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SOLAR SVA70̂ .TIO"rI OF LIQUID '.RADIOACTIVE JASTE5 
(A Feasibility Study) 

M. A. MUBARAK 
A3DUL A2I2 

Pakistan Institute of Nuclear Science and Technology 
ISLAMABAD 

A B S T R A C T 

Measurements of meteorological parameters 
such as the air temperature, relative humidity, vrind 
speed, rainfall, duration and intensity of sunshine 
etc. were carried out. The general effect of these 
parameters on the evaporation from a Class 'A' pan 
is reported. 

Effects of measures such as the addition of 
dyes and painting of tank surfaces, increasing the 
evaporation surface by using porous fibres or 
bricks partly immersed in the liquid, increasing tl*e 
radiation receiving surface of tanks etc. in order 
to increase the evaporation fron open pans is discussed. 

Using the results of observations and the 
experimental data the design basis of two types of 
evaporators for the volume reduction of medium level 
wastes is presented with particular regard to the 
possibility of dispersion of radioactivity to the 
environment• 

It is concluded that solar energy can be 
effectively and economically utilized for the volume 
reduction of medium level radioactive wastes 
particularly at small establishments. 
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*• INM-ODUCTICN 

Among method:; of the volume reduction of liquid 
radioactive v/;-.^ u*i 1 ^ 1 - . > 3 J .rior to their final disposal, 
the use of solar energy for the concentration of low and 
medium level wactes could prove to be a simple and economic 
proposition especially for the regions situated at suitable 
latitudes and having abundant sunshine. According to Geoffroy 
(l) all regions located between ^5°N and 45°S and having 
over 2000 bright sunshine hours annually may be regarded as 
suitable for the use of solar energy for water heating. 
The Pakistan Institute of Nuclear Science and Technology being 
located at about 33 N and with an annual bright sunshine 
exceeding 30CO hrurs, thus, appeared to be an ideal site for 
the utilisation of solar energy for the concentration of 
1-1 quid radioactive wastes. 

Solar energy is being extensively used in Japan, U.A.~:. 7 

/.ustralia, U.S.At and Israel (2-8) for water heating and 
distillation of saline v.ater. Extensive studies have also bee:: 
mado in Pakistan (9) to estimate the loss of water due to 
solar evaporation from lak^s and reservoirs. 

The uco of solar er.ergy for the evaporation of liquid 
radioactive wastes aai;, however, been practised at a very fe*.r 
pieces presumably because most of the nuclear centres in. 
advanced countries are not located in hot regions. The 
available literature on the solar evaporation of liquid wactcs 
is, therefore, very limited. 

At Lawrence Radiation Laboratory, U.S.A. (to) low and 
intermediate lcel carboy westes -/ere solar evaporated tc 
about 30% solids in 20'xl0 ,xl l pits after the removal of oils 
and solid?, The cost of solar evaporation for the treatment 
of about 30,00C gallons of wastes worked out to be leas than 
10% of the cost of solidification in concrete-vermiculite 
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mixture. Their experience showed that in transparent solutions 
only infra red portion of sun's radiation was completely 
absorbed, while visible radiation constituting 35% of the 
total energy passed through the solution with little lose. 
The absorption of energy could be improved by the addition 
of dyes in the -rastes, such as 2-naphthol green, or paintiig 
the receiving surface black. The oil residues that cai:e to 
the surface of the solution effectively blocked evaporation. 
These could be removed by spraying the surface with oil 
reactants. They did not detect any entrained activity in the 
air over the surface of the solution. 

At Lucas Heights in Australia (ll) solar evaporr.tior. 
was used for the volume reduction of the sludge resulting 
from the low-level effluent treatment. The sludge 'ias Iriea 
in a four compartment concrete po^d with a surface area of 

2 86 m . The rate of evaporation from the surface of tho slv.dge 
compared closely with the mean annual evaporation of h'f> iiicl.es 
(109 cm). They achieved a;i overall volume reduction factor of 
5.3 at a cost which, leaving aside the capital cost, is 
insignificant compared to the total cost of low-level 
effluent treatment. 

