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1. @ X U = b

SESSION1: OVERVIEW OF NATIONAL PROGRAMMES

1—1. UK Overview Paper — R. G. Anderson

i—2. “Overview of the Design of Core Restraint Systems”
{De Be Ne Review Paper)

— J. Heinecke

1—3. “Presentation of the Studies of the Mechanical Equilibrium of a French
Fast Reactor Core”

— A.Bernard, J.P.Van Dorsselaere

1—4. “An Overview of the Indian Programme Related to Fast Reactor Core
Mechanical Behaviour

— 8. Govindarajan et al

1—5. “Prediction of PEC Core Mechanical Behaviour”

— F. Cecchini et al

1—6. “Review of the Activities in Japan”
— T. Ikegami
1—7. “Overview of Core Designs and Requirements/Criteria for Core Restraint”

— W. H. Sutherland

1—8. USSR
—  Yu. K. Buksha et al
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SESSION2: CALCULATION METHODS FOR CORE DISTORTIONS AND MECHANI-

CAL BEHAVIOUR

ARKAS : A Three—Dimensional Finite Element Code for the Analysis of
Core Distortion and Mechanical Behaviour

— M. Nakagawa

“Calculational Methods for Core Distortions and Mechanical Behaviour”

— W. Sutherland

“Development and Application of the CRAMP code for Fast Reactor Core

Assessment” ,
— J. C. Duthie

“Presentation of the Calculation codes of the Mechanical Equilibrium of

a French Fast Reactor.
— A, Bernard, J.P.Van Dorsselaere

R. Di—Francesca/A. Martelli

USSR
—  Yu. K. Buksha et al
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SESSION 3: VALIDATION AND QUALIFICATION: METHODS

3—1. “A review of the UK Core Mechanics Experimental Program”
— W. D. Barnes

3—2. “Experimental V alidation of the HARMONIE Code”

— A, Bernard/J. P. Van Dorsselaere

3—3. BRench mark calculations
—~ R.QG. Anderson
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SESSION 4 : DESIGN AND EVALUATION OF CORE STYLES

4—1.
4—2.
4-3.
4-4,
4-=5
4—6.

“Design Implications of Core Mechanical Behaviour”

— 8. Govindarajan

“Kvaluation of Core Distortion in FBR”

— 1. Ikarimoto

“Design of the SNR 300 Core Restraint System”

— J. Heinecke

“CDFR design and the performance implications of extended fuel
burn—up”

— W.D. Barnes
R. Di—Francesca/A. Martelli

“Parametric Studies on the Core Mechanical Equilibrium”
— A Bernard/J. P. Van Dorsselaere/

E. Francillon
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SESSION 5 : OPERATING EXPERIENCE

5—1. “Experience on PHENIX in the field of the Core Mechanical Equilibrium”

— A, Bernard/dJ. P. Van Dorsselaere

5—2. Bowing Behaviour of Sub—Assemblies in the Experimental Fast Reactor—

“JOYO”
— T, lkegami

5—3—1. “A review of PFR Core Distortion FExperience”
— R. G. Anderson

5—4. Preventive Measures for Avoiding Handling Problems from the Operator

Jiew

5—-5 USSR
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No. 1 — 1

UK Overview Paper

ok 3 | N

R E
i
I8

R. G. Anderson

o core support system RBERD3IDiKHEEINS,

@ fairly loose arrangements allowing free distortions

......... ﬁj PFR
® tight arrangements with low distortions and substantial
restraint loads - #l FFTF
® intermediate - *natural ¥ restraint - fl Phenix series

o8 a/o burn up ¥ TREEH swelling ORKEVHETLERSHh TV 3,
{& swelling HfOBFEMEDIT 16 a/0 burn up TTRERINZ A,

o CDFR & passive restrained

oFfE - Fld *CRAMP " RBRIED/I® out pile T *CHARDIS”, *CRUPER”
DrigZAVTRERLTVWS,

o Bench Mark problems ##ZL 7,
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© Pool type D& shielding (AR, BHMEIL) HRELEL S,
M shielding - ELSELRELARY, BROEEHEAELNL B,

EAmE g e ARV Y 72205082 LK 5,

o KNK—I/SNR—300 ORi 25479+

cBEKRERREAREM . 10/17 un
CBARRAHDY 83/25 m

- BARSy FHE - 3600/3600 N
- BARGIERRFE 20000/20000 N -
- 7R =]

- reactivity jump 18 FRKiG

cEtBa—-F&LTH

FIAT: 2D weeeeems KNK—H1, SNR—300 o#stic{Ef
DDT & 3D woeveeree ERicEHT oEbh TN

No. 1 2
ag Overview of the Design of core Restraint systems
b4 De Be Ne Review Paper
& . E
= J. Heinecke £ ﬁ_ ih
o KNK—I (loop, 58MW) -eeeermenn Ny FAE: 3, gy vo 1
SNR—300 (loop, 7T62MW) -« 2%y FiE: 2, Y 4 1 2
SNR—2 (pool, 3420MW) - Ny FALE D FOBRE 1 fIRY Y SEL

© load pad stiffness CHAFRBDOBEDY — <1 RT3 load pad stiffness

#3 key parameter LA EHNG -,

© SNR—300 CTid duct dilation itk ® duct & duct DEMMAE LS & DOEITERH

7z THRBHEZBETLOCFRE,




() & BRENNELEMENTE FUEL
{]) BRUTELEMENTE BREEDER
¢/} REFLEKTORELEMENTE, REFLECTOR
{IP ERSTABSCHALTELEMENTE. 1.SHUT —DOWN

£ ZWEITARSCHALTELEMENTE, 2. SHUT — DOWN

| ] J
0 1.0 2.0M
SNR30O0
"KNK 1

T

Fig. 1 LAYOUT OF KNKI

SNR 2

N\

N\
WY

SNR300 UND SNR 2

¢T—-¥8 E£76N LONd



PNCT N943 84-12

Core barrel

Kernmantel
| | N
obere
Pflasterebene
Upper pad level ——|—+——+—— T T T oberer
| I Stiitzrin
Brutstoff | upper
Breeder 1 I restraint |3
— T T T T TT I I | ring
‘ I
1 ! I
‘ |
]
. l
Spaltstoff ; | |
Fuel | | |
I I
| | lower
! I H | restraint
' | | | |ring
_ L 4 1 1 |
Breeder |
untere Brutstoff “ _ " m
Pflasterebene i
lower RN IR N U S A S U S A O /
Pad level ' : untere_r
: i ! Stittzring
1
Gitterplatte “
Gridplate

