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I. INTRODUCTION

Recently (2006), the clogging phenomena of the tube support plates (TSP) increased in some steam generz
of French nuclear power plants. The evalntof the clogging ialongrun, more than 10 years mainly located

in the hot branch, the peripheral zone and the upper part of the steam generators. The first results of EL
investigation identify the pH as an important factor (Corredera G, 2008).eAlISIF clogging affected plants

run at target pkk-c of 9.2. In contrary most of the plants, having same type of SG and running at tasget pH

of 9.6 seemnot affected by TSP blockage.

While chemical cleaning is the main effective remedy against clogtjiregmethod is expensive and time
consuming. Thus, it seems of great interest to study an alternative solution to avoid clogging of the TSP an

understand the parameters having in influence on the clogging deposits kinetics.

In order to cope to these issues and determine the parameters having an influence on the clogging depos
EDF and the CEA launched since 2007 an R & D collaborative program. To carry out this experimental
program, a representative test loopfio@nced ly EDF* and the CEAwas designed, built and specifically
instrumented, to identify on line, the local parameters (thermohydraulic and chemical parameters) suppose
to influence the very first steps of clogginghe three thermohydraulic loops which commbdbe
experimental tests facility aim to reproduce, in a scale SG ‘upckhe twephase flow thermal hydraulic
conditions met in the secondary side of a SG at the upper TSP level (277°C, 61 bars, and void fraction up
80%).

The cloggingdeposits arenainly composed of magnetite @a). With tracer injection PFe), JRay emitter,
a nondestructive estimation of the deposit ratesaandasure of the kinetics of deposition becepessible
on line at nominal conditiong his experimental phase begins 2018andfocuses orradioactive tracing

L EDF : Electriciy of France
2 CEA: French Alternative Energies and Atomic Energy Commission
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(*°Fe)associated ton- O L Q H F Rh¢ Qlakne® grogram must determine in,stuthe deposiof the SG
mockup the pH conditioningnfluence

This measurement technique are widely used on CEAftaslisies, for over 30 yearsirst, in a twephase
liquid/vapor flow environment, to study the sodium hideout and hidestutn in the confined areas the
Steam GeneratdSchindler P, 1995 August10). Secondjn monophasic phase flow, representative of the
primary side of a PWR, to determine the contamination trandétsV, 2007) CIRENE loop is one of the
out-of-pile loops dedicated to the study of activated corrosion pro@pcsits on the surfaces of the core and

the steam generat{(BG).

However, this is the first time this technique is used in such an environment. Due to the lack of knowledge ©
the instantaneous effects of the studied parameters, measurement remdiesgechih regard to modeling,
measurement methods and sizifige deposit develops in tlggiatrefoils in the areabetween the tube and

the tube support plate. The tube support plate (TSP) has a complex and massive geometry with respect to
quantity ad position of the’Fe incorporated in the depodfor this reason, the SG meak environment

required specific equipment.

The implementation of this type of measuremertsto a precise dimensioning of the instrumentation and
associated devices. The modeling combineSM@NP" code and théMercure’ code to converge towards
WKH PRVW DSSURSULDWH PHDVXUHPHQW FRQILIJXUDWLR/Qe &\ DV\

measurement.

II. CONTEXT OF THE STUDY

Cloggingdepositis located at thenlet of the hole of the quatrefaslof broach tubesThis deposit develops
perpendicularly to the tube time TubeSupport Fate (TSP)and forms a characteristipping form, which
progressivelyeduces theholef vV V Hdi WeLq&refoil{seeFigure 1). At least,two phenomena, flashing
and veina contracta (Rummens H.E, 1999) (Rummens H.E, 2004), describe the formation of thi®fipping
Then the secondary flow reaches the TSP, it undergoes a sudden contraction at the entr&iods, afitineh
causes its accektion as well as a sudden loss of presduraddition, at the entrance of thals, the main
stream separates from the wall after this brutal contradfiomlow velocity recirculation zone created along
the wall promotes the trapping of particles. iffitaens H.E, 2004). In addition, this sudden contraction induces
local vaporization(flashing) (Prusek T, 2013yvhich cause precipitation &olublespecies Therefore the

depositis the result of two presses, the precipitationsolublespeciest the wall associated with the impact

