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First In-Core Simultaneous Measurements of
Nuclear Heating and Thermal Neutron Flux obtained
with the Innovative Mobile Calorimeter CALMOS

Inside the OSIRIS Reactor

H. Carcreff, L. Salmon,

Abstract— Nuclear heating inside a MTR reactor has to be
known in order to design and to run irradiation experiments

which have to fulfill target temperature constraints. This
measurement is usually carried out by calorimetry. The

innovative calorimetric system, CALMOS, has been sidied and

built in 2011 for the 70MWth OSIRIS reactor operated by CEA.

Thanks to a new type of calorimetric probe, associad to a
specific displacement system, it provides measuremts along the
fissile height and above the core. This developmentquired

preliminary modelling and irradiation of mock-ups of the

calorimetric probe in the ex-core area, where nuckr heating

rate does not exceed 2 W} The calorimeter working modes, the
different measurement procedures allowed with sucha new
probe, the main modeling and experimental resultsrad expected
advantages of this new technique have been alreagyesented [1,
2]. However, these first in-core measurements werenot

performed beyond 6 W.g', due to an inside temperature
limitation imposed by a safety authority requiremert.

In this paper, we present the first in-core simultaeous
measurements of nuclear heating and conventional émmal
neutron flux obtained by the CALMOS device at the © MW
nominal reactor power. For the first time, this experimental
system was operated in nominal in-core conditionsyith nominal
neutron flux up to 2.7 13* n.cm?.s? and nuclear heating up to
12W.g . A comprehensive measurement campaign carried out
from 2013 to 2015 inside all accessible irradiatiotocations of the
core, allowed to qualify definitively this new dewe, not only in
terms of measurement ability but also in terms of eliability.

After a brief reminder of the calorimetric cell configuration and
displacement system specificities, first nuclear [la¢ing
distributions at nominal power are presented and dicussed. In
order to reinforce the heating evaluation, a systeatic
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comparison is made between results obtained by défent
methods, the probe calibration coefficient and theero method.
Thermal neutron flux evaluation from the SPND signa
processing required a specific TRIPOLI-4 Monte Carb
calculation which has been performed with the presie CALMOS
cell geometry. In addition, the Finite Element mode for

temperatures map prediction inside the calorimetriccell has been
upgraded with the recent experimental data obtainedup to 12
W.g™. The Kc coefficient, taking into account nonlineaities with

regard to the calibration, has been reevaluated sas to make
relevant measurements up to the nominal reactor poer.

Finally, the experience feedback acquired until nowvith this first
CALMOS version led us to improvement perspectivesA second
device is currently under manufacturing and main tehnical
options chosen for this second version are presedte

Index Terms Nuclear in-core
measurements, OSIRIS reactor

heating, calorimetry,

I. INTRODUCTION

Nuclear heating inside a MTR has to be known ireotd
predict the sample temperatures reached duringradiation
experiment and check that it fulfills experimemgduirements
but also for safety reasons, to demonstrate thmpéeatures
will not exceed material limits. Determination isually done
by calorimetry. Homemade calorimeters [1, 2], wogkiin

permanent mode, have been used for many yearshéor t

gualification of irradiation locations in the potlpe MTR
OSIRIS reactor.

Previous devices for OSIRIS in-core measurememsrade
of five stage calorimeters (each one made of fells); piled-
up along the core height. It provides only five sie@ment
points to fit the heating profile. These calorimstevere
reliable but they had inherent drawbacks, comirggetally
from the static nature of this technology. Pres@maof these
current calorimeters, their working modes and
transposition from fixed measuring systems to aiteatevice
has been already presented in details [3, 4].

The innovative calorimetric system, CALMOS, has rbee
studied and built at the Saclay research centertlamavhole
system was completed in 2011. This developmenticete
to in-core measurements, started in 2002. The maai of
this R&D program was to transpose the current ireiatic
measurement system to a mobile one, which allowttimg
the nuclear heating distribution as finely as reegli The

their



objective was also to design a device able to nredseating
rates extended to the upper part of the core, whesting
level still remains high. The first step was to elep a
calorimetric probe suited to a mobile equipmente Becond
step was to design a displacement system deditatetbve
the calorimetric cell inside the core while fuifiy safety
constraints associated to an in-core experimentsule
obtained during the cell development, modellingreadiation
of mock-ups, and finally the results obtained withe
complete system up to a 6 W.dweating level have been
already detailed and presented [5].

