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Experiments of Hydrogen Behavior in the Cover Gas and Sodium Space of
the LMFBR s SG

—— Studies of Leak Detector Developments on LMFBR's SG 4y —

_ Y. Okumura 1*?;'M.'Kuroha'l*),'Mr Sato !*),
Y. Daigo 2%, I. Ikemoto **’, S. Kasai *¥,

_H.-Ohta %), Y. Sano °* and A. Masui ¥

'Abstract

Various tests were conducted in SWAT-2 torinvestigate‘the hydrogen'
_ behavior both in the cover-gas and in the sodium by using the In-cover
gas and the>In—sodiun nydrogen meters., The results of the hydrogen
'inJectlon tests, the water 1n3ection tests and the bubble ri51ng velOClty
measurment tests are presented in this report. The conclusions that were
drawn from these tests are the followings. ' '
(1) Traveling velocity of hydrogen gas in the cover gas was dominated by
_the buoyancy and the convection rather than by the diffusion. _

(2) The background hydrogen partial pressurelin the cover gas did not
become lower than 10”2 Torr. This lower limit was two to three orders
~of magnitude higher than the hydrogen pressure in sodium. 7 _ -

(3) The experimentally determlned bubble rising velocity in godium agreed

 well with the theoretical prediction. ' _

(4) The detection rate of cover gas-: hydrogen that was not disolved into
sodium was determined to be ‘about 20%, and that of hydrogen-disolved-
into sodium to be about 80/ with the present test vessel. '

(5) The hydrogen disolution rate during the water inJection tests was

higher than that of the hydrogen inJection-tests.
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Amr%tswtﬁbnéout,fbuvA—mﬁmmﬁﬁamiﬁxwgmwowfm&,
TEAH, SED s~ 2L TETEMIT 5T LML <, SRORMBHLN D,
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(1) ’:ﬁﬂﬂ B, &EA, Fb-T60 MW RS 5&1%&3‘:@%]1&&&Ckﬁ .)/k')-'ﬂ‘ﬁlﬂ /Z’T/*Wﬁl]l
HER— 5 4 Hl— Ef&x\.NnIﬁﬂ%’imn—hzllvkﬁiol}ﬂ’fﬂ PNC SN941 78-36
(1978.3) | | |

(2 J. L. Quinet and L. Lannou Leak Detection by Hydrogen Measurements in

' Sodlum and Argon -Application to the Supe.r Phenix Scale. Mudcl—- " T'AEA

Specialists’ Meeting on’ Leak Detectlon and Location in LMFBR Stcam
Generators, Dnmtrovgrad USSR (June 1978) |

3 P. M, Ma:ree, ‘et.él(, “ LMFBR Steam Glen'e‘ra‘tor Leak Detevction'Deyel'opment‘

_ in the U. 8. 7 ibid. -

@) $oL WA K L 8 FPN(,JH b ')UMP/R#JFMH fl ,-g& /J\ =2 F b ')

OKRIBHERTIZE #14#-] PNC ‘5N941 7885 (1978, 6) ’

©) SiriL bk, Ks, JL i [PNCEF by 9 4iokSikiE 2 St Bs - s
MR~ ONY =2 7“t~'JOA*?kFZLL»aﬁ:EﬁIth%lSéE)J PNC SN941 78-91
(19738 7) | '

6 BF, HE Kok (M 4970 2MF b Yo Lk EE f@Tﬁ;f‘E‘ﬁM?ﬂ%i‘oidﬁﬁ Rt

. ORE () -7 RHIHERRR- 18] PNC SN941 79-188 (1979.10)

M W, R, Fﬂiiz%ﬁl/\&lﬁﬂ%x&ﬁ/\_#chmksﬁéf@bﬁ?é(')-Nﬁtﬂufﬁﬁ%?itﬁﬁ
—HB3HD] PNC SN941 78-91 (1978 7)

®)  #l4L, b, {0, H F—/'rll«}lﬁ ff:r/-i’/ﬂgfb'JOMP?kﬁ&tﬂuﬂCibﬁé—
v Vi K UEZERBERIE]  SN941 76-30 (1976.3) |

