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Summary
1. Title

The experiment and analysis on small leak phenomena

II. Objective

The liquid sodium which is used as a coolant in LMFBR, may give rise to a
serious trouble in the safety aspect of steam generator. The defects in a heat
transfer tube, such as pin-hole or tube welding defect, will result in a leakage of
high pressure steam into the sodium side and production of hydrogen gas and
corrosive sodium compounds which can cause significant damage to the tube wall
of steam generator by using exothermic reaction. In this case, initial leak size
will be enlarged with time and the leak rate developed to large leak through the
micro, small, intermediate leaks.

Therefore, the analysis of sodium-water reaction phenomena on the micro and
small water leaks in the heat transfer tube is very important in the initial leak
stage in the aspects of the protection of leak progress and safety evaluation of
steam generator. In this study, firstly, the micro and small leaks phenomena,
such as reopen size, shape, and time of leak path, self-wastage, corrosion of tube
materials, was analyzed from the literature survey and water leakage experiments

using the leak specimen.

ITI. Results and proposal
In small water leak experiments, the Aleak path was plugged by the

sodium-water reaction products at the leak path of a specimen, and re-open
phenomena were not observed in initial experiments. Other leak experiments,
reopen phenomena of self-plugged leak path was observed. Re-open mechanism of
sealed path "could be explained by the thermal transient and vibration of heat
transfer tube. As a result, perfect reopen time of self plugged leak path was

observed to be about 130 minutes after water leak initiation. Reopen shape of a



specimen was appeared with double layer of circular type, and reopen size of thi§
specimen surface was about 2mm diameter on sodium side. Also, the corrosion of a
specimen initiated from sodium side, the segregation phenomena of Cr in the
specimen was found much more than those of other elements, in AES analysis. In
small water leakage experiments were carried out using the 2.25Cr-1Mo steel
through co-work with IPPE, the following correlation equation about the reopen

time between sodium temperature and initial leak rate was obtained,

10
(RO 33

.=6- g% .10 , in 400-500 ‘C of liquid sodium atmosphere.
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T AN defectE FHFATE AHE ZAY 4 Ak, oA self-wastageZt A
g5 ¢ AW 2% 13 2L WFAUEA A8 FF point7t enlargement =
= ez ¢EA Ao



corrosion
Vel &
H,O Na . < reaction product H,0 Na
path block "\
leak initiation leak block leak re-opening
(thermal vibration,
(weld defect, pin hole, (reaction products) corrosion, etc.)
crack)
Incubation Self - Erosion
Na Na Na Na Na
H,0 H,0 H,0 H,0 H,0
1. Through crack choked | 1. Clearing of the crack 1. Internal crack erosion and formation of a fairly 1. Breaking down of the
by sodium/water due to material weak - conical pit metal between the cone
reaction product ening and/or to an apex and the tube inner wall,
alteration of the 2. The leak rate increases, remains constant, formation of a fairly eylidri~
2. Material corrosion ; stress state or decreases, but always remains below cal hole with a few -milli-
a, general and inter - 100 mg/sec. meter diameter
granular corrosion, 2. Appearance of a leak
intergranular cracking proportional to the 3. The leak can be traced by hydrogen measure - 2. The leak rate increases
( Incoloy 800) extent of the corrosion ment in the sodium suddenly
b. general corrosion that took place during
(ferric steel) the incubation state
3. Blind detection means

18 1. % 7329 self-plugging 3} reopen W HY Z.



EL ¥ 7T 78 Y FEO AR 9F

Water leak rate

Classification : Major effect
Monju PFR
micro leak ~50 mg/sec ( 0.1 g/sec self-wastage
small leak 50mg~10 g/sec| 0.1g~10 g/sec | sigle target
wastage

intermediate | 10 g~2 kg/sec | 10g~ 1 kg/sec | multi-target wastage
leak overheating

large leak 2 kg/sec~ pressure increase

o] FS WA= A 54 WrEA] YEEFRYAA &4bo] Aas of
steam(¥) §-§16l & halos [H o] <& (heat) T defectell 3 A FHINE
Yetli = F41E F4820), ole YEE-§ W32 Ny 129 yhddel A
QIS QIANPoEH PAYSE RoE 54, YEE-F ubSo IYHW A
AL FAld =2 WAL FE F2 WA Yrist ol critical pointE
AA HE FHY FEE TS 15 =3, B2F S — w3 o &5
2 > diFE FEE ¢ A

YutH 2 2 plugging S RXWY crackolyt pin hole®]l re-opening®l 71 74#] 8] A&
¥4 “incubation period"® F-En}, ofd F$ 700~1300 AT BEAA Bas el 3}
= 3+E A2H27, incubation Z1HFL HEEF-E W3l % FAI AL
gol 9% erosin@Ael FAl FEHE AoT YAA UL, E P WML
AIMORE AgE ALW MR =Y, WS E, leak® shape, HEF2 &% oY,
718t 59 Wael wiel sig T2 W, oA vehd dFe) 9 BE
gt self-wastageell V" PHAL A2 g Ao, vigt ABA leak point
F AR UG defectE B3} SAHS HAd= FEd 2AL Y= ARl
o}

3, micro-leak”t LA} A FEFA7 plueging S1A Y re-opening ¥+
AMAUELS A F AANEZ 49H3 Qe o, 94 27 FE80 107 g-H0/sec
o]3lQl B¢ HEE-F ubSdl 93 self-plugsl= A Fol 2sAl e, oje @

_10-



4L ol FEHA vt vetved & E3 whgsted W34 EA NaOHE
FA3t olA o] leak pointE sealingAl P 2EH £ F&& YA} 98
o olE @ WAL AP disturbancert LoIvbA @ AL okF LA $E
2 diffusionsl o] olFd WHIE LA XA I a8y od @ HaA
transient”t ‘$A4 3P AL Aol FFSA =Ho] NaOH FHE €9 FES 3 E35Hi
Hi, ofF ¥ LEAW UYEF-E uwgd 93 AHAE anhydrous causticel
material & FA3HA =i, WY aqueous solutiony B5 wi$- wiE ¥4 ANE
Z# o},

Defect2 &0t & A7 18 1914 AY chamber Fei7tA E17H4 w54
AEFO walle FH3MA HAR, Fol F+EFH= Fol ok A F& T 87
W Fll, defect®] s+ AL AJRY Yol glvhk.  Aqueous causticell 97 A
¥ wall®] FFel &3, o] ¥E5HE F¢ leak pathE AFH2E opendlsl Y
BtaL, = steam(water)el &3] plugged (or sealed)E| W WHEE-S dissolutionAl
o224 B9 ¥&EE hA 383l re-opening® &= I o] WA ol

E o plugging WIAYEL orifice®) FEH < blockages °F71A1A orifice &
Tl metallic plugs& ¥R Af-oltt. UEF & 5 wt.% o142 4&7t &
Aetes B4 ALY 74 £5& W9 w27 W e, Ferl HEF ol S35
Fe A A& (precipitate) & AL olRA ol colder exit regionol porous 3
pluggingAl A th= vlAUYES 2@ 4 28]

