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Animal Unit Calculation Worksheet
Animal units (AU) are used in the permitting, registration, and the environmental review process because they
allow equal standards for all animals based on size and manure production. An AU is calculated by multiplying the
number of animals by an animal unit factor for the specific type of animal. When more than one type of animal is
planned for a feedlot, the number of AUs is the sum of the AUs for each type of animal.

Use the worksheet to calculate the number of animal units your operation holds.

Instructions:
Determine the total number of animals by type (column 1) and record that number in column 2.

Multiply the number in column 2 by the "animal unit factor" in column 3 to give the number of animal
units by animal type. Record this number in column 4.

Add all the numbers from column 4 to get the total number of animal units for your facility

Federal "animal unit factors" apply to CAFO's. More information is available online at the
Environmental Protection Agency (PDF).

Animal Unit Calculation Table

1.
Animal Type

2.
Number of
Animals

3.
MN Animal Unit

Factor

4.
Number of Animal

Units

A. Dairy Cattle

1. Mature cow over 1,000 pounds   1.4  

2. Mature cow under 1,000 pounds   1.0  

3. Heifer   0.7  

4. Calf   0.2  

B. Beef Cattle

1. Slaughter steer or stock cow   1.0  

2. Feeder cattle or heifer   0.7  

3. Cow and calf pair   1.2  

4. Calf   0.2  

C. Swine
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1. Over 300 pounds   0.4  

2. Between 55 and 300 pounds   0.3  

3. Under 55 pounds   0.05  

D. Horse   1.0  

E. Sheep and lambs   0.1  

F. Chickens

1. Laying hen or broiler (liquid
manure system)

  0.033  

2. Chicken over 5 pounds (dry
manure system)

  0.005  

3. Chicken under 5 pounds (dry
manure system)

  0.003  

G. Turkeys

1. Over 5 pounds   0.018  

2. Under 5 pounds   0.005  

H. Ducks   0.01  

I. Animal not listed in item A to H   Average weight of the
animal 

in pounds divided by
1,000 
pounds

 

Total Number of Animal Units (Add up all the numbers in column 4) Animal 
Units =
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Ordinance 2013-02
An Ordinance Amending Moody County Ordinance 2002-1, An ordinance establishing

zoning regulations for Moody County, and amendments thereto; and for the repeal of all
ordinances in conflict therewith.

WHEREAS, the Moody County, South Dakota, Board of County Commissioners, hereinafter
referred to as the Board of County Commissioners, deems it necessary, for the purpose of
promoting the health, safety, and the general welfare of the County, to enact zoning regulations and
to provide for its administration, and

WHEREAS, the Board of County Commissioners has appointed a County Planning Commission,
hereinafter referred to as the Planning Commission, to recommend the district boundaries and to
recommend appropriate regulations to be enforced therein, and

WHEREAS, the Planning Commission has divided Moody County into districts, and has established
by reference to maps the boundaries of said districts for administration and interpretation; has
provided for definitions and for amendments to this Ordinance; has provided for the enforcement;
prescribed penalties for violation of provisions; has provided for building permits within the districts;
has provided for invalidity of a part and for repeal of regulations in conflict herewith; and has
prepared regulations pertaining to such districts in accordance with the county comprehensive plan
and with the purpose to protect the tax base, to guide the physical development of the county, to
encourage the distribution of population or mode of land utilization that will facilitate the economical
and adequate provisions of transportation, roads, water supply, drainage, sanitation, education,
recreation, or other public requirements, to conserve and develop natural resources, and

WHEREAS, the Planning Commission has given reasonable consideration, among other things, to
the character of the districts and their peculiar suitability for particular uses, and

WHEREAS, the Planning Commission and Board of County Commissioners has given due public
notice to a hearing relating to zoning districts, regulations, and restrictions, and has held such public
hearings, and

WHEREAS, all requirements of SDCL 11-2, with regard to the preparation of these regulations and
subsequent action of the Board of County Commissioners, has been met, and

WHEREAS, copies of said zoning regulations have been filed with the Moody County Auditor for
public inspection and review during regular business hours, and

WHEREAS, all ordinances, or parts of regulations in conflict herewith are hereby expressly
repealed;

THEREFORE BE IT ORDAINED that Ordinance 2013-02 is hereby adopted by the Board of County
Commissioners, Moody County, South Dakota.

Adopted this 18th day of February, 2014. ATTEST:

______________________________________ ______________________________
Chairperson Moody County Auditor
Moody County Board of County Commissioners
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j. Project-specific environmental concerns (e.g. native habitat, rare species, and migratory
routes).  This information shall be obtained by consulting with state and federal wildlife
agencies. Evidence of such consultation shall be included in the application.

k. Final haul road agreements to be submitted sixty (60) days prior to construction.

CHAPTER 4.23 WIRELESS TELECOMMUNICATIONS TOWERS AND FACILITIES

Section 4.23.01 Purpose

The general purpose of this Section is to regulate the placement, construction, and modification of
Towers and Telecommunications Facilities in order to protect the health, safety, and welfare of the
public, while at the same time not unreasonably interfering with the development of the competitive
wireless telecommunications marketplace in the County.

Specifically, the purposes of this Ordinance are:

1. To regulate the location of Towers and Telecommunications Facilities in the County;

2. To protect residential areas and land uses from potential adverse impact of Towers and
Telecommunications Facilities;

3. To minimize adverse visual impact of Towers and Telecommunications Facilities through careful
design, siting, landscaping, and innovative camouflaging techniques;

4. To promote and encourage shared use/co-location of Towers and Antenna Support Structures as a
primary option rather than construction of additional single-use Towers;

5. To promote and encourage utilization of technological designs that will either eliminate or reduce
the need for erection of new Tower structures to support antenna and Telecommunications
Facilities;

6. To avoid potential damage to property caused by Towers and Telecommunications Facilities by
ensuring such structures are soundly and carefully designed, constructed, modified, maintained,
and removed when no longer used or are determined to be structurally unsound; and

7. To ensure that Towers and Telecommunications Facilities are compatible with surrounding land
uses.

Section 4.23.02 Development of Towers

1. Towers are exempt from the maximum height restrictions of the districts where located. Towers
shall be permitted to a height of one hundred and fifty (150) feet. Towers may be permitted in
excess of one hundred and fifty (150) feet in accordance with "Criteria for Site Plan Development
Modifications."

2. No new Tower shall be built, constructed, or erected in the County unless the Tower is capable of
supporting three (3) other Persons’ operating Tele-communications Facilities comparable in weight,
size, and surface area to the Telecommunications Facilities installed by the Applicant on the Tower
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within six (6) months of the completion of the Tower construction. No tower shall charge co-location
fees in excess of commercially reasonable industry amounts. Each tower constructed shall upon
the request of Moody County mount law-enforcement or public safety communications apparatus.

3. An Application to develop a Tower shall include:

a. The name, address, and telephone number of the Owner and lessee of the parcel of land upon
which the Tower is situated. If the Applicant is not the Owner of the parcel of land upon which
the Tower is situated, the written consent of the Owner shall be evidenced in the Application.

b. The legal description, folio number, and address of the parcel of land upon which the Tower is
situated.

c. The names, addresses, and telephone numbers of all owners of other Towers or usable
Antenna Support Structures within a one-half (½) mile radius of the proposed new Tower site,
including County-owned property.

d. A description of the design plan proposed by the Applicant. Applicant must identify its utilization
of the most recent technological design, including microcell design, as part of the design plan.
The Applicant must demonstrate the need for Towers and why design alternatives, such as the
use of microcell, cannot be utilized to accomplish the provision of the Applicant's
telecommunications services.

e. An affidavit attesting to the fact that the Applicant made diligent, but unsuccessful, efforts to
install or co-locate the Applicant's Telecommunications Facilities on Towers or usable Antenna
Support Structures owned by other Persons located within a one-half (½) mile radius of the
proposed Tower site. In the event that one reason for the unsuccessful efforts to install or co-
locate is that fees to be charged are not commercially reasonable, an explanation shall be
provided why said charges are commercially unreasonable.

f. Written technical evidence from an Engineer(s) that the proposed Tower or
Telecommunications Facilities cannot be installed or co-located on another person’s Tower or
usable Antenna Support Structures owned by other Persons located within one-half (½) mile
radius of the proposed Tower site.

g. A written statement from an Engineer(s) that the construction and placement of the Tower will
not interfere with public safety communications and the usual and customary transmission or
reception of radio, television, or other communications services enjoyed by adjacent residential
and non-residential properties.

h. Written, technical evidence from an Engineer(s) that the proposed structure meets the
standards set forth in, "Structural Requirements," of this Ordinance.

i. Written, technical evidence from a qualified Engineer(s) acceptable to the Fire Marshall and the
building official that the proposed site of the Tower or Telecommunications Facilities does not
pose a risk of explosion, fire, or other danger to life or property due to its proximity to volatile,
flammable, explosive, or hazardous materials such as LP gas, propane, gasoline, natural gas,
or corrosive or other dangerous chemicals.
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j. The FCC has sole jurisdiction of the field of regulation of RF emissions and does not allow the
County to condition or deny on the basis of RF impacts the approval of any
Telecommunications Facilities (whether mounted on Towers or Antenna Support Structures)
which meet FCC standards. In order to provide information to its citizens, the County shall
make available upon request copies of ongoing FCC information and RF emission standards
for Telecommunications Facilities transmitting from Towers or Antenna Support Structures.
Applicants shall be required to submit information on the proposed power density of their
proposed Telecommunications Facilities and demonstrate how this meets FCC standards.

k. No application shall be accepted from landowners or on property on which there are current or
past unresolved violations outstanding.

4. The Board of Adjustment may require an Applicant to supplement any information that the Board
considers inadequate or that the Applicant has failed to supply. The Board of Adjustment may deny
an Application on the basis that the Applicant has not satisfactorily supplied the information
required in this subsection. Applications shall be reviewed by the Board in a prompt manner and all
decisions shall be supported in writing setting forth the reasons for approval or denial.

Section 4.23.03 Setbacks

1. All Towers up to one-hundred (100) feet in height shall be set back on all sides a distance equal to
the underlying setback requirement in the applicable zoning district.

2. Towers in excess of one hundred (100) feet in height shall meet the following:

a. Distance from existing off-site residences, business and public buildings shall be one thousand
(1,000) feet.  Distance from on-site or lessor’s residence shall be five hundred (500) feet.

b. Distance from public right-of-way shall be set back one (1) additional foot per each foot of
tower height in excess of one hundred (100) feet.

c. Distance from any property line shall be set back one (1) additional foot per each foot of tower
height in excess of one hundred (100) feet.

3. Setback requirements for Towers shall be measured from the base of the Tower to the property
line of the parcel of land on which it is located.

4. Setback requirements may be modified, as provided in, when placement of a Tower in a location
which will reduce the visual impact can be accomplished. For example, adjacent to trees which
may visually hide the Tower.

