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ABSTRACT

MERCI and MOSAIC are two devices, dedicated to dglceurate characterization of the
residual power of a shortened PWR fuel rod immedjjaafter its irradiation. This energy,
produced after reactor shutdown, is mainly gendrdtg the decay of unstable nuclei
created during reactor operation. The knowledgehaf physical quantity is of major
importance for safety evaluation of a nuclear pow&ant including thermal aspects
(residual heat) and radioprotection aspects (radistspectra). This residual power is
involved in the design of the cooling circuits betcore (normal or accidental operations)
and of the pool (spent fuel storage). Transpontadiod reprocessing are also concerned.
Today, according to the consequences for safetynears are brought to add uncertainties
to the calculated residual power in proportion vilie severity of the accident. They can
reach 1, 2 or evenc3 The economic consequences of such margins anegsémough to
motivate efforts for improvement.

This experiment, funded by CEA, EDF and GDF-SUE#saat:

» Decreasing decay heat uncertainties ;

e Qualifying FAKIR and DARWIN/PEPIN CEA inventory ced ;

» ldentifying anomalies in basic nuclear data (cresstions, decay data,...)
evaluations if any.

MERCI and MOSAIC devices are successively usedndutfie experiment including three
phases:

* First phase: irradiation during 55 EFPD of a shwett PWR fuel rod in the
reflector of the OSIRIS reactor core ; there, theamlinear power reached was
about 300 W/cm and the burn-up achieved at the afridradiation was about
4 GWdH;

* Second phase : transfer of the experimental lo#d afscheduled shutdown of the
reactor from its irradiation location to the hotlicfr its introduction inside
MOSAIC calorimeter ; this transfer was performeif6 minutes period;

e Third phase: real time measurements of the decalreéeased by the fuel using
the MOSAIC device during 50 days; over this peribd power decreases from
about 200 W to 4 W.

1 Introduction.

Quantification of the decay heat induced by nucfession within nuclear power reactors is

an important factor in the design of those reactmd for the post-irradiation handling of

nuclear fuels (fuel discharge, storage, transpeprocessing and waste handling). The total
decay heat as a function of cooling time has aifstgnt impact on the safe operation and
costs of nuclear power generation. A drastic redoaf uncertainty in the decay heat at short
cooling times has an important implication on tiperation costs.
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The reduction of those uncertainties induces erpental needs. Then, two specific devices
have been developed by CEA:

* Anirradiation device to carry out the irradiatioha fresh UQ pin in the periphery of
the OSIRIS reactor core [1],

e A calorimeter (so called MOSAIC) to measure theidws power with a target
precision of 1% [2].

MERCI and MOSAIC devices are successively usedndutihhe experiment including three
phases:

» First phase: irradiation during 56 EFPD of a shwtefuel rod within MERCI device
in the reflector of the OSIRIS reactor core ;

e Second phase: transfer of the experimental loagl aftscheduled shutdown of the
reactor from its irradiation location to the hotllcer its introduction inside the
MOSAIC calorimeter ;

e Third phase: real time measurements of the decayreteased by the fuel rod using
the MOSAIC device during 50 days.

2 Irradiation Phase.
2.1 OSIRIS reactor.

OSIRIS is a research reactor with a thermal poWw&0dMW. It is a

light-water reactor, open-core pool type, the nam of which is to

carry out tests and irradiate the fuel elementssandttural materials
of nuclear power plants under a high flux of nemssoand to
produce radioisotopd8]. Located within the French Atomic Energ
Commission (CEA) centre at Saclay, it is close tanynresearch
teams and inspection laboratories and has a laaje-technological
infrastructure.

2.2 MERCI experimental device.

In order to reach the required irradiation conditipthe MERCI device has been implanted in
the periphery of the OSIRIS reactor corag(re J).
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Figure 1 : Layout of the MERCI devicetine reflector of the OSIRIS reactor core.
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MERCI device is composed of two mechan
(mobile part intended to be transferred to th
the reactor pool wall).

ical assaslffigure J: the experimental load

ededl) and its support structure (part fixed to
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Figure 2 : Layout of the MERCI device in the OSIR®SI.

The fuel rod is inserted inside a fully instrumehtdannel (so called “instrumented support”
in theFigure 2 equipped with 10 thermocouples and 9 neutronctiete (Figure 5):

located in the fuel rod mid-plane. T

6 Rhodium Self Powered Neutron Detectors (SPND) ;
and 2 Cobalt SPND; in particular 4 Rh-SPND are ;

hese Rh-SPND

deliver an accurate on-line assessment of the thlerm
neutron flux but with a delayed response time (&bou

12 minutes).
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Figure 4 : CFUF 43 fission chamber
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Figure 3 : Rh-SPND (OD 1.5 mm)

A removable fission chamber (CFUF 43
type, manufactured by the PHOTONIS
company); this fast response time detector is
dedicated to the scheduled power transients
follow-up, such as the scheduled reactor
shutdowns and the few days at the end of the
MERCI irradiation. Indeed, the quality of the
experiment strongly depends on the
knowledge of irradiation history.



Moreover two stacks of activation dosimeters amated at the front and at the rear side of
the rod, in order to measure the axial neutron firofile.

