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The neutron flux characteristics of the Dalat reactor such as energy spectra,
absolute neutron flux and neutron flux distribution along an irradiation chan-
nel were calculated by using MCNP4P code. All computations were done on a
personal computer with the running time about 2 days for every case. The
calculation configuration is similar to real one of reactor at the nominal power
500 kW. The calculated results of neutron flux and a spectrum fitting
parameter, & , are in good agreement with experimental ones within 5%.

By using the calculated energy spectra, the cadmium ratios (R.) and effec-
tive cross-section of ®’Au in the irradiation channels were calculated. In this
calculation, were used the multi-group cross-sections of *?Au from Japanese
Evaluated Nuclear Data Library (JENDL) and International Reactor Dosimetry
File 82 (IRDF82). The comparison of the calculated results shows that : (1)
the difference of Rcs values between the experiment and calculation using
cross-section of ¥’Au(n,y ) ' Au reaction is 1 to 6% for IRDF82 and 4 to 8%
for JENDL, and (2) the effective cross-sections of %"Au(n, y) !°Au reaction
from IRDF82 and JENDL dosimetry files are completely in good agreement
with each other.

Keyword : Calculation, Experiment, Configuration, Distribution, Neutron Flux, Dalat
Reactor, MCNP4A Code, Cadmium Ratio, Neutron Spectrum, Per-

sonal Computer
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1. Introduction

The Dalat reactor is a pool-type research reactor, which uses water as the coolant and
the moderator. Tt was rebuilt from 250 kW TRIGA MARK II reactor in 1984. By the
reconstruction, the nominal power was increased to 500 kW. The present working
configuration of the reactor core includes 100 fuel elements, 2 safety rods, 4 shim rods, 1
regulating rod, 2 dry irradiation channels, and 2 wet irradiation channels. The central channel
is encircled by a beryllium layer, which traps thermal neutron. Therefore, it is called “neutron
trap”. The outside of active core is a graphite reflector. All of reactor core is submerged in a
water tank of 6.26 m height and 1.98 m diameter.

The characteristics of the neutron flux in irradiation channels have been determined by
experiments. The experimental method and results used in this paper were reported in a
previous work [1]. However, the reliable calculations of these characteristics are necessary to
examine the experimental results, specially, for absolute values. In the experiments, the
determination of the absolute values of neutron flux in the neutron trap and 1-4 channel have a
hindrance, due to the fact that the irradiation sample is placed and removed manually, without
pneumatic system, so that the accurate control of irradiation time is difficult.

In this report, the neutron flux characteristics such as energy spectra, absolute neutron
flux and distribution of neutron flux in irradiation channels are calculated by using a Monte
Carlo code.

2. Calculation

2.1 Calculation Code and Computer

The MCNP4A code is chosen for the calculation in this problem. The MCNP4A [2] is
a useful nuclear physics computer code and used widely in the world. At present, this code can
be run on a personal computer and is not limited to a super computer since a few years ago [3].

In the present work, the calculations were performed on the personal computer (MMX
Pentium 200 MHz).

2.2 Dalat Reactor Description

The Dalat reactor is a pool type research reactor. Distilled water is used as moderator,
coolant, reflector and biological protection. The cylindrical reactor is arranged symmetrically
by several kinds of material elements. In the center of active region is a neutron trap of radius
3.2 cm. The fuel elements, beryllium and graphite blocks, control rods and irradiation channels
are the active region of reactor and form a hexagonal prism lattice in the cylindrical reactor
with radius 20.8 cm and height 60.0 cm. Outside of the active region is a graphite reflector
with thickness of 32.6 cm. The working configuration of reactor core is shown in Fig. 1. The
structure and dimension of fuel elements, control rods and others are as follows:
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2.2.1 Fuel Elements

The structure and dimension of fuel elements are shown in Fig. 2. The fuel element is
bundle type and composed of 3 concentric tubes: 2 circular inner tubes and a hexagonal outer
tube. The fuel tubes are 0.7 mm thick and are wrapped with the 0.9 mm thick aluminum
_ cladding. Outside of the aluminum cladding layer is coolant water. The fuel material is
uranium with the enrichment of **U of 36% and has a density of 1.51 g/cm®. The active length
of a fuel element is 60 cm.

2.2.2 Control Rods

There are three types of control rods. They are shim, safety and regulating rods. The
outer structure and dimension of control rods are same as those of fuel elements. In Fig.1, the 4
shim rods (marked by KC1, KC2, KC3, KC4) and 2 safety rods (marked by AZ1, AZ2) are
arranged symmetrically in the active region. The regulating rod is made of stainless steel and
located at (7,11) element (marked by AR). The shim and safety rods are made of boron carbide
with density of 2.05 g/cm’ wrapped with 1 mm thick aluminum.

