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Pable I: KNK II Shut-Down-Systems Technical Data

1gt Shut-Down 2nd Shut-Down

System System
Number of Units 5 . 3
Stroke 620 mm 680 mm
Scram Time (410 mm) < 550 ms < 540 ms
Max. Scram Velocity 1500 mm/s 1100 mm/s
Control Velocity 0,5 mm/s -
Reactivity 21,6 8 [
Absorber Material B4C with 93 Atom % B]O

Table III: SNR 300 Shut-Down-Systems Technical Data

1st Shut-Down- 2nd Shut-Down-
System System

Number of Units 9 3
Stroke _ 830 mm 1050 mm
Scram Time (Full Stroke) <700 ms <700 ms
Max. Scram Velocity 1800 mm/s 2100 mm/s
Control Velocity 0,7/12 mn/s - -
Reactivity 23,9 ¢ 10,5 8
Absorber Material B4C
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Table 1

Commissioning KNK II: experimental and precicted values.

Experiment Theoretical
Prediction
Critical Number of fuel elements 20.6 20 1

Excess Reactivity

Shutdown Reactivities
1st shutdown system

2nd shutdown system

.Temperature coefficient

Total sodium void Reactivity

6,3 ¥ 0,3 %

7,1 ¥ 0,9 %
3,9 0,38

-5,76 -+ 10 /K

-9,7 ¥ o0,4 %

6,5 ¥ 0,5 %
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TABLE I - A SIMMARY OF THE DFR SPECIAL EXPERIMENTS

sheet 1 of 2
in;

:i? %ﬁg Brief Rig Description Boiling History gﬁi;tign Comments

T522 3 unirradiated prepress- |One boiling run at end |approx Boiling was clearly detected at the time by
urised mixed oxide fuel |of run 79. This constit=|1 hour the constant boiling temp limiting at satur-
pins. Max rating, 315 ‘uted a lead experiment ’ ation temp and, retrospectively, by thermal
w/ecm per pin. for the series. noise analysis; examination of fuel pins

showed no sign of damage.

M(B)53%1]| 18 reference design fuel [One boiling run but Pespite rhe severity of the conditions to
pins, burnups in range experiment terminated which the rig was subjected (failed pins
0-10%, vibro and pelleted|because of severe gas exposed to hot coolant for the crder of 10
fuel, different clad entraimment problems days) there was no sign of fuel melting; nor
types. Blockage plate leading to extensive was there any sign of rapid escalation of the
covering approx 70% of clad failure in the fault condirion,
flow area. wake reglon and self

induced boiling.

T536 3 fat unirradiated Three boiling runs of approx Boiling detected by thermal noise and
spiral wrap mixed oxide |approx cne hour dur- 4 hours |acoustics on line. Examination of fuel pins
pins. Max rating 416 ation each., On two showgd no sign of damage.
w/em per pin, occasions a self lim-

iting temp excursion
was observed, First
and second boiling
runs approx 1 week
apart.

M528/1 |18 reference design fuel | Two boiling runs, approx Boiling detected by both thermal and acousticl
pins at 0, 3 and 6% BusU. | each run showed 2% hours [noise techniques on line at similar rig
One pin contains an similar, steady and temperatures. Examination of bundie showed
artificial defect at its | repeatable behaviour. bowing of pins at the hot end and one pin
hot end. had failed - no signs of clad melting or of

any fuel loss.
TABLE 1 - Conttd sheet 2 of 2

Rig Ref [Brief Ri Boilin

No. (1) Descripthn Boiling History Duratign CGomment s

M(b)5392 |As for 539/1. |Five boiling runs spread over & approx Boiling detected by thermal noise measure-
weeks. In the intervals between 4 hours |ments on line. Examination of rig showed
the first four boiling rung the marked bowing of pins at hot end. Six pins
rig was left at approx 100°¢ below had failed with numerous longitudinal cracks
saturation at hottest point. one also had a small zone of molten clad.

No observable fuel loss.

M528/2 |[As for 528/1, |Two boiling runs of approx Jhours |approx Bolling clearly detected with thermal noise
proportion of |duration ten days apart. 6 hours |measurements and consistent results from
pins at acoustic noise. Evidence of cooclant chugg-
differing ing for outlet temps exceeding 900°¢. Non
burnups chang- destructive examination shows the pin array
ed. to be regular with ne obvious pin failures.

Swelling and distortion at hot end.

M(b)539/3 [ As for 539/1. |11 approaches to boiling spread approx Increase in thermal notse signal with boilw
over period of a month. For most |24 hours }ing less pronounced although qualitatively
runs the period of boiling lay the same as in previous rigs. Radiographs of
between 2 and 3 hours., 4 total of the rig show cbvious signs of pin failures
more than 7 hours was spent with with possible fuel loss. During some of the
theorig outlet temp exceeding later boiling runs flows were reduced to 75%
900°c witg a significant fraction of their value at boiling inception,
above 960°C.

T540 Similar to Two boiling runs of approx 1.5 approx Thermal noise and acoustic noise both indice
522 but pins |and 3.5 hours duration. Sature 5 hours jated boiling. Examination of pins shows
unprassurised | ation temp was maintained steady distortion but no significant diameter caange|
and fuel in at outlet and reached at the = no sign of failure of any description.
pelletted midplane.
form,

(1) M represents mini subassembly, M(b) represents mini subassembly with plate blockage, T represents trefoil,
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B. Vial, Thevenin. (Quidez, Sauvage. Schaller.

1. Phenix
(1) #i =

Phenix {3 '73® 1 AN aF»— v, '"T4ET7 AL DEEEELCA->Tnb,
"EEODpool T, pool DREAXEMRI3m, BE13.6m7T, NalZ800ton
THb, pool ZFLOREBINTnLEHLE, BHREBPBORBE I SannulusTHY
bhThb,

EREA D b, THEV pump IHX OR THOADE % sleeve REEFERLTW
b

REBZREAFR T, #EY, BEGHEEXRBEINTKH 5,

R¥7@3a, #CHEE HGIFEAT, HEO—MWH bypass TN TEMOSHICHEA X
hilwnb,

I loop BIERDOEEDOARD, I1HXAOW shutter, pump O check HHRHE
ANTni,

BEFRLLT tank ACCT R pl StOBLELREBEINTE b, pl BEFZKAEL1I0°
CHIRTH Ho Ar. # RFldclosed system TH 5.
(2) 1 WX pump Fig |
2WAROBERICH% 5 hot shock Thydrostatic brg © pindsiihk. T OHIK
BERBICL > TRl Shik. REBROXBEEKEBERETA-THFbA LY, BRAMIEE
TR EMNTE, #ED 10mrem/ h LT TH ok
WEELTH, REROKBE LD LARKK pin BEZ key BEKZEE Lo
D pump OWBEASDETEHEL TWEWN,
3 I HXZH#H

THXHE®1L2m, BRX12mTslub /I TIHFLH, E8FTIZ 250 04&, E8
WMWORIFHWEImMTHH, '"T64ET7H, NaBERRE30000hr, H7EE18000hr
TESHEICRT, 2REFEHOFHEBCT leak BEBE Lko 2 loop BERXTAWEND,



HREEZELTHDLAN, 'T6F108391 00 loop T HX LD leak BRFEEL, 7
7Y b EEELTEBERICA %,

BH7 - VFEBWTIHX%51#%, dummy THX &SRB LA, MIAIThi I HXE
THI pEHEBr <A+ RBEL, BWEIT10rem/hr BETho%,

— KB R CHERREFREN DL E0h, —HBEWHTO 40mrem hrfhd4T10
mrem/hr LT T bk, REBIOTEFZEHICATE 91T, HAOMOMEZE
%ﬁﬁékb@mnmw%ﬁ&ﬁ—ﬁnk%%Obukup&bf@ﬁ%ﬁaum%ﬁ%
BRl, ECREZFHTMIAOOBEEREBNTT bhik,

TTES5 A, RUOHRINAIHXABUEMEI AN, BAROREREH b,
NaBER150°C 3 CHEIINA, HE, BREMIEKC4ERD, RE2/310adTH
BLAEROBD 2HOREHFERF T, M2 2TCETTHFETDH 5,

FlEikE, oiE, REQRVO1EGR ph ok, BIOSELODWTZ 15H/H
DN— 2 THEAT B,

M ERB L COREEOLEOWIRIL 12rem THh ok HEHBEEX800m® T100ci
WAL, ROPA996%, BEPHRULLZEEEIRLTKHS,

Super Phenix @1 RELDWT
Super Phenix ZEFMCH Phenix OER FTRFITEED T B2, KORTPhe-
nix b OERETZ > TWnd,

(1) Ar gas BOBAPREL D AN, roof #EiILL T roof LZEf plug OFBIREI
X LSRRI LOHPIERGEFEM L. COAYD, EFBAL VIR -t R LERZ T
EEEEI 5.

2 FLBVF-—22FETAHL LA,

(3) FLXFZEPhenix O slub X VORMEIRAFXNI D tank EEA LOXRBWCER Lk,
(BERENRARBLL, BITHORBI AR Aok iD)

(4) FLEE annulus BESETL2RMA ARG OE % Phenix ORHL P ERKE L, #
/L% AHNa% annulus %Bat DAL, transient FFOGFERBRICH T A5
Y2y 2 OliEEET>TW5S,

5) pump HODF = v Z7HE ¥ v+ v £ (gateF 1) WEE,

6) Phenix OERAD L, CTOBREDINHAHD, CTORETEBAOHBICI A
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tank A~D 1K F loop CHIE TR - TnB
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225764 BN350RUBNG6OC 0 REFFOMEDRS Lok

Makovsky. Mitenkov. Pakhomov. Shiryaev.

1. % =
BN350RUBNG6O00ORE, BRERTRALTOr—TH#HE 2 v 27 BOREBE%
RNTNB,
2 BN350(r~r—7H)
£E (1) 2&ENa OB {ILOBIE,
20 HXERUBRBEORENES.
(3} »—7%%LK$D,%%®Kﬁﬁ@ﬁEEe
4} EHROBRIID, BWHNBECbA > TREEH—1TE 2,
RR 1) ROEOHGBAUVERBHEREDOEZ Hi.
2 BEFFERCHTLIFHETOEE,
3 BEEOREM( bellow DRAK L YBHRTE 2%, TRFTOBEBLILL)
4) HMEROEBROLbLIBSEHRY T ICED,
Bwe L THBANEROT S Y P RELTWA ERXTW 3,
3 BN600O(#>z8)
2y 7BORAOM, BN350L VROBRHAEELZTEZ > Thwb,
s FLHMOEBEE500°CIP550°CKKLEM, 75~ EOMR L.
o MEET LI, FRAMEHMOER,
c ABXBME 2 AL b5 7 ARER.
o FLORFIL(2050mmD 750mmU)
I RBEROEH
o M EE £ v 7 AICENTE B,
cMEFROEBICL YFLE pump HOWMOMEERNMCT X 5,
BFEREEFOHRWMAMETE 5,
s FRBICHTHIFETROEELERTE S (10¥ MU T),
e PRBICKHTHILANEFRE W,



o AN A T HEEE, BEENB .
e 2 7 NOEWMBHELL Y, BHEKIORFLLE % { FRONFHERIBHACEET
%5,
£ v 2 BIOBBEA EXR
o 2 v/ NEORBELDICEHT 2RBIEORIR,
o &YW (HFIC pump ) OB,
o - MNMWHE (HRIHX) &4 2 ERD
s FRBOLTRUBFAKET 2BEDORE— T,
LEMEACH LT, REDORELLEEL T, KOWRTELAHBRIND EHTnD,
o HARBICHITH~ e —X L HBRIN,
e pump I friction key #&IT 5%,
s 1/6.6 ® mock up test
o FEEMFE],
BELOMR
FREFHEBECELIE DY, THTO7 v v 7 8k, B CTOEYORTHFEN
BEE AV, BL, 2¥ /7BEAHRIE 2SO TLENLEMES, THOMAREZ
T bhkiin,
BN—600 ORETHREXETLTHELDTAE bt &, FRAL TEE
B AZRBLZ N
& i
BN—600 2 BEICANEELOBRTOs Y 7Bl —T7ROLBNETELRS D,
S THE TR D 100 FKWETORBAY 5 ¥ LAY 7HRRIT S EHnL
b
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225722 Experience in the design, construction and testing of the

