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Nuclear energy is currently one of the world's main sources of electricity. Closely connected
to the use of nuclear energy are important issues such as the nonproliferation of fissile material that
may potentially use in nuclear weapons (safeguards), and the management of the highly radioactive
nuclear waste. Safeguards are a set of technical measures applied by the IAEA on nuclear material
and activities, through which the Agency seeks to independently verify that nuclear facilities are not
misused and nuclear material not diverted from peaceful uses. States accept these measures through
the conclusion of safeguards agreements, for the safeguards issue, it is important to experimentally
verify the presence and identity of nuclear fuel assemblies and also that the fuel has experienced
normal, civilian reactor operation.

Plutonium-rich mixed oxide fuel (MOX) is increasingly used in thermal reactors. However,
spent MOX fuel could be a potential source of nuclear weapons material and a safeguards issue is
therefore to determine whether a spent nuclear fuel assembly is of MOX type or of LEU (Low
Enriched Uranium) type. A technique has been demonstrated, utilizing the ratio of ***Cs/™*Eu, with
which it is possible to determine whether a fuel assembly is of MOX or LEU type. This is of
interest for safeguards as well as for the safe operation of a final storage facility. The suggested
technique is based on using the ratio of ***Cs/*>*Eu because ***Eu is produced more extensively in
the case of MOX fuel irradiation while the production of ***Cs is essentially the same or even less
as compared with a LEU fuel. The aim of this work is to Study the influence of enrichments of fuel
(LEU) and the powers of reactor on the accumulation of ***Cs and **Eu, which are used to
determine the type of initial fuel in safeguard field. A number of simulations have been performed
in This work using Serpent computer code “A continuous -energy Monte Carlo reactor physics
burnup calculation code” to measure the amount of ***Cs and ***Eu generated and accumulated
during the “VVER-1200 reactor operation.

In this work, depending on burnup and cooling time, the masses ***Cs ,***Eu and the ratio of
their masses (***Cs /***Eu) were calculated for MOX fuel with 3% enrichment and LEU fuel in
many variants of enrichments and powers of reactor, which presented in table 1.

Table 1 — Description of tasks in this work

Task 1 Fuel Enrichment
with a constant power 29 LEU | 3% LEU | 4% LEU | 5%LEU | 3% MOX
Task 2 The power of Fuel Assembly
with a constant enrichment of 3% 3% enriched LEU 3% MOX
LEU
196E+7 | 6.63E+6 | 5.63E+6 | 6.13E+6 | G.03E+6 | 1.96E+7
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AnHoTanusi — B pabote m3yvamu BiumstHEe BiusHUS oboramienns Torwma (LEU) u mommoctn TBC B
pabotHbIx peakropax BBOP-1200 Ha HakoruieHHe M30TOIOB B34Cs u ®Eu, n CPaBHUBATb PE3YJIBTATHI
tormuBa LEU ¢ tommuBom (MOX). Pacuera KOHIIEHTpalluM 3THX H30TONOB UTPalOT BaXHYIO POJIb B
rapaHTUil HCIOJb30BAHUE SAEPHBIX PEAKTOpPax B MHPHBIX IENSAX, MO ONpPEJeNECHUI0 TUMa TOIUIMBA
ucnons3yercs B ADC. ¢ IOMOIIBIO 3TOW PacyeToB, MOKHO OOHApYKUThb HEKOPPEKTHBIE IEKIapaluu
CBOMCTB TOIUIMBA, MPEAOCTABISAEMBIX OIEpPaTopaMH SIEPHBIX PEAaKTOPOB Uil ONpejAeieHus BHUAA
TOILIMBA, UCTIONB3YEMOI'0 Ha YCTaHOBKE.

Kniouesvie cnosa: Tapantus MAI'ATO, be3onacHocTs, Serpent (MOHTH Kapjio METOJBI),
Hepacnpoctpanenne AnepHoro Opyxus.
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