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24,219

TREATMENT OF SEWAGE BY BIO-CHEMICAL
ACTION

Malcolm Pimie, New York, N. Y., assignor to Research
Corzontion, New York, N. Y, a corponﬂon of New
- Yor

Original No. 2,676,919, dated April 27, 1954, Serial No.
89,272, April 23, 1949. Application lor reissue April
25, 1956, Serial No. 580,690

16 Clalms. (CL 210—2)

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifi-
cation; matter printed in ftalics indicates the additions

made by reissue.

This invention .relates to treatment of sewage and
organic industrial waste by a bio-precipitation process
in which the precipitation of colloidal and dissolved or-
ganic matter from the sewage or other waste is accom-
plished by preoxygenation of the sewage or waste fol-
lowed by its upward flow through biological flocs. sus-
pended in a treatment tank.

It is an object of the invention to provide an im-
proved method and apparatus for purifying sewage and
organic industrial wastes by bio-precipitation. One fea-
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- Figure 4 is a vertical sectional view showing an alterna-
tive expedient for distributing influent liquid across the

- full cross section of the lower end of the treatment tank.

b

10

15

20

25

ture of the invention relates to the preoxygenation of the

sewage or waste by counterflow of the liquid and oxygen.
This counterflow gives the most advantageous gradi-
ents for causing the liquid to absorb oxygen more rapidly
and in larger quantities within-the space available for
preoxygenation and to. attain higher concentration of
oxygen before entry into the treatment tank.

Another feature relates to the recirculation of effluent
in such a counterflow system so as to dilute the incoming
liquid sufficiently to enable the liguid to absorb sufficient
oxygen to supply the entire bio-chemical oxygen demand
of the process.

Another object of the invention is to control the posi-
tion of the biological floc which is kept in suspension in
the treatment tank. With this invention the shape of the
tank and the recirculation of material from different levels
of the tank control the upward velocity of the liquid
in the tank so as to prevent the biological floc from escap-
ing with the effluent.

Other features of the invention relate to the manner
in which the incoming liquid is distributed over the cross
section of the treatment tank so as to obtain upward flow
of the liquor in the treatment tank with a minimum of
disturbance of the biological floc suspended in the tank.
It is important to avoid the formation of any local cur-
rents of liquor rxsmg through openings broken through
the floc,

This invention will be described in connection with the
treatment of sanitary sewage, but it will be understood
that the influent liquid used with the invention may be
organic industrial waste, instead -of sanitary sewage, or
may be a combination of the two.

Other objects, features and advantages of the inven-
tion will appear or be pointed out as the description pro-
ceeds.

In the drawing, forming a part hereof, in which' like
reference characters indicate - corresponding parts in all
the views. )

Figure 1 is a diagrammatic elevation of a sewage treat-
ment plant embodying this invention,

Figure 2 is a sectional view through the treatment tank
shown in Figure 1,

Figure 3 is a sectional view taken on the line 3—3 of
Figure 2,
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Figure 5 is a sectional view taken on the line 5-—5§ of

-Figure 4,

Incoming sewage to be trcated is. drawn through a
pipe line 10 and discharged by a pumping unit 11, through
piping 12, to a tank 14. The supply of sewage to the tank.
14 can be by gravity, if the sewage supply line is at
sufficient elevation. The sewage from the tank 14 flows
by gravity downward through an oxygenation unit 16
which communicates at its lower end with an influent pipe
18. As will be seen from the drawings, the oxygenation
unit is located within the downwardly extending run of
the .conduit which connects gravity tank 14 thh mﬂuent
pipe 18.

The influent pipe 18 opens into the lower end of a
treatment tank 20; and the liquor in the tank 20 rises

slowly, through a biological floc suspended in the tank,
“-to the upper portion of the tank where the efluent over-

flows through conduits that lead to an effluent collector
22, These conduits are located at angularly spaced
regions around the circumference of the tank in order
to maintain an even flow of the liquid upward in the tank
20. The effluent collector 22 has a discharge pipe 24
leading downward into a drain 25.

