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METHOD AND APPARATUS FOR WATER TREATMENT SYSTEM
FOR LIVESTOCK AND POULTRY USE

TECHNICAL FIELD

This invention relates generally to a water treatment system and more
particularly, to a method and apparatus for treating water for livestock and poultry use
by increasing the dissolved oxygen and reducing the oxygen reduction potential of the

water.

BACKGROUND OF THE INVENTION

The need for high quality water in livestock and poultry production is
becoming increasingly essential. This is primarily due to the overall reduction in water
quality and the trend towards larger and denser livestock and poultry populations.
Water quality, whether it be ground or surface water, has been deteriorating over many
years for reasons that range from animal waste and agricultural chemical runoff to
lowered ground water tables. Occurrences of  contamination from nitrates, bacteria,
chemicals, iron, hydrogen sulfide, etc., have become more and more prevalent.

Drinking water quality is an important factor for livestock and poultry
health. Elevated concentrations of minerals, bacteria or toxic constituents in the water
can have a detrimental effect on normal physiological processes in the body, thus
causing inferior development, such as weight gain and growth. High concentrations of
minerals can also restrict water flow to the birds by clogging the feeder lines. This can
cause flooding of the drinkers and wet litter which, in turn, can lead to disease and leg
problems. _

Various methods are being used to reduce the impurities that adversely
effect water quality. Chlorination has been the most common method to treat water for
bacterial contamination. Chlorination removes bacteria from the water supply by
converting some of the chemical contaminants into less harmful forms. For example,
chlorinization oxidizes nitrites to the less toxic nitrate form and reacts with hydrogen
sulfide and ferrous iron to produce sulfates, ferris iron and other solid materials that can

then be removed by filtration. Since chlorine reacts with organic compounds, however,
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its effectiveness as an antimicrobial agent is more quickly reduced if high levels of
organic matter are present. Furthermore, although chlorination can kill some bacteria in
the water supply, it does nothing to increase or improve the overall water quality of
poor water.

Another method used to control the quality of water is with
polyphosphates. Polyphosphates are chemical compounds used to prevent the build-up
of scale in the water system by causing the minerals to go into solution.

Yet another method for water treatment are magnetic devices that are
designéd to prevent scaling buildup.

Aeration equipment had been used to inject oxygen into water. The
primary purpose of the process is to oxidize organic water in wastewater and potable
water applications. Waste water aeration is primarily done under atmospheric
conditions for the purpose of aerobic digestion. Generally, in atmospheric applications,
air is bubble diffused within a tank to accomplish oxidation. It might then be
repressurized for distribution. A variety of ways are used to provide aeration under
pressurized situations. Compressed air or concentrated oxygen could be injected into a
water stream or could be drawn into a water stream with the aid of a venturi. In
addition, water could be passed through an air pocket within a tank to accomplish
aeration.

These conventional systems address specific problems with the quality
of water, such as scaling, oxygen deficiency, bacterial contamination, etc., but do not
provide an overall efficient system for treating and improving quality of water in a cost-

efficient manner.

SUMMARY OF THE INVENTION

According to principles of the present invention, a water treatment
system is provided for treating water for use with livestock and poultry. The system
includes a water treatment filter, a flow meter that coordinates with a flow switch and
an electrocatalytic cell coupled to a holding chamber that is attached to an outlet of the
cell. The water treatment filter removes materials from the water that alter the electrical

properties of the water prior to the water entering the electrocatalytic cell. The
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electrocatalytic cell includes a plurality of conductive plates with spaces therebetween
through which water may pass. An electric current flows across the conductive plates
of the cell through the water, breaking some of the water molecules into their
component parts of hydrogen gas and oxygen gas. At the outlet of the cell, both
hydrogen gas and oxygen gas are present in the fluid.

The holding chamber is vertically oriented and longitudinally extending
from the outlet of the electrocatalytic cell. The vertical length of the chamber is
selected to provide sufficient time to allow a majority of the gaseous oxygen to
transition to dissolved oxygen. A collection valve may be included at the top of the
holding chamber to allow collection and release of accumulated gases. An optional
sediment filter may be added after the outlet from the holding chamber prior to the
water reaching the livestock drinking system. Additional features include bypass piping
and valves allowing the water to flow around the system so that water flow to the
animals is uninterrupted if maintenance is required on the system.

The system may further include the control unit allowing modification of
the current density in the conductive plates of the electrocatalytic cell based on the
value of the flow rate measured by the flow meter. The control unit may further
provide a memory unit allowing recordation of information for a given amount of time.
Access to the memory unit may be provided via a modem link, alternatively, a direct

link at the control unit may also provide access to the memory unit.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a front view of an installed water system in accordance with
one embodiment of the present invention.

Figure 2 is an exploded view of the holding chamber, the electrocatalytic
cell, and the flow switch assembly in accordance with one embodiment of the present
invention.

| Figure 3 is a cut away view of the electrocatalytic cell plate assembly
contained within a housing shown in Figure 2 according to principles of the present

invention.
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Figure 4 is an enlarged view of one embodiment of an electrocatalytic
plate configuration for use in the housing shown in Figure 3 according to the principles
of the present invention.

Figure 5 is an enlarged isometric view of one embodiment of the
electrocatalytic plate rail for use with the electrocatalytic plates shown in Figure 4
according to the principles of the present invention.

Figure 6 is a plan view of the plate rail shown in Figure 5 according to
the principles of the present invention.

Figure 7 is an enlarged isometric view of one embodiment of the housing
shown in Figure 3 for the electrode plates according to the principles of the present
invention.

Figure 8 is a schematic view of the holding chamber gas release
assembly coupled to the collection valve as shown in Figure 2 according to the
principles of the present invention.

Figure 9 is an exploded view of the power connections to the
electrocatalytic cell and close switch shown in Figure 1 according to the principles of
the present invention.

