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INTRODUCTION

Aeration is a well-established odor-

control procedure with considerable ap
plication in the storage of animal waste.
Satisfactory odor control can be achieved
in liquid manure at aeration rates far
below those required for stabilization3. A
considerable reduction in the nitrogen
content may be effected by aeration (3),
which can be of great importance when
land for disposal is at a premium (8).
Aeration of liquid waste can be accom
plished by a variety of methods (5). This
report will be concerned mainly with
mechanical aeration (4) and to some
extent pneumatic aeration.

Several preliminary investigations, as
well as a series of pilot studies, have been
carried out at the University of Guelph,
Guelph, Ontario, to evaluate a variety of
effects of aeration, and to obtain some
fundamental experience to assist in the
construction and fabrication of field-scale
facilities on private and institutional live
stock operations.

MECHANICAL AERATION

The two most common units in opera
tion at the present time are the horizon
tal, paddle wheel-type of mechanical
rotor, usually employed in conjunction
with an oxidation ditch, and the vertical
ly mounted surface aerator, either fixed
to operate at a constant level or float-
mounted to operate at changing liquid
levels.

Ludington, D.C., E.D. Bloodgood, and A.C.
Dale. 1967. Storage of poultry manure with
minimum odour. Paper No. 67-932, Amer.
Soc. Agr. Eng. Winter Meet., St. Joseph,
Michigan.
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Pilot Studies on Liquid Poultry Manure

Two oxidation ditches, 23 ft X 4 ft X
22 inches (7 X 1.2 X 0.56 m) with a
capacity of 1,054 imp gal (4,795 liters)
were designed for continuous operation
on a fill-and-draw basis in a small poultry
building at the University of Guelph.
Aeration in each ditch was provided by a
1-ft (30.5-cm) mechanical rotor (Figure
1) designed to provide a constant immer
sion depth as the fluid level changed (7).
Approximately 230 laying hens were
housed in modified stair-step cages over
each ditch; droppings from the lower tier
fell directly into the ditch below, and
those from the upper tier fell on inclined
dropping boards and were scraped into
the ditch daily.

The ditches were operated over a 1-yr
period on an approximately 4-wk fill-
and-draw cycle. After each 28-d period,
the ditch contents were pumped out
leaving a residue of 8 inches (20.3 cm),
the minimum for rotor operation. The
detailed results have been reported pre
viously (3).

Briefly, the results indicated that, at

Figure 1. Mechanical aerator in operation in
one of two oxidation ditches for

pilot studies on liquid poultry man
ure. (Photo courtesy Ontario Minis
try of Agriculture and Food.)
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the loading rate of approximately 4.8 lb
(2.18 kg) biochemical oxygen demand
(BOD) per d, dissolved oxygen was pre
sent in the ditch for only a very short
period at the beginning of each cycle.
Measurement of oxidation-reduction po
tential (ORP) at various locations in the
ditch (Figure 2) showed that, even im
mediately downstream of the rotor, val
ues declined rapidly and were less than
200 mV after only 8 d. Despite the low
ORP throughout most of the cycle, odor
control was excellent although foaming
was, at times, a serious problem that
made the use of antifoam (Dow-Corning
Anti-foam A) essential for continuing
operation.

Nitrogen balances showed that losses
of nitrogen were substantial and increased
with each cycle of ditch operation. For
example, the average nitrogen losses dur
ing the fifth cycle were 14%, during the
sixth, 25%, and during the twelfth, 53%
of the input. Although stripping of am
monia may have accounted for some of
this loss, laboratory experiments sug
gested that, at the pH of the ditch
contents (7.8-8.0), such losses would be
relatively small.

It was concluded from the earlier

results that nitrogen losses were the result
of the rapid dentrification of nitrate
formed during the brief period of high
aeration occurring at the rotor. The
change in the amount of nitrogen lost
over the 12 cycles of ditch operation
appeared to reflect the time required for
the nitrifying bacteria, presumably intro
duced as chance contaminants, to achieve
the number required for significant ni
trate formation.