FFTF heat transport systems.
R. J. Dowling ffi (3K, HEDL)

hn * » 7
1 REBE > 7070 b 24 7%BEL, KFREF P )Y ahTFR b Lko KFF =
PORR, (M yR3EF4 72— ¥ —OHBOHD, I I FeREF4 27T ) v~
OF Yy afiigd Y74 ANDEOHED, v 7+ ORLEOCHE, F%fThawn, 71
VAT EEE LA, FLTIV VAT IORBRIA—SXEHOBARATMICE 2 BREX
BREL, Ay 7o~y I PERTIHRD Sy 7 FEMLCEE LA, TOR, #BE
RRET Rk, TORBXT VY I7DECHTRT v Lke TORDRT ) > 2 OR
BERELL, TV 7¥y£— 1 2808 Lk,
2 1 H X
IHXIK2WTiE, (072°0 full scale model KWKF 72 b (RBA/HELENHEE),
()15 scale ®inlet plenum model, (0173 scale D2 XM TFHWZ v+ Amodel,
M1, THREHFEVCEEONCL 2EHT X+, WVE—ERORABFERBRS +EM Lk
(3) ZKHHAHF(DHX )
FFTFODHXIH4#/ »—7T1&H33Mwt Thb, 75t 24 707 =% b ZLMEC
TiTZ-kd, 80% ORAEN L2k ol TORDF IV 2AIRERHOEE, &
QB A4 RR7 e —%TIFbkdDO Sy 72BN, ZEARBEDOT v 7 (15% )% %1TA
ST eI b Lko

{4} closed loops
closed loopid2ET 4 loop RBETELL IR -THBER, 2O0O9L 2 loop BT

ERUOXET 5. BE1EBO loop REEMPCT, F2FERZ1 97 9FrLHARERK
T 5. closed loop D unit RUDHX EHE L A%, closed loop ODHX D HEER
ETdoko

FFPTFOBRERAEIGCHERTL, 1978FEBA2REDONe. 3~r—7FF+ Vv &
Fr—VITHTFETH S, 197 9EPCRWBEFRCEL, 198 0FF LohoRHEN



g PELTHRIBTEATFETH Ho
DOE®R FFTF OFBORZBIC "FPTF Irradiation Services *REL, HFAEE

KHRABTELL SICEEL TR,
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225/29 Development, design, construction and testing of pumps
intermediate heat exchanger and manipulator systems for

inservice inspection of SNR—300.

J.P. Vroom(#%># NERATOOM) J.E. Hoeft (B I.A)

Z7rb2A7OR T ERELARLAR, ROLEDORTHEEFT A2 TWE,
(i) SNR—300 OEEBEDHIHETY 2 v a4 7L LTHENAE180°~> FEREL,
ZhERBFT 5,
i #-—H2WAORFHABEREH 22 Thd, vy 7 v#EEEET S,
2URRDBEOHR ¥ 7E1 97 TEKRETIAFTS X M RET Ldt, 80%0%H&EsR
Boh, % 7% Libok, |
2 I H X
IHXE%% 25TMW, 0% D% 1 &/ 2~ — 7 TEHEL, ChE—XLCTOMW D7 1 b
24 7OREDEMT R oADM, HCDAROENN 80bars LA okikd, ERWOFEH
H#ECZ2 b, 85.7TMW; OO FEr—~F3ERBTLI 5k ok
TO0MW THXO7XPRTHE, THXZFHENTRAN, BRENRSBEEH L Thik.
b EBEEEWME A <~ -~ TXRFIh, BRATLOBBIREZBRETHIOEML %
WARBER LR A CT 2B T Thok,. COERIZABFIC2KRMF VY o0& MV
YEfTRokROTH Y, TORLY v < LEREK100°CHU LOBEEZER DN AER
HETH o
BE 85MW ©7 m b 24 752 BEL, ~v ¥ u CHRBREBINLM, TOMW 250
FLHERRITEROEHL HTH B,
() #v>2~-HO2EHELATO N < Bi#SE
() 70~v259 VOBRERELA4 =270 —-0DFdH
(i) #=—7%F— OREHM
W <~y rPr@l%rs o bBERELER
(3) ISIDADD<=E.v—2
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' Fig.2a: Temperature reducing

of SNR—pump

Fig.2b: Temperature reducing zone

zone of prototype pump.



ISIO D SfcDD==E 2 v—#()EBlectricMaster—Slave~Manipulater

(250N) L(i)Power—Manipulater (3000N) #2HRLABREFT A > Tnb,
Th & CICEM LARRR

() AHEEBEBERD%D, #1 F5 o —F AR flexible endscope ZHAT S,

(i 275427 FHWORTY ¥ 27OERANL, BT,

i E%T-ﬁ?%ﬂ@ﬁﬁﬁ@ﬂ]ﬁﬁ&%%%B@MET*L—check L sk,

{ removable insulation OB LRUERAT,

TH 5o
SRIEREMITHBERD B0, ThbO~=€.v—2d53E{ hoThi,
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225/63 HFHAXRBOBELTORENE ( V¥ H)

Bodov, Golovko, Grdlichko, Lukasevich, Loginov, Savin.

1. BN—350 (&1)
BEBHO shell & tube B CHEHBFRIU—tube 3 ey 75 bl 5. tube HE28mm
HE2mm Th b,
(1) #hasE
shell WA - TDbypass flow % 57 @ shroud ORE & bundle NOH
E4HeE— KT ERDRANBICRREO buffle plate TRED THRE LK.
FOER, MESHZL48%0BELAK,
(2) BIGTIAR
tube plated shell DEGE R shell & frame LEBNBEICEBIF® transient
BB ERIENARET S (50 kg /mm*~100 kg /mm?) . TOXKT, BELALEXE
5°C/hr LATFIC# 2, 20°CEEBLS~1 0BREORBRHEEENTND.
BETT20000 BEBH L TWaH, HRABEE>THhi\n,
2. BN—-600 (®6)
RAGEEET, ERBEERY PHEERTS 5, ZRTE 16mmd, 1L4mmt, 4474
ATEIC150&D tie rod £\, RRETLOMUFERZSY FTHETTRB. 27, &

RZBﬂT,Eﬁ%EHQZOMmfééoC@IHX&&E@&%%@KR@R&D%ﬁ
%o Thbo

(1) 1 XMAWAA

BEHICEH—IKHKRATEASAL S, ABBWMICEY 7 4 RENBHEFLETNnD, (buifle
plated i A fLoAEH )

sgre F Al 1/68 ThEE, 6 section THMLT, £ 3~530BHEICA-TA
%o |
(2) bundle WOmixing
bundle PIOmixing R EH 2 DCEK{TEROWRES = v 7 ETH 2Tnb,
1/6 sector, GAEOZSmm , 8 1 0%, /AEHBA bypass flow ORDITENRK



&\,
(3 FTH®7 v rORBES
1/4 7 A TREZRL Y ERETRA-TWDH, THEAMMBIK grid 2RE L, B—1LE
BHoTna,
4 EREES
REEOEBHETFMT 22 OICKERE TR ok, 8 grid THABRRAIT bhr.
Sy FEYEOMICY #— b % &b OK Th-e |
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225727 Application of quality assurance .to the design,

procurement and construction of the FFTF ( 2k HEDL)

FFTFOQAZu 754k LT
ANSTI N45—2 (safety related system)
RPT F2-—2 (overall system)

FBALAD, 4% L dmore cost effective ZDDORPE L TWL{BENRD 5,
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225/2 Operating Experience with PFR Primary Circuit and Design
Intention FOR CDFR.
D. Broadley (U. K.)

{1l Introduction
PFRIZ1974F2ABACELAH, 1974810 ARNERERSEL, 1977
E2 ARERBNIE LA, COMO availability i 78% CRAED207AD avail-
ability 9 7%EL %o
20 PFRO1KRFEOEEREER

() 1RFEXRY70EE&EFX100000hrs KEL, COMF Y 7BAROYEE—ED &2
Feo REHRY 7HBOREBEICL D572 (=T Y » 7, MEEFOWRH ) XBEER
L. cORBES ORRETR R

(i) 55— # = FICON TR AHCRIER 2 Ao e, CRDOA— 9 # 2 CHALTRDT
VT HRRE DO TCEETHER D ok "~V HAOFRKELIDPOCRDO= T % » b
KFPY D aMFRLy b L, CORDTZhEITSEI2 o F ORBETR oK

i} T—AFFSy 7RI FREN160°C~17T5CREDEVGEEIRTHD
A, Thi T2 BREHEEwRRLA

W 77 EBRETFHTERLTCHES, THARHRN IO T k. WEBRRSL
YIEOREFLS H»b50 WKIrEELty <y s7HlHRzEMT2HFERHL
Twhe

V) EEROHEF, —RIK2y27ROF MY Y ABREEBEFHET 220D, ¥ 7 ORE
REX—ECREBET L LABBERARPIND ok TR 1KLY 2 A REFBORES
HCERETZIOT, »—~7HEFRHALTWE 22 BRTHETHLTE %,

V) StEBEREIKEEE T k. RERLEFOBRMFHIKILZRZ 7231 BRI TS ko
AEDNECIAFFDREMPAR O RS, RKEXBILTFETD 5. *i?‘cﬁ”zﬁ
HE2EEMITLTETH S,

WD ACCSRIERTEHBEOLTE, XRZFOBEHBLCIFR TS k. LB2L,
Nak/Air OBRZH L 1IENY — 275 d ok, ThEERME THRE TEXA.



38 CDFROI1KFE
CDFRO1KERXP FROBBRE L L THRET 5.
 I1HX
CDFROIHX%PFRIHEB L TERETL2HZHRIHL TN S,
) tkzrrvzOoXE
PFRUEFLFEOIDOEZEL TnAEY, BEAROHBSKE L (EsoBF2T%
> Tlnbdoe
iy x>z

MG set HFRICEFZ®mEF LT b,
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J. P. Delisle (CEA)

V-2 (69) PFROBRMETHBALCDFR~ORE
A.- M. Broom{field (U. K.)

V-3 (40) FBROKFRSHELCODWT
BR. Fuge (CINR E)

V-4 (23) LMFBRIECKFH2RBETHRREBICOAWT
K. W. Foster (U. S.A)
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L. R. Monson (U. 8. A.)

V-6 (47) EVSTOREKDNT

M. Debanche (=anx—)

V-7 (56) EFFHBZRUCARECORSRE
P. Giordano (A 29—
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225,/6

Replacement of the Rapsodie céntrol plug an experiment involving
significant action

J. P. Delsle {(CEA)

77V 74 —OFLERMERL 2 6 AORMBEBHRRE, 85XOT CeXHFTHHEREOS
m, B35m, ER45 > OREYTHBHH, RO T/CHEEL i, HL F.LEH
BEE L R E T o, '
P LB O T REROE THECHE L WEZLTh -,

PO LS AREBN T L, |

RO D DAN—APVERCRERT L,

Na @ deposit#HH sk,

CRDERFRT21d, BEACEEZETIHENDDH T L,

FLrr )y AP RBRFLRBTRHRTE L,

@ & & ® e

P BB THEAC A A —FAEAY 4 — L TRBL T ok, 7 VY 2R
LT 3B ET + )V 20RBRIEA LR P oD, A-A—FAYS, B7770 &
WAL E P ODOTF Ry b Wb ot, LIL, ZOFHYy r 2SN L EERERPHL F
HYy P LTWcBRBETHLFEIHBL L,

BAMEBRBEORKI2 8 0mrem Thotr, LMIFEK I OHBEEL &,

ZEELLFLESBBOTCLOnTRY 2452 KE LT, RPZ2ZAOTCHEATE
HroRLTKBART LI RL 1o
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MCTTE DE

MANUTENTICN

. SAS A

24

en

L -6

-_\;110 -1
r t
DETI%(’:TEUF!
2
-240

RAPSCDIE

ALTITUDE
{en m1}

10 mRad/h

-310 -3+

500 a 600 m Rad/h

55 Rad/h

-355 ]
-4_

445
UNIVEAU
SODIUM. 5

545 " 20 Rad/h

-

A

ACTIVITE DU BOUCHCN DE CONTROLE
(mesurée pendant son retrai}
le 17.1.77

1000

FIG. 1.

2000

Hotte pour bouchon de contrfle

Fig. 2.

Examen des redans du logement du bouchon
de conirfle., Le sodium liquide est
vigible au fond du trou.

