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TITAN:
A Computer Program for Accident Occurrence Frequency Analyses

by Component Monte Carlo Simulation

Yasushi NOMURA, Hitoshi TAMAKI® and Shigeru KANAT*

Department of Fuel Cycle Safety Research
Nuclear Safety Rescarch Center
Tokai Research Establishment
Japan Atomic Energy Research Institute

Tokai-mura, Naka-gun, Ibaraki-ken

(Received March 3, 2000)

In a plant system consisting of complex equipments and components for a reprocessing facility,
there might be grace time between an initiating event and a resultant serious accident, allowing
operating personnel to take remedial actions, thus, terminating the ongoing accident sequence. A
component Monte Carlo simulation computer program TITAN has been developed to analyze such
a copmlex reliabilitry model including the grace time without any difficulty to obtain an accident
occurrence frequency.

Firstly, basic methods for the component Monte Carlo simulation is introduced to obtain an
accident occurrence frequency, and then, the basic performance such as precision, convergence, and
parrallelization of calculation, is shown through calculation of a prototype accident sequence model.
As an example to illustrate applicability to a real scale plant model, a red oil explosion in a German
reprocessing plant model is simulated to show that TITAN can give an accident occurrence
frequency with relatively good accuracy. Moreover, results of uncertainty analyses by TITAN are
rendered to show another performance, and a proposal is made for introducing of a new input-data
format to adapt the component Monte Carlo simulation.

The present paper describes the calculational method, performance, applicability to a real scale,
and new proposal for the TITAN code. In the Appendixes, a conventional analytical method is
shown to avoid complex and laborious calculation to obtain a strict solution of accident occurrence
frequency, compared with Monte Carlo method. The user's manual and the list/structure of

program are also contained in the Appendixes to facilitate TITAN computer program usage.

Keywords : Accident Occurrence Frequency, Reprocessing Facility, Monte Carlo Method, Grace

Time, Computer Code Simulation, Red Oil Explosion
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Set A1i,pifor Type 1, A1i,pui, Tl for Type 2,

pi for Type 3 of each component i and Grace time =t .

3
Type ? g

lor 2
Initialize elapsing time t = 0, history h = 0.

Random sampling to determine
Time to failure, Ty, and Time to repair, T...

Calculate time at failure, t =t; =t + T,
And time at recover, t=t,=t+ Ty + T,

I

Check any overlap among failed terms,

(tg < failed term < t,) of each component.

|

Is overlap time greate

No

than Grace time, © 2

Tally, t, = t5, and check finishby h =h_, 7.

J<

Calculate mean system failure frequency, F,=h/ Zt,

Obtain system accident mode failure frequency, F, =F, * Zpi

Fig.2.1 Basic flowchart for Component Monte Carlo simulation
to obtain system accident mode failure frequency.
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X Nexp(-A-t), A=0.014/y

T

i
7

T
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0 50 {00 {50

Time (year)

Fig.2.3 Histogram of normalized system failure frequency
by 10 year interval for a two component system.
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Table 3.1 List of reliability data'” for basic events of the simplified model.

Basic event* Type | Failure rate p MTTR TI
B004 | 1.5x10%h 24h
B009 3 0.95 *
BO10 3 0.95 g
BO11 3 0.95 *
BO19 3 0.011 *
B039 1 1.5x10h 48h
BO71 2 1.0x10%h 8h 720h
BO51 3 0.05 *

* Description for these basic event names are illustrated in Fig.3.1

Table 3.2  Calculated results by Monte Carlo method for

grace period (GP) of 0 h with histories varied.

Histories Accident Mean time Standard
Frequency To accident Deviation
1000 2.38x1071y 4.20x10% 4.15x10°%
2000 2.41x107y 4.15x10% 4.19x10%
5000 2.47x107ly 4.05x10°% 4.04x10%
10000 2.47x1071y 4.05x10% 4.09x10°%
100000 2.47x107y 4.06x10% 4.07x10%
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Table 3.3 Calculated results by Monte Carlo method for
grace period (GP) of 10 h with histories varied.

Accident Mean time Standard

Histories Frequency to accident Deviation
1000 1.24x1077y 8.06x10°% 7.73x10%
2000 1.31x107/y 7.66x11°% 7.51x10%
5000 1.27x107y 7.83x10% 7.74x10%
10000 1.28x107/y 7.84x10°% 7.85x10%
100000 1.27x1071y 7.84x10°% 7.84x10%

Table 3.4 Calculated results by deterministic and Monte

Carlo methods with grace period (GP) varied.

Method GP Accident freq. | Elapsed time
Deterministic 0 2.48x107y <l1s
Monte Carlo 0 2.47x107y 414s
(1 PE, 10000 10h 1.28x107/y 802s

histories ) 30h 3.43x10%y 2975s
50h 9.50x1077y 10720s

* Elapsed time by VPP500 computer system at JAERI




JAERI-Research  2000-020

Table 3.5 Effect of parallelization of random sampling

with number of PE (Processor Element) varied
for GP = 10h and 10000 histories.

No. of PE Accident freq. | Elap.time Paral .eff.*
1 1.27x1071y 802s 100%
2 1.28x107/y 452s 89%
4 1.28x107/y 226s 89%
8 1.30x107/y 113s 89%
16 1.29x107/y 64s 78%

* Parallelization efficiency by VPP500 computer system
( = Ratio of elapsed time divided by number of PE).
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Fig. 3.2 Change of mean and standard deviation of
accident occurrence time with GP=0, MTTR = const.
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Fig. 3.3 Change of mean and standard deviation of
accident occurrence time with GP=0, MTTR = exponential.
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Fig. 3.4 Change of mean and standard deviation of
accident occurrence time with GP=10h, MTTR = const.

0y f N T

—e&— Mean (10+3y)
~@—S. D, (10+3y)
2 == w=G ) /Mean

0 ‘ ' ' * ' " Histories
10 20 50 100 200 500 1000

Fig. 3.5 Change of mean and standard deviation of
accident occurrence time with GP=10h, MTTR = exponential.
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Table 4.1 Reliability data for components used for uncertainty analysis.

Basic event Type number Reliability data
B004 1 Failure rate ; 0.15x10-3(1/h)
[1.31(1/y)]
MTTR ; 24.0(h)
B039 1 Failure rate ; 0.15x10-3(1/h)
[1.31(1/y)]
MTTR ; 48.0(h)
BO71 2 Failure rate ; 0.10x10-3(1/h)
[0.88(1/y)]
MTTR ; 8.0(h)

Inspection period ; 720.0(h)

Table 4.2.  Simulated results for the sequence of one basic event (Type 1).

(Sampling | No. | Input data Mean Standard Error CPU*
times of of for error | frequency | deviation | factor of |time (s)
A )X basic | factor of A | of accident | of accident | accident
(Histories | event occurrence | frequency | occurrence
ofa A) (1/y) (17y) frequency
1000 X< 1 2.0 1.338 0.591 2.00 18.2
1000
1000 X 1 3.0 1.350 1.010 2.99 18.0
1000
FTL 1 3.0 1.309 2.192 6.69 -

* Note; CPU time with SUN Sparc-station
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Table 4.3.  Simulated results for the sequence of two basic events.
(Sampling | No. | Grace | Input Mean Standard Error CpU*
times of of time | data for | frequency | deviation | factor of |time (s)
A )X basic | (h) error | of accident | of accident | accident
(Histories | event factor | occurrence | frequency | occurrence
ofa A) of A’s (17y) (1/y) frequency
1000 X 2 0 2.0 1.343 X 7.898 X 2.45 2810
1000 10° 10
1000 X 2 0 3.0 1.366 X 1.837 X 5.32 3712
1000 10 10°
FTL 2 0 3.0 1.404 X 3.559X 10.3 -
10° 10
1000 X 2 10 2.0 7.418 X 5.224 X 2.84 5138
1000 107 10°
1000 X 2 10 3.0 7.341 X 7.792 X 4.17 6571
1000 10 10°°
* Note; CPU time with SUN Sparc-station
Table 4.4. Simulated results for the sequence of three basic events.
(Sampling | No. | Grace | Input Mean Standard Error CPU*
times of of time |data for | frequency | deviation | factor of |time (s)
)X basic | (h) error | of accident | of accident | accident
(Histories | event factor |occurrence | frequency | occurrence
ofa A) of A’s (1/y) (1/y) frequency
500 X500 3 0 2.0 5.167 X 4.276 X 3.28 28847
10 10"
500X500 3 0 3.0 4.912X 7.328 X 5.93 48278
10* 10
FTL 3 0 3.0 4.981 X 2.739 X 11.1 -
10 107
500 X500 3 10 2.0 2.850X 2.276 X 3.18 52795
10 10
500 X500 3 10 3.0 2.661 X 4.093 X 6.27
10 10

* Note; CPU time with SUN Sparc-station
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Table 4.5 Comparison of results of uncertainty analyses by the MC method

with those by the deterministic method.

Method to Times for No. Grace Error Mean Standard Error factor
obtain accident | sampling A of time factor frequency of deviation for analyzed
frequency X Histories event (h) input for accident MFAO for MFAO
fora each A occurrence (1Y)
particular A MFAO(1/Y)
Monte Carlo 1000 1000 ! 0 2.0 1.338 0.591 2.00
Deterministic 10000 X - 1 0 2.0 1.301 0.566 1.98
Monte Carlo 1000 X 1000 1 0 3.0 1.350 1.010 2.99
Deterministic 10000 X - 1 0 3.0 1.296 0.952 2.95
Monte Carlo 1000 X 1000 2 0 2.0 1.343X10% | 7.898%107 2.45
Deterministic 10000 X - 2 0 2.0 1.395X 107 | 8.963x10° 2.63
Monte Carlo 1000 X 1000 2 0 3.0 1.366X 1072 1.837X 1072 5.32
Deterministic 10000 X - 2 0 3.0 1.383 X107 1.601 X 107 4.55
Monte Carlo 1000 X 1000 2 10 2.0 7.418X107% | 5.224x10° 2.84
Monte Carlo 1000 X 1000 2 10 3.0 7.341X10°% | 7.792X 107 4.17
Monte Carlo 500500 3 0 2.0 5.167X10% | 4.276X 10" 3.28
Deterministic 10000 X - 3 0 2.0 9.823x10* | 8.074x10* 3.26
Monte Carlo 500X 500 3 0 3.0 4912x 10" 7.328 X 10 5.93
Deterministic 10000 X - 3 0 3.0 9.634X 10" 1.559% 107 6.46
Monte Carlo 500 X 500 3 10 2.0 2.850 X 10™ 2.276 X 10 3.18
Monte Carlo 500500 3 10 3.0 2.661X10* | 4.093x10* 6.27

*: One event is of BOO4, Two events are of BO04 and B039, Three events are of B004, B0O39 and BO71.
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Outer iterate i = 1, m (usually 1000)

Input component failure rates, A k,i by random

sampling with its specified density distribution
(k is the component number).

