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Development of Probabilistic Structural Reriability Assessment Method
for Double-Wall Tube Type Steam Generator

Fiscal Year 1990 Annual Report

Authers H.Machida* » N.Kisohara**

M.Koi*** | T Wakai* and K.Watashi*

Abstract

R&D Promoting Comittee on a Double-Wall Tube Type Steam Generator was organized in
Systems and components Division in 1989, This comittee consists of four working groups which
are named Double-Wall Tube Development W/G, Steam Generator Design and 1MW Model Test
W/G, Design Guide W/G and Structural Reliability W/G. In this report, the Structural Reliability
W/G activity in F.Y.1990 was discribed,

In F.Y.1990, the W/G investigated the followings;

For development of statistic failure probability assessment method:
(1)Making out the format for failure database of sodium heated steam generator facilities.
(2)Data input into the failure database of sodium heated steam generator facilities.

And for development of probabilistic structural integrity assessment method:
(3)Failure reliability analysis using probabilistic fracture mechanics analysis code.
(4)Collection of material property.

* Structure Engineering Section, OEC
** Systems and Components Development Section, QEC
*¥* Material Development Section, OEC
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Table 2.1-1 Key word list of structural data for SG failure database
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Table 2.1-2 Key word list 6f failure data for SG failure databasc
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Table 2,1-3 Failuré cause list for SG failure database
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Table 2.2-1 Cell information

SAMPLE

200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200

CELL PROB.

2,8044E~17
2,1359E~15
1.1453E~14
5.5486E~14
6.8191E~14
7.7513E-14
6.0030E-14
1.9607E~-14
6.8891E-16
5.2469E-14
2.8136E~-13
1.3630E-12
1.6752E-12
1,9042E-12
1.4747E-12
4.8165E-13
1,6924E-14
1.2889E-12
6.9117E-12
3.3484E-11
4.1151E-11
4.6777E-11
3.6226E~-11
1.1832E-11
4.1574E-13
3.1663E~11
1.6979E-10
8.2255E-10
1.010%E-09
1,1491E~09
8.8991E~10
2,9066E~10
1.0213E~11
7.7783E~-10
4.1710E-09
2.0206E-08
2.4833E-08
2.8228E-08
2.1861E~08
7.1404E-09
2.5088E~-10
1.9108E-08
1.0246E-07
4.9638E-07
6.100SE-07
6.9345E-07
5.3704E-07
1.7541E-07
6.1631E-09
4.6940E-07
2.5171E-06
1.2194E-05
1.4986E-05
1.7035E-05
1.3193E-05
4.3090E-06
1.5140E-07
1.1531E-05
6.1833E-05
2.9955E~04
3.6815E~-04
4.1848E~04
3.2409E-04
1.0585E-04
3.7193E~06
2.8327E-04
1.5190E-03
7.3587E~03
9.0437E-03
1.0280E~02
7.9614E-03
2.6003E~03
9.1366E~05
6.9586E-01
3.7315E-02
1.8077E-01
2.2217E~01
2.5254E-01
1.9558E-01
6.3879E-02
1.0000E+00
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A/T

.9000 1.0000
.9000 1.0000
.9000 3.0000
.9000 1.0000
.9000 1.0000
.9000 1.0000
.9000 1.0000
.9000 1.0000
.8000 .9000
.8000 .9000
.8000 .9000
.8000 .9000
.8000 .9000
.8000 .9000
.8000 .9000
.8000 .8000
.7000 .8000
.7000 .8000
.7000 .8000
.7000 .8000
.7000 .8000
.7000 .8000
.7000 .8000
.7000 .8000
.6000 .7000
.6000 .7000
.6000 .7000
.6000 .7000
.6000 .7000
.6000 .7000
.6000 .7000
.6000 .7000
.5000 .6000
.5000 .6000
.5000 .6000
.5000 .6000
.5000 .6000
.5000 .6000
.5000 .6000
.5000 .6000
.4000 .5000
.4000 .5000
.4000 .S000
.4000 .5000
.4000 .5000
.4000 .S5000
.4000 .5000
.4000 .5000
.3000 .4000
.3000 .4000
.3000 .4000
.3000 .4000
.3000 .4000
.3000 .4000
.3000 .4000
.3000 .4000
.2000 .3000
.2000 .3000
.2000 .3000
.2000 .3000
.2000 3000
.2000 .3000
.2000 .3000
.2000 .3000
.1000 .2000
.1000 .2000
.1000 .2000
.1000 .2000
.1000 .2000
.1000 .2000
<1000 .2000
.1000 .2000
.0000 .1000
.0000 .1000
.0000 .1000
.0000 .1000
.0000 .1000
.0000 .1000
.0000 .1000
.0000 .1000

A/B

.0000
«1000
«2000
.3000
.5000
.7000
1.0000
1.5000
.0000
.1000
.2000
.3000
.5000
.7000
1.0000
1.5000
.0000
.1000
.2000
.3000
.5000
.7000
1.0000
1.5000
.0000
.1000
.2000
.3000
.5000
.7000
1.0000
1.5000
.0000
.1000
.2000
.3000
.5000
.7000
1.0000
1.5000
.0000
.1000
.2000
. 3000
.5000
.7000
1.0000
1.5000
.0000
.1000
.2000
. 3000
.5000
.7000
1.0000
1.5000
.0000
.1000
.2000
.3000
.5000
.7000
1.0000
1.5000
.0000
.1000
.2000
.3000
.5000
.7000
1.0000
1.5000
.0000
.1000
.2000
.3000
.5000
.7000
1.0000
1.5000

+1000
.2000
3000
.5000
.7000
1.0000
1.5000
2.0000
1000
.2000
. 3000
+5000
. 7000
1.0000
1.5000
2.0000
.1000
+2000
.3000
.5000
.7000
1.0000
1.5000
2.0000
.1000
«2000
.3000
.5000
.7000
1.0000
1.5000
2.0000
.1000
.2000
.3000
.5000
.7000
1.0000
1.5000
2.0000
.1000
.2000
.3000
.5000
.7000
1.0000
1.5000
2.0000
.1000
.2000
.3000
.5000
.7000
1.0000
1.5000
2.0900
.1.000
.2000
.3000
.5000
.7000
1.0000
1.5000
2.0000
.1000
.2000
.3000
.5000
.7000
1.0000
1.5000
2.0000
.1000
.2000
.3000
.5000
.1000
1.0000
1.5000
2.0000
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Table 2.2-2 Averages and standard deviations of material constants of Mod.9Cr-1Mo steel plate (SR)

