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B Background and Objectives

- Dr. Mainte is a PFM-based decision-making simulator to
optimize maintenance strategies such as
eX. operation years, inspection interval, crack detectability,
crack sizing accuracy, sampling inspection, repair or replace,
timing of replacement, various maintenance rules
of typical components and piping systems in nuclear
power plants totally and quantitatively in terms of

(1) Safety (core damage)

(2) Availability (unexpected shutdown)

(3) Economic rationality (both from cost and profit)
(4) Environmental impact (CO2 release)

(5) Social acceptance (social cost).

- Interactive “Divided Multi-Dimensional Visualization Method* and
“Neural network technique” are used to optimize maintenance

strategies efficiently.
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B Outline of Dr. Mainte (1)

Degradation Models

Fatigue

*SCC

*Erosion
-Earthquake, etc.

Data Base

*Structural data
*Maintenance strategies
Maintenance costs
*Financial data
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Guideline of
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Social Acceptance
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Unexpected
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& Neural network

Interactive “Divided Multi-Dimensional Visualization Method“

:

Decision Maker

(Search and Multi-Objective Optimization)
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Bl Outline of Dr. Mainte (2)
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B Outline of Dr. Mainte (3)

Components &
Piping systems

Degradation
Mechanism

Reliability
Analysis

Safety Analysis &
Social Acceptance

Economic &
Environmental
Analyses

PWR | SG tubes PWSCCx*2

*1
RV head SCCx4
nozzles
PL piping Fatigue

BWR | PLR piping SCC

*5

PWR | RV*3 PTSx*6

&

BWR Carbon steel | Erosion &
pipes Corrosion
Dynamic Weatr,
components | Erpsion, etc.

@®PFM engines
MModified pc-PRAISE
@PASCAL [JAEA]
®SANTA [NFI]

@Stress analysis
engine
ADVENTURE

[U of Tokyo & AE]

(Applicable to
complex geometries)

@Safety Analysis

Apply PFM analysis
results to PRA

@®Social Acceptance
Supply a guideline for
social acceptance of
risk-based
maintenance

@Cost Analysis
(Just cost)

@Profitability
Analysis
(NPV)

@®Real Option
Analysis
(RO)

@®CO, release

Comparison
with alternative

power
generation

*1 Pressurized Water Reactor
*4 Stress Corrosion Cracking

*2 Primary Water Stress Corrosion Cracking
*5 Boiling Water Reactor

*3 Reactor Vessel
*6 Pressurized Thermal Shock
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B Example of PFEM analysis flow

EXAMPLES OF PEM ANALYSES PARAMETERS

Plant
operation
v

(1) Base case (2) 1/10 base case (3) 1/20 base case

Crack initiation (1600) at K=10 at K=10
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B EX. of Stress analysis - RV head nozzle of PWR -

LB, FEMAvS a, 13005 BHE
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Computational Mechanics System for Large Scale Analysis and Design
ADVENTURE (ADVanced ENgineering analysis Tool for Ultra large REal world)

10 to 100 million DOF meshes using various parallel and distributed computer
( 1 million DOF is maximum in conventional analyses. )
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Fig. 13 million DOF meshes of PWR RV head. Fig. Calculation of stress intensity factors of cracks
existed in the complex shape components.

Fig. Residual stress analysis during welding process.
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Fig. Residual stress distribution after welding.
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B EX. of PEM analysis - RV head nozzle of PWR -
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B Application to Safety evaluation (1)

Effect of 1SI conditions for simplified PWR primary cooling
piping systems on CDF

B PFM analysis

@®PFM analysis

@Break probability per welding line
@Break probability per segment
@Break probability per system

HPRA

@ CCDP (Conditional Core Damage Probability)
@ CDF (Core Damage Frequency)
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@i Application to Safety evaluation (2)

Effect of 1SI conditions for simplified PWR primary cooling
piping systems on CDF