Fig 3 SNR300 CORE RESTRAINT SYSTEM



PNCT N943 84-12

BREEDER | ]E ][ ' gt ' jﬁ | J[ | J[

FUEL

BREEDER | .

e — e I

\

T

1

GRIDPLATE

CORE RESTRAINT SYSTEM

Fig. 4 SNRZ o p IMINARY DESIGN

— 10—

UPFPER PAD LEVEL

LOWER PAD LEVEL



PNCT N943 84-12

(NI )
NOILDAT43d
aviH

- o9N

-3

— OO

A 11 o 6
1e9 . L0%

688 93¢

0¢g

80T

61

£182

SO T T e e — e ——— .

|

|
. [
’ M f _ ! _ m B m
SRW LA H |
. \ . . 1 1
SRR\ IR AR T "
0 68 '30| | g1 1 0 ) g !
1 160 ' g 0 R §¢,
g 160 |1 601 0 e 60!
J NN i |
5 Fi I ]
/ / u \. ' \ :
/ , ;

\

\a\

H\

OQN

mmm
ge
78
A

o oo
S SSo

(N} 32304
&
of
@ (NN ED¥04
2 (N3 dvD
m
=
Cre
O
w8
= & efcich-toX
= ONITTEMS
AINILVIIINEL-
(WWINOILYLVTIQ
=
oo
O m
— 0
v &
- [
2 @
]
10}
qaayo-
ONITIEMS -
FANLVIHINEL -
(W ) ONIMOd

100% POWER

SNR300 Mark Ia EOL

F_‘ig_ T



PNCT N943 84-12

0.6

0.4

0.2

REACTIVITY

[ %o )

2,5-10°

-04r

-06

-0.8[

-1.0

-12+

-14"

Fig &8

\ | % POWER
7 % FLOW

00 \ 1 |

. I

-0.2-

PAD STIFFNESS
[N/M]

SNRZ2 INFLUENCE OF PAD STIFFNESS

¥



PNCT N943 84-12

No. i — 3
o General Presentation of - the core Mechanical Behavior
# Approach in France
# 2
# A. Bernard, J. P. Van Dorsselaere %, {4
© RAPSQDIE oeeeeeeees free flowering, ¥y FIZFEHLOAE
BRER -ooeeeeees 5w NEOMHMED, Ny FOANZLA, AFEICLE 5 v YED ALY
v, BREBOEPENAM
o PHENIX -oveeeee- 3t 8 — F (ARGO, ORGUE (2 D) ) Aiavailable &7 Y,
Rapsodie OBER&MA THET I i
3D code OHEHELEAINT.
O GPX—1 rromreremmmmmenens frce flowering, v FIUEIR 1 DT core @3 < L,
Ti stabilised 316 cold work #, 58— FiZ
HARMONIE (3D)
O SPX—2 roreneinsenes Phenix ¥V — XD FAHFHE (Tid) 3Z0%

s KEHICHE I foot (E/N) THRAIHTW S,
s Ny FALEEFEO LI 1 o7
cTIVF e bRV VT Y TREEICI D “natural 7 restraint
(= free flowering)
« SPX~1&DEMEVE shorter spikc (foot HBEV) = SPX—2 OEAHDFH
Mstiffer (J50 %)
« B 1160 EFPD (~34) T180dpa &9 5%, H#FBEII 1400 EFPD (4 &)
220 dpa- "
« SPX—1 ld power flattening core

- SPX—2 {3 dpa. ._flattening core
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TABLE 1

GEOMETRICAL SPECIFICATIONS OF FUEL SUBASSEMBLIES
(SPX1 and SPX2)

SPX1 SPX2
Distance between flats 173 mm 178.3 mm
Wrapper tube thickmess 4.6 mm 4.6 mm
Total length 5.4 m 4,85 m
Spike length 1.15 m 0.6 m
Pads plane height above diagrid 2.6 m 2.75 m
Height of the end of hexagonal
section 3.9 m 4 m
Pads gaps 0.4 mm 0.4 mm
TABLE 2
CORE PERFORMANCES
VSPx1 SPX2

LIFE TIME| DosE | NOTRR | ILIFE TIME| DOSE [ TenieR
Fuel | 640 EFPﬁ 127 dpa | 2 1400 EFPD| 220 dpa 4
Blankets | 960 EFPD| 75 dpa 3/4/5 1750 EFPD|~ 160 dpa 5

1600 EFPD
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peak flucnce ~ 1 x 10® n/cd
#H#E: 15Cr—15Ni—Ti Steel

0—51‘%:_]\: CBOW? eeees (2D*E%)

No. 1 — 4
5] An Qverview of the Indian Program Related to Fast Reactor
4 Core Mechanical Behavior
i S. Govindarajan et al. g 4 v F
o FBTR (Fast Breeder Test Reactor) - 40 MW
French know—how T 198 FiCERFE
o PFBR (Proto—type Fast Breeder Reactor) - 500 MW
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No 1 — 5

Overview of PEC Core Design and Requirments for PEC

Core Restraint Systems

F. Cecchini et al.

of B | R E

14 %07

® H

©oPEC (W—7% 4 7ERE) 120 MW -eer WE | GRIYEL

© anti—seismic design BEETH 5,

075 vAEGABEBRITH S,
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No.

Review of

the Activities

in Japan

ok | N

T.