Section 4.23.04 Structural Requirements

All Towers must be designed and certified by an Engineer to be structurally sound and, at minimum, in
conformance with applicable building codes, and any other standards outlined in this Ordinance. All
Towers in operation shall be fixed to land.
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Section 4.23.05 Separation or Buffer Requirements

For the purpose of this Section, the separation distances between Towers shall be measured by
drawing or following a straight line between the base of the existing or approved structure and the
proposed base, pursuant to a site plan of the proposed Tower.

Proposed Towers must meet the following minimum separation requirements from existing towers or
towers which have a development permit but are not yet constructed at the time a development permit
is granted pursuant to this Ordinance:

1. Monopole Tower structures shall be separated from all other Towers, whether monopole, self-
supporting lattice, or guyed, by a minimum of seven hundred and fifty (750) feet.

2. Self-supporting lattice or guyed Tower structures shall be separated from all other self-supporting
or guyed Towers by a minimum of fifteen hundred (1,500) feet.

3. Self-supporting lattice or guyed Tower structures shall be separated from all monopole Towers by
a minimum of seven hundred and fifty (750) feet.

4. The separation requirements contained in 4.23.03 shall not be required of existing Towers or
Towers which have a development permit but are not yet constructed at the time a development
permit is granted pursuant to this Ordinance.

Section 4.23.06 Method of Determining Tower Height

Measurement of Tower height for the purpose of determining compliance with all requirements of this
Section shall include the Tower structure itself, the base pad, and any other Telecommunications
Facilities attached thereto which extend more than twenty (20) feet over the top of the Tower structure
itself. Tower height shall be measured from grade.

Section 4.23.07 Illumination

Towers shall not be artificially lighted except as required by the Federal Aviation Administration (FAA).
Upon commencement of construction of a Tower, in cases where there are residential uses located
within a distance which is three hundred (300) percent of the height of the Tower from the Tower and
when required by federal law, dual mode lighting shall be requested from the FAA.  Beacon lighting,
unless required by FAA, shall not be utilized.

Section 4.23.08 Exterior Finish

Towers not requiring FAA painting or marking shall have an exterior finish which enhances
compatibility with adjacent land uses, as approved by the appropriate reviewing body.

Section 4.23.09 Modification of Towers

1. A Tower existing prior to the effective date of this Ordinance, which was in compliance with the
County's zoning regulations immediately prior to the effective date of this Ordinance, may continue
in existence as a nonconforming structure. Such non-conforming structures may be modified or
demolished and rebuilt without complying with any of the additional requirements of this Section,
except for Sections "Separation or Buffer Requirements", "Certification and Inspections", and
"Maintenance," provided:
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a. The Tower is being modified or demolished and rebuilt for the sole purpose of accommodating,
within six (6) months of the completion of the modification or rebuild, additional
Telecommunications Facilities comparable in weight, size, and surface area to the discrete
operating Telecommunications Facilities of any Person currently installed on the Tower.

b. An Application for a development permit is made to the Board of Adjustment which shall have
the authority to issue a development permit without further approval. The grant of a
development permit pursuant to this Section allowing the modification or demolition and rebuild
of an existing nonconforming Tower shall not be considered a determination that the modified
or demolished and rebuilt Tower is conforming.

c. The height of the modified or rebuilt Tower and Telecommunications Facilities attached thereto
do not exceed the maximum height allowed under this Ordinance.

Section 4.23.10 Certifications and Inspections

1. All Towers shall be certified by an Engineer to be structurally sound and in conformance with the
requirements of this ordinance and all other construction standards set forth by federal and state
law. For new monopole Towers, such certification shall be submitted with an Application pursuant
to of this Ordinance and every five (5) years thereafter.  For new lattice or guyed Towers, such
certification shall be submitted with an Application pursuant to this Ordinance and every two (2)
years thereafter. The Tower owner may be required by the County to submit more frequent
certifications should there be reason to believe that the structural and electrical integrity of the
Tower is jeopardized.

2. The County or its agents shall have authority to enter onto the property upon which a Tower is
located, between the inspections and certifications required above, to inspect the Tower for the
purpose of determining whether it complies with this ordinance and all other construction standards
provided by federal and state law.

The County reserves the right to conduct such inspections at any time, upon reasonable notice to
the Tower owner. All expenses related to such inspections by the County shall be borne by the
Tower owner.

Section 4.23.11 Maintenance

1. Tower owners shall at all times employ ordinary and reasonable care and shall install and maintain
in use nothing less than commonly accepted methods and devices for preventing failures and
accidents which are likely to cause damage, injuries, or nuisances to the public.

2. Tower owners shall install and maintain Towers, Telecommunications Facilities, wires, cables,
fixtures, and other equipment in substantial compliance with the requirements of the National
Electric Safety Code and all FCC, state, and local regulations, and in such manner that will not
interfere with the use of other property.

3. All Towers, Telecommunications Facilities, and Antenna Support Structures shall at all times be
kept and maintained in good condition, order, and repair so that the same shall not menace or
endanger the life or property of any Person.
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4. The property in which Towers, Telecommunications Facilities, and Antenna Support Structures are
situated shall be maintained in a manner to control noxious weeds.

5. All maintenance or construction of Towers, Telecommunications Facilities, or Antenna Support
Structures shall be performed by licensed maintenance and construction personnel.

6. All Towers shall maintain compliance with current RF emission standards of the FCC.

7. In the event that the use of a Tower is discontinued by the Tower owner, the Tower owner shall
provide written notice to the County of its intent to discontinue use and the date when the use shall
be discontinued.

Section 4.23.12 Criteria for Site Plan Development Modifications

1. Notwithstanding the Tower requirements provided in this Ordinance, a modification to the
requirements may be approved by the Board of Adjustment as a conditional use in accordance with
the following:

a. In addition to the requirement for a Tower Application, the Application for modification shall
include the following:

i. A description of how the plan addresses any adverse impact that might occur as a result of
approving the modification.

ii. A description of off-site or on-site factors which mitigate any adverse impacts which might
occur as a result of the modification.

iii. A technical study that documents and supports the criteria submitted by the Applicant upon
which the request for modification is based. The technical study shall be certified by an
Engineer and shall document the existence of the facts related to the proposed
modifications and its relationship to surrounding rights-of-way and properties.

iv. For a modification of the setback requirement, the Application shall identify all parcels of
land where the proposed Tower could be located, attempts by the Applicant to contract and
negotiate an agreement for co-location, and the result of such attempts.

v. The Board of Adjustment may require the Application to be reviewed by an independent
Engineer under contract to the County to determine whether the antenna study supports
the basis for the modification requested. The cost of review by the County's Engineer shall
be reimbursed to the County by the Applicant.

2. The Board of Adjustment shall consider the Application for modification based on the following
criteria:

a. That the Tower as modified will be compatible with and not adversely impact the character and
integrity of surrounding properties.

b. Off-site or on-site conditions exist which mitigate the adverse impacts, if any, created by the
modification.
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c. In addition, the board may include conditions on the site where the Tower is to be located if
such conditions are necessary to preserve the character and integrity of the neighborhoods
affected by the proposed Tower and mitigate any adverse impacts which arise in connection
with the approval of the modification.

3. In addition to the requirements of subparagraph (2) of this Section, in the following cases, the
Applicant must also demonstrate, with written evidence, the following:

a. In the case of a requested modification to the setback requirement, that the setback
requirement cannot be met on the parcel of land upon which the Tower is proposed to be
located and the alternative for the Person is to locate the Tower at another site which is closer
in proximity to a residentially zoned land.

b. In the case of a request for modification of the separation and buffer requirements from
residential use of land of, if the Person provides written technical evidence from an Engineer(s)
that the proposed Tower and Telecommunications Facilities must be located at the proposed
site in order to meet the coverage requirements of the Applicant's wireless communications
system and if the Person is willing to create approved landscaping and other buffers to screen
the Tower from being visible to residentially used property.

c. In the case of a request for modification of the height limit for Towers and Telecommunications
Facilities or to the minimum height requirements for Antenna Support Structures, that the
modification is necessary to:

i. Facilitate co-location of Telecommunications Facilities in order to avoid construction of a
new Tower; or

ii. To meet the coverage requirements of the Applicant's wireless communications system,
which requirements must be documented with written, technical evidence from an
Engineer(s) that demonstrates that the height of the proposed Tower is the minimum height
required to function satisfactorily, and no Tower that is taller than such minimum height
shall be approved.

Section 4.23.13 Abandonment

1. If any Tower shall cease to be used for a period of three hundred sixty-five (365) consecutive days,
the Board of Adjustment shall notify the Owner, with a copy to the Applicant, that the site will be
subject to a determination by Board of Adjustment that such site has been abandoned. The Owner
shall have thirty (30) days from receipt of said notice to show, by a preponderance of the evidence,
that the Tower has been in use or under repair during the period. If the Owner fails to show that the
Tower has been in use or under repair during the period, the Board of Adjustment shall issue a
final determination of abandonment for the site. Upon issuance of the final determination of
abandonment, the Owner shall, within seventy-five (75) days, dismantle and remove the Tower.

2. To secure the obligation set forth in this Section, the Applicant [and/or Owner] may be required to
post a bond
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Section 4.23.14. Action of the Board of Adjustment.

1. Moody County shall approve or deny an application for collocation within ninety (90) days of the
submission date of a complete application.  Failure to act by the Board of Adjustment within the
prescribed time frame entitles the applicant the ability to file a court action. The court action is to be
filed within thirty (30) days from the required date of action of the Board of Adjustment.

2. Moody County shall approve or deny an application for a new wireless telecommunications facility
within one hundred fifty (150) days of the submission date of a complete application.  Failure to act
by the Board of Adjustment within the prescribed time frame entitles the applicant the ability to file
a court action. The court action is to be filed within thirty (30) days from the required date of action
of the Board of Adjustment.

3. The Board of Adjustment may not deny the application on the basis that a competing provider
already provides coverage.

CHAPTER 4.24 RIGHT TO FARM EASEMENT

The following easement is to be utilized as required for farm and non-farm residential development
within the Agricultural, Lake Park and Planned Residential Districts.