Figure 10 is a schematic view of one embodiment of the face panel of

the controller shown in Figure 1 according to the principles of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

A water treatment system, and in particular, an apparatus and a method
for treating water for use with livestock and poultry, is described in detail below. In the
following description, numerous specific details are set forth, such as example
environments, contaminants, configurations and material selection, etc., to provide an
understanding of the invention. One skilled in the relevant art will readily recognize
that the invention can be practiced without one or more of the specific details, or may
be practiced to treat water in a variety of situations and applications. Well known
structures or operations are not shown or described in detail to avoid obscuring aspects

of the invention.
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Figures 1 and 2 illustrate a water treatment system 10 wherein water is
input in the system at “A” and water is output out the system at “B” for use in a
livestock drinking system.

The components of the system will now be described in more detail with
respect to Figure 1. Figure 1 illustrates one layout of the water treatment system 10. In
this embodiment, water enters the system 10 at point A, coming into the system 10
under pressure, typically from a pressure tank, a pump, or line pressure from a
municipality. The water progresses from entry point A through a treatment filter 12,
through a flow meter 17, and into a treatment unit 11. The treatment unit 11 includes
an electrocatalytic cell 18. The water flows across conductive plates (shown in Figures
3,4) in the electrocatalytic cell 18 and into a holding chamber 20. An upper portion 22
of the holding chamber 20 includes a gas release assembly 22 that allows gases to -
egress through a gas vent 25 in a collection valve 24 positioned at the top of the gas
release assembly 22. The gas release assembly 22 includes an outlet 26 to allow the
water to flow out the outlet 26 of the upper portion 22 of the holding chamber 20 and
through a check valve 28. The check valve 28 prevents backflow of water into the
treatment unit 11.

After passing the check valve 28, the water proceeds out the exit piping
27 and through an optional sediment filter 30 exiting the water treatment system 10 at
point B ready to be used in a livestock drinking system of any acceptable type. Typical
livestock drinking systems for poultry include drinker lines with stainless steel nipples
for the birds. Depending on the ultimate use of the treated water, pressure reducer
valves may additionally be included in the system. The water treatment unit 11 should
be positioned on the high pressure side of any pressure reducers.

Prior to entering the treatment unit 11, a tee 40 may be positioned in the
pipe. Valves 42 and 44 rﬁay be opened and closed as desired to direct the flow of the
water. To direct the flow of the water through the treatment unit 11, valve 42 is opened
and valve 44 is closed. Alternatively, valve 42 can be closed and valve 44 opened to
allow the water to flow around the treatment unit 11 and into the livestock drinking
system as untreated water via piping 46. The water re-enters the treated water line at a

pipe tee 48 and then flows through exit piping 26 to the livestock drinking system.

5
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In one alternative embodiment, a valve is placed in line 46 though it is
not present in a first design. The valve in line 46 prevents water from flowing back into
the bypass piping 46. It can be a check valve or a controlled valve that is opened and
closed as desired. Similar to the opening and closing of valves at the inlet of the
system, when the bypass piping 46 is being used, check valve 28 is closed and its valve
is open. Alternatively, when the treatment unit 11 is being used to process the water,
check valve 28 is open to permit flow out of the system, but will prevent flow in reverse
back into the treatment unit 11 and the valve in line 46 is closed.

This bypass piping configuration allows the user to choose between
treating the water by closing valve 44 and opening valve 42 and thereby running the
water through the treatment unit 11 or alternatively bypassing the treatment unit 11 by
opening valve 44 and closing valve 42 to allow the water to bypass the treatment unit
11 entirely. This will be advantageous to allow routine maintenance or replacement of
parts on the treatment unit 11. Standard elbows 50, tee’s 40,48 and union pipe
couplings 52 appropriate for the gage, size and type of the piping used will provide
connections for the water line.

The treatment unit 11 is mounted in a vertical position with mounting
brackets 54,56 and corresponding pipe clamps 55,57 or similar securing hardware.
Rigid pipe connections entering and exiting the treatment unit 11 encourage a secure
and fixed mounting of the treatment unit 11.

The treatment filter 12 is placed, in one embodiment, after valve 42 and
prior to flow meter 17. The filter 17 removes materials that make the water hard. One
example of a treatment filter is a conventional water softener system such as a cell resin
bed softener filled with salt. Duplex systems may be used wherein one tank is
regenerating while the other tank is treating the incoming water. It will remove
calcium, magnesium and other hardness minerals from the water to create soft water.
The calcium and magnesium atoms are replaced with sodium to make the water soft, as
is well known in the water softener art. The filter 12 may also be placed at inlet point
A, prior to the bypass piping.

Yet another alternative treatment filter 12 that may be used is a reverse

osmosis (R/O) system. The R/O system includes a semipermeable membrane which
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forms a very tight filter through which the incoming water must flow. Increased
pressure pushes the water through the semipermeable member while wash water across
the membrane keeps the membrane clear of contaminants. Bacteria is removed in this
system down to the micron level. Further, under the R/O system, the water
conductivity is taken down to 10 microsemens. An R/O system removes nearly all
minerals and all other impurities from the water and thus results in very clean, pure
water.

Yet another treatment filter 12 that may be used in the system 10 are
magnets affixed to the water pipes in combination with a water softener or alone.
Magnetically induced resonance (MIR) devices include a series of powerful magnets.
These affect the mineral clusters and cause them to remain in solution by changing the
electrical properties of the molecules of the mineral and/or the water. In combination,
the water softener could remove some portion of the minerals and the magnets could
alter the properties of the remaining materials such that they remain in solution and pass
through the system 11.

The water filter 12 is not shown to scale in correct size, but is shown
only schematically. As will be appreciated, a conventional water softener using a resin
bed with salt may be much larger in size than the treatment unit 11 or electrical control
box 32, particularly if a duplex tank system is used. The reverse osmosis system is also
of a different size and includes further piping as is known for such filters.