Instrumented support

2.3 Fuel Rod.

Self-powered neutron detect
Figure 5 : Cross section of the MERCI instrumergagport

Mobile fission chamber

Thermocouple

Dosimeters hold:

Fuel Roc

Cooling channel

The experimental fuel load is composed a fresh g@lts in a Zy-4 cladding and Stainless
Steel (SS) containment:

Fuel uo,

23 Enrichment 3.7%
Cladding material Zircaloy-4
Fissile column height ~ 400 mm
Fuel rod height ~ 520 mm
Zy-4 cladding outside diameter ~ 9.5 mm

SS containment outside diameter ~10.8 mm

Table 1 : Main characteristics of the MERCI fuehdb

2.4 Linear power.

The irradiation of the MERCI fuel rod was carriegt detween 2007/12/20 and 2008/03/17.
The on-line linear power was assessed with theimenthermal neutron flux measurement
(Rh-SPND) and a TRIPOLI-4 [4] modelling (Figure &)en this mean linear power was close
to 290 W/cm T(able 2.

In order to ensure a sufficient build-up of theirades, the burn-up achieved at the end of the
irradiation was about 4 GWd/t (obtained during S5E3°D).

OSIRIS Mean reactor Dates EFPD Mean linear power
Cycle power in the MERCI rod
(MW) (days) (W/cm)
F223 66.7 2007/12/20-2008/01/0y 173 312
F224 66.5 2008/01/21-2008/02/11 197 260
F225 68.1 2008/02/21-2008/03/1y 18,3 291

55.3

Table 2 : Mean linear power for each OSIRIS cycle.
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Figure 6 : MERCI experimental data during the cy€R23 of OSIRIS reactor.

3 Transfer Phase.

The transfer of the experimental load, after a dulesl shutdown of the reactor, from its
irradiation location to MOSAIC calorimeter (insitlee hot cell), was achieved in 26 minutes
on March 17, 2008. This transfer is described @Fbure 7

Hall

Polar Crane

Irradiati(il Position

Figure 7 : Path of the fuel load from the reacta@lltto calorimeter (in the hot cell).
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A trained team including more than 15 persons @p®y and radiation protection staff and
experimenters) was involved for this operation (ffegg8 & Figure 9). Moreover a human
factor and ergonomic study also contributed to dombperformance and safety.

Figure 9 : The transfer phase of the MERCI expeninfeiews in the hot cells hall).

4 Residual power measurement.
4.1 MOSAIC calorimeter.

Developed and patented by CEA/Grenoble (DTN/SEZ2T,)the MOSAIC calorimeter design
is based upon the heat pipe principle (Figure t@®:cold element is the condenser and the
warm element is a tungsten cylinder. The tungstéim g high density (~18) reduces gamma
leakage. MOSAIC was specially developed to reachaiared precision of 1 % and then
designed for a drastic reduction of heat losses.

The residual power is assessed by a precise hémicbameasurement on the secondary
system using an accurate instrumentation (platimagistance thermometers and Coriolis
flowmeters).
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The main components of this device and the hea ipgelf were installed inside a hot cell.
The acquisition and regulation system, coolantesystas well as electric and safety bays
were outside (Figure 11).
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Figure 10 : Sketch of the MOSAIC calorimeter.
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Figure 11 : Layout of the MOSAIC devicetire hot cell areand its general service & power
supply system (before setup within the hot cell)

4.2 Raw experimental result.

The decay heat released by the fuel using the MGS#&ice was measured during 50 days,
between 2008/03/17 (26 minutes after the end oirthdiation) and 2008/05/05.
Over this period the power decreased from aboutVZ@06 4 W (Figure 12).
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Figure 12 : Measured residual power (raw data
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5 Conclusions

In order to characterize accurately the residualggaf a PWR fuel rod immediately after its
irradiation, CEA has developed two specific expermtal tools: the MERCI device to carry
out the irradiation of a fresh U(pin in the periphery of the OSIRIS reactor core dme
MOSAIC calorimeter to measure the decay heat.

The MERCI short fuel rod was irradiated in the eefbr of the OSIRIS reactor between
2007/12/20 and 2008/03/17. In order to ensure ficgirit build-up of the?**U and ***Np
actinides, the burn-up achieved at the end of imtemh was about 4 GWd/t. The transfer of
the MERCI rod from the irradiation device to the B®IC calorimeter, the key moment of
the experiment, was achieved in a very short tiigerfinutes). The measured raw residual
power decreased from about 200 W to 4 W after d&yQperiod.

Several non-destructive tests of the fuel rpéectroscopy & neutron radiography) and the
dissolution of one pellet were performed in the CHabs. Using mass spectrometry
techniques, the burn-up (Cs and Nd isotopes) aRdi & Nd/Pu ratios were quantified.

The detailed analysis of the experimental resalia progress at CEA/Grenoble (DTN/SE2T)
for the thermal measurements and at CEA/Saclay &M®ERMA) for the neutronic

simulations using the Monte Carlo transport coddPIBLI-4 [4] and the inventory code

DARWIN/PEPIN2 [5].

After the full success of this first experiment lwitO, fuel, the next irradiation with MOX
fuel is planned in the OSIRIS reactor at the engQdfl.
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