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PazButne TexHomoruii ObICTpBIX peakTopoB: benosipckas ADC sBiIseTCS OJHOW M3 HEMHOTHX
CTaHIIM B MUPE, UMEIOIINX OMBIT SKCILTyaTallud PEaKTOPOB Ha OBICTPHIX HEUTPOHAX. DTO CO3/1aeT
BO3MOXKHOCTH JUIsl JaJIbHEHIIMX MCCIEA0BAaHUN U BHEAPEHUS HOBBIX TEXHOJIOTUM, TAKUX KaK peak-
TOpBI Ha OBICTPBIX HEHTPOHAX HOBOTO MOKOJICHUS, KOTOPbIE MOTYT MOBBICUTH 3(()EKTUBHOCTh HC-
I10JI30BAHUS AJIEPHOTO TOIIMBA U CHU3UTH KOJIMYECTBO SIIEPHBIX OTXOOB.

[IpoekTsl 110 3aMKHYTOMY TOIUIMBHOMY LMKIy: benospckas ADC akTMBHO 3aHUMAETCs pas3pa-
OO0TKOH peakTOpOB ISl 3aMKHYTOTO TOIUIMBHOI'O LIMKJIA, YTO IO3BOJISIET IMOBTOPHO HCIOJIb30BaTh
0TpabOTaHHOE SJIEPHOE TOIUIMBO U 3HAYUTEIBHO COKpAIIATh 0OBEM PaJMOAKTUBHBIX OTXOJ0B. DTO
CIENaeT AJIEPHYI0 YHEPTETUKY 00Jiee yCTOMUYMBON M IKOJIOTUIECKUA YUCTOM.

CosepiiencTBoBanue cucteM OezonacHoctu: CymiecTByromue u HoBble 0s10ku ADC mpooika-
I0T OCHAIIAThCA NEepPEOBBIMU CHCTEMaMU 0€30IacCHOCTH, KOTOpbIE COOTBETCTBYIOT AaKTYaJbHBIM
MEX/IyHapOAHbIM CTaHIapTaM. DTO MOXKET MOBBICUTH JOBEpHE OOIIECTBEHHOCTH K SZIEpHON 3HEp-
FeTUKE U YIYUIIUTh €€ UMUJTK.

HccnenoBanus u nnHoBaiuu: B pamkax benosipckoit ADC BenyTes uccineqoBaHusi B 00J1acTH
HOBBIX MaTEpHUaJIOB, TEXHOJOTUN MepepadOTKU U YNPaBICHHUS] OTXOJAMH, YTO MOXKET NPUBECTH K
co3zianuio 0osee 3¢ (HeKTUBHBIX U OE30MACHBIX SACPHBIX PEAKTOPOB.

VYBenuueHue 104 SAEpHOIN SHEPreTUKU B CTpaHe U 3a pyOekoM: B yclIoBHSX COKpalleHHs yr-
JepOIHBIX BHIOPOCOB Ha (hOHE KIIMMATHYECKUX WU3MEHEHHH si/IepHasi SHeprus npruodpeTaeT ocodyro
3HauyuMoOcCTb. benospckas ADC MOXKET ChIrpaTh KIIOYEBYIO POJb B CTPATETHSAX IO AJIEKTPOIHEpre-
TUYECKOMY o0ecreyeHnIo Kak B Poccuu, Tak v B cTpaHax, pacCMaTPUBAIOIINX BO3MOYKHOCTb Pa3BH-
TUSA AI€PHON SHEPrETUKH.

MexnyHapoaHoe cotpyaHudectBo: benospckas ADC MOXKeET cTaTh IUIOMAAKON I MEXyHa-
POIIHBIX MPOEKTOB M HAYYHBIX MCCIIEIOBAaHUI, UTO JACT BO3MOKHOCTh OOMEHA ONBITOM M TEXHOJIO-
TMYECKUMHU PEIICHUSMH C IPYTUMU CTPAaHAMU.

B ob6mem, benosipckas ADC umeeT moTeHran sl MPOIO0KEHHSI CBOETO Pa3BUTHS KaK KITFOUe-
BOTO JIEMEHTA SIEpHOM sHepreTuku Poccuum m MexayHapojHoro cooOmectBa. C yyeToMm JIuHa-
MH3Ma TEXHOJIOTUH U MEHSIOUIMXCS YCIOBUN B SHEPTeTUUECKOM pBIHKE, €€ BKJIaja B OyayIiee sHep-
TeTUKU OyAeT MpOoI0JIKAaTh OCTABAThCSI 3HAYMTEIbHBIM.
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The VVER-1200 is a pressurized light water reactor that operates at a nominal capacity of
3200 MWth (1200 MWe). The core is made up of 163 fuel assemblies in a triangular array with an
assembly lattice pitch of 23.5 cm. Each fuel assembly of a typical VVER-1200 reac-tor consists of
331 rods of which 312 are fuel rods, 18 are control rod guide tubes and 1 cen-tral rod, all packed in
triangular lattice with a rod to rod pitch of 12.75 mm. The fuel rods contain ceramic fuel of
Uranium Oxide (UO2) pellets, with a cladding material of 98.97 % Zr, 1 % Nb, 0.03 % Hf and an
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annular central hole. Some of the important thermal and geomet-rical specifications of the core are
given in [1-4].

