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[57] ABSTRACT 
The concentration of uranium in a moving stream is 
determined by agglomerating background microbub-
bles out of the 6 to 10 micron size range, counting mi-
crobubbles in the stream which are about 6 to about 10 
microns in size, exposing the stream to a radiation 
source to cause uranium fission fragments to produce 
microbubbles, countng microbubbles which are about 6 
to about 10 microns in size, and subtracting one count 
from the other and multiplying by a calibration con-
stant. The subtraction can be performed on an earlier 
first count so that both counts are made on the same 
volume. The radiation exposure can be automatically 
increased when the difference between the first and 
second counts is low. 

27 Claims, 1 Drawing Figure 
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METHOD AND APPARATUS FOR DETERMINING 
URANIUM CONCENTRATION IN A MOVING 

STREAM 

BACKGROUND OF THE INVENTION 5 

In solution mining a specially prepared solution is 
placed in boreholes in areas known to contain low con-
centrations of uranium, typically about 10 to 100 ppm. 
The solution leaches the uranium out of the rock struc- 10 
ture and is then pumped to the surface. 

When the solution reaches the surface it must be de-
termined whether it contains enough uranium to justify 
the costs of extracting the uranium from the solution. 
Since large quantities of fluids are involved, and storage 15 
facilities are usually not available this determination 
must be made immediately. The information, of course, 
is also needed to determine the profitability of particular 
boreholes and to compensate the land owner for the 
uranium, but here the urgency is not present. 20 

Conventional chemical analysis can be used, but it is 
time consuming and requires skilled personnel. Also, 
the concentration of uranium may change rapidly re-
sulting in uneconomical extraction or the loss of ura-
nium. 25 

PRIOR ART 
An article entitled "Detection of Cavities Produced 

in a Liquid by Ionizing Particles," by P. Marcetti, D. 
Sette, and F. Wanderlingh in The Journal of the Acous- 30 
tical Society of America, Volume 45, January -June 
1969, discloses counting microbubbles in a static solu-
tion, adding uranium, irradiating with neutrons, irradi-
ating with sound, re-counting, subtracting one count 
from the other, and relating the difference to bubble 35 
concentration. 

The agglomeration of microbubbles using ultrasonic 
sound is a known technique. 

The irradiation of uranium fission fragments is known 
to produce microbubbles in the 6 to 10 micron range. 40 

SUMMARY OF THE INVENTION 
We have invented an apparatus and a process for 

determining uranium concentration in a moving aque-
ous stream. In our process microbubbles in the 6 to 10 45 
micron range are increased in size, then microbubbles in 
that range are counted, the stream is irradiated, the 
microbubbles recounted, and the difference is multi-
plied by a calibration constant to give uranium concen-
tration. 50 

This method provides a continuous and immediate 
determination of uranium content in a moving stream. 
The apparatus is fully automated and does not require a 
skilled operator. Because bubbles from fission fragments 
are counted, which are at least twice as numerous as 55 
bubbles from alpha particles, the method of this inven-
tion is very sensitive to variations in uranium concentra-
tion. 

DESCRIPTION OF THE INVENTION 60 
The accompanying drawing is a schematic view of a 

certain presently preferred embodiment according to 
this invention for determining uranium concentration in 
a moving stream. The blocks within the dotted lines are 
calculations which are performed, and the area above 65 
the top dotted line is apparatus. 

In the drawings a stream 1, which may be the total 
stream or only a portion thereof, passes through filter 2 

which removes the larger particles suspended therein. 
The stream moves through flow control valve 3 and 
flow meter 4 to agglomerator 5. 

It is the purpose of the agglomerator to increase the 
size of bubbles in the stream which are in the range of 
about 6 to about 10 microns. These bubbles are formed 
by turbulence in the stream and are agglomerated so 
that they do not interfere with the determination of the 
concentration of uranium. The agglomeration may be 
advantageously accomplished ultrasonically, as is 
known to the art. Ultrasonic agglomeration will merge 
all microbubbles into a lesser number of large ( > > 10 
micron), stable bubbles. 

The stream then passes to counter 6 which produces 
a pulse A for each microbubble detected in the 6 to 10 
micron range. While it is desired to count only bubbles, 
most counters will also count any type of particle in that 
range. A preferred counter is the Coulter counter 
which forces the stream through a small aperture and 
measures current flow from one side of the aperture to 
the other, the decrease in current being proportional to 
the size of the particle. An ultrasonic counter may also 
be used but it is not preferred because it is not as precise. 