Prepared by:
Moody County Administrative Official (or by Grantor or Grantor’s Attorney)
Administrative Official Address (or Grantor’s or Grantor’s Attorney’s address)
Flandreau, SD 57028 (or Grantor’s or Grantor’s Attorney’s city)

RIGHT TO FARM EASEMENT

1. Purpose. This easement is required in the Agricultural District, Lake Park District and Planned
Residential District.

2. Easement.

(“Grantors”) are the owners of real property described as follows:
___________________________________________________________________

In accordance with the conditions set forth in the decision of Moody County, dated
______________ 20____, approving a permit for a dwelling on the above described property, and
in consideration of such approval, Grantors grant to the owners of all property adjacent to the
above described property, a perpetual nonexclusive easement as follows:

3. The Grantors, their heirs, successors, and assigns acknowledge:

a. That the property for which they are applying for a Moody County residential building permit is located
within or near agriculturally zoned land;

b. That the Grantors may be subject to inconvenience or discomfort from lawful agricultural uses permitted
by Moody County zoning regulations Agricultural uses permitted by Moody County may include, but are
not limited to, the following:

i. The cultivation, harvesting, and storage of crops and livestock production,
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ii. Ground rig or aerial application of pesticides or herbicides; the application of fertilizer, including
animal manure;

iii. The operation of machinery, the application of irrigation water, and other accepted and customary
agricultural activities conducted in accordance with Federal, State, and County laws.

c. These activities ordinarily and necessarily produce discomforts and inconveniences which may include,
but are not limited to: noise, odors, fumes, dust, smoke, burning, vibrations, insects, rodents, and/or the
operation of machinery (including aircraft) during any 24-hour period and other conditions that may
conflict with Grantors’ use of Grantors’ property for residential purposes.

d. That such inconveniences or discomforts are a normal and necessary aspect of living in an area with a
strong rural character and an active agricultural sector.

e. That there is the potential for Moody County approved agricultural uses to expand.

f. That this Right to Farm Easement is a requirement for obtaining a Moody County building permit for
residential development and may not be removed from the record title without consent of the Moody
County Board of Adjustment.

g. This notice does not abdicate the grantor’s rights as a landowner to object to illegal agricultural uses
permitted by Moody County.  Nor does this notice allow for agricultural uses permitted by Moody County
to be conducted in an illegal manner

h. Grantors, their heirs, successors or assigns hereby waive all common law rights to object to normal and
necessary agricultural management activities legally conducted on adjacent lands which may conflict
with Grantors’ use of Grantors’ property for residential purposes, and Grantors hereby grant a Right to
Farm easement to adjacent property owners for such activities.

i. Nothing in this Right to Farm easement shall grant a right to adjacent property owners for ingress or
egress upon or across the described property. Nothing in this Right to Farm easement shall prohibit or
otherwise restrict the Grantors, their heirs, successors or assigns from enforcing or seeking enforcement
of statutes or regulations of governmental agencies for activities conducted on adjacent properties.

j. This Right to Farm easement is appurtenant to all property adjacent to the above described property
and shall bind to the heirs, successors and assigns of Grantors and shall endure for the benefit of the
adjoining landowners, their heirs, successors, and assigns. The adjacent landowners, their heirs,
successors, and assigns are hereby expressly granted the right of third party enforcement of this
easement.

IN WITNESS WHEREOF, the Grantors have executed this easement on _______________, 20____.

____________________________________
Signature, Grantor

STATE OF SOUTH DAKOTA
SS:

COUNTY OF MOODY

This instrument was acknowledged before me on ________________, 20____ by
___________________________________________________________________ (Grantors).

___________________________________Notary Public

My Commission Expires: ____________________
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CHAPTER 4.25 CONCENTRATED ANIMAL FEEDING OPERATION REGULATIONS

Section 4.25.01 Intent

An adequate supply of healthy livestock, poultry and other animals is essential to the well-being of
county citizens and the State of South Dakota.  However, livestock, poultry, and other animals produce
manure which may, where improperly stored, transported, or disposed, negatively affect the County’s
environment.  Concentrated Animal Feeding Operations (CAFOs) and the manure generated from
those facilities must be controlled where it may add to air, surface water, ground water, or land
pollution.  The following regulations have been adopted in order to provide minimum standards for the
location of animal feeding operations and to provide protection against pollution caused by manure
from domesticated animals.  All Concentrated Animal Feeding Operations shall comply with the
regulations as outlined herein.

Section 4.25.02 Animal Units

Table 4.25-1 denotes animal species and the number of a species required to equal 500, 1,000 and
2,000 animal units.  Note that these figures relate to inventory rather than annual production.  Other
animal species equivalents which are not listed will be based on species’ manure production.
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TABLE 4.25-1
EQUIVALENT NUMBER OF A SPECIES TO EQUAL ANIMAL UNITS:

ANIMAL UNIT
EQUIVALENT

ANIMAL SPECIES 500 AU 1,000 AU 2,000 AU SPECIES/AU

Feeder or Slaughter Cattle 500 hd 1,000 hd 2,000 hd 1.0

Cow/Calf Pair 417 hd 833 hd 1,666 hd 1.2

Mature Dairy Cattle 350 hd 700 hd 1,400 hd 1.43

Mature Dairy Cow under 500 hd 1,000 hd 2,000 hd 1.0
1,000 pounds

Heifer 714 hd 1,428 hd 2,856 hd 0.7

Dairy Calf 2,500 hd 5,000 hd 10,000 hd 0.2

Finisher Swine (over 300 lbs) 1,250 hd 2,500 hd 5,000 hd 0.4

Finisher Swine (55 to 300 lbs) 1,667 hd 3,333 hd 6,666 hd 0.3

Nursery Swine (less than 55 lbs) 5,000 hd 10,000 hd 20,000 hd 0.1

Farrow-to-Finish (sows) 135 hd 270 hd 540 hd 3.7

Swine Production Unit (Sows 1,064 hd 2,130 hd 4,260 hd 0.47
Breeding, Gestating & Farrowing)

Horses 250 hd 500 hd 1,000 hd 2.0

Sheep and lambs 5,000 hd 10,000 hd 20,000 hd 0.1

Turkeys (over 5 lbs) 27,800 hd 55,000 hd 110,000 hd 0.018

Turkeys (under 5 lbs) 100,000 hd 200,000 hd 400,000 hd 0.005

Laying Hens and Broilers 50,000 hd 100,000 hd 200,000 hd 0.01
(continuous overflow watering

in facility)

Laying Hens and Broilers (liquid 15,150 hd 30,000 hd 60,000 hd 0.033
handling system in confinement
facility)

Chicken over 5 lbs (dry manure 100,000 hd 200,000 hd 400,000 hd 0.005
system)

Chicken under 5 lbs (dry manure 166,667 hd 333,333 hd 666,666 hd 0.003
system)

Ducks 2,500 hd 5,000 hd 10,000 hd 0.2

Numbers above represent actual “Head Count’ of animal species
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1.0 Purpose 

1.1 This standard provides three types of information for estimating characteristics of livestock and poultry 
manure: 

• Typical characteristics for manure “as-excreted” by livestock and poultry based on typical diets and 
animal performance levels in 2002 (Section 3); 

• Equations for estimating manure excretion characteristics based on animal performance and dietary 
feed and nutrient intake specific to an individual situation (Sections 4 through 9); 

• Typical characteristics for manure “as-removed” from manure storage or animal housing (Section 10). 

1.2 Typical or average estimates of manure excreted become obsolete due to changes in animal genetics, 
performance potential, feeding program strategies, and available feeds. To minimize future concerns, a set of 
equations for predicting nutrient excretion (primarily nitrogen and phosphorus), dry matter, and, depending upon 
species, other potential characteristics have been assembled for beef, dairy, swine, horses and poultry. The 
Equation Estimates sections (Sections 4 through 9) allow an estimate of manure characteristics that is relevant to 
a wide range of dietary options and animal performance levels commonly observed in commercial production. 

1.3 It is more appropriate to use the equations in Sections 4 through 9for the following situations: 

• When comprehensive nutrient management plans are being developed specific to an individual animal 
feeding operation (AFO); 

• When farm specific data is available for an AFO’s feeding program and animal performance; 

• When feed intake, feed nutrient concentration, feed digestibility, or animal performance varies from the 
assumptions used to estimate the typical values in Table 1. 

• When Table 1 has not been updated to address industry trends. 

1.4 It may be more appropriate to use the typical values found in Table 1 for the following situations: 

• When planning estimates are being made on a scale larger than a single farm (e.g. county or regional 
estimate of nutrient excretion) 

• When a rough approximation is needed for farm planning; 

• When farm-specific information of animal performance and feed intake is not available. 
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2.0 Caution 
2.1 Section 3. Typical As-Excreted Manure Production and Characteristics. The user of these data should 
recognize that the reported typical values may become obsolete with time due to changes in animal genetics, 
feeding programs, alternative feeding technologies, and available feeds. In addition, users should also 
recognize that under current conditions, excretion of nutrients and other related characteristics will vary for 
individual situations from the currently listed values due to variations in animal feed nutrient intake, animal 
performance, and individual farm management. Sections 4–9 provide an alternative, and often more accurate, 
methodology for estimating nutrient excretion for individual production systems. 

2.2 Sections 4 – 9. Equations for As-Excreted Manure Characteristics Estimates for Individual Species. These 
sections demonstrate the impact of dietary changes on nutrient excretion. However, this is not intended to be 
used as a ration-balancing tool, nor is this the appropriate tool for estimating the nutrient needs of the animal. 
Nutrient needs are best defined in the National Research Council’s publication series or by using University 
recommendations. Both sources of information can provide estimates that reflect biological inefficiencies and 
digestibility limitations. 

2.3 In using Sections 4 – 9 to evaluate the impact of alternative rations, it is important to recognize that these 
equations accurately estimate excretion only when animals are fed diets that meet or exceed the animal’s 
minimum nutrient requirements. Estimates of excretion based on dietary options that do not meet an animal’s 
minimum needs will not be accurate. Sections 4–9 are to be used following ration development by an animal 
nutrition professional. 

2.4 New research data on excretion will be of value for confirming or improving the accuracy of the equations 
estimating excreting. The authors of this standard are very interested in comparing new research data with 
these equations. Authors can be contacted through the ASAE Standards staff. 

2.5 Section 10. Typical As-Removed Manure Production and Characteristics. Many physical, chemical, and 
biological processes can alter manure characteristics from its original as-excreted form. The as-removed 
manure production and characteristics values reported in this table allow for common modifications to excreted 
manure (Section 3) resulting from water addition or removal, bedding addition, and/or treatment processes. 
These values represent typical values based on available data sources (see end of Section 10). These estimates 
may be helpful for individual farm long-term planning prior to any samples being available and for planning 
estimates addressing regional issues. Whenever possible, site-specific samples or other more localized estimates 
should be used in lieu of national tabular estimates. This table should not be used to develop individual year 
nutrient management plans for defining field specific application rates, unless absolutely no site-specific 
manure analysis data are available. However, where site-specific data are unavailable, this table may provide 
initial estimates for planning purposes until those site specific values are available. 

3.0 Typical As-Excreted Manure Production and Characteristics 
3.1 Two approaches were used for estimating typical characteristics summarized in Table 1. 

 1)  Manure characteristics listed in BOLD are estimated for dietary intake and animal performance levels 
common for livestock and poultry management in 2003 using the equations listed in Sections 4 through 9. 
Beef, poultry and swine excretion characteristics are based on a calculation of dietary nutrient intake minus 
animal nutrient retention using dietary and performance measurements typical for the industry at the time 
these data were published. Nutrient retention estimates followed common industry methodologies used 
for recommending feeding programs. Dry matter excretion is estimated to be a function of dry matter 
intake minus dry matter digestibility (see equations in Sections 4 and 9). 

