Annals of Nuclear Energy 96 (2016) 96-103

Contents lists available at ScienceDirect

Annals of Nuclear Energy

journal homepage: www.elsevier.com/locate/anucene ==

Verification of MCNP6 model of the Jordan Research and Training
Reactor (JRTR) for calculations of neutronic parameters

@ CrossMark

Mustafa K. Jaradat **, Vladimir Radulovi¢ ", Chang Je Park ¢, Luka Snoj®, Salih M. Alkhafaji?

2 Engineering Department, Research Reactor Project/JRTR, Jordan Atomic Energy Commission, Irbid, Jordan
b Reactor Physics Division, JoZef Stefan Institute, Jamova cesta 39, SI-1000 Ljubljana, Slovenia
©Sejong University, 209 Neungdong-ro, Gwangjin-gu, Seoul, Republic of Korea

ARTICLE INFO ABSTRACT

Article history:

Received 28 February 2016

Received in revised form 28 May 2016
Accepted 1 June 2016

The Jordan Research and Training Reactor (JRTR) is a multi-purpose reactor with power of 5 MW cur-
rently under commissioning. The core consists of standard MTR plate type fuel assemblies with low
enriched fuel of 19.75% U-235 enrichment. A new computational model has been developed for JRTR
using the MCNP6 Monte Carlo code. The purpose of this paper is to validate the MCNP6 model by com-
parison of the calculation results of important neutronics parameters like k., flux distribution, kinetics
parameters, power peaking factors, and control rod worth to the reference results which were obtained

Keywords: by the McCARD Monte Carlo code and presented in the safety analysis report. Same modeling assump-
JRTR ; . . . ; 5
Neutronic tions were adopted in the MCNP6 model in order to check the computational differences. In addition var-
Koy ious up-to-date nuclear data libraries were used in calculations to assess their effect on calculated
Criticality quantities. The calculation results showed good agreement and the difference in the effective multiplica-
Flux tion factor is up 50 pcm.
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1. Introduction

The Jordan Research and Training Reactor (JRTR) will be the first
nuclear reactor in Jordan and will be mainly utilized for the pur-
pose of training and education as well as radioisotope production.
The JRTR is a multi-purpose open-tank-in-pool type reactor with
nominal power of 5MW upgradable to 10 MW. It uses low
enriched (LEU) Uranium Silicide (UsSi,) as a fuel with enrichment
of 19.75 wt%. The JRTR core consists of standard MTR plate-type
fuel assemblies; each assembly is composed of 21 fuel plates. Each
fuel plate is composed of a central fuel region - the fuel meat, sur-
rounded by aluminum cladding. The fuel meat is made of fine and
homogeneous dispersion of UsSi, particles in a continuous alu-
minum matrix with a uranium density of 4.8 gU/cm? (Jaradat
et al., 2015). The reactor core consists of 18 fuel assemblies which
have the same U-235 enrichment and uses 4 different fuel densi-
ties for the initial core (Alawneh et al., 2014).

The JRTR has 4 control absorber rods (CARs) to control the reac-
tor using Hafnium absorber, and 2 second shutdown rods for safe
trip of the reactor using Boron Carbide. The reactor is light water

* Corresponding author.
E-mail address: mustafa jaradat@jaec.gov.jo (M.K. Jaradat).

http://dx.doi.org/10.1016/j.anucene.2016.06.003
0306-4549/© 2016 Elsevier Ltd. All rights reserved.

moderated and cooled and reflected with two types of reflector,
beryllium in the core region and heavy water in the region outside
the core, as shown in Fig. 1. The fuel density distribution in the core
is shown in Fig. 2. The JRTR has a central flux trap, 4 beam ports, a
thermal column, and several irradiation holes in core and outside
of the core which will be utilized in the future. The most important
parameters of the reactor are given in Table 1 (JRTR-FSAR, 2014).

The design and calculation of the neutronic parameters of the
JRTR were performed using Monte Carlo Calculation code McCARD
for the initial, transition, and equilibrium cores at the beginning
and end of each cycle (BOC, EOC). The McCARD code (Shim et al.,
2012) is a Monte Carlo neutron and photon transport simulation
code. It has been developed exclusively for the neutronics design
of nuclear reactors and fissile systems. It is capable of performing
full core neutronics calculations, reactor fuel burnup analysis,
few-group diffusion theory constant generation, sensitivity and
uncertainty analyses and uncertainty propagation analyses. It has
some special features such as real variance estimation, neutronics
analysis with temperature feedback, kinetics parameter calculation
and Monte Carlo sensitivity and uncertainty analysis based on the
use of adjoint flux.

The purpose of this work is to present the JRTR computational
model in MCNP6 (Pelowitz et al., 2013) and validate it by
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Fig. 1. JRTR core configuration top view with the irradiation positions.
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Fig. 2. JRTR initial core FAs distribution with different uranium/fuel densities.

comparing MCNP6 results with the reference results obtained by
McCARD for the most important neutronic parameters of the core,
i.e. k-eff, power peaking factors, kinetics parameters, control rod
worths, neutron flux profiles. All calculations described in the
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FA: Fuel Assembly

Be: Beryllium Reflector

CAR: Control Absorber Rod

SSR: Second Shutdown Rod

IRO: Central Flux Trap

IR1~14: Irradiation Holes

NTD1~3: Neutron Transmutation Doping

NAAL~3: NeutronActivationAnalysis

LH1~3: Large Irradiation Hole

OR1~7: Outer region irradiation holes

ST1,2: Standard Beam Tubes

CNS: Cold Neutron Source

NR: Neutron Radiography

TH: Thermal Column

Pink Color: Aluminum Plug

Blue Color: Water Filled

Table 1
Major parameters of the JRTR core, fuel assembly and fuel plate.

Reactor core Data
Number of fuel assembly sites 18
Number of irradiation sites in the Be reflector 12
Number of control absorber rods 4 (Hf)
Number of second shutdown rods 2 (B4C)
Number of beam tubes 4
Reactor power 5 MW
Fuel meat, plate and assembly Data
Fuel meat thickness 0.51 mm
Cladding thickness 0.38 mm
Fuel plate thickness 1.27 mm
Fuel plate width 70.7 mm
Fuel plate length 680 mm
Coolant channel thickness 2.35 mm
Number of fuel plate/Fuel assembly 21
Fuel assembly width 76.2 mm
Fuel assembly height 1015 mm
Material property Data
Fuel meat UsSiy—Al
Uranium density in fuel meat 4.8 gU/cm®
Fuel meat density 6.543 g/cm?
Cladding Aluminum alloy
Cladding density 2.7 g/lem®

paper are performed using the MCNP6 code which is a general-
purpose, continuous-energy, generalized-geometry, time depen-
dent, Monte Carlo radiation-transport code designed to track many
particle types over broad ranges of energies. MCNP6 represents the
culmination of a multi-year effort to merge the MCNP5 and MCNPX
codes into a single code comprising all features of both. MCNP6
includes several significant new capabilities such as depletion,
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