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Tests of a sodium bonded type control element of "Monju" with the actual conditions -- part 1"

)

)

Jungo Katoh™, Masako Tanaka ">, Iwao Ikarimoto ™, Mitsuo Tamaki ’,and Shinta Ogawa"*

Abstract

This report provides a summary of the following three experimental and analytical results
conducted on the sodium bonded double porous-plug type control element : the pretest of
retention of the absorber in thé double C-type shroud tube (the ASMI test); the stress analysis of
the double C-type shroud tube; and the long-term submersion test of the sodium bonded type
control element.

The objective of the ASMI test and the stress analysis is to define the shroud tube's bottom
structure. First, simulating the absorber shroud mechanical interaction (ASMI), we checked the
function of absorber holding of the double C-type shroud tube. Second, we conducted the stress
analysis, changing the distance between the end plug of the tube and the bottom end of the
absorber, to determine proper position of the absorber.

In addition, we conducted the long-term submersion test of the control element on which sodium
residues had been left, and confirmed that no trouble occurred even though the element was
submerged for a long time.

The results of the above tests and analysis are as follows :

On the conditions that the end plug of the shroud tube was fitted from outside of the double
C-type s.hroud tube was double-layered, we checked through the ASMI test that no absorber
leaked and the holding property was secured even though the absorber be powdery.

The stress analysis showed that the structural integrity was satisfied when the distance between

the end plug of the tube and the bottom end of the absorber was 40mm or longer, and that the
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stress in the shroud tube was within the elastic range when the distance was SOmm or longer.
From these results, we could assure the structure integrity of 50mm distance case.

(3) The result of the long-term submersion test showed that no trouble occurred when the sodium
bonded type control rod assembly (control element) is stored under water with sodium residues
after cleaning in the sodium cleansing facility, the temperature increase and the generation of the
hydrogen were small, since the sodium reacted slowly with water.

(4) From the results (1) to (3), and the results of our previous research , the R&D items associated
with the long-life control rod have been almost resolved and this type of control rod is technically
feasible. It can therefore be said that the design phase is now from the early development to the

actual manufacturing stage.
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HAGIT (148 B X4 4 7)) OHERSHITEESND Y25 Y FEORRAL
B (v25y FETHEEE <Ly M THE OBl £RD 3,

3.2 fENTSRAE
(1) f#EHT O B
NLy bR 2 ) A X HEEEET, V2T U FEIBESROREENZ
ZFAH T LIIRD, NI, B8 1ITTRTEIIEN Ly M EHBEILEREND E
TEERETL, THRAY—TIERBTHESFROEMBREEE>T, XLy b
THICKRERBTERSIMbD Z & L2, ZOMTERICE DA, B 3-11TR
FTRUy PTFHALEBEETORES L AP EIWVEERELRDIEFEAT, ¥
257 FEDREESHERTEIRILERET DI LXFEROBNTH S,
(2) WESRME
Ny MIBRELHKIZZAT =) VIR IV EERRL, ToEMRY (4917
JVEER) IZIXY 2 T T RERENK 10%RBERRT 55, R TR 8-1 I8¢
v a gy FETHOMTERZRFMHET 2720, [FaRBcE\NTya?
v NESHEYT LTS LRE LR, XLy MEOEBROERBE L AEHTO
Sfh [ 3-2 [T B B ‘
(3) WiEfE
v a Ty REREHT SUS316 20% CW #Th 5, WtEEE LTICRT,
- BRER L %31
- BHEEMER SO A BEfR ¢ & 32
2Tz Y TR : % 3-3
B ) —TOTHN K34
FRAT T, BRSPS (TERY—7) 0Rv=Y U FRER LR, £,
BB 420°C THRE S H 5, SUS316 20% CW i D 420°C TOR AT HBER %
X 3-3 1277,
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v NERRFTIMEE) 2HELRTRIERORY, Z07DiTiX, RESHEEME
HEAICMZ TR ZEBEE LY, ZIT, RHMETIE Y 2TV FICRET DD
ERMEEEICIZ S 2 L ERIOBRET B,
(5) fEATET IV
fEMT = — N3 FINAS Ver.16.0 A L, WMty U — 7T £ T 5, FBITT
FEH 3-4 \FT, AL, RAICEY 27U FEDO Ly FTimi L Y 920mm
DB D TEHRRICES ENZ N ETE 3 K/ Yy FERIZELDET ML
Teo 2T U NEOBREUTIZE LD D,
<A =2F 7 RERIR>
7 £ :12.9mm
& 12.3mm
] JE:0.3mm
A Y b1 : 0.5mm (FEIET NV ETIIAR 0.25mm)
(6) BEF Gl
EMRINIBN T 277 FERKBEE LHEMT L LEETSH, £ZT, ~Lv
hMEE 12.2mm (BUER) 25 14.4mm GEMRH) (CRBICEMEES, 22T
X, BB 10%BETH Iy NOBERRLHEE L BT 2 LIRE Lok
SFHRMER LTWA T Ehb, WEEORY =Y Y I EHEER LRV, BikH
IS 29 FERR Ly M EHBRICEHENRCEMREL 220 T, BEAELUETO
BREIEM B EF A —ICATT 5, BT TREBHI V7L 3IEEMESRE
TAN, BFACR Y=Y U JTE (£ 34 0FLE 3HE) XEHT S, BRIV —7
DT D ke TR Sk 2 58 3-5 1R T, AR 3-1 1R T XLy M T
ICBTBY 25y REOITNEYICLBEAEHT 2 EEEFMBENTH S,
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DR HRBEN 2 525, 2L v N Filih S HREE TOES L 13, 25mm, 40mm,
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- BRI A TOEHR RSO T HH (¢ p) . [® 37
- BARYH A TOERRUMEL 7 U —TOTBHH (s o) . (¥ 3-8
Va7 RE XYy MBOBRBEEM (6X) : ¥ 3-9
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CRUy T TORHRS RO HEE D[ 3-11
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WTHETH D, ZOFKRIGHE, HBRRELVy NTHEILXERETOESE L
BEWEEREL 2D, K312 L0, XUy FTFEIPOLXFRAETHOES L 25 50mm
IV REFNEY 2T 7 FEOISINIBEREICMA ONEDR, L0 bEIRD
EEHOTHRRAT S, 40mm OFA TIHEHEOTAIX 1% EEIZRE S, Zh
LV HEL D LAKITEEOTHEPKRELRD,

