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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 thisfault. 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 In the 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 3 . 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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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.  

3.6 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.  

3.7 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.  

3.8 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.) 

3.9 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.  

3.10 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-of-9 for failure; for a 
10-train subsystem, the failure criterion is assumed to be 6-of-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 (P3) 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 (P3) 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: 

1. Fault Tree Editor, version 3.2b 
2. Reliability Database Editor, version 3.2b 
3. Cutset Editor, version 3.2b 
4. Cut386, version 2.3 

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 I.  
(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 

5.1 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 
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. IV-2 
Fig. WH-1 B, WHB-HVAC Flow Diagram, Primary/Secondary Confinement Supply, p. IV-3 
Fig. WH-I C, 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. IV-8 
Fig. WH-2C, WHB-HVAC Flow Diagram, Tertiary Confinement Exhaust, p. IV-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.  

5.3 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 
is 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 (HO 14) 
- there is an HEPA filter defect with subsequent CAEM failures (HO 15) 

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 H015. The development of HO15 (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 
H014 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 
(PHVACF). Failure of the SCA HVAC system is represented by SHVACF, and the failure of 
the TCA HVAC system is represented by THVACF.  

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 PHVACF 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 
(THVACF), failure of the PCAiTCA barrier (PBATTCAF), and failure of the TCAlenvironment 
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 (H-010). 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 SCAITCA 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-of-9, 8-of-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 
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 {(} 

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)

Waste Package Operations Calculation

Page 13 Of 24



Waste Package Operations
Title: Reliability Assessment of Waste Handling Building HVAC System 
Document Identifier: BCBDOOOOO-01717-0210-00008 REV 00

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 
SW F - fails 
TR F - fails

Calculation

Page 14 0124

For example, a circle basic event on page 1-3 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 probabilities 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 
community, presented in Reference 7.7.  

In Attachment IV, the first two tables (Table IV-1 and Table IV-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 P3 = 0.1 (see assumption 3.15); for three or more 

failures, the multiple Greek letter method was used, and 03 = 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-of-9 combination gate. For this case, the 5-of-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 PAHAHIAM, PDMINAH1AC, 
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: 

L Combination Gate: failure is 5-of-9

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: 

C= 126 
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:

OR1 OR2 OR3 OR4 OR5 OR6 OR7 OR8 OR9 
al bl cl dl el fl gl hl il Row I 
a2 b2 c2 d2 e2 f2 g2 h2 i2 Row 2 
a3 b3 c3 d3 e3 f3 g3 h3 i3 Row 3 
a4 b4 c4 d4 e4 f4 g4 h4 i4 Row4
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( (J •Jx 3 =126x5x3 = 630x3 = 1890 

It is possible for there to be two failures in Row I (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( 26)J x 3 = 84x1 5x"3 = l260x3 = 3 780 

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

ý9) (7)Jx 3 = 36x35x3 = 1260x3 = 3780 

(1(8) x 3 =9x70x3 = 630x3 =1890 

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

(lf)(6)l( x 2 = 84x6x5x3 =2520x2 = 5040 

(9)(72)5) x 2 = 36x21x5x3 = 3780x2 = 7560 

9)(7) () x 2 =36x7x15x3 = 3780x2 = 7560 

(8)f (5)j x 2 = 9x56x5x3 = 2520x2 = 5040
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i(Ifl (1) x 2 = 9x28x15x3 = 3780x2 = 7560 

9(8)~J(7) x 2 = 9x8x35x3 = 2520x2 = 5040 1 13 
Extending the logic one last time to consider failures across all four rows, yields the following 
terms: 

(l) (7) (6i(5) x 1 = 36x7x6x5xl = 7560xl = 7560 

(9)(8) ( (5) x I = 9x28x6x5xl = 7560xl = 7560 

(9) (8)(7)(5) x I = 9x8x21x5xl = 7560xl = 7560 

(9) (8) (7)() x 1 = 9x8x7x15x1 = 7560xl = 7560 

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: 

X1 * X2* X3 * X4*X 

where Xi is the failure probability of the ith 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 Xs as a substitute value of the nine failure probabilities, and 
compute the total failure probability as: 

79884 * (?,s)' 

In most cases, Xs 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 
II shows the cutsets that result from quantifying the HVAC fault tree with a truncation 
probability of 10.N (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 1.72x 107 . 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:
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CDM8TDEY 
CDM8TDEY 
CDM8TDEY 
CDM8TDEY 

CHUCAEMF 
CHUCAEMF 
CHUCAEMF

CHUTDEXF 
CHUTDEXF 
CHUTDEXF 
CHUTDEXF

EIDNCEXF 
EIDNCEXF 
PBATSCAF 
PBATTCAF

CMNCAEMF PFGEXHTO 
CMNCAEMF PFGEXHTO 
CMNCAEMF PFGEXHTO

PBATSCAF 
PBATTCAF 
PIDNOEXF 
PIDNOEXF 

PFLHF IAD 
PFLHFIBD 
PFLHF1CD

SBATTCAF TBATENVF 
TBATENVF 
SBATTCAF TBATENVF 
TBATENVF

CDM8TDEY 
CDM8TDEY 
CDM8TDEY 
CDM8TDEY 
CDM8TDEY 
CDM8TDEY 
CDM8TDEY 
CDM8TDEY

CHUTDEXF 
CHUTDEXF 
CHUTDEXF 
CHUTDEXF 
CHUTDEXF 
CHUTDEXF 
CHUTDEXF 
CHUTDEXF

EFLHF1TM 
EFLHF1TM 
EFLHF1UM 
EFLHF 1UM 
EFNEF 1MM 
EFNEFIMM 
EFNEF1NM 
EFNERINM

EHUHEPAF 
EHUHEPAF 
EHUHEPAF 
EHUHEPAF 
EHUHEPAF 
EHUHEPAF 
EHUHEPAF 
EHUHEPAF

PBATSCAF 
PBATTCAF 
PBATSCAF 
PBATTCAF 
PBATSCAF 
PBATTCAF 
PBATSCAF 
PBATTCAF

SBATTCAF 
TBATENVF 
SBATTCAF 
TBATENVF 
SBATTCAF 
TBATENVF 

SBATTCAF 
TBATENVF

TBATENVF 

TBATENVF 

TBATENVF 

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).

Page 20 01 24
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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 
VII.  

The LOOP event has been set to a failure probability of 1.0, so the results, 4.1x10-2 , 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 

In performing this analysis, some system simplifications are made. This is usually due to 
incomplete information. There are two TBVs 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., 
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.



Waste Package Operations Calculation 
Title: Reliability Assessment of Waste Handling Building HVAC System 

SDocument Identifier: BCBDOOOOO-01717-0210-00008 REV 00 Page 23 Of 24 

7. REFERENCES 

7.1 Vesely, W.E.; Goldberg, F.F.; Roberts, N.H.; Haasl, D.F. 1981. Fault Tree Handbook.  
NUREG-0492. Washington, D.C.: U.S. Nuclear Regulatory Commission. TIC: 208328.  

7.2 Swain, A.D. and Guttmann, H.E. 1980. Handbook of Human Reliability Analysis with 
Emphasis on Nuclear Power Plant Applications. NUREG/CR-1278. Washington, D.C.: 
Sandia National Laboratories for U.S. Nuclear Regulatory Commission. TIC: 234354.  

7.3 Civilian Radioactive Waste Management System (CRWMS) Management and 
Operations Contractor (M&O) 1998. Preliminary Preclosure Design Basis Event 
Calculations for the Monitored Geologic Repository. BCOOOOOOO-0 1717-0210-00001 
REV 00. Las Vegas, Nevada: CRWMS M&O. ACC: MOL. 19981002.0001.  

7.4 Office of Civilian Radioactive Waste Management (OCRWM) 1998. Viability 
Assessment of a Repository at Yucca Mountain, Volume 2: Preliminary Design Concept 
for the Repository and Waste Package. DOE/RW-0508/V2. Washington, D.C.: U.S.  
Department of Energy. ACC: MOL. 19981007.0029.  

7.5 CRWMS M&O 1997. Surface Nuclear Facilities HVAC Analysis. BCBDOOOOO-01717
0200-00013 REV 00. Las Vegas, Nevada: CRWMS M&O. ACC: MOL.19980112.0189.  

7.6 Toledo Edison 1993. Individual Plant Examination for the Davis-Besse Nuclear Power 
Station. pp. 224-229, 234-240. Toledo, Ohio: Toledo Edison Company. TIC: 243475.  

7.7 Modarres, M. 1993. What Every Engineer Should Know about Reliability and Risk 
Analysis. pp. 336-341 (Appendix B). New York, New York: Marcel Dekker, Inc. TIC: 
243442.  

7.8 D.W. Gwyn to D.E. Calloway 3-9-99. "Industry Standard Software Package 
Qualification." IOC.LV.SA.LEB.03/99-026. CRWMS M&O interoffice 
correspondence (IOC). ACC: MOL. 19990326.0166.



Waste Package Operations Calculation 
Title: Reliability Assessment of Waste Handling Building HVAC System 

Document Identifier: BCBDOOOOO-01717-0210-00008 REV 00 Page 24 Of 24 

8. ATTACHMENTS 

The following attachments are provided to support this engineering calculation: 

Attachment I - Waste Handling Building HVAC Fault Tree 

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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dfISNSflHl eiAN3,Wal da+zTuld 3flSNaflHd avDilved dVdSHnHE WlTdH7aa %6'ý6 OT-EZZ'T 

dX3N9nHI dANSIVEI da+ZTEld qLISNdLlHd avDilvad 6Vd3HnHH WITdHqd3 %6*'vG OT-Ezz'l 

gnSNanHI SANSIVEll dS8CT'dld dXEINdnHd avolived 3Vd3HnHZ wlTdHIg3 %9 - t,6 01-SZZ'T 

3XENEIIHI SAN&LVEIJ, aEgCTEld 3X3NqflHd avDilved dVdSHnH3 WITSH79S OT-SZZ'T 

(_1 dnSNdnHL aANSIVEII de+ZTNld 9XSNgflHd avDilvEd dVdSHnHS WIT&HqaS ol-azzT 

aX3NSLIHJ, 6AN31val 9E+ZTUJd 9XHNdflHd avDilvad 6Vd3HfIHS WITAMES P-.9"v6 OT-3zzT 

