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[57] ABSTRACT 
Radioactive iodine is detected in the effluent cooling 
gas from a nuclear reactor or nuclear facility by pass-
ing the effluent gas through a continuously moving ad-
sorbent filter material which is then purged of noble 
gases and conveyed continuously to a detector of radi-
oactivity. The purging operation has little or no effect 
upon the concentration of radioactive iodine which is 
adsorbed on the filter material. 

8 Claims, 2 Drawing Figures 
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already been passed through an adsorbent filter to 
METHOD AND MEANS OF MONITORING THE remove radioactive iodine. The result is the presence of 

EFFLUENT FROM NUCLEAR FACILITIES a relatively small concentration of radioactive iodine in 
the presence of a relatively large concentration of ra-

pfiMTD ArTUAi n c T o e TMucMTmK. 5 dioactive noble gases. A typical concentration ratio of CONTRACTUAL ORIGIN OF THE INVENTION u , . • mrw> mnnnn TL- U 
noble gas to iodine is 10,000-100,000. This has a ten-

The invention described herein was made in the dency to mask variations in the concentration of radio-
course of, or under, a contract with the UNITED active iodine. 
STATES ATOMIC ENERGY COMMISSION. It is an object of the present invention to provide a 

1 0 better method and means of monitoring the concentra-
tion of radioactive iodine in the effluent gas stream 

The operation of a nuclear reactor or nuclear facility from a nuclear reactor or other nuclear facility, 
results in the creation of various radioactive elements. It is another object of the present invention to pro-
An important requirement of safe operation of a nu- vide a method and means of detecting the concentra-
clear reactor is proper control of these elements. The 15 tion of radioactive iodine in the effluent stream from a 
control of radioactive isotopes present in the effluent nuclear facility in the presence of rapid changes of the 
gas stream from a nuclear, reactor is normally accom- concentration of radioactive iodine, 
plished by first filtering the effluent cooling gas to re- It is another object of the present invention to pro-
move particulate materials. This leaves as the major vide a method and means of detecting relatively small 
radioactive elements of concern radioiodine and gase- 2 0 quantities of radioactive iodine in a stream of gas also 
ous compounds thereof and radioactive noble gases. In containing radioactive noble gases, 
normal operation, the quantities of either radioactive Other objects will become apparent in the course of 
iodine or radioactive noble gases in the cooling effluent a detailed description of the invention, 
are maintained at a level low enough to present no ^ ^ 
hazard to the public health. It is possible that malfimc- SUMMARY OF THE INVENTION 
tions in the operation of a nuclear facility may result in The present invention is a monitor of the concentra-
temporary generation of increased quantities of radio- tion of adsorbable radioactive materials in a fluid 
active elements in the effluent cooling gas. It is there- stream. A sample that may contain both adsorbable 
fore necessary to monitor the concentrations of radio- and nonadsorbable radioactive gases is passed through 
active materials in the cooling effluent. Radioactive 3 0 an adsorbent filter. The adsorbent material of the filter 
iodine, in particular, is taken up preferentially by the is then conveyed to a purging region in which a purging 
human thyroid and is therefore capable of being con- gas removes the nonadsorbed materials from the filter 
centrated in the body. For this reason, it is particularly material, leaving only adsorbed materials. The filter 
important .to monitor the effluent level of radioactive material is next conveyed to a detector of radioactivity 
iodine. 3 5 which thus responds only to the concentration of ad-