Temperature Specific heat Thermal conductivity Linear expansion Modulus of longitudinal
(kJ/kg/K) (kW/m/K) coefficient (-293K)(1/K) elasticity (GPa)
Ave. S.D. Ave. S.D. Ave. S.D. Ave, S.D.
293K(*298K) 0.448 0 29.3 0.681 *211 0.566
373K 0.481 0 29.6 0.326 1.11E-05 2.89E-07 209 1.130
473K 0.521 2.96E-03 30.2 0.385 1.14E-05 2.89E-07 203 0.566
573K 0.557 0 29.8 0.533 1.16E-05 3.46E-07 195 0.980
673K 0.594 0 29.2 0.622 1.20E-05 4.04E-07 187 0.980
773K 0.657 5.92E-03 29.9 0.888 1.23E-05 3.21E-07 178 0.566
873K 0.739 2.96E-03 28.9 0.059 1.25E-05 5.77E-08 166 0.566
973K 0.900 1.18E-02 28.8 1.100 1.26E-05 5.77E-08
Table 2.2-3  Averages and standard deviations of tensile properties of Mod.9Cr-1Mo steel plate (SR)
Temperature N Uitimate tensile strength  Yield stress Flow stress Yield ratio
(MPa) (MPa) (MPa) (%)
Ave. S.D. Ave. S.D. Ave. S.D. Ave. S.D.
293 44 670 27.6 495 30.4 583 28.5 73.9 2.00
373 4 603 5.5 452 1.7 528 35 75.0 0.44
473 7 578 7.9 442 8.0 510 7.3 76.4 1.05
573 7 546 11.8 430 11.9 488 11.3 78.7 1.20
673 7 522 10.8 409 9.9 466 9.7 78.3 1.27
723 18 503 18.8 398 17.7 450 16.8 79.1 2.62
773 31 458 246 373 23.0 416 233 81.4 2.10
823 33 402 21.4 337 20.9 370 204 83.7 255
873 25 336 17.5 269 13.7 303 14.4 80.1 3.24
923 9 272 16.6 193 7.4 233 8.9 71.2 5.34
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Fig.2.2-1 Cumulative leak probability of SG tube (2% Cr-1Mo)
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Fig.2.2-2 Cumulative break probability of SG tube (2%Cr-lMo)
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Fig.2.2-3 Leak samples after 30 years (2 ¥, Cr-1Mo)

sopdures yeaiq Jo requin N
S % 8 g

| T A NI P
[ [ ]
[ [ ]

/

so[dies Yes1q Jo Ioquinp

a/b

Fig.2.2-4 Break samples after 30 years (2 %, Cr-1Mo)
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Fig.2.2-5 Cumulative leak probability of SG tube (SUS321)
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Fig.2.2-6 Cumulative break probability of SG tube (SUS321)
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242




PNC TN9410 91-366

g 1.46-5 L ’ | L § | §

: 0.6 8

2 ® |

2 1.2e-5| o B©O o) i
s 0O o @)

S © 40 | o
S O o

2

g 1.0e-5] -
Q.

x

()

©

(¢))

£

-1 8.0e-6

200 400 600 800 1000 1200 1400
Temperature (K)

Fig.2.2-21 Linear expansion coefficient of Mod.9Cr-1Mo steel plate (SR)

2-43




PNC TN9410 91-366

Modulus of longitudinal elasticity (GPa)

220 .
9 g
200| 1
1801 ]
@)
e
1 60 1 1 1 "
200 400 600 800

Fig.2.2-22 Modulus of elasticity of Mod.9Cr-1Mo steel plate (SR)

Temperature (K)

2-44

1000



PNC TN9410 91-366

800 1 T T T T T

600 [~

O
)
>

0.2% proof strength (MPa)

W ri1c910719
i

Mod.9Cr-1Mo (SR)

400 -~ -
=)
200 - 5 -
=/
0 | | l | L 1 |
200 400 600 800

Temperature (K)

Fig.2.2-23  0.2% proof stress of Mod.9Cr-1Mo steel plate (SR)

245

1000



ULTensile strength (MPa)

PNC TN9410 91-366

600

400

200

W ricoiario
Mod.9Cr-1Mo (SR)
N 6 8 i
g O
g g é
200 400 600 800 1000

Temperature (K)

Fig.2.2-24 Ultimate tensile strength of Mod.9Cr-1Mo steel plate (SR)




PNC TN9410 91-366

Flow stress (MPa)

80G

600

400

2170

Wb ricatorrs
T | I 1 I I I
Mod.9Cr-1Mo (SR)
©
a
e
| 1 L §| | | 1
200 400 600 800 1000

Temperature (K)

Fig.2.2-25 Flow stress of Mod.9Cr-1Mo steel plate (SR)




PNC TN9410 91-366

00 | | | | %'mcglouo
Mod.9Cr-1Mo (SR)
. 0O:293K A:723K .
. A:373K  WL773K ®
L [1:473K  @:823K
= O:573K  ©:873K
~ 500 = -
@:673K 4:923K
<
S
c
e i ]
7
S
o
o
-
a
300 = -
X
A
o
. AMA -
100 | f | 1 1
200 400 600 800

Tensile strength (MPa)

Fig.2.2-26 Relationship between ultimate tensile strength and 0.2% proof stress
of Mod.9Cr- 1Mo steel plate (SR)




PNC TN9410 91-366

HP S i e e B e B e N e SR ]
Mod.9Cr-1Mo (SR) .
90. 95 |- [1:293K <:723K
v O:373K  M:773K ;
00 5 | A473K @:823K ]
09 . +:573K A:873K :
X:673K %:923K [
® n
— 05 |- 4 o Cl -
o\o A *m (J
S’ 90 - * o N, L —
: : .I %X A
" o i
_.._2_‘ 80 |- * : > o O —
= X 44 +
-8 10 (- * . <§> -
-8 60 |- * S+ -
‘d_ 50 |- * §< + 4O 7
o 40 |- * gx +A0 -
) 30 |- * A o _
T 4 Ox +A
3 20 — * A o O E |
& - A e B O i
Q A n 0O
|
<C 5 |- A o ] 7
o N
4
l - =
0.5 |- =
0. 1 = -
0. 05 E 3
0. 01 |-
0. 005 i I I I 1 l L [ | I ] l 1 J 1 i ] A I 1 I ] J 1 l 1 I 1
100 300 500 100

