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[57] ABSTRACT

Process and apparatus for the oxidation of carbona-
ceous and nitrogeneous matter in wastewater by use of
a mixture of biologically active slimes attached to par-
tially submerged rotating contactors. The biological
contactors are mounted in a single-stage treatment unit
and are supplied with wastewater at a controlled rate
relative to the surface of the contactors and distributed
substantially evenly over the contactor surface. A deni-
trifying unit, located upstream from the single- -stage
treatment unit is supplied with wastewater and recircu-
lated effluent from the single-stage treatment unit. The
denitrifying unit utilizes biologically active slimes at-
tached to rotating biological contactors for the removal
of carbonaceous matter from the wastewater supported
by nitrate oxygen from the recirculated effluent.

8 Claims, 7 Drawing Figures
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1

TREATMENT OF WASTEWATER

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions made
by reissue,

RELATED APPLICATIONS

This application is a division of my copending appli-
cation Ser. No. 293,594 filed Sept. 29, 1972 and now
U.S. Pat. No. 3,817,857 issued June 18, 1974.

BACKGROUND AND PRIOR ART

The invention pertains to the biological treatment of
wastewater to remove pollutants. More specifically, the
invention provides a wastewater treatment process and
apparatus employing attached cultures of microbiologi-
cal forms contained in the wastewater that can reduce
substantially the quantity of both carbonaceous and
nitrogeneous pollutants discharged from a treatment
plant into natural receiving waters, such as lakes, rivers,
and streams.

Prior art wastewater treatment systems are primarily
concerned with removing carbonaceous pollutants
from the wastewater and secondarily with the removal
of other materials such as soluble nitrogeneous com-
pounds, e.g., ammonia and nitrates. Recently, increased
attention has been given to the presence of nitrates In
receiving waters, particularly in potable water supplies.
It has been shown that excessive nitrate concentration
in drinking water can adversely effect the physiology of
infants by reducing the oxygencarrying capacity of the
bloodstream.

Various governmental bodies have responded to the
problem of excessive amounts of nitrogenous com-
pounds in natural receiving waters by regulating the
permissible concentration of such compounds in waste-
water effluents. The State of Maryland has set a limit of
1 mg/liter of nitrogen in the form of ammonia in waste-
water discharged into the Patuxent River; the Potomac
Enforcement Conference has recently required the re-
moval of 85 percent of the total nitrogen from all waste-
water discharged into receiving waters from the Wash-
ington Metropolitan Area; and the State of Illinois, has
stipulated that the ammonia-nitrogen concentration in
wastewater effluents be reduced to not more than 2.5
mg/liter.

The nitrogenous matter in normal wastewater typi-
cally comprises ammonia, a small fraction of intermedi-
ate amino compounds, and a large fraction in the form
of proteins. The proteinaceous matter in wastewater
exists mainly in particulate form and is physically re-
moved, primarily by sedimentation.

Processes for removing ammonia-nitrogen from
wastewater follow two general lines of approach: (1)
the physio-chemical, and (2) the biological. Physio-
chemical processes generally have the basic disadvan-
tage of being costly, producing undesirable side effects,
generating a concentrated brine for disposal, and 1n
some cases, polluting the air with ammonia vapors. The
biological processes on the other hand, promote the
natural cycling of nitrogen, i.e., oxidation of the ammo-
nia and denitrification of the resulting nitrates to nitro-

gen gas.

S
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A preferred biological process for treating wastewa-
ter to oxidize carbonaceous matter utilizes rotating bio-
logical contactors in the form of plurality of closely
spaced, partially submerged bodies, to grow fixed bio-
logical slimes. The rotating biological contactors can be
in the form of thin disks, drums, cylinders, brushes, etc.
A preferred contactor has a discontinuous honeycomb-
type structure and is disclosed in pending U.S. Pat.
application Ser. No. 252,038 filed May 10, 1972.

The partially submerged bodies, are forcibly rotated
to alternately expose the organisms on the contact sur-
faces to the atmosphere for the absorption of oxygen
and the wastewater for nutrients.

