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INTRODUCTION
General Background

Recent developments in methods of farm animal production have cre-
ated new problems concerning farm animal waste disposal. The most 8ig-
nificant development is the trend toward automation and large-scale
animal production in confined areas, resulting in greater concentration of
wastes in much smaller areas. Such waste acgumulationn represent a public
health and stream pollution hazard comparable to that resulting from a
human population far greater than that now in Iowa. A method of animal
waste disposal is needed which can be applied effectively and economical-
ly by the individual animal producer. Use of anaerobic lagoons has been
suggested as one possible solution. This thesis is concerned with the de-
velopment and evaluation of design criteria which must be used in the suc-
cessful application of anaaerobic lagoons to the disposal of swine wastes

from a confinement unit.
Confinament Production of Animals

There is a well established trend in agriculture today toward large-
scale animal production. The poultry industry espacially has already com-
pleted the adoption of automation in poultry production. In the swine in-
dustry, pen confinement units are rapidiy becoming dominant in the pro-
duction of hogs. Units capable of producing up to 10,000 hogs per year
are now in operation. It is anticipated that future production units will

produce up to 100,000 hogs per year. Hogs are placed in a confinement



unit at an age of 6 to 8 weeks and remain there until reaching market
weight of about 200 pounds. Generally, about 10 square feet of floor
space are provided per hog with about 30 to 40 hogs per pen. Assuming
approximately 100 days of confinement time per hog, a unit capable of pro-
ducing 100,000 hogs per year would house about 28,000 hogs at any one
time.

Clark (13964) collected and analyzed samples of hog manure from several
confinement units in Illinois. He concluded that the waste from a hog of
150 pounds average weight was approximately three times greater in strength
based on Chemical Oxygen Demand, than the wastes from a single human being,
Envisioning a confinement unit of 100,000 hogs per year capacity, the
waste disposal problem then approached that of adequately treating and dis-
posing of the domestic wastes from a city of 384,000 population. Taiganides
(1963) found that the population equivalent of swine wastes was 4 on a
Biochemical Oxygen Dzmand basis when the swine wastes included only feed,
manure, and urine. No bedding is generally used in a swine confinement
unit., Using that value, he stated that in Iowa, swine wastes are equiva-
lent to at least 12 times the waste from the human population., This amount
of waste produces an immense potential pollutional hazard to lakes,
streams, and underground water suppiies, Wastes from other farm animals
are all normally of much greater strength than human wastes. When all
forme of farm animal wastes are considered, the potential hamards from
pollution, both air and water, and from other sources, such as insect
breeding, become enormous. To protect public health, thess wastes wmust

not be diaposed of in a negligent manner,



Farm Waste Collection

Swine confinement units are generally designed to require a wminimum
of supervision. These units may or may not be divided into a series of
snaller pens. Feed and water are conveyed to the individual pens or feed-
ing floor automatically and in the correct amount. Wastes are collected
and discharged by one or a variation of one of the methods described below.

One type of confinement unit consiste of an enclosed building with
the floor, except for the feeding floor, wholly or partially slotted. The
slotted portion of the floor is underlain with concrete channels in which
the manure is collected. The wastes are then either flushad periodically
to a lagoon or disposed of in some other wmanner. The poultry industry in
particular frequently makes use of an indoor lagoon, the lagoon occupying
a position directly bensath the cages in which the fowl are confined.

In a second type of confinement unit, slotted floors are not used.
The £loor is made of concrete and sloped toward one or more dJunging alleys,
or troughs. Usually, & constant flow of water is maintained in the alleys,
but at & rate low enough that the feeding areas will remain dry at all
times. Most often, the hogs make direct use of the alleys. Manure col-
lected on the feeding floor is periodically scraped, hosed, or fiushed in-
to the dunging alleys where it i{s hydraulically conducted from the build-

ing, either to a holding tank or to a lagoon.

Farn Waste Disposal

Sevaeral methods of treating and disposing of farm animal wastes are
in use at the present time. The most general and widely practiced method,

especially in the Midwest, is apreading on land. In several countries of



the world, anaerobic digestion of livestock wastes bas been practiced
with some success, the methane gas given.oﬁf by the process being used
as a source of power for the farm. In recent years, lagooning has been
agvanced as a possible solution to the manure disposal problem, Up to
now, however, none of these methods have been completely satisfactory.

Land spreading, the oldest and most widely practiced of the above
wethods, is most severely limited by land requirements. Taiganides
(1963) states that 1,100 acres of land would be required every year for
disposal by f£ield spreading of the wastes from a pen confinement unit of
10,000 hogs per year capacity. The land, to be satisfactory for thias use,
would have to be available for spreading during the entire year. Also,
spreading operations would have to be carried out in spite of the weather.
Neither of these criteria are likely to be fulfilled in major hog-producing
argas, The livestock producer, like any industrialist, prefers that his
product be produced as near as possible to the available market, in his
case, the city. In these locales, land can be expected to be quite ex-
pensive, if even available, and problems ffom odor or insect breeding
might arise.

The process of anaerobic digestion of the swine wastes in heated,
municipal-type digestion tanks presents a minimum land requirement. The
organic content of the waste is reduced to relatively inoffansive end
products. However, anh operation of this kind is somewhat complex, and
the initial cost is generally quite high. Part of the cost could be off-
get by recovery and use of the combustible gas produced by the process.
The digested material, however still presents a problem of ultimate dis-

posal. The process would probably be more applicable to units of very



large capacity than to those of low or average capacity.

In recent years lagooning has frequently been treated by the popular
agricultural press as a cure-all for the livestock industry. Few, Lf any,
of these comments resﬁlt from an evaluation of basic research in the
field. Lagooning of farm animal wastes may result in reduced labor for
the producer and way accomplish a significant reduction in nuisance and
water pollution. Aerobic lagoons designed in accordance with set regula-
tions for municipal sewage lagoons, however, are simply not practical for

the individial producer. Recommended Standards for Sewage Works (1960)

by the New York State Health Department, as an example, requires 1 acre
of aerobic pond surfece area for every 100 people served by the lagoon.
Taking the population equivalent of a hog as four, this would wean prd—
viding 1 acre of aerobic pond surface area for every 25 hogs. With the
anticipated future capacities of confinement units, the amount of land
and water that would be required becomes prodigious.

Anaerobic lagoons are now under investigation in several parts of
this country as a method of farm animal waste disposal. Having no dis-
solved oxygen requirements, & lagoon of this type could be designed on a
volume basis rather than on a surface area basis. Research is now under
way, particularly in the Midwest and on the West Coast, to determine al-
lowable loading rates for anaerobic lagoons to obtain a satisfactory level

of treatment.



OBJECTIVES

The cbjectives of this study were:

1) to develop preliminary design criteria for anserobic lagoons
for use in treatment of wastes from a hog confinement unit, and

2) to evaluate the effect of the loading rate and depth of lagoon

on the treatment efficiency,



LITERATURE REVIEW
General Introduction

Lagoons, in the sanitary sense, may be defined simply as bodies of
water into which are discharged some type of sewage waste for purposes of
treatment or £inal disposal. The purpose of tha lagoon is to stabilize
the organic material in the waste by biological action and to render it
innocuous. Lagoons may be classified as aerobic, anaerobic, or faculta-
tive, depending upon the type of micro-organisms accomplishing the
stabilization. When the organisms regquire free dissolved oxygen to ac-~
complish this, the lagoon is classified as aercbic, If the organisms do
not require dissolved oxygen, the lagoon is classified as anaerobic.

Both types of organisms operate in a facultative lagoon, aerobic in the
upper layars, and anaerobic in the lower. For the purpeses of this dis-
cussion only aerobic and anaerobic Iagoons‘will be considered. The follow-

ing descriptions of these processas are taken from Fair and Geye: (1954),
Ganeral Theory of Operation

Aercbic 1 agoons

Degradation of organic wastes in an aerobiec lagoon is accomplished
by the process of aerobic decomposition. In simple terme, the process re-~
sults in a conversion of dead organic matter into plant life. The series
of chemical and biological reactions which effect this conversion are
highly complex. Nitrogenous, carbonaceous, and sulfurous organic matter

are initially converted to ammonia, carbon dioxide,and hydrogen sulfide.



Ammonia and sulfides are then successively oxidized to nitrites and sul-
fur and then to nitrates and sulfates. The organisms responsible for

this decomposition require gaseous oxygen for their respiration; they

draw upon the dissolved oxygen supply in the water. Carbon dioxide is
produced continuously during the process. Algae assimilate the carbon
dioxide, nitrates, and sulfates with the aid of sunlight to build more
living plant matter. This process of photosynthesis gives off oxygen which
is in turn utilized by the organisms of decomposition,

From this general description of aerobic decomposition, it is under-
stood that there are two important conditions which must be fulfilled in
order to maintain a lagoon in aerobic operation. First, the depth of
1iquid must not be so great as to prohibit photosynthesis by retarding the
penetration of sunlight. DMost aerobic lagoons, therefore, are restricted
to a depth of 3 feet or lass. In one experimental lagoon designed for
algae production the lagoon depth was maintained at 13 inches (Hart, 1963).

Secondly, the organic loading rate must be sufficiently low so that
an adequate supply of dissolved oxygen is present in the lagoon liquigd
at all times, Too heavy loading rates, even at shallow depths, result in
rapid oxygen depletion and anaerobic decomposition replaces aerobic de-
composition.

In general, aerobic lagoons about & deep will operate successfully
in Iowa with loading rates of 20-235 pounds of BOD per day per acre of
lagoon surface when handling unsettled raw waste. If settled wastes are
discharged to the lagoon, loading rates as high as 50-75 pounds of BOD

per day per acre of lagoon may prove feasible.



Anaerobic lagoons

Anaerobic decomposition is accomplished by organisms which draw upon
the oxygen contained in a chemically‘combined form in the organic matter
ftself. The initial products of this decomposition are ammonia nitrogen,
humus, carbon dioxide, ueﬁhana. and sulfides. This process is predomin-
ant in the sludge layer at the bottom of dny lagoon. The gases produced

escape to atmosphere as soon as the surrounding liquid becomes saturated.
Anaerobic Farm Waste Lagoons

Aercobic lagoonl’huvn bean used successfully for the treatment and
disposal of municipal and various industrial wastes. The much-used phrase,
va little waste in a lot of water", still generally applies to these
types of wastes. Most farm animal wastes, specifically those from a
swine confinemant unit, coneist of a large amount of solid material in
just enough water to make it liquid., Farm lagoons must, therefore, be
designed and operated differently than lagoons for other types of wastes.

The ganeral requirements for maintaining a lagoon in aerobic opera-
tion have been brisfly explained in a preceding section. An anaerobic
lagoon, on the other hand, could theoretically be of any size or shape as
long as the requirements of the orgaﬁismn of decomposition are satisfied.
The large surface area and shallow depth required for aerobic operation
are not necessary for an anaerobic lagoon. The loading rate should, there-
fore, be determined on the basis of the amount of organic material entering
the lagoon per unit of lagoon volume, not per unit of lagoon surface area
as in an aerobic lagoon. Other types of anaerobic digestion processes,

such a8 municipal sludge digesters, are designed on this basis.
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How should the performance of s farm waste lagoon be evaluated?
Municipal and industrial waste lagoons have as their ultimate goal the
treatment and return tc use of the used water supply. The swine producer
is concerned not so much with treatment as with disposal. He is con-
cerned with how often he will have to clean the lagoon and whether the
lagoon will "stink"”. Bffluent from municipal or industrial lagoons are
usually discharged in some manner to a stream or other water course. As-
suning a farm lagoon coﬁld produce an effluent of sufficiently high
quality, it would still be difficult for the individual producer to pro-~
vide enough water to maintain a flow of effluent. Most farm lagoons are,
therafore, not even equipped with an outlet. What goes into the lagoon
stays in the lagoon, except for what might be lost by evaporation or ex-
filtration.