V dANEIVEI dvDjllvEld adHXaflHg aNTdENd3 dXSGInHD 2ýsalgwaD -oos V6 01-39['T 
ojý 
m 3ANailvEll avDII)ies iVDSJVgd ddHXSfIHS dNllqsNdE SXEGIfIHD ?ýSGIMGD % t, t, C, OT -39E T 

a4 dANSIVEJ, dVDIIVEd dgHXS[IH3 SWTSHNS3 dXHGIfIHD 7MIMCD %Z-ýC, OT -39E T 

dANSIVELL dvDIIVES lqvz)sjlvEd ddHX3nH3 SWTd3NS3 9XECInHD XHU19WOD % Z t, 6 0 T - 3 9 Z T 

dCISNgflHl 6ANSIVEII dE9ET'dld qX30NGId d[ISNdflHd avDilvad %Z t,6 OT-3ZZ'S 

r. SXSNdCIHI dANSIVEII dESETdld dX30NCId dfISNqflHd avolivad %6*Z6 OT-3ZZ'S 

dnSNECIHI EANSIVEL 9E+ZTNld SXsONGId AfISN9nHd SVDIIved %9*Z6 OT-EZZ'S 

SX3NdaHL SANSIVel Se+ZTEld EXHONGId EnSNEnHd dvDllvsd %UZ6 OT-SZZ'S 

afISNdnHI dANSJVeL asucTuld dXSONGId 6XENdnHd dvz),Llvad %oE6 i OT-Szz's 

SX3NSflHL dAN31VEJ, da8ziEld dxaoNcid dX3NdflHd dVD11VSd -*Lz6 OT -EZZ , s 

dfISNdflHl aANaLva.L dS+ZlEld dXSONGId dXENgnHd lqvz)jllvacl %ý'Z:6 I OT-Szz's 

dXSNdflHL dANSIVal dE+ZTd.Ld dX3ONGId dXaNdnHd IqVDILJVECI %O'Z6 OT-3ZZ'S 

anSNdflHI dANEILVEIJ d8?STEld dnSN&flHd lqvDjljlvEld dXEDNCIE %L'T6 01-3zzs 

9XENEfIHI dANHLVEIL d88MIld diISNdflHd avDilvad dXSDNGIS %V' T6 OT-EZZ'S 

afISNdnHI dANSIVEIL da+ZT'dld AnSNdflHd avDilvad aXSDNGia -*T*T6 OT-EZZ'S 

dxaNdnHI dANSIVEll dE+ZT'dld dnSNdnHd dvDllvad dXSDNaIa %13'06 OT-3ZZ'S 

dnSNdflHl dANSIVEI da8ETdid 3XENanHd dVDIlVad dx3DNGIs %S ' 06 OT-EZZ*S 

aXSNdflHI dANEIJV8,L dEVETUld 9XSNdflHd IiVDIIVE[d axaDNaIS %Z'06 OT-HZZ'S 

anSN3flH.L dANaIVEIJ ga+Mlild dXHNdnHi lqvz)j,.LVE[d axaDxciia %6'69 OT-SZZ'S 

,iXSNdnHI aANEIVEIJ, da+zTwla dXSNdMd dvz)I.LVE[d dXSDN(IIS %9 * 68 OT-EZZ'S 

C) dANSIval dvz)jljlvEld ddHxafiHs WNTdgNiS qXSGIfIHD XaGilowciz) %E*68 60-HZT' S 
C) 6ANHJVE[J, avz)jlvas avz)SIVEld SqHX3rIHS WNTdENdS 9XHCI.LnHO x3alswao %z 98 60-3ZT*S 

> dANSIVEI avDilvad qdHXEfIHH wwiaHN93 dXSalnHO XEGILMID -%E: C? 60-SZT*S 

dANSIVELL avDilvEls dV3SIV8d aaHXEfIHS WWT6SNd3 dXSGInHO 4s(ljlgw(ID -% t'' 0 8 60-EZT ' 9 

00 qANEJVEIJ, avDl.Lvad qVd3HnHS WnTqHIS3 dXECIIfIHZ) zacl8waD -%T,'LL 60-SZT'S 

C) EAN31VEJ, SVDIIVE[S aVDSIVEd qVdSHCIHS KnTdHISS dXSUnHO ýEGIMID % L 60-SZT*S 
C) 

SANSIVEI avDilved &VdaHnHS WlTdHq6S dXSGInHD XEC18waD %,V'TL 60-EZT'S 

aANSILval dvDllvas &VDSILVed dvdaHnHS WITSHUS SX301flH3 xaalvwuo %t''89 60-EZT'S 

G3TdHqSd OIHXEDgd awEVDNWD dWSVDCIHD -*.f7,s9 60-36Z*S 

GgTgHrIdd OJHXEE),qd aWEVDNWD dWSVDnHD %9*09 60-H6U? 

CrVldHrldd OIHXaDad dWSV3fIHD %9' Gs 60-36Z*S 

dANSIVEI SXSONGId dvDljlved dXaGlflHD XEC19wao %6'OS so-E8Tz 

SANSIVal dVZ)LJVES aXSONGId- dVDSIVEd dXS(3JfIHZ) xaalswao %ZeE 80-3?TZ 

dAN31vail avDILived dxaoNaia dXS(IJfIHD xacilewaD %S - sz 90-3?1'Z 

dANaJV8,L dvz)ILves IiVDSILved dxaoNuis 9XSGIfIHD XHGlswGD %L-ZI I 80-39T - Z

Cý

i

(AllilqeqOJd ) 1.0-3Z/-'ý = -13N--11:iNn 
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SANSIVEL 6VDSJVEld avdaHEIH3 DnTEHNIWGH dXSGJnHO %6'L6 TT-319'L 

SANSIVEJ. aVDJJVEd avaaHnHa DLT2HNIWUS SXSCIJfIHD 71scilLSWID %8 - L6 TT -3T9 ' L 

3ANSIVEI avDILILVEIS livDsjlved dVaaHfIHS Z),LTgHNIWGS SXS(IJnHD xHaiewGD %O'L6 TT-ST9'L 

dANHJV8,L dVDIJVSd 39HXSnHE DNT33NIWCla dX3GjfIH3 XHUIOW(lo %I-'L6 11-ST9'L 

EAN31VEII dvz),Llvas dvz)slvEld SdHXSnHS Z)NTi3NIWaH EX3aJnHD XE(Ilvwclo %L-L6 IT-ZT9'L 

SANSILVEI dvz)ljlvEla qdHXEflHa Z)WldSNIWCIH dXE(ILnHZ) 2ýa(il9wclz) %9 * L6 TT -ST9 ' L 

dANELLVELL livoiliVES dVZ)SLVE[d qdHXEfIHE Z)WTS3NIWC]a axa(ILnHD 2MUMID %9*L6 TT-3T9*L 

dANSIVEII dvz).LilvEld qVdEHfIH3 DnTSHXENCIZ dXSGLnHD 7=18WID %9 ' L6 TT-319't 

3ANSIVEJ, SVDIILVES aVDSJVed -EVdSHnHH ZOTEMSWIS ixaGJnHZ) ITISGIMID %S-L6 TT-ST9 L 

dANSIVEII SVDJIJIVE[d dVdSHnHS DlTdHXSWG3 9XEGI[IHD 71SUJIMID -'.S'L6 TT-ST9 L 

SANSIVEJ, dvz),LjIVEIS dvz)SLvEd dVdEHfIHH Z)ITdHXSWGS axs(ILnHD XEGIMID %VL6 IT-319*L 

dANSIVELL dVZ)ILVEd ddHXSfIHS DNTdSW(IS dXE(IJOHZ) 7,SCIILRW(ID %ý-L6 TT-ST9 L 

liAmEilvEil dVDIJVEIS SVOSIVEld d9HXaflH2I 3NIdawc1a dXa(JInHO XEGILMCD %Z - L6 TT-ST9 L 

dANSIVS1 dVDIlVEd 9dHXSnHS DwTsawca dXSCIJnHD 71aal9wclz) %UL6 11-ST9'L 

dANSIVEIJ, &VDSIVE[d SgHxanHg DWTdawca dXECIIfIHD )ýSGILSWCID %Z'L6 TT-ET9'L 

SANSIVEli, dvz)llvEld ddHX3nH3 3NTM:sWas aXSCILfIHD 71a(IJIMID %Z'L6 TT-ET9*L 

dANai.va.L avDilivEls 9VOSIVEd EgMSMS DNT3SZ3WG3 SXSGJnHD 7,EGJISWCID %Z-L6 TT-ET9'L 

SANSIVEI dV3IJ.V8d ddHX3flHE OWTEEZEMIS dXSGZnHD XEGIMID %T'L6 IT-3T9'L 

iANEJV9,L EVDIIVEIS avz)slved dSHXHfIHE Z)WTE3ZSWGH iXHGLfIHZ) 71SCUMCID %T L6 IT-ST9'L, 

dANSIVEI dVZ)IIVEd qdHXSfIHE DNTS3T3WGS EXSCJCIHZ) 7iacllewcz) %0 L6 TT-ST9 - L 

EANSIVEll SVDILJVas SVZ)SIVEld asHxanH3 DNTdSTSWGE aXEGICIHZ) Milew(K) -*oO'L6 IT-ST9*L 

dANSIVE.1 SVDLIVEd SgHxanHS DWTH3TSWGH SX3(ILfIHZ) .7,sajsw(iD -.6'96 TT-ST9'L 

dANSJVEiL avDIJIVES avDSILVEd SEHXEMS DWTERTaWC3 SXE(ILnHD XSUILSWID %6 ' 96 11-3T9'L 

dnSNdflHJ, dANHJVEI.L 989CIEld dnSNEnHd dvDljlved dEMEMS WNTdMiS %9*96 OT-EZZ'T 

SXSNdflHJ, dAmalvEli, 6EISETUld daSNdrlHd dvz)j"LVEICT ddHXEIIHS WNTSSNdS %9' 96 OT-SZZ'T 

0 afISNdflHl SANSIVEM, dE[+Zl'dld gnSNdrlHd qVDJIVGd dffHXSfIHS WNTdSNdS %L 96 01-SZZ*T 
C) dX:RNqflHL qANS.LVeJ. qg+ZTd.Ld dnSNdflHd dvz).IIVE[d qdHXSflHa WNTdSNdS %9 96 OT-SZZ'T 

> gflSNanHI EANSIVal dElg E T"d.Ld aXSNqrlHd dVDLLVEd adHXHnHa WNTdE[NqE %9 96 OT-3ZZ'T 

aXSNdflHJ, dANSIVEIJ, 9EISETdId 9X3NdnHd lqvDjljlvgd 3dHxaflHH KNTdSNdS -*.9'96 OT-SZZ'T 

00 daSNdflHJ, dANSIVEI dE[+ZTUld iXSNdrlHd avz)jllvad 69HXSfIHS WNTi3NES %T7 - 96 OT-SZZ'T 

C) dXENSnHJ, qANEJVEI dE[+Zl'dld qxsNqnHcl avoilived 9dHXSfIHS WNTEENSE %U96 OT-SZZ'T 
C) 
<D qflSNqflHJ. dANSIVEI aESETdLd afISNgnHd avz),LLved dgHxsnHE WWTdElNaS %Z'96 OT-3ZUT 
C> iXSN9flHl dANSIVEI daVETUld 2nSNgflHd avDI'Lvad dEHXSflHa WWTdaNdg %Z'96 OT-SZZ'T 
6 dnSNdnHL 9ANSIVEIJ, ae+zlu.Ld SnSNdnHd dvz)j,,LvEld 6aHX3flHg WWT6aNd3 %T*96 0T-3Z:Z'T 

dX3NiflHl dANaLVEJ, dEl+zTldjld irISNdflHd dvz),LLved 8dHX3fIH3 WWTqENqS %T*96 01-SZZ'T 

gnSNdnliL SANSIV81 SUCTUld qXENdnHd dvoilived ddHXSnHS WWTdSNi2l %0 ' 96 01-SZZ*T 

SXSN3nHI dAN31VEII dE9ET'dld gXaNdflHd lqvDllvEd ddHX3aHH WWTdENqE WS6 OT-3U'T 

dnsNdf)iil SAN3JVSl da+ZTýila iXaNSnHd lqvDjljlvEld ddHXSfIHS WWTdaNaS WS6 OT-azz'T 
C) dX3NdCIHJ, dANEIIVEIJ, SE+Mild SXaNdfIHd avDilved dqHxsfiHa WWTdSNdS -%?*S6 01-EZZ*T 
6 anSNdflHl EANSIVEI dUMILd driSNdnHd avDilved &Vd3HnHS Kn Tq ME 8 %L ' S6 OT-EZZ'T 
C) 

dXENdnHJ, dANEJVEIL d89ET'dld dfISNdnHd avoilived d);(dE[HfIHE MTSH'IdEl %9'S6 OT-EZZ'T 
CD 
C:> dnSNqflHl SANSIVEll qE+ZTdLd qflSNdflHcl avollved dVdSHnHE WrlTdHIdE %9*S6 OT-SZZ*T 

aXEINqflHL dANSIVEI as+zTldLd SfISNSflHd SWUIVEd dVdSHOHS K(lTdHIdS %S*S6 OT-SZZ'T 

