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INTRODUCTION

The meat packing industry is decantralizing'itslprocosaing Op=
erations. HMany of the large iétropolitan packinghouses are being
abandoned because they cannot readily assimilate the newer, more
efficient processing methods due to the high cost of providing such
improvements. These plants are being replaced by small, rural in-
stallations which are relatively inexpensive to modify. Shorter
livestock haul distanées are an additional‘ecanomic advantage to the
small plants. |

The advent of the stabilization pond into the meat processing
waste treatment field has been due, in part, to the desire for low-
cost waste treatment. Also, the new, small abattoirs and packinghouses
are locating in rural communities where sufficient land is available
for this type of waste treatment. The use of anaerobic stabilization
pond facilities for treating these high strength wastes is rapidly
increasing.

Furtharmoro.A;esoarch on anaerobic fermentation, coupled with
recent data regarding the theory, design and performance of the
anaerobic contact process have provided the impetus to combine the
adiantagea of anaercobic treatment with those of the stabiliz#tion

pond.
OBJECTIVES OF THE RESEARCH

Although the literature contains numerous references to

anaerobic waste treatment, it is practically deveoid of data specifically



concerned with anaerobic stabilization ponds for treating meat
processing wastes. The publications that do poftain to this subject
include little informgtien regarding the effect of extended periods
of low air temperatnres upon the treatment process.

The objectives of this reaeéé@h were threefold.

a.) to determine the unit pollutional contribution for
a small, modern abattoir in terms of the number
of animéls processed.

b.) to evaluate the design and performance of an
anaerobic stabilization pond system ostensibly
adapted to the severe climatic conditions of the
north central United States.

c.) on the basis of this evaluation, to suggest certain
improvements in the design and operation of these

systems.

EXTENT OF THE RESEARCH

This research was conducted on the anaerobic stabili;gtion pond
system treating the wastewater from the M.I.D. Packing Co., located
at Luverne, Minnesota. DBecause one of the primary objectives of the
research was to ascertain the performance of the treatment system
during winter operation, the testing program was conducted in late
February and early March. The volume of the wastewater being treated

was determined from flow gaging data. Samples of the raw waste and



the effluents from the anaerobic units were collected for 12 con-
secutive days. Recording thermometers were uséd to obtain the
temperatures of the influent waste, treated effluent and ambient air
during the test rﬁn. Observations of the physical appearance of the
treatment installation were also n;ted. In addition, various data
regarding the meat processing plant production, water consumption and
reuse were procured for each day during the test period. Laboratory
analyses of the wastewater samples included determinations of the
biochemical oxygen demand (BOD), chemical oxygen demand (COD),
solids, pH, ammogia, phosphorous, chlorides and organic nitrogen.
The evaluation of the treatment system was accomplished on the basis

of the data so collected.



REVIEW OF LITERATURE
INTRODUGTION

The physical concept of an aerobic stabilization or oxidation
pond seems well-established in the literature. According to McKinney
(1-239), however, very few engineers clearly understand the theory
of the treatment machaniem.frem which the performance of an installa-
tion can be predicted. The situation regarding anaerobic stabilization
ponds is somewhat different. A considerable amount of information has
been published regarding the mechanics and biochemistry of the
anaerobic process. Most of these déta were obtained from studies of
sludge digestion and the performance of anaerobic contact units. The
basic theory upon which anaerobic stabilization pond design is based,
relies heavily upon these findings.

The term "anaerobic stabilization pond," currently encompasses
a wide range of physical entities. Oswald (2) has stated that most
aerobic ponds are actually facultative, i.e., aerobic on top and
anaerobic on the botfom. Any acrobic stabilization pond which
becomes devoid of dissolved oxygen for prolonged periods due to exces-
sive organic loadings could be labelled an "anaerobic pond."
Undoubtedly, many of the early ansercbic ponds evolved from the
aerobic lagoon in this manner. Porges (3) defines a waste stabiliza~
tion pond as, "a basin, natural or artificial, designed or used to

treat organic wastes by natural biological, biochemical and physical



processes, commonly referred to as self-purification." If the pre-
dominant biological and biochemical processes involved in this
self-purificationvphanomcnen are carried on by anaerobic organisms,
the above dofinitibn would represent a concise description of an
anaerobic stabilization pond. Thrsughout this thesis, however, the
term, "anaerobic stabilization pond," "anerobic pond," or "anaerobic
lagoon,” is intended to represent only those basins which are
specifically designed to eﬁcourage the growth of anaercbic organisms
by creating an enviromment devoid of dissolved oxygen in which they
will thrive and thus stabilize the major portion of the applied
organic matter.

EVOLUTION OF THE ANAEROBIC POND AS A METHOD OF TREATING
m“mmm
MEAT PROCESSING WASTES

The first wastewater treatment facilities to be legitimately
classified as stabilization ponds were placed into service during the
early 1900's in California, Texas and North Dakota (4). Similar
installations, but rgforred to as "fish ponds" were constructed in
Europe and Russia during the 1930's (5). Most of these early instal-
lations were products of happenstance (4), The first aerobic lagoon
dséigned by a professional engineer for the specific purpose bf pro=
viding complete treatment of raw sewage on a permanent basis commenced
operation in 1948 in Maddock, North Dakota (4). As previously stated,
there are indications that most of these units experienced occasional

anaerobiasis during the course of their operation (5,6).



Parker, et al. (7) were among the first to advocate the advan~

tages of a pond system designed specifically to operate as an anaerobic

digestion unit. These very significant investigations, conducted in
the early 1940's, éisalosed the following conclusion concerning
anaerobic ponds. 'In additiom to ﬁhe examination of the performance
of such lagoons, it has been found in the course of the present
studies that substantial pgrification of raw sewage can be obtained
in lagoons where conditions are deliberately kept anaerobic.™ The
above facilities, located in Australia, treated raw municipal waste-
water exclusively,

In discussing the use of the stabilization pond method for
treating industrial wastes, Porges (3) stated that the first instale
lations of this nature could be traced back to the early 1900's.
Towne and Horning (6) pointed out, however, that waste stabilization
was not the primary objective of these units and that they were
usually constructed for use as seepage pits, settling basins or hold-
ing ponds to detain the waste until greater dilution was available in
the receiving streams. Steffen (8) affirmed the statement postulated
above, namely that the early industrial waste lagoons, like those
used to treat municipal wastes, "were laid out with very few, if any,
design considerations."

Almost every type of industry has used the stabilization pond
method in one form or amother. The mining, steel, petroleum, pulp and

paper, textile and food and milk processing industries are among this



group (6,9,10,11), By 1962 there were 827 individuai establishments,
representing 31 industrial groups using this treatment method. Of
this total, 197 ponds were classified as anaerobic, of which 29 were
used for treating meat and poultry wastes (3).

In bhis comments regarding the use of anserobic lagoons,
Coerver (12) has stated that this method has been employed to treat
abattoir and packinghouse wastes in Louisiana since 1949, He also
reported that the first of these units were not the result of
deliberate planning. Subsequent investigations, disclosing favorable
treatment results, however, supplied the impetus for the construction
of additional anaerobic imstallations increasing the total number
to at least 12 by 1964.