In evaluating the treatment potential of the process, the engineer is
mainly interested in the degree of reduction of the organic material enter-
ing the lagoon., Once the lagoon is placed in operation at the farm site,
however, the satisfaction or dissatisfaction of the owner will be based
on factors which are not readily amenable to chemical analysis. General-
ly, esthetic factors such as odor production, scum accumylation, insect
breeding, color, and need for lagoon cleaning will determine the accepta-
bility of the process. The rate of sludge buildup on the lagoon floor,
which will determine the effective life of the lagoon, is a very lmportant
consideration. Possibilities of pollution of underground water supplies
should be reduced by proper lagoon location,

Design criteria for swine waste lagoons are numerous in the popular
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press. Most of these criteria have been transposed from amunicipal
standards or are a result of observations of existing lagoons. Very few
are baged on the results of basic research. The variability of recoﬁu
wendations for loading criteria reflects the situation.

Host sources agree on details of construction. Hriefly, the lagoon
should (e located at least one-quarter of a mlle frou the nearast havita-
tion in the direction of the prevailing winde. The vanks and vottom of
the lagoon should be such as to prevent or reduce exfiltration with re-
sulting pollution of underground water supplies. For convenience, the
lagoon ahould'ue located downgrade from the confinement unit to allow for
gravity flow of the waste material. Por single-cell lagoons, a square
or circular shape is generally recomsended with the inlet suimerged near
the centar, This would result in wore effective dispersion of waste

solids throughout the lagoon.

Tai>le 1. Prediction of strength of waste from a swine confinement
unit (Taiganides, 1963)

Manure weight 5.0 1:e/day/100 1bs live weight of pig
EOD 0.35 1u/day/100 1os live weight of pig
Total solids 17 percent

Volatile solids 83 percent (dry uasis)

14 percent (wet :.asis)
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Recommended loading rates for anserobic lagoons, loading rates in
actual use, and methods of specifying loading rates ara quite varied.

In a survey conducted at the University of Missouri (Ricketts, 1964), 15
hog units were vigited and ooserved. These lagoons were planned with

a depth of 5 feet to provide 15 square feet of pond surface area per hog.
As 3 result of the survey, it was found that the pond areae actually
varied from 1 to 23 aquare feet per hog.

Jeffrey et al. (1964) suggested that 78 cubic feet per hog would be
required to treat hog waste in an unheated digester., Most of the Missouri
lagoons studied did not provide this volume. Dornbush and Andersen (1964)
reported that in South Dakota, lagoons containing from 130 to 170 cubie
feet per hog gave satisfactory performance from the odor standpoint., Us-
ing the waste strength predictions of Taiganides (Table 1), and assuming
a 150 pound average pig and 150 cubic feet of lagoon volume per pig,
this amounts to a loading of about 7 pounds of volatile solids per day
per 1000 cubic feet of lagoon volume. Many of the lagoons they observed
produced odors from sludge banks protruding above the surface of the
lagoon. The liquid depth should, therefore, be at least sufficient to
cover all golids to facilitate mixing., They recommend a depth of 5 to
8 feet and the previously mentioned golids loading rates.

Clark (1964) conducted tests on 7 hog lagoons in Illinois. Results
of his atudy are shown in Table 2. Lagoons A and B were loaded at a much
lower rate than were any of the others, These were the only two which
were performing satisfactorily from the standpoint of odor. Notice that

lagoon D, which received the heaviest COD loading, was producing the best
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effluent on the basis of COD. All lagoons except A and B were experi-
encing sludge buildup at a rate of 1 to 2 feet per year. All lagoons
were operating anaerobically at the time of the study. It appears from
the report that the lagoon depths were about 3 feet at the time of the
study. Based on the study, Clark recommends designing the lagoon on the
basis of 225 hogs per acre at 40° North latitude, with a 15 percent vari-
ation for each 2%0 variation in latitude. He recommends a depth of
lagoon of 3; to 4 feet. Assuming the depth of 4 feet, his recommenda-
tions correspond to providing about 750 cubic feet of lagoon volume per
hog. Although his recommendations are for an anaerobic lagoon, the
recomuendation for depth would seem to be more applicable to the design
of an aerobic lagoon. However, Clark also included in his investigation
a study of algae production in anaerobic lagoons. The relatively shallow
depth was apparently recommended as a wethod of increasing the production

of algae.

Table 2. Some results of Clark's investigation

COD loading COD of lagoon
Lagoon lba COD pH liquid
acre/day mg/1
A 160 7.8 5,000
B 120 8.0 2,950
c 1600 7.6 7,500
D 6000 7.9 1,600
E 3400 7.8 1,850
F 1100 8.0 3,450
G 1300 7.3 2,600
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In July, 1961, a hog lagoon was constructed at the Swine Reaearch
Farm of the University of Maryland. The lagoon was sized on the basis
of 50 square feet of surface area and 250 cubic feet of lagoon volime
per 200 pound average hog. Eby (1964) reports that after 3 years of oper-
ation the lagoon is adequately disposing of the wastes without producing
excessive odors. He also presents a table giving surface loading rates
for lagoous recelving wastes from various farm animals and for various
geographical locations. For hogs, at 30° to 50° North latitude, the
loading rate should be from 500 to 1000 pounds of BOD per acre per day,
with a depth of from 5 to 10 feet. From Table 1, a 200 pound hog would
produce 0.7 pounds of BOD per day. Assuming a loading rate of 1000 pounds
of BOD per acre per day and a& lagoon depth of 10 feet, this correaponds
to providing approximately 300 cubic feet of lagoon volume per 200
pound average hog. For a 150 pound average hog, the recommended volume
would be 0.75 of this valua or 230 cubic feet per 150 pound average hog.
This is higher than Dornbush and Andersen's recommendation of 130 to
170 cubic feet per hoyg, but lower than Clark's recommendation of 750
cubic feet per hog.

A twoecelled lagoon has been in operation at the Iowa State Univers
psity Swine Nutrition FParm since 1963, The first cell is 9 feet deep with
a surface area of 0.16 acres. The second call i{s 4 feat deep with a sur-
face area of 0.48 acrea. The two cells are not partitioned; they come
prise one larger lagoon of two depths. The lagoon receives the wastes
from a 600 hog capacity confinement unit located at the site, Various

chemical tests and subjective appraisals were conducted on the lagoon
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during the sunmer of 1964, The average loading rate was approximately
470 pounds of COD per acre per day, or about 3 pounds of volatile solids
per 1000 cubic feet per day. About 80 to 85 percent reduction in COD

and BOD were accomplished in the first cell. Only a slight further re-
duction occurred in the second cell., Total and volatile solids reduc-
tions in the first cell averaged 31 and 90 percent respectively. The pH
varied from 6.3 to 7.9 throughout the lagoon during the period of observa-
tion. Both cells operated anaercbically at all times.

Odor has been the only serious problem encountered in the operation
of this lagoon, The odor is, however, only occasionally obnoxious, being
greatest for a short time during the month of May.

Clark (1364) included algal counts in his investigation. Counts as
high as 277 willion per milliliter were observed in the more lightly
loaded lagoons with an average for winter of about 60 aillion and for
surmer about 15 wmillion. The larger counts occurred almost without ex-
ception near the raw waste inlet. It was calculated that a lagoon suf-
ficient for the disposal of the wastes from 400 to 500 hogs could produce
about 1750 pounds of recoverable dried algae per day. From analysis of
the dried algae, it was concluded that it might be possible to provide
the entire daily requirement of high protein supplement for the hogs as
a by-product of the waste disposal system, Since no dissolved oxyzen
was observed in the lagoons at any time during the investigation, Clark
concluded that the algae were assimilating the waste directly without the

use of photosynthesis. Since odors were not observed from the lagoons
under normal conditions, he also concluded that much of the odor-

producing constituents were being used by the algae.
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BXPRRIMENTAL INVESTIGATION

Ganeral Introduction

The field investigation was designad to evaluate the effects of
lagoon depth and loading rate on the efficiency of treatment in six small
test lagoons., These lagoons were dasignated by the letters A through F.
The dimensions and planned loading rates of each lagoon are shown in
Table 3. There were three pairs of lagoons and each pair had a differ-
ent depth. Iwo loading rates were selected so that a different loading
rate could be applied to each of the two lagoons of the same depth. The
rasults could then be analyzed and the effects of both loading rate and

depth determined.

Table 3. Diwensions and planned locading rates the test lagoons

Surfacae Design loading rate

Depth area Volune 1bs volatile solids 1bs COD

lLagoon (ft) (sq ft) (cu ft) 1000 cu £t/day acre/day
A 3.83 12,50 171.8 10 6200
B .83 19.5%50 191.8 5 3000
c 4,73 12.50 32,2 10 3600
D 4,73 13,50 32.2 5 1500
g 2.67 19.50 52.1 5 756
¥ 2,67 19.%0 52.1 10 1500

Bquipoent and Procedure

Zquipaent
The investigation waa conducted at the Iowa State Univeraity Swine

Nutritlion Paru located 2 miles southwest of Aues, lowa. A hog confinement

unit has been in oparation at the site for several years. A 0.54 acre
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lagoon is used to dispose of the wastes from the unit. Six single-cell
test lagoons and 2 double-cell test lagoons were constructed at the plant-
scale lagoon site for test purposes, A simplified flow diagram and the
relative location of the components are shown in Figure 1. The confine-
ment unit, desizgned for a hog population of 800 hogs, normally houses
about 600 hogs. The building (Figure 2) is a clear-span prefabricated
steel frame structure with a total floor area of about 6,000 aquare feet,
The floor space is divided into smaller pen areas (Figure 3), one row of
pens occupying the north half of the building and the other row the south
half. The two rows are separated by a narrow passage which provided ac-
cess to the automatic feeders and also functions as an observation gallery.
Shallow 2 inch deep dunging alleys or gutters run along the north and
south sides of the bullding. These gutters, like the rest of the floor,
are of concrete. Water is allowed to flow continuously into the east or
upstream end of each gutter at a rate of about 2 to 3 gallons per minute.
Wastes which collect on the pen floors are periodically hosed into the
gutters, Practically all the dung is dropped by the pig directly into the
gutters.

A storage tank of approximately 2,500 gallons capacity iz located at
the west or downstream end of each gutter. Each tank can be sealed off
and the flow diverted to a treatment lagoon through 6-inch clay tile
sewer lines. The line from one tank leads directly to a manhole and a
small Parshall flume preceding the lagoon. The diversion line from the
other storage tank leads first to a sampling pit located beneath a small
laboratory building, then through the manhole and Parshall flume and into

the lagoon (Figure 1).
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Figure 1. Relative location of components at lagoon site
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Pigure 2. Outside view of confinement unit showing feed storage
bins

Pigure 3, Inside view of confinement unit showing observation
Zallery and automatic feeders
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household septic tank (Babbit:and Baumann, 1958). A loading rate of 100
was a common value used for Imhoff tanks without secondary treatment and
for cold digesters with only primary treatmént. 1t seemed logical that
an acceptable value for anaerobic lagoons would lie somewhere between
the value for an aerobic lagoon and that for a cold digester.