MSNdflHl dANSIVEI da9zildid dXSNaflHd dvDILIVEd qVd3HaHS KCITqHrIdS %t,'S6 OT-SZZ'T 
u dXSNgL'IHI SANSIVEI dElMIld dxaNdflHd dvolived qVd2fHnHS WnTqHrI&E %Z'S6 OT-EZZ*T 

dfISNgnH.L qANEJVEIJ, ga+ZT'dld dXSNdfL9d avoillvad dVdSHnHE WaTSHUS % C ' S 6 OT-SMT 

dXSNdnHI dANSIVEI aS+ZTU.Ld dXSNdflHd avOlived gVdSHnHS WIT3HIdS 01-SZZ'T 

gnSNSnHJ, SANSIVEJ, aavEluld afISNdnHd svDilived dvdaHfIHS WITSHrIS3 %T'S6 01-SZZ'T 

SXaNdflH.L dANSIVEII dsvETýild dfISNqflHd dVDLLVEd gVdSHMS WLlgH'IqE %T'S6 01-SZZ*T 

sIndul sselo % ýj!pqeqoid
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anSNanHI I 

SANSIVELL SXaNgaHS avolivas dEgMild EXaONaId SXSNSaHd dvosived -'.L'96 TT-SZZ'S 

9XSN6nHI 

SAN31VEI SXSN3nHS dvolivas 899ET'dld 9XSONGId dXSNdnHd avDsived %L'96 TT-EZZ:'S 

dfISNdnHi 

SANSIV91 dNINdflHS avDilvas da+ZTUld 6XSONCId dX3NEnHd L 9 6 TT-3ZZ'S 
0 dXSNdnHI 

dANýIIVEII SNINdflHS avDilves 9E+ZT'dld axsoNaid dXSN9nHd SVDSIVad %9 86 TT-3ZZý'S 

dflSNEMI 

qANEJVEIJ, 6XaN9flHS SVDIIVES aE+ZTHld SXSONGId axaNaflHd lqvz)SILVE[d -*.9'96 TT-SZZ'S 

r. qXSNiflHl 

EAN3,LVal dXSNdflHS lffvz).LLves as+zl4ld dXSONGId aXSNdnHd EVZ)SLvad ?69'86 TT-EZZ*S 

dnSNSfIHI 

dANsilvail dNINSnHS dvDllvas dUETuld qflSNdflHd dvDslvgd dXEDNGIS %S'86 TT-SZZ'S 

dXHNdflHl 

IqANEIVE[il 9NINSMS dvDllvas aEgMlld SnSNdnHd qVDSILvad dxaoNai3 -*.S'96 TT-aZZ*S 

dfISNdnHI 

dANSILVEIL EXSNSnHS dvDjlLves SESETuld SfISNSflHd qVDSLVaCI axaDNGIa -,.S'86 TT-HZZ'S 

dXSNaflHl 

8ANSIVEJ, dXENd[IHS dvDJILVES SESETEld afISNSnHd liv3silved dXSDNGIS %S'86 TT-SZZ'S 

gflSNdnHI 

SANZIVEI SNINEMS dvDllvEs SE+ZTEld EnSNdnHd avosivEd ax3DNGIS %1,*86 TT-SZZ'S 

aXSNdnHI 

dAN3JVEIJ, dNINdnHS livoilvas 49+ZT'dld SnSNdflHd dvDslvgd dXSONGIS %V-96 TT-EZZ'S 

dnSNdnHJ, 

CD dANaJVEI aXHNdnHS dvz)I.LVEIS as+zldjld dnSNdflHd dvDslvad 6XEDNCIIH %,V-86 TI-SZZ'S 

C) dXENdLIHI 

> dANaLVEIL 6XSNSnHS lqvDjjlvEls da+zlýild dnSNdflHcT lqvDsjlvgd dxaDNais --.E-86 TT-SZZ'S 

d[ISNanHI 

00 aANSLVEL dNINdiIHS avDilves aUET'dld aXaNgflHd dvz)slvEld aXZDNUIa %Z - 86 IT-EZZ*G 

dXSNdnHI 
CD 
C) qANSIVEL SNINEEIHS dvDllves SUCTEILd dX3NSnHd lqvz)SIVSd dXSDNGIH %E'86 TT-SZZ'S 
C) dnSNdnHI 
6 dANSIVEL dXSNaflHS dvz)IILVES dE8ZT'dld dX3NdflHd dvDslvad dX3DNGIa %Z*86 IT-azz's 

dXENdaHJ, 

dANaIVEIL dXENdnHS lqvz),LlVES aaecluld dXSNEnHd avDslvad 9XSDNGIE %Z , 86 TT-EZZ'S 

SfISNdnHI 

dANSJVEIJ dNINSnHS dvDllvas dE+ZT'dld, SXSNdflHd SVDSIved axaDNGIS %Z-86 TT-aZZ'S 

dxsNdnHi 

dANSLVSJ, dNINaflHS avDILIVES dS+Zl'dld dxsNdnHd dvDSIVEld dXSDNGIS -*Z*86 TT-HZZ'S 
C) gngNdnHI 
C) %1'86 TT-SZZ'S 
C) dANaLVEJ, dXSNdnHS dvz)j,,LVES 68+ZTNId SXENqnHd dvz)SILVEd dXaDNaia 

C) iXSNdflH.L 
m dANaivEll dXHNdnHS livDililvEls dS+ZT-dld EXENEEIM dvosived dXEDNUI3 %T - 86 TT-azz*s 
u dMaIVEI dvDxlved dXEGIfIHS Dazalwas aXSalflHD 7,HG18WGD %T ' 86 TT-3T9*L 

EANSILVEli, dvz)jljlves lqvz)sjVEICT dXE(IJflHa Dazalwas dXSGLfIHD 7MIMUD -%0*96 IT-219'L 

dANSIVEII avDiivad aXSCIIfIHEI ovzalwaa dXEULnHD x3al9waD -%0*96 TT -ST9 ' L 

dANHJIVEJI avDilves dvz)sjlvElcl dX3(11(IHE Dvzalwaa dXSGIfIHD 7,E(118WGD %6*L6 TI-ST9'L 

,qANSJVEL dvz)jljlvElci 9VcISHaHH DnTdHNIWGa dXHGlnH3 x3aluWaD %6 ' L6 TT-ST9*4 

slndul sselo % Aliliqeqojcj
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,iANSLVSJ, svDilvas avDsDdad 9nSNSnHS XNWISNES 3X2UlnHD AaCIMCD %S-66 IT-39UT 

,qANSIVEJ, dvolived SdHXEflH3 XNWTSNdS dXgGlnHD 2=18WOD %S'66 TT-39UT 

SANSJVEll avDilvas dvDSLved SSHXEfIHZ XNWTSN33 dXgGlnHD ITISG19wao %S*66 TI-39E*T 

SAN31Val dvDllvgd dVdHHnHE EnTdHIdS SXHalnHD x3algwao -'.S'66 TT-30Lz 

dANEJV8,L dvDjllvas dVDSIVEd SWEHMS ElnldHI.93 9XaGlnHD Taai9waD %S*66 IT-30L'Z 

dANaJV6l dvDllvgd SVd3HflH3 8113HUS SXSGInHD x3alMao %S . 66 TT-30L*Z 

m SANSIVE1 avDilvas lqvDsjlvgd dVdSHnH3 8,LTdHrM3 dXSUlnHD xsalwao %-v'66 TT-SOL'Z 

C" dANSLVEL SVOLIVEd SfISNECIHS wdldsNds VINTdSNES dXSUIfIHD A3GxvwGD %1,*66 11 -30Z "t, 
I dANaIVEII 

dVDIIVgS SvDslvad SfISNdflHE WdTdsNds KNIdSN93 8XSGlflHD 4SCILOWaD t, ' 6 6 TT-30Z't 

dANSLVEJ, SVDIlvsd d[ISNdnHa WdTgSN93 VMTqSNdS dXSGIfIHD 4a(llqwGD %v*66 IT-SOZ't 

SANSIVEIL Eý 
avDilLvas dvDslvad dnSNdnHS WdTiSNq3 WW Tq SNq E axacifiHD 43alswaD %1'66 TT-SOZ't 

dANSLV13J, dvz),Ljlvad JflSN9nHS WNTSSNqE WW Tq SM 3 SXSGInHD xsallgwaD %E'66 TT-3oz*tl 

< avolivas dvz)sjlvgd gnSNgfIH3 WNTESNEZ WWTdSNdS aXSGlnH3 MalswaD % E 6 6 TT-3ozlv 

EANSLVEJ, avDilvad qSfIHVnHg NCIThVHVE WNTHVHVS dXSGlf)HD xaa.LvwaD %E-66 TT-SOZ'D 

SAN31VS1 
livDILilvas dvDslvaa SSnHVaHS WdTHVHVE WNTHVHVS 6X3GlnH3 )ýSalswao %Z'66 IT-30Z'V 

dAN3JV6,L dvDllved dSahlVnHS WdTHVHVH WWTHVHVE dXaGInHO XEGISWaD %Z:'66 TT-EOZ'V 

dANEJV8,L 
avDilves avDslvad dsflHvaHz WdTHVHVS WWTHVHVa dXaalnHD x8alewaD %Z'66 TT-SOZ'V 

SANSIVE1 6vDllv9d qSfIHVfIHS WNTHVHVS WWTHVHVS dXgGlflHD LEGISWaD -*.Z'66 TI-30Z'V 

amaimaj, 

livDILLVEIS svý)Sjlvad d SfIHVfIHS WNT.HVHVS MTHVHVS SXSGJCIHD 71sailewaD lo 1 6 6 IT-30Z't 

dANE.LVEI.1 dE[ZGJlt4sa dXSalnH3 dXSUJfIHD Mailswac) -%1 66 TT-36t,'t 

SANSIVEll IqVD.LIVES dvosLvEld dazalmss ZXEGInHE dXSUInHZ) xaail9wao %T'66 TT-S6VT7 

> aANa.Lva.L dvolivEld dvz(ilmss axsainiis dXSGlnH3 LsalswaD %I ' 66 TT-36V'V 

EAN31VUl dVZ)JJVES IiVDSIVEld dvzalmss dX3GLnHS dXSGInHO xaaiwaz) %0*66 IT-H6V*V 

dflSNdnHl 
00 
C) dAM3JVElJ, SNINdnHS dvDj.,Lvgs dsZTEld 9XSONGId dflSN2nHd lqvDsjlvad %0'66 TT-SZZ'S 
(Z) SXSNEEIHI C> 

dANSJVE[J. SNINdnHS svDilvas dEgZTýild dXHONUId dfISNanHd dvDsivad %0' 66 IT-3zzs 
C> dLlSN9nHl 

aANSJVIHJ, dXHNdflHS avolivas dUETUld aXSONGId d[lSNSflHd dvDsilvEld TT-3zzs 
C) qXaNlqflHl 

dANSIVE1 dXSNdflHS IiVDILJIVES dasMild 2XHONGIld dfISNdflHd lqvz)sjlvea %6'?6 TT-SZZ'S 

dfISNSfIHI 
C) SANEIVEll 6NINdnHS dvDllves da+ZTUJd aXSONGId dnSNdnHd lqvDsllvEld %6'96 TI-azz's 

dXENaf)Hl 

dANSLVELL SNINdflHS avDilvas de+ZIUla SXaONGId EnSN911Hd dvDslvad -%6'86 IT-EZZ'S 

