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Abstract—This study presents the calculation results of fuel and moderator temperature coeffi-
cients(FTC/MTC) of reactivity and also moderator density coefficient(MDC) of reactivity for the MNSR
research reactor, using Low Enriched Uranium fuels (LEU—12.6%). This study uses the DRAGONS code
to calculate the cross sections of all the reactor components at different temperatures and these group con-
stants were used then in the DONJONS code to calculate the fuel temperature coefficient (FTC), moderator
temperature coefficient (MTC), and moderator density coefficient (MDC) using 69 energy groups. Only one
parameter was changed where all other parameters were kept constant. The results for the average values for
both the fuel temperature coefficient (FTC), the moderator temperature coefficient (MTC) without water
density effect, and the moderator density coefficient (MDC) for LEU were: —1.1721E—02, —3.9023E—02,
and —3.1842E—01, respectively. The calculated feedback coefficients were compared with the measured data
for the MNSR reactor. Good agreements were obtained. Behavior of the coefficients with rising temperature

has been determined.
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1. INTRODUCTION

The nuclear reactor core reactivity depends on fuel
type, enrichment, core fuel loading, amount of poison
and temperature of fuel and moderator regions etc.
[5]. The temperature of fuel and moderator regions are
continuously changed during the reactor operation. It
is [9] known that an increase in fuel temperature
causes Doppler effect, which is the most important
and inherent shutdown mechanism that helps to
assure the safety of nuclear reactors. The individual
effect of temperature change of different regions on
reactivity is quantitatively different [10]. Therefore, to
quantify the effect of these parameters on reactivity,
the reactivity coefficients are determined. Conven-
tionally, the reactivity coefficients are calculated inde-
pendently and there seems to be a specific inaccuracy
in their calculations due to the neglecting the effect of
one parameter on the other, e.g. in the determination
of void coefficient of reactivity, change in coolant void
in moderator region also causes spectral changes in
fuel region [7].

This paper discusses the effects of changing param-
eters; three typical reactivity coefficients for the low-
power LEU core are calculated using the deterministic
codes DRAGONS and DONJONS: the fuel tempera-
ture coefficient (FTC), the moderator temperature

coefficient (MTC), the moderator density coefficient
(MDC) on core reactivity separate, for MNSR
research reactor core. The ENDF/B.VII library was
employed in these calculations.

2. DESCRIPTIONS OF MNSR REACTOR

The MNS research reactor [6] is a low power
research reactor with 34 kW nominal power level. It is
a small, safe nuclear facility, which employs LEU
(lowly enriched uranium ) as fuel, coolant and shield,
light water as moderator, and beryllium as a reflector.
The MNSR reactor was developed by the Chinese
Institute of Atomic Energy. It is a compact research
reactor designed to mimic the Canadian SLOWPOKE
reactor shown in Fig. 1. The MNSR reactor consists of
347 fuel pins, four tie rods and three dummy pins con-
centrically arranged in ten rings [3].

The fuel assembly rests on a 50 mm block of beryl-
lium reflector surrounded by a 100 mm thick annular
beryllium reflector, and a top-shim tray which allows
addition of beryllium reflector. The core has a central
guide tube through which a cadmium control rod
cladded in stainless steel moves to cover the core active
length of 230 mm [1]. The control rod serves as a reg-
ulation for power, compensation of reactivity, and for
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Fig. 1. MNSR Reactor using DRAGON Code.

reactor shut down during normal and abnormal oper-
ations, as shows in Fig. 1.

3. NEUTRONIC MODEL

The DRAGONS code has a collection of models
for simulating the neutronic behavior of a unit cell or a
fuel lattice in a nuclear reactor [8]. The typical func-
tionalities found in most modern lattice codes are con-
tained in DRAGONS. These include interpolation of
microscopic cross sections provided by means of stan-
dard libraries; resonance self-shielding calculations in
multi-dimensional geometries; multi-group and
multi-dimensional neutron flux calculations which
can take into account neutron leakage; transport-
transport or transport-diffusion equivalence calcula-
tions; and modules for editing condensed and homog-
enized nuclear properties for reactor calculations.

