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(57) ABSTRACT 

A wastewater treatment process that provides improved 
reduction of total Solids through endogenous respiration 
while reducing biochemical oxygen demand and utilizing 
biological, nutrient reduction. The wastewater treatment 
process uses an efficient aeration delivery System to drasti 
cally reduce the time needed to oxidize organic matter, and 
recirculates, Shreds, and homogenizes the organic matter and 
microorganisms and oxygenates the entire mass many more 
times than traditional Systems resulting in a greater biologi 
cal Solids digestion rate. 
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APPARATUS AND METHOD FOR WASTEWATER 
TREATMENT WITH ENHANCED SOLIDS 

REDUCTION (ESR) 

CROSS-REFERENCE TO RELATED 
APPLICATION 

0001. The present application is a continuation applica 
tion of U.S. Ser. No. 10/290,884, filed Nov. 8, 2002, which 
is a continuation of U.S. Ser. No. 09/972,222, filed Oct. 5, 
2001, now U.S. Pat. No. 6,555,002 issued Apr. 29, 2003, 
which claims priority under 35 USC 119(e) of U.S. Provi 
sional Application Serial Nos. 60/238;878 filed Oct. 6, 2000 
and 60/291,763 filed May 17, 2001, the entire disclosure of 
each application is incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

0002) 1. Field of the Invention 
0003. The present invention relates to an aqueous waste 
treatment method and apparatus that provides improved 
treatment of aqueous waste and, more particularly, to a 
method and apparatus which employs improved functional 
ity, ease of operation and aeration techniques to provide 
improvement in the treatment of aqueous waste. 
0004 2. Background Information 
0005 Currently, the processes used in wastewater treat 
ment plants follow traditional methods that expend energy, 
materials and labor at a relatively high rate along with a large 
use of land. The high costs associated with traditional 
methods of Wastewater treatment are due to the treatment, 
handling, and monitoring of all of the wastewater flows 
components with equipment Such as pumps, blowers, air 
compressors, Scrapers, filters, chemicals, heat, presses, 
coagulants, flocculants, precipitants and dewatering, among 
others. In traditional wastewater treatment Systems, the 
wastewater is treated using high-energy-consuming meth 
ods. These methods include, but are not limited to, aerobic 
digestion, anaerobic digestion, Sludge thickening and Solids 
dewatering processes. The costs associated-with these treat 
ments amount to approximately 85% of the plant operating 
energy budget. 

0006. In a typical influent wastewater stream which is 
subject to wastewater treatment, 99.9% of the entire waste 
water Stream is water and about 0.1% is organic, inorganic 
and dissolved Solids. The typical influent wastewater Stream 
also contains nutrients in varying concentrations. Nutrients 
within the wastewater Stream which need removal have an 
oxygen demand which must be met for decomposition. In 
the industry, this Oxygen demand is referred to as biochemi 
cal oxygen demand (BOD). Of the approximately 0.1% 
solids, about 10% to 20% are settleable solids containing 
about 35% of the BOD. The remaining 65% of the BOD is 
contained within the dissolved organic matter portion of 
municipal waste. See FIG. 13. 
0007. In the solids (sludge) handling systems of tradi 
tional wastewater treatment Systems, processing energy is 
expended for organic matter to be reduced by digestion to a 
level of about 50% reduction in volume while the remaining 
50% volume of organic matter is disposed of by a number 
of means including, but not limited to, landfill disposal, 
incineration and land application. This results in the expen 
diture of additional energy and expense for the handling of 
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solids. It would be beneficial to have a system and method 
that eliminates most of the need for disposal of organic 
matter. 

OBJECTS AND SUMMARY OF THE 
INVENTION 

0008. It is an object 6f the present invention to provide an 
apparatus and method for treating aqueous waste containing 
organic matter and chemicals. 
0009. It is another object of the present invention to use 
an activated sludge process with recirculation of a treatment 
Zone and greater aerator effectiveness to decrease the time 
and energy necessary for decomposition of organic matter. 
0010. It is yet another object of the present invention to 
Substantially reduce the wasting of organic matter in the 
form, of waste activated sludge (WAS), which is the inten 
tional removal of organic Settled Solids from the System, and 
thus reduce the effort and cost of Solids handling facilities. 
0011. It is another object of the present invention to 
provide an apparatus and method for treating aqueous waste 
water that contains high concentrations of industrial type 
nutrients. 

0012. It is yet a further object of the present invention to 
treat municipal waste that has typical concentrations of 
chemical oxygen demand (COD), BOD, ammonia and phos 
phorus. 
0013. It is yet a further object of the present invention to 
treat industrial Strength waste that has high concentration 
levels of COD, BOD, ammonia and phosphorus typically 
found in animal type wastes. 
0014. It is still another object of the present invention to 
provide an apparatus and method for pretreating wastewater 
from on-site facilities Such as might occur from industrial 
manufacturers or animal wastes facilities. 

0015. It is another object of the present invention to 
utilize an efficient re-circulating aeration System (RCAS), 
which provides a combination of aeration, mixing, homog 
enizing and Shredding that is Superior to and is more 
affordable than conventional aeration Systems. 
0016. It is still another object of the present invention to 
provide an apparatus and method that is easier to design, 
operate, construct, initialize, manage, expand and maintain 
than conventional treatment Systems. 
0017. It is still another, object of the present invention to 
provide an apparatus and method that is easier to adapt to 
changes in processing and flow conditions, and that is easier 
to automate, monitor and control than conventional treat 
ment Systems. 
0018. It is still another object of the present invention to 
provide an apparatus and method that when compared with 
Similar wastewater treatment requirements, uses an overall 
Smaller footprint (land area) than that found with conven 
tional wastewater treatment plants. 
0019. It is still another object of the present invention to 
provide an apparatus and method that is more economical to 
operate than conventional wastewater treatment Systems. 
0020. It is still another object of the present invention to 
provide an apparatus and method that is less expensive to 
build and operate than conventional wastewater treatment 
Systems. 
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0021. It is still another object of the present invention to 
provide an apparatus and method that increases the ability of 
the process vessels to treat larger quantities of wastewater in 
aeration basins by not being limited by vessel floor Surface 
area for placement of diffusers with regard to the ability to 
deliver intense aeration. 

0022. It is still another object of the present invention to 
provide an apparatus and method that provides a signifi 
cantly increased decay coefficient (k). 
0023. It is still another object of the present invention to 
provide an apparatus and method that increases the mean 
cell residence time (MCRT) beyond that f conventional 
treatments Systems, thereby providing for, increased volatile 
Solids destruction and Subsequent reduced Solids-handling 
efforts. 

0024. It is still another object of the present invention to 
provide an apparatus and method that allows for a highly 
flexible food-to-microorganism (F/M) ratio range above and 
below the ratio ranges of conventional treatment Systems. 
0.025. It is still another object of the present invention to 
provide an apparatus and method that reduces Start up costs, 
which include, but are not limited to, more rapidly increas 
ing the mixed liquor Suspended Solids (MLSS) concentra 
tion, lower power costs for initial Start-up and reduced costs 
for hauling of Seed sludge, thereby achieving design flow 
capacity with increased efficiency. 
0026. It is still another object of the present invention to 
provide an apparatus and method that uses vessels for a type 
of Sequential batch reaction System during Start-up condi 
tions for faster initial plant Start-up. 
0027. It is still another object of the present invention to 
provide an apparatus and method that uses vessels for a type 
of Sequential batch reaction that allows micro colonies to 
grow rapidly following conditions that have upset a process, 
So as to quickly grow microorganisms which recover from 
the upset conditions. 
0028. It is still another object of the present invention to 
provide a treatment plant that contains leSS apparatus and 
processes to treat the wastewater to the desired effluent 
quality than conventional wastewater treatment Systems. 
0029. It is still another object of the present invention to 
provide a device that Separates Solids from liquid through 
clarification without the need for Scraping, raking or brush 
ing devices in clarifiers. 
0.030. It is still another object of the present invention to 
provide a device that acts as a Solids-capturing Zone which 
includes, but is not limited to clarifiers, filtration Structures 
and optional tertiary treatment Systems that further capture 
organic matter, and that return the organic matter to aerobic 
Zones for continued Solids digestion. 
0031. It is still another object of the present invention to 
provide a device that decreases total nitrogen in a waste 
Stream through oxidation of organic nitrogen into the more 
Stable compound of nitrate, which is then reduced in the 
waste Stream by the denitrification process. 
0032. It is still another object of the present invention to 
provide a device that reduces phosphorus in a waste Stream 
through microorganism digestion and use for the growing of 
new cells in the decomposition of organic matter. 
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0033. It is still another object of the present invention to 
provide a treatment process that is Zone specific and not 
vessel Specific. 
0034. It is still another object of the present invention to 
provide a System design that accommodates a specific flow 
and Specific treatment process. 
0035) It is still another object of the present invention to 
use the toroidal vortex action of the RCAS system for the 
reduction of the number of pathogenic organisms within 
WaStewater. 

0036. It is still another object of the present invention to 
provide an apparatus and method that allows for chemical 
oxidation of an aqueous Solution. 
0037. It is still another object of the present invention to 
provide a means for the homogenization of a microorganism 
colony and the Substrate upon which the colony feeds. 
0038. It is still another object of the present invention to 
provide for the disbursement of a large microorganism floc 
into a Smaller microorganism floc. 
0039. It is still another object of the present invention to 
cause the entire microorganism floc including the center to 
remain aerobic. 

0040. It is still another, object of the present invention to 
provide a high concentration of dissolved oxygen in an 
aerobic process. 
0041. It is still another object of the present invention to 
provide an alternative to the cost and need for wastewaters 
lagoons. 

0042. It is yet a further object of the present invention to 
overcome the deficiencies of known wastewater treatment 
Systems and methods. 
0043. In order to represent the applications for, and 
capcabilities of, the present invention, raw influent of 
municipal wastewater is exampled as the aqueous waste to 
be treated. However the embodiments of the apparatus and 
method of the present invention can be implemented to treat 
a variety of wastes. 
0044) The term aeration as it pertains to the present 
invention means the addition of a secondary fluid flow 
(liquid or gas) into a primary fluid flow (liquid or gas). 
004.5 The present invention is able to treat organic matter 
of wastewater by providing intense aeration by means of an 
RCAS (Re-Circulating Aeration System) which gives 
increased oxygen transfer efficiencies that result in increased 
microorganism oxygen uptake rates and the fractionalizing, 
Shredding and homogenizing of organic matter causing 
virtually 100% digestion of the organic matter. This is a 
Significantly more effective use of processing energy as 
compared with traditional treatment methods using tradi 
tional aeration Such as diffused aeration. The present inven 
tion also reduces or eliminates many traditional energy 
consuming devices Such as primary clarification equipment, 
anaerobic digestion equipment, aerobic digestion equip 
ment, primary treatment lagoons, incineration furnaces and 
related equipment, sludge-thickening equipment and Sludge 
hauling equipment. 

0046) The present invention enables a more efficient and 
complete digestion, of organic matter in the wastewater. The 
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organic matter portions of the wastewater (total BOD) are 
treated in a first aerobic reactor Zone and a Second aerobic 
reactor Zone by use of aeration, and in an anaerobic condi 
tioner Zone and an anoxic Selector Zone where the waste 
water is kept in a condition in which the aquatic environment 
does not contain Sufficient dissolved molecular oxygen for 
easy microorganism respiration, which can also be called an 
oxygen-deficient condition. This oxygen-deficient condition 
generally refers to an environment in which chemically 
bound oxygen, Such as nitrate, is present. Aggressive diges 
tion of the organic matter is accomplished in the anaerobic 
conditioner Zone, first aerobic reactor Zone, anoxic Selector 
Zone and Second aerobic reactor Zone. 

0047. In accordance with one form of the present inven 
tion a proceSS for the treatment of an aqueous Solution 
containing waste includes the Steps of: 

0048 providing an influent wastewater stream to an 
anaerobic conditioner Zone within which aqueous 
total Solids are recirculated, mixed and kept in Sus 
pension; 

0049 providing low oxygen level mixed liquor sus 
pended Solids from an anoxic Selector Zone to the 
anaerobic conditioner Zone to maintain a low dis 
Solved oxygen level within the anaerobic conditioner 
ZOne, 

0050 providing an outflow from the anaerobic con 
ditioner Zone to a first aerobic reactor Zone, the 
anaerobic conditioner Zone outflow being mixed in 
the first aerobic reactor Zone with return activated 
Sludge from a clarification Zone whereby contents of 
the first aerobic reactor Zone are recirculated and 
aerated, and whereby Settleable Solids present in the 
contents of the first aerobic reactor Zone are frac 
tionalized, thereby decomposing and oxidizing the 
Solids and other organic matter and accumulating 
inert Solids, 

0051 discharging the accumulated inert Solids from 
the first aerobic reactor Zone; 

0052 providing an outflow of aqueous solution 
from the first aerobic reactor Zone to the anoxic 
Selector Zone wherein the aqueous Solution in the 
anoxic Selector Zone is recirculated and mixed; 

0053 transferring a first portion of the anoxic selec 
tor Zone aqueous Solution corresponding to the low 
oxygen level/mixed liquor Suspended Solids to the 
anaerobic conditioner Zone, and a Second portion of 
the anoxic Selector Zone aqueous Solution to a Second 
aerobic reactor Zone; 

0054 recirculating and aerating aqueous Solution 
contained in the Second aerobic reactor Zone 
whereby settleable solids become fractionalized 
thereby decomposing and oxidizing Suspended Sol 
ids and other organic matter; 

0055 providing a first portion of the second aerobic 
reactor Zone aqueous Solution to the first aerobic 
reactor Zone, 

0056 providing a second portion of the second 
aerobic reactor Zone aqueous Solution to the clarifi 

Jan. 15, 2004 

cation Zone to Settle or Separate Solids from the 
aqueous Solution contained therein; 

0057 providing the settled or separated solids from 
the clarification Zone, corresponding to return acti 
Vated sludge, to the first aerobic reactor Zone, 

0058 providing aqueous solution of the clarification 
Zone to a filtration Zone to Settle or Separate Solids 
from the aqueous Solution provided thereto, and 

0059 transferring a liquid portion of an outflow of 
thee filtration Zone to a discharge receptacle, and the 
settled or separated solids portion of the outflow of 
the filtration Zone to the influent wastewater Stream 
for re-processing. 

0060. In accordance with another form of the present 
invention, a process for the biological treatment of an 
aqueous Solution containing waste to reduce organic mate 
rial, nitrogen and phosphorus, includes the Steps of 

0061 providing an influent wastewater streams 
which includes microorganisms, to an anaerobic 
conditioner Zone within which aqueous total Solids 
are recirculated, mixed and kept in Suspension, 
wherein a first stage of luxury phosphorus uptake is 
accomplished by regulating a flow of low oxygen 
level mixed liquor Suspended Solids from an anoxic 
Selector Zone to the anaerobic conditioner Zone to 
maintain a low dissolved oxygen level within the 
anaerobic conditioner Zone; 

0062 providing an outflow from the anaerobic con 
ditioner Zone to a first aerobic reactor Zone, the 
anaerobic conditioner Zone outflow being mixed in 
the first aerobic reactor Zone with return activated 
Sludge received from a clarification Zone whereby 
contents of the first aerobic reactor Zone are recir 
culated and aerated and whereby nitrification occurs 
and Settleable Solids present in the contents of the 
first aerobic reactor Zone are fractionalized, thereby 
decomposing and oxidizing Suspended Solids and 
other organic mattet along with enhancing a Second 
Stage of luxury phosphorus uptake and accumulating 
inert Solids, 

0063 discharging the accumulated inert Solids from 
the first aerobic reactor Zone; 

0064 providing an outflow of aqueous solution 
from the first aerobic reactor Zone to the anoxic 
Selector Zone wherein the aqueous Solution in the 
anoxic Selector Zone is recirculated and mixed, and 
causing a low oxygen environment to exist within 
the anoxic Selector Zone Such that denitrification and 
release of biological phosphorus occurs along with 
the consumption of organic matter contained within 
the aqueous Solution; 

0065 transferring a first portion of anoxic selector 
Zone aqueous Solution corresponding to low oxygen 
level/mixed liquor Suspended Solids to the anaerobic 
conditioner Zone and a Second portion of the anoxic 
Selector Zone aqueous Solution to a Second aerobic 
Zone, at least the Second portion of the anoxic 
Selector Zone aqueous Solution being rich in micro 
organisms and nutrients, 
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0066 re-circulating and aerating aqueous Solution 
contained in the Second aerobic reactor Zone 
whereby nitrification occurs and settleable solids 
become fractionalized and shredded thereby decom 
posing and oxidizing Suspended Solids and other 
organic matter, and further enhancing the Second 
Stage of luxury phosphorus uptake resulting in a 
consumption of a large amount of phosphorus by the 
microorganisms, 

0067 providing a first portion of the second aerobic 
reactor Zone aqueous Solution to the first aerobic 
reactor Zone, 

0068 providing a second portion of the second 
aerobic reactor Zone aqueous Solution to the clarifi 
cation Zone to Settle or Separate Solids from the 
aqueous Solution provided thereto; 

0069 providing the settled or separated solids from 
the clarification Zone to the first aerobic reactor Zone 
as return activated Sludge; 

0070 providing aqueous solution of the clarification 
Zone to a filtration Zone to Settle or Separate Solids 
from the aqueous Solution provided thereto, and 

0071 transferring a liquid portion of an outflow of 
the filtration Zone to a discharge receptacle and the 
settled or separated solids portion of the outflow of 
the filtration Zone to the influent wastewater Stream 
for reprocessing. 