At the "Democritus" Nuclear Research Centre, Greece,(i?) 
evaporation rr.te of the radioactive waste contained in a solar 
evaporation pot was enhanced by preheating the waste by solar 
energy collected by a secondary system constituting the 
parabolic and flat plate collectors. The secondary cyste..: 
delivered the heat to the waste through heat exchangers. 
A temperature rise of the waste of about 26 C above the 
ambient air temperature and an evaporation rate of 0.8 cra/hr 
could be achieved at the peak hour of the day. 

In India (13) a solar evaporator of size lO'xlC'xC" 
was used to study the evaporation rates. The available free 

2 surface area for evaporation was 9 m . They increased the 
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evaporation rate by extending the exposed surface area ~oy 
placing brick pieces in the evaporator so that only the 
bottom portion of the bricks were immersed in the liquid, 
while the major area of the bricks was exposed to the 
atmosphere. The capital and running cost of the evaporator 
were estimated to be "very little". 

The work presented in this report consists of the 
following:-

(a) A systematic study of the meteorological 
parameters such as the air temperature, relative 
humidity, wind speed and rainfall. 

(b) Measurement of the duration and intensity of 
sunshine 

(c) Measurement of evaporation rates from different 
types of tanks and pans• 

(d) Study of methods/parameters for increasing the 
evaporation rates. 

(e) Dispersion problems from open tanks and their 
possible solution. 

(f) Construction of simple and economical prototype 
evaporators. 

2. METEOROLOGICAL DATA 

Measurement of air temperature, relative humidity, 
rainfall and the speed and direction of wind were made as 
regularly as possible. Resistance thermometers and hygro-
transmitters (Thies, Gottingen, Germany) vrere used for the 
measurement of temperature and relative humidity, the signals 
being continuously recorded on a single recorder. The daily 
maximum and minimum temperatures and the relative humidity 
at 0800 hours were also determined by means of the maximum/ 
minimum and the wet and dry bulb thermometers respectively. 
The speed and direction of wind were determined by means of 
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a cup-anemometer mounted on & 33 ft. high mast on a clear 
piece of ground. The speed and direction signals from this 
anemometer were continuously recorded. 

The results over n -?e?~±o'3. of about two years show 
that average temperature (average of hourly values over 
24 hours) in a summer month (June 1969) reached 32 C with 
the maximum approaching at 42 C. The average temperature in 
a winter month(January 1970) dropped down to 7 C the lowest 
maximum being 10 C and the minimum approaching slightly 
below freezing point for a few days. Analysis of the continuous 
temperature record showed that the average daily temperature 
as almost always equal to the mean of maximum and minirrurc 
daily temperatures. 

The relative humidity of air during the dry surfer 
r.:onth(April to July) was found to be quite low. The daily 
average (average of hourly volues during 24 hours) dropped 
down to as low as 27% in June 1969 j the minimum approaching 
21% in the same month. 

The average daily wind-speeds(average of hourly values 
during 24 hours) varied from zero to 50 mph during the 245 days 
~or which the observations were made. On 81.2% of these days 
the average daily wind speed was less than 5 mph. On very few 
occasions and for bhurl periods oi Lime did the wind speed 
exceed 20 mph although the maximum value recorded was as hi^h 
as 50 mph. 

The typical effect of temperature, relative humidity 
and wind speed on evaporation from a standard tank is presentee. 
±n Figure 1. It will be seen that higher air temperatures, h±z'' 
wind speed and low relative humidity tend to increase the 
evaporation rate. Starting from Dalton various workers (S) 
put forth empirical formulae between these variables but nono 
of these was found to be accurately applicable to our flatti« 
This is pressumably because of the wide and uncontrollable dc.y 
to day variations in some cf these parameters. 