(9) Haberman, W L. and Morton, R.K.. Proc.Amer.‘Sdc.Civ.Engr. 80—-387 .
(1954) ‘v N | ,‘ , | :

~(10) Peeble ‘F‘ N. ‘a‘md Garber H.J., Chem. Engng. Progr., 49;2 (1953)

(1) RASL), WIMEPOES, (LT, 25-4 (1961) | | |

(12) BAmRMES Na—f]ﬂﬂlﬁx‘i%iﬁ%nﬁﬁﬁﬁnﬁﬂé rﬁﬁiéﬁﬁh%@ﬁ%ikﬂﬁwﬁéf’k 2%
Téﬂ_tﬁcrﬁﬂd'%uﬁﬁmm SJ254 75-02 (1975)

(13) A.C. Whnttmgham “The Lequid Sodium—Hydrogon System and Kinetic

' Mesurements in The Temperature Range 610—-677°K ., RD/B/N2550

o Aug 1974 L
C(14) B KR, KA, Ml MY =2 e Fryva 7mmmmn HIH- %@5{’&‘7:27—
- VLREtOIEE -] PNC SN943 73~ -02 (1973 8)
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(18) /N2, fbdt, &F, @A 50 MW?&%%.EES‘*K%MEJQGC#DU%*U A Hj VA7 b EEl
HER VT Hi- KBS~ PNC SN941 B1-23 (1981 4)

(16) EH, $firi, ANk, El 50 MWK B RBRIGIR i3 2K - st v 2 7
LBTAIER O 5 W~k KKHER—-]  PNC SN941 78-50 (1978)

A7) §MEL, MW, kG BRAF [50 MWRSITE BARIGR i BY 37K —-Wfﬁﬂ:l YR F L
AR BEH-BKRRRI -] PNC SNg41 81-259

(1) WESF (KB, 747> 2 [UBRFALME] PNC SNI6O 7T9—12

(19) BABBES MM T2R8TTHE 3 K |




®£31 H =B
5 B # % # EENT VT Y AR Trri- HRAAES}
. , ) _ ‘ . o' E
gy-z\| sz | sx0v| £ |BM| B | E A & (O Hz AL Nilt &
No - M | B {(@rsed | (se) | (@) | Cag) | 1T 2" 3" a5 617 8] o]10]1lmmolro
1 001 35 | 0035| 185 |[120)183(200] 10| 10} 10| 12| 22| 25| 40| 95| 58 | 300
Run i :
2 BHFH| 001 5 Joos | 188 | - |-|-|-|-Vt-|-1-1-1-1-1 60 ] 300
6001B-1. | (032) , ,
3 001 50 | 05 190 |127.{188 (202 10| 10| 10| 12| 25| 28| 47|i06| 67 | 300
Rggow—z (13;5) BHETH| 0005 | 20 | 0l 185 305|373 {373 | 198 | 199 | 202 | 200 {1981 202} 222 { 252 232 | 500
R 1B=3 (1g¢> FETH| 001 50 {05 | 180 |304{382{381|198 200|202 |202|198{20c| 215|234| 220 | 500
R 1B (]gﬁ') w5TFH| 008 | 60 | 005 177 | 195|197 {203} 195 {200 {200 { 200 {195 | 195| 195193} 198 | S00 ;’;Z%‘,l’;
R 15 | (logy | B8 T8 0005 | 10 | 005 | 180 |310 382 [380 |298 | 279 | 250 | 232 |213 | 213| 227 | 249 236 | 500 |GRKERE

*) AR KT REAEE

86—¢8 TVONL-ONd
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£32 H B & B
5 8| akem® | mram 5 HAGARHESER (sec) 100 B A B
S _ _ A LA T
ARy - (g) (Vppm) BEWE | S0%E loozmg T ey "
Run6001B—1 0.550 16000 1500@ 5400 11000 169X 10°°
Rin 600152 0717 3344 500 3090 22000 116x10 4
RugeoolB—s 04717 22391 250 | 1200 | 80061 353 x 10"
Run6001B—4 00324 | 1538 - - - 130X 106-4
Run 600 1B—5 00227 1192 450 | 2200 6000 9ﬁ'x.;0f5

