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(57) Abstract

A water-purifying apparatus, which is especially adapted to reduce the radon content of radon-contaminated water, comprises a reactor
tank (1) for treating the radon-contaminated water, a radon-releasing means (2) arranged in the upper part of the reactor tank to receive
water from a first pump (3) adapted to supply water from a source of water containing radon-contaminated water, the water from the
radon-releasing means accumulating in the reactor tank, an inlet duct (4) extending between the first pump and the radon-releasing means,
an outlet duct (6) from the reactor tank, the outlet duct being connected to a water consumption system, and a radon-gas outlet (9) from the
reactor tank. In a mixing means (11), water from the first pump (3) is mixed with water from the reactor tank (1) with the aid of a second
pump (10) in order to produce such a water flow in the radon-releasing means as results in effective radon release. The radon-releasing
means is in air communication (7, 34) with the surroundings of the reactor tank, so that air, via this air communication, is entrained with
the water, which is supplied to the radon-releasing means via the mixing means, with a view to admixing air with the water and, hence,
releasing the radon.
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WATER-PURIFYING APPARATUS

This invention relates to a water-purifying appa-
ratus, which is especially adapted to reduce the radon
content of radon-contaminated water and which comprises
a reactor tank for treating the radon-contaminated water,
a radon-releasing means arranged in the reactor tank to
receive and treat water from a first pump adapted to sup-
ply water from a source of water containing radon-conta-
minated water, the water from the radon-releasing means
accumulating in the reactor tank, an inlet duct extending
between the first pump and the radon—releasing means, an
outlet duct from the reactor tank, said outlet duct being
connected to a water consumption system, and a radon-gas
outlet from the reactor tank.

US-4,371,383 teaches a radon-removal system intended
to be arranged between a source of water and a pressure
storage tank. According to the US specification, this
system succeeds in removing 80-90% of the radon by aerat-
ing the water, but nevertheless does not possess the
efficiency required to achieve results below the Swedish
maximum permissible value of 500 Bqg/1, if the contaminat-
ed water has a radon content of 5000 Bq/l1 or more.

SE 464,712 discloses a water-purifying apparatus
which effectively removes, inter alia, iron and manga-
nese from water. The Swedish technique is based on effec-
tive aeration of the water, a technique that has proved
to be useful also when it comes to removing radon. How-
ever, radon-contaminated wells are often fairly deep
(70-100 m), which means that the amount of water lifted
is rather small, for instance 5 1/min. A much greater
flow rate of at least 25 l/min is required for effective
aeration of the water. When the flow rate is too small,
the aeration is less effective, which of course has an
adverse effect on the removal of radon.

The main object of this invention is to obviate the
inconveniences of the prior-art radon-removal system by
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providing a water-purifying apparatus for separating
radon from water, which is equally effective regardless
of the amount of water supplied by the well pump.

Another object of the invention is to provide a
water-purifying apparatus that does not take up much
space and is easy to set up.

According to the invention, these objects are
achieved by an apparatus which is of the type described
by way of introduction and whose distinctive features
are recited in the characterising clauses of the append-
ed claims.

The water-purifying apparatus according to the
invention has the advantage of being inexpensive to set
up. Since it can be adapted to all types of wells as
well as to the amount of water supplied from each well,
the water-purifying apparatus can be set up between an
existing pump and the pressure storage tank normally pro-
vided. Neither the pump nor any other equipment need be
exchanged.

A few embodiments of the invention will now be
described in more detail with reference to the accom-
panying drawings, in which

Fig. 1 is a schematic view of a first embodiment
of the radon-separating apparatus according to the
invention;

Fig. 2 is a perspective view of the upper part of
the radon-separating apparatus according to the inven-
tion, illustrating how various components can be mounted
on the 1lid of the tank; and

Fig. 3 is a schematic view of a second embodiment of
the radon-separating apparatus according to the inven-
tion.