Three sets of 2 identical test lagoons were used. The two lagoons
in each set were identical with respect to depth, surface area, and vol-
ume. Each set had a different depth. Three lagoons were selected ran-
domly, one from each set, to be loaded at the same rate. The remaining
three lagoons were to be loaded at a different rate. Lagoons A, C, and
F received the heavier loading rate; lagoons B, D, and B, the lighter
rate (Table 3). Thus, by comparing the test results from lagoons of
~ like depth, the effect of loading rate could be observed. Likewise, by
comparing the test results from lagoons loaded at the same rate, thae effect
of depth could be observed.

Preliminary analysis indicated that the volatile solids content of
the raw waste was approximately 70 percent. It was arbitrarily decided
to load three lagoons with approximately 10 pounds of volatile solids per
1000 cubic feet per day and to load the other three lagoons with 5 pounds
of volatile solids per 1000 cubic feet per day. For Lagoon A, this re-
quired approximately 4.5 cuble feet of the raw waste per day.

It was decided to load the lagoons and take samples on alternate
days. Therefore, at the time of loading the amount of raw waste intro-
duced into each lagoon was twice the daily rate. The volume of raw waste
fed to the lagoons at each loading remained constant throughout the in-

vestigation., Lagoon A received 2.00 cubic feet of raw waste per loading.
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Lagoons B and C received 4.50 cubic feet, Lagoons D and F received 2.25
cubic feet, and lagoon E received 1.12 cubic fest. This procedure was
selected for convenience; it allowed time between loadings to conduct
laboratory analyses on the raw waste and on the lagoon liquid., Actual
loadings were calculated based on the volume of waste fed and the volatile
solids content of the raw waste,

At the beginning of the investigation, the lagoons were pumped dry,
cleaned, and filled to the outlets with clear city water. Lagoons A and
B were seeded with approximately 30 gallons of liquid from the first cell
of the large disposal lagoon. Lagoons C and D were seeded with approxi=-
mately 15 gallons, and lagoons E and F with approximately 8 gallons.

A standard operating procedure was used to collect a uniform sample
of the raw waste and to transfer the required measured volume of the
waste to the test lagoons, 1In its path from the dunging alley to the
large treatment lagoon, the raw waste flowed through a Parshall flume and
into a 10-inch drop pipe which carried the raw waste by gravity into the
treatment lagoon. Raw waste was pumped from the drop pipe, which was
normally full, into a large metal tank approximately 3 feet by 5 feet in
plan and 3 feet deep. The tank was calibrated and marked at intervals
of 9,00, 4,50, 2,25, and 1.12 cubic feet to indicate the correet amount
of waste to be delivered to each lagoon., The waste required for dosing
all lagoons was pumped into the calibrated tank and transferred to the
lagoons by means of a gasoline-powered, 40 gallon per wminute disphragm
pump with 3-inch suction and discharge. A 3-inch fire hose was used for

suction and discharge lines. During waste transfera from the calibrated
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tank, waste was introduced first into lagoon E at approximately 2/3 the
1iquid depth. The contents of the tank were thoroughly stirred by hand,
and the pump started at low speed. As soon as flo# was established the
pump was shut off, and the correct amount of waste was allowed to siphon
into the lagoon. Overflow from the lagoon was conducted through the
sewerline into the large treatment lagoon. The same procedure was fol-
lowed in dosing each lagoon in turn, from the lightest loaded to the
heaviest loaded. The contents of the tank were manually stirred during the
entire lagoon dosing operation, At each loading, a sawmple of the raw
waste was taicen from the measuring tank for laboratory analysis.

When the investigation first began, samples of the lagoon liquid were
taken on alternate days between loadings. After ten loadings, the pro-
cedure was changed so that these samples, along with certain objective
and subjective observations, were obtained on the same days that loading
actually occurred.

One-liter samples of the raw waste and of the surface liquid in each
lagoon were collected. To obtain samples of the raw waste, the waste in
the calibrated mixing tank was first mixed thoroughly using a 4-foot strip
of stiff metal approximately 4 inches wide as a paddle. A l-liter plastic
bottle was then submerged in the waste until it was approximately 1/3
full. The operation was repeated twice wmore during the waste transferring
operations. The composite sample was taken to the laboratory for analysis.

To obtain samples of the liquid in a lagoon, the scum layer, if
present, was gently brushed aside. A l-liter plastic bottle was then sub-

merged in the top 1 foot of surface liquid until full., This sample was
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also taken to the laboratory for analysis.

Sludge samples were taken and the depth of sludge in each lagoon was
determined using a small 6 gallon per minute rubber-impeller pump. A
length of 3/k inch garden hose was attached to the suction line of the
pump. The hose was lowered into each lagoon, and the pump discharge ob-
pervad until the discharge became thick and full of sclids. The change
in consistency was quite sharp and was taken as a measure of the upper
layer of sludge. The depth of sludge was determined by measuring the
length of hose submerged in the lagoon when sludge was encountered and
subtracting this from the depth of liquid in the lagoon. The sludge
depth was also checked by lowering a small weight attached to a cord in-
to the lagoon until no tension could be felt in the cord. The loss in
cord tension indicated that the waeight was resting on the sludge layer.
Sludge depth was then calculated by subtracting the length of submerged
cord from the total liquid depth.

Preliminary investigation showed that BOD tests conducted on the raw
waste and lagoon liquid were very inconsistent. No reproducible results
could be obtained even on separate tests conducted on the same sampls.
The COD test, however, proved to be simpler to perform and produced much
more consistent results. Therefore, COD and total and volatile solids
analyses were selected as the major indications of the organic content of
the raw waste and of the liquid in the lagoons.

Total solids, volatile solids, and COD of sach sanple of raw waste
werg determined. COD analyses were also conducted on each sample of
lagoon liquid. The pB of the lagoon liquid was checked during the first

39 days of operation. On December 5, after freere-up began, the depth of
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sludge accumulation was determined for each lagoon by the methods pre-~
viously outlined. Total, volatile, and settleable solids tests were con-
ducted on the sludge samples, Also on this dAte, the total and volatile
golids content of the lagoon liquid was determined. All laboratory an-
alyses were conducted according to Standard Methods (1960), The tempera-
ture of the waste in each lagoon was measured each time lagoon liquid
samples were taken. Temperatures were observed in the top foot of liquid
in the lagoon.

Subjective observations included estimation of color, scum formation,
ingect breeding, bubble formation, and odor in the test lagoons. All,
{except odor), were determined at the lagoon site on each sampling day.
The presence of odor from the large lagoon plus that from the nearby
confinement unit precluded conducting a "sniff" test at the lagoon site.
The samples of lagoon liquid were, tharefore, taken to the Sanitary
Engineering laboratory where each bottle was opened in turn and a sub-
jective appraisal‘cf the odor was made.

Ro samples were obtained of the gas produced by any lagoon. The
only meagure of gas production was provided by the observation of gas
bubble formation in the surface liquid and the occasional occurrence of
bottom aludge rising to the surface.

In addition, daily data on precipitation, wind velocity, and air
temperature were obtained from the records of the Iowa State University
Agronomy Department., These data were obtainaed from a U, S, Veather

Bureau Station located approximately 3 miles from the lagoon site.
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RESULTS

Laboratory Analyses

Analysis of raw waste

Some characteristics of the raw waste which was fed to the lagoons
are shown in Table 4. The values shown are average values over the period

of the investigation. Daily values are shown in Table 3. in the Appendix.

Table 4. Average characteristics of the raw waste from the hog confine-

ment unit
Total solids : 8,720 mg/1
Volatile solids 7,240 wng/l1
83 percent (dry basis)
coD 8,870 mg/1
lbs COD/1b volatile solids 1.22

The average total solids content of the raw waste fed to the lagoons
was approximately 5.1 percent of the sclids content of raw swine manure
collected in previous studies by using scrapers to move it to the collec-
tion point (Table 1). 1In this study, water used to carry the solids to
the collection point resulted in the dilution of the waste. The average
vplatlle solids content of the raw waste influent was 83 parcent which is
the same average found by Taiganides (1963). On the basis of solids con-
tent, therefore, the raw waste influent to the lagoons was composed of

raw swine manure diluted to approximately S.l1 percent of its original
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strength. Assuming a figure of 159,000 mg/1 (Taiganides, 1963) for the
COD of raw swine manure, the lagoon influent was approximately 5.5 per-
cent of the strength of raw swine manure based on COD.

A strong municipal sewage may be assumed to have a 5-day BOD of
about 300 mg/l1 and a volatile solids content of about 700 mg/l1 (Babbit
and Baumann, 1958). Taiganides found that the COD/BOD ratio in undiluted
swine wastes was about 2.34. On this basis, the COD in thias study of
8,870 mg/1 would be equivalent to a BOD of about 3,790 mg/l1 or about
12.5 times that of strong municipal sewage. On the basis of volatile
solids content, the lagoon influent would be about 10 times greater.

From visual obﬁervation it was obvious that much of the raw waste
was composed of feed particles which had passed through the hog's diges-
tive tract relatively unaltered or had entered the flow of waste directly
from the feading floor. During the investigation, & COD determination
was conducted on a sample of the raw waste which had been £ilter§d through
a coarse filter paper. The COD of the raw waste was 3,070 mg/l, whereas
the COD of the filtrate was 2,810. In this sample, thersfore, approximate-
ly 65 percent of the COD of the raw waste was removed by filtration. It
is probable that a large amount of the OOD of the unfiltered waste was
due to the presence of feed particles. These particles are composed of
lignaceous material and are difficult to decompose by any type of bilologi-
cal action. As a result, it was found that much of the sludge which ac-
cumulated in the test lagoons was made up of these feed particles which
passed through the anaserobic lagoun process relatively unchanged.during

the short period of this investigation.
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Loadiqg,raten

It is apparent from reference to the results shown in Figure 5
and Table 11 that the loading rates for each lagoon were extremely vari-
able during the investigation. Thers were several reasons for this; the
most important of which was the variability of the solids content of the
raw waste influent. This was mostly due to increases or decreases in the
amount of water flowing in the dunging gutters. It also depended on the
volume of manure present in the gutter. If the flow of water in the gut-
tars was increased after being maintained at a relatively low rate, the
increased flushing action would result in a high solids content of the
waste. This would be followed by a period of low solids concentration be-
cause the easily transportable material in the raw waste had been flushed
out of the gutter.

During the first 58 days of operation in the investigation, daily
lagoon loading rates were calculated on a 2~day.baa£a. In other words,
the amount of material added to each lagoon at each loading was treated as
it it had been fed at a uniform rate to the lagoon over a period of 2
days., After 58 days of operation, it was decided to load the lagoons at
a reduced rate until some later date. Accordingly, the lagoons were loaded
on a once a week basis beginning on December 9 and ending on January 20,
Between November 17 and December 9 lagoon A was loaded twice and the other
lagoons were loaded once. Loading rates for these days were calculated |
by assuming that the loading was spread over the number of days from the
previous lcading-up to the day on which the next loading occurred as

noted in Table 11.