W) BEARREEAZREEAREIERIIOL 60,

2 3EEOBEKELY.,-

86-28 TV6NL-ONd
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RAL 1) 9 LEIEESS X -5 & LRIOMRSHROKE

- m ot S % R (Torr)
Runcde | @ B oy |7 PR

‘ ' ‘ . F Y st 71‘/\'—71';14{1
N R A A

6002-1-1 | 6J18H 8K | 296 211x.10°% | 384x 10"
6002-1-2 | 6H18E 220K 370 211% 10°* | 383 %10
6002-1-3 | 6/119E 120 | 471 176 X 107 | 7.11 x 107
6002-1-4 | 6H208 28 506 179 107 | 319x 107
6002-1-5 | GH20H22H | 418 | 128 x 10°* | 853 x 10"
6002—1-6 | 6H21HI15K 329 119 x 104 1.69 x 107!
6002-2~1 | 6H220 1204 448 120 X 1074 | 363 x1072
6002—1—7 | 6H27H 20 354 121 x 10=* | 3.93 x 10-?
6002-1-8 | 6H27H 118 390 | L17x10°* | 3.19x10"2

BRS¢ 75— H R 300°C
a-nkksy 7EE  120C
H 5= 1 7. [E N 1kg/cn’g
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FYTVR No8= ARG A - 5 & Lf:ﬂ&@z&t&éﬁa&fﬂi&tﬁfﬁ%% .

% P #i JE (Torr)
o ot ey v s | W/S—HRABE L . e - |
"Run, NO. U TEA R ’ “c) (hUE A }"')T?pr i - PA R B 8
‘ SR Ik % o | Kk & M
6002-2-1 | 6/22H12K 296 1.20x 107 363 x 107% |
6002-3-1 | 6238 0K | 350 |121x10°* | 896x10"
6002-3~-2 | 6323H 160 423 |1L27x10"* 159 x 107! |
6002-3-3 | 63248 40 4902 L17x10°* | 238x10°"
1 6002-3-4 | 63258 3K | 450  [122x 107 123 %1071
6002-3-5 | 64250108 326 |125x107°* | 257x 107
Rt by aflE 450C
a-ANrFy TEHE 120°C
H o= A l1kg/cn’g

;_39_
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$4.3 =K bTy TREET A= & LI ORBREH RO

# ‘l'l"J b ml JE (Torr)

Run. do W B g7 s | e ra

| » 1™ Tk oM | ok o#®OH
60_02;2—1 6;1221.-'11211#7, 120 120% 10-* 363107
6002-2-2 | 8H ‘21321na‘{ : 1‘40 . 4.07><»10“, ‘ ’5.9‘6x‘10:”2
6002—2-3 | 8}51‘ 3H 106 160 | 1171"10'3 j _5.4'4><10'? |
6002—2—4 8A 4/14b 180 6.42x 107° | 5.04-x-16'?
6002-2-5 ‘8};3 58 68 150 |740x 107 | 469x 1077
6002-2-6 8H 58 zsﬁ# 120 | 932x107°% 409 10°%
‘60()'2—-'2—7 8A 68 Tk 120 7.81x 107° 6."/8><'10'z
6002—2-8 | 8/ V6BZIH%“f | 180‘ 550 x 1073 | 5.77'><10'2

RERSE . MY LBEE 450°C

no—#REE 300°C
(2-7, 2-8D% 400°C)
HoN—HREN 1kg/cn? g
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K51 QR E RS & ORI

T

1z ®R & B Vg & i B S
®oo®
MM & L
‘ K ‘__ 1 , 1T, a b o fat al—b?
S (&0
1.3, (L
VB--gnb(-Ia%bz) Su—n(z a2+t)2)

pe—-a —
%52 K HEHE 1Yo sOBELE
. s | WO® R | W oHoF M| B E B
, ‘ (kg/'m®) (kg+'S,/m?) (kg 'm)
7k (200 998 1.02x 107* | 73910
TerY ( 2070) 790 35 X 1075 —_—
S FRUvA (300C) 88 0 352 %107 181 % 1072