Inner iterate j = 1, n (usually 1000)

Conduct Monte Carlo simulation with the set of

A i,k to obtain Time to Accident Occurrence, Tij.
< v

Take mean value of Tij for j=1 to j=n,
(Tijymean = ( Til + Ti2 + Ti3 +....... + Tin) / n.

v

Obtain Mean Accident Occurrence Frequency
Hi = (Tij)mean ', for inner iteration j = 1 to j=n.

v
Calculate Mean Accident Occurrence Frequency
H=MHI1I+H2+H3+...... + Hm) / m

for outer iterationi =1 toi=m.

v

Calculate accompanied standard deviation,
Error factor and frequency distribution fitting.

Fig.4.1 Component Monte Carlo simulation scheme for
reliability data uncertainty analysis.
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Table 5.1 Reliability data for basic events.
Basic Event Type | Failure rate (1/h) or | Mean Time to Repair
No. Error Probability (MTTR) (h)
B004 1 1.50x10™(1/h) 24.0
B009 3 0.95 10000.
BO10 3 0.95 10000.
BO11 3 0.95 10000.
BO13 1 1.50x10™*(1/h) 24.0
BO18 3 0.01 10000.
B023 3 0.013 10000.
B025 3 3.0x107 10000.
B026 3 3.0x10° 10000.
B0O27 3 3.0x10° 10000.
B028 3 3.0x10° 10000.
B029 3 0.5 10000.
B030 1 1.50x107(1/h) 24.
BO31 1 1.50x10°(1/h) 24.
B032 ] 1.50x10°(1/h) 24,
B042 3 1.00x 10 10000.
B053 3 9.70x10™ 10000.
B054 3 0.1 10000.
BO58 3 0.01 10000.
B068 1 5.0x107(1/h) 24,

Table 5.2  Write down of minimal cut-sets.

Minimal Cut-set Basic Event Sequence
I.D.

1 B030 B042 BO54 B029 BO53 B023

2 BO30 B042 BO54 B029 BO53 BO28

3 B0O30 B042 BO54 BO29 B0O53 BO27

4 BO30 B042 BO54 B029 B0O53 B0O25

5 B030 B042 BO54 B029 B0O53 B0O26

6 B004 B042 BO54 BOS53 B0O23 BOO9
B0O10 BO11 B0O58

7 BO13 B042 B0O54 B0O53 B023 BOIs
B009 BO11 BO10

8 BO31 B032 B042 BO54 BO29 BOS3
B023

9 B068 B042 B054 B053 B023

44 —
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Table 5.3 Calculated results for mean frequency of
accident occurrence (MFAQ) with grace time = 0.

Minimal Cut-set | By Fault Tree | Once through calculation Each cut-set calculation
I.D. code FTL by MC code TITAN by MC code TITAN
MFAO(1/y) | Histories MFAO(1/y) | Histories
1 8.282 x10™"” 8.346 x107? 83731 8.318 x10™" 100000
2 1.911 x10™" 1.930 x 1072 19110 1.908 x10™"? 100000
3 1.911 x10™" 1.886 x10™" 19189 1.908 x10" 100000
4 1.911 x10™" 1.908 x10°"? 19224 1.908 x10" 100000
5 1.911 x10™" 1.894 x10" 19063 1.908 x10"” 100000
6 1416 X107 1.399 x10" 14064 1.414 x107" 100000
7 1.416 x10™" 1.401 x10"” 14033 1.414 x10™" 100000
8 5.922 x107 5.983 x 107 5994 5.906 x 10 100000
9 5.523 x10" 5.733 x10™" 5592 5.514 x10™ 100000
Total 1.990 x10™" 1.993 x10™" 200000 1.992 x10™" 900000
CPU time* 63 (s) 575 (s)
*) CPU times are for a Pentium MMX133MHz personal computer.
Table 5.4 Once through calculated results of MFAO, MTAQO, SD
and ratios of SD/MTAO.
Minimal Once through calculation | Mean Time Acci | Standard SD/MTAO
Cut-set L.D. by MC code TITAN -dent Occurrence | Deviation
MFAO (1/y) | Histories | (MTAO) (y) (SD) (v)
I 8.346x10™" 83731 5.016 x10"" 4,993 x10" 0.9953
2 1.930x10™" 19110 4.950 x10" 4.963 x10""° 1.003
3 1.886 x107" 19189 5.088 x10""° 5.122 x10"° 1.007
4 1.908 x10°" 19224 5.039 x10" 5.009 x10'"° 0.9941
5 1.894 x 107" 19063 5.032 x10*"? 5.052 x10*"° 1.004
6 1.399 x10°"” 14064 5.025 x10""° 5.054 x10™° 1.006
7 1.401 x10°" 14033 5.010 x10"° 4978 x10*"° 0.9937
8 5.983 x 10 5994 5.009 x10""° 4.902 x10""° 0.9785
9 5.733 x10™" 5592 4.877 x10"° 4.898 x10*" 1.004
Total 1.993 x10™" 200000 5.017 x10™" 5.008 x10" 0.9982




JAERI-Research  2000-020

Table 5.5 Calculated results for MFAO(Mean Frequency of
Accident Occurrence) with grace time changed.

Minim- | MFAO(1/y) | Once through calcul- | Once through calcul- | Once through calcul-
al Cut- | by Fault tree | ation by TITAN ation by TITAN ation by TITAN
set LD. | Code FTL | (grace time =0) (grace time = 10) (grace time = 30)
MFAO(1/y) | Hist. MFAO(1/y) | Hist. | MFAO(1/y) | Hist.
1 8.282 x10™"” | 8.291x10™" | 41690 |5490x10" |42042 |2.385x10" | 42560
2 1.911 x10" | 1.908x10™"* | 9551 1.255x10" [9716 |5.527x10" | 9734
3 1.911 x10" | 1.897x10" | 9716 1.252x10" 19715 | 5.493x10™" | 9695
4 1911 x10™ | 1.923x10"* | 9731 1.255x10" 9710 |5.471x10" | 9813
5 1.911 x10™ | 1.901x10"* | 9585 1.230x10" 19586 |5.412x10" | 9819
6 1.416 x10"? | 1.378x10"* | 7000 9.252x10" | 7146 |4.061x10"° | 7270
7 1.416 x10"% | 1.381x10"* | 6922 9.528x10™" | 7257 | 4.099x10" | 7338
8 5.922 x10" | 6.079x10" | 3003 2.541x10" | 1942 |5.151x10™ 868
9 5.523 x10" | 5.678x10™" | 2802 3.743x10" | 2886 1.628x10™" | 2903
Total 1.990 x10™" | 1.985x10"" | 10° 1.299x10™" 10° 6.581x10" 10°
CPU 32 (s) 57 (s) 396 (s)
Time*

*) CPU times are for a Pentium MMX133MHz personal computer.

for parameter change survey calculation.

Table 5.6 Reliability data of basic events in Cut-set No.6

Basic Event Type Failure Rate (1/h) or | Mean Time
No. Error Probability To Repair (h)
B004 1 1.5x10" (1/h) 24
B009 3 0.95 10 or 30
B0O10 3 0.95 10 or 30
BO11 3 0.95 10 or 30
B023 3 0.013 10000
B042(1) 3 1.0x10° 10000
B042(2) 1 2.0x10°%(1/h) 8
B0S53 3 9.7x10" 10000
B054 3 0.1 10000
B058 3 0.01 10000
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Table 5.7 Combination of parameter change for
calculation cases with B042(1) (type 3).

Case Stagnant Time (h) Grace MTTR (h) for
LD. For POBKA/B and Time (h) B009,B010,B0O11
POBKPA tanks

1 0 0 10

2 0 30 10

3 0 30 30

4 5) 0 10

5 5 0 30

6 5 30 10

7 5 30 30

3 10 0 10

9 10 0 30

10 10 30 30

Table 5.8 Combination of parameter change for
calculation cases with B042(2) (type 1).

7 —ANo. | Stagnant Time (h) Grace MTTR(h) for

For POBKA/B and Time(h) B009,B010,B0O11
POBKPA tanks

1 0 0 10

2 0 30 30

3 5) 0 10

4 5 0 30

5 10 0 30




JAERI-Research  2000-020

Table 5.9 Calculated results of parameter change survey

for calculation cases with B042(1) (type 3).

Case Histories MFAO MTAO Standard Ratio | CPU*
LD. (1/y) (y) Deviation (y) Time (s)

1 10000 1.143x10"* | 6.991x10"" 7.039 x10*"! 1.007 -

2 1000 6.862 x10" | 1.457 x10™° | 1.487 x10*' 1.021 224

3 10000 2.926 x10™ | 3.418 x10"" | 3.525 x10*" 1.031 5

4 10000 2.946 x10™ | 3.394 x10™" | 3418 x10"" 1.007 6

5 10000 2.681 x10™ | 3.730 x10™"* | 4.042 x10*" 1.084 1

6 1000 3.572 x10™ | 2.799 x107"7 | 2.936 x10*" 1.049 4176

7 10000 1.054 x10™ | 9.485 x10"* | 9.526 x10™" 1.004 15

3 10000 1.413 x10" | 7.079 x10*"* | 7.194 x10*"* 1.016 104

9 10000 8.355 x10™ | 1.197 x10*" | 1.244 x10"" 1.039 2
10 10000 3.814 x10" | 2.622 x10*" | 2.622 x10"™ | 0.999 39
*) CPU times are for a Pentium MMX133MHz personal computer.

Table 5.10 Calculated results of parameter change survey
for calculation cases with B042(2) (type 1).

