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Abstract 
 This research applied probabilistic risk assessment to a pyro-processing facility to 

calculate the probability of an air ingress event occurring. Four configurations of the 

system were modeled, first a generalized system, second being the generalized system with 

door interlocks, third being an extended system with redundant solenoid valves, and fourth 

being the extended system with the addition of door interlocks. Eight fault rates for 

solenoid valves and three fault rates for door seals were used. For a one-day interval, the 

addition of the extra valves was significant, however, a one-year test interval showed little 

improvement for the total air ingress probability, which is resultant of some, possibly 

questionable, fault rates. The failure probability was found to be between the 10-3-10-1 

range per year. An analysis of maintenance of risk critical components indicated that with 

monthly testing, the overall air ingress probability was reduced to 10-5-10-4 per year.  
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1. Introduction 

Probabilistic Risk Assessments (PRAs) are used frequently when evaluating 

nuclear power plants. PRAs, however, have not yet been applied to that of a pyro-

processing facility. This document discusses a Level 1 PRA as it applies to a generic model 

of the inert argon atmosphere in a pyro-processing hot cell.  

The Nuclear Regulatory Commission (NRC) document NUREG-2150 issued in 

2012 discusses, in the fuel cycle section, the US NRC basis for fuel cycle facilities like the 

one that is studied here. A high-level hazard analysis was completed previously as a 

separate part of a pyro-processing investigation, which addressed air ingress scenarios and 

estimated an unlikely event probability of 10-4 to 10-5. Because the air locks are pivotal to 

the safety and operation of the facility and because there are various sequences by which 

air may enter the inert hot-cell and possibly lead to a pyrophoric fire, the application of 

PRA techniques are justified. While this PRA is not specifically measuring the core 

damage failure probability, it is in line with what a Level 1 PRA calculates and will 

therefore be considered a Level 1 PRA.  

To complete this research, a generic diagram was created, possible air ingress 

pathways were considered, failure data was found, and the Idaho National Laboratory 

(INL) produced program, SAPHIRE, was used to create the event trees and fault trees, and 

to calculate the air ingress probability over one day, one month, and one year. Chapter 1 is 

the Introduction chapter, Chapter 2 is the Methods chapter, Chapter 3 is the Results and 

Discussion chapter, and Chapter 4 is the Conclusions.  
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1.1 Probabilistic Risk Assessment 

1.1.1 History  

PRA was first considered in the nuclear industry with the WASH-740 report in 

March of 1957. Also called the "Brookhaven Report", WASH-740 was criticized for its 

production of extremely high consequences for the worst-case accident scenario and for its 

non-use of appropriate probabilities - something that there was no formal methodology for 

at the time. The WASH-740 report was based on the judgement of experts. (1) 

In 1965, an update to the WASH-740 report was created with the intention of 

improving the results reported prior given the assumption that new containment buildings 

and safety systems would show an improvement in safety. However, there was no new 

research to account for any differences from the original research and the update produced 

even worse results. The AEC then contracted with Research Planning Corporation to 

amend and ideally improve the poor results produced by this update. The Research 

Planning Corporation ultimately failed due to an underestimation of the probabilities and 

the AEC did not publish the report. In the early 1970s, the AEC committed to a new study 

that would eventually become WASH-1400. Through 1971 and into 1972, the AEC 

searched for outside experts to recruit. The ultimate goal of the WASH-1400 report was to 

acknowledge every credible accident scenario and its corresponding probability. WASH-

1400 covered airborne analysis and an offsite dose analysis. In 1974 congress abolished 

the AEC and replaced it with the Nuclear Regulatory Commission (NRC) in 1975. Once 

published, the WASH-1400 report received criticism for being overly optimistic in its 

conclusions given that they reported very large uncertainties and for having a pro-nuclear 

bias.  
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In 1978, NUREG/CR-0400, "Risk Assessment Review Group Report to the U.S. 

Nuclear Regulatory Commission", otherwise known as the Lewis Report, was published 

by the Risk Assessment Review group. The Lewis Report was a review of the WASH-

1400 report and while it praised the use of PRA techniques, it criticized the overly 

optimistic conclusions because there was some question of the accuracy of the atmospheric 

dispersion model, evacuation schemes were overly optimistic and thus fatality rates could 

be lower, seismic events, fires, and human error were not appropriately defined, accidents 

were only considered for plants operating at full power. WASH-1400 did, for the first time, 

acknowledge the significance of a small loss of coolant accident (LOCA) while the large 

LOCA was found to be less significant than previously thought. The Three Mile Island 

incident proved WASH-1400 right when a small break LOCA led to a core melt. WASH-

1400 also identified that accident frequencies were higher than expected but the 

corresponding accident consequence to be smaller than thought.   

In 1984, a study called "The Industry Degraded Core Rulemaking" or IDCOR used 

an early form of PRA to justify the prevention of rulemaking for severe nuclear accidents 

with the conclusions that 1. the probability of such accidents occurring is incredibly low 2. 

the fission product source terms are probably much less than other accidents predicted and 

3. the consequences to the public if a nuclear accident were to occur is lower than the risk 

levels incorporated by the NRC.  

In 1995, 60 FR 42622, published by the NRC, supported the use for risk informed 

initiatives. The NRC then published two different reports that strongly supported the use 

of PRA in the nuclear industry and for its current use in regulations, in 1998 and 2004, 

respectively, "An Approach for Using Probabilistic Risk Assessment in Risk-Informed 
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Decisions of Plant-Specific Changes to the Licensing Basis" and "An Approach for 

Determining the Technical Adequacy of Probabilistic Risk Assessment Results for Risk-

Informed Activities." In 2012, NUREG-2150, "A Proposed Risk Management Regulatory 

Framework," was released. NUREG-2150 recommended a formally established regulatory 

framework for risk management. The NRC has not made any formal policy implementation 

of NUREG-2150.  

1.1.2 US Nuclear Regulatory Commission Position  

As mentioned, in 2012, the US NRC released “A Proposed Risk Management Regulatory 

Framework”, of which, the abstract states (2): 

“...develop a strategic vision and options for adopting a more 

comprehensive, holistic, risk-informed, performance based regulatory 

approach for reactors, materials, waste, fuel cycle, and transportation that 

would continue to ensure the safe and secure use of nuclear material.” 

NUREG-2150 has a fuel cycle section which acknowledges a regulatory approach for fuel 

cycle facilities that centers on an integrated safety analysis (ISA) approach. In both PRA 

and ISA, all significant accident sequences must be considered and their consequences 

determined, however, unlike PRA, ISA does not sum risks from multiple individual 

sequences. It is also acknowledged in NUREG-2150 that, unlike nuclear power plants, fuel 

cycle facilities do not have many complex safety controls and instead use process steps, 

thus human error dominates.  

 NUREG-2150 does not recommend the exclusive use of PRA in establishing the 

safety of fuel cycle facilities, instead, they recommend the continued use and evolution of 

ISA. PRA integration into ISA is a way of evolving the ISA.   
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 In 2011, just prior to publishing NUREG-2150, the US NRC issued a draft report 

(3) that provided recommendations for licensing and regulating fuel cycle facilities. One 

recommendation being the use of a hybrid ISA-PRA approach where PRA is used for high 

and very high consequence events. Intermediate consequences that have been determined 

as unlikely may also need further development in the form of PRA. Based on these recent 

reports, the use of PRA in the field of reprocessing is likely to increase for all facilities 

regulated by the US NRC. PRA techniques are therefore justified in the pyro-processing 

facility analysis.   

1.2 Probabilistic Risk Assessment Theory 

PRA estimates risk by answering three questions: 1) What can go wrong? 2) How likely is 

it to go wrong? and 3) What are the consequences? (4) The traditional definition of risk is 

defined as the frequency with which a given consequence occurs. Frequency refers to how 

often each consequence occurs over a given period of time (5). Most PRA is modeled using 

the minimum cut sets of the system, meaning that only the very minimum amount of 

component failures that cause a system failure to occur. If one of the components does not 

fail, then it is not a cut set, and the system does not fail (6). To elaborate, say there is some 

system with three components – component A, component B, and component C. If all three 

components are required to fail for the system to fail, then a fault in A and in B and in C is 

a cut set. However, if only A and B fail, then there is not a cut set. If there is some fourth 

component D that also fails, with A and B and C, then the failure of A and B and C and D 

is not a cut set since the combination of A and B and C is the cut set since cut sets apply to 

the minimum amount of component failures that lead to a fault.  
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1.2.1 Event Tree Analysis 

Event tree analysis (ETA) is a technique used in PRA that allows for the identification and 

evaluation of all of the sequences of events for an accident scenario given a particular 

initiating event through a structured and methodical approach. ETA may acknowledge and 

help calculate the probabilities for many outcomes for a single initiating event.  A sample 

event tree is given in Figure 1. In event trees, the accident split is binary, either a top event 

results in failure or it does not fail. It is shown in Figure 1 the initiating event followed by 

a tree diagram in which a success of an event is indicated by upward movement in the tree 

and failure of an event is denoted by downward movement in the tree. Not every outcome 

results in an accident or possible accident. Since ETs may only use one initiating event at 

a given time, it may become necessary to have multiple ETs to fully evaluate the system 

and the consequence of multiple initiating events (7).  

 

Figure 1: Sample event tree. 

1.2.2 Fault Tree Analysis 

In combination with ETA, fault tree analysis (FTA) is used to produce a fully formed PRA 

model. NUREG-0492 from 1961 (8) 

INIT-EV

INITIATING EVENT

TOP_A

TOP EVENT A

TOP_B

TOP EVENT B

TOP_C

TOP EVENT C # End State
(Phase - )

1 OK

2 FAILURE

3 FAILURE

4 FAILURE
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“A fault tree analysis can be simply described as an analytical technique, 

whereby an undesired state of the system is specified (usually a state that 

is critical from a safety standpoint), and the system is then analyzed in the 

context of its environment and operation to find all credible ways in which 

the undesired event can occur.” 

Fault trees are a graphical model of all of the most important faults of a system. On their 

own, fault trees are not a model of all possible failures of a system, they are tailored to the 

failure of the top event and only model the most credible of those failures. While 

technically a qualitative model, fault trees may be, fault trees may be, and often are, 

evaluated qualitatively. An example fault tree is shown in Figure 2.  
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TOP_A

TOP EVENT A

AND_EXAMPLE

EXAMPLE OF 'AND' GATE

1.0000E+00BE_1_AND

BASIC EVENT 1 FOR 'AND' GATE

1.0000E+00BE_2_AND

BASIC EVENT 2 FOR 'AND GATE

ExtTRANSFER

TRANSFER FAULT TREE

OR_EXAMPLE

EXAMPLE OF 'OR' GATE

1.0000E+00BE_1_OR

BASIC EVENT 1 FOR 'OR' GATE

1.0000E+00BE_2_OR

BASIC EVENT FOR 'OR' GATE

Figure 2: Example fault tree. 
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In fault trees, the circles represent a basic event that do not require any further development, 

the triangles represent transfers, which pull in other sub-fault trees into a larger fault tree, 

the diamonds represent an undeveloped event. Undeveloped events either contain 

insufficient consequences or inadequate information for further development. The tag 

shaped primary event symbol is an external event, or an event that is expected to occur. 

The rectangles represent intermediate events, or fault events that are dependent on the 

failures of subsequent events in the tree. Figure 3 represents the two most commonly used 

gates – ‘and’ gates and ‘or’ gates, along with the transfer symbol and the basic event 

symbol.  

 

Figure 3: 'And' gate symbol and 'or' gate symbol. 

As stated in the figure, ‘and’ gates require all of the input faults to occur to consider the 

system to be failed while ‘or’ gates only require one of the input faults to occur. 

1.2.3 Probability Equations for Independent Events 

A majority of the events that are calculated in this PRA are considered to be independent. 

That is, the failure of some Event A has no effect on the probability of the failure of B. 

Equation (3) is the probability of events A and B occurring given that they are independent 

(9). 

𝑃(𝐴 ∩ 𝐵) =  𝑃(𝐴) ∗ 𝑃(𝐵)     (1) 
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Equation (2) is the probability of event A or event B occurring. 

𝑃(𝐴 ∪ 𝐵) =  𝑃(𝐴) + 𝑃(𝐵) − 𝑃(𝐴 ∩ 𝐵)    (2) 

or for independent events 

𝑃(𝐴 ∪ 𝐵) =  𝑃(𝐴) +  𝑃(𝐵) −  𝑃(𝐴) ∗ 𝑃(𝐵)    (3) 

The probabilities that are used as dependent failures are considered common cause failures 

that only apply to redundant systems and are explained in a later section. 

1.2.4 Importance Measures 

Importance measures are a way of analyzing the contribution of individual system 

components to the total risk. Importance measures provide a valuable, quantitative insight 

on the main contributors of risk. There are a few different kinds of importance measures, 

but for the purpose here, only Fussell-Vesely (FV) will be analyzed. FV “measures the 

percent contribution of cut sets containing a basic event of interest to the total risk.” Fussell-

Vesely ranges from 0 to 1 and is calculated by Equation (4) (10). 

𝐹𝑉𝑥𝑖 =
𝐹(𝑖)

𝐹(𝑥)
      (4) 

where F(i) is the risk from the cut sets that contain the event of interest, and F(x) is the total 

risk. 

1.2.5 Common Cause Failures 

Common cause failures (CCF) exist when two or more components, typically of a 

redundant system, fail due to a single root cause. CCFs failures may occur at exactly the 

same time or they may occur within a short time of each other. The alpha-factor model of 

CCF is used for this PRA analysis.  The alpha-factor method is “the fraction of failure 

events that occur in a group of m-items and involve failure of exactly k-items due to a 

common cause.” Equation (5) describes the alpha-factor model (11). 
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𝛼𝑘:𝑚 =  
(𝑚

𝑘 )∗𝑄𝑘:𝑚

∑ (𝑚
𝑗 )∗𝑄𝑗:𝑚

𝑚
𝑗=1

     (5) 

The numerator of the equation is the probability of exactly k-items failing while the 

denominator is the summation of all of the possibilities of items failing via common cause. 

Letting Qt be the total failure probability encompassing all of the independent and common 

cause events, the probability of k-items failing via common cause is: 

𝑄𝑘:𝑚 =  
𝑘

(𝑚−1
𝑘−1 )

∗  
∝𝑘:𝑚

∝𝑡
∗ 𝑄𝑡 =  

𝑚

(𝑚
𝑘 )

∗  
∝𝑘:𝑚

∝𝑡
∗ 𝑄𝑡    (6) 

where 

∝𝑡=  ∑ 𝑘 ∗∝𝑘:𝑚
𝑚
𝑘=1      (7) 

the alpha factor may then be inferred as 

∝̂𝑘:𝑚=  
𝑛𝑘

∑ 𝑛𝑗
𝑚
𝑗=1

      (8) 

Now it is possible to determine the CCF contribution using an estimate of Qt and to 

determine nk for k=1,2,..,m. 

 Common cause failures generally apply to a redundant system. If a component of a 

system has a similar backup component in case of failure, then the component is redundant. 

A system is redundant when redundant components exist (12). Figure 4 shows a system 

with two redundant components that both lead to some switch (13).  

 

Figure 4: A two-item redundant system. 

1.2.6 Risk Focused Maintenance 

NUREG/CR—5695, published in 1991, titled “A Process for Risk Informed Maintenance” 

recommended a process to establish maintenance procedures by identifying the risk-critical 
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components of a system. The risk-critical components are those components which, when 

the mechanical failure cut sets, as a percentage of the total fault rate, sum to some identified 

value, usually 90%. For example, if a system had 100 cut sets, but the top 5 cut sets summed 

to over 90% of the total failure probability, then those 5 cut sets would contain the risk-

critical components. Risk-critical components are either identified through quantitative 

analytical assessment or through failure history. Quantitative analysis consists of 

identifying the risk-critical components through failure mode and effects analysis or from 

fault trees. Cut sets generated from fault trees are then used to determine dominant 

component failures and failure modes which are then used to determine the maintenance 

requirements via engineering judgement. (14) 

1.2.7 Uncertainty 

The US NRC published NUREG-1855, “Guidance on the Treatment of 

Uncertainties Associated with PRAs in Risk-Informed Decision Making” in 2009 to 

provide guidance on uncertainties in the risk-informed decision-making process (15). 

Three types of uncertainty (parameter, model, and completeness) are defined and 

explained. Parameter uncertainty is the uncertainty related to the single components of the 

PRA model. Model uncertainty is not typically used since it requires weights that represent 

the degree of credibility of each model. Completeness uncertainty refers to the uncertainty 

related to the level of completeness of scope and detail in the PRA. 

 The distribution of uncertainty can be reported using the cumulative density 

function (CDF) or the probability density function (PDF). The PDF is the derivative of the 

CDF, therefore, with continuity assumed, the PDF is defined by Equation (9) and the CDF 

by equation (10).  
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𝐹𝑋(𝑥) =  𝑓𝑋(𝑢)𝑑𝑢     (9) 

𝐹𝑋(𝑥) =  ∫ 𝑓𝑋(𝑢)𝑑𝑢
𝑥

−∞
    (10) 

There are three main principles for a PDF (16) 

1. 𝑓𝑥(𝑥)  ≥  0 for all 𝑥 ∈ ℝ 

2. ∫ 𝑓𝑋(𝑢)𝑑𝑢 = 1
∞

−∞
 

3. 𝑃(𝑎 < 𝑋 ≤ 𝑏) = 𝐹𝑋(𝑏) −  𝐹𝑋(𝑎) =  ∫ 𝑓𝑋(𝑢)𝑑𝑢 
𝑏

𝑎
 

4. for a set A, 𝑃(𝑋 ∈ 𝐴) =  ∫ 𝑓𝑋(𝑢)𝑑𝑢
𝐴

 

A typical Gaussian PDF, calculated from 0 to 1 in increments of 0.01 with a standard 

deviation of 0.1 and a mean of 0.5, is given by Figure 5 (17). The corresponding CDF plot 

is given in Figure 6. 

 

Figure 5: Probability density function example. 
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Figure 6: Cumulative distribution function example. 

1.2.8 SAPHIRE 

The Systems Analysis Program for Hands-on Integrated Reliability Evaluations 

(SAPHIRE) is a software application developed by the Idaho National Laboratory to 

perform PRA on windows-based operating systems. SAPHIRE is currently on version 8. 

SAPHIRE may be used to create event trees and fault trees, calculate and compare cut sets, 

perform uncertainty analysis and end state analysis, and to calculate importance measures 

(18). SAPHIRE also contains the SPAR-H model to calculate human reliability given 

certain parameters such as the level of training and the amount of time allowed to complete 

a task.  

 The SPAR-H model allows the user to model whether an operator is required to 

make a diagnosis before performing some action or whether they may just perform the 

action, or both. For both of the configurations used in this analysis, all of the SPAR-H 

criterion were set to nominal. Typically, for the SPAR-H human reliability model, a 

constrained non-informative distribution is used (19). The constrained non-informative 
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distribution, or Jeffreys noninformative prior distribution is explained in the abstract of 

Constrained Noninformative Priors by Corwin L. Atwood (20) as: 

“The Jeffreys noninformative prior distribution for a single unknown 

parameter is the distribution corresponding to a uniform distribution in 

the transformed model where the unknown parameter is approximately a 

location parameter. To obtain a prior distribution with a specified mean 

but with diffusion reflecting great uncertainty, a natural generalization 

of the noninformative prior is the distribution corresponding to the 

constrained maximum entropy distribution in the transformed model.” 

1.3 Pyro-processing 

Electro-metallurgical reprocessing, or pyro-processing, is a process by which 

sodium-bonded nuclear fuel is reprocessed. The pyro-process works best with metallic fuel. 

Oxide fuel may be used in the pyro-process, but it must be reduced to metallic fuel prior to 

entering the pyro-process (21). The pyro-process is conducted within a hot cell that is filled 

with inert argon gas. The gas within the hot cell must be inert due to the pyrophoric nature 

of some of the materials involved and to maintain the product purity. If air were to enter 

the hot cell, then combustion could occur and result in a release of radioactive material. 

(22) (23) 

One application of pyro-processing exists at the Fuel Conditioning Facility, FCF, 

located at Idaho National Laboratory, INL. FCF was created to reprocess the spent nuclear 

fuel from the Experimental Breeder Reactor II, EBR-II, and to demonstrate an ability to 

recycle and reprocess spent nuclear fuel. EBR-II fuel may not be directly disposed of in a 

geological repository due to the presence of sodium.  
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The hot cell must maintain an inert environment during electrometallurgical 

treatment because certain portions of the pyro-process, like cathode deposits, are 

pyrophoric. FCF consists of an argon-filled annular portion, where the pyro-process is 

conducted in the annulus, and a rectangular portion that is used for storage of spent fuel 

and other products. The annular area is a hexadecagon and contains the argon environment 

and the rectangular area contains an air environment. Items are transferred into the argon 

cell either through the small transfer lock, located in the wall between the air and argon 

cells, or through the equipment transfer lock in the floor between the argon cell and a 

transfer tunnel connected to the air cell. Figure 7 is the FCF layout. The argon hot cell 

typically contains less than 100 parts per million (ppm) O2 for normal operations with a 

safety limit of less than 1% O2. Fire starts in the hot cell at approximately 4% O2. 

 

Figure 7: A diagram of the FCF layout. (23) 

There are two different categories of spent fuel from FCF. Driver fuel consisting of 

uranium-zirconium alloy fuel pins, sodium bonding, and stainless-steel cladding, and 

blanket fuel which consists of depleted uranium metal pins, sodium bonding, and stainless-
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steel cladding. The two categories are processed in parallel, beginning with the respective 

elements being chopped into segments. From there the chopped elements are placed in a 

basket and the basket and a stainless-steel mandrel are lowered into an electrorefiner 

containing molten salt. The electrorefiner is maintained at 500 °C and contains about 300 

kg of molten LiCl-KCl salt, which behaves as an electrolyte, and about 100 kg of molten 

cadmium, which behaves as a cathode or anode.  

Chlorides are formed in the electrorefiner from active metal fission products, 

transuranic metals, and sodium metal from the fuel pins through the process of chemical 

oxidation. Between the mandrel and the basket, voltage is applied. The mandrel acts as the 

cathode and the basket acts as the anode. The applied voltage causes electro-chemical 

oxidation by the uranium metal in the spent fuel and forms uranium chloride. Uranium 

metal is deposited at the mandrel through the electro-chemical reduction of the uranium 

chlorides. The fission products, plutonium, and other transuranic metals remain in the salts 

as chlorides and are treated as waste. The electrorefiner is shown in Figure 8.  
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Figure 8: The electrorefiner. (23) 

The mandrel containing the uranium deposits and some salts is removed from the 

electrorefiner with a typical ratio of 80 wt% uranium and 20 wt% salts. The mandrel is then 

placed in a graphite cathode processer crucible that is placed in a furnace that is operated 

at a temperature of 1200 ºC and a pressure of 150 miliTorr. In the crucible, the salt boils 

and is separated into a condenser assembly where it enters a separate crucible and the 

uranium is melted and formed into an ingot. The cathode processor and ingots are shown 

in Figure 9. The upper right ingot is the uranium ingot and the lower right ingot is the salt 

ingot. 
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Figure 9: The cathode processor and ingots. (22) 

In the case of a driver fuel deposit, the uranium enrichment is reduced to below 50% 

through the addition of depleted uranium to the cathode processer crucible. An additional 

step exists for the driver fuel assembly only. The ingot is placed in the in a graphite crucible 

with more depleted uranium so that the resulting homogenous mixture is below 20% 

enrichment. Ingots are then transferred and stored in a long-term storage facility.  

A breach in which air is allowed into the argon cell can cause fuel to oxidize, 

making it unfit for pyro-processing, or, the material can burn and may result in radioactive 

fire escaping through the air ingress pathway. Radioactive fire may result in dose to the 

personnel and dose to the public through dispersion via atmospheric travel.  
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2. Methods 

The research started with a simplified system for a pyro-processing hot cell air lock. 

The simplified system is shown in Figure 10. SV-1, SV-2, and SV-3 are air cell 

equalization solenoid valves and VP-1 is a positive displacement vacuum pump. The air 

lock utilizes sealed doors on the air cell side of the lock and on the argon cell side of the 

lock. The normally closed solenoid valves and the vacuum pump and piping are used to 

evacuate the air-lock chamber, fill the chamber with argon gas and equalize the pressure in 

the chamber so the argon cell door may be opened and transfers may take place. The air 

lock has a volume of about 20 cubic feet and the argon cell has a volume of about 66,000 

cubic feet.  

 

Figure 10: Simplified system for a pyro-processing hot-cell. 

A transfer into the air lock occurs as follows: 1) ensure SV-1 and SV-3 are closed 

2) equalize the air-lock chamber pressure by opening SV-1 briefly 3) opening the air cell 

door and placing the item to be transferred inside, 4) closing the air-lock door, 5) 
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evacuating the air from the air-lock chamber using a vacuum pump (VP-1), 6) filling the 

air lock with fresh argon gas by opening SV-2, 7) equalizing the pressure by momentarily 

opening SV-3, and 8) opening the argon cell door and transferring the item. Transferring 

an item out of the argon side is a similar process, but lacks the evacuation by vacuum pump 

since the transfer of argon to air is of no consequence.  

Table 1 shows the six-identified air ingress sequenced for mechanical failures in 

the system. The models were developed over three time-spans: one day, one month, and 

one year. From the system shown in Figure 10, the components likely to fail were identified 

and their corresponding failure probabilities were established from existing data. From 

Figure 10, the pathways in which air may enter the inert argon environment 

inappropriately, are identified. Identifying all of the unique pathways for possible air 

ingress is the only way to approximate a reasonable total probability of air ingress.  

Table 1: Mechanical Failure Air Ingress Sequences 

1 Air Cell Door Seal Fails Argon Cell Door Seal Fails 

2 Air Cell Door Seal Fails 
Argon Cell Equalization Valve (SV-3) 

Fails 

3 Air Cell Equalization Valve (SV-1) Fails 
Argon Cell Equalization Valve (SV-3) 

Fails 

4 Argon Cell Door Seal Fails 
Air Cell Equalization Valve (SV-1) 

Fails 

5 
Positive Displacement Vacuum Pump (VP-1) 

Fails 

Argon Cell Equalization Valve (SV-3) 

Fails 

6 
Positive Displacement Vacuum Pump (VP-1) 

Fails 
Argon Cell Door Seal Fails 

 

For example, Figure 11 shows the air ingress event for sequence 3 in Table 1 – Both air 

equalization valves, SV-1 and SV-3 fail. If SV-1 and SV-3 fail, then there is a direct path 

between the air cell and the argon cell, which will increase the air content in the argon cell 

and eventually cause a fire due to the pyrophoric materials.  
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Figure 11: Air lock with SV-1 and SV-3 air ingress. 

Table 2 shows the human error sequences which could lead to an air ingress event. No 

single human error event identified in this study leads to an air ingress event.  

Table 2: Human Error Air Ingress Sequences 

1 Air Cell Door Inadvertently Left Open 
Argon Cell Door Inadvertently Left 

Open 

2 Air Cell Door Inadvertently Left Open 
Argon Cell Equalization Valve (SV-3) 

Inadvertently Opened 

3 
Argon Cell Equalization Valve (SV-3) 

Inadvertently Opened 

Air Cell Equalization Valve (SV-1) 

Inadvertently Opened 

4 
Air Cell Equalization Valve (SV-1) 

Inadvertently Opened 

Argon Cell Door Inadvertently Left 

Open 

 

Table 3 shows the possible combinations of human error and mechanical failure air ingress 

sequences that were then calculated over an interval of one day, one month, and one year. 

In total, there are twenty possible air ingress events for the simplified hot-cell air lock 

system shown in Figure 10. Again, all of the air ingress sequences applied to the air-lock 

were analyzed for a period of one day, one month, and one year. 
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Table 3: Combination Mechanical Failure and Human Error Air Ingress Sequences 

1 Air Cell Door Seal Fails Argon Cell Door Left Open 

2 Air Cell Door Seal Fails 
Argon Cell Equalization Valve (SV-3) 

Accidentally Opened 

3 Argon Cell Door Seal Fails Air Cell Door Left Open 

4 Argon Cell Door Seal Fails 
Air Cell Equalization Valve (SV-1) 

Accidentally Opened 

5 
Argon Cell Equalization Valve (SV-3) 

Fails 
Air Cell Door Left Open 

6 
Argon Cell Equalization Valve (SV-3) 

Fails 

Air Cell Equalization Valve (SV-1) 

Accidentally Opened 

7 
Air Cell Equalization Valve (SV-1) 

Fails 

Argon Cell Equalization Valve (SV-3) 

Accidentally Opened 

8 
Air Cell Equalization Valve (SV-1) 

Fails 
Argon Cell Door Left Open 

9 
Positive Displacement Vacuum Pump 

(VP-1) Leaks 
Argon Cell Door Left Open 

10 
Positive Displacement Vacuum Pump 

(VP-1) Leaks 

Argon Cell Equalization Valve (SV-3) 

Accidentally Opened 

 

The established failure probability of the components of the system shown in Figure 

10 is shown in Table 4. LN for the distribution stands for log-normal probability 

distribution. Originally, failure rates for solenoid valves was broken into different failure 

modes. The original solenoid valve fault rate data and the fault rate data for VP-1, came 

from IAEA-Tecdoc-478: Component Reliability Data for the Use in Probabilistic Safety 

Assessment, along with the failure rate for the vacuum pump (24). The original door seal 

failure rate came from the LaCrosse Boiling Water Reactor: Integrated Safety Plant 

Assessment draft report (25).  
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Table 4: Original Failure Data 

Component Failure Mode 
Failure 

Rate 
Distribution 

Error 

Factor 

Solenoid Valve Fails 

Mechanically 

Rupture 1.0E-08/hr LN 10 

Leak 4.0E-05/d LN 3 

Fails to Shut 8.0E0-4/d LN 3 

Vacuum Pump Fails 

Mechanically 
Leak 

1.0E-07/hr LN 3 

Door Seal Fails Mechanically Leak 5.3E-06/hr LN 10 

     

One disadvantage of the door seal failure rate is that the probability distribution and 

the error factor was not reported, so it was assumed to be a log-normal distribution with an 

error factor of 10. Other models were created using different solenoid valve failure rate 

data. The new solenoid valve fault rate data came from Field Failure Data – The Good, the 

Bad, and the Ugly (26), reported in Table 5. 

Table 5: Field Failure Rates for Solenoid Valves 

Field Failure Data 
Failure 

rate 
Distribution 

Error 

Factor 

Solenoid Valve - Operated Low 6.79E-07/hr LN 10 

Solenoid Valve - Operated Median 4.87E-05/hr LN 10 

Solenoid Valve - Operated High 1.89E-04/hr LN 10 

NRPD95- Pneumatic Solenoid 

Valve 
1.67E-05/hr LN 10 

DOW Plant Study - Solenoid Valve 7.02E-07/hr LN 10 

Manufacturer Study - Solenoid 

Valve 
1.70E-08/hr LN 10 

The error factor and distribution were not reported in the report, so it was assumed 

to be of a log-normal distribution with the error factor of 10. Models were also made 

evaluating new door or airlock seal failure rate data (27), that is shown in Table 6.  

Table 6: Airlock Seal Failure Rate Data 

Airlock Seal Failure Rate Data 
Failure 

Rate 
Distribution 

Error 

Factor 

Bruce A 0.23/yr LN 10 

Bruce B 1.48/yr LN 10 



25 

 

 

 

  

Once the probabilities and pathways were established, SAPHIRE was used to create 

a PRA model. To model the human error, the SAPHIRE SPAR-H model was used and the 

analysis was done using just an action type event and by using both action and diagnosis 

type human error events. It is typical to use a constrained non-informative distribution 

when using the SPAR-H model (28). The human error event probabilities are shown in 

Table 7. 

Table 7: Human Error Event Probabilities 

Human error Probability Distribution 

Action-only Event 1.00E-03 
Constrained Non-

informative 

Action & Diagnosis Event 1.10E-02 
Constrained Non-

informative 

 

The building of the PRA models began with creating the event tree to acknowledge 

accident scenarios, unfortunately event trees become very large very quickly, so Figure 1 

is the smallest event tree.  

 

Figure 12: Human error event tree. 

INIT-HUM

HUMAN ERROR LEADS TO 
PYRO-PHORIC FIRE

HE-AR

ARGON DOOR LEFT OPEN

HE-AIR

AIR DOOR LEFT OPEN

HE-SV-A

SV-A  ACC. OPEN

HE-SV-B

SV-B ACC. OPEN

HE-SV-C

SV-C ACC. OPEN

HE-SV-D

SV-D ACC. OPEN

HE-SV-E

SV-E ACC. OPENED # End State
(Phase - )

1 OK

2 OK

3 OK

4 OK

5 CFA

6 OK

7 OK

8 CFA

9 OK

10 OK

11 CFA

12 CFA
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Typically, the initiating event for a fault tree would be something like a loss of 

cooling accident while the top events would be the failure or success of systems such as 

the auxiliary feedwater system, but the event trees for the simplified air-lock were created 

in a more unconventional way so that all of the scenarios could be seen for a specified type 

of failure (mechanical failure, human error failure, and combination mechanical failure and 

human error failure). The simplified airlock that the PRA is centering around also doesn’t 

have as many separate mechanical systems to model as the typical nuclear power plant. 

The creation of event trees was followed by creating fault trees for each of the listed 

components broken down into human error and mechanical failure factors.  

 

Figure 13: Original failure rates for solenoid valve fault tree 

When the solenoid valve failure rates switch from solenoid valve data that was taken from 

the IAEA-Tecdoc-478 to the to the solenoid valve failure rates take from Field Failure Data 

– The Good, the Bad and the Ugly, the fault tree changes to Figure 14.  

MF-SV-1

SV-1 FAILS MECHANICALLY

5.76E-06MF-RP-SV-1

SV-1 RUPTURES

4.00E-05MF-LK-SV-1

SV-1 LEAKS

8.00E-04MF-FS-SV-1

SV-1 FAILS TO SHUT
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Figure 14: Fault tree for field failure data of solenoid valves. 

The fault trees for the fault rates of the solenoid valves, door seals, and the vacuum 

pump were then used as transfers to each component fault tree that included both human 

error and mechanical failure, as shown in Figure 15. Fault tree modeling was done for all 

components.  

 

Figure 15: Fault tree for SV-A. 

 A fault tree for the entire system was then created as shown in Figure 16. The fault tree 

for the entire system was used to calculate the total probability, the importance measure of 

choice, and the uncertainty of the system. A fault tree of the system was also made for 

purely mechanical failure to compare to the failure of the system that included human error. 

MF-SV-1

SV-1 FAILS MECHANICALLY

1.63E-05MF-SV-1-FFD

SV-1 FIELD FAILURE DATA

SV-1_FAIL

FAILURE OF SV-1

ExtMF-SV-1

SV-1 FAILS MECHANICALLY

ExtHE-SV-1

SV-1 ACCIDENTALLY OPEN



28 

 

 

 

For each air ingress event, there is an ‘and’ gate where both faults must occur in order for 

the system to fail. 
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Figure 16: System fault tree for the basic model.

SYSTEM

SYSTEM FAULT TREE

AIR_AR

AIR AND ARGON DOORS FAIL

ExtAR_FAIL

ARGON DOOR FAILURE

ExtAIR_FAIL

AIR DOOR FAIL

AIR_SV-3

AIR DOOR AND SV-3 FAIL

ExtSV-3_FAIL

FAILURE OF SV-3

ExtAIR_FAIL

AIR DOOR FAIL

AIR_VP-1

AIR DOOR AND VP-1 FAIL

ExtMF-VP-1

VP-1 FAILS MECHANICALLY

ExtAIR_FAIL

AIR DOOR FAIL

AR_SV-1

ARGON DOOR AND SV-1 FAIL

ExtSV-1_FAIL

FAILURE OF SV-1

ExtAR_FAIL

ARGON DOOR FAILURE

AR_VP-1

ARGON DOOR AND VP-1 FAIL

ExtMF-VP-1

VP-1 FAILS MECHANICALLY

ExtAR_FAIL

ARGON DOOR FAILURE

SV-1_SV-3

SV-1 AND SV-3 FAIL

ExtSV-1_FAIL

FAILURE OF SV-1

ExtSV-3_FAIL

FAILURE OF SV-3
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Once all of the models were created for the basic system, the same thing was done with the 

addition of door interlocks into the system. The failure rate data for the door interlocks is 

given by Table 8 and was taken from the Point Arguella Field and Gaviota Processing 

Facility Area Study and Chevron/Texaco Development Plans EIR/EIS (29). Figure 17 

updates the simplified air-lock system to include door interlocks.  

 

Figure 17: Air-Lock diagram for simplified system with door interlocks. 

Table 8: Door MOC Interlock Failure Rate 

 

Failure 

Rate 
Distribution 

Error 

Factor 

Door MOC Interlocks 1.4E-04/d LN 10 

 

The only way that the door interlocks could cause an air ingress event is if they failed 

mechanically and some human error event occurred around the doors. The fault trees for 

such components are as shown in Figure 18 and Figure 19 an event tree shown in Figure 

20.  
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Figure 18: Fault tree for the argon door interlock. 

 
Figure 19: Argon door human error fault tree including door interlocks. 

DI-AR

ARGON DOOR INTERLOCK

1.40E-04DI-AR-MF

ARGON DOOR INTERLOCK 
MECHANICAL FAILURE

HE-AR-DOOR

ARGON DOOR ACCIDENTALLY OPEN

ExtDI-AR

ARGON DOOR INTERLOCK

1.00E-03HE-AR-DOOR-OPEN

HUMAN ERROR ARGON DOOR OPEN
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COMBO-FIRE

COMBINATIONS OF MF AND 

HE CAUSE PYROPHORIC 
FIRE

MF-AR-CELL

ARGON CELL DOOR SEAL 
LEAKS

MF-AIR-CELL

AIR CELL DOOR SEAL LEAKS

MF-SV-1

SV-1 FAILS MECHANICALLY

MF-SV-3

SV-3 FAILS MECHANICALLY

MF-VP-1

VP-1 FAILS MECHANICALLY

HE-AR-DOOR

ARGON DOOR 
ACCIDENTALLY OPEN

HE-AIR-DOOR

AIR DOOR ACCIDENTALLY 
OPEN

HE-SV-1

SV-1 ACCIDENTALLY OPEN

HE-SV-3

SV-3 ACCIDENTALLY OPEN

MF-DI-AR

MECH FAILURE ARGON 
DOOR INTERLOCK

MF-DI-AIR

MECHANICAL FAILURE AIR 
DOOR INTERLOCK

# End State
(Phase - )

1 OK

2 OK

3 CFA

4 OK

5 CFA

6 OK

7 CFA

8 OK

9 CFA

10 OK

11 CFA

12 OK

13 CFA

14 OK

15 CFA

16 OK

17 CFA

18 OK

19 CFA

20 OK

21 CFA

Figure 20: Combination human error and mechanical failure event tree with door interlocks.  
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As shown, there is an ‘and’ gate between the “transferred in” argon door interlock 

probability and the human error basic event for opening the argon-side door inadvertently 

that requires both faults to happen for the component to fail. As with the basic system, 

importance measures and uncertainty were calculated. It was assumed with the nominal 

air-lock configuration that the system was not redundant, so common cause failures were 

not considered.  

 The next two groups of models centered around an extended air-lock system that 

contained redundant solenoid valves, shown in Figure 21. One of the greatest benefits of 

PRA is having the ability to determine the effectiveness of changes or improvements in a 

system. For the system shown in Figure 21, instead of one solenoid valve failing in 

combination with another solenoid valve or a door, multiple solenoid valves must fail. It 

should be noted that SV-F and SV-G have no way of leading to an air ingress event and 

the extra valve was added for symmetry. Also, the component naming notation changed 

from numeric to alphabetic for clarity.  

 

Figure 21: An extended generalized air-lock system. 
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Figure 22 shows the extended generalized air-lock system with door interlocks.  

 

Figure 22: Extended generalized air-lock system with door interlocks. 

The extended model in Figure 21 was evaluated for the same failure rate data as the 

previous model. However, since parts of the configuration are redundant, some common 

cause failures were added (30). The alpha factor values are shown in Table 9, where CCCG 

stands for common-cause component group (31).  

Table 9: Alpha Factors for CCCG=2 

 Mean 

α1 9.62E-01 

α2 3.53E-02 

  

Inclusion of common cause failures results in similar fault trees for the individual system 

components, but the fault tree for the entire system is larger since it now must include the 

common cause failures. To evaluate the common cause failures for the two identical 

redundant systems, first the original failure probabilities were input, then SV-B and SV-C 

were input as non-common cause failures (CCFs) and SV-D and SV-E were input as a 

CCF, then SV-B and SV-C were input as a CCF, but SV-D and SV-E were input as a non-
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CCF, then finally, SV-B and SV-C were input as a CCF and SV-D and SV-E were input 

as a CCF. CCFs can be seen in the fault tree for the extended system design shown in 

Figure 23.  

 Risk critical components were found for both the simplified system and the 

extended system by analyzing the SAPHIRE-calculated cut sets. Engineering judgement 

must be used in order to define the maintenance interval that is an optimization between 

the probabilistic risk associated with component failure and the cost associated with 

maintenance. Since the identification of risk critical components is only dependent on 

mechanical failure, the systems with a diagnostic human error component and the systems 

with door interlocks do not produce different results.  
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SYSTEM

SYSTEM FAULT TREE

AIR_AR

AIR - ARGON PATHWAY

ExtAIR_FAIL

AIR DOOR FAILURE

ExtAR_FAIL

ARGON DOOR FAILURE

AR_SV-A_VP-A

AR - SV-A VP-A PATHWAY

ExtMF-SV-A

SV-A MECH FAILURE

ExtMF-VP-A

VP-A MECH FAILURE

ExtAR_FAIL

ARGON DOOR FAILURE

AR_SV-B_SV-C

ARGON - SV-B - SV-C PATHWAY

AR_SV-BC

SV-B AND SV-C FAIL W/O CCF AR 
FAILS

ExtAR_FAIL

ARGON DOOR FAILURE

ExtSV-B_FAIL

SV-B FAILURE

ExtSV-C_FAIL

SV-C FAILURE

AR_SV-BC_CCF

ARGON FAILS SV-B AND SV-C CCF

ExtAR_FAIL

ARGON DOOR FAILURE

ExtSV-B_SV-C_CCF

COMMON CAUSE FAILURE SV-B SV-C

AIR_SV-D_SV-E

AIR - SV-D - SV-E PATHWAY

AIR_SV-DE

AIR - SV-D - SV-E PATHWAYS W/O 
CCF

ExtAIR_FAIL

AIR DOOR FAILURE

ExtSV-D_FAIL

SV-D FAILURE

ExtSV-E_FAIL

SV-E FAILS

AIR_SV-DE_CCF

AIR - SV-D SV-E CCF PATHWAY

ExtAIR_FAIL

AIR DOOR FAILURE

ExtSV-D_SV-E_CCF

COMMON CAUSE FAILURE SV-D SV-E

SV-B_SV-C_SV-D_SV-E

SV-B - SV-C - SV-D - SV-E PATHWAY

SV-BCDE

SV-B SV-C SV-D SV-E NO CCF

ExtSV-B_FAIL

SV-B FAILURE

ExtSV-C_FAIL

SV-C FAILURE

ExtSV-D_FAIL

SV-D FAILURE

ExtSV-E_FAIL

SV-E FAILS

SV-BC_CCF-SV-DE

SV-B SV-C NO CCF, SV-D SV-E CCF

ExtSV-B_FAIL

SV-B FAILURE

ExtSV-C_FAIL

SV-C FAILURE

ExtSV-D_SV-E_CCF

COMMON CAUSE FAILURE SV-D SV-E

SV-DE_CCF-SV-BC

SV-B SV-C CCF SV-D SV-E NO CCF

ExtSV-D_FAIL

SV-D FAILURE

ExtSV-E_FAIL

SV-E FAILS

ExtSV-B_SV-C_CCF

COMMON CAUSE FAILURE SV-B SV-C

SV-BCDE_CCF

SV-B SV-C SV-D SV-E ALL CCF

ExtSV-B_SV-C_CCF

COMMON CAUSE FAILURE SV-B SV-C

ExtSV-D_SV-E_CCF

COMMON CAUSE FAILURE SV-D SV-E

Figure 23: System fault tree for the extended design. 
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3. Results & Discussion 

3.1 Basic Generalized Model – No Door Interlocks 

3.1.1 Failure Probability Results 

Table 10 reports the failure probability and corresponding standard deviation for a period 

of one day, one month, and one year, respectively, and refers to the basic system without a 

diagnosis human error contribution in the SPAR-H model. These data also apply to the 

original door failure probability. In these PRA models, ‘original’ denotes the IAEA-Tecdoc 

solenoid valve failure rates, ‘SV_OL’ is in reference to the solenoid valve operated low 

probability that the field failure data report, the ‘SV_OM’ is in reference to the solenoid 

valve operated at a median level datum, ‘SV_OH’ refers to the solenoid valve operated at 

a high level, ‘SV_DOW’ refers to the DOW plant study failure rate, the ‘SV_MAN’ refers 

to the manufacturers reported failure rate and ‘SV_NRPD’ refers to the NRPD95 source, 

all seven of which, were reported by the Exida report – “Field Failure Data – The Good, 

the Bad, and the Ugly”. The Exida report did give a failure rate per hour based on how 

often the solenoid valve was used, but they did not give any indication on what the 

threshold was for the difference between operated low and operated medium and operated 

high. The field failure data given in the Exida report is important, though, because it gives 

actual reported values for the failure rates of solenoid valves compared to the 

manufacturers failure rate per hour claim. From the probabilities for each of the different 

configurations, it is determined that at the lowest, the probability that an air ingress event 

occurs in one year is 0.82% and at the highest, the probability that an air ingress event 

occurs in one year is 25.1%.   
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Table 10: Basic System Failure Probability 

 1 DAY STDEV 1 MONTH STDEV 1 YEAR STDEV 

ORIGINAL 1.58E-05 1.54E-05 1.02E-03 9.70E-04 9.84E-02 6.51E-02 

SV_OL 9.89E-06 1.23E-05 5.39E-05 1.56E-04 3.03E-03 8.66E-03 

SV_OM 1.84E-05 3.66E-05 1.70E-03 6.07E-03 1.52E-01 1.14E-01 

SV_OH 5.86E-05 3.05E-04 1.79E-02 3.08E-02 6.82E-01 2.51E-01 

SV_DOW 9.89E-06 1.23E-05 5.42E-05 1.56E-04 3.05E-03 8.68E-03 

SV_MAN 9.79E-06 1.23E-05 4.72E-05 1.51E-04 2.43E-03 8.20E-03 

SV_NRPD 1.24E-05 1.57E-05 3.53E-04 1.54E-03 3.37E-02 4.43E-02 

       

It is observed that the failure rate for the one-day interval ranges between 10-5 and 10-6. 

The highest probability over the interval refers to the highest solenoid valve failure rate. 

The failure rate over the interval for SV_OH was 5.99 times that of SV_MAN, which had 

the lowest failure rate. The one-month interval produced more of a spread of failure rates 

which ranged from 10-5 up to 10-2. For a one-month interval, SV_OH ends up being 379 

times greater than SV_MAN. Similarly, SV_OH was 281 times greater than SV_MAN for 

the one-year test interval. 

 Table 11 applies to the same set of failure data with the difference being that a 

diagnostic human error component was added into the SPAR-H model. The addition of a 

diagnostic component increased the overall probability of failure for a day from 10-5 - 10-6 

to 10-3. SV_OH is 1.29 times higher than SV_MAN for a one-day interval, while it is only 

1.96 times larger for the one-month interval, and 112 times greater for the year-long 

interval. While SV_MAN is still 112 times less than SV_OH, this is a vast improvement 

from the prior model that was 281 times greater, which is probably since the human error 

factors play a much larger role in the total failure probability over a given period. The range 

of data for a single day interval is much more evenly spread than that of the one-year 

interval, which ranges between 10-3 to 10-1. Meaning that at the lowest, the air ingress 
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probability over one year is 0.625%, and the at the highest, the air ingress probability for 

one year is 69.8%.   

Table 11: Failures for the Basic System with a Diagnostic Human Error Component 

 1 DAY STDEV 1 MONTH STDEV 1 YEAR STDEV 

ORIGINAL 1.15E-03 1.44E-03 3.83E-03 3.04E-03 1.16E-01 6.88E-02 

SV_OL 1.10E-03 1.47E-03 1.39E-03 1.71E-03 7.18E-03 1.13E-02 

SV_OM 1.18E-03 1.52E-03 5.07E-03 7.50E-03 1.73E-01 1.19E-01 

SV_OH 1.42E-03 1.79E-03 2.67E-02 3.50E-02 6.98E-01 2.49E-01 

SV_DOW 1.10E-03 1.47E-03 1.39E-03 1.71E-03 7.21E-03 1.13E-02 

SV_MAN 1.10E-03 1.47E-03 1.36E-03 1.69E-03 6.25E-03 1.07E-02 

SV_NRPD 1.12E-03 1.48E-03 2.38E-03 2.98E-03 4.53E-02 4.90E-02 

       

 For the model of the general system, the mechanical failure results are a majority 

of the failure probability. The mechanical failure probability for the system is given in 

Table 12. For the basic system, the difference in a one-year time interval is not very 

significant, however, for the one-day interval, the difference is almost a factor of 100. For 

the generalized system with a diagnostic human error component, the difference is close to 

a factor of ten for the one-year model, and a factor of 1000 for the one-day model.  

Table 12: Mechanical Failure of the Generalized System 

 1 DAY STDEV 1 MONTH STDEV 1 YEAR STDEV 

ORIGINAL 9.48E-07 1.07E-06 8.37E-04 8.81E-04 9.69E-02 6.41E-02 

SV_OL 2.09E-08 7.06E-08 1.88E-05 6.11E-05 2.67E-03 6.22E-03 

SV_OM 1.68E-06 5.72E-06 1.47E-03 3.75E-03 1.50E-01 1.11E-01 

SV_OH 2.17E-05 7.76E-05 1.72E-02 2.89E-02 6.80E-01 2.48E-01 

SV_DOW 2.11E-08 7.09E-08 1.89E-05 6.13E-05 2.70E-03 6.24E-03 

SV_MAN 1.66E-08 6.42E-08 1.49E-05 5.55E-05 2.11E-03 5.61E-03 

SV_NRPD 2.80E-07 8.41E-07 2.49E-04 6.53E-04 3.28E-02 4.18E-02 

       

Table 13 shows the failure probability over time results for the basic system with 

the door seal failure rate of 1.48 faults/year. For a one-year interval, this model may range 

between 59.9% chance of failure to a 98.1% chance of failure. The results from Table 13 



40 

 

 

 

are high, however, the failure rate is 1.48 faults/year, so a failure is nearly guaranteed 

outside of some uncertainty. SV_OH was 2.70 times greater than SV_MAN for the one-

day interval, 4.25 times greater for the one-month interval, and 1.64 times greater for the 

one-year interval.  

Table 13: Basic System with Door Seal Failure Rate of 1.48/y 

 1 DAY STDEV 1 MONTH STDEV 1 YEAR STDEV 

ORIGINAL 6.23E-05 2.00E-05 2.03E-02 2.29E-03 7.66E-01 1.32E-01 

SV_OL 4.99E-05 1.63E-05 1.39E-02 1.08E-03 6.03E-01 7.72E-02 

SV_OM 6.75E-05 3.34E-05 2.30E-02 6.66E-03 8.11E-01 1.72E-01 

SV_OH 1.34E-04 1.59E-04 5.86E-02 3.40E-02 9.81E-01 2.47E-01 

SV_DOW 4.99E-05 1.63E-05 1.39E-02 1.08E-03 6.03E-01 7.72E-02 

SV_MAN 4.97E-05 1.62E-05 1.38E-02 1.07E-03 5.99E-01 7.61E-02 

SV_NRPD 5.55E-05 1.95E-05 1.67E-02 2.32E-03 6.85E-01 1.17E-01 

       

Using the same mechanical failure rate data as immediately prior, Table 14 was formed 

with the difference being that those failure probabilities per interval included the diagnostic 

human error approximation component. For the system defined in Table 14, SV_OH was 

1.26 times greater than SV_MAN for a one-day interval, 3.38 times greater for a one-month 

interval, and 1.59 times greater for a one-year interval, which indicates that changes in the 

human error approximation and the door failure data affect the overall uncertainty of the 

model. The results given by the basic system with the Bruce B fault rate are again high for 

a one-year interval, but they are being led by the almost guaranteed failure of the door 

seals. The lowest probability of failure is approximately 61.8% and the highest probability 

of failure is 98.2%. 
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Table 14: Results for the Basic System with a Door Seal Failure Rate of 1.48/yr and a 

Diagnostic HE Component 

 1 DAY STDEV 1 MONTH STDEV 1 YEAR STDEV 

ORIGINAL 1.43E-03 1.53E-03 2.95E-02 4.90E-03 7.80E-01 1.34E-01 

SV_OL 1.37E-03 1.44E-03 2.18E-02 3.21E-03 6.21E-01 8.34E-04 

SV_OM 1.46E-03 1.49E-03 3.27E-02 9.87E-03 8.24E-01 1.76E-01 

SV_OH 1.73E-03 1.70E-03 7.31E-02 4.00E-02 9.82E-01 2.43E-01 

SV_DOW 1.37E-03 1.44E-03 2.18E-02 3.21E-03 6.21E-01 8.35E-02 

SV_MAN 1.37E-03 1.44E-03 2.16E-02 3.19E-03 6.18E-01 8.24E-02 

SV_NRPD 1.40E-03 1.46E-03 2.52E-02 4.61E-03 7.02E-01 1.22E-01 

       

Table 15 represents the failure rate data for only the mechanical failure part of the system. 

It is shown that the Bruce B door failure probability is so high that it dominates the total 

probability and the probability of the human error components is not significant. When 

considering the diagnostic human error component, the effect on the probability is only 

very slightly greater than that of the action-only human error event modeling.  

Table 15: Mechanical Failure for Basic System with Bruce B Door Failure Rate 

 1 DAY STDEV 1 MONTH STDEV 1 YEAR STDEV 

ORIGINAL 2.39E-05 2.53E-06 1.94E-02 2.14E-03 7.64E-01 1.31E-01 

SV_OL 1.65E-05 1.15E-06 1.32E-02 9.79E-04 6.01E-01 7.64E-02 

SV_OM 2.72E-05 1.36E-05 2.21E-02 7.13E-03 8.10E-01 1.75E-01 

SV_OH 7.35E-05 1.61E-04 5.72E-02 3.53E-02 9.80E-01 2.51E-01 

SV_DOW 1.65E-05 1.15E-06 1.32E-02 9.79E-04 6.01E-01 7.64E-02 

SV_MAN 1.64E-05 1.14E-06 1.31E-02 9.66E-04 5.97E-01 7.54E-02 

SV_NRPD 1.98E-05 2.78E-06 1.60E-02 2.16E-03 6.83E-01 1.17E-01 

       

Table 16 uses the door seal failure data of 0.23 faults/year and it does not have a diagnostic 

human error contribution. SV_OH is 5.04 times greater than SV_MAN for the one-day 

interval, 46.5 times higher for the one-month interval, and 17.6 times higher for the one-

year interval which indicates that the closer the probability is to one-hundred percent 

chance of failure, the more balanced the difference. For a one-year period, the highest 

probability indicates a 77.1% chance of failure, while the lowest probability indicates a 
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4.38% chance of failure. The failure rate data for the door is still fairly high and there is a 

roughly one in four chance that the seal will fail within a year.  

Table 16: Results for Basic System with Door Failure Rate 0.23/yr 

 1 DAY STDEV 1 MONTH STDEV 1 YEAR STDEV 

ORIGINAL 2.00E-05 1.74E-05 2.19E-03 1.43E-03 2.09E-01 9.57E-02 

SV_OL 1.33E-05 1.34E-04 4.96E-04 4.20E-04 4.61E-02 3.28E-02 

SV_OM 2.30E-05 2.53E-05 3.16E-03 4.80E-03 2.76E-01 1.38E-01 

SV_OH 6.65E-05 1.27E-04 2.21E-02 2.96E-02 7.71E-01 2.53E-01 

SV_DOW 1.33E-05 1.34E-05 4.97E-04 4.20E-04 4.62E-02 3.29E-02 

SV_MAN 1.32E-05 1.34E-05 4.75E-04 4.09E-04 4.38E-02 3.19E-02 

SV_NRPD 1.62E-05 1.56E-05 1.14E-03 1.26E-03 1.14E-01 7.25E-02 

       

Table 17 is the 0.23 door seal faults/year combined with a diagnostic human error 

component. For a one-day interval, the highest probability is 1.28 times the lowest 

probability. For a one-month interval, the highest probability is 11.8 times the lowest 

probability. For a one-year interval, the highest probability is 13.9 times the lowest 

probability. The highest possibility of failure in a given year is 78.5% and the lowest 

possibility of failure in a given year is 5.66%.  

Table 17: Results for Basic System with Door Failure Rate 0.23/y and Diagnostic HE 

 1 DAY STDEV 1 MONTH STDEV 1 YEAR STDEV 

ORIGINAL 1.19E-03 1.48E-03 5.89E-03 3.68E-03 2.32E-01 9.73E-02 

SV_OL 1.13E-03 1.45E-03 2.73E-03 2.20E-03 5.92E-02 3.79E-02 

SV_OM 1.21E-03 1.50E-03 7.41E-03 7.92E-03 3.01E-01 1.44E-01 

SV_OH 1.45E-03 1.75E-03 3.17E-02 3.51E-02 7.85E-01 2.52E-01 

SV_DOW 1.13E-03 1.45E-03 2.73E-03 2.20E-03 5.93E-02 3.80E-02 

SV_MAN 1.13E-03 1.45E-03 2.68E-03 2.18E-03 5.66E-02 3.69E-02 

SV_NRPD 1.16E-03 1.46E-03 4.03E-03 3.49E-03 1.33E-01 7.88E-02 

       

Table 18 is the mechanical failure data for the generalized system with the Bruce A door 

failure data. For both the action-only human error event model and the action and diagnosis 

human error event model, a one-year interval the majority of the failure is mechanical 
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failure, while for the one-day interval, the human error accounts for most of the failure 

probability.   

Table 18: Mechanical Error System Failure Results for Bruce A Door Failure Data 

 1 DAY STDEV 1 MONTH STDEV 1 YEAR STDEV 

ORIGINAL 2.18E-06 1.51E-06 1.92E-03 1.28E-03 2.07E-01 9.26E-02 

SV_OL 4.19E-07 4.06E-07 3.71E-04 3.49E-04 4.48E-02 3.16E-02 

SV_OM 1.21E-03 1.50E-03 2.83E-03 4.53E-03 2.74E-01 1.34E-01 

SV_OH 2.66E-05 8.20E-05 2.12E-02 3.02E-02 7.70E-01 2.49E-01 

SV_DOW 4.20E-07 4.07E-07 3.71E-04 3.49E-04 4.48E-02 3.17E-02 

SV_MAN 3.99E-07 3.96E-07 3.53E-04 3.40E-04 4.25E-02 3.07E-02 

SV_NRPD 1.06E-06 1.34E-06 9.43E-04 1.09E-03 1.12E-01 7.05E-02 

       

3.1.2 Importance Measures – Fussell-Vesely Results  

 For the purpose of this PRA, the uncertainty and Fussell-Vesely will be evaluated 

over the one-year time period since the primary concern of this PRA is to evaluate the 

annual failure possibility of a system. The SAPHRIE generated importance measures for 

the ‘pathways’ model for the time interval of one-year is shown in Table 19 with a 

SAPHIRE-produced importance graph shown in Figure 24. The importance graphs can be 

difficult to read due to the initial jump from 10-16 to 10-1. The importance measures from 

Table 19 show that the solenoid valves, SV-1 and SV-2 failing to shut has the greatest 

effect on the system as they relate to changes, followed by the mechanical failure of the air 

and argon doors. It is also noted that all of the human error events have approximately the 

same point estimate of FV importance which is understandable since all of the probabilities 

are essentially the same and calculated through the SPAR-H model. The probability of 

VP-1 leaking is of least importance here, probably because of the combination of the fact 

that it in itself cannot cause an air ingress event and that it has fewer possible air ingress 

events when in combination with SV-1 than the rest of the system. The basic model, the 
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basic model with the diagnostic human error component, the basic model with the Bruce 

A door failure data, and the basic model with the Bruce A door failure data and a diagnostic 

human error component all calculate a leak of VP-1 to be the measure of the least 

importance and SV-1 and SV-2 failing to shut of the greatest importance. Assuming that 

the solenoid valve field failure data is assumed to be the valve failing to shut, the highest 

importance and the lowest importance repeats for SV_OM and SV_NRPD. Those 

importance measures may be found in the appendix.  

Table 19: SAPHIRE Generated Importance Model for the Basic System over 1-year 

Name Point 

Est. 

Mean 5th 50th 95th Min Max 

HE-AIR-

DOOR-

OPEN 

3.24E-3 4.35E-3 4.11E-6 9.92E-4 1.16E-2 1.85E-12 1.65E-1 

HE-AR-

DOOR-

OPEN 

3.24E-3 4.41E-3 4.44E-6 1.03E-3 1.18E-2 4.05E-11 9.87E-2 

HE-SV-1-NS 3.23E-3 4.35E-3 3.60E-6 1.00E-3 1.13E-2 4.18E-10 8.82E-2 

HE-SV-1-

OPEN 

3.23E-3 4.33E-3 2.55E-6 1.03E-3 1.16E-2 1.56E-13 1.46E-1 

HE-SV-3-NS 3.23E-3 4.30E-3 4.84E-6 1.03E-3 1.12E-2 2.98E-11 1.03E-1 

HE-SV-3-

OPEN 

3.23E-3 4.27E-3 3.32E-6 1.00E-3 1.17E-2 3.65E-12 1.16E-1 

MF-AIR-

CELL-LK 

1.47E-1 1.34E-1 4.37E-3 5.12E-2 3.52E-1 3.31E-4 9.26E-1 

MF-AR-

CELL-LK 

1.47E-1 1.35E-1 4.28E-3 5.40E-2 3.50E-1 3.08E-4 9.36E-1 

MF-FS-SV-1 8.07E-1 7.96E-1 3.66E-1 8.07E-1 9.45E-1 7.85E-2 9.91E-1 

MF-FS-SV-3 8.07E-1 7.95E-1 3.72E-1 8.05E-1 9.44E-1 4.60E-2 9.91E-1 

MF-LK-SV-

1 

4.68E-2 6.04E-2 9.07E-3 3.70E-2 1.22E-1 2.60E-3 5.53E-1 

MF-LK-SV-

3 

4.68E-2 6.08E-2 9.35E-3 3.68E-2 1.23E-1 2.11E-3 5.99E-1 

MF-RP-SV-1 6.79E-3 8.82E-3 1.69E-4 2.08E-3 2.05E-2 1.21E-5 4.20E-1 

MF-RP-SV-3 6.79E-3 9.02E-3 1.77E-4 2.14E-3 2.07E-2 1.05E-5 7.49E-1 

MF-VP-1-

LK 

8.25E-4 1.05E-3 4.82E-5 4.34E-4 2.42E-3 4.74E-6 2.26E-2 

        



45 

 

 

 

 

Figure 24: Importance graph for the basic system. 

Table 20 and Figure 25 demonstrate the Bruce B door failure data for a year-long interval. 

The highest importance measure is the door seal mechanical failure rate and the lowest 

importance is the human error. The same pattern of results is repeated in the SV_OM and 

SV_NRPD cases.  
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Table 20: Bruce B Door Failure Results for Pathways System 

Name 

Point 

Est. Mean 5th 50th 95th Min Max 

HE-AIR-

DOOR-

OPEN 1.37E-3 2.47E-3 1.88E-6 6.09E-4 6.57E-3 1.23E-12 5.17E-2 

HE-AR-

DOOR-

OPEN 1.37E-3 2.54E-3 2.67E-6 6.09E-4 6.91E-3 2.49E-11 9.34E-2 

HE-SV-1-

NS 1.36E-3 2.46E-3 2.10E-6 6.03E-4 6.38E-3 6.91E-15 7.75E-2 

HE-SV-1-

OPEN 1.36E-3 2.50E-3 2.20E-6 6.02E-4 6.63E-3 5.39E-12 5.90E-2 

HE-SV-3-

NS 1.36E-3 2.46E-3 1.91E-6 5.87E-4 6.47E-3 2.97E-13 7.40E-2 

HE-SV-3-

OPEN 1.36E-3 2.44E-3 2.32E-6 6.04E-4 6.21E-3 3.27E-13 5.89E-2 

MF-AIR-

CELL-LK 8.89E-1 5.34E-1 9.94E-2 4.93E-1 8.02E-1 2.04E-3 9.45E-1 

MF-AR-

CELL-LK 8.89E-1 5.29E-1 9.63E-2 4.89E-1 7.95E-1 5.75E-3 9.59E-1 

MF-FS-

SV-1 3.28E-1 4.86E-1 1.47E-1 4.13E-1 7.78E-1 5.38E-2 9.74E-1 

MF-FS-

SV-3 3.28E-1 4.92E-1 1.51E-1 4.21E-1 7.76E-1 4.48E-2 9.81E-1 

MF-LK-

SV-1 1.97E-2 3.53E-2 5.78E-3 2.16E-2 7.16E-2 1.56E-3 3.76E-1 

MF-LK-

SV-3 1.97E-2 3.51E-2 5.87E-3 2.12E-2 6.99E-2 2.10E-3 4.38E-1 

MF-RP-

SV-1 2.87E-3 5.20E-3 9.82E-5 1.25E-3 1.13E-2 6.50E-6 3.39E-1 

MF-RP-

SV-3 2.87E-3 5.17E-3 1.08E-4 1.26E-3 1.16E-2 8.51E-6 6.07E-1 

MF-VP-1-

LK 1.77E-3 2.14E-3 3.37E-4 1.32E-3 4.33E-3 5.51E-5 2.07E-2 
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Figure 25: Importance graph for Bruce B door fault rate. 

The final group of similar importance measures for the ‘pathways’ failure rates, SV_OM 

and SV_NRPD applies to the Bruce A failure rate data with a diagnostic human error 

component, shown in Table 21 and Figure 26.  
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Table 21: Pathways Importance Measures with Bruce B Failure and a Diagnostic HE 

Component 

Name 
Point 

Est. 
Mean 5th 50th 95th Min Max 

HE-AIR-

DOOR-

OPEN 

1.51E-2 2.45E-2 1.54E-5 6.26E-3 6.67E-2 2.72E-11 4.04E-1 

HE-AR-

DOOR-

OPEN 

1.51E-2 2.48E-2 2.55E-5 6.41E-3 6.76E-2 1.40E-10 4.62E-1 

HE-SV-1-NS 1.51E-2 2.41E-2 1.99E-5 6.16E-3 6.54E-2 2.91E-10 3.89E-1 

HE-SV-1-

OPEN 
1.51E-2 2.46E-2 1.72E-5 6.38E-3 6.61E-2 8.82E-11 4.82E-1 

HE-SV-3-NS 1.51E-2 2.40E-2 2.07E-5 6.21E-3 6.55E-2 2.56E-12 3.49E-1 

HE-SV-3-

OPEN 
1.51E-2 2.44E-2 1.71E-5 6.31E-3 6.53E-2 1.81E-12 4.02E-1 

MF-AIR-

CELL-LK 
8.82E-1 5.10E-1 8.91E-2 4.66E-1 7.75E-1 1.99E-3 9.38E-1 

MF-AR-

CELL-LK 
8.82E-1 5.08E-1 9.30E-2 4.67E-1 7.73E-1 5.72E-3 9.59E-1 

MF-FS-SV-1 3.29E-1 4.64E-1 1.42E-1 3.95E-1 7.34E-1 4.29E-2 9.66E-1 

MF-FS-SV-3 3.29E-1 4.66E-1 1.44E-1 3.98E-1 7.32E-1 3.91E-2 9.67E-1 

MF-LK-SV-

1 
1.99E-2 3.32E-2 5.81E-3 2.07E-2 6.65E-2 1.36E-3 3.35E-1 

MF-LK-SV-

3 
1.99E-2 3.34E-2 5.69E-3 2.08E-2 6.62E-2 1.40E-3 4.19E-1 

MF-RP-SV-1 2.89E-3 4.89E-3 9.32E-5 1.17E-3 1.10E-2 1.45E-5 3.00E-1 

MF-RP-SV-3 2.89E-3 4.91E-3 9.98E-5 1.18E-3 1.09E-2 9.67E-6 5.97E-1 

MF-VP-1-

LK 
1.76E-3 2.01E-3 3.19E-4 1.28E-3 3.98E-3 6.07E-5 1.94E-2 
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Figure 26: Importance graph for general system with Bruce B fault rate and a diagnostic 

HE component. 

The importance measures for SV_OL are given in Table 22 and Figure 27. The solenoid 

valve probability here was sufficiently low for the door seal failure probabilities to produce 

a higher importance. In this case, VP-1 leaking was again the lowest of the mechanical 

failures, but the human error events had the lowest importance range overall, which was a 

pattern that was also represented in SV_DOW results that may be found in the appendix. 

Similar results are represented in the original failure data, the Bruce A failure rate and the 

Bruce B failure rate.  
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Table 22: Importance Measures for the Basic System with the SV_OL Configuration 

Name 
Point 

Est. 
Mean 5th 50th 95th Min Max 

HE-AIR-

DOOR-

OPEN 

1.82E-2 4.61E-2 2.44E-5 8.74E-3 1.33E-1 3.33E-13 8.03E-1 

HE-AR-

DOOR-

OPEN 

1.82E-2 4.64E-2 1.97E-5 8.22E-3 1.34E-1 3.07E-10 7.97E-1 

HE-SV-1-

NS 
1.79E-2 4.38E-2 2.58E-5 8.06E-3 1.25E-1 9.85E-14 6.93E-1 

HE-SV-1-

OPEN 
1.79E-2 4.36E-2 2.41E-5 7.62E-3 1.22E-1 4.54E-11 7.81E-1 

HE-SV-3-

NS 
1.79E-2 4.27E-2 2.37E-5 7.60E-3 1.19E-1 3.12E-12 7.04E-1 

HE-SV-3-

OPEN 
1.79E-2 4.41E-2 2.98E-5 7.78E-3 1.27E-1 7.98E-11 8.27E-1 

MF-AIR-

CELL-LK 
8.27E-1 6.68E-1 1.04E-1 6.48E-1 9.55E-1 5.17E-3 9.98E-1 

MF-AR-

CELL-LK 
8.27E-1 6.65E-1 9.43E-2 6.47E-1 9.55E-1 3.09E-3 9.99E-1 

MF-FFD-

SV-3 
1.06E-1 1.71E-1 2.38E-3 5.71E-2 4.81E-1 1.01E-4 9.73E-1 

MF-SV-1-

FFD 
1.06E-1 1.68E-1 2.50E-3 5.54E-2 4.67E-1 8.40E-5 9.88E-1 

MF-VP-1-

LK 
2.68E-2 6.12E-2 5.92E-3 3.35E-2 1.33E-1 1.22E-3 5.93E-1 

        

 

Figure 27: Importance graph for the basic system with SV_OL fault rate. 
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Table 23 and Figure 28 represent the importance measures for the failure rate given by 

SV_OL with a diagnostic contribution to human error. The data shows that the VP-1 is of 

lowest importance to the system and the door failure represents the highest importance to 

the system. The increased probability of a human error event occurring also increased the 

level of importance to above that of VP-1, which is a pattern that exists for the original 

system with diagnostic HE, the Bruce A door failure probability system with a diagnostic 

human error component, and the Bruce B door failure probability system with a diagnostic 

human error component.  

Table 23: Basic System for SV_OL with a Diagnostic HE Component 

Name 
Point 

Est. 
Mean 5th 50th 95th Min Max 

HE-AIR-

DOOR-

OPEN 

1.30E-1 1.65E-1 1.71E-4 5.22E-2 4.65E-1 1.67E-9 9.77E-1 

HE-AR-

DOOR-

OPEN 

1.30E-1 1.64E-1 1.49E-4 5.28E-2 4.51E-1 5.29E-13 9.80E-1 

HE-SV-1-

NS 

1.29E-1 1.59E-1 1.35E-4 4.95E-2 4.44E-1 5.15E-12 9.42E-1 

HE-SV-1-

OPEN 

1.29E-1 1.64E-1 1.21E-4 5.20E-2 4.60E-1 5.50E-11 9.80E-1 

HE-SV-3-

NS 

1.29E-1 1.65E-1 1.55E-4 5.06E-2 4.59E-1 2.00E-10 9.24E-1 

HE-SV-3-

OPEN 

1.29E-1 1.59E-1 1.44E-4 4.97E-2 4.43E-1 2.69E-10 9.54E-1 

MF-AIR-

CELL-LK 

5.37E-1 4.10E-1 2.57E-2 2.81E-1 8.22E-1 1.17E-3 9.93E-1 

MF-AR-

CELL-LK 

5.37E-1 4.09E-1 2.54E-2 2.84E-1 8.20E-1 1.58E-3 9.96E-1 

MF-FFD-

SV-3 

6.96E-2 9.37E-2 1.61E-3 2.66E-2 2.54E-1 7.76E-5 9.47E-1 

MF-SV-1-

FFD 

6.96E-2 9.26E-2 1.57E-3 2.69E-2 2.51E-1 8.36E-5 9.71E-1 

MF-VP-1-

LK 

1.37E-2 2.21E-2 2.33E-3 1.14E-2 4.77E-2 2.89E-4 3.68E-1 
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Figure 28: Importance graph for the SV_OL fault rate and a diagnostic HE component. 

Table 24 and Figure 31 represent data for the basic system with SV_OH data. The solenoid 

valve data is so dominant here that even when using the Bruce B door failure rate of 

1.48/year, the importance is still greater for the solenoid valve. Similar importance 

measures happen for all cases including the basic system, the basic system with a diagnostic 

human error component, the basic system with Bruce A failure rates and Bruce A failure 

rates plus a diagnostic human error component and the system with the Bruce B failure 

rates and the Bruce B failure rates and human error system. The component with the highest 

importance are the solenoid valves, and the component with the least importance is the 

mechanical failure of the vacuum pump.  
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Table 24: Importance Measures for Basic System with SV_OH 

Name 
Point 

Est. 
Mean 5th 50th 95th Min Max 

HE-AIR-

DOOR-

OPEN 

1.26E-3 3.72E-3 2.09E-6 6.35E-4 8.82E-3 6.00E-15 4.06E-1 

HE-AR-

DOOR-

OPEN 

1.26E-3 3.64E-3 1.36E-6 5.86E-4 8.51E-3 2.32E-11 2.54E-1 

HE-SV-1-

NS 
1.26E-3 3.58E-3 2.14E-6 6.18E-4 8.48E-3 4.73E-15 1.40E-1 

HE-SV-1-

OPEN 
1.26E-3 3.56E-3 1.99E-6 5.98E-4 8.31E-3 1.20E-11 2.23E-1 

HE-SV-3-

NS 
1.26E-3 3.51E-3 1.91E-6 5.58E-4 8.25E-3 4.17E-13 2.14E-1 

HE-SV-3-

OPEN 
1.26E-3 3.51E-3 2.48E-6 5.90E-4 8.39E-3 4.81E-12 2.46E-1 

MF-AIR-

CELL-LK 
5.70E-2 1.07E-1 2.20E-3 2.97E-2 2.99E-1 1.66E-4 9.72E-1 

MF-AR-

CELL-LK 
5.70E-2 1.07E-1 1.99E-3 2.97E-2 2.96E-1 1.81E-4 9.74E-1 

MF-FFD-

SV-3 
9.80E-1 9.02E-1 4.13E-1 9.43E-1 9.95E-1 3.10E-2 1.00E+0 

MF-SV-1-

FFD 
9.80E-1 9.02E-1 4.26E-1 9.41E-1 9.95E-1 2.48E-2 1.00E+0 

MF-VP-1-

LK 
1.19E-4 6.75E-4 1.01E-5 1.42E-4 1.53E-3 1.80E-6 7.76E-2 

        

 

Figure 29: Importance graph for the basic system with SV_OH fault rate. 
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Similar to the importance measures of SV_OH, the importance measures for SV_MAN are 

similar for all of the tested models. SV_MAN has the lowest failure rate, which, when 

modeled, comes out to be even less than the door failure data in any of the situations. The 

results shown in Table 25 and Figure 30 are true for the basic system, the basic system 

inclusive of a diagnostic human error contribution, the basic system with Bruce A door 

failure data, the basic system with Bruce B door failure data, the Bruce A system with a 

diagnostic human error component and the Bruce B system with a diagnostic human error 

component.  

Table 25: Basic System Importance Measures for SV_MAN 

Name 
Point 

Est. 
Mean 5th 50th 95th Min Max 

HE-AIR-

DOOR-

OPEN 

2.03E-2 5.91E-2 2.88E-5 1.07E-2 1.75E-1 8.89E-13 8.01E-1 

HE-AR-

DOOR-

OPEN 

2.03E-2 5.97E-2 2.38E-5 9.94E-3 1.81E-1 3.38E-10 8.15E-1 

HE-SV-1-NS 1.99E-2 5.53E-2 3.14E-5 9.62E-3 1.64E-1 1.07E-13 7.77E-1 

HE-SV-1-

OPEN 
1.99E-2 5.52E-2 2.84E-5 9.15E-3 1.58E-1 4.60E-11 7.91E-1 

HE-SV-3-NS 1.99E-2 5.47E-2 2.76E-5 8.99E-3 1.61E-1 3.17E-12 7.30E-1 

HE-SV-3-

OPEN 
1.99E-2 5.63E-2 3.35E-5 9.50E-3 1.64E-1 8.27E-11 8.50E-1 

MF-AIR-

CELL-LK 
9.20E-1 7.75E-1 2.31E-1 7.92E-1 9.76E-1 2.64E-2 9.99E-1 

MF-AR-

CELL-LK 
9.20E-1 7.72E-1 2.07E-1 7.93E-1 9.76E-1 3.56E-2 9.99E-1 

MF-FFD-

SV-3 
2.97E-3 9.56E-3 5.93E-5 1.48E-3 2.22E-2 2.44E-6 4.91E-1 

MF-SV-1-

FFD 
2.97E-3 9.38E-3 6.14E-5 1.44E-3 2.10E-2 2.03E-6 7.41E-1 

MF-VP-1-

LK 
3.34E-2 9.42E-2 8.84E-3 5.32E-2 2.02E-1 1.23E-3 7.09E-1 
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Figure 30: Importance graph for the basic system with SV_MAN fault rate. 

3.1.3 Cut Sets and Identification of Risk Critical Components for a 

Discussion on Risk-Informed Maintenance 

 The cut sets for the simplified air-lock system with original door fault rate data are given 

in Table 26 through Table 32. The cut sets are only for the mechanical failures of the 

system and produce the same results for the inclusion of a diagnostic human error 

component and for the door interlocks. The door interlocks only affect the human error 

calculation and can not lead to air ingress events on their own and maintenance does not 

alter the probability of a human error failure. SV-3 and SV-1 need to be maintained the 

most for the original fault rates, the SV_OM fault rate, the SV_OH fault rate, and the 

SV_NRPD fault rate. Air and argon door seals are the highest fault rate probability for 

SV_OL, SV_DOW, and SV_MAN. Summing to 90% of the total cut set probability, the 

components that require the most frequent maintenance are the solenoid valves and the 

door seals. Engineering judgement is largely used to establish at what intervals 

maintenance needs to be completed. The highest risk components are the same for the 

Bruce A and Bruce B door fault rate data and the corresponding cut sets can be viewed in 
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the appendix. For example, if it is decided that maintenance occur at the one-month interval 

for only the risk-critical components, then the time interval over which the component must 

run for is reduced to one month, which then produces results for the probability of air 

ingress that is nearly-identical, if not completely identical to the overall probability if the 

entire system was run for a month. For example, the original air ingress probability for the 

basic system with a diagnostic human error component was 1.16E-01/yr with a standard 

deviation of 6.88E-02 and was 3.83E-03/month with a standard deviation of 3.04E-03. 

When the interval for maintenance was changed for only the door seals and the solenoid 

valves, the resultant air ingress probability was 3.83E-03/yr with a standard deviation of 

3.04E-03, which is the same overall air ingress probability as the one-month interval for 

the entire system. The air ingress probability produced a range from 10-3 to 10-2 per year 

depending on which solenoid valve fault rate was used. Similarly, the range for the air 

ingress probability for the basic system with door interlocks and a diagnostic human error 

component was 10-4 to 10-2 and the total probability of the system with the original solenoid 

valve fault rate data was 2.65E-03/yr with a standard deviation of 2.32E-03. The system 

that had a one-month run time for all component produced an air ingress probability of 

2.59E-03/month with a standard deviation of 2.30E-03. The values for the maintained 

system are not always exactly equivalent as the corresponding system for the one month 

run time, but are usually similar.  
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Table 26: Mechanical Failure Cut Sets for the Original System 

# Case Prob/Freq 

Total 

% Cut Set 

Total   9.69E-2 100 Displaying 20 Cut Sets. (20 Original) 

1 C 6.41E-2 66.18 MF-FS-SV-1,MF-FS-SV-3 

2 C 1.15E-2 11.86 MF-AR-CELL-LK,MF-FS-SV-1 

3 C 1.15E-2 11.86 MF-AIR-CELL-LK,MF-FS-SV-3 

4 C 3.67E-3 3.79 MF-FS-SV-3,MF-LK-SV-1 

5 C 3.67E-3 3.79 MF-FS-SV-1,MF-LK-SV-3 

6 C 2.06E-3 2.12 MF-AIR-CELL-LK,MF-AR-CELL-LK 

7 C 6.58E-4 0.68 MF-AR-CELL-LK,MF-LK-SV-1 

8 C 6.58E-4 0.68 MF-AIR-CELL-LK,MF-LK-SV-3 

9 C 5.32E-4 0.55 MF-FS-SV-3,MF-RP-SV-1 

10 C 5.32E-4 0.55 MF-FS-SV-1,MF-RP-SV-3 

11 C 2.22E-4 0.23 MF-FS-SV-3,MF-VP-1-LK 

12 C 2.10E-4 0.22 MF-LK-SV-1,MF-LK-SV-3 

13 C 9.53E-5 0.10 MF-AR-CELL-LK,MF-RP-SV-1 

14 C 9.53E-5 0.10 MF-AIR-CELL-LK,MF-RP-SV-3 

15 C 3.97E-5 0.04 MF-AR-CELL-LK,MF-VP-1-LK 

16 C 3.04E-5 0.03 MF-LK-SV-3,MF-RP-SV-1 

17 C 3.04E-5 0.03 MF-LK-SV-1,MF-RP-SV-3 

18 C 1.27E-5 0.01 MF-LK-SV-3,MF-VP-1-LK 

19 C 4.41E-6 < 0.01 MF-RP-SV-1,MF-RP-SV-3 

20 C 1.84E-6 < 0.01 MF-RP-SV-3,MF-VP-1-LK 

 

Table 27:Mechanical Failure Cut Sets for the Original System with SV_OL 

# Case Prob/Freq Total 

% 

Cut Set 

Total   2.67E-3 100 Displaying 6 Cut Sets. (6 Original) 

1 C 2.06E-3 76.94 MF-AIR-CELL-LK,MF-AR-CELL-LK 

2 C 2.69E-4 10.06 MF-AR-CELL-LK,MF-SV-1-FFD 

3 C 2.69E-4 10.06 MF-AIR-CELL-LK,MF-FFD-SV-3 

4 C 3.97E-5 1.49 MF-AR-CELL-LK,MF-VP-1-LK 

5 C 3.52E-5 1.31 MF-FFD-SV-3,MF-SV-1-FFD 

6 C 5.19E-6 0.19 MF-FFD-SV-3,MF-VP-1-LK 
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Table 28: Mechanical Failure Cut Sets for the Original System with SV_OM 

# Case Prob/Freq Total 

% 

Cut Set 

Total   1.50E-1 100 Displaying 6 Cut Sets. (6 Original) 

1 C 1.21E-1 80.33 MF-FFD-SV-3,MF-SV-1-FFD 

2 C 1.58E-2 10.49 MF-AR-CELL-LK,MF-SV-1-FFD 

3 C 1.58E-2 10.49 MF-AIR-CELL-LK,MF-FFD-SV-3 

4 C 2.06E-3 1.37 MF-AIR-CELL-LK,MF-AR-CELL-LK 

5 C 3.04E-4 0.20 MF-FFD-SV-3,MF-VP-1-LK 

6 C 3.97E-5 0.03 MF-AR-CELL-LK,MF-VP-1-LK 

 

Table 29: Mechanical Failure Cut Sets for the Original System with SV_OH 

# Case Prob/Freq Total % Cut Set 

Total   6.80E-1 100 Displaying 6 Cut Sets. (6 Original) 

1 C 6.55E-1 96.21 MF-FFD-SV-3,MF-SV-1-FFD 

2 C 3.67E-2 5.39 MF-AR-CELL-LK,MF-SV-1-FFD 

3 C 3.67E-2 5.39 MF-AIR-CELL-LK,MF-FFD-SV-3 

4 C 2.06E-3 0.30 MF-AIR-CELL-LK,MF-AR-CELL-LK 

5 C 7.08E-4 0.10 MF-FFD-SV-3,MF-VP-1-LK 

6 C 3.97E-5 < 0.01 MF-AR-CELL-LK,MF-VP-1-LK 

 

Table 30: Mechanical Failure Cut Sets for the Original System with SV_DOW 

# Case Prob/Freq Total % Cut Set 

Total   2.70E-3 100 Displaying 6 Cut Sets. (6 Original) 

1 C 2.06E-3 76.35 MF-AIR-CELL-LK,MF-AR-CELL-LK 

2 C 2.78E-4 10.32 MF-AR-CELL-LK,MF-SV-1-FFD 

3 C 2.78E-4 10.32 MF-AIR-CELL-LK,MF-FFD-SV-3 

4 C 3.97E-5 1.47 MF-AR-CELL-LK,MF-VP-1-LK 

5 C 3.76E-5 1.39 MF-FFD-SV-3,MF-SV-1-FFD 

6 C 5.37E-6 0.20 MF-FFD-SV-3,MF-VP-1-LK 
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Table 31: Mechanical Failure Cut Sets for the Original System with SV_MAN 

# Case Prob/Freq Total 

% 

Cut Set 

Total   2.11E-3 100 Displaying 6 Cut Sets. (6 Original) 

1 C 2.06E-3 97.48 MF-AIR-CELL-LK,MF-AR-CELL-LK 

2 C 3.97E-5 1.88 MF-AR-CELL-LK,MF-VP-1-LK 

3 C 6.76E-6 0.32 MF-AR-CELL-LK,MF-SV-1-FFD 

4 C 6.76E-6 0.32 MF-AIR-CELL-LK,MF-FFD-SV-3 

5 C 1.30E-7 < 0.01 MF-FFD-SV-3,MF-VP-1-LK 

6 C 2.22E-8 < 0.01 MF-FFD-SV-3,MF-SV-1-FFD 

 

Table 32: Mechanical Failure Cut Sets for the Original System with SV_NRPD 

# Case Prob/Freq Total 

% 

Cut Set 

Total   3.28E-2 100 Displaying 6 Cut Sets. (6 Original) 

1 C 1.85E-2 56.55 MF-FFD-SV-3,MF-SV-1-FFD 

2 C 6.17E-3 18.85 MF-AR-CELL-LK,MF-SV-1-FFD 

3 C 6.17E-3 18.85 MF-AIR-CELL-LK,MF-FFD-SV-3 

4 C 2.06E-3 6.28 MF-AIR-CELL-LK,MF-AR-CELL-LK 

5 C 1.19E-4 0.36 MF-FFD-SV-3,MF-VP-1-LK 

6 C 3.97E-5 0.12 MF-AR-CELL-LK,MF-VP-1-LK 

 

3.1.4 Uncertainty Discussion 

Calculation of the uncertainty used a Monte Carlo uncertainty method with 8000 samples 

and a random number seed of 50. The PDF for the uncertainty for the basic system over a 

period of one year, as produced by SAPHIRE is given in Figure 31.  
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Figure 31: PDF of the basic system over 1 year. 

The top-heavy nature of the PDF distribution is indicative of the log-normal uncertainty 

distributions that was applied to all of the model components. The cumulative distribution 

function is given by Figure 32. The CDF reaches its maximum very quickly.   

 

Figure 32 CDF for the generalized system using the 'pathways' model. 
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 Overall, the spread of failure rates is somewhat concerning. When considering a 

testing failure of a one-year period, an upper limit that is 281 times the lower limit doesn’t 

give very much information as it relates to the overall failure probability of the system. As 

certain probabilities increase, such as the human error failure rate, the spread in the value 

decreases, but that does not necessarily that those probabilities are the correct ones. The 

absolute lowest range contains an upper limit that is only 1.59 times greater than the lower 

limit, however, this applies to a door interlock failure probability that is almost guaranteed 

to occur over the interval.  

3.2 Basic Generalized System with Door Interlocks 

3.2.1 Failure Probability Results 

 The inclusion of door interlock probability an effect on the total air ingress 

probability of reducing the overall fault rate by approximately half. The door interlocks 

provide an improvement to the human error ingress event probability for a door. For the 

year-long interval, using the original data, the probability of human error for the doors is 

down to 4.98E-05/yr from 1E-03/yr. Table 33 shows the overall failure probability for a 

one-day, one-month, and one-year event, along with the corresponding standard deviations. 

For the one-day interval, the results for the highest failure rate, SV_OH, is 9.78 times the 

lowest, SV_MAN, for the one-month interval, the SV_OH results are 513 times the 

SV_MAN results, and for the one-year interval, the SV_OH results are 291 times the 

SV_MAN results, which parallels the results from the basic system without the door 

interlocks. For the scenario in Table 33, there is between a 0.234% and a 68.1% chance of 

failure.  
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Table 33: Failure Results for Basic System w/ Door Interlocks 

 1 DAY STDEV 1 MONTH STDEV 1 YEAR STDEV 

ORIGINAL 8.84E-06 9.94E-06 9.55E-04 9.10E-04 9.79E-02 6.37E-02 

SV_OL 4.60E-06 7.62E-06 4.03E-05 1.08E-04 2.92E-03 7.59E-03 

SV_OM 1.09E-05 1.88E-05 1.62E-03 5.15E-03 1.51E-01 1.12E-01 

SV_OH 4.43E-05 1.62E-04 1.77E-02 3.00E-02 6.81E-01 2.51E-01 

SV_DOW 4.60E-06 7.62E-06 4.05E-05 1.08E-04 2.94E-03 7.61E-03 

SV_MAN 4.53E-06 7.59E-06 3.45E-05 1.03E-04 2.34E-03 7.16E-03 

SV_NRPD 6.39E-06 9.19E-06 3.16E-04 1.02E-03 3.34E-02 4.28E-02 

       

When adding the diagnostic human error component into this system, the failure 

probabilities increased, shown in Table 34. The SV_OH results are 1.45 times the 

SV_MAN results for the one-day period, 34.8 times the SV_MAN results for the one-

month period, and 147 times the SV_MAN results for the one-year period. The values for 

the generalized system with door interlocks parallel those from the generalized system 

without any door interlocks in that they are the same order of magnitude and that the results 

here were a decrease from the results given with an action-only human error event. To put 

it another way, at the lowest, there’s between a 0.47% and 69.2% chance of failure.   

Table 34: Failure Results for the Basic System with Door Interlocks and Diagnostic HE 

Component 

 1 DAY STDEV 1 MONTH STDEV 1 YEAR STDEV 

ORIGINAL 5.28E-04 9.06E-04 2.59E-03 2.30E-03 1.10E-01 6.75E-02 

SV_OL 4.90E-04 8.54E-04 6.94E-04 1.04E-03 5.52E-03 8.70E-03 

SV_OM 5.43E-04 8.91E-04 3.63E-03 6.09E-03 1.65E-01 1.15E-01 

SV_OH 7.10E-04 1.07E-03 2.33E-02 3.28E-02 6.92E-01 2.49E-01 

SV_DOW 4.90E-04 8.54E-04 6.95E-04 1.04E-03 5.55E-03 8.72E-03 

SV_MAN 4.90E-04 8.54E-04 6.69E-04 1.02E-03 4.70E-03 8.19E-03 

SV_NRPD 5.08E-04 8.65E-04 1.43E-03 2.00E-03 4.10E-02 4.54E-02 

       

 Human error for the generalized system with door interlocks has a measurable 

effect on the overall failure probability of the system shown in Table 35.  The results from 

Table 35 apply to both the action-only human error data and the action plus diagnostic 
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human error event. The difference for the system with a diagnostic human error event is 

very substantial for the one-day event and somewhat significant for the one-year event. For 

the system with the action only event, the difference is almost a factor of 10 for the one-

day interval, and is not very significant for the one-year interval.  

Table 35: Mechanical Failure Results for the Basic System with Door Interlocks 

 1 DAY STDEV 1 MONTH STDEV 1 YEAR STDEV 

ORIGINAL 9.48E-07 1.07E-06 8.37E-04 8.81E-04 9.69E-02 6.41E-02 

SV_OL 2.09E-08 7.06E-08 1.88E-05 6.11E-05 2.67E-03 6.22E-03 

SV_OM 1.68E-06 5.72E-06 1.47E-03 3.75E-03 1.50E-01 1.11E-01 

SV_OH 2.17E-05 7.76E-05 1.72E-02 2.89E-02 6.80E-01 2.48E-01 

SV_DOW 2.11E-08 7.09E-08 1.89E-05 6.13E-05 2.70E-03 6.24E-03 

SV_MAN 1.66E-08 6.42E-08 1.49E-05 5.55E-05 2.11E-03 5.61E-03 

SV_NRPD 2.80E-07 8.41E-07 2.49E-04 6.53E-04 3.28E-02 4.18E-02 

       

When the Bruce B failure data for the door replaced the La Crosse BWR door failure data, 

the failure probability results are understandably raised to very large probabilities since the 

doors are almost guaranteed to fail within a year, where the results are given in Table 36. 

The results for SV_OH for the one-day interval were 3.06 times the results for SV_MAN, 

4.27 times for the one-month interval, and 1.64 times the SV_MAN results for the one-

year interval. Using the configuration of the basic system with door interlocks and Bruce 

B fault rate data indicates a range for the chance of failure that is between 59.9% and 

98.1%.   
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Table 36: Failure Results for the Basic System with Door Interlocks and Bruce B Failure 

Data 

 1 DAY STDEV 1 MONTH STDEV 1 YEAR STDEV 

ORIGINAL 4.75E-05 1.28E-05 2.00E-02 2.31E-03 7.65E-01 1.34E-01 

SV_OL 3.68E-05 1.01E-05 1.37E-02 1.09E-03 6.02E-01 7.94E-02 

SV_OM 5.21E-05 2.02E-05 2.27E-02 6.26E-03 8.11E-01 1.77E-01 

SV_OH 1.12E-04 1.13E-04 5.81E-02 3.37E-02 9.81E-01 2.50E-01 

SV_DOW 3.68E-05 1.01E-05 1.37E-02 1.09E-03 6.02E-01 7.94E-02 

SV_MAN 3.66E-05 1.01E-05 1.36E-02 1.07E-03 5.99E-01 7.83E-02 

SV_NRPD 4.16E-05 1.20E-05 1.65E-02 2.16E-03 6.84E-01 1.21E-01 

       

 The results for using the Bruce B failure data in combination with a diagnosis 

human error contribution are shown in Table 37. The range of values indicates a chance of 

failure in a year to be between 61.1% and 98.2%, which are very similar to the results 

gained from the action-only human error event. The highest failure probability was 1.38 

times the lowest for the one-day interval, 3.64 times the lowest for the one-month interval, 

and 1.61 times the lowest for the one-year interval which are also very close to the values 

reported for the same group of models for the basic system. This is the lowest difference 

between the two models, but it is forced by the failure probability being incredibly high. 

For such a high door failure probability, the effect from the human error is not very 

significant. in Table 38 also demonstrates similar results when referring to the effect that 

only mechanical failure has on the system. Since there is not a difference in the mechanical 

failure probability between the model that has the diagnostic human error and the model 

that does not, the values for Table 38 apply to both model groups.  
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Table 37: Basic System with Door Interlocks, Diagnostic HE, and Bruce B Door Failure 

Data 

 1 DAY STDEV 1 MONTH STDEV 1 YEAR STDEV 

ORIGINAL 7.23E-04 8.61E-04 2.59E-02 3.97E-03 7.75E-01 1.34E-01 

SV_OL 6.79E-04 8.61E-04 1.87E-02 2.46E-03 6.15E-01 8.21E-02 

SV_OM 7.41E-04 8.93E-04 2.89E-02 8.36E-03 8.20E-01 1.77E-01 

SV_OH 9.34E-04 1.06E-03 6.77E-02 3.67E-02 9.82E-01 2.46E-01 

SV_DOW 6.79E-04 8.61E-04 1.87E-02 2.46E-03 6.15E-01 8.22E-02 

SV_MAN 6.78E-04 8.61E-04 1.86E-02 2.44E-03 6.11E-01 8.11E-02 

SV_NRPD 6.99E-04 8.70E-04 2.19E-02 3.68E-03 6.96E-01 1.22E-01 

 

Table 38: Mechanical Failure Results for the Basic System with Door Interlocks and 

Bruce B Door Failure Rate 

 1 DAY STDEV 1 MONTH STDEV 1 YEAR STDEV 

ORIGINAL 2.39E-05 2.53E-06 1.94E-02 2.14E-03 7.64E-01 1.31E-01 

SV_OL 1.65E-05 1.15E-06 1.32E-02 9.79E-04 6.01E-01 7.64E-02 

SV_OM 2.72E-05 1.36E-05 2.21E-02 7.13E-03 8.10E-01 1.75E-01 

SV_OH 7.35E-05 1.61E-04 5.72E-02 3.53E-02 9.80E-01 2.51E-01 

SV_DOW 1.65E-05 1.15E-05 1.32E-02 9.79E-04 6.01E-01 7.64E-02 

SV_MAN 1.64E-05 1.14E-06 1.31E-02 9.66E-04 5.97E-01 7.54E-02 

SV_NRPD 1.98E-05 2.78E-06 1.60E-02 2.16E-03 6.83E-01 1.17E-01 

       

The results for the generalized system with door interlocks that utilizes the Bruce A door 

failure rate are given in Table 39. For the one-day interval, the highest failure probability 

is 7.40 times the lowest, for the one-month interval, the highest failure probability is 50.3 

times the lowest, and for the one-year interval, the highest failure probability is 17.8 times 

the lowest, which is a significant reduction from the first group of models with door 

interlocks, but it is again being forced by the relatively high failure probability of the 

airlock door seals. The range of the possibility of failure is between 4.34% and 77.1%. 
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Table 39: Failure Results for the Generalized System with Door Interlocks and Bruce A 

Failure Data 

 1 DAY STDEV 1 MONTH STDEV 1 YEAR STDEV 

ORIGINAL 1.21E-05 1.11E-05 2.10E-03 1.36E-03 2.09E-01 9.30E-02 

SV_OL 7.01E-06 7.48E-06 4.53E-04 3.84E-04 2.58E-02 3.20E-02 

SV_OM 1.44E-05 2.13E-05 3.04E-03 4.94E-03 2.76E-01 1.40E-01 

SV_OH 5.12E-05 1.24E-04 2.18E-02 3.21E-02 7.71E-01 2.53E-01 

SV_DOW 7.01E-06 7.49E-06 4.54E-04 3.84E-04 4.58E-02 3.20E-02 

SV_MAN 6.92E-06 7.44E-06 4.33E-04 3.74E-04 4.34E-02 3.10E-02 

SV_NRPD 9.19E-06 1.01E-05 1.07E-03 1.25E-03 1.13E-01 7.30E-02 

       

The Bruce A door fault rate with a diagnostic human error component is given in Table 40. 

The highest failure probability from the results given by Table 40 is 1.44 times the lowest 

for the one-day interval, 16.8 times the lowest for the one-month interval and 15.0 times 

the lowest for the one-year time interval, which is still a fairly large spread in results, but 

it is an improvement from the 291 times difference. The range of percent chance of failures 

is 5.19% to 78.0%.  

Table 40: Generalized System with Door Interlocks and Bruce A Door Failure 

 1 DAY STDEV 1 MONTH STDEV 1 YEAR STDEV 

ORIGINAL 5.51E-04 8.68E-04 4.33E-03 2.82E-03 2.24E-01 9.79E-02 

SV_OL 5.13E-04 8.24E-04 1.70E-03 1.43E-03 5.45E-02 3.44E-02 

SV_OM 5.66E-04 8.63E-04 5.65E-03 6.44E-03 2.92E-01 1.40E-01 

SV_OH 7.37E-04 1.05E-03 2.80E-02 3.32E-02 7.80E-01 2.51E-01 

SV_DOW 5.13E-04 8.24E-04 1.70E-03 1.43E-03 5.46E-02 3.44E-02 

SV_MAN 5.12E-04 8.23E-04 1.67E-03 1.41E-03 5.19E-02 3.36E-02 

SV_NRPD 5.30E-04 8.36E-04 2.78E-03 2.45E-03 1.26E-01 7.38E-02 

       

Table 41 represents the mechanical failure for the sequence of fault rates given by Table 39 

and Table 40. The human error probability has about a factor of ten difference between the 

basic system without a diagnostic human error component and approximately a factor of 

100 for the inclusion of the diagnostic component as a part of the human error event.  
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Table 41: Generalized System with Door Interlocks, Bruce A Failure, and Diagnostic HE 

 1 DAY STDEV 1 MONTH STDEV 1 YEAR STDEV 

ORIGINAL 2.18E-06 1.51E-06 1.92E-03 1.28E-03 2.07E-01 9.26E-02 

SV_OL 4.19E-07 4.06E-07 3.71E-04 3.49E-04 4.48E-02 3.16E-02 

SV_OM 3.24E-06 6.64E-06 2.83E-03 4.53E-03 2.74E-01 1.34E-01 

SV_OH 2.66E-05 8.20E-05 2.12E-02 3.02E-02 7.70E-01 2.49E-01 

SV_DOW 4.20E-07 4.07E-07 3.71E-04 3.49E-04 4.48E-02 3.17E-02 

SV_MAN 3.99E-07 3.96E-07 3.53E-04 3.40E-04 4.25E-02 3.07E-02 

SV_NRPD 1.06E-06 1.34E-06 9.43E-04 1.09E-03 1.12E-01 7.05E-02 

       

3.2.2 Fussell-Vesely 

The original system with the IAEA solenoid valve fault rates and the system with SV_OM 

behave in the same way, so only one table will be referred to here and the rest may be found 

in the appendix. The basic system with door interlocks, the basic system with Bruce A door 

fault, and the basic system with Bruce A door fault and a diagnostic human error 

component all have the solenoid valves with the highest importance and the door interlocks 

plus the human error for the doors have the lowest importance and are reported in Table 42 

and Figure 33. All of the values in this section are being reported for the one-year interval.  
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Table 42: Importance Results Generalized System for the Original System and Door 

Interlocks 

Name 
Point 

Est. 
Mean 5th 50th 95th Min Max 

DI-AIR-

MF 
1.62E-4 2.06E-4 4.42E-8 1.47E-5 4.26E-4 0.00E+0 3.05E-2 

DI-AR-

MF 
1.62E-4 1.96E-4 2.77E-8 1.48E-5 4.36E-4 1.87E-13 1.70E-2 

HE-AIR-

DOOR-

OPEN 

1.62E-4 2.06E-4 4.42E-8 1.47E-5 4.26E-4 0.00E+0 3.05E-2 

HE-AR-

DOOR-

OPEN 

1.62E-4 1.96E-4 2.77E-8 1.48E-5 4.36E-4 1.87E-13 1.70E-2 

HE-SV-1-

NS 
3.24E-3 4.33E-3 3.27E-6 1.04E-3 1.16E-2 1.54E-13 1.04E-1 

HE-SV-1-

OPEN 
3.24E-3 4.37E-3 4.09E-6 9.87E-4 1.18E-2 2.14E-11 1.14E-1 

HE-SV-3-

NS 
3.24E-3 4.37E-3 3.11E-6 1.03E-3 1.17E-2 9.08E-12 1.16E-1 

HE-SV-3-

OPEN 
3.24E-3 4.27E-3 3.68E-6 1.04E-3 1.16E-2 9.94E-11 1.32E-1 

MF-AIR-

CELL-LK 
1.47E-1 1.30E-1 3.86E-3 5.09E-2 3.44E-1 2.91E-4 9.38E-1 

MF-AR-

CELL-LK 
1.47E-1 1.32E-1 3.98E-3 5.13E-2 3.44E-1 1.29E-4 9.03E-1 

MF-FS-

SV-1 
8.09E-1 8.04E-1 3.91E-1 8.14E-1 9.48E-1 4.73E-2 9.91E-1 

MF-FS-

SV-3 
8.09E-1 8.02E-1 3.76E-1 8.13E-1 9.48E-1 8.34E-2 9.92E-1 

MF-LK-

SV-1 
4.69E-2 6.10E-2 9.11E-3 3.67E-2 1.26E-1 2.15E-3 6.64E-1 

MF-LK-

SV-3 
4.69E-2 6.03E-2 8.93E-3 3.68E-2 1.24E-1 2.18E-3 5.62E-1 

MF-RP-

SV-1 
6.81E-3 8.48E-3 1.73E-4 2.10E-3 2.04E-2 1.30E-5 3.73E-1 

MF-RP-

SV-3 
6.81E-3 9.01E-3 1.67E-4 2.13E-3 2.04E-2 1.50E-5 4.29E-1 

MF-VP-1-

LK 
8.12E-4 1.00E-3 4.04E-5 3.93E-4 2.35E-3 2.47E-6 3.00E-2 
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Figure 33: Importance graph for generalized system with door interlocks. 