It is customary to place an adsorbent filter of a mate- sorbable radioactive gaseous material. This invention is 
rial such as activated charcoal in the effluent gas from particularly adapted to detect the presence of radioac-
a reactor or other nuclear facility to remove radioac- tive iodine in a stream containing relatively larger con-
tive iodine from the effluent gas. The filtered effluent is centrations of radioactive noble gases. It is also adapted 
then monitored routinely to provide an assurance of 4 0 to respond to rapid changes in the concentration of 
proper operation and to provide an alert to any devel- radioactive iodine, 
oping discharge of radioactive iodine resulting from 
failures in operation such as rupture of a fuel rod or 
failures in the filtering system that is designed to re- FIG. 1 is a block diagram of an apparatus for the 
move radioactive iodine from the effluent gas stream. 4 5 practice of the present invention; and 
Such monitoring efforts have involved the placement of FIG. 2 is an electrical functional block diagram of the 
an adsorbent filter in the effluent gas stream or in a detector and signal processor of FIG. 1. 
stream sampled from the effluent gas. One means of 
monitoring used in the past comprised placing a detec-
tor of radiation in a position to respond to the radiation 5 0 FIG. 1 is a functional diagram of an apparatus for the 
count from iodine trapped in the adsorbent filter. An- practice of the present invention. In FIG. 1, stack 11 is 
other means of monitoring was disclosed in U.S. Pat. part of a conventional system for exhausting gases that 
No. 3 , 7 3 1 , 1 0 0 , incorporated herein by reference, in have been used to cool portions of a nuclear reactor or 
which the concentration of a radioactive substance was nuclear facility. Such gases pass through stack 11 from 
measured by counting total radiation in the effluent, 5 5 entry 12 to exit 13. Before their delivery to entry 12, 
filtering out the radioactive substance to be measured, the gases have been subjected to filtering processes to 
counting total radiation in the filtered effluent, and remove both particulate matter and adsorbable gases, 
combining the results to determine the amount of ma- In the course of normal operations, the gaseous materi-
terial adsorbed by filtering. The method disclosed in als in stack 11 will be sufficiently free of radioactive 
this U.S. Patent overcomes some disadvantages of the 6 0 materials to present no biological threat. The instant • 
prior art, namely, that a high release rate of radioactive invention serves as a monitor to provide an alarm in 
iodine followed by a low release rate gave misleadingly case of abnormal operations and to provide a continu-
high readings until the residual radioactive iodine de- ous record of the level of radioactivity in gaseous emis-
cayed to a value lower than that being deposited by the sions. 

current release rate. 6 5 Sampler 16 is connected to stack 11 to draw a sample 
A remaining problem in monitoring for the presence of the gases passing therethrough. Sampled gases are 

of radioactive iodine is the fact that the effluent gas conducted through sampled gas inlet 17 and enter a 
stream in a properly functioning nuclear facility has filter section 18 which contains an adsorbent filter 

BRIEF DESCRIPTION OF THE DRAWINGS 

DETAILED DESCRIPTION OF THE INVENTION 
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material 23 such as activated charcoal, preferably in 
granular or powdered form. The form of adsorbent 
filter material 23 is immaterial; for example, solid 
blocks could be used. After passing through filter sec-
tion 18, the filtered gases enter return tube 19. Blower 5 

20 pulls a sufficient vacuum in return tube 19 to cause 
a continued flow of gases in return tube 19 through 
blower 20 and back into stack 11 at discharge outlet 
21. The result is to maintain a continual circulation of 
sampled gases from stack 11 through filter section 18. 1 0 

it has previously been stated that the gases entering 
stack 11 at entry 12 were subjected to particulate filter-
ing and adsorbent filtering. It is therefore to be ex-
pected that in normal operation the gases in stack 11 
will contain moderate amounts of radioactive noble 15 

gases and trace amounts of radioactive iodine. The 
results of the process of filtering described thus far 
leave two types of radioactive compounds in filter sec-
tion 18. One is adsorbed radioactive iodine and com-
pounds thereof. The other is residual radioactive noble 2 0 

gases which are not adsorbed but which remain in the 
voids of the filtering section. To monitor the radioac-
tive iodine, it is desirable to remove the radioactive 
noble gases from the filter. This is accomplished by 
mechanically moving the adsorbent filter material 23 in 2 5 

filter section 18 into a purging section 22. A purging 
gas 25, preferably clean air, is admitted into a purging 
gas inlet. 26 from whence the purging gas passes 
through purging section 22 and is conducted through 
return tube 19 and blower 20 to stack 11 at discharge 3 0 

outlet 21. Any adsorbent filter material in purging sec-
tion 22 will retain adsorbed materials but will be 
purged of remanent radioactive noble gases by the flow 
therethrough of purging gas 25. 

