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Preface 
Livestock producers must have guidelines on animal waste management that 

will be feasible and enduring. The need for improved methods of handling waste 
from confined feeding operations is also evident. 

Chapter 204 of the Revised Statutes of Missouri, 1969, as amended , gives the 
Clean Water Commission the responsibility and authority to correct and/or prevent 
"pollution" of "waters of the state." 

Research data and experience in handling livestock wastes have been used to 
develop these guidelines for planning, design, construction, and management of 
livestock waste handling systems. 

The information and design guidelines are intended primarily for use by 
personnel in agencies concerned with animal waste management problems. 

Credits 
Robert M. George, Associate Professor, Department of Agricultural Engineering, 
UMC, senior author. 

The following were major contributors: 
Coy McNabb, Professor, Department of Agricultural Economics, UMC, con
tributed a great deal of experience and judgment into the formulation of the policy 
and legal aspects of this publication. 
Dennis Sievers, Assistant Professor, Department of Agricultural Engineering, 
UMC, revised the biological treatment section. 
George B. Garner, Professor, Department of Biochemistry, UMC, revised and 
added original work to the soil-plant filter data. 
James R. Fischer, Agricultural Engineer, Science and Education Administration, 
USDA, revised and added original work to the solids separation section. 
Charles D. Fulhage, Assistant Professor, Department of Agricultural Engineering, 
UMC, revised the irrigation and solid waste disposal material originally prepared 
by Mark Peterson, area community development specialist, and provided council 
in other sections. 
Myron Bennett, Associate Professor, Department of Agricultural Economics, 
UMC, developed the economic analysis of waste. 
Herman Mayes, Agricultural Engineer, Science and Education Administration, 
USDA, researched weather information applied to lagoon design and waste 
characteri sties. 
Donald L. Esslinger, Associate Professor and Assistant Agricultural Editor, edited 
and designed the publication. 
Ken Arnold, John Ford, and Richard George, environmental specialists , Missouri 
Department of Natural Resources, reviewed the manuscript and offered sugges
tions. 
Soil Conservation Service engineering personnel reviewed the manuscript and 
offered comments and suggestions. 

Recognition is given to Dr. C. LeRoy Day, Chairman, Department of Agricultural 
Engineering and Dr. Schell Bodenhamer, Associate Dean of Extension, College of 
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versity of Minnesota for his review and comments on the manuscript. 
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Water Pollution Laws and 
Regulations for Animal 

Waste Management 

State and national laws and pollution abatement 
regulations affect livestock and poultry producers. At 
the national level the Environmental Protection Agency 
(EPA) with a regional office in Kansas City is the 
regulatory agency. 

In Missouri the Clean Water Commission (through 
the staff of the Water Quality Program, Division of 
Environmental Quality of the Department of Natural 
Resources hereafter referred to as the "agency " ) 
administers the Missouri Clean Water Law. 

Considerable effort has been made to coordinate 
these two regulatory agencies. The Missouri General 
Assembly amended state statutes to make it possible for 
the state agency to administer the regulations estab
lished by EPA. Consequently, the staffin Jefferson City 
should be contacted when questions arise about current 
pollution regulations. 

Missouri livestock and poultry producers should be 
concerned primarily with state regulations since those 
complying with Missouri regulations are also in com
pliance with federal regulations. Small units are not 
exempt in Missouri as they may be under federal 
regulations as is discussed later. 

Both state and federal regulations will be briefly 
discussed as they pertain to animal waste management. 

Missouri Law 

State Water Policy 
The Missouri Clean Water Law (enacted in 1972) 

states as general policy that 
. .. . it is hereby declared to be the public policy of this state 
to conserve the waters of the state and to protect, maintain and 
improve the quality thereof for public water supplies and for 
domestic. agricultural , industrial, recreational and other 
legitimate beneficial uses and for the propagation of wildlife , 
fish and aquatic life .... 1 

The state agency must establish and enforce regula
tions to carry out this policy. 

Waters of the State Defined 
The above statement of policy says that the waters 

of the state must be conserved, protected, maintained 
and improved. Waters of the state are defined in the 
Missouri Clean Water Law as: 

... . all rivers. streams . lakes. and other bodies of surface and 
sub-surface water. .. not entirely confined and located com-

pletely upon lands owned , leased or otherwise controlled by a 
single person or by two or more persons jointly .. . ' 

A close look at this definition suggests that not much 
is omitted. Ifa pollution problem is created when water 
leaves a person's property, the state may be involved. 

What is Water Pollution? 
A brief and useful definition of water pollution is 

"depositing or causing anything to be deposited in the 
water that unreasonably interferes with its use by 
others. ' ' 

The rather lengthy legal definition of water pollution 
in Missouri law is: 

.... such contamination or other alterations of the physical , 
chemical or biological properties of any waters of the state . 
including change in temperature , taste, color, turbidity , or 
odor of the waters, or such discharge of any liquid , gaseous , 
solid, radioactive, or other substance into any waters of the 
state as will or is reasonably certain to create a nuisance or 
render such water harmful , detrimental or injurious to public 
health, safety , or welfare , or to domestic , industrial, agricul
tural , recreational, or other legitimate beneficial uses. or to 
wild animals, birds , fish or other aquatic life.' 

Federal Law 

The Federal Water Pollution Control Act, as 
amended by Public Law 92-500, enacted October 1972, 
prohibits any discharge of pollutants into a waterway 
(streams, rivers, lakes) from a point source, unless 
authorized by a permit from the regulatory agency. In 
Missouri the authorizing agency is the Clean Water 
Commission. Thus, authority has been delegated to the 
state by EPA. 

Confined feeding is defined as a point source in PL 
92-500. March 11, 1976 EPA regulations established 
conditions under which animal feeding operations are 
subjected to permit regulations. The regulations are 
aimed toward eliminating water pollution resulting from 
confined feeding operations. Those operations that do 
not discharge pollutants into the nation's waters are not 
required to automatically apply for a permit. 

The EPA regulations apply to all animal feeding 
operations regardless of size. 

Missouri guidelines recommended that a waste 

'Chapter 204, Revised Statutes of Missouri . /969, as amended. 
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management system be constructed and managed so 
that there is no planned discharge. Thus, livestock and 
poultry producers who follow Missouri guidelines are 
not required to apply for a permit. 

EPA lists the following four points as basic provi
sions under its " final " regulations : 

I. Feedlots with 1,000 or more animal units must 
obtain a permit if there is a discharge of pollutants; 

2. Feedlots with less than 1,000 animal units but 
more than 300 are required to obtain a permit if the 
facility-

-discharges pollutants through a man-made con
veyance, or 

-discharges pollutants into waters passing through 
or coming into contact with animals in the confined 
area; 

3. Feedlots in the 300 to 1,000 animal unit category , 
even though they may not meet the above criteria for 
discharges , may be designated by EPA or the director 
of the state agency as requiring an individual permit. 
Designations are made on a case-by-case basis , only 
after an on-site inspection is made and written notice is 
given to the owner or operator; 

4. Feedlots with less than 300 animal units are not 
subject to the permit requirement except when desig
nated on a case-by-case basis. Designation may be 
made only if a feedlot discharges through a man-made 
conveyance or into waters passing through the facility 
or otherwise coming in contact with animals confined 
and then only after an on-site inspection is made and a 
written notice is given to the owner or operator. 

The term " animal units " is used in the new regula
tions. The numbers of each species equating I ,000 
animal units are as follows : 

Slaughter or feeder cattle 
Mature dairy cows 
Swine over 55# 
Horses 
Sheep or lambs 
Turkeys 
Laying hens or broilers 
Laying hens or boilers 
Ducks 

1,000 
700 

2,500 
500 

10,000 
55,000 

100,000 continuous overflow watering 
30,000 liquid manure 

5,000 

300 animal units are equated as follows: 

Slaughter or feeder cattle 
Mature dairy cows 
Swine over 55# 
Horses 
Sheep or lambs 
Turkeys 
Laying hens or broilers 
Laying hens or broilers 
Ducks 

300 
200 
750 
150 

3,000 
16,500 
30,000 continuous overflow watering 

9,000 liquid manure 
1,500 

In general the intent of both federal and state laws is 
that if there is a discharge from a confined feeding facil
ity , steps must be taken to correct it. The major thrust 
of federal laws and regulations is toward the large con
fined feeding units, but smaller units are not exempt in 
Missouri. 

Livestock and poultry producers who have con
structed waste management facilities following the 

Missouri guidelines are in compliance with federal 
regulations. Actually, Missouri laws and regulations 
are more comprehensive in that those facilities smaller 
than 300 animal units exempted in the federal regula
tions are not exempt under Missouri regulations. 

The important point is that livestock and poultry 
producers adopting the Missouri approach to animal 
waste management will be in compliance with federal 
as well as state water pollution laws and regulations. 

The Missouri Approach 

The Missouri approach was developed to fulfill the 
need for an animal waste management system that 
would not pollute water of the state and that would 
utilize the manure as a resource . There are three basic 
concepts: 

(I) Systems are designed so that there will be no 
planned discharge into surface or subsurface water as 
there is in industrial or municipal waste treatment 
systems. 

(2) Systems are designed and managed so that all 
animal wastes are collected and applied to the land in a 
controlled manner. 

(3) An operating letter of approval is issued by the 
state agency upon completion of an approved system. 

Manure produced from confined feeding operations 
is a resource that has value if applied to the land . 
Manure contains nitrogen, phosphorus , potassium and 
other elements which are needed for crop production. 
Farmers, unlike most cities or industries, usually have 
land which is used for crop production. The objective 
then is to move the waste from the confined feeding 
areas to the land and recycle the nutrients in crop 
production. 

Structures and facilities are built to handle the 
wastes produced. The owner has the responsibility to 
see that no water pollution will originate from his 
property. If all the waste is applied to the land in an 
approved manner, water pollution does not occur. But 
any system of waste management designed so there will 
be no point source of discharge from the property will 
require attention and proper management. 

For information about planning and designing an 
approved waste management system see UMC Exten
sion publication MP 232, The Missouri Approach to 
Animal Waste Management. 

For information regarding the potential for civil 
liability for odors, flies, dust, etc., refer to UM C Guide 
851, "Stockmen's Liability Under The Missouri Nui
sance Law ." 

How To Obtain Approval for an Animal 
Waste Management System 

State permits are required for all waste treatment 
facilities that have a discharge to waters of the state. 
Waste facilities that do not discharge to waters of the 
state are covered by a letter of approval. Thus the need 
to distinguish between a permit and a letter of approval. 

Since the approved method of handling animal 



waste from confined feeding facilities has no discharge, 
livestock feeders should work toward obtaining a letter 
of approval rather than a permit. Generally permits are 
for industrial and municipal treatment plants. 
Letter of Approval. A letter of approval is issued by the 
state agency to all individuals who apply and show 
evidence of having a waste management system that 
can be managed and operated so that there will be no 
point source of discharge from their property. There is 
no filing fee for a letter of approval. 

The letter of approval offers an incentive to the 
livestock producer. A record of his waste disposal 
system is placed on file, indicating that the wastes are 
being disposed of in an approved manner and are not 
polluting the waters of the state. 

The letter of approval is not a permit. The state 
agency requires permits for all industrial or municipal 
waste treatment facilities that discharge into waters of 
the state . Animal waste management facilities that do 
not discharge into waters of the state can operate with a 
letterofapproval, thus, the need to distinguish between 
a permit and a letter of approval. 

Prior to getting a letter of approval, construction 
plans for the proposed waste management facilities 
must be submitted to the state agency, along with a 
completed application form. (Forms are available from 
the agency.) The proposed plans will then be reviewed 
by the staff, and upon a favorable review, the applicant 
will be notified to proceed with construction. Approval 
of construction plans by the agency is not an operating 
letter of approval. 

After construction is completed, an on-site inspec
tion may be made by the agency or its representative. If 
the completed facility is built according to the approved 
plans, an operating letter of approval is issued by the 
agency. Those operations that have approval to con
struct but do not have a letter of approval to operate 
have not completed all the requirements for an ap
proved waste management system. 

All existing letters of approval remain in force as 
long as all conditions of approval are met. If the waste 
management system is changed substantively or the 
number of animals increased, then the existing letter of 
approval is invalidated. 

Procedure for obtaining Letter of Approval. To obtain a 
letter of approval, the plans for the waste management 
facilities should be submitted to the Water Quality 
Program, Department of Natural Resources, Box 1368, 
Jefferson City, along with a completed application 
form . The plans will be reviewed. Upon a satisfactory 
review, the applicant will be notified to proceed with 
construction. 

An inspection may be made by the State Agency or 
its representative when the proposed facilities are 
completed. A letter of -approval will be issued if the 
facilities have been constructed as approved. 

The Missouri Geological Survey may be contacted 
for their comments regarding the geological suitability 
of the site when earthen basins are a part of the waste 
treatment facilities. 
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When is a Facility Considered Complete? A waste man
agement facility is considered complete when: 

(I) All earth moving is done and the berm is seeded; 
(2) Concrete work is finished; and 
(3) The system is ready to be put into operation. 
Plans must be made for distribution of both liquid 

and solid waste. The overall plan presented to the 
agency should describe how the waste will be trans
ported and applied to the land and the type of equipment 
to be used. 
Questions. To avoid confusion, questions about pollu
tion regulations may be directed to: Water Quality 
Program, Dept. of Natural Resources , P. 0. Box 1368, 
Jefferson City, MO 65101, phone 314-751-3241. The 
state has the job of implementing both federal and state 
laws and regulations concerning animal waste. 
Permit. When a discharge into a stream is planned , two 
types of permits are required by the state agency: (I) 
construction and (2) operating. Plans and specifications 
of proposed facilities must be submitted to the agency 
along with a completed application for a permit to 
discharge at least 180 days in advance of the anticipated 
discharges. Such plans must be prepared by a registered 
professional engineer. Upon a favorable review of the 
plans , a permit for the construction of the facilities will 
be issued. When the facilities are completed , a staff 
member of the agency will inspect the facilities. If they 
have been constructed in accordance with the approved 
plans and specifications, an operating permit will be 
issued. The filing fee for a construction permit is $25 
and for an operating permit, $75. Operating permits 
may be issued for any period of time up to a maximum 5 
years. · They may be renewed at that time. Anyone 
contemplating a discharge into waters of the state 
should request a copy of the regulations from the 
agency . 

Animal Waste and Household Water Supply 
All plans must show the location of any household 

water supply in relation to the proposed animal waste 
facility. The agency recommends that a waste storage 
lagoon be at least 300 feet from a water supply used for 
human consumption and requires that it be at least 100 
feet. If the plans include a lagoon 100-300 feet from the 
water supply , a favorable report must be obtained from 
the Missouri Division of Geology and Land Survey. A 
letter of approval will not be issued if the distance is less 
than 100 feet. The State Milk Board will not permit 
lagoons to be closer than I 00 feet from the water supply 
on Grade A dairy farms. 

When earthen basins (lagoons) are to be used as part 
or all of the waste treatment facilities , the Missouri 
Division of Geology and Land Survey may be con
tacted by the agency for their comments regarding the 
geological suitability of the site . An unfavorable ruling 
on the proposed site by the Missouri Geological Survey 
would require the selection of another site or designing 
a waste management system without an earthen lagoon . 
The purpose of this review is to protect the ground 
water. 
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Biological Treatment 
of Animal Waste 

General considerations for designing , constructing, 
and using animal waste lagoons are included in this 
chapter. Such a system must handle waste from animals 
or poultry in accordance with standards and regulations 
of various federal and state agencies. 

The main premise ofall waste disposal systems isno 
planned discharge. They must be planned systems so 
that waste is applied to the land and does not pollute 
surface or ground waters. 

Discussion includes anaerobic storage lagoons, 
aerobic lagoons, mechanically-aerated systems, and 
oxidation ditches. Also included is discussion of odor 
control and some heretofore unpublished information 
on facultative-aerobic lagoons. 

Anaerobic Storage Lagoon 

The function of an anaerobic-storage lagoon is to 
collect, store, and liquefy manure through biological 
treatment so that it can be pumped and spread on land at 
some convenient time and with no planned discharge. 

The size of the lagoon must be such that it can 
contain the animal waste plus runoff from rain for a 
selected time period. 

Advantages of this method of treating manure are its 
low cost and very high loading rates per unit of lagoon 
volume. A disadvantage may be odors. 

Many anerobic lagoons in Missouri are operating 
successfully with minimum odor. Success depends on 
correct design and proper management. 

Figure I illustrates the component layers of an 
anaerobic lagoon. Note that the design volume is not 
pumped. 

Anaerobic Decomposition 
Anaerobic decomposition, a complex series of 

biochemical reactions , is caused by a mixed culture of 
bacteria. Anaerobic and facultative bacteria, found in 
animal excreta, multiply rapidly and turn organic solids 
to liquid and gas under proper environmental condi
tions. The process is best described as I) the liquefica
tion or acid-forming phase and 2) the gasification or 
acid-recovery phase. The following equations illustrate 
a simplified version of the anaerobic process . 

Acid 
Step I: Complex Organics----1► Volatile Acids 

Formers 

Methane 
Step 2: Volatile Acids------1► CH~ + CO2 

Formers 

Acid-Forming Phase (Step 1)-During the acid-forming 
phase raw , insoluble organic materials are converted 
into soluble, less complex materials, including simple, 
short-chain organic acids and alcohols. If sufficient 
acids are produced to depress the pH below 6.5, further 
digestion will be inhibited. Therefore, the acid forming 
phase must be accompanied simultaneously by the 
acid-recovery phase for digestion to proceed. 
Acid-Recovery Phase (Step 2)-In the second phase of 
digestion, methane bacteria convert the short-chain 
acids and alcohols to methane and carbon dioxide . 
Thus, methane bacteria are responsible for preventing 
build-up of acids. Since methane bacteria are more 
environment-sensitive than are the acid-forming bac
teria , lagoon design and operational parameters should 
be based on meeting the environment needs of methane 
bacteria. Methane bacteria are strict anaerobes, are 
generally non-motile, have low rates ofreproduction as 
compared with the liquefying bacteria, are more sensi
tive to pH and temperature, and require carbon dioxide 
for the reduction of volatile acids to methane. 

Although liquification with the production of carbon 
dioxide and organic acids must precede gasification, 
digestion will stop if the methane bacteria are inhibited 
by an accumulation of volatile acids, reducing the pH. 
This produces a sour, septic odor that usually is more 
offensive than the odor from either the raw or the 
properly treated waste. Thus, populations of both 
groups of bacteria must be maintained in balance. 
Fortunately , optimum conditions for the gasifying 
bacteria are also satisfactory for the liquifying bacteria. 

Anaerobic Lagoon Application 
Anaerobic lagoons appeal to some livestock pro

ducers , either as a low-cost treatment or as an inexpen
sive means for temporary , large volume storage of 
liquid manure. Waste from the lagoon may be spread on 
fields at convenient times . 

The basic attraction of the anaerobic process to the 
engineer, is its ability to decompose more organic 
matter per unit volume than an aerobic system. For this 
reason alone, the anaerobic processes deserve consid
eration for stabilizing strong organic wastes. Volatile 
solids may be reduced from 40 to 90 percent depending 
upon the nature of the waste constitutents. Carbohy
drates are completely converted to methane, carbon 
dioxide, and water. More resistant materials are re
duced 50 percent or less. 

An anaerobic lagoon frequently has been adopted as 
the only step in biological treatment of animal wastes. 
However, the capability of the anaerobic process to 
take large amounts of organic waste makes it particu-
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Table 1. Anerobic Lagoon Design Volume (100 percent Manure Load-Continuously Loaded) 

ANAEROBIC DESIGN VOLUME 
WASTE lb. VS VS:BOD North MO. Central MO. South MO. 

I000lb . Ratio cu. ft./lb .1 cu. ft.fib. I cu . ft.fib. I 

Dairy 8.6 5.1 2.8 2.3 2.0 
Beef 5.9 3.7 1.8 1.5 1.3 
Calves 
Liq. Cone. 4.5 2.5 1.3 I. I .9 

Calves 
Roughage 9.0 3.7 2.7 2.3 1.9 

Swine 4.8 2.4 1.4 I. I 1.0 
Sows & 

Litter 6.4 2.4 1.8 1.5 1.3 
Boar 2.4 2.4 .7 .6 .5 
Poultry 
(layer) 9.4 2.7 2.7 2.3 2.0 

Broiler 12.5 10.9 5.6 4.7 4.0 
Sheep 8.5 9.4 3.5 2.9 2.5 
Horse 7.5 4.7 2.4 2.0 1.7 

1 Assumes 100% of manure loaded into lagoon. Reduce lagoon volume in direct proportion to percent reduction in total manure 
loaded into lagoon . 

NOTE : If human sewage is added to lagoon, provide 60 ft. 3 per person. 

larly suited as the first step in a combined anaerobic
aerobic system. Combined systems offer large capacity 
treatment more economically than the exclusive use of 
an aerobic system. 

Additional treatment may also be desired when 
treated wastewater is to be recirculated to flush raw 
wastes from livestock buildings. Less odor will be 
introduced into the buildings with aerobically-treated 
wastewater than with anaerobic lagoon effluent. 

Decomposition of organic solids within a lagoon can 
improve the properties of the liquid manure for applica
tion with irrigation equipment. 

The effluent from an anaerobic lagoon will contain 
substantial N, P, and K which must be applied to a soil 
plant filter. Approximately 50 percent of the P and K 
initially placed in the lagoon will be found in the 
effluent. The remainder will be tied up with the 
digesting solids on the bottom. Much of the nitrogen 
placed in a lagoon will be lost as ammonia. If the 
nutrient concentration ofa specific effluent is desired, it 
may be tested for N, P and K. 

Some Environmental Requirements for 
Anaerobic Digestion 
Temperature-Anaerobic lagoons are essentially open 
anaerobic digesters and are sensitive to temperature 
changes. A stable temperature is important in maintain
ing a proper balance between acid forming bacteria and 
the more delicate methane forming bacteria. 

An anaerobic lagoon operates most efficiently and 
produces minimum odors when these bacterial cultures 
are in balance . 

Sudden temperature changes and "shock loading" 
upset the bacterial balance and result in an increase in 
acid formers, a possible lowering of pH, and an increase 
in offensive odors . 
pH-The desirable combination of bacteria is obtained 
when, among other conditions, the pH of the lagoon is 

6.8 to 7.4. A pH reading can be made in a soil testing 
laboratory. 
Toxic Materials-Some feed ingredients, such as copper, 
zinc, salts, and antibiotics, may accumulate in the 
lagoon and eventually inhibit bacterial action. Lagoons 
that receive little surface runoff may have to be 
periodically diluted with fresh water to prevent a toxic 
buildup of those materials . Sufficient rainfall will nor
mally occur, but in a dry year a volume of water eqt1al to 
one half the design volume may have to be added to 
ensure adequate dilution. 

Lagoon Design 
Loading Rate (cu. ft.fib. Animal)-Design of anaerobic 
lagoons is based on dilution of the manure , i.e., diluting 
a given amount of violatile solids with a given amount of 
water. Animal waste contains a high percent of volatile 
solids . Volatile solids represent the biodegradeable 
fraction and are a useful parameter for design. 

The loading rates in Table I are based on volatile 
solids in the waste and adjusted according to the 
Volatile Solids (VS) :BO D ratio. The values for swine 
represent an appraisal of many good operating lagoon 
systems. Assigning a value of 100 to the VS:BOD ratio 
for swine, the loading rates for beef, dairy and poultry 
were adjusted according to their VS:BO D ratio. 
Lagoon loading rates can be calculated from : 

Y = [.001455X - 4.9455) [1.109- .0429ZJ 
Y = Loading rate , pounds VS/ 1000 cu. ft. 

Design (cu. ft.Jib) = lbs. VS/ IO00 lbs. 
Volume lbs . VS/ IO00 cu . ft. loading rate (Table I) 

X = Lagoon Degree Days 
No . Missouri 5785 
Central Missouri 6250 
So . Missouri 6750 

Z = VS: BOD Ratio (Table I) 



Table 2. Diameter, Slope, and Expected Flow Rates 
for Sewer Lines 

Diameter Inches 

4" 
6" 
8" 

J(Y' 

Slope (ft/ft) 

.02 

.013 

.009 

.007 

Expect G PM Flow Rate 

115 
255 
460 
750 

Proper management of the system is assumed with 
loading to be continuous over a 24-hour period. Con
tinuous loading is assumed if the lagoon is loaded at 
least one time daily. 

If runoff from dirt feedlots will enter the lagoon, it is 
recommended that the solids be settled out in basins 
with only the liquid going into the lagoon. A large 
fraction of solids in surface runoff from dirt feedlots is 
soil particles. If soil is allowed to enter the lagoon, it will 
accumulate on the bottom. The accumulation will 
decrease the storage volume and shorten the time 
interval between sludge removals. 

If solids are removed by settling , reduce the lagoon 
design volume by 50 percent. 
Depth of Lagoon-Anaerobic lagoons are sized by vol
ume. Minimum depth should be 8 feet, 8 to 14 foot 
depths are typical. 

Lagoons deeper than 8 feet offer advantages. 
I. A smaller surface area requiring less land. 
2. More thorough mixing of lagoon contents by 

rising gas bubbles. 
3. Minimum odors. 
4. Efficient use for mechanical aeration. 

Seepage is not desirable because it will pollute 
ground water. Lagoons built in pervious soils should be 
sealed or lined with plaster. To obtain state approval for 
a lagoon in pervious soils in some parts of Missouri such 
as sink holes areas, the site must be approved by the 
state geologist. 
Lagoon Inlets-The inlet should be located near the 
center of the lagoon or at several locations in large 
lagoons so that solids are distributed and not allowed to 
accumulate near the edge . Both above-surface and 
below-surface inlets have been used. 

The inlets should be discharged within the center 
two-thirds of the lagoon surface . Submerged inlets are 
generally recommended to avoid freezing in winter. 
They should discharge 3 feet or more above the lagoon 
bottom. Submerged inlets should have a minimum of I 
foot of head above the maximum lagoon level for each 
100 feet of run. 

Some judgment should be used to select the number 
of inlets and the distance between them. One discharge 
point per acre of lagoon will avoid large concentrations 
of solids at one point and help minimize odors in spring 
warmup. Multiple inlets should be fed equally from a 
distribution box . 

The size and slope of the inlet line should be selected 
carefully considering the physical properties of the 
material being conveyed. The size and slope of inlet 
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lines can be matched from Table 2. The size selected 
should be determined by conditions encountered. 

Hand washing of floors will result in large manure 
particles and minimum quanities of wash water. Use 
4-inch drains and submerged inlets with hand washing. 
A collection basin with a "stopper" in the drain can be 
used with hand washing in a dairy. This will minimize 
plugging caused by whole grain swelling at lagoon water 
level in the inlet pipe. 

Gutter flush buildings normally have sufficient 
quantities of water to carry large manure particles 
through 4-inch diameter or larger pipes. Liquid manure 
pits normally have partially liquefied manure to be dis
charged. This material will flow freely in 4-inch diame
ter and larger pipes if the pipes are not flowing full. 
Discharge from liquid pits should contain 8 percent or 
less solids. The pipe size should be selected to dis
charge the required quantity in a selected time. 

Use of manure ramps for loading a lagoon by 
pushing the manure directly into the edge will result in 
large deposits of manure at the loading point. Bacterial 
activity and resulting gas bubbles will eventually dis
tribute manure into the lagoon. Manure ramps are 
usually used with dairy . Provide one ramp for each 80 
cows. 
Discharge From Lagoon-Overflow from anaerobic la
goons is not permitted to enter the natural water 
courses of the state. When the lagoon is full, some of its 
contents must be applied to a soil plant filter area to 
prevent overflow when new wastes are added. 
Lagoon Shape and Construction-A circular lagoon will 
best facilitate mixing. Rectangular lagoons may be 
used, provided they have a length to width ratio of3: 1 or 
less. A void narrow appendages isolated from the main 
body of water; they contribute little water volume and 
may be a source of nuisance conditions. Earthen dikes 
and banks should be sloped to 3: 1 or less to facilitate 
establishment of vegetative cover and for safe mowing 
of vegetation. 

Dikes, diversion ditches, and surface grading 
should be used to prevent unwanted surface runoff from 
entering the lagoon. Some runoff may be beneficial to 
fill the lagoon initially and to maintain the desired water 
volume, but uncontrolled entrance of surface runoff 
will reduce waste detention time and cause the lagoon 
to malfunction. 

All lagoons should be fenced to exclude children 
and domestic animals. The fence should be located so 
that it will not interfere with mowing, dike mainte
nance, or sludge removal equipment. 
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Depth at which pumpdown 
should be initiated. /t Dike 
Safety Volume 

Pump down depth 
corresponds to 
volume (11) 

(2) Lagoon design volume, the required dilution volume that is always maintained in the lagoon. 

(3) Volume of manure that will be loaded into the lagoon for the period between pumpings. 

(4) & (5) Volume of runoff from feedlots, paved areas, earth areas , roofs of buildings, or other sources of water that will enter the 
lagoon (excluding lagoon dikes), for period between pumpings. 

(8) Rainfall less evaporation plus dam runoff for period between pumpings. 

(I I) Volume to be removed and applied to a soil plant filter. It includes volumes 3, 4, 5, 8 and safety volume. 

Safety Volum e is the maximum amount of water expected during the 20 day pumpdown period. This volume includes one 
24 hr. - 25 year storm and/or the accumulated series of storms expected during the pumpdown period. 

Figure 1. Definition of Lagoon Volumes 

Safety Volume Required for A 20-Day Lead Time for Lagoon 
Pumpdown-The volume required for storage in animal 
waste lagoons is based on probability data for expected 
amounts nine years out of ten. It has been agreed that 
these volumes will be expected to be exceeded one time 
each 10 years. This one year in 10 occurance will be 
associated with exceedingly wet conditions and any 
waste distributed on land would likely be diluted before 
entering waters of the state and therefore is considered 
not to violate water pollution regulations. 

An analysis of maximum rainfall for 25-year fre
quencies offer a basis for anticipating the expected 
depth to be required for storage of these accumulated 
rainfall amounts. These studies show that the maximum 
25 year storms for a 20-day period are 7.5 inches in 
Southeast Missouri and approximately 6 inches in 
Northwest Missouri. Because of the small difference 
between the values, one value is used. 

The time of the year in different sections of the state 
of the maximum occurance is important. The study 
shows the maximum amounts occur in South Missouri 
in March, April, and May. The maximum amounts then 
rotate to Northwest Missouri in June. They then move 
to North Central and Northeast Missouri in July and 
August. 

These maximum volumes occur in the spring at the 
end of the winter accumulation when conditions on land 
are acceptable for disposal. 

Using probability data for the maximum inches of 
rainfall over a 20-day period is a valid basis to determine 
that point before overflow for the pumpdown to begin. 
Table 3 gives the required data. 

The responsibility for the management of the la
goon, including the pumpdown, rests with owner and/or 
operator. 

Odor Control with Anaerobic Lagoons 
One of the major disadvantages of anaerobic la

goons is the production of offensive odors. Odor 
production varies with design, management practices, 
and the type of livestock. Some techniques available to 
combat these odors. 

Odor control costs vary and usually are higher for 
the highest degree of control desired. Some judgment 
should be exercised regarding the degree of odor 
control as to the risk involved with the production of 
odors. Many times the risk is that of offending the 
owner or visitors on the property . The other extreme 
could be offended neighbors. The generation of offen
sive odors affecting other peoples' use of their property 
is usually considered a nuisance by the courts. Many 
times court orders can be obtained to eliminate the 
production of offensive odors. It is therefore important 
in the planning of livestock facilities to consider the 
probable impact of odor production. In some cases the 
enterprise has been enlarged to such an extent that 



Table 3. Maximum Expected 20 Day Rainfall for 
25 Year Frequency 1 

LAGOON FEEDLOT RUNOFF(in/ A) 

Maximum 
Rainfall Depth 8.(Y' 6"/ A 

'Depth from OVERFLOW for beginning of pump-down is 
8" plus watershed runoff. Watershed runoff is 

Acres Lot x 6,, . 

Acres Lagoon 

odors become a problem. 
The following are some methods and techniques to 

be considered. 
Naturally Aereated Lagoons-Lagoon designs having a 
loading rate low enough to allow the wind to supply free 
oxygen in such quanities as to support aerobic or 
faculative-aerobic bacteria will result in odor-free con
ditions. Design procedures are given in this manual for 
aerobic designs and faculative-aerobic systems. True 
aerobic designs are the most expensive of these two 
designs. 
Mechanically Aereated Lagoons-Specially designed 
floating pumps or aereators are commercially avai lable 
to add oxygen to lagoons. Most of the designs are such 
that they add oxygen to the total lagoon volume and 
therefore in effect become a n aerobic treatment system. 
Some units are available with baffles under the intake 
that minimize mixing and tend to keep the oxygen in the 
upper layers of the lagoon. 