The first anaerobic lagoon installation, which was designed upon
the basis of scientific investigation to provide compléte treatment
for meat processing waste#. was placed in operation in 1955. This
pond system (13), located in Moultrie, Georgia, was designed by F. W.
Sollo, then employed by Swift and Company. It should be noted that
two other anaerobicxeyatems, based on rational designs for treating
municipal wastes, were constructed in the late 1950's in Washington
(6414),

THEORY AND MECHANISM OF THE ANAEROBIC POND SYSTEM OPERATION

Prior to a discussion of the theory and mechanism of the

anaercbic pond system operation, the character of the waste to be



treated should be defined in order to limit the scope to ponds used
for treating meat packing wastes only. There érc e few industrial
wastes that cannot be treated successfully by any method involving
biclogical dogradaﬁion. In fact, even when biological treatment is
feasible, the character of the waste exerts a significant influence
on the removal efficiencies and should, therefore, be reviewed in
order to properly evaluate the performance of any proposed treatment

process.

Character of the Waste

According to Babbitt and Baumann (15-654), "The slaughter of
animals and the preparation and packing of meat products result in
the production of wastes with high polluting chhracteristics. from 10
to 15 times stronger than normal domestic sewage, as moasurod by the
total solids and the BOD." In addition, there is a considerable
variation in the strength of the wastewater. This variance not only
occurs throughout each day, but also on a weekly and seasonal basis,
depending upon the nature of the plant (15-654). Rudelfs (11-87)
states that these wastes are chemically similar to domestic sewage.
The waste is substantially free of pathogenic organisms, readily
amenable to biochemical treatment and extremely high in pollutional
characteristics (15-654)(16). The principal deleterious effects
wmanifest themselves in oxygen depletion, sludge deposits, discolora-

tion, scum formation, odors and general nuisance conditions (11-92)(16).



The constituents that contribute to the composite waste include
manure, blood, grease, fleshings and dirt (11-37)(15~65#)-

There is relatively little published data regarding the strength
and quantity of theae wastes. Table 1 shows the approximate flows,
analyses and strengths of waste fo; 3 types of establishments.

TABLE 1. (16)

Approximate Hange of Flows, Analyses, and Waste lLoadings for
Stockyards, Slaughterhouses, and Packinghouses.

Waste flow Typical

gallons per analysis . Waste loading

Operation Unit unit mg/1 lbs, per unit
| Suge Sus=-

pended pended

BOD Solids BOD Solids

Stockyard  Acre 23,070~ 6h- 175 13.4 36

36,600 100 ;

Slaughter- 1,000 lbs. 435+ 650 930~ Bub=  3.5-
house live wt. 1,100 2,200 12,200 20.0 11.0
Packing~ 1,000 1bs. 750= 100 233« S.2e 2.9
house live wt. 4,350 3,000 720 23.5 22.1

It should be noted that slaughterhouses are establishments
primarily invelved in the killing and dressing of meat whereas pack-
i#ghenses are equipped to process the meat to a much greator-extent
(16).

The data included in Table 2 represent the averages for the
waste produced in 16 and 38 packinghouses respectively. These plants

processed hogs, cattle or both.
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TABLE 2. (16)
Average Unit Packinghouse losses and Analyses
of Combined Packinghouse Wastes

HD. of
Suspended Plants
Solids - & Nitrqgon Sure
Measurement BOD Total Volatile Organic Ammonia Grease veyed
Comc. in mg/l 909 645 582 113 2l ~ 38
Lbs./1000 1bs,.
live wt. 14.6 12.0 1.7 1.63 16

Anaerobic Digestion

Because the underlying treatment mechanism of the anaerobic
stabilization pond system is based on the theory of anserobic digestion,
it would be very difficult to formulate a reliable diagnosis of its
performance without having a basic knowledge of this theory.

Buswell (17) in his writings concerning the fundamentals of
anaerobic treatment stated that, "Sewage purification consists
essentially of the removal of unoxidized carbon-hydrogen compounds.
When reduced to these simple terms, all stabilization processes can
be classified under two simple types of reactions, aerobic énd
anaerobic."

» Anzercbic digestion occurs in 2 stages or phases: liquefac-
tion (acid phase) and gasification (methane phase)(18). MecCarty (19)
succinctly describes the microbiology and biochemistry of these twe

stages.



In the first stage, there is no methane production and
hence no waste stabilizetion. In this stage, the complex
organies are changed in form by a group of facultative and
anaerobic bacteria commonly termed the 'acid formers.' Complex
materials such as fats, proteins and carbohydrates are hydro-
lized, fermented and biologically converted to simple organic
materials. For the most part, the end products of the first
stage conversion are organic fatty acids. Acid forming bace
teria bring about these initial conversions to obtain the small
amounts of energy released for growth and a small portion of
the organic waste is converted to cells. Although no waste
stabilization occurs during the first stage of treatment, it
is required to place the organic matter in a form suitable for
the second stage of treatment.

~ It is in the second stage of methane fermentation that
real waste stabilization occurs. During this stage, the or-
ganic acids are converted by a special group of bacteria termed
the 'methane formers' into the gaseous end products, carbon
dioxide and methane., The methane forming bacteria are strictly
anaerobic and even small quantities of oxygen are harmful to
them, There are several different groups of methane formers and
each group is characterized by its ability to ferment a rela-
tively limited number of orgenic compounds. Thus, in the
complete methane fermentation of complex materials, several
different methane bacteria are required. The methane formers
which use materials such as formic aeid and methanol grow very
rapidly and can thrive at sludge retention timee of less than
2 days. However, the most important methane formers, which
live on acetic and propionic acids, grow quite slowly and sludge
retention times of 4 days or longer are required for their
growth. These bacteria carry out the major pertion of waste sta=-
bilization. Their slow growth and rate of acid utilization
normally represents the limiting step around which the anaerobic
treatment process must be designed. )

McKinney (1-250) relates that because of the sensitivity of
the methane bacteria to pH, the determination of volatile acids is
considered as a significant test in ascertaining digester performance.
He also states that a rise in volatile acids, which are not in them-

selves toxic to the methane formers, to above 2,000 mg/l will normally



depress the pH to a level where operational difficulties should be
anticipated. .

The advantages of anaercbic treatment may be summarized as
follows (19).

l. A high degree of waste ;tabilization is possible. From
80 to 90 per cent of the degradable organics in the waste can be
stabilized through conversion to methane gas. Aerobic systems
stabilize a much lower poftian; ordinarily around 50 per cent.

2, [Excess sludge is substantially reduced since only a small
portion of the waste is converted to cells.

3« Less nutrients such as nitrogun and phosphorous are
required., This is of significance in treating industrial wastes
which lack these elements.

4, The treatment rate is not dependent upon oxygen transfer

since anaerobic organisms do not require free oxygen.

Anserobic Contact Process

A brief review of the anaerobic contact process with respect
to its use in treating meat packing wastes should provide a clearer
understanding of the operation and performance of the anserobic pond
nyéteu because the two methods are quite similar' The greatér volume
of published data regarding the contact process may also provide a
better insight into the operating mechanisms of the pond system by

extrapolation,
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In the anaerobic contact process developed to its presant form
by Ge. J. Schroepfer and others, the treatment éctions are separated
into a contact phase and a separation phase with the operation and
performange being Bimilar to the aercbic activated sludge treatment
method (20). The anaerobic bacteria are retained with the system and
not lost with the effluent (19). A schematic flow diagram of the
process is shown in Figure l.

A general description of the process (21) indicates that
initially, the flow enters a tank in which the raw wastes are brought
intc contact with biologically active sludge under anaerobic condi-
tions., It is in ihis digester or "contact" tank that coagulation and
bioprecipitation occur. The sludge particles consisting, in part, of
bacteria, are then subjec#ed to vacuum degasification to reduce the
"gas-lifting" effect thereby increasing sedimentation efficiency.
These particles are subsequently separated from the mixed liguor in
the settling tank, and recycled back to the contact tank. Sludge is
constantly washed by the incoming wastewater which prevents the
accumulation of soluble waste products.