~NUy hTEALERAETTOREN 50mm DBE, =27V RERBICEET S
BHEDYANTIEE T 2.9kef TH D, ZOWEEN—IZE -1 ITFRTTFHRY —7
DISHERD B,

FHA Y —F D, P 13.6mm, SME 14.5mm, 4UE 0.45mm, #& 10mm
Th B, LRITRLUE 29kgf XML =T 7 FEFOBRFAOENTH B0, SM
LEDLETHE8kgf BTHARY v MIAWEINS, ZOWENK 3-18 DX S ITARKTS
BEEFRELENTNORERIT D NZ2RD 5,

NERFTE
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# 3-1 SUS316 20% CW # DO EEIER

Gp = 14.8778 +1.6999 x 107> T~ 1.4541 x 10> T2 +4.5929 x 10" T°

G, = 15.0113 +0.8726 x 107> T=0.5872x 107> T2 +0.1931 x 10 ° 7°

o : BRREEIREE (10 mm/mm/C)
Oy I EREARRE (10° mm/mm/C)
T (RE ()
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# 3-2 SUS316 20% CW # OREEEHIE T O T HBIR

SUS316 20% CW #  SHEEMIS O AR

Il

Se f
-0
. P

=\TK )

ag

F[—

0,= 0.667 o,

0,=75.759 - 012904 T+ 82778 x 10 * 7> ~3.3136 x 10 ° T

+72493x 10" ° 7% - 8.0280 x 10”2 7° +3.3576 x 10”1 7°

(772U, 30=T=40 C IZDWVWTH o, = 73.9 kg/mm?)
K =3.23640 0,

m=0.37083

g - AHMEDT A (nm/mm)
: BHUT S (mm/mm)
T e (O)

D IR T (ke/mm®)
o, :02%iH7 (kg/mm®)

R
R : -30~700 C
BROTH g, =0.01 (mm/mm)
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% 3-3 SUS316 20% CW #M DALY >3

SUS316 20% CW # X1 7R

AV _p

1 +exp [c%r—(pt)]}

1
¢z‘+a€n< 1 +exp(at)

R=exp(0.0419 + 14988 +0.1228% ~ 0.3228° — 0.4418°)

7500
F="T5

AL L RTUSY (Vol%)

ot PETEEE (107 n/om’ E>0.1MeV)
T REC)

R I EHEALY) ITEE (%107 n/cm’)
T  ERHART (107 n/em®)

3088 P 4 P
REE : 350~850 (C)
BAROTH 1 0~23X10% n/em” (E>0.1MeV)
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& 3-4 SUS316 20% CW # OIS 7 U — T HHK

SUS316 20% CW #f HE&H 7 Y —TO0THRK

1.9 23
e=By- ¢ 0+K-t7 0" +D-¢g -0

ERRF TRREE
By=4.80x 107> By=2.00x10""
K=111x107" exp (=21880) K =451 x 102 exp (=21880)
D=0.110 D =0.063

{5 BT

e BEIZY—-T0TH (mm/mm)

o HEEH (kgf/mm®)

ot PHETFEEE (10°y/m®, E>0.1MeV)

¢t FREER (b

T RE X

Bo : HE U~ THRE (10*y/m’)! - (kgf/mm®)!
CR - TRE (0 (kef/mm?y >

D ALY ZTHRE (kgffmm?)*

gs | ALY TOTH

185 ) 71 B
R : 400~800C
W7 : 0~15 kg/mm’
RS & : 0~40X10°° n/m’, E> 0.1 MeV

MR 4 BT (g BFERS Y — TR
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%35 FHHEICAWSHMEFR (0.1MeV LLE)
fie 241 1Cycle:#NH | 2Cycle#IH | 3Cycle: #H | 4Cycle: WA | 4Cycle: K
it IR ) _ )
4.03X107 | 4.08X10" | 4.13X10" | 4.18X10" | 4.22X10"
(n/em’ - sec)
AHEDEIE 1 £10%
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susms 20%CW (420 C)

100 SUS316 204CH (4207
E =17040ke/nn?
[ v=0.300 |
< 60 | |
= |
S I
=
R 40 |
2 |
20 | ]
0.000 0.005 0.010 0.015 0.020 0.025 0.030 0.035 0. 040

O H (om/mm)

3-3 SUS316 20% CW # OIS 1O A% (T=420C)
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Deformed(9.079). Total Translation

Contour: Node Stress-Z

L=75mm
X 3-5(4/4) BHH IS5

o o« f=23 W ~ < [to} O ool = o™ @ < w © ™~
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