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• postprocessor to FT AP (optional use) 

• IMPORTANCE 

• MONTE 

The inputs and outputs to each computer code are shown in Figures 1-1 and 1-2. FT AP performs 
the qualitative evaluation, IMPORTANCE, the probabilistic evaluation and MONTE, the 
uncertainty analysis. Applications of the code package are described in Chapter 2 of this 
document. The postprocessor and MONTE are described further in Chapters 3 and 4 respectively. 
Boeing Aerospace Company (Reference I) ranked these codes number one in suiting the needs 
of the U.S. Air Force. These codes are used by corporations and government agencies worldwide. 
FT AP (Willie, 1978) accepts as input a Boolean equation for each gate event in the fault tree or 
logic model. FT AP can accept complemented events and k-out-of -n gates. FT AP carefully 
checks the input fault tree for logic errors. The code can eliminate min cut sets according to 
probability (as well as order) which is particularly useful for analysis of complex systems. The 
postprocessor is particularly useful for analysis of reactor accident sequences produced by the 
event tree-fault tree approach. Features of the postprocessor include: 

• conducting common cause analysis 

• dropping complemented events and performing the subsequent Boolean 
minimization 

• generating block files (i.e., sets of Boolean equations) for subsystems. 
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These codes have been used extensively for nuclear power plant PRA applications. Examples 
include: 

• event tree-fault tree analyses 

• seismic PRA analysis 

• AC power reliability studies 

• heavy load drop analyses 

• prioritizing system design changes and upgrades with cost constraints 

IMPORTANCE accepts as input: 

• basic event data, i.e., failure rates, repair times, and inspection intervals 

• min cut sets from Fr AP 

and generates as output 

• Top Event occurrence frequency 

• mean occurrence of the Top Event 

• system unavailability 

• the ranking of basic events and min cut sets according to various importance 
measures. 

Dunglinson and Lambert, 1983, (Appendix A of this document) use the code package described 
in this document and show how rankings of basic events and min cut sets can suggest system 
design changes and/or procedural changes to improve safety and/or reliability. 

IMPORTANCE (Dunglinson and Lambert, 1983) has been revised so its calculations can perform 
reliability analysis of control systems. The code can distinguish between two types of basic events: 

• initiating events 

• enabling events. 

Initiating events are sources of system disturbances and place a demand on the control system to 
respond. Examples include: 
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• control devices or sensors failing high, low, or reversed · 

• loss of utilities (e.g., loss of instrument air, cooling water, or electricity) . . 

Enabling events represent failure of system mitigative actions, either active or passive, that permit 
initiating events to cause system failure. Examples include: 

e control device inactive 

• pressure relief valve jammed closed 

• interlock relay fails to open. 

Enabling events do not cause disturbances but inactive protective features. 

By conducting a Monte Carlo analysis, MONTE performs an uncertainty analysis due to 
uncertainty in the basic event data. Two probability distributions are allowed for the basic events: 

• log normal 

• normal. 

By performing a Monte Carlo analysis, confidence intervals are generated for the Top Event 
probability and for basic event and min cut set importance rankings. 
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... .......... / 

DEMONSTRATION OF THE USE OF THE COMPUTER CODE PACKAGE 

INTRODUCTION 

The purpose of this paper is to give a brief overview of the computer code package for fault tree 
analysis and probabilistic risk assessment (PRA). The package consists of the following codes: 

• FTAP 

• Postprocessor to Ff AP 

• BUILD 

• IMPORTANCE 

• MONTE 

FT AP and the postprocessor to FT AP perform qualitative calculations (Boolean Algebra 
manipulations) such as: 

• finding min cut sets (system modes of failure) to fault trees 

• conducting common cause analysis. 

IMPORTANCE and MONTE perform quantitative (probabilistic) calculations. IMPORTANCE 
computes mean top event occurrence frequency, system unavailability and ranking of basic event 
and min cut sets according to various importance measures. Importance measures are useful for 
I) identifying dominant risk contributors and 2) for conducting design tradeoffs. MONTE 
conducts the uncertainty analysis. It generates percentiles of the top event occurrence frequency 
and for various basic event and min cut set importance measures. 

The code package contains a number of useful options. Only a small subset of these options will 
be demonstrated in this paper. We present an example of an analysis of a station blackout at a 
nuclear power plant. This example will demonstrate that the code package is applicable to a wide 
range of industries in which PRA can be applied, e.g. aerospace/DOD, chemical processing, 
transportation, etc. 

EXAMPLE: 

The accident scenario that we will consider is a loss of offsite power (LOSP) transient at a nuclear 
power plant. For this transient, the main power conversion system is lost and backup 
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cooling/makeup systems must operate to prevent core melt. For this example, the onsite AC 
power system consists of three diesel generators. For station blackout to occur, all three diesel 
generators must fail to start and assume load when LOSP occurs. It must be emphasized that 
nuclear power plants generally have steam driven pumps that can operate several hours without 
AC power. For this example, we want to compute the frequency (events per year) of station 
blackout. 

We do not consider recovery of offsite power or repair of diesel generators that fail to start. 
Hence the frequency of core melt due _to ~tation blackout will be much less than the station 
blackout frequency computed for this e~ample. 

The limiting conditions of operation (LCO) disallow the simultaneous maintenance of tWo or more 
diesel generators. We assume that LCO are not violated in this example. The frequency of LOSP 
is .2 per year. Plant data indicates that the probability of one diesel failing to start upon demand 

· is 4.1 E-2. (We pool the data for all three diesels and assume that all three diesels are from the 
same population.) The fractional downtime due to maintenance is 6.4 E-3. Plant data indicates 
that start failures are statistically dependent, i.e., 

P (2 00 start failures/ 1 00 start failure) • .19 
P (3 00 start failures/2 00 start failures) • .63 

The event tree for station blackout is shown in Figure 2-1. The fault tree for loss of onsite AC 
power when LOSP occurs is given in Figure 2-2. Events in the fault tree are coded according to 
alphanumeric names. 

FTAP 

The FT AP input for the Figure 2-2 fault tree is shown in Figure 2-3. The input consists of three 
groups: 

• fault tree specification terminating with the ENDTREE instruction ( + indicates 
OR logic; • indicates AND logic) 

• option cards (e.g. PUNCH) 

• execution card (e.g. •xEQ). 

The FTAP output is shown in Figure 2-4. Eight min cut sets (i.e. implicants) are displayed. Min 
cut sets numbered 3, s. 6 and 7 contain mutually exclusive events and are eliminated by the use 
of the postprocessor. Figure 2-S displays the PUNCH file, another output file to FT AP. 
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-

POSTPROCESSOR 

· The input to the postprocessor is shown in Figure 2-6. The MEX command indicates that events 
00-A-M, 00-B-M and 00-C-M are mutually exclusive. Min cut sets containing two or more 
of these events will be eliminated. The SUB command indicates that a substitution process will 
occur for min cut sets containing a specified set of basic events (listed after the single asterisk) 
will be substituted for another set (listed after the double asterisks). The substitution process 
allows dependent events to be considered when using IMPORTANCE. The slash • ;- in a basic 
event indicates a dependency, e.g. 