Such rotating biological contactors, arranged to sub-
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stages arranged in series requires about one-third less
surface area than would a comparable unit having only
a single treatment stage when used for the purpose of
removing only carbonaceous matter. Experience has
shown that about 400,000 sq. ft. of surface divided into
4 to 6 treatment stages is capable of removing 90 per-
cent of the carbonaceous matter, measured in terms of
B.O.D.s5 (see Table 1 for definition) from 1 million gal-
lons per day (M.G.D.) of settled domestic wastewater.

Representative wastewater treatment systems utiliz-
ing a multistage configuration of partially submerged
rotating biological contactors for the sequential treat-
ment of wastewater are shown and described in Torpey
U.S. Pat. No. 3,575,849; El Nagger U.S. Pat. No.
3,335,081; Simpson U.S. Pat. No. 3,466,241; and Hart-
mann et al. U.S. Pat. No. 3,389,798.

When the concentration of carbonaceous matter in
wastewater has been reduced by about 90 percent using
the above-described multi-stage system employing ro-
tating biological contactors, a separate and additional
multi-staged treatment system is typically used to oxi-
dize the ammonia-nitrogen present in the wastewater.
Specific nitrifying organisms attach to and develop on
the rotating surfaces of the separate and additional
system forming slimes which oxidize the ammonia to
nitrates. The subsequent treatment system for biologi-
cal oxidizing ammonia loses much of the contact area
for the nitrifying slimes as a result of predator activity
and requires about 1 million sq. ft. of surface to oxidize
substantially all the ammonia in one M.G.D. of normal
domestic wastewater.

SUMMARY OF THE INVENTION

In accordance with the invention, a process for simul-
taneously oxidizing carbonaceous matter and ammonia
in wastewater is provided. The new process utilizes
partially submerged rotating biological contactors such
as disks, arranged in a single treatment stage and sup-
plied with wastewater within a specific range of loading
rate with respect to the surface area of the contactors
(gallons per day per square foot).

Pursuant to the invention, the rate of wastewater
applied substantially equally over the surface of the
contactor per unit of time is reduced to a range wherein
the concentration of carbonaceous matter at the slime-
wastewaster interface is so low that the fast growing
organisms using carbonaceous nutrients as an energy
source are relatively starved. When this environment is
created, the slowgrowing organisms using ammonia for
their nutrition develop and compete successfully with
the fast growing organisms using carbonaceous matter.
Thus, the faster reaction involving the oxidation of
carbonaceous matter is reduced towards the rate of the
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slower reaction involving the oxidation of nitrogenous
matter in a manner that both reactions are forced to
process simultaneously. Accordingly, by utilizing a

single stage of treatment and by control of the rate of

feeding of wastewater to the slimes the same surface is
used to support both carbon and nitrogen utilizing of-
ganisms for their nutrition. This treatment unit is more
efficient than a conventional unit in that it resists loss of
contactor surface due mainly to being able to supply the
predators with food in the form of organisms using the
carbonaceous matter.

The oxidation of ammonia-nitrogen is carried out by
specific organisms forming attached slimes whose effi-
ciency is ratelimited by their metalbolism. That is to
say, since the rate of diffusion of ammonia into the
slimes is faster than their metabolic rate, the reactor
rates are essentially independent of the concentration of
ammonia at the slime-wastewater interface. Accord-
ingly, the amount of ammonia oxidized, at a given tem-
perature, depends on the amount of active organisms
occupying a given surface over a span of real time, not
time spent in the treatment unit. As a result, when the
rate of flow of wastewater increases in accord with the
diurnal pattern, an increased concentration of ammonia-
nitrogen appears in the effluent. To accomplish a high
degree of ammonia removal continuously, allowance
should be made to provide surface sufficient to treat
spans of high flow rate, not average flow rate. Alterna-
tively, a tank can be provided after sedimentation large
enough to absorb or dampen the flow surges entering
the plant.