For estimating dairy and equine manure characteristics, existing research data and regression analysis 
were used to identify relationship between feeding programs, animal performance, and excretion. 

Total nitrogen, total phosphorus, and dry matter excretion were estimated by these methods for all 
species. Available research data or models allowed additional excretion estimates for some species. All 
data in Table 1 based upon animal dietary intake and performance measure is illustrated in BOLD with 
supporting assumptions for dietary intake and performance assumptions and references listed in 
Sections 4 through 9. 
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 2)  Where dietary intake and animal performance level based excretion estimates could not be made, a 
review of current references including the USDA Agricultural Waste Management Field Handbook, 
previous ASAE D384 standard, and Manure Characteristics (MWPS-18, Section 1). Those values in 
Table 1 that are not bold are based upon these references. 

3.2 Caution 

3.2.1  Manure and nutrient production characteristics for meat producing animals are reported on a unit mass 
excreted per finished animal. Manure excretion by meat producing animals varies with stage of growth. This 
format was selected to minimize misuse of a daily average values to represent an entire production phase. 
Sizing of treatment systems based upon instantaneous loading rates should use the equations in Sections 4 
through 9 with appropriate feeding program and performance inputs typical of the later stages of growth. 
Manure excretion rates for other animals are more constant and thus reported on a daily basis. 

3.2.2  In addition, facilities for meat producing animals are rarely in full production 365 days per year due to 
uneven growth rates of animals, time required for facility cleaning after a group, and availability of animals for 
restocking a facility. Planning based on number of finished animals provides a more realistic planning estimate 
for annual manure volume and nutrient production. 

3.2.3  It should also be noted that Table 1 estimates and predictive equations in Sections 4 through 9 provide 
an as-excreted estimate of manure production, excluding any additions of waste feed or dilution water, 
biochemical degradation of solids, or volatilization of nitrogen and carbon. Manure characteristics after storage 
and/or treatment of manures are better estimated by site-specific manure samples or, when farm specific 
information is not available, by the typical as-removed values listed in Section 10. 

3.3 References 

3.3.1  Fulhage, C. D., 2003. Proposed Revision to ASAE D384.1 for Representative Values of “As-Excreted” 
Manure Production. Proceedings of the International Symposium for Animal, Agricultural, and Food Processing 
Wastes IX. ASAE. St. Joseph, MI. 269-276. 

Table 1 – Section 3 – Estimated typical manure (urine and feces combined) characteristics as excreted1 by: 
Table 1.a – Meat-producing livestock and poultry. Diet based numbers are in BOLD. See footnotes 2 and 

3 for source of non-bold values. 

Animal Type and 
Production Grouping 

Total 
Solids3 

Volatile 
Solids3 COD3, 4 BOD3, 4 N P K Ca 

Total 
Manure5 Moisture6

Assumed 
Finishing 

Time 
Period 
(days) kg/ finished animal (f.a.) 

kg/ 
 f.a. 

liter/ 
f.a. % w.b. 

Beef: Finishing cattle 360 290 300 67 25 3.3 17.1 7.7 4,500 4,500 92 153 

Poultry: Broiler 1.3 0.95 1.05 0.30 0.053 0.016 0.031  4.9 4.9 74 48 

Poultry: Turkey, males 9.2 7.4 8.5 2.4 0.55 0.16 0.26  36 36 74 133 

Poultry: Turkey, females 4.4 3.5 4.0 1.1 0.26 0.074 0.11  17 17 74 105 

Poultry:  Duck 1.7 1.0 1.4 0.28 0.062 0.022 0.031  6.5 6.5 74 39 

Swine: Nursery pig,12.5 kg 4.8 4.0 4.4 1.5 0.41 0.068 0.16  48 48 90 36 

Swine: Grow-finish, 70 kg 56 45 47 17 4.7 0.76 2.0  560 560 90 120 

 
lb/ finished animal (f.a.) 

ft3/ 
f.a. % w.b.  

Beef: Finishing cattle 780 640 670 150 55 7.3 38 17 9,800 160 92 153 

Poultry: Broiler 2.8 2.1 2.3 0.66 0.12 0.035 0.068   11 0.17 74 48 

Poultry: Turkey, males 20 16 19 5.2 1.2 0.36 0.57   78 1.3 74 133 

Poultry: Turkey, females 9.8 7.8 8.8 2.4 0.57 0.16 0.25   38 0.61 74 105 

Poultry: Duck 3.7 2.2 3.0 0.61 0.14 0.048 0.068   14 0.23 74 39 

Swine: Nursery pig, 27.5 lb 10 8.7 9.7 3.4 0.91 0.15 0.35   87 1.4 90 36 

Swine: Grow-finish, 154 lb 120 99 104 38 10 1.7 4.4   1200 20 90 120 
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4.0 Equations for As-Excreted Manure Characteristics Estimates for Beef 

4.1 Fundamental Model 

Nutrient Excretion = Feed Nutrient Intake – Nutrient Retention 

Dry Matter Excretion = Feed Dry Matter Intake × (1 – Dry Matter Digestibility)* 

 * Same relationship for organic matter or volatile solids excretion. 

4.2 See 2.0 Caution 

See Table 2, Definitions of variables — as excreted — beef. 

Table 2 – Section 4 – Definition of variables — as excreted — beef 
Variable Description Units 
Animal Performance Characteristics Input 

BWF Live body weight at finish of feeding period (market weight) 2 kg 
BWI Live body weight at start of feeding period (purchase weight) 2 kg 

BWAVG Average live body weight for feeding period 2 kg 
SRW3 Standard reference weight for expected final body fat 478 kg for Choice (28% marbling) 

462 kg for Select (26.8% marbling) 
Feed Program Characteristics Inputs 

DMI Dry matter intake g dry feed/day 
DMD Dry matter digestibility of total ration % of DMI 
OMD Organic matter digestibility of total ration % of OMI  
ASH Ash concentration of total ration % of DMI 
Ccp Concentration of crude protein of total ration g of protein/g of dry feed 
CP Concentration of phosphorus of total ration g of phosphorus/g of dry feed 

DOF Days on feed for individual ration days 
x Ration number  
n Total number of rations fed  

Excretion Outputs 
NE–T Total nitrogen excretion per finished animal g of nitrogen/finished animal 
PE–T Total phosphorus excretion per finished animal g of phosphorus/finished animal 

CaE–T Total calcium excretion per finished animal g of calcium/finished animal 
DME Dry matter excretion per animal per day g of dry matter/day/animal 

DME–T Total dry matter excretion per finished animal g of dry matter/finished animal 
OME Organic matter (or volatile solids) excretion per animal per day g of organic matter/day/animal 

OME–T Total organic matter (or volatile solids) excretion per finished animal g of organic matter/finished animal 
1 Data specific to individual herd performance or feed analysis should be used when data is available. If situation specific 
information is not available, a default value from the Assumptions Table for Typical Manure Characteristics at the 
conclusion of this section may be the next best alternative. 
2 For beef cow/calf pairs (including pregnancy), assume BWF – BWI equals weaning weight of calves. For beef cows on 
maintenance diet, assume the BWF – BWI equals 0. 
3 If SRW is unknown, recommend using 478 kg as standard reference weight. 

4.3 Equations for Estimating Excretions 

Equations from the 1996 NRC Nutrient Requirements of Beef Cattle for retained protein and energy equations 
provide the basis for estimating nitrogen retention. Supplemental information referenced by this publication 
provides background information on validation of this approach for estimating retained nitrogen. 
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Retained phosphorus is generally recognized as 3.9 g of retained P per 100 g of retained protein. Retained 
calcium is generally recognized as 7.1 g per 100 g of retained protein. Therefore, P and Ca retention are 
calculated as a function of retained protein. Both assumptions originate from the 1996 NRC Nutrient 
Requirements of Beef Cattle. Additional supporting information is cited by this publication. 

4.3.1  Dry matter excretion equations for calves and finishers: 1 

     ( )[ ] ( )AVGE BWDMDDMIDM ∗∗+−∗= 06.03.201001  (1) 

     ( ) ( )AVG
n
x xxx

n
x xTE BWDOFDMDDOFDMIDM ∗∗∗+−∗∗= �� ==− 06.03.201001 11  (2) 

4.3.2  Organic matter (or volatile solids) excretion equations: 

     ( )[ ] ( ) ( )AVGE BWOMDASHDMIOM ∗∗+−∗−∗= 06.01710011001  (3) 

     
( )[ ] ( )

( )�
�

=

=−

∗∗∗+

−∗−∗∗=
n
x AVGX

x
n
x xXxTE

BWDOF

OMDASHDOFDMIOM

1

1

06.017

10011001
 (4) 

4.3.3  Nitrogen excretion equation: 

 
( ) ( )[ ]

( )[ ] ( )( ) ( )[ ][ ]097.175.075.0
1

/96.0/2/243.0

2.4125.6

TlFFlFTt

n
x lFxxcpxTE

DOFBWBWBWSRWBWBWDOF

BWBWDOFCDMIN

−∗∗∗+∗∗+

−∗−∗∗∗= � = −−  (5) 

4.3.4  Phosphorus excretion equation:  

( ) ( )[ ]lF
n
x xxPxTE BWBWDOFCDMIP −∗−∗∗=� = −− 0.101     

  ( )[ ] ( ) ( )[ ]{ }097.175.075.02 /96.0/2/1092.5 TlFFlFT DOFBWBWBWSRWBWBWDOF −∗∗∗+∗∗∗+ −   (6) 

4.3.5  Calcium excretion equation: 

( ) ( )[ ]
( )[ ] ( )( ) ( )[ ]{ }097.175.075.0

1

/96.0/2243.0445.0

33.18

TlFFIFT

IF
n
x xxCaxTE

DOFBWBWBWSRWBWBWDOF

BWBWDOFCDMICa

−∗∗∗+∗∗∗+

−∗−∗∗= � = −−  (7) 

4.4 Manure Characteristics Based Upon Typical Performance and Diets — See Tables 3a and 3b. 

Table 3a – Section 4 – Estimated manure (urine and feces combined) characteristics as excreted based 
upon equations and assumptions in Table 3b 

Animal Type and 
Production Grouping Total solids 

Volatile 
Solids Nitrogen Phosphorus Calcium 

Total 
Manure1 

Finishing cattle 

kg/finished animal 

360 290 25 3.3 7.7 3,400 

lb/finished animal 

780 640 55 7.3 17 7,400 
1 Total manure is calculated from total solids and assumed moisture of 92%. 

