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SAFETY JUSTIFICATION FOR TRANSPORTATION OF NUCLEAR MATERIALS

Abstract: The Institute of Atomic Energy of the National Nuclear Center of the Republic of
Kazakhstan conducts a large number of studies to justify the safety of designed reactors and already
operating reactors. Experiments are carried out both at in-pile and out-of-pile research installations.
To implement these studies, there is a need to transport nuclear materials to the place where they
are performed. Thus, it is necessary to justify the safety of nuclear material transportation. This paper
presents neutronic calculations of the effective neutron multiplication factor to justify the safety of
nuclear material transportation in accordance with the legislation of the Republic of Kazakhstan. The
calculations used the most commonly transported type of nuclear materials — uranium dioxide (UO)
fuel pellets of various enrichments. Transportation was conducted using a transport packaging set
IP-1, in accordance with the rules for the transportation of nuclear materials. Both normal and
emergency conditions for the transportation of nuclear materials were modeled, taking into account
the possibility of water leaking into the packaging and water getting into canisters with uranium
dioxide fuel pellets. To determine the effective neutron multiplication factor (kex) of the transport and
packaging set, the Monte Carlo calculation method was used in the MCNP5 program, with the
ENDF/B-VII nuclear data library.

Key words: nuclear materials, transportation, Monte Carlo method, transport and packaging
container, effective neutron multiplication factor.

Introduction

The Institute of Atomic Energy of the National Nuclear Center of the Republic of Kazakhstan
(IAE NNC RK) is engaged in research of processes accompanying the development of a severe core
melt accidents at nuclear power plants. For this purpose, experiments are carried out both in reactor
and non-reactor installations. For example, thanks to the design features of the research impulse
graphite reactor IGR [1], it is possible to conduct large-scale experiments with a model fuel assembly
containing up to 10 kg of uranium dioxide [2]. There is a need to transport nuclear materials to the
assembly site of model fuel assemblies to conduct experiments on time. At each nuclear energy
facility there is a system for transporting and storing fresh nuclear fuel; operations of reception,
storage, preparation for loading and loading are carried out.

The International Atomic Energy Agency (IAEA) establishes standards of safe transport of
radioactive materials [3]. Their basic concept is that during transportation of radioactive materials
the safety and protection of people, property, and the environment from the harmful effects of ionizing
radiation is mainly ensured by packaging [4]. According to the Law of the Republic of Kazakhstan
“On the Use of Atomic Energy” [5], transportation of nuclear materials, radioactive substances and
radioactive waste must be carried out in transport packaging sets (TPS).

There are different types of transport packaging sets (Fig. 1) depending on the radioactive
material being transported, classified into the following types: excepted packaging; industrial
packaging types 1 (IP-1), 2 (IP-2), 3 (IP-3); packaging types A, B, C [6].

In accordance with the rules for the transportation of nuclear materials, radioactive
substances and radioactive waste [7], one of the requirements is to exclude the achievement of a
critical mass under normal, routine and accident transportation conditions.

Nuclear safety during the transportation of radioactive materials in containers will be achieved
under the conditions that the effective multiplication factor ke of an individual package does not
exceed 0.95 under normal, routine and accident transportation conditions.
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TPS-115
Fig. 1 — Transport packaging set

TPS-39M1

Problem formulation

The most frequently transported nuclear materials are fuel pellets made of uranium dioxide
of various enrichments, intended for experimental devices with model fuel assemblies, when
conducting research at reactor and non-reactor installations of the Institute of Nuclear Energy of the
National Nuclear Center of the Republic of Kazakhstan in support of scientific and technical
programs for the development of nuclear energy in the Republic of Kazakhstan. To assemble one
fuel assembly of a model fuel assembly, more than 1 kg of fuel pellets is required. According to [7],
transportation of fuel pellets must be carried out in industrial packaging type 1 (IP-1).

TPS IP-1 (Fig. 2) is a container consisting of a welded body of rectangular cross-section with
a wall thickness of 2 mm, with a removable lid whose thickness is 3 mm. The material of the body
and lid is St3 steel. The container contains a tray with 30 holes designed to accommodate cylindrical
cases. The canisters are used for loading fuel pellets, they are made of stainless steel 12X18H10T.
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Container IP-1 (side view) Tray for canisters (top view, TPS lid not shown)
Fig. 2 — Components of the TPS IP-1

The purpose of this work is to calculate the effective neutron multiplication factor (Ker) to justify
the safety of transportation of uranium dioxide fuel pellets. The main characteristics of the
transported material are presented in Table 1.