0.072 In accordance with another form of the present 
invention, apparatus for the treatment of an aqueous Solution 
containing waste includes: 

0073 an anaerobic conditioner Zone fluidly coupled 
to an inlet, the anaerobic conditioner Zone receiving 
an influent wastewater Stream through the inlet, the 
anaerobic conditioner Zone re-circulating the waste 
water contained therein Such that aqueous total Solids 
are kept in Suspension, the anaerobic conditioner 
Zone receiving a flow of low oxygen level mixed 
liquor Suspended Solids from an anoxic Selector Zone 
to maintain a low dissolved oxygen level within the 
anaerobic conditioner Zone; 

0074 a first aerobic reactor Zone fluidly coupled to 
the anaerobic conditioner Zone, the first aerobic 
reactor Zone receiving an outflow of the anaerobic 
conditioner Zone which is mixed with return acti 
Vated Sludge received from a clarification Zone 
whereby contents of the first aerobic reactor Zone are 
recirculated and aerated and whereby Settleable Sol 
ids become fractionalized thereby decomposing and 
oxidizing Suspended Solids and other organic matter, 
the first aerobic reactor Zone accumulating inert 
Solids, the accumulated inert Solids being discharged 
from the first aerobic reactor Zone; 

0075 an anoxic selector Zone fluidly coupled to the 
anaerobic conditioner Zone and the first aerobic 
reactor Zone, the anoxic Selector Zone receiving an 
outflow of aqueous solution from the first aerobic 
reactor Zone, aqueous Solution within the anoxic 
Selector Zone being recirculated and mixed, a first 
portion of the anoxic Selector Zone aqueous Solution, 
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corresponding to the low oxygen level/mixed liquor 
Suspended Solids, being provided to the anaerobic 
conditioner Zone; 

0076 a second aerobic reactor Zone fluidly coupled 
to the anoxic Selector Zone and the first aerobic 
reactor Zone, the Second aerobic reactor Zone receiv 
ing a Second portion of the anoxic Selector Zone 
aqueous Solution wherein the aqueous Solution 
within the Second aerobic Zone is recirculated and 
aerated whereby settleable solids become fraction 
alized, a first portion of the aqueous Solution of the 
Second aerobic reactor Zone being provided to the 
first aerobic reactor Zone, 

0077 a clarification Zone fluidly coupled to the 
Second aerobic Zone and the first aerobic Zone, the 
clarification Zone receiving a Second portion of the 
Second aerobic reactor Zone aqueous Solution, 
whereby Settling or Separating and capturing of Sol 
ids from the aqueous Solution occurs, and the Settled 
Solids, corresponding to return activated Sludge, are 
provided to the first aerobic reactor Zone; and 

0078 a filtration Zone fluidly coupled to the clarifi 
cation Zone, the inlet, and an outlet, the filtration 
Zone receiving an outflow from the clarification Zone 
to Separate Solids from the liquid portion of the 
contents of the clarification Zone, a first portion of 
the contents of the filtration Zone, which corresponds 
to effluent, being provided to the outlet, and a Second 
portion of the contents of the filtration Zone, which 
corresponds to separated Solids, being provided to 
the inlet and being combined with the influent waste 
water Stream for re-processing. 

0079 These and other objects, features and advantages of 
the present invention will become apparent from the fol 
lowing detailed description of preferred embodiments which 
is to be read in connection with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0080 FIG. 1 is a graph showing the relative concentra 
tions of biomass, Soluble organic food and total oxygen 
uptake VS. time of various wastewater treatment processes; 
0081 FIG. 2 is a graph showing the rate of metabolism 
vs. F/M (food-to-microorganism) ratio of wastewater treat 
ment processes; 

0082 FIG. 3 is a chart showing comparative data for a 
variety of wastewater treatment Systems, 
0083 FIG. 4 is a schematic diagram of an eight-vessel 
plant layout according to the preferred embodiment of the 
present invention showing flex-flow, nitrification, denitrifi 
cation and phosphorus reduction; 
0084 FIG. 5 is a schematic diagram of an eight-vessel 
plant layout according to an alternate embodiment of the 
present invention; 
0085 FIG. 6 is a schematic diagram of a seven-vessel 
plant layout according to an alternate embodiment of the 
present invention showing Specific flow characteristics of 
plug flow, nitrification, denitrification; 
0086 FIG. 7 is a schematic diagram of a six-vessel plant 
layout according to an alternate embodiment of the present 
invention showing Specific flow characteristics of plug flow 
and nitrification; 
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0.087 FIG. 8 is a schematic diagram of an eight-vessel 
plant layout according to an alternate embodiment of the 
present invention showing Specific flow characteristics of 
Step feed, nitrification, denitrification and phosphorus reduc 
tion; 
0088 FIG. 9 is a schematic diagram of a seven-vessel 
plant layout according to an alternate embodiment of the 
present invention showing Specific flow characteristics of 
Step feed, nitrification and denitrification; 
0089 FIG. 10 is a schematic diagram of a seven-vessel 
plant layout according to an alternate embodiment of the 
present invention showing Specific flow characteristics of 
Step feed and nitrification; 
0090 FIG. 11 is a schematic illustration of a wastewater 
treatment System made up of a number of treatment Zones, 
each of which includes a number of vessels, 
0091 FIG. 12 is a schematic illustration of a vessel 
Structure of the present invention, including a Zone flow 
diagram; 

0092 FIG. 13 illustrates the solids composition of raw 
influent in typical municipal wastewater, 
0093) 
0094 FIG. 15 is a schematic illustration of the Recircu 
lation Aeration System (RCAS) with an optional aerator 
by-pass; 

0.095 FIG. 16 is a chart showing the 30-minute solids 
settling as related to MCRT; 
0096 FIG. 17 illustrates how the decay coefficient k is 
calculated in relation to the MCRT and F/M ratio; and 
0097 FIG. 18 is a simplified representation of the pro 
cess shown in FIG. 5 with a filtration Zone coupled to the 
clarifiers for returning captured Solids for reprocessing. 

FIG. 14 shows a wastewater nitrogen cycle; 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

0.098 Treatment, of chemical and biological aqueous 
waste can be performed through utilization and implemen 
tation of the method and apparatus of the present invention. 
The present invention cleans acqueous wastes in an aqueous 
Solution by means of various Strictly aerobic treatment 
methods and combinations of treatment methods Such as 
aerobic biological decomposition, biological oxidation, 
chemical oxidation and physical Separation of Solids. The 
present invention is efficient in its use of aerobic treatment 
methods in that there is a reduction in the reliance on 
chemicals for nutrient removal. These methods exist in 
various Stages of Stabilization within the treatment process. 
0099] The approximate levels of performance (influent 
VS. effluent) within the treatment process of the present 
invention are as follows: 

01.00 Reduction of 90% to 99.5% influent total BOD 
(biochemical oxygen demand) concentrations through oxi 
dation and Subsequent gravity Settling. 
0101 Reduction of organic nitrogen through oxidation 
into first ammonia, Second nitrite and third nitrate. 
0102 Reductions of 95% to 99.5% influent ammonia 
nitrogen concentrations through nitrification. 
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0103) Reductions through denitrification of 50% to 
99.5% nitrite and nitrate nitrogen concentrations that have 
resulted through the nitrification process referenced above. 
0104 Reduction of 90% to 99.5% influent total phospho 
rus concentrations through luxury “P” uptake. 
0105. Destruction of up to 99.5% total organic suspended 
Solids concentrations through intense oxidation. 
0106 The following description explains the processes of 
the present invention that achieve these levels of perfor 
mance as the aqueous Solutions proceed from process Zone 
to process Zone for treatment. The design of the present 
invention prefers a total hydraulic detention time for nutrient 
oxidation within the processing Zones of about 4 to 8 hours. 
0107 Process Performance 
0.108 Treatment of chemical and organic matter that 
occurs as an aqueous waste is Stabilized through either 
oxidation or biological means. Stabilization is actually a 
group of processes. For example, in the treatment of munici 
pal wastewater, the Stabilization of ammonia as it is con 
verted into nitrogen gas is a Several Step process. Ammonia 
(NH) is biologically oxidized into nitrite (NO) and then it 
is organically stabilized into nitrate (NO). The next and 
final Stage is known as denitrification. Once this stage is 
attained, the presence of oxygen is reduced to very low 
levels and the elemental bound oxygen in the form of NO 
is utilized for respiration while the nitrogen gas, N, is 
released into the atmosphere. 

0109) Another form of treatment is oxidation of chemical 
compounds which is accomplished by aeration. The reaction 
occurring from Oxidation causes a chemical element or 
compound to lose electrons. This loSS of electrons makes the 
element or compound more Stable. 
0110 Biological treatment is one of the most important 
Steps in processing municipal wastewater, and a brief expla 
nation of that treatment is helpful in understanding the 
present invention and its apparatus and processes. During 
biological treatment, microorganisms eat, convert or con 
Sume nutrients (BOD) in the wastewater. These nutrients can 
be biodegradable organics or chemical in nature. With 
traditional Systems, physical treatment of raw wastewater by 
sedimentation and wasting removes only about 35% of the 
BOD, due to the high percentage (about 65% of the BOD) 
of BOD contained in the non-settleable and dissolved Solids 
contained in wastes. The present invention uses aerobic 
digestion treatment through a Suspended growth treatment 
method to treat the total BOD within the aqueous solution to 
levels at or above 95% removal. 

0111 There are two types of solids in liquid wastes, 1) 
organic, and 2) inorganic. Inorganic Solids do not break 
down or decompose by biological treatment. Therefore, as 
the inorganic or inert Solids begin to accumulate in the 
processing System, the removal or wasting of inert Solids 
should occur. This wasting is Set on a predetermined con 
centration ratio of inert to organic Solids. With the percent 
age of inorganic or inert Solids content in most municipal 
type wastewater being Small compared to the entire Solids 
load entering the System, the time frame for inert wasting 
could range substantially between 90 days and 360 days or 
more. Organic Solids content of the typical municipal waste 
stream makes up approximately 70% to 85% of the Solids in 
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the wastewater. Around 80% to 85% of these solids are, 
typically dissolved solids and are not settleables but 15% to 
20% of these Solids are settleable. However, these settleable 
Solids are shredded during the recirculation process of each 
of the aerobic processing Zones used in the present invention 
which allows for easier consumption by the microorgan 
SS. 

0112 This shredding enhances the aerobic digestion 
treatment process of the current invention by allowing the 
microorganism, colony and Settleable Solids to become 
homogenized. This homogenization of Settleable Solids 
causes all of the food Substrate to become almost a dissolved 
Solid allowing for easier consumption by the microorganism 
colony. 

0113 As the floc of the microorganism colony passes 
through the RCAS System of the present invention, the large 
floc portions are disbursed into Smaller floc particles. The 
reduction in floc Size aids the consumption of Substrate by 
the microorganism colony by increasing the Surface area of 
the floc and causing more intimate contact with needed food 
and OXygen. 
0114 Digestion of a Substrate and microorganism colony 
occurs with increased speed when a microorganism colony 
remains aerobic throughout its contents. The RCAS system 
increases the digestion of a Substrate by keeping microor 
ganism colonies in disbursed Small floc particles So as to 
maintain an aerobic condition in the center of the floc 
particles. AS the floc particles become Smaller, the concen 
tration of dissolved oxygen within the aerobic Zone is easily 
accessible to the center of the floc particles. This also allows 
for a high concentration of dissolved oxygen to be main 
tained within an aerobic Zone. 

0115 The processing and aerobic digestion treatment 
System of the present invention are provided by living 
Systems that rely on mixed biological culture to break down 
the organic wastes. The present invention's aerobic diges 
tion treatment System grows and maintains in Suspension a 
high population of non-photosynthetic microorganisms, i.e., 
a biomass, which consumes the organic waste. Under aero 
bic digestion conditions, the reduced organic compounds are 
oxidized to end products of carbon dioxide and water. 
0116. The growth and Survival of non-photosynthetic 
microorganisms depends on the microorganisms ability to 
obtain energy by metabolizing the organic matter. A tradi 
tional aerobic treatment process results in complete metabo 
lism and Synthesis of organic matter, producing biological 
growth in large quantities which must be removed from the 
System to keep the proceSS from becoming biologically 
overloaded compromising the quality of the effluent. The 
present invention makes use of a complete aerobic digestion 
treatment of the biomass with which the microorganism 
environment is kept to the far right of the “endogenous 
respiration phase” of FIG. 2 by controlling and balancing 
the F/M (food-to-microorganism) ratio (in a range of 0.05 to 
0.80) and the oxygen delivery. This results in not only the 
complete metabolism and Synthesis of the organic matter but 
also in the Significant reduction of biological Solids at the 
end of the process. 

0117. Another feature of the present invention is the use 
of the nitrification cycle for the conversion of large amounts 
of organic nitrogen into ammonia, ammonia into nitrite and 
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nitrite into nitrate. The nitrate is then de-nitrified releasing 
nitrogen into the atmosphere, resulting in a reduction of total 
nitrogen within the waste Stream. 
0118 Still another feature of the present invention is the 
consumption of phosphorus entering the System by micro 
organisms as a food Source for cell wall development and 
new cell growth during high oxygen concentration times 
Such as that which occurs in the aerobic reactor Zones. 

0119 Referring now to FIG. 1, the characteristic growth 
pattern for microorganisms is shown where the relative 
biomass concentration (on the vertical axis) is charted as a 
function of time (on the horizontal axis). After a short time 
period for adaptation to the new environment, the microor 
ganisms consume the organic matter and reproduce by 
binary fission, exponentially increasing the number of viable 
cells and biomass in the culture medium. This is the “log 
growth phase' shown in the left most portion of the chart in 
FIG. 1. The rate of metabolism in the “log growth phase' is 
limited by both the ability of the microorganisms to process 
the organic matter, and the amount of dissolved oxygen 
available to the microorganisms for respiration. 
0120) The “declining growth phase' shown in FIG. 1 is 
caused by an increasing shortage of the organic matter 
necessary for growth of the microorganisms. In the “declin 
ing growth phase', the rate of reproduction of the microor 
ganisms decreases. The growth of microorganisms in the 
“declining-growth phase' is a function of both the concen 
tration of the microorganisms and concentration of the 
growth-limiting organic matter. 
0121 The “declining growth phase is followed by a 
“stationary phase'. In the “stationary phase', the biomass 
concentration reaches a maximum value, and the low con 
centration of remaining organic matter Substantially limits 
the biomass growth rate which becomes relatively constant. 
0.122 The “endogenous respiration phase” follows the 
“stationary phase'. In the “endogenous respiration phase', 
viable microorganisms compete for the Small amount of 
organic matter which is still in the wastewater that is 
undergoing treatment. Eventually, Starvation of the micro 
organisms occurs, Such that, the rate of death exceeds the 
rate of reproduction. Thus, the concentration of bioomass in 
the aqueous Solution declines during the “endogenous res 
piration phase'. In the current invention the endogenous 
respiration (ER) is controlled such that the rate of death of 
the microorganisms is equal to the rate of growth of the 
microorganisms as Verified by a mixed liquor Suspended 
solids (MLSS) concentration that is kept at a constant 
concentration relative to the processing criteria. 
0123 Wastewater treatment according to the present 
invention em will now be described in detail. In the present 
invention, wastewater treatment processing takes place in 
three Stages: 

0124 (1) Mass biological aerobic digestion to con 
Sume the organic waste, including but not limited to 
total organic nitrogen and total phosphorus reduc 
tions, 

0125 (2) Solids capturing Zone clarification/sedi 
mentation; and 

0126 (3) Re-treatment of solids capturing Zones 
Settled Solids by returning Solids back to the aerobic 
reactor process. 
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0127. In the processing method of the present invention, 
consumption of organic waste is accomplished by maintain 
ing an environment consisting of high mean cell residence 
time (MCRT), a moderate food to microorganism (F/M) 
ratio and intense aeration, wherein the microorganisms are 
forced to live in the endogenous respiration phase. 
0128. The clarification/sedimentation stage of the process 
is use d,to separate Solids from the Supernatant (the remain 
ing liquid) through gravity Settling. Once the aqueous Solu 
tion containing Suspended Solids enter the clarification Zone 
(vessels 76, 80, 84 and.88 corresponding to Clarifier #'s 1, 
2, 3 and 4 of FIG. 4) from the aerobic reactor Zone #2 
(vessel 20 of FIG. 4), the specifics of which are explained 
in detail below, the velocity of the Supernatant is slowed to 
allow the solids to settle by gravity. As the settled solids 
Slightly, concentrate at the bottom of the clarification ves 
Sels, they are frequently and quickly removed and Sent back 
to vessel aerobic reactor #1 Zone (vessel 18) for further 
treatment. The Supernatant (clearer aqueous Solution) con 
tinues through the proceSS where it may be further treated 
with optional tertiary treatments Such as tertiary clarification 
or filtration for the nearly complete removal of biological 
and inert matter before being discharged. A receiving 
Stream, evaporation ponds, landscape irrigation, crop irriga 
tion or to Some other type of disposal may be the recipient 
of Such a discharge. 
0129. Aerobic digestion treatment systems such as that of 
the present invention must grow and maintain in Suspension 
a population of microorganisms in order to consume the 
organic waste. Although, as illustrated in FIG. 1, individual 
microorganisms grow rapidly, it takes time at Startup or 
where major load changes are occurring to increase the 
original low concentration of microorganisms to levels high 
enough to rapidly degrade the organic waste. It therefore 
becomes important to use methods for increasing the con 
centration of MLSS in a rapid fashion. Plant startup time, in 
regard to traditional Systems, range as long as 30 to 45 days 
for MLSS concentrations to reach acceptable operational 
levels. Using the present invention, plant Start-up time can 
be reduced to, as little as 14 days or less with the present 
invention. The time required for plant re-starts due to a toxic 
Shock-load to the microorganisms are reduced as compared 
with traditional plant time requirements. These methods are 
discussed below. 