According to Micro-Simulation Technology [5], developers of the PCTran simulator, the
Russian VVER-1200 (AES-2006) is the variant currently available for export. It is a development
of the VVVER-1000, with a higher power output of around 1200 MWe (gross) and improved passive
safety features. The preliminary safety analysis report (PSAR) for model 392M, which was under
development at Novovoronezh NPP-I1 as at then, was used to create and benchmark the PCTRAN
simulator. Some of the completed cases that have been conducted for benchmark using the PSAR
are; the false closing of turbine stop valve, the fast actuation shutoff valve (FASV) false closing of
steam generator (SG) 2, the four main coolant pumps (MCPs) loss of power, the steam generator
tube rupture and total loss of feed-water, amongst others. The graphical user interface of the VVER-
1200 PCTran simulator is shown in Fig. 1.

For pellets with central cavity (&=0), the centerline temperature is given as;
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Where is & is diameter of the hole in the fuel pellet, m; dpe is fuel pellet outer diameter, m; Agel
is thermal conductivity of the fuel pellets material, W/(m-K).

Based on the wide range of parameters for the EPRI CHF correlation as seen in [2, 6-8], we will
employ it to evaluate the DNB and MDNBR for this calculation. The mass flux, local heat flux and
equilibrium quality used for the CHF prediction were evaluated based on the geometrical and
thermal configuration of VVER-1200.
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Where W is the heat flux non-uniform factor f, and f, are factors due to cold wall effect, fyraq is
the factor due to grid spacers effect, fyy is the factor due to non-uniform axial heat flux profile, Xeq
is equilibrium quality, p is coolant pressure and peit is critical pressure of coolant.

In this calculation, we equate the factors to 1 by assuming that the cold wall, grid spacers and
heat flux non-uniform effects are negligible;
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Fig. 2. Local heat flux, CHF and MDNBR distribution on axial coordinate at (a) rated power,
(b) 102 % power, (c) 104 % power and (d) 106 %
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Table 1. Results of simulated and analytical MDNBR and peak fuel temperature at % power

Power (%) Peak Fuel Temperature (°C) Peak Temp. MDNBR MDNBR
Simulation Analytical Error (%) Simulation Analytical Error (%)
100 1800.00 1804.00 0.222 1.500 1.504 0.266
102 1828.00 1834.47 0.354 1.471 1.475 0.272
104 1859.00 1864.56 0.299 1.440 1.446 0.417
106 1890.00 1894.65 0.246 1.415 1.419 0.283

The correlation predicted the MDNBR to be 1.504 at rated operational parameters as seen in
Fig. 2, a. As we increased the power to 102 % in our analytical calculation, without any change to
inlet temperature or any other parameter, the local heat flux increased but the CHF remained
constant, the corresponding MDNBR was 1.475, as seen in Fig. 2, b. The decrease in the MDNBR
was due to an increase in the local heat flux. At 104 % power, the MDNBR was 1.446, as seen in
Fig. 2, c and at 106 % power, the MDNBR was 1.419 as seen in Fig. 2, d.
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Fig. 3. Comparison of analytical and simulated result at % power increase;
(a) DNBR, (b) peak fuel temperature

The comparison of both the analytical and simulation MDNBR shows good agree-ment at all the
power increase analyzed as seen in Fig. 3, a, while comparison between the simulated and
analytical peak fuel temperature at 100, 102, 104 and 106 % power were also in good agreement as
seen in Fig. 3, b. The results of the analytical and simulated DNBR and peak fuel temperature is
shown in Table 1.

Conclusion

. The use of EPRI CHF correlation to predict the CHF and DNBR of VVER-1200 at rated
operating parameters and increased power of 102, 104 and 106 % produced a good result and
removed high conservatism in the MDNBR. As the reactor power increased from 100 to 102 %,
the peak fuel temperature increased from 1804 to 1834.47 °C, at 104 and 106 % power, the peak
fuel temperature was recorded as 1864.56 and 1894.65 °C respectively. This trend was validated
with the PCTran simulator.

