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ABSTRACT
TRIGLAV-W is a program package for reactor calculations of TRIGA Mark II research
reactor cores. This program package runs under Microsoft Windows operating system and has
new friendly graphical user interface (GUI). The main part of the package is the TRIGLAV
code based on two dimensional diffusion approximation for flux distribution calculation. The
new GUI helps the user to prepare the input files, runs the main code and displays the output
files. TRIGLAV-W has a user friendly GUI also for the visualisation of the calculation
results. Calculation results can be visualised using 2D and 3D coloured graphs for easy
presentations and analysis.
In the paper the many options of the new GUI are presented along with the results of
extensive testing of the program. The results of the TRIGLAV-W program package were
compared with the results of WIMS-D and MCNP code for calculations of TRIGA
benchmark. TRIGLAV-W program was also tested using several libraries developed under
IAEA WIMS-D Library Update Project.
Additional literature and application form for TriglavW program package beta testing
can be found at http://www.rcp.ijs.si/triglav/.
1

INTRODUCTION

The backbone of the TRIGLAV-W program package with the GUI is original
TRIGLAV program package developed between the years 1998 [1] and 2001 [2]. TRIGLAV
program package main purpose is reactor calculations of mixed cores in TRIGA Mark II
research reactor. It can be applied for fuel element burnup calculations, for power and flux
distributions calculations and for critically predictions [3].
The program is based on four group time independent diffusion equation in two
dimensional cylindrical (r,θ) geometry. Diffusion equation is solved using finite differences
method with iteration of fission density. Material constants are assumed to be step functions
of local variables in r and θ. Neutron up-scattering to higher energy groups is taken into
account and is not neglected.
The geometry of mesh points in the program is adjusted to cylindrical core arrangement
of the TRIGA Mark II reactor. Every fuel and non-fuel element position in the core is treated
as a unit cell. Group constants for all unit cells are calculated with neutron transport code
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WIMS-D [4], which is totally integrated in the program package. The integration of these
different parts of the program and general structure of the main TRIGLAV program package
is schematically presented in Figure 1. The group constants are calculated for every unit cell
and for each diffusion calculation separately and they take into account several parameters
(e.g. fuel element type, fuel element enrichment, fuel poisoning, burnup, temperature …).
Since the detailed description of the complete TRIGLAV solution method is beyond the scope
of this work, interested reader can find more about TRIGLAV calculation method, used fuel
element models and burnup calculation in the original TRIGLAV code manual [1] and several
papers dedicated to TRIGLAV itself [3][5].

Figure 1: Schematic flow-chart of the TRIGLAV program package.
TRIGLAV with its graphical users interface (GUI) for Microsoft Windows is called
TriglavW. The main motivation for developing TriglavW was to help the user in preparation
of the input files needed for TRIGLAV and to help the user to better control the computation
process presented in Figure 1. TriglavW was developed to help users in preparation of
TRIGLAV input files (e.g. TRIGLAV.INP and ELEM.INP – see Figure 1), for easy
organization of its output files and for rapid and user friendly running of the code. TriglavW
is also very useful for viewing and for visualisation of the results from the TRIGLAV
program. TriglavW can produce 2D color schemes of different TRIGLAV output parameters
(e.g. fuel burnup distribution, fission power distribution ...) and different 3D plots (e.g.
neutron flux distributions ...).
The TRIGLAV-W program package can be installed and executed on any personal
computer under Windows-9x/2000/XP operating system. And as mentioned before it has
three main functions: (1) assistance in preparation of input files, (2) graphical interface for
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preparing the run procedure and executing this procedure and (3) display of the output files.
All three functions will be presented in more details in section 2. The first and the second
functions are described in section 2.1 and the third function in section 2.2. The results of
testing are presented in section 3.
2
2.1

TRIGLAV-W USERS INTERFACE AND ITS FUNCTIONS
Input preparation and executing the code

The user has to prepare two main input files to run the TRIGLAV. These two data files
are commonly referred to as “triglav.inp” and “elem.inp”. Their function is to provide fuel
and core description to the program. These two files can be prepared and edited using built-in
editors accessible trough main TriglavW window presented in Figure 2. Full description of
the TriglavW, its installation procedures, its menu system and the description of its functions
are in its user’s manual [6].

