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DESCRIPTION

FIELD OF THE INVENTION

[0001] The present invention relates to water or wastewater treatment processes and more
particularly to processes that utilize dissolved air flotation to remove suspended solids.

BACKGROUND OF THE INVENTION

[0002] Dissolved air flotation (DAF) processes are known. Conventional DAF processes
include injecting a coagulant into the water, mixing the coagulant with the water, injecting a
flocculant into the water, mixing the flocculant in water, and then directing the coagulated and
flocculated water to a zone where pressurized water, commonly referred to as white water, is
injected and mixed with the water to be clarified. After the white water has been mixed with the
coagulated and flocculated water, the water is directed to a separation zone which separates
solids from the water through a dissolved air flotation process.

[0003] The basic principle of flotation for clarification is fundamentally the same regardless of
the technology being used. By introducing gas or air to the water that is being treated,
separation of solids from the water being treated is achieved. Gas bubbles are typically
injected near the bottom of a basin which contains solids and flocculated particles to be
separated from the liquid phase. Air bubbles attach to these solids via surface attachment and,
in turn, cause the particles to rise to the surface. The floc particles that are formed and which
have been floated to the surface form a discrete layer of sludge known as a "blanket” or "float".
This blanket of sludge can be removed by either hydraulic wasting or through mechanical
scraping.

[0004] One of the drawbacks or shortcomings with a DAF process which utilizes chemicals is
the cost to implement and operate such a process. An example of a dissolved air flotation
system and a typical application may be helpful in appreciating the cost associated with
chemical addition. For example, a wastewater plant may include a primary settler, a moving
bed biological reactor (MBBR), and a dissolved air flotation system for removing suspended
solids from the effluent from the MBBR unit. In this example, assume that the DAF unit is

designed to treat 26,240 m®/day of wastewater. The DAF unit includes a coagulation stage, a
flocculation stage, and a flotation stage. Chemicals such as a coagulant, for example ferric
chloride, and a flocculant such as a polymer are injected into the water upstream of the
flotation zone or stage. In this example, the velocity or mirror rate in the separation zone is
about 7.6 m/h. The average efficiency for the removal of total suspended solids may be
approximately 90%, thanks to the addition of the coagulant and flocculant. It has been
generally observed, however, that when the chemicals are not added there is a substantial
reduction in the total suspended solids removal efficiency.
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[0005] Moreover, it is often challenging to properly implement the injection of coagulants and
flocculants in dissolved air flotation processes. If not properly implemented, the total
suspended solids removal efficiency in the DAF declines. For example, if there is too short of a
contact time between the white water and the water being treated, then removal efficiency
suffers. Likewise, if the velocity gradient (G) is not suitable, then the removal efficiency of
suspended solids is reduced.

[0006] Conventional DAF systems are used throughout the world in a variety of ways. For
example, they are used to treat drinking water for the removal of algae, floating materials, oil
and disposal of substances responsible for color (humic and fulvic substance types), and
colloidal substances present in raw water. In addition, conventional DAF systems are used in
the desalination of sea water, pre-treatment of sea water for removing algae, oil, colloidal
substances and particles responsible for clogging membranes. Finally, conventional DAF
systems are widely used for removing suspended solids in the treatment of wastewater.

[0007] These conventional DAF systems and processes have drawbacks. First, they typically
produce a low mirror velocity or rate, typically less than 10 m/h in the separation zone and
hence, in the order to achieve desired capacity, the system must be designed to occupy a
greater area. Further, conventional DAF systems require the preparation and conditioning of
the substances to be removed by using specific stages of coagulation and flocculation in which
chemical reagents are injected. As outlined above, the chemicals consumed are expensive and
the energy consumed for driving mixers is costly.