- 00-C/A&.B 

means the event that diesel generator C fails to start &h:m diesel generaton A and B fail to start. 
Dependent failure analysis can be used for conducting a detailed task analysis in which human 
error events are not statistically independent. The postprocessor output (an FT AP input) is 
shown in Figure 2-7. 

IMPORTANCE 

The IMPORTANCE input is displayed in Figure 2-8. This input is generated from the BUILD 
program which takes as input the PUNCH file, Figure 2-S. BUILD generates an output file, 
Figure 2-9, which is then edited to obtain the IMPORTANCE input file, Figure 2-8. Option S 
(the Monte Carlo Option) in IMPORTANCE is invoked. Basic event data is given in terms of a 
mean probability and an error factor to express uncertainty about the mean estimate. The 
IMPORTANCE output is displayed in Figure 2-10. The mean station blackout frequency is 
computed to be 1.1 E-3 per year. In addition, importance rankings for basic events and min cut 
sets are displayed. These rankings are weighted according to the mean core melt frequency. 

MONTE 

The MONTE output is displayed in Figure 2-11. Percentiles are displayed for the mean station 
blackout frequency and for basic event and min cut set importance measures. The number of 
simulation trails is 1000 (a variable set in the source listing for MONTE). 
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AC POWER SYSTEM 

t ' 

FAULT TREE FOR LOSS OF AC POWER WHEN LOSS OF OFFSITE POWER OCCURS 

THREE DIESEL GENERATORS 
4.16 KV BUSES A, B, AND C 

SUCCESS CRITERIA -- ANY ONE OUT OF THREE 
THAT SUCCESSFULLY STARTS 
AND ASSUMES LOAD 

LIMIT CONDITIONS 
OF OPERATION 

NO SIMULATANEOUS MAINTENANCE 
ON DIESEL GENERATORS ALLOWED 

AC POWER UNAVAILABLE WHEN 
LOSS OF OFFSITE POWER OCCURS 

* 
* 

AND (NO AC) 

* ************************************************************* 
* * * DIESEL A UNAVAILABLE DIESEL B UNAVAILABLE DIESEL C UNAVAILABLE 

WHEN LOSP OCCURS WHEN LOSP OCCURS WHEN LOSP OCCURS 

* * * 
OR (A) OR (B) OR (C) 

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

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

***************************** 
* * DIESEL A FAILS DIESEL A DOWN DIESEL B FAILS 

TO START DUE TO 
RANDOM CAUSES 

DIESEL B DOWN 
DUE TO 
MAINTENANCE 

DIESEL C FAILS DIESEL C DOWN 
DUE TO 
MAINTENANCE 

TO START DUE TO DUE TO 
RANDOM CAUSES MAINTENANCE 

(DG-A) (DG-A-M) (DG-B) (DG-B-M) 

NOTE: 

1. EVENTS DG-A, DG-B AND DG-C ARE DEPENDENT EVENTS 

TO START DUE 
RANDOM CAUSES 

(DG-C) 

2. EVENTS DG-A-M, DG-B-M AND DG-C-M ARE MUTUALLY EXCLUSIVE EVENTS 

FIG. 2-2 -- FAULT TREE 

(DG-C-M) 



N 
I 

Ul 
> 

~ 

FAULT TREE FOR LOSS OF AC POWER WHEN LOSS OF OFFSITE POWER OCCURS 

AC POWER SYSTEM: THREE DIESEL GENERATORS - 4.16 KV BUSES A, B AND C 

SUCCESS CRITERIA: ANY ONE OUT OF THREE THAT SUCCESSFULLY STARTS AND ASSUMES LOAD 

LIMIT CONDITIONS OF OPERATION: NO SIMULTANEOUS MAINTENANCE ON DIESEL GENERATORS ALLOWED 

4J[-i! 6.«-3 4.1[-t ~«-3 ur::-e 6.1£-e 

NOTE: 

1. EVENTS DG- A, DG-8 AND DG-C ARE DEPENDENT EVENTS 

2. EVENTS OG-A-M, OG-8-M AND DG-C-M ARE MUTUALLY EXCLUSIVE EVENTS 

FIG. 2-2 FAULT TREE 



1 2 3 4 5 6 7 
123456789012345678901234567890123456789012345678901234567890123456789012 

' . ' ' ' ' ' l l 
START OF INPUT --

** FTAP INPUT 
** DIESEL GENERATOR PROBLEM 
BLACKOUT * LOSP 
NO-AC * A 
A + DG-A 
8 + DG-8 
C + DG-C 
ENDTREE 
PUNCH 
*XEQ 
ENDJ08 

NO-AC 
B 
DG-A-M 
DG-8-M 
DG-C-M 

c 

Fig. 2-3 -- FTAP Input 
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-· 

**TIME AND DATE OF RUN •· 14:53:01.08 OCT 26, 1988 

1FAULT TREE ANALYSIS PROGRAM VERSION ONE MOD ONE 

OFAULT TREE INPUT 

BLACKOUT 
NO·AC 
A 
B 
c 
END TREE 

OTOP NOOE ( S) 

BLACKOUT 
OGATE NOOES 

A 
OBASIC NOOES 

* 
* 
+ 
+ 
+ 

B 

PROGRAM INSTRUCTIONS 

PUNCH 
*XEQ 

LOSP NO·AC 
A B c 
DG·A DG·A·M 
DG·B DG·B·M 
DG·C DG·C-M 

BLACKWT C 

dg.FO 

LOSP 

A N A L Y S I S 0 F P R I M A L T R E E 
OIMPLICANTS IN TERMS OF BASIC EVENTS 

0 IMPLICANT$ FOR EVENT BLACKOUT 

0 1 DG·A DG·B DG·C·M LOSP 
0 2 DG-A-M DG-8 DG-C-M LOSP 
0 3 DG·A DG-B·M DG-C LOSP 
0 4 DG·A·M DG·B·M DG·C LOSP 
0 5 DG·A DG·B·M DG·C·M LOSP 
0 6 DG-A·M DG·B·M DG·C·M LOSP 
0 7 DG·A DG·B DG-C LOSP 
0 8 DG-A-M DG-B DG·C LOSP 

CPU TIM£ FOR RUN .160 SEC 

Fig 2-4 -- FTAP OUtput 
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... 