Limited experience using aereation in the top two 
inches of a lagoon surface has been gained in Missouri. 
A pump recirculating lagoon effluent through a floating 
pipe over the lagoon was used to produce a ¼ inch jet 
back into the lagoon surface. The jet injected oxygen 
into the lagoon. Approximately one jet per 1000 sq. ft. 
was arranged so that it caused the lagoon surface to 
rotate thereby continuously adding oxygen to the 
surface. Highly offensive odors were reduced to barely 
detectable levels. 
Purple Sulfur Bacteria-There are many lagoons in 
Missouri that naturally have a purple sulfur bacteria 
population . They can be easily identified by their bright 
pink color in the late fall and early winter. Other types 
are a grape colored purple and can be found in some 
cases all year around. 

One striking fact about all lagoons having a high 
level of purple sulfur bacteria is the very low level of 
odors. 

It is not known at this time how to grow these 
bacteria. Some observations from around the state 
might be of value . Heavy populations and most notable 
odor reductions are associated with regular anaerobic 
lagoons that are more lightly loaded than the design 
specifies . They usually do not have heavy scum layers, 
allowing sunlight to penetrate the surface. The greater 
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concentration of lagoons having purple sulfur bacteria 
occur on a line running from Central-Northeast Mis
souri to Central Missouri and the Marshall
Warrensburg area. 

The phenomenon of anaerobic livestock lagoons 
turning a bright purple color has been documented in a 
number of states in recent years. The cause of the color, 
which may range from light pink to vivid red to purple, 
is usually attributed to the presence of a photosynthetic 
sulfur bacteria belonging to the family 
THIORHODACEAE. The bacteria are normally un
icellular, spherical or rod-shaped and are colored red, 
purple , or , if large amounts of sulfur are present in the 
cells, they may be peach colored. The colors are due to 
the presence of pigments in the cell called carotenoids 
which aid the photosynthetic process. 

These microorganisms are normally associated with 
waters or wastes which contain hydrogen sulfide gas 
(H2S) and apparently develop only under anaerobic 
conditions and when exposed to light. The organisms 
oxidize reduced forms of sulfur such as hydrogen 
sulfide to sulfur or sulfates and thus possess the ability 
to eliminate or reduce certain offensive odors produced 
within an anaerobic lagoon . If the organisms are not 
naturally present in an anaerobic lagoon , it has been 
recommended that they be introduced into it by mass 
inoculation, thus utilizing their odor-reducing 
capabilities. Little is known concerning the growth 
requirements of these bacteria. They seem to favor a 
neutral pH and a temperature near 70°F. Iron deficiency 
has been reported as a possible deterrent to growth 
establishment. 

The anaerobic lagoon is a natural habitat for these 
organisms and they do not interfere in any way with the 
normal operation of the lagoon as a waste treatment 
facility. 
Faculative-aerobic Lagoons-The faculative-aerobic la
goon design as described in this chapter offers a low 
cost method of odor control. The design requirement 
for depth promotes anaerobic decomposition in the 
lower depth of the lagoon. The anaerobic process is 
efficient in reducing the BOD levels of the manure load. 
The surface area restrictions promote an aerobic treat
ment in the top region thereby reducing odors before 
they are released to the atmosphere. 
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Selecting the Number of Pumpdowns Per Year. 
Lagoon design for the Missouri Approach has been 

based on the premise that sufficient storage volume be 
provided above the lagoon design volume to store the 
net grain (manure, lot runoff, dam runoff, and rainfall 
minus evaporation) the wettest year in 10 years. Ease of 
management and the difficulties associated with winter 
pumpdown emphasize the advisability of designing 
lagoons to be pumped down no more than once per year 
the wettest year in 10 years. 

Two pumpdowns per year may be required where 
space and/or depth limitations prevent sizing a lagoon 
for one pumpdown. The maximum pumpdown volume 
occurs during the period November through April. It 
does not occur in linear fashion over the year. 

If two pumpdowns are used, the storage volume can 
be reduced by half. To allow for the maximum one-in
ten-year storage needs the required volume can be 
pumped out of the design volume in November. Bacte
rial activity is slow during winter. 

If the lagoon does not naturally fill to at least the 
design volume level by spring when bacterial activity 
resumes, water must be added to restore the design 
volume. 

Management of Anaerobic Lagoons 
Two factors - proper design and proper manage

ment - are the most important ingredients for satisfac
tory operation of anaerobic lagoons. The test for 
satisfactory operation is that the lagoon stays in a stable 
condition over time and generates little or no odors. 
Stable conditions are indicated by relatively constant 
levels of suspended solids, minerals and other ele
ments. Odors are normally not detectable except, in 
some instances, during a brief warm-up period in 
spring. 

It is preferrable to fill a NEW lagoon to the design 
volume level with surface runoff, roof runoff, or water 
from a well, rivers or a pond before adding wastes. This 
should be a part of planning the production facility. In 
cases where this may not be possible, at least one-half 
of the design volume (not depth) should be available 
before manure is added. The remainder of the design 
volume should then be added within the first year, as 
manure is added. 

The consequences of not having greater than the 
required design volume the first year will be overload
ing and generation of odors for the first one and one-half 
years. After the lagoon is filled, divert runoff. 

Start a new lagoon at the beginning of warm 
weather. The higher temperatures will allow the bac
teria to grow more quickly and prevent buildup of 
organics. Take samples from the lagoon and measure 

pH frequently. If pH is below 6.7 add hydrated lime or 
caustic soda (lye), one pound per I ,000 square feet daily 
until odors are reduced. 

Load the lagoon continuously. This means manure 
is put into the lagoon at least one time per 24 hours. 
"Slug loading" of large amounts of manure between 
long intervals will cause rapid increase in volatile acids 
and lower the pH. Methane bacteria die when the pH is 
below 6. 7. The lagoon then will not function efficiently 
and will produce excessive odors. 

A lagoon can be managed to allow for slug loading. 
Hydrated lime or caustic soda can be added to the 
manure to nearly eliminate changes in pH. 

A lagoon can have a normal pH of6.7 to 7.2 and still 
have a high ratio of volatile acids to carbonate, resulting 
in odors. The addition of hydrate lime or caustic soda 
will act as a buffer, minimizing sudden changes in pH 
and resulting in a more stable state of equilibrium. 

Do not place bedding into a lagoon. A small handful 
of straw will plug the intake of most irrigation pumps. 

Do not exceed designed loading rates. 
Experience has shown that lagoons about two years 

old will establish an equilibrium and operate consis
tently. Minimum odor levels are detectable for a period 
of time during warm-up in spring. These odors can be 
minimized by adding lime or caustic lime during this 
period. 

In an average year rainfall plus animal waste ac
cumulation will normally exceed evaporation, even on 
confinement hog lagoon systems. A portion of the 
lagoon liquid therefore will usually have to be pumped 
each year. Periodic pumping of the lagoon is an 
essential part of lagoon management. A lagoon that is 
allowed to overflow may erode the earthen dam. 
Secondly, an overflowing lagoon may be in violation of 
state water pollution laws, subjecting the owner to legal 
penalties. 

Periodic pumping of the lagoon effluent and diluting 
the remaining liquids with water help to prevent buildup 
of salts and other chemicals which will inhibit bacterial 
action. General recommendations call for pumping and 
diluting when the total solids reach .5 percent. The 
dissolved solids can be estimated from a measurement 
of electrical conductivity (EC). The lagoon should be 
pumped and diluted when the EC exceeds 5,000 to 
6,000 micromhos/cm. A lagoon should be tested at least 
once per year. 

In dry years when insufficient rainfall is available 
for dilution, an amount of water equal to one-half the 
design volume should be added. A consistent manage
ment system of annually removing at least one-half of 
the design volume along with the addition of at least an 
equal volume of dilution water is important. Experience 
has proven that the above practice is more satisfactory 
than letting a lagoon accumulate solids, minerals and 
metals and completely mal-function before remedial 
action is undertaken. 



Weed Control-Weeds in and around the lagoon should 
be controlled for the following reasons: 

I. Lagoons over-grown with vegetation provide 
ideal breeding places for flies and mosquitoes. 
Sanitary regulations may require dairy farms to 
control vegetation around lagoons. 

2. Weeds add organic matter to the lagoon, decreas
ing its capacity to handle animal waste. Weeds 
can also interfere with pumping of the effluent by 
clogging intakes and pumps. In aerobic lagoons, 
tall weeds could reduce the effective light pene
tration (shade the algae) and reduce the effi
ciency of the lagoon. 

3. Weed control produces a neater appearing opera
tion and provides the operator a better view of 
the lagoon so that any marked change in its action 
and appearance can be spotted. Weed control 
will allow rodent damage to the dam to be 
detected early. 

Weed control entails two different problems: I) 
control of vegetation on the earthen banks, and 2) 
control of aquatic plants (those plants growing in the 
lagoon and at the water's edge). 

Mowing is the preferred method of controlling 
vegetation on the banks. Mowing two or three times per 
year should be sufficient. Try to keep the clipped 
vegetation out of the lagoon , if possible. 
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If the banks are too steep to mow, chemical weed 
control is possible with certain precautions. Do not use 
a herbicide that kills all vegetation; a good stand of grass 
on the bank is essential for erosion control. A herbicide 
such as Du Pont Ammate X-NJI which is approved for 
use along reservoirs , lakes and ponds would be pre
ferred. Other broad coverage herbicides can be used, 
but more care must be exercised to minimize direct 
spraying of the herbicide into the lagoon. 

Control of aquatic plants is best achieved by her
bicides, but extreme care must be exercised. Some 
herbicides, if used improperly, can kill the bacteria in a 
lagoon. Identification of the aquatic weed should be the 
first step. This will allow selection of the most effective 
and specific herbicide and minimize damage to the 
lagoon. Table 4 lists some of the more commonly used 
aquatic herbicides. For more information, see UMC 
Guide 4855. 

Spraying should be done from a boat toward the 
shore. This will minimize the amount of herbicide 
getting into the lagoon. This is very important in 
aerobic lagoons where the algae must not be destroyed. 
Algae perform a vital function in an aerobic lagoon and 
their destruction may lead to development of anaerobic 
conditions accompanied by nuisance odors. 

'Used here as an example-not as being recommended by the Uni
versity of Missouri over other similar herbicides. 

Table 4. Suggested Herbicides for Control of Aquatic Weeds. (Source: UMC Guide 4855) 

Herbicide 

Aquathol Grandular 

Aquathol K 
(liquid) 

Diquat 

Hydrothol 47 
(liquid) 

Casoron AQ 

Fenac Granules 

Dalapon 
Pu,ina Algae Check 

Cutrine 

Copper Sulphate 

Dichlone 

Simazine 

Source 

Pennwalt Corp . 

Pennwalt Corp. 

Chevron Chemical Company 

Pennwalt Corp. 

Thompson-Hayward 

Amchem Products 

Dow Chemical Company 
Ralston-Purina 

Marine Biochemists , Inc. 
Nequon , Wisc. 
(Several sources) 

Haugautuck Chemical Company 

CIBA-Geigy 

Remarks 

Effective against many submersed species . For spot treat
ment. Does not control algae. 
Effective against many submersed species. For whole pond 
treatments. Does not control algae . 
Effective against many submersed species. For whole pond 
treatments . Controls some types of algae. 
For partial treatment only . Toxic to fish if used in large areas . 
Safe if applied properly. Effective against filamentous algae , 
Chara and sensitive species of aquatic plants . 
For preemergence use in spot treatments. Controls most 
rooted submersed species , including Chara . Does not control 
filamentous algae. 
For preemergence use on exposed shoreline areas. Controls 
most rooted aquatic vegetation . Does not control algae . 
Best herbicide for control of cattails. 
Controls filamentous algae. Active ingredient is a copper 
organic complex . 
Controls filamentous algae. Active ingredient is a copper 
organic complex . 
Controls filamentous algae. Caution: May be toxic to fish and 
fish food organisms. Excessive use will have adverse effects 
on production of fish. 
Controls blue-green algae some filamentous algae . Topic to 
fish at near herbicidal levels . Safe for partial treatments. 
Whole pond treatment only. Gives full season control of all 
plants , including algae . Kills grass on spillways and trees near 
water. Should be applied early. No label clearance for aquat
ic use to date. Label pending. 
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Two-Stage Anaerobic Lagoon 
A two-stage lagoon can be designed using Work 

Sheet l AL. Various factors can force the design to be 
contained in two separate volumes. The slotted floor 
over a lagoon swine facility is one example of the need 
for two volumes. The first volume contains the design 
volume where the water level should remain relatively 
constant. Pumpdown would lower the water level 
below the baffles and expose the building to effects 
from wind in the winter time. The storage volume could 
be handled in the second stage lagoon. 

Topography and space limitations can also be 
reasons for separating a lagoon into two volumes. 

Normally the first stage of a two-stage anaerobic 
lagoon is sized to hold the design volume and the second 
stage, the storage volume. Space limitations at times 
will not allow the total required design volume in the 
first stage. An "Instant Lagoon" concept can be used 
to design and manage the system. If the required design 
volume cannot be obtained in the first stage, the 
difference can be recirculated , on a daily basis from the 
second stage. An equal volume is transferred each day 
from the first stage to the second. Use 1/365 of the 
design volume not available in the first stage - increased 
three to five times - for the daily recycled volume. 
Limited experiences would indicate that the first stage 
should never be less than one-fourth of the required 
design volume. 

The "Instant Lagoon" concept has been used 
successfully on a 200 dairy cow system with the first 
stage having one-fourth of the required design volume. 
The same concept has been used in liquid pits for swine. 
Odor in the swine building was reduced to a very low 
level after the instant lagoon system was placed in 
operation. 

A temporary storage of 12 inches or less should be 
included above the discharge pipe to contain sudden 
storms. The discharge pipe should be sized to discharge 
150 G PM for each acre oflagoon surface and watershed 
area. 

Interpretation of Lagoon Design Chart 
The lagoon design chart is a series of curves that 

relate depth, bottom area, top area, and volume of a 
square impoundment with 3: I side slopes. A series of 
curves identified by mean annual rainfall values allows 
determination of volume required for dam runoff and 
rainfall minus evaporation on the lagoon surface . 

Depth is plotted on the vertical axis and volume on 
the horizontal axis. The solid lines represent the area of 
the top of the impoundment, and the dashed lines 
represent the area of the bottom of the impoundment. If 
any two of the four parameters, depth, volume, top 
area, or bottom area are known, the other two can be 
determined. For instance, consider the intersection of 
the 100,000 cubic feet volume line and the 8 ft. depth 
line. Follow the dashed and solid lines down to the left 
to determine that this impoundment has a top area of 
about 18,000 square feet and a bottom area of about 
7,500 square feet. The volume required for rainfall 
storage is determined at the intersection of the appli
cable rainfall line with the applicable dashed line that 

represents the bottom area of the volume increment 
which provides storage for rainfall. 
Using Lagoon Design Chart for Fixed Depth Design-The 
majority oflagoon designs will prescribe depths ranging 
from 8 to 14 feet. Complete Work Sheet I AL to line 4, 
preliminary volume, then follow the steps below. 

I. Obtain preliminary volume, PV, from line 4 of 
Work Sheet I AL. Enter horizontal (volume) axis of 
lagoon design chart at this preliminary volume . 
Follow this volume line upward to the intersection of 
the annual rainfall line for your area. Read depth at 
this point on the vertical (depth) axis at the left and 
add 0.2 ft. This depth, RD, is the estimated portion 
of lagoon volume required to store the rainfall less 
evaporation the wettest year in 10. 

TD 

DV ! 
RD= Depth of rainfall-evaporation volume. 

PV D= Depth of preliminary volume portion of 
lagoon. 

TD=Total depth of lagoon . 
PV = Preliminary volume. 
RV=Rainfall evaporation volume. 

2. Subtract the (R- D) depth obtained above from the 
total desired depth TD of the lagoon. This is the 
depth of the preliminary volume portion of the 
lagoon (PVD). 

PVD=TD - RD 
RVB=PVT 

TD 

i 

3. Follow the depth value obtained in (2) above hori
zontally to the intersection of the preliminary vol
ume line. Read the top area of the preliminary 
volume portion of the lagoon, which is also the 
bottom area of the rainfall-evaporation portion of the 
lagoon . 

RV RVB 

PV 

PVT=Top area of preliminary volume portion of 
lagoon 

R VB= Bottom area of rainfall-evaporation por
tion of lagoon. 



4. Locate the intersection of the bottom area line from 
(3) and the annual rainfall line for your area. Read 
depth, RD , at this point which is the actual depth of 
rainfall evaporation portion of the lagoon. Read 
area, R VT, at this point which is the final top surface 
area of the lagoon. 

Example-Assume we are in the 36 inches rainfall area 
of Missouri, and wish to design a lagoon whose total 
depth is 12 ft. and whose manure storage and runoff 
volume is 50,000cu. ft. and design volume is 100,000cu. 
ft. Preliminary volume = 150,000 cu. ft. 
I . Following the 150,000 cu . ft. line upward to the 36 

inches rainfall line yields a depth value of 1.35 ft. 
Adding 0.2 ft. gives an estimated depth of 1.55 ft. for 
the rainfall evaporation portion of the lagoon. 

RD (estimated) = 1.55 ft. 

2. Subtracting the estimated rainfall-evaporation depth 
from the total depth of 12 ft. yields a depth of 10.45 ft. 
for the preliminary volume portion of the lagoon. 

t 
12' 

* PY= 150,000 ft 3 

3. The top area of the preliminary volume portion of 
the lagoon is read at the intersection of the 10.45 ft. 
depth line, and the 150,000cu. ft. volume line, and is 
22 ,000 sq. ft. This is also the bottom area of the 
rainfall-evaporation portion of the lagoon. 

RVB=22000 ft 2 
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4. At the intersection of 22 ,000 sq. ft. bottom area 
line, and the 36 inches annual rainfall line, the actual 
depth of the rainfall-evaporation portion of the 
lagoon is 1.6 ft. The top area of the rainfall
evaporation portion of the lagoon is 25,000 sq. ft. 
The volume of the rainfall evaporation portion of the 
lagoon is 37,000 cu . ft. 

RVT=25000 ft2 

r 
14.05' 

i 
Hence total lagoon volume is 150,000 + 37,000 = 
187 ,000 cu. ft. Lagoon surface area is 25 ,000 
sq . ft. and depth is 14.05 ft. 

The pumpdown volume is 37,000 cu. ft. + 50,000 
cu. ft. = 87,000 cu. ft. The pumpdown depth is 
read at the intersection of the 87,000 cu . ft. line 
and the 25,000 sq . ft. top area line, and is 4.1 ft. 

Rainfall-evaporation + 
manure storage + 
runoff 

100000 ft3 

25000 ft 2 

4.1 ft. 
t 

Using Lagoon Design Chart for a Fixed 
Surface Area Design 

In some locations the area available for the lagoon 
might be the restricting factor. In this case, on the 
Lagoon Design Chart, locate the intersection of the 
rainfall line for your region with the top area line which 
represents the lagoon surface area restriction which 
must be met. The depth at this point is the depth of the 
rainfall add-on volume. The bottom area line at this 
point is the top area of the preliminary volume. 

Next, locate the intersection of the preliminary 
volume top area line with the vertical volume line 
representing the preliminary volume. The depth at this 
point is the depth of the preliminary volume. The total 
depth of the lagoon is the sum of the depths of the 
preliminary volumes and the rainfall add-on volume. 
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WORK SHEET 1 AL 
Anaerobic Lagoon Design 

Landowner ______________ County ______ Date ______ _ 

(Beef, Swine) ______ Head at _______ lbs. Av. Wt. Tota 1 1 bs. -----

Design Based on ft. 2 Runoff Area and in. Average Rainfall (Fig. 2). ----- -----
Days Between Pump ________ _ 

1. LAGOON DES I GN VOLUME: 

lbs. Animal x 3 ft. /lb. Animal (Tbl. 1) x % To Lagoon ---- ft. 3(1) 

2. MANURE STORAGE VOLUME: 

ft. 3/1000#/day (Tbl. 5) x Head x __ Days/Pump x __ % To Lagoon 

3. RUN-OFF AND OTHER SOURCES: 

A. ft. 2 Dirt Lot x ft. R. 0. (Tb 1. 6, Col. 4) 
--

B. ft. 2 Cone Lot x ft. R.O. (Tbl. 6, Col. 3) 
--

C. OTHER SOURCES 

Sub Total 

4. TOTAL PRELIMINARY VOLUME (1 + 2 + 3) 

5. PRELIMINARY AREA FOR FIXED DEPTH : (Lagoon Design Chart - Top) 

----

ft. 3 

ft. 3 

ft. 3 

ft. 3 

----

ft. \2) 

(3) 

ft. 3 (4) 

ft. 3 (4) at ft. Deep (estimated depth of preliminary volume) ____ ft. 2 (5) 

6. ADD-ON VOLUME FOR ft. 2 (5) (Bottom) in./yr. at ft. Depth add on volume 

SUMMARY 

7. FINAL VOLUME ( 4 + 6) 

8. FINAL DEPTH (From steps 5 & 6) 

Final surface area dimensions= ft. X ft. --- ----

Embankment t tot dimensions= ___ ft. X ft. 

9. FINAL SURFACE AREA (Top) 

10. PUMP DOWN VOLUME (7-1) 

11. PUMP DOWN DEPTH (Lagoon Design Chart) 

12. MINIMUM ANNUAL PUMP DOWN VOLUME FOR DILUTION 
(Approximately one-half of design volume) 

--- ft. 3 (6) 

---- ft. 3 (7) 

___ ft. (8) 

? ___ ft.~ (9) 

ft. 3 (10) ----

___ ft. (11) 

---- ft. 3 (12) 



WORK SHEET 2AL 
Anaerobic Dairy Lagoon Design 

__ square feet of paved lot area, including roofs of buildings; 
__ square feet of earth area adjacent to lot that drain into lagoon; 
__ co~,s averaging 1330 pounds body weight in lot __ days and on pasture __ days of year. 

Manure from feeding and loafing area will be hauled and spread on days not on pasture. 

Lagoon will be pumped or drained to its designed volume requirement level __ times annually . 

1. DESIGN VOLUME 

% TOTAL 
AREA MANURE 1 

Milk Parlor 10 
Hold Pen 25 0 
Feeding 40 0 
Loafing 25 0 

% LOAD TO LAGOON* 
2 3 

.25 . 85 

.25 .85 

.25 . 85 

4 

1.0 
1.0 
1.0 

% TIME 
IN AREA 

1.0 

TOTAL TO 
LAGOON 

10 

(1) 

*Circle appropriate factor. % TO LAGOON (1A) ---
(1) If area is roofed, manure hauled, not washed. 
(2) If area is roofed, hauled and washed, or, area not roofed and manurP hiluled . 
(3) If area is roofed , manure not hauled, area not washed. 
(4) If area is roofed, manure not hauled, area washed, or not roofed not hauled. 

__ Cows x 1330#/Cow x __ ft . 3/# (Tbl. 1) x % To Lagoon {IA) 

2. MANURE STORAGE VOLUME: 
Cows x __ ft. 3/1000# (Tbl. 5) x 365 days x 

3. RUN-OFF & OTHER SOURCES : 
2 

A. ft. Dirt Lot x ---r=---=-----=-----=--=----,-.- ft. R.O. 
(Tbl. 6, Col. 4) 

B. ft. 2 Cone Lot x ft. R. O. 
( Tb l . 6, Col. 3) 

C. Other Sources (wash, etc.) 

4. TOTAL PRELIMINARY VOLUME ( 1 + 2 + 3) 

% To Lagoon (IA)= 

ft. 3 

ft. 3 

ft. 3 

5. PRELIMINARY AREA FOR FIXED DEPTH: (Lagoon Design Chart - Top) 
ft. 3 (4) at ft. deep (estimated depth of preliminary volume) 

----

----

----

ft. 3 

ft. 3(2) 

(3) 

ft. 3(4) 

---- ft. 2 (5) 

6. ADD-ON VOLUME FOR ft . 2 (5) (Bottom) in,/yr. at ft. (Depth of add on volume) 

ft. 3 (6) ----

SUMMARY 

7. FINAL VOLUME (4 + 6) 
8. FINAL DEPTH ( From steps 5 & 6) 
9. FINAL SURFACE AREA (Top) 

10. PUMP DOWN Volume (7-1) 
11. PUMP DOWN DEPTH (Lagoon Design Chart) 
12. MINIMUM ANNUAL PUMP DOWN VOLUME FOR DILUTION 

(Approximately one-half of design volume) 

---- ft. 3(7) 

---- ft. (8) 

---- ft. 2(9) 

---- ft. 3 (10) 

---- ft. (11) 

---- ft. 3 (12) 

19 
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Table 5. Approximate Daily Manure Production 

ANIMAL WEIGHT CU.FT./DAY % 
LIQ+ SOLID WATER 

Dairy 1000 1.32 87 .3 
Beef 
(a) Cone Ration 1000 .35 86.5 
(b) Corn-Silage 1000 .45 81.4 
(c) 25% Haylage 1000 .34 82.7 
(d) 50% Haylage 1000 .43 82.1 
Swine-finish 1000 1.10 90.8 
Sow+ Litter 1000 1.44 90.8 
Gestation Sow 1000 .55 90.8 
Boar 1000 .55 90.8 
Sheep 1000 .62 75 
Poultry 
Layers 1000 .88 74 .8 
Broilers 1000 1.20 74 .8 
Horse 1000 1.5 79. l 

Table 6. Rainfall, Runoff and Annual Rainfall Minus Evaporation, Missouri, 1918-1954. 

Maximum Rainfall 
Maximum Lot Minus Evaporation 

Average Annual Maximum Rainfall Runoff Expected Expected3 

Rainfall I Year Out of 10 I Year Out of IO I Year Out of 10 
(Inches/Year) (Feet/Year) 1 (Feet/Y ear)2 (Feet/Year) 

Concrete Dirt 
30 3.25 2 .60 1.38 .38 
32 3.46 2.77 1.50 .67 
34 3.67 2.94 1.67 .92 
36 3.92 3.14 1.83 1.17 

38 4.13 3.30 2.04 1.33 
40 4.33 3.46 2.21 1.58 
42 4.54 3.63 2.46 1.79 
44 4.75 3.80 2.67 2.04 

46 5.0 4.00 2.79 2.29 
48 5.21 4 . 17 3 .00 2.50 
50 5.42 4.34 3.18 2.75 

1 Maximum rainfall equal to or less than 9 years out of 10 = 1.3 x Average Annual Rainfall 
(Inches/Year) 

2y= 037 x1.665 Y=lnches per year lot runoff 
· X= Inches rainfall per year (use maximum I year out of 10) 

3From University of Missouri-Columbia , College of Agriculture, Research Bulletin 974, K. E. 
Saxton and F. D. Whitaker, July, 1970. 
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Facultative-Aerobic Lagoon 
A Design Procedure for Odor Control 

The facultative-aerobic lagoon design combines 
anaerobic digestion with aerobic surface treatment for 
odor control. 

A minimum depth of 6 feet, absence of light 
penetration, and free oxygen cause the lower sections 
of the lagoon to operate anaerobically. The anaerobic 
process reduces volatile solids and BOD. The 
anaerobic reduction of total solids combined with the 
dilution obtained from the permanent design volume is 
conducive to the establishment of algae in the surface 
layer of the lagoon. 

The establishment of the aerobic surface layer 
requires optical densities low enough to allow penetra
tion of sunlight. The BOD loading rate should be low 
enough to allow presence of dissolved oxygen at all 
times. As algae are established and become active 
during exposure to sunlight, the pH of the aerobic layer 
may rise to nine or ten. The increased pH causes 
flocculation and settling of solids providing increased 
penetration of sunlight. The surface area of the lagoon 
is determined by an aerial loading rate. 

The facultative-aerobic lagoon has not been fully 
evaluated. However, it has been successfully used in 
Missouri. The design is one alternative for odor con
trol. Its acceptance as an alternative for odor control 
will depend on relative costs of other alternatives, 
ability of the manager, an available space. 

Management of Facultative-Aerobic Systems 
The success of this design for odor control depends 

on the maintenance of the aerobic layer on the lagoon 
surface. Some conditions which could develop causing 
a loss of the aerobic layer are: 

l. Too high solids content thereby reducing light 
penetration. 

2. Long term periods of overcast sky combined 
with too high BOD loading rates could result in 
no free oxygen in the surface layer and loss of 
odor control. 

3. Normal operation of this design results in con
tinuous precipitation of solids from the top layer. 
The accumulation of solids in the bottom of the 
lagoon would reduce the permanent design vol
ume, which after sometime reduces anaerobic 
digestion . The suspended solids would then 
reduce light penetration resulting in the loss of 
the aerobic layer. 

The start-up of the lagoon system should be man
aged so that loading does not begin before the total 
permanent design volume is available for proper dilu-

tion. During start-up, and until the anaerobic process is 
stabilized , floating material and solids might prevent 
establishment of the aerobic layer. A pH of 7 to 7.5 
will aid in stabilizing the anaerobic process. Small 
quanitities of hydrated lime or caustic soda added daily 
will raise the pH. Flocculants may be added to aid in 
settling solids and thereby establishing the aerobic 
layer. 

Established lagoons that malfunction because of 
high suspended solids can be treated with flocculants to 
clear the surface layers thereby increasing light pene
tration and re-establishing algae. 

Design-Facultative-Aerobic Lagoon 
The basic values for design volume were originated 

from field experience with working lagoons. The basic 
reference data were obtained from swine lagoons. Past 
designs for anaerobic lagoons used the same loading 
rate of pounds of VS/ 1000 cubic feet of lagoon volume. 
For all types oflivestock waste. Experience in Missouri 
indicates that loading rates for dairy and beef lagoons 
were too high as compared to swine . 

Also, recommendations from South Carolina 
suggest loading rates for dairy and beef should be lower 
than for swine. 

The basic loading rate of the facultative portion ofa 
swine waste lagoon is 2.65 pounds VS/ 1000 cu. ft. This 
material has a VS:BO D ratio of 2.4: I. Because dairy, 
beef and poultry wastes have higher VS:BO D ratios, 
the loading rates must be decreased. The loading rate is 
then converted to a design volume value in cubic feet 
per pound of animal (see Table 5). 

The aerobic surface is determined from an aerial 
loading rate of 35 pounds BO DI Acre. Fifteen percent 
of the total value for BOD is the actual loading value as 
seen by the aerobic volume. To convert the surface area 
to a volume to be combined with the anaerobic volume, 
the aerobic layer is assumed to be I foot deep. The 
design volume as shown in Table 7 is the sum of the 
anaerobic volume plus the aerobic volume. The design 
volume and associated minimum surface area are 
always present, and are never reduced through 
pumpdown. All storage volumes are added on TOP of 
the design volume, and make up the pumpdown vol
ume. 

Data from Table 7 can be used to estimate design 
values for materials not included in the table. Many 
problems have been encountered that are not animal 
waste or human waste. The known characteristics of 
the waste can be logically compared to those in Table 7 
and design values then can be interpolated. 
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Table 7. Design Loading Rates: Facultative-Aerobic Lagoon 

(I) (2) (3) (4) (5) 
Waste #BOD/ 1000# #VS/1000# Ratio VS/BOD Design Vol* Min. Surface** 

animal animal ft 3/# animal ft 2/ 1000# 
animal 

Dairy 1.7 8.6 5.06 4.14 317 
Beef 1.6 5.9 3.7 2.7 300 
Swine 2.0 4.8 2.4 2.2 373 
Sheep .9 8.5 9.44 5.4 168 
Poultry 3.5 9.4 2.69 4.3 653 
Horse 1.6 7.5 4.69 3.7 300 
Dogs 2.75 7.1 2.58 3.2 513 
Sow 2.0 5.0 2.5 2.2 373 
Domestic 
Per Person . 17 .34 2.0 316.0 32.0 

Meat 
Processor 1.06 1.62 1.53 .80 200 

Meat 
Cutter .52 .23 .44 .17 97 

Sausage 2.65 3.9 1.47 1.89 495 
Ham 5.5 8.2 1.49 3.96 1027 
Meat 
Canner 11.5 17.0 1.48 8.2 2147 

Rendering 2.15 3.34 1.55 1.59 401 
Hyde Curing/ 

10 Hydes 2.42 3.74 1.55 1.79 452 
Blood Water: 
Tank Water 31.39 36.74 I. 17 18 .75 5860 
Blood Water 18.95 17 .52 .92 9.58 3538 

*Combined aerobic volume plus anaerobic volume based on aerobic loading of 15% BOD 35# BOD/A at 1' deep. 
** Minimum surface area at lowest volume (Design Volume). Add-on storage volume is added on top of Design Volume. 
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WORK SHEET 3FAL 
Facultative-Aerobic Lagoon Design 

Landowner ______________ County ________ Date _____ _ 

(Beef, Swine, Dairy) _____ Head At ____ lbs. Av. Wt. = _____ Total lbs. 