                                                      
1 Estimates dry matter for 1) feces based upon indigestibility of feed and for 2) urine based upon regression equation from 300 
observations of urine excretion by beef cattle finishers ranging in weight from 100 to 620 kg and urine solids content of 6%. 
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Table 3b – Section 4 – Dietary and performance assumptions  

Animal Type  
and Production 

Grouping 

Live Weight 
(kg) 

Average 
Daily  
Gain 

(kg/da) 
Days on 

Feed 

Feed 
Conversion

(kg of feed per 
kg of gain) 

Dietary Assumptions 

DMI (% of 
avg. body 

weight) DMD OMD 

Crude 
Protein 
(g/day) 

P 

(g/day) 

Ca 

(g/day) Ash In Out 

Finishing cattle 338 554 1.42 153 6.3 2.0% 80% 83% 1200 28 62 4% 

Range: Only feed conversion efficiency and 
dietary nutrient content or digestibility were 
varied to determine range for N, P, and Ca. 

5.8–6.8  70–
85% 

75–88% 1100–
1300 

22–45 53–80  

4.5 References 

4.5.1  Anrique, R. G., M. L. Thonney, and H. J. Ayala. 1990. Dietary energy losses of cattle influenced by 
body type, size, sex, and intake. Anim. Prod. 50:467-474. 

4.5.2  Danner, M. L., D. G. Fox, and J. R. Black. 1980. Effect of feeding system on performance and carcass 
characteristics of yearling steers, steer calves and heifer calves. J. Anim. Sci. 50:394-404. 

4.5.3  Ellenberger, H. G., J. A. Newlander, and C. H. Jones. 1950. Composition of the bodies of dairy cattle. 
Vt. Agric. Exp. Sta. Bull. 558. 

4.5.4  Erickson, G. E., B. Auvermann, R. Eigenberg, L.W. Greene, T. Klopfenstein, R. Koelsch. 2003. Proposed 
Beef Cattle Manure Excretion and Characteristics Standard for ASAE. Proceedings of the International 
Symposium for Animal, Agricultural, and Food Processing Wastes IX. ASAE. St. Joseph, MI. 269-276.  

4.5.5  Fortin, A., S. Simpfendorfer, J. T. Reid, H. J. Ayala, R. Anrique, and A. F. Kertz. 1980. Effect of level of 
energy intake and influence of breed and sex on the chemical composition of cattle. J. Anim. Sci. 51:604-614. 

4.5.6  Garrett, W. N. 1980. Energy utilization by growing cattle as determined in 72 comparative slaughter 
experiments. Energy Metab. Proc. Symp. 26:3-7. 

4.5.7  Harpster, H. W. 1978. Energy requirements of cows and the effect of sex, selection, frame size, and 
energy level on performance of calves of four genetic types. Ph.D. dissertation. Michigan State University, East 
Lansing, MI. 

4.5.8  Lomas, L. W., D. G. Fox, and J. R. Black. 1982. Ammonia treatment of corn silage. I. Feedlot 
performance of growing and finishing cattle. J. Anim. Sci. 55:909-923. 

4.5.9  NRC. 1996 (2000 update). Nutrient Requirements for Beef Cattle. Seventh Revised Edition. National 
Academy Press. 242 pages. 

4.5.10 Tylutki, T. P., D. G. Fox, and R. G. Anrique. 1994. Predicting net energy and protein requirements for 
growth of implanted and nonimplanted heifers and steers and nonimplanted bulls varying in body size. J. Anim. 
Sci. 72:1806-1813. 

4.5.11 Woody, H. D., D. G. Fox, and J. R. Black. 1983. Effect of diet grain content on performance of growing 
and finishing cattle. J. Anim. Sci. 57:717-728. 

5.0 Equations for As-Excreted Manure Characteristics Estimates for Dairy Cattle 

5.1 Fundamental Model 

5.1.1  The estimates for manure and nutrient excretion were derived from the combination of multiple data 
sets from Washington State University, University of California–Davis, The Ohio State University, and 
Pennsylvania State University. The data sets contain records from Holstein cattle and include a wide variety of 
animal ages, ranging from calves to multiparous lactating cows. 
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5.1.2  The data for the calves and heifers were divided according to animal body weight and includes four 
groups, milk fed calves, weaned calves weighing less than 204 kg, heifers weighing between 274 to 613 kg, 
and veal calves. Excretion estimates for veal calves were adapted from Sutton et al., 1989. Additional 
classifications of animals include non-lactating and lactating cows. 

5.1.3  Lactating cow excretion estimates were derived from regression equations developed using lactating 
Holstein cows regardless of body weight or milk production. The data set for lactating cows was evaluated to 
compare the amount of metabolizable protein (MP) required to the MP supplied to the cow using the 2001 
Dairy NRC Model. Only cows fed less than 112% of MP requirements were included in the data set. The 
average values reported for lactating cows were determined using the regression equation for a cow producing 
40 kg of milk. The regression equations were developed using PROC MIXED of SAS, with study included as a 
random variable (St-Pierre, 2001). 

5.2 See 2.0 Caution 

See Table 4, Definitions of variables — as excreted — dairy cattle 

Table 4 – Section 5 – Definition of variables — as excreted — dairy cattle  
Variable Description Units 

Animal Performance Characteristics Inputs 

Milk Milk production kg of milk/animal/day 

MF Milk fat g/g milk/day 

MTP Milk true protein g/g milk/day 

DIM Days in milk days 

DP Dry period length days 

BW Average live body weight kg 

Feed Program Characteristics Inputs 

DMI Dry matter intake kg dry feed/animal/day 

DMD Dry matter digestibility of total ration % of DMI 

OMD Organic matter digestibility of total ration % of OM intake 

ASH Ash concentration of total ration % of DMI 

Ccp Concentration of crude protein of total ration g crude protein/g dry feed 

CP Concentration of phosphorus of total ration g phosphorus/g dry feed 

CK Concentration of potassium of total ration g potassium/g dry feed 

Excretion Outputs 

ME Total manure excretion per animal per day kg/animal/day 

NE Total nitrogen excretion per animal per day g/animal/day 

PE Total phosphorus excretion per animal per day g/animal/day 

KE Total potassium excretion per animal per day g/animal/day 

DME Dry matter (solids) excretion per animal per day kg/animal/day 

OME Organic matter (or volatile solids) excretion per animal per 
day kg/animal/day 

UE Urine excretion per animal per day liters/animal/day 
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5.3 Equations for Estimating Excretion 

In many cases, multiple prediction equations are presented. Note, that while the more simplistic equation 
requires fewer inputs, the result could be less precise due to the influence of dietary intake of nutrients (more 
developed equation). Regression equations developed using the data set include both residual errors and 
errors from the variation between the research trials (inter-study errors). Equations with the lowest residual 
error should be used whenever the input variables are available. 

Assumptions: 

1) Urine dry matter, estimated at 4.5%, was used for total solids and moisture calculations. The urine 
volume was calculated by using a specific gravity of 1.038 g/ml. 

2) Milk crude protein was converted to milk true protein using a conversion factor for the Holstein 
breed of 0.940 (http://www.aipl.arsusda.gov/reference/trueprot.htm). 

5.3.1  Total manure — lactating cow regression equations:2 

     ( ) ( ) ( ) ( ) 170.8310.505830.171207.2172.0 −×+×+×+×= MTPMFDMIMilkME   (1) 

Inter-study error = 8.50 
Residual error = 7.00 

  ( ) ( ) ( ) ( ) ( ) 06.33480.1141720.186017.0037.0954.0 −×+×+×+×+×= MTPMFDIMBWMilkME  (2) 

Inter-study error = 5.08 
Residual error = 8.33 

     ( ) 212.43647.0 +×= MilkME  (3) 

Inter-study error = 6.94 
Residual error = 9.19 

5.3.2  Total manure — dry cow regression equation: 2 

     ( ) 844.21022.0 +×= BWME  (4) 

Inter-study error = 5.93 
Residual error = 5.71 

5.3.3  Total manure — heifer regression equations: 2 

     ( ) ( ) +×−×=  (5) 

Inter-study error = 5.34 
residual error = 2.61 

     ( ) 817.17018.0 +×= BWME  (6) 

Inter-study error = 4.02 
Residual error = 3.55 

  

                                                      
2 Total manure equals actual fecal excretion plus actual urine excretion from individual cows collected and weighted on a daily 
basis. 
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5.3.4  Total solids — lactating cow regression equations: 3 

     ( ) 017.1350.0 +×= DMIDME  (7) 

Inter-study error = 1.13 
Residual error = 0.76 

     ( ) ( ) ( ) ( ) 456.2370.118004.0004.0135.0 −×+×+×+×= MTPDIMBWMilkDME  (8) 

Inter-study error = 0.63 
Residual error = 1.03 

     ( ) 073.5096.0 +×= MilkDME  (9) 

Inter-study error = 0.78 
Residual error = 1.13 

5.3.5  Total solids — dry cow regression equation: 3 

     ( ) 733.2178.0 +×= DMIDME  (10) 

Inter-study error = 0.74 
Residual error = 0.45 

     ( ) 863.1004.0 +×= BWDME  (11) 

Inter-study error = 0.42 
Residual error = 0.59 

5.3.6  Urine volume — lactating cow regression equations: 

  ( ) ( ) ( ) ( ) ( ) 389.16036.62280.353709.97016.0114.0 −×+×+×+×+×= CPE CMTPMFBWMilkU  (12) 

Inter-study error = 3.87 
Residual error = 5.56 

     ( ) 704.11017.0 +×= BWUE  (13) 

Inter-study error = 4.67 
Residual error = 5.68 

(Note: Urine volume could be considerably different, depending on ration mineral content. Insufficient data were 
available to derive regression equations based on intake of minerals) 
  

                                                      
3 DME = actual fecal dry matter + urine dry matter. 
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5.3.7  Nitrogen excretion — lactating cow regression equation: 4 

     ( ) ( ) ( ) ( ) 632.56193.0138.70159.0303.2 −×+××+×+×= BWCDMIDIMMilkN CPE  (14) 

Inter-study error = 53.07 
Residual error = 102.71 

     
( ) ( ) ( ) ( )

( ) 530.476730.1793
910.4547347.0237.0959.5

−×+
×+×+×+×=

CP

E

C
MTPBWDIMMilkN

 (15) 

Inter-study error = 42.48 
Residual error = 107.01 

     ( ) 300.283204.4 +×= MilkNE  (16) 

Inter-study error = 57.8  
Residual error = 110.8 

5.3.8  Nitrogen excretion — dry cow regression equation: 4 

     ( ) ( ) 500.117290.1606747.12 −×+×= CPE CDMIN  (17) 

Residual error = 45.51 

5.3.9  Nitrogen excretion — heifer regression equations: 4 

     ( ) ( )25.61000 CPE CDMIN ××=  (18) 

     ( ) 350.51390.78 +××= CPE CDMIN  (19) 

Inter-study error = 24.47 
Residual error = 10.76 

5.3.10 Phosphorus excretion — lactating cow regression equations: 5 

If diets contain less than 0.004 g P/g dry feed: 5 

     ( )[ ] ( )9.01000 ×−××= MilkCDMIP PE  (20) 

If diets contain 0.004 g P/g dry feed or greater: 

     ( ) ( ) ( ) −××+×+×=  (21) 

Inter-study error = 10.81 
Residual error = 11.47 

     ( ) +×=  (22) 

Inter-study error = 10.83 
Residual error = 14.48 

  

                                                      
4 Nitrogen excretion = actual fecal N + actual urine N. 
5 Phosphorus excretion = actual fecal P + actual urine P. 
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5.3.11 Phosphorus excretion — dry cow regression equation: 5,6 

     ( )[ ]{ } DPDPCDMIP PE 386.2641000 −×××=  (23) 

5.3.12 Phosphorus excretion — heifer regression equation: 5 

     ( ) PE CDMIP ××= 1000   (24) 

5.3.13 Potassium — lactating cow regression equations: 7 

     ( ) ( ) ( ) −××+×+×=  (25) 

Inter-study error = 16.77 
Residual error = 25.27 

     ( ) 154.31800.1 +×= MilkKE  (26) 

Inter-study error = 18.89 
Residual error = 26.94 

5.3.14 Potassium — dry cow and heifer regression equation: 7 

     ( ) KE CDMIK ××= 1000  (27) 

5.4 Manure Characteristics Based Upon Typical Performance and Diets — See Tables 5a, 5b and 5c. 

Table 5a – Section 5 – Estimated typical manure (urine and feces combined) characteristics as excreted 
based upon equations in Section 5 and assumptions in Table 5c. 

