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Nuclear Technique in Tracing the Cumuli Clouds 

By B. D. KYRIAZOPOULOS1), G. C. LIVADAS 1) and P. N. DIMOTAKIS 2) 

, S u m m a r y  - With in  the  scopes of Mount  Olympus  Cumulus Pro jec t  (sponsored by  NATO) which 
is cur rent ly  in progress on the  summi t  of Mount  Olympus  (Hellas), a new me thod  has been applied, 
with non radioact ive  tracers,  which would become radioact ive af te rwards  by  neut ron  i rradiat ion 
at  the  'Democr i tus '  (Athens) nuclear  reactor.  

To this effect  the  solution of t he  t racers  (various chemical  compounds)  was iujected into the  
cumuli  clouds by  spraying i t  in the  form of small  drople ts  by  means  of an agricul tural  sprayer  
"airblast nozzle type ' .  Af ter  tracing,  samples of the  cloud were taken by  means  of a filter paper  
connected  wi th  a high volume air sampler.  

7. Introduction 

The field of tracer technique in clouds research does not seem to be too rich. 
Although the problems of investigation of formation, motion, diffusion, identity, and 
other cloud characteristics demand a proper tool, no such methods of a proper elabo- 
ration are still available. As it is known, in certain cases it is not easy to judge by  
observation alone of the apparent motion of a cloud whether it is really a transitory 
motion towards a certain direction, or just an extension of the cloud mass, due to 
further water-vapour condensations in this same direction. Even more difficult is the 
investigation of the inside motions of a large cloud mass or a group of clouds. 

The research works of the Mount Olympus Cumulus Project (sponsored by  NATO, 
Grant 131, Director-Beneficiary Prof. B. D. KYRIAZOPOULOS) are being conducted 
at the Mount Olympus summit of Ayios Antonios (~v ~ 40 ~ 04' N, 2----22 ~ 21' E, 
elevation 2817 m) where the installations of the alpine type meteorological station of 
the Inst i tute of Meteorology of the University of Thessaloniki are located (LIvA- 
DAS [2i,  KYRIAZOPOULOS [4]a). 

Towards this peak, standing at a direct distance of 18.5 km from the sea, masses 
of cunmli clouds rise during the summer, coming either from the near-by sea-shore, 
or from the interior of the warm plain of Thessaly. 

Within the scopes of the researches of the above mentioned Cumulus Project, we 
searched the possibility to elaborate a method to trace the cumulus clouds using 
radioisotopes. Such a method could rather have disadvantages like contamination 
of the atmosphere, the need of counting the samples in short time after sampling, espe- 
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cially for the short lived radioisotopes which are used as a rule, special precautions for 
the people etc. On the other hand tri t ium should not have the above disadvantages and 
in addition would be in the form of water which is the main constituent of the clouds-- 
tr i t ium is actually supplied in the form of tritiated water. Nevertheless the high cost 
of tr i t ium and the need for special liquid scintillation apparatuses to count the samples 
obliged us to exclude this radioisotope. 

Therefore the effort was focused in elaborating a method with non radioactive 
tracers which would become radioactive afterwards by  neutron irradiation (W. S. 
LYON E3]) at the 'Democritus '  nuclear reactor; that  is a method similar to the one 
used by  G. F. HAINES ~1~ but  for different purposes. 

In this work are presented the experimental results of a research in which various 
chemicals were used to trace the clouds and which constitue a new method in the field 
of cloud research. All experiments were run on the Olympus Mountain at the Ayios 
Antonios peak where the Meteorological Laboratory is located. 

2. Experimental 

Materials. The chemical compounds chosen were ammonium bromide NH4Br, 
sodium nitrate NAN03, copper nitrate Cu(NOa)~, and magnesium nitrate Mg(NO3)2. 
All these were of analytical puri ty reagents and were used as i0% solution in water. 

Method of injection. The solution of the tracer was iniected into the cumuli clouds 
by  spraying it in the form of small droplets (50 to 200 microns size) by means of an 
agricultural sprayer 'airblast nozzle type' .  

Method of sampling. After tracing samples of the cloud were taken by  means of a 
filter paper connected with a high volume air sampler. 

Irradiation of the samples into the reactor. The fast pneumatic system of the Nuclear 
Chemistry Laboratory  at the 'Democritus '  NRC in Athens, was used to send the 
samples to the reactor for neutron irradiation. The irradiation time was 10 minutes 
and the thermal neutron flux 1012 n/cm 2 sec. 

Radioactivity measurements. Five minutes after the neutron irradiation the samples 
were examined as far as their gamma-spectrum is concerned by  means of a multi- 
channel analyser connected with a 3 ~ • 3 '~ NaI(T1) crystal. The analyser was a 
transistorized 400 channels instrument of the Intertechnique SA 40 type. 

3. Results 

The radioactivity and spectrum of neutron irradiated filter paper with and without 
cloud samples was found to be negligible. Nevertheless every sample was compared 
with this blank spectrum which was really subtracted from the spectrum of the tracer. 
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Figure 1 
Gamma-rays spectrum of neutron activated filter paper 