Simplified PWR primary cooling piping

Piping Initiating events OD (mm) Thickness (mm) Welding line
Small diameter Small break LOCA 21.7 47 100
Medium diameter Medium break LOCA 60.5 8.7 100
Large diameter Large break LOCA 216.3 23.0 100

PFM analysis conditions :

EEEHM SUS316 1844

BE R MR ERER Mood DR, HahnD X, Harris® T —2 (=& 5<
HERMDOKRESHM MarshallD 5 # B85 7, Abramowitz® = [ZE5<
PSIE LU BREME RTEME, UTER, UTRESE(XOOEL (Marginal)

EEF.L MEIMIREE ; 288°C. fix J3; 21kef/mm?. $HEE ; 2[/ 5
BEER —FRIG 7 It 73; 21kef/mm2. S5 ; 10[E]/ £

R REZEAL;149°C(RTyTHK). SR 10El/4
ISIOEHEEE BRELAGL
EFRERERE Harris® = [Z&5<
RAUVVRHEES 1gpm (gallon per minute)
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B Application to Safety evaluation (3)

Effect of 1SI conditions for simplified PWR primary cooling

piping systems on CDF

PFM analysis results :

Initiating events

Break probability

Break probability

Initiating events frequency

per crack per welding line ( / reactor year)
Small break LOCA 3.0x10°5 3.1x10~10 7.7%x10~10
Medium break LOCA 41x1079 5.1x10~13 1.3x10-12
Large break LOCA 1.7%x10—13 5.9x 1016 1.5x 1015

PRA results :

Examples of conditional CDP

Initiating events

Conditional CDP

Small break LOCA 6.8x 1074
Medium break LOCA 7.7%x10™%
Large break LOCA 21%x103

Safety evaluation results :
CDF due to initiating events

Initiating events

CDF ( / reactor year)

Small break LOCA 52x 1013
Medium break LOCA 99x10-16
Large break LOCA 3.1x10—18
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B Application to Safety evaluation (4)

CDF ( /reacter year)

Effect of 1SI conditions for simplified PWR primary cooling

piping systems on CDF
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1 time after 10-year operation
1 time after 20-year operation
uT
(Marginal)

1 time after 30-year operation

Every 10 years after operation

Small
break
LOCA

Medium Large

break
LOCA

break
LOCA

Total
LOCA
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B Application to Economic evaluation (1)

Analysis for the effect of maintenance strategies
INn terms of costs and profitability.

@®Cost analysis :
Considering only costs.

@®Profitability analysis * : financial method using NPV :
Considering both costs and profits.

* Note : Risk-based or cost-based analyses can not tell whether or

not electricity generation business will pay. Thus, profitability
must be analyzed.

@®Real Option analysis : up-to-date financial method :

Considering economic values of the flexibility of strategies
guantitatively.

ex. Decision making based on upcoming information
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B Application to Economic evaluation (2)

Profitability analysis : NPV (Net Present Value)

Power generation Cost
(except SG maintenance cost)

R&D IS Repair Leak Rupture
T — - —C. - : ()= — t
NPV (T) _ Zl S (t) Cothers (t) CR&D (t) Cms. (t) Ntu(Tfripa;tr prepa,r (t) Cleak pleak (t) Crupture prupture( ) o (1_ rtax)
t=
_ : Tax
Discount

@® Numerator :
Revenue minus various costs

@ Denominator :
Discount rate

If NPV > 0, it is justified to be worth while investing.
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B Application to Economic evaluation : SG tubes
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B Application to Economic evaluation : Real Option

Real Option analysis

Cost analysis and Profitability analysis on maintenance strategies

&

If we know what will happen in the future, then we may just calculate and
compare the costs and NPV of maintenance scenarios. However, nobody
knows what will happen in the future. Therefore, it should be useful to
evaluate economic values of flexible decision makings over the uncertainties

in the future.

Real option analysis

It can evaluate quantitatively the economic values (cash) of the effect of
flexible decision makings over the uncertainties in the future.

