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DAIRY WASTE

TREATMENT by aeration

THEORY, DESIGN,

CONSTRUCTION, OPERATION

By Nanpor Porces, THoMAS S. MICHENER, JR., LENORE JasEwicz, and Sam R. HooVERr, Eastern Utilization Research
and Development Division, Agricultural Research Service

Waste water disposal is an important considera-

tion in every dairy plant. The direct discharge of-

untreated waste waters into streams, public sewer
systems, or onto land is frequently not possible or
permissible. In such instances, it is necessary for
dairy wastes to undergo treatment before disposal.
Information available from investigations con-
ducted at the Eastern Utilization Research Labo-

ratory shows the technical possibility of providing
adequate treatment for any quantity or concen-
tration of dairy waste material. This Agriculture
Handbook presents laboratory and pilot plant data
of value to dairy plant personnel and sanitary
engineers and gives details for planning and in-
stalling treatment systems using aeration.

GOOD HOUSEKEEPING AND POLLUTION

Wastes produced in operating a dairy plant vary
greatly according to the products made and to
housekeeping practices. The approximate quan-
tities of waste present in various dairy process

. waters are listed in a guide, the “Manual for Milk
Plant Operators” of the Milk Industry Founda-
tion (16).! Losses range from less than 1 percent
to more than 3 percent of the milk received, de-
pending on the complexity of operation. Wide
yariation occurs in the amount of water used for

ashing and cooling. Well-operated dairy plants
may use a gallon or less of water for each quart of
milk received, whereas others may use more.
However, when the cost of treatment is considered,
dairy operators will find good reasons for making
every effort toward waste elimination and good
housekeeping.

A small dairy plant that receives 10,000 pounds
of milk per day may produce each working day
about 1,250 gallons of waste with a milk solids

concentration of approximately 0.1 percent, or
1,000 parts per million (p.p.m.). This is the same
as mixing 100 pounds of fluid milk with 1,237 gal-
lons of water. The polluting effect will be at least
4 and possibly 8 times as great as the same amount
of municipal sewage, and the dairy waste will re-
quire as much treatment as the waste from 40 to
60 persons. If wastes equal to 100 pounds of milk
were dumped into a lake, the resulting bacterial
action on this amount of food would require all the
oxygen dissolved in approximately 200,000 gallons
of saturated lake water for complete oxidation of
the food material. Until the bacterial demands
for oxygen are satisfied, no oxygen would be avail-
able in this part of the lake for fish or plant life.
It is this tremendous polluting effect that makes
treatment necessary for such high oxygen-de-
manding waste before it is drained into natural
water courses.

ESSENTIAL INFORMATION

Extensive investigation on the bio-oxidation
of dairy wastes established the amount of oxygen
required and the rate at which oxygen must be
supplied to treat dairy wastes successfully (17).
Treatment consisted of two major phases. During
the first, or assimilation, phase, sludge bacteria
rapidly consumed the food in the milk waste and
required oxygen at a high rate (8). During the
second, or endogenous, phase, because these
bacteria received no new food supply, they
digested themselves and used considerably less

1 Ttalic numbers in parentheses refer to Literature Cited,
p- 16.

oxygen (6). Endogenous respiration also oc-
curred during the assimilation process. The suc-
cessful application of these biological principles
to the treatment of dairy waste is dependent on
the following information, which is based on
laboratory and pilot-plant investigations.

(1) Each pound (dry weight) of the organic
matter in dairy waste (equivalent to about 10
pounds of wasted fat-free fluid milk) requires
about 1.2 pounds of oxygen for complete oxida-
tion. This oxygen requirement is termed the
“chemical oxygen demand”’ (COD) and can be
determined by a rapid method (19) described on



p- 18. Of the total solids Present in dry nonfat Itis apparent, then, that the effluent of the dairy
milk, about 83 percent are organic; thus, a unit  must be studied and measured before g Practicg

(2) During the rapid assimilation of food, proper tank size. The characteristics of the rate
bacteria, need about 37.5 percent of the total of flow are needed to establish the rate and dura-
0Xygen requirement, or 1.2X0.375=0.45 pound  tjon of supply of oxygen. The volume and rate
of oxygen per pound of organic matter., are readily obtained by metering or collecting the

3) About 0.52 pound of new bacterial cell waste in a calibrated tank. The temperature
material is formed from each pound of waste in should be observed to insure that the waste is not
the assimilation Phase. ) too hot or too cold for bacterial activity.

(4) Nitrogen is often needed in the treatment he oxygen demand or strength of the waste
of cheese plant wastes and may be added in an must also pe determined. The official chemical
available form, such as ammonium salts, ammonia,  tegt o the rapid one described on P- 18 may be
jrea, or casein. Nitrogen resul.tm% from the ygeq. The chemical oxygen demand (COD) is
breakdown of self-digesting sludge is also available  ¢he amount of oxygen required for complete oxi-
for re-use. dation of ‘the organic substances and is usually

results were obtained by using the sludge itself as Formula (1) may be used to obtain the actual
bacterial seed for later additions of dairy waste. pounds of oxygen for the total milk waste:

Total oxygen (Ib.)=
single-dose feeding, assimilation was completed COD (p.p.m.)Xtotal waste (Ib.)

within 3 hours at 90° F. If the seed sludge was W (1)2
doubled, assimilation time was halved ; 1f sludge 7Y
was halved, the time required for waste assimila-
tion was doubled @).

udge respiration requires the remainder
of the totsﬁ oxygen (COD) to oxidize the newly
formed sludge: 1.2—045=0.75 pound of oxygen
for each 0.52 pound of sludge produced, or 1.44
pounds of oxygen re uired for oxidation of each
pound of ash-free slu ge.

(7) During endogenous respiration at 90° F,
the sludge will normally consume itself at ap-
proximately 1 percent per hour. The hourly rate
of oxygen demand of the sludge during self-
digestion is, therefore, 1.44X0.01=0.0144 "pound plants that confine their operations to an 8- to
of oxygen per pound of sludge in the tank. The 10-hour workday. en round-the-clock opera-
rate may be much lower at times (6, 14). - .

. tions are necessary, continuous treatment units
(8) A pound of well-aer ated dairy waste sludge that can process anfr quantity of wastes are prob-

usually occup‘ies_ a volume of 0.8 cubic feet‘, or 6 ably more suitab]e_ Both systems can be com-
gallons, after it is allowed to settle for 30 minutes pletely automated by the installation of timers,

Calculations from the above information will
determine the capacity of the aeration tank, the
quantity of seed sludge, the production of new
sludge, and the 0Xygen requirements for the entire
process. At thig point, a decision to select a fil*
and-draw (batch) system or & continuous opers.
tion process must he made. The fill-and-draw
system is simple to construct and to operate and

(12). switches, and bower-operated valves.
BATCH TREATMENT PLANT
Simplicity of operation makes g batch, or fill- (11).  Similar plants have been constructed,

and-draw, treatment of milk waste an attractive utilizing the same method of operation. Tt is
process for plants running on an 8- to 10-hour  believed that any treatment uni designed accord-
workday schedule. The desigr_ls. suggested here ingly and properly maintained and operated should

pilot-plant studies mada at the Pennsylvania _—

State UniVer sity, as sponsored by the Kaster n ? Numbers in parentheses at right refer to formuls, desig-
Utilization Research and Development Laboratory nation,



SAMPLE CALCULATIONS

To demonstrate the calculations used to design
a batch-type waste treatment plant, consider for
example, a dairy that produces a maximum daily
waste volume of 10,000 gallons containing 1,500
p-p-m. COD.