Case Histories MFAO MTAO Standard Ratio | CPU*
L.D. (17y) (y) Deviation (y) Time (s)
1 1000 2.936 x10™ | 3.206 x10*" | 3.376x10"" 0.991 310
2 200 1.248x10"" | 8.015x10™"° | 7.215 x10™'® 0.9 184595
3 1000 1.223 x10™ | 8.176 x10™" | 8.333 x10™" 1.019 | 183438
4 1000 1.279 x10" | 7.821 x10*" | 8.132 x10"" 1.040 1754
5 200 3.488 x107 | 2.867 x10™® | 2.965 x10*'® 1.034 3180

*} CPU times are for a Pentium MMX 133MHz personal computer.
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Fig.6.1 The HAZOP process flow diagram.
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£ OR

£\ OR

< 5 E

Cg AND

Failure rate [1/h]

Mean time to repair [h]

Distribution function
of time to repair

A 1 X108 24 Log-normal distribution
(= 102 [1/¥]) (7 exp( o ?/2)) 7=14.5, o=1
B 1 X107 24 Exponential distribution
1/ =24

C'k

D 1 X10° 12 Log-normal distribution
p=4.4, o=1414

E 1 X105 6 Log-normal distribution
7=4.7, ¢=0.7071

Note* for event C, probability of 1 X i0® is given as an operator error after 24

hours elapsed from beginning of the accidental situation.

Fig. A.1 Event components with reliability data for
the sample problem anal:sis to evaluate the repa’~ model.
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Probability
P'(A-B) =P'(A): P (B)
P'"(A-B-C) =P'"(A):-P'(B)-P'(C)

Frequency
F' (A B) =F' (A) - P' (B) +F' (B) - P' (A)

F'(A+-B-C) =F'(A)-P'(BC) +F'(B) - P'(AC)

+F' (C)-P' (AB)

For example;
T=AB+CE+DE;

P'"(T) =P'(AB) +P' (CE) +P' (DE)
F'(T) =F'(A) P'(B) +F'(B) P'(A) +F' (C) P' (E)

+F' (E) P'(C) +F' (D) P'(E) +F' (E) P' (D)

Here, F' (A) =21'(A), F'(B) =21'(B), F'(C) =1"'(C),

F' (D) =21' (D), F'(E) ="' (E) are failure rate for failure state
lasting over T .

Note; p' (A), P'(B), P'(C), P' (D), P'(E), P'(AB), P' (CE),

P' (DE) Are tobe multiplied by correction factors.

Fig. A.2 Deployment of Boolean algebra for a top event.
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(Failure rate)

/ [Failure state with duration over T ]
[Intact state] \
u'a

(Repair rate)

[Failure state with duration less than T ]

A2 15 Failure rate of component i [1/h]

A, 2t Failure rate of component i for failure state lasting over T
A"(i), A"i ; Failure rate of component i for failure state lasting less than T
# 13  Repair rate of component i [1/h]

wrCi), pti Repair rate of component i for failure state lasting over T

i), et Repair rate of component i for failure state lasting less than T

Fig. A.3 Shannon diagram for cut set of first order.
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A's A'c A's
n's \\ u's
-~
i'a

[

Fig. A.4 Shannon diagram for cut-sets of second and third order.
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(primary)

dPoe,/d8=—A"Ps +u'aPr—21"P,o+pu"P",

dP'A/dezl‘Apn ““H'AP'A
dP"A/d6=l"APo vﬂ"A P"A

(secondary)

dPoe/dB8=—A2%Po+u'aPa—25Po+usPs— (1" +1") Po
Fu"a Pt u" P

dPA/dB8=24Po —pu'aP'a—2'5P'at u'sP'as

dP's/d8=2"8Po¢ —pusPs—2"Plhs+pu'saPlas

dPas,/d08=2%P's —usPuw+AAxPs—pu'aPlas

dP"/ d8=21""Po —pu"sP"

dP"s/d@8=21"sPo —pu"s P

(third)

dPo/ df8=—2%Po+p'aPu—28Po+pusPs—A'cPo+pu'c Pt

= (A" + 2"+ 1% Potu"sPUutusPs+pu"cPre
Pa/df=2%Ps —u'aPA—A8P'at pu'sP'as—AcP'a+p'c Plea
P'e/d8=2Po¢ —usP%—A2Ps+pu'sxPas—2cPs+pu' Phe
Pc/d8=1cPo —p'cPce—2%Pl+pu'sPh —A12Pe+pu's Plea
Pu/ d8=2"8P's —~pusPas+A1'aP%—~ pu'x Plas— A'c P'as + i 'c Planc
Pac/d8=2cP% —p'ePoc+1%Plc—pu' Plac— A'a P'ec + u'a Plasc
Pea/dB=2""Pc —puaPlaatAcPa—u'cP'ea— A% Plaa+ ' Planc
Pasc/d 8 =24eP'e— p'cPlasc+ AP~ g’ Pasc+ A% Plea — u's Plasc
P'%,/d8=2"Po —pu"aP"
P's/d8=21"sPo —~pu" P"
P'% /d8=21"Pos —pu" P"

[V T o T o P « PR o D o N o T o« P o

6 ; elapsed time

Fig. A.5 Balance equations of state probabilities for primary,
secondary and third order cut-sets.
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Expressed only for a basic event A

Probability density function for time to failure, t

t~! 1 n2(t
fuo(t)=———exp __?_(__2{_”_)_
Yva2n o 20
For example, n = 145 g=1

Aa=1%x10° [1/h]
HA=1/24 [1/}1]

@ Preprocessing without integration over infinity.

Failure rate for failure state lasting less than T ;
Ata = lAf‘ fi(t)dt
o
Failure rate for failure state lasting over 7 ;
Ala = A2 .~ A"
Mean time to repair for failure state lasting less than T ;

1/ = ft fand e/ [Tede

Mean time to repair for failure state lasting more than T ;

L/ p'a= f‘jtf;\(t)d t/ft fa(t)dt

:[(1/M)_J‘;th(t)dt }/{1_f;f,.(t)dt}

Correction factor;

ax= 1—7u's

Fig. A.6 Preprocessing of reliability data

with log-normal distribution for basic events A, D, E.
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Probability density function of time to
failure;
folt)=pe

Ifor exg{gp"l’e,’ w=1,72

Ae=1X10""7 [1,/h)]
us=1,24 {1,/1]

"' Preprocessing
Failure rate for failure state lasting less than 7 ;
A5 =1 s {1—exp (~u st))
Failure rate for failure state lasting over T ;
As=Xsexp (—ponst)
Mean time to repair for failure state lasting less than T ;

1/}-1"52 »1——(1+U-Bf)exp("“ugt>
Us {1”‘9)(13 (_,Ust) }

Mean time to repair for failure state over 7 ;

1/ us= (1,/ s +1t

Correction factor;

as= (1" /({1 us) +1)

= 1-—1u's

Fig. A7 Preprocessing of reliability data
with exponential distribution for a basic event B.
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NHIS, THIS /o # ;
NHIS, THIS {2224, 20,100.0 & A J§ 5 &k &Ekizne 5
MERHIO e X~ 7T 413 (04 ~100 ) (100 #£~2004E) . . . (1800 4F~ 2000 )
<Zzndbao—F>
Zobva— N, BEHEOBEEEVELANT A,

NAME, NK, TYPE, CHTIME, RAMBDA, MTTR, MIUDIS, ERRFR, ERRFM, TAIRYU

NAME  HE8s GEARHZ) 2K @ UillNoxy 52 %4 —TANT A,
BCEEGEATIEZ S0, )

NK Er EAHRZR) F5, HIC 1. 2.0 3, ... AT 5. )

TYPE  #ds UEKRSR) 2147, (L2, 30wihrail AT 5, )

Bsty £ 7h5 1, 3OBHT0 AIEET A

RAMBDA #8435 1 71, 20 HEEMMERLE AT A, (R 1 /1%
(SRR BRIIEH O TH 5.,

e — i Sl e REE T ST A 2T G A 7
Begr v 1 7 3 D PRl AT S,
R C PR A S8 P
MITR P, (B B

MIUDIS MTTR @435 #H8%E T 5.

>0.0 5 WEEBRS A, BHEE T -7y o 8 —,
) MIUDIS = b BubE B fs L4895 & FITERMITEME Iz AT 4.

ERRFR BRSPS D445 & £ T A 5, RAMBDA O 434 &t BaFE B A &2 4 4
ZITHE WBIERMNO IS =T 7 78— RET b

Pegntrbs e i 2 B L niiE, 1083 4.

C\:
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ERRFM HSSsME RSO DM 2 ZRT A8, o (=IMTTR) OG5 I3 EHEH G & 44,
ZITE, MBERS OIS -7 7y ¥ — R IR ET A
MR ERLED M e ZB LT, 1.0 2T 4,

TAIRYU M AERT A0 1887 5.
I EZEETE BRI T3DATH L,
HHRHEEET A A T IREBII LT, FOEBINELTWE5 471, 2
DEBUVHEL THH, #0854 T3IBBPEH T TOREEB4IRET S,

(BT B
Y471, 2OBBETIZ0.0:F 5,
WM ETZEE L2V 4 7 3HETIZ0.0 LT 5,

<3rdla—F>
2ndba—FOR)ZRT/20, ZHATE 1 LI~ NAHOT 5,

<4thba—F>
ZOLVa—FI, 32w h oy by N OEEYRLAST S,

NC, NUM1, NUM2

NC XA=wy by MEE, (B 1, 2, 3., .. LEHATS,)

NMMIL CDI==Ahy bty NIEEINE, 471, 472 O,

NIMZ 1 ZDI=2%MTy by MIEENSE, 9471, 947 20T _TOBEHHE L 7
B 7 1 T3 BB,

<4. lthba-=pF>

ZOLa-—-FE<4thlba— F>ONMLEEY KL AT S,

NK, NUM3

NK AT, (K2ndVLI—F>ONKOME. ) (9471, %472 0MEDK, )

NUM3  : ERCNK DR HIEE L 7205128 < & 1 7 3 D80 M.

<4. 1. 1thba—F>
<4. 1 thlbI—=F>ONM OEAODHE, 0L a— FEANL AW,
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NK1,NK2, NK3, NK4, . ..

