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Abstract

R&D Promoting Comittee on a Double-Wall Tube Type Steam Generator and Structural
Reliability W/G was organized in Systems and components Division in 1989. At the same
time, the Structural Reliability W/G was organized under its Comittee. In this report, the
Structural Reliability W/G activity in F.Y.1991 was discribed.

InF.Y.1991, the W/G investigated the followings;

For development of statistic failure probability assessment method;

(1) The format for the failure database of sodium heated Steam Generator facilities
which had been developed last year was improved.

(2) The failure database of sodium heated Steam Generator facilities was extended and
improved.

(3) The prototype program to calculate the statistical failure probability of steam steam
generator facilities was developed and the performance of the program was
verified. '
and for development of probabilistic structural integrity assessment method;

(4) The prototype program to assess the crack initiation probability was developed.
And the crack initiation probability assessments for the SG tubes of preceeding
FBR and double-wall tube SG were executed by using the program. The result
showed that the probability was extremely low on the design conditions.

(5) The failure probability assessments for the SG tubes of preceeding FBR and
double-wall tube SG were executed by using the probabilistic fracture mechanics
alysis code, taking account of the DNB cyclic thermal stress. It was clarified that
the influence of DNB property on SG tube reliability was very significant.
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(6) Stastical processing was carried out for fatigue and creep properties of
Mod.9Cr-1Mo steel. And reserching the fracture toughness of the material, it was

clarified that unsteable fracture of the material is subjected to net section stress
criterion.

* Structural Engineering Section, OEC

** Systems and Components Development Section, OEC
*** Material Development Section, OEC



PNC TN9410 92-269

- T T P 1
2. FHEREDRE  crereereriiiiiiiii st e e s o 2
2.1 ﬁ?‘l‘%ﬁfﬁ$ﬁ?§f£@?ﬁ% .......................................... 2
2.1.1 SG?—y&—X@’f}Eﬁ‘j .......................................... 2
2.1.2 ﬂ%%fﬁ’ﬂﬁ?ﬁ%?l‘ﬁ?ﬂ&@ﬁﬁ% ................................. 3
2.2 FEERGHMEEEEMEEMEDRZE  ceoereeniennne.. 16
2.2.1 gﬁ%&ﬁ$§\¥ﬁﬁ$mo)ﬁfﬁ% ................................. 16
222 FSATFHRIBEZOEFRIEEESMETM  -ooovevee 17
223 23%3(}@%%%9{3%&{%@:@?}5@ ........................ 33
2.3 FERIBMAMBIEBOEEI e, 48
2.3.1 Mod.9Cr-1MolZB8 Y AT RLERDIEIE  evevvreesrnrrernen 48
232 BZBIFEEBGICET AREST e, 50
. FE T reercrtertreiiaciirisisies ittt s s s e sa sen o 59
4. %&%—j{ﬁ ..................................................................... 60
[ﬁﬁﬁ-ﬁ;ﬂ_] ..................................................................... 62
A. zgﬁgSGﬁiﬁﬁ/ﬁ\aﬁtw S GIEEIRRE  creererrrree 62
B, TF—#NRX—Z AT crorererrrmerinii e 77
C. BEEFMEHOREFEICDVNT e 83
D. 2EESCGOMERLDHELEIRMETEML  cooevvreerereoreorsorcnnsnvanenas 87
E. FIESLMHDEREIZ DT oo, 110
F. 2RRHIRY R 7 AFRBROBEL GHOEH v 115



PNC TN9410 92-269

Table List

Table 2.2-1  Analysis case of double wall tube reliability analysis «=«««+++«x===-2-- 35
Table 2.3-1 Material constants of Mod.9Cr-1Mo steels needed

to evaluate the structural safety of FBR «+e<escorrrerreens 52
Table 2.3-2  Average of fracture toughness parameters ++=--rs-seessreenserasnees 52
Table D-1  Characteristics of DNB in straight tube =««=+==rresresmermamericceneen, 87
Table D-2 Analysis cases *+-* R L LR LR L R L e LR O LI CELIERE LT REY 890
Table D-3  Temperature variation due to DNB «+«t-reerrerrrsrreeneenneaneanne, 97



PNC TN9410 92-269

Fig.2.1-1
Fig.2.1-2
Fig.2.1-3
Fig.2.1-4
Fig.2.1-5
Fig.2.1-6
Fig.2.1-7
Fig.2.1-8
Fig.2.1-9
Fig.2.2-1
Fig.2.2-2
Fig.2.2-3
Fig.2.2-4
Fig.2.2-5
Fig.2.2-6
Fig.2.2-7

Fig.2.2-8

Fig.2.2-9

Figure List
Outlines of calculation process for statistic failure probability ~«+«+*+*-- 6
SG failure database ("File Maker II i JRELTIIE b iseeseeusssscsssesrsarnrenen 7
SG failure database ("EXCEL")  «otsettesrresattriiamsacccinasanscrsasnns 8
SG database ("File Maker I M) eeeerseriiiiieteenase e b 9
SG database ("EXCEL") «resseeeessnstesiinmumiiicisiinan, 10
Flow chart for calculating failure probability per a plant ~ «+e++eseseeee2- 11
Flow chart for calculating failure probability per atube  recseeeseeeeee 12
Example of calculation of the failure probability per a plant =+-«--=--*-* 13

Example of calculation of the failure probability per a tube
(Automatic calculation process by using "EXCEL") -+ 14
Influence of DNB stress on fatigue and

creep damage (Preceding FBR) ~ rrereererrmmrrencenes 25
Influence of stress due to temperature gradient on fatigue

and creep damage (Preceding FBR) ~ +eceverreensecenes 26
Influence of loading conditions on cumulative

probability Of fallure .................................... 27
Influence of DNB conditions on cumulative

probability Of faﬂme ....................................... 28
Influence of PSI and its quality on cumulative

pl'obabllity Of fajlure ....................................... 29
Influence of ISI and its quality on cumulative

probability Of faﬂure ....................................... 30
Influence of proof test on cumulative

probability of failure Cerreerersrerutienretertistasirannnare 31
Influence of earthquake on cumulative

probablllty Of fallurﬁ ....................................... 32
Cumulative probability of crack initiation

(Double wall Tube SG) .............................. 39

Fig.2.2-10 Influence of PSI and proof test on reliability

of circumferential crack on inner tube =~ cerererereneees 40

Fig.2.2-11 Influence of ISI on reliability of circumferential crack

on imler tube ------------------------------------------ 41

Fig.2.2-12 Influence of DNB stress on reliability

of circumferential crack on inner tube =~ ceeereeeseeees 42



PNC TN9410 92-269

Fig.2.2-13
Fig.2.2-14
Fig.2.2-15
Fig.2.2-16
Fig.2.2-17
Fig.2.2-18
Fig.2.2-19
Fig.2.2-20
Fig.2.2-21
Fig. 2.3-1
Fig.2.3-2
Fig.2.3-3
Fig.2.3-4
Fig.2.3-5
Fig. 2.3-6
Fig. C-1

~ Fig.C2
Fig. D-1
Fig. D-2
Fig. D-3
Fig. D-4

Fig. D-5

Fig. D-6

Influence of number of DNB cycles on reliability
of circumferential crack on inner tube ~ sererreeeeerees 43
Influence of various parameters on cumulative probability of

penetration (Inner tube : Circumferential crack) «++-+-+- 44
Influence of various parameters on curulative probability

of break (Inner tube : Circumferential crack) — +++=*=*- 44
Influence of various parameters on cumulative probability of

penetration (Inner tube : Axial crack) =recreecreneesreceens 45
Influence of various parameters on cumulative probability of break _

(Inner tube : Axial crack) = cesecersrereeriininnn, 45
Influence of various parameters on cumulative probability of

penetration (Outer tube : Circumferential crack) +++--*- 46
Influence of various parameters on cumulative probability

of break (Outer tube : Circumferential crack) — +++*- 46
Influence of various parameters on cumulative probability of

penetration (Outer tube ; Axial crack) c---eerresrerrorenees 47
Influence of various parameters on cumulative probability

of break (Outer tube : Axial crack) = seerereeersceceees 47
Scattﬁr Of fatigue life ...................................................... 5 3
Scatter of-creep rupture Hime srerereririestineiiaiieriaiiatiiseerseanees 54
Scatter of steady creep Strain rate  srererrereerrres e, 55
Relationship between crack initiation life and fracture life =~ «-------- 56
Rélationship between crack initiation life and creep rupture time ---«-- 57
Small CT3.Qk propagation behavior =~ «resesereereermiaieniiiiiaiiaiian 58
Relationship between steam leak rate and detection time reseesreeeerer 85
Relationship between helium leak rate and detection time ==e+=e>e>=exee* 86
Wave form of heat transfer coefficient history «teserserereereresanees 38
Analysis condition  erereserrrerseet it 00
History of nodal temperature (Length of DNB region =40mm,

DNB frequency=0.5Hz) «rrrerrrererersmnin. 91
History of nodal temperature (Length of DNB region =40mm,

DNB frequency=0.25Hz) ................................. 92
History of nodal temperature (Length of DNB region =40mm,

DNB frequency=0.125Hz) «r--r=srrrereeresesrreseeasenens 93
History of nodal temperature (Length of DNB region =80mm,

DNB frequency=0.5Hz)  ceoreessreereemrerermnenn 94



PNC TN9410 92-269

Fig. D-7

Fig. D-8

Fig. D-9

Fig. D-10

Fig. D-11

Fig. D-12

Fig. D-13

Fig. D-14

Fig. D-15

Fig. D-16

Fig. D-17

Fig. D-18

Fig. D-19

Fig. D-20

Fig. B-1

History of nodal temperature (Length of DNB region =80mm,

DNB frequency=0.25Hz) ................................. 95
History of nodal temperature (Length of DNB region =80mm,

DNB frequency=0.125Hz) <rresrrerrmmrrmerescnsanicanane 96
History of hoop stress (Length of DNB region =40mm,

DNB frequency=0.5Hz)  reeerreremmranervrcronnnenians 98
History of hoop stress (Length of DNB region =40mm,

DNB frequency=0,25Hz) esererrerrensrmrsnssscesneeneas 99
History of hoop stress (Length of DNB region =40mm,

DNB ﬁ'Cquency=0.125HZ) ................................. 100
History of hoop stress (Length of DNB region =80mm,

DNB frequency=0.5Hz) ................................. 101
History of hoop stress (Length of DNB region =80mm,

DNB frequency=0.25Hz)  s=-wrrreseeeererrercainnnsaeee 102
History of hoop stress (Length of DNB region =80mm,

DNB ﬁ-equency=0_125Hz) ................................. 103
History of axial stress (Length of DNB region =40mm,

DNB frequency:O.SHz) ................................. 104
History of axial stress (Length of DNB region =40mm,

DNB frequency=0.25HZ) ................................. 105
History of axial stress (Length of DNB region =40mm,

DNB fl‘equency=0.125HZ) ................................. 106
History of axial stress (Length of DNB region =80mm,

DNB frequency=0. SHz)  resreesresnernnsnnaniiiiasaee. 107
History of axial stress (Length of DNB region =80mm,

DNB ﬁequency=0.25HZ) ................................. 108
History of axial stress (Length of DNB region =80mm,

DNB frequency:O.IZSHz) ................................. 109
Circumferential stress distribution in double wall tube ~ =--eresereseees 114



PNC TN9410 92-269

1. #&

i

FBROERAICEIT/AE IR N 77> MELSE L OQQRZRZHBTH I LIz
X T, NSSS(Nuclear Steam Supply System) D4 B % [ - 7= 258 % S Bt 4 %
WS, Z2ORFVPEDONL TS, COVRATFT ABENERLT S 72017
i, BRFEELSE (L, SGLHT) ofEEEPHMEL, +FY YA —KEBIC
L HRREFOBEREIE R+ P 7 A - KEISERP O LNDTHRNALLHIZ 5
CEVRBELDH. COBEREMET ASCOEEL LT, BINIF - BARES
EXAFMTREREL 2ERS L LIETRSRES (UK, 284SGLET)
Bz L, £20WELEDTVWE, 2EESGIE, BICKEDEBR-IIT25E
Wb 5BEEFLFD, 4 T KEGE #H(General Electric Company)iZ 35 v
TPRISM(Power Reactor Inherentry Safe Module) ~DEHBEH S Tn 5,

COIEESGORBEL AL T, FRITEICHEEERRY —F ¥ IV —F
PRERAICRESN,, BESEB 7T —F Y7/ V—T13, 28ESGOHE%E
BEUFMFEORELTHNIC, FRTEEP,D, K BREREREOR R
SR VBERENFMEOREZ 2AF L LTEH LGB LTBY, TF
EIEEYOMBEFAOINES X & L E, BREBFROEE, BI U
HHEGERNOBFELER L 1] . T/, FR2EBERFERETCEEORIR 2
BT R, EMOMBEEEREONY 77— & Lk HEBRHIRESB L USGT
—IDT—=FR=A T4 -2y bRERL, —87F—IRX—-ADANEHET
B L &b ITHERFHNIE D EMAT T — FEHW2EESGERE OEEMTH
BIUZOFMIZLELRMEYHEOEELRAE L [2] .

