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1. PURPOSE

The purpose of this engineering calculation is to estimate the probability of an unfiltered release
to the environment due to failure of the Heating, Ventilation, and Air Conditioning (HVAC)
system in the Waste Handling Building (WHB). The scope of the calculation is limited to the
function of the WHB HVAC system to maintain its “once-through” capability, that is, the ability
to draw air through the various confinement areas through the (high-efficiency particulate air)
HEPA filters, before exhausting the air to the atmosphere through the exhaust air stack. The
ability to draw air through the WHB also maintains negative pressure between confinement areas
(causing air flow inward, rather than toward the environment). Other functions of the HVAC
system, e.g., room heating and cooling for comfort, were not considered in this analysis. The
probability of an unfiltered release to the environment due to failure of the HVAC system will be
used to evaluate off-normal conditions, such as a dropped fuel assembly, loss of offsite power
(LOOP), etc.

2. METHOD

— A fault tree was developed for the HVAC system to estimate the probability of an unfiltered
release to the environment. This objective is quantified as the “top event” of the fault tree, and is
discussed in more detail in Section 5.4. A fault tree is developed down to “basic events,” each of
which is quantified with a failure probability. Basic events include equipment failures, human
errors, and equipment maintenance unavailability. The overall failure probability from a fault
tree analysis is the sum of the failure probabilities of the individual cutsets; a cutset is a group of
basic events, whose failures taken collectively cause the top event (of the fault tree) to occur.

The fault tree method is discussed in detail in Reference 7.1.

3. ASSUMPTIONS

3.1  The fault tree failure logic assumes that when failures reduce the HVAC system’s
capacity (i.e., lost or significantly reduced “once-through” flow), its ability to maintain
negative pressure is lost, and the air is free to flow in any direction. The basis for this
assumption is that the diminished or lost capacity results from the normal feedback
designed into the system. For example, loss of exhaust air fan capacity will result in
pressure changes that will open or close dampers, which will (if left unchecked) affect the
air supply fans, and ultimately affect the total flow through the WHB as well as
maintaining negative pressure between confinement areas. Accordingly, any failure that
can change or disrupt the confinement area pressure can ultimately cause, via design

~ feedback controls, the failure of the HVAC system as defined for this fault. This
assumption is used throughout the calculation, specifically in Section 5.2.
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3.2 Since neither operating (nor emergency) procedures have been developed for the HVAC
system, the human error probabilities (HEPs) used in the fault tree are all assumed to
have a screening value 0.1. The basis for this screening value is that similar HEPs from
Reference 7.2 (Chapter 20) are on the order of 0.001 to 0.005; accordingly, the assumed
screening value of 0.1 is selected very conservatively. Without performing a detailed
human reliability analysis, there is no way to distinguish the actions the operator would
take to detect or mitigate a faulted state. The screening HEP allows the inclusion of these
important human actions without either overwhelming the cutsets (e.g., with a higher
screening value), or not observing the human actions at all. This assumption is used
throughout the calculation, specifically in Section 5.4. ’

3.3 For this analysis, an operating period of 24 hours (see Reference 7.3, Attachment VIII) is
assumed for all components except those related to loss of power, in that case, a quicker
recovery of 8 hours is assumed. (See Attachment IV.) The basis for the 8 hours is that
the loss of power-related events would be self-annunciating and should get quicker
attention from the operations personnel. While the other failures have the potential to be
discovered (a human detection event is included in the fault tree), these failures may not
be as obvious as a loss of power event. The time (of 24 hours) may also be considered to

— be the mission time for the system (e.g., during an off-normal event). This assumption is
used throughout the calculation, specifically in Section 5.5.

3.4  Inthe absence of maintenance procedures developed for the WHB, it is assumed that, on
average, major components (e.g., air handling units, air supply fans, exhaust air fans, and
HEPA filters) would be unavailable for three days during the course of one year. This is
based on allowed outage times for major components at commercial nuclear power plants
that generally range from three to seven days; accordingly, a conservative assumption has
been made concerning major HVAC component. The maintenance unavailability is equal
to 3/365 = 8.2x10”. This unavailability may be due to planned maintenance or corrective
maintenance. These major components (for each confinement area) have sufficient
redundancy so that maintenance can occur on-line; in addition, it is possible for
maintenance of multiple components to occur. Technical Specifications for on-line
maintenance (while ensuring adequate reliability) need to be developed. The model did
not restrict the number of concurrent maintenance acts, however, cutsets will be
examined and possibly deleted if the number of maintenance acts seems unreasonably
high. This assumption is used throughout the calculation.

3.5  All of the failure probabilities used for barrier leakage are conservative. The WHB is
divided into three confinement areas (primary, secondary, and tertiary), defined in
Section 4.1.4.2 of Reference 7.4. Between the primary confinement area (PCA) and
~— secondary confinement area (SCA), it is assumed that leakage exists that is normally
controlled by the negative pressure between the PCA and SCA (causing air to flow, via a
leak path, into the PCA), therefore the leakage probability is conservatively estimated at
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3.6
N’
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3.8
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1.0 (leakage is certain). Between the PCA and tertiary confinement area (TCA), even
though there is a sealed plug, conservatively assume that some leakage will occur (i.e.,
failure probability is 1.0). There are no direct interfaces between the PCA and the
environment, so no leakage is possible (i.e., the leakage probability is 0.0). Between the
SCA and TCA, it is assumed that leakage exists that is normally controlled by the
negative pressure between the two confinement areas, therefore the leakage probability is
conservatively estimated at 1.0 (leakage is certain). Between the SCA and the
environment, there are no direct interfaces, so no leakage possible (i.e., leakage
probability is 0.0). Between the TCA and the environment, there are many direct
interfaces, so the leakage probability is assumed to be 1.0 (leakage is certain). It is also
assumed that the leakage paths exist due to existing doors, windows, dampers, vents,
plugs, trapdoors, etc.; the model does not assume a leakage path through cracked
structural components (e.g., floors, walls, ceilings). This assumption is used throughout
the calculation.

It is assumed that there is no credible failure of the outside air intake structure. This is
based on an over-capacity design, protection from wind-generated missiles, large free
area bird screen, elevation above ground level to avoid debris, and assuming that icing
does not occur at Yucca Mountain site. This assumption is used throughout the
calculation.

It is assumed that there is no significant leakage from any of the ductwork (e.g., outside
air duct plenum, air handling duct plenum, exhaust air plenum, etc.). Accordingly, these
passive failures are not modeled in the fault tree. The basis for this assumption is that all
ductwork is designed to maintain structural integrity during and after a seismic event, as
well as withstand design operational high positive and negative pressures. (This assumes
no possibility of internal explosion.) This assumption is used throughout the calculation.

The fault tree only considers the HVAC function of being able to draw air through the
confinement area, through the HEPA filters, and out the exhaust air stack. The basis for
this is that the HVAC system other functions are assumed not to contribute to the
probability of an unfiltered release. For example, the HVAC system is responsible for
raising or lowering the temperature to maintain a reasonable comfort zone for the workers
in the building. This assumption is used throughout the calculation. (See also
assumption 3.1.)

It is assumed that there are no credible failure modes that can completely obstruct the
flow path in the air exhaust stack. This assumption is used throughout the calculation.

Due to the large number of redundant components in the various “subsystems” of the
HVAC (e.g., air handling units, air supply fans, HEPA filters, tornado dampers, etc.), it is
assumed that “one-half plus one” of the redundant components would have to fail to
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impact the subsystem’s ability to perform its function(s) [TBV (to be verified)]. If n
(number of redundant components) is odd, then the number of failures would be
integer[n/2] + 1, if n is even, then the number of failures would be n/2 +1. For example,
for a nine-train subsystem, the failure criterion is assumed to be 5-0f-9 for failure; for a
10-train subsystem, the failure criterion is assumed to be 6-0f-10 for failure. This
assumption is used throughout the calculation, specifically in Section 5.5.

3.11 The return air system (in the TCA) was not explicitly modeled in the fault tree. It is
assumed that it would not have a significant effect on the results. The basis for this
assumption is that if there are some contaminants in the return air system, the TCA would
go to a “once-through” mode providing exhaust to the air exhaust stack via the HEPA
filters. Accordingly, the continuous air emission monitoring (CAEM) system would alert
the operators. For contaminants to be in the TCA, they must come from the PCA or SCA
in the first place (due to other failures). This assumption is used throughout the
calculation.

3.12 For the base model, the electrical power system does not include any components whose
failure would result in the complete loss of power for the WHB. Loss of offsite power
~ (LOOP) is an off-normal initiating event and treated separately from the base fault tree
analysis. (See Section 6 and Attachment VI for discussion of a LOOP initiator.) This
assumption is used throughout the calculation. '

3.13  Due to the lack of design information, the electrical power system is modeled very
simply. This is based on the assumption that the transformers and motor control center
(480V bus) included in the fault tree model will adequately represent the electrical power
supply system. Similarly, no other system dependencies are modeled (e.g., component
cooling). This assumption is used throughout the calculation.

3.14 It is assumed that there is an emergency path associated with the supply-side of the PCA.
This is based on planned enhancements to the HVAC system design. See Attachment VI
for preliminary sketch. It is further assumed that the number of major components in the
emergency train will be the same as the number of major components in the normal train.
This assumption is used through the calculation, specifically in Section 5.2.

3.15 For common cause failure of two components, a beta () factor of 0.1 is assumed based
on values used in the Davis-Besse Individual Plant Examination (IPE) (Reference 7.6,
Part 3, Table 3-5) for air compressors. For common cause failure of three or more
components, the multiple Greek letter method is used, and beta (B) is assumed to be 0.1,
and gamma (y) is assumed to be 0.5. This is also based on values used in the Davis-Besse
IPE (Reference 7.6, Part 3, Table 3-5) for similar equipment (e.g., air compressors).
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4. USE OF COMPUTER SOFTWARE AND MODELS
4.1 SOFTWARE APPROVED FOR QA WORK
This calculation uses no software that needs to be approved for QA work.
4.2 SOFTWARE ROUTINES

To support this engineering calculation, Microsoft’s spreadsheet package Excel (Version:
Microsoft Excel 97) is used. The spreadsheet program is executed on a personal computer (PC)
under the Windows NT 4.0 operating system. All calculations performed by the Excel
spreadsheet are verified by visual inspection and/or hand calculations. The combinatorial
calculations used to estimate the number of cut sets for large combination gates are set up and
quantified using Excel.

To support this engineering calculation, Scientific Applications International Corporation’s
(SAIC’s) fault tree program CAFTA (Computer-Aided Fault Tree Analysis) for Windows
(CAFTA-W) is used. CAFTA-W is executed on a PC (Dell Pentium II OptiPlex GXi) under the
Windows-95 operating system. Four modules of the CAFTA-W (version 3.2.b) code are used to
develop and quantify the WHB HVAC fault tree. These are:

Fault Tree Editor, version 3.2b
Reliability Database Editor, version 3.2b
Cutset Editor, version 3.2b

Cut386, version 2.3

el el e

In addition, the following dynamic linked libraries (DLL) version numbers were used:

FTAPI-1.3b
CSAPI - 1.3dx
RDAPI - 1.3b

Btrieve — 5.10W

The actual input file to CAFTA-W (whbhvac5.caf) is not readable as a text file. The essence of
the input is in the graphical representation of the fault tree, which is provided in Attachment L.
(Some of the gates show a “See x-ref” after a page reference, which refers to the cross-reference
table that is not provided in Attachment I.) The data used for the basic events is provided in |
Attachment IV. The output (cutsets) for a truncation probability of 10" is given in Attachment
II. The information in Attachment I, Attachment IV, and Attachment II are sufficient to allow an
independent repetition of the software use, and verification of the results.
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The modules of CAFTA-W used in this analysis are available from Configuration Management.
The use of CAFTA-W is appropriate to develop and quantify the HVAC fault tree. CAFTA-W
is only used with its range of validation. Cutsets (output) are visually examined to ensure
reasonableness of results.

EXCEL and CAFTA-W are considered software routines; see Reference 7.8.

. 5. CALCULATION

3.1 INTRODUCTION

The purpose of this section is to describe the analytical scope, development of the fault tree, and

development of the data used to quantify the fault. The calculation includes more than just the

Boolean reduction of the fault tree into minimal cutsets. The calculation includes the

construction of the fault tree, represented by the gate and basic event logic, and the development

of the failure data used. Section 5.3 discusses the development of the fault tree, but does not

examine every logic gate. However, Section 5.4 identifies every basic event used, and the source
o and development of the failure probability used.

5.2 SCOPE

A fault tree is constructed (see Attachment I) to model the WHB HVAC system with the
objective of determining the probability of an unfiltered release from the primary confinement
area (PCA) to the environment. The PCA, as well as the secondary confinement area (SCA) and
the tertiary confinement area (TCA) are defined and discussed in Section 4.1.4.2 of Reference
7.4.

The fault tree only considers the HVAC function of being able to draw air through the
confinement area, through the HEPA filters, and out the exhaust air stack. While in operation in
a “once-through” mode, the HVAC also maintains a negative differential pressure between
confinement zones such that air would flow from the environment into the TCA, flow from the
TCA into the SCA, and finally, flow from the SCA into the PCA. It is assumed that when
failures significantly reduce the HVAC system’s capacity, its ability to maintain negative
pressure is lost, and air is free to flow in any direction. (See assumption 3.1.)

The HVAC system does have other functions that are not being evaluated in this analysis. For
example, the HVAC system is responsible for raising or lowering the temperature to maintain a
reasonable comfort zone for the workers in the building. (See assumption 3.8.)
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The HVAC design for the fault tree development is the one prepared for the Viability Study
[TBV] (see Section 4.1.4.2 of Reference 7.4). The following drawings from Attachment IV of
Reference 7.5 are also used to establish the design configuration:

Fig. RD-1, Repository Design Symbols and Legend, p. IV-1

Fig. WH-1A, WHB-HVAC Flow Diagram, Composite Key, p. [V-2

Fig. WH-1B, WHB-HVAC Flow Diagram, Primary/Secondary Confinement Supply, p. IV-3
Fig. WH-1C, WHB-HVAC Flow Diagram, Primary/Secondary Confinement Areas, p. IV-4
Fig. WH-1D, WHB-HVAC Flow Diagram, Primary/Secondary Confinement Exhaust, p. IV-5
Fig. WH-1E, WHB-HVAC Flow Diagram, HVAC Exhaust Stack, p. IV-6

Fig. WH-2A, WHB-HVAC Flow Diagram, Tertiary Confinement Supply, p. IV-7

Fig. WH-2B, WHB-HVAC Flow Diagram, Tertiary Confinement Areas, p. [V-8

Fig. WH-2C, WHB-HVAC Flow Diagram, Tertiary Confinement Exhaust, p. [V-9

A design variant (inclusion of the supply-side emergency train for the PCA) was added. See
assumption 3.14 and Attachment VI. As the design changes or design alternatives are being
considered, the fault tree can (and should) be modified and requantified.

~— 53  HVAC SYSTEM DESCRIPTION

The HVAC system for the WHB is responsible for maintaining flow through three separate
confinement areas: primary, secondary, and tertiary. This air flow is established to maintain a
negative pressure differential between confinement areas to prevent flow out of the PCA (and
eventually into the environment). Each confinement area has its own train of HVAC equipment.
All confinement areas draw air from the outside air intake via independent suction locations.
Then for each confinement area, air passes through tornado dampers, air handling unit
subsystems, supply air fan subsystems, the confinement area itself, then through the HEPA filter
subsystems, and the exhaust air fan subsystems. The “subsystems™ refer to the major component
plus surrounding components, for example, for the supply air fan subsystem, in addition to the
supply air fan, there is an inlet butterfly damper, and two downstream (exit) dampers. These
associated components are modeled in the fault tree and are identified from the drawings listed in
Section 5.2.

The HVAC train in the PCA has some redundancy upstream and downstream of the confinement
area. There is an emergency air handling unit subsystem and emergency air supply fan
subsystem, as well as an emergency HEPA filter subsystem and an emergency exhaust air fan
subsystem. Flow to the emergency flow path is controlled by two isolation (automatically
controlled) dampers; one is normally open permitting air flow into the “normal” train, the second
1s normally closed preventing flow into the “emergency” train. At loss of power, these isolation
dampers change state to redirect flow. The “normal” and “emergency” PCA trains are powered
by different internal electrical busses. Further, the “emergency” PCA train is backed by a diesel
generator.
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Air exiting the exhaust air fan subsystems for the PCA (normal), SCA, and TCA is directed
through a common set of (exhaust) tornado dampers. From there, the air is released to the
environment through an exhaust air stack. The stack has a continuous air emission monitoring
(CAEM) system to detect any radioactivity. Air exiting the exhaust air fan subsystem for the
PCA (emergency) is directed through (separate) tornado dampers and then goes out the common
exhaust air stack.