%, €l AW MA] 21/4 Cr - 1 Mo steel®l 3% FEHY ¥4 A& F Fe
9} NaOH7} uh-g-5hed

Fe + NaOH — Fe,0, + NayO + H,
S 2L 1A W& ¥4, o714 BA4E NaO Fest thal wH§-3ho

Fe + Na0 — Fe,0, + Na

ro(«

Fe O, + H, — Fe + H,0
ot L 23 I gL g AR, HFHoE
NaOH + Fe,O, — NaOH - Fe,O,

Na,O0 + Fe, O, — Na,O - Fe,O,

-1 -



S e B wedl o UEEWH Mol £¥Y AAYEol AT
plugging® OFAANE ROE HASHE ASE Yok

@-, HEE-E B2 FHEolG A9 £ 9% F3 path7h plugging =
QW Rol, 4ANAY TG W) A reopenslE B £PHOE o1 F
B 48 & FFo WA W, F5 EALH reopentlZHA FAE AL
2R Aol BE Yot $YHUTH 2F LA Fol 4% APEA
de B Aole MolAW AT f4% A FAE TN ¥, 1Y 299
GERdTL 19 2= W, HAc ¥ ZRidA ALY 2HE SYAA vepd
RO E, F5gol weh 0.1 g/sec 01HY 4 reopenel BEE AZE < 10 secB
= b & g0y, RS YBEHY BANLZLH FE Rl ohin, A

4. Wastage @4+

1AL

IYgLE FAHY AE steam(F)o]l YEE LAE FEIE FF ¥ T2
7t £FELACRE YEF-E9 AT Sl g jet flamed FA A S, o]
EESH ABY AQHe IFE nAe AL A He= Wl T4 “wastage”

+ terminologyE AFS-31Al vl ol 3 wastageol VM= A vl A B
o] dF& el o}, AL AYEAN T AoNHLE AR UE BHES
et 2 Aok, vt mge g FAH steam(F)o) pin hole 53 & FYE &
# FEEE 3 jet streamE FAHA HI, I jetd] FEE ALEE TS
A £ w2t 98 JHA] FuHE vepd & Jon, YEE-F @3l g7 ¥
A AEHYE AT erosionol 3, LS AL AL " ¥ L
¥ 3AY jetd) Rolol wek AL THE FAE LT

Wastage & A-TFol 9318 wastage rated] 9FE v = AAE & FEE,

ki

- 12 -



1e+6

Mat'l :21/4Cr-iMo steel
Temp. : 460°C

1e+5 Data :USA+USSR+FRANCE:# 0

® : This experiment

1e+4

Time of sudden enlargement, (sec)

1e+3 [— : o
: o
: e
o
1e+2 |—
1e+1 — - |
0.001 . 0.01 0.1 1

Initial leak rate, (g/sec)

Y 2. vl FEoA £7] 5587 reopen time
o] AZ A,

- 13 -



30

Fo,(mm)
s B
1
A
\
1

50 100 15:0
10 p L/D
20

Y 3. Jetell 2% AW oA &4 AL

—14_




FE71%, ¥% point} AL WA AFY, HEFY FFEE, FESS €9 ¢4¥H
|E, UEF RE, QWY AR, FEHE X T2 AFEHRL Rod, A7)
A AFAR) % ATFAES) AY WolHES ¥A A% Be AY ZAT A=
gol3hr] Wi gl AR & ZHES YEM L Y+ Relth

(2) Wastagedl 98 == QA

259 9F:
YEEF9 %9 wastage ratex Arrhenius?} 2 FHE Jveligioy
We = exp (Kl’j:;le)

g o] TR ASA T YEFY %, K, Kkt 4424 AEHLE 4
23t AT o] WAL o]BHOZE vERA 4lo] olur] wiEd ArlelA
AFT UEEF-F Al jet flame®] TFERIEH {EE A4S, old wE
wastage rate?t x99 @4AAE st £ v, 919 ArrhenjusA 3 A
Pl o) 4ol FEHOER 47 A& wastage rated] B IWHHQA PR o
A+-8-3L 1 TH30]

FEF) 9F

€ TEF A wastaged]l FFES Fv FL AAE, glA AFAR FEF
o) Z7}%tel ulel wastage ratecl Hdl FE YEPATIZE I oA FEFO] S5
5 wastage ratex © o|4 F718tA R Tl FAIs BFS JekdTh o
HE s A8 ATAEY A% $E7 B3FS dE L Ut
Leak point$} targetzte] A¥ :

A1 3} leak point$}e] A Bl wastage rate WH A B FAL A I}
UE 4HA o, olAAX Xud oy dFEel g3H FEHLE YEEF-F
Wh3-9] test £A ] FYLE AF wastage rates L/D9 ol wiel ojd Ao &
Z3 Qow, I oY FEo] VY E wastage rateE FIHAIINA F3= R
2 Jvelu k. oW critical spacing® ot W F = HEEF-F bS] 93 14
3} jet®] erosionel 9§ wastage rate TAIIL, W spacing®] YF I A $el=
L RIS v L= At

- 15 -



HYEFY FFAN

Wastage ¥ A2 RE QoA dogE 248 BH, YEF-F S AX
Yue YESE FEAVNE AU staticd] AL AR vlojEEY AWM
2 AoE vEly A3, A8 A ol staticd] BFEY 52 S Holn
A2t scatteringe]l A 3HAl vEhdel. £ FF5Av= A4Folgt 4A 75& ¥R
FA171 = wEFo] leak pointel A9 jeto] W £WFAsE e § WEFATIA u}
2HA & wastage rates THEA JERdT},

Leak fluid phase?] 9% :

F&5 £ A9 A (phase)ell welA = wastage rated] FFE vl = AR
A Yoy, FF B4 gHoly ke wekA jet stream® phases= liquid,
vapor, mixture®] %7} €eiXv] GES A vlolHdE A FEFHE Yol FE
3% vaporel Al liquid® B3} wastage rate F4HL £ F2T shiftdle AL
YERZ vk gutd e R &) liquid AEI) B S7t vapor AEIA B2
wastage ratex 4~10 WIZE E718+ RoE Rud 4% dow, 3 g/sec wlwe
A< FAE.

Al " 9] composition :

Wastage ratet A1 =4 F Cr, Nifl ol F71¥ 45 FLde A=
HA Yot EF-F Wh3eol 4% wbg jete] erosiond F-4ol &% AW A
4 & wastage rate We9l H94( R = I/Wr )& BAFE F, Cr3t Ni9 weight %
E 4% 2 1/4 Cr - 1 Mo steel & 7|£22 5o

W(Cr—N) _ B B
W(2.95Cr— 1 Mo) (1.8044 0.0172 N ) exp[—0.0905]Cr

ot 2 YA g:MA 2 alloyd] AFPAY RE T3 E 20 23] vdepidig
[31].

a8y ©®E T2 dTFAE 93PH wastage rated] AP FEFE vA =
AEE Cro e W3 F9etn 2udn Qv wste, 4719 wastage rate
correlation WH 4L Ni€ F 42 39 correlation® BF+Z, 3£ HoHE
o] Cre] #el wiel ol A7 A= AA(Y Rojn, AA ¥ AFAEY
BS+E 427 correlation¥ WHAE Cro el Wi F42 vdepd A5, 47

- 16 -



o4 FHA 2 ey g ol F o FYY AL XY &+ USFES ¢ + AT

T2 JUEF-F W& A% AW 74 AFA

Items Composition Resistance ( R )
2 1/4 Cr - 1 Mo 1
Ferrite
9 Cr -1 Mo 1.2
18 Cr-11 Ni-2.5 Mo 3.1
Austenite 20 Cr-33 Ni- Mn 4.0
Nickel 5.2
YEFLE : 900 €T, Pressure ! 1 atm, Vapord €% : 150 T,
YEE2 velocity : 240 m/sec