3 MCNP : Monte Carlo NParticule Transport Code
4 MERCURE:3-D Gamma Heating and Gamma Dose Rate and Fast Flux by Nante



of particles brmed in situby precipitation, and particlessulting from corrosion of surfaces upstream and
transported at the walPointeau V2014)

TSP
Flow hple

SG
clogging % Tube '
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The foils of the upper tubes support plates, hot leg side and placed in the peripheral areas are @msidered
the most clogged. For this reason, the thermohydraulic conditions of the COLENTEC tests are preferentiall
representative of this zone of tsteam generatorhe fluid at the top of the tube bundle of theam generator

is a twaephase liquid / vapor fle, 277 °C, 61 bar, and a void fraction of up to 88 can therefore assume

that a dispersed droplatatternarrives at the 8th TSP (sEegure 3).

The first results of EDF investigation identify the pH as an important féCtoredera G, 2008All the TSP
clogging affected plants run at targetoptdof 9.2.1n contrary most of the plants having same type of SG and

running at target pkk-c 9.6 seemnot affected by TSP blockage.

The clogging deposits are mainly composed of magnetit©gFaNith tracer injection®(Fe), JRay emitter,
a nondestructive estimation of the deposit rates and a measure of the kinéépesfion become possible
on line at nominal conditiond hein-situ techniquewhich F R P E L-@3ddrometry and radioactive tracing
techniqguehasbeen widely used for more than 30 years in the CEA tests facHitisgto measure the hideout
and hideout return cfodium {a) in the confined area of S@ockups (Brunet JP, 1987 julyX (Schindler P,

1995 August 710). The tests performed under typbaselow liquid/vapor conditions were representative of



the secondary conditions of the P\WBfeam generatoMore recently, tests under conditionsnegentative of

the primary sidef thePWRhave helped to understand the trarsééicontaminatior(Blet V, 2007)

In the case of Colentec tests, #ee will allow powerful parametric sensitivity analyzes to access the impact
of chemistry and thermbydraulic parameters on the clogging phenomenon and to haeasierof this
influence online. However, this is the first time this technique has been used in such an environment and

remains a challenge.

. COLENTEC: A THERMOHYDRAULIC AND CHEMICAL REPRESENTATIVE TESTFACILITY
Description of the experimental sgp

The experinental COLENTEGCsetup consists othreethermathydraulicloops to reproduce theonditions
encountered in the secondaigleof a SG at the Blevel tube support platéSchindler P, 2012)The fluid at
the top of the tubbundle of the steam generator is a4{p@se liquid / vapor flow, 277 °C, 61 bar, and a void
fraction of up to 80%.

| Single phase
SECONDARY LOOP vapor

—) TERTIARY LOOP i
PRIMARY LOOP Fici

il Drop flow

4 tubes L
Steam Condenser Air cooler 1 ;

Annular flow
Wi with

[ 3 dropplets

|7 i

Y og

Annular flow

generator
mock-up

Y Slug flow
——
iy Bubbly flow
— Chemical and —f—?:r
volume control Single phase
_—) system S figuid
Figure 2: Schematic view of Colentec Tests Loop. Figure 3: Two phase flow patterr

A precise description of the Colentec testigets given bySchindler P, 2012)rhe primary circuitonnects

to an auxiliaryboiler, whichprovides water at operating conditions, pressure and temperature, representative
of the primary of a PWR350°C, 155bar)This loop connectgo the secondary loop by a boiler and a test
section(Figure 2). The boiler placed upstream of the test section, provides the tHeydralulic conditions at

the selected steam quality. The primary fluid, passing through the tubes of the test swatitins a

representative heauft. A steam condenser associated to a cooler placed downstream restoresitietesib



boiling conditions and a pumenaires the fluid circulationA condensatdank, placed after the steam

condenser, ensures a buffetume.Figure4 gives a general view of the Colentec test facility

Test section

The test sectionF{gure 4) is a scale mockp of a portion of the'8TSP.It is composed of G tubesThe

TSP of the SG mockughas been designed with movable test coupons in the four quat(&dimdler P,
2012) to preserve the deposits in term of mass and localization artwe the possibilitgf characterizing
the deposit¢Pointeau V, 2014)

The Chemical and Volume Control System

Connected at theondensate container there is a Chemical and Volume Control System (CVCS). This circuit,
functioning at room temperature, measures chemical parameters (pH, RgdoxdDctivity) adjusts the fluid
chemistry and purifies if necessaPeriodic analyzes sk the evolution of iron concentratiand a injection

device makes it possible to adjugsttoncentration.