Nitrogen loss from liquid manure may
become an important management objec
tive where land for waste utilization is in

limited supply or where local soil condi
tions are such that movement of nitrogen
to the groundwater is a potential threat.
This study suggests that careful control of
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Figure2. Redox potential in oxidation ditch during operating cycle no. 6.

loading and aeration rate could result in
losses of 60% of the input nitrogen.

Field Studies on Mechanically Aerated
Liquid Manure

Observations were carried out on two
field installations during the fall and
winter period 1970-71. One involved the
use of a commercial horizontal rotor in

an outside oxidation ditch and the other

a commercial surface aerator in an out

side circular storage tank.

Oxidation ditch

The outside oxidation ditch has an

effective length of 540 ft (165 m), a
width of 8 ft (2.4 m), and a liquid depth
of 40 inches (1 m) with a liquid capacity
of 90,000 imp gal (410,000 liters). The
ditch sides are lined with tongue-and-
groove planks. The bottom is not lined.
The ditch apparently sealed itself after 4
mo of operation.

The horizontal rotor, 8 ft (2.4 m) long
and 27 inches (0.68 m) in diam, was
mounted in a fixed position (Figure 3) to
provide an immersion depth of 8 inches
(20 cm). The daily load from 400 hogs is
approximately 500 imp gal (2,275 liters)
per d and the BOD loading at approxi
mately 0.4 lb (0.18 kg) per hog is 160 lb
(73 kg) per d.

A sludge pump was installed in a wet
well adjacent to the rotor. By use of
control valves, this pump was also used to
pump the supernatant from the ditch to a
1-acre (0.4-ha) lagoon, thereby main

taining a reasonably constant liquid level
in the ditch. This transfer took place once
every 2 wk.

The rotor operated continuously ex
cept during those periods when foaming
became a serious problem. Also, when
supernatant was to be pumped to the
lagoon, the rotor was turned off for 12 h
to settle the ;solids. Upon restart, follow
ing a short shut-down period, odors be
came obnoxious. Odors also reached nui

sance levels when the liquid level in the
ditch dropped so that the maximum rotor
immersion depth was only 2 inches (5
cm).

The foaming problem reached major
proportions in the early fall when clouds
of billowing foam 5-6 ft (1.5-2 m) high
boiled out of the oxidation ditch and

rolled across the neighboring landscape.
Several methods were employed to re
duce the problem including water spray,
antifoaming agents, application of fuel
oil, and the construction of an 8-ft
(2.4-m2) plywood frame (Figure 3) to
collect the foam at the rotor. The latter

reduced the problem to some extent by
allowing the foam to accumulate in a
closed container and causing the foam to
breakdown by its own weight. This,
however, was not an effective solution.

From December 3, 1970, to January
15 1971, the temperature exceeded 32°F
(0 C) on only four occasions for a total
of 100 h, whereas for the same 43-d
period, temperatures dropped below
14 F(—10 C) on 20 occasions for a total
of 277 h. Under these continuing cold

temperature conditions, the frost buildup
on the mechanical rotor increased to the

point that the rotor became encased in
ice and very ineffective as an aeration
device. Aeration was discontinued, and a
layer of ice formed on the ditch surface.
No further manure was added to the
system, and the entire operation was
blanketed in snow until April 1, 1971.

After the ice had disappeared from the
rotor, it was turned on for a short period.
However, the ditch was still frozen and
consequently the force of the ice on the
rotor caused most of the rotor blades to

be bent back (Figure 3) so that at normal
operation conditions of approximately 8
inches (20 cm) immersion depth, the
rotor would now operate at only 2 inches
(5 cm) immersion depth.

Surface aerator

The field studies, using a commercial
surface aerator mounted in a vertical
position on a floating support, were
conducted in a circular storage tank, 18 ft
(5.5 m) in diam and 20 ft (6.1 m) deep,
with a capacity of 20,000 imp gal
(136,000 liters) (Figure 4). It was
constructed using concrete silo staves
with an interior plaster coat consisting of
glass fibers and cement mortar; calcium
stearate was added to the plaster mix as a
sealant. The tank was erected with 15 ft

(4.6 m) below grade and 5 ft (1.5 m)
above grade. The clean-out sump in the
bottom of the tank was connected by a
gravity discharge pipe to a nearby
pump-well having a capacity of 4,000 imp
gal (18,000 liters) and equipped with a
submergible pump for liquid transfer.