(@) ToraL OXYGEN REQUIREMENT from for-
mula (1):

1,500 x 10,000 X 8.34
1,000,000
=125 pounds

Total oxygen (Ib.)=

(b)) OXYGEN FOR ASSIMILATION (37.5 pct.
COD):
Oxygen (Ib.)=125 % 0.375
=46.9 pounds

(c) WASTE ORGANIC MATTER, ash-free, dry basis
(83.3 pet. of COD):

Organic matter (Ib./day)=125 x 0.833
=104.2 pounds per day

(d) NEw sLupGE, ash-free, dry basis (52 pct. of
organic matter):

New sludge (Ib./day)=104.2 x 0.52
' =54.2 pounds per day

The second phase of the treatment, endogenous
respiration, depends not only on the supply of
oxygen but also on the total quantity of seed
sludge present in the tank. Theoretically, excess-
sludge disposal facilities would be unnecessary if
endogenous respiration could be used to burn up
the exact amount of sludge formed in the system
from new waste. In practice, this means that
conditions may be established to minimize excess
sludge accumulation and yet retain sufficient seed
for proper operation of the process.

Sinee it is possible to provide conditions in
which the sludge will consume itself at a rate of 1
percent per hour, or about 18 percent for 20
hours of aeration, the new sludge formed is used
to represent 18 percent of the seed sludge in the
tank.

(¢) EQUILIBRIUM SLUDGE WEIGHT

100
g X new sludge).
54.2
Total sludge (Ib.)=43¢
=300 pounds

(f) HoUuRLY OXYGEN REQUIREMENT—

ENpoGENOUS PHASE (seed sludge X 1 pet. X
1.44 1b.):

Oxygen (Ib./hour)=300 x 0.01 X 1.44
-=4.32 pounds per hour

ASSIMILATION PHASE

(El—; of total for 8-hr. inﬂuent>: )

Oxygen (1b./hr.)=4—g'9

=5.86 pounds per hour

ToTaL 0xYGEN (sum of two results):
Oxygen (Ib./hr.)=4.32-45.86
=10.18 pounds per hour

This hourly oxygen requirement is needed
during the assimilation of the raw waste to main-
tain aerobic conditions. The oxygen required
during the rest of the 20-hour aeration period
will be the amount needed for endogenous respira-
tion only, 4.32 pounds per hour.

Figure 1 shows the pounds of oxygen required
per hour for different amounts of waste solids
treated per day over a total aeration period of 20
hours while the wastes are received for 8 hours.
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FicURE 1.—Relation between waste received per day and

oxygen required per hour. Waste received for
hours; aeration continued 20 hours.
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NUMBER OF EJECTORS

_To assist in rapidly determining the number of
size 7A ejectors and other essential factors for a
dairy waste treatment unit, the calculations have
been condensed into tabular form (table 1).

The hourly oxygen requirements of the seed
sludge have been added to the assimilation needs
to give the maximum oxygen demand (col 7).
This has been converted to the number of ejectors
by dividing by the factor of 1.6 pounds per hour
per ejector and rounded to the next higher unit
(col. 8).

In the example treating a daily waste load of
10,000 gallons (125 pounds COD), the 10.2 pounds
of oxygen can be readily supplied by 7 ejectors.
The 4.3 pounds of oxygen per hour to satisfy the
seed sludge can be supplied by 3 ejectors operating
at full pressure. However, the same requirements
can be fulfilled by using all 7 ejectors at reduced
pressure. = (See Appendix, p. 19.)

DESIGN

The information developed by following the
calculations in the preceding sections should now
be used to design the treatment unit. Preliminary
sketches should be made to help visualize the size
and location of the tank, the arrangement of
ejectors, piping, pumps, and influent and effluent
ines. These sketches should be developed to the
point where construction costs, simplicity of opera-
tion, and maintenance costs can be estimated.
Several schemes should be evaluated before the
final plan is adopted.

For instance, it will be assumed that the ex-
ample of 10,000 gallons is to be treated by a batch
process. It has also been assumed that the two
rates of oxidation are to be provided by separate
pumps, one for the high rate and one for the low
rate. In cases where ample area and slope of
terrain are available, a design such as shown in
figure 3 would fit the treatment needs. The illus-
tration shows eight ejectors to allow for plant
expansion, although only seven are needed for the
example. It also contains only one pump, whereas
the text recommends two. Several other details
have been omitted for the sake of clarity, such as a
catwalk for servicing the ejectors, safety handrails,
and screens on the ejector air inlets. Conditions
at the building site will frequently suggest modi-
fications of the design shown in figure 3.

The principal aim of the waste treatment plant
design 1s to coordinate the shape of the tank with
the arrangement of the ejectors. The discharge
of the ejectors should give a sweeping action to the
entire contents of the tank to prevent dead pock-
ets and to maintain the sludge in suspension.
Pump inlets should be placed to avoid ‘‘short
circuits”” within the tank.

TABLE 1.—The number of ejectors (size 7.A)
needed, the oxygen required, the sludge produced,
and the seed sludge mecessary for various waste
fgads in a batch operation that operates 8 hours a

ay

Oxygen for

Waste, assimilation New Seed | Oxygen| Maxi- | Ejectors
COoD sludge | sludge | for seed | mum | needed

required| sludge | oxygen

Total |Per hour
(¢Y) ()] 3 @ (3) ® O] ®

Lb./day | Lb. Lb. | Lb/day | Lb. | Lb.fhr. | Lb.fhr, | Number

25 9.4 1.2 10 60. 5 0.8 2.0
50| 18. 8 2.3 | 21.7 |120. 6 1.6 3.9 3
100 | 37. 5 4.7 | 43. 4 [241. 1 31(-7.8 5
150 | 56. 3 7.0 | 65.1 |361. 7 4.6 | 11.6 8
200 | 75.0 9.4 | 86.8 [482. 2 6.3 | 15. 7 10
300 [112. 5 | 14.1 |130. 2 |723. 3 94235 15
400 {150. 0 | 18.8 [173.6 [964.4 | 12.5 | 31. 3 20

OF PLANT

Other factors related to the overall design of the
plant should include a consideration of materials
or equipment readily available at the dairy and
exclude the use of construction items difficult to
procure. The designer will find the sections on
“Operation of Single-Tank Batch Method,”
“Pumps and Piping,” and “Construction” of in-
terest. Visiting existing installations will be
extremely helpful.

One practical item should not be overlooked.
This is the need for screening the waste just before
it enters the treatment tank to remove bottle
caps, wires, or other objects that may damage the
pumps or clog the ejectors. Screening should be
one-fourth-inch mesh and have ample area. The
screen is usually placed at the entrance to the tank
adjacent to a small sump where sand and grit are

settled out of the waste.

A second item that is beneficial is a small pond
for receiving the treated effluent and holding it
for final polishing. The pond may be stocked with
fish, which will show good growth as testimony
to the purity of the discharged effluent. The
pond will also trap any sludge that may occasion-
ally become entrained in the effluent.

In the case of a dairy that discharges a small
quantity of waste, it 1s possible to use simple
equipment and procedures and yet provide proper
waste treatment. The plant shown in figure 4,
which was designed for 5,000 gallons daily, uses
four ejectors operated by a single pump. Here
economy of construction and simplicity of opera-
tion led to the choice of a single pump with a
10-horsepower motor, which is adequate for
assimilation. The same pump is used during
endogenous respiration, because a two-pump
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dairy waste inlet

\ screen box v\alve and union //air inlet
3 _ = =

Ficure 3.—Typical batch-type dairy waste treatment plant.

