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INFLUENT TREATMENT PROCESS

Field of the Invention

[0001] The present invention generally relates to an influent treatment process.
The invention is particularly applicable for removal of impurities and pollutants
from water and wastewater and it will be convenient to hereinafter disclose the
invention in relation to that exemplary application. However, it is to be
appreciated that the invention is not limited to that application and could be

used for any liquid influent treatment operation.

Background of the Invention

[0002] The following discussion of the background to the invention is intended to
facilitate an understanding of the invention. However, it should be appreciated
that the discussion is not an acknowledgement or admission that any of the
material referred to was published, known or part of the common general

knowledge as at the priority date of the application.

[0003] Granular media filters, such as sand filters, can be used as part of a
water treatment process to purify water or wastewater. A coagulant, such as
polyaluminium chloride, can be mixed with influent waste to enhance the
filtering characteristics of the sand filter bed. The coagulant forms a filtration gel
layer within the sand media that acts as a chemical and physical filter barrier
which separates contaminants from the water. As the water moves up through
the filter bed, suspended solids are trapped in the coagulant gel that is held in

place by the filter bed.

[0004] The sand in these types of sand filters must be cleaned to remove the
solid impurities captured in the sand filter media. In some sand filters, the sand
filtrate is continuously cleaned while the filter is in operation. In these filters,
dirty sand is removed from the filter bed, washed and returned to a clean part of
the filter bed. This avoids the need to shut down the apparatus to conduct a

filtrate cleaning process.
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[0005] One example of a sand filter apparatus which includes a continuous
cleaning process is disclosed in United States Patent No. 5,454,959. This
apparatus uses a moving sand filter bed in which a portion of the filter bed
media is continuously removed from a recessed chamber below the floor of the
filter bed using an airlift pump. This sand is transported by gas airlift through a
lift conduit to a wash box located above the filter bed, and cleaned by a
countercurrent flow of the filtrate. The clean sand is recycled back to a location

at or near the top of the sand filter bed.

[0006] The continuous filtration process can be controlled by computer or
programmable logic controller. In United States Patent No 7,381,336, a
continuous backwash upflow media (CBUM) process is taught which uses a
head pressure gauge located at the influent inlet of a granular media filter to
continually monitor the head pressure at the influent inlet. Movement of the
sand filter bed is automatically increased or decreased relative to the size of the
captured solids inventory by controlling the amount of air introduced into the

airlift based on computer signal input from the head pressure gauge.

[0007] Further refinement of the control and/or filtering process is desirable. |t
would therefore be desirable to provide an improved or alternative method and
apparatus for the treatment of influent that produces a filtered effluent of a
desired purity level.

Summary of the Invention

[0008] A first aspect of the present invention relates to an improved automated
method of controlling the filtering characteristics of a continuous upflow granular
media filter. The filter is designed to treat an influent liquid which includes
impurities to produce a treated liquid effluent. The granular media filter includes
a media filter bed and an airlift pump that moves granular media from a removal
point in the media filter bed to a deposit point in the media filter bed. The
method includes the steps of:

monitoring the impurities level of the influent;
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converting the influent impurities level into an impurities signal input to a
computer, which uses computer software to interpret the impurities signal input;
and

using the impurities signal to control the air inflow rate to the airlift pump
to maintain the target ratio range between the size of captured solids inventory
of the granular media filter and the size of the media filter bed of the granular
media filter.

[0009] The filtering characteristics of a continuous upflow granular media filter
can therefore be controlled by monitoring the impurities level, being mostly a
function of the solid contaminant content of the influent, and using this
parameter to control operation of the airlift pump. The speed of operation of the
airlift pump changes the speed of removal of the dirty filter media, and thus the
efficiency of filtration of the media. This in turn affects the level of the chemical
and physical filter barrier within the filter media. Control of the contaminant
value of the influent can be advantageous during conditions of fluctuating

influent quality.

[0010] The impurities level can be measured using any suitable device. In a
preferred embodiment, a measurement of the turbidity of the influent is used to

determine the impurities level in the influent.

[0011] The rate of air inflow rate to the airlift pump is preferably adjusted to
maintain a target ratio range between the size of the captured solids inventory
and the size of the granular media bed within the system of between about 10
and about 30 standard cubic feet per hour (SCFH).

[0012] Other process variables can be monitored and controlled in addition to
the turbidity of the influent to control the filtering characteristics of a granular
media filter. For example, the contaminant value of the effluent (which is a
function of the turbidity of the effluent) of the media filter can also be used as a
control variable for a granular media filter, and more specifically used as a

control parameter for the addition of coagulant(s) to the influent.
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[0013] In these embodiments, the method can further include the steps of:

monitoring the impurities level of the effluent;

converting the effluent impurities level into a dose signal input to a
computer which uses computer software to interpret the dose signal; and

using the dose signal to control the amount of coagulants added to the
influent stream and thereby maintain a target ratio between the size of captured
solids inventory of the granular media filter and the size of the media filter bed

of the granular media filter.