0130. A common design concept for aerobic digestion 
systems is mean cell residence time (MCRT), which is the 
average time the microorganisms spend in the System. The 
MCRT of traditional treatment systems relates to the quan 
tity of microbial Solids in an activated Sludge process, 
relative to the quantity of Solids lost in the effluent and the 
exceSS Solids withdrawn from the processing cycle in the 
waste sludge. With the present invention the MCRT relates 
to the quantity of microbial Solids in the aerobic treatment 
process, relative to the quantity of Solids lost in the effluent 
only, which is un-intentional wasting, as there are virtually 
no volatile Solids withdrawn as waste activated Sludge. 
Typical MCRT values for traditional systems are from 15 to 
30 days. However, MCRT values for the present invention 
begin at 30 days and reach numbers of 150 to 250 days or 
greater (see FIG.3). MCRT values for conventional aerobic 
treatment Systems of greater than 30 days may produce 
operational problems. The excessive build up of solids in the 
System caused by inadequate wasting of Solids is a common 
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cause of a poor effluent quality due to the retention of higher 
concentrations of Suspended Solids, turbidity, etc. Other 
reasons for poor effluent quality include extremely old slow 
Settling Solids, over-oxidation of the Solids and de-floccu 
lation of the Solids. Consequently, for traditional aerobic 
treatment Systems it is desirable to intentionally waste 
excessive solids from time to time to keep the MCRT within 
the ranges shown in FIG. 3. As in the present invention, the 
removal of excessive Solids is not necessary due to its ability 
to nearly complete the digestion of all organic Solids. 
0131 Quantities of solids are expressed as concentrations 
of MLSS (mixed liquor suspended solids) with values for a 
conventional system shown in FIG. 3. These typical MLSS 
values for conventional Systems range from 1,000 mg/L at 
the low end of the range for contact Stabilization Systems to 
6,000 mg/L for complete mix and extended aeration Sys 
tems. The quantity of microbial solids (MLSS) in the 
anaerobic conditioner Zone, anoxic Selector Zone and aero 
bic reactor Zones of the present invention (See, e.g. FIG. 4 
explained in detail below) range from 2,000-8,000 mg/L or 
more. The apparatus and method of the present invention is 
able to maintain the MLSS concentrations shown in FIG. 3 
for near complete digestion of organic matter of a typical 
municipal type waste, to the elevated MLSS concentration 
shown in FIG. 3 for near complete digestion of organic 
matter of non-typical industrial type waste by using an 
efficient aeration delivery System device Such as the one 
used in the present invention (recirculating aeration System 
or “RCA'). The aeration device used in the present inven 
tion is the one described in U.S. Pat. No. 5,893,641 (Garcia), 
the entire disclosure of which is incorporated herein by 
reference. 

0132) The process implemented by the present invention 
also achieves the results of total organic Solids digestion by 
using the above-mentioned efficient aeration delivery Sys 
tem (RCAS) to deliver atmospheric air necessary for oxygen 
transfer, circulation, homogenization and deep mixing. An 
additional benefit of the implemented process that uses an 
aeration System of the type mentioned above is the mixing 
and secondary oxygenation of the MLSS residing within the 
aerobic reactor Zones. This mixing and Secondary oxygen 
ation is accomplished by the removal of the MLSS contents 
from the aerobic reactor Zones at their lowest point and 
discharging the re-oxygenated MLSS back into each respec 
tive vessel at an elevation of Substantially two thirds of the 
way below the surface of the side water depth. The second 
ary oxygenation of the MLSS is accomplished by allowing 
the exceSS entrained air, injected by the RCAS, carried along 
with the aerated MLSS to flow via a conduit into and 
through the contents of the aerobic reactor Zones. The 
primary and Secondary oxygenation of the aerobic reactor 
Zones MLSS enables the dissolved oxygen (DO) concentra 
tion to achieve levels in a range Substantially between 3.0 
and 5.0 mg/L. The dissolved oxygen concentration in the 
aerobic reactor Zones is kept at an operational level that 
exceeds the upper range for traditional aerobic digestion 
Systems, which is 2.0 mg/L. For this reason, inter alia, the 
present invention achieves a higher degree of organic Solids 
digestion through its efficient oxygenation treatment pro 
CCSS. 

0.133 With the higher than normal dissolved oxygen 
concentrations and intimate mixing as achieved with the 
present invention, a higher rate decay coefficient (k) of 
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organic matter occurs than is achieved with traditional 
aeration systems. The word “decay” is the term used to 
express destruction (digestion) of volatile (organic) Sus 
pended solids in the formula relating F/M to MCRT. Tradi 
tional aeration Systems have a ka Value of between 0.04 to 
0.06 for an average of 0.05, whereas in the present invention, 
k is Substantially 0.10 or twice that, for traditional aeration 
Systems, thus yielding a greater digestion rate. See FIG. 17 
for the formulas used for determining the decay coefficient. 
0134) Traditional oxygen transfer efficiency is expressed 
as the percentage of mass of oxygen that reaches the 
biological cell compared to the applied mass of gaseous 
oxygen Supplied to the reactor. The rate of oxygen transfer 
from air bubbles admitted by the RCAS is a function of 
Several factors which vary according to the wastewater 
characteristics, including but not limited to, the oxygen 
transfer coefficient of the wastewater within a conduit and 
the oxygen transfer coefficient within a vessel, the oxygen 
Saturation coefficient of the wastewater, and the present 
dissolved oxygen concentration and Saturation concentra 
tions of oxygen within the aqueous Solution. 

0135) In a traditional aerobic biological treatment system 
the metabolism of organic matter in the wastewater results 
in an increased biological mass (growth) of microorganisms 
in the System. ExceSS microorganisms are removed or 
wasted from the System to maintain a proper balance 
between food Supply and the mass of microorganisms that 
exist in the aeration basin where the oxygen is being 
delivered. This balance is referred to as food-to-microor 
ganism (F/M) ratio. One familiar in the art knows that an 
F/M ratio of 0.05 to 0.20 that is maintained in traditional 
aeration basins defines the operation of extended aeration 
systems. FIG. 2 illustrates how an increasing F/M ratio 
affects the rate of metabolism. Although the “exponential 
growth phase' shown in FIG. 2 is desirable for maximum 
rate of removal of organic matter, in this phase the micro 
organisms are in dispersed growth and experience difficulty 
in Settling out of Solution by gravity. Moreover, there is 
excess unconsumed organic matter in Solution, which cannot 
be removed by a dispersed growth microorganism colony of 
a traditional aeration System and thus passes out of the 
System in the effluent. Operation of traditional aeration 
treatment systems at a high F/M ratio thus results in inef 
ficient and insufficient BOD removal. 

0136. At a low F/M ratio, the overall metabolic activity 
in the aeration basin is endogenous. In this phase the 
metabolism of the organic matter is nearly complete and the 
microorganisms flocculate rapidly and Settle out of Solution 
by gravity. Operation in the endogenous phase is desirable 
where a high BOD removal efficiency is desired. 

0.137 Typical traditional aeration treatment systems F/M 
ratios range from 0.05 to 0.2 for the low rate needed for 
extended aeration, 0.2 to 0.4 for conventional rate of treat 
ment to the upper range of 0.4 to 1.5 for high rate treatment. 
However, in the present invention, the F/M ratio is kept in 
the range of 0.05 to 0.8 to encompass all of the low rate, all 
of the conventional rate and apportion of the high rate 
treatment processes allowing for a significant amount of 
flexibility within a Single treatment plant design. This flex 
ibility is evident in that as the flow of a treatment system 
increases and the concentrations of organic matter remains 
the same, the recirculation rate is able to be increased by 
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Simply modulating the aerator to increase the Speed of the 
recirculating pumps, which in turn increases the aeration 
delivery rate. Therefore, with a sufficient amount of avail 
able oxygen as achieved by using an aeration delivery 
system such as the one described herein and in U.S. Pat. No. 
5,893,641, the ranges of F/M ratio listed above for the 
current invention allow the microorganisms not only to 
completely metabolize the organic matter, but through 
intense aeration the food Source diminishes as the microor 
ganisms consume it and thus the competition for food 
increases. Microorganisms consume themselves and each 
other in order to Survive as in the endogenous respiration 
treatment process, even at the higher F/M ratio of 0.8. The 
long-term cannibalistic State of endogenous respiration 
ensures the mass reduction of Solids accumulation that 
occurs with the aerobic digestion process of the current 
invention. Maintaining F/M ratios such as with the current 
invention along with maintaining high amounts of dissolved 
oxygen as is economically possible using the aeration device 
and delivery System mentioned above, the oxidation of 
organic matter is rapidly completed. 
0.138. As the MCRT of the microorganisms increases, the 
promotion of rapid Settling of the microorganisms increases, 
benefitting the clarification process, as shown in FIGS. 2 
and 16. 

0.139. In order to better understand the term “wasting” as 
used in the present invention, the following explanation is 
given. AS the concentration of inert Solids increases, a 
removal or wasting of these Solids should occur So as to 
allow a Sufficient volume of biological microorganisms to 
reside within the biological processing Zones. For this rea 
Son provisions have been made for the removal of inorganic 
or inert Solids from aerobic reactor #1 as illustrated in FIGS. 
4, 5, 6, 7, 8, 9, 10 and 18. When the inert concentration 
reaches the removal level a predetermined amount of Solids 
are removed. The concentration of inert Solids prior to this 
wasting has steadily risen from the extremely low concen 
trations (approximately 0.001% of the settleable solids as 
indicated in FIG. 13) in the influent flow, to levels that can 
reach substantially 50% of the total solids concentration 
residing in the biological processing Zones. While there are 
organic Solids intermixed with inert Solids, the total weight 
of organic Solids wasted out of the biological processing 
Zones are substantially between 0.01% and 0.5% as com 
pared to the total weight of organic Solids that have entered 
the biological processing Zone. This wasting of inert and 
organic Solids should continue periodically until the inert 
Solids concentrations within the biological processing Zone 
have dropped to acceptable processing levels. 
0140 Clarification may be defined as, separating the 
biomass from the treated aqueous Solution. Traditional aero 
bic treatment and Solids Separation Systems attempt to retain 
the bulk of the microorganisms in the System by coagulation 
and flocculation, however, wasting occurs due to the nature 
of traditional proceSS and apparatus along with operational 
energy cost limitations. The biological Solids then Settle to 
the bottom of a clarifier. The majority of the biological Solids 
are then returned to the aeration basin while intentionally 
wasting (removing) from the System a portion of the bio 
logical Solids (activated sludge) which is an amount of 
activated sludge that exceeds the System's designed treat 
ment digestion ability. The current invention retains the 
microorganisms in the System by Settling the biological 
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Solids along with all inorganic Solids in a clarification Zone 
(Clarifiers #1, 2, 3 and 4 of FIG. 4), and returning them to 
the aerobic reactor #1 Zone (vessel 18 of FIG. 4) for further 
processing. Care is taken So as to regulate the blanket depth 
(accumulated sludge in the bottom of a clarifier) to a 
minimum by the frequency and number of gallons of return 
activated Sludge (RAS) evacuated and returned to the aero 
bic reactor #1 Zone. This frequency of evacuation of RAS 
eliminates long detention times of biological Solids in the 
clarification Zone, which would otherwise become Septic, 
gasify and float to the Surface of the clarification Zone. 
Observation and adjustments are made to the evacuation of 
RAS flows so as to minimize the hydraulic velocities in the 
clarification Zone. Higher hydraulic Velocities can cause 
inefficient Settling in the clarification Zone resulting in 
biological Solids carry over in its effluent. 
0.141. With the present invention, the hydraulic detention 
time within the aeration cycles are in the ranges of the 
complete mix and plug flow processes, and partially in the 
high purity oxygen process range, while deriving the ben 
efits of the extended aeration process. The extended aeration 
proceSS typically uses 18 to 36 hours to almost completely 
oxidize (treat) organic matter as shown on FIG. 3 (see the 
right-most column thereof). The present invention obtains 
the same results on the organic matter in Substantially 4 to 
8 hours time. By using an efficient aeration delivery System, 
the current invention drastically reduces the time needed to 
oxidize the organic matter. This is accomplished by the 
aeration delivery Systems located at each of the aerobic 
reactor Zones (vessels 18, 20 of FIG. 4), the anaerobic 
conditioner Zone ( vessel 8 of FIG. 4) and the anoxic 
selector Zone (vessel 58 of FIG. 4) re-circulating, by vol 
ume, each of their respective contents substantially 100% 
every two hours. When combining the anaerobic conditioner 
Zone along with both aerobic reactor Zone and the anoxic 
Selector Zone recirculation percentage rates, the total pro 
cessing recirculation percentage rate is equal to or greater 
than 200% of the influent flow entering the treatment 
proceSS in a 24 hour period. The aeration System recircu 
lates, Shreds and homogenizes the organic matter and micro 
organisms, and oxygenates the entire mass many more times 
than traditional Systems resulting in a greater biological 
Solids digestion rate in a shorter time period than traditional 
Systems. Typical recirculation rates in conventional treat 
ment Systems range from 25 to 100 percent per day of the 
influent flow for complete mix systems, 25 to 50 percent per 
day of the influent flow for plug flow systems and 75 to 150 
percent per day of the influent flow for extended aeration 
Systems. Recirculation percentage rates as they pertain to 
traditional activated Sludge treatment Systems refer only to 
the percentage of recirculation of the Return Activated 
Sludge (RAS) as compared to the influent flow. While the 
present invention uses this same type of RAS recirculation 
percentage the present invention also utilizes the previously 
described processing recirculation percentage achieving a 
greater Solids digestion rate than is possible with traditional 
activated sludge treatment Systems. 
0142. The biological treatment technique according to 
the present invention will now be described. The composi 
tion of microorganism cells consist of 70 to 90 percent water 
with 10 to 30 percent dry material by weight. Of this dry 
material, 70 to 95 percent is organic and 5 to 30 percent is 
inorganic. Ninety-five percent of the organic dry material 
consists of carbon, oxygen, nitrogen, hydrogen and phos 
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phorus, and other trace materials respectively. The present 
invention takes advantage of the large percent of organics 
available to the microorganisms by maintaining an 
extremely long MCRT for not only the complete oxidation 
of organic compounds but also for the consumption of 
biomass (the mass of organic material consisting of living 
organisms feeding on the wastes in the wastewater, dead 
organisms and other debris), which also contains these same 
elements. In the activated Sludge process, carbon, Oxygen, 
nitrogen and hydrogen are used as the main constituent of 
cellular material, with phosphorus being used as the con 
Stituent of nucleic acids, phospholipids and nucleotides. 
Compounds are taken up by microorganisms from their 
environment to carry out two basic primary metabolic 
activities energy production through bioenergetics, and Syn 
thesis of new cell material through biosynthesis. Microor 
ganisms produce energy for themselves from light, organic 
and inorganic compounds. The main inorganic compounds 
used by the microorganisms as a Source of energy are, 
ammonium (NH), nitrite (NO), dissolved sulfide (HS), 
and elemental Sulfur. These compounds are oxidized and the 
energy released is used for cell maintenance, Synthesis of 
new cell material and movement of the microorganism if 
they are mobile. There are two types of microorganisms: 
autotrophic microorganisms which use inorganic carbon for 
biosynthesis and heterotrophic microorganisms which use 
organic carbon for biosynthesis. 
0.143 Carbon makes up approximately 50 percent of the 
dry mass of the microorganism cell. Therefore carbon is the 
main element used during biosynthesis. The microorganisms 
use as one of their Sources of energy for new cell develop 
ment either organic compounds Such as fatty acids, amino 
acids, Sugars, organic acids, or carbon dioxide (CO). 
Through biological processes, organic carbon is converted 
into microorganism biosynthesis material and gases Such as 
carbon dioxide, which can escape into the atmosphere. 
Through the 200% recirculation by volume of the contents 
of the aerobic reactor by the RCAS of the present invention, 
the microorganisms are enabled to come into contact with 
their carbon Source more times and more efficiently than in 
traditional Systems. 
0144. Oxygen and hydrogen are the main gas elements 
used in cellular material. The Source of oxygen for the 
cellular material of microorganisms is found in molecular 
oxygen, organic compounds or even carbon dioxide. The 
present invention delivers oxygen through the aerobic reac 
tor's aeration delivery system (RCAS) directly into the 
aqueous Solution of nutrients and microorganisms. This 
offers the microorganisms the opportunity to respirate in the 
easiest manner and with the most available oxygen Source 
for bioenergetics and biosynthesis. The Source of hydrogen 
for the cellular material of microorganisms is found in 
molecular hydrogen and organic compounds. Oxygen as an 
electron acceptor is used in the classification of microor 
ganisms. Microorganisms, which use oxygen are referred to 
as aerobes, and those that do not use oxygen are referred as 
anaerobes. The present invention uses aerobes for organic 
compound Stabilization and decomposition in the aerobic 
reactOr. 

