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Some lndustrial Applications of Radioelements Made at 

the Commissariat~ L'Energie Atomique* 

The French counterpart of the U.S. AEC is actively engaged in show
ing industry how radioactivity can solve sorne of its problems. Six 
specifie problems, the methods of attack and resulta are discussed 

By JULES GUERON 
Department of Phyaicol Chemistry, Commissariat à L'Energie Atomique 

Paria, France 

lT IB COMMON for nuclear laboratories to 
be approached by persona or firme who 

* Paper presented at the Radioisotopes Tech
niques Conference, Oxford, England, July 19, 
1951. 

believe that radioactivity will solve 
their problems by sorne sort of magic 
action. While no magic is involved, 
radioactivity has nevertheless been used 



to gain knowledge leading to solu
tion of a wide circle of industrial prob
lems. The Commissariat à L'Energie 
Atomique, in collaboration with other 
organizations, has applied radioactivity 
techniques to leak detection, measure
ment of air renewal in rooms, viscosity 
measurements, and the tracing of water 
through soil or rocks. 

Leek Detection 
Two problems of the telephone indus

try-detection of faulty repeaters for 
deep-sea cables, and maintenance of 
pressure in long-distance telephonie 
cables-have been solved. In addition, 
progress has been made in the detection 
of leaks in welded tanks. 

Faulty repeaters. The Compagnie 
Industrielle des Téléphones wanted to 
reject faulty repeaters before they were 
installed in deep-sea cables. The elec
tronic equipment of these repeaters is 
housed in steel shells looking roughly 
like truncated ellipsoids. The plane 
faces are joined to the ellipsoid body by 
welded self-tightening joints. These 
faces bear the leads, which are insulated 
from the steel by glass beads. The 
thickness of the steel shells varies from 
8 to 15 mm. 

These repeaters are placed at inter
vals of many kilometers in the cable. 
The entire assembly is enclosed in a 
polythene hose filled with liquid silicone. 
The pressure when the cable is im
mersed can reach 400 atmospheres. 
Any slow leak in the repeater shell 
would render the cable useless. 

We tested these repeaters for leaks by 
immersing them in a radioactive so
dium carbonate solution under 400 
atmospheres in a pressure vesse!. 
Coating the glass beads with a cellulose 
varnish completely prevented the ex
change of sodium between the solution 
and the glass. The following procedure 
was used: 

Sodium carbonate was irradiated in 
the reactor at Châtillon, France. A 
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total activity of about 50 mc was ob
tained in 50 gm of Na2COa. A solution 
was prepared in 4.5 l of water. One 
drop of this solution inside a repeater 
was clearly detectable when a Victoreen 
beta-gamma survey meter or a corre
sponding CEA instrument was used. 

The repeaters to be tested were 
lightly but carefully varnished and 
dried. A preliminary pressure treat
ment with an inactive sodium carbonate 
solution filled up those minute cracks 
that could have taken up active solu
tion but did not actually correspond to 
leaks. The repeaters were then placed 
in the pressure vesse!, together with 
polythene beads that were added to 
reduce the free volume and thus allow 
as high a concentration of the sodium 
carbonate solution as possible. Pres
sure was applied and kept at 400 atmos
pheres for 5 hours. The repeaters were 
then taken out with long tongs and 
washed with inactive carbonate solu
tion and water. 

After the varnish had been removed 
with acetone, the repeaters were tested 
for activity. Only one showed activ
ity, and sorne solution was found inside 
it. The satisfactory ones have been 
used in a cable which, to our knowledge, 
is working satisfactorily. This cable 
will be used between France and North 
Mrica; it is now undergoing tests near 
the French shore. 

Pressure maintenance in long-dis
tance telephonie cables. A number of 
long-distance telephonie ca bles in France 
contain paper-insulated wires in a jute
covered lead envelope under 0.8 atmos
pheres of nitrogen. These cables are 
usually buried about 0.80 meters below 
the surface of the ground. 

Any hole in the lead envelope can be 
disastrous if not detected and repaired 
before water has had time to leak into 
the cable. Small holes are generally 
detected by pressure measurements, 
and can be located within 30 to 40 
meters by pressure-drop diagrams. 
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FIG. 1. Xenon activity as a function of 
time above 0.3 1/min leak under 35 cm of 

dampened loosely packed sand 

However, the manufacturera felt that 
in many cases it would be worth-while 
to try to improve the leak-detection 
procedure by using radioactive tracers. 
Accordingly, the Commissariat carried 
out a series of experimenta with the 
Société Alsacienne de Constructions 
Mécaniques (especially Mr. A. Pagès). 

