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ABSTRACT

Kinetic characteristics of the reconstructed nuclear reactor in Dalat is investigated.
Experimental parameters measured consist of: Temperature coefficient of reactivity for
water-moderator. Xenon poisoning , contribution of delayed photoneutrons induced by
Be(y,n) reactions and positive reactivity insertion behavior.

I. INTRODUCTION

The Dalat nuclear research reactor was rebuilt from the TRIGA Mark II reactor.
The fundamental change in the reconstruction is the replacement of U-Al alloy type fuel
instead of the well known TRIGA HZr-U fuel with a high negative temperature
coefficient. Furthermore, in order to increase neutron density, an additional beryllium
reflector was introduced beside the old graphite reflector. By (y,n) reaction this material
constitutes an internal photoneutron source that may have influence on the reactor
behavior and operation. For the above reasons, it is worthwhile investigating kinetic and
dynamic characteristics of the rebuilt reactor. In this paper are presented experimental
results concerning some kinetic parameters of the reactor.

II. REACTIVITY COEFFICIENT

For light water moderated reactor, temperature coefficient of reactivity is defined as
the ratio

aj - dp / dT ,

where dp is reactivity variation corresponding to water temperature variation dT in the
core.

For the Dalat reactor, a j has been measured at 0.25 kW in the temperature range
of ( 20 -MO ) °C by compensation method using automatic regulating rod. The result is as
follows:
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-(1.0 ± 0.1) 10-2|3eff/°C for T = (20-30)<>C

-(1.5 ± 0.1) 10-2Peff/°C for T = (30 4- 40)°C

With the effective delayed neutron fraction of (3eff = 0.0081 [1] we have :

= -(0.8 ± 0.1) 10-4 /°Cfor T = (20 -J- 30)°C

= -(1.2 ± 0.1) 10"4 /oC for T - (30 + 40)°C

This experimental value is not in contradiction with the design value calculated in
[1], ctTca' ~ -1 10"4 / °C, and falls within the range of reactivity temperature coefficient
for research reactors moderated and cooled by water [2].

Although a y is relatively large for water moderator, its temperature effect does
take place with some delay, whereas reactivity coefficient due to variation of temperature
inside fuel elements gives rise to a more instantaneous effect. For WR-M2 type fuel of
the Dalat reactor, this value is -0.02 lO"4/0C [1], and for TRIGA type fuel, it is - 1.3 10"4

/°C, [3]. Therefore TRIGA reactors possess intrinsic stability much greater than the
present reactor.

III. XENON POISONING

Xenon poisoning is a negative reactivity effect due to X e ^ 5 , a (j235 fissjOn
product having very strong thermal neutron absorption. At 500 kW nominal power,
corresponding to average neutron flux of 3.4 1012 n/cm^/sec, Xenon poisoning effect in
the Dalat reactor has been measured by control rod compensation method. In Fig. 1 is
shown variation of Xenon reactivity versus working time at 500 kW compared with
theoretical calculation [4].

It is seen that Xenon reactivity is negative with absolute value increasing with time
and attaining equilibrium value

p X e = - ( 1.61 ± O.O6)(3efT= - 1.3%

after about 60 hours at 500 kW.

From calculation it is also found that maximum reactivity worth after reactor shut-
down, the so called Iodine pit effect, is :

= - 0 . 0 5 % ,

and the total maximum Xenon poisoning of the Dalat reactor at nominal power is -1.35 %.
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IV. PHOTONEUTRON CONTRIBUTION

In the Dalat reactor, delayed neutrons come from two contributions : neutron
disintegration of U^35 thermal fission products and neutron emission of beryllium material
inside reactor core by capture of gamma rays having energy higher than 1.67 MeV. The
problem of determining the latter contribution, i.e. delayed photoneutron contribution, is
needed in studying reactor dynamics and in assessing neutron source remained after shut-
down.