Leak duration :

Leak7t f-A 5 A2 &, duration®ll W FL AAFHLE AFH UA &
2} Chamberlines-ol 238 *F&&olv} spacingdl vHlHA & ¥ T34 =
I glew, Jeakell Wld duration®l F7t¥ 45 leak rateZ} 0.0011~0.00231b/sec
1l Wel A& ulAlghvul wastage rate’t $7HSHe AR vEgtou, o9 #HE
AY data 71 SESHA ol B3] A5 L= UG

(3) Wastage 43 A3
AW TP

AlFe 2HBRE Foe 3Y A € 5 Qe AR L/DY +E wastagers
o’ Hul FIE Fn e AE & + dew, L/DY Fel L F¢ FEHE
pointoll A19] jet®] flameol A1} Eel nX& FFol A pointHE vh& AR E F
3 9FE vAYst L/DY el F7HE 5 1 A R Y AEA, o4
Hal & A S, L/DY gel o #& @A =+ B4 wastage rater= FA 7
A% AFE VeI Aok olE 9 29 SRAA ¥ 4 A%l L/DY gl
AL B4 AHY Zdel B jet flamed] 2FL 2y ARAY 2 Ao, A
0 21YAY Heol ol Al wastage rated 71 E3thrt S5 1YW AR jet flame

- 17 -



o] HAWA Aol FE GG PR PatE RO A5 Yok
Leak pointd A1 9] &% :

VEET B9 93 HUY VLN wFel VEEF-F B3 g
wastage@ A2} WA A} ¥k-$- jet zoned Al 8] i EE

Ne + H,O — NaOH + H,

1
2
HhS-ol a4 F2 AFHAIL Jgon, FEY Fuut £, 71 BE 2] W3}

ar
HoE 1663 K& 9A &= AR 4¥A Ut

—%—Hz AH=-182 kJ/mol

9 Nay + H,0( — NayOu + H, AH=- 179 kJ/mol

9] whgo] FAldl Lejuir, FF Aol F wrSHYES] Y4 wiES JANAF
table2 58 F£50] 7F53AR(ANAHQ AF WA E 31¥), liquid mixtured) 73
T B 2L WS B3 el ¥rbsseh. olEd@ My EAFeA =
700 K viwtel & NaOH, Na0O, NaHe} E@Eo] A4=, 700 K& EES 63
Atelol = NaOH7F 4 A EQ Ao 43

v NaOH}F NaO+ Na¥t} ujge] 7] wlFe] Ay o g W vyolatiledtir, &
A wPel =2F Na 7t£7t dominate 371 Wil Foll

Nd(,) -+ HZO(g) - NdOH(,) -+

Nay + HyOy — NaOH(, + %Hz A = - 987 kJ/mol

—%HZ AH = - 353 kJ/mol

o whgol S8 %ol WA Bb £& LEY smokeZA WHSAA T dojATH
A8 4He) WAL ZRE WA solid® liquid7t ETD WLAYEL 27 =

© F water vapor$t ub-$3to

ZNd(g) + HZO(g) - NGZO(D +

NayOp + HyO) — 2 NaOH(;p

NexOp + %Hz(g) — NaOHuygp + Nagy

9 Zo] LY uFL RE NaOHE BATLIN LEE 45A9E 8o HAe
Aeg A o

Reaction zone®] &% :

- 18 -



Leak pointell A L4 3t VGEF-F ubgol 937 jet flamed] 2585 FHIAL
o, 23 PHS APA AL Holy 4hg zonedl P 2= FAINE BITHA
257, wastageo] o3 APl £4L YL AL VAN BPRoT 57
s Wyel AgEgod, 31 AIAEol Wl scattering® ol Aoj4 BAHA
AdFE E715@ A2 3use 3o, Chamberline$-el 2134 jetll A4 322
= A¥zAe wiel dete FF 1150 £ 200 TS WAE Rolx AvH32L
Wastage pattern :

Small leakell €13 YEF-F 4t§2 F£E AL HBA pin-hole, cracksel 230
WA AF HL A failureS oF71 ATt o] Fofel Wid AT AN 70dd
E5E vlF APDAAA AF7t AAd old 95, BlAloh 549, TFE, AR F
o8 vetelA 35 20, wastage mechanismel] W o] XA AFE FA)l
AYSZer, LAE, Q82 AS Monju F71'248719] FHLAE AN 2R F
E4 VYEF-E ybgel did dF7 PNCAA 19723 58 SWAT-Z2 AE A 44
TNl PNCE SWAT-2 £714¥L& YEFLE, target MA, FEFT Tl
wastage patterndl ol FFE WX Srtel A AFE FPdALen, 1 F&5 A
TFEA nozzle-to-target k2l A%, +&4-{ldiameter, steam FZ&-8°] wastage rate
% wastage patternd FH THE AL el WAL IF Fol spebsE AT

Nozzle-to-target7t®] AT E 1756 mm, YEEFXEE HICE A F 2 1/4
Cr-1 Mo steel& A}-§-34,

2
We = 22 exp —[0.255 (n g5 + 280

4& 2183l 4¥8 & YA,
o] APy
@ Nozzle-to-targetZte] A e A3} . Wastage rate®} nozzle-to-targetZte] BAZF
Bl wastage depthe TEE5+ nozzle sizeE: LB A & 739, Adl wastage rate™
nozzle-to-targetZ+e] AE 7t 20~40 Alolel e},

-L/D-.= 40 <A ¥ wastage ratec L/D7t 571 45 FL .

-L/D = 150 ? 3% wastaged A4S F2E 4 Qs

-L/D < 20 Q 73§ wastage rates L/D7} 20~40 Atolel A Bt} A e}

- 19 ~



uw, wastage pattern torroidal type2 & “Elsicl,
@ Wastage depth curve : Wastage A9 @HL error curve® Yepdtd. Small
leak jet W zone®) EoF3} free jet® WHg zone EFol FAMSITEIL FhF Shed,
wastage depth profile curve® ©W&3 o] fEsHTh

7,2

! = loexp(—*l—)—

TH, 1 $BAE F L5l wastage area®] volumeI} weight loss Wi g
Vw = 1T - & - 1, , W, = T - b I+ p
9 L Ao FEF FALE Utk

(4) Wastage B34
Wastage BB el 2F A4S = HFEEREE YEFS
ot AL A€ (spacing) 5ol FE AHEHHA, A&
steel, 304 stainless steel, 2 1/4 Cr-1 Mo steel 5ol F2 2@ Wol A3t
E 3 Z dFxbe] os 2uR 2 1/4 Cr-1 Mo steel®] wastage ¥E 4 2
@3 E7)3k3 .

rir

ol 4Fel Al & ulel o) wastage ratedl FHE vIAE AxFSo) WA 2FolA
EIY VEE RO D AT AT LJdl, o] A WA vw B 4 2
W 49 ol UEhd 4 Utk IY 4= wastage rated] FFL wAE F AAE
leak rate® FSHI olo] WE 2AE O AXES JFL FAY HOE AL, U
EE 2%, target 39 A, JEE #<, phase, leak hole®] shape3-ol W&l A
Heg oMy WSS UBhE S ReiET gon, BB vlo 8 (F, wastage
PHAE QLS AYSTE SHAANA @31 Aok

rr

e

...20..