The average loading rates for the teat lagoons for both loading
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periods are shown in Table 5. These loading rates were calculated by
dividing the total volatile solids fed during the period by the total

days in the period. Loading rates calculated for each day that the lagoons
were loaded are shown in Table 11, The experiment was designed to evalu-
ate the effect of the volatile solids loading rate on the operating ef-
ficiency of the lagoons. The loading rate is also expressed in terms of

pounds of COD per day per acre of lagoon surface.

Table 5. Average loading rates for test lagoons

lbs volatile solids 1bs COD
1000cu ft/day Tacre/day
Lagoon Sept.21-Nov.18 Nov.l3-Jan.28 Sept.21-Nov.18 Nov.19-Jan.23
A 9.20 2,63 4,680 1627
B 4.60 1.13 2,340 694
c 9.56 2.36 2,340 594
D L.73 1.18 1,170 347
E .23 1.04 585 174
F 8.46 2.08 | 1,170 347

Analysis of lagoon supernatant

oD The data in FPigure 5 and Table 11 demonstrate that the vola-
tile solids loading rate and the COD loading rate were extremely variable
for all lagoons except for the period between November 2 and November 20,
the 42nd to the 60th day of the investigation. In spite of this, the COD
of the lagoon supernatant tended to increase at a relatively uniform rate.

The rise in COD was probably due to two factors: dJdecreasing temperature
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Figure 5 (a). Daily performance chart for lagoon A
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Pigure 5 (b). Daily performance chart for lagoon B
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Figure 3 (c). Daily performance chart for lagoon C
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Figure 3 (4). Daily performance chart for lagoon D
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Figure 5 (e). Daily performance chart for lagoon B
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Figure 5 (£). Daily performance chart for lagoon F
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of the supernatant and loading rate.

Since the lagoons were initially filled with clear city water and a
small amount of seed material, the initial COD of each lagoon was quite
low. As waste material was added, the COD of the lagoons naturally began
to rise. Once biological action was established in the lagoons, and as-
suaing a constant temperature and loading rate, it was expected that the
COD of the supernatant would approach a relatively constant value in each
lagoon. Obviously, such conditions were not present during the investi-
gation. However, betwsen the &2nd and 60th day of the experiment, the
variability of both temperature and loading rate appsared to be a mini-
muem, The lagoon liquid COD observed during that interval also appeared
to be relatively constant for each lagoon. The average lagoon liquid
COD for each lagoon during this interval is shown in Table 6.

After the 60th day, the loading rates of the lagoons were raduced as
shown in Pigure 5. A rapid decrease in air and lagoon liquid temperature
was also observed after the 60th day. In spite of the reduced loading
rate, the decrease in temperature and the resultant decrease in bilological
activity apparently caused the COD to increase in &ll lagoons. The rate
of increase of COD appeared to be much greater for lagoons E and F.

Figure 5 demonstrates that the anaerobic lagoon process has a large
capacity for absorbing the variability in the lcading rate. That is, even
though the loading rate for each lagoon varied greatly from day to day,
the COD of the supernatent did not reflect this variability in the same
proportion., BEven the period beginning on the 19th day when no loadings
occurred did not greatly interrupt the increasing trend in COD. The ef-

fect of loading rate was probably most significant during the early stages
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of the investigation, before and during the time that bilological action
was established in the lagoona. After the 60th day, the temperature of
the lagoon supernatant was probably the most important factor influenc-
ing the generally increasing trend in COD,

From Figure 5, it is apparent that the most stable period for each
lagoon, in terms of supernatant COD, occurred between the 42nd and 60th
day of the investigation. Preceding this period, the loading rate was
extremely variable and the liquid temperature decreased approximately
10°P. in each lagoon. After this period, the loading rate was greatly
reduced. Also after the 60th day, the alr and liquid temperatures dropped
rapidly and ice formation occurred in all lagoons, which made it difficult
to load the lagoons properly. The depth of ice formation is discussed in
a later section. However, most of the lagoons frogze to such a depth that
proper loading was impossible. All except lagoons A and B began to lose
1iquid under the ice through exfiltration. Lagoons E and F were complete-
ly dry by the 87th day and were not loaded again. Losses through ex-
filtration and depth of ice were not included in the calculation of load-
ing rates for the lagoons. For these reasons, data collected after the
60th day are not included in any comparisons of lagoon performance.

Data collected betw2en the 42nd and 60th day of the investigation
were selected for a comparison of performance among the lagoons based on
the COD of the supernatant. During thie period, it appeared that the COD
had reached a relatively constant value in each lagoon. Therefore, com-
paring the averages of the COD values obsarved for each lagoon during

this period should result in an indication of possible differences in
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treatment efficiency among the lagoons. The average COD values in each

lagoon are shown in Table 6,

Table 6. Average COD of lagoon liquid observed from 42nd to 60th day
-of investigation

Lagoon Depth Av. loading rate during COD
(fv) period (lbs vol. sol.) ug/1
(100C cu ft/dasy)

A 2.83 9.85 1537
B 2.83 4.38 1019
C 4,73 10,05 1216
D 4.73 5.03 1014
B 2.67 4.44 1296
F 2.67 : 8.89 1307

Comparing lagoons of like depths but of different loading rates, that
is, lagoon A to lagoon B, lagoon C to lagoon D, and lagoon E to lagoon F,
it is seen that the differences in level of COD decrease as the depth of
lagoon decreases. At the greater depth of 9.83 feet the lower loading
rate resulted in a 34 percent difference in COD. At the intermediate
depth, the difference was 17 percent, and at the shallower depth the dif-
ference was less than 1 percent. Obviously, the reduction in COD for
each pair of lagoons was not proportional to the reduction in loading
rate,

Comparison of results from lagoons with approximately the same load-
ing rate but ofidifferent depthe, that is, comparison of results obtained
with lagoons A, C, and F and with lagoons B, D, and E, result in differ-
ences which are iesa than the;differences between lagoons of like depth.

These differences and the differences described in the preceding para-
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graph are shown graphically in Figure 6. In the figure, L represents the
difference in the average COD levels obtained at the high and the low
loading rate. Dl' DZ' and D3 represent differences in the average COD
level obtained at the three depths. The difference, L, is greater than
either D;.D,, and DS' It appears, therefore, that in general the effact of
depth on the level of COD observed in the lagoons was less than the aeffect
of a change in loading rate. There does, however, seem to be a significant
interaction effect between loading rate and depth. In other words, the dif-
ference in COD lewvel between the high and low loading rates does not re-~
main constant over the range of depths studied, but increasee with depth.
This trend is clearly shown in Figure 6. |

Another comparison which can be wade among the lagoons is between
lagoons of different loading rates and different depths which received equal
amounts of raw wasta. Two sets of lagoons were available for such a coa-

parison. Lagoon B received the same total amount of waste as lagoon C,

Loading rate COD of super-
Depth (Lbs. Vol., Sol.) natant
Lagoon (£t) (1000 cu £t/day) (mg/1)
B 9.83 4.88 1019
c 4.73 10.05 1216
D 4,73 5.03 1014
F 2.67 8.89 1307

and lagoon D received the same total amount of waste as lagoon F. For
both sets of lagoons, the greater depth resulted in a lower level of COD
in the lag on supernatant. This comparison demonstrates the weakness of
designing an anaerobic lagoon on the basis of a surfacé loading rate, such

as pounds of BOD or COD per acre per day. It is apparent from the f{nvesti-






Figure 6. Graphical comparison of lagoon performance based on
COD of lagoon supernatant
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gation that the loading criteria for an anaerobic lagoon should be in
terms of the amount of waste added to the lagoon per unit volume of liquid
in the lagoon,

The data are insufficient to justify the eatimation of levels of COD
to be expected from anaerobic lagoons loaded at various loading rates. 1f
one assumes that the data in Table 6 represent an approximate estimate of
the optimus COD levels obtained in this experiment, then all test lagoons
were operating in the range of approximately 82 to 89 percent raduction
of COD in the raw waste.

If we assume that sedimentation takes out the same fraction of COD
as was removed by filtration, then the lagoons should be expected to re-
duce the COD from 8,870 mg/1 to about 2800-3000 mg/l, or about a 66 per-
cent reduction. Thus, it is obvious that some biological degradation of
the waste did occur in the lagoons.

Volatile solids No significant differences in the volatile solids

content of the lagoon liquids were noticed. Values cbserved on the 76th
day of the investigation are shown in Table 7. Assuming an average of
about 1000 mg/l1 in the lagoon supernatant and a value of 7,240 mg/1 in the
rav waste, this represents a reduction of volatile solids in the lagoon

supernatant of about 86 percent.

Table 7. pH and volatile sclids content of lagoon supernatant

Lagoon pH Vol. sol. (ag/l)
A 7.2 1560
B 7.1 840
C 7.0 990
D 7.2 860
B 7.3 1050
¥ 7.2 970
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j-La The pH of the lagoon supernatant did not vary appreciably in
any single lagoon or among lagoons during the first 339 days of observa-
tion. The pH of the various lagoons ranged generally from 6.8 to 7.2,
with one low value of 6.5 observed in lagoons C and D, and a high value
of 7.4 observed once in lagoon F. The pH of each lagoon on the 40th day
of operation is shown in Table 7.

Temperature and ice formation As the {nvestigation progressed

into the fall, the surface temperatures of the lagoons decreased quite
reasonably at a somewhat lower rate than the surrounding air (Tables 12

and 13). The tamperatures of the shallower lagoons naturally decreased

at a slightly greater rate than the deeper lagoons. Ice formation began
on all lagoons except lagoons A and B, the deeper lagoons, about November
27, the 68th day of operation. By December 1, a thin film of ice had also
formed on these lagoons. On that date, the ice cover was from 3 to 5 inches
thick on the other lagoons. On December 23, the 9%4th day of operation, 3%
inches of fce covered lagoons A and B, 6% inches of ice covered lagoons C
and D, and lagoons E and F were frozen to a depth of approximately 3
inches. After this date, lagoons E and F began to lose liquid through ex-
f£iltration at a rate such that they would be almost completely empty by
the time of the next loading. Those two lagoons were not used for data
collection thereafter, However, they were £illed with clear water and ob-
served periodically for possible useful information. On January 20 the
last date on which the lagoons were sampled, lagoons A and B were covered
by 5 inches of ice, lagoon C by 15 inches of ice, and lagoon D by 12 inches
of ice, The tempefatura of the lagoon liquid approximately 1 to 2 inches

below the ice reached a low of 32°F. in lagoon C by December 23 and in
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lagoons B and D by January 20. By that date the liquid temperature in

lagoon A had not fallen below 34°F.

Analysis of bottom sludge

Sludge samples from each lagoon were obtained on December 5, the
76th day of operation. The depth of accumulated sludge in each lagoon is
given in Table 8, along with total and volatile solids, volatile acids,
and settleable solids in the sludge. The depth of sludge in lagoon E
could not be measured by either method used. The sludge layer was appar-
ently too thin, For purposes of chemical analyses sludge samples from
lagoon E were obtained by scraping a can along the bottom of the lagoon.
Only about 8 inches of 1iquid was present in the lagoon at the time.