Design Based On ft. 2 Runoff Area and inc. Average Rainfall. 

___ #BOD/1000 lbs., ____ lbs. V.S./1000 lbs., ~0~- Ratio= _____ _ 

Min. Preliminary Area 

1. DESIGN VOLUME: 

#wt. X 

2. MANURE: 

2 ___ ft. /1000 lbs. (Table, 7, Col. 5) Days Between Pump= __ 

ft. 3;# (Tbl. 7, Col. 4) x __ % To Lagoon= ____ ft. 3 (1) 

__ ft. 3/1000#/day (Tbl. 5) x (1000#) x __ days/pump x __ % To Lagoon 
ft. 3 (2) 

3. RUN-OFF & OTHER SOURCES: 

A. ft. 2 Dirt Lot x ~~~~~~ ft. R.0. 
( Tb l. 6 , Col. 4 ) 

B. ft. 2 Cone Lot x ft. R. 0. -(-Tb-1-. - 6-,_C_o_l __ -3~) 

C. Other sources 

Sub Total 

4. TOTAL PRELIMINARY VOLUME (1 + 2 + 3) 

5. MIN. AEROBIC SURFACE AREA: 

ft. 2/1000# (Tbl. 7, Col. 5) x ( 1000#) = 

-----

ft. 3 

ft. 3 

ft. 3 

ft. 3 

ft. 3 

ft. 3 (top) 

6. DEPTH AND AREA OF PRELIMINARY VOLUME (4): (area at least equal to (5)) 

ft.; (from Lagoon Design Chart) at ft. 2 

7. ADD-ON VOLUME FOR: 

8. 

9. 

10. 

11. 

12. 

13. 

ft. 2 (Use area (6) bottom area) Lagoon Design Chart 

__ ft. (Depth of add on volume) 

SUMMARY 
FINAL VOLUME (7 + 4) 

FINAL DEPTH (From steps 6 & 7) 

FINAL AREA (Top) 

PUMP DOWN VOLUME ( 8-1) 

PUMP DOWN DEPTH 
MINIMUM ANNUAL PUMP DOWN VOLUME FOR DILUTION 
(Approximately one-half design volume.) 

ft. 3 

ft. 3 

ft. 

ft. 2 

ft. 3 

ft. 
ft. 3 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

(9) 

(10) 

(11) 

(12) 

(13) 
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Aerobic Lagoons 

Aerobic lagoons have limited use in livestock opera
tions. They can be used to receive effluent from an 
anaerobic lagoon or in instances where the manure 
production is light (i.e. sows). 

The chief advantage of an aerobic lagoon is the 
absence of odorous gases. This assumes that adequate 
oxygen is provided to maintain aerobic conditions. 
Aerobic lagoons are classified by means of aeration, I) 
naturally aerated, and 2) mechanically aerated. 

Naturally Aerated Lagoons 
The naturally aerated lagoon (often referred to as an 

oxidation pond) is a shallow basin 3 to 5 feet deep. The 
shallow depth promotes aeration by I) wind mixing, and 
2) growth of algae . 

The success of the aerobic lagoons depends heavily 
upon the symbiotic relationship between the bacteria 
and algae as shown in Figure 3. The bacteria utilize the 
incoming waste as a food source and provide nutrients 
and carbon dioxide to the algae. The algae, through 
photosynthesis, use the nutrients and CO2 and produce 
oxygen. The oxygen is then used I) by the aerobic 
bacteria, and 2) to oxidize odorous gases rising from the 
anaerobic bottom sludge. 

The minimum depth is controlled by weed growth. 
If the pond is too shallow, aquatic weeds will become 
established, providing ideal habitat for mosquitos. 
Light penetration for the algae , wind mixing, and 
surface reaeration determine the maximum depth . 

Aerobic Lagoon Design 
Size: Loading Rates-Recommended loading rates for 
aerobic facultative lagoons are 35 lbs . BO Ds (5-day 
BOD) per surface acre (3-5 ft. depth). Production rates 
of BO Ds for various livestock are listed in Table 8. 
Continuous loading is assumed, otherwise lagoon vol
umes must be increased. 
Depth of Lagoon-Lagoon depth should be 3 to 5 feet. 
The minimum depth prevents aquatic weed growth 
which will shade algae from the sun and provide habitat 

for mosquito breeding. Depths greater than 5 feet 
restrict sunlight to algae and inhibit surface reaeration 
by wind mixing. 
Lagoon Inlets-In general, the same considerations 
given to inlets for anaerobic lagoons apply to aerobic 
lagoons. Below-surface inlets are normally recom
mended but provide access to the in'let line for clean 
out. The inlet should be located near the center of the 
lagoon for uniform solids distribution. 
Discharge From Lagoon-The design liquid depth (3-5 ft.) 
in an aerobic lagoon must be maintained . Excess 
effluent must be removed. The aerobic lagoon may be 
allowed to discharge to waters of the state provided the 
effluent meets the water quality standards as set by the 
Missouri Department of Natural Resources . Applica
tion for a discharge permit must be submitted and 
approved before discharge will be allowed. Effluent 
returned to the land (irrigation on soil-plant filter) will 
not constitute a discharge. 
Lagoon Shape-Round or square shapes facilitate mix
ing and solids distribution. For rectangular shapes, the 
length should not exceed three times the width . A void 
narrow appendages isolated from the main body of 
water. Earthen dikes and banks should be sloped 3: l or 
less and be seeded to grass to prevent soil erosion. 
Divert all surface runoff away from the lagoon. Provide 
24 inches of freeboard. 
Human Sewage-When combining human wastes with 
livestock wastes, provide 165 square feet of surface 
area per person. For reuse of lagoon effluent check the 
limitations outlined under anaerobic storage lagoons. 
Management of Aerobic Lagoon Systems-Fill a new 
lagoon to the design volume with surface runoff, roof 
runoff, or well water. After a lagoon is filled, divert 
runoff. Due to the large surface areas of aerobic 
lagoons, evaporation losses become high. Additional 
water may have to be supplied to maintain design water 
depth. This is one primary disadvantage of using 
aerobic lagoons for livestock manure. 

Start a lagoon during warm weather. The higher 
temperatures will permit the bacteria to grow more 
quickly and prevent the system from becoming septic. 

SUN LIGHT 

✓ALGAE~ 

CO2, NH3, P04 
02 

SEWAGE 
~AEROBIC/ 

BACTERIA 
SETTLE ABLE 
SOLIDS 

ANAEROBIC BACTERIA 

Figure 3. Aerobic lagoon. 

GASES 
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WORK SHEET 4AL 
Aerobic Lagoon Design 

OWNER ___________________ DATE ___________ _ 

Type of facility (trailer court, slaughterhouse, swine, dairy, etc.) 

1. Surface area 

lbs. animal wt. x ft. 2/lb. animal (Table 8) 

2. Storage volume for selected pumpdown period (including 
all runoff, manure storage, sewage, etc.) 

= __ ft. 3/da x __ da between pumpdown 

3. Depth of storage volume portion of lagoon (read at 
intersection of bottom area from (1) above and 
storage volume, (2) above on Lagoon Design Chart). 

4. Top area of storage volume portion of lagoon (read 
top area line at same location on Lagoon Design 
Chart). 

5. Depth of rainfall evaporation portion of lagoon 
(read at intersection of bottom area (4) above 
and annual rainfall line). 

6. Top area of rainfall-evaporation portion of 
lagoon (read top area line at same location 
on Lagoon Design Chart). 

7. Total lagoon depth= 3 ft.+ (3) + (5) 

8. Pumpdown depth= (3) + (5) 

_____ ft. 2 (1) 

----- ft. 3 (2) 

----- ft. (3) 

----- ft. 2 (4) 

----- ft. (5) 

----- ft. 2 (6) 

----- ft. (7) 

----- ft. (8) 



Do not exceed the design loading rates. Load the 
lagoon continuously (i.e. at least once per 24 hours). 
Slug loads may overload the aerobic bacteria and cause 
the lagoon to become anaerobic and produce odors. 

All trees should be removed to prevent shading of 
the algae. During periods of prolonged cloudy weather 
or ice cover, odors may develop. Odors may be 
controlled by the addition of sodium nitrate or am
monium nitrate. 

Vegetation must be kept mowed on the dikes and 
removed from the lagoon to prevent shading and 
mosquito breeding. 

Water in excess of that required to maintain the 
design depth must be removed. It may be stored in a 
storage lagoon until placed on a soil-plant filter or 
allowed to discharge if the effluent meets effluent 
regulations and a discharge permit has been obtained. 

Mechanically Aerated Lagoons 
Mechanical aeration units spray lagoon water into 

the air or blow air into the lagoon to dissolve oxygen 
into the water. Lagoon depths can be greater than those 
for naturally aerated lagoons. Depths up to 20 feet have 
been reported. 

Aerators can be used for odor control only or to 
provide complete aerobic treatment. For odor control, 
the aerator should provide oxygen at the rate of 0.5 
times the total daily BO Ds load. For complete aerobic 
treatment, provide oxygen at the rate of two times the 
daily BODs load. 

Numerous methods exist for aerating lagoons. 
Compressed air pumped through diffusers and floating 
aerators are the most popular. Floating aerators gener
ally will supply about three pounds of oxygen per 
horsepower-hour. For specific aerators, follow the 
manufacturer's values. 

General Considerations 
Loading and Shape-Manure should be loaded continu
ously (at least once per day). Shock loading will overtax 
the aerator's ability to provide sufficient oxygen, result
ing in odor production. To facilitate loading, the lagoon 
should be located near the production facility. 

A round or rectangular shape will aid in waste 
distribution . The exact shape will be influenced by the 
area available and the number of aerators to be used. 
Aeration-The lagoon should be aerated continuously 
as aerobic conditions exist only when the aerator is 
operating. If aeration is stopped, anaerobic bacteria 
will develop, making it difficult to restore the system to 
aerobic conditions. 

Below 40°F, there is little bacterial decomposition 
of waste material. Therefore , aerators usually will 
accomplish little in cold weather and may be shut down 
during periods of cold temperature. The aerators 
should be started when the temperature begins to warm 
in the spring. 
Sludge Removal-Decomposition of organic solids will 
occur in aerobic lagoons, but solids will accumulate. 
The rate of accumulation will depend upon the loading 
rate and the rate of decomposition. The accumulated 
sludge must be periodically removed. The sludge 
contains considerable nutrients and may be applied to 

Slotted Floor Above Ditch Q '!'\ 
~ --+ -..) 

Figure 4. Schematic diagram of typical oxidation 
ditch installation. 
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cropland. A vacuum pump or other sludge pump can be 
used to remove the sludge. If sludge is compacted near 
the bottom, some form of agitation may be required. 

Oxidation Ditch 

The oxidation ditch is an aerobic process used 
primarily for odor control. It consists of two main 
components: I) a continuous open-channel ditch in the 
shape of an oval racetrack and 2) an aeration device 
which provides oxygen to the liquid waste and circu
lates the liquid to keep the solids in su·spension. 

The chief advantages of an oxidation ditch as shown 
in Figure 4 are I) relatively odorless treatment , 2) 
reduction in total volume of material to be handled, 3) 
ability to handle shock loadings, 4) relatively simple 
operation and maintenance, and 5) compatibility with 
the slotted floor concept. 

Disadvantages include I) higher equipment and 
operation costs than some other systems, 2) foaming 
problems during start-up or periods of overloading, 3) 
the overflow is not of discharge quality and may have to 
be stored in a lagoon or similar structures, and 4) the 
liquid material corrodes mechanical equipment leading 
to frequent repair and maintenance. 

The Midwest Plan Service publication AED-14, 
entitled'' Oxidation Ditches for the Treatment of Swine 
Waste,'' can provide design and operational guidelines. 
Table 9 can be used with AED-14 to provide design 
information for most livestock enterprises. 
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WORK SHEET 5MA 
Mechanical Aerator 

Owner Date --------------------- ------------
Type of Livestock _____________________________ _ 

Design is based on __________ animals at _______ pounds average weight . 

1. LAGOON INFORMATION : 

Volume ft. 3 
------

Surface Area ft. 2 
----

2. BOD5 PRODUCTION : 

lbs./animal x No . animals x __ BOD5 production (lb. BOD5/lb. anim. wt., 

(Table 8) = ____ lbs. BOD/day 

3. OXYGEN REQUIREMENT : 

A. Odor Con tro 1 

BOD loading _____ lbs ./day x 0. 5 = _____ lbs. 0/day 

B. Complete Aerobic Treatment 

BOD loading _____ lbs ./day x 2.0 = _____ lb. 02/day 

4. POWER REQUIREMENT : 

Oxygen requirement _____ lbs . o2/day (3) ~ 24 hr./day ~ aerator rating 

_____ lbs . 02/HP-hr. ______ HP . 

(1) 

(2) 

(3A) 

(38) 

(4) 
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Table 8. Aerobic Lagoon Design (Continuous Loading, Natural Aeration) 

BOD,, Surface Area' Volume . 
Animal lbs .fib . a nimal wt. ft 2/lb . animal wt. ft-' / lb. animal wt. 

Dai ry 0.0017 2.2 II 
Beef, feeder 0 .0016 2.0 10 
Swine 0 .0020 2.6 13 
Sheep . feeder 0.0010 1.2 6 
Poultry 0.0035 4 .5 22 .5 
Horse 0 .0054 6.9 34.5 
Human 1 165 ft 2/person 825/person 

'Based on 5 ft. depth and 35 lbs. BOD,,/acre . 
2See MU Guide 1712 for domes tic sewage lagoons. 

Table 9. Design Recommendations for In-The-Building Oxidation Ditches (Per Animal Unit). 

Daily Req. 
Oxygenation 

Animal Weight Daily BOD 

lb . lb . 

Swine 
Sow with litter 375 0.79 
Growing pig 65 0 . 14 
Finishing hog 150 0.32 

Dairy cow 1,300 2.21 
Beef, feeder 900 1.35 
Sheep, feeder 75 0.053 
Poultry 

Laying hen 4 .5 0 .0198 

3 Twice the daily BOD 
bBased on 25 .5 lb. of 02 per ft. of rotor per day . 
cBased on 30 ft. -' per lb . of daily BOD. 
dBased on 1.9 lb. of 02 per KWH . 
•Based on electricity at 2 cents per KWH. 

Capacity 

lb. a 

1.58 
0 .28 
0.62 
4.42 
2.70 
0.11 

0 .0396 

No. of Animals Daily 
Per Unit Length Power 

of Rotor Ditch Vol. Reqmt. Power Cost 

per ft. b ft. .1c KWHd cents/day • 

16 23 .7 0.83 1.66 
91 4 .2 0 . 15 0.30 
41 9.6 0.33 0.66 

6 66 2.33 4 .66 
10 40 1.42 2.84 

230 1.6 0.06 0 . 12 

650 0.6 0.021 0.042 

Source: D. D. Jones , A . C. Da le and D. L. Day. Aerobic treatment of livestock wastes . IN : Agr. Exp. Sta. Bui. 737. 55 pp. 
Revised April. 1971. 
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Separation of Solids 
from Liquids 

Runoff from a watershed area carries silt and 
manure. Silt is not desirable in a lagoon and must be 
separated from the liquid. 

Structures that separate solids from liquids are 
designed to intercept runoff from a beef feedlot, dairy 
lot , or other watershed that contains livestock. Their 
design should provide for interception of the total 
runoff, allowing the solids to settle while permitting the 
liquids to be drained into the lagoon system or to a 
soil-plant filter. 

A settling structure can remove a required amount 
of solids from the runoff so that the remaining waste 
matches the design loading rate of a lagoon that may be 
limited in size by available space. 

The settling system should be designed and man
aged such that the solids can be removed with a 
conventional front-end tractor loader at a convenient 
time of year. The depth of the accumulated solids 
should not exceed 1.5 feet. 

Liquids can be separated from solids by mechanical 
means or by gravity. The discussion here deals only 
with structures that use gravity settling . Information on 
mechanical separation is available from manufacturers 
of such equipment, and will not be discussed because 
equipment specifications vary by manufacturer. 

Gravity methods of separating solids from liquids 
include I) settling diversion terraces and 2) settling 
basins. Topography , type of livestock operation, and 
economics help determine the methods to use. 

Settling Diversion Terrace 

A settling diversion terrace is a low-gradient diver
sion with a broad, flat, grassed channel. It reduces the 
velocity of runoff coming from the feedlot to 1.5 feet per 
second or less. 

Porous, 2 feet high hardware cloth dams are placed 
aero 

Porous , 2-feet-high hardware cloth dams are placed 
across the diversion. The spacing of the dams is 
determined by the slope of the terrace. The dams 
prevent channeling oft he flow and retard the velocity of 
the flow to enhance settling. Although settling diver
sion terrace does not retain the complete flow of a 
storm, it reduces the velocity of flow to permit some 
solids to settle out. 

A settling diversion terrace must be cleaned at least 
annually to prevent excessive accumulation of solids. 
This can be done with a front-end loader on a tractor. 

Table 10. Peak Rates of Runoff to be Expected from 
Watersheds in Missouri (Q). 

I yr/10 I yr/25 * 
Acres ft 3/sec/ A ft 3/sec/ A 

0-1 5.5 7.2 
1-2 4.6 6.0 
2-3 4.2 5.5 
3-4 3.0 5.2 
4-20'''* 3.8 5.1 

* I yr.II 0 is sufficient in most design situations. How
ever, if the terrace is adjacent to a stream, use I 
yr ./25. 

*''' For areas greater than 20A, refer to UMC Guide 
1518, Table I. 

1.00 
0 .9~ 

1.10 

Figure 5. Location factors (L). Obtained from UMC 
Guide 1518, "Estimating Peak Rates of 
Runoff from Small Watersheds." 
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WORK SHEET 6SDT 
Settling Diversion Terrace Design 

1. Overall lot area (include all areas draining to the settling diversion terrace). 

acres (1) 

2. Rate of runoff coming from the lot: 

Q = Q X L X T X 1.656, t 
3 __ ft. /sec. (2) 

where Qt is the total runoff from the lot 

Q is the peak runoff rate (Table 10) 

L is a watershed location factor (Figure 5) 
Tis a topographic factor dependent upon slooe (Table 11) 
1.656 is a constant obtained from a watershed shape factor of 1.15, 
infiltration factor of 1.2, and vegetative cover factor of 1.2. 

3. Total solids to be removed from feedlot: The amount of solids exoected to be 

displaced from the lot annually is 2,800 ft. 3/A. 

Total solids volume= 2,800 ft. 3/A x number of acres= ft. 3 of sol ids. 

4. Width and height of terrace: From Table 12, select the width and heiqht of the 

terrace that will be needed, based on flow and grade . For efficient settling, the flow 

must not exceed 1.5 ft./sec. 

A. Width of the terrace feet. ---
B. Height of the terrace ___ feet+ 1.5 feet for solids and 0.5 foot 

of freeboard = total height of ___ feet. 

5. Number of hardware cloth dams and the length of the terrace. 

Calculation of storage of solids: 3 Storage= ___ ft. /ft. width of terrace (from 

Table 13) x the width of terrace in feet 

ft. 3 of storage per dam. 

Number of dams needed= total storage ft . 3 
storage per dam 

+ the volume stored in the side slopes 

number of dams. 

Number of dams x the distance between dams l en 9th of terrace. 

(3) 

(4A) 

(4B) 

(5) 



Table 11. Topographic Factors for Different 
Land Slopes' 

Average Land Slope, 
percent 

I 
2 
3 
4 
5 
6 
7 
8 
9 

10 
12 
14 

Topographic Factor, 
T 

0.65 
0 .72 
0.78 
0.83 
0.88 
0.92 
0.96 
1.00 
1.04 
1.07 
1.14 
1.20 

'Obtained from UMC Guide Number 1518, "Estimat
ing Peak Rates of Runoff From· Small Watersheds. " 

Table 12. Height (H)' of Diversion Ridge with Sparse Vegetation in Channel 

Bottom Width (8)2 feet 6 8 10 
Q , ft 3/sec Grade, percent 0.2 0.4 0.6 0.8 0.2 0.4 0.6 0.8 0.2 0.4 0.6 Q , ft 3/sec 

5 1.3 I.I 1.0 1.0 1.2 1.0 1.0 1.0 I.I 1.0 1.0 5 
10 1.5 1.3 I. I 1.3 1.2 I.I 1.3 I. I 1.0 10 
15 I. 7 1.4 1.5 1.3 1.4 15 
20 1.8 1.5 20 

Bottom Width (8)2 feet 12 16 20 

Q, ft 3/sec Grade, percent 0.2 0.4 0.6 0.8 0.2 0.4 0.6 0.8 0.2 0.4 0.6 Q, ft 3/sec 

5 I. I 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 5 
10 1.3 I. I 1.0 1.2 1.0 I.I 1.0 1.0 10 
15 1.4 1.3 1.2 I. I 1.0 15 
20 1.5 1.4 1.3 20 
25 1.6 1.5 1.4 25 

1Height, feet , required to carry flow , with long grass in channel ("D" retardance), including 0.3-ft. 
freeboard measured from the bottom of channel to a point 2 ft. from the peak of the ridge. One ft. is 
considered minimum height. 

2 Bottom width required to give desired velocity, with sparse vegetation in channel ("E" retardance) . 

Table 13. Cubic Feet of Storage for Solids Per Foot of Terrace Width for Various Terrace Slopes 

Storage Distance 
Slope Solids Stored Per Foot of in Side Slopes (ft3 ) Between 

% Width of Terrace (ft3 ) (3: I side slope) Dams (ft) 

0.2 563 1,688 750 
0.4 281 844 375 
0 .6 188 562 250 
0.8 141 424 188 
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Settling Basins 

Settling basins are of two types; I) earthen settling 
basin and 2) concrete settling basin. Discharge from a 
settling basin can be by gravity through a discharge pipe 
or by pumping. 

An earthen settling basin is a shallow pond-like 
structure that detains runoff long enough to permit 
solids to settle and the liquids to drain off. The settling 
basin is used either when maximum velocities for the 
settling diversion terrace will be exceeded or when the 
owner prefers it. Runoff is impounded in a settling basin 
created by a dam across the channel or diversion. A 
pipe or pump removes the runoff at a controlled rate, 
which permits the solids to settle. The settling basin 
must store the accumulated runoff volume during the 
time required to empty the basin. Also, enough space 
must be provided in the basin to store the solids 
accumulated from the runoff plus one-half foot of 
freeboard. The settling basin must be cleaned once a 
year. This cleaning can be done with the conventional 
front-end loader. 

A concrete settling basin is a rectangular structure 
that controls the velocity of the water flowing through 
it. Such a unit is feasible when small quantities of water 
are involved, such as in conjunction with a confinement 
building. The concrete settling basin can be cleaned 
more often than can a diversion or earthen settling 
basin. A concrete settling basin contains four zones of 
settling, as shown in Figure 8. The inlet-outlet zones are 
designed to prevent turbulent flow that would resus
pend the particles. This requirement is met through the 
wier loading rate, which is I JO cubic feet per hour for 
each lineal foot ofwier. Also, the settling zone must be 
large enough to deposit the solids before the water 
leaves the basin. This requirement is met through the 
surface settling rate, which is 4 cubic feet per hour of 
flow per square foot of surface area. In addition , the 
basin must be at least 2 feet deep. The depth of the basin 
depends on the amount of solids that must be stored 
between cleanouts. De watering the sludge requires that 
a cleanout pipe be installed at the bottom of the basin. 
This cleanout pipe should be designed such that the 
velocity in the settling zone will not exceed 1.5 feet per 
second when the basin is being emptied. 

Designing an Earthen Settling Basin 

Determine the area of the lot in acres (include all 
runoff that is to be drained into the basin). 

Calculate the storage required in the basin. Deter
mine whether the basin will be emptied by pumping or 
by gravity flow. If the basin will be emptied by pumping 
and the pump will be automatically controlled, use the 
2-hour delay column in Table 14 to obtain the correct 
storage volume for the basin. If the pump will be man
ually controlled, use the 12-hour delay column. If the 
basin will be emptied by gravity flow , use the gravity 
pipe column (Table 15). 



Lot size: -----
Discharge: 

acres 

WORK SHEET 7ESB 
Earthen Settling Basin 

Pump, automatic; manual, 12-hr. delay -- Use Table 14 

----- hrs. 

Gravity -- Use Table 15 
Maximum time of discharge 
Discharge rate (Table 14 or 15) ----- gpm/A 

Storage volume (Table 14 or 15 and Fig. 7): ----- ft. 3 /A 

Basin dimension limitation: If soace is limited, select maximum limiting dimension (for use 
below) - -

Total runoff storage: 

Solids storage: 

_____ ft. long 

-----

ft. 3/A (Table 14 or 15) x 
280() ft. 3/A x 

ft. wide 

A = 

A = 

1. 

2. 

3. Total storage (Line 1 + Line 2): 

4. Area of basin bottom: 
ft. 3 solids (Line 2) 

1. 5 ft. 

ft. 3 

ft. 3 

ft. 3 

ft. 2 

5. Basin dimensions: With figures from Lines 3 and 4, use Lagoon Design Chart to determine 
top surface area and depth. See basin dimension limitation above. 

Length ___ ft. x Width ___ ft. = Area ___ ft. 2 

(1) 

(2) 

(3) 

(4) 

Depth (include .5 ft . freeboard) ___ ft. (5) 

6. Discharge rate: 
__ gpm/A x A ___ gpm 

a. Select a pump with above gpm at required head. 
b. Width of slot for gravity discharge: From Lines 4 and 5, use area of bottom and 

depth to obtain value "TL" from Table 16. 

TL 
hrs. from end of maximum storm (Table 15) ft. of width of discharae slot 

7. If slot width on Line 6b is less than one-half inch (.042 ft.), use 5/8-inch-diameter 
holes to prevent plugging. 

(6) 

__ ft. slot width x __ ft. depth (Line 5) x 517 = __ number 5/8-inch holes (7) 

8. Minimum diameter of discharge pipe: From Figure 6, obtain minimum diameter of riser and 
horizontal flow for required gallons per minute on Line 6. (8) 
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Table 14. Storage Volumes (cubic feet per acre of watershed) Required for Settling Basins for 
Different Regions 1 and for Automatic and Manual Pumping. 

Discharge Rate/ A 2- Hr Delay-Pumping 

Storage Time To Storage Time To 
cfs gpm ft 3/ A Empty (hr)/ A ft 3/ A Empty (hr) 

Region I 

.01 4.5 19,202 653 19,202 653 

.02 9.0 15 ,935 281 15,935 281 

.03 13.5 13 ,775 188 13,775 188 

.04 18.0 12,342 116 12 ,4 15 116 

.05 22.5 11,361 87 12 ,4 15 69 

.075 33.75 9,941 51 12 ,415 46 

. 10 45 9,801 27 12 ,415 35 

.15 67.5 9,801 18.2 12 ,4 15 23 

.20 90 .0 9,801 14 12 ,4 15 17 

.30 135 .0 9,801 9 12 ,4 15 12 

.40 178.0 9,801 7 12 ,415 9 

.50 225.0 9,801 5.5 12,415 7 

Region II 

.01 4.5 22 ,663 790 22 ,663 790 

.02 9.0 18,089 331 18,089 331 

.03 13.5 15 ,735 206 15,735 206 

.04 18 .0 13,842 136 13 ,842 136 

.05 22.5 12 ,402 109 13 ,720 76 

.075 33.75 11 ,021 51 13 ,720 51 

. 10 45 10,121 38 13,720 38 

. 15 67.5 9 ,800 18 13 ,720 25 

.20 90 9,800 13.6 13 ,720 19 

.30 135 9,800 9 13 ,720 12.7 

.40 178 9,800 6.8 13 ,720 9.5 

.50 225 9,800 5.4 13 ,720 7.6 

Region III 

.01 4.5 24,490 880 24,490 880 

.02 9.0 19,722 354 19 ,722 354 

.03 13.5 17 ,369 221 17,369 221 

.04 18.0 15 ,935 141 15 ,935 141 

.05 20 .5 14,855 112.5 14,855 112.5 

.075 33.75 12,015 60.5 14 ,375 53 

. 10 45 10,84 1 38 14,375 40 

. 15 67.5 10,127 19 14,375 26.6 

.20 90.0 10, 127 14 14,375 20 

.30 135.0 10, 127 9.4 14 ,375 13.3 

.40 178.0 10,127 7 14 ,375 10 

.50 225.0 10,127 5.6 14 ,375 8 

Region IV 

.01 4.5 30 ,564 1,089 30 ,564 1,089 

.02 9.0 23 , 110 481 23,110 481 

.03 13 .5 19,456 260 19 ,456 260 

.04 18.0 16,588 145 16,588 145 

.05 22.5 15,509 116 15 ,354 85 

.075 33.75 13 ,435 67.8 15,354 57 

. 10 45.0 13 ,015 45.4 15,354 42.7 

. 15 67.5 10, 155 24.8 15 ,354 28.4 

.20 90.0 10,127 14 15,354 21.3 

.30 135 10 , 127 9.4 15 ,354 14.2 

.40 178 10, 127 7 15 ,354 10.7 

.50 225 10, 127 5.6 15 ,354 8.5 
1 Refer to Figure 5 to obtain appropriate region of the state for the basin location . 
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Table 15. Storage Volumes (cubic feet per acre of watershed) Required for Settling Basins for 
Different Regions 1 and for Gravity Discharge 

Di scharge Rate/ A Total Hrs , Hrs . from end Storage 
cfs gpm to Empty Max Storm ft 3/ A 

Region I 

.03 13 .5 175 130 13800 

.04 18.0 106 75 12340 

.05 22.5 82 59 11400 

.06 27 .0 63 45 10800 

.07 31.5 51 36 10050 

.08 36 .0 41 29 9625 

.09 40.5 35 25 9300 

. 10 45 30 21.5 9000 

. 15 67.5 16.5 13 .0 8700 

Region II 

.03 13 .5 220 158 15700 

.04 18.0 145 103 14000 

.05 22.5 102 72 13000 

.06 27 .0 80 57 12200 

.07 31.5 63 45 11500 

.08 36 .0 54 40 11200 

.09 40.5 43 31 10500 

. 10 45 38 28 10200 

. 15 67 .5 20 15 .5 8800 

Region III 

.03 13.5 235 174 17000 

.04 18.0 153 103 15400 

.05 22 .5 110 69 14200 

.06 27 .0 84 49 13400 

.07 31.5 67 37 12800 

.08 36 .0 55 29 12000 

.09 40 .5 46 23 11550 

. IO 45.0 39 19 11000 

. 15 67 .5 22 14 9600 

Region IV 

.03 13.5 265 188 19300 

.04 18.0 175 120 17600 

.05 22 .5 126 83 16000 

.06 27.0 96 62 15000 

.07 31.5 77 49 14250 

.08 36.0 63 40 13600 

.09 40 .5 53 33 13000 

. IO 45 .0 45 28 12500 

.15 67.5 25 17 10800 

1 Refer to Figure 5 to obta in a ppropriate region of the state for basis location . 
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Figure 6. Minimum diameter of discharge pipe. 

(1) Based on GPM = D2 h, D = Pipe diameter in inches, h = head feet 

(2) Based on Mannings equation, N = .01, 2/3 Full flow and minimum 

slope of 1/2%. 

Region III-

Region IV_ 

Table 16. Discharge Slot Opening, Gravity flow. 

Area of 
basin bottom , 

f2 X 1000 

.500 
I. 
2. 
3. 
4. 
5. 
6. 
8. 

10. 
12. 
14. 
20. 
25 . 
30. 
35. 
40. 

DEPTH , ft. 

.5 2 

TL = hr - ft 1 

.296 . 194 .137 

.590 .421 .307 
1. 177 .836 .601 
1.765 1.252 .895 
2.352 1.667 1.189 
2.940 2.083 1.482 
3.527 2.498 1.776 
4.702 3.329 2.364 
5.877 4.160 2.951 
7.052 4.990 3.539 
8.227 5.821 4 . 126 

11. 752 8. 314 5.889 
14.689 10.391 7.357 
17.627 12.468 8.826 
20.564 14.545 10.295 
23.502 16.622 11 .763 

3 4 

.112 .097 

.263 .243 

.503 .451 

.743 .658 

.983 .866 
1.223 1.074 
1.463 1.28 1 
1.942 1.697 
2.422 2. 112 
2.902 2.528 
3.381 2.943 
4.820 4.189 
6.020 5.228 
7.219 6.266 
8.418 7.305 
9.617 8. 343 

' T he time required to di sc ha rge a given vo lume through a Wier slo t 

a pproac he s infinit y as the depth of the wate r a pproac hes zero . 