Fig. 3.
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225,76 79
Fuel and component handling “in PFR and inte tions for CDFR

(32 UKAEA)

1977¢3ﬁﬁ2%mmrwoﬁmﬁﬁﬁ%%ﬁﬂﬂﬂﬁfmuwfamotﬁ,twu
BRI KRR O LD TEL, '
PFRTCHBEBARZEBPICFACBERBTIARERAL Thicdd, ZhoEM, BAL
KSEMLEL o _ | |
:@té,gﬁ¢%ﬁﬁm%ﬁL<x<mﬁ&Aﬁ(ummemmhme)%ﬁﬁ¢f;%
BRMARR > 5 757 AR CFLOMR LFRRBRO " —2 — 04 MECHBRD IR D
B, —KORMICH 3B BB, |
1&%&%@@&wmuﬁﬁﬁae1mmbz1m®L¢mmﬁ37§xy%5Eﬁmﬁb
Tmaﬁ,@%@&@fdﬁﬁz77«i—a&u=ym§zb7—oﬁyf&ﬁmLto:
DAy FEBALT, ChETRE-:BRBEMEHUAR, 1| RROH > TETh B2, 77
zy;b%ﬁﬁﬁf@&éttﬁféto

zmr’éfi)gg@SG@ﬁ%s_%@AV Fiak Loy Z7%FHAL TR LY, CoRE
multiple layer plastic bags #MHL, BN B L,

BEHEE LTINS AR Owater droplet dispersion & 74 = — il OR5 % % 4
LicRKER P ot, 2 VERARRYPHE 73 A A7 LA 25 o TikEL 72,
CDFROBHEBERCOPVWTUE, BRBEEAHERBZ WL, RAXRBER2EFE T L %0
HHiickY, PPFROZIETEOATEETS2L B Thbo

Q@ FRERATRE LD, FARBARCT S,

@ S3EEEBRTZF/OATV-AY—bARLTH,

®@ ~<rstri Rtk b w2 RMRE T 3,

@ EDST@?%E@S»—_—_?@NaKw—fJ: high, “OMKEDSTOAEXSHATS
BRI B, |
EDSTHROT7FLAZPFROSY X 25 7L ABOLO3RKIOVTRS,

@
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Eleclrochemical and physical methods for reactor diagnosis

(R#, CINR)

Electrochemical cells with solid electrolyte ZHwiHhA—FAF, F 1+
ARORE, KEMOBALRRT -2 LONLOFWPIL LY, EHIEAE © bubble noise
LHATSGOMY —7 ORMEKEATHLZ LARKRE hic, '

¥4, SGLFETH © acoustic monitoring D’COV;“C%%Eﬁ&Qﬁ:D
{1}/ electrochemical methods

AA=HAPOBRFRBEAEERET 0 0°C, #AHAI~204&h TO.1~1000ppm
( volume CE|& )ofHEY Lt 2 0% CHECE 5,

¥, A HAFCH, COSOAMMPEBEATS L oxygen potential MF L < |4
ToHRD, FLREEFAFLCEATH L L VD AHYBEXHETCE S,

COFRBEMALALKRIEBOR -6 0THEALC, KV 7K ERATCER oL %
AL foo

¥, CODEAMInickel diffusion membrane b AT AHR IV F PV v 2 TG
ERTE 5,

Fr Vv APOEAEFE LTI { electrochemical cells with thoria-yttria
solid electrolytes BAE EINTWw5EH, EHE lemdD snlid electrolyte pellet
EEA LIt ZlFE LA, pelletld Indium-Gallium-brazing alloyTtubeld »
St EhTnd, 9405 Dcell EZhFT7AP LT, cell @Na ©F4004+5C
THEA2NDF V74P 1 ~100ppmOfEHETE 2 0% CHIED A8 Th - fodd, ceramic
OHEE, drift FERLBRL T WEEYXSH D, tLBhEHR2~3205 5,

(2) BHARBC XBA 72 HRH

BB DO noise analysis T1%void fractionOEEMLAETH D,

Na - (015kg/h ) OERBRKZOHEL acoustic monitorirg ¥FEAL TR

& HER L 7o



(3). Acoustiec monitoring
acoustic monitoring!d neutronics 2 —¥KFEATHIF L0 sodium boilingk
FRHRELBRITHLIGOY) -7 RKFATH S, COHEEZBWTBOR —60
Csodium boilingPRMBEVSGO ) -2 ORHORREITR o7,
COFETCHNERDETR I DB SEOBEFPLETD S,
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Fuel Handling Experience with Liguid Metal Réactors

(3%, AI)

XEOEBR-I, IAUSRELLEBL EoLBMBABKBO VE 2 —%fTion, FROP
LBRECHTHIMESOBERTTHLoTwn S,
{1) In—vessel Fuel Handling Systems .

Bl 77 7R HHoBRBE TRER I ALY, BHEYZ 7ARAPSELIBIHEYTH
B LBLIZOHEHKEFZ 7FARLLe~WnH, BHARER, A~ -FHAOY—N, 72235 A
HBorr vy s ESEG<coME DS,

SRE, HNPVF, EBR~-LO#WHOFTCRAL +~nwHic=>27 V- r2FRAL, IS
BHETLoTwicds, BAOLOEAF - A THHA R o Twit\h, FFTE CRBRP
THAF—ARLT, e—2RIDVLe 7S5 7 FRBER2 400 Fikic b X 5 iIcEHBEL
Thd, TABEMENELTHI L, RVCRIEAEZTI AL L, 7YV AFHYDy b
BT LEORTR Y,

Mg 77 70— N+ eLTHESRE, HNPF, EBR-IHFHAKESGESEFALH, &
Z b3 FAHELI, Fermi T NaK dip seal & silicon elastomer lip seal
ZEHE L7ch, Z@ 1lip seal 5 F < uolt®TNaKodip seal @EA L o1,
FFTF, CRBRPTi{ielastomer @ inflatable seal #fFHT %,

F PV VLD deposit TPWTRER+SHIASI A TEL T, SRE, HNPF & &
DRBREL ThwitWhp, FermildEfE A7 O LREERL T»%, FFTF & small
annulus 'C purge gas®HL, CRBRP{ENa dip seal *xBEWn T,

in—vessel transfer machines( IVTM )2 L Cid Fermi®offset arm, EBR—

I 7% transfer arm FFTFdoffsetarm #{fHL TWw52, FFTFCoffset arm #*{#
HLZDE closed loop #H57#®» T, CRBRP, PLBR: 4K 3EEE 77 7 OHEBR
ZHEMT 5, CRBRPE IVIME BEERBMHTH, PLBREFHRICEEL T FEERT
LTwn%,



(20 Ex—-vessel Fuel Handling System
EVIM 0ARXC2wTH, FFXmovable shielded caskDFEH Eh TE44, PL
BRTCH transfer cel l ARCER L, EVIMORHKELATH EEREAFIE
(1) decay heat cooling (2) contamination control! (3) =rapple mal-
functions,and {4) refueling time THb,
decay heat SREDL2kw b PLBR ©®30~45kw ¥ THEMLTEZTRS
HNPF, Fermi, EBR-I CH A AL L HAEERAETR o CELN, F PV vas—ri-=x
TrYADbA YT A LOMER H D Fermi®second cask FFTE, CRBRP &
B2 THBESHETE>TWw5, FFTF, CRBRPOZ7A®y 277 » 7 T20 kw ¥T
125 0FLULTFTCRATEDILRERLTHED, ~VVAFRAEEATHE 4 0 kw
FTCCOANTHRATRTL S,
PLBR® transfer cell AT+~ OB XA RTHbk D, KHE%E1L5~2 5hr
CKHIB4T 2L IDI200FLLTRERETE S,
sodiumrapor / aerosol Bl sodium drippage (K X 2 HREIELEERNE
ThHY, 5K EMR 1 0ABERKHE LTREOF YV 7 ANV Y2/ 2L h, £ 226
OF—A—Tm YA T4y THETHEOREEL o TWEH, FTALT, YO
—AERCOWTREEPE > THE D, transfer cell TBRXOmBOIKERT S O T,
CORTLHERDHTEMTHL S,
grapple malfunction C2WCHRAETHETCH Y, EBR-ITCEHE&EI L THFE
BATES5EYY orapple DBEZERC I V1 0E»AS 1 0 0B ECERTEL LI CL 2,
FFTF, CRBRP 4 C ORI X BT HNWTWwBHH, PLBRTCE A7 » PCEREh TV
OTrF¥R7 7~ FRARZOMED o,
BREXBBIC oW TE CRBRP Tl AoBMBE WP 2BEUAKCHIE SR, 24 TI50K
146 BTEBEL Tw5%, PLBR TRz o¥s0 1l RENUAETERIKL Twh,

IVTM EVTM
FFTF 5 2
CRBRP 374 2
PLBR 374 1 By hr/&



(3) R R TR
BRTRoMEdEE, SABLMEEL LMETH S, FFTF, CRBRP i3 15~2

FOLFLAOCKRERE LD, BHRLZ~3 4 -7 TCHERZL, BRRCEDHLE Y
FEFHEREL>TETnD, (CRBRPT3 O0Omillion )

(4) #RF @S
FFTF, CRBRP OBBEBMAEK 2T LWROX + X7 ZHWRLCF A &> A BT

HREITCHY, ZOXx+A27F 9K ~124KD 8/7A % ( 87ADdecay heat 15kw¥C)

BMETE B,
FRHEE L CE~NY P ARETL0~25kw SADF v A2 % F + Vo AEETE~

10kw/S/ADL ORI TH TETH 5,

FFY Y ARFROWTEBAEERAI T T35 0050 W, FFTF, CRBRP
KOWTHERETHY, FRTFRIEBFLET L o Th b,
(B6) # &

(1) IVTMiL TR EEEEHANE 2EMEA 7 € » F ARNPR W,

EHir 7 7 steel shielding T inflatable elastomer seal?d R \n,

20 EVTMELTIZAZ v—4 XX transfer cell BR N,
B FLPITAGHEOF v+ AZEMETOHLEN D D,
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225,726
The EBR-—-J cover gas clean up system

(%, ANL)

EBR-Ioa#~"-#2A%KXe, Kr B0 0CGCS ( Cover gas Cleanup
System) 2 Z Y HAZEWRLIBFFDLERAL 1=o _

CGCSItoWnTid1 97 7TEHERMHBLT, 9099%OREFHRIPBLA I,
FIHAERCDW TR 19T 8EI ALV HEZHBE L1 0%OHF ARMTidentify
TEDH X ORI T,

CGCSHFARKBO.005m, seec T1X107 peifccllicsdt dBREHFLTND,

V-6
225/47
Storage tank under sodium for spent fuel elements

special design features and solution proposed (Ra¥—, BN)

SNR—300®Exvessel Storage Tank T2oWT, OBMEBOHRME» B o 1,
RHES, EVSTOISI, v—A##, BES7 7S ERBCOWIEFMLER Do 1,
HICSNROEVSTH 2ERBTIN—7O%HR»OLY, FHRE RV LRA—ORFH
fERs&h, DT, B#Ho ISI Z&EL Twa,



Ouverture de Manutention

Bouchon Tournant
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. T B &2
! de fonctionement 2
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{iCuve Interne

{{Clive Externe
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FIG.2 CUVE DE STOCKAGE SOUS - SODIUM
ENSEMBLE
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POSITION 2

FIG.3 CUVE DE STOCKAGE SOUS SODIUM
INSPECTION DE LA CUVE INTERNE




V-1
225/56
The Contribution of Italian Industry to the Development of

Reactor Components and Fuel-Handling Systems of

Fast Reactors {4, NIRA)

HOP#HEE, BIRBEGO4OOMEE
(1) PECOFAIF v+ F A
2) Superphénixl OF.LIFRBEY
(3 PECOBRER
(4 SuperphénixO#REHK
KOWTELZHMEORINR S - 1o
1) PECOFALIMF+»rzxi
PECOFA I+ +> #2433 MWOMN LicHHR% b, Na OFlF, B0 RHEE/M
ZOHBELHMLAERPTELLIRBHEN TS, ZODELO RED PHETL T
LA, #MEE FIST CTHIEEH 3, |
(2) S uperphénix®iF L3 MEY
SuperphénixOFLYBFHAEYP BREDATEEIRL TV,
FPLIBBENEFigd CFTIORADOBI»LHERENATH S,
FAUX-SOMMIER G¥FEFAOHFHFL +~n5s A XFTHHEABBHEEZRT S
3 PECOBERK
PECOBBRAIZT 2O& v b A (H#ASHOFEM, KFP7-n, a-F4 i ArF
Ty ARNVHER, £0of1) 2DHRo>Twni,
FERRBREORBEEEOLOR 1 kw , A F v+ ¥ 2 2 RHORBAOLOH» 3 kw T
bHbHo
4) Superphénixl OBRWMHKE
Superphénix 1 OB AL RVHO charging & discharging machinesR/V
FEVSTiH® transfer machine, EVST P@@machirne bk b,
& fco® charging & discharzing machine RIFROBERTA V=T — vz »» T