The method used to collect the sludge samples resulted in some lagoon
liquid being pumped from the lagoons along with the sludge particles. There-
fore, the values shown in Table 8 for volatile acids, total solids, and
volatile solids do not represent the true characteristics of the sludge
material in place at the bottoms of the lagoons.

The samples were obtained after lagoons E and F had lost most of their
liquid volume through exfiltration. Therefore, in making comparisone among
the lagoons, results from these two lagoons are not considered.

Volatile acids Due to the dilution of the sludge samples by an

unknown amount of supernatant, the volatile acids determinations were con-
ducted on a mixture of lagoon supernatant and bottom sludge. Bxcept for
lagoon E, all determinations resulted in volatile acids concentrations well
below 2000 mg/l, which is a genersally accepted upper limit for successful

anagrobic digestion.
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Total and volatile solids (Table 8) Total sollids and volatile

solids concentrations in the sludges are not significant in themselves due
to the dilution of the samples. However, the percentage of volatile solids
in the sludge appeared to be greater in lagoons A and B, the deeper lagoons,

than in lagoons C and D.

Settleable sollds (Table 8) An Imhoff cone was used to determine

the amount of settleable solids in the sludge samples. In performing the
test, it was noticed that the solids sattled into two distinct layers, a
lower layer of extremely coarse-grained material and an upper layet-ot
fine black particlas ﬁppearing to be about 1 millimeter in diameter. The
relative amounts of each kind of particle to the total settleable solids
in the Imhoff cone varied among the lagoons as shown in Table 7. The
coarse material was composed of feed and waste material that had not been

decouposed by the biological action in the lagoons.

Table 8. Results of analysis of sludge sauples taken on December 5

lagoon Sludge Volatile solids Volatile Settleable solids

depth T(mg/1) (% of total) acids ~ Total Feed particies
(in.) (mg/1) (ml/1) (%)

A 10.5 9,380 81.8 680 145 25

B 5.5 10,270 85.3 470 125 17

c 6.0 8,180 78.5 330 220 45

D 3.5 40,980 75.1 520 500 30

E - 58,890 89.2 2,390 850 41

F 2.0 20,580 83.1 500 260 30
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Sludge depth The total depth of sludge in each lagoon conformed

to the generally accepted rule that the amount of sludge residue produced
by anaerobic digesstion is proportional to the total amount of feed or raw
waste introduced to the process., Sludge depths measured in this study are
shown in Table 8. Lagoons A and C, loaded at the heavier volatile solids
loading rate, experienced sludge buildup of approximately 3-10 percent of
their original depth during the first 76 days of operation. Lagoons B and
D, the lighter loaded lagoons, experienced siudge buildup of approximately
4-6 percent of their original depth. The data show that neither the vola-
tile solids loading rate nor the depth of the lagoon had any noticeable ef-
fect on the amount of sludge buildup in the lagoons. The sludge depth was
apparently determined by the total amount of raw waste added to the lagoon
regardless of the loading rate. For example, lagoon A had the same depth as
lagoon B, but the loading rata was twice that of lagoon B. Therefore, twice
as much raw waste was introduced into lagoon A. The resulting sludge depth
in lagoon A was approximately twice the depth in lagoon B. Lagoon C was
loaded at approximately the same rate as lagoon A, but since its depth was
approximately one-half that of lagoon A, it received only one-half as much
waste material, or the same total amount received by lagoen B. The results
show that the depths of sludge in lagoons B and C were approximately equal
and were both approximately 50 percent of the sludge depth measured in
lagoon A.

In terms of yearly sludge buildup, the heavier loaded lagoons were
accumulating sludge at the rate of about 48 percent of their original depth
per year; lagoons B and D, at approximately 24 percent. Obviously, these

values apply only to the test lagoons during the period of operation.
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Since the investigation was relatively short and was conducted during a
colder period of the year, these values are undoubtedly far higher than
they should be. The results indicate, however, that the higher loading
rates studied would probably be too high due to excessive sludge accumula-
tion. 8ince a lagoon would probably £iil with sludge at leas than the
above rates, it appears that the lower loading rates might be acceptabls
under certain conditions, such as if the lagoon was to be in operation for
only a few years.

Sludgze composition The composition of the sludge was apparently

infiuenced by both loading rate and depth of lagoon. The percentage of
feed particles obaerved in the sludge samplee are shown in Table 8. These
particles apparently passed through the lagoon processes relatively un-
altered in color, size, or shape. The results indicate that some lagoons
were more efficient than others in the decomposition of such particles.

Effect of loading rate To cbtain an indication of the effact

of loading rate on sludge composition, lagoons can be compared which had
the same depth but which were loaded at different volatile solids loading
rates. Lagoon A can be compared to lagoon B, and lagoon C to lagoon D.
Lagoon A received twice as much raw waste as lagoon B, and lagoon C re-
ceived twice as much as lagoon D. The percentage of feed hulls in the
sludge samples from the lighter loaded lagoons, as measured by volume in
the Imhoff cone, was approximately 32-33 percent less than the percentage
forfthe‘heavier loaded lagoons. Apparently, the lighter loading rate re-
sulted in & higher efficiency of degradation of the hard to digest fead

particles.
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Bffect of depth To obtain an indication of the effect of

depth on sludge composition, lagoons of approximately the same loading

rate but of different depths can be compared. Lagoon A can be compared

to lagoon C, and lagoon B to lagoon D, The results show that at the deeper
depths the percentage of feed particles was about 55-56 percent of that at
the shallower depthe. Since lagoon A received twice as much raw waste as
lagoon C, and lagoon B received twice aa much waste as lagoon D, the dapth
of sludge in lagoons A and B was approximately twice as great as in the
shallower lagoons., However, the portion of the sludge depth which was com-
posed of feed particles remained approximately the same between lagoons of
the same loading rate. For example, even though the total depth of sludge
in lagoon A was twice the total amount in lagoon C, both lagoons contained
relatively the same amount of faed particles. Sinece lagoon A received
twice as many feed particles as lagoon C during the period of operatiom,
but at the time the sludge was sampled contained the same amount of feed
particles, it is apparent that the deeper lagoons were accomplishing the
degradation of the lignacious particles at approximately twice the rate

of the shallower lagoons. The percentage of feed particles in the sludge
sanples from lagoon B, which was approximately twice the depth of lagoon C
and was loaded at the lower loading rate, was about 62 percent less than
lagoon C. Apparently, increasing the depth and decreasing the loading rate
both act in the same direction to increase the operating efficiency of the
lagoon in the destruction of feed particles. This is also shown by com-
paring the results of lagoons A and D, where the decreased lagoon depth
and lower loading rate resulted in only a minor difference in the percentage

of feed particles present in the sludge.
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Apparently, the shallower depths also resulted in a slightly lower

percentage of volatile solids in the sludge residue.
Subjective Observations

Odor

Odor is a difficult {tem to evaluate. For example, on one day
lagoon A might smell worsea than lagoon C, whereas the next day the situa-
tion might be reversed. An odor analysis must, therefore, be an extremely
subjective picture of lagoon performance over the entire period of opera-
fion.

The lagoons were first loaded on September 21, No odor was detected
from any lagoon for three days, when a slight HZS 6dor was noticed from
lagoon A, After one week, this odor had become quite noticeable, but not
too objectionable. After one week, lagoon B had developed a very slight
odor. After two weeks, the odor from lagoon A had become quite objection-
able, due to a strong odor of st. As yet only a very slight odor had
been noticed from the other five lagoons. During the period from October
9 to October 20, when the lagoons were allowed to stand idle, no noticeable
change in odor was detected. After about one month, the odor from lagoon A
had become definitely putrid. Lagoon B was the only other lagoon that had
as yet developed an easlly detectable odor. The other lagoons all developed
noticeable odors before the end of the investigation, but none of the odors
seened too obnoxious, The odor from lagoon A remained extremely bad
throughout the rest of the investigation.

Differences in odor among lagoons B, C, and D, could not be detected.

The odor was noticeable, but not obnoxious. It was reminiscent of the odor
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of raw municipal sewage. Occasionally harsh odors were noticed from
lagoons E and F, but for the most part no disagreeable odors occurred.
Their usual odor could be cowpared to that of stagnant water in a shallow
pond or river slough.

Considaring the entire period of the investigation up to November 27,
when ice began to form on the lagoons, the odor production may be stated
as follows. The worat odors were produced by lagoon A followed by lagoon B.
The least disagreeable odors were produced by lagoons E and F. Again, the
odor from lagoon A was by far the most objectionable. It would then ap-
pear that the odor became more objectionable as the depth increased.
However, odors would probably have been much more noticeable had the lagoons
been larger, which might have resulted in a different conclusion concerning

odor production.

Gas production

Bubbles of gas were observed first in lagoon A after about one week
of operation, By October 8, the 13th day of operation, gas bubbles were
observed in all lagoons except lagoon F. The first bubbles were observed
in this lagoon on October 30. There was no noticeable difference among
the lagoons in the quantity of bubbles produced. Apparently, the gas was
being produced by anaerobic digestion which was taking place in all of the
lagoons.

Rising sludge occurred frequently in all lagoons except lagoons A
and B. Sludge in large quantities was observed rising to the surfaces of
lagoons E and F on October 27, This date corresponds quite well with the

sudden rise in liquid COD in these lagoons. Solids tests on the samples
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of the lagoon liquid taken at that time showed the total solids content of
the supernatant in lagoon A to be 0.19 percent, that of lagoon C to be 0.17
percent, of lagoons B and D to be 0.15 percent, and of lagoons E and F to
be 0.18 percent. Differences among these values do not appear to be aig-

nificant,

Awtmme

Seum cover After only 1 day of lecading, scum had formed on all
lagoons. The cover was very light and disappeared after a few days. Af-
ter 16 days of operation lagoons A and B were completely covered by a thiek
grey scum layer. After 33 days, a light covering of grey scum was noticed
on lagoons C and D, and a light red scum over lagoons E and F. Traces of
red were also noticed in the grey scum which coverad lagoon B. After 37
days of operation lagoons B, E, and F, were completely covered by red scuas.
Lagoon A was still completely coveredby grey scum, Llagoons C and D were
partially covered by a grey scum layer, but a trace of red was noticed in
each lagoon. By the 46th day of operation, (November'S), all lageons ex-
cept laggon A were 50-100 percent covered by a thin layer of red scum.
Lagoon A was still covered by grey scum.

Incomplete laboratory tests indicated that the red scum was probably
composed of a Euglena type of algae, while the grey scum was probably
formed by a type of yeast., The red scum and thé grey scum to a lesser ex-
tent were easily broken up by gentle agitation with a pole. On windy days,
the degrec of coverage of the lagoon surfaces was greatly diminished.

The test lagoons had very small surface areas, and the water surfaces

were approximately 1 foot below ground level., These conditions undoubtedly
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reduced the effectiveness of wind and wave action in breaking up the
layers of scum on the lagoons,

Color Some wention should be made of color, even though it might
not be considered a measure of lagoon performance., Where a lagoon must
of necessity be located within the occasional view of the publiec, however,
color may contribute to the overall acceptance of the operation. All -
lagoons were initf{ally £filled with clear city water. As time progressed,
the liquid in &ll lagoons changed to a dark grey color. The liquid in
lagoon A was at times dafinitaely black. After only one loading, the
l1iquid in lagoon A had begun to turn color. The liquid fn lagoon B first
changed to a 1ight green, then to a very dark green, and, by September 27,
to a grey-black color. These hgooni renained grey to black in color
throughout the remsinder of the i{investigation.