Irradiator 7 then irradiates the stream with neutrons 
or gamma rays, in order to cause the uranium fission 
fragments to produce microbubbles. Neutrons are pre-
ferred because neutron sources are small and easily 
obtained while gamma ray sources require large ma-
chines. Examples of standard neutron sources include 
Am-Be, Ra-Be, Cm-Be, Pu-Be, 252C/, or a neutron-pro-
ducing machine. The preferred neutron sources are 
Am-Be and 252C/because they are inexpensive. These 
sources produce fast neutrons which must be slowed to 
thermal neutrons in order to produce microbubbles 
when they strike uranium fission fragments. They are 
slowed by the water itself, but preferably the stream 
flows through a plastic pipe because the hydrogen in 
the plastic increases the thermal neutron flux. Polyethy-
lene, polypropylene, or other plastics may be used. 
Also, a metal pipe surrounded by paraffin can be used, 
but metal is not as effective because it absorbs neutrons. 
A preferred fast neutron source strength is about 107 to 
about 109 fast neutrons per second. A preferred thermal 
neutron flux in the stream is about lOHo about 106 ther-
mal neutrons per centimeter per second. 

After irradiation, the stream passes to a second 
counter 8, similar to counter 6, which produces pulses B 
for each microbubbles detected in the range of about 6 
to about 10 microns. 

The determination of uranium concentration is made 
in the following manner. Flow meter 4 determines the 
flow rate of the stream m. The flow rate, m, is used, in 
block 9, to calculate A t which is equal to d, the (con-
stant) volume of the liquid in the apparatus between 
counter 6 and counter 8, divided by m, flow rate. Thus, 
A t is the time required for an incremental volume ele-
ment to pass from counter 6 to counter 8. In block 10 
the pulses A from counter 6 are delayed by time At, so 
that the comparison between counts will be made on the 
same volume of the stream. In block 11 pulses A are 
summed to give X, the total count from counter 6. Simi-
larly, in block 12 pulses B are summed to give Y, the 
total count from counter 8. In block 13 x is substracted 
from y to give z, the additional number of bubbles pro-
duced by the irradiation, which is proportional to the 
uranium concentration. 

In block 14 the flow rate m is integrated over time to 
give p, the volume of fluid which has passed through 
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the flow meter. In test block 15 it is determined whether 
the volume equals or exceeds a predetermined volume, 
n, over which the determination of uranium concentra-
tion is to be made. If not, the process continues (block 
16), but if p does equal or exceed n, then the calculation 5 

of uranium concentration is made (block 17) by multi-
plying z by a proportionality constant, k and dividing by 
the volume, p, and p, x, and y are set to zero (block 18). 
The U in block 17 is the output 19 in units of concentra-
tion per unit volume. 10 

If the difference, z, in total count from counters 6 and 
8 in block 20, is determined to be larger than a predeter-
mined number q, the process continues (block 16). But if 
the difference z is smaller than q due, for example, to the 
presence of a large number of unfilterable background 
particles, it is desirable to increase the sensitivity and 
precision of the determination. This may be accom-
plished by altering the exposure of the stream to irradia-
tion in two ways, both shown on the drawing though 2Q 
only one need be used. In the first method the flow rate 
is decreased so that the stream is exposed to irradiation 
for a longer period of time. This method is preferred 
because accuracy at low uranium concentrations can be 
increased by using maximum irradiation exposure at 25 
low flow rates. In block 21 valve 3 is opened or closed 
according to Vj, which is a function of z. In the alterna-
tive method, in block 22, V2, also a function of z, is 
calculated and is used to control the exposure of the 
stream to the irradiation source. This may be accom- 30 
plished by altering the distance between the stream and 
the source or by shielding the stream from the source, 
for example, with cadmium or gadolinium shields. Al-
tering the distance is preferred as it is simpler. If this 
alternative method is used it is necessary to re-compute, 35 
in block 23, the proportionality constant, K, as a func-
tion of D, the exposure of the stream to the source of 
irradiation. The apparatus is initially calibrated to deter-
mine K preferably by passing several solutions of 
known uranium concentration therethrough. 4 0 

Although the above-described apparatus is preferred, 
several variations are considered to be within the scope 
of this invention. For example, after agglomerator 4 the 
stream may be divided into two portions, one having 
counter 6 and the other having irradiator 7 and counter 4 5 

8, thus eliminating the need for delaying the signal from 
counter 6. 

We claim: 
1. A method of determining the concentration of 

uranium in a moving liquid stream comprising: 
1. increasing the size of microbubbles in said stream 

which are about 6 to about 10 microns until they are 
larger than about 10 microns; 

2. counting microbubbles in a given volume of said 5 5 
stream which are about 6 to about 10 microns in 
size; 

3. exposing said stream to a source of radiation which 
causes uranium fission fragments to produce micro-
bubbles; 60 

4. counting microbubbles in said given volume of said 
stream which are about 6 to about 10 microns in 
size; and 

5. subtracting the number of microbubbles counted in 
step (2) from the number counted in step (4) and 65 
multiplying the difference by a calibration constant. 