Ikegami

xR H

o JOYOTOHMARBcEIEANEEESA SN,

o @B #RAA L H, CORNKERRIBHICIZIEDLHHAL I,

o ZDMJOYO THPIE K EMBOAEMSTHNT S,

o MONJU TIEE&F %] movable core restraint system O A MBI NIH
Z2ORIFELERBENIHEICE - TET, HFEMIKIZTOYO &FHL passive BlEi o7,
HE-FELTRIDLHANEFHERRIZI2DD K practical Thdr T &b

% 1o,

L2DMEMEKICE TS,

o KEVEIZIES BT OBREFHE L L passiveBTvy FAE, v FEBIF+ v 7E2ELT

NG RA—=FHF =R EJT> T 5B,

o B2 - FLLTWHDEFLECT (2D), HIBEACON, RAINBOW (BLE3D) 280
HICEEARKAS #EE S hic, Thid substructure method Z@A U T D &t B

DERICRIILTW S,

— 19—
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No. 1 - 7

Overview of Core Designs and Requirments/Criteria

for Core Restraint Systems

i

W. H. Sutherland f * H

o AR EHEOMENERE LTUTO 4AHEN S5,

() RIS S
CEHA L NAVTHARENE
2Ty FRARGEREC Y OBBICETE Y v FUTF

(i) s ssifsedt
- Bk E, WATESBIY Lo FOT
- BRISCH S T ORETTIEBEE T BRY TE 5 2 L,

(i) £ v5—7 -5
HEEOTHEAT L LRBEABT AL EE LSBTV,
AV EYNY TNy FEFERBERRREGIZAVEELIEEL,
MR TREAETOBEENAS,

v REEH
- FLERERIC T B B
AR RS T B R B e
- PRI

CHFLEBBICE 3 S0 A ThS B,
@ leaning post concept -+ PFR
THE TS vy MBIy FHESEEGTENRED LB free i > T3,
EEEREREIBHCHBONMERDHRTE TS, EHEEITTDICIESES
R4 ElE S THBD 2@E T, Eswelling MOHERELMAEL,
® free standing core restraint concept - EBR-1, Rapsodie, Phenix
shield assemblies WY 7 bR 7Y vy 7OBRBEET 5,
REFFDEIRAR-YTOWMEY) 3 » PREABEFETRRATY ¥4 4 7O boundary
TRESKRETVEN 3NS5 itk B,
® limited free bow core restraint concept - FFTF i
. core former (M) ¥ /) ARbA~—¥— QEAKEBE FRMT 5 7y b
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Bied 5,

- RESHEEELE LTKEYR P Y% core former Kf#5 (MKW EH 3)
At ERAON BB E DR & D BHE

P ZOHFRTRE swelling HTHCThE burn up BERTE HAHEHRNH 5,

o EMIEKTETIIAF YUY
{i) duct length change :& 1 e 0.65~0.75 inch - ¥ 3z E OFIR
B2 e L0 inch s F RS L DT
(il duct bowing : EEMAE DI L TO0.9 inch
(i duct dilation: E&EEFTIIKT 2, E S M limit KL 5B,
iﬁ%%@“é%é{z{:@z\“ w FEBAE ORI B2 0.07 inch B0 E2>DFHIR LMD
PREBESEAE burn up OEA1F0.13 inch

Oﬁé‘ﬁi%ﬁ?’éﬁébb%f:b(core-wide singie assembly analysis
core—restraint system analysis

ZIT T B,

cEIEF— Y PPIEF—4ILLDiTEI—FD validation THNT5H, BEAOD
uncertainty b 579, E%@kt?ﬂii&")#bb‘o EENIKELIELTH, EHD
EEHEZAFRLET XL,
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No. 1 — 8

An Analysis of Fast Reactor Fuel Assembly Performance Taking

ok o | 0% &R

into accourt Their Mechanical Interaction inthe Core and
Refuelling Line Capabilities (USSR Overview Paper)

= . )
Yu. K Buksha et. al z V4 pL::H

BN350& BNGOO 2T
o passive restraining Z{EH

o R —H ¥y Fid LRI 1R

0 BABKEIE 4y T e ~2m
Ny FREIF v o 77 e 0. 4 mm
EREE/ADIL DI
BEERF v v 7 e 3.5~5.5m
Ny FREF v 9 7 e 0.4m (AL

o 73y P storage OHAEIIIE neutron screen 25 35,
neutron screen shield TH Y HOoMEBEZF 2.
steel rods (BN - 350)
shells (BN - 600)

oy FEF+ » 7 (0.4m) BBBRS (swelling BEELTOWEOLKT) ©, EXEkE
RBRICRIGEW S EFRELR LS LTS,

o BN- 350 & BN-600 OEEEESW L T passive restraint FEdEES/BEO L &
DTHDBC EHHRS NI, '
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No. 2 -1
ARKAS ' A Three—-Dimernsional Finite Element Code for the
Analysis of Core Distortion and Mechanical Behaviour
H
M. Nakagawa : z, H XK

ARKAS 72— Fi3, BREEREZHVALIRTFELEHRRZTI - FTH 3,

ABE LT, #HEa - Foe P LoRERY, FEME LT 2 BRY T RERRTOR
BWr R MEERRIF /12 €25 — (106 Ba4) OEERRIFOERSERIATL 3,

HEEFWVRIANAERS v "Bl vy VEFELRA WL fc-)lded plate structure
model 2T V3 ¥R/ ANFIKNL VR %EET beam model ZFAL T3, %é‘{iﬁ
R IR, B - itk 2ERERIEERDL T A joint element LT %,
LD element WESEZEET 3EHS MR, TR EM (BREOEML LB %KD
HAERRSL, /PSR ANERREEBESYEMOF »» 78, R¥z VI3V R /X
WVERTGEE & SIS Y B DM S joint element ZHMALTHEY, SAKOH
GLESEERTIENTRTLS. FEFVTRENBEMEZRLTVZ0T, £8&HL
DHBELEENATV B,

MR E R, FHBEE AT - OBROBIY TR 57 F v —BEROTO S, CHM
%ﬁ-ﬁ%@#ﬁ%%ﬁ%m%m-%%%E?%%@%ﬁ@&@ﬁﬁﬁ%ﬁkﬁ&ﬁ,éﬁﬁ
DEBREMIGE EBFNEER2R BT 2FETH 5,

AR -FR260FFTTORLMRIETLT, BMEZHBRE Yy v 7Y vy 2EBLBRERD
%ﬁﬁﬂ%f&éoﬁ@mma$mﬁﬁm%.ﬁﬁ%#&ptu@ﬁ,ﬁ%,&u¢f4uz
free BERSNTO S, RAFEMEMBITEOMICHIBIE LT, X0 output RELL, Bl
h (&, RS BRIENTS . | o

AEATE, BEASOEVCIIEEREOEN L EMAIOER SO THERZRELEREN
Td, $RARBELNRL LEBRTE, EAKIKNOHERRORINA T 5,
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Finite Element Model
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Friction coefficient

« =500 (KG)
5.0 (m) ev =400 (KG)
o> =300 (KG)
o = 200 (KG)
> =100 (KG).