Lagoons C and D progressed from clear water to a greenish 1iquid,

By September 24, the liquid in lagoon C had turned to a very dark green
and by September 27 had changed to greyish-black. Lagoon D retained a
greenish color until October 2, when it also turned tc a very dark grey.

Lagoons E and F turned quickly to a dark green. Lagoon F was always
slightly darkar in color than lagoon B, By November S, the liquid in both
lagocns was a very opaque black, that of lagoon E being somewhat the
blacker. All lagoons remained grey to black in color for the remainder
of the :invutigati.on.

Insect bresding After the lagoons wers initially filled, what

appeared to be a type of insect larvae appeared in the surface layer of

each lagoon. Large numbers of small flying insecta were also noticed
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hovering around and clinging to the insids walls of the lagoons above the
water surface. After the second loading, no trace of insects was again

noticed near any lagoon. It is probable that most larvae or insects pres~
ent in the surface layers were washed out the overflow with the lagoon ef-

fluent. No further evidence of the presence of insects was noticed.
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STMMARY
Effect of Depth

The depth of lagoon appeared to exert a major effect on the compo-
sition of the accumulated sludge in the lagoons. Increasing the depth
resulted in a higher percentage of digestion of the raw waste, especially
of the hard to digest solids such as feed particles. Due to insufficient
data, the actual cause can not be determined. There are several factors
ralated to depth which wmight affect lagoon performance such as temperature
variation at different depths, stratification in the lagoon liquid layers,
and gas formation in the sludge layer. Possibly one or more of these or
other unknown factors resulted in the lighter digested sludge particles
occupying a larger apace in the deeper lagoons, which would account some-
what for the lower percentage of feed particles in the aludge'tn these
lagoons. The depth of lagoon exerted no noticeable effect on the total
depth of sludge buildup In the lagoons.

Effects due to possible 1n§eract£ona of depth with loading rate or
other factors may also be important, but can not be isolated based on data
from this investigation. It ias obvious however, that the depth of the
lagoon, or some factor or factors related to depth, does exert a noticeable
effect on the digestion process which takes place in an anaerobic lagoon
used for the disposal of swine wastes.

It is not obvious from the results of this investigation what effect,
if any, the depth of lagoon had on the COD of the lagoon supernatant. The
average COD in the lagoons having the greater depth and in the lagoons
having the lesser depth were both greater than the COD in the lagoons of
interwediate depth. This indicates that the COD of the supernatant was
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probably most affected by various combinations of depth and loading rate,

not by depth alone.
Effect of Loading Rate

In this investigation, the loading rate was determined in three ways.
Table 12 in the Appendix includes loading data for each time the lagoons
were loaded in terms of: 1) total pounds of COD and volatile solids added
to the lagoons at each loading, 2) pounds of volatile solids added per
1000 cubic feet per day, and 3) pounds of COD added per acre of lagoon
surface area per day.

Evaluation of the analytical data indicates that the loading rate in
terms of pounds of volatile solids per 1000 cubic feet per day exerted a
slightly greater effect on the COD of the lagoon supernatant than either
depth of lagoon or the various combinations of depth and loading rate.

The higher loading rates resulted in a higher supernatant COD than did the
lower loading rates. This effect appeared to be greater as the depth of
lagoon was increased.

When lagoons loaded at the same surface loading rate, i.e., pounds of
COD per acre per day, but having different depths were compared, the COD of
the supernatant in the shallower lagoons appeared to be significantly
greater. Where varying depths are in use, surface loading rate should not
be used as the loading criteria.

The total amount of raw waste added to the lagoon, regardless of the
depth of lagoon or the rate at which the waste is added, appeara to be the
controlling factor in determining the depth of sludge which will accumulate

in the lagoon.
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The subjective observations obtained during the investigation point
to no obvious conclusions concerning significant effects of either depth
or loading rate. Only lagoon A stands out from the rest according to
theae observations. Lagoon A, which received the greatest total amount
of raw waste during the investigation, consistently produced odors which
were more obnoxious than those produced by any other lagoon. Lagoon A
received at least twice the total amount of raw waste received by any
other lagoon and, therefore, experienced at least twice as much sludge
accunulation as any other lagoon. Possibly the odor problem was due to in-
creasad gas production caused by the large ancunt of bottom sludge present

in the lagoon.
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CONCLUSIONS AND RECOMMENDATIONS

In evaluating the results from the investigation, several results of
major importance were observed.

lagoons A and C were operated at a loading rate of 9-10 pounds of
volatile solids per 1000 cubic feet per day. Lagoon A produced foul odore
throughout the study. Both lagoons showed a rate of sludge accumulation
which would £ill them completely in approximately 2 ydara. Based on these
eriteria, lagoons A and C did not operate satisfactorily. The COD of the
supernatant in these lagoons was about 150mg/l and 1200 mg/l respectively.

Lagoons B and D were loaded at a rate of 4-5 pounds of volatile solids
per 1000 cubic feet per day. The COD of the supernatant in lagoon B, the
deeper lagoon was approximately the mame as the COD in lagoon D, about
1000 mg/1. The odor produced by lagoon B differed little in strength from
that produced by lagoon D. MNeither seemed too offensive.

Lagoons A and B were about 10 feet deep, approximately twice the depth
of lagoona C and D. Lagoons A and B appeared to be approximately twice as
efficient as lagoons C and D in the destruction of lignacious material
present in the raw waste.

All lagoons showed & COD removal efficiency of 82-89 percent. Lagoons
B and D showed the highest removal efficiency, and lagoon A, the loweat.

The major conclusions may be stated as follows:

1) An increased volatile solids loading rate raises the level of

COD in the lagoon supernatant to a greater axtent than does an
increase in lagoon depth.

2) A loading rate of 10 pounds of volatile solids per 1000 cubic
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feet per day is unsatisfactory for the successful operation of
an anaerobic swine waste lagoon.

3) At a given loading rate, the efficiency of the lagoon in the de-
composition of lignacious material in tﬁo raw waste is greatly
increased by an increased depth of lagoon.

4) With raspesct to color, scun' formation, and insect breeding, no
noticeable differences were discovered among the lagoon depths
and loading rates studied.

In the design of an anserobic lagoon for the disposal of wastes from

& swine confinement unit, the first item that must ie known is the number
of hogs which will be served by the lagoon. Knowing this and knowing the
average manure production per hog and the average composition of the
manure (Tables 1 and 2), the total amount of waste to be disposed of per
day can be estimated. Based on this study, it is recommended that the de-
aign loading rate to ba used should be betwsan 5 and 10 pounda of volatile
solids per 1000 cubic feet per day.

Naturally, the lowest possible loading rate will result in thea most
efficient lagoon performance. However, the loading rate to be used should
be that which will result {n acceptable lagoon performance and also in the
least annual cost to the swine producer. The loading rate affects the an-
nual cost in 2 ways: 1) the higher the loading rate, the faster the sludge
accumulation, which will result in more frequent cleaning of the lagoons
thereby increasing the annual cost, and 2) as ‘the loading rate increases,
the cost of lagoon construction will decrease because of the lesser liquid

volume which will be required. Therefore, the optimum size of lagoon will
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be that which gives acceptable performance and results in a minimum total
annual cost of construction and cleaning. Tha results of this investiga-
tion show that depths of at least 10 feet are practical when loading rates
of approximately 5 pounds of volatile solids per 1000 cubic feet per day
are used. It is recommendad, therefore, that the lagoon be daesigned with
a depth of at least 10 feet. Since it is generally less expensive to dig
the lagoon deeper than to acquire additional land, the increased depth
will result in a greater lagoon volume, thereby decrsasing the loading

rate, without greatly increasing the cost of construction.
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APPENDIX

Data Summary for Test Lagoons
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Table 10. COD of lagoon supernatant

Sampling Day Lagoon COD mg/1
date of run A B - [ ' 4 ¥
Sept. 22 2 188 232 443 216 102 222
25 4 376 231 372 129 144 208
27 7 408 291 482 200 280 276
28 8 682 403 6004 466 65 641
30 10 723 416 612 535 321 506
Oct. 2 12 716 419 604 443 380 529
i 14 677 /50 541 391 393 539
6 16 800 525 396 535 530 425
8 18 827 577 728 587 581 734
No data collected during this period
20 30 351 531 725 637 641 182
23 33 1,000 810 930 784 1,000 1,000
25 35 1,445 810 953 781 1,300 1,450
27 37 1,312 42 838 746 1,071 1,271
30 Ky 1,323 691 844 760 1,213 1,244
Nov. 1 42 1,257 6l 889 857 1,170 1,337
3 4y 1,521 887 1,076 912 1,138 1,280
1 46 1,617 233 1,345 952 1,315 1,318
7 43 1,455 861 1,139 833 1,231 1,199
9 50 1,555 1,024 1,301 sl 1,414 1,354
11 82 1,516 287 1,172 Wy 1,21% 1,160
13 54 1,524 930 1,244 264 1,330 1,285
15 56 1,438 a5 1,224 960 1,328 1,272

17 58 1,518 1,518 1,052 1,300 1,321 1,310
19 60 1,690 1,501 1,139 1,250 1,411 1,458
27 63 1,700 1,077 1,398 1,162 1,810 1,434
Dec. 1 72 1,781 1,090 1,707 1,33 1,718 1,697
16 87 1,764 1,144 1,542 1,340 2,1702 1,820
23 M 1,961 1,045 1,555 1,289 i ——

30 101 1,931 1,073 1,565 1,465 ——— e
Jan 6 108 2,153 1,214 914 1,347 — e
13 115  2,237- 1,329 1,411 1,466 — ——
20 122 2,318 1,340 1,630 1,610 — ————

aLoading and sampling of lagoons E and F were discontinued after
December 16
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Table 11 (a). Loading rates for lagoon A

Day Lb. of vol- 1b. of 1b, vol. 1b. COD  Hydraulle
of atile solids COD solids per per loadgng
Date run added added 1000 ft“-day acre-day (f£t.7)
1964
Sept. 71 1 4,04 3.86 10.52 5,320 9.0
23 3 1.74 1.24 4,54 2,170
25 5 3.30 4,56 8.60 5,090
29 ? 2.86 3.22 7.45 3,600
Oct. 1 11 10,12 4,32 26,40 4,830
3 13 12.47 9,70 32.5Q 10,800
5 15 2.64 4,70 6.89 5,250
7 17 5.1l 8.76 13.34 9,780
92 13 3.71 5.46 9.68 6,100
No data collected during this period
22 32 8,70 11.13 22.72 12,400
24 34 6.07 2.63 15.84 10,300
27 37 5.50 3.5% 14,33 3,970
28 38 3.37 2.90 8.80 3,240
30 40 2.81 2.79 7.33 3,120
Nov. 1 42 4.43 4.90 11.71 5,470
3 44 3.03 4,74 7.90 5,290
5 6 1,91 H.79 4,98 5,350
7 48 5,05 3.37 13.18 3,760
9 50 2.36 6.90 6.15 7,710
11 52 3.34 5.62 9,24 6,280
13 54 3.14 5.71 B8.20 6,380
15 56 3.88 5.89 10.11 6,580
17% 58 5.90 7.05 15.40 7,860
270 68 9.4k 9.06 2.46 1,012 18.0
Dec. 3% 30 1.46 2.27 1.09 885
169 87 s5.84 9.62 4,34 3,076
23 9% 2.82 4,34 2.10 1,380
30 101 6.40 10.086 4.76 3,210
1965
Jan. 6 108 3.14 4,84 2,34 1,540
13 115 2.82 5.54 2.10 1,770
20 122 2.92 4.28 2.17 1,368