5.4 FAULT TREE DEVELOPMENT

The top event of the fault tree is “unfiltered releases from the primary confinement area (PCA) to
the environment.” This can occur in one of two ways:

- there is a failure of the HVAC system and subsequent breach of barrier integrity (H014)
- there is an HEPA filter defect with subsequent CAEM failures (H015)

These input “gates” to the top event are then developed by adding additional gates and basic

events to logically represent how these failures can occur. The fully-developed fault tree is

provided in Attachment I. The fault tree’s top-level logic is described in Section 5.4.1 and the
~ lexicon of the cutsets is provided in Section 5.4.2.

5.4.1 Fault Tree Top-Level Logic

Attachment III shows the top-level logic of the fault tree, with diamond basic events representing
where gates are developed in the full fault tree (see Attachment I). The top-level logic fault tree
in Attachment III provides an overview of the entire fault tree that can be lost with the details of
individual component failures.

The top event (UNFIL_REL) can occur due to the failures cited above, and represented in the
fault tree as HO14 and HO15. The development of HO1S5 (a single element cutset in this top-logic
fault tree) can be easily followed in the full fault tree in Attachment I; however, the development
HO014 requires some elaboration. This portion of the fault tree deals with two basic failure
modes: HVAC system failure or barrier failure. There are four different HVAC systems (that
can fail): normal PCA, emergency PCA, normal SCA, and normal TCA. In the top-level logic
fault tree, the two PCA HVAC systems are “lumped” into a single diamond basic event
(PHVACEF). Failure of the SCA HVAC system is represented by SHVACEF, and the failure of
the TCA HVAC system is represented by THVACEF.

There are six barrier integrity breaches that are theoretically possible. These are listed in the
table below with the corresponding diamond basic event identifier and the assigned failure
probability used in the fault tree quantification.
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Barrier Interface Identifier | Assigned Failure Prob. - Comments
PCA to SCA PBATSCAF 1.0
PCA to TCA PBATTCAF - 1.0 Conservatively account for
plug.
PCA to environment |  ----- 0.0 No direct path exists. Not used
in fault tree.
SCA to TCA SBATTCAF - 1.0
SCA to environment | SBATENVF 0.0 No direct path exists.
TCA to environment | TBATENVF : 1.0

The barrier integrity probabilities have been assigned either 0.0 or 1.0 and included in the fault
tree such that less conservative values may be used in subsequent analyses. No basic event for
barrier integrity breach from the PCA to the environment is included in the fault tree model. A
basic event for the SCA to environment is included (even though it is assigned a zero failure
probability). )

To get an unfiltered release, both the normal and emergency PCA HVAC systems must fail

~ (PHVACF) AND there must be a breach of the PCA to the environment via either the SCA or
the TCA (H003). Basic event PHVACEF is fully developed in Attachment I. Gate H003
develops a breach to the environment via the SCA (H004) OR via the TCA (H005). Examining
the TCA breach to the environment, three events must occur: failure of the TCA HVAC system
(THVACEF), failure of the PCA/TCA barrier (PBATTCAF), and failure of the TCA/environment
barrier (TBATENVF). These events concurrent with the PCA HVAC failure produce the
following cutset leading to the top event failure: '

PHVACF THVACF PBATTCAF TBATENVF

Examining the SCA breach to the environment, three events must occur: failure of the SCA
HVAC system (SHVACF), failure of the PCA/SCA barrier (PBATSCAF), and breach of the
SCA barrier via either the TCA or the environment (H010). Gate H010 is expanded as a failure
of the SCA/environment barrier (SBATENVF) OR the following three events: failure of the
TCA HVAC system (THVACF), failure of the SCA/TCA barrier (SBATTCAF), and failure of
the TCA/environment barrier (TBATENVF). Since basic event SBATENVF has an assigned
failure probability of 0.0, only one cutset results:

PHVACF SHVACF PBATSCAF THVACF SBATTCAF TBATENVF

Note that if the failure probability of SBATENVF was not 0.0, an additional cutset would result:
PHVACF SHVACF PBATSCAF SBATENVF
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5.4.2 Cutset Description and Nomenclature

To better follow the fault tree and understand the resulting cutsets, the following describes the
nomenclature rules in naming gates and basic events. Typically, gates (i.e., OR gates, AND
gates) are named arbitrary by CAFTA-W as H###, where ### represents a number (e.g., 011).
The gate identifiers are not used to interpret the results, but may be useful in “working” through
the fault tree.

The basic events take several forms (see Reference 7.1): circles, diamonds, and double-
diamonds. The circle basic events generally represent a single component’s failure mode. For
example, there are different circle basic events for a diesel generator fails to start and fails to run.
The diamond basic events generally represent the human errors modeled in the fault tree.
Diamond basic events traditionally identify a basic event that requires more development. Since
the operating procedures (or emergency procedures) have not yet been developed for the
operators, no detailed human reliability analysis is performed to develop the human error
probabilities (HEPs). The HEPs are actually just a screening value of 0.1, i.e., the probability
that the operator will fail to detect (any) failure and take the correct mitigative action(s) is set
conservatively high at 0.1. (See assumption 3.2.)

Double-diamonds also represent basic events that require more development. In this case,
double-diamond basic event are used to represent the development of combination gates (n-of-m
gates), where m is four or greater (e.g., 5-0f-9, 8-0f-15). Due to the number of (cutset)
combinations that would be generated if these gates were fully developed, these gates were
instead approximated by multiplying the number of cutsets by the approximate failure
probability of a single cutset. The development of the failure probabilities is discussed in more
detail in Section 5.5.

In general, the circle and diamond basic event identifiers are eight to ten. The double-diamond
identifiers range from three characters to ten characters. The circle/diamond basic event
identifiers convey information as defined by the following syntax:

basic event identifier - {s}{xx}{zz...zz}{f}

where:
{s} = area/location of component or action
P = primary confinement area
E = emergency (for primary confinement area)
S = secondary confinement area
T = tertiary confinement area
N C = common element (used by all three confinement areas)

{xx} = equipment code
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AH = air handling unit

BA = barrier

CN = controller (e.g., pressure)

DM = damper (any kind but isolation)
DG = (emergency) diesel generator
FG = used as a flag

FL = filter (e.g., HEPA)

FN = fan

HU = human action

ID = isolation damper

MC = motor control center
MN = monitoring system

SW = switch

TR = transformer

{zz...zz} = equipment identification (generally four, five, or six characters)

{f} = failure code/mechanism (these are associated with the equipment code)

Equipment Code {yy}

Failure Code {f}

AH

B - blocked (impede air flow)

M - in maintenance

X - common cause (two elements)

Y - common cause (three or more elements)

BA

F - fails (loss of integrity)

CN

F - fails

DG

M - in maintenance
R - fails to run
S - fails to start

DM

C - spuriously closes

F - fails (to change state)

X - common cause (two elements)

Y- common cause (three or more elements)

FG

(not applicable)

FL

B - blocked (impede air flow)

D - defective or torn filter

M - in maintenance

X - common cause (two elements)

Y - common cause (three or more elements)
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Equipment Code {yy} ~ Failure Code {f}
- FN F - fails (to run)

M - in maintenance

P - loss of power (to be developed)

X - common cause (two elements)

Y - common cause (three or more elements)

HU F - fails to detect and mitigate
ID | F - fails (to change state)

MC F - fails

MN F - fails

SwW F - fails

TR F - fails

For example, a circle basic event on page I-3 of Attachment I has the identifier PDMTD1AC.
The identifier can be interpreted as a damper (DM) in the PCA (P), identified as TD1A (tornado
damper TD-1A), that spuriously closes (C).

A concept used in the development of the fault tree is assigning a set of HVAC components into
a subsystem. A subsystem consists of its major component (e.g., air handling unit, exhaust air
pump) and any associated components (e.g., isolation butterfly dampers, parallel blade dampers).
Components within a subsystem are treated individually with respect to equipment failure;
however, maintenance unavailability and human errors related to detection and mitigation are
treated on a subsystem basis. Also, the failure probabilities for the double-diamond basic events
are estimated on a subsystem basis.

One of the equipment codes is a flag (FG); this does not correspond to either hardware or a
human action, but rather establishes a condition that might be true or false. There are two
(complementary) flags used in the HVAC fault tree. These are:

PFGEXHTO - in the PCA, the “normal” HEPA filter/exhaust air fan train is operational
EFGEXHTO - in the PCA, the “emergency” HEPA filter/exhaust air fan train is operational

These are logical mutually exclusive events: if PFGEXHTO is true, then EFGEXHTO must be
false, and vice versa. They are only used in the portion of the fault tree that considers release via
a detective or torn HEPA filter and out the exhaust air stack without alarming. In this portion of
the fault tree, both trains can not be considered operational simultaneously. (In the HVAC
failure/barrier integrity portion of the fault tree, failure is defined with both trains are
unavailable.) The flags can be used several ways:

~ 1. Set the probabfiities in the fault tree as 1.0 (¢true) or 0.0 (false). When quantified, the
cutsets with the false flag will be truncated (since 0.0 will be below the truncation
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probability of 10™"). No cutsets with the true flag will be truncated due to the value
of the flag. The resulting cutsets will then represent one (of the two) state as specified
by the flag.

2. Set the probabilities in the fault tree as 1.0 for both flags. Use the Cutset Editor to
change one of the flags to false. This will “zero” out those cutsets.

. For the cutsets reported in Attachment II, method 1 was used with the failure probability of
PFGEXHTO set to 1.0. This case was selected since the results bound both cases.

5.5 FAILURE DATA DEVELOPMENT

To quantify the fault tree, each basic event needs a failure probability (unavailability or demand
failure). The data used in this analysis is considered accepted data, as it is taken from the Davis-
Besse IPE (see Reference 7.6, Part 3, Table 3-2), which is a probabilistic analysis submitted to
and accepted by the Nuclear Regulatory Commission, therefore these data can be considered to
be generally accepted by the engineering and scientific community. Some data are also obtained
from a generic database, which is generally accepted by the engineering and scientific

S~ community, presented in Reference 7.7.

In Attachment IV, the first two tables (Table IV-1 and Table 1V-2) show the development of the
failure probabilities for CAFTA-W type codes, and specific basic events (not associated with the
type codes). A CAFTA-W type code is used to simplify the entry of failure rate data. The type
code used for the HVAC fault tree is a combination of the equipment code {yy}and the failure
code {f}. Thus, {yy-c} represents the type code; for each {yy-c} type code, there is one failure
rate established.

Most failure databases provide either a demand failure (failures per demand) or a failure rate
(failures/time). To develop a failure probability from a failure rate, the failure probability must
be considered over a period of time (e.g., time until component will be restored or the length of
time a component is expected to be used). For this analysis, a period of 24 hours is assumed for
all components except those related to loss of power, in that case, a quicker recovery of 8 hours
is assumed. (See assumption 3.3.)

Common cause failures (CCFs) are modeled in the fault tree for the major subsystem
components (e.g., fans, dampers, filters, and air handling units). Two types are included in the
model: CCF for failure of two components, and CCF for failure of three or more components.
The first set of CCFs is used for the developed logic of the normal and emergency PCA trains.
The second set of CCFs is used for the surrogate logic of the SCA and TCA trains. For two

~ failures, the beta factor methods is used, and 3 = 0.1 (see assumption 3.15); for three or more
failures, the multiple Greek letter method was used, and = 0.1 and y = 0.5. Subsequent Greek
letters would be equal to 1.0 (see assumption 3.15).
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The third table (Table IV-3) in Attachment IV shows the determination of the surrogate failure
probability for the double-diamond basic event (m-of-n combination gates). To perform this
calculation, the number of cutset combinations needs to be determined. A spreadsheet showing
all the different cases used in the HVAC fault tree is given in Attachment V. In the HVAC fault .
tree, the combination gates have a large number of ORed inputs, resulting in a large number of
cutsets. Accordingly, these combination gates are approximated by a double-diamond event with
a failure probability approximately equal to the number of combinations (of cutsets) multiplied

by the average failure probability of the individual elements raised to the order of the cutset.

This approach, as demonstrated below, is conservative.

Below is an example calculation showing the number of cutsets that would result from the
evaluation of a 5-0f-9 combination gate. For this case, the 5-0f-9 combination gate has nine
input OR gates, where each OR gate has four inputs. See, for example, the 2-of-3 logic for the
PCA AHU subsystems (gate identifier H038). ‘Each of the input OR gates has effectively four
inputs; for gate H060, the input basic events would be PAHAH1AM, PDMINAHIAC,
PAHAHIAB, and PDMEXAHIAC. See the fault tree for more details. If the OR gate inputs are
designated as al, a2, a3, a4 (first OR gate), bl, b2, b3, b4 (second OR gate), etc., then following
table can be constructed representing the logic:

Combination Gate: failure is 5-of-9

OR1 | OR2 | OR3 | OR4 | OR5 | OR6 | OR7 | OR8 | OR9
al bl cl dl el f1 gl hl il Row 1
a2 b2 c2 d2 e2 2 g2 h2 i2 Row 2
a3 b3 c3 d3 e3 f3 g3 h3 i3 Row 3
a4 b4 c4 d4 e4 4 g4 h4 4 Row 4

Consider the necessary five failures just coming from Row 1, the number of combinations would
be “9 things taken 5 at a time,” represented by the term:

o _
=126
5
Expanding this to the remaining rows yields 126 x 4 combinations of five failures. Next consider
failures (total of five) occurring across two rows. Starting with Row 1, imagine four failures of
the nine possible OR gates, followed by one failure of the remaining five OR gates in Row 2 (an
OR gate already suffering a failure is not “eligible” for a failure in Row 2). Of course, the

remaining single failure could be in Row 3 or Row 4 (creating a multiplier of 3°).
Algebraically, this would be:
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(Z] (15] x3=126x5x3 =630x3=1890

It is possible for there to be two failures in Row 1 (out of the nine possible OR gates), followed -
by three failures of the remaining six OR gates. Again, the subsequent three failures can also
occur in Row 3 or Row 4. Algebraically, this would be:

9\(6
[3) [2J x3=84x15x3=1260x3=3780

Continuing with the same logic for failures on two rows, results in the following two terms.

9\ (7
2)\3)

x3=36x35x3=1260x3 =3780

9)(8

S 1 4)

x3=9x70x3 =630x3 =1890

Extending this logic for failures over three rows, yields the following terms:

9 5
6 x2=84x6x5x3=2520x2 =5040
31

N(7\(5
2)\2)\1)

x2=36x21x5x3 =3780x2 =7560

x2=36x7x15x3 = 3780x2 = 7560
2)1 )2

3

( .
(9V7 (6
|

8
9) ( ] (15) x2=9x56x5x3 =2520x2 = 5040
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Extending the logic one last time to consider failures across all four rows, yields the following

Page 130f 24

x 2 =9x28x15x3 =3780x2 = 7560

x 2 =9x8x35x3 = 2520x2 = 5040

terms:
(ON(T\(6\(5
? ) 6 ] x1=36x7x6x5x1 =7560x]1 = 7560
4 ( e\
RIS x1=9x28x6x5x1 = 7560x1 = 7560
1)\2){1)

)

4t

x1=9x8x21x5x]1 = 7560x1 = 7560

x1=9x8x7x15x1 = 7560x]1 = 7560

9\ (8\(7)(6)
ISANYARYAYS
With only four rows available, there are no more combinations. Summing all of the
combinations above results in 79,884 combinations.
The following is then used to evaluate the probability for an individual cut set:

LR S S

where A; is the failure probability of the i* element in the cut set. Since each of the four inputs
has a different failure rate, it is cumbersome to determine the exact failure probability for all of
the combinations. Instead define Ag as a substitute value of the nine failure probabilities, and
compute the total failure probability as:

79884 * (L)’

In most cases, A can be approximated (worst case bounding value) as the maximum failure
probability, as the exponentiation of the failure probability more than compensates for a large
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number of combinations. The calculation for all the double-diamond basic events is given in
Attachment IV.

6. RESULTS

Since unqualified inputs were used in the development of the results presented in this section,
they should be considered TBV (to be verified). This document will not directly support any
construction, fabrication, or procurement activity, and therefore, the inputs and results are not
required to be procedurally controlled as TBV. However, use of any data from this analysis for
input into documents supporting procurement, fabrication, or construction is required to be
controlled as TBV in accordance with appropriate procedures.

The results of a fault tree analysis are the failure probability of the top event (unfiltered release to

the environment) and the cutsets that contribute to the top event failure probability. Attachment

I shows the cutsets that result from quantifying the HVAC fault tree with a truncation

probability of 10" (i.e., all cut sets with probabilities less than 10" were eliminated). The

truncation probability was selected to be approximately three to four orders of magnitude less
~— than the total cutset probability.

The quantification was performed with the PFGEXHTO flag set at a value of 1.0 (condition set)
and the EFGEXHTO flag set a value of 0.0 (condition not set); this is the more conservative
configuration. The failure probability of an unfiltered release from the PCA to the environment
is estimated at 1.72x107. This indicates that the system is highly reliable. Considering the
extensive redundancy, it is not a surprising result. Greater insight into the system can be gained
by looking at the cutsets (see Section 6.1 for this discussion). The top event probability value is
to be used when evaluating sequences starting with an off-normal event (e.g., dropped fuel
assembly, loss of power) (see Section 6.2 for a discussion of how this model can be used with
off-normal events). Possible models changes and enhancements are discussed in Section 6.3.

