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Development of Sodium Facilities for NSRR Fast Breeder Reactor Fuel Tests
(2) Sodium Capsule

Makio YOSHINAGA, Takehiko NAKAMURA and Toshi YAMAZAKI*

Department of Reactor Safety Research
Nuclear Safety Research Center
Tokai Research Establishment
Japan Atomic Energy Research Institute

Tokai-mura, Naka-gun, Ibaraki-ken

(Received February 1, 2000)

In order to commercialize fast reactors, which are expected to be long-term transmutes
of plutonium and long half life radioactive wastes (such as americium) from light water reactors,
safety research under accident conditions and establishment of the safety guidelines are essential.
Sodium facilities, such as,

(1) Purification/charging loop and test loop, and

(2) Proto-type Sodium capsule,

were developed and fabricated in order to pulse irradiate fast breeder reactor fuels in the Nuclear
Safety Research Reactor (NSRR) of JAERI for investigation on fuel behavior under transient
over-power conditions. This report presents the purpose, outlines, specifications, capabilities and
operation results of the proto-type sodium capsule.

Two kinds of capsule, i.e., the stagnant sodium capsule and the sodium loop, were
designed to pulse irradiate FR fuels in the NSRR under sodium cooling conditions with and without
flow, respectively. Because the capsules have to safely contain chemically active sodium at high
temperature and stand the pressure pulses by the sodium hummer which might be generated at fuel
failure, the development of the capsule is essential for realizing the research. Thus, proto-type
sodium loop, which consisted of doubly sealed container, sodium pump and flow meter, was
developed. In addition, two type of flange structure for the stagnant capsule and loop was leak
tested at high pressures, in order to confirm its sealing capability at room and high temperature
conditions.

Keywords NSRR, Fast Reactor Fuel, Sodium Cooling, Pulse Irradiation, Fuel Behavior,

Sodium Capsule
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(5) TN OEE

HTEIVOEERIIRD L ST,
TRBEBHR. G- RFRE2EET 5.
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TIREAGRPOI TN EE2EZ B LB ICKRERTHEET
5,
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L REbENTERN, REALNRADED ICBBICEZAMT
ZNERH D, T2 BEOKRBEABEMI T TR EZBEL
TR FEFTREFETERVWREAND S,

@D F UL HTENOEROEEICLS>T, LN—T Oy 2
LANETH D, BARE80kgf, Fr—ORE 2mEE, v
o2 ) 6. TARI I 4E, FAOLAY Y 60cm % 24 L 2m
BLENBETHS.
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)X F DR BEEO24mmX EE G90mm = T Ay FfrEEL
7zo

R IRREIZ BV TSy F USRI EBVOME - REEZAL THRID
EAMERERDEDIC, RBAOREEMELRRT S LICLZ, WERD
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WTHRUMBIZERT 5. 7522 R MM EBIZEOHBURDEICE S
SHIWMELCIRNK D ICE—ME E LT,

4. 2 HBR&
(1) BRI
i 5 MITI 25 1 AL (DA U wiEY)

REMHES  49X10°Pa  (5.0kgf/cm?)
EEEMARE  600C

=V 11X 10%acc/sec(He U —2 F v )
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(3) HBEH
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=W 1X10%acc/sec AT (He U—Z-F v %)

4. 3 P POREEFA

(M EESH
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BB ZBNETET S,
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*& 12 &
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Ny F ER: ¢2.4mm
)Ny F AR 10.25mm

(2) SREEEHR
DAL MCART HHE

BIERE(F) = NEI L BWHEE,) + N AT I K B FE(F,) + FHIIA-NI3-(F)

F=F +F, +F, ()
THALND,

O WEIZLDHEF,)

F,=P*A =P*(n/4)*D* 2)
P (EH) : 50(kgflem2). A, IV ¥y OWE . DOV v} /54 8) © ¢ 90mm

F, =5.0x(/4)x9% =318 - 3 2 Okgf

@ /% F UAEDTICK BHE(F,)
F,=k,*n*D°*a (3)

k. : &BHEOY LT Ny F L OBRMETHIZD DFEDTTHE
(10kgffmm at Hig. BA/N)VA—HFOT&X D)

D :¢90Omm

o B GERE 1LOMEICTADT, ZITRRICL2ET D)

F.  =10x7zx90x12=3391 — 3, 39 lkegf (&ifd)
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F,,,, : BRTORNERE

1B, 600CIZBIF B/ F 2 OBARS B0 ORI EOEIEIAH
TH B0, WEHIC L TH @i A IR ENRA T 5139 TH
2.7 7T DA E L. iR & 600 TR ORERIES (%49 21kel/mn’s
£ 11 kegf/mn®) OHITRET 2 ERET D L.

