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PCT/US99/04614 DUAL DIFFUSER ASSEMBLY This invention relates to a dual
diffuser assembly, and more particularly to a dual diffuser assembly for
use in aerating wastewater within a wastewater treatment tank. BACKGROUND
OF INVENTION Diffusers are used in wastewater treatment tanks to introduce
oxygen into the wastewater. The wastewater is typically contained in
treatment tanks, and air is forced through diffusers to produce fine
bubbles that flow through the wastewater. Diffusing a high volume of air or
oxygen into the wastewater in the form of fine bubbles facilitates
biological growth during the waste treatment process. Supplying air into
the treatment tank also serves to prevent sedimentation of the wastewater
within the treatment tank. The treatment tank usually includes a network of
air distribution piping for transferring air to the diffusers. The network
of air distribution piping typically includes a drop pipe extending from an
air supply to a manifold that is submerged within the wastewater. The
submerged manifold is connected to a plurality of submerged distribution
pipes that are also submerged within the wastewater and generally arranged
in a parallel configuration along the bottom of the treatment tank. Each
distribution pipe typically supports a number of diffusers such that the
diffusers are also submerged within the wastewater along the bottom of the
tank. After a period of operation diffusers may become clogged and less
efficient such that the diffusers must be cleaned and/or replaced. Cleaning
and/or replacing the diffusers is burdensome because the treatment tank
must be emptied to perform maintenance on the diffusers. Conventional
diffusers are bolted either directly, or mounted via a base plate, to one
of the air distribution pipes. The construction of the diffuser    3 o AUG
ZO~Z WO 99I44730 PCT/US99/04614 -2 assemblies makes it difficult to perform
maintenance on the diffuser assembly. First, the distribution pipe may
require machining in order for the diffuser assembly to be mounted thereto.
Second, the diffuser 5 assembly may be damaged when torque is applied to
the diffuser assembly as the diffuser assembly is being
assembled/disassembled. Applying,a torque can be especially problematic
because diffuser assemblies are usually attached at a single central
location and have 



10 a limited ability to withstand excessive torque. Finally, common
diffuser assemblies are often mounted either underneath or on the sides of
the distribution pipe making it more difficult for an individual to access
critical portions of the diffuser assembly 15 during maintenance. A typical
diffuser arrangement is disclosed in United States Patent No. 3,083,953.
The gas diffusion apparatus includes two diffusers that are located
laterally adjacent to a conduit portion. The conduit 20 portion is mounted
end-to-end within an air distribution pipe such that some of the air passes
through the conduit portion. Another diffuser is disclosed in U.S. Patent
No. 3,396,950. This patent discloses a diffuser for sewage - 25 treatment.
The diffuser includes external threads that are used to mount the diffuser
to the top of an air distribution pipe. Another known diffuser is disclosed
in U.S. Patent No. 3,954,922. This patent discloses a diffuser having 30 a
header that is mounted underneath a distribution pipe. The header is
mounted to the distribution pipe by a hose-type clamp. The header includes
an opening that supplies air into a medium through a pair of angular
flanges. The flanges extend from underneath 35 the distribution pipe on
opposite sides of the distribution pipe. Another such diffuser is disclosed
in U.S. Patent No. 4,046,845. The disclosed diffuser is secured into    .3
o AUG 2Q~p WO 99I44730 PCT/US99/04614 -3 .the top of an air supply pipe
through a base member that has an externally threaded section. SUMMARY OF
THE INVENTION 5 The present invention is directed to a dual diffuser
assembly used for aerating a liquid. The diffuser assembly provides an
improved design for attaching the diffuser assembly to an air distribution
pipe. A plurality of these diffuser assemblies are 10 able to aerate a
large quantity of the medium when the medium is contained within one or
more storage tanks. One example of a fluid that could be aerated is
wastewater located in a sewage treatment facility. The dual diffuser
assembly includes a first 15 diffuser body and a second diffuser body. Both
of the diffuser bodies are mounted in fluid communication with an air
distribution pipe. A first diffuser is supported by the first diffuser body
and a second diffuser is supported by the second diffuser body. The 20 dual
diffuser assembly further includes a saddle that connects the first and
second diffuser bodies to the distribution pipe. During operation of the
diffuser assembly air under pressure is forced from the distribution pipe
2S into the diffuser assembly. The air enters the first and second diffuser
bodies where the air flows through the first and second diffusers before
passing into the medium to be aerated. As the air passes through the first
and second diffusers it is formed into fine 30 bubbles and the flow of fine
bubbles of air through the medium facilitates aeration of the medium. The
saddle is preferably integral with the first and second diffuser bodies and
includes a contoured surface that matches the upper half of the outer 