0.2% proof strength (MPa)

Fig.2.2-27 Distribution of 0.2% proof stress of Mod.9Cr-1Mo steel plate (SR)



PNC TN9410 91-366

9:-9932 ':r LN L R (e At e S R i T B S r"”]""r*:
' Mod.9Cr-1Mo (SR)
99. 95 |- [J:293K <:723K
S 0O:373K M:773K
- A473K @:823K -
90, 5 |- -
- - +:573K A:873K E
X:673K %:923K
(]
A ¢ u
95 - . . o E] —
90 |- o
>3 A ¢ w ° a4
. : @ o ]
80 (- * o O -
.a‘ AA O X+
:-.": 10 * o -
L0 <o
] 60 |- * g 7 o) -
0
o) 50 - * gx + A -
| -y
a 40 |- * 8 x + AO -
30 | * o -
8 AA O x + A
© 20 - % A J ¢ o _
-5 L A ® [ ] 10 N
E A @ n o X + A
10 — % o N 0 -
=3 A
O o N =
O 5 - R <o 0 |
<C o N
0
L =
0v5 g— '*i
0. 1| = -
0. 05 [ -5
0. 01 |~
oooos b Lo Lo Lo by b b by e o o L
200 400 600 800

Tensile strength (MPa)

Fig.2.2-28 Distribution of ultimate tensile strength
of Mod.9Cr-1Mo steel plate(SR)plate (SR)

2-50



PNC TN9410 91-366

99. 995
99, 99

99. 95
99. 9

99. 5
99

95

50

80

70
60
50
40
30

20

10

Accumulated probability (%)

0. 1
0. 05

0. 01
0. 005

Fig.2.2-29  Distribution of flow stress of Mod.9Cr-1Mo steel plate (SR)

.“l ] T | r [ 1 ' T r“T"‘["“I“I ™ ] T ' T I R} I 1 _
i Mod.9Cr-1Mo (SR) -
- [J:293K  O:723K =
- O:373K  W:773K 3
- A473K  @:823K -
: +:573K A:873K i
X:673K v%:923K
L [ =
A 0
- o -
A ¢ = 0]
| o n cl ]
* A ® m “x +A
- A ® n o .
- * : o ) -
A OX + A
- * o —
- * g% + A —
— * gx + A -
B * <<>>x + a0 N
- * A o —
N O x + A
- * A K 2] 'e) -
_ A o N O 4
A Y | o X+ A
-~ * R o N 5 ]
o W D
[ g ]
A o N
|
I N S R R AT T I N . N
100 300 ’ 500

Flow stress (MPa)

2-51

-3
o
o



PNC TN9410 91-366

99. 995
99. 89

99, 956
99. 9

99. 5
99

95

90

80

70
60
50
10
30

20

10

Accumulated probability (%)

0.1
0. 05

0. 01
0. 005

1“”]! TT
+

Ilﬂlff T 1
.

T 1 lllllll

' T IIIH”I

[

T l 4

FrTTTTTTT

Mod.9Cr-1Mo (SR)

[J:293K
QO:373K
A473K
+:573K
X:673K

723K
W:773K
®:823K
A 873K
%:923K

L A

I' T _' T l ™ I T I

T r°'T"’

i lll.lll

11 I'HHI

60. 0

Yield ratio

(%)

Fig.2.2-30 Distribution of yield ratio of Mod.9Cr-1Mo steel plate (SR)

2-52



PNC TN9410 91-366

99. 095 I s
99. 89

AN 1 et s 1 1 e 7T
‘Mod.9Cr-1Mo (SR)
n=107
Ave. = 0.7055
S.D. = 0.2743

99. 86
99. 9

!IIHIII T
lll“lll 3

99. b
99

llll!}l T 1
!illl!l [}

O

98 —

90

80 -

10 —
60 —
50 |—
40 —

30 —

20 -~

10 —

Accumulated probability (%)

T Ili”lll
1 llllllll

0.1
0. 05

T ll[lllll
] ll'll"l

0. 01 —
0. 005 bt b LV UVVIIL 0 U0 L B 5 b L LI L g L]

107! 10° Ik 10°

—
(=]
U
N

tRObS /tRcaI

Fig.2.2-31 Distribution of ;™ /t,"'of Mod.9Cr-1Mo steel plate (SR)

2-53




PNC TN9410 91-366

B L B 1 e D D a TR S SRR T

90, 99

- Mod.9Cr-1Mo (SR)
99. 96 k- n=106
99, 9 F~

Ave. = 1,4395
0. 5 L S.D. = 0.3428

99 - 0

96 -

90

80

70
60 F-
50 |-
40 —
30 —

20 —

10 —

Accumulated probability (%)

T 1 l'll”]

0. 1
0. 05

T 1 nilllli

0. 01
0,005 Lt L L VVIILE o L L LIV o b 4 DI L]

i

1
ooy

[}
1p9vvd g ¢ 0

]

omaf

1 1 l!llll!

11 llllll,

LL]It

U
~N

107! 10° 10!

—
o

8;nobs /g;ncal

Fig.2.2-32 Distribution of €™,/ ¢ - of Mod.9Cr-1Mo steel plate (SR)

2-54

102




PNC TN9410 91-366

2.3 A IRIEMEW, /GO IERIARAT
SER2EE, MLEEWMW,/GOIERIEME s S e W/ GRWDMMERD T T 4B
M5,

BSEW/GEM
A D ER24E6HTHR) 13:30~17:00
) ES T
HEE | KRS, FIIGHEE), Et, 518, SHORES),
ME () BDS[ZEESGK-NaRKEDT # = b V1) —B4F iz Y D)
BB SNz, BIEMIME S & CBERRH R L E L7 — 5 0
ﬁﬂji‘ L?‘:o
(2) &I 5 [Mod.9Cr- 1Mo 5 B 45 0 BESCEHAE 2 D\ THE M o 7,
“EEREOMEBRMIHT 5 TR & LT Mod 9Cr- 1Mo 5 | 3520 & |
7V =T, EHRE., SBEBSEELYEMICEEMEL 2
() RERD OO BERERET - ¥ X— 2 [I20nTHE LRI
MY 2MEN Do, REBHF - I X—Z2D7 + —2y MMZoWTHRE
RTHY, Fh, RERITIVI I BLIUN— FOBEORIEDTH S,