Purpose of this complementary paper is to presentthole

results obtained during a comprehensive measurement °

campaign, carried out at the 70MWth nominal powenrll
accessible locations of the OSIRIS core, in oradequalify
this equipment for measuring nuclear heating aretntial
neutron flux up to nominal levels, respectively \W2g™* and
2.7 16" n.cm®s™.

Il. REMINDER OF THE CALORIMETRIC CELL DESIGN
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Fig.1. CALMOS diagram with components location.

The key point of this new device is to stacktwp cells
(one empty and one filled with the graphite samptegxially
inside the same external sleeve (Fig. 1) and themdve the
whole probe with the help of a displacement system.

It is thus possible to measure heating rata da@any level
in the core and therefore to determine more acelyrahe
heating profile inside and above the core (whichs vt
possible with the previous static calorimeters)teNthat the
heating rate unit (W:} is written W.¢"(C) to emphasize that
it is relative to Graphite. We remind briefly heftea expected
advantages in comparison with static system [4, 5]

» To get a continuous axial heating rate distribytion
To extend measurements above the core,

» Toreduce the irradiation ageing of the cells,

To obtain better point wise measurements,

To minimize the radial gradient effect in probeimiiy.

The upper cell (sample cell) contains a graphitepse,
whereas the lower one is empty (reference cellthEamne is
surrounded by a gas gap (nitrogen) and set oneadeeiounded
by a stainless external tube in contact with trecter water
flow. A thermocouple (K type) is embedded in thp td each
pedestal (hot temperature) whereas a second doeaied on
the external surface of the aluminum base (coldpé&zature).
Two heating elements made of a constantan wire eelokein
alumina are inserted inside the cells, thus allgwithe
calibration. The calorimeter works in permanent ejosb the
energy deposit in the cells is flowing through grexlestal and
then through the external sleeve. The temperatfiezathce ‘AT
sample” is proportional to the energy deposit baotlgraphite
and the cell structure, wheredsT" reference” is proportional to
the deposit in the empty cell structure. Therefdre,first
approximation the quantitAQT) “AT sample AT reference” is
proportional to the energy deposit inside the ogtaphite
sample. In addition, a specific rhodium SPND isaled inside
the upper base (short emitter) to measure simutssie the
thermal neutron flux. This new nuclear heating meament
method has been patented [6]. The total length®fprobe is
222mm whereas its overall diameter is 18mm. Detatilsut
the whole design and manufacturing have been ajread
presented [3, 4].

Ill.  REMINDER OF THE PROBE CALIBRATION AND
MEASUREMENT PROCEDURES

Probe calibration

Prior to any measurement, a calibration is perfdroneder non
irradiating conditions and natural convection cagliThe slope
of each cell in °C.W is measured. The procedure requires to
inject electric currents inside each cell heatemeint (no beyond
5W), and to measure pedestal and base temperatfbers
stabilization. Considering that the calorimeter &gerfect linear
response, we can define a K calibration coefficiertv.g'.°C*
[4, 5]. If sample and reference cells are in a samaliation
field, the total heating raterE W.g* (C)) is given by:

ET = Kc(ET)K AAT (l)
where AAT is defined asAAT = AT sample -AT reference.
Kc(Er) takes into account small nonlinearities due tathe



leakages by radiation, conduction in gas and thenialum We

conductivity dependence with temperature. K¢) (E evaluated =—XxK, (2

using a finite element model whose parameters Hmen E

adjusted in order to fit calculated temperatureth wieasured

ones for both cells (reference and sample). Where We is the dissipated electric power (W) ertference

cell and M the graphite sample mass. As there are alwang|
A second calibration of the probe, set in theiaevhas been differences of thermal transfer capabilities (stojpe®C.W), we
made using the thermo-hydraulic bench dedicatédet@SIRIS add a correction factorg¢o take into account this effe€tor the
experiments qualification. On this bench, with @uglwater —current calorimetric probegd< 0.955.
flows and water temperature representative of éaetor, the K
calibration was found unchanged. IV. IN-CORE MEASUREMENTS AT NOMINAL POWER