35 surface on the distribution pipe. The saddle of the diffuser assembly
extends across the top of the distribution pipe and downwardly along both
sides of the distribution pipe approximately to the mid-portion,   4 3 o
AUG 2002 ` WO 99/44730 PCT/US99/04614 -4 or widest portion, of the pipe.
Thus, the saddle surrounds the entire upper half of the pipe. This
configuration provides a large contact area between the saddle and the
distribution pipe. A larger contact 5 area between the saddle and the
distribution pipe creates a stronger connection when the saddle is secured
to the distribution pipe, especially via solvent welding. In a preferred
form of the invention the first 10 diffuser body and the second diffuser
body extend outwardly, transversely and upwardly from the distribution
pipe. Positioning the diffusers substantially above and away from the
distribution pipe provides easy access to the diffuser assembly during 15
service and eliminates interference from the distribution pipe with the
fine bubbles that are emitted as the air passes through the diffusers into
the medium to be aerated. In another aspect, the present invention relates
20 to a system for aerating wastewater that comprises an air distribution
pipe and a plurality of diffuser assemblies mounted along the air
distribution pipe. The diffuser assemblies are adapted to receive air from
one or more openings in air distribution pipe. 25 An object of this
invention is to provide a diffuser assembly that is readily mounted onto a
distribution pipe. Providing a diffuser assembly that is readily mounted to
the distribution pipe minimizes the cost associated with installing,
cleaning and/or 30 replacing the diffuser assembly. Another object of this
invention is to provide a diffuser assembly that is capable of being
securely connected to a distribution pipe that provides air to the diffuser
assembly. A secure connection between the 35 diffuser assembly and the
distribution pipe reduces the possibility of damage that may arise when a
force, or torque, is applied to the diffuser assembly during maintenance or
installation.   3 o Au~ 2ooa WO 99/44730 _5_ PCT/US99/04614 Another
objective is to provide a diffuser assembly that can be mounted anywhere
along the length of a distribution pipe. Increasing the flexibility
associated with mounting the diffuser assembly to the 5 distribution pipe
simplifies the task of mounting numerous diffuser assemblies along the
length of a distribution pipe that is submerged in a treatment tank. 



Still another object of the invention is to 10 provide a diffuser assembly
that is readily mounted to existing air distribution pipes such that the
network of distribution pipes within an existing storage tank can be
retro-fitted with new diffuser assemblies. Other features and advantages of
the invention 15 will become apparent to those skilled in the art upon
review of the following detailed description, claims and drawings. BRIEF
DESCRIPTION OF THE DRAWING 20 FIG. 1 is an enlarged top plan view of a
single dual diffuser assembly mounted on a distribution pipe. FIG. 2 is a
top plan view of a number of dual diffuser assemblies mounted along a
single distribution pipe. 25 FIG. 3 is a perspective view showing a number
of dual diffuser assemblies mounted along a section of a single
distribution pipe. FIG. 4 is a section view of the dual diffuser assembly
of FIG. 2 taken through the line 4-4. 30 FIG. 5 is a section view, similar
to FIG. 4, wherein one of the diffusers is enlarged to illustrate the
structure of the dual diffuser assembly in greater detail. FIG. 6 is a
perspective view of another embodiment 35 of the dual diffuser assembly.
~ o AUG ZQO? ' WO 99/44730 PCT/US99/04614 -6 DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT Fig. 1 illustrates a top plan view of a dual diffuser
assembly 10 of the present invention mounted to a distribution pipe 14.
FIG. 2 shows several dual 5 diffuser assemblies 10 mounted to a
distribution pipe 14. Mounting several diffuser assemblies 10 along the
distribution pipe 14 increases the volume of air that can be diffused into
a medium to be aerated. As best illustrated in FIGS. 3-5, the diffuser 10
assembly 10 includes a first diffuser body 23 and a second diffuser body
24. Both of the diffuser bodies 23,24 are mounted in fluid communication
with an air distribution pipe 14. A first diffuser 35 is supported by the
first diffuser body 23 and a second diffuser 36 15 is supported by the
second diffuser body 24. The dual diffuser assembly 10 further includes a
saddle 16 that connects the first and second diffuser bodies 23,24 to the
distribution pipe 14. The saddle 16 is preferably integral with the first
and second diffuser bodies 20 23,24 and includes a contoured surface 20
that matches the upper half of the outer surface on the distribution pipe
14. In addition, the saddle 16 of the diffuser assembly 10 extends across
the top of the distribution pipe 14 and downwardly along both sides of the
25 distribution pipe 14 approximately to the mid-portion, or widest
portion, of the distribution pipe 14. Thus, the saddle 16 preferably
surrounds the entire upper half of the distribution pipe 14. As illustrated
in Figs. 3-5, the first diffuser body 23 and the second 30 diffuser body 24
preferably extend outwardly, transversely and upwardly from the
distribution pipe 14. In operation of the diffuser assembly 10, air under
pressure flows into the first diffuser body 23 35 through a first opening
25 and into the second diffuser body 24 through a second opening 26. The
air flowing into the first diffuser body 23 exits the first diffuser body
23 through a first diffuser 35 into the  



3 o AU(i 2~~2 WO 99I44730 _7_ PCT/US99/04614 -' - medium to be aerated.
Similarly, the air flowing into the second diffuser body 24 exits the
second diffuser body 24 through a second diffuser 36. As the air passes
through the first diffuser 35 and the second 5 diffuser 36, the air is
transformed into fine bubbles that aerate the medium. Although the
diffusers could be positioned in other orientations, the first diffuser 35
and the second diffuser 36 are preferably oriented horizontally such that
the diffused air flows into the 10 medium in a substantially vertical
orientation. The first diffuser 35 and the second diffuser 36 are
preferably flexible membranes as more clearly defined in U.S. Patents
3,997,634 and 5,530,688, which are incorporated herein by reference,
although ceramic 15 diffusers that are commonly known in the art may also
be used. In the embodiment illustrated in FIGS. 1-5, the contoured surface
20 of the saddle 16 is semicylindrical in order to facilitate fitting
existing 20 distribution pipes with the diffuser assembly 10. The contoured
surface 20 provides a greater contact area between the distribution pipe 14
and the diffuser assembly 10. This greater contact area also facilitates
bonding between the diffuser assembly 10 25 and the-distribution pipe 14 by
solvent welding, thermal welding, mechanical attachment and/or by using
adhesives. One preferred means for attaching the diffuser assembly 10 to
the distribution pipe 14 is by using one 30 or more hollow rivets (not
shown). The hollow rivets extend through the openings 27A,27B in the
distribution pipe 14 and the first and second openings 25,26 in the
diffuser assembly 10. The hollow rivets provide an air flow channel from
the distribution pipe 14 into the 35 diffuser assembly 10 and prevent any
of the air from leaking between distribution pipe 14 and the diffuser
assembly 10.    ' WO 99I44730 3 0 AUG 200x ~. PCT/US99/04614 _g_ The
diffuser assembly 10 can be mounted to a heavy gauge plastic distribution
pipe or even a metal distribution pipe. The design of the diffuser assembly
10 also permits it to be mounted at any position along 5 the length of the
distribution pipe 14, merely by drilling holes in the distribution pipe 14
at selected locations. In a preferred form of the invention, the saddle 16
includes a main connecting section 50 that connects 10 thin walled sections
52A,52B that are adapted to be 