Figure 2: Main TriglavW window used to access and edit TRIGLAV input files,
procedure files and output files. Main procedure files used to run the TRIGLAV can be
executed directly from this window panel.
Proceedings of the International Conference Nuclear Energy for New Europe, 2006

104.4

Fuel element description (Element data input or “elem.inp”) and core loading pattern
and core parameter description (Reactor core input or “triglav.inp”) files can be directly
edited using built-in text editor. These functions are only one mouse click away. In addition,
reactor core file can be also edited using built-in graphical editor. One example of this
graphical editing is core loading pattern editor presented in Figure 3. After the editing the core
loading parameters and other core parameters (e.g. total thermal power, water temperature,
xenon conditions …) and parameters important for the control of computation process (e.g.
squared axial buckling, number of allowed inner and outer iterations for diffusion calculation,
convergence criteria for diffusion calculation, details about finite differences mesh used in
calculation …) are automatically stored in predefined input files.

Figure 3: Core loading pattern editor. Fuel elements and other non-fuel elements can be
moved from one location to another location (this process is sometimes referred to as “core
shuffling”) using simple “click and point” procedure. It is important to note, that the user can
move (or “shuffle”) only those elements listed in element description file.
After the input preparation the procedure controlling the TRIGLAV computation has to
be prepared with all appropriate data included. This procedure (usually called “triglav.bat”)
had to be prepared manually in original TRIGLAV package. TriglavW package prepares this
procedure automatically for the user. The user has still the possibility to view and change all
the parameters, but it is not necessary to perform this every time. After this procedure is
prepared it can be conveniently executed pressing on the “Run” button. Run button starts the
whole calculation procedure including all subprograms indicated in Figure 1. After all unit
cell and diffusion calculations are finished, which might take only a minute or so on a modern
PC computer with GHz processor, the user can inspect the results of calculation using the
same program.
2.2

Viewing the results

The third function of the TriglavW is to present numerous calculation results given in
output files easy and in user friendly fashion. TriglavW program offers two types of output
display. First type is to simply display or view output files using built-in text editor. Second
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type of output is to plot the results. The program supports 2D plots (with different colouring
schemes) and 3D plots. Few output examples are presented in Figures 4 and 5 below.

Figure 4: Calculated power distribution (fission density) in selected core configuration
on the left and calculated fuel element burnup (cumulative burnup) on the right. Note that
calculated power per element (in kW) and burnup values (in MWd) are displayed for each
fuel element with numerical values and colours.

Figure 5: Example of 3D plot showing calculated neutron flux distribution for one
particular core loading pattern. Only one (fast neutron group) out of four neutron energy
groups is presented here.
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3

TESTING AND VALIDATION OF THE TRIGLAV-W

We have compared the results of the TRIGLAV-W program package with the results of
other computer codes and with measured experimental results to test and validate the code.
We have selected well documented TRIGA core configurations for testing. There are two
easily accessible and well documented TRIGA experimental configurations. One is TRIGA
benchmark with fresh fuel and another is TRIGA benchmark with burned fuel. Both
experiments were performed at TRIGA Mark II research reactor in Ljubljana and the
experimental results were published in papers published in international journal [7][8][9] and
in international handbook of criticality benchmark experiments [10]. The reader can find
detailed descriptions of these experiments in above mentioned references.
TRIGLAV has performed well in these tests. We haven’t found any significant
discrepancies between experimental and calculated results, which would exceed experimental
error bars of measured values. Three significant examples of later tests are presented in this
paper. Some results of earlier tests were already published in previous years [11][12] and
these results aren’t repeated here.
The first example, presented in Figure 6, shows neutron spectrum in central channel of
TRIGA Mark II research reactor calculated with TRIGLAV and MCNP. TRIGLAV
calculation was performed with TRIGLAV’s built-in unit cell model using WIMSD-5B [13].
Neutron spectrum for this test was calculated and is displayed in 69 and 172 group structure.
Normally only 69 group structure is used in TRIGLAV calculations. This spectrum is
compared to spectrum calculated with MCNP 5.1.40 [15] using ENDF-B/VI.6 library, which
is displayed in 172 group structure. We can see good agreement between both codes.
Normalised neutron spectrum (arbitrary units)
1

