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JOYO Operational Experience Report

Results of Sampling and Analysis of Sodium
and Argon during 75 MW Operation

Makoto Nozaki* Toshihiro Oodo)
Kazuaki Yamasaki® Kenji Ozawa’:
Takayoshi Hikichi* Tetsunori Yasuaf*

Masaaki Tamura®™ and Fujio Yoshino®

Abstract

In JOYO, coolant sodium and cover gas argon have been sampled and their
impurities have been analysed since its initial functional tests. This report descri-
bes the results of sampling and analysis during 75 MW operation. The major
conclvsions are summarized as follows.

(1} Impurity concentrations in primary and secondary. sodium were within the
reference limits of JOYO.

(2) Analysed oxygen concentrations in both primary and secondary sodium were
dispersed and were above the Eichelberger's oxygen solubility curve. On the
other hand, hydrogen concentrations showed good consistency with the Visser’s
solubitity curve.

(3) Some impurity concentrations in the primary cover gas, such as hydrogen
and methane, had been above the reference values.

(4) It was confirmed that purity of the primary cover gas could be easily
recovered by argon gas purging in the reactor vessel. At the same time, its

operational method was established.

#  Operation Section, Experimental Fast Reactor Division, O—arai Engineering
Center, PNC.
*%  Reactor Technology Section, do.

##% Maintenance Section, do.
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Sampling Schedule for Rated Cycle Operation
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QOperation History of the Plant and Sampling Schedule
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23 igvj;i?jg Zi: :E:g 1.08 347/346 393 rss | 1280 0sa | <1 577 | 327 {<11i<22| 71 |<03| JAri-ss-os
24 i;\;;%?ﬁ ;Zi’ 1?22 20 370/370 M a0 | 50/1250 <t 143 | 370 |<1l1|<22| 44| 11 | JArlI-s55-07
28 iiig?fiﬁ :;3 2;222 4,25 0 r0 | ¥ e | 120067 | <1 | 148 | 430 |<n1|<2z| 9 | 38 | Jari-ss-os
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X F 7)) v EL Hr7) s IHERE | EFRH Na G W & B (vol.ppm) HvFYy s
-lj-:/‘_7°!) ‘/a%a) = R - = ca - s an T3 s B - TR ‘-‘ﬁ‘:’ i\@ﬁ@
75y Rk 79y | 77y vy FEABSADFEERED | BRAMB | O | H: | N, [CO|CO, |CH, | He | # % @R/
7 Ere i &
BA%s. £2.L 0O | BB (hr) | A/B (C) [A/B (C)| (at/hr) | 80 | 20 [2500( 10 | 20 | 10 | — CEUE BB
BFEsEmes | 8/25  9:30 369 61 1264
26 ) 4.08 ./ -/ . <1 | 74 | 517 |<11|<22| 7.7 | 55 | JAr1-55-09
TSMWEE 344 7 | 8/25 13:35 369 464 1263
BF4F & B AT | 3/10 10:40 55 955 1964
27 ! 3.0 /. 3, 2 41 | 156 | 296 |<11 |<22| 71 | 43 | JAr1-55-10
TEMWE 44440 | 3/10 13140 255 255 1262
FTFFHH ESA | 3/14 16:35 259 259 >
28 ! 2.08 7 59, 1268 / <1 | 180 | 652 |<1.1 |<2z2] 32 |<03| JArI-55-11
TSMWHE 44120 | 3/14 18140 259 259 1263
B FA e %] s/21 9:35
29 (50MW) ! 2.0 870, 435 1266 / <1 {629 |1210 |11 |<2.2|282 | 1.7 | JArI-55-12
TSMWESA44 200 | 3/21 11:35 370 434 1265
BEFEEEEes | 6/25 11:10
30 e ! 217 310 1 | 288067 | 1259 06 | <1 | 154 | 287 <11 |<C2.2 [119 }<C0.3| JAr1-56-02<0.03(6/25)
TSMWE 54421 | 6/25 13:20
ARG ESENS | 7/11 10150
31 BT a : 4.25 37001 | 466 | 12531060 | <1 | 27 | 228 [<11 |<22| 87 |<0.3| JArI-56-03|<0.03(7/20)
TSMWEE 544 20 | T/11 15:05
EFPEMEEEE | 7/26 1134
32 z 1.57 30 0 | *uee | 12°%10ea | <1 1160 | 213 |<101 (<22 | 79 | 40 | JArI-56-04(<0.03(8/4)
TEMWEESHA 20 | 7/26 13:08
B F 47 #2 B A | 10/22 1018 253 0
33 ! 2.0 / 52, 229, 671 | 648|2280| — | — | 50 | — | JAri-56-05
TSMWE 64470 | 10/22 12:18 252 252 7241
BEFIFERERRT | 11/15 10:20 3
69 467 1261
34 2 3.2 /. / ol 477217 lso7 | — 1 — | 96 i — | JArI-56-06(<0.03(11/24)
TSMWE 644 200 | 11/15 13:32 370 466 1268
EFEERERD | 12/1  11:10
369 467 1268 _
35 ! 2.0 — |40 | — | — 4.19| 3.38| JAr1-56-07|<0.03012/4)
ISMWEH420 | 12/1  13:10 7370 7466 1268 I
ETIFEREEE | 12/21 10155 3
36 ) £12 70, 467 , 1271 , <11 85| 357 |[<L1|<z22| 1.63| 281 | JArI-56-08|<0.03(12/23)
TSMWE B4 20 | 12/21 1502 371 466 126
BRI Sk %]12/28 918
253 255 1260 .
37 ] 1.0 "/, ", 4 <1 | 325|512 |[<11 |<2.2]| 208|207 JArI-56-09
TSMWH 64420 | 12/28 10:18 254 255 1265 °
~ 1/28 13:27
38| MK-IBATfE) 0 1.0 228 fona | ¥4 0ns | PP pee | <1 | 42 |2440(<11|<22|17.7 | 0272[ JArI-56-10
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Table 4.5 2R ARATNIY ZHHER (50 T5 07 )
Results of Analysis for Sampled Secondary Cover Gas (Dump Tank) #B S

