
METHOD FOR ACTIVATED SLUDGE WASTEWATER TREATMENT WITH HIGH DISSOLVED
OXYGEN LEVELS  Field of the Invention  [0001] The present invention
relates to methods and systems for wastewater treatment and more
particularly, to the efficient operation of an activated sludge
wastewater treatment system with high levels of dissolved oxygen.
Background [0002] Most conventional wastewater treatment plants use
an activated sludge process to remove contaminants from the
wastewater. Many different wastewater treatment schemes employing the
activated sludge processes have been developed over the years with
each of the different systems demonstrating different operating
characteristics and different benefits. Fig. 1 is a table that
depicts the operating characteristics of most types of wastewater
treatment arrangements employing activated sludge process. Each of
these wastewater treatment systems are summarized in the paragraphs
that follow. [0003] The activated sludge process is a biological
wastewater treatment method in which carbonaceous organic matter of
wastewater is consumed by microorganisms for life-sustaining
processes (e.g. growth, reproduction, digestion, movement, etc.). The
activated sludge process preferably occurs in an aerobic environment
where oxygen is consumed during the utilization and degradation of
organic materials and by-products of carbon dioxide and water are
formed. [0004] An activated sludge process is characterized by the
suspension of microorganisms in the wastewater, a mixture referred to
as the mixed liquor. Activated sludge processes are designed based on
the suspended solids within the mixed liquor (MLSS) and the organic
loading of the wastewater, as represented by the biochemical oxygen
demand (HOD) and/or chemical oxygen demand (COD). The MLSS represents
the quantity of microorganisms involved in the treatment of the 



organic materials in the aeration basin, while the organic loading
typically determines the requirements for the design of the aeration
system. [0005] The activated sludge process is preferably used as
part of an overall wastewater treatment process or system, which
includes a primary treatment of the wastewater for the removal of
particulate solids prior to the use of activated sludge as a further
treatment process to remove suspended and dissolved organic solids. A
primary clarifier is typically used for such bulk separation [0006]
After primary treatment of the influent to separate and remove
particulate solids, the influent is then sent to an aeration basin or
tank where the activated sludge process is initiated, as described in
more detail herein. The solution or mixed liquor exiting the aeration
basin is received by a secondary clarifier or settling tank, where
flocs of microorganisms with their adsorbed organic materials settle
out. This separation of sludge produces clear water or effluent which
is often further treated to remove harmful bacteria and subsequently
discharged. To control the biological process, a portion of the
sludge that settle to the bottom of the secondary clarifier are
returned to the activated sludge basin and a portion is disposed as
part of a waste activated sludge stream for further treatment, for
example to a aerobic digester or other solids handling process
(thickening, dewatering, etc.). 100071 In a conventional activated
sludge process the primary effluent and acclimated micro-organisms
(activated sludge or biomass) are aerated in a basin or tank. After a
sufficient aeration period, the flocculent activated sludge solids
are separated from the wastewater in a secondary clarifier. The
clarified wastewater flows forward for further treatment or
discharge. A portion of the clarifier underflow sludge is returned to
the aeration basin for mixing with the primary-treated influent to
the basin and the remaining sludge is wasted to the sludge handling
portion of the treatment plant. Typically, the conventional activated
sludge system operates at MLSS levels of 1500 to 3000 mg/L with a
dissolved oxygen level at about 1 to 3 mg/L, a solids retention time
of only 5 to 15 days, a hydraulic retention time of about 4 to 8
hours, a Food to Microorganism  ratio of about 0.2 to 0.4, a
Volumetric Loading of about 20 to 40 pounds BOD per day per 1000
cubic feet and a recycle ratio of between about 0.25 to 0.75 [0008]
In the completely-mixed activated sludge process, influent wastewater
and the recycled sludge are introduced uniformly through the aeration
tank. This allows for uniform oxygen demand throughout the aeration
tank and adds operational stability when treating shock loads.
Aeration time ranges between 3 and 6 hours. Recirculation ratios in a
completely-mixed system will range from 50 to 150 percent. The
complete-mix activated sludge system operates at slightly higher MLSS
levels than conventional systems, typically at 2500 to 4000 mg/L with
similar dissolved oxygen level at about 1 to 3 mg/L and solids
retention time of 5 to 15 days. Because of the enhanced treatment
capabilities of the complete mix activated sludge process, it
requires an aeration time or a Hydraulic Retention Time of only 3 to
5 hours. The typical Food to Microorganism ratio is about 0.2 to 0.6,
a Volumetric Loading of about 50 to 120 BOD per day per 1000 cubic
feet and a Recycle Ratio of between about 0.25 to 1.0 