The diameter of the partially submerged rotatable
surfaces is normally in the range of 10 to 12 feet. The
slime supporting contactors are rotated so that the pe-
ripheral velocity is in the range of about 0.5 to 1.0
ft./sec. and the spacing between adjacent surfaces 1s in
the range of § to 1 inch. A considerable advantage can
be gained by making the single stage unit adaptable to
long-term changes in flow rate by dividing the unit into
4 sections capable of being operated as 1, 2, 3 or 4 sec-
tions, as needed, all fed in parallel.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will be further explained with refer-

ence to the drawing in which:
FIG. 1 is a pair of curves showing the effect of con-

tactor surface loading rate on pollutant removal;

FIG. 2 is a series of curves showing the relationship
of contactor surface loading rate to the mg/l of ammo-
nia removed from wastewater at various temperatures;

FIG. 3 is a schematic flow diagram of a process in
accordance with the invention;

FIG. 4 is a schematic plan view showing the single
stage biological treatment unit employing rotating bio-
logical contactors;

FIG. § is a schematic flow diagram of an alternative
process in accordance with the invention;

FIG. 6 is a schematic plan view showing a single
stage denitrifying unit in accordance with the invention;

FIG. 7 is a cross-sectional elevation of the unit of

FIG. 6 taken along line 7—7.

DESCRIPTION OF PREFERRED
EMBODIMENTS

Referring to FIG. 1, the relationship of contactor
surface loading rate to both carbonaceous and nitroge-
nous pollutant removal is shown in terms of four basic

zones of biological activity.
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Zone 1 embraces a transitory range of loading
wherein varying degrees of starvation have been iIn-
duced for both the organisms using carbonaceous and
nitrogenous matter.

Zone 2 defines a range of loading rates, wherein a
preferred degree of starvation for organisms using car-
bonaceous matter has been induced, while the activity
of organisms using nitrogenous matter is relatively un-
restricted. The loading rates defined by Zone 2 is from
about 0.4 to about 1.5 gallons per day per square foot of
contactor surface.

Zone 3 represents a range of loading rates, wherein
increases cause organisms using carbonaceous matter to
increasingly dominate the environment, resulting in a
rapid decrease in the rate of oxidation of nitrogenous
matter.

Zone 4 defines a range of loading rates at which the
concentration of carbonaceous matter at the slime-was-
tewater interface is sufficiently high to cause the organ-
isms using carbonaceous matter to completely dominate
the environment, thereby preventing the growth of
nitrifying organisms.

Referring now to FIG. 2, the relationship of ammonia
removal to contactor surface loading rate for various
wastewater temperatures is shown.

The temperatures shown in FIG. 2 embrace the
lower values of the range of wastewater temperatures
encountered in most treatment plants. Because a treat-
ment plant should be designed to treat the coldest
wastewater encountered, a selection of loading rate to
conform to such minimum temperature should be made.
For example, if it were desired to remove about 25
mg/liter of the ammonia-nitrogen from normal domes-
tic wastewater using a single stage of treatment, the
surface loading rate should be about 0.52 gal./day/sq.
ft., if the minimum wastewater temperature expected
was 41° F. At a minimum wastewater temperature of
58° F., the comparable loading rate should be about 1.25
gal./day/sq. ft.

As shown in FIG. 2, the slime growing surface re-
quirement to remove 90 percent of the carbonaceous
and nitrogenous matter for a typical plant processing |
million gal./day of normal wastewater having 235
mg/liter of ammonia at a temperature of 55° F. would
be 1 gal./day/sq. ft. or | million sq. ft. A conventional
prior art treatment process would require about
1,400,000 sq. ft. of surface for equivalent pollutant re-
moval. Further, by the use of the single stage of treat-
ment pursuant to the invention, a significant large frac-
tion of the combined nitrogen in the wastewater under-
going treatment is reduced to nitrogen gas, thus lower-
ing the nitrogen concentration in the effluent without
adding to the cost of treatment.

Pursuant to a specific aspect of the invention, a
preferred contactor surface loading rate of from about
0.4 to about 1.5 gal.day/sq. ft. is defined; which rate
results in the removal of the bulk of carbonaceous and
nitrogenous matter from the influent wastewater. The
contactor surface loading rate is a function of the tem-
perature of the wastewater being treated as shown in
FIG. 2. In some cases, it might be desirable to operate
with a contactor surface loading rate as high as 2.0
gal./day/sq. ft. if, for instance, the lowest anticipated
wastewater temperature was above about 60° F. or if 1t
was desired to remove a lesser amount of ammonia from
the influent or if the wastewater concentration of ni-
trogenous matter is dilute. In further accordance with
this specific aspect of the invention, contactor surface
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loading rates of 2 gal./day/sq. ft. or even higher can be
used by increasing the oxygen content of the atmo-
sphere above the wastewater surface in the single stage
treatment unit. The atmosphere over the rotating con-
tactors can be enclosed and enriched with oxygen to the
extent that the resulting atmosphere contains up to
about 60 percent by volume of oxygen, resulting in
increased efficiency in oxidizing carbonaceous and ni-
trogenous material in the wastewater. A contactor sur-
face loading rate from about 1 to about 2.5 gal./day/sq.
ft. can be utilized when the atmosphere above the rotat-
ing contactors contains from about 30 to about 60 per-
cent by volume of oxygen.

