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ABSTRACT

Nuclear power plants have experienced actuations of fire protection
systems (FPSs) under conditions for which these systems were not intended
to actuate. They have also experienced advertent actuations with the
presence of a fire. These actuations have often damaged nearby plant
equipment.

A review of past occurrences of both types of such events on nuclear
power plant safety has been performed. Thirteen different scenarios
leading to actuation of fire protection systems due to a variety of
causes were identified. These scenarios range from inadvertant actuation
caused by human errors to hardware failures and include seismic root
causes and seismic/fire interactions. A quantification of these thirteen
scenarios, where applicable, was performed on a BWR4/MKI. This report
estimates the contribution of FPS actuations to core damage frequency and
to risk.
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EXECUTIVE SUMMARY

In recent years, fire protection systems (FPSs) in nuclear power plants
have actuated at times and under conditions for which they were not
intended to actuate, as well as actuating in the presence of a fire, and
have often affected and even damaged adjacent plant equipment. To
quantify the risk due to this issue, a study was performed which
involved: (a) a review of pertinent Licensee Event Reports of industry
experience with FPS actuations, (b) a review of Navy experience with FPS
actuations, and (c) a quantification for potential scenarios at three
commercial nuclear power plants as well as for a set of generically
applicable scenarios. This study was conducted as part of the analysis
conducted for resolution of U.S. NRC Generic Issue 57.

In the quantification portion of the study, thirteen different causal
mechanisms were identified which could result in fire protection system
actuations. A set of criteria was developed for identifying such
accident scenarios leading to core damage. These criteria can be applied
to probabilistic risk assessment (PRA) vital area analysis for any
particular plant in question to identify those accident sequences and cut
sets which would lead to core damage (assuming the FPS actuation damages
critical equipment in the fire zone affected).

As these scenarios are plant-specific in regard tb plant layout and types
of fire protection systems present, three plants were selected for the
quantification. The criteria developed were applied to two commercial
pressurized water reactor (PWRs) and one commercial boiling water reactor
(BWR). *These plants were selected because each had a detailed PRA and
supporting analyses available. This report presents the application of
the methodology to a General Electric BWR.

Using the complete set of accident sequences.developed in a previous PRA
for the plant, a full set of scenarios based on fire protection system
actuations was analyzed. For each accident sequence identified, values
for the various parameters involved were chosen, and an estimate of the
impact on core damage and risk due to FPS actuation was made. Although
an effort was made to use parameter estimates from existing data bases
where available, some simplifying assumptions were required due to lack
of data.

The risk calculations were performed employing a methodology similar to
WASH-1400. An uncertainty analysis was performed for the core damage
frequency and risk calculations. The results of the quantification found
a total mean contribution to annual core damage frequency of 2.3E-5/ry
and total dose of 137 person-REM.
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1.0 INTRODUCTION

1.1 Scope

Experience in recent years has shown that fire protection systems (FPSs) in
nuclear power plants have actuated at times and under conditions for which
they were not intended to actuate as well as when intended in the presence of
a fire. Since these FPSs are located near the critical equipment they are
designed to protect, these actuations have often affected and even caused
damage to this adjacent critical plant equipment. On some occasions, the
damage has been to safety-related equipment, that is, equipment required to
ensure the capability to safely shutdown the plant. On other occasions, the
damage has been to equipment required for the normal operation of the plant
and the reactor was subsequently shutdown. As a consequence, the actuation
of fire protection systems represents a potentially important safety issue
requiring further study.

In the recently completed Fire Risk Scoping Study (Ref. 1.1), the inadvertent
actuation of fire protection systems in commercial United States nuclear
power plants was briefly reviewed. Seventy-one events resulting in
submission of a Licensee Event Report (LER) were identified during the period
from April 1, 1980 to July 14, 1987. The average frequency of occurrence of
these inadvertent actuation events was found to be approximately 10 per year.

The Fire Risk Scoping Study was limited in scope and did not attempt to
quantify the attendant contribution to core damage frequency (CDF) resulting
from the inadvertent actuation of FPS's, primarily because the impact of
inadvertent fire protection system actuations was found to be very plant
specific. It was concluded that such events could significantly impact the
risk at a specific plant only if multiple safety systems could be affected by
the inadvertent fire protection system actuation event.

As a follow-on to the Fire Risk Scoping Study, a preliminary study including
a scoping quantification of risk due to inadvertent FPS actuation was
performed (Ref. 1.2). This study quantified the core damage frequency and
risk at one generic PWR. This analysis indicated that the increase in core
damage frequency due to inadvertent FPS actuations could range from 10-5 to
10-4 per reactor year.

The current study, U.S. NRC Generic Issue 57, of which this report is part,
entitled "Effects of Fire Protection System Actuation on Safety-Related
Equipment," was begun in 1989. In this study, six main potential causes of
inadvertent and advertent actuations of fire protection systems have been
identified, as shown on Table 1.1. For the general cases of random and
seismic-induced actuations, several potential root causes are also shown.

The objective of this study was to provide a probabilistic basis on which to
evaluate the impact on plant core damage frequency and risk of fire
protection system actuations. This objective was accomplished by first
reviewing past events involving fire protection system actuations. The
actuations were then categorized in order to draw some useful conclusions
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Table 1.1

Causes of Potential FPS Actuation

A. Random causes of inadvertent actuation

Human error (Root Cause 4)

Hardware failure (Root Cause 6)

Unknown (Root Cause 13)

B. Actuation induced by fire or by steam pipe break in an adjacent
area and smoke/steam spread

Fire in adjacent zone causing FPS actuation (Root Cause 1)

Fire-induced FPS actuation (due to fire in adjacent zone)
preventing random failure recovery action (Root Cause 2)

Fire-induced FPS actuation (due to fire in adjacent zone)
preventing access for manual fire suppression (Root Cause 3)

FPS actuation caused by steam release (Root Cause 5)

C. Seismic induced inadvertent actuation

Dust actuating smoke detectors (Root Cause 7)

Failure of FPS (e.g., failure of wet pipes, sprinkler heads,
etc.) (Root Cause 9)

Actuation caused by FPS control system relay chatter
(Root Cause 8)

D. Seismic induced failure of the FPS, diverting suppression agent from
an area where a fire is present (Root Cause 12)

E. Fire external to plant (smoke via ventilation system)
(Root Cause 10)

F. Fire present where the FPS is located (Root Cause 11)
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about the causes and effects of these actuations. A quantification of the
impacts of such events, including sensitivity and uncertainty studies, was
performed both in terms of reduction in core damage frequency and risk for
the scenarios identified. Finally, risk calculations, in terms of person-REM
were performed.

1.2 Methodology

Chapter 3 of NUREG/CR-5580 (Ref. 1.3) presented the overall methodology that
is used to evaluate the effects of fire protection system (FPS) actuations on
nuclear power plant risk. The objective of the analysis presented in this
report is to extend the general methodology to one of a representative set of
nuclear plants. In this case, the plant selected is a BWR 4/Mark I. Using
data from industry experience and parametric values used in prior applicable
PRA studies, a quantitative assessment of the incremental contribution to
core damage frequency due to FPS actuations is performed.

The analysis of the thirteen root causes introduced in Section 3.2 of
Reference 1.3 is being applied on a site-specific basis. The actual site
being studied is unimportant and will not be named. As the safety
significance of FPS actuations is highly plant-specific and is dependent on
system interdependencies derived from plant event tree and fault tree models,
it follows that those models available for the specific plant in question
must be used in the analysis. In this case, the system models developed as
part of the NUREG-1150 study (Ref. 1.4), augmented by site visits, were used
as the basis for quantification in this report.

1.3 Organization of the Report

A description of the plant systems and general plant characteristics is
provided in Chapter 2. The system descriptions include simplified schematics
which depict major system components.

The base case analysis (best estimate) of core damage frequency due to FPS
actuations is described in Chapter 3. This analysis addresses all of the
root causes presented in Reference 1.3 that apply to this nuclear power
plant. This chapter also contains a description of where vital equipment is
located throughout the plant, plant fire protection system locations, and an
application of the methodology including results in terms of core damage
frequency by root cause and by fire zone.

Chapter 4 describes the sensitivity analyses performed and the overall effect
on the base case results. These studies are very plant specific, but the
issues considered would apply to any "typical" General Electric BWR. In
Chapter 5, the "back end" risk calculations (in terms of offsite person-REM
exposure) are described.
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2.0 PLANT DESCRIPTION

2.1 Plant Site and General Characteristics

The plant site, general characteristics, and success criteria information
for the BWR4/MKI was obtained from Reference 2.1. The twin BWR units at
this site are each rated at 1,065 MW. The reactor and generator for both
these units were supplied by General Electric Corporation. Bechtel acted
as Architect/Engineer/Constructor.

2.2 Description of Plant Systems

2.2.1 Introduction

This section discusses the system descriptions and system models of the
major frontline and support systems identified as important to safety as
described in the external events analysis (Ref. 2.1). In addition to the
event trees discussed, component fault trees also developed by the
external events analysts were utilized. Use of the same event trees,
fault trees, and accident sequences developed during the external events
analysis ensured consistency between this study and the internal and
external events analyses performed as part of NUREG-1150.

The following discussions of the systems include:

a. A brief functional description of the system with reference to the
one-line diagrams that were developed to indicate which components
were included in the model;

b. Safety-related success criteria that were applied to the system;

c. Interfaces and safety actuation provisions between the frontline
systems and the support systems.

2.2.2 High Pressure Coolant Injection (HPCI) System

The function of the HPCI system is to provide a makeup coolant source to
the reactor vessel during accidents in which system pressure remains
high (Event tree nomenclature--Ul).

The HPCI system consists of a single train with motor-operated valves
and a turbine-driven pump. Suction is taken from either the Condensate
Storage Tank (CST) or the suppression pool (or torus). Injection to the
reactor vessel is via a feedwater line. The HPCI pump is rated at 5000
gpm flow with a discharge head of 1135 psig. A simplified schematic of
the HPCI system is provided by Figure 2.1. Major components modeled in
the system fault tree are shown.
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The HPCI system is automatically initiated and controlled. Operator
intervention is required as follows: (a) to prevent either vessel
overfill or continuous system trip/restart cycles, (b) to manually start
the system given an auto-start failure, and (c) to set up the system for
continuous operation under long-term station blackout conditions. The
success criteria for the HPCI system is injection at rated flow to the
reactor vessel.

Most of the HPCI system is located in a separate room in the reactor
building. Local access to the HPCI system could be affected by either
containment venting or containment failure should steam be released to
the reactor building area. Room cooling failure is assumed to fail the
HPCI pump in ten hours (Ref. 2.1).

Upon system actuation, HPCI injection valves receive a signal to open
and HPCI test valves receive a signal to close. The HPCI system is
automatically initiated on the receipt of either a high drywell pressure
(2 psig) or low reactor water level (490 inches above vessel zero)
signal. The low reactor water level sensors are shared with the RCIC
system.

2.2.3 Reactor Core Isolation Cooling (RCIC) System

The function of the RCIC system is to provide a makeup coolant source to
the reactor vessel during accidents in which system pressure remains
high (Event tree nomenclature--U2).

The RCIC system consists of a single train with motor-operated valves
and a turbine-driven pump. Suction is taken from either the CST or the
suppression pool. Injection to the reactor vessel is via a feedwater
line. The RCIC pump is rated at 600 gpm flow with a discharge head of
1135 psig. A simplified schematic of the RCIC system is provided by
Figure 2.2. Major components that were modeled in the system fault tree
are shown.

The RCIC system is automatically initiated and controlled. Operator
intervention is required as follows: (1) to prevent either vessel
overfill or continuous system trip/restart cycles, (2) to manually start
the system given an auto-start failure, and (3) to set up the system for
continuous operation under long-term station blackout conditions. The
success criteria for the RCIC system is injection at rated flow to the
reactor vessel.

Most of the RCIC system is located in a separate room in the reactor
building. Local access to the RCIC system could be affected by either
containment venting or containment failure should steam be released to
the reactor building area. Room cooling failure is assumed to fail the
RCIC pump in ten hours.

2-2
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Upon system actuation, RCIC injection valves receive a signal to open
and RCIC test valves receive a signal to close. The RCIC system is
automatically initiated on the receipt of a low reactor water level
signal (490 inches above vessel zero). The low reactor water level
sensors are shared with the HPCI system.

2.2.4 Control Rod Drive (CRD) System

The CRD system was modeled as a backup source of high pressure injection
(Event tree nomenclature--U3-1, CRD Enhanced Mode-2 pumps required, and

U3-2 CRD-I pump required) the CRD pumps take suction from the condenser
hotwell in the Condensate system or the CST. A flow control station is
installed downstream of the tap from the Condensate system and ties into
the CRD pump suction line before the CRD suction filter. The flow
control station will divert 250 gpm from the Condensate system. This
will supply the CRD system with the remainder of the water being passed
on to the CST. In the event that flow from the Condensate system is
interrupted, the CST provides a backup source of water to ensure CRD
system operability without operator action being required. A simplified
schematic of the CRD system is provided by Figure 2.3.

The CRD pumps, together, can achieve a flow rate of approximately 210
gpm with the reactor fully pressurized and approximately 300 gpm with
the reactor depressurized. Two discharge paths are provided for the CRD
pumps. One discharge path is through an air-operated valve control
station. When instrument air is lost, this path is blocked. With both
CRD pumps running and the reactor at nominal pressure, the second
discharge path restricts flow, by means of an orifice, to approximately
180 gpm.

Normally one CRD pump is running, with the suction and discharge valves
to the standby pump being blocked. Should the operator be required to
realign the CRD system as a sole source of early high pressure
injection, the standby CRD pump must be placed into operation to achieve
sufficient flow to the reactor vessel.

In general, the CRD success criteria (as a sole injection source to the
reactor) requires both pumps running and one of the two discharge paths
available. If some other injection system has been operating
successfully for six or more hours following an initiator, the CRD
success criteria changes to one pump running and one of two discharge
paths available.

Most of the CRD system is located in the turbine building. Any physical
impact of accident conditions on the ability of the CRD system to
perform its function would be minimal. Since the system is located in a
large open area, room cooling failure is not applicable to the CRD
pumps. The CRD pumps receive no automatic initiation signals.
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2.2.5 Automatic Depressurization System (ADS)

The ADS is designed to depressurize the primary system to a pressure at
which the low pressure injection systems can inject coolant to the
reactor vessel (Event tree nomenclature--Xl, X2 , X3 ).

The Automatic Depressurization system describes the automatic or, if
required, manual operation of the ADS/SRV system to depressurize the
primary system. This allows the low pressure injection systems to be
used to cool the core. The Manual Depressurization system describes
manual operation of the ADS/SRV system to depressurize the primary
system. This allows the SDC mode of the RHR system to be used.

The ADS consists of five relief valves capable of being manually opened.
Each valve discharges via a tailpipe line through a downcomer to the
suppression pool. Relief valve capacity is approximately 820,000 lb/hr.
A simplified schematic of the ADS is provided by Figure 2.4.

The ADS is automatically initiated. The operator may manually initiate
the ADS or may depressurize the reactor vessel using the six relief
valves that are not connected to ADS logic. The operator can inhibit
ADS operation if a spurious ADS signal occurs or if the operator desires
to do so (as in an ATWS scenario). The success criterion for the ADS is
three of five valves opening to depressurize the reactor.

The ADS valves are located inside the containment. ADS performance is
not normally affected by accident conditions since the equipment is
qualified for accident conditions and the air/nitrogen supply pressure
is judged to be sufficiently high to allow valve operation under most
containment conditions. However, should containment pressure be
excessively high (-85 psig or greater), the valves could not be kept
open since the air/nitrogen supply pressure is limited to -85 psig.

Automatic ADS initiation occurs upon receipt of a low-low reactor water
level signal (with an -8-minute time delay), a low-low level and high
drywell pressure signal, or notice that one LPCI or two LPCS pumps are
running.

2.2.6 Low Pressure Core Spray (LPCS) System

The function of the LPCS system is to provide a makeup coolant source to
the reactor vessel during accidents in which system pressure is low
(Event tree nomenclature--V2). The ADS can be used in conjunction with
the LPCS system to attain a low enough system pressure for injection to
occur.

The LPCS system is a two-loop system consisting of motor-operated valves
and motor driven pumps. There are two 50-percent capacity pumps per
loop, with each pump rated at 3125 gpm with a discharge head of 105 Figu
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psig. The LPCS system's normal suction source is the suppression pool.
Pump suction can be manually realigned to the CST. A simplified
schematic of the LPCS system is provided by Figure 2.5. Major
components are shown as well as the pipe segment definitions (e.g., PS-
27) used in the system fault tree.

The LPCS system is automatically initiated and controlled. Operator
intervention is required to manually start the system given an auto-
start failure and to stop the system or manually control flow during an
ATWS if required. The success criterion for the LPCS system is
injection of flow from any two pumps to the reactor vessel.

Most of the LPCS system is located in the reactor building. Local
access to the LPCS system could be affected by either containment
venting or failure. Room cooling failure is assumed to fail the LPCS
pumps in ten hours.

Upon the receipt of a LPCS injection signal, start signals are sent to
all LPCS pumps, both injection valves are demanded to open, and the test
return valves are demanded to close. The LPCS system is automatically
initiated on the receipt of either a low-low reactor water level (378
inches above vessel zero), or high drywell pressure (2 psig) and low
reactor pressure (450 psig).

2.2.7 Low Pressure Coolant Injection (LPCI) System

The function of the LPCI system is to provide a makeup coolant source to
the reactor vessel during accidents in which system pressure is low
(Event tree nomenclature--V3). The ADS can be used in conjunction with
the LPCI system to attain a low enough system pressure for injection to
occur. The LPCI system is but one mode of the RHR system and, as such,
shares components with other modes.

A simplified schematic is shown in Figure 2.6-. Major components are
shown as well as the pipe segment definitions (e.g., PS-19) used in the
system fault tree.

The LPCI system is automatically initiated and controlled. Operator
intervention is required to manually start the system given an auto-
start failure and to stop the system or control flow during an ATWS if
required. The success criterion for the LPCI system is injection of
flow from any one pump to the reactor vessel.

Most of the LPCI system is located in the reactor building. Local
access to the LPCI system could be affected by either containment
venting or failure. Room cooling failure is assumed to fail the LPCI
pumps in ten hours.
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Upon the receipt of a LPCI injection signal, start signals are sent to
all pumps, loops A and B injection valves are subsequently demanded to
open when reactor pressure is low enough, and the test return valves are
demanded to close. The LPCI system is automatically initiated on the
receipt of either a low-low reactor water level (378 inches above vessel
zero), or high drywell pressure (2 psig) and low reactor pressure (450
psig).

2.2.8 Residual Heat Removal: Shutdown Cooling (SDC) System

The function of the SDC system is to remove decay heat during accidents
in which reactor vessel integrity is maintained (Event tree
nomenclature--Wl). The SDC system is but one mode of the RHR system
and, as such, shares components with other modes.

The RHR system is a two-loop system consisting of motor-operated valves
and motor-driven pumps. There are two pump/heat exchanger trains per
loop; with each pump rated at 10,000 gpm with a discharge head of 20
psig. Cooling water flow to the heat exchanger is required for the SDC
mode. The SDC system suction source is one reactor recirculation pump's
suction line. A simplified schematic of the SDC (RHR) system is
provided by Figure 2.7. Major components are shown as well as the pipe
segment definitions (e.g., PS-9) used in the system fault tree. The SDC
system is manually initiated and controlled. The success criterion for
the SDC system is injection of flow from any one pump/heat exchanger
train to the reactor vessel.

Most of the SDC system is located in the reactor building. Local access
to the SDC system could be affected by either containment venting or
failure. Room cooling failure is assumed to fail the SDC pumps in ten
hours.

SDC is initiated after emergency core injection is successful and
reactor pressure is low. If an injection signal subsequently occurs,
the RHR system will automatically be realigned to the LPCI mode.

2.2.9 Residual Heat Removal: Suppression Pool Cooling (SPC) System

The function of the SPC system is to remove decay heat from the
suppression pool during accidents (Event tree nomenclature--W2). The
SPC system is but one mode of the RHR system and, as such, shares
components with other modes.

The RHR system is a two-loop system consisting of motor-operated valves
and motor-driven pumps. There are two pump/heat exchanger trains per
loop, with each pump rated at 10,000 gpm with a discharge head of 20
psig. Cooling water flow to the heat exchanger is required for the SPC
mode. The SPC suction source is the suppression pool. A simplified
schematic of the SPC (RHR) system is provided by Figure 2.8. Major
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components are shown as well as the pipe segment definitions (e.g., PS-
26) used in the system fault tree. The SPC system is manually initiated
and controlled. The success criterion for the SPC system is injection
of flow from any one pump/heat exchanger train to the suppression pool.

Most of the SPC system is located in the reactor building. Local access
to the SPC system could be affected by either containment venting or
failure. Room cooling failure is assumed to fail the RHR pumps in ten
hours.

The SPC mode is manually initiated. If an injection signal is generated
subsequent to the initiation of the SPC system, the SPC system will
automatically realign to the LPCI mode. Besides a time delay, a
permissive indicating that the reactor water level is above the shroud
(312 inches above vessel zero) must be present prior to aligning to the

SPC mode. However, this permissive may be overridden by a switch in the
control room.

2.2.10 Residual Heat Removal: Containment Spray (CS) System

The function of the CS system is to suppress pressure in the drywell
during accidents (Event tree nomenclature--W3). The CS system is but
one mode of the RHR system and, as such, shares components with other
modes.

The RHR system is a two-loop system consisting of motor-operated valves
and motor-driven pumps. There are two pump/heat exchanger trains per
loop, with each pump rated at 10,000 gpm with a discharge head of 20
psig. Cooling water flow to the heat exchanger is required for the CS
mode. The CS suction source is the suppression pool. A simplified
schematic of the CS (RHR) system is provided by Figure 2.9. Major
components are shown as well as the pipe segment definitions (e.g., PS-
25) used in the system fault tree. The CS system is manually initiated
and controlled. The success criterion for the CS system is injection of
flow from any one pump/heat exchanger train to the spray ring.

Most of the CS system is located in the reactor building. Local access
to the CS system could be affected by either containment venting or
failure. Room cooling failure is assumed to fail the CS pumps in ten
hours.

Reactor water level above the shroud (312 inches above vessel zero) and
high dryweil pressure (2 psig) permissive signals must be present before
the CS system can be manually initiated. The water level signal can be
overridden.
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2.2.11 Electric Power System (EPS)

The EPS is designed to provide a diversity of dependable power sources
which are physically isolated from each other.

This BWR receives power from two separate offsite sources. If both
offsite sources are lost, auxiliary power is supplied to both units from
four onsite diesel generators shared between the two units. Loads
important to plant safety are split and diversified. Station batteries
provide control power for specific engineered safeguards and for other
required functions when AC power is not available. A simplified
schematic of the EPS is provided by Figure 2.10.

Each diesel generator unit consists of a diesel engine, a generator, and
the associated auxiliaries mounted on a common base. The continuous
rating of the diesel generators is 2600 kW. The engine is rated for a
ten percent overload for any two of every 24 hours.

There are two independent 125/250 V DC systems per unit. Each system is
comprised of two 125-V batteries, each with its own charger. Each 125-V
battery is a lead-calcium type with 58 cells. The chargers are full
wave, silicon-controlled rectifiers. The two batteries for each unit
are redundant. Loads are diversified between these systems so that each
system serves loads which are identical and redundant. Power for larger
loads, such as DC motor-driven pumps and valves, is supplied at 250 V
from two 125-V sources. Selected batteries from Unit 2 and from Unit 3
are needed to start Diesel Generators 1, 2, 3 and 4, respectively.

Each standby diesel generator automatically starts. The diesel
generator may be stopped by the operator after determining that
continued operation of the diesel is not required.

Most of the EPS is located in the diesel building and in com-
partmentalized rooms within the reactor building. Any physical impact
of accident conditions on the ability of the EPS to perform its function
would be minimal. It is assumed that room cooling is not required for
the AC switchgear or DC battery rooms since the heat loads are small and
no sizeable heat loads are near these rooms. Diesel generators are
assumed to fail in less than 30 minutes without room cooling although it
is recognized that diesel performance would degrade before actual
failure of the diesel and provide a warning to the operators that a
problem existed. Possible recovery actions (by opening doors) could
therefore take place. Complete failure of the EPS would cause a station
blackout. After a total loss of AC power, DC-driven components could
operate until the station batteries are depleted (estimated at about six
hours based on plant personnel input).
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Each standby diesel generator automatically starts on total loss of
offsite power, low reactor water level, or high drywell pressure
coincident with low reactor pressure. Two sources of offsite power are
available to each 4-kV emergency bus. The failure of one offsite power
source results in the automatic transfer to the other offsite source.
When the diesel generators are demanded, essential loads are automati-
cally sequenced onto the emergency bus. Nonessential 480 V loads are
prevented from being automatically sequenced. Each diesel generator can
be started locally, but can be electrically connected to its bus only
from the main control room.

2.2.12 Emergency Service Water (ESW) System

The function of the ESW system is to provide a reliable supply of
cooling water to selected equipment during a loss of offsite power
event.

The ESW system is common to both units. The system has two full
capacity pumps installed in parallel. The normal water supply to the
suction of the ESW pumps is from a cooling pond. The pump discharge
consists of two headers with service loops to the diesel-engine coolers
and selected equipment coolers. The modeled components supplied with
cooling water are the LPCS pumps and pump room coolers, the RHR pumps
and pump room coolers, the HPCI pump room cooler, and the RCIC pump room
cooler. Valves in the supply headers provide loop isolation. A common
discharge header directs effluent to the cooling pond. A simplified
schematic of the ESW system is provided by Figure 2.11. Major
components are shown as well as the pipe segment definitions (e.g., PS-
8) used in the system fault tree.

The ESW pumps are vertical, single-stage, turbine types with an 8000 gpm
capacity. Their normal discharge head is 96 ft and their shutoff head
is 132 ft. The cooling for all modeled equipment, with the exception of
the diesel generator coolers, is normally provided by the Normal Service
Water (NSW) system which operates on offsite AC power only.

Should the preferred flow paths described above be unavailable or the
bay level preclude normal flow path operation, the ESW system may also
be operated in conjunction with the Emergency Heat Sink (EHS) in a
closed or open loop fashion. In the closed loop mode, two ESW booster
pumps take return water from various coolers, boost it in pressure, and
deliver the water to the emergency cooling tower structure. The booster
pumps are horizontal split types, with 8000 gpm flow at a head of 100
psig. One Emergency Cooling Water (ECW) pump then takes suction from
the cooling tower structure. It delivers water through a motor-operated
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gate valve to the ESW heat loads. The ECW pump and motor are identical
to those of the ESW pumps. The only difference between the ECW pump and
the ESW pumps is pump column length. While the booster pumps would
normally be used in this mode, they are not required since it has been
demonstrated by tests that booster pump failure will not fail the
cooling function of the ESW. In the open loop mode, the ECW pump
delivers water from the cooling tower structure, thru the ESW loads, and
back to the bay. There is sufficient water supply in the cooling tower
structure to last four days; hence the open loop mode is considered a
success path.

Upon system automatic initiation, the operator checks discharge pressure
for the two primary ESW pumps. If discharge pressure appears normal,
the operator turns off one ESW pump and the ECW pump (the ECW pump also
has an automatic trip in -45 seconds if the discharge pressure is
adequate). At some later time, if the operating ESW pump trips and the
standby ESW pump fails to start, the operator must manually start the
ECW pump. In the EHS closed loop mode, cooling tower fans must be
manually started. The success criterion for the ESW system is either of
the ESW pumps or the ECW pump supplying cooling water to system heat
loads.

Most of the ESW system is located in pump rooms external to the reactor
and turbine buildings. Any physical impact of accident conditions on
the ability of the ESW system to perform its function would be minimal.
Room cooling failure is assumed not to fail the ESW pumps, ESW booster
pumps, and ECW pump.

Failure of the ESW system would quickly fail operating diesel generators
and potentially fail the LPCS pumps and RHR pumps. The HPCI pump and
RCIC pump would fail by a loss of their room cooling ten hours after a
loss of the ESW system if other recovery actions were not taken.

Both ESW pumps and the ECW pump start on a diesel start signal or a LOCA
signal (low water level/high drywell pressure). If all three pumps
start successfully, the operator will shut off one ESW pump and the ECW
pump. If the running ESW pump fails, the other ESW pump will receive an
auto start signal on low discharge pressure.

2.2.13 High Pressure Service Water (HPSW) System

The HPSW system is designed to supply cooling water from the ultimate
heat sink to the RHR system heat exchangers under post-accident
conditions and can provide an additional source of water to the reactor
vessel through a cross-tie to the RHR injection lines (Event tree
nomenclature--V4).
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The HPSW system consists of four 4500 gpm pumps installed in parallel.
The pumps are a vertical multi-stage turbine type with a discharge head
of 700 ft. Each pump is sized to the design heat removal capacity of
one RHR heat exchanger. Normal water supply to the suction of the pumps
is from the cooling pond. In the EHS mode of system operation, suction
and discharge comes from the emergency cooling towers. The pump
discharge is split into two headers with two pumps in each header. The
headers are split by a normally closed, motor-operated gate valve. Each
header delivers water to two RHR heat exchangers in parallel. The pump
discharge head is sufficient to maintain the HPSW system at a higher
pressure than the RHR system, thus precluding leakage of radioactivity
and permitting operation in conjunction with the emergency cooling
towers. As an injection source to the reactor vessel, the HPSW
discharge to RHR injection lines is from the pump B/D header. This
connects to the RHR header. A simplified schematic of the HPSW system
is provided by Figure 2.12. Major components are shown as well as the
pipe segment definitions (e.g., PS-10) used in the system fault tree.

The operator is required to initiate the HPSW system. To initiate the
system in the RHR cooling mode, the operator must start the appropriate
HPSW pump and open the appropriate motor operated discharge valve
depending on which RHR heat exchanger(s) is being used. These discharge
valves are arranged with one valve downstream of each of the four RHR
heat exchangers. To inject water into the reactor vessel via the RHR
system, the operator starts B and/or D HPSW pumpseand opens M-176 and M-
174.

The success criteria for the HPSW system in the RHR cooling mode is one
of four pumps supplying flow to the appropriate one of four heat
exchangers. This is based upon the RHR system success criteria. As a
last effort injection source, either B or D pump must supply flow
through the cross-tie and corresponding RHR injection line under
depressurized conditions in the reactor vessel. Pump A or C can be used
with operation of a cross-tie valve.

Most of the HPSW system is located in pump rooms external to the reactor
and turbine buildings. Any physical impact of accident conditions on
the ability of the HPSW system to perform its functions would be minimal
except for the injection valves (MV-174, 176) which are in the reactor
building and could be affected by harsh environments there. Room
cooling failure is assumed not to fail the HPSW pumps.

Failure of the HPSW system in the RHR cooling mode would fail the RHR
cooling function. Failure of the HPSW system in the injection mode
would fail one source of water for reactor makeup and containment spray.
The HPSW system is initiated manually, either locally or from the main
control room.

2-23



Ago, RHR

•PAA

CV0•2,11 (vsll c 4H1C

A (2BP42)

p 248 10 PON

t CV502C XV5010 C PM•20 HXC

CP5028 PS-•1 5

P! MOPS: PS-/399

, (29Pp_4_2)-l

ESA Ml Ixe RHxvii9

VAE P
EU )C, K32) MV48 L PN

FANl 2

VALVE~K32 MV24ION ARE PONNDIRSAN B M

Figure 2.12. High Pressure Service Water System Schematic



2.2.14 Emergency Ventilation System (EVS)

The objective of the EVS is to maintain suitable temperatures in
equipment rooms to preclude component failures. The EVS cools the
following: (1) standby diesel generator rooms, (2) pump structure
service water pump rooms, and (3) pump rooms for the RHR, RCIC, HPCI and
LPCS pumps. The pump rooms use small individual fan coolers in each
room. A simplified schematic of the rest of the EVS is provided by
Figure 2.13. Major components are shown as well as the pipe (duct)
segment definitions (e.g., PS-4) used in the system fault tree.

The service water pumps, emergency switchgear, and battery rooms are
assumed not to require room cooling. Pump room cooling loss for the
RHR, RCIC, HPCI, and LPCS pumps is incorporated into the ESW and
individual system models. Therefore, the EVS system model does not
include ESW, RHR, RCIC, HPCI, and LPCS pump room cooling.

Each standby diesel generator room is provided with ventilation air
supply fans and an exhaust relief damper. Diesel generator room cooling
requires operation of one of two supply fans. Any physical impact of
accident conditions on the ability of the EVS to perform its function
would be minimal. It is assumed that failure of the EVS would fail
operating diesel generators in less than 30 minutes (Ref. 2.1).

Diesel Generator Room Fans 7, 9, 11, and 13 outside air supply dampers
open on 60OF fan discharge temperature and fail open on a loss of
instrument air. Diesel Generator Room Fans 7, 9, 11, and 13 room air
supply dampers close on 65 0F fan discharge temperature and fail closed
on a loss of instrument air. Dampers AV27, AV30, AV33, and AV36 open on
Fans 7, 9, 11, and 13, starting signals respectively and fail open on a
loss of instrument air. Fans 7, 9, 11, 13 automatically start on a
diesel generator actuation signal. Fans 8, 10, 12, and 14 automatically
start on an automatic start signal of,.Fans 7, 9, 11, and 13
respectively. Diesel generator room supply fans trip on a carbon
dioxide discharge signal except when a LOCA signal is already present.

2.2.15 Instrument Air System (IAS)

The IAS provides a pneumatic supply to support short-term and long-term
operations of safety equipment.

The IAS and Service Air System (SAS) consist of three parallel air
compressors supplying a common discharge header via individual air
receiver tanks, piping, valves, and instrumentation. A fourth air
compressor is tied into the SAS header and is common to both units. Two
compressors, one IAS and one SAS, normally supply all compressed air
requirements. The other IAS compressor serves in a standby capacity. A
simplified schematic of the IAS is provided by Figure 2.14. Shown is

2-25



p- --z

I• ~~~~~OUTSIOE € .;:, 
I

OUTSIDE

(00274-1)i1. AV32 BA 11

(00274-2) (OCV64)

(, 00275-2) (OOV64)

FLA

VALVE (DAMPER) POSITIONS ARE SHOWN IN THEIR STANDBY MODE

Figure 2.13. Emergency Ventilation System Schematic



MDCA
COMI~W'SSOR A

(2AX01)

MDCB
COWPRESSOR B

(28K01)

TO
INSTRUMENT
NITROGEN
(PAGE 2)

(.,

CO~MPRESSORC
(2CKOI)

COMPR~ESSOR D
(OOK30M

FROM UNIT 3
SERVICE AIR HEADER

VALVE (DAWPER) PoSmONS ARE SHOWN IN THEIR STANDBY MODE

Figure 2.14. Instrument Air/Nitrogen System Schematic



FROM

iINsTRUUENN AIRIINSTRUMENT AIR
HEADER (PAGE I)

FILTER, DRYER FL.TER, DRYER,
MOISTURE SEPARATOR, MOISTURE SEPARATOR.

AFTER COOLER. AFTER COOLER,
INSTRUMENT COMPRESSOR. INSTRUMENT COMPRESSOR,

FILTER I I FILTER

VALVE (DAMPER) POSITIONS ARE SHOWN IN THEIR STANDBY MODE

Figure 2.14. Instrument Air/Nitrogen System Schematic (Concluded)



the tie-in with the Instrument Nitrogen System which is the preferred
supply to the MSIVs and ADS/SRVs. In addition to these compressors, the
IAS is constantly backed up by two diesel compressors (not shown), and
can be served by the Unit 3 IAS/SAS.

Each of the three parallel compressors is a vertical, single-stage,
double-acting, non-lubricated, reciprocating compressor rated at 377
SCFM at 100 psig. Each has an aftercooler, moisture separator, and air
receiver tank.

The standby SAS compressor consists of a non-lubricated compressor,
aftercooler, moisture separator, and two receivers. This compressor is
rated at 400 scfm at 100 psig.

The IAS supplies clean, dry, oil-free air to EHV and ESW system air
valves, the CRD control system, and containment venting air valves and
is a backup to the Instrument Nitrogen System. When offsite power is
lost, the air compressors trip. The operator is required to manually
restart the air compressors when power is restored. The success
criterion for the IAS is any one of the compressors supplying air to
system pneumatic loads.

Any physical impact of accident conditions on the ability of the IAS to
perform its functions would be minimal. Room cooling failure is assumed
not to fail the IAS and SAS compressors (Ref. 2.1). Even if this were
to occur, the diesel compressors or Unit 3 compressors could serve the
necessary loads.

Failure of the IAS does not directly fail any safety systems because
(1) accumulators are on the MSIVs and ADS valves, (2) instrument
nitrogen is the preferred source to the MSIVs and ADS valves, and (3)
other safety systems "fail-safe" on loss of air or have dedicated air
bottles.

2.2.16 Condensate System (CDS)

The function of the CDS system is to take condensate from the main
condenser and deliver it to the reactor at an elevated temperature and
pressure (Event tree nomenclature--Vl).