/-dairy waste inlet

water line

steel support

for pump —tank built of

cinder block

or concrete
reinforcing bars

%"diam., I16"centers

concrete slabem—m—m—m—

size 7TA,model XL-96 ejectors

F1igure 4.—Arrangement for a small dairy waste treatment plant that handles 5,000 gallons daity.



system would have been more expensive to
install. The simplicity of this design, however,
has led to difficulty in maintaining the ejectors
and pump, since rzpairs must be made after
draining the tank. The arrangement would be
better if, along with other improvements, a hoist
could be provided to lift the pump and ejectors
clear of the tank. ,

In larger aeration units, it is desirable to use at
least two pumps. One pump can be in continual
operation and supply the relatively small quantity
of air required for sludge burnup. The second
pump would also be running during assimilation,
so that the two pumps together would provide
the maximum amount of oxygen. Or the second
pump may be used to furnish the entire amount
of air needed during the assimilation phase.

In the disposal unit shown in figure 5, two
pumps each deliver 900 gallons of liquid per minute
for the assimilation phase. Then for the endog-
enous phase, only one pump is used to supply
the 24 ejectors by means of the cross-connection
at the far end of the manifolds. This is shown on
the right in figure 5.

Another detail of interest in this figure is the
design of the two cylindrical screens that protect

- the pump suction.

The extension of the top of
these screens to a level higher than the waterline
not only increases their area but makes them
easy to inspect and clean.

The protection of the air intakes for the ejectors
at this treatment plant should also be mentioned.
The location of each ejector can be identified by
the two pipes connected to it (fig. 5). One pipe
is connected to the larger pipe manifold; this is
the liquid connection to the ejector. The other
pipe of each group of two connects the air intake
of the submerged ejector with the atmosphere.
The entrance of these air intakes is filled with a
screen of one-half-inch mesh hardware cloth.
The suction created here is powerful enough to
draw small birds, leaves, and other debris into
the pipe and to cause clogging of the piping or
ejectors. The notch in the cinderblock wall at
the far side of the tank is used to control accidental
flooding by directing the overflow into a small
lagoon.

Not discernible in the photograph is the healthy
color of the aerated sludge and waste. A properly
operating plant will usually develop a light-brown
or pinkish-colored sludge.

OPERATION OF SINGLE-TANK BATCH METHOD

The operation of a treatment plant can be quite
simple when the equipment and sludge bed are in
good condition. As the waste from the dairy
begins to enter the tank, the full aeration system
is turned on. To insure that all fresh organic
matter is assimilated, aeration continues while the
waste is being received and for an additional hour
or two. When the waste has been assimilated,
the pump is shut off, and the sludge is allowed to
settle. In a normally operating treatment unit,
settling is usually complete within 2 hours. The
clarified water above the sludge can then be
discharged through the clear effluent drain. In
the drawing in figure 2, this drain was placed 2.9
feet above the tank bottom, or 2 feet above the
settled layer of sludge. After draining has been
completed, the drain valve is closed. The aeration
system is again started and run for the remainder
of the 24 hours at a rate adequate for endogenous
respiration. The cycle of daily operation is again
initiated at the start of the next workday by
raising the aeration rate to full capacity as soon as
wastes enter from the dairy.

It can be seen from the above outline that a
normally operating plant would require only four
short periods of attention. It is suggested that
the cost of automatic operation for all or part of
the system be investigated.

In starting a new.waste treatment plant, time is
required to accumulate the calculated equilibrium
sludge quantity. A severe lack of seed sludge
will slow down the assimilation rate, making

longer aeration necessary. Some operators have
added a quantity of sludge from another aeration
system or washings from a rich garden soil to
accelerate sludge buildup. This is probably un-
necessary, because the average treatment system
offers excellent food and environment for bacterial
multiplication.

Some control can be exercised over the size of
the seedbed by varying the time and rate of
aeration for endogenous respiration. - The success
of the treatment, however, depends on providing
the correct environment for the sludge. Careful
measurements in the pilot plant verified the pos-
sibility of a rate as high as 1.25 percent per hour
for seed sludge burnup. Average conditions easily
produced a burnup rate of 1 percent per hour.
Reports of plants in operation tell of total daily
rates as low as 5 percent and as high as 25 percent.
A type of treatment described as total oxidation
is based entirely on successful endogenous respira-
tion (15, 21). v

If excessive sludge accumulates in the system
despite the operator’s efforts, it will require
removal. As the sludge from this type system is
well aerated, it is practically odorless, but because
it is a mixture of bacterial cells, some care should
be exercised in its disposal. In its diluted state,
the sludge may be readily pumped and safely
spread on an uncultivated field. In a solid or
semisolid state, it is more difficult to handle, but
can be transported, dried, and disposed of by
methods similar to those used in municipal plants.
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If insufficient sludge is present and less aeration
- n1s needed, it is suggested that a program of short
aeration periods alternating with long resting
periods be followed. Sludge in good condition
can rest 6 hours without deleterious effects if it
is then aerated for approximately 3 hour. It is
not known how much longer sludge in this type
systelm can remain aerobic without a fresh oxygen
supply.

Opg;'ating difficulties will eventually be en-
countered as with all mechanical contraptions.
Pump impellers and ejector water jets will show
signs of wear when the waste contains much gritty

material. Measuring the velocity of the air flow-
ing into the ejector intakes can be used as a check
on the performance of the ejectors and pumps.
Precise measurement in terms of the volume of
air is not so important in this case as employing
a measuring device that will give repeatable re-
sults with which later measurements can be com-
pared. When low entrance-air velocity is discov-
ered, the cause should be investigated and cor-
rected if the plant is to be kept in top condition.

The correction of other difficulties, such as ex-
cessive foaming and low temperature wastes, have
been discussed in separate sections.

USE OF AIR UNDER PRESSURE

When the quantity or strength of waste is high,
it may be advantageous to supply air under slight
pressure to assist the ejectors. A fewer number of
ejectors and a smaller recirculating pump would
then be needed. The study showed that when
compressed air was supplied to the air intake of
the ejector (size 7A) at 6 pounds per square inch,
the rate of dissolving oxygen was increased by 50
percent. Under such conditions, even though
more oxygen was forced into solution, the effi-
ciency of the ejector is not so high as when it is

drawing air at atmospheric pressure. The quan-
tity of air passing through the device was doubled
in order to dissolve 50 percent more oxygen.
Further increases in air pressure gave insignificant
increase in oxygen-dissolving ability.

By using air under pressure, the increased
oxygen-dissolving capacity of ejectors may be
used to improve existing plants where dairy oper-
ations have expanded and treatment for addi-
tional waste is needed.

CONTINUOUS-PROCESS TREATMENT PLANT

The biological principles of continuous treat-
sment are identical with those of a batch process,
"ut the continuous process poses design problems
not encountered in batch treatment (5). These
include necessary settling space and time to give
a clear effluent; sufficient aeration for proper
assimilation ; space for endogenous respiration; and
means of returning seed sludge to the assimilation
area. Hach problem must be successfully solved
for the continuous treatment plant to work satis-
factorily. Figure 6 presents a schematic diagram
in which air is supplied under pressure for a
theoretical continuous process. I}f) a- continuous-
process treatment plant is contemplated, a com-
petent sanitary engineer should be employed
who understands the biochemistry of milk waste
disposal.

Many arrangements have been used for co
tinusys-flow milk waste treatment.
combin®s all aeration with flow equalizatior
first tank. second tank is used fef settling.
This type of i Sludge to the
first tank, and flow
for assimilation and™s

o-burnup concurrently
angement have used a

treatment ar removal,
the sludge digester

ag spread on a field. A different trent
approach is mentioned (5), wherein the sludge

eoretically, the ideal system provides/ade-
quate\sludge for rapid assimilation, limi{s the
quantity to be settled, and provides s
turn sludge for endogenous respiration destroy
the exact Weight of sludge produced fybm the in-
coming was Removal of excess sfudge would
be minimized\and yet an adequateeeding would
be assured. he  following geptral discussion
shows steps in désigning a unit.