2.2.3 Irradiation Channels

The Dalat reactor has two types of irradiation channels; wet and dry irradiation channels.
The wet irradiation channel is a cylindrical water column of 1.4 cm radius and encircled by an
aluminum tube. The dry irradiation channel includes two parts; a central air column of lcm
radius and a hexagonal surrounding water layer.

In Fig. 1, the address of an element is indicated by two numbers, one is the order from
left to right and another is from top to bottom. So that, first irradiation channel is located at
(1,4) element and called 1-4 channel. It is a wet irradiation channel. Similarly, 13-2 and 7-1
channels are located at (13,2) and (7,1) elements, respectively. They are dry irradiation
channels. The neutron trap is also a wet channel, but it’s structure is different from 1-4 channel.
The neutron trap is located at the center of the active region. It is water column of 3.2 cm
radius and is encircled by the beryllium layer.

2.2.4 Beryllium and Graphite Blocks
Beryllium and graphite blocks are simply solid material with density of 1.875 g/cm’ and
1.68 g/cm’, respectively.

2.3 MCNP Model Description

2.3.1 Calculation Model
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The reactor core configuration was modeled following the real one realistically.
However, for simplicity in model description, the structure of fuel element along the length was
divided into three zones. The central zone; fuel contained zone, is described accurately and
both end zones are described with the homogenous mixture of aluminum and water with an
average density of 1.319 g/cm’. The actual and model structures of the fuel elements are shown
in Fig.2.

When reactor was operated at 500 kW without the irradiation sample, 4 shim rods were
elevated up to 16 cm from the bottom of active region, therefore, this condition was taken into
account. Two safety rods and the regulating rod are pulled up over the active region. Therefore,
they are water columns in the calculation model.

The model structures of graphite and beryllium block and graphite reflector are
completely the same as the actual ones.

The material data used in the calculation model are presented in Table 1.

2.3.2 Source and Tally

In the present problem, KCODE (criticality problem) and KSRC (initial spatial
distribution of source points) cards are used for the source description. In this case, MCNP
offers several options for the K. value estimate, including the combined average of the
absorption, collision and track-length estimator.

For all calculations of neutron flux and spectra, the F4 tally was used. F4 is a track-
length tally card for calculating average neutron flux over a cell. However, in some case, for
comparison, the F5 tally was also used. Itis a point detector tally for the calculation of neutron
flux at a point in space. It can provide a good estimate of the neutron flux where would be
almost impossible to get by either track-length (F4) or other tallies. The flux at a point cannot
be estimated by a track-length tally (F4) or a surface flux tally (F2), because the probability of a
track entering the volume or crossing the surface of a point 1S zero. :

The experimental results are given in terms of flux, neutron/cm’/s at 500 kW operation,
on the other hand, MCNP tallies give fluence in unit, 1 neutron/cm’, caused by one source
neutron. For the comparison with experiment, the MCNP results can be properly normalized
using the following conversion factor:

1 joule/s 1MeV 1fission
[ ] [ ] { ] = 3.12x10" (fission/W's)
W 1.602x10™" joule 200 MeV (1)

For the Dalat reactor at nominal power of 500 kW, the scaling factor is

Ineutron/cm® 7 2.4source 10°W 3.12x10" fission
(0.5 MW)[ ] [ ] =3.744x10"n/cm™s
source fission 1 MW W 2)
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It means that the value of neutron flux (1 neutron/cm?) in OUPUT of MCNP4A has to
be multiplied by the scaling factor 3.744x10'® for the Dalat reactor at 500 kW operation.

In the calculation, the neutron energy range from 0 to 20 MeV was divided into 112
groups.

2.3.3 Cross-section Libraries

Nuclide cross-sections were taken from JENDL-3.2 [4]. In calculation, the S(o,fB)
thermal treatment was also used for H,O, beryllium and graphite.

A plan view of the calculation configuration obtained from INPUT deck description is
shown in Fig. 3. We can confirm that INPUT deck described faithfully the working
configuration shown in Fig.1. An INPUT sample for calculation of energy spectrum, neutron
flux and its distribution in neutron trap and 1-4 channel is shown in Appendix.

3 Calculation Results and Discussions

3.1 The Neutron Flux in Irradiation Channels

The calculated k., value was 1.0010 + 0.0005. The calculation simulated a critical state.
Therefore, this value is quite satisfactory. Absolute values of maximal thermal neutron flux at
1-4, 13-2, 7-1 channels and neutron trap are presented in Table 2. In this table, neutron flux is
evaluated at experimentally maximal positions for neutron trap and 1-4 channel and at the
sample irradiation positions for 7-1 and 13-2 channels.