[0008] In the International Search Opinion, a number of prior art references are mentioned.
First, the opinion refers to U.S. Patent Publication 2012/211431 (the '431 publication). The '431
publication describes a dissolved air flotation process for removing suspended solids from
water. However, the '431 publication does not address a dissolved air flotation process that
yields a velocity gradient that produces an impressive mirror rate in situations where no
coagulant or flocculant is added. Also, the International Search Opinion refers to EP 0789672
(the '672 publication). Although this process does relate to a dissolved air flotation process, the
overall efficiencies in removing total suspended solids is less than ideal. In particular, the '672
publication does not describe a process produces a high mirror rate and at the same time,
produces a clarified effluent that includes an 80% reduction of total suspended solids. Thus,
both the '431 publication and the '672 publication are not highly efficient processes in the
absence of using coagulants and flocculants.

[0009] The document CZ 291459 discloses a water treatment process by flotation without
water coagulation or flocculation. This method requires however a vast amount of energy as all
water to be treated needs to be compressed.

[0010] Therefore, there is a need for a DAF system and process that is both effective and
efficient without the need to add chemicals.
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SUMMARY OF THE INVENTION

[0011] The present invention relates to a dissolved air flotation process for clarifying water or
mixed liquor. In one embodiment, instead of injecting a coagulant or a flocculant upstream of
the separation zone as is conventional in dissolved air flotation processes, the present
invention does not utilize either a coagulant or flocculant but yet achieves total suspended
solids (TSS) removal efficiency comparable to those achieved with conventional DAF
processes that use chemicals, that is a coagulant and a flocculent.

[0012] The present invention provides a DAF process where there is no injection of chemicals,
and yet the mirror rate achieved in the separation zone is at least 20 m/h with a TSS removal
efficiency that exceeds 80%.

[0013] Objects and advantages of the present invention will become apparent and obvious
from a study of the following description and the accompanying drawings which are merely
illustrative of such invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014]
Figure 1 shows a dissolved air flotation system according to the present invention.

Figure 2 shows an alternate dissolved air flotation system that provides a means for injecting
chemicals, such as a coagulant or flocculant (not according to the invention), into the
pressurized white water or directly into the feed that is being directed into an inlet zone of the
dissolved air flotation system.

Figure 2A is an alternate view of the DAF system shown in Figure 2 which provides for the
injection of a coagulant and/or a flocculant (not according to the invention) into the mixing zone
via a diffuser.

Figure 3 is a schematic illustration showing the DAF system and process of the present
invention being employed downstream of a moving bed bioreactor.

Figure 4 is a graph showing typical test results of the DAF process of the present invention
operated at various time periods and without employing chemicals.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
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[0015] With further reference to the drawings, a flotation-type clarification system is shown
therein and indicated generally by the numeral 10. As will be discussed subsequently herein,
the clarification system 10 is designed to receive water or mixed liquor that includes suspended
solids and through a process of air flotation, the clarification system is designed to remove
suspended solids from the water or mixed liquor.

[0016] As the drawings depict, the clarification system 10 includes a tank 14. Tank 14 includes
a bottom and surrounding sides. Formed in the tank is a separation zone 16. In some cases,
the separation zone 16 is referred to as a flotation zone. Disposed upstream of the separation
zone 16 is a mixing or contact zone 18. As shown in the drawings, the tank 14 includes a wall
20 that divides the tank and forms the separation and mixing zones 16 and 18.

[0017] Formed in the bottom of the tank 14 or in the lower portion of the separation zone 16, is
a clarified water takeup zone 22. This can assume various forms. In one embodiment, the
clarified water takeup zone includes a chamber 24 that includes a perforated top. Clarified
water in the separation zone 16 enters the perforated top of the chamber 24 and is directed
out an outlet 25.

[0018] There is provided an influent feed line 26. This leads to an inlet zone 28 that is located
upstream of the mixing zone 18. A perforated panel 30 divides the inlet zone 28 from the
mixing zone 18. During a dissolved air flotation process, water or mixed liquor is pumped into
the inlet zone 28 and up through the perforated panel 30 into the mixing zone 18.

[0019] Clarification system 10 includes a pressurized white water generating system 34 for
injecting white water under pressure into the mixing zone 18. White water injection system
includes one or more nozzles 32 disposed in the lower portion of the mixing zone 18 above the
perforated panel 30. Systems for generating white water are well known in the art. For
example, a typical white water generating system includes a white water pump that pumps
clarified water from the bottom of the separation zone 16 through a pre-filter. From the pre-
filter, the clarified water or the white water is directed to a holding vessel and from the holding
vessel downwardly to the nozzles 32 where the white water is ejected into the mixing zone 18.