[0014] The impurities level can be measured using any suitable device. In a
preferred embodiment, a measurement of the turbidity of the effluent is used to

determine the impurities level in the effluent.

[0015] Again, the rate of air inflow rate to an airlift pump is preferably adjusted to
maintain a target ratio range between the size of the captured solids inventory
and the size of the granular media bed within the system of between about 10
and about 30 SCFH. In some embodiments, the effluent turbidity value is
displayed on a computer screen. The amount of coagulant can then be
adjusted by sending a computer signal to a dose rate pump to change the
amount of polymer injected into the influent.

[0016] Pressure measurements can also be used as control parameters for a
granular media filter. In these embodiments, the method can further include the
steps of:

monitoring an inflow head pressure at a first influent inlet of the first
continuous upflow granular media filter;

converting the head pressure into a pressure signal input to a computer
which uses computer software to interpret the pressure signal; and

using the pressure signal to control the air inflow rate to an airlift pump to
maintain the target ratio range between the size of captured solids inventory of
the granular media filter and the size of the media filter bed of the granular
media filter.
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[0017]In each of these methods, optimal operation parameters for the
continuous upflow granular media filter can be established during
commissioning of the filter by obtaining initial measurements of operation of the
filter for different airlift rates, expected inflow, selected inflow and other
operational parameters.

[0018] It should also be appreciated that the filtering characteristics of a
granular media filter can be controlled using any combinations of the above
steps. In some embodiments, control by monitoring the turbidity of the influent
may be sufficient. In other embodiments, control may be achieved through the
combined monitoring and control of influent turbidity, effluent turbidity and head

pressure of the influent.

[0019] A second aspect of the present invention relates to a process for treating
a liquid that includes impurities. This process can include a number of process
vessels. In abroad form, the process includes:

a first continuous upflow granular media filter in which the liquid is fed as
a first influent and treated to produce a first effluent and a first reject, the first
granular media filter including a media filter bed and an airlift pump that moves
granular media from a removal point in the media filter bed to a deposit point in
the media filter bed;

an influent impurities meter at an inlet for the influent of the first
continuous upflow granular media filter; and

a control system, preferably a computer control system, operatively
linked to the influent impurities meter which controls the operation of the airlift
pump in the first continuous upflow granular media filter to maintain a target
ratio range between the size of captured solids inventory of the first granular
media filter and the size of the media filter bed of the first granular media filter.

[0020] This aspect of the present invention provides a process which removes
impurities and pollutants from water and wastewater that includes an automated
control system which monitoring and controls process variables in the process.
In this broad form, operation of the airlift pump is controlled by the impurities
level measurements, preferably turbidity measurements of the influent to the
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first granular media filter. As can be appreciated, this relationship can be easily
determined during commissioning of the process, through baseline
measurements which then allows the operation of the airlift pump to be
controlled relative to this baseline data. In some embodiments, the airlift pump
is operated by an air compressor and the control system controls operation of

the air compressor.

[0021] Further process parameters can be used to further control the filtering
characteristics of the liquid treatment process. Most granular media filters have
one or more coagulants added to the first influent prior to the first influent being
fed into the first continuous upflow granular media filter to form a chemical and
physical filter barrier within the granular media within the filter. The coagulation
chemical can be any suitable formulation. One suitable coagulation chemical is
polyaluminium chloride. In these embodiments, the process can further include:

an effluent impurities meter at an outlet for the effluent of the first
continuous upflow granular media filter; and

a control system, preferably a computer control system, operatively
linked to the effluent impurities meter which controls the operation of
coagulation chemical addition to the first continuous upflow granular media filter
to maintain a target ratio range between the size of captured solids inventory of
the first granular media filter and the size of the media filter bed of the first

granular media filter.

[0022] The impurities or contaminants value of the effluent of the first granular
media filter is therefore monitored and this information on the influent quality is
used to control the amount of coagulants added to the first granular media filter,
and thus the characteristics of the chemical and physical filter barrier within the
first granular media filter. The level of impurities in the effluent can be
measured using any type of impurities meter. Preferably, a turbidity meter is
used.

[0023] Again, head pressure monitoring can also be used as a further control

parameter. In some embodiments the method can further include the steps of:
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a head pressure detector for monitoring an inflow head pressure at the
inlet of the influent of the first continuous upflow granular media filter; and

a control system, preferably a computer control system, operatively
linked to the head pressure detector which controls the operation of an airlift
pump in the first continuous upflow granular media filter to maintain a target
ratio range between the size of captured solids inventory of the first granular
media filter and the size of the media filter bed of the first granular media filter.

[0024] The head pressure detector can comprise any suitable pressure detector
such as a pressure sensor or the like. In a preferred embodiment, the head
pressure detector is a liquid level sensor located at the inlet for the first influent
of the first continuous upflow granular media filter. The control system
preferably responds to changes in backpressure based on baseline data for the

process.

