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2,989,965 
FOOTWEAR DECONTAMINATING APPARATUS 

Robert Rod, East Roslyn, N.Y., assign‘or to Acoustica 
Associates, Inc., Mineola, Long Island, N.Y., a cor 
poration of New York 

Filed Mar. 13, 1958, Ser. No. 721,287 
4 Claims. (Cl. 134-46) 

‘This invention relates to protection against the carrying 
of radioactive matter out of a plant conducting nuclear 
operations, and it relates more particularly to apparatus 
for. decontaminating ‘footwear. 
The primary object of the present invention is to facili 

tate the decontamination of personnel engaged in nuclear 
operations. The present practice is to wear disposable, 
protective clothing over the head and body, and to wear 
rubbers on the feet. On leaving the plant, the radioactive 
count of the subject is taken and, if too high, he must go 
into scrubbing showers. This is done even though the 
contamination may be only at the feet. 
The latter represent a problem frequently encountered 

in operations involving radioactive materials, because ma 
terial settles on the ?oors, and then adheres to the soles 
of protective shoes or rubbers. It is not a good idea 
simply to remove the protective footwear, because of the 
risk of contaminating ones hands while doing so. 
'Accordingly, one object of the present invention is to 

provide apparatus readily and rapidly to decontaminate 
footwear. Most of the contaminating particles are re 
moved as the employee leaves the area, and prior to re 
moval of his protective garments, and without contacting 
the hands. For this purpose, I provide an open-topped 
tank having a support positioned somewhat below the top 
of the tank,'on which support a person may step to par 
tiallyvimmerse his footwear, say several inches. One or 
more electroacoustic transducers are provided for vibrat 
irig the liquid in the tank, and if desired, appropriate de 
tergent or solvent solutions may be mixed with the water 
in the tank. 
A further object is to prevent excessive accumulation 

of contaminant in the tank, and for this purpose fresh 
liquid may be supplied through an inlet while contami 
nated liquid is carried off through an outlet or discharge 
pipe. The latter may be connected to the radioactive 
waste line usually provided in such plants, or the liquid 
may be recirculated through an appropriate ?lter in order 
to remove contaminant. In any case some possible con 
tamination of the liquid is not really serious when using 
acoustic vibration as here taught, because of the greatly 
reduced “dragout” as a foot is removed from the tank. 
This ‘.‘dragout” is less than 10% of what it would be if the 
liquid were not undergoing acoustic vibration. 
;A further object is automatically to control the opera 

tion vof the high-frequency generator which excites the 
transducer. The apparatus may be run continuously, if 
desired, particularly in a busy plant. However, if it is to 
be operated intermittently, the control of the operation 
may- be made automatic, and in accordance with one ob 
ject and feature of my invention the operation is made 
responsive to the loading of the support in the tank, and 
in accordance with another object and feature of the in 
vention the operation is made responsive to the contam 
ination of the liquid or the feet of the subject. Thus, 
the generator having been started by an appropriate man 
ual switch, or even by a treadle switch as described above, 
may be stopped when the contamination has been su?ici 
ently reduced. There is preferably a signal, and a delay 
before stopping the generator, permitting the subject to 
leave While the generator is still working. 

. Still another object of the invention is to so design the 
support on which the subject stands as not to obstruct 
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the acoustic vibration and the resulting cavitation and im 
proved wetting action caused by acoustic vibration. For 
this purpose the support may be an open-mesh =gn'l1e hav 
ing openings larger than the wave length of the acoustic 
vibration. 
To accomplish the foregoing general objects, and other 

more speci?c objects which will hereinafter appear, the 
invention resides in the ‘apparatus elements and their re 
lation one to vanother as are hereinafter more particularly 
described in the following speci?cation. The speci?cation‘ 
is accompanied by drawings in which: . 
FIG. 1 is a schematic elevational view explanatory of 

the invention; _ 
FIG. 2 is a similar view showing the use of liquid cir-i 

culating means and nuclear detection means; 
FIG. 3 is a similar view showing the use of nuclear 

detection means on a 'waste line; ' ’ 

FIG. 4 is a plan view of one form of apparatus em; 
bodying the invention; 