The neutronic analysis is of paramount importance
to determine the multiplication factor, fuel tempera-
ture coefficient, moderator temperature coefficient,
fuel burn-up, and power peaking factor, with the dif-
ferent cross sections. This calculation is typically per-
formed in a two-step procedure. The first step involves
cell calculation to obtain group constants of fuel
assemblies and reflectors. We have used DRAGONS5
to simulate the fuel assemblies in exact geometric
details and generate its equivalent cross-sections. The

Table 1. The calculated FTC of MNSR

oz, mk/K
Temperature, K
ENDF/B.VIL.1
293 0.0
313 —1.1233E—-02
333 —1.1238E—02
353 —1.1365E—-02
373 —1.1859E—-02
393 —1.2908E—02
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Fig. 2. The FTC as a function of temperature.

generalized Stammler method for resonance treat-
ment and collision probability method for solution of
the transport equation are employed to produce
69-groups homogenized cross-sections generation.
The reflective boundary condition is used in group
constants generation. In the next step, these data are
used by DONJONS to simulate the reactor core.
DONIJONS is a multi-group and multi-dimensional
solver of the diffusion equation [4]. The full core mod-
eling of MINSR reactor core with reflectors around the
fuel assemblies. The three-dimensional geometry of
the reactor is performed by dividing the axial direction
of the core into 21 layers and use of two layers for reflec-
tors at the bottom and top of the core. The core calcu-
lation is performedwith void boundary condition.

4. REACTIVITY COEFFICIENT

Reactivity coefficients quantify the amount that
the reactivity will change for a given change in the
parameter. For instance, an increase in moderator tem-
perature may cause a decrease in the reactivity of the
core. Typical units for the temperature coefficient are
pcm per degree temperature. In this work fuel and mod-
erator temperature coefficient are determined [9].

4.1. Fuel Temperature Coefficient (FTC)

It is the change in reactivity per unit change in fuel
temperature. It is calculated by varying fuel tempera-
ture with an increment of 20°C or (20 K) and deter-
mining respective reactivity. The results are given in
Table 1. With an increase in temperature the reactivity
is decreasing but the FTC is almost constant. This can
also be seen in Fig. 2.

4.2. Moderator Temperature Coefficient (MTC)

MTC is the change in reactivity per unit change in
moderator temperature. It is calculated by varying
moderator temperature with an increment of 20°C or
Vol. 18
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Fig. 3. The MTC as a function of temperature.

(20 K) and determining respective reactivity. The
results are given in Table 2. It is clear from the results
that with an increase in moderator temperature MTC
becomes more and more negative. This is inherent safety
feature of light water moderated reactors. Figure 3 shows
the variation of reactivity with moderator temperature.

4.3. Moderator density coefficient (MDC)

The moderator density coefficient is defined the
change in reactivity (p) per unit change in moderator
density. The reactivity effect in MDC is calculated by

Table 2. The calculated MTC (without water density effect)

of MNSR
oy, mk/K
Temperature, K

ENDF/B.VIL1
293 0.0
313 —3.1489E—-02
333 —3.4817E—02
353 —3.9283E—-02
373 —4.3875E—02
393 —4.5651E—02

Table 3. The calculated MDC of MNSR

Op, mk/g/cm?
Density, g/cm?

ENDF/B.VIL1
997 0.0
992 —1.4252E—01
990 —3.9075E—01
988 —3.9283E—-02
373 —3.6212E—01
986 —3.7828E—-01
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Fig. 4. The MDC as a function of temperature.

varying moderator density with an increment of 20 K.
And, as the increase in the density of moderator is the
effect of a positive reactivity. The range of the moder-
ator density coefficient from beginning of life to end of
life. The results are shown in Table 3 and Fig. 4.

The results obtained from this study indicate that
the MNSR reactor will be safe to operate between the
temperature ranges of 293—393 K. Table 4 shows the
average values for both the fuel temperature coeffi-
cient (FTC), the moderator temperature coefficient
(MTC) without water density effect, and the modera-
tor density coefficient (MDC) for LEU. Using cou-
pled neutronics/thermal-hydraulics codes, the overall
temperature coefficient of reactivity for the transient
conditions can be evaluated.

5. CONCLUSIONS

The feedback reactivity coefficients is one of the
very important parameters to evaluate the inherent
safety of a nuclear reactor. The results obtained from
this work indicate that the MINSR will be safe to oper-
ate between the temperature range of 293—393 K. It is
found that the dominant reactivity coefficient for all
types of fuel is the Moderator Density Coefficient.
The average values of the FTC for LEU (UO,) was
observed to be —1.1721E—02 mk/K. The average val-
ues of the MTC (without water density effect) for the
LEU was observed to be —3.9023E—02 mk/K. Finally,

Table 4. The average reactivity temperature coefficient

Temperature WIMSD [2] ENDF/ B.VII.1
FTC, mk/K —1.3951E—-02 —1.1721E-02
MTC, mk/K —3.9659E—-02 —3.9023E-02
MDC, mk/g/cm? - —3.1842E-01
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the average values of the MDC for LEU was found to
be 3.1842E—01 mk/g/cm?.

The overall temperature coefficient (OTC) for
transient conditions can be evaluated utilizing a cou-
pled neutronics/thermal hydraulics code.
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