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1.0 INTRODUCTION 

A probabilistic fault tree analysis (FTA) was conducted to assess 
the annual frequency of a benzene/air firejexplosion within two 
precipitate pump tanks located within the auxiliary and low point 
pump pits, called respectively the auxiliary precipitate tank (APT) 
and the low point precipitate tank (LPPT). The purpose of the 
study is to assess the adequacy of the design proposed in this 
report in preventing fire or explosion within these tanks, i.e., 
specifically compute the frequency of fire or explosion and 
determine if it is less than the design goal of 1 x 10"4 per year. 
These pump pits are part of the interarea transfer facilities which 
receive and transfer radioactive slurry, aqueous recycle waste and 
precipitate slurry between the H-Area tank farm and the S-Area 
vitrification building. 

The precipitate slurry contains tetraphenylborate solution which 
undergoes radiolysis to produce benzene. In addition this solution 
contains radioactive cesium, strontium and plutonium. Release of 
benzene to the tank vapor space can result in an explosive 
concentration if oxygen is present. For this reason, both 
precipitate pump tanks (PPTs) are inerted with a nitrogen purge 
system to reduce oxygen concentration below the minimum oxidant 
concentration (MOC) . Each tank is vented to a process vent system 
with two exhaust fans that maintain each tank under a slight 
vacuum. The process vent system removes tank vapors and radioactive 
particulates and maintains the concentration of combustibles below 
the LEL. 

1.1 PHR #1 

A companion document to this report is PHR #1, "Process Hazards 
Review, System No. 1, Interarea Transfer system" (Ref. 1) . The PHR 
used checklists and a decision tree process to identify that fire 
and explosion within the precipitate pump tanks warrants the use of 
FTA for the following reasons: 

1. The event is a major hazard rating 3, i.e., system 
downtime exceeds 6 months when fire or explosion occurs. 
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2. The presence of benzene in process fluids is a departure 
from concentional SRS ways. 

3. The event is an explosion hazard that is not ventable. 

1.2 1991 FTA Study 

A previous fault tree study was conducted in January 1991. This 
study assumed that the benzene concentration was always above the 
lower explosive limit (LEL) in each tank. This study considered 
all possible modes of operation, i.e., 

1. Fill 

2 . Standby 

3 • Pumpout 

4 . Transfer Jet 

5. Backup Transfer Pump 

6. Maintenance. 

The 1991 study considered events which would cause oxygen 
concentration to increase above the MOC. These events include: 

1. Loss of N2 purge supply 

2. Air inleakage caused by 

i) Flange leaks 

ii) Hanford connectors 

iii) Loss of sump seal. 

As shown in Fig. 1, a series of design changes were proposed to 
reduce the annual frequency of fire and explosion below the design 
goal of 1 x 10-4 yr· 1 • Design B has a greater degree of redundancy 
than Design A. One design change included installation of block 
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valve(s) on the vent system exhaust which would close in the event 
of a high oxygen concentration in the precipitate tanks, thereby 
removing the vacuum from the precipitate tanks, avoid the leakage 
of air inward and keep oxygen concentration below the MOC. To 
achieve an annual frequency less than 1 x 10"4 yr· 1 , the 1991 study 
recommended that the Design B modifications, as shown in Table 1, 
be incorporated. 

1.3 current FTA Study 

Since this 1991 study was conducted, it was learned that the 
assumption that the benzene concentration is always above the LEL 
was highly conservative and made many of the suggested design 
modifications in Table 1 unnecessary. Calculations in Ref. 2 show 
that if the precipitate slurry is adequately agitated before the 
slurry is sent to the pump pits, benzene concentration, in most 
cases, is below the LEL if the N2 purge to the precipitate tanks is 
available. 

The salient features of the current proposed design for the 
precipitate pump tanks are shown in Fig. 2 and are described below: 

Installation of the main vent valve (HCV-8772), which 
closes in the event of low low nitrogen flow, high oxygen 
concentration or both exhaust fans not working. 

Installation of a bypass vent valve (SV-8773), which is 
used to sample the tank contents for oxygen concentration 
when the main vent valve (HCV-8772) is closed. 

The interlocks for this design are shown in Table 2. The logic for 
operation of the bypass vent valve is shown in Table 3. 

The remainder of this report describes the FTA that was conducted 
for the precipitate pump tank system shown in Fig. 2. The FTA 
computed an annual frequency of fire; explosion to be 3. 4 x 10-6 yr- 1 

for the auxiliary and low point precipitate tanks, whi~h is a 
factor of about 30 less than the design goal of 1 x 10-4 yr- 1 • It 
is important to understand the assumptions that were made in 
conducting the FTA, i.e., assumptions regarding the operation of 
the pump pits as well as the scope and bounds of the analysis. For 
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example, the frequency for calibration of the oxygen analyzers was 
assumed to be 1 month, another assumption was that only the normal 
modes of operation--fill, standby and pumpout--were considered in 
the FTA. 
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2.0 REPORT CONTENTS 

This report is written in the same order as the FTA was conducted 
for this study. The series of steps employed to conduct the FTA is 
described below. 

STEP 1: 

STEP 2: 

STEP 3: 

STEP 4: 

STEP 5: 

STEP 6: 

STEP 7: 

STEP 8: 

Top Event Definition (Section 3) 

System Understanding (Section 4) 

Fault Tree Construction (Section 5) 

Qualitative Analysis; Generate the System Modes of 
Failure Called the Min cut Sets (Section 6) 

Reliability Data such as Failure Rates, Calibration 
Frequencies and Fault Duration Times (Section 7) 

Probabilistic Analysis; Compute Top Event Occurrence 
Frequency (Section 8) 

Importance Analysis, i.e., Determine Which Failures 
Contribute Most to the Frequency of Fire/Explosion 
(Section 9) 

Conclusions, Recommendations, Results (Section 10) 

These same. steps were used to conduct the FTA for PHR 32, Ref. 3. 
The methodology used to conduct these steps are discussed in more 
detail in that report. 
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3.0 TOP EVENT DEFINITION 

This section delineates the sequence of events that is necessary 
for a benzene/air fire/explosion to occur in the PPTs. For fire or 
explosion to occur, the following three events must occur (note 
this generates an AND gate in the fault tree with three inputs): 

1. Benzene concentration between the lower explosive limit 
(LEL) and upper explosive limit (UEL) 

2. Oxygen concentration 
concentration (MOC) 

3. Ignitions source present. 

above the minimum oxidant 

The occurrence of events 1 and 2 represent formation of an 
explosive concentration. 

As described below, the fault tree structure is different depending 
upon the concentration of benzene in the precipitate slurry. In 
most cases, the benzene vapor concentration is below the LEL and 
for benzene concentration to increase above the LEL requires that 
the following events occur: 

1. Loss of N2 purge (causes benzene concentration to 
increase) 

2. Benzene evolution continues (agitator remains on). 

However, formation of an explosive concentration requires oxygen 
concentration to increase above the MOC which in turn requires an 
air leak into the PPT. However, the air leak cannot be too great, 
since the air would dilute the benzene concentration below the LEL. 
Specifics of this scenario are discussed in Section 3.1. 

Rarely, the slurry is not adequately agitated before being sent to 
the PPTs. As a result, the benzene concentration in the slurry is 
high and its vapor concentration is always above the LEL. Only the 
oxygen concentration can be controlled in preventing formation of 
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an explosive concentration. If oxygen concentration increases 
above MOC, an explosive concentration will result. Events which 
can cause the oxygen concentration to increase above the MOC are: 

1. Air inleakage 

2. Insufficient purge supply. 

Specifics for this case, called the high benzene concentration 
case, are discussed in Section 3.2. 

3.1 Normal Concentration Benzene Case, 29/30 Transfers (Benzene 
Concentration Below the LEL) 

In the majority of the cases (assumed to be 29 out of 30 for this 
study), the precipitate slurry is adequately agitated in tank 49 or 
50 before the slurry is sent to the pump pits. In this case the 
normal N2 purge of 30 scfm is sufficient to dilute the benzene 
concentration below the LEL. As a result, a self-sustaining 
chemical reaction of benzene with oxygen cannot occur regardless of 
the oxygen concentration. 

Upon loss of the nitrogen purge system, there are two factors that 
must be considered to determine whether an explosive concentration 
can exist in the PPTs: 

1. Rate of benzene evolution, i.e., is the PPT agitator ON 
or OFF? 

2. Amount of air inleakage. 

Table 5 considers two cases--case 1 without agitation and case 2 
with agitation. Each case in turn considers 3 rates of air 
inleakage, o, 2 and 10 cfm. Without agitation, the benzene release 
rate is very low and it takes over 1500 minutes (25 hours) to reach 
LEL, assuming no air inleakage. We assume for this study with 
probability 1 that the operator can restore the nitrogen purge 
system within 25 hours; hence case 1 is not considered in the FTA. 

Case 2 in Table 5 considers the situation in which the agitator is 
not turned off when N2 purge is lost. Note that failure to turn 
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the agitator off requires the simultaneous failure of two 
interlocks in Table 2, i.e., 

nitrogen flow low low 

oxygen concentration high. 

Loss of N2 purge results in an increase in oxygen concentration. 
Three subcases (2A, 2B and 2C) are considered depending upon the 
amount of air inleakage. It is important to note that air inleakage 
occurs only if there is a vacuum on the PPT, i.e., that either the 
main vent valve HCV-8772 fails to close or that the bypass vent 
valve fails open. With both the bypass vent valve.and main vent 
valve fully closed, the PPT is isolated and oxygen concentration 
cannot increase significantly. Hence case 2A is not considered in 
the FTA. With the main vent valve fully opened, air dilution is 
sufficient to keep benzene concentration below the LEL. It is 
important to note that a large air inleakage event, such as a 
connector leak, is not considered in the FTA when benzene 
concentration is low since a large air inleakage dilutes the 
benzene below the LEL and fire/explosion cannot occur. 

Case 2B considers 2 scfm air inleakage caused by either one of the 
following two events: 

1. Bypass vent valve open and main vent valve closed 

2. Main vent valve partially open and bypass vent valve 
closed. 

In this case, it takes 44 minutes to reach LEL and 67 minutes to 
reach MOC. These time delays are important when we consider 
mitigation by the operator such as restoring a failed N2 purge 
supply system. If no mitigation by the operator is possible, then 
these time delays are irrelevant and we assume that these events 
occur instantaneously. 

Figure 3 is the generic fault tree top structure for fire/explosion 
to occur according to the case 2B scenario. Insufficient N2 purge 
supply is the initiating event which causes both the benzene 
concentration and oxygen concentration to increase. Oxygen 
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concentration increases because there is a vacuum on the PPT and 
the PPT is not leak tight; hence air is sucked into the tank. 
However, the air leakage must not considerably exceed 2 cfm, 
otherwise benzene vapor in the PPT air space would be diluted below 
the LEL. 

There are two events identified that cause 2 cfm air inleakage 
following loss of N2 purge: 

1. Main vent valve (HCV-8772) fails to close fully (i.e., 
remains partially open) 

2. Bypass vent valve (SV-8773) fails open. 

Note for the first event that the interlocks are activated as 
intended but the main vent valve fails to close fully. 

There are two causes for the second event; the operator may 
erroneously leave the bypass vent valve opened too long or the 
bypass vent valve may fail open. 

3.2 High Benzene Concentration case, 1/30 Transfers 

In this study, it is assumed 1 out of 30 times that the slurry is 
not adequately agitated which results in a benzene concentration 
above the LEL, i.e., when this vapor is fully mixed with air, the 
mixture is explosive. This case is similar to the 1991 study. The 
generic fault tree top structure is shown in Fig. 4. This figure 
shows the initiating event logic only and does not include 
mitigation by interlocks. Based on calculations performed in 
Ref. 5, it is estimated that after eight hours of agitation in the 
precipitate pump tank, the benzene concentration will have 
decreased to the normal concentration. Hence, the FTA described in 
Section 3.1 for case 2B is applicable eight hours after transfer to 
the precipitate pump tank. 
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4.0 SYSTEM DESCRIPTION/UNDERSTANDING 

This section describes systems that are important with regard to 
mitigating fire or explosion in the precipitate tanks. 

The two important systems with regard to controlling oxygen 
concentration are (1) the nitrogen purge system and (2) the process 
vent system. The nitrogen purge system is also important in 
maintaining benzene concentration below the LEL. Interlocks 
important in preventing fire or explosion are also discussed in 
this section. 

4.1 Drawings and Zone Index Scheme 

The drawings used to conduct the FTA are listed in Table 4. There 
are a total of 19 drawings designated by letters A through s. 
These drawings are for the low point precipitate tank. Drawings 
for the auxiliary precipitate tank are similar. 

A zone index scheme consisting of two letters and one number is 
used for ease of locating components in drawings and in the fault 
trees. The first letter denotes the drawing listed in Table 4, the 
second letter denotes the row and the third digit denotes the 
column number. For example, the zone index of the Hanford 
connector that supplies nitrogen to the LPPT is (A-V-29] where the 
first digit A refers to drawing no. W 750040 in Table 4, "V" refers 
to row V and 11 29 11 refers to the row number of that drawing. 

4.2 Nitrogen Purge System 

Nitrogen. gas is supplied to each of the two pump pit locations 
through overhead lines originating from the bulk nitrogen system in 
S-Area. See drawings B, c, D and E in Table 4 for drawings of the 
nitrogen supply system. Drawing E shows the vacuum insulated 
liquid nitrogen storage tank (E-N-33] and the vaporizer (E-0-21]. 
The vaporizer is heated by low pressure steam supply system, see 
drawings E, I, J, K and L. 

The operation of the PPTs consist of 3 modes, the duration of each 
mode is indicated in parenthesis: 
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1. Fill ( 1 hour) 

2. Standby (42 hours) 

3. Pumpout ( 1 hour), 

for a total cycle time of 44 hours. 

As shown in drawing B, there are three branches which supply 
nitrogen to the LPPT, 

• supplemental purge line consisting of HCV-7468 [B-K-30], 
15 scfm 

normal purge line consisting of SV-7469 [B-M-31], 27 scfm 

bypass line consisting of FI-7469 (B-?-??], 3 scfm. 

Usual flow is 27 + 3 = 30 scfm during fill and standby. The 
nitrogen flow is increased to 45 scfm during pumpout by the 
transfer pump in order to compensate for the volume being removed 
by pumping. HCV-7468, the supplemental purge valve, is interlocked 
to open when the transfer pump is running. 

A backup bottled nitrogen system (drawing C) is provided at each 
pump pit in order to provide an uninterrupted nitrogen supply 
should the primary system fail. The backup system is actuated by 
a low pressure condition in the main supply. 

The 1991 FTA study showed that the following two failures on the 
nitrogen supply line dominated probabilistically: 

pressure control valve (PCV-7172) [B-M-35] fails closed 

• filter -062 [B-M-35] plugged. 

Each of these failures result in an insufficient N2 purge flow, 
i.e., these events represent single failures that result in loss of 
N2 purge supply. 
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This study includes the option to add a parallel branch B to 
existing branch A for N2 supply. This redundant line consists of 
the following components: 

• two manual isolation valves 

filter 

pressure control valve 

pressure relief valve. 

A sensitivity study is conducted in Section 8 to determine the 
reduction in the frequency of fire or explosion with the 
incorporation of the redundant branch B. 

Branch B is assumed to be in standby; in the event of the failure 
of branch A, a procedure is assumed that the operator will isolate 
branch A and valve in branch B. This is accomplished by first 
closing the manual valves on branch A and then opening the manual 
valves on branch B. 

4.3 Process Vent System (Figure 2) 

A process vent system (PVS) is provided at each PPT to remove 
process tank vapors, radioactive particulates prior to release to 
atmosphere and to maintain combustibles in the PPT (benzene and 
hydrogen) below the LEL. 

The PPT is vented to the PVS through two parallel valves: 

1. The main vent valve (HVS-8772) 

2. The bypass vent valve (SV-8773). 

As shown in Table 3, the bypass vent valve is interlocked closed 
when the main vent valve is opened. In addition, the bypass vent 
valve cannot be opened when both fans are not running. 

As shown in Table 2, the main vent valve closes in the event of 
nitrogen flow low low or oxygen concentration high. 
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The function of the bypass vent valve is to operate in emergency 
conditions when the main vent valve is closed. The bypass vent 
valve provides for sampling of the tank contents for oxygen 
concentration. 

4.4 Connections to the PPTs 

Connections can be a source of air inleakage since the PPTs are 
under a slight vacuum. For each tank, these connections include: 

27 Hanford Connectors 

5 Flanges (to pump, agitator, spare and vent valve 
flange) 

Air leaks through other lines (leakage requires multiple 
failures) such as, 

i) "cold feed 

ii) interarea transfer lines 

iii) spray jet 

iv) precipitate feed tank 

v) sump jet. 

The above connections can be found on drawings A and B. 

4.5 Process Interlocks 

In general, the function of process interlocks is to sense abnormal 
values of system variables and shut the system down to a safe 
state. Interlocks in this study 1) sense precursor events to an 
explosive concentration, such as low N2 purge flow or high oxygen 
concentration, and 2) prevent fire;explosion by performing control 
actions such as closing the main vent valve and turning off 
potential ignition sources. 
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In this study, credit is given to both softwired interlocks as well 
as hardwired interlocks. Softwired interlocks require that the DCS 
works properly. For hardwired interlocks, a relay takes the place 
of the DCS. 

Table 6 lists the control elements that comprise interlocks for low 
low N2 flow. The low-low trip setting will be set by operations. 
There are 3 softwired interlocks described. For an interlock to 
work, all control elements comprising the interlock must work 
(i.e., serial relationship). 

Table 7 lists the hardwired interlocks for high oxygen 
concentration. Note that there are two oxygen analyzers. There 
are a total of 6 hardwired interlocks. Hardwired interlocks are 
activated when oxygen concentration reaches 60% of MOC. 

Table 8 is similar to Table 7 except Table 8 lists the softwired 
interlocks for high oxygen concentration. The softwired interlocks 
work at a lower oxygen concentration and activate first. 

Note that for the case in which benzene concentration is below the 
LEL, turning off the agitator when either 1) N2 flow is low low or 
2) oxygen concentration is high is a means of maintaining benzene 
concentration below the LEL. This is in a sense an interlock .not 
directly described in Tables 6, 7 or 8. 

In the next section, we describe the set of interlocks, described 
by an AND gate in the fault tree, which must fail for the Top Event 
to occur (as shown on sheets 19 and 20 in fault tree in 
Appendix A). Since the interlocks described in Tables 6, 7 and 8 
are comprised of serial components, failure of a single interlock 
is described by an OR gate in the fault tree which means that the 
interlock fails if any control element comprising the interlock 
fails (as shown on sheets 21 through 26 in Appendix A). 
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5.0 FAULT TREE CONSTRUCTION 

This section describes the assumptions that were made in 
constructing the fault tree and the procedure by which the fault 
tree is constructed. 

The fault tree is structured so that the undesired event appears as 
the Top Event in the fault tree. The sequences of events that lead 
to the undesired event are depicted below the Top Event and are 
logically linked by branches to the undesired event by standard OR 
and AND gates. Those events that have a more basic cause are 
developed further until the sequences of events finally lead to the 
primary causes, called basic events, for which there are failure 
rate data available. The basic events appear as circles and 
diamonds on the bottom of the fault tree and represent the limit of 
resolution. Basic events consist of human error, environmental 
conditions and equipment failure. The combination of basic events 
that insure occurrence of the Top Event are called the min cut 
sets, also known as the modes of system failure. 

5.1 Assumptions 

The assumptions made to construct the fault tree are listed below: 

1. Only the normal modes of operation are considered, i.e., 
fill, standby and pumpout. Abnormal modes of operation 
are not considered, i.e., sump jet, transfer jet and 
maintenance. 

2. Credit is given to the DCS in activating an interlock. 

5.2 Fault Tree Construction 

The fault tree top structure for the two cases considered (benzene 
concentration normal and high) is described in Section 3. This 
structure is generic in nature and mixes mode of operation. 

This section describes the specific details of constructing the 
fault tree shown in Appendix A. One way of generating erroneous 
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fault tree logic is to mix modes of operation in which the 
initiating event, mitigating event logic or both are different, 
depending upon the mode of operation. Also, potential ignition 
sources are different. Erroneous fault trees can generate 
erroneous min cut sets, i.e., min cut sets that cannot cause the 
Top Event to occur. To avoid this error, the fault tree is 
constructed according to six levels, top to bottom, as described 
below. These levels are indicated in the fault tree in Appendix A. 

LEVEL 1 

LEVEL 2 

LEVEL 3 

LEVEL 4 

Top Event, fire or explosion within LPPT (APPT) 

Top Event, segmented according to benzene concentration 

A. Benzene concentration normal (vapor concentration 
usually below LEL), 29/30 transfers 

B. Benzene concentration high (vapor concentration 
always above LEL), 1/30 transfers (first 8 hours 
after transfer) 

Top Events further segmented according to operational 
phases 

A. Fill and standby (43 hrs/44 hrs) 

B. Pumpout (1 hr/44 hrs) 

Operational phases segmented even further according to 
initiating events that cause an explosive concentration 
to occur 

A. Loss of normal N2 purge (fill, standby, pumpout) 

B. Air inleakage (1/30 transfers, all modes) 

c. Loss of supplemental purge (pumpout) 

In this step we consider mitigation logic, success 
criteria and ignition sources. 

16 



LEVEL 5 

LEVEL 6 

Inputs to fire triangle, a three-input AND gate 

A. Ignition sources 

i) Tank static charge (all modes) 

ii) Agitator (all modes) 

iii) Transfer pump {pumpout) 

B. Benzene concentration below LEL {29 out of 30 

transfers) or above the LEL (1 out of 30 transfers) 

c. oxygen concentration above MOC 

i) Loss of normal N2 purge (fill, standby, 
pumpout) 

ii) Air inleakage (all modes for 1 out of 30 

transfers) 

iii) Loss of supplemental purge (pumpout) 

Failure of mitigators, i.e., interlocks, (generates AND 
gates) that ameliorate the effect of initiating event, 
e.g. , 

A. Failure to close PVS vent valve 

B. Failure to provide supplemental purge 

c. Failure to turn off pumps/agitators, etc. 

Fault tree development of each level is discussed below. Refer to 
the fault tree in Appendix A for the discussion below. 

5.2.1 Top Event (Level 1, Sheet 1) 

The top event is fire or explosion within the low point precipitate 
tank (LPPT). It is assumed that this fault tree applies to the APT 
due to the nearly identical designs. 
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5.2.2 Top Event Segmented According to Benzene Concentration, 
Two Cases (Level 2, Sheet 1) 

As described in Section 3.0, two cases are considered, batches in 
which the benzene concentration is normal and batches in which 
benzene concentration is high. When benzene concentration is 
normal, turning off the agitator is an important factor in the 
rate of benzene evolution. We use descriptor events as basic 
events to denote the fraction of time when the benzene 
concentration is initially high, 3.3%, or initially normal, 96.7%, 
denoted by eight digit alpha numeric names, BENZENEH and BENZENEN. 
For the 1 in 30 batches when the benzene concentration is initially 
high, the concentration is considered normal during the period 
after the first eight hours in the 4 4 hour cycle ( 3 6 hours) . 
Hence, the benzene concentration is normal for an additional 
1/30 x 36/44 = 2.7% of the time. The total fractional time the 
benzene concentration is normal is 

2.7% + 96.7% = 99.4% ~ 100% 

We round off to 100% for convenience. 

In a similar manner, the fractional amount of time that benzene 
concentration is high is 3.3% x 8/44 = .6%. 

5.2.3 Top Event Segmented According to Operations Phases 
(Level 3, Sheet 1) 

The fault tree is further segmented according to operational phases 

• fill and standby, 43 hours (30 scfm N2 flow) 

• pumpout, 1 hour (45 scfm N2 flow) . 

During fill and standby, there are two potential ignition sources 
identified--static charge and the agitator. During pumpout, there 
is an additional potential ignition source, the transfer pump. 
Also, supplemental purge is required during pumpout for maintaining 
oxygen concentration below the MOC, i.e., different criteria for 
success. That is why there is a separate fault tree for pumpout. 
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5.2.4 Top Event Segmented Even Further According to Initiating 
Events that Cause an Explosive Concentration to Occur 
(Level 4, Sheets 2 and 4) 

The following two initiating events can cause oxygen concentration 
to increase above the MOC: 

1. Insufficient N2 purge flow 

2. Air inleakage. 

Below we describe the reasons why the mitigating logic is different 
for these two initiating events. 

When N2 purge flow is insufficient, there are two interlocks which 
must fail for oxygen concentration to increase above the MOC: 

low-low N2 flow interlock (Table 6) 

high oxygen concentration interlocks (Tables 7 and 8). 

If the low-low N2 flow interlock fails to close the vent valve, 
oxygen concentration will increase due to air inleakage and the 
high oxygen concentration interlocks will also attempt to close the 
main vent valve. 

In the event of air inleakage, we consider only the high oxygen 
concentration interlocks activating. Note that air inleakage 
events are considered in the FTA only when the initial benzene 
concentration is above LEL. (As described in Table 5, when the 
initial benzene concentration is below LEL, an air inleakage 
maintains benzene concentration below the LEL regardless of whether 
the agitator is ON or OFF.) 

5.2.5 Inputs to Fire Triangle (Level 5) 

Levels 1 through 4 provide boundary conditions for the FTA at 
level 5. At this level, the conditions for fire/explosion are 
specified. Specifically, the individual initiating events, i.e., 
failures, that can cause 1) an ignition source to occur, 2) benzene 
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concentration to increase, and 3) oxygen concentration to increase, 
are specified. 

5.2.6 Failure of Mitigators, e.g., Interlocks that Ameliorate 
the Effect of Initiating Events (Level 6) 

Interlocks prevent the formation of an explosive concentration or 
turn off potential ignition sources when precursor conditions for 
an explosive concentration are detected, such as oxygen 
concentration 60% of Moe. For fire or explosion to occur, 
initiating events necessary for fire or explosion must occur and 
interlocks must fail qiven the occurrence of these initiating 
events. 
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6.0 GENERATE MIN CUT SETS 

Once the fault tree is generated, the next step is to generate the 
min cut sets. Min cut sets, called the system modes of failure, are 
combinations of basic events that cause the top event to occur. 
The computer code FTAP was used to find the min cut sets. 

By using the true/false option in FTAP, min cut sets were obtained 
for the following cases, the number of min cut sets are indicated 
in parenthesis. 

1. Fire or explosion in the LPPT (75) 

2. Explosive concentration in the LPPT (348) 

3. Fire or explosion in the LPPT, no redundant line B 
present in N2 purge line (87) 

4. Explosive concentration in LPPT, no redundant line B 
present in N2 purge line (357). 

A cutoff value of 1 x 10"12 yr" 1 was used for eliminating min cut 
sets in FTAP. cases 2 and 4 assume the existence of an ignition 
source; the following gate events were set equal to true (the first 
digit denotes the sheet number, the second digit denotes the gate 
number): 

LP-02-03 
LP-03-03 
LP-04-04 
LP-04-05 

Cases 3 and 4 assume that a single N2 purge line exists, gate event 
LP-14-03 was set equal to true. 

As an example of a min cut set, examine the following min cut set 
of order 6 which describes how fire or explosion can occur (order 
refers to the number of basic events in a min cut set): 
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8-DIGIT 
NAME 

BENZENEN 

FILLSTAN 

LAG----I 

LCBAGITD 

LVIM-35C 

LVS8772K 

BASIC EVENT DESCRIPTION 

BATCH BENZENE CONC NORMAL--29/30 TRANSFERS 

TIME PERIOD FILL/STANDBY, 43 HRS 

AGITATOR IGNITION SOURCE 

AGITATOR MCC CONTACTS JI-7171 FAIL TO OPEN 

PCV-7172A FAILS CLOSED 

MAIN VENT VALVE HCV-8772 FAILS TO CLOSE (FULLY) 

This min cut set contributes to 9.6% of the risk for case 3 and its 
rank is number 1. The first two basic events are descriptor 
events, i.e., this min cut set describes fire or explosion during 
the period in which benzene concentration is normal, i.e., below 
the LEL (29 out or 30 transfers) and the operational mode is fill 
or standby. The agitator malfunctions and is the ignition source. 
The agitator fails to turn off because the contacts in the control 
circuit that supplies power to the agitator fail to open. The 
agitator failing to turn off is the cause of continued benzene 
generation which causes benzene concentration to increase above the 
LEL. The regulator in the nitrogen supply line fails closed 
causing insufficient N2 purge flow. The main vent valve fails to 
fully close permitting 2 cfm flow of air into the tank which in 
turn causes oxygen concentration to increase above the MOC but does 
not dilute the evolved benzene below the LEL. 
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7.0 RELIABILITY DATA 

7.1 Types of Basic Events 

A min cut set is a set of basic events, which is a qualitative 
concept, i.e., the concept does not consider probabilities of 
occurrence. In this section, such probabilities are considered. 

Basic events in this study represented three generic types of 
events: 

1. Human error 

2. Random active component failures 

3. Random passive component failures. 

There are two types of human error events, latent and dynamic. If 
the error occurs before the occurrence of the initiating event, 
such as a maintenance error, then it is a latent error. If the 
error occurs in response to an initiating event, then the error is 
dynamic. 

An active component refers to a component that switches or modifies 
energy such as pumps, valves, relays, etc. Passive components 
refer to components that support or contain energy--components such 
as pressure vessels, pipes, wires, etc. In general human error has 
a higher probability of occurrence than active component failures, 
and active component failures have a higher probability of 
occurrence than passive failures. 

7.2 Identification of Initiating and Enabling Events 

Because the PPTs are new systems, we do not have any failure data 
obtained from operating experience. To predict the frequency of 
fire or explosion we need to obtain reliability data for the basic 
events. To compute the top event occurrence frequency, we must 
compute the frequency of occurrence for the min cut sets. To do 
this, we first must identify two types of basic events that are 
contained in the min cut sets: 
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1. Initiating events 

2. Enabling events. 

Initiating events, i.e., deviation events, cause perturbations in 
system variables and causes the top event to occur if mitigation of 
the initiating event does not occur. Enabling events permit the 
initiating event to cause system failure and are of two types for 
this study: 

• Pre-existing conditions required for fire or explosion to 
occur 

Mitigative failures, e.g., oxygen analyzer failure, 
operator fails to respond. 

In general, the frequency of occurrence for initiating events is 
computed given the occurrence of the initiating event. The 
probability that an enabling condition is present (e.g. analyzer 
failure) or that an enabling event occurs (e.g. operator fails to 
respond) is computed. The later conditional probability is called 
enabling event unavailability. 

7.3 Initiating Event Failure Frequency 

The failure frequency is the unconditional probability of failure 
per unit time and the failure rate, l, is the conditional 
probability of failure per unit time. Stated in other terms, the 
failure frequency is the average number of failures per unit time; 
the failure rate is the probability of failure at an instant of 
time t given no failure at (O,t]. The failure frequency of an 
initiating event can be estimated by l. The failure rates used in 
this study are listed in Tables 9 and 10. The sources of data used 
in this study (in order of importance regarding applicability) are: 

1. WSRS data 

2. "Some Published and Estimated Failure Rates for Use in 
Fault Tree Analysis," called the Du Pont data in this 
study 
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3. "Offshore Reliability Data," published by OREDA 
participants, called the OREDA data in this study 

4. "Interim Reliability Evaluation Program Procedures 
Guide," called the IREP data in this study 

5. "The Reactor Safety study, 10 called WASH 1400 data in this 
study. 

7.4 Enabling Event Unavailability 

There are two types of enabling events: 

1. Equipment failure 

2. Human error. 

Equipment failure can occur at the time of the demand (e.g., a 
relay failure) or prior to the demand (e.g., an analyzer failure). 
In the first case, failure rates on demand, Ad, are given. In the 
second case, a failure rate must be specified as well as an 
inspection interval 8 which represent the maximum amount of time a 
latent failure can occur, assuming perfect inspection (otherwise a 
latent failure can exist for a time greater than 8 time units). If 
A 8 <.1, then a good upper bound estimate for the average time­
integrated average component unavailability is, 

).. & 
T 

This expression assumes that the probability of the occurrence of 
an initiating event is equally likely in the time interval [0,8]. 

Inspection intervals of key components are listed below: 

0 2 analyzers 6852 and 6853' are inspected monthly 
according to manufacturer specifications. 

If one 0 2 analyzer fails during the run, operation is 
still permitted. However, operation is not permitted 
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when both analyzers are failed. We assume that the first 
failure is announced and the second failure is 
unannounced. This is because there are electronics in 
the analyzer to detect the failure. We assume that the 
second failure has a failure rate a factor 10 less than 
the first failure to allow for the detection failure 
within the analyzer. Reliability data in Table 9 
indicates that an analyzer fails at an average frequency 
of once every four .months. If an analyzer fails more 
frequently than once every four months, more frequent 
calibrations are required. 

Relays/interlocks in Tables 6, 7 and 8 are tested yearly 
and verify that all control elements work including 
analyzers and sensors. (This includes operation of both 
vent valves, i.e., it is verified that the main vent 
valve will close upon demand and that the bypass vent 
valve remains closed during operation.) 

It is assumed that an inactive N2 flow transmitter FIT-
7648 [B-M-33] would be detected within one operating 
cycle of the failure, i.e., 44 hours. During pumpout, 
flow increases to 45 cfm. If flow transmitter FIT-7648 
fails to sense an increase in flow, the operator would 
stop the transfer pump. Hence, the failure of FIT-7648 is 
announced. 

We convert a demand failure rate, Ad, into a time dependent failure 
A by assuming the component is tested monthly, then use the 
following expression: 

).. 0 
T 

If A is given in units of hr- 1 , then 

-1 2>..d 2)..d )..d 
>..(hr ) = - = - = _ o no 360 
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Human error can occur prior to demand, e.g., a maintenance fault 
where a valve is inadvertently closed or an interlock is bypassed. 
Human error can also occur after the demand, e.g., failure to valve 
in the redundant N2 purge line. In this case the human error is a 
dynamic error. Key failure rates assumed for operator error are 
listed below: 

Interlock bypassed 1 x 10"3/demand (WSRS data) 

Omission 10"2/demand, failure to valve in redundant purge 
line within one hour (emergency backup procedure) 
[dynamic error). This probability is based upon a time 
line correlation shown in Fig. 5 which is taken from 
Ref. 4. 

Commission 10"5/hour (1/10 years), e.g., inadvertently 
closing an N2 purge valve. 

7.5 Ignition Source Duration Times 

It is assumed that a pump or agitator can be an ignition source 
only when it operates. The following equipment is assumed to 
operate for the amount of time listed below during each 44 hour 
operating cycle: 

PPT Agitator 
PPT Transfer Pump 

44 hours 
1 hour 

If an agitator or pump develops bad bearings, it is assumed that 
the agitator or pump can only operate one cycle before destruction. 

It is assumed that a tank static charge occurs at a frequency of 
1 x 10"9 yr· 1 • 
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8.0 PROBABILISTIC ANALYSIS 

8.1 Procedure 

In the PHR 32 FTA Report, the procedure was described by which 
fault trees were probabilistically evaluated to compute the top 
event occurrence frequencies, basic event and min cut set 
importance measures. Basically, the procedure consists of the 
following steps: 

1. Find min cut sets. The computer code FTAP was used to do 
this (Section 6) . 

2. Identify initiating and enabling events in the fault tree 
(Section 7.2). 

3. Find reliability data for the basic events; specify 
failure rates 1 inspection intervals, human error 
probabilities (Section 7). 

4. Compute average top event occurrence frequency 1 the 
expected number of top event occurrences per unit time. 
The computer code IMPORTANCE was used to do this. This 
quantity was computed as a time integrated average over 
the 44 hour operating cycle. 

5. Compute importance of initiating and enabling events and 
min cut sets. The computer code IMPORTANCE was used to 
do this. The importance results are described in 
Section 9. 

The FTA Report for PHR 32 illustrates with a simplified example the 
calculations involved with the above steps. 

8.2 Top Event Occurrence Frequencies 

This section describes the results of the probabilistic computation 
for the four top events listed in Section 6.0 and in Table 11. 
Table 11 lists the four cases, the "total" top event occurrence 
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frequency (column 5) and the individual frequencies for the two 
cases: 

A. Benzene concentration below the LEL (29/30 batches) 

B. Benzene concentration above the LEL (1/30 batches). 

The "total" top event occurrence frequency is the sum of 
frequencies for cases A and B. The annual frequency of fire or 
explosion is of the order 1 x 10"6 yr· 1 • The frequency of an 
explosive concentration is of the order 1 x 10"4 yr· 1 • This 
calculation assumes that an ignition source exists all the time and 
is an upper bound to the frequency of fire or explosion. The 
analysis also shows that a redundant N2 supply line is not 
required. 

Table 11 states that the frequency of an explosive concentration is 
greater when benzene liquid concentration is high (which occurs .6% 
of the time) . However, the frequency of fire or explosion is 
greater when benzene liquid concentration is normal (which occurs 
99.4% of the time). The reason for this seeming contradiction is 
that, for an explosive concentration to occur when benzene 
concentration is normal, requires continued benzene evolution by 
operation of the agitator. This means that at least one other 
failure is required for an explosive concentration to occur which 
is not required for the case in which the benzene concentration is 
normal. 
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9.0 IMPORTANCE ANALYSIS 

Importance measures assess the quantitative contribution of 
initiating events, enabling events and min cut sets in contributing 
to the top event occurrence frequency. Importance measures are 
weighting functions with values between 0 and 1. They are 
conditional probabilities. Initiating event importance is the sum 
of the frequency of all min cut sets containing the initiating 
event divided by the total top event occurrence frequency. The sum 
of all initiating event importances are unity. It is the 
conditional probability that an initiating event causes the top 
event to occur given the occurrence of the top event. Min cut set 
importance is the min cut set frequency divided by the total top 
event occurrence frequency. It is the conditional probability that 
a min cut set occurs given the occurrence of the top event. The 
sum of all min cut set importances are also unity. Enabling event 
importance is the sum of the frequencies of all min cut sets 
containing the enabling event. Since several enabling events can 
occur when a min cut set occurs, the sum of enabling event 
importances in general exceeds unity. Importance identifies 
components whose failures are the most important to the risk of 
fire or explosion in the LPPT. The computer code IMPORTANCE was 
used to generate importance ranking for each of the four top events 
in Table 11. 

The IMPORTANCE output for cases 3 and 4 in Table 11 are given in 
Appendices B and c. 

9.1 Ranking of Initiating and Enabling Events 

The ranking of initiating and enabling events and the total 
importance for cases 3 and 4 in Table 11 are listed in Tables 12 
and 13. These cases are for explosive concentration and for fire 
and explosion in the LPPT without a redundant N2 purge supply line. 
Basic events of total importance of greater than .01 are listed 
along with the inspection intervals. Note that in addition to 
equipment failure and human error, importance of basic events which 
describe batch benzene concentration 
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1. BENZENEH 

2. BENZENEN 

as well as the possible modes of operation 

1. FILLSTAH 

2. FILLSTAN 

3. PUMPOUT-

are listed in Tables 12 and 13. In this way, we can find out which 
benzene concentration and which operational modes dominate the risk 
of fire or explosion in the LPPT. 

Table 12 shows that for a given a formation of an explosive 
concentration, 84.2% of the time the batch benzene concentration is 
high (event BENZENEH) and 15.8% of the time the batch benzene 
concentration is normal (event BENZENEN). 

However, Table 13 gives an opposite conclusion for fire and 
explosion; 72.2% of the time when fire or explosion occurs, benzene 
concentration is initially normal and 24.8% of the time benzene 
concentration is high. Air inleakage events rank higher in 
Table 12 than Table 13; the opposite conclusion is true for 
insufficient N2 purge supply events. 

As stated in Section 8.2, the reasons for these seeming 
contradictions are that, for an explosive concentration to occur 
when benzene concentration is initially below the LEL, requires 
continued benzene evolution by operation of the agitator. This 
means that at least one other failure is required for an explosive 
concentration to occur which is not required for the case in which 
the benzene concentration is initially above the LEL. 

9.2 Min Cut Set Importance 

Appendices B and C list the importance of each min cut set for 
cases 3 and 4 in Table 11. One feature of the computer code 
IMPORTANCE is that it gives the residual and cumulative importance 
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of min cut sets according to rank. Consider the case of 
fire/explosion in the LPPT without a redundant N2 purge supply, 
Appendix B. As shown on page 4 of Appendix B, min cut sets of rank 
1 comprise 9.6% of the top event occurrence frequency; min cut sets 
of rank 1 and 2 comprise 17.3% of the top event frequency, etc. 
The residual importances are 90.4% and 82.6% in each case. We use 
this feature in this study to generate "summary" fault trees that 
comprise 99% of the top event occurrence frequency. Summary fault 
trees include the most important min cut sets and are described in 
Section 9.3 for case 3 in Table 11. 

9.3 Summary Fault Trees 

This section describes the summary fault trees for fire/explosion 
in the LPPT without a redundant N2 supply line, i.e., case 3 in 
Table 11. 

The purpose of generating summary fault trees is to describe the 
most risk significant min cut sets in terms of a fault tree logic 
which bears direct resemblance to the detailed fault trees 
described in Appendix A. One ultimate goal of a risk study is to 
present insights that are qualitative in nature, i.e., without 
reference to probabilities. summary fault trees accomplish this 
goal. In addition, summary fault trees (as well as top level fault 
trees) are good display tools to management who in general is not 
interested in the details of the analysis but want to know the 
dominant risk contributors. 

Figure 6 displays the summary fault tree for fire or explosion in 
the LPPT without a redundant N2 supply line. Figure 6 consists of 
5 sheets. Gate events are coded to an alphanumeric scheme starting 
with three letters SFE. For example, to understand this coding 
scheme, SFE--1-2, represents gate 2 on sheet 1. 

On sheet 1, the fault tree is segmented according to batch 
concentration: 

• Fire or explosion within the LPPT -- batch benzene 
concentration normal, 29/30 transfers, gate event 
SFE--1-2 
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Fire or explosion within the LPPT -- batch benzene 
concentration high, 1/30 transfers, gate event SFE--1-2. 

9.3.1 High Benzene Concentration Case 

We discuss the high benzene concentration case first. In this 
case, it is always assumed that the benzene concentration is always 
above the LEL. The initiating events which dominate the risk are 
air inleakages, as described by gate event SFE--1-6. (Note that 
this case is similar to the 1991 FTA; however, the set of 
interlocks considered in this study is different.) When there is 
a high oxygen concentration in the LPPT (60% of MOC), then 
according to the interlocks listed in Tables 7 and 8, the main vent 
valve should close and the agitator and transfer pump, if running, 
should be turned off. The air inleakage events, which are 
initiating events in causing oxygen concentration to increase, are 
listed in sheet 5. The types of air inleakage events are: 

• air leakage through Hanford connectors 

air leakage through flanges 

• air leakage through sump jet, loss of sump seal. 

As described by the development of gate SFE--5-3, failure of the 
operator to replenish water in the sump can result in loss of sump 
seal if either the operator ignores the low level alarm or the sump 
pump bubbler level indication fails. 

We now discuss the failure of the interlocks to close the main vent 
valve and to turn off the agitator. As described on sheet 4, 
failure of these interlocks are dominated by the same set of 
events: 

• oxygen analyzers inactive 

transmitter inactive 

• block valves to analyzers closed (due to human error). 
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9.3.2 Normal Benzene Concentration Case 

The summary fault tree development for the case in which the 
benzene concentration is initially normal is given on sheet 2. Two 
time periods are included: 

1. Fill/Standby (F/S) 

2. Pumpout (P). 

As described in Table 5, case 2B, the initiating event to be 
considered for this case is insufficient N2 purge supply. This 
event causes both oxygen and benzene concentration to increase. 
For an explosive concentration to result, air inleakage cannot 
significantly exceed 2 cfm, otherwise air inleakage would dilute 
the benzene concentration below the LEL. The two air inleakage 
events considered in the FTA are: 

1. Bypass valve open and main vent valve closed 

2. Main vent valve partially open and bypass vent valve 
closed. 

It is assumed that with insufficient N2 purge supply, that the PVV 
exhaust fans remain ON, maintain a vacuum on the LPPT and suck air 
through the LPPT connections which are not leak tight. In 
addition, in order for benzene concentration to increase above the 
LEL, it is required that the agitator remain ON in order to achieve 
sufficient benzene evolution. 

With insufficient N2 purge supply, the interlocks that can 
1) prevent benzene concentration to increase above the LEL and 
2} turn off the potential agitator ignition source are interlocks 
which turn off the agitator, i.e, interlocks 2, 6, 7, 12 and 13 
listed in Table 8. 

The initiating events that cause insufficient N2 purge supply are 
listed on sheet 3 in Fig. 6. There are four types of events 
listed: 
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1. Insufficient flow through normal supply line, gate event 
SFE--3-2 

2. Flow diversion causes insufficient N2 purge supply, gate 
event SFE--3-3 

3. Insufficient flow through branch A, gate event SFE--3-4 

4. Vaporizer fails to provide heat. 

Note that with a redundant N2 supply line (case 1 in Table 11), 
gate event SFE--3-4 would not appear as a dominant cause of 
insufficient N2 purge supply. Basic events on sheet 2 that apply 
to both modes of operation, i.e, fill/standby and pumpout are 
denoted by "F /S & P" below the basic event description. Those 
basic events that only apply to fill/standby are simply denoted by 
"F/S." 

The dominant cause of failing to turn off the agitator is the basic 
event LCBAGITD, "Agitator MCC contacts fail to open." In addition, 
it is important to note that the agitator must malfunction to be an 
ignition source, denoted by basic event LAG----I, "Agitator 
Ignition Source." 
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10.0 CONCLUSIONS, RECOMMENDATIONS AND RESULTS 

A probabilistic fault tree analysis (FTA) was conducted to assess 
the annual frequency of a benzene/air fire/explosion within two 
precipitate pump tanks, the auxiliary precipitate tank (APT) and 
the low point precipitate tank (LPPT). The purpose of the study is 
to assess the adequacy of the design proposed in this report in 
preventing fire or explosion within these tanks, i.e., specifically 
compute the frequency of fire or explosion and determine if it is 
less than the design goal of 1 x 10"4 per year. 

The fault tree in Appendix A was segmented according to the batch 
benzene concentration: 

Benzene concentration high, assumed to occur in 1 out of 
30 transfers 

Benzene concentration normal, assumed to occur in 29 out 
of 30 transfers. 

Table 11 states that the frequency of an explosive concentration is 
greater when benzene concentration is high (which occurs .6% of the 
time) . However, the frequency of fire or explosion is greater when 
benzene concentration is normal (which occurs 99.4% of the time). 
The reason for this seeming contradiction is that, for an explosive 
concentration to occur when benzene concentration is normal, 
continued benzene evolution by operation of the agitator is 
required. This means that at least one other failure is required 
for an explosive concentration to occur which is not required for 
the case in which the benzene concentration is initially above the 
LEL. 

The annual frequency of the following Top Events were computed, 
annual frequencies are indicated in parenthesis: 

1. Fire or explosion in the LPPT with redundant N2 line 
(2.4 x 10"6 yr"1) 

2. Explosive concentration in the LPPT with redundant N2 
line (1.3 x 10·4 yr" 1) 

36 



3. Fire or explosion in the LPPT without redundant N2 line 
(3.4 x 10"6 yr" 1) 

4. Explosive concentration in LPPT without redundant N2 line 
(1.4 x 10·4 yr- 1). 

We see that the frequency of an explosive concentration is of the 
order of 1. 0 x 10"4 yr· 1 • This assumes that an ignition source 
exists all the time and is an upper bound on the frequency of fire 
and explosion. We also see that the' frequency of fire or explosion 
within the LPPT is of the order of 1. 0 x 10"6 yr· 1 which is a factor 
of 100 less than that the numeric goal of 1. 0 X 10"4 yr" 1 • In 
addition, a redundant N2 purge supply line is not required. 

The assumptions made in the FTA are listed below: 

Fault Tree Construction 

1. Only the normal modes of operation are considered, i.e., 
fill, standby and pumpout. Abnormal modes of operation 
are not considered, i.e., sump jet, transfer jet and 
maintenance. 

2. Credit is given to the DCS in activating an interlock. 

Inspection Intervals and Calibration Frequencies 

3. 0 2 analyzers are inspected monthly according to 
manufacturer specifications. 

If one 02 analyzer fails during the run, operation is 
still permitted. However, operation is not permitted 
when both analyzers are failed. We assume that the first 
failure is announced and the second failure is 
unannounced. This is because there are electronics in 
the analyzer to detect the failure. We assume that the 
second failure has a failure rate a factor 10 less than 
the first failure to allow for the detection failure 
within the analyzer. Reliability data in Table 9 
indicates that an analyzer fails at an average frequency 
of once every four months. If an analyzer fails more 
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frequently than once every four months, more frequent 
calibrations are required. 

4. Relays/interlocks in Tables 6, 7 and 8 are tested yearly 
and verify that all control elements work including 
analyzers and sensors. (This includes operation of both 
vent valves, i.e., it is verified that the main vent 
valve will close upon demand and that the bypass vent 
valve remains closed during operation.) 

5. The bubbler level indicator for the sump is calibrated 
monthly. 

6. It is assumed that an inactive N2 flow transmitter 
FIT-7648 [B-M-33] would be detected within one operating 
cycle of the failure, i.e., 44 hours. During pumpout, 
flow increases to 45 cfm. If flow transmitter FIT-7648 
fails to sense an increase in flow, the operator would 
stop the transfer pump. Hence, the failure of FIT-7648 is 
announced. 

Operation of the bypass vent valve should be under administrative 
control. If left open, it could be a source of air inleakage since 
it is in parallel with the main vent valve. If the bypass vent 
valve is opened, there should be an independent check to verify 
that this valve is closed. 

In order that the failure of the N2 flow transmitter be announced, 
it is recommended that the DCS be programmed to generate an alarm 
if any of the following false indications occur: 

1. FIT-7648 does not indicate a nominal value of 30 cfm 
during all time periods except pumpout 

2. FIT-7648 does not indicate a noll\inal value of 45 cfm 
during pumpout. 
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TABLE 1 DESIGN B 

RECOMMENDED PUMP DESIGN MODIFICATIONS 
1991 FTA STUDY 

CHANGE DESCRIPTION COMMENTS 
Add PVV Block Valve No. 1 Spring Return Fail Closed Valve, 

N2 Operated (3" Plug Valves) 

Add PVV Block Valve No. 2 Spring Return Fail Closed Valve, 
N2 Operated 

Add Hardwired Interlocks to 02 Ensure that no single device failure can 
Analyzer 1 compromise design (relay, etc.) 

Add Hardwired Interlocks to 02 Ensure that no single device failure can 
Analyzer 2 compromise desi~n lrelay, etc.) 

Add LEL Analyzer to PVV System Ensure that no single device failure can 
compromise design {relay, etc.) 

Add Isolation Valve on Sump Valve to be located as near as practical 
Inlet to Precipitate Tank to tank nozzle to minimize potential 

leaks (isolating discharge line of pump 
jet) 

Change Nitrogen Purge Valve Not Part of Hardwired Circuit 
from Air Operated to N2 Requirements 
Operated (Leakage in Diaphragm) 

Change Sump Jet Gas from Air to 
N2 

Add Hardwired Interlocks from Fault Signal After Every Transfer, 
Both 02 Analyzers and LEL Circuit Test 
Analyzer to Close Both PVV 
Block Valves and Stop Operation 
of the Agitator and Transfer 
Pumps 

Add New Transfer Pump for Recommendation Derived from Interarea 
Backup Transfer in Place of Pipeline Design Temperature of 70oc 
Steam Jet Transfer of Tank Maximum 
Contents 

T-1 
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1\J 

STOP TRANSFER PUMP 

NrmoGEN FLOW LCIN LOW (FSU-) STOP AGITATOR 

CLOSE VENT VALVE (HCV-8772) 

STOP TRANSFER PUMP 

HARDWIRED 
OXYGEN CONC. HIGH (ASH-6853,6852) --------- STOP AGITATOR 

ClOSE VENT VALVE (HCV-8772) 

STACK RADIATION HIGH HIGH (RSI+f} I 
HEPA RL TER DP HIGH (POSH) m j AIIO ~------•• 
HEPA AlTER DP LQI'N (PDSL) 

STOP EXHAUST FANS 

EXHAUST FAN NOT fU'.NNG -------------fc CLOSE VENT VALVE (HCV-8772) 

CLOSE N2 PURGE VALVE (SV-7469) 

VENT VALVE ClOSED 

AND, i "' CLOSE N2 PURGE VALVE (SV-7469) 

OXYGEN CONe. NOT HIGH HIGH (ASH-6852.6853) -

TABlE 2 -- INTERlOCKS FOR THE PRECIPlTATE PUMP TANKS 
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w 

NfffiOOEN FLOW ABOVE LOW-lOW CFSll' 

' 
rn 

OPEN BYPASS VENT VALV' t \HI~-tif f"3} 

EXHAUST FAN R~f.G 

VENT VALVE (HCV-8772) C LOSED 

EXAMPLE (NOT ACTUAL SETPOINTS): 

SUPPLEMENTAL N2 15 SCFM 
NORMALN2 27 
BYPASS N2 3 

USUAL FlOW tS 30 SCFM, LOW-lOW FLOW IS ABOUT 4 SCFM 

....... 
..._. 

