
US 20140034558A1 

(19) United States 
(12) Patent Application Publication (10) Pub. No.: US 2014/0034558 A1 

Robertson et a]. (43) Pub. Date: Feb. 6, 2014 

(54) SYSTEM AND PROCESS FOR REMOVING (52) US. Cl. 
NITROGEN COMPOUNDS AND ODORS CPC .................................... .. C02F 3/006 (2013.01) 

FROM WASTEWATER AND WASTEWATER USPC .......................................... .. 210/85; 210/ 96.1 

TREATMENT SYSTEM 

_ _ _ (57) ABSTRACT 

(71) ApphcantszMark B. Robertson, Ga1nesv1lle, FL 
(Us); David 0’Keef_e> GainesvinQ FL A WasteWater treatment system includes independent Waste 
(US)_; John C9)" Galnesvlnea FL (Us); Water treatment facilities. Each of the facilities has WasteWa 
Danlel T- Whlte, Galnesvlne, FL (Us) ter treatment subsystems and is monitored by a central moni 

_ _ _ toring location. WasteWater collection subsystems hold 

(72) Inventors‘ Marl‘ B‘ Roberson’ Gamesvlue’ FL WasteWater to be treated. Monitoring subsystems measure 
(Us)f Davld 0 Keefe’ Ga_lnesvlne’ FL_ WasteWater process parameters. Control devices receive con 
(US)_’ John C9)" Ga1_neSV1_He’ FL (US)’ trol commands and, dependent upon the command received, 
Damel T‘ Whlte’ Gamesvlne’ FL (Us) alter parameters of the WasteWater treatment subsystems. A 

21 A 1' N '2 14/051 876 communication device connects the WasteWater treatment 
( ) pp 0 ’ subsystems and the control devices and sends information 
(22) Filed; Oct, 11, 2013 corresponding to the WasteWater process parameters mea 

sured by the monitors, receives control messages correspond 
Related U.S-Applicati0n Data ing to the control commands, and transmits control com 

(62) DivisionofapphcationNo'12/793’144’?1edOnJun3’ mands the control devlces' to alter WasteWater process 
2010 HOW Pat‘ N O‘ 8 585 892' parameters. The central momtor manages the Watershed by 

’ ’ ’ receiving information, evaluating changes to be made, send 
Publication Classi?cation ing the control messages, and coordinating the monitoring of 

the independent WasteWater treatment facilities by alloWing 
(51) Int. Cl. the independent WasteWater treatment facilities to at least one 

C02F 3/00 (2006.01) of trade, sell, and exchange excess ef?uent capacity. 

1 204 1290 
<::> Processor / 

4 h 1206 
. . Main Memory 

/i—\ 1208 1210 
\|_‘/ Display Interface ‘ 7 Display Unit 

Communication mm! 1212 
Infrastructure _ _ 

(Bus) Hard Disk Drive 1214 

< > Removable 1216 Removable 1218 
Storage Drive Storage Unit 

1 222 
Interface 1220 Removable 

Storage U nit 

. . 1 226 
Communication . . 

Communication Path 
1 rite rfa ce 

1 202 1 224 



Patent Application Publication Feb. 6, 2014 Sheet 1 0f 10 US 2014/0034558 A1 



m .UE 

US 2014/0034558 A1 

can 

Feb. 6, 2014 Sheet 2 0f 10 

965m ucmw 032093 96E". ucmw u3o5< 

_ I 

< < >> 

9% 2m 
com 

Patent Application Publication 

N 



Patent Application Publication Feb. 6, 2014 Sheet 3 0f 10 US 2014/0034558 A1 

mmm 
w .UE 

L----_-_ 

m5 



m .GE 

US 2014/0034558 A1 

mamwwmmno 

o 5 

0 n x 0 mm 

0 x 

4 w h S 4 1 0 2 

6., w .5 “352m 53 “m3. 332 mmvw? 

b \ e \\ 

F 1...‘: l I...‘ I I I I I I .r 5 ‘II \\\\\ 

: M _m>£ 833% Q35 

0% i ‘ 

>> .‘ NB \ , , c?mm?wq ......................... .. ‘ §§ § f... .\\ // 

.. . 8m 

Sm ................................. .. >> Em vvvv 

Nam 

/ 
0mm 

com 

Patent Application Publication 



Patent Application Publication Feb. 6, 2014 Sheet 5 0f 10 US 2014/0034558 Al 



US 2014/0034558 A1 

N O@@ 

f 0 

6 1511/ 

w Ohm 

h S 

M 0mm 

0 2 6., b. e F 

“m5 333% $33 
mmm 

@323“; @mm 

gawk?» 

QB 8a m 5 

00m 

Patent Application Publication 

/ 



Patent Application Publication Feb. 6, 2014 Sheet 7 0f 10 US 2014/0034558 A1 

or .UE 

i 4. i.“AAiiiiiiiiiiii?? 



Patent Application Publication Feb. 6, 2014 Sheet 8 0f 10 US 2014/0034558 A1 

of: 

mm: 

om: mm: 

I. .07. 

om: 

wwmww 
ctr; 

E? 



Patent Application Publication Feb. 6, 2014 Sheet 9 0f 10 US 2014/0034558 A1 

mmm w war oar 

mom? 

vwmw 

m :9 853880 39:35 Ea p . u cozmuEsEEou 
mmmr 

ta: wm?opm M " wumtBE mEm>oEwm 0mm? 
PE: wwEBm - , Q25 wmmcopm mEm>oEmm 3m? m3m>oEmm 

3m? mica x20 38: 
m5? 3% “E5 5520 H " wumtBE>mEmE 

mom? 

50522 222 

. mom? 

NF 0E 

5388a 
wow? 

was ESHUEHWWCE cozmuEsEEou 



Patent Application Publication Feb. 6, 2014 Sheet 10 0f 10 US 2014/0034558 A1 

mp .GE 

com? 



US 2014/0034558 A1 

SYSTEM AND PROCESS FOR REMOVING 
NITROGEN COMPOUNDS AND ODORS 

FROM WASTEWATER AND WASTEWATER 
TREATMENT SYSTEM 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] This application is a divisional ofU.S. patent appli 
cation Ser. No. 12/793,144 ?led Jun. 3, 2010 (Which applica 
tion claims the priority, under 35 U.S.C. §119, of US. Pro 
visional Patent Application Ser. No. 61/294,521 ?led J an. 13, 
2010), the entire disclosures of Which are hereby incorporated 
herein by reference in their entirety. 

FIELD OF THE INVENTION 

[0002] The present invention lies in the ?eld of removing 
Waste and odors from WasteWater using multi-zone aerobic 
and/or anaerobic ?uidized expansion chambers. Waste can 
include, but is not limited to, nitrogenous Waste such as 
ammonia, nitrite, and nitrate. In an exemplary embodiment, 
the present disclosure relates to system and processes for 
processing WasteWater arising from con?ned animal feeding 
operations (CAFOs). The invention further includes a Web 
based WasteWater treatment monitoring and control system. 

BACKGROUND OF THE INVENTION 

[0003] Microbial denitri?cation is a frequently used and 
inexpensive method of removing nitrogenous Waste from 
WasteWater. TWo common con?gurations utilize either 
packed beds (also referred to as ?xed ?lm) or ?uidized beds. 
Denitrifying microbial cultures have been supported on a 
variety of substrates including sand, ceramics, polymers, 
clay, and gels, to name a feW. Fluidized bed denitri?cation 
systems offer a cost-effective solution to WasteWater treat 
ment, as they are self-adapting and provide a very large reac 
tive surface area for a given volume compared to ?xed ?lm 
based ?ltration systems. The primary disadvantage of 
microbial systems (or bioreactors) is that the organisms 
require an environment conducive to supporting their meta 
bolic needs. While biological treatment systems can be ?ex 
ible and robust, temperature, pH, oxygen content, and con 
taminant levels are variables to be controlled for optimum 
performance. Despite this requirement, microbial denitri?ca 
tion is still a cost effective Way to treat WasteWater. 