Tube Support Plate

Secondary fluid

Figure 4: Colentecstet up and the SG mock up associated
IV. CIRENEAND CLARINETTE TESTS FEEDBACK

In order to determine the procedures for implemerindd L Q M H F W L R Qdpe@ron@tryéthiiduied,
we used the Cirene and Clarinette test methods carried out in 2007 (Blet V., 2007) af®chb@ber P, 1995
August 710).



Description ofCirene test loopesults

The CIRENE loop is dedicated to the studpctivated corrosion produaieposit on core and steam generator
(SG) tubes surface ared@®NVR$ primary sideCireneloop simulates corewith four zircaloyfuel claddings
representing a PWR fuel assembly geomatiga primary heat exchanger wifbur SG tubesTestgeproduce

the thermathydraulicand chemical representatigenditionsof a French PWRThe primary sidghermal
hydraulic conditionsof a PWR is a nonophasic liquid flow350°C 155 barCirene2007 tests stuedd the
contamination transfer of corrosion produgismary side of a PWRluring nominal conditionandshutdown
periods. The thermal hydraulic conditions applied favored the deposition apfierpart of the fuel assembly
mock-up by subnucleated condition@let V, 2007) The testwasperformed with a continuous injecti@t

the inlet @ the core section of iroand nickel solutions to be representative ofpbiential contamination level

of a French PWRThe radioactive isotopeased for this type of testvere respectively®Co and>°Fe. The
physical half 4ives of **Fe and*8Co are respectively4.5 daysand 70.8 daysFe has twoJdpeaks oneat
1099 keV (56%) and the other at 12€4V (44%) ancP®Co only one at 811 Ke{99%) For the measured
spectrum, tts only 3 peaks are considered.

The use of multradidracers made it possible to make assumptions about the formation of mixed oxides of
nickel ferrite, simpleehromiteor magnetite, these species not having the same soltbitigyeratures.

The injection tankwas prepared under theamechemical conditions of the Cirene logpnditions This
radiotracer injection device has been pladed/nstream of the stable element injection devides main
injection rate, in terms of injected activiig, ~ 38 kBg/h including 25 kBqg/h 6fCo and 12.5 kBg/h ofFe
(see orange graph Figure et V, 2007) No Injectionperformed duringhe weekends. #er 15 days,the
injected total represen25 kBq 465 kBgas®Co and360kBq asFe.

The on line Imeasurementvas performed using H&%e JdetectorsOne of thedetectos was placedat the
upper part of theore anch second one at tI&5 sectioninlet. The detectorsverecollimated by lead and the
measuring set placed at 1cm of the thejadeting.The relationship between the detector collimator diameter
and the distance to the measuring point determines the rasesu angleUnder these conditions, the
sensitive measurement volume corresponds to about a 25 cm height eacie mieasurement locatidiidet

V, 2007) The Jcountingwasusable2 hours after the start of the firstdioactive tracer injection sequerioe
acounting periodixed at3600s.

This measurement is considem@ainfortablyachievable because of the position of the deposit, the favorable
hydraulic thermal conditions, the choice of multiple radiotracers and the volume of th&0adpking into

account the pressurizef 25L, involved with respect to the flow (~ 5000 L)./ h
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Description ofClarinette test loop results

Clarinette test loodBrunet J.P., 1987 march) was built specifically to study corrosion problems in the
secondary side of the PWR' Steam generatdris.loop studied the hideout and hideout return in the confined

area of the PWR SGsing a radio tracing techniguehe progran ended in 1996.