The purpose of filter 12 is to standardize the mineral content and
electrical properties of the water prior to treatment. As is known, some water is very
hard and thus is high in calcium, magnesium, iron or other minerals. If these pass into
electrocatalytic cell 18, they may cause build-up and scaling on the plates. They may
also shorten the life of the plates and affect their electrical properties over time. It is
therefore desired to remove from the water those compounds and elements that will
cause clogging of the plates or decrease the effectiveness of the plates over time.

After the water treatment filter 12, water flows through a flow meter 17
whose electronic signal output is connected to a control unit 32. The data from the flow
meter 17 is used by control unit 32 to control the current provided to the cell 18 based

on the flow volume registered by the flow meter 17. Current density is regulated
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through the electrocatalytic cell 18 and is increased or decreased proportional to the
flow as measured by the flow meter, as explained in more detail later herein.

The flow meter 17 can be any acceptable type. It can be based on an
ultrasonic sensor, a doppler shift technique, a Hall effect sensor, a mass flow meter, or
any acceptable type of flow meter used for water or other liquids. The flow meter 17
outputs an electronic signal indicating the flow rate of water through it. The output can
be analog or digital. The signal is received by the controller 32 and used for current
density control of the plates, as explained herein.

The water flows through the flow meter 17 and into the inlet 14 of the
treatment unit 11. A magnet or MIR device can be placed around the inlet 14 if desired,
just prior to the cell 18. Below the inlet 14 in the treatment unit 11 line is a discharge
valve 15. The discharge valve 15 may be opened to drain the treatment unit 11 in cases-
of routine maintenance or alternatively to drain sediment out that has precipitated out
and settled to the base of the treatment unit 11.

Water flows up through the electrocatalytic cell 18 and proceeds into the
holding chamber 20. The holding chamber 20 is a separate unit coupled to the
electrocatalytic cell 18 via a standard connection. As will be appreciated, an optimum
length 1 of the holding chamber is related to the flow rate desired, as well as the
diameter of the holding chamber 20 and other factors. Alternatively, the diameter of the
holding chamber 20 may be made larger than the diameter of the cell, providing a
slower flow rate and longer resident time for the same volume of flow rate. One
preferable ratio of volume of water between the holding chamber and the cell chamber
is 7:1.

Water proceeds from the holding chamber 20 into an upper portion 22 of
the holding chamber 20 that included a gas release assembly 23. In the upper portion
22 of the holding chamber 20, the water in the treatment unit 11 proceeds out the outlet
26 while any gases are collected in the gas release assembly 23. Opening a collection
valve 24 allows gases to vent out a gas vent 25. At the outlet 26 of the treatment unit
11, a check valve 28 prevents water from back-flushing the system. Water proceeds out

the exit water piping 27 into the sediment filter 30.
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The sediment filter 30 prevents sediment from entering the livestock
drinking system. The sediment filter 30 can be a self-cleaning, back-flush type,
filtration device. Filters of this type operate via a backwash cycle that cleans the filter
without interrupting the main system water flow. These filters operate on line pressure
alone. Alternatively, the sediment filter 30 may be a simple course screen that requires
periodic cleaning or replacement. Typical livestock drinking systems for pouliry
include drinker lines with stainless steel nipples for the birds. These stainless steel
nipples are easily clogged by sediment, and if clogged, require intensive manual labor
to individually replace or unclog. Clogged feeder lines left unattended can cause
flooding of the drinker lines and wet litter in the feeding area that can cause disease to
the birds or leg problems.

The electronic controller 32 includes a microprocessor, a memory, a
power supply circuit and all other electronics needed to control and monitor the
electrolytic cell. Power is provided into the controller 32 as AC power in. The
controller 32 includes an AC to DC converter to generate a DC output of the proper

voltage and current values. A signal line 1130 carries the output from the flow meter

17 and inputs it to the electronic control circuit 32. The data from the flow meter is

used to determine the voltage and current to be provided to the electrolytic cell via
power supply line 1100. A communications connector 74 for connection to the outside
world is provided via line 73. Other access ports 76 can be connected via line 75. An
additional port 69 is provided for future peripheral expansion as desired. Further, port
75 may also be used for further peripheral expansion as needed.

Figure 2 illustrates an exploded view of the treatment system 11. The
system is easily disassembled into three main components. The first componeﬂt
includes the flow meter 17, the discharge valve 15 and a union joint 200. The union
200 mates with a union 210 in a second component. The second component includes
the union 210, housing for and the electrocatalytic cell 18 and a second union 220. The
second union is positioned at the top of the electrocatalytic cell 18 and mates with a
second union 230 at the bottom of a third component. The third component includes a
second union 230, the holding chamber 20, the upper holding chamber 22, the

collection valve 24 with a gas vent 25 and the check valve 28.
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The couplings 200 and 220 are female couplings and the couplings 210
and 230 are male. This is selected based on the direction of water flow. It flows from
the male to the female to prevent water leakage and provide a tighter fit. The coupling
connections used are a significant advantage in providing service and cleaning of the
electrocatalytic cell assembly 18 and the housing 20. When it is desired to service the
electrocatalytic cell 18, such as cleaning the electrodes 350, replacing or servicing any
of the components or the like, operation of the system is terminated for a brief period of
time. Water is drained from the apparatus. The couplings are then rotated so as to
separate the electrocatalytic cell assembly 18 from the rest of the system. The cell
housing 340 is thereafter removed from the system for replacement, servicing or the
like if desired. Thereafter, the cell housing, having the new electrocatalytic cell or the
cleaned cell therein is replaced and the couplings are reattached so the system becomes
fully operational. The unions can be any acceptable coupling, including rotatable
threads, watertight couplings or the like, many such watertight connections being
known.