Animal Type and Production 
Grouping 

Total 
Solids N P K 

Total 
Manure1 

Assumed 
Moisture 

kg/da-animal % w.b. 

Dairy: Lactating cow 8.9 0.45 0.078 0.10 69 87 

Dairy: Dry cow 4.9 0.23   38 87 

Dairy: Heifer, 440 kg 3.7 0.12 0.020  22 83 

 lb/da-animal % w.b. 

Dairy: Lactating cow 20 0.99 0.17 0.23 150 87 

Dairy: Dry cow 11 0.50   83 87 

Dairy: Heifer, 440 kg 8.2 0.26 0.044  48 83 

Equation Used for Excretion Estimate 

Dairy: Lactating cow 9 16 22 26 -  

Dairy: Dry cow 11 17 - - -  

Dairy: Heifer, 440 kg No 
equation 

19 24 - -  

1 Total manure is calculated from total solids and assumed moisture. 

                                                      
6 The constant was derived from the 2001 Dairy NRC equation (p. 112) for absorbed phosphorus and assumes a 60 day dry 
period. 
7 Potassium excretion = actual fecal K + actual urine K. 



ASAE D384.2 MAR2005 (R2014)                     Copyright American Society of Agricultural and Biological Engineers  14 

Table 5b – Section 5 – Estimated typical manure (urine and feces combined) characteristics as excreted 
based upon sources cited in Table 5c 

Animal Type and Production 
Grouping 

Total 
solids N P K 

Total 
Manure1 

Assumed 
Moisture 

kg/da-animal % w.b. 

Dairy: Milk-fed calves  0.0079     

Dairy: Calf, 150 kg 1.4 0.063   8.5 83 

Dairy: Veal, 118 kg 0.12 0.015 0.0045 0.020 3.5 96.5 

 lb/da-animal % w.b. 

Dairy: Milk-fed calves  0.017     

Dairy: Calf, 150 kg 3.2 0.14   19 83 

Dairy: Veal, 118 kg 0.27 0.033 0.0099 0.044 7.8 96.5 

Table 5c – Section 5 – Dietary and performance assumptions. 

Animal Type 
and  

Production 
Grouping 

Average 
Live 

Weight  
(kg) 

Milk 
Production 

(kg) 

Dietary Assumptions 

Comments or 
Written  

Description of 
Assumptions 

Dry Matter 
Intake (% of 

average body 
weight) 

Crude Protein 
(g/day) 

P 
(g/day) 

K 
(g/day) 

Lactating cow 624 40 3.4 3720 94.7 283 Averages based 
on 367 cows range 437–810 9.8-86.1 1.1–4.9 1356–5250 40–144 168–443 

Dry cow 755 NA 1.4 1525   Averages based 
on 18 cows range 413–934  0.7–2.2    

Milk-fed  
   calves 57.1 NA 1.0 136   Averages based 

on 16 calves 

Calf, 150 kg 153 NA 2.21 558   Averages based 
on 46 calves range 86–204  1.56–3.37 275–880   

Dairy veal  40–85 NA 1.89 284 10   

range 85–150  2.09 491 18   

Heifer, 420 kg 437 NA 1.91 923   Averages based 
on 60 heifers range 274–613  1.43–2.44 500–1688   

5.5 References 

5.5.1  Nennich, T., J Harrison, D. Meyer, W. Weiss, A. Heinrichs, R. Kincaid, W. Powers, R. Koelsch, P. 
Wright. 2003. Development of Standards Method to Estimate Manure Production and Nutrient Characteristics 
from Dairy Cattle. Proceedings of the International Symposium for Animal, Agricultural, and Food Processing 
Wastes IX. ASAE. St. Joseph, MI. 263-268. 
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6.0 Equations for As-Excreted Manure Characteristics Estimates for Horses 

6.1 Fundamental Model 

Equations for as-excreted manure characteristics are based upon regression analysis from available data 
sets for N, P, K, Ca and Mg. Other estimates are based on survey data or dietary recommendations (NRC, 
1989). The nitrogen data set contained 46 paired values (intake and excretion), with intakes ranging from 
130 to 530 mg/kg BW/day (median = 250 g N/kg BW). For P, 128 paired values were used (range = 19–121 
mg/kg BW/day; median = 42.8 mg P/kg BW). For K, 28 paired values were used (range 50–404 mg/kg 
BW/day; median = 193.3 mg K/kg BW). For Ca, 106 paired values were used (range 9.1–247 mg/kg BW/d; 
median 69.7 mg Ca/kg BW). For Mg, 50 paired values were used (range 18.6–131.6 mg Mg/kg BW/d; 
median 28.2 mg Mg/kg BW). 

6.2 See 2.0 Caution 

See Table 6, Definitions of Variables — As Excreted — Horses 

Table 6 – Section 6 – Definition of Variables — As Excreted — Horses  
Variable Description Units 

Animal Performance Characteristics Input 

BW Average live body weight kg 

Feed Program Characteristics Inputs 

DMI Dry matter intake g dry feed/day 

DMD Dry matter digestibility of total ration % 

OMD Organic matter digestibility of total ration % 

ASH Ash concentration of total ration % 

Ccp Concentration of crude protein of total ration g of protein/g of dry feed 

CP Concentration of phosphorus of total ration g of phosphorus/g of dry feed 

CK Concentration of potassium of total ration g of potassium/g of dry feed 

CCa Concentration of calcium of total ration g of calcium/g of dry feed 

CMg Concentration of magnesium of total ration g of magnesium/g of dry feed 

Excretion Outputs 

NE Total nitrogen excretion per animal per day g/animal/day 

PE Total phosphorus excretion per animal per day g/animal/day 

KE Total potassium excretion per animal per day g/animal/day 

CaE Total calcium excretion per animal per day g/animal/day 

MgE Total magnesium excretion per animal per day g/animal/day 

DME Dry matter excretion (feces + urine) per animal per day g/animal/day 

DMF Dry matter excretion (feces only) per animal per day g/animal/day 

FE Feces (wet weight) excretion per animal per day g/animal/day 

UE Urine excretion per animal per day g/animal/day 

6.3 Equations for Estimating Excretions 

6.3.1  Nitrogen excretion: 

     Sedentary horses: NE = (55.4 × BW × 10-3) + (0.586 × DMI × Ccp)/6.25 

(R2 = 0.76) 
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     Exercised horses: NE = (42.9 × BW × 10-3) + (0.492 × DMI × Ccp)/6.25 

(R2 = 0.94) 

6.3.2  Phosphorus excretion: 

     Sedentary or exercised horses: PE = (4.56 × BW × 10-3) + (0.793 × DMI × Cp) (1) 

(R2 = 0.85) 

6.3.3  Potassium excretion: 

     Sedentary or exercised horses: KE = (19.4 × BW × 10-3) + (0.673 × DMI × Ck) (2) 

(R2 = 0.62) 

6.3.4  Calcium excretion: 

     Sedentary horses: CaE = (26.6 × BW × 10-3) + (0.497 × DMI × CCa) (3) 

(R2 = 0.65) 

     Exercised horses: CaE = (–5.98 × BW × 10-3) + (0.804 × DMI × CCa) (4) 

(R2 = 0.73) 

6.3.5  Magnesium excretion: 

    Sedentary or exercised horses: MgE = (9.08 × BW × 10-3) + (0.545 × DMI × CMg) (5) 

(R2 = 0.68) 

6.3.6  Dry matter excretion (feces): 

     Sedentary: DMF = [(0.03 × BW + 1.4)/2.0] × 425 (6) 

     Exercised: DMF = {[2.0 × (0.03 × BW + 1.4)]/2.85} × 310 (7) 

6.3.7  Dry matter excretion (combined urine and feces): 8 

     Sedentary: DME = 7.2 × BW + 220 (8) 

     Exercised: DME = 7.3 × BW + 230 (9) 

6.3.8  Optional estimate of dry matter excretion (feces) for all horses: 

     DMF = DMI × (1 – DMD/100) (10) 

6.3.9  Optional estimate of dry matter excretion (combined urine and feces) for all horses: 9 

     DME = [DMI × (1 – DMD/100)] + 0.64 × BW (11) 
  

                                                      
8 Sum of total feces and total urine (equations 12 and 13) and multiplied by an assumed moisture content of 15%. 
9 Alternate approach: Sum of total urine (equation 13) multiplied by assumed urine solids content of 4% and dry matter 
excretion (equation 10). 
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6.3.10 Total feces: 

     Sedentary or exercised horses: FE = DME/0.20 (12) 

6.3.11 Total urine: 

     Sedentary or exercised horses: UE = 16 × BW (13) 
 
6.4 Manure Characteristics Based Upon Typical Performance and Diets — See Tables 7a and 7b. 

Table 7a – Section 6 – Estimated typical manure (urine and feces combined) characteristics as excreted 
based upon equations in Section 6 and assumptions in Table 7b 

Animal Type and Production Grouping Total Solids N P K Ca Mg 

 g/da-animal 

Horse: Sedentary, 500 kg1 3800 89 13 27 23 9 

Horse: Intense exercise, 500 kg1 3900 150 33 95 69 18 

 lb/da- animal 

Horse: Sedentary, 1100 lb1 8.4 0.20 0.029 0.060 0.051 0.020 

Horse: Intense exercise, 1100 lb1 8.6 0.34 0.073 0.21 0.15 0.040 
1 These values apply to horses 18 months of age or older that are not pregnant or lactating. The representative number 
applies to 500 kg horses. Under type of horse, classifications are made on amount of regular exercise imposed on horses. 