[0004] Such systems can, and typically are, used in con 
junction With other WasteWater unit processes to achieve 
acceptable levels of biological oxygen demand (BOD) and/or 
the removal of other pollutants including, but not limited to, 
phosphorus, nitrogen, heavy metals, miscellaneous solids, 
and toxic organics. 
[0005] The US. Department of Agriculture (USDA) and 
the US. Environmental ProtectionAgency (EPA) promulgate 
regulations that require entities generating WasteWater to con 
?ne the discharge to permissible levels. Examples of regu 
lated materials and chemicals included in discharged Waste 
Water are ammonia, phosphates, nitrates, nitrites, and heavy 
metals. Typically, entities generating WasteWater create hold 
ing ponds at their site. These ponds can be part of the treat 
ment system and act as storage structures for the WasteWater 
before, during, and after processing. Some processes alloW 
the entities to either discharge their ef?uent to local Water 
Ways, others recycle the treated Water by reusing it, for 
example, for cleaning or irrigation. Addition of WasteWater 
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treatment systems prior to these holding facilities can reduce 
the size required for these holding ponds. 
[0006] Various entities spend millions of dollars annually 
to treat their WasteWater. The cost of discharging untreated 
Water to a municipal WasteWater treatment facility can be 
prohibitive. In addition, every dollar spent on such discharge 
could have been spent on other, more bene?cial, endeavors, 
including, for example, improvements to facilities. 
[0007] In FIGS. 1 and 2, if the ?lter uses standard 3-inch 
diameter plumbing, for example, then standard 3-inch parts 
can be used. At the top of the plumbing, a 3-inch DWV clean 
out 200 can be connected to a 3-inch cross 202. The horizontal 
?ll pipes 120 can comprise a pair of 3-inch by 7.25-inch 
sch-160 PVC ?ttings each on opposing sides of the cross 202 
With each being connected to one of a pair of 3-inch by 
20.5-inch sch-160 PVC ?ttings through a 3-inch compression 
coupling 204. Each of the horizontal ?ll pipes 120 is terrni 
nated by one of the tWo input bulkheads 110. The hatched 
areas of the pipes connected to the cross 202 illustrate the 
cement joints of the respective pipes. The vertical injector 
pipe 130 can be a 3-inch by 89-inch sch-160 PVC pipe that is 
terminated at the bottom thereof by a 4-inch bulkhead 206 
holding a 3-inch drain gate 208, a 4-inch by 2-inch bushing 
210, and, ?nally, a 2-inch plug 212. In this exemplary 
embodiment, four 1.5-inch holes, 2.5-inches on center are at 
the loWer end of the vertical injector pipe 130. 
[0008] Some existing denitri?cation ?lters may use a ?u 
idized bed bioreactor having an inverted cone shape. Such a 
con?guration optimizes the active volume of the bioreactor 
and reduces the volume and pumping requirements for any 
given throughput due to the high velocity of the liquid at the 
small part of the cone relative to the average liquid velocity of 
the entire vessel. An exemplary con?guration of a ?uidized 
bed reactor is shoWn in FIG. 1. In this ?lter, WasteWater W is 
injected through the top of the ?lter element through a pipe 
that discharges at the base of the ?uidized bed reactor. In 
FIGS. 1 and 2, the exemplary ?lter 100 can receive Water to be 
treated W from either of tWo input bulkheads 110. Passing 
through horizontal ?ll pipes 120, the Water W enters a vertical 
injector pipe 130 and exits out ports 140 adjacent the loWer 
most end of the vertical injector pipe 130 into the interior 102 
of the ?lter body. Accordingly, the high-pressure stream of 
Water W is forced upWards through the column of bed mate 
rial 150, e. g., sand (not shoWn but indicated by dotted under 
line), Which material 150 ?lls a loWermost portion of the 
?lter’s interior (for example, up to ?ll line 160 When dry). As 
the Water W mixes With the bed material 150, it creates a 
?uidized bed having an upper boundary above ?ll line 160. A 
cone-shaped ?lter maximizes the e?iciency of the ?uidization 
Within the column of the ?uidized bed. An ideal ?uidized bed 
reactor is one Where the entire volume of the bed material 
becomes ?uidized. Cone shaped ?uidized beds (compared to 
straight cylinders) are more tolerant of variations in ?oW rates 
and media size uniformity that can lead to media Washout in 
cylinders. It is bene?cial if this ?lter system design is self 
leveling and has a built-in over?oW capability. To function 
best, hoWever, a ?uidized bed’s long axis should be oriented 
as close to vertical as possible. 

[0009] An exemplary diagram for a denitri?cation process 
?oW that can use a ?uidized bed reactor 100 is provided in 
FIG. 3. Ef?uent WasteWater W is introduced into a set 300 of 
sumps and ?lters that are con?gured in series because micro 
bial reduction of ammonia in an in?uent stream is a multi 
stage process. In a ?rst stage 310, ammonia (NH3) is con 
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ver‘ted to nitrate (NO3) in the presence of oxygen, an aerobic 
process called nitri?cation. Oxygen can be added either as 02 
or as a constituent of air. Nitrates are as problematic as ammo 

nia as a contaminant in Waste streams.Accordingly, they must 
be treated as Well. As such, in a second stage 320, nitrates are 
converted to atmospheric nitrogen (N 2) in an anaerobic pro 
cess called denitri?cation. The number of aerobic and anaero 
bic ?lters in any given system is not ?xed, but rather depends 
on the nature of the WasteWater being treated and the desired 
characteristics of the system e?luent. FIG. 3 shoWs a con?gu 
ration Where the ?rst aerobic stage is succeeded by tWo 
anaerobic stages. As shoWn in FIG. 3, the in?uent W is dis 
charged into an aerobic sump 312 Where air 330, for example, 
is injected to maintain an adequate oxygen concentration 
suf?cient for the aerobic microbes in the ammonia reduction 
stage of the process. This aerated Water is recirculated 
through a ?rst set of tWo ?uidized bed reactors 314. Aerobi 
cally treated Water Wl from the aerobic sump 312 then ?oWs 
to the ?rst of tWo series-connected anaerobic sumps 322, 324. 
A second set of tWo ?uidized bed reactors 326 recirculate 
in?uent Water Wl Within a ?rst anaerobic sump 322, Which 
discharges partially treated Water W2 to a second anaerobic 
sump 324, at Which a third set of tWo ?uidized bed reactors 
328 recirculate ?uid therein. Denitri?ed Water W3 ?oWs out of 
the second anaerobic sump 324 to a ?nal sump 340, Where any 
number of secondary removal systems 350 can be present. 
For example, if another pollutant is to be removed, then a 
secondary removal system 350 can be used. Treated Water W4 
from this ?nal sump 340 can then either be recycled or dis 
charged. Possible direction of the treated Water W4 can be to 
a storage pond, a natural Water body, and/ or to a WasteWater 
treatment facility as desired. Each of the sumps 312, 322, 324 
can be accommodated to ?t the needs of a particular facility. 
[0010] The basic chemical process for treatment of the 
liquid in the ?rst stage 310 involves aerating a stream of 
ammonia-rich WasteWater and introducing this WasteWater to 
an aerobic sand ?lter(s) Where it ?rst contacts an aerated zone. 
Here, the ammonia is converted to NO3 as set forth in the 
folloWing equation: 

Then, the nitrate-rich e?luent of the ?rst stage 310 enters at 
least one anoxic ?lter Where a high density of denitrifying 
bacteria converts the nitrate to N2 as set forth in the folloWing 
equation: 

[0011] This tWo-step process is represented in the sche 
matic ?oW diagram of FIG. 4, Which also includes the vertical 
orientation of in?uent and e?luent Within the system of FIG. 
3. First, ef?uent WasteWater W is introduced into the aerobic 
sump 3 12, the nitri?cation sump. Liquid from the nitri?cation 
sump 312 is removed from the bottom thereof and injected in 
the ?lter 314 through the loWer port(s) 140. The pressure 
provided by the liquid coming out of the port 140 is made 
suf?cient to maintain ?uidization of the bed material in the 
?lter 314. The ?uid in the nitri?cation sump 312 is aerated, 
Which aeration can occur directly in the nitri?cation sump 
312 or indirectly in a separate aeration sump 312', the latter of 
Which is shoWn in FIG. 4. In this ?rst stage 310, ammonia 
converts to nitrate. 