The refo re judgme nt has to be exe rc ised in se lecting a lo wer limit of 

de pth used to determine the values of "' TL., . The value of · ·TL'· in 

the ta ble is based o n discharging 90% o f the to tal volume stored in 

the se lec ted time. An analysis o f wier di scha rge w ill show that 

a pprox ima tely 75% o f a give n vo lume will be di sc ha rged in 50% of 

the selected time . 

Figure 7. Regions of Missouri for settling basin design. 



Concrete Settling Basin 
[f a concrete settling basin is used in conjunction 

with a confinement building, omit Steps I and 2 in the 
Worksheet 8CSB. The amount of water and manure 
flowing through the basin (Qt) is the amount of water 
coming from the building. If a concrete basin is used in 
conjunction with an open lot , use Steps I and 2. 

41 

I OlfTLET ZONE 
SETTLING ZONE 

INLET CLEAN OUT .,,'.1/1 1 
2• MIN. ZONE PIPE :2'....J 
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Figure 8. Schematic representation of four-zone settling. 

WORK SHEET SCSB 
Concrete Settling Basin 

1. Open lot (Include all areas to be drained into the basin.): -- ft. 2(1) 

2. Runoff from the lot in ft. 3/sec.: 

Q peak runoff rate cfs (Table 10) 

L location factor (Fig. 5) 

T = slope factor (Table 11) 

3 Qt= runoff rate, ft. /sec. 

Qt Q XL X TX 1.656 

3. Surface area (SA) of settling tank : 

3 
SA (ft.2) = Qt (ft. /hr.) 

4 ft. 3/hr./ft. 2 

4. Length of overflow wier (WL): 

3 
WL = Qt (ft. /hr . ) 

. 3 
100 ft . /hr./ft. of wier 

3 ft. /sec. 

ft. 2 

ft. 

5. Dimension of settling tank: Length of the settling tank surface area in ft . 2 
wier length in ft. 

ft. The wier length = the width of the settling tank . 

6. Depth of the settling tank: Provide storage for 2,800 ft. 3/A/yr. of feedlot by the 

(2) 

(3) 

(4) 

(5) 

settling tank . If the settling tank is used in conjunction with the confinement building : 

use 0.7 x amount of manure produced per animal shown in Table 5 and provide sufficient 

storage for manure that will accumulate between cleanings of the settling basin. 

7. Depth (D) of flow over the wier: 

Qt 
Depth, (D) ft. = --

4 x WL 
ft. 

(6) 

(7) 



42 



43 

Returning Solid 
and Liquid Wastes 

to the Land 

Methods of collecting and treating animal wastes 
have received considerable emphasis. However, the 
importance of returning wastes to the land in an 
acceptable and economical manner must not be over
looked . 

This chapter includes design considerations and 
criteria for various collection and distribution 
systems-solid manure handling systems, liquid ma
nure handling systems , and irrigation disposal systems. 

A system can be selected based on the size of the soil 
plant filter, the volume of wastes produced in one year , 
proximity of neighbors, and labor and capital availabil
ity . 

Initial Considerations 

Animal waste disposal systems and system compo
nents vary in their ability to handle wastes of different 
consistencies. The capabilities of various components 
to handle wastes should be understood to select the 
appropriate system for a particular situation . 

Solid wastes, such as those produced from a dairy 
lot or beef feedlot , may be handled dry by scoop and 
manure spreader or by a self-loading scraper. Mechan
ical cleaners and mobile scrapers may also be used . Dry 
waste can also be pumped (or pushed) by a piston pump 
through a pipeline to a manure storage area or lagoon . A 
properly designed and managed pumping system has 
the advantage of less odor. 

The waste materials should be introduced near the 
center of the lagoon, for best distribution and anaerobic 
breakdown. In some livestock operations, solid wastes 
can be handled with little labor by collecting the solids 
in a small collection area or basin, and running a small 
stream of water or lagoon effluent through it to liquify 
the wastes and allow easy movement through a 
pipeline. 

Liquid manure slurries may be agitated and pumped 
through pipelines by solids-handling pumps , into 
another storage pit. a liquid manure tankwagon , a 

lagoon , or directly into a manure gun sprinkler system. 
A liquid manure pit may be operated as an instant 
lagoon by recycling lagoon effluent thru the pit. 

Lagoon effluent can be handled by most liquid 
handling systems, including tankwagons and irrigation 
systems. 

Solid Manure Handling Systems 
Solid manure can be either "'wet'" or " dry '" . The 

wet form is characterized as that dropped by the animal , 
withoutadded liquid, which would flow slowly or slump 
if piled. The dry form would stack or cone if piled, and it 
may include bedding. 

Development of storage and handling systems for 
one form of solid manure may not be appropriate for 
another form. Also , moisture content of the manure can 
change seasonally , from year to year, or because of 
changes in livestock production practices. 

Handling solid and liquid manure separately is 
economical in some instances , and may have several 
advantages. 
I. The livestock manager may already own equipment 

to handle solid manure. 
2. Handling the solids separately may reduce the size 

of concrete storage or lagoon design size, thus 
reducing its cost. 

3 . The lagoon size reduction may be sufficient to allow 
all liquids to be distributed on nearby fields, whereas 
solids can be hauled longer distances more econom
ically. 

4 . Pumps for handling water alone, after the solids are 
removed, are usually less expensive and less com
plex than solids-handling pumps. 

5. Solids with a low moisture content generate less 
odor than slurries. Any solid manure handling sys
tem must also provide for liquid runoff control. 
Tractor scoops and scrapers , automatic electric 
scrapers, stackers , and manure spreaders can effec
tively handle solid manure from livestock facilities. 



44 

Table 17. Application Rates of Manure, Tons/ Acre1 

Center-to-center distance between successive passes 
5 ft 6 ft 

Unloading Travel Size of Tons per load Tons per load 
time in Distance, Load, 
field, min. 3 Feet Tons 2 3 4 5 3 4 5 

I½ 400 65 87 109 54 73 91 

2½ 600 44 58 73 36 48 61 

3 800 33 44 54 27 36 45 

3¾ 1000 26 35 44 22 29 36 

5 1300 20 27 34 17 22 28 

6 1600 16 22 27 14 18 23 

7½ 2000 13 17 22 11 15 18 

1 Additional rates can be computed in each category . For instance: 
a) a 2-ton load would give one-half the rate of a 4-ton load, 
b) doubling the center-to-center distance would reduce the rate by one-half, and 
c) 3,000 feet of travel would give one-third the rate of 1,000 feet. 

2Tons per load = W x D x L x 0.3, where 
W = width of spreader, ft 
D = average depth of load, ft 
L = length of spreader, ft 

8 ft 

Tons per load 

3 4 5 

41 55 68 

27 36 45 

20 27 34 

17 22 27 

13 17 21 

10 14 17 

8 11 14 

1This is unloading time for a spreader traveling 3 mph. For different speeds multiply tons/acre by the 
following factors. 

miles per hour 
factor 

I 
3 

2 
1.5 

3 
I 

4 
.75 

5 
.6 

6 
.5 

7 
.43 

8 
.38 

9 
.33 

10 
.3 



Direct Hauling 
In some operations, such as an open beef feedlot, 

solids are generally hauled directly to the field. Solids 
removal should include cleaning of the high use areas, 
such as near the bunk and around the base of mounds, 
and removing accumulated solids at downstream fence
lines. 

The lot should be carefully cleaned to prevent re
moval of the soil-manure interface because this layer 
stabilizes the lot surface and reduces deep percolation 
of pollutants. If cleaning is regular, the vehicular traffic 
kept to a minimum while the lot is wet and sloppy, a 
more stable feedlot will result. 

Manure hauled directly to the field usually is loaded 
into the spreader by a tractor and a scraper. A rein
forced wall against which to push the manure is con
venient. Another loading method uses a scrapeoff ramp 
at the end or side of the lot to load directly into the 
spreader. 

If odors are serious because of close proximity of 
neighbors, the manure can be unloaded into a furrow 
and immediately covered with a moldboard plow. Table 
17 may be used to determine the rate of manure applica
tion. 

Storage Prior to Hauling 
Storing manure prior to hauling may 

• eliminate spreading on frozen or snow covered 
ground, 

• prevent some nutrient losses, 
• reduce equipment maintenance, 
• reduce overall labor requirements, and 
• permit spreading at the convenience of the operator. 

Stored manure should be maintained in a manner to 
prevent erosion and leachate from the manure from 
entering watercourses. An impermeable base, such as 
concrete, should be used to control percolation. Liquid 
leaching from the animal waste should be retained by 
impermeable walls, collected in a lagoon or pit, and 
spread on land in a suitable manner. 

To allow for a minimum size of the impermeable 
base , the storage structure should be made as deep as 
possible but the bottom of the storage should be 3 to 4 
feet above the maximum water table. This minimizes 
groundwater pollution potential and reduces the possi
bility of groundwater flooding the storage facility. 
Usually at least three sidewalls are necessary for a 
manure storage structure to 
• more effectively control liquids 
ereduce pad size 
• support stacking equipment, and 
• provide a backstop for loading equipment. 

Piling manure on the ground should be avoided 
because of physical cleanup problems. Walls of manure 
storage structures have been successfully constructed 
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of vertically poured concrete or tilt-up concrete panels. 
Concrete blocks have been used , but much less suc
cessfully, due to inadequate reinforcing. Pressure 
treated wood has also been used but is more subject to 
damage during unloading. A competent engineer should 
check the wall design. 

The manure storage structure should be sized to 
handle manure produced for a prescribed time period, 
plus precipitation for that period. A minimum storage 
time of three months would be desirable for flexibility of 
the operation. 

Elevation Considerations 
If leachate from the storage area is to be drained into 

a lagoon, the elevation of the storage structure should 
be such that drainage can occur by gravity rather than 
require pumping. For storage units designed to be 
loaded by direct scraping from the housing unit, the 
elevation of the top of the sidewalls will be determined 
by the elevation of the housing unit floor. A manure 
pump or elevator-stacker could lend flexibility to the 
elevation of the sidewalls. 

When a bucket loader is used to remove the manure, 
a ramp or one side of the storage structure must be 
accessible to the tractor. Steep access ramps can create 
considerable problems; a close-to-grade access is pre
ferred to a ramp. 

Consideration for Horizontal Distance 
In selecting the location of the manure storage 

structure , consider proximity of watercourses , springs, 
wells, highways, and neighbors . The manure will be 
stored under anaerobic conditions , which cause odors, 
especially during removal. Consider prevailing winds. 

Piston type manure pumps and other manure con
veyors can be used to transport the manure with little 
odor resulting, but the cost and maintenance of such 
devices must be considered. In piston pump installa
tions, manure is scraped into a hopper below the floor 
level and fed into an 8 to 10-inch reciprocating plunger 
that forces manure through a pipe to outside storage . 

Manure conveyors generally can handle solid man
ure with or without bedding. Some units are automatic 
and can operate even while animals are in the area. An 
alley scraper on a gutter chain is a reciprocating system 
that can operate automatically at prescribed frequen
cies. The scraper paddle folds back on the return cycle. 
Mobile buckets and some scrapers generally require an 
operator, and work best when animals are not in the 
cleaning area. 

One alternative method of handling solid manure is 
to scrape it into a liquid manure pit or lagoon. Thus it 
becomes liquified enough to be handled through a liquid 
manure system, or an irrigation disposal system. 
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Liquid Manure Handling Systems 
Liquid manure systems are designed to efficiently 

handle and dispose of manure in liquid form. Manure 
collected and stored in underground or above ground 
tanks is agitated, with water added if necessary, and 
pumped to a tank wagon and spread on the land. 

Manure gun sprinklers (discussed later) can also be 
used to handle liquid manure slurries. 

Advantages of Liquid Manure Systems 
I. Storage capacity designed for a prescribed time 

period allows the farmer to haul manure at his 
convenience. 

2. Liquid manure systems may retain a greater portion 
of the plant nutrients in the manure than do other 
systems. 

3. Labor requirements are reasonable for small to 
medium size operations. 

4. Odor and fly problems can be reduced considerably 
when manure is stored in a covered tank. 

Disadvantages of Liquid Manure Systems 
I. Initial costs can be greater than for other systems , 

especially if large concrete storage structures are 
included . 

2. Odors associated with agitation of pits or tanks can 
be harmful to animals and to humans, and require 
appropriate precautions. Spreading liquid manure 
on the land can create odor problems and a legal 
nuisance. 

3. Water must be added to produce a slurry that can be 
pumped into spreader tanks and transported to 
fields. 

4. Considerable water must be handled , requiring a 
large number of trips with a tankwagon for large 
operations. 

Planning a Liquid Manure System 
Liquid manure systems have the following basic 

components: 
I. Equipment for collecting and removing manure from 

the livestock production facility . 
2. Collection tank or storage pit. 
3. Equipment for agitating and removing the manure 

from the storage pit or tank. 
4. Tankwagon to distribute liquid manure on the fields. 

Collecting and Removing Manure 
A confinement building using sla tted floors elimi

nates the need to load the storage pits as a separate 
operation. In other operations the manure must be 
scraped from the livestock areas into one or more liquid 
pits or detention basins for storage . Tractor-mounted 
blades, or automatic gutter cleaners can be used. 

A hose with water pressure of I 00 psi and IO or more 
gallons per minute flow has been adequate for cleaning 
swine facilities, milking parlors , and in some cases , 

laying houses . Flush tanks are also becoming popular 
for removing manure from livestock buildings. Because 
a large amount of water is used by flush systems, the 
water and manure usually is flushed into a lagoon. 

Determining Size of Collection Tank or Storage Pit 
The storage capacity of the tanks or pit should be 

based on the number and type of livestock, the amount 
of manure, and the available time to haul the manure to 
fields. The storage tanks or pit must hold the accumu
lated manure for the prescribed storage period. The 
minimum recommended storage period is 60 days in 
south Missouri , and 90 days in north Missouri . 

Consider the distance the manure has to be scraped 
and the traffic pattern required to move tractors and 
equipment in loading and unloading when selecting the 
number and location of storage tanks . 

Solids handling pumps are available that can pump 
the waste into above-ground storage. Figure 9 indicates 
the solids content, consistency, and type of pump 
required for liquid handling of animal and poultry 
wastes. The percentage of solids in raw manure is not 
constant, and can vary according to the type of animal, 
its age, ration, and other factors. Furthermore, the 
solids content will vary from swine to dairy at a 
particular consistency. 

Pumpability of liquid manure is an important con
sideration. For example , raw beef or dairy manure can 
contain 20 percent solids. Even though the manure can 
be pumped at 12 percent solids content , it should be 
diluted to approximately IO percent solids for ease of 
pumping into a liquid manure tankwagon . It should be 
diluted to 8 percent solids for pumping through a 
manure gun sprinkler system because the operator is 
not likely to be close by to handle pumping problems. 
Refer to Table 18 on dilution requirements for liquid 
manure to determine additional water needed for dilu
tion. 

Equipment for Agitating and Removing 
Manure From Pits or Tanks 

An ideal volume for a pit with one opening for 
agitation and removal of manure is a I 0,000-cubic-foot 
tank (20 x 50 x IO feet deep) with the opening in the 
center. Rectangular tanks should not be more than 50 
feet long or have dividing walls every 50 feet. Agitation 
and removal of wastes is most critical. The maximum 
distances from the point of agitation to a wall should be 
25 feet or less. 

Chopper pumps are the most satisfactory device for 
agitating dairy and beef wastes. Swine and poultry 
wastes are more easily mixed, and pumping back into 
the pit from a vacuum tank is usually satisfactory. 
Mechanical agitation using paddle wheels and augers 
has also been done. 

A pump bypass is often the simplest and cheapest 
method to agita te slunies in a tank. The same pump that 
removes the slurry from the tank is used, a separate 
agitator is not needed . A bypass line is installed on the 
discharge side of the pump, and the materia l is recircu-
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Figure 9. Solids Content, Consistency, and Type of Pump Required 
for Liquid-Handling of Animal and Poultry Wastes 

lated from the pump back into the tank until the desired 
consistency is achieved. 

Good agitation requires high volume and some 
pressure. Pumps that will produce 1,200 gallons per 
minute (gpm) at 10-20 pounds per squire inch (psi) or 
600 gpm at 140 psi are known to provide good agitation. 
Smaller volume pumps, such as those producing 175 
gpm at 80 psi, are less satisfactory, a nd take more time . 
A permanent agitation system can be developed con
sisting of agitation nozzles spaced throughout a long pit. 
Install a valve for each nozzle , and some means of 
rotating each nozzle , such as a handle welded to a union 
that is mounted on the agitation pipe . Install the nozzle 
about 6 to 8 inches off the bottom of the pit. 

A pump is an important part of a liquid manure 
handling system. One of two approaches is usually used 
to fill the tankwagon from the pits. 

I. A portable or permanently installed pump close to 
the storage tank for agitating the liquid manure and 
filling the tankwagon. 

2. A pump mounted directly on the tankwagon to 
agitate the slurry, fill the tankwagon, and spread the 
manure over the field. 
Solids handling centrifugal pumps, sewage ejector 

pumps , and diaphragm pumps have also been used with 
varying degrees of success. In most cases, solids 
handling capability is enhanced by selecting a larger 
pump, and one with a larger impeller and larger 
openings for the material to pass through. Diaphragm 
pump valves can be plugged by herbaceous material. In 
addition, diaphragm pumps create pulsations in the 
pipeline and therefore should have flexible couplings on 
suction and discharge connections to reduce fatigue of 
the piping system. 
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Table 18. Dilution Requirements for Liquid Manure. 

Additional dilution 
Additional dilution pumping through 

for filling tankwagon manure gun sprinkler 
% solids in pit gal water2 gal water3 

Raw manure under current mgt. 
% solids practices 1 

Poultry 25-45 23 

Swine 10-25 12 

Dairy 
or Beef 10-25 12 

1Current recommendations for best results in the 
liquification and handling of liquid manure include 
filling the pit to one-third full of water after it is 
emptied. An operation with considerable water 
leakage or water added from another source would 
not need to add as much water after emptying the 
pit. 

2This additional dilution water is needed to provide 
a consistency similar to catsup , which can be pumped 
into tankwagons without undue difficulty. The figures 
are given in terms of additional gallons of water per 

gal waste gal waste 

0.16 0 .6 

0 0 

0. 18 0.45 

gallon of liquid manure under current management 
practices (Column 2). 

3This additional dilution water is needed to provide 
a consistency similar to pancake batter, which can 
be pumped through manure gun sprinklers without 
undue difficulty. The figures are given in terms of 
additional gallons of water per gallon of liquid 
manure under current management practices. 
Note: Normally liquid manure slurries in dairy 
operations contain sufficient dilution water for 
pumping into manure gun sprinkler systems if the 
milking center wastewater and lot runoff is added 
to the pit. 

Table 19. Application Rates of Liquid Manure, Inches/Acre (Depth of Liquid Manure) 

Center to Center Distance Between Successive Passes , Feet 
JO' 20' 30' 

Unloading Travel Size of Tankwagon, Gallons 
Time in Distance 1000 1500 2000 1000 1500 2000 1000 1500 
The Field' Feet 

¾ Min. 200 .8" 1.2" I .611 .4" .6' .8" .26" .4" 
I½ Min . 400 .4" .6" .8" .2" .3" .4" .13" .2" 
2½ Min. 600 .27" .4" .53" .13" .2" .27" .08" . 13" 
3 Min. 800 .2" .3" .4" . I" .15" .2" .07" . l" 
3½ Min 1000 .16" .24" .32" .08" .12" . 16' .05" .08" 
5 Min. 1200 .12" . 18" .24" .06" .09" .12" .04" .06" 
6 Min. 1600 . 1" .15" .2" .05" .08" . l" .04" .05" 
7½ Min. 2000 .08" .12" . 16' .04" .06' .08" .03" .04" 

1This is unloading time for a spreader traveling three miles per hour. 
In different travel speeds while unloading, multiply acre-inches/acre for that unloading 

time by the following factors: 

Miles Per Hour 
Multiplication Factor 

1 
3.0 

2 
1.5 

3 
1.0 

4 
0.75 

5 
0.60 

6 
0.50 

7 
.43 

8 
.38 

9 
.33 

2000 

.52" 

.26" 

.17" 

.13" 

. 10'' 

.07" 

.07" 

.05" 

JO 
.30 
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Number of Trips with Liquid Manure Tankwagon 
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I acre-inch = 27,154 gallons = 3,630 cu. ft. 
I acre-foot = 12 acre-inches = 325 ,848 gallons = 43 ,560 cu . ft. 
I acre-inch/hour = 450 gallons/minute = I cubic foo t/second 

Figure 10. Number of Trips Required by Liquid Manure Tankwagon. 

Tankwagons for Field Distribution 
Liquid manure tankwagons normally range in ca

pacity from 1,000 to 2,000 gallons , with a few large 
operations using ones exceeding 5,000 gallons. Soil 
conditions may limit the size of the tankwagon. A full 
1,500 gallon tankwagon weighs about the same as a 
conventional 180 bushel manure spreader loaded to 
capacity. Oversized tires increase flotation. 

Tankwagons offer the flexibility of hauling to distant 
fields without purchasing additional equipment as 
would be necessary with an irrigation disposal system. 
Refer to Figure 10 to determine the number of trips 
required per year to dispose of a given amount of liquid 
waste . Table 19 gives liquid manure application rates. 

Some tankwagon models have knife injectors that 
can inject the liquid manure into the soil, thus greatly 
reducing odor. A variation of this is the development of 
a large chisel plow knife injector , pulled by a tractor. 
Liquid manure is pumped through aluminum pipe to a 
660-foot section of 4-inch traveling gun sprinkler hose 
and is continuously fed to the chisel plow . This system 
has considerable potential for large operators where 
odor is a problem. A possible second best method is to 
spread the liquid manure on cropland and then disk 
immediately. The greatest odor reduction will be ob
tained when liquid manure is mixed into and covered 
with soil. 
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Figure 12. Approximate tractor size (pto hp) to plow 
down liquid manure with chisels at speeds shown - in 
heavy solids and sod. 

Power requirements for tankwagon operations are 
given in Figures 11 and 12. Where vacuum pumps are 
used, the pump will require about 10 horsepower (hp) 
during the spreading operation. 

For example: A 2,000 gallon tankwagon requires 36 
hp to pull over the field . If two chisel units are used at 
6-inch plowdown depth and estimated field speed is 
three miles per hour (mph), tractor horsepower require
ment would be-36 hp + 2(10 hp) + IO hp = 66 hp. 
Power requirements can vary greatly with field con
ditions. 

Safety Aspects of Liquid Manure Systems 
Pits should be covered to prevent persons or ani

mals from falling into them . Floor openings for scraping 
should have an iron grid or slats permanently installed 
to avoid having a large open hole while scraping. Use 
extreme care when agitating manure. During agitation 
of manure pits in confinement buildings , turn the 
ventilation system on to its maximum regardless of 
weather. 

Stay out of the building during agitation and removal 
of manure. Young animals should be removed from the 
building. After the liquid manure has been pumped from 
the pit, the oxygen level is too low for humans or 
animals. Do not enter a pit unless you are equipped with 
an oxygen mask , and someone is standing by to pull you 
out in case of trouble. 



Irrigation Disposal Systems 
Increased size of livestock operations, greater de

mands on farm labor , and the large number of trips with 
a tankwagon are causing many livestock producers to 
consider using irrigation equipment to return their 
liquid manure and feedlot runoff to the land. 

Advantages of Irrigation Disposal Systems 
I. Irrigation for relatively large numbers of livestock 

systems are economical and labor saving. One 
acre-foot of liquid waste = 325,000 gallons = 216 
trips with a 1,500 gallon tank wagon, or 12 hours of 
pumping with an average size gun sprinkler. 

2. The system can also be used for irrigating crops. 
3. Runoff water and livestock wastes are returned to 

the land , utilizing the plant nutrients. 
4. Effluent from lagoons, that cannot be discharged 

directly into streams, can be readily pumped through 
irrigation systems. 

Disadvantages of Irrigation Disposal Systems 
I. A large initial investment in addition to operating 

costs is sometimes involved. 
2. Good management is essential. 
3. Some labor is required and not the most desirable 

type oflabor. This varies greatly from one system to 
another. 

4. The odor problem may be increased or decreased , 
depending on management. 

Soi I-Plant-Filter Considerations Affecting 
Irrigation Disposa I 

An important consideration in assessing irrigation 
potential is the acceptability of possible disposal sites. 
Equipment cost and power requirements usually limit 
site selection to those areas nearest the waste storage 
facility. For larger systems, such as traveling guns, 
maximum piping distances normally do not exceed 
4,000 feet. What factors, then , might prohibit their use? 
Proximity to Watercourses. Pollution occurs when either 
animal waste or contaminated runoff reaches and enters 
watercourses. Therefore , areas next to streams or open 
ditches should be examined carefully. 
Lay of the Land. Be careful with steeply sloping and very 
flat terrain for waste water irrigation. Irrigation on 
rolling land can cause runoff and even a heavy grass 
covering does not guarantee that waste water won't get 
into a stream. If this is the only available soil-plant filter 
site, light applications(½ inch to I inch) with a system 
with a low application rate is often feasible. A hand
move sprinkler system with small sprinklers is an 
example of such a system. On the other hand , exceed
ingly flat land with tight soil. tends to stay wet when 
irrigated , causing tillage problems. If such land must be 
used for irrigation , schedule the application of wastes 
well in advance of tillage. 
Proximity to Neighbors and Populated Areas. A soil-plant 
filter should be as far from dwellings as possible and not 
in the path of prevailing winds toward populated areas. 
Irrigation spray can drift several miles in a high wind. 
Odor intensity depends on type and length of storage, 
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with odor least intense from a runoff detention facility. 
But regardless of storage system, spray drift can be a 
problem if the irrigation site is too near roads or 
residences. 
Irrigation Potential. Consider the potential yield increase 
due to the irrigated wastewater. Drouthy soils tend to 
respond more than less drouthy soils. Calculate the 
average amount of water to be applied to the soil-plant 
filter during June, July, and August. If the amount is 
less than Missouri 's average irrigation requirement of6 
inches per year , the yield increases are likely to be less 
than optimum due to summer drouth. Refer to the 
section on plant nutrients of the animal was te to 
determine amount of added plant nutrients. 

Soil Factors Affecting Irrigation Disposal 
Major soil factors are: water intake rate, location of 

water table, topography in relation to water courses, 
and the water-and nutrient-hold capacities. The ideal 
soil at an irrigation waste disposal site has 
• a high intake rate, 
• high water-holding capacity, 
• high nutrient-holding (exchange) capacity, 
• is deep and not excessively permeable to water table 

for good filtering, and 
• is able to support high crop yields for maximum 

nutrient removal. 
It's doubtful , however , that such " perfect" soil 

conditions will be found in the disposal area. Therefore, 
waste application rates will have to be adjusted to 
accommodate any unfavorable conditions that exist. 

Examples of some problems associated with certain 
undesirable soil characteristics at the disposal site are: 
I. Soils with very low internal drainage and very slow 

intake rates cause runoff and ponding, which means 
a greater chance for unequal application and for 
ground water or stream pollution. 

2. A sloping terrain at the disposal sites makes it 
increasingly important that waste application rates 
not exceed soil intake rates to insure no runoff to 
water courses. 

3. A high water table means that nutrients produced 
from wastes have to move only short distances to 
pollute the ground water. Shallow soils with little 
filtering capacity or sandy soils pose the same 
problem. 

4. Excessively drained, low-yield-potential soils are 
especially troublesome at the disposal site because 
• the poorer yielding crops remove less nitrogen, 

which means less can be applied through waste 
water, and 

• the irrigation water moves through them too 
rapidly for adequate filtration. Therefore , it be
comes important on poorer soils to add enough 
extra water when irrigating to meet the needs of 
the crop, and to irrigate over the entire growing 
season to maximize nutrient and water use. 

5. One soil-related situation over which the farmer has 
control is time of application. Don ' t irrigate im
mediately after a rain or when the soil is wet since 
water intake level is already low and runoff or 
ponding will result. This is more a management 
consideration on fine-textured soils than on sandy 
ones. 
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Figure 13. Pumping rates required to dispose of various 
quantities of waste over various lengths of time. See Table 
21 for this information in tabular form. 

Planning Irrigation Disposal Systems 
The irrigation disposal system should be designed to 

fit the manager, the production unit, available finances, 
labor , and cropping system. Lagoons or pits don't just 
go away, nor can they be pumped in one day on totally 
saturated land, without runoff. An analysis of the 
engineering and economic aspects provides a sound 
base for selecting a system for returning animal waste to 
land . Good management is essential to avoid cropping 
and pollution problems. 

System Capacity 
Many livestock producers purchase tankwagons or 

irrigation disposal systems without really knowing how 
much water is produced in their facility each year. The 
result is often poor financial investment and many 
headaches . 

The volume of water produced in a given livestock 
facility can be readily calculated , considering wastes 
produced by the animals , flush water , drinking water 
spillage plus evaporation , runoff, and infiltration from 
open lots. 

Irrigation equipment has an advantage over liquid 
manure tank wagons in its ability to pump large volumes 
of fluids and distribute them onto the land . One 
acre-inch of water = 27 , 154 gallons = 18 trips with a 
1,500-gallon liquid manure tankwagon = I hour of 
pumping through a 450 gallons-per-minute irrigation 
system (Figure 13). A 10-hour set with such a system, 
would pump 271 ,540 gallons , the same as 18 I trips with 
the tankwagon. 

Since most livestock producers usually are con
cerned more with waste disposal than with crop irriga
tion , the liquid manure or lagoon effluent can be applied 
over a longer period of time than to meet the moisture 

needs of crops. In addition , the relatively small volume 
and high concentration of chemicals in wastes, such as 
those from confinement operations stored in pits or 
lagoons , do not provide enough water to irrigate a crop 
for a season . Thus , smaller , less expensive irrigation 
systems have a place . 

Calculate the volume of wastes to be produced , and 
refer to Tables 20 and 21 to select a system capacity to 
pump out that volume in a length of time that is 
reasonable for the farmer and for the climate . A 
livestock producer with plentiful labor a nd low capital 
would logically choose a smaller , lower-cost system 
than a producer with a sca rce labor supply . 

Table 20. Sizing Pumping Capacity for Lagoons 
Used with Confinement Hog Systems 

Expected Number of 
Days Pumping 

2 
3 
4 
5 
6 
7 
8 
9 

10 

Proba bility Level 
5 yrs . in I O 9 yrs . in I 0 

Pump Capacity GPM/100 
Head ( 10/Hr/Day) 

58.0 95.0 
39.0 63.0 
29.0 47 .0 
24 .0 38 .0 
19.5 31.5 
16.5 27 .0 
14 .5 23 .5 
13.0 21.0 
12.0 19.0 
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Table 21. Number of Days (10 hours/day) Required to Dispose of a Given 
Quantity of Liquid Wastes With a Given System Capacity 

SYSTEM Gallons X 
CAPACITY 100,000 1.6 3.3 6.5 8.1 9.8 13.0 16.3 32.6 65.2 

Cubic Ft. 
Gal. Acre In. Thousands 22 43 87 109 130 174 217 435 869 
Per Per 

Min. Hour Acre-Inches 6 12 24 30 36 48 60 120 240 

25 .05 12 .0 24.0 48 60 

50 . 11 5.5 10.9 21.8 27.3 32.8 43.6 54.6 

100 .22 2.7 5.5 10.9 13 .6 16.4 21.8 27 .3 54.5 

200 .44 1.4 2.7 5.5 6.9 8.2 10.9 13.6 27.3 54.5 

300 .66 1.8 3.6 4.6 5.5 7.3 9.1 18 .2 36.4 

400 .88 2.7 3.5 4.0 5.5 6.8 13.6 27.4 

500 I.IO 2.2 2.8 3.2 4.4 5.5 10.9 21.8 

600 1.32 1.8 2.3 2.6 3.6 4.6 9.1 I 8.1 

800 1.77 2.0 2.7 3.4 6.8 I 3.6 

1000 2.21 2.2 2.7 5.4 10.8 

UNITS 

l acre-inch= 27,154 gallons= 3,630 cu. ft. 
1 acre-foot = 12 acre-inches = 325,848 gallons = 43,560 cu . ft. 

I acre-inch/hour = 450 gallons/minute = I cubic foot/second 

Systems for Handling Liquid Manure Slurries 
Liquid manure slurries consist of raw manure with 

some dilution water added. They usually are produced 
in confinement buildings with pits, and may contain up 
to 15 percent solids. Slurries can be handled by manure 
gun sprinklers, either handmove or traveling. The 
sprinklers generally work well if the nozzle diameter is 
at least¾ inch. Minimum recommended nozzle operat
ing pressures of70 to 80 psi are recommended for best 
distribution . Gun sprinklers without straightening 
vanes and with the impact arm diffuser located some 
distance from the nozzle create the least problems. 