FelMwW,/ G4l
HEE | SEE24E8 22 H(K)  13:30~17:00
BT . S AR
HEE | RERARERE), B, NEGHESE). #1, 518, (i ),
BE (1) BABRERLFNOBREL LT/ HRT o7,

(2) KRBEDH T~ <=2 7 F[CREDOJHBZERE ROV TOHREHDH -
726

() KEEPOLANY BN I A NVE B L CEERSCOMREEEME T 2 TH
MAH o7,

@) RBEDOHEAMBIBREH BT — 5y X~ 2 (WEEHORB L URE
HEDPREN, CRHICH L TERSTDLSNAER, UTO LS 28 b
nrz,

DT=FR=ZALRULT(TT ¥ b2 DT 285 L BEEE DR 12
BT AEMICTET &, |
)T = R=RAT 4=y MIN— FEERIZVWRTHERT L2LEND 2,
DNT=INR—AVT7MIFHEEHRL T, CELLENHEDO D% F)
BY 5,
(5) REI[XRZMHL T H2HBEHEH 7 — & X — 2RO TR GD b ATz,
6) AEEPL_EEHREOHY - NMEOBRBERE ZRETNAYE L LR

2-55




PNC TN9410 91-366

Ry —HHRA L2 d L BEEAHRM S 03 BN A%EE L THBICES
BRIZOVTOERHIDHME ST,
7 BNLLMADOHBEAET TEHES & BRTHE L #oOMAE 2t
REN, TRIZOVWTHEAMD o 7,
8) FH o HE—IE & ﬂfz:umowrmmmﬁ’s:%m—rM%b-z B
% 5 ANEEHD (PVEREBEE)D 7 — 5 DRAHD - 12,
©) EHdHBBIFASGOSUSI2 I BEM B RHEREE D 70 DHE S
HEDMEDEBREN D 5 72,
(10) HWH RN S BBEBMIT T — F - CANIS-PIOREE B IEL L1z o
WTHRBEN R I N7,
(1) ELDLW/GRBIZBEDSH 2 LT OBIEIZ DOV TR S s,
' A=N=T 229 7 AMALR S A NS A RS R B
7O 74y MESHEDER
+ LBBHFZE D SEHFIR IR
* BCTEARR S 1R B0 B 3 M5 e 45
SPELTTEEW,/ GHS K

BIEW/GL
HEF | EE24E10A3HGK) 18: oo~2100
WA RGBS
HEE | REFRRE), GRS, B4, 5%, B H(RESR),
B () KBRS HEEN T — IR =X [ DF—F R T 5 —T MEH &
YD ERASTR S 1, CREDVTHRIZDEIN, UTo LS5 ckhgtsh
AR
D75V 88 toTLEoTh, ﬁﬁ%%n&(ﬁbébtw7£$
JistTHED 3,
2) BT — 5 DBAIISIEMIZE—F 5,
$$WV7bt®*héwv\%%K;ofu1§?~&t®%?—9%
FIBTLbELL,
2) XBZLLRF—IR=27+ -y MNEEIRIC, BEMERICF— ¥
EANLTHBEREHED B Z LMD SN,
Q) T=R=RV7 ' BEDBELT 2720, LDV T s DHATOM
BARIREZH~NLZ Exmbd s,
4 N—For7BEOBRELT S0, RYF by VoA W
TEII- WOBLRICHELE) &b trd e,

2-56




. A e M S o
H

PNC TN9410 91-366

S8EW/GRIM
AEF | SER3E1H30HGK)  13:40~ 16:00
WA | A o i
HEE | RMERARE), MEGEE), it BTE, SH0Es),
ME (1) SEOKRBPOW/GIITENEBINT S &2k o7,

Q) EHPOBHEBEH 7 -5 =R D 10DN - FE LTT v E Y hy S
2leiy 7T=FNR=AVT FELT77ANMA—H~1U%BEL, HE2A
0HPOIEDY —~AMRAF —hLTWEZ LIRAME NI,

(3) KREEDPSPEBEOF - I R—A | DF = R—R T 3 — b DR
DEHBRE I 2 STz,

(4) MBFHBAREED OO FEO LT » H ML LM 8S [COSMAS
IHJ%%E—.%*&'?’&

(5) /N5 SUS3045 & BAEREE I >V CHEHURI 24T 0 7RIz o 1
THREVD 5 720 THITH L THERROMERL UMY 2 L cUEL
BAFIRIAS . BIRIEN . 7)) — 70, BUSEME, EYRELEOHE
KU ERT L), BEE S,

6) FEH 2O HHIFHSCD2Y,Cr- 1Mo BYUE M SR IERERN S0 |45 5 1=
DVTOHEND - 72,

(7) ETE»S NN L REETO B HM IR R B % CANIS-PE B\ TR
L7z RIZONWTHEY D o 72,

gomw,/GEi
HE : FE3HEIB6HCK) 13:30~16:30
TP L R AN E
HEE | RERWEBE). MHEPHE), B2, 518, TH, SHiEEE).
BE () KBREIPLF—IR—2T74 -2y MNTvFrbviany 74IWV)%
B L 72 8 D& H5d 5 726
(2) /1D 5Mod.9Cr- IMoSH DM MENE 1T DT & F o 7288545 S im,
CHITH L, BRI ERENTME T 5 LCLEE 2 55| BH X5k
TTWwaHEDHFENSHD, ThERT LI ELEIHEIN,
(3) HH» O[BHEIFRSGD SUSR2A SR EE B EFERY T E #8125
WTOHENDH - 72,
@ EHHOHERN RS BOGEHEBHNTEGIC BT 5 BN 3 47
S>TWAHEDEENH - 77,
(5) HTH?LHERBHEBERMNT I~ F-CANIS-PE., SBREISEROD
—E DA RE L EREMAE T — F L+ 2 - 00HRARIRI N,