Aeration in the storage tank was pro
vided by a 3-hp (2.25-kW) surface aerator
manufactured by Welles Corporation,
Roscoe, Illinois. The pitch of the marine-
type propeller was reduced to decrease

Figure 3. Commercial, horizontal rotor, 8 ft
long, 27 inch diam (2.4 X 0.68 m),
in operation in an 8-ft (2.4-m) wide
oxidation ditch with an effective

length of 520 ft (158 m). Note
deformed paddles and foam buildup.
(Photo courtesy Ontario Ministry of
Agriculture and Food.)
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Figure 4. Construction of circular outdoor
storage tank for field studies of float
ing surface aerator. (Photo courtesy
Ontario Ministry of Agriculture and
Food.)

the load on the motor because the solids
content of manure was appreciably higher
than that of municipal sewage for which
this type of aerator was designed. The
oxygenation capacity of the modified
aerator was calibrated at 1.62 lb (0.74 kg)
of dissolved oxygen per hp-h (0.75 kW-h).

Approximately 25,000 imp gal
(110,000 liters) of fresh liquid poultry
manure from a nearby colony cage layer
operation was pumped into the circular
storage tank over a 5-wk period from
September 29 to November 3, 1970.

The surface aerator operated continu
ously during this period maintaining the
dissolved oxygen content near 90% satu
ration at the surface with very little
detectable odor. Dissolved oxygen values
decreased markedly with depth, however,
and reached 0% saturation 8 ft (2.4 m)
below the surface.

Operational difficulties, including
power failures, a burnt-out transformer,
and a burnt-out motor winding were
encountered during December and Jan-
urary, when ambient temperatures fre
quently dropped to 0°F (-18°C). During
this period, uneven ice accumulation on
the leeward side of the aerator caused it
to capsize. Apparently the unit was not
watertight and the windings became bad
ly corroded, which necessitated their re
placement.

Initially the aerator was programmed
to operate on a 30-min on-off cycle.
Because of the large amount of foam
produced, however, this was changed to
15 min on and 30 min off. This was later
changed to a 15-min on-off cycle to
increase the amount of dissolved oxygen
in the system. Foaming continued to be a
problem, and a canvas canopy was erect

ed above the storage tank to prevent the
wind from blowing the foam out of the
tank.

Following a 5-wk shutdown during
December and January, when ice formed
on the liquid surface to a depth of
8-10 inches (20.3 cm), heat lamps were in
stalled to melt a center area for the

surface aerator. The aerator was started
up and operated continuously. The air
temperature was 25°F (-3.8°C) and the
temperature of the liquid near the surface
was 30°F (-1.TC). Very little odor was
noticed during the initial 2-h period. The
aerator was then programmed for a
15-min on-off cycle. Foam continued to
build-up around the aerator and on top of
the remaining ice surface, ultimately
freezing in place to a depth of approxi
mately 3 ft (0.92 m). About 100 ml of
Dow-Corning Anti-Foam A was added
daily. The treatment reduced the problem
at the time of application, but did not
appear to provide any lasting effect.
Experience in the pilot studies would
suggest that some of the agent settled in
the sludge because when the sludge was
mixed with the mixed liquor further
breakdown of the foam occurred. In the
field-scale studies, however, no attempt

was made to mix the contents. Perhaps
more frequent application of a diluted
mixture of antifoam by automatic spray
nozzles might have been more effective.

Weekly sampling of the tank contents
was commenced on February 1, 1971.
These results (Table I) show the effects of
sludge buildup with concentration of
solids apparent more than 5 ft from the
bottom of the tank. On February 5,
1971, the tank contents were agitated by
pumping the manure through the main
pump well for several hours. The samples
taken on February 8, 1971 (Table I) were
much more uniform than those observed
previously.