Table 7b – Section 6 – Dietary and performance assumptions 

Animal Type and 
Production 
Grouping1 

 
Average 

Live  
Weight  

(kg) 

Dietary Assumptions 

Dry Matter 
Intake (% of 

average body 
weight) 

Dry Matter 
Digestibility 

Crude  
Protein  
(g/day) 

P 
(g/day) 

K 
(g/day) 

Ca 
(g/day) 

Mg 
(g/day) 

Sedentary: Mature2 500 1.6 57.5% 656 14 25 20 7.5 

Range  400–600 1.6–1.7 57.5% 536–776 11–17 20–30 16–24 6–9 

Intense exercise  
   (race horses)3 

500 2.3 69% 1660 39 127 89 25.3 

Range  400–600 2.3–2.4 69% 1328–1992 31–47 101–152 71–106 20–30 
1 These values apply to horses 18 months of age or older that are not pregnant or lactating. The representative number 
applies to 500 kg horses and the range represents horses from 400 to 600 kg. 
2 “Sedentary” would apply to horses not receiving any imposed exercise. Dietary inputs are based on minimum nutrient 
requirements specified in "Nutrient Requirements of Horses" (NRC, 1989). 
3 “Intense” represents horses used for competitive activities such as racing. Dietary inputs are based on a survey of race 
horse feeding practices (Gallagher et al, 1992) and typical feed compositions (forage = 50% alfalfa, 50% timothy; 
concentrate = 30% oats, 70% mixed performance horse concentrate). 

6.5 References 

6.5.1  Lawrence, L., J. Bicudo, E. Wheeler. 2003. Horse Manure Characteristics Literature and Database 
Review. Proceedings of the International Symposium for Animal, Agricultural, and Food Processing Wastes IX. 
ASAE. St. Joseph, MI. 277-284. 

6.5.2  Gallagher, K., J. Leech and H. Stowe. 1992. Protein, energy and dry matter consumption by racing 
thoroughbreds: A field survey. J. Equine Vet. Sci. 12:43-48. 

6.5.3  NRC. 1989. Nutrient Requirements of Horses. National Academy Press, Washington, D.C. 
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7.0 Equations for As-Excreted Manure Characteristics Estimates for Poultry (Broilers, 
Turkeys, and Ducks) 

7.1 Fundamental Model 

Nutrient Excretion = Feed Nutrient Intake – Nutrient Retention 

7.2 See 2.0 Caution 

See Table 8, Definitions of Input Variables — As Excreted — Poultry (Broilers, Turkeys, and Ducks) 

Table 8 – Section 7 – Definition of Input Variables — As Excreted — Poultry  
(Broilers, Turkeys, and Ducks)  

Variable Description Units 

Feed Program Characteristics 

FIPH Feed intake per phase; dry matter intake assumed to be 88% of 
feed intake g feed/phase (wet basis) 

Ccp Concentration of crude protein of total ration g of protein/g of feed (wet basis) 

CP concentration of phosphorus of total ration g of phosphorus/g feed (wet basis) 

x Phase number (e.g. number assigned to starter, grower, finisher, 
withdrawal phase rations)  

n Total number of phases fed  

DMRF Retention factor for dry matter fraction 

NRF Retention factor for nitrogen fraction 

PRF Retention factor for phosphorus fraction 

KRF Retention factor for potassium fraction 

Excretion Outputs 

NE-PH Nitrogen excretion per phase g of nitrogen/phase 

NE-T Total nitrogen excretion per finished animal g of nitrogen/finished animal 

PE-PH Phosphorus excretion per phase g of phosphorus/per phase 

PE-T Total phosphorus excretion per finished animal g of phosphorus/finished animal 

KE-PH Potassium excretion per phase g of potassium/per phase 

KE-T Total potassium excretion per finished animal g of potassium/finished animal 

DME-PH Dry matter excretion per phase g of dry matter/per phase 

DME-T Total dry matter excretion per finished animal g of dry matter/finished animal 
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7.3 Equations for Estimating Excretions — See Table 9 – Retention Factors for Broilers, Turkeys, and 
Ducks. 

7.3.1  Dry matter excretion equations: 

     ( )RFPHPHE DMFIDM −××=− 188.0  (1) 

     ( )� =− −××=
n

x RFxTE DMFIDM
1

188.0  (2) 

7.3.2  Nitrogen excretion equations: 

     ( )[ ] ( )RFcpPHPHE NCFIN −××=− 125.6  (3) 

     ( )[ ] ( )RF
n

x xcpxTE NCFIN −××=� = −− 125.6
1

 (4) 

7.3.3  Phosphorus excretion equations: 

     ( ) ( )RFpPHPHE PCFIP −××=− 1  (5) 

     ( ) ( )RF
n

x pxTE PCFP −××=� =− 1
1

 (6) 

Note that PRF varies for broilers less than and greater than 32 days of age. 

7.3.4  Potassium excretion equations: 

     ( ) ( )RFKPHPHE KCFIK −××=− 1  (7) 

     ( ) ( )RF
n

x KxTE KCFK −××=� =− 1
1

 (8) 

Table 9 – Section 7 – Retention Factors for Broilers, Turkeys, and Ducks 

Species 
Dry Matter 

(DMRF) 
Nitrogen 

(NRF) 
Phosphorus 

(PRF) 
Potassium 

(KRF) 

Broiler if < 32 days of age 
0.6884 0.602 

0.493 0.182 

Broiler if � 32 days of age 0.4102 0.182 

Turkey toms and hens 0.7479 0.588 0.4798  

Ducks 0.6937 0.657 0.4635  
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7.4 Manure Characteristics Based Upon Typical Performance and Diets — See Tables 10a and 10b. 

Table 10a – Section 7 – Estimated typical manure (urine and feces combined) characteristics as 
excreted based upon equations in Section 7 and assumptions in Table 10b 

Animal Type and 
Production Grouping Total solids Nitrogen Phosphorus Potassium Total Manure1 

 kg/finished animal 

Poultry: Broiler 1.3 0.053 0.016 0.031 4.9 

Poultry: Turkey, males 9.2 0.55 0.16  36 

Poultry: Turkey, females 4.4 0.26 0.074  17 

Poultry: Duck 1.7 0.062 0.022  6.5 

 lb/finished animal 

Poultry: Broiler 2.8 0.12 0.035 0.068 11 

Poultry: Turkey, males 20 1.2 0.36  78 

Poultry: Turkey, females 9.8 0.57 0.16  38 

Poultry: Duck 3.7 0.14 0.048  14 
1 Total manure is calculated from total solids and assumed moisture of 74%. 

Table 10b – Section 7 – Dietary and performance assumptions 

Animal Type 
and 

Production 
Grouping 

Live Weight 
(kg) 

Days 
on 

Feed 

Feed 
Conversion
(kg of feed 
per kg of 

gain) 

Dietary Assumptions 

 
Comments, Assumptions, 

 or References 

Dry Matter 
Intake  
(kg per 
phase) 

Crude 
Protein 
(kg per 
phase) 

P 
(kg per 
phase) In Out 

Broiler n/a 2.36 47.7 1.95 4.05 kg  
to 47.7 d 

0.835 kg
to 47.7 d 

0.0288 
kg to 

47.7 d 

Represents 95.8% of broilers 
marketed July 2002 (662 million 
birds or 1.53 billion kg live 
weight) (Agristats, 2002). Four 
diet feeding program is assumed. 

Turkey, 
    males 

n/a 15.45 133 2.70 36.7 kg 
to 133 d 

8.37 kg 
to 133 d 

0.309 
kg to 
133 d 

Represents 45.5 million turkey 
toms (Ferket, 2001). Six diet 
feeding program is assumed 

Turkey, 
    females 

n/a 6.82 105 2.34 17.6 kg 
to 105 d 

3.94 kg 
to 105 d 

0.143 
kg to 
105 d 

Represents 59.5 million turkey 
hens (Ferket, 2001). Six diet 
feeding program is assumed. 

Duck n/a 3.182 39 1.97 5.51 kg 
to 39 d 

1.12 kg 
to 39 d  

0.0402 
kg to 
39 d 

Represents 13 million ducks (Ap-
plegate et al., 2003). Assumes 
two diet feeding program. 

Assumptions: Feed is 88% dry matter. 

7.5 References 

7.5.1  Applegate, T., L. Potturi, R. Angel. 2003. Model for estimating poultry manure nutrient excretion: a 
mass balance approach. Proceedings of the International Symposium for Animal, Agricultural, and Food 
Processing Wastes IX. ASAE. St. Joseph, MI. 296-302.  

7.5.2  Angel, R., T. Applegate, S. Bastyr. 2003. Comparison of two methods for estimating broiler manure 
nutrient excretion: Biological mass balance versus model based on mass balance approach. Proceedings of 
the International Symposium for Animal, Agricultural, and Food Processing Wastes IX. ASAE. St. Joseph, MI. 
303-309. 
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8.0 Equations for As-Excreted Manure Characteristics Estimates for Poultry  
(Laying Hens) 

8.1 Fundamental Model 

Nutrient Excretion = Feed Nutrient Intake – Nutrient Retention 

The laying hen model varies from other poultry specie to account for egg production. As such, the model 
assumes dry matter retention by the hen is equivalent to the sum of energy expenditure for maintenance, heat 
increment, and egg production as well as solids content within the egg, as is described below. 

8.2 See 2.0 Caution 

See Table 11, Definition of Input Variables — As Excreted — Poultry (Laying Hens) 

Table 11 – Section 8 – Definition of Input Variables — As Excreted — Poultry (Laying Hens)  
Variable Description Units 

FI Feed intake per day (wet weight). Dry matter intake assumed 
to be 88% of feed intake for poultry rations. grams/day 

KCALi 
Kcal Intake      Default:  270 kcal – Light layer strains 
                        Default:  292 kcal – Heavy layer strains default  

kcal/day 

KCALm 
Kcal required for maintenance of body weight 
 Default:  100 kcal 

kcal/day 

KCALh 
Kcal required for heat increment in thermo-neutral environment 
Default:   40 kcal kcal/day 

KCALe 
Kcal Required for egg production of one egg 
Default:  53 kcal 

kcal/egg 

Eggwt 
Egg weight      Default:  60 g – Light layer strains  
                        Default:  63 g – Heavy layer strains   

grams 

Eggprod Fraction of eggs that are produced each day    Default: 0.80 eggs/hen/day 

Ccp Concentration of crude protein of total ration g of protein/g of feed (wet basis) 

CP Concentration of phosphorus of total ration g of phosphorus/g feed (wet basis) 

CCa Concentration of calcium of total ration g of calcium/g feed (wet basis) 

Excretion Outputs 

DME Dry matter excretion per hen per day g of dry matter/hen-day 

NE Total nitrogen excretion per hen per day g of nitrogen/hen-day 

PE Total phosphorus excretion per hen per day g of phosphorus/hen-day 

CaE Total calcium excretion per hen per day g of phosphorus/hen-day 

8.3 Equations for Estimating Excretions 

8.3.1  Dry matter excretion: 

[ ] ( ) ( )[ ]
( ) �

�

�
�

�

�
�

�
�

	

××+


�

�
�

�
�
�
�

�
�
�

��
�

��
	 ×++−−×××

−×=

prodwt

iprodehmi
E

EggEgg

KCALEggKCALKCALKCALKCALFI
FIDM

3319.0

185.088.0
88.0  (1) 

or 
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   [ ] ( ) ( )[ ]
( ) �
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�

�
�

�
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�

�
�
�

��
�

��
	 ×+−−×××

−×=

prodwt

iprodi
E

EggEgg

KCALEggKCALFI
FIDM

3319.0

53140185.088.0
88.0  

8.3.2  Nitrogen excretion: 

     ( ) ( )prodwtcpE EggEggCFIN ××−×= 0182.025.6  (2) 

8.3.3  Phosphorus excretion: 

     ( ) ( )prodwtpE EggEggCFIP ××−×= 0024.0  (3) 

8.3.4  Calcium excretion: 

     ( ) ( )prodwtCaE EggEggCFICa ××−×= 00383.0  (4) 

8.4 Assumptions: Diet contains 15% ash content and corrects diet energy retention to an ash-free, dry 
matter basis. Egg contains 33.19% solids, 1.82% N, 0.24% P, & 3.83% Ca. DM retention by hen is equivalent 
to energy expenditure for maintenance (100 kcal/hen, NRC, 1994; Lasiewski and Dawson, 1967), heat 
increment (40 kcal; NRC, 1994; MacLeod and Jewitt, 1988), and egg production (53 kcal/egg; NRC, 1994). 