In the experiment [1], the activation method was used for the determination of neutron
flux characteristics in irradiation channel. This method is described in detail in paper [5]. Au-
foils were used as the neutron flux monitors, because gold has excellent properties as a capture
standard. The sample preparation is particularly easy, since the material is monoisotopic and
the product nucleus has a simple decay scheme, especially, it’s cross sections has been
determined in detail and with high accuracy. For determination of neutron flux distribution
along the vertical irradiation channel, the bare Au-foils were fixed at different positions along
the length of an organic glass sheet and irradiated for about 5 minutes at the reactor power of
500 kW. The gamma-ray intensity of '*Au was measured by a high purity Ge detector of 70
cm’ coupled to a multi-channel spectrometer. The relative neutron flux at position (i) was
determined by:

9, A
e B ©)
¢max Amax
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where, A, and A, are gamma-ray intensities of '*Au at (i) and maximal flux positions, ¢;and
$,.. are neutron flux at position (i) and maximal flux, respectively. In the experiment, the
maximal flux position was at 25 cm from the bottom of active region.

Absolute thermal neutron flux was determined by using the formula:

d) (n cm'l S-l) — _S.é____ ! ’(l-e-h'")e‘“[ (1_6-}.1,") (4)
o - m Gactg Y NO /

where m; weight of gold in foil (g), o, activation cross section of TAu (barn), N, ; Avogadro
number (6.023x10™), 4; mass number of gold, A ; decay constant of **Au , 1,, ; irradiation time,
1 ; cooling time, 7,; measuring time, &, efficiency of detector, y; emission rate of the gamma
ray, S ; area of the gamma ray peak.

In formula (4), the error of the absolute value of the neutron flux in the experiment
depends on many factors. Therefore, the accurate determination of absolute neutron flux is
difficult, especially, in 1-4 channel and neutron trap due to the inaccurate irradiation time.

As shown in Table 2, the absolute thermal neutron flux in the irradiation channel is
calculated with high level of accuracy. As the calculation check, the F4 and F5 tally cards were
simultaneously used in some calculations. The results obtained from both tallies were similar.
For example, when calculating the neutron flux at position of 22 cm from the bottom of active
region in neutron trap, the calculated results are (1.23+0.07)x10” neutron/cm’ and
(1.1840.007)x10”* neutron/cm’ by using FS and F4 tallies, respectively. The relative uncertainty
of calculated results using F5 tally is ten times larger.

The comparison of calculated and experimental values of the absolute neutron flux
shows that both values are in good agreement with each other. The difference between
calculated and experimental values are less than 5%. The relative error in the Table 2 is less
than 1% for MCNP calculation and 5% for experimental data.

The distributions of neutron flux along 1-4 channel and neutron trap are shown in Fig.4
and Fig.5, respectively. In these figures, neutron flux distributions are normalized at 30 cm
position. The neutron flux distributions in irradiation channels also correspond to experimental
ones by their appearance and positions of maximal values. The maximal flux position in the
experimental data locates at 25 cm from the bottom of the active region. In the MCNP
calculation results, it locates at about 24 cm. In the Fig. 4 and Fig. 5, the appearances of the
distributions in 1-4 channel and neutron trap are quite similar. At the height about 15 cm from
the bottom of active region, the calculated and experimental neutron fluxes are lower than
fitting curve and the neutron flux distribution is not a symmetric cosine function. It can be
explained by the effect of control rods. During the reactor operation, the control rods were
pulled up to 16 cm from the bottom of active region.
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3.2 Energy Spectra

The important characteristics of irradiation positions are thermal, epi-thermal neutron
fluxes and a-factor. We know that, in many cases, the epi-thermal neutron flux distribution is
not proportional to 1/E, but rather 1/E' ®, where a is a small positive or negative constant
between ~0.1 and 0.1. The neutron energy spectrum was calculated at different positions along
the vertical irradiation channels. In Fig. 6 and Fig. 7 are shown the calculated energy spectra at
position 22cm in the neutron trap and 1-4 channel.

Neutron spectrum at an irradiation position can be expressed as a sum of a thermal
equilibrium spectrum; ¢,(E) (Maxwellian distribution, neutron energy from 0 to 0.5 eV) and
epi-thermal spectrum in the slowing down region; ¢.,(E) (neutron energy from 0.5 eV to
maximal). In the paper [5], the neutron spectra were fit on a semi-empirical function:

al -E/E
0n(E) = I,. (E/E)e " (%)

and
(pem(E) = Iepi.(E/ 1eV)“.1/E (6)

where, 1,(E) and I.(E) are scaling constants for the thermal and epi-thermal portion, E; is a
characteristic energy of the Maxwellian portion of the spectrum.