[0009] Extended aeration activated sludge plants are designed to
provide a 24- hour aeration period for low organic loadings of less
than 25 pounds biochemical oxygen demand per 1,000 cubic feet of
aeration tank volume. This approach requires the use of very large
basins which increases the aeration time and associated aeration
power costs. Typically, the extended aeration activated sludge
process operates at MLSS levels of 3000 to 6000 mg/L with a low
dissolved oxygen level at about I to 3 mg/L, a high solids retention
time of 20 to 30 days. The extended aeration process is also
characterized by a very long hydraulic retention time of about 18 to
36 hours, a low Food to Microorganism ratio of about 0.05 to 0.15, a
low Volumetric Loading of about 10 to 25 pounds of BOD per day per
1000 cubic feet and a Recycle Ratio of between about 0.5 to 1.50.
[0010] The closed-loop reactor, also known as an oxidation ditch, is
a form of the extended aeration process. In an oxidation ditch
process, the wastewater is propelled around a large area, oval
racetrack-configured basin by mechanical aerator/mixing devices
located at one or more points along the basin. These devices
typically are either brush aerators, surface aerators or jet
aerators. The  velocity in the basin is designed to be between 0.8
and 1.2 feet per second. Much like the extended aeration process, the
oxidation ditch process typically operates at MLSS levels of 3000 to
6000 mg/L with a low dissolved oxygen level at about 1 to 3 mg/L, a
high solids retention time of between 10 and 30 days. The oxidation
ditch process is also characterized by a very long hydraulic
retention time of about 8 to 36 hours, a Food to Microorganism ratio
of about 0.05 to 0.30, a low Volumetric Loading of about 5 to 30
pounds of BOD per day per 1000 cubic feet and a Recycle Ratio of
about 0.75 to 1.50. [0011] High rate aeration activated sludge
process typically operates at higher MLSS levels of 4000 to 10000
mg/L but with a low dissolved oxygen level of about Ito 3 mg/L, a
more conventional solids retention time of 5 to 10 days. The high
rate aeration process is also characterized by hydraulic retention
time of only 



2 to 4 hours, a high Food to Microorganism ratio of about 0.40 to
1.50, a high Volumetric Loading of about 100 to 1000 pounds of BUD
per day per 1000 cubic feet and a high Recycle Ratio of between about
1.0 and 5.0. [0012] The Covered Basin - High Purity Oxygen (HPO)
activated sludge process is characterized as a system, such as a
UNOXTM or OASESTM system, that employs a covered basin and direct
injection of high purity oxygen in the mixed liquor within the
covered basin to achieve higher dissolved oxygen rates of between
about 2 to 20 mg/L. The covered basin systems typically operates at
moderate MLSS levels of 2000 to 5000 mg/L and a very short solids
retention time of 3 to 10 days. The Covered Basin-HP0 process is also
characterized by hydraulic retention time of only 1 to 3 hours, a
Food to Microorganism ratio of about 0.25 to 1.00, a high Volumetric
Loading of about 100 to 200 pounds of BUD/day per 1000 cubic feet and
a Recycle Ratio of between about 0.25 to 0.50. [0013] Many of the
activated sludge processes, described above, produce large amounts of
waste sludge that require further treatment and disposal. Treatment
and disposal of excess sludge from wastewater treatment plants
typically account for between about 25-65% of the total plant
operation cost. The economic significance of this problem is
increasing, due to more stringent regulations and rising disposal
costs.  [0014] Existing methods for dealing with the removal of
sludge include transporting the sludge to landfills, utilization of
sludge for land application or agricultural purposes, and
incineration of the sludge. In many regions, sludge disposal in
landfills is being phased out and land application of sludge is
becoming more strictly regulated to prevent environmental and health
risks due to pathogens and toxic compounds in the sludge. Likewise,
incineration of sludge is an expensive process and presents potential
air pollution hazards. Due to the regulatory, environmental, and cost
issues associated with solids handling and disposal, it is beneficial
to minimize the amount of excess sludge produced in a wastewater
treatment process. [00151 Another major cost in the above-described
wastewater treatment operations is electrical power. Current aeration
systems used in wastewater treatment plants typically represent more
than 50% of the overall plant power consumption. Power costs are
increasing substantially due to rapidly rising electricity rates, and
many electric power utilities have targeted wastewater treatment
plants for possible electric power demand reductions. [0016]
Therefore, there is a significant need to reduce wastewater treatment
plant operating costs through reduced solids handling and disposal
costs together with power cost savings. Summary of the Invention
[0017] The present invention may also be characterized as a method of
treating wastewater comprising the steps of: (i) receiving an
influent stream of wastewater into a mixed liquor in an uncovered
activated sludge basin; (ii) introducing oxygen to the mixed liquor
in the activated sludge basin to produce euoxic conditions in the
activated sludge basin; (iii) passing a portion of the mixed liquor
in the activated sludge basin through a separator to separate
activated sludge and produce an effluent stream and a activated
sludge stream; and (iv) recycling a portion of the activated sludge
stream to the activated sludge basin to produce a mixed liquor having
a solids loading of between about 3000 mg and about 10000 



mg of suspended solids per liter of mixed liquor or a solids
retention time of greater than about 7 days or both.. [0018] In
another aspect, the invention may be characterized as a method of
enhancing wastewater treatment operations comprising the steps of
introducing supplemental oxygen to an uncovered activated sludge
basin to produce a dissolved oxygen level in the range of between
about 5 mg to 15 mg of oxygen per liter of mixed liquor and recycling
activated sludge to the activated sludge basin to produce a solids
loading of between about 3000 mg and about 10000 mg of suspended
solids per liter of mixed liquor or to maintain a solids retention
time of between about 7 days to about 40 days. Brief Description of
the Drawings [0019] The above and other aspects, features, and
advantages of the present invention will be more apparent from the
following, more detailed description thereof, presented in
conjunction with the following drawings, wherein: [0020] Fig. 1 is a
table that depicts the typical operating parameters of prior art
activated sludge wastewater treatment systems; [0021] Fig. 2 is a
schematic representation of an activated wastewater treatment system
incorporating an embodiment of the present system and process; [0022]
Fig. 3 is a chart that comparatively depicts selected operating
characteristics of prior art wastewater treatment systems against the
wastewater treatment process in accordance with the presently
disclosed embodiments; 