positioned on substantially opposite lateral sides of the distribution pipe
14. The main connecting portion 50 includes a pair of thicker sections
54A,54B that are adapted to be positioned near the top of the 15
distribution pipe 14 on opposite sides. The thin walled sections 52A,52B
are preferably integral with thicker sections 54A,54B. Each thin walled
section 52A,52B includes an opening 27A,27B that is aligned with the
openings 25,26 in the distribution pipe 14. 20 The openings 27A,27B also
match the size and shape of the first opening 25 and the second opening 26.
As best shown in FIG. 5, the upper portions of the first diffuser body 23
and the second diffuser body 24 (not shown in Fig. 5) each include a
circular wall 30 25 having external threads 32 that are adapted to engage
with corresponding internal threads 38 on a retaining ring 34. The first
diffuser membrane 35 is secured in place as the retaining ring 34 is
screwed onto the circular wall 30. A portion of the circular wall 30 is 30
preferably integral with the thicker section 54A such that the circular
wall 30 extends substantially vertically upwardly from the thicker section
54A. As shown most clearly in FIG. 3, the remainder of the circular wall 30
is integral with a lower wall 56 35 on the first diffuser body 23. The
lower wall 56 includes a bottom surface 59 that is contiguous with that
portion of the bottom of the circular wall 30 that is not integral with the
thicker section 54A of the    WO 99I44730 3 o AUG 2002 PCT/US99/04614 _9_
saddle 16. The bottom surface 59 of the lower wall 56 is rounded, and
extends upwardly and transversely from the lateral midpoint of the
distribution pipe 14. The second diffuser body 24 has a similar lower wall
57 5 (see Fig. 4). Locating the circular walls 30 in this manner positions
the diffusers 35,36 outwardly, upwardly and transversely from the
distribution pipe 14. The bottom wall 56 of the first diffuser body 23 is
integral with the thin walled section 52A of the 10 saddle 16, and the
bottom wall 57 of the second diffuser body 24 is integral with the thin
walled section 52B of the saddle 16. In another form of the invention the
peripheral edge of the diffusers may include an upwardly extending 15
annular rib 66 and a downwardly projecting annular rib 68. The downwardly
extending rib 68 is positioned over a support plate 55 contained within
each diffuser body. The upwardly extending rib 66 provides structural
stability to each diffuser by bearing against the 20 retaining ring 34 when
retaining rings 34 are used to secure the diffusers within the diffuser
bodies. The support plate 55 comprises a slightly domed support member 74
having an L-shaped peripheral shoulder 76 that receives the downwardly
extending annular rib 68 25 on the diffuser. The support member 74 includes
an opening 69 that the air passes through before exiting through the
diffusers into the medium. In the illustrated form of the invention the
first diffuser body 23 and the second diffuser body 24 include an 30
annular shoulder 86 upon which the support plate 55 rests. As disclosed in
earlier diffuser designs, a thicker, upraised portion 72 may be provided to
give additional structural stability to the diffusers. In addition, the
diffuser may include a plurality of slots 35 65 arranged as a series of
concentric circles. Another embodiment of the present invention is shown in
Fig. 6. In this embodiment, the saddle 16 further includes a clamping
member 18 which extends   



s o Auc zoos  WO 99I44730 PCT/US99/04614 -10 around the bottom surface of
the distribution pipe. The clamping member 18 is adapted to secure the
saddle 16 to the distribution pipe 14. The clamping member 18 is preferably
contiguous with the bottom surface of the 5 distribution pipe 14 and is
secured to the saddle 16 by any conventional means including, but not
limited to, the fastener 19. This embodiment,may also include one or more
0-rings (not shown) that are compressed between the diffuser assembly 10
and the distribution pipe 14. 10 The openings in the 0-rings match the
openings the diffuser assembly 10 and the distribution pipe 14 such that
air flows from the distribution pipe 14 into the diffuser assembly 10
through the 0-rings. The 0-rings act as a seal and prevent any air from
escaping between 15 the diffuser assembly 10 and the distribution pipe 14.
The openings in the diffuser assembly 10 and/or the distribution pipe 14
may be recessed such that the Orings fit within the recesses. Recessing the
openings permits the saddle 16 to be in surface contact with the 20
distribution pipe 14 when 0-rings are used. The foregoing description of
the present invention has been presented for purposes of illustration and
description. Furthermore, the description is not intended to limit the
invention to the form disclosed 25 herein. Consequently, variances and
modifications commensurate with the above teachings, and the skill or
knowledge of the relevant art, are within the scope of the present
invention. The embodiments described herein are intended to explain the
best mode for 30 practicing the invention and to enable others skilled in
the art to utilize the invention in such, or other, embodiments and with
various modifications required by the particular applications or uses of
the present invention. It is intended that the appended claims be 35
construed to included alternative embodiments to the extent permitted by
the prior art.   3 ~ AUG .2D~ _ ~,, YGT/US 9 9 f 0 4 6 ~; ~,~ -11- ~p~'4lUS
I 6 MAY 2D00 . CLAIMS 'What is claimed is: 1. A dual diffuser assembly for
diffusing a fluid received from distribution pipe into a medium in order to
aerate the medium, said diffuser assembly comprising: a first diffuser body
in fluid communication with the distribution pipe, a second diffuser body
in fluid eoznmunication with the distribution pipe, a first diffuser
supported by said first diffuser body such that the fluid flows from the
distribution pipe into said first diffuser body and through said first
diffuser into the medium, a second diffuser supported by said second
diffuser body such that the fluid flows from the distribution pipe into
said second diffuser body and through said second diffuser into the medium,
and ' a saddle connecting said first diffuser body and said second diffuser
body to the distribution pipe, wherein the distribution pipe includes an
outer surface and said saddle includes a contoured surface having a shape
complementary to the outer surface of the distribution pipe such that said
saddle mates with substantially half of the outer surface on the
distribution pipe. 2. The diffuser assembly according to claim 1 wherein
said saddle is integral with said first diffuser body and said second
diffuser body. 