The results of this analysis must be carefully considered with the effects of an off-normal
initiator. For example, when considering LOOP, the model should be modified to account for the
failure of the normal busses and reliance on the diesel generator. In other cases, such as a human
error-initiated dropped fuel assembly, the off-normal initiating event has no direct affect on the
operability of the HVAC system (and therefore the results reported in this analysis could be used
directly).

6.1 CUTSETS

~— The cutsets for this WHB HVAC fault tree are presented in Attachment II. It is noteworthy that
approximately 90% of the failure probability contribution is contained in the first 15 cutsets.
These cuts are:



Waste Package Onerations Calculation
Title: Reliability Assessment of Waste Handling Building HVAC System
~ Document ldentifier: BCBD00000-01717-0210-00008 REV 00 Page 20 0f 24

CDMSTDEY
CDMSTDEY
- CDMSTDEY
CDMSETDEY

CHUCAEMF

CHUTDEXF
CHUTDEXF
CHUTDEXF
CHUTDEXF

EIDNCEXF
EIDNCEXF
PBATSCAF
PBATTCAF

PBATSCAF SBATTCAF TBATENVF
PBATTCAF TBATENVF
PIDNOEXF SBATTCAF TBATENVF
PIDNOEXF TBATENVF

CMNCAEMF PFGEXHTO
CMNCAEMF PFGEXHTO
CMNCAEMF PFGEXHTO

PFLHF1AD
PFLHF1BD
PFLHF1CD

CHUCAEMF
CHUCAEMF

CDMSTDEY
CDMSTDEY
CDMSTDEY
CDMSTDEY
CDMSTDEY
CDMS8TDEY
CDMSTDEY
CDMSTDEY

CHUTDEXF
CHUTDEXF
CHUTDEXF
CHUTDEXF
CHUTDEXF
CHUTDEXF
CHUTDEXF
CHUTDEXF

EFLHFITM
EFLHFITM
EFLHF1UM
EFLHFIUM
EFNEF1MM
EFNEFIMM
EFNEFINM
EFNERINM

EHUHEPAF
EHUHEPAF
EHUHEPAF
EHUHEPAF
EHUHEPAF
EHUHEPAF
EHUHEPAF
EHUHEPAF

PBATSCAF SBATTCAF TBATENVF
PBATTCAF TBATENVF
PBATSCAF SBATTCAF TBATENVF
PBATTCAF TBATENVF
PBATSCAF SBATTCAF TBATENVF
PBATTCAF TBATENVF
PBATSCAF SBATTCAF TBATENVF
PBATTCAF TBATENVF

These cutsets will be examined as three different groups. In the first group, there is a common
cause failure of the exit tornado dampers which will affect the normal trains of the PCA, SCA,
and the TCA (and its associated human failure), failure of the one of the two isolation dampers
redirecting air flow from the normal PCA path to the emergency PCA path, plus failures with
establish a leakage path from the PCA to the environment. Note that two of the cutsets require a

path through each of the confinement areas, while the other two cutsets require a path from the
PCA to the TCA to the environment.

The three cutsets in the second group are essentially the same cutset, each with a different train
of the HEPA filter (normal train in the PCA) subsystem failing (defective or torn). Further, these
are actually three-element cutsets since PFGEXHTO is simply a flag to set the operating
condition. So, there is a failure of the CAEM monitoring system, a human error to failure to
detect and correct the failure of the CAEM coincident with a torn or defective HEPA filter in the
PCA exhaust path. This will send contaminated particles up the exhaust air stack undetected into
the atmosphere. The CAEM is modeled in the fault as a single string of sensor, transmitter, and

switch.

The third group of cutsets is similar to the first group; in this case, the emergency train is
defeated by failure of (one-of-two) of the HEPA filters (and its associated human failure) or
failure of (one-of-two) of the exhaust air fans (and its associated human failure).
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The remaining cutsets, which contribute about 10% of the total failure probabilities, will not be
examined individually. The largest of the remaining cutsets contributes less than 0.5% of the
total failure probability.

6.2 OFF-NORMAL EVENTS

This analysis does not explicitly consider off-normal events. When an initiating event has no
dependence with the HVAC system, the failure probability can be used as multiplier in the event
sequence analysis. For example, a human error-initiated dropped fuel assembly may put
contaminants in the air, but this failure is independent of the operation of the HVAC system. It
is possible that a dropped fuel assembly results from an external event that may also affect the
HVAC system (e.g., an earthquake); in this case, failures to the HVAC (from the earthquake)
would have to be explicitly considered.

When there is a dependency, some additional analysis might be necessary. For example, for loss
of offsite power (LOOP), the fans in the SCA and TCA will stop running, as well as the fans in
the normal train of the PCA, and the ability to filter contaminants will depend solely on the
emergency train of the PCA. The fault tree model was modified to “simulate” failures in the

~— PCA, SCA, and TCA due to a LOOP. The cutsets from this case are presented in Attachment
VIL ’

The LOOP event has been set to a failure probability of 1.0, so the results, 4.1x107?, estimate a
conditional failure probability of the HVAC system given a LOOP (and not a frequency). The
relatively high conditional probability is expected, given the apparent single element cutsets
(e.g., isolation dampers, and failure of the diesel generator). The first four cutsets (1-4) represent
failures of the isolation dampers, effectively defeating the ability to switch to the emergency
train. The next eight cutsets (5-12) represent a diesel generator failure (either fails to start or
fails to run) coupled with a human error that fails to recognize either an air supply fan or exhaust
air fan (subsystem) failure. (These particular human errors are present since loss of power, e.g.,
failed diesel generator, will fail the fans.) For these cutsets, the human error could be reasonably
substituted with a failure to detect and mitigate the LOOP (rather than Just a fan subsystem
failure). The next eight cutsets (13-20) represent failures of the (one-of-two) HEPA filter
subsystems or the (one-of-two) exhaust air fan subsystems (with the associated human failures).
The next eight cutsets (21-28) continue with diesel generator or fan failures. These 28 cutsets
account for nearly 99% of the failure probability. The next largest cutset accounts for less than
0.05% of the total failure probability.

6.3 FUTURE MODEL CONSIDERATIONS
S In performing this analysis, some system simplifications are made. This is usually due to

incomplete information. There are two TBV:s in this analysis that refer to (1) the WHB HVAC
design and (2) the n/2 + 1 mission success criteria. Small changes in the design should not have
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an impact on subsequent results. Since the n/2 +1 criteria is considered conservative, when this
criteria is better quantified, the results may improve, though such improvement would be
expected to be small. There are several items that should be considered in more detail as the
design continues to develop.

1. The electrical power model in the fault tree lacks detail due to the current level of
design. Currently, there is only a dependency on power for the air supply fans and the
exhaust air fans. In actuality, there are power dependencies for many other
components (e.g., sensors, switches, dampers, etc.); these dependencies can be quite
complex, and their modeling relies on detailed knowledge of the electrical power
system and the powered equipment. There may be other support system
dependencies (e.g., component cooling water) that are not yet identified.

2. The HEPA filters are modeled conservatively as a single filter; there is actually a two-
stage filter design.

3. The CAEM system also lacks detail in the fault tree. A more detailed treatment plus
consideration of radiation monitors in other positions in the HVAC system (e.g.,
S~ exhaust plenums) would be a reasonable enhancement.

4. The confinement area barrier interface leakage probabilities are treated conservatively
in the fault tree model. The leakage probabilities, assumed to be 1.0, can probably be
reduced given further justification, particularly the PCA/TCA interface.
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8. ATTACHMENTS
The following attachments are provided to support this engineering caiculationz
Attachment I — Waste Handling Building HVAC Fault TreeA
Attachment II - Waste Handling Building HVAC Cutsets
Attachment III - Waste Handling Building HVAC Fault Tree Top Logic
Attachment IV - Data Tables
Attachment V - Combinatorial Calculations
Attachment VI - High Level HVAC Design with Emergency Supply-Side Train

Attachment VII - LOOP Initiating Event Cutsets
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ATTACHMENT I

WASTE HANDLING BUILDING HVAC FAULT TREE
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Common cause failure of
AH-1A and AH-18

PDMINAH1AC

[

Failure of AHU- 1A outlet {exit)
damper spurioustly closes and
impedes air flow

Common cause lailure of
AH-1A and AH-1C

PDMEXAH1AC
Failure ol AHU-1A impedes air
flow
PAHAH1AB

1a

.
.
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Failure of AHU-18
subsystem component that
impedes air {low

Page 4...
See x-ref

Failure of AHU-18B infet

damper spuriously closes .

and impedes air flow

Common cause failure of
AH-1A and AH-1B

PDMINAH1BC

Failure of AHU-1B outlet
(exit) damper spuriously
closes and impedes ait llow

Common cause failure of
AH-18 and AH-1C

Ia

00 ATE 80000-0120-L1.10-00000A 904

POMEXAH1BC PAHA1BCX
Failure of AHU-1B impedes
air flow
PAHAH1BB

WHB HVAC

A\WHBHVACS5.CAF 5/4/99 Page 5
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Failure of AHU-1C
subsystem

Page 4...
See x-ref

H062

)

L

1

Faiture of AKU-1C AHU-1C subsytem in
subsystem component that maintenance
impedes air flow
HO67 PAHAHICM

Failure of AHU-1C intet
damper spuriously closes
and impedes air flow

Common cause failure of
AH-1A and AH-1C

PDMINAHICC

e

1

Failure of AHU-1C outlet
(exit) damper spuriously
closes and impedgs air ffow

Common cause failure of
AH-1B and AH-1C

POMEXAH1CC

Failure of AHU-1C impedes

air flow

Id
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Failure of alr supply fans
subsystem and failure of

human corrective action
Page 1...
See x-ref .

=

Failure of 2 of 3 air supply fan

Faiture of operator to detect

Failure of SF-1A intet buttedly
damper spuriously closes and
impedes air llow

Faiture of SF-1A second exit
damper spuriously closes and
impedes air flow

POMINSFIAC PDME2SF1AC
t 3
Error:20500 Common cause faiture of
SF-1A and SF-18
HO94 PFNS1ABX
Page 8
e 1
Failure of SF-1A first exit Common cause failure of
damper spuriously closes and SF-1A and SF-1C
Impedes air iow
POME1SFIAC PENS1ACX

subsystems (supply fan lfaiture) and
mitigate
PHUFNSUF
[ T 1
Failure of SF-1A subsystem Faiture of SF-18 subsystem Emor:20500
m HO84 m
Page 11
L Y f 1
Emor:20500 SF-1A subsystem in Error:20500 SF-1B subsystem in
maintenance mainienance
HO86 PFNSF1AM H088 PFNSF1BM
- O /\ O
Page 10

1a

00 ATYT 80000-0120-L1210-00000A D49
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Error:20500

/N

Page 7...

H094

See x-ref ‘

L

T

Air supply fan SF-1A fails to Ait supply fan SF-1A vane Air supply fan SF-1A loses Pressure controller for SF-1A
un damper spuriously closes power fails and stops the fan
PFNSF1AF PDMSF1AC PENSF1AP PCNSF1AF

()

Failure of 480V motor control
center E2

Loss of normal power from
12.47 switchgear °B*

PMC4B80OVE2F

Ia
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Loss of normal power from
12.47 switchgear *B"

/N

Page 47
Page 46...
See x-ref

s

Loss of 138kV to 12.47kV
transformer (train B)

Loss of 12.47kV to 480V
transformer (train B)

01-1 98ed — ] Juauryoeny

Id
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~~
Id

I

Faiture of SF-1B infet
butterlly damper spuriously
closes and impedes air flow

POMINSF1BC

00 Add 80000-0120-L1.10-00000Q9Dd

Error:20500
.

H088
Page 7...
See x-ref ‘

i I X 1 —.
Error:20500 Faiture of SF-18 first exit Faiture of SF-1B second exit Common cause failure of Common cause failure of
damper spuriously closes damper spuriously closes SF-1A and SF-18 SF-18 and SF-1C
and impedes air flow and impedes air flow
H102 PDME1SF1BC POME2SF1BC PENS1ABX

Air suppty fan SF-18 fails to Air supply fan SF-18 vane Air supply fan SF-1B loses Pressure controller for SF-18
run damper spuriously closes power fails and stops the fan
PFNSF18F PDMSF18C PFNSFiBP PCNSF1BF
b 1 |
Failure of 480V motor control Loss of normal power from
center E2 12.47 switchgear “B*
PMC480VE2F H282

/\

Page 9

[ 1-] 98eg — ] JUSWYoRNY

WHB HVAC
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Error:20500

Page 7...
See x-ref

1

o
)

Failure of SF-1C subsystem SF-1C subsystem in
component that impedes air malinlenance
flow
PENSFICM

Failure of SF-1C inlet
butterfly damper spuriously
closes and impedes air flow

POMINSF1CC

) 4

—

Air supply fan SF-1C fails
{stops running)

Failure of SF-1C first exit
damper spuriously closes
and impedes air flow

Failure of SF-1C second exit
damper spuriously closes
and impedes air flow

Common cause failure of
SF-1A and SF-1C

Common cause failure of
SF-1B and SF-1C

)

PDME1SFICC

PDME2SF1CC

Air supply fan SF-1C fails lo

Air supply fan SF-1C vane

Air supply fan SF-1C loses

Pressure controller for SF-1C

un damper spuriously closes power fails and stops the fan
PFNSFICF PDMSFI1CC PFNSF1CP PCNSF1CF

)

1

Failure of 480V motor controt Loss of normal power from
center E2 12.47 switchgear *‘B*
PMCA480VE2F H282
Page 9
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Failure ol HEPA lilter
subsystem and failuce of
human corrective action

JA

Page 1...
See x-ref

Failure of 2 of 3 HEPA filter

Failure of operator ta detect

subsystems (HEPA filter failure) and
. mitigate
[Hoas] PHUHEPAF

O

[

A1 1
Fallure of HEPA filler HF-1A Faiture of HEPA filter HF-1B Failure of HEPA filter HF-1C
subsytem subsytem subsytem
H117 [H118] [Hi19]
Page 14
I 1 1 1
Fallure of HF-1A subsystem HEPA litter HF-1A subsystem Failure ol HF-1B subsystem HEPA filter HF-18 subsystem
components that impedes air in maintenance components that impedes air in maintenance
flow flow
[H120] PFLHF 1AM {H122] PFLHF18M
F Page 13

I

']

Failure of HF-1A infet butterfly
damper spurously closes and
impedes ait flow

Common cause failure of
HF-1A and HF-18B

POMINHF1AC

Failure of HEPA filter HF-1A
blocks impeding air flow

Common cause failure of
HF-1A and HF-1C

Failure of HF-1A exit butterly
damper spurtously closes and
Impedes alr flow

POMEXHF1AC

1a

00 AT¥ 80000-0120-£1£10-000000dOd

€1-] @8eq — ] JusWIYORNY

WHB HVAC

A\WHBHVACS.CAF

5/4/99

Page 12




Failure of HF-1B subsystem
components that impedes air

flow
A H122
Page 12...
See x-ref
I 1
Failure of HF-1B inlet Common cause failure of
butterfly damper spuriousty HF-1A and HF-18

closes and impedes air tlow

POMINHF1BC PFLH1ABX

Failure of HEPA filter HF-18 Common cause failure of
blocks impeding air flow HF-1B and HF-1C
PFLHF1BB PFLH1BCX

Failure of HF-18 exit butterlly
damper spuriously closes
and impedes air flow

POMEXHF1BC

Id
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Faiture of HEPA filter HF-1C
subsytem

/N

Page 12...
See x-ref

()

L

1

Faiture of HF-1C subsystem
components that impedes ait

HEPA filter HF-1C subsystem
in maintenance

flow

il

r

Failure of HF-1C intet
butterfty damper spuriously
closes and Impedes air flow

Common cause faiture of
HF-1A and HF-1C

POMINHF1CC PFLH1ACX
i - |

Failure of HEPA filter HF-1C
blocks impeding air flow

Common cause failure of
HF-1B and HF-1C

Faiture of HF-1C exit butterfly
damper spuriously closes
and impedes air flow

POMEXHF1CC

1a
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Failure of exhaust air fans
subsystem and faiture ol
human corrective action

JA

Page t...
See x-ref

H048

1

Failure of 2 of 3 exhaust air
fan subsysiems

Failure of operator to detect
(exhaust air fan failure) and

mitigate
m _PHUFNEXF
F T 1

Failure of exhaust aif fan
EF-1A subystem

()

Failure of exhaust air fan
EF-1B subystem

Faiture of exhaust airfan
EF-1C subystem

/\

Page 18

Failure of EF-1A subsystem
component that Impedes air
Hlow

EF-1A subsystem in
maintenance

Failure of EF-18B subsystem
component that impedes air
flow

EF-1B subsystem in
maintenance

Failure of EF-1A Inlet butterly
damper spuriously closes and
impedes air flow

Failure of EF-1A second exit
damper spuriously closes and
impedes air flow

POMINEF1AC

PDMEREFIAC

Exhaust air fan EF-1A stops
unning

Common cause lailure of
EF-1A and EF-1B

/\

Page 18
L

1

Failure of EF-1A first exit
damper spuriously closes and
impedes air flow

Common cause failure of
EF-1A and EF-1C

PDMEIEF1AC

/\

Page 17

1d
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Exhaust air fan EF-1A stops
running

A

See x-ref

Page 15... A

L

T

Exhaust air fan EF-1A fails to

Exhaust alr fan EF-1A vane

Exhaust air fan EF-1A loses

Pressure controller for EF-1A

fun damper spuriously closes power fails and stops the fan
PFNEF1AF POMEF1AC

PENEF1AP
{

1

Faiture ot 480V motor control

Loss of normat power from

cenler E2 12.47 switchgear "B*
PMC4B0VE2F H282
Page 9

Id
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Failure of EF-1B subsystem
component that impedes air
flow

.