There are intermediate collectors 27,28 and 29 com-
municating with the interior of the tank 20, at angularly -

" spaced regions around its circumference, at different levels

of the tank. These collectors are connected by suitable
piping with a common recirculation line 31 leading to a
recirculation pump unit 33.. The flow of liquor from
the collectors 27, 28 and 29 to the common recircula-
tion line 31 is controlled by valves 35 in the respective
piping connections between the collectors and the: re-
circulation line 31.

The recirculation pump unit 33 pumps liquor from
the tank 20 into the tank 14, where it mixes with the
sewage to be treated. This mixture flows into the upper
end of the oxygenation unit 16. The amount of liquor
drawn from the tank 20 through the collectors 27 and
28 controls the upward velocity of the liquor in the tank
20, this velocity being decreased by any increase in the
amount of liquor drawn off through the collectors 27
and 28. The process can be carried on under certain
conditions without the collectors 27 and 28. .

The upper level of biological floc in the tank 20 is
located between the collectors 28 and 29. Because of this,
any liquor drawn off by the collector 29 will have a low
bio-chemical oxygen demand and such liquor can there-
fore be effectively used for diluting the sewage passing.
downward through the oxygenation unit 16 so that the
liquid stream in the oxygenation unit 16 is capable of ab-
sorbing sufficient oxygen to supply the full oxygen re-
quirements of the process for treating the influent sup-
plied to the lower end of the treatment tank 20. This is
important because it is a feature of the invention that
the oxygen for maintaining aerobic environmental condi-
tions is supplied to the tank by using the liquid itself as
the carrier for the oxygen with substantially all of the
oxygen dissolved in the liquid.

The advantage of having the oxygen dissolved is partly
to obtain more effective biological reaction, and more
important to prevent disturbance of the biological floc in
the tank which would be caused by upward passage of gas
bubbles from the bottom of the tank as has been the case
with earlier processes.

In the oxygenation unit 16 there is an oxygen diffuser

. 36; and this diffuser 36 is supplied with oxygen through

70

a conduit 37 which in the construction shown extends
downward from the top of the oxygenation unit 16. For
systems with light loading, air can be used in place of
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oxygen, but the amount of sewage that can be purified
in a plant of a given size is greatly increased by use of
commercially pure oxygen.

The oxygen diffuser 36 may be a chamber with porous
walls, such as a ceramic block; or it may be a nozzle
head with small openings, or any other construction for
introducing bubbles of gas .into the liquid flowing past
the diffuser 36. ‘The diffuser is preferably located on the
center line of the liquid conduit through the oxygenation
unit so as to distribute the oxygen bubbles as uniformly
as possible across the full cross section of the liquid
stream. The bubbles should be large enough so that
their tendency to rise in the conduit of the oxygenation
unit is sufficient to enable them to move against the down-
ward velocity of the liquid stream. The bubbles are not
of uniform size in practice, and some of the smaller ones
are carried by the liquid stream into the influent pipe 18.

24,910
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drawing is the same as the collector 29, but one or more
overflow wiers can be used in place of the collector 22.
There is a baffle 48 located immediately above the
opening through which the influent pipe communicates
with the bottom of the tank 20. This baffle, which is
held at a fixed level above the inlet by bolts 50, diverts
the stream of influent sideways in all directions so that

" it-spreads across the bottom of the tank. In order to
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Some of the oxygen in these smaller bubbles may be -

absorbed by the liquid as it travels further downward
- below the diffuser 36 and is subjected to an increase in
the hydrostatic head; but others of the smaller bubbles
rise in the influent pipe 18 ‘and.pass upward .into an
oxygen recovery dome 40 that communicates with the
influent pipe 18 through the top wall of the pipe at a
location between the oxygenation unit 16 and the treat-

" . ment tank 20. The cross section of the influent pipe 18

increases in the region of the dome 40 so as to reduce
the liquid velocity and . facilitate the escape of oxygen
bubbles into the dome 40. Oxygen recovered in the dome
40 can be returned to the oxygenation unit 36, if desired,
or it may be used for oxygenation of sewage at other
‘points in the treatment plant.