Measurement procedures Generalities

Once the probe is calibrated, the heating rateuatiah in the ~ We remind that OSIRIS is a pool type light wateactor
radiation field is performed in two steps [3, 4]h@w cells are at with an open core. The core is a compact unit, veth
the same leveDAT is measuredXT sample AT reference) and horizontal section of 60 cm x 70 cm and a height@fcm.
heating is deduced using (1). The step by stegadisment of The core housing contains a rack of 56 cells. Tak is
the calorimeter, allows plotting the heating pefiNote that the l0oaded with 38 standard fuel elements, 6 contreineints and
step can be a subdivision of the distance betweks @5mm) Up to 7 beryllium elements. At least two experinaént

so as to draw the heating profile as finely asirequThe usual locations (22 and 26) are used for radioisotopedymtion for
procedure is as follows: medical application (MOLY devices). Remaining locas

(24, 44 and 64) are dedicated to welcome experisnertd
equipped with water boxes (82mm x 82mm) which can
containup to 4 experiment rigs (37mm in diameter)(Fig. 3).
Purpose of the CALMOS device is to make measuresnant
24, 44 and 64 locations. Note that the heatingllsveigher
and higher when we go up to the north, i.e 24 #hvthen 64.
Until the end of 2012, safety considerations limhitérst
campaigns [5] not to go beyond 6W.gTherefore all
measurements carried out in central locations ¢44,which
offer higher heating rates, were made with a reaptiwer
limited to 40MW. Then, results were extrapolated to the
nominal power.

Starting from a given static position in the radiatfield,
temperatures of the sample cell are recorded. Ttaking
advantage of the moving system, the whole calogmistshifted
(move upward or downward) and temperatures of ¢ference
cell are recorded when this latter is located atséime position
as the sample was.

An alternative measurement can be performed by“zbeo

method” as shown in Fig. 2. The two cells beinthatsame core
altitude, the nuclear energy deposit in the sangda be
evaluated by adjusting the electrical power appireide the

reference cell heater so as to equall’e sample andAT  complementary thermal calculations have beeriethaut in

reference 2013, with the help of the first experimental résuland
J demonstrated that such limitation criteria was testrictive
and could be suppressed, offering the possibitityextend
} | measurements up to the full expected 13Whgeasurement
i electric range.
power TR
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Fig. 2. The twaells being located at the same altitude, the otiseadjusted @smple MOLY device

inside the reference cell heater in order to cahesfjuantity ATrer 2- ATsample 1-
SOUTH

The heating rateHnside the sample is given by:
Fig.3. Horizontal cross-section of OSIRIS core.



Therefore, all measurements carried out from 20123015,
and detailed hereafter, have been made at or hearaminal
power.

Recording of raw temperature values

Fig. 4 shows an example of signal acquisitio65aB5MWth
in the 64South-East location. On this graph ardteoAT
sample,AT reference and their differend®@T. The lowest
position (under -139 mim) is not reachable with faenple
cell, whereas above the core the highest posit@move
+906mm) is not accessible with the reference @elb]. This
is due to the probe configuration (see Fig. 1).rded scale
(on the right) permits to observe temperature tiarnia far
away above the core.
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part of cell cylinder, clearly above the pedest@rimocouple
(see Fig.1). Therefore this measurement point wstienates
the maximum in the cell. As the difference can he@@°C [5],
our operating limit is around 460°C (650°C - 100°@0°C).
All scans performed in the core respected thismataer.

Example of recording

Fig 5 shows an example of heating profile drawnhw2b

measurement points at 68.84MWih the 44South-East
location. Each point, deduced from the K calibnatfactor

(1), is plotted with 1 sigma uncertainty bars [SThe

interpolated curve fits very well all points, artrise of the
relative uncertainty for low heating values is stkated on
right scale.
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Fig. 5 Example of heating profile drawn with 25 m@@ement points
performed in the 44South-East location at 68.84MWiimcertainties are
indicated at 1 sigma.

Fig. 4 AT sample and\T reference temperature differences in the 64South-

East location at 64.35MWth recorded along the tdiaplacement system
stroke. The fissile height is located between -32@ +320mm vs the core
mid-plane. Curves on the right should be read enrifpht scale which is a
zoom for low values.

Table | hereafter gathers maximum values of absolutegyits

temperatures reached during this scan.

TABLE |
TEMPERATURES IN THE CALORIMETRIC PROBE FOR THE HIGISE MEASURED
HEATING RATE (10.6WG™) IN THE 64SOUTH-EAST LOCATION AT 65.35MW.