~I 

NAMES 11 
1 - DG-A 
6 - DG-C-M 

11 - DG-C/B 
IMPME 
EVENT 

4 
4 
4 
4 

BLACKOUT 
1 8 
1 4 
1 8 
2 3 

2 - DG-A-M 
7 - LOSP 

4 
6 7 

10 7 
9 7 

11 7 

20 

3 - DG-8 4 - DG-8-M 
8 - DG-B/A 9 - DG-C/A&B 

Fig. 2-5 -- FTAP PUNCH File 
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1 2 3 4 5 6 7" 
123456789012345678901234567890123456789012345678901234567890123456789012 

' ' ' ' ' ' . ' ' 
START OF INPUT --

** DIESEL GENERATOR PROBLEM 
**DG 
PRTDNF 
FRMBLK 
MEX 
DG-A-M DG-8-M DG-C-M 
SUB 
* 
DG-A DG-8 DG-C 
** 
DG-A DG-B/A DG-C/A .. B 
* DG-A DG-B 
** 
DG-A DG-8/A 
* 
DG-A DG-C 
** 
DG-A OG-C/A 
* 
DG-B DG-C 
** 
DG-B DG-C/B 

Fig. 2-6 Postprocessor Input 
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** TITLE -- ** DIESEL GENERATOR PROBLEM 
**DG -- SYSTEM CODE 
** TOP EVENT -- BLACKOUT 
** TIME AND DATE OF RUN -- 17:13:35.55 OCT 26, 1988 

·•• MIN CUT SET INFORMATION 
** COMPLEMENTED EVENTS ? -- NO 
** TOTAL NUMBER OF IMPLICANTS • 4 

. ** 
** ORDER 
** NUMBER OF 
** IMPLICANTS 
** 

1 
0 

2 
0 

3 
0 

4 
4 

dg.blk 

** THE FOLLOWING 
** 2, 4, 
** THE FOLLOWING 
** 1, 3, 
** MIN CUT ORDER 
** SET NO. 

4 MIN CUT SETS CONTAINED MUTUALLY EXCLUSIVE EVENTS 
5, 6, 
4 MIN CUT SETS CONTAINED SUBSTITUTED EVENTS 

7' 8, 

DG-----1 4 DG-A DG-B/A DG-C-M 
DG-----2 4 DG-A DG-8-M DG-C/A 
DG-----3 4 DG-A DG-8/A DG-C/A&B 
DG-----4 4 DG-A-M DG-8 DG-C/8 
** TOP EVENT DEFINITION 
BLACKOUT + DG-----1 DG-----2 DG-----3 

Fig 2-7 -- Postprocessor Output 
(Block File) 
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123456789012345678901234567890123456789012345678901234567890123456789012345678901 
10 20 30 40 50 60 70 80 

START OF INPUT --

STATION BLACKOUT CAUSED BV LOSS OF OFFSITE POWER 
5 
1 

BE FV 
CS FV 5 
ENDIM 
DETAILCS 100 l.OE-2 
NOPTION 
DG-A 4.1E-2 3.0 
DG-A-M 6.4E-3 6.0 
DG-B 4.1E-2 3.0 
DG-B-M 6.4E-3 6.0 
DG-C 4.1E-2 3.0 
DG-C-M 6.4E-2 6.0 
LOSP 0.2E-O 3.0 
DG-B/A 1.9E-l 2.0 
DG-C/A&B .63E-O 2.0 
DG-C/A 1.9E-l 2.0 
DG-C/8 1.9E-l 2.0 
NDATA 
NAMES 11 

1 - DG-A 2 - DG-A-M 
6 - DG-C-M 7 - LOSP 

11 ... DG-C/8 
IMPME 
EVENT BLACKOUT 4 

4 1 8 6 7 
4 1 4 10 7 
4 I 8 9 7 
4 2 3 11 7 

DG A FAILS TO START RANDOM CAUSES 
DG A DOWN DUE TO MAINTENANCE 
DG B FAILS TO START RANDOM CAUSES 
DG 8 DOWN DUE TO MAINTENANCE 
DG C FAILS TO START RANDOM CAUSES 
DG C DOWN DUE TO MAINTENANCE 
VR-1 LOSS OF OFFSITE POWER TRANSIENT 
DG B FAILS TO START GIVEN DG A FAILURE 
DG C FAILS TO START GIVEN DG A & B FAILURE 
DG C FAILS TO START GIVEN DG A FAILURE 
DG C FAILS TO START GIVEN DG 8 FAILURE 

3 - DG-8 4 - DG-8-M 5 - DG-C 
8 - DG-8/A 9 - DG-C/A&B 10 - DG-C/A 

20 

Fig. 2-8 -- IMPORTANCE Input 
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TITLE 

BE FV 
CS FV 
ENDIM 

5 
1 

DETAILCS 100 l.OE-2 
NOPTION 
DG-A 1.0E-O 10.0 
DG-A-M 1.0E-O 10.0 
DG-B 1.0E-O 10.0 
DG-8-M 1.0E-O 10.0 
DG-C 1.0E-O 10.0 
DG-C-M 1.0E-O 10.0 
LOSP 1.0E-O 10.0 
NDATA 
NAMES 7 

1 - DG-A 2 - DG-A-M 3 - DG-8 4 - DG-8-M 
6 - DG-C-M 7 - LOSP 

IMPBE 1 
EVENT BLACKOUT 8 40 

4 I 3 6 7 
4 2 3 6 7 
4 1 4 5 7 
4 2 4 5 7 
4 I 4 6 7 
4 2 4 6 7 
4 I 3 5 7 
4 2 3 5 7 

Fig. 2-9 -- Example of Build Program 
{File to be edited to obtain 

IMPORTANCE input file, fig 2-8) 
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** TIME AND DATE OF RUN -- 17:24:33 OCT 26, 1988 

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

STATtON BLACICClJT CAUSED BY LOSS OF OFfSITE PCIER 

*********************•····················································································•********* 

OPTION 5 -- BASIC EVENT PROBABILITIES AND ERROR FACTORS Fig. 2-10 -:-- IMPORTANCE Output 

- *************************************************•··················· 

** BAS I C EVENT OPT I OMS USED ** 

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

BIRNBA111 LlTY FUNCTION VESELY PROSCIWI) UTORY) STRUCTURAL 

NO NO NO YES NO NO NO 

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

** MIN CUT SET OPTIONS USED ** 

INITIATOR 
(BARL~·PROSCHAN) 

NO 

FUSSELL-VESELY 

YES 

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

MAXIMUM CUT SET ORDER FOR THE FUSSELL-VESELY MEASURE OF CUT SET IMPORTANCE = 5 

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

1 ******************** STATION BLACKOUT CAUSED BY LOSS OF OFFSITE POWER ******************** 

** BASIC EVENT DATA ** 

ERROR 
BASIC EVENT NAME PROBABILITY FACTOR DISTRIBUTION DESCRIPTION 

DG·A .410E-01 MEAN 3.0 LOGNORMAL DG A FAILS TO START RANDOM CAUSES 
DG·A·M .640E-02 MEAN 6.0 LOGNORMAL DG A ~ DUE TO MAINTENANCE 
DG·B .410E-01 MEAN 3.0 LOGNORMAL DG B FAILS TO START RANDOM CAUSES 
DG-B-M .640E-02 MEAN 6.0 LOGNORMAL DG B ~ DUE TO MAINTENANCE 
DG-C .410E·01 MEAN 3.0 LOGNORMAL DG C FAILS TO START RANDOM CAUSES 
DG-C·M .640E·01 MEAN 6.0 LOGNORMAL DG C DOWN DUE TO MAINTENANCE 
LOSP .200£+00 MEAN 3.0 LOGNORMAL YR·1 LOSS OF OFFSITE POWER TRANSIENT 
DG·B/A .190E+OO MEAN 2.0 LOGNORMAL DG 8 FAILS TO START GIVEN OG A FAILURE 
OG·C/A&B .630E+OO MEAN 2.0 LOGNORMAL DG C FAILS TO START GIVEN DG A & B FAILURE 
DG-C/A • 190E+OO MEAN 2.0 LOGNORMAL DG C FAILS TO START GIVEN DG A FAILURE 
DG·C/B .190£+00 MEAN 2.0 LOGNORMAL DG C FAILS TO START GIVEN DG B FAILURE 
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STEADY STATE CALCULATIONS 