AEEEE, BEEEET -V NV —T BT 2 FERIEEOTRRE
TILOLLDTH S, RER, KMEMTEREREORTTIIBVWT, #S
BHEEFABLUSGTF— 7 2 £ F— ¥ R—ADHFELEB L iI0, C0F—
FR= A AW BEERSEREO SO YA TR L. 70, Rk
MRS ORI Clt, ARBEREFHE-FoSO o4 721k
BL, BEICHBEN TWw ARG IENEBIT 0 — FL SbeTRITES &
REESGIERED XERAED L R -BWHERTELERLE. Chicdb
T, BERNBENERT - FC L2 EEEFMC B A EFT V2K
Bt 5700 BB 2 ERL 7.



PNC TN9410 92-269

2. FR3EEOHRE

2.1 METRUBEIBREHEORR
AR AR kL 3, HREEYOBREOWIBEEE L KFTHICHEE
L, 2OWEERRPROLFETHSL. COFELIEESGICERT A2,
INETOF I AMARBERREERS (XL LTHE) OBRBHEFZ IUE
L, SN2 HEHLET 54007 — ¥ R—-A2ERL, E6ICZDTF—¥
N= 2%k A THINBEERF P EL T4 2005 EFELRETED T W
h, ThOOBBERUTOFEIETERT 5.
(i) SGF— ¥ D&
(i) SGF— ¥ X— A DIERK
(i) BE & L TOBERFE ST 75 A2 & B
(iv) BEBRERD S2EEWEEDEHE
REEE T TIX, LROODOERINERZ T, (BEET— ¥ X—ABLUH
BELHETAI L TULEL R ASGF—IR—AD 7+ -7y PEEEL, £
DA T2 7(COFEMIFERERSE [2] KRB L), 4EEE, §1&
MESGT = FIZDOWTEROINERTTHI & LB, T T+ —< v POEBIE
2oz, T RGVBREKHE 0 SA0TO by A4 SRR L UT
WAEEERLF—FR—X 71—y FOBES L UBEEFREEICD
WTHET 5.
B, SRUEBEERHETU ST AOBREL ARSI EHL LD, It
EILUTHEHREDP L2ECREBRFEOEELTITETH 5.

2.1.1 SG7— & X— ADIERK
SGH$E 7 — ¥ X\ — A (SODA : SOdium heated steam generator failure DAta
Base)id, (a)SG7— % \— A(FERARBAEZOEREE, IFEHEEHEY
T ETHEELRLF—)BLTOBIET— 7 N— AFHBEEMN)» HHE K
I, FNFROTF—F R—A7 4 —<y MIETLANFUET— %)
PIRAERBICRL, UTICHEEL OBES*RBT L. COBERE
ELTHESRIHELE LUEE 2o 22O DRETH 5.

B IE B BIE#
[T — %]
(DIERBEEE], @I%EAEE]—> - [BRloalBE]DOSEL HEL 5
- [BEE T — N (LRBHE or 22KBE 1)
38m
- [ %38



PNC TN9410 92-269

[sGF—#]
- BAT— 5 3)EERBGH 2B

2.1.2 HEIBREEIEEORRE

() FrERgEORE

ARTF—FNR— A, BEOHFEEEIS2EEORERLEHT L &
rHBLT5, BFEHEL LTUTIEIHEESEIEcE2db0 LT
5. |
@) 77 v MERIEE L BT T v NMEOBIERET A,

(i) BEFAEBPTR AR | GRS, T CTBEM, T—5REE

B DR TG OBIB R AR

(i) TR N BIAIE = e, V-7, u—YarEERE

DRIBHE B,
() MERERBET V=2, 25y, EREVEEONR
SR .

V) BREZERFBEER . F—75 Y F COBRERERNEORE
FEIERR@ET— 2, w75
FNTHBIDNAY THED BRI O E
BOBWETTHELHETEL, XA ¥
THRROKFRE D —fR A7 BRIER b &
Yy A0, ERNEOBEREERD
AHIEPLREERDB).

(2) BEIESRETEE

REETREEFOTERBIZOVT, LEO~wDS b,

) 77 ¥ P EEEEEF - F)
(i) BIBREERPIBERGE AT MRREW)(E K - F)

DIRFFEITV, COFEST ST A EER L.

COFHEICH o TIHABELE-EL20, §XC/S—VFNa v
Ko — % — (Applett # Macintosh Il c)% FiV» THTo 72, HEFIE#
Fig2.1-1/R 3, MEHLE £ FREHH ¥ 7 FEXCELTT ) 728, T,
File Maker I'CYERE 8 L72SGT — 7 B & VB 7 — ¥ (SODA) 2 EXCEL T
WO/Z BBICEERT A, TNIZ L )SODAD 7F— ¥ A EXCELTEH&E T
BEL %Y, EXCELOF T A%k, i, MANRE, <7 oigianhkis
& D75 Y M ERESR, RAREEEFEL RO 5,

DTz =Y.



PNC TN9410 92-269

a. T—yEHE
B8 T — ¥ D File Maker [I-EXCEL Z#2 12 B\ TlE, ()T 7=5
B Roe A -0, AR, B4H, BWETE-F, BHEER,
WHEEBE L TR 5(F7 — ¥ Z#dFile Maker XS Z D HEEZ B L T
V%), ZEWETO File Maker IDREIEF— ¥ X—ZA(WH 7+ —<v )
B L UVEXCELX FERBOBWE T — 7 N~ A DOl & F N FNFig2.1-2,
Fig2.1-3lCR7. &8, Ihbo7F—%it, BRERTADOHZET
»5.
F7-, FRBICHEERLET 2 ICEISGF — ¥ (SR, LHE
M, EEEMYE, $)DLEL RS, FHEBID File Maker IDSGT — ¥
N— A B L UEXCELIC BB DSGT — ¥ N— A % F N FNFig.2.1-4,
Fig.2.1-51271%F.
b. EXCELIC & 25t&
(@ 75 MERHER
CITHE, 77 FORAEREER, HEHTOBRREL
KB, BHERI,

75 v MEGHERREL R - A - )
YR FE A 10 2l

 EMEANBOR) X ARG

THb,

75 v MERBROEE 70— $Fig2.1-6i2 7R Y. ¥¥, EXCEL
DBIETFT — ¥ R—A0b [7F v &, BREREERIEHEL),
W T — FORBIR)] ORFBLEGTIo07F VP lowToTF—
FEMETE, RCZOMBINLET— 2o 8EH, ERER
¥, HERELRkOEHERE2OESCT— 75 55 AT | Look upti
BE), QI-DMCESWTHIEELFETS. UTHEX, 77~ b
kL R OEHE 4TS

(b) {EEERIEFR
77V M TOREEOHEEL KD L. FHEXI,

RAEWEE (A% - F)
3 (BERERE

S (R X RS AR




PNC TN9410 92-269

THHCRETTV MbloTHE L BRERAT A L% H
WY 3).

RREREROME 7D —%Fig2.1-72R Y. £7, EXCELO®H
BT~ R=A95 [7T &, BEREEFIERSE), %8
E— FOQRBHE)] ORBELEBET, 1200752 MIOWTDF— ¥
zHMT S, RICTOMBENLF— 7 2 6FER), (EBERK
XEHEMZ RO S, FLTUTEXR, €79 Mot L CHRED
EHREITV, ZOWMBOFLEFROMEL KD, 21D ICETVT
WEEPEET 5.

() FEER

SEER, TEOHERELZAL TV ADERTL-HTRTHF I —
F— & FEAWTEFE L 7.

77 v MEBRHEARS L RS BIEEOEXCELD T — 2 ¥ — b TOE
ERRETOLBBRE & )2 # 12 NFig 2.1-88 & FFig.
2.1-9(a),(MIZRY. COEHEILFig2.1-6, Fig2. 1- 72 RTEE7 O~ (2
ESnWi-boThs,

75 Y M EBEEFE T [Phenix] 20 WT{REE DRIEEIVYEE
EARKRE, HHBH7E, BREREBSHOFESLEDD L T0.0136
(\E/E-F-FYHEBIATWE, /-, EASHERHETE

[Phenix| , [ENRICO FERMI] , [EBR-I] D320 75 ¥ b ITH L
T, 0.0059([] /4 - FEYLFEINTWA,

&4 DBBIZOWTIE, 3K, HE, NEEESOFELE IZEXCEL
D7 OIS L ) —EHOEEL LTRES W, BEIMICETTRE &
S TW5, '



A 5 2 mf

po=---- SODA-------- ;
i SGHiET — 4 {5 s [Seﬁg;g = g] =
' | (File Maker 1)) |7 L | ERRSEIOTSL
| ( ) : (EXCEL) (EXCEL : ¥ 7 OHEE)
i Fig.2.1-2 : Fig.2.1-3 e 216, 7
3 i
| seF—5  |ir-em [ sGF-4 j
i (File Maker II) | [ (EXCEL) —— OUTPUT
: _ ! — (1) 77> Mawia=E (BtRH : Fig.2.1-8
i Fig.2.1-4 : Fig.2.1-5 (2) s (E-f:ﬁg o Fig.z_Eg) )
(TSI (3) BEERFIEERE
Eg; iR EF ISR
(6)
% SODA : SOdium heated steam generator failure DAta base ) ,
etc.