+ TN TR VT & .
T . v ) v A f‘b‘ ) 7%(&& 5 W B (vol.ppm)
5y 739 v¥Y |73y v D/T Naliglg | O, H, N. | CO | CO, | CH, | He i %
7 IAHE
GRth, B E k|85 Chr ) ct) 50 30 5000 20 30 20 —
B OB R B|410 912
1 ! 2.0 249 <1 3.8 z1 <11 | <22 <06 | <03 TAr I — 54 ~ 01

R4 & & ffl4/10 11012

boB = E|4/10 116
2 2 2.0 249 — — — — — — — JAr T —54~-02

B FJF & & AT [4/10 131186 (SH5ME )

B OB 3 OER|5/14  13:26

3 A LR | 5/14 ! 1426 1.0 240 <1 1.2 41 | <11 |[<22 <06 | <03 JAr I -54 - 03
5/30 13:10

4 1EFHFE kg 5/30215:50 2.5 236 — _ — — — — — JArI-54-04
_ 6/28 17:16

5 |RF4F £k & 6/28219:20 2.07 250 — _ — — - — — JAr I —54—05
TSMW HREE BR [ 7/15  17:00

6 2 2.0 348 <1 0.6 112 | <11 | <22 <06 | <03 JAr I - 54 - 06

65MW H 1 Bg|[7/15  19:00

7 | TOMW R AR 7/22114:00 ’0 tas - : o ot Loor | <on | =4 - s
TSMW H 77:E 58S | 7/22  16:00 ‘ 4 .4 : <1, . . 3 r [ — 54

g TSMW 4 5k & 8 8/23110:00 "0 . - R P 1 —
TIMWZSERESER | 8/23  12:00 ' 48 : : : 2 , 3 .

