Becrnni Hsid PK BbiIMyck 3, ceHTsibpb 2018

UDK 621.039.553
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A large volume of scientific and research activities is currently carried out in substantiation of new projects on nuclear
reactor safety, in which high emphasis is placed on “beyond-design basis” accidents, in spite of the fact that applied
technical solutions reduce the probability of such accidents occurrence.

To study parameters of severe accidents and develop measures to mitigate consequences an experimental base is
necessary, which enables emergency situation modelling maximally close to real conditions.

The National Nuclear Center (NNC) — the leading research organization in the atomic sphere in the Republic of
Kazakhstan — possesses such an experimental base, providing scientific and technical support for peaceful uses of
nuclear power, involving studies oriented towards the improvement of nuclear reactor safety [1].

The article presents the concept and general results of researches carried out on NNC’s experimental base in
substantiation of nuclear reactors safety, realized in collaboration with JAEA, which is a key foreign partner in this area,

as well as current plans on new experimental program implementation.
Key words: fast neutron reactor, severe accident, impulse graphite reactor, experimental program.

INTRODUCTION

The leading nuclear power countries are studying six
innovative next-generation nuclear systems [2], in
which the major factor of their development is confi-
dence in their safety for the population and the envi-
ronment. In modern projects special attention is paid to
severe accidents, in spite of the fact that these accidents
are of low probability. To study parameters of severe
accidents and develop measures for the mitigation of
consequences an experimental base is necessary, which
enables emergency situation modelling that is maxi-
mally close to real conditions. Although representative
data on core behavior in severe accident conditions can
be acquired during tests at research reactors, there are
only several reactors in the world which provide for the
required parameters and safe conditions for experiment
conduction [3-6]. One of such reactors is the impulse
graphite reactor (IGR) of NNC [7]. Reactor experi-
ments, as a rule, involve tests at specially constructed
non-reactor test benches and facilities.

From the beginning of the 1990s an experimental
program has been carried out at the facilities of the
National Nuclear Center jointly with Japanese collea-
gues from JAEA in support of fast sodium cooled
nuclear reactor development [8, 9]. A series of in-pile
and out-of-pile experiments [10, 11] were conducted,
associated with the possibility of proving the controlled
removal of core melt materials to safe areas inside the
reactor vessel during severe accident progression. As a
result, the efficiency of special-device application in
core was demonstrated, providing directed (controlled)
movement of melt fuel, as well as the possibility of melt
movement via control rod channels. Such an approach
enables a considerable reduction in the occurrence of
the “recriticality” phenomenon [12, 13].

JUSTIFICATION OF EXPERIMENTAL FACILITIES

CHOICE FOR RESEARCHES IN SUPPORT OF

INNOVATIVE REACTOR PROJECTS

The IGR reactor (Figure 1) was put into exploitation
in 1961 and as of today remains one of the best impulse
research reactors in the world. Maximum density of
thermal neutron flux composes 0.7x10% cm? s, maxi-
mum neutron fluence — 3.7x10Y cm2,

Figure 1 — IGR (Impulse Graphite Reactor)

In the more than half a century of IGR operation
history, a significant complex of experimental opera-
tions in the area of nuclear reactor safety has been
implemented for different purposes — space, transport,
power and research. Methodological and technological
experience was accumulated, and new technical deci-
sions and methodological approaches were developed to
carry out reactor tests and analysis of results [14-18].

A special bench with the EAGLE facility was con-
structed in NNC RK designed for conducting research
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in support of the construction of a new sodium cooled
fast reactor, where experiments have been conducted to
study different stages of severe fast reactors accidents
development.

The EAGLE (Figure 2) facility provides the possi-
bility of obtaining a melt simulator with temperatures of
up to 3300 K due to working mixture induction heating,
consisting of UO,+SS or aluminum oxide (Al.O3) in
masses up to 26 kg and 15 kg correspondingly. Sodium
mass in the facility — up to 140 kg.

Figure 2 — EAGLE Facility

EXPERIMENT CONCEPT AND RESULTS

Researches, conducted at IGR and out-of-pile faci-
lities address the necessity of constructing an extremely
safe fast reactor, the design of which contains decisions
which enable the exclusion of recriticality and the miti-
gation of severe accident consequences with core mel-
ting. Recriticality is a typical phenomenon that may
occur during the production of melted fuel in pool rela-
tive to high enrichment in critical conditions of neutron

multiplication. Its occurrence may lead to a damaged
reactor vessel overheating and radioactivity escaping
beyond it.

