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Table 2 Primary Markov model state,
Primary Markov model state definition
System conditions
State Common One vrain Other train
detectable | undeiectable | detectable | undetectable | detectable
1 X X X X X X
2 X X [o] X X X
3 X X o] X o] X
4 X X X [ X X
5 X X [o] o} X X
6 X X [o] X X o
? X X o [+] o X
8 o X X X X X
9 [+ X (o] X X X
10 o X o] X s} X
11 (] X X [} X X
12 [+ X (o] [¢] X X
13 [+ X (o] X X o]
14 [+ X (] o o X
15 - o 0 - [¢]
Table 3, Supporting Markov model state.
Supporting Markov mode! state definition
System conditions
State Train A Tram B
detectable undetectable
1 X X X X
2 (o] X X X
3 X X o] X
4 o X (o] X
5 X (o] X X
6 X X X (o]
7 o [+] X X
8 X X (o] o)
9 (o] X - X (o]
10 X o] (] X
11 (] o [ X
12 0o - X o o
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Table 4 Transition rates for primary Markov

model,
From| To | A B d O From| To | A[B]c|p| From | To [alB]c
1|2 2f 4 | 11 1 9 |12 1
1 |4 2 4 | 1sf1 {1 9 113 1
1 8 1 5 7 ifi 9 15 [ 1]
1 st s | 2| | 10 | 1 2
2 |3 1} s {51 [ 10 |15]1
2 |s 1 6 7 Wn | 1
2 |6 1 s | 13| It n |3 1
2 |9 1 6 | 1si1] {1 n s h
2 |15 |1 7 14| 1 12 |14 1
3 17 2 7 s 1 12 |15 1| |1
3 o] 8 9 2] 13 | 14 1
3 |15 |1 8 |11 2 13l
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Table 5 Transition rates for sequential failure,

From | To d f
1 2 1
2 3 1
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Table 6.f values for different SG inspection

intervals and number of tube
ruptures,
( units © tube ruptures / degraded
tube hr )
Inspection interval (yr)
1 15 2 25
Number of SG tube rupturcs
0.025 1.34E-08 | 8.92E-09 | 6.72E-09 | 5.39E-09
0.05 2.69E-08 | 178E-08 | 1.34E-08 | 1.08E-08
0.1 5.38E-08 | 3.57E-08 | 2.69E-08 | 2.16E-08

Table 7 .Exposure doses and costs due to an

SGTR [8].
Expected public dose 345 man-rem
Expected occupational dose 353.8 man-rem
Total expected dose 698.3 man-rem
Expected accident cost $ 3.77E+05
Expected repair cost $ 3.56E+07
Total expected SGTR cost $ 3.60E+07

* SGTR : Steam Generator Tube Rupture

Table 8 Exposure doses and costs for each SG
inspection [8] .

cost ($)

Exposure cost (man-rem)

Each SG inspection | 2.46E+05 12
Each SG tube repair | 1.60E+03
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Table 9 Probability of tube ruptures for various
inspection intervals,
d’ =(.1040 E-05 degraded tube/tubehr
= (.2689 e-07 tube ruptures/degrad
ed tybe-hr

d' = 0.1040E-0S degraded wbe/tube-he
f* = 0.2689E-07 wbe ruptures/degraded tube-hr

Inspection | Single tube Probability of multiple ruptures

interval (yr) | rupture prob, 0 1 2 3 4

0.25 0.1194E-06 | 0.9987 0.0013 0.0000 0.0000 0.0000
0.50 0.3147E-06 | 0.9967 0.0035 0.0000 0.0000 0.0000
075 0.6397E-06 | 0.9927 0.0071 0.0000 0.0000 0.0000
1.00 0.J094E-05 | 0.9880 0.0122 0.0001 0.0000 0.0000
1.25 0.1679E-05 | 09814 0.0185 0.0002 0.0000 0.0000
1.50 0.2391E-05 | 09735 0.0262 0.0004 0.0000 0.0000
175 0.3234E-05 | 09644 0.0351 0.0006 0.0000 0.0000
2.00 0.4204E-05 | 09535 0.0451 0.0011 0.0000 0.0000
225 0.5302E-05 | 09421 0.0562 0.0017 0.0000 0.0000
2.50 0.6528E-05 } 0.9289 0.0682 0.0025 0.0001 0.0000
275 0.7883E-05 | 09153 0.0812 0.0036 0.000f 0.0000
3.00 0.9364E-05 | 0.9001 0.0948 0.0050 0.0002 0.0000
325 0.1097E-04 | 0.8839 0.1091 0.0067 0.0003 0.0000
3.50 0.1271E-04 | 0.8669 0.1239 0.0089 0.0004 0.0000
375 0.1457E-04 | 08491 0.1391 0.0114 0.0006 0.0000
4.00 0.1655E-04 | 0.8300 0.1545 0.0144 0.0009 0.0000
4.25 O.1867E-04 | 0.8107 0.1702 0.0179 0.0013 0.0001
4.50 0.2091E-04 | 0.7903 0.1858 00218 0.0017 0.0001
4.5 0.2327E-04 | 07699 0.2015 0.0264 00023 0.0002
5.00 0.2576E-04 | 07485 02169 0.0314 0.0030 0.0002
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Table 10 Number of expected repairs for
various inspection intervals,