[0025] Baseline data for relative measurement of process parameters for each
of the above control systems can be experimentally obtained, for example
during commissioning. Such experiments can establish the proper baseline
coagulant flow rate for relative measurements during operation of the
continuous upflow granular media filter. Baseline optimal operation parameters
for the continuous upflow granular media filter can include measurements of
operation of the filter for different airlift rates, expected inflow, selected inflow
and other operational parameters.

[0026] Further process vessels can be used in the process to improve the
treatment process of the influent fluid.

[0027] Some embodiments include a bioreactor in which the first effluent is fed
as a second influent and treated to substantially remove the nitrogen content
thereof to produce a second effluent. The bioreactor preferably comprises a
single closed vessel having a low oxygen (anoxic) environment. The second
influent is preferably maintained as a low carbon content influent favourable to
the Partial Nitritation/Anammox process where ammonium nitrogen — is partially

oxidised to nitrite by nitrosomonas spp. The Anammox bacteria uses nitrite as
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an electron acceptor without need of organic material and anaerobically
converts ammonium and nitrite to nitrogen gas and water. The low oxygen and
phosphorus levels do not allow the population of nitrobacter spp. to build up to a

level that allows oxidation of nitrite to nitrate.

[0028] The bioreactor can also include a flexible media bed which houses
nitrogen removal bacteria. The flexible media may have any suitable form,
including sheet, particulate, rods, wire, sponge, woven fabric or the like. In one
preferred embodiment, the flexible media bed comprises balls or beads.
Similarly, the flexible media bed can be constructed of any suitable material. In
a preferred embodiment, the flexible media bed of the bioreactor includes a
polyvinyl alcohol gel to house the bacteria. The nitrogen removal bacteria in the
flexible bed preferably use ammonium as electron donor and nitrite as electron
acceptor to remove nitrogen compounds. Both ammonium oxidizing bacteria
(Nitrosomonas spp.) and anaerobic ammonium oxidizing (anammox) bacteria
can be used in the bioreactor. In a preferred embodiment, the bacteria culture is
predominantly anammox as the specific ammonium and nitrite removal rates of

anammox bacteria are generally significantly faster than those of Nitrosomonas
spp1.

[0029] The treatment characteristics of the bioreactor can also be controlled
through monitoring and control of process parameters of the bioreactor. For
example, some embodiments of the process can include:

a dissolved oxygen sensor to monitor the dissolved oxygen level in the
bioreactor, preferably located generally near the centre of the reactor; and

a control system operatively linked to the dissolved oxygen sensor, the
control system introducing further oxygen, preferably diffused air, into the
bioreactor when the dissolved oxygen level drops below a desired set point.

[0030] The controller preferably maintains the dissolved oxygen levels between
0.7 and 1.5 mg/L.

[0031] The bioreactor can also include one or more ammonia sensors

operatively linked to the control system of the bioreactor.
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[0032] The controller is preferably a computer controller which uses computer
software to interpret the level of dissolved oxygen from the dissolved oxygen
meter signal. The computer software can be operatively linked to a mass flow
controller which controls operation of an air compressor. The controller
changes a valve setting of the air compressor to provide air through a tube
connected to the influent to the bioreactor. The computer software preferably
instructs the controller to reduce or shut off a supply of oxygen from the air
compressor once the desired level of oxygen has been reached.

[0033] Further granular media filters can be used in the liquid treatment
process. In some embodiments, the process includes a second continuously
operated granular media filter in which the second effluent is fed as a third
influent and treated to produce a third effluent and a second reject. This second
continuously operated granular media filter is preferably used as a polishing
filter for the second effluent from the bioreactor.

[0034] The second granular media filter can include a media filter bed and an
airlift pump that moves granular media from a removal point in the media filter

bed to a deposit point in the media filter bed.

[0035] The second continuously operated granular media filter preferably
includes similar automatic control systems as used in the first continuously
operated granular media filter. Process parameters that can be measured for
these control systems include:

influent impurity level using an influent impurities meter at an inlet of the
influent of the second continuous upflow granular media filter;

effluent impurity level turbidity using an effluent impurities meter at an
outlet of the effluent of the second continuous upflow granular media filter; or

inflow head pressure (or back pressure) at the inlet of the second
continuous upflow granular media filter using a head pressure detector;

[0036] The system can also include a control system, preferably a computer
control system, operatively linked to at least one of:
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the influent impurities meter which controls the operation of the airlift
pump in the second continuous upflow granular media filter to maintain a target
ratio range between the size of captured solids inventory of the second granular
media filter and the size of the media filter bed of the second granular media
filter;

the effluent impurities meter which controls the operation of coagulation
chemical addition to the second continuous upflow granular media filter to
maintain a target ratio range between the size of captured solids inventory of
the second granular media filter and the size of the media filter bed of the
second granular media filter; or

the head pressure detector which controls the operation of the airlift
pump in the second continuous upflow granular media filter to maintain a target
ratio range between the size of captured solids inventory of the second granular
media filter and the size of a granular media filter bed of the second granular
media filter.

