.5 9.5
2 19.0 9.5
3 28.3 9.3
4 32.6 4.2
5 36.9 4.2
6 41.1 4.2
7 45.4 4.2
8 49.6 4.1
9 53.7 4.1
10 56.6 2.8
11 59.5 2.8
12 62.3 2.8
13 64.4 2.1
14 66.5 2.1
15 67.8 1.2
16 69.1 1.2
17 70.4 1.2
18 71.6 1.2
19 72.9 1.2
20 74.2 1.2

1994/04/25

: HFBR-TOR

RANDOM

: ALTERNATE
Mincut Upper Bound :

Prob/

Freq.
5.6E-003
5.6E-003

5.5E-003

2.5E-003
2.5E-003
2.5E-003
2.5E-003

2.4E-003

2.4E-003

1.7E-003
1.7E-003

1.6E-003

1.2E-003
1.2E-003
7.6E-004
7.6E-004
7.6E-004
7.6E-004

7.4E-004

7.4E-004

Sequence : 042 Rank 5

Event Tree : LOOP24

Init. Event : IE-LOOP24
5.933E-002

ALTERNATE CUT SETS

ACPEPGPRPGNFDOEQ, HWTLTM9OHESHEPVV,
TOR-S07-FMIS, TOR-S30-P1112T28
ACPEPGPRPGNFDOEQ, HWTLTM90HESHEPVV,
TOR-S07-FMIS, TOR-S30-TW21457
ACPEPGPRPGNFDOEQ, HWTILTM9OHESHEPVV,
PWS---LPHESFTRVV, TOR-S07-FMIS,
TOR-S30-HE2789

ACPEPGPRPGNFDOEQ, TOR-S07-FMIS,
TOR-S30-H5A1317C, TOR-S30-P1112T28
ACPEPGPRPGNFDOEQ, TOR-SO7-FMIS,
TOR-S30-H5A1317C, TOR-S30-TW21457
ACPEPGPRPGNFDOEQ, TOR-SO7-FMIS,
TOR-S30-P1112T28, TOR-S30-P1578788
ACPEPGPRPGNFDOEQ, TOR-SO7-FMIS,
TOR-S30-P1578788, TOR-S30-TW21457
ACPEPGPRPGNFDOEQ, PWS---LPHESFTIRVV,
TOR-SO7-FMIS, TOR-S30-H5A1317C,
TOR-S30-HE2789

ACPEPGFRPGNFDOEQ, PWS---LPHESFTRVV,
TOR-S07-FMIS, TOR-S30-HE2789,
TOR-S30-P1578788

ACPEPGPRPGNOPFEQ, HWTLTM9OHESHEPVV,
TOR-S07-FMIS, TOR-S30-P1112T28
ACPEPGPRPGNOPFEQ, HWTLTM9QHESHEPVV,
TOR-S07-FMIS, TOR-S30-TW21457
ACPEPGPRPGNOPFEQ, HWTLTM3OHESHEPVV,
PWS - - -LPHESFTRVV, TOR-S07-FMIS,
TOR-S30-HE2789

ACPEPGPRPGNFDOEQ, HWTLTM9OHESHEPVV,
TOR-HEP-PW1, TOR-SO7-FMIS
ACPEPGPRPGNFDOEQ, HWTLTMY0OHESHEPVV,
TOR-HEP-PW3-ALN, TOR-S07-FMIS

ACPEPGPRPGNOPFEQ,
TOR-S30-H5A1317C,
ACPEPGPRPGNOPFEQ,
TOR-S30-H5A1317C,
ACPEPGPRPGNOPFEQ,
TOR-S30-P1112T28,
ACPEPGPRPGNOPFEQ,
TOR-S30-P1578788,
ACPEPGPRPGNOPFEQ,

TOR-S07-FMIS,
TOR-S30-P1112T28
TOR-SO07 - FMIS,
TOR-S30-TW21457
TOR-S07 - FMIS,
TOR-S30-P1578788
TOR-S07-FMIS,
TOR-S30-TW21457
PWS- - - LPHESFTRVV,

TOR-SO7-FMIS, TOR-S30-H5A1317C,

TOR-S30-HE2789
ACPEPGPRPGNOPFEQ,

PWS- - - LPHESFTRVV,

TOR-S07-FMIS, TOR-S30-HE2789,

TOR-S30-P1578788

09:51:48
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SEQUENCE CUT SETS (QUANTIFICATION) REPORT

Family : HFBR-TOR Sequence  : 120 Rank 6
Analysis : RANDOM Event Tree : LOOP24
Case : ALTERNATE Init. Event : IE-LOOP24
Mincut Upper Bound : 5.912E-002
Cut % % Cut Prob/
No. Total Set Freq. ALTERNATE CUT SETS

.........................................................................