Fig. 2.1-1 Ouitlines of calculation process for

statistic failure probability

692-26 0TT6NL ONd



* Phenix
GE-2MW $G
PFR
PFR
PFR
PFR
PFR
PFR
PFR
PFR
PFR
PFR
EBR-2
ENRICO FERMI
ENRICO FERMI
ENRICO FERMI
ALCO/BLH
ENRICO FERMI
ENRICO FERMI
ENRICO FERMI
EBRII
ENRICO FERMI
ALCOBLH

BEREPIELGRN 7+ —~< v )

| (BRI AT
1961.2.6
1970.5.6 - HRE R
1975.12.3 T HBEER
1980.2.6 B-HREES
1970.8.6 B AR
1979.7.12 BFXRE
1981.3.6 H- BN
1975.6.4 a seal weld of a bursting
1979.10.3 HEEH
1985.7.9 B-HBEERS
1979.12.5 B EHEER
1988.4.12 B-HBCE
1979.10.10 HF-EREED
1980.5.25 R 0
1988.2.15 R F
1986.7.24 B
1981.8.16 HER
1980.7.30 BT ER
1981.8.20 EZREE2
1982.3.20 VE SRR
1975.6.15 B BHEER
1980.11.25 H- BB
1978.2,17 T EREER

SuUS316
2 1/4 Cr -1Mo
21/4 Cr -1Mo
SUS316
21/4Cr-1Mo
SUS316
SUS316
SUS316
SUS316
SUS316
2 1/4 Cr -1Mo
21/4 Cr -1Mo
21/4 Cr -1Mo
21/4 Cr -1Mo
21/4 Cr -1Mo
21/4 Cr -1Mo
SUSs316

21/4 Cr-1Mo

ISy
-2z
=2z
77wy
=2
B
2Tl
HEF7F+
V-2
¥rk—ju
B
Y-z
k-
V—2
)~z
V-2
rIys

Y-z
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Fig. 2.1-3 SG failure database ("EXCEL")

1 2 3 4 5 B 7
1 |79 4% RS A H WiEE— FIBEEN BRI B LR
2 |BN-350 2= 74 YAE 11972.9.23 |1 k8B [@8EHA y—2 3
3 |ENRICO FERMI EHEWF YR 1961.7.01 J1RBHE |7u—k—-NV (2T v 5
4 |ENRICO FERMI il & 3 1962.12.121 2 k#EiE B 3
5 |EBR-II ih & 5B 1962.6.1 |1XREE jzo—-Yay |NETZF ¥ 4
8 |ENRICO FERMI il & I8 1962.1.1 |1 R&#E USHER Erk=J 1
7 |EBR-II B-EREELR 1965.2.7 |1 R#E |BREEE HET 7F * 2
8 |Phenix B EB 1974.2,5 |1RBHE |7V AVEE (EvEk—N 3
9 |Hengero SOMW SG i Hi%E &R 1966.1.6 |1 XH#E |MAEH B 1
10 |ALCO/BLH il & &8 1984.6.12 | 1 R 1 ZESERL WES 7 F % — 2
11 |PFR EHER 1979.3.5 |2 RkHA ¥rk— 3
12 |Phenix B 1962.5.6 |1 RWEHE (BOELH B 2
13 |BN-350 i 1965.3.8 {1 KRR {72 v-—-7 HWETS 7 F + 3
14 |Phenix BB 1979.8.6 |1 X3 IBYAAAR (V-7 3
15 |ALCO/BLH HEL 1967.10.26] 1 RHIE IS HEE ¥yk— b 1
18 [KNK gh & I8 1976.9.6 {1R¥EHE [BREEER r3vY 2
17 |PFR i 2 IR 1973.7.8 |2 XA B 3
18 |ENRICO FERMI it 1964.4.6 (1 XRHHE |=o-YVary INEZ7TF v 1
19 |GE-2MW SG i 1979.10.3 | 1 REE B E RES 7 F x — 2
20 |PFR [ 1968.3.6 |1:XRBHE |BREEEK ¥k — b 1
21 |Phenix B E 1963.12.3 | 1 RBM |7MAHVEE [BRE 2
¥ F—aldI—E
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75 v b
CRBRP PROTE TYPE SG

PFR

Fermi

ALCO/BLH

EBR-II SG

EBR-II

GE-2MW1 5G

~ 5 B50MW 5G
PFR

Phenix

BN-350

FNC IMWSG .
CRBRP-FEW TUBE G
CRBRP-FEW TUBE 5G
GVE 45MWt

AI-MSG

PNC 50MWSG(1)

PNC 50MWSG(1)

PNC 50MWSG(2)

PNC 50MWSG(2)

EBRFEE
TAUH  REMER — SR AEE
4 ¥y vy SEE A
FAYH V=7 — G BRAHE
TAYH FHE
FAYH
7AY A
USA
ORA
4 FY 2 ¥ SRR A
7R A4
USSR
JPN MBS
USA
USA
FRA
USA
IPN R
JPN ABIER
JPN ARG
JPN BRI R

(FEBRXT+—<v })
[BEZ ] (CRELS
RERES %
AR B
ReSes g
ReRER  2EE
s 2HHFE
Wzhas 2HEEH
Ramen g
s B
B B
B L L
ERE B
KRmLS  E
Hgnge L L
AR S
AERES B
RERER MY
Ran B
Btz g
RRE B
B EX: 2

Fig.2.1-4  SG database ("File Maker 1I")

HEH
AVEYa—bf—RYy A VE
AvEY)a— b -4V L VH
A7EYa—+F—RAV 54 VE

EFH

HA g n—7H
AvET2a—rHh—mf ¥y ¥E
EEH

rN43iky VE
AvRYa— - vsrfvH
Fvr—AF4v2E
Ryr=RF4 v o8

AY FN L VR

Ry r—A74 978

AY ANl IVE

EEE

AYA NIl VE

A vy z—7H
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Fig. 2.1-5 SG database ("EXCEL")

1 2 3

1 |75+ ZHEARR (R EREFE ()
2 |BN-380 818 5
3 |ENRICO FERMI 120 10
4 |EBR-Ij 73 8
5 |Phenix 84 7
8 [PFR 100 5
7 |ALCO/BLH 150 10
8 |KNK 300 3
g [PROTE TYPE SG 400 B
10 |AI-MSG 120 20
11 [~ U5 O50MWSG 500 45
% F—HI3HI—{A
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PNC TN9410 92-269

(A) g
S GRIET — 5 X— XEHAH

(B) %

R

OF5> b4
——p| OWIBREEF (REE)
OmHET— F (1 RE8)

(C) é

BHEERO [REH] 24573

(D) %

SGTF—&4Y [EHMESFH] .
[BLAMERE] 2BEMAT

(Look up}

(E) %

E77 POWIBEEEHE
AR = g s

mRE T X GEHER

BRENfTC 75 ] %
ROTZ 2 pMIEALTEHHE

2750 biDonT
E7p

False

% (A)~(E)IFig.2.1-8T D
ThThoOSEEERERT,

Fig. 2.1-6 Flow chart for calculating failure
probability per a plant
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PNC TN9410 92-269

S GHBT — 2 N—XHFEHAH

®) v
B

e OFTF b
OWIBRES (=&Y
OBBE—F (1 kR

(c) Y

BWIBERO [REH] 28573

(D) é

SGTF—a k) [ZHEFRE] .
[GtFRRRERE) EBMAA, RESH

277 MIo2WT :
B8

E) True

BREGT 7508l %
DTS5 MIBEATHY

752 MI2DWT.

O (HEREH)

Oz (EEEFR X (ftAEERE)
RETE

(EER(C). D)PFMESET )

(F) ¥

2750 VCOERERBRENY

euRE =t L R

% (A)~(E)i2Fig.2.1-8 (a),(b)
TOENThORETBERETRT,

Fig. 2.1-7 Flow chart for caiculating failure
probability per a tube
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_E[_

1 2 3 4 5 _ @ 7 8
1 |79+ % BHREGH [REH WRt- FREEN | GhnE REH
2 |BN-350 T-EEEEE 11972.9.23 1 REE |MEHA W=7 3
3 _|ENRICO FEAMI =& E8]1961.7.01 1 XREH 1 JO—F~N[257v7 5
ENRICO FERMI___ |Bi% & 19621212 | 2R@H_|T0~Ta » | B . 3
5_JEBRIL_ &S 1962.6.1 |1 RGHA _|GHRE  |NES T 74— 4
ENRICO FERMI __ |B8& 196211 |1 kB |MRERE (B fi—ib 1
. 7_|EBR-Il B-GRERE 1196527 |1 ABE |FAHIRRIAEFTF v — 2
Bt |[_8_[Phenix L 197425 TixmM (70—F _JEod—N 3
y: | 9 |Hengsro S0MW SG |B&ER 1866.1.8 TREHE {TD— 5B 1
10_[ALCO/BLH BEE 11984.6.12_| | Rkl _|Bib Ak IWET T F v~ 2 (AERT —a~N—2X
A K B 1878.8.5 |2 REM |70~ F R ECH—IL 3 (£3 -5 4
At [ _12_|Phenix BT 1962.5.6 |1 A@M |TDO—o 3 1Bk 2
h [S3|BN-350 RER 196538 |1 KRBl |[FNHVBRRIAES 75 v — 3
T4 [Phenix_ HES 1979.8.6 |1 Xkml |JO—d—AlU—7 3
15 [ALCO/BLH EES 1967.10.26 | 1 Rl |ITO—YarjEoh—a 1
16 |KNK £ B 1976.9.6 |1 XEH| |70~ F—A]2F5v 7 2
17 |PFR____ HEE 1973.7.8__| 2 RBM |TD—Sa 1B 3
18 |ENRICO FERMI __|M& & 1964.4.6 KRG |CHARR ARSI F 4 1
O |GE-2MW Sa HED 1979.10.3 |1 RBHH |TO—Y o8 AR TF 4 — 2
_20 PER R 1968.3.6 |1 XEH |RHEHA Erh—n 1 el
1 .
HHRLE WA S5 BEE—F| \ { -
Hres— ey e EiT (BYRSREM (RMES. Phonix. 1 REHHZIE) mmr]
24
25 175> % L e LMREET: G N T RER = DS
| 26 |Phenix HER 1974.2.5 REW [7U-F [Eok— 1 WSy > FBT5 R
[ 27 |Phenix HEES 1962,5.6 R |T0—YaoiER 2{ [ \ E|ICBRYET
_gg Phenix HEE 1979.8.6 |1REH (JO—F—niV—2 3
30(|EREEs _____ |saemE \ - e8NSt ammE (B /00 - &)
BEEAN 4 7 (CREBESR TS (3+42+3=8) 51} 50136054421/
™~ (D)S 67— &b 5BEMA L (Look up)
HERO(A)~(E) Fig2.1-6 CORIBRERT. (B)F W

ﬂiﬁéaﬁ-)
T E A R(84F) SLRIRFIR(75F)

Fig. 2.1-8 Example of calculation of the failure
probability per a plant
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1 2 | a 4 | 5 B 7
1 |73 BAREMR (REH WIRE— FIGEER BETE REH
2 |BN-350 F-BREER 11972923 |1 REE {B/BHX -7 3
| 3 |ENRICO FERMI [{mmaiah A H 58 11961.7.01 [1XHHE {70—-F—N{T75v7 5
4 |ENRICO FERMI _IEAEE 1962.12.12 |2 /B {TQ—T 3> [EE 3
5 |EBR-I i 28 1g62.6.1 11 REHE IBHEE RETTF 4 — 4
6 _JENRICO FERMI :Hh&EE 1962.1.1 11 REHE BRER S et 2 1
/_{EBR-II B-FEREE 1196527 |1AME {FIHVEBIAESTFv— 2
|__8_ [Phenix HES 197425 11 XRWHE (7U—7 k=l 3
9 [Hengero 50MW SGi B 58 1966.1.6 TREE iTN—Ya @ 1
10 |ALCO/BLH BEE 1984.6.12 |1 AWH (#ISHK ANEZ T F v — 2
11 _|PFR 5 1979.3.5 [2XREH (FOo—k-MANiE K~ 3
| 12 |Phenix dh & 3 1962.5.6 1ABE (1IN—a >~ B 2
13 |BN-350 T 1065.3.8 |1 REE#E {ZAAUEEINESTFvr— 3
14 _|Phenix HES 1979.8.6 {1 RE# 70—k~ jl—-7 3
15 |ALCO/BLH EEE 1967.10.26 | 1 Rl {TQ—F3 LK 1
| 16_|KNK HEE 1976.9.6 {1 ARWHE |FO-F-NI1T7T797 2
17 |PFR L] 1973.7.8  t2RW#E |ITn— 3 M 3
18 _|ENRICO FERMI _{HES 1964.46 11 RWHA ([KHRR RES 7 F v — 1
19 |GE-2MW SG i 58 1979.10.3 11 RE#E ITIN—Y3 > 1HEFTF v~ 2
| 20 [PFR HEER 1968.3.6 |1 RHH iBGEHX Exr— 1
¥ TITCREET-4N—ZX (43-) EFT, EXCELOT 7 OEHEIC & W,
SHICHEWTHBEROEREFTTbh 3, UTOFEEE£Fi0.2.1-9 (D)ICRT,
Fig.2.1-9(a) Example of calculation of the failure probability per a tube

(Automatic calculation process by using "EXCEL")
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_SI_

[Phenix]
ICDWTEE

v

[ENRICO
FERMI]
oW TEHE

J

[EBR-II]

<

EDWTEES

%1 ZITREHESELTRLALD, Fig2.1-9(a)
NAZ—F—a2kbet LIS FOHEOBRT

H3.