TOP EVENT PROBABILITY= .11011E·02 

RANK BASIC EVENT IMPORTANCE MEAN PROBABILITY ERROR FACTOR DISTRIBUTION BASIC EVENT DESCRIPTION 

1 LOSP 1.00 .200 3.00 LOGIORML YR·1 LOSS OF OFFSITE POWER TRANSIENT 
2 DG·A .991 .410E·01 3.00 LOGNORML DG A FAILS TO START RANDOM CAUSES 
3 DG·B/A .982 .190 2.00 LOGNORML DG I FAILS TO START GIVEN DG A FAILURE 
4 DG·C/AU .891 .630 2.00 LOGMORML DG C FAILS TO START GIVEN DG A ' B FAILURE 
5 DG·C·M .906E·01 .640E-01 6.00 LOGIICitML DG C DCIIt DUE TO MAINTENANCE 
6 DG·I .906E·02 .410E·01 3.00 LOGIIORML DG I FAILS TO START RAIIDCit CAUSES 
6 DG·8·M .906E·02 .640E·02 6.00 LOGIICJtMl DG I DCIIt DUE TO MAl NTENANCE 
6 DG·A·M .906E-02 .640£-02 6.00 LOGIIORML DG A DOWN DUE TO MAINTENANCE 
6 DG·C/A .906E·02 .190 2.00 LOGNORML DG C FAILS TO START GIVEN DG A FAILURE 
6 DG·C/8 .906E-02 .190 2.00 LOGNORML DG C FAILS TO START GIVEN DG 8 FAILURE 

.................................................................................................................... 

FUSSELL VESELY MEASURE Of MIN CUT SET IMPORTANCE (MEASURE Of SYSTEM UNAVAILABILITY) 

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

GROUP RANK 
1 

2 
3 

CUMULATIVE IMPORTANCE 
.891438 
.981908 

1.000000 

RESIDUAL IMPORTANCE 
.109 
.181E-01 
.000 

Fig. 2-10 -- Continued 

1 ******************** STATION BLACKOUT CAUSED BY LOSS OF OFFSITE POWER ******************** 

FUSSELL-VESELY MEASURE OF CUT SET IMPORTANCE (MEASURE OF SYSTEM UNAVAILABILTY) 

TOP EVENT PROBABILITY= .11011£·02 

RANK IMPORTANCE 

1 .891E+OO CUT SET 3 

MIN CUT SET PROBABILITY • .982E-03 
BASIC EVENT MEAN PROBABILITY 

DG·A 
DG·BIA 
DG•C/AU 
LOSP 

2 .906E-01 CUT SET 

.410E·01 

.190E+OO 

.630£+00 

.200E+OO 

GROUP RANK CUMULATIVE/RESIDUAL 
.891438/ .109 

ERROR FACTOR DISTRIBUTION BASIC EVENT DESCRIPTION 

3.00 
2.00 
2.00 
3.00 

LOGNORML DG A FAILS TO START RANDOM CAUSES 
LOGNORML DG 8 FAILS TO START GIVEN DG A FAILURE 
LOGMORML DG C FAILS TO START GIVEN DG A & B FAILURE 
LOGNORML YR·1 LOSS OF OFFSITE POYER TRANSIENT 

MIN CUT SET PROBABILITY a .997E-04 
GROUP RANK CUMULATIVE/RESIDUAL 

.981908/ .181E-01 
BASIC EVENT MEAN PROBABILITY 

DG·A .410E-01 
DG·B/A .190E+OO 
DG-C·M .640£-01 
LOSP .200E+OO 

3 .906E-02 CUT SET 2 

ERROR FACTOR DISTRIBUTION BASIC EVENT DESCRIPTION 

3.00 
2.00 
6.00 
3.00 

LOGNORML DG A FAILS TO START RANDOM CAUSES 
LOGNORML DG I FAILS TO START GIVEN DG A FAILURE 
LOGNORML DG C DOWN DUE TO MAINTENANCE 
LOGNORML YR·1 LOSS OF OFFSITE POWER TRANSIENT 

GRQJP RANK CUMULA Tl VE/RES I DUAL 
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DG·A .410£·01 3.00 LOGNORML DG A FAILS TO START RANDOM CAUSES 
DG·I·M .640E-02 6.00 LOGNORML DG I DOWN DUE TO MAINTENANCE 
DG·C/A .190£+00 2.00 LOGNORML DG C FAILS TO START GIVEN DG A FAILURE 
LOSP .200E+OO 3.00 LOGNORML YR·1 LOSS OF OFFSITE POYER TRANSIENT 

3 .906E·02 CUT SET 4 

ORDER 

GROUP RANK CUMULATIVE/RESIDUAL 
MIN CUT SET PROBABILITY • .997E·05 1.000000/ .000 
BASIC EVENT MEAN PROBABILITY EUOR FACTOR DISTRIBUTION BASIC EVENT DESCRIPTION 

DG·A·M 
DG·8 
DG·C/8 

.640E·02 

.410£·01 
• 190E+OO 

LOSP .200£+00 
REFERENCE TABLE FOR MIN CUT SETS 

6.00 
3.00 
2.00 
3.00 

LOGNORML DG A DCMI DUE TO MAINTENANCE 
LOGIIORML DG 8 FAILS TO START RAND04 CAUSES 

LOGNORML DG C FAILS TO START GIVEN DG 8 FAILURE 
LOGNORML YR·1 LOSS OF OFFSITE POYER TRANSIENT 

NO. OF MIN CUT SETS 0 
2 
0 

3 
0 

4 

4 

NO. OF MIN CUT SETS • 4 

CUT SET NO. ORDER BASIC EVENTS 

1 

2 
3 
4 

4 
4 
4 
4 

DG·A 
DG·A 
DG·A 

DG·I/A 
DG·I·M 
DG·B/A 

DG·A·M DG·B 

DG·C·M LOSP 
DG·C/A LOSP 
DG·C/A&I LOSP 
DG·C/8 LOSP 

Fig. 2- 10 Continued 
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~ 

STATION BLACKOUT CAUSED BY LOSS OF OFFSITE POWER 

MONTE CARLO SIMULATION RESULTS ( 1000 TRIALS ) 