E 3. 2.25Cr-1Mo steelell W& wastage 3 4]

Name Wastage Equations Remarks
X teani
W=15120 e(-) (1.408 |In(1.22 q/(LXP¥%)| 3
Lee lin(134/(Tya®2)) 0.1 {q (1
P=P,
Anderson| W=0.206 q U (d/x)?
water
Ford W=111(q)""® 0.001<¢(q((0.1
Ib/sec
_ _ 2 steam, 17 mm
Nei w—35524§(§/r)l‘[0.]255{1n(q/5.12)} Na 0.24 m/sec
Na dia.:0.3-0.7mm
steam state
W=4400/L e(-)(0.255{ln(q/5.12)}* 270(Tna¢530
Kanegae +5460/Txa) 0.07¢ a
0.2¢(d (1.5
steam,water
Payne W=4400/L e(-)(0.255{In(59.8q/L?)}? 10¢L/D{40
y +5460/Txa) 0.1¢{q(10
1.0<QW<].OO
_ z _ . steam
Greene | W=81.6 d°“ -12 d + 0.45 0.25(q(4
W=15120/L e(-)(0.255{In(3.42q/L)}* if)‘?fzmﬂo
+5460/Txa) N
L:12mm
Anderson water
W=3.08 (-)(0.666{1n(0.72q/LY%)} z”‘} :3350
6.35(1{25.4

- 21 -



E 4. Wastaged] 9L vzl F8 AAEYY

R

temp. | Na velocity

H-O temp. | H:O quant.

Target dist. Wast. Rate

ZININ TN

log W g (wastage rate)

Cr-Mo Steel

Stainless

/\ Incoloy

log G (leak rate)

log W & (wastage rate)

high velocity
(long target distance )

log G (leak rate)

log Wy (wastage rate)

Higher

Lower

tog G (leak rate)

log Wy (wastage rate)

P
L
- N
F)
£

§
=

]
=

» shorter longer

log G (leak rate)

-

M
g

A
=20
)
H

~
= water

=0
L

steam
log G (leak rate)

.

circular

\\\\\

non-circular

log G (leak rate)

1Y 4. Wastagedl 9% < A& o8 A= A3

- 22 -




qH JE

ol W3k 7 E

q ¥ FEe
8}z
55 Arc 3 &

E U 3

F 2% o4 3Ly W BAE
3 YEEF ARZE,
45 e YEF
heater& AH8-35low, YEF
Rl R
s F4L7MLE

YEE-E 457,

3£ 5. 5Cr-1Mo steel A" 9] 33 =4

¥ 7

-3

% pressE o] &4l oF § Ton/em’®) §Fdle
leak hole®] crackS. & A3l %E 713l AHLE AL3T).

& % injectors} 1

Y 59 o] MRS AIBA =
24EE F
9] melting ¥ &5 A%S A ZF wgs 9Tl EdA
o o4 TR 2F RE W s BIE 44X
THE7 A8 Ar FFEE ol &3t JpgsigleH, ¥ FE4
W &35t s whg-7l Aol vent systemes BAIAC. T
5Cr-1Mo steelS AF-§-3ted #)=H3131 2w,
AR Az

AH EAe) EHL E S5
= % ¢ 30mm X 5 mm H3Fe L 0.15mm & FFE 3
o] & 4] hole2 W

Chemical elements |Compositions (%)| Chemical elements |[Compositions (%)
C (Carbon) 0.32 - 0.42 S (Sulfur) (0.03
Si (Silicon) 0.18 - 1.20 Cr (Chromium) 4.50 - 5.50
Mn (Manganese) (0.5 Mo (Molybdenum) 1.00 - 1.50
P (Phosphorous) 0.03 V (Vanadium) 0.80 - 1.20

JEFE Aol LA (¥
JEE PR AYT F

£ brick3el 2 Ba)ol7] wWige olE A7
g% JIdE ARz A YEFE LAY A

- 23 -



RE A" GPARNE o) F5d UEFS S5 HEFE meltings D

vent <g— @ : D

L)

&

Na Starage Na /WY Reactor Vac. Pump

Ar Gas

AlBERIZE &Y

SCr-1Mo steel plate
£ 5% hole : 0.15mm —> Press : 9 ton/cm? ——> Fabrication

adg 5 A% 7+ AFE BAL

- 24 -



2
K

A 9F 2.7 vol %9 {31 FAE IR Wi, 2 AFPE ANE-F MR
A UEES meltingdlZ F FHLE ALATE PHE ALY}, YEF ARE
o Jldel AYHE ¢ UEE oF BT ML) W, SFESA SYE
$57)8 JlQste] AYENE Wb AWL WL el uly AHEshe] ofsiu,
Ede] RESW A4 YEF APE IS 92T Y= 2
WHE 93 YEE AR Ar HAE AUt & P o] 28t melting
2 4H JESFE e olFAATh
E & A¥L T 5579 AWl 92 7 UAE 9w A=, £
718 45717} injection® = E WHS7 dAAE FEF-F ubgel o8 e
B $A7AE BYAA WL el FYo] 443wl ol WE AXY vent
system& ol &3tel WEANTH Werl W LE, 49 ¥ JE 4Y AL
NEHT Aol YEHW ArNA AWY L0 T WA YEFS AFIE o
S WElY LEE AME BE T AW A& AL FP0,

B

o

3. % A

AlH o] FHE s AdA AEF AHL2 Ar 7HEE FAH bottled] B2
T4 A8 2@t} AR FEAnF I SEME o) 83t AHe & FEFA
dA WeBAEF} FE FHES VAN LW, MR FALHE AN AN
AES(Auger electron spectroscopy, Fision4}, ESCALab 220i, 93)& ol &3t A&
+4E 93

4. A8 An 4 313
() FE299 #3854
T8 A GEEFIACNA ABE FH B(2W)ol FEUW UES-E 2

ol g3 2ETH ASEHA S AP EC] IS FF BEE G @4l
YAHN, FEFEE FALE FHA halos(Z29) whggel o3 FEFE FY

- 25 ~



of €35+ d4A)E FAsH Ak B HFAAE olHF FAo] LAHZ oA,
2Y 6ell ks el EHl, ole 22, 149 E(£H)ol FEFEE wet o

ad 6. AE ZHAA L hales FA

EH 2% penetration®l = A& FAAA FE RS2, Greene 5ol gl ofF 7t
3 AFEHAYD H4LAAY o F FAY A= dEHAG, £7] FE2371$ hales
9] e oy AR #A J=AE K5 & Ysidh

T, 471 2" 69 FEARHY) ZHS AAE @A 29, Y 79 ok
o] YEeldn, A1HY +F FE£ o1E reopend AHIE oA wE AlHE A
EEF-E U HAEU VYEF ASEER dESs A5 2o U= Aol Fay

...26_



Ry, FELAGNA FARAS S¢oF I 4 k. =, FIAT AR S
20000 2 s 2R FHE B I 79 ¥l JERAAG.

A YR (IEF side) & UEPA ROE DLYHESO ¥ FES et 4
A5 A+ AL FAUF RAFI Y&, ol 47 Greenesol FFT Al
iFe] ¥ FEFEE F3 E(L£H™)ol penetration®HA HAE YEFIH PF
A H3 oW YEF-F WHFAHAEA Na:Ovt NaOHS & WS-8 €0l FAHIL ©)
5o vlH¥ FEAEE 4T Y= AR A 5] FESY.