Fig.2.1-9 (b)

___1 __2 3 _4 5 | 8 8
PRI EREE AR ER BBt~ F \—IB)ﬁﬁ%‘# 5
23 TPhenix 78 B8 TREEH {)
24 ]
o5 |75 18 HERLHE 8% BT~ K IWNER  |mEps B gl ) S
56 |Bhenix AEE 1974.0.5 |1 RBH_170-7. IESH—T 3y Lo ﬁmﬁﬂ—#"—ﬁw F>b
57 _|Phenix B 1865.5.6 | 1 RBA |10~ Yas BE S| (B) 1DWT H
28 | Phanix HES 1970.8.6 11 R |JO—h—J|U—7 3 OHEET I,
‘2'975 T BHRR A HERRE &
31 { 84 7L} D EERT 2 {588 8 2
32_] —
33 _ (CBT7 D
3 ?'3 a1 iRk B B Q?E:E: K 2)&ﬁ§§ﬁfa
35 |ENRICO FERMI | 7& 8 TRER
36 . - —— -
37 TS5 rE BAREEE _|BEH BHT-FIBEMBEN | IBADE BEH
38 |ENRICO FERMI__[HE S 196211 |1 AWA_|BERE k=i 1
39 |ENRICO FERMI BB 96446 [T RmM |HHRK | AETIFv— 1
4] |ERESHR BERIRE F 5 6l &8
40 120 10 (1200 2
49 T
z A~ r——
45 |75 +% B L BEE—F
46 _|EBR-NI TE TREM
47 _ - I =
48 |75o1% G E LG E T BHE-_FRREA | |nane RER E)E73> bOR
49 [EBA-II BEE 1962.6.1 | | R IhHmR | [AESIFv—1 4 EHERR TS,
50 —7“(6+244=14)
(51 {GREEN HREE ELNED RV
5D 73 8 ( 584}y (a
53 . = - T; I
2 BYETS > b0 (R ¥
55 £SR3, (588+1200+584=2372) ~ T 3375]) (1ai) 0.005902192 |

%2 WhOMR)~ENR
Fig.21-6 TN BB ERT,

Example of caiculation of the failure probability per a tube

(Automatic calculation process by using "EXCEL")

t

(FETHER

SHBRERE(140)
> (GREAI X Gtm) (2372 & « &)
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PNC TN9410 92-269

2.2

HMERVEEERETMEDER

2.2.1 ZHEBEBREFHEFEORSR

BEH63EEL ), BEZETIIARBEFRITTER FE L0 L
LT, BRmHRENFE®ERFTI — FCANS-P)OREL EDTE /2.
CANIS-Pid, #E:EWWICHEIRMEBEL, FORBOEEZSE +EX
WMIICEHMET 52— FTH B [3] . Chix, CANIS-PH &Rk A
B CESWEEHEY -V ThE-0THS, LiL, EBRICEHFE
BICESFBI 2 RA LIBENSE SEPELREFFIEE TR (R
%%ﬁ?m%iaﬂ&wl5&ﬁﬁmlofﬂittéﬁ%ﬁ%ﬁtL
12BIBEV. DL LERPS, SFERIXHEOBELREERNICET
ﬁ#é:—kmm:&mmmmmmmmuhmwﬁﬂh%$bt

ClAlZ, tREIMFORMEBERAR YA 7 Witk B 2) — FTEGHEELE
RWHICEEL, 3ROBEBELFEMET 22— FTHbL, 22T, &
REEOERY 7)) — TETEBICE o DU TOHERBICE S,

O FBR7Z ¥ MiZBWT, JnHEEEN, KFEREEIX, HHEOK
EBIUREBEHOMEICL - T, FOREZTHIIHITVAS,
O Frvi4y7Hr2BABLUERE, BhHoEsELTH Y

YETAILENTE S,

7)) —7REREEEE, BERBACESWIFMINS. CIATI,
7)) —THREB L CEYREL FNPHhER SBEEEERIC L - TE
#L, ThOOMBMEY BV CHIHRNCTESR 2 ) — THEE L
EHEGOMD, +D )W, EHEL B 2R IWUBEERLLTE
&T 5.

&8, CAPFMIZOVTERSEIR (4] 2Bk,

-16-
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2.2.2 FATFERREE DO IS S EME
(1) SZRA RN
221 THRRFERFH EHBERT O — F-CIAZ W T, LITIFSG
REE R W RICEERN SRR E 2 ER L.
a. EMMEA
@ #  H;2)4Cr-1Mofd
by ~F % P31.8mm X 3.8mm’
© JEEIH,

WIEIZ L 2EGH @ Skg/ mm® (0.24E /@)

R PIRBEA BT IPE D BT © 5~20 kg mm® (0.245 7 [a])
DNBIREJIZIE D) BTSN @ 5~15kg mm’ (1X 1074 /(@)

FHREE | 410C

(7 ) —7HEE, AEBS LUREREBERESERICL 2L T

DHAER L, DNBIRENCEI BHIZonTid 2 ) — TG 2 E &R

LZzw)

(d) HBEFMICHT B A&

SRR IIHIET 5 FEREIIBBO232RTEEBESL FHE L
LTHWwWRZEE L. T/, EHBEIU2 ) - THEICETAE
HEREE, =Z30 [2] RS EEE LEE 7)) — THEF
BEOIELSE2HW-,

UE 7 E]
AR y  KNEIERS A
SRBE KIS 5 FIHE ;0.5
X BIRHER = ;  0.168
[2 ) — 7]
TR s STEUEES A
SEBE T 2 FHE ; 0.8
X PR R »  0.240
b. FTERZE

() DNBIRENC X BIGHE/NNTA—F L LIETERE
PIEIC & 3070 % 5kg/mn’, WERNBESEIC & 2565 % 10kg”
mm’& L, DNBIRENIC & BI5H%5~15kg mm’E L 7235-& D1E4E
DELEFig2.2-1\ZRT. BlIZ/RYT &5 i, DNBIRENIC X 50507 4%
AEWEAIZE, REPREQEICL S 7)) — 785 L TDNB
RENC LB EFRES IS, FRBEER L L CDNBIRE)
DIHBI/NE VT EH%hh 5. DNBIRE) I & B0 H%15kg,/ mm’ 12
BIlECTEATZLEHFABOEHEPLERL, ERBEEIIFNLT

-17-
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DNBIRE)IC & 2EHFEED HEFERATE R A, L2L, &f
ol ioﬁ'%DNBi‘EﬁilLJ: B A ¢ =65kg/ mm’ TH Y (kb
D22220BHR) , REHHESLMS TIZ, DNBEBICLAEHIZEH
BEIZEENP/RNIVW b5

%%ﬂiﬁii,mmﬁ@kiéfﬁ%wm/mﬁabt%ﬁm
b50THY, TOFHFICBVWTREAREOEEZEFERIATY
L5 Pblrb

() WENRESEIC L0 E2/35 XA —% & LI2sHEEE

2)

PIEIC & 551 %#5kg,/ mm’, DNBIREHC S e f) % 5kg/ mm’* L
L, WEROBENEICHES BN E5~20kg,/ mm’'E T/8F A —F &
LB A0BEBED ZLTFg22-22 R, RO L) TEHEE
2t L CERFEE ORI RTINS, FLLTI2Y —THEEGPRE L
% B, WENBEL IS B NHFHRTEMLTH 5 15kg,/ mm’ &
B@EAD2220)2B)EE TH L, BHEERIOCEETH), X
HRBEBREIIS0EL A, COBAIL D, RIFILEZLONLWE
ZER LTV 2HBECREATOBEREHIIBREIRE LELD
ns.

INLDIERDL, EROEATIBVTREELEIRT LD
DERGERNLEZ LY, ZEFHELZERIOLVWE ) REHT TEE
252 ThY, BERICERBOGERENSEETENE, &
DEBEEHEWHETAIILICLS T, %@ﬁ*&m+ﬁkﬁﬁf§
hEZOND,

{08t 22 i
FR2EEE T, BETFECBSVWTHREL -REROBEDZ

M2 — F - CANIS-PR HWT, ERPRSGEREIRE L WRICHERR B

SRERFECERL, TORMBPBEREZYENIIRDLZLTH

iz, TRNECTIERLTCELBFCBVWTEEL LWEIL, BFE
B /B WERRLDATH o125, ST 2o BB
TiE, FFHM) vy 7E0OREERCPHBEMELR Y, FEMRICEEI N
TVwEHLWALMELERICAN.

¥9, BEIFHESGD2 L Cr-IMofZH B OBEMBELEE L. W

B, REETEE 5] o THEEIRTWEESR, T4bb

BHEEIE

FaRhrYvS
BEEF A DRSO R
ERREBIE
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BILY
DNBiRE) (EEHRR)
PERL, 2517, SIBIZRICANT, ThbHlClib3HERE
PR IICERM L 7. BITEHRUTOEBY TH L.
a. AN&H
(@) HMHE ;24 Cr-1Mofl
() i ; °31.8mmX3.8mm'
(©) EHIEERED ; HEAIFER.
% = C-(AD)™ e (2.2-1)
[AT (kg mm)]
C . WEERSMITKE) .
FHEp =1.20X107°
HHABHERZE 0 =0.081
m . EHESARICHED .
FH)E e =1.412
E¥RZE 6 =0.160
@ ZV—7&BEEL; Nortonfll 7 ) — 7/ RIC L 285 AJSE
H. &2 [6] Ti32)4 Cr-1Mofi @
SBEREE ), dik 7 ) —TIESTO
BRFEOENDEIICEZONTVS.
c% =C(JYD  ceeiienenn (2.2-2)
[)'(kg” mm,hr)] |
T, EEmIILICTEWETH B 72
W, UTORUFETETSH 5.
rAt

da .. da
dn dt d
Jo

(At

C-(AIHY" dt
= C-

0 m
At
[ )
0
= C.(A]C)m ...... (2.2-3)
[AT; (kg mm)]
C . MEQEHRTHITHES .
B 0 =7.79%107°
ST EIRERE ¢ =0.0610
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m . IERSAITHE .
FHE 1« =0.984
, REERE ¢ =0.0427
Nortonfl] 7 1 — 7§ 42, [7]

[ o (kg/mm’)]
A RBIERSAITHED .
FHE p =4.16X107
M EARERZE 0 =0.757
n. ERSAICHES.
FHfE 0 =9.61
B¥ERE 0 =0.538

(e) HiZESPM ; SIMEZIEEZER TS, Hfi 4 7 VE=120.

(f)  PSI - ISI ; Marshall® /R faskts H re st B
Pnp=e+(1-g)exp(-a/a?) -roorer (2.2-5)
WAERDVHRERRICRIZTEELR A7, K
BMEEEDE LTRO2200 LRNVEBELT, B
£, a‘%_’ﬁﬁfﬁ L.

PHE L~V e =0, a*=0.38
{a/t=0.1 (=038 mm)DKFE % Rk
FERA1 /e)
BTNV ; e =0, a*=1.90
(a/t=05 (=1.90 mm)D KRz AkT
FEEN 1 /e)
ISHIBFEERTL2bDET .

(g) WHERER; #EHEHIDOLSE, ThbH247.5kg/ e DET % H

ot 2 RE B/ BEESTETY Y TVIEETFD

QN (R p R
(hy EEHE SRS o ATRIMEIEL 2L &, $2bb,
At gy, et (2.2-6)

THBEETA. T a,=08LT 5.
() BNFHRE ; K X BE So/ WHRSMEICET 50, $IEBE
BN B HROMEREIE D 2B LE, Thb
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b.

C.

d.

THWE T3, 220, =05LT5.

() TRIEREEE  EEL 2.
& WHXFE , FBHENTEOBH ML EARE IR PEET 5.
) BH—OFTHER; 24 Cr-1MofD500°CIC BT 2 BHIGH — O

THEGRRN L, SEBEULTHWS, -
2L, ZOMBIXTIROHMEEEZ D > TH
HTHLDEIFEET S.