FIG. 5 is a vertical section through the same; 
FIG. 6 is a schematic elevation showing nuclear detec 

tion means aimed at the footwear immersed in the tank; 
and 
FIG. 7 shows nuclear detection apparatus disposed ad 

jacent and above the tank. 
Referring to the drawing, and more particularly to 

FIGS. 1, 4, and 5, the footwear decontaminating apparatus‘ 
comprises an open-topped tank 12 having a support 14' 
positioned somewhat below the top of the tank. A person' 
leaving a radioactive area may step on the support'14,' 
thereby partially immersing his protective foot-wear 16 in’ 
the liquid 18_ in the tank. The liquid level may be so 
set relative to the height of the support as to immerse 
several inches of the footwear in the liquid. One or more. 
electroacoustic transducers 20 are secured in the tank for‘ 
vibrating the liquid at a high frequency which is in the 
sonic or ultrasonic range, preferably the latter. Typical 
frequencies employed may be 25 kc. and 40 kc. A suit-‘ 
able high-frequency generator 22 is provided to excite 
the transducer, through electrical’ connections schemati 
cally represented at 24. - 

If desired, a circulating system may be provided to 
?lter the liquid in the tank, and such an arrangement is: 
schematically shown in FIG. 2. Here again there is a 
tank 12 having a support 14, and containing liquid '18 
vibrated by transducer 20 excited by a generator 22. In» 
this case liquid is supplied through an inlet pipe 24, and 
leaves through a ‘discharge pipe 26. An over?ow pipe 28 
may also be provided to establish the desired liquid level 
in the tank. The discharged liquid is led by pipe 30 to a 
?lter 32 and after ?ltration is returned to pipe 24. A' 
pump 34 is provided to insure circulation of the liquid. 
Thus contaminant is removed from the liquid, until ?nally 
the ?lter itself becomes heavily loaded, whereupon the 
?lter element may be changed and the operation resumed. 
However, it is not essential to provide circulating ap-rv 

paratus, and in FIG. 3 I show a simpler arrangement in 
which fresh liquid is supplied to an inlet pipe '36. At the 
same time liquid is removed through over?ow pipe 38, 
and ?ows to a radioactive waste line such as is commonly 
provided in nuclear plants. ‘The valves control the rate, 
of change. - 

If desired, the apparatus may be provided with means 
to determine whether the footwear has been sufficiently 
decontaminated. This measurement may be made in a 
variety of ways, and referring to FIG. 3, a nuclear energy 
detector 40 may be exposed to the liquid in the waste line 
38. This detector may be a Geiger tube or a scintillator 
combined ‘with a counter or other means to indicate the,‘ 
rapidity of the count. The detector may be designed for 
response to alpha, beta and gamma rays. A slow or a ‘ 
rapid count may appropriately operate a relay 42 which in - 
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turn controls a signal 44, and this may indicate, as by 
means of a green light, when the footwear has been suffi 
ciently decontaminated. _ 
wsir'nilar means may be provided in the circulating sys 
tern shown in FIG. 2, in which it will be seen that de 
tector'40 controls a relay 42 which in turn controls a 
signal 44. _' 
Another method of checking decontamination of the 

footwear is'shown in FIG. 6; in which a nuclear energy 
detector 46 is exposed through tube 48 to the inside of 
the tank at a point immediately above the support or grille 
14, so that the detector is aimed at the footwear resting 
on the support. Here again a relay 50 may appropriate 

10 

ly respond to the slowness or rapidity of the count of the . 
detector, and may itself control a signal 52. 

For all practical purposes it may be assumed that both 
feet are approximately similarly contaminated or decon 
taminated, and a detector aimed at one foot is sut?cient. 
However, if desired, another detector may be provided as 
indicated at 56, with a window 58 aimed at the other foot. 
Here again a relay 60 and an alarm 62 may be provided, 
or the circuitry may be such that a single alarm will not 
show “clear” until both detectors 46 and 56 are satis?ed. 