Fig 16 Displacement and Forces at the Beginning
Full-power of the Second Fuel Cycle
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No. 2 — 2

Calculation Methods fof Core Distortions and Mechanical

Behaviour

ok o | X @R

TAUH

8]
W. Sutherland
&

ABADAN = — Ki3, AABRERET — FABAQUS O—HAKBL T, ZHOFLEMH
A-FELAIRRBRERLEI—FTH 5B,

AEELTHE, HE - FOoETALOFEARY, STEAELTFFTF FLI0ME (6%
B L1/6 €75 — (21 BEWE) D444/ VEERBTOSESTHIhTH D,
AIREFVE, AARRKRT » ~EOMADICHLTE, ALOVHRES TV beam BHK
& % Finite element ZAWVWKHELTE TV ERAL T34, load pad WA ETa —
86 Miknode LA F it - T3, FFTF ® LI load pad

( Floating Collar BE &L ->THBY, TH#% radial gap element & light
stability spring TEFAbL T3, £/ D3 — FTWE Creep dilation Kk 37K
ABEOERL, CNkRIZRGEEOBMOIEMINRIBICL > TV B, load pad HRY
Mlmmnﬁﬁmﬁmm@ﬁ%%@$%éocmfmmMammmm,%@%%K%LTm
5#5?9@%%%&%%,EﬁmomfuﬁA%mﬁ%mmtsthusrmﬂmd%%
NT B,

A3 - FREFAUVBEBENFEHTH A2 rb5d Substructure EEHVTHLA LD

T, BUHERMELEL LTV 3, f- CHETESEAKRICHRLS 2.

STEAITIE Dilation TO F v ~EETEOEM, SAKEROEMIC SV CHELRLER
SNTWD, F/21/6 227 & —WRE LB TR, EAKRIHENOTEERBFELEH
ENTWH3,

— 926 —
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Fig, 3 Floating Collar and Load Pad Gap Model. P13692—1
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No. 2 - 3

Development and Application of the CRAMP c¢ode for Fast

Reactor Core Assessment

o 3 | X R

J. C. Duthie, R. C. Perrin, J. Adamson A4AFYR

&
%

CRAMP = — FIZAERE (the Atomic Energy Research Establishment)
Harwell TERE N7 3 W LBHEEIT o - FTH 53,

NELLTRE, 8T FvOHAEL CRAMP OBREORBERT D o OMAEFES NS
nNTW3, |

HEEFE, ANARKT v B0 DICH L TR beam model (RLHRETLV) %
HEHLTWEM, load pad BBREMDPEFINABEORABKS v "EOEREEZEH
kEHFMEmodel ZRALTVSE, Z0D7 v YEOEEERTHME=FY v 7 2T, BIAFR
EXREHERLVERS N bOEAOTRY, 54 FD 6 HOEMAS » 7)) Y/ LTV
DHEHNEAREUEHEHET T3, T a—-FTllcreep dilation KL B3AAEOER
&, Thick 28G5 EKEOBEMIERBRE2BICAE>T WS, load pad KL Wdilation
MTOEMIBRLEEEERS, EAATHEBEE S ZEEELE LTV 3,

Za— Fid, EAERHEOEREHETHE load pad BT dilatron EMSOADEHEH» S
BATERAMMCIRSATED , HEBHOGERILEHP>T 0B,

NNC TREE, BIAWEREXI - FEHAVTSE, PFROAFED (250 £4544). 2la
i, PFROBHECHRIELPIEOHEROEERAVLA TN S,

SNPDL (Spring fields Nuclear Power Development Lab.) Tif 19834
Pl3k CRAMP @lﬁ%’%ﬁfiafwéﬁi‘—’)@k% BT —=id, HEMEoBRZIC L 5F0ESR
BORRELTH . RIE, COPREZMURBMIC T — FEBEFTHY, FOESRED
RERHIC S, 3R SNEBEORAERBHICE 2 UEIHELOHECH 3 FET
5B, b9—DDF—<IiF CRAMP 23— F® verification & validation Th 5B, O
B#yT CHARDIS rig TOERERMAVWSH, CHARDIS 1 rig TOEEMEHVS
NAFILHE>TB, A CRUPER rig (uniplaner #%&) R PFRD PIE &
under-sodium viewer KXBHIEMEDHEICLD validation HUSNEHILH -

T3,

— 900 —
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T AND D
DATA
HEIGHTS

8T s
STRAINS [ ~—

1, ~ d2y
/Rc_ dz?2
h
U (h) = (h-z) d?u dz
dz?
o

SUBASSEMBLY BOWING AND DILATION
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SEGMENT
BOUNDARIES

N

NON FRICTION
D=6x6

FRICTION
D= 12x12
Ri= Aljt,

ELASTIC RESPONSE OF A SUBASSEMBLY

— 31—
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Presentation of the Calculation codes of the Mecharical

Equilibrium of a French Fast Reactor

i I

=
&

A. Bernard, J. P. Van Dorsselaere

FLEIAER 2 — Fiz SOLO CHEKMRIT — F) , HARMONIE (JF il 8 2k 2 —
), TRACAR (7o v ¥ —, #R53KNFHE 2 - F) , HARMOREA (3 RENGENE
3= F) DAOMBE-TNE,

MEELTR, ZhoI— FOME (XK SOLO & HARMONIE) s &REOTFEMNTH
EhTWV3, |

SOLO= - Fi}, ERAGKBAETOR, Av=V ¥y, 7)) - 7ERVAFHERL LS
duct dilation 2EALFERHEE2TS. COHEKEL S, HARMONIE 2 — FT{HH
45 elastic influence flexion coefficients (Maxwell coefficients) &,
creep velocity matrix 2R3 5, StE €7 i3 beam model AL T3, &
T — FREAE, BHEE (BE, dETFE) RUEABOFHNERUEE L (7 v EEDML)
AR OBENELEZEHEILICREDTH S, M ROERESAEICE S creep
bowing OHAAEFELTV S,