ERX R

ZELE (9] [10] CBAKPESOREGN EHNERTECH

WHONHHITEEBEIS L TARY P HOES A,
(a) HXEEEE at

- BB ; B AR
FYME 5 4165X107 (2=1.583X 10 'mm)

(b) TAXZ Mt b a

- AR MEOER DA

- THRfE ; 0.5

- LER{E ; 100

- FH1E 5 1.336

- STHEEERZ ; 0.3793

e

zEZXE (8] [11] i %OWTM"F@JE’)L“’“"‘LL.

(a) HWEHMEEH  E=1.690X10° kg/mm’, RERPICHZ 5B,

(b) BRIST  ; 0,=25.875 kg/mm’, ERSMICHE, HEiE

R 1.811. |
(c) VEBHGT) ; 0,=38.025 kg/mm’, EHEFMIHE, B
R 132.662.

HEEGEORTE

WMEEHIIRICGRTS2OEREEET 5.

() EFEH /1L

HERIE, AR Lo TRREWNEICAE L2 B Fmeh % E

HDELTABDL TV, 2 TIRFFEIEZICESWTES
FEL:.
(a) KRID ; BAES.78kg,/mm’, H/MEO.00kg,” mm’
(b) HUTILT ; B AfiE13.68kg,/mm®, H/MEO.00kg, mm’
(©) FRELEHFE , 30ER 1500,

(2) FRKRERE |
@@ RiEhH s B AfE4.78kg,/ mm®, #:/MEO.00kg, mm’

21-
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(b HTET ; BAfE13.68kg,/ mm’, H/MED.00kg, mm’
() FEHRELEEE ; 30FE/IC6MH.

(3) SHAHEKLDFEM
(@ BT s BKAE4.78kg,/mm’, H/MiEO.00kg,” mm’
(b) HTIEH ; B AME13.68kg,/ mm’, %/IMEO.00kg, mm’

() EFRFBAERE ; 30EMic6s/H.

@ FHLYvT
(@ &G ; OKAE4.78kg,/ mm®, #%/ME0.00kg,/ mm’
(b) BTSN ; B AANE13.68kg,/mm®, H/MEO.00kg, mm’

() FRFEEHEE ; 30EM 12234,
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2.2.3 2EESCORERRMEEREBELTM

(1) EHFEHFEFRZEM
2EESCGIRAE L MNRICEERRO I URBEHEFEI—F - CATH
W BREEEREE T ER L /2.

a. FRMSM:
(@ # & ; Mod.9Cr-1Mo$H
® +  EIAF ®152mX1L5mm', 4 F °°19.0mX1.9mm'
() BEIE ; FECER

[Bhm 28 oREFEE LI-ES]

WEZ & BI571(0.248,/[E])

W E ! 6pm=162kg/mn’, ¢__. =0.0kg/mm’

B o pm=124kg/mm’, 5 =0.0kg mm’
FEA E.(0.24F /)

PAE | 0,,m=035kg/ mm’, s . =0.0kg mm’
{REVEH IR Z0.24 /)

ANE | 0,me=3.38kg/ mm’, s =0.0kg,/ mm’
Y V—ERFIREEWO.24 /1)

PAAE | opmm=0kg/mm’, o . =—0.04kg mm’
SGHE(0.24E / [H)

- PHAE . 6,...~098kg/mm’, s, =0.0kg/mm’

DNBIEE) 2% 5 BT 71(6.34 X 1074 /[0 : 0.5HzIZAH %)

W ! 0pmm—320kg/ mm’, ¢, . =0.39kg/ mm’

0 o= 16.41 kg/mm’, o, . =1.23 kg, mm’
A B o= —2.54kg mm’,
O ymin ™= — 3.24 kg /' mm’
0 o= 0.33kg/mn’, o, . =—234kg, mm’
[EHmIC S EOFEFRE L -5E]

REVE IE(0.24 /)

W& | 6pm—406kg/ mm’, s, . =0.0kg/ mm’

HE L 6. =298kg/mm’, o, . =0.0kg,/ mm’
FEHE

PAE | 6™ O pmy =0 kg mm’
PREMHERES

PAE | 0 mem™ O pom =0 kg mm’
VIV {EREREE

AAE | 0 nn™ 0 oy =0 kg mm’
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SGAIE(0.24F 7 [al)
PNE | 6™ O pmmn =0 kg mm’
DNBRE) (248 ) BTIE (6,34 X 1074 /1 : 0.5HziZ 41 2)
W & . 0pmme=018kg/ mm’, o, .. =—007 kg/
mmz
0 o =898 kg /mm’, &, . =0.57 kg, mm’
nF D 0, ae=002kg/ mm’, o, . =—0.01 kg
rmnz

O o =534 kg /mm’, &, =0.92 kg, mm’
(d) FHERE ., & 430C, 4 & 435C
) IBEEMIz AT 2 ATEMt
ERBAEICHIET 2 EII BB D232 THREBES FHE &
LTHWwWAZEE L. $72, BEBLIU 7Y — FHREICET 58
WEEL, SEXH [2] CREN-BBRVELB L) —TH
WRER DIEH o X 2w/,

[7EH#E ]
SRR sy XHEEH A
X BB IAIGT 5 FIE ;0.5
S BIRHERZ= ;0241
(27— 7H##E]
SRR - ABOERSA
ERFEEIIIINT HFHE ;0.8
MR E R A ;0417
b. FEMAER

Fig2 2-AI2ERBENEO B F M AR OBERRE B L EY 8
BLUO27 ) —7THEORBELRYT. Lol RITWHES JUHRES
BTz, REOR MBIV AEE T, S EEB LTRAD T
FIREL-SEBEREIO LD, WERAFRICBIT S 2B
RIIERICBVWTHIOTTH L. SRIER L S HBERERE
iX, DNBIRENI BITAREEFEOBH L RO LV EER LN DS
T, i, DNBIREIER IIMAMICBE L2 WEHFTHEL T S
72%, EREMHICH LU TRFNRFME 2o T eELLNE., &
e s, ERMMEESGHEHEICB VT, SHORBARE
RIIBOTRERWEEZ SN B, TREHEET S0 HDNBIEE) &
BB, BIUERE L IBREMOERPVLETHS.

(2) SEERMESRMm
22IGWCR L 7- 2 BBERFHELABOWELEMH LAV T, 2EY
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SGEHE DBIBRERIIRITT /S5 X — ¥ OB 4 FH/-.
a. FRTT — A

PAVE DIt B AR e BE L BB & ORIk atE %

KL 7. BT — A, PAEBLUE-AFRERISEL TUT

DEBYREL.

Table 2.2-1  Analysis Case of Double Wall Tube Reliability Analysis

BT — A 0l1]2|3]4}5)e6|7]8]¢9

PSI (poor) XTO| X X{X]|XIX|X]|X]|X

PSI (good) XIX|OIx{xIxIx]|xX|O|lO

ISI (poor) XX X|Oi1XI XX X|X]Xx

ISI (good) X XIXIX1O1 x1x|x|O|0O

DNBE 12 XXX XIXIOl x| x| X]|X

DNBIRE) $1/10 X x| x| xix|[xlO]l x| x|x

DNBI#REISZ1/1000 | X | X [ x| x [ x| x| x|O| x| %

BHEBRBEFEYy Yy 7T I X | X X X X X| X X|O} X

TE A GEER) X x| x|x|x|x|[x]Ix|x]|0O

ERREBWT, BEBHE Y v 78H)iE, AE» S0REITF Y v
TEHICELLBEORARBRE VAT AOGRELERT A — A, BH
WIGEEINE, FRRICAE P S OREINECT V- NRICEL 4%
Y. 2L, B OWTRBIFT— A6 £ LTRABRB I AT A
EEBLIBNY — 227+, ChLOBREBREOFREFEICO W
T, B™AERDEEROZ L,

b. AN&HE
(@ # &, Mod9Cr-1Mo#H
® F E;A F 152mX1.5mm',
% °°19.0mX1.9mm'
FHES BAFMEHEIHLT o
BAMEEIH LT 10D,
L REVEEE, D RRENERE
© EHSFERER ; HikAKER.
da/dn=C-(A])" [AT (kg mm)]
C: MEOEHRTMITHED .
FEHfE » =5.01¢107*
NEAFRHERZE ¢ =0.4708
m . IERDAMITEE) .
FHE p =1.834
EHERE 0 =0.2459
@ 27 —7FEEERER ; Nortonfll 7 V) — 7RI X 555 AT fEH.
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da/dn=C-(AJ)"
[AJAkg” mm-hr)]
C . MEEHRTHIZHES .
SEIME 0 =3.73X107°
X EAREEAR 2 0 =0.2075
m . ERTWIZHED .
SE#ME o =1.013
BEERZE 0 =0.0425
Nortonfl] 7 1} — 7O AR [12]
de /dt=Acs" [o(kg/ mm’)]
A=5.03X10"*
n=19.04
) EBHE, xS BES/ SRAMEICELLLE, Thbb,
a/t= a i
TERETA., ST, =08E7 5,
O TWHE , M ERHE SO/ WHITRREICET S P, FEBHE
IS BMBOBEREIC 2B &, Thbb,
b/ W=,
or
0= 0
THET LT A, 2, =05LT 5.
(g) MEAXNE; FRENBOE S MEBHEETEET 5.
hy A~ 0FTHEF ; Mod.oCr-1Mof D 435C I BT B BRI T
- OTHERRE, ZEGEELL THYWA,
7272, ZOHBRIITROMNMEEE D > TH

HTHELDEIRETS.
() #WEARKESM
[ EHES (1)
- AR HRB A
- EIE;3.123X1072 (M%) 4.686X10 *mm

[#145) 5.935%X10 *mm
[7A<7 b (b a)]
- SAEE; WM ERS A
- TRRE ; 0.5
- RRR{E ; 100
- FI91E ; 1.336
- W BAEHERE ; 0.3793
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G) ISLPSI
MR FER IS ICHEVy, ISLPSI (Poor)D4etkid, HWEDE5
DRFEHHEH S HREFRES0% E EE L. T 72, ISLPSI (Good)®
FHIZ, WED20%DRIGIVIRILEN 2HEEE50%L L7, 18]
DEMII2EFL L.
(k) FEE
ZEIHL [12] [13) LHESW T T L) IFEEL 2.
- HEEES E =16850 kg,/mm’
BRI 5 0,=30.02 kg/mm’
WHREICT ; 0,=38.15kg/ mm’
c. ETERKRE
RREDAEEE B L UHITEROAES L LTHERATME R
DWW TFig.2.2-B~FIZR¥. /2, WAEZHFRIO I 23T 5@1\
TR =5 DRREIEROREES - XDEY 1 L L TFig.2.2-G~NiZ
R
DFigNT A= O REFERT 5.
(a) MHERERB L UPIS
MERRSB L UPISOEMRIC L b, BE& iR, E¥sr—X
W23 U CISI-Poor® & T 1 &, ISI-Good DS TREIR 5795, #
DN BIIEETL W, FHEIZBITADNBIEEO L 5 2EY A 27 NV
BWPHAHEEICIE, HATRECBVWTHENRELEHEZID
BWTh, BETHRETE ZWREONE 2 SBIHRERYT 1 7 VEAK
PICEEX SN CELBEL T FIERTE L W EFBL I
oz,
(b) ISI
ISIOEMIC L), NECEEREEIL, HFHEr— T L TH2E]
o 1K, BEMTRERIIEES — AL TH4E» 5 3MERTY
5. AHETIE, ABITLTZOETHEHAGKRE L, £/, BAFRE
CHAME RS EEATRE RIS L TISIOMRAFAEV. R
X, REXHHHE, BFmEL Y b AasNS {, ISTHH4 7
VI RS ER LER BICEAEENT NS &, BETH
X, kEBRETRECNAIEREFRESLEL7HTHA. ISIT
ﬁﬁiti%4ﬁ»ﬁ#¢éw%4Lﬁﬁ%#ﬁ%f%%#,W¢
DEIHEFEBHRKEVESICRKRELHESPEFETE 2.
(c) DNBIRENCHES LN
DNBIREIIC#E) S D 2 R R U 72 BA I, B& BT 14T
FRTTAI LD HIs, EEIXSIZERLZEESLEST, HE
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FZY A 2 VEINEVEASIZIIHRESTEETCH BN, HED L
FICHEN RN REVEEICIRERZEIPECTE LW,
(d) DNBiREHE