'Still another detection arrangement is shown in FIG. 
7. In this case the nuclear detector 64 has a window or 
focussing tube 66 disposed immediately adjacent the tank 
12 but somewhat above the tank. The location is such 
that a person standing on the support 14 may convenient 
ly raise one foot out of the tank to the tube 66 and thus 
secure a signal at 68 through an appropriate relay 70. 
Here again the check of one foot is applicable to both 
but, if desired, a second detector may be provided on 
the other side, as indicated at 72, and here again a relay 
74 and a signal 76 may be provided. 
As so far described the operation of the generator 22 

(FIG. 1) and transducer 20 may be continuous. The 
power consumption is not large, and such continuous 
operation is entirely feasible. However, if desired, appro 
priate means may be provided to operate the apparatus 
only when needed. In FIG. 1 the'operation of generator 
‘22' depends on the loading of the support 14, and for 
that purpose the support is made slightly movable ver 
tically, as by providing a pivot or fulcrum at 80, and a 
pressure~responsive switch at 82; This is connected 
through appropriate circuitry, schematically represented 
by conductor 84, to the generator 22. It will be under 
stood that when the support 14 is loaded the generator 
is stopped. ‘If the generator employs tubes, the ?laments 
may be heated continuously, and the treadle may control 
the plate voltage. This will avoid delay for warm-up. 
The subject may stand in the tank for a reasonable 

time, and then leave, relying on a subsequent overall 
check such as is performed now. However, the arrange 
ment may also be combined with any of the detector and 
signal‘arrangements shown in FIGS. 2, 3, 6, and 7, with 
the subject remaining in the tank until given a “clear” or 
equivalent signal. 

If desired, the operation of the generator may be con 
trolled by the nuclear energy detector itself. Thus in 
FIG. 2 a conductor 86 may lead from relay 42 or/and' 
signal 44 to the generator 22. The arrangement could 
be such that when the detector count is su?iciently low 
the generator 22 is stopped at the same time that signal 
44 indicates “clear.” However, this would lose the bene 
?t of the greatly reduced “dragout” mentioned above. 
To retain that bene?t a ‘delay relay, 88-may'be provided, 
so that the generator is stoppedaftersuitable delay,isay 
one minute, following the “clear” signal. Thus‘the sub 
ject steps out of the tank while the'transducer is still 
operating. 

In FIG. 3 a similar circuit 86 and delay’relay? 88 are 
provided, and the same remark applies to FIGS: 6: and 
7. In all of these cases the generator may be started by 
a n'eadle switch responsive to loading'of‘the-support14; 

However, that is not essential, and 
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4 
a manual switch or “start” button may be provided at a 
convenient height above the tank, so that the subject may 
press the button as he steps into the tank. The opera 
tion will then proceed until the “clear” signal is given. 
The support 14 is best shown in FIGS. 4 and 5, and 

as there constructed is made up of strips "of stainless steel 
disposed edgewise, and arranged in crossed‘ relation, some 
what like the egg separator of an egg crate. Theresirlt 
ing grille is sturdy, and has a maximum area of openings. 
These openings are preferably larger in size than a single 
wave length of the acoustic vibration used. 

In another form the support 14 may be a solid sheet 
of metal with a thickness appreciably less than the wave 
length of the applied acoustic energy. Without these 
precautions the support may block va considerable portion 
of the energy transmitted from the transducer. _ 
The transducers and the mounting of the same may 

vary considerably. In the particular case shown the trans 
ducers are blocks of barium titanate ceramic vcemented to 
the top wall of waterproof housings. These have a 
threaded pipe 90 through which electrical conductors may 
pass to the electrodes on the barium titanate. Appro-_ 

,priate gaskets and nuts may be disposed on pipe 90 to 
prevent leakage. This is a known transducer construc 
tion. . 

The use of a detergent increases, the wetting action and 
is helpful along with the increased wetting action caused 
by the vibration. In the arrangement of FIG. 2, a de 
sired quantity of ‘detergent may be added, and onpcca 
sion the system may be drained and supplied with new 
liquid and detergent. , 
The waste-line system shown in FIG. 3 may be used 

without detergent, but if it be desired to provide deter 
gent, the ?ow into and out of the tank may be made 
quite slow by adjustment of the valves, and added de 
tergent may be fed to the supply pipe or the tank ‘drop 
by drop at a suitable rate relative to the rate of ?ow of 
water. i 