The precipitation over a period of one year from 
Iiay 1969 to April 1970 at Pinstech amounted to 80.32 cr:. 
of which 45.97 en that is about 57.4% occurred in August, 
September and October. The actual observed rainfall at Finstech 
during the period from May 19^9 to December 1970 is presented 
alongwith the evaporation from a standard tank in Table 1 and 
Figure 2 which show that the maximum evaporation occurred 
during the low-rainfall months and vice versa. It may be 
mentioned that although the observed rainfall during the 
period under report was a little below normal, the seasonal 
pattern was similar to that of the normal. For example the 
lioaa annual rainfall at rlHSTECH for the last seven years 
(1963 to 1970) was 97 cm. of which 55*5 cm. that is 57.2% 
occurred in the months of July, August and September. 

3 # SOLAR RADIATION DATA 
The measurement of actual bright sunshine hours end 

the intensity of solar radiation v/ere carried out by means of 
a Campbell-Stokes sunshine recorder and a calibrated solarinetei-
(Kipp and Zonen, Holland) respectively. The intensity of solar 
radiation was recorded in calories incident on one square 
centimeter horizontal surface per .minute. 

The total and ".ccual bright sunshine hours at !> inn tech 
for a complete year from October 1969 to September 1970 are 
presented in Table II. The observed bright sunshine hour-s for 
this 12 month period were 3285.27 which is 0.72 of the total 
sunshine hours. 

It will also be seen that with the exception of January 
and August, the bright sunshine hours equal or exceeded 70% 
of the total sunshine hours. 

The monthly averages of the intensity of solar radiation 
.:it Pinstech over a period of one complete year from September 
1969 to August 1970 in terms of calories/cm -min at dif?.ire:it 
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tiraes of the day, and in calories/cm -day over the v/I:c 1 > 
month are presented in Table III. In a summer month (May 197'̂ ) 
.uo intensity of solar radiation was found to be as high as 

- 2 
57o calories/cm -day. v^-rc r.:. ha ." . -\-..n va?.ua for a winter 
month (Jan.70> was 22c cai/ cm"J-day. The average hourly variation 
Q:? the intensity of solar radiation in the winter, summer ar.d 
autumn months(January,May and October) are presented in 
igure 3. 

An Gxnct mathematical relationship between the observe J. 
sunshine hours, ta& intensity of solar radir.tion and the 
observed evaporation frosr. a standard tank cannot be worhed out 
.̂j the evaporation does not depend only on these factors. 
The general effect of observed sunshine hours and the intensity 
of solar radiation on the observed evaporation from a standard 
tank may however be seen from Figure 4. From this it is clear 
that the variations in evaporation closely follow these in 
the bright sunshine hours and the intensity of solar radiation. 

4. 3VA1-ORATION DATA 

The main object of collecting this data was to evolve 
suitable methods of increasing evaporation rates in as simple 
a manner as possible. Daily evaporation rates from different 
types of tanks such as a series of concrete ponds (8 ,x4 ,xl f) 
and mild steel tanks of different dimensions were measured 
regularly. For the purpose of comparison the evaporation rate 
from a 4 ft, dianeter and 1 ft, deep nild steel tank buried i:: 
the ground and filled with water to a depth of 11 inches 
(International Class A Pan) was taken as a standard. All 
measurements of evaporation were made by comparing the heights 
of liquids with the help of a height guage having a vertical 
pointer fixed to a vernier scale. The instrument could read 
with a precision of l/50mrn 

A brief description of the r.iethods for increasing th;j 
evaporation rates and the results obtained arc presented 
hereunder:- _ 



4,1.Use of Black Paint and Dyes;-
The application of a black coating(bitumen) on the 

bottom and sides of the 8 ,x^ ,xl* concrete tanks was found tc 
increase the evaporation rate by only 2,7%(averaged over 
a period of six months) with respect to a similar tank painted 
very light green. Dissolution of a black dye in the taxiky 

however, increased the, evaporation by 12%. These figures are 
not as impressive as those achieved by another method described 
in the following section. 