DNBIREJE % 1./10& L7zig&l, B BMEERISETERTT
DbODFHRIIKE L v, ThiZ, DNBEEBEFEBIZAKEZW D
ThahrLEZORA., LO2L, DNBIREIE 21710008 L1284
i, BB -BREErAE CIN, SMETIONREETL, FE
WMEBRENWT EDbhol. SO EDD, EREVDEHEECX
BEFE, DNBIEEEME CHA LB ICR ), FHEEMIc B
WL, DNBIREMFMHGREIE, BELXENHOLEIFEETHLHI L
Bhhb,

(&) TmiEMRH

RHRE B L CISLPSIZZ R L5411, AASE L ICEFmX
RICxT LI, HMHESEIELY, [EE - RERDHoTHIFREER
BIZIZES W] S edbhoi, Zhid, EBERIIBVWTIEAR
REBREFEL T, IRBRBIATFAICLY, FEEHBICESL T
TICHHINE D THAE, Chizxl, BHm &L, X#ENE
BB ICHNEHERELSFBRE=FDEZIOEMET
B7:%, WEERIIEBERE YA TLAOFEIHED 59, IS, PSI
ERLIFBELIPE DALV, Zhid, 5HELDNBIER O 28 #

CHEWCERIERATAELTWS 20T, EROEEDOEF L X

B5. #B T, DNBIEEIESII HZIOmmBETH Y, 0L
REIREPR ) AN KT, EBAmMEEIIOWTHE AL FE#EIC
BERB Y AT AL o THFERZTSICEVLRVIKHZ S S
ENTRTHAEEZOLNSE, O LdL, [ZHEREERES -
DEIPL ) — I/ IRHRPEETH 5.
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Fig. 2.2-9 Cumulative probability of crack initiation (Double Wall Tube SG)
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Fig.2.2-11 Influence of ISI on reliability of circumferential crack on inner tube
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Fig.2.2-13 Influence of number of DNB cycles on reliability of circumferential crack on inner twbe
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Fig.2.2-14 Influence of various parameters on cumulaiive probability of penetration
{Inner tube : Circumferential crack)
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Fig.2.2-15 Influence of various parameters on cumulative probability of break
(Inner tube : Circumferential crack)
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Fig.2.2-16 Influence of various parameters on cumulative probability of penetration
(Inner tube : Axial crack)
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Fig.2.2-17 Influence of various parameters on cumulative probability of break
(Inner tube : Axial crack)
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Fig.2.2-18 Influence of various parameters on cumulative probability of penetration
(Quter tube : Circumierential crack)
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Fig.2.2-19 Influence of various parameters on cumulative probability of break
(Quter tube : Circumferential crack)
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Fig.2.2-20 Influence of various parameters on cumulative probability of penetration
(Quter tube : Axial crack)
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Fig.2.2-21 Influence of various parameters on cumulative probability of break
(Outer tube : Axiial crack)
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Table 2.3-1 Material constants of Mod.9Cr-1Mo steels needed
to evaluate the structural safety of FBR
IR H # M
1. Ht4fE HE e BEERGE #zEX
Yok RF7ULi
5 R4 E RBRICH SIERMEME  HENCSH
TEFIE BT 5 4
7V -7 BliSe EEIV-TEE
& H G THRRELE ZREE HEIM

U S\

Table 2.3-2 Average of fracture toughness parameters

J=C1"AarC2 C1 c2 JQ(kd/m*2)  Tmat
25C L-T 745 0.820 542 427
(SR} 719 0.786 497 407
731 0.875 464 431
T-L 719 0.868 475 434
643 0.873 365 397
Average 711 0.844 469 419
550°C L-T 563 0.860 536 634
(SR) 589 0.809 617 614
561 0.713 540 528
T-L 616 0.773 703 604
597 0.786 628 610
603 0720 649 556
Average 588 0.777 612 591
25C L-T 606 0.590 433 294
(Aged) 580 0.824 304 357
659 0.791 423 382
Average 615 0.735 387 344
550C LT 518 0.828 433 603
(Aged) 550 0.918 485 691
553 0.696 534 530

Average 540 0.814 484 608
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Fig. 2.3-1 Scatter of fatigue life
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Fig. 2.3-2 Scatter of creep rupture time
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Fig. 2.3-3 Scatter of steady creep strain rate
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Fig. 2.3-4 Relationship between crack initiation life and
fracture life
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Fig. 2.3-5 Relationship between crack initiation life and

creep rupture time
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Fig. 2.3-6 Small crack propagation behavior
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(7) Bi2F B(Key Word): Fgese
GRIBEBORRK, (Key Word): 48, BT BT
(9)8E A - % -(Key Word): Architect / Engineer - LK. Ferguson Co.
Z#7— 5

(1) B H MW/ ). 59

2) ZEHE): - 8

(3) FRHBOEI I MPa-a): 9.14

OFATHRE N Shell and Tube
GRS E SR Tk Na

(O ARSE B (kp/sec): 37.4
(DA ALIREX ) 427

(®YFEB T AR TR (K): 307

(O PIERAEZE PO Bt s b3

(10)PIEETAR T B (kg/sec): 4.17

(ADAMFAADREE ): 304
(12)PIER T4 H R B (K): 304
(13) {ZHEH(m2 ): 51.1

RBET— ¥

(1) (EE#E R (Key Word): 2EH
QHR#ERRKey Word): EEE

) IRBRER B E): 73
(@HE (or BN E (mm): 36.53
(5)7VE (orBLE) I (mm): 2.39
(6)PIEHE(mm): 31.75
(B RE (mm): 2.35

BHRZE KM (or )M H (Key Word): 2 1/4 Cr-1Mo$
O)EFENHH E Key Word): 2 1/4 Cr- 1Mo
(10)Core Tube#f % (Key Word):  (None)

(1) EHEFHFHE S(m):

(12) B —FBEEEey Word::  (None)
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SODA - (mESHIEFT+—< v b))

(17 ﬁ%ﬁ*ﬁﬁzﬂlﬂl 7

HRER
(OASHE (Key Word):  #0HiK B
(Q)H53H (Key Word): #H#EAR
(3)/M}ﬁ (Key Word): 2 5 7%% 17_&&(5' F)

RAICERR L 726 0,3

R S L e e v h— VORE Lo CILiX. BEIcE
L«uvAu—ya&?l%ﬁ f>ot°AU¢AU—7a§ﬁhm
T o TTITERTWEEELLND,
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SODA (#5sx87—5 @EF71s—<v 1))

BE7—-5

(1) FEXFEEE N B (kg):

Q) AR ER R K): _

- Q) FRBEREH S(m): 919 . SRR
L@ RR RS E m): 50820 - .
- OKARRE M R (or ) 21/4Cr-1Mo

(O AEREHUR & (D)ol mm)
(NARFEEBIE S (A or L E ) (mm)

@NaEHEHE - - 2 1/4Cr 1Mo

ONaBHZ & (A ) (mm)

(10)Na%SRE & (H7)(mm)

AE —EIRSEERey Word:  BARE
- (12) IBH B (Key Word): L. 21/4Cr 1Mo
L (13) BRBL R ENarrative): - '

[ e L AR Gk - TEC. T F) ARy 7 VB OEo (R A B |
(BRYDBEBECTDH Do /Sy 7 MEOHEHSUSI4TH % LALiE, & TOFEN

2-1/4Cr- IMoSB T H 5. KRBH LARBOEVIE, ARBOEHERCIRANE L
ARTEL0DATFAL—THRBENTVERTHE, 7 FY Y A—ABRIEDMEEEEE
BN D70, FHABER2EEHL I, 4 DO & 1 D OBABRBZORAT
% ANEPERICEEL TVv5, R OERRL L TARBOCHRETIREHHESL

-
- o
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2. HmHET—4
SODA (mBEGEET 1+~ 1))
(1) 79 ~ F &ey Wordy: EBR-II Q#8854 (Key Word) &R
BRI
() BEorBRHE 1965.2.7
QRE o BR 432
() 1 RHAHH 1
(4) 2 RBARH 0
5) HHRRBAEFT(Key Word): - EHEHE
(6) B:AAZ A BT (Narrative):

[ﬁ%ﬁmvmmwtwﬁﬁ%ﬁtfbU@A@ﬁwﬁmm%%ﬁLto

(7) BERERF O A (Key Word): 2 1/4 Cr-1Mo

(8) BBy O EIRIRB (Key Word): 85

(9) FAEBF D EERIR B (Narrative):

196457 7B 2 Pala L 7= E 5 O Mo

(10) R O BERB(Key Word): EHIRE
(11) B R O EiRIRRE (Narrative):
R TGE o8 D E R P

(12) BLARF . 74 H

(13) BR 5 HEEKey Word): #3h

(14) &R 5 HENarrative):

ARV R BV L Ra—T F VU 9 A

-
-g

(15) B EKey Word): Yvk—I
(16) AR (Narrative):

g VAN

It v — VDARE LTe.
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SODA (#5s£87—%2 EF7+—3vH)]
(14) AR LR EE:

STEAM/WATER OUTLET

STEAM TUBESHEED

/-TORSION DIAPHRAGH

SUPPORT SHIRT
e

THERMAL, BAFFLE
A" Juses

———DUPLEX TUBES

CUTER TUBE TO SHELL
TUBESHEET WELD DETAR

EBR-II EVAPORATOR
SODIUM INLET END DETAILS

% DA

£ O fii(Narrative)
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SODA

HB R OME

(1) Btk 0B (Key Word): #f5
(2) Btk o B (Narrative):

(meBEfIEET+—< v 1))

iR LTy,

R CREL . EERL BB DE

A BATE L Too + OIE0%E |

(3) FilE B Key Word): B

G ﬁﬂ%iz‘ﬁ:—(Nanauve)

ﬁ%ﬁ@ﬁﬁmuma
FEEEC CHE
mﬁxﬁﬁ%%% A

L\ '.J -'ﬁI
ThHo =D TE
&\«UWAU

| SR

(5) FE R E:

£ Ot (1) € DAf(Narrative)

82-



3.

PNC TN9410 92-269

C. IRBREFMEHEDOHFREHEICONVT
1. B E
HERm S HERBITOANEGE L LTHWR) - BT CORBEDH
EHEICDOVTTRT. '
2. WHE

V=7 RHESZOWREFME L TERBLIUTAY TAY) — 7 REBBEEO B
BRVERDEFTPLBLPICRoTBY, Th%FigC1B8 X UTRT [4] .

ChED, ASEDY) - RIBEIER L) — 2 B() — 7 EX R OB &
eRODLELTOLBY LD,

MRHBEER  (sec) 100 1000 10000
E5XFEEE () 26.8 26.4 25.6
NTAREE () 2.64 1.26 1.18

V=27 REEFOE S TREIRANTELIRFREL LT, REPFEFIZTE
2 HEDREREE BRBEDFY WMo TR 2L & T5.