3. The diffuser assembly according to claim 1 wherein said first diffuser
body extends transversely from the distribution pipe. 4. The diffuser
assembly according to claim 3 wherein said second diffuser body extends
transversely from the distribution pipe. 5. The diffuser assembly according
to claim 4 wherein said first diffuser body and said second diffuser body
extend upwardly from the distribution pipe. 6. The diffuser assembly
according to claim 1 further comprising a first retaining ring and a second
retaining ring, said first diffuser being secured between said first
diffuser body and said first retaining ring and said second diffuser being
secured between said second diffuser body and said second retaining ring.
3 o auc 2ooa _ ~'CTIUS ~ 9 ~ o ~ s i ~.~ _12_ IPF.~UUS 1 6 ~tAY Zooo J 7.
The diffuser assembly according to claim 6 wherein said first diffuser body
and said second diffuser body each include a circular wall having external
threads and each of said retaining rings includes an annular Wall hawing
internal threads, each of said internal threads on said retaining rids
engaging corresponding said external threads on each of said diffuser
bodies. 8. The diffuser assembly according to claim 1 wherein said first
diffuser and said second diffuser are substantially horizontal such that
the fluid flows substantially vertically as the fluid passes through each
of said diffusers. 9. The diffuser assembly according to clay 1 wherein
said first and second diffusers are circular. 10. The diffuser assembly
according to claim 9 wherein the half of the distribution pipe is an
upper-half of the distribution pipe. a~E~fDED sHEEZ   



WO 99/44730 3 0 AUG Z002 PCT/US99/04614 -13 11. The diffuser assembly
according to claim 10 further comprising a clamping member secured to said
saddle, wherein the distribution pipe includes a lower s half and said
clamping member is adapted to be contiguous with substantially the
lower-half of the distribution pipe. 12. The diffuser assembly according to
claim 1 10 wherein said first diffuser body and said second diffuser body
each include an annular shoulder, and said first diffuser and said second
diffuser each include an upwardly extending annular rib and a downwardly
extending annular rib, and further 15 comprising: a first support plate
disposed on said annular shoulder of said first diffuser body and a second
support plate disposed on said annular shoulder of said second diffuser
body, each of said support 20 plates having a peripheral shoulder adapted
to receive said downwardly extending annular ribs of said diffusers, a
first retaining ring mounted about said first diffuser body, wherein said
first retaining ring 25 secures said first diffuser to said first support
plate by compressing against said upwardly extending annular rib of said
first diffuser, and a second retaining ring mounted about said second
diffuser body, wherein said second retaining 30 ring secures said second
diffuser to said second support plate by compressing against said upwardly
extending annular rib of said second diffuser. 13. The diffuser assembly
according to claim 12 35 wherein each of said peripheral shoulders on said
support plates is L-shaped.   3 o AUG 2072    I fi MAY Z000 14, A system
for aerating wastewater comprising: an air distribution pipe for supplying
air, a plurality of diffuser assemblies adapted to diffuse air received
from said distribution pipe into the wastewater, each of said diffuser
assemblies is mounted along said air distribution pipe and includes; 



a first diffuser body in fluid communication with said distribution pipe, a
second diffuser body in fluid communication with said distribution pipe, a
first diffuser supported by said first diffuser body such that the air
flows from said distribution pipe into said first diffuser body and through
said first diffuser into the wastewater, a second diffuser supported by
said second diffuser body such that the air flows from said distribution
pipe into said second diffuser body and through said second diffuser into
the wastewater, and a saddle connecting said first diffuser body and said
second diffuser body to said distribution pipe, wherein said distribution
pipe includes as outer surface and said saddle includes a contoured surface
having a shape complementary to said outer surface on said distribution
pipe such that sand saddle mates with substantially half of said outer
surface on said distribution pipe. 1 ~. The system according to claim 14
wherein said saddle is integral with said first diffuser body and said
second diffuser body, 15. The system according to claim 1 S wherein said
first diffuser body extends transversely from the distribution pipe. 17.
The system according to claim I6 wherein said second diffuser body extends
transversely from said distribution pipe.   3 0 AUG 2002 PCTIUS 9 9/fl461~
-1 S_ jP~A/~s ~ s MAY 200 18. The system according to claim 17 wherein said
first diffuser body and said second diffuser body extend upwardly from said
distribution pipe. 19. The system according to claim 14 wherein each of
said diffuser assemblies further comprise a first retaining ring and a
second retaining ring, said first diffuser is secured between said first
diffuser body and said first retaining ring and said second diffuser is
secured between said second diffuser body and said second retaining ring.
20. The system according to claim 14 wherein said first diffuser and said
second diffuser are substantially horizontal such that the air flows
substantially vertically as the air passes through each said diffuser. 2 x
. The system according to claim 14 wherein said first and second diffusers
are circular. Z2. The system according to claim 21 wherein said half of
said distribution pipe is an upper half of said distribution pipe. 23. The
system according to claim 14 wherein each of said diffuser assemblies is
mounted along said distribution pipe using a hollow rivet. 