For the generalized system with door interlocks and a diagnostic human error component, 

the solenoid valves are of the highest importance, and the vacuum pump failure is the least 

importance, which is shown in Table 43 and Figure 34.  
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Table 43: Importance Measures for Pathways Fault Rates and a Diagnostic HE 

Name 
Point 

Est. 
Mean 5th 50th 95th Min Max 

DI-AIR-

MF 
1.69E-3 1.90E-3 3.67E-7 1.47E-4 4.10E-3 1.96E-12 1.53E-1 

DI-AR-MF 1.69E-3 1.89E-3 2.20E-7 1.39E-4 4.49E-3 6.25E-11 1.38E-1 

HE-AIR-

DOOR-

OPEN 

1.69E-3 1.90E-3 3.67E-7 1.47E-4 4.10E-3 1.96E-12 1.53E-1 

HE-AR-

DOOR-

OPEN 

1.69E-3 1.89E-3 2.20E-7 1.39E-4 4.49E-3 6.25E-11 1.38E-1 

HE-SV-1-

NS 
3.38E-2 4.09E-2 3.21E-5 1.04E-2 1.13E-1 4.16E-13 6.65E-1 

HE-SV-1-

OPEN 
3.38E-2 4.11E-2 2.82E-5 1.05E-2 1.11E-1 4.16E-10 5.59E-1 

HE-SV-3-

NS 
3.38E-2 4.06E-2 2.97E-5 1.06E-2 1.12E-1 3.62E-9 5.87E-1 

HE-SV-3-

OPEN 
3.38E-2 4.08E-2 3.26E-5 1.06E-2 1.14E-1 1.20E-10 6.01E-1 

MF-AIR-

CELL-LK 
1.39E-1 1.26E-1 3.89E-3 4.95E-2 3.25E-1 3.26E-4 8.96E-1 

MF-AR-

CELL-LK 
1.39E-1 1.25E-1 4.10E-3 4.79E-2 3.27E-1 3.11E-4 9.13E-1 

MF-FS-

SV-1 
7.64E-1 7.44E-1 3.47E-1 7.40E-1 9.17E-1 7.50E-2 9.91E-1 

MF-FS-

SV-3 
7.64E-1 7.45E-1 3.50E-1 7.42E-1 9.19E-1 6.61E-2 9.86E-1 

MF-LK-

SV-1 
4.45E-2 5.63E-2 8.84E-3 3.50E-2 1.14E-1 3.01E-3 5.98E-1 

MF-LK-

SV-3 
4.45E-2 5.65E-2 8.92E-3 3.45E-2 1.13E-1 2.00E-3 5.98E-1 

MF-RP-

SV-1 
6.45E-3 7.83E-3 1.58E-4 1.93E-3 1.87E-2 1.78E-5 3.45E-1 

MF-RP-

SV-3 
6.45E-3 8.01E-3 1.58E-4 1.96E-3 1.90E-2 1.46E-5 5.50E-1 

MF-VP-1-

LK 
7.31E-4 8.85E-4 3.67E-5 3.50E-4 2.04E-3 2.23E-6 1.82E-2 
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Figure 34: Importance graph for basic system with door interlocks and a diagnostic HE 

event. 

For the system with the highest door fault rate, Bruce B, the mechanical failure of the door 

is of the greatest importance and the human error of the door plus mechanical failure of 

door interlocks is of the least importance, shown in Table 44 and Figure 35.  
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Table 44: Pathways Data w/ Bruce B Fault Rate and Door Interlock 

Name 
Point 

Est. 
Mean 5th 50th 95th Min Max 

DI-AIR-MF 6.80E-5 1.09E-4 2.07E-8 8.63E-6 2.32E-4 4.07E-13 9.53E-3 

DI-AR-MF 6.80E-5 1.11E-4 2.17E-8 8.97E-6 2.40E-4 1.59E-13 1.25E-2 

HE-AIR-

DOOR-

OPEN 

6.80E-5 1.09E-4 2.07E-8 8.63E-6 2.32E-4 4.07E-13 9.53E-3 

HE-AR-

DOOR-

OPEN 

6.80E-5 1.11E-4 2.17E-8 8.97E-6 2.40E-4 1.59E-13 1.25E-2 

HE-SV-1-NS 1.36E-3 2.46E-3 2.10E-6 5.88E-4 6.52E-3 2.06E-11 1.08E-1 

HE-SV-1-

OPEN 
1.36E-3 2.43E-3 2.23E-6 5.80E-4 6.57E-3 5.78E-11 5.74E-2 

HE-SV-3-NS 1.36E-3 2.42E-3 2.24E-6 6.10E-4 6.47E-3 6.94E-13 5.32E-2 

HE-SV-3-

OPEN 
1.36E-3 2.42E-3 1.89E-6 5.86E-4 6.25E-3 6.53E-15 9.56E-2 

MF-AIR-

CELL-LK 
8.89E-1 5.28E-1 9.19E-2 4.87E-1 7.94E-1 9.04E-3 9.56E-1 

MF-AR-

CELL-LK 
8.89E-1 5.28E-1 9.86E-2 4.88E-1 7.95E-1 8.37E-3 9.57E-1 

MF-FS-SV-1 3.28E-1 4.95E-1 1.46E-1 4.23E-1 7.79E-1 4.17E-2 9.71E-1 

MF-FS-SV-3 3.28E-1 4.95E-1 1.42E-1 4.25E-1 7.77E-1 3.34E-2 9.86E-1 

MF-LK-SV-

1 
1.97E-2 3.53E-2 5.74E-3 2.11E-2 7.17E-2 1.48E-3 3.22E-1 

MF-LK-SV-

3 
1.97E-2 3.52E-2 5.90E-3 2.14E-2 7.15E-2 1.52E-3 3.43E-1 

MF-RP-SV-1 2.86E-3 5.00E-3 1.11E-4 1.20E-3 1.14E-2 1.13E-5 2.61E-1 

MF-RP-SV-3 2.86E-3 5.10E-3 1.10E-4 1.22E-3 1.15E-2 1.10E-5 2.59E-1 

MF-VP-1-

LK 
1.77E-3 2.14E-3 3.42E-4 1.31E-3 4.25E-3 6.25E-5 2.31E-2 
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Figure 35: Importance graph for the general system with door interlocks and Bruce B 

fault rate. 

The SV_OL and the SV_DOW fault rates produce a highest importance for the mechanical 

failure of the door and a lowest importance for the mechanical failure of the door plus the 

human error of the door. Table 45 is the SV_OL model for the generalized system with 

door interlocks and Figure 36 is the corresponding importance graph.  
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Table 45:FV Results for SV_OL Fault Rate for Generalized System with Door Interlocks 

Name 
Point 

Est. 
Mean 5th 50th 95th Min Max 

DI-AIR-MF 9.24E-4 2.31E-3 2.54E-7 1.36E-4 4.82E-3 2.96E-12 1.61E-1 

DI-AR-MF 9.24E-4 2.53E-3 2.76E-7 1.24E-4 4.94E-3 6.01E-13 3.36E-1 

HE-AIR-

DOOR-

OPEN 

9.24E-4 2.31E-3 2.54E-7 1.36E-4 4.82E-3 2.96E-12 1.61E-1 

HE-AR-

DOOR-

OPEN 

9.24E-4 2.53E-3 2.76E-7 1.24E-4 4.94E-3 6.01E-13 3.36E-1 

HE-SV-1-NS 1.82E-2 4.76E-2 1.78E-5 8.22E-3 1.34E-1 1.21E-12 7.95E-1 

HE-SV-1-

OPEN 
1.82E-2 4.62E-2 2.35E-5 7.79E-3 1.32E-1 4.56E-11 7.46E-1 

HE-SV-3-NS 1.82E-2 4.70E-2 2.57E-5 8.27E-3 1.35E-1 9.68E-13 7.71E-1 

HE-SV-3-

OPEN 
1.82E-2 4.67E-2 2.73E-5 8.33E-3 1.32E-1 2.48E-11 7.41E-1 

MF-AIR-

CELL-LK 
8.41E-1 6.94E-1 1.08E-1 6.91E-1 9.64E-1 8.75E-4 9.98E-1 

MF-AR-

CELL-LK 
8.41E-1 6.94E-1 1.13E-1 6.87E-1 9.62E-1 3.79E-4 9.98E-1 

MF-SV-1-

FFD 
1.08E-1 1.78E-1 2.60E-3 5.92E-2 4.99E-1 1.62E-4 9.87E-1 

MF-SV-3-

FFD 
1.08E-1 1.78E-1 2.80E-3 5.88E-2 5.04E-1 1.66E-4 9.96E-1 

MF-VP-1-

LK 
2.72E-2 6.42E-2 5.86E-3 3.50E-2 1.41E-1 6.21E-4 8.24E-1 
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Figure 36: Importance graph for SV_OL fault rate for the basic system with door 

interlocks 

The SV_OH model results were not repeated by another model, but for the basic system 

with door interlocks, the basic system with door interlocks and Bruce A fault data, the basic 

system with door interlocks and the Bruce B fault data, and the basic system with door 

interlocks, Bruce B failure data, and a diagnostic human error event, the fault rate of the 

least importance belongs to the door interlock failure and the door human error, and the 

fault rate of the greatest importance belongs to the mechanical failure of the solenoid 

valves, demonstrated by Table 46 and Figure 37, which shows the importance measures 

for the basic system with door interlocks for the SV_OH failure rate.  

 

 

 

 

 



76 

 

 

 

Table 46: FV Results for Generalized System w/ Door Interlocks for SV_OH Fault Rate 

Name 
Point 

Est. 
Mean 5th 50th 95th Min Max 

DI-AIR-

MF 

6.27E-5 1.51E-4 2.13E-8 9.28E-6 3.15E-4 8.92E-13 1.34E-2 

DI-AR-MF 6.27E-5 1.69E-4 1.97E-8 8.70E-6 3.00E-4 5.76E-14 4.65E-2 

HE-AIR-

DOOR-

OPEN 

6.27E-5 1.51E-4 2.13E-8 9.28E-6 3.15E-4 8.92E-13 1.34E-2 

HE-AR-

DOOR-

OPEN 

6.27E-5 1.69E-4 1.97E-8 8.70E-6 3.00E-4 5.76E-14 4.65E-2 

HE-SV-1-

NS 

1.26E-3 3.69E-3 1.47E-6 6.21E-4 8.81E-3 8.02E-14 2.19E-1 

HE-SV-1-

OPEN 

1.26E-3 3.60E-3 1.63E-6 5.79E-4 8.44E-3 8.49E-12 2.47E-1 

HE-SV-3-

NS 

1.26E-3 3.54E-3 1.97E-6 5.97E-4 8.44E-3 2.63E-13 1.73E-1 

HE-SV-3-

OPEN 

1.26E-3 3.56E-3 2.38E-6 5.92E-4 8.27E-3 1.05E-12 1.53E-1 

MF-AIR-

CELL-LK 

5.70E-2 1.08E-1 2.03E-3 2.95E-2 3.03E-1 1.20E-4 9.70E-1 

MF-AR-

CELL-LK 

5.70E-2 1.04E-1 2.11E-3 2.90E-2 2.91E-1 1.04E-4 9.56E-1 

MF-SV-1-

FFD 

9.80E-1 9.04E-1 4.36E-1 9.46E-1 9.96E-1 4.37E-2 1.00E+0 

MF-SV-3-

FFD 

9.80E-1 9.07E-1 4.44E-1 9.46E-1 9.96E-1 4.44E-2 1.00E+0 

MF-VP-1-

LK 

1.17E-4 6.72E-4 8.86E-6 1.31E-4 1.51E-3 6.64E-7 4.78E-2 
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Figure 37: Importance graph for generalized system w/ door interlocks and SV_OH fault 

rate. 

For the SV_OH fault rate, the general model with the diagnostic human error component 

and the generalized model with the Bruce A failure data and human error, the highest 

importance applies to the mechanical failure of the solenoid valves and the lowest 

importance applies to the mechanical failure of the vacuum pump. One example of this 

behavior is in Table 47 and Figure 38, which gives the SV_OH results for the basic system 

inclusive of door interlocks and a diagnostic human error component over a one-year 

period.  
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Table 47: FV Results for SV_OH Fault Rate, Diagnostic HE, and Door Interlocks 

Name 
Point 

Est. 
Mean 5th 50th 95th Min Max 

DI-AIR-MF 6.95E-4 1.58E-3 2.04E-7 8.96E-5 3.25E-3 1.57E-13 1.59E-1 

DI-AR-MF 6.95E-4 1.48E-3 1.84E-7 9.41E-5 2.86E-3 1.94E-12 2.85E-1 

HE-AIR-

DOOR-

OPEN 

6.95E-4 1.58E-3 2.04E-7 8.96E-5 3.25E-3 1.57E-13 1.59E-1 

HE-AR-

DOOR-

OPEN 

6.95E-4 1.48E-3 1.84E-7 9.41E-5 2.86E-3 1.94E-12 2.85E-1 

HE-SV-1-NS 1.39E-2 3.20E-2 1.72E-5 6.20E-3 8.42E-2 3.17E-13 8.53E-1 

HE-SV-1-

OPEN 
1.39E-2 3.23E-2 1.77E-5 6.25E-3 8.23E-2 7.86E-13 7.85E-1 

HE-SV-3-NS 1.39E-2 3.28E-2 2.04E-5 6.25E-3 8.71E-2 1.50E-10 6.53E-1 

HE-SV-3-

OPEN 
1.39E-2 3.20E-2 1.60E-5 6.19E-3 8.35E-2 3.51E-11 7.13E-1 

MF-AIR-

CELL-LK 
5.73E-2 9.67E-2 2.01E-3 2.69E-2 2.65E-1 5.72E-5 9.58E-1 

MF-AR-

CELL-LK 
5.73E-2 9.90E-2 2.12E-3 2.81E-2 2.69E-1 1.84E-4 9.68E-1 

MF-SV-1-

FFD 
9.72E-1 8.66E-1 3.65E-1 9.04E-1 9.90E-1 3.18E-2 1.00E+0 

MF-SV-3-

FFD 
9.72E-1 8.64E-1 3.62E-1 9.01E-1 9.90E-1 3.57E-2 1.00E+0 

MF-VP-1-LK 1.16E-4 5.36E-4 9.26E-6 1.24E-4 1.20E-3 3.39E-7 3.59E-2 
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Figure 38: Importance graph for the basic system with SV_OM with diagnostic HE 

component and door interlocks 

For the SV_MAN solenoid valve fault rate, the generalized system, the Bruce A fault rate, 

and the Bruce B fault rate system, the component of greatest importance is the mechanical 

failure of the door and the components of least importance are the door interlocks with 

human error diagnostic capabilities, which is shown in Table 48 and Figure 39 for the basic 

system with door interlocks. 
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Table 48: FV for Generalized System, SV_MAN Fault Rate, and Door Interlocks 

Name 
Point 

Est. 
Mean 5th 50th 95th Min Max 

DI-AIR-MF 1.03E-3 3.13E-3 2.97E-7 1.66E-4 6.46E-3 2.88E-12 1.92E-1 

DI-AR-MF 1.03E-3 3.43E-3 3.36E-7 1.55E-4 6.74E-3 6.47E-13 5.57E-1 

HE-AIR-

DOOR-OPEN 

1.03E-3 3.13E-3 2.97E-7 1.66E-4 6.46E-3 2.88E-12 1.92E-1 

HE-AR-

DOOR-OPEN 

1.03E-3 3.43E-3 3.36E-7 1.55E-4 6.74E-3 6.47E-13 5.57E-1 

HE-SV-1-NS 2.03E-2 6.15E-2 2.19E-5 9.95E-3 1.76E-1 1.32E-12 8.42E-1 

HE-SV-1-

OPEN 

2.03E-2 5.97E-2 2.82E-5 9.32E-3 1.72E-1 4.60E-11 8.18E-1 

HE-SV-3-NS 2.03E-2 6.03E-2 3.26E-5 1.00E-2 1.77E-1 9.76E-13 9.07E-1 

HE-SV-3-

OPEN 

2.03E-2 6.06E-2 3.32E-5 1.02E-2 1.77E-1 2.69E-11 7.81E-1 

MF-AIR-

CELL-LK 

9.38E-1 8.14E-1 2.53E-1 8.45E-1 9.83E-1 2.13E-2 9.99E-1 

MF-AR-

CELL-LK 

9.38E-1 8.15E-1 2.70E-1 8.44E-1 9.82E-1 1.14E-2 9.99E-1 

MF-SV-1-

FFD 

3.03E-3 1.07E-2 6.44E-5 1.54E-3 2.37E-2 4.01E-6 6.73E-1 

MF-SV-3-

FFD 

3.03E-3 1.00E-2 6.79E-5 1.53E-3 2.40E-2 4.16E-6 8.70E-1 

MF-VP-1-LK 3.40E-2 1.02E-1 9.01E-3 5.65E-2 2.21E-1 9.75E-4 8.81E-1 

        

 

Figure 39: Importance graph for basic system with door interlocks, HE diagnostic event, 

and SV_MAN fault rate. 
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The generalized system with a human error component, the Bruce A system with a human 

error component and the Bruce B system with a human error component all have the same 

pattern for the SV_MAN results. The component of highest importance is the mechanical 

failure of the door, but the component of the lowest importance is the mechanical failure 

of the solenoid valve, which is demonstrated by the results for the SV_MAN results for the 

generalized system with a diagnostic human error component and is shown in Table 49 and 

Figure 40.  

Table 49: FV for Generalized System w/ Diagnostic HE and SV_MAN Fault Rate 

Name 
Point 

Est. 
Mean 5th 50th 95th Min Max 

DI-AIR-MF 8.03E-3 1.54E-2 1.94E-6 9.43E-4 3.55E-2 3.72E-12 7.02E-1 

DI-AR-MF 8.03E-3 1.40E-2 1.69E-6 9.11E-4 3.20E-2 2.63E-11 8.65E-1 

HE-AIR-

DOOR-

OPEN 

8.03E-3 1.54E-2 1.94E-6 9.43E-4 3.55E-2 3.72E-12 7.02E-1 

HE-AR-

DOOR-

OPEN 

8.03E-3 1.40E-2 1.69E-6 9.11E-4 3.20E-2 2.63E-11 8.65E-1 

HE-SV-1-NS 1.59E-1 2.14E-1 2.10E-4 7.28E-2 5.91E-1 6.33E-12 9.85E-1 

HE-SV-1-

OPEN 
1.59E-1 2.19E-1 2.15E-4 7.31E-2 6.07E-1 2.06E-11 9.84E-1 

HE-SV-3-NS 1.59E-1 2.17E-1 2.27E-4 7.30E-2 5.90E-1 7.84E-9 9.83E-1 

HE-SV-3-

OPEN 
1.59E-1 2.16E-1 1.98E-4 7.40E-2 5.98E-1 2.33E-10 9.92E-1 

MF-AIR-

CELL-LK 
6.64E-1 5.30E-1 4.32E-2 4.29E-1 9.21E-1 2.49E-3 9.99E-1 

MF-AR-

CELL-LK 
6.64E-1 5.31E-1 4.24E-2 4.36E-1 9.24E-1 1.82E-3 9.99E-1 

MF-SV-1-

FFD 
2.15E-3 4.99E-3 4.99E-5 8.76E-4 1.16E-2 2.72E-6 2.64E-1 

MF-SV-3-

FFD 
2.15E-3 5.31E-3 4.88E-5 8.55E-4 1.17E-2 3.30E-6 4.97E-1 

MF-VP-1-

LK 
1.71E-2 3.35E-2 2.56E-3 1.52E-2 7.44E-2 7.88E-5 6.21E-1 
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Figure 40: Importance graph for the basic system w/ door interlocks, SV_MAN fault rate, 

and a diagnostic HE event. 

For the SV_NRPD fault rate, the generalized system with door interlocks, the generalized 

system with door interlocks and Bruce A fault rates, the generalized system with the Bruce 

A fault rate and a diagnostic human error component, the generalized system with the 

Bruce B fault rate, and the generalized system with the Bruce B fault rate and a diagnostic 

human error component all have the door interlocks and human error of the door as the 

lowest importance and the solenoid valves were of the highest importance, shown in 

Table 50 and Figure 41 which use the generalized system with door interlocks and the 

initial fault rate data.  
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Table 50: FV Generalized System w/ Door Interlocks for SV_NRPD 

Name 
Point 

Est. 
Mean 5th 50th 95th Min Max 

DI-AIR-MF 2.75E-4 7.12E-4 8.75E-8 3.89E-5 1.48E-3 2.81E-12 5.27E-2 

DI-AR-MF 2.75E-4 7.82E-4 7.51E-8 3.62E-5 1.45E-3 2.17E-13 2.37E-1 

HE-AIR-

DOOR-

OPEN 

2.75E-4 7.12E-4 8.75E-8 3.89E-5 1.48E-3 2.81E-12 5.27E-2 

HE-AR-

DOOR-

OPEN 

2.75E-4 7.82E-4 7.51E-8 3.62E-5 1.45E-3 2.17E-13 2.37E-1 

HE-SV-1-NS 5.49E-3 1.63E-2 5.93E-6 2.52E-3 4.25E-2 3.83E-13 4.99E-1 

HE-SV-1-

OPEN 
5.49E-3 1.58E-2 6.40E-6 2.36E-3 4.15E-2 3.67E-11 5.39E-1 

HE-SV-3-NS 5.49E-3 1.59E-2 8.19E-6 2.43E-3 4.24E-2 7.91E-13 5.18E-1 

HE-SV-3-

OPEN 
5.49E-3 1.58E-2 9.05E-6 2.51E-3 4.08E-2 7.99E-12 4.50E-1 

MF-AIR-

CELL-LK 
2.50E-1 3.24E-1 8.25E-3 1.65E-1 7.77E-1 1.80E-4 9.93E-1 

MF-AR-

CELL-LK 
2.50E-1 3.21E-1 8.51E-3 1.65E-1 7.67E-1 1.04E-4 9.93E-1 

MF-SV-1-

FFD 
7.44E-1 6.41E-1 6.25E-2 6.13E-1 9.59E-1 4.01E-3 9.99E-1 

MF-SV-3-

FFD 
7.44E-1 6.44E-1 6.57E-2 6.15E-1 9.60E-1 4.08E-3 9.99E-1 

MF-VP-1-

LK 
2.38E-3 9.55E-3 1.35E-4 2.80E-3 2.37E-2 8.68E-6 3.10E-1 

        

 

Figure 41: Importance measures for SV_NRPD fault rate for basic system with door 

interlocks. 
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For the SV_NRPD fault rate and the generalized system with door interlocks, initial failure 

rate data, and a diagnostic human error component, the highest importance component was 

the mechanical failure of the solenoid valves and the lowest importance was the mechanical 

failure of the vacuum pump. Table 51 and Figure 42 display results for the SV_NRPD fault 

rate and a diagnostic human error component. Notice in the graph that the human error is 

substantially larger than the previous model.  

Table 51: Generalized System with Door Interlocks for SV_NRPD Fault Rate and 

Diagnostic Human Error 

Name 
Point 

Est. 
Mean 5th 50th 95th Min Max 

DI-AIR-MF 2.73E-3 5.61E-3 7.68E-7 3.23E-4 1.24E-2 1.97E-13 4.31E-1 

DI-AR-MF 2.73E-3 5.12E-3 5.94E-7 3.26E-4 1.09E-2 7.38E-12 6.22E-1 

HE-AIR-

DOOR-

OPEN 

2.73E-3 5.61E-3 7.68E-7 3.23E-4 1.24E-2 1.97E-13 4.31E-1 

HE-AR-

DOOR-

OPEN 

2.73E-3 5.12E-3 5.94E-7 3.26E-4 1.09E-2 7.38E-12 6.22E-1 

HE-SV-1-NS 5.46E-2 9.72E-2 5.95E-5 2.32E-2 2.80E-1 6.67E-13 9.55E-1 

HE-SV-1-

OPEN 
5.46E-2 9.79E-2 6.89E-5 2.31E-2 2.81E-1 2.30E-12 9.37E-1 

HE-SV-3-NS 5.46E-2 9.94E-2 7.72E-5 2.32E-2 2.91E-1 4.96E-10 9.12E-1 

HE-SV-3-

OPEN 
5.46E-2 9.80E-2 6.26E-5 2.29E-2 2.83E-1 1.38E-10 9.05E-1 

MF-AIR-

CELL-LK 
2.26E-1 2.57E-1 7.43E-3 1.18E-1 6.47E-1 1.93E-4 9.88E-1 

MF-AR-

CELL-LK 
2.26E-1 2.61E-1 7.49E-3 1.22E-1 6.56E-1 1.83E-4 9.91E-1 

MF-SV-1-

FFD 
6.72E-1 5.45E-1 4.81E-2 4.62E-1 9.12E-1 2.81E-3 9.96E-1 

MF-SV-3-

FFD 
6.72E-1 5.39E-1 4.67E-2 4.58E-1 9.13E-1 3.24E-3 9.97E-1 

MF-VP-1-

LK 
1.96E-3 5.38E-3 1.21E-4 1.83E-3 1.30E-2 4.40E-6 2.15E-1 
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Figure 42: Importance graph for the basic system with door interlocks, SV_NRPD fault 

rate, and diagnosis HE event. 

The SV_MAN fault rate is so low that it pushes the importance of the component to the 

lowest, which is the only time where the solenoid valve is of the lowest importance and is 

notable since, for the original solenoid valve data, SV_OM, SV_OH, and SV_NRPD, the 

solenoid valves had the greatest importance. SV_OL and SV_DOW are the only two 

where, for all of the permutations of the data, there was the same order of importance. 

3.2.3 Uncertainty Discussion 

As mentioned in the prior section for the configuration without door interlocks, 

there is a significant spread in the failure probabilities that results in difficulty determining 

the actual accuracy of the results. Even when the spread is somewhat mitigated, some 

probabilities are somewhat questionable and possibly overly conservative, as with the 

Bruce B door fault rate.  

 Again, the PDF and CDF are shown in Figure 43 and Figure 44 for a one-year 

interval, but with the original failure data for the generalized system with a door interlock 
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modification. The models with the door interlocks are nearly identical to the generalized 

system without door interlocks.  

 

Figure 43: PDF distribution for the generalized system with door interlocks. 

 

Figure 44: CDF distribution for the generalized system with door interlocks 
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3.3 Extended System  

3.3.1 Failure Probability Results 

The probabilistic improvement in adding extra solenoid valves into the system is 

approximately a factor of ten for the one-day interval, then it reduces to just short of a 

factor of ten to the one-year interval. For the original fault rate data, the results for SV_OH 

over the one-day interval was 1.07 times the SV_MAN results, 19.8 times the results for a 

one-month interval, and 217 times the SV_MAN results for the one-year interval, which is 

somewhat different from the original generalized system in that the difference between 

SV_OH and SV_MAN is reduced. For the one-year interval, the range of the chance of an 

air ingress event is between 0.215% and 46.6%. The results for the one-day, one-month, 

and one-year and the corresponding standard deviation is given in Table 52.  

Table 52: Failure Results for the Extended System 

 1 DAY STDEV 1 MONTH STDEV 1 YEAR STDEV 

ORIGINAL 1.35E-06 2.99E-06 4.07E-05 7.74E-05 1.66E-02 1.51E-02 

SV_OL 1.34E-06 3.12E-06 2.35E-05 6.84E-05 2.16E-03 5.91E-03 

SV_OM 1.36E-06 3.13E-06 3.80E-05 1.05E-04 2.81E-02 2.19E-02 

SV_OH 1.43E-06 3.20E-06 4.64E-04 8.86E-04 4.66E-01 1.17E-01 

SV_DOW 1.34E-06 3.12E-06 2.35E-05 6.84E-05 2.16E-03 5.91E-03 

SV_MAN 1.34E-06 2.95E-06 2.34E-05 6.84E-05 2.15E-03 5.90E-03 

SV_NRPD 1.35E-06 3.12E-06 2.53E-05 7.09E-05 4.23E-03 8.03E-03 

       

When adding in a diagnostic human error component, SV_OH becomes 1.04 times larger 

for the one-day interval, 5.87 times larger for the one-month interval, and 154 times larger 

for the one-year interval, which is, again, a reduction in value for the one-month interval 

as compared to the generalized system. The highest chance of an air ingress event over a 

one-year interval, from the results reported in Table 53, is 46.6% and the lowest chance is 
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0.215%. It should also be noted that the results here are only slightly higher than the 

previous data.  

Table 53: Failure Results for Extended System w/ Diagnostic HE Event 

 1 DAY STDEV 1 MONTH STDEV 1 YEAR STDEV 

ORIGINAL 1.36E-04 3.74E-04 3.19E-04 5.33E-04 2.24E-02 1.87E-02 

SV_OL 1.35E-04 3.06E-04 2.35E-04 4.49E-04 3.27E-03 6.89E-03 

SV_OM 1.37E-04 3.07E-04 3.25E-04 5.31E-04 3.66E-02 2.45E-02 

SV_OH 1.41E-04 3.10E-04 1.38E-03 1.83E-03 4.99E-01 1.21E-01 

SV_DOW 1.35E-04 3.06E-04 2.35E-04 4.49E-04 3.27E-03 6.89E-03 

SV_MAN 1.35E-04 3.06E-04 2.35E-04 4.49E-04 3.23E-03 6.87E-03 

SV_NRPD 1.36E-04 3.06E-04 2.55E-04 4.63E-04 6.54E-03 9.55E-03 

       

The overall contribution of human error for the extended system that is inclusive of a 

diagnostic human error component is dominant. For the original mode over one day, the 

difference is a factor of 100 and for the extended system with a diagnostic human error 

event included, a factor of 10,000. The results for Table 53 are more in line with the 

presumed behavior that for a fuel cycle facility, the human errors will dominate. However, 

for the one-year interval, the human error accounts for significantly more. Table 54 

represents the mechanical failure rates for the extended system without any modifications.  

Table 54: Mechanical Failure Results for Extended System 

 1 DAY STDEV 1 MONTH STDEV 1 YEAR STDEV 

ORIGINAL 2.44E-08 8.07E-08 2.78E-05 7.52E-05 1.61E-02 1.56E-02 

SV_OL 2.42E-08 5.84E-08 1.47E-05 4.67E-05 2.06E-03 4.94E-03 

SV_OM 2.46E-08 5.89E-08 2.53E-05 7.23E-05 2.73E-02 2.11E-02 

SV_OH 3.09E-08 7.35E-08 4.01E-04 9.06E-04 4.63E-01 1.18E-01 

SV_DOW 2.42E-08 5.84E-08 1.47E-05 4.67E-05 2.06E-03 4.94E-03 

SV_MAN 2.42E-08 7.19E-08 1.47E-05 4.67E-05 2.06E-03 4.94E-03 

SV_NRPD 2.42E-08 5.85E-08 1.58E-05 4.80E-05 4.03E-03 6.74E-03 

       

For the Bruce B fault rate and the extended system, the chance that an air ingress event 

occurs is between 60.4% and 95.1%. The SV_OH results, shown in Table 55, are 1.03 
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times the SV_MAN results for the one-day interval, 1.37 times the SV_MAN results for 

the one-month interval, and 1.57 times the SV_MAN results for the one-year interval. 

Compared to the original system configuration, the extended system only improves the 

system a very small amount.  

Table 55: Extended System with Bruce B Fault Rate 

 1 DAY STDEV 1 MONTH STDEV 1 YEAR STDEV 

ORIGINAL 2.58E-05 5.06E-06 1.37E-02 1.04E-03 6.49E-01 8.97E-02 

SV_OL 2.58E-05 5.26E-06 1.34E-02 1.03E-03 5.97E-01 7.74E-02 

SV_OM 2.59E-05 5.27E-06 1.37E-02 1.09E-03 6.74E-01 9.86E-02 

SV_OH 2.62E-05 5.34E-06 1.74E-02 2.55E-03 9.44E-01 1.82E-01 

SV_DOW 2.58E-05 5.26E-06 1.34E-02 1.03E-03 5.97E-01 7.74E-02 

SV_MAN 2.58E-05 5.26E-06 1.34E-02 1.03E-03 5.97E-01 7.74E-02 

SV_NRPD 2.58E-05 5.26E-06 1.34E-02 1.03E-03 6.09E-01 8.05E-02 

       

When a diagnostic human error component was added to the models, the failure probability 

was increased from the prior system by a factor of 10 for the one-day interval, and then 

only slightly for the one-month and one-year intervals, as represented in Table 56. The 

results for the SV_OH fault rate is 1.03 times the results for SV_MAN for the one-day 

interval, 1.37 times SV_MAN results for the one-month interval, and 1.57 times the 

SV_MAN results for the one-year interval. From the results reported in Table 56, the 

highest chance that the system fails is 95.1% and the lowest chance is 60.4%. 

Table 56: Extended System with Bruce B Fault Rate and Diagnostic HE Comp 

 1 DAY STDEV 1 MONTH STDEV 1 YEAR STDEV 

ORIGINAL 2.43E-04 3.67E-04 1.65E-02 1.73E-03 6.62E-01 9.23E-02 

SV_OL 2.42E-04 3.65E-04 1.59E-02 1.65E-03 6.04E-01 7.69E-02 

SV_OM 2.44E-04 3.66E-04 1.65E-02 1.80E-03 6.89E-01 1.00E-01 

SV_OH 2.49E-04 3.70E-04 2.17E-02 3.80E-03 9.51E-01 1.84E-01 

SV_DOW 2.42E-04 3.65E-04 1.59E-02 1.65E-03 6.04E-01 7.69E-02 

SV_MAN 2.42E-04 3.65E-04 1.58E-02 1.65E-03 6.04E-01 7.69E-02 

SV_NRPD 2.43E-04 3.65E-04 1.60E-02 1.68E-03 6.19E-01 8.08E-02 
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The results for the mechanical failure of the Bruce B fault rate for the system indicate that 

mechanical failures almost completely dominate the failure probability for the original 

system with an action only human error event model, and are a majority of the probability 

for the original system with the action plus diagnostic human error event model, which are 

shown in Table 57.  

Table 57: Mechanical Failure Results for Extended System with Bruce B Fault Rate 

 1 DAY STDEV 1 MONTH STDEV 1 YEAR STDEV 

ORIGINAL 1.66E-05 1.18E-06 1.35E-02 1.01E-03 6.48E-01 8.99E-02 

SV_OL 1.66E-05 1.16E-06 1.31E-02 9.71E-04 5.97E-01 7.52E-02 

SV_OM 1.66E-05 1.16E-06 1.34E-02 1.04E-03 6.73E-01 9.70E-02 

SV_OH 1.68E-05 1.20E-06 1.70E-02 2.44E-03 9.44E-01 1.80E-01 

SV_DOW 1.66E-05 1.16E-06 1.31E-02 9.71E-04 5.97E-01 7.52E-02 

SV_MAN 1.66E-05 1.17E-06 1.31E-02 9.71E-04 5.97E-01 7.52E-02 

SV_NRPD 1.66E-05 1.16E-06 1.32E-02 9.76E-04 6.08E-01 7.87E-02 

       

The Bruce A fault rate data for the extended system produced the results in Table 58. The 

highest chance of failure for a year is about 59.3% and the lowest chance of failure over a 

year is 4.26%. The results for SV_OH are 1.05 times those of SV_MAN for one day, 3.40 

times the results for SV_MAN for one month, and 13.9 times the results for SV_MAN for 

one year. When comparing the results of the extended configuration with Bruce A door 

seal fault rate to the original configuration with Bruce A door seal fault rate, there are only 

very slight improvements.  
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Table 58: Results for Extended Pathways with Bruce A Fault Rate 

 1 DAY STDEV 1 MONTH STDEV 1 YEAR STDEV 

ORIGINAL 2.78E-06 3.71E-06 4.54E-04 3.77E-04 8.13E-02 4.42E-01 

SV_OL 2.76E-06 3.89E-06 3.91E-04 3.62E-04 4.26E-02 3.12E-02 

SV_OM 2.78E-06 3.90E-06 4.45E-04 3.98E-04 1.04E-01 4.97E-02 

SV_OH 2.89E-06 3.97E-06 1.33E-03 1.30E-03 5.93E-01 1.42E-01 

SV_DOW 2.76E-06 3.89E-06 3.91E-04 3.62E-04 4.26E-02 3.12E-02 

SV_MAN 2.76E-06 3.88E-06 3.91E-04 3.61E-04 4.26E-02 3.12E-02 

SV_NRPD 2.77E-06 3.89E-06 3.89E-04 3.65E-04 5.03E-02 3.38E-02 

       

The results for the extended system configuration that utilized the Bruce A fault rate and 

included the diagnosis portion of the human error model are given in Table 59. The highest 

chance of failure over a year, from the results reported in Table 59, is 62.3% and the lowest 

chance of failure over a year is 4.69%. The SV_OH results are 1.04 times SV_MAN for 

one day, 2.95 times SV_MAN for one month, and 13.3 times SV_MAN for one year. The 

overall failure probability was again, only lowered slightly compared to the previous 

models.  

Table 59: Extended Pathways for Bruce A Fault Rate and Diagnostic HE 

 1 DAY STDEV 1 MONTH STDEV 1 YEAR STDEV 

ORIGINAL 1.48E-04 3.30E-04 1.07E-03 8.99E-04 9.30E-02 4.80E-02 

SV_OL 1.47E-04 3.40E-04 9.16E-04 8.28E-04 4.70E-02 3.19E-02 

SV_OM 1.49E-04 3.41E-04 1.09E-03 9.41E-04 1.19E-01 5.37E-02 

SV_OH 1.53E-04 3.44E-04 2.70E-03 2.41E-03 6.23E-01 1.51E-01 

SV_DOW 1.47E-04 3.40E-04 9.16E-04 8.28E-04 4.70E-02 3.19E-02 

SV_MAN 1.47E-04 3.40E-04 9.14E-04 8.28E-04 4.69E-02 3.18E-02 

SV_NRPD 1.48E-04 3.40E-04 9.54E-04 8.48E-04 5.73E-02 3.53E-02 

       

The results for the mechanical failure indicate that a majority of the overall failure 

probability for a one-year interval belong to mechanical failure events and may be seen in 

Table 60.  
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Table 60: Mechanical Failure of Ext. System with Bruce A Fault Rate and Diagnostic HE 

Comp 

 1 DAY STDEV 1 MONTH STDEV 1 YEAR STDEV 

ORIGINAL 4.34E-07 4.18E-07 4.08E-04 3.70E-04 8.02E-02 4.46E-02 

SV_OL 4.33E-07 3.96E-07 3.52E-04 3.32E-04 4.22E-02 3.00E-02 

SV_OM 4.35E-07 3.97E-07 3.98E-04 3.61E-04 1.02E-01 4.75E-02 

SV_OH 4.61E-07 4.12E-07 1.22E-03 1.20E-03 5.90E-01 1.41E-01 

SV_DOW 4.33E-07 3.96E-07 3.52E-04 3.32E-04 4.22E-02 3.00E-02 

SV_MAN 4.33E-07 3.88E-07 3.52E-04 3.32E-04 4.22E-02 3.00E-02 

SV_NRPD 4.34E-07 3.96E-07 3.57E-04 3.34E-04 4.97E-02 3.24E-02 

       

3.3.2 Fussell-Vesely 

The configuration of the extended pathways system that utilized original failure data and 

the configuration that utilized the original failure data and included a diagnostic human 

error event, had mechanical error of SV_A as the component of the lowest importance, and 

the mechanical failure of SV_B, SV_C, SV_D, and SV_E as the components of the greatest 

importance, whose data appear in Table 61 and Figure 45. SV_A is located by VP_A in 

the extended system, which was often the lowest-calculated importance measure for the 

original configuration.  
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Table 61: FV for Extended System and Original Fault Rate 

Name 
Point 

Est. 
Mean 5th 50th 95th Min Max 

HE-AIR-

OP 
7.79E-3 1.33E-2 9.69E-6 2.89E-3 3.51E-2 1.61E-12 3.61E-1 

HE-AR-OP 7.80E-3 1.36E-2 9.80E-6 2.78E-3 3.59E-2 2.79E-11 4.30E-1 

HE-SV-B-

LO 
2.12E-3 2.97E-3 1.87E-6 6.65E-4 7.98E-3 1.03E-12 8.37E-2 

HE-SV-B-

OP 
2.12E-3 2.99E-3 2.44E-6 6.50E-4 7.93E-3 9.57E-10 7.96E-2 

HE-SV-C-

LO 
2.12E-3 2.95E-3 2.23E-6 6.22E-4 7.97E-3 1.47E-10 7.84E-2 

HE-SV-C-

OP 
2.12E-3 2.89E-3 2.15E-6 6.18E-4 7.91E-3 2.29E-11 8.42E-2 

HE-SV-D-

LO 
2.12E-3 3.01E-3 2.08E-6 6.74E-4 7.94E-3 6.81E-12 1.09E-1 

HE-SV-D-

OP 
2.12E-3 2.88E-3 2.60E-6 6.32E-4 7.68E-3 9.28E-14 9.82E-2 

HE-SV-E-

LO 
2.12E-3 3.02E-3 2.63E-6 6.46E-4 8.13E-3 5.16E-11 7.22E-2 

HE-SV-E-

OP 
2.12E-3 2.90E-3 2.30E-6 6.51E-4 7.87E-3 4.29E-13 7.09E-2 

MF-AIR-

LK 
3.53E-1 2.99E-1 1.38E-2 1.70E-1 6.86E-1 7.82E-4 9.87E-1 

MF-AR-

LK 
3.53E-1 3.03E-1 1.41E-2 1.75E-1 6.85E-1 4.99E-4 9.82E-1 

MF-SV-A-

FS 
6.20E-4 9.39E-4 1.48E-5 2.43E-4 2.23E-3 8.91E-7 5.70E-2 

MF-SV-A-

LK 
3.55E-5 5.86E-5 7.69E-7 1.42E-5 1.36E-4 6.59E-8 9.72E-3 

MF-SV-A-

RP 
5.14E-6 8.16E-6 2.41E-8 8.52E-7 1.68E-5 6.56E-10 1.60E-3 

MF-SV-B-

FS 
5.35E-1 5.70E-1 1.09E-1 5.43E-1 8.24E-1 9.39E-3 9.41E-1 

MF-SV-B-

LK 
3.07E-2 4.20E-2 4.74E-3 2.41E-2 8.77E-2 5.00E-4 4.71E-1 

MF-SV-B-

RP 
4.45E-3 6.12E-3 1.02E-4 1.36E-3 1.44E-2 3.68E-6 3.10E-1 

MF-SV-C-

FS 
5.35E-1 5.70E-1 1.10E-1 5.42E-1 8.24E-1 8.25E-3 9.50E-1 

MF-SV-C-

LK 
3.07E-2 4.19E-2 4.38E-3 2.39E-2 8.78E-2 3.10E-4 4.85E-1 

MF-SV-C-

RP 
4.45E-3 6.05E-3 9.23E-5 1.43E-3 1.38E-2 7.61E-6 2.63E-1 
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Name 
Point 

Est. 
Mean 5th 50th 95th Min Max 

MF-SV-D-

FS 
5.35E-1 5.69E-1 1.06E-1 5.43E-1 8.25E-1 9.50E-3 9.43E-1 

MF-SV-D-

LK 
3.07E-2 4.13E-2 4.46E-3 2.37E-2 8.83E-2 5.44E-4 4.46E-1 

MF-SV-D-

RP 
4.45E-3 5.71E-3 1.03E-4 1.33E-3 1.30E-2 2.24E-6 4.18E-1 

MF-SV-E-

FS 
5.35E-1 5.68E-1 1.04E-1 5.41E-1 8.22E-1 1.50E-2 9.52E-1 

MF-SV-E-

LK 
3.07E-2 4.17E-2 4.64E-3 2.39E-2 8.71E-2 4.96E-4 3.66E-1 

MF-SV-E-

RP 
4.45E-3 6.39E-3 1.01E-4 1.35E-3 1.40E-2 2.40E-6 7.29E-1 

MF-VP-A-

LK 
6.61E-4 1.01E-3 1.67E-5 2.67E-4 2.38E-3 1.01E-6 6.68E-2 

SV-B-

C_CCF 
6.96E-2 6.52E-2 1.48E-2 5.64E-2 1.04E-1 1.79E-3 2.17E-1 

SV-D-

E_CCF 
6.96E-2 6.46E-2 1.46E-2 5.51E-2 1.03E-1 2.02E-3 2.33E-1 

        

 

Figure 45: Importance graph for the extended system. 

The configuration for this original system but different door fault rates, both including and 

not including a diagnostic human error event, calculated mechanical failure of the doors as 

the most important and mechanical failure of the SV_A as the lowest importance, which is 

shown in Table 62 and Figure 46.  
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Table 62: FV for Extended System w/ Bruce B Fault Rate 

Name 
Point 

Est. 
Mean 5th 50th 95th Min Max 

HE-AIR-

OP 
1.32E-3 4.01E-3 3.00E-6 8.44E-4 1.03E-2 3.60E-10 3.06E-1 

HE-AR-OP 1.32E-3 4.16E-3 3.84E-6 9.56E-4 1.08E-2 8.21E-13 1.06E-1 

HE-SV-B-

LO 
3.59E-4 1.02E-3 6.01E-7 1.92E-4 2.65E-3 1.86E-12 5.46E-2 

HE-SV-B-

OP 
3.59E-4 9.93E-4 7.08E-7 1.95E-4 2.57E-3 4.69E-13 3.91E-2 

HE-SV-C-

LO 
3.59E-4 9.86E-4 4.96E-7 1.83E-4 2.59E-3 4.50E-14 3.02E-2 

HE-SV-C-

OP 
3.59E-4 9.69E-4 6.99E-7 1.82E-4 2.49E-3 7.69E-12 6.06E-2 

HE-SV-D-

LO 
3.59E-4 9.90E-4 6.64E-7 1.88E-4 2.64E-3 1.20E-13 3.93E-2 

HE-SV-D-

OP 
3.59E-4 9.93E-4 6.77E-7 1.98E-4 2.61E-3 6.81E-12 4.38E-2 

HE-SV-E-

LO 
3.59E-4 9.75E-4 7.92E-7 2.00E-4 2.49E-3 1.62E-11 2.82E-2 

HE-SV-E-

OP 
3.59E-4 9.42E-4 6.02E-7 1.98E-4 2.56E-3 9.08E-12 2.68E-2 

MF-AIR-

LK 
9.59E-1 7.58E-1 2.48E-1 7.70E-1 9.44E-1 2.96E-2 9.94E-1 

MF-AR-

LK 
9.59E-1 7.65E-1 2.69E-1 7.82E-1 9.42E-1 3.14E-2 9.91E-1 

MF-SV-A-

FS 
2.64E-4 6.54E-4 3.92E-5 2.61E-4 1.44E-3 5.13E-6 2.20E-2 

MF-SV-A-

LK 
1.51E-5 3.99E-5 2.10E-6 1.47E-5 8.97E-5 1.46E-7 2.77E-3 

MF-SV-A-

RP 
2.19E-6 5.58E-6 4.84E-8 8.82E-7 1.11E-5 9.99E-10 1.14E-3 

MF-SV-B-

FS 
9.00E-2 2.15E-1 2.60E-2 1.29E-1 4.65E-1 4.05E-3 8.61E-1 

MF-SV-B-

LK 
5.19E-3 1.45E-2 1.36E-3 7.02E-3 3.11E-2 2.64E-4 2.60E-1 

MF-SV-B-

RP 
7.53E-4 2.21E-3 2.77E-5 4.30E-4 4.78E-3 1.13E-6 1.36E-1 

MF-SV-C-

FS 
9.00E-2 2.16E-1 2.63E-2 1.30E-1 4.69E-1 2.95E-3 9.06E-1 

MF-SV-C-

LK 
5.19E-3 1.41E-2 1.25E-3 6.81E-3 3.07E-2 3.06E-4 3.57E-1 

MF-SV-C-

RP 
7.53E-4 2.00E-3 2.94E-5 3.97E-4 4.47E-3 2.35E-6 1.73E-1 
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Name 
Point 

Est. 
Mean 5th 50th 95th Min Max 

MF-SV-D-

FS 
9.00E-2 2.09E-1 2.70E-2 1.26E-1 4.51E-1 5.64E-3 8.99E-1 

MF-SV-D-

LK 
5.19E-3 1.43E-2 1.35E-3 6.81E-3 3.10E-2 2.67E-4 3.17E-1 

MF-SV-D-

RP 
7.53E-4 2.09E-3 2.63E-5 4.07E-4 4.85E-3 1.62E-6 1.65E-1 

MF-SV-E-

FS 
9.00E-2 2.10E-1 2.67E-2 1.27E-1 4.56E-1 3.50E-3 8.93E-1 

MF-SV-E-

LK 
5.19E-3 1.39E-2 1.29E-3 6.73E-3 3.08E-2 3.00E-4 2.79E-1 

MF-SV-E-

RP 
7.53E-4 2.05E-3 2.96E-5 4.05E-4 4.54E-3 1.62E-6 3.90E-1 

MF-VP-A-

LK 
2.82E-4 7.00E-4 4.50E-5 2.85E-4 1.53E-3 6.11E-6 2.30E-2 

SV-B-

C_CCF 
1.18E-2 2.23E-2 4.58E-3 1.47E-2 4.41E-2 1.68E-3 1.29E-1 

SV-D-

E_CCF 
1.18E-2 2.18E-2 4.83E-3 1.45E-2 4.28E-2 1.60E-3 1.41E-1 

        

 

Figure 46: Importance graph for Bruce B fault rate for the extended system. 

For the SV_OL, SV_DOW, and SV_MAN, all of the models produced the same result with 

the highest importance being the mechanical door failure probability and the lowest 

importance being the mechanical failure of SV-A and VP-A. As mentioned before, SV_A 

and VP_A are located next to each other and relate to a previously, often-occurring lowest 
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importance. One reason why only SV-A is the lowest for the original failure is because the 

failure rate gets broken up between SV-A rupturing, the lowest, SV-A failing to shut, and 

SV-A leaking. An example of SV_A and VP_A having the lowest importance is given in 

Table 63 and Figure 42. 
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Table 63: FV for Extended Pathways with SV_OL Fault Rate 

Name 
Point 

Est. 
Mean 5th 50th 95th Min Max 

HE-AIR-OP 2.15E-2 7.65E-2 3.23E-5 1.14E-2 2.31E-1 2.58E-10 9.57E-1 

HE-AR-OP 2.15E-2 8.03E-2 3.87E-5 1.26E-2 2.39E-1 6.86E-11 9.63E-1 

HE-SV-B-

LO 
1.71E-4 8.12E-4 1.02E-7 4.72E-5 1.55E-3 0.00E+0 1.57E-1 

HE-SV-B-

OP 
1.71E-4 8.27E-4 1.27E-7 4.82E-5 1.62E-3 0.00E+0 2.30E-1 

HE-SV-C-

LO 
1.71E-4 8.99E-4 1.39E-7 4.69E-5 1.61E-3 0.00E+0 2.10E-1 

HE-SV-C-

OP 
1.71E-4 8.21E-4 1.27E-7 5.01E-5 1.65E-3 2.70E-11 1.30E-1 

HE-SV-D-

LO 
1.71E-4 8.55E-4 1.21E-7 4.60E-5 1.62E-3 5.42E-13 1.12E-1 

HE-SV-D-

OP 
1.71E-4 7.70E-4 1.59E-7 4.91E-5 1.61E-3 1.58E-12 8.61E-2 

HE-SV-E-

LO 
1.71E-4 8.35E-4 9.62E-8 4.54E-5 1.60E-3 8.67E-13 3.27E-1 

HE-SV-E-

OP 
1.71E-4 8.38E-4 1.20E-7 4.75E-5 1.70E-3 6.08E-13 1.60E-1 

MF-AIR-

LK 
9.76E-1 9.15E-1 4.73E-1 9.57E-1 9.98E-1 2.94E-2 1.00E+0 

MF-AR-LK 9.77E-1 9.12E-1 4.50E-1 9.52E-1 9.98E-1 2.97E-2 1.00E+0 

MF-SV-A-

FFD 
1.12E-4 5.36E-4 1.61E-6 4.90E-5 1.00E-3 9.07E-8 1.17E-1 

MF-SV-B-

FFD 
1.01E-3 4.29E-3 8.41E-6 3.28E-4 8.31E-3 2.32E-7 3.90E-1 

MF-SV-C-

FFD 
1.01E-3 4.21E-3 8.20E-6 3.36E-4 7.76E-3 1.29E-7 3.65E-1 

MF-SV-D-

FFD 
1.01E-3 4.64E-3 7.66E-6 3.29E-4 8.42E-3 1.19E-7 7.29E-1 

MF-SV-E-

FFD 
1.01E-3 4.59E-3 8.16E-6 3.25E-4 8.37E-3 1.61E-7 7.32E-1 

MF-VP-A-

LK 
1.12E-4 5.36E-4 1.61E-6 4.90E-5 1.00E-3 9.07E-8 1.17E-1 

SV-B-

C_CCF 
6.08E-4 2.06E-3 5.29E-5 5.83E-4 4.56E-3 5.41E-6 1.25E-1 

SV-D-

E_CCF 
6.08E-4 1.97E-3 5.41E-5 5.96E-4 4.61E-3 6.62E-6 7.56E-2 
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Figure 47: Importance graph for the extended system using SV_OL 

For all SV_OM models, all SV_NRPD models, and the Bruce B models, both inclusive 

and non-inclusive of a diagnostic human error event for the SV_OH data, the highest 

calculated importance measure applied to the mechanical door failure and the lowest 

belonged to the common cause failures of the solenoid valve. An example of the highest 

importance belonging to door failure and the lowest importance belonging to CCF is given 

by the extended pathways model for door interlocks using SV_OM and is shown in 

Table 64 and Figure 48.  
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Table 64: FV for the Extended System with SV_OM Fault Rate 

Name 
Point 

Est. 
Mean 5th 50th 95th Min Max 

HE-AIR-

OP 
5.99E-3 2.72E-2 1.13E-5 3.81E-3 7.15E-2 5.29E-11 8.19E-1 

HE-AR-OP 6.00E-3 2.83E-2 1.40E-5 3.98E-3 7.73E-2 6.12E-11 7.57E-1 

HE-SV-B-

LO 
2.09E-3 4.18E-3 1.31E-6 5.50E-4 1.07E-2 6.13E-15 1.79E-1 

HE-SV-B-

OP 
2.09E-3 4.35E-3 1.74E-6 5.58E-4 1.03E-2 2.82E-12 4.16E-1 

HE-SV-C-

LO 
2.09E-3 4.51E-3 1.76E-6 5.78E-4 1.08E-2 2.36E-12 2.12E-1 

HE-SV-C-

OP 
2.09E-3 4.49E-3 1.56E-6 5.98E-4 1.09E-2 7.75E-10 3.24E-1 

HE-SV-D-

LO 
2.09E-3 4.30E-3 1.66E-6 5.38E-4 1.06E-2 7.36E-12 4.00E-1 

HE-SV-D-

OP 
2.09E-3 4.29E-3 2.31E-6 5.73E-4 1.06E-2 4.86E-11 2.82E-1 

HE-SV-E-

LO 
2.09E-3 4.19E-3 1.37E-6 5.27E-4 1.05E-2 2.93E-11 2.22E-1 

HE-SV-E-

OP 
2.09E-3 4.34E-3 1.59E-6 5.60E-4 1.07E-2 3.74E-11 2.70E-1 

MF-AIR-

LK 
2.71E-1 4.60E-1 1.55E-2 3.10E-1 9.12E-1 4.05E-4 9.99E-1 

MF-AR-

LK 
2.72E-1 4.64E-1 1.46E-2 3.16E-1 9.17E-1 6.90E-4 9.99E-1 

MF-SV-A-

FFD 
5.02E-4 3.03E-3 7.45E-6 3.44E-4 7.05E-3 6.93E-8 3.76E-1 

MF-SV-B-

FFD 
7.24E-1 5.02E-1 1.40E-2 3.77E-1 9.28E-1 3.62E-4 9.97E-1 

MF-SV-C-

FFD 
7.24E-1 5.01E-1 1.39E-2 3.76E-1 9.26E-1 2.83E-4 9.96E-1 

MF-SV-D-

FFD 
7.24E-1 5.00E-1 1.30E-2 3.72E-1 9.31E-1 4.19E-4 9.98E-1 

MF-SV-E-

FFD 
7.24E-1 5.00E-1 1.27E-2 3.73E-1 9.31E-1 6.67E-4 9.98E-1 

MF-VP-A-

LK 
5.02E-4 3.03E-3 7.45E-6 3.44E-4 7.05E-3 6.93E-8 3.76E-1 

SV-B-

C_CCF 
1.69E-4 5.62E-4 2.49E-5 1.99E-4 1.32E-3 3.92E-6 2.40E-2 

SV-D-

E_CCF 
1.69E-4 5.64E-4 2.53E-5 1.99E-4 1.30E-3 5.93E-6 2.86E-2 
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Figure 48: Importance graph for the extended system with SV_OM fault rate. 

Finally, for the SV_OH fault rate and the otherwise original failure data, the otherwise 

original failure data including a diagnostic human error event, and the Bruce A fault rate, 

inclusive and non-inclusive of a diagnosis event, the lowest importance belongs to the 

common cause failure probabilities and the highest importance belongs to SV-B, SV-C, 

SV-D, and SV-E mechanical failure rates. The solenoid valve failure rate is sufficiently 

large enough that even the door failure rate cannot overtake them in importance. An 

example of such may be found in Table 65.  

 

 

 

 

 

 

 



102 

 

 

 

Table 65: FV for Extended Pathways with SV_OH Fault Rate 

Name 
Point 

Est. 
Mean 5th 50th 95th Min Max 

HE-AIR-OP 1.51E-3 8.67E-3 3.57E-6 1.14E-3 2.04E-2 1.33E-11 4.47E-1 

HE-AR-OP 1.51E-3 9.05E-3 4.54E-6 1.20E-3 2.30E-2 2.72E-11 4.46E-1 

HE-SV-B-

LO 
1.22E-3 2.77E-3 1.26E-6 4.70E-4 6.71E-3 2.85E-15 1.16E-1 

HE-SV-B-

OP 
1.22E-3 2.88E-3 1.71E-6 4.84E-4 6.65E-3 3.00E-12 2.69E-1 

HE-SV-C-

LO 
1.22E-3 2.92E-3 1.73E-6 4.90E-4 6.85E-3 2.07E-12 2.37E-1 

HE-SV-C-

OP 
1.22E-3 2.92E-3 1.38E-6 5.01E-4 6.98E-3 1.36E-9 3.14E-1 

HE-SV-D-

LO 
1.22E-3 2.87E-3 1.59E-6 4.57E-4 6.74E-3 5.14E-12 2.08E-1 

HE-SV-D-

OP 
1.22E-3 2.88E-3 2.05E-6 4.92E-4 6.56E-3 5.87E-11 2.10E-1 

HE-SV-E-

LO 
1.22E-3 2.80E-3 1.30E-6 4.56E-4 6.92E-3 1.29E-11 1.59E-1 

HE-SV-E-

OP 
1.22E-3 2.83E-3 1.51E-6 4.76E-4 6.83E-3 3.50E-11 1.43E-1 

MF-AIR-

LK 
6.84E-2 2.03E-1 3.77E-3 6.75E-2 5.78E-1 1.99E-4 9.92E-1 

MF-AR-LK 6.84E-2 2.05E-1 3.78E-3 6.72E-2 5.91E-1 2.33E-4 9.92E-1 

MF-SV-A-

FFD 
7.05E-5 8.25E-4 1.99E-6 7.79E-5 1.74E-3 2.77E-8 1.32E-1 

MF-SV-B-

FFD 
9.60E-1 7.90E-1 1.41E-1 8.34E-1 9.85E-1 4.35E-3 9.99E-1 

MF-SV-C-

FFD 
9.60E-1 7.90E-1 1.41E-1 8.35E-1 9.85E-1 4.05E-3 9.99E-1 

MF-SV-D-

FFD 
9.60E-1 7.87E-1 1.35E-1 8.37E-1 9.86E-1 5.64E-3 1.00E+0 

MF-SV-E-

FFD 
9.60E-1 7.87E-1 1.35E-1 8.37E-1 9.86E-1 7.74E-3 9.99E-1 

MF-VP-A-

LK 
7.05E-5 8.25E-4 1.99E-6 7.79E-5 1.74E-3 2.77E-8 1.32E-1 

SV-B-

C_CCF 
4.26E-5 1.64E-4 1.03E-5 5.57E-5 3.88E-4 2.48E-6 5.73E-3 

SV-D-

E_CCF 
4.26E-5 1.70E-4 1.07E-5 5.59E-5 3.80E-4 3.81E-6 1.27E-2 
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Figure 49: Importance graph for the extended system with SV_OH fault rate. 

 One notable difference between the extended configuration versus the original 

configuration, is that, in the case of the extended configuration, for all importance 

calculations except for part of the SV_OH failure data, the door failure is consistently the 

highest, while the lowest alternates between SV-A and VP-A and the common cause 

failures.  

3.3.3 Cut Sets and Identification of Risk Critical Components for a 

Discussion on Risk-Informed Maintenance 

The risk critical components were identified from the cut sets given in Table 66 – Table 72 

to be SV-B, SV-C, SV-D, and SV-E mechanical failure and argon cell and air cell door 

seal failure. Regular maintenance is recommended primarily for the solenoid valve and the 

air-lock doors. Again, engineering judgement must be used to determine the maintenance 

interval, meaning that based on judgement, the maintenance interval may be one month or 

one quarter, etc.  If the maintenance interval for the risk critical components was set at a 

one-month interval, the probability of the extended system with a diagnostic human error 

component would become 4.08E-05/year with a standard deviation of 7.74E-05, which is 
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a comparable result to the one-month test interval calculated at 4.07E-05/month with a 

standard deviation of 7.04E-05. The range of the extended system is 10-4 to 10-3 per year.  

A one-month test interval of risk critical components also produced a failure probability 

for the extended system with door interlocks of 5.50E-05/year with a standard deviation of 

9.88E-05. The one-month interval for the same system produced a probability of 

4.77E-05/month and a standard deviation of 9.88E-05.  See the appendix for the cut sets 

for the updated door fault rates. The range of the extended system is 10-5 to 10-4 per year. 

Table 66: Mechanical Failure Cut Sets for Extended System 

# Case Prob/Freq 

Total 

% Cut Set 

Total   1.61E-2 100 Displaying 124 Cut Sets. (124 Original) 

1 C 4.11E-3 25.61 

MF-SV-B-FS,MF-SV-C-FS,MF-SV-D-

FS,MF-SV-E-FS 

2 C 2.91E-3 18.12 MF-AIR-LK,MF-SV-D-FS,MF-SV-E-FS 

3 C 2.91E-3 18.12 MF-AR-LK,MF-SV-B-FS,MF-SV-C-FS 

4 C 2.06E-3 12.82 MF-AIR-LK,MF-AR-LK 

5 C 5.73E-4 3.57 MF-SV-B-FS,MF-SV-C-FS,SV-D-E_CCF 

6 C 5.73E-4 3.57 MF-SV-D-FS,MF-SV-E-FS,SV-B-C_CCF 

7 C 4.06E-4 2.53 MF-AIR-LK,SV-D-E_CCF 

8 C 4.06E-4 2.53 MF-AR-LK,SV-B-C_CCF 

9 C 2.35E-4 1.47 

MF-SV-B-FS,MF-SV-C-LK,MF-SV-D-

FS,MF-SV-E-FS 

10 C 2.35E-4 1.47 

MF-SV-B-LK,MF-SV-C-FS,MF-SV-D-

FS,MF-SV-E-FS 

11 C 2.35E-4 1.47 

MF-SV-B-FS,MF-SV-C-FS,MF-SV-D-

FS,MF-SV-E-LK 

12 C 2.35E-4 1.47 

MF-SV-B-FS,MF-SV-C-FS,MF-SV-D-

LK,MF-SV-E-FS 

13 C 1.67E-4 1.04 MF-AIR-LK,MF-SV-D-FS,MF-SV-E-LK 

14 C 1.67E-4 1.04 MF-AIR-LK,MF-SV-D-LK,MF-SV-E-FS 

15 C 1.67E-4 1.04 MF-AR-LK,MF-SV-B-FS,MF-SV-C-LK 

16 C 1.67E-4 1.04 MF-AR-LK,MF-SV-B-LK,MF-SV-C-FS 

17 C 7.99E-5 0.50 SV-B-C_CCF,SV-D-E_CCF 

18 C 3.41E-5 0.21 

MF-SV-B-FS,MF-SV-C-FS,MF-SV-D-

FS,MF-SV-E-RP 
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# Case Prob/Freq 

Total 

% Cut Set 

19 C 3.41E-5 0.21 

MF-SV-B-RP,MF-SV-C-FS,MF-SV-D-

FS,MF-SV-E-FS 

20 C 3.41E-5 0.21 

MF-SV-B-FS,MF-SV-C-FS,MF-SV-D-

RP,MF-SV-E-FS 

21 C 3.41E-5 0.21 

MF-SV-B-FS,MF-SV-C-RP,MF-SV-D-

FS,MF-SV-E-FS 

22 C 3.28E-5 0.20 MF-SV-B-LK,MF-SV-C-FS,SV-D-E_CCF 

23 C 3.28E-5 0.20 MF-SV-B-FS,MF-SV-C-LK,SV-D-E_CCF 

24 C 3.28E-5 0.20 MF-SV-D-LK,MF-SV-E-FS,SV-B-C_CCF 

25 C 3.28E-5 0.20 MF-SV-D-FS,MF-SV-E-LK,SV-B-C_CCF 

26 C 2.41E-5 0.15 MF-AIR-LK,MF-SV-D-FS,MF-SV-E-RP 

27 C 2.41E-5 0.15 MF-AIR-LK,MF-SV-D-RP,MF-SV-E-FS 

28 C 2.41E-5 0.15 MF-AR-LK,MF-SV-B-FS,MF-SV-C-RP 

29 C 2.41E-5 0.15 MF-AR-LK,MF-SV-B-RP,MF-SV-C-FS 

30 C 1.35E-5 0.08 

MF-SV-B-LK,MF-SV-C-LK,MF-SV-D-

FS,MF-SV-E-FS 

31 C 1.35E-5 0.08 

MF-SV-B-FS,MF-SV-C-LK,MF-SV-D-

FS,MF-SV-E-LK 

32 C 1.35E-5 0.08 

MF-SV-B-FS,MF-SV-C-LK,MF-SV-D-

LK,MF-SV-E-FS 

33 C 1.35E-5 0.08 

MF-SV-B-LK,MF-SV-C-FS,MF-SV-D-

LK,MF-SV-E-FS 

34 C 1.35E-5 0.08 

MF-SV-B-LK,MF-SV-C-FS,MF-SV-D-

FS,MF-SV-E-LK 

35 C 1.35E-5 0.08 

MF-SV-B-FS,MF-SV-C-FS,MF-SV-D-

LK,MF-SV-E-LK 

36 C 1.01E-5 0.06 MF-AR-LK,MF-SV-A-FS,MF-VP-A-LK 

37 C 9.53E-6 0.06 MF-AIR-LK,MF-SV-D-LK,MF-SV-E-LK 

38 C 9.53E-6 0.06 MF-AR-LK,MF-SV-B-LK,MF-SV-C-LK 

39 C 4.75E-6 0.03 MF-SV-B-RP,MF-SV-C-FS,SV-D-E_CCF 

40 C 4.75E-6 0.03 MF-SV-B-FS,MF-SV-C-RP,SV-D-E_CCF 

41 C 4.75E-6 0.03 MF-SV-D-RP,MF-SV-E-FS,SV-B-C_CCF 

42 C 4.75E-6 0.03 MF-SV-D-FS,MF-SV-E-RP,SV-B-C_CCF 

43 C 1.95E-6 0.01 

MF-SV-B-FS,MF-SV-C-LK,MF-SV-D-

FS,MF-SV-E-RP 

44 C 1.95E-6 0.01 

MF-SV-B-RP,MF-SV-C-LK,MF-SV-D-

FS,MF-SV-E-FS 

45 C 1.95E-6 0.01 

MF-SV-B-FS,MF-SV-C-LK,MF-SV-D-

RP,MF-SV-E-FS 

46 C 1.95E-6 0.01 

MF-SV-B-FS,MF-SV-C-FS,MF-SV-D-

LK,MF-SV-E-RP 
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# Case Prob/Freq 

Total 

% Cut Set 

47 C 1.95E-6 0.01 

MF-SV-B-LK,MF-SV-C-FS,MF-SV-D-

FS,MF-SV-E-RP 

48 C 1.95E-6 0.01 

MF-SV-B-LK,MF-SV-C-FS,MF-SV-D-

RP,MF-SV-E-FS 

49 C 1.95E-6 0.01 

MF-SV-B-RP,MF-SV-C-FS,MF-SV-D-

FS,MF-SV-E-LK 

50 C 1.95E-6 0.01 

MF-SV-B-RP,MF-SV-C-FS,MF-SV-D-

LK,MF-SV-E-FS 

51 C 1.95E-6 0.01 

MF-SV-B-FS,MF-SV-C-FS,MF-SV-D-

RP,MF-SV-E-LK 

52 C 1.95E-6 0.01 

MF-SV-B-LK,MF-SV-C-RP,MF-SV-D-

FS,MF-SV-E-FS 

53 C 1.95E-6 0.01 

MF-SV-B-FS,MF-SV-C-RP,MF-SV-D-

FS,MF-SV-E-LK 

54 C 1.95E-6 0.01 

MF-SV-B-FS,MF-SV-C-RP,MF-SV-D-

LK,MF-SV-E-FS 

55 C 1.88E-6 0.01 MF-SV-B-LK,MF-SV-C-LK,SV-D-E_CCF 

56 C 1.88E-6 0.01 MF-SV-D-LK,MF-SV-E-LK,SV-B-C_CCF 

57 C 1.38E-6 < 0.01 MF-AIR-LK,MF-SV-D-LK,MF-SV-E-RP 

58 C 1.38E-6 < 0.01 MF-AIR-LK,MF-SV-D-RP,MF-SV-E-LK 

59 C 1.38E-6 < 0.01 MF-AR-LK,MF-SV-B-LK,MF-SV-C-RP 

60 C 1.38E-6 < 0.01 MF-AR-LK,MF-SV-B-RP,MF-SV-C-LK 

61 C 7.71E-7 < 0.01 

MF-SV-B-LK,MF-SV-C-LK,MF-SV-D-

LK,MF-SV-E-FS 

62 C 7.71E-7 < 0.01 

MF-SV-B-LK,MF-SV-C-LK,MF-SV-D-

FS,MF-SV-E-LK 

63 C 7.71E-7 < 0.01 

MF-SV-B-FS,MF-SV-C-LK,MF-SV-D-

LK,MF-SV-E-LK 

64 C 7.71E-7 < 0.01 

MF-SV-B-LK,MF-SV-C-FS,MF-SV-D-

LK,MF-SV-E-LK 

65 C 5.76E-7 < 0.01 MF-AR-LK,MF-SV-A-LK,MF-VP-A-LK 

66 C 2.83E-7 < 0.01 

MF-SV-B-FS,MF-SV-C-FS,MF-SV-D-

RP,MF-SV-E-RP 

67 C 2.83E-7 < 0.01 

MF-SV-B-RP,MF-SV-C-FS,MF-SV-D-

FS,MF-SV-E-RP 

68 C 2.83E-7 < 0.01 

MF-SV-B-RP,MF-SV-C-FS,MF-SV-D-

RP,MF-SV-E-FS 

69 C 2.83E-7 < 0.01 

MF-SV-B-FS,MF-SV-C-RP,MF-SV-D-

FS,MF-SV-E-RP 

70 C 2.83E-7 < 0.01 

MF-SV-B-RP,MF-SV-C-RP,MF-SV-D-

FS,MF-SV-E-FS 

71 C 2.83E-7 < 0.01 

MF-SV-B-FS,MF-SV-C-RP,MF-SV-D-

RP,MF-SV-E-FS 
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# Case Prob/Freq 

Total 

% Cut Set 

72 C 2.72E-7 < 0.01 MF-SV-B-RP,MF-SV-C-LK,SV-D-E_CCF 

73 C 2.72E-7 < 0.01 MF-SV-B-LK,MF-SV-C-RP,SV-D-E_CCF 

74 C 2.72E-7 < 0.01 MF-SV-D-RP,MF-SV-E-LK,SV-B-C_CCF 

75 C 2.72E-7 < 0.01 MF-SV-D-LK,MF-SV-E-RP,SV-B-C_CCF 

76 C 2.00E-7 < 0.01 MF-AIR-LK,MF-SV-D-RP,MF-SV-E-RP 

77 C 2.00E-7 < 0.01 MF-AR-LK,MF-SV-B-RP,MF-SV-C-RP 

78 C 1.12E-7 < 0.01 

MF-SV-B-FS,MF-SV-C-LK,MF-SV-D-

LK,MF-SV-E-RP 

79 C 1.12E-7 < 0.01 

MF-SV-B-LK,MF-SV-C-LK,MF-SV-D-

FS,MF-SV-E-RP 

80 C 1.12E-7 < 0.01 

MF-SV-B-LK,MF-SV-C-LK,MF-SV-D-

RP,MF-SV-E-FS 

81 C 1.12E-7 < 0.01 

MF-SV-B-RP,MF-SV-C-LK,MF-SV-D-

FS,MF-SV-E-LK 

82 C 1.12E-7 < 0.01 

MF-SV-B-RP,MF-SV-C-LK,MF-SV-D-

LK,MF-SV-E-FS 

83 C 1.12E-7 < 0.01 

MF-SV-B-FS,MF-SV-C-LK,MF-SV-D-

RP,MF-SV-E-LK 

84 C 1.12E-7 < 0.01 

MF-SV-B-LK,MF-SV-C-FS,MF-SV-D-

LK,MF-SV-E-RP 

85 C 1.12E-7 < 0.01 

MF-SV-B-RP,MF-SV-C-FS,MF-SV-D-

LK,MF-SV-E-LK 

86 C 1.12E-7 < 0.01 

MF-SV-B-LK,MF-SV-C-FS,MF-SV-D-

RP,MF-SV-E-LK 

87 C 1.12E-7 < 0.01 

MF-SV-B-LK,MF-SV-C-RP,MF-SV-D-

LK,MF-SV-E-FS 

88 C 1.12E-7 < 0.01 

MF-SV-B-LK,MF-SV-C-RP,MF-SV-D-

FS,MF-SV-E-LK 

89 C 1.12E-7 < 0.01 

MF-SV-B-FS,MF-SV-C-RP,MF-SV-D-

LK,MF-SV-E-LK 

90 C 8.34E-8 < 0.01 MF-AR-LK,MF-SV-A-RP,MF-VP-A-LK 

91 C 4.41E-8 < 0.01 

MF-SV-B-LK,MF-SV-C-LK,MF-SV-D-

LK,MF-SV-E-LK 

92 C 3.94E-8 < 0.01 MF-SV-B-RP,MF-SV-C-RP,SV-D-E_CCF 

93 C 3.94E-8 < 0.01 MF-SV-D-RP,MF-SV-E-RP,SV-B-C_CCF 

94 C 1.62E-8 < 0.01 

MF-SV-B-FS,MF-SV-C-LK,MF-SV-D-

RP,MF-SV-E-RP 

95 C 1.62E-8 < 0.01 

MF-SV-B-RP,MF-SV-C-LK,MF-SV-D-

FS,MF-SV-E-RP 

96 C 1.62E-8 < 0.01 

MF-SV-B-RP,MF-SV-C-LK,MF-SV-D-

RP,MF-SV-E-FS 
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# Case Prob/Freq 

Total 

% Cut Set 

97 C 1.62E-8 < 0.01 

MF-SV-B-LK,MF-SV-C-FS,MF-SV-D-

RP,MF-SV-E-RP 

98 C 1.62E-8 < 0.01 

MF-SV-B-RP,MF-SV-C-FS,MF-SV-D-

LK,MF-SV-E-RP 

99 C 1.62E-8 < 0.01 

MF-SV-B-RP,MF-SV-C-FS,MF-SV-D-

RP,MF-SV-E-LK 

100 C 1.62E-8 < 0.01 

MF-SV-B-FS,MF-SV-C-RP,MF-SV-D-

LK,MF-SV-E-RP 

101 C 1.62E-8 < 0.01 

MF-SV-B-LK,MF-SV-C-RP,MF-SV-D-

FS,MF-SV-E-RP 

102 C 1.62E-8 < 0.01 

MF-SV-B-LK,MF-SV-C-RP,MF-SV-D-

RP,MF-SV-E-FS 

103 C 1.62E-8 < 0.01 

MF-SV-B-RP,MF-SV-C-RP,MF-SV-D-

FS,MF-SV-E-LK 

104 C 1.62E-8 < 0.01 

MF-SV-B-RP,MF-SV-C-RP,MF-SV-D-

LK,MF-SV-E-FS 

105 C 1.62E-8 < 0.01 

MF-SV-B-FS,MF-SV-C-RP,MF-SV-D-

RP,MF-SV-E-LK 

106 C 6.39E-9 < 0.01 

MF-SV-B-LK,MF-SV-C-LK,MF-SV-D-

LK,MF-SV-E-RP 

107 C 6.39E-9 < 0.01 

MF-SV-B-RP,MF-SV-C-LK,MF-SV-D-

LK,MF-SV-E-LK 

108 C 6.39E-9 < 0.01 

MF-SV-B-LK,MF-SV-C-LK,MF-SV-D-

RP,MF-SV-E-LK 

109 C 6.39E-9 < 0.01 

MF-SV-B-LK,MF-SV-C-RP,MF-SV-D-

LK,MF-SV-E-LK 

110 C 2.35E-9 < 0.01 

MF-SV-B-RP,MF-SV-C-FS,MF-SV-D-

RP,MF-SV-E-RP 

111 C 2.35E-9 < 0.01 

MF-SV-B-FS,MF-SV-C-RP,MF-SV-D-

RP,MF-SV-E-RP 

112 C 2.35E-9 < 0.01 

MF-SV-B-RP,MF-SV-C-RP,MF-SV-D-

FS,MF-SV-E-RP 

113 C 2.35E-9 < 0.01 

MF-SV-B-RP,MF-SV-C-RP,MF-SV-D-

RP,MF-SV-E-FS 

114 C 9.27E-10 < 0.01 

MF-SV-B-LK,MF-SV-C-LK,MF-SV-D-

RP,MF-SV-E-RP 

115 C 9.27E-10 < 0.01 

MF-SV-B-RP,MF-SV-C-LK,MF-SV-D-

LK,MF-SV-E-RP 

116 C 9.27E-10 < 0.01 

MF-SV-B-RP,MF-SV-C-LK,MF-SV-D-

RP,MF-SV-E-LK 

117 C 9.27E-10 < 0.01 

MF-SV-B-LK,MF-SV-C-RP,MF-SV-D-

LK,MF-SV-E-RP 

118 C 9.27E-10 < 0.01 

MF-SV-B-RP,MF-SV-C-RP,MF-SV-D-

LK,MF-SV-E-LK 
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# Case Prob/Freq 

Total 

% Cut Set 

119 C 9.27E-10 < 0.01 

MF-SV-B-LK,MF-SV-C-RP,MF-SV-D-

RP,MF-SV-E-LK 

120 C 1.34E-10 < 0.01 

MF-SV-B-RP,MF-SV-C-LK,MF-SV-D-

RP,MF-SV-E-RP 

121 C 1.34E-10 < 0.01 

MF-SV-B-LK,MF-SV-C-RP,MF-SV-D-

RP,MF-SV-E-RP 

122 C 1.34E-10 < 0.01 

MF-SV-B-RP,MF-SV-C-RP,MF-SV-D-

LK,MF-SV-E-RP 

123 C 1.34E-10 < 0.01 

MF-SV-B-RP,MF-SV-C-RP,MF-SV-D-

RP,MF-SV-E-LK 

124 C 1.95E-11 < 0.01 

MF-SV-B-RP,MF-SV-C-RP,MF-SV-D-

RP,MF-SV-E-RP 

 

Table 67: Mechanical Failure Cut Sets for Extended System with SV_OL 

# Case Prob/Freq 
Total 

% 
Cut Set 

Total   2.06E-3 100 Displaying 10 Cut Sets. (10 Original) 

1 C 2.06E-3 99.71 MF-AIR-LK,MF-AR-LK 

2 C 1.60E-6 0.08 MF-AIR-LK,MF-SV-D-FFD,MF-SV-E-FFD 

3 C 1.60E-6 0.08 MF-AR-LK,MF-SV-B-FFD,MF-SV-C-FFD 

4 C 1.28E-6 0.06 MF-AIR-LK,SV-D-E_CCF 

5 C 1.28E-6 0.06 MF-AR-LK,SV-B-C_CCF 

6 C 2.36E-7 0.01 MF-AR-LK,MF-SV-A-FFD,MF-VP-A-LK 

7 C 1.24E-9 < 0.01 
MF-SV-B-FFD,MF-SV-C-FFD,MF-SV-D-

FFD,MF-SV-E-FFD 

8 C 9.93E-10 < 0.01 MF-SV-B-FFD,MF-SV-C-FFD,SV-D-E_CCF 

9 C 9.93E-10 < 0.01 MF-SV-D-FFD,MF-SV-E-FFD,SV-B-C_CCF 

10 C 7.97E-10 < 0.01 SV-B-C_CCF,SV-D-E_CCF 
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Table 68: Mechanical Failure Cut Sets for the Extended System with SV_OM 

# Case Prob/Freq 
Total 

% 
Cut Set 

Total   2.73E-2 100 Displaying 10 Cut Sets. (10 Original) 

1 C 1.45E-2 53.23 
MF-SV-B-FFD,MF-SV-C-FFD,MF-SV-D-

FFD,MF-SV-E-FFD 

2 C 5.47E-3 20.02 
MF-AIR-LK,MF-SV-D-FFD,MF-SV-E-

FFD 

3 C 5.47E-3 20.02 MF-AR-LK,MF-SV-B-FFD,MF-SV-C-FFD 

4 C 2.06E-3 7.53 MF-AIR-LK,MF-AR-LK 

5 C 1.38E-5 0.05 MF-AR-LK,MF-SV-A-FFD,MF-VP-A-LK 

6 C 3.40E-6 0.01 
MF-SV-B-FFD,MF-SV-C-FFD,SV-D-

E_CCF 

7 C 3.40E-6 0.01 
MF-SV-D-FFD,MF-SV-E-FFD,SV-B-

C_CCF 

8 C 1.28E-6 < 0.01 MF-AIR-LK,SV-D-E_CCF 

9 C 1.28E-6 < 0.01 MF-AR-LK,SV-B-C_CCF 

10 C 7.97E-10 < 0.01 SV-B-C_CCF,SV-D-E_CCF 

 

Table 69: Mechanical Failure Cut Sets for the Extended System with SV_OH 

# Case Prob/Freq Total 

% 

Cut Set 

Total   4.63E-1 100 Displaying 10 Cut Sets. (10 Original) 

1 C 4.28E-1 92.53 MF-SV-B-FFD,MF-SV-C-FFD,MF-SV-

D-FFD,MF-SV-E-FFD 

2 C 2.97E-2 6.41 MF-AIR-LK,MF-SV-D-FFD,MF-SV-E-

FFD 

3 C 2.97E-2 6.41 MF-AR-LK,MF-SV-B-FFD,MF-SV-C-

FFD 

4 C 2.06E-3 0.44 MF-AIR-LK,MF-AR-LK 

5 C 3.21E-5 < 0.01 MF-AR-LK,MF-SV-A-FFD,MF-VP-A-

LK 

6 C 1.85E-5 < 0.01 MF-SV-B-FFD,MF-SV-C-FFD,SV-D-

E_CCF 

7 C 1.85E-5 < 0.01 MF-SV-D-FFD,MF-SV-E-FFD,SV-B-

C_CCF 

8 C 1.28E-6 < 0.01 MF-AIR-LK,SV-D-E_CCF 

9 C 1.28E-6 < 0.01 MF-AR-LK,SV-B-C_CCF 

10 C 7.97E-10 < 0.01 SV-B-C_CCF,SV-D-E_CCF 
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Table 70: Mechanical Failure Cut Sets for Extended System with SV_DOW 

# Case Prob/Freq Total 

% 

Cut Set 

Total   2.06E-3 100 Displaying 10 Cut Sets. (10 Original) 

1 C 2.06E-3 99.70 MF-AIR-LK,MF-AR-LK 

2 C 1.71E-6 0.08 MF-AIR-LK,MF-SV-D-FFD,MF-SV-E-FFD 

3 C 1.71E-6 0.08 MF-AR-LK,MF-SV-B-FFD,MF-SV-C-FFD 

4 C 1.28E-6 0.06 MF-AIR-LK,SV-D-E_CCF 

5 C 1.28E-6 0.06 MF-AR-LK,SV-B-C_CCF 

6 C 2.44E-7 0.01 MF-AR-LK,MF-SV-A-FFD,MF-VP-A-LK 

7 C 1.41E-9 < 0.01 MF-SV-B-FFD,MF-SV-C-FFD,MF-SV-D-

FFD,MF-SV-E-FFD 

8 C 1.06E-9 < 0.01 MF-SV-B-FFD,MF-SV-C-FFD,SV-D-E_CCF 

9 C 1.06E-9 < 0.01 MF-SV-D-FFD,MF-SV-E-FFD,SV-B-C_CCF 

10 C 7.97E-10 < 0.01 SV-B-C_CCF,SV-D-E_CCF 

 

Table 71: Mechanical Failure Cut Sets for the Extended System with SV_MAN 

# Case Prob/Freq Total % Cut Set 

Total   2.06E-3 100 Displaying 9 Cut Sets. (9 Original) 

1 C 2.06E-3 99.88 MF-AIR-LK,MF-AR-LK 

2 C 1.28E-6 0.06 MF-AIR-LK,SV-D-E_CCF 

3 C 1.28E-6 0.06 MF-AR-LK,SV-B-C_CCF 

4 C 5.92E-9 < 0.01 MF-AR-LK,MF-SV-A-FFD,MF-VP-A-LK 

5 C 1.01E-9 < 0.01 MF-AIR-LK,MF-SV-D-FFD,MF-SV-E-FFD 

6 C 1.01E-9 < 0.01 MF-AR-LK,MF-SV-B-FFD,MF-SV-C-FFD 

7 C 7.97E-10 < 0.01 SV-B-C_CCF,SV-D-E_CCF 

8 C 6.26E-13 < 0.01 MF-SV-B-FFD,MF-SV-C-FFD,SV-D-E_CCF 

9 C 6.26E-13 < 0.01 MF-SV-D-FFD,MF-SV-E-FFD,SV-B-C_CCF 
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Table 72: Mechanical Failure Cut Sets for the Extended System with SV_NRPD 

# Case Prob/Freq Total 

% 

Cut Set 

Total   4.03E-3 100 Displaying 10 Cut Sets. (10 Original) 

1 C 2.06E-3 51.03 MF-AIR-LK,MF-AR-LK 

2 C 8.22E-4 20.37 MF-AIR-LK,MF-SV-D-FFD,MF-SV-E-FFD 

3 C 8.22E-4 20.37 MF-AR-LK,MF-SV-B-FFD,MF-SV-C-FFD 

4 C 3.28E-4 8.13 MF-SV-B-FFD,MF-SV-C-FFD,MF-SV-D-

FFD,MF-SV-E-FFD 

5 C 5.35E-6 0.13 MF-AR-LK,MF-SV-A-FFD,MF-VP-A-LK 

6 C 1.28E-6 0.03 MF-AIR-LK,SV-D-E_CCF 

7 C 1.28E-6 0.03 MF-AR-LK,SV-B-C_CCF 

8 C 5.11E-7 0.01 MF-SV-B-FFD,MF-SV-C-FFD,SV-D-E_CCF 

9 C 5.11E-7 0.01 MF-SV-D-FFD,MF-SV-E-FFD,SV-B-C_CCF 

10 C 7.97E-10 < 0.01 SV-B-C_CCF,SV-D-E_CCF 

 

3.3.4 Uncertainty Discussion 

The addition of the extra solenoid valves did very minimal improvement to the overall 

uncertainty of the system. However, short of finding new and more extensive failure rates, 

the difference between the systems would not be significant.  

For the models, a PDF and a CDF are given for the original failure rates. The CDF shows 

a steeper incline in the plot as compared to the original configuration, the probability 

frequency is also over a much lower range. A plot of the CDF is shown in Figure 50. The 

PDF is also a much narrower area with a peak at 8.0E+1, compared to the 9.5E+0 that was 

for the original configuration. The PDF is shown in Figure 51.  
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Figure 50: CDF for extended system and original failure rates. 

 
Figure 51: PDF for extended system with original failure rates. 
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3.4 Extended Pathways with Door Interlocks 

3.4.1 System Failure Probability Results 

The extended system configuration with door interlocks produces SV_OH results that are 

1.54 times the SV_MAN results for a one-day interval, 28.5 times the SV_MAN results 

for the one-month interval, and 225 times the SV_MAN results for the one-year interval. 

At its highest, the chance of failure is approximately 46.5% and the lowest is 0.207%. The 

overall air ingress probability for the extended system with door interlocks is given by 

Table 73. Compared to the original system, the extended system produces results which 

indicate an initial probabilistic improvement for a one-day interval, but only slight 

probabilistic improvement over a one-year interval.  

Table 73: Failure Rate Results for the Extended System with Door Interlocks 

 1 DAY STDEV 1 MONTH STDEV 1 YEAR STDEV 

ORIGINAL 2.68E-08 8.10E-08 2.90E-05 7.51E-05 1.63E-02 1.59E-02 

SV_OL 2.55E-08 1.22E-07 1.48E-05 9.25E-05 2.07E-03 7.64E-03 

SV_OM 2.74E-08 1.27E-07 2.67E-05 1.08E-04 2.78E-02 2.33E-02 

SV_OH 3.93E-08 1.62E-07 4.22E-04 1.09E-03 4.65E-01 1.19E-01 

SV_DOW 2.55E-08 1.22E-07 1.48E-05 9.25E-05 2.07E-03 7.64E-03 

SV_MAN 2.55E-08 7.35E-08 1.48E-05 9.25E-05 2.07E-03 7.64E-03 

SV_NRPD 2.60E-08 1.23E-07 1.63E-05 9.39E-05 4.11E-03 9.00E-03 

       

The results when including a diagnostic human error component to the system are shown 

in Table 74. Overall, the chance of failure for a one-year interval is approximately 49.1% 

and the lowest is approximately 0.216%. The results for an SV_OH fault rate are 1.80 times 

the SV_MAN results for one-day, 35.8 times the SV_MAN results for one month, and 227 

times the SV_MAN results for one year. For the one-year interval, the improvement is not 

very significant. Both the one-day and one-month intervals show improvement, the one-
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day by a factor of 1000 and a one month by a factor of 10 to a factor of 100, with the 

exception of the SV_OH results.  

Table 74: Extended System w/ Door Interlocks and Diagnostic HE Component 

 1 DAY STDEV 1 MONTH STDEV 1 YEAR STDEV 

ORIGINAL 4.61E-07 1.17E-06 4.77E-05 9.17E-05 1.94E-02 1.72E-02 

SV_OL 4.12E-07 9.58E-07 1.93E-05 7.00E-05 2.18E-03 6.33E-03 

SV_OM 4.81E-07 1.08E-06 5.00E-05 1.21E-04 3.28E-02 2.41E-02 

SV_OH 7.41E-07 1.65E-06 6.84E-04 1.17E-03 4.91E-01 1.24E-01 

SV_DOW 4.12E-07 9.58E-07 1.93E-05 7.00E-05 2.18E-03 6.33E-03 

SV_MAN 4.11E-07 1.02E-06 1.91E-05 6.97E-05 2.16E-03 6.31E-03 

SV_NRPD 4.34E-07 9.95E-07 2.53E-05 7.94E-05 4.96E-03 8.47E-03 

       

The mechanical failure contribution to the system is given in Table 75. Mechanical failures 

comprise a strong majority of the fault rate for the system with an action-only human error 

event, and are a factor of 10 less than the overall fault rate for the system with an action 

plus diagnostic human error event for a one-day interval, and an insignificant effect for a 

one-year interval. 

Table 75: Mechanical Failure for Extended System with Door Interlock 

 1 DAY STDEV 1 MONTH STDEV 1 YEAR STDEV 

ORIGINAL 1.66E-05 1.18E-06 1.35E-02 1.01E-03 6.48E-01 8.99E-02 

SV_OL 1.66E-05 1.16E-06 1.31E-02 9.71E-04 5.97E-01 7.52E-02 

SV_OM 1.66E-05 1.16E-06 1.34E-02 1.04E-03 6.73E-01 9.70E-02 

SV_OH 1.68E-05 1.20E-06 1.70E-02 2.44E-03 9.44E-01 1.80E-01 

SV_DOW 1.66E-05 1.16E-06 1.31E-02 9.71E-04 5.97E-01 7.52E-02 

SV_MAN 1.66E-05 1.17E-06 1.31E-02 9.71E-04 5.97E-01 7.52E-02 

SV_NRPD 1.66E-05 1.16E-06 1.32E-02 9.76E-04 6.08E-01 7.87E-02 

       

The door fault rates of 1.48/yr produce the results given in Table 76. The results for the 

highest failure rate are 1.02 times the lowest for one day, 1.31 times the lowest for one 

month, and the highest failure probability was 1.02 times the lowest for the one-day 

interval, 1.31 times the lowest for the one-month interval, and 1.58 times the lowest for the 
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one-year interval. The highest chance of failure over one year for the results reported in 

Table 76 is 94.4% and the lowest chance is 59.7%. The overall air ingress probability 

improvement between the extended system with the Bruce B door seal fault rate compared 

with the original configuration with the Bruce B door seal fault rate is relatively 

insignificant since the door fault rate is so high.  

Table 76: Failure Results for Extended System with Door Interlocks and Bruce B Fault 

Rate 

 1 DAY STDEV 1 MONTH STDEV 1 YEAR STDEV 

ORIGINAL 1.67E-05 1.23E-06 1.35E-02 1.05E-03 6.48E-01 9.20E-02 

SV_OL 1.66E-05 1.19E-06 1.31E-02 9.91E-04 5.97E-01 7.68E-02 

SV_OM 1.67E-05 1.19E-06 1.34E-02 1.05E-03 6.74E-01 9.77E-02 

SV_OH 1.70E-05 1.24E-06 1.72E-02 2.41E-03 9.44E-01 1.80E-01 

SV_DOW 1.66E-05 1.19E-06 1.31E-02 9.91E-04 5.97E-01 7.68E-02 

SV_MAN 1.66E-05 1.19E-06 1.31E-02 9.91E-04 5.97E-01 7.68E-02 

SV_NRPD 1.67E-05 1.19E-06 1.32E-02 9.97E-04 6.08E-01 7.99E-02 

       

With a diagnostic HE component, the highest failure rate is 1.10 times the lowest over one 

day, 1.41 times the lowest over one month, and 1.59 times the lowest over one year. The 

chance of failure for a one-year interval ranges between 59.7% and 94.9%, which is 

demonstrated by the results in Table 77. Again, when compared to the original 

configuration, the improvement in the probability of air ingress is minimal.  

Table 77: Failure Results for the Extended System with Door Interlocks, Bruce B Fault 

Rate, and Diagnostic HE Comp 

 1 DAY STDEV 1 MONTH STDEV 1 YEAR STDEV 

ORIGINAL 2.11E-05 2.68E-06 1.38E-02 1.09E-03 6.55E-01 9.34E-02 

SV_OL 2.08E-05 2.53E-06 1.32E-02 9.97E-04 5.97E-01 7.66E-02 

SV_OM 2.13E-05 2.72E-06 1.39E-02 1.11E-03 6.83E-01 9.97E-02 

SV_OH 2.29E-05 3.70E-06 1.86E-02 3.12E-03 9.49E-01 1.83E-01 

SV_DOW 2.08E-05 2.53E-06 1.32E-02 9.97E-04 5.97E-01 7.66E-02 

SV_MAN 2.08E-05 2.53E-06 1.32E-02 9.97E-04 5.97E-01 7.65E-02 

SV_NRPD 2.10E-05 2.58E-06 1.34E-02 1.02E-03 6.12E-01 8.05E-02 
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Table 78 is the contribution that mechanical failure has to the model of the extended system 

with door interlocks and the Bruce B door seal fault rate and the corresponding system with 

a diagnostic human error contribution. For both models, the contribution of the mechanical 

failure events is the majority of the probability, and for the system with an action-only 

human error event, the human error is essentially insignificant.  

Table 78: Mechanical Failure for Extended System with Door Interlocks and Bruce B 

Fault Rate 

 1 DAY STDEV 1 MONTH STDEV 1 YEAR STDEV 

ORIGINAL 1.66E-05 1.18E-06 1.35E-02 1.01E-03 6.48E-01 8.99E-02 

SV_OL 1.66E-05 1.16E-06 1.31E-02 9.71E-04 5.97E-01 7.52E-02 

SV_OM 1.66E-05 1.16E-06 1.34E-02 1.04E-03 6.73E-01 9.70E-02 

SV_OH 1.68E-05 1.20E-06 1.70E-02 2.44E-03 9.44E-01 1.80E-01 

SV_DOW 1.66E-05 1.16E-06 1.31E-02 9.71E-04 5.97E-01 7.52E-02 

SV_MAN 1.66E-05 1.17E-06 1.31E-02 9.71E-04 5.97E-01 7.52E-02 

SV_NRPD 1.66E-05 1.16E-06 1.32E-02 9.76E-04 6.08E-01 7.87E-02 

       

Finally, for the Bruce A fault rate and an action-only human error component, the results 

were computed and are shown in Table 79. The highest reported failure rate for one day 

1.12 times the lowest, for one month, 3.58 times the lowest, and for one year, 14 times the 

lowest. The chance of an air ingress event ranges from a 4.22% to 59.2%. Compared to the 

original system with door interlocks, a vast improvement is seen in the one-day interval, a 

respectable improvement for the one-month interval, and a somewhat insignificant 

improvement for the one-year interval.  
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Table 79: Failure Results for Extended Pathways with Bruce A Fault Rate and Door 

Interlocks 

 1 DAY STDEV 1 MONTH STDEV 1 YEAR STDEV 

ORIGINAL 4.44E-07 4.05E-07 4.12E-04 3.57E-04 8.08E-02 4.36E-02 

SV_OL 4.39E-07 4.00E-07 3.52E-04 3.33E-04 4.23E-02 3.02E-02 

SV_OM 4.47E-07 4.03E-07 4.04E-04 3.70E-04 1.03E-01 4.93E-02 

SV_OH 4.91E-07 4.37E-07 1.26E-03 1.44E-03 5.92E-01 1.42E-01 

SV_DOW 4.39E-07 4.00E-07 3.52E-04 3.33E-04 4.23E-02 3.02E-02 

SV_MAN 4.39E-07 4.12E-07 3.52E-04 3.33E-04 4.22E-02 3.02E-02 

SV_NRPD 4.41E-07 4.01E-07 3.59E-04 3.36E-04 4.99E-02 3.29E-02 

       

An addition of a diagnostic human error component results in failure probabilities 

displayed in Table 80 resulted in an upper chance of failure at 61.6% and a lower chance 

of failure at 4.26%. Also, the highest failure rate for one day is 1.42 times the lowest, for 

one month, is 4.54 times the lowest, and for one year is 14.5 times the lowest. In 

comparison with the original system configuration, the one-day interval is a significant 

improvement probability, while the one-month interval produces a reasonable 

improvement, and the one-year interval produces almost no improvement.  

Table 80: Failure Probability for Extended System with Door Interlocks, Bruce A Fault 

Rate, and Diagnostic HE Comp 

 1 DAY STDEV 1 MONTH STDEV 1 YEAR STDEV 

ORIGINAL 1.40E-06 1.64E-06 4.76E-04 3.94E-04 8.72E-02 4.61E-02 

SV_OL 1.31E-06 1.40E-06 3.73E-04 3.51E-04 4.28E-02 3.11E-02 

SV_OM 1.43E-06 1.51E-06 4.84E-04 4.37E-04 1.12E-01 5.30E-02 

SV_OH 1.86E-06 2.06E-06 1.69E-03 1.82E-03 6.16E-01 1.49E-01 

SV_DOW 1.31E-06 1.40E-06 3.73E-04 3.51E-04 4.28E-02 3.11E-02 

SV_MAN 1.31E-06 1.57E-06 3.72E-04 3.51E-04 4.26E-02 3.10E-02 

SV_NRPD 1.35E-06 1.43E-06 3.98E-04 3.65E-04 5.27E-02 3.48E-02 

       

The contribution of the mechanical failure for the extended system with door interlocks, 

inclusion of a diagnostic human error component and the Bruce A door seal fault rate is 
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shown in Table 81. Again, mechanical failure is largely dominant in both models, but more 

so in the model with an action only human error diagnosis.  

Table 81: Mech. Failure of Ext. System with DI, Diagnoses HE Comp, and Bruce A Fault 

Rate 

 1 DAY STDEV 1 MONTH STDEV 1 YEAR STDEV 

ORIGINAL 4.34E-07 4.18E-07 4.08E-04 3.70E-04 8.02E-02 4.46E-02 

SV_OL 4.33E-07 3.96E-07 3.52E-04 3.32E-04 4.22E-02 3.00E-02 

SV_OM 4.35E-07 3.97E-07 3.98E-04 3.61E-04 1.02E-01 4.75E-02 

SV_OH 4.61E-07 4.12E-07 1.22E-03 1.20E-03 5.90E-01 1.41E-01 

SV_DOW 4.33E-07 3.96E-07 3.52E-04 3.32E-04 4.22E-02 3.00E-02 

SV_MAN 4.33E-07 3.88E-07 3.52E-04 3.32E-04 4.22E-02 3.00E-02 

SV_NRPD 4.34E-07 3.96E-07 3.57E-04 3.34E-04 4.97E-02 3.24E-02 

       

3.4.2 Fussell-Vesely 

There are only four unique patterns for the Fussell-Vesely importance results for the 

extended system configuration with door interlocks. The original failure rate data, inclusive 

and non-inclusive of a diagnostic human error component, indicated that SV-A rupture was 

the lowest importance and the mechanical failure of SV-B, SV-C, SV-D, and SV-E was 

the highest importance and the results are given in Table 82 and the corresponding 

importance graph is given in Figure 52.  