W & . (268426.4+25.6)/3=1263¢g
OB . (2.64+1.26+1.18)/3=1.69g
B iz e

(1) WEFMmEME

FREOHBIEANV I -1 0ORXNeHWE 720, HOROENEEREY
PBETHE. WEENELBET /-0, BicH) 7 1 ABRDIEHEE &
PR LZ A, FETHBROWTIEHMTEB ) &4BE LT,

[BEREE] p=7v./g=53.6X10°,/9800 = 5.47X 10" kgsec’/ mm"*

[EFRRE] EEREREROERBERLIVUTOLBY 25,

Fy v TE
Q, = 1X107 kg sec
B
Q, = 1X10° kg sec
chih, REIERLEELZHCC, DToLs)D
Ehb.
Fr v TE

Q=Q, y =1x10" /53.6X10° = 1.87 mm’/sec
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B
Q=Q, vy =1X10" /53.6X10” = 187 mm’sec
[REASNEDE] AP= 1.25 kg, mm’
[FAOER] Fy v TEHICREBILIA S5 EHOEE L BRRE
FICIHERRTE L, BI—E20REBEBERS. &
i, BEEORBEHRITFEE X v v 7O EEER
THRTF->TCLE)» D THAE. LA L, CANIS-PIZE
D s EHBRERMBIEE?AVWTRERELE
3 5720, BHEY R RAL 20, FRFFHE T
HEO&EL05mme RE L, @HE%0.196mm’ & L CEF
i 5.
[ES#EERE]  £=2AP/{(Q /A" o)
=4.97X10° (¥¥ v 7E)
=4.97X10° (BLF)
) SEFEMSM
S LCRBEOANEICBT 2 EBRE{Ee ) 74 ATRET 5.
[EL#EEFE] =15
[~V ABE] o=y /g =0708X10°,/9800
= 7.22X10™ kg-sec’/mm*
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INNER TUBE LEAK

692-26 0T76NL ONd

1x10° .
N
\‘
N
\\
\'\
N
® \
[,H; 10* S : P
S -
\\
\\\
) N iy
N \ EA
16° AN et " . _
S =& A MMBE 500 Vppa
BN \\ K +0.1 ata
‘\[\ i ‘\\
\\ \\
1o ™ \\\\\\\
g \\
\r‘__‘ hY
—— SN H e~ BT R
Py
1x10"
=13 R

1x10° 10 107 10 110"
EHV -8 (g/sec) |
Fig. C-1 Relationship between steam leak rate and detection time
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OUTER TUBE LEAK

1x10° =
o - e 1~4idAY o LR
X \\ -
S kB ERT,
\
* \ \\ =1
8 N N
T 21 S N e
[ Y + - *T-2R2
A I A=y LD
X R
N N N \ r8—H 2 FRMK
@ N NN 7== 2 N e r—=3
\V N K N . . N
N N N4 o RSy sy
1o’ SN = BIEREN BV
\\ \\\ . -)}'-——;{‘4
N s
\\ \'\-\\‘| \ ' \‘ 1”\'—"‘)'?:*3 100%
s—2_ 4| NN N¢lr-= 3 ,
~AF \NN/\ AN
X e ™
10’ ; RN N
r—z 1 P —
~Y S LRILBRg 10Vppa
IE 1 % W1 -0.1 ata
1
1210 _
1x10° 16 g 107 1o 1x10°
ANUGAY -2 {g/sec)

Fig. C-2 Relationship between helium leak rate and detection time
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ey

a.

D. 2EESGOMERFHIIEEE B

DNBIREHC & D 4 L 5 80ch

DNBiEE) & 7 )1k

DNBiRE) X, ORI BRBE TERBEEHTLILICINE
BEDKBRALETIEDRMREFIEEHTHAHE T, hIERAL
TRAERENRESAIEG L, #0OFRE L THEELSMITIR
EFTHI LR B, 222 DIIBWT, DNBIREID XA ER ~DOE S
BEDLOTRKECILFTbPol, LEF-T, 2EESGE LT—1&
BN RB T 5546, DNBIRENC & A8 0T A{E8EDEH
MRS EE L REE 2 5.

ZZT, AW/GTE, FTEEHSGEHEITBIT HDNBIRE T H
TAHNBRAELT 2, BoNTHMRCESWCHFEGEZEREL,
BN ERL /2. CCTELNEBEEREREICAICHEN AT
v, BAEINZENERCTE RBEERFMS & U &
ERATEEERL.

REE R DIEV I X ADNBIREI B DFE WV IZOWTIE, 4 ORF
AT bR TWT, ZNOL2MEET 5 L Table 2.2%D L 51772 5.

Table D-1 Characteristics of DNB in straight tube

_ HEE Ay NVE
&) JE 4 1.5~4% 3~20%
DNBIREj & & 40~70mm -
BRETO ZRBT A B— R~ T4
DNB% 4 )i/ —i L T E—SME— Pl
=PRI BRI TR20C ENETHI10CT

EEMIHT AN b OMEFMICETE, T TRXD L) IZDNB
REOTF VAL EITR o 7. |
O¥hiE/EREREIMERE O —EX MR LA mic
HEAETA 50 L RET H0%).
QIRENBH 13275, 4, SHD3ODBERBET .
QFEE T AKX BOE L i1240mm, 80mm®D2D DA% 48
ET 5.

REERIBWTHESRODNBRENS D 5 & T HHF5EHER b H 545,

TIXRITAERIC 2 B L 2T A 720, ERBLTWR W,
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(a) R

B

—i0 g
(b) BFE
Fig.D-1 Waveform of heat transfer coefficient history

EWRONENEO RIFERI, & REIRIBIEIRIC D 2 B I
HEPILEST, TRHDILOVTRAIDHEDBBERE 25 &
EXoNb. LaL, BHE, FigD1@0 &) KEMEERIEILT 5
LER GG, BEROSYLERICE o TEEEIERT S &
EhoTLEoT. JOi0, EHRENTEOREZREEY, Kbtk
BORRER LIEBBBOREERL OB 20 BHEETH 2 i &
D, FigD-1)ICRL72& ) 2BEBRICL - TS A EE LS. &
DFER, FHEERITPRL 2.

PEOBRERERE DT, RETIE, FA 2R T T4 2
v Mid0.01%, cdIREEH 025%, BAHOEZHIOFEPIESE
F, WE=15mm. SEIEFR, WE=1.9mm), #HFROEE MM
(REL=8tmm)DFREZEFNVEH VT, UFD62o04 —Xizon
TR G- C, BREBE 2Rz, B2 4 2 VviTk -
7z,

-8R-
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Table D-2 Analysis cases

Case |Length of DNB region|Period of a DNB cycle
No. L (mm) T (sec)
I o L
2 IR . S AR S
3 O 8 ]
I A DS - NN I CE——
A %A
6 80 8

o OB EIT R ) BRI,
(DDNBIEBNHIB DR SLBBET B0 RITT 8%
AR5
(Q)DNBIREN Y A 7 VTHE L 2 0FAHEBE» X BOE
BHIDOWTHL ICL, REBAMTE BEOBRETH
~_5
ZEitH B,
REF THWAEEFVIIBSHZEO/NEREESCGRBRR O2ELAE
DFECET VTS,
T HE 7.6mmX'1.5mm
& P9 5mm X'1.9mm
EFNVESE  84mm
BRE&ERT, MMRDEESCRARBEHR OB EEROT— Y 2BE L
T, FigD20 L 28D 2. 2B, MAEREY v v THOBEN
i, BURE) V7 ERICL o TRHEALL.
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AR =487T

TRESF &t
p=132kg/cnfg
T=3314C
BB | =2.12 10keal /m2hC |
BRI - =8.79X 10keal /m?hC |

FEAGRE =240C

Frv

%

F b Y AADRE=505C

| sz

F R YUY LRE |
EIREIR | =433.1C
b lgR © =437.2T

BfrER

=322 X 10kcal /nthC

g F b U ¥ A TR =360°C

@@ﬁﬁﬁ

3.0X 10 m h°C.keal

Fig.D-2 Analysis condition [25]

b. {REUVERITHR

Case-1~Case-6>, DNBIREIHF .LEMFESB & UTh.LEH 6 EFIC
22mmBEN 72 B 12 B HE R O TR B IR BE % Fig.D-3~Fig.D-8IC R 1.
DNBEE) LI fHEIC BT 28R 1 12, DNBIREIER B ILAHE SEE
KRIZTHEITEIL AR, LAL, FHRL2 S EFIZ22mmeE
NILE, $4bb, L=80mm®DBA IZIIDNBIREIEIRCTH 2 4%, L
=40mmD 35 AT E I BB ICH A2 BOH E T, L=40mm®
BEICRIIEALREESHF 2 VO L, L=80mmTIHES AT

T L BIZREORELEH D 5.

DNBiRENHEIE R S LA80mmDIBE D, REER & ZHEDBELE
WBOMBBRIE, BIZRLALEBYTHAL.
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TEMPRATURE (C}

X2
4.4

i
::-:
=
g

’

hy;
hy
Element No.21 L=40mm, =0.5Hz
1 2 3 4
(a) Center of the model

t

TEMPRATURE [(C)

X 167

——

4.4 -
IN=1H
: iN-DUT
ez ! I : i OUT- 1N
[ ot [ : CuT-QuT
s L ]
4.2
4.0
2.8
3.6
3.4
Ry
hy
Element No.33  Lad0Qmm, {=0.5Hz
1 2 3 4
(b) 22mm away from center

Fig.D-3  History of nodal temperature (Length of DNB region = 40mm, DNB frequency = 0.5Hz)
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TEMPRATURE (C)

x 107 PR —
.4 IN-1N
IN=-0UT
DUT-IN
o
ouT-0UuT
4.2
4,0
3.B
a.B
q
3.4 ;
g i R
hn"-——-..—-\\-----/[-"----"\\-----]/
by
Eloment No.25  L=40mm, f=0.25Hz .
2 4 8 '8

(a) Center of the model

TEHPRATURE {C)

% 10?2

4.4
IN-IN
1M-0UT
o | i " )
; OUT-IN
w ' 1
I\ N | . BUF -0UT
4.0
3.8
3.6
3.4
h,
hy
ElemantNe.33  L=40mm, faD.25Hz

2 4 6 8

(b) 22mm away from center

FigD-4  History of nodal temperature (Length of DNB region = 40mm, DNB frequency = 0.25Hz)
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TEMFRATURE (C)

¥ 102 x 107
4.4

(a) Center of the model (b) 22mm away from center
FigDh-5  History of nodal temperature (Length of DNB region = 40mm, DNB frequency = 0.125Hz)

4.4 —_—
IN-IN |
I IN-BUT
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4.z el s '
2.0
S
Lt
=
= 2.8
13
o
|78
=
w
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3.4
by
by
Element No.21  L=40mm, f=0.125H2 Element No.33  L=40mm, f=0,125Hz
o=t o
4 8 12 16 4 8 12 16

t

TNy
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|
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TEHPRATURE (L)

n

1% . - X Jgf

————— 4.4

o IN-IN i
IN-0UT -
OUT-1m
e
/ "y | non
4.z
S
Ll
o
=
[uyy
i
o
I
w
-
L
3.6
8.4
STy m-.,j
| m_/_\ /—\
hd—\_/——\_/ hy
Element No.2%1  L=B80mm, f=0.5Hz Element No.33  L=80mm, f=0.5Hz
- 1 o=t

1 2 3 4

»¥

1 2 3

(a) Center of the model (b) 22mm away from center
FigD-6  History of nodal temperature (Length of DNB region = 80mm, DNB frequency = 0.5Hz)
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TEHPRATURE (C}
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IN-0UT
OUT-IN
it
cuT-ouT
9.4
\md
h”—\_/’—\*/
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(a) Center of the model
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x 07
4.4
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(b) 22mm away from center

Fig.D-1  History of nodal temperature (Length of DNB region = 80mm, DNB frequency = 0.25Hz)
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TEMPRATURE (C1
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{b) 22mm away from center

History of nodal temperature (Length of DNB region = 80mm, DNB frequency = 0.125Hz)
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TableD-3 BEZEENE (BATC)  (@CL=80mm)
BT | AESE | SVENE | WENE | NENE
2 sec. 7 26 36 63
4 sec. 10 37 49 80
8 sec. 12 42 56 88

TableD3L ), BEITHAEL 22138, HiEAOBEELHEIILEL
NhHAI Edibhsb,

c. BULHEESTRER

RIT, ERAMERTTRONTEERBICES VW CAMIERIT21TE -
7. BEBE ERBEFTEEO2F A 2 VE R Wiz, FigD9~
Fig.D-2012 AT 4 — A2 31T 5 3RE) FULE8 & F0 A4 & B 75 12 22mmiBE
NI BEOEFEEN B L U SN ORAEY R, &8, B4
IR EAEE LRV Edtbho iz, |

DNBIEEI RN & S ANE LI T RIZT B, FLEicBnT
E L AR, LD 522mmBEN 72 R I2B W TEL=40mmD B &
([ZIIDNBIRESEB P AN T a0, BAMm, BAmE IR L
RAREFEALRE L L2VOIH L, L=80mmdDE&ICIEH0EH LD
YL LAREVIENHEELZEOBRELIEAFREELTWSE, Ok
W, REDEO S WRARRE L FEREBEOREBT - S L LT
&, BRICHWEEFVICBWTE LR EEIRAL &5 A%t
SLyrLlLi

97-



_86_

STRESS (KG/MMaxZ]

x 10!