Spectrum calcualted with:
MCNP 5.1.40 (ENDF-B/VI library, 172 groups)
TRIGLAV WIMSD-5B (WLUP IAEA library, 69 groups)
TRIGLAV WIMSD-5B (WLUP IAEA library, 172 groups)
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Figure 6: Normalised neutron spectrum in the central irradiation channel of tested
TRIGA Mark II research reactor core calculated with TRIGLAV and MCNP codes. Identical
172 group structure is used for presentation of TRIGLAV and MCNP results.
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Figure 7: Fission density in TRIGA reactor core filled with fuel elements of two
different types (MCNP on left and TRIGLAV on right).
The second example presented on Figure 7 illustrates the calculation of fission density
distribution in TRIGA reactor core filled with fuel elements of two different uranium
concentrations. Ring B was loaded with TRIGA LEU fuel elements with 20 wt% uranium
concentration all other rings (rings C to F) were loaded with standard TRIGA fuel elements
with 8.5 wt% uranium concentration. Ring A was occupied with irradiation channel filled
with air and graphite in the lower part of the channel.
We have calculated fission densities displayed on left with MCNP 5.1.40 [15] using
ENDF-B/VI.6 library. For this particular result we needed approximately one week (6 to 7
days) of processor time on 3 GHz Pentium computer. Fission density presented on right is a
result of normal TRIGLAV calculation presented with mapping software. This calculation
needed approximately half a minute (30 seconds) of processor time on the same computer.
Both results are of course different, due to different approaches to modelling. In the
MCNP fuel elements are modelled exactly with all details. TRIGLAV uses unit cell model,
and it averages cross sections for diffusion calculation across the unit cell. This averaging can
be clearly seen on the Figure 7. On the other hand, the important results of this calculation,
the power peaking factors, calculated with MCNP and TRIGLAV agree well. The calculated
power peaking factors are presented in Table 1. Power peaking factor is defined as fuel
element power (rod power) divided with average fuel element power. The most significant
discrepancy can be observed for ring B. Ring B is situated close to void (irradiation channel)
situated in ring A. This discrepancy is probably due to diffusion model used in TRIGLAV,
which is not very appropriate for steep flux gradients. Steep flux gradients are present in the
vicinity of empty locations or close locations filled with strong absorbers.
Table 1: Power peaking factors calculated with MCNP and TRIGLAV for TRIGA core
containing 6 LEU fuel elements in ring B, empty ring A, and all other locations loaded with
standard fuel elements.
Ring average power peaking factor
Ring average power peaking factor
calculated with MCNP
calculated with TRIGLAV
calculation time ≈ 1 week
calculation time ≈ 1 minute
Ring B
1.82
1.99
Ring C
1.26
1.23
Ring D
1.17
1.16
Ring E
0.93
0.93
Ring F
0.68
0.67
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TRIGLAV-W was also used to test several libraries developed for WIMS code in the
scope of IAEA project WIMS Library Update (WLUP) [14]. Different libraries were tested
against criticality prediction of three core configurations with two different burnup conditions.
In the first case core configurations were loaded with fresh fuel elements. In the second case
the core configurations were loaded with burned fuel elements. All five measured values of
keff are presented in Table 2 together with calculated keff values. We can see that ENDF
library results match experimental results the best, JEF library results slightly overestimate
reactivity and IAEA library results are situated somewhere in-between. However pure keff
values are not so important for TRIGLAV evaluation, since TRIGLAV is core management
code and criticality prediction is not its main purpose. For this reason comparison between
calculated and measured reactivity slopes is presented in Table 3. Reactivity slope, defined as
ratio between reactivity and burnup changes for the same core, is much more representative
and important for TRIGLAV code.
Table 2: Measured and calculated reactivity values for selected core configurations.
Core ID
Average
Measrured ENDF-B/VI.5
JEF 2.2
IAEA WLUP
burnup [MWd] keff [pcm]
[pcm]
[pcm]
[pcm]
133 fresh
0.00
266 ±15
183
805
594
133.1 fresh
0.00
277 ±15
215
836
625
134 fresh
0.00
1980 ±200 1810
2415
2213
133.1 burned
1.22
-1605 ±110 -1274
-647
-881
134 burned
1.15
458 ±15
382
992
769
Table 3: Measured and calculated reactivity slopes with
configurations.
Core
Start
End
Measured
ENDF-B/VI.5
ID
burnup burnup reactivity slope [pcm/MWd]
[MWd] [MWd] [pcm/MWd]
133.1
0.00
1.22
-1540 ±230
-1197
134
0.00
1.15
-1320 ±200
-1228

burnup for two selected core
JEF 2.2
IAEA WLUP
[pcm/MWd] [pcm/MWd]
-1192
-1222

-1210
-1240

As can be seen from the Table 3 average measured reactivity slope for TRIGA Mark II
research reactor in Ljubljana in the period of these benchmark core configurations is -1400
±200 pcm/MWd. All calculated results fall within error interval. In this test the IAEA WLUP
library performed the best.
4

CONCLUSIONS

TriglavW is an updated program package for reactor calculations of TRIGA reactor
cores running under Microsoft Windows operating system with new friendly graphical user
interface. This graphical user interface makes the program very easy to use. The user is now
able to calculate important core parameters very fast and efficient.
TriglavW is not only easy to use and fast; it is also gives reasonably accurate results. If
the input data and all other important input parameters are appropriate the accuracy of
calculated spectra, neutron flux distributions, fission densities, power peaking factors and
similar parameters is normally better than 10 %. This makes the program very useful for
every day core management and operation calculations.
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