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Summary

I. 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.

III. Results and proposal

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. Reopen shape of a
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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 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-lMo steel

through co-work with IPPE, the following correlation equation about the reopen

time between sodium temperature and initial leak rate was obtained,

( 357Q _ 3 34 )

rc = 3 • g'0-83 • 10 Ts" ' , in 400-500 "C of liquid sodium atmosphere.
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[1-2]. M - a - l - ^ «}-§-<Hi

APDA^l^ single-wall

1956^-?-^ modular^ tfl ^

9*1-53-e-

wastage^

wastage^

wastage ^ ^ ^ 5 . ^ ^ 5 1 criteria!-

1963^ PFR5J f-71%^7] ^ ^ 1 1 : ^ ^ ^ Dounery*fl 1/6 itS-Sq Noah



Super-NoahS.

1978^ PFRS1 tfl̂ -SL ^

K PFR

7 1 ^ 3 7] 7} modular ^^1OJ « - S ^ - f r i t -

*><̂  Super-Phenix^

SN-300 ?J SN-600^

r 1990^ tfl

Monju#

1/8 fl-S.^ tflfl-i - ^ 1 - ̂ VoLSi ^ l ^^ r ^ S M , <>llr 1/2.5

y\(evaporator)^ A%^(superheater)^^^^ Tfl^, >a

Monju^ S G ^ ^ l - ^ ^ ^ ^^-5153^ ^VJLl- 4-§-*>^, ^fl--S. *rt 4 1 1 1
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1994*3 Jfel ^^^(KALIMER, Korea Advanced Liquid MEtal

Reactor)

rflfl-5.5. 3}-tflsH

software^

L S3-5.^, <>l

JLS.

(SWRPRS)^l
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hydrogen diffusive detection system[16]3f- -'r-i- *] ^S*}^ •&•*&•£
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o)
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4| all

-Jr -§-,

1 - ^ Ji^,

fil}^ SI^- steam

material # 3 «a^[18j, •& - ^ t

^ ^ relief system^ &•& ^^-[20],
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2. v fE. f -1- tij-g-

Na2O, NaOH,

H2O51 2 /8 al

alkali

Na2O, Na2O2, NaOH %-SLS.

tfl^ ^T"-^- , ^>^- ^£€-(reaction kinetics)

Na-O-H

ttj-g-o] ^^wfc fJL 7 > ^ * > ^ o)«j| aj-g-^-

driving

force, «]r^- zone4l><1^ £ ^ h f l , ^ - 8 - « i | «l^r, Ml-g-1-^ ^Efl (phase), thg-

3.7], ^ 7 ] £ ^ , 71EJ-

2 Na + H20 -> JVa2O + H2 31.08 kcal/g-mol at 25 °C

Na +.H2-* NaOH + ^H2 33.67

- 6 -



NaOH + Na(addllional m - Na2O + H2

•& «H-<>1 2*1- ^ A S

Afe + H20 - •

2 Na + H2O -* NaOH +

2 Mz + # 2 O — Na2O + H2

2 Na + NaOH — 7VG2O +

iVa + NaOH -• iVa2O +

+ -i-/T2 — NaH

Na(l) + H20lo -> (s)

Afe(/) + H 2 O ( , } - NaOHU)

H2O2O(f)

Na + j H2 -+ NaH

Na + NaOH -> Na2O + 1H 2

770K

2 Afe +. H2O - • Afe2O + if2 40.7 kcal/g-mol (750

iVa + H2O^NaOH+ ^ H2 45.0 " ( " )

mm 7 —



750K

3. ^ ^1^ 1- ¥€

^ steam(^-&, * )

stress corrosion, ^ « i ^ ^fl^^ cracking^W pin hole^ 7}^, fatiguef-^1

^^ 7}^°] ^-€-«>^, ^ ^ S J steam^v} -f-̂  ^ Q ?}^°] $m. °

steam -?-^^ <&^o) ^ ^ 150~200 bar ^ £ i ^ ^ M «fl̂ -̂ ] steam^l M-̂ -

erosion^ ̂ "^1

wastage 3!>$H: ^S^^ ^-5-S. ^ ^ t ^r 5tl^.