F1G. 3 schematically illustrates a wastewater treat-
ment process incorporating the principles of the inven-
tion.

Referring to FIG. 3, raw wastewater is supplied to a
coarse screening and grit removal device 10 followed
by the removal of settleable and floatable solids in set-

10

15

6

Wastewater is supplied to tank 15 by pipe 19 and the
treated effluent leaves through discharge pipe 20. Pref-
erably, both the supply pipe 19 and discharge pipe 20
communicate with inlet and outlet manifold units 21 and
22, respectively. The manifold units 21 and 22 serve to
distribute the wastewater along the length of the treat-
ment unit, which, in addition to mixing within the tank
accomplished by moving surfaces, serves to feed all the
slime surfaces substantially equally.

The following example further illustrates the process
of the invention.

Table I shows the resuits of processing settled waste-
water in a single stage biochemical treatment unit. The
unit used was a half formed cylindrical tank with a
radius of 5 feet 2 inches containing 5,250 sq. ft. of con-
tactor surface. The contactors were in the form of thin
disks, having a 10 foot diameter and spaced 0.8 inches
apart. The disks were immersed in the wastewater 40
percent of their vertical diameter and were rotated at 1

tling tank 11 which is usually designed to provide 1 to 20 R.P.M.

TABLE 1
INFLUENT** EFFLUENT
BOD.s* NHi3—N B.O.D;* NH3—N NO3—N Loss of N
Mg/! Mg/ Mg/ Mg/l Mg/l Mg/
125 30 21 16 4 10
131 25 15 13 6 6
129 26 14 13 8 5
121 28 12 9 13 6
109 30 15 2 17 11

Flow Rate Temp  Disk Loading Rate
Gals./Day °F. Gals./Sq.Ft./Day
4,500 il 0.9
6,800 42 1.3
5,900 46 1.1
6,000 53 1.1
5,600 58 1.1

W
*Biological oxygen demand, B.O.D ; is a measure of the concentration of biodegradable organic carbon in a medium obtained by determin-
ing the amount of oxygen consumed (mg/1) by the medium at 68° F. in five days.

**Influent-presettled wastewater.

2 hours of detention time for the wastewater at average
flow rate.

Optionally, a fine screening device may be substituted 35

for 10 and 11.
From the settling tank 11, the wastewater may be

conducted directly to unit 13 by bypass line 11a or to
holding tank 12 having a volume adequate to absorb the

diurnal fluctuations in flow rate. Means, typically a rate 40

controller device or pump, are provided at the outlet of
holding tank 12 to supply a substantially constant rate of
flow of wastewater to the single stage partially sub-
merged rotating surface treatment unit 13, which is

operated within a specific range of surface loading rates 45

to oxidize simultaneously the carbonaceous and nitroge-
nous matter present in the wastewater.

The biologically treated wastewater is then con-
ducted to a secondary solids separation unit 14, which
typically comprises a settling tank having 1 to 2 hours of
detention time or a microstrainer.

The single stage biological treatment unit 13 is shown
schematically in further detail in FIG. 4. The single
stage biological treatment unit 13 includes a tank 15 of

50

the same general configuration as the rotating surfaces 55

below the longitudinally extending rotatable shaft 16.
The rotatable shaft 16 is supported by appropriate bear-
ings 17 and is rotated by an appropriate drive mecha-
nism (not shown). A plurality of biological contactors
18 are mounted on shaft 16 transverse to its axis and
spaced along its length. The contactors 18 are typically
from about 10 to about 12 feet in diameter; spaced about
2 to 1 inch apart and may extend into the wastewater
contained by tank 15 from about one-third to two-thirds
of their diameter. The contactors are rotated at a pe-
ripheral velocity of about 0.25 to about 1 foot per sec-
ond to alternately supply the organisms growing
thereon with atmospheric oxygen and nutrients.