The diffuser 36 is preferably located some distance
above the lower end of the oxygen unit so as to allow
for absorption of small oxygen bubbles by the liquid pass-
ing downward from the diffuser 36. However, the
diffuser 36 is preferably located more than half-way

“down in the oxygenation unit 16 so as to take advantage
of a counterflow of the oxygen and incoming liquid. The
advantage of this counterflow is an increase in the aver-
age oxygen pressure gradient for compelling absorption
of oxygen by the liquid. ' There is nitrogen from the air
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dissolved in the liquid that comes from the pump unit 11. R

Because of the fact that there is little nitrogen present
in bubbles of commercially pure oxygen, the pressure of
the dissolved nitrogen causes some of that gas to pass
into the oxygen bubbles and in this way nitrogen is re-
moved from the liquid and the percentage of oxygen in
the bubbles is reduced. -

As the sewage passes downward through the oxygena-
tion unit 16 and its oxygen concentration is increased it
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comes in contact with oxygen bubbles containing a higher -

percentage of pure oxygen until at the diffuser, the sewage
comes in contact with bubbles of commercially pure oxy-
gen and attains practically its saturation value with re-
spect to that atmosphere. Thus the sewage supplied to
the lower énd of the treatment tank is substantially sat-
urated with oxygen.

For periodically removing accumulated solid material
from the tank 20 when the amount of floc in the tank
becomes excessive, there i an outlet pipe 43 commanded
by a valve 44. If desired, the operation of the tank
may be discontinued for a short period of time to per-
mit a settling and concentration of the solid material
in the bottom of the tank prior to withdrawal.

Figure 2 shows the treatment tank 20 on an enlarged
This figure, together with Figure 3, shows the -

scale.
way in which the conduits of the collector 28 open
through the walls of the tank at angularly spaced loca-
tions around the circumference of the tank.. The collec-
tor 27 is similar in construction to the collector 28.. The
collector 29 is also similar except for its larger size which
is made necessary by the fact that the tank increases in
diameter progressively between the collector 28 and the
collector 29. The effluent collector 22 shown in the
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avoid possible dead pockets in the lower portions of the
tank, there is an inclined annular deflector 52 in position
to direcl ths flow of liquor upward. .-,

The distribution and flow of the incoming liquid, to
make it as nearly uniform as possible across the full cross
section of the tank, is promoted also:by a stirrer 54 that
has blades extending outwardly from a hub which is
secured -to a drive shaft 55. The drive shaft 55 has a

_bearing at its' lower end carried by the baffle 48, and the

upper end of the drive shaft 55 is rotated by a motor 56
through reduction gearing 57.

When the slowly rising liquor in. the tank 20 has
passed upward beyond the collector 28, its upward ve-
locity decreases progressively because of the increase of
cross section of the tank between the collectors 28 and .
29. This decrease in velocity reduces the ability of
the liquid to move the floc upward in the tank, and the
velocity of the liquor is preferably regulated so that the
top of floc mass remains suspended in the diverging por-
tion of the tank between the collectors 28 and 29. If
the upward velocity of the liquor in the tank is too great,
it can be reduced by drawing off some of the liquor, with
its complement of solid matter, through ths collectors
27 and 28. i

It is a feature of the invention that the floc is kept in
suspension with little turbulence by the upward flow of )
the liquor being treated, and there is substantially no agi-
tation of the floc mass in the treatment tank. The mild
stirring at the Jower end of the tank is merely for the
purpose of distributing the incoming liquid over the cross
section of the tank and preventing the formation of any
localizing convection currents in the liquor in the tank.
The rate of stirring is always kept below that value which
will cause the floc to rise to the top of the tank.

Figutes 4 and 5 show a modified construction for
distributing the incoming liquid across the lower por-
tion of the tank 20. In this modified construction there
is a housing 60 located immediately above the tank in-
let; and there are outwardly extending pipes ‘62 angu-’
larly’ spaced around the circumference of the housing
60, and preferably extending radially from the hous-
ing. These pipes 62 exténd close to the side of the
tank 20, and they preferably have a number of outlets
65 from which liquid is introduced into the tank at a.,

large number of spaced locations across the bottom of -

the tank. These openings 65 are preferably directed
downwardly so as to avoid the setting up of currents
in the liquor above them.  The object is to have the
full cross section of the liquor move upwardly as uni-
formly as possible. The pipe distributing system for in-
coming liquid, as shown in Figures 4 and 5, may be used
with or without the stirter $§4. If desired the outlets
65 from the pipes 62 may extend in directions that give
the liquid ‘a spiral flow. With the outlets 65 disposed
in such directions the outlets of the collectors 27, 28
and 29 are preferably disposed in directions tangential
to the circumference of the tank.