The general methodology for studying melting law,
core melt movement inside a fast reactor, and its inter-
action with elements of structural materials and coolant
consists of the following: at the first stage, a number of
experiments are conducted at facility on processes
studied through out-of-pile modeling, resulting in the
elaboration of the general testing scheme and the choice
of reactor experiments conditions and parameters. At
the second stage, the information, obtained during out-
of-pile studies is analyzed, requirements are developed
on the scheme and conditions for conducting reactor
experiments, during which maximal approximation of
processes to the real operation conditions of core
elements at nuclear power reactors is attempted. Test
modes at reactor facilities are elaborated during irradi-
ation experiments at relatively low power of the rese-
arch reactor using special mock-ups, that are practically
similar upon design and material composition.

In total, eleven integral and over one hundred sup-
porting methodological experiments will have been car-
ried out at the IGR reactor through the implementation
of the experimental program on different aspects of
severe accidents study by 2020 (Figure 3).

In demonstration experiments under conditions of
reactor irradiation, melting was provided as well as con-
trolled melt movement of model fuel assemblies (FA),
containing up to 8.6 kg of uranium dioxide of 17 %
enrichment. Different types of FA were used depending
on experimental purpose with fuel elements number
from 12 to 88. In practically all experiments, sodium
was used of up to 10 kg in mass.

Experimental devices are equipped for measurement
using more than 100 detectors, enabling the registration
of such parameters as temperature (including tempe-
rature of fuel), pressure, pressure pulse, empty space in
sodium, acoustic events, and neutron flux density. Non-
destructive and destructive studies are carried out after
reactor tests.
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Figure 3 — Scheme of Integral Reactor Experiments
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At the same time, at the non-reactor EAGLE test
bench more than 50 modeling experiments using
uranium dioxide and corium simulator as aluminum
oxide were carried out. Processes with high temperature
melt use, similar to real fuel melt upon thermophysical
and hydrodynamic properties, were studied.

As a result of the conducted experiments, unique
data were obtained on core structural elements disrupt-
tive parameters in severe accident conditions at fast
reactors, the possibility of controlling core melt material
removal via special channels was demonstrated, as well
as removal via control rods guide tube towards safe
areas inside the reactor vessel.

Currently, preparation for demonstration reactor
experiments is being carried out, oriented to study the
impact of the structural elements of the control rods
guide tube on the melt movement process and the melt
cooling process, removed from the core in limited volu-
me of sodium plenum. During preparation for demon-
stration reactor experiments at the non-reactor EAGLE
facility, a series of experiments were realized on corium
simulator movement along a simulated guide tube,
modeling its main structural peculiarities (Figure 4, a).
Al>;O3 aluminum oxide was used as corium simulator,
which was melted in an electric-furnace facility and
moved to melt receiving capacity. Experiments were
conducted to study the efficiency of corium cooling in
sodium media (Figure 4, b).

Figure 4 — Experimental Equipment for Researches:
Rods Guide Tube Mock-Up (a) and Device Designed
for Corium Cooling Efficiency Study (b)

Upon research results, it was experimentally deter-
mined, that the possibility was provided to control melt
materials removal from the core to safe areas inside the
prospective fast reactor vessel in case of a severe core
melt accident, in particular in the lower plenum. New
experimental data were obtained on the cooling effects

of corium simulator that was moved to the lower ple-
num after sodium reflooding.

Irradiation experiments with IGR reactor devices
were carried out within the experimental verification
preparation based on research reactor conditions to
study the possibility of core (corium) materials melt
controlled movement along the control rod guide tubes
(Figure 5).

Assembly of Model Fuel
Elements with Uranium
Dioxide Pellets

Assembly in the Case Ready Assembly

Figure 5 — Preparation for Reactor Experiment

The results of this work allowed us to work out pro-
posals and recommendations on measures improving the
safety and efficiency of work in case of severe accidents
involving fast reactors, which are defined by the nuclear
community as one of the most promising areas for the
further development of nuclear power systems.

The achieved results and the competences of NNC
developed in the course of carrying out these experi-
ments are currently in demand for new experimental
programs preparation. For example, French Atomic
Energy Commission and Alternative Energy Sources
(CEA) expressed its interest in implementing a joint fuel
testing program for the ASTRID Advanced Demonstra-
tion Reactor based on IGR [19].