1 9.5 9.5 5.6E-003 ACPEPGPRPGNFDOEQ, HWTLTM9OHESHEPVV,
TOR-S05-FMIS, TOR-S30-P1112T28
2 19.1 9.5 5.6E-003 ACPEPGPRPGNFDOEQ, HWTLTMIOHESHEPVV,
TOR-S05-FMIS, TOR-S30-TW21457
3 28.4 9.3 5.5E-003 ACPEPGPRPGNFDOEQ, HWTLTM9OHESHEPVV,
PWS- - -LPHESFTRVV, TOR-S05-FMIS,
TOR-S30-HE2789
4  32.7 4.2 2.5E-003 ACPEPGPRPGNFDOEQ, TOR-S05-FMIS,
TOR-S30-H5A1317C, TOR-S30-P1112T28
5 37.0 4.2 2.5E-003 ACPEPGPRPGNFDOEQ, TOR-S05-FMIS,
TOR-S30-H5A1317C, TOR-S30-TW21457
6 41.3 4.2 2.5E-003 ACPEPGPRPGNFDOEQ, TOR-S05-FMIS,
TOR-S30-P1112T28, TOR-S30-P1578788
7  45.5 4.2 2.5E-003 ACPEPGPRPGNFDOEQ, TOR-S05-FMIS,
TOR-S530-P1578788, TOR-S30-TW21457
8 49.7 4.1 2.4E-003 ACPEPGPRPGNFDOEQ, PWS---LPHESFTRVV,
TOR-S05-FMIS, TOR-S30-H5A1317C,
TOR-S30-HE2789
9 53.9 4.1 2.4E-003 ACPEPGPRPGNFDOEQ, PWS---LPHESFTRVV,
TOR-S05-FMIS, TOR-S30-HE2789,
TOR-S30-P1578788
10 56.8 2.8 1.7E-003 ACPEPGPRPGNOPFEQ, HWTLTM9OHESHEPVV,
TOR-S05-FMIS, TOR-S30-P1112T28
11 59.7 2.8 1.7E-003 ACPEPGPRPGNOPFEQ, HWTLTM9OHESHEPVV,
TOR-S05-FMIS, TOR-S30-TW21457
12 62.5 2.8 1.6E-003 ACPEPGPRPGNOPFEQ, HWTLTM9OHESHEPVV,
PWS- - -LPHESFTRVV, TOR-S05-FMIS,
TOR-S30-HE2789
13 64.6 2.1 1.2E-003 ACPEPGPRPGNFDOEQ, HWTLTM9OHESHEPVV,
TOR-HEP-PW1, TOR-S0S5-FMIS
14 66.8 2.1 1.2E-003 ACPEPGPRPGNFDOEQ, HWTLTM9OHESHEPVV,
TOR-HEP-PW3-ALN, TOR-S05-FMIS
15 68.0 1.2 7.6E-004 ACPEPGPRPGNOPFEQ, TOR-S05-FMIS,
TOR-S30-H5A1317C, TOR-S30-P1112T28
16 69.3 1.2 7.6E-004 ACPEPGPRPGNOPFEQ, TOR-S05-FMIS,
TOR-S30-H5A1317C, TOR-S30-TW21457
17 70.6 1.2 7.6E-004 ACPEPGPRPGNOPFEQ, TOR-S05-FMIS,
TOR-S30-P1112T28, TOR-S30-P1578788
18 71.9 1.2 7.6E-004 ACPEPGPRPGNOPFEQ, TOR-S05-FMIS,
TOR-S30-P1578788, TOR-S30-TW21457
19 73.2 1.2 7.4E-004 ACPEPGPRPGNOPFEQ, PWS---LPHESFTRVV,
TOR-S05-FMIS, TOR-S30-H5A1317C,
TOR-S30-HE2789
20 74.4 1.2 7.4E-004 ACPEPGPRPGNOPFEQ, PWS---LPHESFTRVV,
TOR-S05-FMIS, TOR-S30-HE2789,
TOR-830-P1578788

1994 /04/25 09:54:09 page 1




SEQUENCE CUT SETS (QUANTIFICATION) REPORT

Family : HFBR-TOR Sequence  : 003 Rank 7
Analysis : RANDOM Event Tree : LOOP24
Case : ALTERNATE Init. Event : IE-LOOP24
Mincut Upper Bound : 2.024E-001
Cut % % Cut Prob/
No. Total Set Freq. ALTERNATE CUT SETS