The anaerobic contact process is designed to economically treat
organic wastes (22). Because of the recycling system, a short
hydraulic detention time can be used while maintaining the long solids
retention time required for adequate treatment (22).

McCarty (22) suggests that the anaerobic contact process

should be used to treat wastes with organic concentrations less than

185437
SOUTH DAKOTA STATE UNIVERSITY LIBRARY
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one per cent and at organic loadings somewhere between 50 and 250
1b./1000 cu, ft./day. He also states that the.recyele rates used
for return of biological solids range between 2 to 1 and 4 to 1 based
on recycle flow rafe to raw waste flow rate.

Although this system has bo;n used for treating municipal
wastes (23), research data reveal that much higher solids amd BOD
removal efficiencies are obtainable when it is used to treat warmer,
nutritionally well balanc#d wastes conducive to maximum bacterial
growth (24).

Efficient and economical separation of the bacterial solids
from the etfluant.atream for recycle back to the contact tank has been
the major problem arising from the use of the anaerobic contact pro=-
cess (22). :

The data shown in Table 3 provides an indication of the treat-
ment efficiencies that have been found in various instances. It is
evident from the table that satisfactory reductions can be obtained
using organic loadings of approximately 150 lb. BOD/1000 cu. ft. of
contact tank per day. Schroepfer, et al. (24) noted that when BOD
loadings were increased to approximately 240 lb. BOD/1000 cu. ft. per
day, removal efficiencies dropped to 91 per cent. It was alsoc found
by Schroepfer (27) that variations in the waste strength of as much
as three times the average were not uncommon in meat packing establishe
ments and that these variations lowered the BOD reductions from 1 to

2 per cent. In addition, under nearly constant loading conditions,
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the effectiveness of the process gradually decreased during the week,
but would recover quickly after the weekend rest. Based on these
findings and additional pilot plant data, it was concluded that
weekend rest periods or periods of low feed are generally beneficial
to efficient operation, but not necessarily essential (27).

It is also apparent from Table 3 that the process is tempera-
ture sensitive (24). Other studies have shown that the rate of
anaerobic stabilization is increased about 2.5 times for packing plant
wastes for a 10°C temperature rise (27). Coulter, et al. (21) found
that during colder periods, removals ranged between 55 and 80 per
cent, and averaged approximately 67‘por cent with municipal wastes.
At 68°F, the removals averaged 82 per cent, ranging between 80 and 90
per cent, Schroepfer, et al. (24), in 1955, offered the following
comments regarding temperature,

This series (of studies) also suggests the desirability
of a test to determine the effect of allowing the raw waste
temperatures to control the process temperature without the
addition of external heat, or at least none beyond what the
process produces. Temperatures might then vary in the typical
plant from 70° to 75° F at night to 90° to 95° F during the day.
Although the effluent would admittedly be somewhat inferior,
subsequent treatment by trickling filters and final sedimenta~
tion to recover the solids and return them to the process,
might make an overall economical process. Land disposal (deep
lagoons, oxidation ponds or irrigation) might also be satis~
factory alternatives following anaerobic treatment for reducing
the total costs in special applications.

In a later report Schroepfer, et al. (20) suggests that the
application of the process was feasible at lower temperatures if the

loadings were somewhat reduced. This contention was based on tests
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using several different wastes at a temperature of 77°F in which BOD
removals of 80 to 90 per cent were obtained at loadings of 50 to
100 1b./1000 cu. ft./day.

The importaﬁco of mixing was revealed in Schroepfer's early
research (27), "It appears to a aig;ifieant extent, that this process
involves the physical action of adsorption as contrasted with purely
biclogical phenomenon; a bio-flocculation action; therefore mixing is
very important to the process.”™ Through evaluation of the activated
sludge process, MeKinney (28) found that a completely mixed aerobic
biological reacto: or contact tank without a sludge return does not
have as high microbial population aé a reactor where sludge is
returned to the system continuously. It was also shown that the active
microbial population decreased as the detention period increased for
a given organic loading. From these findings, McKinney states that
the concepts of the complete mixing activated sludge system holds true
for the complete mixing anaercbic system.

Schroepfer, et al. (27) found that the gas produced by the
anaerobic contact précess was composed of 70 to 90 per cent methane
and 10 to 30 per cent carbon dioxide.

Schroepfer, et al. (27) also states that the most important
factor in deciding whether or not to use the anaerobic contact process
in a given situation is the thermal requirement. The most desirable
woste, he contends, is one that is warm and has a high volatile solids

concentration. The least desirable waste would obviously be cold and

very dilute.
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Anaerobic Stabilization Pond

As previously implied, the operational theory and mechanisms
of the anaerobic stabilization pond are quite similar to the anaerobic
contact process which has been termed by MeCarty (19) as one of the
two basic process designs of anaerobic fermentation. The other is
the "conventional process" as represented by the heated digester of
a trickling filter plant.

A brief statement regarding the mechanism of the anaerobic
pond system has been recorded in the pioneer work of Parker, et al. (7)
concerning their investigations of an installation near Melbourne,
Australia, treating municipal wastes. They reported that,

The high efficiency of the anaerobic lagoon in removing
BOD is dependent on the development of digestion in the sludge
layer. Organic matter is converted to methane and carbon
dioxide under anaercbic conditions and the gassing of the
sludge layer seeds the sewage flowing over it.....

s+ o8ubstantial conversion of organic compounds to
gaseous end products also occurs in the supernatant sewage
and this is responsible for the high BOD reductions that occur
in the absence of dissolved oxygen.

According to Howe, et al. (29) in discussing the use of an
anaerobic lagoon for treating industrial wastes, simplicity is the
primary advantage of the lagoomn process. Biological stabilization
an& solids separation by simple sedimentation are carried on

simultaneously in one unit, thereby obviating the need for degasifica~-

tion equipment and separate settling basins,



PHYSICAL CHARACTERISTICS OF THE ANAEROBIC POND SYSTEM

Differences in goneral\layout, number of ceila and geometrical
configuration of ihe anaerobic pond installations for treating meat
processing wastes found in the litérature are quite apparent (3).
These dissimilarities may be attributed, at least in part, to the
abgence of a uniform design criteria as well as the variance in local
topography, geographical-climatic factcfs and waste characteristics
(6).

Significant data regarding the physical detail of the anaerobic
ponds treating meat and poultry wastes in the U. S. in 1962, as
compiled by Porges, are presented in Table 4.

It may be observed from Table 4, that most of the anaerobic
pond units were one-cell installations with the majority of the mul-
tiple-cell systems operating in series. The surface areas ranged
from 0.06 to 12 acres; the median being 1.0 acre. It is also evident
that the most often encountered operating depth approximated seven
feet. The table also includes similar data regarding the combined
anaerobic-aerobic systems because the anaerobic units of thia latter
group would be performing in a menner similar to the cells of the
solely anaerobic ponds.

A tabulation of the layout and dimensions of certain installa-
tions discussed in the literature is presented in Table 5.