JA

.
.

A~
1a

I

Failure of EF-1B inlet
butterfty damper sputiously
closes and impedes air flow

PDMINEF18C

running

and i

damper spuriously closes

impedes air flow

damper spuriously closes
and impedes air flow

Page 15...
See x-ref A
1 1 1 1L 1l
Exhaust alr fan EF-1B stops Faiture of EF-1B first exit Failure of EF-1B second exit Common cause faiture of

EF-1A and EF-1B

Common cause failure of
EF-1B and EF-1C

/)

POME1EF1BC

PDME2EFI1BC

Exhaust air fan EF-1B fails to

Exhaust air fan £F-18 vane

Exhaust air fan EF-1B loses

Pressure controller for EF-1B

wn dampet spuriously closes power fails and stops the fan
PFNEF1BF POMEF1B8C PFNEF1BP PCNEF1BF
L 1
Failure of 480V motor controt Loss of normal power from
center E2 12.47 switchgear *8*
PMC480VE2F H282
Page 9
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Failure

EF-1C subystem

of exhaust air fan

A

Page 15...
See x-ref
B

H137

)

I

1

Failure of EF-1C subsystem EF-1C subsystem in
component that impedes air maintenance
flow
H142 PFNEFICM

)

[

Failure of EF-1C intet
butterfly damper spuriously
closes and impedes alf flow

) |

running

Exhaust air fan EF-1C stops

Failure of EF-1C first exit
damper spuriously closes
and impedes air flow

Failure of EF-1C second exit
damper spuriously closes
and impedes air flow

Common cause failure of

EF-1A and EF-1C

Common cause failure of
EF-1B and EF-1C

POMINEF1CC [H155] PDME1EFICC PDME2EF1CC PENE1ACX PFNE1BCX
L 1 I 1
Exhaust air fan EF-1C fails to Exhaust air fan EF-1C vane Exhaust air fan EF-1C loses Pressure controtler for EF-1C
fun damper spuriously closes power fails and stops the fan
PFNEF1CF PDMEF1CC PFNEF1CP PCNEFICF
| - 1
Failure of 480V motor control Loss of normal power from
center E2 12.47 switchgear *8*

PMC480VE2F H282

Page 9

1d
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Failure of HF-1T subsystem
components that impedes air

Page 20...
See x-ref

r

Failure of HF-1T inlet
butterly damper spuriously
closes and impedes air flow

Failure of HF-1T exit butterlly
damper spuriously closes
and impedes air flow

EOMINHF1TC

EDMEXHFITC

I

Faiture of HEPA HF-1T
blocks air flow

Common cause faiture of
HF1T and HF-1U

.
1d

.
.
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Failure of HF-1U subsystem
components that impedes air

H286
Page 20...
See x-rel
—
{ — |
Faiture of HF-1U intet Failure of HF-1U exit butterlly
butterly damper spuriously damper spuriously closes

closes and impedes ait flow

and impedes air flow

EOMINHF1UC EDMEXHF1UC
1 - |

Failure of HEPA HF-1U
blocks air flow

Common cause failure of
HF-1T and HF-1U

Id
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Failure ot emer. exhaust air
fans subsystem & faiture of
human cotrective action

Page 20..,
See x-ref

H193

Failure of 1 of 2 emergency
exhaust air fan subsystems

Failure of operator lo detect
(exhaust air fan failure) and
mitigate

®

Failure of emergency exhaust
air fan EF-1M subsystem

H200

()

.|

Failure of emergency exhaust
air fan EF-{N subsystem

H201

()

Fallure of EF-1M subsystem
component that Impedes air

EF-1M subsystem in
maintenance

flow

Failure of EF-1N subsystem
component that impedes alir
flow

EF-1N subsystem in
maintenance

Failure of EF-1M intet butterfly
damper spuriously closes and
impedes air flow

Failure of EF-1M second exit
damper spuriously closes and
impedes alr llow

EDMINEF {MC

EDME2EFIMC

1

Exhaust air fan EF-1M falls
{stops running)

Common cause failure of
EF-1M and EF-1N

£\

Page 24

Failute of EF-1M first exit
damper spuriously dloses and
impedes air flow

EOME1EFIMC

Page 26

1d
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Exhaust aif fan EF-1M fails
(stops running}

Page 23...
See x-ref ‘

I ).

Exhaust air fan EF-1M fails to Exhaust air fan EF-1M vane Exhaust air fan EF-1M loses Pressure controller for
run damper spuricusly closes power EF+1M fails and stops the
fan
EFNEFIMF EDMEFIMC EFNEFiMP ECNEFIMF
f 3.
Loss of normal power of Failure of 480V motor control
emergency power center E1{
H269 EMC480OVE1F
Page 25
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Loss of normal power ot
emergency power

A

Page 36
Page 35 .
Page 34
Pagpe 28 y
Loss of normal power from Loss of emergency power
North Portal 12.47 (diese! generator)