During the entire period of intermit
tent rotor operation there appeared to be
a very marked reduction of chemical
oxygen demand (COD) although this was
impossible to quantify because of sam
pling difficulties at depths below the
surface. The COD of the fresh waste was
90,000 mg/liter (0.2 lb/gal).

To detect solids settling, samples taken
subsequent to February 14, 1971, in
cluded one 8 inches (20 cm) from the
bottom, which was as close as the sam-

TABLEI ANALYSIS OF SURFACE-AERATED STORAGE
SEVERAL DEPTHS ON FOUR SAMPLING DATES

TANK CONTENTS AT

Sample
depth* COD Total solids Ash NH4-N Total N

(ft) (mg/liter) (g/liter) (g/liter) (ppm) (ppm)

Feb. 1, 1971
Surface 7400 7.9 2.6 1330 1806

2.5 7400 8.2 2.8 1353 1848
5.0 15200 7.3 3.1 1344 1834
7.5 16000 8.3 2.9 1351 1885

10.0 76000 55.4 26.8

Feb. 8, 1971 (after mixing)

1953 4746

Surface 4320 7.9 4.0 1372 1832
2.5 4320 7.9 3.6 1351 1813
5.0 5400 7.8 3.9 1337 1797
7.5 5000 8.0 3.7 1330 1792

10.0 5600 7.9 5.9 1365 1825
12.5 7000 100.3 5.0

March 1, 1971

1372 1932

Surface 3760 5.6 2.3 1204 1743
2.5 3760 6.7 2.7 1218 1638
5.0 4320 7.0 2.9 1246 1687
7.5 4000 7.1 2.8 1211 1631

10.0 5800 7.2 2.6 1225 1659
12.5 4600 7.0 2.4 1204 1631
14.8 66800 100.0 102.0

March 8,1971
2975 3262

Surface 3920 7.3 4.7 1232 1638
2.5 4200 6.9 4.5 1218 1624
5.0 4960 6.2 4.3 1183 1596
7.5 5600 6.2 3.9 1232 1652

10.0 5895 5.6 1.8 1218 1638
12.5 5200 5.4 1.9 1197 1617
14.8 100400 133.0 71.2 2142 3892

t Tank depth 20 ft.
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pling equipment would allow. This sample
showed a heavy concentration of solids
on February 22, 1971, and the results
shown for March 1 and 8, 1971, indicate
that a large proportion of the material
was inorganic, presumably grit.

The temperature of the liquid waste
about 8 inches (20 cm) below the surface
was 34°F (1.1°C) during December, drop
ped to 32°F (0.0°C) in early January, and
levelled off at that temperature through
out the remainder of the sampling period.

No nitrate-nitrogen was detected in
the waste, and, although there appeared
to be some loss of nitrogen this was not
appreciable and was attributed to volatili
zation of NH3, which could readily be
detected in the air over the waste, partic
ularly after addition of antifoam.

Different odors of surface and bottom

samples probably reflect both oxygen
concentration and temperature. The cold
surface, which had a relatively low odor
index (6), showed high levels of dissolved
oxygen throughout the sampling period
(greater than 50% saturation). The waste
near the bottom, which had a tempera
ture of 33°F (0.75°C) on March 10,
1971, and no dissolved oxygen, was more
odorous (Table II). This difference was
also reflected in the fatty acid content of
the waste. These criteria indicate the
limited ability of the surface aerator to
oxygenate the full depth of liquid in the
storage tank and to keep the solids in
suspension.

The production of foam appeared to
be one of the major problems of the two
mechanical systems studied. The foaming
problem became even more severe at
subzero temperatures as the frozen foam
produced a rigid blanket that effectively
smothered out any possible surface aera-

TABLE II ODOR INTENSITY INDEX AND
FATTY ACID CONTENT OF
LIQUID POULTRY WASTE AF
TER 4 WK CONTINUOUS AER
ATION IN CIRCULAR TANK

Sample Odor Fatty
depth intensity acids

(ft) index (%)

March 1,1971
Surface 9.4 0.003

10.0 9.8 0.003

12.5 10.0 0.004

14.8 13.4

March 8, 1971

0.412

Surface 9.8 0.006

10.0 10.0 0.007

12.5 9.2 0.006

14.8 15.0 0.934

46

tion and appreciably reduced the effi
ciency of the aerator. However, both
systems did control the odor to tolerable
levels.