The preferred embodiment of the invention has been
illustrated and described, but terms of orientation are in .
most instances relative; and changes and modifications
can be made, and some features of the invention can
be used alone or in different combinations without de-
parting from the invention as defined in the claims.

I claim as my invention: : o

1. Apparatus for treating sewage or other liquid con-
taining organic waste material, said apparatus compris- -
ing a treating tank to which a steady stream of liquid
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and dissolved oxygen is supplied for gradual upward flow
in’said tank, an influent pipe opening into the lower end
of the tank, an oxygenation unit connected to the up-

stream end of the influent pipe, said oxygenation unit .

having a passage that conducts liquid to the tank from
an original supply source outside of the tank, said pas-
sage having a downwardly extending run for the flow of
a solid stream of the liquid toward the influent pipe, an
oxygen diffuser located in the lower portion of the down-
wardly extending run, and apparatus for causing flow
of oxygen through the diffuser into the liquid stream in
bubbles, the oxygen-discharge openings in the diffuser
being correlated with the liquid velocity and pressure,
and being large enough to produce bubbles most of which
are of sufficient size to having a buoyancy that over-
comes the downward velocity of the liquid toward the
diffuser. :

2. Apparatus for treating liquids containing organic

waste material, including, in combination, a treatment

tank in which the liquid is subjected to a biochemical
treatment by passage through a biological floc suspended
in the tank, said tank having an inlet at its lower end
a discharge at its upper end, an-influent pipe con-
nected at its downstream end to said inlet, and a col-
lector intermediate the upper and lower ends of the tank
and through- which liquid from the tank is withdrawn,
an oxygenation unit connected to the upstream end of
the influent pipe and having a downwardly extending run
through which a solid stream of liquid to be treated passes
on its way to the influent pipe, an oxygen diffuser lo-
cated in the oxygenation unit at a low level in said down-
wardly extending run of said unit so that rising bubbles
of oxygen flow in a direction counter to the movement
of liquid. through the oxygenation unit, piping leading
from the collector to the upper end of the oxygenation
unit, and piping through which liquid to be treated is also
supplied from an original supply source outside of the
tank, to the upper end of the oxygenation unit simul-
taneously with the liquid from the collector.

- 3. Apparatus for treating liquid containing waste solids,
said apparatus including a treating tank in which the
liquid is subjected to a biochemical treatment by passage
through a biological floc suspended in the tank, said tank
baving an inlet at jts lower-end, an influent pipe con-
nected at its downstream end to said inlet, an oxygena-
tion unit outside of the treating tank with an inlet at the
top. for entrance of said liquid, the oxygenation unit being

connected to the upstream end of the influent pipe -and -

having a downwardly extending passage through which
a solid stream of liquid to be treated passes on its way
to the influent pipe, means for passing the liquid through
- the oxygenation unit and thence through the tank inlet
at a controlled rate which is correlated with the cross
section of the tank to obtain a Jow velocity of upflow

through the tank, said means including a piping cop-’

nection through which liquid from an original supply
source outside of the tank is supplied to the upstream
end of the oxygenation unit, an oxygen diffuser located
in the lower portion of the oxygenation unit and located
in_position to cause a flow of oxygen into the liquid
stream counter to the direction of the liquid flow toward
‘the tank, and means from which clear effluent liquor
flows from the upper portion of the tank.

4. Sewage treating apparatus comprising a treating
tank in which the liquid is subjected to a biochemical
treatment by passage through a biological floc suspended
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in the tank, said tank having an inlet at its lower end, -

an influent pipe through which liquid is supplied to said
inlet, an oxygenation unit including a downwardly ex-
tending conduit through which liquid to be treated flows
to the influent pipe, a sewage supply pipe, a pump that
delivers liquid from the sewage supply pipe to the upper
end of the conduit through the oxygenation unit, col-
lector passages at spaced regions around the circum-
ference of the tank at an intermediate level between

70
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the upper and lower ends of the treatment tank for the
withdrawal of liquid from the tank, a recirculation pump
that delivers the liquid from the collector to the upper -
end of said conduit through the oxygenation unit, an
oxygen diffuser located in the lower half of the conduit
through the oxygenation unit, valve means commanding
the flow of liquid through the respective connections
from the collectors to the recirculation pump, a section
along the influent pipe, between the oxygenation unit and
the treating tank of enlarged cross section, and an Oxy-
gen recovery_collector located above the influent pipe
and communicating with the influent pipe at said region
of increased cross section. .