HARMONIE a - FRIBoPUDIEBESNISSHME (B¥ load pad HicE 3) TOH
BHEMOEMN L BEMAOAHERD B 3RTI - FTHB, A - FERCHODHSHBTE
I B Maxwell cofficients ZHVABERLIDE LN E matrix FRAZWEL FiEE
BOTO3, coa— i, HEBSHETO S » ~ENTRBROZLRE BBGHE (C
DT3B 7 Y — 7 bowing DEBEF SN bD &) #S0L0 2 - Fh SR
WMEBBENRS D, Ko - FREE, FEEI VS VR AN EXEBEYEOY » v 752 %
BUDES &5 KHBRT TS5, % L EARRSOBMBTOREAEEHRS T 7 1 A 250
LFETH 5, - |

— 392 —
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Prediction of PEC Core Mechanical Behaviour

o B¢ | X ER

F. Cecchini, R. Di Francesca, J. Mc Loughlin, P. Neri 1%:'] 437

FLEHERT T - FRSISCO (BEMIra— F) , HARMONIF (F.O# 3 TRt o
—F) oL -Tb, HARMONIEWR 753 YRATHR LA -FTHED, 415 Y T7TE
SISCODABERL T B,

ABTELTR, FLOBIRBITI - FY 27008 L, SISCOa - FOZHERU MO
- FLORBROVWTEHRSATL 5, '

FOBHEROT 7o~ F R 75 VR EBEAERALTH S, ML SISCOTREAKERK
TOEEHEZTY, COBROBEREHARMONIELAALT, FOEOEERITEZTS.
SISCOa—-FidFL2ED neutron damage data 2E3DIKCITATION2— F &,
FLBRERD SKRTBEAGE2BI2DIKTHECA I — FEABMNIK T — 9 DEEMTHLL S
EHREM-TWB, LhL, BEDOHRSISCOT— FEHARMONIE 2— FORIOF— 40
HHERXIELERTVWKETH S, REKLE->TCEAXY TRACAR - FE#AF LI,
23— KITHARMONIE 2 — KO EHEEAN L LT, MHIEAOHEE 7o o5 —
DUBZTS>6DTHB, SISCO 2 - Fii, BESHF ~ 4% neutron displacement
damage RU AU =2V VR EACTEHEORKE 2 W3 HEBEESEOEHERHEA 3
REMICITHI a~ FTHB, CORERERE L TREENHEL neutron damage L3
292 Y SEEELTO B,

BLES-V2vdRE7 ) - T LEERIEEL RS, RECOHREZRIRS &5
CHERTH B, K- FOFEEF AV beam EFVERHL TS, K3 — Fo
Validation BAGRERE T - FBERSAFE Ila OFBEEREOEBIC LT -
7o TOFRPECHFLOBERICHL THEOERIIR —H LK,

—33 —
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An Analysis of Fast Réactor Fuel Assembly Performance Taking
into account their Mechanical Interaction in the Core and
Refuelling Line Capabilities

o M | R

Yu. K. Buksha, L. M. Zabudko, I. N. Kravchenko,

E3]
Vi gL
L. V. Matveenko, M. N. Meshkov =4

POEHMAET - FELT2REDI - FE3IRITO2I - FERARELTWS (2 — F&IEH
MERTWVEL)

ABELLTHE, 2RI - FOWEL, 3k - FOLESRLFEERPBN—350 & BN—
600 TOBAPMSERENTY 3, |

FBRFLOEEUBREARET BBIC, 59 AEDR =Y v 7 E s —7ic & BERE
L, 9y NEREOEMNTOEHIE (kinetics) 2HMAMENS S, COMEAME1
A7 7ELT, MEBEGEZHECAEBEE NI 2RT 2 — FEBER L, stEEFAiE L
HET#D diagrid plate (load pad)ﬁIChinge ZHT 5 beam EFNVERAL TV S,
CD2— FTRIRTMBAEE T Z5%IT, beam @ rigidity AL S 0 FEHE A B
ABRFEVKEL LTV, BRETORES, £A40RALHRERL TV 3, '

COZRILI - FRREGHEEA T —2FIRVEDAY » b 2EF 35, FBR 03
ﬂﬁﬁ%%%&%ﬂw&hﬁﬁéﬂfxuwhﬁ%%oCwﬁﬁﬁﬁm,ﬁﬁmw,ﬂﬁmﬁ
PHTR, BECATHFOMIBESELRE R IFHBERAAMNEHEET AE L, #H
RBICLIFEHEARRANGHEET IBECLDELTWS, COBEDPL, BAKEAE0RE
7, RERELR, RUEAKSIKNERERTE TR 3RTa—~ FEBER L, £850
HEEFVRIRED - FEALUL beam  FUEEALTW 3, £AGMOBHTHERER
BNEF Yy e vz RANFE-DRBREREZE VLS 75 YOOESEEARVTRDTH B,
BN—350 &BN—=600%0RE L7 3REFLBHBHH, O burn-up OEEZ 74 57
THEGHEBE, v 70 (R92 ) Y7L ) -7 ES) WEICEBEHBESATL B,
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Session 2, Discussion

of o | o @&

&
P % H

Session 2 WELT, [KTOMEICEB L, IROKey Points HHER N,
D 3%mT=a— Fitoperational management KWL THETHB,
—H 2T — FREHMI - FELTRREIATATES I,

2D FTRLFIF ¢ —BRRHAHMIHERA €Y - 2HNT S LTEELNFHTE 2,
3 EAKMOBMOEF KDV TOI -~ FOREERIET 5LEHS 5,

4) EEE, BEOH, TOEEHEOD level KOWTEXRETRH500 LD, —fiRic
BRa-FRSDHEINIBELEELEAOCNS, Passive WHRLWMEEZE T HHL (B
BB, bALw) OHRFTICHTIE free standing WHEL (R—¥—T ==y 7 R) OHFH
DFH/ER~NZ L, B2 - VICEBEZEEEEIBEELE I 2FHL0BCBKINS
DIRALHILTH B,