team<>m -§-^ o<J=, ^ - 7 1 ^ 3 7 1 ^ ^-s., dimensions,

, leak hole^i £.#, 7\M* f-«fl ^tfl cfH.7fl

0.05 g/sec ol-g-^ ^-f, -TT€- points] ̂  jet flame*

steam) «>1 «Jr-§-^>H 5L-& « i ^ 3 -9 * J * M - ^ - l - 1 - «J-§-

erosion^] ^«H, 4 i ^ "self-wastage" ^ ^ ^ ^ * «>7l^^[24l

defectl- 71-f-^l^l^- ^jij-fr i i f l t ^ 5^^. 6 1 ^ ^ self-wastage^

-f-°J: ^ ^ ^ - S r ^ . ^ 13)- ^ -8 : ̂ l^^^-efl sitfl ^ 1 - point^V enlargement

— Q mm



H,O
path block

corrosion

reaction product H,O Na

leak initiation

(weld defect, pin hole,
crack)

leak block

(reaction products)

leak re-opening
(thermal vibration,

corrosion, etc.)

Incubation

Na

W/W////A
H2O

1. Through crack choked
by sodium/water
reaction product

2. Material corrosion;
a. general and inter •

granular corrosion,
intcrgranular cracking
(Incoloy 800)

b. general corrosion
(ferric steel)

3. Blind detection means

Self- Erosion

Na

W/W////A
H2O

I. Clearing of the crack
due to material weak -
ening and/or to an
alteration of the
stress state

2. Appearance of a leak
proportional to the
extent of the corrosion
lhat took place during
the incubation state

Na Na

f/MW///7h?d///////,
H 2 O H 2O

1. Internal crack erosion and formation of a fairly
conical pit

2. The leak rate increases, remains constant,
or decreases, but always remains below
100 mg/scc.

3. The leak can be traced by hydrogen measure -
ment in the sodium

Na

m n
H2O

1. Breaking down of the
metal between the cone
apex and the tube inner wal
formation of a fairly cylidri
cal hole with a few -milli -
meter diameter

2. The leak rate increases
suddenly

1. r f >$3.£\ self-plugging *r reopen
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II. f

Classification

micro leak

small leak

intermediate
leak

large leak

Water leak rate

Monju

~50 mg/sec

50mg~10 g/sec

10 g~2 kg/sec

2 kg/sec~

PFR

< 0.1 g/sec

0.1g~10 g/sec

10g~ 1 kg/sec

Major effect

self-wastage

sigle target
wastage

multi-target wastage
overheating

pressure increase

steam (f-) halos defects 3.X]

^ critical point-i-

a j - ^ ^ S . plugging 5 1 ^ ^ cracksH- pin hole*! re-openingil?\^AQ

"incubation period''^. %-^M, oJ*S ^-?- 700~1300 ^1^1:

53^-^1271, incubation 7]

self-wastage*Jl W-c- -9-«H«1JL,

defect*

2

, leak^ shape, H-H

leak point

micro-leak^ plugging

2,7]

re-opening ^ l ^ -

>l H)'2 g-HzO/sec
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NaOH

leak pointl- s e a l i n g ^ JL

disturbance^

5. d i f fus ion^

transient^

material^:

NaOH

$\5L, ^<^ aqueous solution^

anhydrous caustic*]

"fl-f «>€• -¥--*!

Defects

waller

defect^

, S. steam (water) «fl

£| Ttl:

tj-^. plugging

metallic plugs

chamber

-. Aqueous caustic*)?

-Sp-t-sl-b ^«a- leak path!: X)^3.S.

plugged (or sealed) ̂  53 ̂  ^ * * * dissolution^ f}

orificeorifice^ -f blockagel:

-̂«fl 5 wt.

Fe ^ ^ ^r (precipitate) -i: ^^*>JL 6 ] ^ o ] colder exit regional porous

Plugging^ ^Itf^- "»)^M#^r 3 1 ^ ^ 41 H i*[28].

1 2 1/4 Cr - 1 Mo steel^ ^-?- %<£#$ T^ <%£• ^ Fe

Fe + NaOH ,. + Mz2O + H2

Na2O

H2O

+ Fe^O,.