<4. 1 thba—=F>DNK TIRE LR HBE L7228 5 1 7 3 oo kesh s
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<4. 2thlba—F>
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NK1, NK2, NK3, NK4, . . .
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DR L2 8 1 7 3 OREEROREE T A NIM2 AT 5.

B.1.2 ANT—42 (BRIIN-TTAATIHEE)

<lstba—F> (3= hy bty VBIZADTLEEER )
<2ndlba—F> (329 y by MEIZADT AA L F—)

<3rdlba—F>

2ndla—RFOEYERL, HEISVL—TTANTS NI SN N s B VAL S R T I
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B.2.1 1 (3
1000 1 30.0 1.0D50
B0OO4 1 1 0.0 1.50e-4
B0O09 2 3 0.0 0.9
BO10 33 0.0 0.9
BO11 4 3 0.0 0.9
BO13 5 1 0.0 1.50e-4
BO18 6 3 0.0 0.01
B023 7 3 0.0 0.013
B025 & 3 0.0 3.0E-3
B026 9 3 0.0 3.0E-3
BO27 10 3 0.0 3.0E-3
BO28 11 3 0.0 3.0E-3
B029 12 3 0.0 0.5
BO30-0 13 1 0.0 1.50e-5
BO31 14 1 0.0 1.50e-4
B03Z2 15 1 0.0 1.50e-4
B042 16 3 0.0 1.00e-5
B053 7 3 0.0 9.70E-3
BO54 18 3 0.0 0.1
BO58 19 3 0.0 0.01
Bo6s 20 1 0.0 5.00E-7
BO30-1 21 1 0.0 1.50e-5
B030-2 22 1 0.0 1.50e-5
BO30-3 23 1 0.0 1.50e-5
B030-4 24 1 0.0 1.50e-5
115
130
1618 12177
215
210
16 18 12 17 11
315
22 0
1618 12 17 10
415
230
16 18 12 17 8
515
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16 18 17 723419
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618 17 7 6 2 43
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B.2.2 fil2 (

/17

ZRIIhy by FZEICAT)

1000 1 30.0 1.0D30
BOO4 1 1 0.0 1.50e-4 10000, -1 1.0 1.0 0.0
BO09 2 3 0.0 0.95 30, -2 1.0 1.0 0.0
BO1O 33 0.0 0.9 30. -2 1.0 1.0 5.0 RO 2260 BO04 HREE S BRI
BOL1 13 0.0 0.9 30. -2 1.0 1.0 10 "%is’fﬁ?f’n‘j@f  B004 FrfE? ’10%?‘1?)‘79%
B023 5 3 0.0 0.013 10000, -1 1.0 1.0 15 WO 720 B0 BiER L S B A
BO42 6 3 0.0 1.00e-5 10000. -1 1.0 1.0 0.0
B0O53 73 0.0 9.70E-3 10000. -1 1.0 1.0 0.0
B054 § 3 0.0 0.1 10000. -1 1.0 1.0 0.0
BO58 9 3 0.0 0.0] 10000. -1 1.0 1.0 0.0
114
14
9 2 3 4 P 9.2,3,4 12 B004 (Z0E
5 7 8 5 BIEE 7.8, 53wl v My MR
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B.2.3 3 (BRIJN—-TTAN)

SORT 200000 1 00.0 1.0D50 20 5.0Ell === <]lstbd—-F>
BO04 11 0.0 1.50e-4 24.0 -2 1.0 L0 O L om RKER BV DT~ ¥
BO0Y 23 0.0 0.95 10000. -1 1.0 1.0 0. Lo CRHG BOOY D7 ¥
BO10 33 0.0 0.9 10000. -1 1.0 1.0 0.

Bo11 43 0.0 0.8 10000. -1 1.0 1.0 0.

BO13 5 1 0.0 1.50e-4 24.0 -2 1.0 1.0 0.

BO18 6 3 0.0 0.01 10000. -1 1.0 1.0 0.

B0Z3 73 0.0 0.013 10000, -1 1.0 L0 O

BO25 8§ 3 0.0 3.0E-3 10000, -1 1.0 1.0 0.

BO26 9 3 0.0 3.0E-3 10000. -1 1.0 1.0 O

pozr 10 3 0.0 3.0E-3 10000. -1 1.0 1.0 0

Bo28 11 3 0.0 3.0E-3 10000. -1 1.0 1.0 0.

Bo29 12 3 0.0 0.5 10000. -1 1.0 1.0 O

BO30 13 1 0.0 1.50e-5 24.0 -2 1.0 1.0 o0

BO31 14 1 0.0 1.50e-4 24.0 -2 1.0 1.0 O

BO32 15 1 0.0 1.50e-4 24.0 -2 1.0 L0 0

Bo4Z 16 3 0.0 1.00e-5 8.0 -2 1.0 1.0 0.

BO53 17 3 0.0 9.70E-3 10000. -1 1.0 1.0 0.

BO54 18 3 0.0 0.1 10000, -1 1.0 1.0 0.

BO58 19 3 0.0 0.01 10000, -1 1.0 1.0 0.

GROUP

GROUP 1 < i NN
BOO4 BOSs BO23 BO09 BO1O BO11 <L mnw e o S ¥
B0O0O4 BO5s B0Z5 BOO9 BO1O BO11 <L e Y

BOO4 BOSS BOZ6 BOOY BO1O BO1I
BOO4 BO5§ BO27 BO09 BO1O BO1L
B004 BOSS BOZ8 BOOY BOLO BO1)
B030 B0Z9 BOZ3

BO30 B029 BO25

BO30 B029 B026

BO30 B029 BOZ7

BO30 B0OZ9 BO28

BO31 BO3Z BO29 B023

B0O31 BO3Z B0O29 B0OZ5

B0O31 BO32 BO29 BOZ26

BO31 BO32 BO29 BO27

BO31 BO32 BO29 BO28

BO13 BOI8 BO23 BOOY BO1O BO1L
BO13 BOls& BOZ5 BOO9 BO10O BO1Y
BO13 BOI8 BOZ6 BOOY BO1O BOLI
BO13 B0l BO27 BOOY BOLO BO1L
BO13 BOIS BO28 BOOY BO10 BOL1
GROLP 2

B042 BO53 BOS54

Lz P T 20T TN -T2 T
L= TN T 21 ORKFRLH
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B.3 EtEIERNDUI MHA

B.3.1 AHfI1DOHA

MAXTT(TRATAL NUMBER)= 1000
LOOP (RAMBDA NUMBER) = 1
YUUYO = 3.000E+01 (HOUR)
TMAXIN(MAX TIME) = 1.000E+50 (HOUR)

% KIKI DATA ***

NO. NAME TYPE CHECK-TIM.  RAMBDA(P) MITR(HOUR)  MIU DIST. ERR-F(RAM) ERR-F(MIU)  TAIRYUU

1 B0O04 1 0.000E+00  1.500E-04  2.400E+01 -2.000E+00  1.000E+00  1.000E+00  0.000E+00
2 BO09 3 0.000E+00  9.500E-01  1.000E+04 -1.000E+00  1.000E+00  1.000E+00  0.000E+00
3 BO10O 3 0.000E+00  9.500E-01  1.000E+04 -1.000E+00  1.000E+00  1.000E+00  0.000E+00
4 BO11 3 0.000E+00  G.500E-01  1.000E+04 ~1.000E+00  1.000E+00  1.000E+00  0.000E+00
5 BO13 1 0.000E+00  1.500E-04  2.400E+01 -2.000E+00  1.000E+00  1.000E+00  0.000E+00
6 BO18 3 0.000E+00  1.000E-02  1.000E+04 -1.000E+00  1.000E+00  1.000E+00  0.000E+00
7 B023 3 0.000E+00  1.300E-02 1.000E+04 -1.000E+00  1.000E+00  1.000E+00  0.000E+00
8 BO25 3 0.000E+00  3.000E-03  1.000E+04 -1.000E+00  1.000E+00  1.000E+00  0.000E+00
9 B026 3 0.000E+00  3.000E-03  1.000E+04 -1.000E+00  1.000E+00  1.000E+00  0.000E+00
10 BO27 3 0.000E+00  3.000E-03  1.000E+04 -1.000E+00  1.000E+00  1.000E+00  0.000E+00
11 BO28 3 0.000E+00  3.000E-03  1.000E+04 -1.000E+00  1.000E+00  1.000E+00  0.000E+00
12 B029 3 0.000E+00  5.000E-01  1.000E+04 -1.000E+00  1.000E+00  1.000E+00  0.000E+00
13 B030-0 1 0.000E+00  1.500E-05  2.400E+01 -2.000E+00  1.000E+00  1.000E+00  0.000E+00
14 BO31 1 0.000E+00  1.500E-04  2.400E+01 -2.000E+00  1.000E+00  1.000E+00 0. 000E+00
15 BO32 1 0.000E+00  1.500E-04  2.400E+01 -2.000E+00  1.000E+00  1.000E+00  0.000E+00
16 B0O42 3 0.000E+00  1.000E-05  8.000E+00 -2.000E+00  1.000E+00  1.000E+00  0.000E+00
17 B033 3 0.000E+00  9.700E-03  1.000E+04 -1.000E+00  1.000E+00  1.D00E+00  0.000E+00
18 B054 3 0.000E+00  1.000E-01  1.000E+04 -1.000E+00  1.000E+00  1.000E+00  0.000E+00
19 BO58 3 0.000E+00  1.000E-02  1.000E+04 -1.000E+00  1.000E+00  1.000E+00  0.000E+00
20 BO68 1 0.000E+00  5.000E-07  2.400E+01 -2.000E+00  1.000E+00  1.000E+00  0.000E+00
21 B030-1 1 0.000E+00  1.500E-05  2.400E+01 -2.000E+00  1.000E+00  1.000E+00  0.00D0E+00
22 B030-2 I 0.000E+00  1.500E-05  2.400E+01 -2.000E+00  1.000E+00  1.000E+00  0.000E+00
23 B030-3 I 0.000E+00  1.500E-05  2.400E+01 -2.000E+00  1.000E+00 1.000E+00  0.000E+00
24 B030-4 I 0.000E+00  1.500E-05 2.400E+01 -2.000E+00  1.000E+00  1.000E+00  0.000E+00