) BAKD (V15 YR/ ANEFLEXBEROMOE ¢+ » 7ICL D ET ) KEHRY
AEBTHHEEIfree standing BFELOHEDCBARKIVEETH S, ThITHICH

EREOHETEELR S,

6) KISESEE, Billo— FRX3RAKEHOIEEE, S, HENHBICH B3,
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A revrew of the UK Core Mechanics Experimental Program

ko | o ER

g TR

W. D. Barnes

FLEE T — FCRAMP ® validation # B8 E LA ER T 0 2 5 AOBBEAR~NL AT
B, FLEHBEEEAEMOMENEAA» = X A REBICHES DT — FICHAD B3
WEFNMLOARLTREROBI, EBEHIBSE 5, 21, BEEDH > TOTHFAFTLE
ﬂvmﬁMHHY§E¢5?—9(ﬂiﬁxwaV¢$,§ﬁ%ﬁ)%%O,Aﬁéﬁbé
SHEHET B, Lich-T, FLBRHERHE - FOTFHINLTL BEETRROVEWSETH
C->T, HEI - FORELEARREM > THBEHNH B, COBAHL UKD
Experimental proggam BTSN THY, PFROMME, FAEREBCHARDIS ,
] CRUPER, Supporting test KoWTHBIHNTWVS,

PFRTHE, Ra@Thrrs (Bil) WERKMEECDFR OZhID b—BicRL DT
(CDFR TRETZ) HENSHECHHRET CORFNEREPFRTERLTL 5,
CHARDIS (charge/discharge) rig {F UKAEA @ Springfieldsitdh
CDFR® full size DRGEEFLMAK LT, BAAD 2 >0 Eica 8711
REERELTVS, HIOEER 19FETHERIIAEE B -TVE, FAEFOENIL 2
SHD, WM OB - SROHERRTHY, %2 1 CRAMP 2 — Fo FlfE & Ha
TERDFLHEHERTS 5, FE20EMNOERTRFLEBAERTOENEEE, &
CHLRGEOHE Y FRTOBRMBTESAE SN TN 3, EB@ & CRAMP L DB,
CHBPEITREDNDFETH S, CRUPER rig RNNCiZs Y, CDFR O FH# <y FIR
600 mOREDEAELFLMEAICLbDT, 91 KEEH-T 3, REEDHME,
BHSy — Y CERMAORECEE LS o AR EAHEO ERBEAR~2H TS5, M
RERAED Ny FBTOF + v TR EBRAAEREOL M EHETH S, CRAMP DI B
REDHE T reasonable H—KAER T3,
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D919 SIQY¥YVHD

Ol -
DRIVE
MOTOR
LEAD
SCREW
LOAD
CELL
UPPER RESTRAINT PLANE . %%ﬁmm PLAN OF 91 S/A ARRAY
LOWER RESTRAINT PLANE ~_]| JL ' v
BASE SN I (
PLATE ' SN I D
e or 91
¥ 'I S/A APPAY
F | : N
Z \\ : / \\_ k\\\ﬁy

PLAN OF 19 S/A ARRAY
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CENTRE OF ARRAY
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A\ TRANSDUCER

LOAD CELL AND
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lm INITIAL G;;\\\\\\

BETWEEN PADS

I

DISPLACEMENT TRANSDUCER

7Y
/ : SCREW JACK

SERVO MOTOR

VIEW ON CORNER OF 91 HEXAGONAL
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KEY (INTERVAL 5)

RAM DATA SAB - ASSEMBLY DATA

RAM DISPLACEMENT (m) —PAD CLEARANCE (m)

[~=——— RAM IDENTIFICATION

-
[
9]

NUMBER
RAM LOAD (kN)

PAD CONTACT

Fig 3 CRUPER RIG-OBSERVED DATA
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Experimental Validation of the HARMONIE Code

of o8 | R B

A. Bernard, J. P. Van Dorsselaere :%f 75 VR

fALEEM 2 — FHARMONIE® validation # B89 & Lo FAERE ERELFEEO K
ROBMEHEXSNTV S, _

Validation D7 7o —F @34 ¥ YR LBERCTH S, FAEREBERIO06 TR —~—
722y /210 full size DEESBEFLBIZLELSDT, SPX—-1FELD1/6 €5 5
—EBELL 106 RAKME THEBANRS . BAFICHABEEFEBE LT, B4
1D 7 v ~EEEEMHT S Jack 226, SHEAOESELEARCERT S Jaws1 5B
SNTH S, FFAREMICL 2 RAREROENZREL T3, B LESKBOEMAIZH
LT, RRIEAGFHEOABELFBIRAEEALEROr - RICOVTHEDATH
B, COMRBEAFEOPOESSEE 1KH5 0 E 2 ATV ERTOERLATATL
5. TLEMBOBEZELHOTHENT, MNIAHOERTHEMEIC Y ) — R 28 - 1 RET
DHE BT > T 3,

ERIELHFEORBTRRRNIC B~ HEFRLT 0B, Lo LERMICES &, 51
LB I9RRAGBMEITHRO—BERLTOIHIEDLN S (BHE20BLT) 28, 28E
ﬁmﬂé&iﬁﬁaﬂﬁﬁmﬁﬁk%<ﬂéo%K%%¢ﬁ®$®1%%%Wﬁﬂﬁ#nfw
PUHUDEECIDERREL, RROr — A THEES 0SB TH 5, EB{EE HARMONIE
DHREOZOE L ZREE, AERELEMBOERBNELEL NS (HARMONIE o
— I EMTOBEBEEFHRT V), | ,

7IYATHER=N=T 22y 7220 full size OEEEEHC-FEEOHEEBHER
- FEETN B,
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Bench mark calculatrons (QHP @A)

s

R. G. Anderson E 4 £y R

BT OHE 3 — FD verifying & validating 2B E LNy F=— 2 HE
(multi-participant bench mark studies) MEEIhi, FLBHMFER LD Key
problems & L CHEEMIEMREH, RNBERS v ~Box F ik, SEREE, BMBEER X
% breakdown %4H2HEAREN, CNH5DKey problem #&FHICE VT verifying
/validating LTIT{ BAORED level BiRES N/, HBD 1 FE, @ 7 4KRE,
@HFIME, @ 19 4R9%E, ® Prototype reactors (~100{4) , ® Commercial
reactors (> 500M4) OE6RETH-T, Zhoida— FRIOKE (verification) BT
J—-FEERBEEDOILE (varidation) O@AICERIN S,