Table 82: FV Results for Extended Pathways DI System 

Name 
Point 

Est. 
Mean 5th 50th 95th Min Max 

DI-AIR 3.91E-4 6.43E-4 1.11E-7 3.96E-5 1.33E-3 9.15E-13 9.00E-2 

DI-AR 3.92E-4 6.29E-4 9.27E-8 4.09E-5 1.35E-3 2.10E-11 6.20E-2 

HE-AIR-

OP 
3.91E-4 6.43E-4 1.11E-7 3.96E-5 1.33E-3 9.15E-13 9.00E-2 

HE-AR-

OP 
3.92E-4 6.29E-4 9.27E-8 4.09E-5 1.35E-3 2.10E-11 6.20E-2 

HE-SV-B-

LO 
2.13E-3 3.09E-3 1.78E-6 6.43E-4 8.20E-3 1.06E-9 9.68E-2 

HE-SV-B-

OP 
2.13E-3 3.00E-3 2.34E-6 6.61E-4 7.87E-3 0.00E+0 6.59E-2 
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Name 
Point 

Est. 
Mean 5th 50th 95th Min Max 

HE-SV-C-

LO 
2.13E-3 3.04E-3 2.48E-6 6.45E-4 8.17E-3 0.00E+0 7.68E-2 

HE-SV-C-

OP 
2.13E-3 3.07E-3 2.03E-6 6.61E-4 8.29E-3 1.15E-11 8.85E-2 

HE-SV-

D-LO 
2.13E-3 3.05E-3 2.40E-6 6.55E-4 8.43E-3 6.83E-12 8.17E-2 

HE-SV-

D-OP 
2.13E-3 3.01E-3 1.66E-6 6.38E-4 8.25E-3 1.18E-12 7.26E-2 

HE-SV-E-

LO 
2.13E-3 2.98E-3 2.42E-6 6.59E-4 8.34E-3 1.92E-13 9.83E-2 

HE-SV-E-

OP 
2.13E-3 3.03E-3 2.42E-6 6.54E-4 8.04E-3 4.96E-10 7.90E-2 

MF-AIR-

LK 
3.55E-1 3.02E-1 1.50E-2 1.70E-1 6.91E-1 8.86E-4 9.87E-1 

MF-AR-

LK 
3.56E-1 3.06E-1 1.49E-2 1.71E-1 6.99E-1 6.81E-4 9.71E-1 

MF-SV-

A-FS 
6.16E-4 8.85E-4 1.28E-5 2.27E-4 2.21E-3 2.62E-7 3.39E-2 

MF-SV-

A-LK 
3.53E-5 5.51E-5 6.70E-7 1.26E-5 1.34E-4 1.04E-8 2.09E-3 

MF-SV-

A-RP 
5.11E-6 8.01E-6 2.25E-8 7.88E-7 1.66E-5 1.27E-9 1.89E-3 

MF-SV-

B-FS 
5.39E-1 5.78E-1 1.06E-1 5.54E-1 8.33E-1 9.38E-3 9.43E-1 

MF-SV-

B-LK 
3.09E-2 4.29E-2 4.53E-3 2.46E-2 9.06E-2 6.03E-4 4.74E-1 

MF-SV-

B-RP 
4.48E-3 6.18E-3 9.53E-5 1.36E-3 1.44E-2 4.80E-6 4.65E-1 

MF-SV-

C-FS 
5.39E-1 5.79E-1 1.08E-1 5.56E-1 8.31E-1 9.43E-3 9.42E-1 

MF-SV-

C-LK 
3.09E-2 4.23E-2 4.64E-3 2.43E-2 8.78E-2 4.24E-4 5.13E-1 

MF-SV-

C-RP 
4.48E-3 5.91E-3 9.26E-5 1.35E-3 1.43E-2 2.22E-6 3.56E-1 

MF-SV-

D-FS 
5.39E-1 5.76E-1 1.04E-1 5.52E-1 8.28E-1 1.88E-2 9.55E-1 

MF-SV-

D-LK 
3.09E-2 4.20E-2 4.56E-3 2.45E-2 8.65E-2 7.72E-4 4.31E-1 

MF-SV-

D-RP 
4.48E-3 6.04E-3 9.41E-5 1.41E-3 1.41E-2 3.74E-6 2.81E-1 

MF-SV-

E-FS 
5.39E-1 5.75E-1 1.05E-1 5.48E-1 8.31E-1 1.96E-2 9.41E-1 

MF-SV-

E-LK 
3.09E-2 4.28E-2 4.54E-3 2.39E-2 9.09E-2 4.91E-4 4.67E-1 
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Name 
Point 

Est. 
Mean 5th 50th 95th Min Max 

MF-SV-

E-RP 
4.48E-3 6.13E-3 1.04E-4 1.36E-3 1.40E-2 1.05E-5 3.87E-1 

MF-VP-

A-LK 
6.57E-4 9.48E-4 1.43E-5 2.49E-4 2.35E-3 2.74E-7 3.49E-2 

SV-B-

C_CCF 
7.01E-2 6.58E-2 1.51E-2 5.62E-2 1.05E-1 2.29E-3 2.47E-1 

SV-D-

E_CCF 
7.01E-2 6.58E-2 1.52E-2 5.60E-2 1.05E-1 3.32E-3 2.38E-1 

        

 

Figure 52: Importance graph for extended pathways with door interlock 

The original solenoid valve fault rate with the different door fault rates, inclusive and non-

inclusive of a diagnostic human error component produce results where mechanical failure 

of the door is the highest importance and the mechanical failure of SV-A via rupture is the 

lowest importance, shown in Table 83 and Figure 53.  
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Table 83: FV Results for Original Valve Fault Data with Human Error Event and Bruce 

B Door Fault 

Name 
Point 

Est. 
Mean 5th 50th 95th Min Max 

DI-AIR 6.57E-5 1.75E-4 3.37E-8 1.32E-5 3.89E-4 1.71E-11 1.77E-2 

DI-AR 6.57E-5 2.08E-4 3.37E-8 1.31E-5 4.11E-4 8.61E-12 9.41E-2 

HE-AIR-

OP 6.57E-5 1.75E-4 3.37E-8 1.32E-5 3.89E-4 1.71E-11 1.77E-2 

HE-AR-

OP 6.57E-5 2.08E-4 3.37E-8 1.31E-5 4.11E-4 8.61E-12 9.41E-2 

HE-SV-B-

LO 3.59E-4 1.02E-3 7.30E-7 1.93E-4 2.54E-3 1.00E-14 5.06E-2 

HE-SV-B-

OP 3.59E-4 1.00E-3 5.75E-7 1.97E-4 2.62E-3 1.18E-15 3.41E-2 

HE-SV-C-

LO 3.59E-4 9.90E-4 6.85E-7 1.94E-4 2.48E-3 3.80E-11 4.58E-2 

HE-SV-C-

OP 3.59E-4 1.00E-3 6.56E-7 1.98E-4 2.62E-3 4.47E-12 3.41E-2 

HE-SV-

D-LO 3.59E-4 9.93E-4 7.07E-7 1.91E-4 2.61E-3 5.87E-11 3.32E-2 

HE-SV-

D-OP 3.59E-4 9.63E-4 8.08E-7 1.86E-4 2.45E-3 1.50E-13 3.66E-2 

HE-SV-E-

LO 3.59E-4 9.57E-4 6.34E-7 1.89E-4 2.45E-3 9.40E-13 5.07E-2 

HE-SV-E-

OP 3.59E-4 9.85E-4 6.18E-7 1.86E-4 2.52E-3 3.39E-11 4.05E-2 

MF-AIR-

LK 9.59E-1 7.64E-1 2.61E-1 7.80E-1 9.47E-1 2.76E-2 9.89E-1 

MF-AR-

LK 9.59E-1 7.63E-1 2.68E-1 7.79E-1 9.43E-1 2.70E-2 9.92E-1 

MF-SV-

A-FS 2.64E-4 6.73E-4 3.82E-5 2.64E-4 1.47E-3 1.66E-6 2.50E-2 

MF-SV-

A-LK 1.51E-5 3.99E-5 2.18E-6 1.48E-5 9.07E-5 2.19E-7 1.26E-3 

MF-SV-

A-RP 2.19E-6 5.87E-6 4.82E-8 8.77E-7 1.24E-5 2.31E-9 2.05E-3 

MF-SV-

B-FS 9.00E-2 2.13E-1 2.53E-2 1.27E-1 4.68E-1 5.83E-3 8.97E-1 

MF-SV-

B-LK 5.19E-3 1.43E-2 1.35E-3 6.87E-3 3.16E-2 2.97E-4 3.28E-1 

MF-SV-

B-RP 7.53E-4 2.02E-3 2.76E-5 4.25E-4 4.59E-3 1.24E-6 2.23E-1 

MF-SV-

C-FS 9.00E-2 2.13E-1 2.53E-2 1.26E-1 4.70E-1 5.18E-3 8.90E-1 
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Name 
Point 

Est. 
Mean 5th 50th 95th Min Max 

MF-SV-

C-LK 5.19E-3 1.43E-2 1.31E-3 6.82E-3 3.18E-2 2.76E-4 2.85E-1 

MF-SV-

C-RP 7.53E-4 2.02E-3 2.75E-5 4.00E-4 4.76E-3 1.35E-6 1.19E-1 

MF-SV-

D-FS 9.00E-2 2.14E-1 2.76E-2 1.30E-1 4.67E-1 5.07E-3 8.96E-1 

MF-SV-

D-LK 5.19E-3 1.46E-2 1.28E-3 6.97E-3 3.15E-2 3.41E-4 2.98E-1 

MF-SV-

D-RP 7.53E-4 2.04E-3 2.84E-5 4.03E-4 4.65E-3 2.08E-6 1.31E-1 

MF-SV-

E-FS 9.00E-2 2.14E-1 2.75E-2 1.29E-1 4.67E-1 3.13E-3 8.97E-1 

MF-SV-

E-LK 5.19E-3 1.45E-2 1.41E-3 7.06E-3 3.19E-2 1.20E-4 2.61E-1 

MF-SV-

E-RP 7.53E-4 2.19E-3 3.03E-5 4.31E-4 4.78E-3 9.58E-7 4.97E-1 

MF-VP-

A-LK 2.81E-4 7.19E-4 4.43E-5 2.88E-4 1.56E-3 2.95E-6 2.57E-2 

SV-B-

C_CCF 1.18E-2 2.22E-2 4.55E-3 1.43E-2 4.53E-2 2.09E-3 1.34E-1 

SV-D-

E_CCF 1.18E-2 2.22E-2 4.79E-3 1.46E-2 4.40E-2 1.47E-3 1.37E-1 

        

 

Figure 53: Importance graph for Bruce B fault rate and extended pathways with door 

interlocks. 

The SV_DOW, SV_MAN, and SV_OL models all produce the same pattern for importance 

measures. The highest importance belongs to the mechanical failure of the door and the 
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lowest importance belongs to the mechanical failure of VP-A and SV-A, which is shown 

in Table 84 and Figure 54.  
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Table 84: FV for SV_OL for Extended System with Door Interlocks 

Name 
Point 

Est. 
Mean 5th 50th 95th Min Max 

DI-AIR 1.09E-3 5.22E-3 4.97E-7 1.79E-4 9.12E-3 0.00E+0 7.58E-1 

DI-AR 1.09E-3 5.60E-3 4.41E-7 1.97E-4 9.61E-3 2.49E-12 7.61E-1 

HE-AIR-

OP 

1.09E-3 5.22E-3 4.97E-7 1.79E-4 9.12E-3 0.00E+0 7.58E-1 

HE-AR-OP 1.09E-3 5.60E-3 4.41E-7 1.97E-4 9.61E-3 2.49E-12 7.61E-1 

HE-SV-B-

LO 

1.74E-4 1.10E-3 1.33E-7 5.20E-5 2.04E-3 3.50E-14 1.52E-1 

HE-SV-B-

OP 

1.74E-4 1.09E-3 1.39E-7 4.91E-5 1.86E-3 4.97E-12 4.17E-1 

HE-SV-C-

LO 

1.74E-4 1.06E-3 1.24E-7 4.64E-5 1.86E-3 2.08E-13 2.26E-1 

HE-SV-C-

OP 

1.74E-4 1.06E-3 1.16E-7 4.99E-5 1.84E-3 1.37E-11 1.07E-1 

HE-SV-D-

LO 

1.74E-4 1.01E-3 1.23E-7 5.15E-5 1.84E-3 0.00E+0 1.82E-1 

HE-SV-D-

OP 

1.74E-4 1.09E-3 1.46E-7 5.52E-5 1.91E-3 9.19E-13 5.20E-1 

HE-SV-E-

LO 

1.74E-4 1.03E-3 1.13E-7 5.08E-5 1.95E-3 3.59E-13 1.96E-1 

HE-SV-E-

OP 

1.74E-4 1.03E-3 1.66E-7 5.38E-5 1.93E-3 4.13E-12 1.36E-1 

MF-AIR-

LK 

9.97E-1 9.84E-1 8.86E-1 9.94E-1 9.99E-1 9.22E-2 1.00E+0 

MF-AR-

LK 

9.97E-1 9.84E-1 8.91E-1 9.94E-1 9.99E-1 1.97E-1 1.00E+0 

MF-SV-A-

FFD 

1.14E-4 6.43E-4 1.53E-6 5.18E-5 1.20E-3 4.37E-8 8.31E-2 

MF-SV-B-

FFD 

1.03E-3 5.73E-3 7.72E-6 3.30E-4 9.93E-3 1.09E-7 5.62E-1 

MF-SV-C-

FFD 

1.03E-3 5.80E-3 8.01E-6 3.39E-4 9.77E-3 3.33E-7 8.88E-1 

MF-SV-D-

FFD 

1.03E-3 5.39E-3 8.78E-6 3.55E-4 1.08E-2 3.73E-7 6.17E-1 

MF-SV-E-

FFD 

1.03E-3 5.42E-3 9.40E-6 3.39E-4 9.79E-3 4.33E-7 6.47E-1 

MF-VP-A-

LK 

1.14E-4 6.43E-4 1.53E-6 5.18E-5 1.20E-3 4.37E-8 8.31E-2 

SV-B-

C_CCF 

6.20E-4 2.51E-3 4.88E-5 6.07E-4 5.90E-3 7.98E-6 1.84E-1 

SV-D-

E_CCF 

6.20E-4 2.64E-3 5.15E-5 6.26E-4 5.96E-3 3.86E-6 3.57E-1 
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Figure 54: Importance graph for SV_OL for the extended system with door interlocks. 

 

For SV_OM models with the original system and the original system with human error 

have SV-B, SV-C, SV-D, and SV-E with the highest importance the common cause failures 

with the lowest importance. SV_OH fault rate models with the otherwise original data, 

both with and without human error, and the Bruce B door failure data both with and without 

human error, shown in Table 85 and Figure 55. 
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Table 85: FV for SV_OM for Extended System with Door Interlocks 

Name 
Point 

Est. 
Mean 5th 50th 95th Min Max 

DI-AIR 3.00E-4 1.44E-3 1.71E-7 5.76E-5 2.37E-3 3.48E-13 4.91E-1 

DI-AR 3.01E-4 1.59E-3 1.44E-7 6.46E-5 2.77E-3 8.00E-13 2.36E-1 

HE-AIR-OP 3.00E-4 1.44E-3 1.71E-7 5.76E-5 2.37E-3 3.48E-13 4.91E-1 

HE-AR-OP 3.01E-4 1.59E-3 1.44E-7 6.46E-5 2.77E-3 8.00E-13 2.36E-1 

HE-SV-B-

LO 
2.10E-3 4.69E-3 1.77E-6 5.73E-4 1.13E-2 2.56E-13 3.15E-1 

HE-SV-B-

OP 
2.10E-3 4.58E-3 1.76E-6 5.77E-4 1.13E-2 1.16E-11 2.35E-1 

HE-SV-C-

LO 
2.10E-3 4.54E-3 1.49E-6 5.39E-4 1.09E-2 1.70E-11 3.31E-1 

HE-SV-C-

OP 
2.10E-3 4.55E-3 1.59E-6 5.41E-4 1.08E-2 2.66E-10 4.42E-1 

HE-SV-D-

LO 
2.10E-3 4.43E-3 1.71E-6 5.69E-4 1.09E-2 0.00E+0 4.61E-1 

HE-SV-D-

OP 
2.10E-3 4.53E-3 2.16E-6 5.70E-4 1.11E-2 1.11E-11 3.69E-1 

HE-SV-E-

LO 
2.10E-3 4.64E-3 1.58E-6 5.86E-4 1.14E-2 1.09E-11 2.21E-1 

HE-SV-E-

OP 
2.10E-3 4.66E-3 2.26E-6 5.90E-4 1.13E-2 6.67E-11 2.39E-1 

MF-AIR-LK 2.73E-1 4.79E-1 1.43E-2 3.24E-1 9.36E-1 3.21E-4 9.99E-1 

MF-AR-LK 2.73E-1 4.77E-1 1.57E-2 3.27E-1 9.31E-1 1.71E-3 9.99E-1 

MF-SV-A-

FFD 
4.97E-4 3.40E-3 5.01E-6 3.36E-4 7.34E-3 5.38E-8 2.67E-1 

MF-SV-B-

FFD 
7.28E-1 5.07E-1 1.39E-2 3.84E-1 9.35E-1 2.44E-4 9.99E-1 

MF-SV-C-

FFD 
7.28E-1 5.08E-1 1.38E-2 3.85E-1 9.35E-1 3.88E-4 9.99E-1 

MF-SV-D-

FFD 
7.28E-1 5.13E-1 1.44E-2 3.93E-1 9.40E-1 8.95E-4 9.98E-1 

MF-SV-E-

FFD 
7.28E-1 5.13E-1 1.52E-2 3.90E-1 9.40E-1 8.50E-4 9.98E-1 

MF-VP-A-

LK 
4.97E-4 3.40E-3 5.01E-6 3.36E-4 7.34E-3 5.38E-8 2.67E-1 

SV-B-

C_CCF 
1.70E-4 6.13E-4 2.53E-5 2.04E-4 1.41E-3 5.84E-6 3.25E-2 

SV-D-

E_CCF 
1.70E-4 6.50E-4 2.50E-5 2.04E-4 1.50E-3 2.20E-6 6.69E-2 
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Figure 55: Importance graph for SV_OM fault rate with original system plus door 

interlocks. 

Similarly, for all of the SV_NRPD results, and the SV_OH results with the Bruce B fault 

rate, inclusive and not of a diagnostic human error event, and the SV_OM results with the 

Bruce A and Bruce B fault rates, both inclusive and not of the human error events, the 

measure of the highest importance was the door fault rate, and the measure with the least 

importance was the common cause failures. See Table 86 and Figure 56.  
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Table 86: FV Results for SV_NRPD fault rate for Extended System with Door Interlocks 

Name 
Point 

Est. 
Mean 5th 50th 95th Min Max 

DI-AIR 7.77E-4 2.82E-3 3.22E-7 1.17E-4 4.99E-3 8.10E-13 6.73E-1 

DI-AR 7.79E-4 3.14E-3 3.12E-7 1.29E-4 5.60E-3 1.95E-12 5.51E-1 

HE-AIR-OP 7.77E-4 2.82E-3 3.22E-7 1.17E-4 4.99E-3 8.10E-13 6.73E-1 

HE-AR-OP 7.79E-4 3.14E-3 3.12E-7 1.29E-4 5.60E-3 1.95E-12 5.51E-1 

HE-SV-B-

LO 

2.13E-3 4.77E-3 1.19E-6 4.24E-4 1.14E-2 1.32E-13 3.66E-1 

HE-SV-B-

OP 

2.13E-3 4.70E-3 1.16E-6 4.32E-4 1.14E-2 2.74E-11 3.78E-1 

HE-SV-C-

LO 

2.13E-3 4.75E-3 9.74E-7 3.88E-4 1.09E-2 6.13E-12 4.70E-1 

HE-SV-C-

OP 

2.13E-3 4.63E-3 9.78E-7 3.95E-4 1.06E-2 2.36E-10 2.99E-1 

HE-SV-D-

LO 

2.13E-3 4.54E-3 1.12E-6 4.28E-4 1.11E-2 0.00E+0 5.05E-1 

HE-SV-D-

OP 

2.13E-3 4.60E-3 1.36E-6 4.30E-4 1.11E-2 5.04E-12 6.06E-1 

HE-SV-E-

LO 

2.13E-3 4.75E-3 9.03E-7 4.25E-4 1.14E-2 4.07E-12 3.20E-1 

HE-SV-E-

OP 

2.13E-3 4.93E-3 1.52E-6 4.39E-4 1.16E-2 3.12E-11 3.71E-1 

MF-AIR-

LK 

7.07E-1 7.25E-1 6.29E-2 7.51E-1 9.88E-1 8.52E-4 1.00E+0 

MF-AR-LK 7.09E-1 7.25E-1 6.99E-2 7.55E-1 9.88E-1 3.64E-3 1.00E+0 

MF-SV-A-

FFD 

1.30E-3 4.55E-3 1.12E-5 4.95E-4 1.00E-2 1.88E-7 4.06E-1 

MF-SV-B-

FFD 

2.87E-1 2.57E-1 1.80E-3 8.27E-2 7.29E-1 3.62E-5 9.95E-1 

MF-SV-C-

FFD 

2.87E-1 2.57E-1 1.91E-3 8.25E-2 7.31E-1 7.07E-5 9.98E-1 

MF-SV-D-

FFD 

2.87E-1 2.62E-1 1.94E-3 8.46E-2 7.48E-1 1.18E-4 9.94E-1 

MF-SV-E-

FFD 

2.87E-1 2.61E-1 2.14E-3 8.38E-2 7.48E-1 1.03E-4 9.95E-1 

MF-VP-A-

LK 

1.30E-3 4.55E-3 1.12E-5 4.95E-4 1.00E-2 1.88E-7 4.06E-1 

SV-B-

C_CCF 

4.40E-4 1.24E-3 4.21E-5 4.10E-4 2.88E-3 7.98E-6 5.02E-2 

SV-D-

E_CCF 

4.40E-4 1.32E-3 4.42E-5 4.06E-4 3.03E-3 3.02E-6 9.81E-2 
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Figure 56: Importance graph for SV_NRPD for extended system with door interlocks. 

The importance measures group themselves into much more distinct and succinct patterns 

of the highest vs the lowest importance as compared to the original configuration with the 

door interlocks.  

3.4.3 Uncertainty Discussion 

The spread in the results for the extended system with door interlocks is no different 

than the spread for the previous results for the extended system without door interlocks. 

The only way to theoretically pinpoint the exact failure probability would be to have an 

infinite number of component fault rate data.  

For the generalized system over one year, the CDF and PDF are given in Figure 57 

and Figure 58. The CDF and PDF for the extended system with door interlocks are almost 

identical to the distributions without any interlocks.  
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Figure 57: CDF for generalized system with door interlocks. 

 

Figure 58: PDF for generalized system with door interlocks. 
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4. Conclusions 

The one-year air ingress event probability is far too high to be advisably safe for 

continuous use, however if there was an appropriate testing interval involved, this would 

significantly reduce the probability. Engineering judgement may help reduce the 

probability given the cut sets. If the percentage of time for maintenance is chosen to be 

one-month, and the detrimental effects that frequent testing could have on a system are 

ignored, then the risk could be reduced significantly. Ideally, further research would be 

done to optimize the operational period with maintenance, such as using four state Markov 

models which calculate the probabilities for a component in four states (operational, down 

for maintenance, degraded, and failed) (32). PRA typically only calculates whether a 

component is failed or operational and does not acknowledge the degraded state. The 

results gained from Markov models may be plotted to find the optimization between the 

unavailability from maintenance and the probabilistic risk. Markov models require 

significantly more data along with a sensitivity analysis to produce adequate results and 

may use results from a PRA but are not generally a part of PRA.   

A summary of the results for the system with original fault rate data and a diagnostic 

human error component is given in Table 87. The door interlocks did contribute some to 

the reduction of total air ingress probability, but making the solenoid valves redundant did 

the most, reducing the probability by roughly a factor of 10. The inclusion of the diagnostic 

human error component was selected here because it is likely that an operator will have to 

make some diagnosis before acting on an event. If the extended system with door interlocks 

is considered, the probability of air ingress after maintaining the risk-critical components 
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ranges between 10-5 to 10-4 per year. Further studies should be done relating to the effect 

of frequent maintenance on this system.  

Table 87: Summary Results for the Original Fault Rate Data Using IAEA-Tecdoc-478 

Fault Rate with a diagnostic HE Component 

  

Prob. for 

1 year 

Unc. 

(st.dev) 

Simplified 1.16E-01 6.88E-02 

Simplified + DI 1.10E-01 6.75E-02 

Extended Model 2.24E-02 1.87E-02 

Extended Model + DI 1.94E-02 1.72E-02 

Extended Model + RCC Maintenance 3.19E-04 5.33E-04 

Extended Model + DI + RCC Maintenance 5.50E-05 9.88E-05 

   

The utilization of the Bruce B door seal fault rate of 1.48 per year produces 

dangerously high probabilities, no matter the model. It is not recommended that doors with 

such a high fault rate be used. The reliance on the SV_OH fault rate may also be a bit 

erroneous since the valves will most likely not be operated at high rates. The valves will 

be opened to let argon into the system and then returned to their normally shut resting state. 

Compared to the other solenoid valve component fault rate, the SV_OH data produces 

results that are consistently ten times every other failure rate, which is more indicative that 

the SV_OH fault rate is more of an outlier.  

The FV importance measures produced much more consistent results with the 

extended system than with the original configuration, which is another indication that the 

SV_OH fault rate is unreasonably high, since the SV_OH fault rate has been shown to even 

overtake the Bruce B door fault rate.  

The overall uncertainty of all of the models that were tested is dominated by the 

intense range of fault rate data for the same components, which makes producing a 

reasonably accurate PRA model somewhat difficult. The best way to combat the 
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uncertainty would be to calculate the results using many more fault rates for each 

component.  
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Appendix 

Appendix A – Event Trees 

 

Figure 59: HE event tree for the basic system. 
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Figure 60: MF event tree for the basic system. 
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Figure 61: Generalized system combination event tree. 

 

 

 

 

 

 

 

 

 

 

 

COMBO-FIRE

COMBINATIONS OF MF AND 

HE CAUSE PYROPHORIC 
FIRE

MF-AR-CELL

ARGON CELL DOOR SEAL 
LEAKS

MF-AIR-CELL

AIR CELL DOOR SEAL LEAKS

MF-SV-1

SV-1 FAILS MECHANICALLY

MF-SV-3

SV-3 FAILS MECHANICALLY

MF-VP-1

VP-1 FAILS MECHANICALLY

HE-AR-DOOR

ARGON DOOR 
ACCIDENTALLY OPEN

HE-AIR-DOOR

AIR DOOR ACCIDENTALLY 
OPEN

HE-SV-1

SV-1 ACCIDENTALLY OPEN

HE-SV-3

SV-3 ACCIDENTALLY OPEN # End State
(Phase - )

1 OK

2 OK

3 CFA

4 CFA

5 OK

6 CFA

7 CFA

8 OK

9 CFA

10 CFA

11 OK

12 CFA

13 CFA

14 OK

15 CFA

16 CFA



 

 

141 

 

 
Figure 62: Combination errors event tree for basic system and door interlocks. 
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Figure 63: Human error ET for extended system. 
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Figure 64: MF ET for extended system. 
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Figure 65: Combinations ET for extended system. 
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Figure 66: Combinations ET for extended system with door interlocks. 
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Appendix B – Fault Trees 

 

Figure 67: Air MF fault tree. 

 

Figure 68: Air HE fault tree. 

  

MF-AIR-CELL

AIR CELL DOOR SEAL LEAKS

4.54E-02MF-AIR-CELL-LK

AIR CELL DOOR SEAL LEAKS

HE-AIR-DOOR

AIR DOOR ACCIDENTALLY OPEN

1.00E-03HE-AIR-DOOR-OPEN

AIR DOOR OPEN



147 

 

     

 

Figure 69: Ar MF fault tree. 

 

Figure 70: Ar door HE fault tree. 
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Figure 71: Air door fault tree. 

 

Figure 72: Argon door fault tree. 
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Figure 73: SV-1 HE fault tree. 

 

Figure 74: SV-2 HE fault tree. 

 

Figure 75: SV-3 HE fault tree 
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Figure 76: SV-1 MF fault tree. 

 

Figure 77: SV-2 MF fault tree 

 

Figure 78: SV-3 MF fault tree. 
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Figure 79: VP-1 MF fault tree. 

 

Figure 80: SV-1 fault tree. 
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Figure 81: SV-2 fault tree. 

 

Figure 82: SV-3 fault tree. 
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Figure 83: MF SV-1 FT for FFD. 

 

Figure 84: MF SV-2 FT for field failure data. 

 

Figure 85: MF SV-3 FT  for FFD 
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Figure 86: Air door interlock fault tree. 

 

Figure 87: Ar door interlock fault tree. 

 

Figure 88: HE Air door FT w/door interlocks. 
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Figure 89: HE argon door FT w/ door interlocks. 
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Figure 90: FT for mechanical failure of generalized system. 
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Figure 91: System fault tree for generalized system. 
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Figure 92: Extended system fault tree. 

 

SYSTEM

SYSTEM FAULT TREE

AIR_AR

AIR - ARGON PATHWAY

ExtAIR_FAIL

AIR DOOR FAILURE

ExtAR_FAIL

ARGON DOOR FAILURE

AR_SV-A_VP-A

AR - SV-A VP-A PATHWAY

ExtMF-SV-A

SV-A MECH FAILURE

ExtMF-VP-A

VP-A MECH FAILURE

ExtAR_FAIL

ARGON DOOR FAILURE

AR_SV-B_SV-C

ARGON - SV-B - SV-C PATHWAY

AR_SV-BC

SV-B AND SV-C FAIL W/O CCF AR 
FAILS

ExtAR_FAIL

ARGON DOOR FAILURE

ExtSV-B_FAIL

SV-B FAILURE

ExtSV-C_FAIL

SV-C FAILURE

AR_SV-BC_CCF

ARGON FAILS SV-B AND SV-C CCF

ExtAR_FAIL

ARGON DOOR FAILURE

ExtSV-B_SV-C_CCF

COMMON CAUSE FAILURE SV-B SV-C

AIR_SV-D_SV-E

AIR - SV-D - SV-E PATHWAY

AIR_SV-DE

AIR - SV-D - SV-E PATHWAYS W/O 
CCF

ExtAIR_FAIL

AIR DOOR FAILURE

ExtSV-D_FAIL

SV-D FAILURE

ExtSV-E_FAIL

SV-E FAILS

AIR_SV-DE_CCF

AIR - SV-D SV-E CCF PATHWAY

ExtAIR_FAIL

AIR DOOR FAILURE

ExtSV-D_SV-E_CCF

COMMON CAUSE FAILURE SV-D SV-E

SV-B_SV-C_SV-D_SV-E

SV-B - SV-C - SV-D - SV-E PATHWAY

SV-BCDE

SV-B SV-C SV-D SV-E NO CCF

ExtSV-B_FAIL

SV-B FAILURE

ExtSV-C_FAIL

SV-C FAILURE

ExtSV-D_FAIL

SV-D FAILURE

ExtSV-E_FAIL

SV-E FAILS

SV-BC_CCF-SV-DE

SV-B SV-C NO CCF, SV-D SV-E CCF

ExtSV-B_FAIL

SV-B FAILURE

ExtSV-C_FAIL

SV-C FAILURE

ExtSV-D_SV-E_CCF

COMMON CAUSE FAILURE SV-D SV-E

SV-DE_CCF-SV-BC

SV-B SV-C CCF SV-D SV-E NO CCF

ExtSV-D_FAIL

SV-D FAILURE

ExtSV-E_FAIL

SV-E FAILS

ExtSV-B_SV-C_CCF

COMMON CAUSE FAILURE SV-B SV-C

SV-BCDE_CCF

SV-B SV-C SV-D SV-E ALL CCF

ExtSV-B_SV-C_CCF

COMMON CAUSE FAILURE SV-B SV-C

ExtSV-D_SV-E_CCF

COMMON CAUSE FAILURE SV-D SV-E



 

 

159 

 

 

Figure 93: Extended system fault tree for MF only. 
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Appendix C – Fussel-Vesely Results 

Table 88: Basic System FV 

Name Point Est. Mean 5th 50th 95th Min Max 

HE-AIR-

DOOR-

OPEN 

3.24E-3 4.35E-3 4.11E-6 9.92E-4 1.16E-2 1.85E-12 1.65E-1 

HE-AR-

DOOR-

OPEN 

3.24E-3 4.41E-3 4.44E-6 1.03E-3 1.18E-2 4.05E-11 9.87E-2 

HE-SV-1-

NS 

3.23E-3 4.35E-3 3.60E-6 1.00E-3 1.13E-2 4.18E-10 8.82E-2 

HE-SV-1-

OPEN 

3.23E-3 4.33E-3 2.55E-6 1.03E-3 1.16E-2 1.56E-13 1.46E-1 

HE-SV-3-

NS 

3.23E-3 4.30E-3 4.84E-6 1.03E-3 1.12E-2 2.98E-11 1.03E-1 

HE-SV-3-

OPEN 

3.23E-3 4.27E-3 3.32E-6 1.00E-3 1.17E-2 3.65E-12 1.16E-1 

MF-AIR-

CELL-LK 

1.47E-1 1.34E-1 4.37E-3 5.12E-2 3.52E-1 3.31E-4 9.26E-1 

MF-AR-

CELL-LK 

1.47E-1 1.35E-1 4.28E-3 5.40E-2 3.50E-1 3.08E-4 9.36E-1 

MF-FS-

SV-1 

8.07E-1 7.96E-1 3.66E-1 8.07E-1 9.45E-1 7.85E-2 9.91E-1 

MF-FS-

SV-3 

8.07E-1 7.95E-1 3.72E-1 8.05E-1 9.44E-1 4.60E-2 9.91E-1 

MF-LK-

SV-1 

4.68E-2 6.04E-2 9.07E-3 3.70E-2 1.22E-1 2.60E-3 5.53E-1 

MF-LK-

SV-3 

4.68E-2 6.08E-2 9.35E-3 3.68E-2 1.23E-1 2.11E-3 5.99E-1 

MF-RP-

SV-1 

6.79E-3 8.82E-3 1.69E-4 2.08E-3 2.05E-2 1.21E-5 4.20E-1 

MF-RP-

SV-3 

6.79E-3 9.02E-3 1.77E-4 2.14E-3 2.07E-2 1.05E-5 7.49E-1 

MF-VP-1-

LK 

8.25E-4 1.05E-3 4.82E-5 4.34E-4 2.42E-3 4.74E-6 2.26E-2 
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Figure 94: Importance graph for FV results for basic system. 

 

Table 89: FV Original System SV_OL 

Name Point 

Est. 

Mean 5th 50th 95th Min Max 

HE-AIR-

DOOR-

OPEN 

1.82E-2 4.61E-2 2.44E-5 8.74E-3 1.33E-1 3.33E-13 8.03E-1 

HE-AR-

DOOR-

OPEN 

1.82E-2 4.64E-2 1.97E-5 8.22E-3 1.34E-1 3.07E-10 7.97E-1 

HE-SV-1-

NS 

1.79E-2 4.38E-2 2.58E-5 8.06E-3 1.25E-1 9.85E-14 6.93E-1 

HE-SV-1-

OPEN 

1.79E-2 4.36E-2 2.41E-5 7.62E-3 1.22E-1 4.54E-11 7.81E-1 

HE-SV-3-

NS 

1.79E-2 4.27E-2 2.37E-5 7.60E-3 1.19E-1 3.12E-12 7.04E-1 

HE-SV-3-

OPEN 

1.79E-2 4.41E-2 2.98E-5 7.78E-3 1.27E-1 7.98E-11 8.27E-1 

MF-AIR-

CELL-LK 

8.27E-1 6.68E-1 1.04E-1 6.48E-1 9.55E-1 5.17E-3 9.98E-1 

MF-AR-

CELL-LK 

8.27E-1 6.65E-1 9.43E-2 6.47E-1 9.55E-1 3.09E-3 9.99E-1 

MF-FFD-

SV-3 

1.06E-1 1.71E-1 2.38E-3 5.71E-2 4.81E-1 1.01E-4 9.73E-1 

MF-SV-1-

FFD 

1.06E-1 1.68E-1 2.50E-3 5.54E-2 4.67E-1 8.40E-5 9.88E-1 

MF-VP-1-

LK 

2.68E-2 6.12E-2 5.92E-3 3.35E-2 1.33E-1 1.22E-3 5.93E-1 
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Figure 95: Importance graph for FV results for basic system w/SV_OL. 

Table 90: FV for Original System SV_OM 

Name Point 

Est. 

Mean 5th 50th 95th Min Max 

HE-AIR-

DOOR-

OPEN 

2.61E-3 8.74E-3 4.15E-6 1.35E-3 2.26E-2 8.81E-15 6.56E-1 

HE-AR-

DOOR-

OPEN 

2.61E-3 8.65E-3 2.90E-6 1.27E-3 2.14E-2 5.49E-11 4.26E-1 

HE-SV-1-

NS 

2.60E-3 8.54E-3 4.29E-6 1.31E-3 2.15E-2 7.35E-15 3.04E-1 

HE-SV-1-

OPEN 

2.60E-3 8.38E-3 3.75E-6 1.24E-3 2.13E-2 2.19E-11 3.84E-1 

HE-SV-3-

NS 

2.60E-3 8.30E-3 3.55E-6 1.17E-3 2.06E-2 1.08E-12 4.08E-1 

HE-SV-3-

OPEN 

2.60E-3 8.29E-3 4.63E-6 1.26E-3 2.15E-2 1.45E-11 3.50E-1 

MF-AIR-

CELL-LK 

1.18E-1 2.04E-1 4.21E-3 7.23E-2 5.69E-1 1.95E-4 9.87E-1 

MF-AR-

CELL-LK 

1.18E-1 2.03E-1 3.87E-3 7.08E-2 5.63E-1 2.96E-4 9.89E-1 

MF-FFD-

SV-3 

8.91E-1 7.78E-1 1.52E-1 8.13E-1 9.82E-1 8.13E-3 1.00E+0 

MF-SV-1-

FFD 

8.91E-1 7.77E-1 1.59E-1 8.08E-1 9.82E-1 6.49E-3 1.00E+0 

MF-VP-1-

LK 

5.34E-4 3.15E-3 3.83E-5 7.34E-4 7.78E-3 4.11E-6 1.27E-1 
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Figure 96: Importance graph for FV results for basic system w/ SV_OM. 

 

Table 91: FV for Basic System SV_OH 

Name Point 

Est. 

Mean 5th 50th 95th Min Max 

HE-AIR-

DOOR-

OPEN 

1.26E-3 3.72E-3 2.09E-6 6.35E-4 8.82E-3 6.00E-15 4.06E-1 

HE-AR-

DOOR-

OPEN 

1.26E-3 3.64E-3 1.36E-6 5.86E-4 8.51E-3 2.32E-11 2.54E-1 

HE-SV-1-

NS 

1.26E-3 3.58E-3 2.14E-6 6.18E-4 8.48E-3 4.73E-15 1.40E-1 

HE-SV-1-

OPEN 

1.26E-3 3.56E-3 1.99E-6 5.98E-4 8.31E-3 1.20E-11 2.23E-1 

HE-SV-3-

NS 

1.26E-3 3.51E-3 1.91E-6 5.58E-4 8.25E-3 4.17E-13 2.14E-1 

HE-SV-3-

OPEN 

1.26E-3 3.51E-3 2.48E-6 5.90E-4 8.39E-3 4.81E-12 2.46E-1 

MF-AIR-

CELL-LK 

5.70E-2 1.07E-1 2.20E-3 2.97E-2 2.99E-1 1.66E-4 9.72E-1 

MF-AR-

CELL-LK 

5.70E-2 1.07E-1 1.99E-3 2.97E-2 2.96E-1 1.81E-4 9.74E-1 

MF-FFD-

SV-3 

9.80E-1 9.02E-1 4.13E-1 9.43E-1 9.95E-1 3.10E-2 1.00E+0 

MF-SV-1-

FFD 

9.80E-1 9.02E-1 4.26E-1 9.41E-1 9.95E-1 2.48E-2 1.00E+0 

MF-VP-1-

LK 

1.19E-4 6.75E-4 1.01E-5 1.42E-4 1.53E-3 1.80E-6 7.76E-2 
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Figure 97: Importance graph for FV results for basic system for SV_OH. 

Table 92: FV for Basic System w/ SV_DOW 

Name Point 

Est. 

Mean 5th 50th 95th Min Max 

HE-AIR-

DOOR-

OPEN 

1.82E-2 4.58E-2 2.43E-5 8.69E-3 1.32E-1 3.21E-13 8.03E-1 

HE-AR-

DOOR-

OPEN 

1.82E-2 4.62E-2 1.97E-5 8.14E-3 1.33E-1 3.06E-10 7.96E-1 

HE-SV-1-

NS 

1.79E-2 4.36E-2 2.56E-5 8.02E-3 1.24E-1 9.64E-14 6.90E-1 

HE-SV-1-

OPEN 

1.79E-2 4.33E-2 2.40E-5 7.59E-3 1.21E-1 4.54E-11 7.81E-1 

HE-SV-3-

NS 

1.79E-2 4.25E-2 2.35E-5 7.57E-3 1.18E-1 3.08E-12 7.03E-1 

HE-SV-3-

OPEN 

1.79E-2 4.38E-2 2.98E-5 7.75E-3 1.26E-1 7.96E-11 8.26E-1 

MF-AIR-

CELL-LK 

8.24E-1 6.66E-1 1.02E-1 6.44E-1 9.55E-1 5.01E-3 9.98E-1 

MF-AR-

CELL-LK 

8.24E-1 6.63E-1 9.29E-2 6.44E-1 9.54E-1 2.99E-3 9.99E-1 

MF-FFD-

SV-3 

1.10E-1 1.75E-1 2.47E-3 5.89E-2 4.89E-1 1.04E-4 9.74E-1 

MF-SV-1-

FFD 

1.10E-1 1.72E-1 2.59E-3 5.72E-2 4.75E-1 8.69E-5 9.88E-1 

MF-VP-1-

LK 

2.66E-2 6.06E-2 5.82E-3 3.31E-2 1.32E-1 1.22E-3 5.93E-1 
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Figure 98: Importance graph for FV results for basic system w/ SV_DOW. 

Table 93: FV for Basic System with SV_MAN 

Name Point 

Est. 

Mean 5th 50th 95th Min Max 

HE-AIR-

DOOR-

OPEN 

2.03E-2 5.91E-2 2.88E-5 1.07E-2 1.75E-1 8.89E-13 8.01E-1 

HE-AR-

DOOR-

OPEN 

2.03E-2 5.97E-2 2.38E-5 9.94E-3 1.81E-1 3.38E-10 8.15E-1 

HE-SV-1-

NS 

1.99E-2 5.53E-2 3.14E-5 9.62E-3 1.64E-1 1.07E-13 7.77E-1 

HE-SV-1-

OPEN 

1.99E-2 5.52E-2 2.84E-5 9.15E-3 1.58E-1 4.60E-11 7.91E-1 

HE-SV-3-

NS 

1.99E-2 5.47E-2 2.76E-5 8.99E-3 1.61E-1 3.17E-12 7.30E-1 

HE-SV-3-

OPEN 

1.99E-2 5.63E-2 3.35E-5 9.50E-3 1.64E-1 8.27E-11 8.50E-1 

MF-AIR-

CELL-LK 

9.20E-1 7.75E-1 2.31E-1 7.92E-1 9.76E-1 2.64E-2 9.99E-1 

MF-AR-

CELL-LK 

9.20E-1 7.72E-1 2.07E-1 7.93E-1 9.76E-1 3.56E-2 9.99E-1 

MF-FFD-

SV-3 

2.97E-3 9.56E-3 5.93E-5 1.48E-3 2.22E-2 2.44E-6 4.91E-1 

MF-SV-1-

FFD 

2.97E-3 9.38E-3 6.14E-5 1.44E-3 2.10E-2 2.03E-6 7.41E-1 

MF-VP-1-

LK 

3.34E-2 9.42E-2 8.84E-3 5.32E-2 2.02E-1 1.23E-3 7.09E-1 
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Figure 99: Importance graph for FV results for basic system for SV_MAN. 

Table 94: FV for Basic System with SV_NRPD 

Name Point 

Est. 

Mean 5th 50th 95th Min Max 

HE-AIR-

DOOR-

OPEN 

5.49E-3 1.59E-2 8.12E-6 2.63E-3 4.32E-2 1.90E-14 7.60E-1 

HE-AR-

DOOR-

OPEN 

5.49E-3 1.59E-2 5.69E-6 2.42E-3 4.24E-2 1.16E-10 5.97E-1 

HE-SV-1-

NS 

5.47E-3 1.56E-2 7.63E-6 2.47E-3 4.02E-2 1.53E-14 4.50E-1 

HE-SV-1-

OPEN 

5.47E-3 1.53E-2 7.17E-6 2.38E-3 4.08E-2 3.24E-11 5.86E-1 

HE-SV-3-

NS 

5.47E-3 1.51E-2 6.80E-6 2.25E-3 3.89E-2 1.89E-12 5.67E-1 

HE-SV-3-

OPEN 

5.47E-3 1.52E-2 9.05E-6 2.35E-3 4.10E-2 3.14E-11 5.42E-1 

MF-AIR-

CELL-LK 

2.49E-1 3.19E-1 8.27E-3 1.61E-1 7.63E-1 3.45E-4 9.91E-1 

MF-AR-

CELL-LK 

2.49E-1 3.17E-1 7.94E-3 1.59E-1 7.60E-1 4.26E-4 9.93E-1 

MF-FFD-

SV-3 

7.40E-1 6.36E-1 5.76E-2 6.03E-1 9.56E-1 2.76E-3 9.97E-1 

MF-SV-1-

FFD 

7.40E-1 6.33E-1 6.01E-2 5.94E-1 9.54E-1 2.22E-3 9.98E-1 

MF-VP-1-

LK 

2.41E-3 9.27E-3 1.63E-4 2.92E-3 2.25E-2 1.59E-5 2.90E-1 
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Figure 100: Importance graph for FV results for basic system for SV_NRPD. 

Table 95: FV Results for Basic System w/Diagnostic HE Component 

Name Point 

Est. 

Mean 5th 50th 95th Min Max 

HE-AIR-

DOOR-

OPEN 

3.30E-2 3.85E-2 2.77E-5 9.96E-3 1.05E-1 1.19E-11 4.64E-1 

HE-AR-

DOOR-

OPEN 

3.30E-2 4.01E-2 3.17E-5 1.04E-2 1.10E-1 2.90E-14 5.11E-1 

HE-SV-1-NS 3.29E-2 3.75E-2 3.03E-5 9.70E-3 1.02E-1 5.74E-11 5.51E-1 

HE-SV-1-

OPEN 

3.29E-2 3.92E-2 1.92E-5 9.69E-3 1.09E-1 5.92E-10 6.23E-1 

HE-SV-3-NS 3.29E-2 3.85E-2 3.53E-5 1.02E-2 1.05E-1 5.94E-9 6.77E-1 

HE-SV-3-

OPEN 

3.29E-2 3.86E-2 3.11E-5 9.95E-3 1.07E-1 1.69E-11 7.08E-1 

MF-AIR-

CELL-LK 

1.36E-1 1.20E-1 3.70E-3 4.64E-2 3.13E-1 3.27E-4 9.10E-1 

MF-AR-

CELL-LK 

1.36E-1 1.19E-1 3.89E-3 4.55E-2 3.06E-1 2.34E-4 8.79E-1 

MF-FS-SV-1 7.43E-1 7.22E-1 3.30E-1 7.12E-1 9.04E-1 7.10E-2 9.89E-1 

MF-FS-SV-3 7.43E-1 7.24E-1 3.24E-1 7.18E-1 9.04E-1 9.10E-2 9.82E-1 

MF-LK-SV-

1 

4.33E-2 5.48E-2 8.59E-3 3.41E-2 1.11E-1 2.42E-3 4.52E-1 

MF-LK-SV-

3 

4.33E-2 5.38E-2 8.85E-3 3.36E-2 1.08E-1 2.06E-3 6.03E-1 

MF-RP-SV-1 6.29E-3 8.17E-3 1.58E-4 1.90E-3 1.85E-2 1.24E-5 3.91E-1 

MF-RP-SV-3 6.29E-3 7.36E-3 1.51E-4 1.91E-3 1.70E-2 2.22E-5 4.23E-1 

MF-VP-1-

LK 

8.49E-4 1.05E-3 7.29E-5 4.90E-4 2.33E-3 6.34E-6 1.75E-2 
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Figure 101: FV importance graph for basic system w/ diagnostic HE component. 

 

Table 96: FV Results for Basic System w/Diagnostic HE Component & SV_OL 

Name Point 

Est. 

Mean 5th 50th 95th Min Max 

HE-AIR-

DOOR-

OPEN 

1.30E-1 1.65E-1 1.71E-4 5.22E-2 4.65E-1 1.67E-9 9.77E-1 

HE-AR-

DOOR-

OPEN 

1.30E-1 1.64E-1 1.49E-4 5.28E-2 4.51E-1 5.29E-13 9.80E-1 

HE-SV-1-

NS 

1.29E-1 1.59E-1 1.35E-4 4.95E-2 4.44E-1 5.15E-12 9.42E-1 

HE-SV-1-

OPEN 

1.29E-1 1.64E-1 1.21E-4 5.20E-2 4.60E-1 5.50E-11 9.80E-1 

HE-SV-3-

NS 

1.29E-1 1.65E-1 1.55E-4 5.06E-2 4.59E-1 2.00E-10 9.24E-1 

HE-SV-3-

OPEN 

1.29E-1 1.59E-1 1.44E-4 4.97E-2 4.43E-1 2.69E-10 9.54E-1 

MF-AIR-

CELL-LK 

5.37E-1 4.10E-1 2.57E-2 2.81E-1 8.22E-1 1.17E-3 9.93E-1 

MF-AR-

CELL-LK 

5.37E-1 4.09E-1 2.54E-2 2.84E-1 8.20E-1 1.58E-3 9.96E-1 

MF-FFD-

SV-3 

6.96E-2 9.37E-2 1.61E-3 2.66E-2 2.54E-1 7.76E-5 9.47E-1 

MF-SV-1-

FFD 

6.96E-2 9.26E-2 1.57E-3 2.69E-2 2.51E-1 8.36E-5 9.71E-1 

MF-VP-1-

LK 

1.37E-2 2.21E-2 2.33E-3 1.14E-2 4.77E-2 2.89E-4 3.68E-1 
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Figure 102: FV importance graph for basic system w/ diagnostic HE component & 

SV_OL. 

 

Table 97 FV Results for Basic System w/Diagnostic HE Component & SV_OM 

Name Point 

Est. 

Mean 5th 50th 95th Min Max 

HE-AIR-

DOOR-

OPEN 

2.72E-2 5.94E-2 4.27E-5 1.22E-2 1.67E-1 4.36E-10 9.36E-1 

HE-AR-

DOOR-

OPEN 

2.72E-2 5.89E-2 3.28E-5 1.23E-2 1.63E-1 1.08E-13 8.94E-1 

HE-SV-1-

NS 

2.71E-2 5.70E-2 3.41E-5 1.18E-2 1.61E-1 9.17E-13 7.86E-1 

HE-SV-1-

OPEN 

2.71E-2 5.83E-2 2.86E-5 1.26E-2 1.62E-1 2.14E-11 7.87E-1 

HE-SV-3-

NS 

2.71E-2 5.92E-2 3.43E-5 1.23E-2 1.69E-1 5.50E-11 8.40E-1 

HE-SV-3-

OPEN 

2.71E-2 5.62E-2 3.20E-5 1.19E-2 1.58E-1 1.95E-10 8.53E-1 

MF-AIR-

CELL-LK 

1.12E-1 1.66E-1 3.75E-3 5.88E-2 4.52E-1 1.92E-4 9.67E-1 

MF-AR-

CELL-LK 

1.12E-1 1.66E-1 3.64E-3 5.88E-2 4.54E-1 2.87E-4 9.73E-1 

MF-FFD-

SV-3 

8.36E-1 6.74E-1 1.07E-1 6.61E-1 9.50E-1 5.62E-3 9.99E-1 

MF-SV-1-

FFD 

8.36E-1 6.74E-1 1.02E-1 6.62E-1 9.49E-1 6.26E-3 9.99E-1 

MF-VP-1-

LK 

5.72E-4 2.35E-3 5.72E-5 7.53E-4 5.72E-3 5.75E-6 1.03E-1 
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Figure 103: FV importance graph for basic system w/ diagnostic HE component & 

SV_OM. 
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Table 98:FV Results for Basic System w/Diagnostic HE Component & SV_OH 

Name Point 

Est. 

Mean 5th 50th 95th Min Max 

HE-AIR-

DOOR-

OPEN 

1.40E-2 3.15E-2 2.18E-5 6.17E-3 8.25E-2 4.18E-10 8.36E-1 

HE-AR-

DOOR-

OPEN 

1.40E-2 3.12E-2 1.87E-5 6.23E-3 8.18E-2 4.15E-14 7.55E-1 

HE-SV-

1-NS 

1.40E-2 3.02E-2 1.80E-5 5.94E-3 8.06E-2 4.17E-13 7.07E-1 

HE-SV-

1-OPEN 

1.40E-2 3.11E-2 1.46E-5 6.41E-3 8.17E-2 8.97E-12 7.11E-1 

HE-SV-

3-NS 

1.40E-2 3.13E-2 1.84E-5 6.20E-3 8.21E-2 2.73E-11 6.54E-1 

HE-SV-

3-OPEN 

1.40E-2 2.97E-2 1.85E-5 6.00E-3 7.77E-2 1.09E-10 6.55E-1 

MF-AIR-

CELL-

LK 

5.75E-2 9.62E-2 2.02E-3 2.75E-2 2.64E-1 1.20E-4 9.44E-1 

MF-AR-

CELL-

LK 

5.75E-2 9.62E-2 1.99E-3 2.78E-2 2.59E-1 1.55E-4 9.84E-1 

MF-FFD-

SV-3 

9.68E-1 8.47E-1 3.21E-1 8.82E-1 9.87E-1 2.17E-2 1.00E+0 

MF-SV-

1-FFD 

9.68E-1 8.46E-1 3.11E-1 8.83E-1 9.86E-1 2.40E-2 1.00E+0 

MF-VP-

1-LK 

1.41E-4 6.27E-4 1.76E-5 1.80E-4 1.49E-3 1.78E-6 6.60E-2 
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Figure 104: FV importance graph for basic system w/ diagnostic HE component & 

SV_OH. 
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Table 99: FV Results for Basic System w/Diagnostic HE Component and SV_DOW 

Name 
Point 

Est. 
Mean 5th 50th 95th Min Max 

HE-

AIR-

DOOR-

OPEN 

1.30E-1 1.64E-1 1.70E-4 5.20E-2 4.64E-1 1.66E-9 9.76E-1 

HE-AR-

DOOR-

OPEN 

1.30E-1 1.63E-1 1.49E-4 5.27E-2 4.50E-1 5.26E-13 9.80E-1 

HE-SV-

1-NS 
1.29E-1 1.59E-1 1.35E-4 4.94E-2 4.43E-1 5.16E-12 9.41E-1 

HE-SV-

1-OPEN 
1.29E-1 1.64E-1 1.21E-4 5.20E-2 4.59E-1 5.50E-11 9.80E-1 

HE-SV-

3-NS 
1.29E-1 1.65E-1 1.54E-4 5.02E-2 4.58E-1 2.00E-10 9.24E-1 

HE-SV-

3-OPEN 
1.29E-1 1.58E-1 1.41E-4 4.96E-2 4.42E-1 2.69E-10 9.54E-1 

MF-

AIR-

CELL-

LK 

5.36E-1 4.09E-1 2.57E-2 2.81E-1 8.22E-1 1.17E-3 9.93E-1 

MF-AR-

CELL-

LK 

5.36E-1 4.08E-1 2.51E-2 2.83E-1 8.19E-1 1.58E-3 9.96E-1 

MF-

FFD-

SV-3 

7.18E-2 9.60E-2 1.66E-3 2.75E-2 2.60E-1 8.03E-5 9.49E-1 

MF-SV-

1-FFD 
7.18E-2 9.49E-2 1.62E-3 2.78E-2 2.57E-1 8.64E-5 9.72E-1 

MF-VP-

1-LK 
1.37E-2 2.20E-2 2.31E-3 1.13E-2 4.73E-2 2.83E-4 3.63E-1 
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Figure 105: FV importance graph for basic system w/ diagnostic HE component for 

SV_DOW. 

Table 100: FV Results for Basic System w/Diagnostic HE Component and SV_MAN 

Name Point 

Est. 

Mean 5th 50th 95th Min Max 

HE-AIR-

DOOR-

OPEN 

1.40E-1 1.81E-1 1.94E-4 5.81E-2 5.08E-1 1.83E-9 9.77E-1 

HE-AR-

DOOR-

OPEN 

1.40E-1 1.81E-1 1.78E-4 5.96E-2 5.02E-1 5.71E-13 9.81E-1 

HE-SV-1-

NS 

1.38E-1 1.75E-1 1.56E-4 5.55E-2 4.87E-1 5.57E-12 9.75E-1 

HE-SV-1-

OPEN 

1.38E-1 1.81E-1 1.30E-4 5.72E-2 5.11E-1 5.63E-11 9.83E-1 

HE-SV-3-

NS 

1.38E-1 1.82E-1 1.82E-4 5.65E-2 5.04E-1 2.09E-10 9.74E-1 

HE-SV-3-

OPEN 

1.38E-1 1.75E-1 1.61E-4 5.47E-2 4.91E-1 2.70E-10 9.78E-1 

MF-AIR-

CELL-LK 

5.76E-1 4.46E-1 2.97E-2 3.22E-1 8.62E-1 1.18E-3 9.97E-1 

MF-AR-

CELL-LK 

5.76E-1 4.46E-1 2.97E-2 3.23E-1 8.58E-1 1.67E-3 9.99E-1 

MF-FFD-

SV-3 

1.87E-3 3.88E-3 4.00E-5 6.83E-4 8.49E-3 1.94E-6 3.07E-1 

MF-SV-1-

FFD 

1.87E-3 3.85E-3 3.92E-5 6.88E-4 8.34E-3 2.07E-6 5.40E-1 

MF-VP-1-

LK 

1.58E-2 2.81E-2 2.87E-3 1.40E-2 6.13E-2 3.39E-4 5.71E-1 
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Figure 106: FV importance graph for basic system w/ diagnostic HE component & 

SV_MAN. 

 

Table 101: FV Results for Basic System w/Diagnostic HE Component and SV_NRPD 

Name Point 

Est. 

Mean 5th 50th 95th Min Max 

HE-AIR-

DOOR-

OPEN 

5.23E-2 8.99E-2 6.79E-5 2.14E-2 2.53E-1 6.40E-10 9.63E-

1 

HE-AR-

DOOR-

OPEN 

5.23E-2 8.90E-2 5.55E-5 2.15E-2 2.49E-1 2.20E-13 9.50E-

1 

HE-SV-1-

NS 

5.21E-2 8.64E-2 5.92E-5 2.06E-2 2.49E-1 1.88E-12 8.27E-

1 

HE-SV-1-

OPEN 

5.21E-2 8.82E-2 4.64E-5 2.17E-2 2.50E-1 3.56E-11 9.04E-

1 

HE-SV-3-

NS 

5.21E-2 8.96E-2 6.02E-5 2.10E-2 2.58E-1 9.88E-11 8.96E-

1 

HE-SV-3-

OPEN 

5.21E-2 8.54E-2 5.36E-5 2.07E-2 2.47E-1 2.40E-10 9.17E-

1 

MF-AIR-

CELL-LK 

2.15E-1 2.39E-1 6.99E-3 1.09E-1 5.98E-1 3.35E-4 9.80E-

1 

MF-AR-

CELL-LK 

2.15E-1 2.39E-1 6.83E-3 1.09E-1 6.05E-1 5.07E-4 9.83E-

1 

MF-FFD-

SV-3 

6.40E-1 5.01E-1 3.90E-2 4.03E-1 8.84E-1 1.92E-3 9.97E-

1 

MF-SV-1-

FFD 

6.40E-1 5.01E-1 3.74E-2 4.05E-1 8.82E-1 2.14E-3 9.94E-

1 

MF-VP-1-

LK 

2.18E-3 5.68E-3 2.00E-4 2.27E-3 1.33E-2 1.05E-5 1.28E-

1 
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Figure 107: FV importance graph for basic system w/ diagnostic HE component & 

SV_NRPD. 
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Table 102: FV Results for Basic System w/ Bruce B Fault Rate 

Name Point 

Est. 

Mean 5th 50th 95th Min Max 

HE-AIR-

DOOR-

OPEN 

1.37E-3 2.47E-3 1.88E-6 6.09E-4 6.57E-3 1.23E-12 5.17E-2 

HE-AR-

DOOR-

OPEN 

1.37E-3 2.54E-3 2.67E-6 6.09E-4 6.91E-3 2.49E-11 9.34E-2 

HE-SV-1-

NS 

1.36E-3 2.46E-3 2.10E-6 6.03E-4 6.38E-3 6.91E-15 7.75E-2 

HE-SV-1-

OPEN 

1.36E-3 2.50E-3 2.20E-6 6.02E-4 6.63E-3 5.39E-12 5.90E-2 

HE-SV-3-

NS 

1.36E-3 2.46E-3 1.91E-6 5.87E-4 6.47E-3 2.97E-13 7.40E-2 

HE-SV-3-

OPEN 

1.36E-3 2.44E-3 2.32E-6 6.04E-4 6.21E-3 3.27E-13 5.89E-2 

MF-AIR-

CELL-LK 

8.89E-1 5.34E-1 9.94E-2 4.93E-1 8.02E-1 2.04E-3 9.45E-1 

MF-AR-

CELL-LK 

8.89E-1 5.29E-1 9.63E-2 4.89E-1 7.95E-1 5.75E-3 9.59E-1 

MF-FS-

SV-1 

3.28E-1 4.86E-1 1.47E-1 4.13E-1 7.78E-1 5.38E-2 9.74E-1 

MF-FS-

SV-3 

3.28E-1 4.92E-1 1.51E-1 4.21E-1 7.76E-1 4.48E-2 9.81E-1 

MF-LK-

SV-1 

1.97E-2 3.53E-2 5.78E-3 2.16E-2 7.16E-2 1.56E-3 3.76E-1 

MF-LK-

SV-3 

1.97E-2 3.51E-2 5.87E-3 2.12E-2 6.99E-2 2.10E-3 4.38E-1 

MF-RP-

SV-1 

2.87E-3 5.20E-3 9.82E-5 1.25E-3 1.13E-2 6.50E-6 3.39E-1 

MF-RP-

SV-3 

2.87E-3 5.17E-3 1.08E-4 1.26E-3 1.16E-2 8.51E-6 6.07E-1 

MF-VP-1-

LK 

1.77E-3 2.14E-3 3.37E-4 1.32E-3 4.33E-3 5.51E-5 2.07E-2 
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Figure 108: Importance graph of FV results for basic system w/ Bruce B fault rate. 

 

Table 103: FV Results for Basic System w/ Bruce B Fault Rate & SV_OL 

Name Point 

Est. 

Mean 5th 50th 95th Min Max 

HE-AIR-

DOOR-

OPEN 

1.30E-3 6.07E-3 3.55E-6 1.11E-3 1.55E-2 5.67E-14 2.81E-1 

HE-AR-

DOOR-

OPEN 

1.30E-3 6.30E-3 3.25E-6 1.13E-3 1.56E-2 8.00E-10 3.05E-1 

HE-SV-1-

NS 

1.30E-3 6.37E-3 3.93E-6 1.10E-3 1.60E-2 4.53E-11 3.33E-1 

HE-SV-1-

OPEN 

1.30E-3 6.26E-3 3.67E-6 1.10E-3 1.54E-2 1.24E-10 3.66E-1 

HE-SV-3-

NS 

1.30E-3 6.41E-3 3.19E-6 1.08E-3 1.55E-2 9.51E-13 4.17E-1 

HE-SV-3-

OPEN 

1.30E-3 6.18E-3 3.90E-6 1.08E-3 1.49E-2 1.47E-13 2.73E-1 

MF-AIR-

CELL-LK 

9.95E-1 9.46E-1 7.05E-1 9.66E-1 9.93E-1 9.45E-2 9.99E-1 

MF-AR-

CELL-LK 

9.95E-1 9.47E-1 7.17E-1 9.66E-1 9.93E-1 9.78E-2 9.99E-1 

MF-FFD-

SV-3 

7.69E-3 3.12E-2 4.95E-4 6.73E-3 7.63E-2 4.63E-5 8.91E-1 

MF-SV-1-

FFD 

7.69E-3 3.23E-2 4.84E-4 6.31E-3 7.68E-2 4.78E-5 9.07E-1 

MF-VP-1-

LK 

2.25E-3 1.05E-2 1.23E-3 5.19E-3 2.27E-2 2.36E-4 2.87E-1 
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Figure 109: Importance graph of FV results for basic system w/ Bruce B fault rate and 

SV_OL. 

Table 104: FV Results for Basic System w/ Bruce B Fault Rate and SV_OM 

Name Point 

Est. 

Mean 5th 50th 95th Min Max 

HE-AIR-

DOOR-

OPEN 

2.27E-4 4.55E-4 1.24E-4 3.90E-4 7.22E-4 5.02E-6 1.35E-3 

HE-AR-

DOOR-

OPEN 

2.27E-4 4.56E-4 1.26E-4 3.91E-4 7.17E-4 5.03E-6 1.28E-3 

HE-SV-

1-NS 

2.27E-4 4.55E-4 1.23E-4 3.90E-4 7.22E-4 5.02E-6 1.34E-3 

HE-SV-

1-OPEN 

2.27E-4 4.55E-4 1.23E-4 3.90E-4 7.22E-4 5.02E-6 1.34E-3 

HE-SV-

3-NS 

2.27E-4 4.55E-4 1.25E-4 3.90E-4 7.16E-4 5.04E-6 1.28E-3 

HE-SV-

3-OPEN 

2.27E-4 4.55E-4 1.25E-4 3.90E-4 7.16E-4 5.02E-6 1.28E-3 

MF-AIR-

CELL-

LK 

1.99E+0 1.42E+0 3.32E-1 1.16E+0 2.33E+0 2.33E-2 3.62E+0 

MF-AR-

CELL-

LK 

1.99E+0 1.42E+0 3.37E-1 1.17E+0 2.32E+0 1.84E-2 3.62E+0 

MF-FFD-

SV-3 

2.63E-1 3.94E-1 9.82E-2 3.45E-1 6.17E-1 1.43E-2 1.01E+0 

MF-SV-

1-FFD 

2.63E-1 3.94E-1 9.56E-2 3.44E-1 6.20E-1 3.34E-2 1.05E+0 

MF-VP-

1-LK 

1.18E-4 2.31E-4 7.06E-5 2.12E-4 3.35E-4 1.24E-6 4.04E-4 
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Figure 110: Importance graph of FV results for basic system w/ Bruce B fault rate and 

SV_OM. 

Table 105: FV Results for Basic System w/ Bruce B Fault Rate and SV_OH 

Name Point 

Est. 

Mean 5th 50th 95th Min Max 

HE-AIR-

DOOR-

OPEN 

1.62E-3 2.06E-3 1.71E-6 4.72E-4 5.31E-3 8.82E-15 8.44E-2 

HE-AR-

DOOR-

OPEN 

1.62E-3 2.01E-3 1.49E-6 4.64E-4 5.32E-3 1.29E-10 6.21E-2 

HE-SV-1-

NS 

1.62E-3 2.11E-3 1.58E-6 4.60E-4 5.43E-3 4.53E-11 8.24E-2 

HE-SV-1-

OPEN 

1.62E-3 2.07E-3 1.61E-6 4.74E-4 5.36E-3 9.23E-11 1.00E-1 

HE-SV-3-

NS 

1.62E-3 2.04E-3 1.63E-6 4.65E-4 5.22E-3 1.86E-13 1.20E-1 

HE-SV-3-

OPEN 

1.62E-3 1.99E-3 1.58E-6 4.49E-4 5.15E-3 1.53E-13 6.90E-2 

MF-AIR-

CELL-LK 

8.66E-1 4.51E-1 5.26E-2 3.65E-1 8.01E-1 2.04E-3 9.91E-1 

MF-AR-

CELL-LK 

8.66E-1 4.45E-1 5.40E-2 3.58E-1 7.97E-1 3.30E-3 9.92E-1 

MF-FFD-

SV-3 

8.88E-1 6.79E-1 1.29E-1 6.66E-1 9.53E-1 1.45E-2 1.00E+0 

MF-SV-1-

FFD 

8.88E-1 6.73E-1 1.26E-1 6.54E-1 9.54E-1 1.52E-2 1.00E+0 

MF-VP-1-

LK 

1.38E-3 1.38E-3 1.30E-4 7.05E-4 2.90E-3 2.83E-5 6.94E-2 
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Figure 111: Importance graph of FV results for basic system w/ Bruce B fault rate and 

SV_OH. 
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Table 106: FV Results for Basic System w/ Bruce B Fault Rate and SV_DOW 

Name Point 

Est. 

Mean 5th 50th 95th Min Max 

HE-AIR-

DOOR-

OPEN 

1.30E-3 6.06E-3 3.55E-6 1.11E-3 1.55E-2 5.67E-14 2.80E-1 

HE-AR-

DOOR-

OPEN 

1.30E-3 6.29E-3 3.24E-6 1.12E-3 1.56E-2 8.00E-10 3.02E-1 

HE-SV-

1-NS 

1.30E-3 6.36E-3 3.93E-6 1.10E-3 1.60E-2 4.53E-11 3.32E-1 

HE-SV-

1-OPEN 

1.30E-3 6.25E-3 3.66E-6 1.10E-3 1.54E-2 1.24E-10 3.64E-1 

HE-SV-

3-NS 

1.30E-3 6.39E-3 3.19E-6 1.08E-3 1.54E-2 9.48E-13 4.14E-1 

HE-SV-

3-OPEN 

1.30E-3 6.16E-3 3.89E-6 1.08E-3 1.49E-2 1.47E-13 2.73E-1 

MF-AIR-

CELL-

LK 

9.95E-1 9.46E-1 7.02E-1 9.66E-1 9.93E-1 9.23E-2 9.99E-1 

MF-AR-

CELL-

LK 

9.95E-1 9.46E-1 7.12E-1 9.65E-1 9.93E-1 9.52E-2 9.99E-1 

MF-FFD-

SV-3 

7.95E-3 3.21E-2 5.12E-4 6.96E-3 7.87E-2 4.79E-5 8.94E-1 

MF-SV-

1-FFD 

7.95E-3 3.32E-2 5.00E-4 6.52E-3 7.92E-2 4.94E-5 9.09E-1 

MF-VP-

1-LK 

2.25E-3 1.05E-2 1.23E-3 5.16E-3 2.26E-2 2.36E-4 2.86E-1 
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Figure 112: Importance graph of FV results for basic system w/ Bruce B fault rate and 

SV_DOW. 

Table 107: FV Results for Basic System w/ Bruce B Fault Rate and SV_MAN 

Name Point 

Est. 

Mean 5th 50th 95th Min Max 

HE-AIR-

DOOR-

OPEN 

1.30E-3 6.51E-3 3.57E-6 1.15E-3 1.62E-2 5.88E-14 4.20E-1 

HE-AR-

DOOR-

OPEN 

1.30E-3 6.70E-3 3.32E-6 1.16E-3 1.62E-2 7.99E-10 4.40E-1 

HE-SV-1-

NS 

1.29E-3 6.87E-3 3.97E-6 1.13E-3 1.70E-2 4.51E-11 3.54E-1 

HE-SV-1-

OPEN 

1.29E-3 6.71E-3 3.66E-6 1.12E-3 1.62E-2 1.24E-10 4.24E-1 

HE-SV-3-

NS 

1.29E-3 6.84E-3 3.22E-6 1.10E-3 1.61E-2 1.04E-12 5.52E-1 

HE-SV-3-

OPEN 

1.29E-3 6.58E-3 3.94E-6 1.10E-3 1.56E-2 1.47E-13 3.42E-1 

MF-AIR-

CELL-LK 

9.98E-1 9.74E-1 8.66E-1 9.83E-1 9.96E-1 3.01E-1 1.00E+0 

MF-AR-

CELL-LK 

9.98E-1 9.74E-1 8.65E-1 9.83E-1 9.96E-1 2.16E-1 1.00E+0 

MF-FFD-

SV-3 

1.93E-4 1.01E-3 1.24E-5 1.69E-4 2.07E-3 1.16E-6 1.70E-1 

MF-SV-1-

FFD 

1.93E-4 1.12E-3 1.21E-5 1.59E-4 2.08E-3 1.20E-6 2.25E-1 

MF-VP-1-

LK 

2.26E-3 1.16E-2 1.26E-3 5.50E-3 2.52E-2 2.36E-4 3.07E-1 
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Figure 113: Importance graph of FV results for basic system w/ Bruce B fault rate and 

SV_MAN. 

Table 108: FV Results for Basic System w/ Bruce B Fault Rate and SV_NRPD 

Name Point 

Est. 

Mean 5th 50th 95th Min Max 

HE-AIR-

DOOR-

OPEN 

1.33E-3 4.05E-3 2.88E-6 8.46E-4 1.02E-2 3.24E-14 1.64E-1 

HE-AR-

DOOR-

OPEN 

1.33E-3 4.11E-3 2.58E-6 8.26E-4 1.06E-2 6.07E-10 2.10E-1 

HE-SV-1-

NS 

1.33E-3 4.18E-3 2.79E-6 8.13E-4 1.06E-2 4.73E-11 1.92E-1 

HE-SV-1-

OPEN 

1.33E-3 4.11E-3 2.69E-6 8.17E-4 1.02E-2 1.20E-10 1.80E-1 

HE-SV-3-

NS 

1.33E-3 4.14E-3 2.58E-6 8.04E-4 1.03E-2 3.62E-13 2.67E-1 

HE-SV-3-

OPEN 

1.33E-3 4.04E-3 2.70E-6 8.05E-4 1.00E-2 1.52E-13 1.75E-1 

MF-AIR-

CELL-LK 

9.34E-1 7.36E-1 1.56E-1 7.50E-1 9.64E-1 6.37E-3 9.96E-1 

MF-AR-

CELL-LK 

9.34E-1 7.33E-1 1.66E-1 7.44E-1 9.64E-1 1.43E-2 9.97E-1 

MF-FFD-

SV-3 

1.78E-1 2.76E-1 1.23E-2 1.44E-1 6.57E-1 1.18E-3 9.91E-1 

MF-SV-1-

FFD 

1.78E-1 2.73E-1 1.21E-2 1.36E-1 6.58E-1 1.22E-3 9.89E-1 

MF-VP-1-

LK 

1.98E-3 5.19E-3 6.02E-4 2.77E-3 1.07E-2 1.13E-4 1.69E-1 
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Figure 114: Importance graph of FV results for basic system w/ Bruce B fault rate and 

SV_NRPD. 
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Table 109: FV Results for Basic System w/ Bruce B Fault Rate and Diagnostic HE 

Name Point 

Est. 

Mean 5th 50th 95th Min Max 

HE-AIR-

DOOR-

OPEN 

1.51E-2 2.45E-2 1.54E-5 6.26E-3 6.67E-2 2.72E-11 4.04E-1 

HE-AR-

DOOR-

OPEN 

1.51E-2 2.48E-2 2.55E-5 6.41E-3 6.76E-2 1.40E-10 4.62E-1 

HE-SV-1-

NS 

1.51E-2 2.41E-2 1.99E-5 6.16E-3 6.54E-2 2.91E-10 3.89E-1 

HE-SV-1-

OPEN 

1.51E-2 2.46E-2 1.72E-5 6.38E-3 6.61E-2 8.82E-11 4.82E-1 

HE-SV-3-

NS 

1.51E-2 2.40E-2 2.07E-5 6.21E-3 6.55E-2 2.56E-12 3.49E-1 

HE-SV-3-

OPEN 

1.51E-2 2.44E-2 1.71E-5 6.31E-3 6.53E-2 1.81E-12 4.02E-1 

MF-AIR-

CELL-LK 

8.82E-1 5.10E-1 8.91E-2 4.66E-1 7.75E-1 1.99E-3 9.38E-1 

MF-AR-

CELL-LK 

8.82E-1 5.08E-1 9.30E-2 4.67E-1 7.73E-1 5.72E-3 9.59E-1 

MF-FS-

SV-1 

3.29E-1 4.64E-1 1.42E-1 3.95E-1 7.34E-1 4.29E-2 9.66E-1 

MF-FS-

SV-3 

3.29E-1 4.66E-1 1.44E-1 3.98E-1 7.32E-1 3.91E-2 9.67E-1 

MF-LK-

SV-1 

1.99E-2 3.32E-2 5.81E-3 2.07E-2 6.65E-2 1.36E-3 3.35E-1 

MF-LK-

SV-3 

1.99E-2 3.34E-2 5.69E-3 2.08E-2 6.62E-2 1.40E-3 4.19E-1 

MF-RP-

SV-1 

2.89E-3 4.89E-3 9.32E-5 1.17E-3 1.10E-2 1.45E-5 3.00E-1 

MF-RP-

SV-3 

2.89E-3 4.91E-3 9.98E-5 1.18E-3 1.09E-2 9.67E-6 5.97E-1 

MF-VP-1-

LK 

1.76E-3 2.01E-3 3.19E-4 1.28E-3 3.98E-3 6.07E-5 1.94E-2 
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Figure 115: FV importance graph for the basic system w/ Bruce B fault rate and 

diagnostic HE. 

Table 110: FV Results for Basic System w/ Bruce B Fault Rate and Diagnostic HE and 

SV_OL 

Name Point 

Est. 

Mean 5th 50th 95th Min Max 

HE-AIR-

DOOR-

OPEN 

1.44E-2 4.73E-2 2.85E-5 1.04E-2 1.30E-1 2.81E-13 7.50E-1 

HE-AR-

DOOR-

OPEN 

1.44E-2 4.80E-2 2.80E-5 1.09E-2 1.33E-1 2.17E-13 8.68E-1 

HE-SV-1-

NS 

1.44E-2 4.80E-2 2.65E-5 1.09E-2 1.27E-1 2.69E-11 8.56E-1 

HE-SV-1-

OPEN 

1.44E-2 4.82E-2 3.96E-5 1.11E-2 1.32E-1 8.36E-10 7.20E-1 

HE-SV-3-

NS 

1.44E-2 4.66E-2 3.26E-5 1.04E-2 1.27E-1 3.31E-10 8.21E-1 

HE-SV-3-

OPEN 

1.44E-2 4.67E-2 2.91E-5 1.05E-2 1.25E-1 7.65E-13 7.93E-1 

MF-AIR-

CELL-LK 

9.80E-1 8.39E-1 3.89E-1 8.62E-1 9.72E-1 3.89E-2 9.97E-1 

MF-AR-

CELL-LK 

9.80E-1 8.41E-1 3.93E-1 8.63E-1 9.72E-1 2.94E-2 9.98E-1 

MF-FFD-

SV-3 

7.74E-3 2.44E-2 4.19E-4 5.81E-3 6.01E-2 4.35E-5 8.01E-1 

MF-SV-1-

FFD 

7.74E-3 2.47E-2 4.43E-4 5.64E-3 6.00E-2 1.38E-5 8.49E-1 

MF-VP-1-

LK 

2.21E-3 7.55E-3 1.07E-3 4.19E-3 1.56E-2 2.15E-4 1.10E-1 
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Figure 116: FV importance graph for the basic system w/ Bruce B fault rate and 

diagnostic HE and SV_OL. 

Table 111: FV Results for Basic System w/ Bruce B Fault Rate and Diagnostic HE and 

SV_OM 

Name Point 

Est. 

Mean 5th 50th 95th Min Max 

HE-AIR-

DOOR-

OPEN 

1.54E-2 2.89E-2 1.90E-5 6.52E-3 7.79E-2 1.03E-13 6.17E-1 

HE-AR-

DOOR-

OPEN 

1.54E-2 2.88E-2 1.78E-5 6.69E-3 7.80E-2 1.70E-13 5.81E-1 

HE-SV-1-

NS 

1.53E-2 2.88E-2 1.70E-5 6.74E-3 7.69E-2 2.73E-11 5.85E-1 

HE-SV-1-

OPEN 

1.53E-2 2.92E-2 2.43E-5 6.93E-3 7.92E-2 8.33E-10 6.13E-1 

HE-SV-3-

NS 

1.53E-2 2.81E-2 1.91E-5 6.34E-3 7.54E-2 2.85E-10 7.18E-1 

HE-SV-3-

OPEN 

1.53E-2 2.82E-2 1.80E-5 6.66E-3 7.35E-2 8.44E-13 6.84E-1 

MF-AIR-

CELL-LK 

8.65E-1 5.70E-1 8.72E-2 5.17E-1 8.79E-1 3.06E-3 9.91E-1 

MF-AR-

CELL-LK 

8.65E-1 5.70E-1 9.24E-2 5.17E-1 8.80E-1 6.37E-3 9.91E-1 

MF-FFD-

SV-3 

4.42E-1 4.13E-1 3.07E-2 2.98E-1 8.01E-1 3.37E-3 9.97E-1 

MF-SV-1-

FFD 

4.42E-1 4.11E-1 3.21E-2 2.94E-1 7.98E-1 1.03E-3 9.97E-1 

MF-VP-1-

LK 

1.66E-3 2.76E-3 2.96E-4 1.49E-3 5.80E-3 6.57E-5 4.34E-2 
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Figure 117: FV importance graph for the basic system w/ Bruce B fault rate and 

diagnostic HE and SV_OM. 

Table 112: FV Results for Basic System w/ Bruce B Fault Rate and Diagnostic HE and 

SV_OH 

Name Point 

Est. 

Mean 5th 50th 95th Min Max 

HE-AIR-

DOOR-

OPEN 

1.80E-2 2.08E-2 1.42E-5 4.86E-3 5.58E-2 5.16E-14 5.37E-1 

HE-AR-

DOOR-

OPEN 

1.80E-2 2.08E-2 1.28E-5 4.98E-3 5.58E-2 1.10E-13 4.06E-1 

HE-SV-1-

NS 

1.80E-2 2.08E-2 1.25E-5 5.02E-3 5.55E-2 2.42E-11 4.58E-1 

HE-SV-1-

OPEN 

1.80E-2 2.11E-2 2.01E-5 5.19E-3 5.75E-2 7.29E-10 4.33E-1 

HE-SV-3-

NS 

1.80E-2 2.03E-2 1.40E-5 4.73E-3 5.30E-2 2.16E-10 5.78E-1 

HE-SV-3-

OPEN 

1.80E-2 2.03E-2 1.34E-5 4.99E-3 5.34E-2 8.35E-13 5.14E-1 

MF-AIR-

CELL-LK 

8.68E-1 4.40E-1 5.57E-2 3.58E-1 7.72E-1 2.08E-3 9.87E-1 

MF-AR-

CELL-LK 

8.68E-1 4.40E-1 5.30E-2 3.58E-1 7.77E-1 3.11E-3 9.82E-1 

MF-FFD-

SV-3 

8.90E-1 6.54E-1 1.13E-1 6.34E-1 9.40E-1 1.39E-2 1.00E+0 

MF-SV-1-

FFD 

8.90E-1 6.53E-1 1.17E-1 6.27E-1 9.39E-1 4.10E-3 1.00E+0 

MF-VP-1-

LK 

1.40E-3 1.34E-3 1.44E-4 7.07E-4 2.84E-3 1.89E-5 2.41E-2 
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Figure 118: FV importance graph for the basic system w/ Bruce B fault rate and 

diagnostic HE and SV_OH. 

Table 113: FV Results for Basic System w/ Bruce B Fault Rate and Diagnostic HE and 

SV_DOW 

Name Point 

Est. 

Mean 5th 50th 95th Min Max 

HE-AIR-

DOOR-

OPEN 

1.44E-2 4.73E-2 2.84E-5 1.04E-2 1.30E-1 2.81E-13 7.47E-1 

HE-AR-

DOOR-

OPEN 

1.44E-2 4.80E-2 2.80E-5 1.09E-2 1.33E-1 2.17E-13 8.68E-1 

HE-SV-1-

NS 

1.44E-2 4.79E-2 2.65E-5 1.09E-2 1.27E-1 2.69E-11 8.55E-1 

HE-SV-1-

OPEN 

1.44E-2 4.81E-2 3.96E-5 1.11E-2 1.31E-1 8.37E-10 7.20E-1 

HE-SV-3-

NS 

1.44E-2 4.65E-2 3.25E-5 1.04E-2 1.27E-1 3.31E-10 8.19E-1 

HE-SV-3-

OPEN 

1.44E-2 4.67E-2 2.91E-5 1.05E-2 1.25E-1 7.66E-13 7.93E-1 

MF-AIR-

CELL-LK 

9.80E-1 8.38E-1 3.87E-1 8.62E-1 9.72E-1 3.85E-2 9.97E-1 

MF-AR-

CELL-LK 

9.80E-1 8.40E-1 3.91E-1 8.62E-1 9.72E-1 2.93E-2 9.98E-1 

MF-FFD-

SV-3 

8.00E-3 2.51E-2 4.33E-4 6.01E-3 6.20E-2 4.49E-5 8.06E-1 

MF-SV-1-

FFD 

8.00E-3 2.55E-2 4.58E-4 5.83E-3 6.19E-2 1.43E-5 8.53E-1 

MF-VP-1-

LK 

2.21E-3 7.54E-3 1.06E-3 4.19E-3 1.56E-2 2.15E-4 1.10E-1 
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Figure 119: FV importance graph for the basic system w/ Bruce B fault rate and 

diagnostic HE and SV_DOW. 

Table 114: FV Results for Basic System w/ Bruce B Fault Rate and Diagnostic HE and 

SV_MAN 

Name Point 

Est. 

Mean 5th 50th 95th Min Max 

HE-AIR-

DOOR-

OPEN 

1.44E-2 4.87E-2 2.87E-5 1.06E-2 1.35E-1 2.89E-13 8.53E-1 

HE-AR-

DOOR-

OPEN 

1.44E-2 4.95E-2 2.80E-5 1.11E-2 1.36E-1 2.18E-13 8.88E-1 

HE-SV-1-

NS 

1.43E-2 4.95E-2 2.75E-5 1.11E-2 1.31E-1 2.68E-11 8.81E-1 

HE-SV-1-

OPEN 

1.43E-2 4.98E-2 3.99E-5 1.14E-2 1.36E-1 8.19E-10 7.21E-1 

HE-SV-3-

NS 

1.43E-2 4.80E-2 3.32E-5 1.07E-2 1.30E-1 3.31E-10 8.62E-1 

HE-SV-3-

OPEN 

1.43E-2 4.82E-2 2.97E-5 1.07E-2 1.29E-1 7.59E-13 7.95E-1 

MF-AIR-

CELL-LK 

9.83E-1 8.56E-1 4.16E-1 8.80E-1 9.80E-1 4.17E-2 9.99E-1 

MF-AR-

CELL-LK 

9.83E-1 8.59E-1 4.19E-1 8.83E-1 9.80E-1 3.00E-2 9.99E-1 

MF-FFD-

SV-3 

1.94E-4 7.31E-4 1.05E-5 1.46E-4 1.60E-3 1.09E-6 9.76E-2 

MF-SV-1-

FFD 

1.94E-4 7.54E-4 1.11E-5 1.42E-4 1.60E-3 3.46E-7 1.43E-1 

MF-VP-1-

LK 

2.22E-3 8.02E-3 1.09E-3 4.39E-3 1.67E-2 2.15E-4 1.36E-1 
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Figure 120: FV importance graph for the basic system w/ Bruce B fault rate and 

diagnostic HE and SV_MAN. 

Table 115: FV Results for Basic System w/ Bruce B Fault Rate and Diagnostic HE and 

SV_NRPD 

Name Point 

Est. 

Mean 5th 50th 95th Min Max 

HE-AIR-

DOOR-

OPEN 

1.47E-2 3.59E-2 2.25E-5 8.08E-3 9.93E-2 1.71E-13 6.86E-1 

HE-AR-

DOOR-

OPEN 

1.47E-2 3.60E-2 2.21E-5 8.46E-3 9.81E-2 2.00E-13 6.51E-1 

HE-SV-1-

NS 

1.47E-2 3.60E-2 2.02E-5 8.38E-3 9.54E-2 2.77E-11 6.24E-1 

HE-SV-1-

OPEN 

1.47E-2 3.63E-2 3.07E-5 8.63E-3 9.88E-2 8.60E-10 6.81E-1 

HE-SV-3-

NS 

1.47E-2 3.51E-2 2.46E-5 7.94E-3 9.42E-2 3.13E-10 7.61E-1 

HE-SV-3-

OPEN 

1.47E-2 3.52E-2 2.25E-5 8.33E-3 9.18E-2 8.26E-13 7.51E-1 

MF-AIR-

CELL-LK 

9.23E-1 6.78E-1 1.51E-1 6.67E-1 9.23E-1 6.00E-3 9.93E-1 

MF-AR-

CELL-LK 

9.23E-1 6.79E-1 1.49E-1 6.70E-1 9.25E-1 1.24E-2 9.94E-1 

MF-FFD-

SV-3 

1.79E-1 2.48E-1 1.05E-2 1.27E-1 5.97E-1 1.11E-3 9.73E-1 

MF-SV-1-

FFD 

1.79E-1 2.47E-1 1.11E-2 1.23E-1 5.97E-1 3.47E-4 9.75E-1 

MF-VP-1-

LK 

1.95E-3 4.34E-3 5.48E-4 2.45E-3 8.92E-3 9.91E-5 6.12E-2 
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Figure 121: FV importance graph for the basic system w/ Bruce B fault rate and 

diagnostic HE and SV_NRPD. 
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Table 116: FV Results for Basic System w/ Bruce A Fault Rate 

Name Point 

Est. 

Mean 5th 50th 95th Min Max 

HE-AIR-

DOOR-

OPEN 

2.29E-3 3.44E-3 2.96E-6 7.79E-4 9.26E-3 1.06E-12 1.50E-1 

HE-AR-

DOOR-

OPEN 

2.29E-3 3.46E-3 2.60E-6 8.20E-4 9.28E-3 1.46E-11 9.79E-2 

HE-SV-1-

NS 

2.28E-3 3.38E-3 3.56E-6 8.15E-4 9.01E-3 2.05E-10 6.01E-2 

HE-SV-1-

OPEN 

2.28E-3 3.47E-3 2.57E-6 8.25E-4 9.25E-3 1.95E-12 8.35E-2 

HE-SV-3-

NS 

2.28E-3 3.44E-3 2.92E-6 8.01E-4 9.04E-3 1.53E-14 8.43E-2 

HE-SV-3-

OPEN 

2.28E-3 3.36E-3 2.51E-6 7.79E-4 8.80E-3 1.94E-12 1.41E-1 

MF-AIR-

CELL-LK 

4.58E-1 3.12E-1 2.13E-2 2.02E-1 6.53E-1 1.38E-3 9.47E-1 

MF-AR-

CELL-LK 

4.58E-1 3.12E-1 2.10E-2 2.02E-1 6.50E-1 1.07E-3 9.47E-1 

MF-FS-

SV-1 

5.60E-1 6.52E-1 2.12E-1 6.24E-1 8.97E-1 5.39E-2 9.86E-1 

MF-FS-

SV-3 

5.60E-1 6.55E-1 2.16E-1 6.26E-1 9.00E-1 6.13E-2 9.85E-1 

MF-LK-

SV-1 

3.30E-2 4.91E-2 7.52E-3 2.94E-2 1.01E-1 1.73E-3 4.72E-1 

MF-LK-

SV-3 

3.30E-2 4.70E-2 7.35E-3 2.86E-2 9.50E-2 1.49E-3 4.02E-1 

MF-RP-

SV-1 

4.79E-3 7.13E-3 1.27E-4 1.62E-3 1.67E-2 6.26E-6 4.02E-1 

MF-RP-

SV-3 

4.79E-3 6.90E-3 1.30E-4 1.67E-3 1.62E-2 1.10E-5 2.98E-1 

MF-VP-1-

LK 

1.73E-3 1.86E-3 1.63E-4 9.97E-4 4.00E-3 1.27E-5 2.91E-2 

 



195 

 

     

 
Figure 122: Importance graph for FV results for basic system w/ Bruce A fault rate. 

Table 117: FV Results for Basic System w/ Bruce A Fault Rate and SV_OL 

Name Point 

Est. 

Mean 5th 50th 95th Min Max 

HE-AIR-

DOOR-

OPEN 

4.66E-3 1.87E-2 6.75E-6 2.89E-3 5.06E-2 1.62E-13 6.72E-1 

HE-AR-

DOOR-

OPEN 

4.66E-3 1.83E-2 7.30E-6 2.70E-3 4.86E-2 1.24E-12 5.02E-1 

HE-SV-1-

NS 

4.65E-3 1.80E-2 8.54E-6 2.61E-3 4.68E-2 1.90E-14 6.20E-1 

HE-SV-1-

OPEN 

4.65E-3 1.81E-2 7.65E-6 2.62E-3 4.74E-2 1.25E-11 6.39E-1 

HE-SV-3-

NS 

4.65E-3 1.84E-2 7.90E-6 2.69E-3 4.92E-2 6.55E-11 4.84E-1 

HE-SV-3-

OPEN 

4.65E-3 1.81E-2 7.86E-6 2.76E-3 4.83E-2 1.40E-12 5.72E-1 

MF-AIR-

CELL-LK 

9.57E-1 8.53E-1 3.41E-1 8.89E-1 9.86E-1 1.10E-2 9.99E-1 

MF-AR-

CELL-LK 

9.57E-1 8.53E-1 3.50E-1 8.88E-1 9.86E-1 1.81E-2 9.99E-1 

MF-FFD-

SV-3 

2.76E-2 7.86E-2 9.70E-4 1.76E-2 2.21E-1 4.23E-5 9.60E-1 

MF-SV-1-

FFD 

2.76E-2 7.80E-2 8.17E-4 1.73E-2 2.21E-1 2.44E-5 9.28E-1 

MF-VP-1-

LK 

7.83E-3 2.94E-2 2.53E-3 1.40E-2 6.53E-2 3.07E-4 5.58E-1 
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Figure 123: Importance graph for FV results for basic system w/ Bruce A fault rate and 

SV_OL. 

Table 118: FV Results for Basic System w/ Bruce A Fault Rate and SV_OM 

Name Point 

Est. 

Mean 5th 50th 95th Min Max 

HE-AIR-

DOOR-

OPEN 

2.01E-3 5.46E-3 2.46E-6 9.96E-4 1.37E-2 8.96E-15 2.06E-1 

HE-AR-

DOOR-

OPEN 

2.01E-3 5.34E-3 2.49E-6 9.36E-4 1.35E-2 1.07E-12 1.86E-1 

HE-SV-1-

NS 

2.01E-3 5.33E-3 3.03E-6 9.41E-4 1.32E-2 6.46E-15 2.10E-1 

HE-SV-1-

OPEN 

2.01E-3 5.39E-3 2.57E-6 9.36E-4 1.36E-2 8.89E-12 3.21E-1 

HE-SV-3-

NS 

2.01E-3 5.34E-3 2.96E-6 9.14E-4 1.37E-2 4.32E-11 1.95E-1 

HE-SV-3-

OPEN 

2.01E-3 5.24E-3 2.71E-6 9.56E-4 1.32E-2 1.96E-13 3.01E-1 

MF-AIR-

CELL-LK 

4.03E-1 3.99E-1 1.94E-2 2.58E-1 8.35E-1 4.39E-4 9.97E-1 

MF-AR-

CELL-LK 

4.03E-1 3.95E-1 2.00E-2 2.52E-1 8.25E-1 1.60E-3 9.93E-1 

MF-FFD-

SV-3 

6.67E-1 6.10E-1 6.60E-2 5.57E-1 9.45E-1 3.18E-3 9.99E-1 

MF-SV-1-

FFD 

6.67E-1 6.05E-1 5.78E-2 5.55E-1 9.43E-1 1.82E-3 1.00E+0 

MF-VP-1-

LK 

1.31E-3 3.71E-3 1.33E-4 1.40E-3 8.66E-3 1.28E-5 2.18E-1 
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Figure 124: Importance graph for FV results for basic system w/ Bruce A fault rate and 

SV_OM. 

Table 119: FV Results for Basic System w/ Bruce A Fault Rate and SV_OH 

Name Point 

Est. 

Mean 5th 50th 95th Min Max 

HE-AIR-

DOOR-

OPEN 

1.32E-3 2.81E-3 1.50E-6 5.61E-4 6.90E-3 6.33E-15 1.34E-1 

HE-AR-

DOOR-

OPEN 

1.32E-3 2.72E-3 1.51E-6 5.24E-4 6.78E-3 8.00E-13 1.02E-1 

HE-SV-1-

NS 

1.32E-3 2.73E-3 1.91E-6 5.51E-4 6.64E-3 4.92E-15 1.02E-1 

HE-SV-1-

OPEN 

1.32E-3 2.74E-3 1.65E-6 5.44E-4 6.98E-3 6.18E-12 1.44E-1 

HE-SV-3-

NS 

1.32E-3 2.75E-3 1.70E-6 5.30E-4 7.01E-3 2.90E-11 1.47E-1 

HE-SV-3-

OPEN 

1.32E-3 2.69E-3 1.70E-6 5.45E-4 6.81E-3 1.42E-13 2.45E-1 

MF-AIR-

CELL-LK 

2.62E-1 2.55E-1 1.05E-2 1.25E-1 6.24E-1 3.32E-4 9.95E-1 

MF-AR-

CELL-LK 

2.62E-1 2.51E-1 1.03E-2 1.23E-1 6.10E-1 1.22E-3 9.86E-1 

MF-FFD-

SV-3 

9.24E-1 7.97E-1 2.19E-1 8.27E-1 9.86E-1 1.25E-2 1.00E+0 

MF-SV-1-

FFD 

9.24E-1 7.93E-1 1.96E-1 8.27E-1 9.85E-1 7.06E-3 1.00E+0 

MF-VP-1-

LK 

4.69E-4 1.13E-3 4.04E-5 4.05E-4 2.61E-3 3.08E-6 5.18E-2 
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Figure 125: Importance graph for FV results for basic system w/ Bruce A fault rate and 

SV_OH. 

Table 120: FV Results for Basic System w/ Bruce A Fault Rate and SV_DOW 

Name Point 

Est. 

Mean 5th 50th 95th Min Max 

HE-AIR-

DOOR-

OPEN 

4.66E-3 1.86E-2 6.74E-6 2.88E-3 5.03E-2 1.59E-13 6.70E-1 

HE-AR-

DOOR-

OPEN 

4.66E-3 1.83E-2 7.22E-6 2.70E-3 4.85E-2 1.22E-12 4.99E-1 

HE-SV-1-

NS 

4.64E-3 1.80E-2 8.53E-6 2.61E-3 4.67E-2 1.89E-14 6.19E-1 

HE-SV-1-

OPEN 

4.64E-3 1.81E-2 7.48E-6 2.61E-3 4.73E-2 1.25E-11 6.37E-1 

HE-SV-3-

NS 

4.64E-3 1.83E-2 7.87E-6 2.68E-3 4.91E-2 6.55E-11 4.84E-1 

HE-SV-3-

OPEN 

4.64E-3 1.81E-2 7.86E-6 2.75E-3 4.81E-2 1.40E-12 5.69E-1 

MF-AIR-

CELL-LK 

9.56E-1 8.52E-1 3.36E-1 8.87E-1 9.85E-1 1.08E-2 9.99E-1 

MF-AR-

CELL-LK 

9.56E-1 8.51E-1 3.46E-1 8.86E-1 9.85E-1 1.76E-2 9.99E-1 

MF-FFD-

SV-3 

2.85E-2 8.05E-2 1.00E-3 1.81E-2 2.27E-1 4.38E-5 9.61E-1 

MF-SV-1-

FFD 

2.85E-2 7.99E-2 8.45E-4 1.79E-2 2.27E-1 2.52E-5 9.30E-1 

MF-VP-1-

LK 

7.82E-3 2.92E-2 2.53E-3 1.40E-2 6.49E-2 3.07E-4 5.58E-1 
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Figure 126: Importance graph for FV results for basic system w/ Bruce A fault rate and 

SV_DOW. 

Table 121: FV Results for Basic System w/ Bruce A Fault Rate and SV_MAN 

Name Point 

Est. 

Mean 5th 50th 95th Min Max 

HE-AIR-

DOOR-

OPEN 

4.78E-3 2.18E-2 6.93E-6 3.11E-3 5.97E-2 2.49E-13 7.12E-1 

HE-AR-

DOOR-

OPEN 

4.78E-3 2.13E-2 7.99E-6 2.91E-3 5.46E-2 1.23E-12 6.45E-1 

HE-SV-1-

NS 

4.76E-3 2.12E-2 9.08E-6 2.82E-3 5.36E-2 1.77E-14 6.37E-1 

HE-SV-1-

OPEN 

4.76E-3 2.10E-2 8.04E-6 2.83E-3 5.48E-2 1.26E-11 7.08E-1 

HE-SV-3-

NS 

4.76E-3 2.13E-2 8.56E-6 2.84E-3 5.70E-2 6.60E-11 5.54E-1 

HE-SV-3-

OPEN 

4.76E-3 2.09E-2 9.11E-6 2.93E-3 5.50E-2 1.67E-12 6.72E-1 

MF-AIR-

CELL-LK 

9.82E-1 9.15E-1 5.55E-1 9.43E-1 9.92E-1 2.78E-2 9.99E-1 

MF-AR-

CELL-LK 

9.82E-1 9.15E-1 5.58E-1 9.44E-1 9.92E-1 1.28E-1 9.99E-1 

MF-FFD-

SV-3 

7.09E-4 3.27E-3 2.42E-5 4.45E-4 6.99E-3 1.06E-6 3.82E-1 

MF-SV-1-

FFD 

7.09E-4 3.25E-3 2.04E-5 4.40E-4 7.06E-3 6.06E-7 2.44E-1 

MF-VP-1-

LK 

8.25E-3 3.72E-2 2.71E-3 1.66E-2 8.56E-2 3.08E-4 5.66E-1 
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Figure 127: Importance graph for FV results for basic system w/ Bruce A fault rate and 

SV_MAN. 
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Table 122: FV Results for Basic System w/ Bruce A Fault Rate and SV_NRPD 

Name Point 

Est. 

Mean 5th 50th 95th Min Max 

HE-AIR-

DOOR-

OPEN 

3.03E-3 8.69E-3 3.60E-6 1.53E-3 2.20E-2 1.82E-14 2.91E-1 

HE-AR-

DOOR-

OPEN 

3.03E-3 8.52E-3 3.85E-6 1.43E-3 2.20E-2 1.18E-12 2.82E-1 

HE-SV-

1-NS 

3.02E-3 8.47E-3 4.63E-6 1.41E-3 2.17E-2 1.00E-14 3.44E-1 

HE-SV-

1-OPEN 

3.02E-3 8.56E-3 4.19E-6 1.43E-3 2.21E-2 1.09E-11 4.49E-1 

HE-SV-

3-NS 

3.02E-3 8.52E-3 4.26E-6 1.46E-3 2.18E-2 5.50E-11 2.94E-1 

HE-SV-

3-OPEN 

3.02E-3 8.37E-3 4.11E-6 1.49E-3 2.13E-2 3.57E-13 3.15E-1 

MF-AIR-

CELL-

LK 

6.12E-1 5.43E-1 3.82E-2 4.58E-1 9.23E-1 8.60E-4 9.97E-1 

MF-AR-

CELL-

LK 

6.12E-1 5.38E-1 4.02E-2 4.49E-1 9.18E-1 1.92E-3 9.96E-1 

MF-FFD-

SV-3 

4.07E-1 4.41E-1 2.35E-2 3.04E-1 8.66E-1 1.07E-3 9.97E-1 

MF-SV-

1-FFD 

4.07E-1 4.37E-1 2.05E-2 3.02E-1 8.65E-1 6.21E-4 9.95E-1 

MF-VP-

1-LK 

3.17E-3 8.27E-3 4.24E-4 3.58E-3 1.96E-2 5.07E-5 3.97E-1 
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Figure 128: Importance graph for FV results for basic system w/ Bruce A fault rate and 

SV_NRPD. 
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Table 123: FV Results for Basic System w/ Bruce A Fault Rate and Diagnostic HE 

Component. 

Name Point 

Est. 

