
VINATOM-AR 14--06 

 

The Annual Report for 2014, VINATOM 

 
75 

COMPLETION OF THE EXPERIMENTAL EQUIPMENT SYSTEMS                      

AND PREPARATION OF PRACTICAL TUTORIALS ON THE DALAT 

NUCLEAR RESEARCH REACTOR FOR NUCLEAR SCIENCE                               

AND TECHNOLOGY EDUCATION 
 

Le Vinh Vinh, Huynh Ton Nghiem, Luong Ba Vien, Nguyen Minh Tuan, Nguyen Kien Cuong,                    

Pham Quang Huy, Tran Tri Vien, Nguyen Manh Hung, Tran Quoc Duong, Vo Đoan Hai Đang,                   

Trang Cao Su and Vo Van Tai. 

Nuclear Research Institute, 01 Nguyen Tu Luc street, Dalat, Lamdong  

 

 

 

 

 

 

 

ABSTRACT: The project "Completion of the experimental equipment systems and preparation of practical 

tutorials on the Dalat Nuclear Research Reactor for nuclear science and technology education” performed by 

Dalat Nuclear Research Institute and financed by Ministry of Science and Technology aimed at strengthening 

the training capability of nuclear human resources. The content of this work includes: i) Improvement of 

experimental equipment; ii) Compilation of training material for experiments with the improved equipment 

systems on the reactor; iii) Compilation of training material for reactor calculations includes the following 

areas: neutronics, hydrothermal, safety analysis and accident consequence analysis. Results of the project 

provide important conditions to support practical educational and training curriculums in nuclear science and 

technology. 
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1.  INTRODUCTION 

Vietnam is in the stage of preparation for the national program on the use of nuclear energy 

for peaceful purposes, including construction of new research reactor and nuclear power plants. 

Therefore, the training of human resources to meet the program’s requirements is very necessary 

and urgent. For the purpose of research and training in the nuclear technology, research institutes or 

universities in the world are equipped reactor or critical structure and associated laboratories. In 

recent years some universities such as Electric Power University, Hanoi National University, 

HoChiMinh National University, Dalat University have implemented nuclear technology education. 

The investment in facilities for the training of nuclear technology from the beginning would require 

a very large amount of funding, so most of the facilities are still lacking on the experimental 

equipment to ensure minimum demands. 

The Nuclear Research Institute (NRI) is the only research and training facility in the country 

to be adequately equipped with the nuclear research reactor and laboratories of nuclear physics, 

chemistry, radiation technology, etc. After 30 years of operational management and utilization of 

Dalat Nuclear Reactor, the experimental equipment has been developed for the purpose of research 

and safety operation [3, 4, 5]. However to meet the training purpore, the equipment needs to be 

improved. Especially, with the competent staffs, the institute will contribute positively and is very 

suitable place to become a training center, supporting the others for training of nuclear human 

resources in Vietnam.  

Project information: 
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The content of project includes: 

- Improvement of experimental equipment. 

- Compilation of training material for experiments with the improved equipment systems 

on the reactor. 

- Compilation of training material for reactor calculations includes the following areas: 

neutronics, hydrothermal, safety analysis and accident consequence analysis. 

2.  IMPROVEMENT OF EXPERIMENTAL EQUIPMENT 

The experimental equipment was improved on the basis of the equipment that has been used 

for purposes of research and safe operation of the reactor. The mounting and positioning structures 

has been designed and installed to ensure the safety and flexibility of the experiments. A solid 

framework will be fited in the oval window of the reactor and is used for most of the equipment 

systems. Each specific system will have its own structure to fix the device with this framework. The 

equipment for measurement of neutron distribution by self-powered neutron detector (SPND) was 

first put to use at the Dalat reactor. 

The equipment systems were improved for training purposes include:  

- Equipment system for measuring fuel rod surface temperature. 

- Equipment for measurement of neutron thermal flux density and spectrum by neutron 

activation technique. 