- - - - -———- - B e I T e A e e i IR I A I I I il

1 0 0 = 6.2E-002 TOR-S07-FMIS, TOR-S30-P1112T28

2 62,1 31.0 6.2E-002 TOR-SO7-FMIS, TOR-S30-TW21457

3 5 4 6.1E-002 PWS---LPHESFTRVV, TOR-S507-FMIS,
TOR-S30-HE2789

4 99,5 6.9 1.4E-002 TOR-HEP-PW1l, TOR-S07-FMIS

5 100.0 6.9 1.4E-002 TOR-HEP-PW3-ALN, TOR-S07-FMIS

6 100.0 0.7 1.5E-003 PWSLWM-HEP-ALNVV, TOR-SO07-FMIS

7 100.0 0.7 1.5E-003 PWSSYS-HEP-ALNVV, TOR-SO07-FMIS

8 100.0 0.1 2.0E-004 TOR-HEP-SSSA3X, TOR-S30-P1112T28

9 100.0 0.1 2.0E-004 TOR-HEP-SSSA3X, TOR-S30-TW21457

10 100.0 0.1 1.9E-004 PWS---LPHESFTRVV, TOR-HEP-SSSA3X,
TOR-S30-HE2789

11 100.0 0.0 1.5E-004 DWSXFRHOSEFAILEQ, TOR-S07-FMIS

12 100.0 0.0 4.5E-005 TOR-HEP-PW1, TOR-HEP-SSSA3X

13 100.0 0.0 4.5E-005 TOR-HEP-PW3-ALN, TOR-HEP-SSSA3X

14 100.0 0.0 4.0E-005 SCWAOVWR-3XHEPEQ, TOR-S30-P1112T28

15 100.0 0.0 4,0E-005 SCWAOVWR-3XHEPEQ, TOR-S30-TW21457

16 100.0 0.0 3.9E-005 PWS---LPHESFTRVV, SCWAOVWR-3XHEPEQ,
TOR-S30-HE2789

17 100.0 0.0 1.8E-005 TOR-HEP-SS141518, TOR-HEP-SS1418,

TOR-S30-P1112T28

18 100.0 0.0 1.8E-005 TOR-HEP-SS5141518, TOR-HEP-SS1418,
TOR-S30-TW21457

19 100.0 0.0 1.7E-005 PWS---LPHESFTRVV, TOR-HEP-S55141518,
TOR-HEP-SS51418, TOR-S30-HE2789

20 100.0 0.0 1.5E-005 AWPMNV-DW42FTOEQ, TOR-SO07-FMIS

1994/04/25 09:43:32 page 1
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SEQUENCE CUT
Family : HFBR-TOR
Analysis : RANDOM
Case : ALTERNATE

SETS (QUANTIFICATION) REPORT
Sequence : 090 Rank 8
Event Tree : LOOP24
Init. Event : IE-LOOP24

Mincut Upper Bound : 3.397E-002

$ $ Cut Prob/
Total

.9E-003
.9E-003
.9E-003
.8E-003
.8E-003
.8E-004
.8E-004
.8E-004
.8E-004
.8E-004
.8E-004
.6E-004
.9E-004
.9E-004

.7E-004

.9E-004
.9E-004
.7E-004

.7E-004

1994 /04 /25

ALTERNATE CUT SETS

TOR-S05-FMIS, TOR-SO7-FMIS, TOR-S30-H5A1317C,
TOR-S30-P1112T28

TOR-S05-FMIS, TOR-S07-FMIS, TOR-S30-H5A1317C,
TOR-S30-TW21457

TOR-S05-FMIS, TOR-SO7-FMIS, TOR-S30-P1112T28,
TOR-530-P1578788

TOR-S05-FMIS, TOR-SO7-FMIS, TOR-S30-P1578788,
TOR-S30-TW21457

PWS---LPHESFTRVV, TOR-S05-FMIS, TOR-SO7-FMIS,
TOR-S30-H5A1317C, TOR-S30-HE2789
PWS---LPHESFTRVV, TOR-S05-FMIS, TOR-SO7-FMIS,
TOR-S30-HE2789, TOR-S30-P1578788