—41-




PNC-TN941 82-98

£53 Kb FMARBH

0.6 6

10.8

s v | s xrmEE | L ;fi‘; | %Z‘”‘fﬁ | L
Cm) (ke /crfG ) - =T C m/sec ]
. | | - Cee) Com ] -
435 055 0.15 6.7 228
8 0.55 0.32 8.5 22.3
12 0.55 234

) XA KETF 524 5m




—gp—

£54(1) FrUyAhGKALARRBRER

£ 2 | /B | SAES | NadE | NaB | ARGR SR | MNEE | Toimss | @ *
(m &) (kg ca’G) | (cm/sec) (© | (c¥minNTP)| (cn®) (cm)- (cm/sec) ERATR)
1 8.0 0.5 0 200 2.0 6 0.45 095 | 273 Ar # =
2 " 1.3 " S 412 0.57 1.0 3 2 9.1 ”
3 - 8.0 2.3 5 ” ” 6.18 0.5 5 Loz 29.4 "
4 120 0.5 ” " 3.09 109 1.2 8 27.6 -
5 % 13_ o " 5.3 6 .23 | 133 2 8.6 "
6 120 235 o ” 9.06 125 134 281 ”
7 8.0 0.45 5.3 X 165 | 049 0.98 | 231 ”
8 % " 10.7 ” 165 | o049 | o098 17.2 v
9 " ” 10.7 ” 124 | 050 | 099 175 ”
10 " ” 10.7 % 0.8 2 0.35 | 087 168 "
11 ” " 16.0 ” "L24v 0.43 0.94 114 ”
12 ” ” 2 1.3 o 124 - —~ 5.8 2
13 ” ” 21.3 " aézl' 033 | 086 6. 1 Ar # X
14 8.0 ” 5.3 ” 165 | 055 102 2 3.0 He # 2

86-2¢8 TV6NL-ONd




£542 FFYoLhSAlRRBER

SHAES

Naﬁ i3

HNEE

-y

& = | /FVE Na i, 3% HAGR | KAk | PgbREE | & %
(om &) (kg/cn’G) (cm/sec) q0) (cm’/minNTP) (ca®) (cm) (cm/sec) ({ERHR)
15 | 1é.o’ 0.74,5 5.3 200 309 1.16  1.30 224 Ar # %
16 p " 1.0.7 1.65 1.0 4  1.26 16.5 “
17 2 ” 16.0 ” " 090 | 120 11.3 ”
18 " " 2 1.3 " 2 0.94 .21 5.7 %
19 ” 5.3 ” " 1.39 1.3 8 217 H, # %
20 8.0 ” " 267 1.55 0.5 1 0.99 "334 Ar # %
21 ” 2 330 .67 | 050 ” 218 ”
22 , ” y 395 170 0.46 | 0.96 221 ”
23 u ” "  504 1.4 2 0.43 0.9 4 2 1.8
24 12.0 2 ” 270 3.20 1.0 8 127 220
_25 " " " 340 3.00 'le, 1.2 9 219 ”
26 » ” " 396 3.00 .05 | 126 220 ”
27 ; ” ’ 500 267 | 099 124 217 'v

86-¢8 TV6NL-ONd
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B61 F b)Y A HEARBRE R K ORR