4.2.Increase of Radiation Receiving Surface of the Tanks:-
This method was discovered in an attempt to co-relate 

the evaporation from small mild steel tanks with the detpth of 
liquid in them..A number of 1 ft. diameter mild steel tar.Ir.s 
having heights varying from 3 inches to 12 inches were used -for 
this purpose. All these tanks were placed on the ground and 
the level of liquid in each tank was kept one inch below the 
top edge so that the edge-effect was the same in each case. 

The results of measurements over a period of 12 months 
are presented in Figure 5. This shows that the evaporation 
increased almost linearly with the height of the tank so rjuch 
so that the evaporation from the 12 inch high tank was ROOTS t 
67% more than that from the 3 inch tank. This is inspite of the 
fact that the volume of liquid in the tank also increased with 
its height. This increase can be explained only by the fact 
that the tanks with larger heights had greater radiation 
receiving area. Greater evaporation could be expected duo tc 
increased radiation receiving surface of a tank if the volume of 
liquid in it were kept low. This may, however, not be effective 
beyond a certain limit in the case of a narrow cylindericai 
tank as lower level of the liquid in it would introduce an edge 
effect which will tend to reduce free evaporation. 
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The above findings were applied in a simple manner to 
a bigger tank(4 ft. dia x 1 ft. deep) by simply placing it above 
the ground. The observed evaporation from this tank from Hay 19^9 
to October 1970 is shown in Table IV and Figure 5 alongwith the 
rainfall and the evaporation from the Standard Tank(which is 
exactly similar but its exposed surface is smaller as it is 
buried in the ground)• It may be seen that on the average the 
evaporation from this exposed tank was as much as 55.50 higher 
with respect to the similar buried tank. The net evaporation fro:.; 
the exposed tank after subtracting the observed rainfall duriiij; 
the same period was about 3 times higher than that from the 
buried tank. 

An attempt was made to further increase the heat 
receiving surface of a tank indirectly by using extended 
radiation receiving panels coupled to the tank. One such panel 
was made from 3 mm thick sheet of aluminium having an area of 

2 25,000 cm which was welded to 1 ft. wide aluminium strips 
dipping in the liquid in a tank. The object was to conduct the 
heat received by the panel to the liquid in the tank. On 
comparison with an identical tank without such a panel, it vras 
observed that the addition of the panel increased the evaporation 
by only 5«8# over a period of 4 months(June-September 1970). 
The probable explanation for this small increase could be that 
all the heat received by the panel was not conducted to the 
liquid in the tank* From this exercise it appears that increasing 
the dimensions(height and diameter) of the tank could be a 
more promising alternative. 

4.3.Other Methods of increasing Evaporation:-
Apart from the methods described above the fol2.Dwin£ 

possible techniques can also be used to increase evaporation:-
(a) By increasing the surface area of the liquid and t:.u.: 

increasing the evaporation surface:- The surface 
area of the liquid cannot be increased beyond a 
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practical limit, but the use of porous bricks or 
fibres partly immersed in the liquid could, through 
capillary action, increase the evaporation surface 
and hence the evaporation rate, The chief disadvantage 
of this technique would be the accumulation of dry 
radioactive salts on the bricks or the fibres which 
could increase the hazard of wind-assisted spread 
of radioactive contamination. This technique was 
therefore not considered suitable particularly for t;:e 
evaporation of medium level liquid wastes. 

(b)By increasing the temperature of the liquid:- This can 
be done by pumping the liquid waste through black-body 
panels. Higher temperature of the liquid would naturally 
result in higher evaporation rates but this method 
would tend to add to the complexity of a system both 
from the operation and maintenance point of view. 
A heat source ether than the solar radiation(for example 
an immersion heater) can also be used to raise the 
temperature of the liquid but it would also result in. 
the same type of problems although to a lesser extent. 
Solar reflectors can also be used for the same purpose 
but this would tend to increase the overall cost of 
the system. 