PNEUMATIC AERATION

The ultimate objective of the pneu
matic system is the same as that of the
mechanical system, namely, to provide
oxygen for aerobic bacteria. In the me
chanical system, the surface area of the
air-water interface is increased by water
spraying, surface turbulence, agitation,
and other means. In the pneumatic sys
tem, air is simply injected into the liquid
and allowed to diffuse through the liquid
mass.

The rate of oxygen transfer is depend
ent on the nature of the injector or
diffusion device, the submergence depth,
and the rate of airflow. Oxygen transfer
occurs by molecular diffusion through
the interfacial surfaces of the bubbles. A
variety of commercial devices are avail
able to generate bubbles. They range
from porous ceramic cubes to rather
sophisticated adjustable plastic diffusers.
Most of them are designed to operate in a
mixed liquor with a low solids content,
usually less than 1%, and even under these
conditions rather elaborate and expensive
mechanisms have been designed to facili
tate routine maintenance. On the other
hand, livestock waste without bedding
materials will have a solids content from
15 to 25%, which has posed a serious
problem in the selection of suitable air
diffusers.

Pilot Studies on a Simple Air Diffuser

From a review of the theory of bubble
aeration (2) as applied to municipal waste
treatment, one can conclude that the
finer the bubble the greater the oxygen
transfer; hence, the smallest possible ori
fice used should produce the greatest
oxygen transfer rate. Due to the high
percentage of biodegradable materials in
animal wastes, however, small-diameter
orifices are easily clogged: therefore, the
fine orifice diffusers on the market today
for use in domestic waste are not suitable
for animal wastes. The optimum sized
orifice to balance clogging and bacteria
encrustation against oxygen transfer rate
has not yet been developed.

Present sources indicate that the mini
mum diameter is approximately 0.062
inches (1.58 mm). The pneumatic dif
fuser designed for this project consisted
essentially of a 0.75-inch (19.0-mm) PVC,
schedule-80 plastic pipe, 18 inches (45.72
cm) long and threaded on each end. One

end was connected to a 2-inch (5-cm)
PVC schedule-80 plastic pipe as the float
ing lateral and the other end was fitted
with a cast iron cap with a 0.062-inch
(1.58-mm) orifice.

Preliminary tests were conducted to
measure the flow rate in air and in 18
inches (45.72 cm) of water (Figure 5).
For the same flow rate, the pressure
requirement, when operating in water,
increased about 18 inches (45.72 cm) of
water as compared with operation in air.

To test the diffuser under winter

conditions, it was placed in a tank and
allowed to be frozen in place in 1.5
inches (3.8 cm) of ice. When frozen solid
and sealed in the tank, the pressure, at a
flow rate of 0.30 ft3/min (8.5 liters/min),
was 43 inches (1.09 m) of water (Figure
6). However, when four small holes (0.25
inches) (6.25 mm) in diam were drilled
through the ice, the pressure dropped to
32 inches (0.81 m) of water. This differ
ence in pressure was fairly constant for
airflow rates from 0.25 to 0.45 ft3/min
(7.1 to 12.7 liters/min) although increas
ing slightly as the flow rate increased.
Actually, only one small hole in 5 ft2
(0.53 m2) of ice surface reduced the
pressure, and additional holes, even to the
extent of breaking up the ice surface
completely, did not decrease the pressure
any further.

When air was discharged from the
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Figure 5. Comparison of pressure head and
flow rate between discharging in air
and discharging 18 inches (45.7 cm)
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sparger continuously, at temperatures be
low freezing, a frothy type of ice formed
at the surface directly above the orifice.
This low-density ice accumulated into a
porous mound above the normal ice
surface, but did not effectively seal the
surface.