24. The system according to claim 14 further comprising a clamping member
secured to said saddle, wherein said distribution pier includes a
lower-half and said clamping member is adapted to be contiguous with
substantially said lower-half of said distribution pipe.   3 0 .AUG 201 WO
99/44730 -16 PCT/US 99/04614 25. The system according to claim 24 further
comprising an O-ring compressed between said saddle and said distribution
pipe to prevent the air from leaking between said saddle and said
distribution pipe.   3 o AUG 2002 -17 26. A diffuser assembly for diffusing
a fluid received from a distribution pipe into a fluid in order to aerate
the fluid, said diffuser assembly comprising: a first diffuser body in
fluid communication with the distribution pipe; a second diffuser body in
fluid communication with the distribution pipe; 5 a first diffusion media
supported by said first diffuser body such that the fluid flows from the
distribution pipe into said first diffuser body and through said first
diffusion media into the fluid; a second diffusion media supported by said
second diffuser body such that the fluid flows from the distribution pipe
into said second diffuser body and through said 10 second diffusion media
into the fluid; a saddle supporting said first diffuser body and said
second diffuser body; and a first hollow core rivet connecting said saddle
to the distribution pipe such that air flows from the distribution pipe
through said first hollow core rivet into said first 



15 diffuser body and said second diffuser body. 27. The diffuser assembly
according to claim 26 wherein said first hollow core rivet includes
internal threads. 20 28. The diffuser assembly according to claim 27
further comprising a plug screwed into said internal threads of said hollow
core rivet to prevent air from flowing from the distribution pipe into the
diffuser assembly. 29. The diffuser assembly according to claim 26 wherein
said saddle includes 25 an interior surface and the distribution pipe
includes an inside surface, said hollow core rivet including a head
compressed against said interior surface of said saddle when said hollow
core rivet is staked against the inside surface of the distribution pipe.
30. The diffuser assembly according to claim 29 wherein said interior
surface 30 of said saddle includes a substantially flat portion and said
head of said hollow core rivet is pressed against said flat portion.   3 0
AUG 200e -1 s 31. The diffuser assembly according to claim 26 further
comprising a second hollow core rivet connecting said saddle to the
distribution pipe such that air flows from said distribution pipe through
said first hollow core rivet into said first diffuser body and through said
second hollow core rivet into said second diffuser body. 5 32. The diffuser
assembly according to claim 31 wherein said first hollow core rivet and
said second hollow core rivet each include internal threads 33. The
diffuser assembly according to claim 32 further comprising a first bolt 10
screwed into said internal threads of said first hollow core rivet and a
second bolt screwed into said internal threads of said second hollow core
rivet, said first bolt and said second bolt preventing air from passing
between the distribution pipe and the diffuser assembly. 34. The diffuser
assembly according to claim 26 wherein said saddle is integral 15 with said
first diffuser body and said second diffuser body.  



3 o AUG 2002 -19 35. A system for aerating wastewater comprising: an air
distribution pipe for supplying air, a plurality of diffuser assemblies
adapted to diffuse air received from said 5 distribution pipe into the
wastewater, each of said diffuser assemblies is mounted along said air
distribution pipe and includes, a first diffuser body in fluid
communication with said distribution pipe; 10 pipe; body; and a second
diffuser body in fluid communication with said distribution a first
diffusion media supported by said first diffuser body a second diffusion
media supported by said second diffuser body; a saddle supporting said
first diffuser body and said second diffuser 15 a first hollow core rivet
connecting said saddle to said distribution pipe such that air flows from
said distribution pipe through said first hollow core rivet into said first
diffuser body and said second diffuser body. 36. The system according to
claim 35 wherein said saddle is integral with said 20 first diffuser body
and said second diffuser body. 37. The system according to claim 35 wherein
said first hollow core rivet includes internal threads. 25 38. The system
according to claim 35 wherein said saddle includes an interior surface and
the distribution pipe includes an inside surface, said hollow core rivet
including a head compressed against said interior surface of said saddle
when said hollow core rivet is staked against said inside surface of the
distribution pipe. 30 39. The system according to claim 38 wherein said
interior surface of said saddle includes a substantially flat portion and
said head of said hollow core rivet is pressed against said flat portion.
.3 Q AUG 2n~~2 -20 40. The system according to claim 35 further comprising
a second hollow core 



rivet connecting said saddle to the distribution pipe such that air flows
from said distribution pipe through said first hollow core rivet into said
first diffuser body and through said second hollow core rivet into said
second diffuser body. 5 41. The system according to claim 40 wherein said
first hollow core rivet and said second hollow core rivet each include
internal threads.   3 o AuG 2002 -21 42. A system for aerating wastewater
comprising: an air distribution pipe for supplying air, a plurality of
diffuser assemblies adapted to diffuse air received from said distribution
pipe into the wastewater, each of said diffuser assemblies is mounted along
5 said air distribution pipe and includes, a diffuser body in fluid
communication with said distribution pipe; a diffusion media supported by
said diffuser body; a saddle supporting said diffuser body; and a hollow
core rivet connecting said saddle to said distribution pipe such that 10
air flows from said distribution pipe through said hollow core rivet into
said diffuser body. 43. The system according to claim 42 wherein said
saddle is integral with said diffuser body. 15 44. The system according to
claim 42 wherein said hollow core rivet includes internal threads. 45. The
system according to claim 42 wherein said saddle includes an interior
surface and the distribution pipe includes an inside surface, said hollow
core rivet 20 including a head compressed against said interior surface of
said saddle when said hollow core rivet is staked against said inside
surface of the distribution pipe. 46. The system according to claim 45
wherein said interior surface of said saddle includes a substantially flat
portion and said head of said hollow core rivet is 25 pressed against said
flat portion.   3 0 AUG 2001 -22 