, D ¥ % : , ‘ ®m g, w
Eﬁ FryIL , , s 7 R WAL | AN TR AR | =R R ) g Lk W HAPRIGE | Ho8= A2
# | 113 /7:}”% ok ‘(N a i) IE k RRG | lIis 315 OB B ER st B % | sa | a0 BR | R R ) Mg T;ﬁ'ﬁi?gﬂ
e nu & Gy, #scc ] C, : : ‘ : : SHHUHIE
T : . nm kg /emG Tyt Vot CnaiP Pb | Cny PPL| Bna® | Pry Torr | PyggTorr | Bog% | &S, %
1] 207 | 12 613x10% | 3710 *O | 0180 | 193 081 |.270 270 0 0.044(0284] 114 257
2. | 269 | 12 o eTo o ee0] 259 93.1: 181 183 2:00] 02410747 212: 2.4
3| 330 | 12 " 3710 (H01 oz29 | 315 882 | 205 | 214 | 148 |0476]0951| 170 205
4| 330 |'12 " 3710 TO.1 0zor | 319 931 | 255 | 268 | 206 | 00470477 160 15,2
5| 402 12 " 3710 (101 o200 | 383 882 | 193 | 231 | 6596 |0085|0255] 65 4.2
6| 500 12 " 3710 fO01 o0zs3 | 480 931 | 202 | 254 790 |0025] 0026/ 004 0.0
7| 199 8 3710 FO ] ozza| 192 9'3.1 234 | 234 0 0.050[0.163| 5.4 10.3
8| 270 8 " 3710 P9 0 o196 | 260 | 931 288 | 288 00 [0189]0653) 194 287
9| 340 8, ” 3710 10O oo | 32 882 | 221 | 231 | 162 |0484|0866| 138 17.6
10 396 | 8 " 3710 1700 ozio | 398 | 882 | 231 | 268 | 566 |0240{0408] 63 L6
11| 500 8 " 3710 0,0 0170 | 480 931 235 (286 772 [ 0034|0035 0.04/ 0.0
12| 201 | 435 " 2700 ThH.| 0195 194 931 .| 197 | 1.97 0 0.0380467| 205 20.1
13| 270 435 o pozroo 370 o1es | 2509 882 | 176 | 179 4.0 [0.121|0628| 20.2 18.7
14| 270 435 | 537x107 | 2700 T9.1 0193 260 931 204 | 205 Lo | 0131]0722] 2438 -
15 330 4.35 6.13%107° 2700, fgo 0.191. 316 | 9031 | 180 187 108 0160|0628 17.8 1:9.2:
167 401 435 " 2700 F70 o193 | 385 | 882 | 190 | 225 | 546 | 0.200|0451| 81 4.6
170 405 | 435 )| 537x107°| 2700 0. 0199 | 382 | 931 | 229 | 239 | 157 0202/0661| 156 -
18| 195 0.5 " 2700 9.1 0228 195 93.1 190 | 190 0 |.0019]|0367| 1686 -
19| 270 0.5 " 2700 t(7]o 0.204 260 9 3.1 1‘97 ‘1987 1.9 |0og8|losd6| 187 -
20| 332 0.5 " 2700 00| o199 | 317 931 | 191.| 1'93 38 [ 0367 [0.795] I6.2 -
21| 402 0.5 2700 9.1 0202 | 384 931 | 198 [, 204 9.2 | 0062|0467 138 -
221 .330 0.3 232x107%] 2700 TJob o097 | 316 | 931 224 | 227 54 (0135|0605 17.8 -
23| 399 0.3 2700 1% 0199 | 385 | 882 | 102 | 203 | 167 |0061|0538] 153 -

-—45~46—




£6.2 KEHRERELE OB

F b+ U adikE

R | AAE | FrYosgE Kafd Ka fic & 578 g
£% | mg C ARAAY % | @' NTRotamesc|® & 0 %| 7 fa
2 | 12 269 2.5 3.55x107* 16 0.15 5.3x10°°
3 12 330 185 - 209x107° 63 0.23 48x10"*
4 12 330 258 '7209X10'3 6 3 0.33 6.9% 1074
5 12 402 74.5 1.13x107% 100 0.2 7 3.1x10°3
6 12 500 9&7 ' 6.72x10"2 100 - <Qi <67x10°%
8 8 270 <20 367 x107* 20 <o.1 <3.7x10"3
9 8 340 2 0.3 271x10°% 79 0.16 43x107*
10 8 396 70.8 9.92x10°3 100 0.2 1.9x1073
11 8 500 9 6.5 6.72% 102 100 <01 <6.7x107°

(+) 5 by o LdUKRERESE, RRHN BELLF Y9 LCEE) 2ERLALOTES,

86-28 TFVENL-ONd




(*)