Traveling guns can be used for liquid manure 
disposal. Especially satisfactory are those powered by 
a small internal combustion engine on the traveler or on 
the cable winch at the end of the run. For turbine and 
cylinder drive units, check with the manufacturer on 
the size of solid mate1ial that will pass through them; 
some allow no greater than% inch diameter solids. 

Cylinder drive units can be modified by installing 
gate valves on the traveler where water normally would 
go to the drive mechanism. Shut the valves when 
pumping liquid manure, and occasionally pull the unit 
ahead with a tractor hooked to the cable. This method is 

feasible, especially since manure slurries are produced 
in relatively small volumes. 

The concentration of chemical constituents in liquid 
manure slurries can burn the plants . If possible, operate 
the manure gun sprinkler system on clean water for 
I 0-15 minutes at the end of each set. This cleans out the 
pipe, cleans off the pipe near the sprinkler, and washes 
the solids off the foliage. 

Another problem encountered if the system is not 
rinsed is that when the sprinkler is detached from the 
pipe, a large pool of liquid manure comes out and may 
kill some of the crop. To overcome this problem , 
consider the following alternatives: 
I. Pump into the system from another large water 

supply, such as a pond, with a similar (30 hp) 
pumping unit. If only the system pump is available, 
daily pumping may make it impractical to move the 
pump between the pond and the waste source. 

2. Pump into the line from an alternative water source, 
using a smaller (5 hp) centrifugal pump. This cleans 
the system but doesn't wash the foliage. 

3. Run a few thousand gallons of water from the water 
system into the liquid manure tank, and pump it out 
through the sys tem. 
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An alternate approach is to apply the liquid manure 
after the crop has been harvested, or some other time 
when it does not interfere with crop growth. 

Gated pipe has been considered for liquid manure 
disposal, but would probably create two problems: 
I. Solids buildup and subsequent overload of the upper 

end of the run , and 
2. Decreased velocities in the outer end of the pipeline. 
The latter would probably create some plugging prob
lems . 

To determine the amount of dilution water required 
for a liquid manure system, refer to the section on 
consistency of wastes under liquid manure systems. 
Note that more dilution water is recommended for 
pumping slurries through manure gun sprinkler systems 
than into tankwagons. 

Systems for Handling Lagoon Effluent 
Lagoon effluent, or other fluid wastes containing 

less than 5 percent solids, can be handled by most 
irrigation systems. These fluid wastes are typical of 
feedlot runoff or effluent from a lagoon system. Stan
dard irrigation design criteria may be used when 
pumping from a lagoon. Sprinkler nozzles as small as 
3/16 inch diameter may be used satisfactorily~ 

Sprinkler systems allow waste disposal on sandy, 
rolling, and irregular land that would be uneconomical 
to surface irrigate. Although initial and operating costs 
are generally higher for sprinklers, labor requirements 
are sometimes reduced , and some systems may be 
automated. Sprinklers also give uniform application. 
For all sprinkler systems, select sprinklers and spacings 
that will not cause runoff on the particular soil type, 
topography, crop, and time of application. 

If land is plentiful, less uniformity of application is 
needed than for regular irrigation of crops. If space is 
limited, uniform application is essential to avoid over
loading certain areas. causing plant toxicities , ground
water pollution, or runoff. 

Most livestock producers in the more humid regions 
are not interested in crop irrigation. Thus, simpler, 
more foolproof systems are essential. For example, 
some Missourians use a hand-carry gun sprinkler 
system as opposed to a small traveling gun sp1inkler 
system at the same cost. 

Hand-Move Sprinkler System 
The hand-move sprinkler system, (Figure 14a), has 

been used for many years. It consists of a ma in line and 
one or more laterals. Laterals usually are 20- to 40-foot 
sections of aluminum pipe joined by couplers. Small 
sprinklers are placed along the length of the laterals 
(usually on 40-foot intervals). 

During operation a strip as long as the lateral and as 
wide as the sprinkler diameter is sprinkled. That strip is 
one "set'". After the desired amount of water is applied 
to that set, the pump is shut off and the pipe is 
disassembled by hand and moved to a new location 

(usually 60 feet to the side), reassembled , and the new 
set is sprinkled. 

Advantages. Low initial investment; used systems 
may be available. 

Few mechanical parts to malfunction . 
Low power requirements (50 psi at 

sprinklers). 
Flexible with respect to land area. Dif

ferent lengths can be set, and can be 
run almost any direction to get to 
isolated corners. 

Disadvantages. High labor requirement; moves must 
be made by moving individual pipe 
sections. Thus labor is more time
consuming and undesirable than for 
some other systems. 

Small sprinklers might plug. 

Towline Sprinkler System 
The towline system is similar to the hand-move 

system (Figure 14b). The difference is that the towline 
has stronger, more permanent couplers between the 
lateral pipe sections. The lateral is moved by hooking a 
tractor onto the end of the lateral and towing it from 
one set to the next as a unit. 

Advantages. Low initial investment ; similar to hand-
move system. 

Lower labor requirement; don ' t work 
in mud to make moves. 

Fewer mechanical parts to malfunc
tion. 

Low power requirement (50 psi at 
sprinklers). 

Disadvantages. Not flexible with respect to land area. 
Irregularly shaped fields can be a 
problem because of "permanent" 
lateral length . 

Small sprinklers might plug . 
Driving lanes for the tractor are re

quired in tall row crops. This might 
amount to as much as 10 percent of 
the total soil-plant-filter area. 

Stationary Gun Sprinkler System 
This system is also applicable to waste disposal 

systems. It is essentially a hand-move system with the 
small sprinklers replaced by a single large sprinkler 
(Figure 14c). Changing sets is similar to hand-move 
systems. The stationary gun sprinkler system can be 
adapted to pumping manure slunies by selecting a high 
pressure manure gun sprinkler pump and sprinklers 
without straightening vanes . 

An example of stationary gun system is a big gun 
capable of discharging 330 gallons per minute (similar 
to the hand-move system). Such a gun would sprinkle 
a 350-foot diameter circle , or an area of 2.2 acres with 
an application rate of 0.33 inch per hour. Pressure 
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Figure 14. Sprinkler systems. 

requirement for this gun would be 80 psi instead of 50 
psi, so the power requirement would be about 30 
horsepower. 
Advantages. 

Disadvantages. 

Low initial investment. 
Few mechanical parts to malfunction . 
Few plugging problems with large 

nozzle . 
Flexible with respect to land area. 
Pipe requirement slightly less than with 

small sprinklers . 
Higher power requirements (80 psi at 

sprinkler) . 
High labor requirement. 
Distribution adversely affected by 

windy conditions. 

Traveling Gun Sprinkler System. 
The traveling big gun ( Figure 14d) is commonly used 

as a disposal method by large livestock producers . 
Basically it is a single large nozzle mounted on a running 
gear that can be pulled across the field by a cable. The 
guns are usually pulled by one of two methods: 1) by a 
winch mounted on the running gear that is powered by a 
water turbine , water cylinder , or a small auxiliary 
gasoline engine; or 2) by a winch on the far end of the 
cable that is powered by an auxiliary gas engine. 

Traveling guns are designed to move either 660 or 
1,320 feet on each set , and have variable speeds which 
control the depth of application. They are supplied with 
water by dragging a flexible hose behind them. The hose 
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is relatively expensive and constitutes a major part of 
the cost of a traveler. The primary advantage of the 
system is that it reduces labor requirements. 

Traveling guns are available in a wide range of sizes. 
A common size will irrigate 10 acres per set. A 
comparable size stationary gun irrigates about two 
acres per set. 

Advantages. Lowest labor requirement of systems 
mentioned. 

No plugging problems with large noz
zle. 

Flexible with respect to land area and 
topography. 

Disadvantages. Higher initial cost than other systems 
discussed. 

High power requirement. 
More mechanical parts than other sys

tems , especially with an auxiliary gas 
engine. 

Other Sprinkler Systems 
Other sprinkler systems are used for irrigation, but 

generally they are not considered for waste disposal in 
the Midwest. 

Center Pivot Sprinkler Systems. A sprinkler pipeline 
moves around in a circle like the spoke of a wheel. The 
center pivot offers almost complete automation, but 
high cost , small sprinklers, fixed land area covered , and 
many mechanical parts are some disadvantages . Costs 
for these units are $250-$350 per acre. 

Side-Roll Sprinkler Systems. A sprinkler pipeline moves 
sideways across a rectangular field, with the aluminum 
supply line as the axle for the lateral line. These systems 
adjust best to close-growing crops, and rectangular 
fields. They have small sprinklers, and can have 
alignment problems. 

Solid Set Systems. Permanently installed sprinklers, 
risers , and pipelines generally are too expensive, ex
cept perhaps for small systems that could utilize small 
diameter polyethylene plastic pipe. Another disadvan
tage of solid set systems is that the risers and sprinklers 
are always in place and must be avoided with machinery 
and protected from animals. 

Surface Irrigation Systems 
Some surface irrigation systems are suited to dis

posal of liquid wastes: furrow irrigation , corrugations, 
levees, and controlled flooding. 

Waste water can be supplied to the disposal field by 
gated pipe. Because of the possibility of runoff from 
surface inigation systems, extra labor is needed in 
checking distance of flow, changing gates, etc. A 
sprinkler system may be preferred for this reason. 
Some operators may choose to install a diversion 
terrace and tail water pit to eliminate runoff. 

Gated pipe is 6- to 12-inches diameter aluminum or 
plastic pipe, with openings or gates every 30 to 80 
inches. This pipe is portable , giving flexibility to the 
system. The cost of gated pipe is greater than spile or 
siphon tubes, but less than sprinkler systems. Also, less 
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Figure 15. Furrow irrigation 

labor is required, and the desired flow can be more 
easily managed. 

Small gated pipe systems have become popular , 
usually using 1 ½- to 2-inch diameter polyethylene 
tubing . Cut ½ inch holes every 3 to 4 feet, and make an 
adjustable gate by slipping a slit piece of the pipe over 
the pipe and holding it in place with a large rubber band. 
Obviously these have application primarily on small 
operations. 

Gated Pipe 

Total pumping rate equals the number of gates open 
and gallons per minute per gate. Use a wristwatch and a 
bucket to measure gallons per minute from a gate if that 
figure is not known. 

Furrow Irrigation. Irrigation with furrows provides rela
tively uniform distribution of waste waters for row 
crops (See Figure 15). Furrow irrigation generally is not 
recommended on fields steeper than I percent. How
ever, steeper slopes may be irrigated for short dis
tances. Slopes up to 10 percent can be irrigated with 
contour furrows. Often some land grading is required 
for good water distribution. 

The row crop may be planted on ridges, or the 
furrows may be constructed with disc or middlebuster 
furrow openers. Furrow flow rates should not exceed 
the carrying capacity of the furrow nor cause erosion. 
Controlled Flooding. Flooding generally refers to apply
ing waste water to land with no control structures other 
than the distribution pipe or ditch. This method has low 
initial cost, adapts to a wide range of irrigation flows, 
and can be used on close growing crops, rolling land and 
shallow soils. 

However, flooding often subdivides the field, has a 
high labor requirement, and uneven water distribution. 



An alternative system with a higher initial cost may be 
more economical in the long run. 

One possible approach to flooding on rolling topog
raphy is to lay gated pipe on a terrace, and surface 
irrigate a close growing crop, such as a grass-legume 
mixture. Shut off the flow when the water nearly 
reaches the next terrace channel. This requires a great 
deal of labor, especially if the topography is fairly steep. 

If the field is not terraced, gated pipe may be laid out 
on an approximate contour line. Because the water will 
tend to concentrate, the water should be shut off, and 
the pipe relaid higher on the hill, about two terrace 
spacings. This system requires good management and 
considerable labor. 

Piping Systems 
Pipe is a major part of an irrigation disposal system. 

Three primary types to consider are: aluminum, 
polyethylene (PE), and polyvinyl chloride (PVC). 

Most portable irrigation systems have aluminum 
pipe. It offers the advantages of being 
• quickly and easily assembled and disassembled, 

making it portable , 
• resistant to cracking and mechanical damage, and 
• unaffected by sunlight. 

For very small systems , small diameter ( 1-2 inches), 
semi-flexible polyethylene pipe is a possibility. PE pipe 
is generally low in price and not affected by chemicals in 
the wastewaters . Major disadvantages of small diame
ter polyethylene pipe are 
• high friction losses, 
• potential plugging due to the use of inside couplers , 

and 
• inavailability of quick couplings. 

Although significant deterioration of aluminum pipe 
within three years has been reported in municipal 
effluent disposal sys terns, no significant deterioration 
in five years of use for animal waste disposal has been 
noticed. Draining the system and storing the pipe on a 
pipe trailer as opposed to leaving it lie in the waste 
material on the ground will prolong its life. 

Beware during freezing weather, aluminum pipe can 
freeze and split when the pipe is less than halffull. Low 
spots in the line usually will not completely drain when 
the system is idle even with self-draining gaskets. 

PVC pipe is useful for permanently placed lines. It 
will deteriorate from sunlight, so should be buried. It is 
resistant to corrosion and chemical attack and has less 
internal friction than aluminum pipe. 

Underground PVC pipe is especially vulnerable to 
problems that arise when the system plugs which is 
likely when pumping from a liquid manure pit. When 
using PVC pipe in those situations and also when using 
it underground , install a pressure relief valve on the 
discharge slide of the pump. Set the relief valve at a few 
psi above operating pressure. 

For liquid manure pumping jobs, use a pressure 
relief valve of the same diameter as the pump discharge. 
For pumping lagoon effluent, the valve need not be as 
large. For underground PVC pipelines, install an air 
relief valve 
• every high point in the line, and 
• at points where one joint becomes steeper by an angle 
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of I 0° or more from the previous joint. 
Simple valves plus a set of safety cut-off gages can 
economically protect an irrigation system. 

Electric-powered pumping units can cause prob
lems because they pump at full capacity nearly in
stantly. This usually is not a problem for gated pipe 
systems because of the large number of openings in the 
pipe. However, this can create problems for traveling 
guns , center pivots, and underground pipelines. One 
dealer in Nebraska reported that the end gun on a center 
pivot was snapped off by an electric pumping unit. 

To avoid problems of high starting pressure, install a 
butterfly valve on the discharge side of the pump, and 
partly close it when the pump is started. Install a 
pressure gage on both sides of the valve. As the pump is 
started , close the valve until the first gage indicates a 
pressure equal to the normal operating pressure of the 
system. After the second pressure gage also indicates 
the normal operating pressure of the system, open the 
valve completely. 

Another alternative is to start and stop the motor, 
letting it run only for short periods until liquid comes 
out at the sprinkler or end of the distribution system. 
For internal combustion engines, increase the RPM 
slowly. 

Most piping systems problems in pumping liquid 
manure slurries arise by designing a system for too low 
velocity, or underestimating the pipe friction loss and 
horsepower demand. Minimum velocities of 5 to 6 feet 
per second are essential to minimize blocking prob
lems. Also, be careful to avoid unnecessary low spots in 
the line, where solids can settle. Flushing out the line is 
especially important when these low spots are present. 

Friction loss of animal wastes are generally the same 
as water. However, when the solids content ap
proaches 5 to 10 percent , the friction loss may increase 
IO to 15 percent. More specific data is needed in this 
area. 

Select a pipe size to fit the length of the piping 
system, discharge rate, and amount of friction loss that 
can be tolerated. Friction losses increase with increas
ing flow rates in the pipe. A useful rule of thumb is to 
select a pipe size that will cause a friction loss no greater 
than I psi per I 00 feet of pipe for the design discharge 
rate. In lengths of pipe less than 800 feet, this can be 
increased to I½ psi per I 00 feet of pipe. Table 27 gives 
approximate pipe sizes needed for various discharge 
rates. 

Pumps 
Select a pump and power unit that will be able to 

handle a particular consistency of effluent for the 
required flow rate and pressure. 

The selection and design of the intake screen on the 
suction side of the pump is very important. The largest 
size opening should never be larger than the smallest 
sprinkler, spile tube, or gate, and all material should 
readily pass through the pump. The screen area should 
be as large as possible to minimize velocities into the 
screen and to eliminate plugging. A screen with ¼ inch 
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diameter opening has worked well for poultry wastewa
ter screening , using large surface areas. 

Waste disposal pumps may be powered by any 
power source-electric , LP gas, diesel, or a tractor pto. 
Electric motors are most easily automated and gener
ally require a minimum of maintenance. However, a 
service line may have to be constructed to the pumping 
location. Also, single phase service is generally re
stricted to seven and one-half to ten horsepower. 

Gasoline-driven pumps require refueling, regular 
lubrication, and frequent maintenance. Small engine
driven pumps are portable , but normally not more than 
50 percent efficient. They are usually not designed for 
continuous operation. 

Use of a farm tractor on a waste disposal pump 
decreases initial cost of the system. However, a larger, 
more expensive irrigation disposal system may be 
needed to use andjustify the horsepower of a tractor . In 
addition, there may be other demands for the tractor . A 
safety cut-off switch should be installed on all pumping 
units for protection of the power unit. 
Liquid Manure Slurries. Manure gun sprinklers require 
high pressure solids handling pumps to develop the 
pressure needed at the sprinkler (70 - 80 psi) . Helical 
screw pumps, rotor-lobe pumps , piston pumps , and 
centrifugal pumps can be used for this purpose. 

The helical screw, rotor-lobe, and piston pumps 
have little problem of pumping since they are positive 
displacement. They can develop very high pressures. 
are subjected to excessive wear throughout the body of 
the pump , and are subject to breakage by inorganic 
objects that may be in the manure. Try to keep large 
objects, such as pieces of wood or wrenches from 
falling into the manure pit. 

Dilute the liquid manure as recommended in the 
section on liquid manure systems. Oxidation ditch 
systems usually produce wastes with I to 5 percent 
solids. Agitate the pit before pumping, but do not 
agitate inside pits without excellent ventilation in the 
livestock building. 

Thick material increases priming problems with 
helical screw. roto-lobe. piston , and centrifugal pumps . 
Locating the pump in or near the water level, with an 
oversized, but air-tight suction line will reduce priming 
problems. Best results have been achieved by not using 
a suction strainer, and raising the suction pipe off the 
bottom of the pit to avoid picking up rocks, dropped 
wrenches, etc. !fa suction s trainer is used, it should be 
large. with holes that will pass the largest size solid that 
will pass through the pump. Clean it regularly . 

Cutter attachments are recommended for those 
operations with feathers or herbaceious material, such 
as poultry or dairy operations. There are several kinds 
of pumps that may be used to pump out a pit. In most 
cases, solids handling capability is enhanced by select
ing a larger pump , one with an open impeller , or one 
with large openings, or both. 
Lagoon Effluent. Most irrigation disposal systems use 
single stage, standard centrifugal pumps, due to their 
high efficiency and flexibility of operating conditions. 
Effluent from a well designed and managed lagoon is 
generally easy to pump , and it is over95 percent water . 
The suspended solids in lagoon effluent are generally no 

problem, especially when the intake pipe to the pump is 
maintained 18 to 24 inches below the lagoon surface by 
a float. However, herbaceous material such as straw or 
hay can enter an intake screen lengthwise and cause 
problems for small closed impeller centrifugal pumps. 

Several other pumps can be used successfully for 
pumping lagoon effluent. Small rotor pumps with 
rubber impellers have worked quite satisfactorily for 
filling flush tanks from lagoons or ponds. 

Some self priming pumps are quite reliable. and may 
be installed above the water level of the lagoon. This 
does not include those self priming centrifugal pumps 
that will not prime if their flap valve on the suction side 
leaks. 

For pumps that are not self-priming one of the 
following methods can be used: 
I. Install the pump below the dam, with a pipe through 

the dam , 
2. Install the pump in a dry pit below the lagoon water 

level , and connect it to the lagoon by a pipe, 
3. Construct a floating pump station, with the pump 

below the water level. 
4. If automatic operation is not required, you may 

install a foot valve on the suction side of the pump, 
and install a priming valve to the priming tank . Refill 
the priming tank when pumping, and close the valve. 

Labor Requirements of Irrigation Disposal 
Systems 

Irrigation disposal systems have differing labor 
requirements. See Table 22. 

Alternative Ownership Schemes 
Many livestock producers are reluctant to invest 

large amounts of money in irrigation disposal equip
ment, for a number of reasons. Alternatives that offer 
potential for easing into systems for returning animal 
wastes to the land are: 
I. Buy a used system. Used, otherwise obsolete, hand 

carry sprinkler systems have been especially useful 
in this respect. 

2. Multiple ownership. Often two or three neighbors 
can buy a system, thus greatly reducing the cost and 
getting a better system. Future expansion should be 
considered. For example , a hand carry gun sprinkler 
system in northeast Missouri was purchased with 
6-inch aluminum pipe and a high pressure pto pump. 
The only additional investment to go to a traveling 
gun is the hose reel. 

3. Custom operation. Some irrigation dealers in Mis
souri do custom pumping, usually with the idea of 
selling a system. This works well-the livestock 
producer gains some time and experience with 
irrigation equipment , as he gets his lagoon or pit 
pumped. 

4. Multiple use systems. Some operators have since 
developed additional water supplies , and are using 
the same system for both crop irrigation and waste 
disposal. 

5. Purchase a small system, but with the components 
large enough for future expansion. 



Table 22. Number of Sets and Labor Required for 10 Acres for Various Systems 

Number of Labor/Set , Labor/ IO ac res/ Labor/acre/ 
System Sets/IO Acres Minutes application (hrs.) applic. (hrs.) 

I. Hand Move Sprinkler" 5.5 100 9.2 .92 
2. Towline Sprinkler or 

Side-Roll Sp1i nklera 5.5 59 5.4 .54 
3. Stationary Big Gun" 4.5 100 8.5 .85 
4. Traveling Gunc I 150 2.5 .25 
5. Boom Sprinklerct 3.3 120 6.6 .66 
6. Gated Pipe" 3 120 6.0 .60 
7. Solid Set Sprinkler or 

Center Pivot Sprinklerr 
8. 135 acre sizeg .05 
9. 35 acre sizeh .07 

3 This is for a one-fourth mile lateral with 60 feet between sets. 
bThis gun sprinkler has a 360 foot wetted diameter , 2.2 acres per set, 300' X 320' sprinkler spacing between 
moves . 

cThis assumes four man-hours of labor plus one hour of supervision per day for a sprinkler cove1ing 20 acres 
per day (2 sets). A sys tem with buried pipe and a hose reel requires about one hour of labor per set plus one
half hour supervision per set. 

ctThis boom sprinkler covers three acres per set, on a 330' X 390' spacing between moves. 
eThis is for 1320' length of runs, 3.3 acres/set, 70-80 gates open, with some pipe moving. A system using a 
tailwater return pump and no pipe moving requires .2 hour labor/acre/application. 

rThese sys tems can be completely automated, with one-half hour supervision per day for 10 acres. 
gThis requirement is without moving time . This is two hours per revolution for lubrication , adjustment, etc . 
plus two hours supervision per day. Moving requires eight man-hours. 

hThis requirement is without moving time. This is one hour per revolution for lubrication , adjustments, etc. 
plus one and one-half hours per day supervision . Moving requires six man-hours. 

Table 23. Maximum Recommended Flow Rates 
Through Gated Pipe, .30- to 40-inch Spacing. 

Q, gpm/gate 40 25 16 12 10 5 2 

Table 24. Recommended Length of Furrows 
and Maximum Time for Water to Flow 

Through the Field 
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Slope, % 0.2 0.4 0.6 0.8 2 5 
Soil Texture Furrow Length , ft Hours 

Loamy Sands 600 2-3 
Sandy Loams 800 3-4 
Fine Sandy Loams 950 4-5 
Silt Loams 1,100 5-6 
Silty Clay Loams 1,300 6-7 
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Irrigation Waste Disposal System Selection Chart 

Labor Req ·d. 
man hrs. Pump 

per acre per Operation Type of 
irrigation' Percentage' Effluent Requirements and Limita tions 

SPRINKLER SYSTEMS 
Hand-move 1.0 75% Liquids on ly Can be use d on irregularly shaped fields and rolling 

terrain : inconvenient for tall crops . 
Side-roll (Wheel move) 0.4 85% Liquids only Requires rectangular fi e lds: cannot be used on tall crops 

Rectangular fields desirable. alleyways. and 100-200 
foot center strip for row crops 

Tow lin e 0.4 85 '7r Liquids on ly 

Boom 0.65 70¼ Liquids on ly Can be used on irregularly shaped fields: wind affects 
rotation and water distribution: require s alleyways for 
row crops 

Manure gun 0.8 65¼ Liquids to semi- Can be used on irregu lar ly shaped fields: requires high 
operati ng pressure: wind affects water distribution : 
requires alleyways for row crops: high precipitation 
rates. 

liquid slurries 

Traveling gun 0.3 85% Liquids to semi- Require s rectangular fields: requires alleyways for row 
crops: requires highest operating pressure ofany system. 
Requires square fields with no obstruction: maximum 
fi e ld slope shou ld be considered: precipita tion rate is 
high. 

liquid s lurri es 
Cente r-pi vot 0.1 99% Liquids on ly 
se lf-propelled 

Solid set 0.1 99'7r Liquids only Can be used on irregularly shaped fi e lds: high investment 
cost: lowes t labor requ irement. 

SURFACE SYSTEMS 
Gated pipe .60 75% Liquids on ly Genera ll y requires fields that lay we ll or are graded: 

some terraced fields can be irrigated with good manage
ment and high labor. 

Open ditch 1.4 65 '7c Liquids only Generally requires field s that lay we ll or are graded: 
some terraced fields can be irrigated with good ma nage-
ment and high labor. 

'Amount of labor a lso includes off-season requirements. Note that int ensity of labor required varies between types of systems. 
' Proportion of total irrigation sys tem operation time that pump is actua ll y delivering water. 

Irrigation System Management 
Management of an irrigation disposal system in

volves more than the initial purchase. It must be 
operated properly to app ly the right amount of waste
water over the desired area . 

A major difference exists between irrigation dis
posal systems and regular crop irrigation. Regular crop 
irrigation systems are designed to apply between 4 and 8 
inches of water over a normally large acreage , such as 
I 00 to 150 acres. The equipment must be large enough 
to cover the entire area one set at a time, and be back to 
the starting point before the crops are out of water. 

Irrigation disposal systems may only apply I or 2 
inches of water in a single application each year, or up 
to 10 or 12 inches in several applications in one year, 
depending on the concentration of plant nut1ients in the 
wastes . The crop's water requirements are usually not 
considered , and the sys tem capacity is therefore based 
on the amount of time the livestock producer wants to 
spend spreadi ng wastes each year, and his available 
capital. Ifhe wants to spend three days instead of three 
weeks, he buys bigger equipment. Costs increase with 
size. 

The time required for a set is controlled by the 
application rate. soil intake rate, and the total amount of 
water to be applied in that application . For example , an 
application of 1.5 inches to a silt loam soil with a hand 
move spri nkler system at the rate of0.4 inches per hour 

would require 1.5 -;- 0.4 = 3.75 hours. Approximate soil 
intake rates for water are given in Table 26. 

Wastewater shou ld not be applied to the disposal 
area unless the field is dry enough to travel over, and 
preferably drier. With sprinkler systems , applying 
lighter applications (½ - I inch) can decrease runoff 
problems. 

Furrow streams should be shut off before the 
wastewater reaches the other end of the field to 
eliminate runoff. This should be done when the water is 
two-thirds to three-fourths of the way to the end. 
Catching the runoff from the field in a basin and 
returning it to the inigation system is another alterna
tive . 

Although su1face irrigation is not generally recom
mended on slopes steeper than I percent for furrow 
irrigation and 2 to 3 percent for border inigation of 
close-growing crops , steeper slopes may be used for 
waste disposal if the following conditions exist : a short 
run, a good grass cover, small flow rates , and superv i
sion (See Table 23). 

For uniform distribution , the furrow stream should 
not take much longer to flow through the field than is 
indicated in Table 24. Because uniform distribution is 
usually less important than disposing of the wastes, a 
smaller flow rate will give greater depth of application 
before the set must be moved. 
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Table 25. Acres Irrigated Per Set 

Number of Rows Per Set (40-inch Rows) 1 

Length 
of Run 10 20 30 40 60 80 100 120 140 160 180 200 
in Feet (33 ') (67') ( 100') ( 133 ') (200') (261 ') (333 ') ( 400') (467') (533 ') (600') (660') 

100 .076 .15 .23 .31 .46 .61 .76 .92 1.07 1.22 1.38 1.53 

200 . 15 .30 .46 .61 .92 1.22 1.52 1.84 2.14 2.44 2.76 3.06 

300 .23 .46 .69 .72 1.38 1.83 2.28 2.76 3.21 3.66 4 . 14 4.59 

400 .3 I .61 .92 1.22 1.84 2.44 3.04 3.68 4.28 4.88 5.52 .612 

500 .38 .76 I. 15 1.53 2.30 3.05 3.80 4.60 5.35 6.10 6.90 7.65 

660 .50 1.0 1.51 2.0 3.0 4.0 5.0 6.1 7.1 8.1 9.1 10.1 

800 .61 1.2 1.83 2.4 3.7 4.9 6.1 7.3 8.6 9.8 11.0 12 .2 

1000 .75 1.5 2.25 3.1 4.6 6.1 7.6 9.2 10.7 12.2 13 .8 15.3 

1200 .92 1.8 2.76 3.7 5.5 7.3 9.2 I 1.0 12.9 14.7 16.5 18.4 

1400 1.07 2.1 3.21 4.3 6.4 8.6 10.7 12.9 15.0 17.1 19.3 21.4 

1For 30 inch rows , multiply the acres irrigated per set by 30/40. 
Total GPM 

Note: Forborderirrigationofclosegrowingcrops, No. of gates open= ____ _ 
GPM/Gate 

Refer to the above table for the acres/set with a given number of open gates. 
For 300 rows/set, multiply acreage figure for 100 rows/set by 3. For 280 rows/set, add the acreage figures for 80 
rows/set and 200 rows/s et. 
For 30 inch rows, multiply the acreage figures in the above chart by 0.75. For 36 inch rows, multiply the acreage 
figures in the above chart by 0.90 . For 38 inch rows , multiply the acreage figures in the above chart by 0.95. 

330' = 132 , 30" rows = 110, 36" rows = 104, 38" rows= 99, 
660' = 264, 30" rows = 220 , 36" rows = 208 , 38" rows = 198 , 
990' = 396. 30" rows = 330, 36" rows = 312, 38" rows = 297, 

1320' = 528 , 30" rows = 440, 36" rows = 417, 38" rows = 396 

Glossary 
Acre-inch - One acre of area one-inch deep. 
Application Rate - The rate at which water is applied to 
the soil. Given in inches per hour similar to rainfall 
intensity. Note : The application rate for a sprinkler 
system should never exceed the infiltration rate of the 
soil, or runoff will result. The finer the texture of the 
soil, the lower its infiltration rate will be. Lower 
infiltration rates require lower application rates. Apply
ing light applications(½" to I '1 will also reduce runoff. 
Cfs - Cubic feet per second. 
Duration - Length of time a sprinkler is operated in one 
location. Note: The duration determines the total 
amount of water applied at any one application rate. For 
example, with an application rate of0.5 inch per hour, a 
two-hour duration would provide I inch of water to the 
inigated area. A four-hour duration would apply 2 
inches . 
Gpm - Gallons per minute. 
Head- Another word for press ure, given in either feet of 
water or pounds per square inch (psi). Note: A column 
of water 2.31 feet high exerts a pressure of I psi on its 
base, or 2.31 feet of head. 

Intake Rate - Rate at which water will infiltrate soil. 
Note : The intake rate of the soil determines the 
maximum allowable application rate for a sprinkler 
system. If the application rate exceeds the soil intake 
rate, runoff will result. 
lph - Inches per hour. 
Laterals - Lines that hold the sprinklers or contain the 
gates that distribute water in the field . Note: One main 
line may feed one or more laterals. Generally , a lateral 
will be moved several times for each time a main line is 
moved . 
Main Line - Primary pipeline for transporting water from 
the pump to the field. Note: The main line may be the 
same size or larger than the lateral lines that is supplies, 
but it should never be smaller. Main lines may be either 
portable or permanently installed such as a buried main 
line. 
Psi - Pounds per square inch. 
Set - An area tha t is irrigated without changing or 
moving any pipe or other equipment. Note : If a lateral 
will irrigate two acres each time it is assembled, the two 
acres a re considered to be a set. There would be five , 
two acre sets in a 10 acre field. 
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WORK SHEET 91D 
Irrigation Disposal 

1. Site information: Sketch soil-plant filter area; locate buildinqs, boundaries and obstruc
tions. Obtain all dimensions, elevations and soil types (from S9il-Plant Filter Work 
Sheets). 