The CDS system consists of the condenser hotwell, three condensate
pumps, feedwater heaters and associated piping, valves, and controls.
The condenser hotwell has a working capacity of approximately 100,000
gallons. The condensate pumps provide the required head to overcome the
flow and static resistance of the condensate system, and provide excess
over the suction pressure requirements of the feedwater pumps. The
reactor vessel must be depressurized to approximately 600 psig in order
to use condensate as an injection source without the use of the
feedwater pumps. Injection to the reactor vessel is via a feedwater
line. The CDS pumps have a 10,870 gpm rated flow head. A simplified
schematic of the CDS system is provided by Figure 2.15.
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The CDS system is normally running. The success criteria for the CDS
system is removal of decay heat (when the reactor has tripped). This
can be accomplished with only one pump train operational. Virtually all
of the CDS system is located in the turbine building.

2.2.17 Primary Containment Venting (PCV) System

When torus and containment sprays have failed to reduce primary
containment pressure, the PCV is used to prevent a primary containment
pressure limit from being exceeded (Event tree nomenclature--Y).

The preferred primary containment vent paths include: (a) 2-in torus
vent to the Standby Gas Treatment System (SGTS), (b) 6-in Integrated
Leak Rate Test (ILRT) line from the torus, (c) 18-in torus vent path,
(d) 18-in torus supply path, (e) 2-in drywell vent .to the SGTS, (f) two
3-in drywell sump drain lines, (g) 6-in ILRT line from the drywell, (h)
18-in drywell vent path, and (i) 18-in drywell supply path. A
simplified schematic of the PCV is provided by Figure 2.16.

For decay heat loads alone, it is expected that the drywell pressure
rise will be relatively slow. PCV success in this case is the 6-in vent
path (or larger) being operational.

Current venting procedure requires a vent path to be established if
containment pressure rises to 100 psig. In the case of an ATWS, or if
it can be inferred that the suppression pool is being bypassed, the
operator is required to directly establish the 18-in vent paths.

2.2.18 Reactor Building Cooling Water (RBCW) System

The function of the RBCW system is to provide a means of cooling
auxiliary plant equipment which is located primarily in the reactor
building (e.g. recirculation pumps, sump coolers, radwaste, etc.). The
RBCW system is a backup for cooling CRD pumps and IAS compressors and
aftercoolers should the TBCW be lost.

The RBCW system is a closed loop system consisting of two full-capacity
pumps, two full-capacity heat exchangers, one head tank, one chemical
feed tank and associated piping, valves, and controls. The RBCW system
is designed for an operating pressure of 140 psig. A simplified
schematic of the RBCW system is provided by Figure 2.17.

The operator uses RBCW'to cool certain critical loads if the TBCW system
is lost. The RBCW system usually has one pump continuously operating.
Control and instrumentation is designed for remote system startup from
the main control room.

The success criteria for the RBCW system is one pump and one heat
exchanger train operating, providing sufficient cooling to the loads.
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Figure 2.17. Reactor Building Cooling Water System Schematic



The cooling water pumps and heat exchangers are located in the reactor
building auxiliary bay. The head tank is located on the reactor
building refueling floor. The specific RBCW loads are distributed
throughout different areas of the plant.

2.2.19 Turbine Building Cooling Water (TBCW) System

The function of the TBCW system is to provide cooling water to auxiliary
plant equipment associated with the power conversion system.

The TBCW system is a closed loop system consisting of two full-capacity
pumps, two full-capacity heat exchangers, one head tank, one chemical
fuel tank and associated piping, valves and controls. A simplified
schematic of the TBCW system is provided by Figure 2.18.

The TBCW system is normally running. One pump is required to supply
cooling to all TBCW loads. The success criteria for TBCW is one of two
pumps and either of the two heat exchangers operating. This will
provide sufficient cooling to the TBCW loads.

The majority of the TBCW system, including the cooling water pumps, heat
exchangers and associated piping, valves and controls is located on the
turbine building ground floor. The specific TBCW loads are distributed
throughout different areas of the plant.
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3.0 ROOT CAUSE ANALYSES

3.1 Introduction

This chapter describes the quantification and resulting contributions to
core damage frequency (CDF) for each of the root cause scenarios. For
the BWR being studied, a detailed fire PRA and supporting analyses were
available as part of the NRC-sponsored NUREG-1150 program (Ref. 3.1).
In the NUREG-1150 studies, plant-specific data analysis was performed as
part of internal events analysis (Ref. 3.2) and these results are
utilized wherever applicable. In this study, detailed analysis of the
propagation of smoke within each room was performed taking into account
the actual location of critical equipment in the room, and a plant-
specific evaluation of the number and type of fire barriers in each zone
was made.

For this analysis, the configuration of equipment and fire protection
systems (FPS) at the plant were reviewed. The potential root causes of
FPS actuations that could lead to core damage were identified. Based on
the knowledge of the FPS configuration, a quantification of potential
core damage sequences was performed.

3.2 Procedure

The initial phase of the analysis consisted of reviewing the plant
configuration. This was accomplished primarily by reviewing the plant
10CFR50 Appendix R submittal (Ref. 3.3). From this submittal,
information was obtained on the overall plant layout, the individual
plant Fire Zones, the particular types of FPS and fire detectors
installed, and the critical equipment required for safe shutdown. This
information was used to determine those critical areas of interest for
further study. Using this information, a vital area analysis was
performed. A listing of all Fire Zones which resulted from the vital
area analysis and which also have an automatically actuated fixed fire
protection system is given in Table 3.1.

These zones are listed in Table 3.2 along with the type of FPS, type of

detectors, FPS actuation scheme, and critical equipment in the Fire
Zone. Figure 3.1 gives a general plant layout drawing. Figures 3.2
through 3.5 are simplified illustrations of these critical Fire Zones.

In several instances, the Appendix R information was supplemented by
phone calls to plant personnel as well as a detailed plant walkdown.
Details on the locations of the equipment were obtained from Reference
3.2.

The Appendix R submittal was also used, along with a plant walkdown, to
determine the penetrations into each of the critical Fire Zones. Table
3.3 lists these Fire Zones and the doors and cable penetration that
connect them to other Fire Zones.
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Table 3.1

Fire Zones and Designators

Fire Zone Number Fire Zone Name

Fire Zone 2 HPCI Room

Fire Zone 25 Cable Spreading Room

Fire Zone 43 Diesel Generator Building Bay D

Fire Zone 44 Diesel Generator Building Bay C

Fire Zone 45 Diesel Generator Building Bay B

Fire Zone 46 Diesel Generator Building Bay A

Fire Zone 50 Turbine Building

An additional document utilized was the Internal Events PRA for the BWR
studied (Ref. 3.2). The internal events report provided additional
information on the plant safe shutdown equipment and system models.
This report also described safety-significant recovery actions from
random failures. These recovery actions were then analyzed for the
possibility that FPS actuations could prevent them from being performed
(Root Cause 2). Generic fire data (Ref. 3.4) developed to support the

NUREG-I150 fire analyses provided frequencies of fires in the different
areas, probabilities of Fire Zone barrier failures (smoke and heat
spread), and the fire PRA provided estimated times to damage critical
equipment from fires in the different zones.

A detailed analysis of the plant ventilation systems was performed.
This analysis included a thorough review of system descriptions as well
as ventilation drawings. Once this review was completed, a plant
walkdown was performed to verify the review and also clear up some
questions that resulted from the review process.

It is important to note that it is often necessary to ratio the overall
building fire occurrence frequency down to reflect the fact that fires
in only a small subset of the building can spread smoke to adjacent
areas. This is called "partitioning" and is based upon analyst
judgement and insights from sensitivity calculations using a fire growth
computer code (CCFM.VENTS) (Ref. 3.5). This partitioning typically
reduced most Root Cause 1 scenarios by at least an order of magnitude.
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Table 3.2

Fire Protection Systems
and Safe Shutdown Equipment by Fire Zone

Fire Zone Suppression System Safe Shutdown Equipment

ci)
!A

Fire Zone 2
(HPCI Pump Room
Elevation 88'-0")

Fire Zone 25
(Cable Spreading
Room, Elevation
150'-0")

Fire Zone 43
(Diesel Generator
Building Bay D,
Elevation 127'-0"
& 151'-0")

A signal from any heat detector in the HPCI
room will actuate the total flooding CO2
system in that room to extinguish the fire.
The system can also be manually actuated by
the fire brigade at the CO2 storage tanks
at the 116' elevation in the turbine
building.

Automatic CO2 activated by a signal from
two smoke detectors, one from each zone
of a "cross zoned" pattern will actuate
the total flooding CO2 system to extinguish
the fire. Fire dampers in HVAC openings
above the doors into the cable spreading
room will close when temperatures exceed
1650 F.

A correct two-out-of-sixteen heat detection
logic will automatically actuate a total
flooding CO2 system. The fire brigade
can manually actuate the system at a push
button station inside the diesel generator
bay or at the master valve station in the
southwest corner of the diesel building
CO2 storage tank room.

HPCI
HPCI
HPCI
HPCI
HPCI
HPCI
HPCI
HPCI

Pump Room Cooling Fan
Vacuum Pump
Auxiliary Lube Oil Put
Condensate Pump
Turbine
Pump Room Cooler HX
Turbine Control Valve
Turbine Stop Valve

np

Controls, instrumentation,
and logic for all the plant's
major safety related systems

E4 DG Building Supply Fan
Distribution Panel
E4 Diesel Generator
E4 Oil Transfer Pump
Motor Control Center



Table 3.2

Fire Protection Systems
and Safe Shutdown Equipment by Fire Zone (Continued).

Fire Zone Suppression System Safe Shutdown Equipment

%0!

Fire Zone 44
(Diesel Generator
Building Bay C,
Elevation 127'-0"
& 151' - 0")

Fire Zone 45
(Diesel Generator
Building Bay B,
Elevation 127'-0"
& 151' - 0")

Fire Zone 46
(Diesel Generator
Building Bay A,
Elevation 127'-0"
& 151' - 0")

A correct two-out-of-sixteen heat detection
logic will automatically actuate a total
flooding CO 2 system. The fire brigade can
manually actuate the system at a push button
station inside the diesel generator bay or
at the master valve station in the southwest
corner of the diesel building CO2 storage
tank room.

A correct two-out-of-sixteen heat detection
logic will automatically actuate a total
flooding CO2 system. The fire brigade
can manually actuate the system at a push
button station inside the diesel generator
bay or at the master valve station in the
southwest corner of the diesel building
CO 2 storage tank room.

A correct two-out-of-sixteen heat
detection logic will automatically actuate
a total flooding CO2 system. The fire
brigade can manually actuate the system
at a push button station inside the diesel
generator bay or at the master valve
station in the southwest corner of the
diesel building CO2 storage tank room.

E3 DG Building Supply Fan
Distribution Panel
E3 Diesel Generator
E3 Lube Oil Pump
E3 Oil Transfer Pump
Motor Control Center

E2 DG Building Supply Fan
Distribution Panel
E2 Diesel Generator
E2 Lube Oil Pump
E2 Oil Transfer Pump
Motor Control Center

E4 DG Building Supply Fan
Distribution Panel
E4 Diesel Generator
E4 Lube Oil Pump
E4 Oil Transfer Pump
Motor Control Center



Table 3.2

Fire Protection Systems
and Safe Shutdown Equipment by Fire Zone (Continued)

Fire Zone Suppression System Safe Shutdown Equipment

Fire Zone 50 Heat in the condenser area, or the ESW Pumps A and B Cablina
feedwater heater platforms will cause
fusible link sprinkler heads to melt at
a temperature of 2120 F.

CRD Pumps A and B Cabling
LPCI Pumps A, B, C and D
Cabling
LPCS Pumps A, B, C and D
Cabling
Instrument Air Compressor•
Cabling

3

Ln

Heat in any of the main turbine lube oil
storage tank and reservoir room will cause
fusible link sprinkler heads to melt at a
temperature 165 0 F.

Heat near the hydrogen seal oil units will
activate a heat detector. A signal from
the heat detector will actuate a deluge valve
causing water to flow out of open heads above
the hydrogen seal oil units. the fire
brigade can manually release the deluge valve
on elevation 116 feet in the turbine building
laydown area.



Table 3.2

Fire Protection Systems
and Safe Shutdown Equipment by Fire Zone (Concluded)

Fire Zone Suppression System Safe Shutdown Equipment

Fire Zone 50 Heat in the generator equipment area on
elevation 135 feet will
melt fusible link sprinkler heads at a
temperature of 165 0 F. Water in the wet
pipe sprinkler system will flow out of the
opened heads. Heat generated by a fire in
the reactor feed pump turbine lube oil
reservoir on elevations 135 feet and 150
feet will melt fusible link sprinkler heads
at a temperature of 165 0 F.

a% Heat in the drummed lube
oil storage room will melt fusible link
sprinkler heads at a temperature of 165 0 F.

Heat west of the feedwater heater platforms
in each unit will melt fusible link sprinkler
heads at a temperature of 165 0 F.
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Table 3.3

Plant Fire Zone Penetrations
and Adjacencies

Fire Area Penetration Connected Areas

FZ-2
(HPCI Area)

Doors

Cables

Doors

Cables

RCIC Area, Stairwell

RCIC Area

2-FZ-50FZ-25
(Cable Spreading
Room)

Fire Zones 30-41 (ESGRs &
Battery Rooms)
Fire Zone 25 (Control Room)

FZ-43
(Diesel Generator
Building Bay D)

FZ-44
(Diesel Generator
Building Bay C)

FZ-45
(Diesel Generator
Building Bay B)

FZ-46
(Diesel Generator
Building Bay A)

FZ-50
(Turbine Building)

Doors

Cables

Doors

Cables

Doors

Cables

Doors

Cables

Doors

2-FZ-44, 2-Outside

FZ-44

2-FZ-43, 2-FZ-45,
2-Outside

FZ-43, FZ-45

2-FZ-44, 2-FZ-46,
2-Outside

FZ-44, FZ-46

2-FZ-45, 2-FZ-54
2-Outside

FZ-45, FZ-54

6-Outside, FZ-5, FZ-9,
FZ-25 (CSR), FZ-30, FZ-33,
FZ-35, FZ-37, FZ-39, FZ-40

FZ-2, FZ-5, FZ-6S, FZ-9, FZ-25
FZ-30, FZ-33, FZ-35,
FZ-37, FZ-39, FZ-40

Cables
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3.2.1 Transient Event Trees

This section contains information on the transient with PCS initially
available event tree and the transient without PCS initially available
event tree used in the quantification of most non-seismic root cause
scenarios. Success criteria considerations are presented along with the
event tree and its description.

3.2.1.2 Success Criteria

Transients in which the PCS remains initially available do not represent
significant concerns for the plant unless the PCS is subsequently lost
while the plant is being shutdown. Should the PCS be lost, the sequence
of events then proceeds similar to a transient in which the PCS was
unavailable from the start.

3.2.1.3 Event Tree

The T3A transient event tree is depicted by Figures 3.6 and 3.7. The
following discussion defines the event tree headings.

The events in the tree include:

T3A: Initiating event, transient with PCS initially available.

C: Success or failure of Reactor Protection System (RPS).
Success implies automatic scram by the control rods.

LOSPI: Success or failure to maintain offsite power. The
designation LOSPI is used instead of LOSP for purposes of
computational efficiency within the SETS code.

2: Continued success or subsequent failure of the PCS.
Success implies continued operation of the PCS such that a
safe cooldown of the plant is achieved using the PCS.

M: Success or failure of Reactor Coolant System (RCS) over
pressure protection (if required) by automatic operation
of the SRVs. Success implies prevention of RCS
overpressure so as to avoid damage to the primary system.

P: Success or failure associated with reclosing of any SRVs
which should open in response to reactor vessel pressure
rises throughout the sequence. Success implies reclosure
of all valves when vessel pressure drops below the closure
setpoints. P1, P2 and P3 refer to the failure of one, two
or three or more SRVs to reclose, respectively.
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TRANSIENT WITH REACTOR OFF-SITE POWER POWER SRVS OPEN SRVS CLOSE SEQ. NO. OUTCOME OF SEQUENCES
PCS INITIALLY PROTECTION MAINTAINED CONVERSION

AVAILABLE SYSTEM SYSTEM

T3A C LOSPI Q M P
(S3) (LOSP) (02)

37 CORE AND CONTAINMENT OK

1-36 GO TO T2-1 TREE

P1
38 GO TO S2 LOCA TREE

P2
From S3 39 GO TO S1 LOCA TREE

P3
40 GO TO A LOCA TREE

41 SEQUENCE NOT DEVELOPED

42 GO TO T1 TREE

43 GO TO ATWS TREE

Figure 3.6. Transient with PCS Initially Available Event Tree.



I CORE AND CONTAINMENT OK

2 CORE AND CONTAINMENT OK
3 CORE VULNERABLE. GO TO T2-2

4 CORE VULNERABLE, GO TO T2-3

5 CORE VULNERABLE. GO TO T2-4

6 CORE VULNERABLE. GO TO T2,5

T2-1
SAME AS 7-12 -

13 CORE AND CONTAINMENT OK

... 14 CORE AND CONTAINMENT OK

15 CORE AND CONTAINMENT OK

16 CORE VULNERABLE. GO TO T2-6

17 CORE AND CONTAINMENT OK
b 17 CORE AND CONTAINMENT OK

19 CORE AND CONTAINMENT OK,

20 CORE VULNERABLE. GO TO T2-7

SAME AS b' 21-24 -

SAME AS b 25-28 -

29 CORE DAMAGE EARLY, CONT. VULN:

30 CORE AND CONTAINMENT OK

31 CORE VULNERABLE. GO TO T2-8

32 CORE VULNERABLE, GO TO T2-8

33 CORE VULNERABLE, GO TO T2-9

34 CORE AND CONTAINMENT OK

35 CORE VULNERABLE. GO TO T2-10

36 CORE DAMAGE EARLY, CONT. VULN.

Figure 3.6. Transient with PCS Initially Available Event Tree (Concluded).
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Figure 3.7. Transient Without PCS Initially Available Event Tree (Concluded).



V2: Success or failure of the LPCS system. Success implies
operation of any two of the four LPCS pumps through either
or both LPCS injection lines.

V3: Success or failure of the LPCI mode of the RHR system.
Success implies operation of one of four LPCI pumps
through either LPCI injection line to the reactor vessel.

Y: Success or failure of containment venting. Success
implies that the six-inch integrated leak test line or
larger size line is open so as to prevent containment
failure by overpressure. As necessary, water makeup is
also eventually supplied to-the suppression pool.

Vl: Success or failure of the Condensate System. Success
implies at least one pump operating with sufficient makeup
to the condenser hotwell for a continuing water supply.

V4: Success or failure of the HPSW system in the inject mode
to the reactor vessel through a LPCI injection line.
Success implies manual operation of this injection source
such that one HPSW pump successfully provides coolant to
the reactor.

Ul: Success or failure of the HPCI system. Success implies
operation of the HPCI system for -1-2 hours until low
primary system pressure causes isolation of HPCI either
automatically or manually. Ul' refers to the HPCI system
without pump room ventilation.

Xl: Success or failure of primary system depressurization.
Success implies automatic or manual operation of the
Automatic Depressurization System (ADS) or manual
operation of other SRVs such that three valves or more are
opened allowing low pressure injection. An intermediate
LOCA may blow the vessel down sufficiently fast to
preclude Xl operation.

U2: Success or failure of the RCIC system. Success-implies
operation of the RCIC pump train so as to maintain
sufficient coolant injection.

U4: Success or failure of the CRD system as an injection
source. Success implies one pump operation.

R: Success or failure of the containment to withstand
overpressurization. Success implies the containment
ruptures before core damage.
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X3: Success or failure of primary system depressurization.
Success implies automatic or manual operation of ADS
occurs subsequent to an initial depressurization to allow
low pressure coolant injection.

U3: Success or failure of the CRD system as an injection
source. Success implies two pump operation.

WlW2,W3: Success or failure of the RHR system in the SPC, SDC, or
CS mode, respectively. Success implies at least one RHR
pump operating in any one of the three modes with the
appropriate heat exchangers in the loop along with the
HPSW system in operation to the ultimate heat sink.

X2: Success or failure of primary system depressurization.
Success implies automatic or manual operation of any three
of eleven ADS valves to allow the SDC mode of RHR to be
initiated.

3.2.1.4 General Transients Caused By Fires or Random Failures

Using the sequences and cut sets obtained from the Transient with PCS
Initially Available Event Tree(T3A) and Transient Without PCS Initially
Available Event Tree, developed as part of Reference 3.2, the sequences
leading to core damage were identified. The event trees are shown in
Figures 3.6 and 3.7. No LOCA caused directly by a fire or FPS actuation
alone was considered to be credible.

An exhaustive screening of all the sequences found in Figures 3.6 and
3.7 was performed to determine their applicability to the vital Fire
Zones analyzed. For all Fire Zones, except the cable spreading room,
all general transient sequences were screened out due to random failure
probabilities. Random failures are safety-related failures which occur
independently of either damage which is caused by an FPS actuation or a
fire. Random failures associated with the screened sequences were less
than 10-4. For the cable spreading room, one sequence was determined to
apply for all of the applicable root causes. This sequence
(T3AQUIU 2 XlU3 ),which involves the actuation of the FPS in the cable
spreading room, is a combination of failures as follows:

o T3 A A transient with PCS initially available
o Q The failure of the power conversion system
o U1  The failure of the HPCI system
o U2  The failure of the RCIC system
o X1 The failure to depressurize the primary system via SRVs or

the Automatic Depressurization System (ADS)
o U3  The failure of the Control Rod Drive (CRD) System (2 pumps

mode)

This scenario requires the FPS agent (C0 2 ) related failure of control
power or relay cabinets for PCS, HPCI, RCIC, ADS, and CRD systems.
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Although no CO 2 related failures were counted in the data as damaging
safety-related equipment, a preoperational CO2 actuation is known to
have damaged safety-related equipment by freezing and icing of relays.
Additionally, during this event another potential damage mechanism was
discovered. This mechanism is the weight of the CO2 suppressant on
cable runs causing structural collapse. The calculation of the
probability of damage to safety-related equipment from CO2 actuation can
be found in Section 3 of Reference 3.6. Credit was given for the
independence of the remote shutdown panel from the cable spreading room.
Abandonment of the control room is assumed based upon operators being
unable to control the safety systems that received damage from CO2 .
Thus, according to procedure, the reactor will be manually scrammed and
lead to transient T3 A. The PCS (Q), RCIC system (U2 ) and CRD system
(U3 ) receive damage to their control system from the CO2 and are not
independent of the cable spreading room. Therefore, all three systems
are assumed to fail. The HPCI (U1 ) and ADS (XI) are part of the remote
shutdown panel but are failed due to operator error.

3.2.2 LOSP Event Tree

Figure 3.8 displays the event tree for the loss of offsite power
initiator used in the quantification of all seismic and one non-seismic
root cause. The entire PCS, Feedwater, and Condensate systems are not
shown in the tree since loss of offsite power also prevents operation of
these systems. Should offsite power be restored, these systems could be
used to mitigate the event. The following discussions present the
success criteria, define the event tree headings and describe the
critical sequences for this study.

The following event tree headings appear on the tree in the approximate
chronological order that would be expected following a loss of offsite
power. For convenience, the RHR containment cooling choices are shown
early in the tree to decrease the size of the event tree. Otherwise,
the tendency is to show high and then low pressure injection systems,
followed by containment venting, and finally long-term continued core
cooling possibilities. In addition, onsite ac power restoration is
shown as a specific event so that station blackout sequences can be
explicitly depicted.

Ti: Initiating event, loss of offsite power.

C: Success or failure of the RPS. Success implies automatic
scram by the control rods.

M: Success or failure of Reactor Coolant System (RCS)
overpressure protection (if required) by automatic operation
of the SRVs. Success implies prevention of RCS overpressure
so as to avoid damage to the primary system.
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OFFSITE PROTECTION SRVS OPEN SRVS CLOSE EMERGENCY rn"'u'I ISOLATION 1j-. OUTCOME OF SEQUENCES
POWER SYSTEM AC POWER COOLANT COOLING NO.INJUCTION

T1 C M P B Ul U2

1-32 GO TO T1-1

33 CORE DAMAGE LATE, CONT VULN

34 CORE DAMAGE LATE, CONT VULN

35 CORE DAMAGE EARLY, CONT VULN

36 GO TO S2 LOCA TREE
P1

37 CORE DAMAGE LATE, CONT VULN
r..)

38 CORE DAMAGE LATE. CONT VULN

39 CORE DAMAGE EARLY, CONT VULN

40 GO TO S LOCA TREE
P2

From T3A 41 CORE DAMAGE LATE, CONT VULN

42 CORE DAMAGE EARLY, CONT VULN

P3 43 GO TO A LOCA TREE

44 CORE DAMAGE EARLY, CONT VULN

SEQUENCE NOT DEVELOPED FURTHER 45 - -

46 GO TO ATWS TREE

Figure 3.8. Loss of Offsite Power Event Tree.



HIGH REACTOR REACTOR R W HIGH RESIDUAL REACTOR RESIDUAL RESIDUAL
T E PRESSURE PRESSURE PRESSURE HEAT DEPRESS HEAT HEAT SEQ. NO. OUTCOME OF SEQUENCES

BRANCH COOLANT ISOLATION FOR CORE 2PUMPS CORE COOLANT SERVICE REMOVAL FOR RHR- REMOVAL REMOVAL
INC ECTIO S COOFING CORLING SPRAY INJECTION WATER SPI MOE SOC SOC MODE CSS MODE

UlI 12 V W Vs V3 V4 WI X2

TI-i L~I~

(A)

CORE AND CONTAINMENT OK

CORE AND CONTAINMENT OK

CORE VULNERABLE, GO TO T1-2

CORE VULNERABLE, GO TO T1-3

CORE VULNERABLE, GO TO Ti-4

CORE VULNERABLE, GO TO TI-5

CORE AND CONTAINMENT OK

CORE AND CONTAINMENT OK

CORE VULNERABLE, GO TO T1-2

CORE VULNERABLE, GO TO T1-3

CORE VULNERABLE. GO TO T1-4

CORE VULNERABLE, GO TO T1-5

CORE AND CONTAINMENT OK

CORE AND CONTAINMENT OK

CORE AND CONTAINMENT OK

CORE VULNERABLE. GO TO Ti-6

CORE AND CONTAINMENT OK

CORE AND CONTAINMENT OK

CORE AND CONTAINMENT OK

CORE VULNERABLE. GO TO Ti-6

CORE AND CONTAINMENT OK

CORE AND CONTAINMENT OK

CORE AND CONTAINMENT OK

CORE VULNERABLE, GO TO TI-S

CORE DAMAGE EARLY. CONT VULN

CORE AND CONTAINMENT OK

CORE VULNERABLE. GO TO TI -7

CORE VULNERABLE, GO TO T1-7

CORE VULNERABLE, GO TO T1-8

CORE AND CONTAINMENT OK

CORE VULNERABLE. GO TO Ti-9

CORE DAMAGE EARLY, CONT VULN

Figure 3.8. Loss of Offsite Power Event Tree (Continued).



REACTOR LOW LOW HIGH CONTAINMENT RHEGH
TRANSFER CFO DEPRESS PRESSURE PRESSURE PRESSURE CONTAINMENT RUPTURES Cm PrETOR PRESSURE SEQ. NO. OUTCOME OF SEQUENCESBRANCH N PUM FOR CORE CORE COOLANT SERVICE VENTING BEFORE CORE I PUMP DE'PRSS

COO SM $PRAY INJECTION WATER DAMAGE RE.OCCURS SERVICE
DAVAGE WWATER

U4 x? V2 V3 V4 V A 1 • L4 X3 V4

I

La

SAME AS a BUT~ CONT. RUPTURED

t'3

" LSAME AS e BUT CONT. RUPTURED
Ti-i

rLIiZ

1

2

3

4

5

2

3

4

5-8

9

10

11

12

13

14-16

17

18-24

25-31

32

1

2

3

4

5

6

CORE AND CONTAINMENT OK

CORE AND CONTAINMENT OK

CORE AND CONTAINMENT OK

CORE AND CONTAINMENT OK

CORE DAMAGE, CONT. VULN.

CONTAINMENT VENTED. CORE OK

CONTAINMENT VENTED, CORE OK

CONT. VENTED THEN CORE DAMAGE

CONT. VENTED THEN CORE DAMAGE

CONTAINMENT LEAKED, CORE OK

CORE DAMAGE, CONT. VULN.

CONTAINMENT VENTED. CORE OK

CONT. VENTED THEN CORE DAMAGE

CONT. VENTED THEN CORE DAMAGE

CORE DAMAGE. CONT. VULN.

CORE DAMAGE. CONT. VULN.

CORE AND CONTAINMENT OK

CORE AND CONTAINMENT OK

CORE AND CONTAINMENT OK

CORE AND CONTAINMENT OK

CORE DAMAGE, CONT. VULN.

CORE DAMAGE, CONT. VULN.

le

SAME AS.

SAME AS,

SAMEASb

I

Figure 3.8. Loss of Offsite Power Event Tree (Continued).



OUTCOME OF SEOUENCES

SSAME AS d BUT CONT. RUPTURED

LA)

U'

TI-5

TI-S

-t- SAME AS.

SAM- AS .
I

5-8

9

10

11

12

13

14

15

16

17

Is
19

20-26

27

28-34

35
36

2

3

4

5-8

9

10

11

12

13

14

15

Is

17

CORE AND CONTAINMENT OK

CORE AND CONTAINMENT OK

CONT. VENTED THEN CORE DAMAGE

CONT. VENTED THEN CORE DAMAGE

CONTAINMENT LEAKED. CORE OK

CORE DAMAGE, CONT VULN

CORE AND CONTAINMENT OK

CONTAINMENT VENTED, CORE OK

CONT VENTED THEN CORE DAMAGE

CONT VENTED THEN CORE DAMAGE

CONTAINMENT RUPTURED. CORE OK

CONT. RUPT. THEN CORE DAMAGE

CONT. RUPT. THEN CORE DAMAGE

CORE DAMAGE. CONT. VULN.

CORE AND CONTAINMENT OK

CORE AND CONTAINMENT OK

CORE DAMAGE. CONT. VULN.

CORE DAMAGE. CONT. VULN.

CORE VENTED. CORE OK

CORE VENTED. CORE OK

CONT. VENTED THEN CORE DAMAGE

CONT. VENTED THEN CORE DAMAGE

CONTAINMENT LEAKED, CORE OK

CORE DAMAGE. CONT. VULN.

CONT. VENTED. CORE OK

CONT. VENTED THEN CORE DAMAGE

CONT. VENTED THEN CORE DAMAGE

CONTAINMENT RUPTURED. CORE OK

CONT. RUPT. THEN CORE DAMAGE

CONT. RUPT. THEN CORE DAMAGE

CORE DAMAGE. CONT. VULN.

-E:
SAME AS I BUT CONT. RUPWRED

Figure 3.8. Loss of Offsite Power Event Tree (Continued).



OUTCOME OF SEQUENCES
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•

SAME 

AS 

g

19

r~ SAME AS 9

TI-9

9

(A
(.

TI-8

ElF"" SAME ASh
SAME AS h

10

1

2

3

4

5

6

7

8-14

15-21

1

2

3

4

5

CONTAINMENT VENTED, CORE OK

CONTAINMENT VENTED, CORE OK

CONT VENTED THEN CORE DAMAGE

CONT VENTED THEN CORE DAMAGE

CONTAINMENT VENTED, CORE OK

CORE DAMAGE, CONT VULN

CONTAINMENT VENTED. CORE OK

CONT VENTED THEN CORE DAMAGE

CONT VENTED THEN CORE DAMAGE

CONTAINMENT RUPTURED, CORE OK

CORE RUPT THEN CORE DAMAGE

CORE RUPT THEN CORE DAMAGE

CORE DAMAGE, CONT VULN

CORE DAMAGE, CONT VULN

CORE AND CONTAINMENT OK

CORE AND CONTAINMENT OK

CORE AND CONTAINMENT OK

CORE DAMAGE, CONT VULN

T1-7

Figure 3.8. Loss of Offsite Power Event Tree (Concluded).



P: Success or failure associated with reclosing of any SRVs which
should open in response to reactor vessel pressure rises
throughout the sequence. Success implies reclosure of all
valves when vessel pressure drops below the closure setpoints.
PI, P2 and P3 refer to the failure to reclose one, two and
three SRVs, respectively.

B: Success or failure of the onsite AC power system (diesel
generators and associated equipment and emergency buses) in
response to the loss of offsite power. Success implies
operation of at least one emergency AC power division so that
AC-powered mitigating systems can be utilized. Failure
implies loss of all AC, or station blackout.

Ul: Success or failure of the HPCI system. Success implies
operation of the HPCI pump train so as to maintain sufficient
coolant injection. Ul' refers to the HPCI system without pump
room ventilation.

Xl: Success or failure of primary system depressurization.
Success implies automatic or manual operation of the ADS or
manual operation of other SRVs such that three valves or more
are opened allowing low pressure injection.

U3: Success or failure of the CRD system as an injection source.
Success implies two pump operation.

V2: Success or failure of the LPCS system. Success implies
operation of any two of the four LPCS pumps through either or
both LPCS injection lines.

V3: Success or failure of the LPCI mode of the RHR system. Success
implies operation of one of four LPCI pumps through either
LPCI injection line to the reactor vessel.

V4: Success or failure of the HPSW system in the inject mode to
the reactor vessel through a LPCI injection line. Success
implies manual operation of this injection source such that
one HPSW pump successfully provides coolant to the reactor.

WlW2,W3: Success or failure of the RHR system in the SPC, SDC, or CS
mode, respectively. Success implies at least one RHR pump
operating in any one of the three modes with the appropriate
heat exchanger in the loop along with the HPSW system in
operation to the ultimate heat sink.

U2: Success or failure of the RCIC system. Success implies
operation of the RCIC pump train so as to maintain sufficient
coolant injection. U2' refers to the RCIC system without pump
room ventilation.
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X2: Success or failure of primary system depressurization.
Success implies automatic or manual operation of any three of
eleven ADS valves to allow the SDC mode of RHR to be
initiated.

U4: Success or failure of the CRD system as an injection source.
Success implies operation in the one pump mode.

Y: Success or failure of containment venting. Success implies
that the six-inch integrated leak test line or larger size
line is open so as to prevent containment failure by
overpressure. As necessary, water makeup is also eventually
supplied to the suppression pool.

R: Success or failure of the containment to withstand over-
pressurization. Success implies the containment ruptures
before core damage.

X3: Success or failure of primary system depressurization.
Success implies automatic or manual operation of ADS occurs
subsequent to initial depressurization to allow low pressure
coolant injection.

3.2.2.1 Success Criteria

Two criteria specific to the loss of offsite power initiator are
described below:

a. For scenarios in which core cooling has been provided for a period
of approximately six to eight hours or more, one CRD pump operation
is considered adequate for continued success of core cooling. This
is based on the low decay heat levels reached by that time with no
significant breach of the primary system. While the CRD failure
model explicitly treats only the two pump criteria for success,
single pump operation was treated as success during these long-term
scenarios by eliminating (by hand) failures of the CRD system which
would fail only one pump.

b. For scenarios in which core cooling is successful up to the time of
containment venting or containment failure, one CRD pump or
depressurization with one HPSW pump operation is considered to be
adequate to continue successful core cooling.

3.2.2.2 LOSP Transient Root Cause Scenarios

This section contains information on all seismic and one non-seismic
root cause scenario. Insights gained from the Loma Prieta earthquake
(Ref. 3.5, Appendix C) were utilized wherever applicable.

A plant walkdown was conducted to determine plant specific fragilities
for all FPSs. During this walkdown, it was found that mechanical
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failure of an FPS (Root Cause 9) could be eliminated from further
consideration. Specifically, the plant walkdown revealed that critical
plant safety equipment was protected by either water or CO2 FPSs.
Equipment in most areas of the turbine building protected by wet pipe
water FPSs are balance of plant and therefore are lost due to the LOSP
Event itself and need not be considered further for this analysis. In
the one turbine building area where safety-related cabling is located
(switchgear area, 116' elevation), sufficient random failures of other
safety related systems had to occur such that all sequences were
screened. In the case of the CO2 systems, the piping is not charged and
the only plausible mechanical failure mechanism for agent release is
seismically-induced repositioning of a CO2 admission valve. The
probability for mechanical repositioning is below the screening cutoff
value (10- ). Therefore, Root Cause 9 for the CO2 systems was
eliminated from further consideration.

A comprehensive screening on the sequences in the LOSP event tree,
Figure 3.8, was performed. The screening revealed that two sequences
were applicable to this analysis. The first sequence is TlABUlU 2 . For
this sequence, a loss of offsite power occurs which generates a reactor
scram condition and the RPS successfully inserts the rods into the core
(C). The SRVs properly cycle to control reactor pressure (M, P) and
onsite emergency power fails to be established (B). HPCI or RCIC is
initiated (U1 , U2 ) for coolant injection until it fails in either a
harsh environment or due to battery depletion, and core damage occurs
late (approximately ten hours) in a vulnerable containment. This
sequence is applicable to the diesel generator rooms.

The second sequence involves all seismic and one non-seismic root cause
for the cable spreading room. This sequence, TIABUIU2 XIU3 , involves the
success of on-site AC power, but the failure of HPCI, RCIC, ADS, and CRD
systems.