65

The data of Table I indicates that when operating a
single stage rotating disk biological treatment unit with
a loading rate of from 0.9 to 1.3 gal./day/sq. ft. of set-
tled wastewater on the contactor surfaces, about 90
percent of the B.O.D.s remaining after presetting was
removed along with simultaneous reduction of am-
monia-nitrogen concentration from 30 to 16 mg/liter at
41° F. and from 30 to 2 mg/liter at 58° F. The same
slimes were thus shown capable of oxidizing the carbo-
naceous and nitrogenous matter.

Additional important advantages are derived from
the use of a single stage rotating disk biological treat-
ment process having a loading rate controlled within
the range defined by the invention. The slimes that
develop on the contactor surfaces remain thin, that is
below 3 inch and usually below 1/16 inch thickness
which permits reduction of the spacing between adja-
cent contactors from a typical three-fourths inch to as
low as three-eighths inch without undue loss of deten-
tion time necessary to remove about 90 percent of the
carbonaceous matter measured in terms of B.O.D.s.

Further, in accordance with the invention, the pe-
ripheral velocity of the rotating contactors can be re-
duced from 1 ft/sec. toward 0.3 ft/sec. as the loading
rate is decreased from 1.5 towards 0.4 gal./day/sq. ft.,
without lowering the dissolved oxygen in the wastewa-
ter below about 20 percent of saturation. Such con-
trolled decrease of the rotational velocity of the contac-
tors provides a significant economic benefit by reducing
the energy necessary to rotate the contactors, which
varies directly with the cube of the rotational velocity.
The invention further provides that when the contactor
peripheral velocity is controlled between 0.3 to 1.0
ft/sec. as disk loading rate is varied within the preferred
range of 0.4 to 1.5 gal./day/sq. ft., denitnfication can be
forced as the organisms in the slimes use nitrate oxygen



Re. 29,969

7

for their respiration. If the peripheral velocity of the
contactors is too slow for the particular unit area load-
ing rate of wastewater on the rotating surface, anaero-
bic conditions will develop. On the other hand, if the
peripheral velocity of the rotating surfaces is too high,
the conversion of nitrates to nitrogen gas will be re-
duced.

The new process will reduce the B.O.D.s in normal
domestic wastewater from about 200 to 10 mg/liter and

will oxidize ammonia nitrogen according to surface 10

loading rate. Moreover, a significantly large portion of
the combined nitrogen is reduced to nitrogen gas which
is evolved to the atmosphere. The remaining combined
nitrogen, especially that in the form of nitrates, might
require reduction to a lower level to meet new stan-
dards where potable water supplies are directly in-
volved or to lessen the enrichment of the receiving
waters with nitrogen, which accelerates unwanted
algae growth.

Accordingly, to reduce further the concentration of 20

nitrates in the process effluent, the invention provides
means for subjecting the treated wastewater to addi-
tional treatment using biological slimes on rotating sur-
faces. The additional denitrification treatment takes the
form of a relatively small stage of rotating surfaces,
situated prior to the single stage rotating surface biolog-
ical treatment unit 13, heretofore described. The influ-
ent settled wastewater, along with recirculated flow
from the main biological treatment unit, is treated by
this denitrification stage. Preferably, atmospheric oxy-
gen is physically excluded by either completely sub-
merging the contactors in the wastewater or providing
a physical enclosure over the partially submerged con-
tactors, to force the organisms that develop on the ro-
tating surfaces to use substantially all the nitrate oxygen
in the recirculated flow for their respiration.

A typical flow diagram of the treatment steps incor-
porating the use of the denitrifying unit of the invention
is shown in FIG. 5. Referring to FI1G. 3, raw wastewa-
ter is supplied to a coarse screening and grit removal
device 10 with provision for conducting the wastewater
to a settling tank 11 for the removal of settleable and
floatable solids. The settling tank 11 is usually designed
to provide 1 to 2 hours detention time at average flow
rate. Optionally, a fine screening device may be substi-
tuted for units 10 and 11.