Ex. : Economic value of decision makings based on upcoming information.
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B Application to Economic evaluation : Real Option

Real Option Analysis conditions:

Evaluate the economic value of having an
option of applying a new inspection system
anytime during 11-13 operational years to
PLR piping system (316NG, 400A) which
has 10 welding lines.

Conventional inspection:
50% detectability of 50%TW cracks
New inspection:

50% detectability of 25%TW cracks
but with 200% cost.

[(BXRBEBR] BRSURODLATHEERHRIRNZOFRICEISIRFIOZTEMEM L] 2014F10A248 RR-UER BESE

BWR PLR piping

Table Tentative values used in the real option
analysis on Maintenance activities of PLR lines.

Annual sales per unit (M yen) 80,000
Cost for power generation (M yen) 70,000
(except PLR maintenance cost)
Inspection cost / weld (M yen) 5
New inspection cost / weld (M yen) 10
Repair cost / weld (M yen) 40
Replacement cost / weld (M yen) 70
Expected loss from leakage (M yen) 120,000
Risk free rate 0.01
NPV of future expected cash flow 23,961
= Original asset value = S, (M yen)
Volatility = ¢ 0.0504
Option period = T (year) 3
Step number 3
Step period 1
= Option period / Step number = ot
Up rate = u = e o6t 1.0517
Down rate = d = e 06t 0.9508
Risk neutral probability =p = (e ™8t - d) / (u - d) 0.5870
17



@I Application to Economic evaluation : Real Option

(A): R RO BRE B ERHET DB E BWR PLR piping
(A):Just keeping conventional inspection R YT ILA T SHE I 2R ET LA
REE®RF @M

(RTvF1) 114 124 134 A FERZ1L-13FEBICHB T REERTF (RO

Original asset lattice (M yen) oyl a70—0REMEDCEE)

(Step 1)
26,505
25201 Sy u? B)XA)DEBFRIZBN T, TTREFRMZEBALEAN
| 23961 < Sou 23,961 FEAFZRKIEShENEEEML-EHEEF
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B Application to Social acceptance (1)

10k

KRB mEEE RIS RN EHIER

Fl
-

FN—~7@

1% D
o . e 27 1f e 1B
L ' w—
> | JA T
=) 1 0008 ,
o X L2 1) — hD
“— -
m( ‘4‘.«'.5
O o SFNIR%A
+— *K T 1005%*10000@
O o
Elhol
= ’ [=] N —_
o BE wm— -8 tee BYELBRIZSY
SRR o .
£ i P T | BBEEH10/E12123
e —= —<- Repeated trouble makes
——— e economic loss ten times
— S BiHIEEER SRR )
{ 000F .z KEERE wiooco | due to social acceptance
) /100
10075 = o a
1008 105 1 0007 e 1042 10018 13E 1048
KIS * MBS MR £ K<

K BAF| 2558 () Benefit by covering up failure

*FE IER. Mt KBOFIEEEL, HAREWESEE Vol.106, No.1020 (2003)
[BXRZRERS] BRSO URSY ATRRRURIENZOERICLIZEFAORSMEAL] 20145108248 HE-MER SESME 19



B Application to Social acceptance (2)

120,000
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80,000
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20,000

0

Leakage Cost (million yen / unit / year)

With PA effect
_________ Without PA effect

10 20 30 40 50 60
Operation period (year)

Leakage Cost (million yen / unit fyear)

m
o

50

40
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20

10

o

With PA effect
_________ Without PA effect

In{1/10)Pr(1/10) case

|

i

7

N MY
I

o

20 40 &0

Operation period (year)

Fig. Economic evaluation model including maintenance effect on PA cost

In terms of the frequency of leakage accidents.