Film Coefficient

IH-IN
IN-DUT
oUT-1IN
ouT-0uT

X 1D¥
ol § ———— -4
IN-1N =
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Hoop stress | w40mm, 1=0.5Hz, Elsment No.21 ot s Hoop stress  Le40mm, f=0.5Hz, Element No.33
0 05 1.0 1.5 20 0 0.5 10 15 20
time (sec.) time (sec.)
(a) Center of the model (b) 22mm away from center
FigD-9  History of hoop stress (Length of DNB region = 40mm, DNB frequency = 0.5Hz)
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STRESS (KG/MHxx2)
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(b) 22mm away from center

Fig.D-10  History of hoop stress (Length of DNB region = 40mm, DNB frequency = 0.25Hz)
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STRESS (KG/MMax2)
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Fig.D-11

History of hoop stress (Length of DNB region = 40mm, DNB frequency = 0.125Hz)
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STRESS (KO HMxx2)
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FigD-12  History of hoop stress (Length of DNB region = 80mm, DNB frequency = 0.5Hz)

692-26 OTV6NL ONd



-¢01-

STRESS [(KG/MMxxZ)

x 1o

2.4

=

=

Film Coeflicient
&

Hoop stress  L=B0mm, {=0.25Hz, Eiamant No.21

|

IR-1n

|

IN-OUT

OUI-1N

|

oUT-0uUT

0

1

2 3
time (sec.)

(a) Center of the model

STRESS [KG/HMx»2]

¥

Film Coefficient

10!

T.4

A\

mm

Hoop stress  L=BOmm, f=0.25Hz, Eloment No.33

|

IN-IN
——
Ih-0UT
DUT-IN
—_—
oUT-0UT

1 2 3
time (sec.}
(b) 22mm away from center

Fig.D-13  History of hoop stress (Length of DNB region = 80mm, DNB frequency = 0.25Hz)

692-26 0TV6NL ONd



STRESS {KG/MM=x2)

-£01-

x 19 x ja!

2.4 e 2.4
IN- 1N . IN-IN
e —_——
TH-OUT 18-DUT
-
QuT-IN ouT-1IN
. —_—
DUT -0uT our-out
1.8 1.B
1.z & 2 I&

arer

0.6

STRESS {KG/MMexZ)
[~
ol };é

0.0 n.o
h

0.6 ﬁ‘ﬂg ) 0.E
g o
K] hW s by,
£ gl
3 =
S g
E'E_ hd (é hd

Hoop stress [.<B0mm, f=0.125Hz, Element No.21 (il Hoop stress L=80mm, {=0.125Hz, Element No,33 -t
0 2 4 3 ! ) 2 4 & 8
time (sec.) time (sec.)
(2) Center of the model (b) 22mm away from center

Fig.D-14  History of hoop stress (Length of DNB region = 80mm, DNB frequency = 0.125Hz)

692-26 0T76NL ONd



01~

STRESS IKG/MMx=2)

X 0
Z.4

Film Coefficient

=

£

p=
a

14-1N
IN-CUT
CUT-IN

, DuT-puT

7 T Th

Axial stress L=40rnm, f=0.5Hz, Element No.21

0 - 05 1.0 1.5 2.
time (sec.)

(a) Center of the model

°y

STRESS {(KG/MMxx2)

* 10!

2 T
IN-0UT
oUT-IN
e
QUT-DUT

!..ﬁ

1.2

0.6

i cesn i iz
thnﬂ’“"
o.o T
e 1
-0.6
5 M
B
=
8
EMd
i Axial stress L=40mm, f=0.5Hz, Elament No.33 -t
0 0.5 1.0 .15 20
time (sec.)
(b) 22mm away from center

FigD-15  History of axial stress (Length of DNB region = 40mm, DNB frequency = 0.5Hz)

69¢-26 0TT6NL INd



-601-

STRESS {KG/MHxx2 )

!

Z.4

0.6

s

IN-IN
{N-0uT
oUT-IN

——
ouUT-0UY

A
N%
{"" vl\“-.__
Y
F “#Puo— 3%&

=
*

=
a

Film Coefficient

Axial stress

L=40mm, {«0.25Hz, Element No.21

1

2 3 4
time {sec.)

(a) Center of the model

STRESS [(HG/MMxxZ2)

x 10!

2.4

-0.6

=
£

Film Coefficient
o

Axial stress Le40mm, f=0.25Hz, Element No.33

Y

2
time (sec.)

(b) 22mm away from center

FigD-16  Historyof axial stress (Length of DNB region = 40mm, DNB frequency = 0.25Hz)

692-26 0T76NL ONd



-901-

STRESS [KG/HMxw2)

¥ 197 x !
2 [ N— .4
24 IN-TN
IN-0UT
OUT~ 1IN
e
4 OUT-CuT
1.8 %’b . 1.8
% 1
1.2 1.2
| :
*
tﬁ £
n
0.6 % g 0.8
X :
#
"~ % A
oo N s, & | o0 el ey
_ﬂﬁr l i 3%! !Eﬂﬂﬂ.nﬂﬂmﬂnﬁguijp—‘
et
¥
3
«B.E b Lé % -0.5
: 4‘j
Zh 2 fw
T =
& 2
2 hy (é’ g
B[ axial stress L=40mm, f=0.125Hz, Element No.21 o Axial stress L=40mm, f=0.125Hz, Elemeant No.33
- t 0 2 4 6
0 2 -4 6 - 8 .
time (sec.) time {sec.)
(a) Center of the model (b) 22mm away from center
Fig.D-17 History of axial stress (Length of DNB region = 40mm, DNB frequency = 0.125Hz)

EH-1N

—_

TH-0UT

CUT-IN
——

ouT-0uT

692-26 OTV6NL ONd



STRESS (KG/MMxx2 |

-LOT-

¥ 10! x 19!

24 —_— 2.4
IN-1N IN-IN
TN-0UT IN-0UT
OUT- 1N cuT-IN
e Qur-iv
DUT-DUT T% CUT-OuT
o ““k o ‘ a,\
T
1.2 1.2
E N
*
13
kY £
N : e
0.6 2 06 ‘\
0.0 LT ol
A > T
- o
P
%K TN
\ %!
E | __
B B hw
: g
¢ :
o
%h" , E hy
Axial stress L=80mm, f=0.5Hz, Element No.21 w Axial stress L =80mm, f=0.5Hz, Element No.33 ot
0 Y o e Pl 0 - 05 10 15 20
time (ssc.) time (sec.)
(a) Center of the model {b) 22mm away from cenier

FigD-18  Historyof axial stress (Length of DNB region = 80mm, DNB frequency = 0.5Hz)

692-26 0T76NL ONd



-801-

STRESS (KG/MMax2)

Film Coefticient

x 10t
2.4

EN-1IN
EN-CUT
QUT-IN
E\ OuT-ouT
1.9 x
P
‘\hh-nnhlnmmmuﬁdﬁ
1.2 X
a.6 {
T ] "#“;
fﬁu"-—_ ““*h-_
0.9
‘E@&
T
hw
hy
Axial stress L=80mm, f=0.25Hz, Element No.21 o
0 1 2 3 ot
time (sec.)
{2) Center of the model

STRESS (KG/MMwwZ ]

Film Coefficient

0.0

-

L]

&

T

|
m;;%% y T
AT
E

IN-IN
IN-DUT
OUT-IN
———
ouT-0uT

Axial strass L=80mm, f=0.25Hz, Eloment No.33 -t
0 1 2 3 4
time (sec.)
(b) 22mm away from center

FigD-19  History of axial stress (Length of DNB region = 80mm, DNB frequency = 0.25Hz)

69¢-26 0TT6NL DNd



STRESS [KG/MMax2)

-601-

% 100 X 10%

2.4 —_— .4 —_—
IN-1N IN-IN
[ ——
EN-DUT 1N-0UT
- . ———————
ouT-IN oUT-1N
—_— — e
%’ DUY-0ut ouT-0uUT
1.8 1.6 ‘ﬁ

% o %
.
E
0.6 g 0.5 ¥
Y -
4 \
i
S (%) ot
0.0 N | / By J 0.0 e . e
o - - T -
ﬁw'__ ] f | 3 . :% P f
0.6 jﬁ -0.® 1%'%
i |
SEEEN i
2 ©
O 3 h
L £
Asial shress L-B0mm, f=0.125Hz, Element No.21 .y [ AXial stross L=B0mm, #=0.125Hz, Element No.33 -1
0 2 4 5 8 0 2 e (o 8 8
time (sec.) time (sec.)
(a) Center of the model ’ (b) 22mm away from center

Fig.D-20  History of axial stress (Length of DNB region = 80mm, DNB frequency = 0.125Hz)

692-26 0T76NL ONd



PNC TN9410 92-269

E. WERHFOREIZONT

1. % =
2EERSGEAE DEEUTMICH W - TELGDOREIIOVWTT LD S,

2. WESLEH
() AWEZX2EFEED
EBIAEEBIT Y AT A FINASZHWTHAEYN 25 7 P LREBICB
GAEARG DR RS . B REEFD-1ICRT. chi ), AEBLT
SENE DR AR
W& o, =4.06 kg mm’
NE  o,=2.98keg/ mm’
&b,
() WEIC X AHHAHEH
HIEC &L A8 AR D 2 R TRD 5,

¢, =P/ K —1)

K=r1,—r1
ZIT, WAVELHE L LTRFMIGHZERT S L
[ME] P =135kg/om’, P, = 10kg/ em’
o, = 5.64kg/ mm’
[#%%] P, =10kg/em’, P, =2.5kg cm’
o, = 0.32 kg, mm’
LA, IRFPLERMIIRLUFEME L &Y 5 L, AT ENEOEETIH
HPETL, FIHNEIRAEORZETCRAIPEINTS. CRoOHRTEN
WCHBRET B L,

[Fe] Pi=(135-10)%=89.5 kgfem2

[518]  Py=(1025) 238 = 69.8 kejom?

YT S, CREREEALZLTE@AMEI 2RO DL ELTERS.
[HE] K=76.6.1=12459
o, =0.895 . (1.2459°- 1) = 1.62 kg,/ mm’
[#1F] K=95.76=125
o,=0.698 / (1.25°- 1) = 1.24 kg//mm’
(3) WEIZLBIEH

-110-



PNC TN9410 92-269

BEEY 2 VIIRIT O N u —AUTOREMB L RENEEB LT
SCHRE G ER L EREN TR T ILM CEREDEHEERT .
[FEEM B & CIREM EE]
. = 150 ton
(R AEE]
W, = 56 ton
[HHE=]
W =W_+ W, = 206 ton
[Ea Sl HEE]
A = 7(9.5° — 6.1%) 3530 = 5.88 X 10° mm*
[Rami]
0,=2.06X10" /588X10° = 0.35 kg, mm’
4) =BE mﬁlﬁ;zm)ﬁ# £ BIEH
IMWSG L b, [ZEEHEREEE, AT=15CTH 5. NI FEHHLRE
EREICN L THEBONFIZES- . EERFEMEIIZ A B[R,
DENRBEIE 2B L HICELS.
K:’:#JE{J&{K% {mE]
T, = 400 C
[ERRAN§°h B EE8EIRE]
T, = 400-15 =385 C
[# B RR %]
a = 1.312X10°
[iERE AR 3]
E = 17200 kg./ ' mm’
[REH]
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