The screening analysis also revealed that all of the seismic sequences
could be screened out for both the turbine building and the HPCI room.
In the case of the turbine building, Root Cause 7 was screened out since
none of the areas in the turbine building contained an automatically
actuated FPS triggered by dust-sensitive detectors. Root Cause 8 was
eliminated for the turbine building since there were no areas containing
a FPS actuated by relays. Root Cause 9 was eliminated as described
above. Finally, Root Cause 12 was screened out for the turbine
building, since in the only area which contained safety-related cabling,
the LOSP power event de-energized any potential seismically induced fire
sources.

For the HPCI room, Root Cause 7 was eliminated because the FPS is an
automatically actuated CO2 system triggered by heat detectors and is not
susceptible to dust-triggered actuations. For Root Cause 8, an
examination of the relays in the FPS for the HPCI room revealed that
mercury relays whose function is to annunciate the actuation also
isolate HPCI room cooling. After the plant visit the mercury relays
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were removed from service. The relay which is responsible for the CO2
actuation in the HPCI room is a Potter-Brumfield type and was found to
have a median fragility capacity of 4.0 g. The low probability of relay
chatter for these relays combined with the additional random failures
necessary to lead to core damage screened this root cause from
consideration. Root Cause 9 was eliminated as previously described.
Root Cause 12 was able to be screened out for the HPCI room since there
was no potential fire source which would not also fail the HPCI pump
directly.

3.2.3 Quantification

3.2.3.1 Quantification of Random and Fire-Induced Actuation Scenarios

The occurrence of a random FPS actuation or an actuation in the presence
of a fire in a nuclear power plant can result in a plant transient
caused either by the operator manually tripping the plant or the plant
automatically tripping as a result of the actuation itself. The purpose
of this study is to quantify the impact on risk of inadvertent and
advertent actuations of the FPS. The values chosen for the various
parameters utilized in the calculation of the core damage frequency are
best estimate values based on historical data. When little data existed
best estimate probability assignments were made based on plant walkdowns
and engineering judgement. The specific equations utilized in the
calculation of the core damage frequency contribution from each root
cause can be found in Section 3 of Reference 3.6. Table 3.4 summarizes
the fire frequencies used for each Fire Zone. The fire frequencies were
taken from Reference 3.4. Table 3.5 presents fire frequencies of areas
adjacent to the Fire Zones which appeared in the vital area analysis.
Note that it is often necessary to ratio the overall building fire
occurrence frequency down to reflect the fact that fires in only a small
subset of the building can cause the postulated smoke spread to adjacent
areas. This is called "partitioning" and is based on both analyst
judgement and insights from sensitivity calculations using a fire growth
computer code (CCFM.VENTS). For this study, partitioning of the fire
frequencies for the larger Fire Zones was performed wherever applicable.
For example, in the turbine building this reduced the fire frequency by
an order of magnitude for all areas.

3.2.3.2 Quantification of Seismically Induced FPS Actuations

A site-specific seismic analysis was performed on the FPSs for the plant
analyzed in this report. When a seismic event occurs, a loss of offsite
power is highly likely due to the failure of ceramic insulators in the
switchyard. Thus, the seismic sequences which must be considered are
those where offsite power is assumed to be lost. Once the vital area
analysis has been performed for the LOSP sequences, one can quantify
them in a similar fashion as was done for the random and fire induced
FPS actuation scenarios. The one significant difference is that the
accident sequences evaluated are conditional on the plant site seismic
curve (a function of peak ground acceleration) and as such must
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Table 3.4

Fire Frequencies Corresponding to Plant Fire Zones

Fire Frequency
Fire zone (per reactor year)

HPCI Room 1.8E-3
(Fire Zone 2)

Cable Spreading Room 2.7E-3
(Fire Zone 25)

Control Room 4.4E-3
(Fire Zone 25)

Emergency Switchgear Rooms 3.OE-3
(Fire Zones 32-39)

Emergency Diesel Generator Bays 2.3E-2
(Fire Zones 43-46)

Turbine Building 3.2E-2
(Fire Zone 50)

be integrated over the seismic hazard curve. For the seismic sequences
considered in this analysis, the damage is a result of seismic events
above the the safe shutdown earthquake (SSE).- For the base case
analysis of the seismic sequences the Lawrence Livermore National
Laboratory (LLNL) hazard curves were utilized (Ref. 3.7). In Chapter 4,
a sensitivity study is performed comparing the CDF contribution from the
seismic root causes utilizing the LLNL and the Electric Power Research
Institute (EPRI) hazard curves (Ref. 3.8).

3.3 Results of Quantification

The results of the quantification for the fire and random failure-
induced root causes and seismically induced FPS actuations for the cable
spreading room are presented in Table 3.6. Table 3.7 presents the
results for seismically induced rPS actuations for the diesel generator
rooms. These results are mean values of their associated distribution.
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Table 3.5

Fire Frequencies in Adjacent Zones

Adjacent
Zones

Adjacent
Zones

Fire Zone of Interest

FZ-2 FZ-25

FZ-2 1.8E-3 FZ-50 3.2E-3"
FZ-50 3.2E-3" FZ-30-41 3.OE-3

Fire Zone of Interest

FZ-43 FZ-44

FZ-44 2.3E-2 FZ-44 2.3E-2
FZ-45 2.3E-2

Fire Zone of Interest

FZ-45

Adjacent FZ-44 2.3E-2
Zones FZ-46 2.3E-2

FZ-46

FZ-45
FZ-54

2.3E-2
6.4E-2

Fire Zone of Interest

FZ-550

Adjacent FZ-2 1.8E-3 .
Zones FZ-9-18 3.2E-2

* Partitioning of the Fire Frequency was performed for this Fire Zone
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Table 3.6

Core Damage Frequencies for Fire Zone 25 (CSR)
(Per Reactor Year)

Root Cause

1

2

3

4

5

6

7

8

9

10

11

12

13

Totals

1

3.3E-7

2.3E-8

5.4E-7

6.9E-7

5.7E-7

4.4E-7

2.6E-6

Sequence

2
5.7E-7

3.3E-7

8.6E-6

3

Total

9.5E-6 1.2E-5

Sequence 1 -

Sequence 2 -

Sequence 3 -

T3AQUlU2XlU3

TlABUlU2XlU3

T1ABUlU2
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Table 3.7

Core Damage Frequencies for Fire Zones
43-46 (Diesel Generator Building)

(Per Reactor Year)

Root Cause

1

2

3

4

5

6

7

8

9

10

11

12

13

1

Sequence

2 3

1. 1E-5

1. 1E-5

Total

Totals 1. 1E-5

Sequence 1 - T3AQUlU 2 XlU3

Sequence 2 - TIABUlU2 XlU3

Sequence 3 - TlABUlU2
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Credit for operator recovery was given where allowable for all non-
seismic root causes. These recovery values were assigned consistently
with those probabilities in the internal events analysis except when the
recovery actions had to take place in the presence of a fire or FPS
actuation. In these cases, Reference 3.9 was used for guidance.

The Root Cause 8 scenario leads to the actuation of the CO2 system(s) in
the diesel generator bay(s) due to relay chatter in a seismic event
which prevents the diesel generators from starting (except in the event
of a LOCA) and isolates diesel generator room cooling. Operator
recovery of the diesel generators was allowed since ten hours were
available until battery depletion during a station blackout. The
specific recovery actions that need to be performed are venting of the
diesel generator bay(s) and manually resetting the diesel generators to
allow them to start. Recovery action probability for this scenario was
assigned based upon Reference 3.9 and the internal events analysis.

Also, manual recovery from the seismically qualified remote shutdown
panel was allowed during a seismic event in which failures of equipment
and cabling in the cable spreading room occurred.

Appendix A presents the uncertainty calculations as well as each cut set
for the seismic and non-seismic root causes. Additionally, each basic
event probability value is given. The details concerning the
development of these probability assignments can be found in Section 3
of Reference 3.5.

3.3.1 Root Cause 1--Fire-Induced FPS Actuation Due to Smoke Spread

An incremental increase in core damage frequency of 5.7E-7/ry was
estimated for this root cause. All of this contribution was due to a
non-seismic LOSP sequence (T1ABUIU 2 XlU3 ). This sequence is a result of
a fire in an ESGR room, which causes a LOSP, and then smoke from the
fire penetrating failed fire barriers due the formation of a hot gas
layer. This smoke actuates the CO2 FPS in the cable spreading room and
results in the loss of HPCI, RCIC, ADS, and CRD systems.

Also, the potential for smoke spread due to fires in other adjacent
zones was thoroughly examined during the plant walkdown. This walkdown
revealed that the potential for fires and smoke spread from areas (other
than the ESGRs) adjacent to the cable spreading room was negligible.
This was due in the case of the turbine building adjacency to it being a
large area with neglible potential for hot gas layer formation. Thus, a
driving force for smoke spread and barrier penetration was not present.
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Credit was given for operator recovery from the remote shutdown panel.
The operator error required for this scenario to lead to core damage is
the failure to establish HPCI or depressurize the plant with the ADS (to
allow for low pressure injection sources) from the remote shutdown
panel.

3.3.2 Root Cause 2--Fire-Induced FPS Actuation Preventing Recovery

For this root cause, all cut sets could be screened either because the
random failures were not recoverable or there was no connectivity
between the zone where the FPS action occurred and the zone where the
recovery action took place. Therefore, this root cause was found not be
applicable.

The criteria for allowing credit for recovery for random failures was
applied consistently with the internal events analysis (Ref. 3.2). For
instance, if recovery was not allowed for a mechanical failure of a
check valve, it was also not considered here. Most random failures were
eliminated based on this criteria. Additionally, if random failure
recovery was allowed by the internal events analysis, a determination
was made in which Fire Zone(s) the recovery action(s) occurred. For the

-recoverable random failures, it was found that none occurred in Fire
Zones where FPS actuation would either hinder the action or prevent
access to the zone.

3.3.3 Root Cause 3--Fire-Induced FPS Actuation Preventing Fire-
Fighting Access

This root cause was found not to be applicable. It was found that none
of the critical fire zones were accessible through only one other Fire
Zone.

3.3.4 Root Cause 4--FPS Actuation Caused by Human Error

Here, an incremental increase in core damage frequency of 3.3E-7/ry was
found. The dominant contributor was transient Sequence 1 (T3 AUlU2 XlU3 ).
This sequence results in the failure of HPCI, RCIC, ADS, and CRD systems
due to FPS actuation in the cable spreading room. As was the case for
Root Cause 1, credit was given for operator recovery from the remote
shutdown panel.

3.3.5 Root Cause 5--FPS Actuation Caused by Pipe Break

The incremental increase in core damage frequency for this root cause
was found to be 2.3E-8/ry. For this root cause three possible scenarios
were examined. The first was a release of steam into the turbine
building resulting in moisture intrusion into the controller (located in
the turbine building outside the cable spreading room) for the FPS in
the cable spreading room. The second was a large release of steam into
the turbine building, penetration of the steam through the fire
barrier(s), and actuation of the FPS via the smoke detectors in the
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cable spreading room. The probability for barrier failure was assumed
to be 0.1. The third scenario is a steam pipe break in the cable
spreading room. The first and second scenarios were screened from
further consideration after a plant walkdown. No steam piping was found
within 100 feet of the fire barrier or the actuation controller in the
turbine building. The third scenario is the most credible of the three.
Approximately 60 feet of low pressure steam heating piping with a
diameter of approximately 4 inches was found in the cable spreading
room. When the steam pipe break frequency as well as probability of
damage estimates and credit for operator recovery are considered, it was
found that this root cause scenario had a minor contribution to the
total core damage frequency.

3.3.6 Root Cause 6--FPS Actuation Caused by Hardware Failures in FPS

The incremental increase in core damage frequency for this root cause
was found to be 5.4E-7/ry. It again arises due to inadvertent FPS
actuations in the cable spreading room giving rise to Sequence 1 as
described above. Credit was given for operator recovery from the remote
shutdown panel.

3.3.7 Root Cause 7--Dust-Triggered FPS Actuations in Seismic Events

The incremental increase in core damage frequency for this root cause
was found to be 3.3E-7/ry. This arises due to dust-triggered FPS
actuation for the cable spreading room in a seismic event resulting in
the seismic sequence (Sequence 2) TIABUlU2 XlU3 . This sequence is a
success of on-site AC power, failure of HPCI system, failure of the RCIC
system, failure of ADS, and failure of CRD as an injection source.
Given a seismic event, the FPS in the cable spreading room is assumed to
have an actuation probability of 1.0 due to Root Cause 7. Credit was
given for operator recovery from the remote shutdown panel.

3.3.8 Root Cause 8--Relay Chatter FPS Actuations in Seismic Events

The incremental increase in core damage frequency for this root cause
was found to be 1.lE-5/ry. This arises due to relay chatter in the FPS
controller for three of the Diesel Generator bays during a seismic
event, resulting in sequence T1ABUlU 2 (Sequence 3). This sequence
includes station blackout due to a seismically induced LOSP and lockout
of the diesel generators due to actuation of the CO2 FPS. Loss of HPCI
and RCIC due to either depletion of station batteries or environmental
conditions leads to core damage. Credit was given for operator recovery
of the diesel generators before battery depletion occurred in
approximately ten hours.

Pin-type relays of unknown origin are used to actuate the CO2 FPS in the
Diesel Generator bays. Because their origin is unknown, it was
necessary to use a standard conservative fragility of 1.9 times the SSE
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or 0.23 g, for a median capacity. If more information concerning these
relays was available, it is anticipated that their capacity would
increase.

3.3.9 Root Cause 9--FPS Actuations Due To Seismic Failures of FPS

This root cause was found not to be applicable. This result was based
on a seismic fragility evaluation and a comprehensive plant walkdown.
See Section 3.2.2.2 for more details.

3.3.10 Root Cause 10--External Plant Fires Causing FPS Actuations

The incremental increase in core damage frequency for this root cause
was found to be 6.9E-7/ry. It arises due to inadvertent FPS actuation
in the cable spreading room, giving rise to Sequence 1 as described
above. This inadvertent actuation is caused primarily by a large
adjacent building fire near the reactor building ventilation intake and
smoke spread through the ventilation system into the CSR. Credit was
given for operator recovery from the remote shutdown panel.

3.3.11 Root Cause ll--Advertent Actuation of a Suppression System

For this scenario to occur, actuation of the FPS has to be in the same
fire zone as the fire. Critical damage must occur either as a
combination of fire-related effects and FPS agent release or due to FPS
agent release alone. The cable spreading room is the contributing Fire
Zone for this root case and leads to transient Sequence 1. This
sequence contributes 5.7E-7/ry to the core damage frequency. As was the
case for other root causes involving the cable spreading room credit for
operator recovery from the remote shutdown panel was allowed.

3.3.12 Root Cause 12--Seismic/Fire Interaction

This root cause was found to contribute 8.6E-6/ry to core damage
frequency. The cable spreading room is the contributing fire zone for
this root cause and leads to LOSP sequence TlABUlU2 XlU3 (Sequence 2).
This sequence involves a fire in the cable spreading room as a result of
tipping or sliding of an energized cabinet, and diversion of suppressant
intended for the fire in the cable spreading room into the turbine
building.

Tipping or sliding of an energized cabinet during an earthquake has a
high likelihood of starting a fire. Some of the electrical cabinets in
the cable spreading room are nonsafety-related and will probably not be
energized during a seismic event (due to the high likelihood of LOSP).
Safety-related cabinets that would remain energized appeared to be
anchored, but it is unknown how much anchorage there was since a
thorough inspection which would include looking inside these cabinets
could not be performed. Therefore, a median capacity of 2.0 g was
assumed to be the value at which sliding or tipping occurs.
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When considering diversion of FPS suppressant, the system supplying CO2
to the HPCI room, computer room and cable spreading rooms was determined
to be most vulnerable at the CO2 tank. The CO 2 tank, located in the
turbine building, was not anchored down and the battery racks, which
supply dedicated DC power to the system, were not supported at their
ends. It was determined that during an earthquake the end batteries
would fall from the racks cutting off the DC power supply to the CO2
system. This fragility was estimated to have a median capacity of 0.3
g. Additionally, the probability of the tank slipping enough to rupture
the outlet pipe was analyzed and a median capacity of 0.41 g was
computed. Diversion of CO2 will result if one or both of these systems
fail.

As was the case for other root causes involving the cable spreading
room, credit for operator recovery from the remote shutdown panel was
allowed.

3.3.13 Root Cause 13--FPS Actuation Due to Unknown Causes

The incremental increase in core damage frequency for this root cause
was found to be 4.4E-7/ry. It again arises due to inadvertent
actuations in the cable spreading room giving rise to Sequence 1.
Credit was given for operator recovery from the remote shutdown panel.

3.4 Summary

As described above, of the thirteen root cause scenarios postulated to
lead to core damage resulting from actuation of the fire protection
systems, three were found either not to be applicable to the plant or
could be screened based on the probability of random failures (FPS
actuation preventing manual fire-fighting, operator recovery of random
failures and seismically induced FPS mechanical failure).

The ten remaining root cause scenarios led to an increase in core damage
frequency with the following distribution:

Mean 2.3E-5
Median 1.2E-5
5th% 1.3E-6
95th% 8.5E-5.

The dominant contributors to this total were Root Causes 8, 12, and 10
which are relay-chatter induced FPS actuation, seismic/fire interaction,
and external plant fire causing FPS actuation. These scenarios
contributed approximately 88 percent to the total.

Advertent actuation of an FPS (Root Cause 11) contributed 5.7E-7/ry.
All of the non-seismic root causes combined contributed approximately 14
percent to the overall core damage frequency.
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It must be noted that this was an analysis of a representative BWR.
Other plants of the same type might have core damage frequency
contributions from root causes which were found to not be applicable in
this study. Also, these results are highly dependent on plant-specific
equipment and cable locations.
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4.0 SENSITIVITY STUDIES

The results in Chapter 3 represent a base case analysis that uses the
parameter values presented in Reference 4.1. As discussed there,
several of the parameter value estimates are thought to be more
uncertain than other estimates. In particular, the values taken for the
probability of a fire given tipping or sliding failure of an energized
motor control center or bus, the probability of equipment damage from
the FPS actuation and the probability of barrier failure are best
estimate values, but with less data for justification of assignment.
This section describes sensitivity studies in which three of the more
uncertain estimates are varied (i.e., the probability of a fire given
tipping or sliding failure of an energized electrical cabinet, the
probability of FPS damage to cables, and the probability of barrier
failure). Additionally, in this section a sensitivity study is
presented comparing the CDF contribution from the seismic root causes
utilizing the LLNL and the EPRI hazard curves. Table 4.1 summarizes the
results of these studies and also presents a fifth sensitivity study; a
combination of all four sensitivity studies. Descriptions of each
sensitivity study are presented below.

Calculations for sensitivity studies of core damage frequency and risk
are accomplished by the use of the top event matrix analysis code TEMAC
(Ref. 4.2) and the latin hypercube sampling code (Ref. 4.3).

4.1 Sensitivity Study 1--Comparison of CDF Utilizing the LLNL and EPRI
Seismic Hazard Curves

At this time, both sets of hazard curves are viewed by the USNRC as
being equally credible. As such, calculations of the seismic core
damage frequencies can be made for both sets of hazard curves and the
results viewed as a measure of methodological uncertainty in the hazard
curve development process.

In the base case analysis, the LLNL seismic hazard curves were utilized
to calculate the CDF contribution for each of the applicable seismic
root causes (7, 8, and 12) to be consistent with the NUREG-1150 studies.
As a point of comparison, the CDF contribution from the seismic root
causes were also calculated using the EPRI seismic hazard curves. All
other values were kept the same as in the base case study. The results
are presented in Table 4.2. Figures 4.1 and 4.2 present the LLNL hazard
curves and the EPRI hazard curves, respectively.

4.2 Sensitivity Study 2--Decrease in the Probability of a Fire Given
Tipping or Sliding Failure of an Energized Electrical Cabinet

For the base case analysis, the probability of a fire given the tipping
or sliding failure of an electrical cabinet was assigned a value of 0.5.
This value was based on engineering judgement and takes into account
industrial earthquake experiences'of a similar nature. However, the
actual probability may be less than the base case value.
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Table 4.1

Summary of Sensitivity Results in Terms
of Core Damage Frequency (Per Reactor Year)**

Root
Cause

1.

Base
Case

5.7E-7

Study 1
EPRI Hazard

Curves

N/A*

Study 2
Decrease in Probability

of a Seismic Fire

N/A

2.

3.

4..

5.

6.

7.

8.

9.

Not applicable for plant under consideration.

Not applicable for plant under consideration.

3. 3E-7

2.3E-8

5.4E-7

3.3E-7

1. IE-5

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

4. OE-8

1.2E-6

Not applicable for plant under consideration.

10.

11.

12.

13.

6. 9E-7

5.7E-7

8. 6E-6

4. 4E-7

2.3E-5

N/A

N/A

N/A

N/A

8.3E-7

N/A

5.2E-6

1.7E-6

N/A

1. 6E-5Total

All entries listed as N/A were not requantified from the base case.
Therefore, the total for each sensitivity study can be obtained by
using the base case frequency for these entries.

All entries in this table represent mean values of uncertainty
analysis results given in Appendix A.
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Table 4.1 (Concluded)

Summary of Sensitivity Results
in Terms of Core Damage Frequency (Per Reactor Year)**

Root
Cause

1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

13.

Total

Base Red
Case Damag

5.7E-7

Not applicable

Not applicable

3.3E-7

Study 3
Luced CO2
re to Cable

1.1E-7

for plant

for plant

Study 4
Barrier

Failure = .01

5.7E-8

er consideration.

er consideration.

Study 5

All Combined

1. 1E-8

und

und

6.6E-8

2.3E-8 <1.OE-8

5.4E-7 1.1E-7

3.3E-7 6.6E-8

1.1E-5 N/A*

Not applicable for plant under

6.9E-7 1.4E-7

5.7E-7 1.1E-7

8.6E-6 N/A

4.4E-7 8.8E-8

2.3E-5 2.OE-5

N/A

<1.OE-8

N/A

N/A

N/A

consideration.

N/A

N/A

N/A

NIA

2.3E-5

6. 6E-8

<1. OE-8

1. 1E-7

<1. OE-8

1.2E-6

1. 4E-7

1. 1E-7

1. 7E-7

8. 8E-8

1. 9E-6

All entries listed as N/A were not requantified from the base case.
Therefore, the total for each sensitivity study can be obtained by
using the base case frequency for these entries.

All entries in this table represent mean values of uncertainty
analysis results given in Appendix A.
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Table 4.2

Core Damage Frequencies for Sensitivity Study 1
EPRI Seismic Hazard Curves (Per Reactor Year)*

Root Cause

1

2

3

4

5

6

7

8

9

10

11

12

13

1

Sequence

4.OE-8

8.3E-7

3.

1.2E-6

1.2E-6

Total

Totals 8.7E-7 2.1E-6

Sequence 1 - T3AQUlU 2 XlU3

Sequence 2 - TlABUIU2 XlU3

Sequence 3 - TIABUIU2

* All entries in this table
are mean values.
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DRAFT

Probability of Exceedance (per year)
1.OE-01

1.0E-02

1.OE-03

1.OE-04

1.OE-05

1.OE-06

1.0E-07
0 0.2 0.4 0.6 0.8 1

Peak Ground Acceleration (g)

Figure 4.1. LLNL Hazard Curves: Mean, Median
85th and 15th Percentile Curves
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of Exceedance (per year)
1.OE-O 1

....... Meal

1.OE-02

1.OE-03

1.OE-04

85

1.OE-05 0

1.OE-06

1.OE-07
0 0.2 0.4 0.6 0.8

Peak Ground Acceleration (g)

Figure 4.2. EPRI Hazard Curves: Mean, Median
85th and 15th Percentile Curves
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Consequently, for this sensitivity study, the probability of a fire
given the tipping or sliding failure of an energized electrical cabinet
was reduced by a factor of 5. All other numerical values were kept the
same as in the base case. The accident sequence cut sets were
requantified to determine a new value of the incremental increase in
core damage frequency. Since this study involves seismic/fire
interaction, the only root cause affected is Root Cause 12. The
requantified contribution to the core damage frequency is presented in
Table 4.3.

4.3 Sensitivity Study 3--Decrease in Cable Damage From CO 2

In the base case analysis, any FPS actuation was assumed to damage
cables with equal probability. Cable damage is assumed to occur due to
inadequate seals for the cables and the possibility of erroneous signals
being generated in cables exposed to an overdump of CO2 or water
intrusion. The probability of FPS damage td cables was treated as a
sensitivity issue. In this sensitivity study, the median probability of
FPS damage to cables was lowered from 3.OE-3 to 6.OE-4.

For the plant under study, this reduced probability only affects the
cable spreading room. The reason is that all-of the other Fire Zones
contain (primarily) active electromechanical equipment for- which the
probability of damage was kept as-is for the fire suppressant agent
specific values developed as described in Chapter 3 of Reference 4.1.
The cable spreading room (Fire Zone 25) contains mostly cables with some
relay panels. Consequently, this sensitivity-study was calculated
assuming a probability of cable damage from FPS actuation of 6.OE-4 for
Fire Zone 25, with all other zones remaining the same as in the base
case. The requantified incremental increases in core damage frequency
are presented in Table 4.4.

4.4 Sensitivity Study 4--Decrease in Barrier Failure Probability

For the base case quantificatiQn, the probability of failure of the
barriers between two Fire Zones was taken to be 0.1. The probability
of barrier failure to smoke for the ESGR ceiling may be less than the
generic barrier failure probability. Therefore, for this fourth
sensitivity study, the barrier failure probability between zones was
taken to be 0.01.

The requantified incremental increases in core damage frequency are
presented in Table 4.5. Since Root Causes 4, 6, 7, 8, 10, 11, 12, and
13 do not depend on barrier failures, their values do not change in this
case. For Root Cause 1, the value decreases an order of magnitude.
This result is due to all of the cut sets for this root cause requiring
the failure of one barrier between two zones.
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Table 4.3

Core Damage Frequencies for Sensitivity Study 2-Reduced
Probability of a Fire Given Tipping or Sliding Failure of

an Energized Electrical Cabinet (Per Reactor Year)*

Root Cause

1

2

3

4

5

6

7

8

9

10

11

12

13

1

Sequence

2

1.7E-6

1.7E-6

3

Total

Totals 1.7E-6

Sequence 1 - T3AQVlU2 XIU3

Sequence 2 - TlABUlU2 XlU3

Sequence 3 - TlABUlU2

All entries in this table are mean values.
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Table 4.4

Core Damage Frequencies for Sensitivity Study
Probability of Cable Damage from CO2

(Per Reactor Year)*

3-Reduced

Root Cause

1

2

3

4

5

6

7

8

9

10

11

12

13

Totals

1

6.6E-8

<1. OE-8

1. 1E-7

1.4E-7

1. 1E-7

8.8E-8

5. 1E-7

Sequence

2

1. IE-7

6.6E-8

Total

3

1. 8E-7 6. 9E-7

Sequence 1 - T3AQUIU. 2 XlU3

Sequence 2 - T1ABUlU2 XlU3

Sequence 3 - TlABUlU2

All entries in this table
are mean values.
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Table 4.5

Core Damage Frequencies for Sensitivity Study 4-Reduced
Probability of Barrier Failure

(Per Reactor Year)*

Root Cause

1

2

3

4

5

6

7

8

9

10

11

12

13

Totals

1

<1.0E-8

Sequence

2

5.7E-8

3

Total

<1.OE-B 5.7E-8 5.7E-8

Sequence 1 - T3AQUlU2 XlU3

Sequence 2 - T1ABUlU2 XlU3

Sequence 3 - TlABUlU2

All entries in this table
are mean values.
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4.5 Sensitivity Study-5--Combination of Studies 1, 2, 3 and 4

For this final sensitivity study, the changes mentioned in the four
previous studies were incorporated simultaneously. Specifically, the
EPRI seismic hazard curves were used in place of the LLNL curves to
obtain the CDF contribution for each of the seismic root causes, the
probability of a fire given tipping or sliding failure of an energized
cabinet was taken to 0.1, the mean probability of CO2 FPS damage in Fire
Zone 25 was taken to be 6.OE-4, and the probability of barrier failure
was assumed to be 0.01.

The accident sequence cut sets were then requantified with all other
values being kept the same as in the base case. Hence, this sensitivity
study represents the most optimistic analysis--and the most optimistic
results--in this report.

The resulting increments in core damage frequency are summarized in
Table 4.6. For Root Cause 1, the total increment has decreased from
5.7E-7/ry in the base case to 1.lE-8/ry. Accident Sequence 2 and Fire
Zone 25 remain the major contributor, as in the base case for this root
cause.
The total increment for Root Cause 4 decreases from 3.3E&7/ry in the

base case to 6.6E-8/ry here. Sequence 1 and the cable spreading room
remain the dominant contributors.

For Root Cause 6, the total increment decreases from 5.4E-7/ry to
1.lE-7/ry. Sequence 1 and the cable spreading room remain the dominant
contributors for this root cause.

For Root Case 10, core damage frequency decreased from 6.9E-7/ry to
1.4E-7/ry. Sequence 1 involving the cable spreading room is the most
dominant contributor.

For Root Cause 11, core damage frequency decreased from 5.7E-7/ry to
l.iE-7/ry with Sequence 1 still being the dominant contributor.

The total increment for -Root Cause 13 contribution to core damage
frequency decreased. from 4.4E-7/ry to 8.8E-8/ry. Sequence 1 and the
cable spreading room are the dominant contributors for this- root cause.

The core damage frequency contribution from seismic Root Cause 8, which
involves relay chatter in the Diesel Generator rooms, decreased from
l.lE-5/ry to 1.2E-6/ry. The reduction in core damage frequency of
almost an order of magnitude is a result of utilizing the EPRI hazard
curves to calculate the CDF.

For- seismic Root Cause 7 which involves FPS actuation from dust in a
seismic event, the reduction in damage to cable by FPS agent combined
with utilizing the EPRI hazard curves to calculate the CDF reduced core
damage frequency from 3.3E-7/ry to <l.OE-8/ry.
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Table 4.6

Core Damage Frequencies for Sensitivity Study 5 - Combination
of Sensitivity Studies 1, 2, 3 and 4

(Per Reactor Year)*

Root Cause

1

2

3

4

5

6

7

8

9

10

11

12

13

Totals

1

6.6E-8

<1.OE-8

1. 1E-7

1. 4E-7

1.1E-7

8.8E-8

5.1E-7

Sequence

2

1.1E-8

<1.OE-8

1.1E-8

3

1.2E-6

1.7E-7

1,4E-6

Total

1.9E-6

Sequence 1 - T3AQUIU 2 XlU3

Sequence 2 - TIABUIU2 XlU3

Sequence 3 - T1ABUlU2

All entries in this table are mean values.
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For Root Cause 12, which is seismic/fire interaction in the cable
spreading-room, the reduction in.the probability of fire given tipping
or sliding-failure of .an energized cabinet combined with utilizing the
EPRI hazard curves to calculate the CDF reduced core damage frequency
from 8.6E-6/ry to 1.7E-7/ry..

The net result of this most optimistic analysis is to decrease the
increments in total core damage frequency by more than an order of
magnitude. However, Root Causes 8, 12, and 10 remain the dominant root
causes..

4.5 Summary

The requantified contributions to core damage frequency are summarized
in Table 4.1. The results of these sensitivity studies show that the
most dominant effect was utilizing the EPRI hazard curves for the
calculation of the core damage frequency for Root Causes 7, 8, and 12.
This reduced the core damage frequency for each of these root causes by
approximately an order of magnitude. The reduction of the probability
of a fire given tipping or sliding of an energized cabinet had the
second most dominant effect on the CDF. However, this reduction only
affected Root Cause 12.

The impact of reducing the probability of barrier failure was an order
of magnitude for Root Cause 1, but did not impact any other root causes.
By reducing probability of CO2 agent damage to cabling, a factor of five
decrease occurred for Root Causes 1, 4, 6, 7, 10, 11, and 13.
Additional data for the uncertain parameters varied in these studies
will be required to understand the true incremental increase in core
damage frequency due to FPS actuations.
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5.0 OFFSITE DOSE AND RISK ASSESSMENT

This chapter will provide the derivation of the offsite dose
calculations for this analysis and present the risk calculations for
each of the applicable root causes. Appendix B presents the uncertainty
calculations for risk as well as for each cut set for the seismic and
non-seismic root causes.

5.1 Offsite Dose Calculations

To convert the calculated core damage frequencies to offsite dose, the
methodology outlined in Reference 5.1 for a BWR4/Mark I was utilized.
This section details the specific application of this methodology.

There are two containment functions that are important during accidents:
containment overpressure protection (COP) and post accident
radioactivity removal (PARR). Successful COP is defined as successful
blowdown of steam from the reactor vessel to the suppression pool (or in
some cases, the main condenser). Successful long-term COP requires that
heat then be removed from the suppression pool via the Residual Heat
Removal system. PARR also involves the suppression pool and is
dependent on successful COP. If the suppression pool water inventory is
maintained and cooled during a core meltdown then a large fraction of
the fission products released from the core should be retained in the
pool. Knowing the status of COP and PARR during a severe accident is
the starting point for estimating containment failure modes and accident
releases. Table 5.1 provides a listing and description of the
containment failure modes for each of three accident sequence types.
The seismic root causes for this analysis were grouped into accident
sequence type 1 and the transient sequences associated with the non-
seismic root causes were grouped into accident sequence type 2.

Using the estimates of fission product release, the potential
consequences that could result from an accident were calculated. The
calculations were performed using the CRAC code (Ref. 5.2). The primary
CRAC code result is the radiation dose in person-rem received by the
population around the plant after an accident integrated out to a
distance of fifty miles. It was assumed for these calculations a
remaining plant operational lifetime of 20 years.

Three different sets of CRAC results were calculated. The first
calculation uses the release fractions presented in Table 5.2 and is
called the "upper bound" calculation. For the second calculation, all
of the release fractions except for the noble gases were uniformly
reduced by a factor of seventy percent (0.3 times the upper bound).
This is called the "central" calculation. For the final "lower bound"
calculation, all of the upper bound release fractions except noble gases
were uniformly reduced by ninety percent (0.1 times the upper bound
values). These additional calculations were performed to illustrate the
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Table 5.1

Estimated Containment Failure Modes

Accident Sequence
Type

1. LOCAs with loss of
coolant injection
systems and station
blackout accidents

2. Transients with loss
of coolant injection
systems

3. LOCAs and transients
with successful
injection but no
containment heat
removal or suppres-
sion pool bypass

Containment
Failure Mode
Probability

(X = 1.OE-2
P = 1.OE-2

'= 1.8E-l
7 = 7.3E-1
S = 1.OE-2

c = 1.OE-2
'= 2.OE-1

7 = 7.8E-1
S = 1.OE-2

c = i.OE-2

7'= 2.OE-1

7 = 7.9E-1

Release
Category

PB-I
PB-2
PB-2
PB-3
PB-4

PB-i
PB-2
PB-3
PB-4

PB-i
PB-2
PB-3

a = Containment failure from a steam explosion in the
reactor vessel

= Containment failure from a steam explosion in the
containment

7' = Containment failure from overpressure with release
direct to the atmosphere

7 = Containment failure from overpressure with release thru
the reactor building

S = Containment isolation failure
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Table 5.2

Upper Bound Source Term

FISSION PRODUCT RELEASE FRACTION

RELEASE
CATEGORY Xe I Cs Te Sa Ru La

PB-I 1.0 3.0E-l 6.0E-1 4.OE-1 7.0E-2 3.OE-1 4.OE-3

PB-2 1.0 5.0E-I 6.0E-l 4.6E-1 7.0E-2 4.OE-2 6.OE-3

PB-3 1.0 9.OE-2 2.OE-1 1.0E-I 3.OE-2 l.0E-2 2.OE-3

PB-4 1.0 4.4E-4 6.2E-3 1.6E-2 5.1E-4 9.8E-4 1.9E-4

potential sensitivity of the results to variations in the source term.
This selection of source terms should not, however, be interpreted as an
endorsement of any particular set. The "real" source term may be larger
or smaller. The results of the three CRAC code calculations are given
in Table 5.3.

Table 5.4 provides the results in terms of risk (person-REM) for the
base case as well as the sensitivity studies described in Chapter 4 of
this report. The. base case total is 137 person-REM. Two of the seismic
root causes (8 and 12) represent approximately 85 percent of this total.
The leading contributor is Root Cause 8 (relay chatter) at 46 percent.

5.2 Summary

The results of these sensitivity studies show that .the most dominant
effect was utilizing the EPRI seismic hazard curves for the calculation
of the core damage frequency for Root Causes 7, 8, and 12. This reduced
the risk for each of these root causes by approximately an order of
magnitude. The reduction of the probability of a fire given tipping or
sliding of an energized cabinet had the second most dominant effect on
reducing the risk.

The impact of reducing the probability of barrier failure was an order
of magnitude for Root Cause 1, but did not impact any other of the root
causes. By reducing probability of CO2 agent damage to cabling, a factor
of five decrease occurred for Root Causes 1, 4, 6, 7, 10, 11, and 13.
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Table 5.3

CRAC Code Results
(Person-REM)

Fission Product
Category

PB-I

PB-2

PB-3

PB-4

Upper Bound
Estimate

4.3E+05

6.2E+05

5.OE+05

9.2E+04

Central
Estimate

3.8E+05

4.7E+05

2.9E+05

5.8E+04

Lower Release
Estimate

2.3E+05

2.8E+05

1.8E+05

3.2E+04
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Table 5.4

Summary of Base Case and Sensitivity Study Results
in Terms of Risk (Person-REM)

Root
Cause

1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

13.