PNC TN9410 91-366

EI0EW /G4
HEF | SERBESASHGK) 13:30~17:00
WA . A
HRE | RWRREE), Ht, ITH, 5. EHHREE),
M (1) ELOOPWREARRESGEHERBEROBIL . SEIC B2 FoA
DxFH - BRIDIRIRIZ DV TN DD - 77,
() *ﬁﬁ#%?—&N~x7t—vvb@&ﬁ@ﬁ%ﬁﬁﬂﬁoto
() BHEBFORKL, FNLDF—5 R—=A~DAS DILEIFER LI NS,
@ *ﬁﬁ#%:ﬁﬁ%ﬁﬁﬁ@7#—»bVU"ﬁﬁ%ﬁokﬁ%%@%
A Sz, |
) *Eﬁ#&ﬁE#W%N—XKmﬁ%ﬁotﬁﬂﬁidWT\:Eﬁ@
SGU =RV AT ACERSNBBENICOVTOREND 5 72,
6) HEHbH L[ BIBESGH SUS2 1 M= SRR rERY e8| 2 B U E
BLZEBRIZOWTEHREMND 5 1,
(7 %##meM§uﬁLrﬁ%%%sﬂﬁﬁﬁ#%ﬁi%ﬁ@%%ﬁ#
Barshsz,
@) HHPLLRRHIRE 75 ¥ b ZEBE SGIEME R IBRED W e FEAM 4%
RARENT,
©) CHTTHELIMTo TELMEBBEMW,/CHEOKS X, 4%, HTH
ICBEINLZ LgE -7,
(10) OECD/NEADIRS(HFHMMEHHRY X 7 L)NDT 7 L A I DV TH~
72 Zh, RRDOECDLH L ¥ 4 — DREETHET 20 45L \» & i

272,

1AW/ GEH
HEE . EE3E6H12H0K)  13:30~17:00
BT . M SR A
HEE | REFEIREE). AHGHESE), BTHE. EHAEREE),
B () KBRS LSBEENT— 5 x— AARTIR OB O YRR D\ T BE
DB o 7=,
() *%E#B?—y&~z7x—vvb%%éﬁ%ﬁ#%u%tofwﬁ
NG00, BEND - HEDFHEE 2oV TOREID - VA
B) KEEDPLTZ7ANA—H—UDIDODF =5 123 LT2oBFE DT 4 —
RY PEROIENTELBEEAVARER 74—~y P LGB T+ —
<y M52 BN, |
4) /NHDHModICT-IMSEDF BRIR K, 2 Y — FHEED 5345120 WTOH
=g A% (AN
(5) /h3#HAH 5Mod.9Cr- 1Mol D RIS M R ER D B DOV THE S L S,

2-58




PNC TN9410 91-366

6) EHPH2LRRMRE ST PR E SRR RERRAY TR OBERE
R L 724 R IOV TG S e,

(7) HHE»O_EBSGIIBII B+ MY A KRDY ELRE LS 27 4 —
WD) —DWBIBHTREN, 74 =)V bV ) —VERL L 0O R 5 & At %
(WA

(®) ETH 6P H2EREW,/ GHSHEROESDRRIEN SN, 10,
EHREFRFEMO 7 + —< v MZOWTOWRNE 2 5Ntz

(9) OECD/NEADIRSHIEIZDOWTIE, KEEAIHET A LItk ot




PNC TN9410 91-366

3. HEIGE

ZHRESCHEREN T % TN FORBR2EEDIERE F L. LT o R 415
b nt’o

M TP AMMBISGEAF - I R—Z 7+~ y FEERL., ~BF— ¥ DA
ﬂ%ﬁiﬂsbto

(2) FEHHREVRUMII AT 2 — F & B L RE R % i L 7o

(3) FEHHRBIRBURII ML E LR BB OB L E L 72,

B, 4H%OINETOMRBRRICET &, ZEBSGOME BORE HO M DHEN B
S UHERRB R SRS FMEORI L & LAt 2 RefET A FETH D, RERE
EUTORFEEBFETH %,

(1) HERmRmamE et amEetiflonit

(2) BRAFBRBTEEMG E:(SGA ) 12 ¥ 51

G) TPV AMBMBSGHIET — 5 R—ANDF—§ ANBLUF— ¥ =27 #
-2y hOKRB

(4) BEHEES B L UBIET— 7 DUk

(5) BT — ¥ AV ZBESGOKE YREIEREHE

(6) FERRIBBNZMTI— F 2BV - EESCIEREORIERIE

7N FTRPIVA-KRIGRERZTELERL TE 74— YY) —DEREB LU SR
2RV F Y oA KRR A

®8) MEF—so%km




PNC TN9410 91-366

4, BHEICHR

1) KEREFORMEE BT MLV~ BKH B 284 2 — F CANIS-P
-\ T, &L . PNCPN941091-035.

2) RFPM AR OREELIIN T 5 ERIFRADE RBEH. o) BAREHnS
RENFRENS LENER S | IWES-AE-9003.

3) MEFIRMEMEOMIR & BRI,  NEI3A | PNC SN9410 90-105.

4) UVLHFMPMEMT S 2 7 4 FINAS VERSION 11.0 #ABISI%  : PNC N9520
89-019.

5) RFFMEMHOBERILISM T 2 EWAFROBRAE®, () ARERHS K
FhHHRERS LENERS | IWES-AE-8901.

6) SUS304, SUS3218 & U2Y,Cr-IMoSRN® RS & B IBS ERER. +HIIH
PNC SN941 85-128.

7 FBRZ5 Y MRRMWFZE REBILFCMT 2 WEHERSE TR D B MEARRHRHS — 2k %Nl
72 ¥ b= :PNCSJ221489-003(2).

8) HIGH CYCLE FATIGUE FAILURE OF PIPING DUE TO UNEXPECTED THERMAL
STRATIFICATION, The 5th German-Japanese Joint Seminar on Structural Strength and NDE
Problems in Nuclear Engineering, Munich, Federal Republic of Germany, October 11-12, 1990. .
Kiyohiko Matsushita.

9) ¥ FMEREIERIBMEET ST R B RN PNC SN 241 85-08.

10) WEFEIFREMERE 78T MEIRBEAHS, PNC N241 85-08(2).