It is apparent from both Table 4 and 5, that surface area is

prominently mentioned for every installation reported. Dornbush and



TABLE 4. (3)
Sunmary of Layout and Dimensions of Anaerobic Ponds Treating
Meat and Poultry Wastes in U.S. - 1962

Combined
Anaerobic Anaerobic=iercbic
1. Number 29 11
2. Cell Arrangement
a. One Cell 20 0
be Multiple Cell
1) Series 6 10
2) Parallel 2 0
3) Combined 1 1
3., FPhysical Dimensions
a. Area (Acres)
1) Max. 12 20.6
2) Min. 0.06 0.05
%) Median 1.0 0.8
1) Max. 14 9
2) Mine. 2 2
3) Median ' 7.3 4
4, Detention Time (Days)
as« Maxe 326 1.}0&
be Min. 1.9 14
¢+ Median 16 L3

Andersen (33) in their investigations of anaerobie liveatock'lngoons
in South Dakota, have made the following observation concerning the
use of the surface area parameter with respect to amaerobic pend
design, ".....this measure of loading is unrealistic. The areal basis
is & throwback to the aerobic stabilization pond where available
sunlight is important to the algal oxygen supply. It would appear

more desirable to place the design on a volumetric basis." Mute
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substantiation of this view is found in the publiahed'data regarding
the anaerobic contact process in which none of the loading parameters

are related to surface area.

PERFORMANCE CF THE ANAEROBIC STABILIZATION POND

In reviewing the performance of the anaerobic stabilization
pond for treating meat processing wastes, the information presented
by Porges (3) represents the broadest compilation found in the liter-
ature reviewed. Table 6 contains a listing of these data.

It is interesting to note from Table 6, that 90 per cent of the
anaerobic pond owners reporting whether or not an odor nuisance was
created by their facility replied in the affirmative, OUdors were not

a problem in the combined anserobic-serobic installations., It is
also noteworthy that the range of BOD removal is much narrower and
the median removal is significantly higher for the combined systems.

Information regarding the performance of the six installations
for which layout and dimensional data have been previocusly recorded
(Table 5), is prosentéd in Table 7. As indicated by this tabulation,
the BOD removals for the anaerobic units ranged between 65 and 70
per cent for those units treating municipal wastes and above 90 per
cent for those treating meat packing wastes. This difference is very
likely due to the lower temperatures at which these municipal treat-
ment facilities operate (13), for not only are they located in a much
colder region, but also the influent to these units would be signifi-

cantly cooler than the usual 90 to 95°F temperatures of the meat
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TABLE 6. (3)
Summary of loadings and BOD Removals of Anaerobic Ponds
 Treating Meat and Poultry Wastes in U.S. - 1962

Combined
Anaerobic Anaerobic-Aerobic
1. BOD Loading
a. KNo. Raporting 16 10
b. 1b.BOD/day/acre
1) Maximum 6,060 1,885
2) Minimum 175 19
3) Median ' 1,260 267
2. BOD Removal
a. No. Reporting 18 , 7
b. No Discharge 9 0
¢. Removal (per cent)
1) Maximum 92 99
2) Minimum 65 83
3) Median 80 94
3' Odor
a. No. Reporting | 10 e
b. Reported Odors 9 ‘ 0

processing westes. It is important to note, however, that even in
the severe climate of Canada, anserobic ponds treating relatively
cool wastes, have obtained rather significant BOD reductions.

The performance data pertaining to the aerobic stage of
anaerobic-aerobic stabilization pond systems have been included in
Taﬁlc 7 to emphasize the importance of this stage in abtainiﬁg a
high degree of treatment. It is interesting to note the relatively
insignificant reductions obtained by the aerobic ponds in Louisiana,
as contrasted with the substantial improvement of the anaerobic

effluent attributed to these units in the colder climates of
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Werribee, Australia and Redmond, Washington. ?arker‘(7) and Solle
(13) also claim that, since the anaerobic effluent is unstable, a
combination of amserobic and aerobic ponds is the logical choice
for providing a complete treatment system. As evidenced by the
loadings and reductions of the anaerobic and aerobic stages in Table
7 and as noted by Parker, et al. (7), the anaerobic lagoon is a

much more efficient purification device than its aerobic counter-

part.

FACTORS INFLUENCING THE TREATMENT FROCESS

Comments regarding the influence of various factors such as
temperature, loading and mixing upon the anaerobic process have been
included in previous sections of this review. In that the anserobic
stabilization pond represents a similar application, its reactions
to these influencing factors would be expected to be analogous.
Additional investigations relative to the influence of these various

factors on anaerobic lagoons is needed.

BOD loading
A specific study of the effect of increasing or decreasing the

BOD losding to an anaerobic lagoon could not be found in the litera-
ture. Parker, et al. (7) stated that the purification capacity of
the anaerobic pond is affected by the BOD volumetric loading, but

does not provide an experimental basis for this conclusion.



Temperature

Many investigators were aware of the effect_of temperature on
the anaerobic lagoon. Unfortunately, their comments, in general, are
based on limited studies. Parker, et al. (7) observed that, M«...in
contrast to aerobiec lagoons, thare‘ia a considerable difference in
BOD reduction through the anserobic lagoon in winter and summer."
Selle (13) found that a much lower treatment efficiency occurred when
the pond temperature dropécd below 75°F for prolonged periods,
McIntosh and McGeorge (34) reported that the low BOD removal
efficiencies of an anaerobic pond during winter operation were in-
creased by 50 to 60 per cent by covering the pond surface with a
3-inch layer of foam insulation; thereby maintaining the pond tempera-
ture above 70°F. From studies conducted in California, Oswald (2)
concluded that the system was definitely affected by temperature
since gas production doubled for each two degrees increase in tempera-

ture above 15°C.

Mixing
Again, very little could be found in the literature concerning

the mixing of the anaerobic pond contents during treatment. The
a#aornbic~aorabic lagoons studied by Soll@ (13) in Georgia, énpleyed
systems to recirculate the sludge in the anserobic pond and the
serobic effluent in the aerobic pond. Although it was stated that

the purpose of the recirculation system was to provide better mixing



of the pond contents, the influence of the improved mixing action on
the treatment efficiency was not given. '

Although specific reference to recirculation with respect to
its function in the anaercbic lagooms studied by Wilson, et al. (14)
was not included in the report of éheir investigations, such a system
might have been employed since it was apparently a part of the piping
layout.

Two observations rélative to mixing included in the report on
livestock waste lagooning by Dornbush and Andersen (33) seem parﬁinent
to anaercbic lagoons in general., The first emphasizee that effective
mixing action can.bo obtained from the bubbling action originating
from sludge deposits on the lagoon bottom. Secondly, it was also
postulated that adequate mixing would eliminate the low pH that may
exist in thé solids accumulations due to excessive volatile acids

production (36).

Depth and Detention Time
In the discussion of these factors by Parker, et al. (7), it

was concluded that detention times up to five days in the anaerobic
lagoons were desirable with little addition2l advantage obtained by
exceeding this time interval. They also noted that the purifying
capacity of the anaerobic units appeared to be dependent on detention
time or volume and not on surface area. This position is also supe
ported by Coerver (32), who also noted that there was some advantage
in minimizing the surface area in order to hasten the formation of

the "ecrust" on the pond surface.
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A study of four anaerobic lagoons in Canada by Hoggo,‘gg al.
(31) revealed the apparent optimum detention time based on maximum
BOD reductions to be about five days. Berschauer (30) in Washington,
found that a 2 to 5 day detention time appeared reasonable, but for
maximum BOD reductions, a 2 to 3 d;y period was most suitable. He
also found that depth did not affect the treatment except as it was
related to detention time. The anaerobic lagoons studied by Coerver
(12) were operating at detention times of 3 to 4 days.

Oswald (2) stressed the desirability of providing sufficient
depth to protect the methane fermentation reaction from oxygen and

ambient air temperature changes.