[0037] The level of impurities in the influent and effluent of the second granular
media filter can be measured using any type of impurities meter. Preferably, a
turbidity meter is used. Similarly, the head pressure detector can comprise any
suitable pressure detector such as a pressure sensor or the like. In a preferred
embodiment, the head pressure detector is a liquid level sensor located at the
inlet for the first influent of the second continuous upflow granular media filter.
Each of the first and second continuous upflow granular media filters can use
any suitable media as a filter media. In a preferred embodiment, sand is used

as a filter medium.

[0038] To enhance treatment, the process can further include at least one solid
separation apparatus in which the liquid undergoes a solid separation step to
selectively remove suspended solids therefrom prior to being fed into the first
continuously operated granular media filter.

[0039] The present invention provides in yet another aspect, a system for

treating a liquid having impurities therein, including:
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a first continuous upflow granular media filter in which the liquid is fed as
a first influent and treated to produce a first effluent and a first reject; and

a bioreactor in which the first effluent is fed as a second influent and
treated to substantially remove the nitrogen content thereof to produce a
second effluent.

[0040] Some embodiments may also include a second continuously operated
granular media filter in which the second effluent is fed as a third influent and
treated to produce a third effluent and a second reject.

[0041] This aspect of the present invention provides a process and apparatus
for the removal of impurities and pollutants from water and wastewater using a
continuously operated granular media filtration process with an integrated
bioreactor. The apparatus preferable uses the control systems outlined above
for monitoring and controlling each of the process variables independently.

Brief Description of the Drawings
[0042] The present invention will now be described with reference to the figures
of the accompanying drawings, which illustrate particular preferred

embodiments of the present invention, wherein:

[0043] Figure 1 is a diagram showing a water treatment process according to

one preferred embodiment of the present invention.

[0044] Figure 2 is a schematic view a sand filter used in the process shown in
Figure 1.

[0045] Figure 3 is a schematic view a bioreactor used in the process shown in

Figure 1.

Detailed Description

[0046] Figure 1 shows one preferred water and wastewater treatment process
according to the present invention. The illustrated treatment process 10
includes two sand filters 12 and 14 and a bioreactor 16 located between each of
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the sand filters 12, 14. The treatment process can be used to remove
contaminants from wastewater to produce a filtered, oxidized effluent suitable

for reuse for certain purposes.

[0047] In the general process, an influent, in this case wastewater 20, which
includes impurities, is pumped from an equalisation basin 17 using an influent
pump 19 into the feed inlet 42 of the first sand filter 12. This wastewater 20 is
treated in this sand filter 12 to produce a filtered water effluent 21 and a first
reject 22 of a substantial amount of the impurities content of the influent
wastewater 20. The filtered water effluent 21 is fed as a second influent 23 into
the bioreactor 16 and treated to substantially remove the nitrogen content
thereof. Treated water 24 exits the bioreactor from outlet 89 (Figure 3), and is
fed into the feed inlet 42A of the second sand filter 14. The second sand filter
14 is a polishing filter, used to substantially remove any remaining suspended
solid impurities in the treated water 24. The treated water 24 from the
bioreactor 16 is filtered in this sand filter 14 to produce a product water effluent
26 and a second reject 27. The first and second reject streams 22, 27 are
combined and disposed of in sewage or other wastewater streams (not
illustrated).

[0048] As shown Figure 1, the height of the bioreactor 16 is lower than the
height of the first sand filter 12 and taller in the vertical dimension than the
second sand filter 14 to allow for gravity flow of influent from the first sand filter
12 to the bioreactor 16 and then to sand filter 14. More specifically, the location
of the influent inlet port 82 in the bioreactor 16 (Figure 3) is lower in elevation
than the effluent discharge port 44 from the first sand filter 12 so that the
effluent from the first sand filter 12 will flow by gravity through a connecting pipe
into the inlet port 82 of the bioreactor 16. The effluent outlet port 89 from the
bioreactor 16 is at a higher elevation than the inlet port 42A of the second
(polishing) sand filter 14. The effluent will therefore flow by gravity to the inlet
port 42A of the second sand filter 14.

[0049] In the overall process shown in Figure 1, the primary influent 42 to be
treated in many applications undergoes a pretreatment step (not illustrated) to
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selectively remove suspended solids. This pretreatment process provides an
influent for the illustrated that results in an effluent of a desired purity suitable
for a number of water reuse applications or disposal options.

[0050] Figure 2 illustrates the general construction and operation of sand filters
12 and 14 used as part of the wastewater treatment process 10 shown in Figure
1. Each of the sand filters 12 and 14 are continuous backwash upflow media
(CBUM) filtration vessels having a similar in design as that described in United
States Patent No. 6,462,005, the contents of which are to be incorporated into
this specification by this reference. It should be understood that each of the
features in the first sand filter 12 correspond with the features in the second
sand filter 14. For the sake of clarity in Figure 1, features in the second sand
filter 14 are differentiated to similar features in the first sand filter 12 by the
addition of the letter A to the reference numerals.