Assumption : In case an additional leakage happens within 3 years,
the leakage cost becomes 10 times larger than the ordinary leakage cost.
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B Maintenance optimization through Dr. Mainte (1)

Interactive “Divided Multi-Dimensional Visualization Method*
Optimum solution of multi-objective problems

Image of 9-dimensional space

-| Criteria of decision making |~ ’

cost : Material Inspection Regulatory
N : parameters parameters parameters

risk
2-dimensional Partial space of Partial space of Partial space of
objective function space : 2-dimensional 3-dimensional 2-dimensional
:-----------------------------------------------: deslgning Val"lab|eS deS|gning Varlables designing Variables
[ B B9Ra 2 ZE ] [E%EtZ#0ZERM] [ERETE#ZEM) [ERETE#HZERI])
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B Maintenance optimization through Dr. Mainte (2)

ltem Conditions
Target component | BWR PLR piping system (400A)
Degradation mode | SCC of welding joints
Material SUS316 (Residual stress is considered)
Numbers of joint 20

Maintenance strategy
(Design parameters)

“Inspection interval : 100% / 3, 5, 7 10, 13 years
-Improving crack detectability by R&D :

Crack depth of 50% detectable are

(1) 3.2mm (2)1.5mm (3) 0.8mm.

400 and 1000 Myen budgets for (2) and (3), respectively.
-Maintenance when cracks are detected : repair or replace

Objective functions

- Probability of pipe rupture

- Probability of pipe leakage
-CO2 release volume

-NPV (Net Present Value), etc

Constraint conditions

- Accumulative probability of pipe rupture = 10
- Accumulative NPV = 100 billion yen
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B Maintenance optimization through Dr. Mainte (3)

Table Conditions of PFM analyses

Analysis code

Dr. Mainte

Pipe material

SUS316 NG

Pipe diameter

400A: 8 inch (406.4 mm)

Pie thickness

400A: 0.84 inch (21.3 mm)

Operation period 60 years
Operation temperature 288 °C
Operation pressure 87.5 atm

Flow stress

31.6kg/mm2 ( mean )
1.3 kg/mm2 (standard deviation)

Residual stress due to welding

Residual stress of medium diameter pipes

Crack initiation Probability

mean value of t,,—7.72—539%og({D, )
std. dev. of t, =0.3081

D, = f, (material ) f,(environment ) f,(loading )

f, =1.879

f, = 020.24 eXp|:

1123

log(4.07°*
T+273} 9407
f,, = (2.21x1095%0

02: Oxygen conc., 7: Conductivity, 0: Stress, T: Temp.

Crack initiation numbers

400A : 23/welding line

Crack propagation rate

Based on Harris equation

loga=C, +C2(C3 log[ f,(env.)] + CAK)
C1:0.8192, C2: 0.03621,

C3 (mean) : —4.006, C3 (std.) : 0.5792
C4:1.19

ISI interval

100% / 3,5, 7, 10, 13 years

Maintenance options

Repair or Replace

Probability of Nondetection, R - (a)

0.999
0.89
0.98
0.95
0.9

0.8
0.7

0.8
0.5
04

0.3
0.2

0.1

0.05

1072

I T T T 11 T
Bf\l PND(A): Probability of non-detection ]
\\ €: Human error
R v: ultrasonic sensor related parameter N
= "\\ A*: Crack depth with 50% detection prob. —
\
= \ —
\
\
- \ -
L\ ]
N\ \\b,,_‘ i
| \ 8" = 0.25 inch |
v=16
€= 0.005
- PO -
At= ry a
u DB- 1 inch _
B -
e=0.005
] || | | |
02 03 04 0.6 1 2 3

Crack Depth. inches
Fig. Probability of non-detection by UT.
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B Maintenance optimization through Dr. Mainte (4)

Table Conditions of economic efficiency evaluations

Annual Sales per unit (M yen) 80,000
Sales cost (M yen) 70,000
Inspection cost / weld line (M yen) 5
Repair cost / weld line (M yen) 40
Replacement cost / weld line (M yen) 70
Loss due to Leakage (M yen) 120,000
Risk free rate 0.01

Table Conditions of environmental evaluations

Operation conditions

12 month operation
1 month outage after operation (fossil power generation)
100% inspection / 5 years