Sludge Accumulation
Parker, et al. (7) in studying two similar, equally-loaded

anaerobic lagoons, one devoid of sludge and the other containing a
16~inch accumulation, found much greater BOD reductions in the lagoon
containing the sludge, despite the fact that the detention time in
this unit was shorter. They also found that it required approximatclj‘
nine months for the desludged lagoon to attain the same reductions.

Approximately two and one~half years after start-up, Sollo (13)
foﬁnd it was necessary to remove sludge from the anaerobic légoon to
prevent carry over. The surplus sludge was pumped to a nearby field
where it was dried without nuisance.

Cogrver (12) found in louisiana, that sludge removal was neces-

sary after 3 to 5 years of operation. This sludge did not create a



nuisance after removal and was easily dewatered. Ho‘ndvocatcd the
use of long, narrow anaerobic ponds, with lengths at least three times

the width in order to facilitate cleaning.

Miscellaneous Factors

Aceording to Coerver (12)(32) one of the most important factors
in the successful performance of an anaerobic lagoon is the formation
of a "erust" om its surface. During the time the crust was foruming,
usually from 6 to 12 months, the pond would not reach peak efficiency
in BOD removal., He also suggested that the addition ofbpnunch manure
to the pond played an important role in forming this crust.

Oswald (2) found that the rate of gas production varied within
the anaerobic lagoon, with the highest production rate occurring
near the center, He also noted that whenever an odorous conditien
developed, the methane production dropped off while hydrogen produc-
tion increased. In contrast, as the odors disappeared, the methane

production increased.



DESIGN AND CONSTRUCTION OF THE WASTE TREATMENT PONDS

THE MEAT PROCESSING PLANT

The anaerobic stabilization pond facilities studied were
designed to treat the wastes from éﬁe Minnesota-Iowa-Dakota (MID)
Packing Plant constructed near Luverne, Minnesota, in 1962. This
meat processing operation is essentially that of a slaughterhouse.
The plant was initially comnstructed to process approximately 400
beeves per day based on an estimated average live weight of 1,130
pounds per aninal, The beeves are killed, dressed, placed in cold
storage for 24 hours and then shipped. The hides are defleshed and
shipped after brine curing. All by-products of economic value such
as blood, hooves, hearts, livers and tongues are recovered and mar-
keted. The inedible oftai is rendered into tallow, grease and tankage.
A program of encouraging numerous "in-plant" waste-saving procedures
was in progress at the time of these studies. The wastes, consisting
of process liquids and wash waters, were derived from the kill floor,

carcass dressing, hide room, rendering plant, cooling room and

laundry B
HYDRAULIC AND ORGANIC LOADINGS

Because the slaughter house was being constructed concurrently
with the design and construction of the waste treatment ponds, the

design loadings had to be obtained indirectly.



It was estimated by the slaughterhouse qanagoﬁont that the
meat processing operation would produce an average daily waste flow
of approximately 330,000 gallons. This estimate, based om existing
flow data obtained from a similar dressed beef establishment, was
used in the design.

None of the activities involved in the plant operation were
expected to alter the character of the waste from that usually en-
countered in slaughterhouse waste treatment. However, the management
intended to incorporate numerous waste-saving procedures into the
plant operation and to screen the plant waste effluent prior to its
entering the waste treatment facilities. Therefore, they were re-
luctant to accept the average unit BOD values of approximately 15 1lb.
per 1000 1b. live weight of kill as found in the literature, for use
in establishing the design loading.

In an attempt to justify the use of a lower unit BOD for cale
culating the total waste load, a sanitary survey was conducted at a
dressed pork plant in Sioux City, Iowa, which was operating under
procedures and condiiions similar to those anticipated at Luverne.

A BOD value of 7.74 1b., per 1000 1lb. live weight was computed from
the survey data. Based on this finding, a value of 10 lb. per 1000
1bs live weight was accepted to represent an eguitable compromise

and was used in all subsequent design computations. On this basis,

the estimated BOD to the waste treatment facility was calculated to
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be 4,520 1b. per day. This loading represented an equivalent popula=

tion of 27,100 based on the BOD.
DESIGN

There were very little published data available in 1962 re-
garding the use of stabilization ponds for treating meat packing
wastes. The performance of an anaerobic-aerobic pond system in
Moultrie, Georgia, along with operation data from a pilot plant built
in Perry, Iowa had been reported by F., W. Solle (13). After pre-
liminary study and considerable discussion of this information, a
decision was made to design a treatment plant adapting this anaerobic~
aerobic system to the relatively severe climatic conditions of

Minnesota.

Description of the Anserobic-ierobic Pond Treatment System

A flow diagram of the waste treatment system is shown in Figure
2. The plant obtains its water supply from the city system. After
being metered, a poréion of the water is used as cooling water with
the remainder flowing directly to the kill floor. The cooling water
is also used on the kill floor. Because separate disposition of the
whole blood and paunch manure are providcd; these constituents are
not a part of the process wastes. The composite slaughterhouse
wvastewater, therefore, consists primarily of processing and wash

waters from the slaughterhouse plus the recirculation from Anaerobic
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Pond No. 2 which is used for the remdering plant eondénaers. ‘Atter
being collected at one location for screening through a 20-mesh
rotary fine screen, the composite waste flows through the grease
skimmer (catch basin), the anaerobic and aerobic ponds which are all
in series and on to the Rock River,

‘ Two pumping stations are provided. Although Pumping Station
No. 1 was designed to retu:n sediment from the grease skimmer to the
fine screen, this procedure had not yet been employed. Instead, both
the grease skimmings and sludge are pumped to a tank truck and spread
over adjacent agricultural lands. Pumping Station No. 2 is presently
used to pump wastewater from Aaaoroﬁic Pond No. 2 back to the render-
ing plant for use in the condensers. Additional pumps are installed
to remove sludge accumulations from both anaerobic ponds. This
pumping station has also been designed to provide rﬁeiréulutian from
Anaerobic Pond No. 1 back to its influent line.

An merial view of the facilities symbolically represented in
the flow diagram is shown in Figure 3. The relative size of the
anaerobic ponds is réadily apparent from this serial view.

Figure 4 includes a topographic map of the entire tract of
land owned by MID Packing Company with a superimposed layout of the
slaughterhouse, grease skimmer and stabilization pond system. It
should be noted from Figure 4, that there is a 25 to 30 foot eleva-
tion differential between the slaughterhouse site and the location of

the aerobic ponds. This arrangement was not accidental. In fact,
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one of the primary considerations in purchasing this ﬁroperty wvas its
adaptability to the waste stabilization pond method of treatment. This
differential made it possible to use gravity flow throughout the
entire treatment system, |

Figure 4 contains the proposed layout of a second grease
skimmer and an additional set of anaerobic ponds to operate in paral-
lel with the existing set. Although these facilities were included
in the original design, it was intended that they would be constructed
only upon a substantial increase in slaughterhouse production. Also
shown in this figure is an area reserved for future sludge dewatering
facilities which will be constructed when excessive solids accumula
tions warrant such action.

A photographic illustration of many of the physical details
of Anasercbic Pond Ne. 1 is shown in Figure 5. This photégraph was
taken shortly after waste flow was diverted to this unit. The rein-
forced concrete structure in the background was designed and conetructed
to support a gas-fired heater. After considering the high temperatures
of the wastes, it was decided to delay the installation of the heating
equipment until actual operational data could be obtained to deter-
mine whether or not external heat was necessary. A polyurethane
foam covering for this pond was also considered as a possible method
of maintaining a 75°F minimum temperature. Two large pipes are shown
in Figure 5. The one in the foreground is the influent line to

future Anaerobic Pond No. 1A (Figure 4)., The other is the influent



39

STT®}9D UOT30NISUCD JUTMOYS T *ON Puod oTqoxseuy °G aIndTg

M

st

o ST




line to the existing Anaerobic Pond No. 1 and discharges near the
heater support platform. Also shown is the concrete épron con=
structed at the operating liquid level to prevent erosion and weed

growth. A similar apron was provided for Anaerobic Pond No. 2.