Again, the first dep is to w the quantity of
waste and its concehtration./In order to give a
concrete example, a ryte of/flow of 1,200 gallons
per _hour and a concéqtyation of 1,600 pP-p-m,
COD will be assumed.

(@) ToTAL OXYGEN

-

Total oxygen (Ib.)
%1,200 gal./hr,

1,000,000
oxygen per hour

the example of batch treatient cal-
culations/'it will be seen that 6 pounds
(37.5 percent) of oxygen are needed for asdmila-
tion. /This can be supplied by 4 ejectors,
disselving 1.6 pounds of oxygen per hour.
.T%e problem of endogenous respiration can yie
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F16UurRE 6.—Schematic diagram of continuous-process dairy waste treatment.

0 a wide latitude of treatment plant designs.
Vhere space is limited, the tank area for endo-
genols respiration may be made quite small by
selecting~a short retention time. In such cases,
an enormows quantity of seed sludge must be
continually settled, returned, and mixed with the
influent. The litviging factors for long periods of
retention are the large tank size and insufficient
slud§e to satisfy rapid assimilation. (See par. (5),
. 2.
P To select a reasonable reténtion time, the new
sludge production must be knowy. The hourly
prodguction of sludge is obtained by aking 52 per-
cent of the incoming waste solids (equal to the
total COD divided by 1.2).

() NEwW sLUDGE:

16X0.52
1.2

=6.92 pounds sludge p€r hour

New sludge (Ib./hr.)=

The period of retention will ye doubtedly be
governed by local circumstances6nd the personal
preference of the designer. Phe calculations will
be here demonstrated for ¥2 hours. At the estab-
lished rate of 1 percept”per hour, 12-hour reten-
tion will consume apfroximately 10 percent of the
seed sludge, whic means that 10 times the weight
of sludge to _b% oxidized must be present at the
entrance. /The minimum quantity of sludge to be
settled #hd returned to the entrance of the endo-
genods area will be the difference between the total
required and the new sludge production.

(¢) RETURNED sLUDGE (total sludge—new
sludge):
Returned sludge (Ib./hr.)=69.2—6.9

=62.3 poundsper hour

The volume of this sludge wilkhot be subject
to exact prediction because of fariation in nature
of the sludge and the opefation of the settlin
tank. Equipment for rettirning sludge to the heag
of the endogenous chamber should handle at least
double the ‘“‘we]l€ettled” volume (see par. (8)
p. 2) of this apaGunt of sludge.

Air requjréments for the endogenous phase may
be calcylated in the same way as for a batch treat-
meng-unit. In the continuous operation lant,
however, some excess air should be provided to
nsure that the sludge is well aerated when it
uters the settlement tank.

) OXYGEN FOR SLUDGE BURNUP (total sludge
weight 1 pet. per hr.X1.44):

Oxygem(Ib./hr.)=69.2X0.01X1.44
=0.996 pound per hour

In this example it Was shown above that the
immediate assimilation of*waste required 6 pounds
of oxygen per hour. To this\figure is added the
oxygen needed for burning upN\the recirculatin
sludge at a rate producing equilibrisgn. The tota,
requirement then is 7 pounds per hour

Two properties of the continuous systém should
be pointed out. The controlled return of a arge
amount of sludge makes the assimilation of a now



twaste material practically instantaneous; as a re-
SWt, a separate tank for this phase is unnecessary.

h¥, second property of the process is that the
endo@enous activity of sludge continues during
settlemdqt. The rate of activity may not be as
high as Npercent, per hour, since no aeration is
used during\gettlement,

The remainigg step in the continuous treatment
is that of clarifieation of the effluent in a settling
chamber.
Oh measurements thken during the experimental
studies, which showed that bacterial cells from
‘milk waste settled at a Mate of 2 to 8 feet per hour,
depending on the concent ation. This is equal to
a surface loading of 15 to 6 gallons per hour per
square foot of surface (360 tw 1,440 gallons per
day per square foot). An empixcal formula was
developed from the pilot plant di¢a relating the

settling rate (R, as feet per hour) wih the sludge
cell concentration (parts per million).
_19,240—p.p.m.
B0 @

The sludge concentration in the continuouy
process example is calculated in parts per million
from the weight of sludge divided by the weight o
liquid entering the settling tank on an hourly bagts
according to the following formula:

Concentration (p.p-m-)=(%>_<;_1é())002 ®)

A=weight of sludge (Ib.)
B=influent volume 24l.)
C=return sludge folume (gal.)
(weight of gludge, 1b. X6 gal./lb.)
(é)‘ SLUDGE CONCENTRATION (by formula 3):

62.3 X 1,000,000
(1,200+374) % 8.34

=4,746 parts per million

Concentratibn (p.p.m.)—

this example the theoretical figure for return
dge volume has been given. In practice, the

DesigmNof this chamber may be based-

entrance and exit by mey

capacity of the sludge return equipment shoul
e used.

(f) SETTLING RATE (by formula 2):

10,240—4,746
R= 950

=5.8 feet per hour
=43.35 gallons per hour pef square foot

(9) SETTLING AREA (totg gallons—+rate):

/1,2004375
Area (sq. ft, =335

=36.33 square feet

This is the theoretically correct value, subject
to increase Ky the engineer in light of his experience
with setffement tanks.

Atteffition must also be given to the inlet and
outlef of the settlement basin. The velocity of
the’liquid at the entrance must, not exceed 1 foot
per second, or the liquid will have g tendency to
remain in a solid stream, disturb the sett ing,
8nd cause turbulence in the chamber.

At the outlet of the settlement, basin the usual
pradiice is to provide a baffle under which all
waterxnust flow, then a weir over which the clear
water flows into a trough for collecting and dis-
charging. \The present accepted practice in the
design of owtlet weirs is to limit the discharge to
5 gallons per Mmjnute (or 300 gallons per hour) for
each foot of wel length. The rate of overflow
will be the same ¥g the rate at which the waste
enters the treatmen? plant, and, in this case, will
require 4 lineal feet“of overflow weir. Many
designers retard the Iwuid movement at- the
s of baffles, divider
partitions, or piping, but arcas occupied by these
devices should not be considéred part of the
settling area.

One further detail is necessary. \In the experi-
mental work, cells forming the slidge have a
tendency to cling together and become difficult.
to move once they become compacted. Wor this.
Teason, some mechanical means should be proyided
to scrape the sludge slowly toward the slhdge
return pump suction if the settling tank has a fiat
bottom.

PUMPS AND PIPING

As the waste treatment system will be an
essential and continuing part of dairy plant opera-
tions, reliability is a most important factor to
consider when planning the system. For instance,
the pumping requirements may be provided by
using two pumps. This may not be feasible for
a small system, but. a spare pump is desirable.

The plans may provide for the future addition of
a second pump by the proper placement of tees or
other fittings. After a year or two of operation,
a review of the waste treatment program may
show that a somewhat larger capacity is needed.
At this time, a larger pump may be installed
and the original pump reserved as a spare. The



new pump may be designed to operate the same
size and number of ejectors at a higher operating
pressure and higher rate of flow, in order to satisfy
the increased oxygen requirements. Other alter-
natives may be to use the new pump for the assim-
ilation phase and the old pump for the endoge-
nous phase; or the two pumps may be used together
for assimilation, with only one used for the endog-
enous phase.