From the preliminary investigation it
can be concluded that pneumatic aerators
will operate below freezing temperatures
even when the surface laterals are com

pletely frozen into the ice surface. If
warm air is used, however, condensation
can be expected in the lines and suitable
drainage must be provided to prevent ice
buildup in the lines.

Field Studies on Pneumatic Aeration

Systems

The first demonstration units were

installed on the King Cole Duck Farms,
Aurora, Ontario. This operation, produc
ing 350,000 ducks per yr, includes hatch
ing, incubation, brooding, rearing, killing,
and eviscerating. About 30,000 imp gal
(136,000 liters) of waste per d are pro
duced from the processing plant and over
150,000 imp gal (680,000 liters) of waste
per d are produced from the processing
plant and over 150,000 imp gal (680,000
liters) per d from the duck runs. All waste
is pumped to a head pond and then by
gravity through a series of four lagoons. It
is then pumped from the last lagoon to
one of two 3-acre (1.2-ha) lagoons. From
May to December, waste water is remov
ed from the large lagoons and disposed of
by spray irrigation in the nearby woodlot
(Figure 7).

The pneumatic aeration system was
installed in three of the small lagoons or
ponds. Each pond measured 100 X 75 X
8 ft (30.5 X 22.8 X 2.4 m) with a
capacity of 375,000 imp gal (1,700,000
liters). The air distribution system con
sisted of four laterals of 2-inch (5-cm)
polyethylene plastic pipe drilled with
0.125-inch (0.33-cm) diam holes on 6-
inch (15.2-cm) centers. Each lateral was
100 ft (30.5 m) long. They were secured
to wood boards that were fixed to steel

fence posts driven into the bottom of the
pond. The elevation of the laterals was 12
inches (30.4 cm) below the surface of the
liquid (Figure 8).

Air, at the rate of 300 ft3 /min (8,532
liters/min), was supplied by a 2-hp (1.5-
kW) electric motor-driven blower (Figure
9).

The units were installed in August,
1970, and operated continuously until
February, 1971. Ice formed on the ponds
in January. The two ponds without aera
tion froze over completely, the three with

aeration did not freeze around the later

als. Pneumatic aeration was discontinued

in February and early March, 1971. All
ponds and lagoons were ice covered dur
ing these 2 mo. Evidence of frost heave
on the laterals can be seen in Figure 8.

Aeration systems commenced opera
tion again the latter part of March and
early April, 1971. Foaming was very light
and moderate odor evident during the 1st
wk of aeration.

Because aeration and mixing occur
primarily in the top 12 inches (30.4 cm)
of the pond, solids tend to settle to the
bottom. Occasionally these solids become
buoyant and float to the surface where
they accumulate into small islands be
tween the laterals. After a time, the
islands sink to the bottom of the pond.
Preparations have been completed to in
stall a hydrosieve just before the head
pond to remove a large percentage of the
solids. The solids removed will be com

posted using pneumatic aeration (1).

The second demonstration unit was

installed in the oxidation ditch, as de
scribed previously under the subheading
"Field Studies on Mechanically Aerated
Liquid Manure" (Figure 10). It consists
essentially of a 5-hp (3.75-kW) electric
motor-driven blower (Figure 11), which is
located on the inside of the swine build

ing to remove the warm exhaust air. The
distribution system includes a 4-inch
(10.2-cm) diam PVC schedule-80 plastic
pipe across the midpoint of the ditch, and
2.5-inch (6.4-cm) diam PVC schedule-80
plastic pipe down each ditch channel. The
four laterals are approximately 130 ft (40
m) long and are fitted with 0.5-inch
(1.27-cm) diam PVC schedule-80 plastic
pipe, spargers, on 3-ft (0.9-m) centers
(Figure 12). The spargers are 2 ft (0.6 m)
long and normally hang in a vertical
position from the floating lateral. A
0.125-inch (0.32-cm) diam hole is drilled

Figure 7. Spray irrigation of lagoon waste
water into a nearby woodlot. (Photo
courtesy Ontario Ministry of Agricul
ture and Food.)
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Figure 8. Four plastic pipe laterals with air
holes drilled in the top are secured to
boards fixed to the side of steel fence

posts and supported just below the
liquid surface. Note the result of
frost heave on the second lateral
from the left. (Photo courtesy On
tario Ministry of Agriculture and
Food.)