NNC and CEA conducted preliminary studies to
determine the possibility and conditions for the testing
of ASTRID reactor assemblies [20, 21]. The results of
the work performed showed the principal feasibility of
tests’ requirements. Thus, for example, during the expe-
riment the circulation of liquid metal coolant through
FA at a given flow rate will be ensured by the creation
of a sodium loop. The creation of such a circuit will also
significantly expand the available experimental possibi-
lities for future research.
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CONCLUSION

The operational capabilities of the IGR reactor and
the EAGLE test-bench allow the implementation of
studies for obtaining of experimental information on
physical and thermal processes in nuclear reactors and
the behavior of fuel and core structural materials of
nuclear power facilities in transient and accident modes.
The results of the experiments conducted are particular-
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ly important for the industrial and scientific communi-
ties. NNC and JAEA are ready to maintain and further
develop cooperation in this regard.
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HATPUM XKBbLITY TACBIFBIINBIHIATBI IIATIIIAH HEUTPOHJIAPJIAFBI PEAKTOPJIAP/IBIH
KAYIHICI3AITTHE KOJJAY KOPCETYAEI'I SKCIIEPUMEHTTIK 3EPTTEYJIEP

D3.F. Bateip6exos, V) MLK. Ckakos, ) B.A. Butiok, 2 B.B. Bakianos,
2 A 1. Bypum, 2 A.B. Ilaxnun, 9 K. Kamusama, 3 K. Many6a

D «Kazaxcman Pecnybnuxacvinviyy ¥nmmotx aoponvix opmansizoly PMK, Kypuamos, Kazaxcman
2 KP ¥40 PMK «Amom snepzuscot uncmumymst» gunuanst, Kypuamos, Kazaxcman
3 Ilanwar neiimpondapoazvl peakmopanap cyiienepin sepmmey scane a3ipney opmanbiol,
Kanonusanviyy amom snepeuscol azenmmizi, O-apaii, Hoapaxu, Kanonusn

Kazipri yakpITTa SAPOJBIK PEAKTOPIBIH KayilCi3Miri JKOHIHAETI KaHa KoOamapibl HETi3[CyJe FhUIBIMHU-3EPTTCY
KYMBICTApBIHBIH ayKbIMABI KOJeMi Xyprisiiyae, Oyl perTe KONJaHbLIATBIH TEXHUKANBIK IIEmIimiep »*obaaaH ThIC
aBapusIIapABIH TYBIHIAy MYMKIHJITIH a3aiTaTIHABIFRIHA KapaMacTaH, MYHIal aBapUsuIapra epeKie KoHia OesiHe.
AybIp aBapusUIap/bIH MapamMeTpiepin 3ep/esey KoHe OJIap/blH CalJapbiH KO0 HIapajapblH 93ipJey YIIiH aBapHUsUIIbIK
JKaFIalIpl HAKTHI JKaFgaira OapbIHIIA KAKBIH MOJICITBICYTe MYMKIHIIK OepeTiH SKCIIEPIMEHTTIK 0a3a Tajam eTijesi.
¥arTHIK AaponslK opTanbslK (¥510) — sapoblk SHEPTHSHEI 0eHOIT MaKcaTTa maiiianany/Isl FEUIBIMHU KOHE TEXHUKAJBIK
KOJJayIbl KaMTaMachl3 €TETiH, SAPOJIBIK PEaKTOPABIH KAayINCIi3HiriH KymeHTyre OarbITTalFaH 3epTTeyiiep KYprizeTiH
9KCIIEPUMEHTTIK 0a3zachl Oap Kazakcran Pecry0inkachIHBIH aTOM CallaChIHIAFbI 03BIK 3epTTey YUbIMBI [1].

Byn makanana saposblK peakTopiapAblH Kayinci3airin Herizaey yiniH ¥ SJO-HbIH 9KCIIepUMEHTTIK 0a3achlH/a aTairaH
camana OacTel meTennaik apinrec Oonbin TaObulaThiH JAEA-MeH BIHTBIMaKTaCTBIKTa JKYPTi3UIETiH 3epTTeyJepaiH
TYKBIPBIMJIAMachl MEH HETI3rl HOTHKellepl, COHJaii-aK SKCIepUMEHTTEepAiH »aHa OarnapiamalapblH iCKe achlpy
JKOHIHJICT1 aFbIMIAFhI JKOCTIApJIap YChIHBLIFAH.