RTIFEREER | 1/30 920
z . 4 : . . . . . — 54 —
9 TSMWEE 14420 | 1/30 ° 10:20 1.0 35 <1 75 83 | <u1 |<22 | <06 | <03 | JArI-o54-09

BFIA SRR 1 2/22 9112 :
1 ! 1.0 357 1 2.9 2.0 1. .2 (.6 . -~ 54 — 10
0 TSMWES 1 #4200 | 2/22 10712 < <11 | <2 < <03 | JAr1

B F4HE - B 3/17  10:34 _
%%ﬁgﬂﬁ) l 2.6 255 <1 36 11 <11 | <22 <06 | <03 JAr [ —-54-11

11 % .
TEMWE 1 #4271 | 3/17  13:10

IR 4F &8 & a7 | 4/28  10:00
12 ! ; : 192 0.6 210 ) 2 0.6 0.3 JA - 55— 01
ISMWE 2 4o | 4/28 1130 O <1 1 <Ll )<z < < rl
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G 7y v

b eIy Y PEED ) S B EE 5 H W (vol.ppm)
75y MklE 73y vV s |77y vy D/T NaiRE | O, T N ofe] CO, CH, He fi 2
Bty Sk B |6 (hr ) (T 50 30 5000 20 30 20 —
L2 RFE s a|s/6 , 10:48 165 250 < e
MW 2442 | 5/6 | 15227 1 3.0 10 [ <11 <22 (<06 |<03 JAr I1-55-02
14 BFIFEREER | 5/13 ! 13:42 2.02 350 <1 4.5 46 | <11 | <22 | <06 3.0 JAr I-55-103
TSMWE 244 70 | §/13 15143 ' ' ' ‘ ' '
15 R¥FEDR 5/20z 9:30 2.0 347 <1 9.8 11 | <11 — | <06 <03 JAr [ -55—04
TSMWE 2442 | 5/20 11:30 ’ : ' :
16 BUF fRIE R B G/GIILM 1.92 345 <1 8.9 12 <Ll <22 [ <06 <0.3 JAr I[ — 55— 05
TEMWE ¥4 20 | 6/6  13:09 i : : : -
17 BF 4 B A | 7/ 1608 1.15 205 <1 5.2 193 | <11 | <22 |[<06 <03 JAT 11 -55-06
TSMWE3H 2 | /8 17:17 ' : : : .
18 RF D& 7/22213:55 2.0 352 <1 21 15 | <11 | <22 <06 |[<03 JAr I — 55— 07
TSMWE 344 #u | /22 15155 ' : ~ :
19 sehiiitan 8/92 9:33 2.0 346 <1 1 4 <11 | <22 |[<os |<03 JAr - 55-08
TEMWE 3417 | /9  11:33 ' ' ' :
20 RFAPERBIIT | 8/25 ! %02 2.03 352 - 55 —
MW (o0 | 8/25 11:64 <1 1.4 <1 <11 | <22 | <06 1.2 JAr B —55-109
oy | BT E B 3/ 6 1830 240 o
TSMWHE 442 | 3/6  18:55 <1 1.0 6 <11 | <22 [ <08 <0.3 JAr I-55-10
22 RT 7 ﬁsgo%w%) 3/21 2 tz:2l 2.02 352
75MW%4#M;» 3/21 14:22 ' <1 3.7 <1 | <11 | <22 <06 | <03 JAT 1 -565-11
’3 FFIREs g | 4/14 , 10:55 213 va2 .
TSMWES 44 s | 4/14 13103 : <1 2.8 <1 <1t | <22 1<0s < 0.3 JAr ]| —56 - 01
yy | T IFEREET: 4/30 1841 215 245 o as | < o
TSMWE 454 70 | 4/30 10350 - ) 1 <11 | <22 | <06 <0.6 JAr [ — 56— 02
25 BT B 6/16113:38 1.65 2205 - 56 —
TEMWE 54 | 6/16  15:17 . - <1 0.8 23 1 <11 | <22 <06 | <03 JAr I1—56—03
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. . KRRt 7 R S B # W Cvol.ppm)
) TRED — - - -
55y bk TGy |75 V| DIT Nalif | O, H, N, COo CO, | CH, He fii P
Z IAHE
BAls. @I EBE 0B (hr) (cH 50 30 5000 20 30 20 —