[0051] Generally, each sand filter 12, 14 is a generally cylindrically shaped
vessel 32 having a planar top end 36 and a funnel-shaped bottom portion 38.
The vessel is filled with a filter medium, such as sand 70, from the bottom
funnel-shaped portion 38 to a level generally indicated by the reference numeral
72. Each sand filter 12, 14 include an inlet port 42 through which untreated
water/wastewater (influent) is introduced into the vessel 32 (indicated by arrow
48) and an outlet ports 44 through which effluent is discharged (indicated by
arrow 50). Additionally, reject is discharged from the outlet port 46 as shown by

arrow 52.

[0052] Influent introduced through the inlet port 42 flows a through a feed duct
54 to distribution arms 62 that extend radially from a riser 60 and is discharged
into the vessel 32 as shown by arrows 68 to provide equal distribution within the
sand media, and rises upwardly through the sand bed 70 in the vessel 32.
Filtration of the influent takes place as the influent rises through the sand bed
70. Most of the suspended solids in the influent will be separated near the
distribution arms 62.
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[0053] A chemical coagulant, such as polyaluminium-chloride, is introduced into
the influent at inlet 42 from a polymer tank 43 (Figure 1) using polymer pumps
45A and 45B (Figure 1). Within the sand bed 70, the coagulant forms a filtration
gel layer that acts as a chemical and physical filter barrier separating
contaminants from the water. As the water moves up through the vessel 32,
suspended solids are trapped in the coagulant gel that is held in place by the
sand bed.

[0054] The sand filter media and chemical barrier (also referred to as a polymer
membrane) moves slowly downward in the vessel 32 as indicated by arrows 74.
This results in the dirtiest portion of the filter medium continuing downwardly out
of contact with the influent. The sand media continues to capture coagulant and

contaminants as the media travels downward.

[0055] Sand is continuously moved from the bottom of the vessel 38 to the top
of the vessel 36 through the use of an air-lift pump 76 that extends in the riser
60. This drives the slow downward movement of the sand media. Compressed
air is supplied from air compressors 75A and 75B (Figure 1) to an airlift
chamber at 76A of the air-lift pump 76 near the bottom of the riser 60 to move
the sand media through an inlet 80 of the air-lift pump 76 (indicated by arrows
78) and up the riser 60. The dirty filter medium in the airlift pump 76 contains a
mixture of the influent liquid, air and the filter medium. This mixture is subjected
to mechanical agitation within the air-lift pump 76 causing the dirt to be
separated from the grains of sand.

[0056] The sand is also washed in a washboard unit 82 located near the top of
the vessel 32. The washboard unit 82 agitates and separates the sand from the
coagulant/contaminant mixture. The cleaned sand media has a higher density
and falls back into the vessel to the top of the moving sand bed 70. The reject
from the washboard unit 82 flows through a discharge duct 84 and is
discharged through the outlet port 46 as indicated by arrow 52. The treated
water flows out of the sand near the top 36 of the vessel 32 as an overflow and
is discharged as an effluent through the outlet port 44 indicated by the arrow 50

out of the vessel 32.
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[0057] A number of process variables are monitored as control parameters for
controlling the filtering characteristics and operation of sand filters 12, 14.

[0058] Firstly, the backpressure of the influent is monitored using a liquid level
monitor 115 positioned at the inlet 42. A backpressure measurement is a
measure of the permeability of the filtration gel layer (or chemical and physical
filter barrier) comprised of the sand, coagulant and captured TSS. The variation
in permeability measured as head pressure is due to the change in hydraulic
conductivity caused by the increase of decrease in the amount of coagulant and
TSS in the interstitial space between the sand grains restricting flow (hydraulic

conductivity) as measured by the change in head pressure.

[0059] The liquid level monitor 115 senses the water level in the vertical pipe
rising from inlet 42, providing a measure of backpressure at the inlet 42. A
measurement signal from the level monitor 115 is processed by computer 118
and a control signal is then generated by the computer which is used to adjust
the rate of air flow to airlift pump 76 via air flow rate controller 110 positioned in
airinlet line 112. When the head pressure begins to increase, it is an indication
that the solids inventory has begun to exceed the critical mass required for
proper filtration results and a decrease in head pressure is an indication that the
critical mass is below what is required. The airflow controller to the airlift pump
76 senses flow rate and adjusts the flow rate to maintain the proper level by a
signal from a remote controller (not shown). The flow rate monitor requires only

a limited pressure drop to function and provide real time data on operating rate.

