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ABSTRACT

Within the research program in the field of neutron
physics calculations being carried out in the Nuclear
Engineering Division at the Centro Atómico Bariloche,
we are researching the errors which due to some typi-
cal approximations appear in the final results.
For research MTR type reactors, two approximations,
for high and low enrichment are investigated: the
treatment of the geometry, and the method of few-group
cell cross-sections calculation, particularly in the
resonance energy region. Commonly, the cell constants
used for the entire reactor calculation are obtained
making a homogenization of the full fuel elements, by
means of one-dimensional calculations. An improvement
is made, that explicitly includes the fuel element fra-
mes in the core calculation geometry. Besides, a detai-
led treatment-in energy and space- is used to find the
resonance few-group cross sections, and a comparison
of the results with detailed and approximated calcu-
lations is made. The least number and the best mesh of
energy groups needed for cell calculations is fixed
too.

INTRODUCTION

The aim of this work is to analyze and to appraise the mag-
nitude of the errors associated to different approximations adop-
ted in neutronic calculation for research reactors, to the cell
and entire core calculation level

Besides, the importance of these approximations, for MTR
type fuels with 20% and 90% enrichment in 2 3 5U, is analyzedJ

The approximations investigated can be classified in two
groups: geometrical and energetical.



The geometrical approximations comprise the inclusion or
not, in the cell calculation, to the lateral suppport material
of the fuel elements (FE), and the geometry used in the reactor
calculation= bi or tri dimensional.

The energetic calculations include the analysis of the num-
ber and limits of the energetic groups in the cell calculation;
its condensation into two groups using either geometrical or
critical buckling, or by means of transport calculation with
criticity; and a study using different methods of the incidence
of the resonance cross-section treatment.

Different core configurations have been studied, but the
results shown are only those 5 x 5 fresh FE, without control
elements, reflected with graphite and/or water

MAIN CHARACTERISTICS OF THE FUEL ELEMENTS

The main characteristics of the two FE studied here (FEl
and FE2) are included in Table 1 and Fiquro 1.

Table 1

Fuel elements characteristics

- Fuel element

- Enrichment (wt %235U)

- Number of plates

- Meat composition

- U concentration (wt %)

- U density (g/cm )

- Meat thickness (mm)

- cladding thickness (mm)

- Lattice pitch (mm x mm)

- Active height (mm)

- Material of the side
plates

FE2

20

19

FEl

90

19

Al-U
al loy

14.20

0.450

0.52

0.40

8.1 x 7.7

615

Al

d i spe r s ion

38.46

1.505

O.i)

0.45

CALCULATION CODES

The cell calculations have been made with the WIMS code,
with the collision probability option for the main transport cal-
culation for collapsing to two energy groups with geometrical or
critical buckling.
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FIGURE 1
Standard (19 niates/element) FEl and (19 niates/element) FE2
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The ANISN code has been used for collapsing the constants
calculated with WIMS to two energy groups with critical geometry
and are an anxibory for obtaining the constants for structural
materials, reflectors, etc. The method for collapsing the diffu-
sion coefficient has been modified in ANISN . The method used to
obtain the two-group cross-sections for FE and other materials
with WIMS and ANISN (modified) may be seen in (3)

For calculating with details in the resonance region the
RMET23 code has been used with the collision probability method
in the slowing-down region using thousands of energy groups. This
code is a slab geometry version of the RMET214 code .

The cross-section data used in these codes are those co-
rresponding to the ENDF/B library pre-processed with the pro-
grams LINEAR,RECENT, SIGMAl 5.

The core calculations have been made with the program
DIPOBAR6, for two dimensional geometry, and with the program
PUMA^, for three dimensional geometry. Both programs resolve
the multi-group diffusion equation . In all cases, the calcula-
tions have been made with two energy groups (group 1, E >.-
0.625 eV, group 2, E < 0.625 eV)."

CALCULATIONS

The calculations made differ in the principal transport
calculation form, the collapsing to two energy group form
(cell level) and by the number of geometrical dimensions (core-
level). All these calculations have been made for 90% and 20 %
235u enrichment.

GEOMETRICAL EFFECTS

1.- Homogeneous mixture:

This case has been included to find the importance
of itsgeometry in the cell calculations.

2.- Inclusion of the lateral support material in the
cladding and coolant regions.

In Fig. 2.1 the cell geometry is shown.
The fuel plate thickness is conserved.

3.- Inclusion of the lateral support material in a fourth
region.