FFIAEMEEE:| 6/25  15:05

26 { 2.67 350 <1 0.5 3.5 < 1.1 < 2.2 < 0.8 <0.3 - 56 — 04
TSMW 544 221 6/25 17:45 JAr1-5
EFREREEEE | 7/10  11:53

27 l 2.0 as1 <1 0.6 <1 <1.1 <22 < 0.6 0.3 A — 56 ~ 05
TSMW 54124 | 7/10  13:53 < Tard 0
FF PSR 7/28  18:35

28 { 2.25 345 <1 0.9 2.3 < 1.1 <22 < 0.6 < 0.3 JAT I - 56 ~ 06
TEMWEESH1 21| 7/28 2050 _
FUF %5 f2 @ Hi|10/23 922 )

29 { 2.67 234 <1 0.79 3.48 < 1.1 <22 < 0.6 < 0.3 JAr [ - 56 — 07
T5MWEES 4 20 |10/23  12:02
B FIFERERRE (11/16 1550

30 ! 2.75 347 <1 1.22 701 | <11 | <22 | <oe | <03 JAr I -56— 08
TEMWEG+H1 7 [11/16 18135
FFIFERSIzE |12/3  13:20

31 ! 2.33 343 <1 0.7 351 | <11 | <22 | <08 431 JAr I -56-09
TEMWESH1 2 |12/3  15:40
IR TAREREERS (12/19  16:50 e

32 ! 2.0 342 — — — - — — —_ JAr I - 56 — 10
TSMWE6+4 7 |12/19  18:50
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Table 4.6 2 FBIS—HRFNITVFNHER (4 ——70-427 )

Results of Analysis for Sampled Secondary Cover Gas (Overflow Tank)

. Y v IR HE AT X 4y W H M (vol.ppm)
H VT v IEHD - - N N
75 bk 75y vy |73 vy i A/B O, H. N, ofe CO, CH, He 1 #
¥ PUNEE
7 BEds, I BB |0 (hre) ( f/hr ) 50 30 5000 20 30 20 —
d & 4/10 9:12
e % /1o, 2.0 025, . | <1 | 40 | 174 [<11 |<22 (<06 | <03 | JArI-s54-01
B OF4E & 8 Rl 4/10 1112 :
. z 4/10 11:16
2 |® EE_ A % /10, 111 2.0 0245 ., — — — — — — — JAr I - 54 - 02
BT 28 aita/10 1316 : ( SHAF)
: : 5/14 13:26 '
3 | %ﬁ = % /1, 1.0 025/, <1 15 43 (<11 | <22 | <06 | <03 | JAr@-54-03
EFEMALRR | 5/14  14:26 :
5/30- 13:t0
s |EFH B LD z 2.5 027 /07 - | = — — — — — | JArD-s4- 04
5/30  15:40 :
6/28 17:16
5 || F4F & Ik b z 2.07 025, os | — | — — - — - — | JArlI-s4-0s
6/28 19:20 -
76 MW 7/15  17:00
6 oM ﬁﬁg‘ﬁsﬁ / ! 2.0 0245 <1 0.8 70 | <11 [<22 < 0.6 <0.3 JAr I - 54 - 06
65MW H 71 851 7/15 19:00 :
T5MW HE gE R B | 7/22 14000 0.25 ‘
7 i 2.0 ot <1 0.3 3.0 | <11 <22 < 0.6 < 0.3 Ar I - 54 - 07
TEMW HEdREs | 7/22  16:00 025 JAr
75 MW #: 88 &= 8/23  10:00
8 P'i““‘ %8/ ) 2.0 0.245 - - 0.7 96 | <11 <22 | <06 | <03 JAr I - 54 - 08
TOMWETEHERERS | 8/23 12100 :
S FIREREREE | 1/30 9125
9 R e ! 1.0 027/027 <1 3.2 131 | <11 | <22 | <os <03 JAr 1 - 54 - 09
TESMWE 1420 | 1/30  10:25 :
EFIAEMEER | 2/22  9:12
10 % ! 1.0 0235 <1 1.6 3.0 | <11 {<22 |<o0s8 <0.3 JAr T - 54 - 10
TEMWELH o0 | 2/22 1012 :
B4 4k B3 3/17 1034
11 et : 26 028 /1 <1 | 28 | 14 |<ul |<zz | <06 | <03 | JArlD-54-11
ISMWE ¥4 20 | 3/17 13210 :
B 46 2 B Aj{4/28 10:00
| F i) 4/28 1.5 029 /195 <1 04 | 24 <11 |<22 <06 | <03 | JArl-s55-01
TSMWE2#4 20 | 4/28 1130 -
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ol ¥