[0020] As will be discussed subsequently herein, the system and process will cause floc to rise
to the surface of the water in the separation zone 16. A sludge scraper 38 is provided about an
upper portion of the clarification system 10. Sludge scraper 38 can move back and forth across
the top of the clarification system and includes a scraper for engaging the sludge blanket on
the upper surface of the water and scraping the sludge to a sludge outlet 40 where the sludge
is discharged from the clarification system 10.

[0021] The clarification system 10 is designed to flocculate and remove suspended solids
without chemical addition. This will be addressed in more detail below. In situations such as
where it is desirable to remove phosphorus, chemicals, such as a coagulant or a flocculant,
can still be added. However, when chemicals are added, it is preferable to add the chemicals
into the mixing zone 18 directly or via the white water injection system.
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[0022] Figure 2 shows one example of a number of ways in which a coagulant or a flocculant
can be added to the water. Here, there is provided two chemical feed lines 50 and 52. Each
line includes a control valve 54, 56. Note that feed line 50 is plumbed into the white water feed
line 36. By closing valve 56, chemicals can be directed through control valve 54 and feed line
50 into the white water feed line 36. By closing valve 54, a coagulant or a flocculant can be
directed through control valve 56 and line 52 into the influent water at a point upstream from
the mixing zone 18.

[0023] There are other ways and means of injecting a coagulant or a flocculant into the mixing
zone 18. For example, a diffuser 60 can be disposed above or below the nozzles 32 and
operatively connected to a supply of a coagulant and/or a flocculant. See Figure 2A. A
chemical feed pump can be provided for pumping the coagulant and/or the flocculant from the
supply into the diffuser. In one embodiment, the diffuser 60 or other means for injecting a
coagulant or a flocculant into the mixing zone 18 can be placed approximately 5 to
approximately 20 cm. above the nozzles 32. In other embodiments, the chemical addition
system can be designed to inject the coagulant into one area of the mixing zone 18 while
injecting the flocculant into another area of the mixing zone 18. In other embodiments, the
chemical addition system can be designed to inject either the coagulant or the flocculant into
the white water feed line 36 while injecting the other directly into the mixing zone 18.

[0024] Clarification system 10 has been generally described. U.S. Patent 8,753,508 shows and
describes a clarification system and a process for clarifying water. Briefly reviewing the
clarification process, influent water or mixed liquor is directed through line 26 into the inlet zone
28. It should be noted that the influent water can be raw water, that is untreated water, or it
may be water that has been subjected to a pre-treatment process. For example, the
clarification system 10 of the present invention may be employed downstream of an MBBR
process. See Figure 3. In this case, the influent water (e.g. mixed liquor) directed into line 26 is
referred to as mixed liquor.

[0025] Water is pumped under pressure up through the perforated panel 30 into the mixing
zone 18. There the water is mixed with the white water that has undergone pressurization and,
once emitted from the nozzles, is depressurized. The contact time between the water to be
treated and the emitted white water can vary. In one example, the contact time is
approximately 2-5 minutes. Reducing the bubble size increase the capture efficiency. The
white water generating system 34 is operative to provide a dissolved air flotation process for
removing suspended solids in the influent water. In particular, the white water generating
system takes a portion of the clarified water from outlet 25 or the bottom of the separation
zone 16 and pressurizes the water to form what is referred to as white water. This white water
under pressure is pumped through line 36 to the nozzles 32. The nozzles are designed to
inject the white water, including small air bubbles (less than 50 microns in diameter), into the
mixing zone 18 where the air bubbles are mixed with the water from the collection zone 28.
Suspended solids in the water attach to the air bubbles and form floc, which are buoyant. The
floc comprising agglomerated suspended solids rise upwardly with the attached air bubbles in
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the mixing zone 18.

