
 1 

Establishing a quality assurance program for in-core fuel  
management of the Dalat Nuclear Research Reactor  

using low enriched fuel 
Huynh Ton Nghiem, Le Vinh Vinh, Nguyen Kien Cuong,  

Luong Ba Vien, Pham Quang Huy, Tran Quoc Duong 
Nuclear Research Institute 

01 Nguyên Tử Lực, Dalat, Vietnam  
Abstract 

Quality assurance program for calculating of in-core fuel management of research reactor plays very 
important role in safety operation and effective utilization. The main objective of the program is to 
ensure the safe, reliable and optimum use of nuclear fuel and to meet the reactor utilization, which 
remains reactor operation within the limits imposed by the design safety considerations and the 
operational limits and conditions (OLCs) on the basis of safety analysis. The management of reactor 
core and nuclear fuel must be organized in a coherent way and comply with safety requirements. 

After successfully converting from HEU to LEU fuel for Dalat Research Reactor, a work to be in 
place is to study and implement the management of reactor core and nuclear fuel. This not only helps 
to ensure safety operation and efficient utilization but also contributes to build the safety culture and to 
be valuable experience for other nuclear projects. In addition, the application of the quality assurance 
program for in-core fuel management will contribute to avoid subjective mistakes, to clearly define 
responsibilities and to ensure legacy of expertise, which is also an urgent requirement. 

The selected computer code systems, data libraries and computation models must be fully met the 
requirements for analyzing status and characteristics of reactor core as well as the requirements for 
selecting, verifying and evaluating according to the regulations of the IAEA. 
Keyword: DNRR, MCNP5, REBUS_win, DRRBurn 

1. Introduction 
After 30 years of operational management and exploitation of Dalat nuclear research 

reactor (DNRR), many computer code systems have been studied and applied for the safety 
analysis as well as operation and utilization [1, 2, 3]. Especially in the full core conversion 
project from HEU to LEU fuel, some computer code systems have been used for design 
calculation and safety analysis. Obtained results from the project showed that calculation 
tools were fully met requirements of in-core fuel management as well as in research, safety 
operation and efficient utilization of the DNRR. However, the evaluation of computer code 
systems and data libraries for the DNRR was not fully carried out. Procedures of calculation 
implementation, data storage, etc. are not still approved and released. Therefore, 

- Not having consistency in calculation, 
- Neutronics calculation depending on experience of performers, 
- Not ensure in elimination of errors or mistakes of users, 
- Not ensure in inheritance in research. 
After successfully converting from HEU to LEU fuel for DNRR, a work was in place is to 

study and implement the management of reactor core and nuclear fuel. This not only helps to 
ensure safety operation and efficient utilization but also contributes to build the safety culture 
and to be valuable experience for other nuclear projects. In addition, the application of the 
quality assurance program for in-core fuel management will help to avoid subjective 
mistakes, to clearly define responsibilities and to ensure legacy of expertise, which is also an 
urgent requirement. 

The core and fuel management system must be organized in a coherent way and in 
compliance with safety requirements [4, 5, 6]. The primary objective of core management is 
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to ensure the safe, reliable and optimum use of the nuclear fuel in the reactor, while 
remaining within the limits imposed by the design of the fuel assembly and the design of the 
reactor, on the basis of the safety analysis contained in the SAR and the OLCs derived from 
the safety analysis. The secondary objective is to meet the requirements of the utilization 
programme while keeping the reactor operation within the OLCs. Appropriate methods and 
techniques should be made available and should be utilized to predict reactor behaviour 
during operation. The simulation models, numerical methods and nuclear data should be 
verified, validated and approved. Uncertainties in calculations and measurements should be 
taken into account. 

The building of code system for calculating of core and fuel management must be met: 
- The objective of core management, 
- The safety requirements for core management, 
- Core analysis, 

Which have been made reference to an IAEA document named "Core Management and Fuel 
Handling for Research Reactors, IAEA Safety Standards". A computer code must be 
evaluated before being applied for safety analysis, particularly for licensing purposes. Process 
of evaluation is refered to the document "Safety analysis for research reactors - IAEA Safety 
Reports" and comprising the steps: selection, verification and evaluation. The ability of users 
and their impact on the simulation models must be taken into account through the data 
preparation, verification and evaluation of input files. The code systems selected outside the 
above requirements must also satisfy: 

- Best suited for core management of DNRR, 
- Ability to upgrade the code systems and data library to ensure the update when needed.  