EHro9KEoTERY, 2ERKEY 7 /7 ECERBEINLTwD, ChbOmachine BMiEHA
RHBEh32, FOLEYBIC, FEB v r20 8B BEEREYL S CHFHENT
w3,
FoAMEMLES50mm ETCHEETED LILRIAFEA TN D,
CROORFHFENITIRALCH IL.tXoTEBENTN S,
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225/3

Operation of The PFR and Design of CDFR
Secondary Circuits

D. Tayler. J. Smedley {(U. K. )

(1) PFROEEHER

PFrR®O2K%R Na HloMEEZ 4.5FEL P, 2BROKE ST, availabilityd &
R, BEREEBERTEDSOTH o o

EHID2 1 » va=vF7 If_KQIT;%%ﬁm@ﬁf;%O’C‘& 271,

(I} ecircuit 3OEVTHALERAZYSHY, tube bundles KE &7 o7k, Fh, #
YIEEBRATHEEL, ¥+ ¥7—vsr2Bdsid, MBEAYHEL

i) circuit 1 CRERFKFEEATHLIL LD, KEHOBERITR W, i XER
L7,

i > r Y97 2EANKCK1EZERA %Y 4 MPaX CTHe TMELTY —2 5 & b {77 ot
Y-zl Ehisrol, TORORF CEOBMORAME ferrific steel ®Y —2
RHEEB TR W BB ot

iV 2KRROEY 71 EETHST ) 7OMBETART LML 1,

Secondary pump © availability @s»CEL, 197 TEOXKE T 63,7554
¥7-hr W&ELMo TOMH4ED unscheduled trips b ot H > Ak Ll
I1HS 2 Y7+ Y ATERROLDERAL Thithkh,

WE, THXOTHEMR O thermal shockk EFfiT 5 H+H> 70 run—downtime %
E{T2HE2HEL T3,

BEHBRIEBEC 2+ 7EO0RESTRA L v, PH LD 1A 2~ 3B manual THEL
T b,

ZRADAHYPRAAKFEPETCH BB CT M~ 7 ®0ircuit BRPBMITERL TV D,
KRB 0.5 ppm BREREZ 1 0ppm BETH S, Zh T T 50 basket ( CT ORI
/Y ) ERBL ), REAKBEZELTEH L9 BAL T,

SH, RH% ferritic steel WM THRIZ 24 OCT loop BMEBILKEBLEH S,



¥, CDFRALLCHE, BAEBE AEEIORFEL THh5,

2IRBOF PV T A FVYyRIhET6E{THodce F VT AKEK, 7MY 7a-KEE
BRBERAFLVYT35X9EoTw52, BREA VYV EBBEC—EHTL o,

T Y y TRE2KFROE RV » FL, BRERTHAMEI Y REL, Zo0X%
G 77 Fy—ARU010%0BAEYTCBKTHLICERF SR TnD 2, BRABRS
BFLHIEL wded, HECOEEORRL 2X%F0 X7 slow-speed turning
gaar E2 AT L EBF L Twab,

SGELPWTOERERRZ UTRA<%,

(i) EVNIEFABAIZHNBEOLDE IR nic, RESE VY AERFH LIz bag ARTERH L
o, EHOZF M) Y A0®ERTEW, THHEZTOF I THEL L, ThK5HEBEE
L#,

i) SHNe 22 N 3WHORBTAY —27»¥REL 19T 5ERKERYBHL o ThLL
BRIERTE 5,

M RHMN3TY —2BRRAEL, MYy aREIRRKAEALL, tube bundle EE W
BT TS 7L CHEEL Thwh, Thid tube bundle ORELED £ THRITT %,
V) BEVFS20HBEEHRL TS, ChIZBRSHPFEHATERWBEBRC XA TITO3

DOTHbB, |
M RHOisolationkEHGH (EHFAFEXERERKE2 ) OLDDO A F7ERBEL THS

ChidBoCHECCDFRELRHXHIBLA—BAICLE > Tni,

AAOEELEBERY - 7RBROK/EXAF > TR THEBRTHLENH %,

W} &CToVY — 7k tube-to-tubeplate OEEHT10 '~ 1029, 5ecdOV—27Th D,
growth rateldf®bTEF\n, |

) ferrtic material TRENPWAI LB Y -7 BHAEL K Y, EROoHETEY —
sERN TRV, CONSHPFRTCERBERL AR THAEL L,
MEBx»IK1 0 BEET S,

Wi V- Bk E S5 VREMT L E TORBTITRbLRE D, 2 TOEEHN 3 BHETIT
Ttbhd, 77 Zid explosive weldingTfT7% 5,

2) CDFRO®EE

CDFR® 2XAZAFPFR LB —HMEOR—EROSGEFA TS, 19 8 14EETRIRH,



CDFRO6DO3G¥ PFRICIEBMAEREETTR 9,

CDFROMBEILTORTH D,
(i) thermal shock%BRL 77 ¥ ' BE#REm L454®d, 2KRFZF8r+-FL L, &

THX (8%) Iyl C2XREELHT S,
i) BHPLIROEEOREI (F -y Az rBE< 77, EE&Hete) Dic®d L
F LUy ABRERHT, BABERLT B, |
il 2XRWBEOLDH L bellows OFEANIEASME code case 1592 Xbhdd

HRPBEABOEILPLBETH D,

(V CDFR®SGI9%Cr—IMo CU—tuhe M, NaOPRFEENLLOFA T Thb,
Fh, AAFERBELC, Na— KESERY OB LR HCD ABOKR#M Y ¥ 4
— LT B, FhANTOF o —F v FAEFETD,

M SGLBEEFTOBMOKE D ferritic steel T2 %,



TABLE I - OPERATING HISTORY OF PFR STEAM GENERATORS

UNIT HOURS FILLED HOURS FILLED PRESSURE MAX SODIUM
WITH SODIUM WITH WATER RANGE TEMPERATURE
OR STEAM - MPa - C
Evaporator 1 28,268 17,398 8 - 13 466
Evaporator 2 19,268 9,108 8 - 13 457
Evaporator 3 15,580 6,136 8 - 13 478
Superheater 1 28,268 11,877 8 - 13 519
Superheater 2 19,268 7,870 8 - 13 522
Superheater 3 15,580 5,456 8 - 13 531
Reheater 1 28,268 6,701 VAC - 2.5 512
Reheater 2 19,268 5,604 QAC - 2.5 513
Reheater 3 (Removed)




M-—2
225/5
Design construction and experience of operating secondary sodium

cirenits of fasi reactors

M G. Robim (CEA NOVATOME)

PhenixX Super phenix® 2 RAHRBRLOWTi~%, phenix L1 97 3FE8ALLAE

EE s L, Super phenix 197 7TEIBLIBERRWHRL TS,

(1) B40BHR% Figl AU Fig2 /iR To phenix{d 3 /v -7, Super phernix &4 /4 —
7O 2REPOHEMEND, Super Phenix OS GHBEHBHAE%XEL, Phenix®1 2%
S —F O —ABEHL, 1E/ - FTO—4EHRBEEZEAL TV S,

(2 Na— AREEOIHX~OK) OEZBOBRIEXEMLL T, Phenixil-y7 7
2y I7BRFBEENTWSD, Super phenixTEHSGIKBAMKR bR T, ZORBELE
LT,

8) 2MMEERA 7 OHB%E Tablel RO FigsitRT,

Super phnenix OMHEH L phenixD73 0rpmA»H 500 rpm KEEL T b,

4) IHX OlE% Table2 R Fig 6 KR T,

ITHXOEME Y Xid phenix b £<{ACC14mmX1mm AISI316L Ths,

(5) S GOHE% Tabled XU Fig7 CFT,

Super phenix OEREMHEIZAlloy800 TH B,

6) F>¥72>7O0hBEFig8lT ¥,

Super ;henix Oy TRy 7 RBEHOEHEYEREL T TSHIEREL

(1) Super phe ix ©CTiCEBERBEBHERLIEAL Tns,

8) Na— ARIMHFOLE YR Figl0 KR,
phenizxld— @B TChHho VBRI P 57420 T Super phenix CTROMERCEREL
oo
KT phenix O FELMERRBRICODWThRS,

(1) phenix® ZIWROR ¥ 7 @RA-A~H A1 X Chbh, ERHRERKG65mNa O~ » FHH
HXOKRE IR Tnicd, EER38mNa Thoto,

_99;



(2 HEBEORENIPRIFLE ofch®, v# - bOoRERXTR >,
(3) NaEB»rLO/NY 7B IERELEL, TOH2HERACT L A4 Omixing tee
THO—ER A1 ORE TH i,
Super phenix C2oWTESGHEMW, 45MW OF AP TNa &> FlEAKF7A b

FCh b,

— 100-
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FIGURE 1 - SCHEMA DU CIRGUIT SECONDAIRE DE PHENIX
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FIGURE 2 - SCHEMA DU CIRCUIT SECONDAIRE DE SUPER PHENIX
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- TABLEAU

l -

Pompes principaiea secondaires

- Type
. Aspiration
. Refoulement
. Palier inférieur

. Débit {kg/s)
. Température {*C}
. Hauteur de refoulement (mN=a}
. Vitesse de rotation {t/mn)
- Systeme d'entrafnement
- Moteur principal
. Tension d'alimentation {kVv)
. Puigsance (kW)
. Vitesse maximale (t/ran)
- Moteur auxilaire
. Vitesse pompe sur moteur
awxliaire {t/mn}
- Réservoir d'expansion
. Diambtre (mm)
. Volume en sodium (ms)
. Volume en argon (ms)
. Pression d'argon (bar abs.)

—

- Caractéristiques fonctionnelles nominales

Phénix Super Phénix
Centrifuge
radiale
axial
Hydrostatique
-1
737 3300
350 345
38 28
730 500
Asynchrone Synchrone
5,5(1) 6,6 (2}
770 e 1600
954 564
Asynchrone Apynchrone
100 75
3700 5200
22,5 55
] 15
1,3-1,5 1,3-1,6

(1) Réglage du courant rotorique par dispositif statique {analogue au systime

Scherbius)

{2) Alimentation A fréquence variable par pont onduleur.