[0026] As seen in Figure 1, for example, the water in the mixing zone 18, along with the floc,
pass over the upper edge of wall 20 into the separation zone 16. In the separation zone16, the
floc and air bubbles continue to rise to the upper surface on the water contained in the
separation zone. The floc forms the sludge layer or a sludge blanket on the upper surface of
the water. Water held in the lower portion of the separation zone 16 is clarified water. This
clarified water enters the clarified water chamber 24 and is directed therefrom out of the tank
14 via the outlet 25. As referred to above, a portion of the clarified effluent is utilized by the
white water generating system to generate pressurized white water for injecting into the mixing
zone 18.

[0027] In earlier discussions, it was pointed out how the use of chemicals greatly increased the
cost of air flotation clarification processes. The capital cost of constructing coagulation and
flocculation tanks or other structures to accommodate coagulation and flocculation processes
is significant. Further, there is the equipment for delivering, mixing and monitoring the
chemicals. This too is expensive. The inventors have discovered an air flotation clarification
process can be carried out without coagulants or flocculants, but still achieve TSS removal
efficiency comparable to those of conventional DAF processes that rely on coagulants and
flocculants.

[0028] The surprising performance of the process described herein where coagulation and
flocculation is not used can be explained by flocculation conditions. During the flocculation
step, a multitude of micro-flocs is formed and the probability of encounters between these
micro-flocs to form macro-flocs are made by mechanical agitation of the water corresponding
to a low turbulence (low velocity Gradient G). The principle is that the growth of micro-flocs into
larger aggregates accelerates the phase separation. Thus, all things being equal, the
increasing of the diameter of floc promotes flocculation and the velocity gradient G cannot be
too high because the flocs may be broken due to too high shear forces.

[0029] The value of the velocity gradient (G) usually used for the flocculation stage in

conventional DAF processes is <100 sec’! and more particularly about 60 sec’!. The velocity
gradient is given by:

6= |2
i

Where:
P:
power dissipated by the blades of the stirrer [W]
V.
volume occupied by the wastewater or mixed liquor fluid [m3]
:

dynamic viscosity of water [Pa].
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[0030] In a DAF system, following coagulation and flocculation, the water enters the contact
zone. In the contact zone, flocculated particles are floated by micro-bubbles to the surface of
the flotation basin. Micro-bubbles attach to the floc particles via surface attachment and are
produced by the depressurization of a partially air-saturated pressurized recycle stream. This
recycle stream is a portion of the clarified effluent stream (typically 8 to 12 percent of the
effluent flow).

[0031] The recycle stream is recycled by a recycle pump and is pressurized. Depressurization
of the recycle stream takes place through nozzles that are fixed to a header that is located at
the entrance of the contact zone. Clarified water is collected as it passes through a pipe and
leaves the unit over an adjustable weir into a clarified water tank.

[0032] In a DAF process, particle capture efficiency is a function of bubble size, among other
parameters. Flotation used to achieve a solid-liquid separation by injection uses fine air
bubbles (<50 microns) which will be a very lightweight aggregate and present high velocities.
The production of fine air bubbles is achieved by recirculating part of the clarified water under
a pressure of 5-7 bars. By injecting the water to be treated directly into the contact or mixing
zone 18, the turbulence associated with the injection of fine air bubbles leads to the formation
of a velocity gradient determined as follows:

!P
= e

P(W) = Q white water (m3/s) xp white water (m) xg (m/s?) x I' (kg/m3)

P White Water: 7 bars: 70 m

g: 9.8 m/s?
I 1000 kg/m3

M: dynamic viscosity of 0.001 Pa.s water

[0033] The present process provides high velocity or mirror rates (20-60 m/h) in the separation
zone and allows for a smaller plant footprint compared with conventional DAF systems used for

wastewater treatment. Consider, for example, a flow rate of 10 m3/h and a contact time of 2
minutes. This results in the volume of the contact area to be 0.33 m3. The calculation results in