Fex0y
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iH-°fl

Plugging^:

5) sfl ^ path?* Plugging

« • ¥ •

0.1 g/sec

reopenS|Sfl>m

104

leak path7> plugged^

4. Wastage

(1) >fl JL

58-fe steam(-g-)«l M-S-

jet flamed

*-«• "wastage"

terminology* wastage^

steam(*)«l pin hole

jet stream^

erosion^

Wastage wastage rate<H)
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8
CO

c

.2
c
c

3

o

1e+5

1e+4

1e+3

1e+2

10+1

•

-

-

I

Mat'l
Temp.
Data

•

5> o

i

:21/4CM Mo steel
: 460°C
:USA+USSR+FRANCE :•

® : This experiment

#

•

l

0

0

•

0.001 0.01 0.1

Initial leak rate, (g/sec)

2. 2L7] reopen time
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3.
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points

(2) Wastage^!

wastage ra te^ Arrhenius^^

WR = exp

jet flamed ^ i i - ? - E l &S.^r n]^}JL, o)*\]

wastage rate^f -gr£5f^ ^ - ^ r ^ ^ l l - -K-i^H -& «K fl^l Arrhenius^

^ ^ wastage rate6))

wastage<Hl

wastage rate^l

wastage rate^- v$

Leak p o i n t s target^^J

leak point^^ ^5 j -£ wastage rate

test ^ .^o i -g-^tl- ^ - f wastage rate^- L/D^1

-TT-to] ^ I ^ S I ^ J E . wastage rate

critical spacingJSLcf ^ ^g-f-b i + a - f - * «J-g-°fl

jet^ erosion^ ^ wastage rate^- ^4i«>31, ^-^= spacing*]
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Wastage

! ^ 34-*> static^

*-4 scattering^ i ] * H M-^Hftf. S.

^ ' i ^ o l leak points ^^1 jet^

wastage rate^- cf H.T)1 M-^^J-rf.

Leak fluid phased *9^= :

#S1 (phase) <Hl n?-ef^£. wastage rate^l

- r t - ^ ) SJ-^ 0 )^ -Sr£*l| ^ef>H jet stream^ phased liquid,

vapor, mixture^ ^- f7f ^ 5 f x l ^ GE^I >H^ ^«>1E |1 - J i ^ ^r l-s l^- <S=o] *}-£

^-?- vapor^]^ liquid^. ^S j - s j ^ wastage rate ^-S-8: r̂-Sr ^ ^ . ^ shifts) £•

M-^^flJL ftcf. <£yJ-*?-2.S -r-t-ol liquid ^^ ) 6 J ^^-7]- vapor

wastage rate^r 4~10 nfl^S. ^ - 7 } ^ ^ ^ J A i JiJL^ <*]S. ft . 5 . ^ , 3 g/sec

composition :

Wastage rate-£ *)#$] i>a ^- Cr, Ni

ftcf. M-a i - -# «H-<H1 ^ t ! : ^>^- jet^ erosion^)-

wastage rate WR^ ^ ^ ( R = 1/WR )$. ^Sl t l : ^ , Cr^- Ni^i weight %

2 1/4 Cr - 1 Mo steel^r 7 } ^ - * . ^ * H

UMCr-lMo) = ( L 8 0 4 4 ~ °-0172 N)

^ alloys

[31].

^lelH- tf€- tfl-^^-^.c) ^ ^ - x ] - ! - ^ *)*}# wastage rate*!)

^^- •8 : Cr5| ^-^=^1 tfltt ^ " ^ r ^ i JiJlt>jL ft^-^) >̂«>«H, ^ 1 5 1 wastage rate

correlation # ^ - & - N i * ^ th^ r^ ^>^ correlation^-

correlation^ ^ ^ ^ £ Cr5l

- 16 -



2. H-S-g-i- 51 ti-

Items

Ferrite

Austenite

Composition

2 1/4 Cr - 1 Mo

9 Cr - 1 Mo

18 Cr-11 Ni-2.5 Mo

20 Cr-33 Ni- Mn

Nickel

Res is tance ( R )

1

1.2

3.1

4.0

5.2

v+jef-^S. : 900 V , Pressure : 1 atm, VaporS] &S. : 150 "C,
I+E.^-5) velocity : 240 m/sec

Leak duration '

Leak?} -8-*134r *)& ^, duration^ tfltSr

AM- Chamberlinef-°il ^ ^ V ^ - ^ t - ^ r o ] ^ spacing^

Jl XIApi, leak^l flj^: duration^ ^ 7 > ^ ^ ^ - leak rate^V 0.0011~0.00231b/sec

1̂ ^<iM1^ nH-8M.il> wastage rate^>

^ data

(3) Wastage

points M$\ jetSl flameol

51JL, L/D^l 3M

wastage

<§•*&<>} A points*j§

s j ^ ^ - f wastage rate£-

jet flamed

wastage ratet- jet flame

- 17 -



o]

Leak point** *\$ -&3E. :

wastage^-#$] H^8 1̂ yj.-§- jet

Afe + H2O -* NaOH ^ H2

1663 K

Na2O
ls)

AH=-182 kJ/mol

H2 AH=- 179 kJ/mol

tables.-?-^

700 K

JANAF

JL^), liquid mixture^ ^

-b NaOH, Na2O, NaH^ , 700 K ĵ- H-^.f-^1 a] 3

Na n ^

2 JVaw + H2O{g)

V dominate *>7l

NaOHl0 + ^ H2 &H = - 287 kJ/mol

iV«20(o + 2"-^2 AH = - 353 kJ/mol

water vapor-2}- ai

Na2O(gil) + fl

Na2OUf) + j

liquids

2 NaOHUg)

NaOH{u) + Naig)

NaOHlr >9>8^-*-S.«I -8:5.