With the tracer technique, it has been 
possible to locate leaks almost exactly. 
Success was conditioned, however, by 
the proper choice of radioactive prod
uct. The choice was governed by: 

1. The product chosen must have a 
half-lüe long enough for the detection 
operations to be carried out, without 
requiring too long an irradiation. 

2. Either beta or gamma radiation is 
usable, but it must be of at least 
moderate energy so that sturdy port
able detection instruments can be used. 
This rules out use of C14, recently pro
posed in similar cases (1). 

3. The product should be a gas or 
vapor that is easy to prepare and use, 
and that does not cling to the cable 
components too strongly. 

4. But the product should diffuse 
quickly enough through the soil while 
remaining in the surface layera long 
enough to permit easy detection. 

Xenon containing the 5.4-day isotope 
produced in fission meets the first three 
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FIG. 2. Recovery of injected methyl 
bromide. Leak of 0.4 !/min at end of 230 
meters of standard cable under 1 kg 

driving pressure 

requirements, but, as shawn in Fig. 1, 
it diffuses out of the soil too quickly and 
might be missed altogether. 

Bromine organic compounds were 
tried. Ethyl bromideis too strongly ab
sorbed by the cable components, and 
too easily condensed. 

Methyl bromide proved most sui table 
(2). It is easily prepared by reacting 
methyl sulfate on irradiated KBr (3). 
As shown in Fig. 2, it is not too strongly 
absorbed on cable components. 

Many experimenta have shown that 
the radioactive spot on top of the leak 
can be easily detected for a few days. 
Apparently diffusion upwards from the 
leak and radioactive decay compensate 
each other in such a way that the in
tensity of the radioactive spot remains 
fairly constant for about two days. 
Tests have been carried out over: a 
period of a year, under widely varying 
weather conditions (extreme heat, se
vere frost or drenching rain). In ali 
cases the radioactive spat has been 
found directly above the leak within 
the width of a spade. 

The procedure is as follows: Methyl 
bromide (about 2.5 gm, or 600 ml at 
normal pressure and temperature, con
taining 10 mc of Br82) is collected in the 
brasa container shown in Fig. 3. This 
400-ml vesse! is fitted with bellows valves 
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FIG. 3. Methyl bromide container 

and standard nipples for assembly on 
the preparation as weil as on the injec
tion apparatus. In transport the nip
ples are covered by gas-tight lids, and 
the vesse! is enclosed in a lead shield so 
that the radiation level on the outside of 
the shield is smaller than the tolerance 
dose. 

In a typical situation, manometric 
deviees indicate the location of the leak 
between two points 1,840 meters apart. 
The one nearest to the leak is actuated 
first and injection of the active gas is 
made at that point, using nitrogen at 
about 1 kg/cm2 as a pusher; about 151 
of nitrogen are used. Nitrogen pres
sure (1 kg/gm2, while the normal main
tenance pressure is about 0.7 kg/cm2) 
is maintained from the first valve 
further away from the leak (that is, 
about 460 m from the injection point) 
to avoid back diffusion of the radioac
tive mixture, and to speed up its move
ment towards the leak. 

The leak is reached and the radioac
tive spot develops on top of it in a 
matter of hours, according to distance 
and leak output. We usually inject in 
the evening and survey the faulty sec
tion on the next morning. Using 10 
mc of BrB2 we have found that leaks of 
0.08 to 0.2 1/min (which are considered 
quite small by the telephone people) 
give a radioactive spot such that the 
detecting-instrument indication is 10 
times the background. This cannot be 
missed by a man walking at a brisk pace 
along the line. 
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Smaller leaks (estimated at about 
0.01 1/min) have been successfully 
detected with a slightly more elaborate 
technique: nitrogen pressure is kept on 
both sides of the leak so as to give the 
active gas no chance of bypassing the 
leak altogether. 

W e are now considering leak detec
tion in underground cables of other 
description which will probably need a 
more elaborate procedure than the 
simple one described above. 

Leaks in welded tanks. Leak detec
tion has been attempted with tanks 
whose outside surface can be inspected. 
Welded seams are, of course, the first 
regions to consider. 

We attempted to injecta radioactive 
gas into the tank, collecting it in a sol
vent so as to increase the sensitivity of 
the method. Using methyl bromide 
again, we tried many collectors (kiesel
guhr or charcoal soaked in various non
volatile solvents, greased tape). The 
best results were obtained with cellu
lose sticking tape. This was stuck on 
the suspect weld, left in place for a 
while, taken off, and examined with a 
counter. Active spots on the tape 
could be easily related to the corre
sponding leaks on the weld. 