0145 Nitrogen is the major source for proteins and 
nucleic acids for the microorganisms and includes 14 per 
cent of the cellular material. Microorganisms can use inor 
ganic nitrogen in the form of nitrogen gas (N), ammonia 
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nitrogen (NH-NH), nitrite (NO) and nitrate (NO). 
Nitrogen gas to be used must first be converted into ammo 
nium (NH) and then converted into organic nitrogen as in 
nitrogen fixing in Soils, however ammonia-nitrogen (NH) 
can be considered as 100 percent ready and available for 
nutritional use by microorganisms. Conversion of ammonia 
(NH) into nitrite (NO) and nitrate (NO) opens the door for 
microorganisms that use NO and NO as their Sole nitrogen 
Source. However there is a large amount of energy needed 
for microorganisms to be able to use this nitrogen as a Source 
for growth. These microorganisms must oxidize larger 
amounts of organic compounds to have the energy needed 
for using NO and NO as their nitrogen Source. This results 
in a lower microorganism growth rate than when using NH 
as a Source for nitrogen. The current invention uses this 
lower growth rate to its advantage when maintaining an 
extremely long MCRT and variable F/M ratio to reduce the 
amount of microorganism growth. In combination, the 
microorganisms must consume greater amounts of organic 
compounds and are unable to reproduce as rapidly. There are 
three biological removal processes used to remove nitrogen, 
they are ammonification followed by nitrification and deni 
trification. Ammonification and nitrification occur in the 
aerobic reactors while denitrification occurs in the anoxic 
Selector. Ammonification is carried out by heterotrophic 
microorganisms, which take organic nitrogen in the form of 
proteins and peptides and decomposes them into ammonia 
and ammonium. Autotrophic microorganisms that convert 
ammonia into NO, and then NO carry out nitrification. The 
third Stage in the proceSS is denitrification where, another 
group of heterotrophic microorganisms reduce the NO to 
NO, and then to NO and finally to N for release into the 
atmosphere. 
0146 Microorganisms use phosphorus during cell Syn 
thesis, cell maintenance and as energy transport. Due to this, 
about 10 to 30 percent of an influent’s phosphorus is 
consumed by microorganisms and used for their metabolic 
processes. However there are three microorganisms with the 
ability to Store phosphorus in larger amounts than is needed 
for growth requirements. This is referred to as luxury 
phosphorus uptake. The three microorganisms, acineto 
bacter, pseudomonas and moraxella, are collectively 
referred to as poly-Pbacteria because of their ability to store 
phosphorus in the form of polyphosphate granules. The 
poly-P bacteria are able to use the polyphosphate as an 
energy Source when under Stressed conditions. Since these 
bacteria are only able to Store this extra amount of phoS 
phorus when under aerobic conditions, the current invention 
maintains dissolved oxygen in Sufficient quantities to ensure 
luxury phosphorus uptake within the aerobic reactor Zones. 
The present invention uses an anaerobic conditioner Zone as 
an area for microorganisms to reach the necessary Stressed 
conditions to enable these poly-P bacteria to use the poly 
phosphate as energy, thus reducing the amount of phospho 
ruS in the effluent Stream. 

0147 In Summary, carbon, nitrogen and phosphorus are 
reduced through bioenergetics and biosynthesis by the 
microorganisms. The amount of removal of these nutrients 
is directly related to the concentration of the nutrients and 
the amount of time these nutrients are exposed to microor 
ganisms. Increasing the number of times nutrients come into 
contact with the microorganisms and oxygen through 
homogenization, as is the case with the current invention, 
can accelerate the organic digestion process. By designing 
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Zones to Substantially meet a 2-hour hydraulic detention 
time and by recirculation and re-aerating the entire content, 
by volume, of the aerobic reactor Zones 100% every 2 hours 
before it flows out of the Zones, an environment for the 
microorganisms to accelerate the biological digestion pro 
ceSS is provided. All biological Solids removed from the 
Solids capturing Zone and returned to the processing Zones 
are Subject to this accelerated biological digestion as well. 
The present invention, as outlined above, produces this 
effect, and henceforth utilizes a Smaller footprint design as 
compared to traditional treatment Systems while performing 
as if there is more hydraulic detention capacity available. 
0148. By using an extended MCRT, a flexible F/M ratio 
and increasing the recirculation as described above, the 
consumption of biomass also occurs, achieving an enhanced 
organic Solids reduction in the process through digestion. 
Only after a predetermined concentration of inorganic Solids 
is reached is intentional wasting initiated of Substantially 
only those inorganic Solids, with possible high concentra 
tions of phosphorus. 

0149 Another component of the “enhanced solids reduc 
tion” (ESR) wastewater treatment system of the present 
invention are the Zones (vessels), as being a part of an entire 
System. The Zones consist of a vessel or group of vessels, 
which contains the wastewater for treatment. These vessels 
are preferred to be of a particular shape consisting of a 
Vertical cylinder having a conical bottom. However, the 
processing of Said wastewater with the present invention is 
not limited to the preferred vessels. Effective treatment with 
the process of the present invention is attainable in Square or 
rectangular vessels, with flat or sloped bottoms. The Zones 
are unique to the process designated for that Zone. The vessel 
design and construction of the process Zones are a compo 
nent of the ESR wastewater treatment system that permits 
the modularization of the system. The Zones illustrated in 
FIG. 4, the preferred apparatus embodiment, are of a Single 
vessel per Zone design. Alternate, apparatus embodiments 
could resemble a Zone having one or more vessels perform 
ing the unique process function of that Zone. Alternately, as 
an example of a large capacity ESR wastewater treatment 
system, the number vessels shown in FIG. 11, could be 
classified as one Zone, and additional modules resembling 
the number of vessels in FIG. 11 could be added for each 
additional treatment Zone required until Such time that the 
design criteria of a large Volume treatment plant is Satisfied. 
Alternate designs could incorporate various sized vessels 
that utilize the same treatment processing techniques as 
described herein. 

0150 Vessel design incorporates the vertical cylinder 
with a depressed-shaped bottom, but preferably cone-shaped 
bottom (see FIG. 12) in order to create the environment to 
enhance the desired path of the wastewater Stream during 
treatment. The use of the cone bottom vessel is essential for 
the Settling and concentrating of Solids within the clarifica 
tion Zone and is used effectively in the process Zones in the 
Settling and concentrating of phosphorus rich inorganic 
Solids for periodic removal. Keeping Solids in Suspension is 
accomplished by the RCAS system as it receives flow into 
the pump from the bottom of the aerobic reactor Zone. The 
aerobic reactor Zone contents are then pumped, aerated and 
recirculated generating Velocities during the RCAS conduit 
discharge back into the aerobic reactor So that the aerobic 
reactor Zone contents are well mixed. 
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0151. With the use of cylindrical shapes during clarifi 
cation, and with the prompting of flow via the inflows 
direction and its positioned reference point, and the recir 
culation discharge direction and its positioned reference 
point, the wastewater is directed to travel in a particular 
direction, preferably rotational, at a particular Speed and for 
a particular distance So as to allow the Settling Solids to 
arrive at the lower portion of the vessel, and remain within 
the vessel for a particular period of time So as to accumulate, 
concentrate and process, in order to facilitate the treatment 
desired. The conical-bottom along with the flow character 
istics of the traveling wastewater, promotes the Settling 
Solids to accumulate at a central point of reference at the 
lowest point within the cone shaped bottom (referred to as 
Solids concentrator). These accumulated Settled Solids are 
then available to be evacuated by way of a port exiting at that 
lowest point. 

0152 The embodiment of FIG. 4 is utilized to illustrate 
the preferred flow characteristics when the influent contains 
normal BOD, TSS (Total Suspended Solids) & NH loading, 
and requiring normal nitrification, denitrification and phos 
phorus reduction, as demonstrated by the influent concen 
trations of a municipal wastewater treatment, plant. In FIG. 
4, pre-Screened influent wastewater containing Suspended 
Solids and biodegradable organic Substances passes through 
the influent feeder line, which flows into an influent splitter 
box, which then has take-off feeders to each of the vessels. 
This enables FIG. 4 to represent a universal configuration 
that would be used as a representative for all possible flow 
characteristics Sought after for varying treatment Specifica 
tions. 

0153 Flow and Processes 
0154 Referring now to FIG. 4, a preferred embodiment 
of the enhanced solids reduction (ESR) wastewater treat 
ment System in accordance with the present invention is 
shown which provides complete operational flexibility in the 
processing characteristics of nitrification, denitrification and 
phosphorus reduction in conjunction with, using a plug flow 
type flow characteristic (the preferred process embodiment). 
Due to the efficiency of the preferred embodiment of the 
present invention and particularly of the RCAS System, an 
economic and treatability improvement in the processing of 
wastewater is achieved over and above traditional wastewa 
ter treatment processes. The preferred embodiment corre 
sponds to a four-Zone biological process and a Solids cap 
turing treatment Zone. The biological processing Zones 
consist of, but are not limited to, 1) an anaerobic Zone, 2) an 
aerobic Zone, 3) an anoxic Zone and 4) an additional aerobic 
Zone. The Solids capturing Zone consists of but is not limited 
to Secondary clarification, tertiary clarification, filtration and 
chemical addition. However, by altering the flow character 
istics by Valve changes, any of the alternate processing 
embodiments (described below) can be implemented and 
used. The preferred processing embodiment of the present 
invention is a method of processing that is Zone specific and 
not vessel Specific. 

O155 For the preferred plug flow characteristic, the influ 
ent, which in this embodiment is foreseen as typical munici 
pal wastewater, is directed through line 2 into a flow Splitter 
box 4 which regulates and/or splits the flow of the influent 
to the treatment vessels. In this embodiment the entire flow 
of influent is then directed via line 6 to vessel 8 (V #1) 
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which is uses as an anaerobic conditioner Zone, whereby the 
contents, by Volume, of this Zone are recirculated Substan 
tially one time every two hours using pump 10 and the 
above-mentioned RCAS. The size of the vessel 8 depends on 
the Volume of influent being processed. 
0156 Vessel 8 (anaerobic conditioner Zone) begins the 
first Stage of luxury phosphorus uptake, which is biological 
phosphorus (Bio-P) release. This first stage of luxury phos 
phorus uptake is accomplished by maintaining an oxygen 
deficient state within the vessel. The anaerobic conditioner 
Zone's dissolved oxygen levels are maintained at or below 
0.10 mg/L allowing a formation of volatile fatty acids 
(VFA's) used by microorganisms in the release of Bio-P. 
While this Bio-P release creates a temporary increase of 
phosphorus, it also forces the microorganisms to metabolize 
greater amounts of phosphorus during a later process. The 
contents of this Zone are able to be maintained with low 
dissolved oxygen levels by the controlled introduction of 
low oxygen level mixed liquor suspended solids (MLSS) 
from vessel 58 (anoxic selector Zone-V i3) from line 11 
through pump 12 and through line 14 into vessel 8 (anaero 
bic conditioner Zone). 
O157 Aqueous total solids (TS) from vessel 8 (V #1) 
flows through line 16 into vessel 18 (V #2) which is a 
dynamic aerobic reactor #1 Zone. The vessel 18 also receives 
another flow, MLSS re-cycle, which comes from vessel 20 
(VH4), which is a dynamic aerobic reactor #2 Zone. The flow 
from vessel 20 comes from line 22 through pump 24 and 
finally through line 26. Another flow enters vessel 18 from 
each of the four clarifiers (vessels 76, 80, 84, 88)-(V #5, 
V#6, VH7 and VH8) in the form of return activated sludge 
(RAS) through RAS pumps 28, 30, 32 and 34 then through 
the lines 36, 38, 40 and 42, and finally entering vessel 18 
through lines 44, 46, 48 and 50 respectively. The contents, 
by volume, of vessel 18 are recirculated Substantially one 
time every two hours, using a recirculation conduit aeration 
system (RCAS), explained below, which is powered by 
pump 52. During the recirculation procedure the contents of 
vessel 18 the settleable solids, become solubilized by means 
of Shredding as they pass through the RCAS System of pump 
52. Shredding occurs as the Solids within the aqueous 
solution are processed through the RCAS system by the 
toroidal vortex action of the RCAS system so as to become 
more easily consumed by the microorganism population. 
Intense aeration is also applied through the RCAS System 
during the recirculation procedure So that the level of 
dissolved oxygen is Substantially maintained at a concen 
tration of 3.5 mg/L or higher. Keeping the dissolved oxygen 
concentration at these levels allows bacteria nitroSomonas 
and nitrobactor, residing in the microorganism colony, to 
oxidize ammonia (NH) into nitrite (NO) and finally into 
nitrate (NO) respectively. With dissolved oxygen concen 
trations of this Zone maintained at or above 3.5 mg/L, 
Suspended Solids and other organic matter are decomposed 
and oxidized into more stable compounds. 
0158. By using large volumes of atmospheric air deliv 
ered by the RCAS and maintaining the dissolved oxygen at 
higher levels (well above 3.5 mg/L) than that which would 
be maintained by traditional aeration Systems (2.0 mg/L to 
3.0 mg/L), along with long MCRT's, the microorganism 
colony will enter the biological life cycle mode known as 
endogenous respiration (ER). In this ER mode, the living 
microorganisms begin to metabolize Some of their own 
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cellular mass along with any new organic matter they absorb 
or adsorb from their environment. This aids in the enhance 
ment of Solids reduction while maintaining a microorganism 
colony through the adjustment of the food to microorganism 
ratio (F/M) to allow the rate of death of the microorganism 
colony to equal the rate of growth of the microorganism 
colony through the endogenous respiration process. 

0159. Another benefit of the delivery of intense aeration 
within this reactor is the enhanced consumption of large 
amounts of phosphorus by the microorganisms. The amount 
of phosphorus taken up by the microorganisms is greater 
than the amount of phosphorus the microorganisms released 
in Vessel 8 as described previously. The microorganisms 
then use this newly acquired phosphorus for new cell wall 
development and other energy needs. 

0160 Accumulation of inert Solids are removed via line 
5, from vessel 18 (aerobic reactor #1) when the concentra 
tions reach a predetermined level. This holds true for all 
embodiments of the present invention. This predetermined 
level could be substantially 50%, of the concentration of 
total solids in vessel 18 or a level at which the process begins 
to allow nutrients to pass through to the process effluent. 
0161 The flow exits vessel 18 via line 54, is provided to 
splitter box 56 and is then provided to vessel 58 via line 60 
for further processing. 

0162 The contents, by volume, of vessel 58 (anoxic 
selector Zone VH3) are recirculated substantially one time 
every two hours by the pump 62. Vessel 58 receives elemen 
tal oxygen attached to nitrogen molecules in the form of 
nitrate nitrogen (NO) and nitrite nitrogen (NO), which was 
derived primarily from the ammonia conversion proceSS 
known as nitrification, occurring within vessel 18 (aerobic 
reactor #1 Zone). The amount of dissolved oxygen (DO) in 
vessel 58 is maintained in the range of 0.3 mg/L to 0.5 mg/L. 
The microorganisms contained within the wastewater of 
vessel 58 look for oxygen to respirate. With little dissolved 
oxygen available, the microorganisms are forced to use the 
elemental oxygen in the NO that is tied up with nitrogen. 
This proceSS is commonly called denitrification. Once the 
bond between the nitrogen and oxygen is broken, the micro 
organisms consume the elemental oxygen for respiration, 
allowing the nitrogen to be released into the atmosphere. 
The microorganisms use this oxygen for necessary respira 
tion in order to continue consumption of organic matter Still 
within the wastewater. 