[0023] Fig. 4 is another chart that comparatively depicts selected
operating characteristics of prior art wastewater treatment systems
against the wastewater treatment process in accordance with the
presently disclosed embodiments; [0024] Fig. 5 is a chart that
depicts solids retention time against hydraulic retention times for
prior art wastewater treatment systems in comparison to the present
wastewater treatment system and method; [0025] Fig. 6 is yet another
chart that depicts solids retention time against excess sludge
production for conventional activated sludge wastewater treatment
systems  in comparison to the present activated sludge wastewater
treatment system and method; and [0026] Fig, 7 is an illustration of
the preferred embodiment of the high purity aeration system suitable
for use with the present invention. Detailed Description  



[00271 Turning now to Fig. 2, there is shown a schematic block
diagram of a wastewater treatment plant, incorporating the present
embodiment of the activated sludge process. In primary treatment,
stage, influent wastewater (II) is subjected to solid/liquid
separation processes, such as gravity settling in a primary clarifier
(12), to remove easily separated solids as primary sludge (23). The
primary solids may be combined with waste activated sludge (22) for
further treatment, or may be treated and disposed separately. The
primary effluent (13) exiting the primary treatment stage,
substantially free of particulate and easily settled solids, flows to
the secondary treatment stage. [0028] Secondary treatment stage
comprises the activated sludge process and secondary separation. The
activated sludge process occurs in an open or uncovered aeration
basin (14) where biological activity consumes the contaminants in the
mixed liquor (15). Generally, an open basin means aeration basins
that are substantially open to gaseous exchange with the ambient
atmosphere with or without an enclosing building. To provide the
oxygen needed for respiration and metabolism of the biosolids, a
source of oxygen gas (16) is added to the aeration basin, by suitable
means such as a high purity oxygen aeration system (17). Any type of
high purity oxygen contacting equipment and supply systems can be
used although an I-SO contactor, available from Praxair Inc., is
particularly well-suited for the present system and method. However,
other types of high purity oxygen systems, including a Mixflo system
or MVO contactor available from Praxair, Inc. may be used without
departing from the scope of the present system and method for
wastewater treatment. The present activated sludge process occurs in
an open or uncovered basin, preferably with a  cross-flow of oxygen
that promotes removal of carbon dioxide, maintains the desired pH
level in the aeration basin and maximizes oxygen transfer efficiency.
[0029] Secondary separation employs a secondary clarifier (18), where
gravity settling is used to separate the biosolids or "activated
sludge" (20) from the secondary effluent or treated water (19). Most
of the settled solids (20) recovered in the secondary clarifier are
returned to the aeration basin via the Return Activated Sludge line
(21) to provide the biological activity needed for adequate
treatment. A smaller portion of the separated solids, comprising the
excess sludge growth in the basin, are removed via a Waste Activated
Sludge (WAS) line (22) and sent to further handling and disposal
operations. The clarified water or effluent (19) from the secondary
clarifier (18) is preferably sent on to one or more tertiary
treatment stages (24), which may include filtration, disinfection, or
post-aeration or combination thereof, before discharge as final
treated effluent (25). [0030] A variety of waste solids handling and
disposal operations may be used to treat the separated solids in the
Waste Activated Sludge line (22). Typical post separation operations
include gravity settling or thickening (26) to increase the solids
content of the stream and reducing the total volume to be further
treated. Thickened sludge (26) together with the particulate solids
separated during primary treatment can then be treated in anaerobic
or, more preferably oxygen enhanced aerobic biological reactors for
digestion (27) to reduce the solids content of the waste sludge by
converting solids into either methane or carbon dioxide gas. The
remaining waste solids (28) typically undergo further dewatering (29)
steps such as centrifugation or filtration to reduce the volume,



[0033] Fig. 3 comparatively depicts the dissolved oxygen level
against the MLSS level of prior art wastewater treatment systems
against the presently disclosed wastewater treatment process. Ranges
of dissolved oxygen and MLSS are shown for conventional activated
sludge process 51, complete mix activated sludge process 53, extended
aeration and oxidation ditch activated sludge processes 55, therein,
high rate aeration activated sludge process 57, covered basin
high-purity oxygen activated sludge process 59, and the present high
dissolved oxygen and high solids activated sludge process 60.
Likewise, Fig. 4 depicts the dissolved oxygen level against the
solids retention time of the same prior art wastewater treatment
systems against the present high dissolved oxygen and high solids
activated sludge process 60.  Dissolved Oxygen Levels  [0034]
Conventional activated sludge processes typically maintain the
dissolved oxygen level in the aeration basin in the range of 0.5 -3.0
mg/L, with a dissolved oxygen level of about 2.0 mg/L under average
conditions and a dissolved oxygen level of about 0.5 mg/L under peak
load. It is commonly understood that in order to maintain aerobic
conditions in the activated sludge floc a dissolved oxygen
concentration between 0.2 mg/L and 1.5 mg/L, typically 0.5 - 0.7
mg/L, is desirable. At the lower organic loads of conventional
activated sludge plants the rate of diffusion of organics into the
floc is limiting as long as the dissolved oxygen level is maintained
above a critical value, usually estimated as about 0.5 mg/L. In
wastewater treatment systems where nitrification is desired, the
dissolved oxygen concentrations in the activated sludge basin of
about 0.5 mg/L to 2.5 mg/L are typically used with maximum dissolved
oxygen levels ranging as high as 4.0 mg/L to allow a buffer for
organic shock loads. [0035]With the exception of selected covered
basin high purity oxygen type wastewater treatment operations, the
prior art activated sludge process based wastewater treatment systems
emphasize the use of low dissolved oxygen levels and discourage
operation of the wastewater plant at elevated levels of dissolved
oxygen. Such elevated levels of dissolved oxygen are viewed as
disadvantageous as such elevated levels of dissolved oxygen are
believed to increase power and capital costs and otherwise contribute
to performance problems. See, for example, prior art treatises
"Design of Municipal Wastewater Treatment Plants", Water Environment
Federation MOP 8 (1998); "Evaluation of Feasibility of Methods to
Minimize Biomass Production from Biotreatment," H. David Stensel and
Stuart E. Strand, (2004); and "Aeration: Principles and Practice,"
James A. Mueller, William C. Boyle and H. Johannes Popel, (2002).
[0036] In covered basin high purity oxygen wastewater treatment
systems, the mixing of oxygen within the covered basin and the oxygen
transfer efficiency therein are markedly different than the present
system and method. Moreover, the headspace above the surface of the
mixed liquor in a covered basin system typically has a carbon dioxide
concentration between 2% - 11% which is very  