Reaction zone^J

- 18 -



Leak points M t ^ * ] - c - *+=.#-•& «J-§-°fl ^It!: jet flamed

^ ^ - S T - ^ S l 3 M <̂>1M- aJ-§- zone«fl

, wastage^ $n %<£&*] £->5Hr <Q-&

<>] ^o] scattering^^

H50 ± 200 "

Wastage pattern I

Small leak^l ^ t ! : H - a # - # «B-8r ^ - S ^ ^ ^ ^ M I pin-hole, crackf-6)!

failurel-

53 -2.^, wastage mechanism^ ^ 1 t <>] •&*}«*!

Monju ^7 ]

PNC^Mi 1972^ -¥-3 SWAT-2

PNC51 SWAT-2 ^ ^ ^ ^ ^ ^ E . # - 8 : S . , target

wastage pattern<H] <H^ ^ ^ ^ r «lxl^7>^ ^ ^ r ^ ^ 1 - -r^«>

T1-^.^ nozzle-to-target ^^1 ^ e } , -nr-t-T-^ diameter, steam ^ r l - i : 0 ! wastage rate

SJ wastage pattern^- ^•'a tf-g- ^ ^ ^ e j l B ] X 1 ^ ^^= -§-«>] 3h^s|5a^-[33].

Nozzle-to-target^I:^ ^ 5 l l r 17.5 mm, M-a-f-^S-l: 480°C5. JL^g^^I ^ 2 1/4

Cr-1 Mo

WR = 252 exp - [ 0.255 (In - ^ ) +

Nozzle-to-target^>5l ^?1 xji)- : Wastage rate^- nozzle-to-target^^

wastage depths -T-t-s)^- nozzle sizel- ^^g«>7il Ht ^-f, ^ 1 ^ wastage rate-b

-to-target^^ ^ ^ ^ 1 - 20~40 ><W«fl ^*\^*\.

• L/D .^ 40 6J ^g-f wastage rate^- L/D^>

• L/D ;> 150 ^1 ^-¥- wastage^ #-§: ^ % ^ :

-L/D < 20 6J ^-?- wastage rate-c- L/D^}- 20~40

19 -



, wastage pattern-c- torroidal typeiLS

© Wastage depth curve : Wastage ^ ' i ^ Q^^ error curveS. H-E}-\J-tf. Small

leak jet f}-§- zone^ 2.<&3± free jet^l «J-g- zone 3.*$°}

wastage depth profile curved ^ w ^ Ik*]

/ = l0 exp ( - •£-)

, $ HMMiir ^-S-SM wastage area^ volume^ weight loss WL#

Vw = W - b • lo , WL = W • b • l0 - p

5atf.

(4) Wastage

Wastage * ^ ^ * f l ^>^ 4-§-3-!r ^ ^ r l - S . ^ - 4-^f-^ -&£., ¥ 1 - ^ , ¥ £ • point

^ ^ ^ ^ 3 ) - ^ ^ ^ (spacing)^-o) ^S. ^ -§ -5 j^ , ^>-g-^ « £ ^ 5 . 9 Cr-1 Mo

steel, 304 stainless steel, 2 1/4 Cr-1 Mo steel -f-o] ^s. ^ ^ ^ 1 &<>1 ^-§-51^^- .