Mean 5th 50th 95th Min Max 

HE-AIR-

DOOR-

OPEN 

2.40E-2 3.20E-2 2.51E-5 8.07E-3 8.90E-2 7.08E-12 5.71E-1 

HE-AR-

DOOR-

OPEN 

2.40E-2 3.25E-2 2.13E-5 8.29E-3 8.95E-2 2.91E-11 4.69E-1 

HE-SV-1-

NS 

2.40E-2 3.14E-2 2.55E-5 8.26E-3 8.42E-2 4.15E-10 4.45E-1 

HE-SV-1-

OPEN 

2.40E-2 3.27E-2 2.40E-5 8.55E-3 9.07E-2 3.88E-14 5.21E-1 

HE-SV-3-

NS 

2.40E-2 3.30E-2 2.93E-5 8.67E-3 8.94E-2 6.72E-10 5.55E-1 

HE-SV-3-

OPEN 

2.40E-2 3.19E-2 2.74E-5 8.35E-3 8.63E-2 2.44E-12 4.62E-1 

MF-AIR-

CELL-LK 

4.36E-1 2.88E-1 1.80E-2 1.79E-1 6.16E-1 2.41E-3 9.22E-1 

MF-AR-

CELL-LK 

4.36E-1 2.84E-1 1.93E-2 1.78E-1 6.06E-1 8.56E-4 9.20E-1 

MF-FS-

SV-1 

5.33E-1 6.06E-1 2.06E-1 5.66E-1 8.51E-1 4.28E-2 9.73E-1 

MF-FS-

SV-3 

5.33E-1 6.09E-1 2.03E-1 5.75E-1 8.47E-1 5.72E-2 9.76E-1 

MF-LK-

SV-1 

3.16E-2 4.46E-2 7.32E-3 2.73E-2 8.94E-2 1.61E-3 4.25E-1 

MF-LK-

SV-3 

3.16E-2 4.50E-2 7.23E-3 2.77E-2 9.17E-2 2.19E-3 4.49E-1 

MF-RP-

SV-1 

4.59E-3 6.57E-3 1.32E-4 1.53E-3 1.43E-2 9.18E-6 3.80E-1 

MF-RP-

SV-3 

4.59E-3 6.28E-3 1.33E-4 1.62E-3 1.41E-2 1.81E-5 2.86E-1 

MF-VP-1-

LK 

1.63E-3 1.68E-3 1.85E-4 9.37E-4 3.54E-3 1.26E-5 2.34E-2 
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Figure 129: Importance graph for FV results for basic system with Bruce A fault rate and 

diagnostic HE component.  

Table 124: FV Results for Basic System w/ Bruce A Fault Rate and Diagnostic HE 

Component and SV_OL 

Name Point 

Est. 

Mean 5th 50th 95th Min Max 

HE-AIR-

DOOR-

OPEN 

4.55E-2 9.66E-2 6.80E-5 2.31E-2 2.83E-1 9.58E-10 9.15E-1 

HE-AR-

DOOR-

OPEN 

4.55E-2 9.61E-2 5.85E-5 2.38E-2 2.74E-1 4.24E-13 8.79E-1 

HE-SV-1-

NS 

4.54E-2 9.55E-2 6.73E-5 2.08E-2 2.84E-1 1.44E-12 9.11E-1 

HE-SV-1-

OPEN 

4.54E-2 9.61E-2 6.78E-5 2.34E-2 2.80E-1 2.48E-9 9.40E-1 

HE-SV-3-

NS 

4.54E-2 9.63E-2 5.94E-5 2.25E-2 2.88E-1 2.10E-13 8.67E-1 

HE-SV-3-

OPEN 

4.54E-2 9.56E-2 5.71E-5 2.25E-2 2.76E-1 2.00E-10 9.20E-1 

MF-AIR-

CELL-LK 

8.45E-1 6.56E-1 1.06E-1 6.38E-1 9.38E-1 1.31E-2 9.95E-1 

MF-AR-

CELL-LK 

8.45E-1 6.56E-1 1.04E-1 6.29E-1 9.42E-1 3.99E-3 9.97E-1 

MF-FFD-

SV-3 

2.45E-2 5.29E-2 7.82E-4 1.23E-2 1.40E-1 5.97E-5 9.10E-1 

MF-SV-1-

FFD 

2.45E-2 5.24E-2 7.52E-4 1.28E-2 1.41E-1 2.44E-5 8.99E-1 

MF-VP-1-

LK 

6.40E-3 1.50E-2 1.80E-3 8.16E-3 3.14E-2 4.16E-4 2.28E-1 
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Figure 130: Importance graph for FV results for basic system with Bruce A fault rate and 

diagnostic HE component and SV_OL. 

Table 125: FV Results for Basic System w/ Bruce A Fault Rate and Diagnostic HE 

Component and SV_OM 

Name Point 

Est. 

Mean 5th 50th 95th Min Max 

HE-AIR-

DOOR-

OPEN 

2.14E-2 4.39E-

2 

2.59E-

5 

9.04E-

3 

1.23E-

1 

2.00E-10 7.84E-1 

HE-AR-

DOOR-

OPEN 

2.14E-2 4.28E-

2 

2.36E-

5 

9.31E-

3 

1.17E-

1 

1.05E-13 6.40E-1 

HE-SV-1-

NS 

2.14E-2 4.23E-

2 

2.74E-

5 

8.75E-

3 

1.14E-

1 

6.78E-13 7.11E-1 

HE-SV-1-

OPEN 

2.14E-2 4.31E-

2 

2.89E-

5 

9.61E-

3 

1.21E-

1 

1.11E-9 8.24E-1 

HE-SV-3-

NS 

2.14E-2 4.26E-

2 

2.39E-

5 

9.23E-

3 

1.17E-

1 

4.00E-14 6.82E-1 

HE-SV-3-

OPEN 

2.14E-2 4.23E-

2 

2.38E-

5 

9.14E-

3 

1.16E-

1 

1.57E-10 7.42E-1 

MF-AIR-

CELL-LK 

3.88E-1 3.53E-

1 

1.78E-

2 

2.23E-

1 

7.48E-

1 

9.66E-4 9.87E-1 

MF-AR-

CELL-LK 

3.88E-1 3.56E-

1 

1.71E-

2 

2.20E-

1 

7.60E-

1 

9.50E-4 9.85E-1 

MF-FFD-

SV-3 

6.41E-1 5.48E-

1 

5.45E-

2 

4.69E-

1 

9.06E-

1 

4.33E-3 9.98E-1 

MF-SV-1-

FFD 

6.41E-1 5.50E-

1 

5.26E-

2 

4.78E-

1 

9.03E-

1 

1.81E-3 9.97E-1 

MF-VP-1-

LK 

1.26E-3 2.97E-

3 

1.49E-

4 

1.26E-

3 

6.80E-

3 

1.18E-5 7.22E-2 
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Figure 131: Importance graph for FV results for basic system with Bruce A fault rate and 

diagnostic HE component and SV_OM. 

Table 126: FV Results for Basic System w/ Bruce A Fault Rate and Diagnostic HE 

Component and SV_OH 

Name Point 

Est. 

Mean 5th 50th 95th Min Max 

HE-AIR-

DOOR-

OPEN 

1.47E-2 2.64E-2 1.66E-5 5.56E-3 6.96E-2 1.47E-10 6.65E-1 

HE-AR-

DOOR-

OPEN 

1.47E-2 2.56E-2 1.35E-5 5.56E-3 6.72E-2 4.21E-14 4.57E-1 

HE-SV-1-

NS 

1.46E-2 2.53E-2 1.59E-5 5.23E-3 6.76E-2 4.24E-13 6.74E-1 

HE-SV-1-

OPEN 

1.46E-2 2.60E-2 1.81E-5 5.77E-3 6.83E-2 9.53E-10 6.66E-1 

HE-SV-3-

NS 

1.46E-2 2.56E-2 1.55E-5 5.58E-3 6.81E-2 4.13E-14 5.36E-1 

HE-SV-3-

OPEN 

1.46E-2 2.51E-2 1.47E-5 5.60E-3 6.62E-2 9.76E-11 5.39E-1 

MF-AIR-

CELL-LK 

2.64E-1 2.38E-1 1.01E-2 1.19E-1 5.64E-1 8.35E-4 9.88E-1 

MF-AR-

CELL-LK 

2.64E-1 2.40E-1 9.53E-3 1.20E-1 5.83E-1 9.55E-4 9.70E-1 

MF-FFD-

SV-3 

9.16E-1 7.59E-1 1.85E-1 7.76E-1 9.74E-1 1.68E-2 1.00E+0 

MF-SV-1-

FFD 

9.16E-1 7.61E-1 1.80E-1 7.79E-1 9.73E-1 7.06E-3 1.00E+0 

MF-VP-1-

LK 

4.83E-4 1.05E-3 5.10E-5 4.23E-4 2.43E-3 5.38E-6 2.50E-2 
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Figure 132: Importance graph for FV results for basic system with Bruce A fault rate and 

diagnostic HE component and SV_OH. 

Table 127: FV Results for Basic System w/ Bruce A Fault Rate and Diagnostic HE 

Component and SV_DOW 

Name Point 

Est. 

Mean 5th 50th 95th Min Max 

HE-AIR-

DOOR-

OPEN 

4.55E-2 9.65E-2 6.80E-5 2.31E-2 2.82E-1 9.58E-10 9.15E-1 

HE-AR-

DOOR-

OPEN 

4.55E-2 9.59E-2 5.84E-5 2.38E-2 2.74E-1 4.22E-13 8.79E-1 

HE-SV-1-

NS 

4.53E-2 9.53E-2 6.73E-5 2.07E-2 2.83E-1 1.44E-12 9.10E-1 

HE-SV-1-

OPEN 

4.53E-2 9.60E-2 6.77E-5 2.34E-2 2.80E-1 2.48E-9 9.40E-1 

HE-SV-3-

NS 

4.53E-2 9.61E-2 5.94E-5 2.25E-2 2.87E-1 2.05E-13 8.67E-1 

HE-SV-3-

OPEN 

4.53E-2 9.55E-2 5.71E-5 2.24E-2 2.75E-1 2.00E-10 9.20E-1 

MF-AIR-

CELL-LK 

8.44E-1 6.56E-1 1.05E-1 6.36E-1 9.38E-1 1.31E-2 9.95E-1 

MF-AR-

CELL-LK 

8.44E-1 6.55E-1 1.04E-1 6.28E-1 9.42E-1 3.88E-3 9.97E-1 

MF-FFD-

SV-3 

2.53E-2 5.43E-2 8.08E-4 1.27E-2 1.44E-1 6.18E-5 9.13E-1 

MF-SV-1-

FFD 

2.53E-2 5.38E-2 7.77E-4 1.32E-2 1.45E-1 2.52E-5 9.02E-1 

MF-VP-1-

LK 

6.39E-3 1.49E-2 1.80E-3 8.13E-3 3.13E-2 4.02E-4 2.27E-1 
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Figure 133: Importance graph for FV results for basic system with Bruce A fault rate and 

diagnostic HE component and SV_DOW. 

Table 128: FV Results for Basic System w/ Bruce A Fault Rate and Diagnostic HE 

Component and SV_MAN 

Name Point 

Est. 

Mean 5th 50th 95th Min Max 

HE-AIR-

DOOR-

OPEN 

4.65E-2 1.03E-1 7.00E-5 2.44E-2 2.99E-1 9.65E-10 9.49E-1 

HE-AR-

DOOR-

OPEN 

4.65E-2 1.02E-1 6.15E-5 2.50E-2 2.94E-1 4.46E-13 8.99E-1 

HE-SV-1-

NS 

4.64E-2 1.02E-1 7.18E-5 2.18E-2 3.05E-1 1.47E-12 9.42E-1 

HE-SV-1-

OPEN 

4.64E-2 1.03E-1 7.05E-5 2.44E-2 3.01E-1 2.55E-9 9.43E-1 

HE-SV-3-

NS 

4.64E-2 1.03E-1 6.10E-5 2.37E-2 3.09E-1 9.09E-13 9.62E-1 

HE-SV-3-

OPEN 

4.64E-2 1.02E-1 5.96E-5 2.37E-2 2.98E-1 2.00E-10 9.30E-1 

MF-AIR-

CELL-LK 

8.64E-1 6.86E-1 1.22E-1 6.76E-1 9.54E-1 1.31E-2 9.99E-1 

MF-AR-

CELL-LK 

8.64E-1 6.86E-1 1.22E-1 6.73E-1 9.55E-1 1.52E-2 9.98E-1 

MF-FFD-

SV-3 

6.28E-4 1.97E-3 1.95E-5 3.12E-4 4.07E-3 1.50E-6 2.15E-1 

MF-SV-1-

FFD 

6.28E-4 1.81E-3 1.88E-5 3.24E-4 4.08E-3 6.07E-7 1.89E-1 

MF-VP-1-

LK 

6.70E-3 1.72E-2 1.94E-3 9.14E-3 3.63E-2 5.11E-4 2.98E-1 
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Figure 134: Importance graph for FV results for basic system with Bruce A fault rate and 

diagnostic HE component and SV_MAN. 

Table 129: FV Results for Basic System w/ Bruce A Fault Rate and Diagnostic HE 

Component and SV_NRPD 

Name Point 

Est. 

Mean 5th 50th 95th Min Max 

HE-AIR-

DOOR-

OPEN 

3.10E-2 6.10E-2 3.76E-5 1.36E-2 1.72E-1 3.90E-10 8.32E-1 

HE-AR-

DOOR-

OPEN 

3.10E-2 6.00E-2 3.46E-5 1.37E-2 1.70E-1 2.03E-13 7.81E-1 

HE-SV-1-

NS 

3.10E-2 5.95E-2 4.14E-5 1.28E-2 1.66E-1 9.98E-13 8.11E-1 

HE-SV-1-

OPEN 

3.10E-2 6.02E-2 4.20E-5 1.43E-2 1.71E-1 1.56E-9 8.74E-1 

HE-SV-3-

NS 

3.10E-2 5.97E-2 3.48E-5 1.37E-2 1.68E-1 3.97E-14 7.65E-1 

HE-SV-3-

OPEN 

3.10E-2 5.95E-2 3.27E-5 1.34E-2 1.68E-1 1.83E-10 8.25E-1 

MF-AIR-

CELL-LK 

5.68E-1 4.59E-1 3.32E-2 3.52E-1 8.38E-1 1.67E-3 9.87E-1 

MF-AR-

CELL-LK 

5.68E-1 4.62E-1 3.19E-2 3.53E-1 8.49E-1 9.41E-4 9.92E-1 

MF-FFD-

SV-3 

3.78E-1 3.72E-1 1.92E-2 2.34E-1 7.85E-1 1.48E-3 9.92E-1 

MF-SV-1-

FFD 

3.78E-1 3.74E-1 1.85E-2 2.41E-1 7.86E-1 6.17E-4 9.89E-1 

MF-VP-1-

LK 

2.85E-3 5.83E-3 4.01E-4 2.85E-3 1.28E-2 2.03E-5 1.04E-1 
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Figure 135: Importance graph for FV results for basic system with Bruce A fault rate and 

diagnostic HE component and SV_NRPD. 
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Table 130: FV Results for Basic System w/ Door Interlocks 

Name Point 

Est. 

Mean 5th 50th 95th Min Max 

DI-AIR-

MF 

1.62E-4 2.06E-4 4.42E-8 1.47E-5 4.26E-4 0.00E+0 3.05E-2 

DI-AR-

MF 

1.62E-4 1.96E-4 2.77E-8 1.48E-5 4.36E-4 1.87E-13 1.70E-2 

HE-AIR-

DOOR-

OPEN 

1.62E-4 2.06E-4 4.42E-8 1.47E-5 4.26E-4 0.00E+0 3.05E-2 

HE-AR-

DOOR-

OPEN 

1.62E-4 1.96E-4 2.77E-8 1.48E-5 4.36E-4 1.87E-13 1.70E-2 

HE-SV-

1-NS 

3.24E-3 4.33E-3 3.27E-6 1.04E-3 1.16E-2 1.54E-13 1.04E-1 

HE-SV-

1-OPEN 

3.24E-3 4.37E-3 4.09E-6 9.87E-4 1.18E-2 2.14E-11 1.14E-1 

HE-SV-

3-NS 

3.24E-3 4.37E-3 3.11E-6 1.03E-3 1.17E-2 9.08E-12 1.16E-1 

HE-SV-

3-OPEN 

3.24E-3 4.27E-3 3.68E-6 1.04E-3 1.16E-2 9.94E-11 1.32E-1 

MF-AIR-

CELL-

LK 

1.47E-1 1.30E-1 3.86E-3 5.09E-2 3.44E-1 2.91E-4 9.38E-1 

MF-AR-

CELL-

LK 

1.47E-1 1.32E-1 3.98E-3 5.13E-2 3.44E-1 1.29E-4 9.03E-1 

MF-FS-

SV-1 

8.09E-1 8.04E-1 3.91E-1 8.14E-1 9.48E-1 4.73E-2 9.91E-1 

MF-FS-

SV-3 

8.09E-1 8.02E-1 3.76E-1 8.13E-1 9.48E-1 8.34E-2 9.92E-1 

MF-LK-

SV-1 

4.69E-2 6.10E-2 9.11E-3 3.67E-2 1.26E-1 2.15E-3 6.64E-1 

MF-LK-

SV-3 

4.69E-2 6.03E-2 8.93E-3 3.68E-2 1.24E-1 2.18E-3 5.62E-1 

MF-RP-

SV-1 

6.81E-3 8.48E-3 1.73E-4 2.10E-3 2.04E-2 1.30E-5 3.73E-1 

MF-RP-

SV-3 

6.81E-3 9.01E-3 1.67E-4 2.13E-3 2.04E-2 1.50E-5 4.29E-1 

MF-VP-

1-LK 

8.12E-4 1.00E-3 4.04E-5 3.93E-4 2.35E-3 2.47E-6 3.00E-2 
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Figure 136: Importance graph for basic system with door interlocks. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



213 

 

     

Table 131: FV Results for Basic System w/ Door Interlocks and SV_OL 

Name Point 

Est. 

Mean 5th 50th 95th Min Max 

DI-AIR-

MF 

9.24E-4 2.31E-3 2.54E-7 1.36E-4 4.82E-3 2.96E-12 1.61E-1 

DI-AR-

MF 

9.24E-4 2.53E-3 2.76E-7 1.24E-4 4.94E-3 6.01E-13 3.36E-1 

HE-AIR-

DOOR-

OPEN 

9.24E-4 2.31E-3 2.54E-7 1.36E-4 4.82E-3 2.96E-12 1.61E-1 

HE-AR-

DOOR-

OPEN 

9.24E-4 2.53E-3 2.76E-7 1.24E-4 4.94E-3 6.01E-13 3.36E-1 

HE-SV-1-

NS 

1.82E-2 4.76E-2 1.78E-5 8.22E-3 1.34E-1 1.21E-12 7.95E-1 

HE-SV-1-

OPEN 

1.82E-2 4.62E-2 2.35E-5 7.79E-3 1.32E-1 4.56E-11 7.46E-1 

HE-SV-3-

NS 

1.82E-2 4.70E-2 2.57E-5 8.27E-3 1.35E-1 9.68E-13 7.71E-1 

HE-SV-3-

OPEN 

1.82E-2 4.67E-2 2.73E-5 8.33E-3 1.32E-1 2.48E-11 7.41E-1 

MF-AIR-

CELL-LK 

8.41E-1 6.94E-1 1.08E-1 6.91E-1 9.64E-1 8.75E-4 9.98E-1 

MF-AR-

CELL-LK 

8.41E-1 6.94E-1 1.13E-1 6.87E-1 9.62E-1 3.79E-4 9.98E-1 

MF-SV-1-

FFD 

1.08E-1 1.78E-1 2.60E-3 5.92E-2 4.99E-1 1.62E-4 9.87E-1 

MF-SV-3-

FFD 

1.08E-1 1.78E-1 2.80E-3 5.88E-2 5.04E-1 1.66E-4 9.96E-1 

MF-VP-1-

LK 

2.72E-2 6.42E-2 5.86E-3 3.50E-2 1.41E-1 6.21E-4 8.24E-1 
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Figure 137: Importance graph for basic system with door interlocks and SV_OL. 

Table 132: FV Results for Basic System w/ Door Interlocks and SV_OM 

Name Point 

Est. 

Mean 5th 50th 95th Min Max 

DI-AIR-

MF 

1.30E-4 3.73E-4 4.82E-8 2.01E-5 7.64E-4 2.32E-12 3.00E-2 

DI-AR-MF 1.30E-4 4.15E-4 4.05E-8 1.87E-5 7.44E-4 1.10E-13 1.35E-1 

HE-AIR-

DOOR-

OPEN 

1.30E-4 3.73E-4 4.82E-8 2.01E-5 7.64E-4 2.32E-12 3.00E-2 

HE-AR-

DOOR-

OPEN 

1.30E-4 4.15E-4 4.05E-8 1.87E-5 7.44E-4 1.10E-13 1.35E-1 

HE-SV-1-

NS 

2.61E-3 8.84E-3 3.14E-6 1.32E-3 2.22E-2 1.81E-13 3.96E-1 

HE-SV-1-

OPEN 

2.61E-3 8.58E-3 3.00E-6 1.21E-3 2.15E-2 1.77E-11 4.16E-1 

HE-SV-3-

NS 

2.61E-3 8.55E-3 4.24E-6 1.25E-3 2.22E-2 4.95E-13 3.81E-1 

HE-SV-3-

OPEN 

2.61E-3 8.55E-3 4.71E-6 1.28E-3 2.12E-2 3.42E-12 3.29E-1 

MF-AIR-

CELL-LK 

1.18E-1 2.06E-1 4.05E-3 7.31E-2 5.79E-1 1.80E-4 9.85E-1 

MF-AR-

CELL-LK 

1.18E-1 2.03E-1 4.04E-3 7.23E-2 5.65E-1 1.04E-4 9.85E-1 

MF-SV-1-

FFD 

8.93E-1 7.82E-1 1.63E-1 8.20E-1 9.84E-1 1.16E-2 1.00E+0 

MF-SV-3-

FFD 

8.93E-1 7.86E-1 1.71E-1 8.21E-1 9.84E-1 1.18E-2 1.00E+0 

MF-VP-1-

LK 

5.26E-4 3.22E-3 3.22E-5 6.82E-4 7.77E-3 1.80E-6 1.32E-1 
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Figure 138: Importance graph for basic system with door interlocks and SV_OM. 
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Table 133: FV Results for Basic System w/ Door Interlocks and SV_OH 

Name Point 

Est. 

Mean 5th 50th 95th Min Max 

DI-AIR-

MF 

6.27E-5 1.51E-4 2.13E-8 9.28E-6 3.15E-4 8.92E-

13 

1.34E-2 

DI-AR-

MF 

6.27E-5 1.69E-4 1.97E-8 8.70E-6 3.00E-4 5.76E-

14 

4.65E-2 

HE-AIR-

DOOR-

OPEN 

6.27E-5 1.51E-4 2.13E-8 9.28E-6 3.15E-4 8.92E-

13 

1.34E-2 

HE-AR-

DOOR-

OPEN 

6.27E-5 1.69E-4 1.97E-8 8.70E-6 3.00E-4 5.76E-

14 

4.65E-2 

HE-SV-

1-NS 

1.26E-3 3.69E-3 1.47E-6 6.21E-4 8.81E-3 8.02E-

14 

2.19E-1 

HE-SV-

1-OPEN 

1.26E-3 3.60E-3 1.63E-6 5.79E-4 8.44E-3 8.49E-

12 

2.47E-1 

HE-SV-

3-NS 

1.26E-3 3.54E-3 1.97E-6 5.97E-4 8.44E-3 2.63E-

13 

1.73E-1 

HE-SV-

3-OPEN 

1.26E-3 3.56E-3 2.38E-6 5.92E-4 8.27E-3 1.05E-

12 

1.53E-1 

MF-AIR-

CELL-

LK 

5.70E-2 1.08E-1 2.03E-3 2.95E-2 3.03E-1 1.20E-4 9.70E-1 

MF-AR-

CELL-

LK 

5.70E-2 1.04E-1 2.11E-3 2.90E-2 2.91E-1 1.04E-4 9.56E-1 

MF-SV-

1-FFD 

9.80E-1 9.04E-1 4.36E-1 9.46E-1 9.96E-1 4.37E-2 1.00E+0 

MF-SV-

3-FFD 

9.80E-1 9.07E-1 4.44E-1 9.46E-1 9.96E-1 4.44E-2 1.00E+0 

MF-VP-

1-LK 

1.17E-4 6.72E-4 8.86E-6 1.31E-4 1.51E-3 6.64E-7 4.78E-2 
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Figure 139: Importance graph for basic system with door interlocks and SV_OH. 
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Table 134: FV Results for Basic System w/ Door Interlocks and SV_DOW 

Name Point 

Est. 

Mean 5th 50th 95th Min Max 

DI-AIR-

MF 

9.21E-4 2.29E-3 2.54E-7 1.35E-4 4.80E-3 2.94E-12 1.60E-1 

DI-AR-

MF 

9.21E-4 2.51E-3 2.74E-7 1.24E-4 4.90E-3 5.99E-13 3.36E-1 

HE-AIR-

DOOR-

OPEN 

9.21E-4 2.29E-3 2.54E-7 1.35E-4 4.80E-3 2.94E-12 1.60E-1 

HE-AR-

DOOR-

OPEN 

9.21E-4 2.51E-3 2.74E-7 1.24E-4 4.90E-3 5.99E-13 3.36E-1 

HE-SV-

1-NS 

1.82E-2 4.73E-2 1.77E-5 8.18E-3 1.34E-1 1.20E-12 7.94E-1 

HE-SV-

1-OPEN 

1.82E-2 4.60E-2 2.32E-5 7.76E-3 1.31E-1 4.56E-11 7.45E-1 

HE-SV-

3-NS 

1.82E-2 4.68E-2 2.55E-5 8.23E-3 1.34E-1 9.73E-13 7.70E-1 

HE-SV-

3-OPEN 

1.82E-2 4.64E-2 2.73E-5 8.29E-3 1.31E-1 2.48E-11 7.40E-1 

MF-AIR-

CELL-

LK 

8.38E-1 6.92E-1 1.05E-1 6.88E-1 9.63E-1 8.50E-4 9.98E-1 

MF-AR-

CELL-

LK 

8.38E-1 6.91E-1 1.11E-1 6.84E-1 9.61E-1 3.68E-4 9.98E-1 

MF-SV-

1-FFD 

1.11E-1 1.81E-1 2.69E-3 6.11E-2 5.07E-1 1.67E-4 9.87E-1 

MF-SV-

3-FFD 

1.11E-1 1.82E-1 2.89E-3 6.06E-2 5.13E-1 1.72E-4 9.96E-1 

MF-VP-

1-LK 

2.70E-2 6.35E-2 5.75E-3 3.46E-2 1.40E-1 5.92E-4 8.22E-1 
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Figure 140: Importance graph for basic system with door interlocks and SV_DOW. 

Table 135: FV Results for Basic System w/ Door Interlocks and SV_MAN 

Name Point 

Est. 

Mean 5th 50th 95th Min Max 

DI-AIR-MF 1.03E-3 3.13E-3 2.97E-7 1.66E-4 6.46E-3 2.88E-12 1.92E-1 

DI-AR-MF 1.03E-3 3.43E-3 3.36E-7 1.55E-4 6.74E-3 6.47E-13 5.57E-1 

HE-AIR-

DOOR-

OPEN 

1.03E-3 3.13E-3 2.97E-7 1.66E-4 6.46E-3 2.88E-12 1.92E-1 

HE-AR-

DOOR-

OPEN 

1.03E-3 3.43E-3 3.36E-7 1.55E-4 6.74E-3 6.47E-13 5.57E-1 

HE-SV-1-

NS 

2.03E-2 6.15E-2 2.19E-5 9.95E-3 1.76E-1 1.32E-12 8.42E-1 

HE-SV-1-

OPEN 

2.03E-2 5.97E-2 2.82E-5 9.32E-3 1.72E-1 4.60E-11 8.18E-1 

HE-SV-3-

NS 

2.03E-2 6.03E-2 3.26E-5 1.00E-2 1.77E-1 9.76E-13 9.07E-1 

HE-SV-3-

OPEN 

2.03E-2 6.06E-2 3.32E-5 1.02E-2 1.77E-1 2.69E-11 7.81E-1 

MF-AIR-

CELL-LK 

9.38E-1 8.14E-1 2.53E-1 8.45E-1 9.83E-1 2.13E-2 9.99E-1 

MF-AR-

CELL-LK 

9.38E-1 8.15E-1 2.70E-1 8.44E-1 9.82E-1 1.14E-2 9.99E-1 

MF-SV-1-

FFD 

3.03E-3 1.07E-2 6.44E-5 1.54E-3 2.37E-2 4.01E-6 6.73E-1 

MF-SV-3-

FFD 

3.03E-3 1.00E-2 6.79E-5 1.53E-3 2.40E-2 4.16E-6 8.70E-1 

MF-VP-1-

LK 

3.40E-2 1.02E-1 9.01E-3 5.65E-2 2.21E-1 9.75E-4 8.81E-1 
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Figure 141: Importance graph for basic system with door interlocks and SV_MAN. 
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Table 136: FV Results for Basic System w/ Door Interlocks and SV_NRPD 

Name Point 

Est. 

Mean 5th 50th 95th Min Max 

DI-AIR-

MF 

2.75E-4 7.12E-4 8.75E-8 3.89E-5 1.48E-3 2.81E-12 5.27E-2 

DI-AR-

MF 

2.75E-4 7.82E-4 7.51E-8 3.62E-5 1.45E-3 2.17E-13 2.37E-1 

HE-AIR-

DOOR-

OPEN 

2.75E-4 7.12E-4 8.75E-8 3.89E-5 1.48E-3 2.81E-12 5.27E-2 

HE-AR-

DOOR-

OPEN 

2.75E-4 7.82E-4 7.51E-8 3.62E-5 1.45E-3 2.17E-13 2.37E-1 

HE-SV-1-

NS 

5.49E-3 1.63E-2 5.93E-6 2.52E-3 4.25E-2 3.83E-13 4.99E-1 

HE-SV-1-

OPEN 

5.49E-3 1.58E-2 6.40E-6 2.36E-3 4.15E-2 3.67E-11 5.39E-1 

HE-SV-3-

NS 

5.49E-3 1.59E-2 8.19E-6 2.43E-3 4.24E-2 7.91E-13 5.18E-1 

HE-SV-3-

OPEN 

5.49E-3 1.58E-2 9.05E-6 2.51E-3 4.08E-2 7.99E-12 4.50E-1 

MF-AIR-

CELL-LK 

2.50E-1 3.24E-1 8.25E-3 1.65E-1 7.77E-1 1.80E-4 9.93E-1 

MF-AR-

CELL-LK 

2.50E-1 3.21E-1 8.51E-3 1.65E-1 7.67E-1 1.04E-4 9.93E-1 

MF-SV-1-

FFD 

7.44E-1 6.41E-1 6.25E-2 6.13E-1 9.59E-1 4.01E-3 9.99E-1 

MF-SV-3-

FFD 

7.44E-1 6.44E-1 6.57E-2 6.15E-1 9.60E-1 4.08E-3 9.99E-1 

MF-VP-1-

LK 

2.38E-3 9.55E-3 1.35E-4 2.80E-3 2.37E-2 8.68E-6 3.10E-1 
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Figure 142: Importance graph for basic system with door interlocks and SV_NRPD. 
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Table 137: FV Results for Basic System w/ Door Interlocks and Diagnostic HE 

Name Point 

Est. 

Mean 5th 50th 95th Min Max 

DI-AIR-MF 1.69E-3 1.90E-3 3.67E-7 1.47E-4 4.10E-3 1.96E-12 1.53E-1 

DI-AR-MF 1.69E-3 1.89E-3 2.20E-7 1.39E-4 4.49E-3 6.25E-11 1.38E-1 

HE-AIR-

DOOR-

OPEN 

1.69E-3 1.90E-3 3.67E-7 1.47E-4 4.10E-3 1.96E-12 1.53E-1 

HE-AR-

DOOR-

OPEN 

1.69E-3 1.89E-3 2.20E-7 1.39E-4 4.49E-3 6.25E-11 1.38E-1 

HE-SV-1-NS 3.38E-2 4.09E-2 3.21E-5 1.04E-2 1.13E-1 4.16E-13 6.65E-1 

HE-SV-1-

OPEN 

3.38E-2 4.11E-2 2.82E-5 1.05E-2 1.11E-1 4.16E-10 5.59E-1 

HE-SV-3-NS 3.38E-2 4.06E-2 2.97E-5 1.06E-2 1.12E-1 3.62E-9 5.87E-1 

HE-SV-3-

OPEN 

3.38E-2 4.08E-2 3.26E-5 1.06E-2 1.14E-1 1.20E-10 6.01E-1 

MF-AIR-

CELL-LK 

1.39E-1 1.26E-1 3.89E-3 4.95E-2 3.25E-1 3.26E-4 8.96E-1 

MF-AR-

CELL-LK 

1.39E-1 1.25E-1 4.10E-3 4.79E-2 3.27E-1 3.11E-4 9.13E-1 

MF-FS-SV-1 7.64E-1 7.44E-1 3.47E-1 7.40E-1 9.17E-1 7.50E-2 9.91E-1 

MF-FS-SV-3 7.64E-1 7.45E-1 3.50E-1 7.42E-1 9.19E-1 6.61E-2 9.86E-1 

MF-LK-SV-

1 

4.45E-2 5.63E-2 8.84E-3 3.50E-2 1.14E-1 3.01E-3 5.98E-1 

MF-LK-SV-

3 

4.45E-2 5.65E-2 8.92E-3 3.45E-2 1.13E-1 2.00E-3 5.98E-1 

MF-RP-SV-1 6.45E-3 7.83E-3 1.58E-4 1.93E-3 1.87E-2 1.78E-5 3.45E-1 

MF-RP-SV-3 6.45E-3 8.01E-3 1.58E-4 1.96E-3 1.90E-2 1.46E-5 5.50E-1 

MF-VP-1-

LK 

7.31E-4 8.85E-4 3.67E-5 3.50E-4 2.04E-3 2.23E-6 1.82E-2 
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Figure 143: Importance graph for basic system with door interlocks and diagnostic HE. 
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Table 138: FV Results for Basic System w/ Door Interlocks and Diagnostic HE and 

SV_OL 

Name Point 

Est. 

Mean 5th 50th 95th Min Max 

DI-AIR-

MF 

7.42E-3 1.29E-2 1.86E-6 8.24E-4 3.00E-2 1.69E-12 6.85E-1 

DI-AR-MF 7.42E-3 1.18E-2 1.48E-6 8.11E-4 2.69E-2 2.35E-11 8.43E-1 

HE-AIR-

DOOR-

OPEN 

7.42E-3 1.29E-2 1.86E-6 8.24E-4 3.00E-2 1.69E-12 6.85E-1 

HE-AR-

DOOR-

OPEN 

7.42E-3 1.18E-2 1.48E-6 8.11E-4 2.69E-2 2.35E-11 8.43E-1 

HE-SV-1-

NS 

1.47E-1 1.91E-1 1.85E-4 6.33E-2 5.27E-1 4.40E-12 9.78E-1 

HE-SV-1-

OPEN 

1.47E-1 1.95E-1 1.87E-4 6.38E-2 5.41E-1 2.04E-11 9.72E-1 

HE-SV-3-

NS 

1.47E-1 1.94E-1 2.06E-4 6.34E-2 5.29E-1 4.65E-9 9.51E-1 

HE-SV-3-

OPEN 

1.47E-1 1.93E-1 1.70E-4 6.39E-2 5.36E-1 2.27E-10 9.86E-1 

MF-AIR-

CELL-LK 

6.13E-1 4.76E-1 3.48E-2 3.60E-1 8.78E-1 2.43E-3 9.97E-1 

MF-AR-

CELL-LK 

6.13E-1 4.77E-1 3.45E-2 3.62E-1 8.81E-1 8.08E-4 9.98E-1 

MF-SV-1-

FFD 

7.93E-2 1.14E-1 2.00E-3 3.39E-2 3.19E-1 1.10E-4 9.33E-1 

MF-SV-3-

FFD 

7.93E-2 1.14E-1 1.96E-3 3.32E-2 3.20E-1 1.32E-4 9.72E-1 

MF-VP-1-

LK 

1.46E-2 2.44E-2 1.95E-3 1.17E-2 5.43E-2 3.57E-5 4.41E-1 
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Figure 144: Importance graph for basic system with door interlocks and diagnostic HE 

and SV_OL. 
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Table 139: FV Results for Basic System w/ Door Interlocks and Diagnostic HE and 

SV_OM 

Name Point 

Est. 

Mean 5th 50th 95th Min Max 

DI-AIR-MF 1.38E-3 3.37E-3 4.12E-7 1.81E-4 7.14E-3 1.57E-13 2.81E-1 

DI-AR-MF 1.38E-3 3.09E-3 3.53E-7 1.84E-4 6.11E-3 3.65E-12 5.07E-1 

HE-AIR-

DOOR-

OPEN 

1.38E-3 3.37E-3 4.12E-7 1.81E-4 7.14E-3 1.57E-13 2.81E-1 

HE-AR-

DOOR-

OPEN 

1.38E-3 3.09E-3 3.53E-7 1.84E-4 6.11E-3 3.65E-12 5.07E-1 

HE-SV-1-

NS 

2.76E-2 6.25E-2 3.34E-5 1.28E-2 1.78E-1 3.80E-13 9.23E-1 

HE-SV-1-

OPEN 

2.76E-2 6.28E-2 3.51E-5 1.27E-2 1.77E-1 1.13E-12 8.89E-1 

HE-SV-3-

NS 

2.76E-2 6.40E-2 4.24E-5 1.27E-2 1.86E-1 2.34E-10 8.45E-1 

HE-SV-3-

OPEN 

2.76E-2 6.27E-2 3.34E-5 1.25E-2 1.77E-1 7.98E-11 8.61E-1 

MF-AIR-

CELL-LK 

1.14E-1 1.74E-1 3.81E-3 5.97E-2 4.81E-1 9.02E-5 9.81E-1 

MF-AR-

CELL-LK 

1.14E-1 1.77E-1 4.00E-3 6.27E-2 4.86E-1 1.84E-4 9.83E-1 

MF-SV-1-

FFD 

8.54E-1 7.09E-1 1.29E-1 7.12E-1 9.63E-1 8.36E-3 1.00E+0 

MF-SV-3-

FFD 

8.54E-1 7.04E-1 1.26E-1 7.08E-1 9.63E-1 9.40E-3 1.00E+0 

MF-VP-1-

LK 

4.86E-4 2.13E-3 3.22E-5 5.57E-4 5.15E-3 1.52E-6 1.24E-1 
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Figure 145: Importance graph for basic system with door interlocks and diagnostic HE 

and SV_OM. 
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Table 140: FV Results for Basic System w/ Door Interlocks and Diagnostic HE and 

SV_OH 

Name Point 

Est. 

Mean 5th 50th 95th Min Max 

DI-AIR-

MF 

6.95E-4 1.58E-3 2.04E-7 8.96E-5 3.25E-3 1.57E-13 1.59E-1 

DI-AR-MF 6.95E-4 1.48E-3 1.84E-7 9.41E-5 2.86E-3 1.94E-12 2.85E-1 

HE-AIR-

DOOR-

OPEN 

6.95E-4 1.58E-3 2.04E-7 8.96E-5 3.25E-3 1.57E-13 1.59E-1 

HE-AR-

DOOR-

OPEN 

6.95E-4 1.48E-3 1.84E-7 9.41E-5 2.86E-3 1.94E-12 2.85E-1 

HE-SV-1-

NS 

1.39E-2 3.20E-2 1.72E-5 6.20E-3 8.42E-2 3.17E-13 8.53E-1 

HE-SV-1-

OPEN 

1.39E-2 3.23E-2 1.77E-5 6.25E-3 8.23E-2 7.86E-13 7.85E-1 

HE-SV-3-

NS 

1.39E-2 3.28E-2 2.04E-5 6.25E-3 8.71E-2 1.50E-10 6.53E-1 

HE-SV-3-

OPEN 

1.39E-2 3.20E-2 1.60E-5 6.19E-3 8.35E-2 3.51E-11 7.13E-1 

MF-AIR-

CELL-LK 

5.73E-2 9.67E-2 2.01E-3 2.69E-2 2.65E-1 5.72E-5 9.58E-1 

MF-AR-

CELL-LK 

5.73E-2 9.90E-2 2.12E-3 2.81E-2 2.69E-1 1.84E-4 9.68E-1 

MF-SV-1-

FFD 

9.72E-1 8.66E-1 3.65E-1 9.04E-1 9.90E-1 3.18E-2 1.00E+0 

MF-SV-3-

FFD 

9.72E-1 8.64E-1 3.62E-1 9.01E-1 9.90E-1 3.57E-2 1.00E+0 

MF-VP-1-

LK 

1.16E-4 5.36E-4 9.26E-6 1.24E-4 1.20E-3 3.39E-7 3.59E-2 
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Figure 146: Importance graph for basic system with door interlocks and diagnostic HE 

and SV_OH. 
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Table 141: FV Results for Basic System w/ Door Interlocks and Diagnostic HE for 

SV_DOW 

Name Point 

Est. 

Mean 5th 50th 95th Min Max 

DI-AIR-

MF 

7.40E-3 1.29E-2 1.85E-6 8.21E-4 2.98E-2 1.62E-12 6.84E-1 

DI-AR-

MF 

7.40E-3 1.17E-2 1.47E-6 8.09E-4 2.67E-2 2.34E-11 8.42E-1 

HE-AIR-

DOOR-

OPEN 

7.40E-3 1.29E-2 1.85E-6 8.21E-4 2.98E-2 1.62E-12 6.84E-1 

HE-AR-

DOOR-

OPEN 

7.40E-3 1.17E-2 1.47E-6 8.09E-4 2.67E-2 2.34E-11 8.42E-1 

HE-SV-1-

NS 

1.47E-1 1.90E-1 1.85E-4 6.30E-2 5.27E-1 4.37E-12 9.78E-1 

HE-SV-1-

OPEN 

1.47E-1 1.94E-1 1.86E-4 6.34E-2 5.40E-1 2.04E-11 9.72E-1 

HE-SV-3-

NS 

1.47E-1 1.93E-1 2.06E-4 6.32E-2 5.28E-1 4.59E-9 9.51E-1 

HE-SV-3-

OPEN 

1.47E-1 1.92E-1 1.68E-4 6.36E-2 5.35E-1 2.27E-10 9.85E-1 

MF-AIR-

CELL-LK 

6.12E-1 4.74E-1 3.45E-2 3.58E-1 8.77E-1 2.42E-3 9.97E-1 

MF-AR-

CELL-LK 

6.12E-1 4.76E-1 3.44E-2 3.61E-1 8.80E-1 7.86E-4 9.98E-1 

MF-SV-1-

FFD 

8.18E-2 1.17E-1 2.07E-3 3.50E-2 3.26E-1 1.13E-4 9.35E-1 

MF-SV-3-

FFD 

8.18E-2 1.16E-1 2.02E-3 3.42E-2 3.28E-1 1.36E-4 9.73E-1 

MF-VP-1-

LK 

1.45E-2 2.43E-2 1.93E-3 1.16E-2 5.41E-2 3.51E-5 4.40E-1 
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Figure 147: Importance graph for basic system with door interlocks and diagnostic HE 

and SV_DOW. 
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Table 142: FV Results for Basic System w/ Door Interlocks and Diagnostic HE and 

SV_MAN 

Name Point 

Est. 

Mean 5th 50th 95th Min Max 

DI-AIR-

MF 

8.03E-3 1.54E-2 1.94E-6 9.43E-4 3.55E-2 3.72E-12 7.02E-1 

DI-AR-MF 8.03E-3 1.40E-2 1.69E-6 9.11E-4 3.20E-2 2.63E-11 8.65E-1 

HE-AIR-

DOOR-

OPEN 

8.03E-3 1.54E-2 1.94E-6 9.43E-4 3.55E-2 3.72E-12 7.02E-1 

HE-AR-

DOOR-

OPEN 

8.03E-3 1.40E-2 1.69E-6 9.11E-4 3.20E-2 2.63E-11 8.65E-1 

HE-SV-1-

NS 

1.59E-1 2.14E-1 2.10E-4 7.28E-2 5.91E-1 6.33E-12 9.85E-1 

HE-SV-1-

OPEN 

1.59E-1 2.19E-1 2.15E-4 7.31E-2 6.07E-1 2.06E-11 9.84E-1 

HE-SV-3-

NS 

1.59E-1 2.17E-1 2.27E-4 7.30E-2 5.90E-1 7.84E-9 9.83E-1 

HE-SV-3-

OPEN 

1.59E-1 2.16E-1 1.98E-4 7.40E-2 5.98E-1 2.33E-10 9.92E-1 

MF-AIR-

CELL-LK 

6.64E-1 5.30E-1 4.32E-2 4.29E-1 9.21E-1 2.49E-3 9.99E-1 

MF-AR-

CELL-LK 

6.64E-1 5.31E-1 4.24E-2 4.36E-1 9.24E-1 1.82E-3 9.99E-1 

MF-SV-1-

FFD 

2.15E-3 4.99E-3 4.99E-5 8.76E-4 1.16E-2 2.72E-6 2.64E-1 

MF-SV-3-

FFD 

2.15E-3 5.31E-3 4.88E-5 8.55E-4 1.17E-2 3.30E-6 4.97E-1 

MF-VP-1-

LK 

1.71E-2 3.35E-2 2.56E-3 1.52E-2 7.44E-2 7.88E-5 6.21E-1 
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Figure 148: Importance graph for basic system with door interlocks and diagnostic HE 

and SV_MAN. 
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Table 143: FV Results for Basic System w/ Door Interlocks and Diagnostic HE and 

SV_NRPD 

Name Point 

Est. 

Mean 5th 50th 95th Min Max 

DI-AIR-MF 2.73E-3 5.61E-3 7.68E-7 3.23E-4 1.24E-2 1.97E-13 4.31E-1 

DI-AR-MF 2.73E-3 5.12E-3 5.94E-7 3.26E-4 1.09E-2 7.38E-12 6.22E-1 

HE-AIR-

DOOR-

OPEN 

2.73E-3 5.61E-3 7.68E-7 3.23E-4 1.24E-2 1.97E-13 4.31E-1 

HE-AR-

DOOR-

OPEN 

2.73E-3 5.12E-3 5.94E-7 3.26E-4 1.09E-2 7.38E-12 6.22E-1 

HE-SV-1-

NS 

5.46E-2 9.72E-2 5.95E-5 2.32E-2 2.80E-1 6.67E-13 9.55E-1 

HE-SV-1-

OPEN 

5.46E-2 9.79E-2 6.89E-5 2.31E-2 2.81E-1 2.30E-12 9.37E-1 

HE-SV-3-

NS 

5.46E-2 9.94E-2 7.72E-5 2.32E-2 2.91E-1 4.96E-10 9.12E-1 

HE-SV-3-

OPEN 

5.46E-2 9.80E-2 6.26E-5 2.29E-2 2.83E-1 1.38E-10 9.05E-1 

MF-AIR-

CELL-LK 

2.26E-1 2.57E-1 7.43E-3 1.18E-1 6.47E-1 1.93E-4 9.88E-1 

MF-AR-

CELL-LK 

2.26E-1 2.61E-1 7.49E-3 1.22E-1 6.56E-1 1.83E-4 9.91E-1 

MF-SV-1-

FFD 

6.72E-1 5.45E-1 4.81E-2 4.62E-1 9.12E-1 2.81E-3 9.96E-1 

MF-SV-3-

FFD 

6.72E-1 5.39E-1 4.67E-2 4.58E-1 9.13E-1 3.24E-3 9.97E-1 

MF-VP-1-

LK 

1.96E-3 5.38E-3 1.21E-4 1.83E-3 1.30E-2 4.40E-6 2.15E-1 
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Figure 149: Importance graph for basic system with door interlocks and diagnostic HE 

and SV_NRPD. 
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Table 144: FV Results for Basic System w/ Door Interlocks and Bruce B Fault Rate 

Name Point 

Est. 

Mean 5th 50th 95th Min Max 

DI-AIR-

MF 

6.80E-5 1.09E-4 2.07E-8 8.63E-6 2.32E-4 4.07E-13 9.53E-3 

DI-AR-MF 6.80E-5 1.11E-4 2.17E-8 8.97E-6 2.40E-4 1.59E-13 1.25E-2 

HE-AIR-

DOOR-

OPEN 

6.80E-5 1.09E-4 2.07E-8 8.63E-6 2.32E-4 4.07E-13 9.53E-3 

HE-AR-

DOOR-

OPEN 

6.80E-5 1.11E-4 2.17E-8 8.97E-6 2.40E-4 1.59E-13 1.25E-2 

HE-SV-1-

NS 

1.36E-3 2.46E-3 2.10E-6 5.88E-4 6.52E-3 2.06E-11 1.08E-1 

HE-SV-1-

OPEN 

1.36E-3 2.43E-3 2.23E-6 5.80E-4 6.57E-3 5.78E-11 5.74E-2 

HE-SV-3-

NS 

1.36E-3 2.42E-3 2.24E-6 6.10E-4 6.47E-3 6.94E-13 5.32E-2 

HE-SV-3-

OPEN 

1.36E-3 2.42E-3 1.89E-6 5.86E-4 6.25E-3 6.53E-15 9.56E-2 

MF-AIR-

CELL-LK 

8.89E-1 5.28E-1 9.19E-2 4.87E-1 7.94E-1 9.04E-3 9.56E-1 

MF-AR-

CELL-LK 

8.89E-1 5.28E-1 9.86E-2 4.88E-1 7.95E-1 8.37E-3 9.57E-1 

MF-FS-

SV-1 

3.28E-1 4.95E-1 1.46E-1 4.23E-1 7.79E-1 4.17E-2 9.71E-1 

MF-FS-

SV-3 

3.28E-1 4.95E-1 1.42E-1 4.25E-1 7.77E-1 3.34E-2 9.86E-1 

MF-LK-

SV-1 

1.97E-2 3.53E-2 5.74E-3 2.11E-2 7.17E-2 1.48E-3 3.22E-1 

MF-LK-

SV-3 

1.97E-2 3.52E-2 5.90E-3 2.14E-2 7.15E-2 1.52E-3 3.43E-1 

MF-RP-

SV-1 

2.86E-3 5.00E-3 1.11E-4 1.20E-3 1.14E-2 1.13E-5 2.61E-1 

MF-RP-

SV-3 

2.86E-3 5.10E-3 1.10E-4 1.22E-3 1.15E-2 1.10E-5 2.59E-1 

MF-VP-1-

LK 

1.77E-3 2.14E-3 3.42E-4 1.31E-3 4.25E-3 6.25E-5 2.31E-2 
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Figure 150: Importance graph for basic system w/ door interlocks and Bruce B fault rate. 
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Table 145: FV Results for Basic System w/ Door Interlocks and Bruce B Fault Rate and 

SV_OL 

Name Point 

Est. 

Mean 5th 50th 95th Min Max 

DI-AIR-MF 6.46E-5 3.00E-4 3.51E-8 1.61E-5 5.56E-4 3.04E-15 4.66E-2 

DI-AR-MF 6.46E-5 2.99E-4 4.57E-8 1.64E-5 5.51E-4 1.72E-15 7.99E-2 

HE-AIR-

DOOR-

OPEN 

6.46E-5 3.00E-4 3.51E-8 1.61E-5 5.56E-4 3.04E-15 4.66E-2 

HE-AR-

DOOR-

OPEN 

6.46E-5 2.99E-4 4.57E-8 1.64E-5 5.51E-4 1.72E-15 7.99E-2 

HE-SV-1-

NS 

1.30E-3 6.21E-3 3.27E-6 1.02E-3 1.51E-2 5.21E-13 3.88E-1 

HE-SV-1-

OPEN 

1.30E-3 6.38E-3 3.79E-6 1.11E-3 1.56E-2 3.19E-11 4.13E-1 

HE-SV-3-

NS 

1.30E-3 5.94E-3 3.14E-6 1.05E-3 1.47E-2 1.05E-10 3.02E-1 

HE-SV-3-

OPEN 

1.30E-3 6.05E-3 4.48E-6 1.06E-3 1.47E-2 9.81E-12 2.83E-1 

MF-AIR-

CELL-LK 

9.95E-1 9.53E-1 7.32E-1 9.71E-1 9.94E-1 3.99E-2 9.99E-1 

MF-AR-

CELL-LK 

9.95E-1 9.53E-1 7.43E-1 9.71E-1 9.94E-1 1.17E-2 9.99E-1 

MF-SV-1-

FFD 

7.69E-3 3.16E-2 4.44E-4 6.28E-3 7.76E-2 7.08E-6 9.57E-1 

MF-SV-3-

FFD 

7.69E-3 3.14E-2 4.26E-4 6.37E-3 7.85E-2 2.06E-5 9.87E-1 

MF-VP-1-

LK 

2.25E-3 1.06E-2 1.27E-3 5.10E-3 2.22E-2 3.83E-4 2.71E-1 

 



240 

 

     

 
Figure 151: Importance graph for basic system w/ door interlocks and Bruce B fault rate 

and SV_OL. 
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Table 146: FV Results for Basic System w/ Door Interlocks and Bruce B Fault Rate and 

SV_OM 

Name Point 

Est. 

Mean 5th 50th 95th Min Max 

DI-AIR-MF 6.89E-5 1.54E-4 2.12E-8 9.26E-6 2.82E-4 2.69E-15 2.91E-2 

DI-AR-MF 6.89E-5 1.41E-4 2.91E-8 9.28E-6 2.82E-4 1.60E-15 1.70E-2 

HE-AIR-

DOOR-

OPEN 

6.89E-5 1.54E-4 2.12E-8 9.26E-6 2.82E-4 2.69E-15 2.91E-2 

HE-AR-

DOOR-

OPEN 

6.89E-5 1.41E-4 2.91E-8 9.28E-6 2.82E-4 1.60E-15 1.70E-2 

HE-SV-1-

NS 

1.38E-3 3.00E-3 1.80E-6 6.02E-4 7.72E-3 2.75E-13 1.49E-1 

HE-SV-1-

OPEN 

1.38E-3 3.16E-3 2.33E-6 6.67E-4 7.95E-3 3.21E-11 1.80E-1 

HE-SV-3-

NS 

1.38E-3 2.96E-3 1.76E-6 6.03E-4 7.61E-3 9.87E-11 1.11E-1 

HE-SV-3-

OPEN 

1.38E-3 2.99E-3 2.61E-6 6.13E-4 7.56E-3 8.87E-12 1.20E-1 

MF-AIR-

CELL-LK 

8.70E-1 6.08E-1 9.26E-2 5.58E-1 9.26E-1 5.73E-3 9.96E-1 

MF-AR-

CELL-LK 

8.70E-1 6.07E-1 8.87E-2 5.56E-1 9.27E-1 3.53E-3 9.97E-1 

MF-SV-1-

FFD 

4.40E-1 4.38E-1 3.22E-2 3.15E-1 8.38E-1 5.18E-4 9.97E-1 

MF-SV-3-

FFD 

4.40E-1 4.40E-1 3.09E-2 3.20E-1 8.40E-1 1.64E-3 9.98E-1 

MF-VP-1-

LK 

1.67E-3 3.08E-3 2.95E-4 1.59E-3 6.61E-3 4.11E-5 9.42E-2 
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Figure 152: Importance graph for basic system w/ door interlocks and Bruce B fault rate 

and SV_OM. 
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Table 147: FV Results for Basic System w/ Door Interlocks and Bruce B Fault Rate and 

SV_OH 

Name Point 

Est. 

Mean 5th 50th 95th Min Max 

DI-AIR-

MF 

8.05E-5 1.04E-4 1.62E-8 6.69E-6 2.00E-4 1.98E-15 1.70E-2 

DI-AR-MF 8.05E-5 9.37E-5 1.99E-8 6.62E-6 1.94E-4 1.37E-15 1.24E-2 

HE-AIR-

DOOR-

OPEN 

8.05E-5 1.04E-4 1.62E-8 6.69E-6 2.00E-4 1.98E-15 1.70E-2 

HE-AR-

DOOR-

OPEN 

8.05E-5 9.37E-5 1.99E-8 6.62E-6 1.94E-4 1.37E-15 1.24E-2 

HE-SV-1-

NS 

1.61E-3 2.00E-3 1.33E-6 4.43E-4 5.22E-3 2.04E-13 8.03E-2 

HE-SV-1-

OPEN 

1.61E-3 2.12E-3 1.70E-6 4.92E-4 5.45E-3 3.01E-11 8.99E-2 

HE-SV-3-

NS 

1.61E-3 1.97E-3 1.35E-6 4.40E-4 5.10E-3 8.48E-11 5.76E-2 

HE-SV-3-

OPEN 

1.61E-3 2.00E-3 1.86E-6 4.48E-4 5.16E-3 7.04E-12 7.56E-2 

MF-AIR-

CELL-LK 

8.66E-1 4.56E-1 5.33E-2 3.72E-1 8.08E-1 5.75E-3 9.92E-1 

MF-AR-

CELL-LK 

8.66E-1 4.56E-1 5.24E-2 3.71E-1 8.08E-1 4.10E-3 9.95E-1 

MF-SV-1-

FFD 

8.88E-1 6.71E-1 1.18E-1 6.54E-1 9.54E-1 2.08E-3 1.00E+0 

MF-SV-3-

FFD 

8.88E-1 6.72E-1 1.13E-1 6.58E-1 9.56E-1 6.44E-3 1.00E+0 

MF-VP-1-

LK 

1.38E-3 1.40E-3 1.34E-4 7.29E-4 2.95E-3 9.99E-6 3.04E-2 
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Figure 153: Importance graph for basic system w/ door interlocks and Bruce B fault rate 

and SV_OH. 
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Table 148: FV Results for Basic System w/ Door Interlocks and Bruce B Fault Rate and 

SV_DOW 

Name Point 

Est. 

Mean 5th 50th 95th Min Max 

DI-AIR-

MF 

6.46E-5 2.99E-4 3.51E-8 1.61E-5 5.54E-4 3.04E-15 4.65E-2 

DI-AR-MF 6.46E-5 2.98E-4 4.57E-8 1.64E-5 5.50E-4 1.72E-15 7.87E-2 

HE-AIR-

DOOR-

OPEN 

6.46E-5 2.99E-4 3.51E-8 1.61E-5 5.54E-4 3.04E-15 4.65E-2 

HE-AR-

DOOR-

OPEN 

6.46E-5 2.98E-4 4.57E-8 1.64E-5 5.50E-4 1.72E-15 7.87E-2 

HE-SV-1-

NS 

1.30E-3 6.19E-3 3.27E-6 1.02E-3 1.51E-2 5.20E-13 3.87E-1 

HE-SV-1-

OPEN 

1.30E-3 6.37E-3 3.79E-6 1.11E-3 1.56E-2 3.19E-11 4.13E-1 

HE-SV-3-

NS 

1.30E-3 5.93E-3 3.14E-6 1.05E-3 1.47E-2 1.05E-10 3.01E-1 

HE-SV-3-

OPEN 

1.30E-3 6.04E-3 4.48E-6 1.06E-3 1.47E-2 9.81E-12 2.83E-1 

MF-AIR-

CELL-LK 

9.95E-1 9.52E-1 7.27E-1 9.71E-1 9.94E-1 3.87E-2 9.99E-1 

MF-AR-

CELL-LK 

9.95E-1 9.52E-1 7.39E-1 9.71E-1 9.94E-1 1.14E-2 9.99E-1 

MF-SV-1-

FFD 

7.95E-3 3.25E-2 4.59E-4 6.49E-3 8.01E-2 7.32E-6 9.58E-1 

MF-SV-3-

FFD 

7.95E-3 3.23E-2 4.40E-4 6.58E-3 8.10E-2 2.13E-5 9.87E-1 

MF-VP-1-

LK 

2.25E-3 1.05E-2 1.27E-3 5.09E-3 2.22E-2 3.83E-4 2.70E-1 
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Figure 154: Importance graph for basic system w/ door interlocks and Bruce B fault rate 

and SV_DOW. 

Table 149: FV Results for Basic System w/ Door Interlocks and Bruce B Fault Rate and 

SV_MAN 

Name Point 

Est. 

Mean 5th 50th 95th Min Max 

DI-AIR-MF 6.45E-5 3.19E-4 3.54E-8 1.65E-5 5.96E-4 3.05E-15 5.03E-2 

DI-AR-MF 6.45E-5 3.23E-4 4.60E-8 1.69E-5 5.74E-4 1.73E-15 1.47E-1 

HE-AIR-

DOOR-

OPEN 

6.45E-5 3.19E-4 3.54E-8 1.65E-5 5.96E-4 3.05E-15 5.03E-2 

HE-AR-

DOOR-

OPEN 

6.45E-5 3.23E-4 4.60E-8 1.69E-5 5.74E-4 1.73E-15 1.47E-1 

HE-SV-1-NS 1.29E-3 6.68E-3 3.40E-6 1.04E-3 1.59E-2 5.29E-13 4.12E-1 

HE-SV-1-

OPEN 

1.29E-3 6.81E-3 3.86E-6 1.15E-3 1.65E-2 3.19E-11 4.20E-1 

HE-SV-3-NS 1.29E-3 6.30E-3 3.14E-6 1.07E-3 1.54E-2 1.05E-10 3.15E-1 

HE-SV-3-

OPEN 

1.29E-3 6.50E-3 4.58E-6 1.08E-3 1.55E-2 9.82E-12 2.89E-1 

MF-AIR-

CELL-LK 

9.98E-1 9.80E-1 8.89E-1 9.88E-1 9.97E-1 3.56E-1 1.00E+

0 

MF-AR-

CELL-LK 

9.98E-1 9.81E-1 8.96E-1 9.88E-1 9.97E-1 2.64E-1 1.00E+

0 

MF-SV-1-

FFD 

1.93E-4 1.08E-3 1.11E-5 1.58E-4 2.10E-3 1.77E-7 3.72E-1 

MF-SV-3-

FFD 

1.93E-4 1.10E-3 1.07E-5 1.60E-4 2.13E-3 5.12E-7 6.49E-1 

MF-VP-1-

LK 

2.26E-3 1.17E-2 1.30E-3 5.40E-3 2.48E-2 3.85E-4 2.93E-1 
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Figure 155: Importance graph for basic system w/ door interlocks and Bruce B fault rate 

and SV_MAN. 
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Table 150: FV Results for Basic System w/ Door Interlocks and Bruce B Fault Rate and 

SV_NRPD 

Name Point 

Est. 

Mean 5th 50th 95th Min Max 

DI-AIR-MF 6.63E-5 2.00E-4 2.75E-8 1.19E-5 3.76E-4 2.92E-15 3.82E-2 

DI-AR-MF 6.63E-5 1.89E-4 3.64E-8 1.18E-5 3.67E-4 1.50E-15 2.21E-2 

HE-AIR-

DOOR-

OPEN 

6.63E-5 2.00E-4 2.75E-8 1.19E-5 3.76E-4 2.92E-15 3.82E-2 

HE-AR-

DOOR-

OPEN 

6.63E-5 1.89E-4 3.64E-8 1.18E-5 3.67E-4 1.50E-15 2.21E-2 

HE-SV-1-

NS 

1.33E-3 4.01E-3 2.34E-6 7.70E-4 1.00E-2 3.79E-13 1.98E-1 

HE-SV-1-

OPEN 

1.33E-3 4.19E-3 2.93E-6 8.37E-4 1.07E-2 3.24E-11 2.88E-1 

HE-SV-3-

NS 

1.33E-3 3.93E-3 2.44E-6 7.67E-4 9.90E-3 1.03E-10 1.48E-1 

HE-SV-3-

OPEN 

1.33E-3 3.96E-3 3.25E-6 7.89E-4 9.81E-3 9.47E-12 1.82E-1 

MF-AIR-

CELL-LK 

9.35E-1 7.40E-1 1.62E-1 7.53E-1 9.68E-1 5.87E-3 9.98E-1 

MF-AR-

CELL-LK 

9.35E-1 7.39E-1 1.69E-1 7.53E-1 9.68E-1 3.35E-3 9.98E-1 

MF-SV-1-

FFD 

1.78E-1 2.74E-1 1.10E-2 1.36E-1 6.59E-1 1.75E-4 9.94E-1 

MF-SV-3-

FFD 

1.78E-1 2.75E-1 1.07E-2 1.37E-1 6.65E-1 5.44E-4 9.98E-1 

MF-VP-1-

LK 

1.98E-3 5.17E-3 5.93E-4 2.73E-3 1.07E-2 1.20E-4 1.48E-1 
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Figure 156: Importance graph for basic system w/ door interlocks and Bruce B fault rate 

and SV_NRPD. 
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Table 151: FV Results for Basic System w/Door Interlocks, Bruce B Fault Rate, and 

Diagnostic HE Component 

Name Point 

Est. 

Mean 5th 50th 95th Min Max 

DI-AIR-

MF 

7.53E-4 1.15E-3 1.47E-7 8.58E-5 2.57E-3 2.27E-14 1.03E-1 

DI-AR-MF 7.53E-4 1.21E-3 1.99E-7 9.67E-5 2.59E-3 2.48E-15 1.17E-1 

HE-AIR-

DOOR-

OPEN 

7.53E-4 1.15E-3 1.47E-7 8.58E-5 2.57E-3 2.27E-14 1.03E-1 

HE-AR-

DOOR-

OPEN 

7.53E-4 1.21E-3 1.99E-7 9.67E-5 2.59E-3 2.48E-15 1.17E-1 

HE-SV-1-

NS 

1.51E-2 2.48E-2 2.08E-5 5.93E-3 6.75E-2 2.70E-11 5.73E-1 

HE-SV-1-

OPEN 

1.51E-2 2.54E-2 1.80E-5 6.42E-3 6.89E-2 1.01E-10 6.66E-1 

HE-SV-3-

NS 

1.51E-2 2.41E-2 2.64E-5 6.35E-3 6.37E-2 1.48E-12 3.57E-1 

HE-SV-3-

OPEN 

1.51E-2 2.44E-2 1.51E-5 6.10E-3 6.66E-2 2.84E-14 5.26E-1 

MF-AIR-

CELL-LK 

8.84E-1 5.12E-1 9.06E-2 4.69E-1 7.77E-1 1.12E-2 9.38E-1 

MF-AR-

CELL-LK 

8.84E-1 5.12E-1 9.33E-2 4.70E-1 7.79E-1 1.24E-2 9.70E-1 

MF-FS-

SV-1 

3.28E-1 4.77E-1 1.47E-1 4.08E-1 7.50E-1 2.83E-2 9.74E-1 

MF-FS-

SV-3 

3.28E-1 4.78E-1 1.43E-1 4.10E-1 7.47E-1 4.97E-2 9.75E-1 

MF-LK-

SV-1 

1.98E-2 3.41E-2 5.87E-3 2.07E-2 6.87E-2 1.58E-3 3.22E-1 

MF-LK-

SV-3 

1.98E-2 3.40E-2 5.65E-3 2.09E-2 6.80E-2 1.44E-3 3.39E-1 

MF-RP-

SV-1 

2.88E-3 4.94E-3 1.01E-4 1.22E-3 1.08E-2 1.62E-5 3.83E-1 

MF-RP-

SV-3 

2.88E-3 4.81E-3 1.00E-4 1.16E-3 1.10E-2 7.87E-6 2.56E-1 

MF-VP-1-

LK 

1.75E-3 2.00E-3 3.23E-4 1.24E-3 3.95E-3 4.49E-5 2.08E-2 
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Figure 157: Importance graph for basic system w/door interlocks, Bruce B fault rate, and 

diagnostic HE. 
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Table 152: FV Results for Basic System w/Door Interlocks, Bruce B Fault Rate, and 

Diagnostic HE Component and SV_OL 

Name Point 

Est. 

Mean 5th 50th 95th Min Max 

DI-AIR-

MF 

7.15E-4 2.48E-3 2.99E-7 1.59E-4 5.34E-3 3.38E-15 2.58E-1 

DI-AR-

MF 

7.15E-4 2.75E-3 3.79E-7 1.69E-4 5.59E-3 7.39E-15 4.57E-1 

HE-AIR-

DOOR-

OPEN 

7.15E-4 2.48E-3 2.99E-7 1.59E-4 5.34E-3 3.38E-15 2.58E-1 

HE-AR-

DOOR-

OPEN 

7.15E-4 2.75E-3 3.79E-7 1.69E-4 5.59E-3 7.39E-15 4.57E-1 

HE-SV-1-

NS 

1.43E-2 5.01E-2 2.85E-5 1.07E-2 1.38E-1 8.48E-10 7.64E-1 

HE-SV-1-

OPEN 

1.43E-2 5.10E-2 3.53E-5 1.16E-2 1.40E-1 1.15E-9 8.85E-1 

HE-SV-3-

NS 

1.43E-2 4.92E-2 3.38E-5 1.13E-2 1.35E-1 2.36E-11 7.43E-1 

HE-SV-3-

OPEN 

1.43E-2 4.88E-2 2.80E-5 1.06E-2 1.31E-1 4.91E-11 8.35E-1 

MF-AIR-

CELL-LK 

9.85E-1 8.73E-1 4.50E-1 8.99E-1 9.83E-1 3.92E-2 9.99E-1 

MF-AR-

CELL-LK 

9.85E-1 8.76E-1 4.61E-1 9.01E-1 9.83E-1 1.15E-2 9.99E-1 

MF-SV-1-

FFD 

7.72E-3 2.70E-2 4.42E-4 5.68E-3 6.60E-2 3.50E-5 9.43E-1 

MF-SV-3-

FFD 

7.72E-3 2.75E-2 4.40E-4 5.97E-3 6.66E-2 4.35E-5 9.73E-1 

MF-VP-1-

LK 

2.20E-3 8.01E-3 1.10E-3 4.31E-3 1.63E-2 1.93E-4 1.95E-1 
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Figure 158: Importance graph for basic system w/door interlocks, Bruce B fault rate, and 

diagnostic HE and SV_OL. 
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Table 153: FV Results for Basic System w/Door Interlocks, Bruce B Fault Rate, and 

Diagnostic HE Component and SV_OM 

Name Point 

Est. 

Mean 5th 50th 95th Min Max 

DI-AIR-

MF 

7.64E-4 1.38E-3 1.74E-7 9.86E-5 2.93E-3 7.04E-16 1.87E-1 

DI-AR-MF 7.64E-4 1.54E-3 2.29E-7 1.01E-4 3.10E-3 7.39E-15 2.06E-1 

HE-AIR-

DOOR-

OPEN 

7.64E-4 1.38E-3 1.74E-7 9.86E-5 2.93E-3 7.04E-16 1.87E-1 

HE-AR-

DOOR-

OPEN 

7.64E-4 1.54E-3 2.29E-7 1.01E-4 3.10E-3 7.39E-15 2.06E-1 

HE-SV-1-

NS 

1.53E-2 2.95E-2 1.77E-5 6.52E-3 8.04E-2 3.74E-10 6.35E-1 

HE-SV-1-

OPEN 

1.53E-2 3.02E-2 2.36E-5 7.05E-3 8.07E-2 1.15E-9 7.38E-1 

HE-SV-3-

NS 

1.53E-2 2.88E-2 1.87E-5 6.50E-3 7.63E-2 9.55E-12 5.72E-1 

HE-SV-3-

OPEN 

1.53E-2 2.85E-2 1.60E-5 6.42E-3 7.61E-2 4.44E-11 6.59E-1 

MF-AIR-

CELL-LK 

8.66E-1 5.82E-1 8.91E-2 5.27E-1 8.93E-1 5.75E-3 9.95E-1 

MF-AR-

CELL-LK 

8.66E-1 5.82E-1 9.23E-2 5.29E-1 8.96E-1 3.53E-3 9.92E-1 

MF-SV-1-

FFD 

4.41E-1 4.21E-1 3.21E-2 2.95E-1 8.13E-1 2.53E-3 9.96E-1 

MF-SV-3-

FFD 

4.41E-1 4.23E-1 3.20E-2 3.06E-1 8.13E-1 3.19E-3 9.98E-1 

MF-VP-1-

LK 

1.65E-3 2.75E-3 2.77E-4 1.45E-3 5.78E-3 1.92E-5 4.87E-2 
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Figure 159: Importance graph for basic system w/door interlocks, Bruce B fault rate, and 

diagnostic HE and SV_OM. 
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Table 154: FV Results for Basic System w/Door Interlocks, Bruce B Fault Rate, and 

Diagnostic HE Component and SV_OH 

Name Point 

Est. 

Mean 5th 50th 95th Min Max 

DI-AIR-

MF 

8.96E-4 9.77E-4 1.31E-7 7.43E-5 2.04E-3 6.79E-16 1.36E-1 

DI-AR-MF 8.96E-4 1.08E-3 1.57E-7 7.44E-5 2.19E-3 7.12E-15 1.45E-1 

HE-AIR-

DOOR-

OPEN 

8.96E-4 9.77E-4 1.31E-7 7.43E-5 2.04E-3 6.79E-16 1.36E-1 

HE-AR-

DOOR-

OPEN 

8.96E-4 1.08E-3 1.57E-7 7.44E-5 2.19E-3 7.12E-15 1.45E-1 

HE-SV-1-

NS 

1.79E-2 2.11E-2 1.34E-5 4.86E-3 5.67E-2 3.34E-10 5.38E-1 

HE-SV-1-

OPEN 

1.79E-2 2.17E-2 1.72E-5 5.18E-3 5.77E-2 1.10E-9 5.07E-1 

HE-SV-3-

NS 

1.79E-2 2.07E-2 1.36E-5 4.91E-3 5.43E-2 4.26E-12 4.96E-1 

HE-SV-3-

OPEN 

1.79E-2 2.05E-2 1.18E-5 4.80E-3 5.43E-2 3.41E-11 4.47E-1 

MF-AIR-

CELL-LK 

8.67E-1 4.47E-1 5.28E-2 3.66E-1 7.83E-1 5.78E-3 9.88E-1 

MF-AR-

CELL-LK 

8.67E-1 4.47E-1 5.31E-2 3.67E-1 7.87E-1 2.05E-3 9.80E-1 

MF-SV-1-

FFD 

8.89E-1 6.59E-1 1.18E-1 6.34E-1 9.47E-1 1.00E-2 1.00E+0 

MF-SV-3-

FFD 

8.89E-1 6.60E-1 1.18E-1 6.42E-1 9.48E-1 1.25E-2 1.00E+0 

MF-VP-1-

LK 

1.38E-3 1.32E-3 1.32E-4 7.05E-4 2.79E-3 9.53E-6 2.16E-2 
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Figure 160: Importance graph for basic system w/door interlocks, Bruce B fault rate, and 

diagnostic HE and SV_OH. 
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Table 155: FV Results for Basic System w/Door Interlocks, Bruce B Fault Rate, and 

Diagnostic HE Component and SV_DOW 

Name Point 

Est. 

Mean 5th 50th 95th Min Max 

DI-AIR-

MF 

7.15E-4 2.48E-3 2.99E-7 1.59E-4 5.34E-3 3.37E-15 2.58E-1 

DI-AR-

MF 

7.15E-4 2.74E-3 3.79E-7 1.69E-4 5.58E-3 7.38E-15 4.56E-1 

HE-AIR-

DOOR-

OPEN 

7.15E-4 2.48E-3 2.99E-7 1.59E-4 5.34E-3 3.37E-15 2.58E-1 

HE-AR-

DOOR-

OPEN 

7.15E-4 2.74E-3 3.79E-7 1.69E-4 5.58E-3 7.38E-15 4.56E-1 

HE-SV-

1-NS 

1.43E-2 5.00E-2 2.85E-5 1.07E-2 1.37E-1 8.47E-10 7.63E-1 

HE-SV-

1-OPEN 

1.43E-2 5.09E-2 3.53E-5 1.16E-2 1.40E-1 1.15E-9 8.85E-1 

HE-SV-

3-NS 

1.43E-2 4.91E-2 3.38E-5 1.13E-2 1.35E-1 2.36E-11 7.43E-1 

HE-SV-

3-OPEN 

1.43E-2 4.88E-2 2.80E-5 1.06E-2 1.31E-1 4.91E-11 8.35E-1 

MF-AIR-

CELL-

LK 

9.85E-1 8.73E-1 4.50E-1 8.98E-1 9.82E-1 3.81E-2 9.99E-1 

MF-AR-

CELL-

LK 

9.85E-1 8.75E-1 4.61E-1 9.01E-1 9.82E-1 1.12E-2 9.99E-1 

MF-SV-

1-FFD 

7.98E-3 2.78E-2 4.57E-4 5.87E-3 6.81E-2 3.62E-5 9.45E-1 

MF-SV-

3-FFD 

7.98E-3 2.83E-2 4.55E-4 6.17E-3 6.87E-2 4.50E-5 9.74E-1 

MF-VP-

1-LK 

2.20E-3 7.99E-3 1.10E-3 4.31E-3 1.62E-2 1.92E-4 1.94E-1 
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Figure 161: Importance graph for basic system w/door interlocks, Bruce B fault rate, and 

diagnostic HE and SV_DOW. 
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Table 156: FV Results for Basic System w/Door Interlocks, Bruce B Fault Rate, and 

Diagnostic HE Component and SV_MAN 

Name Point 

Est. 

Mean 5th 50th 95th Min Max 

DI-AIR-

MF 

7.14E-4 2.59E-3 3.03E-7 1.63E-4 5.52E-3 3.83E-15 2.64E-1 

DI-AR-MF 7.14E-4 2.86E-3 3.80E-7 1.73E-4 5.80E-3 7.43E-15 4.83E-1 

HE-AIR-

DOOR-

OPEN 

7.14E-4 2.59E-3 3.03E-7 1.63E-4 5.52E-3 3.83E-15 2.64E-1 

HE-AR-

DOOR-

OPEN 

7.14E-4 2.86E-3 3.80E-7 1.73E-4 5.80E-3 7.43E-15 4.83E-1 

HE-SV-1-

NS 

1.43E-2 5.20E-2 2.87E-5 1.09E-2 1.42E-1 8.75E-10 8.06E-1 

HE-SV-1-

OPEN 

1.43E-2 5.29E-2 3.56E-5 1.18E-2 1.45E-1 1.15E-9 8.88E-1 

HE-SV-3-

NS 

1.43E-2 5.10E-2 3.39E-5 1.15E-2 1.39E-1 2.41E-11 7.60E-1 

HE-SV-3-

OPEN 

1.43E-2 5.08E-2 2.82E-5 1.09E-2 1.35E-1 4.91E-11 8.38E-1 

MF-AIR-

CELL-LK 

9.88E-1 8.94E-1 4.99E-1 9.19E-1 9.89E-1 7.01E-2 1.00E+0 

MF-AR-

CELL-LK 

9.88E-1 8.96E-1 5.15E-1 9.21E-1 9.89E-1 1.10E-1 9.99E-1 

MF-SV-1-

FFD 

1.94E-4 8.71E-4 1.11E-5 1.43E-4 1.77E-3 8.76E-7 3.07E-1 

MF-SV-3-

FFD 

1.94E-4 9.41E-4 1.10E-5 1.50E-4 1.79E-3 1.09E-6 4.68E-1 

MF-VP-1-

LK 

2.21E-3 8.60E-3 1.13E-3 4.52E-3 1.76E-2 1.98E-4 2.07E-1 
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Figure 162: Importance graph for basic system w/door interlocks, Bruce B fault rate, and 

diagnostic HE and SV_MAN. 
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Table 157: FV Results for Basic System w/Door Interlocks, Bruce B Fault Rate, and 

Diagnostic HE Component and SV_NRPD 

Name Point 

Est. 

Mean 5th 50th 95th Min Max 

DI-AIR-

MF 

7.33E-4 1.76E-3 2.15E-7 1.23E-4 3.65E-3 1.18E-15 2.05E-1 

DI-AR-MF 7.33E-4 1.97E-3 3.01E-7 1.29E-4 3.99E-3 7.37E-15 2.28E-1 

HE-AIR-

DOOR-

OPEN 

7.33E-4 1.76E-3 2.15E-7 1.23E-4 3.65E-3 1.18E-15 2.05E-1 

HE-AR-

DOOR-

OPEN 

7.33E-4 1.97E-3 3.01E-7 1.29E-4 3.99E-3 7.37E-15 2.28E-1 

HE-SV-1-

NS 

1.47E-2 3.69E-2 2.17E-5 8.23E-3 1.00E-1 5.26E-10 6.65E-1 

HE-SV-1-

OPEN 

1.47E-2 3.78E-2 2.93E-5 8.73E-3 1.02E-1 1.15E-9 8.30E-1 

HE-SV-3-

NS 

1.47E-2 3.63E-2 2.41E-5 8.15E-3 9.73E-2 1.55E-11 6.00E-1 

HE-SV-3-

OPEN 

1.47E-2 3.58E-2 1.94E-5 8.22E-3 9.70E-2 4.80E-11 7.66E-1 

MF-AIR-

CELL-LK 

9.27E-1 6.97E-1 1.57E-1 6.91E-1 9.37E-1 5.88E-3 9.98E-1 

MF-AR-

CELL-LK 

9.27E-1 6.98E-1 1.57E-1 6.95E-1 9.40E-1 3.34E-3 9.96E-1 

MF-SV-1-

FFD 

1.79E-1 2.57E-1 1.10E-2 1.24E-1 6.21E-1 8.63E-4 9.92E-1 

MF-SV-3-

FFD 

1.79E-1 2.58E-1 1.10E-2 1.31E-1 6.24E-1 1.08E-3 9.96E-1 

MF-VP-1-

LK 

1.94E-3 4.40E-3 5.23E-4 2.43E-3 8.88E-3 3.75E-5 7.45E-2 
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Figure 163: Importance graph for basic system w/door interlocks, Bruce B fault rate, and 

diagnostic HE and SV_NRPD. 
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Table 158: FV Results for Basic System w/ Door Interlocks and Bruce A Fault Rate 

Name Point 

Est. 

Mean 5th 50th 95th Min Max 

DI-AIR-

MF 

1.14E-4 1.57E-4 3.46E-8 1.18E-5 3.30E-4 5.57E-14 1.66E-2 

DI-AR-

MF 

1.14E-4 1.58E-4 2.87E-8 1.15E-5 3.40E-4 5.17E-12 1.50E-2 

HE-AIR-

DOOR-

OPEN 

1.14E-4 1.57E-4 3.46E-8 1.18E-5 3.30E-4 5.57E-14 1.66E-2 

HE-AR-

DOOR-

OPEN 

1.14E-4 1.58E-4 2.87E-8 1.15E-5 3.40E-4 5.17E-12 1.50E-2 

HE-SV-1-

NS 

2.29E-3 3.45E-3 2.31E-6 8.07E-4 9.26E-3 7.05E-14 1.42E-1 

HE-SV-1-

OPEN 

2.29E-3 3.48E-3 3.09E-6 7.96E-4 9.36E-3 1.64E-13 7.32E-2 

HE-SV-3-

NS 

2.29E-3 3.40E-3 3.29E-6 8.03E-4 8.95E-3 6.63E-12 7.15E-2 

HE-SV-3-

OPEN 

2.29E-3 3.43E-3 3.17E-6 8.05E-4 9.38E-3 4.34E-13 7.58E-2 

MF-AIR-

CELL-LK 

4.58E-1 3.12E-1 1.94E-2 2.01E-1 6.53E-1 1.49E-3 9.39E-1 

MF-AR-

CELL-LK 

4.58E-1 3.10E-1 2.00E-2 2.00E-1 6.46E-1 6.15E-4 9.14E-1 

MF-FS-

SV-1 

5.61E-1 6.55E-1 2.16E-1 6.24E-1 9.00E-1 5.71E-2 9.89E-1 

MF-FS-

SV-3 

5.61E-1 6.57E-1 2.17E-1 6.29E-1 9.02E-1 4.99E-2 9.84E-1 

MF-LK-

SV-1 

3.31E-2 4.85E-2 7.65E-3 2.88E-2 9.80E-2 2.04E-3 6.19E-1 

MF-LK-

SV-3 

3.31E-2 4.85E-2 7.26E-3 2.94E-2 9.93E-2 1.69E-3 6.43E-1 

MF-RP-

SV-1 

4.80E-3 7.16E-3 1.25E-4 1.68E-3 1.67E-2 6.96E-6 3.17E-1 

MF-RP-

SV-3 

4.80E-3 7.08E-3 1.31E-4 1.71E-3 1.62E-2 1.28E-5 4.39E-1 

MF-VP-1-

LK 

1.72E-3 1.86E-3 1.60E-4 1.02E-3 3.94E-3 1.67E-5 3.38E-2 
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Figure 164: Importance graph for basic system w/ door interlocks and Bruce A failure 

data. 
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Table 159: FV Results for Basic System w/ Door Interlocks and Bruce A Fault Rate and 

SV_OL 

Name Point 

Est. 

Mean 5th 50th 95th Min Max 

DI-AIR-MF 2.33E-4 8.81E-4 1.09E-7 4.46E-5 1.67E-3 8.12E-13 9.82E-2 

DI-AR-MF 2.33E-4 9.46E-4 1.00E-7 4.38E-5 1.74E-3 3.48E-11 1.93E-1 

HE-AIR-

DOOR-

OPEN 

2.33E-4 8.81E-4 1.09E-7 4.46E-5 1.67E-3 8.12E-13 9.82E-2 

HE-AR-

DOOR-

OPEN 

2.33E-4 9.46E-4 1.00E-7 4.38E-5 1.74E-3 3.48E-11 1.93E-1 

HE-SV-1-

NS 

4.66E-3 1.86E-2 8.18E-6 2.59E-3 4.76E-2 7.21E-11 6.37E-1 

HE-SV-1-

OPEN 

4.66E-3 1.81E-2 7.89E-6 2.70E-3 4.76E-2 7.34E-13 5.43E-1 

HE-SV-3-

NS 

4.66E-3 1.77E-2 8.33E-6 2.55E-3 4.77E-2 4.05E-14 5.42E-1 

HE-SV-3-

OPEN 

4.66E-3 1.91E-2 8.11E-6 2.63E-3 5.04E-2 5.65E-12 5.58E-1 

MF-AIR-

CELL-LK 

9.61E-1 8.72E-1 3.89E-1 9.08E-1 9.88E-1 4.31E-3 9.99E-1 

MF-AR-

CELL-LK 

9.61E-1 8.66E-1 3.69E-1 9.02E-1 9.88E-1 1.84E-3 9.99E-1 

MF-SV-1-

FFD 

2.77E-2 7.67E-2 8.53E-4 1.76E-2 2.17E-1 4.00E-5 9.85E-1 

MF-SV-3-

FFD 

2.77E-2 8.20E-2 9.37E-4 1.67E-2 2.38E-1 2.41E-5 9.94E-1 

MF-VP-1-

LK 

7.86E-3 3.03E-2 2.51E-3 1.42E-2 6.93E-2 5.04E-4 4.94E-1 
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Figure 165: Importance graph for basic system w/ door interlocks and Bruce A failure 

data and SV_OL. 
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Table 160: FV Results for Basic System w/ Door Interlocks and Bruce A Fault Rate and 

SV_OM. 

Name Point 

Est. 

Mean 5th 50th 95th Min Max 

DI-AIR-MF 1.00E-4 2.52E-4 4.03E-8 1.46E-5 4.91E-4 7.81E-13 3.45E-2 

DI-AR-MF 1.00E-4 2.64E-4 3.21E-8 1.42E-5 4.94E-4 2.49E-11 5.16E-2 

HE-AIR-

DOOR-

OPEN 

1.00E-4 2.52E-4 4.03E-8 1.46E-5 4.91E-4 7.81E-13 3.45E-2 

HE-AR-

DOOR-

OPEN 

1.00E-4 2.64E-4 3.21E-8 1.42E-5 4.94E-4 2.49E-11 5.16E-2 

HE-SV-1-

NS 

2.01E-3 5.36E-3 3.41E-6 9.01E-4 1.31E-2 3.19E-11 3.75E-1 

HE-SV-1-

OPEN 

2.01E-3 5.29E-3 3.07E-6 9.47E-4 1.34E-2 3.00E-13 2.70E-1 

HE-SV-3-

NS 

2.01E-3 5.19E-3 3.06E-6 8.87E-4 1.31E-2 8.46E-15 2.03E-1 

HE-SV-3-

OPEN 

2.01E-3 5.67E-3 2.98E-6 9.15E-4 1.36E-2 2.37E-12 3.01E-1 

MF-AIR-

CELL-LK 

4.03E-1 4.04E-1 2.21E-2 2.68E-1 8.30E-1 8.89E-4 9.95E-1 

MF-AR-

CELL-LK 

4.03E-1 4.02E-1 1.89E-2 2.60E-1 8.32E-1 5.34E-4 9.96E-1 

MF-SV-1-

FFD 

6.68E-1 6.06E-1 5.91E-2 5.57E-1 9.44E-1 2.96E-3 9.99E-1 

MF-SV-3-

FFD 

6.68E-1 6.06E-1 6.38E-2 5.48E-1 9.49E-1 1.80E-3 9.99E-1 

MF-VP-1-

LK 

1.31E-3 3.83E-3 1.34E-4 1.43E-3 8.87E-3 4.03E-6 7.67E-2 
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Figure 166: Importance graph for basic system w/ door interlocks and Bruce A failure 

data and SV_OM. 
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Table 161: FV Results for Basic System w/ Door Interlocks and Bruce A Fault Rate and 

SV_OH 

Name Point 

Est. 

Mean 5th 50th 95th Min Max 

DI-AIR-

MF 

6.57E-5 1.28E-4 2.32E-8 8.20E-6 2.54E-4 7.02E-13 1.72E-2 

DI-AR-

MF 

6.57E-5 1.33E-4 1.93E-8 8.26E-6 2.55E-4 1.54E-11 1.92E-2 

HE-AIR-

DOOR-

OPEN 

6.57E-5 1.28E-4 2.32E-8 8.20E-6 2.54E-4 7.02E-13 1.72E-2 

HE-AR-

DOOR-

OPEN 

6.57E-5 1.33E-4 1.93E-8 8.26E-6 2.55E-4 1.54E-11 1.92E-2 

HE-SV-1-

NS 

1.32E-3 2.71E-3 1.90E-6 5.20E-4 6.67E-3 1.25E-11 1.81E-1 

HE-SV-1-

OPEN 

1.32E-3 2.72E-3 1.71E-6 5.29E-4 6.88E-3 1.30E-13 1.67E-1 

HE-SV-3-

NS 

1.32E-3 2.66E-3 1.73E-6 5.12E-4 6.60E-3 4.87E-15 9.05E-2 

HE-SV-3-

OPEN 

1.32E-3 2.92E-3 1.77E-6 5.39E-4 7.05E-3 9.50E-13 1.36E-1 

MF-AIR-

CELL-LK 

2.62E-1 2.56E-1 1.18E-2 1.28E-1 6.15E-1 9.06E-4 9.87E-1 

MF-AR-

CELL-LK 

2.62E-1 2.56E-1 1.01E-2 1.27E-1 6.18E-1 5.54E-4 9.94E-1 

MF-SV-1-

FFD 

9.24E-1 7.94E-1 1.98E-1 8.27E-1 9.85E-1 1.14E-2 1.00E+0 

MF-SV-3-

FFD 

9.24E-1 7.93E-1 2.11E-1 8.23E-1 9.86E-1 7.03E-3 1.00E+0 

MF-VP-1-

LK 

4.67E-4 1.17E-3 4.07E-5 4.24E-4 2.73E-3 2.12E-6 4.21E-2 
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Figure 167: Importance graph for basic system w/ door interlocks and Bruce A failure 

data and SV_OH. 
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Table 162: FV Results for Basic System w/ Door Interlocks and Bruce A Fault Rate and 

SV_DOW 

Name Point 

Est. 

Mean 5th 50th 95th Min Max 

DI-AIR-

MF 

2.33E-4 8.78E-4 1.09E-7 4.45E-5 1.66E-3 8.10E-13 9.79E-2 

DI-AR-

MF 

2.33E-4 9.42E-4 9.99E-8 4.37E-5 1.74E-3 3.48E-11 1.93E-1 

HE-AIR-

DOOR-

OPEN 

2.33E-4 8.78E-4 1.09E-7 4.45E-5 1.66E-3 8.10E-13 9.79E-2 

HE-AR-

DOOR-

OPEN 

2.33E-4 9.42E-4 9.99E-8 4.37E-5 1.74E-3 3.48E-11 1.93E-1 

HE-SV-1-

NS 

4.66E-3 1.85E-2 8.16E-6 2.58E-3 4.73E-2 7.21E-11 6.36E-1 

HE-SV-1-

OPEN 

4.66E-3 1.81E-2 7.88E-6 2.70E-3 4.72E-2 7.22E-13 5.42E-1 

HE-SV-3-

NS 

4.66E-3 1.76E-2 8.32E-6 2.55E-3 4.75E-2 4.04E-14 5.41E-1 

HE-SV-3-

OPEN 

4.66E-3 1.90E-2 8.09E-6 2.63E-3 5.02E-2 5.66E-12 5.57E-1 

MF-AIR-

CELL-LK 

9.60E-1 8.70E-1 3.84E-1 9.07E-1 9.88E-1 4.19E-3 9.99E-1 

MF-AR-

CELL-LK 

9.60E-1 8.64E-1 3.63E-1 9.01E-1 9.88E-1 1.79E-3 9.99E-1 

MF-SV-1-

FFD 

2.86E-2 7.86E-2 8.82E-4 1.82E-2 2.23E-1 4.14E-5 9.85E-1 

MF-SV-3-

FFD 

2.86E-2 8.39E-2 9.69E-4 1.72E-2 2.44E-1 2.49E-5 9.95E-1 

MF-VP-1-

LK 

7.85E-3 3.01E-2 2.51E-3 1.41E-2 6.88E-2 5.03E-4 4.92E-1 
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Figure 168: Importance graph for basic system w/ door interlocks and Bruce A failure 

data and SV_DOW. 
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Table 163: FV Results for Basic System w/ Door Interlocks and Bruce A Fault Rate and 

SV_MAN 

Name Point 

Est. 

Mean 5th 50th 95th Min Max 

DI-AIR-

MF 

2.39E-4 1.02E-3 1.15E-7 4.77E-5 1.92E-3 8.07E-13 1.06E-1 

DI-AR-

MF 

2.39E-4 1.12E-3 1.05E-7 4.70E-5 2.00E-3 3.49E-11 2.01E-1 

HE-AIR-

DOOR-

OPEN 

2.39E-4 1.02E-3 1.15E-7 4.77E-5 1.92E-3 8.07E-13 1.06E-1 

HE-AR-

DOOR-

OPEN 

2.39E-4 1.12E-3 1.05E-7 4.70E-5 2.00E-3 3.49E-11 2.01E-1 

HE-SV-

1-NS 

4.78E-3 2.14E-2 8.71E-6 2.75E-3 5.33E-2 7.33E-11 7.32E-1 

HE-SV-

1-OPEN 

4.78E-3 2.10E-2 8.22E-6 2.89E-3 5.47E-2 7.08E-13 5.77E-1 

HE-SV-

3-NS 

4.78E-3 2.06E-2 8.64E-6 2.74E-3 5.38E-2 4.45E-14 5.83E-1 

HE-SV-

3-OPEN 

4.78E-3 2.24E-2 8.58E-6 2.87E-3 5.90E-2 5.78E-12 6.09E-1 

MF-

AIR-

CELL-

LK 

9.86E-1 9.35E-1 6.42E-1 9.59E-1 9.95E-1 9.71E-2 1.00E+0 

MF-AR-

CELL-

LK 

9.86E-1 9.33E-1 6.30E-1 9.58E-1 9.95E-1 5.30E-2 1.00E+0 

MF-SV-

1-FFD 

7.12E-4 3.20E-3 2.12E-5 4.44E-4 6.88E-3 9.93E-7 6.18E-1 

MF-SV-

3-FFD 

7.12E-4 3.61E-3 2.34E-5 4.23E-4 7.74E-3 6.01E-7 8.34E-1 

MF-VP-

1-LK 

8.29E-3 3.85E-2 2.66E-3 1.69E-2 8.93E-2 5.26E-4 5.56E-1 
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Figure 169: Importance graph for basic system w/ door interlocks and Bruce A failure 

data and SV_MAN. 
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Table 164: FV Results for Basic System w/ Door Interlocks and Bruce A Fault Rate and 

SV_NRPD 

Name Point 

Est. 

Mean 5th 50th 95th Min Max 

DI-AIR-

MF 

1.51E-4 4.03E-4 6.23E-8 2.27E-5 7.83E-4 8.05E-13 5.31E-2 

DI-AR-MF 1.51E-4 4.26E-4 5.62E-8 2.21E-5 7.87E-4 3.10E-11 9.98E-2 

HE-AIR-

DOOR-

OPEN 

1.51E-4 4.03E-4 6.23E-8 2.27E-5 7.83E-4 8.05E-13 5.31E-2 

HE-AR-

DOOR-

OPEN 

1.51E-4 4.26E-4 5.62E-8 2.21E-5 7.87E-4 3.10E-11 9.98E-2 

HE-SV-1-

NS 

3.03E-3 8.59E-3 4.68E-6 1.38E-3 2.13E-2 5.11E-11 5.01E-1 

HE-SV-1-

OPEN 

3.03E-3 8.42E-3 4.68E-6 1.48E-3 2.20E-2 4.87E-13 3.60E-1 

HE-SV-3-

NS 

3.03E-3 8.24E-3 4.69E-6 1.35E-3 2.13E-2 1.63E-14 3.19E-1 

HE-SV-3-

OPEN 

3.03E-3 8.93E-3 4.57E-6 1.41E-3 2.23E-2 3.86E-12 4.13E-1 

MF-AIR-

CELL-LK 

6.14E-1 5.51E-1 4.33E-2 4.73E-1 9.24E-1 8.89E-4 9.98E-1 

MF-AR-

CELL-LK 

6.14E-1 5.47E-1 3.86E-2 4.62E-1 9.24E-1 5.20E-4 9.97E-1 

MF-SV-1-

FFD 

4.08E-1 4.36E-1 2.10E-2 3.05E-1 8.64E-1 1.01E-3 9.99E-1 

MF-SV-3-

FFD 

4.08E-1 4.40E-1 2.28E-2 2.96E-1 8.77E-1 6.09E-4 9.99E-1 

MF-VP-1-

LK 

3.17E-3 8.50E-3 4.14E-4 3.68E-3 1.95E-2 1.62E-5 1.62E-1 
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Figure 170: Importance graph for basic system w/ door interlocks and Bruce A failure 

data and SV_NRPD. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



278 

 

     

Table 165: FV Results for Basic System w/ Door Interlocks, Bruce A Fault Rate, and 

Diagnostic HE 

Name Point 

Est. 

Mean 5th 50th 95th Min Max 

DI-AIR-MF 1.22E-3 1.59E-3 3.45E-7 1.21E-4 3.52E-3 1.07E-12 1.35E-1 

DI-AR-MF 1.22E-3 1.64E-3 2.34E-7 1.12E-4 3.51E-3 5.33E-13 2.22E-1 

HE-AIR-

DOOR-

OPEN 

1.22E-3 1.59E-3 3.45E-7 1.21E-4 3.52E-3 1.07E-12 1.35E-1 

HE-AR-

DOOR-

OPEN 

1.22E-3 1.64E-3 2.34E-7 1.12E-4 3.51E-3 5.33E-13 2.22E-1 

HE-SV-1-

NS 

2.44E-2 3.34E-2 2.35E-5 8.31E-3 9.02E-2 3.87E-13 4.18E-1 

HE-SV-1-

OPEN 

2.44E-2 3.23E-2 2.34E-5 8.04E-3 8.82E-2 8.43E-13 5.12E-1 

HE-SV-3-

NS 

2.44E-2 3.24E-2 2.47E-5 8.38E-3 8.95E-2 2.89E-10 4.63E-1 

HE-SV-3-

OPEN 

2.44E-2 3.32E-2 2.66E-5 8.45E-3 9.26E-2 9.28E-11 5.06E-1 

MF-AIR-

CELL-LK 

4.43E-1 2.99E-1 1.89E-2 1.92E-1 6.28E-1 4.63E-4 9.24E-1 

MF-AR-

CELL-LK 

4.43E-1 2.99E-1 1.89E-2 1.88E-1 6.30E-1 6.29E-4 9.26E-1 

MF-FS-SV-

1 

5.42E-1 6.20E-1 2.09E-1 5.86E-1 8.66E-1 4.56E-2 9.79E-1 

MF-FS-SV-

3 

5.42E-1 6.20E-1 2.06E-1 5.84E-1 8.67E-1 6.30E-2 9.82E-1 

MF-LK-SV-

1 

3.21E-2 4.56E-2 7.33E-3 2.80E-2 9.15E-2 1.98E-3 4.54E-1 

MF-LK-SV-

3 

3.21E-2 4.58E-2 7.37E-3 2.75E-2 9.21E-2 1.88E-3 5.32E-1 

MF-RP-SV-

1 

4.66E-3 6.71E-3 1.26E-4 1.61E-3 1.54E-2 1.04E-5 3.55E-1 

MF-RP-SV-

3 

4.66E-3 6.28E-3 1.37E-4 1.59E-3 1.46E-2 1.26E-5 3.67E-1 

MF-VP-1-

LK 

1.61E-3 1.63E-3 1.45E-4 8.95E-4 3.47E-3 1.05E-5 3.19E-2 
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Figure 171: Importance graph for the basic system with door interlocks, Bruce A fault 

rate, and diagnostic HE. 
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Table 166: FV Results for Basic System w/ Door Interlocks, Bruce A Fault Rate, and 

Diagnostic HE and SV_OL 

Name Point 

Est. 

Mean 5th 50th 95th Min Max 

DI-AIR-

MF 

2.36E-3 6.38E-3 9.65E-7 3.62E-4 1.33E-2 1.49E-10 5.21E-1 

DI-AR-MF 2.36E-3 6.12E-3 6.36E-7 3.65E-4 1.32E-2 1.38E-11 6.84E-1 

HE-AIR-

DOOR-

OPEN 

2.36E-3 6.38E-3 9.65E-7 3.62E-4 1.33E-2 1.49E-10 5.21E-1 

HE-AR-

DOOR-

OPEN 

2.36E-3 6.12E-3 6.36E-7 3.65E-4 1.32E-2 1.38E-11 6.84E-1 

HE-SV-1-

NS 

4.72E-2 1.05E-1 6.87E-5 2.46E-2 3.08E-1 3.80E-13 9.38E-1 

HE-SV-1-

OPEN 

4.72E-2 1.08E-1 8.27E-5 2.58E-2 3.17E-1 4.68E-12 9.30E-1 

HE-SV-3-

NS 

4.72E-2 1.07E-1 6.81E-5 2.43E-2 3.15E-1 1.40E-13 9.20E-1 

HE-SV-3-

OPEN 

4.72E-2 1.09E-1 7.07E-5 2.61E-2 3.24E-1 6.23E-11 9.28E-1 

MF-AIR-

CELL-LK 

8.81E-1 7.16E-1 1.48E-1 7.19E-1 9.62E-1 1.18E-2 9.99E-1 

MF-AR-

CELL-LK 

8.81E-1 7.11E-1 1.49E-1 7.10E-1 9.61E-1 1.36E-2 9.98E-1 

MF-SV-1-

FFD 

2.55E-2 5.96E-2 7.54E-4 1.39E-2 1.58E-1 4.23E-5 9.09E-1 

MF-SV-3-

FFD 

2.55E-2 6.14E-2 8.77E-4 1.41E-2 1.64E-1 6.43E-5 9.19E-1 

MF-VP-1-

LK 

6.62E-3 1.70E-2 2.03E-3 8.76E-3 3.57E-2 1.04E-4 3.94E-1 
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Figure 172: Importance graph for the basic system with door interlocks, Bruce A fault 

rate, and diagnostic HE and SV_OL. 

Table 167: FV Results for Basic System w/ Door Interlocks, Bruce A Fault Rate, and 

Diagnostic HE and SV_OM 

Name Point 

Est. 