Rk MIN-CUTSET DATA *#**

MIN-CUTSET 1
B030-0

B042 B054 B029 B053 B023

MIN-CUTSET 2
B030-1

B042 B054 B029 B053 B0O28

MIN-CUTSET 3
B030-2

B042 BO54 B029 BO53 B0O27

MIN-CUTSET 4
B030-3

Bo42 B054 B0O29 B053 B0O25



JAERI-Research  2000-020

MIN-CUTSET 5
B030-4

B042 B054 B0z9 B053 B0O26

MIN-CUTSET 6
B0OO4

B042 B054 B053 B023 BO0OY BO10 BO11 BO58

MIN-CUTSET 7
B013

B042 B054 B0O53 B023 B018 B0OGY BO11 BO10
MIN-CUTSET 8
B031
B032
B0O42 B054 B029 B0O53 B023

MIN-CUTSET 9
B068

B042 B0O54 B0O53 B023

FERARCFTL RESULT **+* FTLO#HE ETHMEIEESLTLRY)

NO.  ({1/HOUR) (1/YEAR)
1 9.454E-16  8.282E-12
2 2.182E-16  1.911E-12
3 2.182E-16  1.911E-12
4 2.182E-16  1.911E-12
5  Z2.182E-16  1.911E-12
6 1.616E-16  1.416E-12
7 1.616E-16  1.416E-12
8 6.761E-17  5.922E-13
9 6.300E-17  5.523E-13

TOTAL  2.272E-15  1.990E-11

R MONTECALRO RESULT *x* T T AN UDFR

NO. (1/HOUR) (1/YEAR) PROB.  HIT-N MEANCY) S.DOY) S.D./MEAN
1 2.637E-16  2.310E-12  4.220E-01 422 1.827E+11  1.955E+11  1.070E+00
2 7.191E-17  6.300E-13  9.500E-02 95 1.508E+11  1.436E+11  9.522E-01
3 5.970E-17  5.230E-13  9.400E-02 94 1.797E+11  1.650E+11  9.177E-01
4 6.739E-17  5.904E-13  1.080E-01 108 1.828E+11  1.864E+11  1.019E+00
5  5.2I5E-17  4.569E-13  9.600E-02 96 2.101E+11  1.895E+11  9.021E-01
6 4.853E-17  4.251E-13  7.700E-02 77T L81IE+11  1.849E+11  1.021E+00
7 4.425E-17  3.876E-13  7.400E-02 74 1.909E+11  1.843E+11  9.653E-01
& 3.653E-18  3.200E-14  6.000E-03 6 1.875E+11  1.251E+11  6.671E-01
9 2.415E-17  2.116E-13  2.800E-02 28 1.328E+11  1.341E+11  1.013E+00

TOTAL  6.302E-16  5.520E-12  1.000E+00 1000  1.812E+11 1.839E+11  1.015E+00
BRI A A FEAE AR (5L S.D)

*** ELAPSE TIME INFORMATION

TOTAL E-TIME = 18. 000000000000
CAL. E-TIME = 18. 000000000000
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B.3.2 AANfI2DHA

MAXTT(TRAIAL NUMBER)= 1000
LOOP (RAMBDA NUMBER) = 1
YUUYO = 3.000e+01 (HOUR)
TMAXIN (MAX TIME) = 1.000e+50 (HOUR)

KIKI DATA ***

2000-020

NO. NAME TYPE CHECK-TIM.  RAMBDA(P) MTTR(HOUR)  MIU DIST. ERR-F(RAM) ERR-F(MIU)  TAIRYUU
1 BOO4 1 0.000e+00  1.500e-04  1.000e+04 -1.000e+00  1.000e+00  1.000e+00  0.000e+00
2 B0O0O9 3 0.000e+00  9.500e-01  1.000e+01 -2.000e+00  1.000e+00  1.000e+00  0.000e+00
3 BO10 3 0.000e+00  9.500e~-01  1.000e+01 -2.000e+00  1.000e+00  1.000e+00 5. 000e+00
i BO11 3 0.000e+00  9.500e-01  1.000e+01 -2.000e+00  1.000e+00  1.000e+00  1.000e+01
5 BO23 3 0.000e+00  1.300e-02  1.000e+04 -1.000e+00  1.000e+00  1.000e+00  1.500e+01
6 BO42 3 0.000e+00  1.000e-05  1.000e+04 -1.000e+00  1.000e+00  1.000e+00 0. 000e+00
7 B053 3 0.000e+00  9.700e-03  1.000e+04 -1.000e+00  1.000e+00  1.000e+00  0.000e+00
8 B054 3 0.000e+00  1.000e-01  1.000e+04 ~1.000e+00  1.000e+00  1.000e+00  0.000e+00
4 B0O5SS 3 0.000e+00  1.000e-02  1.000e+04 -1.000e+00  1.000e+00  1.000e+00  0.000e+00
FHxE MIN-CUTSET DATA s
MIN-CUTSET 1
BOO4
B058 B0O0OY BO10 BO11
BO42 B053 B054 3023
*EAEPTL RESULT *¥* FTLOMARE BTN, SYHBMSFIEESA TR
L )'\
NO. (1/HOUR) {(1/YEAR)
1 6.487e-17  5.683e-13
TOTAL  6.487e-17  5.683e-13
**EX MONTECALRO RESULT #*#* TN OOESR
NO. (1/HOUR) (1/YEAR) PROB.  HIT-N MEAN(Y) S.DUY)  S.D./MEAN
1 4.078e-22  3.572e-18 1.000e+00 1000  2.799%e+17  2.936e+17  1.049e+00
TOTAL  4.078e-22  3.572e-18  1.000e+00 1000  2.799e+17  2.936e+17  1.04%e+00
B RE FRIEERE (FHLSD)

#*% ELAPSE TIME INFORMATION
TOTAL E-TIME = 4176. 000000000000
CAL. E-TIME = 4176.000000000000



B.3.3 A/BI3IDEA
MAXTT(TRATAL NUMBER)= 200000
LOOP (RAMBDA NUMBER) = 1

YUUYO =
TMAXIN (MAX TIME) =

k% %k

KIKI DATA ***

NO. NAME TYPE CHECK-TIM.  RAMBDA(P)
1 BOO4 I 0.000E+00  1.500E-04
2 B009 3 0.000E+00  9.500E-01
3 BO10 3 0.000E+00  9.500E-01
4 BO11 3 0.000E+00 9. 500E-01
5 BO13 1 0.000E+00  1.500E-04
6 BO18 3 0.000E+00  1.000E-02
7 BOZ3 3 0.000E+00  1.300E-02
8 BO25 3 0.000E+00  3.000E-03
9 BO26 3 0.000E+00 3. 000E-03
10 BO27 3 0.000E+00  3.000E-03
11 Bo28 3 0.000E+00  3.000E-03
12 BO29 3 0.000E+00 5. 000E-01
13 BO30 I 0.000E+00  1.500E-05
14 BO31 1 0.000E+00  1.500E-04
15 BO3Z 1 0.000E+00  1.500E-04
16 B042 3 0.000E+00  1.000E-05
17 BO53 3 0.000E+00  9.700E-03
18 B054 3 0.000E+00  1.000E-01
19 BOSS 3 0.000E+00  1.000E-02
KIKI NO= 35
NAME=B004 B00OY BO10 BO11 B013
B027 B0Z8 B029 B0O30 BO31 B032
B058 BOO4*  BOO4*  BOO4*  BOO4*  BO30*
BO31*  BO31*  BO31*  BO31*  BO13*  BO13*
FHExE MIN-CUTSET DATA *%x
MIN-CUTSET 1
BOO4 B058 B0Z3 BO0O9
B042 B053 B054
MIN-CUTSET 2
BOO4* B0O58 B0O25 BOO9
B0O42 B0O53 B054
MIN-CUTSET 3
B0O4* B0O58 B0O26 B0O0Y
B0O42 B053 B054
MIN-CUTSET 4
BOO4* B0S8 B0O27 B009
B042 B053 B054
MIN-CUTSET b
BOO4* B058 B0O28 B0O09
B042 B053 B054
MIN-CUTSET 6
B030 B029 B023
B042 B053 BO54

JAERI-Research

0. 000E+00 (HOUR)
1. 000E+50 (HOUR)

WTTR{HOUR)  MIU DIST. ERR-F{RAM)
2.400E+01  -2.000E+00 1. 000E«00
1.000E+04  -1.000E+00  1.000E+Q0
1.000E+04  ~1.000E+00  1.000E+00
1.000E+04  ~1.000E+00  1.000E+00
2.400E+01 -2, 000E+00 1. 000E+00
1.000E+04  ~1.000E+00 1. 000E+00
1.000B+04  —1.000E+00 1. GOOE+00
1 OO0E+04 =1, 000E+00 1. 000E+00
1.000B+04 -1.000E+00  1.000E+00
1.000B+04  -1.000E+00 1. 000E+00
1.000E+04  ~1.000E+00 1. 000E+00
1.000E+04 1. 000E+00 1. 000E+00
2. 400E+01  -2.000E+00 1. 000E+00
2.400E+01  ~2.000E+00  1.000E+60
2.400E+01 -2, 000E+00 1. 000E+00
8. 000E+00  -2.000E+00 1. 000E+00
1.OOOE<04 -1 000E+00  1.000E+00
1. O00E+04  ~1.000E+00  1.000E+00
1. 000E+04 -1, 000E<00 1. 000E+00

BO1S  BO23  BOZ5  BO26

B042  BO53  BO%S4

BO30*  BO30*  BO30*

BO13*  BO13*

=== TS T ARETHER L3
BO10 BO11

BO10 BO11

BO10 BO11

BO10 BO11

BO10 BO11

2000-020

ERR-F (MIU)