As constructed, the treatment system 11 is easily assembled and
disassembled in the field. For example, the various components, including the flow
switch and discharge valve, the electrocatalytic cell, and the holding chamber are
connected with easily releasable fittings for fasteners such that a user can disassemble
it. It also includes easy-to-assemble connectors such that a user can quickly assemble it
in the field or pegform‘ a reassembly after the cleaning. For example, the coupling
between the electrocatalytic cell 18 and the holding chamber 22 is preferably an easy-
release and easy-assemble-type coupling. An example of this type of union includes a
threaded union, snap-on clamp, rubber gasket seals or other couplings that can easily be
assembled and disassembled. In the embodiment shown in Figures 1 and 2, the
coupling is a threaded coupling using standard threaded fittings between the cell
housing and the holding chamber. Other acceptable, and equivalent, coupling
techniques can be used so as to provide easy disassembly in the field for cleaning and

maintenance, and also permitting easy assembly and reassembly so the unit may be put

_back into service by a general worker that does not require special skills or training in

10
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this particular technical field. Further, it can be reassembled and put back into service
in a very short period of time following such disassembly for cleaning.

Figure 3 illustrates an enlarged view of one embodiment of the
electrocatalytic cell housing assembly 18 with the housing of the cell partially cut away
to reveal the cell assembly configuration within. In one embodiment, the housing 340
and the couplings 310,320 of the electrocatalytic cell are constructed from schedule 40
PVC. A diameter of 1/2” can be sufficient, but for certain applications, the diameter
may be 17, 27, 3” or larger. As shown in the exemplary embodiment, couplings 200
and 210 are easy to assemble and can be either threaded or a pressure fit to connect the
assembly 18 to the inlet pipe. The cell plate housing 340 may alternatively be
constructed of a metal, such as the same material as the electrocatalytic cell plate
electrodes 350. The electrodes 350 of the electrocatalytic cell are appropriately
connected to the positive and negative power supplies via an L-bracket 360 and a
connecting bolt 370, as is known in the art. The length and the number of the
electrodes are selected so as to provide the desired amount of oxygen generation, again
according to known principles.

The electrode plate assembly further includes a water block 800 at a top
end of the electrode plates 350. The water block 800 includes an opening 810 for the
electrode plates to pass through as well as a cut out 820 for the L-shaped bracket to seat
in.

Figure 4 illustrates the electrocatalytic cell plate assembly 400 housed
within the housing 340 of Figure 3. In the embodiment of the electrocatalytic plate
assembly shown in Figure 4, electrode plates 350 include anodes and cathodes. The
anodes and cathodes can be coated in a double sided EC-400, nickel, platinum, double-
sided tin or stainless steel. In one exemplary embodiment, spacing between the
charging plates is approximately 0.08 inches. Plate dimensions are 1 inch by 6 inches
in one embodiment and 2 inches by 12 inches in an alternative design. They can also
have other dimensions. According to one design, rectangular plates having the long
face aligned with the flow direction are preferred. Plate configuration can be 4 to 12

electrode plates, such as a 12-electrode plate configuration shown in Figures 4 and 5.

11
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Figure 5 illustrates a schematic view of the electrocatalytic cell plate
rails 500 of Figure 3. Figure 6 illustrates a plan view of the electrocatalytic cell plate
rails 500 of Figure 3. The grooved plate rail 500 sandwiches an upper and lower side of
the plates 350 wherein an edge of one charging plate extends into the grooves 510 of
the plate rail 500. As shown in Figures 5 and 6, grooves 510 in electrocatalytic cell
guide rails 500 hold the electrode plates 410 a preset distance apart from each other at
all times. A titanium bolt 370 connects to L-shaped bracket 360 at each end of the
plates 350. The bracket 360 in the illustrated embodiment is shown welded to the plates
350. Alternatively, the electrocatalytic cell plates may be bolted together or the bracket
360 may be at the top, horizontal to the flow direction. The bolt provides an electric

connection to the charging plates 350 to conduct power to the cell for electrolysis to

‘occur and extends through to the outside of the housing of the cell.

Figure 7 illustrates a schematic view of one embodiment of the housing
340 for the electrocatalytic cell, showing a hole 710 for the titanium bolt to extend
therethrough.

Figure 8 illustrates a schematic view of the upper portion of the holding
chamber in accordance with one embodiment of the present invention. According to
one embodiment of the present invention shown in Figure 10, the holding chamber 20 is
a straight, longitudinally extending tube with an unrestricted cross-sectional area. The
housing for the holding chamber 20 may be a clear glass tube, or may be constructed of
the same material as the housing for the entire treatment unit. In one embodiment, the
housing for the electrocatalytic cell 18 has the same cross-sectional diameter as the
holding chamber 20 so as to provide a generally smooth, laminar transition from the
electrocatalytic cell to the holding chamber. Generally, the holding chamber 20 will
begin immediately above the electrocatalytic cell so that the generated oxygen gas can
begin to transition into the dissolved state. In an alternative embodiment, the holding
chamber 20 has a larger diameter than the cell housing to provide an extended resident
time for a given flow rate. One end of the holding chamber includes a coupling having
threads for connecting to the electrocatalytic cell housing.

An upper end 22 of the holding chamber 20 includes a gas release

assembly including a collection valve 24 with a gas vent 25. The gas release assembly

12
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allows release of accumulated gas. The upper portion 22 of the holding chamber 20
also includes and outlet 1060 for the water and a check valve 28 in line with the outlet
1060. The check valve 28 prevents backflow of untreated water into the treatment
system when the bypass piping is being used. The check valve 1070 also prevents
treated water from backflushing into the treatment system when cleaning filter 30 or at
other times.

