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A facility allowing to conduct experiments on dummy fuel rods up to 250 mm long, at temperatures up to 700 °C
is presented. The designed facility is unique in that the conditions for the tests to be conducted on it most closely
resemble (except for irradiation) those of fuel rods operation, loading and storage in SFDSF. All test parameters are
programmed and regulated by special sensors, which brings the experiment on fuel rod temperature effect and
pressure under the cladding as close as possible to the conditions of fuel rod operation in reactor and further storage
in SFDSF. Hydride Reorientation Test (HRT) was conducted on dummy fuel rod sunder internal pressure of
3...5 MPa (at room temperature) and with hydrogen concentration of 50...300 ppm in the modes that simulate SNF
handling with limiting heating to 410 °C and accidents with seven 410300 and 410180 °C thermal cycles. It has
been demonstrated that the effectiveness of the influence of the test conditions in the specified modes on hydride
reorientation increases with increasing hydrogen concentration and tangential stresses in the dummy fuel rod
claddings. It has been shown that the test samples design, control and measurement devices, as well as the
parameters estimated during the test and further investigations fully meet the test requirements.

INTRODUCTION

It is essential to develop understanding of the
processes occurring in fuel rods with Zr-1%Nb
claddings with different internal pressures under
cladding for substantiation of FA and SFA safety in all

The facility allows working with dummy fuel rods
up to 250 mm in length, at temperatures up to 450 °C.
The vacuum in the chamber is 1.322-10™ Pa. The mode
is controlled by the Lab View computer program
allowing to preset the required heating rate and ensures

the required temperature is maintained during the test

WWER-1000 and WWER-440 reactors at all stages of ) ;
with an accuracy of 0.2 °C (Figs. 1 and 2).

their operation and during SFA handling in SFDSF. For
testing dummy fuel rods in the conditions that are as
close as possible to those of FA operation, SFA loading
and storage in SFDSF, a facility for hydrogenation and
thermal testing of internally pressurized dummy fuel
rods was created at NFC STE NSC KIPT.

FACILITY FOR HYDROGENATION
AND THERMAL CYCLING (FHTC)

FHTC is a facility for hydrogenation and thermal
testing of dummy fuel rods under internal pressure /7
under the cladding. In the course of all tests conducted
using the FHTC, measurements, control and adjustment
of such parameters as temperature, internal and external
dummy fuel rod pressure, vacuum or pressure of the
medium (argon, helium, hydrogen) in the heating
furnace are carried out. A diagram and appearance of
this facility is given below.

Fig. 2. Facility Diagram:
1 — chamber 1; 2 — chamber 2; 3 — chamber 3;
4 —measurement control; 5 — sample;
6 — control panel; 7 — hydrogen

The facility was developed for investigation of the
processes occurring in fuel rods during FA operation
and SFA storage.

The facility includes the following units:

vacuum pumping unit;

— gas feeding system;

— power supply system;

— diagnostic system;

— temperature sensors;

— pressure Sensors;

; — geometry control sensors;
Fig. 1. Facility Appearance — three experimental chambers.
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Facility Specifications

Characteristics Value

1. Supply voltage 380 V
2. Fur_nace No 1 and 2 3 KW
capacity

3. Furnace No 2 capacity 1 kW
4. Chamber pressure, furnace 50 atm
No 1

5. Chamber pressure, 0.1 atm

chamber furnace No 1 and 2
6. Internal pressure under
sample cladding

Up to 150 atm

7. Vacuum 1.3-10" mm Hg
8. Gas environment in the helium, nitrogen
chamber and others

9. Furnace temperatures Up to 700 °C
10. Trap liquid nitrogen
11. Amount of hydrogen in

the cladding Yo Up to 450 ppm

The facility is comprised of three chambers each
fitted with sensors and connected to the control system.
The temperature control unit allows creating sixteen
temperature intervals in each furnace, which is very
convenient for simulation of accident conditions in
SFDSF. The facility is capable of maintaining preset gas
pressure under cladding and monitoring gas pressure
changes throughout the entire test cycle.

Chamber No 1 has a steel cooled body and a
revolving furnace with a maximum temperature up to
700 °C. It allows thermal cycling and annealing of
samples both in vacuum and at a pressure of up to
50 MPa.

Chamber No 2 has a quartz body with an external
heater, which allows to prevent possible influence of the
heater and chamber material on the results of the
experiment. The chamber allows to conduct samples
hydrogenation, annealing and thermal cycling both in
vacuum and at atmospheric pressure, in a preset gas
environment, with controlled gas pressure under dummy
fuel rod cladding during the experiment. All these
processes can be performed on a single dummy fuel rod
without chamber reloading.