switchgear *A*

/\

Page 37

/\

Page 38
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Failure of EF-1N subsystem
component that impedes aif

~~~
1d

flow .
H208
Pége 23...
See x-ref A
| o— - ) ) I 1,

Failure of EF-1N inlet Exhaust air fan EF-1N fails Faiture of EF-1N first exit Failure of EF-1N second exit Cammon cause failure of
butterflty damper sputiously (stops running) damper spuriously closes damper spuriously closes EF-1M and EF-IN
closes and impedes air flow and impedes air flow and impedes air fiow

EDMINEFINC EDME1EFINC EDMEZ2EFINC EFNE1MNX

N
A

T

Exhaust air fan EF-1N fails to Exhaust alr fan EF-1N vane Exhaust air fan EF-1N loses Pressure controller for EF-1N
un damper sputiously closes power fails and stops the fan
EFNEFINP ECNEFINF

[)

|

Loss of normal power or

Failure of 480V motor controt

/\

Page 25

emergency power center E1
[H269] EMC48OVE1F
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Failure of emergency

exhaust side tornado

dampers and human
corrective action

A

Page 20...
See x-ref

3

Failure of 1 of 2 emergency Failure of operator to detect
exhaust tornado dampers

(emerg. exhaust tomado
damper failure) & mitigate

H442

[

@

Failure of tornado damper
(emergency, exhaust) TD-2A

Failure of tornado damper
{emergency, exhaust) TD-28

e 1

Tornado damper TD-2A
{emergency, exhaust)
spuriously closes

Common cause failure of
TD-2A and TD-28

Tornado damper TD-28 Common cause failure of

{emergency, exhaust) . TD-2A and TD-28
spuriously closes

Failure of position switch
indicates closed tornado
damper TD-2A

Failure of position switch
indicates closed tornado
damper TD-2B

ESWTD2BF

—~
Id

.
.
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Page 20...

Failute of 2 of 3 emergency
supply-side tornado dampers

c

TD-1M

Failure of emetgency
supply-side torado damper

T

Faiture of emergency
supply-side tornado damper

TD-1N

Failure of emergency
supply-side tornado damper
P

/\

Page 29

Emergency supply-side
tornado damper TD-1M
spuriously closes

Common cause failure of
tomnado dampers TD- 1M and
TO-tN

Emergency supply-side
tornado damper TD-1N
spuriously closes

Common cause failure of
tornado dampers TD-1M and
TO-1N

|

1

Failure of position switch
indicates closed emerg.

Common cause faiture of
tomado dampers TD-tM and

Faiture of position switch
indicates closed emerg.

Common cause faiture of
ternado dampers TD-1N and

supply tornado damper TD-1P supply tornado damper TD-1P
TD-1M TD-1N
ESWTOD1MF EDMT IMPX ESWTDINF EDMTINPX

N
Id

.
.
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Failure of emergency
supply-side tornado damper

TD-1P

Page 28...
See x-ref

)|

Emergency supply-side
tornado damper TD-1P

Common cause failure of
tornado dampers TD-1M and

spuriously closes TD-1P
EDMTD1PC EDMTIMPX
I —_—

Failure of position swilch
indicates closed emerg.
supply tornado damper

TO-1P

Common cause failure of
tornado dampers TO-1N and
TD-1P

ESWTD1PF

—~
1d
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Fail. of emerg. AHU
subsystem to provide
unimpeded air path 8 human

f corr, action

Page 20...
See x-rel

Faiture of 2 of 3 emergency

Failure of operator to detect

AHU subsystems {impedement in emerg. AHU
Subsystem) and mitigate
HJ354 EHUAHUSF

O

Faiture of emergency AHU-1M
subsystem

A

X

Faiture of emergency AHU-1IN

Failure of emergency AHU-1P
subsystem component that
imedes air flow

H404

A

L

/\

Page 32

Failure of emergency AHU-1M

AHU-tM subsystem in

Failure of emergency AHU-1N

AHU-1N subsystem in

subsystem component that maintenance subsystem component that maintenance
impedes air flow impedes air flow
H410 EAHAH1MM EAHAHINM
g O /\ @
( Page 31

Failure of AHU-1M inlet
damper spuriously closes and
impedes air flow

Common cause lailure of
AHU-1M and AHU-1N

EDMINAHIMC

r

Faiture of AHU-1M outtet (exit)
damper spuriously closes and
impedes air flow

Common cause lailure of
AHU-1M and AHU-1P

~
1a

EOMEXAHIMC EAHAIMPX
Failure of AHU-1M impedes air
ftow
EAHAHIMB

-
-
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Failure of emergency
AHU-1N subsystem
component that impedes air

f flow )
H408
Page 30...
See x-ret
i 1
Failure of AHU-1N intet Common cause failure of

damper spuriously closes

and impedes ail

r flow

AHU-1M and AHU-1N

EDMINAHING

Failure of AHU-1N outlet

(exit) damper spui

Common cause failure of
riously AHU-1N and AHU-1P
closes and impedes air flow

EDMEXAHINC

Failure of ANU-1N impedes
air flow

N
-1d
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fFailure of emergency
AHU-1P subsystem
component that imedes air

flow

Page 30...
See x-ref

H405

()

f

Failure of emergency
AHU-1P subsystem
component that impedes air

AHU-1P subsystem in
maintenance

flow

[

1

Failure of AHU- 1P inlet
damper spuriously closes
and impedes air flow

Common cause failure of
AHU-1M and AHU-1P

EDMINAH1PC

L

Failure of AHU-1P outlet
(exit) damper spuriously
closes and impedes air flow

Common cause failure of
AHU-1N and AHU-1P -

EDMEXAH1PC

Failure of AHU-1P impedes

air ltow

1d
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Failure of emerg. air supply
fans subsystem & lailure of
human corrective action

Page 20...
See x-ref

H349

Failure of 2 of 3 emergency air
supply fan subsystems

Faiture of operator to detect
{emergency supply fan failure)
and miligate

@

Failure of emergency Supply
air fan SF-1M subsystem

H356

()

|

Failure of emergency supply
airfan SF-1N subsystem .

Failure of emergency supply
air tan SF-1P subsystem

A /\

Page 36

Failure of SF-1M subsystem
component that impedes air

SF-1M subsystem in
maintenance

Fallure of SF-1N subsystem
component thal impedes air

SF-1N subsystem in
maintenance

flow flow
[Fos3]
A @
Page 35

Faiture of SF-1M intet butterly
damper spuriously closes and
impedes air flow

Failure of SF-1M second exit
damper spuriously closes and
impedes air flow

EDMINSFIMC

EDME2SFIMC

L

Emergency air supply fan
SF-1M fails {stops ninning}

Common cause failure of
SF-1M and SF-1N

/\

Page 34
t

Faiture ol SF-1M first exit
damper sputiously closes and
impedes air flow

Common cause lailure of
SF-1M and SF-1P

EDME1SFIMC

Id
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Emergency ait supply fan
SF-1M faits (stops running)

Page 33...
See x-tef ‘

Y

Air supply fan SF-1M fails to

Alr supply fan SF-1M vane

Air supply fan SF-1M loses

Pressure controller for

fun damper spuriously closes power SF-1M faits and stops the fan
EFNSF1MF EDMSFIMC H373 ECNSF1MF

()

1

Loss of normal power of Failure ot 480V motor controt
emergency power center £1
H269 EMCA480VE 1F
Page 25

Id

.
.
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Failure of SF-1N subsystem
component that impedes air

flow
'
H361
Page 33...
See x-ref A

Failure of SF-1N inlet
butterfly damper spuriously
closes and impedes air flow

EDMINSFINC

T

Emergency air supply fan
SF-1N fails (stops running)

Failure of SF-1N first exit
damper spuriously closes
and impedes air flow

Failure of SF-1N second exit
damper spuriously closes
and impedes air flow

Common cause failure of
SF-1M and SF-1N

Common cause failure of
SF-1N and SF-1P

()

EDME1SFINC

L

X

-

EDME2SFING

Air supply fan SF-1N fails to

Ait supply fan SF-1N vane

Air supply fan SF-1N loses

Pressute controller for SF-1N

run damper spuriously closes power fails and stops the fan
EFNSFINF EDMSFINC . H383 ECNSFINF

Loss of normal power or

Failure of 480V motor control

emergency power center E1
H269 EMC480VE1F

/\

Page 25
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z

Failure of emergency supply
air fan SF-1P subsystem

Page 33...
See x-ref

[

[

flow

Failure of SF-1P subsystem
companent that impedes air

SF-1P subsystem in
maintenance

H363

()

Failure of SF-1P Intet
butterfly damper spuriously
closes and impedes air flow

EDMINSF1PC

Emergency air supply fan
SF-1P fails (stops running)

Failure of SF-1P first exit
damper spuriously closes
and impedes air flow

Failure of SF-1P second exit
damper spuriously closes
and impedes air flow

Common cause failure of
SF-1M and SF-1P

Commeon cause failure of
SF-1N and SF-1P

[

- EDMEISFIPC

EDME2SF1PC

Air supply fan SF-1P fails to

Ait supply fan SF-1P vane

Alr supply fan SF-1P loses

Pressure controller for SF-1P

un damper spuriously closes power faits and stops the fan
EFNSF1PF EDMSF1PC H393 ECNSF1PF

1

Loss of normal power or

Failure of 480V motor control

emergency power center E1
1Y
H269 EMC480VE1F

/\

Page 25
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Loss of nomal power from
North Portat 12.47
switchgear "A®

Page 25...
See x-ref

()

Loss of 138kV to 12.47kV
transformer (train A)

Loss of 12.47kV to 480V
transformer (train A)

~
1d
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a

Loss of emergency power
(dieset generator)

Page 25...
See x-ref

1

Diesel generator fails to start

Diesel generator in
maintenance

EDGOG01S

Diese! generator fails to run

Id
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Failure of SCA air supply
tans subsystem and failure of
coreective human action f

H228

Page 39...
See x-tef .

L

Faiture of operator to detect
{SCA air supply subsystem
failure) and mitigate

Faiture of SCA air supply
fans from random failure or
fan common cause failure

@

-

Failure of 5 of 9 SCA air
supply fan subsystems

Loss of normal power {to the

fans)

QO

/\

Page 42

Common cause failure of at
least 5 SCA air supply tans

~
1d
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Failure of SCA HEPA filter
subsystem and failure of
human corrective action

A

H229

Page 39..

See x-rel. .

Failure of operator to detect
{SCA HEPA filter failure) and
mitigate

Failure of SCA HEPA filters
from random failure or HEPA
common cause failure

SHUHEPAF

¢

H310

A

1

Failure of 9 of 16 SCA HEPA
filter subsystems

Common cause fallure of at
teast 9 SCA HEPA filters

&

N
1d

/
.
.
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Faiture of SCA exhaust air
tans subsystem and failure of
corrective human action

Page 39...
See x-ref

H230

L

1

Failure of operator to detect
(SCA exhaust aif fan system)
and mitigate

Faiture of SCA exhaust air
supply fans from random
faiture or fan CCF

H31

L5,

)

Failure of 5 of 9 SCA exhaust
air fan subsystems

Common cause failure of at
least 5 SCA exhaust alr fans

Loss of normat power (to the

tans)

O

A

Page 40...
See x-ref

()

Failure of 480V motor control
center E2

Loss of nomal power from
12,47 switchgear *8*

SMC480VE2F

/\

Page 9
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Failure of TCA air supply fan
subsystem and failure of
human corrective action

JA

Page 43...
See x-ref

H251

1

Failure of operator to detect
(failure of TCA air supply fan
subsys.) & mitigate

Failure of TCA air supply
fans from random failure or
fan commeon cause failure

@

1

Failure of 6 of 10 TCA air

Common cause failure of at

Loss of normal power (to the

supply subsystems least 6 fans (fails to run) fans)
TENSUP TENESUPY H450

<

A

Faiture of 480V motor controt
center €2

Loss of normal power from
12.47 switchgear *B*

TMC480VE2F

/\

Page 9

~
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Failute of TCA HEPA tiiter
subsystem and failure of
human corrective action

Page 43...
See x-ref

H252

[

Faiture of TCA HEPA filter
subsystems for occupied or
unoccupied areas

Faiture of operator to detect
{TCA HEPA filter subsystem
faiture) and mitigate

H261

)

&

L

Failure of TCA HEPA filters
(unoccupied area) from
random failure or filter CCF

H335

)

Failure of TCA HEPA filters
{oceupied area) from random
failure or fitter CCF

[

1

Failure of 4 of 7 TCA HEPA
filter subsystems for the
unoccupied areas

Common cause failure of 4 or
more TCA HEPA filters for
the unoccupied areas

Failure of 5 of 9 TCA HEPA
filter subsystems for the
occupied area

Common cause failure of 5 or
more TCA HEPA filters for
the occupied areas

TFLHEPAUO

9p-1 95eq — ] Juouryoeny
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Failure TCA exhaust air tan
subsystem and corrective
human action

JA

Page 43...
See x-ref
'

H253

-]

Failure of TCA exhaust air
fan systems for occupied or
unoccupied areas

Failure of operator to detect
(TCA exhaust fan system
failure) and mitigate

H263

()

@

Failure of TCA exhaust air
fans (Unoccupled area) from
random fallure or fan CCF

2

()

Failure of TCA exhaust air
fans (occupied area) from
random failure or fan CCF

I

1

Failure of 3 of 4 TCA exhaust

Common cause faflure of 3 or

Loss of normal power (10 the

air fan susbsystems for the more TCA exhaust air fans tans)
unoccupied area for the unoccupied area
TENEXHUO TENSEUOY H453

&

()

f

1

Failure of 480V motor control
centet E2

Loss of normal power from
12.47 switchgear *8*

TMC480VE2F

/\

Page 9

L

N,

Failure of 4 of 6 TCA exhaust
air fan subsystems for the
occupied area

Loss of normal power (1o the
fans)

/\

Page 47

Common cause {aifure of 4 of
more TCA exhaust air fans
for the occupied area
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Unfiltered release due to
failured HEPA filter and
subsequent failures

A

Page ...
See x-ref

HO15

Failure of HEPA fifters
{defective or opening) in
either normal or emerg. traing

HO18

()

L

1

Failure of Continuous Air
Emission Monitoring (CAEM)
& human corrective action