[0012] Ammonia-free liquid containing nitrate W1 is, then, 
transferred to an anaerobic sump 322 of the second stage 320. 
Liquid from the anaerobic sump 322 is injected into the ?lter 
324 through the loWer port(s) 140. The pressure provided by 
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the liquid coming out of the port 140 is made su?icient to 
maintain ?uidization of the bed material in the ?lter 324. The 
?uid in the anaerobic sump 322 is not aerated, enabling nitrate 
in the ?lter 324 to convert to N2. If further anaerobic ?ltration 
is needed to completely convert the nitrate, the portion of the 
second stage 320 shoWn in FIG. 4 can be repeated as desired 
(indicated With the ellipses in FIG. 4) and, as shoWn in FIG. 3, 
to transfer ef?uent W” from the anaerobic sump 322 to addi 
tional repetitive ?ltration stages. 
[0013] It is desirable to remove as much solids from Waste 
Water as possible before introducing the WasteWater W into 
the denitri?cation system. One Way to remove such solids is 
to ?rst send the WasteWater W to a solids separator (e.g., a 
screW press or inclined screen solids separator), in Which 
some of the suspended solids are removed. These solids can 
be used as a soil amendment if desired. The liquid portion that 
exits from the solids separator can then be treated With the 
denitri?cation system to remove other contaminants. 

[0014] Removal of nitrogen and odor causing contaminants 
from WasteWater can alloW for the reuse of this Water for 
process and Waste ?ushing purposes. Such a practice loWers 
fresh Water usage, Which is more environmentally friendly 
and cost effective than constantly using fresh Water. 

[0015] The ?oW of Water needed to keep the ?uidized sand 
?lter systems ?uidized often exceeds the overall ?oW of liquid 
through the system. As a result, ?uidized sand ?lter systems 
have traditionally needed to be coupled With additional tank 
age (sumps) to hold the additional Water needed to keep the 
beds ?uidized. This need for additional tankage increases the 
footprint of the system by as much as tWo times. Accordingly, 
there is a need for a system that reduces this extra space for 
sumps. 

[0016] Residences, commercial and industrial establish 
ments generate WasteWater or seWage. SeWage includes 
household Waste from toilets, baths, kitchens and Washing 
machines as Well as WasteWater produced from industrial 
processes like food and chemical production. In a typical 
metropolitan area all of these sources of WasteWater are con 
nected by a netWork of underground seWers to a seWage 
treatment plant Where the Water is processed to eliminate 
components in the Water that could harm the environment. 
The seWer system includes pipes and pumping stations that 
move the WasteWater from its sources to the Waste treatment 
plant. Some seWer systems also handle storm Water runoff. 
SeWage systems capable of handling storm Water are called 
combined systems. These systems are expensive to operate as 
they must have the capacity to process surges of storm Water 
along With the normal volume of seWage they treat. As a 
result, many municipalities have separate seWage and storm 
Water treatment facilities. 

[0017] Conventional seWage treatment generally includes 
three stages, generally referred to as primary, secondary and 
tertiary or advanced treatment. Primary treatment is a process 
in Which raW seWage is screened or treated in holding basins 
to remove solids. In the holding basin, a scum layer forms and 
includes, for example, oil, grease, soap, and plastics. The 
solids and scum are separated from the Water and the remain 
ing liquid is, then, further processed. In the secondary treat 
ment step, nutrients, organic constituents, and suspended sol 
ids are removed by bacterial organisms in a managed 
environment. Tertiary or advanced treatment involves the fur 
ther nutrient and suspended solids removal and disinfection 
before it is discharged into the environment. 



US 2014/0034558 A1 

[0018] Sewage can also be treated close to Where it is gen 
erated using septic tanks, bio?lters, or aerobic treatment sys 
tems. These systems process the WasteWater produced from 
residential, commercial, or agricultural sources at or near the 
location Where they are generated. These systems, Which 
include septic tanks, do not require extensive seWer systems 
and are, generally, used in locations Where access to seWage 
treatment plants is not practical. Septic tanks employ physical 
and biological removal of organics similarly to conventional 
seWage treatment plant but do not have the capacity to handle 
large surges of WasteWater. Because the Water in a septic tank 
is discharged at the same rate it enters the system, the input 
Waste stream can exceed the capacity of the system to process 
the Water before it is discharged. As a result, these systems can 
and do discharge untreated seWage into the Water table. This 
is a deleterious condition that needs to be eliminated. 
[0019] Subdivisions and planned urban developments that 
are not located near seWage treatment plants sometimes use 
WasteWater treatment systems called package plants. Package 
plants are miniature seWage treatment plants that are con?g 
ured to handle the needs of a subdivision or an institution, 
such as a school, from Which bathroom and cafeteria Waste 
Water can be processed. Like septic tanks, package plants can 
be hydraulically overloaded during peak loading hours, after 
lunch is served for example, When large volumes of Waste 
Water enter the system, forcing contaminated Water to be 
discharged before it can be properly processed. Preventing 
this condition Would be desirable. 
[0020] In municipal areas Where large, centraliZed Waste 
Water treatment facilities are established, seWage can be 
effectively processed and Water discharged into the environ 
ment can be controlled and regulated. In rural areas Where 
package plants and septic systems are employed, WasteWater 
discharge into the environment is uncontrolled, largely 
unregulated and contaminants are routinely discharged into 
the environment. Preventing such discharge Would be desir 
able. 
[0021] The same is true for agricultural operations, particu 
larly, large establishments like con?ned animal feeding 
operations and dairy farms. There are no standard agricultural 
WasteWater treatment systems on the market. Typically each 
farming operator retains a WasteWater treatment consultant 
and a custom system is designed to meet their individual 
needs. Due to the massive amounts of Waste created by these 
facilities and the high cost of municipal-class treatment sys 
tems, agricultural Waste processing systems often rely on 
large lagoons to provide secondary and tertiary processing of 
their Waste. Unfortunately these systems are subject to failure 
due to over?oW from heavy rains and leakage from the lagoon 
basin. Consequently, nutrient-rich Water can be discharged 
into the aquifer and surrounding bodies of Water. Preventing 
such discharge Would be desirable. 
[0022] Thus, a need exists to overcome the problems With 
the prior art systems, designs, and processes as discussed 
above. 

SUMMARY OF THE INVENTION 

[0023] The invention provides a multi-stage bioreactor for 
ef?uent denitri?cation and systems and methods for remov 
ing nitrogenous Waste (e.g., ammonia, nitrite, nitrate) and 
odors from WasteWater using multi-Zone aerobic and/or 
anaerobic ?uidized expansion chambers that overcome the 
hereinafore-mentioned disadvantages of the heretofore 
knoWn devices and methods of this general type and that 
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provide such features With a reduced footprint and, in doing 
so, improves ?uidiZation of the bed material. 
[0024] The invention provides WasteWater treatment sys 
tems and processes utiliZing the multi-stage bioreactor that 
overcome the hereinafore-mentioned disadvantages of the 
heretofore-knoWn devices and methods of this general type 
and that prevent contaminated Water from being discharged 
and easily and routinely monitors the WasteWater treatment 
system so that veri?cation of non-discharge of contaminated 
Water can be made. 

[0025] The bioreactor portion of the invention pertains to 
systems and processes for treating nitrogenous pollutants and 
odors in WasteWater through a controlled biological process. 
The primary element of control in the invention is a quanti 
?able control of WasteWater velocity through the system uti 
liZing a controlled interaction of vessel geometry With bio 
logical components of the system. Other control parameters 
of the systems and processes include pH, temperature, and 
oxygen saturation of the WasteWater. Parameters of the sys 
tems and processes include some combination of the folloW 
mg: 

[0026] 1) Reduction of Biological Oxygen Demand 
(BOD); 

[0027] 2) Reduction of Odor; 
[0028] 3) Conversion of ammonia (NH3) to nitrate 

(NO3); and 
[0029] 4) Conversion of nitrate (N O3) to atmospheric 

nitrogen (N 2). 
[0030] Bacteria are maintained as a bio?lm on solid media 
Within a vessel of the inventive bioreactor. The solid media is 
particulate and of su?icient buoyancy to be suspended With a 
How of Water through the vessel. The degree of buoyancy is 
controlled by the velocity of Water, the density of the par 
ticles, and the shape of the particles and is described by the 
equation: 