C) EnSNEnHl 

C) dANEIVEI dXSNaflHS dvollivias dg+ZTUld SXSONGId qflSNqnHd dvDslved %9 96 TT-azz*s 

CQ dXSNdflHL 
u SANSIVEll dXSNdnHS lqvDjljlvEls da+ZTUld dXSONGId qf'lSN3flHd dvDslvad %8 66 TT-3ZZ'S 
m dCISNSnHI 
).L; dANSIVEll dNINdnHS avDILIVES SESCIEld dxaONGId dXSNdnHd dvosilved %8 96 Ti-azz's 
9z dXSNdaHJ, 

dANSIVEI 9NINdnHS lqvDjljlves 9SETEJd dxaoNuid dXHNdrlHd dvDslvsd %L'ý?6 IT-3ZZ'S 

slndul sselo % tj!qeqojd
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SnSN&nHI &AN3JIVELL 

dNINdaHS dvDILVES aa+ZlEld dXSNdnHd dvDSLvsd qVdSHfIHH WnTdHIaS %L-66 TT-3ZZ'T 

9X2INd1IHL SANSIVE[J.  

gNINqnHS dvz)ljlves dE+ZT'dld EXENSMd iVd3HnHS KnTgHrMS %L,'66 TT-3Z7Z'T 

HISNaaHl qANSIVEIJ, 

dXSNqnHS dvDIIVES ds+ZTýild dXSNSnHd dvDslved 9Vd3HfIHS WnTdHrIqS %L 66 TT-SZZ*T 

dXSNSfIHI SANSIVEI 

0-4 dXSNEnHS SVDIIVES SS+ZTEld dXE[NSflHd 3vosived dVdSHfIHS Kn TA HrIS 21 %L 66 TT-SZZ'T 

dfiSNdflHl dANSIVEJ, 

dNINdnHS dvDlj.VEIS 8 6 8 Z TdJd drISNdClHd dVDSLVEd dVdEHfIHS WLT9HrIdS -*.L*66 TT-3ZZ'T 

gXgNdflH.L EANEIVELL 

5NINdnHS dVZ)IJVES da8clEld gnSNgflHd Ev3sivad SVcl3HflH3 WlTdHrISS %L ' 66 TT-EZZ*T 

dfISNSnHJ, dANSIVEI 

3XSNgCIHS qE? E TdJd 3CISNgnHd 3VZ)SLVad iVdSHnH3 WITaHrIES %L*66 TT-3ZZ*T 

dXaNaflHL AANSIVELL 

3XSNdCIHS dvoLIVEIS aEET'dld ifISNqClHd avDslvad dVdSHflHa WlTdHqdS %9 66 TT-3ZZ'T 

SnSNdflHl dAN3,LVEIJ 

3NINdnHS dVDLlVaS da+ZTdLd gflSNdnHd avosived 5Vd3HnH3 Wl Td HrIS 3 %9 66 TT-3ZZ'l 

SXSNSnHL dANSILVEIL 

SNINSfIHS SVZ)Ijlvas dE+ZTdLd HnSNSflHd dvDsjlvgd gVd3HEIHS WITSHrISS %9 66 Tl-azz'T 

EnSNEMI dANsilvail 

aXSNdfIHS EV31i'ves SE+ZTEld anSNdnHd SVDSIvgd SVd3HfIH3 WITdHrISS %9"66 TT-3ZZ'l 

SXSNdflHl dANSIVEII 

dXSNsnHS SVDIIVES 4E+Z TdLd dnSNdflHd dVDSJVEd dVdSHfIH3 WITqHrIdS %9 ' 66 TT-SZZ'l 

,qnSNdflHL dANSIVEM, 

dNINinHS dvDIJIVES dElvclýild dXE[NdaHd dVZ)SLVEd qVdSH[IHH WlTdH'163 -'.9-66 IT-SZZ'l 

C) EXaNdfffll qANEJVE[J.  

> SNIN&IHS avDilvas 988ETdld dXENdflHd dVDSJVEd aVdEHflHa WIT&HrIES %9 * 66 TI-SZZ'T 

ansNanHJ, dAN31VSJ, 

00 SXaNqflHS avz)j,,Lves 968ET'dld dXHNdf)Hd 3VDSIVEd dVd3HnHS WLldHrIaS %9'66 TI-SZZ'T 

dXSNdflHl dANaJVSI 
CD 

dXZNqflHS dvz)jljlvas d68ET'dld aXSNdflHd SvDSILvad aVdSHfIHS WLldHrIaS %9 ' 66 TT-3ZZ'l 

dnSNdflHJ, aANEJIVEI 

dNINdnHS dVZ)JIVEIS dg+Z:TdLd iXSNdaHd 3W)SILVEld dVdSHaHE WlTdHrIgS %9,66 TT-SZZ*T 

qX3N,4flHl dANHIVEI 

aNIN3flHS dvDlltvgs dEI+ZTdld SXBNdflHd aVdEHnHE WITSHrl6a %9 66 TT-SZZ*T 

arlsNdnHI dANaJVEI 

dX3NqflHS dvz)jljlvEls 96+MIld dXZNqflHd, avz)SLvgd gVdSHflHa WJTdHIdS %9 66 TT-HZZ'T 

qXENdflHJ, dANSIVEIJ, 

dxaNdnHS avD.L.LVES dE+zTuld dX3NS(lHd dVZ)SlVgd qvdsHnHa WITaHrISS %9 66 IT-EZZ'T 

C) dANSIVEIJ, avDiived ddHXSaHH dNTdSNDS dXE(ILaHZ) 71sciew(K) %9 66 T T -ELZ' T 
C) -%S*66 TT-SLZ'T 

dANSIVEI dVDJZLVEIS dvz)SILVEci qqHXSaHE dNTdENZ)E dXS(ILnHO 7.aaLswao 
smaimai dvDILJIVECI dSHMIHS aWT33NDS SX3alrlH3 'KaGlewao %G ' 66 TT -SLZý ' T 

SANSIVEII IqVDILJIVES dvDsjlvecl SqHXZnHH dWT93NZ)H iXa(IJfIHD XECIILSW(ID %S*66 TT-3LZ'T 

qANSIVEI lqvz)ljlvEld MSNAMS XdNTSN9S dXS(IlflHD XEGISMID %S*66 TT -E9E T 

dANSIVEIJ, EVDIIVES lqvz)sj.VEI(l qnSNqnHH XdNTSNdS dXS(lJrIHD XMISMID %S' 66 IT-S9E T 

aANHLVEI av::)IJIVE[d gflSNSnHS XdWTSNda axaainHD 7MIJISMID -,.S*66 TT-99E T 

smaivaj, dV0IIVSS IiVDSILVEld dfisNdnHS XdWISNdS aXZCllflHZ) xsailsw(iz) %S ' 66 TT-39Z'T 

SANUMEJ. lqvc)llvEld dnSNAfIHS XNWTSNdS qXHCIUIHD xaajswciz) -%S-66 TI-39E'T 

slnd'ul sselo % 2j!qeqOJd
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EnSNEnHl IqANEILVEI 

2NINdfIHS 2VDIIVES 98+z:luld dnSNdflHd svDgived d2HXSnHS WWTdEINqS %6 ' 66 TT-EZZ'T 

SXSNdnHI SAN3,LVEI 

dNINdOHS dvolivas 36+ZTNId 3fISNdnHd dvDslvgd ddHX3nHS WW163NE3 %6'66 TT-EZZ'T 

dnSNSnHI 6ANSIVEJ, 

dMNEMS avDilves ds+Z:TýIld dnSNgnHd SVDSIVgd EaMEMS WWTdSNd3 %6 * 66 TT-3ZZ'l 
a4 

I 

SMNlinHI dANaLVEIJ, 

-4 SX3NdflHS dVDIIVES ds+zTuld SnSNEnHd SVDSzvgd S9HX3nHS WWTd3lqS2l %V66 TT-3ZZ'T 

EfISNEMI dANSIVEII 
SNINSfIHS dvDllves dE8ZT'dld 9X3NdflHd SvDslved aEHXSnH3 wwlaEfNlqs -*.9'66 TT-3ZZ*T 

2X3NMH.L dANSIVE[il 

SNINEMS dvDilves davMild dXSNgflHd avDslvad ddHX3nHS WWT iSNHEI W66 IT-SZZ'T 

SfISNdnHI SANSIVELL 
qXSNdLIHS dvDllvas dEgETUld dXSNgflHd EvDSIVEd agHXSnHS WWTSaNdS %8 66 TT-SZZ'T 

aXEINdflHl SANSIVEll 

dXZNdflHS avDilves a99ZTUld iX,9NdflHd avDslvad ddHXEIfIHS WWTdSNiS %8 66 TT-aZZ'T 

SnSNdnHI dANaLVEII 

dNINdflHS lqvz),LlVES S9+ZTNId qXaN,4flHd EvDsivad ddHXanHa wwIdEN921 %S*66 IT-EZZ'T 

dXSNEfIHL dANSIVEIJ, 

dNINdflHS dvollvgs ds+ZTNld dXaNEflHd dW)SIVsd diHXSfIHE WWTaSN&S % 8 * 6 6 IT-2ZZ'T 

dnSNdLIHI 9AN31VEI 

dXENinHS SVZ)IILVES aa+zTdid dXgNdflHd avosived qqHXEnHE WWTdSNqS %9'66 Ti-azz*T 

dxaNdnHI 4ANEIVEll 

SXSNdflHS dVDIIVES dE+ZTNId dXENdnHd gvDslved dqHXSrlliS wwIdEN921 %8' 66 TT-EZZ'T 

C> anSNdflHJ, dANSIV61 
C) dNINSfIHS dvDilvas desMild dnSNSflHd lqvDsjlvad &VdgHfIHS WnTdHrlqS %8 66 TT-SZZ*T 

> dXSNdnHI dANSIVEI 

SNINMHS avolives da8MIld qnSNqflHd avDSIVEd SVdSHfIHS WEIISHrIaEl %9 66 IT-EZZ:*T 

00 dnSNdOHI IqANSIVEI 

C) qXSNqaHS dvDilvas daMlld inSNqflHd dvDslvEd dVd3HnHS WaTaHrMS %8'6G TT-EZZ'T 

dXSNgnHl qANSIVEIJ, 

aXENdfIHS dVZ),LIVSS daETuld anSNdflHd avDslvad qV(13HflJiE KlIldHrIqS %9 ' 66 11-3zzT 

dfISNdnHI dAN31VEJ, 

dNINdnHS dvz)IJVEIS dg+ZTUld EnSNEflHd dqZ)SILV8d avdaHfIHE KnTdHrMS -%9'66 TT-3ZZ'T 

EXENdaHl dANSIVEM, 

3NINaMiS avDilvEs da+Zluld dfISNdnHd SVOSIVEd SVd3HnH3 WnTaHrids %L'66 11-3ZZ'T 

dnSNdaHL 6ANSIVELL 

dxaNdflHS avDI'LVES d9+ZTUld d[ISNSflHd avDSIVEd dVdaHaHE KnTqHrIdS 11-S.ZZ'T 

C) 
dXSNdnHI SANSIVEJ, 

C) qXENqflHS lqvz)jLVES dE+zTuld 6nSNdflHd dvz)sjlvad dVdHHnHE KCITaHrIq2l VC66 TT-3ZZ'T 
C) 
C) dnSNdflHJ. dANaILVEIL 

ýz dNINd[IHS lqvDjjlves gagETNId qXSNiflHd SVDSIvgd qVdgHflHa WnTdHIlIqs %L*66 IT-szz:*T 

CQ aXHNdaHl SANSIVEIL 
u 
m qNINdflHS dvz)ljVE[S dERETuld dXaNdrlHd dvDslvad dVd3H[IHS WaTdHrlda %L"66 TT-3ZZIT 

anSNSMI dANSIVS1 

6XZNaflHS avolivas d98ZTNId dXSNdnHd dv3sived dVclaHnHH WaldHrIdS %L 66 IT-SZZ*l 

,qXSNaflHJ. dANSIVEI 

9XSNdflHS dvDilves d6VETUld iXSNdaHcl SVDSIvad qVdElHfIHH KnTdHrIdS 16L 66 IT-3ZZ'T 

slndul % Aliliqeqojd 
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Table Tv-I 
Failure Data Table (by Type Code)

Type Code Failure rate Time Failure probability Source Comments/Assumptions 
(/hr) (hrs) md probability) 

AH B 3.4x10" 24 8.2x10 D-B IPE [7.6] Blocked air handing unit impedes air flow; use 
failure rate for heat exchanger plugs during 

_ _ _operation.  