. The comparison of the both the peak fuel temperature from the heat transfer analysis and
MDNBR from the EPRI correlation at rated, 102, 104 and 106 % power, with the corresponding
peak fuel temperature and MDNBR from VVER-1200 PCTran simulator, showed a good
agreement with a maximum error of 0.354 % for the peak fuel temperature and 0.417 % for the
MDNBR as shown in Table 1.
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ONITUMU3BALNA KOHOPUTYPAIMU TUBPUAHOI'O SHEPTOKOMIIJIEKCA
C UCITOJIb3OBAHHUEM 'rEHETUYECKOI'O AJITOPUTMA

A.[. CeBepuHa

HHcmumym cucmem snepzemuku um. J1.A. Menenmveea CO PAH,
acnupaum 1 Kypca, 2.4.5 IHepeemuyeckue cucmembul U KOMNAEKCbL

HayuHbiit pykoBoauTeb: B.A. lllakupos, K.T.H., c.H.c., UCIM CO PAH

['uGpunneie sHeprerudeckue komriekesl (I'OK) sBistorcs 3¢ deKkTUBHBIM pelieHreM nNpoOIeMbl
HHEProcHa0KEHUSI N30JIMPOBAHHBIX U TPYAHOAOCTYIHBIX TEPPUTOPUIA B YCIOBUSIX BBHICOKHX IIEH Ha
toruBo. Kpome toro, ['OK addexruBubl ns 3HeprocHadkeHust norpeduteneid B paiioHax ¢ ys3-
BUMOM JKOJOTMEN WM C NMEPCHEKTUBOM pa3BUTHUS 3KOTypu3Ma. IIprMeHeHne Takux KOMIUIEKCOB
BO3MOXKHO M JUIsl TOTpeOuTeNel, 3JeKTPOCHA0KEHNE KOTOPBIX OCYIIECTBIISIETCS MO MPOTSKEHHBIM
pacnpeeNUTeNbHBIM CETSIM, C LIENbIO MOBBIIIEHNS KAUeCTBA 3JIEKTPOIHEPTUU U HAJIEKHOCTH.

Hcrnonb3oBaHnEe MOIEIMPOBAHUS NIPU pELIEHUN 3a1a4 co3nanus u pazsutus ['OK nmpenocrasis-
€T BO3MOXKHOCTh YUYECTb BIHMSHHME PA3IUYHBIX (PAKTOPOB HA MX CTPYKTYPY M (PyHKIIMOHUpPOBAHHE.
Jia noBeieHUs! 3PGEKTUBHOCTH MOUCKA U MOJYUYEHUS] HAWITYyUYlIero perieHusl MIPUMEHSIOTCS Oll-
TUMHU3aLHOHHBIE METO/Ibl U MOJENH, TaKue Kak [1-4]: METO CMEIAaHHOTrO 1EIOUUCIEHHOTO JTUHEH-
HOTO MPOrPaMMUPOBAHMS; IBPUCTUYECKNE METOAbl ONTUMHU3ALMH, B OCHOBE OOJIBLIMHCTBA y KOTO-
PBIX UMUTUPYETCS TOBEICHNE KUBBIX CUCTEM: FT€HETUUECKHAN aJITOPUTM, POM YacTHll, CTasi CaJIbIl U
TpyTHe.

[Tpenmy1ecTBOM KJIACCHUECKUX METOAOB ONTUMH3AIMHU SBISETCS 00€CIeUeHHe ONTUMAILHOTO
pelIeHusl, a HEAOCTaTKOM SIBJISIETCS CIIOKHOCTH (popManmM3alui MHOTHX B3aMMOCBSI3€H M OrpaHu-
yeHUi (QyHKUMOHMpOBaHUs 3neMeHToB ['OK. DBpucTuueckue MeToabl ONTUMHU3AIMHM HAlpOTUB
00ecTIeunBarOT OBICTPHIN MOMCK PEIIeHUs U He TpeOOBaTENbHBI K (POPMATbHON MOCTAaHOBKE 33/1a4H,
OJTHAKO HAalpaBJIeHbl HA TIOUCK TOJIBKO OJM3KUX K ONTUMAaJIbHOMY pelleHuil. YKa3aHHbII HepocTa-
TOK HE SIBJISETCS KPUTHUYECKUM JJIs NPEANPOEKTHBIX HCCIEIOBAHUN, B paMKaX KOTOPBIX MHOTHE
HCXOJHBIE JAaHHBIE XapaKTEPU3YIOTCS BBICOKOW HEOIPENEICHHOCTBIO U HE MO3BOJSAIOT C BBICOKOU
TOYHOCTBIO MOJTYYUTh OKOHYATEIbHBIEC PELLICHUS.

B nanHO# crathe mpeanaraeTcs IByXypPOBHEBBIM MOAXOJ K ONTUMHU3AIMHM cOCTaBa 000pyIOBa-
Hus ['OK Ha ocHOBe reHeTnyeckoro ajaropurma (puc. 1).
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