Thus, Fig. 1 shows a water-purifying apparatus or
radon-separating apparatus according to the invention.
This radon-separating apparatus comprises a reactor tank
1, the construction of which will be described in more

detail below. A radon-releasing means 2 is mounted in the
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reactor tank. An inlet duct 4 extends between a well con-
taining radon-contaminated water and the radon-releasing
means. A well pump 3 is connected in the inlet duct, and
a combined circulation/outlet pump 10 is arranged in the
tank and connected to the inlet duct by means of a duct
5, a solenoid valve 8 which is closed in the absence of
current, and a T-joint 11. Normally, the first pump or
well pump 3 is a 380-V pump, whereas the second pump 10
is a 220-V submersible drainage pump having a capacity of
approximately 150 1/min. The duct 5 is equipped with a
non-return valve 15 preventing radon-contaminated water
from being, by the well pump 3, pressed directly into the
reactor tank via the pump 10. Also the duct 4 is equipped
with a non-return valve 12 preventing water from flowing
backwards therein towards the pump 3. The pumps 3 and 10
are so dimensioned that the pump 3 provides a higher
pressure than does the pump 10, thus ensuring that the
water from the well is at all times supplied to the
radon-releasing means. Furthermore, the pump 10 is con-
nected to a pressure storage tank for receiving radon-
free water from the reactor tank via a duct 6, which is
connected to the duct 5 between the solenoid valve 8 and
the non-return valve 15 and which has a non-return valve
22 and a solenoid valve 21, which is open in the absence
of current. A pressure switch 31 is connected to the duct
6 and adapted to sense the pressure in the pressure stor-
age tank.

The radon-releasing means 2 comprises a water pipe
32, which is connected to the inlet duct 4 and extends
into the reactor tank 1, thus opening into a treatment
container 33. The treatment container is open upwards,
and its opening is covered by a pair of loose plates 38.
An air suction pipe 34, which is provided inside the
water pipe, has a first end, which is in communication
with the surrounding atmosphere outside the reactor tank,
and a second, conically widened end 35, which is located
in the water pipe 32. The widened end is at all times
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located above the highest possible water level in the
tank 1. Between the inner wall of the water pipe and the
conical end 35 is formed a narrow, annular gap 36,
through which the water flows. The velocity of the water
increases when it passes through the annular gap 36 and
disintegrates to droplets, which are mixed with the air
flowing in through the air suction pipe 34. The air is
sucked in via a vacuum valve 7 provided at the first end
of the air suction pipe. This valve 7 prevents the radon
gas from flowing back out through the air suction pipe
34. The mixture is caused to flow down to the bottom of
the treatment container 33 and between the wall of this
container and the water pipe, so as to impinge upon the
plates 38. The treated water flows out of the treatment
container "in the shape of an umbrella". Thus, the radon
found in the water can be effectively converted to radon
gas, which is withdrawn from the reactor tank via an out-
let 9, which consists of a tube extending to the closest
outer wall of the compartment in which the radon-separat-
ing apparatus is arranged. For instance, use is made of a
valve 24 arranged in the wall. Conveniently, a fan 23 is
set up in the valve, in order to ensure that the radon
gas is fed out of the reactor tank. Even without the fan,
the radon gas will, as a rule, be withdrawn from the
reactor tank owing to the positive pressure created when
the radon is released. It should be pointed out that the
reactor tank has approximately atmospheric pressure.

Fig. 1 shows a case where the water level in the
reactor tank is located between two level sensors 28 and
29 which, via electric lines f and e, respectively, are
connected to a level-sensor relay 30 on a control panel
25. In addition, the control panel 25 comprises a contac-
tor 26 and a time lag relay 20, which are controlled by
the level-sensor relay. The solenoid valves 8 and 21 as
well as the fan 23 are connected to the time lag relay by
means of connecting lines b, c and d, respectively. The

well pump 3 is connected to the contactor by means of a
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line a. The pump 10 is actuated with the aid of the con-
trol panel 25 via a line g, in which the pressure switch
31 is electrically connected, and a line i or from the
level-sensor relay 20 via a line h and the line i.

Being arranged at the bottom of the tank, the pump
10 will draw up any sludge, such as iron and manganese,
that has been precipitated upon the aeration in the
radon-releasing means 2.

The water-purifying apparatus according to the
invention operates as follows.

1. Assuming that the water level in the reactor tank
1l in an initial position is located between the level
sensors 28 and 29 and that the pressure in the pressure
storage tank is identical with an upper, adjustable limit
pressure, for instance 4 kg. The level-sensor relay 30 is
inactive, and no current is fed to the time lag relay 20
or the contactor 26. The pressure switch senses the upper
limit pressure in the pressure storage tank and maintains
the line g to the pump 10 broken.

2. Water is withdrawn from the pressure storage
tank, which reduces the pressure in the duct 6. The pres-
sure switch closes, and current is fed to the pump 10,
which pumps radon-separated water from the reactor tank
to the pressure storage tank, until the pressure in the
pressure storage tank attains the upper limit pressure,
whereupon the pump is switched off.