The unrestricted cross-sectional area of the holding chamber of the
embodiment shown in Figure 8 permits water to pass therethrough in laminar flow
without encountering obstructions. This provides a quiet zone, which permits the
oxygen molecules to more easily be dissolved into the water. If the holding chamber is
made too short, the housing will terminate before a majority of the oxygen has
dissolved into the water and will thus be exposed to surface air and exit in the gaseous
form, rather than becoming dissolved in the water. Further, if turbulence is induced in
the water, such as by having a sharp turn, a 90° elbow, or other obstructions
immediately after the cell before sufficient quiet time has been permitted, then the
oxygen and hydrogen will be inclined to remain in the gaseous state and not transition
to dissolved oxygen

Figure 9 illustrates a schematic view of the electric connections to the
electrocatalytic cell and flow switch in accordance with one embodiment of the present
invention. Electric connections 1110,1120 are provided from the control panel 32
(shown in Figure 1) to the bolts on the side of the electrocatalytic cell. Further, a signal
connection 1130 extends from the control panel to the flow meter 1. Current density
applied to the electrocatalytic cell is adjusted by the electronic controller based on the
flow volume measured by the flow meters as explained herein.

Figure 10 illustrates a schematic view of the control panel 1200 of the
electronic controller 32 of Figure 1 in accordance with one embodiment of the present
invention. The control panel includes a main power indicator 1202, a cell power
indicator 1204, a reverse polarity indicator 1206, and a check system indicator 1208.
These indicator lights allow the user to quickly verify the status of the system in

operation and to identify any potential problems. In addition to identification indicators

13
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1202, 1204, 1206, 1208 the control panel 1200 includes a voltage output 1210 and
amperage output 1220 reading for the power provided to the electrocatalytic cell.

Power to the electrocatalytic cell in the present embodiment includes
standard cabling that is approximately 10-15 feet in length with ring terminals soldered
on. It can be enclosed in a water resistant coating and be connected with a rubber
protective boot if desired. The cell power wire in the present embodiment is 6 gage or
equivalent to provide sufficient capacity. For example, two 10 gage wires may be used,
etc. The enclosure shown meets NEMA 4X rated standards. The control panel further
includes a fan to extract internal heat and prevent heat buildup.

In one embodiment of the present invention, the modular power
controller receives input power of 100 VAC/220VAC, 47-63 Hz Universal input. The
AC line current draw is preferred to not exceed 20Amps. This exemplary embodiment
is designed to control a single electrocatalytic cell. Alternatively, multiple cells can be
run from one modular power control unit that has a larger amp output. Operating at 50
amps, up to five gallons per minute (gpm) can be processed. Current provided to the
cell is regulated by the flow meter 17, with a digital signal output. The sensitivity range
of the unit is 50 amps divided by 17 segments. Amperage with therefore be adjusted
proportionally with flow every 3 amps or .3 gallons per minute (gpm).

According to principles of the present invention, the signal output of the
flow meter 17 is used by the electronic controller 32 to supply the proper current to the
electrolytic cell 18 to maintain the dissolved oxygen output at a selected level. Assume,
for example, that the flow rate is two gallons per minute. The electronic controller has
stored a previously created table and software program so that given a flow rate over
the electrolytic plates of the size and shape within the cell 18, a selected amount of
current is provided to generate additional dissolved oxygen. This is a table which is
previously stored, and empirically chosen according to known principles as can easily
be done by those skilled in this art of generating dissolved oxygen from electrolytic
plates having a given size, current density and spacing between them based on the water
flow. According to one embodiment, 10 amps are provided for each gallon per minute,
so a 2 gpm flow would cause 20 amps to be provided to the plates of cell 18. If the

water flow increases, for example to three gallons per minute, then the current density
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across the plates will also increase as needed to continue to create treat water passing
through the plates. As the water flow rate continues to increase for example to five
gallons per minute or any values therebetween, the current density provided on the
plates will correspondingly increase, or decrease as needed as correlated to the flow rate
to produce the desired water treatment. In some embodiments, such a table may be
linear, however, alternatively, depending on the composition of the plates and their
aging, it may not be linear for given flow rates over long periods of time. Alternatively,
rather than having a table stored which provides a set output based on a given flow rate,
a formula may be used which provides a continuous change in the electronic output
based on variations in the flow rate on a continuous basis. Thus, even very small
changes in the flow rate will be input to the calculation and the appropriate changes
made in the power provided to the electrolytic cell. All such feedback control systems
fall within the concept of the present invention in which the output of a flow meter is
monitored and the value used to determine the current density to provide to the
electrolytic cell.

The control unit includes a soft start circuit and a soft power change
circuit. The soft start circuit allows current to ramp up from its initial “off” condition to
the specified value period of several seconds to provide even current dispersion across
the electrode plates. The soft start circuit operates as follows. When the control unit
activates the cell to begin passing cutrent between the plates and through the water, an
initial turn-on signal is generated. Indicator light 1204 indicating that cell is active is
illuminated. A ramp is established starting at zero and having a desired slope. The
power will increase gradually and will be stable at the desired amperage level after a
certain period of time. The rate at which it will slowly approach the final current value
can be selected as desired, preferably over the range of three to ten seconds and, in one
embodiment is about five seconds. The current provided to the cell will slowly increase
from zero towards this final value at a consistent rate. This use of the slow start is
extremely helpful in increasing the life of the electrolytic cell. The current will have
time to be evenly distributed across the plates and through the water. Rather than
providing power with a sudden on switch, using a step change in voltage as was done in

the prior art, the use of the ramp will cause the current density to slowly increase across
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all the plates and give sufficient time for the current density to equalize between all
plates and create a uniform current flow through the water to begin electrolysis. This
preserves the life of the plates and avoids sudden hotspots as may occur if a step change
in voltage is placed on the plates when initially switched on.