Output: nuclear power generation
Output: fossil alternative power generation

1000 MW
1000 MW

Fossil alternative power generation

During periods of outage and shutdown due to leakage

Pipe leakage

6 month shutdown

CO2 release due to nuclear (g /kWh) 20
CO2 release duet to fossil (g / kWh) 760
CO2 release cost (yen /ton) 12,000
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@h Maintenance optimization through Dr. Mainte (5)

Maintenance strategies 30 cases X 60 years = 1800 data points
through PFM calculations

Objective SPACE 02
Objective SPACE 01
Time SPACE
Maintenance strategy SPACE Accumulative Accumulative CO2 release ton
rupture prob. (log) (722000, 43600000)
Inspection interval \

(-10.215, -3.391)
(3, 13) P

:

e

" Inspection detectabillty

cumulative NPV Myen
§B1 222587)

%eq?lmor Replace 0  Operation period = Accumulative ¥

(1, 60) leakage prob. (log)

(-4.899, -1.109)

Mainteﬁlance Inspection interval . 13 years
strategy SPACE Crack_ detectability . 50% Qetectable depth = 0.125 inch
Repair / Replace . Repalir
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B Maintenance optimization through Dr. Mainte (6)

NN Learning of PFM analysis data & Data expansion

What is NN (Neural Network) ?

One type of Atrtificial Intelligence based on the modeling of complex neural
networks of neurons in human brain. Advanced information processing can be
realized by repeated learning.

.o
------
........
.o
.o

Design Parameters
Inspection interval

Objective functions
Safety

Inspection detectability

Availability

Repair or Replace Economic efficiency

JSME code application Environmental impact

Long-cycle operation Social acceptance

o a0k W DdPRE

Operation lifetime

N o o bk~ w DdPE

Output layer

Interim layer
(hidden layer)

Input layer
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@h Maintenance optimization through Dr. Mainte (7)

PFM data points expansion from 1800 to 10800 through neural network

Objective SPACE 02
Objective SPACE 01

Time SPACE )
. Accumulative CO2 release ton
Maintenance strategy SPACE (723000, 43500000)
Accumulative
Inspection interval rupture prob. “09)

(-7.316, -3.763)

(2.956. 13.301)
L)

Accumulative NPV Myen
5739,188338)

Repair 1 or Replace 0 Qperation period = Accumulative
(0, 1.024) (1p60) : leakage prob. (log)
(-3.925, -1.255)

Objective SPACE 01 Accumulative rupture =104 :> Pink colored
Objective SPACE 02 Accumulative NPV =100 Billion yen

: Y Setting the necessary objective functions in Objective SPACE and their
: constraints values, options of maintenance strategies can be visually shown.

[(BXRBEBGR] ERSURODLATERRHBIRAZOFRICLISIRFAOREMM L] 2014F10A248 RRE-MER BHESE 217


プレゼンター
プレゼンテーションのノート
COLOR PRINT 3/3



B Human Error Reduction through Dr. Mainte (1)

Human error reduction is essential to the further improvement of
the reliability of maintenance activities.

Effect of nondetectable probability €(0.0025 - 0.1) independent of
the crack depth defined as human error on the leak probability
and economic rationality.

(rate)
Xr 5.0E-02
E =] 5&'1§§ ;F*ﬁﬂjiﬁg — £=0.0025
—— £=0.005
0 T . 2> 4002 f| _ ;o
= — £=01
0.9 X‘\ PND(A): Probability of non-detection = '(% 30E-02 [-- -~
\. € Human error o ’
088 - A v: ultrasonic sensor related parameter o
085 |- \\ A*: Crack depth with 50% detection prob.  — E_ 20E-02 (----"-""""""“"“"“"“"“"“"“"“"~"“~"“~"—~"—~~"“Z2"“~ -~~~ -~-~ -~ - - - -+
% 08 L\ . =
o \ S toE02 -
08 _
| \ g
07 = \ -
E 08 [\ \ pams - 0.0E+00
g o5 I - 0 10 20 30 40
g 04 |- . (J-Yen)
£ o3 - -
g e L a:: 225 inch N 1.0E+10
€=0.005
[ [ - A'-%a'DB - > 8.0E+09
005 | Dy =1Mch o
Z 6.0E+09
2 -
102 | < g
€= 0005 c 40E+09 [~~~ -~ m oo m oo
10 e S ) I 6 [ < — £00025
02 03 04 08 1 2 3 8 < 20E+09 F| — ¢ =0005 | __ _ _ _ o ________._
Crack Denth. inches — i fg-ﬁ”
Fig. Probability of non-detection by UT. 0.0E+00 B ‘ ‘
%g&%é 0 10 20 30 40