=

(POIDS A VIDE :

4817

{400

ff 200

PHENIX
0T

RESERYOIR

PEXPANSION
£ 3 700

¥ Miveau Na

2

T

N ¥
4

A

s 500

P
I

\
i

N\
N

LS

o

arre

4650

" SUPER PHENIE
{POIDS A VIDE : 94 T)

2040

2420

vl 3460

5 200

FIGURE 5 - POMPES SECOMDAIRES DE PHENIX ET SUPER PHENIX
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PHENIY SUPER PHEMIX
(POIDS A VIDZ : 29 T) (POIDS A VIDE : 70 T )
- TABLEAU 2-
Echangeurslintermédiaires
Phénix Super Phénix
- Caractéristiques fonctionnelles nominales
. Puissance échangée (MW} 94 375
. Températures sodium primaire
- entrée {°C) 560 542
- Bortie {°c) 397 392
. Températures sodium secondaire
- entrée (*C) 350 345
- sortie (°c) 550 525
. & T logarithmique (°C) 23,8 29,5
. Débit primaire (kg/s) 454 1977 ] [
, Débit secondaire (xg/s) 368,5 1633 ’ v j )
- Caractéristiques consgtructives CLRED st
. Nombre de tubes 2279 5380 CIREL Hl
. Dimension des tubes (diamétre Hal ’i,_l‘ ] ri J
et épaisseur) {mmy} 14x1 e I (31
. Pas radial (mam) 19 41 14 B.im
. Pas circonférentiel (mmm) 20 g 120m 5 1B
. Longueur des tubes | B 15
{entre plaques) (mm) 5365 6520 iR
. Matériau des tubes AIST 316 L Hal j= u!
N
Z135m

FIGURE 6 - ECHANGEURS INTERMEDIAIRES DE PHENIX ET SUPER PHENIX

IAEA-S5M-225/5



~-TABLEAU 3-

Générateurs de vapeur

Phénix
- Nombre de modules par ' .
générateur de vapeur 12
- Resurchauffe sodium oui
- Caractéristigues fonctionnelles
nominales
. Purissance &changéde (MWth) 186,3
. Température entreé
sodium {*C) 550
. Température sortie
sodium {*C) 350
. Débit sodium (kg/s) 737
. Tempé€rature d'eau
d'alimentation (°C) 246
. Température vapeur
surchauffée (°C) 512
. Pression vapeur ({(bar abs) 168
. Débit vapeur
surchaufife {kg/s) 70
. Température vapeur
resurchauffée (°C} 512
. Pression vapeur ) )
resurchauifée (bar abs) 34
. Débit vapeur
resurchanffée (kg/s) 62
- Caractéristiques d'un
module Evap. Surch. Resuxch.
. Nombre de tubes 7 7 7
. Dimensions des tubes (mm) 28 x 4 31,8 x3,6 42,4 %2
{diametre et épaisseur) :
.. Longueur d‘échange (xn) 60,8 26,9 2L, 9
. Matériau des tubes 2,25 Cr-1Md TP 321
et
2,25 Cr-1Mn
-Nb

Super Phénix

non

750
525

345
3273

237

490
184

339, 6

357
25x%x2,6

86,5
alliage 800

— 105~



— 901 -

PHEHIX
(POIDS A VIDZ : MODLES ET COLLECTEURS 1 100 T, CAISSON ET SUPPORTAGES » 223 T

(EHCOMBREMERT : 1230 ms FOUR 186 HWc)

Vepaur resurchaultée

Vepour & resurchau] ll’j
A 601

186 m
tn
z
=
E
=
-
-
"

=
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== =

FIGURE 7 - CEHERATEURS DE VAPEUR DE PHENIX BT SUPER PHENIX

SUPER PHENIX

(POIDE A VILE ¢ 182 T)

(ENCOMBRSMENT & 198 =0 POUR 750 Mut)

21 845

(D= YAREUR

pBioeg



—L0T -

Prassion{ bar}

&
Pression sur plaque inferieure
d”&changeur intermédiaire
19 X sans réservoir tompon
O avac rasarvoir tampon
—30
-20
-~Rupture d’untube desurchaouffeur
-Débit de fuite =8kg Hyo/ s
Entrde Ma -10
. _a__.—-—-""""e
——H———Wo—— % HEO e =
Temps (miltisecondes)
L) v T ¥ T T T ¥ T ¥ T &
0 50 100 150 200
508
2
i oms A v + 5 my  F1G:4: EFFET DU RESERVOR TAMPON.

FIGURE 3 - RESERVOIR TAMPON DE PHENIX
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FIGURE 8 - RESERVOIRS DE VIDANCE DE PHENIX ET SUPER PHENIX
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The design of clinch River breeder reactor

A. F. Lillie (K AI)

AIORFEIFXROH#XSGSpecialist MeetingCTREEINALIOLBER—TH ok,
TRCEFORBMERD 2R T, |
(1) Inconel 7180 tube spacers
EB217HBAN-F -0, b, TO270A=—H—FF 47 % Inconel 718
LT, tube® gouging %ﬁﬁ*éfc&bﬁ-rh—/b(fcz0|®7"-—1<—&'0H’fco
o1 7y DA% —72V4Cr— 1Mo S TH %,
{2) tube-to-tubesheet joints
BLEROBHEE internal bore weld TiT7e 99, BRAEORKRX —raye H AT,
IREW O post-weld heat treatment ®fT17c 57 ®, BWM O spigot X 1.7 5 (444
mm)O kWb DORERL f,
{3) semovable steambeads
I1S1, 7% 7 ©fc® I semovable ik stambeads ZEHAL, 24 KO &L +TO9 1+~
OHTHDDOFT TwnwBD, y—ApgEombiidrsicd, PHEHIIC dise portion &FEIT
thermal matching 7R > T HHTHB,
(4 thermal shields
Fry v aoAD/ ZARERIZLL 20liner%y, FH#E shroud» liner ©O®H
¥, B =aAFEICik elbow shroud?*, |k, T reducer#iCi{dspecial thermal
liner ¥ T THER I plate-type® thermal baffles ¥ EHEMIC T bexagonal
bar-type thermal baffles #*BE X2 Th 3,
BHOTBEREROFERELZUT KR,
{1} material program
GELORNLT2 L4Cr-1 Mo S ¥ % shori-term mechanical properties

creep {F creep fatigue interaction testing BT VWRH T —F& T LD,
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2) thermal hydraulie testings
KPFAr%2AL Cfi7t\n, Na filo flowdistribution X7 tube vibration O
BEITE o,
flow distributions¥¥—iic 2O window® Fifi 1. 2 m, tube vibration 12-55
mm © orderCdh o, ( spacer gapld * 2 8mm) |
{3) large sodium water reaction test
XY -7 OKBRETR =, BRE trans 1 THTF TS 5,
{4 galling test
Inconel 718 & 21,/4Cr—1Mo @ spacer & tube @ qalling test &ML /A, 7
Y —27 ) Cidgallinghd Cictcdd, HiROLHBH 1% lncon 1718 KKERL K
(HHHE4 5%, total 51m)
{(5) bolting test
removal steambead ®®4 F ( lnconel 7i8 )07V =77 A+ EEHL, priload
D2%UTOMEBRLPLPEULRWERLMHRAL 1,
(6 magnetite film test
DNBA T3 magnetite film BPE < BLTWEERERL .
B |
CRBRPOSGH, 1KXLSI 6 KOEHBORLBE (faulted ), SSE(faulted),
X/ BEEORAWM = SSE, OBELupset transient at the worst time OEhA
LREBAOPL WRHFIKELENSS, T4ThdKH L5 2RI ERSNL,
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SPOOL ASSEMBLY
SODIUM DRAIN tLowER)

TRUNNION (LOWER)
{BOTH SIDES)

SODIUM OUTLET (2} ! W
H . 4 ot

SHELL

TUBESHEET
{LOWER}

FABRICATION
INSPECTION PORT

SPOOL ASSEMBLY SUPPORT RING THEAMAL LINER

{UPPEA] SODEUM INLET
TUBESHEET (UPPER)
TRUNNION (UPPER)
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VIBRATION INLET THERMAL
SUPPRESSOR E‘-B%‘ﬁ LINE

Figure 1. CRBRP Steam Generator Configuration



ELASTICALLY CALCULATED STRESS RANGE ({ksi)

70 |—+ MOST EMERGENCY

60 /] 4~ DESIGN REGION OPENED UP BY
A% > W] ORNL REV 2 cREEP EQUATION

A

7S K[
= V. >< ,]%X ) P,

—

Wi AT eS

d > ¥ i ! br / / /,
bl A oo musivarostieck | A [ LA
4 4 / - P -/I 7
//,/2,»/ 1) ///i/ N7
2074 7[ " /1‘74// ,/’—// /] / /{é /// //
A wosT ueseTevents 41 |1 A | V24~ acceptasLe
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Figure 4. Impact of ORNL Revision 2 Creep Equation
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Development, Design, Construction and Prototype Tast
Experience ef Steam Generators for SNR—360

M. H Kraap (NERATOOM)

5 »5, TNOSrRBEIHSGOHEOHMBL2WIEAD,
(1 EERSr 5178 GORAR
1 971/1072, ~v7o050MWSCTFORTLL bCERESGOREY B
Lo LPLMBMOBECRAR Y — 78R EL 20T, REXBU L TERZBHL
300 0hr CTHEETXKRTL .
DA CRERDHIHRY -7 TP o ko
CEVERAL, SEBREYERL K,
SHREMATLREOE I CHEEITT300 hr OERBHKEL 1
2 ~yaraqrilse b2 78GORKR
~Y B AT AADEVEEEL, 197441 A~19754130KK3268hr ©
KRB LW LT, & OBMER, SR, ARETRoH, MLRMELD>» o, T, i YA
L, BEGLTRERRF CHD, BE1 0,000 hr KEL TnD,
(3) HH AR
21/4Cr—1Mo Nb RUAEHO7 Y - 7HEBE SNR—3 0 00BELHTL TEDT
Wwh, 1 0%hr Wht®1988FETHBRT 2,
{4) thermalhydrauliecs
50MWSGoftic single tube THEZE, RALEORREETIR oMk, ¥, AHO
SCRHLCRBOER TR o, ECHEHBERS GOE—EREHHO thermal shoch
OFAFBERL L,
(5} wear testing
EV® tube & tube support ® wear test Il EHPREEBET WL E@BHL
(6) leak detection experiment

Sy pAafrTebsrA7SCGREFFF(LHEA—Vv2L, A6 7)) KKEREA
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EEZ®RY, SCGHUOKRFTCERBHEHEL I,

BAREANME»OOEHTRLZ LS GRETHIALAMBIOMAYRBH T LR TL,
ChEHREPEREETREEIRE RS, TLHEEP PR (1 0%UT)I) b2 kF0
ERBEKEY, A2 77 v P BOKFRFIEN, LALARARESES LB Lbho
oo

(7) hydrogen diffusion

~AFABANTe b EATSGEMALT KREHORBRETR oo HOERRE
380CTCH0O~50u8gmMhT500CTIE250az/m*hICEL I, KHlDcorrosion
CE 45 0 CU LR H{BEL TS, EEANRERFRLODWIRRRRTH S

REKSNR—30008GO7r 24 7bOoEERERALC D2~ T5,

1) EBRSGOXEER
N A1 27e —2BRT LD, RBv=77 FORKEAE»D ABERKEEL 1,
) Internal boreweld OEEIL, CHERHTY — 273 HAELLERCHEI i,
STORK#iZ20mm OREDOEV rL TUpulsed-arcTig process single
pass weld without filler metal %
ROYAL SCHELDE # i 29mm ORBEOGSHA L L Tconstant-current
double pass welding process with a’ fil.ler metal #EFE L4,
(i Inboe dye penefrant * X—ray OFHF LV REEXHRE L i,
(M tube support A S5HI1LEELS FRERAL -,
M vzro<e —XOHEEDINL4L498025DINILA4948 (SUS304L)
CWEE L,
(9 ~VAraArBSGCOEES ,

ERERARBEBAPLY —~ A2 ) - THRKEEL L BL HHRO/ X A EYE
BHSGEAELRILZILTHE,

BRERSGORFEBK s HHMELC 2w TR R %,
ﬁ&sEOSH@253z¢ﬁ@iB—wuu@%Tb,6£EVoﬁﬁ®ﬂ7F»®uz
Bl B—welds 2T 9L ZBThb, Fh~VHA a4 L8 GO TETEBEH
Bt s hick THTH B,
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BEDBMTT A« AP LB DAY BER ALK, OO
(i) vzrstd IB-weldcL CNDTORBEEBRTHEL
(i) B#8ELEEED pre-production test weldskfTie o2&,
iy FEEHECT simultaneously welded testplate THET BT &L
(W reactor Vessellc+5RHP 2/1 LRHP5/2 oBALTHEL,
VM BHEFELLTCS50MWSCTF CidIncoweldl 8 2% R L TWwich, BMEHLRT
THBHLOEMMS Inconel 600 ® transi tiorsingkFEHATHILETH D,
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Design R&D and Manufacturing Work for fhe components

of Secondary Circnit for Fast Sodium Power Plant

P. G- Avangini (f, NIRA)

(1 SG

PECIESG%EHEL TWwiz\wl, Super Phenix © 8 GRILMBEIET S 1, MEHFT

S G #4EL\»2 Super Phénix £ 1 7OFYFRBR T RO LD, SCOoMRLED
Twnd,

REEEMOS OMWSGHBIEART, 19794 L0{,dOLes Renandiers TR+

Bo ~UAAIAABSGROWTHBMADRITEEEL TWDB,
FOEBSGRY A LEABORBERELZBRNT A 008 b\,
197 04 Casacciall ILMWSGoA—72ERL, B~V AL 21 A2S8SGDF A}
%Ltﬁ,ﬁEEEESGQ?ZFf9VaVMﬁk,ﬁﬁ®$ﬁ%bfh%o
Brasimone d Na— KRIEKY —7 HBREBHFTHRL 2o 54 Super Phénix HO~
YAALANBSGORBRETR 9D, TOREBHNSGORARLITR 5,

