The MADISON experimental hosting system in the futwe Jules Horowitz Reactor
Dr Patrick ROUX
C. Gonnier, D. Parrat, C. Garnier
CEA / Nuclear Energy Division / Cadarache
CEA/DEN/DER/SRJH building 225 CEA Cadarache 13108 t3Paul lez Durance France
Lead Author’'s Email Address: patrick.roux@cea.fr

The future Jules Horowitz Reactor under construction in Cadarache (France), anedsdbd for
operation in 2014, will perform experimental irratibns of material and fuel for utilities and resa
institutes in the nuclear industry. The experimenitsaim at characterizing the behaviour of material
and fuel under neutron flux and will participatetlie qualification of industrial products before using in
Nuclear power plants. The experimental programkbeilperformed in experimental hosting systems able
to reproduce the environment of power reactorst(oauflux, thermal-hydraulics, chemistry...).

CEA is designing a first set of hosting systemat thill be available for the start up of the reactnd
that anticipates the future experimental needs. #gribe equipments dedicated to investigation oh fue
products, theMIADISON device (“Multirod Adaptable Device for | rradiation of experimental fuel
Sample Operating in Normal conditions”) will allow irradiation of several LWR fuel rods (of PWR

or BWR type) under representative normal conditions It will allow adapting the experimental
environment (neutron flux, thermal-hydraulics, wathemistry), required for an experiment. It is
designedin collaboration withlFE team (Institute For Energy Technology in Norwagperating the
Halden boiling water reactor, and includes most state-of-the-art technologiesiastrumentation from
this institute. It will allow performing experimenof high precision (follow up of fuel power, priya
fluid thermal-hydraulics and chemical conditionsidacan use most systems available in the JHR to
perform post-irradiation testing and examinatiorsamples.

This document presents the MADISON hosting systeitihé JHR facility. After a short reminder of the
context, it will describe the objective of this gguent in the first panel of hosting systems. Tliem

present design of this system will be presentedastt the main performances and the time scheafule
the first cycle will be presented.

Context and objectives of MADISON device

The JHR facility

The JHR is a 100MW tank pool reactor that has séveperimental locations located inside the regacto
core (very close to the reactor fuel with high fasutron flux), and outside the reactor tank (viigh
thermal neutron flux). These experimental locatiathew the insertion of experimental hosting system
housing experimental samples, to be tested underameflux.
The reactor core is surrounded by beryllium blottiet aim at reflecting the neutrons and increase th
neutron flux in the reactor. Some radial water cleds are implemented through the beryllium with
displacement systemallowing the precise positioning of experimentaVides from the reactor tank.
The JHR facility will be equipped with several gguients that can be used in support to an experahent
program [1]:

- Hot cellsin the nuclear auxiliary building that will allothe (un)mounting and examination of
irradiated samples (several type of examinatiotrunsents will be available)



- Non Destructive Bencheggammagraphy, X tomography and Neutron imagingesys) that
allow a precise examination of the samples andwilbbe installed in the reactor pool and in oterage

pools and hot cells
- Laboratories for various uses (more details are presented athan paper in this conference

[2]): water chemistry, fission products...

In the reactor building, the reactor pool is sumded by severatubicles that allow implementing
Instrumentation and control systems and heavy coemts in order to control the environment of
experimental samples. Each experimental devicatsitLin the reactor pool is linked to this cubicjea
system of fluid pipes and cables.

All the systems described in the present sectierpasented in Figure 1.
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Figure 1 : View of the main systems in the JHR fality (left picture) and view of the reactor core wth
experimental locations (right picture)

MADISON device in the JHR facility

The in-pile part of MADISON device will be implemied on a displacement system in the beryllium
reflector in order to control the neutron flux dretexperimental samples.

Its design will allow using all Non destructive Ex@mation benches available in the JHR facility to
perform examination on the samples. In the regotai, the examination will be possible through the
structures of the experimental device. In hot ¢celie examination will be possible after unloadthg
sample from its sample holder. The design will ¢éargxamination of the samples as rapidly as passibl
after the end of the irradiation.

The design of the experimental device will allowfpeming rapid (un)mounting in hot cells.