Failure of HEPAS to filter

Narmat PCA exhaust train is

Faiture of HEPA to filter

Emergency PCA exhaust

Failure of CAEM to alarm

1

Failure of operator to detect

particles in normal PCA operational particles in emergency PCA train is operational when unfiltered release {HEPA failure or CAEM
exhaust train, if operational exhaust train, it running . passes damaged HEPA filter failure) and mitigate
H022 PFGEXHTO H023 EFGEXHTO CMNCAEMF CHUCAEMF
One of notmal PCA exhaust One of emergency PCA

HEPA filters fails

exhaust HEPA filters fails

1

Failure of HEPA filter HF-1A
(detective or torn)

Failure of HEPA filter HF-1C
(defective or torn)

Failure of HEPA filter HF-1T
(defective or torn}

Failure of HEPA filter HF-1U
(defective or torn)

Failure of HEPA filter HF-18B
(detective or torn)
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i JANILYEL AYOLIVES dY0SsLvYEd dYdIHAHE ONTAHNIWAE AXEALNHO A3AL8WAD %6° L6 1T-319° ¢
JANTLVYEL A¥DLIVEd dYdHHNHYA OLTIHNIWAE AX3ALNHD XEALBWAD %8 L6 TT-319°¢
JANZLYEL AYDLLYLS Jd¥OsLvEd dYdEHAHYE OLTJHNIWGE AXEALOHD XFALBWAD %8°L6 T1-319° L
o JANFILVYEL dYOLLVYEd JdHXANHA ONTAININWAE AXHALOHD XIALBWAD sL°L6 TT-8319°L
= JANZLYLL dYOLIYES AY¥OsLvYdd JAHXINHE ONTAENINWAE AXAALOHO peclenn:iiete %L°LG IT-319'L
g)!) AANIIVYEL dYOLLYEd JAHXINHE OWTJININAE AXFALOHD XIALBWAD %9°L6 TT-319°L
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‘__I‘ dANZLYEL AYOLLVYES 4Y¥O0SLYdd AYdIHNHA ONTAHXAWAH AXIALAHD AdALBWAD %5°L6 TT-819°¢L
: JANILYEL dYDLLIvdd JYdIHOHA QLTAHXIWAE AXEALAHD XIALSKWAD %9°L6 I1-819°¢L
5 JANZLYEL A foRMA-£:E] dY0sIvdd SYJHHAHE DLTAHXANAE dXIALNHD AJAL8Wad %V L6 TT-319°¢L
E AANILYEL Jd¥0LLYdd JdHXENHT ONTAFNWAT AX3ALAHD KAFALBKWAD %v L6 T1-319°L
5 AANZILVEL AYOLLVES dY0s1Ivdd JdHXENHE ONTJINAE AXIALNHD AdAL8Wd0 £ L6 T1-3192°L
s JANZLVYEL d¥OLIYdd JJHXENHE ONTIEWaHE IXHALAHD AIAL8NWAD %€ L6 I1-319°L
2 JANFLYEL AY0LIYES dv08Ivdd JAHXINHA OWTIINWAH AXEALNHD AJAL8WAD %C°L6 TT-319°¢L
AANIIVYEL dY0LLIVdEd J4dHXANHA ONTAIZIENAE AX3ALAHD AZAL8WAD %C L6 T1-319°¢L
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AANILVEL AYDLIVEd AdHXHNHE ONTAITIWAE AXHALOHO AHALBWAD %0°L6 T1-d19°¢L
dANZLYEL AYDLLIVES dY0SLVYEd ddHXINHE ONTAZ THWAE AXIALNHO A3ALBWAD %0° L6 TT-319°¢L
JANILVEL dYOLLVYEd JdHXINHAE ONWTAI TIWAH AXIALOAHD AFALBWAD %6796 T1-319°¢L
AANELYHEL JYOLIYES AYOSLVYdd JAHXENHI OWTAT TIWNAI AXEALAHD XHALBWAD %6°96 TT-819°'¢L
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ANSNJNHL

JANFILYEL AXANINHS AY0L1IVES Jg8€TALd AXIONGId AXENINHA JyosIvdd %L 86 T11-322°§
JXANINHT

AANFILVEL IXANANHS JAYDLIIvEsS Jdg8e€TdLd AXIONAId JIXBNINHA JAYosIvdd %L°86 11-d22°S
' JANSNANHL

JANFILYEL JNINJNHS AYDLIVES Jd+ZTd1d AXIONAId AXANANHA JyDsivdd %L°86 11-322°S
- AXENAOHL

JANIIYEL ANINANHS JYolLIvds Jg+2TdLd AXFONAId JAXANANHA dvosivad %9°86 11-322°S
JNSNANHL

AANALVEL JXININKS A ONMA =6 Jg+2141d AXHONAId JXANINHA dvosived %9°86 11-322°S
AXENANHL

AANILVEL AXANINHS dYOLIVES Jg+z 1413 AXIONAId AXANINHA JdYDsIvdd %9°86 11-32T°S
JNSNANHL

JANFILYEL JNINANHS AYDLIVES Jd8eTdLd JNSNANHA JdvosIvad JXIONAIF %586 11-d22°S
JXANINHT

JANZIYEL ANINJNKHS AYDLIVES JgseTALd JNSNANHA JdYosIvad JXIONAIA %5°86 T1-32T° S
JOSNANKL

JANAIVEL AXINANHS A¥DIIVES Jgs8e1dLd ANSNANHA AYOSIveEd JXAONAIA %5° 96 11-322°S
JXBNINHL

AANIIVEL AXANANHS JYDIIVES JdseTdLd ANSNANHA AYosIvad JAXIDNAIH %S 86 T11-322°§
JNSNANHL

JANILVEL ANINJANHS JYDIIVES dg+zTyLd JNSNANHA JvosIvad JXIONAIH %% 86 11-322°S
JXENINHL

AANIIVEL ANININHS JYDILIVES dg+zTd1d JNSNANHY dY0sIvdad JIXIONCAIF %V 86 T1-322°S
JNSNINHL

JANALYEL JXANINHS JY¥OLIVES Jdg+2TdLd JANsNANHA JAvYDsLvad JXEONAIA %786 11-322°S
’ JXINJNHL

JANAIVEL JX3NINHS JYOLILYES Jg+Z141d ANSNINHA Jdvosivad JXAONAIH %€ 86 11-322°S
J0SNINHL

JANFILYEL JANINANHS dYoLLvds Jdase1drd AXANANHA JYosIvad AXFONAIF %€° 86 11-322°S
) JXININHL

JANFIYEL ANINANHS JYDIIvds Jd8ETdLd JXENINHA AYOSsLvEd JXFONAIE %€ 86 11-322°§
JNSNINHL

JANALVEL AXANINHS dY0IIYES JA€8€TYLd AXANANHA dvosivead AXFONGIA %Z°86 11-32T°S
JXININHL

JANALYEL JXANINHS dYOLIVES dgseTdLd AXINANHA dvosivead dXFONAIF %2°'86 11-322°S
JNSNANHL

JANAIYEL ANININHS AYDLLYdsS Ag+ZTALd JXENINH] Jv¥osivad JXFONAId %T° 86 11-322°¢
AXININHL

AANALVEL JANINANHS AYOLIVES Jg+2TdLd AXINANHA AYDSIVEd JX3oNaId %7°86 I1-322°S
. JNSNANHL

JANIILYEL AXINANHS AYDLIVES Jg+21d1d AXENANHA JAVDSIvEd dXAONAIH %1'86 11-d22°S
JXININHL

JANAIVEL AXANANHS JdYOLIYES Jg+z1d1d AXENINHA JdYosivead JXFONAIR 5T°'86 11-322°S

JANALYEL JdYollvad JXIAILNHI 0gzALNad AXIALOHD ATALBWAD 5186 T1-319° L

JANIIVEL JYOLIVYES dvosIvdd AXTALOHI D8TALNAH AXFAINHD KBALBWAD *%0°86 TT-H19°L

JANIIVEL JAYDIIVEd dX3ALNHI OYZAIWAd JXEALOHD AFALSWAD %0°86 I1-319°'L

JANIIVEL AYOLIvdS dvosivdd dXIALNHI OYZALWNaAE AXIALNHD AFAILBWAD %6° L6 T1-319°¢L

JANAIVEL JyolLIvdd JYdFHAHA ONTABNIWAE JXFAINHD AZALEWAD %6 L6 TT-319°¢
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AANTLIVEL J¥DLIYES dY¥DsIveEd JANSNANHA KNWTSNAH JXFALOHD AFALBWAD 35° 66 T1-39€° 1T

ANNALYEL dvorrvdd JJHXINHA KNWTENIE IXIALAHD XAALWAD %5°66 TT-39¢€° 1T

AANALYEL AYDILIvES Jvoslvad JJHXANHI XNWTINAE JXFALAHD ATALBWAD %S° 66 T1-39€° T

JANILYEL JYorivead AYAHHNHA gNTJHTIE JXTALAHD AIQLBWAD %S 66 T1-30L°T

JANALYEL JYDLLIYES J¥dsivdad JYdEHNHA gNTJAHTAH AXAALOHD ZIALBWAD %566 T1-30L°2

JANIILVEL dvorLIved JYdTHNHA gITJdHTAH AXZALAHD AIALBWAD %S° 66 T17-30L°2

JANILYEL JYDIIVYES dvosIvad AVdEHNHA gL1JHTA3 JAXAALAHD XIALSWAD 5V 66 17-30L° 2

JANFLIYEL AYOIIvEd ANSNANHA WA TASNIA WNTJSNAZ AXTALNHD AIALSWAD %V 66 11-30Z°F
JANFIVEL

AvYDlLlvas Jv¥osivad JNSNANHI WA TISNIA WNTASNAR JXIALOHD A9QI8WaD 5% 66 11-302° ¥

AANALYEL dYDLlvdad JNSNINHA WA TISNAF WA TASNAT JXIALNHD XIALBWAD %% 66 11-402' ¥
JANTALYEL

AYDLIYES dvosivad JnSNANHA WA TISNAF WA TISNAE JAXIALOHD AAALBWAD %6766 171-302° ¥

JANALYEL Jdvorlvdd JNSNINKE WNTASNIH WATISNIS AXFALOHD AIAI8WAD 56766 T1-302° ¥

AANZIVEL _

EAORMA£:E dYosIvdd JNSNINKHI WNTASNAA WATJISNAS AXFALARD AIALBWAD $€°66 T1-302° ¥

JANIIVEL d¥orlvdd JdSNHYNHE Wd THYHYA WN THYHYE JXFALNHD XIALBWAD %€°66 11-302' ¥
AANTLVEL

KL ARATESE] JYDsIvdd ASNHYNHA Wd THYHYA WN THYHVYE AXIALINHO ABALBWAD %T°66 T1-302° ¥

ANNIIVEL AY2ILIvdd ASNHYNHE Wd THYHYH WA THYHYA AXFALAHD AIALBWAD %T° 66 11-302° ¥
JANIIVEL

JYDLIvgs dYosivdd ASOHYNHA Wd THYHYE WWTHYHYE AXFALOHD XHALSWAD %2° 66 11-302 ¥

AANALYEL dYDlIvdad ASNHYNHA WNTHYHYH WWTHYHYE JAXIALOHD AIALSWAD 5766 11-302' ¥
. JANFLVET

JAYDLIYdS dYosivad JSNHYNHA WN THYHYI WWTHYHYH AXFALOHO AFALBWAD 51766 11-302' ¥

JANIIVEL AYOLIYEd Jddzaimsd AXIALNHI JXIGLAHD AFALSWAD $1°66 T1-36¥%' ¥

JANAILVEL AYOLIVES Jdyosivad JdzaiMsd AXIALOHI AXIALNHD XIALSHWAD %166 T1-36%' ¥

JANAIVEL JYorLIved JYZAIMSI AXIALNHI JAXIALAHD AFAIBWAD %166 TT1-36% ¥

JANFLVEL Jd¥ollvds dynsivad JYZAIMSH AXAALNHI JXZJAILNHD AIALSWAD %0766 11-36¥% ¥
JNSNANHL

JANFIYEL ANINJNHS dYDLIvds Jg8 £ TALd JAXIONAId JNSNANHA dvosivad %066 11-322°'S
JXINANHL

JANZIVEL ANINANHS AYDIIVES J98E€TYLd JXJONAId JNSNANHJ JYOSIvEd %0° 66 11-322°5
JNSNINHL

JANIIVEL JXANINHS JYDo1lvds Jg8e€Td1d AXHONAId ANSNANHJ dv¥osivdd %0° 66 T1-322°S
JXANINHL

AANIIYEL JXANINKHS AYDIIVES Jdd8£1dLd AXIONAId JANSNANHA dYosivad %6°86 11-322°§
JNSNANHL

AANZIVEL ANINANHS AYDLIYES JH+ZT¥Ld AXAONAId JNSNANHA dvosivad %6°86 11-822°S
) JXENINHL

JANFILVEL JANINIQHS JYDlLIVES Jg9+ZTdLd AXIONAId ANSNINHd JAvosIved %6°86 T1-322°S
JASNANHL

AANALYEL AXINANHS AYDLIvES Jg+zZ1d1d JXIONAId JANSNANHJ JYosivdd %8° 86 11-322°S
JdXANINHL

JANIIVEL AXANANHS dYollvds Jg+z1aLd AXIONAId JNSNANHA" dYosivdd %8° 86 11-3T2°§
JOSNINHL

AANILYEL ININJNKS JYoLLVYEs JE8 € THLd AXHAONAId AXINANHA Jyosivad %8786 11-322°S
AXIANIOHL

JANIIVEL ANININHS JYDLIVES Jd8€TdLd JXIONAId JXINJOHI dV0SIVEd %L°86 11-322°S
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JNSNANHL JANILIYEL

JININJANHS AYOLIVES Jg+Z 1L JYXININHJ Jv¥oslvad JYdIHAHA WNTJAHTAH 5L°66 T1-8322°1
AXEANINHL JANIIYEL

ANINANHS AYDLIVES Ja+z141d AXEANINHA AYOsivad JYdAHNHE WNTAHTAE %L 66 11-322° 1
JNSNINHT AANEIVEL

IXANINHS AYDILIVES Jg+ZTHLd AXINANHI Jdvosivad AYdIHNHI WNTAHISHE 5L 66 11-322°1
JXIANANKI AANEIVEL

AXIANINHS JYoLILYES Jg+Z1d1d AXENINHA dv¥oslvad JYdAHNHA WNTJAHTIE 5L 66 11-322°1
JNSNANHL AANALVEL

JININANHS AYOLIVES J98€TAL JANsSNINH AY¥DSIvEd JYdFHAHE WITJHTdd %L°66 11-d22° 1
' AXININHL AANTILVEL

ININJNHS JYoIlvas Jg8€T1dLd JNSNINHA JAYD8IvEd JYdAHAHI WITdHTId %L 66 11-322° 1
JNSNINHL JANILIYEL

AXININHS JYD1IvES Jg8€TdLd JANSNANHA AYDSsIved JYdTHNHA WILTJAHIAE %L°'66 T11-322° 1
AXANINHL JANILVEL

AXANINHS JdYD1IvEs Jg8€TALd JNsSNJINKHd Jdv¥os1vad JYJTHNHA WITAHTAE %9°66 T1-322° 1
ANSNANHL JANZIVEL

ININJNHS AYOILIVES Jdg+z1d1d JNSNANHA JAY¥DSIvEd JYdAHNHA WITJdHTdE %9°66 11-322° 1
' AXANANHL JANFILYEL

ANINANHS JAYDILIVES Jg+ZTHLd ANSNANHA Jd¥oslvad AYdEHNHA WITAHTAE %5966 11-322' 1T
ANSNANHL AANTIVEL

AXANANHS AYDLIVES Jg+2141d ANSNANH4 d¥os1Ivad JAYdAHNHA WLTAHTAH %9766 11-322°1
SXENINHL AANZIVEL

AXININKS dv¥orlves Jg+z TdLd JNSNJINHA AYDSIvEd JYdAHNHA WITJAHT4E %9° 66 T1-322°1
JNSNANHL JANAIVEL

ANINANHS -dYDLIVES JdageTdLd AXINANHA JYOSIVEd JYdIHAHA WILTIHTdF %966 11-922°1
AXANANHL JANAIVEL

ANINJNHS JYDLLYES Jd8€Tdld AXANANHA Jdyosivad JYdTHNHI WITAHTAA %9766 11-322°1
JNSNANHI JANIILYEL

AXANANHS JYDlLIVES Jase1dld JXENINHJ JYosivad JYdARNHA WITAHT143 %9°66 11-322° 1
AXANANHL JANHIVEL

AXINANHS JYollvds Jg8€THLd JXENINHA AY¥osivad JYdEHNHI WLTJHTIE %9°66 T11-322°'1
JNSNANHI AANALVEL

JININJNHS AYDLLVYdS Jg+zTdlLd JXENANH Jyoslvdd JAVdFHNHA WITJHTdd %9766 11-322° 1
AXINANHL JANZIVEL

JANINANHS JYolLIvds Jg+z1d1d JXANINH JdvYoslIvad JYdTHNHA WITAHTIAE %$9°66 11-322° 1
JNSNANHL AANZLVEL

AXANANHS JdYD1IvdSs Jg+zTdLd AXINANH] AvosIvad " AYdIHNHE WITJAHTI3T %9°66 11-322'1
IXINANHL JANIFIVEL

AXANANHS JYOLIVES . dg+ZTdLd AXANANHA JYOsIvad AYITHAHA WL TJHTIE %9766 T1-322°1

JANILYIL AYDLIYEd JJAHXINHA ANTIINDI JXIATOHD ATALSWAD %9°66 TT-3L2°1

JANZLYEL dYolIvds Jvosivad JIHXINHA ANTAANDE JXIIIAHD XHALBWAD %566 T1-342° T

JANFIVEL dvolLivead JAHXINHI JWTIANDI IXIALAHD AFALBWAD %566 11-3L2° 1T

JANZIVEL AYOLIVES JvYosivad JAHXANHA JWTIANDA AXIALOHD AZALBWAD $5°66 11-3L2°1

JANILYEL J¥ollvdd JNSNANHA XdNTSNIF IXIALOHD AIALBWAD %5°'66 11-39¢€° 1

JANALYEL JYD1ILvgs Jyosivdad ANSNANHA XANTSNAH JXIALOHD AIALBWAD %566 11-39¢°1

JANILVEL dv¥olivdd ANSNANHA XdAWTSNAT JXIALAHD AEQLBWNAD 355766 T1-39¢° 1

JANAIVEL JYDLIVES Jdyosivad ANSNANHI XAWTSNAF JXZALOHD XFALSWNAD 55766 T1-39¢° T
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Attachment IV: Data Tab(

Table IV-1
Failure Data Table (by Type Code)

Type Code Failure rate | Time Failure probability Source Comments/Assumptions
(/hr) (hrs) (Demand probability)
AHB 3.4x10° 24 8.2x107 D-B IPE [7.6] | Blocked air handing unit impedes air flow; use
failure rate for heat exchanger plugs during
' operation,

AHM n/a n/a 8.2x10” Assumed Without any developed maintenance procedures,
air handling units are assumed to be unavailable
due to maintenance for three days during the
course of one year. (See assumption 3.4.)

AH X 3.4x107 24 8.2x10° D-B IPE [7.6] | Common cause failure of two AHUs (impedes air
flow).

AHY 1.7x107 24 4.1x10° D-B IPE [7.6] | Common cause failure of three or more AHUs
(impedes air flow). ’

CNF 8.5x10” 24 2.0x10~ D-B IPE [7.6] | Pressure switch fails low.

DM C 5.1x10° 24 1.2x10™ D-B IPE [7.6] | Damper spuriously closes (or fails to remain

DM 1 (10)"! open).

DM X 5.1x107 24 1.2x10” D-BIPE [7.6] | Common cause failure of two dampers (spuriously
closes).

DMY 2.6x107 24 6.2x10°® D-B IPE [7.6] | Common cause failure of three or more dampers
(spuriously closes).

DG M n/a n/a 6.0x10~ Modarres [7.7] | Use maintenance unavailability from Reference
7.4 instead of value in assumption 3.4.

DGR 2.0x10” 8 1.6x10 Modarres [7.7] | Diesel generator fails to run. Affects power; use 8
hours.

DG S n/a n/a 3.0x107 Modarres [7.7] | Diesel generator fails to start (demand probability).

FL B 1.8x10° 24 4.3x10” D-B IPE [7.6] | Blocked HEPA filter impedes air flow, use failure

rate for air filter plugs during operation.
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Attachment IV: Data Tal{

Table IV-1
Failure Data Table (by Type Code)

Type Code Failure rate | Time Failure probability Source Comments/Assumptions
(/hr) (hrs) (Demand probability) -

FL D 1.8x10~ 24 4.3x10* D-B IPE [7.6] | No information available on defective filters, so

conservatively use 10 times the failure rate for
. plugged air filter.

FL M n/a n/a 8.2x107 Assumed Without any developed maintenance procedures,
HEPA filters are assumed to be unavailable due to
maintenance for three days during the course of
one year. (See assumption 3.4.)

FL X 1.8x107 24 4.3x10° D-B IPE [7.6] | Common cause failure of two filters.

FL'Y 9.0x10° 24 2.2x10° D-B IPE [7.6] | Common cause failure of three or more filters.

FN F 9.1x10° 24 2.2.x10™ D-B IPE [7.6] | Air supply or exhaust air fan fails, use failure rate
for motor-driven fan fails to continue operation.

FN M n/a n/a 8.2x10” Assumed Without any developed maintenance procedures,
air supply fans are assumed to be unavailable due
to maintenance for three days during the course of
one year. (See assumption 3.4.)

FN X 9.1x10”7 24 2.2x107 D-B IPE [7.6] | Common cause failure of two fans (fails to
continue operation).

FNY 4.6x107 24 1.1x107 D-B IPE [7.6] | Common cause failure of three or more AHUs
(fails to continue operation).