much greater than the carbon dioxide concentration in a standard
atmosphere above an open basin system. This excess carbon dioxide
within the covered basin system leads to a build-up of carbonic acid
in the mixed liquor, lowering pH of the mixed liquor and inhibiting
certain types of microbial activity in the basin. [0037] The present
embodiment of the activated sludge process based wastewater treatment
system preferably maintains the dissolved oxygen level at euoxic
conditions, and more preferably at dissolved oxygen levels in the
activated sludge basin or aeration basin of about 5 and 15 mg of
oxygen per liter of mixed liquor. [0038] Water bodies with reduced
levels of dissolved oxygen, in the range of about 2.0 to 5.0 mg/L,
are characterized as suffering from hypoxia which means "under
oxygenated". Water bodies with levels of dissolved oxygen in the
range of about 0.2 to 2.0 mg/L are characterized as severely hypoxic,
and water bodies with dissolved oxygen levels below about 0.2 mg/L
are termed anoxic which means "without oxygen". Conversely, water
bodies with dissolved oxygen levels above the air saturation value or
generally in excess of 9.0 mg/L at about 20C, are termed hyperoxic or
"over oxygenated". For purposes of this application, the term euoxic
or "well oxygenated" shall refer to waters containing dissolved
oxygen levels near saturation against atmospheric air. For wastewater
treatment operations, euoxic conditions exist when the ratio of
(D0)/(D0.1) is between about 0.50 to about 1.50, and where DO is the
'Dissolved oxygen level measured in the aeration basin at temperature
T'; and DO"t is the 'Dissolved oxygen level at saturation in
atmospheric air at temperature T'. [0039] With the foregoing in mind,
the success of the activated sludge process depends on the
functioning of organisms known as aerobic heterotrophs, particularly
those which grow and thrive when freely suspended in the wastewater.
Aerobic heterotrophs take complex organic molecules such as those
responsible for the contamination of the wastewater, and convert
these molecules either into cell mass or into carbon dioxide and
water. These organisms are adapted to thrive in environmental
conditions found in aqueous natural environments or euoxic
conditions.  [0040] Dissolved oxygen levels which are lower than
euoxic conditions likely cause stress to such aquatic organisms.
Clearly, the dissolved oxygen levels normally employed in most
conventional activated sludge basins (i.e. 0.5 mg/L to 2.0 mg/L) are
severely hypoxic and very likely to cause stress and sub-optimal
perfoimance of the desired aquatic organisms. The natural aquatic
organisms responsible for the performance of the activated sludge
process will likely operate in an optimum manner when the level of
dissolved oxygen is maintained in the euoxic range. Maintaining the
activated sludge basin or aeration basin in the euoxic range both
optimizes the performance of the system for contaminant removal and
in terms of the sludge settling properties. This preferred range of
dissolved oxygen level in the aeration basin is between about 5.0
mg/L and about 15.0 mg/L to optimize performance of the aquatic
organisms. [0041] Activated sludge from aeration basins having a
dissolved oxygen level above 5.0 mg/L tend to demonstrate or exhibit
enhanced settling characteristics. The enhanced settling
characteristics of the activated sludge, namely the three to five
times increase in settling velocity, allow the present wastewater
treatment process to operate at or near the maximum load capacity of
the secondary clarifiers. Dissolved oxygen levels above 5.0 mg/L also



[0043] Contrary to conventional thinking, higher levels of dissolved
oxygen in the aeration basin do not translate to significant
increases power costs. Rather, maintaining the aeration basin at
euoxic conditions is very practical and easily  achieved in open
basins with high purity oxygen aeration. The higher mass transfer
rates of oxygen into liquid when using pure oxygen means that very
little additional aeration energy is needed to increase the dissolved
oxygen level from the conventional 1.0 mg/L to 2.0 mg/L using air to
the present euoxic levels (i.e. 5.0 mg/L to 15.0 mg/L) using high
purity oxygen. For example, to increase the dissolved oxygen level
from 2.0 mg/L to 5.0 mg/L using with air and fine bubble diffusers
requires about 83% increase in aeration power. The same increase of
the dissolved oxygen level from 2.0 mg/L (using air) to the minimum
5.0 mg/L (using high purity oxygen) requires only about 8% more
aeration power. As indicated above, a high purity oxygen aeration
system is preferred as the dissolved oxygen levels approaching
hyperoxic or high euoxic conditions (i.e. DO/DOsAT > 1.0) cannot be
achieved with conventional air-based aeration systems, but are easily
achieved with high purity oxygen aeration systems. Solids Retention
Time (SRT) and Mixed Liquor Suspended Solids (MLSS)  [0044] Solids
Retention Time (SRT) is equivalent to the mean cell residence time in
days of biological organisms in the activated sludge system and is
commonly referred to as sludge age. SRT is one of the initial
parameters specified for a wastewater process design, and is often
chosen to provide adequate treatment of the wastewater or removal of
the contaminants in the wastewater. The desired SRT level for a
wastewater treatment operation is typically set at the minimum level
needed to insure the desired removal of BUD, COD, and nitrogen.
[0045] It is well known in the art that operating an activated sludge
basin with long sludge age or increased solids retention time results
in a reduction in the yield of waste sludge. SRT levels may be
increased by either increasing total aeration basin volume or by
increasing the activated sludge basin mixed liquor suspended solids
(MLSS) level. Increasing basin volume, however, increases the capital
cost and land area required for the aeration basin, and may not be a
practical solution for an existing wastewater plant or facility.
Increasing MLSS level normally reduces the efficiency of conventional
aeration systems, so that additional aeration equipment may be needed
and associated power costs increase. 