The first step in selecting a pump is to sketch
out a piping diagram, such as figure 7, to fit the
size and shape of the tank that has been selected.
Figure 7 provides branches for 8 ejectors instead
of the 7 calculated to be necessary for the 10,000-
gallon example. This illustrates the suggestion
that the original layout should provide definite
steps for future expansion.

A good pipe layout is as simple and direct as
possible. It provides a system that may be
completely drained, and it has enough valves for
isolation of any unit that may need repairs while
the rest of the system continues to operate.
Unions on small pipes and bolted flanges on larger
pipes should also be used to facilitate necessary
repairs.

Once the general idea of the piping is sketched,
showing the proposed dimensions, sizes, and flows,
the frictional pressure losses are determined.
This is done with the aid of information and tables
usually found in the general catalog of plumbing
supply companies or in standard engineering
handbooks. Calculations need be made only for
the ejector that is farthest from the pump.

A summary of typical pipe friction losses is
given in table 2, based on the arrangement shown
in figure 7, for the treatment plant. The fittings
have been converted to equivalent lengths of
straight pipe, using the factors from the chart in
the catalog of Crane and Company (4). Velocities
and losses per 100 feet are from the same source.
The equivalent length method is suggested because
it is widely available and easy to foﬁow. For the
more exact determination of pressure losses in
large complicated systems, it is recommended that
the method using losses as a percentage of velocity
pressure be followed. This is available in standard
mechanical engineering texts. The resistance.to
flow is the sum of all the effects in the series of
pipes, fittings, and devices that the pump must
overcome in the system to produce the desired flow

-——6“ diam.

Ng ejectors
60 g.p.m.each
vs. 34 p.s.i.

Pump selection:
480 gpm vs 39psi.

suction pipe ,
(90 feet of head)

Figure 7.—Sketch of piping diagram for a treatment’plant to handle 10,000 gallons of waste per day.



TaBLE 2.—Calculation of pipe friction Jor a plant handling 10,000 gallons of dairy waste per day

Description Flow Velocity Equivalent length Pressure losses
Part Total Per 100 feet Per item Total 1
Suction piping
G.p.m. Ft.[sec. Fe Fe Psi. Psi. 8.4
Entrance loss (abrupt) _______________ Miso | | Mg | Mgl Rebl 0oso | 6050
g—nllr)lch pipe, 1t4 lfeet long________________ 480 5.3 14
ows, 3, total______________________~ 480 5.3 48
Valve, open________ ... 77T 480 53 4 8 - 66 - 515 - 574
Tee,run__________________ """ 480 5.3 12
Discharge piping
4-inch pipe nipple. ____________________ 480 12.0 1
4-inch gate valve, open_____________ " 480 12.0 2 6 5.17 . 310 . 310
4x6increaser____________________ """ 480 12.0 3
6-inch pipe, 17 feet long.______________~ 480 5.3 17
6-inch elbows, 2, total___________ """ " 480 5.3 32 61 . 66 . 403 . 713
g-mctl: runof tee. _____________________ 480 5.3 12 i
-inch pipe, 5 feet long_____________ """ 360 4.3 5
gr.os%-_.__’_g_f__i.l ____________________ 360 43 Bl v - 384 - 065 <778
Inch pipe, 5 feetlong_________________ 24 2.6 5
O S — 240 28 s} 1 . 182 . 031 . 809
-inch pipe eet long___________ 120 1.3 5
Cross. .. __ .. 120 13 12 } 17 - 036 - 006 - 815
g—incﬁ side ou(l;let, cgoss ____________ 60 5.7 12
-inch pipe, 10 feet long 60 5.7 10
2-inch els, 2, total ... ... . " 60 5.7 6 301 296 - 888 1.703
2-inch gate valve, open_______________~ 60 57 2
" Discharge, total .. T 1.703
Suetion, total I e . 574
2. 277
Pressure used at ejector.___.._________________ 34.0
Total pumping head, posi__.__.___ .. 36. 277

Feet of head=36.277X 2.311=83.84 feet.

of liquid through the last ejector. As the routes
to the other ejectors are shorter, they offer slightly
less resistance. During operation, slight throttling
at the 2-inch valves in the lines to the ejectors
with shorter runs' may be necessary if perfect
balance of output is to be achieved.

Once the frictional losses are determined and
the design of the system is found satisfactory,
the pump is selected. With each of the size 7A
ejectors delivering 60 gallons of flow per minute
at 34 pounds per s%uare inch pressure at the
nozzle, the pump selected from data obtained
in table 2 should delivery 480 gallons per minute
against a head of 90 feet. Preferably, it should
be a ball-bearing type with a speed of not more
than 1,750 r.p.m. Tt should be a double-suction
type with a stainless steel shaft and split glands,

if it is to have a long life and be easy to maintain.
The pump should also be set low enough to keep
the suction piping flooded at all times. Further
details, advantages, and economies of pump
selection should be discussed with the repre-
sentative of the pump manufacturer.

One thing should be categorically stated: the
electric motor driving the pump should be
guaranteed not to be overloaded under normal
operating conditions. Good pump and motor
installation requires that the electric motors be
operated at the highest usable voltage at the
plant, be properly protected by overload devices,
and that 3-phase current be used on motors of
1 horsepower or larger. The motors should be
rated for continuous duty and preferably be
totally enclosed.

CONSTRUCTION OF TREATMENT PLANT

A desirable site for the treatment plant must be
selected and surveyed to assure enough difference
of elevation from the dairy to the treatment plant
and from the treatment plant to the receiving
stream. Most State regulations require a mini-
mum fall in drain piping of 0.4 foot per 100 feet.

1f sufficient drop to the tank from the drain outlet
is not available for gravity drainage, the waste
can run into a sump pit and be pumped into the
treatment tank.

The cylindrical tank shown in figure 4 for han-
dling 5,000 gallons of waste may be constructed



economically of cinder-concrete blocks, It would
be desirable, though not necessary, to allow 6 feet
of the tank to be below ground with about 3 feet,
above ground. This would provide lateral sup-
port, allow for easy observation of the tank con-
tents, provide insulation against low temperatures,
permit ready cleaning of the inlet strainer, allow
accessibility to the effluent drain, and create less
difficulty in raising the motor.

- Specifications for such g cinder-block tank
should give finished dimensions and type of rein-
forcing, define mortar used (2% parts sand; 1 part
cement; no lime), and require cement dashing and
hot asphalt waterproofing on the inside surfaces.
Workmanship, material for electric wiring, plumb-
ing, and any special conditions should also be
specified. Attention must be given to details of
good construction. Those outlined here may not
apply to tanks of other sizes or shapes, but are
included to indicate that a high level of workman-
ship quality should be incorporated in building the
system to provide a long trouble-free life.

The base slab of concrete should extend beyond
the walls of the tank to serve as a footing. A
concrete slab that has a wall resting on its edge
should be reinforced. The round tank selected
as an example would have a bottom slab 7 inches
thick and be strengthened with reinforcing bars,
%6 inch in diameter, placed 6 inches on centers.
Two complete sets of bars would be installed
perpendicular to each other and protected by 3
inches of concrete above, below, and at the edge.

In constructing tank walls, the pressure of liquid
must be taken into consideration. The greatest
pressure on the finished wall is at the bhottom ;
hence, vertical bars for the walls must be well
anchored in the base slab. The use of separate
pieces of rod 4 feet long, bent at right angles in
the middle, is recommended. These are wired to
the slab reinforcing before the slab is poured, with

half the bar placed upright at the correct location
to fit the cinder-block courses, The vertical rods
for the wall are securely wired to the short rods
with a 15-inch lap. Although many details con-
cerning concrete are found in the “Building Code
Requirements for Reinforced Concrete” (1), ex-
pert engineering advice should be obtained for all
but the simplest structures.