ZOftiNb stabilized 2 14 Cr—1Mo #, N stabilized1Cr-Mo #, Alloy

800, 9~12Cr stabilized alloy FOHEHME LV brazing KL AE —ESHESES
PHELTWnE,

2) BRIHEE

PECH2ZAr—F, B3R /N -FACEALTWwS, YWACOHH T hot sodium H
THbidnbh, cold sodiumP LSO MBEARCH o710, K load ROREEHROLD
Ral B ZEHEL 1,
B) >rVyaR
NUOVO—-PIGNONE TSuper Phénix RO A 7K THH, 041009
Dbellow valve 15 0¢ ®freeze seal valve, 100¢@check valve D3 @~
N TEREELEBL Thi,
ASME Code 159 2%#ML T, RETBIFEETHR oMo $72Co EHRE 0.2 5%
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2 Twnib,
4) Zoik |
BEA Y 7ERREFERA Y 7CFATHRCLEFLC, HLWEL LI ERE > 7508
ELTnd, BEABREFAL A EOLOEHB LTS,
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225,66
HEREBCHITANa —ARIGORLMFNME (V&)
B.M £77 72F%— {1

F7=v27 BT AR

Na— KEIGCHEEL LEBROERWAUHERGHERIMRCOWTIEN, SHLRIRAREYE
(BN-350) CHRAZA T L EIREHOLEHONEEERATWS,
(REHRE AL & OEREWE BbR D)
L. K-z |
EESBRCRE T 2AELtENoFMCIROMBEALENTW S,
- Na+H,0 -~ NaOH+1H,
s BOG X B
- RiCERuFORE, EAE—%
« 1XOBEKR, B2
(EIEIRBN350T9k BN-600T20k)
« Na F~DOKDY — 27 BEBHEKR E TOER 7 AKX
-ﬁz@ﬁﬁmazky%?»
2 hyv-—2
+ wastage rate OB K nozzle b OBEEL IBEOKP25O0MNETET S,
cB= v rABOmBEEYMEA - AT F I 0256, 7274 O3 5/FH 5,
- BEHR450CHH300CKTAHREY—20HACETHRI LI THS,
+ wastage DBEKO factor@ 722 VN BEOFEETH %,
* wastage [IAKBEEFATHBEEIND,
3. RERER
RLRBRAOBRE, )~/ RHL I HRAFEREEBOERLL ) — 7 BOBBOE
M ORI IE %,
YETES GV - /7FHROEREY - AL LTCCAZRMR LI, TOFHBKOHE
ho
c Y —ZiE S ORkR, KUE RN
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- Hifgr - SOFIE

s B S GoRE

s K7 e —, Na Frv, Rty ABH

P -7 BMIKBEL Tt Na FRUA A -7 AH OB L5 H, BEBHIFESL 1o
BN-350 04 CNa & 12ppm(W) »A—%AHFT107* VHOBEEY b=
AE#ZBOR 60, BN 350 k¥ CH&EF

i, KAOCHRMIMEKE TS sec LRATHR, RHROBME2EBLTHS,
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i—1 (8 STVFL— ZxrT 4y veBERRANOEREE ST 525H
P.Millet fb (CEA)D

-2 (67) BOR—-60 RTFFOFLEMRUBHBRE 5 2— 2 OF%
V¥ —¥7 4 (U. 8. 8. R)

i—3 (34) SNR—-300OBRBFBE L Ly v PLORKEIEE
R. H. Méler 4 (GfK)D

Vi—4 (58) 12V 7ERITE2ELEVRB®REOELS
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Thermal behaviom of the Rapscdie Fortissimo and Phenix standard

oxide fuel element .

P. Millet.fs (OEA)

Bapsodie FortissimoT#H 20000 RORBECrRBHIN TS, chbo¥F
BN 7.3 4% BEIE1 545 %ICE L7,
LOFCS/A-802 (PHMBERL0%, U0, —30%Pu0, )k RIEERBRICEH
Lo CORRBFTLILOBRHSTFHMELCKE S, RLBENMES, REAEXTHIDD
150@%%%&m§$ﬁ%%bﬁo(nywFQSEﬁ)

10a/ o MEERAET T F4— 721 T4 EORBY P 1REYFNTK
DNTHERRETR N, TOBRLHEE L TND, HBEAMTI290~400W./ cm O
BT, <y Fr e i EEREER (B - Tnd, ER 27V Y EBOBROMELD
WTEAbNAEELLFMELAREAHEAN Y AR TR L HrgEz2 L ( T%
Z#25C), PLIOEREIZ D ARRBNTD 5, COFRAOBENLEZ D RE WO,
BEMEFORBD <5 Y+ BKESokbOLELDNL, REELT, KOV DHOE
BHEALLNS I FT2bb, HNAOBROYEFMATRUBBEORY =V ¥ 7 LB
BBOTE— 2 BERS 2D b, B
4Vy+@%ﬂ%mﬁ%@z9;UVi#ﬁﬂﬁ,mm%&Vwboiﬁoﬁ%#Eb,%
BORMNZEHHEL, LeLesb, FLAERSGOHCETZMEI VE(RENS,
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Stud:y ‘of the operational parameters of the core and irradiated fuel
of the BOR—60 reactor

Y v—¥7, 77rFAs 7 M2 (U.S.8.R)

FEA—-AN—QH¥ECEBOR—6 0 ORBEHEBEOHBERT LA, BEORBLIFRFFT
b RBHNEXBREFTOHRITCOVTRNTW B,

BEREEE LT132%, @HA540W,/ om, BEEBET00CKELTHE, B
HABRAORBESHKE VI~ BB LR D, BLY, REWEORSBEEREE EBHH
WESOMEFE, BECSONEPT 1 AY Y a Y EEELIE, $RELLNBLABBRIK
L, WAL 2L 2RHRBREEBEALT>T 5, BEO—ML LT, BARERH
(MOX. Upgs Pugys O3 ) &FHFHRET6X10%0/ e’ (E>0.1Me V) TRHAL,
11 %HREOREE 2 2R LABE, O/ MBbIFH KRS L, WESL 025106 g/em’
LER LAY, BESEERTH ok, COBORBIERRSEL LITBELHE LTw b,
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Expeiments on the fluid dynamics and thermo-dynamics of rod bundle

to verify and support the design on SNR 300 fuel elements — status

and open problems

R. H- Méller 8 (GFK)

FOERBERZEEUER (R L Io & TNiE, BE, BEES, Rz 5BREXORET
LZ3RTREHCH LCERECTFERLELEZ D LONEND, TOWXTE, HED -
b#n—ssrigiKsz— F( SUBCHANNEL code) TROLBNTWAIRTRERER
FHCnwWHrCREL(BE I 5528 NTnd, COMAROERELCE>TnHOEKIK ¢fT
ZHLNASNR-3 00 HRBRROL IRy PraFrlt BN ES LUREOHIE
BECdr, LHALZERERIDEEZHALIEREIN, d2DET, /e~ 1EfiZRLE
FEAERLOLBRES T TS, &%, #AKNREHE TOXRHLIICLLHHEE
FE~OEBLIBRIN TN B,

EhBEREAROED
1) #¥ ProRUERKFT 2EREOCREFENAECER
i) B CcEBEKBEL T/ a— <At rn— A RAlEELAEEOENKITEREVDT,

AT AL OBBRLETI—-FORRETTIBKRTDILERS 5,

i) THAABROCHEALBEORGCERBITBE LTIV B AARALE
V) Fy bFr 2 BT FEREERETHLED D,
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Some aspects of core and fuel design in the Italian fast reactor

programme

A- Amendola ft (CNEN &)

. ZOA—SA—TCEPECFOFLBABREDOVWTAENTW S, HK, o cld, BXNEF
M, BEREFHESY WeNKHECTE AREAHET—FYAFAPRONOVERANWT
7y Ay PueHRELTEAFML TR 5

EAbK, PECFORHRER HAELERE HBI /70 0nT3HERBETWS,

Wa—1
225,79
Analysis of Phenix assembly and core performance

J. Ravier, P. Delpeyroux fit (OEA)

Phenix TORKHBBOZ 7 v PR o "BOAV 2V ¥ 7 2HLIK LAREN D - ko

Phenix ORBE 7 » " BOHABTEH6 %0 b REEN 6600 OMWD/ TEREENL T
5%, RERKBROBR REELSESOHLIZLNTHRTH LT ENbhok,

FAAYV = VY 7O08BEPbESUS 316 Titane MMA BB L TWE20THELED T
Vb

breeding gain KOV TEHHEEHN013 0 04% THoANAEMEI0.16+0.05
TH oo ‘

COERNPD, PhenixOFLHEELTE, 7ro- 7 P RERCAERL IR TWARKY
FER LAE») TR, S EFFORPORHBCRE L EEE 7 » 7 LEBLC AL
W& oo
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COC LA HUTOHAK DWW THRHEZECERELALTAWDL

—BRBRLBOREGNIEL, BRLALTL,
—7uv=? tOHMTEECELTELNLABIOKRZEC L,
LT, BEREARRUFLOBEBCOWTREZ CEEBN LA LLDATHERT 5,
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The application of core and fuel performance experience in PFR to

commercial fast reactor design.

K. Q. Bagley M2 (U.K.AEA)

PFROBRBEBEHERFICOE, *I-ﬁ?:td#&‘ﬂtiﬁ'é’iﬁ%fcbm Hx OEFR E I BAKED
NS LLREARBATRNT VS, i€ T, CORFOBRKEBICOWTOEZ H LR
Tnb, BEERUBHBZHERET LD R-> T, DFRTOEGER RBEERNIA
ZREBRELEETVAZLEZI ETh 2\, BEWE, PFRAHSEIRICESNNLE, <
NOBAFORKE I VBERCESTNE, BICPURTFRIBAI PRV = Vv 7 2RHE 2 ) —
TELEBUEANLNE IO A- TS, PFREEZEAINhTWHEIBFLTRERY
=), BHEIV—TOPENBERN EER LB L TnE, cTE, AV =1>70
BRERHZV—TFBLTHREL S 2RRAFLOFK O THBECHE T 5 LT,
FEAEER (CDF R ) FO~OE MBI DR TRRTV 5o
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T.N. Marsham (UKAEA)

HUToE&EM L OEEELOER
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225,/81
F'BRoORE, BRCHE T NRIHE (L)

Bénmergui, Megy, Vautrey, Villeneuve

75 AOFBREFE X, Rapsodie Phenix Super Phenix BT Super Phenix I & —
HLAGREObL L CEDLATETED, BE, BHEOFEBEECLHAMBCE LERE CO
RE, BRPROBRBL OB DHLOKL TN,

73 Y ACEER=F A -BHEPHAT, PWR LB ENSPuBKISCLFBRY
PERTHSLO0LL T, SuperPhenixOFBLISHLKROBHEIH 18 0Fkwe 77+ &
HoTwnd,

Super Phenix II ‘COMH W
1) = 2+ O&E
IATOEBEYE» L2 v 7 OFTHBEYELTCHAMKER > Thnb, ZODBK
OEFEZRL Tni,
HE7 - ABBXAAFNEEAL, FLEMLER S 72 iicd 5,
o BHRAZR, HEF7 2 —FHHIK LD L TEOM/N
HBRxoXL, 1HX o(EHFAOFTHEHEN
M, SGREL ==y 'R 30— ABOl OFMxiTico,.
2) B Lo@mb:Pu 1><riVOHH
COMBEERTALD, BRBRELHIFHEEEHIH->TwE, BERFEBEFLOKRY
770 Tn B,
w1 20

100 ton/FORBUERVUBLAEBERBRORE, MRRKAok, M, RECHTEIBHR
BB HFF »¥aT20 ton A, BABKELIES 7 -701kg/ 8, ~47—10
10ton /ETX %,

FEBRAF BT HERGH

BEFoMRZKEL, ERAZLR&DOHE, FBROMEEEK, L o2 bhL o TEMAEEHN
BETHb, 77 ¥ AT Phenix BREHAKCEAQHAIK L H NOVATOM % &3 L%
BREVCHMOAEHEM G o TE I,
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HEF»D, 7723429V 7 NIRA LA ES<D (SYFRAD XA % 57
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225/82
FBRoO#E, BRI T 2EREHE (HEH)