Figure 9. Two of three pneumatic aeration
systems in operation on a large duck
farm in Ontario. (Photo courtesy
Ontario Ministry of Agriculture and
Food.)

Figure 10. Pneumatic system installed in a
plank-lined oxidation ditch on a large
swine operation in Ontario. (Photo
courtesy Ontario Ministry of Agricul
ture and Food.)

Figure 11 . Blower installed inside the swine

building to exhaust warm air through
the spargers in the oxidation ditch.
(Photo courtesy Ontario Ministry of
Agriculture and Food.)
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Figure 12. Plastic distribution pipe showing the
spacing of the spargers. (Photo cour
tesy Ontario Ministry of Agriculture
and Food.)

in the cast iron cap at the bottom of the
sparger.

Approximately 3 ft (1 m) of snow was
shovelled off the ice surface on the ditch
during the 1st wk in April, 1971, and
holes were chopped through the ice for
the spargers. The aeration system com
menced operating April 6, 1971. All ice
and snow melted on the ditch by April
13, 1971. Foaming occurred only when
the mechanical aerator was turned on.

The ditch level was lowered 12 inches

(30.5 cm) on April 13, which placed the
spargers in the sludge in the bottom of
the ditch and plugged many of the
orifices. The laterals were raised about 10

inches (25.4 cm) (Figure 12), the holes
unplugged, and the system functioned
normally. There was some evidence of
odor during the initial week of operation.
Foaming has not reached the alarming
proportions of the previous year. There is
very little foaming from the spargers. The
foam that is produced is light, trans
parent, and breaks down quickly. How
ever, the foam from the aerator is heavier
and leathery and does not break down
readily. The two foams are evident in
Figure 12.

Although this field study was under
taken in an oxidation ditch, this is not a
requirement for satisfactory operation.
Actually, it would be better if the system
were installed in a square or rectangular
tank, although it can also be installed in a
round tank.

CONCLUSIONS

From the results of the aeration stud

ies on liquid poultry manure, it would
appear that short-term aerated storage
with repeated fill-and-draw cycles can
reduce the nitrogen content by more than
50% provided that a certain amount of
residue is retained for the next cycle. This
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can best be done when the storage is
within the production building and rela
tively higher temperatures can be main
tained.

During the field studies, the storage
temperature of the liquid waste dropped
to below freezing for at least 2 mo of the
winter. There appeared to be very little
bacterial activity at this low temperature
and high dissolved oxygen levels were
easily maintained even with intermittent
on-off cycles of .5 h duration.

Nevertheless, aeration of stored animal
waste is a satisfactory way to control
odors. However, the mechanical rotor and
surface aerator do not work reliably
without some protection in outside stor
age systems during the cold winter
months.

For winter operation, the pneumatic
systems with floating spargers appear to
offer the greatest promise for the control
of odors and the least problems with
foaming. However, some means of agita
tion will be required to mix the solids
before disposal on the land. Further
investigations will be required before de
sign parameters can be established for
field application.

SUMMARY

The research from which this report
was prepared was concerned primarily
with mechanical aeration and to some

extent pneumatic aeration. The major
objective is to provide long-term storage
with minimum odor.

Preliminary investigations dealing with
mechanical aeration were conducted on

pilot-scale oxidation ditches using liquid
poultry manure. These investigations
were followed by field studies using an
outdoor oxidation ditch on a commercial

hog operation, and a surface aerator using
liquid hog manure.

A similar approach was taken for the
pneumatic aeration systems. Pilot studies
were conducted on a simple air diffuser
and this was followed by field studies on
the waste-handling system of a large
commercial duck farm. Another pneu
matic aeration system was installed in an
outdoor oxidation ditch for liquid hog
manure.

The results of these investigations have
shown that obnoxious odors can be con

trolled by mechanical and pneumatic
aeration systems. However, the mechani
cal rotor and surface aerator will require
some special protection in outdoor stor
age systems at freezing temperatures.
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