The wall should be as heavy as possible to as-
sure the greatest stability when subjected to
varying horizontal pressures as in a dairy waste
treatment tank. Weight is provided by using as
many solid cement blocks as possible in construct-
ing the tank. Alternate courses could be made of
solid and hollow blocks. The vertical rods may
pass between the ends of solid blocks in one set
of courses and through the center of hollow
blocks on the alternate courses, which are then
filled with well-tamped mortar. Filling the
cells bonds the rods and cement work together
and adds to the stability of the wall by making
it heavier.

Rectangular tanks may also be built of cinder-
concrete blocks, if ample buttressing is provided.
Thus, a typical block wall, 8 inches thick, may be
used if distances between buttresses or piers are
short; i.e., not over 10 feet. Piers must be heavy
and the wall must. be well reinforced to withstand
the water pressure acting horizontally when the
tank is full and the earth pressure when the tank
is empty.

Flexibility must be provided at the joints wherg
pipes pass through the wall of the tank. A sepa'
rate sleeve of cast iron or asbestos-cement pipe
should be placed in the wall as the masonry is
laid. This should allow at least one-fourth inch
all around the future pipe to be installed. After

- the wall is waterproofed, the piping is installed
. through the sleeve and packed with oakum and

flexible calking compound.

<OST ESTIMATES

Costs of installing dairy waste treatment plants
vary widely. Installation of the ra id-aeration
uuits have cost about one-third o the more
elaborate multiple-unit methods of waste treat-
ment (23). Tanks and equipment available at
the site have also been used to reduce the cost of
small units.

The batch process, in which a single tank is
used for the entire process, is the least costly.
If the dairy is in operation 15 hours or longer,
continuous sedimentation is necessary and an
additional tank or a separate compartment in
the same tank is needed. A chlorinator may be
needed if disinfection is required by the health
authorities. The following construction cost
items are to be considered: (1) Land for the treat-
ment plant; (2) property easements for sewer
lines; (3) electrical power line; (4) pumping

station; (5) excavation; (6) tank construction;
7) pump, ejectors, and piping; and, if needed,
(8) sedimentation tank and (9) disinfection tank.
If sufficient land with suitable slope is on hand,
then the bare minimum for cost will be that for
electric power lines, tank construction, pump,
ejectors, and piping, including the repiping of
nonpolluted waters. ' )
In 1959, the method for the treatment or dis-
posal of milk wastes had not been standardized.
In 1953, a 5-year appraisal of 20 milk products
plants reported wide differences in methods of
treatment (23). Some plants took advantage of
municipal sewerage systems and paid rental
charges that amounted to 0.02 to 0.i1 cents per
quart of milk handled. In some cases, additional
expenditures for pretreatment wero required.
Two elaborate waste-treatment plants using



rickling filters were described later (24). One
was constructed at a cost of $100,000 to treat
500 pounds of BOD daily and operated at an
annual cost of $4,000. Construction costs of the
second plant, treating 325 pounds of BOD, was
$70,000 with an annual operating cost of $2,500.

Several small milk-waste disposal plants of
varied design are in use (9). A simple one-tank
batch method (12) of 25,000-gallon capacity
treats 220 pounds of BOD daily and cost $6,000
in 1954, according to the owner. The engineering
estimate on this plant was $14,000, but the owner
used existing equipment and plant personnel
on' the installation and thus effected savings.
An estimate made at the same time for a dairy
receiving 150,000 pounds of milk per day was
$11,000 for installation of a treatment plant, and
power costs were estimated at $16 per day for
the unit.

These 1954 estimates represented minimal costs
at that time and may not have included cost of
land, easement rights, and engineering. Estimates
for 1960 will undoubtedly be higher and will vary
according to local costs of labor and materials.
The 1954 estimates calculate to $70 to $80 per
pound of BOD treated daily, but actual construc-
tion costs of $140 per pound of BOD were found
to be the case in the north-central area of this
country the same year.

Although the cost of construction generally in-
creases with the size of the plant, the cost per
pound of waste to be treated shows a decrease. In
very small plants the cost is not proportional to the
smaller quantity of milk handled. A greater allow-
ance is usually made for future expansion in the
small plant, and thus the treatment plant may be
twice the size necessary for immediate needs. This
may make the initial construction cost high.

CONCLUSIONS

Treatment of dairy waste s being recognized as
an integral part of dairy plant operation. Disposal
of dairy waste by aerobic treatment must follow
recognized principles and proven practices. Treat-
ment costs money. Good housekeeping and elimi-
nation of wasteful practices will reduce the waste
and reduce the cost of treatment. This handbook
gives facts, figures, and suggestions that the plant

operator and the sanitary engineer can use. Aer-
ation units that are in operation should be visited
before designing a new plant. The dairy plant
operator should check on the work of the engineer,
know the equipment, and adequately understand
the operation of the treatment plant. He should
also be familiar with the requirements of the local
sanitation code.
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APPENDIX
THE COD METHOD

The oxygen demand of a waste may be deter-
mined by a chemical procedure such as given in the
“Standard Methods” (2) or by other methods.
This chemical oxygen demand (COD) approxi-
mates the 20-day or ultimate biological oxygen
demand (BOD) of dairy waste. By use of appro-
priate factors determined by experimentation, the
5-day BOD of the waste can be approximated.
The method is not used to replace the standard
5-day BOD test, but it is of inestimable value in
plant control of waste, as results are obtained in
about 20 minutes. A rapid procedure was used in
these studies made with dairy wastes. Details of
the technique are given here.

Reagents used in the rapid chemical oxidation
method are as follows: :

1. Oxidizing agent prepared by adding 2.5
grams of K,Cr,0; to a mixture of 500 milliliters of
concentrated H,SO, and 500 milliliters 85 percent
- H,PO,. Itisadvisable to triturate the dichromate
to a fine powder. Let stand a few days with
occasional shaking until the dichromate is in solu-
tion. Filter through glass wool or decant with
care, in order to obtain a clear oxidizing reagent
free of particles.

2. Potassium iodide solution made by dissolving
55.3 grams KI in 200 milliliters water.

3. Standard 0.05 normal sodium thiosulfate
titrating solution prepared by dissolving exactly
12.41 grams Na,S;0;.5H,0 and making up to 1
liter, or by diluting a more concentrated solution to
the desired strength. N

4. Starch indicator solution made by dispersing
1 gram of starch in about 25 milliliters water an
adding 75 milliliters boiling water. o

The procedure follows:

1. Place exactly 50 milliliters of the dichromate

oxidizing. solution in a 500-milliliter Phillips
beaker or Erlenmeyer flask. Twenty-five-milli-
liter solution has been used also, with proportional
reduction of other reagents and at reduced costs.

2. Add exactly 5 milliliters of the waste sample
to the oxidizing solution. The strength of the
waste should be between 50 and 1,500 p.p.m. If
of more than 1,500 p.p.m., dilute the sample, or
add less and make up with water to give 5
milliliters.

3. Place on hot plate and heat uniformly so that
oxidizing solution reaches a temperature of 165°
to 170° C. in 6 minutes.’

4. Remove immediately from heat, place in
water bath, and cool to room temperature.

5. Add 200 milliliters of distilled water and cool
again in water bath.

6. Add 10 milliliters of the potassium iodide
solution and titrate immediately with the standard

10.05 normal thiosulfate solution, adding starch

near the end point. The color change is from dark
blue to pale blue green. Ferroin.may also serve as
an indicator (18).