Simply increasing MLSS levels also normally require increasing
secondary clarifier capacity, which may require additional capital
costs and more land area for the additional or larger secondary
clarifiers. The presently disclosed system, on the other hand,
overcomes these operating limitations and achieves extended SRI
without increasing basin volume, without reduced aeration efficiency,
and without additional clarifier capacity. [0046] Most wastewater
plants employing conventional or complete-mix activated sludge
processes use an SRT of about 1 to 5 days for basins at warm
temperatures and up to about 15 days for activated sludge basins at
cold temperatures to insure complete nitrification. The present
system and method, however, increases the SRI by increasing the MLSS
level. In the present embodiment, the SRI is preferably greater than
7 days, and more preferably between about 7 days and 40 days, and
still more preferably between about 12 days and 30 days. This
increased SRI encourages the growth and maintenance of a more diverse
population of aquatic micro-organisms in the activated sludge basin
or aeration basin, particularly predatory organisms that consume
heterotrophic bacteria, leading to further reductions in excess
sludge and improved clarification of effluent through consumption of
fine floc. [0047] The range of MLSS employed in any particular
application is determined by optimizing the solids loading to the
existing clarifier, taking advantage of the enhanced settling
characteristics achieved by elevated "euoxic" levels of dissolved
oxygen as described above. MLSS in the range of 3,000 to 10,000 mg/L,
more typically in the range of 5,000 to 8,000 mg/L, optimizes the
existing clarifier loading in most applications under the enhanced or
high dissolved oxygen conditions. Additional System Performance
Characteristics  [0048] Additional factors used in the design of
activated sludge wastewater treatment systems include proper sizing
and capacity of secondary clarifiers in view of the settling
properties of the sludge. Settling properties of the sludge are often
characterized by parameters known as sludge volume index (SVI) and
the  initial settling velocity (ISV) of the sludge to be processed.
Lower values of SVI and higher values of ISV result in lower required
clarifier areas, which translate to lower capital costs or increases
in capacity for an existing clarifier. It has been recognized that
settling characteristics of the sludge are affected by solids
retention time, MLSS levels and dissolved oxygen levels within the
activated sludge process as well as the type of biological reactor
used in the activated sludge process. (See "Clarifier Design," Water
Environment Federation Manual of Practice No. FD-8, (2006)). 



[0049] As a result of the high solids retention time, high MLSS
levels and high dissolved oxygen levels, the SVI and ISV of the
presently described wastewater treatment system are improved over the
prior art activated sludge process based wastewater treatment
systems. Such improvements namely lower values of SVI and higher
values of ISV and recycle sludge concentration result in enhanced
settling characteristics. Table 1 below compares the likely range of
SVI and ISV values of sludge processed in a conventional activated
sludge process against the WI and ISV values of sludge processed in
the high dissolved oxygen and high solids system and method. 100501
The preferred embodiment of the High DO and High Solids activated
sludge process calls for operation with an extended solids retention
time in a range of about 12 to 30 days, while maintaining similar
activated sludge basin Volumetric Loading as used in conventional
activated sludge systems, namely a hydraulic residence time in the
range of about 4 to 8 hours. As Fig. 5 graphically depicts, the prior
art activated sludge processes such as Conventional/CompleteMix,
Covered Basin, and Extended Aeration form a common operating line
(62) characterizing the relationship between hydraulic residence
times and solids retention times. In contrast, the presently
disclosed embodiments of the High DO and High Solids activated sludge
process extends the system operation away from this typical operating
line and toward much higher values of solids retention times for
equivalent or comparable values of hydraulic residence times. Such
distinctive operating characteristic is achieved by increasing MESS
levels without overloading clarifier capacity, though the mechanism
of enhanced settling at high  dissolved oxygen levels. As indicated
above, the preferred range of hydraulic residence times is between
about 2 to 12 hours and more preferably between 4 to 8 hours whereas
the preferred range of solids retention times is between about 7 and
40 days and more preferably between about 12 and 30 days. [0051]
Excess sludge production or Yobs, is generally known to decline with
increasing solids retention time as depicted in Fig. 6. However, long
solids retention time traditionally required a high hydraulic
residence times and/or a large basin volume. Using the presently
disclosed embodiments of the High DO and High Solids activated sludge
process, a better than expected observed sludge production (Yobs) is
achieved. Such enhanced sludge reduction capabilities is likely
attributable to the synergistic effect of higher dissolved oxygen
levels and high solids retention times and lower Food to
Microorganism ratio employed by the present system than that employed
by conventional activated sludge process. Each of these operating
characteristics of the present system and method contribute to an
overall lower waste sludge production than conventional activated
sludge processes with a similar hydraulic residence time. Operating
Characteristic Conventional Activated Sludge Process 



High DO & High Solids Activated Sludge Process SVI 100 - 150 30 - 70
ISV (ft/hr) - 1 - 3 -2-8  