2 1/4 Cr-1 Mo steel^ wastage ^ - * ! • § : ^

wastage rate<Hl

Si^3) JLSfitfeKfl, 611- ^ ^ * 1 ^^«fl J i ^ 2 . 4,

^ 451- ^-ol vfE^t ^ 5a^. ^ 4 ^ wastage rate^i

leak rate!- #1*}J1 <>H1 «h€- ^ ^ ^ °J^>-1-^ ^ ^

S.# -gr£, target #<q ^ ^ , vfa-i- ^-^-, phase, leak hole^ shapef-< l̂

q£.3. *]^^t ^5 | - i - vft)-m-&7l-!- J t ^ ^ j a . S l^ .^ , ^ g ^ ^ - y t f lo]d(^ , wastage

- 20 -



S. 3. 2.25Cr-lMo steeH wastage

Name

Lee

Anderson

Ford

Nei

Kanegae

Payne

Greene

Anderson

Wastage Equations

W = 15120 e(-) C1.408 |ln(1.22 q/(LXPI/i!))
|ln(134/(TNa0-352))

W = 0.206 q U (d/x)2

W = l l l (q ) ° ' 8 S

W = 252 e(-)C0.255{ln(q/5.12)}:i

+ 5460/TNa)

W = 4400/L e(-)[0.255{ln(q/5.12)}i!

+ 5460/TNJ

W = 4400/L e(-)[0.255{ln(59.8q/L2)}2

+ 5460/TNa]

W = 81.6 da -12 d + 0.45

W = 15120/L e(-)C0.255{ln(3.42q/L)}:i

+ 5460/TNa]

W = 3.08 e(-)(0.666{ln(0.72q/L1/:i)}:i

Remarks

steam
0.1 <q <1
P = Pa

water
0 . 0 0 1 < q < 0 . 1
lb/sec

steam, 17 mm
Na 0.24 m/sec
dia.:0.3-0.7mm

steam sta te
270<TNa<530
0.07< q
0.2< d < 1.5

steam,water
10<L/D<40
0.1<qs<10
1.0<qw<100

steam
0.25<q<4

steam
10"2<qs<10
L: 12mm

water
TNa : 350
qw< 3
6.35<L<25.4
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4. Wastage*)!

Na temp.

s
-
-
-
-

Na velocity

-

-

-

-

H20 temp.

-

-

-

-

H2O quant.

-

-

-

-

Target

-

-

-

-

dist. Wast. Rate

/

\

/

/

I
S3

log G (leak rate) log G (leak rate) tog G (leak rate)

moderate
velocitv

high velocity
(long target distance )

I
3s"

non-circular

log G (leak rate) log G (leak rate) log G (leak rate)

4. Wastage^]
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3

1.

melting ^

injector^

heaterlr

Ar 7>^

vent system-lr

^- Arc

^ 5Cr-lMo steel*

$ 30mm X 5 mm

hole^: 'fl ^ presslr

leak hole^l crack^-

3. 5

0.15mm $

8 Ton/cm2^

5. 5. 5Cr-lMo steel

Chemical elements

C (Carbon)

Si (Silicon)

Mn (Manganese)

P (Phosphorous)

Compositions (%)

0.32 - 0.42

0.18 - 1.20

(0.5

(0.03

Chemical elements

S (Sulfur)

Cr (Chromium)

Mo (Molybdenum)

V (Vanadium)

Compositions (%)

(0.03

4.50 - 5.50

1.00 - 1.50

0.80 - 1.20

2.
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-a#^r melting^

Na Storage Na AV Reactor Vac. Pump A r G a s

5Cr-l Mo steel plate
531 ^ S hole : 0.15mm —> Press : 9 ton/cm2—> Fabrication

5.
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*\ <$ 2.7 vol

*« H-JL-1-^ melting^ 3l

melting

injections)

^ S > t l ^ «];-g-7l vfl5l ^ ^ 6 ) ^ ^ s ) ^ r f l c}^ ^s. Jix]m vent

system^

3.

A r 7 ^ 5 . ^ L ^ I ^ bottled

AES (Auger electron spectroscopy, Fision^h ESCALab 220i,

4.

(1)
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t ' - :

r- >"
1 "s v : . ' . -

'H

r

*'J

6. halos

AS. penetration^

6^

^- ^-5.5., Greene f-«fl

.^.4:
reopen^

halos

J L ^ , 7^
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200«flS.

E.# side)

Greenef-^l

penetration^ ^ ^ ^ s

8̂ 1

p o i n t s AES

. *].•=. ^1^5? -ift- ^.fl ^ ^ ^ r 5 points

^-S. C, Fe, 0, Cr. Mo, Nif-^1 ^

C02

Na2CO3

3L reopen^ x ) ^

segregation^

ferrite steel S.^ ^ C >9^-^

P3. P i

0}

P2, P3, P4,

PI,

PI, P2

segregations) ^ %*.
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23k U X20O 1 BQHm 008032

7. SEM -*HlA
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200

150 (

5 too

50 h

_ • _
0 -

- T -
- ? •

~m-
-a-

:C
Mo

:O
Cr
Fe

:Ni

PS P4 P3

scanning point,

P2 PI

8.
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(2) ^ ^ M J

Ar ?}±& o)-%-n*\ blank testl- ^ ^ $ m . O.^ 9°fl

500 psi

pt- ^ ^ ^ r 600 psi

10 ml^ # # ^ 1 - 7m Jf. m°C3. $3- 7}^}^ super saturated steam*

Ar ? } i i 600 psigS.