- 7Y Y T W Ar A2 | % f R (vol.ppm)

R I i =17 _ -
SR Tievvs |75 vyl Wit A/B 0, H, N, CO CO, CH, He fi #
T 5 M REE .
7 Biitg. &1L DB (R (hr) (nt/ hr ) 50 30 5000 20 30 20 —
IEFIFE 8a5|s/6 1048

13 /s, 4.65 025 /106 <1 L9 16 | <11 | <2z | <06 | <03 | JAr[-s5- 02
TSMWEE 2420 | 5/6 1527 :
JRFRERERER: | 5/13  13:46

14 / ) 1 205 0277 oa <1 17 31 | <11 | <22 | <os 4.1 JAC [ - 55 - 03
TEMWEE2 4420 [ 5/13  15:43 :
[RTEFEREER | 5/20 9:30

15 / ! 2.0 025/025 <1 2.4 9 | <11 — <06 | <0.3 JATT - 55 - 04
TEMWE 249470 | 5/20  11:30 -
IR FIFEMREEN (6/6  11:14

16 / ! 1.93 026/026 <1 3.8 6 | <11 | <22 | <06 | <03 JAT] - 55 - 05
TEMWEE 2440 |6/6  13:10 :
IRFFEaraii{7/8 16:06

17 ¥ _/ 115 025/025 <1 2.7 181 | <11 | <22 | <06 | <03 JATT - 55 - 06
TEMWEB 3420 | 7/8  17:17 :
P4 i 8 % |7/22 1355

18 / ! 2.0 023‘/023 <1 10.4 15 | <11 | <22 | <06 | <03 JATT - 55 - 07
TSMWE 3170 | 7/22 1555 :
SR g v S 8/9 9:33

19 FIREHERR 8/ ! 2.0 025, a4 <1 0.7 25 | <11 | <22 | <08 | <03 JATT - 55 - 08
TSMWE 34440 | 8/9  11:33 :
RFRERERRR | 8/25  9:02 ‘

20 G / ! 2.03 0255/0255 <1 0.7 37 | <11 ! <22 | <os 0.8 JATT - 55 - 09
TSMWEE3#4 2 | 8/25 11:04 -
BFHFEEEAE|3/6 1855 _

21 ¥ / ! 2.08 025%%255 <1 1.0 <1 | <11 | <22 [ <oe | <03 JAT] - 55 - 10
TEMWHAs 20 {3/6  21:00 :
/T iE #%|3/21. 10:16

20| T (?0 ) / ! 2,03 025 25 <1 6.6 5 | <11 | <22 | <06 | <03 JAT] - 55 - 11
TOMWEE 41 20 | 3/21  12:18 :
[RFEERERE: | 4/14  13:05