Soil-plant filter, acres 
Soil type ___________ _ 

Maximum application rate, in./hr. (Table 26) (1) 

Cubic feet -----
2. Volume of waste to be returned to the land: 

(from Lagoon Work Sheets) 
or Acre-inches --- (2) 

3. Type of system prefer~ed and size of distribution system to fit capacity: 
Type of Sys tern _________ _ 
System Capacity (Table 21) --- (3) 

Number of days required to dispose of that volume __________ _ 

4. System Design: 
a. Hand-carry, towline, or side-roll sprinkler systems -- select sprinkler size, soacing, 

operating pressure, and pipe length and diameter that will cover the soil-plant filter 
area in a reasonable number of moves. 
Sprinkler spacing ________ _ 

Operating pressure, psi 
Application rate, in./hr. 
Pipe diameter, in. 
Acres per set __________ _ 

GPM/sprinkler ______ __ _ 
Pipe LenC1th _________ _ 
Total GPM -----------
Number of moves 
for total area ---------

Note: For these systems only, if 
rate determined that is less than 
covered in one set as follows: 

the system capacity is known, and an application 
the soil's intake rate, calculate the needed area 

Acres covered 
under one set 

System caoacity, GPM 
450 x ystem application 

in./hr. 

Acres ----

b. Traveling sprinkler system -- select sprinkler from Appendix Table 9 including type of 
nozzle, nozzle diameter, and operating pressure. Keep pressures at 90 psi or below 

c. 

to reduce horsepower demand. 
Nozzle type _______ Diameter, inches ____ Operating oressure, psi 
Determine (using Appendix Table 7) optimum lateral spacing -- 70 to 75 % is commonly 
used. Quarter-mile runs require the least amount of labor. Divide total area into 
rectangles with lanes spaced two-hose-lenqths apart. Standard hose lengths are 330 
feet and 660 feet. Other lengths are also available; refer to Table 6. Determine 
hose diameter. 

Lane spacing, ft. Hose length, ft. 
Number of sets/total area Hose diameter, in. 

Main line pipe selection for sprinkler systems 

Main line pipe size (Table 27) in. 
Length of main line ( from your sketch) ft. 
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d. Pressure calculation for sorinkler svstems --

(1) Friction loss in main line (Tables 28, 29, 30) 

(2) Elevation from laooon to hioh point in field (this 
could be a minus value) -

(3) Sprinkler operating pressure 

(4) Flexible hose friction loss {Appendix Fig . 3) 

(5) Elbows, fittings, etc . 

(6) If a traveling gun sprinkler system, add 12 ft. of 
head loss through machine 

Total operating pressure (1 through 6) 

ft. of head 

ft. of head 

ft. of head 

ft. of head 

6 ft. of head 

ft. of head 

ft. of head 

T l . . ps,· ___ ft. of head ota operating pressure ,n - = __ psi operating pressure 
2.31 

e. Pressure calculation for gated pipe systems 

Pipe diameter, inches (from Table 27) ---- in . 

Total dynamic head (ft. of head)= friction loss in closed pipe+ friction loss in 
pipe with open gates+ elevation. 

Closed pipe friction loss= (length of pipe without open gates) x (ft. of head 
loss/100 ft. of pipe) (see Tables 28, 29, 30) ft. 

Open gated pipe friction loss= (length of pipe with open gates) x (ft. of head 
loss/100 ft . of pipe) x (F value for the number of open gates) (see Table 31) 

Elevation from water level at source to point where gates are open 

Total operating pressure 

ft. 

ft. 

ft. of head 
T t l t . . . ft. of head o a opera 1ng pressure 1n psi = _-_-_____ = 

2.31 psi operating pressure 

5. Horsepower requirements (Appendix Table 16 or formula below): 

Brake horsepower = Total ft. of head x GPM bhp 
3960 x drive efficiency x pump efficiency 

Brake horsepower is the horsepower demand of the pump on a continuous basis . Assume a pumping 
efficiency of 70% for new units or other pumps in good adjustment. Drive efficiency for belts 
and gear heads is approximately 95 %. Electric motors are rated at continuous brake horsepower 
for field conditions. 

If a farm tractor will be used, the horsepower required by the pump should not exceed 75% of 

(4) 

(5) 

the maximum belt or pto horsepower output. This maximum of 75% would aoply only when the 
tractor is in new or excellent condition. A lower percentage should be used for older tractors, 
perhaps dropping to 50% or lower for tractor engines in only fair mechanical condition. See UMC 
Guide 1658, "Tractor Power For Irrigation Pumping." 

Size of tractor needed= brake ho= hp tractor . 
. 75 

Internal combustion engine horsepower ratings are based on short power tests run under cool, 
sea level conditions with no accessories on the engine. To correct this, multioly bhp by the 
factors presented in Appendi x Table 18 . 
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Table 26. Suggested Maximum Water Application 
Rates for Sprinkler Systems, Inches per Hour 

0 - 5% Slope 

w/cover bare 

I. Clay soils throughout; very .3"/hr. . 15"/hr. 
poorly drained (Alligator, 
Carlow, Sharkey, Wabash). 

2. Silty surface; poorly drained .4"/hr . . 24"/hr. 
clay and claypan subsoils 
(Calhoun, Chariton, Edina, 
Gerald, Mexico , Putnam 
Mexico) . 

3. Medium textured surface .5"/hr. .30"/hr. 
soils; moderate to 
imperfectly drained profile 
(Bates, Baxter, Eldon 
Fullerton, Nixa , Bates , 
Dundee , Grundy, Lindley , 
Pershing, Seymour). 

4. Silt loams, loams and very .611/hr. . 4"/hr. 
fine sandy loams , well to 
moderately well drained 
(Knox, Marshall , New-
tonia , Huntington, 
Nodaway , Sharon). 

5. Loamy sands , sandy loams , .9"/hr. . 611/hr. 
or peat soils, well drained 
(Bertrand, Cass , Dexter, 
Sarpy). 

Note: Reduce precipitation rates on sloping ground: 
Slope Precipitation Rate Reduction 

0 - 5% grade 0% 
6 - 8% grade 20% 
9 - 12% grade 40% 

13 - 20% grade 60% 
Over 20% 75% 

Note: Design Application Rate should not exceed 
rates suggested above. Soils will usually absorb 
water at a faster rate than mentioned above if 
applied in light applications (¾" to I½") when 
soil is dry. 
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Table 27. Recommended Pipe Size for Ranges of Flow Rates. 

Pipe Polyethylene Aluminum Polyvinyl Chloride 

Diameter Flow Rate Range 1 Maximum 2 Flow Rate Range Maximum Flow Rate Range Maximum 

I" 
I¼" 
I½" 
2" 
2½" 
3" 
4" 
5" 
6" 
8" 

0- 7 GPM 
5-13 GPM 

12-20 GPM 
20-35 GPM 

IOGPM 
18 GPM 
25 GPM 
45 GPM 0 - 30 GPM 

30 - 55 GPM 
60 - JOO GPM 
90 - 200 GPM 

190 - 350 GPM 
340 - 550 GPM 
500 - I JOO GPM 

40GPM 
65 GPM 

110 GPM 
220 GPM 
400 GPM 
650 GPM 

1350 GPM 

20 - 40GPM 45 GPM 
40 - 65 GPM SOGPM 
70 - IIOGPM 130 GPM 

I 10 - 225 GPM 275 GPM 
225 - 400 GPM 500 GPM 
400 - 650 GPM 800 GPM 
650 - 1300 GPM 1650 GPM 

1 Flow rate range was calculated based on a maximum pipe friction loss of approximately I psi/ 100 feet of pipe. 
2 Maximum recommended flow rate is for lengths of pipe less than 800 feet, and a maximum friction loss of I½ psi/ I 00 
feet of pipe for aluminum and polyvinyl chloride , and a maximum pipe friction loss of 2 psi/I 00 feet for polyethylene 
pipe. 

Note : This table provides general guidelines only. For application with long lengths of pipeline and/or high eleva
tions from pump to the soil plant filter, the next size larger pipe may be needed to keep the total operating 
pressure within reason. Examples would be for a I 00 GPM system that requires 2000' of pipe, and has 40' of 
elevation, (select 4" aluminum) or a 550 gpm system that requires 3000' of pipe, and has an elevation of 40' 
(select 811 aluminum). Check elevation, pump rating curves, etc., for specific applications. This table is 
also for pipelines in which the total flow passes through the entire pipeline. Refer to Appendix Table 23 
.. F Factors for Pipelines " to determine friction loss reduction for gated pipe and sprinkler lateral lines. 

Table 28. Friction in Feet of Head for Table 29. Friction Loss in Feet of Head for 
100 Feet of Plastic Pipe 100 Feet of Plastic Pipe 

Gallons Gallons 
Per PIPE SIZE Per 
Minute ½" ¾" I" I¼" I½" 2" 2½" 3" 4" Minute 4" 5" 6" 7" 8" 10" 12" 

2 3.7 1.0 100 0.55 0. 18 

5 21.0 5.0 I. 7 0 .5 0 .2 200 1.98 0 .64 0 .28 0.14 

10 73.5 19.0 6.9 1.6 0 .7 0.3 0.1 300 4.19 1.38 0.58 0.28 0 . 14 

15 40.0 12 .5 3 .3 1.5 0.6 0 .2 0 . 1 400 7.14 2.42 0.99 0.46 0 .23 

20 68.0 21.0 5.6 2.6 0.9 0.3 0 .2 500 11.0 3.68 1.52 0.71 0.37 0. 12 

30 44.5 11.5 5.5 1.9 0.7 0.3 600 5.13 2.12 1.01 0.48 0.18 

40 76.0 20.0 9.4 3.3 I. I 0.5 0 . 1 700 6.90 2.83 1.34 0.69 0 .23 

50 30.0 14.2 5.0 1.7 0.7 0.2 800 8.93 3.64 1.69 0.90 0 .299 0 . 12 

75 64.5 30 .0 10.5 3.6 1.5 0.4 900 11. 15 4.60 2.15 1.10 0 .27 0.14 

100 51.0 17.9 6.0 2.5 0.6 IOOO 5.50 2.56 1.36 0.46 0. 18 
1200 7.78 3.66 1.91 0.65 0.25 
1400 9.74 4.84 2.50 0.83 0.35 
1600 6.21 3.24 I.OS 0.46 
1800 7.80 4.09 1.36 0.55 
2000 9.49 5.01 1.68 0.69 
2500 8.60 2.8 1.0 
3000 10.2 3.2 1.5 
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Table 30. Friction Loss in Feet of Head for 100 Feet of Aluminum Pipe with Couplers 

Gallons Outsid e Di ameter 
Per 
Minute I" 2" 3" 4" 5" 6" 7" 8" 10" 12" 

2 .44 
4 1.58 
6 3.32 . 12 
8 6.12 . 18 

10 9.12 .27 
12 13.28 .38 
16 22.96 .66 
20 1.02 .14 
30 2.19 .30 
40 3.82 .53 0 . 14 
50 5.82 .80 0.22 

60 8 .22 1.14 0 .31 
70 I 1.01 1.51 0.41 0 . 14 
80 14. 19 1.94 0 .51 0. 18 
90 17 .68 2.42 0.65 0 .22 

100 3.23 0 .81 0 .28 0 . 11 

200 11 .78 3.01 1.02 0.42 0. 18 0.10 
300 6.61 2.24 0.92 0.42 0 .2 I 
400 10.21 3 .69 1.50 0 .72 0 .37 0.12 
500 15 .3 5.20 2.19 0.99 0 .55 0. 18 

600 21.8 7 .60 3. 19 1.48 0 .79 0 .25 
700 10.52 4.13 1.89 1.04 0 .35 0 . 14 
800 I 2.5 5.29 2.40 1.27 0.42 0 . 18 
900 15 .7 6.59 3 .05 1.57 0 .53 0 .22 

1000 19.1 7.95 3.69 1.89 0.65 0.28 

1200 26 .9 11.52 5.41 2.72 0.95 0.39 
1400 14.7 7.30 3.79 1.25 0.53 
1600 18 .8 9 .28 4 .90 1.60 0 .67 
1800 23.6 I 1.01 6 .01 2.01 0.83 
2000 13.7 7 .30 2.35 0.99 
2500 3.91 1.59 
3000 2.23 
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Table 31. "F" Value by which Friction Loss 
in Pipe must be Multiplied to Obtain Actual 
Loss in A Sprinkler or Gated Pipe Lateral. 

NUMBER OF SPRINKLERS 

Reference Publications 

I 
2 
3 
4 
5 
6 
7 
8 
9 

10 
12 
14 
16 
18 
20 
22 
24 
26 
28 
30 
35 
40 
50 

100 
Greater than I 00 

"Design Criteria for Field Drainage Ditches", UM C 
Guide #1642. 

"Land Grading - Graphical Solution to Design Plane", 
UMC Guide #1643. 

" Land Grading for Irrigation - Design and Construc
tion" , UMC Guide #1641. 

" Land Grading for Drainage - Design and Construc
tion", UMC Guide.#1640. 

"Culverts and Flood Gates", UMC Guide #1606. 
" Measuring Irrigation Water in Pipe Flow", UMC 

Guide # 1680. 
"Measuring Irrigation Water in a Ditch , Stream, or 

Reservoir" , UMC Guide #1681. 
"Farm Custom Rates in Missouri", UMC Guide 

#302. 

1.0 
0.625 
0.518 
0.469 
0.440 
0.421 
0.408 
0.398 
0.391 
0.385 
0.376 
0.370 
0.365 
0.361 
0.359 
0.357 
0.355 
0.353 
0.351 
0.350 
0.347 
0.345 
0.343 
0.338 
0.333 

" Irrigation Cost and Return Analysis", UM C Guide 
# 1690-1693. 

"Tractor Power for Irrigation Pumping Units", UMC 
Guide #1658. 

" Irrigation Corn on Claypan Soils in Missouri" , U MC 
Guide #4137. 

" When and How Much to Irrigate" , UMC Guide 
#1650. 

"Livestock Waste Handling Systems # I and #2" , 
UMC Guides# 1925-1926. 

"A Guide to Planning and Designing Effluent Irriga
tion Di sposal Systems in Missouri" , Misc. Publi
cation #337. 
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Soil-Plant Filter 
A soil-plant filter is effective when animal waste is 

distributed on the soil at a rate equal to the plant growth 
demands for nutrients (N-P-K). When the plants are 
harvested the nutrients are removed and another cycle 
(Figure 16) begins. Organic compounds in the animal 
waste are destroyed by soil microorganisms and 
weathering. Unfortunately, some chemicals such as 

Chemicals 
Nitrogen loss from soil 
and during Effluent 
Application 

Effluent Chemical 

Deep Percolation 
Leaching of 
Chemicals 

Nitrogen in precipitation 
Fertilizers added 
- Leaching Loss 
- Denitrification 
- Ammonia loss in 

Effluent Application 

Chemicals 
Removed 
When 
Plants are 
Harvested 

Plant Composition 
Removed x 

Tonnage 

Figure 16. Chemical balance in soil-plant filter. 

common salt (NaCl) are not taken up by plants in 
significant amounts. Those chemicals not taken up by 
plants may either form a complex with the soil or leach 
out with water when percolation occurs. 

The soil-plant filter concept includes the idea of 
water balance between the air, plant , soil and ground 
water ( Figure 17). Maximum uptake of nutrient from 
waste will occur when water balance is favorable for 
plant growth. Those conditions result in minimum run
off and minimum leaching. 

AIR 

E vapotransp1 ration 

SOIL 

Rainfall, 
Effluent 

less 
Run-off 

2' 
I 
I 
I 
I 

___ I 
____ J 

Deep Percolation 

Evapotranspiration 
Lateral Flow 
Deep Percolation 

Runoff 

Figure 17. Water balance in soil-plant filter. 
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Soil-Plant Filter Location Check List 

As the site value score (4 to I) decreases the need for greater management skills increases because of the 
pollution potential. 

Soil Depth 

Soil Type 

Water Shed 
Relationship 

Geological 
Considerations 

Land Forming to 
minimize erosion 
and excessive 
run-off 

Proximity to 
neighbors 

Proximity to 
Lagoon 

Availability of ad
ditional land for 
disposal purposes 

Relation to farm 
water supply 

Removal of Plant 
Growth 

Score 4 
Excellent 

In excess 
of 24" 

Sandy Loan 

Gradual 
slope into 
permanent 
pasture 

Deep soil 
mantle 

Do not need 
terraces 

I mile 

Adjacent 

More than 
triple 
filter size 

Beyond 1000 
ft. to near-
est source 

Compatible 
with normal 
farm grazing 
& mechanical 
harvesting 
systems 

Design Procedure 

Conservative Approach (land area not limiting) 
The conservative approach is based on the use of 

I 00 pounds of N per acre per year by plants growing on 
the site. The size (acres) of soil-plant filter can be 
estimated by multiplying the amount of nitrogen ex
creted by the animals by the percent Nitrogen reaching 
the soil via a given transport system, then dividing by 
100 pounds of N per acre. See Table 32. 

Good crop yields could be expected with a low 
pollution potential. When crop land area near the 
animal facility is not limited , a rotation of soil-plant 
filter sites (every 3-5 years) would further minimize 
pollution dangers and soil characte,istic change. 

3 
Good 

12" - 24" 

Loam 

Gradual 
slope into 
cropland 

12-24" of 
soil above 
claypan or 
fragipan 

Should be 
Terraced 

½ mile 

¼ mile 

Could triple 
filter size 

Approx. 300 
ft. 

Can be 
mechanically 
harvested but 
not grazed 

2 
Poor 

5 - 12 

Clay Pan 

Slope into 
a waterway 

Shallow soi l 
mantle over 
fissured 
bed rock 

Must be 
Terraced 

¼ mile 

½ mile 

Cou ld dou-
ble filter 
size 

Within 150 
ft. 

Special Mgt 
required for 
graz ing &/or 
difficult to 
mechanically 
harvest 

Genera /Iv 
Unacceptable 

0 - 4" 

Chert, gravel 
sand 

On a creek 
bank without 
buffer area 

Sink-hole 
area, ex
posed rock 

Too steep or 
lack of space 
for terracing 

less than 
200 ft. 

I mile 

none 

Adjacent to 
well or pond 

Growth cannot 
be mechanically 
harvested 

Table 32. Pounds of N, P, & K per Day per 1000 
Pounds of Animal Weight.* 

Animal 

Dairy 
Beef 
Swine 
Sheep 
Poultry, layer 
Poultry. broiler 
Horse 

Fertilizer Elements 
N P K 

lbs ./ Day/1000# animal 
.41 .073 .27 
.34 . 11 .24 
.45 . 15 .30 
.45 .066 .32 
.72 .28 .31 

1.16 .25 .36 
.27 .046 .17 

* MWPS - 18, Livestock Waste Facilities 



Soil-Plant Filter Size 
Glossary 

Location 

Topography 

Irrigation Potential 

Crop Selection 

Harvesting Plants 

Crop Use 
Monitoring 

Nutrient Removal Approach (land area limited) 
In this approach the crop uptake of nutrients is the 

controlling factor. Size of the soil-plant filter is calcu
lated by nutrient concentration in the lagoon water 
(adjusted for loss due to transport) divided by the crop 
potential removal capacity per year. 

When land area is limited by ownership, topog
raphy, soil type and/or physical lay-out of the farm 
facilities, the size of the soil-plant filter should be based 
on the nutrient removal. In some cases salinity may be 
the first limiting factor rather than nutrients. The 
nutrient removal approach requires greater manage
ment skills and good monitoring to prevent pollution via 
run-off, leaching, odors and crop toxicities. 

The nutrient removal capabilities of various crops, 
given in Table 34, represent what might be expected 
under Missouri conditions with a minimum pollution 
potential over an extended period. 

Table 33. Plant Food Nutrients Available 
per 1000 lbs. AnimaP 

lbs. nutrient per 1000 lbs . animal 
System N P K 

Swine lagoon 20.0 4.1 16.7 
Beef lagoon 10.0 7.6 3.3 
Dairy lagoon 15.0 7.9 32.4 
Swine pit 110.0 47.9 87.6 
Beef pit 50.0 25.0 33.9 
(l) Values derived from laboratory tests of actual 

samples. Ag. Eng. Dept., UMC. 

Acres needed for disposal of waste from animal 
units with respect to plant nutrients and water 
volume. 
Proximity to other waste handling components, 
and compatibility with other land uses, proximity 
to neighbors. 
Relationship of soil-plant filter to watershed , un
derlying geological formations and the irrigation 
system that would be applicable. 
Soil type and crop potential, water intake rate of 
soil, water table height, water holding capacity of 
soil, crop cover and need for land forming. 
Tolerance to amount and type of chemicals in 
waste, amount of nutrients removed per acre an
nually, compatibility of growth habits with pump
ing schedule, additional fertilizer needed to create 
proper balance for maximum plant growth, and 
economic return. 
Machinery needs, compatibility with pumping 
schedule. 
Silage , grain, hay, pasture, mulch. 
For salinity, nutrients in run-off and ground water 
and compositon of crop. 

Land for Solid Waste Disposal 
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The soil-plant filter area can be expanded to ac
commodate the hauled solid waste based on either of 
the above approaches. However, a good animal waste 
management plan must include land area for the hauled 
solids as part of the overall design. 

Steps in Planning Soil-Plant Filter 

1. Determine the size of the lagoon'·s soil-plant filter 
and the additional acres for solids. Use Work Sheets 
I0SP and llSP. If design is based on potential nutrient 
removal by a crop, select the crop now. 
2. Locate the soil-plant filter with respect to soil type , 
topography, underlying geological formations and the 
type of distribution system to be used. Use the Soil
Plant Filter Location Check List. 
3. Select the crop based on the following: 

a) Nutrient removal ability and how total plant 
growth would be removed and used. See Table 
34, Nutrient Removal Capabilities of Various 
Crops. 

b) Tolerance of plant to effluent especially am
monia and salinity. See Appendix Table l, 2, 
and 3. 

c) Compatibility with adjacent land use for har
vesting, irrigation , etc. 

d) Permanence of the location. 
e) Compatibility with pumpdown schedule, gen

erally March 15 to April 15, June 15 to July 15, 
and October I to October 15. 
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Table 34. Nutrient Removal Capabilities of Various Crops* 

Crop 

Reed Canarygrass* ''' 
Fescue*** 
Alfalfa*''** 
Orchard grass 
Timothy 
Blue grass 
Corn 

Milo 

Annual Yield/ Acre 

6.1 Ton 
5.0 Ton 
4.0 Ton 
2.5 Ton 
2.5 Ton 
2.0 Ton 

80 Bu 
I 120 lbs 
2.5 Ton 

70 Bu 
2 Ton 

Part of Crop 

All 
All 
All 
All 
All 
All 

Grain 
Cob 
Stalk 

Total 
Grain 
Stalk 

Total 

N p 
lbs lbs 

359 35 
275 26 
196 19 
65 9 
53 7 
52 11 
64 13 

4 I 
47 4 

--
115 18 
61 IO 
20 4 

--
81 14 

K 
lbs 

299 
269 
156 
95 
79 
68 
13 
9 

74 

96 
12 
51 

63 

Ca 

33 
25 

118 
14 
18 
16 

I 
I 

27 

29 
I 

23 

24 

* Alfalfa, Fescue and Reed Canarygrass are tolerant to salt concentration in this order. Because Reed Canary
grass has the potential to remove the most nutrients it might not grow well under heavy applications of high 
electrical conductivity effluent. 

'''* Reed Canarygrass normally will remove 40-45 lbs. nitrogen/ton of dry matter harvested when healthy, mature 
plants, and 60 lbs . nitrogen/ton when harvested in the black-green, fast growth stage. Paris, Texas and Ames, 
Iowa report nitrogen cropping removals of 36 I and 400 lbs .I season respectively. Reed canarygrass normally 
will remove 40 lbs. K2O/ton of dry matter, but will remove up to 80 lbs./ton if that much is available. Phosphorus 
removal is normally between 12 and 15 lbs ./ton of dry matter. 

*** Fescue will remove 45-75 lbs. nitrogen/ton of dry matter, with the highest amount when the crop is harvested 
shortly after heading, while the steams are still green. Potash removal will normally average 65 lbs./ton, but 
may increase to 80-120 lbs ./ton if that much is available. 

''*** Alfalfa would normally fix about 70% of its nitrogen from the air. As nitrogen is applied the amount fixed 
decreases and the plants use the nitrogen applied to it. 

,.,.,.:-A corn yield of 150 bu/acre removed as silage will use 185 lbs . of N, 35 lbs . of P and 178 lbs. of K with good 
agronomic practices and a favorable water supply. However, should the planting date be late and the weather 
dry, excess nutrients would result if animal waste was applied to meet the projected plant food needs of crop. 
Thus the pollution potential would be increased. The same situation applies to milo. 

4. Establish pumpdown calendar and harvesting 
schedule. Example for a grassed soil-plant filter area: 

PumpdownD Hold E] Harvest EZJ 

April 

~ 
Dec. 

5. Determine additional fertility needs and time of 
application to get lush growth. Use soi l test as a guide. 
6. Plan ahead for monitoring the soil-plant filter
what elements to be checked, when, and from what 
sources, e.g. lagoon, discharge pipe, field pans, so il. 
run-off, crop to be harvested, etc . 

Management of the Soil-Plant Filter 

In theory, any growing crop will remove nutrients 
from the soil and can be used in a soil-plant filter. 
However, in cases where land is limited the soil-plant 
filter crop should be one that will remove a maximum 
amount of nutrients. Reed canarygrass, tall fescue , 
alfalfa and combinations of grass-alfalfa are recom
mended in that order for no-till s ituations. 

Regardless oft he crop selected, the aerial portion of 
plants shou ld be removed at harvest. That practice will 
remove the most potassium and aid in removing addi
tional nitrogen and phosphorus over grain harvest. 
Corn removed for silage would be the best cropping 
practice for maximum soil renovation in a plant-soil 
filter system . 



Preparing the Soil-Plant Filter 
After locating and properly sizing the soil-plant 

filter, the site should be prepared to receive the lagoon 
effluent and/or solid waste. Where reed canarygrass or 
tall fescue is already established, the site will need little 
modification. However , grass should be established as 
soon as possible on new areas because effluent cannot 
be applied within a year following seeding. These steps 
should be taken: 

I. Land forming should be done. 
2. Test the soil. 
3. Apply fertilizer, lime, etc. required for cool 

season grasses or alfalfa . 
4. Prepare seed bed. 
5. Apply seed at proper time and rate. 
6. Control weeds and irrigate (not with lagoon 

water) where possible to insure vigorous growth 
and quicker establishment. 

7. Clip seasonaly to allow for maximum growth and 
retarding weed growth. 

Cool season grasses should be planted in early 
spring or in the fall with appropriate fertilizer applica
tion. See UMC Guide 4650. Recommended seeding 
rates are eight to ten pounds per acre for reed canary
grass and 20-25 pounds per acre for tall fescue. For 
alfalfa establishment see U MC Extension Circular 918. 
When a mixture of one of the grasses and alfalfa is to be 
used, seeding rates of five and ten pounds per acre reed 
canarygrass or I 5 and IO pounds per acre fescue should 
be used. 

Timing for First Effluent Application 
Because the effluent will contain many chemicals 

that may be injurious to young plants , the plants should 
be well established (one year following seeding) before 
the soil-plant filter is used. Effluent should be applied 
when the soil moisture is adequate for growth so that 
the chemicals are not concentrated by rapid uptake of 
effluent to meet the plant's water needs. The strength 
(electrical conductivity) of the lagoon effluent should be 
"normal" (that is, the pumping has been done at 
prescribed intervals) and not an accumulate effluent 
over several years (older stands of grass can tolerate 
higher strength waste.) 

Harvesting of the Plant Growth 
To maximize nutrient removal, reed canarygrass 

and fescue should be removed at the time the seed head 
emerges. Subsequent cuttings should be made every 
50-60 days thereafter. If the plant material is to be used 
either as hay , silage or greenchop, a good rain should 
fall between the time of effluent application and harvest 
so that adhering residue is removed. 

Removal of plants (nutrients) by mechanical means 
is recommended but grazing can be done. 

Fertility Balance and Water Balance 
The lagoon effluent will not contain sufficient bal

ance of plant nutrients to support maximum plant 
growth. Therefore, additional fertilizer will be required 
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periodically to sustain vigorous plant growth. For 
grasses and alfalfa two-thirds of the additional fertilizer 
needs should be applied in the spring and one-third in 
August. A soil test, yield of the crop , and concentration 
of N, P, Kin effluent will be helpful in determining the 
amount of additional fertilizer needed . 

In most cases , lagoon effluent will not be sufficient 
in quantity to maintain an optimum water balance for 
maximum plant growth. With experience , a person may 
learn to use the water efficiently. However, the main 
purpose of the soil-plant filter is to remove nutrients 
from animal waste. A pumpdown schedule should be 
followed for lagoon management rather than attempt to 
maximize water use on crops . Supplemental irrigation 
from another water source in times of water stress is 
recommended but not required as part of the design. 

Monitoring the Soil-plant Filter 

A soil-plant filter properly designed and operated on 
the basis of I 00 pounds of nitrogen per acre per year will 
require occasional soil test for the crop being grown. In 
addition to N,P,K and exchange capacity, there is a 
need to have a salinity check (electrical conductivity of 
the soil solution). 

Those soil-plant filters managed for maximum nu
trient removal must be closely monitored. Conditions 
must be maintained for maximum plant growth, and in 
so doing a build up of salts may occur. Chance of 
pollution by both surface run-off and soil leaching 
increases with higher applications of waste. Soil should 
be tested and electrical conductivity checked annually . 
Forages should be analyzed for excessive nitrates. 

By comparing the results of the yearly soil test, the 
operator can determine if there is a build-up or a 
depletion of an element so that adjustment can be made 
to keep the soil-plant filter operable over many years . 



74 

WORK SHEET 10SP 

Soil-Plant Filter for Lagoons and Pits 

1. 
Total wt. ( 1000 lbs. animal wt.) (from Work Sheet lAL or 2AL) 1000 

(1) 

Nutrient values for selected waste handling system (from Table 33) : 

2. a. lbs. N/1000 lbs. a ni ma l X (1000 lbs., Line 1) lbs. N/yr. 

b. lbs. P/1000 lbs. animal x (1000 lbs. , Line 1) lbs. P/yr . 

C. lbs. K/1000 lbs. animal x (1000 lbs . , Line 1) lbs. K/yr. (2) 

CONSERVATIVE APPROACH 

3. Soil-plant filter size (acres) based on 100 lbs. nitrogen per acre per year: 
lbs. N/yr. (Line 3a) t 100 lbs. N/A/ yr. _ __ A 

Plant Species (circle one): Reed canarygras s - fescue - alfalfa - corn - other (specify) 
____ _ (3} 

NUTRIENT REMOVAL APPROACH 

4. Soil-plant filter size (acres) based on maximum removal of nutrients per year (from Tbl. 3d): 
a. Plant species to be grown on soil-plant filter 

b. Yield expected . 

c. Harvest method . 

d. Use of harvested crop (4) 
5. If yield is different from Table 34, extrapolate*** and calculate: 

lbs. of nutrient per year (Line 3) 
lbs. of nutrient removed per acre per year Acres of soil - plant filter needed 

lbs. N/yr. lbs . N removed/ A/yr. A ------
lbs. P/yr. t lbs. P removed/A/yr. - ----- A 

lbs. K/yr. t lbs. K removed/ A/yr. = _____ A 

The plant food element that requires the greatest area determines the size of the soil-plant 
filter. Enter that figure here: _ _____ A (5) 

6. [Expected lbs. ] 
nutrient required 
per acre per year 
by crop (Table 34) 

[c · ootrieot) per year from 
- animal waste 

(Line 3) 

( Acres of 
soil-plant 
filter needed 
(Line 4 or Line JJ Additional chemical 

fertilizer required 
by crop per acre 
oer year 

lbs. N/A/yr. 

lbs. P/A/ yr. 

lbs. K/ A/ yr. 

lbs. 

lbs. 
lbs. 

N 
p 

K 

_ A) lbs. M/A/yr. 

_A) lbs. P/ A/ yr. 
_A) lbs. K/ A/yr . 

Convert elemental plant food values to commercial fertilizer : 

N x 1 = N 

·conversion of cu . ft. to acre-inches , for an average yearly pump-down . 

.. No adjustment needed for organic nitrogen vs. available N because the total available after a few years of soil-plant filter 
operation is the same as that applied . 

... Linear extrapolation is sufficient for sizing soil-plant filters. Table 34 values of nutrient removal per year -e- yield = nutrient per 
bushel or ton. Nutrient per bushel or ton x estimated yield = yearly nutrient removal per acre under your conditions. 