(year)
[BXRZBEHE] BRI VRSO LTERGURIEAZOFRICKIEFIDOREMEMR L] 20145F10A24H BR-WER BAESE 28



B Human Error Reduction through Dr. Mainte (2)

Ea—R IS—([FEFRBICKEKFT SN TN

Tor—rREICES TEERREREIT H-HO7T0—F]
Modification of WORKING ENVIRONMENT by questionnaire approach

Designing valuables
:l—a)lx*“/l*v—7 EHEEH \ BA9BA%[E  Objective functions

NN (Neural Network) 1. LFO&EN ® . HEOLROBLE
2. BEER
3. HEOTURA-L 2. RBABOBES
4 WESEE
5. ER 3. AEBRETEEES
6. BARA . jJJ%
7. LEoELE ) @’
8. EMOFRM
9 P

?‘J‘Eﬁ?—.’ g’kiﬁ[*ﬂ'ﬂ:iﬁ ‘ggnggﬁ-TDj:jgmng valuables -RRETTITTEL

Interactive “Divided
Multi-Dimensional
Visualization =#H&RE

Method* SHOREY - RES

i)
RETESRIE

" g p
R T N

. LI - L.
v i

E 3
t=032r0-

DS DHAF
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B Human Error Reduction through Dr. Mainte (3)
Tor—rRIZEEZEEL. NNTREXEDEEFRILI-HI

Quantitative prediction and optimization of improvement effect based on questionnaire.

B i
E s BAHE B
Hu HEE e {1.0,5.1)
[ —] . 1.0 5.3}
E£:4:1) BT 5 .
S HEOI L hO—n — P P R,k
(.0,5.3) A " el 'y X
EHORER - ERE % < gl 5
1.0, 4.3) o ! % " "o i
»

S—Blgs sy L D BHOREER
s 5, ¢ .0, 4.3)

tR DD E
{1.0,4.3)

s SHORE- R
it HEDBIE
RETE HE -

2 m
= HET s 1.0,5.1)
258 -
| ] TR ,!“!!’r
- 9
I sl 8.5%

A
{1.0,4.3)

4..........

SR tECarO—A
(1.0, 5.3)

5 (%5 Py BHOEEER
\/ 1.0, 4.3)
rRE®OSazr—da
f {1.0,4.3)
oo OB
(1.0, 4.3)

KEEHT HREFD BEAROERE | £ZE0=RMNERRE

WESHR (EME) 11. 0% 5. 2% 8. 5%
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B Application to erosion/corrosion of steel piping

BT REGHSELULHIBEETO BRERHARIETHE

=

ArEmE s (2

Arlamty fie 6OE B A TORLIRMDHFE(EHMA)™
Al 15 E AR A (SB42) oz
LR 10 (mm) Bifm | 14 3 4 5 4 74
VR E 4.7 (mm)
A e E#H A, 0=0.03(mm) Zﬁé 180.0 107.2 81.8 57.4
T A 0.475(mm)/year— i€ K ' (-40.4%) | (—54.6%) | (—68.1%)
(FEMET — ¥ % FRIRE)
e
o [EEBREDEE : o= 003mm) E ] Hj; 1504 151.9 157.2 158.5
10 :EE%?J]%EHEJE@E’:‘@@%U:U.US(mm) ————-:r }\ . ( N 1-0%) ( + 4-5%) ( + 5-4%)
w— EEEF
I 259.1 239.0 2159
________________________________ :_ K Et 3304 (-21.6%) | (-27.7%) | (- 37.7%)
1 3
L *LREEM 3.0. REEM30.0(BHM) TEH
--- BREE:SE| _
— g%gggsggg LEEEEROFTm (BBE—EKHT=Y)
107 g et T A i BREMR | 14 | 3% | 55 | 74
B2 5 i R 2 20 (5) — v » - -
S i 3R
ELEMEREREER
_J'ln-H \
- %F’E@‘Zé%; 75’ 0.034 | 0.039 | 0.127 | 0.192
BHIICEEEWMBNRLE #
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B Application to dynamic components (1)