In Fig. 2.2 the cell geometry is shown.



4.- Exclusion of the lateral support material in the
cell calculations.

The'cell calculation is made with regions 1,2 and
3 of Fig. 2.2. The frames and added coolant are
explicitly represented in the core calculation.

Figure 2

Cell calculation geometry
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ENERGETIC EFFECTS

The energetic effects are presented for case 4, because
this is the most exact.

5.- Reference case, with 4 6 energy groups in the main
transport calculation (3 2 fast and 14 thermal group)

6.- 5 Energy groups in the main transport calculation.
The WIMS limits for each broad group are 5,15,45,
57 and 69.

7.-12 energy groups: 10 fast and 2 thermal groups.
For selecting those groups, equal lethargy width
criterion was used.

8.- 12 energy groups: 8 fast and 4 thermal. The crite-
rion for selecting the group was the conservation
of the leakage rate in the fast groups and the ab-
sorption rate in the thermal groups. These are the
most important physical phenomena in each energy
range.

RESONANCE EFFECTS

These effects are presented for the case 4 too.

All the previous cases include the WIMS resonance treat-
ment.

9.- NORESONANCE option in WIMS: This case is included to
show the importance of the resonance treatment for
different enrichment

10.- Resonance cross-sections calculated with the RM23
code and included in WIMS as input-data.

All the calculations have been made for the two 235y en_
richment, for the three form of collapsing the constants to two
energy groups, reflected v/ith graphite and/or water and in bi
and tri dimensional geometry. Only the most important results are
shown.

Fig. 3 shows the core calculation geometry for plane
X-Y.

For tri-dimensional calculations the. active FE zone has
been divided into six parts . The upper and lower zones vexe
each divided in two parts. Only one quarter of the core was ta-
ken into account in the calculations, after verifying that, no
significant differences were produced usign the whole core*
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Figure 3

Cbre calculation geometry
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RESULTS

2 gives the most important results, identified by 4 diqits as

1- condensation form
1: with geometrical buckling
2: with critical buckling
3: with ANISN and critical geometry

2- reflector type
1: water
2: graphite + water

3- core calculation dimensions
1: 2-dimension
2: 3-dimension

4- cell calculation form :

The measurements taken in the RA-2 critical facility by the group j
directed by G. Ricabarra using FEl-type fuels for a 5x5 configuration gave the
following results: (5400± 400j pan (reflected with water); and (10200± 400) pern
(reflected with graphite and water).

424



Table 2

pacp

2.1.1.1

2.1.1.2

2.1.1.3

2.1.1.4

1.1.1.4

3.1.1.4

3.1.2.4

2.1.2.4

2.1.1.5

2.1.1.6

2.1.1.7

2.1.1.8

2.1.1.9

2.1.1.10

1.2.1.4

3.2.2.7

2.2.2.7

2.2.1.7

2.2.1.8

2.2.1.10.

90 %

Keff

1.09590

1.11191

1.08688

1.05968

1.06765

1.05430

1.05338

1.05875

1.05978

1.05540

1.05530

1.05996

1.05930

1.05937

1.12131

1.11003

1.11482

1.11063

1.11463

1.11432

235U

8751

10064

7993

5631

6336

5150

5068

5549

5640

5249

5239

5656

5598

5604

10818

9913

10300

9961

10284

10258

20 %

Keff

1.03674

1.03681

1.04007

1.02448

1.02979

1.01973

1.01906

1.02352

1.02332

1.02028

1.01940

1.02484

0.94961

1.01148

1.09570

1.08307

1.08802

1.08703

1.09154

1.07794

235U

-PW

3543

3550

3852

2389

2892

1935

1870

2298

2278

1987

1903

2423

-5306

1134

8733

7670

8090

8005

8386

7230

CONCLUSIONS

1- The explicit inclusion in the core calculation geometry of the lateral su-
pport or frame implies substantial differences in the evaluation of core
reactivity as regards other treatsments. These differences becane greater
as enrichment increases.

2- Two or three-dimensional multiplication factor calculations are nearly
equivalents for any enrichments, except when the reflector is graphite.
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3- The group-condensation methods. With critical buckling or critical geometry
give satisfactory results, but if geometrical buckling is used, the results
show differences within each enrichment.

AT The energy group selection included in case 8, is the most suitable for the
main transport calculation.

5- Correct resonance treatment is very important for low-enrichments, but i s
nearly imperceptible for high enrichments.
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