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Implementation of a new gamma spectrometer on the
MERARG loop: Application to the volatile fission
products release measurement.

S. Bernard, BGleizes Y. Pontillon, E.

Abstract-The MERARG facility initially aims at the annealing
of irradiated fuel samples to study the gaseous fission products
release kinetics. In order to complete the evaluation of the source
term potentially released during accidental situation, the
MERARG experimental circuit has been enhanced with a new
gamma spectrometer. This oneisdirectly sighting the fuel and is
devoted to the fission products release kinetics. Because of the
specificities of the fuel measurements, it has been dimensioned
and designed to match the specific requirements. The acquisition
chain and the collimation system have been optimized for this
purpose and a first set of two experiments have shown the good
functioning of thisnew spectrometry facility.

|I. INTRODUCTION

Hanus, G. Ducros, C. Roure, Briili

Recently, a new measurement detector, presentexivpel
has been developed to enhance the capabilitieshef t
MERARG loop by the evaluation of source term patgiyt
released in accidental situation such as LOCA. Triwsv
device, directly sighting at the furnace cruciblajows
therefore the measurement of the volatile fissisndpcts
release kinetics. It is thus possible to estiméte released
fraction of both gaseous and volatile fission prdu

Because most of the fission products of interestgamma
emitters, the high resolution gamma spectrometry been
chosen as the most powerful technique to followirthe
behavior. Nevertheless, the specificities of thadiated high
activity fuel sample involve specific developmeftgsuch as

Uniil a recent past, the MERARG experimental 100p, |ong distance between the sample and the detéatound

implemented in a hot cell (C7) at the LECA facilityas
devoted to study the gaseous fission productsselfH, [2].
More precisely, it has the ability to heat an ifeded fuel
sample up to temperature levels that allow totalpartial
extraction of the fission gas initial inventory atw measure
their release kinetics.

For this purpose, the MERARG loop is composed véss
parts. The first one, placed inside the hot cslthie induction
furnace in which the sample will undergo the aningatest. A
specific filter which is placed downstream of therrface
retains the fission products aerosols inside theckd. The
second part, i.e. the experimental circuit, is emed to the
filter and leads the gaseous fission product toamrga
spectrometer located outside the hot cell. Thisismkedicated
to record the fission gas kinetics release andwalldhe
identification and quantification of the measureds.g The

one meter or more), complex collimation systems pased
of pre- and post-collimator to correspond to thenglia
dimensions and activity, high counting rate (motent
100.000 c/s) data acquisition units to ensure gqodlity
measurements.

Il. GAMMA SPECTROMETRY FACILITY

This new gamma spectrometry device, also callednfga
station”, can be separated in two parts accordmgheir
functions as follow.

A. Theacquisition chain

The measurement of the fission products releasetikmn
imposes several specificities for the data acdaisithain.

The first concerns the high activity level of irfatd fuel
samples and its decrease during experimentatior. tDuhe

gamma spectrometer is followed by a glove box whickp rejease the incoming count rate (ICR) recordgdhe

contains a micro gas chromatograph and in the futare a
mass spectrometer [3] and two capacities to stbee gas
released during the sequence. A second separatethaga
spectrometer is devoted to the quantitative measeme of
aliquot taken from the experimental gas flow insilde glove
box during the different phases of the thermal sege.
Finally, a gamma spectrometry bench placed insiae Hot
cell completes the examination capabilities of MERARG
loop up to its ability to quantitatively characterithe sample
before and after the thermal sequence.
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electronics, which is related to the measured @gtiwill
strongly decrease. In order to achieve acquisitrequency
greater than the physical fluctuation (faster thae spectrum
per minute) and accurate measurements the ICR cHmul
maintained as high as possible by mean of collirsato
adjustment (see below). This imposes fast acquisiti
electronics able to operate at a high count rappdu than
100 kc/s) without count loss. Classic digital sigaaalyzer
(DSA) usually met in gamma spectrometry can answéhis
problem when properly set.

The second specificity of FP release kinetics messant
is the fast fluctuations of the ICR. The classiadldime
correction method based on live time extension does
correct properly count losses as it averages theal dine
fluctuations encountered during a spectra acqoisiti



Moreover, it drastically increases the total acifjois time at corresponding to an increase in terms of ICR, atsp@ is
extreme count rates which is thus not compatibleh wirecorded. The dead time correction is monitored¢utating
measured fluctuations. On the MERARG loop, thishuodtis the ratio of the surfaces of th8%u y-ray lines in the
replaced by the virtual pulse generator (VPG) metlls] perturbed and the unperturbed spectra. The ICRhagebeen
based on the real-time correction of the spectatebd of increased in four steps ranging from 23 kc/s tck@8. The
extending the total acquisition time, this methaltisato the results can be illustrated by the following whete tleviation
ADC channel corresponding to the energy of thetédbavent of the reference peaks surfaces is plotted as etifumof the

an integer number of counts incremented by a wigight total ICR.
Using this method, the dead time correction allows

factor. This factor is statistically determined é&@son the

number of lost events during the processing time qiulse measurement deviation that never exceeds 2.5% rimamge
using the Virtual Pulse Generator technique impleee in  of count rates.

the counting system [6].