While such experimenta may be use
fui in certain cases, they are as yet by 
far not satisfactory, because up to now, 
we have not exceeded, although we 
reached, the sensitivity obtained by the 
glycerine-soap water method. Obvi
ously we could do better by using higher 
specifie activities; these will be available 
when the second French pile provides 
a neutron flux more than 100 times as 
big as our present one. However, the 
over-all necessary activities may be
come somewhat cumbersome to handle 
in the case of large vessels. Other 
radioactive gases will have to be tried, 
because, using CH3Br laoeled with a 
mixture of Brso and Brs2, we regularly 
found that the 18-minute activity of 
Brso was the only one to appear on the 
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tape; what we observed, therefore, was 
not the expected dissolution of the 
tracer gas, but a radiosynthesis follow
ing the isomerie decay of 4.4-hr Brso. 

Air-Renewal Measurements 

A method for measurement of air re
newal in rooms was developed in cooper
ation with the Chambre Syndicale du 
Chauffage et de la Ventilation (4). The 
Chambre Syndicale was represented 
by Mr. Cadiergues. 

For such measurement one should use 
a gas with a kinematic viscosity (vis
cosity X density) as similar as possible 
to that of air, so as to reduce errors due 
to bad mixing at the start, orto separa
tion during the experiment. Radioac
tive nitrogen or oxygen being practically 
excluded, the best choice would be car
bon monoxide, which is isosteric with 
nitrogen. Organic gases or vapors are 
not suitable. For convenience we 
made our first experimenta with 5.4-day 
fission xenon (kinematic viscosity 45 
X lQ-3 cm 2 sec-1 against 150 X I0-3 

for air). 
This is obtained by dissolving pile 

irradiated UO, in nitric acid. The rare 
gases are carried out by bubbling hydro
gen and trapped on charcoal in liquid 
nitrogen. Krypton decays rapidly, and 
the 5.4-day xenon is left to be desorbed 
by a stream of compressed air when it is 
to be used. 

In one experiment, an unknown 
quantity of xenon was mixed with the 
air of a laboratory room by a fan that 
was set in action for five minutes, during 
which time it passed twice the volume 
of the room. After the fan was 
stopped, a perforated 10-liter ionization 
chamber,.'connected to an amplifier and 
recorder, was used to measure the 
activity. The record obtained is shown 
in Fig. 4; Fig. 5 shows a semilogarithmic 
translation of the smoothed curve. It 
is clear that the decrease of activity ap
proximately follows a first-order law, as 
expected, and that the air in the room 
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FIG. 4. Record obtained in a ventilation 
measurement using radioactive xenon 
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FIG. 5. Semilogarithmic plot of the smooth 
curve drawn from data of Fig. 4. 

is changed three times an hour by 
natural ventilation (we chose a very 
leaky laboratory) and five times an 
hour when the hood fans are put in 
action. 

We checked, in other cases, that the 
renewal rates did not vary substantially 
when read from simultaneous records 
taken at floor, mid-height and ceiling. 

Xenon is innocuous and the appara
tus is not too cumbersome; therefore 
the method can be easily applied in 
practice. One hour is sufficient for a 
satisfactory measurement. 

Radioactive Viscosimeter 

With the cooperation of Dr. R. 
Arditti of the French State Tobacco 
and Matches Factories, the Commis
sariat has developed a falling bali 
viscosimeter that employa radioactivity 
to detect passage of the bali. Applica-
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FIG. 6. Radioactive falling-ball vis
cosimeter. Counters have been removed 
to show lead defining slits in front of 
water-jacketed tube at right. From top 
to bottom at left are electric stopwatch, 
electronic equipment for flash and elec
tronic stopwatch, scale-of-1,000, oscilla-

tor, and electronic switch 

tion has been made for a French patent 
on this deviee. This instrument, shown 
in Fig. 6, is of interest for viscosity test
ing of opaque and very viscous liquids 
or pastes where the usual methods cau
not be applied. In particular, electro
magnetic detection of a metallic bali 
cannot be used when the falling speed is 
too low. 

We use 4 to 8 mc of Co 60, either as a 
cobalt bali or as a diametral wire in a 
Lu cite sphere (which may be convenient 
if a bali of small density is desired, or in 
corrosive liquids). Passage of the bali 
is recorded at two fixed levels, material
ized by lead slits behind which can be 
placed halogen counters, small pressure 
ionization chambers, or any type of suit
able detecting deviee. Slit width and 
integrating circuits can be so adjusted 
as to make roughly equal the time neces
sary for the bali to pass across the slits 
and the time constant of the circuit. 