The soft power change circuit operates when power is on and is changed
from one value to another value. If current is being provided, for example, at one amp
and is going to be increased to two amps, the change will be in the form of a ramp that
slowly moves from one amp to two amps. This ramp slope is preferred to be more
gentle than the soft start ramp and will change the power more slowly. For example,
the ramp will be as such that it may take 20 to 30 seconds to change from one amp to
two amps.

The control 32 thus has two soft current change circuits. The first is a
sfeeper slope that is used to place current on the plates from a no-power mode to power
on mode and the second is a different, less steep slope, that changes the power from an
existing on current flow to a different current value. Of course, such soft start and
change circuits are optional and need not be used. If present, they improve performance
of the device and extend the life of the cell.

The control unit further includes a circuit for polarity reversal in the cell
output. This allows the user to reverse polarity and clean or de-scale the cell as needed.
The interval at which polarity reverses to the cell will be user selectable within a range.
Four jumper positions are provided on the control unit CPU card. The ranges can be set
in software and changed by replacing the main IC chip on the control card. Therefore,
an infinite timing ability with respect to polarity is provided. The control unit will
remove power to the cell for one minute prior to the polarity reversal.

The control unit will further include two serial ports 69 and 76 for future
peripheral expansion. This will allow the user to later add in additional features such as
a dissolved oxygen meter, a PH meter, a conductivity meter, an oxygen reduction
potential meter, etc.

For example, according to one alternative embodiment, a dissolved
oxygen meter is provided in upper portion 22, or other suitable location after the

electrolytic cell. The dissolved oxygen meter senses the actual value of the dissolved
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oxygen and provides an electronic signal which is output to the controller 32. The
controller 32 stores this value of the dissolved oxygen as empirical data. For those
embodiments in which a dissolved oxygen meter is provided, this signal may be used as
a feedback signal to the power supply to the electrolytic cell. In the event the dissolved
oxygen is higher than the desired value, the power can be reduced so as to save power
in achieving the desired value. Alternatively, if the dissolved oxygen is below the
desired value, the power can be increased so as to increase the dissolved oxygen to the
desired level. Since the cost, and difficulty of installing dissolved oxygen meters is
quite high, they will not be used in all embodiments, nevertheless it may be desirable in
certain installations to provide a dissolved oxygen meter and provide the feedback

monitoring as has been described herein. Other meters, such as a PH meter, a

- conductivity meter, or other types of sensors providing electronic output may also be

provided and have their outputs provided to the controller 32. The data may therefore
be collected and used to modify the power provided to the electrolytic cell or other
perimeters in the performance of the system. All such collected data will, of course, be
time correlated and stored in the manner described with respect to the current, voltage
and flow rate as detailed elsewhere herein.

The control unit has one external input (normally closed switch) for
failure monitoring equipment. The control unit has the ability to monitor two cell
failure modes. The first failure mode will be unable to reach 30% of the requested
current output. The second failure mode will be overcurrent or current at the cell in
excess of 55 amps. The failure of the first type can be characterized as failure for the
current actually provided to the cell not reaching the value as directed by the controller
32. For example, for given flow rate as sensed from flow meter 17, the electronic
controller will output a desired current density to be achieved at the electrolytic cell 18.
The voltage is then increased, or decreased to the value needed to achieve this current
density. As the voltage changes, the actual current provided to the electrolytic cells is
sensed so as to get an accurate measure of the current flow for a given voltage. If the
voltage reaches a maximum value, but the current is still so low as to not be within the
range called for by the flow rate as sensed from the flow meter 17, then a first failure

mode is indicated and stored in the memory. It will thereafter be downloaded via the
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communications connector 74 as described elsewhere herein. Alternatively, in the
event the current becomes excessive for a given voltage, this will also be seen as a
failure mode which is stored and monitored. For example, if the flow rate calls for a
selected current and the voltage begins to increase to achieve such a current but which
results in the current reaching its maximum value, then this would indicate a failure‘

mode because the current has exceeded an acceptable maximum value. In one

. embodiment, this acceptable maximum value is 55 amps. As will be appreciated, this

value can be sent at any other level as desired for each given application. Such a high
current rate may indicate such factors as debris across the plates shorting them together
creating a low resistance, high current path, some other malfunction in the system or
other short circuit. Similarly, an inability to reach the desired current for a voltage
range may indicate that the resistance of the water is at some unacceptably high level,
that scaling has built up on the plates so as to increase the resistance to the current flow
from one plate to another or some other factors. By monitoring the two types of failure
modes, the electronic controller is able to confirm that the system is operational within
acceptable perimeters at all times and, in the event it becomes non-operational can
transfer a signal immediately via the communications connector 74 as well as illuminate
check system light 1208.

In operation, the communication package in the controller allows
recordation and retrieval of data via, for example, an EEPROM. Amperage, voltage,
flow rate and failures can be recorded and data may be saved up to thirty days or more.
In the exemplary embodiment, data is gathered and stored in memory in a round robin
method, and will always contain the last thirty days of data. Any data older than thirty
days will be over written and lost. An alternative memory may be used in which all
data is stored on a long term basis.

The control unit includes an appropriate memory and microprocessor for
storing data in the memory. The memory can take any acceptable form such as DRAM,
SRAM, EEPROM magnetic storage media, disk or the like. The microprocessor will
collect such data as the water flow rate continuously or, over selected time periods. It
will also collect and store the voltage provided to the plates and the actual current

which pass through the plates for the given voltage. The microprocessor also provides
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a time correlation signal for each of the stored data components so that they may be
correlated exactly with each other. For example, the data is stored in such a way that
the readout from the memory provides a time correlation between the water flow rate
and the current and voltage at a given time. For any given flow rate at a particular time,
the current and voltage over the same time period can be known and reviewed. Since
each of the values are stored on a time correlated basis, the response of the electronic
controller to changes in the water flow rate can be precisely monitored as well as the
amount of time required for the response to occur. In addition, the time correlation
between a change in voltage and variations in current can also be monitored.
According to one alternative embodiment, the output from the water softener may also
be monitored and be time correlated with changes in the voltage and current density
through the electrolytic cell.