2. Selection and evaluation of the code systems and data library 
The DNRR is a power 500-kW, pool-typed, light water cooled and moderated reactor. It 

was reconstructed and upgraded from the USA made 250-kW TRIGA reactor. The upgraded 
reactor reached the first criticality in November 1983 and has been officially put into 
operation in March 1984. Since the first start-up until September 2007, the reactor was 
operated with core configurations of HEU fuel. From September 2007 to May 2011, the 
reactor was operated with mixed core configurations of HEU and LEU fuel. The full core 
convertion to LEU fuel was conducted from November 2011 to March 2012. The critical core 
with 72 FAs and working core with 92 FAs is shown in Figure 1. 

 
Figure 1. Core configurations with 72 FAs and 92 FAs using LEU fuel 

The experimental study of reactor parameters must be done after any change in working 
configuration to ensure safe operation and effective utilization. The experimental results are 
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also used to validate computer codes, nuclear data libraries and simulation models used in the 
design, operation management and exploitation. The important parameters of the DNRR were 
experimentally determined including: neutron distribution (azimuthal distribution in fuel 
assembly, radial distribution, axial distribution, symmetric distribution of the reactor core and 
absolute neutron flux at irradiation positions); neutron spectra at important positions; control 
rod worths and integral characteristics; reactivity of fuel assemblies and Beryllium rods; void 
effect; temperature reactivity feedback coefficient of moderator; xenon poisoning effect and 
kinetics parameters. The experimental results have been synthesized and established to a set 
of experimental data used as the basis data for selecting, testing and evaluating of computer 
codes and nuclear data libraries. 

Data library Selection 
The selection of data libraries have been done based on ENDF/B, JEFF and JENDL 

library systems with MCNP5 code was used for testing calculation. The testing calculations 
include: infinite multiplication factor for HEU and LEU fuels, neutron spectra and micro 
cross-section of 235U and 238U isotopes depending on energy of HEU and LEU fuels, finite 
multiplication factor for critical configuration and working configuration of the DNRR. 

The calculated results of the infinite multiplication factors of fuels using all three above-
mentioned libraries are fairly consistent with each other (see Table 1). The results using 
ENDF/B7.1 and JEFF3.1 libraries are closer together than those of JENDL4.0 library. The 
calculated results of fuel neutron spectrum and fission cross-sections of 235U from Table 2 
show a little difference between used libraries. For the fission cross section of 238U in the 
thermal energy, the calculated result using JEFF3.1 are significantly larger than those using 
the other two libraries. The calculated results of two critical configurations from Table 3 are 
within acceptable difference. The calculated results show that the nuclear data libraries are 
asymptotic together. The calculated results using ENDF library are always in high reliability 
and closer to experimental values than those using the remained two libraries. Therefore, in 
this study, data library selected for MCNP code is ENDF/B7.1. 

Table 1. Calculated results of infinite multiplication factors of HEU and LEU fuel 
 Fuel type ENDF/B7.1 JEFF3.1 JENDL4.0 

HEU 1.63980  0.00020 1.63891  0.00020 1.64208  0.00020 
LEU 1.63481  0.00020 1.63456  0.00020 1.63717  0.00020 

Table 2. Results of neutron spectrum and fission cross sections 

Library Energy 
group 

Relative flux fission cross 
section 235U (barn) 

fission cross section 
238U (barn) 

HEU LEU HEU LEU HEU LEU 

ENDF/B7.1 
Thermal    5.89   4.87 397.9 379.0 1.202.10-5 1.152.10-5 
Epithermal  12.78 12.60 13.64 13.41 3.494.10-4 3.496.10-4 
Fast    5.84   5.78 1.221 1.221 3.817.10-1 3.841.10-1 

JEFF3.1 
Thermal    5.90   4.87 3.978 379.0 1.895.10-5 1.815.10-5 
Epithermal  12.78 12.61 1.362 13.41 3.413.10-4 3.429.10-4 
Fast    5.28   5.75 1.212 1.212 3.803.10-1 3.818.10-1 