NGa 

Where: 
[0031] eIbed void fraction; 
[0032] NRfParticle Reynolds Number; and 
[0033] NGfGalileo Number, 

and is further discussed in US. Pat. No. 4,032,407 to Scott et 
al., the disclosure of Which is incorporated herein by refer 
ence in its entirety. 
[0034] Processes of the invention involve decoupling treat 
ment time and system ?oW-through using an improved sump 
feature. This feature optimiZes the process to achieve a vari 
ety of process outcomes. For example, there is a reduction of 
odor While the nitrogen content of WasteWater is maintained 
for fertilizer use by conversion of ammonia to nitrate While 
the conversion of nitrate to N2 is inhibited. 
[0035] This optimiZed control and monitoring system can 
be implemented not only for a single facility’s WasteWater 
treatment, but also can be expanded to monitor and document 
a community or Watershed Wide system of WasteWater treat 
ment facilities that permits later veri?cation of no discharge 
or permissible discharge, throughout any particular time 
period of the facility’s operational history. More speci?cally, 
the invention provides a solution to the problem of the veri 
?cation of treating WasteWater from rural and agricultural 
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sources by creating a virtual WasteWater treatment system 
including a network of independent treatment or ?ltration 
systems that are instrumented to measure critical process 
parameters such as process ?oWs, Water levels, Water tem 
perature, pH, nutrient concentration, total suspended solids, 
actual and potential effects of local Weather conditions, and 
others. The data produced and recorded by these individual 
sub-systems are, then, transmitted electronically and cap 
tured at a central location, at Which the received data is further 
analyZed and used to manage the systems remotely. The 
invention, thereby, provides oversight to the control and 
operation of the treatments systems being monitored. 
[0036] On a local site level, parameters that are measured 
by various probes and instruments connect to a central pro 
cessing unit (e.g., a personal computer), Which contains and 
executes software that captures, processes, and records the 
sensed data and, then, remotely operates a number of respon 
sive process control mechanisms such as valves, pumps, 
chemical dispensers, etc., to optimiZe the operation of a par 
ticular ?ltering system or to shut doWn one or more compo 
nents or operations in the case of failure or need for repair. 
During times When the processed output exceeds the limits 
permitted for laWful or proper discharge (for example, the 
amount alloWable under a particular permit), the invention 
can proactively divert output ?oW into a holding facility (i.e., 
tank orpond) for reprocessing until concentration levels at the 
WasteWater system output achieve compliance, at Which time 
permissible discharge can occur. This “smart” interactive pro 
cess is capable of monitoring and reporting on a local or 
regional basis (by coordinating the monitoring of adjacent 
sites or sites on the same WaterWay) and in real-time, alloWing 
numerous advantages in monitoring the actual and potential 
discharges into a natural system, not the least of Which is to 
alloW affected dischargers to trade, sell or exchange excess 
capacity or alloWances. 