47. A system for aerating wastewater comprising: an air distribution pipe
for supplying air, a plurality of diffuser assemblies adapted to diffuse
air received from said distribution pipe into the wastewater, each said
diffuser assembly is mounted along said air distribution pipe and includes,
5 a first diffuser body in fluid communication with said distribution pipe;
a second diffuser body in fluid communication with said distribution pipe;
a first diffusion media supported by said first diffuser body; a second
diffusion media supported by said second diffuser body; a saddle supporting
said first diffuser body and said second diffuser body; 10 a first hollow
core rivet having internal threads, said first hollow core rivet including
a head compressed against an outside surface of said distribution pipe when
said first hollow core rivet is staked against an inside surface of said
distribution pipe, and a hollow core bolt connecting said saddle to said
distribution pipe such that air flows from said distribution pipe through
said first hollow core bolt into said first diffuser 15 body and said
second diffuser body. 48. The system according to claim 47 wherein said
saddle includes an interior surface and said hollow core bolt includes a
head compressed against said interior surface of said saddle when said
hollow core bolt is screwed into said internal threads of said first 20
hollow core rivet. 49. The system according to claim 48 wherein
said,interior surface of said saddle includes a substantially flat portion
and said head of said hollow core bolt is pressed against said flat
portion. 25 50. The system according to claim 48 further comprising a
second hollow core rivet connected to said distribution pipe and a second
hollow core bolt connecting said saddle to said distribution pipe such that
air flows from said distribution pipe through said first hollow core bolt
into said first diffuser body and through said second hollow core bolt 30
into said second diffuser body. 



.ANL.A.A.AY;F.A.A.AfU.A35Y.A.AF2.A&%.Al.ASE.Af.A@.A[24.A,A

.Af#.A@@?.AU0.AN.A@.Y !.=TtuE F I V q u
~ytoje`[UU]c"a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c"a]c:aU]c:a]ca]ca
U]c^a]ca]ca]caU]ca]ca]c a]cTa]ca]ca]ca]ca]ca]ca]ca]ca!Rk02?AD\`      :"###
$$&&&&'+{vqlgb[Vje`[UU]ca U]c^a]ca]ca]c"a]ca]ca
U]c^a]ca]ca]ca]ca]ca]ca]ca]c&aU]c&a]ca]ca]ca]caU]ca]ca]c"aU]ca]ca]ca]ca
U]c^a]ca]ca]c"a ++[-......5566
6$6W6=====>b@i@@@AABBEEEE|wrmhb]WU]U]c.a]c.aU]c.a]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]c a]ca]ca]ca]ca]ca]ca]c"a]ca]ca]ca]ca]ca]ca]c aU]c
a]ca]ca]ca!EEEEEELGMGiMMMMMMQKRRRSXSSS"TuTT3UaUeUUUWVW$WW~ytoje`[VU]ca]ca]c
a]ca]ca]c&a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
U]c^a]ca]c"aU]c"a]c"a]ca]ca]ca]ca]caU]ca]ca]c.a!WXKXOXVXnXXYYYY-Y2YGZE[F[}[
\\^!_._1_?_p__k```aIabb#c|wrmhc^YU]c]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c$a]c,a]
c$a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]caU]ca]ca]ca!#ccdRddddye{eeeeffCfgphhhJiijjjkkkkkBlll#mqm{
vqlgb]XU]]ca]ca]ca]ca]ca]ca]c a]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]caV]ca]ca]c"a]c,a]c"aU]c"a]ca]ca]ca]ca]ca]ca]ca!qmmm
7nnnoo[ooo9pZppq7qqq;
rrr=scsesgsmspsvsttuXuvev{vqlgb]XU]]ca]ca]ca]ca]ca]ca]c a]c aU]c a]c aU]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!evvRwTw
_wdwwxxxx4yyz^{{{}}}}}};
~~.0~Bu{vqlgb]XU]]ca]ca]ca]ca]c&a]ca]ca]ca]ca]ca]ca]ca]c aU]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c aU]c a]ca]ca!uQ\(5:kar~N
l/}xsnid_ZU]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]c a]ca]ca]ca]ca]ca]ca]ca!fH*.10%&'()-' 10%&'()-!
10%&'()-10%&'()-10%&'()-,t10%&'()- 10%&'()- !.=TfE*.10%&'() `yZ10%&'()-:
0yZ10%&'()-:L$10%&'()-%10%&'()- s310%&'()-5 10%&'()-E F G H I
{]SI?.10%101010@=10%&'()- 810%&'()- `yG10%&'()-) `yG10%&'()-) 4yG10%&'()-)I
V 