From the settling tank 11 the wastewater can be sup-
plied directly to unit 23 by bypass line 11a or optionally
to a holding tank 12 having a volume adequate to absorb
or dampen the diurnal fluctuations in flow rate. Means,
such as a rate controller device or pump, are provided
at the outlet of holding tank 12 to supply a substantially
constant rate of flow of wastewater to the denitrifying
unit 23. Denitrifying unit 23 also receives flow recircu-
lated from the effluent of the main biological treatment
unit 13. The denitrifying unit 23 utilizes partially sub-
merged rotating contactors, supporting slimes which
are forced to utilize oxygen from the nitrates provided
in the recirculated wastewater by the exclusion of atmo-
spheric oxygen.

From the denitrifying unit 23 the wastewater enters a
biological treatment unit 13 which corresponds to the
single stage biological treatment unit of FIG. 3, previ-
ously described. The biological treatment unit 13 effects
the removal of substantially all the residual carbona-
ceous matter, as well as the oxidation of ammonia-nitro-
gen present in the effluent from the denitrification unit

23.
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The biologically treated wastewater is conducted
from unit 13 to a secondary solids separation unit 14
which is typically a settling tank having about a 1 to 2
hour detention time. A microstrainer may be substituted
for the solids separation process effected by unit 14 with
the wash water conducted to mix with the influent to
settling tank 11.

The foregoing two stage treatment process, operated
in accordance with the principles set forth, is capable of
treating the wastewater to such a high degree with
respect to the removal of combined nitrogen that much
of the nitrates formed by the oxidation processes are
converted to inert nitrogen gas. This is accomplished 1n
an economic manner through the use of carbonaceous
matter already in the wastewater as an energy source
rather than having to be burdened by the expense of
adding organic matter, such as methanol, to the waste-
water.

The denitrifying unit 23 is shown in further detail in
FIGS. 6 and 7. The denitrifying unit 23 includes a tank
24 containing a plurality of biological contactors 25
mounted for rotation on shaft 26 which is supported by
appropriate bearings 28 and driven by an approprnate
drive mechanism (not shown). The biological contac-
tors 25 are typically from about 10 to about 12 feet in
diameter. The slime supporting contactors typically
have a spacing between adjacent surfaces of from about
4 to about 1 inch and are rotated at a peripheral velocity
between about 0.5 and 1 ft/sec. to limit slime thickness.
Typically, the level of wastewater in unit 23 is below
shaft 16 as indicated by surface 27 in FIG. 7, although,
as previously indicated, the unit can be operated with
the contractors fully submerged to deprive the slimes of
atmospheric oxygen.

The denitrifying stage 23 receives normal settled
wastewater plus recirculated flow from the main bio-
logical treatment unit 13 through inlet conduit 29 at
rates from about 100 to about 300 percent of the flow
rate of wastewater entering the plant, depending on the
proportion of the nitrates desired to be reduced. As
much as 75 percent of the recirculated nitrates can be
reduced to nitrogen gas by this method of operation.
The treated effluent leaves through conduit 30.

Preferably, both the supply 29 and discharge conduit
30 communicate with unit 23 through inlet and outlet
manifolds 31 and 32. Tank 24 is preferably divided into
a plurality of separate chambers 33-36 by paritions
37-39, which are fed in parallel by inlet manifold 31 as
needed, to effect process control, i.e., the maintenance
of predetermined conditions such as loading rate of the
contactors with varying flow rates. A similar parallel
chamber configuration can be used with the main bio-
logical treatment unit 13 if desired or necessary.

In accordance with the primary objective of the deni-
trifying unit 23, namely, to force the slimes growing on
contactors 25 to utilize a maximum amount of nitrate
oxygen from the recirculated wastewater for their met-
albolism, provision is made to strictly control or en-
tirely eliminate the supply of atmospheric oxygen to the
slimes. Accordingly, unit 23 can be operated with con-
tactors 25 completely submerged in the wastewater or,
as shown in FI1G. 7, the tank 24 can be entirely physi-
cally enclosed.

To avoid anaerobic conditions from arising in unit 23,
a controlled amount of atmospheric oxygen can be
supplied to the upper portion of tank 24. Atmospheric
oxygen can be supplied to tank 24 by means of a supply
conduit 40 through which air is supplied to the portion
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of tank 24 above the wastewater level by fan 41. An

outlet conduit 42 is provided to remove air from tank
24. The amount of oxygen supplied to tank 24 by means
of conduit 40 and fan 41 is chosen to maximize nitrate
oxygen consumption by the slimes supported by contac-
tors 24 while avoiding anaerobic conditions.