AND 
r--

""" 

• Iii OPEN BYPASS VENT VALVE 
(SV-8773) 

TABLE 3 -- LOGIC FOR BYPASS VENT VALVE SV-8773 
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LETTER 
DESIGNATOR 

A 

B 

c 
D 

E 

F 

G 

H 

I 

J 

K 

L 

M 

N 

0 

p 

Q 

R 

s 

DRAWING 
NUMBER 

w 750040 

w 750041 

w 751745 

w 751650 

w 751008 

w 750152 

w 750494 

w 750294 

w 751674 

w 751630 

w 751631 

w 751632 

w 750042 

w 750155 

w 766000 

w 766673 

w 767046 

w 767047 

w 769309 

TABlE 4 -- liST OF DRAWINGS 
lPPT - FTA 

REVISION TITLE NUMBER 

17 LOW POINT PRECIPITATE TANK (SHT 1 OF 2) 

16 LOW POINT PRECIPITATE TANK (SHT 2 OF 2) 

6 BACKUP NITROGEN SYSTEM 

28 NITROGEN SUPPLY SYSTEM 

12 BULK NITROGEN SYSTEM 

14 LOW POINT PROCESS VENT (SHT 1 OF 3) 

4 LOW POINT PROCESS VENT (SHT 3 OF 3) 

13 LOW POINT PROCESS VENT (SHT 2 OF 3) 

14 lOW PRESSURE STEAM/CONC HEADER PIPING 

8 STEAM DISTRIBUTION AND PRESSURE REDUCTION 

12 STEAM OSOH DISTRIBUTION 

13 STEAM OSOH DISTRIBUTION 

11 lOW POINT PRECIPITATE PUMP CELl 

15 LOW POINT PUMP PIT SERVICES 

1 LOW POINT PROCESS VENT VALVES CONTROL LOGIC DIAGRAM 

2 LOW POINT PRECIPITATE TANK NITROGEN PURGE BYPASS VALVE 

13 LOW POINT PRECIPITATE PUMP TANK TRANSFER PUMP 

6 LOW POINT PRECIPITATE PUMP TANK AGITATOR 

1 LCS-281 ARRANGEMENT AND WIRING lOW POINT PUMP PIT 

I 



TABLE 5 CONDITIONS REQUIRED FOR AN EXPLOSIVE CONCENTRATION 
AGITATION/NO AGITATION 

When benzene concentration in the precipitate is normal, the following 
assumptions may be made in the event that the nitrogen purge is lost to the 
precipitate pump tank. 

Assume the normal response time for an operator to valve in the redundant 
nitrogen supply line is 30 minutes. 

TIME TIME 
AIR POSSIBLE VENT REQUIRED REQUIRED 

SUBCASE INLEAKAGE VALVE POSITIONS TO REACH TO REACH 
(cfm) LEL HOC 

(minutes) (minutes) 

Case 1: With no agitation of the Precipitate Pump Tank 

A 0 Bypass vent valve closed 1500 infinite Main vent valve closed 

Bypass vent valve open 
Main vent valve closed >1500 B 2 or 67 
Bypass vent valve closed 
Main vent valve partially open 

c 10 Main vent valve fully open infinite 13 

Case 2: With agitation of the Precipitate Pump Tank 

A 0 Bypass vent valve closed 35 infinite Main vent valve closed 

Bypass vent valve open 
Main vent valve closed 

B 2 or 44 67 
Bypass vent valve closed 
Main vent valve partially open 

c 10 Main vent valve fully open infinite 13 

T-5 
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INTERLOCK 
NUMBER 

1 

2 

3 

TABLE 6 -- INTERLOCK SUMMARY 

LO-LO N2 FLOW (SOFTWIRED, DCS DEPENDENCY) 

INTERMEDIATE FINAL 
FUNCTION SENSOR CONTROl CONTROl 

ElEMENTS ElEMENT 

CLOSE VENT VALVE FIT - 7468 HIS - 7468, DCS HCV - 8772 (HCV-8772) 

STOP AGITATOR FIT - 7468 HIS - 7468, DCS JI - 7171 

STOP TRANSFER PUMP FIT - 7468 HIS - 7468, DCS JI - 7162 

----~--~-~-~---~·-~·-··~-·--~·--~··----~~--~---~-~---------~--~ --- ~-~~~~~~ ~~--~ --
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INTERLOCK 
NUMBER 

4 

5 

6 

7 

8 

9 

TABlE 7 -- INTERlOCK SUMMARY (HARDWIRED) 

OXYGEN CONCENTRATION HIGH (ASH--6853, ASH--6852) 
-----·······-·········------ ----·-·····--···--------------·········-~---··········- ---- ----·-····-····------------------

INTERMEDIATE FINAl 
FUNCTION ANAlYZER CONTROl CONTROl 

ElEMENTS ElEMENT 

CLOSE VENT VALVE AIT - 6852 
(HCV-8772) AE - 6852 ASH - 6852 HCV - 8772 

RELAY - 281 

CLOSE VENT VALVE AIT - 6853 
(HCV-8772) AE - 6853 ASH - 6853 HCV - 8772 

RELAY - 281 

AIT - 6853 
STOP AGITATOR AE - 6852 ASH - 6853 JI - 7171 

RELAY - 281 

AIT - 6853 
STOP AGITATOR AE - 6853 ASH - 6853 JI - 7171 

RELAY - 281 

AIT - 6853 
STOP TRANSFER PUMP AE - 6852 ASH - 6853 JI - 7162 

RELAY - 281 

AIT - 6853 
STOP TRANSFER PUMP AE - 6853 ASH - 6853 JI - 7162 

RELAY - 281 
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00 

TABlE 8 -- INTERlOCK SUMMARY (SOFTWIREDr DCS DEPENDENCY) 

OXYGEN CONCENTRATION HIGH (ASH--6853~ ASH--6852) 
--·······--··-······--····-··-···-·····--------------------·········--······--------······-·-····--····-··-

INTERLOCK INTERMEDIATE 
NUMBER FUNCTION ANALYZER CONTROL 

ELEMENTS 

CLOSE VENT VALVE AIT - 6852 
10 (HCV-8772) AE - 6852 DCS 

ClOSE VENT VALVE AIT - 6853 
11 (HCV-8772) AE - 6853 ocs 

AIT - 6853 
12 STOP AGITATOR AE - 6852 ocs 

AIT - 6853 
13 STOP AGITATOR AE - 6853 ocs 

AIT - 6853 
14 STOP TRANSFER PUMP AE - 6852 DCS 

AIT - 6853 
15 STOP TRANSFER PUMP AE - 6853 DCS 

FINAL 
CONTROL 
ELEMENT 

HCV - 8772 

HCV - 8772 

JI - 7171 

JI - 7171 

JI - 7162 

JI - 7162 



TABLE 9 -- COMPONENT CODES WITH FAILURE RATES 

COM- AVERAGE 
PONE NT FAILURE COMMENTS REGARDING 
CODE COMPONENT RATE* (REF,PAGE) FA1LURE MODES 

AG Agitator 3.0 E-4 H (duPont,l9) Reduced hT a factor 
of 10 f pumps 

AI Analyzer 3.4 E-4 H (duPont,4) Announc'-' d/ inactive 
3.4 E-5 H Unannou:qcedj inactive 

BA Battery 1.4 E-6 H (duPont,?) Dead 
BL Blower 7.6 E-5 H (duPont,?) Fails to run 
BS BUS AC 1.0 E-8 H (IREP,l27) 
BS BUS DC 
CB Circuit Breaker 3.0 E-3 D (IREP,l27) Fails to transfer 
CD Condenser (Vent) 6.9 E-6 H (duPont,33) 
CH Chiller 6.9 E-6 H (duPont,33) Reactor cooler 
CL Control Logic Diagram 3.0 E-6 H (IREP,l28) Inactive 

1-:3 CN Controller 2.1 E-4 H (duPont,ll) Inactive I 
\0 2.1 E-5 H Inactive; solid 

state controller 
CP Computer (Digital) 2.0 E-5 H SRP Data 
cv Check Valve 1.2 E-6 H (duPont,48) Leakage 

1.0 E-4 D (duPont,48) Fails to open 
DA Damper Isolation 2.0 E-5 H (OREDA, 279) Inadvertantly closes 

3.0 E-3 D Failure to close on 
demand 

DC Ditch Covers 
DG Diesel Generator 3.0 E-2 D (IREP,l28) DG fails to start 

0.19 2nd DG fails to start 
given 1st DG fails to 
start 

DO Detector Optical 1.5 E-5 H (duPont,38) 
DP Dip Tube 1. 3 E-6 H Leaks 
DT Detector Thermistor 1.5 E-5 H (duPont,38) 
FL Flange 1.3 E-6 H SRP Data Leaks 
FR Filter 1.0 E-6 H (duPont,l4) Plugged 



COM- AVERAGE 
PONE NT FAILURE COMMENTS REGARDING 
CODE COMPONENT RATE* (REF,.PAGE) FAILURE MODES 

HC Hanford Connector 1. 3 E-6 H SRP Data Leaks 
HE Heater 
HX Heat Exchanger 1.5 E-5 H (duPont,33) Fouled 
IA Instrument Alarm Flow 
IC Instrument Connections 
IN Inverter 1.0 E-4 H (IREP,128) 
IP I/P Transducer 6.4 E-5 H (duPont,43) 
IT Interlock 1.0 E-4 D (duPont,23) 

1.0 E-3 D SRP Data Bypassed 
LOSP Offsite Power 0.33 y SRP Data 
LS Limit Switch 1. 0 E-4 D (IREP,127) Fails to open/close 

1.2 E-6 H (duPont,40) Transfers open/close 
8 LV Vent Lines 
I N2 Nitrogen Supply 1.0 E-5 H FTA Loss of supply ...... 

0 NZ Nozzle 2.7 E-7 H (OREDA,99) Plugged 
PE Panel Electrical 3.0 E-6 H (IREP,128) 
PI Pipe 9.0 E-9 H (IREP,129) Plug/rupture 

steam Coil 6.0 E-6 H (duPont,36) 
pp Pump 5.7 E-5 H (duPont,34) Fails to run 

3.0 E-3 D (IREP,126) Fails to start 
PT Seal Pot 1.0 E-2 Dry 
RE Rectifier 1.0 E=-6 H (IREP,128) Loss of function 
RY Relay 3.0 E-6 H (IREP,128) Transfer open 

3.0 E-4 D (IREP,128) Fails to open on 
demand 

SE Seast (Gaskets) 2.5 E-5 H (WASH1400) Leakage 
SF Sensor Flow 7.8 E-5 H (duPont,15) Inactive 
SL Sensor Level 2.0 E-4 H (duPont,23) Inactive 
SP Pressure Sensor 3.4 E-4 H (duPont,31) Inactive 
ST Sensor Temperature 3.3 E-5 H (duPont,42) Inactive 
sw switch 3.0 E-5 H (IREP,129) Inactive 
TA Temperature Alarm 1.9 E-4 H (duPont, ) Inactive 
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COM­
PONENT 
CODE 

TI 
TK 
TM 
TW 
VA 

VB 
VD 
VF 
VG 
VI 
VK 

VL 

VM 

vo 
VP 
VP 
vs 

VT 
vx 
VY 
vz 

COMPONENT 

Agastat Relay 
Tank 
Thermistor, Probe 
Cooling Tower 
Valve Gate 

Butterfly Valve 
Drain Valve 
Fire Water Valve 
Valve Globe 
Pressure Control Valve 
Block Valve 

Flow Control Valve 

Motor Operated Valve 

Valve Pilot 
Valve Plug 
Vaporizer 
Valve Solenoid 

Needle Valve 
Check Valve 
Valve Pressure Relief 
Strainer Valve 

AVERAGE 
FAILURE 
RATE* 

3.3 E-5 H 
7.3 E-lOH 
8.0 E-6 H 

3.0 E-3 D 
8.3 E-6 H 
2.3 E-5 H 

2.4 E-2 D 

1.6 E-5 H 
3.0 E-3 D 
8.3 E-5 H 
6.2 E-5 H 

2.2 E-6 H 
3.0 E-3 D 
8.3 E-6 H 
3.0 E-3 D 
1.0 E-7 H 

6.9 E-6 H 
1.0 E-3 D 
1.2 E-5 H 

1.0 E-4 D 
2.0 E-9 H 
2.8 E-7 H 

{REF,PAGE) 

(duPont,42) 
(duPont,37) 
FRADA 
(duPont, 54) 
(IREP,126) 

(duPont,48) 

(OREDA, 97) 

(duPont,49) 
(IREP,l26) 

(duPont,48) 

(IREP,126) 

(IREP,126) 
(IREP,l26) 

(duPont,32) 
(duPont, 52) 
(duPont,47) 

(IREP,l26) 
(duPont, 51) 

* H means per hour 
Y means per year 
D means per demand 

COMMENTS REGARDING 
FAILURE MODES 

Inactive 
Rupture 
Inactive 

Fails to openjclose 

Fails to open 

Low flow 
Fails to openjclose 

Stick open (fails to 
close) 
Fails closed 
Failure to open or close 
on demand 
Fails to openjclose 
Failure to remain open 

Fails to open 
Transfers closed 

Fails to open per demand 
Fails open 
Plugged 
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TABLE 10 

CODE FAILURE MODE 

A 
B 
c 
D 
E 
F 
G 
H 
I 

J 
K 
L 
M 
N 
0 
p 
Q 
R 
s 
T 
u 

Does Not Start 
Open Circuit 
Closed Valve 
Does Not Open 
Engaged 
Loss of function 
Disengaged 
Heat Exchanger Fouled 
Ignition Source 

Short Across 
Does Not close 
Leakage 
Exceeds Limit 
No input 
Open Valve 
Plugged 
Shortage to Power 
Rupture 
Short to Ground 
Operator Error (Omission) 
Operator Error (Comission) 

FAILURE MODE CODES WITH FAILURE RATES 

FAILURE 
RATE* 

2.2 E-6 H 

1.1 E-6 H 
3.0 E-3 H 
3.0 E-4 H 
3.0 E-4 H 
1.1 E-5 H 

4.0 E-7 H 

6.2 E-5 H 
6.0 E-6 H 

6.0 E-6 H 

1.0 E-2 D 
1. 0 E-5 H 

1.0 E-7 H 

(REF,PAGE) 

(duPont,49) 

(duPont,19) 
(duPont,14) 
Assumed 
Assumed 
Assumed 

(duPont,28) 

(duPont,49) 
(duPont,30) 

(duPont,37,38) 

APPLICABLE 
COMPONENT 

Control valve 

Motor 
Pump 
Agitator with Hg Seals 
Blower 
Heater 

Pipe 

Control valve 
Process piping 

Process piping 

Following an accident 
During normal operation, 
no independent check of 
error 
With independent check 
of error 
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CODE FAILURE MODE 

v 
w 
X 

Does Not Run 
Does Not Actuate 
Maintenance Fault 

Y Fails Low 
z Fails High 
1 Inadvertently Actuates 
2 Works as Intended 
3 Conditional Event 

FAILURE 
RATE* 

1. 0 E-4 D 
4.6 E-6 H 

(REF,PAGE) 

* H means per hour 
D means per demand 

APPLICABLE 
COMPONENT 

Closed manual valve 
Closed manual valve 
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CASE 
NO. 

1 

2 

3 

4 

- ~---······---

DESCRIPTION 

FIRE/EXPlOSION lPPT 

EXPlOSIVE CONCENTRATION 
lPPT 

FIRE/EXPlOSION lPPT 
WITHOUT 
REDUNDANT N2 SUPPlY 

EXPlOSIVE CONCENTRATION 
lPPT WITHOUT 
REDUNDANT N2 SUPPlY 

TABlE 11 -- RESUlTS 

PROBABiliSTIC ANAlYSIS 

A B 
ANNUAl FREQUENCY ANNUAl FREQUENCY 

29/30 BATCHES 1/30 BATCHES 

1. 53 X 10-6 YR- 1 8. 69 X 10-7 YR- 1 

1. 30 X 10-5 YR- 1 1.17 X 10-4 YR-1 

2. 56 X 10-6 YR- 1 8. 43 X 10-7 YR-1 

2. 21 X 10-5 YR- 1 1.18 X 10-4 YR-1 

TOTAl 
ANNUAl FREQUENCY 

(A + B) 

2.4 X 10-6 YR-1 

1. 3 X 10-4 YR- 1 

3 . 4 X 10-6 Y R _, 

1. 4 X 10-4 YR- 1 
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TABlE 12 IMPORTANCE RANKING BASIC EVENTS EXPlOSIVE CONCENTRATION WITHOUT REDUNDANT SUPPlY 1.4 X 10-4 YR-1 

IMPORTANCE VALUE ' 

8-DIGIT LOCATION INITIATOR* ENABLER TOTAL RANK INSPECTION FULL BASIC EVENT DESCRIPI'ION 
NAME INDEX (1) (2) (1) + (2) TOTAL INTERVAL ** 

FILLSTAH .842 0.842 1 N/A TIME PERIOD FILL/STANDBY FIRST 8 HOURS 

LC6H6UEL .842 0.842 1 N/A BENZENE CONC IN LPPI' BETWEEN LEL AND UEL 

BENZENEH .841 0.841 2 N/A BATCH BENZENE CONC HIGH--1/30 TRANSFERS 

LVS8772K .484 0.484 3 1 YEAR MAIN VENT VALVE HCV-8772 FAILS TO CLOSE 

LSV87730 .387 0.387 4 1 YEAR BYPASS VENT VALVE SV-8773 FAILS OPEN 

BENZENEN .158 0.158 5 N/A BATCH BENZENE CONC NORMAL--29/30 TRANSFERS 
I 

LCBAGITD .157 0.157 6 N/A AGITATOR MCC CONTACTS JI-7171 FAIL TO OPEN 

FILLSTAN .154 0.154 7 N/A TIME PERIOD FILL/STANDBY 43 HOURS 

LFLVENTO [A-W-15] .133 0.133 8 ANNOUNCED AIR LEAK THRU VENT VALVE FLANGE 

LVPVENTO [A-W-15] .133 0.133 8 ANNOUNCED LPPI' OVERFLOW VALVE FAILS OPEN 

' LHC1027L .122 0.122 9 ANNOUNCED AIR LEAK THRU 1 OF 27 HANFORD CONNECTORS 

LVIM-35C [B-M-35) .122 0.122 9 ANNOUNCED PCV-7172A FAILS CLOSED 

LVS7469C [B-M-29] .092 0.092 10 ANNOUNCED SV-7469 FAILS CLOSED 

LVTSVNSC [B-M-29] .092 0.092 10 ANNOUNCED SV-74 FAILS CLOSED--NORMAL SUPPLY NEEDLE 
I VALVE 

LSV8773X .074 0.074 11 N/A OPERATOR OPENS SV-8773 AND FAILS TO RECLOSE 

LVGM-28X [B-M-28,31] .070 0.070 12 ANNOUNCED OPERATOR CLOSES ANY 1 OF 2 MANUAL VALVES 

LVGM-34X [B-M-34,37] .070 0.070 12 ANNOUNCED BRANCH A MANUAL VALVES ANY 1 OF 2 

LOPH20-T .059 0.059 13 1 MONTH OPERATOR FAILS TO REPLENISH SUMP WATER 

* A blank indicates that the event is an enabling event only 
** Announced failure means that the failure is detected when it occurs 
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IMPORTANCE VALUE 

8-DIGIT LOCATION INITIATOR* ENABLER TOTAL RANK 
NAME INDEX (1) (2) (1) + (2) TOTAL 

LUA6852F .053 0.053 14 

LUA6853F .051 0.051 15 

1SLSUMPF .048 0.048 16 

LP-BUBBL [A-V-31,34] .027 0.027 17 
[A-V-31,34] 

UICN2LPL .020 0.020 18 

* A blank indicates that the event is an enabling event only 
** Announced failure means that the failure is detected when it occurs 

INSPECTION FULL BASIC EVENT DESCRIPTION 
INTERVAL ** 

1 MONTH 02 ANALYZER 6852 INACTIVE 

1 MONTH 02 ANALYZER 6853 INACTIVE 

1 MONTH SUMP PUMP BUBBLER INACTIVE 

ANNOUNCED BUBBLER JUMPER LEAK ANY 1 OF 4 FLOW 
DIVERSIONS 

ANNOUNCED LPPT N2 JUMPER LEAK ANY 1 OF 2 
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TABLE 13 IMPORTANCE RANKING BASIC EVENTS FIRE/EXPLOSION WITHOUT REDUNDANT N2 SUPPlY 3.4 X 10-6 YR-1 

-

IMPORTANCE VALUE 

8-DIGIT LOCATION INITIATOR* ENABLER TOTAL RANK INSPECTION FULL BASIC EVENT DESCRIPTION 
NAME INDEX {1) (2) (1) + (2) TOTAL INTERVAL ** 

LAG---I [B-X-17] .494 .506 1.000 1 44 HOURS AGITATOR IGNITION SOURCE I 

LCBAGITD .759 0.759 2 DEMAND AGITATOR MCC CONTACTS JI-7171 FAIL TO OPEN i 

BENZENEN .752 0.752 3 N/A BATCH BENZENE CONC NORMAL--29/30 TRANSFERS I 

FILLSTAN .737 0.737 4 N/A TIME PERIOD FILL/STANDBY 43 HRS I 

LVS8772K .391 0.391 5 1 YEAR MAIN VENT VALVE HCV-8772 FAILS TO CLOSE 

LSV87730 .310 0.310 6 1 YEAR BYPASS VENT VALVE SV-8773 FAILS OPEN 

LC6H6UEL .248 0.248 7 N/A BENZENE CONC BETWEEN LEL AND UEL 

BENZENEH .248 0.248 7 N/A BATCH BENZENE HIGH--1/30 TRANSFERS 

FILLSTAH .248 0.248 7 N/A TIME PERIOD FILL/STANDBY FIRST 8 HOURS 

LUA6852F .239 0.239 8 1 MONTH 02 ANALYZER 6852 INACTIVE 

LUA6853F .232 0.232 9 1 MONTH 02 ANALYZER 6853 INACTIVE 

LVIM-35C [B-M-35] .097 .097 0.194 10 ANNOUNCED PCV-7172A FAILS CLOSED 

LVTSVNSC [B-M-29] • 073 .073 0.146 11 ANNOUNCED SV-74 FAILS CLOSED--NORMAL SUPPLY NEEDLE 
VALVE 

LVS7469C [B-M-29] .073 .073 0.146 11 ANNOUNCED SV-7469 FAILS CLOSED 

LFRBR-AP (B-M-36] .059 .059 0.118 12 ANNOUNCED BRANCH A FILTER PLUGGED 

LVGM-34X [B-M-34,37] .055 .055 0.110 13 ANNOUNCED BRANCH A MANUAL VALVES CLOSED ANY 1 OF 2 

LVGM-28X [B-M-28,31] .055 .055 0.110 13 N/A OPERATOR CLOSES ANY 1 OF 2 MANUAL VALVES 

LVPVENTO [A-W-15] .037 .037 0.074 14 ANNOUNCED LPPT OVERFLOW VALVE FAILS OPEN 
--·····--·--· 

* A blank indicates that the event is an enabling event only 
** Announced failure means that the failure is detected when it occurs 
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IMPORTANCE VALUE 

8-DIGIT LOCATION INITIATOR* ENABLER TOTAL RANK 
NAME INDEX (1) {2) (1) + {2) TOTAL 

LFLVENTO [A-W-15) .037 .037 0.074 14 

UIC1027L .033 .034 0.067 15 

LSV8773X .058 0.058 16 

LVDSUPPX .025 .025 0.050 17 

UICN2LPL .016 .016 0.032 18 

PUMPOUT- .015 0.015 19 

1SLSUMPF .013 0.013 20 

LOPH20-T .012 0.012 21 

* A blank indicates that the event is an enabling event only 
** Announced failure means that the failure is detected when it occurs 

' 

INSPECTION FULL BASIC EVENT DESCRIPTION 
i INTERVAL ** 

ANNOUNCED AIR LEAK THRU VENT VALVE FLANGE I 

ANNOUNCED AIR LEAK THRU 1 OF 21 HANFORD CONNECTORS 

N/A OPERATOR OPENS SV-8773 AND FAILS TO RECLOSE 

ANNOUNCED DRAIN VALVE SUPPLEMENTAL LINE LEFT OPEN I 

ANNOUNCED LPPT N2 JUMPERS LEAK ANY 1 OF 2 

N/A TIME PERIOD PUMPOUT 

1 MONTH SUMP PUMP BUBBLER INACTIVE 

1 MONTH OPERATOR FAILS TO REPLENISH SUMP WATER 
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DESIGN 

CURRENT BASIS: High reading by either 
anaryser wru open circuit 
to sv. allowing SV to close. 

FfCM 
LPPT 

DESIGN B 

FC 

SV 

PROPOSED~: Add an LEL and 1 eerles bloek valve 
to Improve Improve refiablity of 
Isolating LPPT from vent aystem. 
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LPPT I l I 
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VENT 
SYSTEM 

TO 
VENT 
SYSTEM 

FIGURE 1 -- DESIGN CHANGES PROPOSED BY 1991 FTA STUDY 
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BENZENE CONCENTRATION NORMAL 

I 
BEJjZEI£ CIH: 
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I 1:"1 &N1l 111'1 
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FIGURE 3 
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G4 
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BENZENE CONCENTRATION HIGH 

FIRST 8 HOURS FOLLOWING TRANSFER 

FIGURE 4 

BENZENE: CONC ACITATOR 
BETI'fiN lEI. IGNmON 

AND UR (1RUE) SOURCE 

d) 

(to be developed) (to be developed) 

GENERIC FAULT TREE TOP STRUCTURE 

FOR HIGH BENZENE CONCENTRATION 

1/30 TRANSFERS FIRST 8 HOURS 
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HEPs 

1 .. 0---1st min 
.9 AT 5 min 
.1 AT 30 min 
.01 AT 2 hr 

If THREAT STRESS PERSISTS, 
LEVEL Off AT .25 AT ABOUT min 

F THREAT STRESS PERSISTS 

AUTOMATIC SYSTEMS WORKING OK 

.. 10 E...L..I...,_ __ -==::::===========J .01 I 

1 5 10 30 60 120 
nME (minutes after large LOCA) 

FIGURE 5 -- TIME LINE CORRELATION FOR 
HUMAN ERROR PROBABILITY (REF. 4) 
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FIGURE 6 -- SUMMARY FAULT TREE 

FIRE OR EXPLOSION WITHIN LPPT 

WITHOUT REDUNDANT N2 PURGE SUPPLY 

* DENOTES ENABLING EVENT 
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FIGURE 6 SUMMARY FAULT TREE 
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FIGURE 6 -- SUMMARY FAULT TREE 

FIRE OR EXPLOSION WITHIN LPPT 

WITHOUT REDUNDANT N2 PURGE SUPPLY 

29/30 TRANSFERS 
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FIGURE 6 SUMMARY FAULT TREE SHEET 4 

FIRE OR EXPLOSION WITHIN LPPT ** 

WITHOUT REDUNDANT N2 PURGE SUPPLY 
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FIGURE 6 -- SUMMARY FAULT TREE 

FIRE OR EXPLOSION WITHIN LPPT 

BENZENE CONC HIGH 1/30 BATCHES 

AIR LEN< Tlf!U 
LPPT AGIT• TOR 
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APPENDIX 

DETAILED fAULT 

fiRE OR EXPLOSION WITHIN THE 

low POINT PRECIPITATE TANK 





FIRE OR EXPLOSION WITHIN LOW 
POINT PRECIPITATE TANK (LPPT) 
ALL CONCENTRATIONS 

TIME PERIOD: ALL MODES 

LEVEL 2 

MTCM JIDIZENI: 
COliC ICIIIMiiiL -

1!!1130 TRANSrt:RS 

~ 

LO L8 • 

.98 U• 

F'II!E Ill! Elii'LOSIIPI 
V!TliJN LI'PT -

All HllllES 

Ill! 

s LEVEL 3 

CD-LP-01 

SHEET 2 

PUMPO.IT-

.11123 :1.0• 

LEVEL 1 

CO-LP-oe 

SHEET 3 

lll"TCM IIIEPIZEN!: 
CIINC HIG! -

1/30 -mAMSFEU 
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mENZDOt: core HIG< 

C!H.J'-1)3 ---,--

SHEET 4 

05-21-92 



FIRE OR EXPLOSION WITHIN LPPT 

BENZENE CONCENTRATION NORMAL 
29/30 BATCHES 
TIME PERIODS: FILL/STANDBY 

nu lllll IEXPI.DSI!Jol 
JIU!ING F1V 1-----.1' 

STANDBY li!OO:ZENI: 
CCNC ~IlL. 

.Y 

CIH..P-111. 
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LEVEL 5 

~ 
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MAIN V[IIT VI>!. V£ 
HCV-e77f f"AIU 

ru a.on 

L Vll!77l!ll: ---,--
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••• 
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SHEET 20 

•• 
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FIRE OR EXPLOSION WITHIN LPPT 

BENZENE CONCENTRA~ON NORMAL 
29/30 BATCHES 
TIME PERIOD: PUMPOUT 

1111 

SHEET 12 

UE~/11 3.- U£-3 1.0• 

• DENOTES ENABUNG EVENT 
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FIRE OR EXPLOSION WITHIN LPPT 
BENZENE CONCENTRATION HIGH 1/30 BATCHES 

TIME PERIOD: FIRST 8 HOURS 

FILL AND STANDBY 

LaiHIStn. -.-

u 

• DENOTES ENABUNC EVENT 

.. HIIROWIRED INlERLOCK 

1.118 

1.11[-,111 
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FIRE OR EXPLOSION WITHIN LPPT 
BENZENE CONCENTRATION HIGH 1/30 BATCHES 

TIME PERIOD: FIRST 8 HOURS 

FILL AND STANDBY 

• DENOTES ENABUNG EVENT 

EXC£$SIV[ AIR 
IIU:AKAGE: CAIJSES 02 
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FIRE OR EXPLOSION WITHIN LPPT 
BENZENE CONCENTRATION HIGH 1/30 BATCHES 

TIME PERIOD: FIRST 8 HOURS 

FILL AND STANDBY 

• DENOTES ENA8UNG EVENT 

- HAROYIIRED INlERLOCI< 

... SOF"T'MRED INTERLOCK, OCS DEPENDENCY 
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FIRE OR EXPLOSION WITHIN LPPT 
BENZENE CONCENTRA~ON NORMAL 
29/30 BATCHES 
TIME PERIODS: FILL/STANDBY 
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FIRE OR EXPLOSION WITHIN LPPT 

ALL CONCENTRATIONS 

TIME PERIOD: ALL MODES 

FAILURE OF N2 SUPPLY 
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FIRE OR EXPLOSION WITHIN LPPT 

ALL CONCENTRATIONS 

TIME PERIOD: ALL MODES 

F AlLURE OF BULK N2 SUPPLY 
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[E-L-11,13] 

[E-N-17.19] 
[E-fod-21,23] 

[E-S-27] 

Y-t~ 
VALVE 
IJ'OI 

NV :!Ne--D --.-

GWI!£-SIM 2:2.11 

[E-o-14] 

PRaS!Jl£ REQ.ILAlliiG 
VALVE 71!34 

F"AILS CLDSED 

LV17834C --.-

1££-SIM 22.14 

[E-Q-14] 

V APIJRIZER F"AILS 
1tl PmviDE 

HEAT 

NVPPe-1" 
---r--

1.1"-9~ --,-
1111 

SHEET 8 

IWIJAL VALV£ 
O..DSE!l 

(AllY I IT 4) 

NVXIDF"~X --.-

2.1£~114 2V! 

[E-Q-1J.15,17] 

[E-Q-JZ] 
,..., """I"'IISI.JT="'ICIEM-l'I.......-UN......,.-=-,0 

PRESSURE S1EM 
iC VAI"CC£UZDDt 

Cll-t.P-23 --.-

6:":: -6114 l!e.H SHEET 11 

[N-0-21] 

SIIUlllllll VAL V£ 
r.l 1!164 

f"I\I!.S O..OSEIJ 

NVS1!164C 
---r--

I.K-5/M 22.H 

[E-Q-24] 

Slfi'I"'.D F"AIWI'IE­
UJ)( StJI'I'UD 

INSTEAD Of ~ 

NTK--U --.-

1.111[-1/11 22.1! 

[E-N-JJ] 

SHEET 9 

04-27-92 

£: \I!IECHTU. \IPI'T\IIDin\l.l'~ 



FIRE OR EXPLOSION WITHIN LPPT 
ALL CONCENTRATIONS 

TIME PERIOD: ALL MODES 

6l!E-SIH !e.!! 1.6£~ eeH 

[C-l-32] (C-K-32] 

PR£SSU!E IDITRD. 
VALvt: 7~X 
fAlLS ct.DSED 

lVI74ZOC: --,-

1.«-5/H 

(C-114-29) 
ee.H 

PWIUAL VAL vt: 
CLIISO 

<ANY I Of !!> 

ZVA74ZOX --..--

9.2£:-'JH 

[C-14-29] 
[C-N-29) 

el!.H 

CD-1.1'-E! 

SHEETS 

,.eE~H eeJi ei!E~/11 ee.H 

[C-K-31,34] 

I'I'JU.Il!f: Ill 
PCV 741SX 

Ill! 

PI!ESSUII£ CIM"RIIl 
VAL vt: 74181 
fi\ILS a.oso 

ZVI7418C ---,--

i.K-5/H 

[C-r..l-27] 

22.11 

MAPI»ol VAL VL 
CL.mO 

-T L OF f) 

ZVA7418X --,-

[C-L-27) 

9.2[:-c;/11 eeH 
[C-111-27) 

[c-N-27) 

SHEET 10 

04-26-92 

1::\emnn~ 



FIRE OR EXPLOSION WITHIN LPPT 
ALL CONCENTRATIONS 

TIME PERIOD: ALL MODES 

!..X-5111 112.M UE-5/M I!2H t.li£-5/M II2.H 

[L-J-27] 

REFER TO THE F"OLLO'MN¢ DRA'MNCS: 

W7!518J2. W7518J1, W7581JO, W75H174, W751008 

:la:-5/M I!IUI 

SHEET 11 

1!.3£-5/M 1!2.11 JUY 1!1!.11 Uli:-&114 I!2H ~ II2.H 

[E-X-21] 

04-27-92 



FIRE OR EXPLOSION WITHIN LPPT 
BENZENE CONCENTRA~ON NORMAL 
29/30 BATCHES 
TIME PERIOD: PUMPOUT 

112 CIN: INCREASO 
IJlE TO LDSS IT 

NDIINAL PIRZ: 

CIH.P-114 
--r-

SHEET 7 

SLPPL.EM:NTAL 
I'URtiE VAL YE 

F"AR..S TO OPEN 

NVASI.f'PC 
---r-

s.x -'-'H ee.11 
[B-K-30] 

011 

CIHJ'-IIl 

SHEET 3 

Dl! CIIIIC INCIIQ£Aa:S 
Dt£ TO Lm$ Dr 

SU'Pl.£MDIT"'­
PU1GIE 

IMSLFF'ItDT F'LD11f 
lMIU SU'PLEMOIT"'­

PIJ<G£ UN£ 

IJI 

SIJ'I'U:IIENT "'- PURGE: 
V"'LYE SV74 

FAILS CL!ISED 

LVTSLPPC -,----

DCS 
INACTIVE 

7CPDCS-F -,-

12£-SIH i!e.H z.ot-!1/H ee.H 

[B-K-29) 

SHEET 12 

E 

l.GIE-4/M ee.H 

[EH<-28.32] 

04-Z7-9Z 

[;\II[Cit'!n~!l 



FIRE OR EXPLOSION WITHIN LPPT 

BENZENE CONCENTRA~ON NORMAL 

TIME PERIOD: ALL MODES 

T lrn-f' I 
SHEET 18 SHEET 20 

SliEET 7 SHEET 14 

!MSVfnClDIT 
Fl.DV Til 
IO'Mil 

S!F!'I...T UNE 

llllsu=nc!ENT 
N2 Fl.il\1 Til 

!~RANCH A <AND Jl) 

a:H.P-19 

SHEET II 

[B-1.4-39) 

LmS Of" IO!MIIi.. HI! 
SIA'I.. Y Ftlllt GRE:A '1m 

TIWI GO MINJTES 

IMSUFnCIJEIIT H.IN 
'TI4<U 1014111.. N2 

SUF'I'l T UNE 

SHEET 7 

lli!Allll Vlli..VE 
SIJ'I'l£141:NT Ill.. 

UNE LEFT OPEN 

LVDS!J'PX 

4-li£-7/H <WI 

SHEET 13 

i.HOII!ll'l. 

2-'1:-G/11 <WI 

BUJlii..DI .»4PI:R li:AK 
ANY I IT 4 

<n.l!ll mvERSD~> 

LPIIIUBIII. 

5.21:-(JH 22.1-1 

04-27-92 



FIRE OR EXPLOSION WITHIN LPPT 
BENZENE CONCENTRA~ON NORMAL 

TIME PERIOD: ALL MODES 

IIPDIAltR rAIUl TD BRANCH II 
VIIILvt MMOi I Fn.TER 

'\IITHIJI 60 IUIIUTU I'!.OOJJEJI 

LVlD'JRT LF'RIIR-JP 

l.llt-2 Ulll 1££-G/11 

(B-0-36] 

1514 

SHEET 14 

I!EIJ£F VIIILV£ PCV 71.'1211 
f'SV ~ F"AIU 

F"AJU CPEN ClOSED 

L~I!Jil 

2.11£-9/H 1:314 I.SE~M 1:314 UIE-4 LOlli 

[B-0-34] [EI-0-35] [B-0-34,37] 

04-Z7-9Z 

E:\lli!CH1'!l~IPI4 



FIRE OR EXPLOSION WITHIN LPPT 
BENZENE CONCENTRATION HIGH 1/30 BATCHES 

TIME PERIOD: FIRST 8 HOURS 

FILL AND STANDBY 

AIR L£111( Tt«U 
LP,.,. I'GITATtlllt 

1-'LNG£ 

1.3!:~ tt.H 

(B-V-17) 

IJ\.JIFCFll -.-

1.3£-i!lll 

LX -&IH l!eH 

* DENOTES ENABLING EVENT 

tell 

llLJlO( 

VH.V£ 
III'I!H-Q1..P ltD 

LVDVCFll --.-

eJE~H 

e.x-siH eeJt 

eeH 

JIK'ER 
UN. POT 

IJI!Yit:IILJ rro 

LPT-cFT -.-

1.:!£;/H l!eH 

[A-V-25] 

.Ill 1.1111 

SHEET 5 

SHEET 16 

____ ,RE££1LtO_"!IiCEOUO.YII\t.I_C_QR~_\I!I!•tCS:_WZ500Ml._V0:!500,4~-----------------·----------------------------· - -----

AIR l£11K THIIIJ 
U'I'T TRONSI'"ER 

PIN' f'I.AHG£ 

1.:!£-6/H 22.11 

[A-V-23] 

IJ'PT IJILET 
Dll" TUllE 

LEAKS 

IJI'DTTLL ---,--

I.X-6/H ee.ll 

e31:~ ee.H 

[A-W-15) 

N.OOWI!Y 
P'REOmAlE TIIN( 

NIT I'ISit!lED 

lli<AIJITF -..---

I.IIE-4/1-1 Et-11 

SHEET 15 

e.x~ ee11 

[A-l'\1-15] 

05-21-92 

~~ c._, .. ~_\JJ:MII_~-~~-o•'ll!'_" __ 



FIRE OR EXPLOSION WITHIN LPPT 
BENZENE CONCENTRATION HIGH 1/30 BATCHES 

TIME PERIOD: FIRST 8 HOURS 

FILL AND STANDBY 

Dltl\llll VIILVE I f 
IIUJO( I I Jt.t'IPER I llPOO VAl.. VI[ SE.._ PDT 

DRY 

l.K~/11 1!1!11 e.:!E-5111 1!2.11 .SI ..... 

* DENOTES ENABLING EVENT 

SHEET 16 

SHEET 15 
Ill! 

I 

~~~ I - >Ul\1 ~ 
aw-n .....,. 
::r:::: 
CD-1.1"-eS 

T 
SHEET 17 

I 
JIJlO( VALVE I l"'lf"T 

FAILS NIT I'UII!GIED 
OPEN 

a3E -5/H 1!2.11 1.3[-wM !!ll!.ll LIE-4/H t&l'l 

05-21-92 

f:\jllm!Til.\I.PP~S 



FIRE OR EXPLOSION WITHIN LPPT 
BENZENE CONCENTRATION HIGH 1/30 BATCHES 

TIME PERIOD: FIRST 8 HOURS 

FILL AND STANDBY 

• DENOTES ENABLING ~T 

VATER 
Ill SUIP 
FI!EM:HES 

LD\1 u:vo. 

~~ 
FAlLS TO 
RJ..LDIJ 

P'RIXDJII!O 

IJ'£It A TllR rAILS 
lD REPU:NISH 
SIH' VATER 

UJPH20-T 

LillY 10 

IJII'Eiti\'!1Jil FAILS 
1t1 RI:SI'DNI TD 

lDIJ LEVQ. ~~~ 

L«-i!! "'" 
SlM' PlM' 
l!UIJUR 
INACTIVE 

ISLSU4P'r 

2.llli:-4/H 

•• 

.910 

SHEET 15 

Fill'! LUIIC Tift~.~ 
SlN> XT 

a:NIECTDII 

LMCSUMPI.. -r--

13£ -6./'H 22.W 

l.lll:-3 UllU 

SHEET 17 

mi'BUIIUl 

3.llli:-~ J.®llm 

05-05-92. 



FIRE OR EXPLOSION WITHIN LPPT 
ALL CONCENTRATIONS 

TIME PERIOD: ALL MODES 

LO LO N2 FLOW SOFTWIRED INTERLOCKS 

F AlLURE TO CLOSE MAIN VENT VALVE 

UT-IU -.--

UIIE-3 lOB 

TIWISMmER 
FTI-7648 
INI'ICTIV£ 

:::::::c: 
L~t t648f'" 
--r--

7 S!£-5/H 22HII 

~~~~ L--..1 
HCV-~ 'o't£N Nt 

F"l.D\1 tS lD lD 

SIFT'o'RII 
JINTERLI]O( 1 

INACTIV£ 

UV74<18D -.,---

3.11!:-3 um 

WEN N1! FLDV 
tS LD LD 

$1FT'o'IIII£J 
JINT[JILiltl( I! 

INACTIV£ 

SHEET 6 

IIICS 
INACTIV£ 

7CPIICS-f" -...---

2.1111:-3111 22M> 

SHEETS 2. J. 4, 13 

PlAIN VDIT Vf/L. vt 
HCV-~ 

!'"AILS 1lJ CI.IISC 

LVSIJ77a( --.--

1.51[""'/H '--

f FTI-7648 rAILS !DrrACTS Jl-7171 
JITPASSI:D INACTIVE TD CPOO TlVE rAIL 1lJ CPEN 

ur-eu tsnf>ii!F UV74<11!ll -r LC!lAGJ11l 

SHEET 18 

05-1J-9Z 

JINT[RUX:X T~W~SMmER HJ:S-7468 T AGITAl'T:J! ~ 

* DENOTES ENABLING EVENT ue:-3 :1.0, 7«-:IIH ee.t~a J.llt-s u,. :em::-5/H ee.t~a 3.11[-3/H u m D\!IEDfrn~s 



FIRE OR EXPLOSION WITHIN LPPT 

ALL CONCENTRATIONS 

TIME PERIOD: ALL MODES 

LO LO N2 FLOW SOFTWIRED INTERLOCKS 

FAILURE TO CLOSE MAIN VENT VALVE 

ut;._3U -.--

LIIIE-3 :LO a 

_____ ,.._(}1;;:.1\lO~~-t:~I_IJ,_O_I_I_I>_I_c_t:ur.:~>.J.:T" _________ _ 

TRANSI!InER 
FTI-7649 
IMACTIVE 

LSr7641lF 
---r-

7Jl£-5/H -

F"AIUII!E T1J 11JRII 
IFF" '\'M~It 
PUMP 11111:11 N2 
n.m~ u U! U! 

3.0£-s a.e • 

a!-U'-13 

SHEET 3 

IICS 
IIW:TlV[ 

7CPDCS-I"" --,--

2.tii:-5/H -

TI!ANSI'ER PUMP I!OC 
CONTACTS JJ-7:162 

!'"AIL TO lli'DI 

LCilTRI'I'D ---.--

3.01£-3/H 1.5 liD 

SHEET 19 

04-27-92 



FIRE OR EXPLOSION WITHIN LPPT 
ALL CONCENTRATIONS 

TIME PERIOD: ALL MODES 

F AlLURE OF INTERLOCKS 

SHEET Z1 

IUII!DVIRED 
IlmJtl.OO< 6 

INAC:TIVE 

CIH.P-31 --.---

SHEET 23 

HloRIMRCl 
Ilrn:RLDO< 8 

INAC:TIVE 

C:O-LP-33 

SHEET 25 

twa~ \I IRED 
INTERl.llCIC 5 

IJW:TIV£ 

SHEET 21 

HARDVIRED 
INTERl.llCIC 7 

INACTIV£ 

CD-LP-31! ----.--

SHET 23 

HARDVIRED 
INTERLOCK ., 

IJW:TIVE 

CD-LP-:H 

SHEET 25 

SHEETS 5, 5 

SHEET 22 

SHEETS :Z. 3, 4, 13 

SITrVIRED 
INTERl.llCIC :It 

INACnvE 

C:O-LP-37 -.,...--

SlJ'iVIRED 
INTERLOCK 14 

INACTIVE 

c:o-LP-3, 

SHEET 25 

SHEET 22 

D"TVIRED 
INTEIII...CICK !.3 

Irw:nvl: 

C:O-LP-:1<9 -.---

SHEET 24 

D"TVI'RO 
!NTEIII...CICK lS 

IJW:TIVE 

CD-lP-

SHEET 25 

SHEET 20 

OS...1J-92 

E: \IIEC'I'Ifi. \IWT\IIEW"'\IP20 



FIRE OR EXPLOSION WITHIN LPPT SHEET 21 

ALL CONCENTRATIONS · TIME PERIOD: ALL MODES 

HARDWIRED HIGH CONC 02 INTERLOCKS 

FAILURE TO CLOSE MAIN VENT VALVE HCV-8772 

SHEET 20 

UE-3 ,.,. LOE-5/H ~ 3.0E....SIH 6.11"" 3.11:-6/H ,_ 
I 

I 
I 

1.!1[-6/H ~ 

ae """L 'tZI:R 
GG:52 
~~ ::::c: 
UJ466521' 

0 0 
3.4£-4/H o.sli• 1.11:-SIH 2li!J.Ioo 

ID-1.1"-38 

SHEET 20 
IJI! 

JNTt:RUJ:t( 'TRANSMITTER RELAY 2111 
~ AIT-'8:53 IDff ACTS rAIL 

I!TI'I\SSEJ INI\CTIV!: TO IJ>EN 

UT-!!1.1 LTRGSST 

llR 
\J 

LIIE-3 ,.,. UI£-5/H 22.141 3.11:-6/H ,,.. J.m:-&IH "- I.S::-6/H 4IMO 

3.4[-5/H t.- UE-5111 ee.H• 05-21-92 

• DENOTES ENABLING EVENT E':\I!IIEOiTEL\!WT\~21 



FIRE OR EXPLOSION WITHIN LPPT 
ALL CONCENTRATIONS TIME PERIOD: ALL MODES 

SOFTWIRED HIGH 02 CONC INTERLOCKS 

F AlLURE TO CLOSE MAIN VENT VALVE HCV-8772 

JHTt:JUD( 

u 
BfPASS[J 

LIT-IIU 
~ 

1111:-3 10• 

~--T~ 
68$3 

INACTIVt 

3.4[-o/H 8.::1190 

* DENOTES ENABLING EVENT 

LGE-3 10• LG£-'3/H ~ 

Ill! 

2.9£ -5/H 22.HIII 

UE-'3/H 1!1!11• 

CII-U'-35 

SHEET 20 

UE-'3/H ee.Hm 

14£-4/14 !lSI• 

'TRANSNIT1UI 
AIT~J 
INACTIVE 

L111685:F 
---r-

1.8[ -5/11 22.M• 

MAIN V[IIT VAL V[ 
HtV-fJ772 

F'Ali..S 'TD CUISE 

LVSS7721<: ----,-

1.5£-VH ~ 

SHEET 22 

1.5£-VH ~ 

lii..DIX VII!. \ID 1ll 
AIIAL.'fZ£1! O.DSED 
(~E!lli:!lft) 

lWIIGSSaJ ---.---

LIII:-5M -

04--27-92 

C\I!ID:tfl!l. ~!J>2:1 



FIRE OR EXPLOSION WITHIN LPPT 
TIME PERIOD: ALL MODES 

F AlLURE TO TURN OFF AGITATOR 

HARDWIRED HIGH 02 GONG INTERLOCKS 

LE-3 JD• LIE-5111 eeHo 

JHTt:ALIXIC 
7 

I!T""SSEJ =r:::;:: 
UT-N -..---

LOI:-3 lD• 

3.4E~H e.:1190 

* DENOTES ENABLING EVENT 

mANSMlTTER 
AIT -Gs:IJ 
INACTIVE: 

LTRGII:!:F 
----r--

1.11£-5/H a2HI 

1.11[~ ft.H• 

IIIII 

3.f!E-1;1H 6.111!E 

CD-U'-:le 

SHEET 20 

S\JITCH 
~Gs:IJ 

I'"NLS TO Q.llSE 
;::;::::c 

u\IGII531l 
---r---

301:-6/H , .. 

llR 

CD-U'-31. 

SHEET 20 

RElAY el!l 
COlT ACTS 

F"AIL TO lli'U 

:l.IIE-6/H G-

aAC-4/H o.sl@a 

RELAY 2111 
aJNTACTS fAll 

TO lli'EN 

LR'f-ZSID --..----

3.11E~ .__ 

A lilT ATIR ICC 
aJNT IICTl Ji -7171 

FAll TO OPEN 

1.0/IGITD --,--

3JIIE-3 l.llm 

SHEET 23 

3JIIE-:3 I.I)E 

1.111:-5/W 2I2HBo 

0<1-27-92 

l::\l!m11U~Il'2.ll 



FIRE OR EXPLOSION WITHIN LPPT 
TIME PERIOD: ALL MODES 

FAILURE TO TURN OFF AGITATOR 

SOFTWIRED HIGH 02 CONC INTERLOCKS 

LGE:-3 :1.0• LGE:-5/H -

LIIE-3 :1.0• 

~--TZEJit 
6853 

INIICTtVt 

3.4[~ .. ,.... 