The third aspect that has to be taken into acc@ithe
complexity of they spectra of freshly irradiated fuel. The
presence of short lived FPs in the fuel involvesnplex
spectra including numeroysray lines often overlapping each
other. In order to minimize this overlap and fdatie the
unfolding process, the detector performances havebe
specified to match the resolution requirements.

The data acquisition chain is based on the follgwin
hardware to correspond to all the specificities tbie
measurement of FPs release kinetics from freshfdiated
fuel.

« The gamma detector is a CANBERRA high purity
germanium coaxial detector. It has been dimensioned
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high activity level of the studied fuel samples.eTh Deviation calculated on glines of the®™%Eu covering the energy range of
’ interest.

FWHM (Full Width at Half Maximum) has been

specified to be better than 1.8 keV at 1332 keV toB. Thecollimation set

ensure the good unfolding of the expected complex The application of gamma spectrometry to irradiated
spectra of freshly irradiated fuel. The gamma detec freshly irradiated fuel samples involves some fagil
is electrically cooled (Cryo-Pulse 5 type) to redpe constraint. Because of the high activity of the phs,
the technical constraint of rear part of the hadt ceypically 102 B per cm of fuel rod, experimentation takes

where it is installed (no need of liquid nitrogen

place in hot cells. These conditions lead to gedoat

supply). specificities of the gamma station such as longadie

 The data acquisition electronics is a CANBERRAb
LYNX digital signal analyzer which includes all the
main functions of typical gamma spectrometr
electronics. It contains a DC power stage to supp
the detector preamplifier (PA), a high-voltage powe
supply (HVPS) to bias Ge crystal, the trapezoidal
digital filtering functions for the PA detector sig
shaping, an analog-to-digital conversion (ADC) stag
and the communication features (TCP-IP protocol)
with the acquisition computer. The LYNX also
includes the specific loss free counting (LFC)
acquisition mode for real-time dead time correction
» The data acquisition is controlled with the homeead
software PEGASE-2 written with the VisualBasic 6
code and installed on a classic personal computer.
PEGASE-2 uses the main libraries of Genie2000 to
communicate with the LYNX module, display and
pre-analyze the acquired spectrum.
The performances of the acquisition chain have been
optimized using the well-known “two source methdd]. In
this method the spectrum of reference fixe soutt&yf) is
progressively perturbed by a set of three mobileces (two
®Co and one'®Cs). For each step of perturbation,

etween the detector and the sample and collimaystem
adapted to the measurement requirement. On the NRERA
)ﬁicility, the collimation set is composed of fiveparated
arts:

The pre-collimator is installed inside the hot dell

the furnace structure to be as close as possible of
the fuel sample. It is composed of a tungsten alloy
block (10 cm x 10 cm x 10 cm) with a 12 mm high
and 20 mm large aperture. These dimensions
correspond to a fuel pellet height centered in the
furnace crucible. The axis of the aperture has been
geometrically pre-aligned with the expected
middle of the pellet before being installed in the
hot cell. The collimator can be removed by mean
of guided table to be replaced by another one with
different aperture dimensions. The vertical positio
of the collimator can also be corrected if needed.
The collimation plug placed in the hot cell’'s wall.

It defines a 30 mm x 30 mm aperture through
which the detector sights the sample in the furnace
It includes an alignment system which allows
horizontal and vertical movements of the aperture



axis to be co-aligned with the one of the preeollimation plug have been aligned using a preaqidiaser.
collimator. The collimation plug can also rotate orirhis laser has been introduced in the collimatituy phrough
its axis for the horizontal alignment of the postan interface piece precisely adjusted. Thus, theerla
collimator. reproduces the collimation plug axis and penetrateke cell

» The post-collimator set is placed in the rear pért through the glass window of the optical plug. Thes af the
the cell and is supported by the collimation pliig. collimation plug has then been aligned with the-qolimator
is composed of four independent tungsten allogixis using its horizontal and vertical settingsc@glly, the
blocks. Three of them present a 30-mm wide@xis of the post-collimator and the collimation gloave been
aperture which heights are 2 mm, 5 mm and 1lmechanically aligned using an adjusted interfacecepi
mm respectively. The fourth does not exhibit anynserted in these two parts.
aperture and is used as a biological shielding
during maintenance operations. The post- Ill. RESULTS AND DISCUSSION
coIIimators. are motorized by mean of a A Samples
Newport/Microcontrol linear translation table

driven by an XPS motion controller of the Sam}A first set of two experiments has been performedwo

el samples. They have been extracted from thee dather

producer. The selection of one post-collimator cal . }
uel rod coming from PWR of the EDF’'s nuclear power

be controlled either automatically by mean of th .
PEGASE?2 software or manually with the Iinealplants. These samples are both composed of twahinaig

table remote control pellets kept in their original cladding.