In the present work, T.(E), I.,(E), E; and a are determined by fitting the calculated
neutron spectra on Eqs. (5) and (6). The fitting results are shown in Tables 3 and 4.

The relative error of the calculated spectrum intensity in each energy group was less
than 5%, especially, in thermal neutron region was less than 2%. Consequently, the fitting
parameters I, and E; are obtained with relative error of about 2%. In the epi-thermal region,
fitting parameter I_; was obtained with the similar relative error of 2%, but o factor with the
relative error about 10%. From the experimental data, a factor was also obtained with a less
accuracy. Perhaps, this is because o is small power constant standing for a wide energy region,
in addition, the proportion of 1/E'""* is an approximation in the formula (6). The method for the
determination of experimental a-factor is described in detail in Ref. [6].

The E-fitting values in these tables demonstrate that neutron thermalization in neutron
trap is better than in 1-4 channel. This is because the neutron trap is well moderated with water
and beryllium layers.

The comparison of the a-factors in Table 5 shows that the calculated values agree well
with experimental ones. The difference between both data is 6%.

In order to examine the calculated spectra, the cadmium ratios (R.,) of '"’Au in the
irradiation channels were also calculated. R, of an isotope is defined as the ratio of the
measured activities of the sample with and without a cadmium cover. It can be easily evaluated
from the experiment by activating monitor foils. Au-foils were used as monitors in this
experiment. The experimental cadmium ratio at the irradiation position is determined by:

Abar
Reg = )
Acy
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where, A, and A, are gamma-ray intensities of '"*Au produced in the irradiated foils with and
without a cadmium filter, respectively. In the experiment, cadmium filter thickness was 0.8
mm.

In the calculation, R ,of gold can be approximated as follows:

oc

| o(B). $(E) dE

0
Ry = (8)
| o(E).0(E)E
Ec,

where, 6(E) and ¢(E) are (n,y) cross-section of gold and neutron spectrum, E, is the cadmium
cut-off energy. In many references, Ec, are chosen to about 0.5 eV. However, the chosen cut-
off energy E, depends on the shape and thickness of the Cd filter. For that reason, in this work
the cadmium ratio is calculated by:

aoC
| 6(E). §(E) dE
0
Rey = )
| 5(E) n(E) $(E)dE
0
and n(E) = EXP{-N.o(E).d} (10)

where, m(E) is the transmission factor of neutron beam of energy E through Cd filter of
thickness d (cm) with N atoms per cm’, 6,(E) is total cross-section of cadmium.

The calculated result of the neutron transmission factor n(E) for cadmium with 0.8mm
thickness is shown in Fig.8. In this figure, we can see that cadmium filter completely absorbs
thermal neutrons, transmitting the neutrons of above 1eV energy. However, in rzsonance region
the neutrons are not completely transmitted through the cadmium filter, especially, at the
resonance peaks of cadmium. For comparison, the cadmium ratios were also calculated by
using formula (8) with the chosen cut-off energy E., = 0.5 V. However, the difference of R,
between formula (8) and (9) were less than 3%.

The calculated R, ratios are presented in Table 6. The cross-sections of gold were
taken from the International Reactor Dosimetry File 82 (IRDF-82) [7,8] and JENDL Dosimetry
File [9]. For simplicity, the JENDL Dosimetry File and IRDF-82 are denoted as JENDL and



JAERI—Research 98—057

IRDF in the following descriptions. The multi-group cross-sections of '*’Au(n,y)'*Au reaction
in IRDF and JENDL are shown in Fig.9. In the energy region from 0 to 100 eV, the cross-
section values of two libraries are very close each other. But in the energy region above 100
eV there is a little difference between them, especially, in the E, >3.5 MeV region. However,
the difference of cross-section of 'Au in energy region above 3.5 MeV will not affect the
calculated results of cadmium ratios because of the small cross-section and the low flux.

The uncertainty of the calculated R, ratio should depend on the uncertainties of the
calculated neutron intensity and cross-section of gold in each energy group. However, the
errors in Table 6 are 5 to 8% which takes account only of the uncertainty of calculated neutron
intensity. The comparisons of R, ratios showed that all the calculated results are higher than
the experimental ones. In the experiment, the R, ratio was determined by irradiating two Au-
foils of with and without cadmium covers and adjacent each other at a time. The R, ratio was
not paid attention to the thermal neutron flux disturbance. Therefore, the activity of Au-foil
without cadmium cover is lower. That conduced the cadmium ratio obtained from formula (7)
is lower than actual value. Thus, the experimental values of the cadmium ratios must be
corrected for the disturbance of neutron field caused by cadmium filter.