Table 1 — Characteristics of transported fuel pellets
Ne Name Enrichment, % Mass, g
1 Pellets UO> 16 1756
2 Pellets UO> 12 1171

It is accepted that transportation of pellets will be carried out inside canisters as part of the
transport packaging set. According to the requirements [7], there are should be not more than 5
grams of fissile nuclides of uranium 235 in each individual package.
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Neutronic calculations and their results

Among the methods for calculating the effective neutron multiplication factor, the most widely
used is the Monte Carlo method, which allows calculations of any materials with a complex geometric
configuration.

In this work, to determine the effective neutron multiplication factor (ker), @ neutronic model
of the TPS was developed, containing canisters with uranium dioxide pellets (Fig. 3), in the MCNP5
program [8] with the ENDF/B-VII nuclear data library. The physical properties of the materials were
borrowed from reference literature [9, 10].

In order to take a conservative approach to calculating kerr, uranium dioxide fuel pellets are
modeled in the form of monolithic cylinders and distributed evenly among all canisters, and the
possible redistribution of fuel pellets with maximum proximity to each other is also taken into account.

Two emergency situations were considered in calculations, taking into account the possibility
of the packaging being flooded with water and the packaging getting into water or snow:

— flooding of TPS IP-1 with water, while there is no water in the canisters;

— complete flooding of the canisters and TPS IP-1 with water.
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Fig. 3 — Calculation model of the TPS IP-1

As a result of neutronics calculations under normal and ordinary transportation conditions,
the effective neutron multiplication factor is 0.0152. In case of partial flooding of the TPS, when water
did not enter the canister, ke = 0.0179. When the transport packaging is completely flooded, the
coefficient ket does not exceed 0.0314.

Conclusions

To establish the safety of transportation of nuclear materials to the research site with model
fuel assemblies, a computational model of the TPS IP-1 transport and packaging container with a
canister containing uranium dioxide fuel pellets was developed. A number of neutronics calculations
have been performed to justify nuclear safety during the transportation of uranium dioxide fuel pellets
inside of a transport packaging set under conditions of normal movement and in the event of a
number of accident situations. In none of the considered accident situations the value of the effective
neutron multiplication coefficient exceeds the limit ke =0.95. Thus, we can assume that in the case
considered, the transportation of nuclear materials is safe and complies with the rules for the
transportation of nuclear materials, radioactive substances and radioactive waste [7]
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AOPOJbIK MATEPUAIIAAPObI TACBIMAINAAY KE3IHOET KAYINCI3AIK HEMN3AEMECI

«KaszakcmaH PecnybnukacbiHbiH ¥nimmbik 0posibik opmarnbifbly PMK «Amom sHepausicbl
uHcmumymsi» ¢hunuarsneiHda xobanaHamelH XoHe iCKe KOCblniFraH peakmopriapObiH KayinciddieiH
Hezi30ey yWwiH KernmezaeH 3epmmeyrep Xypaidinedi. IKcriepumeHmmep pPeakmopribiK XoHe
peakmopdaH mbic 3epmmey KOHObIpfbinapbiHOa xypaisinedi. Ocbl 3epmmeynepdi xy3eee acbipy
ywiH s0porsbiKk mamepuandapdbl onap XypaisinemiH xepae 0eliH macbimanday Kaxem 6051aobl.
Ocbinatiwa s0pornbik mMamepuandapObl mackiManday KayincidlieiH Heeiddey Kaxemminiei
mybiHdalobl. byn xymbicma Ka3zakcmaH PecnybriukacbiHblH 3aHHaMmachkiHa CaUKec SI0pOribiK
Mamepuandapdsl macbsimanday kayincislieiH Hezizdey ywiH HelmpoHdapdbiH muiMmdi kebeto
KoaghgbuyueHmIHiH HelimpoHObIK-bu3UKasibIK ecernnmeyrnepi ycoiHbinFaH. Ecenmeynepde adponbik
MmamepuandapObiH eH Ker macbimMandaHambiH mypi — epmypsi 6alisimbinFaH ypaH duokcudi (UO2)
ombiH mabnemkanapbe! natdanaHbindbl. Tacbivanday ke3iHOe sS0porsbiK Mamepuandapobl
macsimarnday epexernepiHe catikec 1Y-1 munmi Kenikmik-kanmama Komrnekmici natidanaHbiiobl.
S0ponbik mamepuandapObl macbiMandayOblH Karnbinmbl, COHOau-aK agapusifibiK xardalnapbl ypaH
Ouokcudi ombiH mabremkanapbl canbiHFaH Kanmamara CyOblH afblirl Kemy xeHe neHanodapra cy Kipy
MyMKiHOIei eckepinin modesnibdeHdi. Kenikmik-kanimama Komnekmiy muimoi HelimpoHOsl kebeldmy
KkoagppuuyueHmiH (Kag) aHbikmay ywiH ENDF/B-VII sdpornbik depekmep KimarixaHacsimeH MCNP5
b6ardapnamacsiHOa MoHme-Kapio ecenmey a0ici KoridaHblnobl.