* DENOTES ENABLING EVENT 

IIIIJIO( VAL YES TU 
"""""-YZER CLDSI:D 

Q.IJMOIN [RRIJ'U 

I.DE-5/11 ee.tt• 

2.0[-5/H 22.Ha 

!R 

IXS 
II>IIICTJV£ 

e.oe:-5/11 ee"" 

TRANS141T"!D 
AIT-3 
INI'ICTIVC 

LTI!€.11:531' 
---r-

CIH.J>-37 

SHEET 20 

3.4£-4/M ~-

AGIT AltR MCC 
CD4T ACTl JI -7171 

r All TU OPEN 

1..0[ -5/N 22.1!& 3JIE-3 Ll)m 

SHEET 24 

Ll)m 

I.IIE-SM -

04-27-92 

l!l\III!O!m\IJ'I>V\~ 



FIRE OR EXPLOSION WITHIN LPPT 
BENZENE CONC NORMAL TIME PERIOD: PUMPOUT 

HARDWIRED HIGH 02 CONC INTERLOCKS 

F AlLURE TO TURN OFF TRANSFER PUMP 

UE-3 :a.o• !.IIIE-5/Ii 

INT'F:RI..IDC TRioNSMITTER 
9 AIT-6~ 

DTI'...ssED INPICTIVE: 

UT-9U L Tl168:!31' 

[R 

\...../ 
111£-3 l.l)a LII£-5/H 22J.Im 

3.4[~H .. ,... l.IIIE~ fE.Ha 

* DENOTES ENABLING EVENT 

-
NITOi A-­rAILS Tll Q.DSE 

3.111E-1111i 6.0""' 

!IH.J'-34 

SHEET 20 

311£-6/H Ul!$1 

3.11!:-6/H 

C!H.l'-33 

SHEET 20 

·- I 

3..41:-4/H 

3.«-11/H ,_ 

DB! 

I 

QSOOa 

LCJTRPPD 

J.IIIE-3 l.OE! 

SHEET 25 

'-../ 

I 
3.111E-3 1.0• 

D!JlCIC VIOL. VD TD 
Mlol..'/'2£111 Q.DS&ll <HI.- Elll:lt!RI ::::r::: 

0 
1IIE-5M -

04-27-92 

1::\Jmi'ln~ 



FIRE OR EXPLOSION WITHIN LPPT 
BENZENE CONC NORMAL TIME PERIOD: PUMPOUT 

SOFTWIRED HIGH 02 CONC INTERLOCKS 

FAILURE TO TURN OFF TRANSFER PUMP 

Ut-3 

LIIE-3 

Dl! NIOL'YZElt 
~53 IllofCTJV£ 
<H.L CI'IIJS£Sl 

IR 

3.4£~H t.-
* DENOTES EN ABU NG EVENT 

lD• 

1.11(~ tf.ll• 

TltAHSMmER 
AIT~82 

IPW:TIV£ 

LIIE-5/H ~ 

DCS 
Ill ACTIVE 

7CPIJCS-I' -.-

2.11(-5/M 22.1811 

CD-IJ'-40 

SHEET 20 

SHEET 20 
!R 

llC$ 
DIIICTIV[ 

t.ll(~ 1!1!.11'1 

1Rifi-TTER 
AIT -GS:53 
IM\CTIV[ 

LTRGI!53F" ----.--

IJI[-5/H 22Jim 

3..41.:-4/H 0511• 

"IRANSF'EJ! PI.N' MCC 
CDITACTS .JI-7LG2 

rm TO DI'EN 

LOTRPPD ---..--

3JIIE-3 wm 

SHEET 26 

TIIANSI'ER f'I.N' ICC 
CDITOCTS ...11-nu 

FAll TO !!POl 

3JIE-3 1.11• 

1.0[-5/ll 2V!I= 

04-27-92 

El\II[Otltl~2111 



END IX 

IMPORTANCE OUTPUT 

fi OR EXPlOSION WITHIN THE 

low PoiNT PRECI TANK 

WITHOUT REDUNDANT N2 PURGE SUPPlY 





** TIME AND DATE OF RUN ·· 00:46:24 MAY 20, 1992 
INPUT FILE NAME : LPWO .11 

FIRE/EXPLOSION LPPT W/0 REDUNDANT N2 SUPPLY 

INPUT DATA OPTION 1 
FAILURE RATE AND MEAN FAULT DURATION GIVEN IN TERMS OF REAL TIME 

STEADY STATE CALCULATIONS 

EXPECTED NUMBER OFFAILURES CALCULATED FOR TIME = , 1.00Y 30.00Y 

** BASIC EVENT OPTIONS USED ** 

INITIATOR ENABLER 
CRITICA· UPGRADING FUSSEll· (BARLOW· (CONTRIB· 

BIRNBAUM LITY FUNCTION VESELY PROSCHAN) UTORY) STRUCTURAL 

NO NO NO NO YES 

** MIN CUT SET OPTIONS USED ** 

INITIATOR 
(BARLOW·PROSCHAN) 

YES 

FUSSELL·VESELY 

NO 

YES NO 

INFORMATION ON DETAILED CUT SET OUTPUT·· NM =100 AND FACTOR m .100E-01 

1 ******************** FIRE/EXPLOSION LPPT W/0 REDUNDANT N2 SUPPLY 

** BASIC EVENT DATA ** 

MEAN 
FAILURE RATE FAULT DURATION NAME ENABLER DESCRIPTION 

.200E+OO/YEAR 22. HOURS OH·AREAF H AREA STEAM SUPPLY FAILS 
• 200E+OO/YEAR 22 • HOURS OSPRDSYF STEAM PRESSURE REDUCTION SYSTEM FAILS 
.920E·04/HOUR 22. KOURS OVAI020X ANY PAIR OF DRIP LEG BLOW DOWN VALVES OPEN (AN 
.160E-04/HOUR 22. HOURS OVI4004C PRESSURE CONTROL VALVE PCV 4004 FAILS CLOSED 
.200E·03/HOUR .50 MONTHS 1SLSUHPF * SUMP PUMP BUBBLER INACTIVE 
.200E·04/HOUR 22. HOURS 7CPDCS- F DCS INACTIVE 
.100E·02/HOUR 1.0 HOURS 71TSUHPU , LOW SUMP LEVEL (BUBBLER) INTERLOCK BYPASSED 
.300E-05/HOUR 3.0 MONTHS 7RYBUBLO * LOW SUMP LEVEL (BUBBLER) RELAY FAILS TO OPEN 
.330E·01/HOUR 1.0 HOURS BENZENEH * BATCH BENZENE CONC HIGH ·· 1/30 TRANSFERS 
.100E+01/HOUR 1.0 HOURS BENZENEN * BATCH BENZENE CONC NORMAL ·· 29/30 TRANSFERS 
.190E+OO/HOUR 1.0 KOURS FILLSTAH , TIME PERIOD FILL/STANDBY FIRST 8 HOURS BENZENE 
.980E+OO/HOUR 1.0 HOURS FILLSTAN , TIME PERIOD FILL/STANDBY, 43 HRS ·· BENZENE CO 
• 300E·02/HOUR 22 • HOURS LAG····I AGITATOR IGNITION SOURCE 
.100E+01/HOUR 1.0 IIOURS LC6H6UEL , BENZENE CONC IN LPPT BETWEEN LEL & UEL LIMITS 
.300E·02/HOUR 1.0 HOURS LCBAGITD , AGITATOR NCC CONTACTS JI-7171 FAIL TO OPEN 
.300E-02/HOUR 1.0 HOURS LCBTRPPD , TRANSFER PUMP MCC CONTACTS JI-7162 FAIL TO OPE 
• 130E·05/HOUR 22 • HOURS LDPDTTLL LPPT INLET DIP TUBE LEAKS 
.130E·05/HOUR 22. HOURS LDPPRFTL PRFT LEVEL DIP TUBE LEAKS 
• 130E·05/HOUR 22 • HOURS LFLBFCFO BLIND FLANGE OPEN/COLO FEED 
• 130E·05/HOUR 22 • HOURS LFLJETFL AIR LEAK THROUGH LPPT TRANSFER JET FLANGE 
.130E·05/HOUR 22. HOURS LFLLAGTL AIR LEAK THROUGH LPPT AGITATOR FLANGE 
• 130E·05/HOUR 22 • KOURS LFLPPFLL AIR LEAK THRU LPPT TRANSFER PUMP FLANGE 
• 130E·05/HOUR 22 • HOURS LFLSPARL AIR LEAK THROUGH SPARE FEED PUMP FLANGE 
.230E·04/HOUR 22. HOURS LFLVENTO AIR LEAK THROUGH VENT VALVE FLANGE 



.100E·05/HOUR 22. HOURS lfRBR·AP BRANCH A FILTER PLUGGED 

.160E·05/HOUR 1.5 I«>NTHS LFRBR·IIP BRANCH B FILTER PLUGGED 

.210E·04/HOUR 22. HOURS LHC1027l AIR LEAK THROUGH ANY 1 OF 27 HANFORD CONNECTOR 

.260E·05/HOUR 22. HOURS LHCN2LPL LPPT N2 JUMPERS LEAK ANY 1 OF 2 (FLOW DIVERSIO 

.130E·05/HOUR 22. HOURS LHCSUMPL AIR LEAK THRU SUMP JET CONNECTOR 

.100E·02/HOUR 1.0 HOURS LIT···1U Ill INTERLOCK 1 BYPASSED 

.100E ·02/HOUR 1.0 HOURS LIT···2U Ill INTERLOCK 1 BYPASSED 

.100E-02/HOUR 1.0 HOURS LIT···3U Ill INTERLOCK 1 BYPASSED 

.100E·02/HOUR 1.0 HOURS LIT···4U Ill INTERLOCK 4 BYPASSED 

.100E-02/HOUR 1.0 HOURS LIT· ··5U Ill INTERLOCK 5 BYPASSED 

.100E·02/HOUR 1.0 HOURS LIT··-61.1 Ill INTERLOCK 6 BYPASSED 

.100E·02/HOUR 1.0 HOURS LIT···7U Ill INTERLOCK 7 BYPASSED 

.100E·02/HOUR 1.0 HOURS LIT···SU Ill INTERLOCK 8 BYPASSED 

.100E·02/HOUR 1.0 HOURS LIT···9U Ill INTERLOCK 9 BYPASSED 

.100E-02/HOUR 1.0 HOURS LIT··10U Ill INTERLOCK 10 BYPASSED 

.100E·02/HOUR 1.0 HOURS LIT··11U * INTERLOCK 11 BYPASSED 

.100E·02/HOUR 1.0 HOURS LIT··12U * INTERLOCK 12 BYPASSED 

.100E-02/HOUR 1.0 HOURS LIT··13U * INTERLOCK 13 BYPASSED 

.100E-02/HOUR 1.0 HOURS LIT··14U * INTERLOCK 14 BYPASSED 

.100E·02/HOUR 1.0 HOURS LIT--15U Ill INTERLOCK 15 BYPASSED 

.100E+01/YEAR 1.0 HOURS LOPH20·T OPERATOR FAILS TO REPLENISH SUMP WATER 
• 100E·01/HOUR 1.0 HOURS LOPLOWLT * OPERATOR FAILS TO RESPOND TO LOW LEVEL ALARM 
.520E·05/HOUR 22. HOURS LP·BUBBL BUBBLER JUMP LEAK ANY 1 OF 4 (fLOW DIVERSION) 
.520E·05/HOUR 22. HOURS LPIBUBBL BUBBLER JUMPER LEAK ANY 1 OF 4 (FLOW DIVERSION 
.300E·02/HOUR 22. HOURS LPPTRANI TRANSFER PUMP IGNITION SOURCE 
.100E-01/HOUR 1.0 HOURS LPT··CFT <fa JUMPER SEAL POT DRY/COLD FEED 
.100E·01/HOUR 1.0 HOURS LPTSPJTT * JUMPER SEAL POT DRY 
.lOOE-05/HOUR 6.0 I«>NTHS LRY·281D * RELAY 281 CONTACTS FAIL TO OPEN 
.780E·04/HOUR 22. HOURS LSF7648F Ill TRANSMITTER FIT-7648 INACTIVE 
.120E·05/HOUR 6.0 I«>NTHS LSV87730 * BYPASS VENT VALVE SV-8773 FAILS OPEN 
.100E·02/HOUR 1.0 HOURS LSV8773X * OPERATOR OPENS SV-8773 AND FAILS TO RECLOSE 
.300E·05/HOUR 6.0 I«>NTHS LSW6852D * SWITCH ASH-6852 FAILS TO CLOSE 
.300E·05/HOUR 6.0 I«>NTHS LSW6853D * SWITCH ASH-6853 FAILS TO CLOSE 
.300E-04/HOUR 1.0 HOURS LSW74680 * HIS-7468 FAILS TO OPEN 
.100E·08/HOUR 22. HOURS LTK····I LPPT STATIC CHARGE 
.100E·03/HOUR .50 I«>NTHS LTKAUXTF AUXILIARY PRECIPITATE TANK MOT PURGED 
.100E·03/HOUR 22. HOURS LTKPRFTF PRFT NOT PURGED 
.100E·04/IIOUR 22. HOURS LTR6852F * TRANSMITTER AIT-6852 INACTIVE 
.100E·04/HOUR 22. HOURS LTR6853F * TRANSMITTER AIT-6853 INACTIVE 
.340E-03/HOUR .50 I«>NTHS LUA6852F * <>2 ANALYZER 6852 INACTIVE 
.100E-04/HOUR 22. HOURS LUA6852U * ILOCK VALVES TO ANALYZER CLOSED (HUMAN ERROR) 
.340E-04/HOUR .so I«>NTHS LUA6853F * 02 ANALYZER 6853 INACTIVE 
.100E·04/HOUR 22. HOURS LUA6853U .. BLOCK VALVES TO ANALYZER CLOSED (HUMAN ERROR) 
.140E·04/HOUR 22. HOURS LVA10F3X LPPT PURGE MANUAL VALVES CLOSED ANY 1 OF 3 
.830E·04/HOUR 22. HOURS LVBBVCFO BLOCK VALVE OPEN/COLD FEED 
.830E·04/HOUR 22. HOURS LVBBVPFO BLOCK VALVE FAILS OPEN 
.830E·04/HOUR 22. HOURS LVBSPJTO BLOCK VALVE OPEN 
.100E·04/HOUR 22. HOURS LVDSPJTX DRAIN VALVE OPEN 
.460E·D6/HOUR 22. HOURS LVOSUPPX DRAIN VALVE SUPPLEMENTAL LINE LEFT OPEN 
.920E·05/HOUR 22. HOURS LVGM·28X OPERATOR CLOSES ANY 1 OF 2 MANUAL VALVES 
.920E·05/HOUR 22. HOURS LVGM·34X BRANCH A MANUAL VALVES CLOSED ANY 1 OF 2 
.100E·03/HOUR 1.0 HOURS LV00·34X "' BRANCH 8 MANUAL VALVES CLOSED 
.100E-01/HOUR 1.0 HOURS LVGOPBRT * OPERATOR FAILS TO VALVE BRANCH I WITHIN X MINU 
.160E-04/HOUR 22. HOURS LV17834C PRESSURE REGULATING VALVE 7834 FAILS CLOSED 
.160E·04/HOUR 22. HOURS LVIM·35C PCV 7172A FAILS CLOSED 
.160E·05/HOUR 1.5 I«>NTHS LVI0-35C PCV 71728 FAILS CLOSED 
.230E·04/HOUR 22. HOURS LVPVENTO LPPT OVERFLOW VALVE FAILS OPEN 
.120E·04/HOUR 22. HOURS LVS7469C SV 7469 FAILS CLOSED 
.150E·05/HOUR 6.0 I«>NTHS LVS8772K * MAIN VENT VALVE HCV-8772 FAILS TO CLOSE 
• 120E·04/HOUR 22. HOURS LVTSUPPC SUPPLEMENTAL PURGE VALVE SV74 FAILS CLOSED 
• 120E·04/HOUR 22. HOURS LVTSVNSC SV 74 FAILS CLOSED--NORMAL SUPPLY NEEDLE VALVE 
.280E·D6/HOUR 22. HOURS LVXLPN2P LPPT PURGE CHECK VALVE PLUGGED 
.200E-08/HOUR 22. HOURS LVV292AO RELIEV VALVE PSV 292 FAILS OPEN 
.200E-08/HOUR 1.5 MONTHS LVV292BO RELIEF VALVE PSV 2928 FAILS OPEN 
.100E-06/HOUR 22. HOURS IITK----U SUPPLIER FAILURE· LOX SUPPLIED INTSTEAD OF LN2 
.830E-05/HOUR 22. HOURS IIVASUPPC SUPPLEMENTAL PURGE VALVE FAILS TO OPEN 
.160E-03/HOUR 22. HOURS IIVK10F2C BLOCK VALVE IN SUPPLEMENTAL PURGE LINE CLOSED 
.690E·05/HOUR 22. HOURS IIVPN2··F VAPORIZER FAILS TO PROVIDE HEAT 
.tOOE-04/HOUR 22. HOURS IIVS7864C SOLENOID VALVE SV 7864 FAILS CLOSED 
.210E-05/HOUR 22. HOURS IIVX10F4X MANUAL VALVE CLOSED (ANY 1 OF 4) 
.140E·07/HOUR 22. HOURS IIVV10F30 PRESSURE RELIEF VALVE FAILS OPEN (ANY 1 OF 7) 
.620E ·04/HOUR 22. HOURS IIVZN2· -0 Y·STRAINER VALVE OPEN 
.230E-04/HOUR 22. HOURS CNA10F5X MANUAL VALVE CLOSED (ANY 1 OF 5) 
.320E-04/HOUR 22. HOURS CNA10F7X VALVE IN H AREA STEAM LINE TO PRESS REDUCTION 
.230E·04/HOUR 22. HOURS OVD10F5X DRAIN VALVE OPEN (ANY 1 OF 5) 
.220E-05/HOUR 22. HOURS CNL7538C TEMPERATURE CONTROL VALVE TCV 7538 FAILS CLOSE 
.230E·01/HOUR 1.0 HOURS PUMPOUT- "' TIME PERIOD -- PUMPOUT 1 HR BENZENE CONC NORMA 
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.920E·05/HOUR 22. 

.920E·05/HOUR 22. 

.920E·05/HOUR 22. 

.160E·04/HOUR 22. 

.160E·04/HOUR 22. 

.160E·04/HOUR 22. 

.200E·08/HOUR 22. 

.620E·04/HOUR 22. 

HOURS 
HOURS 
HOURS 
HOURS 
HOURS 
HOURS 
HOURS 
HOURS 

ZVA10F2X MANUAL VALVE CLOSED (ANY 1 OF 2) 
ZVA7418X MANUAL VALVE CLOSED (ANY 1 OF 2) 
ZVA7420X MANUAL VALVE CLOSED (ANY 1 OF 2) 
ZV17418C PRESSURE CONTROL VALVE 7418X FAILS CLOSED 
ZV1742·C PRESSURE REGULATING VALVE 7420 FAILS CLOSED 
ZV17420C PRESSURE CONTROL VALVE 7420X FAILS CLOSED 
ZVY72··0 PRESSURE RELIEF VALVE 72 fAILS OfEN 
ZVZN2··0 Y·STRAINER VALVE tlfEN 

1 ~~·················· FIRE/EXPLOSION LPPT W/0 REDUNDANT N2 SUPPLY ******************** 

STEADY STATE SYSTEM CHARACTERISTICS 

Tc:lf EVENT RATE (PER HOUR) = .39109E·09 Tc:lf EVENT RATE (PER YEAR) "' .34259E·05 

MEAN TIME TO SYSTEM FAILURE = .25570E+10 HOURS 

MEAN TIME TO SYSTEM REPAIR = 10.863 

TOP EVENT PROBABILITY = .42483E·08 

HOURS 

MISSION TIME 1.00 y 30.0 y 

.29189E+06 YEARS 

.45262 DAYS, 

EXPECT NO OF SYSTEM FAIL 
1 •••••••••••••••••••• 

.343E·05 .103E·03 
FIRE/EXPLOSION LPPT W/0 REDUNDANT N2 SUPPLY 

1 

INITIATOR CBARLOW·PROSCHAN) MEASURE OF BASIC EVENTIMPORTANCE (MEASURE OF INTERVAL RELIABILITY) 

STEADY STATE CALCULATIONS 

TOP EVENT PROBABILITY = .42483E·08 

MISSION TIME 1.00 y 30.0 y 
EXPECT NO OF SYSTEM FAIL .343E·05 .103E·03 

RANK BASIC EVENT IMPORTANCE fAILURE RATE MEAN FAULT DUAATION BASIC EVENT DESCRIPTION 

1 LAG----I I .494 .300E·02 HOURS 22.0 HOURS AGITATOR IGNITION SOURCE 
2 LVII4·35C I .966E-01 .160E·04 HOURS 22.0 HOURS PCV 7172A FAILS CLOSED 
3 LVTSVNSC I .725E-01 .120E·04 HOURS 22.0 HOURS SV 74 FAILS CLOSED--NORMAL SUPPLY NEEDLE VALVE 
3 LVS7469C I .725E-01 .120E·04 HOURS 22.0 HOURS SV 7469 FAILS CLOSED 
4 LVG14·28X I .554E·01 .920E-05 HOURS 22.0 HOURS OPERATOR CLOSES ANY 1 OF 2 MANUAL VALVES 
4 LVG14·34X I .554E·01 .920E·05 HOURS 22.0 HOURS BRANCH A MANUAL VALVES CLOSED ANY 1 OF 2 
5 LVPVENTO I .366E·01 .230E·04 HOURS 22.0 HOURS LPPT OVERFLOW VALVE FAILS OPEN 
5 LFLVENTO I .366E-01 .230E·04 HOURS 22.0 HOURS AIR LEAK THROUGH VENT VALVE FLANGE 
6 LHC1027L I .334E·01 .210E·04 HOURS 22.0 HOURS AIR LEAK THROUGH ANY 1 OF 27 HANFORD CONNECTOR 
7 LHCN2LPL I .155E-01 • 260E · 05 HOURS 22.0 HOURS LPPT N2 JUMPERS LEAK ANY 1 OF 2 (FLOW DIVERSIO 
8 LOPH20·T I .122E·01 1.00 YEARS 1.00 HOURS OPERATOR FAILS TO REPLENISH SUMP WATER 
9 LFRBR·AP I .589E-02 .100E·05 HOURS 22.0 HOURS IRANCH A FILTER PLUGGED 

10 LVDSUPPX I .250E·02 .460E·06 HOURS 22.0 MOI.IftS DRAIN VALVE SUPPLEMENTAL LINE LEFT OPEN 
11 LFLJETFL I .203E·02 • 130E·05 HOURS 22.0 HOURS AIR LEAK THROUGH LPPT TRANSFER JET FLANGE 
11 LFLSPARL I .203E·02 • 130E·05 HOURS 22.0 MOI.IftS AIR LEAK THROUGH SPARE FEED PUMP FLANGE 
11 LFLPPFLL I .203E·02 • 130E·05 HOURS 22.0 MOI.IftS AIR LEAK THRU LPPT TRANSFER PUMP FLANGE 
11 LFLLAGTL I .203E·02 • 130E·05 HOURS 22.0 MOI.IftS AIR LEAK THROUGH LPPT AGITATOR FLANGE 
12 LHCSUMPL I .193E·02 .130E·05 HOURS 22.0 MOI.IftS AIR LEAK THRU SUMP JET CONNECTOR 
13 7CPDCS·F I .425E·03 .200E·04 HOURS 22.0 MOI.IftS DCS INACTIVE 
14 0VAI020X I .3T7E-03 .920E·04 HOURS 22.0 MOI.IftS ANY PAIR OF DRIP LEG BLOW DOWN VALVES OPEN (AN 
14 ZVZN2··0 I .3T7E-03 .620E·04 HOURS 22.0 HOURS Y·STRAINER VALVE OPEN 
15 LDPDTTLL I .672E·04 .130E·05 HOURS 22.0 MOI.IftS LPPT INLET DIP TUBE LEAKS 
16 LTKAUXTF I .411E·05 .100E·03 HOURS .500 MONTHS AUXILIARY PRECIPITATE TANK NOT PURGED 

I DENOTES INITIATING EVENT 
******************** FIRE/EXPLOSION LPPT W/0 REDUNDANT N2 SUPPLY •••••••••••••••••••• 

ENABLER (SEQUENTIAL CONTRIBUTORY) BASIC EVENT IMPORTANCE (MEASURE OF INTERVAL RELIABILITY) 

STEADY STATE CALCULATIONS 

TOP EVENT PROBABILITY • .42483E·08 

MISSION TIME 1.00 y 30.0 y 
EXPECT NO OF SYSTEM FAIL .343E·05 .103E·03 
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RANK BASIC EVENT IMPORTANCE FAILUf!E RATE MEAN FIWL T DURATI'* BASIC EVENT DESCRIPTI'* 

1 LCBAGITD .759 .300E·02 HOURS 1.00 HOURS AGITATOR MCC ~TACTS Jl-7171 FAIL TO OPEN 
2 BENZENEN .752 1.00 HOURS 1.00 HOURS lATCH BENZENE ~C NORMAL •• 29/30 TRANSFERS 
3 FILLSTAN .737 .980 HOURS 1.00 HOURS TIME PERIOD FILL/STANDBY, 43 HRS •• BENZENE CO 
4 LAG···· I .506 .300E·02 HOURS 22.0 HOURS AGITATOR IGNITION SOURCE 
5 LVS8772K .391 .150E·05 HOURS 6.00 MONTHS MAIN VENT VALVE HCV-8772 FAILS TO CLOSE 
6 LSV87730 .310 .120E·05 HOURS 6.00 MONTHS BYPASS VENT VALVE SV-8773 fAILS OPEN 
7 LC6H6UEL .248 1.00 HOURS 1.00 HOURS BENZENE ~C IN LPPT BETWEEN LEL & UEL LIMITS 
7 FILLSTAH .248 • 190 HOURS 1.00 HOURS TIME PERIOD FILL/STANDBY FIRST 8 HOURS BENZENE 
7 BENZENEH .248 .330E·01 HOURS 1.00 HOURS lATCH BENZENE ~C HIGH ·- 1/30 TRANSFERS 
1'1 LUA61'152F .239 .340E·03 HOURS .500 MONTHS 02 ANALYZER 6852 INACTIVE 
9 LUA61'1S3F .232 .340E·04 HOURS .500 MONTHS 02 ANALYZER 6853 INACTIVE 

10 LVIM·35C .9661::·01 .160E-04 HOURS 22.0 HOURS PCV 7172A FAILS CLOSED 
11 LVTSVNSC .725E·01 .120E·04 HOURS 22.0 HOURS SV 74 FAILS CLOSED··NORMAL SUPPLY NEEDLE VALVE 
11 LVS7469C .725E·01 .120E·04 HOURS 22.0 HOURS SV 7469 FAILS CLOSED 
12 LSV8773X .S81E-01 • 100E·02 HOURS 1.00 HOURS OPERATOR OPENS SV-8773 AND FAILS TO RECLOSE 
13 LVGM·34X .554E·01 .920E·05 HOURS 22.0 HOURS BRANCH A MANUAL VALVES CLOSED ANY 1 OF 2 
13 LVGM·28X I .554E-01 • 920E- OS HOURS 22.0 HOURS OPERATOR CLOSES ANY 1 OF 2 MANUAL VALVES 
14 LFLVENTO I .367E-01 .230E-04 HOURS 22.0 HOURS AIR LEAK THROUGH VENT VALVE FLANGE 
14 LVPVENTO I .367E-01 .230E-04 HOURS 22.0 HOURS LPPT OVERFLOW VALVE FAILS OPEN 
15 LHC1027L I .335E·01 .210E·04 HOURS 22.0 HOURS AIR LEAK THROUGH ANY 1 Of 27 HANFORD CONNECTOR 
16 LHCN2LPL I .15SE-01 • 260E -05 HOURS 22.0 HOURS LPPT N2 JUMPERS LEAK ANY 1 OF 2 (FLOW DIVERSIO 
17 PUMPOUT- .152E-01 .230E·01 HOURS 1.00 HOURS TIME PERIOD • • PUMPOUT 1 HR BENZENE ~C NORMA 
18 1SLSUMPF .128E-01 .200E-03 HOURS .500 MONTHS SUMP PUMP BUBBLER INACTIVE 
19 lFRBR·AP .589E-02 .100E·OS HOURS 22.0 HOURS BRANCH A FILTER PLUGGED 
20 LUA61'153U .386E-02 • 1 OOE- 04 HOURS 22.0 HOURS BLOCK VALVES TO ANALYZER CLOSED (HUMAN ERROR) 
20 LTR61'153F .386E-02 .100E-04 HOURS 22.0 HOURS TRANSMITTER AIT-6853 INACTIVE 
21 LWSUPPX I .250E·02 .460E·06 HOURS 22.0 HOURS DRAIN VALVE SUPPLEMENTAL liNE LEFT OPEN 
22 lFLLAGTL I .203E-02 .130E-05 HOURS 22.0 HOURS AIR LEAK THROUGH LPPT AGITATOR FLANGE 
22 LFLJETFL I .203E-02 • 130E • 05 HOURS 22.0 HOURS AIR LEAK THROUGH LPPT TRANSFER JET FLANGE 
22 LFLPPFLL I .203E-02 • 130E-05 HOURS 22.0 HOURS AIR lEAK THRU LPPT TRANSFER PUMP FLANGE 
22 LFLSPARL I .203E-02 • 130E-05 HOURS 22.0 HOURS AIR LEAK THROUGH SPARE FEED PUMP FLANGE 
23 lHCSUMPL I .193E-02 .130E-05 HOURS 22.0 HOURS AIR lEAK THRU SUMP JET ~NECTOR 
24 LRY-281D .114E-02 • 300E- OS HOURS 6.00 MONTHS RELAY 281 ~TACTS FAIL TO OPEN 
25 7CPDCS·F I .851E·03 .200E-04 HOURS 22.0 HOURS DCS INACTIVE 
26 ZVZN2··0 I .754E-03 .620E·04 HOURS 22.0 HOURS Y·STRAINER VALVE OPEN 
26 OVAI020X I .754E-03 .920E-04 HOURS 22.0 HOURS ANY PAIR OF DRIP lEG BLOW DOWN VALVES OPEN (AN 
27 lOPH20-T I .556E-03 1.00 YEARS 1.00 HOURS OPERATOR FAILS TO REPLENISH SUMP WATER 
28 LTR61'152F .358E-03 .100E-04 HOURS 22.0 HOURS TRANSMITTER AIT-6852 INACTIVE 

I DENOTES INITIATING EVENT 
1 ******************** FIRE/EXPLOSION LPPT W/0 REDUNDANT N2 SUPPLY ******************** 

ENABLER (SEQUENTIAL CONTRIBUTORY) BASIC EVENT IMPORTANCE (MEASURE OF INTERVAL RELIABILITY) 

STEADY STATE CALCULATIONS 

TOP EVENT PROBABILITY = .42483E-08 

MISSION TIME 1.00 y 30.0 y 
EXPECT NO OF SYSTEM FAIL .343E-05 • 103E-03 

RANK BASIC EVENT IMPORTANCE FAI LUf!E RATE MEAN FAULT DURATION BASIC EVENT DESCRIPTION 

28 LUA61'152U .358E-03 • 100E -04 HOURS 22.0 HOURS BLOCK VALVES TO ANALYZER ClOSED (HUMAN ERROR) 
29 LSW6853D .139E-03 .300E·05 HOURS 6.00 MONTHS SWITCH ASH-6853 FAILS TO CLOSE 
30 lTKAUXTF I .134E·03 .100E·03 HOURS .500 MONTHS AUXILIARY PRECIPITATE TANK NOT PUf!GED 
31 LDPOTTLL I .713E·04 • 130E ·OS HOURS 22.0 HOURS LPPT INLET DIP TUBE LEAKS 

I DENOTES INITIATING EVENT 
******************************************************************************************************************** 

INITIATOR (BARLOW·PROSCHAN) MEASURE OF CUT SET IMPORTANCE (NEASUf!E OF INTERVAL RELIABILITY) 

******************************************************************************************************************** 

GROUP RANK 
1 
2 
3 
4 
5 
6 
7 
8 

CUMULATIVE IMPORTANCE 
.096427 
.173570 
.318217 
.454885 
.517278 
.632997 
.743896 
.832616 

RESIDUAL IMPORTANCE 
.904 
.826 
.61'12 
.545 
.483 
.367 
.256 
.167 
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9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 

.848288 

.863169 

.875926 

.888463 

.910786 

.927900 

.933928 

.938750 

.958067 

.960839 

.963258 

.965520 

.967138 

.969548 

.972941 

.975655 

.978256 

.983169 

.984300 

.986543 

.988624 

.989554 

.991326 

.992134 

.993552 

.994199 

.994816 

.995740 

.996520 

.996888 

.997243 

.997382 

.997655 

.99nso 

.998272 

.998496 

.999051 

.999252 

.999347 

.999390 

.152 

.137 

.124 

.112 

.892£-01 

.721£-01 

.661£-01 

.612E·01 

.419E-01 

.392£·01 

.367E-01 

.345£-01 

.323E-01 

.305£-01 

.271£·01 

.243E-01 

.217E-01 

.168E-01 

.157E·01 

.135£·01 

.114E-01 

.104£-01 

.867E-02 

.787E·02 

.645£-02 

.580E-02 

.518E·02 

.426E·02 

.348E·02 

.311£-02 

.276E-02 

.262£-02 

.234£-02 

.222£·02 

.173£-02 

.150£-02 

.949E-03 

.748E-03 

.653£-03 

.610E-03 
1 ******************** FIRE/EXPLOSION LPPT W/0 REDUNDANT N2 SUPPLY ******************** 

INITIATOR (BARLOW·PROSCHAN) MEASURE OF CUT SET IMPORTANCE (MEASURE OF INTERVAL RELIABILITY) 

STEADY STATE CALCULATIONS 

MISSION TIME .100E+01Y .300E+02Y 
EXPECT NO OF SYSTEM FAIL .343E·05 .103E·03 

TOP EVENT PROBABILITY = .42483E·08 

RANK IMPORTANCE 

.964E·01 CUT SET 1 MEAN TIME TO OCCURRENCE=, .26517£+11 HOURS .30271E+07 YEARS 
GROUP RANK CUMULATIVE/RESIDUAL 

.096427/ .904 
BASIC EVENT FAILURE RATE MEAN FAUL DURATION BASIC EVENT DESCRIPTION 

BENZENEN 
FILLSTAN 
LAG····I I 
LCBAGITD 
LVIM·35C I 
LVS8mK 

.100E+01 HOURS 

.980E+OO HOURS 

.300E·02 HOURS 

.300E·02 HOURS 

.160E·04 HOURS 

.150E·05 HOURS 

1.00 
1.00 
22.0 
1.00 
22.0 
6.00 

MOORS 
MOORS 
MOORS 
MOORS 
MOORS 
MONTHS 

lATCH BENZENE CONC NORMAL •· 29/30 TRANSFERS 
TINE PERIOD FILL/STANDBY, 43 HRS ·· BENZENE CO 
AGITATOR IGNITION SOORCE 
AGITATOR MCC CONTACTS Jl-7171 FAIL TO OPEN 
PCV 7112A FAILS CLOSED 
MAIN VENT VALVE HCV·8m FAILS TO CLOSE 

2 .n1E·01 CUT SET 6 MEAN TINE TO OCCURRENCE=, .33146E+11 HOURS .37838E+07 YEARS 
GROUP RANK CUMULATIVE/RESIDUAL 

.173570/ .826 
BASIC EVENT FAILURE RATE MEAN FAUL DURATION BASIC EVENT DESCRIPTION 

BENZENEN 
FILLSTAN 
LAG·-··1 I 
LCBAGITD 
LSV8n30 
LVIM·35C I 

.100E+01 HOURS 

.980E+OO HOURS 

.300E·02 HOURS 

.300E-02 HOURS 

.120E·05 HOURS 

.160E·04 HOURS 

1.00 
1.00 
22.0 
1.00 
6.00 
22.0 

MOORS 
MOORS 
HOURS 
HOURS 
MONTHS 
HOURS 

5 

BATCH BENZENE CONC NORMAL ·· 29/30 TRANSFERS 
TIME PERIOD FILL/STANDBY, 43 HRS ··BENZENE CO 
AGITATOR IGNITION SOORCE 
AGITATOR MCC CONTACTS Jl-7171 FAIL TO OPEN 
BYPASS VENT VALVE SV-8713 FAILS OPEN 
PCV 7112A FAILS CLOSED 



3 .723E·01 CUT SET 2 MEAN TIME TO OCCURRENCE=, .35355E+11 HOURS .40359£+07 YEARS 
GROUP RANK CUMULATIVE/RESIDUAL 

.318217/ .682 
IIASIC EVENT FAILURE RATE MEAN FAUL DUftATION IIASIC EVENT DESCRIPTION 

BENZENEN 
FILLSTAN 
LAG···· I 
LCBAGITD 
LVS7469C 
LVS8772K 

.100E+01 HOURS 

.980E+OO HOURS 

.300E-02 HOURS 

.300E-02 HOURS 
• 120E·04 HOURS 
.150E-05 HOURS 

1.00 
1.00 
22.0 
1.00 
22.0 
6.00 

HOURS 
HOURS 
HOURS 
HOURS 
HOURS 
MONTHS 

IIATCH BENZENE CONC NOOMAL -· 29/30 TRANSFERS 
TIME PERIOD FILL/STANDBY, 43 HRS ··BENZENE CO 
AGITATOR IGNITION SOURCE 
AGITATOR MCC CONTACTS Jl-7171 fAIL TO OPEN 
SV 7469 FAILS CLOSED 
MAIN VENT VALVE HCV·Sm FAILS TO ClOSE 

3 .723E-01 CUT SET 3 MEAN TIME TO OCCURRENCE=, .35355E+11 HOURS .40359£+07 YEARS 
GROUP RANK CUMULATIVE/RESIDUAl 

.318217/ .682 
IIASIC EVENT FAILURE RATE MEAN FAUL DURATION IIASIC EVENT DESCRIPTION 

BENZENEN 
flllSTAN 
LAG----I 
LCBAGITD 
LVS8772K 
LVTSVNSC I 

• 100E+01 HOURS 
.980E+OO HOURS 
.lOOE-02 HOURS 
.300E-02 HOURS 
.150E·05 HOURS 
.120E·04 HOURS 

1.00 
1.00 
22.0 
1.00 
6.00 
22.0 

HOURS 
HOURS 
HOURS 
HOURS 
MONTHS 
HOURS 

IIATCH BENZENE CONC NORMAL ·· 29/30 TRANSFERS 
TIME PERIOD FILL/STANDBY, 43 HRS ··BENZENE CO 
AGITATOR IGNITION SOURCE 
AGITATOR MCC CONTACTS Jl-7171 FAIL TO OPEN 
MAIN VENT VALVE HCV-Bm FAILS TO CLOSE 
SV 74 FAILS CLOSED--NORMAL SUPPLY NEEDLE VALVE 

I DENOTES INITIATING EVENT 
1 ******************** FIRE/EXPLOSION LPPT W/0 REDUNDANT N2 SUPPLY 

INITIATOR (BARLOW-PROSCHAN) MEASURE OF CUT SET IMPORTANCE (MEASURE OF INTERVAL RELIABILITY) 

STEADY STATE CALCULATIONS 

MISSION TIME .100E+01Y .300E+02Y 
EXPECT NO OF SYSTEM FAIL .343E-05 .103E-03 

TOP EVENT PROBABILITY = .42483E·08 

RANK IMPORTANCE 

4 .683E-01 CUTSET 

IIASIC EVENT 

BENZENEH 
FILLSTAH 
LAG----I 
LC6H6UEL 
LFLVENTO I 
LUA6852F 
LUA6853F 

4 .683E-01 CUTSET 

IIASIC EVENT 

BENZENEH 
FILLSTAH 
LAG···· I 
LC6H6UEL 
LUA6852F 
LUA6853F 
LVPVENTO I 

5 .624E-01 CUT SET 

IIASIC EVENT 

BENZENEH 
FILLSTAH 
LAG--·-1 
LC6H6UEL 
LHC1027L 
LUA6852F 
LUA6853F 

35 MEAN TIME TO OCCURRENCE=, .37419£+11 HOURS .42715E+07 YEARS 
GROUP RANK CUMULATIVE/RESIDUAL 

.454885/ .545 
FAILURE RATE MEAN FAUL DUftATION IIASIC EVENT DESCRIPTION 

.330E·01 HOURS 

.190E+OO HOURS 

.300E·02 HOURS 

.100E+01 HOURS 

.230E·04 HOURS 

.340E·03 HOURS 

.340E-04 HOURS 

1.00 
1.00 
22.0 
1.00 
22.0 
.500 
.500 

HOURS 
HOURS 
HOURS 
HOURS 
HOURS 
MONTHS 
MONTHS 

BATCH BENZENE CONC HIGH ·· 1/30 TRANSFERS 
TIME PERIOD FILL/STANDBY FIRST 8 HOURS BENZENE 
AGITATOR IGNITION SOURCE 
BENZENE CONC IN LPPT BETWEEN LEL & UEL LIMITS 
AIR LEAK THROUGH VENT VALVE FLANGE 
02 ANALYZER 6852 INACTIVE 
02 ANALYZER 6853 INACTIVE 

36 MEAN TIME TO OCCURRENCE=, .37419£+11 HOURS .42715E+07 YEARS 
GROUP RANK CUMULATIVE/RESIDUAL 

.454885/ .545 
FAILURE RATE MEAN FAUL DURATION BASIC EVENT DESCRIPTION 

.330E-01 HOURS 

.190E+OO HOURS 

.300E-02 HOURS 

.100E+01 HOURS 

.340E-03 HOURS 

.340E ·04 HOURS 

.230E·04 HOURS 

1.00 
1.00 
22.0 
1.00 
.500 
.500 
22.0 

HOURS 
HOURS 
HOURS 
HOURS 
MONTHS 
MONTHS 
HOURS 

BATCH BENZENE CONC HIGH ·· 1/30 TRANSFERS 
TIME PERIOD FILL/STANDBY FIRST 8 HOURS IENZENE 
AGITATOR IGNITION SOURCE 
BENZENE CONC IN LPPT BETWEEN LEL & UEL LIMITS 
02 ANALYZER 6852 INACTIVE 
02 ANALYZER 6853 INACTIVE 
LPPT OVERFLOW VALVE FAILS OPEN 

37 MEAN TIME TO OCCURRENCE=, .40981E+11 HOURS .46782E+07 YEARS 
GROUP RANK CUMULATIVE/RESIDUAL 

.517278/ .483 
FAILURE RATE MEAN FAUL DURATION BASIC EVENT DESCRIPTION 

.330E-01 HOURS 

.190E+OO HOURS 

.300E ·02 HOURS 

.100E+01 HOURS 

.210E-04 HOURS 

.340E·03 HOURS 

.340E -04 HOURS 

1.00 
1.00 
22.0 
1.00 
22.0 
.500 
.500 

HOURS 
HOURS 
HOURS 
HOURS 
HOURS 
MONTHS 
MONTHS 

6 

BATCH BENZENE CONC HIGH ·· 1/30 TRANSFERS 
TIME PERIOD FILL/STANDBY FIRST 8 HOURS BENZENE 
AGITATOR IGNITION SOURCE 
BENZENE CONC IN LPPT BETWEEN LEL & UEL LIMITS 
AIR LEAK THROUGH ANY 1 OF 27 HANFORD CONNECTOR 
02 ANALYZER 6852 INACTIVE 
02 ANALYZER 6853 INACTIVE 



I DENOTES INITIATING EVENT 
1 ******************** FIRE/EXPLOSION LPPT W/0 REDUNDANT N2 SUPPLY 

INITIATOR (BARLOW·PROSCHAN) ~ASURE OF CUT SET IHPORTANCE (~ASURE OF INTERVAL RELIABILITY) 

STEADY STATE CALCULATIONS 

MISSION TIME .100E+01Y ,300E+02Y 
EXPECT NO OF SYSTEM FAIL .343E·05 .103E-03 

TOP EVENT PROBABILITY = .42483E-08 

RANK IHPORTAIICE 

6 .579£-01 CUT SET 

BASIC EVENT 

IJENZENEN 
FILLSTAN 
LAG·-··1 
LCBAGITD 
LSV87730 
LVS7469C 

6 .579£-01 CUT SET 

BASIC EVENT 

BENZENEN 
FILLSTAN 
LAG···· I 
LCBAGITD 
LSV87730 
LVTSVNSC I 

7 .554E·01 CUT SET 

BASIC EVENT 

BENZENEN 
FILLSTAN 
LAG···· I 
LCBAGITD 
LVGH-34X 
LVS8n2K 

7 .554E-01 CUT SET 

BASIC EVENT 

lllNZENEN 
FILLSTAN 
LAG···· I 
LCBAGITD 
LVG14·28X I 
LVS8mK 

8 ~AN TIME TO OCCURRENCE=, .44193E+11 HOURS .50449E+07 YEARS 
GROUP RANK ~LATIVE/RESIDUAL 

.632997/ .367 
FAILURE RATE ~AN FAUL DURATION BASIC EVENT DESCRIPTION 

.100E+01 HOURS 

.980E+OO HOURS 

.300E·02 HOURS 

.300E·02 HOURS 

.120E·05 HOURS 

.120E·04 HOURS 

1.00 
1.00 
22.0 
1.00 
6.00 
22.0 

HOURS 
HOURS 
HOURS 
HOURS 
QTHS 
HOURS 

BATCH BENZENE CONC NOR~L ·· 29/30 TRANSFERS 
TIME PERIOD FILL/STANDBY, 43 HRS ·-BENZENE CO 
AGITATOR IGNITION SOURCE 
AGITATOR MCC CONTACTS Jl-7171 FAIL TO OPEN 
BYPASS VENT VALVE SV-8773 FAILS OPEN 
SV 7469 FAILS CLOSED 

7 MEAN TIME TO OCCURRENCE=, .44193E+11 HOURS .50449E+07 YEARS 
GROUP RANK ~LATIVE/RESIDUAL 

.632997/ .367 
FAILURE RATE ~AN FAUL DURATION BASIC EVENT DESCRIPTION 

.100E+01 HOURS 
• 980£+00 HOURS 
.!OOE-02 HOURS 
.300E·02 HOURS 
.120£·05 HOURS 
.120E·04 HOURS 

1.00 
1.00 
22.0 
1.00 
6.00 
22.0 

HOURS 
HOURS 
HOURS 
HOURS 
QTHS 
HOURS 

BATCH BENZENE CONC NOR~l -- 29/30 TRANSFERS 
TIME PERIOD FILL/STANDBY, 43 HRS -· BENZENE CO 
AGITATOR IGNITION SOURCE 
AGITATOR MCC CONTACTS Jl-7171 FAIL TO OPEN 
BYPASS VENT VALVE SV-8773 FAILS OPEN 
SV 74 FAILS CLOSED--NOR~L SUPPLY NEEDLE VALVE 

4 MEAN TIME TO OCCURRENCE=, .46113E+11 HOURS .52641E+07 YEARS 
GROUP RANK ~LATI\IE/RESIDUAL 

.743896/ .256 
FAILURE RATE MEAN FAUL DURATION BASIC EVENT DESCRIPTION 

.100E+01 HOURS 

.980E+OO HOURS 

.300E-02 HOURS 

.300E-02 HOURS 

.920E-05 HOURS 

.150E-05 HOURS 

1.00 
1.00 
22.0 
1.00 
22.0 
6.00 

HOURS 
HOURS 
HOURS 
HOURS 
HOURS 
QTHS 

BATCH BENZENE CONC NOR~L -- 29/30 TRANSFERS 
TIME PERIOD FILL/STANDBY, 43 HRS ·· BENZENE CO 
AGITATOR IGNITION SOURCE 
AGITATOR MCC CONTACTS Jl-7171 FAIL TO OPEN 
BRANCH A ~NUAL VALVES CLOSED ANY 1 OF 2 
~IN VENT VALVE HCV-8772 FAILS TO CLOSE 

5 MEAN TIME TO OCCURRENCE=, .46113E+11 HOURS .52641E+07 YEARS 
GROUP RANK ~LATIVE/RESIDUAL 

• 743896/ .256 
FAILURE RATE MEAN FAUL DURATION BASIC EVENT DESCRIPTION 

• 100£+01 HOURS 
.980E+OO HOURS 
.300E·02 HOURS 
.300E·02 HOURS 
.920£-05 HOURS 
.150E-05 HOURS 

1.00 
1.00 
22.0 
1.00 
22.0 
6.00 

HOURS 
HOURS 
HOURS 
HOURS 
HOURS 
QTHS 

lATCH BENZENE CONC NOR~L ·· .29/30 TRANSFERS 
Tl~ PERIOD FILL/STANDBY, 43 HRS ·· BENZENE CO 
AGITATOR IGNITION SOURCE 
AGITATOR MCC CONTACTS Jl·7171 FAIL TO OPEN 
OPERATOR CLOSES ANY 1 OF 2 ~NUAL VALVES 
~IN VENT VALVE HC\1·8772 FAILS TO CLOSE 

I DENOTES INITIATING EVENT 
1 ******************** FIRE/EXPLOSION LPPT W/0 REDUNDANT N2 SUPPLY 

INITIATOR (BARLOW·PROSCHAN) MEASURE OF CUT SET IMPORTANCE (~ASURE OF INTERVAL RELIABILITY) 

STEADY STATE CALCULATIONS 

MISSION TIME .100E+01Y .300E+02Y 
EXPECT NO OF SYSTEM FAIL .343E-05 .103E·03 

TOP EVENT PROBABILITY = .42483E·08 

RANK IMPORTANCE 

8 .444E-01 CUT SET 9 ~AN TIME TO OCCURRENCE=, .57641E+11 HOURS .65801E+07 YEARS 

7 

******************** 



BASIC EVENT 

IENZENEN 
FILLSTAW 
LAG···-1 
LCBAGITD 
LSV87730 
LVGM·28X I 

8 .444E·01 CUTSET 

BASIC EVENT 

BENZENEN 
FILLSTAN 
LAG--··1 
LCIIAGITD 
LSV87730 
LVGI4-34X I 

9 .157E-01 CUT SET 

BASIC EVENT 

BENZENEN 
FILLSTAN 
LAG-···1 
LCBAGITD 
LHCN2LPL I 
LVS8772K 

10 .149E·01 CUT SET 

BASIC EVENT 

BENZENEN 
FILLSTAN 
LAG····! 
LCIIAGITD 
LSV8mx 
LVII4·35C I 

FAILURE RATE 

.100E+01 HOURS 

.980E+OO HOURS 

.lOOE-02 HOURS 

.300E-02 HOURS 

.120E·05 HOURS 
• 920E- 05 HOURS 

GROUP RANK CUMULATIVE/RESIDUAL 
.832616/ .167 

MEAN fAUL DURATION BASIC EVENT DESCRIPTION 

1.00 
1.00 
22.0 
1.00 
6.00 
22.0 

HOURS 
HOURS 
HOURS 
HOURS 
MONTHS 
HOURS 

BATCH BENZENE CONC NORMAL -- 29/30 TRANSFERS 
TIME PERIOD FILL/STANDBY, 43 HRS ·· BENZENE CO 
AGITATOO IGNITION SOURCE 
AGITATOO MCC CONTACTS Jl-7171 FAIL TO OPEN 
BYPASS VENT VALVE SV·Sm FAILS OPEN 
OPERATOO CLOSES ANY 1 OF 2 MANUAl VALVES 

10 MEAN TIME TO OCCURRENCE=, .57641E+11 HOURS .65801E+07 YEARS 
GROUP RANK CUMULATIVE/RESIDUAL 

.832616/ .167 
FAILURE RATE MEAN FAUL DURATION BASIC EVENT DESCRIPTION 

• 100E+01 HOURS 
.980E+OO HOURS 
.300E·02 HOURS 
.300E·02 HOURS 
.120E·05 HOURS 
.920E·05 HOURS 

1.00 
1.00 
22.0 
1.00 
6.00 
22.0 

HOURS 
HOURS 
HOURS 
HOURS 
MONTHS 
HOURS 

BATCH BENZENE CONC NORMAL ·· 29/30 TRANSFERS 
TIME PERIOD FILL/STANDBY, 43 HRS ·· BENZENE CO 
AGITATOR IGNITION SOURCE 
AGITATOR MCC CONTACTS Jl-7171 FAIL TO OPEN 
BYPASS VENT VALVE SV-8773 FAILS OPEN 
BRANCH A MANUAL VALVES CLOSED ANY 1 OF 2 