10*1) ^j-^l M-BWlom. a ^ 10S1

10 psi

sealing^ ^ A

leak path^l- # -^l-oil £\Hb ^ a # - l - ^-g-a^-g-on ^«fl self-plugging^ $4:

±^, 22-23 -̂

, leak Path7>

reopen^ ^ A

vent "IJL1
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Injection Pressure, psi

u

I

u
tfii

t

©

£

g

Pressure drop, psi

tt?

g •

8

6|-



(3) Reopen time

self-plugging^: "H'S

self-plugging*!

transient*-} ^ - « - ^ vibrationf-Hl sealing^

50

reopen^

«]iiL«fl

*>]

2.25Cr-lMo steels

of

correlation

reopen time£ 1-^H

(4) Reopen size

reopen size, S.®

^ reopen

XI tf.

10
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1e+6

^ 1e+5

8
c
a>

a
v
c

I
to
0>

1e+4

ie+3

1e+2

Mat'l : 21/4Cr-1Mo steel
Temp.: 460°C
Data : USA+USSR+FRANCE : * O

^ : This experiment

1 i
.001 .01 .1

Initial leak rate, (g/sec)

11. 2L7]

51 ^

reopen
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£- 600 psi

SEM

hole^. reopen

. Reopen pointlr

-i. cutting * H SEM ^Hl^l:

v+S-f- side

<$ 2mm ^S.51 circular

12.

cutting

diamond saw#

121-
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• side S

13^1

flsfl SEM^ inverted image ^ ^ ^ . •T-t-J¥-J?1 #J?1

13.

holei <^l#^tf. «1 hole sizet:

t?) 3.m 6^ halos

14̂ ) i ^ side^l^ size f̂ «1JL««

125] side reopen
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14.
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cutting** ^ M-g: ' S ^ H SEMSL

3. +^3.7} 4 ^ 1 5 . blockingsl̂  5a#* « ^ Sfl̂ f. ^S.

re-open̂  5

•1 -

damagelr

4.

(1) 7fl A

A)

fo.1

7|) ig; ^

^: (0.1 g/sec * m ) , - b ^ (0.1-10 g/sec),

10-1 kg/sec)^ ^1f-5L ^r t -S . ^ ^ « H - v * ^ ^ * «l|>qt>3L $ i A ^ , P1^= -^rt-^l

self-wastage^ >8-<>l, 4ig=<a ^ 4 - target material^ ^ - ^ fl-

^ ^ r ^ ^ - f overheating^!
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58rf.

w a s t a g e

2.25Cr-lMo steel*

(2)

^ # LOOP):

160 I/85L ^ ^ [ 4s- $i

^^fl Ni membrane^

, 1- > t -7) (simulator),

(purification) *V̂ 1 ^ t ! : cold trap, M-.E.-f-sj -fi-f-* -̂ ^V electromagnetic pump *§•

2.3, ^f-^s\o] ^ .5 .^ , °J)̂ 1 M-^l-^ Sjtfl flow rate^- 10 mVhrt- -S-

by-pass lineal ^ ^ t f l ^ magnetic flow meter

51 «• <a-^^-^^ « < | * ^ 1 ^€fl 0.25 MPa ^^«fl 51*11 rupturing i j i . ^ - safety

valve!: ^^«>S5t^. « r t l : ^ leak simulator-^ IL^ 16^

5 > ^ ^ T H , ^ 5-13 MPa5) ^(^^)<>1 H-Hf-^-^5. - ^ t - ^ ««

^ -1- -'rl-^-^- -T^l-^^r ^ ^ ^ ^r & M differential manometer

electromagnetic valve, cermet filter ^ f-^i^-^^l 3?~gr2.3.
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15. IPPE
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16.

tfl-?- tube(06 X 1.5

m m ) i 'U'USlJL, ^^-$\- SJ-?-(<P38 X 3 mm) tube ^<>H1 «J«H ^ f « l *2-^>H

<>1 ^-TH 1-61 i ^ ±3. i Q ^ ^ ^ . Simulator^ flaps)- seat^ 2.25Cr-lMo
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steelS. ^ s j ^ - ^ , seaH

3 cone ^Ef)f- %*}5L Slcf

mm " H flap needle W<>\] notch-S.

flap needled cylinder 2-°^ £.£• 9~10°

I $1^ orifice diameter-fe- 3~5

differential manometer^ $n ^ ^ ^ 1 5 .