Mean 5th 50th 95th Min Max 

DI-AIR-MF 1.08E-3 2.39E-3 3.76E-7 1.35E-4 4.87E-3 6.26E-11 2.22E-1 

DI-AR-MF 1.08E-3 2.31E-3 2.76E-7 1.43E-4 4.61E-3 3.39E-12 3.23E-1 

HE-AIR-

DOOR-

OPEN 

1.08E-3 2.39E-3 3.76E-7 1.35E-4 4.87E-3 6.26E-11 2.22E-1 

HE-AR-

DOOR-

OPEN 

1.08E-3 2.31E-3 2.76E-7 1.43E-4 4.61E-3 3.39E-12 3.23E-1 

HE-SV-1-NS 2.16E-2 4.43E-2 2.61E-5 9.27E-3 1.22E-1 2.61E-13 8.78E-1 

HE-SV-1-

OPEN 

2.16E-2 4.59E-2 3.24E-5 9.59E-3 1.25E-1 4.03E-12 7.79E-1 

HE-SV-3-NS 2.16E-2 4.50E-2 2.54E-5 9.32E-3 1.23E-1 3.37E-14 7.35E-1 

HE-SV-3-

OPEN 

2.16E-2 4.56E-2 2.66E-5 9.70E-3 1.29E-1 4.28E-11 7.67E-1 

MF-AIR-

CELL-LK 

3.93E-1 3.69E-1 1.85E-2 2.31E-1 7.77E-1 1.62E-3 9.91E-1 

MF-AR-

CELL-LK 

3.93E-1 3.65E-1 1.80E-2 2.33E-1 7.72E-1 1.67E-3 9.87E-1 

MF-SV-1-

FFD 

6.49E-1 5.66E-1 5.23E-2 5.00E-1 9.15E-1 3.40E-3 9.99E-1 

MF-SV-3-

FFD 

6.49E-1 5.69E-1 6.06E-2 5.03E-1 9.19E-1 4.87E-3 9.97E-1 

MF-VP-1-

LK 

1.23E-3 3.00E-3 1.30E-4 1.21E-3 6.83E-3 7.13E-6 7.34E-2 
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Figure 173: Importance graph for the basic system with door interlocks, Bruce A fault 

rate, and diagnostic HE and SV_OM. 
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Table 168: FV Results for Basic System w/ Door Interlocks, Bruce A Fault Rate, and 

Diagnostic HE and SV_OH 

Name Point 

Est. 

Mean 5th 50th 95th Min Max 

DI-AIR-

MF 

7.29E-4 1.33E-3 2.25E-7 8.12E-5 2.70E-3 3.41E-11 1.15E-1 

DI-AR-MF 7.29E-4 1.27E-3 1.65E-7 8.73E-5 2.54E-3 1.94E-12 1.51E-1 

HE-AIR-

DOOR-

OPEN 

7.29E-4 1.33E-3 2.25E-7 8.12E-5 2.70E-3 3.41E-11 1.15E-1 

HE-AR-

DOOR-

OPEN 

7.29E-4 1.27E-3 1.65E-7 8.73E-5 2.54E-3 1.94E-12 1.51E-1 

HE-SV-1-

NS 

1.46E-2 2.58E-2 1.47E-5 5.52E-3 6.87E-2 1.59E-13 7.85E-1 

HE-SV-1-

OPEN 

1.46E-2 2.70E-2 2.00E-5 5.64E-3 7.13E-2 2.96E-12 6.19E-1 

HE-SV-3-

NS 

1.46E-2 2.65E-2 1.51E-5 5.49E-3 6.99E-2 2.13E-14 6.03E-1 

HE-SV-3-

OPEN 

1.46E-2 2.66E-2 1.59E-5 5.77E-3 7.00E-2 2.78E-11 6.60E-1 

MF-AIR-

CELL-LK 

2.63E-1 2.44E-1 1.05E-2 1.19E-1 5.88E-1 9.73E-4 9.84E-1 

MF-AR-

CELL-LK 

2.63E-1 2.41E-1 1.03E-2 1.19E-1 5.78E-1 9.41E-4 9.65E-1 

MF-SV-1-

FFD 

9.19E-1 7.70E-1 1.78E-1 7.93E-1 9.78E-1 1.34E-2 1.00E+0 

MF-SV-3-

FFD 

9.19E-1 7.72E-1 2.03E-1 7.95E-1 9.78E-1 1.90E-2 1.00E+0 

MF-VP-1-

LK 

4.62E-4 1.03E-3 3.95E-5 3.82E-4 2.33E-3 1.62E-6 3.86E-2 
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Figure 174: Importance graph for the basic system with door interlocks, Bruce A fault 

rate, and diagnostic HE and SV_OH. 
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Table 169: FV Results for Basic System w/ Door Interlocks, Bruce A Fault Rate, and 

Diagnostic HE and SV_DOW 

Name Point 

Est. 

Mean 5th 50th 95th Min Max 

DI-AIR-MF 2.36E-3 6.36E-3 9.65E-7 3.62E-4 1.33E-2 1.48E-10 5.20E-1 

DI-AR-MF 2.36E-3 6.11E-3 6.36E-7 3.64E-4 1.31E-2 1.38E-11 6.84E-1 

HE-AIR-

DOOR-

OPEN 

2.36E-3 6.36E-3 9.65E-7 3.62E-4 1.33E-2 1.48E-10 5.20E-1 

HE-AR-

DOOR-

OPEN 

2.36E-3 6.11E-3 6.36E-7 3.64E-4 1.31E-2 1.38E-11 6.84E-1 

HE-SV-1-

NS 

4.72E-2 1.05E-1 6.87E-5 2.46E-2 3.07E-1 3.76E-13 9.38E-1 

HE-SV-1-

OPEN 

4.72E-2 1.08E-1 8.26E-5 2.58E-2 3.16E-1 4.68E-12 9.29E-1 

HE-SV-3-

NS 

4.72E-2 1.06E-1 6.81E-5 2.43E-2 3.14E-1 1.40E-13 9.20E-1 

HE-SV-3-

OPEN 

4.72E-2 1.09E-1 7.06E-5 2.60E-2 3.23E-1 6.23E-11 9.28E-1 

MF-AIR-

CELL-LK 

8.80E-1 7.15E-1 1.47E-1 7.18E-1 9.62E-1 1.18E-2 9.99E-1 

MF-AR-

CELL-LK 

8.80E-1 7.10E-1 1.49E-1 7.08E-1 9.61E-1 1.33E-2 9.98E-1 

MF-SV-1-

FFD 

2.63E-2 6.12E-2 7.80E-4 1.44E-2 1.62E-1 4.37E-5 9.12E-1 

MF-SV-3-

FFD 

2.63E-2 6.30E-2 9.06E-4 1.46E-2 1.69E-1 6.65E-5 9.21E-1 

MF-VP-1-

LK 

6.61E-3 1.69E-2 2.02E-3 8.73E-3 3.55E-2 1.02E-4 3.93E-1 
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Figure 175: Importance graph for the basic system with door interlocks, Bruce A fault 

rate, and diagnostic HE and SV_DOW. 
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Table 170: FV Results for Basic System w/ Door Interlocks, Bruce A Fault Rate, and 

Diagnostic HE and SV_MAN 

Name Point 

Est. 

Mean 5th 50th 95th Min Max 

DI-AIR-

MF 

2.42E-3 7.00E-3 1.01E-6 3.88E-4 1.45E-2 1.52E-10 5.40E-1 

DI-AR-

MF 

2.42E-3 6.76E-3 6.72E-7 3.87E-4 1.47E-2 1.47E-11 6.95E-1 

HE-AIR-

DOOR-

OPEN 

2.42E-3 7.00E-3 1.01E-6 3.88E-4 1.45E-2 1.52E-10 5.40E-1 

HE-AR-

DOOR-

OPEN 

2.42E-3 6.76E-3 6.72E-7 3.87E-4 1.47E-2 1.47E-11 6.95E-1 

HE-SV-1-

NS 

4.83E-2 1.13E-1 7.04E-5 2.60E-2 3.34E-1 3.58E-13 9.44E-1 

HE-SV-1-

OPEN 

4.83E-2 1.16E-1 8.74E-5 2.74E-2 3.43E-1 4.68E-12 9.44E-1 

HE-SV-3-

NS 

4.83E-2 1.15E-1 7.12E-5 2.59E-2 3.37E-1 1.53E-13 9.40E-1 

HE-SV-3-

OPEN 

4.83E-2 1.18E-1 7.45E-5 2.75E-2 3.52E-1 6.27E-11 9.42E-1 

MF-AIR-

CELL-LK 

9.02E-1 7.54E-1 1.77E-1 7.75E-1 9.74E-1 1.21E-2 9.99E-1 

MF-AR-

CELL-LK 

9.02E-1 7.50E-1 1.76E-1 7.65E-1 9.75E-1 2.72E-2 9.99E-1 

MF-SV-1-

FFD 

6.54E-4 2.22E-3 1.88E-5 3.53E-4 4.67E-3 1.05E-6 2.01E-1 

MF-SV-3-

FFD 

6.54E-4 2.32E-3 2.20E-5 3.58E-4 4.94E-3 1.59E-6 2.31E-1 

MF-VP-1-

LK 

6.94E-3 2.01E-2 2.19E-3 1.00E-2 4.24E-2 2.22E-4 4.12E-1 
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Figure 176: Importance graph for the basic system with door interlocks, Bruce A fault 

rate, and diagnostic HE and SV_MAN. 

Table 171: FV Results for Basic System w/ Door Interlocks, Bruce A Fault Rate, and 

Diagnostic HE and SV_NRPD 

Name Point 

Est. 

Mean 5th 50th 95th Min Max 

DI-AIR-MF 1.59E-3 3.54E-3 5.35E-7 2.05E-4 7.57E-3 9.79E-11 3.51E-1 

DI-AR-MF 1.59E-3 3.42E-3 3.80E-7 2.13E-4 6.98E-3 6.14E-12 4.99E-1 

HE-AIR-

DOOR-

OPEN 

1.59E-3 3.54E-3 5.35E-7 2.05E-4 7.57E-3 9.79E-11 3.51E-1 

HE-AR-

DOOR-

OPEN 

1.59E-3 3.42E-3 3.80E-7 2.13E-4 6.98E-3 6.14E-12 4.99E-1 

HE-SV-1-NS 3.17E-2 6.33E-2 3.61E-5 1.38E-2 1.81E-1 3.12E-13 9.07E-1 

HE-SV-1-

OPEN 

3.17E-2 6.51E-2 4.95E-5 1.44E-2 1.82E-1 4.47E-12 8.37E-1 

HE-SV-3-NS 3.17E-2 6.41E-2 4.11E-5 1.38E-2 1.82E-1 5.91E-14 8.07E-1 

HE-SV-3-

OPEN 

3.17E-2 6.54E-2 3.98E-5 1.43E-2 1.88E-1 5.37E-11 7.96E-1 

MF-AIR-

CELL-LK 

5.82E-1 4.86E-1 3.53E-2 3.85E-1 8.70E-1 2.95E-3 9.94E-1 

MF-AR-

CELL-LK 

5.82E-1 4.83E-1 3.40E-2 3.81E-1 8.69E-1 1.93E-3 9.94E-1 

MF-SV-1-

FFD 

3.88E-1 3.92E-1 1.85E-2 2.57E-1 8.07E-1 1.12E-3 9.95E-1 

MF-SV-3-

FFD 

3.88E-1 3.95E-1 2.14E-2 2.60E-1 8.19E-1 1.66E-3 9.93E-1 

MF-VP-1-

LK 

2.86E-3 6.06E-3 3.80E-4 2.84E-3 1.33E-2 1.70E-5 1.67E-1 
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Figure 177: Importance graph for the basic system with door interlocks, Bruce A fault 

rate, and diagnostic HE and SV_NRPD. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



290 

 

     

Table 172: FV Results for Extended System 

Name Point 

Est. 

Mean 5th 50th 95th Min Max 

HE-AIR-OP 7.79E-3 1.33E-2 9.69E-6 2.89E-3 3.51E-2 1.61E-12 3.61E-1 

HE-AR-OP 7.80E-3 1.36E-2 9.80E-6 2.78E-3 3.59E-2 2.79E-11 4.30E-1 

HE-SV-B-

LO 

2.12E-3 2.97E-3 1.87E-6 6.65E-4 7.98E-3 1.03E-12 8.37E-2 

HE-SV-B-

OP 

2.12E-3 2.99E-3 2.44E-6 6.50E-4 7.93E-3 9.57E-10 7.96E-2 

HE-SV-C-

LO 

2.12E-3 2.95E-3 2.23E-6 6.22E-4 7.97E-3 1.47E-10 7.84E-2 

HE-SV-C-

OP 

2.12E-3 2.89E-3 2.15E-6 6.18E-4 7.91E-3 2.29E-11 8.42E-2 

HE-SV-D-

LO 

2.12E-3 3.01E-3 2.08E-6 6.74E-4 7.94E-3 6.81E-12 1.09E-1 

HE-SV-D-

OP 

2.12E-3 2.88E-3 2.60E-6 6.32E-4 7.68E-3 9.28E-14 9.82E-2 

HE-SV-E-

LO 

2.12E-3 3.02E-3 2.63E-6 6.46E-4 8.13E-3 5.16E-11 7.22E-2 

HE-SV-E-

OP 

2.12E-3 2.90E-3 2.30E-6 6.51E-4 7.87E-3 4.29E-13 7.09E-2 

MF-AIR-LK 3.53E-1 2.99E-1 1.38E-2 1.70E-1 6.86E-1 7.82E-4 9.87E-1 

MF-AR-LK 3.53E-1 3.03E-1 1.41E-2 1.75E-1 6.85E-1 4.99E-4 9.82E-1 

MF-SV-A-

FS 

6.20E-4 9.39E-4 1.48E-5 2.43E-4 2.23E-3 8.91E-7 5.70E-2 

MF-SV-A-

LK 

3.55E-5 5.86E-5 7.69E-7 1.42E-5 1.36E-4 6.59E-8 9.72E-3 

MF-SV-A-

RP 

5.14E-6 8.16E-6 2.41E-8 8.52E-7 1.68E-5 6.56E-10 1.60E-3 

MF-SV-B-

FS 

5.35E-1 5.70E-1 1.09E-1 5.43E-1 8.24E-1 9.39E-3 9.41E-1 

MF-SV-B-

LK 

3.07E-2 4.20E-2 4.74E-3 2.41E-2 8.77E-2 5.00E-4 4.71E-1 

MF-SV-B-

RP 

4.45E-3 6.12E-3 1.02E-4 1.36E-3 1.44E-2 3.68E-6 3.10E-1 

MF-SV-C-

FS 

5.35E-1 5.70E-1 1.10E-1 5.42E-1 8.24E-1 8.25E-3 9.50E-1 

MF-SV-C-

LK 

3.07E-2 4.19E-2 4.38E-3 2.39E-2 8.78E-2 3.10E-4 4.85E-1 

MF-SV-C-

RP 

4.45E-3 6.05E-3 9.23E-5 1.43E-3 1.38E-2 7.61E-6 2.63E-1 

MF-SV-D-

FS 

5.35E-1 5.69E-1 1.06E-1 5.43E-1 8.25E-1 9.50E-3 9.43E-1 

MF-SV-D-

LK 

3.07E-2 4.13E-2 4.46E-3 2.37E-2 8.83E-2 5.44E-4 4.46E-1 
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Name Point 

Est. 

Mean 5th 50th 95th Min Max 

MF-SV-D-

RP 

4.45E-3 5.71E-3 1.03E-4 1.33E-3 1.30E-2 2.24E-6 4.18E-1 

MF-SV-E-FS 5.35E-1 5.68E-1 1.04E-1 5.41E-1 8.22E-1 1.50E-2 9.52E-1 

MF-SV-E-

LK 

3.07E-2 4.17E-2 4.64E-3 2.39E-2 8.71E-2 4.96E-4 3.66E-1 

MF-SV-E-

RP 

4.45E-3 6.39E-3 1.01E-4 1.35E-3 1.40E-2 2.40E-6 7.29E-1 

MF-VP-A-

LK 

6.61E-4 1.01E-3 1.67E-5 2.67E-4 2.38E-3 1.01E-6 6.68E-2 

SV-B-

C_CCF 

6.96E-2 6.52E-2 1.48E-2 5.64E-2 1.04E-1 1.79E-3 2.17E-1 

SV-D-

E_CCF 

6.96E-2 6.46E-2 1.46E-2 5.51E-2 1.03E-1 2.02E-3 2.33E-1 

        

.  

Figure 178: Importance graph for extended system. 
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Table 173: FV Results for Extended System and SV_OL 

Name Point 

Est. 

Mean 5th 50th 95th Min Max 

HE-AIR-

OP 

2.15E-2 7.65E-2 3.23E-5 1.14E-2 2.31E-1 2.58E-10 9.57E-1 

HE-AR-

OP 

2.15E-2 8.03E-2 3.87E-5 1.26E-2 2.39E-1 6.86E-11 9.63E-1 

HE-SV-B-

LO 

1.71E-4 8.12E-4 1.02E-7 4.72E-5 1.55E-3 0.00E+0 1.57E-1 

HE-SV-B-

OP 

1.71E-4 8.27E-4 1.27E-7 4.82E-5 1.62E-3 0.00E+0 2.30E-1 

HE-SV-C-

LO 

1.71E-4 8.99E-4 1.39E-7 4.69E-5 1.61E-3 0.00E+0 2.10E-1 

HE-SV-C-

OP 

1.71E-4 8.21E-4 1.27E-7 5.01E-5 1.65E-3 2.70E-11 1.30E-1 

HE-SV-D-

LO 

1.71E-4 8.55E-4 1.21E-7 4.60E-5 1.62E-3 5.42E-13 1.12E-1 

HE-SV-D-

OP 

1.71E-4 7.70E-4 1.59E-7 4.91E-5 1.61E-3 1.58E-12 8.61E-2 

HE-SV-E-

LO 

1.71E-4 8.35E-4 9.62E-8 4.54E-5 1.60E-3 8.67E-13 3.27E-1 

HE-SV-E-

OP 

1.71E-4 8.38E-4 1.20E-7 4.75E-5 1.70E-3 6.08E-13 1.60E-1 

MF-AIR-

LK 

9.76E-1 9.15E-1 4.73E-1 9.57E-1 9.98E-1 2.94E-2 1.00E+0 

MF-AR-

LK 

9.77E-1 9.12E-1 4.50E-1 9.52E-1 9.98E-1 2.97E-2 1.00E+0 

MF-SV-A-

FFD 

1.12E-4 5.36E-4 1.61E-6 4.90E-5 1.00E-3 9.07E-8 1.17E-1 

MF-SV-B-

FFD 

1.01E-3 4.29E-3 8.41E-6 3.28E-4 8.31E-3 2.32E-7 3.90E-1 

MF-SV-C-

FFD 

1.01E-3 4.21E-3 8.20E-6 3.36E-4 7.76E-3 1.29E-7 3.65E-1 

MF-SV-D-

FFD 

1.01E-3 4.64E-3 7.66E-6 3.29E-4 8.42E-3 1.19E-7 7.29E-1 

MF-SV-E-

FFD 

1.01E-3 4.59E-3 8.16E-6 3.25E-4 8.37E-3 1.61E-7 7.32E-1 

MF-VP-A-

LK 

1.12E-4 5.36E-4 1.61E-6 4.90E-5 1.00E-3 9.07E-8 1.17E-1 

SV-B-

C_CCF 

6.08E-4 2.06E-3 5.29E-5 5.83E-4 4.56E-3 5.41E-6 1.25E-1 

SV-D-

E_CCF 

6.08E-4 1.97E-3 5.41E-5 5.96E-4 4.61E-3 6.62E-6 7.56E-2 
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Figure 179: Importance graph for extended system and SV_OL. 
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Table 174: FV Results for Extended System and SV_OM 

Name Point 

Est. 

Mean 5th 50th 95th Min Max 

HE-AIR-

OP 

5.99E-3 2.72E-2 1.13E-5 3.81E-3 7.15E-2 5.29E-11 8.19E-1 

HE-AR-OP 6.00E-3 2.83E-2 1.40E-5 3.98E-3 7.73E-2 6.12E-11 7.57E-1 

HE-SV-B-

LO 

2.09E-3 4.18E-3 1.31E-6 5.50E-4 1.07E-2 6.13E-15 1.79E-1 

HE-SV-B-

OP 

2.09E-3 4.35E-3 1.74E-6 5.58E-4 1.03E-2 2.82E-12 4.16E-1 

HE-SV-C-

LO 

2.09E-3 4.51E-3 1.76E-6 5.78E-4 1.08E-2 2.36E-12 2.12E-1 

HE-SV-C-

OP 

2.09E-3 4.49E-3 1.56E-6 5.98E-4 1.09E-2 7.75E-10 3.24E-1 

HE-SV-D-

LO 

2.09E-3 4.30E-3 1.66E-6 5.38E-4 1.06E-2 7.36E-12 4.00E-1 

HE-SV-D-

OP 

2.09E-3 4.29E-3 2.31E-6 5.73E-4 1.06E-2 4.86E-11 2.82E-1 

HE-SV-E-

LO 

2.09E-3 4.19E-3 1.37E-6 5.27E-4 1.05E-2 2.93E-11 2.22E-1 

HE-SV-E-

OP 

2.09E-3 4.34E-3 1.59E-6 5.60E-4 1.07E-2 3.74E-11 2.70E-1 

MF-AIR-

LK 

2.71E-1 4.60E-1 1.55E-2 3.10E-1 9.12E-1 4.05E-4 9.99E-1 

MF-AR-LK 2.72E-1 4.64E-1 1.46E-2 3.16E-1 9.17E-1 6.90E-4 9.99E-1 

MF-SV-A-

FFD 

5.02E-4 3.03E-3 7.45E-6 3.44E-4 7.05E-3 6.93E-8 3.76E-1 

MF-SV-B-

FFD 

7.24E-1 5.02E-1 1.40E-2 3.77E-1 9.28E-1 3.62E-4 9.97E-1 

MF-SV-C-

FFD 

7.24E-1 5.01E-1 1.39E-2 3.76E-1 9.26E-1 2.83E-4 9.96E-1 

MF-SV-D-

FFD 

7.24E-1 5.00E-1 1.30E-2 3.72E-1 9.31E-1 4.19E-4 9.98E-1 

MF-SV-E-

FFD 

7.24E-1 5.00E-1 1.27E-2 3.73E-1 9.31E-1 6.67E-4 9.98E-1 

MF-VP-A-

LK 

5.02E-4 3.03E-3 7.45E-6 3.44E-4 7.05E-3 6.93E-8 3.76E-1 

SV-B-

C_CCF 

1.69E-4 5.62E-4 2.49E-5 1.99E-4 1.32E-3 3.92E-6 2.40E-2 

SV-D-

E_CCF 

1.69E-4 5.64E-4 2.53E-5 1.99E-4 1.30E-3 5.93E-6 2.86E-2 
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Figure 180: Importance graph for extended system and SV_OM. 
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Table 175: FV Results for Extended System and SV_OH 

Name Point 

Est. 

Mean 5th 50th 95th Min Max 

HE-AIR-

OP 

1.51E-3 8.67E-3 3.57E-6 1.14E-3 2.04E-2 1.33E-11 4.47E-1 

HE-AR-

OP 

1.51E-3 9.05E-3 4.54E-6 1.20E-3 2.30E-2 2.72E-11 4.46E-1 

HE-SV-

B-LO 

1.22E-3 2.77E-3 1.26E-6 4.70E-4 6.71E-3 2.85E-15 1.16E-1 

HE-SV-

B-OP 

1.22E-3 2.88E-3 1.71E-6 4.84E-4 6.65E-3 3.00E-12 2.69E-1 

HE-SV-

C-LO 

1.22E-3 2.92E-3 1.73E-6 4.90E-4 6.85E-3 2.07E-12 2.37E-1 

HE-SV-

C-OP 

1.22E-3 2.92E-3 1.38E-6 5.01E-4 6.98E-3 1.36E-9 3.14E-1 

HE-SV-

D-LO 

1.22E-3 2.87E-3 1.59E-6 4.57E-4 6.74E-3 5.14E-12 2.08E-1 

HE-SV-

D-OP 

1.22E-3 2.88E-3 2.05E-6 4.92E-4 6.56E-3 5.87E-11 2.10E-1 

HE-SV-

E-LO 

1.22E-3 2.80E-3 1.30E-6 4.56E-4 6.92E-3 1.29E-11 1.59E-1 

HE-SV-

E-OP 

1.22E-3 2.83E-3 1.51E-6 4.76E-4 6.83E-3 3.50E-11 1.43E-1 

MF-AIR-

LK 

6.84E-2 2.03E-1 3.77E-3 6.75E-2 5.78E-1 1.99E-4 9.92E-1 

MF-AR-

LK 

6.84E-2 2.05E-1 3.78E-3 6.72E-2 5.91E-1 2.33E-4 9.92E-1 

MF-SV-

A-FFD 

7.05E-5 8.25E-4 1.99E-6 7.79E-5 1.74E-3 2.77E-8 1.32E-1 

MF-SV-

B-FFD 

9.60E-1 7.90E-1 1.41E-1 8.34E-1 9.85E-1 4.35E-3 9.99E-1 

MF-SV-

C-FFD 

9.60E-1 7.90E-1 1.41E-1 8.35E-1 9.85E-1 4.05E-3 9.99E-1 

MF-SV-

D-FFD 

9.60E-1 7.87E-1 1.35E-1 8.37E-1 9.86E-1 5.64E-3 1.00E+0 

MF-SV-

E-FFD 

9.60E-1 7.87E-1 1.35E-1 8.37E-1 9.86E-1 7.74E-3 9.99E-1 

MF-VP-

A-LK 

7.05E-5 8.25E-4 1.99E-6 7.79E-5 1.74E-3 2.77E-8 1.32E-1 

SV-B-

C_CCF 

4.26E-5 1.64E-4 1.03E-5 5.57E-5 3.88E-4 2.48E-6 5.73E-3 

SV-D-

E_CCF 

4.26E-5 1.70E-4 1.07E-5 5.59E-5 3.80E-4 3.81E-6 1.27E-2 
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Figure 181: Importance graph for extended system and SV_OH. 
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Table 176: FV Results for Extended System and SV_DOW 

Name Point 

Est. 

Mean 5th 50th 95th Min Max 

HE-AIR-

OP 

2.15E-2 7.64E-2 3.23E-5 1.14E-2 2.30E-1 2.58E-10 9.57E-1 

HE-AR-

OP 

2.15E-2 8.02E-2 3.87E-5 1.26E-2 2.39E-1 6.86E-11 9.63E-1 

HE-SV-

B-LO 

1.75E-4 8.30E-4 1.04E-7 4.81E-5 1.58E-3 0.00E+0 1.61E-1 

HE-SV-

B-OP 

1.75E-4 8.45E-4 1.29E-7 4.91E-5 1.65E-3 0.00E+0 2.35E-1 

HE-SV-

C-LO 

1.75E-4 9.19E-4 1.41E-7 4.78E-5 1.65E-3 0.00E+0 2.13E-1 

HE-SV-

C-OP 

1.75E-4 8.40E-4 1.30E-7 5.12E-5 1.69E-3 2.73E-11 1.33E-1 

HE-SV-

D-LO 

1.75E-4 8.75E-4 1.22E-7 4.71E-5 1.66E-3 5.42E-13 1.14E-1 

HE-SV-

D-OP 

1.75E-4 7.88E-4 1.62E-7 4.99E-5 1.65E-3 1.62E-12 8.84E-2 

HE-SV-

E-LO 

1.75E-4 8.54E-4 9.67E-8 4.63E-5 1.63E-3 8.67E-13 3.33E-1 

HE-SV-

E-OP 

1.75E-4 8.57E-4 1.21E-7 4.82E-5 1.73E-3 6.08E-13 1.64E-1 

MF-AIR-

LK 

9.76E-1 9.15E-1 4.73E-1 9.56E-1 9.98E-1 2.94E-2 1.00E+0 

MF-AR-

LK 

9.76E-1 9.11E-1 4.49E-1 9.52E-1 9.98E-1 2.97E-2 1.00E+0 

MF-SV-

A-FFD 

1.15E-4 5.53E-4 1.66E-6 5.06E-5 1.03E-3 9.38E-8 1.20E-1 

MF-SV-

B-FFD 

1.07E-3 4.52E-3 8.85E-6 3.45E-4 8.77E-3 2.43E-7 4.04E-1 

MF-SV-

C-FFD 

1.07E-3 4.43E-3 8.66E-6 3.54E-4 8.20E-3 1.37E-7 3.80E-1 

MF-SV-

D-FFD 

1.07E-3 4.88E-3 8.00E-6 3.47E-4 8.85E-3 1.27E-7 7.41E-1 

MF-SV-

E-FFD 

1.07E-3 4.83E-3 8.52E-6 3.42E-4 8.78E-3 1.72E-7 7.43E-1 

MF-VP-

A-LK 

1.15E-4 5.53E-4 1.66E-6 5.06E-5 1.03E-3 9.38E-8 1.20E-1 

SV-B-

C_CCF 

6.08E-4 2.05E-3 5.29E-5 5.83E-4 4.56E-3 5.41E-6 1.25E-1 

SV-D-

E_CCF 

6.08E-4 1.97E-3 5.41E-5 5.96E-4 4.61E-3 6.62E-6 7.55E-2 
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Figure 182: Importance graph for extended system and SV_DOW. 
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Table 177: FV Results for Extended System and SV_MAN 

Name Point 

Est. 

Mean 5th 50th 95th Min Max 

HE-AIR-

OP 

2.16E-2 7.73E-2 3.23E-5 1.15E-2 2.33E-1 2.58E-10 9.65E-1 

HE-AR-

OP 

2.16E-2 8.12E-2 3.87E-5 1.26E-2 2.42E-1 6.86E-11 9.65E-1 

HE-SV-

B-LO 

4.63E-5 2.52E-4 2.78E-8 1.37E-5 4.90E-4 0.00E+0 6.68E-2 

HE-SV-

B-OP 

4.63E-5 2.55E-4 4.21E-8 1.40E-5 4.98E-4 0.00E+0 4.49E-2 

HE-SV-

C-LO 

4.63E-5 2.67E-4 3.98E-8 1.40E-5 4.84E-4 0.00E+0 1.10E-1 

HE-SV-

C-OP 

4.63E-5 2.43E-4 3.47E-8 1.39E-5 5.07E-4 1.25E-11 4.37E-2 

HE-SV-

D-LO 

4.63E-5 2.36E-4 3.42E-8 1.31E-5 4.89E-4 3.21E-13 5.62E-2 

HE-SV-

D-OP 

4.63E-5 2.22E-4 4.14E-8 1.44E-5 4.89E-4 7.50E-13 2.14E-2 

HE-SV-

E-LO 

4.63E-5 2.33E-4 2.53E-8 1.36E-5 4.75E-4 0.00E+0 6.09E-2 

HE-SV-

E-OP 

4.63E-5 2.27E-4 3.50E-8 1.39E-5 4.81E-4 0.00E+0 2.14E-2 

MF-

AIR-LK 

9.78E-1 9.20E-1 4.82E-1 9.62E-1 9.98E-1 2.96E-2 1.00E+0 

MF-AR-

LK 

9.78E-1 9.16E-1 4.58E-1 9.57E-1 9.99E-1 2.98E-2 1.00E+0 

MF-SV-

A-FFD 

2.81E-6 1.41E-5 4.03E-8 1.24E-6 2.57E-5 2.27E-9 3.40E-3 

MF-SV-

B-FFD 

6.90E-6 3.65E-5 5.00E-8 2.40E-6 6.51E-5 1.91E-9 1.20E-2 

MF-SV-

C-FFD 

6.90E-6 3.37E-5 4.65E-8 2.49E-6 5.85E-5 5.60E-10 7.42E-3 

MF-SV-

D-FFD 

6.90E-6 3.77E-5 4.85E-8 2.41E-6 6.48E-5 2.08E-10 1.31E-2 

MF-SV-

E-FFD 

6.90E-6 3.53E-5 4.94E-8 2.41E-6 6.12E-5 6.18E-10 5.49E-3 

MF-VP-

A-LK 

2.81E-6 1.41E-5 4.03E-8 1.24E-6 2.57E-5 2.27E-9 3.40E-3 

SV-B-

C_CCF 

6.08E-4 2.10E-3 5.29E-5 5.84E-4 4.63E-3 5.42E-6 1.28E-1 

SV-D-

E_CCF 

6.08E-4 2.01E-3 5.41E-5 5.98E-4 4.66E-3 6.62E-6 7.86E-2 
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Figure 183: Importance graph for extended system and SV_MAN. 
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Table 178: FV Results for Extended System and SV_NRPD 

Name Point 

Est. 

Mean 5th 50th 95th Min Max 

HE-AIR-

OP 

1.54E-2 4.88E-2 2.26E-5 7.56E-3 1.36E-1 2.57E-10 8.69E-1 

HE-AR-

OP 

1.54E-2 5.11E-2 2.80E-5 8.22E-3 1.43E-1 6.76E-11 9.31E-1 

HE-SV-B-

LO 

2.10E-3 4.12E-3 8.74E-7 3.98E-4 1.03E-2 0.00E+0 2.30E-1 

HE-SV-B-

OP 

2.10E-3 4.28E-3 9.86E-7 4.14E-4 1.02E-2 1.18E-12 3.11E-1 

HE-SV-C-

LO 

2.10E-3 4.55E-3 1.28E-6 4.08E-4 1.12E-2 1.64E-12 2.96E-1 

HE-SV-C-

OP 

2.10E-3 4.47E-3 1.05E-6 4.34E-4 1.06E-2 3.03E-10 3.21E-1 

HE-SV-D-

LO 

2.10E-3 4.28E-3 1.06E-6 3.83E-4 1.04E-2 4.78E-12 4.68E-1 

HE-SV-D-

OP 

2.10E-3 4.14E-3 1.42E-6 4.15E-4 1.02E-2 2.07E-11 1.97E-1 

HE-SV-E-

LO 

2.10E-3 4.14E-3 9.28E-7 3.82E-4 1.02E-2 1.59E-11 2.59E-1 

HE-SV-E-

OP 

2.10E-3 4.28E-3 9.54E-7 3.94E-4 1.08E-2 1.44E-11 4.30E-1 

MF-AIR-

LK 

6.97E-1 6.90E-1 7.10E-2 6.92E-1 9.77E-1 1.80E-3 1.00E+0 

MF-AR-

LK 

6.98E-1 6.91E-1 6.37E-2 6.94E-1 9.78E-1 2.85E-3 1.00E+0 

MF-SV-A-

FFD 

1.29E-3 4.02E-3 1.53E-5 4.99E-4 8.72E-3 1.54E-7 3.29E-1 

MF-SV-B-

FFD 

2.83E-1 2.48E-1 1.93E-3 8.06E-2 7.04E-1 6.00E-5 9.92E-1 

MF-SV-C-

FFD 

2.83E-1 2.47E-1 1.90E-3 7.95E-2 6.99E-1 3.49E-5 9.92E-1 

MF-SV-D-

FFD 

2.83E-1 2.49E-1 1.73E-3 7.83E-2 7.09E-1 5.85E-5 9.93E-1 

MF-SV-E-

FFD 

2.83E-1 2.49E-1 1.77E-3 7.92E-2 7.09E-1 8.34E-5 9.93E-1 

MF-VP-A-

LK 

1.29E-3 4.02E-3 1.53E-5 4.99E-4 8.72E-3 1.54E-7 3.29E-1 

SV-B-

C_CCF 

4.34E-4 1.11E-3 4.32E-5 3.90E-4 2.55E-3 4.97E-6 4.98E-2 

SV-D-

E_CCF 

4.34E-4 1.09E-3 4.44E-5 3.94E-4 2.48E-3 6.62E-6 5.13E-2 
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Figure 184: Importance graph for extended system and SV_NRPD. 

Table 179: FV Results for Extended System w/ Diagnostic HE 

Name Point 

Est. 

Mean 5th 50th 95th Min Max 

HE-AIR-

OP 

7.38E-2 9.54E-2 6.83E-5 2.78E-2 2.67E-1 7.56E-12 8.29E-1 

HE-AR-

OP 

7.39E-2 9.66E-2 7.44E-5 2.78E-2 2.69E-1 8.60E-10 8.55E-1 

HE-SV-

B-LO 

2.15E-2 2.72E-2 1.56E-5 6.51E-3 7.46E-2 4.07E-11 4.93E-1 

HE-SV-

B-OP 

2.15E-2 2.54E-2 1.33E-5 6.03E-3 6.92E-2 3.92E-10 3.93E-1 

HE-SV-

C-LO 

2.15E-2 2.75E-2 1.68E-5 6.54E-3 7.44E-2 1.13E-9 5.78E-1 

HE-SV-

C-OP 

2.15E-2 2.63E-2 1.75E-5 5.81E-3 7.25E-2 6.55E-10 3.77E-1 

HE-SV-

D-LO 

2.15E-2 2.63E-2 1.79E-5 6.33E-3 7.18E-2 1.17E-9 5.21E-1 

HE-SV-

D-OP 

2.15E-2 2.57E-2 2.16E-5 6.15E-3 6.97E-2 1.26E-11 4.76E-1 

HE-SV-

E-LO 

2.15E-2 2.63E-2 1.84E-5 6.33E-3 7.22E-2 1.03E-9 5.45E-1 

HE-SV-

E-OP 

2.15E-2 2.70E-2 2.34E-5 6.43E-3 7.44E-2 1.69E-8 4.57E-1 

MF-AIR-

LK 

3.04E-1 2.54E-1 1.09E-2 1.32E-1 6.09E-1 8.38E-4 9.85E-1 

MF-AR-

LK 

3.04E-1 2.54E-1 1.14E-2 1.32E-1 6.05E-1 9.04E-4 9.85E-1 

MF-SV-

A-FS 

5.57E-4 7.60E-4 1.70E-5 2.48E-4 1.80E-3 7.43E-7 1.86E-2 
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Name Point 

Est. 

Mean 5th 50th 95th Min Max 

MF-SV-

A-LK 

3.19E-5 4.73E-5 9.50E-7 1.40E-5 1.15E-4 3.12E-8 2.40E-3 

MF-SV-

A-RP 

4.62E-6 6.82E-6 2.62E-8 8.27E-7 1.41E-5 3.19E-10 8.09E-4 

MF-SV-

B-FS 

4.94E-1 5.09E-1 1.09E-1 4.65E-1 7.71E-1 1.28E-2 9.27E-1 

MF-SV-

B-LK 

2.84E-2 3.64E-2 4.29E-3 2.11E-2 7.57E-2 5.67E-4 5.15E-1 

MF-SV-

B-RP 

4.11E-3 5.27E-3 9.61E-5 1.21E-3 1.22E-2 1.23E-5 6.33E-1 

MF-SV-

C-FS 

4.94E-1 5.08E-1 1.11E-1 4.61E-1 7.68E-1 8.77E-3 9.28E-1 

MF-SV-

C-LK 

2.84E-2 3.63E-2 4.49E-3 2.11E-2 7.60E-2 8.46E-4 3.31E-1 

MF-SV-

C-RP 

4.11E-3 5.16E-3 9.75E-5 1.22E-3 1.20E-2 6.19E-6 3.20E-1 

MF-SV-

D-FS 

4.94E-1 5.08E-1 1.05E-1 4.61E-1 7.70E-1 7.01E-3 9.28E-1 

MF-SV-

D-LK 

2.84E-2 3.62E-2 4.70E-3 2.11E-2 7.45E-2 2.15E-4 3.45E-1 

MF-SV-

D-RP 

4.11E-3 5.25E-3 8.41E-5 1.21E-3 1.24E-2 2.29E-6 3.03E-1 

MF-SV-

E-FS 

4.94E-1 5.06E-1 1.07E-1 4.62E-1 7.65E-1 7.46E-3 9.39E-1 

MF-SV-

E-LK 

2.84E-2 3.65E-2 4.52E-3 2.15E-2 7.68E-2 5.17E-4 3.67E-1 

MF-SV-

E-RP 

4.11E-3 5.49E-3 9.20E-5 1.25E-3 1.25E-2 5.20E-6 4.62E-1 

MF-VP-

A-LK 

5.94E-4 8.14E-4 1.92E-5 2.70E-4 1.93E-3 8.21E-7 1.89E-2 

SV-B-

C_CCF 

6.00E-2 5.16E-2 1.37E-2 4.44E-2 8.04E-2 1.80E-3 1.61E-1 

SV-D-

E_CCF 

6.00E-2 5.22E-2 1.41E-2 4.48E-2 8.19E-2 1.03E-3 1.62E-1 
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Figure 185: Importance graph for extended system w/ diagnostic HE. 
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Table 180: FV Results for Extended System w/ Diagnostic HE and SV_OL 

Name Point 

Est. 

Mean 5th 50th 95th Min Max 

HE-AIR-

OP 

1.93E-1 2.88E-1 2.81E-4 1.09E-1 7.49E-1 1.43E-12 9.91E-1 

HE-AR-

OP 

1.93E-1 2.90E-1 2.32E-4 1.16E-1 7.53E-1 6.48E-12 9.96E-1 

HE-SV-

B-LO 

5.38E-3 1.60E-2 2.45E-6 1.32E-3 3.88E-2 8.77E-11 6.75E-1 

HE-SV-

B-OP 

5.38E-3 1.53E-2 3.22E-6 1.37E-3 3.84E-2 3.20E-10 7.11E-1 

HE-SV-

C-LO 

5.38E-3 1.51E-2 3.24E-6 1.43E-3 3.68E-2 2.53E-10 7.83E-1 

HE-SV-

C-OP 

5.38E-3 1.59E-2 3.46E-6 1.35E-3 3.92E-2 1.21E-10 7.42E-1 

HE-SV-

D-LO 

5.38E-3 1.50E-2 3.49E-6 1.39E-3 3.71E-2 1.11E-12 6.83E-1 

HE-SV-

D-OP 

5.38E-3 1.55E-2 3.84E-6 1.46E-3 3.83E-2 0.00E+0 5.84E-1 

HE-SV-

E-LO 

5.38E-3 1.55E-2 3.31E-6 1.40E-3 3.81E-2 2.56E-11 8.78E-1 

HE-SV-

E-OP 

5.38E-3 1.53E-2 3.29E-6 1.41E-3 3.90E-2 4.53E-10 7.46E-1 

MF-AIR-

LK 

7.94E-1 6.71E-1 7.15E-2 6.53E-1 9.79E-1 4.59E-3 1.00E+0 

MF-AR-

LK 

7.94E-1 6.71E-1 7.43E-2 6.52E-1 9.79E-1 2.72E-3 1.00E+0 

MF-SV-

A-FFD 

8.96E-5 2.67E-4 1.30E-6 3.16E-5 5.35E-4 3.65E-8 4.81E-2 

MF-SV-

B-FFD 

2.90E-3 7.88E-3 2.60E-5 8.68E-4 1.73E-2 1.00E-6 6.25E-1 

MF-SV-

C-FFD 

2.90E-3 8.25E-3 2.75E-5 8.55E-4 1.89E-2 4.05E-7 6.34E-1 

MF-SV-

D-FFD 

2.90E-3 8.18E-3 2.59E-5 8.57E-4 1.71E-2 8.69E-7 5.94E-1 

MF-SV-

E-FFD 

2.90E-3 7.94E-3 2.51E-5 8.41E-4 1.72E-2 4.61E-7 6.23E-1 

MF-VP-

A-LK 

8.96E-5 2.67E-4 1.30E-6 3.16E-5 5.35E-4 3.65E-8 4.81E-2 

SV-B-

C_CCF 

4.94E-4 1.11E-3 4.79E-5 3.81E-4 2.38E-3 6.09E-6 5.92E-2 

SV-D-

E_CCF 

4.94E-4 1.08E-3 4.94E-5 3.89E-4 2.36E-3 5.12E-6 4.71E-2 
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Figure 186: Importance graph for extended system w/ diagnostic HE and SV_OL. 
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Table 181: FV Results for Extended System w/ Diagnostic HE and SV_OM 

Name Point 

Est. 

Mean 5th 50th 95th Min Max 

HE-AIR-

OP 

5.79E-2 1.44E-1 1.01E-4 3.65E-2 4.20E-1 4.23E-14 9.78E-1 

HE-AR-

OP 

5.79E-2 1.46E-1 7.76E-5 3.83E-2 4.24E-1 1.39E-12 9.72E-1 

HE-SV-

B-LO 

2.14E-2 3.36E-2 1.07E-5 5.25E-3 9.38E-2 4.55E-10 6.62E-1 

HE-SV-

B-OP 

2.14E-2 3.30E-2 1.92E-5 5.47E-3 8.95E-2 9.54E-9 7.37E-1 

HE-SV-

C-LO 

2.14E-2 3.29E-2 1.49E-5 5.47E-3 9.16E-2 9.94E-10 7.38E-1 

HE-SV-

C-OP 

2.14E-2 3.23E-2 1.52E-5 5.54E-3 8.79E-2 2.49E-10 8.33E-1 

HE-SV-

D-LO 

2.14E-2 3.30E-2 1.38E-5 5.55E-3 8.95E-2 2.82E-12 7.03E-1 

HE-SV-

D-OP 

2.14E-2 3.40E-2 1.57E-5 5.70E-3 9.41E-2 3.15E-13 7.82E-1 

HE-SV-

E-LO 

2.14E-2 3.33E-2 1.48E-5 5.45E-3 9.05E-2 2.21E-10 7.81E-1 

HE-SV-

E-OP 

2.14E-2 3.32E-2 1.68E-5 5.64E-3 9.26E-2 2.95E-10 6.60E-1 

MF-AIR-

LK 

2.38E-1 3.57E-1 1.15E-2 2.04E-1 8.03E-1 8.42E-4 9.96E-1 

MF-AR-

LK 

2.39E-1 3.58E-1 1.17E-2 2.05E-1 8.01E-1 4.15E-4 9.95E-1 

MF-SV-

A-FFD 

4.68E-4 2.10E-3 7.81E-6 3.08E-4 4.79E-3 1.32E-7 1.22E-1 

MF-SV-

B-FFD 

6.70E-1 4.33E-1 1.71E-2 3.00E-1 8.55E-1 6.69E-4 9.90E-1 

MF-SV-

C-FFD 

6.70E-1 4.35E-1 1.79E-2 3.00E-1 8.56E-1 3.16E-4 9.93E-1 

MF-SV-

D-FFD 

6.70E-1 4.32E-1 1.56E-2 3.07E-1 8.48E-1 4.64E-4 9.92E-1 

MF-SV-

E-FFD 

6.70E-1 4.32E-1 1.51E-2 3.03E-1 8.49E-1 3.74E-4 9.97E-1 

MF-VP-

A-LK 

4.68E-4 2.10E-3 7.81E-6 3.08E-4 4.79E-3 1.32E-7 1.22E-1 

SV-B-

C_CCF 

1.49E-4 3.60E-4 2.33E-5 1.53E-4 8.06E-4 3.89E-6 1.57E-2 

SV-D-

E_CCF 

1.49E-4 3.70E-4 2.40E-5 1.56E-4 8.19E-4 4.44E-6 1.06E-2 
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Figure 187: Importance graph for extended system w/ diagnostic HE and SV_OM. 
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Table 182: FV Results for Extended System w/ Diagnostic HE and SV_OH 

Name Point 

Est. 

Mean 5th 50th 95th Min Max 

HE-AIR-

OP 

1.65E-2 6.28E-2 3.45E-5 1.18E-2 1.75E-1 1.43E-14 8.92E-1 

HE-AR-

OP 

1.65E-2 6.28E-2 2.65E-5 1.22E-2 1.78E-1 7.45E-13 9.00E-1 

HE-SV-B-

LO 

1.37E-2 2.55E-2 8.75E-6 4.72E-3 6.75E-2 1.27E-9 7.32E-1 

HE-SV-B-

OP 

1.37E-2 2.51E-2 1.60E-5 4.91E-3 6.48E-2 7.54E-9 7.07E-1 

HE-SV-C-

LO 

1.37E-2 2.53E-2 1.54E-5 4.73E-3 6.72E-2 9.12E-10 6.92E-1 

HE-SV-C-

OP 

1.37E-2 2.45E-2 1.52E-5 5.08E-3 6.38E-2 4.15E-10 7.37E-1 

HE-SV-D-

LO 

1.37E-2 2.52E-2 1.36E-5 4.80E-3 6.53E-2 7.63E-12 5.52E-1 

HE-SV-D-

OP 

1.37E-2 2.58E-2 1.30E-5 5.04E-3 6.68E-2 2.88E-13 7.26E-1 

HE-SV-E-

LO 

1.37E-2 2.53E-2 1.30E-5 4.66E-3 6.71E-2 3.17E-10 6.91E-1 

HE-SV-E-

OP 

1.37E-2 2.54E-2 1.35E-5 4.98E-3 6.76E-2 1.50E-10 5.58E-1 

MF-AIR-

LK 

6.77E-2 1.71E-1 3.42E-3 5.74E-2 4.86E-1 2.23E-4 9.81E-1 

MF-AR-

LK 

6.78E-2 1.70E-1 3.56E-3 5.72E-2 4.74E-1 1.93E-4 9.83E-1 

MF-SV-A-

FFD 

8.01E-5 7.23E-4 3.00E-6 9.75E-5 1.61E-3 8.66E-8 7.03E-2 

MF-SV-B-

FFD 

9.42E-1 7.28E-1 1.39E-1 7.43E-1 9.60E-1 3.57E-3 9.98E-1 

MF-SV-C-

FFD 

9.42E-1 7.29E-1 1.43E-1 7.44E-1 9.61E-1 3.71E-3 9.97E-1 

MF-SV-D-

FFD 

9.42E-1 7.30E-1 1.31E-1 7.43E-1 9.59E-1 4.92E-3 9.99E-1 

MF-SV-E-

FFD 

9.42E-1 7.30E-1 1.29E-1 7.47E-1 9.60E-1 4.42E-3 9.98E-1 

MF-VP-A-

LK 

8.01E-5 7.23E-4 3.00E-6 9.75E-5 1.61E-3 8.66E-8 7.03E-2 

SV-B-

C_CCF 

4.23E-5 1.27E-4 1.06E-5 5.13E-5 2.84E-4 2.24E-6 4.00E-3 

SV-D-

E_CCF 

4.23E-5 1.30E-4 1.08E-5 5.09E-5 2.90E-4 2.44E-6 3.63E-3 
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Figure 188: Importance graph for extended system w/ diagnostic HE and SV_OH. 
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Table 183: FV Results for Extended System w/ Diagnostic HE and SV_DOW 

Name Point 

Est. 

Mean 5th 50th 95th Min Max 

HE-AIR-

OP 

1.92E-1 2.88E-1 2.81E-4 1.09E-1 7.49E-1 1.42E-12 9.91E-1 

HE-AR-

OP 

1.93E-1 2.90E-1 2.32E-4 1.16E-1 7.53E-1 6.50E-12 9.96E-1 

HE-SV-B-

LO 

5.42E-3 1.61E-2 2.47E-6 1.33E-3 3.88E-2 9.04E-11 6.74E-1 

HE-SV-B-

OP 

5.42E-3 1.54E-2 3.27E-6 1.38E-3 3.86E-2 3.29E-10 7.10E-1 

HE-SV-C-

LO 

5.42E-3 1.52E-2 3.32E-6 1.44E-3 3.71E-2 2.54E-10 7.83E-1 

HE-SV-C-

OP 

5.42E-3 1.59E-2 3.56E-6 1.36E-3 3.96E-2 1.21E-10 7.45E-1 

HE-SV-D-

LO 

5.42E-3 1.50E-2 3.50E-6 1.40E-3 3.74E-2 1.12E-12 6.82E-1 

HE-SV-D-

OP 

5.42E-3 1.56E-2 3.86E-6 1.48E-3 3.84E-2 0.00E+0 5.85E-1 

HE-SV-E-

LO 

5.42E-3 1.55E-2 3.32E-6 1.41E-3 3.81E-2 2.58E-11 8.79E-1 

HE-SV-E-

OP 

5.42E-3 1.53E-2 3.30E-6 1.42E-3 3.94E-2 4.54E-10 7.49E-1 

MF-AIR-

LK 

7.94E-1 6.71E-1 7.14E-2 6.52E-1 9.79E-1 4.59E-3 1.00E+0 

MF-AR-

LK 

7.94E-1 6.71E-1 7.43E-2 6.52E-1 9.79E-1 2.72E-3 1.00E+0 

MF-SV-

A-FFD 

9.26E-5 2.75E-4 1.35E-6 3.26E-5 5.53E-4 3.77E-8 4.95E-2 

MF-SV-B-

FFD 

3.02E-3 8.17E-3 2.73E-5 9.04E-4 1.80E-2 1.07E-6 6.32E-1 

MF-SV-C-

FFD 

3.02E-3 8.54E-3 2.88E-5 8.91E-4 1.97E-2 4.27E-7 6.40E-1 

MF-SV-

D-FFD 

3.02E-3 8.47E-3 2.74E-5 8.93E-4 1.78E-2 9.10E-7 6.01E-1 

MF-SV-E-

FFD 

3.02E-3 8.23E-3 2.61E-5 8.75E-4 1.79E-2 4.91E-7 6.31E-1 

MF-VP-

A-LK 

9.26E-5 2.75E-4 1.35E-6 3.26E-5 5.53E-4 3.77E-8 4.95E-2 

SV-B-

C_CCF 

4.94E-4 1.11E-3 4.79E-5 3.81E-4 2.38E-3 6.09E-6 5.91E-2 

SV-D-

E_CCF 

4.94E-4 1.08E-3 4.94E-5 3.89E-4 2.36E-3 5.12E-6 4.70E-2 
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Figure 189: Importance graph for extended system w/ diagnostic HE and SV_DOW. 
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Table 184: FV Results for Extended System w/ Diagnostic HE and SV_MAN 

Name Point 

Est. 

Mean 5th 50th 95th Min Max 

HE-AIR-

OP 

1.94E-1 2.92E-1 2.82E-4 1.11E-1 7.57E-1 1.55E-12 9.92E-1 

HE-AR-

OP 

1.94E-1 2.94E-1 2.32E-4 1.19E-1 7.63E-1 6.54E-12 9.96E-1 

HE-SV-

B-LO 

4.29E-3 1.34E-2 1.43E-6 9.00E-4 3.14E-2 1.31E-11 7.01E-1 

HE-SV-

B-OP 

4.29E-3 1.28E-2 1.90E-6 8.98E-4 3.06E-2 6.75E-11 7.52E-1 

HE-SV-

C-LO 

4.29E-3 1.27E-2 1.86E-6 9.30E-4 3.03E-2 1.49E-10 7.90E-1 

HE-SV-

C-OP 

4.29E-3 1.35E-2 2.10E-6 8.92E-4 3.23E-2 1.19E-10 6.96E-1 

HE-SV-

D-LO 

4.29E-3 1.25E-2 2.06E-6 9.11E-4 3.04E-2 1.09E-12 7.21E-1 

HE-SV-

D-OP 

4.29E-3 1.30E-2 2.18E-6 9.68E-4 3.16E-2 0.00E+0 5.71E-1 

HE-SV-

E-LO 

4.29E-3 1.28E-2 1.66E-6 9.20E-4 3.07E-2 2.08E-11 7.30E-1 

HE-SV-

E-OP 

4.29E-3 1.28E-2 2.02E-6 9.46E-4 3.11E-2 3.77E-10 6.31E-1 

MF-

AIR-LK 

7.98E-1 6.80E-1 7.20E-2 6.67E-1 9.83E-1 4.63E-3 1.00E+0 

MF-AR-

LK 

7.98E-1 6.80E-1 7.50E-2 6.64E-1 9.84E-1 2.73E-3 1.00E+0 

MF-SV-

A-FFD 

2.27E-6 7.10E-6 3.40E-8 8.12E-7 1.39E-5 9.21E-10 1.35E-3 

MF-SV-

B-FFD 

5.80E-5 1.88E-4 2.94E-7 1.48E-5 3.38E-4 2.73E-9 4.67E-2 

MF-SV-

C-FFD 

5.80E-5 1.94E-4 2.88E-7 1.49E-5 3.77E-4 4.15E-9 4.58E-2 

MF-SV-

D-FFD 

5.80E-5 1.94E-4 3.17E-7 1.48E-5 3.58E-4 1.01E-8 3.66E-2 

MF-SV-

E-FFD 

5.80E-5 1.85E-4 2.88E-7 1.44E-5 3.48E-4 1.62E-9 3.93E-2 

MF-VP-

A-LK 

2.27E-6 7.10E-6 3.40E-8 8.12E-7 1.39E-5 9.21E-10 1.35E-3 

SV-B-

C_CCF 

4.97E-4 1.15E-3 4.79E-5 3.86E-4 2.47E-3 6.09E-6 6.64E-2 

SV-D-

E_CCF 

4.97E-4 1.12E-3 4.95E-5 3.92E-4 2.43E-3 5.12E-6 4.98E-2 
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Figure 190: Importance graph for extended system w/ diagnostic HE and SV_MAN. 
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Table 185: FV Results for Extended System w/ Diagnostic HE and SV_NRPD 

Name Point 

Est. 

Mean 5th 50th 95th Min Max 

HE-AIR-

OP 

1.36E-1 2.14E-1 2.06E-4 6.79E-2 5.96E-1 1.88E-13 9.85E-1 

HE-AR-OP 1.36E-1 2.17E-1 1.46E-4 7.31E-2 5.92E-1 3.52E-12 9.90E-1 

HE-SV-B-

LO 

2.13E-2 3.23E-2 7.85E-6 4.17E-3 9.00E-2 2.18E-10 6.66E-1 

HE-SV-B-

OP 

2.13E-2 3.16E-2 1.30E-5 4.36E-3 8.56E-2 4.59E-9 7.97E-1 

HE-SV-C-

LO 

2.13E-2 3.11E-2 1.10E-5 4.58E-3 8.50E-2 5.92E-10 8.10E-1 

HE-SV-C-

OP 

2.13E-2 3.12E-2 1.19E-5 4.40E-3 8.55E-2 1.70E-10 7.77E-1 

HE-SV-D-

LO 

2.13E-2 3.12E-2 1.07E-5 4.45E-3 8.56E-2 1.67E-12 7.07E-1 

HE-SV-D-

OP 

2.13E-2 3.25E-2 1.25E-5 4.62E-3 8.99E-2 0.00E+0 7.04E-1 

HE-SV-E-

LO 

2.13E-2 3.17E-2 1.12E-5 4.45E-3 8.66E-2 1.23E-10 7.83E-1 

HE-SV-E-

OP 

2.13E-2 3.16E-2 1.28E-5 4.60E-3 8.79E-2 4.05E-10 8.12E-1 

MF-AIR-

LK 

5.61E-1 5.10E-1 3.44E-2 4.03E-1 9.15E-1 2.34E-3 9.99E-1 

MF-AR-

LK 

5.62E-1 5.12E-1 3.42E-2 4.10E-1 9.14E-1 1.45E-3 9.98E-1 

MF-SV-A-

FFD 

1.02E-3 2.33E-3 1.18E-5 3.57E-4 5.03E-3 2.23E-7 2.25E-1 

MF-SV-B-

FFD 

2.61E-1 2.10E-1 2.88E-3 7.26E-2 5.82E-1 1.36E-4 9.82E-1 

MF-SV-C-

FFD 

2.61E-1 2.12E-1 3.07E-3 7.32E-2 5.89E-1 5.59E-5 9.72E-1 

MF-SV-D-

FFD 

2.61E-1 2.07E-1 2.67E-3 7.48E-2 5.68E-1 9.31E-5 9.82E-1 

MF-SV-E-

FFD 

2.61E-1 2.08E-1 2.75E-3 7.36E-2 5.74E-1 6.32E-5 9.93E-1 

MF-VP-A-

LK 

1.02E-3 2.33E-3 1.18E-5 3.57E-4 5.03E-3 2.23E-7 2.25E-1 

SV-B-

C_CCF 

3.50E-4 6.32E-4 3.94E-5 2.70E-4 1.38E-3 6.01E-6 2.27E-2 

SV-D-

E_CCF 

3.50E-4 6.44E-4 4.17E-5 2.73E-4 1.40E-3 5.12E-6 2.15E-2 
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Figure 191: Importance graph for extended system w/ diagnostic HE and SV_NRPD. 

Table 186: FV Results for Extended System w/ Bruce B Fault Rate 

Name Point 

Est. 

Mean 5th 50th 95th Min Max 

HE-AIR-

OP 

1.32E-3 4.01E-3 3.00E-6 8.44E-4 1.03E-2 3.60E-10 3.06E-1 

HE-AR-

OP 

1.32E-3 4.16E-3 3.84E-6 9.56E-4 1.08E-2 8.21E-13 1.06E-1 

HE-SV-

B-LO 

3.59E-4 1.02E-3 6.01E-7 1.92E-4 2.65E-3 1.86E-12 5.46E-2 

HE-SV-

B-OP 

3.59E-4 9.93E-4 7.08E-7 1.95E-4 2.57E-3 4.69E-13 3.91E-2 

HE-SV-

C-LO 

3.59E-4 9.86E-4 4.96E-7 1.83E-4 2.59E-3 4.50E-14 3.02E-2 

HE-SV-

C-OP 

3.59E-4 9.69E-4 6.99E-7 1.82E-4 2.49E-3 7.69E-12 6.06E-2 

HE-SV-

D-LO 

3.59E-4 9.90E-4 6.64E-7 1.88E-4 2.64E-3 1.20E-13 3.93E-2 

HE-SV-

D-OP 

3.59E-4 9.93E-4 6.77E-7 1.98E-4 2.61E-3 6.81E-12 4.38E-2 

HE-SV-

E-LO 

3.59E-4 9.75E-4 7.92E-7 2.00E-4 2.49E-3 1.62E-11 2.82E-2 

HE-SV-

E-OP 

3.59E-4 9.42E-4 6.02E-7 1.98E-4 2.56E-3 9.08E-12 2.68E-2 

MF-

AIR-LK 

9.59E-1 7.58E-1 2.48E-1 7.70E-1 9.44E-1 2.96E-2 9.94E-1 

MF-AR-

LK 

9.59E-1 7.65E-1 2.69E-1 7.82E-1 9.42E-1 3.14E-2 9.91E-1 

MF-SV-

A-FS 

2.64E-4 6.54E-4 3.92E-5 2.61E-4 1.44E-3 5.13E-6 2.20E-2 
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Name Point 

Est. 

Mean 5th 50th 95th Min Max 

MF-SV-

A-LK 

1.51E-5 3.99E-5 2.10E-6 1.47E-5 8.97E-5 1.46E-7 2.77E-3 

MF-SV-

A-RP 

2.19E-6 5.58E-6 4.84E-8 8.82E-7 1.11E-5 9.99E-10 1.14E-3 

MF-SV-

B-FS 

9.00E-2 2.15E-1 2.60E-2 1.29E-1 4.65E-1 4.05E-3 8.61E-1 

MF-SV-

B-LK 

5.19E-3 1.45E-2 1.36E-3 7.02E-3 3.11E-2 2.64E-4 2.60E-1 

MF-SV-

B-RP 

7.53E-4 2.21E-3 2.77E-5 4.30E-4 4.78E-3 1.13E-6 1.36E-1 

MF-SV-

C-FS 

9.00E-2 2.16E-1 2.63E-2 1.30E-1 4.69E-1 2.95E-3 9.06E-1 

MF-SV-

C-LK 

5.19E-3 1.41E-2 1.25E-3 6.81E-3 3.07E-2 3.06E-4 3.57E-1 

MF-SV-

C-RP 

7.53E-4 2.00E-3 2.94E-5 3.97E-4 4.47E-3 2.35E-6 1.73E-1 

MF-SV-

D-FS 

9.00E-2 2.09E-1 2.70E-2 1.26E-1 4.51E-1 5.64E-3 8.99E-1 

MF-SV-

D-LK 

5.19E-3 1.43E-2 1.35E-3 6.81E-3 3.10E-2 2.67E-4 3.17E-1 

MF-SV-

D-RP 

7.53E-4 2.09E-3 2.63E-5 4.07E-4 4.85E-3 1.62E-6 1.65E-1 

MF-SV-

E-FS 

9.00E-2 2.10E-1 2.67E-2 1.27E-1 4.56E-1 3.50E-3 8.93E-1 

MF-SV-

E-LK 

5.19E-3 1.39E-2 1.29E-3 6.73E-3 3.08E-2 3.00E-4 2.79E-1 

MF-SV-

E-RP 

7.53E-4 2.05E-3 2.96E-5 4.05E-4 4.54E-3 1.62E-6 3.90E-1 

MF-VP-

A-LK 

2.82E-4 7.00E-4 4.50E-5 2.85E-4 1.53E-3 6.11E-6 2.30E-2 

SV-B-

C_CCF 

1.18E-2 2.23E-2 4.58E-3 1.47E-2 4.41E-2 1.68E-3 1.29E-1 

SV-D-

E_CCF 

1.18E-2 2.18E-2 4.83E-3 1.45E-2 4.28E-2 1.60E-3 1.41E-1 
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Figure 192: Importance graph for extended system w/ Bruce B fault rate. 
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Table 187: FV Results for Extended System w/ Bruce B Fault Rate and SV_OL 

Name Point 

Est. 

Mean 5th 50th 95th Min Max 

HE-AIR-

OP 

1.30E-3 7.40E-3 5.44E-6 1.24E-3 1.70E-2 1.49E-12 4.85E-1 

HE-AR-

OP 

1.30E-3 6.97E-3 3.03E-6 1.07E-3 1.59E-2 9.99E-15 4.54E-1 

HE-SV-

B-LO 

1.03E-5 6.04E-5 1.72E-8 4.28E-6 1.14E-4 1.02E-14 7.99E-3 

HE-SV-

B-OP 

1.03E-5 5.94E-5 1.19E-8 4.68E-6 1.12E-4 9.29E-14 1.37E-2 

HE-SV-

C-LO 

1.03E-5 6.27E-5 1.76E-8 4.56E-6 1.10E-4 8.69E-14 1.27E-2 

HE-SV-

C-OP 

1.03E-5 6.06E-5 1.60E-8 4.36E-6 1.10E-4 8.71E-14 2.26E-2 

HE-SV-

D-LO 

1.03E-5 5.76E-5 1.58E-8 4.50E-6 1.02E-4 3.52E-13 1.71E-2 

HE-SV-

D-OP 

1.03E-5 5.70E-5 1.74E-8 4.52E-6 1.04E-4 0.00E+0 8.04E-3 

HE-SV-

E-LO 

1.03E-5 8.12E-5 1.53E-8 4.66E-6 1.05E-4 0.00E+0 2.09E-1 

HE-SV-

E-OP 

1.03E-5 5.62E-5 1.86E-8 4.72E-6 1.11E-4 4.50E-12 2.29E-2 

MF-AIR-

LK 

9.99E-1 9.92E-1 9.51E-1 9.97E-1 1.00E+0 5.12E-1 1.00E+0 

MF-AR-

LK 

9.99E-1 9.93E-1 9.52E-1 9.97E-1 1.00E+0 5.27E-1 1.00E+0 

MF-SV-

A-FFD 

6.72E-6 3.78E-5 2.40E-7 4.52E-6 7.21E-5 8.27E-9 8.39E-3 

MF-SV-

B-FFD 

6.09E-5 3.29E-4 1.25E-6 2.75E-5 5.56E-4 4.13E-8 6.33E-2 

MF-SV-

C-FFD 

6.09E-5 3.25E-4 1.16E-6 2.90E-5 5.85E-4 4.28E-8 5.13E-2 

MF-SV-

D-FFD 

6.09E-5 3.49E-4 1.29E-6 2.86E-5 5.37E-4 4.89E-8 2.44E-1 

MF-SV-

E-FFD 

6.09E-5 3.26E-4 1.27E-6 2.75E-5 5.31E-4 2.20E-8 5.23E-2 

MF-VP-

A-LK 

6.72E-6 3.78E-5 2.40E-7 4.52E-6 7.21E-5 8.27E-9 8.39E-3 

SV-B-

C_CCF 

3.66E-5 1.42E-4 1.28E-5 4.92E-5 2.90E-4 4.31E-6 1.12E-2 

SV-D-

E_CCF 

3.66E-5 1.26E-4 1.36E-5 4.99E-5 2.66E-4 4.04E-6 5.13E-3 
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Figure 193: Importance graph for extended system w/ Bruce B fault rate and SV_OL. 
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Table 188: FV Results for Extended System w/ Bruce B Fault Rate and SV_OM 

Name Point 

Est. 

Mean 5th 50th 95th Min Max 

HE-AIR-

OP 

1.33E-3 5.34E-3 4.60E-6 1.00E-3 1.31E-2 1.56E-12 4.26E-1 

HE-AR-

OP 

1.33E-3 5.00E-3 2.73E-6 8.95E-4 1.22E-2 3.78E-15 3.76E-1 

HE-SV-

B-LO 

4.64E-4 1.09E-3 3.96E-7 1.09E-4 2.59E-3 3.37E-13 9.64E-2 

HE-SV-

B-OP 

4.64E-4 1.06E-3 2.70E-7 1.20E-4 2.50E-3 3.30E-12 8.90E-2 

HE-SV-

C-LO 

4.64E-4 1.04E-3 3.67E-7 1.15E-4 2.46E-3 1.10E-12 6.62E-2 

HE-SV-

C-OP 

4.64E-4 9.52E-4 3.71E-7 1.10E-4 2.46E-3 2.36E-12 4.00E-2 

HE-SV-

D-LO 

4.64E-4 9.80E-4 3.58E-7 1.12E-4 2.32E-3 7.37E-12 9.18E-2 

HE-SV-

D-OP 

4.64E-4 9.83E-4 3.98E-7 1.14E-4 2.39E-3 0.00E+0 9.19E-2 

HE-SV-

E-LO 

4.64E-4 1.01E-3 3.78E-7 1.16E-4 2.53E-3 5.94E-14 8.51E-2 

HE-SV-

E-OP 

4.64E-4 1.00E-3 4.20E-7 1.21E-4 2.53E-3 9.88E-11 9.36E-2 

MF-AIR-

LK 

9.41E-1 8.33E-1 2.57E-1 8.75E-1 9.90E-1 7.53E-3 1.00E+0 

MF-AR-

LK 

9.41E-1 8.35E-1 2.57E-1 8.81E-1 9.90E-1 2.16E-2 1.00E+0 

MF-SV-

A-FFD 

3.49E-4 9.11E-4 9.91E-6 1.94E-4 2.09E-3 2.02E-7 7.94E-2 

MF-SV-

B-FFD 

1.59E-1 1.71E-1 1.94E-3 5.15E-2 4.98E-1 6.71E-5 9.88E-1 

MF-SV-

C-FFD 

1.59E-1 1.72E-1 1.92E-3 5.19E-2 4.97E-1 8.55E-5 9.79E-1 

MF-SV-

D-FFD 

1.59E-1 1.71E-1 2.21E-3 5.26E-2 4.87E-1 5.03E-5 9.78E-1 

MF-SV-

E-FFD 

1.59E-1 1.71E-1 2.19E-3 5.28E-2 4.88E-1 3.30E-5 9.78E-1 

MF-VP-

A-LK 

3.49E-4 9.11E-4 9.91E-6 1.94E-4 2.09E-3 2.02E-7 7.94E-2 

SV-B-

C_CCF 

3.75E-5 9.74E-5 1.13E-5 4.19E-5 2.00E-4 3.27E-6 5.63E-3 

SV-D-

E_CCF 

3.75E-5 8.99E-5 1.17E-5 4.30E-5 1.86E-4 4.02E-6 3.80E-3 
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Figure 194: Importance graph for extended system w/ Bruce B fault rate and SV_OM. 
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Table 189: FV Results for Extended System w/ Bruce B Fault Rate and SV_OH 

Name Point 

Est. 

Mean 5th 50th 95th Min Max 

HE-AIR-

OP 

1.51E-3 3.22E-3 2.83E-6 6.67E-4 8.00E-3 1.45E-12 1.92E-1 

HE-AR-

OP 

1.52E-3 3.04E-3 1.92E-6 6.02E-4 7.68E-3 1.79E-15 2.45E-1 

HE-SV-B-

LO 

1.23E-3 1.32E-3 8.65E-7 2.18E-4 3.37E-3 8.01E-13 7.86E-2 

HE-SV-B-

OP 

1.23E-3 1.31E-3 6.32E-7 2.41E-4 3.33E-3 3.92E-12 5.61E-2 

HE-SV-C-

LO 

1.23E-3 1.26E-3 8.39E-7 2.23E-4 3.20E-3 4.13E-12 7.15E-2 

HE-SV-C-

OP 

1.23E-3 1.19E-3 7.96E-7 2.26E-4 3.18E-3 5.44E-12 5.25E-2 

HE-SV-D-

LO 

1.23E-3 1.20E-3 7.39E-7 2.25E-4 3.04E-3 1.25E-11 6.81E-2 

HE-SV-D-

OP 

1.23E-3 1.22E-3 8.10E-7 2.16E-4 3.16E-3 0.00E+0 6.50E-2 

HE-SV-E-

LO 

1.23E-3 1.27E-3 8.18E-7 2.27E-4 3.26E-3 1.02E-13 7.11E-2 

HE-SV-E-

OP 

1.23E-3 1.31E-3 9.05E-7 2.28E-4 3.47E-3 2.03E-10 1.09E-1 

MF-AIR-

LK 

8.48E-1 5.98E-1 8.67E-2 5.38E-1 9.33E-1 2.17E-3 9.99E-1 

MF-AR-

LK 

8.49E-1 6.02E-1 8.99E-2 5.46E-1 9.31E-1 4.26E-3 9.99E-1 

MF-SV-A-

FFD 

5.80E-4 8.00E-4 1.31E-5 2.37E-4 1.85E-3 5.05E-7 5.91E-2 

MF-SV-B-

FFD 

7.61E-1 4.52E-1 2.34E-2 3.37E-1 8.49E-1 1.01E-3 9.97E-1 

MF-SV-C-

FFD 

7.61E-1 4.52E-1 2.36E-2 3.37E-1 8.50E-1 1.10E-3 9.95E-1 

MF-SV-D-

FFD 

7.61E-1 4.50E-1 2.58E-2 3.40E-1 8.48E-1 5.60E-4 9.93E-1 

MF-SV-E-

FFD 

7.61E-1 4.50E-1 2.59E-2 3.40E-1 8.47E-1 4.91E-4 9.93E-1 

MF-VP-A-

LK 

5.80E-4 8.00E-4 1.31E-5 2.37E-4 1.85E-3 5.05E-7 5.91E-2 

SV-B-

C_CCF 

4.28E-5 5.73E-5 8.22E-6 2.92E-5 1.13E-4 2.43E-6 3.67E-3 

SV-D-

E_CCF 

4.28E-5 5.49E-5 8.29E-6 2.95E-5 1.09E-4 2.76E-6 1.44E-3 
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Figure 195: Importance graph for extended system w/ Bruce B fault rate and SV_OH. 
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Table 190: FV Results for Extended System w/ Bruce B Fault Rate and SV_DOW 

Name Point 

Est. 

Mean 5th 50th 95th Min Max 

HE-AIR-

OP 

1.30E-3 7.39E-3 5.44E-6 1.24E-3 1.70E-2 1.49E-12 4.85E-1 

HE-AR-

OP 

1.30E-3 6.97E-3 3.03E-6 1.07E-3 1.59E-2 9.99E-15 4.54E-1 

HE-SV-B-

LO 

1.05E-5 6.19E-5 1.73E-8 4.36E-6 1.16E-4 1.02E-14 8.23E-3 

HE-SV-B-

OP 

1.05E-5 6.09E-5 1.23E-8 4.75E-6 1.14E-4 9.51E-14 1.42E-2 

HE-SV-C-

LO 

1.05E-5 6.42E-5 1.78E-8 4.66E-6 1.12E-4 8.75E-14 1.30E-2 

HE-SV-C-

OP 

1.05E-5 6.21E-5 1.62E-8 4.45E-6 1.12E-4 8.79E-14 2.32E-2 

HE-SV-D-

LO 

1.05E-5 5.91E-5 1.61E-8 4.58E-6 1.03E-4 3.58E-13 1.76E-2 

HE-SV-D-

OP 

1.05E-5 5.84E-5 1.80E-8 4.61E-6 1.07E-4 0.00E+0 8.27E-3 

HE-SV-E-

LO 

1.05E-5 8.32E-5 1.56E-8 4.76E-6 1.07E-4 0.00E+0 2.13E-1 

HE-SV-E-

OP 

1.05E-5 5.75E-5 1.90E-8 4.81E-6 1.13E-4 4.63E-12 2.36E-2 

MF-AIR-

LK 

9.99E-1 9.92E-1 9.51E-1 9.97E-1 1.00E+0 5.12E-1 1.00E+0 

MF-AR-

LK 

9.99E-1 9.93E-1 9.52E-1 9.97E-1 1.00E+0 5.27E-1 1.00E+0 

MF-SV-

A-FFD 

6.95E-6 3.91E-5 2.48E-7 4.67E-6 7.45E-5 8.55E-9 8.67E-3 

MF-SV-B-

FFD 

6.46E-5 3.48E-4 1.31E-6 2.89E-5 5.86E-4 4.31E-8 6.68E-2 

MF-SV-C-

FFD 

6.46E-5 3.44E-4 1.22E-6 3.06E-5 6.17E-4 4.55E-8 5.45E-2 

MF-SV-

D-FFD 

6.46E-5 3.69E-4 1.36E-6 3.02E-5 5.69E-4 5.10E-8 2.50E-1 

MF-SV-E-

FFD 

6.46E-5 3.45E-4 1.33E-6 2.89E-5 5.62E-4 2.30E-8 5.48E-2 

MF-VP-

A-LK 

6.95E-6 3.91E-5 2.48E-7 4.67E-6 7.45E-5 8.55E-9 8.67E-3 

SV-B-

C_CCF 

3.66E-5 1.42E-4 1.28E-5 4.92E-5 2.90E-4 4.31E-6 1.12E-2 

SV-D-

E_CCF 

3.66E-5 1.26E-4 1.36E-5 4.99E-5 2.66E-4 4.04E-6 5.13E-3 
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Figure 196: Importance graph for extended system w/ Bruce B fault rate and SV_DOW. 
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Table 191: FV Results for Extended System w/ Bruce B Fault Rate and SV_MAN 

Name Point 

Est. 

Mean 5th 50th 95th Min Max 

HE-AIR-

OP 

1.30E-3 7.41E-3 5.44E-6 1.24E-3 1.70E-2 1.49E-12 4.85E-1 

HE-AR-

OP 

1.30E-3 6.98E-3 3.03E-6 1.07E-3 1.59E-2 1.00E-14 4.60E-1 

HE-SV-

B-LO 

2.78E-6 1.64E-5 4.41E-9 1.31E-6 3.47E-5 5.08E-15 2.35E-3 

HE-SV-

B-OP 

2.78E-6 1.62E-5 3.32E-9 1.34E-6 3.50E-5 2.51E-14 1.56E-3 

HE-SV-

C-LO 

2.78E-6 1.67E-5 4.47E-9 1.39E-6 3.46E-5 4.72E-14 1.68E-3 

HE-SV-

C-OP 

2.78E-6 1.61E-5 4.51E-9 1.33E-6 3.43E-5 4.65E-15 1.97E-3 

HE-SV-

D-LO 

2.78E-6 1.46E-5 4.38E-9 1.33E-6 3.08E-5 1.90E-13 1.37E-3 

HE-SV-

D-OP 

2.78E-6 1.63E-5 4.46E-9 1.30E-6 3.25E-5 0.00E+0 4.12E-3 

HE-SV-

E-LO 

2.78E-6 1.61E-5 4.19E-9 1.35E-6 3.16E-5 0.00E+0 1.16E-2 

HE-SV-

E-OP 

2.78E-6 1.57E-5 4.44E-9 1.33E-6 3.27E-5 9.59E-13 2.86E-3 

MF-AIR-

LK 

9.99E-1 9.93E-1 9.52E-1 9.97E-1 1.00E+0 5.13E-1 1.00E+0 

MF-AR-

LK 

9.99E-1 9.93E-1 9.53E-1 9.97E-1 1.00E+0 5.35E-1 1.00E+0 

MF-SV-

A-FFD 

1.69E-7 9.69E-7 6.02E-9 1.13E-7 1.81E-6 2.07E-10 2.16E-4 

MF-SV-

B-FFD 

4.14E-7 2.55E-6 7.52E-9 2.07E-7 4.27E-6 6.05E-10 7.45E-4 

MF-SV-

C-FFD 

4.14E-7 2.45E-6 6.77E-9 2.19E-7 4.31E-6 1.53E-10 5.49E-4 

MF-SV-

D-FFD 

4.14E-7 3.23E-6 7.77E-9 2.25E-7 4.30E-6 1.88E-10 7.70E-3 

MF-SV-

E-FFD 

4.14E-7 2.36E-6 7.55E-9 2.11E-7 4.26E-6 4.02E-10 6.71E-4 

MF-VP-

A-LK 

1.69E-7 9.69E-7 6.02E-9 1.13E-7 1.81E-6 2.07E-10 2.16E-4 

SV-B-

C_CCF 

3.66E-5 1.42E-4 1.28E-5 4.92E-5 2.90E-4 4.31E-6 1.14E-2 

SV-D-

E_CCF 

3.66E-5 1.26E-4 1.36E-5 4.99E-5 2.66E-4 4.04E-6 5.21E-3 
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Figure 197: Importance graph for extended system w/ Bruce B fault rate and SV_MAN. 
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Table 192: FV Results for Extended System w/ Bruce B Fault Rate and SV_NRPD 

Name Point 

Est. 

Mean 5th 50th 95th Min Max 

HE-AIR-

OP 

1.30E-3 6.61E-3 5.31E-6 1.18E-3 1.55E-2 1.54E-12 4.74E-1 

HE-AR-OP 1.30E-3 6.21E-3 3.02E-6 1.03E-3 1.46E-2 7.52E-15 3.92E-1 

HE-SV-B-

LO 

1.78E-4 6.79E-4 1.68E-7 4.67E-5 1.41E-3 1.25E-13 7.42E-2 

HE-SV-B-

OP 

1.78E-4 6.58E-4 1.16E-7 5.11E-5 1.33E-3 1.52E-12 1.00E-1 

HE-SV-C-

LO 

1.78E-4 6.64E-4 1.57E-7 5.03E-5 1.39E-3 4.11E-13 7.56E-2 

HE-SV-C-

OP 

1.78E-4 5.98E-4 1.54E-7 4.65E-5 1.35E-3 9.06E-13 7.22E-2 

HE-SV-D-

LO 

1.78E-4 6.24E-4 1.47E-7 4.90E-5 1.26E-3 3.07E-12 9.96E-2 

HE-SV-D-

OP 

1.78E-4 6.16E-4 1.70E-7 4.86E-5 1.31E-3 0.00E+0 6.82E-2 

HE-SV-E-

LO 

1.78E-4 6.32E-4 1.56E-7 5.06E-5 1.40E-3 1.49E-14 1.73E-1 

HE-SV-E-

OP 

1.78E-4 6.02E-4 1.76E-7 5.22E-5 1.41E-3 4.10E-11 4.81E-2 

MF-AIR-

LK 

9.90E-1 9.42E-1 6.11E-1 9.72E-1 9.97E-1 3.93E-2 1.00E+0 

MF-AR-

LK 

9.90E-1 9.43E-1 5.94E-1 9.74E-1 9.98E-1 6.95E-2 1.00E+0 

MF-SV-A-

FFD 

1.50E-4 5.86E-4 5.18E-6 9.51E-5 1.30E-3 1.85E-7 1.02E-1 

MF-SV-B-

FFD 

2.39E-2 5.26E-2 2.58E-4 7.50E-3 1.47E-1 7.82E-6 9.41E-1 

MF-SV-C-

FFD 

2.39E-2 5.26E-2 2.61E-4 7.55E-3 1.48E-1 1.33E-5 9.27E-1 

MF-SV-D-

FFD 

2.39E-2 5.27E-2 3.11E-4 7.66E-3 1.43E-1 9.32E-6 9.33E-1 

MF-SV-E-

FFD 

2.39E-2 5.27E-2 2.82E-4 7.64E-3 1.44E-1 4.00E-6 9.34E-1 

MF-VP-A-

LK 

1.50E-4 5.86E-4 5.18E-6 9.51E-5 1.30E-3 1.85E-7 1.02E-1 

SV-B-

C_CCF 

3.67E-5 1.23E-4 1.26E-5 4.72E-5 2.61E-4 4.20E-6 8.62E-3 

SV-D-

E_CCF 

3.67E-5 1.11E-4 1.33E-5 4.82E-5 2.36E-4 4.04E-6 4.33E-3 
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Figure 198: Importance graph for extended system w/ Bruce B fault rate and SV_NRPD. 

Table 193: FV Results for Bruce B Fault Rate and Diagnostic HE 

Name Point 

Est. 

Mean 5th 50th 95th Min Max 

HE-AIR-

OP 

1.46E-2 3.87E-2 3.07E-5 9.32E-3 1.05E-1 1.81E-10 6.93E-1 

HE-AR-

OP 

1.46E-2 3.70E-2 3.44E-5 8.89E-3 9.96E-2 2.36E-12 7.75E-1 

HE-SV-

B-LO 

4.25E-3 1.08E-2 5.43E-6 2.25E-3 2.86E-2 9.16E-13 2.79E-1 

HE-SV-

B-OP 

4.25E-3 1.04E-2 5.68E-6 1.99E-3 2.84E-2 2.72E-12 2.77E-1 

HE-SV-

C-LO 

4.25E-3 1.02E-2 4.60E-6 2.06E-3 2.76E-2 1.04E-12 2.73E-1 

HE-SV-

C-OP 

4.25E-3 1.03E-2 6.55E-6 2.12E-3 2.70E-2 6.56E-10 2.85E-1 

HE-SV-

D-LO 

4.25E-3 1.00E-2 6.92E-6 2.08E-3 2.75E-2 3.77E-11 2.52E-1 

HE-SV-

D-OP 

4.25E-3 1.06E-2 5.28E-6 2.13E-3 2.74E-2 2.68E-11 2.97E-1 

HE-SV-

E-LO 

4.25E-3 1.05E-2 7.96E-6 2.14E-3 2.80E-2 2.65E-13 3.77E-1 

HE-SV-

E-OP 

4.25E-3 1.04E-2 6.54E-6 2.12E-3 2.84E-2 7.29E-11 2.29E-1 

MF-AIR-

LK 

9.50E-1 7.16E-1 2.26E-1 7.14E-1 9.19E-1 1.27E-2 9.88E-1 

MF-AR-

LK 

9.50E-1 7.21E-1 2.27E-1 7.27E-1 9.21E-1 2.51E-2 9.89E-1 

MF-SV-

A-FS 

2.62E-4 5.81E-4 3.65E-5 2.44E-4 1.29E-3 4.41E-6 1.69E-2 
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Name Point 

Est. 

Mean 5th 50th 95th Min Max 

MF-SV-

A-LK 

1.50E-5 3.53E-5 2.00E-6 1.37E-5 7.73E-5 2.75E-7 2.21E-3 

MF-SV-

A-RP 

2.18E-6 4.99E-6 4.57E-8 8.27E-7 1.11E-5 1.67E-9 4.36E-4 

MF-SV-

B-FS 

9.67E-2 2.13E-1 3.01E-2 1.34E-1 4.47E-1 7.02E-3 8.81E-1 

MF-SV-

B-LK 

5.60E-3 1.42E-2 1.51E-3 7.30E-3 3.09E-2 2.84E-4 2.59E-1 

MF-SV-

B-RP 

8.13E-4 2.04E-3 3.15E-5 4.39E-4 4.59E-3 2.20E-6 2.00E-1 

MF-SV-

C-FS 

9.67E-2 2.14E-1 2.92E-2 1.35E-1 4.45E-1 3.96E-3 8.88E-1 

MF-SV-

C-LK 

5.60E-3 1.39E-2 1.46E-3 7.08E-3 2.99E-2 3.70E-4 1.67E-1 

MF-SV-

C-RP 

8.13E-4 1.98E-3 3.14E-5 4.06E-4 4.56E-3 1.13E-6 1.14E-1 

MF-SV-

D-FS 

9.67E-2 2.11E-1 2.98E-2 1.32E-1 4.44E-1 7.76E-3 8.81E-1 

MF-SV-

D-LK 

5.60E-3 1.40E-2 1.47E-3 7.16E-3 2.99E-2 2.91E-4 2.33E-1 

MF-SV-

D-RP 

8.13E-4 1.98E-3 2.90E-5 4.20E-4 4.57E-3 1.61E-6 1.68E-1 

MF-SV-

E-FS 

9.67E-2 2.10E-1 2.94E-2 1.32E-1 4.41E-1 6.32E-3 8.61E-1 

MF-SV-

E-LK 

5.60E-3 1.39E-2 1.46E-3 7.10E-3 3.02E-2 3.33E-4 2.44E-1 

MF-SV-

E-RP 

8.13E-4 1.99E-3 2.92E-5 4.38E-4 4.42E-3 1.80E-6 1.73E-1 

MF-VP-

A-LK 

2.80E-4 6.21E-4 4.29E-5 2.68E-4 1.37E-3 5.88E-6 1.72E-2 

SV-B-

C_CCF 

1.18E-2 2.05E-2 4.55E-3 1.42E-2 3.95E-2 1.13E-3 1.15E-1 

SV-D-

E_CCF 

1.18E-2 2.02E-2 4.55E-3 1.38E-2 3.88E-2 1.36E-3 1.22E-1 
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Figure 199: Importance graph for extended system with Bruce B fault rate and 

diagnostic human error. 
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Table 194: FV Results for Bruce B Fault Rate and Diagnostic HE and SV_OL 

Name Point 

Est. 

Mean 5th 50th 95th Min Max 

HE-AIR-

OP 

1.43E-2 5.85E-2 4.33E-5 1.26E-2 1.65E-1 6.00E-14 8.98E-1 

HE-AR-

OP 

1.43E-2 5.75E-2 3.41E-5 1.16E-2 1.56E-1 1.39E-9 8.80E-1 

HE-SV-B-

LO 

3.99E-4 2.03E-3 5.32E-7 1.88E-4 4.42E-3 1.77E-12 1.80E-1 

HE-SV-B-

OP 

3.99E-4 2.01E-3 5.58E-7 2.01E-4 4.50E-3 1.51E-12 1.64E-1 

HE-SV-C-

LO 

3.99E-4 1.98E-3 5.72E-7 2.09E-4 4.42E-3 3.94E-12 1.63E-1 

HE-SV-C-

OP 

3.99E-4 2.06E-3 4.56E-7 1.89E-4 4.37E-3 2.68E-14 1.95E-1 

HE-SV-D-

LO 

3.99E-4 1.79E-3 4.98E-7 1.90E-4 4.06E-3 1.79E-11 1.43E-1 

HE-SV-D-

OP 

3.99E-4 1.93E-3 5.62E-7 1.99E-4 4.24E-3 6.98E-15 2.00E-1 

HE-SV-E-

LO 

3.99E-4 1.81E-3 5.26E-7 1.91E-4 4.33E-3 2.44E-12 1.10E-1 

HE-SV-E-

OP 

3.99E-4 1.99E-3 5.56E-7 1.94E-4 4.29E-3 2.92E-11 2.42E-1 

MF-AIR-

LK 

9.94E-1 9.39E-1 6.36E-1 9.65E-1 9.98E-1 7.07E-2 1.00E+0 

MF-AR-

LK 

9.94E-1 9.41E-1 6.31E-1 9.66E-1 9.98E-1 1.23E-1 1.00E+0 

MF-SV-

A-FFD 

6.74E-6 3.19E-5 2.41E-7 4.03E-6 6.36E-5 9.24E-9 6.60E-3 

MF-SV-B-

FFD 

2.15E-4 1.06E-3 4.50E-6 1.14E-4 2.09E-3 1.84E-7 1.68E-1 

MF-SV-C-

FFD 

2.15E-4 1.06E-3 4.33E-6 1.16E-4 2.13E-3 8.22E-8 9.88E-2 

MF-SV-

D-FFD 

2.15E-4 1.06E-3 4.81E-6 1.13E-4 2.17E-3 2.39E-7 1.78E-1 

MF-SV-E-

FFD 

2.15E-4 9.75E-4 4.26E-6 1.14E-4 1.97E-3 2.94E-8 1.49E-1 

MF-VP-

A-LK 

6.74E-6 3.19E-5 2.41E-7 4.03E-6 6.36E-5 9.24E-9 6.60E-3 

SV-B-

C_CCF 

3.67E-5 1.21E-4 1.30E-5 4.85E-5 2.47E-4 5.03E-6 8.78E-3 

SV-D-

E_CCF 

3.67E-5 1.13E-4 1.32E-5 4.86E-5 2.33E-4 2.55E-6 4.77E-3 

 



335 

 

     

 
Figure 200: Importance graph for extended system with Bruce B fault rate and 

diagnostic human error and SV_OL. 
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Table 195: FV Results for Bruce B Fault Rate and Diagnostic HE and SV_OM 

Name Point 

Est. 

Mean 5th 50th 95th Min Max 

HE-AIR-

OP 

1.47E-2 4.44E-2 3.37E-5 1.01E-2 1.21E-1 2.44E-14 7.48E-1 

HE-AR-

OP 

1.47E-2 4.33E-2 2.87E-5 9.29E-3 1.17E-1 1.14E-9 6.66E-1 

HE-SV-

B-LO 

5.42E-3 1.07E-2 5.13E-6 1.44E-3 2.79E-2 8.98E-12 6.42E-1 

HE-SV-

B-OP 

5.42E-3 1.10E-2 4.34E-6 1.45E-3 2.77E-2 2.24E-12 6.26E-1 

HE-SV-

C-LO 

5.42E-3 1.06E-2 3.81E-6 1.48E-3 2.78E-2 7.66E-11 4.50E-1 

HE-SV-

C-OP 

5.42E-3 1.05E-2 3.61E-6 1.42E-3 2.82E-2 2.20E-13 6.93E-1 

HE-SV-

D-LO 

5.42E-3 9.67E-3 3.79E-6 1.44E-3 2.55E-2 7.47E-10 4.09E-1 

HE-SV-

D-OP 

5.42E-3 1.01E-2 4.03E-6 1.47E-3 2.70E-2 6.51E-15 3.13E-1 

HE-SV-

E-LO 

5.42E-3 1.02E-2 4.62E-6 1.41E-3 2.74E-2 8.20E-12 4.67E-1 

HE-SV-

E-OP 

5.42E-3 1.07E-2 4.71E-6 1.48E-3 2.74E-2 2.13E-10 5.79E-1 

MF-AIR-

LK 

9.32E-1 7.75E-1 2.12E-1 7.95E-1 9.72E-1 6.63E-3 9.99E-1 

MF-AR-

LK 

9.32E-1 7.80E-1 2.08E-1 8.05E-1 9.74E-1 1.16E-2 9.99E-1 

MF-SV-

A-FFD 

3.46E-4 7.56E-4 9.68E-6 1.70E-4 1.80E-3 4.02E-7 4.40E-2 

MF-SV-

B-FFD 

1.68E-1 1.76E-1 3.10E-3 6.10E-2 4.84E-1 1.00E-4 9.82E-1 

MF-SV-

C-FFD 

1.68E-1 1.77E-1 2.80E-3 6.18E-2 4.82E-1 8.66E-5 9.49E-1 

MF-SV-

D-FFD 

1.68E-1 1.75E-1 2.87E-3 5.92E-2 4.92E-1 1.01E-4 9.84E-1 

MF-SV-

E-FFD 

1.68E-1 1.74E-1 2.86E-3 5.98E-2 4.84E-1 8.79E-5 9.86E-1 

MF-VP-

A-LK 

3.46E-4 7.56E-4 9.68E-6 1.70E-4 1.80E-3 4.02E-7 4.40E-2 

SV-B-

C_CCF 

3.77E-5 8.38E-5 1.10E-5 4.08E-5 1.71E-4 3.75E-6 2.63E-3 

SV-D-

E_CCF 

3.77E-5 7.94E-5 1.15E-5 4.09E-5 1.61E-4 2.37E-6 2.49E-3 
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Figure 201: Importance graph for extended system with Bruce B fault rate and 

diagnostic human error and SV_OM. 
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Table 196: FV Results for Bruce B Fault Rate and Diagnostic HE and SV_OH 

Name Point 

Est. 

Mean 5th 50th 95th Min Max 

HE-AIR-

OP 

1.70E-2 2.94E-2 2.26E-5 6.78E-3 7.65E-2 1.39E-14 6.45E-1 

HE-AR-

OP 

1.70E-2 2.87E-2 1.89E-5 6.20E-3 7.65E-2 8.59E-10 6.49E-1 

HE-SV-B-

LO 

1.41E-2 1.32E-2 8.58E-6 2.47E-3 3.50E-2 1.73E-11 5.84E-1 

HE-SV-B-

OP 

1.41E-2 1.35E-2 7.30E-6 2.54E-3 3.54E-2 3.78E-12 6.60E-1 

HE-SV-C-

LO 

1.41E-2 1.31E-2 6.42E-6 2.65E-3 3.53E-2 9.29E-11 3.74E-1 

HE-SV-C-

OP 

1.41E-2 1.29E-2 6.47E-6 2.45E-3 3.46E-2 5.47E-13 6.96E-1 

HE-SV-D-

LO 

1.41E-2 1.23E-2 6.77E-6 2.54E-3 3.29E-2 1.14E-9 4.51E-1 

HE-SV-D-

OP 

1.41E-2 1.27E-2 7.35E-6 2.59E-3 3.40E-2 8.81E-15 3.39E-1 

HE-SV-E-

LO 

1.41E-2 1.29E-2 8.22E-6 2.51E-3 3.61E-2 2.08E-11 4.18E-1 

HE-SV-E-

OP 

1.41E-2 1.33E-2 8.33E-6 2.61E-3 3.52E-2 6.54E-10 5.04E-1 

MF-AIR-

LK 

8.49E-1 5.62E-1 8.36E-2 4.96E-1 8.96E-1 2.08E-3 9.97E-1 

MF-AR-

LK 

8.50E-1 5.69E-1 7.37E-2 5.10E-1 8.99E-1 4.24E-3 9.98E-1 

MF-SV-

A-FFD 

5.84E-4 6.91E-4 1.31E-5 2.17E-4 1.62E-3 4.21E-7 3.45E-2 

MF-SV-

B-FFD 

7.71E-1 4.52E-1 2.94E-2 3.42E-1 8.30E-1 1.23E-3 9.98E-1 

MF-SV-

C-FFD 

7.71E-1 4.53E-1 2.82E-2 3.47E-1 8.28E-1 1.27E-3 9.98E-1 

MF-SV-

D-FFD 

7.71E-1 4.48E-1 2.87E-2 3.41E-1 8.34E-1 8.16E-4 9.98E-1 

MF-SV-E-

FFD 

7.71E-1 4.47E-1 2.94E-2 3.37E-1 8.31E-1 1.04E-3 9.98E-1 

MF-VP-

A-LK 

5.84E-4 6.91E-4 1.31E-5 2.17E-4 1.62E-3 4.21E-7 3.45E-2 

SV-B-

C_CCF 

4.38E-5 5.16E-5 8.11E-6 2.85E-5 1.02E-4 2.67E-6 2.14E-3 

SV-D-

E_CCF 

4.38E-5 4.99E-5 8.09E-6 2.85E-5 9.90E-5 2.09E-6 1.09E-3 
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Figure 202: Importance graph for extended system with Bruce B fault rate and 

diagnostic human error and SV_OH. 
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Table 197: FV Results for Bruce B Fault Rate and Diagnostic HE and SV_DOW 

Name Point 

Est. 

Mean 5th 50th 95th Min Max 

HE-AIR-

OP 

1.43E-2 5.85E-2 4.33E-5 1.26E-2 1.65E-1 6.00E-14 8.98E-1 

HE-AR-

OP 

1.43E-2 5.75E-2 3.41E-5 1.16E-2 1.56E-1 1.39E-9 8.80E-1 

HE-SV-B-

LO 

4.02E-4 2.04E-3 5.42E-7 1.90E-4 4.45E-3 1.78E-12 1.81E-1 

HE-SV-B-

OP 

4.02E-4 2.02E-3 5.61E-7 2.03E-4 4.51E-3 1.51E-12 1.65E-1 

HE-SV-C-

LO 

4.02E-4 1.99E-3 5.74E-7 2.10E-4 4.45E-3 3.98E-12 1.67E-1 

HE-SV-C-

OP 

4.02E-4 2.08E-3 4.59E-7 1.91E-4 4.39E-3 2.68E-14 1.95E-1 

HE-SV-D-

LO 

4.02E-4 1.80E-3 4.98E-7 1.92E-4 4.10E-3 1.84E-11 1.46E-1 

HE-SV-D-

OP 

4.02E-4 1.94E-3 5.70E-7 2.01E-4 4.29E-3 6.98E-15 2.01E-1 

HE-SV-E-

LO 

4.02E-4 1.82E-3 5.32E-7 1.92E-4 4.36E-3 2.44E-12 1.11E-1 

HE-SV-E-

OP 

4.02E-4 2.01E-3 5.60E-7 1.95E-4 4.32E-3 2.93E-11 2.43E-1 

MF-AIR-

LK 

9.94E-1 9.39E-1 6.36E-1 9.65E-1 9.98E-1 7.07E-2 1.00E+0 

MF-AR-

LK 

9.94E-1 9.41E-1 6.31E-1 9.66E-1 9.98E-1 1.23E-1 1.00E+0 

MF-SV-A-

FFD 

6.96E-6 3.30E-5 2.49E-7 4.17E-6 6.58E-5 9.55E-9 6.81E-3 

MF-SV-B-

FFD 

2.24E-4 1.10E-3 4.67E-6 1.20E-4 2.18E-3 1.94E-7 1.72E-1 

MF-SV-C-

FFD 

2.24E-4 1.10E-3 4.55E-6 1.21E-4 2.21E-3 8.55E-8 1.02E-1 

MF-SV-D-

FFD 

2.24E-4 1.10E-3 5.02E-6 1.19E-4 2.26E-3 2.53E-7 1.83E-1 

MF-SV-E-

FFD 

2.24E-4 1.01E-3 4.47E-6 1.19E-4 2.05E-3 3.11E-8 1.54E-1 

MF-VP-A-

LK 

6.96E-6 3.30E-5 2.49E-7 4.17E-6 6.58E-5 9.55E-9 6.81E-3 

SV-B-

C_CCF 

3.67E-5 1.21E-4 1.30E-5 4.85E-5 2.47E-4 5.03E-6 8.77E-3 

SV-D-

E_CCF 

3.67E-5 1.13E-4 1.32E-5 4.86E-5 2.33E-4 2.55E-6 4.77E-3 
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Figure 203: Importance graph for extended system with Bruce B fault rate and 

diagnostic human error and SV_DOW. 
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Table 198: FV Results for Bruce B Fault Rate and Diagnostic HE and SV_MAN 

Name Point 

Est. 

Mean 5th 50th 95th Min Max 

HE-AIR-OP 1.43E-2 5.87E-2 4.34E-5 1.26E-2 1.65E-1 6.04E-14 9.04E-1 

HE-AR-OP 1.43E-2 5.77E-2 3.41E-5 1.16E-2 1.57E-1 1.39E-9 8.86E-1 

HE-SV-B-

LO 

3.16E-4 1.65E-3 3.02E-7 1.24E-4 3.41E-3 1.28E-12 1.79E-1 

HE-SV-B-

OP 

3.16E-4 1.60E-3 2.75E-7 1.31E-4 3.57E-3 1.50E-12 1.50E-1 

HE-SV-C-

LO 

3.16E-4 1.59E-3 3.19E-7 1.32E-4 3.45E-3 1.50E-13 1.38E-1 

HE-SV-C-

OP 

3.16E-4 1.65E-3 2.53E-7 1.26E-4 3.38E-3 2.22E-14 1.95E-1 

HE-SV-D-

LO 

3.16E-4 1.44E-3 3.13E-7 1.25E-4 3.21E-3 3.29E-12 1.31E-1 

HE-SV-D-

OP 

3.16E-4 1.56E-3 3.17E-7 1.34E-4 3.33E-3 7.01E-15 1.74E-1 

HE-SV-E-

LO 

3.16E-4 1.43E-3 3.06E-7 1.29E-4 3.34E-3 2.35E-12 8.63E-2 

HE-SV-E-

OP 

3.16E-4 1.58E-3 3.39E-7 1.33E-4 3.24E-3 2.66E-11 2.27E-1 

MF-AIR-

LK 

9.94E-1 9.41E-1 6.42E-1 9.67E-1 9.98E-1 7.12E-2 1.00E+0 

MF-AR-LK 9.94E-1 9.42E-1 6.37E-1 9.67E-1 9.98E-1 1.24E-1 1.00E+0 

MF-SV-A-

FFD 

1.69E-7 8.21E-7 6.06E-9 1.01E-7 1.61E-6 2.32E-10 1.73E-4 

MF-SV-B-

FFD 

4.28E-6 2.23E-5 5.28E-8 2.01E-6 4.06E-5 7.86E-10 5.26E-3 

MF-SV-C-

FFD 

4.28E-6 2.21E-5 4.55E-8 2.04E-6 4.30E-5 5.59E-10 2.79E-3 

MF-SV-D-

FFD 

4.28E-6 2.20E-5 4.89E-8 1.98E-6 4.10E-5 6.86E-10 5.51E-3 

MF-SV-E-

FFD 

4.28E-6 1.95E-5 5.41E-8 1.94E-6 3.85E-5 2.46E-10 4.11E-3 

MF-VP-A-

LK 

1.69E-7 8.21E-7 6.06E-9 1.01E-7 1.61E-6 2.32E-10 1.73E-4 

SV-B-

C_CCF 

3.67E-5 1.22E-4 1.30E-5 4.86E-5 2.48E-4 5.03E-6 8.93E-3 

SV-D-

E_CCF 

3.67E-5 1.13E-4 1.32E-5 4.86E-5 2.35E-4 2.55E-6 4.80E-3 
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Figure 204: Importance graph for extended system with Bruce B fault rate and 

diagnostic human error and SV_MAN. 
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Table 199: FV Results for Bruce B Fault Rate and Diagnostic HE and SV_NRPD 

Name Point 

Est. 