TyliH ce3dep: s0posnbliKk Mamepuandap, macbivManday, MoHme Kapno oadici, Kenikmik-
Karnmama KoHmeuHepi, HelimpoHdapdbiH muimdi kebero KoaghgbuyueHm.
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OBOCHOBAHME BE3OIMNMACHOCTU NPU TPAHCNOPTUPOBKE AOEPHbLIX MATEPUAJIOB

B ®@unuane «MHcmumym amomHol 3Hepeauu» HauyuoHanbHO20 50epHO20 ueHmpa
Pecnybnuku KasaxcmaH nposodumcs 6onbwoe kKonudyecmeo uccriedosaHuli 8 0bocHosaHuUe
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be3onacHocmu nPoekmMupyemMbIx U yxxe 88e0EHHbIX 8 SKCrlyamauuro peakmopos. OKCrepuMeHmal
rpoeodsmcs Kak Ha peakmopHbIX, makK U 8HepeakKmopHbIX uccriedosameribCKUx ycmaHosekax. s
ocywiecmerneHuss OaHHbIX uccriedosaHuli 803HUKaem HeobxoOumMocmb MmpaHCcrnopmuposKU
0epHbIXx Mamepuasiog 00 Mecma ux nposedeHusi. Takum obpa3om, 803HUKaem Heobxodumocme
obocHoegaHusi 6e3onacHocmu rnepeeso3KU S0epHbIXx Mamepuanos. B 0daHHol pabome
npedcmasrnieHbl  HEUMPOHHO-bU3UYeCcKUEe  pacdembl  3ahgheKmusHOo20  KoaghghuuueHma
pasMHOXeHUsi HelmpoHoe & o0b6ocHosaHue be3onacHocmu MmpPaHCropmupoBKU SI0epPHbIX
Mamepuarnos, coenacHo 3akoHodamenbcmey Pecnybnuku KasaxcmaH. B pacyemax
ucrionib3oeasics Haubonee 4Yacmo nepesosuMbili 8Uud sIOePHbIX Mamepuarioe — MmOru8HbIe
mabnemku duokcula ypaHa (UO) pasHbix obozauwjeHul. TpaHcriopmupoeKka rpouseodunack ¢
ucrnosib308aHUeM MpPaHCIopPMHO-yNako8oyHo20 Kommnekma muna [1Y-1, 8 coomeemcmeue ¢
npasunamu  mpaHCcriopmuposKku sI0epHbIX Mamepuaros. Modenuposarnuce HopmasibHble U
asapuliHble ycriogusi Nepeso3ku A0epHbIX Mamepuasos, y4umblearouiue 803MOXHOCMU MPOMeYKu
800bI 8 yrakosKy u rnornadaHue 800kl 8 reHaribl ¢ MOoraueHbIMU mabremkamu Quokcuda ypaHa. [nis
onpedernieHUs ahheKkmueHo20 KoahuyueHma pasmMHOXeHUs HelmpoHo8 (Ksg) mpaHCcropmHo-
yrnakogo4YHo20 KoMrisiekma ucronb3osaricsi Memod pacdema MorHme Kapiio e npogpamme MCNPS5,
¢ bubnuomekou s10epHbix daHHbIx ENDF/B-VII.

Knroyeeble cnoea: si0epHbie Mamepuarnbsl, mpaHcriopmuposka, memod MoHme Kaprio,
MpPaHCrIopMHO-yrnako8oYHbIU  KOHMeUHep, KoaghuuueHm 3IPPEKMUBHO20  Pa3MHOXEHUS
HelimpOHO8.
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AHANM3 NOTPEBJIEHUA OCHOBHbIX 3HEPTETUYECKUX PECYPCOB PU
NMPOU3BOACTBE JJIEKTPUHECKOU U TEMJTIOBOU SHEPITMU HA T3aL

AHHOMayus:. B OaHHOM uccriedosaHuu 6b11u U3y4yeHbl rokasamenu
aHepzopesyrnbmamugHocmu pabomei TOL-3 AO «[MaenodapaHepaoy», Komopbkie darom 803MOXHOCMb
omcriexueambs USMEHEHUSI 8 3Hep203ghheKmusHOCMU MEXHOI02UYeCcKo20 rpoyecca. 3mo
rnoseosnssem Habmmodamb, KaK roebIlEHUE 3HEP203hcheKmuHOCMU, 8/1USem Ha 3Hepaemuveckue
xapakmepucmuku o0bopydoeaHus. Takol aHanui3 [0380/i5em mernsoeol 3dHepeoueHmparu
onmuMuU3uposamb C80U 3Hep2emuyeckue pecypcbl U CHU3UMb He2amueHoe eosdelicmeue Ha
OKpy»Karolyro cpedy.
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