AH M n/a n/a 8.2x 10-3 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.) 

A.H X 3.4x10-7  24 8.2x10-6  D-B IPE [7.6] Common cause failure of two AHUs (impedes air 
10-7 _24_ flow).  

AH Y 1.7x10 7  24 4.1 x 10-6  D-B IPE [7.6] Common cause failure of three or more AHUs 
(impedes air flow).  

CN F 8.5x10 7  24 2.0x10 5  D-B IPE [7.6] Pressure switch fails low.  
DM C 5.lxl0"6  24 1.2x10 2  D-B IPE [7.6] Damper spuriously closes (or fails to remain 
DM I (10) 5117 open).  
DM X 5.lxl0" 24 1.2xl0 5  D-B IPE [7.6] Common cause failure of two dampers (spuriously 

closes).  
DM Y 2.6x10 7  24 6.2x10 6  D-B IPE [7.6] Common cause failure of three or more dampers 

(spuriously closes).  
DG M n/a n/a 6.0x10"3  Modarres [7.7] Use maintenance unavailability from Reference 

7.4 instead of value in assumption 3.4.  
DG R 2.0x10-3  8 1.6x10"2  Modarres [7.7] Diesel generator fails to run. Affects power; use 8 

hours.  
DG S n/a n/a 3.0xlO2  Modarres [7.7] Diesel generator fails to start (demand probability).  
FL B 1.8x10 6  24 4.3x10 5  D-B IPE [7.6] Blocked HEPA filter impedes air flow, use failure 
,__rate for air filter plugs during operation.
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Table IV- I 
Failure Data Table (by Type Code) 

Type Code Failure rate Time Failure probability Source Comments/Assumptions 
(/r (hrs) (Demand probability) 

FL D 1.8x10• 24 4.3x10-4 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 8.2x1 0-3  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 1,8xl0"7  24 4.3x10 6  D-B IPE [7.6] Common cause failure of two filters.  
FLY 9.0x108 24 2.2x10-6  D-B IPE [7.6] Common cause failure of three or more filters.  
FN F 9. 1x10-6  24 2.2.x10-4  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 8.2x10-3  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. lx 10-7 24 2.2xl 0. D-B IPE [7.6] Common cause failure of two fans (fails to 
continue operation).  

FN Y 4.6x 10.7  24 1. 1x 10-5  D-B IPE [7.6] Common cause failure of three or more AHUs 
(fails to continue operation). " 

HU F n/a n/a 0.1 Assumed Screening value (see assumption 3.2).  
ID F n/a n/a 3.5x10"3  D-B IPE [7.6] Motor-operated damper fails.  
MC F 1.0xl0" 7  8 8,0x10-7  Modarres [7.7] Motor Control Center fails; use failure rate for 
MC E (10)[aI buswork (480V) fails. Affects power, so use 8 

hours.  
MN F 3.0x10"6  8 2.4x10 6  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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[al Indicates a 10-chararacter basic event identifier.

Page IV-4

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 6  24 7.2x10- 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 6  8 1.5x1O4 D-B IPE [7.6] Operational failure of a transformer. Affects 

I I power; use 8 hours.
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Table IV-2 
Failure Data Table Specific Basic Events) 

Basic Event Failure probability Source Comments/Assumptions 
Identifier (Demand probability) 
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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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) [11 Probability Prob. [21 
(representative) Probability 

CDMTOREXH 8-of-15 PDMTD1AC 1.T22x10' 1,055,340 1.22x10"4  5.2x10"26 Use maximum failure 
PDWTD1AF 7.20x10 5  probability as the 

substitute failure prob.  
SDMTOR 5-of-9 PDMTDIAC 1.22x10 4  4,032 1.22x10 4  1.11x0"16 Use maximum failure 

PDWTD1AF 7.20x105  probability as the 
substitute failure prob.  

SAH 5-of-9 PAHAHIAM 8.20x10"3  79,884 8.2x10" 3.1x10" Use maximum failure 
PDMTNAH1AC 1.22x10-4  probability as the 
PAHAHIAB 8.20x10 5  substitute failure prob.  
PDMEXAHI1A 1.22x10 4 

SFLHEPA 9-of-16 PFLHF1AM 8.20x10 3  114,933,867 8.2x10 3 I 1.9x11 Use maximum failure 
PDMINHIF1AC 1.22x10 4  probability as the 
PFLHF1AB 4.30x10 5  substitute failure prob.  
PDMEXIHF 1A 1.22x.10.4 

C 
SFNSUP 5-of-9 PFNEFIBM 8.20x10-3  420714 8.2x10 3  17x0 Use maximum failure 
SFNEXH PDMINEFIBC 1.22x10"4  probability as the 

PDMEIEFIBC 1.22x10"4  substitute failure prob.  
PDMIE1EFIBC 1.22x10" 
PFNEF1BF 2.20x10 4 

PDMEF1BC 1.22x10 4 

PCNEFIBF 2.00x10"5 

PMC480VE2F 8.00x 10-7 

Loss of Power 2.98x10 __
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Table IV-3 
Development of Surro ate Failure Rates for Donihl-Diam- nrlnd Rlnzr Pvintz

Basic Event Combination Inputs Number of Substitute Surrogate Comments [31 
Identifier Gate Logic combinations Failure Failure 

(for failure) Basic Event Failure (cutsets) [11 Probability Prob. [21 
(representative) Probability 

TDMTOR 6-of-10 PDMTD1AC 1.22x10 4  12,180 1.22x10 4  
4 .0 x10 20 Use maximum failure 

PDWTD1AF 7.20x10.5  probability as the 
substitute failure prob.  

TAH " 6-of-10 PAHAHIAM 8.20xi0 3  594,300 8.20x10 3  1.8xl0-7 Use maximum failure 
PDMINAH1AC 1.22xl 0-4  probability as the 
PAHAHIAB 8.20x105  substitute failure prob.  
PDMEXAH1A 1.22x10 4 

C 

TFLHEPAUO 4-of-7 PFLHF1AM 8.20x10"3  4,970 8.20x10"3  /.x1I0U Use maximum failure 
PDMINHFIAC 1.22x10-4  probability as the 
PFLHF1AB 4.30x10 5  substitute failure prob.  
PDMEXHF 1A 1.22x 104 

C 
TFLHEPAOC 5-of-9 PFLHF1AM 8.20x10 3  79,884 8.20x10-3  3.0x10" Use maximum failure 

PDMTINHIlAC 1.22x10"4  probability as the 
PFLHF1IAB 4.30x 105  substitute failure prob.  
PDMEXHF1A 1.22x10"4 

C I I I I II
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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 [31 
Identifier Gate Logic combinations Failure Failure 

(for failure) Basic Event Failure (cutsets) [11 Probability Prob. [21 
(representative) Probability 

TFNSUP 6-of-10 PFNEFIBM 8.20x10 3  5,360'250 8.20x10"3  1.6x10" Use maximum failure 
PDMINEF1BC 1.22x10 4  probability as the 
PDME1EF1BC 1.22x10 4  substitute failure prob.  
PDME1EFIBC 1.22x10-4 

PFNEF1BF 2.20x10 4 

PDMEFIBC 1.22x10"4 

PCNEF1BF 2.00xl0.5 

PMC48OVE2F 8.00x10"7 

Loss of Power 2.98x10__ 
TFNEXHUO 3-of-4 PFNEF1BM 8.20x10-3  396 8.20x10 3  2.2x10 Use maximum failure 

PDMINEFIBC 1.22x10-4  probability as the 
PDMEIEFIBC 1.22x10"4  substitute failure prob.  
PDMEIEF1BC 1.22x10"4 

PFNEF1BF 2.20x10 4 

PDMEF1BC 1.22x10-4 

PCNEFIBF 2.00x10 5 

PMC480VE2F 8.00x10 7 

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 [31 
Identifier Gate Logic combinations Failure Failure 

(for failure) Basic Event Failure (cutsets) [11 Probability Prob. [21 
(representative) Probability 

TFNEXHOC 4-of-6 PFNEF1BM 8.20x10-3  5,505 8.20x10-3  2.5x10-O Use maximum failure 
PDMINEFIBC 1.22x10 4  probability as the 
PDMEIEF1BC 1.22x10-4  substitute failure prob.  
PDME1EF1BC 1.22x10 4 

PFNEF1BF 2.20x10 4 

PDMIEF1BC 1.22x10"4 

PCNEFIBF 2.00x10 5 

PMC480VE2F 8.OOx 107 
Loss of Power 2.98x10-5  _ 

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)(NziJ'berofctitsetrelenents). The number of cutset 
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-of-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-S for failure) 

126 504 

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 
9 281 15 2 7560 
9 8 35 2 5040 

36 7 6 5 1 i 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-of-9 for failure) 

126 21 1 252 

126 5 1 630 

84 15 1 1260 
36 351 1 

I I ______ _______ -1260 

9 70 1 630 

4032 

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

126 9 1134 

126 5 8 5040 
84 151 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 I 7 17640 
9 28 15 i 7 26460 
9 8 35i 7 17640 

36 7 61 5j 6 45360 
9 28 61 5 61 45360 
9 81 211 5 6 45360 
9 8 7 15I 6 ! 45360 

7 6 55 [ 75600 

420714 

Page V-2



DI: BCBDOOOOO-01717-0210-00008 REV 00 Attachment V: Combinatorics

2 Rows of 15 (8-of-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-of-10 for failure) 

210 4 840 

252 5 31 3780 
210 15 31 9450 
120 35 31 12600 
45 70 3 9450 
10 126 3 3780 

210 6 5 2 12600 
120 21 5 2 ! _25200 

120 7 15 2 25200 
45 56 51 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 5 I 1 37800 
45 8 21 51 1 1 37800 
45 8 7 15 1j 37800 
10 84 6 5 1 25200 
10 36 21 5 11 37800 
10 36 7 15 1_ 37800 
10• 9 56 5 11 25200 
10 9 28 15 1 37800 
10 9 8 351 25200 

[ [ 594300 
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9 Rows of 10 (6-of-10 for failure) 

210 9 1890 

252 51 81 10080 
210 15 81 25200 
120 35 81 33600 

45 70 8! j 25200 

10 126 8i 10080 

210 6 51 71 44100 
120 211 71 88200 
120 7 151 71 88200 
45 56 5 71 88200 
45 28 15 7 132300 
45 8 35 7, 88200 