81.a8t loading performed on alternate day basis. Loading rates for
this day calculated over period from November 17-18, a period of 2 days

bLoading rates for this day calculated over period from November
19-December 8, a period of 20 days

CBegan once a week loading; rates based on 7-day interval
dOnly lagoon A was loaded on this date



75

Table 11 (b). Loading rates for lagoon B

Day 1b., of vol- 1b. of Lb, vol Lb. COD Hydraulic
of atile solids COD solide per per loading
Date run added added 1000 ft3-day acre-day (ft.J)
1964 '
Sept.
-21 1 2,02 1.93 5.26 2,160 4,5
23 3 0.87 0.97 2,27 1,085
25 5 1.65 2.28 4.30 2,545
29 3 1.43 1.61 3.72 1,800
Oct. .
1 11 5.06 2.16 13.20 2,415
3 13 6.24 4.85 16.25 5,400
5 15 1.32 2.35 .44 2,625
7 17 2.56 4,38 6.67 4,890
9 19 1.86 2,73 L.84 3,050
No data collected during this period
22 32 4,35 5.57 11.36 6,200
24 34 3.04 4.82 7.92 5,400
27 37 2.75 1,78 7.16 1,985
28 38 1.68 1.45 - 4.40 1,620
30 &40 1.40 1.40 3.67 1,560
Nov,
1 &2 2.25 2.45 5.86 2.735
3 44 1.52 2,37 3.95 ‘ 2,645
5 46 0.9%6 2.40 2.3%9 2,675
7 48 2.53 1.69 6.59 1,880
9 50 1.18 3.45 3.08 3,855
11 52 1.77 2.81 4.62 3,140
13 354 1.57 2.86 4.10 v 3,190
15 56 1.94 2,95 5.06 3,290
17 58 2.95 3.52 7.70 3,930
278 68 4.72 4.53 1.23 - 1,440 2.0
Dec. . ' ,
9° 80 0.73 1.38 0.27 440
23¢ 94 1.41 2.17 1.05 345
30 101 3.2 5.03 2,38 1,600
1965
Jan.
6 108 1.57 2.42 1.17 770
13 115 1.91 2.77 1.05 380
20 122 1.46 - 2,14 1.08 680

‘Lo#ding rate calculated on 20-day basis

bLagoon not loaded on December 1¢, thereforeloading rate calculated
over a 2-week period

CBegan once & week londingd



Table 11 (c).

76

Loading rates for lagoon C

/

Day Wb. of vol- 1lb, of 1Lb. vol Lb. COD Hydraulic
of atile solids COD solids per per loading
Date run added added 1000 £t>-day acre-day (£t.3)’
1964 A
Sept. 21 1 2.02 1.93 10.95 2,160 4,50
23 3 Q.87 0.97 4.71 1,085 11.60
25 5 1.65 2.28 8.95 2,545 12.63
29 3 1.43 1.61 7.75 1,800 11.00
Oct. 1 11 5.06 2.16 27 .42 2,415 14,25
3 13 6.24 L.85 33.80 5,400 14,25
5 15 1.32 2.35 7.15 2,625 « 11.00
7 17 2.56 4.38 13.88 4,890 3.38
9 19 1.86 2.73 - 10.02 3,050 7.75
No data collected during this period
22 32 4.35 5.57 23.60 6,200 20.76
24 34 3.04 4.87 16.41 5,400 12.63
27 37 2,75 1.78 14.20 1,985 4,50
28 38 1.68 1.45 9.11 1,620
.30 40 1.40 1.40 7.60 1,560
Nov., 1 42 2,25 2.45 12.20 2,735
3 4 1.52 2.37 8.25 2,645
5 46 0.96 2.40 5.20 2,875
7 48 2.53 1.69 13.70 1,880
9 50 1.18 3.45 6.40 3,855
11 52 1.77 2,81 9,60 3,140
13 54 "~ 1.57 2.86 8.57 3,130
15 36 1.9% 2.95 10.51 3,29
17 58 2.95 3.52 16.00 3,930
27 68 4.72 4,53 2,56 1,440
Dec. 9 80 0.73 1.38 0.57 440
23 9% 1.41 2.17 2.18 345
30 101 3.20 5.03 4,95 1,600
1965
Jan. 6 108 1.57 2.42 2.44 770
13 115 1.91 2,77 2.96 830
20 122 1.46 2.14 2.26 680
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Table 11 (d). loading rates for lagoon D

Day 1b. of vol- 1b. of Lb. vol Lb. COD Hydraulle
of atlile solids COD solida per per loading
Date run added added 1000 ft3-day acre-day (ft.3)
1964
Sept. 21 1 1,01 0.37 5.48 1,080 2.25
23 3 O.44 0.439 2.36 543 15.25
25 5 0.83 1.14 4.438 1,270 15,25
29 9 0.72 0.81 3.38 300 12.00
Oct. 1 11 2.53 1.08 13.71 1,210 12.00
3 13 3.12 2.43 16.90 2,700 12.00
5 15 0.66 1.18 3.58 1,310 12.00
7 17 1.28 2.19 6.4 2,450 8.75
9 13 0.93 1.37 5.01 1,520 8.75
No data collected during this period
22 32 2.18 2.79 11.80 3,100 10,37
25 34 1.52 2.44 8.20 2,700 2,25
27 37 1.38 0.89 7.45 900
28 38 0.84 0.73 4.56 810
30 &40 Q.70 0.70 3.30 780
Nov., 1 42 1.13 1.23 6.10 1,360
3 W 0.76 1.19 4.13 1,320
5 &6 0.43 1.20 2,60 1,340
7 48 1.27 0.85 6.85 940
3 50 0.59 1.73 3.20 1,930
11 s2 0.89 1.41 4.80 1,570
13 54 Q.79 1.43 4.29 1,550
13 56 0.97 1.48 5.26 1,620
17 58 1.47 1.76 8,00 1,970
27 68 2.36 2,26 1.28 720
1965
Dec. 9 B0 0.36 Q.63 0.28 220
23 0.70 1.09 1.09 172
30 101 1,60 2.5) 2.48 300
Jan. 6 108 0.79 1.41 1.22 - 380
13 115 0.95 1.3 1.43 440
20 122 0.73 1.07 1.13 40
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Table 11 (e). Loading rates for lagoon B

Day 1b. of vel- 1b, of Lb, vol Lb. COD BRydraulic
of atile solids COD solids per per loading
Date run  added added 1000 £t3-day acre-day (ft.3)
1964
Sept.21 1 0.50 0.48 448 540 1.10
23 3 0,22 0.25 2.11 274 14.10
25 L 0.42 0.57 3.98 635 10.85
29 9 0.36 0.40 3.45 450 10.85
Oet. 1 11 1.46 0.54 12,12 605 7.60
3 13 1.56 1.22 14,96 1,350 5.98
5 15 0.33 0.59 3.17 655 .35
7 17 0.64 1,10 6.14 1,225 4.35
2 19 0.46 0.68 4. .46 760 1.10
No data collected during this period
22 32 1.09 1.40 10.45 1,550 1.10
24 34 0.76 1.22 7.29 1,350
27 37 0.69 0.44 6.60 450
28 38 0.42 0.36 4,02 405
30 40 0.35 0.35 3.36 3%0
Nov. 1 42 1.06 0.62 S.h2 680
3 4 0.38 0.60 3.65 660
5 &6 0.24 0.60 2,30 670
7 48 0,68 0.42 6.10 470
9 50 0.29 0.86 2,78 965
11 52 0.50 0.70 8.27 785
13 54 0.40 Q.72 3.78 775
15 56 0.48 0.74 4.65 810
17 58 0.78 0.88 7.05 985
27 68 1.18 1.13 1.13 360 2,25
Dec. 9 80 0.18 0.34 0.24 110
23 9 0.35 0.58 0.96 169
30 101 0.80 1.26 2.19 400
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Table 11 (f). Loading rates for lagoon F

Day Lb. of vol= 1b, of Lb. vol Lb. COD Hydraulic
of atile solids COD solids per per loading
Date run  added added 1000 ft3-day acre-day (ft.3)
1964
Sept.21 1 1.01 0.97 9.69 1,080 2,20
23 3 0.44 0.49 4,22 548 15.20
25 5 0.83 1.14 7.95 1,270 11.95
29 9 0.72 0.81 6.90 900 11.95
Oct. 1 11 2,53 1.08 24,24 1,210 11.95
3 13 3.12 2.43 23,92 2,700 10.33
515 0.66 1.18 6.34 1,310 8.70
7 17 1.28 2,19 12,28 2,450 7.09
9 19 0.93 1.37 8,92 1,520 3.82

No data collected during this period

22 32 2,18 2.79 20.90 3,100 21.70
24 34 1.52 2.43 14.58 2,700
27 37 1.38 0.89 13.21 900
28 38 0.84 0.73 8.05 810
30 40 0.70 0.70 6.71 780
Nov. 1 42 1.13 1.23 10.83 1,360
3 uy 0.76 1.19 7.30 1,320
5 46 0.48 1.20 4,60 1,340
7 48 1.27 0.85 12.19 940
9 50 0.58 1.73 5.56 1,930
11 52 0.89 1.41 8.54 1,570
13 54 0.79 1.43 7.57 1,550
15 56 0.97 1.48 9,30 1,620
17 58 1.47 1.76 14.10 1,970
27 68 2.36 2.26 2,26 720 4,50
Dec. 9 80 0.36 0.69 0.48 220
23 94 0.70 1.09 1.92 172

30 101 1,60 2,51 4.39 800
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Table 12, Temperature of lagoon supernatant
Lagoon liquid temp.,oF.
Date Day of run A ] c D E F
Sept. 22, 1964 2 63 63 63 63 63 63
25 4 61 61 61 61 61 61
27 7 59 39 59 59 59 59
23 8 59 59 59 39 59 59
30 10 53 53 59 59 39 53
Oct. 2 12 59 59 59 59 39 59
L 14 58 58 58 38 58 58
6 16 57 57 57 57 57 57
8 18 56 56 54 54 50 50
20 23 53 53 50 51 43 43
23 32 52 52 50 50 48 48
25 34 52 52 50 50 43 439
27 37 54 54 53 53 52 52
30 40 33 53 31 51 50 50
Nov., 1 42 52 52 51 51 50 50
3 il a3 33 51 51 50 50
5 46 54 54 54 sS4 53 53
7 43 54 54 52 51 50 0
9 50 53 53 52 52 50 50
11 52 53 53 52 52 50 30
13 54 53 53 52 82 50 50
15 56 53 53 51 51 30 30
17 58 52 52 50 30 48 43
19 60 43 43 47 L7 46 46
27 63 42 42 33 3 33 39
Dec. 1 72 37 39 36 338 36 37
16 87 37 38 36 38 36 34
23 9% 34 34 34 34 2 34
30 101 34 k1 32 34 32 32
Jan. 6, 1965 108 34 36 36 36 - -
13 115 33 34 a2 k1 - -
20 122 34 32 32 32 - -
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Table 13. Air temperature, wind veloecity, and precipitation during
period of observation