I
1
I
1
1
1
1
1
1.
1
1
]
1
1
]

b

.000E+00
-O00E+00
. 000E+00
- 000E+00
- 000E+00
-000E+00
. D00E+GO
. 000E+00

000E+00

. 000E+00
. 000E+00
. 000E+00
. 000E+00
-000E+00
- Q00E+00
. 000E+00
1. 000E+00
1. 000E+00
1. 000E+00

TAIRYUU

). 000E+00

). O00E+00

). 000E+00
)

e S

). 000E+00
0. 000E+00
), 000F+00

000K

+00

0. DD0E+00
0. D0UE+00




MIN-CUTSET 7
B0O30*

MIN-CUTSET 8
B0O30*

MIN-CUTSET 9
B0O30*

MIN-CUTSET 10
B0O30*

MIN-CUTSET 11
B031
B032

MIN-CUTSET 12
BO31*
B032

MIN-CUTSET 13
BO31*
B032

MIN-CUTSET 14
BO31*
BO32

MIN-CUTSET 15
BO31*
B032

MIN-CUTSET 16
BO13

MIN-CUTSET 17
B013*

MIN-CUTSET 18
BO13*

MIN-CUTSET 19
BO13*

MIN-CUTSET 20
BO13*

#Rxx TL RESULT **#

B029
B042

B0O29
B042

B029
B042

B0O29

B042

B029

B029

B029

B029

BO29

BO18
B0O42

BO1&
B042

BO18
B042

BO18
B042

BO18
B042

B025
B053

o

BO27
B053

B0OZ8

B0O53

B023

B025

B0O26

BO27

B028

B0Z3
B053

B0O25
B053

B026
B053

B027
B053

B028
B053

JAERI-Research

2000-020

BO54
5054
B054
BO54
Bo42  BOS3  BOS4
B04Z  BOS3  BOS4
BO42  BOS3  BOS4
BO42  BOS3  BO54
BO42  BOS3 B0
BOO9  BOI0 B0l
BO54
BOOY  BO10  BOLl
BO54
BOOS  BOIO B0l
B054
BOOS  BOIO  BO1l
B054
BOO  BOI0  BOII
BO54
<===FIL 2L bEE#E



NO.

17
18
19
20
13
14
15
12

TOTAL

(1/HOUR)

. 454E-16
C182E-16
182E-16
182E-16
182E-16
.616E-16
.616E-16
CT61E-17
C729E-17
729E-17
. 729E-17
729E-17
. 729E-17
729E-17
T29E-17
T29E-17
. 560E-17
. 560E-17
. 560E-17
. O6OE-17
.570E-15

OO =t b e e 0 00 0 L LS 0 WO LD O e e B DD B DO D

(1/YEAR}

8. 282E-12
1.911E-12
1.911E-12
1.911E-12
1.911E-12
1.416E-12
1.416E-12

FAEX MONTECALRO RESULT **#

{1/HOUR?
8.509E-16
. 206E-16
198E-16
177E-16
. 164E-16
.636E-16
1.603E-16
. 561E-17
C900E-17

L SU R S SU R S

Ty ow

Lo

729E-17
69TE-17
. 665E-17
C661E-17

— G2 Lo Qo Lo Lo Ll L2

e r—

(1/YEAR)
8. 330E-12
1. 932K

1.807E-12
1.896E-12
1. 433E-12
1. 404E-12
L 748E-13
16E~13

ot

Lo Lo Lo Lo Lo
A R SR A I S R
o5 dn

£-13
9E-13
2E-13

PO e b e e L3 L0

#** ELAPSE TIME INFORMATION
988. 00000000000
988. 00000000000

TOTAL

CAL.

E-TIME =
E-TIME =

JAERI-Research

PROB.
. 688E-01
. O08E-02
E-02
L 528E-02
CA40E-02
. 365E-02

ool ov]

joalie siie &)

T T

Yo e b b e b b s [
. o oy

<

— Y LT

=

2000-020

w YT RO L AR R

4. 606E+10
4.475E+10
4. 311E+10
4, 403E+10
4. 465E+10
4, 560E+10

4
i
{
4
1
1
1
{
1
1
4.
4. 461K
i
|
{
{
i
)|
{
|
4. 436E+10

CA93E+10
. 387E+10

4. 396E+10

CATIE+10
CATBE+10
C314E+10

4. 462E+10
1. 430E+10

- 413E+10
. 388E+10
. 668E+10
L677E+10
. 485E+10
C179E+10
CA4T4E+10
 192E+10
. 586E+10
SASOE+10

. 898E-01
-009E+00
- 938E-01
CGI3E+00
-Q03E+00
C012E+00
-891E-01
. 843E-01
- 020E+00
.016E+00
-002E+00

). 693E-01

C003E+00
. 390E--01
. QO8E+00

). 981E-01
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B.4 BHHBE4EEEOEINITLTIFZAILHN
B.2.3 TRIBI3ITIE, ADF—%D1lst La— FHOREKIZ, WEHEEOCANFI 477

ANWVEIDDDF =3P ATEINT WA, 2D, FFEKRERTEIZ 77140 fort.8 »ER
S5b,

i

p=ill]

<fort.8 g >
250000000000, 00 86179 <O M5 SXIONEIHIET AL DT 86179 A R Y —>

750000000000. 00 48859 S5XI0M A5 10X10M FITHES 5 4 O3 48859 v & b 1) —

1250000000000. 0 28070
1750000000000. 0 15933
2250000000000.0 9051
2750000000000.0 5130
3250000000000.0 2898
3750000000000.0 1725
4250000000000.0 916
4750000000000. 0 502
5250000000000.0 299

<

5750000000000.0 193
6250000000000.0 93
6750000000000.0 62
7250000000000.0 30
7750000000000.0 17

8250000000000.0 7
8750000000000.0 7
9250000000000.0 5
9750000000000.0 3
10250000000000.0 1

95X 10" 5 100X10" FEIIHMET A0 3 AR —
100108 ELETHETLLDIE T A M) —

CDOTTANEMHL T, EXCEL TR A NS 45T A2 A TE 5,
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B.b ZEfTH&E

Windous PCTEITTALHEATT,

B.5.1 BEETHE

ZOBHTIE, FEEAZ CYTITAN 2 wd =4 L2 kb J—=ilHoT, FOEIZ
Monte.exe THLLD LT 5,

O ADNT= 9 2ENRROSH L7 1L 7+ ) — CYTITAN 1257 % 2 MR Clem+ 2 .
BT Ly, HBEO 0 BH%F Data. txt T4,

P

2 MSDOSOEET, KDa~vr FERTT 2,

<EMEMRTEEIL T 554>

Monte < Data. txt

<FHEHREAHE 7 7 AV ICH DT 546>
Monte < Data.txt > BT A 771 0%

<EIEHREZMIE 7 7 A MBI T 254>
Monte < Data.txt >> i3 277111 %




52 C 7075 LHAE

JAERI-Research  2000-020

ZITELTITN I—- KOTOJSLHBEE. W—Fo—B, TO7 5Lk,
ZEFHEERRA DIRTIT D,

W—FrD—E5R1IIRT, F/o, 7075 L0NMPHE LEZREE 1 I2RT,

£1 Vv—Fr—E

W=

No Name | F&fE

1 Chkint AT =5 DF v 7, BEIEIZHTHT, B
DEEIBHY A TEBNERERA 5,

2 Drerfc | 295777 aviti

3 Freebw | 7 —7+—7v b DR

4 Ftlcal |FIL CTiM&

5 Gropin | 7 V=7V TIE S N7 — 5 2 A )T 4

6 Gropiw | 7 W=7 TTF—Fy Ahshizk 2z, 3 =<
By bEy FEERT A,

7 Inpchn | AJJT7— % THERAMDI G2 6N TwA & &, e
T oS IIAE T 5,

8 Inpdat | AJ1 T — & D Ah s

9 Inrand | fLEOWIET ¥ b9 5

10 Kikdch | #5320V h v by DI A 71,2 D01
NCHUBEHOR, 205 4 71, 2 #igioxk L TR
LOERE TS5 b,

11 Monte | AA4 7054

12 Ramset | BEEFHRE 4 W EOE B A C 5 2 5

13 Randun | LBz %4 s E 5

14 Sortgl | FeW) A DEATKEVIEIZT FL AR VR 2 5

15 Sortg2 | L5 A & BOROEAKEWVIRIZT FL A% i 0
Z 5

16 Susumf |1 [IEATH L CHEOMERL % ko 5

17 | T3calc |T3%EETL.T3EIE, 32wV Ay by MIH
ENDLY AT 3B ETONEREOFTH A,

18 Tscall | #1471 BarOiERH 2 ko 5

19 Tscal2 | ¥4 7 2 OB kD 5

20 Tscalu | gy OB % ko 5
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RIZ, Vv—F  OFMEFHET 5,

A A I—F L EHBR

W—F % . MONTE
B . &tkoar ba— )

NG A=F L AL o —F VY THRELTVANRTA—FE2FK2ITRT,

#£2 85X — %Gt

pRed NZ

MNKO B2 D KL

MMMOD BRIZwLMHY by MK

MIMOD 1203wVl bty MIEITRLY LT 1,
2 B OB A

MLMOD 1208471, 2EEHLIVT I 2DI=T)
Ho by MIBET A5 4 7 3 BEBORKEK

B 70— % RIZH 2 12RT,
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a CALL INPDAT

T =% A/

FTLC X 5518, Bh CALL FTLCAL

TR KL

Il b A 4 T3 Izo=why by b
oy PTHEED R U T3 D4 WKEENLE A7 3B ET
DHEERDETH A,
e —
CALL T3CALC
Ao Y
#e bR U ETFANTTETEY 10T CALL SUSUMF
T T ANAEEERS D