10 126 5 71 44100 
10 84 15 7 88200 
10 36 35 7 88200 

10 9 70 71 44100 

120 7 6 5_ 61 151200 
45 28 6_ 5_ 61 226800 

45 8 2 1  5 6!__ 226800 i 

45 8 71 15 61 226800 
10 84 61 5 61 I 151200 

10 36. 211 51 6 i 226800 
10 36 7 151 6! I 226800 
10 9 56 5_ 61 151200 

10 9 28 151 61 226800 
10 91 81 351 6' 151200 

45 8 71 6 5 ii 378000 

10 36 7 6 5 5_ 5 378000 
10 9 28 6 5 5I i 378000 
10 9 8 21 5 51 i 378000 
10 9 8 7 15 51 I 378000 

10 9 8 7 6 5 41 604800 

_ _ _ _ _6360250 [ _ _ _ _ _ _ _ _ _ _ _ I 

4 Rows of 7 (4-of-7 for failure) _ 

35 41 i 140 

35 41 31 420 
21 10 3 i 630 

7 20 31 420 

21 5_ 4 21 i 840 
7 151 41 2i 840 
7 6 10 21 840 

7 6 5 41- _840 

______4970
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9 Rows of 4 (3-of-4 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) I 

15 _9 135 

20 3 8 480 
15 6 a 720 
6 10 8 480 

15 4 3 7 1260 
6 10 3 , t 71 1260 
6 5 6 j _ 7! 1260 

_ _5595 
_ _ _ _ _ I _ _ __ _ _ _ .1 _ _ _ _ _ 

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

11440 41 45760 

12870 8 31 308880 
114401 36 _ 3 12352 80081 12 3i 28828800 4368 330 31 43[24320 

1820 792 31 4324320 

560 1716 31 2882880 
120 34321 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 
I much of a concem since failure would require a nine-element cutset.
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HIGH LEVEL HVAC DESIGN WITH EMERGENCY 
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LOOP INITIATING EVENT CUTSETS
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(

Probability IJ%_ CIlass Inputs

3.502-03 
3.50E-03 
3.50E-03 

3.50E-03 

3.00E-03 

3.00E-03 

3.00E-03 

3.00E-03 

1.60E-03 
1.60E-03 

1.60E-03 

1.602-03 

8 .20E-04 

8.20E-04 
8.20E-04 
8.20E-04 

8.20E-04 

8.20E-04 

8.202-04 

8.20E-04 

6.00E-04 

6.00E-04 

6.00E-04 

6.00E-04 

2.18E-05 

2.18E-05 

2.182-05 

2 .18E-05 

1 .22E-05 

1 .22E-05 

1.222-05 

1 .22E-05 
1.22E-05 

1.22E-05 

1.22E-05 
1.22E-05 

1 .22E-05 
1 .22E-05 

1.22E-05 

1.22E-05 

1.22E-05

8.5% 

17.0% 

25.4% 
33 .8% 

41.0% 
48 .2% 

55.3% 

62.5% 

66.3% 

70 .0% 
73.8% 

77.6% 

79.5% 
81.4% 

83.4% 

85.3% 

87.2% 

89.1% 

91.1% 

93 .0% 

94.4% 

95.8% 

97.2% 

98.6% 

98.6% 

98 .7% 

98.7% 

98.8% 

98 .8% 

98 .8% 

98 .9% 

98 .9% 

98.9% 

99.0% 

99.0% 

99.0% 

99.0% 

99.1% 
99.1% 

99 1% 

99 .2%

EIDNCEXF 
EIDNCEXF 
LOOP 
LOOP 
EDGDG01S 
EDGDG01S 
EDGDG01S 
EDGDG01S 
EDGDG01R 
EDGDG01R 
EDGDG01R 
EDGDG01R 
EFLHFITM 
EFLHFITM 
EFLHFIUM 
EFLHFIUM 
EFNEFIMM 
EFNEFIMM 
EFNEFINM 
EFNEFINM 
EDGDG01M 
EDGDG01M 
EDGDG01M 
EDGDG01M 
EFNEFIMF 
EFNEFIMF 
EFNEFINF 
EFNEFINF 
E DMEIEFIMC 
EDMEIEFIMC 
EDMEIEFINC 
EDMEIEFINC 
EDME2EFIMC 
EDME2EFIMC 
EDME2EFINC 
EDME2EFINC 
EDMEFIMC 
EDMEFIMC 
EDMEFINC 
EDMEFINC 
EDMEXHFITC

C �CAFTA-VAWHBHVAC\WHBHVACL CUT 
Page 1

( 
Cutset kt:port 

UNFILREL = 4.11E-02 ( Probability)

(

LOOP 
LOOP 
PBATSCAF 
PBATTCAF 
EHUEXHFF 
EHUEXHFF 
EHUFNSUF 
EHUFNSUF 

EHUEXHFF 
EHUEXHFF 

EHUFNSUF 

EHUFNSUF 

EHUHEPAF 

EHUHEPAF 
EHUHEPAF 
EHUHEPAF 

EHUEXHFF 

EHUEXHFF 

EHUEXHFF 

EHUEXHFF 

EHUEXHFF 

EHUEXHFF 

EHUFNSUF 

EHUFNSUF 
EHUEXHFF 
EHUEXHFF 
EHUEXHFF 
EHUEXHFF 
EHUEXHFF 
EHUEXHFF 
EHUEXHFF 
EHUEXHFF 
EHUEXHFF 

EHUEXHFF 
EHUEXHFF 
EHUEXHFF 
EHUEXHFF 
EHUEXHFF 

EHUEXHFF 

EHUEXHFF 
EHUHEPAF

PBATSCAF 
PBATTCAF 
PIDNOEXF 
PIDNOEXF 
LOOP 
LOOP 
LOOP 
LOOP 
LOOP 
LOOP 

LOOP 
LOOP 
LOOP 
LOOP 
LOOP 
LOOP 
LOOP 
LOOP 

LOOP 

LOOP 
LOOP 
LOOP 
LOOP 
LOOP 
LOOP 

LOOP 
LOOP 
LOOP 
LOOP 
LOOP 
LOOP 
LOOP 
LOOP 

LOOP 
LOOP 
LOOP 
LOOP 
LOOP 
LOOP 
LOOP 

LOOP

SEATTCAF 
TBATENVF 
*SBATTCAF 
TBATENVF 
PBATSCAF 
PBATTCAF 
PBATSCAF 
PBATTCAF 
PBATSCAF 
PBATTCAF 
PBATSCAF 
PBATTCAF 
PBATSCAF 
PBATTCAF 
PBATSCAF 
PBATTCAF 
PBATSCAF 
PBATTCAF 
PBATSCAF 
PBATTCAF 
PBATSCAF 
PBATTCAF 
PBATSCAF 
PBATTCAF 
PBATSCAF 
PBATTCAF 
PBATSCAF 
PBATTCAF 
PBATSCAF 
PBATTCAF 
PBATSCAF 
PBATTCAF 
PBATSCAF 
PBATTCAF 
PBATSCAF 
PBATTCAF 
PBATSCAF 
PBATTCAF 
PBATSCAF 
PBATTCAF 
PBATSCAF

TBATENVF 

TBATENVF 

SBATTCAF 
TBATENVF 
SBATTCAF 
TBATENVF 
SBATTCAF 
TBATENVF 
SBATTCAF 
TBATENVF 
SBATTCAF 
TBATENVF 
SBATTCAF 
TBATENVF 
SBATTCAF 
TBATENVF 
SBATTCAF 

TBATENVF 
SBATTCAF 
TBATENVF 
SBATTCAF 
TBATENVF 
SBATTCAF 
TBATENVF 
SBATTCAF 
TBATENVF 
SBATTCAF 
TBATENVF 
SBATTCAF 
TBATENVF 
SBATTCAF 
TBATENVF 
SBATTCAF 
TBATENVF 
SBATTCAF 
TBATENVF 
SBATTCAF 
TBATENVF 
SBATTCAF

C-) 

0 
a a 

t-I 

a 
N) 
a 
a 

00 

a 

-o 

CI 

C) 

fr,4

TBATENVF 

TBATENVF 

TBATENVF 

TBATENVF 

TBATENVF 

TBATENVF 

TEATENVF 

TBATENVF 

TBATENVF 

TBATENVF 

TBATENVF 

TBATENVF 

TBATENVF 

TBATENVF 

TBATENVF 

TBATENVF 

TBATENVF 

TBATENVF 

TBATENVF
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Class
I. 4 I.

1.22E-05 
1 .22E-05 

1.22E-05 

1.222-05 

1 .22E-05 

1 .22E- 05 
1 .22E-O05 

1 .22E-O5 

1 .22E-05 

1.22E-05 

1 . 22E-05 

1 .22E-05 

1 .22E-0S 

1.22E-O5 

1 .222-OS 

7 .20E-06 

7 .20E-06 

7 .20E-06 

7 .202-06 

6.72E-06 

6 .72E-06 

6 .72E-06 

6 .72E-06 

6 .72E-06 

6 .72E-06 

6 .72E-06 

6 .72E-06 

6. 72E-06 

6 . 72E-06 

6 .72E-06 

6 .72E-06 

4 .322-06 

4 .322-06 

4 .322-06 

4 .322-06 

2 .182-06 

2 .182-06 

2 .182-06 

2 . 18E-06 

2 .182-06 

2 .162-06 

2 .182-06 

2 .12E- 06 

2. 04E-06 

2.042-06 

2.042-06 

2 .042- 06 

1 .222-06 

1 .222-06

Inputs

99 .2%' 
99. 21% 
99 .39o 
99.3%6 
99 .39.  
99.4% 
99 .4%.  
99. 49 
99.4%' 
99.S% 
99.5% 
99.5%? 
99 .69o 

99 6 *-% 

996.6% 
99 6 6.  
99 .6% 
99 .7% 
99 .7%
99.7% 
99.7% 
9 9 .7%
99 .7% 
99 .8% 
99.8%*
99.8% 
99.8% 
99.8% 
99.8%ý 
99.9%
99.9% 
99 .9%* 
99.9% 
99 .9%ý 
99 .9% 
99 .9% 
99 .9% 
99.9% 
99 .99 
99 .9% 
9 9 .9 % 
99 .99% 
99.95k 
100 .0% 

100 .0% 
100.0%
100.0%o 
100 .0% 
100 .09%

CACAFTA-VAWHB HVAC�WHBHVACL.CUT 
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Prbbility

EDMEXHF1TC 
EDMEXI4F1UC 
EDMEXHF1UC 
EDMINEF1MC 
EDMINEF1MC 
EDMINEF1NC 
EDMINEF1NC 
EDMIN1HFlTC 
EDMINHF1TC 
EDMINHFlUC 
EDMINHF1UC 
EDMTD2AC 
EDMTD2AC 
EDMTD2BC 
EDMTD2BC 
EHUTDEXF 
2I4UTDEXF 
EHUTDEXF 
EHUTDEXF 
EAHAH1MM 
EAH~AH1MM 
EAHA.H1MM 
EAHAHIMM 
2:AHAH-1NM 
EAHAH1NM 
EFNSF1MM 
EFNSF1MM 
EFNSF1MM 
EFNSF1MM 
EFNSF1NM 
EFNSF1NM 
EFLHF1TB 
EFLHF1TB 
EFLH-F1UB 
EFL34F1UB 
EFNE1MNX 
EFNE1MNX 
EFNS1MNX 
EFNS1MNX 
EFNS1MPX 
EFNS1MPX 
EFNS1NPX 
EF'NS1NPX 
ECNEF1MF 
ECNEF1MF 
ECNEF1NF 
ECNEF1NF 
EDMTIMNX 
EDMT1MNX