FEFHA A AW FAEHE QA7) AW AW EHS AESE
A48 37 8o k3] vEMRIT) o= AW & 79 FHL 5 pointE T
EMAH & pointutt AESE 3 RLRE C, Fe, 0, Cr. Mo, Nis9 4£84&
P AAE Jebd Roldk, I¥Y 8& ¥ FELHE FALE PI-P5elAl CH
peakZt A@3 EA Jeldes AL & 4 A, o FERS d AAAA B
3 w4 hole W VEFOl AR HAERBAXN FANFTH CO S WIS
Na:C03 7t 849 RoE 4530,

E OE M54 A8 ¥&F A3 A8 reopensl A= FFAT w) Al F el
£¢o] wiEso] YEF-E 4hSo] WS, ol AR w5 & AHF
C7l &3l5)0] &4 FHANA segregationd HF$E AT £ Ak ol AW
o] R A ferrite steel 24 F C A¥9 W37t PlelA P2, P3, P4, P5& 4
AA4E HH Ftc AFLEREHE F£50] A5, A ALt =2 )
40 A& ALE A5, ¥H Fedl A4S 8W PL P2l ¥ AdHo=
P3, P4, P5ell A £ £4& velllglth, ols FEFRANA E(L£”) 7FE0 AY
Hd YEF-F ubdo od wbgde] WA Hu, olE A PL P2 FHdA 25
7t A5SHA Hi o] A YEF-EF WHSAAYEA NaOHY Na07F A1 Fes}
ub-g-3te] A4Sl Eol WA EHA segregationd & ALE ClSHH.
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m o0B@3I1

1% 7. SEM A2 ERE @A F& AW

29 54.
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1900
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scanning point, -
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(2 +&54

HA F& AlHAA E(£E)e) FEHEAE AT A8 GEF EA716A
Ar FHAE o) &3 A blank test® $¥5th I 9¢) Aol H FEHE FEE
YHZeE ZAF AAvl FED FS uSIle 38 4Y gaugeENEH S
H FER FS 500 psigol 2] AHeA= AL AFF BFE o)y HE, 4
A E(+F7) ¥ 4YE 600 psigR BHEAY. E FE AYL E FE7A
¢ 10w FHFE VMY F ANCE I 71E38HY super saturated steamS A E
g F, AFdA Ar FFAZE 600 psigE FE TS FE7] g5€l FIE JMEAE
o] 83t 500C 7t FAHEF s ch

FEAY S AW FE7) X YEE openAlA § FEo] AYHWA AEH
4, A" crackFTE2E FEEE ¢4EI @S WA ¢Y WEE 53
Sted 2% 1001 3] v Sl ¥ 109 AR Aol Baged wEt ¥&
1A dElE 4 Z8E RAFR Jlon, s W WA A velvs
Y B5< BAFA A, IYE Y WHE 23 ¥ FEO AYPSHW 27
o 2 & olWellA] ¢zt WIHE Mol Jewl, & XY ALE MW FE7)9
¥ Fdte ww Al vdebves wbE dbg7) W 4 ASS o 10 psie BE A
¥ Aes AFIAAEY ol TP £Ho) WHE dxtuRt vdEhtes 4R
FERBEE oM pluggingH A FUW HAoE AFHAY 1 F GEF-E A
AEe g3 FERZEIF FH3] sealing®d HOoE st

ALGHA oF 1568 ALY d7A wer] W gPS WA g AR
leak path7t & F&d ¢ YEEF-5 WS YA Ee] o3 self-plugging® A& 2
AHoE ¢ 4 Aew, 22-238 Bl 43re) gty Fel 937 reopend AL E
B EF oy, o FAL dY9 FAY WElyt gol NWEAA ASE FA S
Rk, 2B, o] AIZldl F FE719 g™l <kt oA Ho] |AF(IHIY
A5 FZE), leak path7} FAl wlZoluin} gpensle] A S APHLE F5F
At

% 120801 BFHAA E FEZ R oMY AFAE) Fhq4Fl A9
Aol A7) LA E], FERFEI 8 reopend HLE FHHJNOoH, ubgI 9
FUALE ISt 4 vent WHE €of WHE7] W UYL A4
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Pressure drop, psi

Y 9. FF AEY Ar 71& 4Y HAE AR,

Pressure vent

injection Pressure, psi
g
0& 0 ®©e0 /) 6 o oU
8
Pressure Bulld-Up, psi

130
J20
§ - hd
©
aap <10
g@ 1 — ol ) L 2 A 1 D
20 40 &0 80 100 120 140
Injection Time, min.

3¥" 10. ¥ & A7 WSr Wi gYPaAS,
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(3) Reopen time

v E(£8)0) AT LAHY FEIAI} olF wAG A YEE-
g WeAAEA A8 FEFEs WaE selfplugginge] WA W@
self-plugginge 1" € <Q transientt} #H.2] vibrationsel &3 sealing® W}z
e A SR Eol A&, = NSYLEN} FEHE T A YEF-F
SO LA, BIulSo T AT LEASH YEF-E WUSAAHEA FAH B
% NaOH$F ©i4] wb$-3le] F& %971 FAHE @40 wHEx o s WYY, ol
MA LEHRD 959 AY Aol J8H 50 me/secoldte] ¥ FEA FF Wl

& FE74 27 reopen= A ¥ ATl B AR HuFe] glov, T o]
A4etE ALF AR vt gepA AN, 27t 28 A= 2.25Cr-IMo steel®]
A4 318 113 2L AFE Jel & L E ARG

IY 118 JAFESE 4AFQ uF, TFA HAo 5olA ¢IEH ARE F
TLY MNAE f4F AQZAANA ALY S FAE Qo] ¥ dFeA 93
A€z vz Jeld Aok, EE ANEE correlation HEH I A B A
AY FEFO) F7H5H reopen timed FAIEE FFE YEhi fow, & AW
9l Aye FEIFECY 4% Fe S JeEh T Qivh. ol AHER AL 24
o] ZAFelA Jvebd AL ZAI U thE o] FAAY LR FE559, 4
A ZFA LD Y ZAE G Lol el UV AELE AR, ol
A3 FEHoE HAs Y £ 489 FRE 4G HEAS Jvehdn Sl
t}.

(4) Reopen size

AEelA AFT dlE ALPAA & FEE AT ¢4 F2 9L <A 7}
71€& Agss Aol wlg FA3A dFEseu @RS E AHEEE o) A4
F7t Zxoltt, HFA HAIEE FAHSE TR IYL A9 AFo] uper 4ol
Sty ZEOYA Y= ZlE HEE Folv ¥ dFdA ©RE A= reopen
time& ¥IE# A reopen size, EF ¥ FALE 5¢ F & Atk AVdA A¥g
A4S A3 A E o A8 E 043 FF AYS +YSNH. AY
< LY 2WoE PSR, 2Y 129 10 mle) €5 L3 T34 F

L
A ol
Jjnt
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Time of sudden enlargement, (sec)

ie+6

1e+5 |~

1e+4

10+3

Mat'l : 24/4Cr-1Mo steel
Temp. : 460°C -
Data :USA+USSR+FRANCE : @O

@ : This experiment

®
1e+2 —
1e+1 L - !
.001 .01 A
Initial leak rate, (g/sec)
a9 1. &£7] +€%H reopen time}e] TA|

2 g 4Y A

=
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71 W TS 600 psige] ¥¢¥oE AYL PP T AS5H AHY JEF side
SEM AHd-& “ERASITE.  Reopen pointS Ao g =
type2] holeE reopen ® A ¢ 4 Y. A, +3

ok Imm BE9Y circular

25} ol| WS vhepy
EAE $457) 98 AWL cutting o SEM bR BRHAT}

73
!