TOR-HEP-PW1, TOR-S05-FMIS, TOR-S07-FMIS,
TOR-S30-H5A1317C

TOR-HEP-PW1, TOR-SO5-FMIS, TOR-SO07-FMIS,
TOR-S30-P1578788

TOR-HEP-PW3-ALN, TOR-S05-FMIS, TOR-SO07-FMIS,
TOR-S30-H5A1317¢C

TOR-HEP-PW3-ALN, TOR-S05-FMIS, TOR-SO7-FMIS,
TOR-S30-P1578788

TOR-HEP-SCMDMU, TOR-S05-FMIS, TOR-SO7-FMIS,
TOR-S30-P1112T28

TOR-HEP-SCMDMU, TOR-S05-FMIS, TOR-SO7-FMIS,
TOR-S830-TW21457

PWS---LPHESFTRVV, TOR-HEP-SCMDMU,
TOR-S05-FMIS, TOR-SO7-FMIS, TOR-S30-HE2789
HWTLTM9OHESHEPVV, TOR-HEP-SCM9MPU,
TOR-S05-FMIS, TOR-SO7-FMIS, TOR-S30-P1112T28
HRWTLTM90RESHEPVV, TOR-HEP-SCMIMPU,
TOR-S05-FMIS, TOR-SO7-FMIS, TOR-S30-TW21457
HWTLTM9OHESHEPVV, PWS---LPHESFTRVV,
TOR-HEP-SCM9MPU, TOR-S05-FMIS, TOR-SO07-FMIS,
TOR-S30-HE2789

TOR-HEP-PW1, TOR-HEP-SCMDMU, TOR-S05-FMIS,
TOR-S07-FMIS

TOR-HEP-PW3-ALN, TOR-HEP-SCMDMU, TOR-S05-FMIS,
TOR-S07-FMIS

HWTLTMYOHESHEPVV, TOR-HEP-PW1,
TOR-HEP-SCM9MPU, TOR-S05-FMIS, TOR-SO7-FMIS
HWTLTM9OHESHEPVV, TOR-HEP-PW3-ALN,
TOR-HEP-SCM9MPU, TOR-S05-FMIS, TOR-SO07-FMIS
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SEQUENCE CUT SETS (QUANTIFICATION) REPORT

Family : HFBR-TOR Sequence : 050 Rank 9
Analysis : RANDOM Event Tree : LOOP24
Case : ALTERNATE Init. Event : IE-LOOP24
Mincut Upper Bound : 3,513E-002
Cut 3 $ Cut Prob/
No Total Set Freq. ALTERNATE CUT SETS
1 9.2 9.2 3.2E-003 ACPEPGPRPGNFDOEQ, HWTLTM9OHESHEPVV,
TOR-HEP-SP56M20, TOR-S30-P1112T28
2 18.5 9.2 3.2E-003 ACPEPGPRPGNFDOEQ, HWTLTMSOHESHEPVV,
TOR-HEP-SP56M20, TOR-S30-TW21457
3 27.6 9.0 3.1E-003 ACPEPGPRPGNFDOEQ, HWTLTM9OHESHEPVV,
PWS- - -LPHESFTRVV, TOR-HEP-SP56M20,
TOR-S30-HE2789
4 31.8 4.1 1.4E-003 ACPEPGPRPGNFDOEQ, TOR-HEP-SP56M20,
TOR-S30-H5A1317C, TOR-S30-P1112T28
5 35.9 4.1 1.4E-003 ACPEPGPRPGNFDOEQ, TOR-HEP-SP56M20,
TOR-S30-H5A1317C, TOR-S30-TW21457
6 40.1 4.1 1.4E-003 ACPEPGPRPGNFDOEQ, TOR-HEP-SP56M20,
TOR-S30-P1112T28, TOR-S30-P1578788
7 44.2 4.1 1.4E-003 ACPEPGPRPGNFDOEQ, TOR-HEP-SP56M20,
TOR-S30-P1578788, TOR-S30-TW21457
8 48.3 4.0 1.4E-003 ACPEPGPRPGNFDOEQ, PWS---LPHESFTRVV,
TOR-HEP-SP56M20, TOR-S30-H5A1317C,
TOR-S30-HE2789
9 52.4 4.0 1.4E-003 ACPEPGPRPGNFDOEQ, PWS---LPHESFTRVV,
TOR-HEP-SP56M20, TOR-S30-HE2789,
TOR-S30-P1578788
10 55.1 2.7 9.7E-004 ACPEPGPRPGNOPFEQ, HWTLTM9OHESHEPVV,
TOR-HEP-SP56M20, TOR-S30-P1112T28
11 57.9 2.7 9.7E-004 ACPEPGPRPGNOPFEQ, HWTILTMY9OHESHEPVV,
TOR-HEP-SP56M20, TOR-S30-TW21457
12 60.7 2.7 9.6E-004 ACPEPGPRPGNOPFEQ, HWILTMSOHESHEPVV,
PWS---LPHESFTRVV, TOR-HEP-SP56M20,
TOR-S30-HE2789
13 62.7 2.0 7.2E-004 ACPEPGPRPGNFDOEQ, HWTLTM9OHESHEPVV,
TOR-HEP-PW1l, TOR-HEP-SP56M20
14 64.8 2.0 7.2E-004 ACPEPGPRPGNFDOEQ, HWTLTM9OHESHEPVV,
TOR-HEP-PW3-ALN, TOR-HEP-SP56M20
15 66.1 1.2 4 .3E-004 AGCPEPGPRPGNOPFEQ, TOR-HEP-SP56M20,
TOR-S30-H5A1317C, TOR-S30-P1112T28
16 67.3 1.2 4.3E-004 ACPEPGPRPGNOPFEQ, TOR-HEP-SP56M20,
TOR-S30-H5A1317C, TOR-S30-TW21457
17 68.6 1.2 4.3E-004 ACPEPGPRPGNOPFEQ, TOR-HEP-SP56M20,
TOR-S30-P1112T28, TOR-S30-P1578788
18 69.8 1.2 4,.3E-004 ACPEPGPRPGNOPFEQ, TOR-HEP-SP56M20,
TOR-S30-P1578788, TOR-S30-TW21457
19 71.0 1.2 4.3E-004 ACPEPGPRPGNOPFEQ, PWS---LPHESFTIRVV,
TOR-HEP-SP56M20, TOR-S30-H5A1317C,
TOR-S30-HE2789
20 72.2 1.2 4.3E-004 ACPEPGPRPGNOPFEQ, PWS---LPHESFTRVV,
TOR-HEP-SP56M20, TOR-S30-HE2789,
TOR-S30-P1578788
1994 /04 /25 09:52:24 page
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Family