Total

Study 1 Study 2
Base EPRI Hazard Decrease in Probability
Case Curve of a Seismic Fire

3.2 N/A N/A

Not applicable for the plant under consideration.

Not applicable for the plant under consideration.

1.9 N/A N/A

0.1 N/A N/A

3.5 N/A N/A

2.0 0.2 N/A

63.2 6.9 N/A

Not applicable for the plant under consideration.

4.3 N/A N/A

3.3 N/A N/A

53.2 5.1 10.5

2.6 N/A N/A

137.0 30.8 94A3

*N/A reflects no modification from the base case.

**All values listed in table are mean values.
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Table 5.4 (Concluded)

Summary of Base Case and Sensitivity Study Results
in Terms of Risk (Person-REM)

Root
Cause

1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

13.

Total

Study 3 Study 4
Base Reduced FPS Barrier
Case Damage to Cable Failure-0.01

3.2 0.6 0.3

Not applicable for the plant under consideration.

Not applicable for the plant under consideration.

1.9 0.4 N/A*

0.1 <0.1 <0.1

3.5 0.7 N/A

2.0 0.4 N/A

63.2 N/A N/A

Not applicable forthe plant under consideration.

4.3 0.9 N/A

3.3 0,6 N/A

53.2 N/A N/A

260.5 N/A

137.0 120.5 120.2

Study 5
All

Combined

0.1

0.4

<0.1

0.7

<0.1

6.9

0.9

0.6

1.1

0.5

11.2

*N/A reflects no modification from the base case.

**All values listed in table are mean values.
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APPENDIX A

Uncertainty Analysis
Core Damage Frequency
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Definition of Terms

L-OPC - frequency of operator error failures of CO2 system

PDAMC - probability of cable damage due to CO2

L-CSR - frequency of fire in the cable spreading room

L-EF - probability of a external fire

L-RAC - frequency of hardware failures of CO2 system

L-UNC - frequency of unknown failures of CO 2 system

FS1 - that percentage of fires which are in the "large" category

L-SGR - frequency of fire, emergency switchgear room

L-PB - frequency of steam pipe break in'the cable spreading room

QITG - probability of failure to manually suppress the fire before
automatic detection occurs, cable spreading room

Q2TG - probability of failure to manually suppress fire, cable
spreading room, seismic event

QB-AUTO - probability that the automatic C02 suppression system will
not suppress the fire, cable spreading room

PBAR - probability of barrier failure

PACT - probability of manual actuation of FPS

FA2 - area ratio for a small fire, cable spreading room

FAt - area ratio for a large fire, cable spreading room

FS2 - that percentage of fires which are in the "small" category

NRP - probability of non-recovery from the remote shutdown panel
during a seismic event

DGACTNR9HR - probability of non-recovery of one of the diesel generators
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Definition of Terms (Concluded)

OR - probability of non-recovery from the remote shutdown panel

A - Root Cause 7, cable spreading room

B - Root Cause 8, diesel generator rooms

C - Root Cause 12, cable spreading room
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Top FEvpnt Matrix Analysis Codei

The following printouts represent the output of .the Top Event
Matrix Analysis Code (TEMAC) used to quantify the uncertainty analyses for
Core Damage Frequency and for Risk. TEMAC accomplishes this quantification
using parameter value samples generated by the Latin Hypercube Sampling code
(LHS). LHS is a constrained Monte Carlo technique which forces all parts of a
distribution to be sampled. For the composite, and for each Root Cause, the
following information is provided:

" Top event frequency distribution.

* Risk increases and reductions by base events sorted by risk
reduction.

* Risk reduction by base event.

* Risk increase by base event.

" Cutset frequencies.

* Cutsets contributing to the Root Cause.

Definitions of key terms in the TEMAC printouts are:

* Risk reduction - For each basic event, the probability of
occurrence of that event is set to zero and the reduction in core damage
frequency or risk is calculated.

* Risk increase - For each basic event, the probability of
occurrence of that event is set to 1.0 and the increase in core damage
frequency or risk is calculated.

* Uncertainty importance - For each basic event, its distribution
is eliminated from the overall uncertainty calculation by setting the event to
its mean value. The percent decrease in the logarithm of the overall
uncertainty is then calculated.
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Compositz Uncertainty Analysis

Core Damage Frequency
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COMPOSITE RUN UPDATED FOR 9-11 CHANCE

TOP EVENT COMPOSITE CONTAINS 20 EVENTS IN 16 CUT SETS

THE FREQUENCY OF TOP EVENT COMPOSITE IS 3.9*0E-05

DESCRIPTIVE STATISTICS FOR THE FREQUENCY OF TOP EVENT COMPOSITE

N low
MEAN 2.30E-06
STD DEV 3.13E-06
LOWER 6% 1.34E-06
LOWER 26% 4.79E-06
MEDIAN 1.16E-06
UPPER 26% 2.71E-96
UPPER 5% 8.53E-05

90% IUCERTAINTY INTERVAL FOR TOP EVENT FREQUENCY (INNERMOST BRACKETS DENOTE INTERQUARTILE RANGE,
ASTERISK DENOTES MEDIAN, N DENOTES NOMINAL VALUE AND M DENOTES MEAN)

6% a 1.84E-06 ***LOG SCALE**. 95% 8.63E-05
S------------------------------------------------------------------------a--- ---- --------------------------- X

NOMENCLA

PD
o0%

rURE:

= PARTIAL DERIVATIVE

= FREQUENCY OF THE TOP EVENT

a PROBABILITY OF EVENT J FOR BASE EVENTS
a FREQUENCY OF EVENT J FOR INITIATING EVENTS

TEF

EV (J)

MEASURES:

1. FOR BASE EVENTS AND INITIATING EVENTS:

RISK REDUCTION a PD x EV(J)
= TEF - TEF(EVALUATED WITH EV(J) = 0)

2. FOR BASE EVENTS ONLY:

RISK INCREASE m PD - RISK REDUCTION
PD x (1 - EV(J))

= TEF(EVALUATED WITH EV(J) = 1) - TEF



COMPOSITE RUN UPDATED FOR 9-11 CHANGE

RISK REDUCTIONS RISK INCREASES BY BASE EVENT AND SORTED BY RISK REDUCTION

RISK
REDUCTION (RANK)BASE EVENT

A
C
B
DGACTNR9HR
PDAMC
L-EF
L-UNC
L-PB
L-OPC
L-RAC
L-CSR
QR
NRP
L-SGR
PBAR
Q2TG
qlTG
QB-AUTO
FA2
PACT

OCCUR PROB (RANK)
RISK

INCREASE (RANK)

1
1
1
1
7
1
1
1
1
1
1
7
2
1
1
1
1
1
1
1

2. 13E-06
S. 73E-06
9. 18E-04
2 .66E-02
3 .66SE-03
8 .ffE-03
1 .80E-03
1 .66E-04
1. 4GE-03
2.36BE-03
2. 70E-03
6. 40E-02
3 .20E-01
2.40E-02
1 .66E-01
9. GOE-01
9. SOE-01
9. SOE-01
9. 6DE-01
1 .06E+00

26.0)
19.0)
17.0)

21.6)
11.5)
16.5)
15.0)

16.6)
14.6)
23.0)

8.6)
6.6)
9.6)
7.6)
4.5)
2.5)
4.5)
2.5)
1.0)

9.11E-02
8.97E-02
5.27E-03
2.46E-03
1.72E-03
4.63E-04
4.83E-04
4.63E-04
4.63E-04
4.63E-04
4.24E-04
1.02E-04
4.43E-06
3.41E-65
1.91E-65
3.96E-06
2.17E-06
2.11E-06
2.09E-06
1.92E-08

((
(
(
(
C
(
C
(
(
(
C
(
(
C
C
C
(
(
(

1.0)
2.6)
3.0)
4.6)
5.6)
9.6)
8.6)
9.0)
8.6)
8.6)

11.6)
12.0)
13.0)
14.61)
15.6)
16.6)
17.6)
19.6)
19.6)
26.8)

1. 36E-07
S. 90E-06
1 •3&E-05
1 .3VE-05
9.61E-06
1.93E-06
9. 71E-07
1. 29E-09
2.41E-06
3.13E-07
2 .BeE-06
9.91E-06
4.04E-06
1.40E-06
1.40E-06
3. 99E-06
2.08EE-6
2. 60E-06
2.96E-06
S.66E*.6

18.6)

13.6)
16.9)

19.0)

17.6)
16.5)

3.5)
5.6)

14.5)
14.6)
6.5)

1065)
1065)
20.5)
26.0)

-. J



COMPOSITE RUN UPDATED FOR 9-11 CHANCE

RISK REDUCTION BY BASE EVENT (WITH ASSOCIATED UNCERTAINTY INTERVALS)

RISK
BASE EVENT OCCUR PROD (RANK) REDUCTION (RANK) LOWER 6X UPPER GX

A 1 2.1SE-M6 (26.6) 9.11E-02 (1.0) 1.899E-9 1.62E-06
C 1 6.73E-05 (19.6) 8.97E-02 (2.0) 1.94E-08 4.68E-65
B 1 9.18E-04 (17.0) 5.27E-03 83.6) 6.75E-08 5.6GE-05
DCACTNR9eR 1 2.1ME-02 (16.6) 2.46E-03 (4.6) 6.75E-0S 5.66E-05
PDAMC 7 3.60E-03 (11.6) 1.72E-03 (5.6) 1.16E-67 1.24E-66
L-EF 1 S.96E-03 (11.5) 4.63E-04 e8.6) 1.36E-09 2.94E-06
L-UNC 1 1.86E-63 (15.0) 4.63E-04 (8.6) 8.43E-09 1.90E-06
L-PB 1 1.06E-04 (18.6) 4.83E-04 98.6) 4.25E-10 9.56E-09
L-OPC 1 1.40E-03 (18.6) 4.63E-04 (8.0) 6.23E-09 1.27E-06
L-RAC 1 2.30E-03 (14.0) 4.83E-04 e8.6) 1.66E-08 2.49E-06
L-CSR 1 2.70E-03 (13.6) 4.24E-04 (11.6) 1.64E-09 2.03E-06
RR 7 6.40E-02 (8.6) 1.02E-04 (12.e) 1.16E-07 1.24E-06
NRP 2 3.20E-01 8 6.0) 4.43E-05 (13..) 4.29E-08 4.8RE-05
L-SCR 1 2.40E-02 9.6) 3.41E-65 214.0) 8.14E-09 2.41E-06
PBAR 1 1.16E-01 (7.0) 1.91E-05 (15.8) 8.14E-69 2.41E-06
Q2TO 1 9.SSE-61 (4.6) 3.96E-08 16.0) 1.94E-08 4.68E-65
QlTG 1 9.6GE-01 ( 2.5) 2.17E-08 (17.6) 1..4E-09 2.83E-06
QB-AUTO 1 9.69E-02 4.6) 2.11E-06 ( 18.6) 1.84E-08 2.03E-08
FA2 1 9.66E-01 2.5) 2.09E-66 ( 19.6) 1.64E-G8 2.83E-06
PACT 1.E.,6 ( 1.6) 1.92E-09 ( 26.6)00



COMPOSITE RUN UPDATED FOR 9-11 CHANGE

RISK INCREASE BY BASE EVENT (WITH ASSOCIATED UNCERTAINTY INTERVALS)
---------------------- ---

BASE EVENT OCCUR PROS (RANK)
RISK

INCREASE (RANK) LOWER 6% UPPER 51

B
DGACTNR9HR
QR
PDAMC
NRP
C
Q2TO
L-OPC
L-CSR
FA2
QB-AUTOQlTG

L-EF
L-SOR
PSAR
L-UNC
L-RAC
A
L-PB

• PACT

1
1
7
7
2
1
1
1
1
1
1
1
1
1
1
1
1
I
1
1

9.1I8E-04
2 .SE-62
6. 46E-02
3.966E-03
3.26E-01
S. 73E-05
9. GOE-01
1 .49E-03
2.70E-03
9.89DE-02
9. POE-02
9.69lE-01
3 .96E-03
2 .40E-02
1 .60E-01
1. ODE-93
2.30E-03
2.13E-06
1 .DGE-64
1 .00E+00

(C

(
(
C
(
(
C
(
C
(
C
(
(
(
C
(
(

17.0)

11.6)

6.0)
19.0)
4.5)

16.0)

2.5)
4.5)
2.5)

11.5)
9.0)
7.0)

15.0)
14.0)
26.0)
18.0)
1.0)

1. DIE-05
1.36OE-06
9 .81E-98
9.V1E-06
4 .04E-06
3.90E-06
8 .9GE-16
2.41E-06
2 .06E-06
2 .88E-06
2 .6GE-06
2. ff E-06
1 .93E-06
1 .40E-06
2.49E-06
8.72E-07
3. ISE-07
1 .3GE-07
1 .29E-08
6.66E+00

1.5)1.5)

8.5)
5.6)

61.5)
68.5)
80.6)

16.5)
146.)
16.5)
16.5)

17.6)
18.6)
19.-D)
26.6)

2.93E-63
6.83E-06
3.96E-06
9.94E-66
1. SSE-07
4.63E-02
7.12E-2I
1.94E-05
8.84E-06
4.1E-IS
5.21E-20
4.12E-20
1.04E-05
4.63E-67
1.41E-07
1.04E-06
1.04E-05
4.90E-02
1.84E-05

6 .1OE-02
2.72E-03
1.36E-04
2.46E-03
1. 19E-04
7.67E-01
1. 9E-SO
9.1SE-94
8.10E-64
9. SFE-00
1.29E-07
9.65E-09
9. 1IE-04
1. IE-64
1.9SE-65
9.16E-94
9.15E-84
8.07E-01
9.18E-64



COMPOSITE RUN UPDATED FOR 9-11 CHANCE

UNCERTAINTY IMPORTANCE BY BASE EVENT
-------------------------------- ---

BASE EVENT
B

C
DGACTNR9NR
PDAMC
NRP
QR
L-RAC
L-EF
L-OPC
QB-AUTO
L-SOR
A
QlTQ
L-CSR
PBAR
L-UNC
FA2
Q2TG
L-PB
PACT

OCCUR
1
1
1
7
2
7
1
1
1
1
1
1
1
1
1
1
1
1
1
1

PROS
9.18SE-04
6. YBE-109
2.66E-02
3. OOE-03
3. 2SE-01
6. 40E-02
2 3BE-03
3:.66E-03
1. 40E-03
9.56OE-01
2.40E-02
2.23E-06
9.86E-01
2. 76E-03
1 .6E-01
1 .86E-03
9. GOE-01
9. 66E-01
1 .6E-04
1 .66E*6

(RANK)
(17.0)
C19.0)
C10.0)

(6.0)
C8.0)

(14.0)
211.6)

(1.0)
(4.6)

C9.0)
(2.5)

2 3.0)
(7.0)
(2.6)
C(4.5)

4 1.6)

(1.0)

I REDUCTION IN
THE UNCERTAINTY

OF LOG RISK
31.9
27.6

7.6
4.8
4.4
4.3
1.1
0.9
0.7
6.7
6.5
6.4
0.4
6.3
6.6
6.6
6.6
0.0
6.6

(RAWE)(1.0)
12.6)

( .0)
(4.6)

(7.0)(e.0)
(9.6)

C11.6)
(12.0)

(14.6)
(17.6)
(17.0)
(17.6)
( 17.6)
( 17.6)

Y.86/TE.96s
4.60
4 .58
1.23
1.27
1.06
1.37
1.62
6.99
1.62
1.62
1.66
1.22
1.02
0.97

Y.95/TE.95*
6.96
6.91
6.88
6.99
0.92
0.99
1.•6
1.66
6.99
1.00
1.06
1.00
1.661.66

0)



COMPOSITE RUH UPDATED FOR 9-11 CHANGE

BASE EVENTS RANKED BY VARIOUS METHODS (RANK 1 a MOST IMPORTANT) AND SORTED BY RISK REDUCTION

RISK RISK UNCERTAINTY
BASE EVENT REDUCTION INCREASE IMPORTANCE

A 1.e 18.0 12.6
C 2.0 6.5 2.o
B 3.0 1.5 1.6
DGACTHR9HR 4.0 1..5 3.
PDAMC 5.6 3.5 4.6
L-EF 8.0 13.0 8.0
L-UNC 8.0 16.6 17.0
L-PB 8.0 19.0 17.0
L-OPC 8.0 8.6 9.0
L-RAC 8.0 17.6 7.0
L-CSR 11.0 16.5 14.0
QR 12.0 3.5 6.0
NRP 13.0 5.0 5.0
L-SOR 14.6 14.5 11.0
PBAR 16.6 14.5 17.0
Q2TG 16.0 6.5 17.0
Q1TQ 17.0 10.6 13.0
QB-AUTO 18.0 16.-5 10.6
FA2 19.0 10.6 17.0
PACT 20.0 20.6 20.6

I-



COMPOSITE RUN UPDATED FOR 9-11 CHANGE

MATRIX OF TOP-DOWN CORRELATION COEFFICIENTS

RISK INCR 0.2585

UNC IMP 0.5378.* 6.8613*.

RISK RED RISK VNCR
.. SIGNIFICANT AT APPROXIMATELY THE .01 LEVEL

THE TOP-DOWN CORRELATION COEFFICIENTS ARE USED
TO DETERMINE THE LEVEL OF AGREEMENT AMONG ALL
PAIRS OF RANKINGS IN THE PREVIOUS TABLE. THE
TOP-DOWN CORRELATION COEFFICIENT GIVES MORE
WEIGHT TO THE SMALLEST RANKS. NOTE THAT THE
SMALLEST RANKS ARE ASSIGNED TO THE MOST IMPORTANT
BASE EVENTS. MORE DETAIL ON THIS STATISTIC CAN
BE FOUND IN THE IMAN AND CONOVER (1995) REFERENCE
IN THE USER'S GUIDE THAT ACCOMPANIES THIS CODE.



COMPOSITE RUN UPDATED FOR 9-11 CHANCE

CUT SET FREQUENCIES AND NORMALIZED CUT SET FREQUENCIES (WITH ASSOCIATED UNCERTAINTY INTERVALS)

CUT
SET ORDER

CUT SET
FREQUENCY (RANK) LOWER 5% UPPER 5%

a
7
2
9
8
1

16

4
3

2
3
3
6
3
4
S
2
3
4

S. 13E-05
2.13E-06
2 .88E-06
2.52E-06
2. GlE-06
1 .87E-06
1. 22E-06
8. ISE-07
7. .5E-07
3.21E-09

((
(
(
(
(
(
(
(
(

1.0)
2.6)
3.6)
4.6)

6.0)
7.6)
8.6)
9.0).

10.0)

8. 75E-08
12.94E-08
8. 23E-09
1 .64E-00
1. 3SE-08
S.124E-09
e.43E-09
1. 89E-09
1.06E-08
4 .25E-10

5.065E-05
4.68E-09
1.275-06
2.03E-08
2.94E-06
2.415-66
1. 6E-66
1.62E-06
2.49E-96
9.5SE-68

NORMALIZED
FREQUENCY

6.8032
0.56463
6.6686
0.0645
0.0643
0.6478
0.0312
0.0210
6.0193
8.6008,

CUMULATIVE
NORMALIZED
FREQUENCY

6.8032
1.3496
1.4181
1.4826
1.5469
1.5947
1.6259
1.6468
1.6662
1.6670

LOWER 5% UPPER 5%

6.0072
0.0019

0. one8
6.0067
0.6O6g

8.66666.0"sl
6.66615
6.6665

0.9686
6.9396
6. 1198
6.2066S. 2509
0.2569
0.2169
0.1543
0.1864
6. 1822
6.•095

I--



COMPOSITE RUN UPDATED FOR 9-11 CHANGE

CUT SET NUMBERS, CUT SET ORDERS, CUT SET FREQUENCIES,
CUMULATIVE NORMALIZED CUT SET FREQUENCIES AND CUT SETS
FOR TOP EVENT COMPOSITE WITH TOP EVENT FREQUENCY 3.96E-05

(THE FIRST COLUMN OF NUMWERS IS THE LINE NUMBERS FOR THE FILE TEMACSETS.DNF)

2 6 2 3.l3E-0S 0.80317 B * DGACTNRSHR
3 7 3 2.13E-05 1.34948 C * NRP * Q2TO 4
4 2 3 2.88E-m6 1.41807 L-OPC * PDAMC * QR +
5 9 8 2.62E-06 1.48256 FA2 * L-CSR * PDAMC * QiTG
6 QB-AUTO * QR +
7 9 3 2.61E-06 1.64689 L-EF * PDAMC 0 QR +
8 1 4 1.87E-06 1.59469 L-SOR * PBAR * PDAMC * QR
9 16 3 1.22E-66 1.62596 L-UNC * PDAMC * QR +
1i 5 2 9.18E-97 1.64681 A * NRP
11 4 3 7.55E-07 1.66616 L-RAC * PDAMC $ QR +
12 3 4 3.21E-08 1.88698 L-PB * PACT * PDAMC * QR

I-.



Root Cause 1

A-15



ROOT CAUSE 1 RUN

TOP EVENT ROOT-CAUSE-1 CONTAINS 4 EVENTS IN 1 CUT SETS

THE FREQUENCY OF TOP EVENT ROOT-CAUSE-1 IS 4.61E-07

DESCRIPTIVE STATISTICS FOR THE FREQUENCY OF TOP EVENT ROOT-CAUSE-1

N low0
MEAN 5.71E-07
STD DEV 1.43E-06
LOWER 6% 8.14E-09
LOWER 25% 4.28E-08
MEDIAN 1.45E-67
UPPER 26% 4.80E-07
UPPER 6% 2.41E-06

9n UNCERTAINTY INTERVAL FOR TOP EVENT FREQUENCY (INNERMOST BRACKETS DENOTE INTERQUARTILE RANGE,
ASTERISK DENOTES MEDIAN, N DENOTES NOMINAL VALUE AND M DENOTES MEAN)

61 = 8.14E-09 *eeLOG SCALE*** 95% = 2.41E-06
I - ---------------------- - ------------------. ------------------ N--M -------------------------- I

NOMENCLATURE:

PD z PARTIAL DERIVATIVE

TEF a FREQUENCY OF THE TOP EVENT

EV(J) = PROBABILITY OF EVENT J FOR BASE EVENTS
= FREQUENCY OF EVENT J FOR INITIATING EVENTS

MEASURES:

1. FOR BASE EVENTS AND INITIATING EVENTS:

RISK REDUCTION m PD x EV(J)
= TEF - TEF(EVALUATED WITH EV(J) - 0)

2. FOR BASE EVENTS ONLY:

RISK INCREASE a PD - RISK REDUCTION
= PD x (I - EV(J))
- TEF(EVALUATED WITH EV(J) m 1) - TEF



ROOT CAUSE 1 RUN

RISK REDUCTIONS RISK INCREASES BY BASE EVENT AND SORTED BY RISK REDUCTION

BASE EVENT OCCUR PROD (RANW)

PDAMC
L-SCR
PBAR
QR

1 3.06E-e3 (4.0)
1 2.40E-02 (3.0)
1 .06E-02 (1.0)
1 6.4BE-02 (2. 0)

RISK
REDUCTION (RANW)

2.6sE-04 (1.6)
3.41E-05 (2.0)
1.91E-05 3S.0)
1.69E-OS (4.6)

RISK
INCREASE (RANK)

1.40E-0 ( 2.5)
1.40E-6 ( 2.5)
1.4E-06 ( 2.5)
1.40E-6 ( 2.5)

.,d



ROOT CAUSE I RUN

RISK REDUCTION BY BASE EVENT (WITH ASSOCIATED UNCERTANTY INTERVALS)

BASE EVENT

PDAMC
L-SOR
PBAR
QR

OCCUR PROS (RANK)

I .8E-* (- 4.9)
1 2.40E-02 3.09)
1 1.9E-l( 1.9)
I 6.40E-t2 C2.0)

RISK
REDUCTION (RANK)

2.8E9-e4 (1.0)
3.41E-05 2.0)
1.91E-65 8.0)
1.599E-45 4.0)

LOWER 5% UPPER n%

9.14E-09 2.41E-06
9.14E-09 2.41E-06
8.14E-0f 2.41E-06
6.24E-99 2.41E-6

0-0



ROOT CAUSE 1 RUN

RISK INCREASE BY BASE EVENT (WITH ASSOCIATED UNCERTAINTY INTERVALS)

BASE EVENT

qR
PDAMC
L-SOR
PBAR

OCCUR PROB

1 6.46E-62
1 3.IE-03
1 2.40E-2
1 1 .OE-01

(RANK)

(2.0)
(4.0)

(3.0)
(1.0)

RISK
INCREASE (RANK) LOWER 6% UPPER 6X

1.40E-08 (2.5) 2.2eE-07 8.18E-ff
1.40E-06 (2.6) G.9E-06 6.81E-94
1.40E-6 (2.6) 4.S6E-07 1.9E-04
1.4GE-M (2.5) 1.41E-67 1.96E-05

I-*
•o



ROOT CAUSE 1 RUN

UNCERTAINTY IMPORTANCE BY BASE EVENT

BASE EVENT
PDAMC
QR
PBAR
L-SOR

OCCUR PROS (RANK)
1 3.66E-03 4.9)
1 6.40E-62 C 2.6)
1 1.66E-01 1
S2.40E-02 3.0)

X REDUCTION IN
THE UNCERTAINTY

OF LO RISK
88.8
26.2
25.6
14.4

(RAN)
1.0)

S2.60)
3

Y.65/TE.6,
1.88
1.94
1.89
1.46

Y.95/TE.95*
6.78
6.94
6.98
1.04

,0



ROOT CAUSE 1 RUN

BASE EVENTS RANKED BY VARIOUS METHODS (RAW I a MOST IMPORTANT) AND SORTED BY RISK REDUCTION

RISK RISK UNCERTAINTY
BASE EVENT REDUCTION INCREASE IMPORTANCE

PDAMC 1.9 2.6 1.0
L-SOR 2.0 2.6 4.1
PBAR 3.0 2.5 3.6
QR 4.0 2.5 2.9



ROOT CAUSE 1 RUN

MATRIX OF TOP-DOWN CORRELATION COEFFICIENTS

RISK INCR *.SM7

UNC IMP 0.6377 o.967

RISK RED RISK INCR
THERE ARE NO TOP-DOWN CORRELATIONS THAT ARE SIGNIFICANT AT
THE .05 LEVEL OR LESS

THE TOP-DOWN CORRELATION COEFFICIENTS ARE USED
TO DETERMINE THE LEVEL OF AGREEMENT AMONG ALL
PAIRS OF RANKINGS IN THE PREVIOUS TABLE. THE
TOP-DOWN CORRELATION COEFFICIENT GIVES MORE
WEIGHT TO THE SMALLEST RANKS. NOTE THAT THE
SMALLEST RANKS ARE ASSIGNED TO THE MOST IMPORTANT
BASE EVENTS. MORE DETAIL ON THIS STATISTIC CAN
BE FOUND IN THE IMAN AND CONOVER (1985) REFERENCE
IN THE USER'S GUIDE THAT ACCOMPANIES THIS CODE.



ROOT CAUSE 1 RUN

CUT SET FREQUENCIES AND NORMALIZED CUT SET FREQUENCIES (WITH ASSOCIATED UNCERTAINTY INTERVALS)

CUT CUT SET
SET ORDER FREQUENCY (RANK) LOWER OX UPPER 5X

1 4 1.87E-06 1.0) 8.14E-09 2.41E-06

NORMALIZED
FREQUENCY

4.8488

CUMULATIVE
NORMALIZED
FREQUENCY

4.6488

LOWER 5% UPPER 5%

1.6m. 1.9w

lip,



ROOT CAUSE 1 RUN

CUT SET NUMBERS, CUT SET ORDERS, CUT SET FREUeCIES,
CUMULATIVE NORMALIZED CUT SET FREQUENCIES AND CUT SETS
FOR TOP EVENT ROOT-CAUSE-1 WITH TOP EVENT FREQUENCY 4.61E-97

(THE FIRST COLUMN OF MBERS IS THE LINE WMERS FOR THE FILE TEMACSETS.DNF)

2 1 4 1.87E-0 4.04877 L-SOR . PBAR * PDAMC * QR



Root Cause

A-25



ROOT CAUSE 4 RUN

TOP EVENT ROOT-CAUSE-4 CONTAINS a EVENTS IN I CUT SETS

THE FREQUENCY OF TOP EVENT ROOT-CAUSE-4 IS 2.89E-07

DESCRIPTIVE STATISTICS FOR THE FREQUENCY OF TOP EVENT ROOT-CAUSE-4

N in
MEAN 3.28E-07
STD DEV 8.55E-07
LOWER 5% 6.23E-09
LOWER 26k S.46E-0e
MEDIAN 1. 96E-07
UPPER 26% S.3.3E-67
UPPER 6% 1.27E-06

90 UNCERTAINTY INTERVAL FOR TOP EVENT FREQUENCY (INNERMOST BRACKETS DENOTE INTR RTILE RANCE,
ASTERISK DENOTES MEDIAN, N DENOTES NOMINAL VALUE AND M DENOTES MEAN)

5% w 6.23E-09 ***LOG SCALE... 96% a 1. 2TE-06
A --------------------------------L ---------------------.. ------------------ -Mj-- ----------------------------

0>

NOMENCLATURE:

PD = PARTIAL DERIVATIVE

TEF a FREQUENCY OF THE TOP EVENT

EV(J) a PROBABILITY OF EVENT J FOR BASE EVENTS
= FREQUENCY OF EVENT J FOR INITIATING EVENTS

MEASURES:

1. FOR BASE EVENTS AND INITIATINO EVENTS:

RISK REDUCTION = PD x EV(J)
= TEF - TEF(EVALUATED WITH EV(J) a 0)

2. FOR BASE EVENTS ONLY:

RISK INCREASE a PD - RISK REDUCTION
a PD x (1 - EV(J))
a TEF(EVALUATED WITH EV(J) a 1) - TEF



ROOT CAUSE 4 RUN

RISK REDUCTIONS RISK INCREASES BY BASE EVENT AND SORTED BY RISK REDUCTION

BASE EVENT OCCUR PROB (RANK)

L-OPC
PDAMC
qR

1 1.49E-03 (3.6)
1 3.00E-83 (2.0)
1 8.40E-02 (1.0)

RISK
REDUCTION (RANW)

4.8SE-04 (1.0)
4.59E-04 (2.6)
2.72E-05 (3.0)

RISK
INCREASE (RANK)

2.41E.46
2.41E-06
2.41E-46

((
(

2.0)
2.0)
2.0)

"3



ROOT CAUSE 4 RUN

RISK REDUCTION BY BASE EVENT (WITH ASSOCIATED UNCERTAINTY INTERVALS)

BASE EVENT

L-OPC
PDAMC
QR

OCCUR PROB (RANK)

1 1.4IE-03 (3.0)
1 3.-E-03 (2.-)
1 6.40E-02 (1.0)

RISK
REDUCTION (RANK)

4.63E-94 (1.0)
4.59E-04 (2.0)
2.72E-05 (3.0)

LOWER 5' UPPER 51

6.28E-09 1.27E-96
6.23E-09 1.27E-96
6.23E-09 1.27E-08

00



ROOT CAUSE 4 RUN

RISK INCREASE BY BASE EVENT (WITH ASSOCIATED UNCERTAINTY INTERVALS)

BASE EVENT

PDAMC
qR
L-OPC

OCCUR PROB (RANK)

1 S.SE-63 (2.0)
1 6.40E-02 21.0)
1 2.40E-03 (3.0)

RISK
INCREASE (RANK)

2.41E-06 (2.0)
2.41E-06 (2.0)
2.41E-6M (2.0)

LOWER 9% UPPER 5%

5.15E-M6 3.83E-04
2.13E-67 1.69E-•5
1.04E-05 9.25E-04



ROOT CAUSE 4 RUN

CUT SET FREQUENCIES (WITH ASSOCIATED UNCERTAMTY INMTERVALS)

CUT CUT SET
SET ORDER FREQUENCY (RANK)

1 3 2.8E8-E ( 1.9)

LOWER 61 UPPER 51

6.2SE-09 1.27E-46

0.



ROOT CAUSE 4 RUN

CUT SET NUMBERS, CUT SET ORDERS, CUT SET FREWQENCIES,
CUMEJUATIVE NORMALIZED CUT SET FREQUENCIES AND CUT SETS
FOR TOP EVENT ROOT-CAUSE-4 WITH TOP EVENT FREQUENCY 2.69E-0?

(THE FIRST COLUMN OF NUMJBERS IS THE LINE NMBERS FOR THE FILE TEMACSETS.OIF)

2 1 S 2.68E-06 0.00M L-OPC * PDAMC QR

Il-



Root Cauzz 5

A-32



ROOT CAUSE 6 RUN

TOP EVENT ROOT-CAUSE-6 CONTAINS 4 EVENTS IN 1 CUT SETS

THE FREQUENCY OF TOP EVENT ROOT-CAUSE-B IS 1.92E-08

DESCRIPTIVE STATISTICS FOR THE FREQUENCY OF TOP EVENT ROOT-CAUSE-$

N 2000
MEAN 2.31E-08
STD DEV 4.51E-98
LOWER 5% 4.26E-10
LOWER 25% 2.30E-69
MEDIAN 7.54E-09
UPPER 26% 2.43E-09
UPPER 5% 9.56E-08

90% UNCERTAINTY INTERVAL FOR TOP EVENT FREQUENCY (INNERMOST BRACKETS DENOTE INTERQUARTILE RANGE,
ASTERISK DENOTES MEDIAN, N DENOTES NOMINAL VALUE AND M DENOTES MEAN)

5% = 4.26E-10 ***LOG SCALE*** 95% = 9.65E-08
I ------------------------------- r ---------------------- --------------- N--M-1 --------------------------I

NOMENCLATURE:

•o
PrD

TEF

EV (J)

a PARTIAL DERIVATIVE

= FREQUENCY OF THE TOP EVENT

w PROBABILITY OF EVENT J FOR BASE EVENTS
= FREQUENCY OF EVENT J FOR INITIATING EVENTS

MEASURES:

1. FOR BASE EVENTS AND INITIATING EVENTS:

RISK REDUCTION = PD x EV(J)
= TEF - TEF(EVALUATED WITH EV(J) = 6)

2. FOR BASE EVENTS ONLY:

RISK INCREASE = PD - RISK REDUCTION
a PD x (I - EV(J))
= TEF(EVALUATED WITH EV(J) - 1) - TEF



ROOT CAUSE 6 RUN

RISK REDUCTIONS RiSK INCREASES BY BASE EVENT AM SORTED BY RISK REDUCTION

BASE EVENT

L-PB
PDAMC
QR
PACT

OCCUR PROB

1 1.66E-04
1 3.98E-03
1 6.;40E-02
1 2.96E+00

(RANK)

(4.0)
(3.0)(2.9)2 1.9)

RISK
REDUCTION (RANK)

4.6SE-04 (1.0)
2.45E-06 (2.0)
1.46E-47 (8.0)
1.92E-98 (4.0)

RISK
INCREASE

I. 29E-08
1.29E-08
I.29E-08
9.96E.+0

(RANK)

(2.0)
(2.6)
(2.0)
(4.6)

L,)
.k".



ROOT CAUSE 5 RUN

RISK REDUCTION BY BASE EVENT (WMTh ASSOCIATED UNCERTAINTY INTERVALS)

RISK
BASE EVENT OCCUR PROS (RAWN) REDUCTION (RAW-) LOWER 6% UPPER 5!

L-PB 1 1.6GE-04 (4.0) 4.6SE-e4 (1.0) 4.26E-10 9.66E-0B
PDAMC 1 S.ME-03 3B.0) 2.45E-06 (2.0) 4.25E-10 9.55E-09
QR I 6.40E-02 (2.0) 1.46E-07 (3.0) 4.25E-10 9.55E-08
PACT 1 1.60E+0 (1.6) 1.92E-08 (4.6)

LA)



ROOT CAUSE 5 RUN

RISK INCREASE BY BASE EVENT (WITH ASSOCIATED UNCERTAINTY INTERVALS)

BASE EVENT

L-PB
PDAVC
QR
PACT

OCCUR PROS

1 1.966E-04
1 8. 6E-6$
1 6.40E-02
1 1.ME+69

(RANW)

(4.0)

(2.0)( 1.6)

RISK
INCREASE (RAWK)

1.29E-98 (2.0)
1.29E-8 (2.0)
2.29E-09 (2.6)
6.ME*06 (4.0)

LOWER 5X UPPER OX

1.04E-05 9.19E-64
3.89E-67 2.40E-e0
1. tWE-8 1..26E-06

o'



ROOT CAUSE ; RUN

UNCERTAINTY IU'ORTANCE BY BASE EVENT

BASE EVENT
PDAMC
L-PB
QR
PACT

OCCUR PROS (RANK)
I 3.6GE-64 3 8.0)
1I .81E-4 4.0)
1 6.40E-02 C2.0)
1 1.GSE.88 1.0)

9 REDUCTZON IN
THE UNCERTAINTY

OF LOG RISK
40.3
38.2
2M.8

(RANK)(1.8)
2.0)
3$.6)

Y.8I1TE.5.*
2.75
2.46
2.8?