CORBICH L TEEORZBERERMICER LI, DCEEEIRFy FELTI—FH
ORBATH>ENEARAINI, vEELAREUVKOZEHE, ERER L2 - FIEEROHE
A5 BRBHLI, —F, MOUKDEBLTAVADEBRERBEOMRF (inter -
preting) OBLEAEHL7. UKDA 7¥—~— (PFR® operator BRE) i
validate 17c3 — FOLBERER~N, ChBRKERICHERZIISHEBIERT -5 &,
HEo - FERLOUBATANETHIEHRBNDAL,

Bench mark studies ORZBEW UL TERISBONAEL2EFEEHESBORTDA
i IWGFR KB I N2 E0NHEIN, Bench mark test DXk HEMTIREIZ IWGFR
KiEZETLI2ACUKERCLIDVEHREINEGTFETHS, COEEEI proceedings DFicEE
h, SEEEREFRENS, IWGFRORREZR I T D bench mark studies % [AEA
X DBET B AEET B FCRE LR,
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SIX PROBLEM LEVELS

1. SINGLE SUB—ASSEMBLY

Reactor rig

2. 7T SUB—ASSEMBLIES

Reactor, rig  fiction breakdown

3. SPOKE MODELS

Reactor

4, 19 SUB-ASSEMBLIES

Reactor, rig, fiction breakdown

5, PROTOTYPE REACTORS
LARGE RIGS
~100 SUB—-ASSEMBLIES

Reactor, rig,fiction breakdown
6. COMMERCIAL REACTORS

> 500 SUB-ASSEMBLIES

Reactor
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Design Implications of Core Mechanical Behaviour

b o | R @R

S. Govindarajan, P. Puthiyavinayagam, $. B. Bhoje E

2000 ECHVOERAHEE LTWS 500MW (e) FBR (PFBR) (%R &L, FLERE
OEAPL, BEOEENHOBRIKLOLTOHETH 3,

RE, —BEGICHEAINTVSESUS31620% CW HEThicTi 258 15Cr—15Ni—
TifE 2V TOUBRBRYRIDRMEURICBBHOBSE, THZHRIh TV,
(TABLEI & 1l : [BOW] =2 — FOFEER)

PFBRGMBIEAK 1804, SEME204MK, 75 7o b 1804k, KK, Le~uik
THELEEERS L, BIEWREEAER 217 pin (pin B 6 4m) RIREESEIT 127
pin (pin 8. 8m) THEIHLTWLS,

COMHERGRD S v ~ELEBEOREZL LB 21 ) v IOtk , EAGOER
ML, RESEDT I CERDLTENTERNRLTHY, CORBRIZOVTHE 15 ¢cr
“IBNI-Ti @MELO7 » "ELRBEOMGENROBOEHREL T3, (HEL, 15cr

~15Ni~TiMEBBHF— MDD, 22 ) Y FYOEEOKERICOEFEENT O & OBBAM

55)

X, FPLEBOBEYOL o NOOBICESERICL o ~NOEE T B TR S0,
COESBRAKDOESCHETAOT, MADBIEBT5E0CETL o EDESE
54— 5 KRN LI EARENTHYD (TABLE I) Lo~ EORES 4500 m BEE
WHEMBOOBREBMMTIEHEL T3,

@) PPBR O, BUEAKOWMERARSNLS -5,

— 46 —
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TABLE 1

MAXTMUM WRAPPER DILATION (m) FOR A TARGET BURN—UP OF 50 MWD/ke

20% CW 316

209% CW 15 Cr—
18Ni—Ti
steel

Maximum rated outer zone

Control Subassembly

subassembly

Carbide Oxide Carbide
9.7 5.3 3.1
4,9 2.5 4.1

¢1-¥8 E¥6N LONd



TABLE 1

RESULTS OF BOWING CALCULATIONS FOR PFBR CORE

FOR A UNIFORM RESIDENCE TIME OF 400 DAYS

FOR OXIDE CORE AND 500 DAYS FOR CARBIDE CORE

Maximum deflection

at

Maximum deflection

Maximum bend in Maximum

interaction

top during during shut doun subassembly force
operation
i [EO. om 1R,

CW 316 —34.1* —26.4 44.4 8660
Carbide

CW 15 Cr— —217.8 —18.3 52.6 7660

15 Ni—Ti

CW 316 —25.5 —18.8 34,6 6800
Oxide

CW 15 Cr— —20.8 —12.5 41.6 6620

15 Ni—Ti

* (--) sign

indicated outward movement

¢i—¥%8 €¥6N LONd
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TABLE 1

EFFECT OF AXITAL SHIELDING ON BOWING

DEFORMATIONS IN CARBIDE CORE

Lenght of Top Axial Maximum bowing Mbximum band
Shielding during operation '
nm mm um
0 ' —26.2 40.4
500 —34.4 44.5

800 : —34.1 44.8

¢1—-%8 EP6N LONd
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Evaluation of Core Distortion in FBR

A KARAS Mg T f A &

i

FOBEREFOBHRARNT 2 LU IhhoRHTHFEENRIC, BROBHEHEZED S
CEEBHET B, QBEFENRCEOEHEEEET3CLE2BMNET S, 2B F b1
BELT, WOBED, BFEROFMEEE AR S BEREE OMEER L,

X, QOB TERY 3F0EEMITCRABIMBY OEREFRHSBELS, (VOBHD
BER, BEORHERE L TRABKE SHVWEETRATHEETMITEETANITR N
LD, BEOBHEBEBETIAORNOEHE LA L1, (Fig. 6)

BN, RTFEEET SRR, FOEURIFOEEBRT (Table 1) 280, »-
CORTFOMBYTHER~NOLBLTFHHRFLTEL (Fig. 4) BENHZ LOHMTH B,

s — FicowTit, (NOBNTHNEEANICH 2RTT — FTHIETE 3 EME L,
FELT “bALs” O2REMFORTEFER LI, (Fig. 9, 10)
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$ﬁgea-dimensional Flux and Temperature Distribution

Y

Estimation of
Threa-dimensional
Effect

. . NO
<:ﬁ£ FT':Ft 1S_i?i}3 Choice of Models
egction o Lode (Full or sector etc)
Yes
v
Establishment of : Establishment of
2D Anlytical Condition 30 Anlytical Condition
¥
Analysis of 2D Analysis of
Represantative Rows Three Dimensional Model
i
Design Condition of Estimation of Change of
Compornents Reactivity