11) FBRIBEMEOWMUEMEAE, AFS  : PNC SN9410 90-094. :

12) BELBRALHMICMT % 2 ) — PESSEE, JIIBS  © ZN9410 91-038,




PNC TN9410 91-366

5.4+ B H
5.1 SGHBET — % X—-2ABHITH-—-N
1 7xJ)V3%  Failure Handbook for Nuclear Power Facilities, LMEC-Memo-69-7 Volume |

2 Hartwell, R.W., "The Enrico Fermi Atomic Power Plant", Proc.IAEA Conf.
Operating Experience of Power Reactors, 151-187 (June 4, 1963) IAEA

3 McCarthy, W.J.,Jr., et al., "Recent Operating Experience of the Enrico fermi Atomic
Power Plant", Proc. BNES London Conf, Fast Breeder Reactors, 2/4 (May, 1966)

4 Duffy, J., et al., "Summary of Mechanical Equipment Experience in the Enrico Fermi
APP", APDA-225 (May, 1968)

5 Anderson, R.H., et al., "Design, Fabrication, and Preliminary Operation of the Steam
Generators for the Enrico Fermi APP", APDA-307 (Aug., 1968)

6 Monson, H.O., et al., "Components for Sodium Reactors", Proc. 3rd GEneva Conf.,
28/p/228, Vol.8, 588-597 (1964) UN

7 ALCO/BLH R.J.Gimera, "ALCO/BLH Steam Generator Operating Experience in the SCTI"
SM-130/65 1970

8 Failure Handbook for Nuclear Power Facilities, LWEC-moemo-69-7 Volume I

9 EBR-II  Novick, M, et al., "EBR-I and EBR-II Operating Experience”, ANS-100 (April,1965)

10 Smith, R.N., etal., "EBR-II Operating Experience"”, CONF-7708224 (Aug., 1977)

11 H.W. Buschman et al., "The EBR-II STEAM GENERATING SYSTEM
OPERATION, MAINTENANCE, AND INSPECTION" IAEA-IWGFR Specialists'
Meeting "Maintenance and Repair of LMFBR Steam Generator" 4-8

June, 1984 Oarai, Japan

12 GE-2MW Amijo, J.S. & Licina, G.J., "Cleaning, Disassembly, and Inspection of Sodium -
Heated Steam Generator Model" ASME paper 73-Pwr-15 (1973-9)



PNC TN9410 91-366

13 Hunsbedt, A., et al., "Thermal - Hydraulic Performance of a 2 MWt Sodium - Heated,
Forced Recirculation Steam Generator Model" ASME Paper 73-Pwr-5 (1973-9)

14 PFR Evans, A.D. & Macrae, W., "Operation of PFR and Influence upon the Design of
CFR 1", Proc. NUCLEX 1975, Basie (1975)

15 Smith, R.D. "A Review of Fast Reactor Progress in the U.K, March, 1976", IWGFR
Annual Meeting (1976)
16 Carle, R., "Operating Experience of PHENIX and the Dounreay Prototype Fast

Reactor”, Proc. European Nuclear Conference, Paris (April, 1975)

17 Evans, A.D., "Operating Experience with the PFR Evaporators", BNES Int. Conf. on
Ferritic Steels for Fast Reactor Steam Generators, London (1978)

18 Smith, R.D., "A Review of the UK Fast Reactor Programme, March 1979", IWGFR
Annual Meeting (1979)
19 A.M. Broomfield, C.M. Robertson.,"Experience in the Operation of Liquid Metal

Circuits in the UK Prototype fast Reactor", Second Internatonal Conference on Liquid
Metal Techrology In Energy Production, ANS Meeting, Rich land Washington, 1980

20 D. Taylor et al., "Operation of the PFR and Design of the CDFR Secondary Circuit"
Design Construction and Operating Experience of demonstration LMFBRSs,
Proceedings of a Symposium Bologaa 10-14 April 1978

21 J.A. Smedley, A.M. Broomfield, R.A. Anderson, "Dounreay fast reactor boilers geta
new lease of life" Part 1: design and installation of internal sleeves. Nuclear
Engineering International 1984

22 J.R. Hind, B. Mather, D.A. Simmers, "Doureay fast reactor boilers get a new lease of
life" Design and installation of internal sleeves. Nuclear Engineering International
1984

23 A.F. Taylor, I.C. Campsie, F.S. Dickson and G.Tha "Doureay fast reactor

boilers get a new lease of life" Part 3: Developement of the Sleeving repair
techniques. Nuclear Engineering International 1984

24 G.R. Kirkland, E.R. Davies, et al., "Metallargical Examination of Tube - To - Tube -

5-2




PNC TN9410 91-366

Plate Welds Removed from DOUNREAY PROTOTYPE FAST REACTOR
EVAPORATORS" Nuclear Technology, Vol 55, Nov. 1981

25 G.R.Kirkland, E.R. Davies, ct al., "Examination of Leaking Tube - To - Tube - Plate
Welds from an Austenitic Steel Steam Generator Superheater in the Dounreay
Prototype Fast Reactor”, Nuclear Technology, Vol 55, Nov. 1981

26 KNK Brudermuller, G., et al., "Operating Experience with the KNK Reactor and
Preparations for a Fast Mixed Oxide Core (KNK II)", BNES Int. Conf. on Fast
Reactor Power Stations, London, March 11-14 (1974)

27 Lorenz, H., & Herberg, G., "KNK Steam Genarator Damage”, Trans ANS 20 (April
1975)
28 Marth, W., "KNK Power Plant - Achievements and Future Programs", 1976 ASME -

ABS International Conference

29 Konrad Dumm, et al., "KNK - Steam Generator Leakage, evaluations and
improvement", Study Group Meeting on Steam Genarator for Liquid Metal Fast
Breeder Reactors (Oct. 1974)

30 H.Loreny et al., "Post - Failure Metallurgical Investigatior of KNK Steam Generator
Tube Damage" Study Group Meeting on Steam Generatcr for Liquid Metal Fast
Breeder Reactors (Oct, 1974)

31 Hengelo P.W.P.h.Ludwig, B.M, Hus. "Some results of the 50MW straight tube steam
SOMW generator test in the TNO 5SOMW SCTF at Hengelo" Study Group Meeting on
Steam Generators for Liquid Matal Fast Breeder Reactors, Bensberg. 14-17 Oct. 1974

32 J.K.Van Westenbrugge, "Experience in DeBeNe" IAEA - IWGFR Specialists'
Meeting, Maintenance And Repair of LMFBR Steam Generators, 4-8, June, 1984,
Japan

33 Braun, A.R.; Jansing, W.T.; Mante, A.J.H.;Mausbeck, H: "Operational Experience

with Main circuitcomponents for the SNR-300 Power Plant", BNES Int. Conf. on
Fast Reactor Power Stations, March 1974, London, U.K.