Mean 5th 50th 95th Min Max 

HE-AIR-

OP 

1.44E-2 5.30E-2 4.13E-5 1.18E-2 1.47E-1 4.39E-14 8.12E-1 

HE-AR-

OP 

1.44E-2 5.18E-2 3.27E-5 1.08E-2 1.39E-1 1.32E-9 7.87E-1 

HE-SV-

B-LO 

2.25E-3 7.19E-3 2.63E-6 7.80E-4 1.77E-2 6.04E-12 4.87E-1 

HE-SV-

B-OP 

2.25E-3 7.41E-3 2.27E-6 8.04E-4 1.74E-2 1.77E-12 4.54E-1 

HE-SV-

C-LO 

2.25E-3 7.06E-3 2.15E-6 8.15E-4 1.74E-2 2.91E-11 5.59E-1 

HE-SV-

C-OP 

2.25E-3 7.12E-3 2.03E-6 7.63E-4 1.75E-2 9.42E-14 5.69E-1 

HE-SV-

D-LO 

2.25E-3 6.41E-3 2.08E-6 7.82E-4 1.58E-2 3.32E-10 4.16E-1 

HE-SV-

D-OP 

2.25E-3 6.84E-3 2.31E-6 7.96E-4 1.71E-2 6.42E-15 3.23E-1 

HE-SV-

E-LO 

2.25E-3 6.80E-3 2.32E-6 7.63E-4 1.71E-2 4.42E-12 3.86E-1 

HE-SV-

E-OP 

2.25E-3 7.19E-3 2.41E-6 8.07E-4 1.75E-2 9.11E-11 4.61E-1 

MF-AIR-

LK 

9.82E-1 8.81E-1 4.37E-1 9.11E-1 9.89E-1 2.78E-2 1.00E+0 

MF-AR-

LK 

9.82E-1 8.83E-1 4.15E-1 9.15E-1 9.90E-1 2.24E-2 1.00E+0 

MF-SV-

A-FFD 

1.49E-4 4.86E-4 5.05E-6 8.33E-5 1.10E-3 2.12E-7 6.23E-2 

MF-SV-

B-FFD 

2.74E-2 5.79E-2 5.00E-4 1.12E-2 1.59E-1 1.63E-5 9.43E-1 

MF-SV-

C-FFD 

2.74E-2 5.83E-2 4.52E-4 1.13E-2 1.55E-1 1.07E-5 8.84E-1 

MF-SV-

D-FFD 

2.74E-2 5.85E-2 4.64E-4 1.07E-2 1.63E-1 2.00E-5 9.60E-1 

MF-SV-

E-FFD 

2.74E-2 5.78E-2 4.72E-4 1.07E-2 1.59E-1 1.13E-5 9.60E-1 

MF-VP-

A-LK 

1.49E-4 4.86E-4 5.05E-6 8.33E-5 1.10E-3 2.12E-7 6.23E-2 

SV-B-

C_CCF 

3.69E-5 1.05E-4 1.24E-5 4.66E-5 2.15E-4 4.98E-6 5.27E-3 

SV-D-

E_CCF 

3.69E-5 9.86E-5 1.29E-5 4.65E-5 2.03E-4 2.48E-6 3.85E-3 
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Figure 205: Importance graph for extended system with Bruce B fault rate and 

diagnostic human error and SV_NRPD. 

Table 200: FV Results for Extended System w/ Bruce A Fault Rate 

Name Point 

Est. 

Mean 5th 50th 95th Min Max 

HE-AIR-

OP 

3.56E-3 8.43E-3 6.74E-6 1.75E-3 2.23E-2 9.34E-11 3.27E-1 

HE-AR-

OP 

3.56E-3 7.99E-3 5.66E-6 1.57E-3 2.07E-2 1.27E-13 2.07E-1 

HE-SV-

B-LO 

9.67E-4 1.89E-3 1.23E-6 3.71E-4 4.99E-3 1.32E-12 5.27E-2 

HE-SV-

B-OP 

9.67E-4 1.85E-3 1.19E-6 3.80E-4 4.99E-3 2.36E-10 6.00E-2 

HE-SV-

C-LO 

9.67E-4 1.93E-3 1.28E-6 3.67E-4 5.27E-3 1.42E-12 6.24E-2 

HE-SV-

C-OP 

9.67E-4 1.81E-3 9.44E-7 3.39E-4 4.79E-3 6.08E-11 6.89E-2 

HE-SV-

D-LO 

9.67E-4 1.80E-3 1.10E-6 3.42E-4 4.91E-3 8.79E-11 3.85E-2 

HE-SV-

D-OP 

9.67E-4 1.85E-3 9.56E-7 3.50E-4 4.98E-3 1.68E-12 8.71E-2 

HE-SV-

E-LO 

9.67E-4 1.89E-3 1.46E-6 3.74E-4 5.17E-3 2.41E-13 6.44E-2 

HE-SV-

E-OP 

9.67E-4 1.75E-3 1.43E-6 3.46E-4 4.67E-3 8.55E-14 1.06E-1 

MF-

AIR-LK 

7.21E-1 5.44E-1 6.21E-2 4.76E-1 8.79E-1 4.11E-3 9.83E-1 

MF-AR-

LK 

7.22E-1 5.50E-1 5.90E-2 4.85E-1 8.85E-1 5.85E-3 9.90E-1 
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Name Point 

Est. 

Mean 5th 50th 95th Min Max 

MF-SV-

A-FS 

5.63E-4 9.67E-4 2.61E-5 3.22E-4 2.27E-3 1.81E-6 4.47E-2 

MF-SV-

A-LK 

3.22E-5 5.90E-5 1.54E-6 1.81E-5 1.35E-4 7.63E-8 4.38E-3 

MF-SV-

A-RP 

4.67E-6 7.89E-6 4.19E-8 1.04E-6 1.70E-5 2.81E-10 9.56E-4 

MF-SV-

B-FS 

2.44E-1 3.79E-1 4.62E-2 2.80E-1 7.07E-1 1.05E-2 9.34E-1 

MF-SV-

B-LK 

1.40E-2 2.66E-2 2.17E-3 1.38E-2 5.82E-2 3.95E-4 3.80E-1 

MF-SV-

B-RP 

2.03E-3 3.84E-3 4.99E-5 7.87E-4 8.93E-3 4.37E-6 1.56E-1 

MF-SV-

C-FS 

2.44E-1 3.79E-1 4.79E-2 2.80E-1 7.08E-1 8.42E-3 9.33E-1 

MF-SV-

C-LK 

1.40E-2 2.68E-2 2.34E-3 1.37E-2 5.82E-2 3.66E-4 3.97E-1 

MF-SV-

C-RP 

2.03E-3 3.60E-3 4.84E-5 7.79E-4 8.55E-3 2.67E-6 1.55E-1 

MF-SV-

D-FS 

2.44E-1 3.76E-1 4.25E-2 2.76E-1 7.07E-1 7.87E-3 9.23E-1 

MF-SV-

D-LK 

1.40E-2 2.61E-2 2.20E-3 1.31E-2 5.81E-2 3.72E-4 3.57E-1 

MF-SV-

D-RP 

2.03E-3 3.77E-3 4.89E-5 8.11E-4 8.42E-3 2.32E-6 4.36E-1 

MF-SV-

E-FS 

2.44E-1 3.76E-1 4.21E-2 2.75E-1 7.08E-1 5.98E-3 9.33E-1 

MF-SV-

E-LK 

1.40E-2 2.61E-2 2.28E-3 1.33E-2 5.74E-2 4.60E-4 3.48E-1 

MF-SV-

E-RP 

2.03E-3 3.77E-3 4.86E-5 7.46E-4 8.56E-3 3.49E-6 2.87E-1 

MF-VP-

A-LK 

6.00E-4 1.03E-3 2.95E-5 3.55E-4 2.42E-3 1.96E-6 4.59E-2 

SV-B-

C_CCF 

3.18E-2 4.14E-2 7.03E-3 3.08E-2 7.54E-2 2.48E-3 1.72E-1 

SV-D-

E_CCF 

3.18E-2 4.08E-2 6.83E-3 3.04E-2 7.47E-2 1.69E-3 1.69E-1 
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Figure 206: Importance graph for extended system w/ Bruce A fault rate. 
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Table 201: FV Results for Extended System w/ Bruce A Fault Rate and SV_OL 

Name Point 

Est. 

Mean 5th 50th 95th Min Max 

HE-AIR-

OP 

4.84E-3 2.45E-2 9.30E-6 2.99E-3 6.50E-2 4.91E-10 7.74E-1 

HE-AR-

OP 

4.84E-3 2.43E-2 1.07E-5 3.06E-3 6.10E-2 5.47E-11 8.55E-1 

HE-SV-B-

LO 

3.84E-5 2.17E-4 3.57E-8 1.20E-5 3.85E-4 0.00E+0 7.43E-2 

HE-SV-B-

OP 

3.84E-5 2.10E-4 3.50E-8 1.28E-5 3.95E-4 1.43E-12 2.88E-2 

HE-SV-C-

LO 

3.84E-5 2.29E-4 4.23E-8 1.23E-5 4.10E-4 3.84E-12 6.48E-2 

HE-SV-C-

OP 

3.84E-5 2.23E-4 3.21E-8 1.24E-5 4.07E-4 5.97E-13 7.05E-2 

HE-SV-D-

LO 

3.84E-5 2.17E-4 3.48E-8 1.18E-5 3.79E-4 8.19E-12 6.45E-2 

HE-SV-D-

OP 

3.84E-5 2.02E-4 4.05E-8 1.19E-5 3.91E-4 0.00E+0 2.90E-2 

HE-SV-E-

LO 

3.84E-5 2.34E-4 3.77E-8 1.11E-5 3.91E-4 2.25E-13 9.39E-2 

HE-SV-E-

OP 

3.84E-5 2.28E-4 3.34E-8 1.26E-5 3.82E-4 1.48E-13 8.96E-2 

MF-AIR-

LK 

9.95E-1 9.73E-1 8.23E-1 9.89E-1 9.99E-1 2.12E-1 1.00E+0 

MF-AR-

LK 

9.95E-1 9.74E-1 8.05E-1 9.89E-1 9.99E-1 1.41E-1 1.00E+0 

MF-SV-A-

FFD 

2.51E-5 1.41E-4 5.28E-7 1.29E-5 2.51E-4 2.49E-8 1.95E-2 

MF-SV-B-

FFD 

2.28E-4 1.17E-3 2.69E-6 7.75E-5 2.04E-3 2.18E-7 1.95E-1 

MF-SV-C-

FFD 

2.28E-4 1.14E-3 2.75E-6 7.99E-5 1.95E-3 1.20E-7 1.92E-1 

MF-SV-D-

FFD 

2.28E-4 1.30E-3 2.56E-6 7.81E-5 1.97E-3 1.08E-7 3.46E-1 

MF-SV-E-

FFD 

2.28E-4 1.25E-3 2.48E-6 7.84E-5 1.92E-3 3.67E-8 3.41E-1 

MF-VP-A-

LK 

2.51E-5 1.41E-4 5.28E-7 1.29E-5 2.51E-4 2.49E-8 1.95E-2 

SV-B-

C_CCF 

1.37E-4 5.14E-4 2.15E-5 1.41E-4 1.17E-3 5.79E-6 3.06E-2 

SV-D-

E_CCF 

1.37E-4 5.04E-4 2.12E-5 1.38E-4 1.17E-3 5.37E-6 2.50E-2 
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Figure 207: Importance graph for extended system w/ Bruce A fault rate and SV_OL. 
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Table 202: FV Results for Extended System w/ Bruce A Fault Rate and SV_OM 

Name Point 

Est. 

Mean 5th 50th 95th Min Max 

HE-AIR-

OP 

3.16E-3 1.27E-2 6.64E-6 1.88E-3 3.37E-2 5.03E-11 7.18E-1 

HE-AR-

OP 

3.17E-3 1.26E-2 6.66E-6 1.92E-3 3.10E-2 3.93E-11 6.87E-1 

HE-SV-

B-LO 

1.11E-3 2.21E-3 7.16E-7 2.34E-4 5.30E-3 3.83E-15 2.06E-1 

HE-SV-

B-OP 

1.11E-3 2.21E-3 7.33E-7 2.57E-4 5.30E-3 5.71E-11 1.61E-1 

HE-SV-

C-LO 

1.11E-3 2.33E-3 9.15E-7 2.54E-4 5.71E-3 2.06E-11 1.25E-1 

HE-SV-

C-OP 

1.11E-3 2.24E-3 6.51E-7 2.48E-4 5.37E-3 7.71E-12 1.44E-1 

HE-SV-

D-LO 

1.11E-3 2.13E-3 7.72E-7 2.40E-4 5.28E-3 7.22E-11 1.43E-1 

HE-SV-

D-OP 

1.11E-3 2.18E-3 7.94E-7 2.43E-4 5.27E-3 4.53E-14 1.09E-1 

HE-SV-

E-LO 

1.11E-3 2.08E-3 7.77E-7 2.20E-4 5.23E-3 1.01E-11 1.45E-1 

HE-SV-

E-OP 

1.11E-3 2.12E-3 7.08E-7 2.46E-4 5.42E-3 9.73E-12 1.51E-1 

MF-AIR-

LK 

6.40E-1 6.82E-1 7.13E-2 6.79E-1 9.75E-1 5.28E-3 9.99E-1 

MF-AR-

LK 

6.40E-1 6.83E-1 6.91E-2 6.81E-1 9.77E-1 1.58E-3 1.00E+0 

MF-SV-

A-FFD 

6.05E-4 1.95E-3 1.08E-5 2.99E-4 4.20E-3 8.56E-8 2.02E-1 

MF-SV-

B-FFD 

3.80E-1 3.03E-1 4.35E-3 1.33E-1 7.70E-1 2.16E-4 9.95E-1 

MF-SV-

C-FFD 

3.80E-1 3.03E-1 4.24E-3 1.34E-1 7.66E-1 1.67E-4 9.93E-1 

MF-SV-

D-FFD 

3.80E-1 3.04E-1 3.96E-3 1.32E-1 7.70E-1 1.92E-4 9.96E-1 

MF-SV-

E-FFD 

3.80E-1 3.04E-1 4.07E-3 1.32E-1 7.70E-1 1.66E-4 9.93E-1 

MF-VP-

A-LK 

6.05E-4 1.95E-3 1.08E-5 2.99E-4 4.20E-3 8.56E-8 2.02E-1 

SV-B-

C_CCF 

8.93E-5 2.42E-4 1.67E-5 8.93E-5 5.49E-4 4.14E-6 7.56E-3 

SV-D-

E_CCF 

8.93E-5 2.37E-4 1.72E-5 8.70E-5 5.43E-4 4.53E-6 1.08E-2 
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Figure 208: Importance graph for extended system w/ Bruce A fault rate and SV_OM. 
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Table 203: FV Results for Extended System w/ Bruce A Fault Rate and SV_OH 

Name Point 

Est. 

Mean 5th 50th 95th Min Max 

HE-AIR-

OP 

1.46E-3 5.55E-3 3.07E-6 9.02E-4 1.36E-2 1.36E-11 4.38E-1 

HE-AR-

OP 

1.46E-3 5.49E-3 2.95E-6 9.14E-4 1.35E-2 1.13E-11 4.09E-1 

HE-SV-

B-LO 

1.18E-3 1.97E-3 1.15E-6 3.22E-4 4.97E-3 2.36E-15 1.36E-1 

HE-SV-

B-OP 

1.18E-3 1.98E-3 1.21E-6 3.69E-4 4.72E-3 6.91E-11 1.81E-1 

HE-SV-

C-LO 

1.18E-3 2.04E-3 1.41E-6 3.44E-4 4.96E-3 1.11E-11 1.15E-1 

HE-SV-

C-OP 

1.18E-3 1.97E-3 1.12E-6 3.43E-4 4.89E-3 2.47E-11 7.45E-2 

HE-SV-

D-LO 

1.18E-3 1.92E-3 1.24E-6 3.29E-4 4.79E-3 1.40E-10 9.71E-2 

HE-SV-

D-OP 

1.18E-3 1.98E-3 1.22E-6 3.33E-4 4.84E-3 4.62E-14 1.54E-1 

HE-SV-

E-LO 

1.18E-3 1.89E-3 1.16E-6 3.20E-4 4.58E-3 2.84E-11 1.16E-1 

HE-SV-

E-OP 

1.18E-3 1.91E-3 1.10E-6 3.33E-4 4.82E-3 2.98E-11 1.54E-1 

MF-AIR-

LK 

2.90E-1 3.97E-1 1.88E-2 2.54E-1 8.40E-1 1.20E-3 9.96E-1 

MF-AR-

LK 

2.90E-1 4.00E-1 1.97E-2 2.55E-1 8.47E-1 4.37E-4 9.98E-1 

MF-SV-

A-FFD 

2.47E-4 9.69E-4 5.98E-6 1.74E-4 2.24E-3 6.21E-8 1.08E-1 

MF-SV-

B-FFD 

8.56E-1 6.15E-1 5.11E-2 5.75E-1 9.51E-1 1.86E-3 9.99E-1 

MF-SV-

C-FFD 

8.56E-1 6.15E-1 5.13E-2 5.78E-1 9.50E-1 1.68E-3 9.99E-1 

MF-SV-

D-FFD 

8.56E-1 6.13E-1 4.75E-2 5.74E-1 9.50E-1 2.14E-3 9.99E-1 

MF-SV-

E-FFD 

8.56E-1 6.14E-1 4.73E-2 5.76E-1 9.50E-1 2.09E-3 9.99E-1 

MF-VP-

A-LK 

2.47E-4 9.69E-4 5.98E-6 1.74E-4 2.24E-3 6.21E-8 1.08E-1 

SV-B-

C_CCF 

4.11E-5 1.01E-4 9.51E-6 4.22E-5 2.22E-4 2.39E-6 2.46E-3 

SV-D-

E_CCF 

4.11E-5 1.00E-4 9.76E-6 4.08E-5 2.19E-4 2.62E-6 3.54E-3 
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Figure 209: Importance graph for extended system w/ Bruce A fault rate and SV_OH. 
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Table 204: FV Results for Extended System w/ Bruce A Fault Rate and SV_DOW 

Name Point 

Est. 

Mean 5th 50th 95th Min Max 

HE-AIR-

OP 

4.84E-3 2.45E-2 9.30E-6 2.99E-3 6.50E-2 4.91E-10 7.74E-1 

HE-AR-

OP 

4.84E-3 2.43E-2 1.07E-5 3.06E-3 6.10E-2 5.47E-11 8.55E-1 

HE-SV-B-

LO 

3.94E-5 2.22E-4 3.67E-8 1.23E-5 3.94E-4 0.00E+0 7.64E-2 

HE-SV-B-

OP 

3.94E-5 2.15E-4 3.53E-8 1.30E-5 4.04E-4 1.47E-12 2.97E-2 

HE-SV-C-

LO 

3.94E-5 2.35E-4 4.29E-8 1.26E-5 4.20E-4 3.99E-12 6.64E-2 

HE-SV-C-

OP 

3.94E-5 2.28E-4 3.30E-8 1.27E-5 4.16E-4 6.00E-13 7.25E-2 

HE-SV-

D-LO 

3.94E-5 2.22E-4 3.56E-8 1.21E-5 3.86E-4 8.19E-12 6.55E-2 

HE-SV-

D-OP 

3.94E-5 2.07E-4 4.16E-8 1.22E-5 3.98E-4 0.00E+0 2.97E-2 

HE-SV-E-

LO 

3.94E-5 2.40E-4 3.79E-8 1.14E-5 3.97E-4 2.25E-13 9.66E-2 

HE-SV-E-

OP 

3.94E-5 2.34E-4 3.43E-8 1.29E-5 3.89E-4 1.54E-13 9.15E-2 

MF-AIR-

LK 

9.95E-1 9.73E-1 8.23E-1 9.89E-1 9.99E-1 2.12E-1 1.00E+0 

MF-AR-

LK 

9.95E-1 9.73E-1 8.04E-1 9.89E-1 9.99E-1 1.41E-1 1.00E+0 

MF-SV-

A-FFD 

2.60E-5 1.46E-4 5.46E-7 1.34E-5 2.60E-4 2.57E-8 2.02E-2 

MF-SV-

B-FFD 

2.41E-4 1.23E-3 2.84E-6 8.15E-5 2.15E-3 2.27E-7 2.05E-1 

MF-SV-

C-FFD 

2.41E-4 1.21E-3 2.90E-6 8.42E-5 2.06E-3 1.25E-7 2.02E-1 

MF-SV-

D-FFD 

2.41E-4 1.37E-3 2.69E-6 8.26E-5 2.08E-3 1.15E-7 3.61E-1 

MF-SV-

E-FFD 

2.41E-4 1.32E-3 2.61E-6 8.25E-5 2.03E-3 3.91E-8 3.55E-1 

MF-VP-

A-LK 

2.60E-5 1.46E-4 5.46E-7 1.34E-5 2.60E-4 2.57E-8 2.02E-2 

SV-B-

C_CCF 

1.37E-4 5.14E-4 2.15E-5 1.41E-4 1.17E-3 5.79E-6 3.06E-2 

SV-D-

E_CCF 

1.37E-4 5.03E-4 2.12E-5 1.38E-4 1.17E-3 5.37E-6 2.49E-2 
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Figure 210: Importance graph for extended system w/ Bruce A fault rate and SV_DOW. 
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Table 205: FV Results for Extended System w/ Bruce A Fault Rate and SV_MAN 

Name Point 

Est. 

Mean 5th 50th 95th Min Max 

HE-AIR-

OP 

4.84E-3 2.46E-2 9.30E-6 3.00E-3 6.53E-2 4.91E-10 7.74E-1 

HE-AR-

OP 

4.84E-3 2.45E-2 1.08E-5 3.06E-3 6.13E-2 5.47E-11 8.55E-1 

HE-SV-B-

LO 

1.04E-5 6.31E-5 8.04E-9 3.57E-6 1.23E-4 0.00E+0 7.18E-3 

HE-SV-B-

OP 

1.04E-5 5.89E-5 1.16E-8 3.79E-6 1.24E-4 2.84E-13 7.55E-3 

HE-SV-C-

LO 

1.04E-5 6.18E-5 1.06E-8 3.76E-6 1.23E-4 6.79E-13 4.54E-3 

HE-SV-C-

OP 

1.04E-5 6.10E-5 1.01E-8 3.63E-6 1.24E-4 3.80E-14 6.66E-3 

HE-SV-

D-LO 

1.04E-5 5.87E-5 9.63E-9 3.56E-6 1.16E-4 7.21E-12 1.90E-2 

HE-SV-

D-OP 

1.04E-5 5.85E-5 9.37E-9 3.55E-6 1.19E-4 0.00E+0 1.25E-2 

HE-SV-E-

LO 

1.04E-5 6.09E-5 1.03E-8 3.35E-6 1.16E-4 7.87E-14 1.69E-2 

HE-SV-E-

OP 

1.04E-5 5.75E-5 8.15E-9 3.65E-6 1.17E-4 1.02E-14 1.88E-2 

MF-AIR-

LK 

9.95E-1 9.75E-1 8.30E-1 9.91E-1 1.00E+0 2.15E-1 1.00E+0 

MF-AR-

LK 

9.95E-1 9.75E-1 8.12E-1 9.91E-1 1.00E+0 1.41E-1 1.00E+0 

MF-SV-

A-FFD 

6.32E-7 3.62E-6 1.32E-8 3.24E-7 6.35E-6 6.23E-10 5.22E-4 

MF-SV-

B-FFD 

1.55E-6 9.45E-6 1.74E-8 5.95E-7 1.65E-5 4.32E-10 2.84E-3 

MF-SV-

C-FFD 

1.55E-6 8.67E-6 1.58E-8 5.87E-7 1.54E-5 1.06E-10 2.03E-3 

MF-SV-

D-FFD 

1.55E-6 1.01E-5 1.74E-8 6.04E-7 1.47E-5 3.90E-10 4.72E-3 

MF-SV-

E-FFD 

1.55E-6 8.84E-6 1.51E-8 5.95E-7 1.50E-5 1.25E-10 3.53E-3 

MF-VP-

A-LK 

6.32E-7 3.62E-6 1.32E-8 3.24E-7 6.35E-6 6.23E-10 5.22E-4 

SV-B-

C_CCF 

1.37E-4 5.17E-4 2.15E-5 1.41E-4 1.17E-3 5.79E-6 3.09E-2 

SV-D-

E_CCF 

1.37E-4 5.07E-4 2.12E-5 1.38E-4 1.18E-3 5.37E-6 2.56E-2 
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Figure 211: Importance graph for extended system w/ Bruce A fault rate and SV_MAN. 
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Table 206: FV Results for Extended System w/ Bruce A Fault Rate and SV_NRPD 

Name Point 

Est. 

Mean 5th 50th 95th Min Max 

HE-AIR-

OP 

4.47E-3 1.89E-2 8.74E-6 2.63E-3 5.02E-2 2.15E-10 7.58E-1 

HE-AR-OP 4.48E-3 1.87E-2 9.73E-6 2.65E-3 4.75E-2 5.17E-11 8.29E-1 

HE-SV-B-

LO 

6.11E-4 1.73E-3 3.49E-7 1.22E-4 3.77E-3 4.66E-15 2.93E-1 

HE-SV-B-

OP 

6.11E-4 1.72E-3 3.46E-7 1.30E-4 3.89E-3 2.58E-11 1.25E-1 

HE-SV-C-

LO 

6.11E-4 1.84E-3 4.33E-7 1.29E-4 4.04E-3 2.66E-11 1.75E-1 

HE-SV-C-

OP 

6.11E-4 1.76E-3 2.95E-7 1.31E-4 4.12E-3 2.99E-12 1.79E-1 

HE-SV-D-

LO 

6.11E-4 1.66E-3 3.59E-7 1.23E-4 3.90E-3 3.09E-11 1.24E-1 

HE-SV-D-

OP 

6.11E-4 1.66E-3 4.00E-7 1.23E-4 3.87E-3 0.00E+0 1.22E-1 

HE-SV-E-

LO 

6.11E-4 1.65E-3 3.77E-7 1.16E-4 3.89E-3 3.61E-12 2.19E-1 

HE-SV-E-

OP 

6.11E-4 1.69E-3 3.20E-7 1.25E-4 3.79E-3 3.40E-12 2.14E-1 

MF-AIR-

LK 

9.16E-1 8.59E-1 2.67E-1 9.12E-1 9.93E-1 1.36E-2 1.00E+0 

MF-AR-

LK 

9.16E-1 8.60E-1 2.54E-1 9.13E-1 9.94E-1 8.96E-3 1.00E+0 

MF-SV-A-

FFD 

4.83E-4 1.73E-3 8.98E-6 2.17E-4 3.50E-3 1.54E-7 1.62E-1 

MF-SV-B-

FFD 

8.22E-2 1.17E-1 5.88E-4 2.13E-2 3.65E-1 4.04E-5 9.84E-1 

MF-SV-C-

FFD 

8.22E-2 1.17E-1 5.82E-4 2.11E-2 3.65E-1 2.92E-5 9.81E-1 

MF-SV-D-

FFD 

8.22E-2 1.18E-1 5.41E-4 2.09E-2 3.74E-1 2.84E-5 9.87E-1 

MF-SV-E-

FFD 

8.22E-2 1.18E-1 5.56E-4 2.09E-2 3.73E-1 1.92E-5 9.85E-1 

MF-VP-A-

LK 

4.83E-4 1.73E-3 8.98E-6 2.17E-4 3.50E-3 1.54E-7 1.62E-1 

SV-B-

C_CCF 

1.26E-4 3.73E-4 2.07E-5 1.26E-4 8.63E-4 5.71E-6 1.27E-2 

SV-D-

E_CCF 

1.26E-4 3.64E-4 2.04E-5 1.22E-4 8.55E-4 5.37E-6 1.55E-2 
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Figure 212: Importance graph for extended system w/ Bruce A fault rate and SV_NRPD. 

Table 207: FV Results for Extended System w/ Bruce A Fault Rate and Diagnostic HE 

Name Point 

Est. 

Mean 5th 50th 95th Min Max 

HE-AIR-

OP 

3.67E-

2 

6.33E-2 3.48E-5 1.55E-2 1.77E-1 7.30E-10 7.38E-1 

HE-AR-

OP 

3.67E-

2 

6.35E-2 4.68E-5 1.60E-2 1.75E-1 8.91E-9 7.71E-1 

HE-SV-

B-LO 

1.07E-

2 

1.82E-2 1.23E-5 3.91E-3 5.09E-2 4.14E-10 4.02E-1 

HE-SV-

B-OP 

1.07E-

2 

1.75E-2 1.06E-5 3.76E-3 4.69E-2 1.60E-10 4.24E-1 

HE-SV-

C-LO 

1.07E-

2 

1.79E-2 9.28E-6 3.79E-3 4.94E-2 7.16E-10 4.06E-1 

HE-SV-

C-OP 

1.07E-

2 

1.75E-2 1.29E-5 3.73E-3 4.79E-2 2.71E-12 4.34E-1 

HE-SV-

D-LO 

1.07E-

2 

1.82E-2 1.06E-5 3.74E-3 4.89E-2 1.61E-9 3.38E-1 

HE-SV-

D-OP 

1.07E-

2 

1.78E-2 1.09E-5 3.89E-3 4.80E-2 4.27E-12 3.97E-1 

HE-SV-

E-LO 

1.07E-

2 

1.78E-2 1.15E-5 3.80E-3 4.86E-2 3.30E-13 3.10E-1 

HE-SV-

E-OP 

1.07E-

2 

1.76E-2 1.29E-5 3.80E-3 4.76E-2 6.62E-10 4.00E-1 

MF-AIR-

LK 

6.75E-

1 

4.92E-1 5.10E-2 4.07E-1 8.38E-1 5.49E-3 9.75E-1 

MF-AR-

LK 

6.75E-

1 

4.97E-1 5.00E-2 4.15E-1 8.48E-1 4.77E-3 9.86E-1 

MF-SV-

A-FS 

5.16E-

4 

7.87E-4 2.63E-5 2.87E-4 1.87E-3 1.55E-6 1.75E-2 
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Name Point 

Est. 

Mean 5th 50th 95th Min Max 

MF-SV-

A-LK 

2.95E-

5 

4.84E-5 1.51E-6 1.58E-5 1.12E-4 1.03E-7 2.60E-3 

MF-SV-

A-RP 

4.28E-

6 

6.47E-6 3.91E-8 9.62E-7 1.47E-5 7.11E-10 4.39E-4 

MF-SV-

B-FS 

2.45E-

1 

3.56E-1 4.94E-2 2.70E-1 6.56E-1 7.31E-3 9.24E-1 

MF-SV-

B-LK 

1.41E-

2 

2.45E-2 2.35E-3 1.33E-2 5.35E-2 4.84E-4 2.88E-1 

MF-SV-

B-RP 

2.05E-

3 

3.44E-3 5.36E-5 7.69E-4 7.88E-3 3.18E-6 1.56E-1 

MF-SV-

C-FS 

2.45E-

1 

3.57E-1 5.09E-2 2.69E-1 6.61E-1 9.45E-3 9.25E-1 

MF-SV-

C-LK 

1.41E-

2 

2.43E-2 2.33E-3 1.32E-2 5.33E-2 5.15E-4 2.89E-1 

MF-SV-

C-RP 

2.05E-

3 

3.51E-3 5.51E-5 7.51E-4 8.06E-3 2.54E-6 1.71E-1 

MF-SV-

D-FS 

2.45E-

1 

3.52E-1 4.66E-2 2.62E-1 6.55E-1 7.69E-3 9.21E-1 

MF-SV-

D-LK 

1.41E-

2 

2.39E-2 2.38E-3 1.27E-2 5.22E-2 3.05E-4 3.96E-1 

MF-SV-

D-RP 

2.05E-

3 

3.37E-3 5.06E-5 7.06E-4 7.85E-3 2.35E-6 3.08E-1 

MF-SV-

E-FS 

2.45E-

1 

3.52E-1 4.55E-2 2.64E-1 6.56E-1 6.51E-3 9.16E-1 

MF-SV-

E-LK 

1.41E-

2 

2.42E-2 2.33E-3 1.31E-2 5.16E-2 4.51E-4 3.79E-1 

MF-SV-

E-RP 

2.05E-

3 

3.65E-3 5.14E-5 7.35E-4 8.09E-3 1.86E-6 3.32E-1 

MF-VP-

A-LK 

5.50E-

4 

8.42E-4 3.00E-5 3.14E-4 2.00E-3 1.91E-6 1.78E-2 

SV-B-

C_CCF 

2.98E-

2 

3.52E-2 6.99E-3 2.69E-2 6.29E-2 1.90E-3 1.54E-1 

SV-D-

E_CCF 

2.98E-

2 

3.52E-2 6.72E-3 2.68E-2 6.25E-2 1.63E-3 1.36E-1 
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Figure 213: Importance graph for extended system w/ Bruce A fault rate and diagnostic 

HE component. 
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Table 208: FV Results for Extended System w/ Bruce A Fault Rate and Diagnostic HE 

and SV_OL 

Name Point 

Est. 

Mean 5th 50th 95th Min Max 

HE-

AIR-OP 

5.09E-2 1.38E-1 7.23E-5 3.03E-2 4.13E-1 3.54E-13 9.84E-1 

HE-AR-

OP 

5.09E-2 1.38E-1 7.50E-5 3.25E-2 4.18E-1 6.65E-9 9.86E-1 

HE-SV-

B-LO 

1.42E-3 6.08E-3 1.01E-6 4.73E-4 1.36E-2 1.56E-12 5.13E-1 

HE-SV-

B-OP 

1.42E-3 5.83E-3 1.10E-6 4.42E-4 1.33E-2 1.13E-11 3.45E-1 

HE-SV-

C-LO 

1.42E-3 5.77E-3 8.98E-7 4.39E-4 1.31E-2 5.88E-11 5.79E-1 

HE-SV-

C-OP 

1.42E-3 6.10E-3 1.19E-6 4.45E-4 1.42E-2 8.25E-11 4.70E-1 

HE-SV-

D-LO 

1.42E-3 5.51E-3 1.22E-6 4.52E-4 1.24E-2 8.62E-10 3.76E-1 

HE-SV-

D-OP 

1.42E-3 5.77E-3 1.18E-6 4.53E-4 1.33E-2 2.10E-12 4.59E-1 

HE-SV-

E-LO 

1.42E-3 5.38E-3 1.22E-6 4.93E-4 1.26E-2 5.82E-12 3.54E-1 

HE-SV-

E-OP 

1.42E-3 5.80E-3 1.22E-6 4.63E-4 1.30E-2 7.55E-11 5.24E-1 

MF-

AIR-LK 

9.48E-1 8.48E-1 2.64E-1 8.92E-1 9.94E-1 1.04E-2 1.00E+0 

MF-AR-

LK 

9.48E-1 8.49E-1 2.82E-1 8.96E-1 9.94E-1 1.08E-2 1.00E+0 

MF-SV-

A-FFD 

2.39E-5 1.00E-4 4.87E-7 1.10E-5 1.87E-4 2.06E-8 1.82E-2 

MF-SV-

B-FFD 

7.66E-4 3.19E-3 8.56E-6 2.83E-4 6.17E-3 3.59E-8 7.36E-1 

MF-SV-

C-FFD 

7.66E-4 3.22E-3 8.35E-6 2.93E-4 6.39E-3 3.62E-7 3.03E-1 

MF-SV-

D-FFD 

7.66E-4 2.90E-3 9.23E-6 2.86E-4 5.95E-3 1.44E-7 5.43E-1 

MF-SV-

E-FFD 

7.66E-4 3.00E-3 8.80E-6 2.83E-4 5.90E-3 1.72E-7 3.41E-1 

MF-VP-

A-LK 

2.39E-5 1.00E-4 4.87E-7 1.10E-5 1.87E-4 2.06E-8 1.82E-2 

SV-B-

C_CCF 

1.31E-4 3.76E-4 2.14E-5 1.26E-4 8.18E-4 5.83E-6 1.85E-2 

SV-D-

E_CCF 

1.31E-4 3.79E-4 2.18E-5 1.28E-4 8.70E-4 5.21E-6 1.73E-2 
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Figure 214: Importance graph for extended system w/ Bruce A fault rate and diagnostic 

HE component and SV_OL. 
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Table 209: FV Results for Extended System w/ Bruce A Fault Rate and Diagnostic HE 

and SV_OM 

Name Point 

Est. 

Mean 5th 50th 95th Min Max 

HE-AIR-

OP 

3.27E-2 8.42E-2 4.62E-5 1.80E-2 2.42E-1 3.49E-14 9.33E-1 

HE-AR-

OP 

3.27E-2 8.56E-2 4.31E-5 1.94E-2 2.50E-1 6.89E-10 9.50E-1 

HE-SV-

B-LO 

1.21E-2 2.01E-2 7.13E-6 2.90E-3 5.30E-2 3.87E-12 6.48E-1 

HE-SV-

B-OP 

1.21E-2 2.00E-2 7.54E-6 2.93E-3 5.26E-2 4.37E-10 5.49E-1 

HE-SV-

C-LO 

1.21E-2 1.95E-2 6.19E-6 2.64E-3 5.38E-2 2.82E-10 6.25E-1 

HE-SV-

C-OP 

1.21E-2 1.93E-2 8.34E-6 2.68E-3 5.12E-2 2.86E-10 5.79E-1 

HE-SV-

D-LO 

1.21E-2 1.94E-2 7.73E-6 2.65E-3 5.22E-2 6.28E-9 5.62E-1 

HE-SV-

D-OP 

1.21E-2 2.00E-2 8.79E-6 2.75E-3 5.34E-2 1.15E-11 6.41E-1 

HE-SV-

E-LO 

1.21E-2 1.88E-2 9.05E-6 2.86E-3 5.02E-2 7.13E-11 5.76E-1 

HE-SV-

E-OP 

1.21E-2 1.95E-2 9.21E-6 2.78E-3 5.50E-2 1.25E-10 6.48E-1 

MF-AIR-

LK 

5.99E-1 5.90E-1 5.22E-2 5.33E-1 9.36E-1 3.20E-3 9.98E-1 

MF-AR-

LK 

6.00E-1 5.96E-1 5.60E-2 5.46E-1 9.35E-1 2.46E-3 9.99E-1 

MF-SV-

A-FFD 

5.55E-4 1.38E-3 1.06E-5 2.69E-4 3.19E-3 2.17E-7 1.06E-1 

MF-SV-

B-FFD 

3.76E-1 2.92E-1 5.61E-3 1.37E-1 7.14E-1 1.44E-4 9.83E-1 

MF-SV-

C-FFD 

3.76E-1 2.93E-1 5.96E-3 1.40E-1 7.15E-1 9.97E-5 9.85E-1 

MF-SV-

D-FFD 

3.76E-1 2.86E-1 5.63E-3 1.36E-1 7.10E-1 1.12E-4 9.83E-1 

MF-SV-

E-FFD 

3.76E-1 2.87E-1 5.55E-3 1.37E-1 7.09E-1 7.80E-5 9.89E-1 

MF-VP-

A-LK 

5.55E-4 1.38E-3 1.06E-5 2.69E-4 3.19E-3 2.17E-7 1.06E-1 

SV-B-

C_CCF 

8.40E-5 1.84E-4 1.61E-5 7.84E-5 3.94E-4 4.58E-6 5.14E-3 

SV-D-

E_CCF 

8.40E-5 1.91E-4 1.69E-5 7.99E-5 4.31E-4 3.71E-6 5.03E-3 
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Figure 215: Importance graph for extended system w/ Bruce A fault rate and diagnostic 

HE component and SV_OM. 
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Table 210: FV Results for Extended System w/ Bruce A Fault Rate and Diagnostic HE 

and SV_OH 

Name Point 

Est. 

Mean 5th 50th 95th Min Max 

HE-

AIR-OP 

1.60E-2 4.41E-2 2.28E-5 8.60E-3 1.18E-1 1.45E-14 8.54E-1 

HE-AR-

OP 

1.60E-2 4.46E-2 2.12E-5 9.22E-3 1.21E-1 2.21E-10 8.76E-1 

HE-SV-

B-LO 

1.33E-2 1.88E-2 1.00E-5 3.59E-3 5.11E-2 1.00E-11 5.60E-1 

HE-SV-

B-OP 

1.33E-2 1.87E-2 1.07E-5 3.65E-3 4.86E-2 4.40E-10 5.18E-1 

HE-SV-

C-LO 

1.33E-2 1.85E-2 8.92E-6 3.40E-3 4.94E-2 2.83E-10 4.40E-1 

HE-SV-

C-OP 

1.33E-2 1.83E-2 1.14E-5 3.46E-3 4.76E-2 5.12E-10 4.34E-1 

HE-SV-

D-LO 

1.33E-2 1.86E-2 1.05E-5 3.50E-3 4.95E-2 6.73E-9 4.75E-1 

HE-SV-

D-OP 

1.33E-2 1.91E-2 1.16E-5 3.58E-3 5.09E-2 1.94E-11 5.89E-1 

HE-SV-

E-LO 

1.33E-2 1.83E-2 1.33E-5 3.49E-3 4.81E-2 1.92E-10 5.68E-1 

HE-SV-

E-OP 

1.33E-2 1.88E-2 1.29E-5 3.63E-3 4.98E-2 2.16E-10 6.55E-1 

MF-

AIR-LK 

2.87E-1 3.57E-1 1.62E-2 2.20E-1 7.77E-1 1.19E-3 9.92E-1 

MF-AR-

LK 

2.88E-1 3.62E-1 1.81E-2 2.26E-1 7.81E-1 1.39E-3 9.94E-1 

MF-SV-

A-FFD 

2.46E-4 7.74E-4 7.04E-6 1.70E-4 1.83E-3 1.75E-7 2.96E-2 

MF-SV-

B-FFD 

8.48E-1 5.92E-1 5.25E-2 5.42E-1 9.19E-1 2.07E-3 9.94E-1 

MF-SV-

C-FFD 

8.48E-1 5.93E-1 5.51E-2 5.44E-1 9.20E-1 1.18E-3 9.94E-1 

MF-SV-

D-FFD 

8.48E-1 5.87E-1 5.25E-2 5.36E-1 9.21E-1 1.28E-3 9.98E-1 

MF-SV-

E-FFD 

8.48E-1 5.88E-1 5.23E-2 5.39E-1 9.23E-1 8.22E-4 9.98E-1 

MF-VP-

A-LK 

2.46E-4 7.74E-4 7.04E-6 1.70E-4 1.83E-3 1.75E-7 2.96E-2 

SV-B-

C_CCF 

4.11E-5 8.42E-5 9.63E-6 3.89E-5 1.82E-4 2.89E-6 2.38E-3 

SV-D-

E_CCF 

4.11E-5 8.80E-5 9.73E-6 4.03E-5 1.92E-4 2.46E-6 4.17E-3 
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Figure 216: Importance graph for extended system w/ Bruce A fault rate and diagnostic 

HE component and SV_OH. 
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Table 211: FV Results for Extended System w/ Bruce A Fault Rate and Diagnostic HE 

and SV_DOW 

Name Point 

Est. 

Mean 5th 50th 95th Min Max 

HE-AIR-

OP 

5.09E-2 1.38E-1 7.23E-5 3.03E-2 4.13E-1 3.54E-13 9.84E-1 

HE-AR-

OP 

5.09E-2 1.38E-1 7.50E-5 3.25E-2 4.18E-1 6.64E-9 9.86E-1 

HE-SV-

B-LO 

1.43E-3 6.12E-3 1.02E-6 4.77E-4 1.37E-2 1.56E-12 5.12E-1 

HE-SV-

B-OP 

1.43E-3 5.86E-3 1.11E-6 4.47E-4 1.34E-2 1.21E-11 3.42E-1 

HE-SV-

C-LO 

1.43E-3 5.80E-3 8.99E-7 4.44E-4 1.32E-2 5.90E-11 5.81E-1 

HE-SV-

C-OP 

1.43E-3 6.14E-3 1.20E-6 4.49E-4 1.43E-2 8.26E-11 4.70E-1 

HE-SV-

D-LO 

1.43E-3 5.54E-3 1.23E-6 4.56E-4 1.25E-2 8.80E-10 3.76E-1 

HE-SV-

D-OP 

1.43E-3 5.81E-3 1.20E-6 4.56E-4 1.34E-2 2.10E-12 4.63E-1 

HE-SV-

E-LO 

1.43E-3 5.41E-3 1.23E-6 4.95E-4 1.27E-2 5.86E-12 3.58E-1 

HE-SV-

E-OP 

1.43E-3 5.84E-3 1.23E-6 4.66E-4 1.31E-2 7.56E-11 5.28E-1 

MF-AIR-

LK 

9.48E-1 8.47E-1 2.64E-1 8.92E-1 9.94E-1 1.04E-2 1.00E+0 

MF-AR-

LK 

9.48E-1 8.49E-1 2.81E-1 8.95E-1 9.94E-1 1.08E-2 1.00E+0 

MF-SV-

A-FFD 

2.47E-5 1.04E-4 5.04E-7 1.14E-5 1.93E-4 2.13E-8 1.87E-2 

MF-SV-

B-FFD 

7.97E-4 3.31E-3 8.99E-6 2.95E-4 6.39E-3 3.81E-8 7.42E-1 

MF-SV-

C-FFD 

7.97E-4 3.35E-3 8.66E-6 3.06E-4 6.66E-3 3.79E-7 3.09E-1 

MF-SV-

D-FFD 

7.97E-4 3.01E-3 9.61E-6 2.98E-4 6.19E-3 1.54E-7 5.51E-1 

MF-SV-

E-FFD 

7.97E-4 3.11E-3 9.18E-6 2.94E-4 6.13E-3 1.80E-7 3.49E-1 

MF-VP-

A-LK 

2.47E-5 1.04E-4 5.04E-7 1.14E-5 1.93E-4 2.13E-8 1.87E-2 

SV-B-

C_CCF 

1.31E-4 3.76E-4 2.14E-5 1.26E-4 8.18E-4 5.83E-6 1.85E-2 

SV-D-

E_CCF 

1.31E-4 3.78E-4 2.18E-5 1.28E-4 8.70E-4 5.21E-6 1.73E-2 
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Figure 217: Importance graph for extended system w/ Bruce A fault rate and diagnostic 

HE component and SV_DOW. 
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Table 212: FV Results for Extended System w/ Bruce A Fault Rate and Diagnostic HE 

and SV_MAN 

Name Point 

Est. 

Mean 5th 50th 95th Min Max 

HE-AIR-

OP 

5.09E-2 1.39E-1 7.23E-5 3.05E-2 4.17E-1 3.67E-13 9.86E-1 

HE-AR-

OP 

5.09E-2 1.39E-1 7.52E-5 3.26E-2 4.20E-1 6.92E-9 9.88E-1 

HE-SV-B-

LO 

1.13E-3 4.95E-3 5.51E-7 3.11E-4 1.06E-2 1.52E-12 5.25E-1 

HE-SV-B-

OP 

1.13E-3 4.73E-3 6.08E-7 2.96E-4 1.05E-2 3.51E-12 4.49E-1 

HE-SV-C-

LO 

1.13E-3 4.61E-3 5.60E-7 2.94E-4 1.02E-2 3.62E-11 4.79E-1 

HE-SV-C-

OP 

1.13E-3 5.09E-3 6.39E-7 3.01E-4 1.11E-2 7.89E-11 4.46E-1 

HE-SV-D-

LO 

1.13E-3 4.46E-3 7.19E-7 2.98E-4 9.83E-3 3.41E-10 3.85E-1 

HE-SV-D-

OP 

1.13E-3 4.71E-3 6.27E-7 3.03E-4 1.05E-2 1.94E-12 3.26E-1 

HE-SV-E-

LO 

1.13E-3 4.39E-3 6.63E-7 3.20E-4 1.01E-2 4.87E-12 2.79E-1 

HE-SV-E-

OP 

1.13E-3 4.77E-3 7.40E-7 3.19E-4 1.04E-2 7.48E-11 3.78E-1 

MF-AIR-

LK 

9.49E-1 8.52E-1 2.68E-1 8.98E-1 9.96E-1 1.04E-2 1.00E+0 

MF-AR-

LK 

9.49E-1 8.53E-1 2.85E-1 9.01E-1 9.96E-1 1.08E-2 1.00E+0 

MF-SV-A-

FFD 

6.02E-7 2.61E-6 1.22E-8 2.78E-7 4.78E-6 5.17E-10 5.36E-4 

MF-SV-B-

FFD 

1.53E-5 7.61E-5 1.00E-7 4.78E-6 1.23E-4 2.20E-10 6.77E-2 

MF-SV-C-

FFD 

1.53E-5 6.92E-5 9.17E-8 5.00E-6 1.29E-4 1.45E-9 1.19E-2 

MF-SV-D-

FFD 

1.53E-5 6.32E-5 1.01E-7 5.02E-6 1.17E-4 3.30E-10 2.91E-2 

MF-SV-E-

FFD 

1.53E-5 6.50E-5 1.05E-7 4.85E-6 1.17E-4 1.70E-9 1.21E-2 

MF-VP-A-

LK 

6.02E-7 2.61E-6 1.22E-8 2.78E-7 4.78E-6 5.17E-10 5.36E-4 

SV-B-

C_CCF 

1.31E-4 3.82E-4 2.14E-5 1.26E-4 8.31E-4 5.83E-6 1.89E-2 

SV-D-

E_CCF 

1.31E-4 3.85E-4 2.18E-5 1.29E-4 8.75E-4 5.21E-6 1.77E-2 
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Figure 218: Importance graph for extended system w/ Bruce A fault rate and diagnostic 

HE component and SV_MAN. 
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Table 213: FV Results for Extended System w/ Bruce A Fault Rate and Diagnostic HE 

and SV_NRPD 

Name Point 

Est. 

Mean 5th 50th 95th Min Max 

HE-AIR-OP 4.62E-2 1.13E-1 5.97E-5 2.52E-2 3.30E-1 1.10E-13 9.71E-1 

HE-AR-OP 4.62E-2 1.15E-1 6.23E-5 2.71E-2 3.36E-1 1.73E-9 9.77E-1 

HE-SV-B-

LO 

7.24E-3 1.65E-2 4.13E-6 1.79E-3 4.22E-2 2.34E-12 7.03E-1 

HE-SV-B-

OP 

7.24E-3 1.62E-2 4.96E-6 1.84E-3 4.26E-2 2.01E-10 5.35E-1 

HE-SV-C-

LO 

7.24E-3 1.58E-2 3.77E-6 1.64E-3 4.09E-2 1.71E-10 6.19E-1 

HE-SV-C-

OP 

7.24E-3 1.58E-2 5.29E-6 1.67E-3 4.18E-2 1.62E-10 5.55E-1 

HE-SV-D-

LO 

7.24E-3 1.55E-2 4.46E-6 1.66E-3 4.04E-2 3.03E-9 5.81E-1 

HE-SV-D-

OP 

7.24E-3 1.60E-2 5.41E-6 1.76E-3 4.19E-2 5.63E-12 5.59E-1 

HE-SV-E-

LO 

7.24E-3 1.49E-2 5.23E-6 1.78E-3 3.97E-2 2.84E-11 5.40E-1 

HE-SV-E-

OP 

7.24E-3 1.56E-2 5.22E-6 1.76E-3 4.13E-2 9.26E-11 7.76E-1 

MF-AIR-LK 8.58E-1 7.37E-1 1.38E-1 7.53E-1 9.74E-1 9.52E-3 9.99E-1 

MF-AR-LK 8.58E-1 7.42E-1 1.49E-1 7.57E-1 9.74E-1 4.63E-3 9.99E-1 

MF-SV-A-

FFD 

4.45E-4 1.17E-3 8.44E-6 1.86E-4 2.57E-3 3.31E-7 1.59E-1 

MF-SV-B-

FFD 

8.85E-2 1.18E-1 9.51E-4 2.73E-2 3.48E-1 1.66E-5 9.66E-1 

MF-SV-C-

FFD 

8.85E-2 1.19E-1 1.00E-3 2.84E-2 3.54E-1 1.76E-5 9.70E-1 

MF-SV-D-

FFD 

8.85E-2 1.15E-1 9.50E-4 2.75E-2 3.43E-1 2.07E-5 9.53E-1 

MF-SV-E-

FFD 

8.85E-2 1.16E-1 9.54E-4 2.71E-2 3.43E-1 1.60E-5 9.63E-1 

MF-VP-A-

LK 

4.45E-4 1.17E-3 8.44E-6 1.86E-4 2.57E-3 3.31E-7 1.59E-1 

SV-B-

C_CCF 

1.19E-4 2.73E-4 1.97E-5 1.08E-4 5.91E-4 5.70E-6 1.17E-2 

SV-D-

E_CCF 

1.19E-4 2.81E-4 2.07E-5 1.10E-4 6.38E-4 5.20E-6 9.22E-3 
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Figure 219: Importance graph for extended system w/ Bruce A fault rate and diagnostic 

HE component and SV_NRPD. 

Table 214: FV Results for Extended System w/ Door Interlocks 

Name Point 

Est. 

Mean 5th 50th 95th Min Max 

DI-AIR 3.91E-4 6.43E-4 1.11E-7 3.96E-5 1.33E-3 9.15E-13 9.00E-2 

DI-AR 3.92E-4 6.29E-4 9.27E-8 4.09E-5 1.35E-3 2.10E-11 6.20E-2 

HE-AIR-

OP 

3.91E-4 6.43E-4 1.11E-7 3.96E-5 1.33E-3 9.15E-13 9.00E-2 

HE-AR-

OP 

3.92E-4 6.29E-4 9.27E-8 4.09E-5 1.35E-3 2.10E-11 6.20E-2 

HE-SV-

B-LO 

2.13E-3 3.09E-3 1.78E-6 6.43E-4 8.20E-3 1.06E-9 9.68E-2 

HE-SV-

B-OP 

2.13E-3 3.00E-3 2.34E-6 6.61E-4 7.87E-3 0.00E+0 6.59E-2 

HE-SV-

C-LO 

2.13E-3 3.04E-3 2.48E-6 6.45E-4 8.17E-3 0.00E+0 7.68E-2 

HE-SV-

C-OP 

2.13E-3 3.07E-3 2.03E-6 6.61E-4 8.29E-3 1.15E-11 8.85E-2 

HE-SV-

D-LO 

2.13E-3 3.05E-3 2.40E-6 6.55E-4 8.43E-3 6.83E-12 8.17E-2 

HE-SV-

D-OP 

2.13E-3 3.01E-3 1.66E-6 6.38E-4 8.25E-3 1.18E-12 7.26E-2 

HE-SV-

E-LO 

2.13E-3 2.98E-3 2.42E-6 6.59E-4 8.34E-3 1.92E-13 9.83E-2 

HE-SV-

E-OP 

2.13E-3 3.03E-3 2.42E-6 6.54E-4 8.04E-3 4.96E-10 7.90E-2 

MF-AIR-

LK 

3.55E-1 3.02E-1 1.50E-2 1.70E-1 6.91E-1 8.86E-4 9.87E-1 
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Name Point 

Est. 

Mean 5th 50th 95th Min Max 

MF-AR-

LK 

3.56E-1 3.06E-1 1.49E-2 1.71E-1 6.99E-1 6.81E-4 9.71E-1 

MF-SV-

A-FS 

6.16E-4 8.85E-4 1.28E-5 2.27E-4 2.21E-3 2.62E-7 3.39E-2 

MF-SV-

A-LK 

3.53E-5 5.51E-5 6.70E-7 1.26E-5 1.34E-4 1.04E-8 2.09E-3 

MF-SV-

A-RP 

5.11E-6 8.01E-6 2.25E-8 7.88E-7 1.66E-5 1.27E-9 1.89E-3 

MF-SV-

B-FS 

5.39E-1 5.78E-1 1.06E-1 5.54E-1 8.33E-1 9.38E-3 9.43E-1 

MF-SV-

B-LK 

3.09E-2 4.29E-2 4.53E-3 2.46E-2 9.06E-2 6.03E-4 4.74E-1 

MF-SV-

B-RP 

4.48E-3 6.18E-3 9.53E-5 1.36E-3 1.44E-2 4.80E-6 4.65E-1 

MF-SV-

C-FS 

5.39E-1 5.79E-1 1.08E-1 5.56E-1 8.31E-1 9.43E-3 9.42E-1 

MF-SV-

C-LK 

3.09E-2 4.23E-2 4.64E-3 2.43E-2 8.78E-2 4.24E-4 5.13E-1 

MF-SV-

C-RP 

4.48E-3 5.91E-3 9.26E-5 1.35E-3 1.43E-2 2.22E-6 3.56E-1 

MF-SV-

D-FS 

5.39E-1 5.76E-1 1.04E-1 5.52E-1 8.28E-1 1.88E-2 9.55E-1 

MF-SV-

D-LK 

3.09E-2 4.20E-2 4.56E-3 2.45E-2 8.65E-2 7.72E-4 4.31E-1 

MF-SV-

D-RP 

4.48E-3 6.04E-3 9.41E-5 1.41E-3 1.41E-2 3.74E-6 2.81E-1 

MF-SV-

E-FS 

5.39E-1 5.75E-1 1.05E-1 5.48E-1 8.31E-1 1.96E-2 9.41E-1 

MF-SV-

E-LK 

3.09E-2 4.28E-2 4.54E-3 2.39E-2 9.09E-2 4.91E-4 4.67E-1 

MF-SV-

E-RP 

4.48E-3 6.13E-3 1.04E-4 1.36E-3 1.40E-2 1.05E-5 3.87E-1 

MF-VP-

A-LK 

6.57E-4 9.48E-4 1.43E-5 2.49E-4 2.35E-3 2.74E-7 3.49E-2 

SV-B-

C_CCF 

7.01E-2 6.58E-2 1.51E-2 5.62E-2 1.05E-1 2.29E-3 2.47E-1 

SV-D-

E_CCF 

7.01E-2 6.58E-2 1.52E-2 5.60E-2 1.05E-1 3.32E-3 2.38E-1 
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Figure 220: Importance graph for the extended system w/ door interlocks. 
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Table 215: FV Results for Extended System w/ Door Interlocks and SV_OL 

Name Point 

Est. 

Mean 5th 50th 95th Min Max 

DI-AIR 1.09E-3 5.22E-3 4.97E-7 1.79E-4 9.12E-3 0.00E+0 7.58E-1 

DI-AR 1.09E-3 5.60E-3 4.41E-7 1.97E-4 9.61E-3 2.49E-12 7.61E-1 

HE-AIR-OP 1.09E-3 5.22E-3 4.97E-7 1.79E-4 9.12E-3 0.00E+0 7.58E-1 

HE-AR-OP 1.09E-3 5.60E-3 4.41E-7 1.97E-4 9.61E-3 2.49E-12 7.61E-1 

HE-SV-B-

LO 

1.74E-4 1.10E-3 1.33E-7 5.20E-5 2.04E-3 3.50E-14 1.52E-1 

HE-SV-B-

OP 

1.74E-4 1.09E-3 1.39E-7 4.91E-5 1.86E-3 4.97E-12 4.17E-1 

HE-SV-C-

LO 

1.74E-4 1.06E-3 1.24E-7 4.64E-5 1.86E-3 2.08E-13 2.26E-1 

HE-SV-C-

OP 

1.74E-4 1.06E-3 1.16E-7 4.99E-5 1.84E-3 1.37E-11 1.07E-1 

HE-SV-D-

LO 

1.74E-4 1.01E-3 1.23E-7 5.15E-5 1.84E-3 0.00E+0 1.82E-1 

HE-SV-D-

OP 

1.74E-4 1.09E-3 1.46E-7 5.52E-5 1.91E-3 9.19E-13 5.20E-1 

HE-SV-E-

LO 

1.74E-4 1.03E-3 1.13E-7 5.08E-5 1.95E-3 3.59E-13 1.96E-1 

HE-SV-E-

OP 

1.74E-4 1.03E-3 1.66E-7 5.38E-5 1.93E-3 4.13E-12 1.36E-1 

MF-AIR-

LK 

9.97E-1 9.84E-1 8.86E-1 9.94E-1 9.99E-1 9.22E-2 1.00E+0 

MF-AR-LK 9.97E-1 9.84E-1 8.91E-1 9.94E-1 9.99E-1 1.97E-1 1.00E+0 

MF-SV-A-

FFD 

1.14E-4 6.43E-4 1.53E-6 5.18E-5 1.20E-3 4.37E-8 8.31E-2 

MF-SV-B-

FFD 

1.03E-3 5.73E-3 7.72E-6 3.30E-4 9.93E-3 1.09E-7 5.62E-1 

MF-SV-C-

FFD 

1.03E-3 5.80E-3 8.01E-6 3.39E-4 9.77E-3 3.33E-7 8.88E-1 

MF-SV-D-

FFD 

1.03E-3 5.39E-3 8.78E-6 3.55E-4 1.08E-2 3.73E-7 6.17E-1 

MF-SV-E-

FFD 

1.03E-3 5.42E-3 9.40E-6 3.39E-4 9.79E-3 4.33E-7 6.47E-1 

MF-VP-A-

LK 

1.14E-4 6.43E-4 1.53E-6 5.18E-5 1.20E-3 4.37E-8 8.31E-2 

SV-B-

C_CCF 

6.20E-4 2.51E-3 4.88E-5 6.07E-4 5.90E-3 7.98E-6 1.84E-1 

SV-D-

E_CCF 

6.20E-4 2.64E-3 5.15E-5 6.26E-4 5.96E-3 3.86E-6 3.57E-1 
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Figure 221: Importance graph for the extended system w/ door interlocks and SV_OL. 
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Table 216: FV Results for Extended System w/ Door Interlocks and SV_OM 

Name Point 

Est. 

Mean 5th 50th 95th Min Max 

DI-AIR 3.00E-4 1.44E-3 1.71E-7 5.76E-5 2.37E-3 3.48E-13 4.91E-1 

DI-AR 3.01E-4 1.59E-3 1.44E-7 6.46E-5 2.77E-3 8.00E-13 2.36E-1 

HE-AIR-

OP 

3.00E-4 1.44E-3 1.71E-7 5.76E-5 2.37E-3 3.48E-13 4.91E-1 

HE-AR-

OP 

3.01E-4 1.59E-3 1.44E-7 6.46E-5 2.77E-3 8.00E-13 2.36E-1 

HE-SV-B-

LO 

2.10E-3 4.69E-3 1.77E-6 5.73E-4 1.13E-2 2.56E-13 3.15E-1 

HE-SV-B-

OP 

2.10E-3 4.58E-3 1.76E-6 5.77E-4 1.13E-2 1.16E-11 2.35E-1 

HE-SV-C-

LO 

2.10E-3 4.54E-3 1.49E-6 5.39E-4 1.09E-2 1.70E-11 3.31E-1 

HE-SV-C-

OP 

2.10E-3 4.55E-3 1.59E-6 5.41E-4 1.08E-2 2.66E-10 4.42E-1 

HE-SV-D-

LO 

2.10E-3 4.43E-3 1.71E-6 5.69E-4 1.09E-2 0.00E+0 4.61E-1 

HE-SV-D-

OP 

2.10E-3 4.53E-3 2.16E-6 5.70E-4 1.11E-2 1.11E-11 3.69E-1 

HE-SV-E-

LO 

2.10E-3 4.64E-3 1.58E-6 5.86E-4 1.14E-2 1.09E-11 2.21E-1 

HE-SV-E-

OP 

2.10E-3 4.66E-3 2.26E-6 5.90E-4 1.13E-2 6.67E-11 2.39E-1 

MF-AIR-

LK 

2.73E-1 4.79E-1 1.43E-2 3.24E-1 9.36E-1 3.21E-4 9.99E-1 

MF-AR-

LK 

2.73E-1 4.77E-1 1.57E-2 3.27E-1 9.31E-1 1.71E-3 9.99E-1 

MF-SV-

A-FFD 

4.97E-4 3.40E-3 5.01E-6 3.36E-4 7.34E-3 5.38E-8 2.67E-1 

MF-SV-

B-FFD 

7.28E-1 5.07E-1 1.39E-2 3.84E-1 9.35E-1 2.44E-4 9.99E-1 

MF-SV-

C-FFD 

7.28E-1 5.08E-1 1.38E-2 3.85E-1 9.35E-1 3.88E-4 9.99E-1 

MF-SV-

D-FFD 

7.28E-1 5.13E-1 1.44E-2 3.93E-1 9.40E-1 8.95E-4 9.98E-1 

MF-SV-E-

FFD 

7.28E-1 5.13E-1 1.52E-2 3.90E-1 9.40E-1 8.50E-4 9.98E-1 

MF-VP-

A-LK 

4.97E-4 3.40E-3 5.01E-6 3.36E-4 7.34E-3 5.38E-8 2.67E-1 

SV-B-

C_CCF 

1.70E-4 6.13E-4 2.53E-5 2.04E-4 1.41E-3 5.84E-6 3.25E-2 

SV-D-

E_CCF 

1.70E-4 6.50E-4 2.50E-5 2.04E-4 1.50E-3 2.20E-6 6.69E-2 



379 

 

     

 
Figure 222: Importance graph for the extended system w/ door interlocks and SV_OM. 
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Table 217: FV Results for Extended System w/ Door Interlocks and SV_OH 

Name Point 

Est. 

Mean 5th 50th 95th Min Max 

DI-AIR 7.53E-5 4.34E-4 5.61E-8 1.75E-5 6.72E-4 4.83E-14 1.52E-1 

DI-AR 7.53E-5 4.45E-4 4.32E-8 1.87E-5 7.68E-4 1.70E-13 9.33E-2 

HE-AIR-

OP 

7.53E-5 4.34E-4 5.61E-8 1.75E-5 6.72E-4 4.83E-14 1.52E-1 

HE-AR-

OP 

7.53E-5 4.45E-4 4.32E-8 1.87E-5 7.68E-4 1.70E-13 9.33E-2 

HE-SV-B-

LO 

1.23E-3 3.12E-3 1.89E-6 5.08E-4 7.12E-3 2.89E-13 4.87E-1 

HE-SV-B-

OP 

1.23E-3 2.96E-3 1.69E-6 4.96E-4 7.22E-3 3.67E-12 1.77E-1 

HE-SV-C-

LO 

1.23E-3 2.85E-3 1.32E-6 4.61E-4 6.80E-3 7.26E-12 1.78E-1 

HE-SV-C-

OP 

1.23E-3 2.94E-3 1.57E-6 4.62E-4 7.12E-3 8.10E-11 4.36E-1 

HE-SV-D-

LO 

1.23E-3 2.87E-3 1.50E-6 4.80E-4 6.84E-3 1.91E-13 2.26E-1 

HE-SV-D-

OP 

1.23E-3 2.94E-3 2.01E-6 4.72E-4 7.02E-3 2.03E-11 1.74E-1 

HE-SV-E-

LO 

1.23E-3 2.93E-3 1.48E-6 4.94E-4 7.11E-3 3.32E-11 1.01E-1 

HE-SV-E-

OP 

1.23E-3 2.93E-3 2.22E-6 4.96E-4 7.11E-3 3.60E-11 2.71E-1 

MF-AIR-

LK 

6.84E-2 2.11E-1 3.82E-3 6.69E-2 6.07E-1 1.82E-4 9.97E-1 

MF-AR-

LK 

6.85E-2 2.04E-1 3.73E-3 6.74E-2 5.83E-1 3.91E-4 9.88E-1 

MF-SV-

A-FFD 

6.91E-5 9.21E-4 1.40E-6 7.68E-5 1.78E-3 2.32E-8 1.78E-1 

MF-SV-

B-FFD 

9.61E-1 7.89E-1 1.43E-1 8.40E-1 9.87E-1 3.18E-3 1.00E+

0 

MF-SV-

C-FFD 

9.61E-1 7.89E-1 1.43E-1 8.40E-1 9.87E-1 3.72E-3 1.00E+

0 

MF-SV-

D-FFD 

9.61E-1 7.97E-1 1.48E-1 8.44E-1 9.88E-1 1.20E-2 1.00E+

0 

MF-SV-E-

FFD 

9.61E-1 7.97E-1 1.49E-1 8.44E-1 9.88E-1 1.15E-2 1.00E+

0 

MF-VP-

A-LK 

6.91E-5 9.21E-4 1.40E-6 7.68E-5 1.78E-3 2.32E-8 1.78E-1 

SV-B-

C_CCF 

4.26E-5 1.77E-4 1.07E-5 5.67E-5 3.87E-4 2.08E-6 8.14E-3 

SV-D-

E_CCF 

4.26E-5 1.83E-4 1.08E-5 5.69E-5 3.99E-4 2.36E-6 2.13E-2 
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Figure 223: Importance graph for the extended system w/ door interlocks and SV_OH. 
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Table 218: FV Results for Extended System w/ Door Interlocks and SV_DOW 

Name Point Est. Mean 5th 50th 95th Min Max 

DI-AIR 1.09E-3 5.22E-3 4.96E-7 1.79E-4 9.11E-3 0.00E+0 7.58E-1 

DI-AR 1.09E-3 5.59E-3 4.41E-7 1.97E-4 9.61E-3 2.49E-12 7.60E-1 

HE-AIR-

OP 

1.09E-3 5.22E-3 4.96E-7 1.79E-4 9.11E-3 0.00E+0 7.58E-1 

HE-AR-

OP 

1.09E-3 5.59E-3 4.41E-7 1.97E-4 9.61E-3 2.49E-12 7.60E-1 

HE-SV-B-

LO 

1.79E-4 1.12E-3 1.36E-7 5.32E-5 2.07E-3 3.50E-14 1.54E-1 

HE-SV-B-

OP 

1.79E-4 1.11E-3 1.43E-7 5.02E-5 1.91E-3 5.15E-12 4.12E-1 

HE-SV-C-

LO 

1.79E-4 1.08E-3 1.24E-7 4.70E-5 1.91E-3 2.08E-13 2.28E-1 

HE-SV-C-

OP 

1.79E-4 1.08E-3 1.19E-7 5.07E-5 1.89E-3 1.41E-11 1.10E-1 

HE-SV-

D-LO 

1.79E-4 1.03E-3 1.25E-7 5.24E-5 1.88E-3 0.00E+0 1.84E-1 

HE-SV-

D-OP 

1.79E-4 1.11E-3 1.47E-7 5.61E-5 1.95E-3 9.19E-13 5.28E-1 

HE-SV-E-

LO 

1.79E-4 1.06E-3 1.14E-7 5.19E-5 2.00E-3 3.59E-13 2.00E-1 

HE-SV-E-

OP 

1.79E-4 1.05E-3 1.69E-7 5.47E-5 1.98E-3 4.36E-12 1.38E-1 

MF-AIR-

LK 

9.97E-1 9.83E-1 8.83E-1 9.94E-1 9.99E-1 8.83E-2 1.00E+0 

MF-AR-

LK 

9.97E-1 9.84E-1 8.89E-1 9.94E-1 9.99E-1 1.97E-1 1.00E+0 

MF-SV-

A-FFD 

1.18E-4 6.63E-4 1.58E-6 5.36E-5 1.24E-3 4.52E-8 8.55E-2 

MF-SV-

B-FFD 

1.10E-3 6.02E-3 8.13E-6 3.49E-4 1.04E-2 1.16E-7 5.77E-1 

MF-SV-

C-FFD 

1.10E-3 6.09E-3 8.47E-6 3.56E-4 1.03E-2 3.54E-7 8.93E-1 

MF-SV-

D-FFD 

1.10E-3 5.67E-3 9.18E-6 3.73E-4 1.14E-2 3.98E-7 6.31E-1 

MF-SV-

E-FFD 

1.10E-3 5.70E-3 9.85E-6 3.59E-4 1.03E-2 4.53E-7 6.61E-1 

MF-VP-

A-LK 

1.18E-4 6.63E-4 1.58E-6 5.36E-5 1.24E-3 4.52E-8 8.55E-2 

SV-B-

C_CCF 

6.20E-4 2.51E-3 4.88E-5 6.07E-4 5.88E-3 7.98E-6 1.83E-1 

SV-D-

E_CCF 

6.20E-4 2.64E-3 5.15E-5 6.26E-4 5.95E-3 3.86E-6 3.56E-1 
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Figure 224: Importance graph for the extended system w/ door interlocks and SV_DOW. 
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Table 219: FV Results for Extended System w/ Door Interlocks and SV_MAN 

Name Point 

Est. 

Mean 5th 50th 95th Min Max 

DI-AIR 1.10E-3 5.34E-3 5.00E-7 1.79E-4 9.28E-3 0.00E+0 7.63E-1 

DI-AR 1.10E-3 5.69E-3 4.41E-7 1.99E-4 9.74E-3 2.50E-12 7.89E-1 

HE-AIR-

OP 

1.10E-3 5.34E-3 5.00E-7 1.79E-4 9.28E-3 0.00E+0 7.63E-1 

HE-AR-

OP 

1.10E-3 5.69E-3 4.41E-7 1.99E-4 9.74E-3 2.50E-12 7.89E-1 

HE-SV-

B-LO 

4.73E-5 3.31E-4 3.78E-8 1.42E-5 6.31E-4 3.52E-14 9.46E-2 

HE-SV-

B-OP 

4.73E-5 3.34E-4 3.68E-8 1.48E-5 5.77E-4 0.00E+0 1.26E-1 

HE-SV-

C-LO 

4.73E-5 3.24E-4 3.51E-8 1.43E-5 5.87E-4 0.00E+0 5.07E-2 

HE-SV-

C-OP 

4.73E-5 3.28E-4 3.20E-8 1.43E-5 5.88E-4 7.13E-13 5.97E-2 

HE-SV-

D-LO 

4.73E-5 3.06E-4 3.37E-8 1.47E-5 6.02E-4 0.00E+0 5.19E-2 

HE-SV-

D-OP 

4.73E-5 3.08E-4 3.88E-8 1.54E-5 5.95E-4 6.64E-13 6.24E-2 

HE-SV-

E-LO 

4.73E-5 3.05E-4 2.92E-8 1.45E-5 6.22E-4 0.00E+0 3.87E-2 

HE-SV-

E-OP 

4.73E-5 3.05E-4 3.98E-8 1.55E-5 6.02E-4 5.94E-13 9.02E-2 

MF-AIR-

LK 

9.98E-1 9.91E-1 9.39E-1 9.97E-1 1.00E+0 2.26E-1 1.00E+0 

MF-AR-

LK 

9.98E-1 9.91E-1 9.36E-1 9.97E-1 1.00E+0 2.05E-1 1.00E+0 

MF-SV-

A-FFD 

2.87E-6 1.72E-5 3.86E-8 1.32E-6 3.09E-5 1.09E-9 2.48E-3 

MF-SV-

B-FFD 

7.04E-6 4.62E-5 4.55E-8 2.47E-6 7.67E-5 3.88E-10 8.94E-3 

MF-SV-

C-FFD 

7.04E-6 6.01E-5 5.01E-8 2.57E-6 7.85E-5 1.91E-9 1.06E-1 

MF-SV-

D-FFD 

7.04E-6 4.48E-5 5.33E-8 2.60E-6 8.04E-5 8.97E-10 7.54E-3 

MF-SV-

E-FFD 

7.04E-6 4.81E-5 5.68E-8 2.69E-6 7.50E-5 1.94E-9 2.83E-2 

MF-VP-

A-LK 

2.87E-6 1.72E-5 3.86E-8 1.32E-6 3.09E-5 1.09E-9 2.48E-3 

SV-B-

C_CCF 

6.21E-4 2.60E-3 4.88E-5 6.08E-4 5.99E-3 7.98E-6 2.12E-1 

SV-D-

E_CCF 

6.21E-4 2.72E-3 5.16E-5 6.27E-4 6.03E-3 3.86E-6 3.81E-1 
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Figure 225: Importance graph for the extended system w/ door interlocks and SV_MAN. 
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Table 220: FV Results for Extended System w/ Door Interlocks and SV_NRPD 

Name Point 

Est. 

Mean 5th 50th 95th Min Max 

DI-AIR 8.05E-6 6.37E-6 2.39E-9 6.97E-7 1.54E-5 1.75E-14 5.60E-4 

DI-AR 8.07E-6 6.78E-6 1.98E-9 7.85E-7 1.54E-5 4.05E-13 4.54E-4 

HE-AIR-

OP 

4.49E-6 3.23E-6 1.90E-8 4.41E-7 7.18E-6 5.43E-10 2.73E-4 

HE-AR-

OP 

4.50E-6 3.64E-6 1.98E-8 4.76E-7 7.53E-6 8.35E-10 5.55E-4 

HE-SV-

B-LO 

1.23E-5 8.03E-6 7.51E-8 1.36E-6 1.87E-5 5.25E-9 1.11E-3 

HE-SV-

B-OP 

1.23E-5 8.03E-6 7.51E-8 1.36E-6 1.87E-5 5.25E-9 1.10E-3 

HE-SV-

C-LO 

1.23E-5 8.38E-6 7.80E-8 1.37E-6 1.87E-5 7.53E-9 8.19E-4 

HE-SV-

C-OP 

1.23E-5 8.38E-6 7.80E-8 1.37E-6 1.87E-5 7.53E-9 8.19E-4 

HE-SV-

D-LO 

1.23E-5 8.58E-6 7.66E-8 1.38E-6 1.90E-5 2.33E-9 8.00E-4 

HE-SV-

D-OP 

1.23E-5 8.58E-6 7.66E-8 1.38E-6 1.90E-5 2.33E-9 8.01E-4 

HE-SV-

E-LO 

1.23E-5 8.09E-6 8.21E-8 1.39E-6 1.94E-5 3.82E-9 4.46E-4 

HE-SV-

E-OP 

1.23E-5 8.09E-6 8.21E-8 1.39E-6 1.94E-5 3.82E-9 4.46E-4 

MF-AIR-

LK 

7.24E-3 6.01E-3 3.32E-4 2.28E-3 1.38E-2 2.87E-5 1.13E-1 

MF-AR-

LK 

7.25E-3 6.09E-3 3.27E-4 2.35E-3 1.44E-2 5.66E-5 1.14E-1 

MF-SV-

A-FFD 

1.41E-5 1.25E-5 2.03E-7 2.90E-6 2.96E-5 9.20E-9 7.69E-4 

MF-SV-

B-FFD 

3.11E-3 2.04E-3 1.90E-5 3.43E-4 4.72E-3 1.33E-6 2.79E-1 

MF-SV-

C-FFD 

3.11E-3 2.13E-3 1.97E-5 3.47E-4 4.73E-3 1.90E-6 2.07E-1 

MF-SV-

D-FFD 

3.11E-3 2.18E-3 1.93E-5 3.49E-4 4.80E-3 5.88E-7 2.04E-1 

MF-SV-

E-FFD 

3.11E-3 2.05E-3 2.07E-5 3.52E-4 4.91E-3 9.63E-7 1.15E-1 

MF-VP-

A-LK 

4.00E-6 2.88E-6 1.13E-8 3.46E-7 6.21E-6 3.30E-10 2.06E-4 

SV-B-

C_CCF 

6.40E-7 5.29E-7 2.94E-8 2.02E-7 1.21E-6 2.54E-9 9.55E-6 

SV-D-

E_CCF 

6.40E-7 5.35E-7 2.79E-8 2.08E-7 1.27E-6 2.54E-9 9.65E-6 
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Figure 226: Importance graph for the extended system w/ door interlocks and SV_NRPD. 

Table 221: FV Results for the Extended System w/Door Interlocks and Diagnostic HE 

Name Point 

Est. 

Mean 5th 50th 95th Min Max 

DI-AIR 3.95E-3 5.61E-3 7.93E-7 4.11E-4 1.24E-2 1.10E-11 2.95E-1 

DI-AR 3.95E-3 5.76E-3 7.93E-7 3.91E-4 1.29E-2 3.26E-12 4.62E-1 

HE-AIR-

OP 

3.95E-3 5.61E-3 7.93E-7 4.11E-4 1.24E-2 1.10E-11 2.95E-1 

HE-AR-

OP 

3.95E-3 5.76E-3 7.93E-7 3.91E-4 1.29E-2 3.26E-12 4.62E-1 

HE-SV-B-

LO 

2.31E-2 3.04E-2 2.10E-5 7.04E-3 8.43E-2 6.07E-9 4.59E-1 

HE-SV-B-

OP 

2.31E-2 3.02E-2 2.42E-5 7.26E-3 8.34E-2 4.51E-13 5.76E-1 

HE-SV-C-

LO 

2.31E-2 2.85E-2 2.00E-5 6.97E-3 7.69E-2 1.60E-9 4.67E-1 

HE-SV-C-

OP 

2.31E-2 3.01E-2 2.29E-5 7.14E-3 8.30E-2 8.02E-10 4.53E-1 

HE-SV-D-

LO 

2.31E-2 2.89E-2 1.59E-5 6.69E-3 8.16E-2 3.21E-14 4.37E-1 

HE-SV-D-

OP 

2.31E-2 2.90E-2 2.08E-5 6.84E-3 7.99E-2 4.74E-11 5.77E-1 

HE-SV-E-

LO 

2.31E-2 2.84E-2 1.76E-5 7.15E-3 7.91E-2 4.81E-9 5.25E-1 

HE-SV-E-

OP 

2.31E-2 2.98E-2 1.62E-5 6.93E-3 8.09E-2 4.53E-10 4.62E-1 

MF-AIR-

LK 

3.26E-1 2.78E-1 1.31E-2 1.50E-1 6.50E-1 1.61E-3 9.82E-1 

MF-AR-

LK 

3.27E-1 2.84E-1 1.26E-2 1.53E-1 6.59E-1 7.58E-4 9.72E-1 
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Name Point 

Est. 

Mean 5th 50th 95th Min Max 

MF-SV-

A-FS 

5.24E-4 7.44E-4 9.98E-6 1.95E-4 1.84E-3 2.97E-7 2.43E-2 

MF-SV-

A-LK 

3.00E-5 4.67E-5 5.54E-7 1.10E-5 1.10E-4 5.42E-9 3.71E-3 

MF-SV-

A-RP 

4.34E-6 5.96E-6 1.60E-8 6.50E-7 1.27E-5 5.57E-10 8.20E-4 

MF-SV-

B-FS 

5.30E-1 5.54E-1 1.15E-1 5.23E-1 8.03E-1 1.23E-2 9.43E-1 

MF-SV-

B-LK 

3.05E-2 4.07E-2 4.98E-3 2.40E-2 8.29E-2 8.67E-4 5.18E-1 

MF-SV-

B-RP 

4.41E-3 5.56E-3 9.73E-5 1.36E-3 1.28E-2 1.08E-5 4.88E-1 

MF-SV-

C-FS 

5.30E-1 5.57E-1 1.16E-1 5.25E-1 8.05E-1 1.30E-2 9.42E-1 

MF-SV-

C-LK 

3.05E-2 3.98E-2 4.68E-3 2.38E-2 8.18E-2 2.99E-4 5.64E-1 

MF-SV-

C-RP 

4.41E-3 5.90E-3 9.77E-5 1.33E-3 1.36E-2 2.52E-6 3.39E-1 

MF-SV-

D-FS 

5.30E-1 5.52E-1 1.09E-1 5.22E-1 8.04E-1 2.16E-2 9.55E-1 

MF-SV-

D-LK 

3.05E-2 4.04E-2 4.87E-3 2.39E-2 8.47E-2 5.24E-4 3.96E-1 

MF-SV-

D-RP 

4.41E-3 5.62E-3 9.89E-5 1.32E-3 1.33E-2 6.67E-6 3.41E-1 

MF-SV-E-

FS 

5.30E-1 5.51E-1 1.09E-1 5.19E-1 8.04E-1 1.44E-2 9.35E-1 

MF-SV-E-

LK 

3.05E-2 4.09E-2 4.94E-3 2.33E-2 8.70E-2 8.03E-4 5.31E-1 

MF-SV-E-

RP 

4.41E-3 5.77E-3 9.69E-5 1.32E-3 1.34E-2 5.77E-6 7.02E-1 

MF-VP-

A-LK 

5.58E-4 7.97E-4 1.13E-5 2.14E-4 1.97E-3 3.03E-7 2.47E-2 

SV-B-

C_CCF 

6.43E-2 5.79E-2 1.43E-2 5.00E-2 9.00E-2 2.26E-3 2.05E-1 

SV-D-

E_CCF 

6.43E-2 5.76E-2 1.40E-2 4.97E-2 9.02E-2 3.24E-3 1.78E-1 
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Figure 227: Importance graph for extended system w/ door interlocks and diagnostic HE 

Table 222: FV Results for the Extended System w/Door Interlocks and Diagnostic HE 

and SV_OL 

Name Point 

Est. 

Mean 5th 50th 95th Min Max 

DI-AIR 1.17E-2 3.52E-2 3.23E-6 1.97E-3 8.64E-2 4.54E-12 9.52E-1 

DI-AR 1.17E-2 3.53E-2 3.99E-6 1.94E-3 9.03E-2 3.74E-10 9.74E-1 

HE-AIR-

OP 

1.17E-2 3.52E-2 3.23E-6 1.97E-3 8.64E-2 4.54E-12 9.52E-1 

HE-AR-

OP 

1.17E-2 3.53E-2 3.99E-6 1.94E-3 9.03E-2 3.74E-10 9.74E-1 

HE-SV-B-

LO 

6.58E-3 2.46E-2 4.19E-6 2.02E-3 6.58E-2 7.30E-11 8.47E-1 

HE-SV-B-

OP 

6.58E-3 2.44E-2 5.36E-6 2.09E-3 6.66E-2 8.52E-11 8.86E-1 

HE-SV-C-

LO 

6.58E-3 2.51E-2 4.54E-6 2.00E-3 6.67E-2 2.45E-13 7.09E-1 

HE-SV-C-

OP 

6.58E-3 2.45E-2 4.86E-6 2.04E-3 6.57E-2 3.25E-11 7.26E-1 

HE-SV-D-

LO 

6.58E-3 2.56E-2 4.48E-6 1.96E-3 6.75E-2 8.80E-11 8.17E-1 

HE-SV-D-

OP 

6.58E-3 2.43E-2 4.42E-6 2.01E-3 6.33E-2 4.69E-11 9.22E-1 

HE-SV-E-

LO 

6.58E-3 2.44E-2 5.21E-6 2.05E-3 6.51E-2 2.94E-11 7.36E-1 

HE-SV-E-

OP 

6.58E-3 2.48E-2 4.55E-6 2.00E-3 6.65E-2 0.00E+0 8.73E-1 

MF-AIR-

LK 

9.71E-1 8.99E-1 4.11E-1 9.43E-1 9.96E-1 4.52E-2 1.00E+0 
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Name Point 

Est. 

Mean 5th 50th 95th Min Max 

MF-AR-

LK 

9.71E-1 9.00E-1 4.11E-1 9.43E-1 9.96E-1 2.11E-2 1.00E+0 

MF-SV-

A-FFD 

1.09E-4 5.18E-4 1.39E-6 4.49E-5 9.79E-4 5.44E-8 1.19E-1 

MF-SV-

B-FFD 

3.55E-3 1.39E-2 2.85E-5 1.32E-3 3.08E-2 4.24E-7 7.20E-1 

MF-SV-

C-FFD 

3.55E-3 1.34E-2 3.07E-5 1.32E-3 3.09E-2 9.21E-7 7.86E-1 

MF-SV-

D-FFD 

3.55E-3 1.28E-2 3.30E-5 1.32E-3 3.07E-2 2.92E-7 7.84E-1 

MF-SV-E-

FFD 

3.55E-3 1.36E-2 2.89E-5 1.29E-3 3.01E-2 7.06E-7 8.90E-1 

MF-VP-

A-LK 

1.09E-4 5.18E-4 1.39E-6 4.49E-5 9.79E-4 5.44E-8 1.19E-1 

SV-B-

C_CCF 

6.04E-4 1.91E-3 5.13E-5 5.68E-4 4.48E-3 7.42E-6 9.01E-2 

SV-D-

E_CCF 

6.04E-4 1.99E-3 5.05E-5 5.64E-4 4.75E-3 3.86E-6 1.23E-1 

 

 
Figure 228: Importance graph for extended system w/ door interlocks and diagnostic HE 

and SV_OL. 
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Table 223: FV Results for the Extended System w/Door Interlocks and Diagnostic HE 

and SV_OM 

Name Point 

Est. 

Mean 5th 50th 95th Min Max 

DI-AIR 3.04E-3 1.12E-2 9.67E-7 5.91E-4 2.29E-2 1.01E-12 7.28E-1 

DI-AR 3.05E-3 1.12E-2 1.12E-6 5.90E-4 2.43E-2 3.36E-10 8.38E-1 

HE-AIR-

OP 

3.04E-3 1.12E-2 9.67E-7 5.91E-4 2.29E-2 1.01E-12 7.28E-1 

HE-AR-OP 3.05E-3 1.12E-2 1.12E-6 5.90E-4 2.43E-2 3.36E-10 8.38E-1 

HE-SV-B-

LO 

2.25E-2 3.75E-2 1.85E-5 6.56E-3 1.01E-1 1.93E-10 8.35E-1 

HE-SV-B-

OP 

2.25E-2 3.90E-2 2.03E-5 6.73E-3 1.08E-1 7.04E-10 8.31E-1 

HE-SV-C-

LO 

2.25E-2 3.96E-2 1.95E-5 6.44E-3 1.11E-1 1.86E-12 7.71E-1 

HE-SV-C-

OP 

2.25E-2 3.90E-2 1.99E-5 6.37E-3 1.09E-1 3.36E-10 8.27E-1 

HE-SV-D-

LO 

2.25E-2 3.89E-2 1.62E-5 6.56E-3 1.08E-1 4.32E-10 7.65E-1 

HE-SV-D-

OP 

2.25E-2 3.81E-2 1.81E-5 6.33E-3 1.02E-1 1.78E-11 8.61E-1 

HE-SV-E-

LO 

2.25E-2 3.84E-2 1.83E-5 6.45E-3 1.05E-1 9.52E-11 7.38E-1 

HE-SV-E-

OP 

2.25E-2 3.87E-2 1.66E-5 6.40E-3 1.07E-1 0.00E+0 7.80E-1 

MF-AIR-

LK 

2.51E-1 4.15E-1 1.30E-2 2.53E-1 8.78E-1 7.34E-4 9.99E-1 

MF-AR-

LK 

2.52E-1 4.18E-1 1.31E-2 2.63E-1 8.83E-1 2.78E-4 9.99E-1 

MF-SV-A-

FFD 

4.25E-4 2.21E-3 5.15E-6 2.60E-4 5.07E-3 7.81E-8 1.86E-1 

MF-SV-B-

FFD 

7.07E-1 4.96E-1 1.78E-2 3.94E-1 9.00E-1 6.42E-4 9.95E-1 

MF-SV-C-

FFD 

7.07E-1 4.94E-1 1.91E-2 3.84E-1 9.00E-1 8.83E-4 9.97E-1 

MF-SV-D-

FFD 

7.07E-1 4.95E-1 1.95E-2 3.88E-1 8.97E-1 3.98E-4 9.97E-1 

MF-SV-E-

FFD 

7.07E-1 4.95E-1 1.98E-2 3.88E-1 9.00E-1 5.23E-4 9.96E-1 

MF-VP-A-

LK 

4.25E-4 2.21E-3 5.15E-6 2.60E-4 5.07E-3 7.81E-8 1.86E-1 

SV-B-

C_CCF 

1.57E-4 4.59E-4 2.45E-5 1.71E-4 1.07E-3 2.91E-6 2.07E-2 

SV-D-

E_CCF 

1.57E-4 4.91E-4 2.31E-5 1.73E-4 1.13E-3 2.21E-6 2.62E-2 
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Figure 229: Importance graph for extended system w/ door interlocks and diagnostic HE 

and SV_OM. 

Table 224: FV Results for the Extended System w/Door Interlocks and Diagnostic HE 

and SV_OH 

Name Point 

Est. 

Mean 5th 50th 95th Min Max 

DI-AIR 8.23E-4 3.82E-3 3.10E-7 1.91E-4 7.05E-3 3.48E-13 5.65E-1 

DI-AR 8.23E-4 3.79E-3 4.16E-7 1.83E-4 7.25E-3 8.57E-11 5.51E-1 

HE-AIR-

OP 

8.23E-4 3.82E-3 3.10E-7 1.91E-4 7.05E-3 3.48E-13 5.65E-1 

HE-AR-

OP 

8.23E-4 3.79E-3 4.16E-7 1.83E-4 7.25E-3 8.57E-11 5.51E-1 

HE-SV-B-

LO 

1.37E-2 2.60E-2 1.56E-5 5.09E-3 6.68E-2 7.36E-11 8.99E-1 

HE-SV-B-

OP 

1.37E-2 2.68E-2 1.58E-5 5.26E-3 6.99E-2 3.55E-10 7.49E-1 

HE-SV-C-

LO 

1.37E-2 2.70E-2 1.64E-5 5.09E-3 7.10E-2 1.77E-12 7.61E-1 

HE-SV-C-

OP 

1.37E-2 2.70E-2 1.54E-5 4.89E-3 7.12E-2 5.10E-10 7.58E-1 

HE-SV-

D-LO 

1.37E-2 2.69E-2 1.28E-5 5.19E-3 6.90E-2 2.39E-10 6.20E-1 

HE-SV-

D-OP 

1.37E-2 2.66E-2 1.57E-5 4.91E-3 6.66E-2 1.90E-11 7.29E-1 

HE-SV-E-

LO 

1.37E-2 2.65E-2 1.45E-5 5.05E-3 7.08E-2 2.29E-10 6.31E-1 

HE-SV-E-

OP 

1.37E-2 2.65E-2 1.30E-5 5.14E-3 6.94E-2 2.25E-14 7.57E-1 

MF-AIR-

LK 

6.79E-2 1.87E-1 3.66E-3 6.12E-2 5.38E-1 3.34E-4 9.90E-1 
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Name Point 

Est. 

Mean 5th 50th 95th Min Max 

MF-AR-

LK 

6.79E-2 1.87E-1 3.64E-3 6.09E-2 5.36E-1 8.21E-5 9.93E-1 

MF-SV-

A-FFD 

6.63E-5 6.55E-4 1.52E-6 6.45E-5 1.40E-3 1.85E-8 7.22E-2 

MF-SV-

B-FFD 

9.49E-1 7.67E-1 1.48E-1 8.03E-1 9.73E-1 6.72E-3 1.00E+0 

MF-SV-

C-FFD 

9.49E-1 7.65E-1 1.58E-1 7.97E-1 9.72E-1 8.34E-3 1.00E+0 

MF-SV-

D-FFD 

9.49E-1 7.66E-1 1.57E-1 8.02E-1 9.71E-1 4.10E-3 1.00E+0 

MF-SV-

E-FFD 

9.49E-1 7.67E-1 1.55E-1 8.04E-1 9.72E-1 5.85E-3 1.00E+0 

MF-VP-

A-LK 

6.63E-5 6.55E-4 1.52E-6 6.45E-5 1.40E-3 1.85E-8 7.22E-2 

SV-B-

C_CCF 

4.24E-5 1.40E-4 1.05E-5 5.22E-5 3.15E-4 2.17E-6 4.76E-3 

SV-D-

E_CCF 

4.24E-5 1.50E-4 1.03E-5 5.16E-5 3.34E-4 2.40E-6 9.09E-3 

 

 
Figure 230: Importance graph for extended system w/ door interlocks and diagnostic HE 

and SV_OH. 
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Table 225: FV Results for the Extended System w/Door Interlocks and Diagnostic HE 

and SV_DOW 

Name Point 

Est. 

Mean 5th 50th 95th Min Max 

DI-AIR 1.17E-2 3.52E-2 3.23E-6 1.96E-3 8.63E-2 4.53E-12 9.52E-1 

DI-AR 1.17E-2 3.53E-2 3.99E-6 1.94E-3 9.02E-2 3.74E-10 9.73E-1 

HE-AIR-

OP 

1.17E-2 3.52E-2 3.23E-6 1.96E-3 8.63E-2 4.53E-12 9.52E-1 

HE-AR-OP 1.17E-2 3.53E-2 3.99E-6 1.94E-3 9.02E-2 3.74E-10 9.73E-1 

HE-SV-B-

LO 

6.62E-3 2.47E-2 4.23E-6 2.03E-3 6.64E-2 7.40E-11 8.46E-1 

HE-SV-B-

OP 

6.62E-3 2.46E-2 5.44E-6 2.10E-3 6.73E-2 8.57E-11 8.86E-1 

HE-SV-C-

LO 

6.62E-3 2.52E-2 4.56E-6 2.01E-3 6.68E-2 2.45E-13 7.10E-1 

HE-SV-C-

OP 

6.62E-3 2.46E-2 4.88E-6 2.06E-3 6.62E-2 3.27E-11 7.27E-1 

HE-SV-D-

LO 

6.62E-3 2.58E-2 4.49E-6 1.98E-3 6.75E-2 8.90E-11 8.17E-1 

HE-SV-D-

OP 

6.62E-3 2.44E-2 4.48E-6 2.02E-3 6.38E-2 4.67E-11 9.24E-1 

HE-SV-E-

LO 

6.62E-3 2.45E-2 5.26E-6 2.07E-3 6.52E-2 2.94E-11 7.36E-1 

HE-SV-E-

OP 

6.62E-3 2.49E-2 4.60E-6 2.02E-3 6.68E-2 0.00E+0 8.73E-1 

MF-AIR-

LK 

9.71E-1 8.99E-1 4.10E-1 9.42E-1 9.96E-1 4.52E-2 1.00E+0 

MF-AR-

LK 

9.71E-1 8.99E-1 4.09E-1 9.42E-1 9.96E-1 2.11E-2 1.00E+0 

MF-SV-A-

FFD 

1.13E-4 5.33E-4 1.43E-6 4.63E-5 1.01E-3 5.62E-8 1.22E-1 

MF-SV-B-

FFD 

3.69E-3 1.44E-2 2.99E-5 1.38E-3 3.20E-2 4.50E-7 7.28E-1 

MF-SV-C-

FFD 

3.69E-3 1.39E-2 3.22E-5 1.37E-3 3.21E-2 9.77E-7 7.92E-1 

MF-SV-D-

FFD 

3.69E-3 1.33E-2 3.48E-5 1.37E-3 3.21E-2 3.08E-7 7.89E-1 

MF-SV-E-

FFD 

3.69E-3 1.40E-2 3.05E-5 1.35E-3 3.13E-2 7.51E-7 8.93E-1 

MF-VP-A-

LK 

1.13E-4 5.33E-4 1.43E-6 4.63E-5 1.01E-3 5.62E-8 1.22E-1 

SV-B-

C_CCF 

6.04E-4 1.91E-3 5.13E-5 5.68E-4 4.47E-3 7.42E-6 8.95E-2 

SV-D-

E_CCF 

6.04E-4 1.99E-3 5.05E-5 5.64E-4 4.74E-3 3.86E-6 1.22E-1 
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Figure 231: Importance graph for extended system w/ door interlocks and diagnostic HE 

and SV_DOW. 
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Table 226: FV Results for the Extended System w/Door Interlocks and Diagnostic HE 

and SV_MAN 

Name Point 

Est. 

Mean 5th 50th 95th Min Max 

DI-AIR 1.18E-2 3.67E-2 3.24E-6 2.01E-3 9.10E-2 4.59E-12 9.54E-1 

DI-AR 1.18E-2 3.66E-2 4.00E-6 1.98E-3 9.32E-2 3.75E-10 9.78E-1 

HE-AIR-OP 1.18E-2 3.67E-2 3.24E-6 2.01E-3 9.10E-2 4.59E-12 9.54E-1 

HE-AR-OP 1.18E-2 3.66E-2 4.00E-6 1.98E-3 9.32E-2 3.75E-10 9.78E-1 

HE-SV-B-

LO 

5.25E-3 2.11E-2 2.91E-6 1.32E-3 5.39E-2 4.39E-11 8.50E-1 

HE-SV-B-

OP 

5.25E-3 2.08E-2 2.85E-6 1.38E-3 5.37E-2 7.35E-11 8.56E-1 

HE-SV-C-

LO 

5.25E-3 2.11E-2 2.66E-6 1.35E-3 5.42E-2 2.54E-13 7.81E-1 

HE-SV-C-

OP 

5.25E-3 2.08E-2 2.86E-6 1.37E-3 5.23E-2 2.68E-11 7.59E-1 

HE-SV-D-

LO 

5.25E-3 2.20E-2 2.30E-6 1.31E-3 5.67E-2 5.90E-11 9.04E-1 

HE-SV-D-

OP 

5.25E-3 2.04E-2 2.38E-6 1.37E-3 5.08E-2 2.80E-11 7.61E-1 

HE-SV-E-

LO 

5.25E-3 2.08E-2 2.49E-6 1.35E-3 5.37E-2 2.85E-11 7.37E-1 

HE-SV-E-

OP 

5.25E-3 2.15E-2 2.44E-6 1.33E-3 5.37E-2 0.00E+0 8.71E-1 

MF-AIR-

LK 

9.77E-1 9.19E-1 4.77E-1 9.59E-1 9.98E-1 4.52E-2 1.00E+0 

MF-AR-LK 9.77E-1 9.19E-1 4.71E-1 9.60E-1 9.98E-1 2.12E-2 1.00E+0 

MF-SV-A-

FFD 

2.78E-6 1.47E-5 3.66E-8 1.18E-6 2.66E-5 1.37E-9 3.80E-3 

MF-SV-B-

FFD 

7.10E-5 3.48E-4 3.31E-7 2.19E-5 6.32E-4 2.14E-9 4.86E-2 

MF-SV-C-

FFD 

7.10E-5 3.26E-4 3.95E-7 2.22E-5 6.55E-4 1.27E-9 8.26E-2 

MF-SV-D-

FFD 

7.10E-5 3.16E-4 4.19E-7 2.27E-5 6.25E-4 2.40E-9 8.92E-2 

MF-SV-E-

FFD 

7.10E-5 3.75E-4 3.93E-7 2.20E-5 6.17E-4 2.62E-9 1.75E-1 

MF-VP-A-

LK 

2.78E-6 1.47E-5 3.66E-8 1.18E-6 2.66E-5 1.37E-9 3.80E-3 

SV-B-

C_CCF 

6.08E-4 2.05E-3 5.13E-5 5.77E-4 4.77E-3 7.42E-6 1.09E-1 

SV-D-

E_CCF 

6.08E-4 2.12E-3 5.08E-5 5.70E-4 5.07E-3 3.86E-6 1.39E-1 
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Figure 232: Importance graph for extended system w/ door interlocks and diagnostic HE 

and SV_MAN. 
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Table 227: FV Results for the Extended System w/Door Interlocks and Diagnostic HE 

and SV_NRPD 

Name Point 

Est. 