a G value of 24.2 s™1. This confirms that it is plausible to operate the DAF system 10 of the
present invention without chemicals and achieve a favorable TSS removal efficiency. That is,
this confirms that under these hydrodynamic conditions in the mixing or contact zone 18 that a
successful implementation of a flocculation process can be achieved that is sufficient to create
collisions between the air bubble and flocs.
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[0034] Table 1 below shows a series of tests performed in a DAF system similar to that shown

in Figure 1. Two influent flow rates were tested: 20 m%h and 28 m?h. The pressurized white
water recirculation rates tested were 10, 15, 20 and 25%. Two TSS influent concentrations
were tested. One is referred to a medium concentration where the TSS inlet concentration was
250 mg/L. The second TSS inlet concentration, referred to as the high TSS concentration, was
500 mg/L.

PERFORMANCES WITHOUT CHEMICAL REAGENTS (MANUAL SAMPLING)JANUARY TO
FEBRUARY 2013

[0035]
Influent Flow Rate {Mirror {TSS inlet {TSS TSS removal {Specific
and TSS Inlet velocity jAverage }Outlet efficiency electric
Concentration (m/n)  {(mgll) Average iAverage (%) energy
(mgl/l) (Wh/m3)

20 m3/h Medium

ISS conc.

10% 22 2996 33,2 88,9 45

15% 23 164,9 10,8 93,4

20% 24 165,4 8,3 94,9

25% 25 135,2 6,7 95,0 83

30% 26 233,6 10,8 95,3

High TSS conc.

10% 22 5456 67,1 87,7 45

15% 23 586,7 59,7 89,8 65

20% 24 537,0 35,7 93,4 85

25% 25 546,8 29,9 94,5 103
30% 26 535,9 211 96,1 115

28 m3/h Medium

TSS conc.

10 30,8 {136,5 11,1 91,8

15 32,2 {136,8 8,7 93,3 50

20 33,6 {181,0 11,3 93,8 67

25 350 §120,0 6,2 94,8 89

High TSS conc.

10 30,8 i448,8 31,9 92,9

15 32,2 {3391 17,3 94,9
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High TSS conc.
20 336 {4106 17,7 95,7

25 350 {427,8 21,4 94,8

[0036] All of the TSS removal efficiencies exceed 80%. Most are in the 93-96% range. All of
the mirror or velocity rates exceed 20 m/h. A considerable number of the tests show mirror
rates in the range of 30-35 m/h. This is surprising for a dissolved air flotation process used for
clarifying mixed liquor or water without the use of a coagulant or a flocculant.

[0037] In these tests, the concentration of the sludge was in the range of 35-40 g/L. The TSS
was in the range of 80-84%.

[0038] Figure 4 is a graphical representation of three tests conducted over three time periods
to determine the TSS removal efficiency for the dissolved air flotation system 10 of the present
invention when the process is carried out without the addition of chemicals. In particular, the

influent flow for these tests was 28 m3h. A 15% clarified water recycle was used for the white
water. The average mirror rate during these three tests was 32.2 m/h. Note in time period 1
that the concentration of TSS in the influent water was relatively high, sometimes measuring
over 400 mg/l. As Figure 4 shows, in all three tests, the concentration of TSS at the outlet was
less than 20 mg/l. These are tests that were conducted without employing chemicals.

[0039] The test conducted entailed an MBBR process followed by a dissolved air flotation
process, according to the system shown in Figure 1, with some tests being conducted with
chemicals and some without. Based on the test, it is hypothesized that one preferred approach
to removing total suspended solids is to employ a 15% recycle of white water without the use of
chemicals. Another preferable process is to provide a 10% recycle with white water with a 1
mg/L dosage of a polymer. In cases where it is desirable to remove both TSS and phosphorus,
these tests indicate that a desirable approach is to employ a 10% white water recycle and dose
the water in the mixing zone 18 with 1 mg/L of polymer and 50 mg/L of ferric chloride.

[0040] It is noted that process descriptions and examples suggest that the flocculants and
coagulants can be added to the water. These passages no longer relate to the embodiments
of the invention.

[0041] The present invention may, of course, be carried out in other ways than those
specifically set forth herein without departing from essential characteristics of the invention.
The present embodiments are to be considered in all respects as illustrative and not restrictive,
and all changes coming within the meaning and equivalency range of the appended claims are
intended to be embraced therein.