[0037] Each of these treatment systems connects through 
the Internet or through other remote electronic measures to a 
central monitoring location, Where operational parameters 
and maintenance of the systems can be observed and con 
trolled. The monitoring location is able to vieW the data 
recorded by each treatment system, and, in an embodiment 
Where a remote vieWing system is used in conjunction there 
With (for example, a Web camera), operational problems are 
observed and diagnosed remotely. If any problems occur that 
need physical repair or service, a live technician couldthen be 
dispatched to ?x the ?lter system or that ?lter could be shut 
doWn remotely or its output diverted remotely until proper 
operation of the ?lter Was restored, thereby entirely prevent 
ing discharge of non-compliant Water. 
[0038] In this Way, each of the treatment systems can be 
connected as a netWork to a central monitoring station Where 
the output of all of the netWorked systems is monitored on a 
continuous basis to achieve compliance and protect against 
unauthoriZed discharge of contaminated Water into the envi 
ronment. The invention provides continuous Water treatment 
capability to a large number of distributed ?lter systems (e.g., 
physically separate and, possibly, far apart from one another) 
at a cost that is many factors cheaper than the cost of a 
conventional seWer system. Where, in particular, all dis 
charge is treated at an even more expensive regional Waste 
Water treatment facility such as those operated by city and 
state governments. 
[0039] With the foregoing and other objects in vieW, there is 
provided, in accordance With the invention, a WasteWater 
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treatment system for a Watershed de?ning an aquifer or Water 
Way comprises a netWork of independent WasteWater treat 
ment facilities, at least one monitor located to measure Water 
that includes WasteWater discharged from tWo or more of the 
independent WasteWater treatment facilities and operable to 
monitor Water quality parameters of the Watershed, and a 
central monitoring location. Each of the independent Waste 
Water treatment facilities has WasteWater treatment sub 
systems, control devices operable to receive at least one con 
trol command and, dependent upon the at least one control 
command received, to alter at least one parameter of at least 
one of the WasteWater treatment subsystems, and a commu 
nication device operatively connected to the WasteWater treat 
ment subsystems and to the control devices. The WasteWater 
treatment subsystems include a WasteWater collection sub 
system for holding WasteWater to be treated, a ?lter pump 
subsystem comprising a WasteWater pump ?uidically con 
nected to the WasteWater collection subsystem and operable 
to pump WasteWater out from the WasteWater collection sub 
system, at least one ?ltration subsystem comprising at least 
one bioreactive ?lter ?uidically connected to the WasteWater 
pump and operable to ?lter WasteWater received from the 
WasteWater pump. The at least one bioreactive ?lter has a 
sump de?ning a sump cavity for receiving WasteWater 
therein, a ?uidiZed-bed ?lter disposed in the sump cavity, and 
an output ?uidically connected to the ?uidized-bed ?lter and 
operable to discharge ?ltered WasteWater from the ?uidized 
bed ?lter. The monitoring subsystem comprises monitors 
operable to measure WasteWater process parameters of the 
WasteWater treatment subsystem selected from at least one of 
the group consisting of process How, Water level, Water tem 
perature, pH, nutrient concentration, total suspended solids, 
actual Weather condition at the WasteWater treatment facility, 
and effects of local Weather condition on the WasteWater 
treatment facility. The communication device is operable to 
send information corresponding to the WasteWater process 
parameters measured by the monitors, to receive control mes 
sages corresponding to the at least one control command, and 
to transmit the at least one control command to at least one of 
the control devices to, thereby, alter a WasteWater process 
parameter. The central monitoring location is operable to 
manage the Watershed by receiving the information corre 
sponding to the WasteWater process parameters from each 
communication device, evaluating if changes are to be made 
by at least one of the independent WasteWater treatment facili 
ties, sending the control messages to at least one of the inde 
pendent WasteWater treatment facilities, and coordinating the 
monitoring of the independent WasteWater treatment facilities 
by alloWing the independent WasteWater treatment facilities 
to at least one of trade, sell, and exchange excess e?luent 
capacity. 
[0040] With the objects of the invention in vieW, there is 
also provided a distributed WasteWater treatment system for a 
Watershed de?ning an aquifer or WaterWay, comprises a net 
Work of distributed WasteWater treatment facilities opera 
tively unconnected to a central, doWnstream WasteWater treat 
ment facility, at least one monitor located to measure Water 
that includes WasteWater discharged from tWo or more of the 
distributed WasteWater treatment facilities and operable to 
monitor Water quality parameters of the Watershed, and a 
central monitoring location. Each of the distributed WasteWa 
ter treatment facilities has WasteWater treatment subsystems, 
at least one control device operable to receive at least one 
control command and, dependent upon the at least one control 
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command received, to alter at least one parameter of at least 
one of the WasteWater treatment subsystems, and a commu 
nication device. The WasteWater treatment subsystems 
include a WasteWater collection subsystem for holding Waste 
Water to be treated, a WasteWater pump sub system comprising 
a WasteWater pump ?uidically connected to the WasteWater 
collection subsystem and operable to pump WasteWater out 
from the WasteWater collection subsystem and a treatment 
device operable to treat WasteWater received from the Waste 
Water pump, and a monitoring subsystem comprising at least 
one monitor operable to measure WasteWater process param 
eters of the WasteWater treatment sub systems selected from at 
least one of the group consisting of process How, Water level, 
Water temperature, pH, nutrient concentration, total sus 
pended solids, actual Weather condition at the WasteWater 
treatment facility, and effects of local Weather condition on 
the WasteWater treatment facility. The communication device 
is operatively connected to at least one of the WasteWater 
treatment subsystems and the at least one control device and 
operable to transmit information corresponding to the mea 
sured WasteWater process parameters, to receive control mes 
sages corresponding to the at least one control command, and 
to transmit the at least one control command to the at least one 
control device to, thereby, alter a WasteWater process param 
eter. The central monitoring location is operable to manage 
the Watershed by receiving the information corresponding to 
the WasteWater process parameters from each communication 
device, evaluating if changes are to be made by at least one of 
the independent WasteWater treatment facilities, sending the 
control messages to at least one of the independent WasteWa 
ter treatment facilities, and coordinating the monitoring of the 
independent WasteWater treatment facilities by alloWing the 
independent WasteWater treatment facilities to at least one of 
trade, sell, and exchange excess e?luent capacity. 
[0041] In accordance With another feature of the invention, 
the at least one of trading, selling, and exchanging of excess 
e?luent capacity is for excess nitrogenous Waste capacity. 
[0042] In accordance With a further feature of the invention, 
the central monitoring location is operable to manage the 
Watershed by at least one of regulating and diverting dis 
charge from the independent WasteWater treatment facilities 
to maintain compliance With permissible, monitored Water 
shed parameter tolerances. 
[0043] In accordance With an added feature of the inven 
tion, the central monitoring location includes a central pro 
cessing system having a transceiver operable to communicate 
With the communication device, the central processing sys 
tem being operable to receive the information from each 
communication device of the WasteWater treatment facilities 
and to transmit at least one control message to each commu 
nication device. 
[0044] In accordance With an additional feature of the 
invention, the central processing system is programmed to 
capture, process, and record the received information and, 
then, remotely operate each WasteWater treatment facility by 
sending the at least one control message. 
[0045] In accordance With yet another feature of the inven 
tion, the control devices comprise at least one of the group 
consisting of cameras, valves, pumps, chemical dispensers, 
relays, sWitches, and facility shut doWn devices. 
[0046] In accordance With yet a further feature of the inven 
tion, the central processing system comprises a personal com 
puter and the communication device comprises a communi 
cation connection to the Internet. 
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[0047] In accordance With yet an added feature of the 
invention, each of the WasteWater treatment sub systems com 
prises a throughput rate and a turnover rate independent of the 
throughput rate. 
[0048] In accordance With yet an additional feature of the 
invention, the ?uidized-bed ?lter is supported upright by the 
sump and has an upWardly expanding, holloW, conical ?lter 
body and ?lter media inside the ?lter body. 
[0049] In accordance With again another feature of the 
invention, 
[0050] In accordance With again a further feature of the 
invention, the treatment device is at least one ?ltration sub 
system comprising at least one ?lter ?uidically connected to 
the WasteWater pump and operable to ?lter WasteWater 
received from the WasteWater pump. 
[0051] In accordance With again an added feature of the 
invention, the at least one bioreactive ?lter has one aerobic 
?lter stage and tWo anaerobic ?lter stages. 
[0052] In accordance With again an additional feature of the 
invention, the at least one ?lter comprises at least one biore 
active ?lter having a sump de?ning a sump cavity for receiv 
ing WasteWater therein, a ?uidized-bed ?lter disposed in the 
sump cavity and supported upright by the sump, the ?uidized 
bed ?lter having an upWardly expanding, holloW, conical 
?lter body and ?lter media inside the ?lter body, and an output 
?uidically connected to the ?uidiZed-bed ?lter and operable 
to discharge ?ltered WasteWater from the ?uidized-bed ?lter. 
[0053] In accordance With a concomitant feature of the 
invention, the WasteWater collection subsystem includes a 
solids separator. 
[0054] Although the invention is illustrated and described 
herein as embodied in a multi-stage bioreactor for e?luent 
denitri?cation and systems and methods for removing nitrog 
enous Waste and odors from WasteWater using multi-Zone 
aerobic and/or anaerobic ?uidized expansion chambers and 
in systems and processes for WasteWater treatment, it is, nev 
ertheless, not intended to be limited to the details shoWn 
because various modi?cations and structural changes may be 
made therein Without departing from the spirit of the inven 
tion and Within the scope and range of equivalents of the 
claims. Additionally, Well-known elements of exemplary 
embodiments of the invention Will not be described in detail 
or Will be omitted so as not to obscure the relevant details of 
the invention. 
[0055] Additional advantages and other features character 
istic of the present invention Will be set forth in the detailed 
description that folloWs and may be apparent from the 
detailed description or may be learned by practice of exem 
plary embodiments of the invention. Still other advantages of 
the invention may be realiZed by any of the instrumentalities, 
methods, or combinations particularly pointed out in the 
claims. 
[0056] Other features that are considered as characteristic 
for the invention are set forth in the appended claims. As 
required, detailed embodiments of the present invention are 
disclosed herein; hoWever, it is to be understood that the 
disclosed embodiments are merely exemplary of the inven 
tion, Which can be embodied in various forms. Therefore, 
speci?c structural and functional details disclosed herein are 
not to be interpreted as limiting, but merely as a basis for the 
claims and as a representative basis for teaching one of ordi 
nary skill in the art to variously employ the present invention 
in virtually any appropriately detailed structure. Further, the 
terms and phrases used herein are not intended to be limiting; 
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but rather, to provide an understandable description of the 
invention. While the speci?cation concludes With claims 
de?ning the features of the invention that are regarded as 
novel, it is believed that the invention Will be better under 
stood from a consideration of the following description in 
conjunction With the draWing ?gures, in Which like reference 
numerals are carried forWard. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0057] The accompanying ?gures, Where like reference 
numerals refer to identical or functionally similar elements 
throughout the separate vieWs, Which are not true to scale, and 
Which, together With the detailed description beloW, are incor 
porated in and formpart of the speci?cation, serve to illustrate 
further various embodiments and to explain various prin 
ciples and advantages all in accordance With the present 
invention. Advantages of embodiments of the present inven 
tion Will be apparent from the folloWing detailed description 
of the exemplary embodiments thereof, Which description 
should be considered in conjunction With the accompanying 
draWings in Which: 
[0058] FIG. 1 is a vertical, partially cross-sectional vieW of 
a prior art ?uidized bed reactor; 
[0059] FIG. 2 is an exploded, side elevational vieW of 
plumbing parts of the ?uidized bed reactor of FIG. 1; 
[0060] FIG. 3 is a diagrammatic plan vieW of a prior art 
denitri?cation system incorporating the ?uidized bed reactor 
of FIG. 1; 
[0061] FIG. 4 is a liquid ?oW diagram ofa portion of the 
denitri?cation system of FIG. 2; 
[0062] FIG. 5 is a vertical cross-sectional vieW and ?oW 
diagram of a ?ltration system according to one exemplary 
embodiment of the invention Where the ?lter is separate from 
the sump; 
[0063] FIG. 6 is a fragmentary, horizontal cross-sectional 
vieW of an injection base of the ?ltration system of FIG. 5 
along section line 6-6 in FIGS. 7 and 8; 
[0064] FIG. 7 is a fragmentary, vertical cross-sectional 
vieW, along section line 7,8-7,8 in FIG. 6, of the injection base 
of FIG. 6 and a ?oW regulation device of FIG. 5 With the ?oat 
valve in an almost closed state; 

[0065] FIG. 8 is a fragmentary, vertical cross-sectional 
vieW, along section line 7,8-7,8 in FIG. 6, of the injection base 
and ?oW regulation device of FIG. 7 With the ?oat valve in an 
open state; 
[0066] FIG. 9 is a vertical cross-sectional vieW and ?oW 
diagram of a ?ltration system according to another exemplary 
embodiment of the invention Where the ?lter is Within the 
Sump; 
[0067] FIG. 10 is a plan vieW of an alternative exemplary 
embodiment of a support plate of the ?oW regulation device of 
FIG. 5; 
[0068] FIG. 11 is a diagrammatic ?oW diagram of a Waste 
Water treatment system according to an exemplary embodi 
ment the invention; 
[0069] FIG. 12 is a block circuit diagram illustrating a 
computing system for implementing the central monitoring 
system according to an exemplary embodiment of the present 
invention; and 
[0070] FIG. 13 diagrammatically illustrates an exemplary 
con?guration of netWorked ?lter systems according to the 
invention along an exemplary aquifer. 