Mean 5th 50th 95th Min Max 

DI-AIR 7.78E-3 2.02E-2 1.85E-6 1.15E-3 4.38E-2 2.62E-12 8.32E-1 

DI-AR 7.80E-3 2.03E-2 2.27E-6 1.18E-3 4.65E-2 3.63E-10 8.85E-1 

HE-AIR-

OP 

7.78E-3 2.02E-2 1.85E-6 1.15E-3 4.38E-2 2.62E-12 8.32E-1 

HE-AR-OP 7.80E-3 2.03E-2 2.27E-6 1.18E-3 4.65E-2 3.63E-10 8.85E-1 

HE-SV-B-

LO 

2.45E-2 4.01E-2 1.53E-5 5.87E-3 1.15E-1 3.22E-10 7.91E-1 

HE-SV-B-

OP 

2.45E-2 4.15E-2 1.68E-5 6.07E-3 1.21E-1 3.58E-10 9.08E-1 

HE-SV-C-

LO 

2.45E-2 4.20E-2 1.56E-5 5.73E-3 1.18E-1 1.07E-12 8.15E-1 

HE-SV-C-

OP 

2.45E-2 4.10E-2 1.63E-5 5.63E-3 1.14E-1 1.59E-10 7.90E-1 

HE-SV-D-

LO 

2.45E-2 4.13E-2 1.31E-5 5.73E-3 1.16E-1 4.85E-10 8.49E-1 

HE-SV-D-

OP 

2.45E-2 4.03E-2 1.40E-5 5.70E-3 1.11E-1 2.09E-11 9.42E-1 

HE-SV-E-

LO 

2.45E-2 4.07E-2 1.60E-5 5.74E-3 1.13E-1 5.12E-11 8.56E-1 

HE-SV-E-

OP 

2.45E-2 4.12E-2 1.37E-5 5.69E-3 1.16E-1 0.00E+0 8.58E-1 

MF-AIR-

LK 

6.44E-1 6.29E-1 4.81E-2 5.86E-1 9.65E-1 2.10E-3 1.00E+

0 

MF-AR-

LK 

6.45E-1 6.33E-1 5.04E-2 6.00E-1 9.66E-1 1.33E-3 9.99E-1 

MF-SV-A-

FFD 

1.09E-3 2.99E-3 9.51E-6 3.80E-4 6.81E-3 1.08E-7 1.61E-1 

MF-SV-B-

FFD 

2.99E-1 2.66E-1 3.12E-3 1.10E-1 6.95E-1 8.42E-5 9.89E-1 

MF-SV-C-

FFD 

2.99E-1 2.65E-1 3.38E-3 1.06E-1 6.93E-1 1.45E-4 9.91E-1 

MF-SV-D-

FFD 

2.99E-1 2.65E-1 3.40E-3 1.08E-1 6.90E-1 7.66E-5 9.93E-1 

MF-SV-E-

FFD 

2.99E-1 2.64E-1 3.37E-3 1.07E-1 6.95E-1 9.38E-5 9.95E-1 

MF-VP-A-

LK 

1.09E-3 2.99E-3 9.51E-6 3.80E-4 6.81E-3 1.08E-7 1.61E-1 

SV-B-

C_CCF 

4.01E-4 9.17E-4 4.21E-5 3.40E-4 2.11E-3 6.00E-6 2.95E-2 

SV-D-

E_CCF 

4.01E-4 9.66E-4 4.26E-5 3.40E-4 2.22E-3 3.01E-6 5.59E-2 
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Figure 233: Importance graph for extended system w/ door interlocks and diagnostic HE 

and SV_NRPD. 

Table 228: FV Results for Extended System w/ Door Interlocks and Bruce B Fault Rate 

Name Point 

Est. 

Mean 5th 50th 95th Min Max 

DI-AIR 6.57E-5 1.75E-4 3.37E-8 1.32E-5 3.89E-4 1.71E-11 1.77E-2 

DI-AR 6.57E-5 2.08E-4 3.37E-8 1.31E-5 4.11E-4 8.61E-12 9.41E-2 

HE-AIR-OP 6.57E-5 1.75E-4 3.37E-8 1.32E-5 3.89E-4 1.71E-11 1.77E-2 

HE-AR-OP 6.57E-5 2.08E-4 3.37E-8 1.31E-5 4.11E-4 8.61E-12 9.41E-2 

HE-SV-B-

LO 

3.59E-4 1.02E-3 7.30E-7 1.93E-4 2.54E-3 1.00E-14 5.06E-2 

HE-SV-B-

OP 

3.59E-4 1.00E-3 5.75E-7 1.97E-4 2.62E-3 1.18E-15 3.41E-2 

HE-SV-C-

LO 

3.59E-4 9.90E-4 6.85E-7 1.94E-4 2.48E-3 3.80E-11 4.58E-2 

HE-SV-C-

OP 

3.59E-4 1.00E-3 6.56E-7 1.98E-4 2.62E-3 4.47E-12 3.41E-2 

HE-SV-D-

LO 

3.59E-4 9.93E-4 7.07E-7 1.91E-4 2.61E-3 5.87E-11 3.32E-2 

HE-SV-D-

OP 

3.59E-4 9.63E-4 8.08E-7 1.86E-4 2.45E-3 1.50E-13 3.66E-2 

HE-SV-E-

LO 

3.59E-4 9.57E-4 6.34E-7 1.89E-4 2.45E-3 9.40E-13 5.07E-2 

HE-SV-E-

OP 

3.59E-4 9.85E-4 6.18E-7 1.86E-4 2.52E-3 3.39E-11 4.05E-2 

MF-AIR-

LK 

9.59E-1 7.64E-1 2.61E-1 7.80E-1 9.47E-1 2.76E-2 9.89E-1 

MF-AR-LK 9.59E-1 7.63E-1 2.68E-1 7.79E-1 9.43E-1 2.70E-2 9.92E-1 

MF-SV-A-

FS 

2.64E-4 6.73E-4 3.82E-5 2.64E-4 1.47E-3 1.66E-6 2.50E-2 
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Name Point 

Est. 

Mean 5th 50th 95th Min Max 

MF-SV-A-

LK 

1.51E-5 3.99E-5 2.18E-6 1.48E-5 9.07E-5 2.19E-7 1.26E-3 

MF-SV-A-

RP 

2.19E-6 5.87E-6 4.82E-8 8.77E-7 1.24E-5 2.31E-9 2.05E-3 

MF-SV-B-

FS 

9.00E-2 2.13E-1 2.53E-2 1.27E-1 4.68E-1 5.83E-3 8.97E-1 

MF-SV-B-

LK 

5.19E-3 1.43E-2 1.35E-3 6.87E-3 3.16E-2 2.97E-4 3.28E-1 

MF-SV-B-

RP 

7.53E-4 2.02E-3 2.76E-5 4.25E-4 4.59E-3 1.24E-6 2.23E-1 

MF-SV-C-

FS 

9.00E-2 2.13E-1 2.53E-2 1.26E-1 4.70E-1 5.18E-3 8.90E-1 

MF-SV-C-

LK 

5.19E-3 1.43E-2 1.31E-3 6.82E-3 3.18E-2 2.76E-4 2.85E-1 

MF-SV-C-

RP 

7.53E-4 2.02E-3 2.75E-5 4.00E-4 4.76E-3 1.35E-6 1.19E-1 

MF-SV-D-

FS 

9.00E-2 2.14E-1 2.76E-2 1.30E-1 4.67E-1 5.07E-3 8.96E-1 

MF-SV-D-

LK 

5.19E-3 1.46E-2 1.28E-3 6.97E-3 3.15E-2 3.41E-4 2.98E-1 

MF-SV-D-

RP 

7.53E-4 2.04E-3 2.84E-5 4.03E-4 4.65E-3 2.08E-6 1.31E-1 

MF-SV-E-

FS 

9.00E-2 2.14E-1 2.75E-2 1.29E-1 4.67E-1 3.13E-3 8.97E-1 

MF-SV-E-

LK 

5.19E-3 1.45E-2 1.41E-3 7.06E-3 3.19E-2 1.20E-4 2.61E-1 

MF-SV-E-

RP 

7.53E-4 2.19E-3 3.03E-5 4.31E-4 4.78E-3 9.58E-7 4.97E-1 

MF-VP-A-

LK 

2.81E-4 7.19E-4 4.43E-5 2.88E-4 1.56E-3 2.95E-6 2.57E-2 

SV-B-

C_CCF 

1.18E-2 2.22E-2 4.55E-3 1.43E-2 4.53E-2 2.09E-3 1.34E-1 

SV-D-

E_CCF 

1.18E-2 2.22E-2 4.79E-3 1.46E-2 4.40E-2 1.47E-3 1.37E-1 
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Figure 234: Importance graph for extended system w/ Door Interlocks and Bruce B fault 

rate. 
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Table 229: FV Results for Extended System w/ Door Interlocks and Bruce B Fault Rate 

and SV_OL 

Name Point 

Est. 

Mean 5th 50th 95th Min Max 

DI-AIR 6.45E-5 3.06E-4 4.02E-8 1.68E-5 5.51E-4 1.35E-13 6.15E-2 

DI-AR 6.45E-5 3.29E-4 3.49E-8 1.73E-5 5.47E-4 0.00E+0 1.08E-1 

HE-AIR-

OP 

6.45E-5 3.06E-4 4.02E-8 1.68E-5 5.51E-4 1.35E-13 6.15E-2 

HE-AR-

OP 

6.45E-5 3.29E-4 3.49E-8 1.73E-5 5.47E-4 0.00E+0 1.08E-1 

HE-SV-

B-LO 

1.03E-5 5.78E-5 1.48E-8 4.69E-6 1.10E-4 4.72E-12 1.36E-2 

HE-SV-

B-OP 

1.03E-5 5.99E-5 1.18E-8 4.35E-6 1.13E-4 0.00E+0 2.19E-2 

HE-SV-

C-LO 

1.03E-5 5.58E-5 1.15E-8 4.34E-6 1.02E-4 5.79E-14 1.45E-2 

HE-SV-

C-OP 

1.03E-5 5.72E-5 1.11E-8 4.40E-6 1.10E-4 4.91E-14 2.12E-2 

HE-SV-

D-LO 

1.03E-5 6.78E-5 1.65E-8 4.15E-6 1.16E-4 1.11E-13 4.92E-2 

HE-SV-

D-OP 

1.03E-5 6.42E-5 1.77E-8 4.45E-6 1.10E-4 3.49E-12 1.66E-2 

HE-SV-

E-LO 

1.03E-5 6.34E-5 1.31E-8 4.57E-6 1.11E-4 0.00E+0 1.05E-2 

HE-SV-

E-OP 

1.03E-5 6.23E-5 1.32E-8 4.67E-6 1.15E-4 1.53E-13 1.41E-2 

MF-

AIR-LK 

1.00E+0 9.99E-1 9.95E-1 1.00E+0 1.00E+0 8.49E-1 1.00E+0 

MF-AR-

LK 

1.00E+0 9.99E-1 9.95E-1 1.00E+0 1.00E+0 6.57E-1 1.00E+0 

MF-SV-

A-FFD 

6.72E-6 3.55E-5 2.29E-7 4.42E-6 6.92E-5 9.08E-9 5.72E-3 

MF-SV-

B-FFD 

6.09E-5 2.99E-4 1.13E-6 2.75E-5 5.52E-4 4.21E-8 1.44E-1 

MF-SV-

C-FFD 

6.09E-5 3.04E-4 1.08E-6 2.93E-5 5.59E-4 3.07E-9 1.10E-1 

MF-SV-

D-FFD 

6.09E-5 3.69E-4 1.21E-6 2.99E-5 6.16E-4 4.60E-8 2.83E-1 

MF-SV-

E-FFD 

6.09E-5 3.76E-4 1.30E-6 2.90E-5 6.07E-4 6.69E-8 3.29E-1 

MF-VP-

A-LK 

6.72E-6 3.55E-5 2.29E-7 4.42E-6 6.92E-5 9.08E-9 5.72E-3 

SV-B-

C_CCF 

3.65E-5 1.37E-4 1.35E-5 5.02E-5 2.82E-4 4.76E-6 2.07E-2 
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Name Point 

Est. 

Mean 5th 50th 95th Min Max 

SV-D-

E_CCF 

3.65E-5 1.36E-4 1.33E-5 5.03E-5 2.80E-4 3.65E-6 1.59E-2 

 

 
Figure 235: Importance graph for extended system w/ Door Interlocks and Bruce B fault 

rate and SV_OL. 
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Table 230: FV Results for Extended System w/ Door Interlocks and Bruce B Fault Rate 

and SV_OM 

Name Point 

Est. 

Mean 5th 50th 95th Min Max 

DI-AIR 6.61E-5 2.23E-4 3.06E-8 1.38E-5 4.19E-4 1.21E-13 2.84E-2 

DI-AR 6.61E-5 2.28E-4 2.92E-8 1.42E-5 4.22E-4 0.00E+0 6.46E-2 

HE-AIR-

OP 

6.61E-5 2.23E-4 3.06E-8 1.38E-5 4.19E-4 1.21E-13 2.84E-2 

HE-AR-OP 6.61E-5 2.28E-4 2.92E-8 1.42E-5 4.22E-4 0.00E+0 6.46E-2 

HE-SV-B-

LO 

4.64E-4 1.05E-3 3.85E-7 1.15E-4 2.55E-3 1.22E-11 7.45E-2 

HE-SV-B-

OP 

4.64E-4 1.05E-3 2.75E-7 1.13E-4 2.48E-3 1.37E-15 1.14E-1 

HE-SV-C-

LO 

4.64E-4 1.00E-3 2.94E-7 1.06E-4 2.35E-3 1.24E-12 1.05E-1 

HE-SV-C-

OP 

4.64E-4 1.03E-3 2.53E-7 1.12E-4 2.53E-3 3.24E-12 5.87E-2 

HE-SV-D-

LO 

4.64E-4 1.01E-3 4.39E-7 1.06E-4 2.50E-3 5.53E-12 8.09E-2 

HE-SV-D-

OP 

4.64E-4 1.06E-3 4.01E-7 1.10E-4 2.37E-3 4.67E-11 1.99E-1 

HE-SV-E-

LO 

4.64E-4 1.05E-3 3.28E-7 1.15E-4 2.57E-3 1.20E-15 7.28E-2 

HE-SV-E-

OP 

4.64E-4 1.06E-3 3.20E-7 1.17E-4 2.55E-3 8.42E-12 8.09E-2 

MF-AIR-

LK 

9.41E-1 8.37E-1 2.75E-1 8.78E-1 9.93E-1 5.84E-3 1.00E+0 

MF-AR-

LK 

9.42E-1 8.34E-1 2.59E-1 8.80E-1 9.93E-1 6.27E-3 1.00E+0 

MF-SV-A-

FFD 

3.49E-4 8.44E-4 1.06E-5 1.89E-4 2.03E-3 4.01E-7 5.03E-2 

MF-SV-B-

FFD 

1.59E-1 1.71E-1 1.97E-3 5.37E-2 4.92E-1 2.71E-5 9.94E-1 

MF-SV-C-

FFD 

1.59E-1 1.72E-1 1.89E-3 5.37E-2 4.94E-1 1.36E-6 9.90E-1 

MF-SV-D-

FFD 

1.59E-1 1.75E-1 2.17E-3 5.54E-2 5.10E-1 7.58E-5 9.90E-1 

MF-SV-E-

FFD 

1.59E-1 1.75E-1 2.07E-3 5.53E-2 5.11E-1 7.37E-5 9.91E-1 

MF-VP-A-

LK 

3.49E-4 8.44E-4 1.06E-5 1.89E-4 2.03E-3 4.01E-7 5.03E-2 

SV-B-

C_CCF 

3.75E-5 9.53E-5 1.16E-5 4.32E-5 2.01E-4 3.61E-6 6.46E-3 

SV-D-

E_CCF 

3.75E-5 9.16E-5 1.14E-5 4.32E-5 1.95E-4 3.66E-6 3.28E-3 
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Figure 236: Importance graph for extended system w/ Bruce B fault rate and SV_OM. 
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Table 231: FV Results for Extended System w/ Door Interlocks and Bruce B Fault Rate 

and SV_OH 

Name Point 

Est. 

Mean 5th 50th 95th Min Max 

DI-AIR 7.55E-5 1.34E-4 2.13E-8 9.36E-6 2.69E-4 9.19E-14 1.44E-2 

DI-AR 7.55E-5 1.36E-4 1.92E-8 9.23E-6 2.78E-4 0.00E+0 3.77E-2 

HE-AIR-OP 7.55E-5 1.34E-4 2.13E-8 9.36E-6 2.69E-4 9.19E-14 1.44E-2 

HE-AR-OP 7.55E-5 1.36E-4 1.92E-8 9.23E-6 2.78E-4 0.00E+0 3.77E-2 

HE-SV-B-

LO 

1.23E-3 1.29E-3 8.46E-7 2.31E-4 3.31E-3 1.46E-11 4.40E-2 

HE-SV-B-

OP 

1.23E-3 1.27E-3 6.07E-7 2.21E-4 3.32E-3 1.41E-15 4.42E-2 

HE-SV-C-

LO 

1.23E-3 1.23E-3 6.42E-7 2.10E-4 3.13E-3 2.91E-12 9.02E-2 

HE-SV-C-

OP 

1.23E-3 1.26E-3 5.28E-7 2.22E-4 3.30E-3 1.08E-11 5.09E-2 

HE-SV-D-

LO 

1.23E-3 1.22E-3 9.75E-7 2.13E-4 3.12E-3 1.74E-11 6.43E-2 

HE-SV-D-

OP 

1.23E-3 1.28E-3 9.44E-7 2.21E-4 3.09E-3 1.69E-10 2.26E-1 

HE-SV-E-

LO 

1.23E-3 1.27E-3 7.06E-7 2.18E-4 3.29E-3 2.59E-15 6.12E-2 

HE-SV-E-

OP 

1.23E-3 1.29E-3 6.63E-7 2.28E-4 3.28E-3 9.32E-12 5.33E-2 

MF-AIR-

LK 

8.48E-1 5.99E-1 8.90E-2 5.35E-1 9.37E-1 2.67E-3 1.00E+0 

MF-AR-LK 8.48E-1 5.98E-1 8.77E-2 5.38E-1 9.33E-1 4.03E-3 9.99E-1 

MF-SV-A-

FFD 

5.80E-4 7.44E-4 1.28E-5 2.36E-4 1.71E-3 2.40E-7 3.72E-2 

MF-SV-B-

FFD 

7.61E-1 4.53E-1 2.43E-2 3.41E-1 8.47E-1 1.25E-4 9.99E-1 

MF-SV-C-

FFD 

7.61E-1 4.53E-1 2.40E-2 3.41E-1 8.48E-1 1.92E-5 9.98E-1 

MF-SV-D-

FFD 

7.61E-1 4.56E-1 2.57E-2 3.47E-1 8.52E-1 9.62E-4 9.95E-1 

MF-SV-E-

FFD 

7.61E-1 4.56E-1 2.56E-2 3.46E-1 8.53E-1 9.54E-4 9.94E-1 

MF-VP-A-

LK 

5.80E-4 7.44E-4 1.28E-5 2.36E-4 1.71E-3 2.40E-7 3.72E-2 

SV-B-

C_CCF 

4.28E-5 5.62E-5 8.35E-6 2.96E-5 1.14E-4 2.25E-6 1.50E-3 

SV-D-

E_CCF 

4.28E-5 5.44E-5 8.18E-6 3.00E-5 1.12E-4 2.39E-6 1.02E-3 
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Figure 237: Importance graph for extended system w/ Door Interlocks and Bruce B fault 

rate and SV_OH. 
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Table 232: FV Results for Extended System w/ Door Interlocks and Bruce B Fault Rate 

and SV_DOW 

Name Point 

Est. 

Mean 5th 50th 95th Min Max 

DI-AIR 6.45E-5 3.06E-4 4.02E-8 1.68E-5 5.51E-4 1.35E-13 6.15E-2 

DI-AR 6.45E-5 3.29E-4 3.49E-8 1.73E-5 5.47E-4 0.00E+0 1.08E-1 

HE-AIR-

OP 

6.45E-5 3.06E-4 4.02E-8 1.68E-5 5.51E-4 1.35E-13 6.15E-2 

HE-AR-

OP 

6.45E-5 3.29E-4 3.49E-8 1.73E-5 5.47E-4 0.00E+0 1.08E-1 

HE-SV-B-

LO 

1.05E-5 5.92E-5 1.51E-8 4.80E-6 1.12E-4 4.80E-12 1.40E-2 

HE-SV-B-

OP 

1.05E-5 6.14E-5 1.20E-8 4.44E-6 1.16E-4 0.00E+0 2.26E-2 

HE-SV-C-

LO 

1.05E-5 5.71E-5 1.16E-8 4.43E-6 1.05E-4 5.79E-14 1.48E-2 

HE-SV-C-

OP 

1.05E-5 5.86E-5 1.13E-8 4.49E-6 1.13E-4 5.05E-14 2.17E-2 

HE-SV-D-

LO 

1.05E-5 6.93E-5 1.69E-8 4.22E-6 1.19E-4 1.13E-13 4.97E-2 

HE-SV-D-

OP 

1.05E-5 6.58E-5 1.81E-8 4.51E-6 1.13E-4 3.52E-12 1.71E-2 

HE-SV-E-

LO 

1.05E-5 6.49E-5 1.35E-8 4.63E-6 1.14E-4 0.00E+0 1.08E-2 

HE-SV-E-

OP 

1.05E-5 6.38E-5 1.34E-8 4.77E-6 1.17E-4 1.53E-13 1.46E-2 

MF-AIR-

LK 

1.00E+0 9.99E-1 9.95E-1 1.00E+0 1.00E+0 8.42E-1 1.00E+0 

MF-AR-

LK 

1.00E+0 9.99E-1 9.95E-1 1.00E+0 1.00E+0 6.44E-1 1.00E+0 

MF-SV-

A-FFD 

6.95E-6 3.67E-5 2.37E-7 4.57E-6 7.16E-5 9.39E-9 5.90E-3 

MF-SV-B-

FFD 

6.45E-5 3.16E-4 1.19E-6 2.90E-5 5.81E-4 4.43E-8 1.51E-1 

MF-SV-C-

FFD 

6.45E-5 3.21E-4 1.13E-6 3.09E-5 5.91E-4 3.19E-9 1.16E-1 

MF-SV-

D-FFD 

6.45E-5 3.90E-4 1.28E-6 3.15E-5 6.48E-4 4.91E-8 2.95E-1 

MF-SV-E-

FFD 

6.45E-5 3.97E-4 1.37E-6 3.07E-5 6.40E-4 7.02E-8 3.43E-1 

MF-VP-

A-LK 

6.95E-6 3.67E-5 2.37E-7 4.57E-6 7.16E-5 9.39E-9 5.90E-3 

SV-B-

C_CCF 

3.65E-5 1.37E-4 1.35E-5 5.02E-5 2.82E-4 4.76E-6 2.07E-2 
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Name Point 

Est. 

Mean 5th 50th 95th Min Max 

SV-D-

E_CCF 

3.65E-5 1.36E-4 1.33E-5 5.03E-5 2.80E-4 3.65E-6 1.59E-2 

 

 
Figure 238: Importance graph for extended system w/ Door Interlocks and Bruce B fault 

rate and SV_DOW. 

Table 233: FV Results for Extended System w/ Door Interlocks and Bruce B Fault Rate 

and SV_MAN 

Name Point 

Est. 

Mean 5th 50th 95th Min Max 

DI-AIR 6.45E-5 3.06E-4 4.02E-8 1.68E-5 5.52E-4 1.35E-13 6.16E-2 

DI-AR 6.45E-5 3.29E-4 3.49E-8 1.74E-5 5.48E-4 0.00E+0 1.09E-1 

HE-AIR-

OP 

6.45E-5 3.06E-4 4.02E-8 1.68E-5 5.52E-4 1.35E-13 6.16E-2 

HE-AR-

OP 

6.45E-5 3.29E-4 3.49E-8 1.74E-5 5.48E-4 0.00E+0 1.09E-1 

HE-SV-B-

LO 

2.78E-6 1.69E-5 4.03E-9 1.36E-6 3.37E-5 6.68E-13 5.09E-3 

HE-SV-B-

OP 

2.78E-6 1.65E-5 3.01E-9 1.22E-6 3.46E-5 0.00E+0 3.28E-3 

HE-SV-C-

LO 

2.78E-6 1.65E-5 3.29E-9 1.31E-6 3.26E-5 2.00E-14 3.40E-3 

HE-SV-C-

OP 

2.78E-6 1.68E-5 3.20E-9 1.33E-6 3.36E-5 3.98E-15 4.91E-3 

HE-SV-D-

LO 

2.78E-6 1.78E-5 4.12E-9 1.28E-6 3.21E-5 3.25E-14 3.70E-3 

HE-SV-D-

OP 

2.78E-6 1.75E-5 4.73E-9 1.32E-6 3.29E-5 6.42E-13 3.08E-3 
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Name Point 

Est. 

Mean 5th 50th 95th Min Max 

HE-SV-E-

OP 

2.78E-6 1.75E-5 3.47E-9 1.33E-6 3.40E-5 0.00E+0 3.29E-3 

MF-AIR-

LK 

1.00E+0 1.00E+0 9.97E-1 1.00E+0 1.00E+0 9.35E-1 1.00E+0 

MF-AR-

LK 

1.00E+0 1.00E+0 9.97E-1 1.00E+0 1.00E+0 8.91E-1 1.00E+0 

MF-SV-A-

FFD 

1.69E-7 9.07E-7 5.74E-9 1.11E-7 1.74E-6 2.27E-10 1.47E-4 

MF-SV-B-

FFD 

4.14E-7 2.24E-6 7.00E-9 2.04E-7 4.28E-6 2.28E-10 1.13E-3 

MF-SV-C-

FFD 

4.14E-7 2.36E-6 6.91E-9 2.22E-7 4.33E-6 7.17E-11 6.45E-4 

MF-SV-D-

FFD 

4.14E-7 2.59E-6 6.90E-9 2.20E-7 4.66E-6 7.05E-11 5.62E-4 

MF-SV-E-

FFD 

4.14E-7 2.84E-6 7.17E-9 2.09E-7 4.43E-6 4.01E-10 2.43E-3 

MF-VP-A-

LK 

1.69E-7 9.07E-7 5.74E-9 1.11E-7 1.74E-6 2.27E-10 1.47E-4 

SV-B-

C_CCF 

3.65E-5 1.37E-4 1.35E-5 5.02E-5 2.82E-4 4.76E-6 2.09E-2 

SV-D-

E_CCF 

3.65E-5 1.36E-4 1.33E-5 5.03E-5 2.80E-4 3.65E-6 1.60E-2 

 

 
Figure 239: Importance graph for extended system w/ Door Interlocks and Bruce B fault 

rate and SV_MAN. 
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Table 234: FV Results for Extended System w/ Door Interlocks and Bruce B Fault Rate 

and SV_NRPD 

Name Point 

Est. 

Mean 5th 50th 95th Min Max 

DI-AIR 6.48E-5 2.78E-4 3.57E-8 1.61E-5 5.08E-4 1.33E-13 4.85E-2 

DI-AR 6.48E-5 2.86E-4 3.34E-8 1.65E-5 5.03E-4 0.00E+0 7.45E-2 

HE-AIR-OP 6.48E-5 2.78E-4 3.57E-8 1.61E-5 5.08E-4 1.33E-13 4.85E-2 

HE-AR-OP 6.48E-5 2.86E-4 3.34E-8 1.65E-5 5.03E-4 0.00E+0 7.45E-2 

HE-SV-B-

LO 

1.78E-4 6.45E-4 1.57E-7 4.91E-5 1.42E-3 1.16E-11 1.17E-1 

HE-SV-B-

OP 

1.78E-4 6.68E-4 1.15E-7 4.87E-5 1.36E-3 9.82E-16 1.68E-1 

HE-SV-C-

LO 

1.78E-4 6.20E-4 1.20E-7 4.62E-5 1.31E-3 4.70E-13 8.27E-2 

HE-SV-C-

OP 

1.78E-4 6.32E-4 1.07E-7 4.82E-5 1.45E-3 1.12E-12 5.93E-2 

HE-SV-D-

LO 

1.78E-4 6.44E-4 1.80E-7 4.58E-5 1.46E-3 1.94E-12 8.98E-2 

HE-SV-D-

OP 

1.78E-4 6.67E-4 1.71E-7 4.85E-5 1.38E-3 1.78E-11 1.00E-1 

HE-SV-E-

LO 

1.78E-4 6.69E-4 1.38E-7 4.95E-5 1.43E-3 0.00E+0 5.68E-2 

HE-SV-E-

OP 

1.78E-4 6.66E-4 1.42E-7 5.05E-5 1.44E-3 3.64E-12 7.26E-2 

MF-AIR-LK 9.90E-1 9.49E-1 6.41E-1 9.78E-1 9.99E-1 2.13E-2 1.00E+0 

MF-AR-LK 9.90E-1 9.47E-1 6.14E-1 9.79E-1 9.99E-1 1.44E-2 1.00E+0 

MF-SV-A-

FFD 

1.50E-4 5.52E-4 5.07E-6 9.44E-5 1.24E-3 2.11E-7 4.37E-2 

MF-SV-B-

FFD 

2.39E-2 5.14E-2 2.55E-4 7.68E-3 1.44E-1 8.67E-6 9.78E-1 

MF-SV-C-

FFD 

2.39E-2 5.15E-2 2.51E-4 7.75E-3 1.44E-1 1.98E-7 9.65E-1 

MF-SV-D-

FFD 

2.39E-2 5.45E-2 2.88E-4 7.98E-3 1.56E-1 1.21E-5 9.77E-1 

MF-SV-E-

FFD 

2.39E-2 5.45E-2 2.82E-4 8.00E-3 1.56E-1 1.13E-5 9.83E-1 

MF-VP-A-

LK 

1.50E-4 5.52E-4 5.07E-6 9.44E-5 1.24E-3 2.11E-7 4.37E-2 

SV-B-

C_CCF 

3.67E-5 1.21E-4 1.31E-5 4.86E-5 2.51E-4 4.51E-6 1.48E-2 

SV-D-

E_CCF 

3.67E-5 1.17E-4 1.29E-5 4.85E-5 2.48E-4 3.64E-6 8.16E-3 
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Figure 240: Importance graph for extended system w/ Door Interlocks and Bruce B fault 

rate and SV_NRPD. 

Table 235: FV Results for Extended System w/ Door Interlocks and Bruce B Fault Rate 

and Diagnostic HE 

Name Point 

Est. 

Mean 5th 50th 95th Min Max 

DI-AIR 7.25E-4 2.04E-3 3.11E-7 1.45E-4 4.43E-3 9.83E-13 2.78E-1 

DI-AR 7.25E-4 2.09E-3 2.69E-7 1.31E-4 4.23E-3 2.95E-10 5.05E-1 

HE-AIR-

OP 

7.25E-4 2.04E-3 3.11E-7 1.45E-4 4.43E-3 9.83E-13 2.78E-1 

HE-AR-

OP 

7.25E-4 2.09E-3 2.69E-7 1.31E-4 4.23E-3 2.95E-10 5.05E-1 

HE-SV-B-

LO 

4.24E-3 1.07E-2 7.05E-6 2.19E-3 2.90E-2 4.39E-14 4.70E-1 

HE-SV-B-

OP 

4.24E-3 1.10E-2 6.34E-6 2.20E-3 2.99E-2 3.05E-11 2.62E-1 

HE-SV-C-

LO 

4.24E-3 1.08E-2 6.39E-6 2.14E-3 2.86E-2 1.88E-10 2.60E-1 

HE-SV-C-

OP 

4.24E-3 1.14E-2 7.56E-6 2.26E-3 3.06E-2 6.89E-11 3.35E-1 

HE-SV-D-

LO 

4.24E-3 1.10E-2 6.43E-6 2.21E-3 2.92E-2 4.59E-11 2.39E-1 

HE-SV-D-

OP 

4.24E-3 1.10E-2 6.36E-6 2.22E-3 2.88E-2 4.84E-13 2.84E-1 

HE-SV-E-

LO 

4.24E-3 1.09E-2 6.04E-6 2.20E-3 2.92E-2 9.24E-11 4.53E-1 

HE-SV-E-

OP 

4.24E-3 1.12E-2 6.51E-6 2.29E-3 2.93E-2 3.21E-10 3.12E-1 

MF-AIR-

LK 

9.54E-1 7.37E-1 2.35E-1 7.46E-1 9.33E-1 1.98E-2 9.91E-1 
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Name Point 

Est. 

Mean 5th 50th 95th Min Max 

MF-AR-

LK 

9.54E-1 7.41E-1 2.42E-1 7.51E-1 9.33E-1 3.51E-2 9.86E-1 

MF-SV-

A-FS 

2.61E-4 6.19E-4 3.37E-5 2.48E-4 1.41E-3 4.49E-6 1.74E-2 

MF-SV-

A-LK 

1.50E-5 3.66E-5 1.87E-6 1.39E-5 8.42E-5 7.97E-8 1.29E-3 

MF-SV-

A-RP 

2.17E-6 5.39E-6 4.34E-8 8.58E-7 1.14E-5 2.54E-9 1.05E-3 

MF-SV-

B-FS 

9.65E-2 2.22E-1 3.05E-2 1.40E-1 4.72E-1 5.93E-3 9.34E-1 

MF-SV-

B-LK 

5.59E-3 1.46E-2 1.47E-3 7.52E-3 3.14E-2 3.27E-4 2.35E-1 

MF-SV-

B-RP 

8.11E-4 2.11E-3 2.88E-5 4.41E-4 4.90E-3 1.61E-6 1.22E-1 

MF-SV-

C-FS 

9.65E-2 2.22E-1 2.96E-2 1.39E-1 4.70E-1 7.53E-3 9.25E-1 

MF-SV-

C-LK 

5.59E-3 1.49E-2 1.49E-3 7.49E-3 3.26E-2 3.46E-4 2.80E-1 

MF-SV-

C-RP 

8.11E-4 2.14E-3 3.00E-5 4.34E-4 4.74E-3 1.46E-6 2.45E-1 

MF-SV-

D-FS 

9.65E-2 2.19E-1 3.05E-2 1.38E-1 4.59E-1 7.41E-3 8.87E-1 

MF-SV-

D-LK 

5.59E-3 1.48E-2 1.51E-3 7.40E-3 3.18E-2 3.90E-4 2.79E-1 

MF-SV-

D-RP 

8.11E-4 2.14E-3 3.18E-5 4.21E-4 4.86E-3 1.54E-6 2.44E-1 

MF-SV-E-

FS 

9.65E-2 2.19E-1 3.02E-2 1.35E-1 4.61E-1 7.29E-3 8.97E-1 

MF-SV-E-

LK 

5.59E-3 1.48E-2 1.57E-3 7.36E-3 3.22E-2 4.07E-4 2.69E-1 

MF-SV-E-

RP 

8.11E-4 2.28E-3 3.12E-5 4.48E-4 4.88E-3 2.69E-6 4.36E-1 

MF-VP-

A-LK 

2.79E-4 6.61E-4 3.98E-5 2.72E-4 1.49E-3 4.89E-6 1.80E-2 

SV-B-

C_CCF 

1.18E-2 2.13E-2 4.50E-3 1.45E-2 4.17E-2 1.41E-3 1.11E-1 

SV-D-

E_CCF 

1.18E-2 2.11E-2 4.76E-3 1.43E-2 4.08E-2 1.49E-3 1.22E-1 
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Figure 241: Importance graph for extended system w/ door interlocks and Bruce B fault 

rate and diagnostic HE. 

Table 236: FV Results for Extended System w/ Door Interlocks and Bruce B Fault Rate 

and Diagnostic HE and SV_OL 

Name Point 

Est. 

Mean 5th 50th 95th Min Max 

DI-AIR 7.10E-4 3.33E-3 4.29E-7 1.82E-4 6.06E-3 9.10E-13 5.14E-1 

DI-AR 7.10E-4 3.41E-3 3.89E-7 1.79E-4 6.37E-3 1.68E-12 4.84E-1 

HE-AIR-

OP 

7.10E-4 3.33E-3 4.29E-7 1.82E-4 6.06E-3 9.10E-13 5.14E-1 

HE-AR-

OP 

7.10E-4 3.41E-3 3.89E-7 1.79E-4 6.37E-3 1.68E-12 4.84E-1 

HE-SV-

B-LO 

3.98E-4 2.26E-3 5.13E-7 1.94E-4 4.86E-3 9.03E-15 4.09E-1 

HE-SV-

B-OP 

3.98E-4 2.18E-3 5.09E-7 1.83E-4 5.02E-3 1.58E-15 1.29E-1 

HE-SV-

C-LO 

3.98E-4 2.21E-3 4.56E-7 1.88E-4 4.91E-3 1.57E-12 1.54E-1 

HE-SV-

C-OP 

3.98E-4 2.21E-3 4.61E-7 1.91E-4 4.88E-3 7.22E-14 4.02E-1 

HE-SV-

D-LO 

3.98E-4 2.19E-3 5.61E-7 1.96E-4 4.65E-3 2.43E-11 3.88E-1 

HE-SV-

D-OP 

3.98E-4 2.07E-3 4.68E-7 2.04E-4 4.61E-3 2.99E-12 2.80E-1 

HE-SV-

E-LO 

3.98E-4 2.05E-3 6.00E-7 2.01E-4 4.73E-3 2.44E-12 1.94E-1 

HE-SV-

E-OP 

3.98E-4 2.16E-3 5.31E-7 1.93E-4 4.71E-3 5.52E-11 2.60E-1 

MF-AIR-

LK 

9.99E-1 9.91E-1 9.45E-1 9.96E-1 1.00E+0 4.75E-1 1.00E+0 
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Name Point 

Est. 

Mean 5th 50th 95th Min Max 

MF-AR-

LK 

9.99E-1 9.91E-1 9.49E-1 9.96E-1 1.00E+0 3.64E-1 1.00E+0 

MF-SV-

A-FFD 

6.72E-6 3.70E-5 2.36E-7 4.53E-6 6.86E-5 1.74E-8 8.85E-3 

MF-SV-

B-FFD 

2.15E-4 1.10E-3 4.15E-6 1.11E-4 2.26E-3 2.25E-7 1.34E-1 

MF-SV-

C-FFD 

2.15E-4 1.14E-3 4.56E-6 1.21E-4 2.19E-3 8.24E-8 2.36E-1 

MF-SV-

D-FFD 

2.15E-4 1.07E-3 4.45E-6 1.13E-4 2.17E-3 3.29E-8 1.96E-1 

MF-SV-

E-FFD 

2.15E-4 1.12E-3 4.39E-6 1.19E-4 2.14E-3 1.26E-7 4.94E-1 

MF-VP-

A-LK 

6.72E-6 3.70E-5 2.36E-7 4.53E-6 6.86E-5 1.74E-8 8.85E-3 

SV-B-

C_CCF 

3.66E-5 1.37E-4 1.33E-5 5.08E-5 2.83E-4 3.55E-6 1.03E-2 

SV-D-

E_CCF 

3.66E-5 1.31E-4 1.32E-5 5.04E-5 2.82E-4 2.84E-6 4.90E-3 

 

 
Figure 242: Importance graph for extended system w/ door interlocks and Bruce B fault 

rate and diagnostic HE and SV_OL. 
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Table 237: FV Results for Extended System w/ Door Interlocks and Bruce B Fault Rate 

and Diagnostic HE and SV_OM 

Name Point 

Est. 

Mean 5th 50th 95th Min Max 

DI-AIR 7.30E-4 2.28E-3 3.61E-7 1.41E-4 4.44E-3 8.21E-13 4.30E-1 

DI-AR 7.30E-4 2.41E-3 3.43E-7 1.42E-4 4.75E-3 1.67E-12 4.07E-1 

HE-AIR-

OP 

7.30E-4 2.28E-3 3.61E-7 1.41E-4 4.44E-3 8.21E-13 4.30E-1 

HE-AR-OP 7.30E-4 2.41E-3 3.43E-7 1.42E-4 4.75E-3 1.67E-12 4.07E-1 

HE-SV-B-

LO 

5.41E-3 1.12E-2 4.57E-6 1.48E-3 2.87E-2 8.67E-15 4.78E-1 

HE-SV-B-

OP 

5.41E-3 1.08E-2 3.48E-6 1.47E-3 2.97E-2 9.06E-15 3.76E-1 

HE-SV-C-

LO 

5.41E-3 1.10E-2 4.23E-6 1.40E-3 2.84E-2 2.09E-11 5.74E-1 

HE-SV-C-

OP 

5.41E-3 1.08E-2 3.45E-6 1.37E-3 2.87E-2 5.29E-14 4.07E-1 

HE-SV-D-

LO 

5.41E-3 1.07E-2 4.23E-6 1.43E-3 2.82E-2 4.40E-11 3.51E-1 

HE-SV-D-

OP 

5.41E-3 1.10E-2 3.83E-6 1.46E-3 2.93E-2 3.84E-11 5.09E-1 

HE-SV-E-

LO 

5.41E-3 1.06E-2 4.77E-6 1.48E-3 2.86E-2 8.22E-12 4.54E-1 

HE-SV-E-

OP 

5.41E-3 1.09E-2 4.51E-6 1.45E-3 2.75E-2 2.03E-10 4.26E-1 

MF-AIR-

LK 

9.36E-1 8.09E-1 2.32E-1 8.49E-1 9.85E-1 1.48E-2 9.99E-1 

MF-AR-

LK 

9.36E-1 8.11E-1 2.48E-1 8.47E-1 9.85E-1 5.86E-3 1.00E+0 

MF-SV-A-

FFD 

3.44E-4 7.97E-4 9.33E-6 1.83E-4 1.94E-3 6.31E-7 5.84E-2 

MF-SV-B-

FFD 

1.67E-1 1.80E-1 3.04E-3 6.19E-2 5.04E-1 1.28E-4 9.86E-1 

MF-SV-C-

FFD 

1.67E-1 1.80E-1 3.08E-3 6.20E-2 5.02E-1 8.69E-5 9.75E-1 

MF-SV-D-

FFD 

1.67E-1 1.80E-1 2.95E-3 6.29E-2 5.01E-1 1.51E-4 9.71E-1 

MF-SV-E-

FFD 

1.67E-1 1.80E-1 2.92E-3 6.39E-2 5.05E-1 1.98E-4 9.68E-1 

MF-VP-A-

LK 

3.44E-4 7.97E-4 9.33E-6 1.83E-4 1.94E-3 6.31E-7 5.84E-2 

SV-B-

C_CCF 

3.76E-5 9.00E-5 1.16E-5 4.23E-5 1.85E-4 3.50E-6 2.50E-3 

SV-D-

E_CCF 

3.76E-5 8.87E-5 1.11E-5 4.24E-5 1.87E-4 2.75E-6 2.93E-3 
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Figure 243: Importance graph for extended system w/ door interlocks and Bruce B fault 

rate and diagnostic HE and SV_OM. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



418 

 

     

Table 238: FV Results for Extended System w/ Door Interlocks and Bruce B Fault Rate 

and Diagnostic HE and SV_OH 

Name Point 

Est. 

Mean 5th 50th 95th Min Max 

DI-AIR 8.45E-4 1.41E-3 2.25E-7 9.60E-5 2.87E-3 6.28E-13 3.04E-1 

DI-AR 8.45E-4 1.51E-3 2.13E-7 9.60E-5 3.03E-3 1.55E-12 3.33E-1 

HE-AIR-

OP 

8.45E-4 1.41E-3 2.25E-7 9.60E-5 2.87E-3 6.28E-13 3.04E-1 

HE-AR-OP 8.45E-4 1.51E-3 2.13E-7 9.60E-5 3.03E-3 1.55E-12 3.33E-1 

HE-SV-B-

LO 

1.40E-2 1.36E-2 8.58E-6 2.54E-3 3.60E-2 9.96E-15 3.96E-1 

HE-SV-B-

OP 

1.40E-2 1.33E-2 6.98E-6 2.52E-3 3.57E-2 1.05E-14 2.79E-1 

HE-SV-C-

LO 

1.40E-2 1.32E-2 8.36E-6 2.38E-3 3.52E-2 5.66E-11 5.37E-1 

HE-SV-C-

OP 

1.40E-2 1.32E-2 6.24E-6 2.46E-3 3.58E-2 3.75E-14 3.70E-1 

HE-SV-D-

LO 

1.40E-2 1.30E-2 7.48E-6 2.51E-3 3.54E-2 9.28E-11 3.52E-1 

HE-SV-D-

OP 

1.40E-2 1.33E-2 7.03E-6 2.50E-3 3.65E-2 1.17E-10 4.66E-1 

HE-SV-E-

LO 

1.40E-2 1.30E-2 8.89E-6 2.55E-3 3.55E-2 2.09E-11 4.03E-1 

HE-SV-E-

OP 

1.40E-2 1.32E-2 7.53E-6 2.54E-3 3.45E-2 4.58E-10 4.48E-1 

MF-AIR-

LK 

8.49E-1 5.81E-1 8.14E-2 5.22E-1 9.16E-1 5.43E-3 9.97E-1 

MF-AR-

LK 

8.49E-1 5.81E-1 8.40E-2 5.21E-1 9.15E-1 3.87E-3 9.98E-1 

MF-SV-A-

FFD 

5.77E-4 7.05E-4 1.18E-5 2.20E-4 1.69E-3 7.74E-7 2.96E-2 

MF-SV-B-

FFD 

7.70E-1 4.54E-1 3.02E-2 3.45E-1 8.42E-1 1.62E-3 9.97E-1 

MF-SV-C-

FFD 

7.70E-1 4.54E-1 3.12E-2 3.46E-1 8.44E-1 9.81E-4 9.96E-1 

MF-SV-D-

FFD 

7.70E-1 4.55E-1 2.92E-2 3.47E-1 8.40E-1 1.51E-3 9.97E-1 

MF-SV-E-

FFD 

7.70E-1 4.55E-1 2.82E-2 3.47E-1 8.39E-1 1.44E-3 9.98E-1 

MF-VP-A-

LK 

5.77E-4 7.05E-4 1.18E-5 2.20E-4 1.69E-3 7.74E-7 2.96E-2 

SV-B-

C_CCF 

4.35E-5 5.38E-5 8.32E-6 2.91E-5 1.10E-4 3.00E-6 1.41E-3 

SV-D-

E_CCF 

4.35E-5 5.35E-5 8.08E-6 2.93E-5 1.07E-4 2.25E-6 2.36E-3 
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Figure 244: Importance graph for extended system w/ door interlocks and Bruce B fault 

rate and diagnostic HE and SV_OH. 

Table 239: FV Results for Extended System w/ Door Interlocks and Bruce B Fault Rate 

and Diagnostic HE and SV_DOW 

Name Point 

Est. 

Mean 5th 50th 95th Min Max 

DI-AIR 7.10E-4 3.33E-3 4.29E-7 1.82E-4 6.06E-3 9.09E-13 5.14E-1 

DI-AR 7.10E-4 3.41E-3 3.89E-7 1.79E-4 6.37E-3 1.68E-12 4.84E-1 

HE-AIR-

OP 

7.10E-4 3.33E-3 4.29E-7 1.82E-4 6.06E-3 9.09E-13 5.14E-1 

HE-AR-

OP 

7.10E-4 3.41E-3 3.89E-7 1.79E-4 6.37E-3 1.68E-12 4.84E-1 

HE-SV-

B-LO 

4.01E-4 2.28E-3 5.17E-7 1.96E-4 4.89E-3 9.03E-15 4.08E-1 

HE-SV-

B-OP 

4.01E-4 2.20E-3 5.13E-7 1.84E-4 5.04E-3 1.58E-15 1.29E-1 

HE-SV-

C-LO 

4.01E-4 2.22E-3 4.60E-7 1.90E-4 4.96E-3 1.58E-12 1.56E-1 

HE-SV-

C-OP 

4.01E-4 2.22E-3 4.65E-7 1.93E-4 4.91E-3 7.22E-14 4.02E-1 

HE-SV-

D-LO 

4.01E-4 2.20E-3 5.72E-7 1.97E-4 4.66E-3 2.43E-11 3.88E-1 

HE-SV-

D-OP 

4.01E-4 2.08E-3 4.72E-7 2.06E-4 4.65E-3 3.00E-12 2.80E-1 

HE-SV-

E-LO 

4.01E-4 2.07E-3 6.09E-7 2.03E-4 4.76E-3 2.45E-12 1.94E-1 

HE-SV-

E-OP 

4.01E-4 2.17E-3 5.40E-7 1.95E-4 4.74E-3 5.53E-11 2.60E-1 

MF-AIR-

LK 

9.99E-1 9.91E-1 9.44E-1 9.96E-1 1.00E+0 4.75E-1 1.00E+0 
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Name Point 

Est. 

Mean 5th 50th 95th Min Max 

MF-AR-

LK 

9.99E-1 9.91E-1 9.48E-1 9.96E-1 1.00E+0 3.56E-1 1.00E+0 

MF-SV-

A-FFD 

6.95E-6 3.82E-5 2.44E-7 4.68E-6 7.09E-5 1.79E-8 9.09E-3 

MF-SV-

B-FFD 

2.23E-4 1.15E-3 4.35E-6 1.15E-4 2.34E-3 2.34E-7 1.38E-1 

MF-SV-

C-FFD 

2.23E-4 1.18E-3 4.77E-6 1.25E-4 2.28E-3 8.58E-8 2.41E-1 

MF-SV-

D-FFD 

2.23E-4 1.11E-3 4.72E-6 1.18E-4 2.26E-3 3.51E-8 2.03E-1 

MF-SV-

E-FFD 

2.23E-4 1.17E-3 4.62E-6 1.24E-4 2.23E-3 1.32E-7 5.04E-1 

MF-VP-

A-LK 

6.95E-6 3.82E-5 2.44E-7 4.68E-6 7.09E-5 1.79E-8 9.09E-3 

SV-B-

C_CCF 

3.66E-5 1.37E-4 1.33E-5 5.08E-5 2.83E-4 3.55E-6 1.03E-2 

SV-D-

E_CCF 

3.66E-5 1.31E-4 1.32E-5 5.04E-5 2.82E-4 2.84E-6 4.90E-3 

 

 
Figure 245: Importance graph for extended system w/ door interlocks and Bruce B fault 

rate and diagnostic HE and SV_DOW. 

Table 240: FV Results for Extended System w/ Door Interlocks and Bruce B Fault Rate 

and Diagnostic HE and SV_MAN 

Name Point 

Est. 

Mean 5th 50th 95th Min Max 

DI-AIR 7.10E-4 3.34E-3 4.29E-7 1.83E-4 6.07E-3 9.09E-13 5.15E-1 

DI-AR 7.10E-4 3.42E-3 3.91E-7 1.80E-4 6.38E-3 1.68E-12 4.84E-1 
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Name Point 

Est. 

Mean 5th 50th 95th Min Max 

HE-AR-

OP 

7.10E-4 3.42E-3 3.91E-7 1.80E-4 6.38E-3 1.68E-12 4.84E-1 

HE-SV-

B-LO 

3.16E-4 1.82E-3 2.63E-7 1.32E-4 3.84E-3 9.03E-15 4.16E-1 

HE-SV-

B-OP 

3.16E-4 1.78E-3 2.69E-7 1.17E-4 4.01E-3 1.59E-15 1.29E-1 

HE-SV-

C-LO 

3.16E-4 1.79E-3 2.54E-7 1.22E-4 3.82E-3 1.29E-12 1.38E-1 

HE-SV-

C-OP 

3.16E-4 1.82E-3 2.78E-7 1.26E-4 3.85E-3 7.35E-14 3.92E-1 

HE-SV-

D-LO 

3.16E-4 1.78E-3 2.94E-7 1.28E-4 3.62E-3 1.56E-11 2.80E-1 

HE-SV-

D-OP 

3.16E-4 1.67E-3 2.33E-7 1.34E-4 3.68E-3 2.48E-12 2.62E-1 

HE-SV-

E-LO 

3.16E-4 1.68E-3 3.07E-7 1.31E-4 3.70E-3 1.70E-12 1.92E-1 

HE-SV-

E-OP 

3.16E-4 1.78E-3 3.21E-7 1.24E-4 3.70E-3 6.21E-12 2.73E-1 

MF-

AIR-LK 

9.99E-1 9.93E-1 9.56E-1 9.97E-1 1.00E+0 4.76E-1 1.00E+0 

MF-AR-

LK 

9.99E-1 9.93E-1 9.58E-1 9.97E-1 1.00E+0 5.16E-1 1.00E+0 

MF-SV-

A-FFD 

1.69E-7 9.60E-7 5.93E-9 1.14E-7 1.74E-6 4.35E-10 2.71E-4 

MF-SV-

B-FFD 

4.27E-6 2.25E-5 4.66E-8 1.91E-6 4.47E-5 7.49E-10 3.81E-3 

MF-SV-

C-FFD 

4.27E-6 2.37E-5 4.78E-8 2.10E-6 4.23E-5 7.85E-10 9.01E-3 

MF-SV-

D-FFD 

4.27E-6 2.16E-5 4.81E-8 1.99E-6 4.32E-5 1.02E-10 2.50E-3 

MF-SV-

E-FFD 

4.27E-6 2.41E-5 4.67E-8 2.04E-6 4.24E-5 7.05E-10 1.95E-2 

MF-VP-

A-LK 

1.69E-7 9.60E-7 5.93E-9 1.14E-7 1.74E-6 4.35E-10 2.71E-4 

SV-B-

C_CCF 

3.66E-5 1.38E-4 1.33E-5 5.09E-5 2.84E-4 3.55E-6 1.04E-2 

SV-D-

E_CCF 

3.66E-5 1.32E-4 1.32E-5 5.04E-5 2.83E-4 2.84E-6 5.93E-3 
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Figure 246: Importance graph for extended system w/ door interlocks and Bruce B fault 

rate and diagnostic HE and SV_MAN. 

 

Table 241: FV Results for Extended System w/ Door Interlocks and Bruce B Fault Rate 

and Diagnostic HE and SV_NRPD 

Name Point 

Est. 

Mean 5th 50th 95th Min Max 

DI-AIR 7.14E-4 2.87E-3 4.01E-7 1.68E-4 5.47E-3 9.01E-13 4.82E-1 

DI-AR 7.14E-4 2.97E-3 3.70E-7 1.68E-4 5.76E-3 1.68E-12 4.34E-1 

HE-AIR-

OP 

7.14E-4 2.87E-3 4.01E-7 1.68E-4 5.47E-3 9.01E-13 4.82E-1 

HE-AR-

OP 

7.14E-4 2.97E-3 3.70E-7 1.68E-4 5.76E-3 1.68E-12 4.34E-1 

HE-SV-

B-LO 

2.24E-3 7.63E-3 2.43E-6 7.90E-4 1.82E-2 8.94E-15 5.94E-1 

HE-SV-

B-OP 

2.24E-3 7.37E-3 1.84E-6 7.97E-4 1.86E-2 9.24E-15 3.62E-1 

HE-SV-

C-LO 

2.24E-3 7.59E-3 2.16E-6 7.66E-4 1.83E-2 8.22E-12 4.57E-1 

HE-SV-

C-OP 

2.24E-3 7.40E-3 1.83E-6 7.60E-4 1.85E-2 7.40E-14 4.76E-1 

HE-SV-

D-LO 

2.24E-3 7.24E-3 2.25E-6 7.69E-4 1.80E-2 3.09E-11 3.72E-1 

HE-SV-

D-OP 

2.24E-3 7.39E-3 2.03E-6 8.15E-4 1.83E-2 1.49E-11 4.87E-1 

HE-SV-E-

LO 

2.24E-3 7.20E-3 2.82E-6 7.93E-4 1.82E-2 4.43E-12 3.45E-1 

HE-SV-E-

OP 

2.24E-3 7.35E-3 2.36E-6 7.84E-4 1.79E-2 1.06E-10 3.47E-1 
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Name Point 

Est. 

Mean 5th 50th 95th Min Max 

MF-AIR-

LK 

9.87E-1 9.24E-1 5.42E-1 9.60E-1 9.96E-1 5.04E-2 1.00E+0 

MF-AR-

LK 

9.87E-1 9.27E-1 5.56E-1 9.59E-1 9.96E-1 1.27E-2 1.00E+0 

MF-SV-

A-FFD 

1.49E-4 5.27E-4 4.67E-6 9.32E-5 1.19E-3 4.01E-7 3.61E-2 

MF-SV-

B-FFD 

2.74E-2 6.11E-2 5.07E-4 1.12E-2 1.71E-1 1.79E-5 9.53E-1 

MF-SV-

C-FFD 

2.74E-2 6.11E-2 5.29E-4 1.12E-2 1.70E-1 1.08E-5 9.30E-1 

MF-SV-

D-FFD 

2.74E-2 6.01E-2 4.94E-4 1.13E-2 1.67E-1 1.75E-5 9.00E-1 

MF-SV-

E-FFD 

2.74E-2 6.01E-2 4.97E-4 1.16E-2 1.70E-1 2.81E-5 9.53E-1 

MF-VP-

A-LK 

1.49E-4 5.27E-4 4.67E-6 9.32E-5 1.19E-3 4.01E-7 3.61E-2 

SV-B-

C_CCF 

3.68E-5 1.16E-4 1.28E-5 4.83E-5 2.40E-4 3.54E-6 6.17E-3 

SV-D-

E_CCF 

3.68E-5 1.12E-4 1.28E-5 4.82E-5 2.45E-4 2.83E-6 3.75E-3 

 

 
Figure 247: Importance graph for extended system w/ door interlocks and Bruce B fault 

rate and diagnostic HE and SV_NRPD. 
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Table 242: FV Results for Extended System w/ Door Interlocks and Bruce A Fault Rate 

Name Point 

Est. 

Mean 5th 50th 95th Min Max 

DI-AIR 1.78E-4 3.86E-4 6.35E-8 2.40E-5 7.94E-4 4.72E-13 4.83E-2 

DI-AR 1.78E-4 3.64E-4 4.90E-8 2.34E-5 7.73E-4 9.20E-13 7.07E-2 

HE-AIR-

OP 

1.78E-4 3.86E-4 6.35E-8 2.40E-5 7.94E-4 4.72E-13 4.83E-2 

HE-AR-

OP 

1.78E-4 3.64E-4 4.90E-8 2.34E-5 7.73E-4 9.20E-13 7.07E-2 

HE-SV-B-

LO 

9.70E-4 1.89E-3 1.05E-6 3.59E-4 5.05E-3 5.71E-12 5.92E-2 

HE-SV-B-

OP 

9.70E-4 1.89E-3 1.44E-6 3.65E-4 4.91E-3 3.93E-14 5.29E-2 

HE-SV-C-

LO 

9.70E-4 1.89E-3 1.44E-6 3.50E-4 5.05E-3 7.12E-11 4.57E-2 

HE-SV-C-

OP 

9.70E-4 1.84E-3 1.35E-6 3.54E-4 4.82E-3 9.77E-11 6.99E-2 

HE-SV-D-

LO 

9.70E-4 1.88E-3 1.40E-6 3.68E-4 5.06E-3 1.62E-11 4.48E-2 

HE-SV-D-

OP 

9.70E-4 1.84E-3 1.10E-6 3.42E-4 4.86E-3 4.97E-11 6.26E-2 

HE-SV-E-

LO 

9.70E-4 1.89E-3 1.54E-6 3.69E-4 4.96E-3 3.11E-13 8.03E-2 

HE-SV-E-

OP 

9.70E-4 1.90E-3 1.24E-6 3.47E-4 5.05E-3 1.66E-11 5.40E-2 

MF-AIR-

LK 

7.23E-1 5.51E-1 6.68E-2 4.84E-1 8.85E-1 4.38E-3 9.90E-1 

MF-AR-

LK 

7.24E-1 5.52E-1 6.58E-2 4.86E-1 8.86E-1 3.38E-3 9.90E-1 

MF-SV-

A-FS 

5.64E-4 9.71E-4 2.75E-5 3.24E-4 2.26E-3 1.32E-6 3.43E-2 

MF-SV-

A-LK 

3.23E-5 5.95E-5 1.43E-6 1.78E-5 1.37E-4 1.06E-7 2.59E-3 

MF-SV-

A-RP 

4.68E-6 8.66E-6 3.87E-8 1.05E-6 1.72E-5 1.33E-9 1.78E-3 

MF-SV-

B-FS 

2.44E-1 3.80E-1 4.36E-2 2.80E-1 7.14E-1 6.43E-3 9.38E-1 

MF-SV-

B-LK 

1.40E-2 2.66E-2 2.24E-3 1.35E-2 5.82E-2 4.02E-4 3.56E-1 

MF-SV-

B-RP 

2.04E-3 3.82E-3 4.91E-5 7.80E-4 8.55E-3 2.15E-6 3.21E-1 

MF-SV-

C-FS 

2.44E-1 3.79E-1 4.34E-2 2.79E-1 7.15E-1 7.75E-3 9.36E-1 

MF-SV-

C-LK 

1.40E-2 2.70E-2 2.32E-3 1.37E-2 6.02E-2 4.18E-4 3.37E-1 
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Name Point 

Est. 

Mean 5th 50th 95th Min Max 

MF-SV-

C-RP 

2.04E-3 3.82E-3 4.81E-5 8.04E-4 9.18E-3 3.55E-6 1.86E-1 

MF-SV-

D-FS 

2.44E-1 3.80E-1 4.25E-2 2.78E-1 7.12E-1 7.21E-3 9.46E-1 

MF-SV-

D-LK 

1.40E-2 2.66E-2 2.20E-3 1.36E-2 5.87E-2 3.16E-4 3.71E-1 

MF-SV-

D-RP 

2.04E-3 3.70E-3 4.95E-5 7.68E-4 8.54E-3 1.13E-6 3.86E-1 

MF-SV-E-

FS 

2.44E-1 3.80E-1 4.34E-2 2.80E-1 7.14E-1 5.98E-3 9.32E-1 

MF-SV-E-

LK 

1.40E-2 2.64E-2 2.19E-3 1.33E-2 5.82E-2 5.46E-4 4.11E-1 

MF-SV-E-

RP 

2.04E-3 3.77E-3 4.90E-5 7.71E-4 8.41E-3 1.51E-6 3.36E-1 

MF-VP-

A-LK 

6.01E-4 1.04E-3 3.11E-5 3.56E-4 2.42E-3 1.67E-6 3.55E-2 

SV-B-

C_CCF 

3.19E-2 4.15E-2 6.97E-3 3.08E-2 7.65E-2 2.20E-3 2.13E-1 

SV-D-

E_CCF 

3.19E-2 4.13E-2 6.83E-3 3.06E-2 7.59E-2 1.96E-3 2.15E-1 

 

 
Figure 248: Importance graph for extended system w/ door interlocks and Bruce A fault 

rate. 
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Table 243: FV Results for Extended System w/ Door Interlocks and Bruce A Fault Rate 

and SV_OL 

Name Point 

Est. 

Mean 5th 50th 95th Min Max 

DI-AIR 2.42E-4 1.35E-3 1.27E-7 4.53E-5 2.17E-3 3.43E-13 3.63E-1 

DI-AR 2.42E-4 1.31E-3 1.33E-7 5.09E-5 2.19E-3 0.00E+0 3.12E-1 

HE-AIR-

OP 

2.42E-4 1.35E-3 1.27E-7 4.53E-5 2.17E-3 3.43E-13 3.63E-1 

HE-AR-OP 2.42E-4 1.31E-3 1.33E-7 5.09E-5 2.19E-3 0.00E+0 3.12E-1 

HE-SV-B-

LO 

3.86E-5 2.48E-4 4.01E-8 1.27E-5 4.54E-4 1.89E-13 5.24E-2 

HE-SV-B-

OP 

3.86E-5 2.80E-4 4.75E-8 1.33E-5 4.42E-4 5.63E-13 9.50E-2 

HE-SV-C-

LO 

3.86E-5 2.60E-4 4.02E-8 1.19E-5 4.28E-4 0.00E+0 4.98E-2 

HE-SV-C-

OP 

3.86E-5 2.59E-4 3.75E-8 1.23E-5 4.26E-4 3.44E-13 5.31E-2 

HE-SV-D-

LO 

3.86E-5 2.37E-4 3.40E-8 1.34E-5 4.25E-4 2.54E-12 5.59E-2 

HE-SV-D-

OP 

3.86E-5 2.24E-4 4.28E-8 1.30E-5 4.24E-4 4.02E-13 5.17E-2 

HE-SV-E-

LO 

3.86E-5 2.52E-4 2.67E-8 1.21E-5 4.18E-4 5.38E-13 9.44E-2 

HE-SV-E-

OP 

3.86E-5 2.36E-4 3.70E-8 1.29E-5 4.05E-4 8.57E-13 6.12E-2 

MF-AIR-

LK 

9.99E-1 9.96E-1 9.73E-1 9.99E-1 1.00E+0 5.54E-1 1.00E+0 

MF-AR-LK 9.99E-1 9.96E-1 9.76E-1 9.99E-1 1.00E+0 6.83E-1 1.00E+0 

MF-SV-A-

FFD 

2.52E-5 1.65E-4 5.15E-7 1.33E-5 3.08E-4 1.37E-8 3.24E-2 

MF-SV-B-

FFD 

2.29E-4 1.46E-3 2.59E-6 8.43E-5 2.29E-3 9.76E-8 2.60E-1 

MF-SV-C-

FFD 

2.29E-4 1.47E-3 2.82E-6 8.28E-5 2.24E-3 1.79E-7 2.75E-1 

MF-SV-D-

FFD 

2.29E-4 1.27E-3 2.64E-6 8.24E-5 2.09E-3 1.73E-7 2.00E-1 

MF-SV-E-

FFD 

2.29E-4 1.24E-3 2.74E-6 8.31E-5 2.08E-3 6.16E-8 1.96E-1 

MF-VP-A-

LK 

2.52E-5 1.65E-4 5.15E-7 1.33E-5 3.08E-4 1.37E-8 3.24E-2 

SV-B-

C_CCF 

1.37E-4 6.06E-4 2.17E-5 1.45E-4 1.32E-3 4.63E-6 1.15E-1 

SV-D-

E_CCF 

1.37E-4 5.56E-4 2.08E-5 1.46E-4 1.28E-3 5.04E-6 3.17E-2 
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Figure 249: Importance graph for extended system w/ door interlocks and Bruce A fault 

rate and SV_OL. 

 

Table 244: FV Results for Extended System w/ Door Interlocks and Bruce A Fault Rate 

and SV_OM 

Name Point 

Est. 

Mean 5th 50th 95th Min Max 

DI-AIR 1.58E-4 6.27E-4 7.44E-8 2.75E-5 1.07E-3 2.05E-13 1.28E-1 

DI-AR 1.58E-4 6.55E-4 8.68E-8 3.09E-5 1.16E-3 0.00E+0 2.01E-1 

HE-AIR-

OP 

1.58E-4 6.27E-4 7.44E-8 2.75E-5 1.07E-3 2.05E-13 1.28E-1 

HE-AR-OP 1.58E-4 6.55E-4 8.68E-8 3.09E-5 1.16E-3 0.00E+0 2.01E-1 

HE-SV-B-

LO 

1.11E-3 2.29E-3 8.21E-7 2.57E-4 5.64E-3 3.38E-12 1.94E-1 

HE-SV-B-

OP 

1.11E-3 2.34E-3 8.98E-7 2.73E-4 5.71E-3 3.06E-12 1.88E-1 

HE-SV-C-

LO 

1.11E-3 2.32E-3 7.15E-7 2.38E-4 5.56E-3 1.08E-13 2.24E-1 

HE-SV-C-

OP 

1.11E-3 2.33E-3 6.80E-7 2.36E-4 5.66E-3 2.05E-12 1.76E-1 

HE-SV-D-

LO 

1.11E-3 2.28E-3 6.29E-7 2.61E-4 5.63E-3 2.05E-11 1.00E-1 

HE-SV-D-

OP 

1.11E-3 2.22E-3 8.74E-7 2.49E-4 5.49E-3 2.51E-12 1.17E-1 

HE-SV-E-

LO 

1.11E-3 2.18E-3 5.82E-7 2.53E-4 5.28E-3 1.96E-11 1.66E-1 

HE-SV-E-

OP 

1.11E-3 2.26E-3 7.76E-7 2.58E-4 5.36E-3 1.74E-11 1.16E-1 

MF-AIR-

LK 

6.41E-1 6.82E-1 6.46E-2 6.73E-1 9.80E-1 2.67E-3 1.00E+0 
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Name Point 

Est. 

Mean 5th 50th 95th Min Max 

MF-AR-

LK 

6.42E-1 6.89E-1 6.69E-2 6.90E-1 9.81E-1 2.33E-3 1.00E+0 

MF-SV-A-

FFD 

6.05E-4 2.10E-3 9.55E-6 3.05E-4 4.54E-3 3.33E-7 1.88E-1 

MF-SV-B-

FFD 

3.81E-1 3.14E-1 4.32E-3 1.42E-1 7.86E-1 1.59E-4 9.95E-1 

MF-SV-C-

FFD 

3.81E-1 3.14E-1 4.59E-3 1.42E-1 7.85E-1 1.22E-4 9.96E-1 

MF-SV-D-

FFD 

3.81E-1 3.10E-1 4.48E-3 1.38E-1 7.78E-1 2.10E-4 9.97E-1 

MF-SV-E-

FFD 

3.81E-1 3.10E-1 4.49E-3 1.38E-1 7.79E-1 2.10E-4 9.95E-1 

MF-VP-A-

LK 

6.05E-4 2.10E-3 9.55E-6 3.05E-4 4.54E-3 3.33E-7 1.88E-1 

SV-B-

C_CCF 

8.95E-5 2.64E-4 1.65E-5 9.04E-5 5.82E-4 4.24E-6 1.37E-2 

SV-D-

E_CCF 

8.95E-5 2.54E-4 1.60E-5 8.99E-5 5.83E-4 2.71E-6 1.88E-2 

 

 
Figure 250: Importance graph for extended system w/ door interlocks and Bruce A fault 

rate and SV_OM. 
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Table 245: FV Results for Extended System w/ Door Interlocks and Bruce A Fault Rate 

and SV_OH 

Name Point 

Est. 

Mean 5th 50th 95th Min Max 

DI-AIR 7.26E-5 2.54E-4 3.47E-8 1.26E-5 4.46E-4 4.47E-14 4.68E-2 

DI-AR 7.27E-5 2.72E-4 3.81E-8 1.42E-5 4.92E-4 0.00E+0 1.01E-1 

HE-AIR-

OP 

7.26E-5 2.54E-4 3.47E-8 1.26E-5 4.46E-4 4.47E-14 4.68E-2 

HE-AR-OP 7.27E-5 2.72E-4 3.81E-8 1.42E-5 4.92E-4 0.00E+0 1.01E-1 

HE-SV-B-

LO 

1.18E-3 1.98E-3 1.24E-6 3.47E-4 4.77E-3 2.68E-12 1.54E-1 

HE-SV-B-

OP 

1.18E-3 1.99E-3 1.60E-6 3.64E-4 4.98E-3 8.70E-12 1.04E-1 

HE-SV-C-

LO 

1.18E-3 1.96E-3 1.12E-6 3.19E-4 4.82E-3 2.67E-13 9.51E-2 

HE-SV-C-

OP 

1.18E-3 1.98E-3 1.05E-6 3.24E-4 5.07E-3 3.11E-12 7.14E-2 

HE-SV-D-

LO 

1.18E-3 2.03E-3 1.02E-6 3.51E-4 5.10E-3 5.25E-11 7.82E-2 

HE-SV-D-

OP 

1.18E-3 1.92E-3 1.30E-6 3.30E-4 5.01E-3 8.17E-12 1.37E-1 

HE-SV-E-

LO 

1.18E-3 1.91E-3 9.01E-7 3.47E-4 4.73E-3 2.62E-11 8.40E-2 

HE-SV-E-

OP 

1.18E-3 1.99E-3 1.19E-6 3.46E-4 4.90E-3 3.74E-11 1.15E-1 

MF-AIR-

LK 

2.90E-1 3.94E-1 1.79E-2 2.45E-1 8.43E-1 1.02E-3 9.99E-1 

MF-AR-

LK 

2.90E-1 3.98E-1 1.86E-2 2.54E-1 8.45E-1 7.47E-4 9.99E-1 

MF-SV-A-

FFD 

2.46E-4 1.00E-3 5.30E-6 1.79E-4 2.21E-3 1.54E-7 8.32E-2 

MF-SV-B-

FFD 

8.56E-1 6.23E-1 5.04E-2 5.85E-1 9.54E-1 1.83E-3 1.00E+0 

MF-SV-C-

FFD 

8.56E-1 6.23E-1 5.11E-2 5.85E-1 9.54E-1 1.51E-3 1.00E+0 

MF-SV-D-

FFD 

8.56E-1 6.21E-1 5.19E-2 5.81E-1 9.53E-1 2.98E-3 9.99E-1 

MF-SV-E-

FFD 

8.56E-1 6.21E-1 5.21E-2 5.82E-1 9.53E-1 2.98E-3 9.99E-1 

MF-VP-A-

LK 

2.46E-4 1.00E-3 5.30E-6 1.79E-4 2.21E-3 1.54E-7 8.32E-2 

SV-B-

C_CCF 

4.11E-5 1.05E-4 9.49E-6 4.21E-5 2.21E-4 2.18E-6 4.48E-3 

SV-D-

E_CCF 

4.11E-5 1.06E-4 9.60E-6 4.20E-5 2.28E-4 1.61E-6 1.17E-2 
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Figure 251: Importance graph for extended system w/ door interlocks and Bruce A fault 

rate and SV_OH. 

 

Table 246: FV Results for Extended System w/ Door Interlocks and Bruce A Fault Rate 

and SV_DOW 

Name Point 

Est. 

Mean 5th 50th 95th Min Max 

DI-AIR 2.42E-4 1.35E-3 1.27E-7 4.53E-5 2.17E-3 3.43E-13 3.62E-1 

DI-AR 2.42E-4 1.31E-3 1.33E-7 5.08E-5 2.19E-3 0.00E+0 3.12E-1 

HE-AIR-OP 2.42E-4 1.35E-3 1.27E-7 4.53E-5 2.17E-3 3.43E-13 3.62E-1 

HE-AR-OP 2.42E-4 1.31E-3 1.33E-7 5.08E-5 2.19E-3 0.00E+0 3.12E-1 

HE-SV-B-

LO 

3.95E-5 2.53E-4 4.11E-8 1.30E-5 4.63E-4 2.00E-13 5.33E-2 

HE-SV-B-

OP 

3.95E-5 2.87E-4 4.85E-8 1.36E-5 4.50E-4 5.63E-13 9.70E-2 

HE-SV-C-

LO 

3.95E-5 2.66E-4 4.08E-8 1.21E-5 4.38E-4 0.00E+0 5.11E-2 

HE-SV-C-

OP 

3.95E-5 2.65E-4 3.80E-8 1.24E-5 4.36E-4 3.44E-13 5.45E-2 

HE-SV-D-

LO 

3.95E-5 2.43E-4 3.43E-8 1.37E-5 4.33E-4 2.54E-12 5.72E-2 

HE-SV-D-

OP 

3.95E-5 2.30E-4 4.36E-8 1.32E-5 4.33E-4 4.02E-13 5.33E-2 

HE-SV-E-

LO 

3.95E-5 2.58E-4 2.69E-8 1.23E-5 4.29E-4 5.70E-13 9.68E-2 

HE-SV-E-

OP 

3.95E-5 2.42E-4 3.75E-8 1.31E-5 4.14E-4 8.68E-13 6.21E-2 

MF-AIR-

LK 

9.99E-1 9.96E-1 9.72E-1 9.99E-1 1.00E+0 5.52E-1 1.00E+0 

MF-AR-LK 9.99E-1 9.96E-1 9.76E-1 9.99E-1 1.00E+0 6.83E-1 1.00E+0 
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Name Point 

Est. 

Mean 5th 50th 95th Min Max 

MF-SV-A-

FFD 

2.61E-5 1.70E-4 5.32E-7 1.38E-5 3.19E-4 1.42E-8 3.34E-2 

MF-SV-B-

FFD 

2.42E-4 1.54E-3 2.72E-6 8.90E-5 2.43E-3 1.03E-7 2.72E-1 

MF-SV-C-

FFD 

2.42E-4 1.55E-3 2.98E-6 8.71E-5 2.36E-3 1.88E-7 2.86E-1 

MF-SV-D-

FFD 

2.42E-4 1.34E-3 2.79E-6 8.68E-5 2.21E-3 1.80E-7 2.10E-1 

MF-SV-E-

FFD 

2.42E-4 1.31E-3 2.89E-6 8.77E-5 2.19E-3 6.54E-8 2.06E-1 

MF-VP-A-

LK 

2.61E-5 1.70E-4 5.32E-7 1.38E-5 3.19E-4 1.42E-8 3.34E-2 

SV-B-

C_CCF 

1.37E-4 6.05E-4 2.17E-5 1.45E-4 1.32E-3 4.63E-6 1.15E-1 

SV-D-

E_CCF 

1.37E-4 5.56E-4 2.08E-5 1.46E-4 1.28E-3 5.04E-6 3.17E-2 

 

 
Figure 252: Importance graph for extended system w/ door interlocks and Bruce A fault 

rate and SV_DOW. 

Table 247: FV Results for Extended System w/ Door Interlocks and Bruce A Fault Rate 

and SV_MAN 

Name Point 

Est. 

Mean 5th 50th 95th Min Max 

DI-AIR 2.42E-4 1.37E-3 1.27E-7 4.54E-5 2.17E-3 3.45E-13 3.92E-1 

DI-AR 2.42E-4 1.32E-3 1.33E-7 5.09E-5 2.20E-3 0.00E+0 3.12E-1 

HE-

AIR-OP 

2.42E-4 1.37E-3 1.27E-7 4.54E-5 2.17E-3 3.45E-13 3.92E-1 
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Name Point 

Est. 

Mean 5th 50th 95th Min Max 

HE-AR-

OP 

2.42E-4 1.32E-3 1.33E-7 5.09E-5 2.20E-3 0.00E+0 3.12E-1 

HE-SV-

B-LO 

1.05E-5 7.49E-5 1.12E-8 3.71E-6 1.33E-4 1.37E-13 2.40E-2 

HE-SV-

B-OP 

1.05E-5 7.36E-5 1.21E-8 3.74E-6 1.31E-4 5.24E-13 1.12E-2 

HE-SV-

C-LO 

1.05E-5 7.46E-5 1.26E-8 3.54E-6 1.26E-4 0.00E+0 9.15E-3 

HE-SV-

C-OP 

1.05E-5 7.36E-5 1.00E-8 3.76E-6 1.30E-4 1.57E-13 1.50E-2 

HE-SV-

D-LO 

1.05E-5 7.18E-5 8.51E-9 3.91E-6 1.27E-4 6.74E-13 3.67E-2 

HE-SV-

D-OP 

1.05E-5 6.35E-5 9.66E-9 3.71E-6 1.29E-4 3.70E-13 9.21E-3 

HE-SV-

E-LO 

1.05E-5 6.98E-5 6.74E-9 3.56E-6 1.31E-4 6.35E-14 1.52E-2 

HE-SV-

E-OP 

1.05E-5 6.62E-5 1.02E-8 4.01E-6 1.26E-4 6.14E-13 3.20E-2 

MF-

AIR-LK 

1.00E+0 9.98E-1 9.85E-1 9.99E-1 1.00E+0 5.97E-1 1.00E+0 

MF-AR-

LK 

1.00E+0 9.98E-1 9.87E-1 9.99E-1 1.00E+0 6.84E-1 1.00E+0 

MF-SV-

A-FFD 

6.34E-7 4.23E-6 1.29E-8 3.35E-7 7.80E-6 3.43E-10 8.61E-4 

MF-SV-

B-FFD 

1.56E-6 1.08E-5 1.54E-8 6.28E-7 1.76E-5 1.35E-10 2.54E-3 

MF-SV-

C-FFD 

1.56E-6 1.11E-5 1.70E-8 6.27E-7 1.75E-5 4.97E-10 4.20E-3 

MF-SV-

D-FFD 

1.56E-6 1.00E-5 1.67E-8 5.94E-7 1.59E-5 2.53E-10 2.33E-3 

MF-SV-

E-FFD 

1.56E-6 9.33E-6 1.63E-8 6.58E-7 1.74E-5 3.88E-10 1.91E-3 

MF-VP-

A-LK 

6.34E-7 4.23E-6 1.29E-8 3.35E-7 7.80E-6 3.43E-10 8.61E-4 

SV-B-

C_CCF 

1.37E-4 6.12E-4 2.17E-5 1.45E-4 1.33E-3 4.63E-6 1.21E-1 

SV-D-

E_CCF 

1.37E-4 5.60E-4 2.08E-5 1.46E-4 1.29E-3 5.05E-6 3.23E-2 
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Figure 253: Importance graph for extended system w/ door interlocks and Bruce A fault 

rate and SV_NRPD. 

Table 248: FV Results for Extended System w/ Door Interlocks and Bruce A Fault Rate 

and SV_NRPD 

Name Point 

Est. 

Mean 5th 50th 95th Min Max 

DI-AIR 2.24E-4 9.80E-4 1.02E-7 3.87E-5 1.65E-3 3.16E-13 1.93E-1 

DI-AR 2.24E-4 9.84E-4 1.21E-7 4.39E-5 1.74E-3 0.00E+0 2.81E-1 

HE-AIR-

OP 

2.24E-4 9.80E-4 1.02E-7 3.87E-5 1.65E-3 3.16E-13 1.93E-1 

HE-AR-

OP 

2.24E-4 9.84E-4 1.21E-7 4.39E-5 1.74E-3 0.00E+0 2.81E-1 

HE-SV-

B-LO 

6.13E-4 1.82E-3 3.66E-7 1.30E-4 4.26E-3 1.47E-12 1.67E-1 

HE-SV-

B-OP 

6.13E-4 1.94E-3 3.99E-7 1.40E-4 4.22E-3 1.40E-12 2.45E-1 

HE-SV-

C-LO 

6.13E-4 1.91E-3 3.58E-7 1.23E-4 4.01E-3 3.25E-14 3.10E-1 

HE-SV-

C-OP 

6.13E-4 1.89E-3 3.37E-7 1.23E-4 4.17E-3 1.27E-12 1.91E-1 

HE-SV-

D-LO 

6.13E-4 1.81E-3 2.99E-7 1.37E-4 4.29E-3 8.72E-12 1.32E-1 

HE-SV-

D-OP 

6.13E-4 1.78E-3 4.27E-7 1.30E-4 4.05E-3 1.10E-12 1.88E-1 

HE-SV-E-

LO 

6.13E-4 1.81E-3 2.65E-7 1.28E-4 4.05E-3 7.13E-12 2.66E-1 

HE-SV-E-

OP 

6.13E-4 1.84E-3 3.72E-7 1.33E-4 3.86E-3 6.68E-12 1.50E-1 

MF-AIR-

LK 

9.19E-1 8.69E-1 2.42E-1 9.27E-1 9.96E-1 1.06E-2 1.00E+0 
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Name Point 

Est. 

Mean 5th 50th 95th Min Max 

MF-AR-

LK 

9.20E-1 8.74E-1 2.57E-1 9.33E-1 9.97E-1 1.19E-2 1.00E+0 

MF-SV-

A-FFD 

4.85E-4 1.92E-3 8.74E-6 2.24E-4 4.17E-3 3.26E-7 1.90E-1 

MF-SV-

B-FFD 

8.25E-2 1.25E-1 5.50E-4 2.26E-2 3.97E-1 2.35E-5 9.84E-1 

MF-SV-

C-FFD 

8.25E-2 1.25E-1 6.05E-4 2.28E-2 3.92E-1 2.01E-5 9.87E-1 

MF-SV-

D-FFD 

8.25E-2 1.22E-1 5.90E-4 2.21E-2 3.88E-1 2.63E-5 9.87E-1 

MF-SV-

E-FFD 

8.25E-2 1.22E-1 6.20E-4 2.21E-2 3.85E-1 2.34E-5 9.86E-1 

MF-VP-

A-LK 

4.85E-4 1.92E-3 8.74E-6 2.24E-4 4.17E-3 3.26E-7 1.90E-1 

SV-B-

C_CCF 

1.27E-4 4.21E-4 2.09E-5 1.26E-4 9.58E-4 4.55E-6 3.58E-2 

SV-D-

E_CCF 

1.27E-4 3.95E-4 1.99E-5 1.27E-4 9.28E-4 4.96E-6 1.99E-2 

 

 
Figure 254: Importance graph for extended system w/ door interlocks and Bruce A fault 

rate and SV_NRPD. 
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Table 249: FV Results for Extended System w/ Door Interlocks and Bruce A Fault Rate 

and Diagnostic HE 

Name Point 

Est. 

Mean 5th 50th 95th Min Max 

DI-AIR 1.89E-3 3.62E-3 6.12E-7 2.34E-4 7.79E-3 5.53E-12 3.16E-1 

DI-AR 1.89E-3 3.43E-3 5.11E-7 2.49E-4 7.84E-3 3.88E-12 2.39E-1 

HE-AIR-

OP 

1.89E-3 3.62E-3 6.12E-7 2.34E-4 7.79E-3 5.53E-12 3.16E-1 

HE-AR-

OP 

1.89E-3 3.43E-3 5.11E-7 2.49E-4 7.84E-3 3.88E-12 2.39E-1 

HE-SV-

B-LO 

1.10E-2 1.98E-2 1.15E-5 4.08E-3 5.39E-2 6.75E-11 4.86E-1 

HE-SV-

B-OP 

1.10E-2 1.97E-2 1.13E-5 4.01E-3 5.57E-2 2.11E-13 4.39E-1 

HE-SV-

C-LO 

1.10E-2 1.98E-2 1.05E-5 4.06E-3 5.30E-2 7.13E-10 4.17E-1 

HE-SV-

C-OP 

1.10E-2 1.97E-2 1.15E-5 4.19E-3 5.42E-2 7.05E-10 4.28E-1 

HE-SV-

D-LO 

1.10E-2 1.94E-2 1.09E-5 4.00E-3 5.36E-2 2.32E-14 3.52E-1 

HE-SV-

D-OP 

1.10E-2 1.96E-2 1.22E-5 4.01E-3 5.50E-2 1.36E-9 4.78E-1 

HE-SV-

E-LO 

1.10E-2 1.92E-2 1.24E-5 4.20E-3 5.13E-2 9.40E-14 4.77E-1 

HE-SV-

E-OP 

1.10E-2 1.89E-2 1.12E-5 3.93E-3 5.23E-2 2.05E-9 3.62E-1 

MF-AIR-

LK 

6.97E-1 5.27E-1 6.25E-2 4.55E-1 8.68E-1 5.05E-3 9.83E-1 

MF-AR-

LK 

6.97E-1 5.20E-1 5.60E-2 4.44E-1 8.70E-1 3.24E-3 9.91E-1 

MF-SV-

A-FS 

5.24E-4 8.30E-4 2.12E-5 2.69E-4 1.96E-3 9.34E-7 4.41E-2 

MF-SV-

A-LK 

3.00E-5 5.05E-5 1.15E-6 1.51E-5 1.18E-4 3.43E-8 2.25E-3 

MF-SV-

A-RP 

4.35E-6 7.17E-6 3.46E-8 8.86E-7 1.51E-5 4.77E-10 1.62E-3 

MF-SV-

B-FS 

2.53E-1 3.72E-1 4.84E-2 2.80E-1 6.84E-1 9.48E-3 9.16E-1 

MF-SV-

B-LK 

1.46E-2 2.63E-2 2.40E-3 1.38E-2 5.76E-2 4.03E-4 3.22E-1 

MF-SV-

B-RP 

2.11E-3 3.61E-3 5.20E-5 7.83E-4 8.55E-3 4.49E-6 1.58E-1 

MF-SV-

C-FS 

2.53E-1 3.72E-1 4.85E-2 2.80E-1 6.88E-1 8.78E-3 9.24E-1 
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Name Point 

Est. 

Mean 5th 50th 95th Min Max 

MF-SV-

C-RP 

2.11E-3 3.90E-3 5.09E-5 7.64E-4 9.10E-3 3.89E-6 3.34E-1 

MF-SV-

D-FS 

2.53E-1 3.79E-1 4.82E-2 2.90E-1 6.97E-1 6.52E-3 9.46E-1 

MF-SV-

D-LK 

1.46E-2 2.62E-2 2.35E-3 1.39E-2 5.71E-2 3.71E-4 3.44E-1 

MF-SV-

D-RP 

2.11E-3 3.75E-3 5.47E-5 7.65E-4 8.57E-3 1.73E-6 4.25E-1 

MF-SV-

E-FS 

2.53E-1 3.79E-1 4.79E-2 2.90E-1 6.97E-1 6.27E-3 9.22E-1 

MF-SV-

E-LK 

1.46E-2 2.67E-2 2.45E-3 1.42E-2 5.72E-2 2.70E-4 4.59E-1 

MF-SV-

E-RP 

2.11E-3 3.82E-3 5.05E-5 8.11E-4 8.59E-3 4.27E-6 3.79E-1 

MF-VP-

A-LK 

5.58E-4 8.88E-4 2.42E-5 2.95E-4 2.09E-3 1.02E-6 4.56E-2 

SV-B-

C_CCF 

3.07E-2 3.71E-2 6.86E-3 2.82E-2 6.67E-2 1.22E-3 1.58E-1 

SV-D-

E_CCF 

3.07E-2 3.81E-2 6.85E-3 2.91E-2 6.85E-2 1.96E-3 1.60E-1 

 

 
Figure 255: Importance graph for extended system w/ door interlocks and Bruce A fault 

rate and diagnostic HE component. 
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Table 250: FV Results for Extended System w/ Door Interlocks and Bruce A Fault Rate 

and Diagnostic HE and SV_OL 

Name Point 

Est. 

Mean 5th 50th 95th Min Max 

DI-AIR 2.65E-

3 

1.16E-2 1.22E-6 4.99E-4 2.26E-2 5.94E-11 8.09E-1 

DI-AR 2.65E-

3 

1.16E-2 1.15E-6 4.69E-4 2.21E-2 4.50E-14 6.96E-1 

HE-AIR-

OP 

2.65E-

3 

1.16E-2 1.22E-6 4.99E-4 2.26E-2 5.94E-11 8.09E-1 

HE-AR-OP 2.65E-

3 

1.16E-2 1.15E-6 4.69E-4 2.21E-2 4.50E-14 6.96E-1 

HE-SV-B-

LO 

1.49E-

3 

7.74E-3 1.24E-6 5.33E-4 1.78E-2 1.08E-11 5.82E-1 

HE-SV-B-

OP 

1.49E-

3 

7.67E-3 1.54E-6 5.59E-4 1.75E-2 1.29E-10 5.58E-1 

HE-SV-C-

LO 

1.49E-

3 

8.01E-3 1.23E-6 5.27E-4 1.76E-2 1.62E-11 4.44E-1 

HE-SV-C-

OP 

1.49E-

3 

7.48E-3 1.42E-6 5.51E-4 1.74E-2 1.92E-14 4.82E-1 

HE-SV-D-

LO 

1.49E-

3 

7.49E-3 1.13E-6 5.22E-4 1.70E-2 1.40E-11 6.29E-1 

HE-SV-D-

OP 

1.49E-

3 

7.27E-3 1.10E-6 5.31E-4 1.69E-2 1.13E-11 6.81E-1 

HE-SV-E-

LO 

1.49E-

3 

7.28E-3 1.06E-6 5.24E-4 1.65E-2 6.93E-12 4.58E-1 

HE-SV-E-

OP 

1.49E-

3 

7.16E-3 1.29E-6 5.32E-4 1.63E-2 5.24E-15 5.85E-1 

MF-AIR-

LK 

9.94E-

1 

9.68E-1 7.76E-1 9.86E-1 9.99E-1 1.90E-1 1.00E+0 

MF-AR-

LK 

9.94E-

1 

9.70E-1 7.83E-1 9.87E-1 9.99E-1 8.19E-2 1.00E+0 

MF-SV-A-

FFD 

2.50E-

5 

1.35E-4 4.95E-7 1.21E-5 2.67E-4 1.37E-8 3.13E-2 

MF-SV-B-

FFD 

8.01E-

4 

4.28E-3 9.74E-6 3.36E-4 8.00E-3 3.44E-7 4.53E-1 

MF-SV-C-

FFD 

8.01E-

4 

4.20E-3 1.01E-5 3.38E-4 8.21E-3 2.13E-7 4.59E-1 

MF-SV-D-

FFD 

8.01E-

4 

3.68E-3 1.00E-5 3.16E-4 7.74E-3 6.48E-7 5.05E-1 

MF-SV-E-

FFD 

8.01E-

4 

4.01E-3 9.33E-6 3.28E-4 7.71E-3 4.11E-7 7.13E-1 

MF-VP-A-

LK 

2.50E-

5 

1.35E-4 4.95E-7 1.21E-5 2.67E-4 1.37E-8 3.13E-2 
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Name Point 

Est. 

Mean 5th 50th 95th Min Max 

SV-B-

C_CCF 

1.37E-

4 

5.11E-4 2.08E-5 1.42E-4 1.22E-3 4.61E-6 2.65E-2 

SV-D-

E_CCF 

1.37E-

4 

5.08E-4 1.99E-5 1.39E-4 1.18E-3 4.29E-6 4.64E-2 

 

 
Figure 256: Importance graph for extended system w/ door interlocks and Bruce A fault 

rate and diagnostic HE component and SV_OL. 

 

Table 251: FV Results for Extended System w/ Door Interlocks and Bruce A Fault Rate 

and Diagnostic HE and SV_OM 

Name Point 

Est. 

Mean 5th 50th 95th Min Max 

DI-AIR 1.67E-3 5.77E-3 6.71E-7 2.77E-4 1.05E-2 3.58E-11 5.63E-1 

DI-AR 1.67E-3 5.66E-3 6.64E-7 2.82E-4 1.13E-2 3.83E-14 4.80E-1 

HE-AIR-

OP 

1.67E-3 5.77E-3 6.71E-7 2.77E-4 1.05E-2 3.58E-11 5.63E-1 

HE-AR-OP 1.67E-3 5.66E-3 6.64E-7 2.82E-4 1.13E-2 3.83E-14 4.80E-1 

HE-SV-B-

LO 

1.24E-2 2.21E-2 9.18E-6 3.16E-3 5.95E-2 4.97E-11 5.74E-1 

HE-SV-B-

OP 

1.24E-2 2.24E-2 9.24E-6 3.30E-3 6.00E-2 5.66E-10 6.66E-1 

HE-SV-C-

LO 

1.24E-2 2.23E-2 7.71E-6 3.05E-3 6.11E-2 1.66E-10 6.48E-1 

HE-SV-C-

OP 

1.24E-2 2.18E-2 1.01E-5 3.02E-3 5.82E-2 3.14E-13 6.80E-1 

HE-SV-D-

LO 

1.24E-2 2.14E-2 6.97E-6 3.00E-3 5.70E-2 3.38E-11 5.86E-1 
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Name Point 

Est. 

Mean 5th 50th 95th Min Max 

HE-SV-D-

OP 

1.24E-2 2.19E-2 8.31E-6 2.96E-3 5.88E-2 1.26E-11 8.51E-1 

HE-SV-E-

LO 

1.24E-2 2.12E-2 5.90E-6 3.04E-3 5.66E-2 2.32E-11 7.16E-1 

HE-SV-E-

OP 

1.24E-2 2.13E-2 8.21E-6 3.09E-3 5.64E-2 1.27E-14 6.02E-1 

MF-AIR-

LK 

6.16E-1 6.36E-1 6.20E-2 6.02E-1 9.62E-1 2.25E-3 9.99E-1 

MF-AR-

LK 

6.16E-1 6.49E-1 6.70E-2 6.23E-1 9.65E-1 9.15E-4 9.99E-1 

MF-SV-A-

FFD 

5.59E-4 1.59E-3 8.33E-6 2.60E-4 3.63E-3 3.43E-7 1.09E-1 

MF-SV-B-

FFD 

3.87E-1 3.17E-1 6.22E-3 1.58E-1 7.54E-1 2.04E-4 9.97E-1 

MF-SV-C-

FFD 

3.87E-1 3.18E-1 6.81E-3 1.58E-1 7.56E-1 4.78E-4 9.91E-1 

MF-SV-D-

FFD 

3.87E-1 3.08E-1 6.02E-3 1.50E-1 7.44E-1 2.56E-4 9.93E-1 

MF-SV-E-

FFD 

3.87E-1 3.08E-1 6.03E-3 1.50E-1 7.46E-1 1.81E-4 9.96E-1 

MF-VP-A-

LK 

5.59E-4 1.59E-3 8.33E-6 2.60E-4 3.63E-3 3.43E-7 1.09E-1 

SV-B-

C_CCF 

8.62E-5 2.19E-4 1.59E-5 8.34E-5 5.01E-4 2.73E-6 1.06E-2 

SV-D-

E_CCF 

8.62E-5 2.21E-4 1.54E-5 8.35E-5 5.05E-4 4.03E-6 1.17E-2 

 

 
Figure 257: Importance graph for extended system w/ door interlocks and Bruce A fault 

rate and diagnostic HE component and SV_OM. 
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Table 252: FV Results for Extended System w/ Door Interlocks and Bruce A Fault Rate 

and Diagnostic HE and SV_OH 

Name Point 

Est. 

Mean 5th 50th 95th Min Max 

DI-AIR 7.98E-4 2.58E-3 3.12E-7 1.40E-4 4.58E-3 2.37E-11 3.39E-1 

DI-AR 7.99E-4 2.55E-3 3.04E-7 1.31E-4 4.85E-3 2.98E-14 2.84E-1 

HE-AIR-OP 7.98E-4 2.58E-3 3.12E-7 1.40E-4 4.58E-3 2.37E-11 3.39E-1 

HE-AR-OP 7.99E-4 2.55E-3 3.04E-7 1.31E-4 4.85E-3 2.98E-14 2.84E-1 

HE-SV-B-LO 1.33E-2 1.98E-2 1.17E-5 3.83E-3 5.27E-2 3.92E-11 7.53E-1 

HE-SV-B-OP 1.33E-2 1.98E-2 1.14E-5 3.89E-3 5.27E-2 3.56E-10 6.68E-1 

HE-SV-C-LO 1.33E-2 1.96E-2 1.05E-5 3.71E-3 5.20E-2 1.37E-10 5.19E-1 

HE-SV-C-OP 1.33E-2 1.95E-2 1.25E-5 3.59E-3 5.24E-2 4.54E-13 4.67E-1 

HE-SV-D-LO 1.33E-2 1.94E-2 9.01E-6 3.68E-3 5.11E-2 2.09E-11 5.24E-1 

HE-SV-D-OP 1.33E-2 1.98E-2 1.14E-5 3.62E-3 5.18E-2 1.66E-11 8.07E-1 

HE-SV-E-LO 1.33E-2 1.89E-2 7.58E-6 3.78E-3 4.91E-2 6.42E-11 5.03E-1 

HE-SV-E-OP 1.33E-2 1.93E-2 1.00E-5 3.76E-3 4.91E-2 2.47E-14 5.57E-1 

MF-AIR-LK 2.88E-1 3.70E-1 1.79E-2 2.25E-1 8.10E-1 7.06E-4 9.97E-1 

MF-AR-LK 2.88E-1 3.81E-1 1.90E-2 2.37E-1 8.13E-1 5.84E-4 9.97E-1 

MF-SV-A-

FFD 

2.37E-4 8.00E-4 5.29E-6 1.58E-4 1.84E-3 1.58E-7 4.68E-2 

MF-SV-B-

FFD 

8.52E-1 6.15E-1 5.95E-2 5.78E-1 9.33E-1 2.08E-3 9.98E-1 

MF-SV-C-

FFD 

8.52E-1 6.15E-1 6.22E-2 5.77E-1 9.35E-1 3.42E-3 9.98E-1 

MF-SV-D-

FFD 

8.52E-1 6.06E-1 5.45E-2 5.66E-1 9.30E-1 2.59E-3 9.97E-1 

MF-SV-E-

FFD 

8.52E-1 6.07E-1 5.42E-2 5.67E-1 9.30E-1 2.29E-3 9.98E-1 

MF-VP-A-LK 2.37E-4 8.00E-4 5.29E-6 1.58E-4 1.84E-3 1.58E-7 4.68E-2 

SV-B-C_CCF 4.11E-5 9.12E-5 9.42E-6 4.02E-5 2.02E-4 2.16E-6 4.41E-3 

SV-D-E_CCF 4.11E-5 9.40E-5 9.31E-6 4.01E-5 2.04E-4 2.83E-6 2.75E-3 
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Figure 258: Importance graph for extended system w/ door interlocks and Bruce A fault 

rate and diagnostic HE component and SV_OH. 

 

Table 253: FV Results for Extended System w/ Door Interlocks and Bruce A Fault Rate 

and Diagnostic HE and SV_DOW 

Name Point 

Est. 

Mean 5th 50th 95th Min Max 

DI-AIR 2.65E-3 1.16E-2 1.22E-6 4.99E-4 2.26E-2 5.94E-11 8.09E-1 

DI-AR 2.65E-3 1.16E-2 1.15E-6 4.68E-4 2.21E-2 4.50E-14 6.96E-1 

HE-AIR-

OP 

2.65E-3 1.16E-2 1.22E-6 4.99E-4 2.26E-2 5.94E-11 8.09E-1 

HE-AR-OP 2.65E-3 1.16E-2 1.15E-6 4.68E-4 2.21E-2 4.50E-14 6.96E-1 

HE-SV-B-

LO 

1.50E-3 7.78E-3 1.25E-6 5.38E-4 1.79E-2 1.08E-11 5.82E-1 

HE-SV-B-

OP 

1.50E-3 7.72E-3 1.55E-6 5.65E-4 1.77E-2 1.30E-10 5.59E-1 

HE-SV-C-

LO 

1.50E-3 8.06E-3 1.23E-6 5.31E-4 1.77E-2 1.64E-11 4.45E-1 

HE-SV-C-

OP 

1.50E-3 7.52E-3 1.43E-6 5.57E-4 1.75E-2 1.92E-14 4.81E-1 

HE-SV-D-

LO 

1.50E-3 7.53E-3 1.16E-6 5.23E-4 1.71E-2 1.40E-11 6.28E-1 

HE-SV-D-

OP 

1.50E-3 7.32E-3 1.13E-6 5.34E-4 1.71E-2 1.13E-11 6.81E-1 

HE-SV-E-

LO 

1.50E-3 7.32E-3 1.06E-6 5.33E-4 1.67E-2 6.93E-12 4.61E-1 

HE-SV-E-

OP 

1.50E-3 7.20E-3 1.30E-6 5.35E-4 1.65E-2 5.24E-15 5.84E-1 

MF-AIR-

LK 

9.94E-1 9.68E-1 7.74E-1 9.86E-1 9.99E-1 1.90E-1 1.00E+0 
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Name Point 

Est. 

Mean 5th 50th 95th Min Max 

MF-AR-

LK 

9.94E-1 9.69E-1 7.80E-1 9.87E-1 9.99E-1 7.93E-2 1.00E+0 

MF-SV-A-

FFD 

2.59E-5 1.39E-4 5.12E-7 1.25E-5 2.76E-4 1.42E-8 3.22E-2 

MF-SV-B-

FFD 

8.34E-4 4.44E-3 1.02E-5 3.51E-4 8.34E-3 3.66E-7 4.64E-1 

MF-SV-C-

FFD 

8.34E-4 4.36E-3 1.05E-5 3.53E-4 8.55E-3 2.26E-7 4.68E-1 

MF-SV-D-

FFD 

8.34E-4 3.82E-3 1.06E-5 3.28E-4 8.03E-3 6.78E-7 5.13E-1 

MF-SV-E-

FFD 

8.34E-4 4.15E-3 9.80E-6 3.43E-4 8.04E-3 4.28E-7 7.20E-1 

MF-VP-A-

LK 

2.59E-5 1.39E-4 5.12E-7 1.25E-5 2.76E-4 1.42E-8 3.22E-2 

SV-B-

C_CCF 

1.37E-4 5.11E-4 2.08E-5 1.42E-4 1.22E-3 4.61E-6 2.63E-2 

SV-D-

E_CCF 

1.37E-4 5.08E-4 1.99E-5 1.39E-4 1.18E-3 4.29E-6 4.64E-2 

 

 
Figure 259: Importance graph for extended system w/ door interlocks and Bruce A fault 

rate and diagnostic HE component and SV_DOW. 
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Table 254: FV Results for Extended System w/ Door Interlocks and Bruce A Fault Rate 

and Diagnostic HE and SV_MAN 

Name Point 

Est. 