According to one embodiment, the current and voltage values are
converted into digital forms and stored as bytes which can be directly translated into the
respective analog values. The electronic signal from the water flow meter is also stored
as a digital byte but it can easily be transformed into an analog decimal Valué so as to
determine the gallons per minute of the particular flow rate (or, as desired liters per
minute depending on the conversion unit).

According to one embodiment, the microprocessor also stores the current
and voltage as averaged over a particular six-hour period during which the cell is active.
If the cell is not active at all for an entire six-hour period, the value as stored will be
zero for both current and voltage. The average flow rate will be stored for its actual
value during that period. Alternatively, if the cell is active for a portion of the six-hour
period then, the average current and voltage over that six-hour period is stored. This
embodiment has significant advantages in providing data compression for both storage
and transmission. Each twenty-four hour day is broken into four, six-hour periods. The
average current for each six-hour period is stored, as is the average voltage. Thus, in
any given day there were eight data points stored for power, four for current and four
for voltage. Data is also stored which provides the time correlation for the date and
time of day for each of the respective four data points for current and voltage. The flow

is also averaged and stored for the six-hour period. Thus, for each time period only four
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bytes need be stored, four times a day. A first byte providing the date and time of day,
a subsequent byte providing the current, subsequent byte providing the voltage, and the
final byte providing the average flow rate. These four bytes are then stored in the
memory accessible by the microprocessor. The bytes can then read out transmitted for
storage in a master computer, as explained herein. In one embodiment, to save even
more memory, a date and time byte need not be stored with each time period. Instead, a
starting date and time are known. The subsequent bytes are stored in the order they are
collected and read out exactly in the order collected. Thus, the correct byte is sent, the
voltage byte and the flow rate byte, followed by the next set of current, voltage and
flow bytes. The master computer at the base location knows the starting date and time.
It can thereafter add the date and time data and correlate it with the stored data at the'
master computer. In this embodiment, the date values are stored as raw data in a
selected sequence without a limited time correlation as stored. This saves data storage
space at remote site 32. Upon being read out, it can be presented to the user in
sequence the time and date. If needed, the master computer can add the date
and time correlation in the software program stored at the master site. The data
transmission will be rapid and reliable, using this 3 byte sequence for each time period.

In summary, the data can be stored using various alternative techniques,
each of which has advantages. According to the first technique, the actual current and
voltage are directly monitored and stored on a real-time basis, together with the t'ime
correlation signal. According to the alternative embodiment, the current, voltage and
flow are determined for selected time periods and stored, together with an indication of
the time period. This can be done four times a day, for six-hour time periods as has just
been described. As a further alternative, the data may be stored and compressed using
any other acceptable technique as will be appreciated as equivalent.

The electronic controller contains the communication connector 74 and
also access ports 76. The communications connector 74 may be any acceptable
connection to a computer system such as an RS232 connector, a modem, a high speed
universal bus connector or any other acceptable communications connector. According
to a preferred embodiment, a main computer is connected to the electronic controllér 32

via the communications connector on a regular basis, such as once a week, every thirty
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days, or some other periodic basis. The stored data is then transferred to a master base
site which has large storage capability. The master base computer may also have a
large display monitor and a video graphics package so as to display the data in various
forms such as in tables, graphic layouts or other acceptable techniques which provide
easy viewing for those persons monitoring the performance of the electrolytic cell.
After the data is downloaded and stored at the master location, from the remote location
the memory in the electronic controller 32 can be erased or, if desired, written over
since it is no longer needed to be stored within the remote location at the controller 32
because it is stored and saved at the master location. Of course, the electronic
controller 32 will also store whether the main power is turned on or off, as well as
whether the check system signal has been generated to determine whether or not the
system needs to be personally checked or have maintenance performed.-

In the exemplary embodiment, the communication package includes a
modem with modem speed of 4800 baud with a 4MHz crystal. Alternatively, modem
speed of 9600 baud would require an 8MHz crystal. The active modem located in the
controller panel allows a user to remotely call in and check or change parameters.
Alternatively, a connection is located in the controller panel such that the user can hook
up a laptop computer to perform the date measurements and make adjustments on site.
In yet another embodiment, the amperage, voltage and flow rate can be adjusted
manually on site at the controller panel. This flexibility allows the user to monitor and
optimize the system at all times.

In operation, the treatment system 11 of the present invention combines
to remove impurities that adversely effect water quality; prevents scaling and sediment
contamination to the piping and drinker lines; and improves the quality of the water
delivered to the animals. The water treatment filter initially removes impurities in the
water to allow the water to be treated by the electrocatalytic cell. The electrocatalytic
cell increases the dissolved oxygen in the water and further converts contaminants into
inert particles or gases that can settle out of the system or be off-gassed. The
electrocatalytic cell splits the water molecules into their component parts of hydrogen
and oxygen. Other molecules will also be split, for example, chlorine compounds or

molecules and hydrocarbons are also split apart. The hydrogen molecules are then
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allowed to bond with contaminants to form a precipitant while the oxygen is allowed to
dissolve in the holding chamber. The sediment filter filters out sediment that may clog
feeder lines prior to the treated water entering the livestock drinking system. Thus, the
combination provides a cleaner, less contaminated, higher quality of water in an
efficient and cost effective manner.

The treatment system 11 has multiple set points and is capable of a
current adjustment sensitivity equal to approximately one-third gallons per minute
variation in flow. In the field, after running the treatment system 11, evidence of twelve
to sixteen PPM of dissolved oxygen has been achieved, showing significant benefit to
the development of birds. Typically, levels in the field have been found in the range of
six to nine PPM on average in chicken farms but have also been found as low as one
PPM. Furthermore, the treatment system 11 will reduce the oxygen potential of water
and may convert the water from an original oxidant level to an antioxidant, thus further

benefiting the birds.