The difference of R, values between the experiment and calculation using cross-section
of "7Au(n,y)'**Au reaction is 1 to 6% for IRDF and 4 to 8% for JENDL, and the difference
between two calculated values is only 2%. This difference is mainly caused by the difference
of cross-sections in the resonance energy region.

Through the comparison of cadmium ratios between the calculations and experiments, it
should be noted that the energy spectra calculated with MCNP are accurate from this view
point.

To evaluate the practical difference of multi-group cross-sections between two libraries,
the effective cross-sections of '’ Au(n,y)'**Au reaction in the neutron trap and 1-4 channel were
calculated by using the calculated neutron spectra and the multi-group cross-sections of
7 Au(n,y)'** Au reaction from IRDF and JENDL following the definition:

oC

| o(®). $(B) dE

0
Our = (11)

[ o(E)E

0

The calculated effective cross-sections are presented in Table 7. The results show that
the effective cross-sections of '’Au(n,y)'**Au reaction in two these libraries agreed well each
other within the difference of 1%.

4. Conclusion

The use of MCNP4A code on a personal computer Pentium 200 MHz, 32 Mbite
memory with MMX is very successful for the calculation of the neutron flux and energy
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spectrum of Dalat reactor. The obtained results are accurate with the relative error of <1% for
neutron flux and 5% for energy spectrum by the running time of the computer from 2 to 3 days.
All calculated results are in good agreement with experimental values.

The simplification of the calculation model for the fuel element did not lose the
faithfulness of MCNP simulation performance. The value obtained from these MCNP
calculations can be used to estimate and examine the experimental results.

From the calculation of the cadmium ratios and the effective cross-sections of
197 Au(n,y)'** Au reaction at the irradiation positions, it was revealed that the uses of the multi-
group cross-sections from IRDF82 and JENDL Dosimetry File are completely equivalent.
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Table 1. Composition of materials used in the MCNP model

Material Unit Materials Symbol | Density (g/cm’) Weight Fraction
Fuel element - Uranium M6 1.51
(Central part) By 0.36
BBy 0.64
- Aluminum M4 2.7
-Al- 1.0
Fuel element -H,0+Al M8 1.319
(End parts) - Al 0.3846
-H 0.06831
-0 0.5469
- Graphite M5 1.68
Graphite block -C 0.995
-Fe 0.0034
-S 0.0016
Beryllium block | - Beryllium M2 1.875
-Be 1.0
- Water Ml 1.0
Coolant -0 0.889
-H 0.111
- Air M7 0.0012
-N 0.7818
-0 0.2098
Dry channel -Ar 0.0085
- Aluminum M4 2.7
-Al 1.0
-Boron Carbide
-'°B M3 2.05 0.6870
Control rod g 0.0840
-C 0.2290
- Aluminum M4 2.7
-Al 1.0
Wet channel - Water Ml 1.0
-H 0.889
-0 0.111
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Table 2. The calculated and experimental absolute values of thermal neutron flux in

the irradiation channels of Dalat reactor

Irradiation channel | Calculated neutron | Experimental neutron Cal./Exp.
flux (n/cmzls) flux (n/cm?/s)

Neutron trap' (2.10 £ 0.01)x10" (2.15 £ 0.08)x10" 0.98
1-4 channel” (1.21 £0.006)x10"* | (1.25+0.05)x10" 0.97
7-1 channel® (6.93 £ 0.04)x10" (7.0 £0.3)x10" 0.99
13-2 channel® (5.1 4 0.03)x10"2 (4.9 % 0.2)x10" 1.04

(1) Maximum flux point, h = 25cm
(2) Irradiation point, h =8 cm
(3) Irradiation point, h =4 cm