HUF n/a n/a 0.1 Assumed Screening value (see assumption 3.2),

ID F n/a n/a 3.5x10~ D-B IPE [7.6] | Motor-operated damper fails.

MCF 1.0x107 8 8.0x107 Modarres [7.7] | Motor Control Center fails; use failure rate for

MC E (10)™ buswork (480V) fails. Affects power, so use 8
hours.

MN F 3.0x10° 8 2.4x10° Modarres [7.7] | No information is available on the CAEM system,

use failure rate for sensor, transmitter, and process
switch. This failure should be self-annunciating;
use 8 hours.
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Attachment IV: Data Tab(

Table IV-1
Failure Data Table (by Type Code)
Type Code Failure rate | Time Failure probability Source Comments/Assumptions
(/hr) (hrs) (Demand probability)
SW F 3.0x10™ 24 7.2x107 Modarres [7.7] | While this is nominally a switch failure, it is a
 switch that requires a sensing element and
transmission, use failure rate that includes sensor,
' transmitter, and process switch.

TR F 1.9x10° 8 1.5x10” D-B IPE [7.6] | Operational failure of a transformer. Affects

power; use 8 hours.

(8] Indicates a 10-chararacter basic event identifier.
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Attachment IV: Data Tal(

Table IV-2
Failure Data Table (Specific Basic Events)

Basic Event
Identifier

Failure probability
(Demand probability)

Source

Comments/Assumptions

PBATSCAF

1.0

Assumed

Basic event identifier reads Primary (confinement
area) BArrier To SCA Fails. It is assumed that
there is leakage between the PCA and SCA. See
assumption 3.5.

PBATTCAF

1.0

Assumed

Primary (confinement area) barrier to TCA fails.
There is a plug between the PCA and TCA.
Conservatively assume this interface will permit
leakage. See assumption 3.5.

PBATENVF

0.0

Assumed

Primary (confinement area) barrier to environment
fails. It is assumed there are no direct interfaces
between the PCA and the environment, so no
leakage is possible. See assumption 3.5,

SBATTCAF

1.0

Assumed

Secondary (confinement area) barrier to TCA fails.
It is assumed that there is leakage between the
SCA and TCA. See assumption 3.5,

| SBATENVF

0.0

Assumed

Secondary (confinement area) barrier to
environment fails. It is assumed there are no direct
interfaces between the SCA and the environment,
so no leakage is possible. See assumption 3.5.

TBATENVF

1.0

Assumed

Tertiary (confinement area) barrier to environment
fails. It is assumed that there is leakage between
the TCA and the environment. See assumption
3.5.
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Attachment IV: Data Tab(v

Table I'V-3
Development of Surrogate Failure Rates for Double-Diamond Basic Events

Basic Event Combination Inputs Number of Substitute | Surrogate | Comments [3]
Identifier Gate Logic combinations Failure Failure
(for failure) | Basic Event Failure (cutsets) [1] | Probability | Prob. [2]
(representative) | Probability '
CDMTOREXH 8-of-15 PDMTDI1AC 1.22x10™ 1,055,340 1.22x10™* | 5.2x10% | Use maximum failure
PDWTDI1AF 7.20x107 probability as the
substitute failure prob.
SDMTOR 5-0f-9 PDMTD1AC 1.22x10° 4,032 1.22x10° | 1.1x10™° | Use maximum failure
PDWTDIAF | 7.20x107 probability as the
substitute failure prob.
SAH 5-0f-9 PAHAHIAM | 8.20x10” 79,884 8.2x107 3.1x10° | Use maximum failure
PDMINAHIAC | 1.22x10™ probability as the
PAHAHIAB | 8.20x10° substitute failure prob.
PDMEXAHI1A | 1.22x10™
C
SFLHEPA 9-0f-16 | PFLHF1AM 8.20x10~ 114,933,867 | 8.2x107 | 1.9x107" | Use maximum failure
PDMINHF1AC | 1.22x10™ probability as the
PFLHF1AB 4.30x10° substitute failure prob.
PDMEXHF1A | 1.22x10™
C
SFNSUP 5-0f-9 PFNEF1BM 8.20x107 420714 8.2x107 1.7x10” | Use maximum failure
SFNEXH PDMINEF1BC | 1.22x10™ probability as the
PDMEIEF1BC | 1.22x10™ substitute failure prob.
PDMEIEFIBC | 1.22x10™
PFNEF1BF 2.20x10™
PDMEF1BC 1.22x10*
PCNEF1BF 2.00x107
PMC480VE2F | 8.00x107
Loss of Power | 2.98x10™
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Table IV-3
Development of Surrogate Failure Rates for Double-Diamond Basic Events
Basic Event Combination Inputs Number of Substitute | Surrogate | Comments [3]
Identifier Gate Logic combinations Failure Failure
' (for failure) | Basic Event Failure (cutsets) [1] | Probability | Prob. [2]

(representative) | Probability

TDMTOR 6-0f-10 PDMTDIAC 1.22x107* 12,180 1.22x10* | 4.0x10™%
PDWTDI1AF 7.20x107

Use maximum failure
probability as the
substitute failure prob.

TAH 6-0f-10 PAHAHIAM | 8.20x10” 594300 8.20x10° | 1.8x107
: PDMINAHIAC | 1.22x10™

PAHAH1AB 8.20x107
PDMEXAHIA | 1.22x10™
. ]c

Use maximum failure
probability as the
substitute failure prob.

TFLHEPAUO 4-0f-7 PFLHF1AM 8.20x10” 4,970 8.20x10° | 2.2x10”
PDMINHF1AC | 1.22x10™
PFLHF1AB 4.30x107
PDMEXHF1A | 1.22x10™
C

Use maximum failure
probability as the
substitute failure prob.

TFLHEPAOC 5-0f-9 PFLHF 1AM 8.20x10~ 79,884 8.20x10” | 3.0x10°
PDMINHF1AC | 1.22x10™ '
PFLHF1AB 4.30x107
PDMEXHF1A | 1.22x10™
C

Use maximum failure
probability as the
substitute failure prob.
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Attachment IV: Data Tab(

Table IV-3
Development of Surrogate Failure Rates for Double-Diamond Basic Events
Basic Event Combination Inputs Number of Substitute | Surrogate | Comments [3]
Identifier Gate Logic combinations Failure Failure
(for failure) | Basic Event Failure (cutsets) [1] | Probability | Prob. [2]
(representative) | Probability
TENSUP 6-0f-10 | PFNEF1BM 8.20x10~ 5,360,250 8.20x10° | 1.6x10™ | Use maximum failure
PDMINEF1BC | 1.22x10™ probability as the
PDMEIEFIBC | 1.22x10™ substitute failure prob.
PDMEIEFIBC | 1.22x10™
PFNEF1BF 2.20x10™
PDMEF1BC 1.22x10™
PCNEF1BF 2.00x107
PMC480VE2F | 8.00x107
Loss of Power | 2.98x107
TFNEXHUO 3-of-4 PFNEF1BM 8.20x10™ 396 8.20x10™ 2.2x10" | Use maximum failure

PDMINEFIBC | 1.22x10
PDMEIEFIBC | 1.22x10™
PDMEIEFIBC | 1.22x10™
PFNEF1BF 2.20x10™
PDMEF1BC 1.22x10
PCNEF1BF 2.00x107
PMC480VE2F | 8.00x107
Loss of Power 2.98x10°

probability as the

| substitute failure prob.
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Table IV-3
Development of Surrogate Failure Rates for Double-Diamond Basic Events
Basic Event Combination Inputs Number of Substitute | Surrogate | Comments [3]
Identifier Gate Logic combinations Failure Failure
(for failure) | Basic Event Failure (cutsets) [1] | Probability | Prob. [2]

(representative) | Probability
TFNEXHOC 4-0f-6 PFNEF1BM 8.20x10” 5,595 8.20x10” | 2.5x10” | Use maximum failure

PDMINEFIBC | 1.22x10™ probability as the

PDMEIEFIBC | 1.22x10™ substitute failure prob.

PDMEIEF1BC | 1.22x10™
PFNEF1BF 2.20x10™
PDMEFIBC | 1.22x10™
PCNEF1BF 2.00x107°
PMC480VE2F | 8.00x107
Loss of Power | 2.98x107

Notes for Table IV-3

[1] See Attachment V for the calculation of the number of combinations. See Section 5.5 for a detailed example of one
calculation. :

2] This is calculated as (Number of combinations) x (Average failure probability)Nmber of cusetelements) o oy wber of cutset
- 3 . g p
elements is the m in the m-of-n combination gate logic.

[3] Using the maximum failure probability of the all the inputs is conservative, since there are clearly many cutsets with a smaller

overall failure probability. If the estimated surrogate value appears too high, or contributes significantly to the quantified
cutsets, different assumptions can be used to estimate the surrogate failure probability less conservatively.
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ATTACHMENT V

COMBINATORIAL CALCULATIONS

Note:

See Section 5.5 for a detailed calculation of 4 Rows of 9 Gates (5-0f-9 for failure), the first
case shown in this attachment. The numbers shown in the spreadsheet are the combinations
discussed in Section 5.5. It should be clear how to extrapolate the information in the spreadsheet

to the other cases provided. The number of combinations is used in Table IV-3 of Attachment
Iv.
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4 Rows of 9 Gates {5-of-3 for failure)
126 4 504
126 5 3 1890
84 15 3 3780
36 35 3 3780
9 70 3 1890
84 6 5 2 5040
36| 21 5 2 7560
36 7 15 2 7560
9 56 5 2 5040
9 28 15 2 7560
9 8 35 2 5040
36 7 6 ) 1 7560
9 28 6 5 1 7560
9 8 21 5 1 7560
9 8 7 15 1 7560
79884

2 Rows of 9 Gates (5-0f-9 for failure)
126 2 252
126 5 1 630
84 15 1 1260
36 35 1 1260
9 70 1 630
4032

9 Rows of 9 (5-0f-9 for failure)

126 9 1134
126 5 8 5040
84 15 8 10080
36 35 8 10080
9 70 8 5040
84 6 5 7 17640
36 21 5 7 26460
36 7 15 7 26460
9 56 5 7 17640
9 28 15 7 26460
9 8 35 7 17640
36 7 6 5 6 45360
9 28 6 5 6 45360
9 8 21 S 6 45360
9 8 7 15 6 45360
9 8 7 6 5 5 75600
420714
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Attachment V: Combinatorics

2 Rows of 15 (8-0f-15 for failure)
6435 2 12870
6435 8 1 51480
5005 36 1 180180
3003 120 1 360360
1365 330 1 450450
455 792 1 360360
105 1716 1 180180
15 3432 1 51480
1055340

2 Rows of 10 (6-of-10 for failure)
210 2 420
252 5 1 1260
210 15 1 3150
120 35 1 4200
45 70 1 3150
10 126 1 1260
12180

4 Rows of 10 (6-0f-10 for failure)
210 4 840
252 S 3 3780

210 15 3 9450] -

120 35 3 12600
45 70 3 9450
10 126 3 3780
210 6 5 2 12600
120 21 S 2 25200
120 7 15 2 25200
45 - 56 S 2 25200
45 28 15 2 37800
45 8 35 2 25200
10 126 5 2 12600
10 84 15 2 25200
10 36 35 2 25200
10 9 70 2 12600
120 7 6 5 1 25200
45 28 6 S 1 37800
45 8 21 5 1 37800
45 8 7 15 1 37800
10 84 6 5 1 25200
10 36 21 5 1 37800
10 36 7 15 1 37800
10 .9 56 5 1 25200
10 9 28 15 1 37800
10 e] 8 35 1 25200
594300

Page V-3



Di: BCBD00000-01717-0210-00008 REV 00

Attachment V: Combinatorics

I

9 Rows of 10 (6-of-10 for failure)

210 g 1880
252 5 8 10080
210 15 8 25200
120 35 8 33600
45 70 8 25200
10 126 8 10080
210 6 5 7 44100
120 21 5 7 88200
120 7 15 7 88200
45 56 S 7 88200
45 28 15 7 132300
45 8 35 7 88200
10 126 5 7 44100
10 84 15 7 88200
10 36 35 7 88200
10 9 70 7 44100
120 7 6 5 6 151200
45 28 6 5 6! 226800
45 8 21 5 6 226300
45 8 7 15 6 226800
10 84 6 5 6 151200
10 36, 21 5 6 226800
10 36 7 15 6 226800
10 9 56 5 6 151200
| 10 9 28 15 B 226800
10 9 8 35 6! 151200
45 8 7 6 5 5 378000
10 36 7 6 5 5 378000
10 9 28 6 5 5 378000
10 9 8 21 5 S 378000
10 9 8 7 15 5 378000
10 9 8 7 6 4 604800
5360250
|4 Rows of 7 (4-of-7 for failure)

35 4 140
35 4 3 420
21 10 3 630
7 20 3 420
21 5 4 2 840
7 15 4 2 840
7 6 10 2 840
7 6 5 4 1 840

]

4970
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Di: BCBD00000-01717-0210-00008 REV 00 Attachment V: Combinatorics

9 Rows of 4 (3-of4 for failure)

4 9 36
6 2 8 96
4 3 8 96
4 3 2 7 168

396

9 Rows of 6 (4-of-6 for failure)

15 9 135
20 3 8 480
15 6 8 720
6 10 8 480
15 4 3 7 1260
6 10 3 7 : 1260
6 5 [ 7 1260
5595

4 Rows of 16 Gates (9-of-16 for failure)

11440 4 45760
12870 8 3 308880
11440 36 3 1235520
8008 120 3 2882880
4368 330 3 4324320
1820 792 3 4324320
560 1716 3 2882880
120 3432 3 1235520
16 6435
17240080
114933866.7

This case is not fully developed (like the preceding ones). Instead the total
number of combinations is estimated by taking the sum of the one-row and
two-row cases as 15% of the total number of combinations. This was not
much of a concemn since failure would require a nine-element cutset.
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ATTACHMENT VI

HIGH LEVEL HVAC DESIGN WITH EMERGENCY
SUPPLY-SIDE TRAIN
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ATTACHMENT VII

LOOP INITIATING EVENT CUTSETS



Cutset keport

UNFIL_REL = 4.11E-02 ( Probability )

Probability % Class Inputs

3.50E-03 8.5% EIDNCEXF LOOP PBATSCAF SBATTCAF TBATENVF

3.50E-03 17.0% EIDNCEXF LOOP PBATTCAF TBATENVF

3.50E-03 25.4% LOGP PBATSCAF PIDNOEXF ‘SBATTCAF TBATENVF

3.50E-03 33.8% LOOP PBATTCAF PIDNOEXF TBATENVF

3.00E-03 41.0% EDGDG018 EHUEXHFF LOOP PBATSCAF SBATTCAF TBATENVF
3.00E-03 48.2% EDGDG01S EHUEXHFF LOOP PBATTCAF TBATENVF

3.00E-03 55.3% EDGDGO1S EHUFNSUF LOOP PBATSCAF SBATTCAF TBATENVF
3.00E-03 62.5% EDGDGO01S EHUFNSUF LOOP PBATTCAF TBATENVF

1.60E-03 66.3% EDGDGO1R EHUEXHFF LooPp PBATSCAF SBATTCAF TBATENVF
1.60E-03 70.0% EDGDGO1R EHUEXHFF LOOP PBATTCAF TBATENVF

1.60E-03 73.8% EDGDGO1R EHUFNSUF LOOP PBATSCAF SBATTCAF TBATENVF
1.60E-03 77.6% EDGDGO1R EHUFNSUF LOOP PBATTCAF TBATENVF

8.20E-04 79.5% EFLHF1TM EHUHEPAF Loop PBATSCAF SBATTCAF TBATENVF
8.20E-04 81.4% EFLHF1TM EHUHEPAF LOOP " PBATTCAF TBATENVF

8.20E-04 83.4% EFLHF1UM EHUHEPAF LOOP PBATSCAF SBATTCAF TBATENVF
8.20E-04 85.3% EFLHF1UM EHUHEPAF LOOP PBATTCAF TBATENVF

8.20E-04 87.2% EFNEF1MM EHUEXHFF LOOP PBATSCAF SBATTCAF TBATENVF
8.20E-04 89.1% EFNEF1MM EHUEXHFF LOOP PBATTCAF TBATENVF

8.20E-04 91.1% EFNEF1NM EHUEXHFF LOOP PBATSCAF SBATTCAF TBATENVF
8.20E-04 93.0% EFNEF1NM EHUEXHFF LOOP PBATTCAF TBATENVF

6.00E-04 94.4% EDGDGO1M EHUEXHFF LOOP PBATSCAF SBATTCAF TBATENVF
6.00E-04 95.8% EDGDGO1M EHUEXHFF LOOP PBATTCAF TBATENVF

6.00E-04 97.2% EDGDGO01M EHUFNSUF LOOP PBATSCAF SBATTCAF TBATENVF
6.00E-04 98.6% EDGDGO1M EHUFNSUF LOOP PBATTCAF TBATENVF

2.18E-0S 98.6% EFNEF1MF EHUEXHFF LOOP PBATSCAF SBATTCAF TBATENVF
2.18E-05 98.7% EFNEF1MF EHUEXHFF LOOP PBATTCAF TBATENVF '
2.18E-05 98.7% EFNEF1NF EHUEXHFF Loop PBATSCAF SBATTCAF TBATENVF
2.18E-05 98.8% EFNEF1NF EHUEXHFF LOOP PBATTCAF TBATENVF

1.22E-05 98.8% EDME1EF1MC EHUEXHFF LOOP PBATSCAF SBATTCAF TBATENVF
1.22E-05 98.8% EDME1EF1MC EHUEXHFF LOOP : PBATTCAF TBATENVF

1.22E-05 98.9% EDME1EF1NC EHUEXHFF LOOP PBATSCAF SBATTCAF TBATENVF
1.22E-05 98.9% EDME1EF1NC EHUEXHFF LOOP PBATTCAF TBATENVF

1.22E-05 98.9% EDME2EF1MC EHUEXHFF LOOP PBATSCAF SBATTCAF TBATENVF