Date Day of run Air temp., °F. Wind vel., revs. Precip. in

Max., Min. Rain Snow
Sept. 21 1 67 55 43 + -
22 2 73 53 26 0.74 -
23 3 65 40 116 0.18 -
24 4 55 43 202 - -
25 5 30 40 31 - -
26 6 79 53 287 + -
27 7 59 37 134 - -
28 3 63 32 63 - -
29 3 73 37 36 - -
30 10 73 43 84 - -
Oct. 1 11 738 51 212 - -
2 12 77 47 162 Oh -
3 13 76 43 19 - -
4 14 65 41 164 - -
3 15 58 35 133 - -
6 16 57 32 sS4 - -
7 17 63 49 161 - -
8 18 62 42 185 - -
3 13 43 25 110 - -
10 20 54 23 ] - -
11 21 43 40 111 .20 -
12 22 57 1 36 - -
13 23 67 a5 29 - -
14 24 70 40 48 - -
15 25 73 41 114 - -
16 26 80 16 116 - -
17 27 75 45 94 - -
18 28 58 38 162 - -
12 23 47 28 124 +a +
20 30 70 22 132 - -
21 31 65 42 150 - -
22 32 52 27 53 - -
23 a3 54 27 50 -
2L 34 75 30 75 - -
25 35 71 49 . 101 - -
26 36 69 43 57 - -
27 37 606 45 39 - -
23 38 63 a7z 4 - -
22 33 53 30 39 - -
30 40 71 31 28 - -
31 41 75 45 167 - -
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Table 13. (Continued)

pate  Day of run Air temp., °F. wind vel., revs. Precip. in

Max. Min. Rain Snow
Nov. 1 42 63 45 112 .15 -
2 43 75 46 81 05 -
3 L4 72 S 117 - -
L 435 63 4 137 .09 -
5 46 51 42 56 - -
6 47 60 41 123 - -
7 48 66 40 27 - -
8 45 67 43 74 - -
3 50 65 48 135 - -
10 51 65 33 96 - -
11 52 73 §8 176 - -
i2 53 69 46 257 - -
13 54 65 78 14 - -
14 55 73 42 205 - -
15 56 68 45 112 .36 -
16 57 &7 32 167 - -
17 58 48 81 94 - -
18 53 43 25 119 - -
19 60 34 26 102 - -
20 ol 32 1l 325 .02 .08
21 62 17 -1 261 - -
22 63 50 8 177 - -
23 64 50 25 137 - -
A 65 44 26 76 - -
25 66 57 25 105 - -
26 67 50 11 215 - -
27 68 35 20 125 .03 +
28 63 34 15 133 - -
29 70 138 S 193 - -
30 71 15 -6 104 - -
Dec. 1 72 30 11 Discontinued, freezea T .10
2 73 29 18 over .03 1.8
3 74 24 135 T T
4 75 23 13 - -
5 76 21 4] - -
6 77 23 17 T T
7 78 33 15 - -
8 73 32 18 - -
9 80 35 24 - -
10 31 38 23 .65 -
11 82 il 28 .02 -
12 83 41 31 - -
13 a4 36 13 : - -
14 35 35 6 - -
15 86 38 3 - -
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Table 13. (Continued)

Date  Day of run___ Air temp., °F. Wind vel., revs._Precip. in

Max. Min. Rain  Snow
Dec. 16 87 35 3 - -
17 88 5 =12 - -
18 89 20 -10 - -
19 90 24 10 .03 1.2
20 91 22 3 b 4 T
21 92 36 13 - -
22 93 45 15 - -
23 94 55 31 - -
2h 95 4h 14 - -
25 26 16 10 T T
26 97 19 -1 - -
27 98 26 1 - -
28 99 32 16 .02 1,00
29 100 35 30 .04
30 101 37 29 - -
31 102 35 17 - -
Jan. 1 103 35 31 .16 -
1965 2 104 k11 17 .05 -
— 3 105 an 8 - -
4 106 40 21 - -
5 107 39 19 - -
6 108 33 23 T -
7 109 42 35 T -
8 110 42 1l T T
9 111 14 -1 - -
10 112 33 0 - -
11 113 36 10 - -
12 114 30 s - -
13 115 20 2 - -
14 116 12 -3 08  1.80
15 117 11 0 .08 1.00
16 118 16 -13 - -
17 119 32 -1 - -
18 120 29 5 - -
19 121 33 12 -

20 122 32 9 -




B4
Presentation and Analysis of Data for Large Treatment Lagoon

A full size lagoon has been in operation at the Iowa State Univer-
sity Swine Nutrition Farm since 13963. This lagoon disposes of the wastes
from a confinement unit which normally houses approximately 600 hogs.

The lagoon {s composed of 2 cells. The first cell is 9 feet deep with a
surface area of 0.16 acre. The second cell is 4 feet deep with a surface
area of 0.48 acre. The two cells are not partitioned. Periodic sampling
of the lagoon contents by the Department of Agricultural Engineering of
Iowa State University indicate only slight differences between the charac-
teristics of the supernatant in the first and second cells. Therefore,
only the results obtained by sampling of the supernatant in the first

cell will be discussed here. The data for solids, COD, and BOD, are
presented in Table 14,

During the months of October and November, 1964, the COD in the
large lagoon ranged from 720 tp 740 mg/l. The average value during the
period was 822 mg/l1, as computed from the values shown in Table 14. A
comparison has been made between these results and the results obtained
from the 2 deeper test lagoons, lagoons A and B. Data from lagoons A
and B are used in the comparison because their depths are approximately
the same as the depth of the first cell of the large lagoon. Tha COD
values shown in Table 15 for lagoons A and B are the average values
for the period from November 1 to 19, 1964, when the lagoons sesmed to
be fairly stable in operation.

The data in Table 13 show that the performance of the test lagoons

correlates quite well with the performance of the large lagoon, based
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Table 14. Properties of swine manure lagoon supernatant (effluent from
firat cell, colliected at division between first cell and
second cell)

Sampling Sollds CoD 'BOD
date Total Velatile mg/1 wg/1
wg/1 ng/1
1964
Mar 12 2680 1780 880
16 1300 530 1120
19 1430 630 830
20 1400 620 790
2% 1620 690 1150 890
Apr 1 1460 630 500
2 1550 530 360
3 1400 450 860
6 1510 630 760
9 1370 630 300
15 1370 620 850
23 1370 630 320
May 1 1130
7 1580 770 1210 970
13 1410 710 910
June 3 2020 770 1500
11 1650 1250
24 1530 720 1490
25 1100
30 1830 8560 1730
July 7 1650 760 1630
8 1180
14 2190 1080 1700
15 1230
21 1200 840 1740
23 1020
28 2070 950 1320
30 1660 850
Aug & 1830 910 1480
6 800
11 1970 1020 1300
18 1929 1060
19 1140
20 320
26 280
Sept & 1040 220
11 230
15 1610 690 810
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Table l4. (Continued)

Sampling Solids CoD BOD
date Total Volatile mg/1 mg/1
rg/1 mg/1
1964
Sept. 21 3%0
23 1640 290 720
30 _ 730
Oct., 7 240 380
14 820 3%0
23 1260 780 M0 500
Nov., 6 1420 830 890
13 720
1965
Jan. 25 13384 621 748
Feb. 6 1240 610 1083
Mar, 13 756 1430
20 1250 741 234
Apr., 9 873 470 780
30 1177 573 1065
May 5 1339 627 1340
14 1214 437 1213
21 1584 883 1046
27 1320 550 806
June 11 1368 557 749
16 1324 496 672
23 1531 660 7%0
July 1 1552 676 832
28 1214 % 506

Aug. 10 1085 7 480
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Table 15, Comparison of supernatant COD and volatile solids concentra-
tion between the test lagoons and the large treatwment lagoon

Lagoon Depth Loading rate Cop Volatile solids
(£t) 1bs vol, sol. mg/1 mg/1
1000 cu £t/day
A 9.83 3.65 1537 1060
B 9.83 4.88 1019 840
Large
lagoon 9.0 3.0 822 800

on the COD of the lagoon supernatant.

During other periods of the year, as shown in Table 14, the COD in
the large lagoon was much higher anﬁ more variable than the COD during
October and November., During the latter part of the period of record
for the large lagoon, beginning sometime after August 10, 1965, the COD
rose to nearly 5000 amg/l. The reason for this is not known, but may have
been associated with heavy rains cxperienccd at about that time. Table
14 also shows that the COD in the large lagoon began to increase about
the end of January, 1965, reaching a peak value in March of that year.
Figure 5 shows that the test lagoons als¢ experienced a rise in COD at
about this time. Since no further data were obtained on the test lagoons
after January 20, it can not be sstablished whether the test lagoons also
reached a peak value,

The COD in the large lagoon appeared to be greatsar during periocds
of warmer weather and less during periods of colder weathai. It might
be expected that increased microbial activity during warmer weather should

result in the lower values of COD in the supernatant. However, as evi-
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denced by the sludge samples obtained from the small lagoons, many of

the ublids in the raw waste settle directly to the bottom of the lagoon.
Much of the degradation which takes place in an anaerobic lagoon takes
place in this sludge layer. Thus, during periods of colder weather, the
concentration of solids in the supernatant tends to be relatively low due
to this settling out process and the lack of biological activity to stir
up the sludge layer.

On the other hand, during periods of warmer weather and increased
biological activity, the solids concentration in the supernatant tends to
be relatively high. The increased biological action causes an increase
in gas production in the sludge layer. The gas rising to the surface caused
a mixing action to occur in the lagoon, which results in an increase in the
concentration of solids throughout the lagoon liquid. Thus, though the
lagoon might be more efficient at this time in the destruction of volatile
waste solids, the COD observed in the supernatant would tend to be relative-
ly high.

Anothar factor which might increase the golids concentration and
therefore the measured COD in the supernatant is the presence of a scum
layer on the lagoon during the warmer monthe of the year. Scum was present
to some degree on the small test lagoons, and on the large lagoon until
late into the fall season when the lagoons began to freeze over. These
scun layers were easily broken up by gentle agitation with a pole. It {s
probable that they were also broken up to some degree by factors such as
wind, rain, the mixing action in the lagoons caused by rising gases, or

by the bursting of the gas bubbles upon reaching the surface of the lagoon.
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These factors would be in effect mainly during warmer periods of the

year, when the lagoons would be free from ice. Even though scum was
brushed away during sampling, it is probable that the upper surface lay-
ers of the lagoon would have a relatively high concentration of solids

due to the presence of the scum layer. These solids would naturally in-
creasa the COD found in surface samples of the lagoon liquid during warmer
periods of the year.

Two conclusions may be drawn from the preceding discussion.

1) The results obtained from the first cell of the large treatment
lagoon correlate approximately with the results obtained from lagoons A
and B. Therefore, it appears that the results obtained from the test
lagoons may be applied reasonably to the performance of a full siza lagoon.

2) From the period of record of the large lagoon, it appears that
the COD in the supernatant of an anaerobic lagoon is greatest during
periods of relatively warmer weather, and less during periods of colder
weather. Since the test lagoon study occurred during a relatively cool

weather period, the results may not be indicative of summer performance.
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