This loop was representative thfe secondary side of a SG withtwo-phase flow liquid/vapor. Thérst
radioisotopaisedwas®*Na (Brunet JP, 1987 marctBrunet JP, 1987 julythen®Na(Schindler P, 1995 August

7-10). ?*Na hasa half-life time of 15hours, asingle Jpeak at 1330 Ke\?Z’Na hasa half-life time of 2.6 years

and a singleJpeak at1275 KeV. The use of”’Na offers a longer test period with a lowsmble Na
concentrationTherefore, hideout kinetics is morecacate.

The testswere performed with &?Na volume activity established a7 KBgh. The Na/??Na (g/Bq) ratio
remains consta@ndmonitored by regular secondary fluid samples. The volume of theMasp 70 Ltaking

into account a buffer tanf60L), and the flow ratevassimilar to that of the Cirene test loop.

The pointto be measurediasthe confined zone between the tube ardtBP .The relationship between the
detector collimator diameter and the distance to the measuring point determines the measurement angle. T
on line Jcounting has been performed with only one Nal detector. This deteasmollimated by lead and

the masuring set placed at 1cm of the thermal jacketing. Under these conditions, the sensitive measurin

volume corresponds tabout2 cm height zone athe measurement locatioBcm correspond also to the



thickness of the tube support plaitese nrasurementonditions are clos® the Colentec testsecause of
the position of the deposih this case alsojcounting is usabl@ hours after thbeginningof the radioactive

tracer injection sequence for a counting period fixed at 3600 s.

Conclusion

The resits of the Cirene and Clarirtetcampaigns are interesting for the projection of the Colentec test
program.

Clarinette tracing techniques are very close to Colentec's conditions. The activity of Colentec's Sadard
source is 6.4 MBg, in the same range as that of Clarinette (10 MBq). In adefiierand*’Na are both

H Q H U JRBWdnkters, in a very close rang€Fe haswo peaks one at 109ev (56%) and the other at
1291Kev (44%).%’Na has a singleJpeakat 1275Kev. The -counting of Clarinette was operatioraio
hours after the first injection sequenior an acquisition time of 3600 s. We can assume also that the
background noisef the area around Colentec is very closetlte Clarinette backgroundoise because
&ROHQWHFYT ORRS LV SODFHG LQ WWeinatieRhat hé)dhi@ntiéddd @didt@d2IU L C
injected will be almost the same. The choice of IRay-detectors is different, a Natintillator detector for
Clarinette and a High Purity Germanium samnductor for Colentedn clarinetW tdgfs, only 24 hours (1
day) are needed to determine the kinetics of sodium sequestration, because we already know the kineti

deduced from previous tests.

In the Cirene test, the interesting point is the change in pH condition, which is the goal of the Colentec tes
program. Each phase of the test has a minimum duration of 4 days. The graph shows that the kinetics

deposition according to the conditiongpérceptible on 1 day but that it becomes quantifiable over 2 or 3 days.
As the change in chemistry and pH occurred after 8 days (phase 3), then the repercussion on kinetics deposit

is measurable in a day.

In summary, if each test phase with a changeHmrondition is programmed every 24 hours, to sign the kinetic
variation, it will be important to obtain in situ kinetics for the referencelptdddition,of course it will be

necessary to have a sufficiently large signal indabe support plate.

MEASURE OF THE CLOGGIKE PHENOMENA KINETICS
59Fe choice

The deposits are mainly composed of magnetiteQfjethe Jtracingconsists in labeling th€Fe by*°Feso

that, the measurement of the kinetics of the deposits is possiblRay spectrometry *°Fe stable ané’Fe



radioactive isotopehave the same electronic configuration, sadleaticalphysical and chemical properties.
The only isotopic effect is thmasddifference This effect muld affect the kinetics of the chemical reactions,
but betweert®Fe and®*Fe the differencenassis less thar6%. Moreover,the amount of*Fe involved is
negligible compared to the stab¥Fe The saturation concentration iobn in the secondary fluid under the
WHVW FRQGLWThe &tivity ¥°°Fe is11810° Bg/g and the activity of the standard sourcelGBq
thatcorresponds to 3.6 ng o¥Fe.