The motion of granular or powdered adsorbent filter 3 5 

material 23 through filter section 18 and purging sec-
tion 22 is effected by filling a hopper 31 with adsorbent 
filter material 23. A motor 36 drives a worm 37, caus-
ing adsorbent filter material 23 to proceed through 
opening 38, thence, subject to the drive of worm 37, to 
and through a filter section 18, purging section 22 and 
beyond to an exit 42. From this point the used filter 
material 23 may be stored, discarded, or accumulated 
for return to hopper 31 for reuse. Before leaving exit 
42, however, filter material 23 is conveyed through a 
detecting section 43. This passes the adsorbent filter 
material 23 within measuring range of a conventional 
detector 44 of radiation. Detector 44 is selected, sized 
and operated to measure the quantity of emission of 
radioactive responses from the filter material 23 that is 
conveyed past it through detecting section 43. Signals 
received by detector 44 are counted and displayed in 
signal processor 45 to provide a measure of the quan-
tity of radioactive iodine that has been adsorbed in the 
filter material 23 that is conveyed through filter section 
18. In this manner, a continuous measure is obtained of 
the concentration of radioactive iodine in the effluent 
cooling gases in stack 11. 

Further details of the measuring process are shown in 
FIG. 2, which is an expanded partial block diagram of 
the detecting section, detector, and signal processor of 
FIG. 1. In FIG. 2, detecting section 43 carries adsor-
bent filter material 23 past scintillating crystal 51, a 
conventional detector of radioactivity fashioned of a 
material such as sodium iodide. Scintillations produced 
in crystal 51 in response to the presence of radioactive 
materials in detecting section 43 are converted to elec-
trical signals by photomultiplier 52 and are measured in 
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signal processor 45, which comprises a single-channel 
analyzer 55 that is connected electrically to photomul-
tiplier 52. Power supply 53 supplies necessary operat-
ing voltages to photomultiplier 52. Single-channel ana-
lyzer 55 produces electrical signals in response to radi-
ation at a predetermined energy detected in crystal 51. 
These electrical signals occur at a rate which is propor-
tional to the number of events occurring in the selected 
energy range. Signals generated in single-channel ana-
lyzer 55 are counted in counter 56 and are stored and 
displayed in display and storage device 57, an oscillo-
scope, a chart recorder, or the like. The continuous 
passage of adsorbent filter material 23 through detect-
ing section 43 makes it possible to obtain a continuing 
record of observed quantities of radioactive iodine as a 
function of time on display and storage device 57. Dis-
play and storage device 57 is thus capable of providing 
information sufficient to operate an alarm in the case of 
an unacceptably high emission of radioactive iodine. It 
is also capable of providing a continuing record of past 
and current concentrations of radioactive iodine in 
stack 11. 

It should be understood that the detector and signal 
processor shown in FIG. 2 comprise only one of the 
many ways that radiation from adsorbed radioactive 
iodine can be detected, counted, and displayed. Other 
well-known detection systems could equally as well be 
used to provide a measure of detected radiation. 

An added benefit resulting from the use of a moving 
filter medium as described above resides in the ability 
of this apparatus to provide accurate results when a 
period of relatively high emission of radioactivity is 
followed by a period of lower emission. The isotope 
that causes most concern in the emissions from nuclear 
reactors is 131I, an artificial radioactive isotope having a 
half-life of the order of 8 days. A detector that is placed 
so as to respond to the radioactive iodine trapped by a 
stationary filter will produce misleading readings when 
a high rate of emission of radioactive materials is fol-
lowed by a low rate of emission. When this happens, 
the correct rate of emission at a particular time when 
the rate of emission is low may be masked as the previ-
ously determined high rate decays exponentially 
toward zero. The present invention avoids this problem 
by insuring that the filter material that has adsorbed the 
relatively high concentration of radioactive iodine or 
iodine compounds is moved physically past the detec-
tor as a result of being conveyed by the worm drive. 
Thus, the reading obtained by the detector at any time 
is an accurate measure of the concentration of ad-
sorbed compounds of radioactive iodine trapped in the 
filtering section at a time past equal to the length of 
time necessary to convey filter material from the filter-
ing section to the detector. The necessary speed for the 
worm drive is therefore set at a minimum by the time 
delay permissible for effective operation. The maxi-
mum speed of the worm drive is limited only by the 
necessity of removing, storing and recirculating partic-
ulate filter material that has passed through the entire 