Kempeken, Kohler, Wolff

FRGEEITHAFROFBRABEISNR—-2TH%, SNR—2ESNR300OHEF

ERECHY, BFE, B8, A -2RUNMLEWEBBAC L SnwTnd,

1. SNR-ZORFHEE

(). SNR-2HESNR-300QEELEKDY, FiiL, E£ LRUBRBOBRA,LE
RORBEVWSOKYDERShD,

@) BAFOMBIrDWVWIE, 150H5~1800kw B"ERFLLTOMATHL S, SNR
—23HRE, BRBEOMET] 3 0 Fkwic£%E

(3) %ﬁ%@ﬁSOWQQS%MTSN3300;b%%Tﬁto
g—¥>»id1g 1500 rpm

4) FTHHEEL 4 loopT loopidhot NyFHXO steelpotili®wbh,potRiCid
BiEM, e—2Z23BTin,

5) fracture mechanics®F 2 A %EB AL, double ending @ pipe rupture X418
EL s,

6) DHRS R1XHZFAE2MBLHELCRE (50%%X4) SNR—22 ARy HKI
EESHNRERT 5,

7)) RABWHCHEBBELSY, external core catcher BT\,

B} 2XFPiEMEK, BELSGOFRETup LTEVESHE—HKT %,

©) EBEFLOBALFL, BR=1 3% BT,

2. BEYyAIr

BB LU, Th oF|Ab Rz, 20LHK S FBR GBS B TH D, i
FBR 0o e LTBAF o0 PufA.2F L5 BAERE2~3%OFBRVBAFL
ANB o TV ETTRESTHY, FPBRAHLLTUNLuELR S,
BREOBBIEMLTIZL195 6FELOD A AAL—=TTAhTELI19 7 1EUE

Hanav@OAlkem KBEEShi, LES B £ TH 20 to noBB 2B G Eh, VAK KRB,
KWOE CHRHE ST 5,
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SNR—3000#EIE Alkem~Belgonucleaire THEIL 5, BAEKEL TH,
prototype 1 97 2EFENLL A -V AL —=THREL CkH, BE1500 ton FO
fEd 2 licensing OFFTHS, 198 0 EROBIECHEECALTFETSH D, SNR
-2k E 5, M, SNR—300 ZEBEBHICES,
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225,83
FBRORE, BRICETHIR/RAE (129 - )

Castelli, Ghilardotti, Mussg, Pierantoni

‘Pu OANBECHL CREEZEOPTCHE L 3B TR, BERERZOETFH S
YIORMBRCTELER IR T, BABRK DWW TRERNERGOBPTHE L 5,

BE PEC 0B B L Super Phenix OERBMICHAREWTH H, ENMW KX CNEN:
NIRAMic=2>»Y — v 7 a R TELR,
"R&DL#EDTR D, Super Phenix OHRELAEBEEMS G mechanical pump,
Na—K(ZBK)RE, FSIheall Twa,

2_ 25,814
FBRO®NE, BRCHET 59E:E ( HA)
"Tomabeehi, Miki
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225,/865
FBROZGBR YT FREE ( £H )

Vaughan Wol f§

KECRXPFREMLCD FROBHEED LR T, TOBRKCET 5 BUFRER K
FBROLEB#HLCDFROEBERLSVWITOAESPBEIRZ I L sTwni,
FBROMZERHMIIDFR, PFR, CDFR &, FBREME/LT S I CH, RER
UKAEA, EFAREKK, EFIRHHPAEEZE2BLTIVS, PPFRIC X > TCKERS
7 O feasi bility ARENALACDFRIZEFEY, FEHEOCE O HELOREL &
DL HOREBELRAE L o TnD,
CDFROZFHME
CDFROBRFHOEAGZPFROER L H Y, BEN—7H I LEPFRONERE D
LEEIhIz, M, FEO 130 Fkw AR OBAFERELIRE TS0 THS,
FEFFHOBEES 4 00EXEH T 486C/ 16 0bar BRBHAAA T, loop i1
R%6, 2IRERBTHD,
PFR»SOEESL L Cldpassive restraint core, ZHEIEE plug EHR, in-
clined ramp AR IC & BMEBE, FHBRRTE R LI ETFONL S,
CDFRo#%s
1) ERitomtE
72 OB IR ARBRYAHMC T >CERBOGHE LREOEREHL» LT
LBRNBETHD, RE, RIYPBATRWBL A THAMERE (HERMF LHH 7 -
FIRIRR - SGHTHREXOHM CDFRTHRENL 5,
2) 8 ¥ ®
REOUMECaA I BPBAFLa Yy A5t 5L E2503FHAENE LI, L
LIRS, EHEER T/ 984, FBRY>7 vt CTHEHZ L @a#B Y1210
HEEEECHY, TOLHRLCDFR Lo ILET 2 2B BT HHER DL S,
B £ &£
BeMicEL, RCFLOBERRE 7> » P tEHE ATV EBRECER T HEAK
it h, WHEALL-sTHEEL( W, CDFROER®HL, FHERC LIBHUOATF
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G#gRofEt M Enhl, E2okikdblhid,
@) 735> HE
AEET7S 1 F@E3 0FE 34 0FEIRAEL (RFATHHRITET, HHORKM
T—2RRLA, RFUEZEL CHILTHH0BRKRTCHE, COBKRTLCDFR
OCRHBBACLATF -2 0BHBEBRETHS,
{6) BHZERAM
CDFRUBGEOHHBFRKERS T 224 2F TCHH0F -2 2 HFHCEME
25w OCDFROEEEX*ERCERDDILENSD 5, '
¥/, PFRETCHAUKAEAN T TE4Ld, CDFREKIECEGB HNALTE
SRBVBHD, ReFH, IROERTHLRRIAMRUO WA Y KIs 24, BHEELELH
21 BB, TOBRTHLCEGBRAAAL T HH R W,
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225,86
BN—160073 > +O0BEaBERBRICONVT

Kazachkovsrij Mitenkov, fih

BN-160077>OMERHEET L, £777 > OBN—-350%BN—-600
OB DERE o TnAEREEIEThin, RIS A —FORERRBLUTOHED ,
(Figl)

(1) 73> rHAb
s RBERLIBAS—A2 Yy P RUFLOXRBR LI HFLEECH EOFMAE W T,
cREEREPD 2005 ~250Fkw REOT7 T 1 OBRADPF .

+ scale up factor % 2~ LSHHICc: ¥ 5B,
- 80 0MW 2 — £ > DEFEV BB,
DERBELTL 6 0Fkw 8BFL iz,

(2) AR, HEZHF, ER(A+—FH)
FLLIR2LOBER»L - A B2 EE, BELHFEAE, BB o7 2 -2
Tl o R BN—60 0 B-RHEORER I oo
RELOBRR, # 7 BREDPLE3 loopBRVPBER Th o pump B KK 938
EhH{-bd looptLlie ZTNRIKIDVBNGO 0BMpump AR L 75 o 1,

B3) BN—160 0D
CREBRRRHOLYORHE, FLEERCRLGEH B omE, ARBRE HWLECCS
FOH b Y EEROM LCEAR B LT,

s BRREE, fERI{4K mineral absorber KEBB L L OFRAIC L Y, F.L5EHE,
MEXBEHEOoR LY Ed o Thnd,
* IHX K835 2K Na OB ZN LA, THXZFLL DG 0 EHICERKY

LCHEEL T b,
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225,87
*FECHRTAFBROBEOHRFEICOWT

Squire. Omberg, Peckinpaugh

197 TFEAROH -2 XKBHEOKERIEFHELNK, FBROBBBEBY MR LARE
RiFce, ARABPZE>TE TS,

FFTFR7IES ABRA BB KIAHKCEHL TWBBPCRBR7r o2 PEFEH#HLT
o

ERDA*EPRIOCE#FCWH-S&W, GE—~Bech, AI-B&R®D3 71— 7T,
PCBRO#HFARTRotco 77 P HAL1 00T kw DPELHLEW I A TH—HE S
HEATA 7V ORECE 2HEPBRAY A 274, 1EPAMNYA 22 L—RHE LI o1,

COPLBROBIHMECHENCEPR I 25 pool B 0HBEYTHR S LI 5EEHI L EN
ChEFETLIDOE»BIE65Fkw 75 ORI LERMLAFLKLELRE&ED:
BRI 5 L 5BFREnTn b,

Cﬂ%@%ﬁﬁ%kﬁ%ﬁ,CRBR;DiEf%ybf@ﬁ%®%ﬁﬁ%iﬁ%t&@ﬁ
BHEELCRBRAOBBOEERBMTRLATRE,
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IABA=SM-22%

International Atomic Energy Agency

International Symposium on

DESIGH, CONSTRUCTION AND OPERATING EXPERIEHCE OF
DEMONSTRATION LIQUID METAL FAST BREEDER REACTORS

Monday, 10 April 1978

9.30
.. 9.50

14,30

Tuesday, 11 April 1978
9.00

10.35

14.00

Hednesday, 12 April 1978
9-0‘0

12.00

Afternoon

Thursday, 13 April 1978
9,00

15.00

Friday, 14 April 1978
9.00

10.30

11.40

Bologna; Italy, 10-14 April 1978

Timetgﬁlg

Cpening of the Symposium

Session I World energy resources and role of fast reactors:
past and present

Session II Measurements and operational experience relevant
to safety of future power reactors {e.g. power
coefficients, avoidance of fuel reloading errors,
reliability of control rods, etc.)

SessionIITA Measurements and operational experience
relevant to safety of future power reactors
(continued)

SesgionTIB  Primary circuit {including pumps and inter-
mediate heat exchangers)

Sesgion IV Primary circuit (including pumps and intermediate
heat exchangers) {continued)

Session V Relevant experience on fuel handling techniques
and equipment, control and instrumentation,
maintenance techniquee, gas blanket and sodium
coolant systems, ancillary equipment

Presgntation on PEC reactor

Visit to the Brasimone site

Session VI The secondary circuit (including steam gaﬁarators)

Session VII Core and fuel performance

Seassion VIII A Core and fuel performance (continued)

Session VIII B Future plans for the design and construction
of fast reactor power stations

Summary high-lights of each session
Cloming of the symposium
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B.30
F.30
IaEa - sm-225/
Tl Y. Haefele
12 J. Hegy

Provisional Programme

HONDAY, 10 April 1978

Opening of the Syamposium

Sesaion T Horld energy resources and role of fast
reactors: past and present

1454, laxenburg O Horld energy resources and fast
Blauer Hof breeder reactors (Invited paper)
Austria

CEA, Can de Saclay Role of famt reactors: past and
Gif-sur-Yvette present (A summary rapporteur
France paper based on invited papers on

the same topic:
SM-225/73 - Prance
SH-225/74 - FRG
SM-225/75 - Italy
SM-225/76 - Japan
SM~-225/7T7 - UK
SM-225/78 - USSR
SM-225/79 — USA)

Conplsmentary statements and discussions on the

above papers.
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14.30

Session]I Measurements and OP erational experience relevant to safetz of future
power reactors ie.g. power coefficients, avoidance of fuel relocading

errors, reliability of control rods, etG. )

IARA-5M-225/

1

13

68

28

30

35

D. Co G. Smith
Je Ce Smith

D. J& Lord

D. Co Crowe
T. A. Lemnox
R. Hampshire

J+ Gourdon
F. Penet

Mr. Savineau

D. Markfort
F. Hehren

P. Voi

He J. Hoffman
K. Marten

H. Marth

H. Andrae
K. A. Busch
BE. Guthmann
G. Hendl

V. Matsuno
A+ Yammoto
He KOB\lgi
5. Nomoto

DNPDE, Dounreay
Caithness, _
United Kingdom

Centre de Cadarache
DRNR/SEDC

Saint- Paul-lez-Durance
France

Centre de Marcoule
(Centrale Phenix);
France

USSR

INTERATOM
Bergisch Gladbach

GfK mbH

- Karlsruhe

GIK mbH
Karlsruhe

INTERATOM
Internationale Atom—
reaktorban CmbH
Bergisch Gladbach

O-arai BEngineering
Centre, Power Reactor

& FWuclear Fuel Develop-
ment Corporation, Narita,
O-arai-machi, Japan
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~ Measurements in the PFR

related to safety

Aspects de sfireté liés A
1*exploitation du coeur
des réacteurs rapides

Assurance of safe opera-
tion of experimental

fast reactor BOR-60 in
the nuclear power station
mmode of cperation

The Shut-down systems of
KNK and SNR-300

Special problems arising
during the adaptation of
KNK from a thermal to a
fast reactor

Test and operation exper-
iencee with the experimen-
tal fast reactor JOYO



9.00

IARA-SM-225/

49

62

65

1085

11

64

54

TUESDAY, 11 April 1978

Seseion III A Measurements and operational experience relevant to
safety of future power reactors

G. V. Gregory Dounreay Nuclear Power Boiling experiments in
D. Ce G, Smith Development Establish- the Dounreay fast reactor
D. Tait ment, Thurso, Caithness,

United Kingdom

USSR Calculational and experim-

ental studies of physical
characteristics of the
BN~350 reactor

USSR Use of the demonstration
fast reactor experience
for radiation safety
evaluation of power fast
breeder reactor under
design

Sepsion III B Primary circuit (including pumps and intermediate heat

exchangers!