JENDL4.0 
Thermal    5.91   4.88 397.9 379.0 1.202.10-5 1.152.10-5 
Epithermal  12.79 12.61 13.61 13.39 3.528.10-4 3.557.10-4 
Fast   5.91  5.84 1.218 1.218 3.797.10-1 3.811.10-1 

Table 3. Results of two critical configurations 

Configuration ENDF/B6.6 ENDF/B7.1 JEFF3.1 JENDL4.0 
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72 FAs 0.9992 0.9996 1.0025 1.0006 
92 FAs 1.0004 1.0006 1.0019 1.0009 

Computer code system selection 
The candidate computer code systems for selection have been studied and used in 

research and management of DNRR using HEU fuel include: 
- SRAC system (integrated of PIJ, CITATION and COREBN codes)[7, 8]; 
- WIMS/ANL-REBUS system [9, 10]; 
- REBUS_win-MCNP system [11, 12]; 
- MVP/MVP-Burn system [13, 14]. 

Additionally, NJOY code [15] was used to create the libraries for WIMS and MCNP 
codes from ENDF / B7.1, JEFF3.1.1 and JENDL4.0 data libraries. 

A set of data consists of 14 different critical configurations with various control rod 
positions that was established during reactor startup was selected to perform the calculation.  
The calculated results from the four computer code systems show that: 

- Regarding the stability, errors of calculated results using MVP-MVP-Burn and REBUS-
MCNP with real geometric models are  0.12% and  0.10% respectively, while the 
SRAC and WIMS/ANL-REBUS systems with lattice cell geometric models have the 
values of  0.17% and  0.15% respectively in comparison with the average value. 

- In terms of absolute results, average values of multiplication factor of WIMS/ANL-
REBUS and REBUS-MCNP systems using ENDF/B7 library are 0.9997 and 0.9995 
respectively, while the results of SRAC and MVP/MVP-Burn systems using ENDF/B6 
library are 0.9985 and 0.9981 respectively. 

Obviously that the computer code systems using real geometric models and new updated 
libraries give better stability and more consistent with experimental data.  

The calculated results show that all candidate computer code systems have met 
requirements in neutronics calculation of research reactor. Table 4 presents main 
characteristics of the four computer code systems based on the main features of the method, 
geometric models and other features. With it’s advantages toghether with capability of 
personal computers nowadays, REBUS-MCNP have been chosen as main calculation tool in 
the quality assurance program for calculation of core and fuel management of the DNRR. 
With the features of complex geometry and the presence of beryllium in the core as the 
DNRR, only REBUS-MCNP system can fully satisfy the computational requirements. Time 
consuming in calculation of the code can be overcome by using PC cluster on MPI 
environment. 

Table 4. Main characteristics of candidate computer code systems 

Feature SRAC MVP and 
MVP-Burn 

WIMS-ANL and 
REBUS 

REBUS-
MCNP 

Solving equation Neutron 
diffusion 

Neutron 
transport 

Neutron 
diffusion  

Neutron 
transport 

Solving method Finite difference Monte-Carlo Finite difference Monte-Carlo 
Geometry Lattice Real Lattice Real 
Upgrading ability 

- Code None None None Yes 
- Data library None None Yes Yes 

Beryllium poisoning None None None Yes 
Consuming time Short Long Short Long 
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Validation of selected code system and simulation models 
To validate the REBUS-MCNP code system with ENDF data library and the simulation 

models, they were used to calculate almost characteristics of the reactor and compare with the 
experimental data that were mainly gotten during reactor startup with LEU fuel. These 
calculations include: neutron flux distribution and neutron spectrum, control rod worths, 
effective reactivity of fuel assemblies and beryllium rods in the core, xenon poisoning effect, 
and kinetics parameters. 

The results of calculated and experimental thermal neutron fluxes which normalized to 
unit at highest neutron flux in neutron trap are presented in Table 5 and Fig. 2. From these 
results one can see that 

- In radial direction of the reactor core, discrepancy between calculated results and 
experimental data is less than 3%, except two cells 6-4 and 12-2 with larger difference 
about 8%. 

- In axial direction of fuel centerline, the difference between calculated and experimental 
results is about 4% in the range of 15 to 65 cm, but at the top and bottom of fuel 
element the difference becomes larger than 10%. 

- In axial direction at neutron trap, the difference between calculated and experimental 
results is about 4%. 