Table 3. The fitting parameters of neutron spectrum at various heights in neutron trap
Height (cm) In (10™n/cm?) Er (meV) Lepi(10° n/cm?) o (107)
2 1.27 £0.02 26.7£0.3 0.36 £0.07 -4.1+£04
6 2.80+£0.03 269 +£0.3 0.80+0.16 -3.8+£04
10 4.05+0.05 26.9+£0.3 1.19£0.02 -3.6+0.4
14 5.04 £0.06 27.210.3 1.53+0.03 -3.4+0.3
18 5.78 £0.07 27.1+0.3 1.81£0.03 -3.2+0.3
22 6.29 £ 0.08 27.1£0.3 1.93 £0.04 -3.3+£03
26 6.31+£0.09 27.1£0.3 2.06 £0.04 -3.0+0.3
30 6.21 £0.09 27.3+£0.3 1.96 £0.04 29103
34 6.01 £0.08 27.1£0.3 1.93 £0.04 -3.3+£0.3
38 5.78 £ 0.07 27.1+0.3 1.81 £0.03 -3.2+0.3
42 5.18 £ 0.06 27.1£0.3 1.52+£0.03 -3.4+0.3
46 4.46 £ 0.05 27.1+ 0.3 1.20 £ 0.02 -3.3+03
50 3.46 £ 0.04 27.0+0.3 1.09 £0.02 -3.5+0.3
54 2.37+£0.03 27.2+0.3 0.70 £ 0.02 -3.7104
58 1.03 £ 0.02 27.3+0.3 0.28 £ 0.07 -3.9+04
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Table 4. The fitting parameters of neutron spectrum at various heights in 1-4 channel

Height (cm) | Iy, (10* n/cm?) Er(meV) | Lp (10%/em®) | o (107
2 0.396 £ 0.006 27.7+£0.3 2.33£0.05 -43+04
6 0.880 £ 0.010 28.0+£0.3 5.30+0.11 -3.8+04
10 1.231 £0.012 279103 7.74 £0.15 -3.3+0.3
14 1.502 £0.016 28.2+0.3 9.85+£0.20 -3.2+03
18 1.761 £ 0.018 28.0+£0.3 11.9+£0.22 -3.1£03
22 1.929 +0.020 27.8+0.3 13.6 £0.26 -3.4+03
26 1.910 £ 0.020 28.2+0.3 15.5+0.28 -3.3+0.2
30 1.900 + 0.020 28.2+0.3 14.7 £0.27 -3.6£0.3
34 1.897 £ 0.019 28.1+0.3 12.8 £0.24 -3.8+0.3
38 1.618 £ 0.017 27.9+0.3 10.0 £0.20 -3.7£0.3
46 1.074 £ 0.011 28.3+0.3 6.35+0.12 -3.9+04
54 0.338 £ 0.005 28.0£0.3 1.93 £ 0.04 -4.1+04

Table 5 a-factors in irradiation channels determined from

MCNP calculation and experiment

Irradiation channels | Calculated o (10 Experimental o (107?) Cal/Exp.
Neutron trap”” -3.34+0.3 -3.1£0.3 1.06
1-4 channel® 34+04 36104 0.94
7-1 channel™ 48405 45405 1.06
13-2 channel” 72407 75+08 0.96

*
™ At position of maximal neutron flux
™) At irradiation position
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Table 6. Calculated and experimental cadmium ratios of gold in irradiation channels
Irradiation Calculated Calculated | Experimental [ReglirpE [Regliennr
channels [Rcalirpr [RcalienoL [Realexp [Rcalexe [Realexp
Neutron trap | 2.65 % 0.08 2.75 £0.08 2.55+0.07 1.06 1.08
1-4 channel 1.73 £0.05 1.77 £0.05 1.65 £0.04 1.05 1.07
7-1 channel | 1.92+0.06 | 1.98+£0.06 | 1.90%0.05 1.01 1.04
13-2channel | 2334007 | 2384007 | 220006 1.06 1.08

- [Reglwor and [Reglenpr are cadmium ratio of gold calculated using cross-section from IRDF82 and JENDL
libraries, respectively.

- [Reg]exp is experimental cadmium ratio.

Table 7. The calculated effective cross-section of 197Au(n,'y)mAu reaction in
neutron trap and 1-4 channel using the multi-groups cross-section from
IRDF82 and JENDL '
Irradiation channels [CesrlsenDL [CestlirDE Dif.(%)
Neutron trap 79.41 78.92 0.62
1-4 channel 64.90 64.33 0.89




JAERI—Research 98—057

p—f
[
o
S’
m
Q
=
42

41.6 cm

—— — — — — —

m
:
;
{
B

1

Fig

-
3)
<
£
2
=
(=¥
o
)
O

v,
(S
2
s
E
2
=
&
D
m

Fuel element
ontrol rod

Q

O®

Neutron trap

1
(3]
=
=
<

=
Q
=

-2
<

. -

o
]
E

©

Safety rod

Regulating rod

N



|

Fig. 2

JAERI—Research 98—057

Model

Water + Al composition

U-Al

Water

Water + Al composition

The fuel element structure of Dalat reactor
( Actual structure and calculation model )



