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«opcnyp CABRI was a fac:lllty In support to FBR fuel studies

..... but also to PWR fuel studies

» Since the end of 70’s 59 tests on FBR’s fuel and fiebts on

PWR’s fuel were performed.
» The new Water Loop Programme (WLP):

»devoted to the behaviour of advanced PWR fuel maintderReactivity

Initiated Accident:
»High burn-up fuels,
»New cladding materials,
»MOX fuel.

»managed by IRSN, this international programmeasex

under the

auspices of OECD: Contributions of France, Unit&te€s, Germany,

Switzerland, United Kingdom, Sweden, Spain, Finland..

But sodium is not water....\WLP supports the implemenration of a

pressurised water loop in place of the sodium one.
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A REACTIVITY INSERTION ACCIDENT (RIA)

PWR reference accident - Ejection of the control rod
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Objective

Study of the behaviour of UO2 fuels at high burnup and MOX fuels in RIA-type accident conditions

Cross section of a closure head
for a control rod assembly

Evolution of the power in the
core after the ejection of a
control rod

Problems involving the fuel
= Quantification of the fraction of ejected fuel and the

pressure wave (fuel/water reaction)

Ejection of the gases

steam generation

Behaviour of the
cladding

mechanical interaction

<= Behaviour of the clad and of the fuel




=  CABRI Water Loop : The modifications in two items::":

CAD/‘.RACHE

e The change of t

ne experimental loop

— Dismantling of t
— Dismantling of t
— Implementation

ne sodium loop (2003)

ne SCARABEE reactor
of the water loop (2004 -2009)

— Adaptation of the control command and fluids (2Q089)
— Modification of liquid wastes circuits (2005-2009)

The modification needs a Decree from the government

assessed on

—>a public inquiry (2003): a report on the modificati on
of the facility, including risk and impact studies,

—>a safety review: preliminary (2002) and provisional
(2007/2009) safety reports

—End of the safety review (2009)



G The safety review
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» The methodology is also based on

» the use of conception rules issued from standards of present
conception codes or particular specifications (Zircaloy). For existing
components for which past conception codes were used an
equivalence with recent codes is assessed,

» a systematic verification of the good level of safety standards of the
overall facility,

> a verification of the good level of safety by the examination of out of
design accidents,

» an examination of nuclear, and non nuclear internal risk along with
external risk,

» the specificity of the CABRI operation
»Short duration of the reactor operation: limitation of the

presence of risk associated to control rods up, Helium3 in the
core, power, water under high pressure,...

For example the simultaneity of SSE earthquake and reactor
operation is considered as an out of design situati on.
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CABRI Water Loop : The modifications in two items (con’t)

» The upgrade of the facility which guidelines are isued from
the safety review and the modernisation of equipmen

» Building and components reinforcement (earthquake),
(storage pool, crane, biological protection,...)

» Electricity supply, instrumentation,
» Fire protection

» A complementary programme of inspection to usual
maintenance and periodic control
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I CABRI: the Water loop: use of Zircaloy for the in core cell -

CAD/“RACHE

> In order to deposit enough energy in the experiment  al fuel, the
neutronic coupling factor between the driver core an d the experimental
fuel must be as high as possible. This is particula rly accurate for high
burn-up fuels. The Zircaloy for the in pile part of the water loop (two

. concentric shells) is the best candidate.

»The In pile cell is a nuclear pressure vessel asth e primary circuit of a
PWR.

» The validated conception codes (ASME/RCCM) suggest  the use of
materials with a low anisotropy, a sufficient ducti lity and toughness to
prevent fast fracture, a good experience of fabric  ation and operation in
equivalent conditions.

» A programme to demonstrate the Zircaloy fracture tou ghness is set up:
»specific fabrication of a heat ingot,
»mechanical properties determination on metal and w elding
samples,
»fracture mechanics calculation,
»gathering of all experience and feedback on simila  r uses of the
zircaloy.



e REFURBISHMENT PROGRAM OF CABRI FACILITY L

BT ?fa IR Verification of the core’s primary
handling flask circuit condition

CA D/\/RA CHE

The manufacturing and instalment
of a Pressurized Water Loop

Seismic reinforcement of the civil
engineering structures making up the
building

Seismic reinforcement of ~ :

Core water storage

equipment and replacement of 2- Waterpump
3- Prir ircuit
the reactor block 30 Testean

5- Core

6 - Rupture disk

7 - Pressurizer water loop circuit
8- Filter

9 - Water loop containment I
10 - Pressurizer relief tank

11 - Flask of the device

12 - Hodoscope

Design and production of the High Activity effluent circuits

o




COMMISSIONNING TEST PROGRAM IRSH

CAD/RACHE

CORE MEASUREMENTS
AT 0-POWER

» VENTILATION

COMMAND CONTROL

AND p ) \XQ

ELECTRICAL SUPPLY | ﬂ v NEW SYSTEMS ANL
EQUIPMENTS
(PWR LOOP)

CORE MEASUREMENTS

AT POWER HANDLING
NEW COMPONENTS



irradiated fuel rod INsTITUT

DE RADIOPROTECTION
r from a PWR plant ET DE SORETE NUCLEAIRE

e CONDUCTING A TEST IN THE CABRI FACILITY Tteremovaiotan |RSE

Preparing and
inserting the fuel rod
to be tested in the
test device at the
LECA facility and its
subsequent transport to
the CABRI facility

CAD/\/RA CHE

Insertion of the test device in the
cell at the centre of the CABRI
driver core X

(thermal-hydraulic conditions representatives of
a PWR: 300°C and 155b)

Destructive
examinations on the
test rod at the LECA

facility

Functioning of the reactor
when submitted to excess
power

Non-destructive examinations
performed on the rod using the IRIS

device. (tomography)

Recording fuel movements in the tested rod
using a hodoscope

‘Scanning CIPO: ssai

==
ATy T T A Y
L L ¥ ¥ T

Hodoscope signals

A bbb
,
v

. A lﬁﬁk"' Ao SA Mo [Wores
: ; "

. AL o g Lokt s b g

3 Ty J\“W‘" Iﬁnalincrense' o 14
WW ittt
xrtefact\

L TOP+Gloms

il

S

I
Hodoscope row

[}
,, Al )
ST TR

VM’ oW Y

! signal

\
H)
E
§
§
§
§
{
8
8
8
H
8
§
8
E
8
8
8
]
H
N
§
8
L)
-

X-ray radiography
i

Tomography