7. Make a blank determination, using 5 milli-
liters water.

8. The total oxygen demand in parts per million
or milligrams per liter is equal to 80 times the
difference in titration in milliliters between the
water blank and the sample. If the original waste -
was diluted for testing, this must also be taken into

consideration. The calculation follows:
DX0.05X8 1 600=Dx80 )

5

D=difference in titration between the blank
and sample;

0.05=normality of the thiosulfate;

8=nmilligram-oxygen equivalent to 1 milliliter
normal thiosulfate;

5=volume taken for oxidation;

1,000=conversion value to obtain milligrams -
per liter or parts per million.

The result approximates the total or ultimate
amount of oxygen required for the oxidation of the
waste or sample. The proportion of the oxygen
requirement due to sugar or casein can be ascer-
tained by determining the amount of sugar or pro-
tein and converting to oxygen demand. Thus, 1
gram of lactose anhydride requires 1.123 grams of
oxygen, while a gram of protein requires about 1.44
grams of oxygen for total oxidation. Likewise, an
estimate of the total sludge weight may be obtained
by multiplying the COD of the sludge by 0.8, as 1
gram of sludge has a COD of about 1.25.

WHEY WASTES

Dairies that produce large quantities of cheese
will find that excess whey in the dairy waste can
cause trouble in the treatment unit. The whey,
which may contain 5 percent solids, can be treated
by biochemical oxidation if a nutrient balance and
aerobic conditions are maintained, but the enor-
mous oxygen demand makes the process costly.

The possibility of returning whey to the farm for
livestock feeding or of converting whey to useful
products should be investigated.

Infrequent inclusion of whey will not harm the
normal dairy waste process, especially when the
quantity of whey solids is small compared to milk
solids. If the rate of whey discharge is not rapid,



here will be enough nitrogen in the whole milk
‘waste and in the seed sludge for bacteria to dispose
of the whey.

Although ejector aeration units recover rapidly,
shock loading by dumping large quantities of whey
is not a recommended practice. In one case, the
weekly discharge of the equivalent of 700 pounds
of whey solids to a treatment plant designed for
300 pounds of milk solids per day did not appear
to interfere with the aeration process. The most
noticeable effect was an accumulation of sludge.
During the pilot plant study, a large quantity of
whey was accidentally discharged into the treat-
ment unit designed for 10,000 gallons of dairy
waste per day. This caused excessive foaming
and incomplete purification. Chemical analysis
revealed a nitrogen deficiency caused by the high
lactose content of the whey. The condition was
corrected by adding 100 pounds of ammonium
sulfate to balance approximately 5,000 gallons
of whey.

Nitrogen is essential for the proper growth of
micro-organisms. Ordinary dairy waste is an ideal
food for bacteria because it has much the same
composition as milk. Its COD to nitrogen ratio
1s approximately 25 to 1. The ratio for whey is
much higher, 50 to 1, because the cheese process

removes the principle nitrogen-containing com-
pound, casein. This leaves a material of high
sugar. and low nitrogen content. If whey or
similar materials are to be consumed by bacterial
oxidation, nitrogen must be added to maintain a
level suitable for the bacteria.

Each 1,000 pounds of liquid whey contains about
50 pounds of solids, which is about equal to 50
pounds COD. To maintain a 25 to 1 COD to
nitrogen ratio requires 2 pounds of nitrogen.
Adding this amount would never be necessary,
because the analysis of whey shows 2 percent
soluble nitrogen. The maximum nitrogen addi-
tion to whey would be 1 pound, which can be
supplied by 5 pounds ammonium sulfate.

Part of the nitrogen content of the seed sludge
may also be utilized to reduce the cost of nitrogen
supplementation. A well-aerated stabilized sludge
contains 11.25 percent nitrogen and has a COD to
nitrogen ratio of 12 to 1 on a dry-weight basis (10).
Sludge-waste mixtures need at least 7 percent
nitrogen to effect adequate treatment. The differ-
ence is available for bacteria during whey con-
sumption. Each pound of sludge solids in the
unit can give up enough nitrogen for the bacteria
to utilize 1 pound of whey solids. If the propor-
tion of whey to sludge exceeds this, nitrogen in a
readily soluble form must be furnished.

EJECTORS AS AERATION DEVICES

Of the many devices available, the ejector was
Jriginally selected for studying large-scale aeration
of dairy wastes because it had separate pipe con-
nections for air and liquid inlets as well as a
discharge outlet. It was known as an effective
mixer of two inlet streams. As designed, the two
streams, air and water, were to be controlled by
separate pumps. Tests soon showed that an air
pressure pump was unnecessary, because the
ejector could readily dissolve oxygen at the high
rates required. The ejector is simple to operate,
contains no moving parts, and is low in initial
cost and upkeep. The use of ejectors or mixing
jets for waste treatment has been reviewed (22).
They were suggested for this purpose as early as
1905. Their use at a commercial installation for
treating chemical wastes was later patented (20).
Some installations that use small-size ejectors in
treating dairy waste were reported and discussed
(22).

Ejectors operate on the principle of creating a
high velocity stream that is directed into the
throat of a venturi tube. Figure 8 shows a cross-
section through the type recommended. The
waste is pumped through the device and enters at
the left, where the reduced size of the tip of the
jet increases the stream velocity. This fast-
moving liquid enters the venturi tube mixing with
the air that is drawn in through the air intake.
The velocity and turbulence of the mixture gives

W air intake

union
recirculating aerated
waste =  waste
— ——>

venturi

Ficure 8.—Cross section through model X1-96 ejector.

the device its tremendous oxygen-dissolving ability.

The ejector used in the investigations reported
in this Handbook was selected after three sizes
and two styles were studied.  Comparison of the
efficiency og’ the three sizes is illustrated in figure 9.
The largest of the three, model XL—96, size 7A
(steam type), is recommended for dairy waste
aeration. It will do the work of two units of the
next smaller size (5A) and six units of the smallest
size studied (3A). Its large physical dimensions
almost completely prevent clogging by debris
normally found in the wastes. Clogging has
caused serious maintenance problems at treatment
plants where small ejectors have been installed.
Closer mesh screens at the pump suction for small
ejectors have only partially alleviated the problem,
because the screens must be cleaned more fre-
quently.
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A formula was developed relating the oxygen
dissolving ability of this specific ejector to the flow
of liquid through its nozzle.

Oxygen dissolved (Ib./hr.)=0.165 V23  (5)
nozzle flow (c.f.s.)
nozzle diameter (ft.)

where V=

The performance of the recommended ejector is
summarized in figure 10 for water rates ranging
from 34 to 64 (%a,llons per minute. These rates
were determined from the oxidation of a solution
of sodium sulfite (3). The curve may be used to
determine if sufficient oxygen is being supplied at
reduced pressures. .

Figure 11 is introduced to show the approximate
water pressure needed to force varying amounts of
liquid through the same ejector. The chart has
geen prepared from the manufacturer’s published

ata.

The depth of immersion of the ejector influences
the amount of oxygen that can be dissolved at a
given nozzle pressure. In figure 12, data for a
similar ejector (same size, different style) have
been plotted to show how the amount of air
aspirated will vary with the depth of immersion
of the device. No data are presently available
on this aspect of the performance of steam-type

ejectors. Furthermore, the data presented should
not be confused with figures given elsewhere for
dissolved oxygen. However, the conclusion that
the performance of these ejectors is improved
when operating at shallow depths appears in-
escapable. This is in addition to evidence
assembled during the study that the overall
efficiency of a pump and ejector system is greatest
at the lowest rate of water flow consistent with
proper functioning of the ejector.