INDEX OF SORTED VALUE 

CONFIDENCE LEVEL IN PER CENT 
PERCENTILE 

MEAN FROM IMPORTANCE/ COMPUTED MEAN 

10 

(98) 

50 

(90) 

5 

100 

(80) 

10 

Fig. 2-11 -- MONTE Output 

500 

50 

900 

(80) 

90 

950 

(90) 

95 

990 

(98) 
99 

PROB OF TOP EVENT .110E·OZ/ .105E·02 .452E·04 .871E·04 .132E·03 .547E·03 .238E·02 .386E·02 .814E·02 

MONTE CARLO SIMULATION RESULTS 1000 TRIALS ) 

INDEX OF SORTED VALUE 10 50 100 500 900 950 990 

CONFIDENCE LEVEL IN PER CENT (98) (90) (80) (80) (90) (98) 
PERCENTILE 5 10 50 90 95 99 

MEAN FROM IMPORTANCE/ COMPUTED MEAN 

RANK BASIC EVENT 

1 LOSP .100E+01/ .100E+01 • 100E+01 .100E+01 .100E+01 • 100E+01 .100E+01 .100E+01 .100E+01 

2 DG·A .991E+OO/ .980E+OO .768E+OO .914E+OO .952E+OO .994E+OO .999E+OO .100E+01 .100E+01 

3 DG-8/A .982E+OO/ .969E+OO .767E+OO .891E+OO .927E+OO .984E+OO .996E+OO .998E+OO .999E+OO 

4 DG·C/A&B .891E+OO/ .874E+OO .489E+OO .652E+OO .737E+OO .909£+00 .969£+00 .977E+OO .985E+OO 

5 DG·C·M .906E-01/ .943E·01 .333E·02 .977E-02 .152E-01 .582E-01 .224E+OO .312E+OO .489E+OO 

6 DG·B .906E-02/ .201E·01 .142E·03 .369E-03 .723E·03 .623E·02 .475E·01 .846E·01 .219E+OO 

6 DG·B·M .906E-02/ .112E·01 .272E·03 .586E-03 .104E·02 .547E-02 .253E·01 .405E·01 .843E·01 

6 DG·A·M .906E-02/ .201E·01 .142E·03 .369E·03 .723E-03 .623E·02 .475E·01 .846E-01 .219E+OO 

6 DG·C/A .906E-02/ .112E·01 .2ne-o3 .586E-03 .104E·02 .547E·02 .253E-01 .405E·01 .843E-01 

6 DG·C/B .906E·02/ .201E·01 • 142E·03 .369E·03 • 723E·03 .623E·02 .475E·01 .846E·01 .219E+OO 
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POSTPROCESSOR 

The purpose of the postprocessor is to read the punch file from FT AP and generate an output file 
in a format which can be read by FfAP, (similar to the blockfile concept in SETS). The 
postprocessor can implement a number of useful commands not found in FT AP. Features of the 
postprocessor include: 

• conducting common cause and dependent event analysis 

• dropping complemented events and performing the subsequent minimization 

• generating block files (i.e., sets of Boolean equations) for subsystems 

• eliminating min cut sets with mutually exclusive events. 

As described in Figure 3-1, the postprocessor requires two inputs: 

• data input file (specifies title system code and options) 

• the punch file from FTAP. 

Figure 3-2 describes the data input file. The first line is the title line (the first two columns must 
contain asterisks). The second line is a two digit alphanumeric code that uniquely identifies the 
Boolean equations given in the blockfile (again the first two columns must contain asterisks). 
Each run of the postprocessor must have a unique system code. The options commands start on 
line 3. To print the contents of the blockfile, the postprocessor input must contain either the 
command PRTDNF or FRMBLK. The command PRTDNF (print equation in disjunctive normal 
form) is handy when the analyst wants to display the contents of a punch file in readable form. 
The FRMBLK command (form block) is required to generate an FTAP input file. The command 
NOCMPL drops complemented events (i.e., assumes that they are true) and performs the 
subsequent minimization. The command SORT sorts min cut sets according to order. It is 
necessary to sort the punch file to run IMPORTANCE if min cut sets are not listed according to 
order in the punch file (which occurs when probabilistically ~ulling in FT AP when using the 
IMPORT instruction). 

Figures 3-2 and 2-6 describe additional commands, MEX and SUB that 1J1m1 follow the 
commands described above. MEX and SUB are optional commands. IU ME.X. command l!UI1t 
orecede 1G SlUl command. The MEX command sets equal to false basic events that are pairwise 
mutually exclusive. For the SUB command, the user identifies sets of basic events within min cut 
sets (called original sets) that are to be substituted by another set of basic events (called 
substituted sets). The SUB command is useful for identifying basic events within min cut sets 
that have either a common cause or statistical dependency. 
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The MEX and commands follow the convention of FTAP, seven fields to a line, format 7(A8, 
· 2X). A field is an alphanumeric name that is left justified. For the MEX command, the first line 
is MEX. The second and subsequent lines consist of groups of basic events that are pairwise 
mutually exclusive. To extend the group to the next line (and subsequent lines) the first field 
must be blank. Up to 100 names per group are allowed. A new group starts when a non-blank 
character is encountered in the first field. The number of pain that are mutually exclusive is 
n!/[(n-2)! x 2!], where n is the number of basic events in the group. 

For the SUB command, the first line is SUB. The second and subsequent lines follow the general 
pattern . 

• (single asterisk) 
original set (format 7(A8, 2X)) 

•• (double asterisk) 
substituted set (format 7(A8, 2X)) 

The original set of basic events and the substituted set cannot exceed 99 basic events. 

It is important to note that the original set of basic events are eliminated upon substitution in the 
min cut sets. Hence ordering of the input data is important when using the SUB command. 

For both the MEX and SUB commands, complemented basic events will be ignored. 
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FILENAME. PI 

DATA 
INPUT 
FILE 

,, 
BLOCK 

FILE 

FILENAME.PCH 

RUN 
POSTPROCESSOR 

FTAP 
PUNCH 

FILE 

,, 
NEW 

PUNCH 
FILE 

FILENAM~.BLK FILENAMEN.PCH 

Figure 3-1 
FILE STRUCTURE FOR 

THE POSTPROCESSOR 
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line numl;)er 

1 

2 

3 

4 

5 

6 

description of line 

title card 

system code (any two 
numbers or letters) 

eliminates complemented 
events and performs 
the subsequent mini­
mization on the cut sets 
(this command is 
optional) 

prints min cut sets in 
8 character FTAP format 
(i.e. prints disjunctive 
normal form) 

prints min cut sets in 8 
character FTAP format 
(same as the command 
PRTDNF) and generates 
a Boolean equation for 
the Top Event 

sorts min cut sets 
according to order 
(optional command) 

FIG. 3-2 

r 
** TITLE 

** sc 

NOCMPL 

PRTDNF 

FRMBLK 

SORT 

Postprocessor input -- file 6 

3-4 

Optional 

Commands 

any order 



MONTE 

MONTE uses a Monte Carlo sampling procedure by assuming a probability distribution for the 
error in the estimate of the basic event probability. MONTE computes confidence intervals for. 

