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Better estimates of - the specific .Urmwcias_m

S ee
KS#

me—-&am wﬁ.?i:& in IPSN m:a a_mmirm_d cc::am |

‘out that high burnup may induce specific effects, S
 particularly n_mn asrmsnaa &%E.Em:o: and fuel

nm_cnmscs. .

_dunﬁ.a:::mm Gnm» nmmma_zm _55 E:n__ these mﬁ.mnnm E_m_: m_m_:momiq
affect the _mam 95_555 om :_a mnnam_: z.msm:w: m:n a-m »mmco_w:&

mmme issues.

identified _53 after are required in order
'to resolved the . pending ::82&:58

na_m:& 8 HOO\V criteria
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o Hv _Ewgsﬂ of m:m‘—Ei.mEa:ea Ewr w.:?:v .v |
| _ Hv >~.a.=5% m:% Qm_w% asm 8 ?m_ clad ?E&:m 9

- o .Hv 5::.“ _.m:c_. of a_ma balloon at Em: _EEEF

: | .A Hv m—.m.m_.:mi Wmum,msoonnmmwo:&im 8:@..:.&&@ ?

C:nmln_z:mm

with ?wmz_miﬁ_c: cm vo2 EE or ZOM
o_ﬁmew_.m ?

Qolioxoo :

. Réunion XYZ du dbc



Gee |

__wm.moﬁcs e
.. " .peak clad temperature
, final oxidation ratio

: nzm to

= ,
= ._Eanomg uptake-

the i En_.mmma cm coﬂﬁ.

. ) Uncertainties

= :5 nwonammm E ?a_...n_ma mmc nmmc_ssm E.cE ?o_

. monﬂ_zz_mﬁcs

= Note that ==m nsmmﬂcz is
e ‘particularly _Ecczus_“ - for

w:&..cm.__mo ZOM ?m__ -where

. power - generation - is  not
. reduced, unlike for UO2 fuel.
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coolable an irradiated rods bundle ?

What is the maximum .=_c_<.< ,Ecn,wmma.wmao that __mmﬁw.m

The 90% value derived E&S results of flooding mkﬁmlﬁmﬁm |
(FEBA, SEFLEX et al) on unirradiated rods arrays is - ‘
questionable since these experiments did not take account *

of any fuel relocation and associated effects (lineic and '". .‘

surfacic power increase, gap reduction) _ v

/ - - PHEBUS LOCA TEST
Does the maximum flow blockage ratio attainable with
an irradiated rods array remain below 90% ?

There is presently a complete Nan\«&w data &Ncisw to
answer this question |
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—>Which is the impact on ».mm_,i.a during nﬂmsnrmzm if the fuel
rod cannot totally accommodate the stresses due to rod
blockage in the assembly ? S

ﬂ.vcﬁmn’ is the residual ductility of the cladding after

quenching ? - -
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B " Such ==nm2m5ﬁmm rm:a _& Eumz 8 5:58 new studies on the behaviour of
L _V__.wm&ﬁma rods and assemblies under LOCA conditions to investigate the
| _\85—:5& w&-mﬁcﬁ. 3.. fuel w:a n_mna_sm EEQ. nmwaammimﬂé nc:m:_asm.

H_:m >~u~ﬁu HE.M&E ?.cm-.mE:.a.a ::%m..ww&.m& will ,.mﬁo,._:nm :

_n_"v mx_mssm and future .cﬁ-cm.cmn.mmws-.ﬁn aﬁm&m ._Ummnmu ‘.

| n"v .H:-E.__n. m_wﬂ.&m_n .nxvﬁ.wiaam.

5 Code n%&%&gg
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o wﬂ_m main .oE&Q?@% ...Em murcm_m a.xc.mwmimam |

L )v_u_v_..Hq._..o&m Project

FSHee
KB

Féﬁ-mmg ﬁ-a 855:& carmﬁcﬁ. cm ?w_ and n_mmn_sm with
Q::E:Em wmcnmmﬁ:m_:m &. erm ﬂamn::. o:om QE.Em HOOP

- ”H_-m, _w_mw»::ﬁmwm to E«mmmmwnm 3

" The nature of fuel (UO2, MOX, Burnup),

The .mﬁm_-n_mn Emni@iaorwanm__....g:_u::m Q..m. ?& wm.._onmao:v

,H:ﬁ.am_ mN::::._ m_.ma_wim Q:»E factor mﬁdnssm n_maEEm strain m:&
Ecnwmma 3:.3 o

Hrawioww&ww&mo.mmwmﬁm (i.e. atosnismw coolability of blocked arrays)
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IN-PILE G%mEEmEm are necessary HBESEQ: to fulfil the above

representativity cEwQEam :

4 ~= pile tests ?.@S&m the unique way to Em::m_: the heat mgﬁ.m:cﬂ .
in the fuel fragments whatever are the fuel movements Ea:@n _u%
the relocation at burst.