Tyainoi ce3dep: wanway HeUMpoHOAPOAbl pPeakmop, ayvlp asapus, UMRYALCMIK 2pagummi peakmop,
aKCnepuMenmix bazoaprama.

IKCINEPUMEHTAJIBHBIE UCCJIIEJOBAHUA B TOAJAEPXKXKY BE3OITACHOCTH
PEAKTOPOB HA BBICTPBIX HEHTPOHAX C HATPUEBBIM TEILJIOHOCUTEJIEM

D Bareip6exos J.I'., V) Ckakos M.K., Y Butiok B.A., ? Bakianos B.B.,
2 Bypum A.JL., ? Haxuun A.B., ¥ Kamusama K.,  Many6a K.

D PI'IT «Hayuonanvhwiii adepuviii yenmp Pecnyénuxu Kazaxcmany, Kypuamos, Kazaxcman
2 @unuan «Hucmumym amomnoii snepzuuy PI'II HAI] PK, Kypuamos, Kazaxcman
%) Ienmp uccnedoseanuil u paspadomxu cucmem peaxmopos Ha GvicmPbIX HeNMPOHAX,
Anonckoe azenmemeo no amomnoit ynepeuu, O-apaii, Hoapaxu, Anonusn

B HacTositiiee BpeMst IpOBOIUTCS OOJIBINON 00bEM HayYHO-UCCIICI0BATEIBCKHX PabOT B 000CHOBAHUE HOBBIX IIPOCKTOB
o GE30IIaCHOCTH SAEPHOTO PEaKTOpa, B KOTOPHIX 0c000€ BHUMAaHME YJENSETCS 3alIpOEKTHBIM aBapHsM, HECMOTpPS Ha
TOT (haKT, YTO MPUMEHIEMbIE TEXHUUECKUE PEIICHHS COKPAIIAIOT BEPOSITHOCT BOSHUKHOBEHHSI TAKUX aBapuil.

JIng u3ydeHus mapaMeTpoB TSDKEJION aBapuH M pa3paboTKH Mep JIMKBHIAIMH €€ MOCIeACTBUI TpebyeTcs dKCIIepUMeH-
TanbHas 6a3za, KOTOpas MO3BOJIET MOACIMPOBATH ABAPUIHYIO CUTYaLNI0 MAKCUMAIBHO OJIM3KO K PEabHBIM YCIOBHSM.
HammonansHsrit sspepusrit nentp (HALY) — muampyromas uccieqoBaTebCKas OpraHu3ais B aToOMHOH cdepe B Peciry0-
ke Kaszaxcran — oGnagaer Takoi SKCHEpUMEHTAIBFHON 0a30ii, oOecrieunBas HayYHYI0 M TEXHHYECKYIO MOJACPKKY
MHUPHOMY HCIIOJIb30BAHHIO SIJICPHOM 3HEPrHH, MPOBOJS HCCIIEAOBAHUS, HANPaBJICHHbIE HA YCHWJICHHE 0€301acHOCTH
siiepHoro peaxkropa [1].

B naHHOI cTaTbe mpencTaBIeHBl KOHLETIUS 1 OCHOBHBIC PE3yJbTAThl MCCIIEAOBAHUH, TPOBOANMBIX HA HKCIIEPUMEH-
tanpHOM Oa3ze HSLl B obOocHOBaHme 0€30MacHOCTH SIACPHBIX peakTopoB, B corpyaHudectBe ¢ JAEA (SAmonckoe
areHT "CT"BO 10 aTOMHOMW SHEPTUH), KOTOPOE SIBJISETCS TJIaBHBIM MHOCTPAaHHBIM IIAPTHEPOM B JaHHOI cdepe, a Takxke
TEKyIIHe IJIaHbI 10 PeaTu3aliy HOBOI TPOrpaMMBI SKCIIEPUMEHTOB.

Knioueswvie cnosa: peaxmop na Ovicmpuix HeUMpOHAX, MANCENAS, ABAPUS, UMNYIbCHLIU 2pagdumosblii peakmop,
IKCNEPUMEHMANbHAS NPOZPAMMA.
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