JAERI—Research 98—057

Fig.3 Calculation configuration received from MCNP model description
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Appendix An INPUT sample for calculation of energy spectrum
and neutron flux in neutron trap and 1-4 channel

name=inp31

1- Prob1 — Calculation neutron flux and it’s energy spectrum using MCNP4A code
2- 1 1 -1.0 -10-101 20
3- 2 1 -1.0 -10 101 -102
4- 3 1 -1.0 -10 102 -103
5- 4 1 -1.0 -10 103 -104
6- 5 | -1.0 -10 104 -105
7- 6 1 -1.0 -10 105 -106
8- 7 | -1.0 -10 106 -107
9- 8 1 -1.0 -10 107 -108
10- 9 1 -1.0 -10 108 -109
11- 10 1 -1.0 -10109-110
12- 11 1 -1.0 -10110-111
13- 12 | -1.0 -10 111 -112
14- 13 1 -1.0 =10 112 -113
15- 14 1 -1.0 -10113 -114
16- 15 1 -1.0 -10-30

17- 16 1 -1.0 10-120-30
18- 17 1 -1.0 4020 -101
19- 18 1 -1.0 40 101 -102
20- 19 1 -1.0 —40 102 -103
21- 20 1 -1.0 40 103 -104
22- 21 1 -1.0 -40 104 -105
23- 22 1 -1.0 —40 105 -106
24- 23 1 -1.0 —40 106 -107
25- 24 1 -1.0 —40 107 -108
26- 25 1 -1.0 —40 108 -109
27- 26 1 -1.0 —40 109 -110
28- 27 1 -1.0 40 110-111
29- 28 1 -1.0 40111 -112
30- 29 1 -1.0 40 112 -113
31- 30 1 -1.0 40113 -114
32- 31 1 -1.0 40 114 -30
33- 32 8 -1.319 -5012-20
34- 33 7 -0.0012 -60 20 -30
35- 34 7 -0.0012 =70 20 -30
36- 35 8 -1.319 -5030-13
37- 36 5 -1.68 20 -3050-100
38- 37 0 -50 20 -30 1 40 60 70 FILL=1
39- 38 0 100:-12:13

40- 39 5 -1.68 -51 52 -53 54 55 -56 U=1 LAT=2 FILL=-7:9 -10:6 0:0
41 1 16R



42
43
44
45
46
47
48
49
50
51
52
33
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79

80
81
82
83
84
85

40
41

183
184
185
186
187
188
189
190
191
192
193
194

205
206

210
211

10
12
13
20
21
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1 16R

18R2422R 12R

16R27R 1 1R
15R23R423R11R
14R21R323R321R11R
13R210R 1 1R
12R523R51R23R511R
12R422R52R22R412R
1IR523R51R23R512R
11R210R13R
1IR21R323R321R14R
11IR23R423R15R

11IR27R 16R

12R22R 42 18R

1 16R

1 16R

Universe 2: structure of control rod

3 -2.05 -8081u=3

1 -1.0 80:-81u=3

Universe 3: structure of fuel rod

1 -1.0 -31u=2

=27 31-32u=2

-1.51 32-33u=2

2.7 33-34u=2

-1.0 34-35u=2

-2.7 35-36u=2

~1.51 36-37u=2

27 37 -38u=2

-1.0 38-61-6365 6264 —66u=2
-2.7 (61:-62:63:-64:-65:66) 71 72 =73 74 75 =76 u=2
-1.51 (71:-72:73:-74:-75:76) -91 92 -93 94 95 —-96 u=2
=27  91:-92:93:-94:-95:96 u=2
Universe 4: Water channel

1 -1.0 -222u=4

4 277 222u=4

Universe 5: beryllium rod

2 -1.875 -2122-232425-26u=5
5 -1.68 21:-22:23:-24:-25:26 u=5

e e e ATE L - e

c/z 0 -5.542725174 3.2
c/z 0 -5.542725174 1.0
pz-5.0

pz 63

pz 0.0

px 1.59
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86 22 px -1.59

87 23 p 1.0 1.7320 3.19
88 24 p 1.0 1.7320 -3.19
89 25 p 1.0 -1.7320 -3.19
90 26 p 1.0 -1.7320 3.19
91 30 pz 60.0

92 31 cz 0.17

93 32 cz 0.27

94 33 cz 0.33

95 34 cz 042

96 35 cz 0.76

97 36 cz 0.85

98 37 cz 0.92

99 38 cz 1.01 ,

100 40 c/z 3.2 11.08545035 1.0
101 50 c/z 0.0 -5.542725174 20.8
102 51 pz 1.6

103 52 pz -1.6

104 53 p 10 1732 0 3.20
105 54 p 10 1732 0 -3.2
106 55 p 1.0 -1.732 0-3.2
107 56 p 1.0 -1.732 0 3.2
108 60 c/z -16.0 -5.542725174 1.0
109 61 px 1.35