% Heat generation correctness is one of the conditions" for having
~ representative estimates of the relocation consequences for ECR and
PCT | R

7

. ﬁ/ﬁ. In pile tests with a Ecsdcss phase Edﬁ&m the way to mﬁ Ea 85.@2

~ fuel temperature profile transient which induce pellet radial stresses |
and possible effects on :5 amount -and :5 nwm._-.nnaﬁ..m:om -of ?m
nm_oos:& ?m_ ,_ , . .
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~~ " PHEBUS LOCA TEST 215

- APRP-Irradié Project

gD
 #¥SHee
HISe

w_GZUrm .m.mcmi_:mim are necessary to fulfil representativity objectives :

W HoEwmamEnm field ocﬁ.mo:_amm is Q.:Qm— to E.ca:nm.
_.mm__m:n _5:25 size |

Radial _im-.wnnc:m vﬁiaas m&mom_: mzm_ ._-dam
impact the vm:aa: size and mrmca

L ﬁf wm:coz size mzn shape _Ecmﬁ :6 amount cm na_cnﬁ&

! Em:u..m_
. Year 1983
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o wdz_v:w m.x._umlini.m ﬁ.a necessary 8?:.: __.@wwmmmiwa&@ objectives :

).,u_u_u,nwwmnmmm_ Project

Jah A
-§*ISKee
L ¥Se

. a .. To represeit ‘Em ..mwmw— stresses .‘m_.a_.ﬁn&. by the grids ...s&.mnr. restrain -rod |

contraction during quenching

ﬁ. To get m..-.@u:mn.o.mw_;m of the =c€&_cnwwmm and the
 associated heat generation induced by fuel relocation

To ,m_a ‘the realistic complex flow behaviour and
~ quench front progression during reflooding

PHEBUS LOCA TES
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- Hs-?_a cE::a GGaEEaEm will ooEc_mEmi ?.mﬁc:m in- E_m tests
- programs (PBF- LOC, FR2, ﬁfvmmmvu as well as In pile single rod or
_oﬁ-%.m:_a emme wgmgi_smm n:E.E:_% E:_E. E.cmwamm or camcmwm:oa

~ Since it is hardly conceivable to carry .,o:.e one type of experiments that
~ will address all Umsa_zm questions with any chance to provide some

usable results, it mEuaE.m more mwcacwsﬁa to caﬁdw_ﬂ ?5 _Eam of in-

.,.c__a experiments :
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- APRP-Irradié é Project
%«ﬁmv %menb\.«\%

e R R R R R s
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§SsHee

Studies devoted to fuel um_cnm:cs orm:.mﬁﬁ._m:nm EE fuels
relocation consequences : - ‘

A T e L e T e e e

@1 high _E_.E% rod with a ring om m fresh fuel rods

® A blowdown phase which will include representative
conditions for the residual caiﬁ. :.m:m_ose during a
FOQV mmazmznm. |

ma:&mm %432— to Ecé Ecn—&mﬁ C—_m:n:_:m carmﬁc_:. wsa ._,.
: _Ooa_&:_:% L . . , _.

| o Oc E_m_. cE.: up rods. 2_9 a _.Em of 16 fresh ?m_ wcam
' @Additional axial stress. during n:gg_:m due to woa

“ blockage in the assembly . |
) Eoi@oﬁ: phase will be simulated roga:-m on its
_Ewmnn on the Hm_onmﬁos —u_.cnamm amaznwn, from the

E.aﬁo:m mﬁ_a_mm.
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~ Such a programme should take place in the PHEBUS Facility.
By this way IPSN will ﬂm_w@,m&<m=nwmn._om the know-how accumulated
when Hrm c-.ﬁﬁ.:mh@@» Ecmg_:ia §=~ fresh ?a_ was run

Between

Years 76 ms__n.w..ww.
- 20 LOCA bundle i
tests were runinthe | | | m._.m%_a

PHEBUS Facility |
. ,. S - . section ao._u houcle vanmes s S . [ A .
) : %cawmczmaw . auverture pide 1&36rvoir  accumulateur

, Emmwgm 89» QOZHN GURATION D'ESSAI
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APRP-Irradié

> new EOQV cgmga_,:m in wﬂmwdm ﬁ>ﬁ~§ﬂ< will 3_3 advantage cm. the R&D

“efforts made for the subsequent programmes in terms of high activity material

measurements. To day we can measure the 3D location and determine the nature c». a

~ material n-.mm:am:a _mmm Ews. 100 microns in m“,,.”_u:_::m ::.ozmr Saa_mnmwww |

H:rmznaaoi o», Em mx.mssm technique will E.cﬁnmv
several points inside inside the clad with an oxide/metal
....a.mQ._EEm:cs.._ ‘Such a 8:5%.%5 anmcwmaai_
associated to post .test ameEuSc:. in hot lab will
| E.cﬁ%a the 3@:88@ E?wEsﬁc: mwc_: -,m_cnsﬁc:. |
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IPSN is Emwmz:m :5 SO 8:& bﬁh@#}ﬁ& ié Ecwﬂm:::m _amgﬁa to E_mr
Burnup fuel LOCA pending i issues. - | |

One of the important aspects of this programme is In-Pile axcmz_:m_:m sﬁr
w::.:m geometries in nra wﬂmwdm mmn::%

A feasibility study for such an nﬁ.miima& ngmnwEEa is underway

- A finalised project including the So_::nm_wncme and schedule aspects m_:.EE

be ready for discussion by end of year 2001
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