5- SPREAD OF g/^IOACTIVE CONTAMINATION 
PROM OPEH SURFACES. 

One of the main disadvantages of evaporating radioactive 
liquids in open tanks or ponds is the possibility of spreading 
radioactive contamination particularly during the presence of 
high speed winds. Although at the Lawrence Radiation Laboratory 
U.S.A. (10) where solar evaporation of radioactive wastes vrca 
tried, no entrained activity t/as detected in the air above the 
solution, this problem must be given due consideration while 
designing a solar evaporator. 

As evaporation is a surface phenomenon which occurs well 
-10-
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below the boiling point of a liquid, it is therefore reasonable 
to assume that there will be no entrainment problems under 
normal conditions. Some spread of radioactive contamination 
c;ay however be expected due to high speed winds or squally 
rain/hailstorm showers, for example 

(a) High speed winds could produce ripples/waves on the 
surface of the liquid which might, on breaking 
at the walls of the tank, cause entrainment or 
result in splashing the radioactive liquid out of the 
tank. This is however not likely tc occur in small 
tanks of only 4 ft. diameter. The winds could also 
blow away small diJy radioactive particles which might 
be sticking to the walls of the tank particularly if 
the contents of the tank were evaporated to dryness. 

(b) Squally rain or hailstorm showers which are sometimes 
experienced at PINST3CK could also result in spreading 
the contamination by splashing the radioactive liquid 
out of the tank. 

A simple wind-tunnel experiment was conducted to estimate 
the problem of contamination at moderate wind speeds. Solutions 
of cesium-137 and cobalt-6o in shallow petri dishes were placed 
in a small wind tunnel and heated to about 70°C by means of 
an infra-red lamp. The extract from the wind tunnel was filteror. 
through a high efficiency filter paper. No radioactivity could 
*o« detected on the filter paper at wind speeds of upto 
600 ft./rain, (about 7 mph) in the tunnel. This result ma/'not 
necessarily apply for higher wind speeds. 

The following measures may, however, be adopted without 
r.nich difficulty to avoid to a large extent the spread of 
contamination from open tanks:-

(a) The top open side of the tank should be kept small 
to avoid the formation of ripples/wavea due to high 
speed winds. This phenomenon was not observed in the 
case of k ft. diameter pans at wind speeds of upto 
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50 m.p.h. at ?II!ST2CH. 
(b)The contents of the open tanks should not be allowed 

to get completely dried-up. 
(c)Suitable wind breakers may be installed round the 

tanks to break the severity of the wind. These should 
not, however, prevent the solar radiation from 
reaching the tank. 

(d)The best solution nevertheless appears to be the 
use of temporary covers which may be put on top of 
the tanks in the event of high speed winds, rain 
or hail showers. 
6. DEVELOPMENT OP PROTOTYPE SV^PORKTOR 

The following characteristics were kept in view while 
designing a prototype evaporator:-

(a) The evaporator should be as simple and inexpensive 
to construct and instal, operate and maintain as 
possible, 

(b) It should involve little or no transfer of radioactiva 
liquids between its various components. 

(c) It should be suitable for the evaporation of medium-
level radioactive wastes. The possibility of 
dispersion of radioactivity should therefore be 
eliminated. 

(d) Solar radiation alone should be used as a source cf 
heat. 

Based on the data obtained during the present study anc 
the above mentioned characteristics the following two types of 
evaporators were designed and constructed:-

6•1.Open Pan Evaporator;-
This is based on the direct use of solar radiation and is 

essentially an open tank constructed from mild steel. The tank 
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-*s cylinderical in shape having a diameter of 4 ft. and depth 
of i ft. The bottom of the tank is funnel shapped and a two 
inch diameter drain pipe with a valve is welded to it. The valve 
can be opened or closed by means of a long shaft from behind 
a radiation shield so that the radiation exposure to the 
personnel is reduded. 

