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ABSTRACT 

 
The majority of the neutron data library provided with the MCNP code is set at room temperature. Therefore, it 

is important to generate continuous energy cross section library for MCNP code for different temperatures. To 

evaluate the methodology used, the criticality calculations obtained using MCNP with the cross section 

generated at DEN/UFMG, are compared with the criticality data from the International Handbook of Evaluated 

Reactor Physics Benchmarks Experiments about the PIN lattices for light water reactors. It was used nuclear 

data from the ENDF-VII.1, JEFF-3.1 and TENDL-2014, which were processed using the NJOY99 code for 

different energies and temperatures. This code provides the nuclear data in ACE libraries, which then are added 

to MCNP libraries to perform the simulations.  The results indicate the methodology efficiency developed by 

DEN/UFMG. 

 

 

1. INTRODUCTION 

 

Nowadays, there are different nuclear data libraries used all over the world to encode nuclear 

data evaluations for use in research and nuclear technology [1]. The major libraries are 

ENDF, JEFF, TENDL, BROND, CENDL and JENDL. To process this information into a 

useful form for nuclear applications such as the ones used in MCNP [2], the NJOY99 code 

[3] has been used. Except for some isotopes, the libraries distributed with the MCNP package 

are at room temperature. Nevertheless, due to the Doppler effect, one of the most important 

phenomena in reactor physics, it is important to process nuclear data for a range of 

temperature. In principle, nuclear data processing codes like NJOY can process the single 

differential data at all desired temperatures. However, it is important to verify if the 

methodology used is feasible. The idea in this paper is to validate the DEN/UFMG 

methodology to obtain nuclear data in some temperatures for different isotopes. 

 

In 2006, the Organisation for Economic Co-operation and Development (OECD) published 

the study “Experiment on Regular H2O/Fuel Pin Lattices with Mixed Oxide Fuel at 
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Temperatures 21.1 and 235.9 °C”[4]. This experiment obtains the criticality of a rectangular 

array of a mixed oxide Zircaloy-2-clad fuel rods in light water at room temperature and other 

one at elevated temperature (235.9°C), using the nuclear data library JEFF3.1. This 

benchmark model for KRITZ was chosen because the OECD/NEA performs the simulation 

to calculate the criticality approximating the data to experiment values. Therefore, the results 

obtained from the simulations are a very reliable source of information and allows validating 

the programs and simulations performed at DEN/UFMG. In this work, the goal is to process 

three different nuclear data libraries, ENDF-VII.1, JEFF-3.1 and TENDL-2014, and compare 

the results obtained with those published in [4]. 

 

 

2. METHODOLOGY 

 

The reactor modeled was the KRITZ, which operated at Studsvik, Sweden, during the first 

half of the nineteen-seventies. The experiments were performed in the period from September 

1972 through February 1973[3]. The experiments were made critical at two temperatures 

21.1°C and 235.9°C. These are also the temperatures of the two benchmark models. The 

cross sections of the fuels are plotted for the temperatures and nuclear data library. 

2.1. Geometry 

 

The dimensions of the systems were set depending on the temperature as shown in Table 1 

and Table 2. 

 

Table 1: Dimensions of the Fuel Rod as used in the Benchmark Model [4] 

 

Component (material) Dimensions(cm) 

 at 21.1°C at 235.9°C 

Fuel rod   

Outer diameter 1.0790 1.0803 

Fuel material (PuO2-UO2)   

Diameter 0.945 0.947 

Height 123.20 123.46 

Fuel height under water 66.560 100.01 

Cladding   

Thickness 0.0670 0.06708 

Bottom end plug   

Diameter 0.945 0.94616 

Height 4.600 4.6028 

Stainless steel cylinder   

Diameter 1.0000 1.0037 

Height 8.000 8.0292 
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Table 2: Dimensions of the Core, Water Reflector, Vessel and Tank as used in the 

Benchmark Model [4] 

 

Component Dimensions(cm) 

 at 21.1°C at 235.9°C 

The Core   

Lattice pitch 1.800 1.8066 

Length of core side in west-east direction 45.000 45.164 

Length of core side in north-south direction 43.200 43.358 

Fuel height under water 66.560 100.01 

Water reflector   

∆s=∆w, water reflector thickness on the south and west 

side of core 

9.900 10.092 

∆N, water reflector thickness on the north side of the core 53.900 53.941 

∆E, water reflector thickness on the east side of the core 52.100 52.134 

Water reflector thickness below the core 42.30 42.30 

Vessel and Tank   

Side of the insert-vessel inner part on the inside 107.00 107.39 

tw1, wall thickness of the insert vessel inner part 0.3000 0.3011 

Insert-vessel outer-part inner diameter 153.20 153.76 

Wall thickness of the insert vessel outer part 0.3000 0.3011 

Pressure tank inner diameter 155.80 156.37 

tp, wall thickness of the pressure tank 2.1000 2.1077 

Total extent of the model in vertical direction 240.00 240.00 

 

2.2. Calculations 

 

The MCNP calculations were run with 75,000,000 active histories. A total of 50,000 histories 

per generation were used and 1,520 generations of neutrons. The first 20 generations were 

skipped to obtain a well-distributed neutron source. On the other hand, the cross sections 

were processed by the NJOY99 using three nuclear data libraries [4].  