k =10x(11/21)=5238 kgffmm (600°C) 4)

L2 0.
_5238x7x90x1.2=1776 kegf/mm (600C)

F 2high

F. . :600C TORNERE

2high
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a5 EEEINS,

@ FRUTA - NIY—IZLBHE .
FThITLNIR—IZLBWEEL TR MAARTESRADMEIT.
TV MZEC BN D ERENS /3 EREINTNSDT,

S
(F1+F2+F3)°(N-Ab)=?y (5)
EEWVT,
S
F, =(?’)°(N'Ab)—(Fl +F,) (6)
ziZEL. N c IV AE (12 &)
A, RNV OB ERE(=(T/M) =20 1 mmd)
d : 16 (mm)
S, RV b ORERA (11kgf/mm? at 600°C)
THEALNS, BEEZRATS &,
F, = (11/3)x (12 x 201)- (320 + 1,776)
= 8,844 - 2,096
= 6,748 kgf (600C)
p . F,/A, = 6,748 ((/4)x 907 )
=1.06 kgf/mm*
=106 kgf/cm®
&35,

Lo T, 8L, ShUTA - N—IRATZD F, {& (106kgf/cm?)
DFERBEDBERIFINFEINDZEITRS,
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O WEFRIZE> TR MIELSBH
F, 320
N4 @2
, x 201)
E1RB,
@ WMEFICE>THRIVMIELSIEH
F, 3,391
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(N*4,) (12x201)
ETRBM,. SRR T,

=0.133 kgf/mm?

=1.406 kgf/mm® (ZEiR)




JAERT-Tech 2000-017

Fy,
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T (Ne4,) (12x201)
72 b EEI NS,

® F,&FICE> THRIVMIRET BN

O, + Oy =0.13340.737 =087 kgf/mm® (600C)
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@ FrUIL - NIR—IERATESRILEOIRA
T b DHFBIH(0 pghEs 0 =83 THEIM5,

11.0

Tonigh =3 =3.67 kgf/mm’ (600C)

ahigh
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E75%,
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! t0.5mm. 10" °F2 acc/sec A D)
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LR, ANy FUAROHIKEDENAFNBENERER ST,
® NKyFEOLrHE
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90.6mm A HE L /=,

4. 6PV MREOHHK

RBRAERNS. Ny F 2 OREN10.25mm TIEIAEHE S0, t0.5mm TS
BEZSTZENS, R NREOHFENNREL -,
Bt BERGEIN Y F O AROEERE T THEMNS, NyF L OBMEI YD
DM T HEORIZ T OHFETH 5,

@ Ny FMEHIFE (F,)
F,.. =k,*m*D*a
=28x90x1.2
=9.495 kef (ZFiR)
L7825, Tz, KWBKILTZERET S &,

k, =(11/21)x28 =14.67 kgf/mm  (600C)

Fon =14.67x7x90x1.2=4.975 kgf (600C)
@ #iE (F2) k3R hOiEhH
0, =F,, [(N-A4,) =4.975/(12x 201) = 2.06kgf/mm*>  (600°C)

Wb ERBEIND,
@ FRUYA - NI—IEHTZER) FOES
WE (F) & (F, ko TELCBENIT.

0,-0,, =0.133+2.06 = 2.193kgf/mm>  (600TC)
THBdM5,
0,=0,-(0,+0,)=3.67-2.193=1477 kgf/mm* (600C)

EWD T &S,
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¥/, HTd. F, =0, N4, =1477x12x201=3,562kef L7855,
é%b:\ Ejjbt‘:bi\ Fx=p'ApJ:D\ p=Fx/Apﬁ\6\

A, =(w/4)-d*=0.785x90° = 6,358 mm®

p =3562/6358=0.56kgf/mm*  — 56kgf/cm’

A D HBEND D,
5. WA 7N ET S VORERR

5. 1 HROBHE
BEH TR E#IEH T EIVORNEI T -7 T ORI EEN R ST
. BEH TN OWREH TV -7 5 OB e R L ERBREEEEL. &IE

O F TitERBRZ T VAR PCREOFEIIDWTHAN,
@ak ME. MBS TRT, RIERSH T MUY LB TRVOREBA TV E

BEL TS,
5. 2 Bkt
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K as X7 MITL 6 | BEABHY (HAL9HEZ)
AEEN :148kgfcm® GKFE)
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—IVE 1% 10 %acc/sec(He ) —27 F v 77)
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5. 3 FILbomEsHE

(1) ETEE&MHF

1 B (EiR

£ : 148kgf/cm?