Feb. 6, 2014 

DETAILED DESCRIPTION OF THE INVENTION 

[0071] Before the present invention is disclosed and 
described, it is to be understood that the terminology used 
herein is for the purpose of describing particular embodi 
ments only and is not intended to be limiting. The terms “a” or 
“an”, as used herein, are de?ned as one or more than one. The 

term “plurality,” as used herein, is de?ned as tWo or more than 
tWo. The term “another,” as used herein, is de?ned as at least 
a second or more. The terms “including” and/ or “having,” as 

used herein, are de?ned as comprising (i.e., open language). 
The term “coupled,” as used herein, is de?ned as connected, 
although not necessarily directly, and not necessarily 
mechanically. 
[0072] As used herein, the term “about” or “approxi 
mately” applies to all numeric values, Whether or not explic 
itly indicated. These terms generally refer to a range of num 
bers that one of skill in the art Would consider equivalent to 
the recited values (i.e., having the same function or result). In 
many instances these terms may include numbers that are 
rounded to the nearest signi?cant ?gure. 
[0073] Herein various embodiments of the present inven 
tion are described. In many of the different embodiments, 
features are similar. Therefore, to avoid redundancy, repeti 
tive description of these similar features may not be made in 
some circumstances. It shall be understood, hoWever, that 
description of a ?rst-appearing feature applies to the later 
described similar feature and each respective description, 
therefore, is to be incorporated therein Without such repeti 
tion. 
[0074] Described noW are exemplary embodiments of the 
present invention. Referring noW to the ?gures of the draW 
ings in detail and ?rst, particularly to FIG. 5, there is shoWn a 
?rst exemplary embodiment of a denitri?cation system and 
process 500 according to the invention. This con?guration of 
a sump and ?uidized bed reactor is the same for both the 
anaerobic and aerobic stages With the exception of an aeration 
device used in the latter. FIG. 5, therefore, is an example of an 
aerobic stage because an aeration device 590 is present in the 
sump 510. With respect to the inventive features, hoWever, 
they apply to both anaerobic and aerobic stages even though 
only the aerobic stage is illustrated here. 
[0075] Incoming WasteWater W500 enters a ?lter sump 510 
at a pump entry section 520. In the invention, this e?luent 
W500 is directed not into the sump 510 at any location therein 
but, rather, at a location adjacent a ?lter pump in?oW conduit 
530, this location is referred to herein as the pump entry 
section 520. The pump entry section 520 is de?ned only 
diagrammatically (With dashed lines) because it canbe imple 
mented in a variety of Ways. In one exemplary embodiment, 
the pump entry section 520 can be tWo vertical Walls extend 
ing upWard from the bottom of the sump 510 at a bottom 
corner thereof to form an open-topped box. As long as the 
?lter pump 540 is pumping at the same time the e?luent W500 
is entering the sump 510, then virtually all of the ef?uent W500 
Will be draWn into the pump 540 before exiting the open 
topped box 520. Another exemplary con?guration of the 
pump entry section 520 can be formed by a similar assembly 
of tWo corner Walls to form a second open-topped box but 
these Walls extend above the Water level 512 of the sump 510. 
In such a con?guration, therefore, all ef?uent W500 is draWn 
into the pump 540iso long as the e?luent W500 does not 
over?oW this open-topped box 520. If aeration of the ?uid in 
an aerobic sump 510 is desired, it can be performed as shoWn 
in FIG. 5 by aerating the sump ?uid outside the pump entry 
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section 520. Alternatively, or additionally, the sump ?uid 
inside the pump entry section 520 can be aerated. (Aeration 
can even be performed outside the sump 510 When ?uidically 
connected to the sump 510 by input and output conduits 
similar to the secondary removal system 350 con?guration 
shoWn in FIG. 3. The pump 540 transfers ?uid in the pump 
entry section 520 to the ?uidized bed reactor 550 of the 
invention at its injection base 560. 

[0076] Filtered ?uid W550 processed by the ?uidized bed 
reactor 550 enters the sump 510 from the ?uidized bed reactor 
550. As this ?uid W550 is cleaner than the ?uid contained in 
the sump 510, it can enter the sump 510 at or near the sump’s 
Water level 512. This ?uid W550 can also enter the sump 510 
at any other level as desired. Treated Water W502 leaves the 
sump 510 from the Water level 512 as the ?uid highest in the 
sump 510 is taken as being most free from the WasteWater 
constituent ?ltered out by the ?uidized bed reactor 550. For 
removal of the treated Water W502, in one exemplary embodi 
ment, the Wall of the sump 51 0 can be provided With an output 
port acting as a drain and, thereby, de?ne the highest point of 
the Water level 512 (so long as the rate of incoming treated 
Water W502 does not exceed the rate of drain plus the rate of 
any incoming WasteWater W500 if it enters the sump 510 and 
not only the pump entry section 520). In another embodiment, 
a ?exible outlet tube can be connected to a device ?oating at 
the top of the ?uidized bed and act as a skimmer to draW off 
the uppermost layer of liquid in the sump 510. Such a tube can 
?oat on top of the Water and, therefore, alloW the Water level 
512 to vary as desired. 

[0077] The invention includes a novel injector assembly 
560, 570 that provides the Water to be ?ltered W542 to the 
bottom of the ?uidized bed reactor 550 in a special Way. This 
injector assembly is comprised of an injection base 560 and a 
?oW regulation device 570. The injector assembly 560, 570 
can be best seen in FIGS. 6, 7, and 8. In contrast to the prior 
art ?uid injection system 120, 130, 140 (shoWn in FIG. 1) that 
forces the ef?uent W doWnWardly into the bottom of the 
?uidized bed reactor 550 from above, the injector assembly 
560, 570 of the invention provides the Water to be ?ltered 
W542 into the bottom of the ?uidized bed reactor 550 differ 
ently. More speci?cally, and With particular reference to FIG. 
6, the injection base 560 provides the Water to be ?ltered W542 
horizontal With respect to the Earth and tangentially With 
respect to the central axes 662, 672 of both the injection base 
560 and the ?oW regulation device 570. FIG. 6 shoWs a 
cross-section of the injection base 560 along plane 6-6 shoWn 
in FIGS. 7 and 8. Multiple injection ports 664 are connected 
?uidically to the pump output 542 to receive the Water to be 
?ltered W542 therethrough. As shoWn by the arroWs 660, the 
Water to be ?ltered W542 enters the mixing chamber 766 of the 
injection base 560 substantially horizontally and in a straight 
line. Then, as it passes a point (e.g., a mid-point, here, the 
cross-sectional line 7,8-7,8), the ?oW is caused to spiral 
around the central axes 662, 672 and form a liquid cyclone or 
vortex. Having noWhere doWnWard to go, the injected liquid 
spirals upWards in the mixing chamber 766 and into the 
interior chamber 652 of the ?uidized bed reactor’s body 750 
Where the ?lter media is present. 

[0078] The novel Water injector of FIGS. 6, 7, and 8 has 
signi?cant advantages over the prior art. First, the neW system 
provides three pathWays for injecting ?uid into the base of the 
?lter as compared to the prior art system, Which had only one. 
This is important if the Water supply line became occluded 
due to a poWer failure, for example. Multiple inlets provide 
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redundancy and security for restarting the ?uidization. Next, 
in contrast to the prior art, the center inlet tube can also be 
used to supply WasteWater (saturated With oxygen) straight to 
the base of the ?lter for maximum ?ltration effectiveness. The 
novel injector also is more robust and offers more mounting/ 
plumbing options. The novel injector housing alloWs for 
modi?cation to the center tube, thus alloWing individual sys 
tems to be “custom tailored” to a speci?c system (different 
?oW rates, media size, media density, etc.). Finally, multiple 
inlets in the base also alloW for multiple supply pumps if such 
a con?guration is desirable. 