» The fourth part, called “optical plug”, is a spdcia B. Experimental sequence

system composed of a rotating plug fixed on the The samples have been successively placed in thade
inner wall of the cell. It comports two discretecrycible in order to be heated in conditions itiigialefined to
positions. The first is used during the experimentgjifferentiate the fission gas release mechanisme Th
sequence and interposed a 1-mm thick stainleggperimental sequence consists in a first phaséheimal
steel window to minimize gamma attenuation irzonditioning of the loop at 400°C followed by a session of
the collimation axis. The second position Compoffamps and plateaus up to 1500°C. During the expetian
a glass window to allow optical alignment of thesequence, the furnace has been swept by a mixfuaegon
independent parts of the collimation system placeghd hydrogen. The gaseous fission products werelcbf
inside and outside the cell. the cell and their release kinetics measured onddticated

* The last part of the collimation set is the biok#di gamma spectrometry facility station and finally ret in
shielding. It is composed of a lead block whichcapacities. Meanwhile the release kinetics of thkatite FP
thickness has been dimensioned to allow thgas been recorded by mean of the new on-line gamma

presence of operators during experimentations, i.§pectrometer sighting the fuel sample in the fuenac
when an open post-collimator is selected. This lead

block is supported by a mobile carriage to be & Gamma spectrometry measurement

completely independent of the collimation system. Due to the total activity of each sample, only thieler
post-collimator, i.e. 30 mm wide x 10 mm high, haen used

and the total ICR rated 36 kc/s at the beginningea€h
experiment. Though this rate is relatively lowllbas spectra

Hot cell’'s Wall measurement frequencies compatible with the fakiastics
recorded (1 spectra per minute) that ensure setiisfa
statistic error (about 10%) for radionuclides (RM)interest.
At the end of the thermal sequence, the remainGfg tated
23 kc/s. The spectra duration were typically 30@ren no
release was detected to reach 100 s and 60 s dfas#tg
transient and coming back to 300 s when the relstage

During the test, PEGASE-2 pre-analyzes the speittra
calculate and plot on-line the released fraction eafch
detectable radionuclide of interest. This one ukes basic
functions of Genie2000 to extract the surface obkge

Fig. 2: new gamma spectrometry facility implemenite the C7 hot cell CONtained in predetermined region of the spectresedond
with: (1) the furnace and the pre-collimator (gie€@) the optical plug, (3) post-test analyze is then processed using the moade code
the collimation plug, (4) the detector and (5) fust-collimators (blue) and | INA developed to unfold complex spectra from frigsh
the biological shielding (green). irradiated fuel. It contains more specific functoto detect,

The different parts of the collimation system haween unfold and correct gamma-ray lines included ingpectra.
optically and mechanically aligned to ensure thirmarity
of there axis. First, the axis of the pre-collimragnd the

C7




D. Results

The measurements of release kinetics are

fuel behavior by measuring the volatile FPs relddsetics
relatiggnultaneously with the gaseous FPs. In the futuae,

measurement; there is no need to quantitativelipreaé the gquantitative correction of the volatile releasefieowill be

gamma station. The determination of the releasactifm is applied

using

calculated as the ratio of the activity containethie sample at implemented in the C7 hot-cell.

the beginning and at each moment of the thermaliesexg.
Because no quantitative calibration is necesshgyactivities
of the RN of interest are followed by the counterat their
characteristic peaks (surface under the peak diviae the
acquisition time). [1]
In the case of the two first samples, only longtvRNs 2]
have been measured. Two types of FPs have beenwéall
volatile and non-volatile. The first class of vdlig is
characterized by the behavior of two isotopes ef ¢bsium, [3l
i.e.’¥Cs and”*’Cs. The cesium is well known as a volatile FP
and is the most detectable RN in fuel spectras ithus the
better tracer of the volatile FP release. The sgéadass of [4]
volatility is characterized by the measurement ke *Eu.
Because it is a non-volatile FP, it is used todslithe change
in the fuel sample like movements or collapse. Wmdeninal [5]
condition no change is expected in its signal,ait then be
used to correct the release profile in case of faelement. (g
The last RN that is followed is t&Co which is not contained [7]
in the fuel but in a monitoring source placed rteardetector.
It is thus not characteristic of the fuel itselftlwan be used to
monitor the proper functioning of the electroni@he *°Co
signal should be constant as function of the ICRngduthe
entire test attesting of the good dead time cdoectt can be
used to correct electronics drift.
The results of the two first experiments led ors thew
spectrometry facility are shown on the followingFi3. On
the chart are simultaneously plotted: the therreglience and
the gaseous and volatile FP releases respectiliahacterized
by the®*Kr and the**'Cs profiles.
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Fig. 3: simultaneous measurement of gase®#s)(and volatile £¥’Cs)
FP release kinetic for the first sample.

IV. CONCLUSION

These first results show that this new gamma statio
properly works and its performances match the HEase
kinetics requirements. The release profiles haen liellowed
with frequencies fast enough to record the fashsiemt
observed on the®Cs signal. This new gamma station
upgrades the MERARG loop capability to charactetize
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