In a typical case the transducers each employ six blocks 
of barium titanate, each 1" x 2" x 2" in dimension. 
The generator operates at 40 kc., and has 125 watt ca 
pacity. The wave length is about one inch, and the open 
ings in the grille are preferably made larger, and in this 
case are two inches square. 
To summarize, the invention involves the use of high 

frequency acoustic power applied to a bath in which the 
soles of the contaminated rubbers or other shoe covering 
are immersed. The bath containing plain water or an 
appropriate detergent or solvent solution in which the 
particular radioactive soils are soluble, is ?tted with 
electroacoustic transducers of the magnetostrictive, elec 
trostrictive or electrodynamic types, or with any other 
common type of sonic or ultrasonic vibration generator. 
When driven by an appropriate power source, suchtrans 
ducers generate cavitation in the region of the vibrating 
surfaces. This is of great assistance in'degassing the bath, 
and weakening the surface tension holding soils to objects 
immersed in the bath. The action of the cavitation, and 
the increased wetting action of the solution, combine to 
provide a far more rapid removal of soils then is found 
possible by the use of conventional cleaning baths, sprays 
and mechanical or pneumatic agitators. In the case of 
typical radioactive soils, reduction of contaminants from 
a level which is hazardous to personnel, to a safe level, 
is accomplished in a small fraction of the time hitherto 
found necessary. 

It is believed that the construction and operation of my 
apparatus for decontaminating footwear, as well as the 
many advantages thereof, will be apparent from the fore 
going detailed description. It will also be apparent that 
while I have shown and described the invention in several 
preferred forms, changes may be made in the structures 
shown, without departing from the scope of the invention 
as sought to be de?ned in the following‘ claims. The refer 
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ence to a support is not intended to exclude the bottom of 
a shallow tank. 

I claim: 
1. A footwear decontaminating apparatus comprising 

an open-topped tank having a support positioned some 
what below the top of the tank, on which support a per 
son may step to only partially immerse his footwear, an 
electroacoustic transducer for vibrating a liquid in the 
tank, a high frequency generator to energize the trans 
ducer, said support being so mounted as to be somewhat 
movable vertically, an electrical switch responsive to de 
pression of the support by the load of a person standing 
thereon, and circuitry connecting said switch to said gen 
erator and so arranged that the generator operates when 
the support is loaded and stops when the support is un 
loaded. 

2. A footwear decontaminating apparatus comprising 
an open-topped tank having a support positioned some 
what below the top of the tank on which a person may 
step to only partially immerse his footwear, an electro 
acoustic transducer for vibrating a liquid in the tank, a 
high frequency generator to energize the transducer, said 
support being so mounted as to be somewhat movable 
vertically, an electrical switch responsive to depression of 
the support by the load of a person standing thereon, and 
circuitry connecting said switch to said generator and so 
arranged that the generator operates when the support 
is loaded and stops when the support is unloaded, an inlet 
pipe connected to said tank for supplying liquid to the 
tank, a discharge pipe for removing liquid from the tank, 
a nuclear energy detector exposed to the liquid in the dis 
charge line for measuring the contamination of the liquid 
leaving the tank, and circuitry responsive to the count of 
the nuclear energy detector for stopping the generator 
when the contamination has been reduced to a safe value 
while said support is loaded. 

3. A footwear decontaminating apparatus comprising 
an open-topped tank having a support positioned some 
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what below the top of the tank on which a person may 
step to only partially immerse his footwear, two elongated 
electroacoustic transducers secured to the bottom of the 
tank in collateral spaced relation to underlie the soles of 
a pair of feet standing on the support, and a high fre 
quency generator to energize the transducers, said support 
being so mounted as to be somewhat movable vertically, 
an electrical switch responsive to depression of the sup 
port by the load of a person standing thereon, and circuitry 
connecting said switch to said generator and so arranged 
that the generator operates when the support is loaded 
and stops when the support is unloaded. 

4. A footwear decontarninating apparatus comprising 
an open-topped tank having a supporting grille positioned 
somewhat below the top of the tank, on which grille a 
person may step to only partially immerse his footwear, 
an electroacoustic transducer secured to said tank for 
vibrating liquid in the tank, a high frequency electricity 
generator to energize the transducer, said grille being so 
mounted as to be somewhat movable vertically, an elec 
trical switch responsive to depression of the grille by the 
load of a person standing thereon, and circuitry connect 
ing said switch to said generator and so arranged so that 
the generator operates when the grille is loaded and stops 
when the grille is unloaded. 
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