Basis of Design

A summary of the criteria used in designing the various units
of the waste treatment facilities are presented in Table 8.

The grease skimmer referred to in this table, is identical to
the rectangular primary clarifier of a conventional treétment plant.
It is approximately 70 feet long by 15 feet wide with an average
liquid depth of 6 feet. An electrically-driven sludge collector and
surface skimmer were installed in the tank. The entire unit was
sheltered to prevent heat loss and facilitate cold weather servicing.

Anaerobic Pond No. 1 was designed to operate at a minimum
temperature of 75°F. The soil stability limited the side slopes to
3 to 1, although steeper slopes would have been desirable. A depth
of 15 feet was used to minimize heat losses by reducing the surface
area. This surface area, of 0.5§ acres, was rectangular in éhnpc
having a length of 179 feet and width of 143 feet at the operating
11q§id level. A freeboard of 3 ft. was provided to reduce air ture
bulence at the liquid surface. The detention time in the unit, based
on the design average flow was 5.12 days. Its volume is approximately

226,000 cubic feet.
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TABLE 8. .
Waste Treatment Units - Basis of Design

Treatment Unit By ) Daa@gn Basis
Grease Skimmer
Surface Loading ’ 1 gpm/sq. ft.ﬂ/
Detention Time 1 hour

Anaerobic Pond No. 1
(To be maintained at 75°F min. temp.)

Organic Loading _ 20 1lb. BOD/1000 cu. ft./day
Liquid Depth 15 feet
Slopes 3tel
Freeboard 3 ft.
Detention Time 5.12 daya—/
Anzerobic Pond No. 2 (unheated)
Detention Time 1.5 daysd/
Liquid Depth 10 ft.
Slopes 3t l
Freeboard 5 ¢,

Aerobic Ponds (two cells to operate

in series or parallel) :
Orgenic Loading 25 1b. BOD/acre/dayy
Operating Depth Range 2 to 5.5 ft.

ggﬂaaod on average flow during operating period

d/Based on design average flow
Based on a 3.5 ft. depth and an anticipated 75% BOD reduction in

anaerobic ponds
Anaerobic Fond No. 2 was designed to function as a settling
basin. It was intended that this unit would reduce the expected high
solids concentration of the effluent of Anaérobic Pond No. 1. This
unit has an approximate volume of 66,300 cubic feet, and a rectangular
surface area of 0.26 acres., It is 119 feet long and 95 feet wide at

the liquid surface and also has a 3-foot freeboard for wind protection.



The area at the water surface of each aerobic éond is 22,5
acres measured at the 3.5-foot level. The combined storage volume
of these two ponde betweon the l-foot and 5.5-foot levels is
approximately 4,385,000 cubic feet which provides a total detention

time of about 35 weeks, based on the design average flow.

CONSTRUCTION COSTS

The final comstruction cost of the anaerobiceserobic treat-
ment system is tabulated in Table 9. Construction was started in
August, 1962, and completed in May, 1963.

It is estimated, based on the cost of the completed work,
that an additional expenditure of §17,000 will be required to com=
plete the sludge dewatering facilities and other miscellaneous minor
improvements. This would result in a total cost of appfoximately
$190,000 for the projects This cost represents an outlay of
approximately $7.00 per capita based on the BCD equivalent popula=

tion.

b2



TABLE 9. |
Summary of Final Construction Costs

b3

Work Item ‘ Cost
1. Excavation (400,000 cu. yd.) § 86,624.65
2. Grease Skimmer and Sludge Collector Equipment 54300.00
5.' Control Gates 34272.68
k., Valves and Fittings 1,247.31
5 Vastewater 2,020.20
6. Pipe Costs 10,784.24
7. Eleectrical Equipment 2,822.00
8. Precast Concrete Materials 4,520.27
9+ Reinforced Concrete, Treanch Excavation,

Sewer Construction 34,776.64
Total Construction Cost $151,367.99
Administration, Engineering, Imnspection,

Field Surveys and Construction Staking 22,083,06
Total Projeet Cost $173,451.05




START-UP AND OPERATION

Meaﬁ processing operations were initiated in.Docember, 1962.
Because the anaeroﬁic»syatem was only partially constructed at that
time, the process wastewater was discharged to Aerobic Pond No. 1
which was used as a temporary holding pond. On May 10, 1963, after
the anaerobic cells were completed, the slaughterhouse waste flow was
diverted to Anaerobic Pond No. 1. Flow over the effluent weir of this
unit occurred on May 15, During this period, 50,000 gallons of seed
sludge obtained from the municipal treatment plant digesfer was added.
This amount of "seed" was calculated on the basis of 0.1 1b. dry
solids per gallon per day of average flow.

Although it was expected that the grease skimming unit would
be operative within one voak after start-up of the anaerobic system,
three weeks elapsed before it could be used. Anticipated odor dif-
ficulties in the anaerobic cells due to excessive grease accumulations
did not occur. 1In fact, there are now indications that the resultant
rapid grease-scum layer development may have been beneficial to the
start-up and continued operation. '

The foresight of the slaughterhouse management in aaaigning a
fuli-time operator to the treatment system has provided a significant
amount of helpful information regarding response to ambient air
temperature. Through the daily temperature records takem by the
operator, it was revealed that the temperature drop through Anaerobic

Pond No. 1 would be as much as 10°F more on days when high winds
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would disturb the continuity of the scum blanket. After a six-foot
board fence was erected around the anaerobic ponds, and made winde
tight, no further difficulties were exﬁerioncod in preserving a scum
layer over the entire pond surface.

Throughout the first year of operation, the scum build-up on
Anaerobic Pond No. 2 was insufficient to cover its entire surface,
This condition may be observed from Figure 6 which shows the condition
of this pond surface (in foreground) in early February, 1964. Addi-
tional scum has since been hauled from the grease skimmer to this
unit resulting in a reduced temperature drop.

Since thie start-up, no serious operational difficulties have
developed and the anaerobic-aerobic system has been essentially
odor-free. In addition, sludge dewatering facilities have not been
needed.,

The operator's duties consist primarily of collecting tempera-
ture data, weed and erosion control, routine pump maintenance and
hauling the grease skimmings and skimmer sediments (epproximately

3600 gallons per day) to agricultural lands.
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FIELD PROCEDURES

Three sampling stations were used in obtaining data regarding
the performance of fhe anaerobic system. Station No. 1 (See Figure
1) was located at the manhole through which the slaughterhouse waste~
- waters flowed immediately prior to entering Anaerobic Pond No. 1.
Station No. 2 was established at the overflow structure between the
anaerobic ponds and Station No. 3 at the Anaerobie Pond No. 2 overe
flow weir,

Recording capillary tube thermometers were installéd at
sampling stations No. 1 and 2 to obtain the temperatures of the raw
waste and the effluent of Anaerobic FPond No. 1. A Trebler sampler
was used to obtain 2h-hour composite samples of the raw waste at
Station No. 1. Grab samples were taken at Stations No. 2 and 3 daily
at 7:00 A, M.

Weirs and stage recorders for continuous flow gaging were in-
stalled at Stations No. 1 and 3. The recirculation rate was determined
from the pumping rates and operating times.