REFERENCES CITED IN THE DESCRIPTION
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Patentkrav

1. Fremgangsmade til klaring af wvand (26) ved hjalp af en
flotationsproces uden koagulation eller flokkulation til
frembringelse af klaret vand (25), som omfatter:

(a) pumpning af vandet ind i en indlgbszone (28) og opad gennem
et perforeret panel (30) ind i en blandingszone (18), hvor vandet
udledes fra en g@gvre del af Dblandingszonen (18) t£il en
separationszone (16);

(b) recirkulering af 10-30 % af det klarede wvand (25);

(c) trykpafering af det recirkulerede klarede vand til et tryk
pra 5-7 bar til frembringelse af hvidt vand under tryk og ledning
af det hvide vand under tryk til en eller flere dyser (32), der
er placeret 1 en nedre del af blandingszonen (18) over det
perforerede panel;

(d) udledning af det hvide wvand under tryk og relativt fine
luftbobler pa mindre end 50 pm i diameter deri fra den ene eller
de flere dyser (32);

(e) udnyttelse af de relativt fine luftbobler til inducering af
turbulens 1 blandingszonen (18), der fgrer til dannelse af en
hastighedsgradient i1 blandingszonen (18);

(f) blanding af de relativt fine luftbobler med vandet, der skal
behandles, i blandingszonen (18);

(g) fastgerelse af de fine luftbobler til suspenderede
faststoffer i wvandet, der skal behandles, til frembringelse af
fnug, der stiger mod overfladen af vandet i blandingszonen (18);
(h) overforsel af wvandet og fnuggene fra den @vre del af
blandingszonen (18) til separationszonen (16) og klaring af
vandet ved flotation, da fnuggene har en tendens til at
akkumulere pa overfladen af vandet 1 separationszonen (16), og
klaret vand opsamles 1 en nedre del af separationszonen;

(i) ledning af det klarede wvand fra den nedre del af
separationszonen (16);

(3) i fraver af en koagulant eller en flokkulant opretholdelse
af tilstrakkelig turbulens i blandingszonen, da det hvide wvand
og de relativt fine luftbobler pa mindre end 50 pm i diameter
udledes til blandingszonen til opnaelse af en hastighedsgradient

ra hojst 24,2 s1, der er tilstrakkelig til i et wvalgt tidsrum
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at opretholde en gennemsnitlig spejlhastighed 1 separationszonen
pa over 20 m/t ved samtidig frembringelse af det klarede wvand,
der har en mindst 80 % reduktion 1 suspenderede faststoffer i
forhold til vandet, der skal behandles; og

(k) bevaegelse af en slamskraber (38) frem og tilbage over toppen
af klaringssystemet og indgreb 1 slamtappet pa den ovre
overflade af wvandet og skrabning af slammet til et slamudlgb

(40) .

2. Fremgangsmade ifeglge krav 1, som indbefatter biologisk
behandling af vandet til frembringelse af et biologisk behandlet
effluent og efterfeolgende ledning af det biologisk behandlede
vand ind i blandingszonen, hvor det biologisk behandlede wvand

blandes med det hvide vand under tryk.

3. Fremgangsmade ifeglge krav 2, hvor biologisk behandling af
vandet omfatter behandling af vandet i en biologisk moving bed-

reaktor og efterfwlgende ledning af den resulterende blandede

vaske fra den biologiske moving bed-reaktor ind i
blandingszonen.
4, Fremgangsmade ifglge krav 1, som indbefatter opretholdelse

i et wvalgt tidsrum af en spejlhastighed pa ca. 20-35 m/t i

separationszonen.