5. Apparatus for obtaining bio-precipitation of organic
waste materials by passage of liquid containing such
materials through a biological floc kept in suspension
within a-tank, said apparatus comprising a treating tank,
oxygenating apparatus through which the liquid passes
outside of the tank, said apparatus having a liquid inlet
at the top and an oxygen diffuser located adjacent the
bottom thereof, a conduit connecting a discharge outlet
of the oxygenation unit with an inlet to the.tank at
the bottom of the tank, a piping connection to said inlet
through which the original liquid containing the waste
material is supplied from a source outside of the tank,
circulating means that supplies the liquid to the.tank
for upward flow at a low rate which leaves the floc
undisturbed, upwardly diverging side walls of the tank
that produce a -progressive increase in cross section
throughout the vertical zone of the tank at which the top
of the biological floc is intended to be suspended, and
means that control the upward velocity of the liguid
in the tank. _ .

6. In the method of treating sewage and other liquid
containing waste organic material by passing the liquid
at low velocity through a floc blanket suspended within
a treating tank and after preoxygenation of the liquid to
the full biochemical oxygen demand of the organic mat-
ter before introducing the liquid into the treating tank,
the improvement which comprises producing a quiet so-
lution of ‘oxygen in the liquid for upward passage through
the suspended floc blanket by passing a stream of liquid
downwardly through an approach conduit ahead of the
tank and at the same time introducing a stream of OXxy-
gen into the liquid near the lower end of the downwardly
moving stream and in sufficient volume to produce bub-
bles of oxygen that rise against the downwardly moving

" liquid stream- to produce counterflow of liquid and gas

with resulting dissolving of oxygen in the liquid stream,
removing free bibbles of oxygen that remain in the liquid
stream at a region downstream from the location where
the oxygen is introduced into the stream, and then in-
troducing the quiet solution of oxygen and liquid into
the treating tank under the floc blanket. -

7. In the treating of sewage and other liquid contain-
ing waste organic material as described in claim 6, the
method characterized by the additional step of withdraw-
ing liquor from the tank and supplying it to the stream
of incoming liquid ahead of the region of oxygenation
so as to dilute the incoming stream and reduce its strength
and biochemical oxygen demand to such value that the
cxygen required for the process can z1l be absorbed by
the diluted liquid on its way to a zone of treatment.

8. The method of treating liquid-berne sewage con-
taining colloidal organic solids, which method comprises
passing the liquid downwardly in a confined stream, in-
troducing bubbles of commercially pure oxygen into the
downwardly flowing liquid stream near its lower end
so as to obtain counterflow of the oxygen and liquid
and dissolving’ of the oxygen in the ‘liquid, thereafter
passing the preoxygenated liquid, with the liquid sub-
stantially free of bubbles, into the lower end of a treat-
ing zone containing a body of liquid with a biological
floc mass suspended in the body of liquid intermediate
of 'the top and bottom thereof, passing the preoxygenated
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" liquid . upwardly through the biological floc mass quietly -

and with substantially no agitation of the floc mass and
with the movement of liquid “in the treating zone suffi-
cient to maintain the floc mass suspended, but limited
to a velocity of the liquid low enough to prevent lifting
of the floc mass to the top of the body of liquid in which
it is suspended in the treating zone. : .
9. In the treatment of sewage by maintaining aerobic
environmental conditions in a liquid-suspended biological
. floc mass in a treating zone through which liquid-borne
- preoxygenated sewage is passed, the improvemcent that
comprises dissolving in the liquid of the sewage suffi-
cient oxygen for the oxygen requirement of the process,
and passing the preoxygenated liquid upward through
the treating zone and through a biological floc mass in
the treating zone quietly and with substantially no agita-
tion of the floc mass and with the transverse cross sec-
tion of the stream increasing and the velocity of the liquid
becoming correspondingly less as it moves upward through
the treating zone, the velocity below the treating zone