Anaerobic coonditions in unit 23 with a predeter-
mined amount of contactor surface can be avoided by
three primary means, either individually or preferably
in combination, while maximizing nitrate oxygen con-
sumption by the growing organisms. Firstly, as previ-
ously indicated, the unit 23 can be operated with a num-
ber of separate chambers, some or all of which may be
fed at any particular time. Secondly, the peripheral
velocity of the contactors can be varied between about
0.5 and 1.0 ft/sec. to control the amount of oxygen
consumed by the growing organisms and, thirdly, the
amount of atmospheric oxygen available to the slimes
can be regulated by means of physically enclosing tank
24, and controlling the supply of air to the tank portion
above the wastewater furnished by fan 41 and the
valved conduit 40.

The denitrifying unit can be sized to provide surface
adequate to reduce substantially all the nitrates in the
recirculated flow yet not so large as to develop an an-
aerobic environment with such consequent adverse side
effects as the production of hydrogen sulphide. In order
to satisfy these requirements over a range of recircula-
tion of from 100 to 300 percent of the treated wastewa-
ter flow, the loading rate of settled wastewater, not
including the recirculated flow, on the area of rotating
surfaces of denitrification unit should be controlled to
lie in the range of 4 to 16 gallons per day per square
foot.

I claim:
1. A method for treating wastewater containing car-

bonaceous pollutants measured as BODs and ammonia
nitrogen in a weight ratio of at least 3.6:1 respectively,
comprising the steps of supplying said wastewater at a
predetermined rate to a single stage biological treatment
unit that includes [not more than a single] ar least one
rotatable shaft supporting a plurality of partially sub-
merged biological contactors having surface area for
the growth and maintenance of organisms, creating a
flow of said wastewater through said biological treat-
ment unit in a direction generally perpendicular to said
rotatable shaft so as to feed the organisms on said contac-
tor surfaces substantially equally, and rotating said shaft
to impart a predetermined peripheral velocity to said
biological contactors to alternately expose said surface
area to wastewater and an oxygen containing atmo-
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sphere, said predetermined rate and peripheral velocity
being chosen to simultaneously oxidize at least about 83
weight percent of said carbonaceous pollutants mea-
sured as BODs and at least about 46 weight percent of
said ammonia nitrogen on the same surface area of said
contactors.

2. The method of claim 1 wherein said oxygen con-
taining atmosphere comprises from 30 to 60 percent
oxygen by volume and said predetermined rate is from
1 to [25] 2.5 gallons per day per square foot of said
surface area.

3. The method of claim 1 wherein said predetermined
rate is from 0.4 to 1.5 gallons per day per square foot of
said surface area and said peripheral velocity is from
0.25 to 1.0 ft/sec.

4. The method according to claim 1 wherein said
predetermined rate is from about 0.4 to about 2.5 gal-
lons per day per square foot of said surface area.

5. The method according to claim 4 wherein the
wastewater temperature is greater than about 60° F.

6. A method for treating wastewater containing car-
bonaceous pollutants measured as BODs and ammonia
nitrogen in a weight ratio of at least about 3.6:1 respec-
tively, comprising the steps of supplying said wastewa-
ter at a predetermined rate to a single stage biological
treatment unit that includes [ not more than a single ] a¢
least one rotatable shaft supporting a plurality of par-
tially submerged biological contactors having surface
area for the growth and maintenance of organisms,
creating a flow of said wastewater through said biologi-
cal treatment unit in a direction generally perpendicular
to said rotatable shaft so as to feed the organisms on said
contactor surfaces substantially equally, and rotating said
shaft to impart a predetermined peripheral velocity to
said biological contactors to alternately expose said
surface area to wastewater and an oxygen containing
atmosphere, said predetermined rate being from 0.4 to
1.5 gallons per day per square foot of said surface area,
whereby the same surface area of said contactors is used
to simultaneously oxidize at least about 83 weight per-
cent of said carbonaceous pollutants measured as BODs
and at least about 46 weight percent of said ammonia

nitrogen.

7. The method according to claim 6 wherein said
peripheral velocity is from 0.25 to 1.0 ft/sec.

8. The method according to claim 6 wherein said
wastewater contains at least about 109 milligrams per
liter of BODs and at least about 25 milligrams per hiter

of ammonia nitrogen.
* * x »
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