1.22E-05 99.0% EDME2EF1MC EHUEXHFF LOOP PBATTCAF TBATENVF

1.22E-05 99.0% EDME2EF1NC EHUEXHFF LOOP PBATSCAF SBATTCAF TBATENVF
1.22E-05 99.0% EDME2EF1NC EHUEXHFF LOOP PBATTCAF TBATENVF

1.22E-05 99.0% EDMEF1MC EHUEXHFF LOOP PBATSCAF SBATTCAF TBATENVF
1.22E-05 99.1% EDMEF1MC  EHUEXHFF LOOP PBATTCAF TBATENVF

1.22E-05 99.1% EDMEF1NC EHUEXHFF LOOP PBATSCAF SBATTCAF TBATENVF
1.22E-05 99.1% EDMEF1NC EHUEXHFF LOOP PBATTCAF TBATENVF

1.22E-05 99.2% EDMEXHF1TC EHUHEPAF LOOP PBATSCAF SBATTCAF TBATENVF

CACAFTA-WAWHB_HVAC\WHBHVACL.CUT
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v

Probability \ % Class Inputs (

1.22E-05 99.2% EDMEXHF1TC EHUHEPAF LoOP PBATTCAF TBATENVF

1.22E-05 99.2% EDMEXHF1UC EHUHEPAF Loop PBATSCAF SBATTCAF TBATENVF

1.22E-05 99.3% EDMEXHF1UC EHUHEPAF Loop PBATTCAF TBATENVF

1.22E-05 99.3% EDMINEF1MC EHUEXHFF Loop PBATSCAF SBATTCAF TBATENVF

1.22E-05 99.3% EDMINEF1MC EHUEXHFF LOOP PBATTCAF TBATENVF

1.22E-05 99.4% EDMINEF1NC EHUEXHFF LOOP PBATSCAF SBATTCAF TBATENVF

1.22E-05 99.4% EDMINEF1NC EHUEXHFF LOOP PBATTCAF TBATENVF

1.22E-05 99.4% EDMINHF1TC EHUHEPAF LOOP PBATSCAF SBATTCAF TBATENVF

1.22E-08 99.4% EDMINHF1TC EHUHEPAF LOOP PBATTCAF TBATENVF

1.22E-05 99.5% EDMINHF1UC EHUHEPAF LoOP PBATSCAF SBATTCAF TBATENVF

1.22E-05 99.5% EDMINHF1UC EHUHEPAF LooP PBATTCAF TBATENVF

1.22E-05 99.5% EDMTD2AC EHUTDEXF LOOP PBATSCAF SBATTCAF TBATENVF

1.22E-05 99.6% EDMTD2AC EHUTDEXF LOOP PBATTCAF TBATENVF

1.22E-05 99.6% EDMTD2BC EHUTDEXF LOOP PBATSCAF SBATTCAF TBATENVF

1.22E-05 99.6% EDMTD2BC EHUTDEXF LOOP PBATTCAF TBATENVF

7.20E-06 99.6% EHUTDEXF ESWID2AF LOOP PBATSCAF SBATTCAF TBATENVF

7.20E-06 99.6% EHUTDEXF ESWTD2AF LOOP PBATTCAF TBATENVF

7.20E-06 99.7% EHUTDEXF ESWTD2BF Loop PBATSCAF SBATTCAF TBATENVF

7.20E-08 99.7% EHUTDEXF ESWTD2BF Loop PBATTCAF TBATENVF

6.72E-06 99.7% EAHAH1MM EAHAH1NM EHUAHUSF LOOP PBATSCAF SBATTCAF TBATENVF
6.72E-06 99.7% EAHAH1MM EAHAH1NM EHUAHUSF LOOP PBATTCAF TBATENVF

6.72E-06 99.7% EAHAH1MM EAHAH1PM EHUAHUSF LooP PBATSCAF SBATTCAF TBATENVF
6.72E-06 99.7% EAHAH1MM EAHAH1PM EHUAHUSF LOOP PBATTCAF TBATENVF

6.72E-06 99.8% EAHAH1NM EAHAH1PM EHUAHUSF LOOP PBATSCAF SBATTCAF TBATENVF
6.72E-06 99.8% EAHAH1NM EAHAH1PM EHUAHUSF LOOP PBATTCAF TBATENVF

6.72E-06 99.8% EFNSF1MM EFNSF1NM EHUFNSUF LOOP PBATSCAF SBATTCAF TBATENVF
6.72E-06 99.8% EFNSF1MM EFNSF1NM EHUFNSUF LOOP PBATTCAF TBATENVF

6.72E-06 99.8% EFNSF1MM EFNSF1PM EHUFNSUF LOOP PBATSCAF SBATTCAF TBATENVF
6.72E-06 99.8% EFNSF1MM EFNSF1PM EHUFNSUF LOOP PBATTCAF, TBATENVF

6.72E-06 99.9% EFNSF1NM EFNSF1PM EHUFNSUF LOOP PBATSCAF SBATTCAF TBATENVF
6.72E-06 99.9% EFNSF1NM EFNSF1PM EHUFNSUF LOOP PBATTCAF TBATENVF

4.32E-06 99.9% EFLHF1TB EHUHEPAF LOOP PBATSCAF SBATTCAF TBATENVF

4.32E-06 99.9% EFLHF1TB EHUHEPAF LOOP PBATTCAF TBATENVF '

4.32E-06 99.9% EFLHF1UB EHUHEPAF LOOP PBATSCAF SBATTCAF TBATENVF

4.32E-06 99.9% EFLHF1UB EHUHEPAF LOOP PBATTCAF TBATENVF

2.18E-06 99.9% EFNE1MNX EHUEXHFF LOOP PBATSCAF SBATTCAF TBATENVF

2.18E-06 99.9% EFNE1MNX EHUEXHFF LOOP PBATTCAF TBATENVF

2.18E-06 99.9% EFNS1MNX EHUFNSUF LOOP PBATSCAF SBATTCAF TBATENVF

2.18E-06 99.9% EFNS1MNX EHUFNSUF LOOP PBATTCAF TBATENVF

2.18E-06 99.9% EFNS1MPX EHUFNSUF LooP PBATSCAF SBATTCAF TBATENVF

2.18E-06 99.9% EFNS1MPX EHUFNSUF LOOP PBATTCAF TBATENVF

2.18E-06 99.9% EFNS1NPX EHUFNSUF LOOP PBATSCAF SBATTCAF TBATENVF

2.18E-06 99.9% EFNS1NPX EHUFNSUF LooP PBATTCAF TBATENVF

2.04E-06 100.0% ECNEF1MF EHUEXHFF LOOP PBATSCAF SBATTCAF TBATENVF

2.04E-08 100.0% ECNEF1MF EHUEXHFF LoOP PBATTCAF TBATENVF

2.04E-06 100.0% ECNEF1NF EHUEXHFF LOOP PBATSCAF SBATTCAF TBATENVF

2.04E-06 100.0% ECNEF1NF EHUEXHFF LOOP PBATTCAF TBATENVF

1.22E-06 100.0% EDMT1MNX EHUTDSUF LOOP PBATSCAF SBATTCAF TBATENVE

1.22E-06 100.0% EDMT1MNX EHUTDSUF LOOP PBATTCAF TBATENVF

CA\CAFTA-WAWHB HVAC\WHBHVACL.CUT
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p
Probability \ %

Class inputs (

1.22E-06 100.0% EDMT1MPX EHUTDSUF " LOOP PBATSCAF SBATTCAF TBATENVF

1.22E-086 100.0% EDMT1MPX EHUTDSUF LooP PBATTCAF TBATENVF

1.22E-06 100.0% EDMT1NPX EHUTDSUF LOOP PBATSCAF SBATTCAF TBATENVF

1.22E-06 100.0% EDMT1NPX EHUTDSUF LOOP PBATTCAF TBATENVF

1.22E-06 100.0% EDMT2ABX EHUTDEXF LOOP PBATSCAF SBATTCAF TBATENVF

1.22E-06 100.0% EDMT2ABX EHUTDEXF LOoOP PBATTCAF TBATENVF

8.16E~07 100.0% EAHALIMNX EHUAHUSF LOOP PBATSCAF SBATTCAF TBATENVF

8.16E-07 100.0% EAHA1MNX EHUAHUSF Loop PBATTCAF TBATENVF

8.16E-07 100.0% EAHA1MPX EHUAHUSF LOOP PBATSCAF SBATTCAF TBATENVF

8.16E-07 100.0% EAHAIMPX EHUAHUSF LOOP PBATTCAF TBATENVF

8.16E-07 100.0% EAHA1NPX EHUAHUSF LOOP PBATSCAF SBATTCAF TBATENVF

8.16E-07 100.0% EAHA1NPX EHUAHUSF LOOP ‘PBATTCAF TBATENVF

4.32E-07 100.0% EFLH1TUX EHUHEPAF LOOP PBATSCAF SBATTCAF TBATENVF

4.32E-07 100.0% EFLH1TUX EHUHEPAF LOOP PBATTCAF TBATENVF

1.79E-07 100.0% EFNSF1MF EFNSF1NM EHUFNSUF LOOP PBATSCAF - SBATTCAF TBATENVF
1.79E-07 100.0% EFNSF1MF EFNSF1NM EHUFNSUF LOOP PBATTCAF TBATENVF

1.79E-07 100.0% EFNSF1MF EFNSF1PM EHUFNSUF LOOP PBATSCAF SBATTCAF TBATENVF
1.79E-07 100.0% EFNSF1MF EFNSF1PM EHUFNSUF LOOP PBATTCAF TBATENVF

1.79E-07 100.0% EFNSF1MM EFNSF1NF EHUFNSUF LOOP PBATSCAF SBATTCAF TBATENVF
1.79E-07 100.0% EFNSF1MM EFNSF1NF EHUFNSUF LOOP PBATTCAF TBATENVF

1.79E-07 100.0% EFNSF1MM EFNSF1PF EHUFNSUF LOOP PBATSCAF SBATTCAF TBATENVF
1.79E-07 100.0% EFNSF1MM - EFNSF1PF EHUFNSUF LOOP PBATTCAF TBATENVF

1.79E-07 100.0% EFNSF1NF EFNSF1PM EHUFNSUF LOOP PBATSCAF SBATTCAF TBATENVF
1.79E-07 100.0% EFNSF1NF EFNSF1PM EHUFNSUF Loop PBATTCAF TBATENVF

1.79E-07 100.0% EFNSF1NM EFNSF1PF EHUFNSUF LOOP PBATSCAF SBATTCAF TBATENVF
1.79E-07 100.0% EFNSF1NM EFNSF1PF EHUFNSUF LOOP PBATTCAF TBATENVF

1.00E-07 100.0% EAHAHIMM EDMEXAH1NC EHUAHUSF LOOP PBATSCAF SBATTCAF TBATENVF
1.00E~07 100.0% EAHAH1IMM EDMEXAH1NC EHUARHUSF LOOP PBATTCAF TBATENVF

1.00E-07 100.0% EAHAH1IMM EDMEXAH1PC EHUAHUSF LOOP PBATSCAF SBATTCAF TBATENVF
1.00E-07 100.0% EAHAH1MM EDMEXAH1PC EHUAHUSF LOOP PBATTCAF TBATENVF

1.00E-07 100.0% EAHAH1MM EDMINAH1NC EHUAHUSF LOOP PBATSCAF SBATTCAF TBATENVF
1.00E-07 100.0% EAHAH1MM EDMINAH1NC EHUAHUSF LOOP PBATTCAF TBATENVF

1.00E-07 1060.0% EAHAH1IMM EDMINAH1PC EHUAHUSF LOOP PBATSCAF SBATTCAF TBATENVF
1.00E-07 100.0% EAHAH1MM EDMINAH1PC EHUAHUSF Loop PBATTCAF TBATENVF

1.00E-07 100.0% EAHAH1NM EDMEXAH1MC EHUAHUSF Loop PBATSCAF SBATTCAF TBATENVF
1.00E-07 100.0% EAHAH1NM EDMEXAH1MC EHUAHUSF LoOP PBATTCAF TBATENVF :
1.00E-07 100.0% EAHAH1NM EDMEXAH1PC EHUAHUSF LOOP PBATSCAF SBATTCAF TBATENVF
1.00E-07 100.0% EAHAH1NM EDMEXAH1PC EHUAHUSF LOOP PBATTCAF TBATENVF

1.00E-07 100.0% EAHAH1NM EDMINAHIMC EHUAHUSF LOOP PBATSCAF' SBATTCAF TBATENVF
1.00E-07 100.0% EAHAH1NM EDMINAHIMC EHUAHUSF LOOP PBATTCAF TBATENVF

1.00E-07 100.0% EAHAH1NM EDMINAH1PC EHUAHUSF LOOP PBATSCAF SBATTCAF TBATENVF
1.00E-07 100.0% EAHAHINM EDMINAH1PC EHUAHUSF LOOP PBATTCAF TBATENVF

1.00E-07 100.0% EAHAH1PM EDMEXAH1MC EHUAHUSF LOOP PBATSCAF SBATTCAF TBATENVF
1.00E-07 100.0% EAHAH1PM EDMEXAHIMC EHUAHUSF LOOP PBATTCAF TBATENVF

1.00E-07 100.0% EAHAH1PM EDMEXAH1NC EHUAHUSF LooP PBATSCAF SBATTCAF TBATENVF
1.00E-07 100.0% EAHAH1PM EDMEXAH1NC EHUAHUSF LOOP PBATTCAF TBATENVF

1.00E-07 100.0% EAHAH1PM EDMINAHIMC EHUAHUSF LOOP PBATSCAF SBATTCAF TBATENVF
1.00E-07 | 100.0% EAHAH1PM EDMINAHIMC EHUAHUSF LOOP PBATTCAF TBATENVF

1.00E-07 100.0% EAHAH1PM EDMINAH1NC EHUAHUSF LOOP PBATSCAF SBATTCAF TBATENVF

CACAFTA-WAWHB_HVAC\WWHBHVACL.CUT

Page 3

1a

00 AT 80000-01T0-L1£10-00000a90Od

$-TIA 988d — [IA JUSUIOB)Y



/
Probability \

:

% Class inputs

1.00E-07 100.0% EAHAH1PM EDMINAH1NC EHUAHUSF LOOP PBATTCAF TBATENVF

1.00E-07 100.0% EDME1SF1MC EFNSF1NM EHUFNSUF LOOP PBATSCAF SBATTCAF TBATENVF
1.00E-07 100.0% EDME1SF1MC EFNSF1NM EHUFNSUF LOOP PBATTCAF TBATENVF

1.00E-07 100.0% EDME1SF1MC EFNSF1PM EHUFNSUF LOOP PBATSCAF SBATTCAF TBATENVF
1.00E-07 100.0% EDME1SF1MC EFNSF1PM EHUFNSUF LOOP PBATTCAF TBATENVF :
1.00E-07 100.0% EDME1SF1NC EFNSF1MM EHUFNSUF LOOP PBATSCAF SBATTCAF TBATENVF
1.00E-07 100.0% EDME1SF1NC EFNSF1MM EHUFNSUF LOOP PBATTCAF TBATENVF

1.00E-07 100.0% EDME1SF1NC EFNSF1PM EHUFNSUF LOOP PBATSCAF SBATTCAF TBATENVF
1.00E-07 100.0% EDME1SF1NC EFNSF1PM . EHUFNSUF LOOP PBATTCAF TBATENVF

1.00E-07 100.0% EDME1SF1PC EFNSF1MM EHUFNSUF LOOP PBATSCAF SBATTCAF TBATENVF
1.00E-07 100.0% EDME1SF1PC EFNSF1MM EHUFNSUF LOOP PBATTCAF TBATENVF

1.00E-07 100.0% EDME1SF1PC EFNSF1NM EHUFNSUF L.o0p PBATSCAF SBATTCAF TBATENVF
1.00E-07 100.0% EDME1SF1PC EFNSF1NM EHUFNSUF LoOP PBATTCAF TBATENVF

1.00E-07 100.0% EDME238F1MC EFNSF1NM EHUFNSUF LOOP PBATSCAF SBATTCAF TBATENVF
1.00E-07 100.0% EDME2SF1MC EFNSF1NM EHUFNSUF LOOP PBATTCAF TBATENVF

1.00E-07 100.0% EDME2SF1MC EFNSF1PM EHUFNSUF LOOP PBATSCAF SBATTCAF TBATENVF
1.00E-07 100.0% EDME2SF1MC EFNSF1PM EHUFNSUF LOOP PBATTCAF TBATENVF

1.00E-07 100.0% EDME2SF1NC EFNSF1MM EHUFNSUF LOOP PBATSCAF SBATTCAF TBATENVF
1.00E-07 100.0% EDME2SFINC  "EFNSF1MM EHUFNSUF LOOP PBATTCAF TBATENVF

1.00E-07 100.0% EDME2SF1NC EFNSF1PM EHUFNSUF LOOP PBATSCAF SBATTCAF TBATENVF
1.00E-07 100.0% EDME2SF1NC EFNSF1PM EHUFNSUF LOOP PBATTCAF TBATENVF

1.00E-07 100.0% EDME2SF1PC EFNSF1MM EHUFNSUF LOOP PBATSCAF SBATTCAF TBATENVF
1.00E-07 100.0% EDME2SF1PC EFNSF1MM EHUFNSUF LOOP PBATTCAF TBATENVF

1.00E-07 100.0% EDME2SF1PC EFNSF1NM EHUFNSUF LOOP PBATSCAF SBATTCAF TBATENVF
1.00E-07 100.0% EDME2SF1PC EFNSF1NM EHUFNSUF LOOP PBATTCAF TBATENVF

1.00E-07 100.0% EDMINSF1MC EFNSF1NM EHUFNSUF LOOP PBATSCAF SBATTCAF TBATENVF
1.00E-07 100.0% EDMINSF1MC EFNSF1NM EHUFNSUF LOOP PBATTCAF TBATENVF

1.00E-07 100.0% EDMINSF1MC EFNSF1PM EHUFNSUF LOOP PBATSCAF SBATTCAF TBATENVF
1.00E-07 100.0% EDMINSF1MC EFNSF1PM EHUFNSUF LOOP PBATTCAF TBATENVF

1.00E-07 100.0% EDMINSF1NC EFNSF1MM EHUFNSUF LOOP PBATSCAF SBATTCAF TBATENVF
1.00E-07 100.0% EDMINSF1NC EFNSF1MM EHUFNSUF LOOP PBATTCAF TBATENVF

1.00E-07 100.0% EDMINSF1NC EFNSF1PM EHUFNSUF LOOP PBATSCAF SBATTCAF TBATENVF
1.00E-07 100.0% EDMINSF1NC EFNSF1PM EHUFNSUF LOOP PBATTCAF TBATENVF

1.00E-07 100.0% EDMINSF1PC EFNSF1MM EHUFNSUF LOOP PBATSCAF SBATTCAF TBATENVF
1.00E-07 100.0% EDMINSF1PC EFNSF1MM EHUFNSUF LOOP PBATTCAF TBATENVF

1.00E-07 100.0% EDMINSF1PC EFNSF1NM EHUFNSUF LOOP PBATSCAF SBATTCAF TBATENVF
1.00E-07 100.0% EDMINSF1PC EFNSF1NM EHUFNSUF LOOP PBATTCAF TBATENVF

1.00E-07 100.0% EDMSF1MC EFNSF1NM EHUFNSUF LOOP PBATSCAF SBATTCAF TBATENVF
1.00E-07 100.0% EDMSF1MC EFNSF1NM EHUFNSUF LooP PBATTCAF TBATENVF

1.00E-07 100.0% EDMSF1MC EFNSF1PM EHUFNSUF LOOP PBATSCAF SBATTCAF TBATENVF
1.00E-07 100.0% EDMSF1IMC EFNSF1PM EHUFNSUF LOOP PBATTCAF TBATENVF

1.00E-07 100.0% EDMSF1NC EFNSF1MM EHUFNSUF LOOP PBATSCAF SBATTCAF TBATENVF
1.00E-07 100.0% EDMSF1NC EFNSF1MM EHUFNSUF LOOP PBATTCAF TBATENVF

1.00E-07 100.0% EDMSF1NC EFNSF1PM EHUFNSUF LOOP PBATSCAF SBATTCAF TBATENVF
1.00E-07 100.0% EDMSF1NC EFNSF1PM EHUFNSUF LOOP PBATTCAF TBATENVF

1.00E-07 100.0% EDMSF1PC EFNSF1MM EHUFNSUF LOOP PBATSCAF SBATTCAF TBATENVF
1.00E-07 100.0% EDMSF1PC EFNSF1MM EHUFNSUF LOOP PBATTCAF TBATENVF

1.00E-07 100.0% EDMSF1PC EFNSF1NM EHUFNSUF LOOP PBATSCAF SBATTCAF TBATENVF
1.00E-07 100.0% EDMSF1PC EFNSF1NM EHUFNSUF LOOP PBATTCAF TBATENVF
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Probability" % Class Inputs \
8.00E-08 100.0% EHUEXHFF EMC480VELF LOOP PBATSCAF SBATTCAF TBATENVF
8.00E-08 100.0% EHUEXHFF EMC480VELF LOOP PBATTCAF TBATENVF
8.00E-08 100.0% EHUFNSUF EMC480VELF LOOP PBATSCAF SBATTCAF TBATENVFE
8 .00E~08 100.0% EHUFNSUF EMC480VELF LOOP PBATTCAF TBATENVF
6.69E-08 100.0% EAHAH1MB EAHAH1NM EHUAHUSFE LOOP PBATSCAF SBATTCAF TBATENVF
6.69E-08 100.0% EAHAH1MB EAHAH1INM EHUAHUSF LOOP PBATTCAF TBATENVF
6.69E-08 100.0% EAHAHIMB EAHAH1PM EHUAHUSF LOOP PBATSCAF SBATTCAF TBATENVF
6.69E-08 100. 095‘ EAHAH1MB EAHAH1PM EHUAHUSF LOOP PBATTCAF TBATENVFE
6.69E-08 100.0% EAHAH1MM EAHAH1NB EHUAHUSF LOOP PBATSCAF SBATTCAF TBATENVEF
6.69E-08 100.0% EAHAHIMM EAHAHINB EHUAHUSF LOOP PBATTCAF TBATENVF
6.69E-08 100.0% EAHAH1IMM EAHAN1PB EHUAHUSF LOoP PBATSCAF SBATTCAF TBATENVF
6.69E-08 100.0% EAHAH1MM EAHAN1PB EHUAHUSF 1.O0OP PBATTCAF TBATENVF
6.69E-08 100.0% EAHAHINB EAHAH1PM EHUAHUSF LOOP PBATSCAF SBATTCAF TBATENVFE
6.69E-08 100.0% EAHAHINB EAHAHIPM EHUAHUSFE LOOP PBATTCAF TBATENVE
6.69E-08 100.0% EAHAH1NM EAHAN1PB EHUAHUSF LOOP PBATSCAF SBATTCAFRF TBATENVF
6.69E-08 100.0% EAHAH1NM EAHAN1PB EHUAHUSF LOOP PBATTCAF TBATENVF
2.18E-08 100.0% CDMSTDEY CHUTDEXF EIDNCEXF PBATSCAF SBATTCAF TBATENVF
2.18E-08 100.0% CDMB8TDEY CHUTDEXF EIDNCEXF PBATTCAF TBATENVF
2.18E-08 100.0% CDMSTDEY CHUTDEXF PBATSCAF PIDNOEXF SBATTCAF TBATENVF
2.18E-08 100.0% CDMSTDEY CHUTDEXF PBATTCAF PIDNOEXF TBATENVF
1.67E-08 100.0% ECNSF1MF EFNSF1NM EHUFNSUF LOOP PBATSCAF SBATTCAF TBATENVF
1.67E-08 100.0% ECNSF1MF EFNSF1NM EHUFNSUF LOOP PBATTCAF TBATENVF
1.67E-08 100.0% ECNSF1MF EFNSF1PM EHUFNSUF LooP PBATSCAF SBATTCAF TBATENVF
1.67E-08 100.0% ECNSF1MF EFNSF1PM EHUFNSUF LOOP PBATTCAF TBATENVF
1.67E-08 100.0% ECNSF1NF EFNSF1MM EHUFNSUF LOOP PBATSCAF SBATTCAF TBATENVFEF
1.67E-08 100.0% ECNSF1NF EFNSF1MM EHUFNSUF LOOP PBATTCAF TBATENVE
1.67E-08 100.0% ECNSF1NF EFNSF1PM EHUFNSUF LOOP PBATSCAF SBATTCAF TBATENVF
1.67E-08 100.0% ECNSF1NF EFNSF1PM EHUFNSUF LOOP PBATTCAF TBATENVE
1.67E-08 100.0% ECNSF1PF EFNSF1MM EHUFNSUF LOOP PBATSCAF SBATTCAF TBATENVFE
1.67E~08 100.0% ECNSF1PF EFNSF1MM EHUFNSUF LOOP PBATTCAF TBATENVE
1.67E-08 100.0% ECNSF1PF EFNSF1NM EHUFNSUF LOOP PBATSCAF SBATTCAF TBATENVE
1.67E-08 100.0% ECNSF1PF EFNSF1NM EHUFNSUF LOOP PBATTCAF TBATENVE
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