q u  FQ`?SI?.10% ` (10% E E&'()-M3  (10%oo&'()-M3y)10%G&'()-S10%G&'()-
)10%2-2-&'()-& f#)10%!!&'()-&QV m 9\|[9SI?.10!` (10%//&'()-M3 `
(10%GG&'()-M3 #` (10%//&'()-M3 ` (10%%;%;&'()-M3` (10%RGR&'()-M3 -` (10%
&'()-M3F[wi[M?.10!` (10% 108282 108282 108282! (10%8282&'()-M3!(`
(10%BB&'()-M3!` (10%33&'()-M3!`
(10%``&'()-M3Rkg}[9M?.10!`#10%E@E@&'()-s0!#10%mm&'()-s0!&(10%ExEx&'()-!W`&(
10%&'()-%310%Z&'()-,:10%Z&'()-Fg:fn]wU3M?!`#10%@E@E&'()-s0!`#10%ZZ&'()-s0!`
#10%JJ&'()-s0!`#10%JJ&'()-s0!`#10%##&'()-s0!`#10%;E;
E&'()-s0]Y-./02}oP?!`#10%@E@E&'YF)10%B(&'()-M 10SeSe 10SeSe
10SeSe!`#10%SeSe&'()-s0!`#10%XX&'()-s0!`#10%EE&'()-s02?\`.^<P?!`!`@#10%&'()
-3!@#10%&'()-3 10%&'()-Ts10%&'()-`YF)10%&'()-M!>$0YF)10%""&'()-M
wU6P?!`@#10%W&'()-3!`@#10%&'()-3!`@#10%&'()-3!`@#10%??&'()-3!2`@#10%&'()-3!
`@#10%&'()-3        rS4!,10%m&'()-Y10%m&'()-%10%m&'()-  10 10
10!1`@#10%&'()-3!`@#10%00&'()-3
!:"f">##zX6rS4!!`"10%m]m]&'()-'!,`"10%EE&'()-'!"10%(;(;&'()-'!Q`!10%&'()-
!L!10%&'()- L$F10%m&'()-#
$$$d%%g&wU3rS4!7`*#10%N]N]&'()-!`*#10%aa&'()-!(*#10%SS&'()-!`!#10%SS&'()-!(
`!#10%SpSp&'()-!Y
!#10%@@&'()-g&&&&&&&&K'rS1!03f#10%PP&'()-+10%&'()-f)10%&'()-!#f)10%<"<"&'()
- 10mm 10mm
10mm!`*#10%mm&'()-K''()*+,xV4rS1!!(`3f#10%ff&'()-+!#`3f#10%ff&'()-+!(`3f#10
%aaaa&'()-+!`3f#10%&'()-+!`3f#10%XfXf&'()-+
`3f#10%&'()-+,[--......}oP1fF10%&'()-y&10%&'()-F 10ff 



10ff
10ff!(`F5#10%ff&'()-!F5#10%aa&'()-!(`3f#10%pp&'()-+.../011}[9oP1!#`f3%10%--
&'()-M3!(`f3%10%--&'()-M3!`f3%10%&'()-M3!!f3%10%}}&'()-M3&$F10%&'()-10%&'()
-12334t55wU3oP1!#`f3%10%&'()-M3!`f3%10%&'()-M3!(`f3%10%&'()-M3!#`f3%10%&'()
-M3!#`f3%10%&'()-M3!`f3%10%&'()-M35555566
6$6uV7!s10%&'()-`#Y10%&'()-:!f#Y10%33&'()-: 10%&'()-3LM10%&'()-: 10 10
10$6W66k7 889zX6uV7!!i;`(10%66&'()-C3!n`(10%;
;&'()-C3!`(10%hh&'()-C3!i`(10%66&'()-C3!d(10%11&'()-C3 @w10%&'()-9I::;
</==wU3uV7!`(10%pp&'()-C3!`(10%&'()-C3!,`(10%]H]H&'()-C3!x6`(10%EE&'()-C3!`
(10%]]&'()-C3!\`(10%q[q[&'()-C3========>xY:!,10%m&'()-&$310%m&'()-$10%m&'()
-ZfY10%m&'()-L10%m&'()- 10pp 10pp
10pp>>?_@AABwU3xY:!`#10%XX&'()-4!`#10%XX&'()-4!`#10%mm&'()-4!(`#10%E@E@&'()
-4!`#10%11&'()-4!#10%1p1p&'()-4BCDEEEEEE}oP1F10%&'()-$10%&'()-l 10 10
10!$#10%&'()-4!(`#10%pp&'()-4!(`#10%aa&'()-4EEEFGHI}[9oP1!1`F#10%&'()-2!2`F
#10%&'()-2!`F#10%&'()-2!F#10%~~&'()-210%k&'()-F!10%&'()-I'JJKMfMgMhMzXJ<1!
10
10!(F#10%&'()-2!-`F#10%&'()-2!(`F#10%&'()-2!`F#10%&'()-2`F#10%&'()-2hMiM|MM
MqNNjH<1! 10!F2,10% h h&'()-s!!F2,10%bb&'()-s!
\F2,10%66&'()-s!!.`F2,10%""&'()-s!!\$F2,10%hh&'()-s!
10NOOPQKRRwX9<1&t10%"&'()-s3%10%"&'()-
!tDF2,10%NvNv&'()-s!!~F2,10%XX&'()-s!!~F2,10%XX&'()-s!!F2,10% V
V&'()-s!RRSXSSS"TdE<1410%"&'()- 93s10%"&'()-
&0S10%"&'()-.10%"&'()-+@10%"&'()-s)10%"&'()-3"TuTT3UaUbUcUdUeUdYNC 10" 10" 