11 MEAN TIME TO OCCURRENCE=, .16316E+12 HOURS .18625E+08 YEARS 
GROUP RANK CUMULATIVE/RESIDUAL 

.848288/ .152 
FAILURE RATE MEAN FAUL DURATION BASIC EVENT DESCRIPTION 

.100E+01 HOURS 

.980E+OO HOURS 

.300E·02 HOURS 

.300E·02 HOURS 

.260E·05 HOURS 

.150E·05 HOURS 

1.00 
1.00 
22.0 
1.00 
22.0 
6.00 

HOURS 
HOURS 
HOURS 
HOURS 
HOURS 
MONTHS 

BATCH BENZENE CONC NORMAL ·· 29/30 TRANSFERS 
TIME PERIOD FILL/STANDBY, 43 HRS ·· BENZENE CO 
AGITATOR IGNITION SOURCE 
AGITATOR MCC CONTACTS Jl-7171 FAIL TO OPEN 
LPPT N2 JUMPERS LEAK ANY 1 OF 2 (FLOW DIVERSIO 
MAIN VENT VALVE HCV-8772 FAILS TO CLOSE 

12 MEAN TIME TO OCCURRENCE=, .17183E+12 HOURS .19615E+08 YEARS 
GROUP RANK CUMULATIVE/RESIDUAL 

.863169/ .137 
FAILURE RATE MEAN FAUL DURATION BASIC EVENT DESCRIPTION 

.100E+01 HOURS 
• 980E+OO HOURS 
.300E-02 HOURS 
.300E·02 HOURS 
.100E·02 HOURS 
.160E-04 HOURS 

1.00 
1.00 
22.0 
1.00 
1.00 
22.0 

HOURS 
HOURS 
HOURS 
HOURS 
HOURS 
HOURS 

BATCH BENZENE CONC NORMAL ·- 29/30 TRANSFERS 
TIME PERIOD FILL/STANDBY, 43 HRS -- BENZENE CO 
AGITATOR IGNITION SOURCE 
AGITATOR MCC CONTACTS Jl·7171 FAIL TO OPEN 
OPERATOR OPENS SV-8773 AND FAILS TO RECLOSE 
PCV 7172A FAILS CLOSED 

I DENOTES INITIATING EVENT 
1 ******************** FIRE/EXPLOSION LPPT W/0 REDUNDANT N2 SUPPLY ******************** 

INITIATOR (BARLOW·PROSCHAN) MEASURE OF CUT SET IMPORTANCE (MEASURE OF INTERVAL RELIABILITY) 

STEADY STATE CALCULATIONS 

MISSION TIME .100E+01Y .300E+02Y 
EXPECT NO OF SYSTEM FAIL .343E·05 .103E·03 

TOP EVENT PROBABILITY • .42483E·08 

RANK IMPORTANCE 

11 • 128E-01 CUT SET 

BASIC EVENT 

1SLSUMPF 
BENZENEH 
FILLSTAH 
LAG···· I 
LC6H6UEL 
LOPH20-T 
LUA6852F 
LUA6853F 

12 .125E-01 CUT SET 

84 MEAN TIME TO OCCURRENCE=, .2D043E+12 HOURS .22881E+08 YEARS 
GROUP RANK CUMULATIVE/RESIDUAL 

.875926/ • 124 
FAILURE RATE MEAN FAUL DURATION BASIC EVENT DESCRIPTION 

.200E·03 HOURS 

.330E·01 HOURS 

.190E+00 HOURS 

.300E-02 HOURS 

.100E+01 HOURS 

.100E+01 YEARS 

.340E·03 HOURS 

.340E·04 HOURS 

.5!)0 
1.00 
1.00 
22.0 
1.00 
1.00 
.500 
.500 

MONTHS 
HOURS 
HOURS 
MOORS 
HOURS 
HOURS 
MONTHS 
MONTHS 

SUMP PUMP BUBBLER INACTIVE 
BATCH BENZENE CONC HIGH ·· 1/30 TRANSFERS 
TIME PERIOD FILL/STANDBY FIRST IS HOURS BENZENE 
AGITATOR IGNITION SOURCE 
BENZENE CONC IN LPPT BETWEEN LEL & UEL LIMITS 
OPERATOR FAILS TO REPLENISH SUMP WATER 
02 ANALYZER 6852 INACTIVE 
02 ANALYZER 6853 INACTIVE 

17 MEAN TIME TO OCCURRENCEB, .20395E+12 HOURS .23282E+08 YEARS 
GROUP RANK CUMULATIVE/RESIDUAL 

8 



BASIC EVENT 

IENZENEN 
FILLSTAN 
LAG----I 
LCBAGITD 
LHCN2LPL 
LSV87730 

FAILURE RATE 

.1001:+01 HOURS 

.980E+OO HOURS 

.300E-02 HOURS 

.300E-02 HOURS 

.260E-05 HOURS 

.120E-05 HOURS 

.888463/ .112 
MEAN FAUL DURATION BASIC EVENT DESCRIPTION 

1.00 
1.00 
22.0 
1.00 
22.0 
6.00 

HOURS 
HOURS 
HOURS 
HOURS 
HOURS 
MONTHS 

BATCH BENZENE CONC NORMAL -- 29/30 TRANSFERS 
TIME PERIOD FILL/STANDBY, 43 MRS -- BENZENE CO 
AGITATOR IGNITION SOUftCE 
AGITATOR ~C CONTACTS JJ·7171 fAIL TO OPEN 
LPPT N2 JUMPERS LEAK ANY 1 OF 2 (flOW DIVERSIO 
BYPASS VENT VALVE SV-8773 FAILS OPEN 

13 .112E-01 CUT SET 14 MEAN TIME TO OCCURRENCE=, .22909E+12 HOURS .26152E+08 YEARS 
GROUP RANK CUMULATIVE/RESIDUAL 

.910786/ .892E-01 
BASIC EVENT FAILURE RATE MEAN FAUL DURATION BASIC EVENT DESCRIPTION 

IIENZENEN 
FILLSTAN 
LAG----I 
LCBAGITD 
UV8773X 
LVS7469C I 

• 100E+01 HOURS 
.980E+OO HOURS 
.300E·02 HOURS 
.300E-02 HOURS 
.100E-02 HOURS 
.120E-04 HOURS 

DENOTES INITIATING EVENT 
1 ******************** 

1.00 
1.00 
22.0 
1.00 
1.00 
22.0 

HOURS 
HOURS 
HOURS 
HOURS 
HOURS 
HOURS 

BATCH BENZENE CONC NORMAL ·· 29/30 TRANSFERS 
TIME PERIOD FILL/STANDBY, 43 HRS -- BENZENE CO 
AGITATOR IGNITION SOUftCE 
AGITATOR ~C CONTACTS Jl-7171 FAIL TO OPEN 
OPERATOR OPENS SV-8773 AND FAILS TO RECLOSE 
SV 7469 FAILS CLOSED 

FIRE/EXPLOSION LPPT W/0 REDUNDANT N2 SUPPLY 

INITIATOR (BARLOW-PROSCHAN) MEASURE OF CUT SET IMPORTANCE (MEASURE OF INTERVAL RELIABILITY) 

STEADY STATE CALCULATIONS 

MISSION TIME .100E+01Y .300E+02Y 
EXPECT NO OF SYSTEM FAIL .343E-05 .103E-03 

TOP EVENT PROBABILITY = .42483E-08 

RANK IMPORTANCE 

13 .112E-01 CUT SET 

BASIC EVENT 

BENZENEN 
FILLSTAN 
LAG··--1 
LCBAGITD 
LSV8773X 
LVTSVNSC 

14 .856£·02 CUT SET 

BASIC EVENT 

BENZENEN 
FILLSTAN 
LAG-···! 
LCBAGITD 
LSV8773X 
LVGM·34X I 

14 .856£·02 CUT SET 

BASIC EVENT 

IENZENEN 
FILLSTAN 
LAG··· ·I I 
LCBAGITD 
LSV8773X 
LVGM·28X I 

15 .603E·02 CUT SET 

BASIC EVENT 

13 MEAN TIME TO OCCURRENCE=, .22909E+12 HOURS .26152E+08 YEARS 
GROUP RANK CUMULATIVE/RESIDUAL 

.910786/ .892E-01 
FAILURE RATE MEAN FAUL DURATION BASIC EVENT DESCRIPTION 

• 100E+01 HOURS 
.980E+OO HOURS 
.300E·02 HOURS 
.300E·02 HOURS 
.100E-02 HOURS 
.120E·04 HOURS 

1.00 
1.00 
22.0 
1.00 
1.00 
22.0 

HOURS 
HOURS 
HOURS 
HOURS 
HOURS 
HOURS 

BATCH BENZENE CONC NORMAL -- 29/30 TRANSFERS 
TIME PERIOD FILL/STANDBY, 43 HRS -- BENZENE CO 
AGITATOR IGNITION SOURCE 
AGITATOR MCC CONTACTS Jl-7171 FAIL TO OPEN 
OPERATOR OPENS SV-8773 AND FAILS TO RECLOSE 
SV 74 FAILS CLOSED··NORMAL SUPPLY NEEDLE VALVE 

16 MEAN TIME TO OCCURRENCE=, .29881E+12 HOURS .34111E+08 YEARS 
GROUP RANK CUMULATIVE/RESIDUAL 

.927900/ .721E·01 
FAILURE RATE MEAN FAUL DURATION BASIC EVENT DESCRIPTION 

.100E+01 HOURS 

.980E+OO HOURS 

.300E·02 HOURS 

.300£·02 HOURS 

.1001:·02 HOURS 
• 920E • 05 HOURS 

1.00 
1.00 
22.0 
1.00 
1.00 
22.0 

HOURS 
HOURS 
HOURS 
HOURS 
HOURS 
HOURS 

lATCH BENZENE CONC NORMAL -- 29/30 TRANSFERS 
TIME PERIOD FILL/STANDBY, 43 HRS --BENZENE CO 
AGITATOR IGNITION SOUftCE 
AGITATOR MCC CONTACTS Jl-7171 FAIL TO OPEN 
OPERATOR OPENS SV-8173 AND FAILS TO RECLOSE 
BRANCH A MANUAL VALVES CLOSED ANY 1 OF 2 

15 MEAN TIME TO OCCURRENCE=, .29881E+12 HOURS .34111E+08 YEARS 
GROUP RANK CUMULATIVE/RESIDUAL 

.927900/ .721E·01 
FAILURE RATE MEAN FAUL DURATION BASIC EVENT DESCRIPTION 

.100E+01 HOURS 

.980E+OO HOURS 

.300E·02 HOURS 

.300£·02 HOURS 

.100E·02 HOURS 

.920£·05 HOURS 

1.00 
1.00 
22.0 
1.00 
1.00 
22.0 

HOURS 
HOURS 
HOURS 
HOURS 
HOURS 
HOURS 

BATCH BENZENE CONC NORMAL · · 29/30 TRANSFERS 
TIME PERIOD FILL/STANDBY, 43 MRS ·• IENZENE CO 
AGITATOR IGNITION SOURCE 
AGITATOR ~C CONTACTS Jl-7171 fAIL TO OPEN 
OPERATOR OPENS SV·8173 AND FAILS TO RECLOSE 
OPERATOR CLOSES ANY 1 OF 2 MANUAL VALVES 

18 MEAN TIME TO OCCURRENCE=, .42421E+12 HOURS .48425E+08 YEARS 
GROUP RANK CUMULATIVE/RESIDUAL 

.933928/ .661E·01 
FAILURE RATE MEAN FAUL DURATION BASIC EVENT DESCRIPTION 

9 



IENZENEN 
FILLSTAN 
LAG···· I 
LCIIAGITO 
LFRIIR·AP I 
LVS!mK 

• 1001:+01 IIWRS 
.980E+OO HOURS 
.!OOE-02 IIWRS 
.300E·02 IIWRS 
.100E·05 HOURS 
.150E·05 IIWRS 

1.00 
1 .oo 
22.0 
1.00 
22.0 
6.00 

IIWRS 
IIWRS 
IIWRS 
IIWRS 
IIWRS 
MfltiTHS 

lATCH BENZENE COWC NORMAL ·· 29/30 TRANSFERS 
TIME PERIOD FILL/STANDBY, 43 HRS ··BENZENE CO 
AGITATOR IGNITIOtl SOURCE 
AGITATOR MCC CfltiTACTS Jl-7171 fAIL TO OPEN 
BRANCH A FILTER PLUGGED 
MAIN VENT VALVE HCV·&m FAILS TO CLOSE 

I DENOTES INITIATING EVENT 
1 ******************** FIRE/EXPLOSIOtl LPPT W/0 REDUNDANT N2 SUPPLY 

INITIATOR (BARLOW·PROSCHAN) MEASURE OF CUT SET IMPORTANCE (MEASURE OF INTERVAL RELIABILITY) 

STEADY STATE CALCULATIONS 

MISSION TIME .100E+01Y .300E+02Y 
EXPECT NO OF SYSTEM FAIL .343E·05 .103E·03 

TOP EVENT PROOABILITY "' .42WE-OO 

RANK IMPORTANCE 

16 .WE-02 CUT SET 

BASIC EVENT 

BENZENEN 
FILLSTAN 
LAG----I 
LCBAGITD 
LFRBR·AP I 
LSV81730 

17 .386E-02 CUT SET 

BASIC EVENT 

BENZENEH 
FILLSTAH 
LAG-···1 
LC6H6UEL 
LHCSUMPL 
LUA6852F 
LUA6853F 

17 .386E-02 CUT SET 

BASIC EVENT 

BENZENEH 
FILLSTAH 
LAG····I 
LC6H6UEL 
LFLJETFL 
LUA6852F 
LUA6853F 

23 MEAN TIME TO OCCURRENCE=, .53025E+12 IIWRS .60531E+OO YEARS 
GROUP RANK CUMULATIVE/RESIDUAL 

.938750/ .612E-01 
FAILURE RATE MEAN FAUL DURATION BASIC EVENT DESCRIPTION 

.100E+01 HOURS 
• 980E+OO HOURS 
.300E-02 HOURS 
.300E-02 HOURS 
.100E-05 HOURS 
.120E·05 HOURS 

1.00 
1.00 
22.0 
1.00 
22.0 
6.00 

IIWRS 
HOURS 
HOURS 
IIWRS 
HOURS 
MfltiTHS 

BATCH BENZENE COliC NORMAL ·· 29/30 TRANSFERs 
TIME PERIOD FILL/STANDBY, 43 HRS ·· BENZENE CO 
AGITATOR IGNITION SOURCE 
AGITATOR MCC CONTACTS Jl-7171 FAIL TO OPEN 
BRANCH A FILTER PLUGGED 
BYPASS VENT VALVE SV-8173 FAILS OPEN 

57 MEAN TIME TO OCCURRENCE=, .66186E+12 HOURS .75555E+08 YEARS 
GROUP RANK CUMULATIVE/RESIDUAL 

.958067/ .419E-01 
FAILURE RATE MEAN FAUL DURATION BASIC EVENT DESCRIPTION 

.330E·01 HOURS 

.190E+OO HOURS 

.300E-02 IIWRS 

.100E+01 HOURS 

.130E-05 HOURS 

.340E·03 HOURS 

.340E·04 HOURS 

1.00 
1.00 
22.0 
1.00 
22.0 
.500 
.500 

IIWRS 
IIWRS 
IIWRS 
IIWRS 
IIWRS 
MfltiTHS 
MfltiTHS 

BATCH BENZENE COliC HIGH ·· 1/30 TRANSFERS 
TIME PERIOD FILL/STANDBY FIRST 8 HOURS BENZENE 
AGITATOR IGNITION SOURCE 
IENZENE COliC IN LPPT BETWEEN LEL & UEL LIMITS 
AIR LEAK THRU SUMP JET CONNECTOR 
02 ANALYZER 6852 INACTIVE 
02 ANALYZER 6853 INACTIVE 

39 MEAN TIME TO OCCURRENCE=, .66186E+12 HOURS .75555E+08 YEARS 
GROUP RANK CUMULATIVE/RESIDUAL 

.958067/ .419E-01 
FAILURE RATE MEAN FAUL DURATION BASIC EVENT DESCRIPTION 

.330E·01 IIWRS 

.190E+OO HOURS 

.300E·02 HOURS 

.100E+01 IIWRS 

.130E·05 IIWRS 

.340E-03 HOURS 

.340E ·04 IIWRS 

1.00 
1.00 
22.0 
1.00 
22.0 
.500 
.500 

IIWRS 
IIWRS 
IIWRS 
IIWRS 
IIWRS 
MfltiTHS 
MONTHS 

BATCH BENZENE COliC HIGH -- 1/30 TRANSFERS 
TIME PERIOD FILL/STANDBY FIRST 8 HOURS BENZENE 
AGITATOR IGNITION SOURCE 
IENZENE COliC IN LPPT BETWEEN LEL & UEL LIMITS 
AIR LEAK THROUGH LPPT TRANSFER JET FLANGE 
02 ANALYZER 6852 INACTIVE 
02 ANALYZER 6853 INACTIVE 

I DENOTES INITIATING EVENT 
1 ******************** FIRE/EXPLOSION LPPT W/0 REDUNDANT N2 SUPPLY ******************** 

INITIATOR (BARLOW·PROSCHAN) MEASURE OF CUT SET IMPORTANCE (MEASURE OF INTERVAL RELIABILITY) 

STEADY STATE CALCULATIONS 

MISSION TIME .100E+01Y .300E+02Y 
EXPECT NO OF SYSTEM FAIL .343E·05 .103E·03 

TOP EVENT PROBABILITY • .42483E·08 

RANK IMPORTANCE 

17 .386E·02 CUT SET 40 MEAN TIME TO OCCURRENCE~, .66186E+12 HOURS .75555E+08 YEARS 
GROUP RANK CUMULATIVE/RESIDUAL 

.958067/ .419E·01 
BASIC EVENT FAILURE RATE MEAN FAUL DURATION BASIC EVENT DESCRIPTION 
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IENZENEH .llOE-01 HOURS 1.00 t!Cll.mS BATCH BENZENE OONC HIGH ·· 1/30 TRANSFERS 
FILLSTAH .190E+OO HOURS 1.00 t!Cll.mS TIME PERIOD FILL/STANDBY FIRST 8 HOURS BENZENE 
LAG-···1 .lOOE-02 t!Cll.mS 22.0 t!Cll.mS AGITATm! IGNITioel SOURCE 
LC6H6UEL .100E+01 HOURS 1.00 t!Cll.mS IIIIENZENE OONC Ill LWT BETWEEN LEL I. UEL LIMITS 
LFLPPFLL • 130E-05 HOURS 22.0 t!Cll.mS AIR LEAK THRU LPPT TRANSFER PUMP FLANGE 
LUA6852F .340E·03 HOURS .500 MONTHS 02 ANALVZER 6852 INACTIVE 
LUA6853F .340E-04 HOURS .500 MONTHS 02 ANALYZER 6853 INACTIVE 

17 .3861::-02 CUT SET 41 MEAN TINE TO OCCURRENCE=, .66186E+12 HOURS .75555E+08 YEARS 
GROUP RANK CUNULATIVE/RESIDUAL 

.958067/ .419£-01 
BASIC EVENT FAILURE RATE MEAN F AUL DUitA Tl eel BASIC EVENT DESCRIPTION 

IENZENEH .llOE-01 HOURS 1.00 t!Cll.mS lATCH BENZENE OONC HIGH ·· 1/30 TRANSFERS 
FILLSTAH .190E+OO HOURS 1.00 t!Cll.mS TIME PERIOD FILL/STANDBY FIRST 8 HOURS BENZENE 
LAG----I .:SOOE-02 HOURS 22.0 t!Cll.mS AGITATml IGNITION SOURCE 
LC6H6UEL .100E+01 HOURS 1.00 t!Cll.mS IIIIENZENE OONC IN LWT BETWEEN LEL I. UEL LIMITS 
LFLLAGTL .130E-05 HOURS 22.0 HOURS AIR LEAK THROUGH LWT AGITATm! FLANGE 
LUA6852F .340E·03 HOURS .500 MONTHS 02 ANALYZER 6852 INACTIVE 
LUA6853F .340E·04 HOURS .500 MONTHS 02 ANALYZER 6853 INACTIVE 

17 .3861::-02 CUT SET 38 MEAN TINE TO OCCURRENCE=, .66186E+12 HOURS .75555E+08 YEARS 
GROUP RANK CUNULATIVE/RESIOUAL 

.958067/ .419£·01 
BASIC EVENT fAILURE RATE lEAN FAUL DURATION BASIC EVENT DESCRIPTION 

BENZENEH .330E-01 HOURS 1.00 HOURS BATCH BENZENE COWC HIGH ·· 1/30 TRANSFERS 
FILLSTAH • 190E+OO HOURS 1.00 HOURS TIME PERIOD FILL/STANDBY FIRST 8 HOURS BENZENE 
LAG···· I .300E·02 HOURS 22.0 HOURS AGITATml IGNITION SOURCE 
LC6H6UEL .100E+01 HOURS 1.00 HOURS BENZENE CONC IN LPPT BETWEEN LEL I. UEL LIMITS 
LFLSPARL I .130E·05 HOURS 22.0 HOURS AIR LEAK THROUGH SPARE FEED PUMP FLANGE 
LUA6852F .340E-03 HOURS .500 MONTHS 02 ANALYZER 6852 INACTIVE 
LUA6853F .340E·04 HOURS .500 MONTHS 02 ANALYZER 6853 INACTIVE 

I DENOTES INITIATING EVENT 
1 ******************** FIRE/EXPLOSION LPPT W/0 REDUNDANT N2 SUPPLY 

INITIATOR CBARLOW·PROSCHAN) MEASURE OF CUT SET lfi~Pm!TANCE (MEASURE Of INTERVAL RELIABILITY) 

STEADY STATE CALCULATIONS 

MISSION TIME .100E+01Y .300E+02Y 
EXPECT NO OF SYSTEM FAIL .343E-05 .103E-03 

TOP EVENT PROBABILITY = .42483E·OS 

RANK IMPm!TANCE 

18 .277E-02 CUT SET 

BASIC EVENT 

BENZENEN 
FILLSTAN 
LAG···· I 
LCBAGITD 
LWSUPPX 
LVS8mK 

19 .242E·02 CUT SET 

BASIC EVENT 

BENZENEN 
FILLSTAN 
LAG···-1 I 
LCBAGITD 
LHCN2LPL I 
Lsvsmx 

20 .226E·02 CUT SET 

BASIC EVENT 

20 MEAN TIME TO OCCURRENCE=, .92218E+12 HOURS .10527E+09 YEARS 
GROUP RANK CUNULATIVE/RESIDUAL 

.960839/ .392E·01 
FAILURE RATE MEAN FAUL DURATION BASIC EVENT DESCRIPTION 

.100E+01 HOURS 
• 980E+OO HOURS 
.300E·02 HOURS 
.300E·02 HOURS 
.460E-06 HOURS 
.150E·OS HOURS 

1.00 
1.00 
22.0 
1.00 
22.0 
6.00 

t!Cll.mS 
HOURS 
HOURS 
t!Cll.mS 
t!Cll.mS 
MONTHS 

BATCH BENZENE CONC Nm!MAL · · 29/30 TRANSFERS 
TIME PERIOD FILL/STANDBY, 43 HRS ·· BENZENE CO 
AGITATm! IGNITION SOURCE 
AGITATOR MCC CONTACTS Jl·7171 FAIL TO OPEN 
DRAIN VALVE SUPPLEMENTAL LINE LEFT OPEN 
MAIN VENT VALVE HCV·8m FAILS TO CLOSE 

24 MEAN TIME TO OCCURRENCE=, .105nE+13 t!Cll.mS .12069E+09 YEARS 
GROUP RANK CUMULATIVE/RESIDUAL 

.963258/ .367E-01 
FAILURE RATE lEAN FAUL DllltATION BASIC EVENT DESCRIPTION 

• 100E+01 HOURS 
• 980E+OO HOURS 
.lOOE-02 HOURS 
.lOOE-02 HOURS 
.260E·05 HOURS 
.100E·02 HOURS 

1.00 
1.00 
22.0 
1.00 
22.0 
1.00 

HOURS 
HOURS 
HOURS 
HOURS 
HOURS 
HOURS 

BATCH BENZENE CONC NORMAL •• 29130 TRANSFERS 
TIME PERIOD FILL/STANDBY, 43 HRS ·· BENZENE CO 
AGITATml IGNITION SOURCE . 
AGITATOR MCC CONTACTS Jl-7171 FAIL TO OPEN 
LPPT N2 JUMPERS LEAK ANY 1 OF 2 (FLOW DIVERSIO 
OPERATOR OPENS SV·8m AND FAILS TO RECLOSE 

19 MEAN TIME TO OCCURRENCE=, .11304E+13 HOURS .12904E+09 YEARS 
GROUP RANK CUMULATIVE/RESIDUAL 

.965520/ .345E·01 
FAILURE RATE lEAN FAUL DURATION BASIC EVENT DESCRIPTION 
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IENZENEN .100£+01 HOURS 1.00 HOURS lATCH BENZENE COMC NORMAL ·· 29{30 TRANSFERS 
LAG····! .300E-02 HOURS 22.0 HOURS AGITATOR IGNITIC* SOURCE 
LCBAGITD .300E-02 HOURS 1.00 HOURS AGITATOR MCC CONTACTS Jl-7171 FAIL TO OPEN 
LVIM·35C .160E-04 HOURS 22.0 HOURS PCV 7172A fAILS ClOSED 
LVS8772K .150E-05 HOURS 6.00 MOOTHS MAIN VENT VALVE HCV-8772 FAILS TO CLOSE 
PIJMPOUT- .230E·01 HOURS 1.00 HOURS TIME PERIOO -- PUMPOUT 1 HR BENZENE COMC NORMA 

21 .222E·02 CUT SET 28 MEAN TIME TO OCCURRENCE=, .11527E+13 HOURS .13159£+09 YEARS 
GROUP RANK CUMULATIVE/RESIDUAL 

.%7738/ .323E·01 
BASIC EVENT FAILURE RATE MEAN FAUL OURAT!otl BASIC EVENT DESCRIPTIC* 

BENZENEN .100£+01 HOURS 1.00 HOURS lATCH BENZENE COMC NORMAL ·· 29/30 TRANSFERS 
FILLSTAN .980E+OO HOURS 1.00 HOURS TIME PERIOO FILL/STANDBY, 43 HRS ·· BENZENE CO 
LAG····! .300E·02 HOURS 22.0 HOURS AGITATOR IGNITIC* SOURCE 
LCBAGITD .300E·02 HOURS 1.00 HOURS AGITATOR MCC CONTACTS Jl-7171 FAIL TO OPEN 
LSV87730 .120E·05 HOURS 6.00 MOOTHS BYPASS VENT VALVE SV-8713 FAILS OPEN 
LVDSUPP)( I .460E·06 HOURS 22.0 HOURS DRAIN VALVE SUPPLEMENTAL LINE LEFT OPEN 

I DENOTES INITIATING EVENT 
1 ******************** FIRE/EXPLOSION LPPT W/0 REDUNDANT N2 SUPPLY 

INITIATOR (BARLOW-PROSCHAN) MEASURE OF CUT SET IMPORTANCE (MEASURE Of INTERVAL RELIABILITY) 

STEADY STATE CALCULATIONS 

MISSION TIME .100E+01Y .300E+02Y 
EXPECT NO OF SYSTEM FAIL .343E·05 .103E·03 

TOP EVENT PROBABILITY = .42483E·08 

RANK IMPORTANCE 

22 .181E·02 CUT SET 

BASIC EVENT 

IENZENEN 
LAG··· ·I I 
LCBAGITD 
LSV87730 
LVIM·35C I 
PUMPOUT· 

23 .170E·02 CUT SET 

BASIC EVENT 

BENZENEN 
LAG-··-1 I 
LCBAGITD 
LVS8772K 
LVTSVNSC 
PIJMPOUT-

23 .170E-02 CUTSET 

BASIC EVENT 

BENZENEN 
LAG···· I 
LCBAGITD 
LVS7469C 
LVS8772K 
PIJMPOUT-

24 • 136E-02 CUTSET 

BASIC EVENT 

BENZENEN 
LAG···· I 
LCIAGITD 

27 MEAN TIME TO OCCURRENCE=, .14130E+13 HOURS .16130E+09 YEARS 
GROUP RANK CUMULATIVE/RESIDUAL 

.969548/ .305E·01 
FAILURE RATE MEAN FAUL DURATION BASIC EVENT DESCRIPTION 

.100£+01 HOURS 

.300E·02 HOURS 

.300E-02 HOURS 

.120E·05 HOURS 

.160E-04 HOURS 

.230E-01 HOURS 

1.00 
22.0 
1.00 
6.00 
22.0 
1.00 

HOURS 
HOURS 
HOURS 
MOOTHS 
HOURS 
HOURS 

lATCH BENZENE CONC NORMAL ·· 29/30 TRANSFERS 
AGITATOR IGNITION SOURCE 
AGITATOR MCC CONTACTS Jl-7171 FAIL TO OPEN 
BYPASS VENT VALVE SV-8713 FAILS OPEN 
PCV 7172A FAILS CLOSED 
TIME PERIOD ·· PUMPOUT 1 HR BENZENE CONC NORMA 

22 MEAN TIME TO OCCURRENCE=, .15072E+13 HOURS .17205E+09 YEARS 
GROUP RANK CUMULATIVE/RESIDUAL 

.972941/ .271E·01 
FAILURE RATE MEAN FAUL DURATION BASIC EVENT DESCRIPTION 

.100E+01 HOURS 

.300E-02 HOURS 

.300E-02 HOURS 

.150E-05 HOURS 

.120E-04 HOURS 

.230E-01 HOURS 

1.00 
22.0 
1.00 
6.00 
22.0 
1.00 

HOURS 
HOURS 
HOURS 
MOOTHS 
HOURS 
HOURS 

lATCH BENZENE CC*C NORMAL -- 29/30 TRANSFERS 
AGITATOR IGNITION SOURCE 
AGITATOR MCC CONTACTS Jl-7171 FAIL TO OPEN 
MAIN VENT VALVE HCV-8772 FAILS TO CLOSE 
SV 74 FAILS CLOSED--NORMAL SUPPLY NEEDLE VALVE 
TIME PERIOD -· PUMPOUT 1 HR BENZENE CONC NORMA 

21 MEAN TIME TO OCCURRENCE•, .15072E+13 HOURS .17205E+09 YEARS 
GROUP RANK CUMULATIVE/RESIDUAL 

.972941/ .271E·01 
FAILURE RATE MEAN FAUL DURATION BASIC EVENT DESCRIPTION 

.100£+01 HOURS 

.300E-02 HOURS 

.300E·02 HOURS 

.120E·04 HOURS 

.150E·05 HOURS 

.230E·01 HOURS 

1.00 
22.0 
1.00 
22.0 
6.00 
1.00 

HOURS 
HOURS 
HOURS 
HOURS 
MOOTHS 
HOURS 

lATCH BENZENE CC*C NORMAL ·- 29/30 TRANSFERS 
AGITATOR IGIUTION SOURCE 
AGITATOR MCC CONTACTS Jl·7171 FAIL TO OPEN 
SV 7469 FAILS CLOSED 
MAIN VENT VALVE HCV-8772 FAILS TO CLOSE 
TIME PERIOD ·· PUMPOUT 1 HR BENZENE CONC NORMA 

29 MEAN TIME TO OCCURRENCE•, • 18839£+13 HOURS .21506E+09 YEARS 
GROUP RANK CUMULATIVE/RESIDUAL 

.975655/ .243E·01 
FAILURE RATE MEAN FAUL DURATION BASIC EVENT DESCRIPTION 

.100E+01 HOURS 

.300E·02 HOURS 

.lOOE-02 HOURS 

1.00 
22.0 
1.00 

HOURS 
HOURS 
HOURS 
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BATCH BENZENE CONC NORMAL ·· 29/30 TRANSFERS 
AGITATOR IGNITION SOURCE 
AGITATOR MCC CONTACTS Jl-7171 FAIL TO OPEN 



UV87730 
LVS7469C I 
flt.IMPOUT· 

.120£-05 HOURS 

.120£·04 HOURS 

.230£ ·01 HOURS 

6.00 
22.0 
1.00 

IYPASS VENT VALVE SV-8773 FAILS OPEN 
SV 7469 fAILS CLOSED 
TIME PERl 00 ·- PiJMPOUT HR BENZENE CONC NORMA 

I DENOTES INITIATING EVENT 
1 ******************** FIRE/EXPLOSION LPPT W/0 REDUNOANT NZ SUPPLY 

INITIATOR (BARLOU·PROSCHAN) MEASURE Of CUT SET IMPORTANCE (lEASURE Of INTERVAL RELIABILITY) 

STEADY STATE CALCULATIONS 

MISStON TIME .100E+01Y .300E+02Y 
EXPECT NO OF SYSTEM FAll .343£·05 .103E·03 

TOP EVENT PROBABILITY = .42483E·08 

RANK IMPORTANCE 

24 .136E·02 CUT SET 

BASIC EVENT 

BENZENEN 
LAG··--1 I 
lCBAGITD 
LSV87730 
lVTSVNSC I 
Pi.IMPOUT· 

25 .130E·02 CUT SET 

BASIC EVENT 

BENZENEN 
LAG··--1 
lCBAGITD 
lVGM-34X 
LVS8n2K 
flt.IMPOUT-

25 .130E-02 CUT SET 

BASIC EVENT 

BENZENEN 
LAG----I 
LCBAGITD 
LVGM-28X 
LVS8772K 
Pi.IMPOUT-

30 MEAN TIME TO OCCURRENCE=, .18839£+13 HOURS .21506£+09 YEARS 
GROUP RANK CUMULATIVE/RESIDUAl 

.975655/ .243E-01 
FAILURE RATE MEAN FAUl DURATION BASIC EVENT DESCRIPTION 

.100E+01 HOURS 

.300E-02 HOURS 

.300E-02 HOURS 

.120E-05 HOURS 

.120E-04 HOURS 

.230E·01 HOURS 

1.00 
22.0 
1.00 
6.00 
22.0 
1.00 

HOURS 
HOURS 
HOURS 
MONTHS 
HOURS 
HOURS 

BATCH BENZENE CONC NORMAL ·· 29/30 TRANSFERS 
AGITATOR IGNITION SOURCE 
AGITATOR MCC CONTACTS Jl-7171 fAll TO OPEN 
BYPASS VENT VALVE SV-8773 FAILS OPEN 
SV 74 FAILS CLOSED--NORMAL SUPPLY NEEDLE VALVE 
TIME PERIOD -- PUMPOUT 1 HR BENZENE CONC NORMA 

25 MEAN TIME TO OCCURRENCE=, .19659£+13 HOURS .22442E+09 YEARS 
GROUP RANK CUMULATIVE/RESIDUAL 

.978256/ .217E-01 
FAILURE RATE MEAN FAUL DURATION BASIC EVENT DESCRIPTION 

.100E+01 HOURS 

.300E-02 HOURS 

.300E·02 HOURS 

.920E-05 HOURS 

.150£-05 HOURS 

.230E-01 HOURS 

1.00 
22.0 
1.00 
22.0 
6.00 
1.00 

HOURS 
HOURS 
HOURS 
HOURS 
MONTHS 
HOURS 

BATCH BENZENE CONC NORMAL ·- 29/30 TRANSFERS 
AGITATOR IGNITION SOURCE 
AGITATOR MCC CONTACTS Jl-7171 FAIL TO OPEN 
BRANCH A MANUAL VALVES CLOSED ANY 1 OF 2 
MAIN VENT VALVE HCV-8772 FAILS TO CLOSE 
TIME PERIOD ·- PUMPOUT 1 HR BENZENE CONC NORMA 

26 MEAN TIME TO OCCURRENCE=, .19659E+13 HOURS .22442E+09 YEARS 
GROUP RANK CUMULATIVE/RESIDUAL 

.978256/ .217E-01 
FAILURE RATE MEAN FAUL DURATION BASIC EVENT DESCRIPTION 

.100E+01 HOURS 

.300E·02 HOURS 

.300E·02 HOURS 

.920E·05 HOURS 

.150E-05 HOURS 

.230E-01 HOURS 

1.00 
22.0 
1.00 
22.0 
6.00 
1.00 

HOURS 
HOURS 
HOURS 
HOURS 
MONTHS 
HOURS 

BATCH BENZENE CONC NORMAL ·- 29/30 TRANSFERS 
AGITATOR IGNITION SOURCE 
AGITATOR MCC CONTACTS Jl-7171 FAIL TO OPEN 
OPERATOR CLOSES ANY 1 OF 2 MANUAL VALVES 
MAIN VENT VALVE HCV-8772 FAILS TO CLOSE 
TIME PERIOD ·- PUMPOUT 1 HR BENZENE CONC NORMA 

I DENOTES INITIATING EVENT 
******************** FIRE/EXPLOSION LPPT W/0 REDUNDANT N2 SUPPLY 

INITIATOR (BARLOW·PROSCHAN) MEASURE OF CUT SET IMPORTANCE (MEASURE OF INTERVAL RELIABILITY) 

STEADY STATE CALCULATIONS 

MISSION TIME .100E+01Y .300E+02Y 
EXPECT NO OF SYSTEM FAIL .343£·05 .103£-03 

TOP EVENT PROBABILITY • .4248JE·08 

RANK IMPORTANCE 

26 .123E-02 CUT SET 45 MEAN TIME TO OCCURRENCE=, .20818E+13 HOURS .23765E+09 YEARS 
GROUP RANK CUMULATIVE/RESIDUAL 

.983169/ .168E-01 
BASIC EVENT FAILURE RATE MEAN FAUL DURATION BASIC EVENT DESCRIPTION 

BENZENEH 
FILLSTAH 
LAG----I 
LC6H6UEL 

.330£·01 HOURS 

.190£+00 HOURS 

.300£-02 HOURS 

.100E+01 HOURS 

1.00 
1.00 
22.0 
1.00 

HOURS 
HOURS 
HOURS 
HOURS 
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BATCH BENZENE CONC HIGH -- 1/30 TRANSFERS 
TIME PERIOD FILL/STANDBY FIRST 8 HOURS BENZENE 
AGITATOR IGNITION SOURCE 
BENZENE CONC IN LPPT BETWEEN LEL & UEL LIMITS 



LFLVENTO I 
LTR6853F 
LUA6852F 

• 230£ · 04 HOURS 
.100E-04 HOURS 
.340£-03 HOURS 

22.0 
22.0 
.500 

AIR LEAK TIIROUGII VENT VALVE flANGE 
TRANSMITTER AIT-6853 INACTIVE 
02 ANALVZER 6852 INACTIVE 

26 .123E·02 CUT SET 43 MEAN TIME TO OCCURRENCE=, .2081&+13 HOURS .23765E+09 YEARS 
GROUP RANK CUMULATIVE/RESIDUAL 

.983169/ .16&-01 
IIASIC EVENT FAILURE RATE II:AN FAUL DURATION IIASIC EVENT DESCRIPTION 

BENZENE II 
FILLSTAH 
LAG····I I 
LC6H6UEL 
LUA6852F 
LUA6853U 
LVPVENTO I 

.330£·01 HOURS 

.190£+00 HOURS 

.300E·02 HOURS 

.100E+01 HOURS 

.340£·03 HOURS 

.100£·04 HOURS 
• 230E · 04 HOURS 

1.00 
1.00 
22.0 
1.00 
.500 
22.0 
22.0 

HOURS 
HOURS 
HOURS 
HOURS 
f!IONTHS 
HOURS 
HOURS 

lATCH BENZENE CONC HIGH ·· 1/30 TRANSFERS 
TIME PERIOD FILL/STANDBY FIRST a HOURS BENZENE 
AGITATOR IGNITION SOURCE 
BENZENE CONC IN LPPT BETWEEN LEL & UEL LIMITS 
02 ANALYZER 6852 INACTIVE 
BLOCK VAL YES TO ANAL VZER CLOSED ( IIIJMAN ERROR) 
LPPT OVERFLOW VALVE FAILS OPEN 

26 .123E·02 CUT SET 44 MEAN TIME TO OCCURRENCE=, .2081&+13 HOURS .23765E+09 YEARS 
GROUP RANK CUMULATIVE/RESIDUAL 

.983169/ .16&-01 
IIASIC EVENT FAILURE RATE II:AN FAUL DURATION IIASIC EVENT DESCRIPTION 

BENZENE II 
FILLSTAH 
LAG···· I 
LC6H6UEL 
LTR6853F 
LUA6852F 
LVPVENTO I 

.330E·01 HOURS 
• 190E+OO HOURS 
.300E·02 HOURS 
• 100£+01 HOURS 
.100E·04 HOURS 
.340E·03 HOURS 
.230£·04 HOURS 

1.00 
1.00 
22.0 
1.00 
22.0 
.500 
22.0 

HOURS 
HOURS 
HOURS 
HOURS 
HOURS 
f!IONTHS 
HOURS 

lATCH BENZENE CONC HIGH ·· 1/30 TRANSFERS 
TIME PERIOD FILL/STANDBY FIRST 8 HOURS BENZENE 
AGITATOR IGNITION SOURCE 
BENZENE CONC IN LPPT BETWEEN LEL & UEL LIMITS 
TRANSMITTER AIT-6853 INACTIVE 
02 ANALYZER 6852 INACTIVE 
LPPT OVERFLOW VALVE FAILS OPEN 

I DENOTES INITIATING EVENT 
******************** FIRE/EXPLOSION LPPT W/0 REDUNDANT N2 SUPPLY 

INITIATOR CBARLOW·PROSCHAN) MEASURE OF CUT SET IMPORTANCE (MEASURE OF INTERVAL RELIABILITY) 

STEADY STATE CALCULATIONS 

MISSION TIME .100E+01Y .300E+02Y 
EXPECT NO OF SYSTEM FAIL .343E·05 .103E·03 

TOP EVENT PROBAB I L lTV " .42483E ·08 

RANK IMPORTANCE 

26 .123E·02 CUT SET 

BASIC EVENT 

BENZENEH 
FILLSTAH 
LAG-···1 I 
LC6H6UEL 
LFLVENTO I 
LUA6852F 
LUA6853U 

27 .113E·02 CUT SET 

BASIC EVENT 

OVAI020X I 
BENZENEN 
FILLSTAN 
LAG····! I 
LCBAGITD 
LVS8772K 
ZVZN2··0 I 

28 .112E·02 CUTSET 

BASIC EVENT 

BENZENEH 
FILLSTAH 

42 MEAN TIME TO OCCURRENCE=, .20818E+13 HOURS .23765E+09 YEARS 
GROUP RANK CUMULATIVE/RESIDUAL 

.983169/ .16&-01 
FAILURE RATE MEAN FAUL DURATION BASIC EVENT DESCRIPTION 

.330E·01 HOURS 

.190E+OO HOURS 

.300E·02 HOURS 

.100E+01 HOURS 

.230E·04 HOURS 

.340E·03 HOURS 

.100£·04 HOURS 

1.00 
1.00 
22.0 
1.00 
22.0 
.500 
22.0 

HOURS 
HOURS 
HOURS 
HOURS 
HOURS 
f!IONTHS 
HOURS 

BATCH BENZENE CONC HIGH ·· 1/30 TRANSFERS 
TIME PERIOD FILL/STANDBY FIRST a HOURS BENZENE 
AGITATOR IGNITION SOURCE 
BENZENE CONC IN LPPT BETWEEN LEL & UEL LIMITS 
AIR LEAK THROUGH VENT VALVE FLANGE 
02 ANALYZER 6852 INACTIVE 
ILOCK VALVES TO ANALYZER CLOSED (HUMAN ERROR) 

80 MEAN TIME TO OCCURRENCE=, .2261&+13 HOURS .25819E+09 YEARS 
GROUP RANK CUMULATIVE/RESIDUAL 

.964300/ .157E·01 
FAILURE RATE MEAN FAUL DURATION liiASIC EVENT DESCRIPTION 

.920E·04 HOURS 

.100E+01 HOURS 
• 980E+OO HOURS 
.300E·02 HOURS 
.300E·02 HOURS 
.150E ·05 HOURS 
.620E ·04 HOURS 

22.0 
1.00 
1.00 
22.0 
1.00 
6.00 
22.0 

HOURS 
HOURS 
HOURS 
HOURS 
HOURS 
f!IONTHS 
HOURS 

ANY PAIR OF DRIP LEG BLOW DOWN VALVES OPEN (AN 
BATCH BENZENE CONC NORMAL ·· 29/30 TRANSFERS 
TIME PERIOD FILL/STANDBY, 43 HRS •· BENZENE CO 
AGITATOR IGNITION SOURCE 
AGITATOR MCC CONTACTS Jl·7171 FAIL TO OPEN 
MAIN VENT VALVE HCV·8m FAILS TO CLOSE 
Y·STRAINER VALVE OPEN 

47 MEAN TIME TO OCCURRENCE=, .22800E+13 HOURS .2602&+09 YEARS 
GROUP RANK CUMULATIVE/RESIDUAL 

.986543/ .135E·01 
FAILURE RATE MEAN FAUL DURATION BASIC EVENT DESCRIPTION 

.330E·01 HOURS 

.190£+00 HOURS 
1.00 
1.00 

HOURS 
HOURS 

BATCH BENZENE CONC HIGH ·· 1/30 TRANSFERS 
TIME PERIOD FILL/STANDBY FIRST B HOURS BENZENE 
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AGITAT~ IGNITION SOOI!CE LAG-···1 
LC6H6UEL 
LHC1027L 
LUA6852F 
LUA6853U 

.300E·02 IIWRS 

.100E+01 IIWRS 

.210E-04 IIWRS 

.340E·03 IIWRS 

.100E·04 IIWRS 

22.0 
1.00 
22.0 
.500 
22.0 

BENZENE CONC IN LPPT BETWEEN LEL & UEL LIMITS 
AIR LEAK THROUGH ANY 1 Of 27 HANFORD CONNECT~ 
02 ANALYZER 6852 INACTIVE 

I DENOTES INITIATING EVENT 
1 ******************** 

ILOCK VALVES TO ANALYZER CLOSED (HUMAN ERR~) 

FIRE/EXPLOSION lPPT W/0 REDUMOANT N2 SUPPLY 

INITIAl~ (IARLOW·PROSCHAN) MEASURE Of CUT SET IMPORTANCE (MEASURE OF INTERVAL RELIABILITY) 

STEADY STATE CALCULATIONS 

MISSION TIME .100E+01Y .300E+02Y 
EXPECT NO OF SYSTEM FAIL .343E·05 .103E-03 

TOP EVENT PROBABILITY = .42483E·08 

RANK IMPORTANCE 

28 .112E·02 CUT SET 

BASIC EVENT 

IENZENEH 

46 MEAN TIME TO OCCURRENCE=, .22800E+13 HOURS .26028C+09 YEARS 
GROUP RANK CUMULATIVE/RESIDUAL 

.986543/ .135E·01 
FAILURE RATE MEAN FAUL DURATION BASIC EVENT DESCRIPTION 

BATCH BENZENE CONC HIGH ·· 1/30 TRANSFERS 
flllSTAH 
LAG···· I 

.330E·01 IIWRS 

.190E+OO IIWRS 

.300E·02 IIWRS 

.100E+01 HOURS 

.210E·04 IIWRS 

.100E·04 HOURS 

.340E·03 IIWRS 

1.00 
1.00 
22.0 
1.00 
22.0 
22.0 
.500 

HOURS 
IIWRS 
IIWRS 
HOURS 
HOURS 
HOURS 
MONTHS 

TIME PERIOD FILL/STANDBY FIRST 8 HOURS BENZENE 
AGITAT~ IGNITION SOURCE 

lC6H6UEL 
lHC1027L 
lTR6853F 
LUA6852F 

29 .104E·02 CUT SET 

BASIC EVENT 

IENZENEN 
lAG··· ·I I 
lCBAGITD 
LSV87730 
lVGM·34X I 
PIJMPOUT -

29 .104E·02 CUT SET 

BASIC EVENT 

IENZENEN 
LAG--- ·I I 
LCBAGITD 
LSV87730 
LVGM-28X I 
PIJMPOI.JT. 