- Two systems for measurement of distribution of neutron flux using SPNDs. 

- Two systems for neutron flux density measurement with fission chambers 

- Two systems for neutron flux density measurement using compensated ionisation 

chambers. 

- System for measurement of gamma spectrum of irradiated fuel assemblies. 

For example, Figure 1 shows the design and installation of the system for measurement of 

gamma spectrum of irradiated fuel assemblies. 

 

Figure 1: System for measurement of gamma spectrum of irradiated fuel assemblies. 
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3. COMPILATION OF TRAINING MATERIAL FOR EXPERIMENTS ON 

REACTOR 

Based on the above-mentioned equipment systems, some experimental excercises on the 

reactor were selected and the companying tutorials were compiled as well. The selected excercises 

are very basic and important experiments in the training of reactor technology. 

3.1. Measurement of fuel surface temperature [6, 7]  

The fuel surface temperature is an important parameter related to the reactor safety and has 

extremely been concerned in reactor design and operation. In most research reactors, the onset of 

nucleate boilling can be considered as the first concern to ensure the safety limits is not violated. 

The measured fuel surface temperature gives us to confirm the reactor operating in safe condition. 

In addition, experimental data of the fuel surface temperature is used for evaluating and adjusting 

the thermal-hydraulic calculations and safety analysis. 

3.2. Measurement of thermal neutron flux distribution and density by neutron 

activation technique [1, 2] 

The thermal neutron flux distribution and density is used for calibration of the experimental 

channels, assessment of absolute power and determination of the maximum power point. It is also 

important for users to determine thermal flux density at the irradiation positions. The flux density 

distribution is proportional to the power, so we can determine the reactor power by measuring the 

relative flux distribution and absolute flux density at a given position. Compared with ionization 

chambers or fission chambers, the foil activation technique has some advantages as insensitive to 

gamma rays and can be used in places where others can not due to their small size. 

3.3. Measurement of neutron spectrum 

Neutron spectrum is an important parameter for the utilization of the reactor. Therefore, the 

neutron spectrum in some positions has to be identified to confirm the ability of reactor utilization 

when core configuration changes. At the same time, the neutron spectrum is also used to assess the 

accuracy of the calculation methodology as well as the libraries used in the neutronics calculations. 

The neutron spectrum measurment was performed by activating the foils with cross section in the 

threshold energy. The SANDII code with iterative perturbation method is used to obtain a best fit 

neutron spectrum for a given input set of foil activities. The calculational procedure consists of the 

selection of a known flux spectrum form to serve as the initial approximation to the solution, and 

subsequent iteration to a form acceptable as an appropriate solution.  

3.4. Measurement of neutron flux distribution using SPND 

The principle of measuring the electron generated from the reaction (n, β) has been studied 

and recognized since 1938. The neutron detector without an external power source was published in 

1961, but the practical application in neutron flux measurement technique was first published in 

1964. SPNDs have been used effectively as in-core flux monitors for over twenty-five years in 

nuclear power reactors world-wide. 

In SPNDs, the interactions of neutrons and atomic nuclei are used to produce a current 

which is proportional to the neutron flux. Compared to other in-core detectors, they feature some 

advantages: need no power supply; simple and robust structure; relatively small mechanical “size” 

desired for in-core installation; good stability under temperature and pressure conditions; generate a 

reproducible linear signal; low burn-up (dependent on emitter material). In addition, there are also 

some disadvantages: limited operating range due to relatively low neutron sensitivity; compensation 

for background noise required (for some emitters); delayed signal response (for some emitters).   
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3.5. Critical experment 

Safety is the top requirement in reactor operation. The criticality condition is an important 

safety design parameter in any type of reactor and the approach to criticality is the most 

fundamental experiment in reactor technology. When a reactor is initially loaded with fuel, the 

amount of fuel necessary for reactor criticality is usually not known very accurately. Therefore, the 

prediction of the critical mass by neutronics calculations is necessary for the safe loading of fuel. 