Total effective delayed neutron fraction, Pefj; consists then of two parts
effective delayed fission neutron fraction from \fl^, a nd pBe^ effective delayed
photoneutron fraction from Be(y,n) reactions. Experimental data of delayed neutron
spectra have been time analyzed, see [5], into 15 components, of which 6 components are
from U^35 fission and 9 others from (y,n) reactions on beryllium. It resulted that in media
composed of only beryllium, delayed photoneutron fraction is 15.175 10*5, i.e. with
known delayed neutron fraction from U^35 fission pU ~ 0.0064, one has :

P B e = 2.31 % and P u = 97.69 %

In the experiment on rapid shut-down realized on a critical assembly with cylindrical
core composed of enriched uranium ( 10 % Tj235 ) an(j beryllium reflector; Be/Tj235 =
1777 -=-3112, [6], one obtained delayed photoneutron fraction of 14.808 10"5, so

(3Be = 2.26% and P u = 99.74%

In the Dalat reactor, time spectra of delayed neutron were measured after reactor
shut-down following a continuous run of 100 hours at 500 kW. Neutron spectra,
measured by fission detector KNK-15 of the reactor control system AKNP and by IN-90
acquisition computer, are compared with indium foil activation data. In Fig. 2 time
spectrum of delayed neutrons during 64 hours after reactor shut-down, normalized to unit
at the moment of shut-down, presents sharp variation at the beginning. This rapid part is
mainly contributed by delayed neutrons from Tj235 fission products, after about 10
minutes this contribution can be neglected in comparison with delayed photoneutrons,
slowly varying neutron source of intensity about IO~4 4. 10"? times the neutron source
level at the moment of shut-down. So the photoneutron source left after reactor shut-
down gives the neutron flux of about ( 1 0 ^ - 10^ ) n/cm^/sec. This extraneous neutron
source is used for starting-up the reactor.

A global estimation from time spectrum gives

P B e = 0.46 % and P u - 99.54 %

These data show that p B e / P u ratio is smallest for the Dalat reactor ( 0.46 % ),
whereas it is the biggest for reactor moderated only by beryllium (2.31 % ). This can be
explained by the fact that beryllium reflector of the Dalat reactor is only a supplementary
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reflector composed of some Be-plates and Be-rods disposed separately on the
circumference of the graphite reflector ( weight ratio Be/U^-^ =: 8 7 )

V. POSITIVE REACTIVITY INSERTION BEHAVIOR

A nuclear reactor is a controlled system with feedback. From the dynamics point of
view, it is then important to study stability property of the reactor under modification of
dynamic parameters.

For its behavior studied during the short time after a rapid insertion of positive
reactivity, Xenon poisoning effect can be neglected, reactor stability is then assured only
by negative feedback of moderator and temperature effects.

For the Dalat reactor, stability has been studied at 0.1 kW for different values of
reactivity inserted by withdrawing control rod. In Fig. 3 is shown the increase of reactor
power versus time for inserted reactivity of +0.27 (3eff and +0.38 3eff anc* t n e p o w e r

levels attained after 10 minutes due to negative feedback of water and fuel temperature
effects. Fn Fig. 4 is shown the dependence of attained stable power levels on inserted
positive reactivity.

From this study it is confirmed the safe operation specification, i.e. in order to avoid
reactor shut-down by over-power condition it is necessary to limit positive reactivity
inserted to value of less than 0.4 (3eff.

Furthermore, as already mentioned in Section IT, TRIGA reactor has a stability
behavior better than the Dalat reactor because of TRIGA's higher negative instantaneous
temperature coefficient. Indeed, TRIGA reactor can support inserted positive reactivity of
1 (3eff resulting in reactor period of 1 sec and reaching only 120 kW stable power level
after having attained several hundred MW [4].

VT. CONCLUSION

The main results of the investigation of the kinetic characteristics of the Dalat
reactor are as follows:

1. The temperature coefficient of reactivity for water-moderator is about - ( 0.8 -r
l .2 ) 10"4 / °C for temperature range of ( 20 4- 40 ) °C.

2. The reactivity coefficient of Xenon poisoning effect is -1.3 % .

3. The effective delayed photoneutron fraction from Be(y,n) reactions is 0.46 %.

4. The safe positive reactivity inserted is of less than 0.4 (3ejgf.
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5. The Dalat reactor possesses an intrinsic stability much less than the TRIGA
reactor because the instantaneous temperature coefficient of reactivity and safe positive
reactivity inserted of the Dalat reactor ( -0.02 10~4 / °C and 0.4 (3eff) are much less than
those of the TRIGA reactor ( -1.3 10"4 / °C and 1 (3eff).
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