Chamber No 3 has a quartz body and a furnace in
the chamber and allows carrying out, in vacuum or at
atmospheric pressure, in a preset gas environment,
thermal cycling or annealing of several samples with
pressure control inside each sample during the
experiment.

This scheme makes it possible to compare samples
with different characteristics under similar processing
conditions.

The facility is capable of measuring geometry
changes during testing, which expands the scope of
testing significantly.

The facility is unique in that testing to study the
processes occurring in fuel rods during FA operation
and SFA storage completely simulate the processes

196

occurring in fuel rods (changes in the fuel rod pressure,
temperature and cladding hydrogenation). All processes
take place without stopping the facility, which brings
the experiment on the effect of fuel rod temperature,
medium and stresses in dummy fuel rod cladding as
close as possible to reactor conditions. The developed
facility for hydrogenation and thermal testing of the
dummy fuel rods under internal pressure under the
cladding allows creating both compressive and tensile
stresses. The facility has a considerably reduced length
of the hydrogen feeding system and uses the materials
with low hydrogen absorption capacity, which
significantly increases the reproducibility of the results
during hydrogenation of the samples.

Fig. 3 shows the appearance of the test dummy fuel
rod.
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Fig. 3.Appearance of the test dummy fuel rod

To check performance of the facility, dummy fuel
rods with internal pressure of 3...5 MPa and hydrogen
concentration in Zr-1%Nb claddings of 50...300 ppm
were tested. The modes selected simulate SNF handling
with maximum heating up to 410 °C and accident
conditions with seven 450300 and 450180 °C
thermal cycles. Hydrogenation was done in the chamber
without removing from the chamber before subsequent
heating to 450 °C and thermal cycling.

In the process of holding at 450 °C, pure hydrogen is
fed through the hydrogen feed gate during one hour,
after which the gate is closed and further heating occurs
according to the preset mode. This test mode was
selected as is it includes a sufficient number of
corresponding process operations to complete the task
set. In the process of the dummy testing, its geometry
changes, furnace chamber environment changes and

programmed temperature mode changes  were
continuously measured.
CONCLUSION

A facility for hydrogenation and thermal testing of
internally pressurized dummy fuel rods was created
allowing investigation of the processes occurring in fuel
rods during the period of FA operation, SFA loading
and storage in SFDSF.

It has been shown that the developed facility design,
control and measurement devices, and dummy fuel rod
design allow to conduct testing of the dummy fuel rods
in the conditions, which are as close as possible (except
for irradiation) to those of FR operation, loading and
storage in SFDSF.

Cmamws nocmynuna 6 peoaxyuio 21.11.2019 e.
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YCTAHOBKA JIJISI THAPUPOBAHUSA U TEPMUYECKHAX UCIIBITAHAU MAKETOB
TB2JIOB 1101 BHYTPEHHUM JIABJIEHUEM

B.A. Jlonzuii, B.A. Yynocos, /I.J1. Kokowa, T.Il. Yepunesa, B.M. I puyuna, I'.Il. Peoxuna

[IpencraBnena ycraHOBKa, KOTOpas ITO3BOJSET NMPOBOAMTH SKCIHEPHUMEHTHI C MaKETaMH TBAJIOB JJIMHOU JI0
250 mm mpu Temneparypax g0 700 °C. YHHKaJIbHOCTh CIIPOEKTUPOBAHHON YCTaHOBKHM B TOM, YTO HCIIBITaHUS,
KOTOpBIE OyIyT IPOBOIUTHCS HA HEH, MaKCUMaJIbHO PHOIMKEHBI (UCKITI0Yast O0ITyueHns) K TEM UCIIBITaHUSAM, YTO
MPOUCXOJAT B TBAJIaX B IEPHOJ dKCIUTyaTanuu, 3arpy3ku n xpanenuss B CXOST. Bce nmapameTpsl ucHbITaHUS
3alpOrpaMMHPOBAHbI U PETYIHPYIOTCS CHEIUATbHBIMU JAATYUKAMHU, YTO MaKCHMAJIbHO IPHOJIMKAET IKCIIEPUMEHT
[0 TEMIIEPAaTYPHBIM BO3ICHCTBUSM W IaBJICHHIO 1MOJ 00OJOYKOH MaKEeTOB TBAJIOB K YCIOBHSM pabOTHI TBIOB B
peaktope u mocienyromero xpaneaus B CXOSAT. IlpoBeneHpl WCTBITAaHUA Ha TMEPEOPHUCHTAINIO THIPHIOB Ha
MaKeTax TB3JIOB C BHYTPEHHHM JaBieHueM 3...5 Mlla (nmpu KOMHaTHOI TemIiepaType) U KOHIIEHTpaIueil Bogopoaa
50...300 ppm B pexxumax, umutupyromux neperpysku OST ¢ npexensHbM HarpeBanueMm o 410 °C u aBapuiiHbie
CUTYyaIlld ¢ CeMHUKpaTHBIM TepMormkioBanrueM 410300 u 410180 °C. [TokazaHo, 9TO 3(HEKTHBHOCTD BIHSHUS
YCIOBHM WCHBITAHUHA 10 YKa3aHHBIM pEKUMaM IEPEOPHUEHTANNHN THUAPHIOB IOBBIIIACTCS C YBEIHUCHHEM
KOHIICHTPAIIMX BOJOPO/A U TMOBBIIICHHEM TaHTCHINAIBHBIX HANIPSKEHUH B 000709YKax MakeToB TBINOB. [lokasaHo,
YTO KOHCTPYKLMSI HCIBITBIBAEMBIX OOpa3LOB, YCTpOICTBA M M3MEPEHHUS, MApaMeTPhl KOTOPHIX OIEHUBAIOTCS B
npolecce HCIBITAHUA W IOCIEAYIOIINX HCCIEIOBaHMM, MOJIHOCTBIO COOTBETCTBYIOT BCEM TpPEOOBaHHSM I
MPOBEICHUS JaHHBIX UCIIBITAHUH.