Introduction of Bayesian estimation method
RAXHERE : +RETEVFELLEMEETHL, MBS HRERELHTET H5FED—

BIEES BIERE
3 [ B s
[ THHTH ]—> RAZDEE ||_>[ EESNF-FHR ]
ERTRER ERER
[%w N ] HBRT—4 [Ei&ﬁﬂ‘ﬁ ]

RARHTE

& "AXEICFSFaEEEREHOH

HERYUTIL | FaT—4 AD
r—2 B £ m({&E) T(4E) HAFE
No. 0
($ﬁuﬁzﬁ - - 0.05
No. 1 10 400 0.033
No. 2 10 500 0.0286
No. 3 10 600 0.025
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B Application to dynamic components (2)

Introduction of Bayesian estimation method
Rl "AXBEHICKLBEDMERHOER

- 1EIBDREEIC, T4 —ILFT—3(C&5 54 REBRBORM XEHEERE
- ESh-BERFEREEIC. IERAPEZER

K NMAEHEZAV-RERHPOEE

RAXEH | BHHH | BanE |7 o

(20%%F )
r—2x1 L _ 475
r—2R2 HY A =005 1 =0.286 7.84F
2000 ‘ - N
oo | - BEAA AAXEHGL , N RHEEILDWBIB L
oo | —BMIAE XAX g | B, BaeaTF—ans
L 1400 : SYEUIGIRBRHALEE
E 1200 /
@ 1000 / ‘ l
% 800 / /\
X 600 / ’/ - ’\Y — -
" 400 / =" r ,,——-} '—O)ﬁfF*ﬁﬁ“—C‘“‘Et
S N ReEaZFQERN BB TES

200 p—
0 o e=T"
0 10 20 30 40 50 60
BRI (4F)

NAZEHICRLHERFDIRE R UVREIX DO AFHEDFETHI
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B Application to check valves

N/

BIKR T EBKIAHIEFRADEF

Check valves for seawater pump lubricating water line

FH

ELCEVDERE  hinge pin wear
valve material T/\ 50A +
25A \E::m%m 4 —
2 -\ LZ=LME (3 mm)
50A 3
H threshold value
ZSAL 2 o
1 - —— L °
l/fr*)‘fr?( valve size 14 MM /
J - -
| | |
5 10 15 FHRE 1 ) R (F)

(m3/h) operation year
average flow rate
LEVWVEREZBATVWARFICEALTIE. FYREZAH B L.
“25AD FTHHLZDOULTIE. 4-5 m3/h
“25ADFTHH2(ZDUVTIE. 5-6 m3/h
50AD F THFLIZDULVTIE. 8-9 m3/h
50AD F TH¥2(ZDUVTIE. 9-10 m3/h
DEFHEPLTWAZERAHMNS,
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B Application to jet fan anchor bolts in tunnels