Mean 5th 50th 95th Min Max 

DI-AIR 2.65E-3 1.18E-2 1.22E-6 5.01E-4 2.29E-2 5.95E-11 8.10E-1 

DI-AR 2.65E-3 1.18E-2 1.15E-6 4.71E-4 2.23E-2 4.51E-14 7.06E-1 

HE-AIR-OP 2.65E-3 1.18E-2 1.22E-6 5.01E-4 2.29E-2 5.95E-11 8.10E-1 

HE-AR-OP 2.65E-3 1.18E-2 1.15E-6 4.71E-4 2.23E-2 4.51E-14 7.06E-1 

HE-SV-B-

LO 

1.18E-3 6.36E-3 7.29E-7 3.50E-4 1.44E-2 9.03E-12 5.72E-1 

HE-SV-B-

OP 

1.18E-3 6.24E-3 8.30E-7 3.72E-4 1.35E-2 5.32E-11 4.82E-1 

HE-SV-C-

LO 

1.18E-3 6.48E-3 8.17E-7 3.60E-4 1.39E-2 1.11E-11 4.77E-1 

HE-SV-C-

OP 

1.18E-3 6.12E-3 8.16E-7 3.73E-4 1.34E-2 9.60E-15 4.89E-1 

HE-SV-D-

LO 

1.18E-3 6.19E-3 6.71E-7 3.29E-4 1.31E-2 1.33E-11 6.54E-1 

HE-SV-D-

OP 

1.18E-3 5.87E-3 6.71E-7 3.38E-4 1.39E-2 1.13E-11 6.66E-1 

HE-SV-E-

LO 

1.18E-3 6.08E-3 5.53E-7 3.43E-4 1.34E-2 6.70E-12 4.39E-1 

HE-SV-E-

OP 

1.18E-3 5.97E-3 7.10E-7 3.55E-4 1.31E-2 5.25E-15 5.91E-1 

MF-AIR-

LK 

9.95E-1 9.75E-1 8.21E-1 9.90E-1 9.99E-1 1.90E-1 1.00E+0 

MF-AR-LK 9.95E-1 9.76E-1 8.17E-1 9.91E-1 9.99E-1 2.22E-1 1.00E+0 

MF-SV-A-

FFD 

6.30E-7 3.54E-6 1.25E-8 3.09E-7 6.82E-6 3.43E-10 8.44E-4 

MF-SV-B-

FFD 

1.60E-5 9.63E-5 1.24E-7 5.73E-6 1.62E-4 1.27E-9 1.51E-2 

MF-SV-C-

FFD 

1.60E-5 9.26E-5 1.14E-7 5.95E-6 1.65E-4 1.21E-9 2.02E-2 

MF-SV-D-

FFD 

1.60E-5 7.99E-5 1.18E-7 5.38E-6 1.48E-4 1.63E-9 2.67E-2 

MF-SV-E-

FFD 

1.60E-5 9.39E-5 1.03E-7 5.61E-6 1.54E-4 3.46E-9 5.55E-2 

MF-VP-A-

LK 

6.30E-7 3.54E-6 1.25E-8 3.09E-7 6.82E-6 3.43E-10 8.44E-4 

SV-B-

C_CCF 

1.37E-4 5.26E-4 2.09E-5 1.43E-4 1.23E-3 4.62E-6 3.33E-2 

SV-D-

E_CCF 

1.37E-4 5.21E-4 2.00E-5 1.39E-4 1.20E-3 4.29E-6 4.86E-2 
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Figure 260: Importance graph for extended system w/ door interlocks and Bruce A fault 

rate and diagnostic HE component and SV_MAN. 

Table 255: FV Results for Extended System w/ Door Interlocks and Bruce A Fault Rate 

and Diagnostic HE and SV_NRPD 

Name Point 

Est. 

Mean 5th 50th 95th Min Max 

DI-AIR 2.40E-3 8.58E-3 9.82E-7 4.06E-4 1.65E-2 5.16E-11 7.20E-1 

DI-AR 2.40E-3 8.46E-3 9.69E-7 3.88E-4 1.70E-2 4.27E-14 5.45E-1 

HE-AIR-

OP 

2.40E-3 8.58E-3 9.82E-7 4.06E-4 1.65E-2 5.16E-11 7.20E-1 

HE-AR-OP 2.40E-3 8.46E-3 9.69E-7 3.88E-4 1.70E-2 4.27E-14 5.45E-1 

HE-SV-B-

LO 

7.54E-3 1.89E-2 5.43E-6 2.04E-3 5.21E-2 4.11E-11 6.39E-1 

HE-SV-B-

OP 

7.54E-3 1.92E-2 5.70E-6 2.12E-3 5.09E-2 3.44E-10 6.51E-1 

HE-SV-C-

LO 

7.54E-3 1.92E-2 5.07E-6 1.93E-3 5.00E-2 1.10E-10 6.62E-1 

HE-SV-C-

OP 

7.54E-3 1.84E-2 6.04E-6 1.93E-3 4.84E-2 1.33E-13 7.35E-1 

HE-SV-D-

LO 

7.54E-3 1.82E-2 4.15E-6 1.92E-3 4.82E-2 2.55E-11 6.29E-1 

HE-SV-D-

OP 

7.54E-3 1.85E-2 4.89E-6 1.94E-3 4.71E-2 1.13E-11 7.79E-1 

HE-SV-E-

LO 

7.54E-3 1.81E-2 4.28E-6 1.90E-3 4.62E-2 1.24E-11 8.03E-1 

HE-SV-E-

OP 

7.54E-3 1.78E-2 4.77E-6 1.96E-3 4.61E-2 9.93E-15 6.10E-1 

MF-AIR-

LK 

8.95E-1 8.18E-1 2.03E-1 8.61E-1 9.89E-1 6.93E-3 1.00E+0 
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Name Point 

Est. 

Mean 5th 50th 95th Min Max 

MF-SV-A-

FFD 

4.61E-4 1.45E-3 7.56E-6 1.88E-4 3.32E-3 3.19E-7 1.66E-1 

MF-SV-B-

FFD 

9.21E-2 1.36E-1 1.03E-3 3.22E-2 4.02E-1 3.80E-5 9.90E-1 

MF-SV-C-

FFD 

9.21E-2 1.36E-1 1.09E-3 3.28E-2 4.05E-1 7.42E-5 9.68E-1 

MF-SV-D-

FFD 

9.21E-2 1.30E-1 1.04E-3 3.00E-2 3.93E-1 5.44E-5 9.80E-1 

MF-SV-E-

FFD 

9.21E-2 1.30E-1 1.01E-3 3.05E-2 3.92E-1 2.92E-5 9.90E-1 

MF-VP-A-

LK 

4.61E-4 1.45E-3 7.56E-6 1.88E-4 3.32E-3 3.19E-7 1.66E-1 

SV-B-

C_CCF 

1.24E-4 3.43E-4 1.93E-5 1.20E-4 8.08E-4 4.47E-6 1.32E-2 

SV-D-

E_CCF 

1.24E-4 3.46E-4 1.88E-5 1.17E-4 8.08E-4 4.23E-6 2.21E-2 

 

 
Figure 261: Importance graph for extended system w/ door interlocks and Bruce A fault 

rate and diagnostic HE component and SV_NRPD. 
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Appendix D – Mechanical Failure System Cut Sets 
 

Table 256: MF Cut Sets for Basic System 

# Case Prob/Freq Total 

% 

Cut Set 

Total   9.69E-2 100 Displaying 20 Cut Sets. (20 Original) 

1 C 6.41E-2 66.18 MF-FS-SV-1,MF-FS-SV-3 

2 C 1.15E-2 11.86 MF-AR-CELL-LK,MF-FS-SV-1 

3 C 1.15E-2 11.86 MF-AIR-CELL-LK,MF-FS-SV-3 

4 C 3.67E-3 3.79 MF-FS-SV-3,MF-LK-SV-1 

5 C 3.67E-3 3.79 MF-FS-SV-1,MF-LK-SV-3 

6 C 2.06E-3 2.12 MF-AIR-CELL-LK,MF-AR-CELL-LK 

7 C 6.58E-4 0.68 MF-AR-CELL-LK,MF-LK-SV-1 

8 C 6.58E-4 0.68 MF-AIR-CELL-LK,MF-LK-SV-3 

9 C 5.32E-4 0.55 MF-FS-SV-3,MF-RP-SV-1 

10 C 5.32E-4 0.55 MF-FS-SV-1,MF-RP-SV-3 

11 C 2.22E-4 0.23 MF-FS-SV-3,MF-VP-1-LK 

12 C 2.10E-4 0.22 MF-LK-SV-1,MF-LK-SV-3 

13 C 9.53E-5 0.10 MF-AR-CELL-LK,MF-RP-SV-1 

14 C 9.53E-5 0.10 MF-AIR-CELL-LK,MF-RP-SV-3 

15 C 3.97E-5 0.04 MF-AR-CELL-LK,MF-VP-1-LK 

16 C 3.04E-5 0.03 MF-LK-SV-3,MF-RP-SV-1 

17 C 3.04E-5 0.03 MF-LK-SV-1,MF-RP-SV-3 

18 C 1.27E-5 0.01 MF-LK-SV-3,MF-VP-1-LK 

19 C 4.41E-6 < 0.01 MF-RP-SV-1,MF-RP-SV-3 

20 C 1.84E-6 < 0.01 MF-RP-SV-3,MF-VP-1-LK 

 

Table 257: MF Cut Sets for Basic System w/ SV_OL 

# Case Prob/Freq Total 

% 

Cut Set 

Total   2.67E-3 100 Displaying 6 Cut Sets. (6 Original) 

1 C 2.06E-3 76.94 MF-AIR-CELL-LK,MF-AR-CELL-LK 

2 C 2.69E-4 10.06 MF-AR-CELL-LK,MF-SV-1-FFD 

3 C 2.69E-4 10.06 MF-AIR-CELL-LK,MF-FFD-SV-3 

4 C 3.97E-5 1.49 MF-AR-CELL-LK,MF-VP-1-LK 

5 C 3.52E-5 1.31 MF-FFD-SV-3,MF-SV-1-FFD 

6 C 5.19E-6 0.19 MF-FFD-SV-3,MF-VP-1-LK 
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Table 258: MF Cut Sets for Basic System w/ SV_OM 

# Case Prob/Freq Total 

% 

Cut Set 

Total   1.50E-1 100 Displaying 6 Cut Sets. (6 Original) 

1 C 1.21E-1 80.33 MF-FFD-SV-3,MF-SV-1-FFD 

2 C 1.58E-2 10.49 MF-AR-CELL-LK,MF-SV-1-FFD 

3 C 1.58E-2 10.49 MF-AIR-CELL-LK,MF-FFD-SV-3 

4 C 2.06E-3 1.37 MF-AIR-CELL-LK,MF-AR-CELL-LK 

5 C 3.04E-4 0.20 MF-FFD-SV-3,MF-VP-1-LK 

6 C 3.97E-5 0.03 MF-AR-CELL-LK,MF-VP-1-LK 

 

Table 259: MF Cut Sets for Basic System w/ SV_OH 

# Case Prob/Freq Total 

% 

Cut Set 

Total   6.80E-1 100 Displaying 6 Cut Sets. (6 Original) 

1 C 6.55E-1 96.21 MF-FFD-SV-3,MF-SV-1-FFD 

2 C 3.67E-2 5.39 MF-AR-CELL-LK,MF-SV-1-FFD 

3 C 3.67E-2 5.39 MF-AIR-CELL-LK,MF-FFD-SV-3 

4 C 2.06E-3 0.30 MF-AIR-CELL-LK,MF-AR-CELL-LK 

5 C 7.08E-4 0.10 MF-FFD-SV-3,MF-VP-1-LK 

6 C 3.97E-5 < 0.01 MF-AR-CELL-LK,MF-VP-1-LK 

 

Table 260: MF Cut Sets for Basic System w/ SV_DOW 

# Case Prob/Freq Total 

% 

Cut Set 

Total   2.70E-3 100 Displaying 6 Cut Sets. (6 Original) 

1 C 2.06E-3 76.35 MF-AIR-CELL-LK,MF-AR-CELL-LK 

2 C 2.78E-4 10.32 MF-AR-CELL-LK,MF-SV-1-FFD 

3 C 2.78E-4 10.32 MF-AIR-CELL-LK,MF-FFD-SV-3 

4 C 3.97E-5 1.47 MF-AR-CELL-LK,MF-VP-1-LK 

5 C 3.76E-5 1.39 MF-FFD-SV-3,MF-SV-1-FFD 

6 C 5.37E-6 0.20 MF-FFD-SV-3,MF-VP-1-LK 
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Table 261: MF Cut Sets for Basic System w/ SV_MAN 

# Case Prob/Freq Total 

% 

Cut Set 

Total   2.11E-3 100 Displaying 6 Cut Sets. (6 Original) 

1 C 2.06E-3 97.48 MF-AIR-CELL-LK,MF-AR-CELL-LK 

2 C 3.97E-5 1.88 MF-AR-CELL-LK,MF-VP-1-LK 

3 C 6.76E-6 0.32 MF-AR-CELL-LK,MF-SV-1-FFD 

4 C 6.76E-6 0.32 MF-AIR-CELL-LK,MF-FFD-SV-3 

5 C 1.30E-7 < 0.01 MF-FFD-SV-3,MF-VP-1-LK 

6 C 2.22E-8 < 0.01 MF-FFD-SV-3,MF-SV-1-FFD 

 

Table 262: MF Cut Sets for Basic System w/ SV_NRPD 

# Case Prob/Freq Total 

% 

Cut Set 

Total   3.28E-2 100 Displaying 6 Cut Sets. (6 Original) 

1 C 1.85E-2 56.55 MF-FFD-SV-3,MF-SV-1-FFD 

2 C 6.17E-3 18.85 MF-AR-CELL-LK,MF-SV-1-FFD 

3 C 6.17E-3 18.85 MF-AIR-CELL-LK,MF-FFD-SV-3 

4 C 2.06E-3 6.28 MF-AIR-CELL-LK,MF-AR-CELL-LK 

5 C 1.19E-4 0.36 MF-FFD-SV-3,MF-VP-1-LK 

6 C 3.97E-5 0.12 MF-AR-CELL-LK,MF-VP-1-LK 
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Table 263: MF Cut Sets for Basic System w/ Bruce B Fault Rate 

# Case Prob/Freq Total 

% 

Cut Set 

Total 
 

7.64E-1 100 Displaying 20 Cut Sets. (20 Original) 

1 C 5.97E-1 78.06 MF-AIR-CELL-LK,MF-AR-CELL-LK 

2 C 1.96E-1 25.59 MF-AR-CELL-LK,MF-FS-SV-1 

3 C 1.96E-1 25.59 MF-AIR-CELL-LK,MF-FS-SV-3 

4 C 6.41E-2 8.39 MF-FS-SV-1,MF-FS-SV-3 

5 C 1.12E-2 1.46 MF-AR-CELL-LK,MF-LK-SV-1 

6 C 1.12E-2 1.46 MF-AIR-CELL-LK,MF-LK-SV-3 

7 C 3.67E-3 0.48 MF-FS-SV-3,MF-LK-SV-1 

8 C 3.67E-3 0.48 MF-FS-SV-1,MF-LK-SV-3 

9 C 1.62E-3 0.21 MF-AR-CELL-LK,MF-RP-SV-1 

10 C 1.62E-3 0.21 MF-AIR-CELL-LK,MF-RP-SV-3 

11 C 6.76E-4 0.09 MF-AR-CELL-LK,MF-VP-1-LK 

12 C 5.32E-4 0.07 MF-FS-SV-3,MF-RP-SV-1 

13 C 5.32E-4 0.07 MF-FS-SV-1,MF-RP-SV-3 

14 C 2.22E-4 0.03 MF-FS-SV-3,MF-VP-1-LK 

15 C 2.10E-4 0.03 MF-LK-SV-1,MF-LK-SV-3 

16 C 3.04E-5 < 0.01 MF-LK-SV-3,MF-RP-SV-1 

17 C 3.04E-5 < 0.01 MF-LK-SV-1,MF-RP-SV-3 

18 C 1.27E-5 < 0.01 MF-LK-SV-3,MF-VP-1-LK 

19 C 4.41E-6 < 0.01 MF-RP-SV-1,MF-RP-SV-3 

20 C 1.84E-6 < 0.01 MF-RP-SV-3,MF-VP-1-LK 

 

Table 264: MF Cut Sets for Basic System w/ Bruce B Fault Rate and SV_OL 

# Case Prob/Freq Total 

% 

Cut Set 

Total 
 

6.01E-1 100 Displaying 6 Cut Sets. (6 Original) 

1 C 5.97E-1 99.34 MF-AIR-CELL-LK,MF-AR-CELL-LK 

2 C 4.58E-3 0.76 MF-AR-CELL-LK,MF-SV-1-FFD 

3 C 4.58E-3 0.76 MF-AIR-CELL-LK,MF-FFD-SV-3 

4 C 6.76E-4 0.11 MF-AR-CELL-LK,MF-VP-1-LK 

5 C 3.52E-5 < 0.01 MF-FFD-SV-3,MF-SV-1-FFD 

6 C 5.19E-6 < 0.01 MF-FFD-SV-3,MF-VP-1-LK 
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Table 265: MF Cut Sets for Basic System w/ Bruce B Fault Rate and SV_OM 

# Case Prob/Freq Total 

% 

Cut Set 

Total 
 

8.10E-1 100 Displaying 6 Cut Sets. (6 Original) 

1 C 5.97E-1 73.63 MF-AIR-CELL-LK,MF-AR-CELL-LK 

2 C 2.68E-1 33.11 MF-AR-CELL-LK,MF-SV-1-FFD 

3 C 2.68E-1 33.11 MF-AIR-CELL-LK,MF-FFD-SV-3 

4 C 1.21E-1 14.89 MF-FFD-SV-3,MF-SV-1-FFD 

5 C 6.76E-4 0.08 MF-AR-CELL-LK,MF-VP-1-LK 

6 C 3.04E-4 0.04 MF-FFD-SV-3,MF-VP-1-LK 

 

Table 266: MF Cut Sets for Basic System w/ Bruce B Fault Rate and SV_OH. 

# Case Prob/Freq Total 

% 

Cut Set 

Total 
 

9.80E-1 100 Displaying 6 Cut Sets. (6 Original) 

1 C 6.55E-1 66.76 MF-FFD-SV-3,MF-SV-1-FFD 

2 C 6.25E-1 63.73 MF-AR-CELL-LK,MF-SV-1-FFD 

3 C 6.25E-1 63.73 MF-AIR-CELL-LK,MF-FFD-SV-3 

4 C 5.97E-1 60.85 MF-AIR-CELL-LK,MF-AR-CELL-LK 

5 C 7.08E-4 0.07 MF-FFD-SV-3,MF-VP-1-LK 

6 C 6.76E-4 0.07 MF-AR-CELL-LK,MF-VP-1-LK 

 

Table 267: MF Cut Sets for Basic System w/ Bruce B Fault Rate and SV_DOW 

# Case Prob/Freq Total 

% 

Cut Set 

Total 
 

6.01E-1 100 Displaying 6 Cut Sets. (6 Original) 

1 C 5.97E-1 99.32 MF-AIR-CELL-LK,MF-AR-CELL-LK 

2 C 4.74E-3 0.79 MF-AR-CELL-LK,MF-SV-1-FFD 

3 C 4.74E-3 0.79 MF-AIR-CELL-LK,MF-FFD-SV-3 

4 C 6.76E-4 0.11 MF-AR-CELL-LK,MF-VP-1-LK 

5 C 3.76E-5 < 0.01 MF-FFD-SV-3,MF-SV-1-FFD 

6 C 5.37E-6 < 0.01 MF-FFD-SV-3,MF-VP-1-LK 
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Table 268: MF Cut Sets for Basic System w/ Bruce B Fault Rate and SV_MAN 

# Case Prob/Freq Total 

% 

Cut Set 

Total 
 

5.97E-1 100 Displaying 6 Cut Sets. (6 Original) 

1 C 5.97E-1 99.94 MF-AIR-CELL-LK,MF-AR-CELL-LK 

2 C 6.76E-4 0.11 MF-AR-CELL-LK,MF-VP-1-LK 

3 C 1.15E-4 0.02 MF-AR-CELL-LK,MF-SV-1-FFD 

4 C 1.15E-4 0.02 MF-AIR-CELL-LK,MF-FFD-SV-3 

5 C 1.30E-7 < 0.01 MF-FFD-SV-3,MF-VP-1-LK 

6 C 2.22E-8 < 0.01 MF-FFD-SV-3,MF-SV-1-FFD 

 

Table 269: MF Cut Sets for Basic System w/ Bruce B Fault Rate and SV_NRPD 

# Case Prob/Freq Total 

% 

Cut Set 

Total 
 

6.83E-1 100 Displaying 6 Cut Sets. (6 Original) 

1 C 5.97E-1 87.32 MF-AIR-CELL-LK,MF-AR-CELL-LK 

2 C 1.05E-1 15.39 MF-AR-CELL-LK,MF-SV-1-FFD 

3 C 1.05E-1 15.39 MF-AIR-CELL-LK,MF-FFD-SV-3 

4 C 1.85E-2 2.71 MF-FFD-SV-3,MF-SV-1-FFD 

5 C 6.76E-4 0.10 MF-AR-CELL-LK,MF-VP-1-LK 

6 C 1.19E-4 0.02 MF-FFD-SV-3,MF-VP-1-LK 
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Table 270: MF Cut Sets for Basic System w/ Bruce A Fault Rate 

# Case Prob/Freq Total 

% 

Cut Set 

Total 
 

2.07E-1 100 Displaying 20 Cut Sets. (20 Original) 

1 C 6.41E-2 30.95 MF-FS-SV-1,MF-FS-SV-3 

2 C 5.20E-2 25.11 MF-AR-CELL-LK,MF-FS-SV-1 

3 C 5.20E-2 25.11 MF-AIR-CELL-LK,MF-FS-SV-3 

4 C 4.22E-2 20.37 MF-AIR-CELL-LK,MF-AR-CELL-LK 

5 C 3.67E-3 1.77 MF-FS-SV-3,MF-LK-SV-1 

6 C 3.67E-3 1.77 MF-FS-SV-1,MF-LK-SV-3 

7 C 2.98E-3 1.44 MF-AR-CELL-LK,MF-LK-SV-1 

8 C 2.98E-3 1.44 MF-AIR-CELL-LK,MF-LK-SV-3 

9 C 5.32E-4 0.26 MF-FS-SV-3,MF-RP-SV-1 

10 C 5.32E-4 0.26 MF-FS-SV-1,MF-RP-SV-3 

11 C 4.32E-4 0.21 MF-AR-CELL-LK,MF-RP-SV-1 

12 C 4.32E-4 0.21 MF-AIR-CELL-LK,MF-RP-SV-3 

13 C 2.22E-4 0.11 MF-FS-SV-3,MF-VP-1-LK 

14 C 2.10E-4 0.10 MF-LK-SV-1,MF-LK-SV-3 

15 C 1.80E-4 0.09 MF-AR-CELL-LK,MF-VP-1-LK 

16 C 3.04E-5 0.01 MF-LK-SV-3,MF-RP-SV-1 

17 C 3.04E-5 0.01 MF-LK-SV-1,MF-RP-SV-3 

18 C 1.27E-5 < 0.01 MF-LK-SV-3,MF-VP-1-LK 

19 C 4.41E-6 < 0.01 MF-RP-SV-1,MF-RP-SV-3 

20 C 1.84E-6 < 0.01 MF-RP-SV-3,MF-VP-1-LK 

 

Table 271: MF Cut Sets for Basic System w/ Bruce A Fault Rate and SV_OL 

# Case Prob/Freq Total 

% 

Cut Set 

Total 
 

4.48E-2 100 Displaying 6 Cut Sets. (6 Original) 

1 C 4.22E-2 94.32 MF-AIR-CELL-LK,MF-AR-CELL-LK 

2 C 1.22E-3 2.72 MF-AR-CELL-LK,MF-SV-1-FFD 

3 C 1.22E-3 2.72 MF-AIR-CELL-LK,MF-FFD-SV-3 

4 C 1.80E-4 0.40 MF-AR-CELL-LK,MF-VP-1-LK 

5 C 3.52E-5 0.08 MF-FFD-SV-3,MF-SV-1-FFD 

6 C 5.19E-6 0.01 MF-FFD-SV-3,MF-VP-1-LK 
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Table 272: MF Cut Sets for Basic System w/ Bruce A Fault Rate and SV_OM 

# Case Prob/Freq Total 

% 

Cut Set 

Total 
 

2.74E-1 100 Displaying 6 Cut Sets. (6 Original) 

1 C 1.21E-1 44.02 MF-FFD-SV-3,MF-SV-1-FFD 

2 C 7.14E-2 26.04 MF-AR-CELL-LK,MF-SV-1-FFD 

3 C 7.14E-2 26.04 MF-AIR-CELL-LK,MF-FFD-SV-3 

4 C 4.22E-2 15.41 MF-AIR-CELL-LK,MF-AR-CELL-LK 

5 C 3.04E-4 0.11 MF-FFD-SV-3,MF-VP-1-LK 

6 C 1.80E-4 0.07 MF-AR-CELL-LK,MF-VP-1-LK 

 

Table 273: MF Cut Sets for Basic System w/ Bruce A Fault Rate and SV_OH 

# Case Prob/Freq Total 

% 

Cut Set 

Total 
 

7.70E-1 100 Displaying 6 Cut Sets. (6 Original) 

1 C 6.55E-1 84.98 MF-FFD-SV-3,MF-SV-1-FFD 

2 C 1.66E-1 21.58 MF-AR-CELL-LK,MF-SV-1-FFD 

3 C 1.66E-1 21.58 MF-AIR-CELL-LK,MF-FFD-SV-3 

4 C 4.22E-2 5.48 MF-AIR-CELL-LK,MF-AR-CELL-LK 

5 C 7.08E-4 0.09 MF-FFD-SV-3,MF-VP-1-LK 

6 C 1.80E-4 0.02 MF-AR-CELL-LK,MF-VP-1-LK 

 

Table 274: MF Cut Sets for Basic System w/ Bruce A Fault Rate and SV_DOW 

# Case Prob/Freq Total 

% 

Cut Set 

Total 
 

4.48E-2 100 Displaying 6 Cut Sets. (6 Original) 

1 C 4.22E-2 94.15 MF-AIR-CELL-LK,MF-AR-CELL-LK 

2 C 1.26E-3 2.81 MF-AR-CELL-LK,MF-SV-1-FFD 

3 C 1.26E-3 2.81 MF-AIR-CELL-LK,MF-FFD-SV-3 

4 C 1.80E-4 0.40 MF-AR-CELL-LK,MF-VP-1-LK 

5 C 3.76E-5 0.08 MF-FFD-SV-3,MF-SV-1-FFD 

6 C 5.37E-6 0.01 MF-FFD-SV-3,MF-VP-1-LK 
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Table 275: MF Cut Sets for Basic System w/ Bruce A Fault Rate and SV_MAN 

# Case Prob/Freq Total 

% 

Cut Set 

Total 
 

4.24E-2 100 Displaying 6 Cut Sets. (6 Original) 

1 C 4.22E-2 99.46 MF-AIR-CELL-LK,MF-AR-CELL-LK 

2 C 1.80E-4 0.42 MF-AR-CELL-LK,MF-VP-1-LK 

3 C 3.06E-5 0.07 MF-AR-CELL-LK,MF-SV-1-FFD 

4 C 3.06E-5 0.07 MF-AIR-CELL-LK,MF-FFD-SV-3 

5 C 1.30E-7 < 0.01 MF-FFD-SV-3,MF-VP-1-LK 

6 C 2.22E-8 < 0.01 MF-FFD-SV-3,MF-SV-1-FFD 

 

Table 276: MF Cut Sets for Basic System w/ Bruce A Fault Rate and SV_NRPD 

# Case Prob/Freq Total 

% 

Cut Set 

Total 
 

1.12E-1 100 Displaying 6 Cut Sets. (6 Original) 

1 C 4.22E-2 37.67 MF-AIR-CELL-LK,MF-AR-CELL-LK 

2 C 2.80E-2 24.95 MF-AR-CELL-LK,MF-SV-1-FFD 

3 C 2.80E-2 24.95 MF-AIR-CELL-LK,MF-FFD-SV-3 

4 C 1.85E-2 16.53 MF-FFD-SV-3,MF-SV-1-FFD 

5 C 1.80E-4 0.16 MF-AR-CELL-LK,MF-VP-1-LK 

6 C 1.19E-4 0.11 MF-FFD-SV-3,MF-VP-1-LK 

 

Table 277: MF Cut Sets for Extended System 

# Case Prob/Freq Total 

% 

Cut Set 

Total   1.61E-2 100 Displaying 124 Cut Sets. (124 Original) 

1 C 4.11E-3 25.61 MF-SV-B-FS,MF-SV-C-FS,MF-SV-D-

FS,MF-SV-E-FS 

2 C 2.91E-3 18.12 MF-AIR-LK,MF-SV-D-FS,MF-SV-E-FS 

3 C 2.91E-3 18.12 MF-AR-LK,MF-SV-B-FS,MF-SV-C-FS 

4 C 2.06E-3 12.82 MF-AIR-LK,MF-AR-LK 

5 C 5.73E-4 3.57 MF-SV-B-FS,MF-SV-C-FS,SV-D-E_CCF 

6 C 5.73E-4 3.57 MF-SV-D-FS,MF-SV-E-FS,SV-B-C_CCF 

7 C 4.06E-4 2.53 MF-AIR-LK,SV-D-E_CCF 

8 C 4.06E-4 2.53 MF-AR-LK,SV-B-C_CCF 

9 C 2.35E-4 1.47 MF-SV-B-FS,MF-SV-C-LK,MF-SV-D-

FS,MF-SV-E-FS 

10 C 2.35E-4 1.47 MF-SV-B-LK,MF-SV-C-FS,MF-SV-D-

FS,MF-SV-E-FS 

11 C 2.35E-4 1.47 MF-SV-B-FS,MF-SV-C-FS,MF-SV-D-

FS,MF-SV-E-LK 
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# Case Prob/Freq Total 

% 

Cut Set 

12 C 2.35E-4 1.47 MF-SV-B-FS,MF-SV-C-FS,MF-SV-D-

LK,MF-SV-E-FS 

13 C 1.67E-4 1.04 MF-AIR-LK,MF-SV-D-FS,MF-SV-E-LK 

14 C 1.67E-4 1.04 MF-AIR-LK,MF-SV-D-LK,MF-SV-E-FS 

15 C 1.67E-4 1.04 MF-AR-LK,MF-SV-B-FS,MF-SV-C-LK 

16 C 1.67E-4 1.04 MF-AR-LK,MF-SV-B-LK,MF-SV-C-FS 

17 C 7.99E-5 0.50 SV-B-C_CCF,SV-D-E_CCF 

18 C 3.41E-5 0.21 MF-SV-B-FS,MF-SV-C-FS,MF-SV-D-

FS,MF-SV-E-RP 

19 C 3.41E-5 0.21 MF-SV-B-RP,MF-SV-C-FS,MF-SV-D-

FS,MF-SV-E-FS 

20 C 3.41E-5 0.21 MF-SV-B-FS,MF-SV-C-FS,MF-SV-D-

RP,MF-SV-E-FS 

21 C 3.41E-5 0.21 MF-SV-B-FS,MF-SV-C-RP,MF-SV-D-

FS,MF-SV-E-FS 

22 C 3.28E-5 0.20 MF-SV-B-LK,MF-SV-C-FS,SV-D-E_CCF 

23 C 3.28E-5 0.20 MF-SV-B-FS,MF-SV-C-LK,SV-D-E_CCF 

24 C 3.28E-5 0.20 MF-SV-D-LK,MF-SV-E-FS,SV-B-C_CCF 

25 C 3.28E-5 0.20 MF-SV-D-FS,MF-SV-E-LK,SV-B-C_CCF 

26 C 2.41E-5 0.15 MF-AIR-LK,MF-SV-D-FS,MF-SV-E-RP 

27 C 2.41E-5 0.15 MF-AIR-LK,MF-SV-D-RP,MF-SV-E-FS 

28 C 2.41E-5 0.15 MF-AR-LK,MF-SV-B-FS,MF-SV-C-RP 

29 C 2.41E-5 0.15 MF-AR-LK,MF-SV-B-RP,MF-SV-C-FS 

30 C 1.35E-5 0.08 MF-SV-B-LK,MF-SV-C-LK,MF-SV-D-

FS,MF-SV-E-FS 

31 C 1.35E-5 0.08 MF-SV-B-FS,MF-SV-C-LK,MF-SV-D-

FS,MF-SV-E-LK 

32 C 1.35E-5 0.08 MF-SV-B-FS,MF-SV-C-LK,MF-SV-D-

LK,MF-SV-E-FS 

33 C 1.35E-5 0.08 MF-SV-B-LK,MF-SV-C-FS,MF-SV-D-

LK,MF-SV-E-FS 

34 C 1.35E-5 0.08 MF-SV-B-LK,MF-SV-C-FS,MF-SV-D-

FS,MF-SV-E-LK 

35 C 1.35E-5 0.08 MF-SV-B-FS,MF-SV-C-FS,MF-SV-D-

LK,MF-SV-E-LK 

36 C 1.01E-5 0.06 MF-AR-LK,MF-SV-A-FS,MF-VP-A-LK 

37 C 9.53E-6 0.06 MF-AIR-LK,MF-SV-D-LK,MF-SV-E-LK 

38 C 9.53E-6 0.06 MF-AR-LK,MF-SV-B-LK,MF-SV-C-LK 

39 C 4.75E-6 0.03 MF-SV-B-RP,MF-SV-C-FS,SV-D-E_CCF 

40 C 4.75E-6 0.03 MF-SV-B-FS,MF-SV-C-RP,SV-D-E_CCF 

41 C 4.75E-6 0.03 MF-SV-D-RP,MF-SV-E-FS,SV-B-C_CCF 
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# Case Prob/Freq Total 

% 

Cut Set 

42 C 4.75E-6 0.03 MF-SV-D-FS,MF-SV-E-RP,SV-B-C_CCF 

43 C 1.95E-6 0.01 MF-SV-B-FS,MF-SV-C-LK,MF-SV-D-

FS,MF-SV-E-RP 

44 C 1.95E-6 0.01 MF-SV-B-RP,MF-SV-C-LK,MF-SV-D-

FS,MF-SV-E-FS 

45 C 1.95E-6 0.01 MF-SV-B-FS,MF-SV-C-LK,MF-SV-D-

RP,MF-SV-E-FS 

46 C 1.95E-6 0.01 MF-SV-B-FS,MF-SV-C-FS,MF-SV-D-

LK,MF-SV-E-RP 

47 C 1.95E-6 0.01 MF-SV-B-LK,MF-SV-C-FS,MF-SV-D-

FS,MF-SV-E-RP 

48 C 1.95E-6 0.01 MF-SV-B-LK,MF-SV-C-FS,MF-SV-D-

RP,MF-SV-E-FS 

49 C 1.95E-6 0.01 MF-SV-B-RP,MF-SV-C-FS,MF-SV-D-

FS,MF-SV-E-LK 

50 C 1.95E-6 0.01 MF-SV-B-RP,MF-SV-C-FS,MF-SV-D-

LK,MF-SV-E-FS 

51 C 1.95E-6 0.01 MF-SV-B-FS,MF-SV-C-FS,MF-SV-D-

RP,MF-SV-E-LK 

52 C 1.95E-6 0.01 MF-SV-B-LK,MF-SV-C-RP,MF-SV-D-

FS,MF-SV-E-FS 

53 C 1.95E-6 0.01 MF-SV-B-FS,MF-SV-C-RP,MF-SV-D-

FS,MF-SV-E-LK 

54 C 1.95E-6 0.01 MF-SV-B-FS,MF-SV-C-RP,MF-SV-D-

LK,MF-SV-E-FS 

55 C 1.88E-6 0.01 MF-SV-B-LK,MF-SV-C-LK,SV-D-E_CCF 

56 C 1.88E-6 0.01 MF-SV-D-LK,MF-SV-E-LK,SV-B-C_CCF 

57 C 1.38E-6 < 0.01 MF-AIR-LK,MF-SV-D-LK,MF-SV-E-RP 

58 C 1.38E-6 < 0.01 MF-AIR-LK,MF-SV-D-RP,MF-SV-E-LK 

59 C 1.38E-6 < 0.01 MF-AR-LK,MF-SV-B-LK,MF-SV-C-RP 

60 C 1.38E-6 < 0.01 MF-AR-LK,MF-SV-B-RP,MF-SV-C-LK 

61 C 7.71E-7 < 0.01 MF-SV-B-LK,MF-SV-C-LK,MF-SV-D-

LK,MF-SV-E-FS 

62 C 7.71E-7 < 0.01 MF-SV-B-LK,MF-SV-C-LK,MF-SV-D-

FS,MF-SV-E-LK 

63 C 7.71E-7 < 0.01 MF-SV-B-FS,MF-SV-C-LK,MF-SV-D-

LK,MF-SV-E-LK 

64 C 7.71E-7 < 0.01 MF-SV-B-LK,MF-SV-C-FS,MF-SV-D-

LK,MF-SV-E-LK 

65 C 5.76E-7 < 0.01 MF-AR-LK,MF-SV-A-LK,MF-VP-A-LK 

66 C 2.83E-7 < 0.01 MF-SV-B-FS,MF-SV-C-FS,MF-SV-D-

RP,MF-SV-E-RP 
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# Case Prob/Freq Total 

% 

Cut Set 

67 C 2.83E-7 < 0.01 MF-SV-B-RP,MF-SV-C-FS,MF-SV-D-

FS,MF-SV-E-RP 

68 C 2.83E-7 < 0.01 MF-SV-B-RP,MF-SV-C-FS,MF-SV-D-

RP,MF-SV-E-FS 

69 C 2.83E-7 < 0.01 MF-SV-B-FS,MF-SV-C-RP,MF-SV-D-

FS,MF-SV-E-RP 

70 C 2.83E-7 < 0.01 MF-SV-B-RP,MF-SV-C-RP,MF-SV-D-

FS,MF-SV-E-FS 

71 C 2.83E-7 < 0.01 MF-SV-B-FS,MF-SV-C-RP,MF-SV-D-

RP,MF-SV-E-FS 

72 C 2.72E-7 < 0.01 MF-SV-B-RP,MF-SV-C-LK,SV-D-E_CCF 

73 C 2.72E-7 < 0.01 MF-SV-B-LK,MF-SV-C-RP,SV-D-E_CCF 

74 C 2.72E-7 < 0.01 MF-SV-D-RP,MF-SV-E-LK,SV-B-C_CCF 

75 C 2.72E-7 < 0.01 MF-SV-D-LK,MF-SV-E-RP,SV-B-C_CCF 

76 C 2.00E-7 < 0.01 MF-AIR-LK,MF-SV-D-RP,MF-SV-E-RP 

77 C 2.00E-7 < 0.01 MF-AR-LK,MF-SV-B-RP,MF-SV-C-RP 

78 C 1.12E-7 < 0.01 MF-SV-B-FS,MF-SV-C-LK,MF-SV-D-

LK,MF-SV-E-RP 

79 C 1.12E-7 < 0.01 MF-SV-B-LK,MF-SV-C-LK,MF-SV-D-

FS,MF-SV-E-RP 

80 C 1.12E-7 < 0.01 MF-SV-B-LK,MF-SV-C-LK,MF-SV-D-

RP,MF-SV-E-FS 

81 C 1.12E-7 < 0.01 MF-SV-B-RP,MF-SV-C-LK,MF-SV-D-

FS,MF-SV-E-LK 

82 C 1.12E-7 < 0.01 MF-SV-B-RP,MF-SV-C-LK,MF-SV-D-

LK,MF-SV-E-FS 

83 C 1.12E-7 < 0.01 MF-SV-B-FS,MF-SV-C-LK,MF-SV-D-

RP,MF-SV-E-LK 

84 C 1.12E-7 < 0.01 MF-SV-B-LK,MF-SV-C-FS,MF-SV-D-

LK,MF-SV-E-RP 

85 C 1.12E-7 < 0.01 MF-SV-B-RP,MF-SV-C-FS,MF-SV-D-

LK,MF-SV-E-LK 

86 C 1.12E-7 < 0.01 MF-SV-B-LK,MF-SV-C-FS,MF-SV-D-

RP,MF-SV-E-LK 

87 C 1.12E-7 < 0.01 MF-SV-B-LK,MF-SV-C-RP,MF-SV-D-

LK,MF-SV-E-FS 

88 C 1.12E-7 < 0.01 MF-SV-B-LK,MF-SV-C-RP,MF-SV-D-

FS,MF-SV-E-LK 

89 C 1.12E-7 < 0.01 MF-SV-B-FS,MF-SV-C-RP,MF-SV-D-

LK,MF-SV-E-LK 

90 C 8.34E-8 < 0.01 MF-AR-LK,MF-SV-A-RP,MF-VP-A-LK 
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# Case Prob/Freq Total 

% 

Cut Set 

91 C 4.41E-8 < 0.01 MF-SV-B-LK,MF-SV-C-LK,MF-SV-D-

LK,MF-SV-E-LK 

92 C 3.94E-8 < 0.01 MF-SV-B-RP,MF-SV-C-RP,SV-D-E_CCF 

93 C 3.94E-8 < 0.01 MF-SV-D-RP,MF-SV-E-RP,SV-B-C_CCF 

94 C 1.62E-8 < 0.01 MF-SV-B-FS,MF-SV-C-LK,MF-SV-D-

RP,MF-SV-E-RP 

95 C 1.62E-8 < 0.01 MF-SV-B-RP,MF-SV-C-LK,MF-SV-D-

FS,MF-SV-E-RP 

96 C 1.62E-8 < 0.01 MF-SV-B-RP,MF-SV-C-LK,MF-SV-D-

RP,MF-SV-E-FS 

97 C 1.62E-8 < 0.01 MF-SV-B-LK,MF-SV-C-FS,MF-SV-D-

RP,MF-SV-E-RP 

98 C 1.62E-8 < 0.01 MF-SV-B-RP,MF-SV-C-FS,MF-SV-D-

LK,MF-SV-E-RP 

99 C 1.62E-8 < 0.01 MF-SV-B-RP,MF-SV-C-FS,MF-SV-D-

RP,MF-SV-E-LK 

100 C 1.62E-8 < 0.01 MF-SV-B-FS,MF-SV-C-RP,MF-SV-D-

LK,MF-SV-E-RP 

101 C 1.62E-8 < 0.01 MF-SV-B-LK,MF-SV-C-RP,MF-SV-D-

FS,MF-SV-E-RP 

102 C 1.62E-8 < 0.01 MF-SV-B-LK,MF-SV-C-RP,MF-SV-D-

RP,MF-SV-E-FS 

103 C 1.62E-8 < 0.01 MF-SV-B-RP,MF-SV-C-RP,MF-SV-D-

FS,MF-SV-E-LK 

104 C 1.62E-8 < 0.01 MF-SV-B-RP,MF-SV-C-RP,MF-SV-D-

LK,MF-SV-E-FS 

105 C 1.62E-8 < 0.01 MF-SV-B-FS,MF-SV-C-RP,MF-SV-D-

RP,MF-SV-E-LK 

106 C 6.39E-9 < 0.01 MF-SV-B-LK,MF-SV-C-LK,MF-SV-D-

LK,MF-SV-E-RP 

107 C 6.39E-9 < 0.01 MF-SV-B-RP,MF-SV-C-LK,MF-SV-D-

LK,MF-SV-E-LK 

108 C 6.39E-9 < 0.01 MF-SV-B-LK,MF-SV-C-LK,MF-SV-D-

RP,MF-SV-E-LK 

109 C 6.39E-9 < 0.01 MF-SV-B-LK,MF-SV-C-RP,MF-SV-D-

LK,MF-SV-E-LK 

110 C 2.35E-9 < 0.01 MF-SV-B-RP,MF-SV-C-FS,MF-SV-D-

RP,MF-SV-E-RP 

111 C 2.35E-9 < 0.01 MF-SV-B-FS,MF-SV-C-RP,MF-SV-D-

RP,MF-SV-E-RP 

112 C 2.35E-9 < 0.01 MF-SV-B-RP,MF-SV-C-RP,MF-SV-D-

FS,MF-SV-E-RP 
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% 

Cut Set 

113 C 2.35E-9 < 0.01 MF-SV-B-RP,MF-SV-C-RP,MF-SV-D-

RP,MF-SV-E-FS 

114 C 9.27E-10 < 0.01 MF-SV-B-LK,MF-SV-C-LK,MF-SV-D-

RP,MF-SV-E-RP 

115 C 9.27E-10 < 0.01 MF-SV-B-RP,MF-SV-C-LK,MF-SV-D-

LK,MF-SV-E-RP 

116 C 9.27E-10 < 0.01 MF-SV-B-RP,MF-SV-C-LK,MF-SV-D-

RP,MF-SV-E-LK 

117 C 9.27E-10 < 0.01 MF-SV-B-LK,MF-SV-C-RP,MF-SV-D-

LK,MF-SV-E-RP 

118 C 9.27E-10 < 0.01 MF-SV-B-RP,MF-SV-C-RP,MF-SV-D-

LK,MF-SV-E-LK 

119 C 9.27E-10 < 0.01 MF-SV-B-LK,MF-SV-C-RP,MF-SV-D-

RP,MF-SV-E-LK 

120 C 1.34E-10 < 0.01 MF-SV-B-RP,MF-SV-C-LK,MF-SV-D-

RP,MF-SV-E-RP 

121 C 1.34E-10 < 0.01 MF-SV-B-LK,MF-SV-C-RP,MF-SV-D-

RP,MF-SV-E-RP 

122 C 1.34E-10 < 0.01 MF-SV-B-RP,MF-SV-C-RP,MF-SV-D-

LK,MF-SV-E-RP 

123 C 1.34E-10 < 0.01 MF-SV-B-RP,MF-SV-C-RP,MF-SV-D-

RP,MF-SV-E-LK 

124 C 1.95E-11 < 0.01 MF-SV-B-RP,MF-SV-C-RP,MF-SV-D-

RP,MF-SV-E-RP 

 

Table 278: MF Cut Sets for Extended System and SV_OL 

# Case Prob/Freq Total 

% 

Cut Set 

Total   2.06E-3 100 Displaying 10 Cut Sets. (10 Original) 

1 C 2.06E-3 99.71 MF-AIR-LK,MF-AR-LK 

2 C 1.60E-6 0.08 MF-AIR-LK,MF-SV-D-FFD,MF-SV-E-FFD 

3 C 1.60E-6 0.08 MF-AR-LK,MF-SV-B-FFD,MF-SV-C-FFD 

4 C 1.28E-6 0.06 MF-AIR-LK,SV-D-E_CCF 

5 C 1.28E-6 0.06 MF-AR-LK,SV-B-C_CCF 

6 C 2.36E-7 0.01 MF-AR-LK,MF-SV-A-FFD,MF-VP-A-LK 

7 C 1.24E-9 < 0.01 MF-SV-B-FFD,MF-SV-C-FFD,MF-SV-D-

FFD,MF-SV-E-FFD 

8 C 9.93E-10 < 0.01 MF-SV-B-FFD,MF-SV-C-FFD,SV-D-

E_CCF 

9 C 9.93E-10 < 0.01 MF-SV-D-FFD,MF-SV-E-FFD,SV-B-

C_CCF 

10 C 7.97E-10 < 0.01 SV-B-C_CCF,SV-D-E_CCF 
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Table 279: MF Cut Sets for Extended System and SV_OM 

# Case Prob/Freq Total 

% 

Cut Set 

Total   2.73E-2 100 Displaying 10 Cut Sets. (10 Original) 

1 C 1.45E-2 53.23 MF-SV-B-FFD,MF-SV-C-FFD,MF-SV-D-

FFD,MF-SV-E-FFD 

2 C 5.47E-3 20.02 MF-AIR-LK,MF-SV-D-FFD,MF-SV-E-FFD 

3 C 5.47E-3 20.02 MF-AR-LK,MF-SV-B-FFD,MF-SV-C-FFD 

4 C 2.06E-3 7.53 MF-AIR-LK,MF-AR-LK 

5 C 1.38E-5 0.05 MF-AR-LK,MF-SV-A-FFD,MF-VP-A-LK 

6 C 3.40E-6 0.01 MF-SV-B-FFD,MF-SV-C-FFD,SV-D-E_CCF 

7 C 3.40E-6 0.01 MF-SV-D-FFD,MF-SV-E-FFD,SV-B-C_CCF 

8 C 1.28E-6 < 0.01 MF-AIR-LK,SV-D-E_CCF 

9 C 1.28E-6 < 0.01 MF-AR-LK,SV-B-C_CCF 

10 C 7.97E-10 < 0.01 SV-B-C_CCF,SV-D-E_CCF 

 

Table 280: MF Cut Sets for Extended System and SV_OH 

# Case Prob/Freq Total 

% 

Cut Set 

Total   4.63E-1 100 Displaying 10 Cut Sets. (10 Original) 

1 C 4.28E-1 92.53 MF-SV-B-FFD,MF-SV-C-FFD,MF-SV-D-

FFD,MF-SV-E-FFD 

2 C 2.97E-2 6.41 MF-AIR-LK,MF-SV-D-FFD,MF-SV-E-FFD 

3 C 2.97E-2 6.41 MF-AR-LK,MF-SV-B-FFD,MF-SV-C-FFD 

4 C 2.06E-3 0.44 MF-AIR-LK,MF-AR-LK 

5 C 3.21E-5 < 0.01 MF-AR-LK,MF-SV-A-FFD,MF-VP-A-LK 

6 C 1.85E-5 < 0.01 MF-SV-B-FFD,MF-SV-C-FFD,SV-D-

E_CCF 

7 C 1.85E-5 < 0.01 MF-SV-D-FFD,MF-SV-E-FFD,SV-B-

C_CCF 

8 C 1.28E-6 < 0.01 MF-AIR-LK,SV-D-E_CCF 

9 C 1.28E-6 < 0.01 MF-AR-LK,SV-B-C_CCF 

10 C 7.97E-10 < 0.01 SV-B-C_CCF,SV-D-E_CCF 
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Table 281: MF Cut Sets for Extended System and SV_DOW 

# Case Prob/Freq Total 

% 

Cut Set 

Total   2.06E-3 100 Displaying 10 Cut Sets. (10 Original) 

1 C 2.06E-3 99.70 MF-AIR-LK,MF-AR-LK 

2 C 1.71E-6 0.08 MF-AIR-LK,MF-SV-D-FFD,MF-SV-E-FFD 

3 C 1.71E-6 0.08 MF-AR-LK,MF-SV-B-FFD,MF-SV-C-FFD 

4 C 1.28E-6 0.06 MF-AIR-LK,SV-D-E_CCF 

5 C 1.28E-6 0.06 MF-AR-LK,SV-B-C_CCF 

6 C 2.44E-7 0.01 MF-AR-LK,MF-SV-A-FFD,MF-VP-A-LK 

7 C 1.41E-9 < 0.01 MF-SV-B-FFD,MF-SV-C-FFD,MF-SV-D-

FFD,MF-SV-E-FFD 

8 C 1.06E-9 < 0.01 MF-SV-B-FFD,MF-SV-C-FFD,SV-D-

E_CCF 

9 C 1.06E-9 < 0.01 MF-SV-D-FFD,MF-SV-E-FFD,SV-B-

C_CCF 

10 C 7.97E-10 < 0.01 SV-B-C_CCF,SV-D-E_CCF 

 

Table 282: MF Cut Sets for Extended System and SV_MAN 

# Case Prob/Freq Total 

% 

Cut Set 

Total   2.06E-3 100 Displaying 9 Cut Sets. (9 Original) 

1 C 2.06E-3 99.88 MF-AIR-LK,MF-AR-LK 

2 C 1.28E-6 0.06 MF-AIR-LK,SV-D-E_CCF 

3 C 1.28E-6 0.06 MF-AR-LK,SV-B-C_CCF 

4 C 5.92E-9 < 0.01 MF-AR-LK,MF-SV-A-FFD,MF-VP-A-LK 

5 C 1.01E-9 < 0.01 MF-AIR-LK,MF-SV-D-FFD,MF-SV-E-FFD 

6 C 1.01E-9 < 0.01 MF-AR-LK,MF-SV-B-FFD,MF-SV-C-FFD 

7 C 7.97E-10 < 0.01 SV-B-C_CCF,SV-D-E_CCF 

8 C 6.26E-13 < 0.01 MF-SV-B-FFD,MF-SV-C-FFD,SV-D-

E_CCF 

9 C 6.26E-13 < 0.01 MF-SV-D-FFD,MF-SV-E-FFD,SV-B-

C_CCF 
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Table 283: MF Cut Sets for Extended System and SV_NRPD 

# Case Prob/Freq Total 

% 

Cut Set 

Total   4.03E-3 100 Displaying 10 Cut Sets. (10 Original) 

1 C 2.06E-3 51.03 MF-AIR-LK,MF-AR-LK 

2 C 8.22E-4 20.37 MF-AIR-LK,MF-SV-D-FFD,MF-SV-E-

FFD 

3 C 8.22E-4 20.37 MF-AR-LK,MF-SV-B-FFD,MF-SV-C-FFD 

4 C 3.28E-4 8.13 MF-SV-B-FFD,MF-SV-C-FFD,MF-SV-D-

FFD,MF-SV-E-FFD 

5 C 5.35E-6 0.13 MF-AR-LK,MF-SV-A-FFD,MF-VP-A-LK 

6 C 1.28E-6 0.03 MF-AIR-LK,SV-D-E_CCF 

7 C 1.28E-6 0.03 MF-AR-LK,SV-B-C_CCF 

8 C 5.11E-7 0.01 MF-SV-B-FFD,MF-SV-C-FFD,SV-D-

E_CCF 

9 C 5.11E-7 0.01 MF-SV-D-FFD,MF-SV-E-FFD,SV-B-

C_CCF 

10 C 7.97E-10 < 0.01 SV-B-C_CCF,SV-D-E_CCF 

 

Table 284: MF Cut Sets for Extended System w/ Bruce B Fault Rate 

# Case Prob/Freq 

Total 

% Cut Set 

Total   6.48E-1 100 Displaying 124 Cut Sets. (124 Original) 

1 C 5.97E-1 92.09 MF-AIR-LK,MF-AR-LK 

2 C 4.95E-2 7.65 MF-AIR-LK,MF-SV-D-FS,MF-SV-E-FS 

3 C 4.95E-2 7.65 MF-AR-LK,MF-SV-B-FS,MF-SV-C-FS 

4 C 6.90E-3 1.07 MF-AIR-LK,SV-D-E_CCF 

5 C 6.90E-3 1.07 MF-AR-LK,SV-B-C_CCF 

6 C 4.11E-3 0.63 

MF-SV-B-FS,MF-SV-C-FS,MF-SV-D-

FS,MF-SV-E-FS 

7 C 2.83E-3 0.44 

MF-AIR-LK,MF-SV-D-FS,MF-

SV-E-LK 

8 C 2.83E-3 0.44 

MF-AIR-LK,MF-SV-D-

LK,MF-SV-E-FS 

9 C 2.83E-3 0.44 MF-AR-LK,MF-SV-B-FS,MF-SV-C-LK 

10 C 2.83E-3 0.44 MF-AR-LK,MF-SV-B-LK,MF-SV-C-FS 

11 C 5.73E-4 0.09 MF-SV-B-FS,MF-SV-C-FS,SV-D-E_CCF 

12 C 5.73E-4 0.09 MF-SV-D-FS,MF-SV-E-FS,SV-B-C_CCF 

13 C 4.11E-4 0.06 MF-AIR-LK,MF-SV-D-FS,MF-SV-E-RP 

14 C 4.11E-4 0.06 MF-AIR-LK,MF-SV-D-RP,MF-SV-E-FS 

15 C 4.11E-4 0.06 MF-AR-LK,MF-SV-B-FS,MF-SV-C-RP 
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# Case Prob/Freq Total 

% 

Cut Set 

16 C 4.11E-4 0.06 MF-AR-LK,MF-SV-B-RP,MF-SV-C-FS 

17 C 2.35E-4 0.04 

MF-SV-B-FS,MF-SV-C-LK,MF-SV-D-

FS,MF-SV-E-FS 

18 C 2.35E-4 0.04 

MF-SV-B-LK,MF-SV-C-FS,MF-SV-D-

FS,MF-SV-E-FS 

19 C 2.35E-4 0.04 

MF-SV-B-FS,MF-SV-C-FS,MF-SV-D-

FS,MF-SV-E-LK 

20 C 2.35E-4 0.04 

MF-SV-B-FS,MF-SV-C-FS,MF-SV-D-

LK,MF-SV-E-FS 

21 C 1.71E-4 0.03 MF-AR-LK,MF-SV-A-FS,MF-VP-A-LK 

22 C 1.62E-4 0.03 MF-AIR-LK,MF-SV-D-LK,MF-SV-E-LK 

23 C 1.62E-4 0.03 MF-AR-LK,MF-SV-B-LK,MF-SV-C-LK 

24 C 7.99E-5 0.01 SV-B-C_CCF,SV-D-E_CCF 

25 C 3.41E-5 < 0.01 

MF-SV-B-FS,MF-SV-C-FS,MF-SV-D-

FS,MF-SV-E-RP 

26 C 3.41E-5 < 0.01 

MF-SV-B-RP,MF-SV-C-FS,MF-SV-D-

FS,MF-SV-E-FS 

27 C 3.41E-5 < 0.01 

MF-SV-B-FS,MF-SV-C-FS,MF-SV-D-

RP,MF-SV-E-FS 

28 C 3.41E-5 < 0.01 

MF-SV-B-FS,MF-SV-C-RP,MF-SV-D-

FS,MF-SV-E-FS 

29 C 3.28E-5 < 0.01 MF-SV-B-LK,MF-SV-C-FS,SV-D-E_CCF 

30 C 3.28E-5 < 0.01 MF-SV-B-FS,MF-SV-C-LK,SV-D-E_CCF 

31 C 3.28E-5 < 0.01 MF-SV-D-LK,MF-SV-E-FS,SV-B-C_CCF 

32 C 3.28E-5 < 0.01 MF-SV-D-FS,MF-SV-E-LK,SV-B-C_CCF 

33 C 2.35E-5 < 0.01 MF-AIR-LK,MF-SV-D-LK,MF-SV-E-RP 

34 C 2.35E-5 < 0.01 MF-AIR-LK,MF-SV-D-RP,MF-SV-E-LK 

35 C 2.35E-5 < 0.01 MF-AR-LK,MF-SV-B-LK,MF-SV-C-RP 

36 C 2.35E-5 < 0.01 MF-AR-LK,MF-SV-B-RP,MF-SV-C-LK 

37 C 1.35E-5 < 0.01 

MF-SV-B-LK,MF-SV-C-LK,MF-SV-D-

FS,MF-SV-E-FS 

38 C 1.35E-5 < 0.01 

MF-SV-B-FS,MF-SV-C-LK,MF-SV-D-

FS,MF-SV-E-LK 

39 C 1.35E-5 < 0.01 

MF-SV-B-FS,MF-SV-C-LK,MF-SV-D-

LK,MF-SV-E-FS 

40 C 1.35E-5 < 0.01 

MF-SV-B-LK,MF-SV-C-FS,MF-SV-D-

LK,MF-SV-E-FS 

41 C 1.35E-5 < 0.01 

MF-SV-B-LK,MF-SV-C-FS,MF-SV-D-

FS,MF-SV-E-LK 

42 C 1.35E-5 < 0.01 

MF-SV-B-FS,MF-SV-C-FS,MF-SV-D-

LK,MF-SV-E-LK 
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43 C 9.80E-6 < 0.01 MF-AR-LK,MF-SV-A-LK,MF-VP-A-LK 

44 C 4.75E-6 < 0.01 MF-SV-B-RP,MF-SV-C-FS,SV-D-E_CCF 

45 C 4.75E-6 < 0.01 MF-SV-B-FS,MF-SV-C-RP,SV-D-E_CCF 

46 C 4.75E-6 < 0.01 MF-SV-D-RP,MF-SV-E-FS,SV-B-C_CCF 

47 C 4.75E-6 < 0.01 MF-SV-D-FS,MF-SV-E-RP,SV-B-C_CCF 

48 C 3.41E-6 < 0.01 MF-AIR-LK,MF-SV-D-RP,MF-SV-E-RP 

49 C 3.41E-6 < 0.01 MF-AR-LK,MF-SV-B-RP,MF-SV-C-RP 

50 C 1.95E-6 < 0.01 

MF-SV-B-FS,MF-SV-C-LK,MF-SV-D-

FS,MF-SV-E-RP 

51 C 1.95E-6 < 0.01 

MF-SV-B-RP,MF-SV-C-LK,MF-SV-D-

FS,MF-SV-E-FS 

52 C 1.95E-6 < 0.01 

MF-SV-B-FS,MF-SV-C-LK,MF-SV-D-

RP,MF-SV-E-FS 

53 C 1.95E-6 < 0.01 

MF-SV-B-FS,MF-SV-C-FS,MF-SV-D-

LK,MF-SV-E-RP 

54 C 1.95E-6 < 0.01 

MF-SV-B-LK,MF-SV-C-FS,MF-SV-D-

FS,MF-SV-E-RP 

55 C 1.95E-6 < 0.01 

MF-SV-B-LK,MF-SV-C-FS,MF-SV-D-

RP,MF-SV-E-FS 

56 C 1.95E-6 < 0.01 

MF-SV-B-RP,MF-SV-C-FS,MF-SV-D-

FS,MF-SV-E-LK 

57 C 1.95E-6 < 0.01 

MF-SV-B-RP,MF-SV-C-FS,MF-SV-D-

LK,MF-SV-E-FS 

58 C 1.95E-6 < 0.01 

MF-SV-B-FS,MF-SV-C-FS,MF-SV-D-

RP,MF-SV-E-LK 

59 C 1.95E-6 < 0.01 

MF-SV-B-LK,MF-SV-C-RP,MF-SV-D-

FS,MF-SV-E-FS 

60 C 1.95E-6 < 0.01 

MF-SV-B-FS,MF-SV-C-RP,MF-SV-D-

FS,MF-SV-E-LK 

61 C 1.95E-6 < 0.01 

MF-SV-B-FS,MF-SV-C-RP,MF-SV-D-

LK,MF-SV-E-FS 

62 C 1.88E-6 < 0.01 MF-SV-B-LK,MF-SV-C-LK,SV-D-E_CCF 

63 C 1.88E-6 < 0.01 MF-SV-D-LK,MF-SV-E-LK,SV-B-C_CCF 

64 C 1.42E-6 < 0.01 MF-AR-LK,MF-SV-A-RP,MF-VP-A-LK 

65 C 7.71E-7 < 0.01 

MF-SV-B-LK,MF-SV-C-LK,MF-SV-D-

LK,MF-SV-E-FS 

66 C 7.71E-7 < 0.01 

MF-SV-B-LK,MF-SV-C-LK,MF-SV-D-

FS,MF-SV-E-LK 

67 C 7.71E-7 < 0.01 

MF-SV-B-FS,MF-SV-C-LK,MF-SV-D-

LK,MF-SV-E-LK 

68 C 7.71E-7 < 0.01 

MF-SV-B-LK,MF-SV-C-FS,MF-SV-D-

LK,MF-SV-E-LK 
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70 C 2.83E-7 < 0.01 

MF-SV-B-RP,MF-SV-C-FS,MF-SV-D-

FS,MF-SV-E-RP 

71 C 2.83E-7 < 0.01 

MF-SV-B-RP,MF-SV-C-FS,MF-SV-D-

RP,MF-SV-E-FS 

72 C 2.83E-7 < 0.01 

MF-SV-B-FS,MF-SV-C-RP,MF-SV-D-

FS,MF-SV-E-RP 

73 C 2.83E-7 < 0.01 

MF-SV-B-RP,MF-SV-C-RP,MF-SV-D-

FS,MF-SV-E-FS 

74 C 2.83E-7 < 0.01 

MF-SV-B-FS,MF-SV-C-RP,MF-SV-D-

RP,MF-SV-E-FS 

75 C 2.72E-7 < 0.01 MF-SV-B-RP,MF-SV-C-LK,SV-D-E_CCF 

76 C 2.72E-7 < 0.01 MF-SV-B-LK,MF-SV-C-RP,SV-D-E_CCF 

77 C 2.72E-7 < 0.01 MF-SV-D-RP,MF-SV-E-LK,SV-B-C_CCF 

78 C 2.72E-7 < 0.01 MF-SV-D-LK,MF-SV-E-RP,SV-B-C_CCF 

79 C 1.12E-7 < 0.01 

MF-SV-B-FS,MF-SV-C-LK,MF-SV-D-

LK,MF-SV-E-RP 

80 C 1.12E-7 < 0.01 

MF-SV-B-LK,MF-SV-C-LK,MF-SV-D-

FS,MF-SV-E-RP 

81 C 1.12E-7 < 0.01 

MF-SV-B-LK,MF-SV-C-LK,MF-SV-D-

RP,MF-SV-E-FS 

82 C 1.12E-7 < 0.01 

MF-SV-B-RP,MF-SV-C-LK,MF-SV-D-

FS,MF-SV-E-LK 

83 C 1.12E-7 < 0.01 

MF-SV-B-RP,MF-SV-C-LK,MF-SV-D-

LK,MF-SV-E-FS 

84 C 1.12E-7 < 0.01 

MF-SV-B-FS,MF-SV-C-LK,MF-SV-D-

RP,MF-SV-E-LK 

85 C 1.12E-7 < 0.01 

MF-SV-B-LK,MF-SV-C-FS,MF-SV-D-

LK,MF-SV-E-RP 

86 C 1.12E-7 < 0.01 

MF-SV-B-RP,MF-SV-C-FS,MF-SV-D-

LK,MF-SV-E-LK 

87 C 1.12E-7 < 0.01 

MF-SV-B-LK,MF-SV-C-FS,MF-SV-D-

RP,MF-SV-E-LK 

88 C 1.12E-7 < 0.01 

MF-SV-B-LK,MF-SV-C-RP,MF-SV-D-

LK,MF-SV-E-FS 

89 C 1.12E-7 < 0.01 

MF-SV-B-LK,MF-SV-C-RP,MF-SV-D-

FS,MF-SV-E-LK 

90 C 1.12E-7 < 0.01 

MF-SV-B-FS,MF-SV-C-RP,MF-SV-D-

LK,MF-SV-E-LK 

91 C 4.41E-8 < 0.01 

MF-SV-B-LK,MF-SV-C-LK,MF-SV-D-

LK,MF-SV-E-LK 

92 C 3.94E-8 < 0.01 MF-SV-B-RP,MF-SV-C-RP,SV-D-E_CCF 

93 C 3.94E-8 < 0.01 MF-SV-D-RP,MF-SV-E-RP,SV-B-C_CCF 
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94 C 1.62E-8 < 0.01 

MF-SV-B-FS,MF-SV-C-LK,MF-SV-D-

RP,MF-SV-E-RP 

95 C 1.62E-8 < 0.01 

MF-SV-B-RP,MF-SV-C-LK,MF-SV-D-

FS,MF-SV-E-RP 

96 C 1.62E-8 < 0.01 

MF-SV-B-RP,MF-SV-C-LK,MF-SV-D-

RP,MF-SV-E-FS 

97 C 1.62E-8 < 0.01 

MF-SV-B-LK,MF-SV-C-FS,MF-SV-D-

RP,MF-SV-E-RP 

98 C 1.62E-8 < 0.01 

MF-SV-B-RP,MF-SV-C-FS,MF-SV-D-

LK,MF-SV-E-RP 

99 C 1.62E-8 < 0.01 

MF-SV-B-RP,MF-SV-C-FS,MF-SV-D-

RP,MF-SV-E-LK 

100 C 1.62E-8 < 0.01 

MF-SV-B-FS,MF-SV-C-RP,MF-SV-D-

LK,MF-SV-E-RP 

101 C 1.62E-8 < 0.01 

MF-SV-B-LK,MF-SV-C-RP,MF-SV-D-

FS,MF-SV-E-RP 

102 C 1.62E-8 < 0.01 

MF-SV-B-LK,MF-SV-C-RP,MF-SV-D-

RP,MF-SV-E-FS 

103 C 1.62E-8 < 0.01 

MF-SV-B-RP,MF-SV-C-RP,MF-SV-D-

FS,MF-SV-E-LK 

104 C 1.62E-8 < 0.01 

MF-SV-B-RP,MF-SV-C-RP,MF-SV-D-

LK,MF-SV-E-FS 

105 C 1.62E-8 < 0.01 

MF-SV-B-FS,MF-SV-C-RP,MF-SV-D-

RP,MF-SV-E-LK 

106 C 6.39E-9 < 0.01 

MF-SV-B-LK,MF-SV-C-LK,MF-SV-D-

LK,MF-SV-E-RP 

107 C 6.39E-9 < 0.01 

MF-SV-B-RP,MF-SV-C-LK,MF-SV-D-

LK,MF-SV-E-LK 

108 C 6.39E-9 < 0.01 

MF-SV-B-LK,MF-SV-C-LK,MF-SV-D-

RP,MF-SV-E-LK 

109 C 6.39E-9 < 0.01 

MF-SV-B-LK,MF-SV-C-RP,MF-SV-D-

LK,MF-SV-E-LK 

110 C 2.35E-9 < 0.01 

MF-SV-B-RP,MF-SV-C-FS,MF-SV-D-

RP,MF-SV-E-RP 

111 C 2.35E-9 < 0.01 

MF-SV-B-FS,MF-SV-C-RP,MF-SV-D-

RP,MF-SV-E-RP 

112 C 2.35E-9 < 0.01 

MF-SV-B-RP,MF-SV-C-RP,MF-SV-D-

FS,MF-SV-E-RP 

113 C 2.35E-9 < 0.01 

MF-SV-B-RP,MF-SV-C-RP,MF-SV-D-

RP,MF-SV-E-FS 

114 C 9.27E-10 < 0.01 

MF-SV-B-LK,MF-SV-C-LK,MF-SV-D-

RP,MF-SV-E-RP 

115 C 9.27E-10 < 0.01 

MF-SV-B-RP,MF-SV-C-LK,MF-SV-D-

LK,MF-SV-E-RP 
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# Case Prob/Freq Total 

% 

Cut Set 

116 C 9.27E-10 < 0.01 

MF-SV-B-RP,MF-SV-C-LK,MF-SV-D-

RP,MF-SV-E-LK 

117 C 9.27E-10 < 0.01 

MF-SV-B-LK,MF-SV-C-RP,MF-SV-D-

LK,MF-SV-E-RP 

118 C 9.27E-10 < 0.01 

MF-SV-B-RP,MF-SV-C-RP,MF-SV-D-

LK,MF-SV-E-LK 

119 C 9.27E-10 < 0.01 

MF-SV-B-LK,MF-SV-C-RP,MF-SV-D-

RP,MF-SV-E-LK 

120 C 1.34E-10 < 0.01 

MF-SV-B-RP,MF-SV-C-LK,MF-SV-D-

RP,MF-SV-E-RP 

121 C 1.34E-10 < 0.01 

MF-SV-B-LK,MF-SV-C-RP,MF-SV-D-

RP,MF-SV-E-RP 

122 C 1.34E-10 < 0.01 

MF-SV-B-RP,MF-SV-C-RP,MF-SV-D-

LK,MF-SV-E-RP 

123 C 1.34E-10 < 0.01 

MF-SV-B-RP,MF-SV-C-RP,MF-SV-D-

RP,MF-SV-E-LK 

124 C 1.95E-11 < 0.01 

MF-SV-B-RP,MF-SV-C-RP,MF-SV-D-

RP,MF-SV-E-RP 

 

Table 285: MF Cut Sets for Extended System w/ Bruce B Fault Rate and SV_OL 

# Case Prob/Freq Total 

% 

Cut Set 

Total   5.97E-1 100 Displaying 10 Cut Sets. (10 Original) 

1 C 5.97E-1 99.99 MF-AIR-LK,MF-AR-LK 

2 C 2.72E-5 < 0.01 MF-AIR-LK,MF-SV-D-FFD,MF-SV-E-FFD 

3 C 2.72E-5 < 0.01 MF-AR-LK,MF-SV-B-FFD,MF-SV-C-FFD 

4 C 2.18E-5 < 0.01 MF-AIR-LK,SV-D-E_CCF 

5 C 2.18E-5 < 0.01 MF-AR-LK,SV-B-C_CCF 

6 C 4.01E-6 < 0.01 MF-AR-LK,MF-SV-A-FFD,MF-VP-A-LK 

7 C 1.24E-9 < 0.01 MF-SV-B-FFD,MF-SV-C-FFD,MF-SV-D-

FFD,MF-SV-E-FFD 

8 C 9.93E-10 < 0.01 MF-SV-B-FFD,MF-SV-C-FFD,SV-D-

E_CCF 

9 C 9.93E-10 < 0.01 MF-SV-D-FFD,MF-SV-E-FFD,SV-B-

C_CCF 

10 C 7.97E-10 < 0.01 SV-B-C_CCF,SV-D-E_CCF 
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Table 286: MF Cut Sets for Extended System w/ Bruce B Fault Rate and SV_OM 

# Case Prob/Freq Total 

% 

Cut Set 

Total   6.73E-1 100 Displaying 10 Cut Sets. (10 Original) 

1 C 5.97E-1 88.62 MF-AIR-LK,MF-AR-LK 

2 C 9.32E-2 13.84 MF-AIR-LK,MF-SV-D-FFD,MF-SV-E-FFD 

3 C 9.32E-2 13.84 MF-AR-LK,MF-SV-B-FFD,MF-SV-C-FFD 

4 C 1.45E-2 2.16 MF-SV-B-FFD,MF-SV-C-FFD,MF-SV-D-

FFD,MF-SV-E-FFD 

5 C 2.35E-4 0.03 MF-AR-LK,MF-SV-A-FFD,MF-VP-A-LK 

6 C 2.18E-5 < 0.01 MF-AIR-LK,SV-D-E_CCF 

7 C 2.18E-5 < 0.01 MF-AR-LK,SV-B-C_CCF 

8 C 3.40E-6 < 0.01 MF-SV-B-FFD,MF-SV-C-FFD,SV-D-

E_CCF 

9 C 3.40E-6 < 0.01 MF-SV-D-FFD,MF-SV-E-FFD,SV-B-

C_CCF 

10 C 7.97E-10 < 0.01 SV-B-C_CCF,SV-D-E_CCF 

 

Table 287: MF Cut Sets for Extended System w/ Bruce B Fault Rate and SV_OH 

# Case Prob/Freq Total 

% 

Cut Set 

Total   9.44E-1 100 Displaying 10 Cut Sets. (10 Original) 

1 C 5.97E-1 63.22 MF-AIR-LK,MF-AR-LK 

2 C 5.06E-1 53.57 MF-AIR-LK,MF-SV-D-FFD,MF-SV-E-FFD 

3 C 5.06E-1 53.57 MF-AR-LK,MF-SV-B-FFD,MF-SV-C-FFD 

4 C 4.28E-1 45.40 MF-SV-B-FFD,MF-SV-C-FFD,MF-SV-D-

FFD,MF-SV-E-FFD 

5 C 5.47E-4 0.06 MF-AR-LK,MF-SV-A-FFD,MF-VP-A-LK 

6 C 2.18E-5 < 0.01 MF-AIR-LK,SV-D-E_CCF 

7 C 2.18E-5 < 0.01 MF-AR-LK,SV-B-C_CCF 

8 C 1.85E-5 < 0.01 MF-SV-B-FFD,MF-SV-C-FFD,SV-D-

E_CCF 

9 C 1.85E-5 < 0.01 MF-SV-D-FFD,MF-SV-E-FFD,SV-B-

C_CCF 

10 C 7.97E-10 < 0.01 SV-B-C_CCF,SV-D-E_CCF 
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Table 288: MF Cut Sets for Extended System w/ Bruce B Fault Rate and SV_DOW 

# Case Prob/Freq Total 

% 

Cut Set 

Total   5.97E-1 100 Displaying 10 Cut Sets. (10 Original) 

1 C 5.97E-1 99.99 MF-AIR-LK,MF-AR-LK 

2 C 2.90E-5 < 0.01 MF-AIR-LK,MF-SV-D-FFD,MF-SV-E-FFD 

3 C 2.90E-5 < 0.01 MF-AR-LK,MF-SV-B-FFD,MF-SV-C-FFD 

4 C 2.18E-5 < 0.01 MF-AIR-LK,SV-D-E_CCF 

5 C 2.18E-5 < 0.01 MF-AR-LK,SV-B-C_CCF 

6 C 4.15E-6 < 0.01 MF-AR-LK,MF-SV-A-FFD,MF-VP-A-LK 

7 C 1.41E-9 < 0.01 MF-SV-B-FFD,MF-SV-C-FFD,MF-SV-D-

FFD,MF-SV-E-FFD 

8 C 1.06E-9 < 0.01 MF-SV-B-FFD,MF-SV-C-FFD,SV-D-

E_CCF 

9 C 1.06E-9 < 0.01 MF-SV-D-FFD,MF-SV-E-FFD,SV-B-

C_CCF 

10 C 7.97E-10 < 0.01 SV-B-C_CCF,SV-D-E_CCF 

 

Table 289: MF Cut Sets for Extended System w/ Bruce B Fault Rate and SV_MAN 

# Case Prob/Freq Total 

% 

Cut Set 

Total   5.97E-1 100 Displaying 9 Cut Sets. (9 Original) 

1 C 5.97E-1 100.00 MF-AIR-LK,MF-AR-LK 

2 C 2.18E-5 < 0.01 MF-AIR-LK,SV-D-E_CCF 

3 C 2.18E-5 < 0.01 MF-AR-LK,SV-B-C_CCF 

4 C 1.01E-7 < 0.01 MF-AR-LK,MF-SV-A-FFD,MF-VP-A-LK 

5 C 1.71E-8 < 0.01 MF-AIR-LK,MF-SV-D-FFD,MF-SV-E-FFD 

6 C 1.71E-8 < 0.01 MF-AR-LK,MF-SV-B-FFD,MF-SV-C-FFD 

7 C 7.97E-10 < 0.01 SV-B-C_CCF,SV-D-E_CCF 

8 C 6.26E-13 < 0.01 MF-SV-B-FFD,MF-SV-C-FFD,SV-D-

E_CCF 

9 C 6.26E-13 < 0.01 MF-SV-D-FFD,MF-SV-E-FFD,SV-B-

C_CCF 
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Table 290: MF Cut Sets for Extended System w/ Bruce B Fault Rate and SV_NRPD 

# Case Prob/Freq Total % Cut Set 

Total   6.08E-1 100 Displaying 10 Cut Sets. (10 Original) 

1 C 5.97E-1 98.13 MF-AIR-LK,MF-AR-LK 

2 C 1.40E-2 2.30 MF-AIR-LK,MF-SV-D-FFD,MF-SV-E-

FFD 

3 C 1.40E-2 2.30 MF-AR-LK,MF-SV-B-FFD,MF-SV-C-FFD 

4 C 3.28E-4 0.05 MF-SV-B-FFD,MF-SV-C-FFD,MF-SV-D-

FFD,MF-SV-E-FFD 

5 C 9.10E-5 0.01 MF-AR-LK,MF-SV-A-FFD,MF-VP-A-LK 

6 C 2.18E-5 < 0.01 MF-AIR-LK,SV-D-E_CCF 

7 C 2.18E-5 < 0.01 MF-AR-LK,SV-B-C_CCF 

8 C 5.11E-7 < 0.01 MF-SV-B-FFD,MF-SV-C-FFD,SV-D-

E_CCF 

9 C 5.11E-7 < 0.01 MF-SV-D-FFD,MF-SV-E-FFD,SV-B-

C_CCF 

10 C 7.97E-10 < 0.01 SV-B-C_CCF,SV-D-E_CCF 

 

Table 291: MF Cut Sets for Extended System w/ Bruce A Fault Rate 

# Case Prob/Freq Total % Cut Set 

Total 
 

8.02E-2 100 Displaying 124 Cut Sets. (124 Original) 

1 C 4.22E-2 52.61 MF-AIR-LK,MF-AR-LK 

2 C 1.32E-2 16.42 MF-AIR-LK,MF-SV-D-FS,MF-SV-E-FS 

3 C 1.32E-2 16.42 MF-AR-LK,MF-SV-B-FS,MF-SV-C-FS 

4 C 4.11E-3 5.12 MF-SV-B-FS,MF-SV-C-FS,MF-SV-D-

FS,MF-SV-E-FS 

5 C 1.84E-3 2.29 MF-AIR-LK,SV-D-E_CCF 

6 C 1.84E-3 2.29 MF-AR-LK,SV-B-C_CCF 

7 C 7.54E-4 0.94 MF-AIR-LK,MF-SV-D-FS,MF-SV-E-LK 

8 C 7.54E-4 0.94 MF-AIR-LK,MF-SV-D-LK,MF-SV-E-FS 

9 C 7.54E-4 0.94 MF-AR-LK,MF-SV-B-FS,MF-SV-C-LK 

10 C 7.54E-4 0.94 MF-AR-LK,MF-SV-B-LK,MF-SV-C-FS 

11 C 5.73E-4 0.71 MF-SV-B-FS,MF-SV-C-FS,SV-D-E_CCF 

12 C 5.73E-4 0.71 MF-SV-D-FS,MF-SV-E-FS,SV-B-C_CCF 

13 C 2.35E-4 0.29 MF-SV-B-FS,MF-SV-C-LK,MF-SV-D-

FS,MF-SV-E-FS 

14 C 2.35E-4 0.29 MF-SV-B-LK,MF-SV-C-FS,MF-SV-D-

FS,MF-SV-E-FS 

15 C 2.35E-4 0.29 MF-SV-B-FS,MF-SV-C-FS,MF-SV-D-

FS,MF-SV-E-LK 

17 C 1.09E-4 0.14 MF-AIR-LK,MF-SV-D-FS,MF-SV-E-RP 
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# Case Prob/Freq Total % Cut Set 

18 C 1.09E-4 0.14 MF-AIR-LK,MF-SV-D-RP,MF-SV-E-FS 

19 C 1.09E-4 0.14 MF-AR-LK,MF-SV-B-FS,MF-SV-C-RP 

20 C 1.09E-4 0.14 MF-AR-LK,MF-SV-B-RP,MF-SV-C-FS 

21 C 7.99E-5 0.10 SV-B-C_CCF,SV-D-E_CCF 

22 C 4.56E-5 0.06 MF-AR-LK,MF-SV-A-FS,MF-VP-A-LK 

23 C 4.32E-5 0.05 MF-AIR-LK,MF-SV-D-LK,MF-SV-E-LK 

24 C 4.32E-5 0.05 MF-AR-LK,MF-SV-B-LK,MF-SV-C-LK 

25 C 3.41E-5 0.04 MF-SV-B-FS,MF-SV-C-FS,MF-SV-D-

FS,MF-SV-E-RP 

26 C 3.41E-5 0.04 MF-SV-B-RP,MF-SV-C-FS,MF-SV-D-

FS,MF-SV-E-FS 

27 C 3.41E-5 0.04 MF-SV-B-FS,MF-SV-C-FS,MF-SV-D-

RP,MF-SV-E-FS 

28 C 3.41E-5 0.04 MF-SV-B-FS,MF-SV-C-RP,MF-SV-D-

FS,MF-SV-E-FS 

29 C 3.28E-5 0.04 MF-SV-B-LK,MF-SV-C-FS,SV-D-E_CCF 

30 C 3.28E-5 0.04 MF-SV-B-FS,MF-SV-C-LK,SV-D-E_CCF 

31 C 3.28E-5 0.04 MF-SV-D-LK,MF-SV-E-FS,SV-B-C_CCF 

32 C 3.28E-5 0.04 MF-SV-D-FS,MF-SV-E-LK,SV-B-C_CCF 

33 C 1.35E-5 0.02 MF-SV-B-LK,MF-SV-C-LK,MF-SV-D-

FS,MF-SV-E-FS 

34 C 1.35E-5 0.02 MF-SV-B-FS,MF-SV-C-LK,MF-SV-D-

FS,MF-SV-E-LK 

35 C 1.35E-5 0.02 MF-SV-B-FS,MF-SV-C-LK,MF-SV-D-

LK,MF-SV-E-FS 

36 C 1.35E-5 0.02 MF-SV-B-LK,MF-SV-C-FS,MF-SV-D-

LK,MF-SV-E-FS 

37 C 1.35E-5 0.02 MF-SV-B-LK,MF-SV-C-FS,MF-SV-D-

FS,MF-SV-E-LK 

38 C 1.35E-5 0.02 MF-SV-B-FS,MF-SV-C-FS,MF-SV-D-

LK,MF-SV-E-LK 

39 C 6.25E-6 < 0.01 MF-AIR-LK,MF-SV-D-LK,MF-SV-E-RP 

40 C 6.25E-6 < 0.01 MF-AIR-LK,MF-SV-D-RP,MF-SV-E-LK 

41 C 6.25E-6 < 0.01 MF-AR-LK,MF-SV-B-LK,MF-SV-C-RP 

42 C 6.25E-6 < 0.01 MF-AR-LK,MF-SV-B-RP,MF-SV-C-LK 

43 C 4.75E-6 < 0.01 MF-SV-B-RP,MF-SV-C-FS,SV-D-E_CCF 

44 C 4.75E-6 < 0.01 MF-SV-B-FS,MF-SV-C-RP,SV-D-E_CCF 

45 C 4.75E-6 < 0.01 MF-SV-D-RP,MF-SV-E-FS,SV-B-C_CCF 

46 C 4.75E-6 < 0.01 MF-SV-D-FS,MF-SV-E-RP,SV-B-C_CCF 

47 C 2.61E-6 < 0.01 MF-AR-LK,MF-SV-A-LK,MF-VP-A-LK 

48 C 1.95E-6 < 0.01 MF-SV-B-FS,MF-SV-C-LK,MF-SV-D-

FS,MF-SV-E-RP 
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49 C 1.95E-6 < 0.01 MF-SV-B-RP,MF-SV-C-LK,MF-SV-D-

FS,MF-SV-E-FS 

50 C 1.95E-6 < 0.01 MF-SV-B-FS,MF-SV-C-LK,MF-SV-D-

RP,MF-SV-E-FS 

51 C 1.95E-6 < 0.01 MF-SV-B-FS,MF-SV-C-FS,MF-SV-D-

LK,MF-SV-E-RP 

52 C 1.95E-6 < 0.01 MF-SV-B-LK,MF-SV-C-FS,MF-SV-D-

FS,MF-SV-E-RP 

53 C 1.95E-6 < 0.01 MF-SV-B-LK,MF-SV-C-FS,MF-SV-D-

RP,MF-SV-E-FS 

54 C 1.95E-6 < 0.01 MF-SV-B-RP,MF-SV-C-FS,MF-SV-D-

FS,MF-SV-E-LK 

55 C 1.95E-6 < 0.01 MF-SV-B-RP,MF-SV-C-FS,MF-SV-D-

LK,MF-SV-E-FS 

56 C 1.95E-6 < 0.01 MF-SV-B-FS,MF-SV-C-FS,MF-SV-D-

RP,MF-SV-E-LK 

57 C 1.95E-6 < 0.01 MF-SV-B-LK,MF-SV-C-RP,MF-SV-D-

FS,MF-SV-E-FS 

58 C 1.95E-6 < 0.01 MF-SV-B-FS,MF-SV-C-RP,MF-SV-D-

FS,MF-SV-E-LK 

59 C 1.95E-6 < 0.01 MF-SV-B-FS,MF-SV-C-RP,MF-SV-D-

LK,MF-SV-E-FS 

60 C 1.88E-6 < 0.01 MF-SV-B-LK,MF-SV-C-LK,SV-D-E_CCF 

61 C 1.88E-6 < 0.01 MF-SV-D-LK,MF-SV-E-LK,SV-B-C_CCF 

62 C 9.06E-7 < 0.01 MF-AIR-LK,MF-SV-D-RP,MF-SV-E-RP 

63 C 9.06E-7 < 0.01 MF-AR-LK,MF-SV-B-RP,MF-SV-C-RP 

64 C 7.71E-7 < 0.01 MF-SV-B-LK,MF-SV-C-LK,MF-SV-D-

LK,MF-SV-E-FS 

65 C 7.71E-7 < 0.01 MF-SV-B-LK,MF-SV-C-LK,MF-SV-D-

FS,MF-SV-E-LK 

66 C 7.71E-7 < 0.01 MF-SV-B-FS,MF-SV-C-LK,MF-SV-D-

LK,MF-SV-E-LK 

67 C 7.71E-7 < 0.01 MF-SV-B-LK,MF-SV-C-FS,MF-SV-D-

LK,MF-SV-E-LK 

68 C 3.78E-7 < 0.01 MF-AR-LK,MF-SV-A-RP,MF-VP-A-LK 

69 C 2.83E-7 < 0.01 MF-SV-B-FS,MF-SV-C-FS,MF-SV-D-

RP,MF-SV-E-RP 

70 C 2.83E-7 < 0.01 MF-SV-B-RP,MF-SV-C-FS,MF-SV-D-

FS,MF-SV-E-RP 

71 C 2.83E-7 < 0.01 MF-SV-B-RP,MF-SV-C-FS,MF-SV-D-

RP,MF-SV-E-FS 

72 C 2.83E-7 < 0.01 MF-SV-B-FS,MF-SV-C-RP,MF-SV-D-

FS,MF-SV-E-RP 
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73 C 2.83E-7 < 0.01 MF-SV-B-RP,MF-SV-C-RP,MF-SV-D-

FS,MF-SV-E-FS 

74 C 2.83E-7 < 0.01 MF-SV-B-FS,MF-SV-C-RP,MF-SV-D-

RP,MF-SV-E-FS 

75 C 2.72E-7 < 0.01 MF-SV-B-RP,MF-SV-C-LK,SV-D-E_CCF 

76 C 2.72E-7 < 0.01 MF-SV-B-LK,MF-SV-C-RP,SV-D-E_CCF 

77 C 2.72E-7 < 0.01 MF-SV-D-RP,MF-SV-E-LK,SV-B-C_CCF 

78 C 2.72E-7 < 0.01 MF-SV-D-LK,MF-SV-E-RP,SV-B-C_CCF 

79 C 1.12E-7 < 0.01 MF-SV-B-FS,MF-SV-C-LK,MF-SV-D-

LK,MF-SV-E-RP 

80 C 1.12E-7 < 0.01 MF-SV-B-LK,MF-SV-C-LK,MF-SV-D-

FS,MF-SV-E-RP 

81 C 1.12E-7 < 0.01 MF-SV-B-LK,MF-SV-C-LK,MF-SV-D-

RP,MF-SV-E-FS 

82 C 1.12E-7 < 0.01 MF-SV-B-RP,MF-SV-C-LK,MF-SV-D-

FS,MF-SV-E-LK 

83 C 1.12E-7 < 0.01 MF-SV-B-RP,MF-SV-C-LK,MF-SV-D-

LK,MF-SV-E-FS 

84 C 1.12E-7 < 0.01 MF-SV-B-FS,MF-SV-C-LK,MF-SV-D-

RP,MF-SV-E-LK 

85 C 1.12E-7 < 0.01 MF-SV-B-LK,MF-SV-C-FS,MF-SV-D-

LK,MF-SV-E-RP 

86 C 1.12E-7 < 0.01 MF-SV-B-RP,MF-SV-C-FS,MF-SV-D-

LK,MF-SV-E-LK 

87 C 1.12E-7 < 0.01 MF-SV-B-LK,MF-SV-C-FS,MF-SV-D-

RP,MF-SV-E-LK 

88 C 1.12E-7 < 0.01 MF-SV-B-LK,MF-SV-C-RP,MF-SV-D-

LK,MF-SV-E-FS 

89 C 1.12E-7 < 0.01 MF-SV-B-LK,MF-SV-C-RP,MF-SV-D-

FS,MF-SV-E-LK 

90 C 1.12E-7 < 0.01 MF-SV-B-FS,MF-SV-C-RP,MF-SV-D-

LK,MF-SV-E-LK 

91 C 4.41E-8 < 0.01 MF-SV-B-LK,MF-SV-C-LK,MF-SV-D-

LK,MF-SV-E-LK 

92 C 3.94E-8 < 0.01 MF-SV-B-RP,MF-SV-C-RP,SV-D-E_CCF 

93 C 3.94E-8 < 0.01 MF-SV-D-RP,MF-SV-E-RP,SV-B-C_CCF 

94 C 1.62E-8 < 0.01 MF-SV-B-FS,MF-SV-C-LK,MF-SV-D-

RP,MF-SV-E-RP 

95 C 1.62E-8 < 0.01 MF-SV-B-RP,MF-SV-C-LK,MF-SV-D-

FS,MF-SV-E-RP 

96 C 1.62E-8 < 0.01 MF-SV-B-RP,MF-SV-C-LK,MF-SV-D-

RP,MF-SV-E-FS 

97 C 1.62E-8 < 0.01 MF-SV-B-LK,MF-SV-C-FS,MF-SV-D-

RP,MF-SV-E-RP 
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# Case Prob/Freq Total % Cut Set 

98 C 1.62E-8 < 0.01 MF-SV-B-RP,MF-SV-C-FS,MF-SV-D-

LK,MF-SV-E-RP 

99 C 1.62E-8 < 0.01 MF-SV-B-RP,MF-SV-C-FS,MF-SV-D-

RP,MF-SV-E-LK 

100 C 1.62E-8 < 0.01 MF-SV-B-FS,MF-SV-C-RP,MF-SV-D-

LK,MF-SV-E-RP 

101 C 1.62E-8 < 0.01 MF-SV-B-LK,MF-SV-C-RP,MF-SV-D-

FS,MF-SV-E-RP 

102 C 1.62E-8 < 0.01 MF-SV-B-LK,MF-SV-C-RP,MF-SV-D-

RP,MF-SV-E-FS 

103 C 1.62E-8 < 0.01 MF-SV-B-RP,MF-SV-C-RP,MF-SV-D-

FS,MF-SV-E-LK 

104 C 1.62E-8 < 0.01 MF-SV-B-RP,MF-SV-C-RP,MF-SV-D-

LK,MF-SV-E-FS 

105 C 1.62E-8 < 0.01 MF-SV-B-FS,MF-SV-C-RP,MF-SV-D-

RP,MF-SV-E-LK 

106 C 6.39E-9 < 0.01 MF-SV-B-LK,MF-SV-C-LK,MF-SV-D-

LK,MF-SV-E-RP 

107 C 6.39E-9 < 0.01 MF-SV-B-RP,MF-SV-C-LK,MF-SV-D-

LK,MF-SV-E-LK 

108 C 6.39E-9 < 0.01 MF-SV-B-LK,MF-SV-C-LK,MF-SV-D-

RP,MF-SV-E-LK 

109 C 6.39E-9 < 0.01 MF-SV-B-LK,MF-SV-C-RP,MF-SV-D-

LK,MF-SV-E-LK 

110 C 2.35E-9 < 0.01 MF-SV-B-RP,MF-SV-C-FS,MF-SV-D-

RP,MF-SV-E-RP 

111 C 2.35E-9 < 0.01 MF-SV-B-FS,MF-SV-C-RP,MF-SV-D-

RP,MF-SV-E-RP 

112 C 2.35E-9 < 0.01 MF-SV-B-RP,MF-SV-C-RP,MF-SV-D-

FS,MF-SV-E-RP 

113 C 2.35E-9 < 0.01 MF-SV-B-RP,MF-SV-C-RP,MF-SV-D-

RP,MF-SV-E-FS 

114 C 9.27E-10 < 0.01 MF-SV-B-LK,MF-SV-C-LK,MF-SV-D-

RP,MF-SV-E-RP 

115 C 9.27E-10 < 0.01 MF-SV-B-RP,MF-SV-C-LK,MF-SV-D-

LK,MF-SV-E-RP 

116 C 9.27E-10 < 0.01 MF-SV-B-RP,MF-SV-C-LK,MF-SV-D-

RP,MF-SV-E-LK 

117 C 9.27E-10 < 0.01 MF-SV-B-LK,MF-SV-C-RP,MF-SV-D-

LK,MF-SV-E-RP 

118 C 9.27E-10 < 0.01 MF-SV-B-RP,MF-SV-C-RP,MF-SV-D-

LK,MF-SV-E-LK 

119 C 9.27E-10 < 0.01 MF-SV-B-LK,MF-SV-C-RP,MF-SV-D-

RP,MF-SV-E-LK 



475 

 

     

# Case Prob/Freq Total % Cut Set 

120 C 1.34E-10 < 0.01 MF-SV-B-RP,MF-SV-C-LK,MF-SV-D-

RP,MF-SV-E-RP 

121 C 1.34E-10 < 0.01 MF-SV-B-LK,MF-SV-C-RP,MF-SV-D-

RP,MF-SV-E-RP 

122 C 1.34E-10 < 0.01 MF-SV-B-RP,MF-SV-C-RP,MF-SV-D-

LK,MF-SV-E-RP 

123 C 1.34E-10 < 0.01 MF-SV-B-RP,MF-SV-C-RP,MF-SV-D-

RP,MF-SV-E-LK 

124 C 1.95E-11 < 0.01 MF-SV-B-RP,MF-SV-C-RP,MF-SV-D-

RP,MF-SV-E-RP 

 

Table 292: MF Cut Sets for Extended System w/ Bruce A Fault Rate and SV_OL 

# Case Prob/Freq Total 

% 

Cut Set 

Total 
 

4.22E-2 100 Displaying 10 Cut Sets. (10 Original) 

1 C 4.22E-2 99.94 MF-AIR-LK,MF-AR-LK 

2 C 7.23E-6 0.02 MF-AIR-LK,MF-SV-D-FFD,MF-SV-E-

FFD 

3 C 7.23E-6 0.02 MF-AR-LK,MF-SV-B-FFD,MF-SV-C-FFD 

4 C 5.80E-6 0.01 MF-AIR-LK,SV-D-E_CCF 

5 C 5.80E-6 0.01 MF-AR-LK,SV-B-C_CCF 

6 C 1.07E-6 < 0.01 MF-AR-LK,MF-SV-A-FFD,MF-VP-A-LK 

7 C 1.24E-9 < 0.01 MF-SV-B-FFD,MF-SV-C-FFD,MF-SV-D-

FFD,MF-SV-E-FFD 

8 C 9.93E-10 < 0.01 MF-SV-B-FFD,MF-SV-C-FFD,SV-D-

E_CCF 

9 C 9.93E-10 < 0.01 MF-SV-D-FFD,MF-SV-E-FFD,SV-B-

C_CCF 

10 C 7.97E-10 < 0.01 SV-B-C_CCF,SV-D-E_CCF 
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Table 293: MF Cut Sets for Extended System w/ Bruce A Fault Rate and SV_OM 

# Case Prob/Freq Total 

% 

Cut Set 

Total 
 

1.02E-1 100 Displaying 10 Cut Sets. (10 Original) 

1 C 4.22E-2 41.22 MF-AIR-LK,MF-AR-LK 

2 C 2.48E-2 24.20 MF-AIR-LK,MF-SV-D-FFD,MF-SV-E-

FFD 

3 C 2.48E-2 24.20 MF-AR-LK,MF-SV-B-FFD,MF-SV-C-

FFD 

4 C 1.45E-2 14.20 MF-SV-B-FFD,MF-SV-C-FFD,MF-SV-

D-FFD,MF-SV-E-FFD 

5 C 6.25E-5 0.06 MF-AR-LK,MF-SV-A-FFD,MF-VP-A-

LK 

6 C 5.80E-6 < 0.01 MF-AIR-LK,SV-D-E_CCF 

7 C 5.80E-6 < 0.01 MF-AR-LK,SV-B-C_CCF 

8 C 3.40E-6 < 0.01 MF-SV-B-FFD,MF-SV-C-FFD,SV-D-

E_CCF 

9 C 3.40E-6 < 0.01 MF-SV-D-FFD,MF-SV-E-FFD,SV-B-

C_CCF 

10 C 7.97E-10 < 0.01 SV-B-C_CCF,SV-D-E_CCF 

 

Table 294: MF Cut Sets for Extended System w/ Bruce A Fault Rate and SV_OH 

# Case Prob/Freq Total 

% 

Cut Set 

Total 
 

5.90E-1 100 Displaying 10 Cut Sets. (10 Original) 

1 C 4.28E-1 72.62 MF-SV-B-FFD,MF-SV-C-FFD,MF-SV-

D-FFD,MF-SV-E-FFD 

2 C 1.34E-1 22.80 MF-AIR-LK,MF-SV-D-FFD,MF-SV-E-

FFD 

3 C 1.34E-1 22.80 MF-AR-LK,MF-SV-B-FFD,MF-SV-C-

FFD 

4 C 4.22E-2 7.16 MF-AIR-LK,MF-AR-LK 

5 C 1.46E-4 0.02 MF-AR-LK,MF-SV-A-FFD,MF-VP-A-

LK 

6 C 1.85E-5 < 0.01 MF-SV-B-FFD,MF-SV-C-FFD,SV-D-

E_CCF 

7 C 1.85E-5 < 0.01 MF-SV-D-FFD,MF-SV-E-FFD,SV-B-

C_CCF 

8 C 5.80E-6 < 0.01 MF-AIR-LK,SV-D-E_CCF 

9 C 5.80E-6 < 0.01 MF-AR-LK,SV-B-C_CCF 

10 C 7.97E-10 < 0.01 SV-B-C_CCF,SV-D-E_CCF 
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Table 295: MF Cut Sets for Extended System w/ Bruce A Fault Rate and SV_DOW 

# Case Prob/Freq Total 

% 

Cut Set 

Total 
 

4.22E-2 100 Displaying 10 Cut Sets. (10 Original) 

1 C 4.22E-2 99.94 MF-AIR-LK,MF-AR-LK 

2 C 7.72E-6 0.02 MF-AIR-LK,MF-SV-D-FFD,MF-SV-E-

FFD 

3 C 7.72E-6 0.02 MF-AR-LK,MF-SV-B-FFD,MF-SV-C-

FFD 

4 C 5.80E-6 0.01 MF-AIR-LK,SV-D-E_CCF 

5 C 5.80E-6 0.01 MF-AR-LK,SV-B-C_CCF 

6 C 1.10E-6 < 0.01 MF-AR-LK,MF-SV-A-FFD,MF-VP-A-LK 

7 C 1.41E-9 < 0.01 MF-SV-B-FFD,MF-SV-C-FFD,MF-SV-D-

FFD,MF-SV-E-FFD 

8 C 1.06E-9 < 0.01 MF-SV-B-FFD,MF-SV-C-FFD,SV-D-

E_CCF 

9 C 1.06E-9 < 0.01 MF-SV-D-FFD,MF-SV-E-FFD,SV-B-

C_CCF 

10 C 7.97E-10 < 0.01 SV-B-C_CCF,SV-D-E_CCF 

 

Table 296: MF Cut Sets for Extended System w/ Bruce A Fault Rate and SV_MAN 

# Case Prob/Freq Total 

% 

Cut Set 

Total 
 

4.22E-2 100 Displaying 9 Cut Sets. (9 Original) 

1 C 4.22E-2 99.97 MF-AIR-LK,MF-AR-LK 

2 C 5.80E-6 0.01 MF-AIR-LK,SV-D-E_CCF 

3 C 5.80E-6 0.01 MF-AR-LK,SV-B-C_CCF 

4 C 2.68E-8 < 0.01 MF-AR-LK,MF-SV-A-FFD,MF-VP-A-LK 

5 C 4.56E-9 < 0.01 MF-AIR-LK,MF-SV-D-FFD,MF-SV-E-

FFD 

6 C 4.56E-9 < 0.01 MF-AR-LK,MF-SV-B-FFD,MF-SV-C-

FFD 

7 C 7.97E-10 < 0.01 SV-B-C_CCF,SV-D-E_CCF 

8 C 6.26E-13 < 0.01 MF-SV-B-FFD,MF-SV-C-FFD,SV-D-

E_CCF 

9 C 6.26E-13 < 0.01 MF-SV-D-FFD,MF-SV-E-FFD,SV-B-

C_CCF 
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Table 297: MF Cut Sets for Extended System w/ Bruce A Fault Rate and SV_NRPD 

# Case Prob/Freq Total 

% 

Cut Set 

Total 
 

4.97E-2 100 Displaying 10 Cut Sets. (10 Original) 

1 C 4.22E-2 84.98 MF-AIR-LK,MF-AR-LK 

2 C 3.72E-3 7.49 MF-AIR-LK,MF-SV-D-FFD,MF-SV-E-

FFD 

3 C 3.72E-3 7.49 MF-AR-LK,MF-SV-B-FFD,MF-SV-C-

FFD 

4 C 3.28E-4 0.66 MF-SV-B-FFD,MF-SV-C-FFD,MF-SV-D-

FFD,MF-SV-E-FFD 

5 C 2.42E-5 0.05 MF-AR-LK,MF-SV-A-FFD,MF-VP-A-LK 

6 C 5.80E-6 0.01 MF-AIR-LK,SV-D-E_CCF 

7 C 5.80E-6 0.01 MF-AR-LK,SV-B-C_CCF 

8 C 5.11E-7 < 0.01 MF-SV-B-FFD,MF-SV-C-FFD,SV-D-

E_CCF 

9 C 5.11E-7 < 0.01 MF-SV-D-FFD,MF-SV-E-FFD,SV-B-

C_CCF 

10 C 7.97E-10 < 0.01 SV-B-C_CCF,SV-D-E_CCF 

 