 

- JEFF 3.1 - The Joint Evaluated Fission and Fusion File (JEFF) is an evaluated library 

produced via an international collaboration of Data Bank member countries 

coordinated under the auspices of the NEA Data Bank. The JEFF-3.1 release contains 

neutron reaction data, thermal neutron scattering law data [5]. 

- ENDF/B-VII.1 - The Evaluated Nuclear Data Formats (ENDF) is a cooperative effort 

of the national laboratories, industry, and universities in the United States and Canada, 

to produce the U.S. Evaluated Nuclear Data File ENDF/B and maintain the ENDF 

format. The ENDF/B-VII release contains neutron reaction data, thermal neutron 

scattering law data [6]. 

- TENDL-2014 - The TALYS-based evaluated nuclear data library (TENDL) is a 

nuclear data library that provides the output of the TALYS nuclear model code system 

for direct use in both basic physics and applications. The TENDL-2014 release 

contains neutron reaction data [7]. 
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The processing temperature for the 21.1°C was 300 K and the thermal scattering for 

hydrogen in water was considered just for the JEFF and the ENDF libraries because they 

provide it and they were taken at 293.6 K. The processing temperature for the 235°C was 

509.5 K and the thermal scattering for the hydrogen was 500 K for the ENDF library and 

523.6 K for the JEFF library according with the respectively availability. 

 

 

2.3. Fuel Composition 

 

The fuel is PuO2-UO2, and the specific composition is presented in Table 3. The amount of 

Pu was measured in June 1962, and the experiment were done in the period from September 

1972 through February, meaning a considerable beta decay of the 
241

Pu to 
241

Am. 

 

Table 3: Fuel composition of the KRITZ simulation [4] 

 

Temperature  21.1°C 235.9°C 

Density (g.cm
-3

)  9.58 9.5194 

Material Isotope 
Atom Density 

(atoms/(barn.cm)) 

Atom Density 

(atoms/(barn.cm)) 

PuO2-UO2 O 4.27249E-02 4.24546E-02 

 
235

U 3.40993E-05 3.38836E-05 

 
238

U 2.10092E-02 2.08763E-02 

 
239

Pu 2.91741E-04 2.89895E-04 

 
240

Pu 2.49899E-05 2.48318E-05 

 
241

Pu 1.39902E-06 1.39017E-06 

 
242

Pu 9.57468E-08 9.51411E-08 

 
241

Am 9.30823E-07 9.24934E-07 

 

 

3. Results 

 

3.1. Cross Sections 

 

The most important nuclides for criticality calculation are the ones on the fuel composition 

such as 
235

U, 
238

U, 
239

Pu, 
240

Pu, 
241

Pu, 
242

Pu and 
241

Am. The cross sections of these nuclides at 

different temperatures for each nuclear data library are presented in the Figs. 1-7. The cross 

section differences are small at the scale plotted. Nevertheless, the changes in the cross 

section lead to a Doppler effect due to the increasing operating temperature, since the fission 

cross-section depends on the relative velocity of the neutrons and atoms. This Doppler effect 

may modify the reactivity of the reactor. Besides, the plots were not together it can be 

appreciated differences between the nuclear data libraries in the cross section axis. One 

example is one of the lower peaks for the Total 
238

U cross section with the JEFF3.1.  
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Figure 1: Total Cross Section for the 

235
U 

 
Figure 2: Total Cross Section for the 

238
U 

 

 
Figure 3: Total Cross Section for the 

239
Pu 
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Figure 4: Total Cross Section for the 

240
Pu 

 
Figure 5: Total Cross Section for the 

241
Pu 

 
Figure 6: Total Cross Section for the 

242
Pu 
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Figure 7: Total Cross Section for the 

241
Am 

 

 

The absorption cross section represents the probability of the neutron being absorbed by the 

nuclei. The absorption cross sections for each isotope of the fuel are presented in Figs. 8-14. 