(6) 



WORK SHEET 11 SP 
Soil-Plant Filter for Hauled Solid Waste 

1. Manure production and characteristics (from Table 35): Class of Livestock ______ _ 
a. Raw manure: ___ lbs./day/1000 lbs. animal 
b. Nitrogen: 

c. Phosphorous: 

___ lbs./day/1000 lbs. animal 

___ lbs./day/1000 lbs. animal 
___ lbs./day/1000 lbs. animal d. Potassium: 

e. Percentage of manure to be handled as solids: % 

f. Estimated animal units: No . animals x avg. wt. (lbs.) = Animal Units 
1000 lbs. ----

g. Number of days manure production is to handled: ____ days 

CONSERVATIVE APPROACH 

2. Soil-plant filter size (acres) based on 100 lbs. nitrogen per acre per year: 

lbs. (lb) x % (le) x units (lf) x __ days (lg) x 66% 

lbs. N/yr. handled as solids= acres 
100 lbs. N/A ----

* lbs. N/yr. 
to be handled as 
solid 

(1) 

(2) 

3. Crop selected: _____ ; How used? _____________________ (3) 

NUTRIENT REMOVAL APPROACH 
4. Soil-plant filter size (acres) based on removal of nutrients (Table 34): 

a. Plant species to be c . Harvest method __________ _ 
grown on soil-plant filter ____ _ 

b. Yield expected _________ _ d. Use of harvested crop _______ _ 

** 5. If yield is different from Table 34, extrapolate and calculate: 

N/yr. handled as solid manure (line 2) = Acres of soil-plant filter needed 
lb. N/A/yr. removed by crop (Table 34) 

(4) 

___ N/yr. t ___ N/A/yr. removed= _____ acres of soil-plant filter (5) 

6. Balance fertility needs of crop selected in Line 4 to secure use of nitrogen: 

lbs. P/day ( l C) X % (le) x uni ts (lf) X days (la) X 90% lbs. P/yr. 

lbs. K/day ( l C) X % (le) x uni ts ( l f) X days (lg) X 90% lbs. K/yr. 

lbs. P/yr. t acres (Line 4) lbs. P/A/yr. from manure 

lbs. K/yr . t acres (Line 4) lbs. K/ A/yr. from manure 

lbs. P/A/yr. (Table 34) - lbs. P/A/yr. from manure= lbs. elemental fert./A 
to be added 

lbs. K/A/yr. (Table 34) - lbs . K/A/yr. from manure= lbs. elemental fert./A 
to be added (6) 

Convert elemental plant foot values to commercial fertilizer values: 

N X 1 _____ N K X 1. 205 

•No adjustment needed for organic nitrogen vs. available N because the total available after a few years of soil-plant filter operation 
is the same as that applied. Approx. 66% of the nitrogen excreted is available to plants . 

.. Linear extrapolation is sufficient for sizing soil-plant filters. Table 34 values of nutrient removal per year + yield = nutrient per 
bushel or ton. Nutrient per bushel or ton x estimated yield = yearly nutrient removal per acre under your conditions. 
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Economic 
Analysis of 

Animal Waste 

There is increasing concern over the economic 
value of fertilizer from animal waste. A more accurate 
method is needed to determine the actual value of the 
waste, including costs associated with various waste 
handling systems. 

One evaluation method is a comparison of annual 
costs among waste handling systems. Annual cost data 
should include both fixed and variable operating costs. 
One important variable cost is loss of nitrogen . 

Table 35 lists various properties of animal wastes. It 
is the latest data available and should be used as a 
reference for estimating the original quantities of waste 
produced. 

Work sheets are provided to calculate annual costs. 
Investment costs should be those actually expected. 
However, if actual values for investments are not 
available, estimates will provide a valuable tool for 
decision making. Variation of estimated investment 
values from actual costs will not affect the outcome if 
the purpose of the analysis is to measure the difference 
between the systems. 

The procedure is Engineering Economic Analysis. 
Its purpose is to furnish a basis for selecting the least 
cost system. The results from this analysis should be 
considered in a more complete FARM MANAGE
MENT ANALYSIS, where additional restrictions might 
be considered that would not be included in an En
gineering Economic Analysis. 

Nutrient Loss Processes 
Up to 50 percent or more of the nitrogen in fresh 

manure may be in the ammonia form or be converted to 
the ammonia form in a very short time following 
excretion. The resulting free ammonia is very volatile. 
Unless it is absorbed by, or reacts chemically with some 
substance, much ofit volatilizes into the air. In addition 
to ammonia, various organic nitrogen compounds can 
be found entering the atmosphere from beef feedlot 
surfaces. 

The ammonia in maAure may oxidize to nitrites and 
nitrates in aerated conditions. If these nitrites and 
nitrates then encounter an anaerobic or reducing envi
ronment, gaseous nitrogen (N 2) may be produced, 

which is likely to escape into the air. This process is 
referred to as deni trification. Soluble forms of nitrogen 
may be leached by water passing through manure 
stored in outside sites on uncovered feedlot surfaces. 

Losses of phosphorus and potassium are not as well 
documented as those of nitrogen but are not nearly as 
significant. Phosphorus may settle in the bottom sludge 
and be lost by the formation of phosphorus-containing 
precipitates in anaerobic treatment or storage facilities. 
Unpublished data show low values of potassium in the 
liquid portion of lagoons and holding ponds and high 
potassium contents in the bottom sludges, indicating 
that a process similar to phosphorus precipitation is 
occurring with potassium. 

Both phosphorus and potassium are subject to 
leaching loss due to precipitation on outdoor storage 
facilities or feedlot surfaces. 

Calculations to determine the actual amounts of N, 
P, and K , in lagoons and pits are based on percent of 
total solids (TS) of volume to be handled . The actual 
values of the chemical elements are contained in the 
original manure as it is deposited in lagoons and pits. 
The actual values remain constant, except for losses of 
N, as the material is diluted in storage. The only 
measure of diluted values is the percent of total solids of 
the solution, which is the percent dry matter of the total 
volume. 

Total solids can be determined in a laboratory . The 
percent of total solids can be determined at home if 
sensitive scales are available. The original sample can 
be weighed, recording the weight of the sample plus 
container. Evaporate the liquid in an oven or tempera
ture controlled heat plate at temperatures below 212 F. 
Weigh the container with the dry matter. 

Percent 
Total Solids 

Weight of Container Plus Dry Matter 

Weight of Sample Plus Container 

Calculations for N , P, and K , can be made from 
Work Sheet 14EA, after percent of total solids is 
determined. 

Loss of nitrogen in pits and lagoons is determined in 
Work Sheet 14EA. Table 37 reflects the percent of N 
available by month from pits and lagoons. Nitrogen is 
lost from pits and lagoons by being converted to 
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Table 35. Properties of Animal Wastea 

Animal Size Total manure production Wate r Density TS vs BOD, Nutrient content 

pounds lb/da y cu ft/day gal/day % lb/cu ft lb/day lb/day lb/day N lb/day P lb/day K lb/day 

( I) (2) (3) (4) (5) (6) (7) (8 ) (9) ( 10) ( I I) 
Dairy cattle 150 12 0.19 1.5 87.3 62 1.6 1.3 0.26 0 .06 0.010 0.04 

250 20 0. 32 2.4 2.6 2. 1 0.43 0. IO 0.020 0,07 
500 41 0.66 5.0 5.2 4 .3 0.86 0 .20 0.036 0.14 

1000 82 1.32 9.9 10.4 8.6 1.70 0.41 0.073 0.27 
1400 115 1.85 13 .9 14.6 12 .0 2.38 0.57 0. 102 0 .38 

Beef cattle 500 30 0 .50 3.8 88.4 60 3.5 3.0 0 .80 0.17 0 .056 0.12 
750 45 0 .75 5.6 5 .2 4.4 1.2 0.26 0.084 0. 19 

1000 60 1.0 7.5 7.0 6.0 1.6 0 .34 0.11 0.24 
1250 75 1.2 9.4 8.7 7.4 2.0 0.43 0. 14 0 .31 

co w" 63 1.05 7.9 7.3 6.2 I. 7 0.36 0.12 0.26 
Swine 
Nursery pig 35 2.3 0,038 0.27 90.8 60 0.20 0 . 17 0,07 0 .016 0.0052 0.010 
Growing pig 65 4.2 0.070 0.48 0 .39 0.31 0 . 13 0.029 0.0098 0.020 
Finishing pig 150 9 .8 0 . 16 I. I 3 0 .90 0 .72 0.30 0.068 0.022 0.045 

200 13 0 .22 1.5 1.2 0.96 0 .39 0.090 0.030 0 .059 
Gestate sow 275" 8.9 0 . 15 I. I 0.82 0.66 0 .27 0 .062 0 .021 0 .040 
Sow & litter 375" 33 0.54 4.0 3.0 2.4 1.0 0.23 0.076 0. 15 
Boar 350'' II 0 . 19 1.4 1.0 0 .84 0 .35 0,078 0.026 0.051 
Sheep 100 4.0 0.062 0.46 75 65 1.0 0.85 0.09 0 .045 0 .0066 0.032 
Poultry 
La ye rs 4 0.2 1 0 .0035 0.027 74.8 60 0 .053 0.037 0 .014 0.0029 0.001 I 0.0012 
Broilers 2 0.14 0.0024 0.018 0.036 0.025 0 .0023 0.0024 0.00054 0.00075 
Horse 1000 45 1.5 II 79 . 1 30 9.4 7.5 0 .27 0.046 0.17 

"Source: American Society of Agricultural Engineers. Data adapted from Committee S&E -412 report AW-D-1, Revi sed 6-14-73. 
(I) lb/day = animal wt x RM in lb/day per 1000 lb 

1000 
(2) c u ft /day = lb/day + dens ity 
(3) gal/day = 7.5 x cu ft/day 
(4) Water % = 100 - % RM from Table 3. 
(5) density = best estimate, not ASAE data . 
(6) TS = lb/day x TS as% RM from Table 3. 
(7)-( 11) lb/day of element = TS x % TS of element. 
"Not ASAE data : assumptions : 

cow = 1.05 cu ft/da y 
gestating sow = ½ of ASAE data for her weight because she's limit fed. 
so w & litter = ASAE data for her we ight + 8 pigs (a 1.0 lb/day). 
boar = ½ of ASAE data fo r his weight beca use he's limit fed . 



Table 36. Annual Cost Factors 

Dep. Int. Ins. 
% % Repairs 

Invest- Avg. % 
ITEM ment Invest. Invest. 

I. Facilities: 
Manure Storage Pad 7.0 4.5 1.5 
Manure-Pit Concrete 7.0 4 .5 1.5 
Lagoon, Anaerobic 7.0 4.5 1.5 
Diversion Terrace 10.0 4.5 4 .5 
Settling Basins 10.0 4 .5 4.5 

2. Equipment 
Flail Spreader 17 4 .5 7.5 
Liquid Tank Wagon 10 4.5 4.5 
Liquid Manure Pump 

Chopper 20 4.5 6.5 
Scraper-rear mounted 13 4.5 2.5 
Irrigation 12 4.5 3.5 
Manure Loader 13 4.5 2.5 

3. Tractors: Cost Per Hour 
45 HP= 3.71¢/HP Hr. or$1.67/hour 
90 HP = 3.4¢/HP Hr. or $3.06/hour 

4. Labor 
A. Liquid Pit+ Hauling (Covered Confinement) 1 

I . Dairy 
2. Beef 
3. Swine (finishing) 

5. Lagoon Systems: 
I . Flush - Irrigate 
2. Oxidation Ditch 
3. Flush-Irrigate (Holding basin 30 days) 
4. Anaerobic Digester 

6. Waste Disposal by Irrigation: 
I. Hand Move Sprinkler ( I) 
2. Tow Line or Side Roll (I) 
3. Stationary Big Gun (2) 
4. Traveling Gun 
5. Boom Sprinkler 
6. Gated Pipe 

Hrs. 
2 

.015 
2 X I .6 
1.76 

Hrs. 
.92 
.54 
.85 
.25 
.66 
.60 

TOTAL 
Fixed 
Cost 

Factors 

13.0 
13 .0 
13.0 
19.0 
19.0 

19.0 
19.0 

31.0 
20.0 
20.0 
20.0 

Hrs ./Load 
.50 
.42 
.38 

Units 

1000# 

1000# 

Units 

Variable 

-Labor 
-Tractor Use 
-Irrigation 
-Labor 
-Labor 

-Tractor Use 
-Tractor Use 

-Tractor Use 
-Tractor Use 
-Labor 
-Tractor Use 

Acre/ Application 
Acre/ Application 
Acre/ Application 
Acre/ Application 
Acre/ Application 
Acre/ Application 

7. Load and Haul Solid Manure Estimate 13 min . loading and spreading 
100 ft 3 load + 19 min. haul. 

1For pits collecting rainfall, estimate labor at 30 min/ 1500 gal load for average trips. Adjust for short or 
long trips. 

2Use Irrigation data from 6. 
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ammonia and escaping to the atmosphere. The process 
speeds up during warm weather and is slower in cold 
weather. P and K are not volatile and are porportional 
to the solids content in storage. The values obtained in 
Work Sheet 14EA are for the liquid portions oflagoons 
and pits. 

Consider pumping management of a lagoon. If the 
lagoon is full in spring , pump it. If it is not full, either 
pump it in spring to apply the maximum N contained in 
the lagoon, or pump it later and make use of the liquid 
for irrigation with resulting lower N values. 

Determining Pumping Volumes 
Data on fertilizer elements in manure is given in 

values of pounds of element per acre-inch. The volume 
of pits to be pumped is determined by measuring or 
estimating expected volumes. 

Volumes to be pumped from lagoons are best 
determined by actual measurements of the lagoon. The 
second best is an estimate based on the standard lagoon 
design work sheets. 

Volumes to be pumped for dairy, beef, and swine 
systems with open lot run-off areas must be obtained by 
measuring or estimating from lagoon design work 
sheets. 

The following equation can be used to estimate 
pumping volumes for swine systems without outdoor 
run-off areas. All volumes calculated are for the 
maximum expected nine years out often (90% probabil
ity). Economic analysis data should be based on 50 
percent probability. A factor of 45 percent of the 90 
percent value will equal the average value for lagoons. 

Estimates of pumping volume for confined swine 
are: 

Acre-inches/yr pumped= (X - 17.5) (.8 + .188N) 
where: 

X = Av. in/yr. rainfall 
N = No. of 100 hogs on floor 
Acre-inches/yr pumped = maximum expected 9 

years out of I 0. 
Av. Acre-inches/yr= .45 x Acre-inches/yr pumped. 

Table 37. Value of Maximum N by Month 

Swine Beef Beef Dairy 
Month Lagoon Lagoon Pit Lagoon 

Value of Max. N. 

January .70 .88 .93 .50 
February .78 .95 .98 .63 
March .85 1.00 1.00 .73 
April .95 .86 .92 .88 
May 1.00 .70 .80 1.00 
June .98 .56 .70 .95 
July .96 .44 .60 .78 
August .85 .38 .52 .63 
September .78 .38 .60 .44 
October .74 .40 .70 .38 
November .70 .55 .80 .35 
December .68 .70 .88 .33 

Table 38. Nitrogen Losses - Transportation 
and Application 

Method 

Lagoon - Irrigate 
Liquid Waste - Sprinkler(cold weather) 
Liquid Spreading 
Solid Spreading 
Outdoor - Feedlot (leaching) 

Saved from 
Storage ( I) 

.70 - 1.00 
1.0 
.75 
.87 
.50 

( I) Multiply amounts from storage by these values. 

Kind 

Swine 
Beef 
Dairy 

Table 39. Average Percent Total Solids for 
Lagoons and Pits 

Average % Total Solids 

Lagoon 

.30 

.62 

. 39 

N. A. Not Available 

Pits 

3.5 
7-9 

N.A . 



WORK SHEET 12EA 
Economic Analysis 

Estimated Annual Waste Production and Quantities to Transport* 

System 1 

Type of Facility: Swine, Beef or Dairy 

Kind of Storage Facility Laqoon 

1. Number head per year 
2. Average weight/head while in facilities ( 1 bs. ) 

3. No. 1000 1 b. uni ts: (Lines 1 x 2 ➔ 1000) 

4. Cubic feet waste produced 1000 lb. unit/day (Table 35) 
5. Average days/head in facilities 

6. Pits: Acre-inches waste= 

Line 3 x Line 4 x Line 5 3630 = xxxxxx 
7. Lagoons: 

Av . Acre-in. Pumped Annually: 3 ft. X . 45 (Line 10, Wk. Sh . 1 AL) 

3630 ft. 3/A in. 

HOURS: Labor and Machine 

8. Acres to be irrigated x 

9. Haul liquid waste : acre-inches 
** Loads oer acre-inches x 

hrs./acre (Table 36, Item 6) 
(Line 6) x 

hrs. per load (Item 4, Table 36) 

* 

System 2 

Pit 

(1) 
(2) 

(3) 

(4) 
(5) 

(6) 

xxxxxxxx (7) 

xxxxxxxx (8) 

(9) 

Adequate information not available for determining value of solid waste recovered from ooen 
lots. 

** 1 Acre-Inch= 27,225 gal. 

27-1000 gal. loads lA Inch 

18-1500 gal. loads= IA Inch 

9-3000 gai. loads= IA Inch 

3630 ft. 3 = IA Inch 
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WORK SHEET 13EA 
Economic Analysis 

Investments and Annual Costs 

Section A: Estimated Annual Ownership Costs for Added Investments. 
Description of facilities: 

Investment: 

1. Lagoons 
2. Diversion channel & mounds 
3. Irrigation system (share only) 
4. Manure spreader 
5. Manure loader 
6. Slatted floors & pit 
7. Tank Wagon 
8 • Chopper Pump 
9. 

10. Gutter Flush Building 
11. 
12. Shelter outside lots 
13. TOTAL 
14. Total Investment Each System 

(add appropriate costs 

Cost to 
Haste 

System 

Section B: Estimated Annual Operating Costs. 

Annual 
Fixed Cost 

Factor 
(Table 36) 

Facilities: Hours Rate/hr. 
1. Power Unit (tractor, etc . ) (Table 36, Item 3) 

-- Operating irrigation pump 
(Hrs.; Work Sheet 12EA, line 8) 
-- Hauling liquids & solids 
(Hrs.; Work Sheet 12EA, line 9) 

2. Labor, Hours For 
--Irrigation (Work Sheet 12EA, 

line 8) 
--Hauling liquids & solids 
(Work Sheet 12EA, line 9) 

3. Total annual operating costs 
4. Total annual costs (add line 13, 

Section A and line 3, section B) 

Annual Credits to Haste Disposal Facilities: 

$ ___ _ 

5. Waste: Lagoon (Work Sheet 14EA, line 5 for your enterprise) 
Pit (Work Sheet 14EA, line 5 for your enterprise) 

6. Income tax credit 
Investment Credit$__ yrs. life* 
Annual Depreciation$ __ x __ % tax bracket 
Annual Cost Interest Paid$ x % tax bracket 

7. Total Credits (add Lines 5 and 6) 
8. Net estimated annual cost (Line 4 minus Line 7) 

* 

ANNUAL COST 
System 1 System? 

$ ___ _ $ __ _ 

$ ___ _ $ __ 

$ $ 

$ $ 

System 1 System 2 
$ $ 
$ $ 

$ $ ---- ----
$ ---- $ ___ _ 

investment credit is a one time credit but credit should be spread over a period of years 
for annual credit. 

(1) 

(2) 
(3) 

(4) 

(5) 

(6) 

(7) 

(8) 



WORK SHEET 14EA 
Economic Analysis 

Value of Manure from Lagoons 
(% total solids (TS) must be determined by laboratory test, home sample 

or use averages as reported in Table 39) 

SWINE LAGOON 

1. (N) %TS X 452.4 X 

Loss (Tbl. 38) 

(P205) __ % TS x 68 2. 

3. (K) % TS x 279.0 

Max. (Tbl. 37) x 

4. Value of N, P, K/A-in. (1 + 2 + 3) 

5. Total Value= A-in./yr. x ~-~ 
(Work Sheet 12E~ine 7) (line 4) 

BEEF LAGOON 

1. (N) %TS X 503 x . 

2. 
3. 

Loss (Tbl. 38) 

(P 205) __ % TS x 207 

(K) % TS x 102 

Max. (Tbl. 37) x 

4. Value of N, P, K/A-in. (1 + 2 + 3) 

5. Total Value= ~--A-in./yr. x ~,---~ 
(Work Sheet 12EA, line 7) (line 4) 

DAIRY LAGOON 

1. (N) %TS x 179 x . Max . (Tbl. 37) x 

Loss (Tbl. 38) 

2. (P 205) __ % TS x 68 

3. (K) % TS x 285 

4. Value N, P, K/ A-in. (1 + 2 + 3) 

5. Total Value= =-=-----=-,---A-in./yr. x ~-~ 
(Work Sheet 12EA, line 7) (line 4) 

SWINE PIT 

1. ( N) %TS x 182 X • 

Loss (Tbl. 38) 

(P 205) __ % TS x 67.2 2. 

3. (K) % TS x 123 

Max. (Tbl. 37, Beef Pit) x 

4. Value N, P, K/A-in. (1 + 2 + 3) 

5. Total Value= =-=---A-in./yr. x ~,---~ 
(Work Sheet 12EA, line 6) (line 4) 

BEEF PIT 

1. (N) %TS x 137 x . 

2. 

3. 

Loss ( Tb l . 38) 

(P 205) __ % TS x 30 

(K) % TS x 41 

Max. (Tbl. 37) x 

4. Value N, P, K/ A-in. ( 1 + 2 + 3) 

5. Total Value= ___ A-in./yr. x ~,----c,-

(lfork Sheet 12EA, line 6) (line 4) 

#/A-in. ¢/lb. $/A-in. 

@ ---- (1) 

@ ---- (2) 

@ --- (3) 

@ 

@ 

@ 

0 

@ 

@ 

$ ___ (4) 

$ ____ (5) 

$ ___ _ 

$ ___ _ 

(1) 

(2) 

(3) 

(4) 

(5) 

---- (1) 

--- (2) 

---- (3) 
$ ____ (4) 

$ ____ (5) 

(1) 

(2) 

(3) 
$ ___ (4) 

~---- (5) 

(1) 

---- (2) 
(3) 

$ ____ (4) 

$ ____ (5) 
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Appendix 

Length 

1 Liter 
1 Meter 
1 Kilometer 
One miles 

Area 
One acre 

Volume 
One gallon 

One cubic foot 

One acre-foot 

One acre-inch 

One acre-inch per hour 

One part per million 

Weight 

1 Gram 
1 Ounce 

Power 
One pound per square inch 

One ft. of head 
Atmospheric pressure 

1 horsepower 

Units of Measure 

1.06 quarts liquid 
1.1 yards 
5/s of a mile 
5280 feet 
320 rods 

43,560 sq . ft. 

231 cubic inches 
8.3 lbs. 
3.78 liters 
7.48 gallons 
62.4 lbs. 
43,560 cu . ft. 
325,848 gallons 
3,630 cu. ft. 
27,154 gallons 
133 tons 
450 gal. per minute 
1 cubic foot per second 
1 mg/liter= .0001 percent 

.03527 ounce 
28.35 grams 

2.31 ft. of head 
2.04 inches of mercury 
.433 psi 
14.7 psi 
33.9 ft. of head 
29.92 inches of mercury 
550 foot pounds per second = 1.34 Killowatts 
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GLOSSARY 
(based on ASAE R292.1) 

Adsorption. (I) The adherence of dissolved, colloidal , or finely 
divided solids on the surfaces of solid bodies with which they are 
brought into contact. (2) Action causing a change in concentration of 
gas or solute at the interface of a two-phase system. 

Aerobic bacteria. Bacteria that require free elemental oxygen for 
their growth. Oxygen in chemical combination will not support 
aerobic organisms . 

Aerobic decomposition. Reduction of the net energy level of 
organic matter by aerobic microorganisms . 

Aerobic lagoon (See lagoon) 
Aeration. The bringing about of intimate contact between air and a 

liquid by: (a) spraying the liquid in the air, (b) bubbling air through the 
liquid , (c) agitating the liquid to promote surface absorption of air. 

Agitation. The turbulent remixing of liquid and settled solids . 
Algae. Primitive plants , one or many-celled , usually aquatic and 

capable of synthesizing their foodstuffs by photosynthesis . 
Anaerobic bacteria. Bacteria not requiring the presence of free or 

dissolved oxygen for metabolism. Strict anaerobes are hindered or 
completely blocked by the presence of dissolved oxygen and some
times by the presence of highly oxidized substances, such as sodium 
nitrates, nitrites, and perhaps sulfates. 

Anaerobic decomposition. Reduction of the net energy level and 
change in chemical composition of organic matter caused by 
anaerobic microorganisms. 

Bacteria. A group of esentially unicellular microscopic organisms 
lacking chlorophyll. Bacteria are usually regarded as plants. 

Biochemical oxygen demand (BOD). The quantity of oxygen used 
in the biochemical oxidation of organic matter in a specified time , at a 
specified temperature, and under specified conditions. A standard 
test used in assessing wastewater strength. 

Biodegradation (biodegradability). The destruction or mineraliza
tion of natural or synthetic organic materials by the microorganisms 
populating soils, natural bodies of water , or wastewater treatment 
systems. 

Biological stabilization. Reduction in the net energy level of 
organic matter by the metabolic activity of organisms. 

Biological wastewater treatment. Forms of wastewater treatment 
in which bacterial or biochemical action is intensified to stabilize , 
oxidize, and nitrify the unstable organic matter present. 

Carbon-nitrogen ratio (C/N). The weight ratio of carbon to 
nitrogen . 

Composting. Present-day composting is the aerobic decomposi
tion of organic wastes to a relatively stable humus subject to further , 
slower decay but sufficiently stable not to reheat or cause odor or fly 
problems . 

Dehydration. A chemical or physical process that removes water 
in chemical or physical combination with other matter. 

Denitrification. The reduction of nitrates with nitrogen gas 
evolved as an end product. 

Digestion. Commonly, the anaerobic breakdown of organic matter 
in water solution or suspension into simpler or more biologically 
stable compounds, or both. Organic matter may be decomposed to 
soluble organic acids or alcohols and subsequently converted to gases 
such as methane and carbon dioxide. Bacterial action alone cannot 
complete destruction of organic solid materials . 

Dissolved oxygen (DO). The oxygen dissolved in a liquid usually 
expressed in milligrams per liter. 

Effluent. A liquid that flows out of a containing space. 
Facultative bacteria. Bacteria that can adapt themselves to growth 

in the presence, as well as in the absence of oxygen. 
Facultative decomposition. Reduction of the net energy level of 

organic matter by facultative microorganisms . 
Fertilizer value. The potential worth of the plant nutrients in the 

wastes and available to plants when applied to soil. It is the cost of 
obtaining the same nutrients commercially. 

Filtration. The process of passing a liquid through a filtering 
medium for the removal of suspended matter. 

Holding pond. A storage, usually earthen, where lot runoff, lagoon 
effiuent, and other dilute wastes are stored before final disposal. It is 
not designed for treatment. 

Humus .. The dark carboniferous residue from plant decomposi
tion. Residues similar in appearance and behavior are found in 
composted manure and well-digested sludges. 

Infiltration. The process whereby water enters soil through the 
surface . 

Infiltration rate. The rate at which water enters soil under a given 
condition expressed as depth of water per unit time , usually inches 
per hour. 

Influent. A liquid that flows into a containing space. 
Lagoon. A treatment structure for agricultural wastes. Lagoons 

can be aerobic, anaerobic, or facultative depending on their loading 
and design, and can be used in series to produce a higher quality 
effiuent. 

Leaching. The removal of soluble constituents from soils or other 
material by water. 

Livestock wastes. Manure with added bedding, rain or other water, 
soil, etc. It also includes wastes such as milk house or washing wastes 
not particularly associated with manure. It also includes hair , 
feathers , and other debris. 

Lot. Any outdoor animal area-beef feedlot , handling area , 
outdoor dairy feeding and/or resting areas, sow feeding pens, etc. It 
may be paved , partially paved around feeders and waterers, or 
unpaved , 

Manure. The fecal and urinary defecations of livestock and 
poultry . Manure does not include spilled feed, bedding , or additional 
water or runoff. 

Milkhouse wastes. Wastewater from milkhouse operations. 
Organic matter. Chemical substances of animal or vegetable 

origin containing carbon. 
Oxidation ditch. A treatment unit in which an aerator supplies 

oxygen and circulates the liquid. 
pH. The reciprocal of the logarithm of the hydrogen-ion concen

tration . A pH of7 is neutral ; pH= 0-7 is acidic; pH= 7-14 is alkaline . 
Percolation. The flow or trickling of a liquid downward through a 

contact or filtering medium . The liquid may or may not fill the pores of 
the medium. 

Pollutant. A resource out of place; a resource is anything useful. 
Putrefaction. Biological decomposition of organic matter with 

odors from anaerobic conditions. 
Settleabie solids. Matter in wastewater that will not stay in 

suspension during a preselected settling period, but either settles to 
the bottom or floats to the top. 

Settling tank. A tank in which water or wastewater containing 
settleable solids is detained to remove by gravity a part of the 
suspended matter. 

Slotted floors. The floor surface of a building which has open 
spaces or grooves to allow material to drop below the floor surface. 

Solids content. The residue remaining after water is evaporated 
from a sample at a specified temperature , usually 103°C. 

Total solids. The sum of dissolved and undissolved constituents in 
water or wastewater, usually stated in milligrams per liter. 

Volatile acids. Fatty acids containing six or less carbon atoms , 
which are soluble in water and which can be steam-distilled at 
atmospheric pressure. 

Volatile solids. The quantity of solids in liquids lost in ignition of 
the dry solids at 600°C. 

Volatile suspended solids (VSS). The portion of the suspended 
solids residue driven off as volatile (combustible) gases at a specified 
temperature and time , usually 600°C for at least I hour. 
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Appendix Table 1. Salt Tolerance of Forage Crops-As Indicated by the Electrical Conductivity of 
Saturated Soil Extract. 

High Tolerance 
18,000 micromhos/cm 

Saltgrass 
Bermuda grass 
Canada wildrye 
Western wheatgrass 
Barley (hay) 
Birdsfoot trefoil 

12,000 micromhos/cm 

Medium Tolerance 
12,000 micromhos/cm 

White sweetclover 
Yellow sweetclover 
Perennial ryegrass 
Sudan grass 
Hubam clover 
Alfalfa (Calif. common) 
Tall fescue 
Rye (hay) 
Wheat (hay) 
Oats (hay) 
Orchardgrass 
Meadow fescue 
Reed canary 
Smooth brome 
4;000 micromhos/cm 

Low Tolerance 
4,000 micromhos/cm 

White Dutch clover 
Meadow foxtail 
Alsike clover 
Red clover 
Ladino clover 

2,000 micromhos/cm 

Appendix Table 2. Salt Tolerance of Field Crops-As Indicated by Electrical 
Conductivity of Saturated Soil Extract. 