The following example of a communication session is provided for
illustrative purposes only.
COMMUNICATION FORMAT FOR MODEM

The following is one example of a communication format to be used
with the modem.

1. Modem speed is set at 4800 baud with a 4 MHz crystal.

2. Once connected, the calling program send the following string:

Read WC065

Followed by a carriage return.

3. The response data is as follows:

. V##Ht  where ### is the firmware version number — all characters
will be ascii

. T# where # is the cell reversal time — all characters will be
ascii

o E# where # is a hex digit, bits 7-6 will be 0, bits 5-0 will be

set only if an error condition exits.
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The error conditions are as follows:

bit 5 —No AC on supply number 3

bit 4 ~No AC on supply number 2

bit 3 —No AC on supply number 1

bit 2 — over voltage error. System is shut down until serviced.
bit 1 — over current error. System is shut down until serviced.
bit O—under current error. System is shut down until serviced.

The remaining data will be the current, voltage and pump flow

readings for the last 30 days. Current and voltage are averaged over a 6-hour period,

and only while the cell is active. If the cell is not active for the entire 6-hour period the

values will all be O for I and V. Flow will be stored as whatever the average flow was

over that time period. Current and voltage values will be stored in Hex bytes that can

be directly translated to their respective values. Pump flow will also be a Hex byte, and

it can be translated to decimal and multiplied by 12 and then divided by 174 to

determine the gallons per minute: (flow*12)/174 = gpm.

bytes)

5.
END

The following pattern is repeated until all data is sent. (1080

I# where # is a hex byte representing the average current
over a 6-hour period.
V#  where # is a hex byte representing the average voltage
over a 6-hour period.
F# where # is a hex byte representing the average flow over a

6-hour period.

The data is finished when the following string is received:

Total byte count is 1091 bytes or 8728 bits. Approximately 2 seconds of

data @ 4800 baud. Once the data transmission is complete, the connection will be

terminated immediately. Data is gathered in a round robin method.
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All foregoing references mentioned above are incorporated herein in
their entirety. Additionally, priority document U.S. Patent Application No. 09/575,727,
filed August 4, 2000, is incorporated herein.

From the foregoing it will be appreciated that, although specific
embodiments of the invention have been described herein for purposes of illustration,
various modifications may be made without deviating from the spirit and scope of the

invention. Accordingly, the invention is not limited except as by the appended claims.
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CLAIMS

1. A method of treating water comprising,

inputting water to a water treatment filter;

modifying the water in the water treatment filter to remove minerals that
are present in hard water;

outputting the water from the water treatment filter;

measuring the flow rate of water after it has left the water treatment
filter;

inputting the water to an electrocatalytic converter which causes
electrical current to pass through the water; ,

flowing the water out of the electrocatalytic converter into a holding -
chamber; and

outputting the water from the holding chamber into a pipeline connected

to a poultry drinking system.

2. . The method according to claim 1 wherein the step of modifying

the water includes removing selected metals from the water.

3. The method according to claim 1, further including replacing the

calcium atoms removed from the water with sodium to make the water soft water.

4, The method according to claim 2 wherein the calcium that is

removed includes magnesium and the replacement atom includes sodium.

5. The method according to claim 1, further including outputting a
measurement of the flow rate into an electronic sensor, and modifying the current
density flowing through the water from the electrocatalytic converter based on the value

of the flow rate.
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6. The method according to claim 5 wherein the amount of current

increases proportional to increases in the flow rate.

7. A water treatment system for use with poultry comprising,

a flow meter for measuring water flowing into the system,

an electrocatalytic cell with an inlet and coupled to the outlet of the flow
meter, the electrocatalytic cell having a plurality of conductive plates with spaces
therebetween through which water may pass;

an electrical power supply providing a level of power to the

electrocatalytic cell based on the flow rate of water through the flowmeter.

8. An apparatus for testing water comprising:

an electrocatalytic cell having a plurality of conductive plates with
spaces therebetween through which water may pass;

an inlet for water to flow into the electrocatalytic cell;

a flow meter coupled in the flow line prior to the inlet for measuring the
flow rate of water into the inlet;

an outlet from the electrocatalytic cell for receiving water which has
passed through the electrocatalytic cell; and

an outlet pipe coupled to the outlet for receiving the outlet flow of water

and supplying it for an end use.

0. The water treatment system according to claim 8, further
including a check valve connected between the outlet pipe and an outlet for preventing

the reverse flow of water from the outlet pipe into the outlet.
10.  The apparatus according to claim 8, further including a gas

release valve coupled to the outlet for permitting gas to escape in the outlet prior to the

outlet pipe.
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11.  The apparatus according to claim 8, further including a water
treatment filter positioned in the water inlet line prior to the flow meter for modifying

the hardness of the water prior to water flowing into the electrocatalytic cell.

12.  The apparatus according to claim 8, further including a bypass
pipe having an inlet connected to the inlet pipe after the water treatment filter and prior

to the flow valve and having an outlet coupled to the outlet pipe after the check valve.

13.  The apparatus according to claim 8, further including a control
unit to modify the current density in the conductive plates based on the flow rate of the

water.

14.  The apparatus according to claim 13 wherein the control unitl
further includes a memory storage unit coupled to a control unit, the memory storage
unit storing an on/off time, a value of the current flow, and a flow rate on a continuous

real-time basis.

15.  The apparatus according to claim 14 wherein the memory storage

unit is an EEPROM within the control unit.

16.  The apparatus according to claim 14 wherein the memory storage

unit is at a distant location and is coupled to via a modem.
17.  The apparatus according to claim 12, wherein the control unit

further includes a means for polarity reversal in the cell output for reversing polarity

and clean or descale the electrocatalytic cell.
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