• Top Event Probability 

• Fussell-Vesely measure of basic event importance 

• Fussell-Vesely measure of min cut set importance. 

To run MONTE, one must employ option 5 as input to IMPORTANCE and one must run only 
those two measures stated above. IMPORTANCE generates an output FORTRAN file 9 which 
is input to MONTE (see figure 4-1 ). 

For option 5 of IMPORTANCE, lamda is the probability of occurrence of the basic event and tau 
is the error factor with interpretation. 

Value of tau Distribution Uoper 90% confidence interval 

Positive log normal lamda times error factor 

Negative normal lamda times error factor 

zero (blank) constant not applicable 

For the log normal distribution, if lamda has blank units (column 20), then it is assumed that the 
mean is given--if lamda has units of M, then it is assumed that the median is given. 

In IMPORTANCE, median basic event probabilities are converted to mean probabilities using the 
following expression: 

= 

where 

~x is the mean of a log normal distribution 
X50 is the 50% percentile (median) of the log normal distribution 
uy is the standard deviation of the normal distribution. 

4-1 



It can be shown that 

- (LN[EF])/ 1.645 

where LN represents natural logarithm to the base e and EF represents the error factor described 
above. It is important to note that MONTE uses truncated log normal and normal distributions. 
This means that if, on a sampling trial, a probability greater than 1 or less than 0 is generated, 
MONTE will resample until the probability generated is between 0 and 1. 

Figure 4-2 shows a typical input to IMPORTANCE illustrating option 5, the Monte Carlo Option. 
The basic event data appears on lines 10 through 61. All other data is either log normal or 
constant. On lines 10, 11, 12, 13, 14, 16, 21, 22, 23, 36, 37, 38, 39, SO, 52,58 and 59, median data 
is given as evidenced by an Min column 20. 

Figure 4-3 shows a typical output for MONTE which uses the data given in Figure 4-2. The 
number of sampling trials is indicated. This number can be changed in MONTE. The 98, 90, 80 
and 50 percentiles are displayed for 

• probability of the Top Event 

• Fussell-Vesely measures of basic event and min cut set importances. 

The mean from IMPORTANCE and the computed mean from MONTE is displayed. These 
numbers can differ for two reasons: 

• sampling error 

• truncated distributions used in MONTE but not IMPORTANCE. 

Pages 4-7 through 4-11 describe the properties of the lognormal distribution. Pages 4-12 through 
4-16 display some typical data with error factors. 
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FTAP INPUT.FORTRAN 
FILE 5. "PUNCH" 

OPTION INVOKED 

POST 
PROCESSOR 

INPUT 

FN.PI 

OUTPUT F1LE 7. 
(a. CUT SETS) 

PUNCHFLE ! FN.PCH 

~ NEW ~ 
....__PU_~_J_H___,.....___. •• ~ 

FN.BLK FNN..PCH ! 

NOTE: 
FN DENOTES FILE NAME 

FIGURE 4-1 

GENERATE 
IMPORTANCE 

INPUT FILE 

FN.II 

PAimlUTOF 
IMPORTANCE 

OUTPUT 

FN.IO 

FTAP - IMPORTANCE INTERFACE 

FN.FI 

PAINTCUTOF 
FTAPOUTPUT 

FU 

FN.FO 

MONTE 

INPUT 

FN.MI 

MONTE 
OUTPUT 

FN.MO 



~ 

I 
~ 

FIGURE 4-2 :· Sample input file illustrating 

line num~r 

1 : EXAMPLE OF HONTE CARLO OPTION 
2 : 5 
l : 1 
4 
5 
6 
1 
8 
9 

10 : 
11 
12 
ll 
14 
15 
16 
17 
18 
19 
20 
:!I 

BE FV 
CS FV 
ENDIH 
ltETAILCS 
NOPTION 
181CLOSE 
lFl-CONT 
lfL-OCCT 
lHACLOSE 
UtSHOIST 
IRS 
IUV 
l41Nl•ING 
BRAI\Et 
[cRAI\E:! 
l•URINGLF 
GENERATR 

:!2 GLSCLOSE 
23 GRPA 
24 HANOSYSX 
25 HEADSTUC 
26 HLFSTRCI 
27 ILfSTRCI 
28 IHPROPRC 
29 : INITIALF 
30 : INSTALL 
31 I INTERNST 
32 : LCELSTRI 
ll : LCRLOW 
J4 : LNkSTRCI 
35 : LOADHANO 
36 : HFP 
37 : HOTOR-A 
38 : HOTOR-SF 
39 I HPA 
40 : OPBIND 
41 : Of"£HER28 
42 : Of"HOIST2 
43 : OPHOISTI 
44 : OPLOADHP 
45 I OPHSOFF 
46 : OVERSPED 
47 : REftOVAL 
48 : RIOBIND 
49 : RIGGERS 
50 : RPA 
51 : RSCRANE I 

SCR-HPA 
STRUCTAH 
srrmc rAI 
STRUCTBH 
STRUCTBI 

52 
53 
54 
55 
56 
57 : STRUCTIL 
58 : TR-GRPA 
59 
60 
61 

fR-I'tPA 
IWOBLOCI\ 
WL~ctOSE 

t>!. : N[I.HA 

100 

1.0E-4H 
l.OE-4H 
t.OE-4H 
1.0E-4H 
1,0E-SH 
2.5£-J 
1, OE-4H 
I .OE-0 
I. /E-5 
1.0E-2 
I.OE-0 
2.5E-6H 
5.0E-JH 
J,5E-7H 
l.OE-0 
t.OE-2 
2.6E-6 
2.6E-6 
2.6£-5 
t.OE-0 
1.0£-0 
loOE-2 
2.6£-6 
6.JE-6 
2.6E-6 
t.OE-0 
7.5E-7H 
2.5£.-6H 
2.5E-6H 
7.5E-7H 
l.OE-2 
1.0£-2 
loOE-J 
l.OE-J 
l.OE-J 
l.OE-0 
l.OE-0 
l.OE-0 
l.OE-3 
t .oE-3 
7.5E-7H 
9.5E-6 
7, 5E-7H 
.J.Ol-8 
O.OE-0 
1.0£-4 
O.OE-0 
t.OE-0 
.1::iE-6H 
• .:>5E-6H 
1. OE -0 
1. OE -:! 