In order to avoid the spread of radioactive contamination 
from this evaporator the following measures have been adopted:-

(a) The top of the evaporator is fitted with a G.I. wire 
netting of a nominal size of }6 inch square so that 
the spread of contamination which might be caused 
by birds is eliminated. The netting has proved quite 
effective for this purpose and at the same time it 
does not stop the solar radiation from reaching the 
tank nor does it prevent any hindrance to the 
evaporation of the liquid. 

(b) The evaporator is installed a+ a height of about k ft, 
from the ground. This prevents insects from crawling 
into it and affecting dispersion of radioactivity. 
In addition a greater surface area of the tank is 
offered to solar radiation in this way. 

(c) The top of the evaporator is skirted in order to 
avoid the splashing of the liquid out of it due tc 
high speed winds. It i3 not proposed to evaporate 
the liquid to complete dryness as it would tend to 
increase the wind-assisted dispersion. The concentrated 
solution may instead be drained out of the evaporator 
and treated separately. In order to further reduce 
the chances of spread of contamination due to high 
speed winds, suitable wind breakers could be employed 
around the evaporator or as an alternative the 
evaporator could be fitted with removable wind and 
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rain covers. 
Based on the evaporation data for a complete year from 

November 1969 to October ?9?0, nn evaporator of this type and 
size could be expected to evaporate as much as 3*3 n: of 
radioactive waste per year, mora than half of it(64%) occurring 
in only four pre-monsoon summer months of April to July. Higher 
evaporation figures can be achieved either by employing more 
thzri one evaporator of this size or by increasing the diameter 
of the evaporator. 

It may be pointed out that the only component of this 
type of evaporator which might require periodic maintenance or 
replacement is the valve in the drain pipe at the bottom of the 
tank. As this cannot be expected to be very frequent, very 
little maintenance would be required during the operation of 
t.iis evaporator. 
* Closed Evaporator/Concentrator?(Indirect use of Solar Radiation) 

As reported in Section 2 the relative humidity of air 
at IFINSTECH is quite low during the dry summer months!April to 
July). The minimum spot value and the minimum daily average 
observed by us were as low as ?A% and 27% respectively in 
June 1969, although values as low as 10% at 5 p.m. are often 
reported ir the presr for Rawalpindi about 15 miles fron PINST2C 

It was thought that if this hot and dry air were sucked 
through or swept over radioactive solutions in a closed tank it 
could pick-up a lot of water from the solution and result in 
concentrating it, A small closed tank evaporator was therefore 
designed and constructed. It consisted of a 10 gallon drum 
fitted with pipes for the inlet and extract of air, the inlet 
being near the bottom of the drum so that the air could bubble 
through the liquid. An air pump was used on the extract to suck 
the air from the drum at the rate of about 2 cubic feet per 
minute. 

The results obtained with this simple arrangement are 

presented in Table IV alongwith the average values of air 
temperature and relative humidity during the course of the 
experiment. It will be seen that this method can be quite 
effective in reducing the volume of radioactive wastes. 

The main advantage of this type of evaporator over the 
open pan type evaporator would be the elimination of the possible-
spread of radioactive contamination through the use of the 
abso lute filters in the extract duct. The build up of contami
nation on this filter could be reduced by sweeping the air over 
the surface of the liquid rather than air-sparging. The 
evaporating rate could be enhanced by heating the non-active 
inlet air by passing it through black-body paneIs(radiator type) 
placed in the sun. However, the system would be more expensive 
to construct, operate and maintain due to the involvement of air 
blowers, filters and black body panels. 

7. CONCLUSIONS 
From the data presented in this report, it may be 

concluded that the location of I:INSTECH and the meteorological 
conditions prevailing here are ideal for the successful 
utilization of solar energy. 