MADISON hosting system among the first panel of hdsg system

In the nuclear industry, the utilities and reseaioktitutes need experimental facilities for the
characterization of material and fuels (to determine thermal andimaical properties in function of
burn-up, to assess fission gas release, to askessioal behaviour...) and for thegualification in

conditions representative of power reactors (belmain normal operating condition as well as in

incidental or accidental conditions) (see [3]).



The panel of experimental hosting systems availablthe JHR facility must allow investigating fuel
behaviour in all type of situation that the fuehdace in power reactor. This requires the possitib
reproduce the environment and the use conditiorsowfer reactors (Neutron flux, thermal-hydraulics,
chemistry, burn up...) and to reproduce the transsitoiation that a fuel product can face in power
reactor.

In order to satisfy these needs, CEA is developimge types of hosting systems corresponding to the
grade of operating condition:

- The MADISON hosting systemMulti-rod AdaptableDevice forlrradiations of experimental
fuel SamplesOperating inNormal conditions” will allow investigating the commtive behavior of LWR
fuel rods (both PWR and BWR samples) in normal waylsituations that may not lead to an expected
clad failure. The experiments targeted in the dewidl aim at investigating the evolution of theefu
properties (microstructure, fission gas releasejn.function of the burn-up and the Linear Heat
Generation Rate (LHGR). Other experiments suclslas power variations representative of slow
transient phenomena in power reactorsoog-term irradiations (up to 3 years) are also targeted. They
will allow investigating clad corrosion under iriation or crack initiation and propagation.

- The ADELINE hosting system will perform experiments correspogdo “up to limits”
situations that may lead to a clad failure or allpwantifying margins to safety criteria. This tyalig
corresponds to power ramp transients (up to 60@MW/rin)), to lift off phenomena, to irradiation wdn
leak-tight fuel samples, or very high linear powgperiments (up to 800 W/cm).

- TheLORELEI hosting system will perform experiments correspogdo accidental situations
that may lead to limited fuel damage. This typigalbrresponds to Loss of coolant accident situation

Basic design of the experimental device

General description of the hosting system

The device is made of am-pile part and doop system(see Figure 2).
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Figure 2 : View of the main systems of MADISON device (based on first IFE design)

The in-pile part will be installed in a reflectoogition of the JHR reactor on one of the displaggme
systems. It will be made of @essure flask of cylindrical shape that will maintain the highepsurized



fluids (typically 155 bars for PWR experiments af8lbars for BWR) and will house theradiation rig
which will carry up to 4 experimental fuel rods r(fthe standard version of the irradiation rig), all
measurement sensors for experimental and safegogeirand a moderating exchanger necessary for
steam condensation in case of BWR experimentsHigeee 3).
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Figure 3 : Schematic view of a possible design of MDISON irradiation rig (based on first IFE design)

This in-pile part will be connected to kmop system providing the adequate thermal hydraulics
(temperature, pressure, velocity) and chemical itiond that are representative of power reactoV§RP

or BWR, depending on the experiment). It will bedmaf heavy components (pumps, heat exchangers,
pressurisation system,...), installed out of the tarapool, in anexperimental cubicle of the reactor
building (see Figure 4). The water flow will be tdn the in-pile part throughunder-water pipes.
Instrumentation located on the irradiation riglsoaconnected to the out-of-pile part with cables.

Figure 4 : First implementation of the experimentalcubicle for MADISON loop system (based on first IE
design)

Hosting capacity

In order to satisfy customer needs, the desigh@hbsting system will be versatile in order toda a
large panel of irradiation rigs.



CEA plans to design a first standard rig able tlol Hoinstrumented experimental fuel rodsat the same
time (PWR or BWR samples). A gotmogeneity of the linear powerof the 4 samples is targeted (If
the 4 samples are identical, a maximum 3% hetemiteis targeted), with a maximum linear power of
400 W/cm An important request in the design of this righe possibility to (un)load irradiated fuel
samples and their instrumentation from the irragdlatig in JHR fuel cells.

Figure 5 : View of the first version of the samplédnolder with fuel samples in the pressure flask (PWR
geometry).

For specifics experimental program, the hostindesyswill be able to adapt to other kind of irradiat
rigs such as:

- For an experiment requiring more experimentaigas, ahigh embarking capacityrig able to
hold up to8 samples(standard or reduced fuel stack length) at theesaimes can be accepted in the
hosting system.