Level Sample cell Reference cell
(Mm/PM) ["pedestal Ref.| AT | Pedesta] Ref.|] AT
-44 438.6 | 111.8| 326.8 276.1 96.3| 179.8
+98 408.1 | 111. 296.3 300.3 104.8| 195.5

Knowledge of absolute temperatures in the calefiit
probe is important because we need to a keep isuffic
margin, at least 100°C, with respect to the alumimaelting
point (around 650°C)[7] at any point of the cellorRhe
targeted maximum heating range (13W,gmodeling results
show that the hot point in aluminum is located e upper

Use of the zero method in upper part of the core

The zero method can be considered in a firstaggh as an
absolute heating measurement, and obviously musfirco
obtained with calibration coefficient. This
measurement procedure has been already descrilnbtdits
[3, 4]. It has been performed systematically duragh scan
at several positions to make a comparison withihgatalues
deduced from the calibration method. We remind ,tlzt
nominal power, such a method can only be performettie
upper part of the core where heating rates stillaie under
around 5W.d, level for which the current required in the
balance process between cells remains under the&#mum
value applicable in heater wires.

Fig. 6 shows a profile performed close to the nainpower

in the 44 North-East location using four points {84 +431,
+383, +336mm/core mid-plane) with a double measergm
calibration and zero method. The last measuremasatbleen
made just at the transition fuel-moderator wheme hkating
level is close to 3.7W34 Table Il gathers all available
comparison data between both methods performed



systematically during the whole campaign in theecdrhe
comparison has been made on a large heating raughly
from 0.4 to 3.7W.J. If we reject the aberrant 8.2% value
44SW location (see table Il), discrepancies do exiteed
5.8% in absolute value showing that methods ase@eptable
agreement. However, if we analyze discrepancies
measurements performed in a same profile that meams
same scan, the difference seems to be systematidnanost
cases, an overestimation by the “zero method” (eselts in
44SE, 44NE, 64NE).
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Fig.6. Heating distribution in the 44North-Eastdton at 67.71MWth
with 4 points above the core measured by the “method”.

TABLE Il
COMPARISON BETWEEN THEK CALIBRATION AND “ZERG’ METHODS IN ALL
EXPERIMENTAL LOCATIONS OF THE CORE
(NE: NORTHEAST ; SW: SOUTHWEST; SE: SOUTHEAST).

empty cell. Indeed, the effective length of heatees which
participates to the energy deposit by joule effectvery
indifficult to assess even by calculation (see chdpte

Nuclear heating evolution at the nominal power
for

Axial distributions of the nuclear field in tleere depend on
various parameters: the burnup of fuel elementsecto the
location, the other experiments near CALMOS which ia
the same location and obviously, on the reactorguos all
these parameters remain unchanged for a given,ctiode
nuclear field evolution along the cycle time (ardub days)
depends essentially on the control rods position.

To complete the measurement campaign dedicateettthe
heating map at nominal power, the CALMOS device theen
used to follow the heating distribution evolution the
“hottest” location in the core. Before 2013 [3,Mg¢asurement
and monitoring of heating profiles at 70MWth nontipawer
had only been performed in the 24 location (see diggram
in Fig. 3) offering a heating level which does retceed
6W.g". The 64 location, in the center of the core, aach a
twice higher level. On Fig. 7 are plotted two hegtprofiles
measured in the 64 location corresponding bothhé& same
F277 OSIRIS cycle, but separated by a 14 daysvalteso
that one relates to the beginning of the reactatecwhereas
the other one was made only some days before thdhn.
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0.986 0.999 +1.3
1.547 1.593 +3.0 Fig. 7. Two axial heating distributions are plotted duritig F277 Cycle
44NE 2.385 2524 +5.8 (power 70MW; 64 NE; 20 February and®®March 2015): the first performed
. . . S o ;
3537 3.732 +5.5 at the beginning oflthelcycle on 'ZGebruary_ (blue ||n_e) and the second 14
days later, after a significant control rods eviolut(red line). The control rod
64SW 2.51 2.45 2.4 N°3 is moved up from the bottom to 284mm and the: K54 runs from
3.61 3.41 55 503mm to the complete extraction.
0.386 0.398 +3.1
0.612 0.637 +4.1 The first recording performed on 2@ebruary, shows clearly
64NE 0.985 1.024 +4.0 a balanced distribution with a maximum located #yaat
1.552 1.607 +3.5 mid-plane. That is the consequence of an homogeneou
2.461 2.554 +3.8 control rods position (at top or bottom positiomg)ich does