BENZENE CONC IN LPPT BETWEEN LEL & UEL LIMITS 
AIR LEAK THROUGH ANY 1 OF 27 HANF~D CONNECT~ 
TRANSMITTER AIT-6853 INACTIVE 
02 ANALYZER 6852 INACTIVE 

33 MEAN TIME TO OCCURRENCE=, .24573E+13 HOURS .28051E+09 YEARS 
GROUP RANK CUMULATIVE/RESIDUAL 

.988624/ .114E·01 
FAILURE RATE MEAN FAUL DURATION BASIC EVENT DESCRIPTION 

• 100E+01 HOURS 
.300E·02 HOURS 
.300E·02 HOURS 
.120E-05 HOURS 
.920E·05 HOURS 
.230E-01 HOURS 

1.00 
' 22.0 

1.00 
6.00 
22.0 
1.00 

HOURS 
HOURS 
HOURS 
MONTHS 
HOURS 
HOURS 

BATCH BENZENE CONC NORMAL ·· 29/30 TRANSFERS 
AGITAT~ IGNITION SOURCE 
AGITAT~ MCC CONTACTS Jl·7171 FAIL TO OPEN 
BYPASS VENT VALVE SV-8773 FAILS OPEN 
BRANCH A MANUAL VALVES CLOSED ANY 1 OF 2 
TIME PERIOD ·- PIJMPOUT 1 HR BENZENE CONC NORMA 

32 MEAN TIME TO OCCURRENCE=, .24573E+13 HOURS .28051E+09 YEARS 
GROUP RANK CUMULATIVE/RESIDUAL 

.988624/ .114E-01 
FAILURE RATE MEAN FAUL DURATION BASIC EVENT DESCRIPTION 

.100E+01 HOURS 

.300E·02 HOURS 

.300E·02 HOURS 

.120E·05 HOURS 

.920E-05 HOURS 

.230E-01 HOURS 

1.00 
22.0 
1.00 
6.00 
22.0 
1.00 

HOURS 
HOURS 
HOURS 
MONTHS 
HOURS 
HOURS 

BATCH BENZENE CONC NORMAL ·· 29130 TRANSFERS 
AGITAT~ IGNITION SOURCE 
AGITAT~ MCC CONTACTS Jl-7171 FAIL TO OPEN 
BYPASS VENT VALVE SV-8773 FAILS OPEN 
OPERAT~ CLOSES ANY 1 OF 2 MANUAL VALVES 
TIME PERIOD ·- PIJMPOUT 1 HR BENZENE CONC NORMA 

I DENOTES INITIATING EVENT 
1 ******************** FIRE/EXPLOSION LPPT W/0 REDUNDANT N2 SUPPLY ******************** 

INITIAT~ (BARLOW·PROSCHAN) MEASURE OF CUT SET IMPORTANCE 
FOR CUT SETS OF RANK 30 AND HIGHER 

STEADY STATE CALCULATIONS 

TOP EVENT PROBABILITY a: .42483E-08 

MISSION TIME 1.00 y 30.0 y 
EXPECT NO OF SYSTEM FAIL .343E-05 .103E-03 

RANK CUT SET NO IMPORTANCE* RANK CUT SET NO IMP~T~NCE* RANK CUT SET NO IMPORTANCE* RANK CUT SET NO U4P~TANCE* 

30 31 .930E-03* 37 55 .390E-03* 43 62 .123E-03* 45 12 .694E-04* 
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31 48 .1§86E-03"' 37 54 .390E-03"' 43 64 • 123£-03* 45 73 .694E·04* 
31 49 .1§86E-03"' 38 34 .3681:-03"' 44 65 .112E-03* 46 71!1 .501E·04* 
32 50 .809E-03"' 39 56 .356E-03"' 44 66 .112E-03* 46 7'5 .501E-04"' 
33 52 • 709E-03"' 40 83 .138E-03"' 45 70 .694E·04* 46 76 .501E·04* 
33 51 .709E-03* 41 59 .137E·03"' 45 71 .694E·04* 46 77 .501E·04* 
34 53 .647E-03* 41 58 .137E·03"' 45 67 .694E·04* 47 86 .47'5E·04* 
35 79 .616E-03* 42 60 .125E·03* 45 68 .694E·04* 47 85 .475E·04* 
36 81 .462E·03* 43 63 .123E·03"' 45 69 .694E·04* 48 87 .434E·04* 
36 82 .462E·03* 43 61 .123E·03* 45 74 .694E·04* 

REFERENCE TABLE FOR MIN CUT SETS 

ORDER 1 2 3 4 5 6 7 8 
NO. OF MIN CUT SETS 0 0 0 0 0 34 48 5 

NO. Of MIN CUT SETS = 87 

CUT SET NO. ORDER BASIC EVENTS 

1 6 BENZENE II FILLSTAN LAG···· I LCBAGITD LVIM·35C LVSSmK 
2 6 BENZEIIEN FILLSTAN LAG-···1 LCilAGITD LVS7469C LVSSmK 
3 6 BENZENEN FILLSTAN LAG····! LCBAGITD LVSSmK LVTSVNSC 
4 6 IIENZENEN FILLSTAN LAG···· I LCBAGITD LVG1>4·34X lVSSmK 
5 6 BENZENE II FILLSTAII LAG····! LCilAGITD LVGI>4·28X LVSSmK 
6 6 BEliZE liEN FILLSTAN LAG····! LCIIAGITD LSV87730 LVIM·35C 
7 6 IIENZENEII FILLSTAN LAG····! LCBAGITD LSV87730 LVTSVNSC 
8 6 BENZENEN FILLSTAN LAG···· I LCBAGITD LSV87730 LVS7469C 
9 6 BENZENEN FILLSTAN LAG···· I LCBAGITD LSV87730 LVGI>4·28X 

10 6 BENZENEN FILLSTAN LAG····! LCBAGITD LSV87730 LVG1>4·34X 
1, 6 BENZENE II FILLSTAN LAG···· I LCBAGITD LHCN2LPL LVSS772K 
12 6 llENZENEN FILLSTAN LAG···· I LCilAGITD tsvsmx LVIM·35C 
13 6 BENZENEN FILLSTAN LAG-···1 LCBAGITD Lsvamx LVTSVNSC 
14 6 BENZENEN FILLSTAN LAG···· I LCBAGITD lSVBmX LVS7469C 
15 6 BENZENEN FILLSTAN LAG····! LCBAGITD Lsvsmx LVG1>4-28X 
16 6 BENZENE II FILLSTAN LAG····! LCBAGITD LSV8mX LVGI>4·34X 
17 6 BENZENEN FILLSTAN LAG···· I LCBAGITD LHCN2LPL LSV87730 
18 6 BENZENEN FILLSTAN LAG·-··1 LCBAGITD LFRBR·AP LVSSmK 
19 6 BENZENEN LAG···· I LCBAGITD LVIM-35c llfSSmK PUMPOUT· 
20 6 IIENZENEN FILLSTAN LAG···· I LCIIAGITD LVDSUPPX LVSSmK 
21 6 BENZENEN LAG--··1 LCBAGITD LVS7469C LVSSmK PUMPOUT-
22 6 BENZENEN LAG--··1 LCBAGITD LVSSmK LVTSVNSC PUMPOUT· 
23 6 BENZENEN FILLSTAN LAG·-··1 LCIIAGITD LFRBR-AP LSV87730 
24 6 BENZENEN FILLSTAN LAG····I LCBAGITD LHCN2LPL tsvsmx 
25 6 BENZENEN LAG···· I LCBAGITD LVGI>4·34X LVSSmK PUMPOUT· 
26 6 BENZENEN LAG···· I LCBAGITD LVGM-28X LVSSmK PUMPOUT· 
27 6 BENZENEN LAG···· I LCBAGITD LSV87730 Llfii4·35C PUMPOUT· 
28 6 BENZENEN FILLSTAN LAG····! LCBAGITD LS\187730 LVDSUPPX 
29 6 BENZENEN LAG--··1 LCBAGITD LSV87730 LVS7469C PUMPOUT· 
30 6 BENZENEN LAG--··1 LCBAGITD LSV87730 LVTSVNSC PUMPOUT-
31 6 BENZENEN FILLSTAN LAG···· I LCBAGITD LFRBR·AP LSV8mX 
32 6 BENZENEN LAG···· I LCBAGITO LSV87730 LVGI>4·28X PUMPOUT-
33 6 BENZENEN LAG----I LCBAGITO LSV87730 LVGI>4·34X PUMPOUT· 
34 6 BENZENEN LAG···-1 LCBAGITO LHCN2LPL LVSSmK PUMPOUT-
35 7 BENZENEH FILLSTAH LAG-···1 LC6H6UEL LFLVENTO LUA6852F LUA6853F 
36 7 BENZENEH FILLSTAH LAG···· I LC6H6UEL LUA6852F LUA6853F LlfPVENTO 
37 7 BENZENEH FILLSTAH LAG-··· I LC6H6UEL LHC1027L LUA6852F LUA6853F 
38 7 BENZENEH FILLSTAH LAG--··1 LC6H6UEL LFLSPARL LUA6852F LUA6853F 
39 7 BENZENEH FILLSTAH LAG----I LC6H6UEL LFLJETFL LUA6852F LUA6853F 
40 7 IENZENEH FILLSTAH LAG----I LC6H6UEL LFLPPFLL LUA6852F LUA6853F 
41 7 BENZENEH FILLSTAH LAG-···1 LC6H6UEL LFLLAGTL LUA6852F LUA6853F 
42 7 BENZENEH FILLSTAH LAG--·-1 LC6H6UEL LFLVENTO LUA6852F LUA6853U 
43 7 BENZENEH FILLSTAH LAG-··-1 LC6H6UEL LUA6852F LUA6853U LlfPVENTO 
44 7 BENZENEH FILLSTAH LAG--··1 LC6H6UEL LTR6853F LUA6852F LlfPVENTO 
45 7 BENZENEH FILLSTAH LAG···· I LC6H6UEL LFLVENTO LTR6853F LUA6852F 
46 7 BENZENEH FILLSTAH LAG····I LC6H6UEL LHC1027L LTR6853F LUA6852F 
47 7 BENZENEH FILLSTAH LAG-···1 LC6H6UEL LHC1027L LUA6852F LUA6853U 
48 7 BENZENEH FILLSTAH LAG--·· I LC6H6UEL LCBAGITO LFLVENTO LVSSmK 
49 7 BENZENEH FILLSTAH LAG-·-·1 LC6H6UEL LCBAGITO LlfPVENTO LVSSmK 
50 7 BENZENEH FILLSTAH LAG----I LC6H6UEL LCBAGITO LHC1027L LVSSmK 
51 7 BENZENEH FILLSTAH LAG--·· I LC6H6UEL LCBAGITO LFLVENTO LSV87730 
52 7 BENZENEH FILLSTAH LAG----I LC6H6UEL LCBAGITO LSV87730 LlfPVENTO 
53 7 BENZENEH FILLSTAH LAG----I LC6H6UEL LCBAGITO LHC1027L LS\187730 
54 7 7CPDCS- F BENZENEH FILLSTAH LAG···· I LC6H6UEL LFLVENTO LRY-2810 
55 7 7CPDCS·F BENZENEH FILLSTAH LAG----I LC6H6UEL LRY-2810 LlfPVENTO 
56 7 7CPDCS·F BENZENEH FILLSTAH LAG----I LC6H6UEL LHC1027L LRY-2810 
57 7 BENZENEH FILLSTAH LAG----I LC6H6UEL LHCSUMPL LUA6852F LUA6853F 
58 7 BENZENEH FILLSTAH LAG---·1 LC6H6UEL LCBAGITO LSV8mx LlfPVEIITO 
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59 7 IENZENEH FILL STAll LAG····! li:6H6Uel LCIAGITD LFLVEIHO lS\18mK 
60 7 lENZEN EII flllSTAII LAG····! LC6H6Uel LCBAGITD LHC1027l tmmx 
61 7 IENZENEII I'ILLSTAH LAG--··1 LC6H6UeL LTR68521' LIJA6853F LVPVEHTO 
62 7 BENZENE II FILLSTAH UG····I LC6H6UEL LFLVENTO LTR6852F LIJA6853F 
63 7 IENZENEH FILUTAH LAG····I LC6H6UeL LIJA6852U LIJA6853F LVPVENTO 
64 7 IENZENEH FILLSTAH LAG···· I LC6H6UEL LFLVENTO LIJA6852U LUA6853F 
65 7 IENZENEH FILLSTAH LAG···· I li:6H6Uel LIK:1027L LTR6852F LUA6853F 
66 7 IENZENEH FILLSTAH LAG···· I LC6H6UeL LHC1027L LIJA6852U LUA6853F 
67 7 lENZEN EII I'ILLSTAH LAG····I LC6H6Uel LI'LJETFL LIJA6852F LUA6853U 
68 7 lENZEN EII FILLSTAH LAG···· I LC6H6UeL LFLPPFLL LIJA6852F LUA6853U 
69 7 IENZENEH FILLSTAH LAG····I LC6H6UeL LFLLAGTL LUA6852f LUA6853U 
70 7 IENZENEH FILLSTAH LAG····I LC6H6UeL LFLSPARL LIJA6852F LUA6853U 
71 7 IENZENEH fiLLSTAH lAG···· I LC6H6UEL LFLJETFL LTR6853F LUA6852F 
72 7 IENZENEH flllSTAH LAG····I LC6H6Uel LFLPPFLL LTR6853F LUA6852F 
73 7 IENZENEH FILUTAH LAG···· I LC6H6Uel LFLLAGTL LTR6853F LUA6852F 
74 7 IENZENEH FILUTAH LAG····I LC6H6UeL LFLSPARL LTR6853F LUA6852F 
75 7 HNZENEH fiLUTAH LAG····I LC6H6Uel LCIAGITD LFLJETFL LVSSmK 
76 7 HNZENEH FILUTAH LAG····I LC6H6UEL LCBAGITD LFLPPFLL LVSSmK 
77 7 BENZENE II FILLSTAH LAG·-··1 LC6H6UEL LCBAGITD LFLLAGTL LVS8mK 
7'8 7 BENZENE II FILLSTAH LAG····I LC6H6UeL LCBAGITD LFLSPARL LVS8miC 
79 7 HNZENEH FILLSTAH LAG····! LC6H6UeL LCBAGITD LYIM·35C LVS8mK 
80 7 0VAI020l< BENZENEN FILLSTAN LAG···· I LCIAGITD LVSSmK ZVZN2· ·O 
81 7 IENZENEH FILLSTAH LAG····I LC6H6UEL LCBAGITD LYS7469C LVS8miC 
82 7 IENZENEH FILUTAH LAG····I LC6H6UEL LCIAGITD LVS87721C LVTSVNSC 
83 8 IIENZENEH FILLSTAH LAG···· I LC6H6UeL LDPDTTLL Lff(AU)(TF LUA6852F LIJA6853F 
84 I!S 1SLSIJMPF IENZENEH FILUTAH I,.AG-···1 LC6H6Uel LOPH20·T LUA6852F LIJA6853F 
85 8 7CPDCS·F IENZENEH FILUTAH LAG····I LC6H6Uel LW6853D LUA6852F LVPVENTO 
86 8 7CPDCS-F BENZENE II FILUTAH LAG····I LC6H6UEL LFLVENTO LW6853D LIJA6852F 
87 8 7CPDCS-F IEIIZENEH FILLSTAH LAG·--·1 LC6H6UeL LHC1027l LW6853D LIJA6852F 
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APPENDIX 

IMPORTANCE OUTPUT 

EXPLOSIVE CONCENTRATION WITHIN THE 

low POINT PRECI TANK 

WITHOUT REDUNDANT N2 PURGE SUPPLY 





**TIME AND DATE OF RUN -- 00:51:36 MAY 20, 1992 
INPUT FILE NAME : LPWOEC .11 

EXPLOSIVE CONCENTRATION LPPT W/0 REDUNDANT 112 SUPPLY 

INPUT DATA OPTION 1 
FAILURE RATE AND MEAN FAULT DURATION GIVEN IN TERMS OF REAL TIME 

STEADY STATE CALCULATIONS 

EXPECTED NUMBER OFFAILURES CALCULATED FOR TIME = , 1.00Y 30.00Y 

** BASIC EVENT OPTIONS USED ** 

INITIATOR ENABLER 
CRITICA· UPGRADING FUSSELL· (BARLOW· (CONTRIB· 

BIRNBAUM LITY FUNCTION VESELY PROSCHAN) UTORY) STRUCTURAL 

NO NO NO NO YES 

** MIN CUT SET OPTIONS USED ** 

INITIATOR 
(BARLOW·PROSCHAN) 

YES 

FUSSELL-VESELY 

NO 

YES 

INFORMATION ON DETAILED CUT SET OUTPUT ·· NM =100 AND FACTOR= .100E·01 

1 •••••••••••••••••••• EXPLOSIVE CONCENTRATION LPPT W/0 REDUNDANT N2 SUPPLY ******************** 

•• BASIC EVENT DATA ** 

MEAN 
FAILURE RATE FAULT DURATION NAME ENABLER DESCRIPTION 

.200E+OO/YEAR 22. HOURS OH-AREAF H AREA STEAM SUPPLY FAILS 
• 200E+OO/YEAR 22 • HOURS OSPRDSYF STEAM PRESSURE REDUCTION SYSTEM FAILS 
• 920E·04/HOUR 22 • HOURS 0VAI020X ANY PAIR OF DRIP LEG BLOW DOWN VALVES OPEN (AN 
• 160E·04/HOUR 22 • HOURS OVI4004C PRESSURE CONTROL VALVE PCV 4004 FAILS CLOSED 
.200E-03/HOUR .50 MONTHS 1SLSUMPF "' SUMP PUMP BUBBLER INACTIVE 
.200E·04/HOUR 22. HOURS 7CPOCS·F DCS INACTIVE 
.100E·02/HOUR 1.0 HOURS 71TSUMPU "' LOW SUMP LEVEL (BUBBLER) INTERLOCK BYPASSED 
.300E·05/HOUR 3.0 MONTHS 7RYBUBLD "' LOW SUMP LEVEL (BUBBLER) RELAY FAILS TO OPEN 
.330E-01/HOUR 1.0 HOURS BENZENEH "' BATCH BENZENE CONC HIGH •• 1/30 TRANSFERS 
.100E+01/HOUR 1.0 HOURS BENZENEN "' BATCH BENZENE CONC NORMAL ·· 29/30 TRANSFERS 
• 190E+OO/HOUR 1.0 HOURS FILLSTAH • TIME PERIOD FILL/STANDBY FIRST 8 HOURS BENZENE 
.980E+OO/HOUR 1.0 HOURS FILLSTAN ilr TIME PERIOD FILL/STANDBY, 43 HRS •• BENZENE CO 
• 300E·02/HOUR 22 • HOURS LAG····I AGITATOR IGNITION SWRCE 
.100E+01/HOUR 1.0 HOURS LC6H6UEL • BENZENE CONC IN LPPT BETWEEN LEL & UEL LIMITS 
.300E·02/HOUR 1.0 HOURS LCBAGITD "' AGITATOR MCC CONTACTS Jl-7171 FAIL TO OPEN 
• 300E·02/HOUR 1.0 HOURS LCBTRPPO • TRANSFER PUMP MCC CONTACTS Jl-7162 FAIL TO OPE 
• 130E-05/HOUR 22 • HOURS LDPOTTLL LPPT INLET DIP TUBE LEAKS 
• 130E·05/HOUR 22 • HOURS LDPPRFTL PRFT LEVEL DIP TUBE LEAKS 
• 130E·05/HOUR 22 • HOURS LFLBFCFO BLIND FLANGE OPEN/COLD FEED 
• 130E·05/HOUR 22 • HOURS LFLJETFL AIR LEAK THROUGH LPPT TRANSFER JET FLANGE 
• 130E·05/HOUR 22 • HOURS LFLLAGTL AIR LEAK THROUGH LPPT AGITATOR FLANGE 
• 130E·05/HOUR 22 • HOURS LFLPPFLL AIR LEAK THRU LPPT TRANSFER PUMP FLANGE 
.130E·05/HOUR 22. HOURS LFLSPARL AIR LEAK THROUGH SPARE FEED PUMP FLANGE 
.230E·04/HOUR 22. HOURS LFLVENTO AIR LEAK THROUGH VENT VALVE FLANGE 



.100E·D5/HOUR 22. HOURS LFRBR·AP BRANCH A FILTER PLUGGED 

.160E·05/HOUR 1.5 104THS LFRBR·BP BRANCH II FILTER PLUGGED 

.210E·04/HOUR 22. HOURS LHC1027L AIR LEAK THROUGH ANY 1 OF 27 HANFORD CONNECTOR 

.260E·05/HOUR 22. HOURS LHCN2LPL LPPT N2 JUMPERS LEAK ANY 1 OF 2 (FLOW DIVERSIO 
• 130E·05/HOUR 22. HOURS LHCSUMPL AIR LEAK THRU SUMP JET CONNECTOR 
.100E·D2/HOUR 1.0 HOURS LIT···1U Ill INTERLOCK 1 BYPASSED 
• 100E·D2/HOUR 1.0 HOURS LIT···2U Ill INTERLOCK 1 BYPASSED 
.100E·D2/HOUR 1.0 HOURS LIT···3U Ill INTERLOCK 1 BYPASSED 
.100E·D2/HOUR 1.0 HOURS LIT···4U Ill INTERLOCK 4 BYPASSED 
.100E·D2/HOUR 1.0 HOURS LIT···SU Ill INTERLOCK 5 BYPASSED 
.100E·02/HOUR 1.0 HOURS LIT·· ·6U Ill INTERLOCK 6 BYPASSED 
.100E·D2/HOUR 1.0 HOURS LIT-··7\J Ill INTERLOCK 7 BYPASSED 
.100E·02/HOUR 1.0 HOURS LIT·· ·8U Ill INTERLOCK 8 BYPASSED 
.100E·02/HOUR 1.0 HOURS LIT·· ·9U Ill INTERLOCK 9 BYPASSED 
.100E·02/HOUR 1.0 HOURS LIT··10U Ill INTERLOCK 10 BYPASSED 
.100E·02/HOUR 1.0 HOURS LIT--11U Ill INTERLOCK 11 BYPASSED 
.100E·02/HOUR 1.0 HOURS LIT·-12U Ill INTERLOCK 12 BYPASSED 
• 100E·02/HOUR 1.0 HOURS LIT··13U Ill INTERLOCK 13 BYPASSED 
.100E·02/HOUR 1.0 HOURS LIT·-14U Ill INTERLOCK 14 BYPASSED 
.100E·02/HOUR 1.0 HOURS LIT··15U Ill INTERLOCK 15 BYPASSED 
.100E+D1/YEAR 1.0 HOURS LOPH20·T OPERATOR FAILS TO REPLENISH SUMP WATER 
.100E·01/HOUR 1.0 HOURS lOPLOWLT Ill OPERATOR FAILS TO RESPOND TO LOW lEVEL ALARM 
.520E·05/HOUR 22. HOURS lP·IIUBBL BUBBLER JUMP lEAK ANY 1 OF 4 (FLOW DIVERSION) 
.520E·05/HOUR 22. HOURS LPIIIUBBL BUBBLER JUMPER lEAK ANY 1 OF 4 (FlOW DIVERSION 
.300E·02/HOUR 22. HOURS lPPTRANI TRANSFER PUMP IGNITION SOURCE 
.100E·01/HOUR 1.0 HOURS LPT--CFT Ill JUMPER SEAl POT DRY/COLD FEED 
.100E·01/HOUR 1.0 HOURS LPTSPJTT Ill JUMPER SEAL POT DRY 
.300E·05/HOUR 6.0 104THS LRY·281D Ill RELAY 281 CONTACTS FAll TO OPEN 
.780E·04/HOUR 22. HOURS LSF7648F Ill TRANSMITTER FIT-7648 INACTIVE 
.120E·D5/HOUR 6.0 104THS LSV87730 Ill BYPASS VENT VALVE SV-8773 FAILS OPEN 
.100E·D2/HOUR 1.0 HOURS LSV8773X Ill OPERATOR OPENS SV-8773 AND FAILS TO RECLOSE 
.300E·05/HOUR 6.0 104THS LSW6852D Ill SWITCH ASH-6852 FAILS TO CLOSE 
.300E·05/HOUR 6.0 104THS LSW6853D • SWITCH ASH-6853 FAILS TO ClOSE 
.300E·04/HOUR 1.0 HOURS LSIJ74680 Ill HIS-7468 FAILS TO OPEN 
.100E·08/HOUR 22. HOURS LTK····I LPPT STATIC CHARGE 
.100E·D3/HOUR .50 104THS LTKAUXTF AUXILIARY PRECIPITATE TANK NOT PURGED 
.100E·D3/HOUR 22. HOURS L TKPRFTF PRFT NOT PURGED 
.100E·04/HOUR 22. HOURS LTR6852F Ill TRANSMITTER AIT·6852 INACTIVE 
.100E·04/HOUR 22. HOURS LTR6853F • TRANSMITTER AIT-6853 INACTIVE 
.340E·03/HOUR .50 104THS LUA6852F Ill 02 ANALYZER 6852 INACTIVE 
.100E·04/HOUR 22. HOURS LUA6852U • BLOCK VALVES TO ANALYZER CLOSED (HUMAN ERROR) 
.340E·04/HOUR .so 104THS LUA6853F • 02 ANALYZER 6853 INACTIVE 
.100E·04/HOUR 22. HOURS LUA6853U • BLOCK VALVES TO ANALYZER CLOSED (HUMAN ERROR) 
.140E·04/HOUR 22. HOURS LVA10F3X LPPT PURGE MANUAL VALVES CLOSED ANY 1 OF 3 
.830E·04/HOUR 22. HOURS LVBBVCFO BLOCK VALVE OPEN/COLD FEED 
.830E·04/HOUR 22. HOURS LVBBVPFO BLOCK VALVE FAILS OPEN 
.830E·04/HOUR 22. HOURS LVBSPJTO BLOCK VALVE OPEN 
.100E·04/HOUR 22. HOURS LVDSPJTX DRAIN VALVE OPEN 
.460E·06/HOUR 22. HOURS LVDSUPPX DRAIN VALVE SUPPLEMENTAL LINE LEFT OPEN 
.920E·DS/HOUR 22. HOURS LVGH·28X OPERATOR CLOSES ANY 1 OF 2 MANUAL VALVES 
.920E·D5/HOUR 22. HOURS LVGH·34X BRANCH A MANUAL VALVES CLOSED ANY 1 OF 2 
.100E·03/HOUR 1.0 HOURS LVG0·34X * BRANCH B MANUAL VALVES CLOSED 
.100E·D1/HOUR 1.0 HOURS LVGOPBRT • OPERATOR FAILS TO VALVE BRANCH B WITHIN X MINU 
• 160E·04/HOUR 22. HOURS LVI7834C PRESSURE REGULATING VALVE 7834 FAILS CLOSED 
.160E·04/HOUR 22. HOURS LVIM·35C PCV 717211 FAILS CLOSED 
.160E·05/HOUR 1.5 104THS LV10·35C PCV 7172B FAILS CLOSED 
.230E ·04/HOUR 22. HOURS LVPVENTO LPPT OVERFLOW VALVE FAILS OPEN 
.120E·04/HOUR 22. HOURS LVS7469C SV 7469 FAILS CLOSED 
.150E·05/HOUR 6.0 104THS LVS8772K • MAIN VENT VALVE HCV-8772 FAILS TO CLOSE 
.120E·04/HOUR 22. HOURS LVTSUPPC SUPPLEMENTAL PURGE VALVE SV74 FAILS CLOSED 
.120E·04/HOUR 22. HOURS LVTSVNSC SV 74 FAILS CLOSED··NORMAL SUPPLY NEEDLE VALVE 
.280E·06/HOUR 22. HOURS LVXLPN2P LPPT PURGE CHECK VALVE PLUGGED 
.200E·D8/HOUR 22. HOURS LVY292AO RELIEV VALVE PSV 292 FAILS OPEN 
.200E·08/HOUR 1.5 104THS LVY292BO RELIEF VALVE PSV 292B FAILS OPEN 
.100E·06/HOUR 22. HOURS NTK····U SUPPLIER FAILURE· LOX SUPPLIED INTSTEAD Of LN2 
.830E·05/HOUR 22. HOURS NVASUPPC SUPPLEMENTAL PURGE VALVE FAILS TO OPEN 
.160E·D3/HOUR 22. HOURS NVK10F2C BLOCK VALVE IN SUPPLEMENTAL PURGE LINE CLOSED 
.690E·05/HOUR 22. HOURS NVPN2··F VAPORIZER FAILS TO PROVIDE HEAT 
.100E·04/HOUR 22. HOURS NVS7864C SOLENOID VALVE SV 7864 FAILS CLOSED 
.210E·D5/HOUR 22. HOURS NVX10F4X MANUAL VALVE CLOSED (ANY 1 OF 4) 
.140E·07/HOUR 22. HOURS NVY10F30 PRESSURE RELIEF VALVE FAILS OPEN (ANY 1 OF 7) 
.620E·04/HOUR 22. HOURS NVZN2··0 Y·STRAINER VALVE OPEN 
.23DE·04/HOUR 22. HOURS OVA10FSX MANUAL VALVE CLOSED (ANY 1 OF 5) 
.320E·04/HOUR 22. HOURS OVA10F7X VALVE IN H AREA STEAM LINE TO PRESS REDUCTION 
.230E·04/HOUR 22. HOURS OVD10FSX DRAIN VALVE OPEN (ANY 1 OF 5) 
.220E·05/HOUR 22. HOURS OVL7538C TEMPERATURE CONTROL VALVE TCV 7538 FAILS CLOSE 
.230E·01/HOUR 1.0 HOURS PUMPOUT· • TIME PERIOD ·· PUMPOUT 1 HR BENZENE CONC NORMA 
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.920E-05/HOUR 22. 

.920E·05/HOUR 22. 

.920E·05/HOUR 22. 

.160E·04/HOUR 22. 

.160E-04/HOUR 22. 

.160E·04/HOUR 22. 

.200E·08/HOUR 22. 

.620E·04/HOUR 22. 
1 •••••••••••••••••••• 

IIOI.IRS 
HOURS 
HOURS 
HOURS 
IIOI.IRS 
IIOI.IRS 
IIOI.IRS 
IIOI.IRS 

ZVA10F2X MANUAL VALVE CLOSED (ANY 1 OF 2) 
ZVA7418X MANUAL VALVE CLOSED (ANY 1 OF 2) 
ZVA7420X MANUAL VALVE CLOSED (ANY 1 DF 2) 
ZVI7418C PRESSURE CONTROL VALVE 7418X FAILS CLOSED 
ZVI742·C PRESSURE REGULATING VALVE 7420 FAILS CLOSED 
ZVI7420C PRESSURE CONTROL VALVE 7420X FAILS CLOSED 
ZVV72-·D PRESSURE RELIEF VALVE 72 FAILS OPEN 
ZVZN2·-0 Y·STRAINER VALVE OPEN 

EXPLOSIVE CONCENTRATION LPPT W/0 REDUNDANT N2 SUPPLY ******************** 

STEADY STATE SYSTEM CHARACTERISTICS 

TOP EVENT RATE (PER HOUR)= .15368E·07 TOP EVENT RATE (PER YEAR)= .13463E·03 

MEAN TIME TO SYSTEM FAILURE = .65069£+08 HOURS 

MEAN TIME TO SYSTEM REPAIR = 20.656 

TOP EVENT PROBABILITY = .31745E·06 

HOURS 

MISSION TIME 1.00 y 30.0 y 
.135E·03 .404E·02 

7428.0 

.86066 

YEARS 

DAYS, 

EXPECT NO OF SYSTEM FAIL 
1 •••••••••••••••••••• EXPLOSIVE CONCENTRATION LPPT W/0 REDUNDANT N2 SUPPLY 

INITIATOR (BARLOW-PROSCHAN) MEASURE OF BASIC EVENTIMPORTANCE (MEASURE OF INTERVAL RELIABILITY) 

STEADY STATE CALCULATIONS 

TOP EVENT PROBABILITY = .31745E-06 

MISSION TIME 1.00 y 30.0 y 
EXPECT NO OF SYSTEM FAIL .135E·03 .404E·02 

RANK BASIC EVENT IMPORTANCE FAILURE RATE MEAN FAULT DURATION BASIC EVENT DESCRIPTION 

1 LFLVENTO I .133 .230E·04 HOURS 22.0 HOURS AIR LEAK THROUGH VENT VALVE FLANGE 
1 LVPVENTO I .133 .230E·04 HOURS 22.0 HOURS LPPT OVERFLOW VALVE FAILS OPEN 
2 LVII4·35C I .122 .160E·04 HOURS 22.0 IIOI.IRS PCV 7172A FAILS CLOSED 
3 LHC1027L I .122 .210E·04 HOURS 22.0 IIOI.IRS AIR LEAK THROUGH ANY 1 OF 27 HANFORD CONNECTOR 
4 LVTSVNSC I .918E-01 .120E·04 HOURS 22.0 HOURS SV 74 FAILS CLOSED··NORMAL SUPPLY NEEDLE VALVE 
4 LVS7469C I .91&-01 .120E·04 HOURS 22.0 HOURS SV 7469 FAILS CLOSED 
5 LVGM·34X I .704E·01 .920E-05 HOURS 22.0 HOURS BRANCH A MANUAL VALVES CLOSED ANY 1 OF 2 
5 LVGI4·28X I • 704E·01 .920E·05 HOURS 22.0 HOURS OPERATOR CLOSES ANY 1 OF 2 MANUAL VALVES 
6 LOPH20·T I .587E-01 1.00 YEARS 1.00 HOURS OPERATOR FAILS TO REPLENISH SUMP WATER 
7 LP·BUBBL I .269E-01 .520E·05 HOURS 22.0 HOURS BUBBLER JUMP LEAK ANY 1 OF 4 (FLOW DIVERSION) 
8 LHCN2LPL I .199£-01 .260E-05 HOURS 22.0 HOURS LPPT N2 JUMPERS LEAK ANY 1 OF 2 (FLOW DIVERSIO 
9 LFRBR·AP I .764E-02 .100E·05 HOURS 22.0 IIOI.IRS BRANCH A FILTER PLUGGED 

10 LFLPPFLL I .755E·02 • 130E·05 HOURS 22.0 HOURS AIR LEAK THRU LPPT TRANSFER PUMP FLANGE 
10 LFLLAGTL I .755E-02 .130E·05 HOURS 22.0 IIOI.IRS AIR LEAK THROUGH LPPT AGITATOR FLANGE 
10 LFLSPARL I .755E-02 .130E·05 HOURS 22.0 HOURS AIR LEAK THROUGH SPARE FEED PUMP FLANGE 
10 LFLJETFL I .755E·02 .130E·05 HOURS 22.0 HOURS AIR LEAK THROUGH LPPT TRANSFER JET FLANGE 
11 LHCSUMPL I .754E·02 • 130E·05 HOURS 22.0 HOURS AIR LEAK THRU SUMP JET CONNECTOR 
12 LWSUPPX I .351E·02 .460E·06 HOURS 22.0 HOURS DRAIN VALVE SUPPLEMENTAL LINE LEFT OPEN 
13 ZVZN2··0 I .347E-02 .620E·04 HOURS 22.0 HOURS Y·STRAINER VALVE OPEN 
14 OVAI020X I .133E·02 .920E·04 HOURS 22.0 HOURS ANY PAIR OF DRIP LEG BLOW DOIJN VALVES OPEN (AN 
15 NVZN2··0 I .876E-03 .620E·04 HOURS 22.0 HOURS Y-STRAINER VALVE OPEN 
16 ZV1742·C I .743E·03 .160E·04 HOURS 22.0 HOURS PRESSURE REGULATING VALVE 7420 FAILS CLOSED 
17 7CPOCS·F I .595E·03 .200E ·04 HOURS 22.0 HOURS DCS INACTIVE 
18 OVA10F7X I .437E-03 .320E ·04 HOURS 22.0 HOURS VALVE IN H AREA STEAM LINE TO PRESS REDUCTION 
19 ZVA10F2X I .325E-03 .920E·05 HOURS 22.0 HOURS MANUAL VALVE CLOSED (ANY 1 OF 2) 
20 OW10F5X I .292E-03 .230E ·04 HOURS 22.0 HOURS DRAIN VALVE OPEN (ANY 1 OF 5) 
20 OVA10F5X I .292E·03 .230E·04 HOURS 22.0 HOURS MANUAL VALVE CLOSED (ANY 1 OF 5) 
21 OSPRDSYF I .290E·03 .200 YEARS 22.0 HOURS STEAM PRESSURE REDUCTION SYSTEM FAILS 
21 OH·AREAF I .290E·O~ .200 YEARS 22.0 HOURS H AREA STEAM SUPPLY FAILS 
22 LDPOTTLL I .262E·03 • 130E·05 HOURS 22.0 HOURS LPPT INLET DIP TUBE LEAKS 
23 OVI4004C I .197E-03 • 160E · 04 HOURS 22.0 HOURS PRESSURE CONTROL VALVE PCV 4004 FAILS CLOSED 
23 LVI7834C I .197E-03 .160E·04 HOURS 22.0 HOURS PRESSURE REGULATING VALVE 7834 FAILS CLOSED 
24 LVA10F3X I .162E-03 .140E-04 HOURS 22.0 HOURS LPPT PURGE MANUAL VALVES CLOSED ANY 1 OF 3 
25 NVS7864C I .965E·04 .100E·04 HOURS 22.0 HOURS SOLENOID VALVE SV 7864 FAILS CLOSED 
26 NVPN2··F I .62&·04 .690E·05 HOURS 22.0 HOURS VAPORIZER FAILS TO PROVIDE HEAT 
27 LTKAUXTF I .160E·04 .100E·03 HOURS .500 MONTHS AUXILIARY PRECIPITATE TANK NOT PURGED 
28 OVL7538C I ."792E·05 .220E·05 HOURS 22.0 IIOI.IRS TEMPERATURE CONTROL VALVE TCV 7538 FAILS CLOSE 
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29 NVX10F4X I .7561:-05 

I DENOTES INITIATING EVENT 
1 ******************** 

.2101:-05 IIOURS 22.0 MANUAL VALVE CLOSED (ANY 1 OF 4) 

EXPLOSIVE CONCENTRATION LPPT W/0 REDUNDANT N2 SUPPLY 

INITIATOR (BARLOW-PROSCHAN) MeASURE OF BASIC EVENTIMPORTANCE (MEASURE OF INTERVAL RELIABILITY) 

STEADY STATE CALCULATIONS 

TOP EVENT PROBABILITY g .31745E·06 

MISSION TIME 
EXPECT NO OF SYSTEM FAll 

RANK BASIC EVENT IMPORTANCE 

30 LFLBFCFO I 
30 LVBBVCFO I 

.113E-06 

.113E-06 

I DENOTES INITIATING EVENT 
1 ******************** 

1.00 y 30.0 y 
.135E·03 .404E·02 

FAilURE RATE MEAN FAULT DURATION 

• 130E ·05 IIOURS 
.830E-04 HOURS 

22.0 
22.0 

BASIC EVENT DESCRIPTION 

ILIND FlANGE OPEN/COLD FEED 
BLOCK VALVE OPEN/COLD FEED 

EXPLOSIVE CONCENTRATION LPPT W/0 REDUNDANT N2 SUPPLY 

ENABLER (SEQUENTIAL CONTRIBUTORY) BASIC EVENT IMPORTANCE (MeASURE Of INTERVAL RELIABILITY) 

STEADY STATE CALCULATIONS 

TOP EVENT PROBABILITY = .31745E·06 

MISSION TIME 1.00 y 30.0 y 
EXPECT NO OF SYSTEM FAIL .135E·03 .404E-02 

RANK BASIC EVENT IMPORTANCE FAILURE RATE MEAN FAULT DURATION BASIC EVENT DESCRIPTION 

1 LC6H6UEL .842 1.00 IIOURS 1.00 IIOURS BENZENE CONC IN LPPT BETWEEN LEL & UEL LIMITS 
1 FILLSTAH .842 .190 HOURS 1.00 HOURS TIME PERIOD FILL/STANDBY FIRST 8 HOURS BENZENE 
1 BENZENEH .841 .330E-01 HOURS 1.00 HOURS BATCH BENZENE CONC HIGH ·· 1/30 TRANSFERS 
2 LVS8772K .484 .150E·05 HOURS 6.00 MONTHS MAIN VENT VALVE HCV-8772 FAILS TO CLOSE 
3 LSV87730 .387 .120E·05 HOURS 6.00 MONTHS BYPASS VENT VALVE SV-8773 FAILS OPEN 
4 BENZENEN .158 1.00 HOURS 1.00 HOURS BATCH BENZENE CONC NORMAL ·· 29/30 TRANSFERS 
5 LCBAGITD .157 .300E-02 HOURS 1.00 HOURS AGITATOR MCC CONTACTS JI-7171 FAIL TO OPEN 
6 FILLSTAN .154 .980 HOURS 1.00 HOURS TIME PERIOD FILL/STANDBY, 43 HRS ·· BENZENE CO 
7 LSV8773X .744E·01 .100E-02 HOURS 1.00 HOURS OPERATOR OPENS SV-8773 AND FAILS TO RECLOSE 
8 LUA6852F .530E-01 .340E-03 HOURS .500 MONTHS 02 ANALYZER 6852 INACTIVE 
9 LUA6853F .514E-01 .340E·04 HOURS .500 MONTHS 02 ANALYZER 6853 INACTIVE 

10 1SLSUMPF .475E·01 .200E·03 HOURS .500 MONTHS SUMP PUMP BUBBLER INACTIVE 
11 LOPLOWLT .659E·02 .100E·01 HOURS 1.00 HOURS OPERATOR FAILS TO RESPOND TO LOW LEVEL ALARM 
12 7RYBUBLD .427E·02 .300E·05 HOURS 3.00 MONTHS LOW SUMP LEVEL (BUBBLER) RELAY FAILS TO OPEN 
13 PUMPOUT· .354E·02 .230E·01 HOURS 1.00 HOURS TIME PERIOD ·· PUMPOUT 1 HR BENZENE CONC NORMA 
14 ZVZN2··0 I .347E·02 .620E·04 HOURS 22.0 HOURS Y·STRAINER VALVE OPEN 
15 OVAI020X I .133E-02 .920E·04 HOURS 22.0 HOURS ANY PAIR OF DRIP LEG BLOW DOWN VALVES OPEN (AN 
16 LRY-281D .119E·02 .300E·05 HOURS 6.00 MONTHS RELAY 281 CONTACTS FAIL TO OPEN 
17 NVZN2· ·0 I .8761:·03 .620E·04 HOURS 22.0 HOURS Y·STRAINER VALVE OPEN 
18 LTR6853F .810E·03 .100E·04 HOURS 22.0 HOURS TRANSMITTER AIT-6853 INACTIVE 
18 LUA6853U .8101:·03 .100E·04 HOURS 22.0 HOURS BLOCK VALVES TO ANALYZER CLOSED (HUMAN ERROR) 
19 ZVI742·C I .743E·03 .160E·04 HOURS 22.0 HOURS PRESSURE REGULATING VALVE 7420 FAILS CLOSED 
20 7CPOCS·F I .595E·03 .200E·04 HOURS 22.0 HOURS DCS INACTIVE 
21 OVA10F7X I .437E·03 .320E·04 HOURS 22.0 HOURS VALVE IN H AREA STEAM LINE TO PRESS REDUCTION 
22 ZVA10F2X I .325E-03 .920E·05 HOURS 22.0 HOURS MANUAL VALVE CLOSED (ANY 1 OF 2) 
23 71TSUMPU .302E·03 .100E·02 HOURS 1.00 HOURS LOW SUMP LEVEL (BUBBLER) INTERLOCK BYPASSED 
24 OVD10F5X I .292E·03 .230E·04 HOURS 22.0 HOURS DRAIN VALVE OPEN (ANY 1 OF 5) 
24 OVA10F5X I .292E·03 .230E·04 HOURS 22.0 HOURS MANUAL VALVE CLOSED (ANY 1 OF 5) 
25 OH·AREAF I .290E·03 .200 YEARS 22.0 HOURS H AREA STEAM SUPPLY FAILS 
25 OSPRDSYF I .290E·03 .200 YEARS 22.0 HOURS STEAM PRESSURE REDUCTION SYSTEM FAILS 
26 LTKAUXTF I .262E·03 • 100E·03 HOURS .500 MONTHS AUXILIARY PRECIPITATE TANK NOT PURGED 
27 LV17834C I • 197E·03 • 160E-04 HOURS 22.0 HOURS PRESSURE REGULATING VALVE 7834 FAILS CLOSED 
27 OVI4004C I .197E·03 • 160E·04 HOURS 22.0 HOURS PRESSURE CONTROL VALVE PCV 4004 FAILS CLOSED 
28 LVA10F3X I .162E·03 • 140E·04 HOURS 22.0 HOURS LPPT PURGE MANUAL VALVES CLOSED ANY 1 OF 3 
29 LSF7648F .123E·03 • 780E · 04 HOURS 22.0 HOURS TRANSMITTER FIT-7648 INACTIVE 
30 LVIM·35C .105E·03 • 160E·04 HOURS 22.0 HOURS PCV 7172A FAILS CLOSED 
31 LIT··11U .968E·04 .100E·02 HOURS 1.00 HOURS INTERLOCK 11 BYPASSED 
32 NVS'7864C .965E·04 .100E·04 HOURS 22.0 HOURS SOlENOID VALVE SV 7864 FAILS CLOSED 

I DENOTES INITIATING EVENT 
1 ******************** EXPLOSIVE CONCENTRATION LPPT W/0 REDUNDANT N2 SUPPLY ******************** 
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ENABLER (SEQUENTIAL CONTRIBUTORY) BASIC EVENT IMPORTANCE (MEASURE Of INTERVAL RELIABILITY) 

STEADY STATE CALCULATIONS 

TOP EVENT PROBABILITY g .31745E-06 

MISSION TIME 1.00 y 30.0 y 
EXPECT NO OF SYSTEM FAIL .135E·03 .404E·02 

RANK BASIC EVENT IMPORTANCE FAILURE RATE MEAN FAULT DURATION IIASIC EVENT DESCRIPTION 

33 Lst.l6a53D .91&·04 .300E·05 IIOURS 6.00 MONTHS SWITCH ASH·6853 FAILS TO CLOSE 
34 LTR6852F .8191:-04 .100E-04 IIOURS 22.0 IIOURS TRANSMITTER AIT-6852 INACTIVE 
34 LUA6852U .8191:-04 .100E ·04 IIOURS 22.0 IIOURS BLOCK VALVES TO ANALYZER CLOSED (HUMAN ERROR) 
35 LVS7469C I .787E·04 .120E-04 IIOURS 22.0 IIOURS SV 7469 FAILS CLOSED 
35 LVTSVNSC I .787E-04 .1201:-04 IIOURS 22.0 IIOURS SV 74 FAILS CLOSED··NORMAL SUPPLY NEEDLE VALVE 
36 NVPN2--F I .62&-04 .690E-05 IIOURS 22.0 IIOURS VAPORIZER FAILS TO PROVIDE HEAT 
37 LFLVENTO I .61& -04 .230E·04 IIOURS 22.0 IIOURS AIR LEAK THROUGH VENT VALVE FLANGE 
37 LVPVENTO I .61&-04 .230E·04 IIOURS 22.0 IIOURS LPPT OVERFL~ VALVE FAILS OPEN 
38 LVGM-34X I .604E·04 .920E-05 IIOURS 22.0 IIOURS BRANCH A MANUAL VALVES CLOSED ANY 1 OF 2 
38 LVGM-28)( I .604E-04 .920E·05 IIOURS 22.0 IIOURS OPERATOR CLOSES ANY 1 OF 2 MANUAL VALVES 
39 LHC1027L I .565E·04 .2101:·04 IIOURS 22.0 IIOURS AIR LEAK THROUGH ANY 1 OF 27 HANFORD CONNECTOR 
40 LIT·--1U .244E-04 .100E·02 IIOURS 1.00 IIOURS INTERLOCK 1 BYPASSED 
41 LDPOTTLL I .160E·04 .130E·05 IIOURS 22.0 IIOURS LPPT INLET DIP TUBE LEAKS 
42 LSW6852D .122E·04 .300E·05 IIOURS 6.00 MONTHS SWITCH ASH-6852 FAILS TO CLOSE 
43 LP·BUBBL .121E·04 .520E·05 HOURS 22.0 IIOURS BUBBLER JUMP LEAK ANY 1 OF 4 (FL~ DIVERSION) 
44 LIT·-·2U .990E·05 .100E·02 HOURS 1.00 IIOURS INTERLOCK 1 BYPASSED 
45 LIT··10U .867E-05 .100E·02 IIOURS 1.00 IIOURS INTERLOCK 10 BYPASSED 
46 OVL7538C I .792E·05 .220E·05 IIOURS 22.0 IIOURS TEMPERATURE CONTROL VALVE TCV 7538 FAILS CLOSE 
47 NVX10F4X I • 756E-05 .210E·05 IIOURS 22.0 IIOURS MANUAL VALVE CLOSED (ANY 1 OF 4) 
48 LIT···SU .6291:-05 .100E·02 HOURS 1.00 IIOURS INTERLOCK 5 BYPASSED 
49 LHCN2LPL .605E-05 .260E·05 HOURS 22.0 IIOURS LPPT N2 JUMPERS LEAK ANY 1 OF 2 (Fl~ DIVERSIO 
50 LFLPPFLL .3391:-05 .130E·05 HOURS 22.0 IIOURS AIR LEAK THRU LPPT TRANSFER PUMP FLANGE 
50 LFLLAGTL .3391:-05 .130E·05 HOURS 22.0 HOURS AIR LEAK THROUGH LPPT AGITATOR FLANGE 
50 LFLJETFL .3391:-05 .130E·05 HOURS 22.0 IIOURS AIR LEAK THROUGH LPPT TRANSFER JET FLANGE 
50 LFLSPARL .3391:-05 • 130E · OS IIOUR S 22.0 HOURS AIR LEAK THROUGH SPARE FEED PUMP FLANGE 
51 LPT··CFT .226E-06 .100E·01 IIOURS 1.00 HOURS JUMPER SEAL POT DRY/COLD FEED 
52 LFLBFCFO I .113E·06 .130E·05 IIOURS 22.0 HOURS BLIND FLANGE OPEN/COLD FEED 
52 LVBBVCFO I .113E·06 .830E·04 HOURS 22.0 IIOURS BLOCK VALVE OPEN/COLD FEED 

I DENOTES INITIATING EVENT 
******************************************************************************************************************** 

INITIATOR (BARL~·PROSCHAN) MEASURE OF CUT SET IMPORTANCE (MEASURE OF INTERVAL RELIABILITY) 

******************************************************************************************************************** 

GROUP RANK 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 

CUMULATIVE IMPORTANCE 
.121229 
.176572 
.273555 
.317829 
.359996 
.393729 
.456978 
.507578 
.556069 
.5T7727 
.597533 
.636326 
.653653 
.669498 
.699206 
.727276 
.740980 
.753794 
.777561 
.800338 
.811301 
.830009 
.848230 
.856n1 
.863623 
.870130 
.875612 
.880626 

RESIDUAL IMPORTANCE 
.879 
.823 
.726 
.682 
.640 
.606 
.543 
.492 
.444 
.422 
.402 
.364 
.346 
.331 
.301 
.273 
.259 
.246 
.222 
.200 
.189 
.170 
.152 
.143 
.136 
.130 
.124 
.119 
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29 .890387 .110 
30 . .897870 • 102 
31 .915000 .850E·01 
32 .918343 .817E-01 
33 .921561 .784E·01 
34 .924618 .754E-01 
35 .927626 .124E·01 
36 .941330 .587E·01 
37 .943965 .560E-01 
38 .946540 .535E-01 
39 .948946 .511E-01 
40 .953531 .465E·01 
41 .955646 .444E-01 
42 .957754 .422E·01 
43 .959703 .403E·01 
44 .963218 .368E-01 
45 .964778 .352E·01 
46 .966016 .340E-01 
47 .967228 .328E·01 
48 .968285 .317E-01 
49 .969275 .307E·01 
50 .970245 .298E-01 
51 .974212 .258E-01 
52 .974908 .251E-01 
53 .975565 .244E·01 
54 .976135 .239E-01 
55 .978778 .212E·01 
56 .979304 .207E-01 
57 .979801 .202E-01 
58 .980729 .193E·01 
59 .981185 .188E-01 
60 .981636 .184E-01 
61 .982079 .179E-01 
62 .982486 .175E-01 
63 .982857 .171E-01 
64 .983212 .168E-01 
65 .983908 .161E-01 
66 .984217 .158E-01 
67 .984819 .152E·01 
68 .985376 .146E-01 
69 .985910 .141E-01 
70 .986919 .131E-01 
71 .987166 .128E-01 
72 .987626 .124E·01 
73 .987855 .121E-01 
74 .988282 .117E-01 
75 .988490 .115E-01 
76 .988681 .113E-01 
77 .988868 .111E-01 
78 .989051 .109E-01 
79 .989221 .108E-01 
80 .989388 .106E-01 
81 .989716 .103E-01 
82 .990043 .996E-02 
83 .990179 .982E-02 
84 .990442 .956E-02 
85 .990703 .930E-02 
86 .990829 .917E-02 
87 .991172 .883E-02 
88 .991280 .872E-02 
89 .991492 .851E-02 
90 .991593 .841E-02 
91 .991694 .831E-02 
92 .991794 .821E·02 
93 .991892 .811E-02 
94 .991989 .801E-02 
95 .992263 .774E-02 
96 .992351 .765E-02 
97 .992437 .756E-02 
98 .992517 .748E-02 
99 .992597 • 740E-02 

100 .992675 .732E-02 
101 .992830 .717E-02 
102 .992983 .702E-02 
103 .993058 .694E·02 
104 .993133 .687E-02 
105 .993207 .679E-02 
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106 .993279 .6721:·02 
107 .993350 .665E·02 
108 .993419 .658E-02 
109 .993485 .652E·02 
110 .993548 .645E·02 
111 .993612 .6331:·02 
112 .993795 .621E·02 
113 .993855 .614E·02 
114 .993915 .608E·02 
115 .993974 .603E·02 
116 .994031 .597E·02 
117 .994144 .5&E-02 
118 .994254 .575E-02 
119 .994523 .5481:·02 
120 .994576 .542E·02 
121 .994625 .537E-02 
122 .994673 .533£·02 
123 .994120 .5281:-02 
124 .994767 .523E-02 
125 .994813 .519E-02 
126 .994903 .510E·02 
127 .995033 .497E-02 
128 .995118 .488E·02 
129 .995288 .471E-02 
130 .995373 .WE-02 
131 .995455 .455E·02 
132 .995494 .451E-02 
133 .995532 .447E-02 
134 .995569 .443E-02 
135 .995604 .440E-02 
136 .995673 .433E·02 
137 .995775 .423E·02 
138 .995842 .416E·02 
139 .995876 .412E-02 
140 .995908 .409E-02 
141 .995939 .406E-02 
142 .995998 .400E·02 
143 .996028 .397E-02 
144 .996057 .394E-02 
145 .996084 .392E·02 
146 .996112 .389E-02 
147 .996138 .386E-02 
148 .996164 .384E·02 
149 .996214 .379E-02 
150 .996315 .3681:·02 
151 .996366 .363E·02 
152 .996415 .359E-02 
153 .996463 .354E-02 
154 .996487 .351E·02 
155 .996534 .347E-02 
156 .996558 .344E-02 
157 .996581 .342E·02 
158 .996627 .337E-02 
159 .996667 .333E-02 
160 .996706 .329E-02 
161 .996126 .327E·02 
162 .996744 .326E·02 
163 .996762 .324E·02 
164 .996797 .320E·02 
165 .996848 .315E·02 
166 .996865 .313E·02 
167 .996882 .312E·02 
168 .996898 .310E·02 
169 .996913 .309E-02 
170 .996929 .307E·02 
171 .996944 .306E-02 
112 .996959 .304E·02 
173 .997033 .297E·02 
174 .997176 .28ZE·02 
175 .997203 .280E·02 
176 .991216 .278E·02 
1n .997242 .276E-02 
178 .99n8o .znE-02 
179 .997305 .269E-02 
180 .997317 .2681:-02 
181 .997329 .267E-02 
182 .997341 .266E-02 
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183 
184 
185 
186 
187 
188 
189 
190 
191 
192 
193 
194 
195 
196 
197 
198 
199 
200 
201 
202 
203 
204 
205 
206 
207 

.997352 

.997362 

.997372 

.997402 

.997421 

.997436 

.997460 

.997466 

.997477 

.997480 

.997482 

.997484 

.997486 

.997488 

.997490 

.997491 

.997493 

.997494 

.997500 

.997503 

.997504 

.997508 

.997510 

.997510 

.997510 

.265E·02 

.264E-02 

.263E·02 

.260E·02 

.25&:-02 

.256E·02 

.2'54E·02 

.253E·02 

.252E·02 

.252E·02 

.252E·02 

.252E·02 

.251E·02 

.251E·02 

.251E·02 

.251E·02 

.251E·02 

.251E·02 

.250E-02 

.250E·02 

.250E-02 

.249£·02 

.249£·02 

.249£-02 

.249£·02 
EXPLOSIVE CONCENTRATION LPPT W/0 REDUNDANT N2 SUPPLY 

INITIATOR (BARLOW·PROSCHAN) MEASURE OF CUT SET IMPORTANCE (MEASURE OF INTERVAL RELIABILITY) 

STEADY STATE CALCULATIONS 

MISSION TIME .100E+01Y .300E+02Y 
EXPECT NO OF SYSTEM FAIL .135E-03 .404E·02 

TOP EVENT PROBABILITY = .31745E·06 

RANK IMPORTANCE 

.606E-01 CUT SET 

BASIC EVENT 

BENZENEH 
FILLSTAH 
LC6H6UEL 
LVPVENTO I 
LVS8772K 

.606E-01 CUT SET 

BASIC EVENT 

BENZENEH 
FILLSTAH 
LC6H6UEL 
LFLVENTO I 
LVS8772K 

2 .553E·01 CUT SET 

BASIC EVENT 

BENZENEH 
FILLSTAH 
LC6H6UEL 
LHC1027L 
LVS8772K 

3 .485E-01 CUT SET 

BASIC EVENT 

BENZENEH 

1 MEAN TIME TO OCCURRENCE=, .10735E+10 HOURS .12254E+06 YEARS 
GROUP RANK CUMUL~TIVE/RESIDUAL 

.121229/ .879 
FAILURE RATE MEAN FAUL DURATION BASIC EVENT DESCRIPTION 

.330E-01 HOURS 

.190E+OO HOURS 

.100E+01 HOURS 

.230E-04 HOURS 

.150E·05 HOURS 

1.00 
1.00 
1.00 
22.0 
6.00 

HOURS 
HOURS 
HOURS 
HOURS 
MONTHS 

BATCH BENZENE CONC HIGH ·· 1/30 TRANSFERS 
TIME PERIOD FILL/STANDBY FIRST 8 HOURS BENZENE 
BENZENE CONC IN LPPT BETWEEN LEL & UEL LIMITS 
LPPT OVERFLOW VALVE FAILS OPEN 
MAIN VENT VALVE HCV-8772 FAILS TO CLOSE 

2 MEAN TIME TO OCCURRENCE=, .10735E+10 HOURS .12254E+06 YEARS 
GROUP RANK CUMULATIVE/RESIDUAL 

• 121229/ .879 
FAILURE RATE MEAN FAUL DURATION BASIC EVENT DESCRIPTION 

.330E·01 HOURS 
• 190E+OO HOURS 
.100E+01 HOURS 
.230E-04 HOURS 
.150E·05 HOURS. 