Analysis :

Case

1994 /04/25

SEQUENCE CUT SETS (QUANTIFICATION) REPORT

: HFBR-TOR
RANDOM
: ALTERNATE

Mincut Upper Bound :

Prob/

.1E-003

.4E-003
.4E-003
.4E-003
.4E-003

.4E-003

.4E-003

.7E-004
.7E-004

.6E-004

.2E-004
.2E-004
.3E-004
.3E-004
.3E-004
.3E-004

.3E-004

.3E-004

Sequence

Event Tree
Init. Event :
3.513E-002

: 065
: LOOP24
IE-LO0OP24

ALTERNATE CUT SETS

ACPEPGPRPGNFDOEQ, HWTLTM9OHESHEPVV,
TOR-HEP-SP23M19, TOR-S30-P1112T28
ACPEPGPRPGNFDOEQ, HWTLTMYOHESHEPVV,
TOR-HEP-SP23M19, TOR-S30-TW21457
ACPEPGPRPGNFDOEQ, HWTLTM9OHESHEPVV,
PWS - - -LPHESFTRVV, TOR-HEP-SP23M19,

TOR-S30-HE2789

ACPEPGPRPGNFDOEQ,
TOR-S30-H5A1317C,
ACPEPGPRPGNFDOEQ,
TOR-S30-H5A1317C,
ACPEPGPRPGNFDOEQ,
TOR-S30-P1112T28,
ACPEPGPRPGNFDOEQ,
TOR-S30-P1578788,
ACPEPGPRPGNFDOEQ,

TOR-HEP-SP23M19,
TOR-S30-P1112T28
TOR-HEP-SP23M19,
TOR-S30-TW21457

TOR-HEP-SP23M19,
TOR-S30-P1578788
TOR-HEP-SP23M19,
TOR-S30-TW21457

PWS- - - LPHESFTRVV,

TOR-HEP-SP23M19, TOR-S30-H5A1317C,
TOR-S30-HE2789

ACPEPGPRPGNFDOEQ, PWS---LPHESFTRVV,
TOR-HEP-SP23M19, TOR-S30-HE2789,
TOR-S30-P1578788

ACPEPGPRPGNOPFEQ, HWTLTM9OHESHEPVV,
TOR-HEP-SP23M19, TOR-S30-P1112T28
ACPEPGPRPGNOPFEQ, HWTLTM90OHESHEPVV,
TOR-HEP-SP23M19, TOR-S30-TW21457
ACPEPGPRPGNOPFEQ, HWTLTM90HESHEPVV,
PWS- - -LPHESFTRVV, TOR-HEP-SP23M19,
TOR-S30-HE2789

ACPEPGPRPGNFDOEQ, HWTLTM90HESHEPVV,
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