3. When the water level in the reactor tank has sunk
below the level sensor 29, the level-sensor relay 30 is
operated and feeds current to the pump 3 via the contac-
tor 26 and the line a, as well as to the pump 10, the
solenoid valves 8 and 21 and the fan 23 via the time lag
relay 20 and the respective lines h, i; b; ¢ and d. The
solenoid valve 8 opens, and the solencid valve 21 closes,
thus preventing water from the reactor tank from being
pumped into the pressure storage tank during the radon
release process, which otherwise might happen if the

pressure in the pressure storage tank falls below the
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pressure in the duct 5. The pump 3 supplies water to the
reactor tank until the water level again reaches the
level sensor 28. At the same time, the pump 10 circulates
the reactor-tank water back to the inlet duct 4 via the
T-joint 11 in order to mix it with the well water,
thereby to produce a sufficient water flow through the
radon-releasing means 2 and, hence, achieve effective
radon release.

4. When the water level has reached the level sensor
28, the relay 30 is released and interrupts the current
to the pump 3. The time lag relay is, on the contrary,
maintained in operated state during a set time lag period
after the level-sensor relay has been released. The pump
10 may thus continue to circulate the water in the reac-
tor tank in order to promote the radon release. When the
set time lag period has come to an end, the time lag
relay is released, and the solenoid valve 8 closes and
the solenoid valve 21 opens. Furthermore, the fan 23 is
switched off. If the pressure in the pressure storage
tank is identical with the upper limit pressure, also the
pump 10 is switched off. Otherwise, the pump 10 pumps
water to the pressure storage tank until the limit pres-
sure has been attained.

According to the invention, the reactor tank 1 is
made up of a plastic tube 16, which is cut to suitable
length, depending on the aimed-at reactor tank volume. A
bottom 1id 18 is glued to the bottom end of the tube, and
threaded holes are made in the top 1id 17 for the water
duct 5, the water pipe 32, the level sensors 28 and 29
and the radon-gas outlet 9. Also the top lid can be glued
to the tube, but it may be convenient to dispense with
the gluing, thus enabling the reactor tank to be opened
for service purposes.

By arranging the pump 10 inside the reactor tank 1,
providing all the holes for various components in the 1lid
17, and mounting the control panel 25 on top of the 1lid,
as shown in Fig. 2, one obtains a compact unit which is
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easy to transport, takes up a minimum of space when set
up, and in addition is easy to set up.

Fig. 3 illustrates a second embodiment of the radon-
separating apparatus according to the invention. Like
components of the two embodiments have been given like
reference numbers. The radon-separating apparatus thus
comprises a reactor tank 1, in the upper part of which
is mounted a radon-releasing means 2. An inlet duct 4,
55, 56 extends from a well containing radon-contaminated
water to the radon-releasing means. The first pump or
well pump 3 is connected in the inlet duct, and the
second pump 10 is connected in the inlet duct between the
well pump 3 and the radon-releasing means 2. The inlet-
duct portion 4 partly extends into the reactor tank.
Between the duct portions 4 and 55, the T-joint 11 is
connected via its connections 52 and 53. The connection
53 is connected to the suction side of the pump 10, while
the connection 52 is connected to the delivery side of
the pump 3. The T-joint is disposed inside the reactor
tank on a level which at all times is located below the
water level when the radon-separating apparatus is in
operation. The third connection 54 is provided with a
non-return valve 57, enabling water to be drawn from the
reactor tank into the duct portion 55, but preventing
radon-contaminated water from being pressed directly into
the reactor tank via the connection 54 by means of the
well pump 3. It should be emphasised that the entire
inlet duct can be arranged outside the reactor tank, in
which case only the connection 54 is inserted in the
tank.

An outlet duct 58 is connected to the bottom part of
the reactor tank, and a 220-V pump 59 is connected in the
outlet duct. The delivery side of the pump is preferably
connected to a pressure storage tank, where radon-free
water is collected for future consumption. The pump 59 is
controlled by a pressure switch 31 which, at a predeter-
mined lower pressure on the delivery side of the pump,
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allows current to be fed to the motor of the pump and
which, at a predetermined higher pressure, interrupts the
current being fed. A non-return valve 22 is connected in
the outlet duct 58 between the pump 59 and the reactor
tank 1.