1.00 
1.00 
1.00 
22.0 
6.00 

HOURS 
HOURS 
HOURS 
HOURS 
MONTHS 

BATCH BENZENE CONC HIGH ·· 1/30 TRANSFERS 
TIME PERIOD FILL/STANDBY FIRST 8 HOURS BENZENE 
BENZENE CONC IN LPPT BETWEEN LEL & UEL LIMITS 
AIR LEAK THROUGH VENT VALVE FLANGE 
MAIN VENT VALVE HCV-8772 FAILS TO CLOSE 

3 MEAN TIME TO OCCURRENCE=, .11757E+10 HOURS .13422E+06 YEARS 
GROUP RANK CUMULATIVE/RESIDUAL 

• 176572/ .823 
FAILURE RATE MEAN FAUL DURATION BASIC EVENT DESCRIPTION 

.330E·01 HOURS 

.190E+OO HOURS 

.100E+01 HOURS 

.210E-04 HOURS 

.150E-05 HOURS 

1.00 
1.00 
1.00 
22.0 
6.00 

HOURS 
HOURS 
HOURS 
HOURS 
MONTHS 

BATCH BENZENE CONC HIGH ·· 1/30 TRANSFERS 
TINE PERIOD FILL/STANDBY FIRST 8 HOURS BENZENE 
BENZENE CONC IN LPPT BETWEEN LEL & UEL LIMITS 
AIR LEAK THROUGH ANY 1 OF 27 HANFORD CONNECTOR 
MAIN VENT VALVE HCV-8772 FAILS TO CLOSE 

5 MEAN TIME TO OCCURRENCE=, .13419£+10 HOURS .15318E+06 YEARS 
GROUP RANK CUMULATIVE/RESIDUAL 

.273555/ • 726 
FAILURE RATE MEAN FAUL DURATION BASIC EVENT DESCRIPTION 

.330E·01 HOURS 1.00 HOURS BATCH BENZENE CONC HIGH ·· 1/30 TRANSFERS 
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fiLLSTAH 
LC6H6UEL 
LSV87730 
LVPVENTO I 

.1901:+00 HOURS 

.1001:+01 HOURS 

.120E-05 HOURS 

.Z30E·04 HOURS 

1.00 
1.00 
6.00 
22.0 

HOURS 
HOURS 
NONTHS 
HOURS 

TIME PERIOD FILL/STANDBY FIRST 8 HOURS BENZENE 
BENZENE CONC IN LPPT BETWEEN lEL & UEL LIMITS 
BYPASS VENT VALVE SV·8773 fAllS OPEN 
lPPT OVERFLOW VALVE FAILS OPEN 

I DENOTES INITIATING EVENT 
1 ******************** EXPLOSIVE CONCENTRATION LPPT W/0 REDUNDANT N2 SUPPLY 

INITIATOR (IARLOW-PROSCHAN) MEASURE OF OUT SET IMPORTANCE (MEASURE OF INTERVAL RELIABILITY) 

STEADY STATE CALCULATIONS 

MISSION TIME .100E+01Y .300E+02Y 
EXPECT NO OF SYSTEM FAIL .135E-03 .404E·02 

TOP EVENT PROBABILITY = .31745E·06 

RANK IMPORTANCE 

3 .4!5E·01 OUTSET 

BASIC EVENT 

IENZENEH 
FILLSTAH 
LC6H6UEL 
LFLVENTO I 
LSV87730 

4 .443E-01 OUTSET 

BASIC EVENT 

IENZENEH 
FILLSTAH 
LC6H6UEL 
LHC1027L I 
LSV87730 

5 .422E-01 OUT SET 

BASIC EVENT 

IJENZENEH 
FILLSTAH 
LC6H6UEL 
LVIM·35C 
LVS8mK 

6 .337E-01 OUT SET 

BASIC EVENT 

IENZENEH 
FILLSTAH 
LC6H6UEL 
LSV87730 
LVIM-35C I 

4 MEAN TIME TO OCCURRENCE=, .13419£+10 HOURS .15318E+06 YEARS 
GROUP RANK CUMULATIVE/RESIDUAL 

.273555/ • 726 
FAILURE RATE MEAN FAUL DURATION BASIC EVENT DESCRIPTION 

.330E-01 HOURS 

.190E+OO HOURS 

.100E+01 HOURS 

.230E-04 HOURS 

.120E-05 HOURS 

1.00 
1.00 
1.00 
22.0 
6.00 

HOURS 
HOURS 
HOURS 
HOURS 
NONTHS 

lATCH BENZENE CONC HIGH ·· 1/30 TRANSFERS 
TIME PERIOD FILL/STANDBY fiRST 8 HOURS BENZENE 
BENZENE CONC IN LPPT BETWEEN LEL & UEL LIMITS 
AIR LEAK THROUGH VENT VALVE FLANGE 
BYPASS VENT VALVE SV-8773 FAILS OPEN 

6 MEAN TIME TO OCCURRENCE=, .14697E+10 HOURS .16777E+06 YEARS 
GROUP RANK CUMULATIVE/RESIDUAL 

.317829/ .682 
FAILURE RATE MEAN FAUL DURATION BASIC EVENT DESCRIPTION 

.330E·01 HOURS 

.190E+OO HOURS 

.100E+01 HOURS 

.210E·04 HOURS 

.120E·05 HOURS 

1.00 
1.00 
1.00 
22.0 
6.00 

HOURS 
HOURS 
HOURS 
HOURS 
NONTHS 

BATCH BENZENE CONC HIGH ·· 1/30 TRANSFERS 
TIME PERIOD FILL/STANDBY FIRST 8 HOURS BENZENE 
BENZENE CONC IN LPPT BETWEEN LEL & UEL liMITS 
AIR LEAK THROUGH ANY 1 OF 27 HANFORD CONNECTOR 
BYPASS VENT VALVE SV-8773 FAILS OPEN 

14 MEAN TIME TO OCCURRENCE=, .15431E+10 HOURS .17616E+06 YEARS 
GROUP RANK CUMULATIVE/RESIDUAL 

.359996/ .640 
FAILURE RATE MEAN FAUL DURATION BASIC EVENT DESCRIPTION 

.330E-01 HOURS 

.190E+OO HOURS 

.100E+01 HOURS 

.160E-04 HOURS 
• 150E-05 HOURS 

1.00 
1.00 
1.00 
22.0 
6.00 

HOURS 
HOURS 
HOURS 
HOURS 
NONTHS 

BATCH BENZENE CONC HIGH -- 1/30 TRANSFERS 
TIME PERIOD FILL/STANDBY FIRST 8 HOURS BENZENE 
BENZENE CONC IN LPPT BETWEEN LEL & UEL LIMITS 
PCV 7172A FAILS CLOSED 
MAIN VENT VALVE HCV-8772 FAILS TO CLOSE 

23 MEAN TIME TO OCCURRENCE=, .19289E+10 HOURS .22020E+06 YEARS 
GROUP RANK CUMULATIVE/RESIDUAL 

.393729/ .606 
FAILURE RATE MEAN FAUL DURATION BASIC EVENT DESCRIPTION 

.3301:-01 HOURS 

.190E+OO HOURS 

.100E+01 HOURS 

.1201:-05 HOURS 

.160E -04 HOURS 

1.00 
1.00 
1.00 
6.00 

'22.0 

HOURS 
HOURS 
HOURS 
MONTHS 
HOURS 

BATCH BENZENE CONC HIGH -- 1/30 TRANSFERS 
TIME PERIOD Fill/STANDBY FIRST 8 HOURS BENZENE 
BENZENE CONC IN LPPT BETWEEN LEL & UEL LIMITS 
BYPASS VENT VALVE SV-8773 FAILS OPEN 
PCV 7172A FAILS CLOSED 

I DENOTES INITIATING EVENT 
1 ******************** EXPLOSIVE CONCENTRATION LPPT W/0 REDUNDANT N2 SUPPLY ******************** 

INITIATOR (BARLOW-PROSCHAN) MEASURE OF CUT SET IMPORTANCE (MEASURE OF INTERVAL RELIABILITY) 

STEADY STATE CALCULATIONS 

MISSION TIME .100E+01Y .300E+02Y 
EXPECT NO OF SYSTEM FAIL .135E·03 .404E-02 

TOP EVENT PROBABILITY = .31745E·06 

RANK IMPORTANCE 
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7 .316E·01 CUTSET 16 MEAN TIME TO OCCURRENCE=, .20575E+10 IIOORS .234W+06 YEARS 
GROUP RANK CUMULATIVE/RESIDUAL 

.456978/ .543 
BASIC EVENT FAILURE RATE MEAN FAUL llURATict4 BASIC EVENT DESCRIPTict4 

BENZENEH .330E·01 HOURS 1.00 HOURS BATCH BENZENE Cot4C HIGH ·· 1/30 TRANSFERS 
fiLLSTAH • 190E+OO HOURS 1.00 HOURS TIME PERIOD fiLL/STANDBY fiRST 8 HOURS IENZENE 
LC6H6UEL .100E+01 HOURS 1.00 HOURS BENZENE Cot4C IN LPPT BETWEEN LEL & UEL LIMITS 
LVSSmK .150E·05 HOURS 6.00 MONTHS MAIN VENT VALVE HCV·8m FAILS TO CLOSE 
LVTSVNSC .120E·04 HOURS 22.0 HOURS SV 74 FAILS CLOSED--NORMAL SUPPLY NEEDLE VALVE 

1 .316E-01 CUT SET 15 MEAN TIME TO OCCURRENCE=, .20575E+10 HOURS .23488E+06 YEARS 
GROUP RANK CUMULATIVE/RESIDUAL 

.456978/ .543 
BASIC EVENT FAILURE RATE MEAN FAUL DURAT1Clt4 BASIC EVENT DESCRIPTict4 

BENZENEH .330E·01 HOURS 1.00 HOURS BATCH BENZENE Cot4C HIGH ·· 1/30 TRANSFERS 
FILLSTAH .190E+OO HOURS 1.00 HOURS TIME PERIOD FILL/STANDBY FIRST 8 HOURS BENZENE 
LC6H6UEL .100E+01 HOURS 1.00 HOURS BENZENE Cot4C IN LPPT BETWEEN LEL & Ufl LIMITS 
LVS7469C .120E-04 HOURS 22.0 HOURS SV 7469 FAILS CLOSED 
LVS8772K .150E-05 HOURS 6.00 MONTHS MAIN VENT VALVE HCV-8m FAILS TO CLOSE 

8 .253E·01 CUT SET 26 MEAN TIME TO OCCURRENCE=, .25719E+10 HOURS .29360E+06 YEARS 
GROUP RANK CUMULATIVE/RESIDUAL 

.507578/ .492 
BASIC EVENT FAILURE RATE MEAN FAUL llURATIClt4 BASIC EVENT DESCRIPTict4 

BENZENEH .330E-01 HOURS 1.00 HOURS BATCH BENZENE CONC HIGH ·· 1/30 TRANSFERS 
FILLSTAH .190E+OO HOURS 1.00 HOURS TIME PERIOD Fill/STANDBY FIRST 8 HOURS BENZENE 
LC6H6UEL .100E+01 HOURS 1.00 HOURS BENZENE CONC IN LPPT BETWEEN LEL & UEL LIMITS 
LSV87130 .120E-05 HOURS 6.00 MONTHS BYPASS VENT VALVE SV-8173 FAILS OPEN 
LVTSVNSC .120E ·04 HOURS 22.0 HOURS SV 74 FAILS CLOSED--NORMAL SUPPLY NEEDLE VALVE 

8 .253E·D1 CUT SET 27 MEAN TIME TO OCCURRENCE=, .25719E+10 HOURS .29360E+06 YEARS 
GROUP RANK CUMULATIVE/RESIDUAL 

.507?78/ .492 
BASIC EVENT FAILURE RATE MEAN FAUL DURATIClt4 BASIC EvENT DESCRIPTION 

BENZENEH .330E-01 HOURS 1.00 HOURS BATCH BENZENE CONC HIGH ·· 1/30 TRANSFERS 
FILLSTAH .190E+OO HOURS 1.00 HOURS TIME PERIOD FILL/STANDBY FIRST 8 HOURS BENZENE 
LC6H6UEL .100E+01 HOURS 1.00 HOURS BENZENE CONC IN LPPT BETWEEN LEL & UEL LIMITS 
LSV87130 .120E-05 HOURS 6.00 MONTHS BYPASS VENT VALVE SV-8773 FAILS OPEN 
LVS7469C I .120E-04 HOURS 22.0 HOURS SV 7469 FAILS CLOSED 

DENOTES INITIATING EVENT 
******************** EXPLOSIVE CONCENTRATION LPPT W/0 REDUNDANT N2 SUPPLY •••••••••••••••••••• 

INITIATOR (BARLOW·PROSCHAN) MEASURE OF CUT SET IMPORTANCE (MEASURE OF INTERVAL RELIABILITY) 

STEADY STATE CALCULATIONS 

MISSION TIME .100E+01Y .300E+02Y 
EXPECT NO OF SYSTEM FAIL .135E·03 .404E-02 

TOP EVENT PROBABILITY = .31745E·06 

RANK IMPORTANCE 

9 .242E-01 CUTSET 

BASIC EVENT 

BENZENEH 
FILLSTAH 
LC6H6UEL 
LVGM·34X I 
LVS8772K 

9 .242E·01 CUTSET 

BASIC EVENT 

BENZENEH 
FILLSTAH 
LC6H6UEL 

17 MEAN TIME TO OCCURRENCE=, .268371:+10 HOURS .30636E+06 YEARS 
GROUP RANK CUMULATIVE/RESIDUAL 

.556069/ .444 
FAILURE RATE MEAN FAUL DURATION BASIC EVENT DESCRIPTION 

.330E·01 HOURS 
• 190E+OO HOURS 
.100£+01 HOURS 
.920E·05 HOURS 
.150E·05 HOURS 

1.00 
1.00 
1.00 
22.0 
6.00 

HOURS 
HOURS 
HOURS 
HOURS 
MONTHS 

BATCH BENZENE CONC HIGH -- 1/30 TRANSFERS 
TIME PERIOD FILL/STANDBY FIRST 8 HOURS BENZENE 
BENZENE CONC IN LPPT BETWEEN LEL & UEL LIMITS 
BRANCH A MANUAL VALVES CLOSED ANY 1 OF 2 
MAIN VENT VALVE HCV-8772 FAILS TO CLOSE 

18 MEAN TIME TO OCCURRENCE=, .26837E+10 HOURS .30636E+06 YEARS 
GROUP RANK CUMULATIVE/RESIDUAL 

.556069/ .444 
FAILURE RATE MEAN FAUL DURATION BASIC EVENT DESCRIPTION 

.330E·01 HOURS 

.190E+OO HOURS 

.100E+01 HOURS 

1.00 
1.00 
1.00 

HOURS 
HOURS 
HOURS 
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LVGM·28X I 
LVS8772K 

10 .nn:-01 CUT SET 

BASIC EVENT 

1SLSUMPF 
BENZENEH 
FILLSTAH 
LC6H6UEL 
LOPH20·T 
LVS8772K 

11 .198E·01 CUT SET 

BASIC EVENT 

BENZENEN 
FILLSTAN 
LCBAGITD 
LVIM·35C 
LVS8772K 

.920E·05 HOURS 

.150E·05 HOURS 
22.0 
6.00 

HOURS 
MOtjTHS 

OPERATOR CLOSES ANY 1 OF 2 MANUAL VALVES 
MAIN VENT VALVE HCV-8772 FAILS TO CLOSE 

112 MEAN TIME TO OCCURRENCE=, .30043E+10 HOURS .34296E+06 YEARS 
GROUP RANK CUMULATIVE/RESIDUAL 

.571727/ .422 
FAILURE RATE MEAN FAUL DURATION IIIASIC EVENT DESCRIPTION 

.200E·03 HOURS 

.330E·01 HOURS 

.190E+OO HOURS 

.100E+01 HOURS 
• 100E+01 YEARS 
• 150E·05 HOURS 

.500 
1.00 
1.00 
1.00 
1.00 
6.00 

MOtjTHS 
HOURS 
HOURS 
HOURS 
HOURS 
MOtjTHS 

SUMP PUMP BUBBLER INACTIVE 
BATCH BENZENE CONC HIGH ·· 1/30 TRANSFERS 
TIME PERIOD FILL/STANDBY FIRST 8 HOURS BENZENE 
BENZENE CONC IN LPPT BETWEEN LEl & UEl LIMITS 
OPERATOR FAILS TO REPLENISH SUMP WATER 
MAIN VENT VALVE HC\1·8772 fAllS TO CLOSE 

24 MEAN TIME TO OCCURRENCE=, .32853E+10 HOURS .31504E+06 YEARS 
GROUP RANK CUMULATIVE/RESIDUAL 

.591533/ .402 
FAILURE RATE MEAN FAUL DURATION BASIC EVENT DESCRIPTION 

.100E+01 HOURS 

.980E+OO HOURS 

.300E·02 HOURS 

.160E·04 HOURS 

.150E·05 HOURS 

1.00 
1.00 
1.00 
22.0 
6.00 

HOURS 
HOURS 
HOURS 
HOURS 
MOtjTHS 

BATCH BENZENE CONC NORMAL · · 29/30 TRANSFERS 
TIME PERIOD FILL/STANDBY, 43 HRS ·· BENZENE CO 
AGITATOR MCC CONTACTS Jl-7171 FAIL TO OPEN 
PCV 7172A FAILS CLOSED 
MAIN VENT VALVE HCV-8772 FAILS TO ClOSE 

I DENOTES INITIATING EVENT 
1 ******************** EXPLOSIVE CONCENTRATION LPPT W/0 REDUNDANT N2 SUPPLY 

INITIATOR CBARLOW·PROSCHAN) MEASURE OF CUT SET IMPORTANCE (MEASURE OF INTERVAL RELIABILITY) 

STEADY STATE CALCULATIONS 

MISSION TIME .100E+01Y .300E+02Y 
EXPECT NO OF SYSTEM FAIL .135E·03 .404E·02 

TOP EVENT PROBABILITY = .31745E·06 

RANK IMPORTANCE 

12 .194E·01 CUT SET 

BASIC EVENT 

BENZENEH 
FILLSTAH 
LC6H6UEL 
LSV8773o 
LVGM·28X I 

12 .194E·01 CUT SET 

BASIC EVENT 

BENZENEH 
FILLSTAH 
LC6H6UEL 
LSV8773o 
LVGM·34X I 

13 .173E·01 CUT SET 

BASIC EVENT 

1SLSUMPF 
BENZENEH 
FILLSTAH 
LC6H6UEL 
LOPH20·T I 
LSV8773o 

14 .158E·01 CUT SET 

31 MEAN TIME TO OCCURRENCE=, .33547E+10 HOURS .38295E+06 YEARS 
GROUP RANK CUMULATIVE/RESIDUAL 

.636326/ .364 
FAILURE RATE MEAN FAUL DURATION BASIC EVENT DESCRIPTION 

.330E-01 HOURS 
• 190E+OO HOURS 
• 100E+01 HOURS 
.120E-05 HOURS 
.920E-05 HOURS 

1.00 
1.00 
1.00 
6.00 
22.0 

HOURS 
HOURS 
HOURS 
MOtjTHS 
HOURS 

BATCH BENZENE CONC HIGH ·· 1/30 TRANSFERS 
TIME PERIOD FILL/STANDBY FIRST 8 HOURS BENZENE 
BENZENE CONC IN LPPT BETWEEN LEL £ UEL LIMITS 
BYPASS VENT VALVE SV-8773 FAILS OPEN 
OPERATOR CLOSES ANY 1 OF 2 MANUAL VALVES 

30 MEAN TIME TO OCCURRENCE=, .33547E+10 HOURS .38295E+06 YEARS 
GROUP RANK CUMULATIVE/RESIDUAL 

.636326/ .364 
FAILURE RATE MEAN FAUL DURATION BASIC EVENT DESCRIPTION 

.330E·01 HOURS 

.190E+OO HOURS 

.100E+01 HOURS 

.120E·05 HOURS 

.920E·05 HOURS 

1.00 
1.00 
1.00 
6.00 
22.0 

HOURS 
HOURS 
HOURS 
MOtjTHS 
HOURS 

BATCH BENZENE CONC HIGH ·· 1/30 TRANSFERS 
TIME PERIOD FILL/STANDBY FIRST 8 HOURS BENZENE 
BENZENE CONC IN LPPT BETWEEN LEL £ UEL LIMITS 
BYPASS VENT VALVE SV-8773 FAILS OPEN 
BRANCH A MANUAL VAL YES CLOSED ANY 1 Of 2 

124 MEAN TIME TO OCCURRENCE=, .37554E+10 HOURS .42870E+06 YEARS 
GROUP RANK CUMULATIVE/RESIDUAL 

.653653/ -~ 
FAILURE RATE MEAN FAUL DURATION BASIC EVENT DESCRIPTION 

.200E·03 HOURS 

.330E·01 HOURS 

.190E+OO HOURS 

.100E+01 HOURS 

.100E+01 YEARS 

.120E·05 HOURS 

.500 
1.00 
1.00 
1.00 
1.00 
6.00 

MOtjTHS 
HOURS 
HOURS 
HOURS 
HOURS 
MOtjTHS 

SUMP PUMP BUBBLER INACTIVE 
BATCH BENZENE CONC HIGH ·· 1/30 TRANSFERS 
TIME PERIOD FILL/STANDBY FIRST 8 HOURS BENZENE 
BENZENE CONC IN LPPT BETWEEN LEL £ UEL LIMITS 
OPERATOR FAILS TO REPLENISH SUMP WATER 
BYPASS VENT VALVE SV-8773 FAILS OPEN 

40 MEAN TIME TO OCCURRENCE=, .41067E+10 HOURS .46880E+06 YEARS 
GROUP RANK CUMULATIVE/RESIDUAL 

.669498/ .331 
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liiASIC EVENT FAILURE RATE MEAN I'AUL DURATION liiASIC EVENT DESCRIPTION 

lENZEN EN .100E+01 HOURS 1.00 HOURS BATCH BENZENE CONC NOR14AL · · 29/l(l TRANSFERS 
FILLSTAN .980E+OO HOURS 1.00 HOURS TIME PERIOD FILL/STANDBY, 43 HRS ·· BENZENE CO 
LCBAGITD .300E-02 HOURS 1.00 HOURS AGITATOR MCC CONTACTS Jl-7171 FAIL TO OPEN 
LSV81730 .120E·05 HOURS 6.00 MONTHS BYPASS VENT VALVE SV-8713 FAILS OPEN 
LV114-35C I .160E·04 HOURS 22.0 HOURS PCV 7172A FAILS CLOSED 

I DENOTES INITIATING EVENT 
1 ******************** EXPLOSIVE CONCENTRATION LPPT W/0 REDUNDANT N2 SUPPLY 

INITIATOR (IIARLOW·PROSCHAN) MEASURE Of CUT SET IMPORTANCE (MEASURE Of INTERVAL RELIABILITY) 

STEADY STATE CALCULATIONS 

MISSION TIME .100E+01Y .300E+02Y 
EXPECT NO OF SYSTEM FAIL .135E·03 .404E·02 

TOP EVENT PROBABILITY = .31745E·06 

RANK IMPORTANCE 

15 .149£·01 CUT SET 

BASIC EVENT 

BENZENEN 
FILLSTAN 
LCBAGITD 
LVS7469C 
LVSBmK 

15 .149£·01 CUT SET 

BASIC EVENT 

BENZENEN 
FILLSTAN 
LCBAGITD 
LVS8172K 
LVTSVNSC 

16 .140E-01 CUT SET 

BASIC EVENT 

BENZENEH 
FILLSTAH 
LC6H6UEL 
LUA6852F 
LUA6853F 
LVPVENTO I 

16 .140E·01 CUT SET 

li!ASIC EVENT 

IENZENEH 
FILLSTAH 
LC6H6UEL 
LFLVENTO I 
LUA6852F 
LUA6853F 

28 MEAN TIME TO OCCURRENCE=, .43805E+10 HOURS .50005E+06 YEARS 
GROUP RANK CUMULATIVE/RESIDUAL 

.699206/ .301 
FAILURE RATE MEAN FAUL DURATION li!ASIC EVENT DESCRIPTION 

.100E+01 HOURS 

.980E+OO HOURS 

.300E-02 HOURS 

.120E-04 HOURS 

.150E-05 HOURS 

, .00 
1.00 
1.00 
22.0 
6.00 

HOURS 
HOURS 
HOURS 
HOURS 
MONTHS 

BATCH BENZENE CONC NORI4Al ·· 29/30 TRANSFERS 
TIME PERIOD FILL/STANDBY, 43 HRS -· BENZENE CO 
AGITATOR MCC CONTACTS Jl-7171 FAIL TO OPEN 
SV 7469 FAILS CLOSED 
MAIN VENT VALVE HCV·Bm FAILS TO CLOSE 

29 MEAN TIME TO OCCURRENCE=, .43805E+10 HOURS .50005E+06 YEARS 
GROUP RANK CUMULATIVE/RESIDUAL 

.699206/ .301 
FAILURE RATE MEAN FAUL DURATION BASIC EVENT DESCRIPTION 

.100E+01 HOURS 

.980E+OO HOURS 

.300E·02 HOURS 

.150E·05 HOURS 

.120E-04 HOURS 

1.00 
1.00 
1.00 
6.00 
22.0 

HOURS 
HOURS 
HOURS 
MONTHS 
HOURS 

BATCH BENZENE CONC NORMAL ·· 29/30 TRANSFERS 
TIME PERIOD FILL/STANDBY, 43 HRS ·· BENZENE CO 
AGITATOR MCC CONTACTS Jl-7171 FAIL TO OPEN 
MAIN VENT VALVE HCV·8m FAILS TO CLOSE 
SV 74 FAILS CLOSED--NORMAL SUPPLY NEEDLE VALVE 

99 MEAN TIME TO OCCURRENCE=, .46362E+10 HOURS .52925E+06 YEARS 
GROUP RANK CUMULATIVE/RESIDUAL 

• 727276/ .213 
FAILURE RATE MEAN FAUL DURATION BASIC EVENT DESCRIPTION 

.330E·01 HOURS 
• 190E+OO HOURS 
.100E+01 HOURS 
.340E·03 HOURS 
.340E·04 HOURS 
.230E·04 HOURS 

1.00 
1.00 
1.00 
.500 
.500 
22.0 

HOURS 
HOURS 
HOURS 
MONTHS 
MONTHS 
HOURS 

BATCH BENZENE CONC HIGH ·· 1/30 TRANSFERS 
TIME PERIOD FILL/STANDBY FIRST 8 HOURS BENZENE 
BENZENE CONC IN LPPT BETWEEN LEL & UEL LIMITS 
02 ANALYZER 6852 INACTIVE 
02 ANALYZER 6853 INACTIVE 
LPPT OVERFLOW VALVE FAILS OPEN 

98 MEAN TIME TO OCCURRENCE=, .46362E+10 HOURS .52925E+06 YEARS 
GROUP RANK CUMULATIVE/RESIDUAL 

.727276/ .213 
FAILURE RATE MEAN FAUL DURATION BASIC EVENT DESCRIPTION 

.330E·01 HOURS 

.190E+OO HOURS 

.100E+01 HOURS 

.230E -04 HOURS 

.340E·03 HOURS 

.340E ·04 HOURS 

1.00 
1.00 
1.00 
22.0 
.500 
.500 

HOURS 
HOURS 
HOURS 
HOURS 
MONTHS 
MONTHS 

BATCH BENZENE CONC HIGH ·· 1/30 TRANSFERS 
TIME PERIOD FILL/STANDBY FIRST 8 HOURS BENZENE 
BENZENE CONC IN LPPT BETWEEN LEL & UEL LIMITS 
AIR LEAK THROUGH VENT VALVE FLANGE 
02 ANALYZER 6852 INACTIVE 
02 ANALYZER 6853 INACTIVE 

I DENOTES INITIATING EVENT 
1 ******************** EXPLOSIVE CONCENTRATION LPPT W/0 REDUNDANT N2 SUPPLY 

INITIATOR CBARLOW·PROSCHAN) MEASURE OF CUT SET IMPORTANCE (MEASURE OF INTERVAL RELIABILITY) 

STEADY STATE CALCULATIONS 

MISSION TIME .100E+01Y .300E+02Y 
EXPECT NO OF SYSTEM FAIL .135E·03 .404E·02 
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TOP EVEHT PROBABILITY ~ .31745E-06 

RANK IMPORTANCE 

17 .137E-01 CUT SET 25 MEAN TINE TO OCCURRENCE=, .47482E+10 !lOURS .54203£+06 YEARS 
GROUP RANK CUMULATIVE/RESIDUAL 

.740980/ .259 
BASIC EVENT FAILURE RATE NEAN FAUL OOftATION BASIC EVENT DESCRIPTION 

BENZENEH .330E-01 HOURS 1.00 !lOURS BATCH BENZENE CONC HIGH -- 1/30 TRANSFERS 
fllLSTAH .190E+OO HOURS 1.00 !lOURS TIME PERIOD FILL/STANDBY FIRST 8 HOURS BENZENE 
LC6H6UEL .100E+01 !lOURS 1.00 !lOURS BENZENE CONC IN LPPT BETWEEN LEL & UEL LIMITS 
LP-BUBBL .520E-05 HOURS 22.0 !lOURS BUBBLER JUMP LEAK ANY 1 Of 4 (FlOW DIVERSION) 
LVS8n2K .150E-05 HOURS 6.00 MONTHS MAIN VENT VALVE HCV-8n2 fAILS TO CLOSE 

18 .128E-01 CUT SET 100 NEAN TINE TO OCCURRENCE"', .50n8E+10 !lOURS .57966£+06 YEARS 
GROUP RANK CUMULATIVE/RESIDUAL 

.753794/ .246 
BASIC EVENT FAILURE RATE NEAN FAUL DURATION BASIC EVENT DESCRIPTION 

BENZENEH .330E-01 HOURS 1.00 !lOURS BATCH BENZENE CONC HIGH -· 1/30 TRANSFERS 
FILLSTAH • 190E+OO HOURS 1.00 !lOURS TINE PERIOD FILL/STANDBY FIRST 8 HOURS BENZENE 
LC6H6UEL .100E+01 HOURS 1.00 HOURS BENZENE CONC IN LPPT BETWEEN LEL & UEL LIMITS 
LHC1027l I .210E·04 HOURS 22.0 !lOURS AIR LEAK THROUGH ANY 1 OF 27 HANFORD CONNECTOR 
LUA6852F .340E-03 HOURS .500 MONTHS 02 ANALYZER 6852 INACTIVE 
LUA6853F .340E-04 HOURS .500 NONTHS 02 ANALYZER 6853 INACTIVE 

19 .119£-01 CUT SET 45 MEAN TIME TO OCCURRENCE=, .547561:+10 HOURS .62507E+06 YEARS 
GROUP RANK CUMULATIVE/RESIDUAL 

.n7561/ .222 
BASIC EVENT FAILURE RATE MEAN FAUL DURATION BASIC EVENT DESCRIPTION 

BENZENEN .100E+01 HOURS 1.00 HOURS BATCH BENZENE CONC NORMAL -- 29/30 TRANSFERS 
FILLSTAN .980E+OO HOURS 1.00 !lOURS TINE PERIOD FILL/STANDBY, 43 HRS -- BENZENE CO 
LCBAGITD .300E·02 HOURS 1.00 HOURS AGITATOR MCC CONTACTS Jl-7171 FAIL TO OPEN 
LSV8n30 .120E-05 HOURS 6.00 MONTHS BYPASS VENT VALVE SV-8773 FAILS OPEN 
LVTSVNSC I .120E-04 HOURS 22.0 !lOURS SV 74 FAILS CLOSED--NORMAL SUPPLY NEEDLE VALVE 

19 .119£·01 CUT SET 44 MEAN TINE TO OCCURRENCE=, .547561:+10 HOURS .6250TE+06 YEARS 
GROUP RANK CUMULATIVE/RESIDUAL 

.n7561/ .222 
BASIC EVENT FAILURE RATE MEAN FAUL DURATION BASIC EVENT DESCRIPTION 

BENZEIIEN .100E+01 HOURS 1.00 HOURS BATCH BENZENE CONC NORMAL ·· 29/30 TRANSFERS 
FILLSTAN .980E+OO HOURS 1.00 !lOURS TIME PERIOD FILL/STANDBY, 43 HRS ·· BENZENE CO 
LCBAGITD .300E·02 HOURS 1.00 !lOURS AGITATOR MCC CONTACTS Jl-7171 FAIL TO OPEN 
LSV8n30 .120E-05 HOURS 6.00 MONTHS BYPASS VENT VALVE SV-8773 FAILS OPEN 
LVS7469C I • 120E-04 HOURS 22.0 HOURS SV 7469 FAILS CLOSED 

DENOTES INITIATING EVENT 
1 ******************** EXPLOSIVE CONCENTRATION LPPT W/0 REDUNDANT 112 SUPPLY ******************** 

INITIATOR (BARLOW·PROSCHAN) MEASURE OF CUT SET IMPORTANCE (MEASURE OF INTERVAL RELIABILITY) 

STEADY STATE CALCULATIONS 

MISSION TIME .100E+01Y .300E+02Y 
EXPECT NO OF SYSTEM FAIL .135E-03 .404E·02 

TOP EVENT PROBABILITY = .31745E·06 

RANK IMPORTANCE 

20 .114E·01 CUT SET 

BASIC EVENT 

BENZENEN 
FllLSTAN 
LCBAGITD 
LVGM·28X I 
LVS8n2K 

20 .114E·01 CUTSET 

36 MEAN TIME TO OCCURRENCE=, .57137E+10 HOURS .65225E+06 YEARS 
GROUP RANK CUMULATIVE/RESIDUAL 

.800338/ .200 
FAILURE RATE MEAN FAUL OOftATION BASIC EVENT DESCRIPTION 

.100E+01 HOURS 

.980E+OO HOURS 

.300E·02 HOURS 

.920E·05 HOURS 

.150E·05 HOURS 

1.00 
1.00 
1.00 
22.0 
6.00 

!lOURS 
!lOURS 
!lOURS 
HOURS 
MONTHS 

BATCH BENZENE COliC NORMAL ·· 29/30 TRANSFERS 
TIME PERIOD FILL/STANDBY, 43 HRS ··BENZENE CO 
AGITATOR MCC CONTACTS Jl·7171 FAIL TO OPEN 
OPERATOR CLOSES ANY 1 OF 2 MANUAL VALVES 
NAill VENT VALVE HCV·8n2 FAILS TO CLOSE 

37 MEAN TIME TO OCCURRENCE=, .57137E+10 HOURS .65225E+06 YEARS 
GROUP RANK CUMULATIVE/RESIDUAL 
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BASIC EVENT 

BENZENEN 
FILLSTAN 
LCBAGITD 
LVGM-34X 
LVSSmK 

21 .110E-01 CUT SET 

IASIC EVENT 

BENZENEH 
FILLSTAH 
LC6H6UEL 
LP·BUBBL I 
uvsmo 

22 .935E-02 CUT SET 

IASIC EVENT 

BENZENE II 
FlllSTAH 
LC6H6UEL 
Lsvsmx 
lVPVENTO I 

FAILURE RATE 

.100E+01 HOURS 
• 980E+OO HOURS 
.300E-02 HOURS 
.920E-05 HOURS 
.150E·05 HOURS 

.1!100338/ .200 
MEAN FAUL DUAATIOO IASIC EVENT DESCRIPTIOO 

1.00 
1.00 
1.00 
22.0 
6.00 

HOURS 
HOURS 
HOURS 
HOURS 
M!JidTHS 

lATCH BENZENE COOC NORMAL · • 29130 TRANSFERS 
TIME PERIOD FILL/STANDBY, 43 HilS·· BENZENE CO 
AGITATOR MCC COOTACTS Jl-7171 FAIL TO OPEN 
NANCH A MANUAL VALVES CLOSED ANY 1 OF 2 
MAIN VENT VALVE IICV·ISm FAILS TO CLOSE 

41 MEAN TIME TO OCCURRENCE=, .59352E+10 HOURS .67754E+06 YEARS 
GROUP RANK CUMULATIVE/RESIDUAL 

.811301/ .189 
FAILURE RATE MEAN FAUL DUAATIOO IASIC EVENT DESCRIPTIOO 

.330E·01 HOURS 
• 190E+OO HOURS 
• 100E+01 HOURS 
.520E·05 HOURS 
.120E-05 HOURS 

1.00 
1.00 
1.00 
22.0 
6.00 

HOURS 
HOURS 
HOURS 
HOURS 
M!JidTHS 

lATCH BENZENE COOC HIGH ·· 1/30 TRANSFERS 
TIME PERIOD FILL/STANDBY FIRST 8 HOURS BENZENE 
BENZENE COHC IN LPPT BETWEEN LEL I. UH LIMITS 
BUBBLER JUMP LEAK ANY 1 OF 4 (FLOW DIVERSION) 
BYPASS VENT VALVE SV·Sm FAILS OPEN 

7 MEAN TIME TO OCCURRENCE=, .69563E+10 HOURS .19410E+06 YEARS 
GROUP RANK CUMULATIVE/RESIDUAL 

.830009/ .170 
FAILURE RATE MEAN FAUL DUAATION BASIC EVENT DESCRIPTIOO 

.330E·01 HOURS 
• 190E+OO HOURS 
• 100E+01 HOURS 
.100E-02 HOURS 
.230E·04 HOURS 

1.00 
1.00 
1.00 
1.00 
22.0 

HOURS 
HOURS 
HOURS 
HOURS 
HOURS 

BATCH BENZENE CONC HIGH -- 1/30 TRANSFERS 
TIME PERIOD FILL/STANDBY FIRST 8 HOURS BENZENE 
BENZENE COOC IN LPPT BETWEEN LEL & UEL LIMITS 
OPERATOR OPENS SV·Sm AND FAILS TO RECLOSE 
LPPT OVERFLOW VALVE FAILS OPEN 

I DENOTES INITIATING EVENT 
1 ******************** EXPLOSIVE CONCENTRATION LPPT W/0 REDUNDANT H2 SUPPLY 

INITIATOR (BARLOW·PROSCHAN) MEASURE OF CUT SET IMPORTANCE (MEASURE OF INTERVAL RELIABILITY) 

STEADY STATE CALCULATIONS 

MISSION TIME .100E+01V .300E+02Y 
EXPECT NO OF SYSTEM FAIL .135E-03 .404E·02 

TOP EVENT PROBABILITY = .31745E-06 

RANK IMPORTANCE 

22 .935E-02 CUT SET 

BASIC EVENT 

BENZENEH 
FILLSTAH 
LC6H6UEL 
LFLVENTO I 
Lsvsmx 

23 .911E·02 CUT SET 

BASIC EVENT 

BENZENEN 
FILLSTAN 
LCBAGITD 
LSV87730 
LVGM·28X I 

23 .911E·02 CUTSET 

BASIC EVENT 

BENZENEN 
FILLSTAN, 
LCBAGITD 
LSV87730 
LVGM·34X I 

8 MEAN TIME TO OCCURRENCE=, .69563E+10 HOURS .79410E+06 YEARS 
GROUP RANK CUMULATIVE/RESIDUAL 

.830009/ • 170 
FAILURE RATE MEAN FAUL DURATION BASIC EVENT DESCRIPTION 

.330E·01 HOURS 

.190E+OO HOURS 
• 100E+01 HOURS 
.230E·04 HOURS 
.100E·02 HOURS 

1.00 
1.00 
1.00 
22.0 
1.00 

HOURS 
HOURS 
HOURS 
HOURS 
HOURS 

BATCH BENZENE COOC HIGH ·· 1/30 TRANSFERS 
TIME PERIOD FILL/STANDBY FIRST 8 HOURS BENZENE 
BENZENE CONC IN LPPT BETWEEN LEL & UEL LIMITS 
AIR LEAK THROUGH VENT VALVE FLANG£ 
OPERATOR OPENS SV-8773 AND FAILS TO RECLOSE 

49 MEAN TIME TO OCCURRENCE=, .71421E+10 HOURS .81531E+06 YEARS 
GROUP RANK CUMULATIVE/RESIDUAL 

.848230/ .152 
FAILURE RATE MEAN FAUL DUAATION IASIC EVENT DESCRIPTIOO 

.100E+01 HOURS 

.980E+OO HOURS 

.300E·02 HOURS 

.120E·05 HOURS 

.920E·05 HOURS 

1.00 
1.00 
1.00 
6.00 
22.0 

HOURS 
HOURS 
IIOURS 
M!JidTHS 
IIOURS 

BATCH BENZENE COHC NORMAL •· 29130 TRANSFERS 
TIME PERIOD FILL/STANDBY, 43 HRS ··BENZENE CO 
AGITATOR MCC CONTACTS JI-7171 FAIL TO OPEN 
BYPASS VENT VALVE SV-8773 FAILS OPEN 
OPERATOR CLOSES ANY 1 OF 2 MANUAL VALVES 

50 MEAN TIME TO OCCURRENCE=, .71421E+10 HOURS .81531E+06 YEARS 
GROUP RANK CUMULATIVE/RESIDUAL 

.848230/ .152 
FAILURE RATE MEAN FAUL DURATION BASIC EVENT DESCRIPTION 

.100E+01 HOURS 
• 980E+OO HOURS 
.300E·02 HOURS 
.120E·05 HOURS 
.920E·05 HOURS 

1.00 
1.00 
1.00 
6.00 
22.0 

HOURS 
HOURS 
HOURS 
M!JidTHS 
HOURS 

14 

BATCH BENZENE CONC NORMAL ·· 29/30 TRANSFERS 
TIME PERIOD FILL/STANDBY, 43 HRS ·· BENZENE CO 
AGITATOR MCC CONTACTS JI-7171 FAIL TO OPEN 
BYPASS VENT VALVE SV·8m FAILS OPEN 
BRANCH A MANUAL VALVES CLOSED ANY 1 OF 2 



24 ~154E·02 CUT SET 9 MEAN TIME TO OCCURRENCEs:, • 761ME+10 HOURS .86973E+06 YEARS 
GROUP RANK CUMULATIVE/RESIDUAL 

.ss6n1! .143 
BASIC EVENT FAILURE RATE MEAN FAUL DURATION BASIC EVENT DESCRIPTION 

BENZENEH 
fiLLSTAH 
LC6H6UEL 
LHC1027L I 
LSV8mX 

.llOE-01 NOURS 
• 190E+OO HOURS 
.100E+01 NOUIIS 
.210E-04 NOURS 
.100E-02 HOURS 

1.00 
1.00 
1.00 
22.0 
1.00 

lATCH BENZENE CONC HIGH -- 1/30 TRANSFERS 
TIME PERIOD FILL/STANDBY FIRST 8 HOURS BENZENE 
BENZENE CONC IN LPPT BETWEEN LEL & UEL LIMITS 
AIR LEAK THROUGH ANY 1 OF 27 HANFORD CONNECTOR 
OPERATOR OPENS SV·Sm AND FAILS TO RECLOSE 

I DENOTES INITIATING EVENT 
1 ******************** EXPLOSIVE CONCENTRATION LPPT W/0 REDUNDANT N2 SUPPLY 

INITIATOR (BARLOW-PROSCHAN) MEASURE OF CUT SET IMPORTANCE (MEASURE OF INTERVAL RELIABILITY) 

STEADY STATE CALCULATIONS 

MISSION TIME .100E+01Y .300E+02Y 
EXPECT NO OF SYSTEM FAIL .135E-03 .404E-02 

TOP EVENT PROBABILITY z .31745E-06 

RANK IMPORTANCE 

25 .685E·02 CUTSET 

BASIC EVENT 

BENZENEH 
FILLSTAH 
LC6H6UEL 
LHCN2LPL 
LVS8772K 

26 .651E·02 CUT SET 

BASIC EVENT 

BEIIZENEH 
FILLSTAH 
LC6H6UEL 
LSV8mx 
LVII4·35C 

27 .548E-02 CUT SET 

BASIC EVENT 

BENZENEH 
FILLSTAH 
LC6H6UEL 
LHCN2LPL I 
LSV8n30 

28 .501E·02 CUT SET 

BASIC EVENT 

1SLSUMPF 
BEIIZENEH 
FILLSTAH 
LC6H6UEL 
LOPH20-T I 
LUA6852F 
LUA6853F 

38 MEAN TIME TO OCCURRENCE=, .94963E+10 HOURS .10841E+07 YEARS 
GROUP RANK CUMULATIVE/RESIDUAL 

.863623/ .136 
FAILURE RATE MEAN FAUL DURATION BASIC EVENT DESCRIPTION 

.330E-01 HOURS 
• 190E+OO HOURS 
.100E+01 HOURS 
.260E-05 HOURS 
.150E-05 HOURS 

1.00 
1.00 
1.00 
22.0 
6.00 

NOURS 
HOURS 
NOURS 
NOURS 
MONTHS 

BATCH BENZENE CONC HIGH -- 1/30 TRANSFERS 
TIME PERIOD FILL/STANDBY FIRST 8 MOURS BENZENE 
BENZENE CONC IN LPPT BETWEEN LEL & UEL LIMITS 
LPPT N2 JUMPERS LEAK ANY 1 OF 2 (FLOW DIVERSIO 
MAIN VENT VALVE HCV-8772 FAILS TO CLOSE 

39 MEAN TIME TO OCCURRENCE=, .999971:+10 HOURS .11415E+07 YEARS 
GROUP RANK CUMULATIVE/RESIDUAL 

.870130/ .130 
FAILURE RATE MEAN FAUL DURATION BASIC EVENT DESCRIPTION 

.330E-01 NOURS 

.190E+OD HOURS 
• 100E+01 NOURS 
.100E·02 HOURS 
.160E-04 HOURS 

1.00 
1.00 
1.00 
1.00 
22.0 

NOURS 
NOURS 
NOURS 
NOURS 
HOURS 

BATCH BENZENE CONC HIGH ·· 1/30 TRANSFERS 
TIME PERIOD FILL/STANDBY FIRST 8 HOURS BENZENE 
BENZENE CONC IN LPPT BETWEEN LEL & UEL LIMITS 
OPERATOR OPENS SV-8m AND FAILS TO RECLOSE 
PCV 7172A FAILS CLOSED 

51 MEAN TIME TO OCCURRENCE=, .11870E+11 HOURS .13551E+07 YEARS 
GROUP RANK CUMULATIVE/RESIDUAL 

.875612/ .124 
FAILURE RATE MEAN FAUL DURATION BASIC EVENT DESCRIPTION 

.330E·01 NOURS 

.190E+OO NOURS 

.100E+01 NOURS 

.260E·D5 HOURS 

.120E·05 HOURS 

1.00 
1.00 
1.00 
22.0 
6.00 

NOURS 
NOURS 
NOURS 
NOURS 
MONTHS 

BATCH BENZENE CONC HIGH -- 1/30 TRANSFERS 
TIME PERIOD FILL/STANDBY FIRST 8 HOURS BENZENE 
BENZENE CONC IN LPPT BETWEEN LEL & UEL LIMITS 
LPPT N2 JUMPERS LEAK ANY 1 OF 2 (FLOW DIVERSIO 
BYPASS VENT VALVE SV-8773 FAILS OPEN 

304 MEAN TIME TO OCCURRENCE=, .12975E+11 HOURS .14812E+07 YEARS 
GROUP RANK CUMULATIVE/RESIDUAL 

.880626/ .119 
FAILURE RATE MEAN FAUL DURATION BASIC EVENT DESCRIPTION 

.200E·03 NOURS 

.330E·01 HOURS 

.190E+OO NOURS 
• 100E+01 HOURS 
.100E+01 YEARS 
.340E·03 HOURS 
.340E·04 HOURS 

.500 
1.00 
1.00 
1.00 
1.00 
.500 
.500 

MONTHS 
HOURS 
HOURS 
HOURS 
HOURS 
MONTHS 
MONTHS 

SUMP PUMP BUBBLER INACTIVE 
BATCH BENZENE CONC HIGH ·· 1/30 TRANSFERS 
TIME PERIOD FILL/STANDBY FIRST 8 HOURS BENZENE 
BENZENE CONC IN LPPT BETWEEN LEL & UEL LIMITS 
OPERATOR FAILS TO REPLENISH SUMP WATER 
02 ANALYZER 6852 INACTIVE 
02 ANALYZER 6853 INACTIVE 

I DENOTES INITIATING EVENT 
., ******************** EXPLOSIVE CONCENTRATION LPPT W/0 REDUNDANT N2 SUPPLY ******************** 

INITIATOR (BARLOW-PROSCHAN) MEASURE OF CUT SET IMPORTANCE (MEASURE OF INTERVAL RELIABILITY) 

STEADY STATE CALCULATIONS 

15 



MISSION TIME .100E+01Y .300E+02Y 
EXPECT NO OF SYSTEM FAIL .135E-03 .404E·02 

TOP EVENT PROBABILITY z .31745E-06 

RANK IMPORTANCE 

29 .4881:-02 CUT SET 

BASIC EVENT 

BENZENEH 
FILLSTAH 
LC6H6UEL 
uvsmx 
LVTSVNSC 

29 .4881:-02 CUT SET 

BASIC EVENT 

BENZENEH 
FILLSTAH 
LC6H6UEL 
LSV8773X 
LVS7469C 

30 .374E·02 CUT SET 

BASIC EVENT 

BENZENEH 
FILLSTAH 
LC6H6UEL 
LSV8773X 
LVGM·34X 

30 .374E-02 CUT SET 

BASIC EVENT 

BENZENE II 
FILLSTAH 
LC6H6UEL 
LSV8773X 
LVGM·28X 

43 MEAN TIME TO OCCURRENCE~, .13333E+11 HOURS .15220£+07 YEARS 
GROUP RANK CUMULATIVE/RESIDUAL 

.890387/ .110 
FAILURE RATE MEAN FAUL DURATION BASIC EVENT DESCRIPTION 

.330£·01 HOURS 
• 190E+OO HOURS 
.100E+01 HOURS 
.100E·02 HOURS 
.120E·04 HOURS 

1.00 
1.00 
1.00 
1.00 
22.0 

HOURS 
HOURS 
HOURS 
HOURS 
HOURS 

BATCH BENZENE CONC HIGH ·· 1/30 TRANSFERS 
TIME PERIOD FILL/STANDBY FIRST 8 HOURS BENZENE 
BENZENE CONC IN LPPT BETWEEN LEL & UEL LIMITS 
OPERATOR OPENS SV-8773 AND FAILS TO RECLOSE 
SV 74 FAILS CLOSED--NORMAL SUPPLY NEEDLE VALVE 