- For an experiment requiring marestrumentation or rods larger in diameter, a low embarking
capacity rig (typically one or two samples) candmeepted in the hosting system. For such kind of
experiments, the thermal-hydraulics conditionsha experimental device can be adapted to specific
instrumentation (reduced velocity and/or pressardragile instrumentation).

Experimental purpose of MADISON device

Among the different JHR devices dedicated to expenits on LWR fuel samples, the MADISON device
will allow investigating the behaviour of LWR fuebds (both PWR “Pressurized Water Reactor” and
BWR “Boiling Water Reactor” samples) in normal wimtg situations that may not lead to an expected
clad failure.

Experimental samples

MADISON experimental device will be adapted tolalld of PWR andBWR fuels that are (or will be)
currently used in the nuclear industry by interoaail utilities. The products can h#D2 or MOX type

(of clad outer diameter lower than 12,3 mm and thas 60 cm height) with possibly some additive or
burnable poison. The enrichment acceptable wilthme one currently used in power reactors (higher
enrichments will be accepted for experimental neadpcts). Irradiated fuels will be accepted with a
maximum burn up of 120 GWd/t.



Very innovative fuel samples (regarding clad orl}fuean be tested in MADISON device. Their
introduction will be conditional on a specific gifightion process or through in pile selection wstort
samples of the product with its associated cladréter to be confident that the experiment may eatl|
to a clad failure.

Type of experiments

The following type of experiments gives examplethef MADISON capabilities:

- Type 1 experiments. Such experiments will focus on the fuel behavidurcorresponds to
investigation on the fuel evolution in functiontmirn up Such experiments will allow characterizing fuel
properties (mechanical properties, microstructures, fissi@s gelease,...), it will allow to perform
comparisons of different fuel microstructur@sperform_re-irradiation of fuedamples before other tests
(ramp tests for example). For these type 1 experisn¢ghe MADISON device will reproduce the correct
Fuel linear power, onFuel temperature, onClad temperature (to investigate fuel clad interaction) and
Water loop pressure On the contrary, the environment parameters faseandary importance for such
experimental program: Water flow velocity, Coolamtid fraction, Coolant temperature and Coolant
chemical composition do not need to be represestatf power reactor (but the values must be well
adapted to have the adequate clad temperature)

- Type 2 experiments. Such experiments will focus on the clad behaviduicorresponds to
investigations on _clad evolution in function witkirh up These experiments will allow_characterising
clad corrosioncreep phenomena&rud depositor cracks initiation For these type 2 experiments, the
MADISON device will be representative @flad temperature, of Coolant temperature, of Coolant
pressure of Coolant void fraction and ofCoolant chemistry. On the contrary, fluid velocity in the test
section, fuel temperature and linear power areeocbsdary importance and are less representative.

- Type 3 experiments. These experiments will target an accelerationumhip agingof the fuel
sample. The principle of this kind of experimendsgenerating a power density in the fuel sample
superior to the nominal one. The design of expertalduel samples in this precise case is spedific,
order to have a fuel test section smaller thanlusearod (typically, a fuel rod outer diameter Bimm
can be used). For these type 3 experiments, the IBBN device will be representative @flad
temperature, of Fuel temperature, of Liquid pressure, and ofLinear power. On the contrary, fluid
velocity in the test section, fluid temperature aodl fraction do not need to be representative.

- Type 4 experiments. These experiments will be specific to the sampleldr with a carrying
capacity of one or two rods. They will allow to feem highly instrumented experiments. For these
specific experiments, the pressure of the loopagewill be different from usual values of poweratess
(typically 130 bars) and the fluid velocity will beeduced in order to allow implantation of fragile
instrumentation. For these type 4 experiments, MADISON device will be representative @flad
temperature, of Fuel temperature, of Fuel linear power. On the contrary, fluid velocity in the test
section, fluid temperature and fluid void fractidm not need to be representative.

Possible measurements

The irradiation rig will be equipped with instruntation providing adequate measurements for the
characterization and qualification of experimeritedl samples. A standard instrumentation is propose
on the standard irradiation rig, but one can attaptinstrumentation to specific customer needs.