= 0.1040E-05 degraded tube/tube-hr
£’ = 0.2689E-07 tube ruptures/degraded tube-hr

Inspection Degradation Number of )

interval (yr) probability expected repairs
0.25 0.2244E-02 0.2524E+02
0.50 0.4482E-02 0.5042E+02
0.75 0.6716E-02 0.7554E+02
1.00 " 0.8944E-02 0.1006E+03
1.25 0.1117E-01 0.1256E+03
1.50 0.1339E-01 0.1506E+03
1.75 0.1560E-01 0.1755E+03
2.00 0.1781E-01 0.2003E+03
225 0.2001E-01 0.2251E+03
2.50 0.2221E-01 0.2498E+03
2.75 0.2440E-01 0.2744E+03
3.00 0.2659E-01 0.2991E+03
3.25 0.2877E-01 0.3236E+03
3.50 0.3095E-01 0.3481E+03
3.75 0.3312E-01 0.3725E+03
4.00 0.3529E-01 0.3969E+03
425 0.3745E-01 0.4212E+03
450 0.3961E-01 0.4455E+03
475 0.4176E-01 0.4697E+03
5.00 0.4391E-01 0.4939E+03
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Table 11. Total annual costs for various
inspection intervals,

" = 0.1040E-05 degraded wbe/mube-hr, * = 0.2689E-07 wbe ruptures/degraded tube-hr
Inspection | Number of ruptures| Expected costs | Expected costs | Totl costs
interval (yr) in interval for interval (§)} peryear($) | peryear(§)
0235 0 0.5317E+06 | 02127E+07
1 0.4881E+05 | 0.1952E+06
0.2322E+407
0.50 ] 0.5706E+06 | O.1141E+07
1 0.1288E+06 | 0.2577E+06
0.1400E+07 |
0.75 [ C.6085E+06 | O.8113E+06
1 0.2609E+06 | 0.3478E+06
0.1162E+07
1.00 [ 0.6450E+06 | 0.6450E+06
1 0.4446E+06 | 0.4446E+06
2 0.5426E+04 | 0.5426E+04
0.1095E+07
135 ) D.6800E+06 | O.S340E+06
1 0.67T7E+06 | 0.5422E+06
2 0.1268E405 | 0.1014E+05
0.1096E+07
1.50 0 0.7134E+06 | OATS6E+06
1 0.9591E+06 | 0.6394E+06
2 0.2558E+05 | O0.1705E+0S
0.1132E+07
175 ] 0.7451E+06 | 0.4258E+06
1 0.1285E407 | 0.7342E+06
2 0.4630E+05 | 0.2646E+05
0.1187E+07
2.00 ) 0.7749E+06 | 0.3875E+06
1 0.1653.407 | 0.8266E+06
2 0.7742E405 | 0.3871E+05
0.1254E+07 |
225 0 0.8028E+06 | 0.3568E+06
1 0.2061E+07 | O0.9159E+06
2 0.1217E+06 | 0.5408E+05
0.13288+07
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Optimization of Radiation Protection Using Markov Model
Jin Yop Chung and Kun Jai Lee

Department of Nuclear Engineering
Korea Advanced Institute of Science and Technology, Seoul Korea

ABSTRACT

An analytic method for quantitative comparisions between the alternatives for radiation
protection optimization is required to aid the decision making process. This paper introduces the
dynamic Markov model to evaluate the effect of inservice inspection, testing, and repair activities
of the plant on radiation protection.

In the example to put the Markov model into practice, the steam generator inspection intervals
which minimize expected cost and total exposure dose were determined using the data for Kori
-2 unit and foreign plants. The results show that the effect of the radiation exposure on the steam
generator inspection interval is determined by the cost rather than the radiation exposure. The
Markov model used in the example can be applied easily to the domestic NPPs by replenishing
the data and also can be used in evaluating the comparative priority between various alternatives
for radiation protection optimization.

Optimization, Markov, Steam Genervator, ORE