Y.96/TE. 96*
8.76
8.06
8.90

I
I')



ROOT CAUSE S RUN

BASE EVENTS RANKED BY VARIOUS METHODS (RANK I a MOST IMPORTANT) AND SORTED BY RISK REDUCTION

RISK RISK UNCERTAINTY
BASE EVENT REDUCTION INCREASE IMPORTANCE

L-PB 1.0 2.0 2.0
PDAMC 2.0 2.0 1.6
QR 3.0 2.0 3.6
PACT 4.8 4.0 4.0

¾



ROOT CAUSE 5 RIM

MATRIX OF TOP-DO11H CORRELATION COEFFICIENTS

RISK INCR 0.62565

UNC IMP 0.4783

RISK RED
THERE ARE NO TOP-DOWN
THE .05 LEVEL OR LESS

0.6266

RISK INCR
CORRELATIONS THAT ARE SIGNIFICANT AT

THE TOP-DOWN CORRELATION COEFFICIENTS ARE USED
TO DETERMINE THE LEVEL OF AGREEMENT AMONG ALL
PAIRS OF RANKINGS IN THE PREVIOUS TABLE. THE
TOP-DOWN CORRELATION COEFFICIENT GIVES MORE
WEIGHT TO THE SMALLEST RANKS. NOTE THAT THE
SMALLEST RANKS ARE ASSIGNED TO THE MOST IMPORTANT
BASE EVENTS. MORE DETAIL ON THIS STATISTIC CAN
BE FOUND IN THE IMAN AND CONOVER (1985) REFERENCE
IN THE USER'S GUIDE THAT ACCOMPANIES THIS CODE.

,>

~, .:



ROOT CAUSE 5 RUH

CUT SET FREQUENCIES AND NORMALIZED CUT SET PRE~UENCIES (WMTM ASSOCIATED UNCERTAINTY INTERVALS)

CUT CUT SET
SET ORDER FREQUENCY (RANK)

1 4 S.21E-e8 ( 1.6)

LOWER 9t UPPER 6

4.25E-1e 9.55E4-

NORMALIZED
FREQUENCY

I .6m3

CUllULAT2VI[NORMALIZED

FR.EECY

1.6m3

LOaR 5% UPPER 5%

1.6m 1i.6m

o



ROOT CAUSE 6 RUN

CUT SET NUMBERS, CUT SET ORDERS, CUT SET FREQUENCIES,
CUMWLATIVE NORMALIZED CUT SET FREQUENCIES AND CUT SETS
FOR TOP EVENT ROOT-CAUSE-S WITH TOP EVENT FREQUENCY 1.92E-08

(THE FIRST COLUMN OF NUMBERS IS TH4E LINE NUMBERS FOR THE FILE TEMACSETS.ONF)

2 1 4 3.21E-09 1.67025 L-PB S PACT * PDAMC • QR



Root Cause 6

A-42



ROOT CAUSE 8 RUN

TOP EVENT ROOT-CAUSE-6 CONTAINS S EVENTS IN 1 CUT SETS

THE FREQUENCY OF TOP EVENT ROOT-CAUSE-6 IS 4.42E-07

DESCRIPTIVE STATISTICS FOR THE FREQUENCY OF TOP EVENT ROOT-CAUSE-6

N low
MEAN 5.36E-07
STD DEV 1.OE-0
LOWER 5% 1 .ME-0e
LOWER 25% 6.32E-09
MEDIAN 1.74E-07
UPPER 26% 6.21E-07
UPPER 5% 2.49E-06

W% UNCERTAINTY INTERVAL FOR TOP EVENT FREQUENCY (INNERMOST BRACKETS DENOTE INTERQUARTILE RANGE,
ASTERISK DENOTES MEDIAN, N DENOTES NOMINAL VALUE AND M DENOTES MEAN)

6% , I .ME-fl ***LOG SCALE*ee, 99% - 2.49E-06
I ------------------------------- ----- - ---------------- - ----- -.------------------------ I

NOMENCLATURE:

P•)D PARTIAL DERIVATIVE

TEF a FREQUENCY OF THE TOP EVENT

EV (J) m PROBABILITY OF EVENT J FOR BASE EVENTS
= FREQUENCY OF EVENT J FOR INITIATING EVENTS

MEASURES:

1. FOR BASE EVENTS AND INITIA7TIN EVENTS:

RISK REDUCTION a PD x EV(J)
a TEF - TEF(EVALUATED WITH EV(J) 0)

2. FOR BASE EVENTS ONLY:

RISK INCREASE a PD - RISK REDUCTION
P PD x (1 - EV(J))

• TEF(EVALUATED WITH Ey(J) - 1) - TEF



ROOT CAUSE 6 RUN

RISK REDUCTIONS RISK INCREASES BY BASE EVENT AND SORTED BY RISK REDUCTION
---- ---- ---- --- ---- ----

BASE EVENT

L-RAC
PDAMC
qR

OCCUR PROB (RANW)

1 2.3eE-93 (3.0)
1 3.90E-63 (2.0)
1 6.40E-02 (1.0)

RISK
REDUCTION (RANK)

4.63E-04 (1.9)
6.OsE-06 (2.0)
3.ssE-06 (3.6)

RISK
INCREASE

a.13E47
3.13E-07
3.13E-97

(RANoK)

(2.6)
C2.6)
(2.0)

'p.
'p.



ROOT CAUSE 6 RUN

RISK REDUCTION BY BASE EVENT (WITH ASSOCIATED UNCERTAINTY INTERVALS)

BASE EVENT

L-RAC
PDAMC
QR

OCCUR PROS (RANK)

S2.36E-03 (3.0)
2 3.96E-03 (2.0)
1 6.40E-02 (1.0)

RISK
REDUCTION (RANK)

4.6SE-64 (1.0)
6.99E-05 2.0)
3.SSE-08 3 .0)

LOWER 5X UPPER 5X

1.ME-68 2.49E-0S
1.6IE-6S 2.49E-0IS
1.IME-08 2.49E-08

Ln-



ROOT CAUSE 6 RUN

RISK INCREASE BY BASE EVENT (WITH ASSOCIATED UNCERTAINTY INTERVALS)

BASE EVENT

PDAMC
QR
L-RAC

OCCUR PROB (RAWK)

I 3.96E-0 (2.9)
1 6.40E-02 (1.6)
1 2.S3E-0S (3.0)

RISK
INCREASE (RANK)

3.13E-07 (2.6)
3.1SE-W7 2.0)
3.13E-07 (2.0)

LOWER OX UPPER 9%

B.63E-08 5.55E-94
3.20E-07 2. 92E-05
1.04E-05 9.15E-04



ROOT CAUSE 6 RUN

CUT SET FREQUENCIES (WITH ASSOCIATED UNCERTAINTY INTERVALS)

CUT CUT SET
SET ORDER FREQUENCY (RANW) LOWER s UPPER S%

1 3 7.56E-07 ( 1.0) 1.1OE-09 2.49E-4



ROOT CAUSE 6 RUN

CUT SET NUMBERS, CUT SET ORDERS, CUT SET FREQUENCIES,
CUMULATIVE NORMALIZED CUT SET FREQUENCIES AND CUT SETS
FOR TOP EVENT ROOT-CAUSE-8 WITH TOP EVENT FREQUENCY 4.42E-07

(THE FIRST COLUMN OF NUMBERS IS THE LINE NUMBERS FOR THE FILE TEMACSETS.DNF)

2 1 3 7. BSE-?7 0.66M L-RAC * PDAMC * QR

co



Root Cause 7

A-49



ROOT CAUSE 7 RUN UPDATED 8-22-91

TOP EVENT ROOT-CAUSE-? CONTAINS 2 EVENTS IN 1 CUT SETS

THE FREQUENCY OF TOP EVENT ROOT-CAUSE-? IS 6.82E-07

DESCRIPTIVE STATISTICS FOR THE FREQUENCY OF TOP EVENT ROOT-CAUSE-7

N Ion
MEAN $.26E-07
STD DEV 7.02E-07
LOWER 6% 1.99E-09
LOWER 26% 1.15E-08
MEDIAN 6.21E-09
UPPER 26% 2.91E-07
UPPER 5% 1.82E-06

96% UNCERTAINTY INTERVAL FOR TOP EVENT FREQUENCY (INNERMOST BRACKETS DENOTE INTERQUARTILE RANGE,
ASTERISK DENOTES MEDIAN, N DENOTES NOMINAL VALUE AND M DENOTES MEAN)

6% a 1.89E-09 ***LOG SCALE*** 96% = 1.62E-06
I ------------------------ ------------------.-- ----------------------- ]M---------- N ----------- I

0n

NOMENCLATURE:

PD a PARTIAL DERIVATIVE

TEF = FREQUENCY OF THE TOP EVENT

EV(J) a PROBABILITY OF EVENT J FOR BASE EVENTS
a FREQUENCY OF EVENT J FOR INITIATING EVENTS

MEASURES:

1. FOR BASE EVENTS AND INITIATING EVENTS:

RISK REDUCTION a PD x EV(J)
a TEF - TEF(EVALUATED WITH EV(J) z i)

2. FOR BASE EVENTS ONLY:

RISK INCREASE a PD - RISK REDUCTION
a PD x (1 - EV(J))
= TEF(EVALUATED WITH EV(J) a 1) - TEF



ROOT CAUSE 7 RUN UPDATED 9-22-91

RISK REDUCTIONS RISK INCREASES BY BASE EVENT AND SORTED BY RISK REDUCTION

BASE EVENT -OCCUR PROB (RANK)
RISK

REDUCTION (RANK)

9.11E-02 (1.0)
1.49E-06r 2.0)

RISK
INCREASE (RANK)

1.36E-07 1.5)
1.36E-67 (1.5)

A
NRP

1 2.13E-06 (2.0)
1 3.20'E-01 (1.0)

pln



ROOT CAUSE 7 RUN UPDATED 8-22-91

RISK REDUCTION BY BASE EVENT (WITH ASSOCIATED UNCERTAINTY INTERVALS)

RISK
BASE EVENT OCCUR PROS (RANK) REDUCTION (RANW) LOWER 9% UPPER 61

A 1 2.13E-06 ( 2.0) 9.11E-2 ( 1.0) 1.89E-09 1.•2E-06
NRP 1 3.20E-01 ( 1.0) 1.49E-06 ( 2.0) 1.89E-09 1.62E-08

I~.



ROOT CAUSE 7 RUN UPDATED 9-22-91

RISK INCREASE BY BASE EVENT (WITH ASSOCIATED UNCERTAINTY INTERVALS)

BASE EVENT

NRP
A

OCCUR PROS (RANK)

1 3.26E-01 (1.6)
1 2.13E-06 (2.0)

RISK
INCREASE (RANK) LOWER 5X UPPER sX

1.S3E-07 (1.5) 6.17E-09 3.09E-06
1.38E-07 ( 1.6) 4.96E-02 9.67E-91

•n



ROOT CAUSE 7 RUN UPDATED 8-22-91

CUT SET FREQUENCIES (WITH ASSOCIATED UNCERTAINTY INTERVALS)

CUT
SET ORDER

1 2

CUT SET
FREQUENCY (RANK)

8.18E-07 ( 1.0)

LOWER SX UPPER 6%

1.99E-09 1.82E-06.

>.I
u1



ROOT CAUSE 7 RUN UPDATED 8-22-91

CUT SET NUMBERS, CUT SET ORDERS, CUT SET FREQWENCIES,
CUWJLATIVE NORMALIZED CUT SET FREQUENCIES AND CUT SETS
FOR TOP EVENT ROOT-CAUSE-7 WITH TOP EVENT FREQUENCY 6.82E-07

(THE FIRST COLUMN OF HUgMERS IS THE LINE NUiMBERS FOR THE FILE TEMACSETS.DNF)

2 1 2 8.18E-07 6.9.•M A N NRP

i'

U'n



Root Cause 8

A-56



ROOT CAUSE 8 RUN

TOP EVENT ROOT-CAUSE-S CONTAINS 2 EVENTS IN 1 CUT SETS

THE FREQUENCY OF TOP EVENT ROOT-CAUSE-8 IS 1.84E-06

DESCRIPTIVE STATISTICS FOR THE FREQUENCY OF TOP EVENT ROOT-CAUSE-S

N low
MEAN 1.16E-06
STD DEY 2.35E-06
LOWER 5% 6.76E-08
LOWER 25% 4.386E-07
MEDIAN 2.32E-06
UPPER 25% 1.65E-06
UPPER 5% 6.65E-05

90% UNCERTAINTY INTERVAL FOR TOP EVENT FREQUENCY (INNERMOST BRACKETS DENOTE INTERQUARTILE RANGE,
ASTERISK DENOTES MEDIAN, N DENOTES NOMINAL VALUE AND M DENOTES MEAN)

6% 8 6.75E-0S ***LOG SCALE*.* 95% = 5.05E-05
I ---------------------------- ---------------------------.--------------------- ]M ------- N --------------- I

I-n

NOMENCLATURE:

PD = PARTIAL DERIVATIVE

TEF = FREQUENCY OF THE TOP EVENT

EV(J) m PROBABILITY OF EVENT J FOR BASE EVENTS
= FREQUENCY OF EVENT J FOR INITIATING EVENTS

MEASURES:

1. FOR BASE EVENTS AND INITIATING EVENTS:

RISK REDUCTION m PD x EV(J)
a TEF - TEF(EVALUATED WITH EV(J) a 6)

2. FOR BASE EVENTS ONLY:

RISK INCREASE a PD - RISK REDUCTION
a PD x (1 - EV(J))
a TEF(EVALUATED WITH EV(J) - 1) - TEF



ROOT CAUSE 8 RUN

RISK REDUCTIONS RISK INCREASES DY BASE EVENT AND SORTED BY RISK REDUCTION

BASE EVENT

B
DGACThR9HR

OCCUR PROD (RAWK)

1 9.18E-04 (2.0)
1 2. ME-02 ( 1.0)

RISK
REDUCTION (RANK)

6.27E-03 (1.0)
2.46E-03 (2.0)

RISK
INCREASE

1. 3E-05
1 .3E-0S

(RANK)

( 1.5)
C 1.5)

ul00



ROOT CAUSE 8 RUN

RISK REDUCTION BY BASE EVENT (WITH ASSOCIATED UNCERTAINTY INTERVALS)

BASE EVENT

B
DGACTHR9HR

OCCUR PROD (RANK)

1 9.18E-04 (2.0)
1 2. ME-02 (1.0)

RISK
REDUCTION (RANK)

6.27E-03 (1.0)
2.46E-03 (2.0)

LOWER 5 UPPER 6%

6.75E-08 6.6GE-06
6.75E-08 9.06E-95

,>
u0



ROOT CAUSE 8 RUN

RISK INCREASE BY BASE EVENT (WITH ASSOCIATED UNCERTAINTY INTERVALS)

BASE EVENT

D•ACTNROHR
B

OCCUR PROS (RAIW)
RISK

INCREASE (RANK)

1.30E-6S 1 1.5)
1.36E-05 C1.5)

LOWER 51 UPPER 56

6.83E-96 2.?2E-03
2.98E-03 5.68E-02

2 2.1OfE-02 21.6)
I 9.1BE-04 (2.0)

0%



ROOT CAUSE 8 RUN

CUT SET FREQUENCIES (WITH ASSOCIATED UNCERTAINTY INTERVALS)

CUT CUT SET
SET ORDER FREQUENCY (RANK) LOWER bS UPPER 5%

1 2 3.13E-06 ( 1.9) 6.76E-M 5.eSE-ff



ROOT CAUSE 8 RUN

CUT SET NUMBERS, CUT SET ORDERS, CUT SET FREQUENCIES,
CMULATIXVE NORMALIZED CUT SET FREQUENCIES AND CUT SETS
FOR TOP EVENT ROOT-CAUSE-S WITH TOP EVENT FREQUENCY 1.94E-65

(THE FIRST COLUMN OF NUMBERS IS THE LINE NUMBERS FOR THE FILE TEMACSETS.DNF)

2 1 2 3.13E-05 @.DM B DOACTNRMOR

t,3



Root Cause 10

A-63



ROOT CAUSE 10 RUN

TOP EVENT ROOT-CAUSE-10 CONTAINS 3 EVENTS IN I CUT SETS

THE FREQUENCY OF TOP EVENT ROOT-CAUSE-I0 IS 5.76E-07

DESCRIPTIVE STATISTICS FOR THE FREQUENCY OF TOP EVENT ROOT-CAUSE-1I

N 1low
MEAN 6.91E-67
STD DEV 1.29E-06
LOWER 5% 1.36E-08
LOWER 25% 7.12E-08
MEDIAN 2.86E-07
UPPER 25% 7.M6E-07
UPPER 9% 2.94E-08

90% UNCERTAINTY INTERVAL FOR TOP EVENT FREQUENCY (INNERMOST BRACKETS DENOTE INTERQUART ILE RANGE,
ASTERISK DENOTES MEDIAN, N DENOTES NOMINAL VALUE AND M DENOTES MEAN)

5% m 1.38E-09 ***LOG SCALE**. 95% u 2.94E-06
I ------------------------------- -------- ----.-- --------- -- ------- .--- - ---------- I

NOMENCLA1

PtD

TEF

EV(J)

TURE:

- PARTIAL DERIVATIVE

= FREQUENCY OF THE TOP EVENT

- PROBABILITY OF EVENT J FOR BASE EVENTS
FREQUENCY OF EVENT J FOR INITIATING EVENTS

MEASURES:

1. FOR BASE EVENTS AND INITIATING EVENTS:

RISK REDUCTION - PD x EV(J)
a TEF - TEF(EVALUATED WITH EV(J) a 6)

2. FOR BASE EVENTS ONLY:

RISK INCREASE a PD - RISK REDUCTION
a PD x (I - EV(J))
a TEF(EVALUATED WITH EV(J) a 1) - TEF



ROOT CAUSE 10 RUN

RISK REDUCTIONS RISK INCREASES BY BASE EVENT AND SORTED BY RISK REDUCTION

BASE EVENT

L-EF
PDAMC
QR

OCCUR PROS (RAW)

I 3.eE-0S 3 2.6)
1 3.eSE-e0 2. 5)
1 6.40E-02 (1.0)

RISK
REDUCTION (RANW)

4.6SE-04 (1.0)
3.69E-04 (2.0)
2.19E-66 3.8)

RISK
INCREASE

1.• 9E-06
1.9SE-06
1.95E-W

(RANK)

I

10%



ROOT CAUSE 15 RUN

RISK REDUCTION BY BASE EVENT (TH ASSOCIATED UNCERTAZNTY -INTERVALS)

BASE EVENT

L-EF
PDAMC
QR

OCCUR PROB

I $.IWE-6$
1 8.19E-68
1 6.46E-92

(RAW)

S2.5)
2 .5)

RISK
REDUCTION (RANK)

4.81E-04 (1.0)
.69E-54 (2.0)

2.19E-05 (3.0)

LOWER 61 UPPI EX

1. 36E-fl 2.94P-56
1.86E-08 2.94E-06
1.36E-50 2.94E-4

0'
0%



ROOT CAUSE 10 RUN

RISK INCREASE BY BASE EVENT (WITH ASSOCIATED UNCERTAINTY INTERVALS)

BASE EVENT

P•AMC
QR
L-EF

OCCUR PROD

1 $.96E-63
1 6.4&E-02
1 S.00E-03

(RANK)

(2.6)
(1.0)

C2.5)

RISK
INCREASE (RANK)

I.93E-96 (2.0)
1.93E-06 (2.0)
1.93E-06 2.0)

LOWER 5X UPPER 9X

1.12E-06 6.87E-04
4.OSE-07 $.94E-06
1.04E-05 9.16E-04

,%
-.J



ROOT CAUSE 16 RUN

CUT SET FREQUENCIES (WITH ASSOCIATED UNCERTAINTY INTERVALS)

CUT CUT SET
SET ORDER FREQUENCY (RANK)

1 3 2.61E-M ( 1.0)

LOWER 5% UPPER 9%

1.86E-09 2.94E-08

00



ROOT CAUSE 10 RUN

CUT SET NUMBERS, CUT SET ORDERS, CUT SET FREQUENCIES,
CUMULATIVE NORMALIZED CUT SET FREQUENCIES AND CUT SETS
FOR TOP EVENT ROOT-CAUSE-10 WITH TOP EVENT FREQUENCY G.76E-G7

(THE FIRST COLUMN OF NUMBERS IS THE LINE NUMBERS FOR THE FILE TEMACSETS.DFW)

2 1 3 2.51E-06 0.0•M L-EF * PDAMC * QR



Root Cause 11

A-70



ROOT CAUSE 11 RUN

TOP EVENT ROOT-CAUSE-11 CONTAINS 6 EVENTS IN 1 CUT SETS

THE FREQUENCY OF TOP EVENT ROOT-CAUSE-11 IS 4.54E-07

DESCRIPTIVE STATISTICS FOR THE FREQUENCY OF TOP EVENT ROOT-CAUSE-11

N lo
MEAN 6.72E-I7
STD DEV 1.IBE-0M
LOWER 5% 1.64E-88
LOWER 25% 6.90E-08
MEDIAN 2.0•E-67
UPPER 25% 5.94E-07
UPPER 5% 2.03E-06

9M UNCERTAINTY INTERVAL FOR TOP EVENT FREQUENCY (INNERMOST BRACKETS DENOTE INTERQUARTILE RANGE,
ASTERISK DENOTES MEDIAN, N DENOTES NOMINAL VALUE AND M DENOTES MEAN)

5% = 1.64E-08 ***LOG SCALE**. 95% m 2.03E-06
A .--. L ----------------------------- ; -----------"--- --------------------------- I[

-4

NOMENCLATURE:

PD = PARTIAL DERIVATIVE

TEF a FREQUENCY OF THE TOP EVENT

EV(J) = PROBABILITY OF EVENT J FOR BASE EVENTS
= FREQUENCY OF EVENT J FOR INITIATING EVENTS

MEASURES:

1. FOR BASE EVENTS AND INITIATING EVENTS"

RISK REDUCTION = PD x EV(J)
= TEF - TEF(EVALUATED WITH EV(J) - 5)

2. FOR BASE EVENTS ONLY:

RISK INCREASE = PD - RISK REDUCTION
= PD x (1 - EV(J))
= TEF(EVALUATED WITH EV(J) a 1) - TEF



ROOT CAUSE 11 RtN

RISK REDUCTIONS RISK INCREASES BY BASE EVENT AND SORTED BY RISK REDUCTION

BASE EVENT OCCUR PROD (RANK)
RISK

REDUCTION (RANK)
RISK

INCREASE (RANK)

L-CSR
PDAMC
QRQITG

QB-AUTO
FA2

1 2.76E-03
1 3.06E-03
1 6.46E-02
1 9.6DE-61
1 9.56E-01
1 9.665E-81

((
C
(
(
C

.0.)5.e)
4.0)
1.5)

3.6)1.5)

4.24E-04
3.93E-04
2.33E-05
2.17E-06
2.11E-06
2.09E-06

((
(
C
C
(

1.6)
2.0)

4.6)
5.9)
6.0)

2. BE-06

2 .66E-06
2.65E-662.665E-66

(C
C
C
(
C

3.5)
8.5)

3.5)

p>I
,.j



ROOT CAUSE 11 RUN

RISK REDUCTION BY BASE EVENT (WITH ASSOCIATED UNCERTAINTY INTERVALS)

BASE EVENT

L-CSR
PDAMC
QR
qlTo
qB-AUTO
FA2

OCCUR PROS (RANK)

I 2.79E-63 6.0)
1 Z.E-03 5.0)
I 6.46E-M2 4.0)
1 9.66E-02 1.5)
I 9.66E-02 (3.0)
1 9.6E.-01 (1.5)

RISK
REDUCTION (RANK)

4.24E-04 1.6)
3.93E-04 2.6)
2.33E-95 8.06)
2.17E-06 4.0)
2 1IE-66 56.0)
2.66E-6 (8.6)

LOWER 6X UPPER OS

1.64E-09 2.03E-06
1.64E-08 2.98E-.6
1.64E-09 2.6$E-66
1.64E-09 2.3E-56
1.84E-9f 2.3E-56
1 .64E-09 2.03E-66

-,J



ROOT CAUSE 11 RUN

RISK INCREASE BY BASE EVENT (WITH ASSOCIATED UNCERTAINTY INTERVALS)

RISK
INCREASE (RAWK) LOWER 6X UPPER 6XBASE EVENT OCCUR PROD (RAWK)

PDAMC
qR
QiTO
QB-AUTD
L-CSR
FA2

I 3."E-63 ( s.e)
1 6.40E--2 (4.0)1 9.SE.-,i ( 1.6)
S9.6EE-1 (3-.e)

I 2.?eE-eS (8.e)
1 9.6&E-01 (1.6)

2. I8E-0
2.98E-Be
2.OeE-M6
2.9eE-06
2.96E-06
2.M6E-06

((

(
(

3.5) 1.34E-65 4.97E-04
3.5) 4.94E-07 2.79E-05
8.6) 4.16E-1e 9.86E-f8
3.5) 6.1IE-20 1.29E--7
3.6) 9.94E-06 8.I@E-4
3.5) 4.11E-1I 9.5GE-0l

-. J



ROOT CAUSE 11 RUN

UNCERTAINTY IMPORTANCE BY BASE EVENT
----------------- - - -

BASE EVENT
PDAMC
QR
L-CSR
QB-AUTO
QiTO
FA2

OCCUR
1
1
1
1

PROS
3 .6E-03
S. 4DE-62
2.70E-03
9. GOE-01
9 .61E-01
9 .60E-01

(RANW)
(5.0)( 4.0)
C6.6)C 3.6)

s.@

S REDUCTION IN
THE UNCERTAINTY

OF LOG RISK
48.6
34.8
19.1

0.4
6.1
0.0

(RANK)
12.0)

( .0)
(4.0)
(5.0)
(6.0)

Y.6I/TE.@65
2.47
2.09
1.46
1.61
1.01

Y.95/TE.95*6.74
9.92
1.68
S.99
1.02

-n



ROOT CAUSE 11 RUN

BASE EVENTS RANKED BY VARIOUS METhODS (RANK I u MOST IWORTANT) AND SORTED BY RISK EDUCTION

RISK RISK UNCERTAINTY
BASE EVENT REDUCTION INCREASE IMPORTANCE

L-CSR 1.6 8.5 3.0
PDAMC 2.0 3.5 1.6
QR 8.0 .5 32.0
QITO 4.8 3.5 5.,
QB-AUTO 5.0 3.5 4.0
FA2 6.6 3.5 8.0



ROOT CAUSE 11 RUN

MATRIX OF TOP-DOWN CORRELATION COEFFICIENTS

RISK INCR 0.0004

UNC IMP 0.4894

RISK RED
THERE ARE NO TOP-DOWN
THE .05 LEVEL OR LESS

0.004

RISK INCR
CORRELATIONS THAT ARE SIGNIFICANT AT

THE TOP-DOWN CORRELATION COEFFICIENTS ARE USED
TO DETERMINE THE LEVEL OF AGREEMENT AMONG ALL
PAIRS OF RANKINGS IN THE PREVIOUS TABLE. THE
TOP-DOWN CORRELATION COEFFICIENT GIVES MORE
WEIGHT TO THE SMALLEST RANKS. NOTE THAT THE
SMALLEST RANKS ARE ASSIGNED TO THE MOST IMPORTANT
BASE EVENTS. MORE DETAIL ON THIS STATISTIC CAN
BE FOUND IN THE IMAN AND CONOVER (lOSS) REFERENCE
IN THE USER'S GUIDE THAT ACCOMPANIES THIS CODE.

-J



ROOT CAUSE 11 RUN

CUT SET FREQUENCIES AND NORMALIZED CUT SET FREQUENCIES (WIlTH ASSOCIATED LCETAINTY INTERVALS)

CUT CUT SET
SET ORDER FREQUENCY (RANK)

1 6 2.62E-0M 2..)

LOWER 5% UPPER 9%

1.84E-08 2.03E-06

NORMALIZED
FREQUENCY

5.5452

CUIULATIVE
NORMALIZED
FREQUENCY

5.5452

LOWER 5X UPPER 5%

1.6me. 1i.0em

-,Ioo



ROOT CAUSE 11 RUH

CUT SET NUMBERS, CUT SET ORDERS, CUT SET FREQUENCIES,
CUAULATIVE NORMALIZED CUT SET FREQUENCIES AND CUT SETS
FOR TOP EVENT ROOT-CAUSE-11 WITH TOP EVENT FREQUENCY 4.64E-67

(THE FIRST COLUMN OF NUMBERS IS THE LINE NUMBERS FOR THE FILE TEMACSETS.DNF)

2 1 6 2.52E-06 6.54520 FA2 * L-CSR * PDAMC , QITG
3 QW-AUTO 0 QR



Root Cause 12

A-80



ROOT CAUSE 12 DISTRIBUTION UPDATED 9-4-91 AND RUN 9-11-91

TOP EVENT ROOT-CAUSE-12 CONTAINS 3 EVENTS IN I CUT SETS

THE FREQUENCY OF TOP EVENT ROOT-CAUSE-12 IS 1.74E-05

DESCRIPTIVE STATISTICS FOR THE FREQUENCY OF TOP EVENT ROOT-CAUSE-12

N 10"
MEAN 8.56E-06
STD DEV 2.02E-05
LOWER 5% 1. 94E-ge
LOWER 25% 1.66E-07
MEDIAN 9.34E-07
UPPER 25% 6.06E-06
UPPER 51 4.68E-05

90% UNCERTAINTY INTERVAL FOR TOP EVENT FREQUENCY (INNERMOST BRACKETS DENOTE INTERQUARTILE RANGE,
ASTERISK DENOTES MEDIAN, N DENOTES NOMINAL VALUE AND M DENOTES MEAN)

5% - 1.94E-08 ***LOG SCALE*** 951
r u- _- -- F - - - - - - -- - - - - - -

- 4. OSE-06
.........------------------------------

IL - - - i ------ --- . ,------ ------

I
o•

NOMENCLATURE:

PD = PARTIAL DERIVATIVE

TEF = FREQUENCY OF THE TOP EVENT

EV(J) - PROBABILITY OF EVENT J FOR BASE EVENTS
= FREQUENCY OF EVENT J FOR INITIATING EVENTS

MEASURES:

1. FOR BASE EVENTS AND INITIATING EVENTS:

RISK REDUCTION = PD x EV(J)
a TEF - TEF(EVALUATED WIT" EV(J) =)

2. FOR BASE EVENTS ONLY:

RISK INCREASE = PD - RISK REDUCTION
P PD x (1 - EV(J))
TEF(EVALUATED WITH EV(J) a 2) - TEF



ROOT CAUSE 12 DISTRIBUTION UPDATED 9-4-91 AND RUN 9-11-91

RISK REDUCTIONS RISK INCREASES BY BASE EVENT AND SORTED BY RISK REDUCTION

BASE EVENT

C
NRP
Q2TG

OCCUR

1
1
1

PROS (RANW)

9.73E-06 3S.8)
3.20E-01 (2.0)
9.56E-01 (1.0)

RISK
REDUCTION (RANW)

8.97E-02 (1.0)
4.28E-05 (2.0)
3.96E-08 (s.0)

RISK
INCREASE (RANK)

.96E-06 ( 2.6)
8.90E-08 ( 2.0)

.90E-m ( 2.0)

OD



ROOT CAUSE 12 DISTRIBUTION UPDATED 9-4-91 AND RUN 9-11-91

RISK REDUCTION BY BASE EVENT (WITH ASSOCIATED UNCERTAINTY INTERVALS)

BASE EVENT OCCUR PROS (RANK)

C
NRP
Q2TO

1 S.73E-0S (5.9)
1 3.26E-01 (2.0)
1 9.6E-.01 (1.0)

RISK
REDUCTION (RANK) LOWER 53 UPPER 5%

8.97E-02 ( 1.0) 1.94E-09 4.88E-05
4.28E-05 ( 2.0) 1.94E-09 4.68E-05
3.96E- ( 8.8) 1.94E-09 4.8SE-65

co



ROOT CAUSE 12 DISTRIBUTION UPDATED 9-4-91 AND RUN 9-11-91

RISK INCREASE BY BASE EVENT (WITH ASSOCIATED UNCERTAINTY INTERVALS)

BASE EVENT

NRP

Q2TO
C

OCCUR PROS (RAW)

I 3.2&E-01 (2.0)
1 9.s6E-61 (1.9)
I 6.73E-M5 (3.6)

RISK
INCREASE (RANK) LOiER 5W UPPER 6X

8.9E-M ( 2.0) 8.49E-08 1.19E-94
$.9fE-6 ( 2.9) 7.12E-19 1.9sE-08
S.g6E-M ( 2.9) 4.63E-02 7.57E-01

00



ROOT CAUSE 12 DISTRIBUTION UPDATED 9-4-91 AND RUM 9-11-91

CUT SET FREQUENCIES (WITH ASSOCIATED UNCERTAINTY INTERVALS)

CUT CUT SET
SET ORDER FREQUENCY (RANK) LOWER 5% UPPER 6%

1 3 2.13E-05 ( 1.0) 1.94E-08 4.68E-06

0ovi



ROOT CAUSE 12 DISTRIBUTION UPDATED 9-4-91 AND RUN 9-11-91

CUT SET NUMBERS, CUT SET ORDERS, CUT SET FREQUENCIES,
CUMULATIVE NORMALIZED CUT SET FREQUENCIES AND CUT SETS
FOR TOP EVENT ROOT-CAUSE-12 WITH TOP EVENT FREQUENCY 1.74E-05

(THE FIRST COLUMN OF NUMBERS IS THE LINE NUMBERS FOR THE FILE TEMACSETS.DNF)

2 1 3 2.13E-05 0.09 C * NRP * Q2TG



Root Cause.13

A-87



ROOT CAUSE 18 RUN

TOP EVENT ROOT-CAUSE-13 CONTAINS 8 EVENTS IN 1 CUT SETS

THE FREQUENCY OF TOP EVENT ROOT-CAUSE-13 IS 3.46E-07

DESCRIPTIVE STATISTICS FOR THE FREQUENCY OF TOP EVENT ROOT-CAUSE-13

N logo
MEAN 4.40E-07
STD DEV 1.04E-06
LOWER 5% 8.43E-09
LOWER 25% 4.81E-e0
MEDIAN 1.26E-07
UPPER 25X 4.21E-07
UPPER 5X 1.86E-08

96% UNCERTAINTY INTERVAL FOR TOP EVENT FREQUENCY (flINERMOST BRACKETS DENOTE INTERQUARTILE RANGE,
ASTERISK DENOTES MEDIAN, N DENOTES NOMINAL VALUE AND M DENOTES MEAN)

5X 8 .43E-e9 eeeLOG SCALE*** 95%
---------------.-- - - -- - - - -M u-

* l.SWE-08
------------------------------ -------------------- ------------------- -- --------------------------

NOMENCLATURE:

PD = PARTIAL DERIVATIVE

TEF a FREQUENCY OF THE TOP EVENT

EV(J) a PROBABILITY OF EVENT J FOR BASE EVENTS
a FREQUENCY OF EVENT J FOR INITIATING EVENTS

MEASURES:

1. FOR BASE EVENTS AND INITIATING EVENTS:

RISK REDUCTION a PD x EV(J)
a TEF - TEF(EVALUATED WITH EV(J) a 6)

2. FOR BASE EVENTS ONLY:

RISK INCREASE a PD - RISK REDUCTION
a PD x (1 - EV(J))
a TEF(EVALUATED WITH EV(J) a 1) - TEF



ROOT CAUSE 13 RUN

RISK REDUCTIONS RISK INCREASES BY BASE EVENT AND SORTED BY RISK REDUCTION
------ ----- -l- --

BASE EVENT

L-UNC
PDAMC
QR

OCCUR PROS (RAWK)

I 1.96E-03 3.0)
1 3.60E-03 2.0)
1 6.40E-02 21.8)

RISK
REDUCTION (RANK)

4.63E-84 2z.0)
1.66E-04 (2.0)
9.85E-66 (3.0)

RISK
INCREASE (RANK)

8.71E-07 ( 2.6)
8.71E-67 ( 2.0)
8.71E-67 ( 2.0)

co
,,O



ROOT CAUSE 13 RUN

RISK REDUCTION BY BASE EVENT (WITH ASSOCIATED UNCERTAINTY INTERVALS)

BASE EVENT

L-UNC
PDAMC
QR

OCCUR PROD (RANK)

1 1.86E-03 ( 3.0)
1 O.4IE-03 (12.0)
1 6.40E-02 (1.6)

RISK
REDUCTION (RANK)

4.63E-04 (1.0)
1.E5-04 2-.0)
9.86E-6 3.0)

LOWER 5% UPPER 5%

8.43E-09 1.86E-06
8.43E-09 1.86E-06
8.43E-09 1.9OE-06

0



ROOT CAUSE 13 RUN

RISK INCREASE BY BASE EVENT (WITH ASSOCIATED UNCERTAINTY INTERVALS)

BASE EVENT

PDAMC
QR
L-UNC

OCCUR PROB (RANK)

1 3.66E-3 ( 2.0)
1 6.40E-02 (1.0)
1 1.86E-03 (3.0)

RISK
INCREASE

8.71E-07
8.71E-67
8.71E-07

(RANK)

(2.0)
(2.6)
(2.6)