YCTAHOBKA JUIA T'TAPYBAHHSA TA TEPMIYHUX BUITPOBYBAHb MAKETIB TBEJIIB
I BHYTPIINHIM TUCKOM

B.A. flonzin, B.O. Yynocos, /.J1. Koxowma, T.I1. Yepuacea, B.M. I puyuna, I'.Il. Pcoxina

[IpencraBnena ycTaHOBKA, SIKa JO3BOJISIE TIPOBOJUTH €KCIIEPHMEHTH 3 MaKeTaMH TBENIB JOBKUHOIO 110 250 MM
npu Temneparypax 10 700 °C. YHIKaJbHICTh CIIPOEKTOBaHOI YCTaHOBKM B TOMY, IO BHNPOOYBaHHS, sIKi OyIyTbh
MPOBOJIUTHCS Ha Hill, MaKCUMaJbHO NPHUOIMKEH] (32 BUKIIOYEHHSIM ONPOMIHEHHS) A0 THX, IIO BigOyBalOThCS B
TBENlaX y Nepiox ekcrulyaraumii, 3aBaHTaxeHHs 1 30epiranHs B CCBJSIII. Bci mapamerpu BUnpoOyBaHHS
3amporpaMoBaHi 1 PEryaoIOThCS CIHCIaJbHUMU JAaTYMKAMHU, [0 MaKCHMaJbHO HAOJIMKA€E CKCICPUMEHT 3a
TEeMIIepaTyYpHUMHU BIUIMBAMH 1 TUCKOM IIiJi OOOJIOHKOIO MakeTiB TBENiB JI0 YMOB pOOOTH TBEJNIB Yy peakTopi i
nogansiroro 36epiranas B CCBAIL TlposeneHo BUIIpoOyBaHHS HA IIEPEOPIEHTALIIO TiIAPUAIB HAa MaKeTax TBEIIB 3
BHYTpIIIHIM THCKOM 3...5 MIla (mpu KiMHaTHIN Temneparypi) i 3 koHueHTpauieto Boguo 50...300 ppm y pexumax,
mo imiTyroTh mepeBaHTaxxeHHs BSII 3 rpanmyanm HarpiBanHsaMm 10 410 °C i aBapiifHi cuTyarii 3 ceMHpa30BHM
tepmormkiyBaHHIM 410300 i 410180 °C. IlokazaHo, MmO e(EKTUBHICTh BIDIMBY YMOB BHIIPOOYBaHb 3a
BKAa3aHUMH pEeXMMaMH Ha TIEPEOPIEHTANII0 TIiAPHIIB MiABHINYEThCS 31 30UTBIICHHAM KOHIEHTpAIlii BOJHIO 1
MiABUIICHHSM TaHTCHIIATGHAX HANpyKeHb B OOOJIOHKaxX MakeTiB TBemiB. [loka3aHo, MmO KOHCTPYKILis
BUIPOOOBYBAaHMX 3pa3KiB, HPUCTPOI KOHTPOJIO Ta BHUMIpPIOBaHb, MapaMeTpH SKUX OIIHIOIOThCA B IIPOIECi
BUTIPOOYBaHb 1 HACTYMHHUX JOCITI[UKCHb, IOBHICTIO BIANOBIZAalOTH yCiM BHMOTaM JJs TIPOBEJCHHS HTaHUX
BUIIPOOYBaHb.
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