2. A method according to claim 1 wherein said stream 
is filtered prior to step (1). 
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3. A method according to claim 1 wherein the expo-
sure of said stream to said source of radiation is a func-
tion of said difference. 

4. A method according to claim 1 wherein the expo-
sure of said stream to said radiation is controlled by the 
flow rate of said stream past said source of radiation. 

5. A method according to claim 1 wherein the flow 
rate of said stream past said counters is measured and 
said counts are made over a predetermined volume of 
said stream. 

6. A method according to claim 1 including the initial 
step of determining said calibration constant by apply-
ing said method to a liquid containing a known concen-
tration of uranium, and dividing said concentration by 
said difference. 

7. A method according to claim 1 wherein the size of 
microbubbles is increased by agglomeration with ultra-
sonic sound. 

8. A method according to claim 1 wherein said sub-
traction is performed on a count made by step (2) at 
about A/ seconds before the count was made in step (4), 
where At = d/m where d is the fluid volume between 
the step (2) count and the step (4) count and m is the 
flow rate of the stream. 

9. A method according to claim 1 wherein said source 
is a neutron source. 

10. A method according to claim 9 wherein said 
source is Am-Be or Cf. 

11. A method according to claim 9 wherein said neu-
trons are fast neutrons and said liquid is enclosed in a 
material rich in hydrogen. 

12. A method according to claim 9 wherein the 
strength of said neutron source is about 107to about 109 

fast neutrons/sec. 
13. A method according to claim 9 wherein the flux of 

said neutrons in said stream is about 104 to about 106 

thermal neutrons/cm2/sec. 
14. Apparatus for determining uranium concentration 

in a moving liquid stream comprising: 
A. an agglomerator for increasing the size of micro-

bubbles in said stream which are about 6 to about 10 
microns until they are larger than about 10 microns; 

B. a first counter for counting microbubbles in a given 
volume of said stream which are about 6 to about 10 
microns in size; 

C. an irradiator for exposing said stream to a source of 
radiation which causes uranium fission fragments to 
produce microbubbles; 

D. a second counter for counting microbubbles in said 
given volume of said stream which are about 6 to 
about 10 microns in size; and 

E. calculating means for subtracting the number of 
microbubbles counted by said second counter from 
the number counted by said first counter and for 
multiplying the difference by a calibration constant. 

15. Apparatus according to claim 14 including a filter 
upstream of said agglomerator for filtering said moving 
liquid stream. 

16. Apparatus according to claim 14 including means 
for controlling the exposure of said stream to said 
source of radiation so that said exposure is a function of 
said difference. 

17. Apparatus according to claim 14 including means 
for controlling the exposure of said stream to said 
source of radiation by changing the flow rate of said 
stream past said source of radiation. 

18. Apparatus according to claim 14 including a flow 
meter for measuring the flow rate of said stream past 



said counters, said calculating means determining said 
difference over a predetermined volume of said stream 
as calculated from said flow rate. 

19. Apparatus according to claim 14 wherein said 
agglomerator increases the size of said microbubbles by 
means of ultrasonic sound. 

20. Apparatus according to claim 14 including means 
for storing the count made by said first counter for A t 
seconds, where At = d/th, where d is the fluid volume 
between said first counter and said second counter and 
m is the flow rate of said stream, so that said calculating 
means performs said subtraction on counts made on the 
same volume of said stream. 

21. An apparatus according to claim 14 wherein said 
source of radiation is a neutron source. 

22. An apparatus according to claim 21 wherein said 
neutron source is Am-Be or Cf. 

23. An apparatus according to claim 21 wherein said 
neutrons are fast neutrons and said liquid is enclosed in 
a material rich in hydrogen. 

24. An apparatus according to claim 21 wherein the 
5 strength of said neutron source is about 107to about 109 

fast neutrons/sec. 
25. An apparatus according to claim 21 wherein the 

flux of said neutrons in said stream is about ICHto about 
106 thermal neutrons/cmVsec. 

10 26. Apparatus according to claim 14 wherein said first 
and second counters count microbubbles by forcing said 
stream through a small aperture and measuring current 
flow from one side of said aperture to the other. 

27. A method according to claim 1 wherein said mi-
15 crobubbles are counted by forcing said stream through 

a small aperture and measuring current flow from one 
side of said aperture to the other. 

* * * * * 
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