0163. During this anoxic condition, a natural release of 
phosphorus by the microorganisms occurs, as a way to 
conserve energy during the time of low dissolved oxygen 
availability, but in lesser quantities than that which occurs in 
vessel 8 (the anaerobic conditioner Zone V #1). While this 
creates a temporary increase of phosphorus, it also forces the 
microorganisms to metabolize greater amounts of phospho 
ruS in a later proceSS. The effluent from this process is 
provided via line 64 on to vessel 20 (aerobic reactor, #2 
Zone-VH4) for further treatment. 
0164 Vessel 20 is used as a dynamic aerobic reactor. The 
contents, by Volume, of Vessel 20 are recirculated and 
intensely aerated Substantially one time every two hours 
using the recirculation conduit aeration System (RCAS), 
which is powered by pump 66. The oxidation of both 
dissolved and Suspended organic matter occur in vessel 20 
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by maintaining a dissolved oxygen of at least 3.0 mg/L. The 
bacteria nitroSomonas and nitrobactor, residing in the micro 
organism colony, will oxidize organic nitrogen into ammo 
nia (NH) then into nitrite (NO) and finally into nitrate 
(NO) respectively. As the aqueous Solution containing the 
microorganism colony of vessel 20 (dynamic aerobic reactor 
#2 Zone) is aerated and the dissolved oxygen increases, the 
microorganisms begin consuming phosphorus in larger 
quantities than is necessary for them to Sustain life. The 
amount of phosphorus consumed far exceeds the amount of 
phosphorus the microorganisms released into the aqueous 
Solution while being processed within the anaerobic condi 
tioner Zone and anoxic selector Zones (vessel 8 and 58). This 
effect is what is referred to as “luxury phosphorus uptake'. 
Portions of the mixed liquor suspended solids (MLSS) from 
vessel 20 are recycled for further digestion to vessel 18 
(dynamic aerobic reactor #1 Zone) through line 22, using 
pump 24 and is finally discharged through line 26, while the 
effluent is discharged from vessel 20 through line 68 and into 
line 70 before entering a clarification Zone flow splitter box 
72 (SB Clar Inf). 
0.165. As the influent from line 70 enters the clarification 
Zone flow splitter box72 (SB Clar Inf), the flow is preferably 
Split into four equal portions and Sent to each of the four 
clarifiers through line 74 for vessel 76 corresponding to 
Clarifier #1, line 78 for vessel 80 corresponding to Clarifier 
#2, line 82 for vessel 84 corresponding to Clarifier #3 and 
line 86 for vessel 88 corresponding to Clarifier #4. The flow 
velocity is diminished as the flow enters each of the clari 
fiers, allowing the Solids to settle into the bottom portion of 
each of the clarifiers. The Settling Solids are then dislodged 
from the walls of the clarifiers by using a hydraulically, 
operated solids concentration inducer 90 for vessel 76 
(Clarifierif1), hydraulically operated Solids concentration 
inducer 92 for vessel 80 (Clarifier #2) hydraulically operated 
solids concentration inducer 94 for vessel 84 (Clarifier #3), 
and hydraulically operated Solids concentration inducer 96 
for vessel 88 (Clarifier #4), allowing the solids to further 
thicken before being removed through each of the clarifier 
RAS pumps (28, 30, 32 and 34) and RAS lines (36, 38, 40 
and 42) and sent to the vessel 18 (dynamic aerobic reactor 
#1) for further treatment. Separated liquid from the clarifi 
cation process exits vessel 76 through line 98, vessel 80 
through line 100, vessel 84 through line 102 and vessel 88 
through line 104, and join in the collection box 106 (CB Clar 
Eff). This clarifier provides effluent through line 108 as the 
final processed effluent. 
0166 The preferred embodiment of the present invention 
allows for an improvement in operational flexibility over 
traditional aerobic treatment Systems. 
0.167 A first alternate embodiment of the present inven 
tion is shown in FIG. 5 wherein the unutilized lines and 
equipment of the preferred apparatus embodiment of FIG. 4 
are removed. However, all the utilized lines and equipment 
required to process the wastewater flow using the preferred 
process embodiment are shown. The alternative embodi 
ment depicted in FIG. 5 is utilized when the specific flow 
configuration is contemplated for the installation and where 
the flexibility offered in FIG. 4 is not required. The influent, 
which is typical municipal waste water, is directed through 
line 2 into vessel 8 which is used as an anaerobic conditioner 
Zone (VH1), whereby the contents, by volume, of the Zone 
are recirculated Substantially one time every two hours using 
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pump 10. Similar to that of the preferred embodiment, the 
contents of this vessel are able to be maintained with low 
dissolved oxygen levels by the controlled introduction of 
low oxygen level MLSS from vessel 58 (anoxic selector 
Zone) from line 10 through pump 12 and fed through line 14 
into vessel 8. 

0168 Aqueous total solids from vessel 8 (anaerobic 
conditioner Zone) flows through line 16 into vessel 18 which 
is a dynamic aerobic reactor #1 Zone (VH2). Vessel 18 also 
receives another flow, MLSS re-cycle, which comes from 
vessel 20 which is being used as dynamic aerobic reactor #2 
Zone. The flow from vessel 20 comes from line 22 through 
pump 24 and finally through line 26. Another flow enters 
vessel 18 from each of the four clarifiers (vessels 76,80, 84, 
88 described below) in the form of return activated sludge 
(RAS) through the RAS pumps 28, 30, 32 and 34, then 
through the lines 36, 38, 40 and 42 respectively, and finally 
entering vessel 18 through lines 44, 46, 48 and 50 respec 
tively. The contents, by volume, of vessel 18 are recirculated 
Substantially one time every two hours, using a recirculation 
conduit aeration system (RCAS), explained below, which is 
powered by pump 52. During the recirculation procedure, 
the contents of vessel 18, that is the settleable Solids, become 
Solubilized by Means of Shredding as it passes through the 
RCAS system of the Zone. Shredding occurs as the Solids 
within the aqueous Solution are processed through the RCAS 
system by the toroidal vortex action of the RCAS system so 
as to become more easily consumed by the microorganism 
population. Intense, aeration is also applied through the 
RCAS System during the recirculation procedures So that the 
level of the dissolved oxygen is Substantially maintained at 
a concentration of 3.5 mg per liter or higher. 

0169. The flow exits vessel 18 (aerobic reactor #1 Zone) 
via line 110 to vessel 58, (anoxic selector Zone VH3). The 
contents of vessel 58 are recirculated substantially one time 
every two hours by pump 62. The operation of vessel 58 is 
similar to that described in connection with FIG 4. The 
effluent from vessel 58 is provided via line 64 to vessel 20 
for further treatment. 

0170 Vessel 20 is a dynamic aerobic reactor (VH4). The 
contents of vessel 20 are recirculated and intensely aerated 
Substantially one time every two hours using the recircula 
tion conduit aeration system (RCAS), which is powered by 
pump 66. The operation of vessel 20 is similar to that 
described in connection with FIG. 4. As explained above, 
portions of the MLSS from vessel 20 are recycled for further 
processing to vessel 18 through line 22, using pump 24 and 
finally discharged through line 26, while the effluent of 
vessel 20 is discharged through line 68 and into line 70 
before entering a clarification Zone flow splitter box 72 (SB 
Clar Inf). 
0171 As the influent from line 70 enters the clarification 
Zone flow splitter box 72, the flow is preferably split into 
four equal portions and Sent to each of the four clarifiers 
(Vi5, Vito, Vif7, VH-8) through line 74 for vessel 76 corre 
sponding to clarifier #1, line 78 for vessel 80 corresponding 
to clarifier #2, line 82 for vessel 84 corresponding to clarifier 
#3 and line 86 for vessel 88 corresponding to clarifier #4. 
The flow velocity is diminished as the flow enters each of the 
clarifiers, allowing the Solids to Settle into the bottom of each 
of the clarifiers. These Settling Solids are then dislodged 
from the vessel walls by a hydraulically operated solid 
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concentrations inducer 90 for vessel 76, hydraulically, oper 
ated solids concentration inducer 92 for vessel 80, hydrau 
lically operated solids concentration inducer 94 for vessel 
84, and hydraulically operated Solids concentration inducer 
96 for vessel 88, allowing the solids to further thicken before 
being removed through each of the clarifier RAS pumps (28, 
30, 32 and 34) and RAS lines (36, 38, 40 and 42) and sent 
via lines 44, 46, 48 and 50 to the vessel 18 for further 
treatment. Separated liquid from the clarification proceSS 
exists vessel 76 through line 98, vessel 80 through line 100, 
vessel 84 through line 102 and vessel 88 through line 104, 
and joined in collection box 106 (CB Clar Eff). The clarifier 
effluent exists through line 108 as the final processed efflu 
ent. 

0172 FIG. 18 is a simplified representation of the pro 
cess shown in FIG. 5 which further includes a filtration Zone 
89 coupled to the output of the clarifiers (line 108). The 
filtration Zone receives the aqueous solution (in FIG. 4 the 
effulent) via line 108 for further processing. The aqueous 
solution is provided to the filtration Zone where solids 
Separate and Settle from the liquid portion of the aqueous 
solution. The solids which have settled and separated from 
the liquid portion are provided via line 109 to the influent 
line 2 for re-processing and re-treatment through the System. 
The filtration Zone shown in FIG. 18 can also be included 
in the system shown in FIG. 4 or any of the other embodi 
ments of the present invention explained below. 

0173 The second alternate embodiment of the present 
invention depicted in FIG. 6 uses alternate process embodi 
ment #1 of the present invention to provide the processing 
characteristic of nitrification and denitrification in conjunc 
tion with a plug flow type flow characteristic. Alternate 
apparatus embodiment #2 is to be used with alternate 
process embodiment #1. Alternate processing embodiment 
#1 of the present invention is a method of processing that is 
Zone specific and not vessel Specific. 

0.174 For alternate process embodiment #1, the influent, 
represented as typical municipal, wastewater, is directed 
through line 120 into vessel 122 which is used as an anoxic 
selector Zone (VH1), whereby the contents, by volume, of 
this vessel are recirculated Substantially one time every two 
hours using pump 124. Other flows that enter vessel 122 
come from vessel 126 (aerobic reactor #1 Zone VH2) via line 
128 and vessel 130 (aerobic reactor #2 Zone VH3) via line 
132 in the form of MLSS recycle, which is used to supple 
ment the lack of oxygen within vessel 122. Another flow that 
enters vessel 122 comes from each of the four clarifiers 
(vessels 134, 136, 138, 140) in the form of return activated 
sludge (RAS) through the RAS pumps 142,144, 146 and 
148, then finally through the lines 150, 152, 154 and 156 
respectively. Vessel 122 receives elemental oxygen attached 
to nitrogen molecules in the form of nitrate nitrogen (NO) 
and nitrite nitrogen (NO), which were derived mostly from 
the ammonia conversion process known as nitrification, 
occurring within vessels 126 and 130 (aerobic reactor #1 
Zone and aerobic reactor #2 Zone). The amount of dissolved 
oxygen in vessel 122 is maintained in the range of 0.3 mg/l 
to 0.5 mg/l. This is made possible by the recycling of MLSS 
from vessel 126 (aerobic reactor #1 Zone) using pump 158 
and pumping through line 128, and vessel 130 (aerobic 
reactor #2 Zone) using pump 160 and pumping through line 
132 into vessel 122. 
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0.175. The microorganisms contained within the waste 
water of vessel 122 (anoxic Selector Zone) look for oxygen 
to respirate. With little dissolved oxygen available the 
microorganisms are forced to use the elemental oxygen in 
the NO that is tied up with the nitrogen gas. This process is 
commonly called denitrification. Once the bond between the 
nitrogen and oxygen is broken, the microorganisms con 
Sume the elemental oxygen for respiration, allowing the 
nitrogen to be released into the atmosphere. 
0176). During the consumption of oxygen, through respi 
ration in the denitrification process, of vessel 122 (anoxic 
Selector Zone), the microorganisms also consume portions of 
organic matter in the form of total Suspended Solids that have 
been Shredded and Solubilized in the recirculation, proceSS 
of vessels 126, 130 (the aerobic reactor Zones #1 and #2) so 
as to become more easily consumed by the microorganism 
population. 

0177 Aqueous total solids (TS) from vessel 122 (anoxic 
Selector Zone) flows via gravity through line 162 to vessel 
126 (aerobic reactor #1 Zone) for continued treatment. The 
contents, by Volume, of vessel 126 are recirculated Substan 
tially one time every two hours, using the recirculation 
conduit aeration System (RCAS), which is powered by pump 
164. During the recirculation procedure the contents of 
vessel 126, the settleable solids, become solubilized by the 
means of shredding through the RCAS system of the vessel. 
Shredding occurs as the Solids within the aqueous Solution 
are processed through the RCAS system by the toroidal 
vortex action of the RCAS system so as to become more 
easily consumed by the microorganism population. Intense 
aeration is also applied through the RCAS System during 
recirculation So that the level of dissolved oxygen is Sub 
Stantially maintained at a concentration of 3.5 mg/L or 
higher. Keeping the dissolved oxygen concentration at these 
levels allows the bacteria nitroSomonas and nitrobactor, 
residing in the microorganism colony, to oxidize ammonia 
(NH) into nitrite (NO) and finally into nitrate (NO) 
respectively. Individuals familiar in the art know this proceSS 
as nitrification. With dissolved oxygen concentrations of this 
Zone maintained at or above 3.5 mg/L, Suspended Solids and 
other organic matter are decomposed and oxidized into more 
Stable compounds. 
0.178 By using large volumes of atmospheric air deliv 
ered by the RCAS system and maintaining the dissolved 
oxygen at higher levels (well above 3.5 mg/L) than that 
which would be maintained by traditional systems (2.0 mg/L 
to 3.0 mg/L), along with long MCRTs, the microorganism 
colony will enter the biological life cycle mode known as 
endogenous respiration (ER). In this ER mode, the living 
microorganisms begin to oxidize Some of their own cellular 
mass along with any new organic matter they absorb or 
adsorb from their environment. This aids in the enhancement 
of Solids reduction while maintaining a microorganism 
colony through the adjustment of the food to microorganism. 
(F/M) ratio to allow the rate of death of the microorganisms 
to equal the rate of growth of the microorganisms through 
the ER process. 

0179 Another benefit of the delivery of intense aeration 
within this reactor is the consumption of Some phosphorus 
by the microorganisms. 

0180 The flow exiting vessel 126 (aerobic reactor #1 
Zone) exits through line 166 to vessel 130. Vessel 130 is used 
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as an aerobic reactor #2 Zone (VH3), whereby the contents, 
by Volume, of this vessel are recirculated and intensely 
aerated Substantially one time every two hours using the 
recirculation conduit aeration System (RCAS), which is 
powered by pump 168. The oxidation of both dissolved and 
Suspended organic matter occur in this vessel by maintaining 
a DO level of at least 3.0 mg/l. The bacteria nitrosomonas 
and nitrobactor, residing in the microorganism colony, will 
oxidize organic nitrogen into ammonia (NH) then into 
nitrite (NO) and finally into nitrate (NO) respectively in 
this vessel. A portion of the nitrate rich MLSS is recycled 
using pump 160 through line 132 into vessel 122 (anoxic 
Selector Zone) for nitrogen reduction through the denitrifi 
cation process. 
0181. A flow also exits via gravity through line 170 into 
line 172 before entering the clarification Zone flow split box 
174 (SB Clar Inf) for the settling of solids from the liquid 
portion of the wastewater. 
0182 Note that this alternate embodiment does not 
include a vessel (VH4) present in the preferred embodiment. 
This vessel is not used until the flow increases substantially 
necessitating the need for an additional aerobic reactor. 
0183 As the influent from line 172 enters the clarification 
Zone split box 174 (SB Clar Inf) the flow is split into four 
equal portions and Sent to each of the four clarifier vessels 
(134, 136, 138, 140) through line 176 for vessel 134 
(Clarifier #1), line 178 for vessel 136 (Clarifier #2), line 180 
for vessel 138 (Clarifier #3) and line 182 for vessel 140 
(clarifier #4). The flow velocity is diminished as the flow 
enters each of the clarifiers, allowing the Solids to Settle into 
the bottom of each of the clarifier vessels. The settling solids 
are then dislodged from the cone walls by using a hydrau 
lically operated Solids concentration inducer 184 for vessel 
134, hydraulically operated solids concentration inducer 186 
for vessel 136, hydraulically operated Solids concentration 
inducer 188 for vessel 138, and hydraulically operated Solids 
concentration inducer 190 for vessel 140, allowing the Solids 
to further thicken before being removed through each of the 
clarifier RAS pumps (142,144, 146 and 148) and RAS lines 
(150, 152, 154 and 156) be and sent to vessel 122 (anoxic 
reactors Zone) for further treatment. Separated liquid from 
the clarification process exits vessel 134 (Clarifier #1) 
through line 192, vessel 136 (Clarifier #2) through line 194, 
vessel 138 (Clarifier #3), through line 196 and vessel 140 
(Clarifier #4) through line 198 and join in the collection box 
200 (CB Clar Eff). The clarifier effluent exits via line 202 as 
the final processed effluent. 
0.184 Referring now to FIG. 7, another alternate appa 
ratus embodiment of the present invention is shown which 
employs alternate process embodiment #2 to provide the 
processing characteristic of nitrification in conjunction with 
a plug flow type flow characteristic. This alternate apparatus 
embodiment is to be used with alternate proceSS embodi 
ment #2. Alternate process embodiment #2 of the present 
invention is a method of processing that is Zone specific and 
not vessel Specific. 
0185. In accordance with the present invention shown in 
FIG. 7, the influent, represented as typical municipal waste 
water, is directed through line 210 into vessel 212, which is 
an aerobic reactor #1 Zone. Other flows entering vessel 212 
come from four clarifiers (214, 216, 218,220) in the form of 
return activated sludge (RAS) through RAS pumps (222, 



US 2004/0007523 A1 

224, 226 and 228) and are delivered to vessel 212 through 
lines 230, 232, 234 and 236 respectively. 
0186 The contents, by volume, of vessel 212 (aerobic 
reactor #1 Zone) are recirculated Substantially one time 
every two hours, using the recirculation conduit aeration 
system (RCAS), which is powered by pump 238. During the 
recirculation procedure the contents of vessel 212, the 
settleable solids, become solubilized by means of shredding 
through the RCAS system. Shredding occurs as the solids 
within the aqueous Solution are processed through the RCAS 
system by the toroidal vortex action of the RCAS system so 
as to become more easily consumed by the microorganism 
population. Intense aeration is also applied through the 
RCAS system during recirculation so that the level of 
dissolved oxygen is Substantially maintained at a concen 
tration of 3.5 mg/L or above. Keeping the dissolved oxygen 
concentration at these levels allows the bacteria nitroSomo 
nas and nitrobactor, residing in the microorganism colony; 
to oxidize ammonia (NH) into nitrite (NO) and finally into 
nitrate (NO) respectively. Individuals familiar in the art 
know this process as nitrification. With dissolved oxygen 
concentrations of this Zone maintained at or above 3.5 mg/L, 
Suspended Solids and other organic matter are decomposed 
and oxidized into more stable compounds. 
0187. By using large volumes of atmospheric air deliv 
ered by the RCAS system and maintaining the dissolved 
oxygen at higher levels (well above 3.5 mg/L) than that 
which would be maintained by traditional systems (2.0 mg/L 
to 3.0 mg/L), along with long MCRTs, the microorganism 
colony will enter the biological life cycle mode known as 
Endogenous Respiration (ER). In this ER mode, the living 
microorganisms begin to oxidize Some of their own cellular 
mass along with any new organic matter they absorb or 
adsorb from their environment. This aids in the enhancement 
of Solids reduction while maintaining a microorganism 
colony through the adjustment of the food to microorganism 
ratio (F/M) to allow the rate of death of the microorganisms 
to equal the rate of growth of the microorganisms through 
the ER process. 
0188 Another benefit of the delivery of intense aeration 
within this reactor is the consumption of Some phosphorus 
by the microorganisms. 
0189 The flow exits vessel 212 (aerobic reactor #1 Zone) 
through line 239 into vessel 240 (aerobic reactor #2 Zone 
V#2) for further aerobic treatment. The contents, by volume, 
of vessel 240 are recirculated substantially one time every 
two hours, using the recirculation conduit aeration System 
(RCAS), which is powered by pump 242. During recircu 
lation of the contents of vessel 240, additional intense 
aeration is applied and the level of dissolved oxygen is 
Substantially maintained at a concentration of 3.0 mg/L or 
above. Keeping the dissolved oxygen concentration at these 
levels allows microorganisms the ability to convert organic 
matter, including but not limited to total BOD, and also 
organic nitrogen first into ammonia, then nitrite and finally 
into nitrate. This proceSS reduces the concentrations of total 
nitrogen into leSS harmful compounds. 
0190. The flow exits vessel 240, preferably via gravity, 
through line 243 into line 244 before entering clarification 
Zone flow split box 246 (SB Clar Inf) for the settling of 
Solids from the liquid portion of the wastewater. 
0191) Note that additional aerobic reactor vessels 
described in the previous embodiments are not used in this 

Jan. 15, 2004 

embodiment until the flow increases Substantially necessi 
tating the need for additional aerobic reactors. 