LOWER 5% UPPER 6X

8.42E-06 3.94E-04
2.54E-67 2.14E-05
1.04E-65 9.16E-04

I-



ROOT CAUSE 18 RUN

CUT SET FREQUENCIES (WITH ASSOCIATED UNCERTAINTY INTERVALS)

CUT CUT SET
SET ORDER FREQUENCY (RANK)

1 8 1.22E-6 ( 1.6)

LOWER SX UPPER 5%

8.43E-9 1.8BE46

•zI



ROOT CAUSE 13 RUN

CUT SET NUMBERS, CUT SET ORDERS, CUT SET FREQUENCIES,
CUMULATIVE NORUALIZED CUT SET FREQUENCIES AND CUT SETS
FOR TOP EVENT ROOT-CAUSE-13 WITH TOP EVENT FREQUENCY 3.46E-07

(THE FIRST COLUMN OF NUMBERS IS THE LINE NUMBERS FOR THE FILE TEMACSETS.DNF)

2 1 3 1.22E-06 i.m L-UNC . PDAMC . QR





APPENDIX B

Uncertainty Analysis
(Risk)

B-i



Composite Uncertainty Analysis

B-2



RISK UNCERTAINTY COMPOSITE RUN UPDATED 9-11-91

TOP EVENT ALL-ftSK-UNC CONTAINS 24 EVENTS IN 41 CUT SETS

THE FREQUENCY OF TOP EVENT ALL-RSK-UNC IS 1.45E+02

DESCRIPTIVE STATISTICS FOR THE FREQUENCY OF TOP EVENT ALL-RSK-UNC

N le
MEAN 1.37E+02
STD DEV 1.28E.*2
LOWER 6% 1.76E+01
LOWER 25X 3.82E+01
MEDIAN 7.69E+91
UPPER 25X 2.23E,02
UPPER 5G 3.83E02

961 UNCERTAINTY INTERVAL FOR TOP EVENT FREQUENCY (INNERMOST BRACKETS DENOTE INTERQUARTILE RANGE,
ASTERISK DENOTES MEDIAN, N DENOTES NOMINAL VALUE AND M DENOTES MEAN)

56 = 1.7E+021 ***LOG SCALE*** 95%
'P * ý h &A %

z 3.83E*02
--- -- - -I------------------------- ---------------------- A - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

I., J

I

NOMENCLATURE:

PD = PARTIAL DERIVATIVE

TEF a FREQUENCY OF THE TOP EVENT

EV(J) a PROBABILITY OF EVENT J FOR BASE EVENTS
a FREQUENCY OF EVENT J FOR INITIATING EVENTS

MEASURES:

1. FOR BASE EVENTS AND INITIATING EVENTS:

RISK REDUCTION a PD x EV(J)
= TEF - TEF(EVALUATED WITH EV(J) = 0)

2. FOR BASE EVENTS ONLY:

RISK INCREASE a PD - RISK REDUCTION
= PD x (1 - EV(J))
- TEF(EVALUATED WITH EV(J) w 1) - TEF



RISK UNCERTAINTY COMPOSITE RUN UPDATED 9-11-91

RISK REDUCTIONS RISK INCREASES BY BASE EVENT AND SORTED BY RISK REDUCTION

RISK
REDUCTION (RANK)

RISK
INCREASE (RANK)BASE EVENT

CDF1S
CDF4
CDF 11
CDF12
CDFS
CDF7
CDFIO
CDF6
CDF1
CDF8
FM$
FM8
FP2
FPu
FM6
FMI
FMS
FP4
FPl9

OCCUR PROD (RANK)

4
4
4
4
4
4
4
4
4
B
9
1
9

9
1
9
1

4.46E-07
8.28E-97
5.72E-07
9.56E-96
2.32E-98

.251E-97
6.91E-97
5.36E-O75.71E-97

1.16E-65
7.90E-01
7. 1E-01
2.06DE--01
1.80E-91
1.99E-02
1.9•1E-2
1.61E-02
1.06E-02S.WE-0r2

((
C
C
C
C

C
(

(

16.0)17.9)

11.0)
19.0)
18.0)
12.9)
16.0)
14.9)
10.0)
1.9)
2.9)

i .9)

4.0)
7.0)
7.0)
7.0)
7.0)
7.0)

6.27E+16
6.27?E+0
6,271.96
6 .27E.96

6.27E*06
6.27E+06
S.27E+06
6.27E1•6
6.27E+•6
5.91E*.6
5.45E*11
4.86E+01

2.26E+01
1.8SE+01
1.03E*60
9.26E-01
6.36E-01
1.40E-02
1.28E-01

6.0)6.0)5.0)
6.0)
6.0)5.6)

B .9)
5.0)

12.0)
13.0)54.9)
15.0)
16.6)

17.0)
12.0)

19.0)

2. 91E*.
6.97E-01
4.25E-81
1.52E*.9
1.11E-42
6.891-01
1.79E1.W
3.19E+9
9.44E-01
1.8:1.11
1•54E1.1
1.72E*11
9.86E*01
8.431E*1
16.2E*.2
9.661E61
a,29E*111

1.26E•11

CC

C
(
C
(
(
(
C
(
(
(
(

12.0)17.9)

14.0)
19.0)
16.0)
12.0)
11.9)
15.0)
9.6)
7.0)
8.0)
4.0)
1.0)
2.9)
5.9)
6.0)

10.0)bd

41I

RISK REDUCTIONS BY INITIATING EVENT AND SORTED BY RISK REDUCTION

INIT EVENT OCCUR FREQ (RAWK)

IE-20
1E-3
IE-2
1E-4
1E-1

41 2.161EB1
10 2.9•E+05
11 4.7@E*.5
10 5.86E+04
21 3.8 S 405

C
(

5.9)

4.0)
2.0)

RISK
REDUCTION (RAWK)

1.45E+02 ( 1.0)
6.11E-05 2.0)
1.59E-6s 3.8)
6.12E-97 (4.5)
8.12E-07 (4.5)



RISK UNCERTAINTY COMPOSITE RUN UPDATED 9-11-91

RISK REDUCTION BY BASE EVENT (WITH ASSOCIATED UNCERTAINTY INTERVALS)

BASE EVENT OCCUR PROD (RANK)
RISK

REDUCTION (RANK) LOWER SX UPPER 5%

COF23
CDF4
CDFil
CDF12
COPS
CDF7

COPS

FMS
P112
FM?
P116
P111
FMS
P114
FM9

4
4
4
4
4
4
4
4
4
5
9
1
9

9
1
9
1

4.40E-97
a .29E-67
5.72E-97
8. S6E-@6
2.31E-06
3.26E-67
6.92E-67

S.71E-97
1.11E-065
7.06E-61
7. 30E-01
2.66E-61
1.96E-01
1.O6E-62
1.665-62
1 .66E-62
1.96E-02
1.66E-62

lq
q
q

((
C
(

(

16.0)
17.0)
13.0)
11.0)
19.0)

12.0)

14.9)

1.6)
2.6)
3.6)
4.6)
7.6)
7.6)
7.6)
7.6)
7.6)

6.27E.06
6. 27E*56
6.27E,*6
6.27E+06
6.275E+6
6.27E+06
6.275E+6
6.27E.06
6.27E*56
5 .91E.*6
5.456E+1
4.665+61
2.26E+01
1.86E+61
1.635.E6PW

9. 16E-01
8.86E--1
1.4E-401
1.29E-91

6.0)
6.6)
5.6)
6.0)
6.0)
5.6)
5.6)
5.0)

12.0)
1.8.)
14.0)
15.0)
16.0)
17.0)
18.0)
19.0)

1.04E-61
8.1BE-02
1.8SE-61
3.89E-01
S.52E-63
2. 8E-62
1.76E-02
1.25E-61
2.02E-028.9SE-01

7.52E+M
1.19E+.1
2.65E+62
S;. 79E-081
9.23E+00
1.73+E6f1
1.41E+g1
1.38E+61
2.72E+02

I

tn

RISK REDUCTION BY INITIATING EVENT (WITH ASSOCIATED UNCERTAINTY INTERVALS)

INIT EVENT

IE-26
5E-3

IE-2
IE-4
IE-1

OCCUR PREQ (RW)e
RISK

REDUCTION (RANW) LOWER 5! UPPER SX

41
1i
11
10
10

2.VE65+1
2.96•+65
4.71E.*6
5. 865.64M
$. 8WE.I66

.6) 1.45E+62 (1.6)
8:.) 6.11E-65 (2.6)
1.6) 1.59E-0 6 3.6)

(4.6) 6.12E-67 ( 4.6)
(2.6) 6.12E-07 (4.5)

1.26E461 2.91.E*2
4.57E*56 1.64E562
3.16E-62 7.04E-01
1•71E-1 3.893E*W



RISK UNCERTAINTY COMPOSITE RUN UPDATED 9-11-01

RISK INCREASE BY SASE EVENT (WITH ASSOCIATED UNCERTAINTY INTERVALS)
--- - ------ lii H ~ l

BASE EVENT OCCUR PROB (RANK)

FM6

FM2
FM?
Pus
FMS
PUS3
FM4
CDF8
PM9
CDF8
CDP18
CDFIG
CDF22
CD~l
CDP?
CDP4
CODll
CDFG

1
9
9

9
9

4

4
4
4
4
4
4
4

1.00E-02
1.05E-02
2.05E-Ml1
1.86E-02
1.96E-02
7.38E-01
7.86E-01
1.00E-62
1.1IE-05
1.36E-72

4.40E-07
S.91E-17
8.SOE-46
6.71E-07

.265E-07
3.29E-07
6.72E-07
2.81E4-f

(

(
(
C

I

7.0)
7.0)
a .0)
4.0)
7.0)
2.0)
1.0)
7.0)

10.0)
7.0)

16.0)
16.0)
12.0)
11.0)
14.0)

16.0)

19.0)

iso)

RISK
INCREASE

1.02E+02
9.06E.019.@SE~fl
9.48E*01
8.28E+01
1.72E+01
1.64.*011.$38EHI1.33E.01

1.26E.0l
a. 105.00
2.80.E*00
2.795E0
1.62E40
9.44E-01
6.6&M-61
5.97E-01
4.26E-01
1.112E-2

C

(
(I(

(RANW) LOWER n UPPE 5

1.0)
2.0)
8.0)
4.0)
6.0)
8.0)
7.0)

9.0)
10.0)
11.0)
12.0)
is.0)
14.0)
16'.0)
16.0)
17.6)
19.0)
19.0)

6.02E.*06

S. 383E+06
5.33E.06
5..38E+06
5. 33E+06
S.833E+06
S.833E+06
5..835.06
6 .38E.06
5. 38E*06

6.2$5.06

*.79E.+6
6.78E+.6
* .735.068 • 7351.06
O .735.008.79e+06
8.783.e+

*9.75E+669.78E.,.@
$. 9E+,68

0'



RISK UNCERTAINTY COMPOSITE RUN UPATED 9-11-9l

BASE EVENTS RAMED eY VARIOUS METHODS (RAP• 1

RISK RISK
BASE EVENT REDUCTION INCREASE

CDF13 5.9 12.9
CDF4 5.9 17.0
CDFll 5.9 18.9
CDF12 6.9 14.9
CDF5 5.9 19.9
CDF7 5.9 16.9
CDF26 6.9 13.9
CDF6 5.9 11.9
CDF1 6.6 15.0
CDF8 19.0 9.9
FM$ 11.9 7.9
FMB 12.0 6.9
FM2 13.9 3.0
FM7 14.9 4.0
FMS 15.9 1.9
FMI I6.@ 2.0
FM5 17.0 5.9
FM4 16.9 8.0
FM9 19.9 1W.@

MOST IMPORTANT) AND SORTED BY RISK REDUCTION

Of
,,,,



RISK UNCERTAINTY COMPOSITE RUN UPDATED 9-11-91

MATRIX OF TOP-DOWN CORRELATION COEFFICIENTS

RISK INCR -6.7233

RISK RED
THERE ARE NO TOP-DOWN CORRELATIONS THAT ARE SIGNIFICANT AT
THE .05 LEVEL OR LESS

THE TOP-DOWN CORRELATION COEFFICIENTS ARE USED
TO DETERMINE THE LEVEL OF AGREEMENT AMONG ALL
PAIRS OF RANKINGS IN THE PREVIOUS TABLE. THE
TOP-DOWN CORRELATION COEFFICIENT GIVES MORE
WEIGHT TO THE SMALLEST RANKS. NOTE THAT THE
SMALLEST RANKS ARE ASSIGNED TO THE MOST IMPORTANT
BASE EVENTS. MORE DETAIL ON THIS STATISTIC CAN
BE FOS"D IN THE IMAN AND CONOVER (1985) REFERENCE
IN THE USER'S GUIDE THAT ACCOMPANIES THIS CODE.

oI



RISK UNCERTAINTY COMPOSITE RUN UPDATED 9-11-91

CUT SET FREQUENCIES AND NORMALIZED CUT SET FREQUENCIES (WITH ASSOCIATED UNCERTAINTY INTERVALS)

CUtAlLATIVE
CUT CUT SET NORMALIZED NORMALIZED
SET ORDER FREQUENCY (RANK) LOWER 51 UPPER 51 FREQUENCY FREQUENCY LOWER 65 UPPER 51

24 4 6.46E+01 2 1.0) 6.58E-01 2.60E*62 0.3753 0.8753 0.6684 0.6761
a6 4 3.96E+f1 ( 2.0) 2.38E-01 1.95E+02 0.2727 0.6486 6.6926 0.8469
23 4 2.35E+01 ( 3.9) 2.20E-01 6.95E-01 9.1612 0.8094 9.0027 0.2554
35 4 1.67E+01 2 4.0) 8.66E-62 6.92E+01 0.1147 0.9240 0.0009 0.2457
16 4 4.3OE.66 6.0) 8.78E-62 1.03E*01 6.0296 0.9536 .0696 9.1862
28 4 4.21E*00 ( 8.9) 1.20E-01 1.2eE*el 0.0290 0.0826 6.6669 0.2135
40 4 3.38E+00 ( 7.0) 7.67E-62 7.S6E*.9 6.0238 1.0659 @.969S 0.1358

3 4 3.15E*00 C 8.9) 7.37E-62 9.84E*.9 0.6217 1.0276 0.0005 6.1774
32 4 2.85E.66 C 9.0) 1.82E-01 8.55E400 6.6196 1.0472 6.6067 0.1757
14 4 2.19E+00 ( 16.0) 3.27E-02 3.83E+00 6.6251 1.•622 9.0662 0.0673
27 4 1.99E+06 0 11.0) 4.42E-02 4.58E906 0.0138 1.9759 8.0603 0.0761
19 4 1.89E006 ( 12.6) 1.74E-02 6.83E909 6.9130 1.0899 9.0001 0.1153

7 4 1.85E+06 0 13.0) 5.08E-02 6.41E+60 0.0127 1.1616 6.6694 6.1135
39 4 1.76E.66 0 14.0) 2.79E-02 2.77E+00 0.0117 1.11883 6.062 6.9528

2 4 1.43E.69 (16.5) 2.76E-92 3.67E+00 0.6m99 1.1231 6.6662 0.0677
22 4 1.830E.0 6 18.0) 1.22E-62 8.86E.E6 6.0696 1.1821 0.0661 6.0142
31 4 1.24E+00 ( 17.9) 4.97E-62 8.21E*00 6.6691 1.1406 0.6003 0.0983
21 4 9.84E-01 ( 18.0) 9.62E-03 2.96E+00 0.0668 1.1474 6.0661 6.610718 4 8.74E-61 219.0) 6.84E-03 2.47E.66 0.0066 1.1584 9.9696 6.6466

6 4 8.45E-01 (26.9) 2.17E-62 1.92E.6 6.06658 1.1592 6.0061 6.9413
84 4 6.66E-61 ( 21.0) 3.33E-63 2.65E+00 6.0646 1.16838 6.066 6.6695
25 4 1.;1E-01 (22.0) 1.72E-03 6.14E-01 6.0011 1.1649 0.9696 6.0619
11 4 1.11E-92 (23.8) 3.94E-63 4.20E-01 6.0068 1.1656 6.6660 6.0676
37 4 1.02E-01 C 24.0) 5.43E-04 4.49E-61 9.66•7 1.1083 9.0666 0.6017
13 4 7.32E-62 (25.9) 1.28E-93 1.89E-01 8.06S 1.1668 6.6669 0.0026
26 4 7.13E-02 ( 26.9) 1.70E-63 1.73E-01 9.9005 1.1673 9.6669 0.0628
38 4 ;.7;E-62 (27.9) 1.55E-63 1.07E-01 6.0064 1.1677 6.6969 0.0620

1 4 ;.33E-02 (28.0) 9.75E-04 1.65E-01 .6.664 1.1681 6.6696 0.0626
36 4 4.79E-02 (29.0) 1.82E-68 1.26E-01 0.6003 1.1684 6.6666 0.0626
10 4 4.77E-02 ( 30.0) 1.46E-63 1.49E-01 9.6063 1.1687 6.6666 0.0030
17 4 3.19E-62 (31.9) 2.51E-94 9.19E-02 0.0062 1.1696 0.0006 6.6017

6 4 3.12E-02 ( 32.0) 8.01E-04 7.65E-02 6.9m62 1.1692 @.6666 6.9016
16 4 1.23E-62 833.8) 2.60E-94 2.53E-02 6.0001 1.1693 6.666 6.6664
29 4 1.16E-02 ( 34.9) 3.94E-04 3.18E-02 0.0010 1.1693 0.60041 6.6665
41 4 9.64E-03 (385.6) 1.81E-94 1.84E-62 6.0601 1.1694 .6969 0.6664

4 4 8.49E-83 (36.9) 1.869E-4 2.48E-62 9.9001 1.1695 9.00006 6.9665
83 4 7.47E-03 ( 37.9) 3.11E-04 2.13E-62 6.6061 1.2695 6.6666 0.0004
26 4 5.13E-03 ( 88.6) 4.63E-65 1.63E-62 9.0000 1.1695 6.9666 6.0663

8 4 4.98E-03 ( 39.9) 1.36E-84 1.32E-62 0.0001 1.1696 0.6666 0.0063
9 4 1.87E-03 (40.0) 5.39E-66 5.62E-03 0.6000 1.1696 9.6666 0.6961

12 4 2.95E-94 (41.6) 9.78E-66 1.02E-03 0.6000 1.1696 6.@of6 6.6666



RISK UNCERTAINTY COMPOSITE RUN UPDATED 9-11-91

CUT SET NUMBERS, CUT SET ORDERS, CUT SET FREQUENCIES,
CUMULATIVE NORMALIZED CUT SET FREQUENCIES AND CUT SETS
FOR TOP EVENT ALL-RSK-UNC WITH TOP EVENT FREQUENCY 1.456E62

(THE FIRST COLUMN OF NUMBERS IS THE LINE NUMBERS FOR THE FILE TEMACSETS.DNF)

2 24 4 6.46E691 0.37534 CDFP * FMP . 1E-20 * XE-3
3 36 4 3.96E.61 0.64062 CDF12 * FMS * ZE-20 * XE-3
4 23 4 2.36E*61 6.80936 CDFO * FM7 * IE-20 * rE-2 .6 35 4 1.67E.91 0.92403 CDF12 * FM2 * IE-26 * 1E-2 +6 15 4 4.39E.6H 0.96364 CPDFS * PS * IE-26 * XE-3 +
7 28 4 4.21E6.00 f."9262 CDF16 * FM3 * IE-20 * XE-3 a
8 46 4 3.389E+0 1.60588 CDF1S s FMS * ZE-20 * XE-3 +
9 3 4 3.16E+09 1.02758 CDFF * PUS IE-20 * XE-3 +16 32 4 2.895E*6 1.64715 CDF11 * FMS * ZE-20 * XE-3 +

11 14 4 2.19E+00 1.6M223 COPF * FM2 * ZE-20 * IE-2 4
12 27 4 1.98E*06 1.67598 CODF1 * FM2 * IE-2 * 1E-2 +
1i 19. 4 1.89E46 1.08896 CDF? * FM3 Z 1E-2 * E-3 +
14 7 4 1.95E+60 1.10156 CDF4 * FMP * E-20 XE-3 +
15 39 4 1.?E*66 1.11327 COFIS * FM2 1E-2 * XE-2 +
16 2 4 1.43E+00 1.12314 CDFO * FM2 * IE-29 * ]E-2 .
17 22 4 1.3@6E*6 1.13210 CDFS * FM6S I E-62 * 1E-2
18 31 4 1.24E6f 1.214661 CDFlI * FM2 * IE-2 * XE-2
19 21 4 9.84E-01 2.14738 COFS * PUS * IE-20 * XE-1

Ud 26 18 4 8.746-01 1.16339 COF? * FM2 * ZE-20 * XE-2
21 6 4 8.46E-61 1.16529 CDF4 * FP2 * IE-20 * XE-2 422 34 4 6.66E-61 1.16378 CDF12 * FMt * 1E-20 * XE-i
23 25 4 1.56E-01 1.26405 COFS * FM9 o 1E-20 * IE-4
24 21 4 1.216-01 2.16502 CDFP * FM3 * IE-20 * XE-3
26 37 4 2.62E-01 2.16632 CDF12 * FP4 * IE-20 * XE-4
26 13 4 7.32E-02 1.16692 CDF6 * FM1 * ZE-20 * ]E-1
27 26 4 7.136-62 1.16731 CDF10 * PM1 * IE-20 * XE-i
298 38 4 5.756-02 2.16771 CDF23 * FMI * IE-20 * XE-i
29 2 4 .33E6-02 1.16800 CDF1 * Fill * ZE-20 * ZE-1 I
s6 36 4 4.79E-62 1.16041 CDF11 * FMI * IE-20 * XE-i +
31 16 4 4.77E-62 1.16873 COFS * FM2 I IE-20 * XE-2 +
32 17 4 3.19E-02 1.16896 CDF? * FPil * 1-20 o ZE-1 4
38 6 4 3.22E-02 1.16917 CDF4 * FMP * IE-26 * XE-i +
34 16 4 2.23E-02 1.16926 CDFO * FM4 * IE-20 * XE-4 +
86 29 4 2.266-02 1.16938 CDFO1 * FM4 ZE-20 * XE-4
86 41 4 9.646-03 1.16940 CDFIS * FiM4 I IE-20 * XE-4
87 4 4 0.49E-03 2.16946 COF1 * FPU4 ZE-26 * "E-4
88 33 4 7.47E-03 1.16951 COF21 * PM4 ZE-29 * XE-4
89 29 4 6.236-03 2.16964 COF? * Fi4 * IE-26 * 1E-4
46 8 4 4.996-03 1.16953 CDF4 * FPi4 * IE-29 * XE-4
41 9 4 1.876-03 1.16959 CDFO * FMil ZE-20 o XE-i
42 12 4 2.99E-04 1216959 CDFO * FP4 * IE-26 * XE-4



Root Cause 1
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RISK UNCERTAINTY ROOT CAUSE I RUN

TOP EVENT RCI-RSK-UNC CONTAINS 16 EVENTS IN 4 CUT SETS

THE FREQUENCY OF TOP EVENT RCI-RSK-UNC IS 3.71E+06

DESCRIPTIVE STATISTICS FOR THE FREQUENCY OF TOP EVENT RCI-RSK-UNC

N 1600
MEAN $.21E*00
STD DEV 4.46E.ff
LOWER 5% 1.96lE-01
LOWER 25% 3.13E-01
MEDIAN 1.86E+00
UPPER 25W 3.62E*09
UPPER 5W 1.36E.+1

9W UNCERTAINTY INTERVAL FOR TOP EVENT FREQUENCY (IHNERMOST BRACKETS DENOTE INTERQUARTILE RANGE,
ASTERISK DENOTES MEDIAN, N DENOTES NOMINAL VALUE AND M DENOTES MEAN)

5 a 1.ffE-01 ***LOG SCALE... 95W a 1. 36E+@I
SL-- ---------------------------------------------- U-------------------------------- I

I-

NOMENCLATURE:

PD a PARTIAL DERIVATIVE

TEF = FREQUENCY OF THE TOP EVENT

EV(J) m PROBABILITY OF EVENT J FOR BASE EVENTS
a FREQUENCY OF EVENT J FOR INITIATING EVENTS

MEASURES:

1. FOR BASE EVENTS AND INITIATING EVENTS:

RISK REDUCTION a PD x EV(J)
= TEF - TEF(EVALUATED WITH EV(J) = 0)

2. FOR BASE EVENTS ONLY:

RISK INCREASE = PD - RISK REDUCTION
= PD x (1 - EV(J))
= TEF(EVALUATED WITH EV(J) u 1) - TEF



RISK UNCERTAINTY ROOT CAUSE 1 RUN

RISK REDUCTIONS RISK INCREASES BY BASE EVENT AND SORTED BY RISK REDUCTION

RISK
REDUCTION (RAWK)BASE EVENT OCCUR PROB (RANK)

CDFI
FM3
FM2
FMIl
FM4

4 5.71E-67
1 7. SE-01
1 2.ffE-61
1 1. 66E-02
1 1 .6E-02

(2.0)( 2.6)
3 .5)

(8.6)

6. 27E+066
2. S9E*00
1 .07E.09
4.34E-92
6 .62E-03

((

(

1.0)
2.6)

4.0)
5.0)

RISK
INCREASE (RANK)

9.44E-01 (3.6)
7.29E-01 (4.0)
4.29E.6 (2.0)
4.60E.6• ( 1.6)
6.56E-01 65.6)

RISK REDUCTIONS BY INITIATING EVENT AND SORTED BY RISK REDUCTION

RISK
REDUCTION (RANK)INIT EVENT OCCUR FREq (RAK)

IE-20
IE-8
IE-2
IE-4
IE-1

4 2.66E.61
I 2.90E+06
I ,4. 76E*65
1 S. 80E+04
1 8. 96E.ff

( 8.6)

(1.0)C(4.6)
. 2.6).

3.71E+69
2 .36E-06
8 .02E-07
83.61E-08
8 .91E-68

(
(
(
(

1.6)
2.6)

8.6)4.5)
4 .5)

t-



RISK UNCERTAINTY ROOT CAUSE 1 RUN

RISK REDUCTION BY BASE EVENT (WITH ASSOCIATED UNCERTAINTY INTERVALS)
---------------------------- e

BASE EVENT

CDF1
FM3
FM2
FMI
FM4

OCCUR

4
1I
1

PROD

S. 71E-07
7. ME-e1
2.66E-02
1 .9E-02
1 .6E-ft

(RAWK)

2.0)3.6)( s.6)

RISK
REDUCTION (RANK) LOWER 51 UPPER 51

6.27E.06 ( 1.1) 1.91E-01 1.B6E.01
2. SBE. ( 2.0)
1.0TE.99 (3.9)
4.84E-f2 (4.0)
6.82E-03 (6.0)

RISK REDUCTION BY INITIATING EVENT (WITH ASSOCIATED UNCERTAINTY INTERVALS)

INIT EVENT

IE-29
IE-$
IE-2
ZE-4
IE-1

OCCUR

4
1
1
1

.1

FREQ

2 .9E+01
2. 995.95
4 .70E.95
S.B9E.94
83.9.9E+6

(RtIo)

( 4.9)
( 2.9)

RISK
REDUCTION (RAWI)

S.71 ?5,9 1.9)
2.85E4- (2.0)
8.02E-07 3 .9)
.02E-08 9 4.5)

3.61E-098 (4.5)

LOWER 5% UPPER 6X

7.27E-02 9.84E+M
2.?9E-02 3.87E+.0
1.SWE-04 2.48E-62
9.?GE-04 1.36E-01to•



RISK UNCERTAINTY ROOT CAUSE I RUN

RISK INCREASE BY BASE EVENT (WITH ASSOCIATED UNCERTAINTY INTERVALS)

BASE EVENT

FMI
FM2
CDF1
FM3
FM4

OCCUR PROS

1 1.86E-02
1 2.ffE-01
4 6.71E-07
1 7.86E-01
1 1.69E-02

(RANK)

3 .5)
(2.6)

C1.0)
3 .5)

RISK
INCREASE (RANK) LOWER 5% UPPER 51

4.36E.*0 ( 1.0)
4.29E.+0 ( 2.0)
9.44E-01 ( 3.0) 5.33E+06 8.78E+06
7.29E-01 ( 4.9)
6.56E-01 ( 5.6)

I d



RISK UNCERTAINTY ROOT CAUSE 1 RUN

BASE EVENTS RANKED BY VARIOUS METHODS (RANW 1 a MOST IMPORTANT) AND SORTED BY RISK REDUCTION

RISK RISK
BASE EVENT REDUCTION INCREASE

CDF1 1.6 3.6
FM3 2.0 4.0
FM2 3.0 2.0
FM1 4.6 1.0
FM4 5.6 5.0

I

0%



RISK UNCERTAINTY ROOT CAUSE I RUN

MATRIX OF TOP-DOWN CORRELATION COEFFICIENTS

RISK INCR -0.2065

RISK RED
THERE ARE NO TOP-DOWN CORRELATIONS THAT ARE SIGNIFICANT AT.
THE .06 LEVEL OR LESS

THE TOP-DOIN CORRELATION COEFFICIENTS ARE USED
TO DETERMINE THE LEVEL OF AGREEMENT AMONG ALL
PAIRS OF RANKINGS 1I1 THE PREVIOUS TABLE. THE
TOP-DOWN CORRELATION .COEFFICIENT GIVES MORE
WEIGHT TO THE SMALLEST RANKS. NOTE THAT THE
SMALLEST RANKS ARE ASSIGNED TO THE MOST IMPORTANT
BASE EVENTS. MORE DETAIL ON THIS STATISTIC CAN
BE FOUND IN THE IMAN AND CONOVER (1935) REFERENCE
IN THE USER'S GUIDE THAT ACCOMPANIES THIS CODE.

w



RISK UNCERTAINTY ROOT CAUSE I RUN

CUT SET FREQUENCIES AND NORMALIZED CUT SET FREQUENCIES (WITH ASSOCIATED UNCERTAINTY INTERVALS)

CUT
SET

a
2
1
4

ORDER

4
4
4
4

CUT SET
FREQUENCY

3. 15E.6f
1.43E.66
6.SSE-02
8.49E-03

((
(
(

(RANW) LOWER 5% UPPER 5%

1.0) 7.37E-02 9.84E.+0
2.0) 2.7E;-62 8.67E,.@
3.0) 9.75E-04 1.36E-01
4.0) 1.8VE-04 2.48E-02

NORMALIZED
FREQUENCY

0.8512
6.3868
0.0144
0.6823

CUMULATIVE
NORMALIZED
FREQUENCY

.86512
1.2389
1.2628
1.2548

LOWER 5%

6.6369
0.1094
6.6671
9.6611

UPPER 5%

6.8662
6.8563
0.0138
G.6628

00



RISK UNCERTAINTY ROOT CAUSE 1 RUN

CUT SET NUMBERS, CUT SET ORDERS, CUT SET FREQUENCIES,
CUMULATIVE NORMALIZED CUT SET FREQUENCIES AND CUT SETS
FOR TOP EVENT RCI-RSK-UNC WITH TOP EVENT FREQUENCY 3.'7E+00

(THE FIRST COLUMN OF NUMBERS IS THE LIME NUMBERS FOR THE FILE TEMACSETS.DNF)

2 3 4 3.126E+ 0.86115 CDF1 * FM$ * IE-20 * IE-$
3 2 4 1.43E*tN 1.23797 CDF1 * FM2 * IE-21 * IE-2
4 1 4 5.33E-02 1.26235 CDF1 * FM1 * ZE-20 * IE-1
9 4 4 8.49E-03 1.26484 CDF1 * FM4 * [E-20 * IE-4

t

- D



Root Cause 4

B-20



RISK UNCERTAINTY ROOT CAUSE 4 RUN

TOP EVENT RC4-RSK-tHC CONTAINS 10 EVENTS IN 4 CUT SETS

THE FREQUENCY OF TOP EVENT RC4-RSK-UNC IS 2.13EE.+

DESCRIPTIVE STATISTICS FOR THE FREQUENCY OF TOP EVENT RC4-RSK-UHC

N
MEAN 1.92E*in
STD DEV 2.39E.f
LOWER 5% 8.12E-42
LOWER 2b% 2.6SE-9i
MEDIAN 7.72E-01
UPPER 261 2.4gE*flh
UPPER 5% 7.62E#09

9WX UNCERTAINTY INTERVAL FOR TOP EVENT FREQUENCY (INNERMOST BRACKETS DENOTE INTERQUARTILE RANGE,
ASTERISK DENOTES MEDIAN, N DENOTES NOMINAL VALUE AND M DENOTES MEAN)

5% 8 S.11E-02 ***LOG SCALE*** 96%
v .. ft •

* 7.62E+t*
------ I,N--"r--j

I

I--,

NOMENCLA,

PD

TEF

EV (J)

TRU:

PARTIAL DERIVATIVE

a FEQUNC O~~ m~ EVENr,

a PROBABILITY OF EVENT J FOR BASE EVENTS
FREQUENCY OF, E 1T ,J FOR *ITIATINO EVENT'

MEASURES:

1. FOR BASE EVENTS AND INITIATING EVENTS:

RISK REDUCTION a PD x EV(J)
a TEF - TEF(EVALUATED WITH EV(J) a B)

2. FOR BASE EVENTS ONLY:

RISK INCREASE a PtD - RISK REDUCTION
a PD x (1 - EV(J))
a TEF(EVALUATED WITH EV(J) a 1) - TEF



RISK UNCERTAINTY ROOT CAUSE 4 RUN

RISK REDUCTIONS RISK INCREASES BY BASE EVENT AND SORTED BY RISK REDUCTION
--- - --- ---

BASE EVENT OCCUR PROD (RANK)

CDF4
FM3
FM2
FMIl
FM4

4 3.28E-07
1 7. BVE-01
1 2.WE-01
1 1.66E-f2
1 1.UOE-02

2.0)

8.6)

RISK
REDUCTION (RANK)

6.27E+ 0 1.0)
1.48E0 ( 2.0)
S.17E-01 (s.0)
2.49E-02 (4.9)
3.Be -0 (6.0)

RISK
ICREASE

6.97E-01
4.195E-01
2 .47E4.1M2 .47E.M

3.77E-91

(RANK)

(4.0)
2 .0)
9.8)

RISK REDUCTIONS BY INITIATING EVENT AND SORTED BY RISK REDUCTION

MIIT EVENT OCCUR FREq (RANK)
RISK

REDUCTION (RANK)

ZE-20
IE-3
IE-2
IE-4
IE-1

4 2. 9E.012 6.9)
1 2.90E.+6 2.0)
1 4. 7E ,( 1.9)
I 6.9E.4 ( 4.0)
1 .96E.# (2.0)

2.1ISE*00
1 .49E-US
3.91E-07
1 * ME-US
1.96ME-e0

C
(

1.9)

4.6)
4.5)

I~.



RISK UNCERTAINTY ROOT CAUSE 4 RUN

RISK REDUCTIdN BY BASE EVENT (WITH ASSOCIATED HCMERTAINTY INTERVALS)

RISK
BASE EVENT OCCUR PROS (RANIK) REDUCTION (RANK) LOWER 5! UPPER 51

CDF4 4 3.28E-47 5 .06) *.27E.66 C 1.6) 9.18E-02 7.62E-66
FMS 1 7.8E-01 1.0) 1.46E*0N 2.6)
PU2 I 2.90E-01 C2.0) 6.17E-1 ( 3.6)
FMI 1 I.6E-t2 ( 3.5) 2.49E-02 4.0)
FP4 1 1.96E-62 (3.) 3.665-03 6s.6)

RISK REDUCTION BY INTrIATING EVENT (WITH

M-IT EVENT OCCUI FREq (RANK)

IE-20 4 2.#W.91 5.0)
IE-S 1 2.6E+M 3.6)
IE-2 I- 4.?.,,; 1.0)
IE-4 1 6.86E+04 4.0)

w ZE-1 1 3.9KE+6" 2.0)
I)

w~

ASSOCIATED UNCERTAINTY INTERVALS)

RISK
REDUCTION (RANK) LOWER S. UPPER 9X

2.1BE*6 C 1.0)
1.489E46 2.6) S.68E-M2 5.41E.66
3.81E-07 3$.6) 2.17E-f2 1.92E56
1.g0E-M (4.9) 1.36E-04 1.82E-92
1.9EE-643 4.;) ;.61E.44 7.6E.-2



RISK UNCERTAINTY ROOT CAUSE 4 RUN

RISK INCREASE BY BASE EVENT (WITH ASSOCIATED UNCERTAINTY INTERVALS)

BASE EVENT

FM1
FM2
CDF4
FM3
FM4

OCCUR

1

PROS

1 .SE-62
2 .9UE-61
3. 28E-67
? .SSE.41
I .@E-W2

(RANK)

2.0)

3 .5)

RISK
INCREASE

2.47E*om
2.47E.Se
5 .97E-01
4.1E-01
8 .77E-01

(RANK)

4.9)

6s.0)

LOWER 6X UPPER OX

5.33E.M S.79E+06

tw , 9.. .. -..