[0060] This provides the ability for the vessel’'s sand movement to be increased
or decreased as backpressure within the vessel 32 varies slowing or quickening
the removal of the chemical and physical filter barrier within the sand media.
The rate of air flow to airlift pump 76 is adjusted to maintain a target ratio range
between the size of the solids inventory and the size of the sand bed 70 within
the system of between 10 and 30 SCFH.
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[0061] Further control over the filtering characteristics of the sand filters 12, 14
is provided by monitoring the contaminant value of the influent 20, 24 (Figure 1),
and in some embodiments effluent 21, 26 (Figure 1) of the sand filters 12, 14
and using these measurements to control the proper level of the chemical and
physical filter barrier within the vessels 32. This type of control is particularly
useful during conditions of fluctuating influent quality.

[0062] In the illustrated embodiment, the turbidity of the influent 20, 24 (Figure
1) can be monitored using a turbidity meter (not shown) placed near the inlet
42, 42A of the respective sand filters 12, 14. A measurement signal from the
turbidity meter is processed by computer 118 and a control signal is then
generated by the computer 118 which is used to adjust the rate of air flow to
airlift pump 76 via air flow rate controller 110 positioned in air inlet line 112. As
detailed above, this provides the ability for the vessel's sand movement to be
increased or decreased as backpressure within the vessel 32 varies slowing or
quickening the removal of the chemical and physical filter barrier within the sand
media. Again, the rate of air flow to airlift pump 76 is adjusted to maintain a
target ratio range between the size of the solids inventory and the size of the
sand bed 70 within the system of between 10 and 30 SCFH.

[0063] The turbidity of the effluent 21, 26 (Figure 1) can also be monitored and
used as a control parameter for coagulant(s) addition to the influent of the sand
filters 12, 14. Here, the turbidity of the effluent can be monitored using a
turbidity meter (not illustrated) placed near the outlet 44, 44A of the sand filter
12, 14. A measurement signal from the turbidity meter is processed by
computer 18 and a control signal is then generated by the computer used to
adjust the amount of coagulants added to the influent. The amount of
coagulants added to the influent changes the properties of the chemical and
physical filter barrier within the sand media, thereby changing the filtering
characteristics of the sand filter 12, 14. In some embodiments, the effluent
turbidity measurement may also be used as a control parameter for adjusting
the rate of air flow to airlift pump 76.
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[0064] The data inputs for both influent back pressure (via liquid level monitor
115), influent turbidity (via the influent turbidity meter) and in some
embodiments effluent turbidity (via the effluent turbidity meter) are logged and
compared to historical information, including operating parameters of head
pressure, turbidity, influent flow rate, coagulant (chemical polymer) usage, and
air flow rate. This data is then used to continually make the alterations to air
inflow that in turn increases or decreases the movement of the sand filter bed to

produce acceptable effluent quality.

[0065] In addition, the coagulant flow rate can be varied by computer control to
establish during commissioning the proper baseline level of chemical and
physical filter barrier within the vessel. In some embodiments, the effluent
turbidity value is displayed on a computer screen. The amount of coagulation
and/or flocculation can then be adjusted by sending a computer signal to a dose
rate pump to change the amount of polymer injected into the influent.

[0066] Figure 3 provides a more detailed view of the bioreactor 16 of the influent
treatment process 10 shown in Figure 1. The illustrated bioreactor 16 is a
cylindrical vessel 81. In Figure 1, this vessel is supported by a stand assembly
93 that includes a funnel-shaped bottom portion 94. The stand assembly 93
and includes a funnel-shaped bottom portion 94 not shown in Figure 3. It should
be appreciated that the vessel 81 could have other shapes, such as a generally
cylindrical shape. The volume of the bioreactor 16 is selected to suit the
volume of material to be treated for a certain time period. The vessel 81 is
constructed with a closed top 83 sealed to the atmosphere except for the vent
process 88 at the top of the vessel required to release nitrogen gas. A closed
and locked manway 84 is provided for access into the bioreactor 16 for use in

the addition of materials or maintenance.

[0067] The illustrated bioreactor 16 includes polyvinyl alcohol (PVA) hydrogel
biomass carrier beads or balls populated with immobilized bacteria. It should
be appreciated that in other embodiments, the bacteria used for the process
may be located on or within other structures other than PVA beads/balls in the
reactor. Both ammonium oxidizing bacteria (Nitrosomonas spp.) and anaerobic



WO 2012/116404 PCT/AU2012/000204
18

ammonium oxidizing (anammox) bacteria can be used in the bioreactor. These
bacteria use ammonium as electron donor and nitrite as electron acceptor
without the production of nitrate. In the illustrated embodiment, the bacteria
culture is predominantly anammox as the specific ammonium and nitrite
removal rates of anammox bacteria are generally significantly faster than those
of Nitrosomonas spp1.

[0068] The bacteria containing PVA hydrogel beads/balls have negative
buoyancy which causes the balls to sink to the bottom of the reactor 16
whenever the balls are not within an upward flow current 91. Movement of the
hydrogel beads/balls by the effluent current flow 91 increases mixing and
availability of bacteria throughout the reactor for ammonia and nitrite removal.
In some embodiments, baffles (not shown) may also be installed in the reactor
to segregate the hydrogel beads/balls into various sized quadrants. The size,
configuration and architecture of the beads/balls are ideally configured for each

specific apparatus and/or fluid treatment application.