58 

The activated counter (or ionîzatîon 
chamber) triggers a circuit which can 
(1) flash a bulb, on which indication an 
operator operates a stopwatch, (2) 
start or stop an electric stopwatch, and 
(3) start or stop a 10,000-cycle oscilla tor 
and an electronic switch by which the 
pulses from the oscillator are recorded 
on a scale of one thousand. 

ln its simplest form such an appara
tus can be made quite cheaply, and it 
should be useful to laboratories or 
plants dealing with printing inks, dye 
pastes, match compositions, pitches, 
tars, etc. 

Water Tracing 

Preliminary experimenta on the trac
ing of water through soi! and rocks are 
being carried out by Mr. Gaestel. The 
major difficulty.in such problems lies in 
the adsorption or ion-exchange phe
nomena in soils and rocks, which should 
be carefully studied in each particular 
case. 

ln the experiments underway, soil 
from a given spot in the French South
ern Alps and water from a well-known 
stream are being used. These experi
ments are preliminary to a field test to 
be conducted in collaboration with the 
Solétanche Co., when we will have the 
opportunity of comparing fluorescein 
and radioactive tracers on relatively 
short paths of water. 

Figure 7 shows typical results ob
tained by !etting water flow through a 
column of soi! 5 cm in diameter and 1 rn 
high; that is, an apparent volume of 
about 2 liters. The free volume has 
been directly found to be of the order of 
0.5liters. 

This was determined by the simple 
means of making a slurry with known 
amounts of soil and water, and pouring 
it in the experimental tube; the soil 
settles down rapidly. The water is 
then allowed to drain out until its sur
face reaches the top soil leve!. The 
volume so obtained, subtracted from 
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FIG. 7. Elution curves of various water 
tracers from a particular soil 

the initial water volume, gives roughly 
the free volume of the column. 

Activity (or concentration) expressed 
as per: cent of the total tracer used is 
plotted against the volume of liquid 
collected at the bottom of the column. 
This is reckoned from the time at which 
the tracer has been added. 

The following preliminary results 
have been obtained. While they illus
trate a number of general features, they 
are applicable in detail only to the par
ticular soi! and water tested. 

1. Fluorescein is not 100% recovered, 
but the recovery curve starts precisely 
after 600 ml of water have gone through 
the column, and the curve rises steeply; 
a slight tail confirms adsorption. 

2. Ionie compounds such as sodium 
chloride and iodide are unsuitable. 
They are not completely recovered, the 
retention in the column being, as 
expected, greatest for the most dilute 
solutions. This retention is further 
demonstrated by the fact that the re
covery curve has a very wide hump and 
sometimes a longish tail, and starts only 
after much more water has passed 
through the column than necessary to 
displace its original water content. In 
the case of sodium glycerophosphate 
labelled with P 32, a 1% solution con
taining about 1.5 J.I,C per ml was pre
pared and 200 ml were used. All the 
activity was adsorbed on top of the 
column; elution was very slight, and we 
stopped the experiment after many 
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litera of water had displaced a very 
small proportion of the activity lesa 
than 15 cm along the column . 

3. Radioactivity provides such a 
sensitive detection method that experi
menta can easily be performed using 
water solutions of organic compounds, 
sorne of which are only very sparingly 
soluble in water. The recovery curves 
for cesium eosinate (labelled with Br82), 

methyl bromide and methyl iodide show 
definitely that at !east sorne adsorption 
occurs (late start, long tail, incomplete 
recovery; color and activity results are 
in agreement). While methyl iodide 
(solubility 1 gm/1; we used ~2 J.I,C of 
pat) might be worth further study, 
bromoform (solubility about 3 gm/1) 
has proved most interesting. The elu
tien curve starts at 600 ml, and it is 
quite symmetrical, in agreement with 
the 100% recovery. This, if confirmed 
in experimenta using larger columns, 
should allow field applications with not 
unduly high amounts of tracer, even 
when one has to consider considerable 
dilution from underground aide streams. 
We are now engaged in a careful exam
ination of detection methods, as a prep
aration for full-scale experimenta. Sen
sitivity may be increased either by 
using many counters disposed accord
ing to a pattern determined by the 
mean free path (not the range) in water 
of the radiation to be detected or by a 
physical or chemical concentration 
method. 

* * * 
Dr. H. Herino and Mr. P. Levêque have 

been actively associated with all the work 
described. The author would like to thank 
Mr. C. Fisher for preparation of a number 
of radioisotopes, especially the fission
product xenon. 
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