%10 Tom WD4E

I¥ 12, FE BEZ A AW A9 SHUEF 29).

TF AHY FAE F ImmE AUNE £2Y 2o 2HEY diamond sawsS o]
<3t cutting & A2 2" oA E R AP EFHL SGow: way
¥ 5 sdd o= RY A FRAgrle ALBelA crackelu =4l
pin-holeS-el <& =] F F vEC LYW HEH ALY RAL YEF 2o
AFH AFES &+ vk, 40 2Y 128 AAE) DA B AEe
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E& side ZHEY 2 Wi ZHAART o FHL 25 hole WAF
dl, o1& A S TABFZ] 9 SEM inverted image 1MW O E FER=

_}I?_
=
of ¥ 13 e QAT

1134 25KY

1Y 13 FF 49 W ¥

TY A FEE el Fol AHY FARPANA AA FEo) AYH £5
hole2 oS4t} o] hole size® 2H A7 29 129 YEF side ol 4 reopen
sizett 471 2% 69 halos size®™ R4 L S RAFZ YAgh t}So] 4
¥ I 149 2F sidesl Al sizest wlas] B A AR AL ¢ 4 Yk

A, Al FAel wet FEAZA FAo) AYFHE FES spotsly] YH,

-~ 35 ~

o 32

rir
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19 14

4
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$5AWE A cutting® ©HE EWE Aulste] SEMOE BPste] 1Y 4ol
28 debi QT 1Y 48 @F AW Fd UEE $9E Fo] ¥5H A
9 AWE ¥ 70~80 ume) FEREES JEII ow, O @F FY 1ye
2 $ERAL7} $RAOE blockingdol AL ¢ 4 AT UYEFFINE B 3
o] APxlo] F+EF 2} re-openT F AH FEH I AP Il ©FA AR
Zo) YEE =2 JEhiR Yok UYEEES Zolq YEE-E wgdl o8 A
o] RAEel Aol WelH Ut A& ¢ 4 Yow, obAAA FERET A
damages YA+ & ZAoeE Jdd)

1Y U4Y @ ©¥YE ST 1WeTA YAoE Wolm Yzt AW EWY
£g v BAPPBT Bol IV Y= AL ¢ 4 Atk

4, 5 JEFGAL B 35 AY

A s

5 AEFAEU KALIMERY ALE A¥ T2aPe) 1990 FHF8 Al
o] AUy A7t AY Fol Qow, AY 223 F UEE-F U3l A @
54 47 2 #4 JE ot £ A7 AYHIZ Aok, AW 479 3
T GASTSEY FALYY HAAY HIELokA AF FF}S vhgE 2, 9t
Hog ¥ FEol o8 ASE YES-E B 6NUE HA, #Sos 24
= MAAe FHEA @Y, A EL F4 Tt} e AF YPITF B
2 ZE76 B FEE AN & JE ALY AL FoF FoE UNe] dF7 A
PFLE ¢ + A

x40 JAFEE AL ZZJPNAE F712Y7) AGQHAA E FFO|
LA E B FEF wek 0F (0.1 e/sec 013}), £%F (0.1~10 g/sec), TFE(
10~1 ke/sec) R HFE FE2 FEGHY FERAE 43t o, 0@ FE
B+ AR S5 self-wastageBA0), £ 3¢ target material®l &4 F
2 3 wastage'F B4 o], THE FE9 A4 overheatingdll WAy AF7h dFEQU

*
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BF BAFE 229 i 3 AFE FEAA HASE Y 9E AR
1B 7E] HA Hoh Foll A ATE WY I Yot

ot

wet £ dFaAE B FES BRFS B FEA UEF-E S 9T A
A NAL wastage S-S MY AW AANFEE AAFolPA HEF 2
A Bl 5T BAloke) IPPE A48 FAFFATE FHdA 4L 9%
T 8t A&TE E FF 48$ 2.25Cr-1Mo steel & AHE- A 8 33 Th

(2) A8 2 ¥y
AJAX (VEF Loop):

ATE E F& 48& #P950 HA8td 29 159 2L YEF FII 4SS
Atk Aol A48 YEE loops & 160 LBE €2 4 A+ UEF ARE , ¥
&4 BB v4LLEE FASY] A8 Ni membraned o] 83t AP s4
ZA7, € %7 (simulator), & F&22 A4+ 4ASECHA4E)S ¥
(purification) 371 9% cold trap, Y EFS #5& A7 electromagnetic pump &
22 RS glow, Ax YEF Ad flow rates 10 m'/hrE H-X 8T

UEFY 259 {3 by-pass lineel @AW} magnetic flow meterE AH8-3
A 2w, F& AY Fo E FEA g3 UYsE GF) 4 st
AT PASES cAlWdl A 025 MPa gl 98 rupturing S EF safety
valveE AX A, E 5FEF A leak simulators I1E 163 ¥ AR E A4S
stolem, < 5~13 MPa®] E(£®)°) HEEFNNAE FEE 9 89 (L 01§35
q ¥ FEEY FETFE EFE + JEF differential manometerS A X313 2,
electromagnetic valve, cermet filter ¥ F71'8 7] §F-E£o 2 FAS Ut
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1¥ 15. IPPE &% HEEF F=Z4 & ¥& 4.
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WA CLINN

d¢ 16 & 75 AXe AYF 24,

ZE7WY RAE tube-in-tubeWA O Hol gom, B WE tube(P6 X 15
mm)E AYS T, W29 22 (238 X 3 mm) tube Akojol] AH] YEFo] WA
Q THPL olFn] Fo] Ao WERTE, Simulator?) flapd}t seat 2.25Cr-1Mo

_40..



steel 2 A 259} 0w, seatell FEFIA N+ flap needled cylinder B =+ 9~10°
2] cone FHIE FH3}n Yk, JEFFYe S U+ orifice diameter+= 3~5
mm °l® flap needle 44l notch® 7}&5 ¢ ek,

A9 ¥y

Ag Bel A7 I¥Y 16 R F OAFEA 4 1 LY FHSFE AP
differential manometerel 28 ALEHLE PSS FHUY. Eo] FEHE 4
29 179 88 FHO water level LAINA {FAS T WbdA 98 FH Jevel
simulator® Eo] +&57] wEel levelol F&LHA H vl o] YA o|E d4H
LE FRNMA Aze wgt FEEES FE Qo AT, AYo AYHE F
& MEF 259 §4& ¢ASA #A 8, leak simulatord F ¥ FE &0
~1 g/sec® A5IH AFE FEIYG A7A T FEEC] 1 g/sec AS7AA {FA
T FEFES FRIE AdFE FE ARE ZE AHY AP B FER QA
) S-4o) HAEI, ) F X9 incubation pericd(FH71)E AR F 4B AAY
gozx FAY FF F7M AWE R, YEEF-E 56 93 8= 4L
o o3t T el Yojutr] W otk AHS FI FFol el FESW leak
simulatordl Ar 7}A& Eolgo] Wl F-eo YEFo| penetrationsl = A& A S,
loop®] Y E &L drain®t ¥ simulatorE loopel Al 2338le] sampleE A}-§-§r}.