A



RISK UNCERTAINTY ROOT CAUSE 4 RUN

BASE EVENTS RANKED BY VARIOUS METHODS (RANW 1 a MOST IMPORTANT) AND SORTED BY RISK REDUCTION

RISK RISK
BASE EVENT REDUCTION INCREASE

CDF4 1.6 3.6
FM3 2.0 4.6
FM2 3.6 2.0
FMI 4.0 i.e
FM4 5.6 5.6

I'
tjn



RISK UNCERTAINTY ROOT CAUSE 4 RUN

MATRIX OF TOP-OWIN CORRELATION COEFFICIENTS

RISK INCR -6.2085

RISK RED
THERE ARE NO TOP-DOWN CORRELATIONS THAT ARE SIGNIFICANT AT
THE .05 LEVEL OR LESS

THE TOP-OWIN CORRELATION COEFFICIENTS ARE USED
TO DETERMINE THE LEVEL OF AGREEMENT AMONG ALL
PAIRS OF RANKINGS IN THE PREVIOUS TABLE. THE
TOP-DOIN CORRELATION COEFFICIENT GIVES MORE
WEIGHT TO THE SMALLEST RANKS. NOTE THAT THE
SMALLEST RANKS ARE ASSIGNED TO THE MOST IMPORTANT
BASE EVENTS. MORE DETAIL ON THIS STATISTIC CAN
BE FOUND IN THE IMAN AND CONOVER (1985) REFERENCE
IN THE USER'S GUIDE THAT ACCOMPANIES THIS CODE.

t"3



RISK UNCERTAINTY ROOT CAUSE 4 RUN

CUT SET FREQUENCIES AND NORMALIZED CUT SET FREQUENCIES (WITH ASSOCIATED UNCERTAINTY INTERVALS)

CUT
SET

3
2
1
4

ORDER

4
4
4
4

CUT SET
FREQUENCY

1.8SE.-3 (8.45E-31 (
3.12E-92 (
4.98E-03 (

(RANW)

1.0)
2.0)

4.9)

LOWER 5% UPPER 6%

5.88E-82 5.41E+00
2.17E-02 1.92E+00
8.01E-64 7.6GE-02
1.36E-04 1.32E-02

CUMULATIVE
NORMALIZED NORMALIZED
FREQUENCY FREQUENCY

3.8669 3.8668
0.8967 1.2634
0.3146 1.2781
3.3328 1.2834

LOWER 5%

.68309
0. 1994
3.3371
O.33ll

UPPER 6%

0.8302
3. 3563
0.0139
3.3326

-J



RISK UNCERTAINTY ROOT CAUSE 4 RUN

CUT SET UIMWERS, CUT SET ORDERS, CUT SET FREQUENCIES,
CUMULATIVE NORMALIZED CUT SET FREQUENCIES AND CUT SETS
FOR TOP EVENT RC4-RSK-UNC WITH TOP EVENT FREQUENCY 2.21E+00

(THE FIRST COLUMN OF NUMBERS IS THE LINE NUMBERS FOR THE FILE TEMACSETS.DNF)

2 3 4 1.8SEff 0.80678 CDF4 * FMI * IE-20 * IE-3
a 2 4 8.45E-01 1.26841 CDF4 * FM2 s IE-20 * IE-2
4 1 4 3.22E-02 1.27805 CDF4 * FMI * ZE-29 * IE-1
5 4 4 4.98E-03 1.28039 CDF4 * FM4 * IE-20 * IE-4

to0
"3



Root Cause 5

B-29



RISK UNCERTAINTY ROOT CAUSE 6 RUN

TOP EVENT RCS-RSK-UNC CONTAINS 10 EVENTS IN 4 CUT SETS

THE FREQUENCY OF TOP EVENT RCG-RSK-UNC IS 1.56E-01

DESCRIPTIVE STATISTICS FOR THE FREQUENCY OF TOP EVENT RCS-RSK-UNC

N Iwo
MEAN 1.43E-01
STD DEV 2.84E-01
LOWER 51 5.48E-03
LOWER 26% 1.6BE-02
MEDIAN 5.42E-02
UPPER 25% 1.79E-01
UPPER 5% 5.79E-02

90% UNCERTAINTY INTERVAL FOR TOP EVENT FREQUENCY (1IINERMOST BRACKETS DENOTE INTERQUARTILE RANGE,
ASTERISK DENOTES MEDIAN, N DENOTES NOMINAL VALUE AND M DENOTES MEAN)

5% u 5.48E-0$ ***LOG SCALE**e 95% = 5.79E-01
I -------------------------- I ---------------- ----- * --------------------- -N---] -------------------------I

t:•
0

NOMENCLATURE:

PD = PARTIAL DERIVATIVE

TEF = FREQUENCY OF THE TOP EVENT

EV(J) a PROBABILITY OF EVENT J FOR BASE EVENTS
= FREQUENCY OF EVENT J FOR INITIATING EVENTS

MEASURES:

1. FOR BASE EVENTS AND INITIATING EVENTS:

RISK REDUCTION a PD x EV(J)
= TEF - TEF(EVALUATED WITH EV(J) = 5)

2. FOR BASE EVENTS ONLY:

RISK INCREASE z PD - RISK REDUCTION
z PD x (1 - EV(J))
a TEF(EVALUATED WITH EV(J) - 1) - TEF



RISK UNCERTAINTY ROOT CAUSE S RUN

RISK REDUCTIONS RISK INCREASES BY BASE EVENT AMD SORTED BY RISK REDUCTION

BASE EVENT

CDF5
FM3
FM2
FMI
FM4

OCCUR

4
1
1
1
1

PROB

2.alE-08
7.80E-01
2 .OOE-01
1.00E-62
1. 0E-02

(RAK)

( 1.6)
(2.6)

3 .5)
(3.6)

RISK REDUCTIONS BY INITIATING EVENT AND

RISK
REDUCTION (RAWK)

6.27E+68 (1.6)
1.95E-01 (2.0)
4.34E-02 (3.6)
1.76E-03 (4.0)
2.89E-94 (S6.6)

SORTED BY RISK REDUCTION

RISK
REDUCTION (RANK)

1.66E-01 ( 1.6)
2.77E-08 C2.0)
7.10E-09 83.0)
a.55E-10 (4.6)
$.SSE-16 (4.5)

RISK
INCREASE

1.11E-02
2.95E-02
1. 74E-01
1 .74E-01
2.66E-62

(RANK)

C6.0)
(2.0)
(1.0)

(4.0)

INIT EVENT

IE-2
IE-S
IE-2
IE-4
IE-1

OCCUR FREq

4 2.6E•0E1
1 2.90E*5
1 4.70E+05
1 5.9E+04
1 3.B0E65

(RANK)

(1.)
(4.6)
(2.0)t Id

w



RISK UNCERTAINTY ROOT CAUSE 6 RUN

RISK REDUCTION BY BASE EVENT (WITH ASSOCIATED UNCERTAINTY INTERVALS)

RISK
BASE EVENT OCCUR PROB (RANK) REDUCTION (RANK) LOWER I5% UPPER 5%

COPS 4 2.31E-08 (6.0) 6.27E.+0 (1.0) 6.52E-03 6.79E-e1
FM3 1 7.89E-01 (1.-0) 1.GGE-01 (2.6)
FM2 1 2.90E-81 (2.0) 4.34E-02 (3.0)
FMI 1 1.00E-02 (3.6) 1.76E-038 (4.0)
FM4 1 1.06E-02 (3.5) 2.69E-94 (5.0)

RISK REDUCTION BY INITIATING EVENT (WITH ASSOCIATED UNCERTAINTY INTERVALS)

RISK
IT EVENT OCCUR FREQ (RANK) REDUCTION (RAN) LOWER 6% UPPER 6%

IE-20 4 2.,,E.,, (6.0) 1.&E-01 C 1.0)
IE-3 1 2.96E.+66 3.6) 2.77E-09 C 2.6) 3.94E-03 4.26E-01
IE-2 1 4.7@E.+5 (1.6) 7.18E-09 (3.6) 1.46E-03 1.49E-01
rE-4 1 5.80E+4 4.0) 3.55E-10 (4.6) 9.78E-06 1.91E-03
IE-1 1 3.96E+06 (2.6) 3.56E-10 (4.6) 9.39E-05 5.62E-63

IJ



RISK UNCERTAINTY ROOT CAUSE 5 RUN

RISK INCREASE BY BASE EVENT (WITH ASSOCIATED UNCERTAINTY INTERVALS)

RISK
BASE EVENT OCCUR PROB (RANK) INCREASE (RANK) LOWER 5% UPPER 5%

FMI 1 1.WE-02 (3.6) 1.74E-61 ( 1.0)
FM2 1 2.06E-01 (2.0) 1.74E-01 ( 2.0)
FM3 1 7.S8E-02 (2.0) 2.95E-62 a3.0)
FM4 1 1.1E-t2 (3.6) 2.65E-02 (4.0)
CDFS 4 2.S1E-08 5S.6) 1.11E-02 ( 5.0) 9.33E.6 8.78E.*06

w



RISK UNCERTAINTY ROOT CAUSE S RUN

BASE EVENTS RANKED BY VARIOUS METHODS (RANK I a MOST IMPORTANT) AND SORTED BY RISK REDUCTION

RISK RISK
BASE EVENT REDUCTION INCREASE

CDFS 1.0 5.6
FM3 2.0 3.6
FM2 3.9 2.0
FM1 4.6 1.0
FM4 5.6 4.0

w~



RISK UNCERTAINTY ROOT CAUSE 6 RUN

MATRIX OF TOP-DOWN CORRELATION COEFFICIENTS

RISK INCR -0.6216

RISK RED
THERE ARE NO TOP-DOMN CORRELATIONS THAT ARE SIGNIFICANT AT
THE .05 LEVEL OR LESS

THE TOP-DOWN CORRELATION COEFFICIENTS ARE USED
TO DETERMINE THE LEVEL OF AGREEMENT AMONG ALL
PAIRS OF RANKINGS IN THE PREVIOUS TABLE. THE
TOP-DOWN CORRELATION COEFFICIENT GIVES MORE
WEIGHT TO THE SMALLEST RANKS. NOTE THAT THE
SMALLEST RANKS ARE ASSIGNED TO THE MOST IMPORTANT
BASE EVENTS. MORE DETAIL ON THIS STATISTIC CAN
BE FOUl IN THE IMAN AND CONOVER (1985) REFERENCE
IN THE USER'S GUIDE THAT ACCOMPANIES THIS CODE.

tdn



RISK UNCERTAINTY ROOT CAUSE 5 RUN

CUT SET FREQUENCIES AND NORMALIZED CUT SET FREQUENCIES (WITH ASSOCIATED UNCERTAINTY INTERVALS)

CUT
SET

8
2
1
4

ORDER

4
4
4
4

CUT SET
FREQUENCY

1.11E-01
4.77E-02
1.87E-03
2.90E-04

((
(
(

(RANK)

1.0)
2.0)

4.0)

LOWER 5%

3.94E-98
1. 4SE-03
S. 39E-a
9.78E-98

UPPER 5%

4.20E-01
1.49E-01
5.62E-03
1.91E-03

NORMALIZED
FREQUENCY

0.7419
.318O
0.0125

0.00I9

CUMWATIVE
NORMALIZED
FREQUENCY

0.7419
1.959
1.6724
1.6743

LOWER 5%

9.1894
* . 671
*.0011

UPPER 6%

6.8002
0.3568
0. 0128

td
0%



RISK UNCERTAINTY ROOT CAUSE 5 RUN

CUT SET NUMlBERS, CUT SET ORDERS, CUT SET FREQUENCIES,
CUMJLATIVE NORMALIZED CUT SET FREQUENIES AND CUT SETS
FOR TOP EVENT RC;-RSK-UNC WIllr TOP EVENT FREQUENCY 1.65E-01

(THE FIRST COLUMN OF NUMBERS IS THE LIMNE NUMBERS FOR THE FILE TEMACSETS.DNF)

2 0 4 1.11E-61 0.74191 CDF; * FMi * 1E-201 I E-3
3 2 4 4.77E-62 1.0698 CDF6 * FM2 * ZE-20 IE-2
4 1 4 1.97E-93 1.67236 CDF6 FMI * IE-2 9 IE-1
5 4 4 .2.90E-94 1.9743 CDFI; FM4 * XE-20 IE-4

I



Root Cause 6

'B-38



RISK UNCERTAINTY ROOT CAUSE 6 RUN

TOP EVENT RC8-RSK-UNC CONTAINS 10 EVENTS IN 4 CUT SETS

THE FREQUENCY OF TOP EVENT RCS-RSK-UNC IS 3.49E+fb

DESCRIPTIVE STATISTICS FOR ThE FREQUENCY OF TOP EVENT RCS-RSK-UNC

N lef6
MEAN 3.46E+00
STD DEV 4.82E+ff
LOWER 5% 1.23E-91
LOWER 25% 3.91E-01
MEDIAN 1.29E+00
UPPER 25% 4.03E+00
UPPER 5% 1.41E+01

90% UNCERTAINTY INTERVAL FOR TOP EVENT FREQUENCY (INNERMOST BRACKETS DENOTE INTERQUARTILE RANGE,
ASTERISK DENOTES MEDIAN, N DENOTES NOMINAL VALUE AND M DENOTES MEAN)

59 u 1.23E-01 ***LOG SCALE*** 95% = 1.41E+01
I --------------------------- ------------------------*------------------------ -------------------------- I

to

NOMENCLATURE:

PD ='PARTIAL DERIVATIVE

TEF a FREQUENCY OF THE TOP EVENT

EV(J) - PROBABILITY OF EVENT J FOR BASE EVENTS
= FREQUENCY OF EVENT J FOR INITIATING EVENTS-

MEASURES:

1. FOR BASE EVENTS AND INITIATING EVENTS:

RISK REDUCTION = PD x EV(J)
= TEF - TEF(EVALUATED WITH EV(J) a 0)

2. FOR BASE EVENTS ONLY:

RISK INCREASE - PD - RISK REDUCTION
a PD x (1 - EV(J))
a TEF(EVALUATED WITH EV(J) a 1) - TEF



RISK UNCERTAINTY ROOT CAUSE 6 RUN

RISK REDUCTIONS RISK INCREASES BY BASE EVENT AND SORTED BY RISK REDUCTION

BASE EVENT OCCUR
RISK

REDUCTION (RANW)
RISK

INCREASE (RANK)PROB (RANK)

CDFB
FM3
FM2
FMl
FM4

4
1
1
1
1

S. SOE-07
7 .SOE-01
2 .OE-01
1 .96E-02
I .06E-02

(2.0)

3 .5)

6. 2?E*06
2.42E*00
1 .@1E.0
4 .0?E-02
S. 22E-03

((
(
(
(

1.0)
2.0)
8.0)
4.9)
5.0)

3. IOE.00
6.894E-01
4 .68E.00
4.GSE.00
6. 16E-01

((
C
(
(

8.0)
4.0)
2.0)
1.0)
5.0)

RISK REDUCTIONS BY INITIATING EVENT AND SORTED BY RISK REDUCTION

INIT EVENT OCCUR FREQ (RANK)

IE-20
IE-8
IE-2
IE-4
IE-1

4 2.06E+02
I 2.90E+05
1 4.70E+416
1 6.SO9E+04
I 3.919E+05

C1.0)
(4.0)( 2.0)

RISK
REDUCTION (RANW)

3.49E.+0 ( 1.0)
7.71E-06 (2.0)
1.9SE-06 83.0)
9.99E-00 (4.9)
9.89E-08 (4.9)

to

0



RISK UNCERTAINTY ROOT CAUSE 8 RUM

RISK REDUCTION BY BASE EVENT (WITH ASSOCIATED UNCERTAINTY INTERVALS)

RISK
BASE EVENT OCCUR PROD (RANK) REDUCTION (RANK) LOWER 5% UPPER 5%

CDFB 4 6.38E-07 S6.6) 6.27E*06 (1.0) 1.2GE-01 1.41E*0i
FM3 1 7.8GE-41 (1.0) 2.42E+00 (2.0)
FM2 1 2.60E-01 (2.0) 1.VIE+M (3;0)
FMI 1 1.60E-02 (3.5) 4.07E-02 (4.6)
FM4 1 1.69E-02 (3.5) 6.22E-03 (6.0)

RISK REDUCTION BY INITIATING EVENT (WITH ASSOCIATED UNCERTAINTY INTERVALS)

RISK
INIT EVENT OCCUR FREq (RANK) REDUCTION (RANK) LOWER 6% UPPER SX

IE-20 4 2.,E.1 5 6.6) s.49E. 1.0)
IE-$ 1 2.90E*95 8.8) 7.71E-48 C 2.0) 8.78E-02 1.63E+01
IE-2 I 4.76E*e5 (1.6) 1.OOE-66 3 .0) 3.27E-92 8.88E1Nt
IE-4 1 6.86E*64 (4.0) 9.99E-09 (4.5) 2.08E-94 2.65E-02
IE-1 1 .896E+06 (2.0) 9.89E-08 (4.5) 1.28E-03 1.39E-01

I-



RISK UNCERTAINTY ROOT CAUSE 6 RUN

RISK INCREASE BY BASE EVENT (WITH ASSOCIATED UNCERTAINTY INTERVALS)

BASE EVENT

Fil
FM2
COF6
FM$
FM4

OCCUR PROS

1 1.60E-02
1 2.69E-01
4 5.86E-67
1 7.SeE-o1
1 1.lE-02

(RANK)

3 .6)

(1.0)
( .5)

RISK
INCREASE (RANK) LOWER 6% UPPER !%

4.6SE0 0 1.0)
4.0SE+00 (2.0)
8.16E*.69 8.0) 6.38E*9b 8.78E+96
6.94E-01 (4.0)
6.18E-01 (5.0)

4I



RISK UNCERTAINTY ROOT CAUSE 6 RUN,

BASE EVENTS RANKED BY VARIOUS METHODS (RAW( 1 a MOST IMPORTANT) AND SORTED BY RISK REDUCTION

RISK RISK
BASE EVENT REDUCTION ICREASE

CDF6 1.6 3.0
FM3 2.0 4.6
FM2 3.0 2.0
FM1 4.0 1.0
FM4 5.6 5.6

td
I



RISK UNCERTAINTY ROOT CAUSE 6 RUN

MATRIX OF TOP-DOIN CORRELATION COEFFICIENTS

RISK INCR -6.2086

RISK RED
THERE ARE NO TOP-DOWN CORRELATIONS THAT ARE SIGNIFICANT AT
THE .05 LEVEL OR LESS

THE TOP-DOWN CORRELATION COEFFICIENTS ARE USED
TO DETERMINE THE LEVEL OF AGREEMENT AMONG ALL
PAIRS OF RANKIHGS IN THE PREVIOUS TABLE. THE
TOP-DOWN CORRELATION COEFFICIENT GIVES MORE
WEIGHT TO THE SMALLEST RANKS. NOTE THAT THE
SMALLEST RANKS ARE ASSIGNED TO THE MOST IMPORTANT
BASE EVENTS. MORE DETAIL ON THIS STATISTIC CAN
BE FOUND IN THE IMAN AND CONOVER (1995) REFERENCE
IN THE USER'S GUIDE THAT ACCOMPANIES THIS CODE.



RISK UNCERTAINTY ROOT CAUSE 6 RUN

CUT SET FREQUENCIES AND NORMALIZED CUT SET FREQUENCIES (WITH ASSOCIATED UNCERTAINTY INTERVALS)

CUT
SET

3
2
1
4

ORDER

4
4
4
4

CUT SET
FREQUENCY

4.30E+00
2.19E4+00
7.82E-02
1. 23E-02

((
C
(

(RANW)

1.6)
2.0)
3.0)
4.0)

LOWER 6%

8.78E-12
3 .27E-02
1 .28E-03
2 .NE-94

UPPER 5X

1.93E+9•."
3.93E+60
1.39E-01
2.53E-62

NORMALIZED
FREQUENCY

1.2369
6.8299
0.6210
0.0635

CUJULATIVE
NORMALIZED
FREQUENCY

1.2369
1.8669
1.8879
1.6916

LOWER 5%

6.6309
0.1894
6.6671
6.6611

UPPER 5%

6. 8663
0. 3683
6.6138
6.6626

Lin



RISK UNCERTAINTY ROOT CAUSE 8 RU

CUT SET NUMBERS, CUT SET ORDERS, CUT SET FREQENCIES,
CULI.ATIVE NORMALIZED CUT SET FREQUENCIES AND CUT SETS
FOR TOP EVENT RC6-RSK-UNC WITH TOP EVENT FREQUENCY 3.48E#M

(THE FIRST COLUMM OF MNUASERS IS THE LIME NUMBERS FOR THE FILE TEMACSETS.DNF)

2 8 4 4.3@E.OO 1.23893 CDFP . Ftr3 o IE-20 * XE-$
8 2 4 2. 19E+e 1.06687 CF8 . FP2 * XE-29 * ZE-2
4 1 4 7.32E-02 1.08791 COFP * Fill * XE-20 * ZE-I
6 4 4 1.23E-02 1.89146 CDF8 . FP4 * ZE-29 * XE-4

tow

0%-



Root Cause 7

B-47



RISK UNCERTAINTY ROOT CAUSE 7 RUN UPDATED 9-23-91

TOP EVENT RC7-RSK-UNC CONTAINS 16 EVENTS IN 4 CUT SETS

THE FREQUENCY OF TOP EVENT RC?-RSK-UNC IS 2.11E.+6

DESCRIPTIVE STATISTICS FOR THE FREQUENCY OF TOP EVENT RC?-RSK-UNC

N lo
MEAN 2.04E+0
STD DEV S.9SE+00
LOWER 5% 2.63E-02
LOWER 25% 8.64E-62
MEDIAN 4. 59E-01
UPPER 26W 2.35E+00
UPPER 8W 9.23E*80

090 UNCERTAINTY INTERVAL FOR TOP EVENT FREQUENCY (INNERMOST BRACKETS DENOTE INTERQUARTILE RANGE,
ASTERISK DENOTES MEDIAN, N DENOTES NOMINAL VALUE AND M DENOTES MEAN)

6W a 2.53E-62 ***LOG SCALE... 962 a 9.23E*00
I ------------------ --------------------.----------------------- M- --------------------- I

':c

NOMENCLATURE:

PD a PARTIAL DERIVATIVE

TEF = FREQUENCY OF THE TOP EVENT

EV(J) a PROBABILITY OF EVENT J FOR BASE EVENTS
= FREQUENCY OF EVENT J FOR INITIATING EVENTS

MEASURES:

1. FOR BASE EVENTS AND INITIATING EVENTS:

RISK REDUCTION a PD x EV(J)
a TEF - TEF(EVALUATED WITH EV(J) 0 6)

2. FOR BASE EVENTS ONLY:

RISK INCREASE a PD - RISK REDUCTION
a PD x (0 - EV(J))
* TEF(EVALUATED WITH EV(J) a 1) - TEF



RISK UNCERTAINTY ROOT CAUSE 7 RUM M ATED 8-23-91

RISK REDUCT16M RISK INCREASES BY BASE EVENT AND SORT BY RISK REDUCTION

BASE EVENT

CDF7
FM3
FM2
FMI
FM4

RISK REDUCTIONS

OCCUR

4
1
1
1
1

PROS

3.25E-W7

2.GOE-01
1.GGE-2
1 .SRE-92

(RAN)

( 1.0)
(2.0)
( .5)
(3.5)

RISK
REDUCTION (RANK)

6.27E06 (1.0)
1.47E+00 ("2.0)
6.21E-01 (3.0)
2.47E-02 (4.6)
3.77E-03 (6.9)

RISK
INCREASE

6.38E-01
4.1SE-01
2.44E.M
2.46E.*00
3.73E-01

(RANK)

(4.0)
(2.0)

(1.0)( 5.0)

BY INITIATING EVENT AND SORTED BY RISK REDUCTION

INIT EVENT

IE-20
IE-8
IE-2
IE-4

w IE-1

OCCUR

4
1
11
1

FREeQ

2.96E+01
2.90E+09
4.76E.5
5.90E+64
3.80* S05

(RANW)

3 .0)

(4.0)
S2.0)

RISK
REDUCTION

2.11E+M (
1.71E-06
4.39E-07
2.19E-98
2.19E-B8 4

((
(
(
(

(RANK)

1.0)
2.0)
3.0)
4.5)
4.6)

6*

I ~

'*~~-~~' ''

• •i,



RISK UNCERTAXINTY ROOT CAUSE 7 RUN UPDATED 8-25-91

RISK REDUCTION BY BASE EVENT (WITH ASSOCIATED UNCERTAINTY INTERVALS)

BASE EVENT

CDF7
FM3
FM2
FM1
FM4

OCCUR

4
1
1
1
1

PROB

3.25E-07
7.899E-01
2.90E-01
1.68E-62
1 .66E-02

(RANK)

(5.0)

(2.0)

(3.5)

RISK
REDUCTION (RAW)

6.2?E*66 (1.0)
1.4?E.6b ( 2.0)
6.11E-01 (3.0)
2.47E-02 (4.0)
3.77E-93 56.0)

LOWER 5% UPPER S%

2.13E-02 9.23E*0.

RISK REDUCTION BY INITIATING EVENT (WITh ASSOCIATED UNCERTAINTY INTERVALS)

MIT EVENT

IE-29
XE-3
ZE-2
IE-4
XE-i

OCCUR

4
1
1

FREQ
2 .661.61r

2.90E61.4. ?ME*M4.7E1.4
S.wo1.4n

(RANK)

.6-)
8.0)
1.0)
4.6)
2.6)

RISK
REDUCTION (RANK)

2.11E.6W 1.0)
1.11E-I6 C 2.0)
4.89E-07 3.6
2.11E-66 (4.5)

LOWER 51 UPPER 5I

1.74E-42 6.83E.6
6.34E-68 2.471E*4
4.681-36 1.68E-62
2.61E-.4 9.19E-12

0



RISK UNCERTAINTY ROOT CAUSE 7 RUN UPDATED 8-23-91

RISK INCREASE. BY BASE EVENT (WITH ASSOCIATED UNCERTAINTY INTERVALS)

RISK
BASE EVENT OCCUR PROS (RANK) INCREASE (RANK) LOWER b1 UPPER 5%

FMI 1 1.I.E-02 (3.5) 2.45E+0 (1.0)
FM2 1 2.fE-61 (2.0) 2.44E+0b (2.9)
CDF7 4 3.25E-07 (5.0) 6.90E-01 ($.0) 5.33E+06 8.7?E,•6
FM3 1 7.SE-01 (1.0) 4.15E-01 (4.8)
FM4 1 1.66E-62 (3.5) 3.73E-01 (5.0)

It



RISK INCERTAINTY ROOT CAUSE 7 RUN UPDATED 9-23-91

BASE EVENTS RANKED BY VARIOUS METHODS (RAW I - MOST IMPORTANT) AND SORTED BY RISK REDUCTION

RISK RISK
BASE EVENT REDUCTION INCREASE

CDF7 1.9 3.6
FM3 2.0 4.0
FM2 3.0 2.0
FM1 4.0 1.9
FM4 5.6 5.6

U'o



RISK UNCERTAINTY ROOT CAUSE 7 RUN UPDATED 9-23-91

MATRIX OF TOP-DOWN CORRELATION COEFFICIENTS

RISK INCR -0. 206

RISK RED
THERE ARE NO TOP-DOWN CORRELATIONS THAT ARE SIGNIFICANT AT
THE .05 LEVEL OR LESS

THE TOP-DOWN CORRELATION COEFFICIENTS ARE USED
TO DETERMINE THE LEVEL OF AGREEMENT AMONG ALL
PAIRS OF RANKINGS IN THE PREVIOUS TABLE. THE
TOP-DOWN CORRELATION COEFFICIENT GIVES MORE
WEIGHT TO THE SMALLEST RANKS. NOTE THAT THE
SMALLEST RANKS ARE ASSIGNED TO THE MOST IMPORTANT
BASE EVENTS. MORE DETAIL ON THIS STATISTIC CAN
BE FOUND IN THE IMAN AND CONOVER (1985) REFERENCE
IN THE USER'S GUIDE THAT ACCOMPANIES THIS CODE.

I.Jtn

r



RISK UNCERTAINTY ROOT CAUSE 7 RUN UPDATED 0-25-91

CUT SET FREQUENCIES AND NORMALIZED CUT SET FREQUENCIES (WITH ASSOCIATED UNCERTAINTY INTERVALS)

CUT
SET

8
2
1
4

ORDER

4
4
4
4

CUT SET
FREQUENCY

1. 89E*.6
S.74E-01
3. 19E-f2
5. ISE-03

((
(
(

(RANK)

1.6)
2.0)

4.9)

LOWER 56 UPPER 5%

1.74E-92 6.83E*00
6.84E-63 2.47E.66
2.51E-94 9.19E-02
4.63E-06 1.63E-02

NORMALIZED
FREQUENCY

0.8944
0.4141
6.9161
6.6624

CUMULATIVE
NORMALIZED
FREQUENCY

6.8944
1 .8635

1.3237
1. S26P1

LOWER 5%

0.6309
0.1894
6.6671
6.ffll

UPPER 5%

0.8662
0.3563
0.0138
6.6626

tU



RISK UNCERTAINTY ROOT CAUSE 7 RUN UPDATED 8-23-91

CUT SET NUMBERS, CUT SET ORDERS, CUT SET FREQUENCIES,
CUMAULATIVE NORMALIZED CUT SET FREQUENCIES AND CUT SETS
FOR TOP EVENT RC7-RSK-UNC WITH TOP EVENT FREQUENCY 2.11E+.9

(THE FIRST COLUMN OF NUMBERS IS THE LINE NUMBERS FOR THE FILE TEMACSETS.DNF)

2 S 4 1.89E.in 0.89445 CDF7 * FM3 * ZE-20 * IE-3
3 2 4 8.74E-01 1.30855 CDF7 * FM2 * IE-20 * XE-24 1 4 3.19E-02 1.32367 CDF7 * FM1 * ZE-20 * XE-15 4 4 6.18E-03 1.32610 CDF7 * FM4 o IE-20 * XE-4

t,



Root Cause 8

B-56



RISK UNCERTAINTY ROOT CAUSE B RUN

TOP EVENT RCd-RSK-UNC CONTAINS 11 EVENTS IN 5 CUT SETS

THE FREQUENCY OF TOP EVENT RC8-RSK-UNC IS 6.72E.01

DESCRIPTIVE STATISTICS FOR THE FREQUENCY OF TOP EVENT RCS-RSK-UNC

N low6
MEAN 6.32E+01
STO DEV 9.07E+01
LOWER 6% 8.91E-01
LOWER 25% 2.98E+00
MEDIAN 1.58E+01
UPPER 25% 7.27E+01
UPPER 5% 2.73E.+2

90% UNCERTAINTY INTERVAL FOR TOP EVENT FREQUENCY (INNERMOST BRACKETS DENOTE INTERQUARTTLE RANGE,
ASTERISK DENOTES MEDIAN, N DENOTES NOMINAL VALUE AND M DENOTES MEAN)

5% 8.91E-91 ***LOG SCALE*** 95% = 2.73E+02
I ------------------ ----------- -------- ---------------------- -N] ----------------------I I

NOMENCLATURE:

LI
-Jn

PrD

TEF

EV (J)

- PARTIAL DERIVATIVE

a FREQUENCY OF THE TOP EVENT

a PROBABILITY OF EVENT J FOR BASE EVENTS
a FREQUENCY OF EVENT J FOR INITIATING EVENTS

MEASURES:

1. FOR BASE EVENTS AND INITIATING EVENTS:

RISK REDUCTION a PD x EV(J)
a TEF - TEF(EVALUATED WITH EV(J) = 6)

2. FOR BASE EVENTS ONLY:

RISK INCREASE = PD - RISK REDUCTION
a PD x (1 - EV(J))
= TEF(EVALUATED WITH EV(J) - 1) - TEF



RISK UNCERTAINTY ROOT CAUSE 8 RUN

RISK REDUCTIONS RISK INCREASES BY BASE EVENT AND SORTED BY RISK REDUCTION

BASE EVENT

CDF8
FM8
FM7
FM8
FMS
FM9

OCCUR

B
1
1
1
1
1

PROB

1 .SE-62
1 .90E-02
1. 6E-02

(RANK)

a-8.6)

C2.0)
C4.0)

4ee
4:2e

RISK
REDUCTION (RANK)

5.91E+.06 (1.0)
4.66E+01 ( 2.6)1.86E+01 3.0)
1.63E+00 4.6)

S.36E-01 5 .0)
1.28E-02 (e.6)

SORTED BY RISK REDUCTION

RISK
REDUCTION (RANK)

6.72E+01 (1.0)
3.28E-06 (2.6)
8.64E-06 (3.0)
4.49E-67 (4.5)
4.49E-67 (4.5)

RISK
INCREASE

1.33E*01
1.72E*01
8.48E*01

9.29E+01
1. 26E.61

(RAWi)

(4.0)S2.0)

C3.0)
8.6)

RISK REDUCTIONS BY INITIATING EVENT AND

INIT EVENT

IE-26
IE-S
1E-2
1E-4
IE-1

OCCUR

5
1
2
1
1

FREQ
2.89mE+01
2. 99E+65
4.71?E*05
;. IWE.043. 89E+05

(RANW)

C5.6)

(4.6)
(2.0)I

b'
00n



RISK UNCERTAINTY ROOT CAUSE 8 RUN

RISK REDUCTION BY BASE EVENT (WITH ASSOCIATED UNCERTAINTY INTERVALS)

BASE EVENT

CDF8
FII
FM7
FM6
FM5
FM9

OCCUR

6
I1;
1
1
1

PROD

1. IBE-02
7.SIE-01
1. BIE-MI
1 .0E-02
1. IIE.-42
1. IIE-52

(RANK)

C6.0)( 1.5)

(4.0)
(4.6)
(4.0)

RISK
REDUCTION

6. 9lE468
4.86E91I
1. 86E+E1
1.ISE*00
S. 8OE-01
1.28E-61

((
(
(
(
(

(RANK)

1.0)
2.5 )a .1)

[3.0)
4.0)

6.0)

LOWER 6% UPPER 6%

8.96E-01 2.73E+02

RISK REDUCTION BY INITIATING EVENT (WITH ASSOCIATED UNCERTAINTY INTERVALS)

INIT EVENT

IE-20
IE-3
IE-2
IE-4

1E-i

OCCUR FREQ

6 2.IE.#l1
1 2.90E.+5
2. 4. YBE.M
1 S.SBEw*
I 8.&SE.S5

(RANio

(1.5)

(4.0)
(2.1)

RISK
REDUCTION (RANK)

6.72E*01 ( 1.5)
3.28E-66 (2.5)
S.54E-M (38.5)
4.49E-W7 (4.6)
4.49E--47 (4.6)

LOWER 5% UPPER 5%

6.58E-01 2.0IE+02
2.33E-01 7.33E+01
1.72E-3 65.14E-01
9.52E-03 2.96E+0

I
$I



RISK UNCERTAINTY ROOT

RISK INCREASE BY BASE

CAUSE S RUN

EVENT (WITH ASSOCIATED UNCERTAINTY INTERVALS)
---------------------------

BASE EVENT

FM6
FM7
FMS
FM8
CDF8
FM9

OCCUR

1
1
1
1
5
1

PROD

1.6ME-92
1.8GE-91
1.ME-62
7. 3E-01
1. 1BE-65
1. •6E-02

(RANK)

*4.6)
2.0)
4.0)

6.0)
4.0)

RISK
INCREASE

1.62E*62
9. 49E+Vl
S.28E.01

1.72E*01
1.33E+01
1.26E.61

(RANW)

(1.6)
(2.6)

S3.0)
4.0)

(5.0)(e8.6)

LOWER 9I UPPER 5%

5.62E*06 8.29E+06

Ib

0•



RISK IICERTAINTY ROOT CAUSE 8 RUN

BASE EVENTS RANKED BY VARIOUS METHODS (RANK I a MOST IMPORTANT) AND SORTED BY RISK REDUCTION

RISK RISK
BASE EVENT REDUCTION INCREASE

CDF8 1.0 5.0
FPM 2.6 4.6
FM? 3. 2.0
FMS 4.0 1.0
FMU 5.6 3.0
FM9 6.6 6.6

td



RISK UNCERTAINTY ROOT CAUSE 9 RUN

MATRIX OF TOP-DOWN CORRELATION COEFFICIENTS

RISK INCR -*.2856

RISK RED
THERE ARE NO TOP-DOWN CORRELATIONS THAT ARE SIGNIFICANT AT
THE .05 LEVEL OR LESS

THE TOP-DOWN CORRELATION COEFFICIENTS ARE USED
TO DETERMINE THE LEVEL OF AGREEMENT AMONG ALL
PAIRS OF RANKINGS IN THE PREVIOUS TABLE. THE
TOP-DOWN CORRELATION COEFFICIENT GIVES MORE
WEIGHT TO THE SMALLEST RANKS. NOTE THAT THE
SMALLEST RANKS ARE ASSIGNED TO THE MOST IMPORTANT
BASE EVENTS. MORE DETAIL ON THIS STATISTIC CAN
BE FOUND IN THE IMtAN AND CONOVER (1989) REFERENCE
IN THE USER'S GUIDE THAT ACCOMPANIES THIS CODE.