t.E-20 

3.0 
.J,O 
.J,O 
J,o 

to.o 
to.o 
3.0 
o.o 

10.0 
to.o 
o.o 

to.o 
::!.0 

ao.o 
o.o 

10.0 
10.0 
ao.o 
10.0 
o.o 
o.o 

10.0 
10.0 
10.0 
10.0 
o.o 

10.0 
J.O 
J,O 

10.0 
10.0 
10.0 
10.0 
to.o 
to.o 
o.o 
o.o 
o.o 

10.0 
10.0 
J,O 

10.0 
,,,,o 
10.0 
o.o 

1\l.O 
o.o 
o.o 
.\. () 
LO 
•1.0 
:•.o 

the use of option 5 in IMPORTANCE 

181 CONTACTS FAIL TO OPEN 
FIELD LOSS RELAY CONTACTS FAIL TO OPEN 
fiELD LOSS RELAY COIL OPEN CIRCUIT 
IHA CONTACTS FAIL TO OPEN 
HS CONTACTS SfiCI\ IN HOIST POSITION 
IRS RESISTOR Of·EN OR SHORT CIRCUIT 
UNDER VOLfAGE RELAY CONTACTS FAIL TO OPEN ** BINDING ON GUIDE SfUDS $$ 
Sf·RJNO IRAti.E 1 F~ILS TO ENGAGE 
SPRING BRAI\E 2 FAllS TO ENGAGE 
tt DROP ABOVE lNiflAl LIFT HEIGHT** 
OPEN CIRCUIT IN GE.NERATOR 
GEAR LIHIT SWITCH CONTACTS FAIL TO OPEN 
REUERSING POWER AHPLIFIER FAILURE OFF 
HANDLING SYSTEH FAILURE DIVEN LOAD HANOUP 
REACTOR HEAD STUCK IN PLACE 
STRUCTURAL FAIL HEAD LIFT DEVICE 
STRUCTURAL FAIL INTERNALS LIFT DEVICE 
IHPROPER CONNECTION OF INTERNALS RIO 
U DROP DURING INHIAL LIFT tt ** DROP DURING INSTALLATION ** 
INTERNALS STUCK IN PLACE 
STRUCTURAL FAILURE OF LOAD CELL 
LOW CELL READS LOW 
STRUCTURAL FAILURE OF LINK ASSEHBLY 
tt LOAD HANGUP tt 
HOTOR PROORAHHER OFF 
Of·EN OR SHORT CCT AHARATURE HOIST HOTOR 
Of·EN OR SHORT CCT SHUNT FIELD HOIST HOTOR 
HAGNETIC FIEU• AHP FAILS TO FUNCTION 
OF'ERATOR HOVES CRANE DURING LIFT CAUSES BIND 
Of'ERATOR FAILS TO PRESS EHERGENCY STOP 
Of•ERATOR CONrJNUES TO HOIST DURING TWO BLOCk 
OPERATOR CONTINUES TO HOIST DURING BINDING 
OPERATOR CONTINUES TO HOIST DURING HANGUP 
Of•ERATOR PLACES HASlER SWITCH OFF 
•• OVERSPEED EVENT ** ** REHOVAL OF LOAD ** 
BOTH RIOOERS f'A1L fO OBSERVE BINDING 
BOTH RIGGERS HIS~EAD LOAD CELL 
kEVERSING f'OWER Al'tf'LIFIER FAILS TO FUNCTION 
STRUCTURAL FAJlUR£ OF CRANE SYSTEH 
SCk FAILURE ro l'tlJlOR f'OWER AHPLJFIER 
STRUt:T FAIL m: CFi:ANE, LIFTING HEA[I 
!.HFi:UCT rAil fJf CRANEr LIFTING INTERNALS 
!HRUCT FAIL OF t:RANE -- GIVEN BINDING -- HEAD 
STRUCT FAIL OF f.Fi:ANE -- GIVEN ltiN[•ING -- INT ** STRUCTURAL r.HliJRE DURING INITIAL LIFT U 
JRANSFORHER FAILURE TO RPA 
fRANSFORH£R FAILURE TO HPA 
•• TWO ltlOCI\!NG EVENT U 
WEIGHT llHll SWtrCH CONTACTS FAIL TO OPEN 
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FIGURE 4-3: Output of MONTE 

EXA"PLE OF "ONTE CARLO OPTION 

~TE CARLO SI"ULATION RESULTS C 1000 TRIALS > 
INDEX OF SORTED VALUE 10 50 

(90) 
100 
(80) 
10 

500 900 
<BO> 
90 

950 
(90) 

95 

990 
(98) 

99 
CONFIDENCE LEVEL IN PER CENT <98> 
PERCENTILE 1 5 50 

MEAN FROH I"PORTANCE/ CO"PUTED "EAN 

PROI OF TOP EVENT 0.742E-04/ 0.718E-04 0.150E-04 0.202£-04 0.249E-04 0.503E-04 O.I38E-03 O.I85E-03 0.336E-03 

Oo310£-04 0.950£-04 
I 

~TE CARLO SIHULATION RESULTS < 1000 TRIALS ) 
INDEX OF SORTED VALUE 10 50 

(90) 
100 
<80) 

10 

~00 900 
<80) 
90 

950 
(90) 

990 
(98) 
99 

CONFI~ENCE LEVEL IN PER CENf (98> 
PERCENTILE 1 5 50 95 

"EAN FRO" IHPORTANCE/ COMPUTED HEAN 

RANK BASIC EVENT 

RE"OVAl 

2 INITIM.F 

3 OVERSPED 

4 DURINOLF 

5 HMDIYIX 

5 lOADtMHCI 

5 HEADSTUC 

6 OENERATR 

7 INSTALl 

8 STRUCTIL 

9 OPL.OADHP 

9 RIGGERS 

10 ftOTOR-A 

II RSCRANEI 

12 SCR-MPA 

12 ORPA 

13 Hl.FSTRCI 

14 TR-GRf'A 

15 BRAKE2 

o.807E oot o.780E oo o.673E oo o.684E oo o.693E oo o.763E oo o.896E oo o.926E oo o.960E oo 

0.613E 00/ 0.560E 00 0.345E 00 0.365E 00 0.384E 00 0.525E 00 0.791E 00 0.853E 00 0.919£ 00 

o.578E oot o.657E oo 0.119£ oo o.~14E oo o.309E oo o.707E oo o.921E oo o.947E oo o.978£ oo 

0.387E 00/ 0.440E 00 0.796£-01 Ooi44E 00 0.209E 00 0.474E 00 0.616E 00 0.633E 00 0.652£ 00 

Oo271E 001 0.173E 00 O.lt7E-02 0.356E-02 0.844£-02 0.897£-01 0.468E 00 Oo6JJE 00 0.835£ 00 

o.271E oot o.173E oo o.t17E-02 o.356E-02 o.844E-02 o.897E-01 o.468E oo o.6JlE oo o.83SE oo 
Oo271E 00/ O.I7JE 00 0.117E-02 0.356£-02 0.844£-02 0,897E-01 0.468E 00 0.633E 00 0.835£ 00 