F/M (kg BOD/kg MLVSS) 0.2 - 0.6 <0.1 - 0.3 HRT (hours) 4 - 8 2-12
Recycle Concentration (%) 0.5- 1.5 



1.5 - 3.0 Yob" (ig TSS/g BODr) 0.5 - 1.0 0.3 -0.7   Table 1.
Operating Characteristics of Activated Sludge Wastewater Treatment
Processes Retrofit of Activated Sludge Wastewater Treatment Systems
[0052] The preferred procedure for implementing the present
wastewater treatment system and method in existing air-based
activated sludge wastewater plants invention includes the following
steps: [0053] Convert the air-based aeration system in the activated
sludge basin from an air-based system, such as compressed air/fine
bubble diffusers or mechanical surface aerators, to a high purity
oxygen system, such as an I-SO, MVO, or Mixflo system available from
Praxair, Inc. Operate the wastewater treatment plant 



with the high purity oxygen system at solids loading and dissolved
oxygen levels used in the previous operating regime. [0054] Gradually
increase the level of dissolved oxygen in the activated sludge basin
to the well-oxygenated or euoxic range, between about 5 mg/L to 15
mg/L or about 0.50 - 1.50 times the air saturation value. This
increase in dissolved oxygen level improves the settling properties
of the sludge in the secondary clarifier, allowing higher solids
loading in the existing clarifier surface area. [0055] Gradually
increase in the MLSS level in the activated sludge basin. This is
preferably accomplished through reduction of the waste activated
sludge (WAS) rate and directing more sludge exiting the secondary
clarifier to the return activated sludge line which recycles to the
activated sludge basin thereby increasing the MLSS level in the
activated sludge basin. Increasing the MLSS level also increases the
solids retention time. [0056] Continue to increase or maintain the
dissolved oxygen level in the activated sludge basin at the euoxic
conditions with the higher MLSS level. Also, continue increasing the
MLSS level by controlling waste activated sludge rate and return
activated sludge rate until the secondary clarifier solids-handling
constraint is reached adhering, of course, to the appropriate safety
margins. The secondary clarifier solids-handling constraint is
preferably determined using existing sludge settling tests and
clarifier analysis methods such as the commonly used state point
analysis. With the higher dissolved oxygen conditions, it will be
found that the secondary clarifier can handle a higher inlet MLSS
concentration for the same volumetric flow. [0057] As the sludge
microbiology adjusts to the new operating conditions, continue
monitoring and adjustment of MLSS level, sludge settling properties,
and clarifier operating conditions, until steady operation is
reached. The new preferred operating point will be characterized by
higher dissolved oxygen levels in the range of between about 5 mg/L
to 15 mg/L, extended solids retention time between about 7 days and
40 days, higher MLSS levels up to a maximum level of about 10000 mg/L
in the activated sludge basin and reduced waste sludge production.
[0058] Monitoring of the MLSS levels as well as the dissolved oxygen
level in the aeration basin are key parameters used in the automatic
control of the present wastewater treatment system. Such automatic
control preferably governs the oxygen supply or aeration system to
match oxygen demand and maintain the dissolved oxygen level in the
desired range at optimum costs. In addition, monitoring the sludge
blanket level in the secondary clarifier and the total suspended
solids level in the secondary effluent. Such monitoring and control
preferably governs the operation of the secondary clarifier including
control of the waste activated sludge rate and return activated
sludge rate to maintain the MLSS levels in the activated sludge basin
at the desire range. 



High Purity Oxygen Aeration System [0059] Turning now to Fig. 7,
there is shown a high purity oxygen aeration system used in the
present embodiment of the wastewater treatment system 100. As seen
therein, the system includes a float assembly 102 having an anchor
ring 104 which is placed in an activated sludge basin or aeration
basin 106 of a wastewater treatment system 100. In the present
application, the liquid within the aeration basin 106 is a high solid
content mixed liquor 120, typically having a suspended solids content
on the order of 3000 mg/L to 10000 mg/L. Extending in a downward
orientation from the float assembly 102 is a draft tube 110. The
draft tube 110 preferably has circumferential openings 122 located
below the top surface 124 of the high-solids content mixed liquor 120
in the aeration basin 106. Baffles 126 are equilaterally spaced and
symmetrically positioned around the openings 122 which are proximate
to the entrance 128 to the draft tube 110. Additional baffles 126 can
be located proximate the exit 129 of the draft tube 110. A helical
impeller 130 is disposed within the draft tube 110 and generally
comprises one or more blades 132 that are affixed to the impeller
shaft 134 for rotation with the impeller shaft 134 by motor 136,
which is preferably placed on top of the float assembly 102.  [0060]
The motor is adapted to drive the impeller shaft 134 and in turn move
the liquid and gas within the draft tube 110 in a downward direction
of arrow 138. The oxygen gas is preferably introduced through the gas
inlet 140 which discharges the oxygen gas proximate the entrance 128
of the draft tube 110. Recirculation of the high solids content mixed
liquor 120 occurs as a result of a mechanical agitation within the
draft tube 110 and the corresponding downward force of the high
solids content mixed liquor 120 in the draft tube 110. As the mixed
liquor with gas bubbles is ejected from the exit 129 of the draft
tube 110, a suitable volume of replacement mixed liquor 120 having
some mass of dissolved oxygen is ingested through openings 122 near
the entrance 128 of draft tube 110. [0061] The impeller 130 defines a
radial clearance between the tip of the impeller blade and the
interior wall of draft tube 110. Preferably, the radial clearance is
less than or equal to one-half the impeller diameter and more
preferably the radial clearance will be less than 10 % of the
impeller diameter. When used with high-solids content mixed liquor of
a wastewater treatment application, the close arrangement of the
impeller 130 with the interior wall of the draft tube 110 or other
hydrodynamic structure tends to impart higher shear forces to achieve
the optimal oxygen bubble size distribution, namely about 0.3 mm to
3.0 mm. This optimized bubble size distribution of the oxygen gas
within the high solids content mixed liquor enhances the mass
transfer efficiency of the aeration process ultimately resulting in
higher levels of dissolved oxygen. [0062] A more detailed discussion
of the preferred high purity oxygen aeration system and the reasons
for its effectiveness are set forth in United States patent
application serial number 11/602519 filed November 21, 2006, the
disclosure of which is hereby incorporated by reference. [0063] In
view of the fact that the present system and method employs a source
of oxygen for use with the high purity oxygen aeration system, it is
further contemplated to combine the present system and method with
related technologies involving oxygen including: ozonation of sludge
in the return activated sludge line or similar secondary application
of ozone; oxygenation of the high viscous materials in an aerobic