42 MEAN TIME TO OCCURRENCE=, .13333E+11 HOURS .15220£+07 YEARS 
GROUP RANK CUMULATIVE/RESIDUAL 

.890387/ .110 
FAILURE RATE MEAN FAUL DURATION BASIC EVENT DESCRIPTION 

.330E·01 HOURS 
• 190E+OO HOURS 
.100E+01 HOURS 
.100E·02 HOURS 
.120E·04 HOURS 

1.00 
1.00 
1.00 
1.00 
22.0 

HOURS 
HOURS 
HOURS 
HOURS 
HOURS 

BATCH BENZENE CONC HIGH ·· 1/30 TRANSFERS 
TIME PERIOD FILL/STANDBY FIRST 8 HOURS BENZENE 
BENZENE CONC IN LPPT BETWEEN LEl & UEL LIMITS 
OPERATOR OPENS SV-8773 AND FAILS TO RECLOSE 
SV 7469 FAILS CLOSED 

46 MEAN TIME TO OCCURRENCE=, .17391E+11 HOURS .19853E+07 YEARS 
GROUP RANK CUMULATIVE/RESIDUAL 

.897870/ .102 
FAILURE RATE MEAN FAUL DURATION BASIC EVENT DESCRIPTION 

.330E-01 HOURS 
• 190E+OO HOURS 
.100E+01 HOURS 
.100E-02 HOURS 
.920E·05 HOURS 

1.00 
1.00 
1.00 
1.00 
22.0 

HOURS 
HOURS 
HOURS 
HOURS 
HOURS 

BATCH BENZENE CONC HIGH ·· 1/30 TRANSFERS 
TIME PERIOD FILL/STANDBY FIRST 8 HOURS BENZENE 
BENZENE CONC IN LPPT BETWEEN LEL & UEL LIMITS 
OPERATOR OPENS SV-8773 AND FAILS TO RECLOSE 
BRANCH A MANUAL VALVES CLOSED ANY 1 Of 2 

47 MEAN TIME TO OCCURRENCE=, .17391E+11 HOURS .19853E+07 YEARS 
GROUP RANK CUMULATIVE/RESIDUAL 

.897870/ • 102 
FAILURE RATE MEAN FAUL DURATION BASIC EVENT DESCRIPTION 

.330E-01 HOURS 
• 190E+OO HOURS 
.100E+01 HOURS 
.100E-02 HOURS 
.920E-05 HOURS 

1.00 
1.00 
1.00 
1.00 
22.0 

HOURS 
HOURS 
HOURS 
HOURS 
HOURS 

BATCH BENZENE CONC HIGH -- 1/30 TRANSFERS 
TIME PERIOD FILL/STANDBY FIRST 8 HOURS BENZENE 
BENZENE CONC IN LPPT BETWEEN LEL & UEL LIMITS 
OPERATOR OPENS SV-8773 AND FAILS TO RECLOSE 
OPERATOR CLOSES ANY 1 OF 2 MANUAL VALVES 

I DENOTES INITIATING EVENT 
1 ******************** EXPLOSIVE CONCENTRATION LPPT W/0 REDUNDANT N2 SUPPLY ******************** 

INITIATOR (BARLOW·PROSCHAN) MEASURE OF CUT SET IMPORTANCE (MEASURE OF INTERVAL RELIABILITY) 

STEADY STATE CALCULATIONS 

MISSION TIME .100E+01Y .300E+02Y 
EXPECT NO OF SYSTEM FAIL .135E-03 .404E·02 

TOP EVENT PROBABILITY = .31745E-06 

RANK IMPORTANCE 

31 .343E·02 CUT SET 

BASIC EVENT 

BENZENEH 
FILLSTAH 
LC6H6UEL 
LFLSPARL I 
LVS8772K 

31 .343E·02 CUTSET 

11 MEAN TIME TO OCCURRENCE=, .18993E+11 HOURS .21681E+07 YEARS 
GROUP RANK CUMULATIVE/RESIDUAL 

' .915000/ .850£·01 
FAILURE RATE MEAN FAUL DURATION BASIC EVENT DESCRIPTION 

.330E·01 HOURS 

.190E+OO HOURS 
• 100E+01 HOURS 
• 130£-05 HOURS 
.150E-05 HOURS 

1.00 
1.00 
1.00 
22.0 
6.00 

HOURS 
HOURS 
HOURS 
HOURS 
MONTHS 

BATCH BENZENE CONC HIGH ·· 1/30 TRANSFERS 
TIME PERIOD FILL/STANDBY FIRST 8 HOURS BENZENE 
BENZENE CONC IN LPPT BETWEEN LEL & UEL LIMITS 
AIR LEAK THROUGH SPARE FEED PUMP FLANGE 
MAIN VENT VALVE HCV-8772 FAILS TO CLOSE 

13 MEAN TIME TO OCCURRENCE=, .18993E+11 HOURS .21681E+07 YEARS 
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BASIC EVENT 

IJENZENEH 
I'ILLSTAH 
LC6H6UEL 
LFLPPFLL I 
LVS8772K 

31 .343E·02 CUTSET 

IASIC EVENT 

BENZENEH 
FILLSTAH 
LC6H6UEL 
LFLJETFL I 
LVS8772K 

31 .343E·02 CUTSET 

IASIC EVENT 

IJENZENEH 
FILLSTAH 
LC6H6UEL 
lHCSUMPL 
LVS8772K 

FAILURE RATE 

.330E-01 HOURS 

.190E+OO HOURS 

.1001:+01 HOURS 

.130E·05 HOURS 
• 150E-05 HOURS 

GROUP RANK CUMULATIVE/RESIDUAL 
.915000/ .SSOE-01 

MEAN FAUl DUMTION IASIC EVENT DESCRIPTION 

1.00 
1.00 
1.00 
22.0 
6.00 

BATCH BENZENE CONC HIGH ·· 1/30 TRANSFERS 
TIME PERIOD Fill/STANDBY FIRST 8 HOURS BENZENE 
BENZENE COliC IN lPPT BETWEEN lEl & Ufl LIMITS 
AIR LEAK THRU LPPT TRANSFER PUMP FLANGE 
MAIN VENT VALVE HCV-8772 FAILS TO CLOSE 

10 MEAN TINE TO. OCCURRENCE=, .18993E+11 HOURS .21681E+07 YEARS 
GROUP RANK CUMULATIVE/RESIDUAL 

.915000/ .850E-01 
FAILURE RATE MEAN FAUL DUMTION BASIC EVENT DESCRIPTION 

.330E-01 HOURS 

.190E+OO HOURS 
• 100E+01 HOURS 
.130E-05 HOURS 
.150E-05 HOURS 

1.00 
1.00 
1.00 
22.0 
6.00 

!Mli.JRS 
HOURS 
HOURS 
HOURS 
MONTHS 

BATCH BENZENE CONC HIGH ·· 1/30 TRANSFERS 
TIME PERIOD FILl/STANDBY fiRST 8 HOURS BENZENE 
BENZENE COliC IN LPPT BETWEEN LEL & UEL LIMITS 
AIR LEAK THROUGH LPPT TRANSFER JET FlANGE 
MAIN VENT VALVE HCV-8772 FAILS TO CLOSE 

48 MEAN TIME TO OCCURRENCE=, .18993E+11 HOURS .21681E+07 YEARS 
GROUP RANK CUMULATIVE/RESIDUAL 

.915000/ .850E·01 
FAILURE RATE MEAN FAUL DUMTION BASIC EVENT DESCRIPTION 

.330E·01 HOURS 
• 190E+OO HOURS 
.100E+01 HOURS 
.130E·05 HOURS 
.150E-05 HOURS 

1.00 
1.00 
1.00 
22.0 
6.00 

HOURS 
HOURS 
HOURS 
HOURS 
MONTHS 

BATCH BENZENE COliC HIGH ·- 1/30 TRANSFERS 
TIME PERIOD FILL/STANDBY FIRST 8 HOURS BENZENE 
BENZENE COliC IN LPPT BETWEEN LEL & UEL LIMITS 
AIR LEAK THRU SUMP JET CONNECTOR 
MAIN VENT VALVE HCV-8772 FAILS TO CLOSE 

I DENOTES INITIATING EVENT 
1 ******************** EXPLOSIVE CONCENTRATION LPPT W/0 REDUNDANT N2 SUPPLY 

INITIATOR (BARLOW·PROSCHAN) MEASURE OF CUT SET IMPORTANCE (MEASURE OF INTERVAL RELIABILITY) 

STEADY STATE CALCULATIONS 

MISSION TINE .100E+01Y .300E+02Y 
EXPECT NO OF SYSTEM FAIL .135E-03 .404E-02 

TOP EVENT PROBABILITY = .31745E-06 

RANK IMPORTANCE 

31 .343E-02 CUT SET 

BASIC EVENT 

BENZENEH 
FILLSTAH 
LC6H6UEL 
LFLLAGTL I 
LVS8772K 

32 .334E-02 CUTSET 

BASIC EVENT 

1SLSUMPF 
IJENZENEH 
FILLSTAH 
LC6H6UEL 
LOPH20-T I 
uvamx 

33 .322E-02 CUT SET 

BASIC EVENT 

BENZENEN 
FILLSTAN 
LCBAGITD 

12 MEAN TIME TO OCCURRENCE=, .18993E+11 HOURS .21681E+07 YEARS 
GROUP RANK CUMULATIVE/RESIDUAL 

.915000/ .850E-01 
FAILURE RATE MEAN FAUL DURATION BASIC EVENT DESCRIPTION 

.330E-01 HOURS 
• 190E+OO HOURS 
.1001:+01 HOURS 
.130£-05 HOURS 
.150£·05 HOURS 

1.00 
1.00 
1.00 
22.0 
6.00 

!Mli.JRS 
HOURS 
HOURS 
HOURS 
MONTHS 

BATCH BENZENE COliC HIGH ·• 1/30 TRANSFERS 
TINE PERIOD FILL/STANDBY FIRST 8 HOURS BENZENE 
BENZENE COliC IN LPPT BETWEEN LEL & UEL LIMITS 
AIR LEAK THROUGH LPPT AGITATOR FLANGE 
MAIN VENT VALVE HCV-8772 FAILS TO CLOSE 

136 MEAN Tl ME TO OCCURRENCE=, • 194681:+ 11 HOURS •. 22224E+07 YEARS 
GROUP RANK CUMULATIVE/RESIDUAL 

.918343/ .817E-01 
FAILURE RATE MEAN FAUL DUMTION BASIC EVENT DESCRIPTION 

.2001:-03 HOURS 

.330£-01 HOURS 

.190f+OO HOURS 

.1001:+01 HOURS 

.100£+01 YEARS 

.100£·02 HOURS 

.500 
1.00 
1.00 
1.00 
1.00 
1.00 

MONTHS 
HOURS 
HOURS 
HOURS 
HOURS 
HOURS 

SUMP PUMP BUBBLER INACTIVE 
BATCH BENZENE CONC HIGH ·· 1/30 TRANSFERS 
TIME PERIOD FILL/STANDBY FIRST 8 HOURS BENZENE 
BENZENE COliC IN LPPT BETWEEN LEL & UEL LIMITS 
OPERATOR FAILS TO REPLENISH SUMP ~TER 
OPERATOR OPENS SV·8ID ANO FAILS TO RECLOSE 

53 MEAN TIME TO OCCURRENCE=, .20218E+11 HOURS .23080E+07 YEARS 
GROUP RANK CUMULATIVE/RESIDUAL 

.921561/ .784E-01 
FAILURE RATE MEAN FAUL DURATION BASIC EVENT DESCRIPTION 

.1001:+01 HOURS 

.980£+00 HOURS 

.3001:-02 !Mli.JRS 

1.00 
1.00 
1.00 

HOURS 
HOURS 
HOURS 
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BATCH BENZENE COliC NORMAL ·- 29/30 TRANSFERS 
TIME PERIOD FILL/STANDBY, 43 HRS -- BENZENE CO 
AGITATOR NCC CONTACTS Jl-7171 FAIL TO OPEN 



LHCN2LPL I 
L\IS8772K 

.260E·05 HOURS 

.150E·05 HOURS 
22.0 
6.00 

HOURS 
MONTHS 

LPPT 112 JUMPERS LEAK ANY 1 OF 2 (FLOW DIVERSIO 
MAIN VENT VALVE HCV-8772 fAILS TO CLOSE 

34 .306E·02 CUT SET 54 MEAN TIME TO OCCURRENCE=, .21289£+11 HOURS .24!02E+07 YEARS 
GROUP RANK CUMULATIVE/RESIDUAL 

.924618/ .7S4E-01 
BASIC EVENT FAILURE RATE MEAN FAUL DURATION BASIC EVENT DESCRIPTION 

IENZENEN 
fiLLSTAN 
LCBAGITD 
Lsvamx 
LVIM-35C 

.100E+01 HOURS 
• 980E+OO HOURS 
.!OOE-02 HOURS 
.100E-02 HOURS 
.160E-04 HOURS 

1.00 
1.00 
1.00 
1.00 
22.0 

HOURS 
HOURS 
HOURS 
HOURS 
HOURS 

BATCH BENZENE COliC NORMAL -- 29/30 TRANSFERS 
TIME PERIOD FILL/STANDBY, 43 HRS -- BENZENE CO 
AGITATOR MCC CONTACTS Jl-7171 FAIL TO OPEN 
OPERATOR OPENS SV·8ID AND FAILS TO RECLOSE 
PCV 7172A FAILS CLOSED 

I DENOTES INITIATING EVENT , ................... . EXPLOSIVE CONCENTRATION LPPT W/0 REDUNDANT N2 SUPPLY 

INITIATOR (BARLOW·PROSCHAN) MEASURE OF CUT SET IMPORTANCE (MEASURE OF INTERVAL RELIABILITY) 

STEADY STATE CALCULATIONS 

MISSION TIME .100E+01Y .300E+02Y 
EXPECT NO OF SYSTEM FAIL .135E-03 .404E·02 

TOP EVENT PROBABILITY = .31745E·06 

RANK IMPORTANCE 

35 .301E-02 CUT SET 

BASIC EVENT 

liiENZENEH 
FILLSTAH 
LC6H6UEL 
LOPH20-T 
LOPLOWLT 
LVS8772K 

36 .274E-02 CUT SET 

BASIC EVENT 

BENZENEH 
FILLSTAH 
LC6H6UEL 
LFLJETFL I 
LSV87730 

36 .274E·02 CUT SET 

BASIC EVENT 

BENZENEH 
FILLSTAH 
LC6H6UEL 
LFLSPARL I 
LSV87730 

36 .274E·02 CUT SET 

BASIC EVENT 

BENZENEH 
FILLSTAH 
LC6H6UEL 
LFLPPFLL I 
LSV87730 

138 MEAN TIME TO OCCURRENCE=, .21631E+11 HOURS .24693E+07 YEARS 
GROUP RANK CUMULATIVE/RESIDUAL 

.927626/ .724E·01 
FAILURE RATE MEAN FAUL DURATION BASIC EVENT DESCRIPTION 

.330E·01 HOURS 

.190E+OO HOURS 

.100E+01 HOURS 

.100E+01 YEARS 

.100E-01 HOURS 

.150E·05 HOURS 

1.00 
1.00 
1.00 
1.00 
1.00 
6.00 

HOURS 
HOURS 
HOURS 
HOURS 
HOURS 
MONTHS 

BATCH BENZENE COliC HIGH -- 1/30 TRANSFERS 
TIME PERIOD FILL/STANDBY FIRST 8 HOURS BENZENE 
BENZENE COliC IN LPPT BETWEEN LEL ' UEL LIMITS 
OPERATOR FAILS TO REPLENISH SUMP WATER 
OPERATOR FAILS TO RESPOND TO LOW LEVEL ALARM 
MAIN VENT VALVE HCV-8772 FAILS TO CLOSE 

21 MEAN TIME TO OCCURRENCE=, .23741E+11 HOURS .27101E+07 YEARS 
GROUP RANK CUMULATIVE/RESIDUAL 

.941330/ .587E-01 
FAILURE RATE MEAN FAUL DURATION BASIC EVENT DESCRIPTION 

.330E·01 HOURS 

.190E+OO HOURS 

.100E+01 HOURS 
• 130E- 05 HOURS 
.120E-05 HOURS 

1.00 
1.00 
1.00 
22.0 
6.00 

HOURS 
HOURS 
HOURS 
HOURS 
MONTHS 

BATCH BENZENE CONC HIGH ·· 1/30 TRANSFERS 
TIME PERIOD FILL/STANDBY FIRST 8 HOURS BENZENE 
BENZENE CONC IN LPPT BETWEEN LEL ' UEL LIMITS 
AIR LEAK THROUGH LPPT TRANSFER JET FLANGE 
BYPASS VENT VALVE SV-8773 FAILS OPEN 

20 MEAN TIME TO OCCURRENCE=, .23741E+11 HOURS .27101E+07 YEARS 
GROUP RANK CUMULATIVE/RESIDUAL 

.941330/ .587E-01 
FAILURE RATE MEAN FAUL DURATION BASIC EVENT DESCRIPTION 

.330E-01 HOURS 
• 190E+OO HOURS 
.100E+01 HOURS 
.130E·05 HOURS 
.120E-05 HOURS 

1.00 
1.00 
1.00 
22.0 
6.00 

HOURS 
HOURS 
HOURS 
HOURS 
MONTHS 

BATCH BENZENE CONC HIGH -- 1/30 TRANSFERS 
TIME PERIOD FILL/STANDBY FIRST 8 HOURS BENZENE 
BENZENE CONC IN LPPT BETWEEN LEL & UEL LIMITS 
AIR LEAK THROUGH SPARE FEED PUMP FLANGE 
BYPASS VENT VALVE SV-8773 FAILS OPEN 

22 MEAN TIME TO OCCURRENCE=, .23741E+11 HOURS .27101E+07 YEARS 
GROUP RANK CUMULATIVE/RESIDUAL 

.941330/ .587E-01 
FAILURE RATE MEAN FAUL DURATION BASIC EVENT DESCRIPTION 

.330£-01 HOURS 
• 190E+OO HOURS 
.100E+01 HOURS 
.130E-05 HOURS 
.120E·05 HOURS 

1.00 
1.00 
1.00 
22.0 
6.00 

HOURS 
HOURS 
HOURS 
HOURS 
MONTHS 

BATCH BENZENE CONC HIGH -- 1/30 TRANSFERS 
TIME PERIOD FILL/STANDBY FIRST 8 HOURS BENZENE 
BENZENE CONC IN LPPT BETWEEN LEL & UEL LIMITS 
AIR LEAK THRU LPPT TRANSFER PUMP FLANGE 
BYPASS VENT VALVE SV-8773 FAILS OPEN 

I DENOTES INITIATING EVENT 
1 •••••••••••••••••••• EXPLOSIVE CONCENTRATION LPPT W/0 REDUNDANT N2 SUPPLY ******************** 

INITIATOR (BARLOW·PROSCHAN) MEASURE OF CUT SET IMPORTANCE (MEASURE OF INTERVAL RELIABILITY) 
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CALCULATIONS 

MISSION TIME .100E+01Y .300E+02Y 
EXPECT NO OF SYSTEM FAIL .135E-03 .404E·02 

TOP EVENT PROBABILITY = .31745E·06 

RANK IMPORTANCE 

36 .274E·02 CUT SET 

BASIC EVENT 

BENZENEH 
FILLSTAH 
LC6H6UEL 
LFLLAGTL I 
LSV87730 

36 .274E-02 CUT SET 

BASIC EVENT 

BENZENEH 
FILLSTAH 
LC6H6UEL 
LHCSUMPL I 
uvamo 

37 .264E-02 CUTSET 

BASIC EVENT 

BENZENEH 
FlllSTAH 
LC6H6UEL 
LFRBR-AP I 
LVSSmK 

38 .257E-02 CUT SET 

BASIC EVENT 

BENZENEN 
FILLSTAN 
LCBAGITD 
LHCN2LPL I 
LSV87730 

19 MEAN TIME TO OCCURRENCE=, .23741E+11 HOURS .27101E+07 YEARS 
GROUP RANK CUMULATIVE/RESIDUAL 

.941330/ .587E·01 
FAILURE RATE MEAN FAUL DURATION BASIC EVENT DESCRIPTION 

.330E·01 HOURS 

.190£+00 HOURS 
• 100E+01 HOURS 
.130E·05 HOURS 
.120E·05 HOURS 

1.00 
1.00 
1.00 
22.0 
6.00 

HOURS 
HOURS 
HOURS 
HOURS 
MONTHS 

BATCH BENZENE CONC HIGH ·· 1/30 TRANSFERS 
TIME PERIOD FILL/STANDBY FIRST 8 HOURS BENZENE 
BENZENE CONC IN LPPT BETWEEN LEL & UEL LIMITS 
AIR LEAK THROUGH LPPT AGITATOR FLANGE 
BYPASS VENT VALVE SV-8773 FAILS OPEN 

58 MEAN TIME TO OCCURRENCE=, .23741E+11 HOURS .27101E+07 YEARS 
GROUP RANK CUMULATIVE/RESIDUAL 

.941330/ .587E-01 
FAILURE RATE MEAN FAUL DURATION BASIC EVENT DESCRIPTION 

.330E·01 HOURS 

.190E+OO HOURS 
• 100E+01 HOURS 
.130E·05 HOURS 
.120E-05 HOURS 

1.00 
1.00 
1.00 
22.0 
6.00 

HOURS 
HOURS 
HOURS 
HOURS 
MONTHS 

BATCH BENZENE CONC HIGH -- 1/30 TRANSFERS 
TIME PERIOD FILL/STANDBY FIRST 8 HOURS BENZENE 
BENZENE CONC IN LPPT BETWEEN LEL & UEL LIMITS 
AIR LEAK THRU SUMP JET CONNECTOR 
BYPASS VENT VALVE SV-8773 FAILS OPEN 

52 MEAN TIME TO OCCURRENCE=, .24690E+11 HOURS .28185E+07 YEARS 
GROUP RANK CUMULATIVE/RESIDUAL 

.943965/ .560E-01 
FAILURE RATE MEAN FAUL DURATION BASIC EVENT DESCRIPTION 

.330E-01 HOURS 
• 190E+OO HOURS 
.100E+01 HOURS 
.100E·05 HOURS 
.150E·05 HOURS 

1.00 
1.00 
1.00 
22.0 
6.00 

HOURS 
HOURS 
HOURS 
HOURS 
MONTHS 

BATCH BENZENE CONC HIGH -- 1/30 TRANSFERS 
TIME PERIOD FILL/STANDBY FIRST 8 HOURS BENZENE 
BENZENE CONC IN LPPT BETWEEN LEL & UEL LIMITS 
BRANCH A FILTER PLUGGED 
MAIN VENT VALVE HCV-8772 FAILS TO CLOSE 

64 MEAN TIME TO OCCURRENCE=, .25272E+11 HOURS .28849E+07 YEARS 
GROUP RANK CUMULATIVE/RESIDUAL 

.946540/ .535E·01 
FAILURE RATE MEAN FAUL DURATION BASIC EVENT DESCRIPTION 

.100E+01 HOURS 

.980E+OO HOURS 

.300E-02 HOURS 

.260E·05 HOURS 

.120E·05 HOURS 

1.00 
1.00 
1.00 
22.0 
6.00 

HOURS 
HOURS 
HOURS 
HOURS 
MONTHS 

BATCH BENZENE CONC NORMAL -· 29/30 TRANSFERS 
TIME PERIOD FILL/STANDBY, 43 HRS ·· BENZENE CO 
AGITATOR MCC CONTACTS Jl-7171 FAIL TO OPEN 
LPPT N2 JUMPERS LEAK ANY 1 OF 2 (FLOW DIVERSIO 
BYPASS VENT VALVE SV-8773 FAILS OPEN 

I DENOTES INITIATING EVENT 
******************** EXPLOSIVE CONCENTRATION LPPT W/0 REDUNDANT N2 SUPPLY 

INITIATOR CBARLOW·PROSCHAN) MEASURE OF CUT SET IMPORTANCE (MEASURE OF INTERVAL RELIABILITY) 

******************** 

STEADY STATE CALCULATIONS 

MISSION TIME .100E+01Y .300E+02Y 
EXPECT NO OF SYSTEM FAIL .135E·03 .404E·02 

TOP EVENT PROBABILITY • .31745E·06 

RANK IMPORTANCE 

39 .241E·02 CUT SET 152 MEAN TIME TO OCCURRENCE=, .27039E+11 HOURS .30866£+07 YEARS 
GROUP RANK CUMULATIVE/RESIDUAL 

.948946/ .511E·01 
BASIC EVENT FAILURE RATE MEAN FAUL DURATION BASIC EVENT DESCRIPTION 

BENZENEH 
FILLSTAH 
LC6H6UEL 
LOPH20-T 
LOPLOWLT 

.330E·01 HOURS 
• 190E+OO HOURS 
• 100E+01 HOURS 
.100E+01 YEARS 
.100E·01 HOURS 

1.00 
1.00 
1.00 
1.00 
1.00 

HOURS 
HOURS 
HOURS 
HOURS 
HOURS 

19 

BATCH BENZENE CONC HIGH ·· 1/30 TRANSFERS 
TIME PERIOD FILL/STANDBY FIRST 8 HOURS BENZENE 
BENZENE CONC IN LPPT BETWEEN LEL & UEL LIMITS 
OPERATOR FAILS TO REPLENISH SUMP WATER 
OPERATOR FAILS TO RESPOND TO LOW LEVEL ALARM 



UV87730 

40 .2291:-02 CUTSET 

BASIC EVENT 

BENZENEN 
FILLSTAN 
LCBAGITD 
Lsvamx 
LVS7469C 

40 .2291:-02 CUT SET 

BASIC EVENT 

BEIIZENEN 
FILLSTAN 
LCBAGITD 
LSV8mX 
LVTSVNSC 

41 .211E·02 CUTSET 

BASIC EVENT 

BENZENEH 
FILLSTAH 
LC6H6UEL 
LP·BUBBL I 
Lsvamx 

.120E-05 IIOORS 6.00 MOITHS IYPASS VENT VALVE SV·8173 FAILS OPEN 

57 MEAN TIME TO OCCURRENCE=, .28385E+11 IIOORS .324031:+07 YEARS 
GROUP RANK CUMULATIVE/RESIDUAL 

.953531/ .465E·01 
FAILURE RATE MEAN FAUL DURATION IASIC EVENT DESCRIPTION 

• 100E+01 IIOORS 
.980E+OO IIOORS 
.300E·02 IIOORS 
.100E·02 HOURS 
.120E·04 IIOORS 

1.00 
1.00 
1.00 
1.00 
22.0 

IIOORS 
IIOORS 
IIOORS 
IIOORS 
IIOORS 

lATCH BENZENE CONC NORMAL ·· 29/30 TRANSFERS 
TIME PERIOD FILL/STANDBY, 43 HRS ··BENZENE CO 
AGITATOR MCC CONTACTS Jl-7171 FAIL TO OPEN 
OPERATOR OPENS SV·8173 AND FAILS TO I'IECLOSE 
SV 7469 FAILS CLOSED 

56 MEAN TIME TO OCCURRENCE=, .28385E+11 IIOORS .324031:+07 YEARS 
GROUP RANK CUMULATIVE/RESIDUAL 

.953531/ .465E·01 
FAILURE RATE MEAN FAUL DURATION IASIC EVENT DESCRIPTION 

.100E+01 HOURS 
• 980E+OO HOURS 
.300E·02 HOURS 
.100E·02 HOURS 
.120E-04 IIOORS 

1.00 
1.00 
1.00 
1.00 
22.0 

IIOORS 
IIOORS 
IIOORS 
IIOORS 
IIOORS 

lATCH BENZENE CONC NORMAL ·· 29/30 TRANSFERS 
TIME PERIOD FILL/STANDBY, 43 HRS ··BENZENE CO 
AGITATOR MCC CONTACTS Jl-7171 FAIL TO OPEN 
OPERATOR OPENS SV-8173 AND FAILS TO RECLOSE 
SV 74 FAILS CLOSED··NORMAL SUPPLY NEEDLE VALVE 

55 MEAN TIME TO OCCURRENCE=, .30768E+11 IIOORS .35124E+07 YEARS 
GROUP RANK CUMULATIVE/RESIDUAL 

.955646/ .444E·01 
FAILURE RATE MEAN FAUL DURATION BASIC EVENT DESCRIPTION 

.330E·01 IIOORS 
• 190E+OO HOURS 
.100E+01 HOURS 
.520E·05 IIOORS 
.100E·02 HOURS 

1.00 
1.00 
1.00 
22.0 
1.00 

IIOORS 
IIOORS 
IIOORS 
IIOORS 
HOURS 

lATCH BENZENE CONC HIGH ·· 1/30 TRANSFERS 
TIME PERIOD FILL/STANDBY FIRST 8 HOURS BENZENE 
BENZENE CONC IN LPPT BETWEEN LEL & UEL LIMITS 
BUBBLER JUMP LEAK ANY 1 OF 4 (FLOW DIVERSION) 
OPERATOR OPENS SV-8773 AND FAILS TO RECLOSE 

I DENOTES INITIATING EVENT 
1 ******************** EXPLOSIVE CONCENTRATION LPPT W/0 REDUNDANT N2 SUPPLY 

INITIATOR (BARLOW·PROSCHAN) MEASURE OF CUT SET IMPORTANCE (MEASURE OF INTERVAL RELIABILITY) 

STEADY STATE CALCULATIONS 

MISSION TIME .100E+01Y .300E+02Y 
EXPECT NO OF SYSTEM FAIL .135E·03 .404E·02 

TOP EVENT PROBABILITY = .31745E·06 

RANK IMPORTANCE 

42 .211E·02 CUT SET 

BASIC EVENT 

BENZENEH 
FILLSTAH 
LC6H6UEL 
LFRBR·AP I 
LSV87730 

43 .195E·02 CUTSET 

BASIC EVENT 

7RYBUBLD 
BENZENEH 
FILLSTAH 
LC6H6UEL 
LOPH20·T 
LVS8772K 

44 .176E·02 CUT SET 

BASIC EVENT 

62 MEAN TIME TO OCCURRENCE=, .30863E+11 HOURS .35232E+07 YEARS 
GROUP RANK CUMULATIVE/RESIDUAL 

.957754/ .422E·01 
FAILURE RATE MEAN FAUL DURATION BASIC EVENT DESCRIPTION 

.330E-01 IIOORS 

.190E+OO IIOORS 

.100E+01 IIOORS 

.100E-05 IIOORS 

.120£·05 IIOORS 

1.00 
1.00 
1.00 
22.0 
6.00 

HOURS 
IIOORS 
IIOORS 
HOURS 
MOITHS 

lATCH BENZENE CONC HIGH ·· 1/30 TRANSFERS 
TIME PERIOD FILL/STANDBY FIRST 8 IIOORS BENZENE 
BENZENE CONC Ill LPPT BETWEEN LEL & UEL LIMITS 
BRANCH A FILTER PLUGGED 
BYPASS VENT VALVE SV-8773 FAILS OPEN 

142 MEAN TIME TO OCCURRENCE=, .33381E+11 IIOORS .38106£+07 YEARS 
GROUP RANK CUMULATIVE/RESIDUAL 

.959703/ .403E·01 
FAILURE RATE MEAN FAUL DURATION .BASIC EVENT DESCRIPTION 

.300£·05 IIOORS 

.330E·01 IIOORS 

.190E+OO HOURS 

.100E+01 IIOORS 

.100E+01 YEARS 

.150E·05 IIOORS 

3.00 
1.00 
1.00 
1.00 
1.00 
6.00 

MOITHS 
IIOORS 
IIOORS 
IIOORS 
IIOORS 
MOITHS 

LOW SUMP LEVEL (BUBBLER) RELAY FAILS TO OPEN 
lATCH BENZENE CONC HIGH ·· 1/30 TRANSFERS 
TIME PERIOD FILL/STANDBY FIRST 8 HOURS BENZENE 
BENZENE CONC Ill LPPT BETWEEN LEL & UEL LIMITS 
OPERATOR FAILS TO REPLENISH SUMP WATER 
MAIN VENT VALVE HCV·8772 FAILS TO CLOSE 

59 MEAN TIME TO OCCURRENCE=, .37025E+11 HOURS .42265E+07 YEARS 
GROUP RANK CUMULATIVE/RESIDUAL 

.963218/ .368E·01 
FAILURE RATE MEAN FAUL DURATION IASIC EVENT DESCRIPTION 
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EXPLOSIVE COOCEIHRATioel LPPT W/0 I!EDUNOAIH M2 SUPPLY 

INITIATOR (BARLOW·PI!OSCHAN) MEASURE Of CUT SET IMPORTANCE (MEASURE OF INTERVAL RELIABILITY) 

STEADY STATE CALCULATIONS 

MISSION TIME .100£+01Y .300E+02Y 
EXPECT NO OF SYSTEM FAIL .135E-03 .404E·02 

TOP EVENT PROBABILITY z .31745E-06 

RANK IMPORTANCE 

49 .990E-03 CUT SET 

BASIC EVENT 

BENZENEN 
FILLSTAN 
LCBAGITD 
LFRBR·AP I 
uvsmo 

50 .970E-03 CUT SET 

BASIC EVENT 

BENZENEH 
FILLSTAH 
LC6H6UEL 
LSV87730 
LVDSUPPX I 

51 .793E-03 CUTSET 

BASIC EVENT 

BENZENEH 
FILLSTAH 
LC6H6UEL 
LFLJETFL 
LUA6852F 
LUA6853F 

51 .793E-03 CUT SET 

BASIC EVENT 

BENZENEH 
FILLSTAH 
LC6H6UEL 
LFLSPARL 
LUA6852F 
LUA6853F 

73 MEAN TIME TO OCCURRENCE=, .65708E+11 HOURS .75009£+07 YEARS 
GROUP RANK CUMULATIVE/RESIDUAL 

.969275/ .307E-01 
FAILURE RATE MEAN FAUL DURATION BASIC EVENT DESCRIPTION 

.100E+01 HOURS 

.980E+OO HOURS 

.300E-02 HOURS 

.100E-05 HOURS 

.120£-05 HOURS 

1.00 
1.00 
1.00 
22.0 
6.00 

HOURS 
HOURS 
HOURS 
HOURS 
MONTHS 

BATCH BENZENE CONC NORMAL -- 29/30 TRANSFERS 
TIME PERIOD FILL/STANDBY, 43 HRS ··BENZENE CO 
AGITATOR MCC CONTACTS Jl-7171 FAIL TO OPEN 
BRANCH A FILTER PLUGGED 
BYPASS VENT VALVE SV-8773 FAILS OPEN 

68 MEAN TIME TO OCCURRENCE=, .67094E+11 HOURS .76591E+07 YEARS 
GROUP RANK CUMULATIVE/RESIDUAL 

.970245/ .298E-01 
FAILURE RATE MEAN FAUL DURATION BASIC EVENT DESCRIPTION 

.330E-01 HOURS 
• 190E+OO HOURS 
• 100E+01 HOURS 
.120E·05 HOURS 
.460E-06 HOURS 

1.00 
1.00 
1.00 
6.00 
22.0 

HOURS 
HOURS 
HOURS 
MONTHS 
HOURS 

BATCH BENZENE CONC HIGH -- 1/30 TRANSFERS 
TIME PERIOD FILL/STANDBY FIRST 8 HOURS BENZENE 
BENZENE CONC IN LPPT BETWEEN LEL & UEL LIMITS 
BYPASS VENT VALVE SV-8773 FAILS OPEN 
DRAIN VALVE SUPPLEMENTAL LINE LEFT OPEN 

102 MEAN TIME TO OCCURRENCE=, .82026E+11 HOURS .93637E+07 YEARS 
GROUP RANK CUMULATIVE/RESIDUAL 

.974212/ .258E-01 
FAILURE RATE MEAN FAUL DURATION BASIC EVENT DESCRIPTION 

.330£-01 HOURS 
• 190£+00 HOURS 
.100E+01 HOURS 
• 130E-05 HOURS 
.340E-03 HOURS 
.340E-04 HOURS 

1.00 
1.00 
1.00 
22.0 
.500 
.500 

HOURS 
HOURS 
HOURS 
HOURS 
MONTHS 
MONTHS 

BATCH BENZENE CONC HIGH -- 1/30 TRANSFERS 
TIME PERIOD FILL/STANDBY FIRST 8 HOURS BENZENE 
BENZENE CONC IN LPPT BETWEEN LEL & UEL LIMITS 
AIR LEAK THROUGH LPPT TRANSFER JET FLANGE 
02 ANALYZER 6852 INACTIVE 
02 ANALYZER 6853 INACTIVE 

101 MEAN TIME TO OCCURRENCE=, .82026E+11 HOURS .93637E+07 YEARS 
GROUP RANK CUMULATIVE/RESIDUAL 

.974212/ .258E-01 
FAILURE RATE MEAN FAUL DURATION BASIC EVENT DESCRIPTION 

.330E-01 HOURS 
• 190E+OO HOURS 
.100E+01 HOURS 
.130£-05 HOURS 
.340£-03 HOURS 
.340£-04 HOURS 

1.00 
1.00 
1.00 
22.0 
.500 
.500 

HOURS 
HOURS 
HOURS 
HOURS 
MONTHS 
MONTHS 

BATCH BENZENE CONC HIGH -- 1/30 TRANSFERS 
TIME PERIOD FILL/STANDBY FIRST 8 HOURS BENZENE 
BENZENE CONC IN LPPT BETWEEN LEL & UEL LIMITS 
AIR LEAK THROUGH SPARE FEED PUMP FLANGE 
02 ANALYZER 6852 INACTIVE 
02 ANALYZER 6853 INACTIVE 

I DENOTES INITIATING EVENT 
1 ******************** EXPLOSIVE CONCENTRATION LPPT W/0 REDUNDANT N2 SUPPLY ******************** 

INITIATOR (BARLOW-PROSCHAN) MEASURE OF CUT SET IMPORTANCE (MEASURE OF INTERVAL RELIABILITY) 

STEADY STATE CALCULATIONS 

MISSION TIME .100E+01Y .300E+02Y 
EXPECT NO OF SYSTEM FAIL .135E-03 .404E-02 

TOP EVENT PROBABILITY • .31745E-06 

RANK IMPORTANCE 

51 .793E-03 CUT SET 117 MEAN TIME TO OCCURRENCE=, .82026E+11 HOURS .93637E+07 YEARS 
GROUP RANK CUMULATIVE/RESIDUAL 

.974212/ .258E-01 
BASIC EVENT FAILURE RATE MEAN FAUL DURATION BASIC EVENT DESCRIPTION 
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. N.OZENEN 
f'ILLSTAN 
LCBAGITD 
uvsmx 
LVG114·28X I 

.1001:+01 OOURS 

.980E+OO OOURS 

.300E-02 HOURS 

.1001:-02 OOURS 

.920E-05 HOURS 

1.00 
1.00 
1.00 
1.00 
22.0 

IIOURS 
IIOURS 
OOURS 
IIOURS 
HOURS 

lATCH BENZENE CONC MORMAL ·· 29/30 TRANSFERS 
TIME PERIOD fill/STANDBY, 43 HRS ·· IENZENE CO 
AGITATOR MCC CONTACTS Jl-7171 FAIL TO OPEN 
OPERATOR OPENS SV-8773 AND FAILS TO RECLOSE 
OPERATOR CLOSES ANY 1 OF 2 MANUAL VALVES 

44 .176E·02 CUT SET 60 MEAN TIME TO OCCURRENCE=, .37025E+11 OOURS .42265E+07 YEARS 
GROUP RANK CUMULATIVE/RESIDUAL 

.963218/ .368£-01 
BASIC EVENT FAILURE RATE MEAN FAUL DURATION BASIC EVENT DESCRIPTION 

IENZENEN 
FILLSTAN 
LCBAGITD 
uvsmx 
LVG114-34X 

• 1001:+01 OOURS 
.980E+OO IIOURS 
.300E-02 HOURS 
.100E-02 HOURS 
.920E-05 OOURS 

1.00 
1.00 
1.00 
1.00 
22.0 

IIOURS 
IIOURS 
OOUI!S 
IIOURS 
HOURS 

BATCH BENZENE CONC MORMAL ·· 29/30 TRANSFERS 
TIME PERIOD FILL/STANDBY, 43 HilS·· BENZENE CO 
AGITATOR MCC CONTACTS Jl·7171 FAIL TO OPEN 
OPERATOR OPENS SV-8773 ANO FAILS TO RECLOSE 
BRANCH A MANUAL VALVES CLOSED ANY 1 OF 2 

I DENOTES INITIATING EVENT 
1 ******************** EXPLOSIVE CONCENTRATION LPPT W/0 REDUNDANT N2 SUPPLY 

INITIATOR (BARLOW·PROSCHAN) MEASURE OF CUT SET IMPORTANCE (MEASURE OF INTERVAL RELIABILITY) 

STEADY STATE CALCULATIONS 

MISSION TIME .100E+01Y .300E+02Y 
EXPECT NO OF SYSTEM FAIL .135E-03 .404E-02 

TOP EVENT PROBABILITY = .31745E-06 

RANK IMPORTANCE 

45 .156E-02 CUT SET 

BASIC EVENT 

7RYIIUBLD 
BENZENEH 
FILLSTAH 
LC6H6UEL 
LOPH20-T 
LSV87730 

46 .124E-02 CUT SET 

BASIC EVENT 

BENZENEN 
FILLSTAN 
LCBAGITD 
LFRBR·AP I 
LVS8mK 

47 .121E·02 CUT SET 

BASIC EVENT 

BENZENEH 
FILLSTAH 
LC6H6UEL 
LVDSUPPX 
LVS8mK 

48 • 106E-02 CUT SET 

BASIC EVENT 

BENZENEH 
FILLSTAH 
LC6H6UEL 
LHCN2LPL I 
LSV8mx 

166 MEAN TIME TO OCCURRENCE=, .41727E+11 HOURS .47633E+07 YEARS 
GROUP RANK CUMULATIVE/RESIDUAL 

.964778/ .352E·01 
FAILURE RATE MEAN FAUL DURATION BASIC EVENT DESCRIPTION 

.300E·05 HOURS 

.330E·01 HOURS 

.190E+OO HOURS 

.100E+01 HOURS 

.100E+01 YEARS 

.120E·05 HOURS 

3.00 
1.00 
1.00 
1.00 
1.00 
6.00 

MONTHS 
HOURS 
HOURS 
HOURS 
HOURS 
MONTHS 

LOW SUMP LEVEL (BUBBLER) RELAY FAILS TO OPEN 
BATCH BENZENE CONC HIGH ·· 1/30 TRANSFERS 
TIME PERIOD FILL/STANDBY FIRST 8 HOURS BENZENE 
BENZENE CONC IN LPPT BETWEEN LEL & UEL LIMITS 
OPERATOR FAILS TO REPLENISH SUMP WATER 
BYPASS VENT VALVE SV-8773 FAILS OPEN 

65 MEAN TIME TO OCCURRENCE=, .52566£+11 HOURS .60007E+07 YEARS 
GROUP RANK CUMULATIVE/RESIDUAL 

.966016/ .340E-01 
FAILURE RATE MEAN FAUL DURATION BASIC EVENT DESCRIPTION 

.100E+01 HOURS 
• 980E+OO HOURS 
.300E·02 HOURS 
• 1001:-05 HOURS 
.150E·05 HOURS 

1.00 
1.00 
1.00 
22.0 
6.00 

HOURS 
HOURS 
HOURS 
HOURS 
MONTHS 

BATCH BENZENE CONC NORMAL ·· 29/30 TRANSFERS 
TIME PERIOD FILL/STANDBY, 43 HRS ·· BENZENE CO 
AGITATOR MCC CONTACTS Jl-7171 FAIL TO OPEN 
BRANCH A FILTER PLUGGED 
MAIN VENT VALVE HCV-8772 FAILS TO CLOSE 

61 MEAN TIME TO OCCURRENCE=, .53675E+11 HOURS .61273E+07 YEARS 
GROUP RANK CUMULATIVE/RESIDUAL 

.967228/ .328E-01 
FAILURE RATE MEAN FAUL DURATION BASIC EVENT DESCRIPTION 

.330E-01 HOURS 
• 190E+OO HOURS 
• 100E+01 HOURS 
• 460E • 06 HOURS 
• 150£·05 HOURS 

1.00 
1.00 
1.00 
22.0 
6.00 

HOURS 
HOURS 
HOURS 
HOURS 
MONTHS 

BATCH BENZENE CONC HIGH ·· 1/30 TRANSFERS 
TIME PERIOD FILL/STANDBY FIRST 8 HOURS BENZENE 
BENZENE CONC IN LPPT BETWEEN LEL & UEL LIMITS 
DRAIN VALVE SUPPLEMENTAL LINE LEFT OPEN 
MAIN VENT VALVE HCV·Sm FAILS TO CLOSE 

63 MEAN TIME TO OCCURRENCE=, .61537E+11 HOURS .70248E+07 YEARS 
GROUP RANK CUMULATIVE/RESIDUAL 

.968285/ .317E·01 
FAILURE RATE MEAN FAUL DURATION BASIC EVENT DESCRIPTION 

.330E·01 HOURS 
• 190E+OO HOURS 
.100E+01 HOURS 
.260E·05 HOURS 
.100£·02 HOURS 

1.00 
1.00 
1.00 
22.0 
1.00 

HOURS 
HOURS 
HOURS 
HOURS 
HOURS 

BATCH BENZENE CONC HIGH ·· 1/30 TRANSFERS 
TIME PERIOD FILL/STANDBY FIRST 8 HOURS BENZENE 
BENZENE CONC IN LPPT BETWEEN LEL & UEL LIMITS 
LPPT N2 JUMPERS LEAK ANY 1 OF 2 (FLOW DIVERSIO 
OPERATOR OPENS SV-8773 AND FAILS TO RECLOSE 

I DENOTES INITIATING EVENT 
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TOP EVENT PROBABILITY z .31745E·06 

MISS!~:* TIME 1.00 y 30.0 y 
EXPECT NO OF SYSTEM FAIL .135E·03 .404E·02 

RANK CUT SET NO IMPORTANCE* RANK CUT SET NO IMPOOTANCE* RANK CUT SET NO I~TANCE* RANK CUT lET NO IMPORTANCE* 

54 69 .569E·03* 78 160 .183E·03* 105 164 .73&-04* 129 198 .424E-04* 
55 35 .529E·03* 79 145 .170E·03* 106 86 .717E·04"' 129 197 .424E·04* 
55 66 .529E-03* 80 173 .167E·03* 107 163 • 715E-04* 130 199 .421E·04* 
55 34 .5291:·03* 81 143 .164E-03* 108 165 .684E-04"' 130 200 .421E-04* 
55 33 .5291:-03* 81 144 .164E·03* 109 172 .658E-04* 131 90 .412E·04111 

55 32 .5291:·03111 82 147 .163E·03* 110 243 .6391:·04"' 131 91 .412E·04* 
56 137 .526E-03* 82 146 .163E-03* 111 238 .618E-04* 132 246 .395E·04* 
57 74 .497E-03111 83 171 .136E-03* 111 239 .618E·04* 133 281 .376E-04* 
58 67 .464E·03* 84 168 .132E-03* 112 241 .614E-04* 134 287 .36&-04* 
58 204 .464E·03* 84 167 • 132E-03* 112 242 .614E·04* 135 209 .353E·04* 
59 79 .456E·03"' 85 169 .131E·03* 113 92 .604E·04* 136 290 .345E·04* 
60 315 .451E-03* 85 170 .131E-03* 114 245 .600E-04"' 136 289 .345E-04* 
61 127 .443E·03"' 86 111 .126E-03"' 115 174 .591E·04* 137 254 .340E·04"' 
62 70 .407E-03"' 87 149 .114E-03* 116 217 .572E·04* 137 253 .340E·04* 
63 77 .371E·03"' 87 150 .114E·03* 117 203 .562E·04* 137 212 .340E-04* 
64 141 .354E·03* 87 151 .114E·03* 117 202 .562E·04* 138 256 .337E-04* 
65 n .348E-03* 88 162 .107E·03* 118 181 .554E·04* 138 255 .337E-04* 
65 71 .348E-03* 89 113 .106E-03* 118 180 .554E·04* 139 231 .336E·04* 
66 140 .309E-03* 89 114 .106E-03* 119 205 .538E-04* 140 232 .322E·04* 
67 223 .301E·03* 90 154 .101E·03* 119 88 .537E-04* 141 244 .3091:-04* 
67 224 .301E·03* 91 115 .101E·03* 119 89 .537E-04* 142 219 .295E·04* 
68 81 .279E-03* 92 153 .100E·03* 119 206 .537E-04* 142 218 .295E-04* 
68 80 .279E-03* 93 159 .976E-04* 119 207 .537E-04* 143 297 .292E·04* 
69 75 .267E-03* 94 116 .968E-04* 120 222 .527E-04"' 144 93 .290E-04* 
69 76 .267E-03* 95 184 .915E·04* 121 183 .493E-04* 145 247 .278E-04* 
70 108 .252E·03* 95 185 .915E·04* 122 211 .4m-04* 146 286 .272E·04* 
70 106 .252E·03* 95 186 .915E-04"' 123 237 .473E·04* 147 230 .262E-04* 
70 107 .252E-03* 96 87 .879E-04* 124 210 .470E-04* 148 227 .258E-04* 
70 105 .252E·03* 97 214 .860E·04* 125 213 .4591:-04* 149 226 .254E-04"' 
71 161 .247E-03* 98 201 .801E·04* 126 260 .450E-04* 149 225 .254E-04* 
n 109 .230E-03* 99 179 .798E-04* 126 259 .450E-04"' 150 120 .252E-04* 
n 110 .230E-03* 100 208 .782E·04* 127 215 .431E-04* 150 119 .252E-04* 
73 139 .2291:-03* 101 176 .mE-04* 127 216 .431E-04* 150 121 .252E-04* 
74 83 .214E-03* 101 175 .mE-04* 127 263 .431E-04* 150 118 .252E-04* 
74 84 .214E-03* 102 177 .767E-04* 128 264 .430E-04* 151 229 .252E-04* 
75 148 .208E-03* 102 178 .767E-04* 128 262 .430E-04* 151 228 .252E-04* 
76 82 .191E-03* 103 85 .754E-04* 129 195 .425E-04* 152 234 .244E-04* 
77 78 .187E-03* 104 182 • 750E-04* 129 196 .425E-04* 152 233 .244E-04* 

"'"'"'"'"'"'"'"'"'"'"'"'"'***"'*** EXPLOSIVE CONCENTRATION LPPT W/0 REDUNDANT N2 SUPPLY ***"'"'"'"'*"'"'"'"'******** 

INITIATOR CBARLOW·PROSCHAN) MEASURE OF CUT SET IMPORTANCE 
FOR CUT SETS OF RANK 54 AND HIGHER 

STEADY STATE CALCULATIONS 

TOP EVENT PROBABILITY = .31745E-06 

MISSION TIME 1.00 y 30.0 y 
EXPECT NO OF SYSTEM FAIL .135E·03 .404E-02 

RANK CUT SET NO IMPORTANCE* RANK CUT SET NO I~TANCE* RANK CUT SET NO IMPORTANCE* RANK CUT SET NO IMPORTANCE* 

153 236 .242E-04* 173 298 .149E-04* 187 339 .962E-05* 199 345 .996E-06* 
153 235 .242E·04* 173 299 • 149E-04* 187 340 .962E-05* 199 346 .996E-06* 
154 240 .240E·04* 174 128 • 143E·04* 188 349 .732E-05* 200 347 .909E-06* 
155 294 .236E-04* 174 221 .143E-04* 188 348 .732E-05* 201 325 .840E-06* 
155 293 .236E-04* 174 130 .143E·04* 189 155 .5991:-05* 201 326 .840E-06* 
156 95 .232E-04* 174 129 .143E-04* 189 156 .5991:-05* 201 328 .840E -06* 
157 252 .232E-04* 174 131 .143E·04* 189 157 .5991:-05* 201 327 .840E-06* 
158 122 .230E-04* 174 220 .143E-04* 189 158 .5991:-05* 201 323 .840E-06* 
158 123 .230E-04* 174 135 .143E-04* 190 311 .1491:-05* 201 324 .840E-06* 
159 278 .200E-04* 174 133 .143E·04* 190 312 .1491:-05* 201 321 .840E-06* 
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.dlflfi:H 
flhSTAH 
LC6H6UEL 
LHCSUMPL 
LUA6852F 
LUA6853F 