Such results lead us to assume that there isaplpltan
overestimation in the electrical resistance evanabpf the

not disturb the flux balance on either side of thiel-plane.
Conversely, 14 days later, the BC3 rod is movetbuis mid-
height position whereas the other rod is now coteple



extracted, involving a flux rise in the low parttbe core and VI. MEASUREMENT OFTHERMAL NEUTRONFLUX PROFILES
a maximum flux plane shifted downwards to -30mnécmid-
plane. We can notice that the rest of the distidinytabove the

: Measurement of the conventional thermal neutrdow fs
mid-plane, stays unchanged.

made with the help of a specific SPND, especiallgighed to
fit the calorimetric geometry. The SPND, with a Rhon
V. FINITE ELEMENT MODEL ADJUSTMENT WITH RECENT emitter length reduced to 10mm, is located insfue liase of
EXPERIMENTAL DATA the sample cell in such way that the measuremergl le
matches well with the calorimetric cell mid-heiglig. 9
A finite element model of the CALMOS device has meeijljustrates the putting into place of the RhodiuRPNE during
developed to be able to calculate temperatures lzgngnin the  the manufacturing.
probe and to simulate experiments in different dioms.
Main assumptions were presented in [5]. Calculated
experimental temperatures were then compared awug'l
and were shown to be in good accordance. The esults
obtained during the last campaign in the 64 cocatlon were
used to extend this comparison. These values weed as
input data for the model which gave corresponding
temperature calculations for pedestal and basentieeruples
of both cells (sample and reference). The graph-ign 8
presents calculated and measured data for the sacetfil
Similar results are obtained for the reference one.
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/’2--
0-5-35{1 - L Tpedestal [calculated) = i =
g 300 = & rhase (clculsted) e o
B250 -+
Ezoo - Fig. 9. Shaping and introduction of the specific Rhodi@RND inside central
2 S5 ,,,--;" axis of the sample cell aluminum base. The ensgesitive length is 10mm.
4 e e . . .
100 g i The Rhodium emitter has a neutron response botheimal
50 g h—* and epithermal ranges. As the CALMOS calorimeter
o mechanical stroke goes from -139mm to +1001mm/atck
g 2 wa,/g, = L i plane, it is necessary to calculate the spectrumiatian along

the stroke to process the SPND delivered current.

Fig. 8. Evolution of experimental and calculated tempeeswof pedestal and
base thermocouples of the sample cell with heatiteyup to 10.5W:4
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Results show that we are still in good agreem@é/g. can 016 \\
notice that pedestal temperatures curves are nigaglyr but,
both experimental and measured base temperatuescare

=)
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5

slightly curved. The base temperature near thartbeouple
indeed depends on nonlinear phenomena such akehedl
contact resistance between the base and the sheathal
surface. This problem will be mainly solved witheth

CALMOS 2 configuration and we can therefore expaath Core \\ Hppct park
more precision for the next calorimeter generatidfe can 008
also notice that thermal conductivity evolution lamwith \‘\*
temperature of the aluminum AW1050 was establisired
order to fit previous data at 6WAQ7]. A linear evolution 0,00
between 230 W.th°K™ at 20°C and 187 W.mK™ at 600°C
was supposed [5]. This law has to be confirmedrofeoto
evaluate the Kc constant properly and definitehglependent
thermal conductivity measurements on AW1050 aluminu Fig: 10ﬂCa|cu|at|ed_ eP_itheLma'Mindex (_epitthlmlé}l ”ethd“X/:‘Efmall
aloy coupons are planned for thal purpose in aiake=d | [T 1) Siolien 1 Be o1 ofetrene e s be e,
Iabqll’a;?ry. The Kc will be assessed when theseltsesne core with regard to the value in full moderator.

available.
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The epithermal index (epithermal neutron flux/thakm independent of the core location and control rods
neutron flux) has been calculated inside the aaletiic cell position.

by a TRIPOLI-4 Monte Carlo code, at the precisetmn of

the SPND and for any altitude in the core. Fig hoves the  VIIl. CHECKING OF THETHERMAL NEUTRONFLUX PROFILE
evolution of the epithermal index which has beeltwdated CONSISTENCY

inside the 64 experimental location. The index eases
sharply at the fuel-water transition to becometteres lower

; Comparison between two measurement devices
in the moderator.