IR IFUERBIET AT UoN—HFITERETSEIEICARKRL., BEIREEZE=2)2T 354

SATE | BRF - | A-bAMDeh | RAETOUEA F12:3a3-bhebE —FT | I ERSATIN0O0T

- |
sz .I:F:~_‘a___ _I'%’ A Folh ’*F' Bl Qr r‘\-‘h"\"‘i“w‘«m |

|
| I
-

1‘5“_‘1 ol Hﬁr

eﬁrm§= e

ey — TR RSN 0
—iTERRAEEF 20
——ITERHRAEEF 40

BIRAGR) ITHRERBEWOEICHOVTITEAEEIEN1.6~1.8
BIR A BE) ITHRERBEAEICHBWVTITEAEEE{EN1.8~2.0
- TWWBSmIE, av D) —EEAFE<(18N/mm2), BED
STy ITUREBIERMNI - 60%DHRILNZERLTIVS,

AERETEAV V) —FREIZE>TID2DE—IDHS 5 6
TRRZR DIRBIC K> THT B AEHEEAMELZY . 3 A LEA D TLK TTRAER N

[BEXRBEGR)] BEURD O LERGHURIENZOFRIZEKIEFAOZREMER L] 2014F10H248 FR-ER SESE


http://www.pref.akita.jp/chuodo/new/newimg/h19.06.29pic/J-fan-large.jpg

B Guideline of Risk-based Maintenance

Social acceptance based on Interview & questionnaire

B Results of the research

(1) Generally, negative impressions on the shift of conventional
inspection to risk-based inspection.

(2) Strong request for the basis of decision making.

(3) Also, negative impressions on the comparison of risks.

(4) Saved costs should be used for safety issues or new energy

resources.
(5) Repeated accidents and industrial accidents have bad

impressions.

B Request to the functions of simulator

(1) Supply the basis of simulation results to the public
(2) Consider the effect of repeated accidents in the risk analysis
(3) Consider the general industrial accidents in the risk analysis
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B Simulator view

Menu of Analyses
-PWR SG tubes

RV head nozzles
-PWR PL piping
-BWR PLR piping
-Erosion /Corrosion
-Active components
(Bayesian estimate)
~Real Option

B~ Dr. Mainte

YDETY ERW ANTH

Dr. Mainte

Integrated Simulator for the Malntenance Optimization of Lighyfater Reactors

HEUBORIR
BRI @ Analysis step view @®Dialog of data input @® Achievements view
RV Ll w . .
e Where we are in the total process Data input by the user. Show the completed analyses.
B of analysis 7
vy et Database 3 i .
-Materials —
. [ w [ggs] | -Inspections L3z
P ¢ - -Components e e E
B HUM - Finance e i Eﬁm FRUSHESA | SOMTE 1] TRMERL

EIEAL 500 -|
) 1 N RS S |
Guideline of risk communication e —

Guideline to account for risk-based maintenance to pubilic.

i 53 2
L i E - Bl Gnc bl 0500501 | ‘ [
Sissrai g ‘ A =y 3

T i =0i%w gAY #m@ WMD) F-HD Ew

Start SC I' ee n b :3;%’&5;’?4? M: e e E @ Table & graph view

[C1 NVEFLUTE NVFRLNT 1ERITR o
A ggm’m = g Output tables and graphs of

12

Er. il U L simulated results.
Fron OOOEHDD O OOEH) ST
—— oo e e—— ] LR
1 DEE-01 e [0 e TS DOOERO0  QOOEM
=l DO0EHY) QCOEH
00 OCOEFDD.  BOOEHH  OCOEH
1ooc-0e Erot QOOEHOG DOOEH ACOEH
- f EHo0 QOOE+00! QOOEHOD DO0EH
5 1.006-03 2 FHoo DOOE+HOD DO0EXOD DO0EH
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oy f Froo DOOEH00. DOOEHR QO0E

Input and Output Screen
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B Summary

(1)

(2)

(3)

Dr. Maitne an integrated simulator to optimize maintenance
activities in LWRs has been successfully established to
evaluate various maintenance strategies quantitatively in terms
of Safety, Availability, Economic efficiency, Environmental
Impact and Social acceptance.

“Interactive divided multi-dimensional visualization method”
using neural network technigue has been developed to support
decision makings efficiently to search and find out the optimum
solution of multi-objective problems.

More recently Dr. Mainte is expanding the field of application to
on-line monitoring and social science issues.
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