AY F AW Ar 71428 94 purgedty FF FE FH wkSE9 EWH S
FEPu|F o g |, FF 54 # AP $4 5HE d4dAeH, JE 4
ol AY=HA AP V3" manometer, température indicators- ©l-&l
A A8 54 A5E 535

(3) 23 ¢ 3%

1) Self-wastage pattern

g E FE ARS FYT AEEAS 4EEAE a5t X 6o EMASE
% ¥ FE AELE UEFY 228 BE(FFNY 7 949 ¥ FE AN F
AE HAANA(Z 62X) ARS AP, & FEFS 4Q0 98 § F
EFE FE AR UFo FFA(e) S AHSEsH.
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H 6. Self-wastage AL A vIHF & 75 A¥ =240 € A3

Initial

Final

Quantity up

Absence

Steam

Eﬁ:' Tgflp leak ra?e leak rate I()S:E;;llggl)l to sharp time P. (Eg )
| (2/oecXI0®) | (g/sec) increase(g) | (secX10%) | (MPa)

1 {450C 2.78 > 1 0.9 17 - 13 2
2 " 1.81 " 5.04 21 - 5 "
3 1.94 0.18 15 - "
4 " 1.00 0.35 21.6 62 3.6 4.5
5 2.75 > 1 15.19 29 4.68 6
6 | 300 11.11 " 86.4 395 - " 3
7 " 11.11 126 970 54 " "
8 | 475 11 " 2.28 27 0.35 12.2 2.5
9 " 68 " 1.8 122 - 12 "
10 " 360 0.1 54 - 13
11 " 31 0.7 5.22 56 - "
12 54 0.8 6.54 130 - N ’
13 100 > 1 1.02 102 -
14 " 500 0.95 0.12 55 - "
15 | 510 17 0.8 0.51 20 - "
16 v 1.4 > 1 7.49 15 - i i
17 " 25 0.6 0.22 8 - " "
18 " 147 Y1l 0.1 9 - i 2.6

E FF 44 FEA F injector®] visual patterns #ESI] 1Y 174
3 eI, ¥ 17 A7 & 69 48 83 9EA, 4BCE FXHY e o
1716 25 mm FAe FF AW 58 ¥ 12 MPadl €Y 2E €S
a, bt E& FEA97 A, ¥ A4 2FE

A v

= L~}
Es &

TEAD F AWE BFY AoE,

Gehd etk 1¥ 179 ok ¥ F&0 AWNWA U flaog FHLE $

M2 YEF ${le4 Ao AP A= 4L AFY 4 dow,

del

¥ TE BEI AALEEA 5 ¥R HA R 2L Ao YElH.

- 42

i



LA S

9 Al 2

2 AE 8

Y

2 el A

I 17

_43_



AR B fozRe 83 o0 AFANA el 1 g/secol] o2 AA A AS
A B A a2 179 ¢ d AR 7EF AgaAF g A48 &+ Ao, o
A% 2280 sec T 5 27 ) FEFL VBT Y= NOE ol $& FLT 5
W Fge Eo) FEHHA AGSHOE AR JAlY 7 self-wastages TP
H3 ey FERFEE AAYRAINNE & vXe o= -‘r—%ﬂ Y=o FAF
e MAWLSHE FALS Vel HAoE 58 4 I, WME 49 F+E W
FEAE} ¢ Rue & o FAHY Ao FEFO ¢ o= £7¢d gi golA
HA GEEF-E gl g N-4lo] A wi AYPS L FL A W FERE
7 A AAYSEEA Ao B2 49 FFol AP AL ¢+ A

¥R, E FE 2L YA SASL ou YES SEBLS WAHAA £E4
Qe Systd 1Y 184 2ws dEANTh 1Y 1BE YEF LEE 510C
A5AA F& A8E YT F AHS BBY IYLE 2, b FAH EF 7
BEZ AAYR AL ¢ ¢ don, 4719 4BCAA AJT 29 179 Hist v
as BH gAY timeol HWolXZ MAYE W ol F YE & self-wastage
pattern< Y% ZHE JepH L .

AH, AFY F& $97 AAYSHZ ¢ F 2 A7 e FasA HFR.
ol AA FIRAYrY o' F§ BLYBNA defectel]l QW T FEo] AYHTn
ZIRE W, A7) 29 18A R ubel 2 AAY A4S doFAl s, Axto]
73 33tell wie} re-open® AGV|OENEH &S 1YY £¥ol, £&5+ W
A v FAAHA FLHF THOE Rulx = o8yl “jet” AL LY AU, o
jet Al 293 JEFUHSO 98 F43 YEF 4s5HEd, Whgo] ¢dl £°
o] £ FAHQ AW EZH-E WEl= wastageE LY AFNA S v, ol
g @A A&HE 27, 339 A45HA FF AR LAEHA Ha, ojw AL W
A FEc AYE FLHANANY FEFHF AALHEA F4d= 2 2
(diameter)ell Q)& 2% AETAE wEAI = Aol AFEH7| wWiFolvh. AA ¥
AFAA +PE APezRy AW & AR AAYIHA el = A
B} 2VE BRFF B OY 17~18494 Re AAY 299 22X wiet 439
sole ot 4 RS THNA 5 mm oS YEhiE HeE ARAT

*
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, 18 A]H 9]

49 17

Ty

6l 4

3E
al.

¥ 18
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2) AAMY A

E &0 9459 ¥ AYAA 42 ANE B FEEH AT AHY #A
E plottingdted AAW Az |RAF 2Yos a9 19~209 vepitel. o] 4
do AYAPL vd 47 E 64 ¢ & ARol AR FF RIS A AA
e Aos BdE = 1 gfsec7tA A AT, 19 199 A$ 4 BE BE, 2
H 209 s 38F FE 2 AE 4 F AW F AP RAolEHH ¢ F
Ae RS UHEE 2571 AAY AzE ZRse F2 4499S ¢ ¢+ A 4
EF &5 BCAA 3" AY AARE s I 20& A6 @Es vd
Z7)d < AlHY & AEE FH F el F FEo AYSYsr & 5%
o] B3t +& A 27t F3| WA (self-plugging) FE°l FEH L, ©hA] F 5&9
AYA FEBFE = vl SHA re-openX 3 F IHE- o] FAI{A +E FE GA A
AYE = AL & 4+ A

A 59 7 AdE 2 107 g-HO0/sec 13t T vlF F5A B4 ¥%
ZEE A pluggingH ] AAYHA gE F$E A0 23" RAE Aok 2
v & dFaAE HE BE FREA AAYH A, wAAdAGE FEFEE Tl
E F&o AYHYNG FEFEY YEEF FH4 YEE-F WA EA NaOol
FERFEE 4AY NaOH7F & AHEY 4% F H3 s (F) 2248 ¥4
Ao 45 FEHEE plugeingAl A7t FEAA 2E4AFIY HEEFS] &
F T o8 MALHE AR H4Y 4+ U

dH S510CAA FE4E 2E A1 =27)5H QF 288X = F wlFo| At

£o] AP prt EF-F 3 g7 A2 -‘1'—4101 APPol wet FEIJE
7V 4 {FHARA FEF) ¥ FIEIGIL F 1R F FE AEV A A
2 AL ¢ 5+ Ak, o] B FE BEI) self-pluggingsl & LS LAE 4 9
RNew, BCAAY APt AAYE v s Aol AW B S ¢ &
Rt o] AHZHEHE A7A dFE HEEFS 257 AA AR FHALEE
2RI} T4 HEYE v FAFE 5 Ao

uehA olE ¥ 5RAE B4 8 E 62 FH 92 AQ ARENH 2%
S} &3 AAYE = A AL ALFHA X 79 dE) e ® 7S B
FE AY A UEEF 2x¢ wel 4ge] AP F¢ F FEE EY F£ 1
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Leak rate(g/sec)

I 19. A BAFA wE FEE U3 245 (4ES).