B. Vial CEA~-Centre de Marcoule Circuit sodium primaire
M. Aubert CEA Centre de Cadarache integre des Phénix et
M. Sauvage " " " Super-Phénix
¥. Schaller " " "
M. Thevenin NOVATOM, Paris, France

USSR Comparative analysis of

the arrangement and design
features of the BN-350 and
BN—600 reactors

P. Casalini CNEN-DRV Problems encountered in
Bandiera " designing and testing
Cesari " components of primary fast
Bragagnoli BREDA reactor circuits
Tonarelli "
Parodi FIAT
Ghia "
Avanzini KIRA
Antoni "
Valentini n
Ferri FRANCO TOSI

Italy
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14.00 Session IV Primary circuit (including pumps and intermediate
heat exchangers)
IAEA-SM-225/
22 R. J. Dowling “Department of Energy, Experience in the design,
Divieion of Reactor construction and testing
.Development & Demonstra- of the FPTF heat transport
tion, Washington, IC systems
Re L. Ferguson Hanford Engineering
S. A+ Weber Development Laboratory
Richland, Washington,
usa
29 Je« Po Vyoom B. V. Neratoom Development, design, con-
M. W. Heslenfeld The Hague, Netherlands struction and testing of
We Je Westerweele " o pumps, intermediate heat
J. E. Hoeft Interatom :;gi‘gf?i:?ﬁ_’gﬁﬁi““
g. g. g;zgtner Bergisch Gladbach inspection of SNR—300
63 USSR Intermediate heat exchang
ars design, experimental
testing and methods of
_ calculation
27 A. Pressesky Department of Energy Application of quality
Washington, D.C. assurance to the design
Lo procurement & construction
P Gertane Bttt s of iho fast Tl test
P .n ¥ facility
R. Glasscock FFTF/Project Office,
USA
2 Js« M. Laithwaite Nuclear Power Co. Experisnce with the PFR
(Risley) Ltd., primary cirocuit
Warrington RD, Risley
Warrington, Cheshire,UK
18,00 FILMS,
- 9.00 Session V Relevant experience on fuel handling techniques and
v equipment, control and instrumentation, maintenance
lechniques, pas hlanket and sodium coolant systems,
ancillary equipment
6 Js P. Delisle CEA—Centre de Cadarache Le remplacement de contrdle
R. Allegre DRNR, Sazint-Paul-~-lez de Rapsodie: Une expérience
Je Ollivier Durance, PFrance d'intervention significat-
D. Snrech ive
M. Besoux
69 A. M. Broomfield Dounreay Nuclear Fuel and component handling

Power Development
Establishment, Thurso,
Caithness,

Risley Nuclear Power
Development Establishment
United Kingdom

in PFR and intentions for
CDFR

Ja Ae Geo Holmes
J« Webb
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IAEA-SM-225/

23 K. W. Foster Atomice Intermational Fuel handling experience
Division, Rockwell Inter- with liguid meial
national, Canoga Park, reactors
uUsa

26 Lo R. Monson Argonne National Lab. The EBR-II cover gas

. J. McDaniel Idaha Falls, Idaho cleanup system

Ae Eo Knox USA

Rs Es Rice

AT C. Dehon Belgomucleaire Cuve de stockage sous

M. Debauche Brussels sodium d'elémente de

¥. Brahy Belgium combustibles usés: Points
particuliers de réalisa-
tion et sclutions
proposées

56 Giordano WIRA, Piazza Carignano The contribution of

Di Leo {Genova) Italian industry to the
Berni BREDA development of reactor
Piana SNIA-TECHINT components and fuel-handl-
Italy ing systems of fast
reactors
12.00 Presentation on PEC reactor for participants of tour to the Brasimone Site.

He Ullmann
Ke TEBkE
Rs Fuge

Central Institute for
Nuclear Research, Acad.
of Science, Rossendord
Near Dresden, German
Democratic Republic

Afternoon free - Visit to the Brasimone Site
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Electrochemical and
physical methods for
reactor diagnosis



9.00

IARA-~SM-225/
3

24

38

42

THURSDAY, 13 APRIL 1978

Session VI The secondary circuit {including steam generators)

Da T3210P

J. Smedley

M. Co Robin

Brédchet
Saur
Vial

As Fo Lillie

A+ Kanamori
Y. Tomioka
Na. Imanaka
Y. Nakai

Cs Ch. Smit
M. He. Knaap
P. W.P.H.Ludwig

JeK. van Westenbrugge

55

66

15,00

67

Avanzinil
Valentini
Panzeri
Vacchiano

Bottiglioni
Casalini
Cumo

Salgo
Scibona
Rinaldi
Cavalleri
Di Sciascio

NPC(R) Ltd.
Risley, Warrington,
Cheshire;

Design and operation of LMFBR
secondary circuits

UKAEA, Dounreay, Scotland,

UK

CEA—Centre de Saclay
DRNR/SDGV
Gif sur Yvette

EDF
NOVATOME
CEA
France

Atomic International

Conception, construction et
experience d'expoitation des
circuits de sodium secondaire
de réacteurs rapides

The design of the Clinch River

Canoga Park, California, Breeder reactor steam gener-

USA

Power Reactor & Nucl.
Fuel Development Co.
Tokyo, Japan

CTI--TNO, Hengelo

Be V. Neratoom
the Hague
Netherlands

NIRA, Genova
" "
BREDA
CENTRO Sperimentale
Metallurgico
CNEN

"
"
"
111
DAIMINE
FRANCO TOSI
NUOVO_PIGNONE
Italy

USSR

Session VII A Core and fuel performance

P. Millet

P.. Blanchard
B. Gayet

G. Lambert
5. Bartaller
Hs Micailoff

CEA-Centre de Cadarache
DDEC/SLHA

Saint Paul lez Durance,
France

USSR
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ators .

Design of MONJU heat transport
system and the related R&D
vorks including steam gener-—
ators

Development, design, construc—
tion and prototype test
experience of steam generators

Design, R&D and manufacturing
work for the components of
secondary circuits for fast
sodium power plants

" Problems of steam generator

safety

Comporiement thermique de
1'oxyde des 41éments combus—
tibles standard Rapsodie-~
Fortissimo et Phénix

Study of the operational
parameters of the core and
irradiated fuel on BOR-60
reactor _



IAEA-SM-225/
' 34

9,00

10.30

80

Re H. MBller
D. Weinberg
H. Tschike
G. Trippe

M. A. Amendola
P. Corticelli
P. Ianmuzzo

M. Pezzilli

G. M. Bovalini
L+ Presciuttini

Gesellschaft fiir Kern-
forschung mbH, Institute
fifr Reaktorbauelemente
Karlsruhe

CNEN-DRV, Bologna,

CNEN-DRN Casaccia
[1]
AGIP Nucleare
NIRA Genova
Italy

FRIDAY, 14 APRIL 1978

Session VIII A Core and fuel performance

P. Delpeyroux '

P. Courcon
H. Ollier
Je Ravier
P. Goulon

JaMa Dupouy

A. Bernard
M. Carnoy
M. Jallade

K. Q. Bagley

Js As Catley

CEN/Cadarache
Saint Paul lez Durance

Centre de Marcoule
Bagnois-sur-Ceze,

CEN/Saclay-SRMA
Gif-sur-Yvette

CEA, PFrance
1] "
n "

UKAEA, Risley Nuclear

Fluid and thermodynamic
rod bundle experiments to
support and verify the
design of SNH-3o00 fuel
elements:; Status and open
problems

Some aspeéts of core and
fuel design in the Italian
fast reactor programme

Analyse des performances
des assemblages et du
cosur de Phénix

The application of core and

Power Development Estab- fuel performance experience

lishment (Northern Div.)
Risley, Warrington,
Cheshire

in PFR t¢ commercial fast
reactor design

Nuclear Power Co. (Risley)

Ltd. UK

Session VIII B 1. Future plans for the desiem and construction of

T. N. Marsham

fast reactor power stat

lonsg

UKAEA
United Kingdom

Future plans for the design
and construction of fast
reactor power stations (a
summary rapporteur paper
based ¢n invited papers on
the same topic:

o §M-225/81 — PFrance

o SM-225/82 - FRG

o SM-225/83 ~ Italy
o SM-225/84 - Japan
o SM-225/85 - UK

o SM-225/86 - USSR

o SM-225/87 - USA)

2a Summary high-lights of

sach session (five minute

report by each session

chairman)

Closing of the Symposium
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&3 AFHL@RY =}

M 2R LA I AEAORBREBORRRLUN OAFXR U FICFT,

() PEC Reactor Progress Report; APRIL 1978, CNEN-NIRA

() 7l wv bt ;i OCNEN Brasimone's Experimental Area.

(8 »*»7vsy b i LA CENTRALE NUCLEAIRE PHENIX APRES TROIS
ANNEES D'EXPLOITATION |

(4 *»¥Z7v e+ ; NIRA

() »*¥ZVv s b}, novatome

6) *¥7vet ; KNK-T

(7 Nuclear Commissioning of KNK—1I

8) 4¥7vwe}; INTERATOM SODIUM TECHNOLOQOGY CENTRE

9 ~¥Z7vy 1l ; SNR—300 Reprinted from Nuclear Engineering
International July 1976

@ -*> 7V v} ; Reactors for Tomorrow The nuclear activities of the
KWU Group I

@) *¥7vet; SBK Schnell—Bruter Kernkraft werks gesellschaft
mbH

0 S Z7v st ; The Worlds Reactors No69 SNR—300

@ Xrr7uret ;Kon'trolliefte Freisetzung radioaktiver S toffe aus
Kernkraft werlen

4 *>»Z7Zv et ; neratoom Components for SNR 300

(15)‘ ; atoomenergie vol 17,No 10, Od. 1975

9w <¥7reb; neratobm 50MW Sodium Component Test Facility

9 7wyl ; neratoom testing a sodium pump

1 -*~7v vt ; neratoom Development Design, Construction and
Prototype Test Ex-perience of Steam (enerators for
SNR—3060

9 -*>F7v >} ; neratoom Development, Design and Testing of
Intermediate Heatexchangers and Pumps for SNR—300
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@0
@1
(2

(25

28

)

60

Ary7vet; KFK NACHRICHTEN 3/4.1977

INTAT—75.9: Interatom Testing of a Prototype Sodium Pump.

Y7yt i INTERATOM Testing of an integrated steam generator

)7y

7Y v

I | B

7y

7y

N7y

V7Y

V7)o

system for sodium cooled breeders, 1972

: NERATOOM INTERATOM, Generators for SNRER—Projects

Development of Steam, 1974

: INTERATOM OQOperational Experience on Sodium Deporits

in KNK Reactor and RSB Test Facility, 1976

i INTERATOM Hydraulic Invertigations with a Complete

Seven—subassembliy srray under Sodium, 1976

; INTERATOM Testing of a Bayonet Type Integrated Steam

Generator System for Sodium Cooled Breeders, 1976

s INTERATOM Tests Carried out for the SNR—300

Handling and the Influence of Test Results in view to

Desingn of Handling Equipment, 1975

; INTERATOM Measurement and Analysis of Vibrational

Behaviour of an SNRE—Fuel Element in Sodium Flow,

1975

;i INTERATOM Studies to si‘ngle subassembly flow

monitoring with a complete 7 element array under

sodium, 1975

; INTERATOM Instrvmentation for core and coolant

monitoring in Liquid—metal fast breeder reactors,

1975
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