[0069] After treatment in the first sand filter 12, the effluent/ffiltered water 21 is
delivered to the bioreactor 12 with low carbon content. The effluent from the
first sand filter 13 flows by gravity through a pipe 85 to the bottom of the
bioreactor 16 and exits through several outlet holes or nozzles 86 that may be
in the form of a manifold process. This provides a constant upflow of filtered
water 21 into the vessel 81. The size and location of the outlet holes 86 are
ideally configured to minimize backpressure while maximizing the upward flow

velocity 91 and mixing action of the influent.

[0070] The filtered water 21 is also maintained in a low oxygen (anoxic) zone
with typical dissolved oxygen levels between 0.7 and 1.5 mg/L. The reduced
level of dissolved oxygen (DO) is designed to provide a starved bed condition
with a low concentration of available carbon, providing an environment that
cultivates the use of ammonium (NH4") and nitrite (NO>’) for the bacteria to feed
upon, rather than providing oxygen for nitrification and carbon for denitrification.
Here the water is mixed with a bacteria culture to break down the ammonia and

other nitrogen components to nitrogen gas and water. For each specific
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application, the reactor is sized based on a determination of contact time
required for the removal of the nitrogen compounds from the filtered water.

[0071] Operation of the illustrated bioreactor 16 is controlled. The control
system of the illustrated bioreactor 16 includes a dissolved oxygen sensor 87
stationed near the middle of the bioreactor 16. The dissolved oxygen sensor 87
is used to monitor the oxygen level in the bioreactor 16. A computer 18
monitors the level of dissolved oxygen using a measurement signal sent from
the dissolved oxygen sensor 87. The computer 18 sends a control signal to a
mass flow controller 10 to provide diffused air to the bioreactor 16 when the
dissolved oxygen level drops below 0.7 mg/L. An air tube 92 from the air
compressor that provides compressed air to the two sand filters 12, 14 supplies
this additional oxygen to the bioreactor. The air tube 92 is connected to the
influent pipe near the influent port 82 entrance to the bioreactor 16. A non return
valve is provided to prevent water from entering the air supply tube 92. The
controller maintains the dissolved oxygen level of the bioreactor between 0.7
and 1.5 mg/L.

[0072] Those skilled in the art will appreciate that the invention described herein
is susceptible to variations and modifications other than those specifically
described. It is understood that the invention includes all such variations and
modifications which fall within the spirit and scope of the present invention.

[0073] Where the terms "comprise”, "comprises", "comprised" or "comprising"
are used in this specification (including the claims) they are to be interpreted as
specifying the presence of the stated features, integers, steps or components,
but not precluding the presence of one or more other feature, integer, step,

component or group thereof.



WO 2012/116404 PCT/AU2012/000204
20

Claims

1. An automated method of controlling the filtering characteristics of a
continuous upflow granular media filter in which a liquid that includes impurities
is fed as an influent and a treated liquid is produced as an effluent, the granular
media filter including a media filter bed and an airlift pump that moves granular
media from a removal point in the media filter bed to a deposit point in the
media filter bed, the method comprising the steps of:

monitoring the impurities level of the influent;

converting the influent impurities level into an impurities signal input to a
computer, which uses computer software to interpret the impurities signal input;
and

using the impurities signal to control the air inflow rate to the airlift pump
to maintain a target ratio range between the size of captured solids inventory of
the granular media filter and the size of the media filter bed of the granular
media filter.

2. An automated method according to claim 1, wherein the impurities level
of the influent is provided by a turbidity measurement.

3. An automated method according to claim 1 or 2, in which at least one
coagulant is added to the influent, and wherein the method further includes the
steps of:

monitoring the impurities level of the effluent;

converting the effluent impurities level into a dose signal input to a
computer which uses computer software to interpret the dose signal; and

using the dose signal to control the amount of coagulants added to the
influent stream and thereby maintain a target ratio between the size of captured
solids inventory of the granular media filter and the size of the media filter bed
of the granular media filter.

4. An automated method according to claim 3, wherein the impurities level

of the effluent is provided by turbidity measurement.
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5. An automated method according to any one of claims 1 to 4, further
including:

monitoring an inflow head pressure at an influent inlet of the continuous
upflow granular media filter;

converting the head pressure into a pressure signal input to a computer
which uses computer software to interpret the pressure signal; and

using the pressure signal to control the air inflow rate to the airlift pump
to maintain a target ratio range between the size of captured solids inventory of
the granular media filter and the size of the media filter bed of the granular
media filter.