1.0 : -—

'g g
@ B - .
T i
2 °
% Ar ¢
3 °
2 }
; . . ) .
0.0
0 5 10 15_ 20 25 30 3B 40 45

Time{min.) _

3Y 20. A1 A3 utE FEE W3 BH5(EEL).

- 47 -



g/secol A FEol AYHY L WA A ARoR e I FIFFS 7 Aol
. WA AEE AFRE JEF 2R v AN sd 2P AR
7k scattering ¢) A2t WAH LR 22l ASEFE AN WFH= A
S ¢ F U ERHoR X TERY £3:¥ 4 v AL VYEFY 227 A
MAYE v e AE F58e F42 H459E € 5+ e

TEFE AMLEE AL FotAle BT @4 &
Hh-3- A A Eoll 93]t corrosion, erosion® Aol 9§ AL

A E ALE 53y,

[o

f

7. YEE X7} reopen timed] m| X I

Exp.] Na |Re-open|Average| ¥4 | Exp. Na | Re-open | Average| 57
No | Temp. |time(min)| (min.) | (mm) | No | Temp. | time | (min.) | (mm)
1 15 2 10 1.7 2.5
2 84 2 | 1 | 87 2.5
3 450C 3 143 2 12 475C 109 40.7 2.5
4 360 4.5 13 17 2.5
5 253 6 14 2 2.5
6 1440 3 15 3.5 2.5
300C 1770
7 2100 3 16 124.8 2.5
510°C 34.7
8 . 38 2.5 17 3.7 25
475C
9 30 2.5 18 1.7 2.6

2 Ao ¥hsH 7] 2ag AFel g5, F&E BEANA self- plugging2
HY-E GEE-F whSel o8 AAS= Na0 & 4818 ZHE¢) AA plugging
A71AY £ NaOH e FA49 w84 EI AER AL T EH(Fe)A Lol
Hh5-3to] NaOH - FexOy, Fel9 &0l +&F AEE pluggingAl7l= A2 WA
ut Aot & AFAAE FE FEANA 149 self-plugginge] LA H At tHA] AA
2E AL ¢4 Aeon & B AFAsA FEB A self-wastageZt LY 3
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A EXE2A2) 93 AYHYLS & 4 Yo

3 UEF 259 9%

471 E 69 9431 7& AQLERY UEFLEV AAYHS A Y
< A48 S, Z2REH AF FEFS AT YEF 25HE correlationd}
o I 2lel ZbxrE JEbwigith. 29 212 AEW FAZE 25 mmE LB IA Al
Y AHE TYT ARERANA 257 HAAAMN 4JS £YF F 2 2
§ 2¥2oE vepd Heolitk., ¥ 219 a, b, ¢ BEF FFE FEIFIH} AAYE v
A Aas dEisie R JElgtedl, ole J. L. Quinetdol XIE A
I FUE FAE G YSS & 4 Aok EF o] A-HLENEH UYEF 2
E7 BA53RE A5 2 71¢7 Fol AAE AE ¢ 4 AeH, 50T 50T

+E AHEE AY | order BES A0)E Heles AL ¢ & Ut

ole A7l & 7% BH F£50 7Hsdv, HEFY 257 NCE ¥ B+ o
Ehtbs AAgssd REs AzS 510Ce A9 vias 2d, A9 2 order B
E Rl @& & + Ak, ol FEQHAA E FEO A= AL FEA
71§ FASE A+ AEBY A (AA, F718Q4719 ALHS 22 A€
w2t = 300C A 530C 7AA Wskg)el wieh, FEY 9 o] FEHEY HE
257t £& FHdAE FEFEV AAYEE AR FHopd € FE€9 FAA
Solgt Wbd, 571 ¥ A F& FEZ A pluggingA AV S njFL
2 RAASY A7 Ay BAHE WY 5 YSE dFE 4 A
7 AYLRRE 4L AAYARE £7] FEFIHY B|AE plottingdtd 1Y 22
ol Zted3] el i,

£7] FEF) FE4E AN G AE o] HAHE FLELE G
New, o] F|AE o) L3ty & Mol MAYsH AL ABE B T
A YAA 400~500C HAE S 27 & FEFH UYEF 255 HFE
Ste] AP AR Y& o] 43ty AW WAINY I oS L 4L 2L+ A
12 3 '
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1e+d

1e+3

1e+2 A

g 2. YEE 256 wE 2.25Cr-1Mo A1H 9] incubation time.

Incubation time(sec)

1e+4

1e+3

1e+2

0.01

0.01

Average leak rate(g/sec)

0.1

1e+4
1e+3
®
®
te+2 | o
2, i
1e-3 1e-2 1e-1

- 50 ~

Average leak rate(g/sec)



3510, _
( Ty 3.34)

A7 A, r = AMNPsIEw AW FAR, ok AR T, g= 27 5B JE
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Abstract

The liquid sodium which is used as a coolant in LMFBR, may give rise to a serious
trouble in the safety aspect of steam generator. The defects in a heat transfer tube, such as
pin-hole or tube welding defect, will result in a leakage of high pressure steam into the
sodium side and production of hydrogen gas and corrosive sodium compounds which can cause
significant damage to the tube wall of steam generator by using exothermic reaction. In
this case, initial leak size will be enlarged with time and the leak rate developed to large
leak through the micro, small, intermediate leaks. Therefore, the analysis of sodium-water
reaction phenomena on the micro and small water leaks in the heat transfer tube is very

important in the initial leak stage in the aspects of the protection of leak progress and safety
evaluatmn of steam generator. In this study, firstly, the micro and small leaks phenomena,
such as réopen size, shape, and time of leak path self-wastage, corrosion of tube materials,
was analyzed from the literature survey and water leakage experiments using the leak
specimen. In small water leak experiments, the leak path was plugged by the sodium-water
reaction products at the leak path of a specimen, and re-open phenomena were not observed in
initial experiments. Other leak experiments, reopen phenomena of self-plugged leak path was
observed. Re-open mechanism of sealed path could be explained by the thermal transient and
vibration of heat transfer tube. As a result, perfect reopen time of self plugged leak path
was observed to be about 130 minutes after water leak initiation. Reoben shape of a specimen
was appeared with double layer of circular type, and reopen size of this specimen surface was
about 2mm diameter on sodium side. Also, the corrosion of a specimen initiated from sodium
jside, the segregation phenomena of Cr in the specimen was found much more than those of
other elements, in AES analysis. In small water leakage experiments were carried out using
the 2.25Cr-1Mo steel through co-work with IPPE, the following correlation equation about the
reopen time between sodium temperature and initial leak rate was obtained,
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.= 46 - g°% 10 , in 400-500 C of liquid sodium atmosphere.
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