[0079] A Watertight connection betWeen the body 750 of 
the ?uidized bed reactor 550 and the injection base 560 is 
created in this exemplary embodiment by a holloW loWer tube 
752 of the body 750 ?tting snugly Within an upper cavity 668 
of the injection base 560. 
[0080] As the vortex moves upWards, it presses against a 
loWer plug 770 of the ?oW regulation device 570 at a loWer 
expansion surface 772. Here, the loWer expansion surface 772 
has an annular shape increasing in diameter from bottom to 
top in the ?uid movement direction (i.e., vertically upWards in 
the orientation shoWn in FIGS. 7 and 8). Of course, this shape 
can be changed as desired, for example, an inverted pear 
shape produces a slightly different result. This shape is not 
required to increase in diameter from inside to outside. Other 
shapes are possible. 
[0081] The ?oW regulation device 570 is shoWn only par 
tially in FIGS. 7 and 8 but in its entirety in FIG. 5. This 
exemplary embodiment of the ?oW regulation device 570 is 
made up of the loWer plug 770, an upper collar 572, a holloW 
body 574 connected to both the loWer plug 770 and the upper 
collar 572, and a central support tube 576 about Which the 
loWerplug 770 and the upper collar 572 are slidably disposed. 
The central support tube 576 ?ts into a socket 669 in the 
center of the injection base 560 and terminates, as shoWn in 
FIG. 5, above the body 750 of the ?uidized bed reactor 550. A 
support plate 580 supports the central support tube 576 at the 
top of the ?uidized bed reactor 550. The support plate 580 can 
be simply a strip of material spanning the entirety of the upper 
diameter of ?uidized bed reactor 550 and having a hole in the 
center alloWing the central support tube 576 to protrude there 
through. Alternatively, the support plate 580 can have the 
same central hole to ?t the central support tube 576 therein but 
also be disk-shaped to cover the entire top opening of the body 
750, thus preventing any contaminant in the environment 
from entering the top of the ?uidized bed reactor 550. This 
upper and loWer connection stabilizes the central support tube 
576 and the entire ?oat assembly 560, 570 Within the ?uidized 
bed reactor 550. The support plate 580 serves to center and 
support the air injection/ support tube 576, to center and sup 
port the cone of the ?lter, and to alloW over-?oW Water to 
return to the sump 510. An alternative embodiment of the 
support plate 580 is shoWn in FIG. 10. 
[0082] With the connected assembly of the upper collar 
572, the holloW body 574, and the loWer plug 770 sliding 
about and along (vertically) the central support tube 576, 
these ?gures illustrate hoW the injection base 560 and the ?oW 
regulation device 570 cooperate to divert the ?oW upWards 
toWards the sides of the ?uidized bed reactor 550 and simul 
taneously have the ?oW regulation device 570 act as a ?oat or 
check valve of the ?uidized bed reactor 550. More speci? 
cally shoWn by the transition from FIG. 7 to FIG. 8, the ?oW 
regulation device 570 lifts up from the force of the Water, or, 
alternatively, is adjusted to a ?xed position, thus diverting 



US 2014/0034558 A1 

towards the sides of the interior chamber 652. The ?oW regu 
lation device 570 falls back doWn When such ?oW is inter 
rupted. This lift creates a ?oW gap 700 betWeen the lower 
expansion surface 674 and the uppermost portion of the inte 
rior Walls 710 of the injection base 560. As such, When pres 
sure exists in the mixing chamber 766, as shoWn in FIG. 8, the 
gap 700 is open and large, thus permitting liquid to ?oW into 
the ?lter media, the pressure of the liquid preventing ?lter 
media from entirely ?lling and, thereby clogging, the internal 
mixing chamber 766. Conversely, When pressure in the mix 
ing chamber 766 is reduced or eliminated, before the ?lter 
media has a chance to enter the mixing chamber 766, the 
loWer plug 770 completely enters the mixing chamber 766 
(slightly loWer in the mixing chamber 766 than shoWn in FIG. 
7) to close the gap 700. When so closed, the loWer plug 770 
prevents ?lter media from settling into the internal mixing 
chamber 766 and plugging up the ?uidized bed reactor 550. 
While the pressure of liquid entering the mixing chamber 766 
may be su?icient to lift the ?oat valve, the annulus betWeen 
the central support tube 576 and the holloW body 574 can be 
?lled With air and/or Water to adjust buoyancy of the ?oW 
regulation device 570 either positively or negatively. 
[0083] In an addition to the embodiment illustrated in 
FIGS. 5 and 7, the central support tube 576 (as Well as the 
loWer plug 770) can be ?tted at the bottom With one or more 
outlets 800 (shoWn diagrammatically With dashed lines in 
FIG. 8) and at the top With a ?uid supply to, for example, 
supply oxygen, air, Water, or another ?uid under pressure 
inside the interior mixing chamber 766. If desired, Water can 
be injected into the central support tube 576 to clear material 
or ?lter media that somehoW has bypassed the ?oat valve and 
clogged the interior mixing chamber 766. This unclogging is 
referred to as “burping” the ?lter. While these outlets 800 are 
shoWn as discrete openings, the portion of the central support 
tube 576 Where the openings 800 are shoWn can, instead, 
contain a porous material that Would alloW air or Water to ?oW 
into the ?uidiZed bed but prevent sand from clogging the 
openings. 
[0084] Positioned anyWhere inside the ?uidiZed bed reactor 
550 can be various sensors. One such sensor 592 (an oxygen 
probe for example) is shoWn as hanging from the support 
plate 580 and Within the ?uidiZed bed of ?lter media. Such 
sensors can measure temperature, dissolved solids, pH, dis 
solved oxygen, or other ?lter characteristic. If desired, data 
from such sensors can be used to adjust process parameters 
and, for example, be managed by microprocessor control. In 
the embodiment of FIG. 5, the ?uidiZed bed reactor 550 is 
separate from the sump 510. This con?guration still has the 
relatively large footprint described above. In an alternative 
embodiment of the invention shoWn in FIG. 9, in contrast, the 
inventive ?ltration system 900 places the ?uidiZed bed reactor 
910 actually inside the sump 920. 
[0085] Mounting the ?uidiZed bed reactor 910 in the sump 
offer several distinct advantages over mounting it externally. 
First, it eliminates expensive and complex support structure 
required for a conical tank. Second, placing the ?uidiZed bed 
reactor 910 inside a sump offers outstanding mounting sta 
bility and protects the ?lter from being accidentally knocked 
over. Next, the ?uidiZed bed reactor 910 has far better tem 
perature stability since the ?uidiZed bed reactor 910 is insu 
lated by the Water in the sump. Also, there is less thermal loss 
from a second external structure and its related plumbing. 
Fourth, the footprint of the entire system is greatly reduced 
(by about 40-50 percent). A ?fth advantage is a signi?cant 
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reduction in the likelihood of a spill because all of the related 
plumbing of the ?uidiZed bed reactor 910 is contained in the 
sump. Finally, such a con?guration simpli?es construction 
and shipping, Which is not insigni?cant for a large ?lter sys 
tem. 

[0086] The injector assembly of this embodiment also is 
comprised of the same injection base 560 and ?oW regulation 
device 570 of the injector assembly of FIG. 5. As such, this 
injector assembly receives WasteWater to be treated W900 
from a pump 940 through a pump output 942. This pump 
output 942 provides the Water to be ?ltered W942 into the 
bottom of the ?uidiZed bed reactor 910 horiZontal With 
respect to the Earth and tangentially With respect to the central 
axis of both the injection base 560 and the ?oW regulation 
device 570. This exemplary embodiment of the ?oW regula 
tion device 570 also includes the loWer plug 770, the upper 
collar 572, the holloW body 574 connected to both the loWer 
plug 770 and the upper collar 572, and the central support 
tube 576 about Which the loWer plug 770 and the upper collar 
572 are slidably disposed. 
[0087] As the con?guration and operation of the injection 
base 560 and the ?oW regulation device 770 in FIG. 9 are the 
same as already described above, the features thereof are not 
explained again. The support plate 580 also functions simi 
larly to support the central support tube 576 at the top of the 
?uidiZed bed reactor 91 0. With the connected assembly of the 
upper collar 572, the holloW body 574, and the loWerplug 770 
sliding about and along (vertically) the central support tube 
576, FIG. 9 illustrates hoW the injection base 560 and the ?oW 
regulation device 570 cooperate to divert the ?oW upWards 
toWards the sides of the ?uidiZed bed reactor 910 and simul 
taneously have the ?oW regulation device 570 act as a ?oat or 
check valve of the ?uidiZed bed reactor 910. 