Samples were collected continuously for a l2-day perio& from
March 1 through March 12, 1964, Sample analysis was performed by
Hinnisota Department of Health persomnel in their laboratory facilities
located in Minneapolis. Approximately six hours were required to

transport the samples to the laboratory.
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Minnesota Department of Health. The sulfate content of fhs municipal
water, obtained from these same analyses, varied from 65 to 110 ng/1.
These sulfates probably contributed to the production of hydrogen
sulfide gas which was evident in the anaerobic basins.

It is apparent from Table 10, that the reduction of the sus-
pended solids concentration occurred primarily in the first anaerobic
cell. Very little additional reduction was accomplished in the
second cell. The "gasing effect" referred to by Schroepfer, et al.
(27) could be responsible for this inefficient settling performance,
as well as the inherent error in grab sampling.

The COD provides an indication of the amount of oxygen required
to stabilize the carbonaceous or organic materisl present in the
waste (35-285), but does not differentiate the biologically inert
organics. DBecause the BUD reflects the amount of oxygen required by
the bacteria while stabilizing the biologically oxidizable organics
only (35-270), the difference between the BOD and COD should be small
in order to achieve satisfactory treatment using bioclogical methods,
The waste analyses shown in Table 10 indicate that this difference
was small.

‘The nitrogen data reveal that organic nitrogen was being broken
down to ammonia in the first anaerobic pond.

From the aspect of treatment evaluation, the BOD and sus-
pended solids data shown in Table 10 are most important. This

information has been related to waste flow and meat production in



TABLE 11.
Summary of Operational Data During Perioed of Study

Average

Kill

Kill; beef/day . 409

Weight per animalj lb. live wt. 1255

Kill; 1000 lb. live wt./day 513
Flow

Raw waste flow; 1000 gal./day 408

Recirculation from Anaerobic Pond No. 2 to

rendering plant; 1000 gal./day 108

Unit raw waste flow; gal./1000 1b. live wt. 800
BOD

Unit BOD; lbg/lOOO lb, live wt. 7.1

Loading to Anaerobic Pond No. 1; 1lb./day 3645

Loading to Anaercbic Pond No. 1} 1lb./acre/day 6180

Loading to Anaerobic Pond No. 1; 1b./1C00 ecu. ft./day 16.1

Aerobic Pond No. 1; 1lb./day 1523

Aerobic Pond No. 1; lb./acre/day 67.7

Removed by Anaerobic Ponds; 1lb./day 2122

Reduction through Anaerobic Ponds; % 58.2
Suspended Solids

Unit suspended solids; 1b./1000 1lb. live wt. 3.5

Loading to Anaerobic Pond No. 1, lb./day 1870

Loading to Aerobic Pond No. 1, 1lb./day b7

Removed by Anaerobic Ponds; 1lb./day 1403

Reduction through Anaerobic Ponds, % 76.9

Appendices I1I, III and IV, to make it more meaningful. A summary of
the data presented in these Appendices is presented in Table 11,

Both the unit BOD and suspended solids values indicated in
Table 11, 7.1 and 3.5 1lb. per 1000 1b. live wt. respectively, are
about the same as the lowest values shown in Table 1 and substantially

" below the values contained in Table 2. ©Since the concentrations
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shown in Table 10 and those of Tables 1 and 2 are qn1t§ similar, the
low BOD and suspended solids unit values are probably the result of

fine screening, grease removal and the efforts of the management to

minimize waste flows.

It should be noted that the unit BOD of 7.1 1lb. per 1000 1lb.
'live weight compares favorably with the 7.74 1b. value obtained from
preliminary investigations at the Sioux City plant. These determina=-
tions were all on wastewater samples collected after grease removal
and consequently reflect the BbD reductions through the grease
skimmer units.

It is significant to note that the daily BCD loading to
Anaerobic Fond No. 1 of 6180 1b. per acre or 16.1 1lb. per 1000 eu. ft.,
shown in Table 11, is almost five times the median value, 1260 lb,
per acre, shown in Table 6. Of the installations includoé in Table
7, only Stony Poimt, Alberta, with 22.5 1lb. per 1000 cu. ft., has a
higher loading. It would therefore appear that the facility under
investigation had a higher organic loading than most of the similar
installations reported in the literature. However, when compared to
the loadings of snaerobic contact process units, the situation is
reversed since the anaserobic pond loading of 16.1 1b. per 1000 cu,
ft., is approximately one-~tenth of the anaerobic contact process
loadings shown in Table 3.

The anaerobic pond efficiency was computed on a basis of pounds

of BOD removed considering the recirculation to the rendering



condensers, The 50.2 per cent BOD reduction obtained tirongh the
anaerobic ponds shown in Table 11 is substantially below the 90 per
cent reductions obtained by the anserobic contaet process indicated
in Table 3. Tbis reduction is alsc lower than the mimimum reported
for the enserobie¢ ponds inciuded in Table &. The reductions through
the anaerobic pond systems located in §ha colder regions as tabulated
in Table 7, however, are only elightly higher than the 50,2 per ceat
found from the survey,

The suspended solids removal of 76.9 per cent shown in Table
11 is slightly above the midepoint of the 59 te 92 per cent reductions
obtained by the snaerobic contact process as shown in Table 3.

It uould~appoar from the above, that the BOD reduction through
the ansercbic systen is lower than might be anticipated and that the
suspended solids removal approaches the usual level.

A summary of the temperature data ies presented in Table 12,

It may be observed that the average air temperature for this peried
was 25.4°F, The influent waste temperature of 82,0°F represents the
average, weighted in accordance with the flow rate of the waste at
the time the temperature was measured. It was found that the average
Anaerobiec Pond NHo. 1 effluent temperature, computed on the same basis
as the influent, was 76.9°F. The resultant aversge temperature drop
through this unit was 5.,1°F, The average drop through Ansercbic FPond
No. 2 was 9.5°F. Expressed in terms of the guantity of heat entering

and leaving each anaercbic cell, these temperature drope represent



TABLE 12,

Summary of Temperature Data

Anaerobic Anaerobie

Factor Pond Nos, 1 Pond No. 2
Average Ambient Air Temperature; °F 25.4 25.4
Average Inflnonba/ Temperature; °F 82.0 76.9
Average Effluent Temperature; °F 76.9 67.4
Average Temperature Drop Through Pond; °F 5.1 9.5
Average Quantity of Heat Entering

Pond; million BTU per day 353.8 331.5
Average (uantity of Heat Leaving

Pond; million BTU per day 332.0 291.,0
Average Quantity of Heat Lost Through

Pond; million BTU per day 21.8 40.5
Area of Liquid Surface; sq. ft. 25,600 11,300
Wetted Contact Area of Pond; sq. ft. 25,600 11,300
Average Detention Timej days 33 1.0

2/Inﬂuent = Raw waste after grease removal

heat losses through Anaerobic Pond No. 1 and 2 of 21.8 and 40.5

million BTU's per day respectively.

Further observation of Table 12 reveals that the liguid sur-

face and wetted ground contact areas of the first anaerobic cell are

approximately twice those of the second.

This greater liquid surface

and wetted ground contact area of Anaerobic Pond No. 1 and its longer

detention time would be expected to result in substantially higher
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heat losses from this cell than from the No. 2 ponds The heat loss
data shown in Table 12 reveal the opposite condition, however. In
fact, the heat loss through Anaerobic Pond No. 2 was almost double
that of Anaercbic Pond No. 1. A logical explanation of this aprarent
'incengruity involves the scum-crust layer on the surface of the first
anaerobic cell.