A specific device equipped with standard rhodi8RNDs,
called MEREVER, has been used for many years ingide
OSIRIS reactor to measure the thermal neutron firofile
inside the core. This standard equipment allows ingala

For each scan CALMOS allows measuring separatelyonitoring of the thermal flux distribution alongah cycle
nuclear heating, thermal neutron flux, or both e same with the help of 5 SPNDs stacked up inside a sdmaiaum
time. If we take advantage of a scan to make alsimeous rod. Therefore, the measured flux profile, drawthwnly 5
measurement we can observe the variation of bo#imt@ies points, is restricted to the core fissile heightwsen -260 to
along the total scanning height, covering the liésgart of fuel +260mm/core mid-plane.
elements and up to 1000 mm above the core mid-pRige
11 shows an example of a simultaneous measuremenfor checking the global consistency of the tharneutron
performed in the core center (44SE location) andaat flux profile measured with the new type of SPND
68.84MW reactor power (brown area indicates theectiie implemented in CALMOS, this latter was loaded dgrthree
blue one the moderator). different cycles side by side with the MEREVER deviThat
‘ allowed to make a comparison of the two responsds b
restricted to the core fissile height. Fig. 12 shame example
12 ; s Of distributions measured when the two devicesside by
s side in the two south positions of the 44 location.
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VIl. COMPARISON OFHEATING AND THERMAL FLUX
PROFILES
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Fig. 11. Axial distributions of nuclear heating atitermal neutron flux \.\\“‘
simultaneously measured during a scan in 44SEitocat 68.84MW and 00 .
normalized to unity. Note the thermal flux behavair the transition fuel -300 -100 100 300 500 700 900
moderator and the difference between signals aitéru when the probe Rhodium SPND position/core mid-plane (mm)
moves away from the core (upper part). ‘
L Fig. 12. Thermal neutron flux distributions measugd the same time b
Two phenomena are significant: 9 Y

i . L MEREVER and CALMOS devices in the 44SE locationimiyrthe F274
- There is a slope break in the thermal flux distiitiu  oOSIRIS cycle at 68.84MW. Both devices are in thensaexperimental

centered around -320mm/core mid-plane due to theation but not in the same orientation. The iistion provided by the

flux rise at the entrance of the moderator. ThiMEREVER device is measured by only 5 points andrioted to the fissile
. __.height of the core (a blank square for the rod reeis completely extracted,

phenomenon, located exactly at the top of th_elésawhen partially in orange that refers to a rod inrgarmediate position).

part, can be more or less accentuated accorditigeto

control rods position, We notice that:

- The heating attenuation as the probe moves away . There is still the characteristic slope break ie th

from the core is quite different from the thermialf distribution centered around -320mm/core mid-plane

one (see right scale in Fig. 11 zooming curves in due to the flux rise at the entrance of the moderat
upper part). Neutron flux decreases faster than _ The distribution provided by the MEREVER

nuclear heating (around a 2 ratio each 40mm against equipment (blue line) is close to the distribution
80mm for heating). These attenuation ratios are provided by the CALMOS one (red line). Shapes are



similar even though the flux level is 3.4% lower inThe calculation seems to overestimate the flux Btehe
the MEREVER distribution at the core mid-plane. moderator entrance (fuel-moderator transition) ilegdo a
slop change which appears more attenuated in theMO'S
We must notice that the geometric configuratioside response. To draw up a finely profile, the scap $tas been

which are placed the Rhodium SPNDs are slightlyedéht taken to 95mm in moderator, 48mm in core and redluoe
between the two measurement devices. In additimen e 24mm in the transition area (near 320mm/mid-plaoahake
though MEREVER and CALMOS devices are loaded insidea comparison as relevant as possible in the tiansitea. The
same experimental location, they cannot have thmesadifference of behavior is significant.
orientation (four possible orientations per locatieee Fig. 3)
leading to a possible difference in thermal fluxells due to a
control rods influence which is not the same. Hinalhe
CALMOS SPND signal was processed in the same way as
standard ones. A complete calibration of this néNB is
ongoing to confirm these results. Despite all thesearks, we
note a global agreement between the two responses.