In the Colentec testst is necessary toselectivelymeasue low levels of*Fe activities in a radioactive
environmene®Fe isan energetic-Ray emitterlt has 2 peaks above 1 Mev, one at 1099 keV (56%) and the
other at 129keV (44%) that are detectdry -spectrometryatverylow concentrations

Then,to carry out a precise measurement in the deposition zone, it is necessary to bedelernothe
deposited activitythe activitydue tofluid and the foulinglepositgFigure6). The validity of the measurement
relies also on théocusng in a specificarea, placed dahe center of th@SP, to berepresentativef the heat
flux of the 4 tubesln short,to measure the impact of the studied parameters (chemidtrgronohydrauliy

on thekinetic of cloggingdeposis, the active environment must ride a local increase or decrease%e

in the TSP

Theactivity of testing hall should be naturally very lof potassium peals above 1400 keV).

= | R
_#_ Fouling + fluid concentration
E:r:pﬁ*i—-'l'\ubeSupport Plate
A\ " Clogging deposit
a —“:- Fouling + fluid concentration
Akt

Figure 6: Schematiwiew of the TSP zone



V.SIZING OF THE GAMMA SYSTEMAT THE TSPLEVEL

Gamma Spectrometselection(Allinei PG, 2011)

The detection efficiency makes it possible to connectpibak areabserved on the-ray spectrum with the
corresponding activity afadioelement®Fe This depends of the energy of thRayradiation,its attenuation

in the measuredrea the type of detector selected and its useful volume

The physical parameters (geometdgtectorsize, shielding) have been optimized to ensure maximum
detection sensitivity and optimaieasuremertf the deposibn area.Due to the general environment, a low
activity of °°Fe present in thiebeswith respecto the thicknessf the TSPand theamourt of °%Fe present in

the secondary fluid, themeasurement ofFe required a high degree of accuracy in sizingastherefore
necessary to choose a detector capable of meashengelectively locating low levels GfFe activityin

this specific environmenthis requiresletectors family equipped with a large volume crystal (high sensitivity
criterion). Two families of detectors are suitable:

1) Thescintillators family based on a crystal associated with a photomultiptiaddition, inthis family two
types of crystals are suitable for these measurements; aa8MNal.

2) The semiconductorfamily usinga high puritygermanium crystajHP-Ge). The evaluation criterion used

to select the detector was to obtain the lowestddien limit for>*Fe emission line energie@ 099 and 1291
KeV). This type of detector works if the crystllR-Ge) is maintained at liquid nitrogen temperaturel®5

° C). The nitrogen tank requires regular filling. Since this constraint has repercussions in test management,

wastaken into account when analyzing chaice

Back ground noise modet

Realistic and specific modeling of this aresas performedto determine the most appropriatiRay
spectrometerModeling of the 4ubes steam generatanock uptook into account, as much as possible, the
primary and secondary thermal and hydraulic design conditidmshe secondary sidthe temperaturéhe
range of void fractioris up t085% and theaverage densitgf the twephase flowfixed at 109 kg/ri(sees.

[l1). As an indication, the broached plate of hieibes SG mockup is &m tall, representative of that of the
FrenchPWR SG The broachetioles are quatrefoil form3he pitch of the SG mockup tube is the same as
the pitch of th&srenchPWR 6 *V W XEHYV