The physical characteristics of a nuclear reactor as well as the validation of the calculation methods 

and the nuclear data employed may also be better understood by the comparison of the predicted 

and measured critical mass. This experiment aims to help trainees to understand the process of 

loading through the determination of the position of the control rods when the reactor reaches 

critical by measuring the neutron flux while gradually withdrawing control rods. 

3.6. Control rod calibration 

The reactivity of reactor changes during operation due to various causes. The operating 

reactor has always to be kept in critical condition (in this case its reactivity is zero) using control 

rods. The determination of excess reactivity and shut-down margin of a reactor is one of the strictest 

requirements for safe reactor operation. Thus, control rod calibration of a new built core is the most 

essential experiment to be performed immediately after the approach to criticality. 

The integral characteristic reactivity curves of the control rod play an important role in 

managing the safe operation of the reactor. Based on these curves, the parameters such as shut-

down margin, excess reactivity, reactivity temperature coefficients, reactivity of xenon poisoning, 

etc. can be determined. There are several methods for determining the integral characteristic 

reactivity curve of a control rod. The selection of method depends on the reactor type, the individual 

rod values, the available instrument and time. The current methods are: 

- Determination of reactivity based on the reactor period measurement; 

- Rod calibration in a sub-critical system; 

- Inter calibration method; 

- Rod drop method. 

3.7. Measurement of reactor parameters using noise technique [9, 10, 11, 12, 13]
 

Noise is a general concept to refer to the noise or interference and the measure signal 

overlaped, it exists independently with the measure signal and is difficult to be eliminated. 

However, in many cases, the noise contains important information related to the internal kinetic 

characteristics of systems we need to study. Noise techniques are widely used in many fields of 

science and technology. On the reactor, this technique is also used to measure the kinetic 

parameters, reactor power, boiling phenomenon recognization, etc. 

This experiment includes: 

- Learn the basis of experimental methods to determine the power spectral density (PSD) 

and cross power spectral density (CPSD) fuctions of measure signal; 

- Measure the experimental Rossi-α quantity (





eff
 ) in the subcritical state to 

determine the ratio (


eff


); 

- Measure the reactivity by using PSD function. 
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3.8. Burnup Measurement of irradiated fuel using gamma spectrometry technique [14, 

15, 16, 17]
 

Gamma spectroscopy of irradiated fuel allows us to obtain much information as power or 

flux distribution, fuel burnup, ect ... The burnup of the fuel assemblies is a important parameter 

need to determine in reactor operation and management for the purpose of the safety operation and 

effective utilization. The burnup can be determined by calculation and experimental measurement. 

For the Dalat Reactor, MCNP and REBUS-PC codes are used to manage the burnup of fuel 

assemlies. Advantage of calculation is determination of fuel burnup performed for all fuel 

assemplies at all times. Experimental methods are complementary for calculations to validate the 

calculated results. 

There are many methods to measure burnup with different advantages and disadvantages. 

The non-destructive methods often used in research reactors are measurement of reactivity and 

gamma spectroscopy. The method uses the gamma spectroscopy to mearsure absolutely activity of 

fission product as 
137

Cs or activity ratios of a secondary fission product to primary one (e.g. 
134

Cs / 
137

Cs or 
154

Eu / 
137

Cs).  

4. COMPILATION OF TRAINING MATERIAL FOR REACTOR CALCULATIONS
 

The computer code systems were selected for training cover almost areas of reactor design 

calculation and have been used for HEU to LEU conversion as well as core management of the 

Dalat reactor. The compiled training materials of the code systems include the following areas: 

- Neutronics calculation: SRAC code system; WIMS-ANL/REBUS code system; MCNP 

code.  

- Hydrothermal calculation: PLTEMP code; COBRA code. 

- Safety Analysis: RELAP code. 

- Accident consequence analysis: MACCS2 code.  