10"&F@310%"&'()-Z<Y10%"&'()-l:F"10%"&'()-8!10%"&'()-3710%"&'()-
eUrUUWVW$WWz[9YNC!sY"10%OO&'()-gs10%O&'()-s !10%O&'()-!s
!10%OO&'()-@!Plz,10%OO&'()-g!%lz,10%$$&'()-gWXVXnXXYYYYaVK@! 10O 10O 10O;
10%O&'()-4!`f"10%OO&'()-f`y10%O&'()-& 10%O&'()-sY10%O&'()-YYYY-Y2YYdBVK@!
!d"10%11&'()-f-10%&'()-$Y10%&'()-@&10%&'()-
Y10%&'()-S910%&'()-YGZZn[}[A\\zX6VK@!#`#10%((&'()--!#10%((&'()--`!10%&'()-M
!`!10%&'()-M!!10%&'()-M!``"10% V V&'()-\Q]];^^__wU4VK@
S6!10%&'()-)!S6!10%&'()-!`#10%YY&'()--!`#10%99&'()--!`#10%&'()--!`#10%&'()-
-__ _!_._?_p___vW8 fM10%'o&'()-fM10%'&'()-3 10%'o&'()-!@10%oo&'()-&!Q
f10%xoxo&'()-310`1010_k```aIaadEvW8
fF10%'h&'()-3,10%'o&'()-10%'o&'()-,G10%'o&'()-,&@10%'o&'()-
"10%'o&'()-yabb#ccdRdaBvW8 )10%'o&'()-&`10%'o&'()- #10%'o&'()-!10%'o&'()-f
10%'o&'()-!F10%'o'o&'()-3RddddvewexeyeerdV7 `$@10%\&'()-3 10'o'o 10'o'o
10'o'o!&3!10%'o'o&'()-0T10%'o&'()-.10%'o&'()-+10%'o&'()-eeCfgphhhwX9dV7
10%\&'()-10%\&'()-!@!10%\\&'()-!"10%\\&'()-!,&!10%\\&'()-![B10%\\&'()-hJiij
jjjjj}oP1 10%B&'()-%10%B&'()-  10\\ 10\\
10\\!0F+-#10%\\&'()-!'!10%\\&'()-!F"3"10%\\&'()-jkkkkkkkkuV710%&'()-&10%&'(
)- 10ZZ 10ZZ 10ZZ! fZ"10%ZZ&'()--#310%B&'()-l@10%B&'()-kBlll#mqmmdEuV7
10%&'()-"10%&'()-F @`10%&'()-F S10%&'()-10%&'()-l 



st10%&'()-mm7nnnoodEuV79m10%&'()-F 10%&'()-SY10%&'()-YM!10%&'()-F 10%&'()-
@10%&'()-o[ooo9pZppdEuV7, %"10%&'()-!S10%&'()-Y @
10%&'()-S10%&'()-s9!10%&'()-3 310%&'()-pq7qqq;rrdEuV7L010%&'()-.
10%&'()-,&-T#10%&'()-Y +s10%&'()-F(10%&'()-&S
10%&'()-rr=s`sasbscspsvsbC10%&'()-@&10%&'()-Y 10 10
10610%&'()-,5t$10%&'()-Y
s3`10%&'()-vsttuXuvev^?bC!10%&'()-!(fl$10%&'()-g310%&'()-
10%&'()-`10%&'()-!s:!10%&'()-evvOwPwQwRw_wdwwuV7
S10%&'()-10%&'()-&@10%&'()-  10 10 10!#f&$10%&'()-zL:!10%&'()-wwxxxxxz[<uV7
10%&'()-f910%&'()- 910%&'()-!h
@#10%((&'()-!@#10%&'()-!@#10%\\&'()-x4yryyyz^{a?uV7!1S##10%&'()-!If@$10%&'(
)-  FX10%&'()- FX10%&'()-0 FX10%&'()- 10%&'()-^{{{}}}}}}}^SH= 10 10
10810%&'()-!k@S5l"10%++&'()-!f@L-$10%&&&'()-*`10%&'()- (10%&'()-}}};
~~.0dESH= 10  s10%:&'()-f10%:&'()- ,10%:&'()-l 10%:&'()- 



10%:&'()-@&10%:&'()-Y0~-b@ 1!&,#10%zz&'()-m10%/&'()-l%10%/&'()-  10: 10:
10:F310%:&'()- `10%:&'()--BuQ}[<b@F 910%/&'()-!,`$10%//&'()- ! ,`$10%&'()-
310%/&'()-10%/&'()-!,#10%//&'()-m\%&^<.@
10//!6)Z"10%//&'()-4!f!$10%M/M/&'()-!f!$10%M/M/&'()-10%/&'()-,#10%/&'()-@10
%/&'()-&'(5:kgH@ 10//!6!10%&'()-Y 10%&'()- s10%&'()-10%&'()-&Y10%&'()-G
10// 10//a7xrdBH@ 10//!!@f&$10%..&'()-F 10%&'()-F 10%P&'()-F
10%&'()-F"10%&'()-S10%&'()-r~NdEH@ 10//!!!!10%&'()-l @
10%&'()-S10%&'()-s!10%&'()-l z10%&'()-9 10%&'()-N ldEH@
10//!!@&-10%&'()-+10%&'()-)3"10%&'()-l
F(-10%&'()-@%10%&'()-y#!10%&'()-/dEH@ 10//!!@&-10%&'()-@,5 10%&'()-3 



"10%&'()-1!10%&'()-L0y 10%&'()-l .10%&'()- Normal" "Heading 13]c" "Heading
23]c" "Heading 33]c" "Heading 43]c" "Heading 53]c" "Heading 63]c" "Heading
73]c" "Heading 83]c" "Heading 93]c"A "Default Paragraph FontH/#+2:BhJdRV
\xbghbpQtz|'+EW#cqmevu]^_`abcdeI Qg]2
#g&K',.15$69=>BEIhMNR"TeUWYY\__aRdehjkmoprvsevwx^{}0-&rNfghijklmnopqrstuvwx
yz{|}~6Times New RomanArialCourier New"h Root EntryWordDocument8M
!"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~ 