100 ]
-—----Real Background
_______ MCNP sum

-
(=]

~~~~~~ MCNP BG peaks =

Standardized pulses

01

Energies (KeV)

0.01 - v - T - - v v |
1000 1050 1100 1150 1200 1250 1300 1350 1400 1450 1500

Figure 7: Baclground noisemodeing, comparison with a real background

To carry out this modeling, we used the feedbeaining from Cirene gamma counting techniqué&se
counting rate obtained for a 30% coaxial germanium detawerted in a lead collimator is 20s in the 20
2000Kev range

The first stepof the studyis to determinea natural and reliableackground modeling of the detector
environment(Figure 7). It is numerically determined with the MCNRcode simulating the transport of X
rays and gamma photarddodeling provides a spectrum very close to the measured spectrum

This spectral distribution of the background naselaced inhe modeling of this detectofhe simulated
count rate is in these conditions of 1.9°Hs. In this way, we obtain the normalization coefficient that links
the simulation to the actual cdun

Two detectors are selected a Nal and aHPeThe comparison of the detector performances requires to
express the detection limits in Bqg instead of Tree second step consists of modeling thabesSG mak

up with the MERCURE code (Figure 8), and then calculating the efficiency of thaletector with the
MCNPV.

For an activity of 1Bg/c) the modelling shows that with a HEe crystal the peaks 8iFe are visible, for a
realistic countingtime of 1200s (seeFigure 8). The selected detector ibe detector with aHigh Purity
Germanium monocrystal (HBe). This detector is characterized by an excellent energy resolatidduring

the Colentetests other phenomena wilurelydegrade the performance of theetor.

The atmosphere around the detect@f0%C andthe need to ensure a thermal regulation of the Nal makes its

use as complex as the use of a detector Ge cooled by liquid nitrogen
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Detection threshold

These calculations are based on the conventional detection thre&SbBpfdrimula:

vi 0VEEA TS tus&
P C=II1{J')BBE?EAJ?

R: peak width at hatheight B: average backgrounddiationon the area surrounding the peala¢quisition

5&0C°; L .&:$M?I7;L+

time. | gamma intensityof °Fe peakat the considerednergy;Efficiency: countsper second ithe peak for 1
photons/scm?® emitted by thé®Fe source.

Tablel presentshe results of the modelinthe detectiorthresholdsarecalculatedor an acquisition time of
1200 s.These results indicate that the Ge is much mafiteient in terms of the detection threshdf@r an

activity corresponding to the limit afetectionthe peaks are perfectly identifiable and measur#&ifgire 9

gives the’® Fe global spectrum with3 Bg/cn?.

Detection Gamma Efficiency S
59
l(:keeF\’/e;ak threshold (s?) emission (c/s pour Det(eé: t'/%rr]nlgl)m't
(%) 1 Bg/cn?) 9
Ge coaxial 30%selection modeliny
1099 2,53 107 56% 6,92 10° 13,06
1291 2,110° 44% 6,65 10° 14,37
Nal 3 x 3 inchselection modeling)
1099 2,53 10 56% 2,39 107 25,63
1291 2,1 10° 44% 2,34 10 27,48

Tablel: Comparisorof detection thresholdsf Ge and Nal detecto(3c 1200s)
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Szing of the radiation protection systems

The third step is to demonstrate the ability to locate a.Zdvneresults of the MERCUREalculations have
shown that it is necessary to protect the area arthen@iube Support Plate. To discriminate the signal due to
the deposit, the SG mock up is inserted into a tungsten screen (

FigurelGa). To measure specifically the central area, it is necessary to adjust and then increase the thickne
of the protection system on both sides of the measured area (see

Figure10b) for a better signaio-noise ratio. A tungsten collimator, with a single opening is around the TSP
zone, the opening in the TSP axisalidition, a lead collimator protects ttdRay detector. In this context,

the detection threshold of HBe increases to 58 Bg/énThe main objective of the study is to detect and
measure the deposits in the central area, due to the representativeness of the thermal flux in this zone (:
Figure 11).

The thickness of the different protection systeemultsof the materialstungsten having a higher density
than leadAt 20°C lead has aensity of 11.35 gin® and a melting poinof 327 ° C compared ttungsten,

which has a densitpf 19.3 gém?, a melting temperaturef 3420°C and itscoefficient of thermal expansion

is verylow.
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Figure 10: Sizing of theungsten screen at the TSP level
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Figure 11: On line Jcountingat the SG mock up level.

Detector positioning

Two types ofpositioningare compared using MCNf&dde in order to determine theost efficient detectian