0.192 As the influent from line 244 enters the clarification 
Zone splitter box 246 (SB Clar Inf), the flow is preferably 
Split into four equal portions and Sent to each of the four 
clarifiers (vessels 214, 216, 218, 220) through line 248 for 
vessel 214 (Clarifier #1), line 250 for vessel 216 (Clarifier 
#2), line 252 for vessel 218 (Clarifier #3) and line 254 for 
vessel 220, (Clarifier #4). The flow velocity is diminished as 
the flow enters each of the clarifiers, allowing the solids to 
settle into the bottom of each of the clarifiers. The settling 
Solids are then dislodged from the walls by using a hydrau 
lically operated Solids concentration inducer 256 for vessel 
214, hydraulically operated solids concentration inducer 258 
for vessel 216 hydraulically operated Solids concentration 
inducer 260 for vessel 218 and hydraulically operated Solids 
concentration inducer 262 for vessel 220, allowing the Solids 
to further thicken before being removed through each of the 
clarifier RAS pumps (222, 224, 226 and 228) and RAS lines 
(230, 232, 234 and 236) and sent to vessel 212 (aerobic 
reactor #1 Zone) for further treatment. Separated liquid from 
the clarification process, exits vessel 214 through line 264, 
vessel 216 through line 266, vessel 218 through line 268 and 
vessel 220 through line 270 and joins in the collection box 
272 (CB Clar Eff). The clarifier effluent exits through line 
274 as the final processed effluent. 

0193 Referring now to FIG.8, another alternate embodi 
ment of the present invention is shown which utilizes the 
alternate processing embodiment #3 of the present invention 
to provide the processing characteristics of nitrification, 
denitrification and phosphorus reduction in conjunction with 
using a step feed flow type flow characteristic giving 
improved operational flexibility. The use of this alternate 
embodiment in conjunction with alternate processing 
embodiment #3 would be preferable when there is a change 
in feed preferences or the parameters change and the effluent 
quality needs to be improved. This would also hold true for 
influent nutrient load variations while the influent flow 
characteristics remain the Same. Alternate processing 
embodiment #3 of the present invention is a method of 
processing that is Zone specific and not vessel Specific. 

0194 For alternate process embodiment #3, the influent 
is a high Strength waste, which could contain a high con 
centration of NH, with a high TSS concentration and a high 
total BOD concentration, while requiring nitrification, deni 
trification and phosphorus reduction as might need to be 
demonstrated by the influent concentrations of an industrial 
Strength waste Stream. 

0195) In the alternate embodiment shown in FIG. 8, 
influent containing Suspended Solids and biodegradable 
organic Substances passes through line 280 to Splitter box 
282 (SBPLT Inf), where it is diverted, sending 60% of the 
total influent flow into vessel 284 (anaerobic conditioner 
zone-V #1) via line 286, 30% of the total influent flow 
through line 288, into the vessel 290 (aerobic reactor #1 
Zone-Vi2) and 5% being diverted through line 292 to vessel 
294 (anoxic selector Zone-V i3) while the other 5% is 
diverted thorough line 296 to vessel 298 (aerobic reactor #2 
Zone-V i4). 
0196) Vessel 284 receives 60% of the plant influent flow 
and a flow from vessel 294 through line 300 using pump 302 
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and line 304. The contents, by volume, of vessel 284 are 
recirculated Substantially one time every two hours using 
pump 306. 

0197) Vessel 284 (anaerobic conditioner Zone) begins the 
first Stage of luxury phosphorus uptake, which is biological 
phosphorus (Bio-P) release. Luxury phosphorus uptake is 
accomplished by maintaining an oxygen deficient State 
within vessel 284. Dissolved oxygen levels are maintained 
at or below 0.10 mg/L causing Bio-P release by the micro 
organisms. While this Bio-P release creates a temporary 
increase of phosphorus, it also forces the microorganisms to 
metabolize greater amounts of phosphorus during a later 
process. The contents of this Zone are able to maintain low 
dissolved oxygen levels by the controlled introduction low 
oxygen level MLSS from vessel 294 (anoxic selector Zone) 
from line 300 through pump 302 and through line 304 into 
vessel 284. The flow then continues on through line 308 to 
vessel 290 (aerobic reactor #1 Zone) for treatment. 
0198 As mentioned above, vessel 290 receives 30% of 
the plant in fluent flow through line 288 and is used as 
aerobic reactor #1 Zone. Another flow that enters this vessel 
comes from vessel 298 through line 310 using pump 312 
then through line 314 discharging into vessel 290. The flow 
from vessel 298 (aerobic reactor #2 Zone) is in the form of 
MLSS recycle. Still another flow entering vessel 290 comes 
from each of the four clarifier vessels (316, 318,320, 322) 
in the form of return activated sludge (RAS) through the 
RAS pumps 324, 326, 328 and 330, and then finally through 
the lines 332,334, 336 and 338 respectively. The contents, 
by volume, of vessel 290 are recirculated substantially one 
time every two hours, using the recirculation conduit aera 
tion system (RCAS), which is powered by pump 340. 
During the recirculation procedure the contents of vessel 
284, the settleable solids, become solubilized by means of 
Shredding as they pass through the RCAS System of the 
vessel. The Shredding occurs as the Solids within the aque 
ous solution are processed through the RCAS system by the 
toroidal vortex action of the RCAS system so as to become 
more easily consumed by the microorganism population. 
Intense aeration is also applied during the recirculation 
procedure So that the level of dissolved oxygen is Substan 
tially maintained at a concentration of 3.5 mg/L or above. 
Keeping, the dissolved oxygen concentration at these levels 
allows the bacteria nitroSomonas and nitrobactor, residing in 
the microorganism colony, to oxidize ammonia (NH) into 
nitrite (NO) and finally into nitrate (NO) respectively. 
With dissolved oxygen concentrations in this Zone at or 
above 3.5 mg/L, Suspended Solids and other organic matter 
are decomposed and oxidized into more Stable compounds. 
By using large Volumes of atmospheric air delivered by the 
RCAS System and maintaining the dissolved oxygen at 
higher levels (above 3.0 mg/L) than that which would be 
maintained by traditional aeration Systems, along with long 
MCRTs, the microorganism colony will enter the biological 
life cycle mode known as endogenous respiration (ER). In 
this ER mode, the living microorganisms begin to oxidize 
Some of their own cellular mass along with any new organic 
matter they absorb or adsorb from their environment. This 
aids in the enhancement of Solids reduction while maintain 
ing a microorganism colony through the adjustment of the 
food to microorganism (F/M) ratio to allow the rate of death 
of the microorganism colony to equal the rate of growth of 
the microorganism colony through the ER process. 
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0199 Another benefit of the delivery of intense aeration 
within this reactor is the enhanced consumption of large 
amounts of phosphorus by the microorganisms. The amount 
of phosphorus taken up by the microorganisms is in greater 
amounts than the amount of phosphorus the microorganisms 
released in vessel 284 (anaerobic conditioner Zone) as 
described above. The microorganisms then use this newly 
acquired phosphorus for new cell wall development and 
other energy needs. 
0200. The flow then exits vessel 290 (aerobic reactor #1, 
Zone) through line 342 into vessel 294 (anoxic selector Zone) 
for further processing. In addition to the flow through line 
342 from vessel 290, vessel 294 also receives an additional 
flow of 5% of the plant influent through line 292. The 
contents, by Volume, of this vessel are recirculated Substan 
tially one time every two hours by pump 344. This anoxic 
Selector Zone receives elemental oxygen attached to nitrogen 
molecules in the form of nitrate nitrogen (NO) and nitrite 
nitrogen (NO), which were derived mostly from the ammo 
nia conversion process known as nitrification occurring 
within vessel 290 (the aerobic reactor #1 Zone). The amount 
of dissolved oxygen (DO) in vessel 294 is maintained in the 
range of 0.3 mg/l to 0.5 mg/l. The microorganisms contained 
within the wastewater of vessel 294 look for oxygen to 
respirate. With little DO available, the microorganisms are 
forced to use the elemental oxygen in the NO that is tied up 
with nitrogen. This proceSS is commonly called denitrifica 
tion. Once the bond between the nitrogen and oxygen is 
broken, the microorganisms consume the elemental oxygen 
for respiration, allowing the nitrogen to be released into the 
atmosphere. The microorganisms use this oxygen for the 
necessary respiration in order to continue consumption of 
organic matter Still within the wastewater. 
0201 During this anoxic condition, a natural release of 
phosphorus by the microorganisms occurs, as a way to 
conserve energy during the time of low dissolved oxygen 
availability, but in lesser quantities than occur in vessel 284 
(anaerobic conditioner Zone). While this creates a tempo 
rary, but slight, increase of phosphorus, it also forces the 
microorganisms to metabolize greater amounts of phospho 
rus in a later process. The effluent from this process would 
continue through line 346 on to vessel 298 (aerobic reactor 
#2 Zone) for further treatment. 
0202) In addition to the flow which enters the vessel 298 
(aerobic reactor #2 Zone) through line 346, a flow of 5% of 
the plant influent is provided into vessel 298 through line 
296. The contents, by volume, of this Zone are recirculated 
and intensely aerated Substantially,one time every two hours 
using the recirculation conduit aeration System (RCAS), 
which is powered by pump 348. The oxidation of both 
dissolved and Suspended organic matter occur in this vessel 
by maintaining a dissolved oxygen of at least 3.5 mg/l. The 
bacteria nitroSomonas and nitrobactor, residing in the micro 
organism colony, will oxidize organic nitrogen into ammo 
nia (NH) then into nitrite, (NO) and finally into nitrate 
(NO) respectively in this vessel. As the aqueous Solution 
containing the microorganism colony of vessel 298 is aer 
ated and the dissolved oxygen increases, the microorgan 
isms will also begin to consume phosphorus in larger 
quantities than is necessary for them to Sustain life. The 
amount of phosphorus consumed far exceeds the amount of 
phosphorus the microorganisms released into the aqueous 
solution while being processed within vessels 284 and 294 
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(anaerobic conditioner Zone and anoxic Selector Zone). This 
is what is referred to in the industry as “luxury phosphorus 
uptake". Portions of the MLSS from vessel 298 are recycled 
to vessel 290 (aerobic reactor #1 Zone), through line 310, 
using pump 312 and finally discharging through line 314, 
while the effluent continues on through line 350 and into line 
352 before entering the clarification Zone flow splitter box 
354 (SB Clar Inf). 
0203 As the influent from line 352 enters the clarification 
Zones splitter box 354, the flow is preferably split into four 
equal portions and sent to each of the four clarifiers (316, 
318,320,322) through line 356 for vessel316 (Clarifier #1), 
line 358 for vessel 318 (Clarifier #2), line 360 for vessel 320 
(Clarifier #3) and line 362 for vessel 322 (Clarifier #4). The 
flow velocity is diminished as the flow enters each of the 
clarifiers, allowing the Solids to Settle into the bottom of each 
of the clarifiers. The settling solids are then dislodged from 
the walls of each clarifier vessel by using a hydraulically 
operated Solids concentration inducer 364 for vessel 316 
(Clarifier #1), hydraulically operated Solids concentration 
inducer 366 for vessel 318 (Clarifier #2), hydraulically 
operated Solids concentration inducer 368 for vessel 320, 
(Clarifier #3), hydraulically operated solids concentration 
inducer 370 for vessel 322 (Clarifier #4), allowing the solids 
to further thicken before being removed through each of the 
clarifier RAS pumps (324,326,328 and 330) and RAS lines 
(332, 334, 336 and 338) and sent to vessel 290 (aerobic 
reactor #1 Zone) for further treatment. Separated liquid from 
the clarification process, exits vessel 316 (Clarifier #1) 
through line 372, vessel 318 (Clarifier #2) through line 374, 
vessel 320 (Clarifier #3) through line 376 and vessel 322 
(Clarifier #4) through line 378, and are combined in collec 
tion box 380 (CB Clar Eff). The clarifier effluent exits 
through line 382 as the final processed effluent. 
0204 Referring, now to FIG. 9, another alternate 
embodiment of the present invention is shown which utilizes 
an alternate proceSS embodiment #4 to provide the proceSS 
ing characteristics of nitrification and denitrification in con 
junction with using a step feed flow type flow characteristic. 
Alternate processing embodiment #4 of the present inven 
tion is a method of processing that is Zone specific and not 
vessel Specific. 
0205 For alternate process embodiment #4, the influent 
is a high Strength waste, which could contain a high NH 
concentration, with a high TSS concentration and a high 
total BOD concentration, while requiring nitrification and 
denitrification for a total nitrogen reduction as might need to 
be demonstrated by the influent concentrations of an indus 
trial Strength waste Stream. 
0206 Referring now to FIG. 9, an alternate embodiment 
of the present invention is shown wherein influent contain 
ing Suspended Solids and biodegradable organic Substances, 
is passed through line 390 to splitter box 392 (SBPLT Inf), 
where it is diverted, sending 75% of the total influent flow 
through line 394 into vessel 396 (anoxic selector Zone-V 
#1), 15% of the total influent flow is diverted by splitter box 
392 through line 398 into the vessel 400 (aerobic reactor #1 
Zone V #2) and the remaining 10% of the total influent flow 
is diverted by splitteir box 392 through line 402 to vessel 
404 (aerobic reactor #2 Zone V #3). 
0207 Vessel 396 (V #1) is used as an anoxic selector 
Zone receiving 75% of the influent flow through line 394. An 
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additional flow in the form of MLSS Recycle is received 
from vessel 404 (VH3) through line 406, pump 408 and line 
410. Dissolved oxygen in vessel 396 is kept at a level below 
0.5 mg/L for denitrification. Vessel 396 is rich in aerobic 
microorganisms and combined oxygen in the form of nitrate 
received from vessel 404. With the levels of dissolved 
oxygen in the 0.5 mg/L range, the aerobic microorganisms 
are forced to use nitrate for respiration thus being used for 
the purpose of denitrification of the wastewater prior to 
continuing on to further processing. 

0208. The influent flow received through line 390 is rich 
in nutrients, while the flow received through line 410 from 
vessel is rich in nitrate and microorganisms. Therefore, in 
Step feeding a portion of the influent flow into this vessel, the 
organic load entering the plant can be increased without any 
alterations to the current design of the preferred apparatus 
embodiment of the present invention. The contents, by 
volume of vessel 396 are recirculated one time every two 
hours by pump 412. Flow exits vessel 396 through line 414 
into vessel 400 for further treatment. 

0209 Vessel 400 (Vi2) is used as an aerobic reactor #1 
Zone, receiving 15% of the total influent flow through line 
398 and flow from vessel, 396 through line 414. Additional 
flow comes from each of the clarifiers (416, 418, 420, 422) 
in the form of return activated sludge (RAS). The contents, 
by Volume, of this vessel are recirculated Substantially one 
time every two hours, using the recirculation conduit aera 
tion system (RCAS), which is powered by pump 424. 
During the recirculation procedure the contents of vessel 
400, the settleable solids, become solubilized by means of 
Shredding as they pass through the RCAS System of the 
Zone. The Shredding occurs as the Solids within the aqueous 
solution are processed through the RCAS system by the 
toroidal vortex action of the RCAS system so as to become 
more easily consumed by the microorganism population. 
Intense aeration is also applied during the recirculation 
procedure So that the level of dissolved oxygen is Substan 
tially maintained at a concentration of 3.5 mg/L or above. 
Keeping the dissolved oxygen concentration at these levels 
allows the bacteria nitroSomonas and nitrobactor, residing in 
the microorganism colony, to oxidize ammonia (NH) into 
nitrite (NO) and finally into nitrate (NO) respectively. 
Individuals familiar in the art know this process as nitrifi 
cation. 

0210. With dissolved oxygen concentrations in this Zone 
at or above 3.5 mg/L, Suspended Solids and other organic 
matter are decomposed and oxidized into more Stable com 
pounds. This initial decomposition of organic matter, which 
is the breaking down of organic matter from complex forms 
to more simple forms, mainly through the digestion action of 
aerobic bacteria. 