H'a 173 8*3 # « . 3 water levels

simulator^ *«1 -^1-5)^ «fl-S-oQ level©1

°1 H--S.1-3

~1 g/sec5. tf-£

•«: ^ 1: -T-1-1: ©1-S-S-fe,

-«-3 level-8r

-lr -§•

leak simulator^: *<( Ir

-g- Jf*-&-©l 1 g/sec

incubation

simulator^] Ar 7>^lr

1OOP3 x+E_#-i: drainU-

^ * ^ 1 ^ ^ - Ar

leak

»fl-¥-««| M-3.*©] penetration^^-

simulator!- loop<>>l>H %^^><^ sampled. ><

manometer, temperature indicatorf-^r <>l-§-«ll

(3)

1) Self-wastage pattern
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5. 6. Self-wastage

Exp.
No

1
2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

Na
Temp.

450°C

"

300

475

510

Initial
leak rate
(g/secXLO"3)

2.78

1.81

1.94

1.00

2.75

11.11

11.11

11

68

360

31

54

100

500

17

1.4

25

147

Fina l
leak rate

(g/sec)

) 1

0.35

> 1

n

M

0.7

0.8

> 1

0.95

0.8

> 1

0.6

> 1

Duration
(secXIO3)

0.9

5.04

0.18

21.6

15.19

86.4

126

2.28

1.8

0.1

5.22

6.54

1.02

0.12

0.51

7.49

0.22

0.1

Quantity up
to sharp

increase (g)
17

21

15

62

29

395

970
27

122

54

56

130

102

55

20

15

8

9

Absence
time

(secXIO3)
-

-

-

3.6

4.68
-

54
0.35

-

-

-

-

-

-

-

-

-

-

Steam
P.

(MPa)

13
5

12.2

12

13
<•

"

THX
(mm)

2

4.5

6

L3

2.5

"
t

*i

i*

«

2.6

injector^ visual pattern^:

2.5 mm

17^1 ^>

-§-«f| ^=12 MPa^l ^ l

-5-5., a, b-&

173 c-b
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g*"*W*S*'>'

17. 8, 9 3L&.
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g/sec4l *1 a.

2280 sec 27 g^l

self-wastage^

time«l

pattern

re-open^

jet

(diameter)41 <qsfl 2^-

a, b S--T-

f l : Jg. self-wastage

defects

"jet"

wastagel-

17~184l^

5 mm
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. • - •

* . ' - : •

* -

j

j

18. a 17, 18 3.13
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2)

3. plot t ing^ *I|X|H}- -<1W ^ ^ IL^.S.3. Zl^ 19~20°fl

3.8-

c»l ^3il-^x|- -spt- $3.7} ^-«1^>H (self-plugging)

re-open5lJl ^ 35^-

10"2 g-H2O/sec

P lugg ing^

NaOH l̂- -^-f

# ^ ^ 1 - plugging^fS^>

. *] ^ 4 - -TT# ̂ S-^V self-plugging^

3
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Time(min.)

19.

0.0
0 5 10 15 20 25 30 35 40 45

Time{min.)

20.
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v+E.f-
scattering

6.S., sa-

corrosion, erosion^4H1

7. H-E. reopen time*)l

EXP.

No

1

2

3

4

5

6

7

8

9

Na

Temp.

450°C

300°C

475°C

Re-open

time(nin)

15

84

3

360

253

1440

2100

38

30

Average

(min.)

143

1770

(mm)

2

2

2

4.5

6

3

3

2.5

2.5

Exp.

No

10

11

12

13

14

15

16

17

18

Na

Temp.

475°C

510°C

Re-open

time

1.7

87

109

17

2

8.5

124.8

3.7

1.7

Average

(min.)

40.7

34.7

-¥•*!)