BH-UHEPAF 
EHUHEPAF 
EHU14EPAF 
EHUEXHFF 
EHUEXHFF 
EHUEXHFF 
E14UEXHFF 
EHUHE PAP 

EHUHEPAF 

EHUHEPAF' 

EHUHEPAF 

EHUTDEXF 

EHUTDEXF 

BH-UTDEXF 
EHUTDEXF 
ESWTD2AF 

ESWTD2AF 

ESWTD2BF 
ESWTD2BF 

EAIIAH1NM 
EAHAH iNM 
EAHAN 1PM 
EAMA41 PM 
EAHAHI4PM 
EAHAHi PM 
EFNSF1NM 
EFNSF1NM 
EFNSF1PM 

EFNSP1 PM 
EFNSF1PM 
EFNSF1PM 
EHUHEPAF 

EHUHE PAF 
EHUHEPAF 
EHUHEPAF' 
EHUEXHFF 
2HUEXHFF 

EHUFNSUF 

EHUFNStJF 

EHUFNSUF 

EHUFNSUF 
EHUFNSUF 
EHUFNSUF' 
EHUEXHFF 
EHU2XHFF 
EHUEXHFF 
EHUEXHFF 
EHUTDSUF 
EHUTDSUF

LOOP 
LOOP 
LOOP 
LOOP 
LOOP 

LOOP 
LOOP 
LOOP 
LOOP 
LOOP 
LOOP 
LOOP 
LOOP 
LOOP 
LOOP 
LOOP 

LOOP 
LOOP 
LOOP 
EHUAHUSF 

EHUAH-USF 
EHUAHUS F 
EHUAHUS F 
EHUAHUSF 
EHUAHUSF 
E14UFNSUF 
EHUFNStIF 
21{UFNSUF 
EHUFNSUF 
EFHUFNSUF 
EHUFNSUF 
LOOP 
LOOP 
LOOP 
LOOP 
LOOP 
LOOP 
LOOP 
LOOP 
LOOP 
LOOP 
LOOP 
LOOP 
LOOP 
LOOP 
LOOP 
LOOP 
LOOP 
LOOP

PBATTCAF 
PBATSCAF 
PBATTCAF 
PBATS CAF 
PBATTCAF 
PBATSCAF 
PBATTCAF 
PBATSCAF 
PBATTCAF 
PBATSCAP 
PBATTCAF 
PBATSCAF 
PBATTCAF 
PBATSCAF 
PBATTCAF 
PBATSCAF 
PBATTCAF 
PBATSCAF 
PBATTCAF 
LOOP 
LOOP 
LOOP 
LOOP 
LOOP 
LOOP 
LOOP 
LOOP 
LOOP 
LOOP 
LOOP 
LOOP 
PBATSCAF 
PBATTCAF 
PBATS CA F 
PBATTCAF 
PBATSCAF 
PBATTCAF 
PBATSCAF 
PBATTCAF 
PBATSCAF 
PBATTCAF 
PBATS CAP 

PBATTCAF 
PBATS CAP 
PBATTCAP 
PBATSCAF 
PBATTCAF 
PBATS CAF 
PBATTCAF

TBATENVP 
SBATTCAF 
TBATENVF 
SBATTCAF 
T13ATENVF 
SBATTCAF 
TBATENVF 
SBATTCAF 
TBATENVF 
SBATTCAF 
TBATENVP 
SBATTCAF 
TBATENVF 
SBATTCAF 
TBATENVF 
SBATTCAF 
TBATENVF 
SBATTCAF 
TBATENVF 
PBATSCAF 
PBATTCAF 
PBATSCAP 
PBATTCAF 
PBATSCAP 
PBATTCAP 
PBATSCAF 
PBATTCAF 
PBATS CAP 
PBATTCAF.  
PBATSCAF 
PBATTCAF 
SBATTCAF 
TBATENVF 
SBATTCAF 

TBATENVF 
SBATTCAP 
TBATENVP 
SBATTCAP 

TBATENVF 
SBATTCAF 
TBATENVF 
SBATTCAF 
TBAT ENVF 
SBATTCAF 
TBATENVF 
SBATTCAF 
TBATENVP 
SBATTCAF 
THATENVF

TBAT ENV P 

TBATENVF 

TBATENVF 

TBATENVP 

TBAT ENV P 

TBATENVF 

TBATENVF 

TBAT 2NVF 

TBATENVF 

SBATTCAP 
TBATENVF 

SBATTCAF 
TBATENVF 
SBATTCAF 
TBATENVF 
SBATTCAF 
TBATENVF 
SBATTCAF 

TSATENVF 

SBATTCAF 
TBATENVF 
TBATENVF 

TBATENVF 

TBATENVF 

TBATENVF 

TBATENVF 

TBATENVF 

TBATENVF 

TBATENVP 

TBATENVP

TBATENVP 

TBATENVF 

TBAT ENVP 

TBATENVF 

TBATENVF 

TBATENVF

C.) 
0Q 

00 

C) 

(D
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Class
4 �l- 4

1.22E-06 
1.222-06 
1.22E-06 
1.22E-06 
1.22E-06 

1.22E-06 
8.16E-07 
8.16E-07 

8.16E-07 
8.16E-07 

8.16E-07 
8.16E-07 
4.32E-07 

4.32E-07 
1.79E-07 

1.79E-07 
1.79E-07 

1.79E-07 
1.79E-07 

1.79E-07 

1.79E-07 

1.79E-07 

1.79E-07 

1.79E-07 

1.79E-07 

1.79E-07 
1.00E-07 

1 002E07 

1 00E-07 

1 .00E-07 

1 00E-07 
i .00E-07 

1.00E-07 
1 00E-07 

1 .00E-07 

1 00E-07 

1 00E-07 

1 .00E-07 
1 .002-07 

1.00E-07 

1 .002-07 

1.00E-07 

1.00E-07 

1.00E-07 

1.00E-07 

1.002E-07 

1 .00E-07 

1.00E-07 

1.00E-07

C\CAFTA-WAWHBHVAC\WHBHVACL. CUT 
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t,Probability/

100.0% 

100 .0%.  

100.0% 

100.0% 

100.0%o

100.0% 

100 .0%

100 .0% 

100.0% 

100 .0%, 

100.0% 

100.0%.  

100.0%~o 

100 .0%.  
100.0% 

100.0% 

100.0%

1000.0% 

100 .0% 

100 .0% 

100.0%

100.0%o 

1000.0% 

100.0%.  

100.0%.  

100.0% 

100.0% 

100 .0% 

1000.0% 

100.0% 

100.0%.  

100 .0% 

100.0%6 

100.0%o 

1000.0% 

1000*.0% 

1000.0% 

100.0% 

100.0%l 

100.0%l 

100 .0% 

100.0% 

100.0% 

100.0%

1000.0% 

100.0%

100.0%1o 

100.0% 

100 .0%

Inputs

EDMTIMPX 
EDMTIMPX 
EDMTINPX 
EDMTINPX 
EDMT2ABX 
EDMT2ABX 
EAHA1MNX 
EAHA1MNX 
EAHAIMPX 
EAHA1MPX 
EAHA1NPX 
EAHAINPX 
EFLHITUX 
EFLH1TUX 
EFNSFIMF 
EFNSFIMF 
EFNSFIMF 
EFNSF1MF 
EFNSF1MM 
EFNSF1IMM 
EFNSF1MM 
EFNSF1MM 
EFNSFINF 
EFNSF1NF 
EFNSF1NM 
EFNSF1NM 
EAHAH1MM 
EAHAH1MM 
EAHAH IMM 
EAHAHI1MM 
EAHAH1MM 
EAHAH1MM 
EAHAHI1MM 
EAHAI-1MM 
EAHAHI1NM 
EAHAH1NM 
EA-AH1NM 
EAHAHI1NM 
EAHAHI1NM 
EAHAHI1NM 
EAHAHI1NM 
EAHAHINM 
EAHAHI1 PM 
EAHAH 1PM 
EA1AH1 PM 
EAHAHI PM 
EAHAHi PM 
EAHAHI PM 
2AHAHI1 PM

EHUTDSUF 
EHUTDSUF 
EHUTDSUF 
EHUTDSUF 
EHUTDEXP 
EHUTDEXF 
EHUAHUSF 
EHUAHUSF 
EHUAHUSF 
EHUAHUSF 
EHUAHUSF 
EHUAHUSF 
EHUHEPAF 
EHUHEPAF 
EFNSF1NM 
EFNSF1NM 
EFNSFIPM 
EFNSFIPM 
EFNSF1NF 
EFNSFINF 
EFNSF1PF 
EFNSFIPF 
EFNSF1PM 
EFNSFIPM 
EFNSF1PF 
EFNSF1PF 
EDMEXAH1NC 
EDMEXAH1NC 
EDMEXAHIPC 
EDMEXAHIPC 
EDMINAH1NC 
EDMINAH1NC 
EDMINAH1PC 
EDMINAHIPC 
EDMEXAH1MC 
EDMEXAHIMC 
EDMEXAHIPC 
EDMEXAHIPC 
EDMINAHIMC 
EDMINAHIMC 
EDMINAHIPC 
EDMINAHIPC 
EDMEXAH1MC 
EDMEXAHIMC 
EDMEXAHINC 
EDMEXAHINC 
EDMINAH1MC 
EDMINAHIMC 
EDMINAH1INC

LOOP 
LOOP 
LOOP 
LOOP 
LOOP 
LOOP 
LOOP 
LOOP 
LOOP 
LOOP 
LOOP 
LOOP 
LOOP 
LOOP 
EHUFNSUF 
EHUFNSUF 
EHUFNSUF 
EHUFNSUF 
EHUFNSUF 
EHUFNSUF 
EHUFNSUF 
EHUFNSUF 
EHUFNSUF 
EHUFNSUF 
EHUFNSUF 
EHUFNSUF 
EHUAHUSF 
EHUAHUSP 
EHUAHUSF 
EHUAHUSF 
EHUAHUSF 
2HUAHUSF 
EHUAHUSF 
EHUAHUSF 
EHUAHUSF 
E2UAHUSF 
EHUAHUSF 
EHUAHUSF 
EHUAHUSF 
EHIUAHUS F 
EHUAHUSF 
EHUAHUSF 
EHUAHUSP 
EHJAHUSF 
EHUAHUSF 
EH-UAHUS F 
EHUAHUSF 
EHUAHUSF 
EHUAHUSF

PBATSCAF 
PBATTCAF 
PBATSCAF 
PBATTCAF 
PBATSCAF 
PBATTCAF 
PBATSCAF 
PBATTCAF 
PBATSCAF 
PBATTCAF 
PBATSCAF 
*PBATTCAF 
PBATSCAF 
PBATTCAF 
LOOP 
LOOP 
LOOP 
LOOP 
LOOP 
LOOP 
LOOP 
LOOP 
LOOP 
LOOP 
LOOP 
LOOP 
LOOP 
LOOP 
LOOP 
LOOP 
LOOP 
LOOP 
LOOP 
LOOP 
LOOP 
LOOP 
LOOP 
LOOP 
LOOP 
LOOP 
LOOP 
LOOP 
LOOP 
LOOP 
LOOP 
LOOP 
LOOP 
LOOP 
LOOP

SBATTCAF 
TBATENVF 
SBATTCAF 
TBATENVF 
SBATTCAF 
TBATENVF 
SBATTCAF 
TBATENVF 
SBATTCAF 
TBATENVP 
SBATTCAF 
TBATENVF 
SBATTCAF 
TBATENVF 
PBATSCAF 
PBATTCAF 
PBATSCAF 
PBATTCAF 
PBATSCAF 
PBATTCAF 
PBATSCAF 
PBATTCAF 
PBATSCAF 
PBATTCAF 
PBATSCAF 
PBATTCAF 
PBATSCAF 
PBATTCAF 
PBATSCAF 
PBATTCAF 
PBATSCAF 
PBATTCAF 
PBATSCAF 
PBATTCAF 
PBATSCAF 
PBATTCAF 
PBATSCAF 
PBATTCAF 
PBATSCAF' 
PBATTCAF 
PBATSCAF 
PBATTCAF 
PBATSCAF 
PBATTCAF 
PBATSCAF 
PBATTCAF 
PBATSCAF 
PBATTCAF 
PBATSCAF

TBATENVF 

TBATENVF 

TBATENVF 

TBATENVF 

TBATENVF 

TBATENVF 

TBATENVF 

.SBATTCAF 
TBATENVF 
SBATTCAF 
TBATENVF 
SBATTCAF 
TBATENVF 
SBATTCAF 
TBATENVF 
SBATTCAF 
TBATENVF 
SBATTCAF 
TBATENVF 
SBATTCAF 
TBATENVF 
SBATTCAF 
TBATENVF 
SBATTCAF 
TBATENVF 
SBATTCAF 
TBATENVF 
SBATTCAF 
TBATENVF 
SBATTCAF 
TBATENVF 
SBATTCAF 
TBATENVF 
SBATTCAF 
TBATENVF 
SBATTCAF 
TBATENVF 
SBATTCAF 
TBATENVF 
SBATTCAP 
TBATENVF 
SBATTCAF

C> 
C 
C C 
C 

-- 1 

-0 
C 
N.) 