RISK UNCERTAINTY ROOT CAUSE 8 RUN

CUT SET FREQUENCIES AND NORMALIZED CUT SET FREQUENCIES (WITH ASSOCIATED UNCERTAINTY INTERVALS)

CUT
SET

4
3
2
1
5

ORDER

4
4
4
4
4

CUT SET
FREQUENCY

S.46E+01 (
2.36E+91 (
1. 86E.6 (
9.94E-01 (
1.SSE-01 (

(RANK) LOWER 5% UPPER 5%

1.0) 6.58E-01 2.66E*62
2.0) 2.20E-01 6.96E.61
3.6) 1.22E-02 $.86E.66
4.0) 9.62E-08 2.9eE+00
6.0) 1.72E-683 5.14E-01

NORMALIZED
FREQUENCY

0.8122
0.8491
0.0194
6.6146
6.6628

CUMULATIVE
NORMALIZED
FREQUENCY

9.8122
1.1618
1.1867
1.1954
1.1977

LOWER 5%

6.6276
6.1815
6.6161
6.6676
6.6612

UPPER 5%

6. 7974
6.3465
6.6189
0.0147
6.6628

tw
0%



RISK UNCERTAINTY ROOT CAUSE 8 RUN

CUT SET NUMBERS, CUT SET ORDERS, CUT SET FREQUENCIES,
CUMUJLATIVE NORMALIZED CUT SET FREQUENCIES ANO CUT SETS
FOR TOP EVENT RCe-RSK-UNC WITH TOP EVENT FREQUENCY 6.72E.*1

(THE FIRST COLUMN OF NUMBE IS THE LIE NUMBERS FOR THE FILE TEWISETS.DNF)

2 4 4 6.46E+01 0.81221 CDF8 *FP8 * ZE-20 * IE-3
3 3 4 2.6E.+01 1.16136 CDF8 * FM? * IE-20 * IE-2
4 2 4 1.31E*00 1.18675 CDF8 * FUS * IE-29 * IE-2
6 1 4 9.84E-01 1.19639 COPF * FP; Z IE-20 * IE-1
6 6 4 1.65E-61 1.19770 CDFP * FM9 P [E-20 * IE-4

I



Root Cause 10

B-65



RISK UNCERTAINTY ROOT CAUSE 10 RUN

TOP EVENT RCI-RSK-UNC CONTAINS 16 EVENTS IN 4 CUT SETS

THE FREQUENCY OF TOP EVENT RC1@-RSK-UNC IS 4.49E+•0

DESCRIPTIVE STATISTICS FOR THE FREQUENCY OF TOP EVENT RCID-RSK-UNC

N low0
MEAN 4.33E400
STD DEY 5.BIE+.0
LOWER 5% 1.69E-01
LOWER 26% 5.12E-02
MEDIAN 1.65E+00
UPPER 25% 5.9SE+00
UPPER 6% 1.78E+01

906 UNCERTAINTY INTERVAL FOR TOP EVENT FREQUENCY (INNERMOST BRACKETS DENOTE INTERQUARTILE RANGE,
ASTERISK DENOTES MEDIAN, N DENOTES NOMINAL VALUE AND M DENOTES MEAN)

6% = 1.8SE-01 ***LOG SCALE*** 95%
V I inA a

= 1.78E+01
------ IA- ------------------- - . . .-------------------------- -- --------------- -- ---- - --

0%

NOMENCLAT

PD

TEF

EV(J)

IRE:

= PARTIAL DERIVATIVE

= FREQUENCY OF THE TOP EVENT

= PROBABILITY OF EVENT J FOR BASE EVENTS
= FREQUENCY OF EVENT J FOR INITIATING EVENTS

MEASURES:

1. FOR BASE EVENTS AND INITIATING EVENTS:

RISK REDUCTION - PD x EV(J)
= TEF - TEF(EVALUATED WITH EV(J) = 6)

2. FOR BASE EVENTS ONLY:

RISK INCREASE = PD - RISK REDUCTION
z PD x (1 - EV(J))
= TEF(EVALUATED WITH EV(J) = 1) - TEF



RISK UNCERTAINTY ROOT CAUSE 16 RUN

RISK REDUCTIONS RISK INCREASES BY BASE EVENT AND SORTED BY RISK REDUCTION

BASE EVENT

CDFIS
FM3

FM2
FM1
FM4

OCCUR

4
1
1
1
1

PROS

6.91E-07
7 .86E-01
2.66E-01
1.06E-02
1. 06E-02

(RANK)

(5.0)( 1.6)
(2.0)

3 .5)
3 .5)

RISK
REDUCTION (RANK)

6.27E.06 ( 1.0)
3.13E+86 0 2.6)
1.$6E*.6 ( 8.6)
6.26E-02 (4.6)
8.02E-03 65.0)

RISK
INCREASE

1.79E+00
9.82E-01
6.*2@E*08
5.*2@E+00
7.94E-01

(RANK)

C4.0)
(2.0)

61.6)(s5.6)

RISK REDUCTIONS BY INITIATING EVENT AND SORTED BY RISK REDUCTION

INIT EVENT

IE-20
IE-3
IE-2
IE-4
ZE-1

OCCUR FREq

4 2.90E+01
1 2.9fE.65
1 4.76E+05
1 5.SeE+04
1 3. NM6E.

(RANK)

C5.6)

(4.6)
(2.6)

RISK
REDUCTION (RANK)

4.49E+.f (1.6)
4.46E-66 (2.0)
1.14E-66 (8.0)
6.72E-68 (4.6)
5.72E-098 (4.6)

toI



RISK UNCERTAINTY ROOT CAUSE 19 RUN

RISK REDUCTION BY BASE EVENT (WITH ASSOCIATED UNCERTAINTY INTERVALS)

RISK
BASE EVENT OCCUR PROB (RANK) REDUCTION (RANK) LOWER 5% UPPER 5%

CDFIS 4 6.91E-07 (5.9) 6.27E+06 (1.0) 1.?OE-01 1.79E+01
FM3 1 7.e9E-01 (1.0) 3.13E09 (2.0)
FM2 1 2.0GE-t1 (2.9) 1.3@E*09 (3.0)
FMI 1 1.96E-02 (3.5) 5.26E-62 (4.0)
FM4 1 1.11E-02 (3.6) 8.02E-03 65.0)

RISK REDUCTION BY INITIATING EVENT (WITH ASSOCIATED UNCERTAINTY INTERVALS)

RISK
INIT EVENT OCCUR FREQ (RANK) REDUCTION (RANK) LOWER 5X UPPER 5%

IE-20 4 2.96E+01 ( 5.9) 4.49Et+9 (1.0)
XE-a 1 2.90E+096 (3.9) 4.46E-66 (2.0) 1.20E-01 1.28E+01
IE-2 1 4.79E*69 (1.9) 1.14E-06 (3.6) 4.42E-02 4.58E+00
IE-4 1 6.86E.+4 (4.0) 6.72E-08 (4.5) 3.84E-04 3.18E-92
IE-1 1 3.89E.96 (2.6) 5.72E-08 (4.5) 1.70E-03 1.73E-01

i00



RISK UNCERTAINTY ROOT CAUSE 10 RUN

RISK INCREASE BY BASE EVENT (WITH ASSOCIATED UNCERTAINTY INTERVALS)

BASE EVENT

FM1
FM2
CDFI1
FM3
FM4

OCCUR PROB (RANK)

1 1.ME-2 (3.5)
1 2. ME-01 (2.0)
4 6.91E-07 s5.6)
1 7.80E-01 (1.0)
1 1.06E-02 3.5)

RISK
INCREASE

5. 20E00
6.20E,00
1.79E-ff
S.82E-01
7.94E-01

(RANK)

(2.0)
C3.6)

(4.6)
(5.6)

LOWER 5% UPPER 5%

5.3$E+06 8.78E+06

a,.



RISK UNCERTAINTY ROOT CAUSE 10 RUN

BASE EVENTS RANKED BY VARIOUS METHODS (RAWK I a MOST IMPORTANT) AND SORTED BY RISK REDUCTION

RISK RISK
BASE EVENT REDUCTION INCREASE

CDF19 1.0 3.6
FM3 2.0 4.6
FM2 8.0 2.0
FMI 4.6 1.0
FM4 5.6 56.

-,J
0



RISK UNCERTAINTY ROOT CAUSE 10 RUN

MATRIX OF TOP-DOWN CORRELATION COEFFICIENTS

RISK INCR -6.2W85

RISK RED
THERE ARE NO TOP-DOWN CORRELATIONS THAT ARE SIGNIFICANT AT
THE .05 LEVEL OR LESS

THE TOP-DOWN CORRELATION COEFFICIENTS ARE USED
TO DETERMINE THE LEVEL OF AGREEMENT AMONG ALL
PAIRS OF RANKINGS IN THE PREVIOUS TABLE. THE
TOP-DOWN CORRELATION COEFFICIENT GIVES MORE
WEIGHT TO THE SMALLEST RANKS. NOTE THAT THE
SMALLEST RANKS ARE ASSIGNED TO THE MOST IMPORTANT
BASE EVENTS. MORE DETAIL ON THIS STATISTIC CAN
BE FOUND IN THE IMAN AND CONOVER (1986) REFERENCE
IN THE USER'S GUIDE THAT ACCOMPANIES THIS CODE.

bdI



RISK UNCERTAINTY ROOT CAUSE 10 RUN

CUT SET FREQUENCIES AND NORMALIZED CUT SET FREQUENCIES (WITH ASSOCIATED UNCERTAINTY INTERVALS)

CUT
SET

a
2
1
4

ORDER

4
4
4
4

CUT SET
FREQUENCY

4.21E0 (
1.98E00 (
?.ISE-62 (
1.16E-02 (

(RANK) LOWER 51 UPPER 5"

1.0) 1.2GE-01 1.28E+01
2.0) 4.42E-02 4.69E+00
3.0) 1.7IE-63 1.73E-01
4.0) 3.04E-04 3.1SE-f2

NORMALIZED
FREQUENCY

0.9398
0.4424
0.0159

CUMULATIVE
NORMALIZED
FREQUENCY

0.9393
1.8316
1.3975
1.4*401

LOWER 5X

0.6809
0.1894
0•0071
6.0011

UPPER 5%

0.8002
0.3563
0.0138
0.0026

w



RISK UNCERTAINTY ROOT CAUSE 16 RUN

CUT SET NUMBERS, CUT SET ORDERS, CUT SET FREQUENCIES,
CUMULATIVE NORMALIZED CUT SET FREQUENCIES AND CUT SETS
FOR TOP EVENT RC12-RSK-UNC WITH TOP EVENT FREQUENCY 4.49E+00

(THE FIRST COLUMN OF NUMBERS IS THE LINE NUMBERS FOR THE FILE TEMACSETS.DNF)

2 3 4 4.21E+00 0.93928 CDF20 * FM3 * IE-29 * IE-3
3 2 4 1.98E*g 1.389164 CDFIS * FM2 * IE-20 * IE-2
4 1 4 7.13E-62 1.39764 CDF26 * FMl * IE-20 * IE-1
6 4 4 1.16E-02 1.4612 CDFI. * FM4 * IE-20 * IE-4

wL.



Root Cause 11

B-74



RISK UNCERTAINTY ROOT CAUSE 11 RUN

TOP EVENT RCI1-RSK-UNC CONTAINS 10 EVENTS IN 4 CUT SETS

THE FREQUENCY OF TOP EVENT RCII-RSK-UNC IS 3. 71E.0

DESCRIPTIVE STATISTICS FOR THE FREQUENCY OF TOP EVENT RC1I-RSK-UNC

N lw
MEAN 3.28E+0
STD DEV 3.94E+.
LOWER 5% 1.87E-01
LOWER 25% 4.86E-01
MEDIAN 1.51E+66
UPPER 25% 4.27E+0b
UPPER 5% 1.19E+01

90% UNCERTAINTY INTERVAL FOR TOP EVENT FREQUENCY (INNERMOST BRACKETS DENOTE INTERQUARTILE RANGE,
ASTERISK DENOTES MEDIAN, N DENOTES NOMINAL VALUE AND M DENOTES MEAN)

5% = 1.87E-01 ***LOG SCALE*** 95% : 1.19E.01
I ---------------------- [ ----------------------- ------------------ M---N--] -------------------------I

NOMENCLATURE:

PD a PARTIAL DERIVATIVE

TEF a FREQUENCY OF THE TOP EVENT

EV(J) a PROBABILITY OF EVENT J FOR BASE EVENTS
= FREQUENCY OF EVENT J FOR INITIATING EVENTS

MEASURES:

1. FOR BASE EVENTS AND INITIATING EVENTS:

RISK REDUCTION a PD x EV(J)
= TEF - TEF(EVALUATED WITH EV(J) z 6)

2. FOR BASE EVENTS ONLY:

RISK INCREASE a PD - RISK REDUCTION
a PD x (1 - EV(J))
= TEF(EVALUATED WITH EV(J) a 1) - TEF

to

L,,



RISK UNCERTAINTY ROOT CAUSE 11 RUN

RISK REDUCTIONS
-- -- - - - -

RISK INCREASES BY BASE EVENT AND SORTED BY RISK REDUCTION

BASE EVENT OCCUR PROS (RANK)

CDF11
FM3
FM2
FMl
FM4

4 S. 72E-07
1 ?. SOE-01
1 2.00'E-@1
1 1.OE-02
I 1.0E-02

((
(
(
(

2.0)

8.6)8.5)

RISK
REDUCTION (RANK)

6.27E*08 ( 1.0)
2.s9E.0b ( 2.0)
1.OSE.00 ( 8.0)
4.36E-02 (4.0)
6.64E-63 (6.0)

RISK
INCREASE (RANK)

4.2SE-01 (6.0)
7.BSE-01 3 8.0)
4.30E.N ( 2.0)
4.36E.+ ( 1.0)
6.57E-01 (4.0)

RISK REDUCTIONS BY INITIATING EVENT AND SORTED BY RISK REDUCTION

INIT EVENT

IE-20
IE-3
IE-2
IE-4
IE-1

OCCUR FREQ (RANK)

4 2.@W+.02
1 2.90E+05
1 4.70E+05
1 5.6.E0E4
1 3.9@E+65

(4.0)
( 2.0)

RISK
REDUCTION (RANK)

3.71E00 C 1.0)
1.05E-06 (2.0)
2.71E-07 3.4.0)

1.SeE-M (4.5)

14a%



RISK UNCERTAINTY ROOT CAUSE 11 RUN

RISK REDUCTION BY BASE EVENT (WITH ASSOCIATED UNCERTAINTY INTERVALS)

RISK
BASE EVENT OCCUR PROB (RANK) REDUCTION (RANK) LOWER 5X UPPER 56

COFl 4 5.72E-07 ( 6.0) 6.27E06- ( 1.0) 1.88E-01 1.19E.*01
FMS 1 7.80E-01 (1.0) 2.59E.+00 (2.1)
FM2 1 2.60E-01 (2.0) 1.08E+00 (8.0)
FMI 1 1.06E-02 (3.5) 4.36E-02 (4.0)
FM4 1 1.66E--2 (8.5) 6.64E-83 (65.6)

RISK REDUCTION BY INITIATING EVENT (WITH ASSOCIATED UNCERTAINTY INTERVALS)

RISK
INIT EVENT OCCUR FREQ (RANK) REDUCTION (RANK) LOWER 6X UPPER 6X

IE-20 4 2.66E*02 5.9) 3.71E*00 1.6)
IE-a 1 2.90E+65 3.6) 1.06E-06 ( 2.6) 1.82E-01 S.65E*00
IE-2 1 4.70E.6G ( 1.6) 2.71E-07 (3.0) 4.97E-02 3.21E+M
IE-4 1 6.80E+04 (4.6) 1.36E-68 (4.5) S.11E-04 2.13E-02

b, IE-1 1 3.86E+B5 ( 2.0) 1.36E-08 (4.5) 1.82E-03 1.28E-01
I.



RISK UNCERTAINTY ROOT CAUSE 11 RUN

RISK INCREASE BY BASE EVENT (WITH ASSOCIATED UNCERTAINTY INTERVALS)

BASE EVENT

FMIl
FM2
FM3
P114
CDF1 1

OCCUR PROB

1 1.6NE-02
1 2.60E-01
1 7.86E-01
1 1.ONE-02
4 6.72E-07

(RAWN)

3 .6)12.0)

C5.0)

RISK
INCREASE (RANK) LOWER 5% UPPER 5%

4.SOE.0 (1.0)
4.30E.66 ( 2.0)
7.3GE-01 (3.0)
6.57E-01 (4.0)
4.25E-01 6.0) 5.33E.+ S.79E.86

t•d

00



RISK UNCERTAINTY ROOT CAUSE 11 RUM

BASE EVENTS RANKED BY VARIOUS METHODS (RAN 1 a MOST IMPORTANT) AND SORTED BY RISK REDUCTION

RISK RISK
BASE EVENT REDUCTION INCREASE

CDFll 1.e 5.9
FM3 2.0 3.0
FM2 3.e 2.0
FM1 4.0 1.0
FM4 59. 4.0

tox



RISK UNCERTAINTY ROOT CAUSE 11 RUN

MATRIX OF TOP-DOWN CORRELATION COEFFICIENTS

RISK INCR -0.6210

RISK RED
THERE ARE NO TOP-DOWN CORRELATIONS THAT ARE SIGNIFICANT AT
THE .06 LEVEL OR LESS

THE TOP-DOWN CORRELATION COEFFICIENTS ARE USED
TO DETERMINE THE LEVEL OF AGREEMENT AMONG ALL
PAIRS OF RANKINGS IN THE PREVIOUS TABLE. THE
TOP-DOWN CORRELATION COEFFICIENT GIVES MORE
WEIGHT TO THE SMALLEST RANKS. NOTE THAT THE
SMALLEST RANKS ARE ASSIGNED TO THE MOST IMPORTANT
BASE EVENTS. MORE DETAIL ON THIS STATISTIC CAN
BE FOUND IN THE ]MAN AND CONOVER (1985) REFERENCE
IN THE USER'S GUIDE THAT ACCOMPANIES THIS CODE.

td
0I
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RISK UNCERTAINTY ROOT CAUSE 11 RUN

CUT SET FREQUENCIES AND NORMALIZED CUT SET FREQUENCIES (WITH ASSOCIATED UNCERTAINTY INTERVALS)

CUT
SET

3
2
1
4

ORDER

4
4
4
4

CUT SET
FREQUENCY

2.96E+00
1.24E*60
4.79E-62
7.47E-03

((
(
(

(RANK)

2.0)

4.0)

LOWER 51

1.82E-91
4.97E-2
1.82E-03
3.11E-64

UPPER 51

S. GE+006
8 .21E+00
1. 2BE-81
2. IBE-02

NORMALIZED
FREQUENCY

6. 7663
6.8333
6.6129
0.0m26

CUMULA"M
NORMALIZED
FREQUENCY

0.7668
1.0m96
1.1125
1.1145

LOWER 5%

0.8309
0.1894
0.6071
6.6611

UPPER 5%

0.8962
0.3563
0.0138
0.01626

00



RISK UNCERTAINTY ROOT CAUSE 11 RUN

CUT SET NUMBERS, CUT SET ORDERS, CUT SET FREQUENCIES,
CUMULATIVE NORMALIZED CUT SET FREQUENCIES AND CUT SETS
FOR TOP EVENT RCIl-RSK-UNC WITH TOP EVENT FREQUENCY 3.71E+M

(THE FIRST COLUMN OF NUMBERS IS THE LINE NUMBERS FOR THE FILE TEMACSETS.DNF)

2 3 4 2.85E+ff 0.76626 CDF11 * FM3 * IE-20 * IE-3
3 2 4 1.24E+0b 1.09957 CDF11 * FM2 * IE-20 * IE-2
4 1 4 4.79E-02 1.11248 CDFl * FM1 * IE-20 * IE-1
5 4 4 7.47E-03 1.11449 CDF11 * FM4 * IE-29 * IE-4

0I



Root Cause 12

B-83



RISK UNCERTAINTY ROOT CAUSE 12 RUN - UPDATED 9-11-91

TOP EVENT RC22-RSK-UNC CONTAINS 10 EVENTS IN 4 CUT SETS

THE FREQUENCY OF TOP EVENT RC12-RSK-UNC IS 5.66E+61

DESCRIPTIVE STATISTICS FOR THE FREQUENCY OF TOP EVENT RC12-RSK-UNC

N le
MEAN 5.32E*01
STD DEV 8.92E*61
LOWER 5% 8.32E-01
LOWER 26% 1.24E+00
MEDIAN 7.2@E+00
UPPER 25% 4.63E+01
UPPER 5% 2.65E+02

9% UNCERTAINTY INTERVAL FOR TOP EVENT FREQUENCY (INNERMOST BRACKETS DENOTE INTERQUARTILE RANGE,
ASTERISK DENOTES MEDIAN, N DENOTES NOMINAL VALUE AND M DENOTES MEAN)

5% - 3.32E-l1 .**LOG SCALE.*. 96% =2. 65E+02
qL &mLI

I - -------------------- I.---------------------------- - ------------------------------ - -- --------------------- A

coI

NOMENCLATURE:

PD = PARTIAL DERIVATIVE

TEF = FREQUENCY OF THE TOP EVENT

EV(J) z PROBABILITY OF EVENT J FOR BASE EVENTS
= FREQUENCY OF EVENT J FOR INITIATING EVENTS

MEASURES:

1. FOR BASE EVENTS AND INITIATING EVENTS:

RISK REDUCTION a PD x EV(J)
= TEF - TEF(EVALUATED WITH EV(J) = I)

2. FOR BASE EVENTS ONLY:

RISK INCREASE a PD - RISK REDUCTION
= PD x (I - EV(J))
a TEF(EVALUATED WITH EV(J) = 1) - TEF



RISK UNCERTAINTY ROOT CAUSE 12 RUN - UPDATED 9-11-91

RISK REDUCTIONS RISK INCREASES BY BASE EVENT AND SORTED BY RISK REDUCTION

BASE EVENT

CDF12
FM3
FM2
FM1
FM4

OCCUR PROD

4 8.SSE-06
1 7.86E-01
1 2.66E-01
1 12. 66E-02
1 1.6E-02

(RANK)

C6.6)
C1.6)

3 .6)

( 8.5)
C 8.5)

RISK
REDUCTION (RANK)

6.27E+06 2 1.0)
3.87E.+1 ( 2.6)
1.81E+01 ( 8.0)
6.61E-01 (4.0)
9.93E-02 56.6)

RISK
INCREASE

1.62E.*0
1.09E+01
6.44E*01
6.44E•01
9.93E+00

(RANK)

(5.0)

(2.0)
(1.0)

C4.0)

RISK REDUCTIONS BY INITIATING EVENT AND SORTED BY RISK REDUCTION

INIT EVENT

IE-20
IE-3
IE-2
IE-4
IE-i

OCCUR FREQ

4 2.66E*.1
1 2.9&E#05
1 4.70E*66
i 6.80E+94
1 3.89E+05

(RANK)

(4.6)
( 2.0)

RISK
REDUCTION (RANK)

5.66E+61 ( 1.6)
3.77E--6 (2.0)
9.66E-e7 (8.6)
4.83E-08 (4.5)
4.8SE-08 (4.6)td

oI
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RISK UNCERTAINTY ROOT CAUSE 12 RUN - UPDATED 9-11-91

RISK REDUCTION BY BASE EVENT (WITH ASSOCIATED UNCERTAINTY INTERVALS)
---- ---- --- ---- ---- ---

BASE EVENT

CDF12
FM3
FM2
FMl
FM4

OCCUR

4
1
1
1
1

PROD

8.66E-06
7. .8E-01
2 .68E-01
1.96E-02
I .9E-02

(RAWK)

( 1.9)
(2.0)
C3.5)(s3.5)

RISK
REDUCTION (RAWK)

6.27E.+06 (1.8)
3.97E+01 ( 2.0)
1.61E+.l ( 3.0)
6.61E-01 (4.0)
9.93E-02 6S.0)

LOWER 6% UPPER 6%

3.39E-01 2.66E+02

RISK REDUCTION BY INITIATING EVENT (WITH ASSOCIATED UNCERTAINTY INTERVALS)

INIT EVENT

IE-29
IE-8
IE-2
IE-4
IE-1

OCCUR

41
1
1
1

FREQ

2.06E+01
2.90E+05
4. 76E*66
5.S9E+04
3. 89E+05

(RANW)

(6.0)
(3.9)( 1.9)

(4.0)
(2.0)

RISK
REDUCTION (RANW) LOWER 5X UPPER 65

6.66E.01 ( 1.0)
3.77E-06 (2.0) 2.3GE-01 1.9SE.+2
9.66E-07 (3.9) 8.66E-02 6.92E*01
4.83E-98 (4.6) 5.43E-04 4.49E-01
4.83E-69 (4.5) 8.33E-93 2.SE+0

bdOoI
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RISK UNCERTAINTY ROOT CAUSE 12 RUN - UPDATED 9-11-91

RISK INCREASE. BY BASE EVENT (WITH ASSOCIATED UNCERTAINTY INTERVALS)

BASE EVENT

FMI
FM2
FM3
FM4
CDF12

OCCUR PROB (RANK)

1 1.06E-02 (3.6)
1 2.86E-01 (2.0)
1 7.S9E-91 (1.0)
1 1.09E-62 (8.5)
4 8.68E-08 5.0)

RISK
INCREASE

6.44E+01
6.44E+01
1.09E.91
9.83E+00
1.52E+00

(RANK)

(1.9)
(2.9)

C3.9)
(4.0)
(6.0)

LOWER 6% UPPER 6%

6.33E+08 8.78E+06

-J



RISK UNCERTAINTY ROOT CAUSE 12 RUN - UPDATED 9-11-91

BASE EVENTS RANKED BY VARIOUS METHODS (RANK 1 = MOST IMPORTANT) AND SORTED BY RISK REDUCTION

RISK RISK
BASE EVENT REDUCTION INCREASE

CDF12 1.6 6.6
FM3 2.0 8.6
FM2 3.0 2.0
FMI 4.0 1.6
FM4 5.6 4.6

t,
0I



RISK UNCERTAINTY ROOT CAUSE 12 RUN - UPDATED 9-11-91

MATRIX OF TOP-DOWN CORRELATION COEFFICIENTS

RISK INCR -0.5210

RISK RED
THERE ARE NO TOP-DOWN CORRELATIONS THAT ARE SIGNIFICANT AT
THE .05 LEVEL OR LESS

THE TOP-DOWN CORRELATION COEFFICIENTS ARE USED
TO DETERMINE THE LEVEL OF AGREEMENT AMONG ALL
PAIRS OF RANKINGS IN THE PREVIOUS TABLE. THE
TOP-DOWN CORRELATION COEFFICIENT GIVES MORE
WEIGHT TO THE SMALLEST RANKS. NOTE THAT THE
SMALLEST RANKS ARE ASSIGNED TO THE MOST IMPORTANT
BASE EVENTS. MORE DETAIL ON THIS STATISTIC CAN
BE FOUND IN THE IMAN AND CONOVER (1996) REFERENCE
IN THE USER'S GUIDE THAT ACCOMPANIES THIS CODE.

ko



RISK UNCERTAINTY ROOT CAUSE 12 RUN - UPDATED 9-11-91

CUT SET FREQUENCIES AND NORMALIZED CUT SET FREQUENCIES (WITH ASSOCIATED UNCERTAINTY INTERVALS)

CUT
SET

3
2
1
4

ORDER

4
4
4
4

CUT SET
FREQUENCY

3.96E.+1
1.67E+01
6.68E-01
1 .02E-01

((
(
C

(RANK)

1.6)
2.8)
3.0)
4.0)

LOWER 5% UPPER 5%

2.38E-61 1.95E+02
8.66E-62 6.92E+01
3.33E-03 2.65E.66
5.43E-04 4.49E-01

NORMALIZED
FREQUENCY

0.7134
6.3666
0.0120
8.0618

CUMULATIVE
NORMALIZED
FREQUENCY

0.7134
1.0134
1.9264
1.6273

LOWER 5%

0.6369
6.1894
6.6671

6.011

UPPER 6%

0.8002
6.3663
6.6138
G.6626

0:•
1I

0



RISK UNCERTAINTY ROOT CAUSE 12 RUN - UPDATED 9-11-91

CUT SET NUMBERS, CUT SET ORDERS, CUT SET FREQUENCIES,
CUMULATIVE NORMALIZED CUT SET FREQUENCIES AND CUT SETS
FOR TOP EVENT RC12-RSK-UNC WITH TOP EVENT FREQUENCY 5.56E.01

(THE FIRST COLUMN OF NUMBERS IS THE LINE NUMBERS FOR THE FILE TEMACSETS.DNF)

2 3 4 3.96E.*1 0.71342 CDF12 * FM3 * IE-20 * IE-3
3 2 4 1.67E+01 1.01343 CDF12 * FM2 * IE-20 * IE-2
4 1 4 6.66E-91 1.02542 CDF12 * FMI ZE-26 * IE-1
5 4 4 1.02E-01 1.02726 CDF12 * FM4 * IE-20 * IE-4

I-



Root Cause 13

3492



RISK UNCERTAINTY ROOT CAUSE IS RUN

TOP EVENT RCIS-RSK-UNC CONTAINS 1 EVENTS IN 4 CUT SETS

THE FREQUENCY OF TOP EVENT RC1S-RSK-UNC IS 2.8 6E*l

DESCRIPTIVE STATISTICS FOR THE FREQUENCY OF TOP EVENT RC23-RSK-UNC

N Iw
MEAN 2.59E÷ff
STD DEV 3.38E.f
LOWER 5W 1.04E-01
LOWER 25X 2.94E-01
MEDIAN 9.93E-el
UPPER 269 S.23E+69
UPPER 5% 1.06E+01

96X UNCERTAINTY INTERVAL FOR TOP EVENT FREQUENCY (INNERMOST BRACKETS DENOTE INTERQUARTILE RANGE,
ASTERISK DENOTES MEDIAN, N DENOTES NOMINAL VALUE AND M DENOTES MEAN)
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NOMENCLATURE:

PD a PARTIAL DERIVATIVE

TEF a FREQUENCY OF THE TOP EVENT

EV(J) a PROBABILITY OF EVENT J FOR BASE EVENTS
a FREQUENCY OF EVENT J FOR INITIATING EVENTS

MEASURES:

1. FOR BASE EVENTS AND INITIATING EVENTS:

RISK REDUCTION a PD x EV(J)
= TEF - TEF(EVALUATED WITH EV(J) = 6)

2. FOR BASE EVENTS ONLY:

RISK INCREASE n PD - RISK REDUCTION
- PD x (1 - EV(J))
a TEF(EVALUATED WITH EV(J) = 1) - TEF



RISK UNCERTAINTY ROOT CAUSE 18 RUN

RISK REDUCTIONS RISK INCREASES BY BASE EVENT AND SORTED BY RISK REDUCTION

BASE EVENT
RISK

REDUCTION (RANW)
RISK

INCREASE (RANK)OCCUR PROB (RANK)

CDF23
FM3
FM2
FMI
FM4

4 4.40E-07
1 7.9@E-f01
I 2.66E-01
1 1.90E-02
1 1. OO-02

(2.0)
(8.5)
(8.5)

6.2?Ei06
1. 99E+00(
8.27E-01(
3.34E-02
G. IOE-03

1.0)
2.0)
8.0)
4.0)
5.0)

2. 36E.00
5.62E-0
8.31E*S@
3.81E.00
5 .66E-01

C
(
C
C
C

S.11)
4.0)
2.0)
1.0)
6.0)

RISK REDUCTIONS BY INITIATING EVENT AND SORTED BY RISK REDUCTION

RISK
REDUCTION (RANK)INIT EVENT OCCUR FREQ (RANK)

IE-20
IE-3
IE-2
IE-4
IE-1

4 2.OOE.01
1 2.9@E+05
1 4.70E.05
I 5. SGE+04
1 3. SVE+05

(4.0)
( 2.0)

2. 96E+06
S. 71E-06
1. 46E-06
7.32E-08
7.32E-09

C
(
C
C

1.0)
2.0)
8.0)
4.5)
4.5)



RISK UNCERTAINTY ROOT CAUSE 18 RUN

RISK REDUCTION BY BASE EVENT (WITH ASSOCIATED UNCERTAINTY INTERVALS)

RISK
BASE EVENT OCCUR PROD (RANK) REDUCTION (RANK) LOWER 5X UPPER 6X

CDF13 4 4.40E-07 5 5.0) 6.27E.*6 ( 1.6) 1.64E-91 1.06E-91
FPS3 7.9E2-61 1.60) 1.99E.1m 2.0)
FM2 1 2.68E-01 (2.9) 8.27E-el (3.0)
Fil 1 1.2E-02 (8.5) 8.34E-02 (4.0)
FM4 1 1.6E9-62 ( 8.5) 6.10E-63 (6.9)

RISK REDUCTION BY INITIATING EVENT (WITH ASSOCIATED UNCERTAINTY INTERVALS)

RISK
MNIT EVENT OCCUR FREQ (RANK) REDUCTION (RANK) LOWER E% UPPER OX

ZE-20 4 2.00E*01 ( 5.0) 2.8GE.69 (1.0)
ZE-S 1 2.96E+0- ( 8.3) 6.71E-06 (2.0) 7.572E-2 ?.562E.1
IE-2 1 4.?96E+06 (1.0) 1.46E-06 3 .9) 2.79E-02 2.77E24M
1E-4 1 6.890E+.04 4.0) 7.82E-08 4.5) 1.812E-4 1.84E-02
IE-1 1 S.8 EB165 (2.0) 7.82E-96 (4.5) 1.92E-93 1.07E-01

0ILA



RISK UNCERTAINTY ROOT CAUSE 13 RUN

RISK INCREASE BY BASE EVENT (WITH ASSOCIATED UNCERTAINTY INTERVALS)

RISK
BASE EVENT OCCUR PROB (RANK) INCREASE (RANK) LOWER X UPPER 6S

FMI 1 1.66E-02 3.5) 3.81E+be (1.0)
FM2 1 2.69E-01 (2.6) 3.S1E.9 2.0)
CDFIS 4 4.40E-67 65.6) 2.30E+0 (38.) 5.33E.*M 8.79E+06
FM3 I ?.SSE-01 (1.9) 5.61E-02 (4.0)
FM4 1 1.86E-82 (3.9) 5.05E-02 (5.0)

to



RISK UNCERTAINTY ROOT CAUSE 13 RUN

BASE EVENTS RANKED BY VARIOUS METHODS

RISK
BASE EVENT REDUCTION

CDF13 1.0
FM3 2.0
FM2 38.
FMI 4.6
FM4 5.6

(RANK 1 - MOST IMPORTANT) AND SORTED BY RISK REDUCTION

RISK
INCREASE

3.0
4.6
2.0
1.0
6.6

to
'I
-j



RISK UNCERTAINTY ROOT CAUSE 13 RUN

MATRIX OF TOP-DOWN CORRELATION COEFFICIENTS

RISK INCR -0.2005

RISK RED
THERE ARE NO TOP-DOWN CORRELATIONS THAT ARE SIGNIFICANT AT
THE .06 LEVEL OR LESS

THE TOP-DOWN CORRELATION COEFFICIENTS ARE USED
TO DETERMINE THE LEVEL OF AGREEMENT AMONG ALL
PAIRS OF RANKINGS IN THE PREVIOUS TABLE. THE
TOP-DOWN CORRELATION COEFFICIENT GIVES MORE
WEIGHT TO THE SMALLEST RANKS. NOTE THAT THE
SMALLEST RANKS ARE ASSIGNED TO THE MOST IMPORTANT
BASE EVENTS. MORE DETAIL ON THIS STATISTIC CAN
BE FOUND IN THE IMAN AND CONOVER (185) REFERENCE
IN THE USER'S GUWOE THAT ACCOMPANIES THIS CODE.

'I00o



RISK UNCERTAINTY ROOT CAUSE 13 RUN

CUT SET FREQUENCIES AND NORMALIZED CUT SET FREQUENCIES (WITH ASSOCIATED UNCERTAINTY INTERVALS)

CUT
SET

8
2
1
4

ORDER

4
4
4
4

CUT SET
FREQUENCY

3.39E.06 (
1.79E.+0 (
6.76E-02 (
9.64E-03 (

(RAWK)

1.0)
2.0)
8.0)
4.6)

LOWER 69 UPPER 6%

7.67E-92 7.6@E+00
2.79E-02 2.77E*06
1.96E-03 1.07E-01
1.81E-"4 1.94E-02

NORMALIZED
FREQUENCY

1.1846
•.0696

o.6261
6.8034

CUMULATIVE
NORMALIZED
FREQUENCY

1.1846
1 .7806
1.9m86
1.* 46

LOWER 6%

0.6309
0.1094
6.0671
0.0011

UPPER 5%

6.8062
0.3663
6.0138
0.0026

to
I



RISK UNCERTAINTY ROOT CAUSE 13 RUN

CUT SET NUMBERS, CUT SET ORDERS, CUT SET FREQUENCIES,
CUWJLATIVE NORMALIZED CUT SET FREQUENCIES AND CUT SETS
FOR TOP EVENT RC13-RSK-UNC WITH TOP EVENT FREQUENCY 2.e6E.Ef

(THE FIRST COLUIM OF NUMBERS IS THE LI•E NUMBERS FOR THE FILE TEMACSETS.DNF)

2 3 4 3. 39Ein 1.18396 CDFi3 * FM3 * IE-20 * IE-3
3 2 4 2.70E*00 1.78652 CDF13 * FM2 * IE-29 * IE-2
4 1 4 5.75E-92 1.89M65 CDF1S * FMI * ZE-20 * IE-1 4

9 4 4 9.84E-03 1.96492 CDFIS * FM4 * IE-20 * IE-4

w
I-
0
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