The firstdetector diameter 7cm, thickne@5cm is inserted in aertical collimator The £condgermanium
detectoyrdiameter 5.6m, length 5.8mis inserted ira horizontalcollimator.

Theanswerof the two types of semiconductor detectors is compared using the MCNHF-apate 12). The
goal is to determinevhich detectorand positioninggives the best detection. To facilitate the reading of the
Figure 13, the traces have been shift@the detectorinserted in a vertical collimat@ivesthe most efficient



signal Of course, his type of configuration, partially hidden crystai|l require a specific experimental and

numericalcalibration phase
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Figure 12: Study of theJRay detectopositioning Figure 13: Comparison of the results

Deposit measurement and evolution perspectives

The fourth steps theability to measurehe evolution of activity in each lob#& can provide additional data

to understand and analyze teposit formation mechanismisor example,he outer lobeare not submitted

to thesame heat flux as the inflebes The influence of the heat flux could be measured on line with variated
focus positions of the measuremena obtain a measurement of each lobe, the mapping of the signal emitted
by the TSP lobes was carried outrbgdeling.Figure 14 shows the effiency variation of a quedfoil for a
simplerotation of the measuring systefs expectedhe lobe with the best measurementhe outer lobe

(blue line Figure 14). The shape of the responses of the four lobes being quite similar, the result of the
modeling confirms that is not betrivial to follow on linethe distribution in the 16 lobeSuch a complex
distribution of activity cannot be simply determined by rotationa wfeasurement system around the test
section This option requires an adaptation of the measurement system, associated maitielang
reconstituting the measure Impe. The measuring system and the data anahsssciateavill progressively
evolve according to the first tesesults

The use of a collimator with reducegpeningshould allow better selectivitgf the lobes (Figure 15).
However, his type of collimator involves a significant reduction of photon ftietected Its precise
characteristics will be determined after the first tests. The intensity phtiten beam arriving at the detector

will be known, as will the minimum aperture of the collimator compatible with realistic time measurements.

An adaptation of the collimator detector will be facilitated by the change of its front part



Figure 14: Efficiency of theJRay detector as a

function of the measured zone Figure 15: Collimator with reduced opening

VI. MEASUREMENT CONFIGURTION

Detectors position
The completaneasurement equipment includes-detector 1, placed&W W KH 7 6 3-dététtoiadaced
XSVWUHDP WKH 6* PRFNXS DQG GRZQVWUH D Rlefet¢toN3rideer In@ ldw D W

background noise shielding measuring therOfluid samples

A lifting table raises the detector (Figure 16) inserted in ts collimator at the TSP level horizontal

movement system adjusts the position of this detectordétextor 2, typd detector, installed in front of a
pipe sectionND 80, length80cm) upstream of the test section and downstream of the, icleksin line

the voume activity of he fluid. A highly efficient detector 3placed in a very low background noise castle
ensures the measurement of the volume activity of the fllid measurement enables the determination of
the signal emitted by thexed deposits on th@SP walls whatever the thermddydraulics and chemical

functioning regime of the loopk-igure 16{shows the detectors implantation without the thermal jacketing

At the startof the test campaign, liquid phase sampling is required to compdireeaneasurement and fluid
activity. During the test campaign, periodic samulesckthe evolution of thé°FeP )H % T J UDWLR
volumes of 50 ml of swndary fluidare collected on £VCS sampling line. The iron concentration is
monitored by a UV spectrophotomgtAt the same time, radiochemical analyzes of secondary water samples

verify the instantaneous mass balances.



Figure 16. Measurementonfiguration

Injection systems

There are 3 points of injectigqiigure 17) in the secondary circuit. THest onel; is placedat the boiler inlet

(temperature: 270°Ctliquid water), thesecondonel» atthe SGmockup inlet (temperature: 277°€two-
phaseflow), andlz in the test section upstream the TS®Ro types of injections are possibsmluble species
or partide species, associated or not with its isotéje. Theinjectionsof iron determine the concentration
of soluble and particlespeciesiuringthe phase test¥he wo-injection systens *®Fe and®Fe are prepared

andconnected to the test loop.

Figure 17: injection points



Theinjection devics (Figure 18) consist of 8 litersgank (useful volume B, made ofstainless stedbr *°Fe