6. A process for treating a liquid that includes impurities, including:

a first continuous upflow granular media filter in which the liquid is fed as
a first influent and treated to produce a first effluent and a first reject, the first
granular media filter including a media filter bed and an airlift pump that moves
granular media from a removal point in the media filter bed to a deposit point in
the media filter bed;

an influent impurities meter at an inlet for the influent of the first
continuous upflow granular media filter; and

a control system operatively linked to the influent impurities meter which
controls the operation of the airlift pump in the first continuous upflow granular
media filter to maintain a target ratio range between the size of captured solids
inventory of the first granular media filter and the size of the media filter bed of
the first granular media filter.

7. A process according to claim 6, wherein the influent impurities meter is a
turbidity meter.

8. A process according to claim 6 or 7, wherein at least one coagulant is
added to the first influent prior to the first influent being fed into the first
continuous upflow granular media filter, and the process further includes:

an effluent impurities meter at an outlet for the effluent of the first

continuous upflow granular media filter; and
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a control system operatively linked to the effluent impurities meter which
controls the operation of coagulation chemical addition to the first granular
media filter to maintain a target ratio range between the size of captured solids
inventory of the first granular media filter and the size of the media filter bed of
the first granular media filter.

9. A process according to claim 8, wherein the effluent impurities meter is a
turbidity meter.

10. A process according to any one of claims 6 to 9, further including a
bioreactor in which the first effluent is fed as a second influent and treated to

substantially remove the nitrogen content thereof to produce a second effluent.

11. A process according to any one of claims 6 to 10, wherein the bioreactor
comprises a closed vessel having a low oxygen (anoxic) environment and a

flexible media bed housing nitrogen removal bacteria.

12. A process according to any one of claims 10 or 11, further including:

a dissolved oxygen sensor to monitor the dissolved oxygen level in the
bioreactor; and

a control system operatively linked to the dissolved oxygen sensor, the
control system introducing further oxygen into the bioreactor when the dissolved
oxygen level drops below a desired set point.

13. A process according to claim 12, wherein the controller maintains the
dissolved oxygen levels between 0.7 and 1.5 mg/L.

14. A process according to any one of claims 6 to 13, further including:

a head pressure detector for monitoring an inflow head pressure at a first
influent inlet of the first continuous upflow granular media filter; and

a control system operatively linked to the head pressure detector which
controls the operation of an airlift pump in the first continuous upflow granular

media filter to maintain a target ratio range between the size of captured solids
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inventory of the first granular media filter and the size of the media filter bed of
the first granular media filter.

15. A process according to any one of claims 6 to 14, wherein sand is used

as a filter medium in the first continuous upflow granular media filter.

16. A process according to any one of claims 6 to 15, further including:

a second continuously operated granular media filter in which the second
effluent is fed as a third influent and treated to produce a third effluent and a
second reject, the second granular media filter including a media filter bed and
an airlift pump that moves granular media from a removal point in the media

filter bed to a deposit point in the media filter bed.

17. A process according to claim 16, further including:

an influent impurities meter at the influent intake of the second
continuous upflow granular media filter; and

a control system operatively linked to the influent impurities meter which
controls the operation of the airlift pump in the second continuous upflow
granular media filter to maintain a target ratio range between the size of
captured solids inventory of the granular media filter and the size of the media

filter bed of the granular media filter.

18. A process according to claim 16 or 17, in which coagulants are added to
the third influent prior to the third influent being fed into the second continuous
upflow granular media filter, the process further including:

an effluent impurities meter at the effluent outlet of the second
continuous upflow granular media filter; and

a control system operatively linked to the effluent impurities meter which
controls the operation of coagulation chemical addition to the second
continuous upflow granular media filter to maintain a target ratio range between
the size of captured solids inventory of the granular media filter and the size of
the media filter bed of the second granular media filter.

19. A process according to claim 16, 17 or 18, further including:
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a head pressure detector for monitoring an inflow head pressure at an
inlet of the influent of the second continuous upflow granular media filter; and

a control system operatively linked to the head pressure detector which
controls the operation of an airlift pump in the second continuous upflow
granular media filter to maintain a target ratio range between the size of
captured solids inventory of the granular media filter and the size of a granular
media filter bed of the second granular media filter.

20. The process any one of claims 16 to 19, wherein sand is used as a filter

medium in the second continuous upflow granular media filter.

21. A process according to any one of claims 6 to 20, further including at
least one solid separation apparatus in which the liquid undergoes a solid
separation step to selectively remove suspended solids therefrom prior to being
fed into the first continuously operated granular media filter.

22. A system for treating a liquid having impurities therein, including:

a first continuous upflow granular media filter in which the liquid is fed as
a first influent and treated to produce a first effluent and a first reject; and

a bioreactor in which the first effluent is fed as a second influent and
treated to substantially remove the nitrogen content thereof to produce a
second effluent.

23. A system according to claim 22, further including:

a second continuously operated granular media filter in which the second
effluent is fed as a third influent and treated to produce a third effluent and a
second reject.

24. A system for treating a liquid according to claim 22 or 23, including a
process according to any one of claims 6 to 21.
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