IX. EXPECTED ADVANTAGES WITH THECALMOS 2
EXPERIMENTAL DEVICE

The experience feedback acquired during this cehemsive
measurement campaign led us to some improvements
perspectives. A CALMOS 2 measurement device isectly
under manufacturing and it integrates some fundsahen
technical changes verses the current version. Sdthem are
dedicated to improve the heating measurement, \abearthers
are implemented to reinforce the displacement Byste
reliability. Hereafter, we only tackle with thoselating to the
heating measurement.

Comparison with calculations

As already mentioned, the SPND signal processngires
a complete calculation [8] to evaluate the epitta@rimdex in
the precise CALMOS geometry all along the alloweansing
length (Fig. 10). To evaluate this index spectrboth thermal
and epithermal flux were evaluated using the TRIPOL
calculation code. Therefore, a first comparison CIM  As shown in Table lithere is always a little but significant
pOSSib'e. Note that it has not been pOSSib'e toencakculation difference between results deduced from the zemhaeodeand
and measurements in the same core configuratioBl (fihe calibration factor. As there is no possibitityperform the

loading, rods position and orientation). Consedyemé limit
here the comparison to distribution shapes. Fig.sh8ws
thermal neutron flux distributions in the 64NE ltoa,
normalized to unity, for both calculation and measuwent.

zero method beyond 5W'git is crucial to obtain an excellent
agreement between both procedures under this datial so
as to be confident in the calibration coefficiebbee.

Zero method by a four wires measurement
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Fig. 13. Calculated and measured thermal neutranx filistributions
normalized to unity in the 64NE location. The shifownwards of the
CALMOS profile is due to a difference in the comtrods configuration
between measurements and calculation. Neverthdlessviors of the two
curves are significantly different around the tios area.

The measured profile seems
downwards. This effect comes from the control rpdsition
which is different between the two curves. For b&itbations
the BC4 rod is completely extracted, but the BG3 isotaken
in high position for calculations whereas it wagmid-height
position during the CALMOS scan, pushing the fluswah.

A first fundamental improvement in the calorinetcell
design is brought in order to find a better agregnhetween
both ways to evaluate the nuclear heating. In thEnrze
process (see chapter Ill), the nuclear energy depoghe
sample is evaluated by adjusting the electrical ggompplied
inside the reference cell heater element in omlequalizeAT
sample and\T reference. Then, calculations of the: \@hergy
deposit assume that, first, the effective lengtihesdter wires is
well known, and secondly that the electrical restgtdoes not
change with ageing or temperature. To suppresgitdtfi such
assumptions and to measure more accurately thgyedeposit
by joule effect, the reference cell of CALMOS 2equipped
with a 4 wires element heater, 2 for intensity rmeasent and
two for the voltage one as shown in Fig 14.

Such new power measurement does not make assmsipti
on the electrical resistance anymore.

Change of thermocouples locations

The second fundamental improvement has been inepied

to be slightly ohiftdn CALMOS 2 to attempt reducing the, Kactor (2) so as to

strive for an absolute measurement with the zetbode



SPND TC Heater TC SPND TC Heater TC as defined as required show the ability to makellavi up of

the radiation field evolution along the reactor leycin

addition, new experimental data obtained up to\A0g8" are

sample in acceptable agreement with the upgraded CASTEM
calculation scheme. Nevertheless, to avoid anynagsans,

Heater \ / the K- correction factor will be definitely estimated twithe

element \l real measurement on the aluminum conductivity paréal by
a specialized laboratory, which is ongoing.
=) p y going
The experience feedback until now leads us tmeso
Pedestal improvements perspectives. The second prototypd, MI2S
2, is currently under manufacturing and the neveraetric
cell which will be implemented in the displacemsystem, is

Graphite

already calibrated. This new probe incorporatesioant
improvements to enhance measurement accuraciesthé®n
other hand, several mechanical evolutions have beaumght
to the displacement system so as to reinforce tb&ing
reliability and to better answer to safety requiests for a
device dedicated to an MTR reactor.

Rhodium
SPND

CALMOS 1 CALMOS 2
(sample cell) (reference cell)
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14 shows the fundamental difference in thermocauple
location implemented in CALMOS 2. The slopes diigce in ) )
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