Mz XAV —FrONE7a—



H 7 I—F > INPDAT

Jo—F % . INPDAT

JAERI-Research  2000-020

AR

Hiy: 7=% AJ);, 515o3MzR3IICUE 70— %[ 312537,
#3 HTJTIb—F > INPDAT D3 %D 35
g /0 | W&
MAXTT 0 AT RO B
LOOP 0 A DI — T
MMOD 0 STV Ay by M
NKOM (M) 0 SNy by NMEDOY AT 1, 2 OB
1=M= MMOD
KIKIM(I, M) 0 WAy My PMNEDO I FHEROBEES
(4471, 2DHk) 1<I£ I\KOM(M)
NUTU(I, M) 0 IEZwVA Y by PMEO I EHESRICNETA Y473
e O
[=NKOMM) +l 0 & 2 A, 3=~ bhy ey MOABET A
AT IR OMEUTH D, 11 NKOMM) +1
NUTUM(L, I, M) 0 RZWNA Y by FMEO T EERSG T AY 4T3
W OT5,
IsNKOMMW 1 o & S A, 3=l vy My MIABET S
AT IR OFTTH L
1=T< NKOM(M)+1 1§L< NUTUCI, M)
NKO 0 ko (¥y1471, 2, 3)
KIKI(]) 0 ary A 7S 1=]< NKO
CHECK(]) 0 7 AT 2 WA OROIE T © v 7 FEERIE
I1=]= NKO
RAM(N, I 0 RAM(L,J): A (#1471, 20k %)
RAM(L, ) - fufssfess (4 14 73 0’)&: %)
RAMZ, J):RM(L, Y5 —T 7 7 & —
1=]= NKO, N=1,2
UIU(N, J) 0 UIU(LJ):#
ULU2, ) 243 (1 SUTU(2, ) BRI EOE A Td B)
UIU(3, I U/ITU):£7 AL
\l,J)O')I7 Tr Y-
1=]J= NKO, N=1,2,3
TAIR(]) 0 Wy A 73DE SAFHL T D ¥ 4 7 1 B30 e e
1=£J= NKO
TMAXIN 0 RE oG
YUUYO 0 4T EE ]
NHIS 0 LANTSLT
THIS 0 v A b 7“’7 VA ‘fz/‘\‘ﬁf‘?ﬁﬁ
ISORT 0 =0 ‘rxfﬁ U\%XK AR
=1: ’l"ﬁ’"%u/ﬁ z?ﬁi TS AL SR Z WIS OV 2
TIMFAC 0 = HALILH D a5
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LET— 8 Gidb M

l

WRF 7 — 5 ik

7= 77— % | CALL GROPIN T=AH by b
kA L

l

TN—=TERT =¥ 1632w CALL GROPIN
By bty hFE—8 RERT A

l ,

Fl—IzZ<wnHhy bbby MILT CALL KIKDCH
e rBmLd L5

M3 7N —7F > INPDAT OULE 71—
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Y JIJL—F > CHKINT SHRE

N—F % o CHKINT

H8 AT =5DF v 7,
BUDPEDPEHANT, BROL S3ERY 1 TEBRCERERT %,

F A BB E R,

#£4 Y TIV—F> CHKINT D5|EERRT

e /0 | AR
8 I X8 A4 7 D7 — % (CHARACTER*S)
NUMB 0 EE
C8 WEHAED T — ¥ T\ & X3, NUMB=-9999 & ¥ 4
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Jv—F % . FREE6W
B AJJ7—4% 1 L a— FO#BH,
UToRo7F—47 %2Ry 5,
ETF-5 17 LFET—-4 2" WFEF—45 37 WET—5 40
BEL BfE2 - #fEin

551 BOFEE R,

#5 HTJI—F > FREEGW O5|%iEHEA

EEA /0 | NE
TAI I XFY A 7O 7 — % ( CHARACTER*1(80) )
IALDC 0 XFT=51 ~UFEFT—=54 &0z,

CHRACTER*20 TALDC(4) T® 5,
NFET =R E JEETEREL A,
WFET =501 DOE, TALDC(2) DN =R E 2 5,

KTS 0 BAEL1 BdE2 - BfEn 2, AT,
BlE®RE Lz EDETHA,

TS 0 BAEL1 BfE2 - BfEn 2923,
B EERELZEEDBETH A,

ITS 0 Bl o

INUM L %20
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#JI)—F > FTLCAL &HRA

V—F 4 - FTLCAL
HEg : FTL TOE RN

FOIFIHOBEHE TR T, o, M4 7T — % RT,

#£6 Y TI—F> FILCAL 515 =iFA

LR I/0 | N

MMOD I RV D N A N

NKOM (M) I SN A Y bRy PNEDY AT, 2 OB
1<M< MMOD

KIKIM(I, M) I IV A Y by PMEO I FEHESORESEYS
(2471, 20&k) I=<I< NKOM(M)

NUIU(I, M) I TNV Ay by PNEO T EEBRBRI AT A Y (473
s oM.

[=NKOMM+l & 2 AE, 3=l y ey MOfTT 5
FATIEBRDOMETH A, 1SI< NKOMM) +1

NUTUM(L, I,M) | I oAy by PMEO THREESRICAET LY 173
HarOEF 7o

I=NKOMM+1 D& 2513, 3 =2<ibhy by MOHT A
FATIBROTFETTH A,
ISI= NKOMM)+1  1=L= NUIU(I,M)

NKO I WiromEk (¥y471, 2, 3)

KIKI(]) I Wiz s 1 7F 5. 1=s]= NKO

CHECK(]) I ¥ AT 2RO ORETF £ v 7 EEME. 1=]< NKO
RAM(N, J) I RAM(1,]): A2 (#1471, 20& &)

RAM(L, J) B (4 73D & &)
RAM(2, 1) :RAM(1, ) D x5 —7 727 % —
1=]= NKO, N=1,2

UTUN, J) I UIUCL, )

UIU(2, J) oA (1 SUTUCR, ]) OFFIE B o/ Tdh %)
UIUG, ) VIV, ) D9 =7 7 7 7 —

RAM(L, ) Dz =77 77—

1=J= NKO, N=1,2,3

MNKO I R N

MMMOD I BRIZTLH Y by M (B A XTHB)

MIMOD I 12032V hy bbby MIGENL5 171, 2HBED
R (VA XTHB)

MLMOD I 12D5 471, 2T A5 4 7 3HFORAEK
(BoHH A4 XA TH5H)

ISORT I =0 FHERFR TR OB 2w

“LEMTERR T PR EHESRE WIHIE B R
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BT EICh, ukEHE

2

h=uX2/ (/1'*’/‘\)
u=21., (g+21)

B
v

(g I=<rhoy bty b
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7 3 R OISR HFTL (X0 A

A 4

BEIZwVAhy My MRS
KOZHFTL # Mz &he b

l

VBB CHTL#Y— FLTY A NS
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#iAA

SIBOFWHELRTIIRT, £/, W7 O -0 FHHX 512877,

27 YITI—F>

GROPIN 5|# 73R

e /0 | &

NKO I WaomE (#4471, 2, 3)

KIKI(]) I ey 4 7% 5, IS]< NKO

NAME I EATE2las

MMMOD I BRKIZwLhy by M
(BCHIH A4 X TH 5)

MIMOD 0 1203I=%NAy bty MIEGENE5 1471, 2HBED
BARE (BHYAXTHAD)

MLMOD 0 12D 471, 2HBEIFIABET 55 4 7 3 OTAE
(BEHH 4 XTHB)

MMOD 0 vV by M

NKOM (M) 0 IZRNMAY Py PMEFEDOY AT 1, 208EHK
1<M< MMOD

KIKIM(I, M) 0 IZWIA Y by PMEO T FHESOESES
(5471, 20OH) ISTI< NKOM(M)

NUIU(I, M) 0 ST Ay by PMEO I EBEBICHET A 473
O,
I=NKOMM +1 D& 2 A, ISy My MIfBET 5
AT IREOMEBTH L, 1=I< NKOMM) +1

NUIUML, I,M) |0 ISy by PMEFEO I FEHBR AT AT A 73
BasoEs,
I=NKOMM)+l D& 2 A, 3=<ivdy bEy MIHBET A
4T IEBOBRETH B,
1=<I< NKOM(M)+1 1=Ls= NUIU(I,M)
DT —aVEKTH A

NUMSG HELETNV—=TIBTET TN —TD
NUMSG (M) M: 7V — 7%, 1<M=<NKGROP

NUMSKI HEY TN —TIBT AEBRO
NUMSKI(I,M) M: 7 Vv—7F%5, 1 77 V—T%5
1=1< NUMSG(M)

NAMKIK BHLY TN —TIBT b
NAMKIK (], I,M) 1<]=<NUMSKI(I,M)

MGROP TN —TEOERK

MSGROP HLITN—=TIBTAEY T TN —TEDERK

MSKIK HHYT TN —TIRT BEEZERORK

NGROP TN — T NGROP < MGROP

IGROP HEIZZNVAY by Y EBRT A TSV TEE

IGROPM,K) K:I=<nhv bty NS
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T =& wEHis A AT, NGROP, NUMSG,
NUMSKI, NAMKIK %t v +§ 5

l

IV Ay My NEGEE

I h Y b

v hCA—F {

=Sy by MIBY A& T — % =ES | CALL GROPIW

K5 #7)—7F> GROPIN O 71—
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B

ZON—=FTIEIO2OI=Z<NVhy by PEERT A,

%8 Y TJIL—F> GROPIW B|E e

s /0 | A%

NKO I ok (»471, 2, 3)

KIKI(]) I ey A 7% 5, 1=]= NKO

IGROP I HhHIZTNA Y My NEBRT AT TSV - TE S
IGROP (M) M: 7 n—7%%  1=M=NGROP

NGROP I TN—T7%

NUMSKI I HETT TN —=TIET AR OK
NUMSKI(I, M) M: o =75, 1 %77V —7%F%
1=<T=< NUMSG(M)

NAMKIK I HLYT I N—TIBT HEEES
NAMKIK(J, I, M) 1=J=<NUMSKI(I,M)

MSKIK I HHT TN TIET BREEER O (BT A X)

MSGROP I HETNV—TIET AT T 7N —TEOEKR [y 1 X)

NKOM (M) 0 =Ny by NMEOYALT 1, 208ERE
1=M= MMOD

KIKIM(I, M) 0 IZwNHy My PMEO I FEHESOBREE S
(4471, 20H&) 1T NKOM(M)

NUTU(I, M) 0 IV A Y My PMEO T HEEHESEICMT A Y A 73
2R O
I=NKOMM)+1 D& 251, 32<hy bty MIfET A
AT IEBEOMEUTH L, =1 NKOMM) +1

NUIUM(L, I, M) 0 IZNA Y My PMEO T HEHBIRINMTL 8 473
o5,
I=NKOMM)+l 0 & 2 A, 3=l H vy My MIRBET A
4T IERDOTETTH D,
I=I= NKOMM)+1  1=L< NUIU(L M)