The calculation of the neutron spectrum and absolute neutron flux in the experimental 
irradiation positions including neutron trap, dry channel 1-4 and two wet channel 7-1 and 13-
2 were carried out. Table 6 presents the maximum values of thermal, epi-thermal and fast 
neutron flux which collapsed from the experimental and calculated neutron spectrum at 
neutron trap of two configurations with 104 HEU and 92 LEU fuel assemblies. The results 
showed that the difference between the calculated and experimental within 5%. 

Table 5. Results of radial thermal neutron flux distribution   
Pos. Relative neutron flux Difference 

(%) Pos. 
Relative neutron flux Difference 

(%) 
 Experiment Calculation Experiment Calculation 

1-1 0.201 0.200 0.52 3-4 0.214 0.219 2.26 
2-2 0.192 0.187 2.85 4-5 0.278 0.285 2.58 
2-3 0.204 0.200 2.37 6-4 0.227 0.246 8.13 
2-7 0.185 0.190 2.38 12-2 0.132 0.143 8.56 
3-3 0.176 0.173 1.31 12-7 0.138 0.142 2.64 

 
Figure 2. Results of axial thermal neutron flux distribution  
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Table 6. Integral neutron flux collapsed to three energy groups at neutron trap 

Neutron flux 
Mixed-core with  104 
HEU fuel assemblies 

Working core with  92 
LEU fuel assemblies 

MCNP5 SANDBP MCNP5 SANDBP 
Thermal (n/cm2.s) 2.298.1013 2.245.1013 2.317.1013 2.296.1013 

Epi-thermal (n/cm2.s) 7.027.1012 7.248.1012 6.520.1012 6.224.1012 
Fast (n/cm2.s) 4.031.1012 4.272.1012 2.563.1012 2.641.1012 

The control rod worths of working configuration with 92 LEU fuel assemblies were 
calculated and compared with experimental data in Table 7. Experimental results are lower 
than the calculated results with the difference less than 7%. 

Table 7. Control rod worths of working core with 92 LEU fuel assemblies 

Control rod 
Effective reactivity ($) Difference 

(%) Experiment Calculation 
Regulating rod 0.495 0.531 6.73 
Shim rod 1 2.966 3.178 6.68 
Shim rod 2 3.219 3.422 5.93 
Shim rod 3 2.817 2.958 4.76 
Shim rod 4 2.531 2.709 6.58 
Safety rod 1 2.487 2.604 4.49 
Safety rod 2 2.195 2.219 1.10 

The calculation of the effective worths of fuel assemblies and beryllium rods at different 
positions in the reactor core was carried out for comparing with experimental values. 
Calculated and experimental results from Table 8 showed that the difference is just within 
0.05$. 

Calculated and experimental results also determined negative value of temperature 
coefficient of reactivity of the working configuration with 92 LEU fuel assemblies that 
confirmed the inherent safety of the reactor core using LEU fuel. 

Table 8. Effective worths of fuel assemblies and beryllium rods 

Pos.  Reactivity ($) Pos. Reactivity ($) 
Experiment Calculation Diff. Experiment Calculation Diff. 

Fuel assemblie 
1-1 0,360 0,344 0,016 4-4 0,403 0,382 0,021 
1-5 0,480 0,437 0,043 4-5 0,527 0,479 0,048 
2-2 0,150 0,146 0,004 6-3 0,055 0,055 0,000 
2-3 0,070 0,070 0,000 6-4 0,460 0,428 0,032 
2-7 0,147 0,132 0,015 8-1 0,340 0,290 0,050 
3-3 0,198 0,197 0,001 13-1 0,418 0,412 0,006 
3-4 0,163 0,162 0,001 13-5 0,261 0,259 0,002 
Beryllium rod 
6-5 0,349 0,392 0,043 1-4 0,130 0,133 0,003 
5-7 0,300 0,304 0,004 6-3 -0,093 -0,138 0,045 
8-8 0,357 0,360 0,003 13-2 0,105 0,128 0,023 

The calculation of negative reactivity by Xenon poisoning was done by calculating the 
presence of Xenon in composition of fuel after 130 h continuous operation at full power and 
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without Xenon after cooling. The reactivity value was calculated about 1.30 $ compared with 
experimental value is about 1.23 $, the difference between two values is 5.8%. Figure 3 
presents the calculation and experiment curves of Xenon poisoning for 60 h operation at full 
power and the next 10 h at low power level. 