Some of the sensors are installed on the experahsamnples (that can be (un)mounted in fuel cedis),
other instrumentation are installed in the loopgeys(that are fixed on the irradiation rig).
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| nstrumentation on the fuel samples

For the standard irradiation rig under developm@iA is planning to install 2 sensors on each fuel
samples:

- Fuel central temperature

- Clad elongationthanks to LVDT sensors situated in the bottorrhefitradiation rig

For specific customer needs, other instrumentationbe installed on the fuel sample:
- Clad temperature
- Fission gas internal pressure
- Fuel stack elongation

| nstrumentation on the main water loop

For all type of irradiation rig, CEA is planning itestall the following sensors:

- Coolant temperature in the close environment of the rod (at differefgvations in the test
section)

- Water loop pressurein the test section

- Mainwater flow

- Neutron flux measurements(thermal and fast) in the immediate surroundinghef rod, with
no disturbance of the neutron flux on the samplee Linear Heat Generation Rate (LHGR) on the fuel
samples can be calculated from these measurements.

- Gamma heatingmeasurement in the core mid-plane

- Thermal balance will be performed on-line, based on the heatingh&f main water flow
between upstream and downstream from fuel sampi@dased on the water flow measurement. This
thermal balance will allow determining the totalwss generated by the fuel sample (no distinction
between each rod). A correction will be performedatcount for gamma heating in water and in the
structures. A 5% precision of the evaluation of fugwer is expected by CEA. This thermal balandé wi
be performed on-line and continuously.

- Total activity in the main water loop will be monitored

- Chemical compositionof the main water loop will be controled continsbyuto ensure that the
chemical composition is adequate.

Status of the project

The main objective of the MADISON project is dev@ly a hosting system available for first
experiments for the start up of the JHR. As a cgusece, the schedule of the project is based an thi
milestone.

CEA and IFE performed between June 2008 and Mab&l 2feasibility study aiming at demonstrating
the possibility to adapt IFE technologies to JHRgérding geometrical constraints and regulation
standards). The two institutes concluded on theiliday of the experimental device and agreed lom t
feasibility to design and build the hosting systeefore first operation of the JHR.

The two institutes are now preparing the futurespaof the project:

- A detailed design phasdto take place from beginning of 2011 to end 20th2} will aim at
precisely designing the components of the hostystes. This phase must also define the manufacturin
process of all these equipments and propose rdlevamufacturers. In addition, CEA targets to perfer
safety analysis based on the final design of thépegent, and targets to obtain agreement from dfetys
authority at the end of this phase.



- A manufacturing phase(to take place from beginning of 2013 to end cf£2Qhat will aim at
building all components of the system and assenitdehosting system in the JHR building. All the
manufacturing and building process must be basatleprocesses defined in the previous phase.

Conclusion and outlook of the MADISON project

Building a new research reactor such as JHR isng lBnd complex project. Its main interest is
performing experimental irradiations for the nucléadustry. As a consequence, the design and
manufacturing of experimental device, in paralfgboilding the reactor, is of primary importancelahe
success of the project is linked to the succesxpérimental device design.

CEA is proposing a first panel of experimental desi that must be available for the JHR start up and
must comply with the needs of utilities and reskartstitutes. Among the equipments dedicated to
experimentation on LWR fuel samples, the MADISONide will participate in the characterisation and
the qualification of the products. It will reproduthe environments (neutron flux, thermal-hydragjlic
water chemistry) of power reactors (PWR or BWR, afa}ing on the customer needs), and will allow
testing the samples under conditions correspontimgprmal operation of power reactors (no cladifail
expected).

CEA will continue working with IFE-Halden on thiggject, considering the long experience of this
institute in the design, manufacturing and exptmtaof water loops, as well as the sound collathoza
basis established so far. In addition, the expeartaiedevice includes most instrumentation systefns o
high precision developed by this institute.

The two institutes are confident in the feasibitibyadapt IFE technology to JHR and are confidenhé
feasibility to build the hosting system before star of the reactor and want to start as rapidlp@ssible
the detailed design and the manufacturing.

At last, since this equipment will be used to fulidustrial partner requests, it is very importéort CEA

to precisely focus on industrial needs. ConsequeBEA welcomes, even in early phases of the ptojec
utilities or research institutes to express theiufe needs and to participate in the definitionthaf
experimental capacity, in its detailed design amdhufacturing.
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