The radon-separating apparatus illustrated in Fig. 3
operates as follows. It is assumed that the reactor tank
1l is filled to the level indicated in Fig. 1. When the
pressure in the pressure storage tank and, hence, the
pressure on the delivery side of the pump 59 have sunk to
a predetermined level, the pressure switch 31 allows the
pump 59 to be actuated. The pump 59 then draws water from
the reactor tank 1 in order to replenish the pressure
storage tank. When the water level in the reactor tank
has sunk below the level sensor 29, the level-sensor
relay 30 will transmit a signal to the main contactor 26
in order to actuate the pump 3 and, via an auxiliary con-
tactor 27, actuate the fan 23 and the pump 10. The pump
10 draws water from the duct portion 55 and presses this
water into the radon-releasing means 2. The pump 10
always draws about 25 1/min and, since the pump 3 nor-
mally does not deliver such amounts of water, the pump
10 draws the remainder from the reactor tank via the non-
return valve 57. Thus, the pump always presses about
25 1/min through the duct portion 6 into the radon-
releasing means 2. When the water level in the reactor
tank has risen to the upper level sensor 28, the level-
sensor relay 30 will deactivate the pumps 3 and 10 as
well as the fan 23 via the main contactor 26 and the
auxiliary contactor 27. In the event that a time lag
relay 20 is set at a time lag period, the pump 10 and the
fan 23 will remain active during this period, so as to
circulate the water in the reactor tank and draw any
additional released radon gas therefrom.

Even though the invention has been described in con-
nection with radon removal from water, it goes without
saying that the invention is applicable to any water-
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purifying apparatus whatsoever, for instance when iron,
manganese and hydrogen sulphide are to be removed and
use is made of a means equivalent to the radon-releasing
means. It may, in this context, be convenient to arrange

a sand filter after the pressure storage tank.
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CLAIMS

1. A water-purifying apparatus, which is especially
adapted to reduce the radon content of radon-contaminated
water and which comprises a reactor tank (1) for treating
the radon-contaminated water, a radon-releasing means (2)
arranged in the reactor tank to receive and treat water
from a first pump (3) adapted to supply water from a
source of water containing radon-contaminated water, the
water from the radon-releasing means accumulating in the
reactor tank, an inlet duct (4; 4, 55, 56) extending
between the first pump and the radon-releasing means,
an outlet duct (6; 58) from the reactor tank, said outlet
duct being connected to a water consumption system, and a
radon-gas outlet (9) from the reactor tank, char -
acterised in that there is provided a mixing
means (11), in which water from the first pump (3) is
mixed with water from the reactor tank (1) with the aid
of a second pump (10) in order to produce such a water
flow in the radon-releasing means as results in effective
radon release, and that the radon-releasing means (2) is
in air communication (7, 34; 7) with the surroundings of
the reactor tank, so that air is, via said air communica-
tion, entrained with the water, which is supplied to the
radon-releasing means via the mixing means, with a view
to admixing air with the water and, hence, releasing the
radon.

2. A water-purifying apparatus as set forth in claim
1, characterised in that the mixing means is
a T-joint (11).

3. A water-purifying apparatus as set forth in claim
lor2, characterised in that the second pump
(10) is located inside the reactor tank (1).

4. A water-purifying apparatus as set forth in any
one of claims 1-3, characterised in that the

second pump (10) is arranged to draw water close to the
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bottom of the reactor tank (1) in order to remove any
solid particles that have been precipitated upon the
treatment in the radon-releasing means.

5. A water-purifying apparatus as set forth in any
one of claims 1-4, characterised in that the
second pump (10) is connected to the outlet duct (6), and
that valve means (8, 21) are arranged to guide the flow
from the second pump alternately to the mixing means (11)
and to the water consumption system.

6. A water-purifying apparatus as set forth in claim
5, characterised in that a first valve means
(8) is arranged in a duct (5) extending between the
second pump (10) and the mixing means (11), and that a
second valve means (21) is arranged in the outlet duct
(6).

7. A water-purifying apparatus as set forth in claim
2, characterised in that the T-joint (11) is
connected in the inlet duct (4, 55, 56) and has one con-
nection (54) in communication with the interior of the
reactor tank (1), and that the second pump (10) is con-
nected in the inlet duct between the T-joint and the
radon-releasing means (2).

8. A water-purifying apparatus as set forth in claim
7, characterised in that said connection (54)
is in communication with the interior of the reactor tank
(1) at the bottom thereof.

9. A water-purifying apparatus as set forth in claim
70or 8 characterised in that there is pro-
vided a third pump (59), which is connected in the outlet
duct (58) and adapted to pump water to the water consump-

tion system.
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