 
Figure 3. The calculation and experiment curves of Xenon poisoning 

Table 9 shows the calculated results of kinetics parameters using LEU fuel by VARI3D 
and MCNP5 computer codes and experimental data. The difference between calculated and 
experimental results of the precursor decay constant and fraction of delayed neutron groups is 
about 4% and 5% respectively. These data have been used in transient calculation and safety 
analysis of full core conversion from HEU to LEU fuel of the DNRR. Prompt neutron life 
time for the LEU fuel core is determined of 8.925.10-5s. 

Table 9. Calculated and experimental results of precursor decay constant  
and fraction of delayed neutron group 

Delayed 
neutron 
group 

Precursor decay constant Delayed neutron fraction 
Measured 

value 
Calculated 

value Diff. (%) Measured 
value 

Calculated 
value Diff. (%) 

1 1.358E-02 1.334E-02 1.8 2.648E-04 2.525E-04 4.9 
2 3.251E-02 3.273E-02 0.7 1.363E-03 1.421E-03 4.1 
3 1.236E-01 1.208E-01 2.3 1.315E-03 1.380E-03 4.7 
4 3.141E-01 3.030E-01 3.7 2.902E-03 2.809E-03 3.3 
5 8.182E-01 8.503E-01 3.8 1.204E-03 1.213E-03 0.8 
6 2.847E+00 2.856E+00 0.3 5.033E-04 5.049E-04 0.3 

Sum    7.550E-03 7.580E-03 0.4 

The calculated results of characteristic parameters of the reactor core using LEU fuel 
show that REBUS-MCNP system fully meets the goal of in-core and fuel management 
calculation of the DNRR. 

3. Establishing computer code system for calculation of in-core fuel management 
The computer code system was selected for in-core management of the DNRR includes: 
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- MCNP5: Calculation of neutron flux and reaction rate such as (n, ), (n, f), (n, 2n), (n, 
), (n, d), (n, t); 

- REBUS-Win: Calculation of burn-up and materials of great interest such as beryllium; 
- NJOY and WIMS-ANL codes are used to create and update data libraries; 
- DRRBurn is a computer code programmed by Compaq Visual Fortran language on 

Window operating system to connect code systems and manage the reactor core fuel. 
DRRBurn code was designed for using easily through the interaction between the user 

and the display window on the screen. Simulation models and input files for all the codes in 
the system have been built and evaluated. The code can automatically compose input files 
with core configuration and composition of fuel materials as well as materials in beryllium 
blocks that are updated according to information about changing of core configuration and 
reactor operation history supplied by the user to achieve the consistency in the whole process 
of core and fuel management. Less experienced users can easily use the system while 
avoiding possible errors. 

The diagram of DRRBurn computer code system is presented in Figure 4 with functions 
as follows: 

- Display burn diagrams in radial and axial directions; 
- Display the reactor operation history; 
- Recalculate neutron flux and reaction rate when significantly changed; 
- Calculate burnup for long-time operation periods; 
- Change core configuration; 
- Update runtime of reactor; 
- Storage the entire fuel and core management process. 

 

Update mctal 

Calculate neutron flux 
and reaction rate 

Composition of fuel 
materials and Be in each 

depletion time step 

Update files MCNPCOMP, input, 
a.rebcm, inp 

Update multi group cross sections depending on burn up of 
fission products and lumped fission product 

Update library from evaluated  nuclear data 

Re-calculte neutron flux 
and reaction rate 

New depletion step 
 

Update core 
confguration: files 
FNL, mcnpinpa 

Update historical reactor 
operation:LSCL 

REBUS_win 
Burn up 

DRRBurn 
Fuel management, 

Display 

WIMS-ANL 
Lattice cell calculation 

MCNP5 
Calculate neutron transport 

NJOY 
Nuclear data processing 

Files are updated: 
FNL 
LSCL 
MCNPCOMP 
input 
a.rebcm 
inp 

Storage at each 
depletion time step 
MCNPCOMP 
input 
a.rebcm 
inp 
mctal 
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Figure 4. Diagram of the DRRBurn computer code system 
In the storage system, the input files of MCNP5 code with core configuration and isotope 