0211. By using large volumes of atmospheric air deliv 
ered by the RCAS system and maintaining the dissolved 
oxygen at higher levels (above 3.5 mg/L) than that which 
would be maintained by traditional aeration Systems, along 
with long MCRTs, the microorganism colony will enter the 
biological life cycle mode known as endogenous respiration 
(ER). In this ER mode, the living microorganisms begin to 
oxidize Some of their own cellular mass along with any new 
organic matter they absorb or adsorb from their environ 
ment. This aids in the enhancement of Solids reduction while 
maintaining a microorganism colony through the adjustment 
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of the food to microorganism (F/M) ratio to allow the rate of 
death of the microorganism colony to equal the rate of 
growth of the microorganism colony through the ER pro 
cess. The flow exits vessel 400 (aerobic reactor #1 Zone) 
through line 426 to vessel 404 (aerobic reactor, #2 Zone V 
#3). An additional 10% of the influent flow enters vessel 404 
(V if3) from the splitter box 392 (SBPLT Inf) through line 
402. 

0212. The contents, by volume, of vessel 404 is recircu 
lated and intensely aerated Substantially one time every, two 
hours using the recirculation conduit aeration System 
(RCAS), which is powered by pump 428. During the recir 
culation of the contents of vessel 404, the settleable Solids 
become further solubilized by the means of shredding 
through the recirculation pumping of the Zone So as to 
become further consumed by the microorganism population. 
Intense aeration is also applied during recirculation So that 
the level of dissolved oxygen is Substantially maintained at 
a concentration of 3.0 mg/L or above. The bacteria 
nitroSomonas and nitrobactor, residing in the microorganism 
colony, will oxidize organic nitrogen into, ammonia (NH) 
then into nitrite (NO) and finally into Nitrate (NO) respec 
tively in this Zone. 

0213 Keeping the dissolved oxygen concentration at 
levels above 3.5 mg/L allows the microorganism colony the 
ability to convert organic matter, including but not limited to 
additional total BOD, along with additional organic nitrogen 
first into ammonia, then nitrite and finally into nitrate and 
other leSS harmful compounds. This process reduces the 
concentrations of total nitrogen released into the aquatic 
environment through the denitrification process. The dis 
solved oxygen in vessel 404 (aerobic reactor #2 Zone) 
maintains a concentration of at least 3.5 mg/L to ensure 
complete decomposition and oxidation of the organic nutri 
ents within the waste Stream. 

0214 Portions of the contents of vessel 404 is recycled to 
vessel 396 (anoxic selector Zone) in the form of MLSS 
recycle in line 406 using pump 408 and finally through in 
line 410. The MLSS, which is rich in aerobic microorgan 
isms and combined oxygen, is denitrified in vessel 396 prior 
to returning to the vessels 400, 404 for continued treatment 
of remaining nutrients. 

0215. The Effluent from this processes exits vessel 404 
through line 430 into line 432 for the clarification process. 
As the influent from line 432 enters the clarification Zone 
splitter box 434 (SB Clar Inf) the flow is preferably split into 
four equal portions and Sent to each of the four clarifiers 
(416, 418, 420, 422) through line 436 for vessel 416 
(clarifier #1), line 438 for vessel 418 (clarifier #2), line 440 
for vessel 420 (clarifier #3) and line 442 for vessel 422 
(clarifier #4). The flow velocity is diminished as the flow 
enters each of the clarifiers, allowing the Solids to Settle into 
the bottom of each of the clarifiers. The settling solids are 
then dislodged from off of the cone walls by using a 
hydraulically operated Solids concentration inducer 444 for 
vessel 416, hydraulically operated Solids concentration 
inducer 446 for vessel 418, hydraulically operated Solids 
concentration inducer 448 for vessel 420, hydraulically 
operated Solids concentration inducer 450 for vessel 422 
allowing the Solids to further thicken before being removed 
through each of the clarifiers RAS pumps (452, 454, 456, 
458) and RAS lines (460, 462, 464, 466) and sent to vessel 
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400 (aerobic reactor #1 Zone) for further treatment. Sepa 
rated liquid from the clarification process, exits vessel 416 
through line, 468, vessel 418 through line 470, vessel 420 
through line 472 and vessel 422 through line 474 and join in 
the collection box 476 (CB Clar Eff). This clarifiers effluent 
exits through line 478 as the final processed effluent. 
0216) The alternate embodiment as depicted in FIG. 10 
shows the unutilized lines, Vessels and equipment of the 
Preferred Apparatus Embodiment removed. However, all the 
utilized lines, vessels and equipment required to process the 
wastewater flow using alternate proceSS embodiment #4 are 
shown. 

0217 Referring now to FIG. 10, an alternate apparatus 
embodiment of the present invention is shown which utilizes 
the alternate process embodiment #5 of the present invention 
to provide the processing characteristics of nitrification in 
conjunction with using a step feed flow type flow charac 
teristic. Alternate processing embodiment #5 of the present 
invention is a method of processing that is Zone specific and 
not vessel Specific. 
0218 For alternate process embodiment #5, the influent 
is represented as a high Strength waste which could contain 
a high NH concentration, with a high TSS concentration 
and a high total BOD concentration, while requiring nitri 
fication as might need to be demonstrated by the influent 
concentrations of an industrial Strength waste Stream. 
0219. In the present alternate embodiment of FIG. 10 the 
influent containing Suspended Solids and biodegradable 
organic Substances passes through line 500 to splitter box 
502 (SB PLT Inf), where it is diverted. 50% of the total 
influent flow is provided into the vessel 504 (aerobic reactor 
#1 Zone Vif 1) via line 506, 30% of the total influent flow is 
diverted through the splitter box 502 (SBPLT Inf) through 
line 508 into the vessel 510 (aerobic reactor #2 Zone VH2) 
and the remaining 20% of the influent is diverted, by the 
splitter box 502 (SBPLT Inf) through line 512 to vessel 532 
(aerobic reactor #3 Zone-Vi3). 
0220 AS stated above, the vessel 504 is used as aerobic 
reactor #1 Zone, receiving 50% of the total influent flow. 
Additional flows come from each of the clarifiers (516,518, 
520, 522) in the form of return activated sludge (RAS). The 
contents, by volume, of vessel 504 are recirculated substan 
tially one time every two hours, using the recirculation 
conduit aeration System (RCAS), which is powered by pump 
524. During the recirculation procedure the contents of the 
vessel 504, the settleable solids, become solubilized by 
means of Shredding as they pass through the RCAS System 
of the vessel. The shredding occurs as the solids within the 
aqueous Solution are processed through the RCAS System by 
the toroidal vortex action of the RCAS system so as to 
become more easily consumed by the microorganism popu 
lation. Intense aeration is also applied during the recircula 
tion procedure So that the level of dissolved oxygen is 
Substantially maintained at a concentration of 3.5 mg/L or 
above. Keeping the dissolved oxygen concentration at these 
levels allows the bacteria nitroSomonas and nitrobactor, 
residing in the microorganism colony, to oxidize ammonia 
(NH) into nitrite (NO) and finally into nitrate (NO) 
respectively. Individuals familiar in the art know this proceSS 
as nitrification. 

0221) With dissolved oxygen concentration levels in this 
Zone at or above 3.5 mg/L, Suspended Solids and other 
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organic matter, including but not limited to carbonaceous 
BOD, are decomposed and oxidized into more stable com 
pounds. This initial decomposition of organic matter, which 
is the breaking down of organic matter from complex forms 
to Simpler forms, occurs mainly through the digestion action 
of aerobic bacteria. 

0222 By using large volumes of atmospheric air deliv 
ered by the RCAS system and maintaining the dissolved 
oxygen at higher levels (above 3.5 mg/L) than that which 
would be maintained by traditional aeration Systems, along 
with long MCRTs, the microorganism colony will enter the 
biological life cycle mode known as Endogenous Respira 
tion (ER). In this ER mode, the living microorganisms begin 
to oxidize Some of their own cellular mass along with any 
new organic matter they absorb or adsorb from their envi 
ronment. This aids in the enhancement of Solids reduction 
while maintaining a colony through adjusting the food to 
microorganism ratio to allow the rate of death of the 
microorganisms to equal the rate of growth of the microor 
ganisms through ER. 

0223) Another benefit of the intense aeration within this 
vessel is the consumption of Some phosphorus by the 
microorganisms. 

0224) The flow exits vessel 504 (the aerobic reactor #1 
Zone) through line 526 and is provided into vessel 510 for 
further aerobic treatment. 

0225. The flow enters vessel 510 from vessel 504 along 
with 30%. of the plant influent flow which is provided by 
line 508. Vessel 510 is used as an aerobic reactor #2 Zone. 
The contents, by Volume, of this vessel are recirculated 
Substantially one time every two hours, using the recircula 
tion conduit aeration system (RCAS), which is powered by 
pump 528. During the recirculation procedure the contents 
of vessel 510 (the aerobic reactor #2 Zone), the settleable 
Solids, become Solubilized by means of Shredding as they 
pass through the RCAS. Another benefit of the RCAS 
system of vessel 510 (aerobic reactor #2 Zone) is additional 
intense aeration being applied and the level of dissolved 
oxygen is Substantially maintained at a concentration of 3.5 
mg/L or above. Keeping the dissolved oxygen concentration 
at these levels gives the microorganism colony the ability to 
convert organic matter, including but not limited to total 
BOD. Organic nitrogen is also converted, first into ammo 
nia, then nitrite and finally into nitrate. This process reduces 
the concentrations of total nitrogen and total BOD into less 
harmful compounds. Once again, microorganisms consume 
additional amounts of phosphorus reducing the phosphorus 
concentrations in the System. 
0226) The flow exits vessel 510 (aerobic reactor #2 Zone) 
through line 530 and is provided into vessel 532 (aerobic 
reactor #3 Zone). Flow also enters vessel 532 from the 
splitter box 502 (10% of the plant influent flow via line 512). 
The contents, by volume, of vessel 532 are recirculated 
Substantially one time every two hours, using the recircula 
tion conduit aeration system (RCAS), which is powered by 
pump 534. During the recirculation procedure the contents 
of vessel 532, the settleable solids, become solubilized by 
means of Shredding as they pass through the RCAS System. 
Another benefit of the RCAS system of vessel 532 is 
additional intense aeration being applied and the level of 
dissolved oxygen is Substantially maintained at a concen 
tration of 3.5 mg/L or above. Keeping the dissolved oxygen 
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concentration at these levels gives the microorganism 
colony the ability to convert organic matter, including but 
not limited to total BOD. This process reduces the concen 
trations total BOD into less harmful compounds. Once 
again, unavoidably, the microorganisms consume additional 
amounts of phosphorus. 
0227. The flow exits vessel 532 via gravity through line 
536 into line 538 before entering the clarification Zone flow 
splitter box 540 (SB Clar Inf) for the settling of the solids 
portion from the liquid portion of the wastewater. 
0228. As the influent from line 538 enters the clarification 
Zone splitter box 540 (SB Clar Inf) the flow is preferably 
Split into four equal portions and Sent to each of the four 
clarifiers (516, 518, 520, 522) through line 542 for vessel 
516 (Clarifier #1), line 544 for vessel 518 (Clarifier #2), line 
546 for vessel 520 (Clarifier #3) and line 548 for vessel 522 
(Clarifier #4). The flow velocity is diminished as the flow 
enters each of the clarifier vessels, allowing the Solids to 
settle in to the bottom of each of thee clarifier vessels. The 
Settling Solids are then dislodged from the cone walls by 
hydraulically operated solids concentration inducer 550 for 
vessel 516 (Clarifier #1), hydraulically operated solids con 
centration inducer 552 for vessel 518 (Clarifier #2), hydrau 
lically operated Solids concentration inducer 554 for vessel 
520 (Clarifier #3) and hydraulically operated solids concen 
tration inducer 556 for vessel 522 (Clarifier #4), allowing the 
solids to further thicken before being removed through each 
of the clarifier RAS pumps (558, 560, 562, 564) and RAS 
lines (566, 568, 570, 572) and sent to vessel 504 (aerobic 
reactor #1 Zone) for further treatment. Separated liquid from 
the clarification process, exits vessel 516 through line 574, 
vessel 518 through line 576, vessel 520 through line 578 and 
vessel 522 through line 580 and join in the collection box 
582 (CB Clar Eff). The clarifier effluent exits through line 
584 as the final processed effluent. 
0229 Re-Circulation Aeration System (RCAS) 
0230 Referring now to FIG. 15, one of the main com 
ponents of the enhanced Solids reduction wastewater treat 
ment process of the present invention is shown. The RCAS 
is an efficient means of Shredding, mixing, agitating, circu 
lating, aerating, homogenizating and Saturating the Waste 
water, with each of the aforementioned employed, as the 
demand requires. The RCAS is a type of conduit conveyance 
System that takes the contents of a vessel through a mechani 
cal pump creating a high Velocity flow of the vessel contents 
through a differential injector, which is preferably located on 
the exterior portion of each vessel for ease of maintenance. 
The air passing through the differential injector is injected 
into the wastewater treatment flow which is then returned 
back to the vessel. AS the contents of the vessel pass through 
the RCAS System, a shredding of organic Solids occurs Such 
that the organic Solids become Solubilized and homogenized 
for easier digestion by microorganisms. Another benefit of 
the RCAS System is the destruction of pathogenic microor 
ganisms by the toroidal Vortex action at the discharge of the 
device (in line injector/mixer/aerator) creating agitation. 
0231. The RCAS includes a suction side, conduit 600 
coupled to the Suction Side of a pump 602, a discharge Side 
conduit 604 that contains within it an in line injector/mixer/ 
aerator 606 Such as the one described in U.S. Pat. No. 
5,893,641, (the entire disclosure of which is incorporated 
herein by reference), an air/oxygen Supply Source conduit 
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608 and a delivery conduit 610. The pump 602 evacuates the 
wastewater from the vessel 612 containing aqueous Solution 
delivering it through the conduit 600 to the aerator 606 for 
mixing, aeration and agitation. The wastewater is then 
returned to vessel 612 via conduit 610 where the excess 
atmospheric air that is entrapped within the bubbles travel 
ing along with the wastewater within conduit 610 are 
released causing a Secondary aeration, agitation and mixing 
effect to the wastewater contained within vessel 612. During 
the wastewater's travel, it is passed through an aerator 606, 
as shown in FIG. 15, where atmospheric air is drawn in by 
vacuum (venturi effect) The wastewater and atmospheric air 
are mixed at the discharge of the in line aerator 608 and 
while they are encapsulated within the conduit 610, Saturat 
ing the wastewater with, oxygen. The aerator 606 may be the 
aerator as shown in U.S. Pat. No. 5,893,641 or any other 
aerator device of Similar performance, Such as any of the 
aerators shown in pending PCT Application Serial No. 
PCT/US01/11936, or U.S. application Ser. No. 09/547,447, 
the entire disclosures of which are incorporated herein by 
reference. 

0232 The oxygen saturated mixed wastewater travels 
through,the conduit 610, and then is discharged back into the 
vessel 612. Carried along with the saturated wastewater 
within the conduit 610 are excess bubbles of atmospheric air 
that were injected into the wastewater Stream, over and 
above the quantity required for the complete Saturation of 
the wastewater traveling within the conduit 610. When the 
excess air is discharged from the conduit 610 into the vessel, 
along with the Saturated wastewater, the excess air becomes 
a Source of additional air delivered to the contents of vessel 
612, and thereby furthering the aeration process of the entire 
contents of the vessel by providing additional oxygen Supply 
to be absorbed by the not as yet recirculated contents of the 
vessel. 

0233. An alternate flow of some or all of the wastewater 
through conduit 614 would enable additional controls to be 
available for diminishing the aeration while continuing with 
the mixing capabilities of the System. 
0234 Under certain conditions, induced pressures can be 
produced by adding resistance to the delivery conduits with 
restrictions or friction losses (i.e. conduit size reductions) 
fittings, valves, nozzles, etc. 
0235 For certain conditions regarding conduit 610, such 
as in the case of Specific conduit size requirements, specific 
conduit length requirements, where the installation of the 
RCAS system is limited to confined parameters that do not 
meet the design requirements for the aeration or mixing 
process, induced pressures can be produced within the 
conduit 610 that would provide compensation to the envi 
ronment within conduit 610. These compensations in the 
design of conduit 610 would equal characteristics of a 
conduit of different diameter, length or desired pressure 
contained within Such conduit So as to deliver the Specific 
aeration criteria desired. The compensations that would be 
contemplated are represented by the addition of valves, 
fittings, in line mixers, a reduction or increase of conduit 
diameter, or the inclusion of a restriction, Such as an orifice, 
in the conduit 610. 

0236 Through the recirculation events, oxygen transfer 
abilities and creation of microbubbles by the RCAS system, 
a reduction in power consumption is achieved over tradi 
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tional aeration Systems, which use blowers and compressors. 
These efficiencies of the RCAS allow the present invention 
to use a Smaller footprint for total plant design. 

0237 Bubbles 
0238 Aeration of an aqueous solution is important to 
aerobic digestion of biological nutrients. The Smaller the 
bubble, the greater the aerobic digestion activity of the 
bacteria and other microorganisms, due to the respiration of 
easily accessible dissolved oxygen. With these two facts in 
mind, the best possible forms of bubbles to deliver are micro 
bubbles. These are provided by the RCAS System of the 
present invention. 