Fig. 6 DI'AGRAM OF EVALUATION FOR CORE DISTORTION



PNCT N943 84-12

Table 1 INFLUENCE FACTORS

Influence Factors

Properties

+ Swelling
+ Creap
+ Coefficient of Thermal Expansion
+ Modulus of Elasticity
= Coefficient of Friction
(The Above Respective Accuracy)

Shapes & Sizes
(inciude its Scatter)

Core Assamblies
- Distances between the Opposite Side at Pads
and Heights of Pads
» Nose Pieces
* Wrapper Tubes etc.
Suppaorter (Core Support Structure)
« Receptable Tube
« Core Former
« Core Support Plata (Pitch)

Environments

Neutron Flux Distribution (include its Accuracy)
Temperature Distribution ( " ) -
Pressure Distribution { " )
Initial Charge State of Core Assemblies
Irradiational Period of Fuel and Plane of Exchange
Location of Core Assemblies |

Analytical

Conditions

Core Model
- Full, Sector (Three-Dimension)
» Representative Rows (Two-Dimension)

g




Relative Rate
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2.0
e} -
1.8 -
-7 4
o] x
1.6

1.2 J

Ll / | //

0.8
H | 1 ] 1
i 2 3 4 5
Irradiational Time t (Cycle)
Fig. 4 THE EFFZCT OF EQUATION FOR CREEP ESTIMATION
{IN THE 8TH ROW)
C Forcz at pads of top
X Residual deviation

e Deviation at core center level
Fig. 20 THE EFFECT OF EQUATION FOR CREEP ESTIMATION

(IN THE 8TH ROW)
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Initial Central Axis of Contact Point

. Wrapper Tube
BOWING ON POWER 1200 DAYS

4
y

— T ¥IA Level of Top Pads
—_— . i Level of Middle
{ Pads

Expansjon of the
Oppotite Side
Distance of
Wrapper Tube on
Heat and Sweeling

Fig. 21 THE CORE DISTORTION
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BOWING ON REFUELING 1200 DAYS

)

a

Fig. 22 THE CORE DISTORTION (on refueling)
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% Design of the SNR 300 Core Restraint System
F 4 v
2:_ J.- Heinecke, E. Kénigsdort gj (< E—)

SNR 300 i oW TOFELERIKEET 2 2HRK2VTOHETH S,
1 ELEE Y R 5 4 |
SNR3OODFELHRD Y Z F L Fig. 1 DEHIRHE-TB, TOYRF LDEHIT
FLEOETEBROMEN 7274 PRORF Y LR (Nr. 1.6770) THB LT, T
N7 =254 b RBEA -5 4 PREIDAERRNDPNSVOT, BEERFRY 4 MiTHR
RIBELELISERBLILDIDTH 5,
2. MR |
BT BT 253 — F (FIAT) Tfi-Th Y, RIGEFSEARBIER o
—FTr>Tw3, 2RTER - FORLEERFig. 3, 4 KRTHEFRSH, BE
RFOWHED, BERAORELAFTLTVECETEIEFEALELTL B,
3. ERBFERERURE |
Fig.- TR 441 EFPDRABERKMOEBBITHYD 4y MELA TR EMS ¢
] EOSEEEZFRELTHEN, (3447 4)
CHAEBRTEIHELLTUTOE S KEAERAEIES T &db 3,
D 1%427n, 24427 vlEEREI27%26METRIB 2HERLTZAEDE
BEL 6 FHILE > TW L, _ '
2) 8, OFHOESEE2Y A 70 180° BIEIE5,

COESC LTIEEOBTERE Fig. 8ICR L. BB H-TLLDONN B,
BAHORER D, DOXSHC L ETARKAAEH, bl ThIEAE
3860N< 20000 N, THERZ M 126 m< 17 mn, BHEEM 20.8 m< 25 mTH Y LT
bFEEEREL TV S,

RIGEZELSVTE, f18, REDCEHEEEFig. 11 KRT,
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Core barrel

g Kernmantel
g I
? & \\
obere
Pflasterebene
Upper pad level _"j—____l'___—_'____ ''''' B D . oherer
E : Stitzring
Brutstoff \ Upper
Breeder : restraint
TORTTrITTrCtTTCTTT"1UTT" s ; ring
; :
] ]
| | ! : r : 1
! :
1 1
1 |
1 1
g : :
Spaltstoff 2 X '
Fuel o ! |'
L i
1 1 !
g ' ! ; | i lower
S i ! restraint
& g ' ! ring
= ! !
. (___H.___ il DR NN A (NN SN ;' g
i o
Breeder g ¢ X m*
Brutstoff = | ]| . ] [ M ]
untere <t X ' ! ! :
Pflasterebene PN, [SUU A IO SR DU WU [N IR NN U SERI S ' ’
lower unterer
Pad level Stutzring
115mn
1
1 1
1
[}
Gitterplatte
Gridplate - —

Fig. 1 SNR300 CORE RESTRAINT SYSTEM
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Fig. 3
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Regeltrimmelement

CONTROL ROD
Zweitabschaltelement
SECONDARY SHBUT DOWN ROD

Na-Blindelement
SODIUM DILUEN

Cl1-Zone

Fig. 4 SNR300 Markla WRAPPER TEMPERATURE DIFFERENCES
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CDFR Design & Performance Implications of Extended Burn—up

i I
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TABLE 2 CRAMP PREDICTIONS
PASSIVE RESTRAINED CORE
MATERIAL PE16 PE16 Ferritic Ferritic
Wrapper Thickness (mm) 2.6 2.6 3.2 3.2
Burn—up 10% 15% 10% 15%
Max Pad loads
(LRP) Kn 3.4 3.8 1.2 1.3
Max Head BOW <1.0 < 1.0 1.4 1.5
In Core m
Maz Head BOW 13.5 15.0 6.5 6.5
Unrestrained mm
Max dilation
(diametral) m 5.7 2.1 3.2 4,5
Initial Refuelling
Load Kn (excluding 2.7 4.0 1.5 1.7
S/A weight—u=1.0)
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§ PEC Core Mechanical Analysis
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Mechanical Behavior of a Fast Reactor Core Application
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A Review of PFR Core Distortion Experience
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© In—core Distortion Monitoring
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