.330E-01 HOURS 
• 1901:+00 HOURS 
.100E+01 HOURS 
.130E-05 HOURS 
.340E-03 HOURS 
.340£-01. HOURS 

1.00 
1.00 
1.00 
22.0 
.500 
.500 

HOURS 
HOURS 
HOURS 
HOURS 
~THS 
~THS 

lATCH BENZENE CONC HIGH ·· 1{30 TRANSFERS 
TIME PERIOD FILL/STANDBY fiRST 8 HOURS BENZENE 
BENZENE CONC IN LPPT BETWEEN LEL & UEL LIMITS 
AIR LEAK THRU SUMP JET CONNECTOR 
02 ANALYZER 6852 INACTIVE 
02 ANALYZER 6853 INACTIVE 

51 • 793E-03 CUT SET 103 fiiEAN TlfiiE TO OCCURRENCE=, .820261:+11 HOURS .93637E+07 YEARS 
GROUP RANK CUMULATIVE/RESIDUAL 

.974212/ .2SSE-01 
BASIC EVENT FAILURE RATE MEAN FAUL DURATION BASIC EVENT DESCRIPTION 

IIENZENEH 
FILLSTAH 
LC6H6UEL 
LFLLAGTL 
LUA6852F 
LUA6853F 

.330E·01 HOURS 
, 1901:+00 HOURS 
• 10DE+01 HOURS 
• 130£ ·05 HOURS 
.34DE-03 HOURS 
.340E·OJ. HOURS 

1.00 
1.00 
1.00 
22.0 
.500 
.500 

HOURS 
HOURS 
HOURS 
HOURS 
~THS 
~THS 

lATCH BENZENE CONC HIGH -- 1/30 TRANSFERS 
TIME PERIOD FILL/STANDBY FIRST II HOURS BENZENE 
BEIIZENE CONC IN LPPT BETWEEN LEL I& UEL LIMITS 
AIR LEAK THROUGH LPPT AGITATOR FLANGE 
02 ANALYZER 6852 INACTIVE 
02 ANALYZER 6853 INACTIVE 

51 .793E-03 CUT SET 101. MEAN TIME TO OCCURRENCE=, .82026E+11 HOURS .93637E+07 YEARS 
GROUP RANK CUMULATIVE/RESIDUAL 

.974212/ .258E-01 
BASIC EVENT FAILURE RATE MEAN FAUL DURATION BASIC EVENT DESCRIPTION 

BENZENEH 
FILLSTAH 
LC6H6UEL 
LFLPPFLL 
LUA6852F 
LUA6853F 

.330E-01 HOURS 
• 190E+OO HOURS 
.100E+01 HOURS 
.130E·05 HOURS 
.340E- 03 HOURS 
.340£·01. HOURS 

1.00 
1.00 
1.00 
22.0 
.500 
.500 

HOURS 
HOURS 
HOURS 
HOURS 
~THS 
~THS 

lATCH BENZENE CONC HIGH -- 1/30 TRANSFERS 
TIME PERIOD FILL/STANDBY FIRST II HOURS BENZENE 
BENZENE CONC IN LPPT BETWEEN LEL I& UEL LIMITS 
AIR LEAK THRU LPPT TRANSFER PUMP FLANGE 
02 ANALYZER 6852 INACTIVE 
02 ANALYZER 6853 INACTIVE 

I DENOTES INITIATING EVENT 
1 ******************** EXPLOSIVE CONCENTRATION LPPT W/0 REDUNDANT N2 SUPPLY 

INITIATOR (BARLOW-PROSCHAN) MEASURE OF CUT SET IMPORTANCE (MEASURE OF IIITERVAL RELIABILITY) 

STEADY STATE CALCULATIONS 

MISSION TIME .100E+01Y .300E+02Y 
EXPECT NO OF SYSTEM FAIL .135E·03 .404E-D2 

TOP EVENT PROBABILITY c .31745E-06 

RANK IMPORTANCE 

52 .697E-03 CUT SET 

BASIC EVENT 

BENZENEH 
FILLSTAH 
LC6H6UH 
LOPH20-T 
LOPLOWLT 
LUA6852F 
LUA6853F 

53 .657E-03 CUT SET 

BASIC EVENT 

OVAI020X I 
BENZENEH 
FILLSTAH 
LC6H6UEL 
LVSSmK 
ZVZN2··0 I 

308 MEAN TIME TO OCCURRENCE=, .93421E+11 HOURS .10665E+08 YEARS 
GROUP RANK CUMULATIVE/RESIDUAL 

.974908/ .251E-01 
FAILURE RATE MEAN FAUL DURATION BASIC EVENT DESCRIPTION 

.33DE-D1 HOURS 

.1901:+00 HOURS 

.100E+01 HOURS 

.100E+01 YEARS 

.100E·01 HOURS 

.340£ ·03 HOURS 

.340£ ·04 HOURS 

1.00 
1.00 
1.00 
1.00 
1.00 
.500 
.500 

HOURS 
HOURS 
HOURS 
HOURS 
HOURS 
~THS 
~THS 

BATCH BENZENE CONC HIGH -- 1/30 TRANSFERS 
TIME PERIOD FILL/STANDBY FIRST 8 HOURS BENZENE 
BENZENE CONC IN LPPT BET~EN LEL & UEL LIMITS 
OPERATOR FAILS TO REPLENISH SUMP WATER 
OPERATOR FAILS TO RESPOHD TO LOW LEVEL ALARM 
02 ANALYZER 6852 INACTIVE 
02 ANALYZER 6853 INACTIVE 

125 MEAN TIME TO OCCURRENCE=, .99015E+11 HOURS .11303E+08 YEARS 
G$!0UP RANK CUMULATIVE/RESIDUAL . 

• 915565/ .244£·01 
FAILllfiE RATE MEAN FAUL DURATION BASIC EVENT DESCRIPTION 

• 920£ · 04 HOURS 
.330£-01 HOURS 
• 1901:+00 HOURS 
.100E+01 HOURS 
.150£-05 HOURS 
.620E·OJ. HOURS 

22.0 
1.00 
1.00 
1.00 
6.00 
22.0 

HOURS 
lfOIJRS 
HOURS 
HOURS 
MONTHS 
HOURS 

ANY PAIR OF DRIP LEG BLOW Dot.lll VALVES OPEN (AN 
BATCH BENZENE CONC HIGH ·• 1/30 TRANSFERS 
TIME PERIOD FILL/STANDBY FIRST 8 HOURS BENZENE 
BENZENE CONC IN LPPT BETWEEN LEL & UEL LIMITS 
MAIN VENT VALVE HCV-8172 FAILS TO CLOSE 
Y·STRAINER VALVE OPEN 

I DENOTES INITIATING EVENT 
1 ******************** . EXPLOSIVE CONCENTRATION LPPT W/0 REDUNDANT N2 SUPPLY ******************** 

INITIATOR (IARLOW·PROSCHAN) MEASURE OF CUT SEl IMPORTANCE 
FOR CUT SETS OF RANK 54 AND HIGHER 

STEADY STATE CALCULATIONS 
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. Jf(f; .$~ 

174 134 .143f·04* 190 309 .149£·05* 
"I 'l>;d7 .200£·04* 201 322 .8401:-1)6* 

160 i 280 .198f·04* 174 132 .143E·04* 190 310 .149£-05* 202 354 • 730E-06"' 
160 279 .198f-04* 175 303 .136E-04* 191 190 .143f·05* 202 355 .730E·06* 
161 126 .195E·04* 175 302 .136E·04* 191 191 .143f·05* 202 356 .730E·06* 
162 248 .185E·04* 176 94 .133E·04* 191 192 .143E·05* 202 357 .730E-06* 
163 249 .1m-04* tn 306 .129£·04* 191 193 .143E·05"' 203 344 .526E·06"' 
164 250 .1nE·04"' 1n 305 .129£·04* 191 187 .143E·05* 203 343 .526E·06* 
164 251 .tm-04* 178 288 .127E·04* 191 189 .143E·05* 204 267 .453f-06* 
165 257 .170E-04* 178 341 .127E·04"' 191 194 .143E·05* 204 273 .453E·06* 
165 258 .170E-04* 178 342 .127E·04"' 191 188 .143f·05* 204 271 .453E·06"' 
165 331 .170E-04"' 179 329 .125E·04* 192 333 .137E·05* 204 269 .453E-06* 
166 320 .167E-04* 179 330 .125E-04* 192 332 .137E·05"' 204 268 .453E·06"' 
167 291 .166E·04"' 180 292 .120E·04* 193 314 .136E·05"' 204 274 .453f·06"' 
168 295 .160£·04* 181 307 .118E·04"' 193 313 .136E·05"' 204 270 .453E·06* 
169 261 .157E·04* 182 96 .116E·04* 194 336 .126E·05* 204 272 .453E·06"' 
170 265 .155E-04* 183 296 .110E-04* 195 334 .122E·05"' 205 282 .414E·06"' 
171 276 .151E·04"' 184 97 .107E·04* 195 335 .122E·05"' 205 283 .414E·06"' 
172 266 .150E·04* 185 350 .990E·05"' 196 316 .115E·05"' 205 284 .414E·06"' 
173 275 .149£-04* 186 353 .976E-05"' 196 317 .115E·05* 205 285 .414E·06"' 
173 301 .149£·04"' 186 352 .976E·05"' 197 337 .111E·05"' 206 318 .125E·06* 
173 300 .149E·04"' 186 338 .975E·05"' 198 319 .105E·05* 207 351 .999£·07* 

REFERENCE TABLE FOR "IN CUT SETS 

ORDER 1 2 3 4 5 6 7 
NO. OF MIN CUT SETS 0 0 0 0 97 199 61 

NO. OF "IN CUT SETS ~ 357 

CUT SET NO. ORDER IIASIC EVENTS 

1 5 BENZENEH FlllSTAH LC6H6UEL LVPVENTO LVSBmK 
2 5 IIENZENEH FILLSTAH LC6H6UEL LFLVENTO LVSBmK 
3 5 BENZENEH FILLSTAH LC6H6UEL LHC1027L LVSBmK 
4 5 BENZENEH FILLSTAH LC6H6UEL LFLVENTO LSV87730 
5 5 BENZENEH FILLSTAH LC6H6UEL Lsvamo LVPVENTO 
6 5 BENZENEH FILLSTAH LC6H6UEL LHC1027L LSV87730 
7 5 BENZENEH FILLSTAH LC6H6UEL Lsvamx LVPVENTO 
8 5 BENZENEH FILLSTAH LC6H6UEL LFLVENTO Lsvamx 
9 5 BENZENEH FILLSTAH LC6H6UEL LHC1027L tsvamx 

10 5 BENZENEH FILLSTAH LC6H6UEL LFLJETFL LVSBmK 
11 5 IIENZENEH· FILLSTAH LC6H6UEL LFLSPARL LVSBmK 
12 5 BENZENEH FILLSTAH LC6H6UEL LFLLAGTL LVSBmK 
13 5 BENZENEH FILLSTAH LC6H6UEL LFLPPFLL LVSBmK 
14 5 BENZENEH FILLSTAH LC6H6UEL LVI"·35C LVSBmK 
15 5 BENZENEH FILLSTAH LC6H6UEL LVS7469C LVSBmK 
16 5 BENZENEH FILLSTAH LC6H6UEL LVSBmK LVTSVNSC 
17 5 BENZENEH FILLSTAH LC6H6UEL LVQ4-34X LVSBmK 
18 5 BENZENEH FILLSTAH LC6H6UEL LVGI4-28X LVSBmK 
19 5 BENZENEH FILLSTAH LC6H6UEL LFLLAGTL LSV87730 
20 5 BENZENEH FILLSTAH LC6H6UEL LFLSPARL LSV87730 
21 5 BENZENEH FILLSTAH LC6H6UEL LFLJETFL LSV87730 
22 5 IJENZENEH FILLSTAH LC6H6UEL LFLPPFLL LSV87730 
23 5 IIENZENEH FILLSTAH LC6H6UEL Lsvamo LVII4-35C 
24 5 BENZENE/4 FILLSTAN LCBAGITD LV114·35C LVSBmK 
25 5 IENZENEH FILLSTAH LC6H6UEL LP·BUBIIL LVSBml( 
26 5 BENZENEH FILLSTAH LC6H6UEL LSV87730 LVTSVNSC 
27 5 BENZENEH FILLSTAH LC6H6UEL Lsvamo LVS7469C 
28 5 lENZEN EN FILLSTAN LCBAGITD LVS7469C LVSBmK 
29 5 BEN ZEN EN FILLSTAN LCBAGITD LVSBmK LVTSVNSC 
30 5 IIENZENEH FILLSTAH LC6H6UEL LSV87730 LVQ4-34X 
31 5 BENZENEH FILLSTAH LC6H6UEL LSV87730 LVQ4-28X 
32 5 BENZENEH FILLSTAH LC6H6UEL LFLSPARL uvamx 
33 5 BENZENEH FILLSTAH LC6H6UEL LFLPPFLL LSV8mX 
34 5 BENZENEH FILLSTAH LC6H6UEL LFLLAGTL uvsmx 
35 5 BENZENEH FILLSTAH LC6H6UEL LFLJETFL Lsvamx 
36 5 BENZENEN FILLSTAN LCBAGITD LVGI4-28X LVSBmK 
37 5 BENZENEN FILLSTAN LCBAGITD LVG14-34X LVSSmK 
38 5 BENZENEH FILLSTAH LC6H6UEL LHCN2LPL LVS8mK 
39 5 BENZENEH FILLSTAH LC6H6UEL uvsmx LV114-35C 
40 5 BENZENEN FILLSTAN LCBAGITO LSV87730 LVIM-35C 
41 5 BENZENEH FILLSTAH LC6H6UEL LP-BUBBL LSV87730 
42 5 BENZENEH FILLSTAH LC6H6UEL LSvamx LVS7469C 
43 5 BENZENEH FILLSTAH .LC6H6UEL Lsvsmx LVTSVNSC 
44 5 BENZENEN FILLSTAN LCBAGITD LSV87730 LVS7469C 
45 5 BENZENEN FILLSTAN LCBAGITD LSV87730 LVTSVNSC 
46 5 BENZENEH FILLSTAH LC6H6UEL tsvamx LVGM-34X 
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47 5 BENZENEH FILLSTAH LC6H6UEL Lsvamx L\IGM-28)( 
48 5 IIENZENEH FILLSTAH LC6H6UEL LHC:~PL LVSBmK 
49 5 BENZENEN FILLSTAN LC:BAGITD LS\187730 l\IGM·28X 
50 5 IIENZENEN FILLSTAN LC:BAGITD LS\187730 LVGM-l4X 
51 5 IIENZENEH FILLSTAH LC6H6UEL LHC:N2LPL LS\187730 
52 5 IIENZENEH FILLSTAH LC6H6UEL LFRIIR-AP LVS8mK 
53 5 IENZENEN FILLSTAN LC:BAGITO LHC:N2LPL LVS8mK 
54 5 BENZENEN FILLSTAN LC:BAGITO uvamx L\IIM·35C 
55 5 BENZENEH FILLSTAH LC6H6UEL LP·BUBBL LSV8mx 
56 5 IIENZENEN FILUm,N LCBAGITO uv8mx l\ITSVNSC 
57 5 BENZENEN FILLSTAN LCBAGITD Lsv8mx LVS74691: 
58 5 BENZENEH FILLSTAH LC6H6UEL LHC~PL LS\187730 
59 5 BENZENEN FILLSTAN LCBAGITD Lsvamx LVGM-28X 
60 5 BENZENEN FILLSTAN LCBAGITO Lsvamx L\IGM·l4X 
61 5 BENZENEH FILLSTAH LC6H6UEL L\IDSUf'PX LVS8mK 
62 5 BENZENEH FILLSTAH LC6H6UEL LFRIIR·AP LS\187730 
63 5 BENZENEH FILLSTAH LC6H6UEL LHC:N2LPL Lsvamx 
64 5 BENZENEN FILLSTAN LCIIAGITD LHC:N2LPL LS\187730 
65 5 BENZENEN FILLSTAN LC:BAGITD LFRIIR-AP lVSBmK 
66 5 BENZENEH FILLSTAH LC6H6UEL LHC~PL Lsvamx 
67 5 BENZENEN LCBAGITD LVIM·35C LVS8mK P\JIIIPOUT -
68 5 BENZENEH FILLSTAH LC6H6UEL LS\187730 LVDSUPPX 
69 5 IIENZENEN FILLSTAN LC:BAGITD LVDSUf'PX LVSBmK 
70 5 .BENZENEH FILLSTAH LC6H6UEL LFRBR·AP Lsvamx 
71 5 BENZENEN LCBAGITD LVS74691: LVSBmK P\JIIIPOUT-
72 5 BENZENEN LCBAGITD LVS8mK L\ITS\INSC P\JIIIPOUT . 
73 5 BENZENEN FILLSTAN LCBAGITD LFRIIR-AP LS\187730 
74 5 IIENZENEN FILLSTAN LCBAGITD LHCN2LPL Lsvamx 
rs 5 BENZENEN LCBAGITD LVGM·34X LVS8mK PUMPOUT-
76 5 BENZENEN LCBAGITD LVGM-28)( LVSBmK PUMPOUT-
77 5 BENZENEN LCBAGITD LS\187730 LVIM·35C PUMPOUT-
78 5 BENZENEH FILLSTAH LC6H6UEL Lsv8mx LVDSUPPX 
79 5 BENZENEN FILLSTAN LCBAGITD LS\187730 LVDSUPPX 
80 5 IIENZENEN LCBAGITD LS\187730 L\ITS\INSC PUMPOUT-
81 5 BENZENEN LCBAGlTD LS\187730 LVS74691: PUMPOUT· 
82 5 IIENZENEN FILLSTAN LCBAGITD LFRBR·AP Lsvamx 
83 5 BENZENEN LCBAGITD LS\187730 LVGM-28X PUMPOUT-
84 5 !lENZEN EN LCBAGITD LS\187730 LVGM·l4X PUMPOUT· 
85 5 BENZENEN LCBAGITD LHCN2LPL LVSBmK PUMPOUT-
86 5 BENZENEN LCBAGITD Lsv8mx LVIM·3SC P\JIIIPOUT . 
87 5 BENZENEN FILLSTAN LCBAGITD Lsv8mx LVDSUPPX 
88 5 BENZENEN LCBAGITD Lsv8mx LVS74691: PuMPOUT· 
89 5 BENZENEN LCBAGITD Lsv8mx LVTS\INSC PUMPOUT-
90 5 BENZENEN LCBAGITD Lsv8mx LVGM·28X PUMPOUT-
91 5 BENZENEN LCBAGITD Lsv8mx LVGM·l4X PUMPOUT-
92 5 BENZENEN LCBAGITD LHCN2LPL LS\187730 PUMPOUT· 
93 5 BENZENEN LCBAGITD LFRBR-AP LVS8mK PUMPOUT-
94 s BENZENEN LCBAGITD LVDSUPPX LVS8mK PUMPOUT· 
95 5 BENZENEN LCBAGITD LFRBR-AP LS\187730 PUMPOUT-
96 5 BENZENEN LCBAGITD LHCN2LPL LSV8mx PUMPOUT· 
97 5 BENZENEN LCBAGITD LS\187730 L\IDSUf'PX P\JIIIPOU T -
98 6 BENZENEH FILLSTAH LC6H6UEL LFLVENTO LUA6852F LUA6853F 
99 6 IIENZENEH FILLSTAH LC6H6UEL LUA6852F LUA6853F LVPVENTO 

100 6 IIENZENEH FILLSTAH LC6H6UEL LHC1027L LUA6852F LUA6853F 
101 6 BENZENEH FILLSTAH LC6H6UEL LFLSPARL LUA6852F LUA6853F 
102 6 IIENZENEH FILLSTAH LC6H6UEL LFLJETFL LUA6852F LUA68S3F 
103 6 BENZENEH FILLSTAH LC6H6UEL LFLLAGTL LUA6852F LUA6853F 
104 6 BENZENEH FILLSTAH LC6H6UEL LFLPPFLL LUA6852F LUA6853F 
105 6 BENZENEH FILLSTAH LC6H6UEL LFLVENTO UiA6852F LUA68S3U 
106 6 BENZENEH FILLSTAH LC6H6UEL LTR6853F LUA6852F LVPVENTO 
107 6 BENZENEH FILLSTAH LC6H6UEL LFLVENTO LTR6853F LUA6852F 
108 6 BENZENEH FILLSTAH LC6H6UEL LUA6852F LUA6853U LVPVENTO 
109 6 BENZENEH FILLSTAH LC6H6UEL LHC1027L LTR6853F LUA6852F 
110 6 BENZENEH FILLSTAH LC6H6UEL LHC1027L LUA6852F LUA68S3U 
111 6 BENZENEH FILLSTAH LC6H6UEL LOPDTTLL LTICAUXTF L~mK 
112 6 1SLSUMPF BENZENEH FILLSTAH LC6H6UEL LQPH20-T L\IS8mK 
113 6 7CPDCS·F BENZENEH FILLSTAH LC6H6UEL LRY-2810 LVPVENTO 
114 6 7CPOCS-F BENZENEH FILLSTAH LC6H6UEL LFLVENTO LRY-2810 
115 6 BENZENEH FILLSTAH LC6H6UEL LOPDTTLL LS\187730 LTICAUXTF 
116 6 7CPDCS-F BENZENEH FILLSTAH LC6H6UEL LHC1027L UtY-2810 
117 6 BENZENEH FILLSTAH LC6H6UEL LHC~PL LUA6852F LUA6853F 
118 6 BENZENEH FILLSTAH LC6H6UEL LUA6852U LUA6853F LVPVENTO 
119 6 BENZENEH FILLSTAH LC6H6UEL LTR6852F LUA6853F LVPVENTO 
120 6 BENZENEH FILLSTAH LC6H6UEL LFLVENTO LUA6852U LUA6853F 
121 6 BENZENEH FILLSTAH LC6H6UEL LFLVENTO LTR6852F LUA6853F 
122 6 BENZENEH FILLSTAH LC6H6UEL LHC1027L LUA6852U LUA68S3F 
123 6 BENZENEH FILLSTAH LC6H6UEL LHC1027L LTR6852F LUA6853F 
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201 6 BENZENEH FlllSTAH LC6H6UEL uvamo LVA10F3X ZVZN2- ·0 
202 6 7CPDCS-I' BENZENE II FILL STAN LRY-2810 LVS7469C LVSSmK 
203 6 7CPDCS·F BENZENEN FILLSTAN LRY-2810 LVSSmK LVTSVNSC 
204 6 BENZENEH FILLSTAH LC6H6UEL LOPH20-T LOPLOWLT Lsvamx 
205 6 BENZENEN FILLSTAN LCBAGITD LVSSmK NVZH2--0 Z\11742-C 
206 6 BENZENEN FILL STAN LCBAGITD LV17834C lVSSmK ZVZN2- -0 
207 6 OVI4004C IIENZENEN FILLSTAN LCBAGITD LVSSmK ZVZN2-·0 
208 6 0VA1020X BENZENEH FILLSTAH LC6H6UEL Lsvamo ZVA10F2X 
209 6 BENZENEH FILLSTAH LC6H6UEL uvsmx OVA10F7X ZVZN2--0 
210 6 BENZENEN FILLSTAN LCBAGITD LVA10F3X LVSSmK ZVZN2-·0 
211 6 OVAI020X BEIIZENEH FILLSTAII LCBAGITO Lsvamx ZVZN2-·0 
212 6 IIEIIZENEH FILLSTAH LC6H6UEL LVSSmK OVA10F7X ZVA10F2X 
213 6 OVAI020X IIENZENEN FILLSTAN LCBAGITO LVSSmK ZVA10F2X 
214 6 IIENZENEN FILLSTAN LCBAGITD Lsvsmo OVA10F7X ZVZN2·-0 
215 6 7CPOCS- F BEIIZENEN FILLSTAN LRY-2810 LVGM-28X LVSSmK 
216 6 7CPOCS·F BENZENEN FILLSTAN LRY-2810 LVGM-34)( LVSSmK 
217 6 BENZENEH FILL!HAH LC6H6UEL LSVBmo NVS7864C ZVZN2··0 
218 6 BENZENEH FILLSTAH LC6H6UEL LVI7834C LVSSmK ZVI742-C 
219 6 OVI4004C BENZENEH FILLSTAH LC6H6UEL LVSSmK ZVI742·C 
220 6 BENZENEH FILLSTAH LC6H6UEL LHCSUMPL LUA6852F LUA6853U 
221 6 BENZENEH FILLSTAH LC6H6UEL LHCSUMPL LTR6853F LIJA6852F 
222 6 IIENZENEH FILLSTAH LC6H6UEL LSV8mo NVZN2··0 ZVA10F2X 
223 6 71TSUMPU liENZENEH FILLSTAH LC6H6UEL LOPH20-T LVSSmK 
224 6 7RYIIUBLO BENZENEH FILLSTAH LC6H6UEL LOPH20·T Lsvamx 
225 6 BENZENEH FILLSTAH LC6H6UEL Lsvsmx OVA10F5X ZVZN2-·0 
226 6 BENZENEH FILLSTAH LC6H6UEL u;v8mx OVD10F5X ZVZN2··0 
227 6 BENZENEH FILLSTAH LC6H6UEL LVA10F3X LVSSmK ZVI742·C 
228 6 OSPROSYF IIENZENEH FILLSTAH LC6H6UEL Lsv8mx ZVZN2· ·0 
229 6 OH-AREAF BENZENEH FILLSTAH LC6H6UEL u;vamx ZVZN2-·0 
230 6 OVAI020X IIENZENEH FILLSTAH LC6H6UEL Lsv8mx ZVI742·C 
231 6 BENZENEN FILLSTAN LCBAGITO LVSSmK NVS7864C ZVZN2· -0 
232 6 BENZENE II FILLSTAN LCBAGITD Lsv8mx NVZN2--0 ZVZN2··0 
233 6 liiENZENEH FILLSTAH LC6H6UEL LVSBmK OVA10F5X ZVA10F2X 
234 6 BENZENEH FILLSTAH LC6H6UEL LVSSmK OVD10F5X ZVA10F2X 
235 6 OSPROSYF BENZENEH FILLSTAH LC6H6UEL LvsamK ZVA10F2X 
236 6 OH-AREAF BENZENEH FILLSTAH LC6H6UEL LVSSmK ZVA10F2)( 
237 6 BENZENEH FILLSTAH LC6H6UEL LSV8mo OVA10F7X ZVI742-C 
238 6 BENZENEII FILLSTAN LCBAGITD Lsv8mo OVA10F5X ZVZN2-·0 
239 6 BENZENE II FILLSTAN LCBAGITO Lsv8mo OVD10F5X ZVZN2·-0 
240 6 7CPDCS-F BENZENEH FILLSTAH LC6H6UEL LP·IIUBBL LRY-2810 
241 6 OSPROSYF BENZENE II FILLSTAN LCBAGITO LSV87730 ZVZN2·-0 
242 6 OH-AREAF BENZENEN FILLSTAN LCBAGITO LSV87730 ZVZN2--0 
243 6 OVA1020X BENZENEN FILLSTAN LCBAGITO LSV87730 ZVI742-C 
244 6 IIENZENEN FILLSTAN LCBAGITO LVSSmK NVZN2--0 ZVA10F2X 
245 6 7CPOCS-F BENZENEN FILLSTAN LRY-2810 LSV87730 LVIM-35C 
246 6 BENZENEH FILLSTAH LC6H6UEL Lsv8mo NVPN2--F ZVZN2-·0 
247 6 BENZENE II FILLSTAN LCBAGITD LVSSmK OVA10F7X ZVI742-C 
248 6 BENZENEH FILLSTAH LC6H6UEL LVSSmK NVS7864C ZVI742-C 
249 6 BENZENEH FILLSTAH LC6H6UEL Lsv8mx NVZN2--0 ZVI742-C 
250 6 BENZENEH FILLSTAH LC6H6UEL Lsv8mx LVI7834C ZVZN2--0 
251 6 OVI4004C BENZENEH FILLSTAH LC6H6UEL Lsvamx ZVZN2-·0 
252 6 BENZENEN FILLSTAN LCBAGITO LVSSmK NVPN2--F ZVZN2--0 
253 6 BENZENEH FILLSTAH LC6H6UEL LSV87730 OVA10F5)( ZVI742-C 
254 6 BENZENEH FILLSTAH LC6H6UEL Lsv8mo OVD10F5X ZVI742-C 
255 6 OH-AREAF BENZENEH FILLSTAH LC6H6UEL LSV87730 ZVI742-C 
256 6 OSPRDSYF BENZENEH FILLSTAH LC6H6UEL LSWmo ZI/1742-C 
257 6 BENZENEH FILLSTAH LC6H6UEL LVI7834C LVSSmK ZVA10F2X 
258 6 OVI4004C BENZENEH FILLSTAH LC6H6UEL LVSSmK ZVA10F2X 
259 6 1CPOCS-F BENZENE II FILLSTAN LRY-2810 Lsvsmo LVS7469C 
260 6 7CPOCS·F BENZENE II FILLSTAN LRY-2810 LSV87730 LVTSVNSC 
261 6 BENZENEH FILLSTAH LC6H6UEL LVSSmK OVL7538C ZVZN2--0 
262 6 OVI4004C BENZENEN FILLSTAN LCBAGITO LSV87730 ZVZN2·-0 
263 6 BENZENE II FILLSTAN LCBAGITD LSV87730 NVZN2--0 ZVJ742-C 
264 6 BENZENEN FILL STAN LCBAGITD LSV8mo LVJ7834C ZVZN2--0 
265 6 BENZENEH FILLSTAH LC6H6UEL Lsv8mx LVA10F3X ZVZN2--0 
266 6 BENZENEH FILLSTAH LC6H6UEL LVSSmK NVX10F4X ZVZN2--0 
267 6 BENZENEH FILLSTAH LC6H6UEL LTR6852F LTR6853F LVPVENTO 
268 6 BENZENEH FILLSTAH LC6H6UEL LFLVENTO LTR6852F LTR6853F 
269 6 BENZENEH FILLSTAH LC6H6UEL LUA6852U LUA6853U LVPVENTO 
270 6 BENZENEH FILLSTAH LC6H6UEL LFLVENTO LUA6852U LUA6853U 
271 6 BENZENEH FILLSTAH LC6H6UEL LTR6852F LUA6853U LVPVENTO 
2n 6 BENZENEH FILLSTAH LC6H6UEL LFLVENTO LTR6852F LUA6853U 
273 6 BENZENEH FILLSTAH LC6H6UEL LTR6853F LUA6852U LVPVENTO 

·' 274 6 BENZENEH FILLSTAH LC6H6UEL LFLVENTO LTR6853F LUA6852U 
275 6 BENZENEH FILLSTAH LC6H6UEL LVA10f3)( LVSSmK ZVA10F2X 
276 6 OVA1020X BENZENEH FILLSTAH LC6H6UEL Lsv8mx ZVA10F2X 
2n 6 llfNZENEN FILLSTAN LCBAGITO LVSSmK OVA10F5X ZVI742-C 
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'.1.1' 
·'~4 6 1SLSUMPF IIENZENEH FILLSTAH lt6116UEL LOPH20-T LMIT730 
;25 6 OVAI020X IIENZENEH FILLSTAH Lt6116UEL LVSSmK ZVZN2--0 
126 6 IIENZENEH FILLSTAH LC6H6UEL LDPI>TTLL LSV8mx l TICAUX TF 
127 6 IIENZEIIEH FILLSTAH LC6H6UEL LVSSmK IIVZN2--0 ZVZN2--0 
128 6 I:IENZEIIEH FllLSTAH LC6H6UEL LFLLAGTL LTR6853F LUA6852F 
129 6 BEIIZENEH FILLSTAH LC6H6UEL LFLSPARL LTR6853F LUA6852F 
130 6 IENZENEH FILLSTAH LC6H6UEL LFLPPFLL LUA6852F LUA6853U 
131 6 IENZENEH FILLSTAH LC6H6UEL LFLLAGTL LUA6852F LUA6853U 
132 6 IENZENEH FILLSTAH LC6H6UEL LFLSPAIIL LUA6852F Lu.\6853U 
133 6 IIENZENEH FILLSTAH LC6H6UEL LFLJETFL LTI!6853F LUA6852F 
134 6 DENZENEH FILLSTAH LC6H6UEL LFLPPFLL LTI!6853F LUA6852F 
135 6 IIENZENEH FILLSTAH LC6H6UEL LFLJETFL LUA6852F LUA6853U 
136 6 1SLSUI4PF DENZENEH FILLSTAH Lt6116UEL LOPH20-T tmmx 
137 6 OVAI020X BENZENEH FILLSTAH LC6H6UEL LSV87730 ZVZN2--0 
138 6 IIENZENEH FILLSTAH LC6H6UEL LOPH20·T LOPLOWLT LVSSmK 
139 6 DENZENEH FILLSTAH LC6H6UEL LVSSmK OVA10f7X ZVZN2--0 
140 6 OVAI020X BENZENEN FILLSTAN LCBAGITD LVSSmK ZVZN2--0 
141 6 BENZENEH FILLSTAH LC6H6UEL LSV87730 NVZN2· -0 ZVZN2--0 
142 6 71!YBUBLD BENZENEH FILLSTAH LC6H6UEL LOPH20·T LVSSmK 
143 6 BENZENEH FILLSTAH LC6H6UEL LVSBmK OVD10F5X ZVZN2- ·0 
144 6 IIENZENEH FILLSTAH LC6H6UEL LVSBmK OVA10F5X ZVZN2--0 
145 6 OVAI020X BENZENEH FILLSTAH LC6H6UEL LVSBmK ZVI742-C 
146 6 OSPROSYF BENZENEH FILLSTAH L'C6H6UEL LVSBmK ZVZN2-·0 
147 6 OH-AREAF BENZENEH FILLSTAH LC6H6UEL LVSSmK ZVZN2-·0 
148 6 BENZENEN FILLSTAN LCIIAGITD LVSBmK NVZN2--0 ZVZN2··0 
149 6 IIENZENEH FILLSTAH LC6H6UEL LVSBmK NVZN2--0 ZVI742·C 
150 6 IIENZENEH FILLSTAH LC6H6UEL LVI7834C LVSBmK ZVZN2··0 
151 6 OV14004C BENZENEH FILLSTAH LC6H6UEL LVSBmK ZVZN2··0 
152 6 BENZENEH FILLSTAH LC6H6UEL LOPH20·T LOPLOWLT LSV87730 
153 6 IIENZENEH FILLSTAH LC6H6UEL LVA10F3)( LVSSmK ZVZN2·-0 
154 6 OVA1020X IIENZENEH FILLSTAH LC6H6UEL LSV8mx ZVZN2··0 
155 6 7CPDCS-F IIENZENEH FILLSTAH LC6H6UEL LFLJETFL LRY-2810 
156 6 7CPDCS·F IIENZENEH FILLSTAH LC6H6UEL LFLPPFLL LRY-2810 
157 6 7CPI>CS- F IIENZENEH FILLSTAH LC6H6UEL LFLLAGTL LRY-2810 
158 6 7CPI>CS·F IIENZENEH FILLSTAH LC6H6UEL LFLSPARL LRY-2810 
159 6 OVAI020X IIENZENEH FILLSTAH LC6H6UEL LVSBmK ZVA10F2X 
160 6 BENZENEH FILLSTAH LC6H6UEL LSV87730 OVA10F7X ZVZN2··0 
161 6 OVAI020X !lENZEN EN FILLSTAN LCIIAGITO LSV87730 ZVZN2- -0 
162 6 BENZENEN FILLSTAN LCIIAGITO LVSSmK OVA10F7X ZVZN2--0 
163 6 I:IENZENEH FILLSTAH LC6H6UEL LVSBmK NVS7864C ZVZN2··0 
164 6 7CPI>CS· F IIENZENEH FILLSTAH LC6H6UEL LRY-2810 LVIM·35C 
165 6 IIENZENEH FILLSTAH LC6H6UEL LSV8mx NVZN2· -0 ZVZN2--0 
166 6 71!YBUIILO IIENZENEH FILLSTAH LC6H6UEL LOPH20-T LSV87730 
167 6 BENZENEH FILLSTAH LC6H6UEL Lsv8mo OVA10F5X ZVZN2--0 
168 6 BENZENEH FILLSTAH LC6H6UEL LSV87730 OVD10F5X ZVZN2--0 
169 6 OSPROSYF BENZENEH FILLSTAH LC6H6UEL LSV8mo ZVZN2--0 
170 6 OH-AREAF IIENZENEH FILLSTAH LC6H6UEL LSV8mo ZVZN2-·0 
171 6 OVAI020X IIENZENEH FILLSTAH LC6H6UEL LSV8mo ZVI742·C 
172 6 BENZENEH FILLSTAH LC6H6UEL LVS8mK NVZN2-·0 ZVA10F2X 
173 6 I:IENZENEN FILLSTAN LCBAGITD Lsv8mo NVZN2-·0 ZVZN2--0 
174 6 BENZENEH FILLSTAH LC6H6UEL LVSSmK OVA10F7X ZV1742·C 
175 6 BENZENEN FILLSTAN LCBAGITO LVSSmK OVA10F5X ZVZN2·-0 
176 6 BENZENEN FILLSTAN LCIIAGITO LVSBmK OVD10F5X ZVZN2--0 
1n 6 OSPROSYF BENZENE II FILLSTAN LCBAGITO LVSSmK ZVZN2· ·0 
178 6 OH·AREAF BENZENEN FILLSTAN LCBAGITD LVSSmK ZVZN2··0 
179 6 OVAI020X BENZENEN FILLSTAN LCIIAGITD LVSSmK ZV1742·C 
180 6 7CPDCS·F BENZENEH FILLSTAH LC6H6UEL LRY·2810 LVS7469C 
181 6 7CPDCS·F BENZENEH FILLSTAH LC6H6UEL LRY-2810 LVTSVNSC 
182 6 7CPDCS·F IIENZENEN FILLSTAN LRY·2810 LVII4·35C LVSSmK 
183 6 IENZENEH FILLSTAH LC6H6UEL LVSSmK NVPN2··F ZVZN2··0 
184 6 BENZENEH FILLSTAH LC6H6UEL LSV8mo NVZN2-·0 ZVI742-C 
185 6 BENZENEH FILLSTAH LC6H6UEL LSV8mo LVI7834C ZVZN2··0 
186 6 OVI4004C BENZENEH FILLSTAH LC6H6UEL LSV8mo ZVZN2··0 
187 6 BENZENEH FILLSTAH LC6H6UEL LFLJETFL LUA6852U LUA6853F 
188 6 BENZENEH FILLSTAH le6H6UEL LFLJETFL LTR6852F LUA6853F 
189 6 IENZENEH FILLSTAH LC6H6UEL LFLPPFLL LTR6852F LUA6853F 
190 6 IENZENEH FILLSTAH LC6H6UEL LFLLAGTL LTR6852F LUA6853F 
191 6 IENZENEH FILLSTAH LC6H6UEL LFLSPARL LTR6852F LUA6853F 
192 6 BENZENEH FILLSTAH LC6H6UEL LFLPPFLL LUA6852U LUA6853F 
193 6 BENZENEH FILLSTAH LC6H6UEL LFLLAGTL LUA6852U LUA6853F 
194 6 BENZENEH FILLSTAH LC6H6UEL LFLSPARL LUA6852U LUA6853F 
195 6 BENZENEH FILLSTAH LC6H6UEL LVSSmK OVD10F5X ZVI742·C 
196 6 BENZENEH FILLSTAH LC6H6UEL LVSBmK OVA10F5X ZVI742·C 
197 6 7CPDCS· F BENZENEH FILLSTAH LC6H6UEL LRY-2810 LVGM·28X 
198 6 7CPDCS· F BENZENEH FILLSTAH LC6H6UEL LRY-2810 LVGM-34)( 
199 6 OH·AREAF BENZENEH FILLSTAH LC6H6UEL LVSBmK ZVI742·C 
200 6 OSPROSYF IIENZENEH FILLSTAH LC6H6UEL LVSBmK ZVI742-C 
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1) INTER 

Howard Lambert 
March 31, 1992 

2) R ULTS 

3) FAULT TR E CONSTRUCTION 
PROCEDURE 

e 1992 FTA 

1) ASSUMPTIONS 

2) INTERLOCKS 

e CURRENT DESIGN CHANGES 
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CURRI;NT BASIS: 
,i 

FFOv1 
LPPT 

I N 

High 02 reading by either 
analyser will open circuit 
to SV, allowing SV. to close. 

FC 

DESIGN B 

sv 

PROPOSED Cf-W.JGE: Add an LEL and a series block valve 
to Improve improve reliablity of 
isolating LPPT from vent system. 

_, ........... , ..._......., r~--1 ........___ 
I 

1-
I 
I 
I 
I 
I 

FRlv1 I 

LPPT I I I 
I I I 
I I I 

I I I 
I r I 

r 1 tr= I 
-2-

TO 
VENT 
SYSTEM 

TO 
VENT 
SYSTEM 



I 
w 
I 
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(cone too high) 

02 Analyzer 6852 

(cone too high) 

02 Analyzer 6852 
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Dependency removed if 

relays are hardwired 

DCS 
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(remove 
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DISTURBANCE(S) 

1)AIR 

IN LEAKAGE 

2) LOSS OF 

NITROGEN 

PURGE 

SENSORS 

(cone too high) 

02 Analyzer 6852 

(cone too high) 

02 Analyzer 6852 

(cone too high) 

LEL Analyzer 

CONTROL ELEMENTS 

(de-energize) 

rD-

e1ay 

(de-energize) 

rD-
RELAY 

LO-
Relay 

de-energize 

Relay 

Dependency removed if 

relays are hardwired 

I IDCS 

INTERLOCKS DESIG 

CONTROL ACTION 

~lose) 

PWS I (remove 
~~"""' --+I Valve 2 vacuum) 

I I 

(Close) 

PWS ~ (remove 
Valve 1 vacuum) 

(Open) 
supple-

! 1 mental (increase 
purge N2 flow) valve 

(Tum off) (remove 

potential 
, 1 Ignition 

heat 
'-----~~ source) 

sources 

1) Transfer Pump 

2) Agitator 



D IGN 

H. Lambert 
1/16/91 

PUM PIT DESIGN MODIFICATIONS 

CHANG DESCRIPTION COMMENTS 

Add PW Block Valve No.1 Spring Return Fail Closed Valve, 
N2 Operated (3 11 Plug Valves) 

Add PW Block Valve No.2 Spring Return Fail Closed Valve, 
N2 Operated 

Add Hardwired Interlocks to 02 Ensure that no single device failure can 
Analyzer 1 compromise design (relay, etc.) 

Add Hardwired Interlocks to 02 Ensure that no single device failure can 
Analyzer 2 compromise design (relay, etc.) 

Add LEL Analyzer to PVV System Ensure that no single device failure can 
compromise design (relay, etc.) 

Add Isolation Valve on Sump Inlet Valve to be located as near as practical to 
to Precipitate Tank tank nozzle to minimize potential leaks 

(isolating discharge line of pump jet) 

Change Nitrogen Purge Valve from Not Part of Hardwired Circuit Requirements 
Air Operated to N2 Operated 
(Leakage in Diaphragm) 

Change Sump Jet Gas from Air to 
N2 

Add Hardwired Interlocks from Fault Signal Every Transfer Circuit Test 
Both 02 Analyzers and LEL 
Analyzer to Close Both PW Block 
Valves and Stop Operation of the 
Agitator and Transfer Pumps 

Add New Transfer Pump for Recommendation Derived from lnterarea 
Backup Transfer in Place of Steam Pipeline Design Temperature of 70°C 
Jet Transfer of Tank Contents Maximum 

E:\BECHTEL\LPP1\VIEWGRAP\VG3 3/30/92 12:27pm 
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JANUARY 1991 

SUMMARY OF RESULTS TOP EVENT OCCURRENCE FREQUE 

DESIGN A DESIGN B 
2 BLOCK VALVES NO MOVTO 
3ANALVZERS ISOLATE 

TO ISOLATE SUMP JET 
SUMP JET 

CASE 1-
WITH SUPPLEMENTAL PURGE 
MITIGATION AND DCS DEPENDENCY 3.0 x 1 0-3/yr 2.6 x 1 0-3/yr 5.3 x 1 0-3/yr 

CASE 1A --

CASE 1 WITH NO PWS BLOCK VALVE 6. 7 x 1 o-2/yr 
I 

e'l 
I CASE 2--

WITH NO DCS DEPENDENCY AND WITH 
SUPPLEMENTAL PURGE MITIGATION 3.3 x 1 0-4/yr 3.6 x 1 o·5tyr 3.7 x 10"5/yr 

CASE 2A-

CASE 2 WITH NO PWS BLOCK VALVE 6.4 x 1 o-2/yr 

CASE 3--
WITHOUT SUPPLEMENTAL PURGE AND WITH 
NO DCS DEPENDENCY 5.4 x 1 0-4/yr 3.7 x 10-5/yr 3.8 x 1 o-5/yr 

CASE 3A--

CASE 3 WITH NO PWS BLOCK VALVE .14/yr 
(I.E., ORIGINAL DESIGN) 

E:\BECHTEL\LPPT\VIEWGRAP\UST29. 191 3/30/92 6:42pm 



Step 1 ... Top Event Definition 

Step .... System Understanding 

Step 3 ...... Fault Tree Construction 

Step .... Qualitative Analysis 

Step 5 ... Reliability Data 

Step 6 .... Probabilistic alysis 

Step 7 ..... Importance Analysis 

Step 8 ..... Conclusions, 
Recommendations and Results 

VG.C 
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111111111111 

Level Tree 

Control System Failure Modes 
Dependent on Top Events 

Generation of AND Gates 

1) Conditions for Fire/Explosion 

2) Redundancy 

3) Mitigation by Interlocks 

4) Common Cause Initiating Events 

-8-
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~~ Interlock to 
Shutdown System Properly 

System Fault 
Conditions Cause 
Variable HHH 
(or LLL) 

(Basic Events Which 
Cause System Upset 
Conditions are called 
Initiating Events) 

I 
D 

-10-

Interlock Fails 
to Shu.tdown 
System Properly 

(Basic Events Which 
Cause Interlock 
Failure are Called 
Enablinif Events) · 

VG·M 
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1. Top Event, Fire or Explosion within lPPT {APPT) 

Event Segmented According to Operational Phases: 

A) Filling (1/HR/44 HRS) 

B) Standby (42 HRS/44 HRS) 

C) Pumpout (1 HR/44 HRS) 

D) Transfer Jet (Spills) (1NR) 

E) Maintenance (1/5 YRS) 

F) Steam Jet [Pump Malfunction] (1/1 0 YRS) 

3. Operational Phases Further Segmented According to 
Events that Cause Fire or Explosion to Occur (Fire 
Triangle) 

A) loss of Baseload N2 Purge (Fill, Standby) 

B) Air lnleakage (All Modes) 

C) loss of Supplemental Purge (Pumpout) 

Consider Mitigation logic, Success Criteria and Ignition 
Sources. 

E:\BECHTEL\LPPl\VIEWGRAP\VG 1 3/30/92 11 :57 am 
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L 

4. Inputs to Figure Triangle 

A) Ignition Source 

i) Tank Static Charge (All Modes) 
ii) Agitator (All Modes) 

iii) Transfer Pump (Pumpout) 

B) Benzene Concentration Between 
(All the Time, 1 in 50 transfers?) 

C) Oxygen Concentration Above MOC 

and UE 

i) loss of Base load N2 Purge (Fill, Standby) 
ii) Air lnleakage (All Modes) 

iii) loss of Supplemental Purge (Pumpout) 

5. Failure of Mitigators (AND Gates) that Ameliorate the 
Effect of Initiating Event 

A) Failure to Close PWS Vent Valve 

B) Failure to Provide Supplemental Purge 

C) Failure to Turn Off Pumps/Agitators, etc. 

E:\BECHTEL\lPPl\VIEWGRAP\VG2 3/30/92 11 :5Bam 
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FAULT TR u 

E:\BECHTEL\LPP1WIEWGRAP\VG9 3/30/92 5:00pm 
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1 

B NZENE CONC NTRATION ABOVE 

1 IN EVERY 50 TRANSFERS 

4 HOURS DURING 44 HOUR CYCLE 

INITIATING NT FREQUENCY DUCED BY 

1/50 X 4/44:::: 1.8 X 10"3 

E:\BECHTEL\LPPl\VIEWGRAP\VG7 3/30/92 3:05pm 
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TO: 

Howard lambert Ph.D., P .E. 
FTA ASSOCIATES 
3728 Brunell Drive 

Oakland, CA 94602 

Telephone 510482m1492 
FAX 510-482-0631 

January 20, 1992 

FROM: 
Brion Taki 
Howard lambert 

RE: Low Point Precipitate Tank, LPPT, FTA 

Two fault tree runs were run for the LPPT FT A. The top event analyzed was "Fire 
or Explosion within the LPPT ... The FTA assumed that 1 in 50 transfers from the 
auxiliary low point tank has benzene concentration above the LEL for a period of 
4 hours after the transfer. 

Two cases were analyzed. The first case involved analysis of the current design 
without any mitigation. The second case assumed that the following two softwired 
interlocks exist (see attached drawings for analyzers described below): 

(1) Transfer to the LPPT is not permitted if anyone of the following three 
conditions occur, (1) low nitrogen flow, (2) high oxygen concentration 
(60% of MOC) in the vent header exhaust or (3) high nitrogen flow was 
not achieved in the previous transfer. High flow nitrogen is achieved 
by opening the supplemental purge valve, HCV-7468. (These checks 
insure that the low flow and high flow nitrogen is working prior to the 
transfer.) 

(2) Turn on· the high flow nitrogen if anyone of the following two 
conditions exist after the transfer is initiated, (1) low flow of nitrogen 
or (2) high oxygen concentration in the vent header exhaust 

E:\BECHTEL\lPPl\VIEWGRAP\VG6 3/30/92 2:45pm 
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Page two: Mr. Brion Taki 

The FTA assumes that these sottwired interlocks and analyzers are checked once 
a year. Also, in the event of a DCS failure, the supplemental purge valve will fail 
open. 

The probabilistic FTA gave the following results for the annual frequency of fire or 
explosion in the LPPT: 

case 1 (without mitigation) ~e 3.8 x 1 0"4/yr 

case 2 (with supplemental purge mitigation) ~e 1.1 x 1 0"4/yr. 

Yours truly, 

Howard lambert 

enc. drawings 
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Westinghouse 
Savannah River Company 

June 12, 1991 

Dr. Howard E. Lambert 
3728 Brunell Drive 
Oakland, California 94602 

Dear Howard: 

REQUEST TO PRESENT RISK ASSESSMENT TALK (U) 

P.O. Box 616 
Aiken. SC 29802 

DX-91-0042 

1 am pleased to approve your request to present the risk assessment talk you 
gave here June 3, at Lawrence Livermore National Laboratory. Let me also 
express our appreciation for the excellent technical support you have given to 
the Defense ~aste Processing Facility during our design activities. ~e believe 
we have a demonstrably safe facility, and your role in that achievement is 
significant. 

Very truly yours, 

J. M. McKibben, Sr. Project Manager 
DWPF Projects 

JMM:jch 

CC: J. C. Eargle, TC-Sl 
T. R. Neal, TC-Sl 
Central Files, 703-A 

OSR 25·82·Wl4·89) 