High Tolerance 
18,000 micromhos/cm 

Barley (grain) 
Sugar beet 
Rape 
Cotton 

10,000 micromhos/cm 

Medium Tolerance 
10,000 micromhos/cm 

Rye (grain) 
Wheat (grain) 
Oats (grain) 
Rice 
Sorghum (grain) 
Corn (field) 
Flax 
Sunflower 
Castor beans 
6,000 micromhos/cm 

Low Tolerance 
4,000 micromhos/cm 

Field beans 



Appendix Table 3. Yield Reductions of Forages Due to Salinity-As Indicated by the Electrical 
Conductivity of the Saturated Soil Extract* 

Yield Reduction of Forages 

10% 25% 50% 
Crop -Electrical Conductivity , micromhos/cm-

Bermuda grass 13 16 18 
Tall fescue 7 10 15 
Barley hay 8 11 14 
Birdsfoot trefoil 4 8 11 
Alfalfa 3 5 8 
Orchardgrass 2 5 8 
Clovers 2 3 4 

*From: Water quality criteria - Report of National Technical Advisory Committee to Secretary 
of the Interior - 1968; Bernstein, L. 1964. USDA Agri. Info. Bulletin 283. (95) 

Appendix Table 4. Amount of Moisture to Apply to 
Various Soils Under Different Mois-
ture Retention Conditions 

Root Available Net Inches to 
Soil Zone Moisture Apply per 

Type Depth Plant Use Irrigation 

Percent Available 
Moisture Retained 
in Soil at Irrigation 

Feet Inches 67% 50% 33% 

Light 1.00 0.33 0.50 0.67 
Sandy 1½ 1.50 0.50 0.75 1.00 

2 2.00 0.56 1.00 1.33 
2½ 2.50 0.83 1.25 1.67 
3 3.00 0.99 1.50 2.00 

Medium 1.69 0.57 0.85 1.13 
Silt 1½ 2.53 0.84 1.26 1.70 

2 3.38 1.11 1.69 2.26 
2½ 4.21 1.39 2.11 2.82 
3 5.06 1.67 2.53 3.38 

Heavy 2.39 0.79 1.20 1.59 
Clay 1½ 3.58 1.18 1.79 2.38 

2 4.78 1.58 2.39 3.25 
2½ 5.97 1.97 2.98 3.97 
3 7.17 2.36 3.58 4.77 
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Appendix Table 5. Sprinkler Capacities, Application Rates, and Coverage Areas for Irrigation Nozzles. (For single 
sprinkler system or multiple sprinkler system, but not for traveling sprinkler system) 

Hours 
Average Required 

Nozzle Size Nozzle Pressure Capacity Application Rate to Apply Sprinkler Spacing 
Inches psi Gal/Min inches/hour One Inch Feet 

3/16" 25* 5.0 0.20 5.0 40' X 60' 
50** 7.2 0. 19 5.3 50' X 60' 

1/4" 25* 8.9 0.36 2.8 40' X 60' 
50** 12.8 0.25 4.0 60' X 80' 

3/8" 25* 19.0 0.50 2.0 60 ' X 60' 
60** 30.6 0.42 2.4 70' X JOO' 

1/2" 55* 51 0.60 1.7 80' X 100' 
70** 57.5 0.55 1.8 JOO' X )00' 

5/8" 60* 80.7 0.72 1.4 90' X )20' 
80** 94.) 0.68 1.5 I 10' x 120' 

7/8"*** 60* 121 0.33 3.0 120' X 140' 
80** 141 0.33 3.0 150' X )50' 

I" 60* 160 0.33 3.0 )40' X )50' 
80** 183 0.33 3.0 )50' X 180' 

)/811 60* 214 0.33 3.0 150' X )80' 
80** 246 0.33 3.0 180' X 180' 

1/4" 60* 280 0.33 3.0 )80' X )80' 
80** 323 0.33 3.0 ]80' X 2 JO' 

I 3/8" 60* 383 0.35 2.9 )80' X 210' 
80** 444 0.35 2.9 210'x210' 

1.41" 80** 355 0.36 2.8 2 JO' X 210' 
1.52" 80** 429 0.37 2.7 240' X 240' 
1.61" 80** 495 0.40 2.5 250' X 250' 
1.69" 80** 565 0.42 2.4 250' X 260' 
1.78" 90** 695 0.45 2.2 275' X 275' 
1.93" 90** 998 0.50 2.0 290' X 290' 

*Minimum recommended operating pressure for proper functioning of the sprinkler. 
** Minimum recommended operating pressure for good uniformity of distribution. 

Area Covered 

18 Sprinklers/ Acre 
15 Sprinklers/ Acre 
I 8 Sprinklers/ Acre 
9 Sprinklers/ Acre 

12 Sprinklers/ Acre 
6 Sprinklers/ Acre 
5 Sprinklers/ Acre 

4 1/2 Sprinklers/ Acre 
4 Sprinklers/ Acre 

3 1/2 Sprinklers/ Acre 
2 1/2 Sprinklers/ Acre 

2 Sprinklers/ Acre 
2 Sprinklers/ Acre 

I 2/3 Sprinklers Acre 
I 2/3 Sprinklers/ Acre 
I 1/3 Sprinklers/ Acre 
I 1/3 Sprinklers/ Acre 
I I /6 Sprinklers/ Acre 
I 1/6 Sprinklers/ Acre 

I Acre/Sprinkler 
I Acre/Sprinkler 

1/3 Acres/Sprinkler 
1/2 Acres/Sprinkler 
1/2 Acres/Sprinkler 

I 3/4 Acres/Sprinkler 
2 Acres/Sprinkler 

**All sprinkler nozzle sizes 7/8" and larger are ring orifice nozzles on 23" gun sprinklers. For these capacities they 
offer interchangeability of nozzles and reasonably low application rates. Higher trajectory angles 24°, 27°, offer 
greater wetted diameter but more distortion in windy conditions . 

Note: The above sprinklers should have minimum riser heights below the sprinklers as follows: 
611 for up 10 GPM, 9" for 10 to 26 GPM , 12" for 26 to 50 GPM, 
18" for 51 - 100 GPM , and 36" for IOI - 1000 GPM. 

Note: Sprinklers with two or three nozzles usually have greater uniformity of application, but greater application 
rates. Refer to the nozzle discharge rate to determine how much added tlowrate a particular nozzle would 
add. The average application rate will increase proportionately to the increase in tlowrate. 

Note: To reduce pipe size, small single nozzle systems may be designed, using a single nozzle and moving it many 
times. The sprinkler sizes, operating pressures, and spacing between moves mentioned above are applicable. 
Consider all pipe out to the lateral as mainline and design it according to the design worksheet, or the mainline 
pipe selection table . 

Note: Either large gun sprinklers or specifically designed manure gun sprinklers may be used to pump out lagoons. 
Manure gun sprinklers should be used when pumping effluent of fairly thick consistency. 



Appendix Table 6. Pre-engineered Sprinkler Lateral Lines 

Notes: 

I . Design I is especially adapted to low capacity , low pressure systems, using small pipe. The larger spacings generally cost more , have a higher 

horsepower requirement. but require less moves per acre. 
2. Proper screening is more critical on small nozzles , although 3/ 16-inch diameter nozzles normally work satisfactorily for lagoon effluent. 

3. In calculating total operating pressure at the pump , add the maximum elevation from the water level in the lagoon to the high point in the field, 

not just to the point where the lateral connects to the mainline pipe. 
4. When the elevation difference from one sprinkler to another on most lateral settings is 25 feet or greater, the mainline should either be placed 

along the ridge , with the laterals laid downhill. or the mainline should be placed up the hill, with laterals placed horizontally across the hill. 

5. 40 feet x 60 feet spacing indicates 40 feet between sprinklers on laterals ; laterals spaced 60 feet apart on mainline. 

6. Tubing size is for aluminum unless otherwise specified. 
7. Endorsement of any companies equipment is not intended. Mentioning the specific model number assists in identifying the desired sprinkler 

characteristics. 

Design I: 40' x 60' spacing Rain bird 30WS or equivalent , 3/16" nozzle diameter. 40psi, 6.4 I GPM. 96' wetted diameter, .26"/hour application 

rate. Minimum riser height . 6". 

Length of 
Lateral , ft. I 00 140 180 220 260 300 340 380 460 540 620 700 780 860 940 1020 I JOO I 180 1260 1300 1380 

No. of 
Sprinklers 

Acres 
Per Set 

Total 

3 4 

. 18 .23 

4 6 7 8 9 IO 12 14 16 18 20 22 24 26 28 30 32 33 33 

.28 .33 .39 .44 .50 .55 .61 .77 .88 .99 I. 10 1.21 1.32 1.43 1.54 1.65 1.76 1.82 1.93 

GPM 19.2 25.6 32.0 38.5 44.8 51.2 58.5 64.9 76.8 89.3 103 115 128 141 159 166 179 192 204 211 224 

Lateral 
Tubing 
Size 

Lateral 
Operating 
Pressure , 
psi 

I ½" I½" 
Plas . Plas. 2" 2" 

or Al. or Al. Al. Al. 

41 41 42 43 

2" 2" 3" 

44 46 41 

3" 3" 3" 3" 4" 4" 4" 4" 4" 4" 4" 4" 4" 4" 

41 42 44 45 47 42 43 44 44 45 46 48 48 50 

Continued on page 92 
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Appendix Table 6. (Pre-engineered Sprinkler Lateral Lines (Continued from page 91) \CJ 
N 

Des ign 2: 60' x 60' spacing. Rainbird 14600 W-TNT or equivale nt. '' 3/ 16" nozz le dia meter. 60psi. 7.82 GPM. 11' wetted dia meter .. 2 I "/hour 
application rate. 

--
Length of 
Lateral. ft. 120 150 210 270 330 390 340 510 570 630 690 750 810 870 930 990 1050 11 IO 11 70 1290 1350 1410 
---
No. of 
Sprinklers 2 3 4 5 6 7 8 9 IO II 12 13 14 15 16 17 18 19 20 22 23 24 
--
Tota l 
GPM 15.6 23.4 31.3 39. l 46.9 54.7 62.5 70.4 78.2 86 .0 93 .9 102 109 11 7 125 133 14 1 149 156 172 180 188 

Acres 
Per Set . 17 .25 .33 .41 .50 .58 .67 .74 .83 .9 1 .99 1.08 I. I 6 1.24 1.32 1.41 1.49 1.57 1. 65 1.82 1.90 1.97 

Lateral I ½" I½" I½" 
Tubing Al. or Al. or Al. o r 
Size Plas. Plas. Plas. 2" 2" 2" 2" 3" 3" 3" 3" 3" 3" 4" 4" 4" 4" 4" 4" 4" 4" 4" 

Latera l 
Operating 
Pressure, 
ps i 62 64 66 66 63 65 67 6 1 62 64 65 66 67 62 62 63 63 63 64 65 65 66 

*Minimum Ri ser Height , 6". 

Design 3: 60' x 80' spac ing . Rainbird 70EW of equi va lent .* 1/4" nozzle dia mete r. 50psi. 12.8 GPM. I 34 ' we tted d iamete r .25"/hour application 
rate. 

Length of 
Lateral. ft. 0 90 150 210 270 330 390 450 5 10 570 630 690 750 8 10 870 930 990 1050 111 0 11 70 1290 1350 
---
No . of 
Sprinklers I 2 3 4 5 6 7 8 9 IO II 12 13 14 15 16 17 18 19 20 22 24 
-
Acres 
Per Set .II .22 .33 .44 .55 .66 .77 .88 .99 I. II 1.2 1 1.32 1.43 1.54 1. 65 1.76 1.87 1.98 2.09 2.20 2.42 2.64 

Tota l 
GPM 12.8 25.6 38.4 51.2 64.0 76.8 89.6 102.4 I 15.2 128 14 1 154 166 179 192 205 218 230 243 256 282 307 

Latera l I ½" 
Tubing Al. or 
Size Plas. 2" 2" 2" 2" 3" 3" 3" 3" 3" 4" 4" 4" 4" 4" 4" 4" 5" 5" 5" 5" 5" 
---
Lateral 
Operating 
Pressure. 
psi 50 58 54 57 58 52 53 54 56 58 52 53 54 55 56 57 58 53 54 54 55 55 

*Minimum ri se r height. 9". 



Design 4: 80' x 120' spacing , Rainbird 80EW or equivalent*, 1/2" nozzle diameter, 65psi, 55 GPM, 186 ' wetted diameter .. 55"/hour application 
rate. 

---
Length of 
Lateral , ft. 0 120 200 280 360 440 520 600 680 760 840 920 IOOO 1080 1160 1240 1320 1400 
---
No. of 
Sprinklers I 2 3 4 5 6 7 8 9 IO II 12 13 14 15 16 17 18 
-
Acre s 
Per Set .22 .44 .66 .88 1.10 1.32 1.54 1.76 1.98 2.20 2.42 2.64 2.86 3.08 3.30 3.52 3.74 3.96 

Total 
GPM 55 110 165 220 275 330 385 440 495 550 605 660 715 770 825 880 935 990 

Lateral 
Tubing 
Size 3" ; 3" 3" 4" 4" 4" 5" 5" 6" 6" 6" 6" 6" 8" 8" 8" 8" 8" 
---
Lateral 
Operating 
Pressure , 
psi 65 68 71 67 69 71 73 69 70 72 69 70 72 73 70 71 69 70 

*Minimum ri ser height 12". 
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Appendix Table 7. Spacing Guides and Formulas for Sprinklers and Laterals for 
Hand Carry, Solid Set and Towline Systems. 

Maximum Distance Between 
Sprinklers or Laterals 

% of Wetted Diameter 

Wind Velocity 
0-4 MPH 4-8 MPH 

Square Spacing 
Rectangular Spacing 

Lateral Spacing on Mainline 
Sprinkler Spacing on Lateral 

Application rate, 
Inches/hour 

96.3 X Sprinkler GPM 

Total depth of = 
Application 

Net area covered by sprinkler , ft2 

Application rate , 
Inches/hour 

Hours of 
Operation 

60% 

65% 
45% 

50% 

65% 
45% 

Appendix Table 8. Nozzle Discharge, Gallons per Minute 

Pressure Nozzle Diameter in Inches 
psi 1/8" 5/32" 3/ 16" 7/32" 1/4" 9/32" 5/ 16" 11 /32" 3/8" 13/32" 7/16" 15/32" 1/2" 17/32" 

10 1.27 2.14 2.94 3.77 4.67 
15 1.64 2.61 4 .09 4 .62 5.74 

20 1.97 3.04 4.33 5.80 7.32 10 .2 11.8 14.6 16.8 
25 2.21 3.43 4.89 6.54 8.90 11 .20 13.5 16.5 19.0 

30 2.44 3.78 5.38 7.20 9.80 12 .30 15.0 17.0 21.0 25.8 29.5 33.0 
35 2.66 4.10 5.84 7.79 l0.60 13.20 16.5 19.7 22.7 27.7 31.2 35.8 

40 1.86 4.40 6.27 8.35 11.40 14.30 17.7 21.1 24.4 29.6 34.0 38.6 43 .5 47. I 
45 3.04 4.68 6.66 8.88 12.10 15.20 18.9 22.5 26.0 31. I 36.0 41.0 45.8 50.0 

50 3.22 4.95 7.03 9.38 12.80 16 .00 20.0 23.8 27.5 32.8 37.8 43.4 48 .0 53.0 
55 3.40 5.20 7.48 10.30 13.40 16.80 21.0 25.0 29.1 34.2 40 .0 45.3 50.5 55.8 

60 3.56 5.45 7.79 10 .60 13.90 17 .50 22.0 26.2 30.6 35.9 41.6 47.4 53.0 58.8 
65 3.71 5.69 8.19 10.95 14.50 17 .75 23.0 27.4 32.0 37.4 43.3 49.9 55.3 61.2 

70 3.87 5.91 8.48 11.29 15.05 18.35 23.9 28.5 33.2 38.9 45.1 51.4 57.5 63.5 
75 3.95 6.16 8.78 11. 71 15.50 19 .50 24.8 29 .6 34.5 40.3 46.8 53.3 59.6 65.8 

80 4.07 6.32 9.09 12.10 16.12 20.1 25.7 30.6 35.7 41.8 48.4 55.1 61.6 68.1 
85 31.5 37.0 43.2 50.0 56.9 63.5 70.3 

90 32.7 38.3 44.6 51.5 58.5 65.3 72.4 
95 33.9 39.5 46 .0 53.0 60.0 67.1 74.4 

100 34.0 40.7 47.4 54.5 61.5 68.9 76.4 

Note: For best distribution. select pressure below the solid blue line for any particular nozzle diameter. 
When unifo1mity of application can be sacrificed. pressures above for solid blue line may be selected. To insure proper operation of the 
sprinklers. do not select pressure above the dotted line. These are for regular sprinkler nozzles. Ring orifice nozzles are given in the 
discharge table for gun sprinklers. Some sprinkler manufacturing companies have developed sprinklers that will operate satisfactory 
below the pressure recommended above. 



Appendix Table 9. Sprinkler Selection for Traveling Gun Sprinkler Systems1 

System Ring Nozzle Nozzle Trajectory 1 Max. Lane Average Application 
Capacity, Size , Pressure Angle , Spacing, Rate, 
Gal /Min Inches 2 PSP Degrees4 Feet5 Inches/Hour6 

110 .86" (7/8") 60 24° 195' 0.33 
143 . 97" ( I'') 60 24° 210' 0.33 
182 1.08" ( 1-1 /8") 60 24° 225' 0.33 
245 I. 18" ( 1-1 /6") 70 24° 248' 0.33 
295 1.26" ( 1-1 /4'') 70 24° 263' 0.33 
355 I .34" ( 1-1/3'') 70 24° 274' 0.33 
415 I . 56" ( I - I /2'') 70 27° 304' 0.36 
515 I .6611 ( 1-5/8") 80 27° 330' 0.38 
590 I. 74" ( 1-3/4'') 80 27° 341' 0.40 
675 1.83" ( 1-7/8") 80 27° 353' 0.43 
805 1.93" (2'') 80 27° 368' 0.47 
900 I. 93" (2'') 100 270 390' 0.47 

1Shortcut for selecting gun sprinklers for traveling gun sprinkler systems. 
2Ring nozzles were chosen because their ease of interchangeability and good droplet breakup . 
·'Suggested pressures to operate these gun sprinklers, to obtain a reasonable degree of uniformity , 
and keeping in mind the extra costs associated with higher pressures. The sprinklers will operate 
as low as 50 psi. 

4 A 23-24 trajectory angle provides best average cover under moderate winds and on sloping 
ground. For larger capacities, a 27° trajectory angle has a lower application rate. 

5 Based on 75% of manufacturer's published wetted diameter. If wind speeds greater than 5 miles 
per hour are expected, decrease spacing by 5 to 10% . 

6 Low wind conditions. Under windy conditions actual application rates can exceed two or three 
times this amount. Select a sprinkler to match soil conditions, with this in mind. 
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Appendix Table 10. Required Travel Rates for Traveling Guns 

Rate of Travel for Traveling Big Guns for 
Different Nozzle Sizes and Application Rates 

Sprinkler Spacing Acres Acres Rate of Travel in Inches Per 
Output Between Irrigated Irrigated Minutes to Apply 
Gallons Lanes Per ¼ Mile Per 1000 Feet ½ 1 l½ 2 

Per Minute In Feet Travel Travel Inch Inch Inches Inches 

150' 4.6 3.5 25.4 13 8 6 
100 180' 5.5 4 .2 21 11 7 5 

210' 6.4 4 .8 19 9 6 5 

180' 5.5 4 .2 42 21 14 10 
200 210' 6.4 4 .8 37 19 12 9 

240' 7.3 5.5 32 16 11 8 
270' 8.3 6.3 28 14 5 7 

210' 6.4 4.8 55 27 18 14 
300 240' 7.3 5.5 48 24 16 12 

270' 8 .3 6.3 43 22 14 11 
300' 9.1 6.9 38 19 13 10 

240 ' 7.3 5.5 64 32 21 16 
400 270' 8.3 6.3 57 29 19 14 

300' 9 . 1 6.9 51 26 17 13 
330' 10.0 7.6 47 23 16 12 

270' 8.2 6.3 71 36 24 18 
500 300' 9.1 6.9 64 32 21 16 

330' 10.0 7.6 58 29 19 15 
360 ' 10.9 8.3 53 27 18 13 

300' 9. 1 6.9 77 38 26 19 
600 330' 10.0 7.6 70 35 23 18 

360' 10.9 8.3 64 32 21 16 
390' 11.8 8.9 59 30 20 15 

300' 9.1 6 .9 90 45 30 23 
700 330' 10.0 7.6 83 41 27 20 

360' 10.9 8 .3 75 37 25 18 
390' 11.8 8 .9 69 35 23 17 

330' 10.0 7.6 94 47 31 24 
800 360' 10.9 8.3 85 42 28 21 

390' 11.8 8.9 80 40 27 20 
420' 12.7 9.6 74 37 25 19 

330' 10.0 7.6 52 35 26 
900 360' 10.9 8.3 96 48 32 24 

390' 11.8 8 .9 89 44 30 22 
420' 12.7 9.6 82 41 27 21 

360' 10.9 8.3 53 36 27 
1000 390' 11.8 8.9 98 49 33 25 

420' 12.7 9 .6 92 46 31 23 
450' 13.6 10.3 86 43 29 22 

Note : The irrigated acreage per set can be increased by letting the system set at 
each end for an extra 1-2 hours. On medium and la rge size guns, thi s can 
increase the irrigation acreage by the difference in acreage between the 
1000' and 1320' run . 
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Appendix Table 11. Time Required for Traveling Gun to Irrigate One Lane. 

Rate of Travel, 
Inches, Minute 105 87 66 52 44 37 33 29 26 24 22 20 

Time Required 
to Travel 
1000 Feet, 
Hours 1.9 2.3 3 3.8 4.5 5.3 6 6.8 7.6 8.3 9.1 9.8 

Time Required 
to Travel 
1320 Feet, 
Hours 2½ 3 4 5 6 7 8 9 IO 11 12 13 

Rate of Travel 
In ./Minutes 19 17 16 15 13 11 IO 9 8 7 6 5 

Time Required 
to Travel 
1000 Feet, 
Hours 10.6 11.4 12.1 13.6 15.2 18.2 19.7 22 25 28.8 33.3 39.4 

Time Required 
to Travel 
1320 Feet , 
Hours 14 15 16 18 20 24 26 29 33 38 44 52 
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Appendix Table 12. Performance of Large Gun Sprinklers 

Note: Tables are courtesy of Nelson Irrigation Corporation. No endorsement of any particular company's 
products is intended. 

MODELS F150T & P150T, 24° Trajectory, Taper Bore Nozzle 
Nozzle Nozzle Nozzle Nozzle Nozzle Nozzle Nozzle 

.7" .8" .9" 1.0" I.I" 1.2" 1.3" 
P.S.I. GPM DIA. GPM DIA. GPM DIA. GPM DIA. GPM DIA. GPM DIA. GPM DIA. 

50 100 250' 130 270' 165 290' 205 310' 255 330' 300 345' 350 360' 
60 110 265' 143 285' 182 305' 225 325' 275 345' 330 365' 385 380' 
70 120 280' 155 300' 197 320' 245 340' 295 360' 355 380' 415 395' 
80 128 290' 165 310' 210 335' 260 355' 315 375' 380 395' 445 410' 
90 135 300' 175 320' 223 345' 275 365' 335 390' 405 410' 475 425' 

100 143 310' 185 330' 235 355' 290 375' 355 400' 425 420' 500 440' 
I IO 150 320' 195 340' 247 365' 305 385' 370 410' 445 430' 525 450' 
120 157 330' 204 350' 258 375' 320 395' 385 420' 465 440' 545 460' 

MODELS Fl50R & PI50R, 24° Trajectory, Ring Nozzle 
Ring Ring Ring Ring Ring Ring Ring 
.86" .97" 1.08" 1.18" 1.26" 1.34" 1.4 I" 

P.S.I. GPM DIA. GPM DIA. GPM DIA. GPM DIA. GPM DIA. GPM DIA. GPM DIA. 
50 100 245' 130 265' 165 285' 205 300' 255 320' 300 335' 350 350' 
60 I IO 260' 143 280' 182 300' 225 315' 275 335' 330 350' 385 365' 
70 120 270' 155 290' 197 3 IO' 245 330' 295 350' 355 365' 415 380' 
80 128 280' 165 300' 210 320' 260 340' 315 360' 380 380' 445 395' 
90 135 290' 175 310' 223 330' 275 350' 335 370' 405 390' 475 405' 

100 143 300' 185 320' 235 340' 290 360' 355 380' 425 400' 500 415' 
I IO 150 310' 195 330' 247 350' 305 370' 370 390' 445 410' 525 425' 
120 157 315' 204 335' 258 360' 320 380' 385 400' 465 420' 545 435' 

MODELS F200T & P200T, 27° Trajectory,* Taper Bore Nozzle 
Nozzle Nozzle Nozzle Nozzle Nozzle Nozzle Nozzle Nozzle 

1.05" 1.2" 1.3" 1.4" 1.5" 1.6" 1.75" 1.9" 
P.S.I. GPM DIA. GPM DIA. GPM DIA. GPM DIA. GPM DIA. GPM DIA. GPM DIA. GPM DIA. 

60 250 345' 330 375' 385 390' 445 410' 515 430' 585 445' 695 470' 825 495' 
70 270 360' 355 395' 415 410' 480 430' 555 450' 630 465' 755 495' 890 515' 
80 290 375' 380 410' 445 430' 515 450' 590 470' 675 485' 805 515' 950 535' 
90 310 390' 405 425' 475 445' 545 465' 625 485' 715 505' 855 535' 1005 555' 

100 325 400' 425 440' 500 460' 575 480' 660 500' 755 520' 900 550' 1060 575' 
110 340 410' 445 450' 525 470' 605 495' 695 515' 790 535' 945 565' 1110 590' 
120 355 420' 465 460' 545 480' 630 505' 725 530' 825 550' 985 580' 1160 605' 
130 370 425' 485 465' 565 485' 655 515' 755 540' 860 560' 1025 590' 1210 620' 

MODELS F200R & P20R, 27° Trajectory,* Ring Nozzle 
I¼" Ring !:Ya" Ring I½" Ring !%"Ring !¾"Ring !¼''Ring 2" Ring 

( 1.29" actual) ( 1.46" actual) ( 1.56" actual) ( 1.66" actual) ( I. 74" actual) ( 1.83" actual) ( 1.93" actual) 
P.S .I. GPM DIA. GPM DIA. GPM DIA. GPM DIA. GPM DIA. GPM DIA. GPM DIA. 

50 230 325' 300 355' 350 370' 410 390' 470 405' 535 420' 640 435' 
60 250 340' 330 370' 385 390' 445 410' 515 425' 585 440' 695 455' 
70 270 355' 355 385' 415 405' 480 425' 555 440' 630 455' 755 475' 
80 290 370' 380 400' 445 420' 515 440' 590 455' 675 470' 805 490' 
90 310 380' 405 415' 475 435' 545 455' 625 470' 715 485' 855 505' 

100 325 390' 425 425' 500 445' 575 465' 660 4-80' 755 500' 900 520' 
I IO 340 400' 445 435' 525 455' 605 475' 695 490' 790 510' 945 515' 
120 355 410' 465 445' 545 465' 630 485' 725 500' 825 520' 985 545' 
130 370 415' 485 450' 565 470' 655 490' 755 505' 860 525' 1025 550' 

*The diameter of throw is about 2% less for the 24° trajectory angle and 5% less for the 21° trajectory angle. 
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Appendix Table 13. Average Application Rates of Full Circle Gun Sprinklers 

Ring Nozzles Taper Bore Nozzles 

Nozzle Trajectory Appl. Nozzle Trajectory Appl. 
Size Angle Rate Size Angle Rate 
In. Degrees In ./Hr. In. Degrees In./Hr. 

l¼ 27 0.30 
1.05 27 0.28 

21 0.33 21 0.31 

l¾ 27 0.33 
1.2 27 0.32 

21 0.37 21 0.35 

1½ 27 0.36 
1.3 27 0.34 

21 0.39 21 0.375 

1% 27 0.38 1.4 27 0.35 
21 0.42 21 0.40 

l¾ 27 0.40 
1.5 27 0.37 

21 0.44 21 0.41 

l½ 27 0.43 1.6 27 0.38 
21 0.47 21 0.43 

2 27 0.47 1.75 27 0.41 
21 0.52 21 0.46 

Formula: Application Rate In ./Hr. 110.0 x Sprinkler GPM 

Area of Wetted Circle, Sq. Ft. 

Appendix Table 14. Maximum Travel Lane Spacing 
(feet) for Traveling Gun Sprinkler 

Percent of Wetted Diameter 
Sprinkler 50 55 60 65 70 75 80 
Wetted Wind Wind Wind 

Diameter Over Up To Up To No 
Feet l0MPH 10 MPH 5 MPH Wind 

200 100 110 120 130 140 150 160 
250 175 137 150 162 175 187 200 
300 150 165 180 195 210 225 240 
350 175 192 210 227 245 262 280 
400 200 220 240 260 280 300 320 
450 225 248 270 292 315 338 360 
500 250 275 300 325 350 375 400 
550 275 302 330 358 385 412 440 
600 300 330 360 390 420 
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Appendix Table 15. Traveling Sprinkler System Formulas 

. . _ I 10.0 x Sprinkler GPM 
Apphcatwn Rate, In ./hr. - Area of Wetted Circle, Sq. Ft. 

A I . d p H Travel Speed, Ft./Min. x Spacing Between Runs,Ft. 
cres rngate er our = 726 

. . Lane Spacing Ft. 
Acres Irngated Per¼ MIie Travel = 33 ' 

Hours Required Per¼ Mile Travel= Travel Sp;;d, ft./mi 

. _ 1.605 x Sprinkler GPM 
Average Water Depth Applied, In. - Lane Spacing, Ft. x Travel Speed, Ft./Min. 

Appendix Table 16. Continuous Brake Horsepower Requirement for Pumping at Various Flow 
Rates and Pressures (65% pump efficiency assumed). 

PRESSURE, POUNDS PER SQUARE INCH (Feet of Head) 

Discharge, 25 50 75 100 125 150 
GPM (57 .8) (115.5) (173.3) (231.0) (288.8) (346.5) 

50 I.I 2.2 3.4 4.5 5.6 6.7 
100 2.2 4.5 6.7 9.0 11.2 13.5 
150 3.4 6.7 IO. I 13 .5 16.8 20.2 
200 4.5 9.0 13.5 18.0 22.5 27 .0 
250 5.6 11.2 16.8 22 .5 28. I 33.7 
300 6.7 13 .5 20.2 26.9 33.7 40.4 
350 7.9 15.7 23.6 31.4 39.3 47.2 
400 9.0 18.0 26.9 35.9 44.9 53.9 
450 IO. I 20.2 30.3 40.4 50.5 60.6 
500 11.2 22.5 33.7 44.9 56.1 67.4 
550 12.4 24.7 37.1 49.4 61.8 74.1 
600 13.5 26.9 40.4 53.9 67.4 80.I 
650 14.6 29.2 43.8 58.4 73.0 87 .6 
700 15.7 31.4 47.2 62.9 78.6 94.3 
750 16.8 33.7 50.5 67.4 84.2 IOI.I 
800 18.0 35.9 53.9 71.9 89.8 107.8 
850 19.1 38.2 57.3 76 .3 95.4 I 14.5 
900 20.2 40.4 60.6 80.8 101.0 121.3 
950 21.3 42.7 64.0 85.3 106.7 128.0 

1000 22.5 44.9 67.4 89.8 I 12. 7 134.8 
1100 24.7 49.4 74.1 98.8 123.5 148.2 
1200 26.9 53.9 80.8 107.8 134.7 161. 7 



Appendix Table 17. Energy Requirements of Irrigation Disposal Systems 

Rule of Thumb: To pump 1 acre-inch against IO PSI Pressure takes 4 brake-horse
power of energy . 

Irrigation Disposal Systems : 
Surface Irrigation Disposal Systems 
Gated Pipe: 0-75 PSI Normal Operating Pressures 

Assume 40 PSI: It takes 16 BHP-HR. to pump 1 acre-inch 

Sprinkler Irrigation Disposal Systems 
Hand Move, Towline, Solid Set, and Boom Sprinkler Systems : 

60-120 PSI Normal Operating Pressures 
Assume 80 PSI: It takes 32 BHP-HR. to pump 1 acre-inch 

Traveling Gun Sprinkler Systems: 
120-160 PSI Normal Operating Pressures 
Assume 140 PSI: It takes 56 BHP-HR. to pump 1 acre-inch 

Fuel Requirements: 
Fuel Consumption (bhp-hrs . per unit of fuel) 1 

Fuel 

Diesel 
Gasoline 
Propane 
Natural Gas 
Electric 

Average2 

12.5 per gallon 
10.0 per gallon 
8.0 per gallon 
8.0 perl00cu.ft. 
1.03 per kw.-hr. 

Standard3 

14.5 
11.5 
9.2 
8.9 
1.184 

1To estimate fuel used per hour, divide continuous brake horsepower by the 
bhp-hrs/unit of fuel. For example, 60 bhp/10 bhp-hrs/gal = 6 gallons/hour. 

2 Denotes the average of a large number of irrigation pumping units tested by the 
University of Nebraska. Use these figures for estimating pumping costs over the 
life of the system. 

3Nebraska Irrigation Pumping Test Standard. Pumping units that are new or in 
excellent condition and adjustment should maintain this standard. 

41 hp= 746 watts, 1 kwh = 1.34 hp-hr, assuming the electric motor is 100% efficient. 
As 88% efficient is more realistic, .88 X 1.34 = 1.18. 

Appendix Table 18. Horsepower Rating Adjustment Factors 

Elevation above 

101 

HP rating 
Engine Accessories 1 Maximum air temp., F 0 sea level , feet adjustment factor 

Fan and Generator 90° - 100° 0 - 500' 1.56 
Fan and Generator 90° - 100° 1000' 1.58 
Fan and Generator 90° - 100° 2000' 1.63 
Fan and Generator 100° - 110° 0 - 500' 1.58 
Fan and Generator 100° - 110° 1000' 1.59 
Fan and Generator 100° - I 10° 2000' 1.65 
Heat exchange and generator2 90° - 100° 0 - 500' 1.39 
Heat exchange and generator2 90° - 100° 1000' 1.40 
Heat exchange and generator2 90° - 100° 2000' 1.44 
Heat exchange and generator2 100° - 110° 0 - 500' 1.40 
Heat exchange and generator2 100° - 110° 1000' 1.41 
Heat exchange and generator2 100° - 110° 2000' 1.46 

1 Adjustment factors include adjustment for continuous duty. 
2Note that the horsepower demand is significantly reduced by utilizing a heat exchange as opposed to a fan. This 
can also be applied to air cooled engines. 
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