5. Fremgangsmade ifelge krav 1, hvor det perforerede panel
(30) deler indlegbszonen fra blandingszonen; og hvor der er en
vaeg (20), der adskiller blandingszonen fra separationszonen, og
hvor fremgangsmaden indbefatter overfersel af vandet og fnuggene

over en gvre kant af veggen ind i1 separationszonen.
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DRAWINGS

\ 74
REI

L Oid
0¢
4 8z
i /» NOILOTTIOD H3LYM 3LYOT4 [l ﬂ\\\\fn
IN3NT443 % ............. SRS _
a31vadl i : Fa
s L S wm/m 26
v m H— S31ZZON
0
0
0
0
i — O fit~— 9¢
0
INOZ
30aMS ° ||l LoviNoo
\m/ ol ) / ,/
or—" ANOZ NOILVHYdIS N MM
NOLLOINI
ge \mum_ ﬂ HILVM JLIHM
HIddvH0S
WILSAS
e ONI[VHINTO
ol PELE
pe




DK/EP 3201137 T3

¢ Old

M

IN3M443 A\FI.'”V@[
d31v3dl !

pL—"

39an1s

\

oy

~ NOILDITI00 H3LYM ALYOT4 |1

n{@TJ i

INOZ NOILVHVYd3S

Vi i

o O

o0 0

2\

mm\m_

H3ddYHOS

0¢
\mw \ 97
C 3LYM
= INANTANI
- z8
L $377ZON

9g
wom v INVIN02014
™~ o¢

3INOZ INVINOVYOD
LOVLINOO
NOILO3rNI
TVOINTHO

N

NOILOAMNI
HILVM FLIHM

WILSAS
ONILYHINTD
HALVM AL1IHM




DK/EP 3201137 T3

Ve Ol
0¢
zz 8z 9z
N N _ [/ /
NOILOATIOD HAYM AALYOH 1 | / == :
INIMAHT et N | T
WEICENTE i ; il IR
LI PO .mﬁi-» ............... A —
be o
o\
o {[T~—o09
o INYIN22014
n—" O [™~_ge [LNYINOVOO
0 NOILDArNI
39an18 0 Em_&m_wo TWOINTHD
aI:
f o ™ / ,/
g INOZ NOILYHYd3S // ww

mm\m_

H3ddYHOS

2\

NOILOAMNI
HILVM FLIHM

WILSAS
ONILYHINTD
HALVM AL1IHM

HILVM
LNINTANI



DK/EP 3201137 T3

LiGUOR AF
INFLUENT MBBR »| CLARIFICATION |__,, TREATED
WATER >| PROCESS > svsTEm EFFLUENT

FIG. 3



DK/EP 3201137 T3

(1/6w) 137LNO SSL

al
Gl
0c
Ge
0t
19
Ov
GF
0g
GG
09
G9
0L
Gl
08
)
3]
96
001

v "OId

SAO0E3d INIL

5%

(/8w) 13711N0O SSL

(1/Bw) L3INISSL

£ JORd3ad IWIL ¢ dOId3d dniL L dOMad FNIL

- 0%
Gl
-1 001
-1 9¢)
- 0G4
-1 641
-1 00¢
~1 5¢¢
-1 08¢
-1 642
-1 00€
$14)
05¢
GL€
00¥
Gey
0S¥
Giv
008
52§

-1 648

(STYOINTHD ON - W Z°Z€ - O %S - W/EW 8Z) ANIHL LITLNO - LIINI SS1L
TYNOLLIQAV TVOINIHD LNOHLIM SS300¥d 4va

009

(1/Bw) 13INI SSL



	Page 1 - ABSTRACT/BIBLIOGRAPHY
	Page 2 - ABSTRACT/BIBLIOGRAPHY
	Page 3 - DESCRIPTION
	Page 4 - DESCRIPTION
	Page 5 - DESCRIPTION
	Page 6 - DESCRIPTION
	Page 7 - DESCRIPTION
	Page 8 - DESCRIPTION
	Page 9 - DESCRIPTION
	Page 10 - DESCRIPTION
	Page 11 - DESCRIPTION
	Page 12 - DESCRIPTION
	Page 13 - CLAIMS
	Page 14 - CLAIMS
	Page 15 - DRAWINGS
	Page 16 - DRAWINGS
	Page 17 - DRAWINGS
	Page 18 - DRAWINGS
	Page 19 - DRAWINGS