(mm)

2.5

2.5

2.5

2.5

2.5

2.5

2.5

2.5

2.6

NaOH

NaOH-FexOy

<&<¥• 5 3 A

Na2O

self- plugging^

plugging

plugging^^1^- ^ A

self-plugging*] ^ J S l ^ c f

self-wastage^
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^ ^ 3 $.£.,§- 01

3) l-KEf-

•£: n^f:}?) ^n, 3.3.^t\ ig-g- ^ r f f l : ^ S H H ^ l - -8r£t^- correlation*}

2H ^ ^ * 1 H-^m^cf. J.% 21^- ^ 1 ^ -¥-̂ 1^} 2.5 m m l ^ ^ ^ ^ 1 til

a, b, c i ^ i§f

j . L. Quinet-f-^l

l order

530°C

- 49 -

I order

plugging^ ^ ^

22

400~500°C ^$3, ^Wl 2.̂ 1 ^ ^ r t ^ M-E.1-



o
<un
«TE
c

5 ie+3
Z3

oS

•
•

•

0.01

Average leak rate(g/sec)

1e+4

1e+3

1e+2

0.01
1e-2

Average leak rate(g/sec)

21. M-^-l- 2.25Cr-lMo incubation time.
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3570 _
7"rc = S • g-0-® • 10

mechanism

10"3 10"2 10"1

Leak rate (g/sec)

22. 2.25Cr-lMo self-wastage ti
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2*1-

M-^-f—1- UJ-^- «-* , self-wastage^^, corrosion 5!

ferrite s teeH^^l ^ T=-

, leak path^l self-plugging ^ reopen^^, reopen

shape, sizef-^1

•8-S- ^ - i

leak path^ reopen time 3? ^ ^ ^ size^l

71

2. -g-^

# ^-§-^1 ^«fl 3L^5l ^-8-«^-g-(NaOH, Na20)6l -^-«- ^ f l ^ * -¥-^^1^13., leak

pathl: sealing^^1 ̂ 14 reopen^l^ ^*> T-f-^-oi ^-rflsl-fe- T&^O] ^ S ^ ^ f .

3. ^ l i ^ ^ 1 ^ | ^ leak pathl- f-*i| 10ml o ] ^ ^ # -Spt-o] ^ S t ! : ^-f, leak path

^1 self-plugging jfl- reopen*!] fl)^: mechanism^: ^ 1 ^ - ^ : T 1 S i ^ A ^ , IL sequence

Plugging^ ^>»S«>JL, plugging

plugging*]
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, 6) plugging^: M±^ ^$\ ^ ^oJ. transientM- vibration^

5 ) # ^ ^ . 5 . reopen*) £• mechanising^

segregations)^ ^ i .

5. ^1 ̂  -nr-i-5. oJ*fl self=pluggings)^«3 leak path^ «J= 130£-°l ^ ^ J - * } ^ reopen0)

t ^ s l $ i ^ . ^ reopen size-£ *\?$<>) <% 2mmlr v^^iflsa^.

6. -8-^-8 «^^1 M-^-l-^-^^'Hl^ 2.25Cr-lMo steel ^ l^^ r « l -§-^^ 1- -r t"

^r ^r^tV ^^-Tr t -^S.7)- i&^ reopen ^ ^ ^ ^ - 1 -

self-wastage pattern^ ^-^-f-^ -?r£<Hl^- ^•^•^ ^-5.5. ^ ^ s) $i ̂ , leak path

A reopensl^l^ 4 e > ^ ^ defected size^ ^^ 5mm P I ^ - 5 . 5

7. Leak path^V Q% reopens)-fe-fl) ^ E ) ^ x)^>^r vf-jE-g- ^.^.7)

^ «J= 140*, 475t«M-& 40-S-,

8. Reopen^-5.-?-t) ^-1-s)^- jet^l 5)t!: target tube^ defect^ * &

reopen^

g-H2O/secl

9. -£-£*fl ^e)- reopen^) ̂ ^ r -gr^^)- s . ^ - ^ 1 - ^ * ^ 5 . ^)^i correlation t t

( 3570 _ 3 ^ )

rc = « • I T 0 - 8 3 r
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•& tfl^f 130-S-, reopen size-b «f 2mm ^ ^ ^ M-&hMi $ J - 2 L ^ , circular ^ t f l l - M-Ef^-f- "^ 4s-

2.25Cr-lMo steel-i: <*l^-tf|^ reopen time-i: ±ik -&S.$1 2.71 -^^i-^j i}-^ $}*}£. correlation^!:
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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. Reopen 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
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-lMo steel through co-work with IPPE, the following correlation equation about the
reopen time between sodium temperature and initial leak rate was obtained,

- 3.34 )
TC = 8 -0.83

10 , in 400-500 °C of liquid sodium atmosphere.
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