The absorption cross section for the 
235

U and 
241

Am processing with the TENDL-2014 and 

ENDF/VII.1 libraries respectively ends lower than the other nuclear data libraries. 

 

 

 
Figure 8: Absorption Cross Section for the 

235
U 

 

 
Figure 9: Absorption Cross Section for the 

238
U 
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Figure 10: Absorption Cross Section for the 

239
Pu 

 
Figure 11: Absorption Cross Section for the 

240
Pu 

 

 
Figure 12: Absorption Cross Section for the 

241
Pu 
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Figure 13: Absorption Cross Section for the 

242
Pu 

 

 
Figure 14: Absorption Cross Section for the 

241
Am 

 

The Figs.15 presents the 
235

U differences between the temperatures for each nuclear data 

library. This was made because the data processing for the JEFF3.1 and the ENDF/B-VII.1 

are very similar and they cannot be distinguishing in the same figure. On the other hand, 

Fig.16 and Fig.17 present the 
238

U and 
239

Pu differences between the temperatures and 

nuclear data libraries.    .    

 

 
Figure 15. Total Cross Section Comparison for 

235
U 
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Figure 16. Total Cross Section Comparison for 

238
U 

 

 
Figure 17. Total Cross Section Comparison for the 

239
Pu 

 

 

3.2. Criticality Calculation  

 

The results presented in the benchmark report about KRITZ2:19 were compared with the 

calculation performed at DEN for each nuclear data library, as shown in Table 4 and Table5. 

The TENDL-2014 do not provide thermal scattering data, therefore in the calculations 

performed by this nuclear data library was vanished the hydrogen thermal scattering in H2O. 

The criticality calculations were executed using the inputs attached to the benchmark report 

at each temperature. The first calculation was made at room temperature at 21.1°C, as 

presented in Table 4.  Eq.(1) and Eq.(2) show the relative error percentage and the absolute 

difference of keff respectively, to calculated them it was used the “Measured” value 

(keff=1.0000) as a reference. 

 

       
             

                  
 

            

        (1) 

 

                        
                  

         (2) 
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The minor difference in the calculation performed at DEN/UFMG is for cross section 

processed with the nuclear data library ENDF/B-VII.1 and the highest is for one calculated 

with the TENDL-2014. 

 

Table 4: Criticality calculations at room temperature 21.1°C 

 

Model 

keff 

± standard 

uncertainty 

MCNP 

Standard 

deviation 

Relative error 

percentage 

Absolute 

difference of 

keff (pcm) 

Measured 1.0000±0.0001 - - - 

Experimental 1.0000±0.0015 - - - 

Benchmark model 1.0077±0.0030 
Not 

provided 
5.9000E-03 -770 

Benchmark/ 

JEFF3.1 
1.0023±0.0001 

Not 

provided 
5.2900E-04 -230 

Benchmark/ 

ENDF/B-VII.0 
1.0031±0.0001 

Not 

provided 
9.6100E-04 -310 

DEN/JEFF3.1 1.00366 0.00008 1.3000E-03 -366 

DEN/ENDF/B-VII.1 1.00231 0.00007 5.3361E-04 -231 

DEN/TENDL2014 1.00480 0.00008 2.3000E-03 -480 

 

A second calculation at 235.9°C was performed; the results are presented in Table 5. The 

absolute difference of keff for the TENDL-2014 is the closest value to the measured one. 

Although, the other results have the lower absolute difference and relative error percentage 

than the one presented in the Benchmark model. 

 

Table 5: Criticality Calculations at operating temperature 235.9°C 

 

Model 

keff 

± standard 

uncertainty 

MCNP 

Standard 

deviation 

Relative error 

percentage 

Absolute 

difference 

of keff 

(pcm) 

Measured 1.0000±0.0001 - - - 

Experimental 1.0000±0.0019 - - - 

Benchmark model 1.0055±0.0027 Not provided 3.000E-03 -550 

Benchmark/ 

JEFF3.1 
1.0011±0.0001 Not provided 1.210E-04 -110 

DEN/JEFF3.1 0.99602 0.00008 1.600E-03 398 

DEN/ENDF-VII.1 1.0016 0.00008 2.560E-04 -160 

DEN/TENDL2014 0.99917 0.00007 6.889E-05 83 

 

 

3. CONCLUSIONS  

 

The low relative error and absolute difference of keff show the proximity of the results with 

the one processed with the NJOY99 at DEN/UFMG. It indicates that the reliability of the 

cross section processing for nuclear reactors at operating temperature. The Doppler effect can 

be seen in the cross section processed by NJOY99. Besides, the TENDL-2014 does not 
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provide thermal scattering data for the hydrogen in H2O the results indicates a high proximity 

with the measured value.  
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