From the heat loss standpoint, the aaaerobic ponds differ
most conspicuously in depth and liquid surface condition. Although
additional heat conservation probably results from the greater depth
of Anaerobic Fond No. 1, the insulation value of its grease-scum
cover appears to be the primary factor in preventing heat loss as
indicated by Figure 7. This photograph, taken during the testerun,
illustrates the surface condition of Anaerobic Pond No. l, It may
be observed that despite the 76.,9°F temperature of the liquid waste
below this layer, the snow on the surface did not melt. The thickness
of this "crust" was approximately nine inches.

Figure 8 presents visual evidence of the heat loss from
Anaerobic Pond No. 2 as represented by the vapors rising from its open
liquid surface.

A rough computation of the coefficient of thermal conductivity
of this scum-crust surface covering is prcae#tod in Appendix V. A
coefficient of 8,3 BTU per hour per sg. ft. of surface per °F dif-
ference in air and liquid waste temperature was obtained from these

calculations. This conductivity coefficient is approximately five
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Figure 7. Anaerobic Pond No, 1 showing scum and crust formation

Figure &. Evaporation and heat loss from Anaerobic Pond No, 2
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times less than that of Anaerobic Pond No. 2 which has a liquid sure
face exposed directly to the air.

The temperature of the influent to the ponds dropped to
between 50 and 60°F on Sundays. Because of the low flows, this
drastic one-day drop in temperature did not exert a serious detrimental
effect on the pond effluent temperature. Since the Sunday flow is
almost exclusively clear water from the coolers, it could be diverted
from the treatment ponds.

The data in Table 13 has been presented to aid in comparing
the anaerobic-aerobic pond performance during the test period with
that antiecipated from its design.

From Table 13, it may be calculated that the total volumetric
loading to the anaerobic ponds was found to exceed the anticipated
value by 24 per cent. This larger volume was probably due to the
somewhat higher beef production, which exceeded the design value by
approximately 11 per cent, and a greater-than-expected recirculation
rate to the rendering plant.

The actual influent waste BOD shown in Table 13, is below the
design value. Although it would consequently appear that a lower
value could be used, the original 10 lb. BOD per 1000 1b. live weight
is probably justified on the basis of loading variations and the
trend toward gradual increases in production.

Table 13 also indicates that the anserobic ponds experienced

an organic loading approximately 19 per cent less than the 20 1b. of



TABLE 13. .
Evaluation of Anaerobic~-ierobic Pond Treatment System

Anticipated Actual

Design Information ]

Kill; 1000 1b. live wt. : b52 513

BOD§ 1lbe per 1000 1b. live wt. 10 ?.15/

Flow; 1000 gal. 330 408
Anaerobic Pond §%steu

BCD loading of Pond No. 1; 1lb. per

1000 cu. ft. . 20 16-1

Minimum temperature Pond No. 1; °F 75 75

Detention time Pond No. 2} days 1.5 1.2

BOD removal efficiency; per cent 75 , 58.2
Aerobic Pond System

BOD loading; 1b. per acre per day 25 33-3b

Effluent BODj mg/1 20 13*30“/

gﬁkfter grease removal

Recorded during periods of discharge only

BOD per 1000 cu. ft. per day upon which the design was based. This

decreased loading may have a detrimental effect on the efficiency of

the anaerobic units. McKinney (1-253) points out the significance

of maintaining high organic loadings in anaerobic digestion systems

and states:
One of the major fallacies in biological engineering problems
is the calculation of unit sizing and then doubling the size as
a safety factor. Excess capacily does not act ass a safety
factor, but rather acts as a retarding factor since it reduces
the microbial population below that required for good stabili-
zation.

Although Table 13 indicates a small difference between the

actual and design detention times of Anaerobic Pond No. 2, this unit,
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designed primarily as a settling basin, was found to remove less than
20 per cent of the suspended solids, This disclosure suggests that
it might be advantageous to degasify the influent to this cell to
eliminate the bouyant effeect caused by the gases and thereby increase
the settling efficiency of this wnit., This could possibly be
Vaccélplished by sealing the Anaerobic Pond No. 1 outlet structure to
make it air-tight and then applying a vacuum to it thereby reducing
the pressure on the effluent. &Sinece this process has been successfully
employed in anaerobic contact systems (27), it would appear to merit
consideration for use in anaerobic lagoon systems. If degasification
were not practical from an economic standpoint, this cell could be
considered as a second stage digester or "transitional" pond as
advocated by Coerver (32) rather than a sedimentation basin.

The 58.2 per cent BOD reduction in the anaercbic system was
below the 75 per cent anticipated. Since the test data indicate that
the desired minimum temperature was maintained, the lower-than-
expected BOD reductions may be due to factors other than temperature.
The importance of thorohgh mixing in the anaerobic process has been
stressed by many writers (1-254)(27)(28)(33)(36). Although provisions
were included for recirculation of the Anaerobic Pond No. 1 contents
in the design, these facilities have not yet Seen operated nor their
effect evaluated.

The BOD loading imposed upon the aerobic system would appear

to be approximately 35 per cent above the anticipated value of 25 1lb.



per acre per day. However, these loédingn were based on parallel
operation of the aerobic ponds. Since the aerobic ponds have
operated in series instead of pafallol, the load to Aerobic Pond No.
1 was 67.7 1lb. per acre per day as shown in Table 1l. In spite of
Vthis high loading, nuisance conditions have not developed. The
success of operating this cell at a loading of nearly three times the
design value might be attributed to a change in the nature of the
organic material making it more easily assimilated by aerobic organ-
isms. This can be substantiated by the high deoxygenation constant,
0.23y of the anaerobic pond system effluent.

The importance of preceding an aerobic pond system with an
anzerobic process was pointed out by Ludwig (37):

It is a good idea to include in the design a preliminary
anaerobic digestion chamber or septic tank.....because, in
effect, this is a guarantee that the subsequent oxidation pond
will function without the production of odors.

The reported final effluent BOD concentration included in
Appendix I and Tables 10 and 13 were obtained from samples collected
during the warmer months when discharge to the receiving stream
occurred. As shown in the above-mentioned tabulations, these
concentrations ranged from 13 to 30 mg/l, This represents an overall
reduction of 95 per cent through the entire anaerobic-aerobic system.
The 35-week storage capacity was provided in the aerobic system in
order to eliminate the necessity of discharging treated wastes during
" the winter months. This provision is apparently justified since, a

BOD concentration in excess of 20C mg/l was found to occur under ice

cover in the aerobic cells.
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SUMMARY AND CCNCLUSICHS

Severai important observations have been made from a survey
of the literature relative to ana;robicnaerobic stabilization
ponds. -

1. Although the term "anserobic stabilization pond"™ presently
encompasses a wide variety of physical forms represented by different
depths, shapes, etc., the one factor common to all such units is that
the basic treatment process employed is anaerobic digestion.

2. The amount of published data regarding the anaerobic
digestion process is sufficient to obtain a basic understanding of
the theoretical aspects of the treatment mechanisms.

3. The wastewater produced by most meat processing establish-
ments is readily amenable to anaercbic digestion.

L, The response of the anaerobic contact process to certain
variations in loading, temperature, etc., has made it possible to
roughly anticipate the response of the anaserobic stabilization pond
to these same variations.

5., There is very little published information available
regarding anaercbic ponds.

| 6. Reductions in BOD ranging from 65 to 92 per cent havo'
been reported for ansercbic stabilization ponds treating meat proc-
essing wastes.

7. Combined anaerobic-aerobic pond systems treating these
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