MIMOD I Femlt 1 A

MLMOD I BLH A X
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I=1~NGROP

Th—"7 NSG=IGROP(L) : %7 7"V — T &K=
LSG=NUMSKI(NSG, I):ZoH 7 7
— T E TN A

J=1~1LS5G T —7 .l

NUMK=NAMKIK (J, NSG, 1) : B% 25 3% 51

v

NMK %% 4 771, 2D & & KIKM (2800

J=1~LSG T —7

NUMK=NAMKIK (J, NSG, 1) : 7% 253 51

v

NUMK A% A4 7 3 D& = NUIUM 123870

K6 A7 —F > GROPIW DI 7 o0 —
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% JJL—F > KIKDCH E{BB
WV —F 4 . KIKDCH
HW 532V hy by bOF AT 1, 20BEBVPTXTEUHEBEORE, #0547
1, 2RI L CRLZABBET Y52 5,

GIBOFMAERI TR, o, BRET0-2HTIIRT,

#9 Y TJI—F> KIKDCH 5|# D EHBH

B I/0 | 9%

MMOD I Il by M

NKOM (M) 1 IRV AY Ry MMEDOY AT 1, 208HK
1M MMOD

KIKIM(I, M) 10 3oV h Y by PMNEO I FHEEOMEES
(¥4 71, 20DHK) I<I< NKOM(M)

NKO 10 |Be&oEHE (¥171, 2, 3)

KIKI(]) ITA ez 4 7H5, 1=]< NKO

CHECK(]) IA 5 A 72RO T = v 7 RER R
1=]= NKO

RAM(N, ) A RAM(L]):a (FAT71, 20k &)

RAM(L, ) E&F@ﬁ’é (54 73DL %)
RAM(2,]) RAM(1, ) DLF—T 727 5 —
1=]J= NKO, N=1,2
UIUCN, J) IA UIU(L, J) @
UIU(2,]) A s (1 sUIUC2, ]) DRI EIER 545 C
»5)
ULU(3, 1) UIU(l,J)UD—‘L?—7775’~
RAM(L, ) DZF—T7 774 —
1=]J= NKO, N=1,2,3

TAIR(]) 1A BRI AT 3DEEMNFELTWDE Y 1 7 1 #E5 0 W R
1=]J=< NKO

NAME I LAY 0)

MNKO I WO KBS A X)

MMMOD I WARIZZLVA Y by MEES A X)

MIMOD I 12032V hy bty MIEENAFA T, 2HED

AR (ECF Y A X)
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T =¥ Z @b AT, NGROP, NUMSG,
NUMSKI, NAKKIK =zt v + 35

l

RN A Y by MGETE

ISy b

ey PN~ {

=y My MUY A8 7 — 8 &EA|  CALL GROPIW

K7 H7)—F > GROPIN L7 o—
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AR

B89 © R 2 S E R AT 2 B

SIBOBEN©EI01RT, £/, 70 -%2K 8 12RT,

#10 Y7 JL—F > RAMSET 5|%0> HRA

Ll /0 | A%

RAM 0 PRAF IR
RAME I PR
RAMK 1 ITT—=T 775 —

RANK ¥ 1.0 & h KEwe &ix
RAM=RAME & LTV ¥ — >

l

SIGMA = LOG(RAMK) /1. 6449D0

EMIU = RAME*EXP(-SIGMA**2/2.0D0)

AMIU = LOG(EMIV)

RAM = EXP(AMIU + SIGMA*DRERFC(P))
ZITPIE0~ 1Dkl

K8 W7 I)—F > RAMSET DWLEE 7 17—
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H7IL—F > SUSUMF E%BE
N—F % . SUSUMF
HEY 1 RIERIT% L OB OREIEL % ko 2,

T TANVTEHEORLENL—F 0 Th B,

SIBOBEBEEILIORT, WHE7O—-%K9 12577,

# 11

# 7V —F > SUSUMF 510> SXRR

E8H

1/0

s

NE

MMOD

I

VA Y by b

NKOM (M)

I

R=XNVA Y by FNEDY AT, 2 OB
1=M= MMOD

KIKIM(I, M)

I

32U A Y by PMEO ] FHEROBEERE
(#1471, 20HK) IST< NKOM(M)

NUIU(I, M)

2N A Y by "MEO T FEEEBEICNFETL 5 473
PO,

[=NKOMM +1 o & 22513, I =< dhy My MIWFHET 2
74T IWBOMETH B,

I=I=< NKOM(M)+1

NUIUM(L, I,M)

RNy by PMEDO I HFEEBESINETA Y 473
e nFE e,

I-NKOMOW +1 D E 221, 3 2= Ay by M oAbt 5
AT IBROTFEETH A,

I<I=< NKOM(M)+1  1<L< NUIU(I,M)

T3 (M)

NKO

oW E (#1471, 2, 3)

KIKI(])

wWes sy A Tk
I=J< NKO

CHECK(J)

5 AT 2 REROBEOEEET x v 7 R
1=]= NKO

RAM(N, J)

RAM(LD): 2 (7471, 200k %)
RAM(L, J) - Hefsps (44 73Dk &)
RAM2,J):RAM(L, ) D5 —T 7 7 % —
I=ST= NKO, N=1,2

UIU(N, J)

UIU(L, I s

ULV, ]) A 2R (1 SULUCR, ]) BRI A E 3545 ¢
H5b)

RAM(1L, )5 —7 7 7 7 —

I1=<]=< NKO, N=1,2

TAIR(])

R

1=]= NKO

C DFATITB T B RS AR

MMM

CORTTHE LI vy ey NER
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TMAXIN I AE SRS YN
YUYYO I 37 R
IR 10 LB DtE
MNKO I P28 D REL
MMMOD 1 BRARIZLVAY hEy MK
(FeHIFA X THAB)
MIMOD I 12DI=ZwNHhy bty MIEEINLEIAT ], 2HED
AR
(BeHIH 4 A Th D)
MLMOD I LoDy A7 1, 28R T A5 4 7 3RO KRE
(BeHI 1 X THBH)
UTFiZa—s VERTH A
() Y471, 284 T, BERBO R ERZ
I=T< NKO
S(I) A7, 2 BT BRERIEOIBIE R
IS NKO
SW(J) AT 2RI THIE L TS ME* T 5 F TORH
IS NKO
IFSUSU(]) =lnrx T,5,WEEETAH
=00+ Ex T,SSWITEHL W
=-10& & ZOHREIHEDOLELRL
1=<]< NKO
IFKOSO (M) IZwNAy by MM PEREEL T AEREIDOT TS
7
=0 BELTHwRE W
=1 MkEL
20T A LF =N —
1<M< MMOD ,
TMKOSO (M) SZThy by b MATEREEE T A
1=M=< MMOD
TAMX (M) IV A Y by PMIZEEND YA 1,2 BEEIHE
T ARG D) bR KR E
I<M=< MMOD
SMIN(M) SN A Y bRy P MIZETINAES AT ], 2 EEEHIEE

T AL O ) LNl
1=M=< MMOD
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TARTH IFKOSOM)=1,2 £ 2 A T —7

T, S, SWorur)7—
IFSUSU D x §_T 1123 5
IFKOSO D% T 02§ 5

f&f@747L2%%f»~ﬁl

IFSUSU A% 1 DEERIZ72W L T T, S, Sw 2 B H 7 5

MEIZwLhy by b TU—F

SN hy by MMIZETAY AT, 2 s
T REEZ TMAX (M) & A8 1R i /NS4 SMINOM) 75k A
TMAX (M) /T3 (M) 2% TMAXIN X b K& v & &3 TFKOSOM)=2 &+ 5

\ 4
IFSUSU & TD ¥ 4 71,2 B3z xt L THE

MEeIz<wnhy by PTAL—-T i

IFKOSHO (M) o> 53
TMAX (M) +YUUYO<SMIN (M) D 1E,  IFKOSHO (M) =1,
TMKOSHO (M) =TMAX (M) /TTT (M) £ 9%

B9 H7n—F> SUSUMF LB 7 1 —
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V—F % L T3CALC
Hiy T3 %5t8ET 5,
T3EE, I=90Ay by MIEINLY A T 3IEBRETOMBEDRETH S,

SIBMOFN 2R 1217 T, T, ME7a—%K 10 12577,

#12 Y TJI—F > T3CALC DB EHRR

paed /0 | N&E

MMOD I I=TAy by MK

NKOM (M) I IRy by PMEOY LT 1, 2 OB
1=M= MMOD

NUIU(I, M) I IV by PMEBEO T EHBEBNETAY 1473
HaF O

[=NKOMM+1 D& 2 A1, 3= Ay by MIRET 5
74T 3REEOWEEBTDH 5,
1=T= NKOM(M)+1

NUTUM(L, I, M) I SERNVAy by PMEFEO T EEHESRICNET A2 14 73
a0k,

[=NKOMM)+1 o & 2 AL, 3= hy ey MIARET 5
AT IBOTFFTTH A,

I=I= NKOMOM)+1  1=L< NUIU(LM)

T3 0 IRV A Y by MIEENE Y A4 T IBBRETOHE
O

NKO i WO (#1471, 2, 3)

RAM(N, J) I RAM(1,]):x2 (471, 2m&X)

RAM(L, J) (R (¥4 73D & &)
RAM(2, 1) RAM(L,]) DT —T7 7 7 ¥ —
1=J= NKO, N=1,2

MNKO I R ar O R

MMMOD I BRIZwLAY Py b
(BCHIFT A X THB)

MIMOD I 1203wV hy bty MIEINAEZ AT, 288D
WA
(BeHY 41 X Th D)

MLMOD I 12D% 471, 2HRINBET 549 4 7 3o

(BFIH A XTHB)
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T3(M)=1.0

I:1 ~NKOMM)+1 v —7

L: 1 ~NUIU(L, M) v —7

T3 (M) =T3 (M) *RAM(NUIUM(L, I, M)

B 10 7 —F > T3CALC DMLHE 7 1 —
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KR /0 | %

RAM I S
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IR 10 LB
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RAM I AL RESRIEEE
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CHECK I s F = 7 R
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W—F 24 L TSCALU

B BEBR OISR 2 R 5
BB 15 1270
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LR I/0 | A%
UIu I EIEIE IR O 5
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SO0 MBERGHTHL, 2ok ESICOHIZSH,
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