[0064] Further contemplated arrangements of introducing oxygen into
the activated sludge basin involve segregating the basin into a
plurality of sections. Conventional air-based aeration is
incorporated in one or more sections of the basin to keep the
dissolved oxygen level at moderate levels in such sections while high
purity oxygen aeration is incorporated in selected sections of the
basin. . Such staged basin approach may reduce the overall system
operating cost but still achieves the high MLSS levels to achieve
longer solids retention time and reduced waste sludge, as in the
preferred embodiments, described above. [0065] Such multiple stage
basin or multiple section basin could also be used where the mixed
liquor in one or more sections are maintained in anoxic conditions to
facilitate de-nitrification processes, or in anaerobic conditions for
biological phosphorus removal, while euoxic conditions are maintained
in other sections to reduced overall sludge production and improve
the system operating efficiency and costs. Industrial Applicability
[0066] The presently disclosed system and method minimizes the
operating cost of the activated sludge process in wastewater
treatment while enhancing system productivity and avoiding capital
costs associated with expansion of basin area and/or clarifier
capacity. Prior art open-basin wastewater treatment systems and
processes focus only on minimizing aeration power cost through close
control of the dissolved oxygen levels at the minimum levels
necessary to maintain aerobic conditions (i.e. 0.5 mg/L to 3.0 mg/L).
Although operating costs associated with handling and disposal of
waste sludge are similar in magnitude to aeration costs, surprisingly
process optimization has not been fully exploited to minimize the sum
of aeration and sludge processing costs. [0067] In addition, the use
of ability of high purity oxygen aeration systems to maintain
relatively low aeration costs is recognized, but the use of high
purity oxygen aeration systems in selected operating conditions of an
open basin activated sludge treatment in order to lower excess sludge
yield and corresponding sludge disposal costs has not heretofore been
fully utilized. [0068] Such optimization of process conditions using
high levels of dissolved oxygen and high solids retention times for
total cost minimization and exploitation of the influence of high
purity oxygen aeration systems on process operation yields numerous
benefits and commercial advantages. Such benefits and commercial
advantages may include: (i) improved settling characteristics of
sludge when the aeration basin is operated at elevated levels of
dissolved oxygen; (ii) reasonably low power costs to achieve elevated
levels of dissolved oxygen using high purity oxygen aeration systems;
(iii) reduced sludge handling and disposal costs as a result of
reduced excess sludge production; (iv) increase plant treatment
capacity per unit volume of aeration basin; (v) minimal capital
investment due to smaller basin requirements, no need for membrane
separation, and ability to easily retrofit existing wastewater
treatment operations; (vi) reduced need to re-aerate or post-aerate
the effluent as the effluent of the present system and method is
already euoxic or well oxygenated; (vii) increased capability for
nitrification due to higher solids retention time; (viii) increased
capability for removal of complex organic contaminants due to higher
solids retention time; and (ix) increased stability to shock loads. 



[0069] From the foregoing, it should be appreciated that the present
invention thus provides a system and method for the activated sludge
treatment of wastewater using high levels of dissolved oxygen
together with high sludge retention times and/or high solids content
in the aeration basin or activated sludge basin. While the invention
herein disclosed has been described by means of specific embodiments
and processes associated therewith, numerous modifications and
variations can be made thereto by those skilled in the art without
departing from the scope of the invention as set forth in the claims
or sacrificing all its material advantages.  CLAIMS What is claimed
is:  1. A method of treating wastewater comprising the steps of:
receiving a stream of wastewater into a mixed liquor in an uncovered
activated sludge basin; introducing oxygen to the mixed liquor in the
uncovered activated sludge basin to produce euoxic conditions in the
uncovered activated sludge basin;      passing a portion of the mixed
liquor in the uncovered activated sludge basin through a separator to
separate activated sludge and produce an effluent stream and an
activated sludge stream; and 



recycling a portion of the activated sludge stream to the uncovered
activated sludge basin to produce a mixed liquor having a solids
loading of between about 3000 mg and about 10000 mg of suspended
solids per liter of mixed liquor.  2. The method of claim 1 wherein
the step of introducing oxygen to the mixed liquor in the uncovered
activated sludge basin further comprises introducing oxygen to
produce a mixed liquor having an average dissolved oxygen level in
the range of between about 5 mg to 15 mg of oxygen per liter of mixed
liquor.  3. The method of claim 2 wherein the step of removing a
portion of the mixed liquor in the uncovered activated sludge basin
through a separator further comprises removing a portion of the mixed
liquor to a clarifier and separating sludge from the mixed liquor in
the clarifier to produce an effluent stream and an activated sludge
stream.  4. The method of claim 1 wherein the step of recycling a
portion of the activated sludge stream to the uncovered activated
sludge basin further produces a mixed liquor having a solids
retention time of between about 7 days and about 40 days.  5. The
method of claim 1 wherein the average hydraulic residence time is
between about 2 hours to about 12 hours.  6. The method of claim 5
wherein the observed sludge yield is between about 0.3 grams to 0.7
grams of total suspended solids per gram of BOD removed.   7. The
system of claim 3 wherein the settling properties of the sludge
separated from the mixed liquor the clarifier are characterized by a
sludge volume index of between about 30 to 70. 