F b Y oL hKRERBEE, KRES (BIELEF Y 941K D) #FEBLI-6DTH 5,

v e

86—¢8 TV6NL-ONd

S e R o R e S R R eSS ::af;wﬁ
#6.3 KEHTAKAOBERINEGOR

Heg | VAR FbYYLEE F b Yo athkFE s a g Sia bR (6.11)Kick 3 K=001& LB
EE | mg o amaa % cm cm/sec VEBHESwS | ARHA %
2 12 269 2.5 1.3 22 42 x10°3 6
3 12 330 185 1.3 22 9.1 x1073 20
4 12 330 258 1.3 22 1.3 x10°2 20

| 5 12 402 745 1.3 22 1.5 x10°2 58

% 6 12 500 98.7 1.3 22 7.7%x10°3 100
8 8 270 <20 1.0 23 27x10°3 7
9 8 340 203 1.0 23 6.8x10°3 25
10 8 396 708 1.0 23 1.1x1072 67
11 8 500 9 6.5 1.0 23 5.4.x 103 100




£7.1 Y0 ahBkRREEROEE

st = % % # - L] >3 2

% FrYYL 7 ANGIB | AN-HR | AN=HR | HN=HR|  F YO LOKEEE 71 1— H RETKESE

2l oxam | & ok £ | akes . , _ , —— - ———————

& & 4 : (Na @i F) | B hl& ElIR 7 RAR6|AR& |8 dHARm|ARK (R _ o

5 mg : g/sec g : ' : KR E X % &
, T m kg/caf G T L Cnai PPb | Cpoi PPb Chna 8 | Py, Torr | PysTorr| Wyeg &

W-1 0.5 270 [461x107*] 100 | 2700%9, 1 0198 260 93.1 199 | 352 | 0029} 0129} 1685} 00087

w-2| 03 330 1.98x1072| 073 | 2700%0 | 0197 317 931 216 | 372 | 00290331} 1425} 00055

w-3| 0.5 402 [456x1072) 100 | 270079 | o204 386 931 | 303 | 572 [ 0049|0118 215300092

W-4| 03 399  [L97x107%| 0.89 _2700130» 0.201 384 882 236-| 489 | 0.046( 0052 1.592 | 0.0066

(&) W-2RRBEKRP T/ XLBE

86-¢8 TV6NL-ONd
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£7.2 BEARBRCEUZKEREAAL |
k1 EAhSKELEARETSE LIES)

Hyo3— A R kst

0.3

| FryosEE| sxanE i k % £ | EALR | 2EKER| Y osdkRt

HRES c | mg | gHa fsec g g KERHHES & | KEREAS %
w1 270 0.5 5.1 103 1 0111 26.1 7.8

W—2 330 0.3 28%10°? 0.7 3 0.081 358 6.8

W—3 402 0.5 5.1% 1073 1 0111 _. 441 83

W4 399 22x10°3 0.89 0.099 165 6.7

86-¢8 TV6NL-ONd
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%73 BRRBRCBUIREKEIRE

rryosEE | snoE | smkm | L OTEE | AooAERE sangm | TR
La . pi% Y. ’ : — YN
HRES N - ERAKER X £ OB o B E A
. C m & WHZOg - . - WHTg
, - Warna 8 Wurco € R4%
W—1 270 0.5 1 0.036 0044 0.080 72
W—2 330 0.3 0.7 3 0.0 36 0.028 0.064 79
Ww-3 402 0.5 1 0.0 6 1 0.046 0.107 97
w-4 399 0.3 0.8 9 0.058 0033 0.091 92

86-2¢8 TV6NL-ONd
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136 1350, i 200 150 600 . 4100 100 76|
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N2 [ A RJXIL. ¥, B
N3 | FFIILAD )R 18 o
N4 [h99L40) XL 28 o]z st & SUS304 | || 25 xsch/o
9L Za-9 » | 48 x28.s5ch40
8 | T & AE P | | 48
j!i ﬁ'i__&_ 7(L=2~% 4 | 8':4‘:5:}140
a0 = P 6 S 2 - . 8, 88 y3ch
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