[0088] The embodiment of FIG. 9, hoWever, differs With 
respect to the Water level 912. Here, over?oW of the ?uidiZed 
bed reactor 910 alWays enters the sump 920ibecause the 
?uidiZed bed reactor 910 exists inside the sump 920. Accord 
ingly, the Water level 912 (shoWn With a dashed line) can be 
above the support plate 580. 
[0089] There are signi?cant and varied bene?ts by locating 
the ?uidiZed bed reactor 910 inside the sump 920. First, as 
mentioned above, the footprint of the ?ltration stage reduces 
by half. Second, for example, the support plate 580 (or some 
other support at the upper end of the ?uidiZed bed reactor 91 0) 
can be ?xed to the inside of the opposing Walls of the sump 
920. With the injection base 560 also secured to the ?oor of 
the sump 920, the sump 920, itself, becomes the support 
structure for the ?uidiZed bed reactor 910, thereby eliminat 
ing all of the expensive parts and assembly costs for the 
separate support structure required by the prior art and by the 
reactor con?guration shoWn in FIG. 5. This savings of cost 
and materials is not insigni?cant. Next, the Water surrounding 
the entire ?uidiZed bed reactor 910 provides stability and 
support to the entire outer surface of the ?uidiZed bed reactor 
910. The Water also serves to insulate the ?uidiZed bed and 
stabiliZe temperature variations. 
[0090] In an addition to the embodiment illustrated in FIG. 
9, the central support tube 576 (as Well as the loWer plug 770) 
can be ?tted at the bottom With one or more outlets 800 (like 
the ones shoWn diagrammatically With dashed lines in FIG. 8) 
and at the top With a ?uid supply to, for example, supply 
oxygen, air, Water, or another ?uid under pressure inside the 
interior mixing chamber 766. If desired, Water can be injected 
into the central support tube 576 to clear material or ?lter 
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media that somehow has bypassed the ?oat valve and clogged 
the interior mixing chamber 766. In addition to or instead of 
inj ecting ?uid through the central support tube 576, oxygen or 
air can be injected downstream of check valve 930, into one or 
both of the injection ports 664 of the injection base 560, or 
into the mixing chamber 766. This injection can be used to 
alter the ?ltration process, for cleaning clogs, and/or for rees 
tablishing ?uidiZation (burp), to name a few. 

[0091] If the pump 940 is the only measure for injecting 
e?luent into the ?ltration system 900, then too much ?ow will 
cause the sump 920 to over?ow, even if the treated water W902 
leaving the sump 920 is allowed to freely ?ow out through a 
skimmer tube 902 in the side wall of the sump 920. If desired, 
therefore, a ?owmeter 950 can reside at the skimmer tube 902 
and, through a communication device 960, provide informa 
tion to the pump 940 in a feedback loop to regulate pump 940 
activity. Such feedback can occur by a direct connection, 
wirelessly, or indirectly through a separate control system, 
such as a microcomputer connected to the Internet, for 
example. 
[0092] Like the embodiment of FIG. 5, positioned any 
where inside the ?uidiZed bed reactor 910 or the sump 920 
can be various sensors. One such sensor 980, e.g., an oxygen 
probe, is shown as hanging from the support plate 580 and 
within the ?uidiZed bed of ?lter media inside the ?uidiZed bed 
reactor 910. Such sensors can measure temperature, dis 
solved solids, pH, oxygen, or other ?lter characteristics. If 
desired, data from such sensors can be used to adjust process 
parameters and, for example, be managed by microprocessor 
control. Examples of these alternatives are described in fur 
ther detail below. 

[0093] Various process characteristics of ?ltration accord 
ing to the invention can be described with respect to FIGS. 5 
to 8. The process of removing nitrogenous waste (such as 
ammonia, nitrite, and/or nitrate) and odors from wastewater 
using multi-Zone aerobic, anaerobic (or both) ?uidiZed 
expansion chambers ?rst has incoming wastewater W500 
enter the sump 510 from external non-illustrated pump (s), 
siphon tube(s), over?ow barrier(s) or gravitational ?ow, to 
name a few. The sump 510 acts as an “accumulator” for the 

wastewater W500 being ?ltered, thus insuring the attached 
biological ?lter’s supply pump 540 always has a steady sup 
ply of water for consistent media ?uidiZation. If the sump 510 
is oversiZed, it will contain water during high ?ow events and 
allow it to be properly processed by the ?lter system 500 over 
longer periods of time, i.e., there is no wash out. The turnover 
rate into the sump 510 partially dictates the dwell time for the 
water being treated. A slower intake ?ow allows the waste 
water to be more thoroughly processed by the ?ltration sys 
tem 500 as more wastewater passes through the media. Even 
under conditions of no ?ow, the ?ltration system 500 remains 
active and ?uidiZed. This is signi?cant when dealing with 
batch ?ow or ?uctuating wastewater ?ows. The water being 
treated is ideally kept at a temperature of between 40 and 100 
degrees Fahrenheit, at a pH of between 5 and 8, at oxygen 
levels greater than 2.0 mg/l for aerobic ?ltration and less than 
1.0 mg/l for anaerobic ?ltration. Oxygen probes mounted or 
suspended in the media allows aeration to be properly set for 
the desired form of ?ltration. Oxygen can be added (if 
needed) to the wastewater in the sump 510. Other probes to 
detect temperature, pH, etc. can be used as well. Water W542 
enters the ?uidiZed bed reactor 550 at the bottom center. The 
?ow rate can be highly variable, but there should be enough 
water entering the chamber 652 to cause the resting media to 
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become continuously “?uidiZed or expanded” above the rest 
ing level. But, the ?ow rate should not be fast enough to wash 
the media out of the ?uidiZed bed reactor 550. “Pulsing” the 
inlet ?ow rate (periodically) above normal operation levels is 
helpful in insuring that the media does not have a chance to 
form “dead Zones” where the media can de-?uidiZe and 
clump. The biological chamber 652 in the ?uidiZed bed reac 
tor 550 is a multi-Zone, multi-diameter vessel that can be 
either an open-topped or pressuriZed container, depending 
upon the given circumstances. Progressively increasing the 
?uidiZed bed reactor’s diameter drastically lengthens the 
“dwell time” of water being treated therein, allowing the 
water to be in contact with the bacteria for far longer periods 
of time than it would be in a cylinder of similar height. 
Depending upon the shape and ?ow rate, this can be an order 
of magnitude (or more) of additional exposure time to the 
media. The diameter increase also helps prevent media loss 
by decreasing the water velocity through the internal chamber 
652. The solid media in the ?uidiZed portion of the ?uidiZed 
bed reactor 550 needs to have negative buoyancy and to be 
relatively uniform in classi?cation. Fixed media can also be 
installed in the top portion of the bio?lter (above the ?uidiZed 
media) to provide additional bacterial attachment points. 
[0094] Another exemplary embodiment of the ?lter hous 
ing differs from a straight-sided cone. In such an embodi 
ment, the walls can have a variable sweep (like a soda-bottle 
shape, for example). A variable sweep to the sidewalls allows 
the ?ow dynamics to be optimiZed for different media types 
and applications. Also, the ?lter chamber 652 can be built 
either as pressuriZed systems (water enters and leaves the 
?lter under pressure) or as non-pressurized systems (water 
enters under pressure but drains from sump under gravity). 
Both types have individual applications and bene?ts. There 
also is a bene?t to coupling ?uidiZed bed reactors with 
anaerobic digesters. The anaerobic digesters mineraliZe addi 
tional nitrogen in the process of converting organic matter in 
the waste to methane. The additional mineraliZed nitrogen 
becomes available for removal from the wastewater and the 
methane from the anaerobic digester can be used to produce 
energy. If the ?nal e?luent is desired to be used as a fertiliZer, 
then the ?uidiZed bed reactor can be con?gured to convert 
ammonia nitrogen to nitrate but without the ?nal conversion 
of the nitrate to atmospheric nitrogen (N2). By doing this, the 
volatility of the nitrogen is reduced and less of the fertiliZer 
value of the ef?uent will be lost during application of the 
e?luent to the crops being fertilized. It is noted that nitrate is 
a preferred form of nitrogen for most crops. 

[0095] What has been primarily described above are sys 
tems and processes for treatment of wastewater in a context 
independent from the overall environment, such as a singular 
facility. It has been discovered that the above systems/pro 
cesses are not simply for stand-alone applications indepen 
dent of the environment or other facilities. Rather, a single 
facility can be interconnected to a remote location for external 
control and monitoring. In this way, not only can the facility 
be operated to insure that no wastewater is discharged into the 
environment in a “micro” perspective, but the guarantee of 
non-discharge can be documented automatically with veri? 
able systems and reliable devices. Interconnection of a num 
ber of different systems in the environment or to other sys 
tems/processes provides enhanced bene?ts. More 
particularly, the invention is able to coordinate a particular 
wastewater system of the invention with other, separate 
wastewater systems so that an entire area (such as all waste 