components of FAs and beryllium rods were stored after updated. The files named inp_**A 
are the input files of MCNP5 code in which the isotopic composition has been updated after 
each burnup step ** in condition the reactor has just been stopped, i.e. short-lived isotopes 
such as 135Xe are taken into account... The files named inp input_**B is similar to input_**A, 
but in condition the reactor has been stopped for a long time, that is short-lived isotopes with 
strong neutron absorption already decayed. The input files are ready to analyze the 
parameters of the operation. Also the files named MCNPCOM_**A and MCNPCOM_**B 
contain only the isotopic compositions of FAs and beryllium rods updated in the format of 
MCNP code, that can be used to create the file input for other neutron codes. 

The DRRBurn system has been used for in-core fuel management of the DNRR using 
LEU fuel. Figure 5 presents the excess reactivity curve of DNRR from January 2012 to 
March 2014. The difference between calculated and experimental excess reactivity during 2-
year operation time at nominal power is only about 0.08 $. It means that DRRBurn system is 
consistent with the objective of the project. 

 
Figure 5. Excess reactivity curve 

4. Conclusions 
The study work for establishing a quality assurance program for in-core fuel 

management for DNRR were performed. The content of the work includes: 
- Analyzing and evaluating the results of calculation based on experimental data to select 

the most accurate and appropriate data library, computer code systems and simulation 
models for in-core fuel management of DNRR. Two codes MCNP5 and REBUS_win 
were selected together with two codes for creating libraries NJOY and Wims-ANL. 

- DDRBurn code was built to connect code systems and manage the reactor core. 
- Establishing and applying of a quality assurance program for calculation of core and 

fuel management of the DNRR. 
Establishing and applying the quality assurance program together with DRRBurn 

computer code system not only contribute to ensure the safe operation management and 
efficient utilization of the DNRR but also to build safety culture and valuable experience for 
other nuclear projects. 
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SỬ DỤNG NHIÊN LIỆU ĐỘ GIÀU THẤP 

Huỳnh Tôn Nghiêm, Lê Vĩnh Vinh, Nguyễn Kiên Cường, 
Lương Bá Viên, Phạm Quang Huy, Trần Quốc Dưỡng 

Viện Nghiên cứu hạt nhân 
01 Nguyên Tử Lực, Đà Lạt, Việt Nam 

Tóm tắt. 

Chương trình đảm bảo chất lượng trong tính toán quản lý vùng hoạt và nhiên liệu cho lò phản ứng 
nghiên cứu đóng một vai trò quan trọng trong vận hành an toàn và khai thác có hiệu quả. Mục tiêu 
chính của chương trình là đảm bảo sử dụng an toàn, tin cậy và tối ưu nhiên liệu và đáp ứng yêu cầu sử 
dụng, mà vẫn duy trì lò phản ứng hoạt động trong các giới hạn đưa ra từ thiết kế và các giới hạn và 
điều kiện vận hành trên cơ sở phân tích an toàn. Việc quản lý vùng hoạt lò phản ứng và nhiên liệu hạt 
nhân phải được tổ chức một cách chặt chẽ và tuân thủ các yêu cầu về an toàn.  

Sau khi thực hiện thành công việc chuyển đổi nhiên liệu từ nhiên liệu HEU sang nhiên liệu LEU, một 
công việc được đặt ra là nghiên cứu và triển khai tổ chức quản lý vùng hoạt và nhiên liệu cho Lò phản 
ứng Đà Lạt. Việc này không những góp phần đảm bảo quản lý vận hành an toàn và khai thác hiệu quả 
mà còn góp phần xây dựng văn hóa an toàn và là kinh nghiệm quí báu cho các dự án hạt nhân khác. 
Ngoài ra, việc áp dụng một chương trình đảm bảo chất lượng trong việc quản lý vùng hoạt sẽ góp 
phần tránh các sai sót chủ quan, qui định rõ trách nhiệm và đảm bảo tính kế thừa chuyên. 

Các hệ thống chương trình và thư viện được chọn cũng như mô hình tính toán phải đáp ứng đầy đủ 
các yêu cầu trong việc phân tích trạng thái và các đặc trưng của vùng hoạt cũng như các yêu cầu về 
lựa chọn, kiểm tra và đánh giá theo các qui định của IAEA. 

 