10

from the tank passes on its way to the influent pipe, an
oxygen diffuser located in. the oxygenation unit at a low
level in said downwardly extending run of said unit so
that any rising bubbles of oxygen in the oxygenation unit
flow in a direction counter to the movement of liquid
through the oxygenation unit, the conduit system com-
prising also piping leading from the collector to the upper
end of the oxygenation unit, and piping through which
liquid to. be treated is supplied, from an original source
outside of the tank, to the liquid from the tank for dilu-

. tion thereby and movement upwardly therewith into the

15
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being sufficient to move the biological floc mass upward

and the velocity of the rising liquid above the trzating
zone being insufficient to lift the biological floc mass out
of the treating zone and to the top of the body of liquid
in which the floc mass is suspended.

10. In the bio-precipitation treatment of sewage .and
organic industrial wastes by supplying to a treatment zone
liquid that has been preoxygenated by dissolving in the
liquid oxygen sufficient for the biochemical demand of
the process, the improvement which comprises obtaining
a high oxygen concentration by ‘dissolving oxygen in ‘the
liquid prior to the introduction of the liquid into the
treating zone, said high oxygen concentration being ob-
tained by subjecting a flowing stream of the liquid to
contact with bubbles of progressively higher concentra-
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tion of oxygen, as the liquid advances on its way to the -

treating zone, and removing buoyant bubbles of oxygen
from the liquid downstream from the location at which
the liquid is subjected to the bubbles of highest oxygen
concentration. C
11. Apparatus for treating sewage or other liquid con-
taining organic waste material, said apparatus comprising
a treating .tank to which a steady stream of liquid and
dissolved oxygen is supplied for gradual upward flow in
said tank, an influent pipe opening into the. lower end
of the tank, an oxygenation unit connected to the up-
stream end of the influent pipe, said oxygenation unit
having a passage that conducts a diluent liquid to the
influent pipe, said passage having a downwardly extend-
ing run for the flow of a solid stream of the diluent
liquid toward the influent pipe, an oxygen diffuser located
in the lower portion of the downwardly extending run,
apparatus for causing flow of oxygen through the diffuser
into ‘the liquid stream in bubbles, the oxygen-discharge
openings in the diffuser being correlated with the liquid
velocity and pressure, and being large enough to produce
bubbles most of which are of sufficient size to have a
buoyance that compensates the downward velocity of the
liquid toward the diffuser, and another pipe through which
liquid to be treated is supplied to the diluent for dilution
thereby and movement upwardly therewith in said tank.
12.- Apparatus for treating liquid containing organic
waste material, including in combination a treatment tank
in which the liquid is subjected to a biochemical treat-
ment by passage through a biological floc suspended in
the tank, said tank having an inlet at its lower end, a dis-
charge at its upper end, and said apparatus including a
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liquid flow conduit system leading to the lower part of .

the tank, said conduit system comprising an influent pipe
connected at its downstream end to said inlet, and a
collector at a predetermined level of the biological floc

70

. in the tank and through which liquid from the tank is

withdrawn, an oxygenation unit connected to the up-
stream end of the influent pipe and having a downwardly
extending run through which a solid stream of liquid

75

biological floc. )
13. In the method of treating sewage and other liquid
containing waste organic material by passing the liquid
.at low velocity through a floc blanket suspended within
a treating tank and in which new liguid to be treated is
diluted with liquor withdrawn from said tank at a level
where the liquor is at least partly treated the improve-
ment ‘which comprises producing a quiet solution of
oxygen in the liquor withdrawn from the tank for sub-
sequent upward passage through the suspended floc
blanket by withdrawing liquar from a region of the treat-
ing tank at which the liquor has been at least partially
treated, passing a stream of the withdrawn liquor down-
wardly -through an approach conduit ahead of the tank
and at. the same time introducing a stream of oxygen
into the liquor near the lower end .of the downwardly
moving stream, and in sufficient volume to produce some
bubbles of oxygen that rise against the downwardly mov-
ing liquor stream to produce counter flow of liquor and
gas with resulting dissolving of oxygen in the liquor stream,
then introducing the solution of dissolved oxygen and
liquor into the treating tank under the floc blanket, and
by said liquor diluting new liquid to be treated whereby
the oxygen dissolved in the liquor supplies part of the