8. The system of claim 3 wherein the sludge separated from the mixed
liquor in the clarifier has an initial settling velocity of greater
than about 3 feet per hour.  9. The method of claim 1 wherein the
uncovered activated sludge basin comprises a plurality of uncovered
sections and the step of introducing oxygen further comprises
introducing air into one or more of the uncovered basin sections and
introducing high purity oxygen into one or more of the basin
sections.  10. The method of claim 1 wherein the uncovered activated
sludge basin comprises a plurality of uncovered sections and the step
of introducing oxygen further comprises introducing high purity
oxygen into less than all of the uncovered basin sections.  11. The
method of claim 1 further comprising the step of ozonating a portion
of the recycled sludge.  12. The method of claim 1 further comprising
the steps of:       separating solids from the stream of wastewater
in a primary clarifier prior to receiving the stream in the uncovered
activated sludge basin;       receiving the separated solids and a
portion of the separated activated sludge in an aerobic digestor; and
oxygenating the separated solids and separated activated sludge in
the aerobic digestor. 



13. The method of claim 1 wherein the step of introducing oxygen to
the mixed liquor in the uncovered activated sludge basin further
comprises:       introducing oxygen gas proximate the entrance of a
draft tube and impeller assembly submersed in the mixed liquor in the
uncovered activated sludge basin;       agitating the mixed liquor
and oxygen within the draft tube to dissolve a portion of the oxygen
gas into the mixed liquor within the draft tube and create
undissolved oxygen bubbles having an average diameter of between
about 0.3 mm and 2 0 mm within the draft tube; and        discharging
the oxygenated mixed liquor and undissolved gas bubbles into the
uncovered activated sludge basin.  14. A method of treating
wastewater comprising the steps of:   receiving a stream of
wastewater into a mixed liquor in an uncovered activated sludge
basin; introducing oxygen to the mixed liquor in the uncovered
activated sludge basin to produce euoxic conditions in the uncovered
activated sludge basin;      removing a portion of the mixed liquor
to a clarifier and separating sludge from the mixed liquor in the
clarifier to produce an effluent stream and an activated sludge
stream; 



and recycling a portion of the activated sludge stream to the
uncovered activated sludge basin to produce a mixed liquor having a
solids retention time of between about 7 days to about 40 days.  15.
The method of claim 14 wherein the step of introducing oxygen to the
mixed liquor in the uncovered activated sludge basin further
comprises introducing oxygen to produce a mixed liquor having an
average dissolved oxygen level in the range of between about 5 mg to
15 mg of oxygen per liter of mixed liquor.  16. The method of claim
14 wherein the step of recycling a portion of the activated sludge
stream to the uncovered activated sludge basin further produces a
mixed liquor having a solids loading of between about 3000 mg and
about 10000 mg of suspended solids per liter of mixed liquor.  17.
The method of claim 14 wherein the average hydraulic residence time
is between about 2 hours to about 12 hours.  18. The method of claim
17 wherein the observed sludge yield is between about 0.3 grams to
0.7 grams of total suspended solids per gram of BOD removed.  19. The
method of claim 14 further comprising the step of ozonating a portion
of the recycled sludge.  20. The method of claim 14 further
comprising the steps of:       separating solids from the stream of
wastewater in a primary clarifier prior to receiving the stream in
the uncovered activated sludge basin; 



receiving the separated solids and a portion of the separated
activated sludge in an aerobic digestor; and oxygenating the
separated solids and separated activated sludge in the aerobic
digestor.  21. The method of claim 14 wherein the step of introducing
oxygen to the mixed liquor in the uncovered activated sludge basin
further comprises:      introducing oxygen gas proximate the entrance
of a draft tube and impeller assembly submersed in the mixed liquor
in the uncovered activated sludge basin;      agitating the mixed
liquor and oxygen within the draft tube to dissolve a portion of the
oxygen gas into the mixed liquor within the draft tube and create
undissolved oxygen bubbles having an average diameter of between
about 0.3 mm and 2 0 mm within the draft tube; and       discharging
the oxygenated mixed liquor and undissolved gas bubbles into the
uncovered activated sludge basin.  22. A method of enhancing
wastewater treatment operations comprising the steps of: 



introducing supplemental oxygen to an uncovered activated sludge
basin to produce a dissolved oxygen level in the range of between
about 5 mg to 15 mg of oxygen per liter of mixed liquor; and
recycling activated sludge to the uncovered activated sludge basin to
produce a solids loading of between about 3000 mg and about 10000 mg
of suspended solids per liter of mixed liquor.  23. A method of
enhancing wastewater treatment operations comprising the steps of:
introducing supplemental oxygen to an uncovered activated sludge
basin to produce a dissolved oxygen level in the range of between
about 5 mg to 15 mg of oxygen per liter of mixed liquor; and
recycling activated sludge to the uncovered activated sludge basin to
maintain a solids retention time of between about 7 days to about 40
days. 