device, and polypropylene fotFe device. These aeguipped with devel sensarvarioustubesconnected to
circuits: nitrogen bubblingpitrogen blanket, vent, and pumphe injection is carried out using a metering
pump "high pressure”, with a flow range from Giml/mn.

Figure 18: Injection devices
VIl. DESQRIPTION OF THECOLENTECTESTS

The next Colenteftest aims to determine the influence of pH on the kinetics of clogging depoBitiong

the test, the secondary uEIRQGLWLRQLQJ ZLOO EH UHSUHVHQWDWLYAI RI VF
pipesand components of the secondary loop are made of stainless\$816316), with the exception of the
carbon steeboiler, whichis supposed to provide a part of iron source tefimerefore the total iron
concentration is monitored by measuring CVCS dampy U\ spectrophotomeg®. These results are
verified by ICP-MA®spectrometry, performed by an accredited laboratory.

A magnetite solution iprepared in an injection tank and insnnjected when the measurement of the CVCS
samples indicates a decrease in the iron concentration in theThedron injection rate is calculated to

maintain the correct concentration.

5 UV : Ultravioletwvisible spectrophotometry
6 1CP-MA : InductivelyCoupledPlasmaMass spectrometry



The injection of the®Fe radioisotope occurenly when the thermioydraulic and chemical operating
conditions are stabl&he selected injection point isplaced at the SG mockup inlet

The standard source activity is &¥Bq. It is diluted ina6L tank. The initial injection rate 4 KBg/h.

'XULQJ WKLY WHVW DOO GHW H Foatdetory, @ielddd aXtieHTSP I@uelltdy me &3 edtheG H
signalof cloggingdeposis W Kletector 2SODFHG DW D SLSH VHFWLRQ WR RHDVX
detector 3nserted into a low background nowsieieldingfor measuring th&0 mlICVCS samplesin check

the secondary fluid mass balance

The >Fe fluid activityis alsomonitored by measurinthe CVCS samples by-couning. The two types of
measurements implementsanultaneously, allow comparison betwetiie offine measurements (50 mL
CVCS samplesandtheonline measuremeandthenevaluate deposits at thalls. Onother hangdthe CVCS
samples monitor the ratfSFe activity ABg/l) and°®Fe concentratio€  JI).

During the test, he online -counting gives an indication of the depositolution. This raw signal is
calculatedtaking into account theaive period of the radiotraceAt the end of the testhé modelling

techniquesvith MCNPY and Mercuré# allowsextractingthe resultof the clogging deposinly.

After afirst adjustment test, the next stepl be a signal processing performed online

VIIl. CONCLUSIONAND PROSPECTS

The use of°Fe as®®Fe a radiotraceiis very advantageousgven if his typeof measure requires precise
modeling becausef the position of the clogging deposit at the wiaist at the inleof the flow hole of the
tube support plate. In addition, the activity of the standard sG8feechosen to be handled in a ventilated
chemical hoodis relativelylow.

The perspectives are important and very useful for the Colentec program to follow the deposit and to determir
online the influence of the various parameters having an impact on the clogging phenomenon and to che«
the hymtheses of the formation and the evolution of the clogging

The deposikinetics are accessible and in this way the impatterdmalhydraulic and chemicglarameters.

5%Fe can beonly associated with soluble species to determine their effects on thatitorrand evolution of
clogging, oronly associated with particle species to determine their contribution in the representability of the
clogging deposit. The size of the particles involved in the phenomeamdrealsostudied. In this cas¢he
injection point will be placed at the entrance of thenS&&kupto minimize the trapping effect of the particles

by the boiler.



The -detectors and the area to be measured require specific protetti@udition the position of the
detectors reques specific adjustments. This is the only way to measure the kinetics of the deposit with
sufficient precision. The MCNP and Mercuré are the tools for sizing the measurement configuration, but
also the tools for expressing the results, isolating thggohg deposition signal from the ambient noise signal.
Tess with radioactive radionuclides require careful planning to match stetatly nominal conditions with

the delivery date of the source. Test management is also tricky becauSe H#ectors regre regular
nitrogen filling. The initiation of ths type of tests using radiotraceiss time consumingThe sizing and
development phases must be precise and require constant adjustments.

Nevertheless, in the end, these tegisn up many opportunities to advance the understanding of clogging

depositformation and to choose the right remedies.
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