6 0 device. The storage time must be sufficiently long to 
permit the radioactive I to decay to a level sufficiently 
low to have no detectable effect upon later measure-
ments when the filter material is recirculated. Nor-
mally, two or three half-lives (16 to 24 days) will suf-

6 5 fice. 

The embodiments of the invention in which an exclu-
sive property or privilege is claimed are defined as 
follows: 
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1. A method of measuring quantities of adsorbable 
radioactive materials on a continuous basis in a stream 
of gas containing nonadsorbable radioactive materials 
comprising in sequence the steps of: 

a. passing the stream of gas through an adsorbent 5 

filter; 
b. conveying the adsorbent filter through a filter 

section while passing the stream of gas through the 
adsorbent filter; 

c. conveying the adsorbent filter through a purging 1 0 

section while passing a purging gas through the 
adsorbent filter; 

d. conveying the adsorbent filter to a detecting sec-
tion; and 

e. measuring in the detecting section the radiation 
emitted by radioactive materials remaining on the 
adsorbent filter. 

2. The method of claim 1 wherein said adsorbent 
filter comprises a granular filtering material. 

3. The method of claim 2 wherein said granular filter-
ing material is granular activated charcoal. 

4. A method of measuring the quantity of radioactive 
iodine in a stream of gas containing in addition a larger 
quantity of radioactive noble gases comprising the se-
quential steps of: 

a. passing the stream of gas through an adsorbent 
filter of granular activated charcoal to trap radio-
active iodine thereon; 

b. conveying the granular activated charcoal to a 
purging region; 

c. passing a purging gas through the granular acti-
vated charcoal to remove radioactive noble gases 
therefrom; 

d. conveying the granular activated charcoal to a 3 5 
radiation detector; and 

e. detecting the radiation emanating from the granu-
lar activated charcoal, 

which detected radiation is a measure of the quantity of 
radioactive iodine in the stream of gas. 4q 

15 
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30 

5. An apparatus for continuously monitoring the 
concentration of radioactive iodine in a stream of test 
gas comprising: 

a. a conveyor for conveying granular adsorbent filter 
material; 

b. a quantity of granular adsorbent filter material in 
the conveyor; 

c. means connected to. the conveyor for moving the 
filter material downstream through the conveyor; 

d. a first inlet for test gas connected to the conveyor; 
e. means for passing the stream of test gas through 

the first inlet and into and through a portion of the 
filter material; 

f. a second inlet for purging gas connected to the 
conveyor at a location downstream of the first 
inlet; 

g. means for passing a purging gas through the second 
inlet and into and through a portion of the filter 
material after the stream of test gas is passed there-
through; 

h. a detector of radioactivity disposed near the con-
veyor downstream of the second inlet and opera-
tively coupled to the filter material after the purg-
ing gas is passed therethrough to measure radioac-
tivity of materials adsorbed on the filter material. 

6. The apparatus of claim 5 wherein the granular 
adsorbent filter material is activated charcoal. 

7. The apparatus of claim 6 wherein the means for 
moving the filter material comprise a worm drive. 

8. The apparatus of claim 5 wherein the detector of 
radioactivity comprises: 

a. a scintillator; 
b. a photomultiplier optically coupled to the scintilla-

tor and responsive thereto to generate electrical 
signals; 

c. a counter connected to the photomultiplier; 
d. display means connected to the counter for dis-

playing the count of detected radioactivity. 
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