110 62 px —1.35

111 63 p 1.0 1.732 0 291
112 64 p 1.0 1.732 0 291
113 65 p 1.0 -1.732 0 -2.91
114 66 p 10 -1.732 0 291
115 70 c/z-3.2-22.1709 1.0
116 71 px 1.44

117 72 px —1.44

118 73 p 1.0 1.732 0 3.01
119 74 p 1.0 1.732 0 -3.01
120 75 p 10 -1.732 0 -3.01
121 76 p 1.0 -1.732 0 3.01
122 80 cz 0.7

123 81 pz 16.0

124 91 px L.51

125 92 px —1.51

126 93 p 1.0 1.732 0 3.09
127 94 p 1.0 1.732 0 -3.09
128 95 p 1.0 -1.732 0 -3.09
129 96 p 1.0 -1.732 0 3.09
130 100 c¢/z -5.542725174 30.8



131
132
133
134
135
136
137
138
139
140
141
142
143
144
145

146
147
148
149
150
151
152
153
154
155
156
157
158
159

160

161

101
102
103
104
105
106
107
108
109
110
111
112
113
114
222

imp:n
ml

m3
m4
mS
mb6

m8
mt 1
mt2
mt5
kcode
ksrc

el

f4:n
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pz 4.0
pz 8.0
pz 12.0
pz 16.0
pz 20.0
pz 24.0
pz 28.0
pz 32.0
pz 36.0
pz 40.0
pz 44.0
pz 48.0
pz 52.0
pz 56.0
cz 1.51

136r01 18r

1001.37¢c 2 8016.37c 1

4009.37c 1

5010.37¢ -0.6870 5011.37¢ -0.0840 6012.37¢ -0.2290
13027.37¢c 1

6012.37¢c 1

92235.37¢ —0.36 92238.37¢ -0.64

1001.37¢ 3 8016.37¢c 1

13027.37¢c —0.3846 1001.37¢c —-0.06831 8016.37¢ —0.5469
Iwtr.01t

be.01t

grph.01t

4000 1 40 3000

1.5 11.08545 0.1 —1.5 11.08545 200.27 11.08545 11 -0.27
11.08545 11

0.001e-6 0.003e-6 0.006e-6

0.01e-6 0.02e-6 0.03e-6 0.04e-6 0.05e-6 0.06e-6 0.07e-6 0.08e-6
0.09e-6 0.1e-6 0.15e-6 0.2e-6 0.25e-6 0.3e-6 0.35¢e-6 0.4e-6
0.45¢-6 0.5¢-6 0.6e-6 0.7e-6 0.8e-6 0.9¢-6 1e-6 1.5e-6 2e-6
2.5e-6 3e-6 3.5e-6 4e-6 4.5e-6 Se-6 5.5e-6 6e-6 6.5¢-6 Te-6
8e-6 9¢-6 le-5 1.5¢-5 2e-5 2.5¢-5 3e-5 3.5e-5 4e-5 4.5e-5 Se-5
6e-5 7e-5 8e-5 9e-5 le-4 1.5e-4 2e-4 2.5e-4 3e-4 3.5e-4 4e-4
Se-4 6e-4 7e-4 8e-4 9¢-4 1e-3 1.5¢-3 2e-3 2.5e-3 3e-3 3.5¢-3
4e-3 S5e-3 6e-3 7e-3 8e-3 9e-3 le-2 1.5e-2 2e-2 2.5¢-2 3e-2 3.5¢-2
4e-2 Se-2 6e-2 Te-2 8e-2 9e-2 le-1 1.5e-1 2e-1 2.5¢-1 3e-1 3.5e-1
4e-1 Se-1 6e-1 Te-18e-19e-11.01.52.02.53.03.54.05.06.0
7.08.09.0 10.0 20.0

123456789101112131415

17 18 19202122 2324252627282930313233
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In the above geometrical description, the co-ordinate origin is chosen at the
center of (5,6) element.

The cells from cell 1 to cell 35 describe ones used in the calculation of neutron
spectra and flux (neutron trap, 1-4 and 13-2 channels). Cell 37 describes graphite
reflector. Cell 39 describes structure of reactor core and materials. The detailed
structures of materials in the reactor core, including control rods, fuel rods, beryllium,
graphite blocks and water are described in cells from 40 to 221.
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CALCULATION OF NEUTRON FLUX CHARACTERISTICS OF DALAT REACTOR USING MCNP4A CODE