The manufacturer states that air will be aspir-
ated and the device work efficiently at a minimum
of 20 p.si. nozzle pressure. This must be at
least four times the pressure against which the
device is aimed. Careful testing of all systems is
recommended, particularly those designed with
low nozzle pressures, to insure some allowance
for wear on pump impellers and enlargement of
ejector nozzles.

To make the data available from the study
complete, the following formula is presented. The
volume of air aspirated during the test with sulfite
solution was also related to the nozzle stream-
surface velocity.

Volume of air aspirated (c.f.m.)=2.30X V32 (6}
where V_volume of stream (c.f.s.)
" nozzle diameter (ft.)

OXYGEN CONTENT OF THE ATMOSPHERE

In applying aeration devices to dairy waste
treatment, some difficulty may be encountered
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in hot, humid regions. Most air equipment is
rated for the standard conditions of 70° F., 50
percent relative humidity, and a barometric pres-
sure of 29.92 inches of mercury. Figure 13 has
been included to demonstrate the increased air
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above sea level.
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volume required to contain a pound of oxygen at
nonstandard conditions. Values to be obtained
from this chart will apply only at a constant
barometric pressure equivalent to sea lovel. A

~separate chart (fig. 14) 1s used to correct for higher.

elevations. By multiplying the factor taken from
figure 14 with the value for temperature and
relative humidity from figure 13, the correct
quantity of air to contain 1 pound of oxygen can

be closely estimated. In the worst cases, thi
correction may amount to as much as 25 percent

The information noted in this section makes n
reference to the efficiency of the apparatus intro-
ducing the oxygen into solution. Calculations tc
determine volumes of supply air for all devices
must include a factor for the percentage of oxygen
dissolved by the device subject to the corrections
described above.

EXCESSIVE FOAMING

Excessive foaming has been troublesome at
times. In this type of treatment system foaming
does not usually occur while the waste is being
added and assimilated by the sludge. It tends
to occur toward the end of the assimilation period
and at the start of the endogenous phase. Over-
flow of the foam may be avoided at any time by
interrupting the air supply. This may safely be
done only if the aeration system has the ability
to quickly replenish dissolved oxygen. If neces-
sary, assimilation may also be interrupted by a
period of settlement and draining to lower the
water level when foaming occurs. :

~ foamin

Foaming may also be caused by overaeration.
As the plant must be designed to care for the waste
produced during the highest seasonal flow of
milk, it may prove to have too large a capacity
at other times. This happens more frequently
when equipment of low oxygen transfer efficiency!
has been used. In such cases a large quantity of
air must flow through the liquid to provide the
required oxygen. Barring conditions caused by!
the presence of unnatural materials in the waste,
will usually subside when aeration is
stopped or substantially reduced.

HEATING THE DAIRY WASTE

As with other biological processes, the rates of
assimilation of the waste and respiration of the
sludge vary with the temperature of the solution.
Fortunately, many dairies discharge wastes at a
temperature favorable for biological treatment.
Although the process is fairly hardy, some retarda-
tion may be expected if the temperature in the
tank falls much below 70° F.

The use of hot water and steam in the dairy
produces a waste with an average temperature of
85° to 90° F. This is ideal for the bacteria that
purify dairy waste. If the temperature in the
aeration tank were to drop to 55° or 60°, many
forms of bacteria could not survive or reproduce
and treatment would be retarded or incomplete.
Some dairies may find it advisable to heat the
waste.

Heating the dairy waste by means of steam coils
is unsatisfactory, because the waste cooks onto the

ipes and seriously impairs heat transfer. Waste
Eot water or steam that is allowed to discharge
elsewhere can be repiped to be included with the
waste to be treated. A simple solution is the use
of hotter water in dairy plant cleaning operations,
but this may be too costly. Other piping changes
may be possible that will prevent large flows of
cold water from diluting and cooling the warm
waste. Direct addition of waste steam to the
tank is probably the most practical method of
heating dairy waste.

If piping modifications do not bring the waste
to a desirable temperature for satisfactory opera-
tion of the waste plant, then steam heating may

have to be applied. The dairy plant operator
would then need to know the size of pipe and the
amount of steam required. The chances are ex-
cellent that only a small pipe would be actually-+
needed, but the factors in determining the size o,
the pipe are explained.

The first step is to find the quantity of heat
hecessary to correct the temperature of the waste.
The general formula for this for unit time would be-

Q=We (t:—t,) (7)
where
Q@=quantity of heat (B.t.u. (British thermal
units)/hr.)

W=total weight of material (Ib.)
c=specific heat of the substance, which in
this case will be 1, the same as water
{z—t,=initial temperature subtracted from the
final temperature (° F.)

If it is assumed that the average waste tempera-
ture, 65° F'., should be 85° and 1,200 gallons per
hour are to be treated, the following would be the
calculation:

(@) QuanTITY OF HEAT (by formula 7 ):

Heat (B.t.u./hr.)=1,200 X 8.34 X 1 X (85°—65°)
=200,160 B.t.u. per hour

The number of pounds of steam required to
supply this much heat depends on the steam pres-



jure available. For a low pressure source, the
‘ollowing calculations can be made to determine
she size of pipe and quantity of steam to be used.

The amount of heat given up by each pound of
steam is first determined. This 1s the difference
between the total heat in the steam as it enters
the tank and its final condition after reaching the
temperature of the surrounding mass of liquid.
The example below is for steam at 1.3 pounds
per square inch, gage:

() HEAT PER POUND OF STEAM:

Heat of Latent

Total
liquid heat of heat
evapo-
ration
B.tu. Bitau.. Rtu.
Entering steam______________ 184.4 967.6 1,152.0
Final (at 85° F.)___________ 53.0 0 53.0

Heat available per pound____ _____________.___ 1,099. 0

(¢) STEAM NEEDED EACH HOUR:

200,160 B.t.u.

1,099 =182 pounds

In order to determine the size of pipe necessary
to supply this amount of steam, its density must
be known in cubic feet per pound. The constants
of steam are available in any standard table of
properties of saturated steam. A reasonable ve-
jocity for low-pressure steam of 6,000 feet per
minute would be used in the standard velocity

formula for determining the size of pipe needed:

_ AXBX1,728
V="t60x12 8)

Where V=velocity in feet per minute;

A=pounds of steam per hour;

B=volume of steam in cubic feet per pound
at the stated pressure (24.75 cubic feet
at 1.3 pounds pressure);

C=area of pipe in square inches;

1,728=cubic inches per cubic foot;

12=inches per linear foot; ‘

60=minutes per hour.

Transposing and simplifying, formula (8) be-
comes

_AXBX24
C==277 9

(d) Area or pipE (by formula 9):

0 182X24.75X2 4
=7 6,000

=1.8 square inches

Next, convert this cross section area to internal
diameter of pipe. A standard table shows that a
- pipe 2 inches in diameter has ample cross-section
area to deliver the desired amount of steam.
However, if the length of the run from the steam
source to the assimilation tank were very long,
the recommended steam line should be increased
one size to 2}4-inch pipe.

WASTE TREATMENT SYSTEMS USING EJECTOR AERATION

A number of dairy plants now treat waste
successfully by using ejectors for rapid aeration.
Some treatment units use as few as 4 ejectors,
whereas others use as many as 26.

This Handbook recommends that operating in-
stallations should be inspected prior to the design

and construction of a new waste disposal system.
More than 125 successful plants were in operation
in 1958. A partial list of these plants may be ob-
tained from the Eastern Utilization Research and
Development Division, 600 East Mermaid Lane,
Wyndmoor, Pa.
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