34 Phenix  Commissariat A L ENERGIE ATOMIQUE - NOVATOME (French, Philippe
VERRIERE-Jacques ALANCHE - Jean - Luc MINGUET, "PHENIX STEAM



PNC TN9410 91-366

GENERATORS NaH,0 REACTION INCIDENT" IAEA - IWGFR Specialists'
Meeting, Maintenance And Repair of LMFBR Steam Generators, 4.8, June, 1984,
Japan

35 BN-350 Mitentou, F.M,, et al., "Results of Research and Experience of Nuclear Power Station
Startup with the BN 350 Reactor", BNES Int. Conf. on Fast Reactor Power Stations,
London (March 1974)

36 Rippon, S., "Prototype Fast Breeder Reactors Operating in Europe and the USSR",
Nuclear Engineering International (June/July 1975)

37 B.J.Lukasevichetal.,"ONMUT TIYHO-HAJNAJOUHHX P I
EOT NO MAEOTINAEPATOPY YCTAHO HN HH
-350" IAEA. Study Group Meeting on Steam Generators for Liquid Metal Fast
Breeder Rectors, Bensberg 14-17 Oct. 1974

38 PNCIMW A, Kanamori, et al., "Leakage Experiences with IMW Steam Generator" IAEA
Study Group on Steam Generators for LMFBR's, Bensberg, FRG Oct. 14-17, 1974

39 A. Sano, A. Kanamori & T. Tsuchiya, "Operating Experiences with IMW Steam
Generator" IAEA Study Group on Steam Generators for LMFBR's, Bensberg, FRG
Oct. 14-17, 1974

40 CRBRP J.R. Impellezzeri, T.L.Cameret "Clinch River Breeder Rector Plant Steam
FEW TUBE Generator Few Tube Test Model Post-Test Examination" ANS
Conference, Richland, WA, 1980

41 GVE45MWt T. Zuber, J.L. Minguet, E. Cambillard, B. Mathiew, "Steam Generators
Developement" International Symposium on Fast Breeder Reactor - Experience and

Future Trends, Lyons, France, 22-26 July, 1985

42 J.S. McDONALD, D.F. CASEY; "Sodium - H=ated Modular Steam Genarator design
and developement" ASME paper 71-NE-10 1971, 3

43 C.H. Fox, W.J. Purcell, H.C. WIESENECK, "CRBRP Steam Generator Testing
Experience", Liquid Metal Engineering and Technology, BNES, London, 1984,

44 J.S. McDONALD, R.B. HARTY, "Sodium Heated Steam Generator Test Summery",
ASME paper 74-PWR-20, June 12, 1974




i PNC TN9410 91-366

45 M. Kawara, H.Yamaki, "Design and Operating Experiences with SOMW Steam

Generator" IAEA Study Group on Steam Generators for LMFBR's Bensberg, October
14-17, 1974



PNC TN9410 91-366

52 S GRHF — & R—2&IHEDLAIBLH
HRARLEBZITBOVT, B> LEHICT 2 BRI, KOFHh, XX, BRO=HER
Whb, THHLE1IDDMEBTITI b0t [HASER]) Le#t s, (alD)
TSIl HELEOBBICL ), FREKIARE L [BBR] CfFnbe, 8
ot [EMi] 1750 MMESR2H 2, (b))
—7i BRATS 7 b OHFALD20, 5~ Ern oo mEaE b ) —BEINMAE I K
&, BMLTY-Evichbmesr [BHE] Lvwy, (cl)

i

A 4

R
N
Na
#
!
£
3 1P
o
L
Ky
273

(a) (b) (c)

B5.2-1 [#334)] 0388

A HDKey Wordid, AL RESEIBRBICIBVT

O [5#) or [—1&]

@ [Bik] or [H1E22]

® [HWE] or MEWKTE)
DIWMEOTELMADbE-DDTH L,
BFicghEh (O~B) DKey Word@D2 W THEET 3,




PNC TN9410 91-366

D AP SBEITHBEICBNT, PREBMLERBET, BB L BMEB T
b bHRE M) L), TRICH L, K0T, ER. BN 1 o088 (X
MR THLbERHRE [—hE] v, |

%

ol
1

[
®

w
i
~
\
z
ﬂﬁ*ﬁ%%—}
w
: 1
&~
\

- <«

o
&
B¥

iy 2] —&E)

{

5.2-2(1) [HEAREBOER] DB

@ LTIV ORILD2 D, ¥ —E U LORMMBRE D D —EIMME K X
BHRLTI—EYORYT AR : [BER] LV, Chicl., BEREPERXRVWHR %
Bk Lo,

y—-Er

% ]
ﬁ ’f@ Vi .
5 — M /
= A E:F::=<)
3 -1 \
Y ! E }%
O I
2 ¢y
e VR 4
o
N/
). bW pas BUERF N

B5.2-22) [HAREHROER] D3

5-7




PNC TN9410 91-366

@ ! NaKRIERAEBOED EARMO A SNafI@H /S~ HFABMER I b D
¥ IABE] B, S L, h 5= HABMERIT VS O% [EKE] B v,
B (Yz V) RICHBEDEREERBL 2% [V 2 VTV FF a—ThHR] &
B, Y VBISF P Y YA KEREF 2a—THETA2ONI LAY THS, hIC
L. AHEL —EKEWES L. AERB LK - BE. RELABOMIZF MY v a
HYHRE [Fa—-TA 0 Fa—THR] LV, ELIOHEIEF YDA/ KD
PRV _EBBEL 2o TO Wz, KW/ G T ~<n [ZHE] LI3HENRL 5,

A

3
o d
=5
Z

s -
| |
— vz I !

] | e
| I
b

(LM

L e
! i
I |
| I
I |
I !
e —— ! I
I |
_ | I
I !
ﬁ I I

T =
YINWT Y RFa—F Far—TAVFa—-7

M523  [#as@Est] o3

5-8




PNC TN9410 91-366

Na/KDOHERH, 1 EOGEME L HE, TEFCLoTVIbDETREL T2,
"B, BE (OSAA5)V) 1INl LK/ BHEBOHEORED & RSB I & b &
%K:iﬁttﬁﬁ%ﬁ?%b‘MV%&WE%C&Wﬁﬁ%L@tb@%@Tu&wo
L7cdSo TINIZHEL LTHEL,

-
e~
P A
/”_icf"wwava
\ soozos S0\ HRBR2 %,
— s
W CIERE HAE (34 25 0)

Ks5.2-4 [ME#ERR] 035

5-9



PNC TN9410 91-366

WA R 2 |
Y=g R
VYAR S ¥ %
%o TV AH{EMAE
(AL
(K¢ g2 ANYANaL R YRy AL VR
X

=_ = A gz

> Na

I

o
-

AT EVE J

AEE-F R

W |

Ry r—A54 v il UZER)