0239. Oxidative biological and chemical processes in 
acqueous environments are limited by the low solubility of 
oxygen in water. This physical limitation as defined by 
Henry's Law States that when the temperature is kept 
constant, the amount of a gas that dissolves into a liquid is 
proportional to the pressure exerted by the gas on the liquid. 
In the use of the RCAS System, the preSSure of the gas and 
liquid are increased beyond atmospheric pressure So as to 
increase the amount of gaseous oxygen able to be dissolved 
in wastewater. 

0240 The solubility of oxygen in pure water is only 
about 10 parts per million (ppm) at ambient temperatures 
and at one atmosphere pressure. 

0241 For most aerobic bioprocesses, dissolved oxygen is 
quickly consumed So that replenishing it becomes the factor 
that limits the rate of the process. Therefore, a most critical 
component of a bioprocess design is the means for the mass 
transfer of oxygen into the liquid phase of the process. For 
an actively respiring culture of bacteria, oxygen in the liquid 
medium must be replaced as needed at a Sufficient rate to 
keep up with the oxygen demand of the bacteria. With the 
RCAS system used in the present invention, the dissolved 
oxygen is replenished at a rate that exceeds the oxygen 
demand of the bacteria. 

0242 Water is typically aerated by providing contact 
Surfaces between the gaseous and liquid phases. This can be 
done either by introducing a Source of oxygen into a bulk 
liquid phase or by flowing dispersed water through a bulk 
gaseous (air) phases. Regardless of whether the gaseous or 
liquid phases dominate the Oxygenation process, the mass 
transfer of oxygen, or other gas, is accomplished by intro 
ducing gas bubbles into the liquid phase. The efficiency of 
gas liquid mass transfer depends to a large extent on the 
characteristics of the bubbles. Bubble behavior strongly 
affects the following meSS transfer parameters of: 

0243 (a) Transfer of oxygen from the interior of the 
bubble to the gas liquid interface; 

0244 (b) Movement of oxygen across the gas liquid 
interface; and 

0245 (c) Diffusion of oxygen through the relatively 
Stagnant liquid film Surrounding the bubble. 

0246. It is generally agreed that a most important prop 
erty of air bubbles in a bioprocess is their size. For a given 
Volume of gas, more interfacial area between the gas phase 
and liquid phase is provided if the gas is dispersed into many 
small bubbles rather than a few large ones. Small bubbles, 
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1-3 mm, have been shown to have the following beneficial 
properties not shared by larger bubbles. 
0247 Small gas bubbles rise more slowly than large 
bubbles, allowing more time for a gas to dissolve in the 
aqueous phase. This property is referred to as gas hold-up, 
concentrations of oxygen in water can be more than doubled 
beyond Henry's Law Solubility limits. For example, after a 
Saturation limit of 10 ppm oxygen is attained, at least 
another 10 ppm oxygen within small bubbles would be 
available to replenish the oxygen. 
0248. Once a bubble has been formed, the major barrier 
for oxygen transfer to the liquid phase is the liquid film 
Surrounding the bubble. Biochemical engineering Studies 
have concluded that transport through this film becomes the 
rate-limiting Step in the complete process, and controls the 
overall mass-transfer rate. However, as bubbles become 
Smaller, this liquid film thickness decreases So that the 
transfer of gas into the bulk liquid phase is no longer 
impeded. 

0249. When air is introduced by means of a vacuum, as 
with the RCAS system, at a velocity and volume equal to the 
flow of an aqueous Solution through a pump, the formation 
of microbubbles occurs. These microbubbles have the size 
necessary to remain in Suspension through the action of gas 
hold-up thus increasing the dissolved oxygen concentration 
beyond the needs of the bacteria. 
0250 Uniqueness of the Invention 
0251 1) The present invention operates in biological 
processing ranges that differ from traditional wastewater 
treatment Systems. 

0252) The present invention utilizes a Mean Cell Resi 
dence Time (MCRT) ranging from 30 days to over 150 days, 
while the traditional Systems cannot achieve Such high 
residency. 

0253) The Food to Microorganism (F/M) ratio Sustained 
by the current invention, Supporting its efficiency values, are 
substantially in the 0.05 to 0.80 range, versus a restricted 
ratio range as recorded with various traditional Systems. 
0254 The present invention uses a wastewater treatment 
plant with a unique design So as to treat the total BOD 
portion of the wastewater using less energy by the plant's 
processing operation. This treatment is designed to Signifi 
cantly reduce, if not eliminate, all biodegradable Solids. The 
unique proceSS is able to perform at Such an efficient level 
due to the effectiveness of the aeration and recirculation 
processing introduced throughout the treatment cycles. 
0255. A traditional wastewater treatment plant's design 
objective is to physically remove as much of the Solid 
materials from the influent flow as possible and to ultimately 
dispose or waste the Solids removed from the treatment 
System off premises. The balance of the wastewater is 
treated by various means to varying degrees of cleanliness, 
appropriately meeting the levels required for the discharge. 

0256 2) The current invention uses a clarification vessel 
design with a conical shaped vessel bottom in which to 
collect the settled Solids without the use of mechanical 
means to concentrate the Settled Solids. 

0257 Wastewater within the vessel is made to rotate at a 
Sufficiently slow velocity to cause the sludge to Settle, while 
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not providing an opportunity for the Sludge to adhere to the 
side of the cone shaped bottom. The velocity of the rotating 
Solids remain Slow enough to allow them to Settle and not 
remain in Suspension. This is accomplished by means of a 
Solids accumulator induction System used in the clarifier for 
a controlled rotational travel of the vessels liquid. 

0258. A traditional clarifier has a mechanical device to 
transport the sludge into the Sludge pump's Sump area for 
removal. The mechanical means consist of a motor, gear 
reducer, rake arm, blade and Scraper Squeegees and a skim 

C. a. 

0259) 3) The present invention (in the preferred apparatus 
embodiment) Substantially utilizes typical vessel construc 
tion and outfitting. This allows for changes in Vessel utili 
Zation for different processes. All of the vessels are Substan 
tially of the same size and shape to allow the vessels to be, 
used as a single processing Zone. An example of use as a 
Single processing Zone would be using all the vessels as 
aerobic reactors during Start up procedures. All the vessels 
are Substantially plumbed the same, and have Substantially 
the same capabilities (if so desired). The system has built in 
redundancy capabilities in that each of the vessels being of 
the same size and shape allows for any one of the vessels to 
be used for any process, which is desirable during times of 
maintenance. Vessel and plumbing configuration is Such that 
any processing Zone has the ability to be expanded incre 
mentally by Simply duplicating, a process vessel and plumb 
ing as necessary to Satisfy performance and/or discharge 
permit requirements. With plumbing and vessel configura 
tion, allowances are available for a choice of vessel pro 
cessing utilization with little or no operational shutdowns. 
Simple valve changes make this possible. 

0260 4) The present invention utilizes the RCAS sys 
tem's Velocity, Volume and direction of flow, at its discharge 
point into the vessel, to regulate the rotational Speed and 
travel time for mixing and/or Settling of Solids in each Zone. 
For example, an aerobic reactor could be converted into an 
aerobic digester by: 

0261) Isolating the aerobic reactor from, the system and 
aerating the contents while holding the contents for com 
plete digestion of Solids. 

0262 Slowing the rotational velocity in the anoxic selec 
tor So as to allow Solids to Settle for transfer to the anaerobic 
conditioner. 

0263 Slowing the rotational velocity in the anaerobic 
conditioner So as to allow Solids to settle for transfer to the 
aerobic digester. 

0264. Holding the contents of the aerobic digester while 
aerating So as to nearly complete the digestion of organic 
matter. 

0265 Stopping the aerobic digestion action, allowing any 
inorganic matter to Settle to the cone bottom and then 
removing any inorganic matter for disposal. 

0266 Starting the process once again for continued 
digestion of organic Solids. 

0267. Upon completion of all organic digestion, the aero 
bic digester can be returned into Service as an aerobic 
reactOr. 
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0268 5) The present invention reduces the number of 
pathogenic organisms within a wastewater through the use 
of the RCAS system. This occurs as the turbulence and 
agitation within the toroidal vortex of the RCAS device 
creates a violent action, shearing the cell membrane of 
bacteria Such as e. coli and fecal coliform allowing the 
electron acceptors of the bacteria to be used by oxygen 
which then oxidizes the bacteria killing it. 
0269. Although illustrative embodiments of the present 
invention have been described herein with reference to the 
accompanying drawings, it is to be understood that the 
invention is not limited to these precise embodiments and 
that various other changes and modifications may be 
effected therein by one of ordinary skill in the art without 
departing from the Scope or Spirit of the invention. For 
example, the use of Square or rectangular processing vessels 
having flat or slopped bottoms, as is the case in traditional 
processing vessels are able to be used with effectiveness by 
the RCAS system. The biological process of the present 
invention functions with Sufficient circulation, agitation, 
aeration and homogenization apart from the RCAS System. 

What is claimed: 
1. A proceSS for the treatment of an aqueous Solution 

containing waste comprising the Steps of: 
providing an influent wastewater Stream to an anaerobic 

conditioner Zone within which aqueous total Solids are 
recirculated, mixed and kept in Suspension; 

providing low oxygen level mixed liquor Suspended Sol 
ids from an anoxic Selector Zone to the anaerobic 
conditioner Zone to maintain a low dissolved oxygen 
level within the anaerobic conditioner Zone; 

providing an outflow from the anaerobic conditioner Zone 
to a first aerobic reactor Zone, the anaerobic conditioner 
Zone outflow being mixed in the first aerobic reactor 
Zone with return activated Sludge from a clarification 
Zone whereby contents of the first aerobic reactor Zone 
are recirculated and aerated, and whereby Settleable 
Solids present in the contents of the first aerobic reactor 
Zone are fractionalized, thereby decomposing and oxi 
dizing the Solids and other organic matter and accu 
mulating insert Solids, 

discharging the accumulated inert Solids from the first 
aerobic reactor Zone; 

providing an outflow of aqueous Solution from the first 
aerobic reactor Zone to the anoxic Selector Zone 
wherein the aqueous Solution in the anoxic Selector 
Zone is recirculated and mixed; 

transferring a first portion of the anoxic Selector Zone 
aqueous Solution corresponding to the low oxygen 
level/mixed liquor Suspended Solids to the anaerobic 
conditioner Zone, and a Second portion of the anoxic 
Selector Zone aqueous Solution to a Second aerobic 
reactor Zone, 

recirculating and aerating aqueous Solution contained in 
the Second aerobic reactor Zone whereby Settleable 
Solids become fractionalized thereby decomposing and 
oxidizing Suspended Solids and other organic matter; 

providing a first portion of the Second aerobic reactor 
Zone aqueous Solution to the first aerobic reactor Zone; 
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providing a Second portion of the Second aerobic reactor 
Zone aqueous Solution to the clarification Zone to Settle 
or Separate Solids from the aqueous Solution contained 
therein; 

providing the Settled or Separated Solids from the clarifi 
cation Zone, corresponding to return activated Sludge, 
to the first aerobic reactor Zone; 

providing aqueous Solution of the clarification Zone to a 
filtration Zone to Settle or Separate Solids from the 
aqueous Solution provided thereto, and 

transferring a liquid portion of an outflow of the filtration 
Zone to a discharge receptacle, and the Settled or 
separated solids portion of the outflow of the filtration 
Zone to the influent wastewater Stream for re-process 
ing. 

2. A process for the biological treatment of an aqueous 
Solution containing waste, to reduce organic material, nitro 
gen and phosphorus, comprising the Steps of: 

providing an influent wastewater Stream, which includes 
microorganisms, to an anaerobic conditioner Zone 
within which aqueous total Solids are recirculated, 
mixed and kept in Suspension, wherein a first stage of 
luxury phosphorus uptake is accomplished by regulat 
ing a flow of low oxygen level mixed liquor Suspended 
Solids from an anoxic Selector Zone to the anaerobic 
conditioner Zone to maintain a low dissolved oxygen 
level within the anaerobic conditioner Zone; 

providing an outflow from the anaerobic conditioner Zone 
to a first aerobic reactor Zone, the anaerobic conditioner 
Zone outflow being mixed in the first aerobic reactor 
Zone with return activated Sludge received from a 
clarification Zone whereby contents of the first aerobic 
reactor Zone are recirculated and aerated and whereby 
nitrification occurs and Settleable Solids present in the 
contents of the first aerobic reactor Zone are fraction 
alized, thereby decomposing and oxidizing Suspended 
Solids and other organic matter along with enhancing a 
Second Stage of luxury phosphorus uptake and accu 
mulating insert Solids, 

discharging the accumulated inert Solids from the first 
aerobic reactor Zone; 

providing an outflow of aqueous Solution from the first 
aerobic reactor Zone to the anoxic Selector Zone 
wherein the aqueous Solution in the anoxic Selector 
Zone is recirculated and mixed, and causing a low 
Oxygen environment to exist within the anoxic Selector 
Zone Such that denitrification and release of biological 
phosphorus occurs along with the consumption of 
organic matter contained within the aqueous Solution; 

transferring a first portion of anoxic Selector Zone aqueous 
Solution corresponding to low oxygen level/mixed 
liquor Suspended Solids to the anaerobic conditioner 
Zone and a Second portion of the anoxic Selector Zone 
aqueous Solution to a Second aerobic Zone, at least the 
Second portion of the anoxic Selector Zone aqueous 
Solution being rich in microorganisms and nutrients, 

re-circulating and aerating aqueous Solution contained in 
the Second aerobic reactor Zone whereby nitrification 
occurs and Settleable Solids become fractionalized 
thereby decomposing and oxidizing Suspended Solids 
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and,other organic matter, and further enhancing the 
Second Stage of luxury phosphorus uptake resulting in 
a consumption of a large amount of phosphorus by the 
microorganisms; 

providing a first portion of the Second aerobic reactor 
Zone aqueous Solution to the first aerobic reactor Zone; 

providing a Second portion of the Second aerobic reactor 
Zone aqueous Solution to the clarification Zone to Settle 
or Separate Solids from the aqueous Solution provided 
thereto; 

providing the Settled or Separated Solids from the clarifi 
cation Zone to the first aerobic reactor Zone as return 
activated Sludge, 

providing aqueous Solution of the clarification Zone to a 
filtration Zone to Settle or Separate Solids from the 
aqueous Solution provided thereto, and 

transferring a liquid portion of an outflow of the filtration 
Zone to a discharge receptacle and the Settled or Sepa 
rated solids portion of the outflow of the filtration Zone 
to the influent wastewater Stream for re-processing. 

3. Apparatus for the treatment of an aqueous Solution 
containing Waste comprising: 

an anaerobic conditioner Zone fluidly coupled to an inlet, 
the anaerobic conditioner Zone receiving an influent 
wastewater Stream through the inlet, the anaerobic 
conditioner Zone re-circulating the wastewater con 
tained therein Such that aqueous total Solids are kept in 
Suspension, the anaerobic conditioner Zone receiving a 
flow of low oxygen level mixed liquor Suspended Solids 
from an anoxic Selector Zone to maintain a low dis 
Solved oxygen level within the anaerobic conditioner 
ZOne, 

a first aerobic reactor Zone fluidly coupled to the anaero 
bic conditioner Zone, the first aerobic reactor Zone 
receiving an outflow of the anaerobic conditioner Zone 
which is mixed with return activated sludge received 
from a clarification Zone whereby contents of the first 
aerobic reactor Zone are recirculated and aerated and 
whereby settleable solids become fractionalized 
thereby decomposing and oxidizing Suspended Solids 
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and other organic matter, the first aerobic reactor Zone 
accumulating inert Solids, the accumulated inert Solids 
being discharged from the first aerobic reactor Zone; 

an anoxic Selector Zone fluidly coupled to the anaerobic 
conditioner Zone and the first aerobic reactor Zone, the 
anoxic Selector Zone receiving an outflow of aqueous 
Solution from the first aerobic reactor Zone, aqueous 
Solution within the anoxic Selector Zone being recircu 
lated and mixed, a first portion of the anoxic Selector 
Zone aqueous Solution, corresponding to the low oxy 
gen level/mixed liquor Suspended Solids, being pro 
vided to the anaerobic conditioner Zone; 

a Second aerobic reactor Zone fluidly coupled to the 
anoxic Selector Zone and the first aerobic reactor Zone, 
the Second aerobic reactor Zone receiving a Second 
portion of the anoxic Selector Zone aqueous Solution 
wherein the aqueous Solution within the Second aerobic 
Zone is recirculated and aerated whereby Settleable 
Solids become fractionalized, a first portion of the 
aqueous Solution of the Second aerobic reactor Zone 
being provided to the first aerobic reactor Zone; 

a clarification Zone fluidly coupled to the Second aerobic 
Zone and the first aerobic Zone, the clarification Zone 
receiving a Second portion of the Second aerobic reactor 
Zone aqueous Solution, whereby Settling or Separating 
and capturing of Solids from the aqueous Solution 
occurs, and the Settled Solids, corresponding to return 
activated Sludge, are provided to the first aerobic reac 
tor Zone, and 

a filtration Zone fluidly coupled to the clarification Zone, 
the inlet, and an outlet, the filtration Zone receiving an 
outflow from the clarification Zone to Separate Solids 
from the liquid portion of the contents of the clarifica 
tion Zone, a first portion of the contents of the filtration 
Zone, which corresponds to effluent, being provided to 
the outlet, and a Second portion of the contents of the 
filtration Zone, which corresponds to Separated Solids, 
being provided to the inlet and being combined with the 
influent wastewater Stream for re-processing. 