biochemical oxygen demand of the liquid during the

upward passage of the liquid through the biochemical
floc.
14. In the bio-precipitation treatment of sewage and
organic industrial wastes by supplying to a treatment zone
liquid that has been pre-oxygenated by dissolving in the
liquid oxygen sufficient for the biochemical demand of
the process, the improvement which comprises withdraw-
ing from a region of the treating zone liquid that has
been at least partially treated, obtaining a high oxygen
concentration by dissolving oxygen in the liquid prior
to the return of the liquid into the treating zone, said
high oxygen concentration being obtained by subjecting
a flowing stream of the liquid to contact with bubbles of
progressively higher concentration of oxygen as the liquid
advances on its way during return to the treating zone,
introducing the material to be treated into one end of
the treatment zone, and returning the withdrawn liquid to
the treatment zone dt the same end as the material to be
treated and as a diluent for said material whereby oxygen
dissolved in said withdrawn liquid supplies at least part
of the biochemical oxygen demand of the material to be
treated. .

15. Apparatus for treating sewage or other liquid con-
taining organic waste material by gradual and quiet up-
ward flow of the liquid, with oxygen dissolved therein for
the oxygen demand of the process, through a suspended bi-.
ological floc, the apparatus comprising a tank in which
the biological floc is suspended in liquid which is being
treated and within a zone below the top of the tank, where-
by effluent above the floc can be removed from the tank,
a passage and distributing means through which sewage or
other liquid to be treated is introduced into the bottom of
the “tank and distributed substantially ‘uniformly therein
under the floc, means for supplying oxygen to the liquid
to be treated including an oxygenator located outside of
the tank and with a downwardly extending run for liquid
and an oxygen distributor near the bottom of said run and
in position to discharge bubbles of oxygen into the liquid
whereby any bubbles that rise by their buoyance move

N
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counter to the direction of the downward flow of liquid
through said oxygenator, an outlet above the bottom of
the tank for removal of at least partially treated liquid
froi the tank, means for supplying a solid stream of liquid

‘to the. upper end of the oxygenator for downward flow 5

therein, said means including a passage through which
Liquid from said outlet flows from the tank to the oxygena-
tion unit, and another passage from which sewage or other
liquid containing organic waste is mixed with the liquid

from said outlet for dilution thereby and for addition of 10

some of the oxygen dissolved therein to the new Izqmd to
ke treated.

6. In the method of treating sewage or other liquid
((,nr(umn" waste organic material by passing the liquid

1pw ar(lly at low velocity through a biological floc suspend- 15

ed in'a tank in a treating zone in a mass of liquid to be
treated and at a level below the top of the mass of Izqmd
whereby substantially clear effluent is withdrawn from the'
mass of liquid above the floc, and in which method the

oxygen for the treatment is dissolved in the liquid to form 20

“a quiet solution that moves upwardly at low velocity
through said floc, the improvement which comprises
withdrawing liquid from 'the tank at a level where the
liquid has been at lcast partially treated and has a lower

oaygen demand than the liquid as originally supplied to 25

" the tank, passing the withdrawn liquid from the tank to
an oxygenating region in which the withdrawn liquid is
flowed downwardly in a solid stream toward a location

10

at which oxygen is discharged in bubbles into the solid
stream for absorption by the withdrawn liquid and with
counterflow of the liqiid and any undissolved bubbles of
gas which rise by buoyancy in the downwardly flowing
stream;, passing the withdrawn liquid, after its passage
through the oxygenation wunit, back to a lower level of
the tank and with substantially all of the oxygen in the
withdrawn liquid dissolved therein to eliminate bubbles in
the treating zone, and diluting a new supply of liquid to
be treated by mixing it with the withdrawn liquid to pro-
vide at least a part of the oxygen demand of the liquid to .
be treated by quict transfer in solution to the liquid to be
treated-to the organic material therein.
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