C 
C 

C 

C 

C 

<0 

C 

C

TBATENVF 

TBATENVF 

TBATENVF 

TBATENVF 

TBATENVF 

TBATENVF 

TBATENVF 

TBATENVF 

TBATENVF 

TBATENVF 

TBATENVF 

TBATENVF 

TBATENVF 

TBATENVF 

TBATENVF 

TBATENVF 

TBATENVF 

TBATENVF
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Probability

1 .00E-07 
1 00E-07 

1 00E-07 

1 00E-07 

1 .00E-07 

1 .00E-07 

1 .00E-07 

1 00E-07 
1 00E-07 

1 .002-07 
1 .00-07 
1 00E-07 

1 .00E-07 
1.002-07 

1.00E-07 
1 . 002-07 

1 .00E-07 

1.00E-07 

1 00E-07 

1.00E-07 

1.00E-07 

1 .00E-07 

1 .00E-07 

1.00E-07 

1.00E-07 

1 .00E-07 
1 .00E-07 

1 .002-07 

1 .00E-07 

1 .00E-07 

1.00E-07 

1.00E-07 
1 .00E-07 

1.00E-07 
1 . 00E-07 

1 .00E-07 

1.00E-07 

1 .00E-07 

1 .00E-07 

1.00E-07 

1 00E-07 

1.00E-07 
1.00E-07 
1.00E-07 

1.00E-07 

1.00E-07 

1 .00E-07 
1.00E-07 

1.002-07

I *li
Inputs

100.0% 

100.0% 
100.0% 

100 .0% 

100.0% 

100 .0% 

100.0% 

100.0% 
100. 0% 

100.0% 

100 .0% 

100.0% 

100.0% 

100.0% 
100.0% 

100 .0% 

100 .0% 

100.0% 
100 .0% 

100 .0% 

100.0% 

100.0% 

100.0% 

100.0% 

100.0% 

100 .0% 

100 .0% 

100 .0% 

100 .0% 
100 .0% 

100.0% 

100 .0% 
100.0% 

100.0% 

100.0% 

100.0% 

100.0% 
100.0% 

100.0% 

100.0% 

100.0% 

100.0% 

100.0% 

100.0% 

100.0% 

100.0% 

100.0% 

100o.% 

100.0%

EAHAHiPM 
EDMEISFIMC 
EDMEiSFIMC 
EDMEISFIMC 
EDMEISFIMC 
EDMEISFINC 
EDMEiSFINC 
EDMEISFiNC 
EDMEISFINC 
EDMEISFIPC 
EDMEISFIPC 
EDMEISFIPC 
EDMEiSFIPC 
EDME2SFIMC 
EDME2SFIMC 
EDME2SFIMC 
EDME2SF1MC 
EDME2SF1NC 
EDME2SF1NC 
EDME2SF1NC 
EDME2SFlNC 
EDM22SFlPC 
EDME2SF1PC 
EDME2SFlPC 
EDME2SFIPC 
EDMINSFIMC 
EDMINSFIMC 
EDMINSFiMC 
EDMINSFIMC 
EDMINSFINC 
EDMINSFINC 
EDMINSFiNC 
EDMINSFINC 
EDMINSFIPC 
EDMINSFIPC 
EDMINSFIPC 
EDMINSFIPC 
EDMSF1MC 
EDMSFIMC 
EDMSFIMC 
EDMSFIMC 
EDMSF1NC 
EDMSF1NC 
EDMSFINC 
EDMSF1NC 
EDMSF1PC 
EDMSFIPC 
EDMSF1PC 
EDMSFIPC

EDMINAHINC 
EFNSF1NM 
EFNSFINM 
EFNSFIPM 
EFNSFIPM 
EFNSFIMM 
EFNSFIMM 
EFNSF1PM 
EFNSFIPM 
EFNSF1MM 
EFNSFIMM 
EFNSF1NM 
EFNSF1NM 
EFNSFINM 
EFNSFINM 
EFNSFlPM 
EFNSF1PM 
EFNSF1MM 

"EFNSFIMM 
EFNSFIPM 
EFNSF1PM 
EFNSFIMM 
EFNSF1MM 
EFNSF1NM 
EFNSF1NM 
EFNSFINM 
EFNSF1NM 
EFNSFIPM 
EFNSF1PM 
EFNSF1MM 
EFNSF1MM 
EFNSF1PM 
EFNSFIPM 
EFNSF1MM 
EFNSF1MM 
EFNSF1NM 
EFNSFINM 
EFNSFINM 
EFNSFINM 
EFNSFIPM 
EFNSF1PM 
EFNSFIMM 
EFNSFIMM 
EFNSFIPM 
EFNSFIPM 
EFNSF1MM 
EFNSF1MM 
EFNSFINM 
EFNSF1NM

EHUARUSF 
EHUFNSUF 
EHUFNSUF 
EHUFNSUF 
EHUFNSUF 
EHUFNSUF 
EHUFNSUF 
EIIUFNSUF 
EHUFNSUF 
EHUFNSUF 
EU•JFNSUF 
EHUFNSUF 
EHUFNSUF 
EHUFNSUF 
EHUFNSUF 
EHUFNSUF 
EHUFNSUF 
EHUFNSUF 
EHUFNSUF 
EHUFNSUF 
EHUFNSUF 
EHUFNSUF 
EHUFNSUP 
EHUFNSUF 
EHUFNSUF 
EHUFNSUF 
EHUFNSUF 
EHUFNSUF 
E14UFNSUF 
EHUFNSUF 
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Probability % Class Inputs 

8.00E-08 100.0% EHUEXHFF EMC48OVEIF LOOP PBATSCAF SBATTCAF TBATENVF 

8.00E-08 100.0% EHUEXHFF EMC48OVEIF LOOP PBATTCAF TBATENVF 
8.00E-08 100.0%- EHUFNSUF EMC480VEIF LOOP PBATSCAF SBATTCAF TBATENVF 
8.00E-08 100.0% EI4UFNSUF EMC480VE2F LOOP PBATTCAF TBATENVF "' 

6,69E-08 100 .09o EAHAHIMB EAHAHINM EHUAHUSF LOOP PBATSCAF SBATTCAF TBATENVF , 
6.69E-08 100.0% EAHAFNIMB EAHAH1NM EHUAHUSF LOOP PBATTCAF TBATENVF 
6.69E-08 100.0% EAHAHIMB EAHAHIPM EHUAHUSF LOOP PBATSCAF SBATTCAF TBATENVF 
6.69E-08 100.0% EAHAH1MB EAHAHIPM EHUAHUSF LOOP PBATTCAF TBATENVF 
6.69E-08 100.0% EAHAH1MM EAHA1AHINP EHUAHUSF LOOP PBATSCAF SBATTCAF TBATENVF 

a 
6.69E-08 100.0% EAHAHIMM EAHAHINB EHUAHUSF LOOP PBATTCAF TBATENVF C 
6.69E-08 100.0% EAHAHIMM EAHANIPB EHUAHUSF LOOP PBATSCAF SBATTCAF TBATENVF 0 
6".69E-08 100.0% EAHAH1MM EAHA1NPB EHUAHUSF LOOP PBATTCAF TBATENVF 

6.69E-08 100.0% EAHAHINB EAHAHIPM EHUAHUSF LOOP PBATSCAF SBATTCAF TBATENVF 

6.69E-08 100.0% 2IEAHAHI1NB EAHAHIPM EHUAHUSF LOOP PBATTCAF TBATENVF 
6.69E-08 100.0% EAHAH1NM EAHAN1PB EHUAHUSF LOOP PBATSCAF SBATTCAF TBATENVF -.  

6.69E-08 100.0% EAHAH1NM EAHANIPB EHUAHUSF LOOP PBATTCAF TBATENVF C 
2.18E-08 100.0% CDMSTDEY CHUTDEXF EIDNCEXF PBATSCAF SBATTCAF TBATENVF 
2.182-08 100.0% CDM8TDEY CHUTDEXF EIDNCEXF PBATTCAF TBATENVF Ca 

2.18E-08 100.0% CDM8TDEY CHUTDEXF PBATSCAF PIDNOEXF SBATTCAF TBATENVF a 

2.18E-08 100.0% CDM8TDEY CHUTDEXF PIATTCAF PIDNOEXF TBATENVF 0 
1.67E-08 100.0% ECNSFIMF ENSFINM EHUFNSUF LOOP PBATSCAF SBATTCAF TBATENVF a 
1.67E-08 100.0%, ECNSFIMF EFNSFDNM EHUFNSUF LOOP PBATTCAF TBATENVF 

1.67E-08 100.0% ECNSF1MF EFNSFIPM EHUFNSUF LOOP PBATSCAF SBATTCAF TBATENVF 
1.67E-08 100.0% ECNSF1MF EFNSF1IPM EHUFNSUF LOOP PBATTCAF TBATENVF 
1.67E-08 100.0% ECNSFINF EFNSF1MM EHUFNSUF LOOP PBATSCAF SBATTCAF TBATENVF 
1.67E-08 100.0% ECNSFINF EFNSF1MM EHUFNSUF LOOP PBATTCAF TBATENVF 

1.67E-08 100.0% ECNSF1NF EFNSFIPM EHUFNSUF LOOP PBATSCAF SBATTCAF TBATENVF 
1.67E-08 100.0% ECNSFINF EFNSF1PM EHUFNSUF LOOP PBATTCAF TBATENVF 
1.67E-08 100.0% ECNSF1PF EFNSF1MM EHUFNSUF LOOP PBATSCAF SBATTCAF TBATENVF 
1.67E-08 100.0% ECNSFIPF EFNSFIMM EHUFNSUF LOOP PBATTCAF TBATENVF 

1.67E-08 100.0% ECNSF1PF EFNSFINM EHUFNSUF LOOP PBATSCAF SBATTCAF TBATENVF 
1.67E-08 100.0% ECNSF1PF EFNSFINM EHUFNSUF LOOP PBATTCAF TBATENVF 
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