4.1. SRAC code system [18] 

SRAC is a general purpose neutronics code system applicable to core analyses of various 

types of reactors, including cell calculation with burn up, core calculation for any type of thermal 

reactor. The core burn up calculation and fuel management were done by an auxiliary code. Since 

the first publication of JAERI in 1986, a number of additions and modifications were made for 

nuclear data libraries and programs. Many new functions and data are implemented to support 

nuclear design studies of advanced reactors.  

Collision probability method, 1D and 2D Sn for cell calculations; 1D, 2D and 3D diffusion 

for core were used in SRAC. The system consists of several nuclear data libraries derived from 

ENDF/B-IV-VI, JENDL-3.1, JENDL-3.2, and JEF-2.2. Five modular codes are integrated into 

SRAC: collision probability calculation module (PIJ) for 16 types of lattice geometries, Sn transport 

calculation modules (ANISN, TWOTRAN), diffusion calculation modules (TUD, CITATION) and 

two optional codes for fuel assembly and core burn-up calculations (ASMBURN, COREBN). 

4.2. WIMS/REBUS code system [19, 20] 

The WIMS code has been used extensively throughout the world for lattice physics analysis 

of power and research reactor. There are many WIMS versions currently in use. The D4 version 

was selected by the Reduced Enrichment Research and Test Reactor (RERTR) program. It was 

chosen for the accurate lattice physics capability and for an unrestricted distribution privilege. The 

RERTR program has added three important features: the capability to generate up to 20 broad-
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group burnup-dependent macroscopic or microscopic ISOTXS cross-sections for each composition 

of the unit cell; an ENDF/B-V based nuclear data library; and a SUPERCELL option.  

WIMS uses transport theory to calculate the neutron flux as a function of energy and spatial 

location in a one-dimensional cell. Two main transport options that are most frequently used are 

DSN (discrete ordinates) and PERSEUS (collision probabilities). The transport solution can be 

performed with any user specified intermediate group structure up to the number of library groups. 

The SUPERCELL option was developed to generate cross-sections for strong absorbers or unusual 

fuel assembly designs and includes a generalized Sn option.  

The RERTR Program uses REBUS-PC code to provide reactor physics and core design 

information such as neutron flux distributions in space, energy, and time, and to track isotopic 

changes in fuel and neutron absorbers with burnup. The code is very general codes with 1D, 2D, 

and 3D neutronics capabilities, and with complete fuel shuffling capabilities. While it incorporates 

the same neutronics capabilities from DIF3D 9.0, REBUS-PC has numerous changes and 

enhancements directed toward the needs of the thermal reactor analyst. 

REBUS will handle both equilibrium and non-equilibrium problems using a number of 

different core geometries including triangular and hexagonal mesh. The neutronics solution may be 

obtained using finite difference, nodal diffusion-theory and variational nodal transport methods. 

Fuel management is completely general for nonequilibrium problems.  

4.3. MCNP code [21, 22, 23] 

MCNP is a general-purpose Monte Carlo N-Particle code that can be used for neutron, 

photon, electron, or coupled neutron/photon/electron transport. Specific areas of application 

include, but are not limited to, radiation protection and dosimetry, radiation shielding, radiography, 

medical physics, nuclear criticality safety, detector design and analysis, nuclear oil well logging, 

accelerator target design, fission and fusion reactor design, decontamination and decommissioning. 

The code treats an arbitrary three-dimensional configuration of materials in geometric cells. 

Pointwise cross-section data typically are used, although group-wise data also are available. 

For neutrons, all reactions given in a particular cross-section evaluation (such as ENDF/B-VI) are 

accounted for. Thermal neutrons are described by both the free gas and S(alpha,beta) models. For 

photons, the code accounts for incoherent and coherent scattering, the possibility of fluorescent 

emission after photoelectric absorption, absorbtion in pair production with local emission of 

annihilation radiation, and bremsstrahlung. A continuous-slowing-down model is used for electron 

transport that includes positrons, k x-rays, and bremsstrahlung but does not include external or self-

induced fields. 