TV ME :SUS316

Y1 s Oy :M24  (B/NME :20mm)

A5 4 &

Ny F RBEOU T NuFLONSUATAT)
Zo)b Ay FAhE

INy F A E > $7.5mm

Ny F ER : ®2.4mm

Ny FRHE :t0.5mm
(2) BV DOHEE
PV MZART BRE,
IR E=NEIC L ARE+ /Sy FORNICLBHE
F=F +F,
THEZ 5675,
O HNECKSHE

F,=p-A =P-(x/4)-D?

p=148kgf/cm* — 1.48kgf/mm’
D =75mn
A =(n/4)-D? = (w/4)x 75% = 4,415 nm*
F, =p-A =148x4,415=6,534kgf
@ NyFUIRMNIEBMHE
F,=K, 'n-D-a

K, =36kgf/mm (Zif) (AN A—hEadicks)

D =75mm
o =12 (B LAEDRE)
F, =36xm x75x1.2 =10,173 kgf
@ HRIVMIHEETZIEN
F=F +F, =6534+10,173 =16,707 kgf
N=4

A, =(m/4)-D,2 = (w/4)x 20" =314 mm>
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o = F /(N - Ab) = 16,707 (4x314) = 13.3kgf/mm’
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5. 5 HBER
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AU Y LAREBECTERRICES > TREN TV T T 2 VEHER
KOG FHEREEER L. MR, MEHCDWTHRUSHEHEL 7.
nE ok BELEXRMERL.
~HE B REBODORERNICH S,
ME &8 EREHE D SUS316.

@ TERRABRKER
it FE R R aA BRI
ehm - Ok SRENE /13 148kgf/om® T, FREREIE 30 2RI TIT o 72,
RROLERIIE < ELEN T,

Q) MERBREOAND U LARRARER
G ok AT LIBEE 50(%) DA T ORER. WKL 2.35 X 107acc/sec
THol, HREMEHBELT, 1X10° > 235X107 &7&D. BEEN,

@ MERBREDN T —F v VFER
REFICEDED/Ny F DY BABICF AILEDRN T L2 END D
FoOhI—Frw I ETo7.
wE- o AERFIEN ST

® RBRKTHROBOF X
SARBKTRICH TRV EREKLTEE/Sy F o040 HZEHREL
FAEE Xy FE AL BF NI TV OBEEFERICELCLILE
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ZOFLBLEDZEOY >y F EERIC, /Sy FUOMEBOE 2L
BTN T L. LB/ Sy F ORI N TES ZEICEL-> T, #
DT =B DD TR EDOEVIZE > TAEL S ZENDNO> TS,
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O AT ENOLEBIOHMEORBEICL > Toh TR RED—>T
HBTO—T Ry I ZAEZIIEY b I OBENABICEDSDT, B
HATCINREEITOBE, SEREROBIEERE L THSEF I BENRS
%o FEIDEDICHIEN TN EHEN TN O5ED 28ELES,
HTENRENENREN T ZRAIHBE I O—T Ry 7 2 5E 2
LHEND B,

@ BT vN—BBOBRHEAR S TOEHNT ¥ 1) —id, ERREHC & 5 6E
NIHLUTHERALER>TNS, HEEHKICHL THRELICT B &8
TRANERW, ROTHAZTHHBESICTEEEARIZEDEYS
FENEREIIMIBET S LBEINS,

@ I T EINFEIIEAM Lz DR TS 5~6 BRI HT 2 DT, LHE.
BTAOHBEBEERT RS2 T 00BICHBET 2LENRD S,

@ &BEPEOV T NyF L 2EHTIHE. W TEINOTS > SED—
TN INEET S, ZOANTINE. NI BUERBROBEICE 38
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NUBBE D L OBERS W -DICRET S, ZhEBIET 2173, /S
yFOREDY MEICREL, MEORWEESRAL TERATSZ &I
Ko THRTZ S, :

@ NIINECEBATH AIIEHEHENT LEETHIHERSERT
&5, L. BEATEINOIIITHIET2McH > Tidhy T
DTELHRIENVLELILD,

® SBPEOV T - NuF 2 (Sur Ay FE)2ERLET T
KHMEOMIFIE, BRICBOWTHE -Z#. ERBRICEBLTVIES. &
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