The values of evaporation obtained from open tanks 
are very encouraging for the volume reduction of liquid 
radioactive wastes. A single open pan evaporator of only k ft. 
diameter could evaporate as much as 3*3 cubic meters of liquid 
per year most of it occurring only in the pre-monsoon summer 
nonths from April to July. This approach is the simplest and 
:nost in-expensive application of solar energy particularly for 
the volume-reduction of small quantities of liquid wastes. Only 
two evaporators of this type and size are considered sufficient 
for the entire medium level waste(6 m /year) expected to arise 
at FINSTECH in future* Whereas no maintenance or operational 
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problems are envisaged with this type of evaporator, the 
problems of dispersion of radioactive wastes which might be 
associated with it could cause a set-back. The nature of this 
set-back, however, is not expected to be serious and it can be 
avoided by adopting simple operating precautions. 

Taking advantage of the low relative humidity of air 
particularly during the pre-raonsoon summer months the closed 
evaporator affords another method of volume reduction of mediiir. 
level liquid wastes. Although more expensive to build, this 
type of evaporator would afford a more positive control on the 
possible dispersion of radioactivity than the open-pan type 
evaporator. 
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TABLE I 

EVAPORATION FROM KILD STEEL TANKS 
AND PRECIPITATION AT PINSTECH. 

(Centiraeters) 

lionth EVAPORATION 
Class fA» Fan 

(Buried) 
Exposed 
Tank 

PRECIPITATION 

V-zy 1969 25.8 
June 3 5 . 7 
J u l y 22.6 
August 13.3 
September 17.7 
October 11.0 
November 6.3 
December 5 .3 
January 1970 4 .3 
?ebruary 4 .8 
I larch 9.9 
A p r i l 23.6 
r.ay 34 .1 
June 30.3 
J u l y 25.0 
i-.UgU8t 10.8 
September 7.4 
October 14.1 
ilovember 8.7 
3scember 4.7 

Total 315.4 

Net Evaporation 

40.3 
52.9 
3.4.8 
20.6 
27.0 
l6.8 
.11.9 
10.1 
8.3 
7.7 
14.5 
37.8 
54.1 
48.8 
36.5 
14.3 
9.9 
23.4 
11.8 
9.3 

490.8 
Class A Fan = 
Exposed Tank= 

3.53 
3.04 
3.38 
27.61 
4.82 
13.54 
0.18 

7.92 
9.98 
5.92 
0.40 
0.33 
5.20 
19.00 
47.60 
15.20 
2.29 
0.13 
1.07 

171.14 
144.26 
319.66 
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TA3LE II 

DURATION OF BRIGHT SUNSHINE AT PINSTECH 

I- onth Total Observed Bright 
Sunshine Hours Sunshine Hours 

280.93 October 
1969 

352.25 

Ucvenber 313.67 

-'ececiber 309.47 

J anuary 
1970 

316.25 

February 307.00 

I-crcli 370.50 

A p r i l 382.70 

I'iay 430.95 

June 431.10 

J u l y 439.00 

August 415.33 

September 371.75 
• * * 

Total 4,439.97 

269.75 
266.27 
175.60 

213.66 
272.32 
320.91 
358.30 
302.50 
306.85 
217.71 
300.53 

3,285^27 

Ratio 

0.80 

0 .86 

0 .86 

0 .56 

0 .70 

0 .73 

0, .84 

0 , . 8 3 

0, .70 

0 , • 7 0 

o, ,52 

0 , 80 

0.72 

r * 
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TABLE IV 

EVAPORATION OP LIQUID PROM A CLOSED 
TABS BY HOT AND DRY AIR, 

Average air 
D&*e Temperature °C 

23.6.70 37.8 
6.7.70 33.9 
10.7.70 32.8 
12.7.70 34.8 

A v e . r e l . 
Kuiniditv % 

Evaporation 
m l / c u . f t . a i r 

44.5 2.05 

58.4 0.75 

51*3 1.90 

51 .4 1.23 
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