5.2-5 [MEMERIR] 0B

5-10



PNC TN9410 91-366

SO\N\Y

il
P

N
W BB

Tubesheet

e Tube

NN
NN\

&
&\\
WHIE

Tubesheet

=== Tube

ANNY
AN

L NN
=
W o & o aw R}

Tubesheet

(05.2-6 [&—BHEEE] OH

5-11




PNC TN9410 91-366

fEME
4
Rtk |
\/
P4 S 45155
v
—— c————
e —>
Pr st s iy |
d
— c———
ﬁ #é—- [ — iR
—_—— cC———=
v [ — A s )
4 +__
<,
iR

5.2-7 (@B 38K

5-12




PNC TN9410 9‘1—366

53 SGHMlF— s R—274—=v }

BEABERT—F EEAT7xr—<v 1)

b/ A
(1) 77 ¥ k% (Key Word): | ]
(2) 4 (Key Word): l ]
(3) i 7E b (Key Word): I ]
@79 v b B (Key Word): [ ]
(5)75 v b Mmwe: L]
(6) #2572 (Key Word): ]
(NIRERLELF DB (Key Word): | |
(8) 3% A - 1 -(Key Word): C ]
(G~ ¥
(1) # MW/ 3E): 1
(2) B I
(3) & DE S (MPa-a): I ]
(4)HAZIE N, I ]
(SHMEBARBRET 10 e 44k T
(6) R o4kt B (kg/sec): C———
(SRR A LIREE(T ): [ ]
(IR CHRE(C ): [ l
O)PIRBARALE PI DIyt 4 ]
(10) P ER T A5 B (k g/sec): [ ]
(1)PIEBHEAEAITIREECT ): 7
(12) IS BEAA R TR BE(C ): C /]
(13) {E2LIE R ( m2 ): ——1
ZHAET— %
(1) [ZME R (Key Word): [ ]
QUEHE LR (Key Word): [ |
() (RMBERR(A / ) ]
(@)7HE (or B )/ ME(mm): /)
(5)7V 95 (or HAF) IIE (mm): I |
(6)RE/E mm): L
()P PIE (mm): ]

BYEHAE KR (or L )# H (Key Word): [

OB Nafll# K (Key Word): 1

(10)Core Tube#f K (Key Word): [

(1) EREHE T E & (m): I ]
(12) B — B S HE(Key Word): C

X2.2-2(a)




PNC TN9410 91-366

REARERT—5 EET+-<v 1)

ik 5 - &
(1) IRACTE L PINa P L (kg): [F ]
(2) AVRA: B3 M (kg): C ]
(3) BB A: 2356 % (m): [ ]
(4) He ST R4 83T (m): l RN

(S)R/MEAMIE AR (or AF)

(O)ZK/RESEBUE & (14 1) (or ) (mm)
(DA 2 (A C1)(or B ) (mm) [ J
(ONaFF 441 K

(9)NaTF 5% & (A L1)(mm)
(10)Na3F#UE & (4 1)(mm)

AN — WIS Key Word):

sinlalnln

(12) A+ R(Key Word):
(13) 7RSS B8 (Narrative):

X2.2-2(b)

5-14




PNC TN9410 91-366

BEARBEHT -7 FEE7+—< v 1)
(14) 7650 58 4= 47 1.

£ D4 (Narrative)

D1ty

X2.2-2(c)

5-15



PNC TN9410 91-366

(BEFRT -5 EE7+—<v 1)

737 M4

(1) 73 ¥ b (Key Word): (

HRIR
(1) S84 Rk i |
(2 BA B C |

(3) B AR A G 7 (Key Word): l

(4) WA (Narrative):

(5) HEHR T O# K (Key Word): [

_J

(6) F4: I D BEEIRAB(Key Word): [

-

(7) LR 0 MR B (Narrative):

|

(8) 7 B0 0 BIER B (Key Word): [

(9) 58 Rb¥ 0 BEE K HE (Narrative):

(10) fiE/HBERY: [ ]

(11) R I78:(Key Word): [

(12) R R 7 ¥ Narrative):

(13) BLARTE A8 (Key Word): [

(14) #EIAFL B (Narrative):

|

[2.2-3(a)

5.16



PNC TN9410 91-366

(BT =5 EE T 7 =<y 1))
(15) TR AR UL

BRER

(1)K5 % (Key Word): I

(2)H 453 % (Key Word): [

(3)/1No % (Key Word): [

LR

(4) BAHRK H (Narrative):

(5) B8 0 A (Key Word): C

[]2.2-3(b)




PNC TN9410 91-366

BB T — 7 (AT + —< v | ))
(6) BV 7% M A (Narrative): | ‘

(T) #ME 51E (Key Word): C

(8) A& J7 1% (Narrative):

(9) #iE R IR

£ Db
(1) £ D{tb(Narrative)

[X2.2-2(c)

5-18




PNC TN9410 91-366

BEBEHT-Y @H7+—<v 1)
[¥]45: [ |
b 40 04 Yo S YU

7o 4 [
79 v bR [
i [
(LRI l
L
L

[
L

{RHAT REAR: C ]

{LMAEAR (A %)
Rkt 352
SVt Ak C
L
L
L

W~ B I
PIEB Bt 4 C ]

_
|

EHA KRN R:
R Nafll 4K :
Core TubeH K :
A FEA: A

IS S U R S R NNV R NN D B R NN R AN O N BN

RAFERE BT 2 RR R0

2.2-4 BEXARBERT—5 (MHT7+—<v )



PNC TN9410 91-366

(BRERNT—F@H 7+ —< v )

73V b [ ]

Rk 3 R I ] SRRABHE: I I
WHRRA T

B | ]

WARTERR D3 5 RARN9BCE:

BHREFOMK: [ ]
13t F3 B C ] BREE: C ]
AR IR

K5 Key Word): [ ]

P35 (Key Word): | ]
NI (Key Word): [ ]
B E I 5 B4RmEE0R:

sk [ J

M2.2-5 WHEEG (BH7+r—<v 1)

5-20




12§

757 VA

£k

(BRBESRT - FEEX T+ -~ 1))

73V MER REREBOER  BES {ERERIR EHERR
I L 1 1 1C 1 = ]
M2.2-6 BRREERT—5 (R 7+—<v })
(BEFB T -5 ERR T+ —~ v 1))
797 M4 Stk HBF BHEREEFR  ASE R NS
[ I - —C 11 IC 1

H2.2-7 BEEH BERX7+—<v })

99€-16 OIV6NL ONd