0.269E 001 0.250E 00 0.411£-02 0.144£-01 0.278£-01 0.178£ 00 0.594E 00 0.718E 00 0.851E 00 

0.193E 001 0.~20E 00 0.398£-01 0.7~0£-01 0.103E 00 o.~J7E 00 O.J07E 00 0.316£ 00 0.326E 00 

0.150£ 00/ 0.167£ 00 O.S07E-O~ 0.139E-OI Oo227E-OI o.108E 00 0.406E 00 0.532£ 00 0.694£ 00 

0.135E 00/ 0.876E-Ol 0.134£-0J 0.963£-03 0.203E-02 0.270£-01 0.260£ 00 0.375£ 00 0.742£ 00 

0.135E 00/ 0.845E-01 0.268E-03 0.995£-03 O.I79E-02 0.269[-01 0.252E 00 0.385E 00 0.670£ 00 

0.126E 001 0.189E 00 O.l41E-01 0.310E-01 0,465£-01 0.153E 00 0.383E 00 0.467E 00 0.618E 00 

0.115E 00/ O.I20E 00 0.129E-02 0.46JE-02 0.751E-02 0.575£-01 O,JJ2E 00 0,473E 00 0.656E 00 

0.'808E-Ol/ O,BBIE-01 0,985£-03 O.J46E-02 0.617£-0:! 0,4JOE ··01 0.::!20E 00 O.J42E 00 o.593E 00 

0.808£-01/ 0.981£-01 O.JJ7E-02 O.J~SE-02 0.647£-0:! 0.488£ 01 0.~57£ 00 O.J66E 00 0,598E 00 

O.J51E-Ol/ 0.469E-01 O.J70E-OJ 0.140£-02 0.:!78£-0:! 0.190E-01 0.118E 00 0.190£ 00 O.J58E 00 

o.t26E-01/ o.204E-01 o.t44E-02 o.282E-02 o.402E-o2 o.t42E-01 o.44JE-ot o.ssJE-01 o.t06E oo 

0.688£-02/ 0.9::!9£-02 0.969£-05 0.515£-04 o.tOJE-OJ 0.1J9E-02 0.20YE-01 O,J96l-01 Oo109E 00 



FIGURE 4-3: Output of MONTE Continued 

.c:. 
I 

m 

MONTE CARLO SJ~LATION RESULTS < 1000 TRIALS ) 
900 
(80) 
90 

9SO 
<90) 
9S 

990 
(98) 
99 

INDEX OF SORTED VALUE 10 :so 
(90) 

100 
<80) 

10 

500 
CONFIDENCE LEVEL IN PER CENT <98) 
PERCENTILE 1 5 50 

HEAN FROH JHPORTANCE/ COHPUTED HEAN 

RANK HJN CUT SET 

2 

l 

3 

3 

4 

4 

4 

s 

6 

6 

6 

6 

6 

6 

7 

7 

7 

8 

8 

8 

9 

10 

l1 

70 0.13SE 00/ 0.886£-01 0.269£-03. 0.842£-03 0.181E-02 o.2S8E-01 t.260E 00 0.419£ 00 0.770E 00 

69 0.135£ 00/ 0.873£-01 0.212£-03 0.992£-03 0.205E-02 Oo267E-01 0.259£ 00 0.403E 00 0.623E 00 

3 

17 

18 

12 

7 

s 

10 

4 

IS 

a 

13 

14 

11 

19 

9 

16 

6 

72 

67 

68 

71 

sa 

2 

O.I1SE 00/ 0.124£ 00 0.141E-02 Oo539E-02 0.939E-02 0.639£-01 O.J18E 00 0.470E 00 Oo710E 00 

0.898£-01/ 0.815E-01 0.152E-02 0.492E-02 0.832E-02 0.564£-01 O.I96E 00 0.237E 00 0.291E 00 

o.898E-01t o.815E-OI o.152E-o2 o.492E-o2 o.832E-o2 o.564E-01 o.196E oo o.~J7E oo o.291E oo 

0.898£-01/ 0.815£-01 0.152£-02 0.492£-02 0.832E-02 0.564£-01 0.196E 00 0.2J7E 00 0.291E 00 

0.421E-OII 0.610£-01 0.482E-02 O.I09E-01 Oo15JE-01 0.492£-01 0.122E 00 0.157E 00 Oo199E 00 

0.421E-01/ 0.610E-01 0.482£-02 0.109E-01 0.15JE-OI 0.492£-01 0.122E 00 0.157£ 00 0.199£ 00 

0.421£-01/ 0.610E-OI 0.482E-02 0.109E-OI 0.153£-01 0.492£-01 Ooi22E 00 O.I57E 00 0.199£ 00 

0.351E-011 0.452E-01 0.503£-03 0.126£-02 0.237£-02 0.179£-01 O.IIOE 00 0.171[ 00 0.395£ 00 

0.269£-011 0.313£-01 0.384£-03 0.117£-02 0.221E-02 0.153£-01 0.836£-01 0.123£ 00 Oo200E 00 

o.269E-01t o.J13E-OI o.384E-03 o.111E-o2 0.221£-o2 o.153£-01 o.836E-OI o.t2J£ oo 0.200£ oo 

0.269£-011 0.323£-01 0.498£-03 0.112E-02 0.195E-02 0.148£-01 Ot890E-OI Oo125E 00 Oo217E 00 

0.269£-01/ 0.323£-01 0.498£-03 0.112£-02 0.195£-02 0.148£-01 0.890£-01 0.125£ 00 Oo217E 00 

0.269£-01/.0.323£-01 0.498£-03 0.112E-02 0.19S£-02 0.148£-01 0.890E-OI 0.125£ 00 0.217£ 00 

0.269£-011 O.JIJE-01 0.384£-03 0.117£-02 0.221£-02 0.153E-01 0.836£-01 0.123£ 00 0.200E 00 

0.421£-02/ 0.713£-02 0.447£-03 0.970£-03 0.148£-02 OoSOOE-02 0.159£-01 0.201£-01 0.352£-01 

o.421E-02t o.713£-02 o.447£-03 o.970E-o3 o.I48E-02 o.so0£-02 o.tstE-ot 0.201E-o1 o.3S2£-ol 

0.421£-02/ 0.713£-02 0.447£-03 0.970£-03 Ooi48E-02 0.500£-02 0.159£-01 Oo201E-ot 0.3S2£-o1 

0.229£-021 0.303£-02 0.394E-05 0.128E-04 0.316£-G4 0.492£-o3 Oo617£-o2 0.157£-ol 0.402£-01 

o.229E-02t o.3o3E-02 o.394E-o5 o.128E-04 o.3t6£-04 o.492E-o3 o.617E-02 o.157E-01 o.402£-ot 

0.229£-021 0.303£-02 0.394£-05 0.128E-04 O.J16E-04 0.492£-03 0.617£-02 0.157£-01 0.402£-01 

0.849£-03/ 0.974£-03 0.207£-05 0.610E-05 0.127E-04 0.159£-03 0.218£-02 0.406E-02 0.121£-01 

0.737£-0J/ 0.117£-0~ 0.592£-05 0.187E-04 0.328£-04 0.294[-03 0.278£-02 0.502£-02 0.146E-OI 

0.405£-0J/ 0.685£-03 0.471£-05 0.180£-04 O.J01E-04 0.207£-03 0.140£-02 0.238£-02 0.676£-02 