Important standard features that make MCNP very versatile and easy to use include a 

powerful general source, criticality source, and surface source; a rich collection of variance 

reduction techniques; a flexible tally structure; and an extensive collection of cross-section data. 

The capability to calculate keff eigenvalues for fissile systems is also a standard feature. 

4.4. PLTEMP/ANL code [24] 

PLTEMP/ANL obtains a steady-state flow and temperature solution for a nuclear reactor 

core, or for a single fuel assembly. It is based on an evolutionary sequence of “PLTEMP” codes in 

use at Argonne National Laboratory (ANL) for the past 20 years. Fueled and non-fueled regions are 

modeled. Each fuel assembly consists of one or more plates or tubes separated by coolant channels. 

The temperature solution is effectively 2-dimensional. It begins with a 1-dimensional solution 

across the fuel plates/tubes within a given fuel assembly at the entrance to the assembly. The 

temperature solution is repeated for each axial node along the length of the coolant channel. The 

geometry may be either slab or radial, corresponding to fuel assemblies made from a series of flat 

(or slightly curved) plates, or from nested tubes. A variety of thermalhydraulic correlations are 
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available with which to determine safety margins such as onset of nucleate boiling (ONB), 

departure from nucleate boiling (DNB), and onset of flow instability (FI). Coolant properties for 

either light or heavy water are obtained from functions rather than from tables. The code is intended 

for thermal-hydraulic analysis of research reactor performance in the sub-cooled boiling regime. 

Both turbulent and laminar flow regimes can be modeled. Options to calculate both forced flow and 

natural circulation are available.  

4.5. COBRA-EN code [25] 

COBRA-EN is an upgraded version of the COBRA-3C/MIT for thermal-hydraulic transient 

analysis of reactor core. Starting from a steady state condition in a LWR core or fuel element, the 

code allows simulating the thermal-hydraulic transient response to user-supplied changes of the 

total power, of the outlet pressure and of the inlet enthalpy and mass flowrate. 

The thermal-hydraulic homogeneous model of COBRA-EN is based on three partial 

differential equations that, using what is known as "subchannel approximation", describe the 

conservation of mass, energy and momentum vector in axial and lateral directions for the water 

liquid/vapor mixture and the interaction of the two-phase coolant with the system structures. 

Optionally, a fourth equation can be added which tracks the vapor mass separately and which, along 

with the correlations for vapor generation and slip ratio, replaces the subcooled quality and 

quality/void fraction correlations, needed to extend the capabilities of the essentially homogeneous 

three-equation model. 

4.6. RELAP5 code [26, 27, 28, 29, 30, 31] 

RELAP5 code is developed at the Idaho National Laboratory (INL) for the U.S. Nuclear 

Regulatory Commission (NRC). The U.S. Department of Energy (DOE) began sponsoring 

additional RELAP5 development in the early 1980s to meet its own reactor safety assessment 

needs. Following the accident at Chernobyl, DOE undertook a re-assessment of the safety of all of 

its test and production reactors throughout the United States. The RELAP5 code was chosen as the 

thermal-hydraulic analysis tool because of its widespread acceptance. 

RELAP5 allows for the simulation of the full range of reactor transients and postulated 

accidents, including: trips and controls; component models (pumps, valves, separators, branches, 

etc.); operational transients; startup and shutdown; maneuvers (e.g. change in power level, 

starting/tripping pump); small and large break; loss of coolant accidents (LOCA); anticipated 

transient without scram (ATWS); loss of offsite power; loss of feedwater; loss of flow; light water 

reactors (PWR, BWR, APWR, ABWR, etc.); heavy water reactors (e.g. CANDU reactor); gas-

cooled reactors (VHTGR, NGNP); liquid metal cooled reactors; molten-salt cooled reactors. 