23 / ! 3.12 025, os <1 0.6 27 | <11 | <22 | <06 | <03 JAT] - 56 - 01
TSMWE 4170 | 4/14  16:12 :
FEFFEREEZR [ 4/30 16:27

24 % / ! 2.22 0.255 <1 0.56 <1 | <11 <22 | <08 0.9 JATT - 56 - 02
TESMWEAHA 200 | 4/30  18:40 :
RF4F &2 88| 6/16 15:19

25 : / ? 2.27 025/02 <1 1.0 <1l | <11 | <22 | <08 | <03 JATT - 56 - 03
TSMWE 54420 | 6/16  17:35 :
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i H TN A hifAr AR oo & OB (vol.ppm)
H ) v TED . - -
. 75y vy i |75y v BB A/B 0. H, Ny CO | CO, | CH, He 1 =
7 INHE
RS, 2L BBE (B5RS (hr ) | (ni/br) 50 30 5000 | 20 30 20 —
BT REREEN | 6/25 17:46
pq | BTl /25 275 0285, <1 | 10 23 | <11 | <22 | <o | <08 | JAr I - 56 - 04
ISMWESHA 70 | 6/25  20:31 :
BT IrEEEizd | 7/10 13:54
27 /10, 3.02 0255, .5 | <1 1.0 13 | <11 | <22 | <06 | <03 JAr I - 56 - 05
TsMWESH{ 7 | T/10 1655 : _
B FREHEiED | 7/28 16145
28 /% 1.8 025/ 5 <1 | 08 23 | <11 | <22 | <06 | <03 JAr I - 56 - 06
TEMWESH4 70 | 7/28 1833 :
$A 2 Bh gl |10/23  9:22
29| ™ ¥ s 2.67 0245 540 | <1 | 113 | 427 | <i1 | <22 [ <06 | <03 | JAr @ - 56~ 07
TSMWESH4 v (10/23  12:02 :
BIRERE B (11/16  11:28
30 /e 2.53 0248, 45 | <1 | 107 | 262 | <11 | <22 | <06 | <03 | JAr Q- 56- 08
TSMWESH4 71 [11/16  14:00 : -
R IAESEEES 12/3 10:43
31 = B 12/ ! 2.62 o045 | <1 0.48 322 | <11 | <22 | <06 | 491 JAr - 56 - 09
TSMWEREHM 7w [12/3 13:20 :
RTAEHEES |12/19 1850 0.26 8
32 H 2.0 e — — — — — — — I-256-10
TSMWEGHA 20 [12/10  20:50 0.24 JAr
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Changes of Impurity Concentrations in Primary Sodium
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Changes of Impurity Concentrations in Secondary Sodium
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Changes of Impurity Concentrations in Primary Cover Gas
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Changes of Impurity Concentration in Secondary Cover Gas (Dump Tank) (1/2)

— 76—



PNC-TN941 83-80

— O — 77y T
—— O ST
—a— I, S
—d—— N, SHF1E

—o0——CH, ¥#
_5F  20f
=
g4 \
E 7\ :
N3F k .
3 P A / Y /0\\0_—01/0‘ /0\‘ AT
A S S S NN B e N A
1 \<>/ \O—-—O/
0r 150 -
H
(=X
2
10+ éloo—
=
9+ R
=z
—_ 8”
E
B 7F
E
~— 6..
1
£ st 50 |
o
O af :
* at
& :
2F \
L o & iy S g .‘ 7 4 B ] Ny > 2
! o- o Ao o S0 0 o o Mo om—ho o o Bl 6 L @ goco o /o Nems o o
0 A i & : B A, oA P -
0 S547 T T T T T T T 5557 T T T T T T T T T T TSR] T T T T T T T T T T

4/10 4/10 5/14 5/30 6/28 T/15 /22 /23 /30 g/22 3/17 4/28 5/6 5/13 5/20 6/6 7/8 T/22 8/9 825 3/6 3/21 4/14 4/30 6/16 6/25 7/10 7/28 10/23 11/16 12/3 12/19
(n

Fig. 4.22 2RIS—HRTNTY RRDDIIBEOHTE (A——To—5>vs ) (HII4E4H 108 ~BE6FEI2A198)

Changes of Impurity Concentration in Secondary Cover Gas (Overflow Tank) (1/2)
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