RELAP5 is a transient, two-fluid model for flow of a two-phase vapor/gas-liquid mixture  

that can contain non-condensable components in the vapor/gas phase and/or a soluble component in 

the liquid phase. The multi-dimensional component in RELAP5-3D was developed to allow the 

user to more accurately model the multi-dimensional flow behavior that can be exhibited in any 

component or region of an LWR system. Recent developments have incorporated viscous effects in 

multi-dimensional hydrodynamic models. Temperature-dependent and space-dependent thermal 

conductivities and volumetric heat capacities are provided in tabular or functional form either from 

built-in or user-supplied data. There is also a radiative/conductive enclosure model, for which the 

user may supply/view conductance factors.  

There are two options that include a point reactor kinetics model and a multidimensional 

neutron kinetics model. A flexible neutron cross section model and a control rod model have been 

implemented to allow for the complete modeling of the reactor core. The decay heat model 

developed as part of the point reactor kinetics model has been modified to compute decay power for 

point reactor kinetics and multi-dimensional neutron kinetics models. 
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4.7. MACCS2 code [32, 33, 34] 

MACCS2 is under development at Sandia National Laboratories (SNL). Since the issuance 

for nuclear facility accident analysis, MACCS2 has been used for DOE applications primarily as a 

tool for deterministic consequence analysis. This information is used to support decision-making on 

control selection in nuclear facilities, specifically identification of safety structures, systems, and 

components. 

MACCS2 predicts dispersion of radionuclides by the use of multiple, straight-line Gaussian 

plumes. The direction, duration, sensible heat, and initial radionuclide concentration may be varied 

from plume to plume. Crosswind dispersion is treated by a multi-step function and both wet and dry 

deposition features can be modeled as independent processes. For safety analysis applications, the 

user can apply either the stratified random sampling mode or the Latin Hypercube Sampling mode 

to process one year of site-specific meteorological data, with the former approach encouraged for 

current applications. Based on the meteorological sampling of site-specific data, and application of 

user-specified dose and/or health effects models, complementary cumulative distribution functions 

are calculated for various measures of consequence. The average, median, 95th, and 99.5th 

percentile consequences are provided in the output. 

The code used to calculate dispersion of radioactive material to the environment and the 

population. The code uses a dose-response model to determine the health consequences of a severe 

accident in terms of early fatalities (how many people in a population would die in the weeks or 

months following exposure) and latent cancer risk (how many people in a population would 

contract a fatal cancer as a result of exposure). MACCS2 is a fully integrated, engineering-level 

computer code developed to analyze the off site consequences of an accidental atmospheric release 

of radioactive material. MACCS2 analyses results include land contamination areas and levels of 

contamination, doses to individuals and populations, health effects and risks, and economic losses 

resulting from an accident.  

5.  CONCLUSIONS 

From the results of the project, the training ability of the NRI has improved. The 

experimental equipment is more perfect that allowed to practice on the reactor from basic level as 

critical experment, control rod calibration, measurement of thermal neutron flux distribution and 

density to advanced level as measurement of neutron spectrum, measurement of reactor parameters 

using noise technique, measurement of fuel surface temperature, burnup measurement of irradiated 

fuel using gamma spectrometry technique.  

The compilation of training material for reactor calculations was performed. The code 

systems selected to compile cover almost areas for reactor calculations and have been used for 

Dalat reactor calculations. The code systems include the following areas: neutronics calculation, 

hydrothermal calculation, safety analysis and accident consequence analysis.  

With the competent staffs, the reactor technology training at the NRI can combine theory 

letters as reactor physics, hydrothermal, safety analysis … with the experiments on the reactor and 

the calculation codes. This combination will help trainees better understand the knowledge of 

reactor technology. However, the hydrothermal experiments are still deficient by requiring a large 

amount of funds to strengthen the equipment. 

Using all training abilities at home country before sending abroad for advanced training on 

the technology systems of nuclear power plants will shorten time as well as save funding for 

training of nuclear human resources. 
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