8.5 Manure Characteristics Based Upon Typical Performance and Diets – See Tables 12a and 12b. 

Table 12a – Section 8 – Estimated typical manure (urine and feces combined) characteristics as 
excreted based upon equations in Section 8 and assumptions in Table 12b 

Animal Type and 
Production Grouping Total Solids Nitrogen Phosphorus Calcium Total Manure1 

 kg/da-animal 

Layer 0.022 0.0016 0.00048 0.0022 0.088 

 lb/da- animal 

Layer 0.049 0.0035 0.0011 0.0048 0.19 
1 Total manure is calculated from total solids and assumed moisture of 75%. 

Table 12b – Section 8 – Dietary and performance assumptions 

Animal 
Type and 

Production 
Grouping 

Average 
Live 

Weight 
(kg) 

Feed 
Conversion 
(kg of feed 
per kg of 
product) 

Dietary Assumptions 

Comments or Written Description of 
Assumptions Reference1 

Dry Matter 
Intake  
(g per 
phase) 

Crude 
Protein 
(g per 
phase) 

P  
(g per 
phase) 

Layer 1.3–1.45 
at start 

1.994 36.64 kg 
from  

20–80 wk 

6500.4 g 
from  

20–80 wk

249.0 g 
from  

20–80 wk

20-80 wk production cycle. Feed is 
88% dry matter 64% and 36% of 
industry is light (1.28 kg) and heavy 
(1.45) weight strains, respectively. A 
weekly change in diet formulation, feed 
consumption, and egg production was 
assumed from average performance. 

8.6 References 

8.6.1  Applegate, T., L. Potturi, R. Angel. 2003. Model for estimating poultry manure nutrient excretion: A 
mass balance approach. Proceedings of the International Symposium for Animal, Agricultural, and Food 
Processing Wastes IX. ASAE. St. Joseph, MI. 296-302. 
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9.0 Equations for As-Excreted Manure Characteristics Estimates for Swine 

9.1 Fundamental Model 

Nutrient Excretion = Nutrient Feed Intake – Nutrient Retention 

9.2 See 2.0 Caution 

See Table 13, Definitions of Input Variables (using all swine groups). 

Table 13 – Section 9 – Definition of Output Variables (used for all swine groups)  
Variable Description Units 

Nutrient Intake 

NI Daily nitrogen intake g/day 

NI–T Nitrogen intake per finished animal or period (e.g. lactation) g/finished animal or g/period 

PI Daily phosphorus intake g/day 

PI–T Phosphorus intake per finished animal or period (e.g. lactation) g/finished animal or g/period 

Nutrient Retention 

NR Daily nitrogen retained g/day 

NR–T Nitrogen retained per finished animal or period (e.g. lactation) g/finished animal or g/period 

WBNF Whole body nitrogen content at final body weight g 

WBNI Whole body nitrogen content at initial body weight g 

PR Daily phosphorus retained g/day 

PR–T Phosphorus retained per finished animal or period (e.g. lactation) g/finished animal or g/period 

Nutrient Excretion 

NE Daily nitrogen excretion g/day 

NE–T Total nitrogen excretion per finished animal or period (e.g. lactation) g/finished animal or g/period 

PE Daily phosphorus excretion g/day 

PE–T Total phosphorus excretion per finished animal or period (e.g. lactation) g/finished animal or g/period 

DME Daily dry matter excretion g/day 

DME–T Total dry matter excretion per finished animal or period (e.g. lactation) g/finished animal or g/period 

9.3 Equations for Estimating Excretions — See Table 14, Input Variables — Grow-finish Pigs (20 to 120 kg). 

9.3.1  Nutrient and Solids excretion — grow-finish Pigs (20 to 120 kg): 

     TRTITE NNN −−− −=  (1) 

     TRTITE PPP −−− −=  (2) 

    ( )[ ] ( )[ ]100,220025.0000,10100 +×××+−××=− AVGGGDMTE BWDOFDMDFICDM  (3) 

9.3.2  Nutrient intake — grow-finish pigs (20 to 120 kg): 

     625GCPGTI DOFCADFIN ××=−    or   625CPG CFI ×  (4) 

     100GPGTI DOFCADFIP ××=−    or   100PG CFI ×  (5) 
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9.3.3  Nutrient retention — grow-finish pigs (20 to 120 kg): 10 

    
( )[ ]

( )[ ] ( )[ ]{ } 4.15907.005.0
4.159

IFFIFFI

FFFTR

BWBWFFLPBWBWDPBW
FFLPDPBWN

−×+×−×−×−
××=−  (6) 

     ( ) ( )[ ]FIRTRTTR WBNWBNNNP +×××−×= −
−

6100.82256.0  (7) 

     ( ) 4.159FFFF FFLPDPBWWBN ××=  (8) 

    ( )[ ]{ } ( )[ ]{ } 4.15907.005.0 IFFIFFII BWBWFFLPBWBWDPBWWBN −×+×−×−×=  (9) 

Daily excretion of solids, nitrogen and phosphorus can be estimated by dividing total excretion estimated above 
by days on feed for the grow-finish phase (DOFG). 

Table 14 – Section 9.3 – Input Variables — Grow-finish Pigs (20 to 120 kg)  
Variable Description Units 

Animal Performance Characteristics 

BWI Initial body weight kg 

BWF Final body weight (market weight) kg 

BWAVG Average of initial and final body weight kg 

DOFG Days on feed to finish animal (grow-finish phase) days 

DPF Average dressing percent (yield) at final weight, typically from packer kill sheet % 

FFLPF Average fat-free lean percentage at final weight, typically from packer kill sheet % 

Feed Program Characteristics 

ADFIG Average daily feed intake over finishing period (grow–finish phase); user provided or 
see NRC (1998) 

g/d 

FIG Feed Intake per finished animal (grow–finish phase) g/finished animal 

CCP Concentration of crude protein in total (wet) ration % 

CP Concentration of phosphorus in total (wet) ration % 

CDM Dry matter concentration of diet % 

DMD Dry matter digestibility of total ration % 

9.4 Equations for Estimating Excretions — See Table 15, Definitions of Input Variables — Weanling Pigs  
(5 to 20kg). 

9.4.1  Nutrient and solids excretion — weanling pigs (5 to 20 kg): 11 

     TRTITE NNN −−− −=  (1) 

     TRTITE PPP −−− −=  (2) 

     ( ) 000,10100 DMDDOFADFICDM NNDMTE −×××=−   11   (3) 

 
  

                                                      
10 P retention based on relation to N (Jongbloed, 1987). 
11 Dry matter excretion in feces only. 
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9.4.2  Nutrient intake — weanling pigs (5 to 20 kg): 

     625NCPNTI DOFCADFIN ××=−    or   625CPN CFI ×  (4) 

     100NPNTI DOFCADFIP ××=−    or   100PN CFI ×  (5) 

9.4.3  Nutrient retention — weanling pigs (5 to 20 kg): 10 

     ( )[ ]{ } 8.125137.01 NINFGNTR BWBWFFLGDOFN −−− +×+××=  (6) 

     ( )NINFTR BWBWP −−− −×= 7494.4  (7) 

Daily excretion of solids, nitrogen and phosphorus can be estimated by dividing total excretion estimated above 
by days on feed for nursery phase (DOFN). 

Table 15 – Section 9.4 – Definition of Input Variables — Weanling Pigs (5 to 20 kg)  
Variable Description Units 

Animal Performance Characteristics 

BWI-N Initial body weight in nursery phase kg 

BWF-N Final body weight in nursery phase kg 

DOFN Days on feed to finish animal (nursery phase) days 

DP120 Average dressing percent (yield) at 120 kg, typically from packer kill sheet % 

FFLGG Average fat-free lean gain from 20 to 120 kg 
Recommended values:      350 g/day    High lean growth capacity pigs 

325 g/day    High-moderate lean growth capacity pigs  
300 g/day    Moderate lean growth capacity pigs 

Source: National Research Council. 1998. Nutrient Requirements of Swine. 
National Academy Press. Washington, D. C. 189 pages. 

g/d 

Feed Program Characteristics 

ADFIN Average daily feed intake over finishing period (nursery phase); user provided or 
see NRC (1998) 

g/d 

FIN Feed Intake per finished animal (nursery phase) g/finished animal 

CCP Concentration of crude protein in total (wet) ration % 

CP Concentration of phosphorus in total (wet) ration % 

CDM Dry matter concentration of diet % 

DMD Dry matter digestibility of total ration % 

9.5 Equations for Estimating Excretions — See table 16, Input Variables — Gestating Sows. 

9.5.1  Nutrient and solids excretion — gestating sows: 11 

     TRTITE NNN −−− −=  (1) 

     TRTITE PPP −−− −=  (2) 

     
( )

( )DMDADFIC
DMDGLADFICDM

SDM

SDMTE

−×××=
−×××=−

1000115.0
000,10100

  11 (3) 
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9.5.2  Nutrient intake — gestating sows: 11 

     184.0625 ××=××=− CPSCPSTI CADFIGLCADFIN  (4) 

     15.1100 ××=××=− PSPSTI CADFIGLCADFIP  (5) 

9.5.3  Nitrogen retention — gestating sows: 12 

     ( ) ( )1.398.36 ×+×=− LITTERGLTGN TR  (6) 

     
( ) ( )[ ]{ } ( )

( )[ ]{ }80.0277.2

7.5277.29717.3039.93

×−×+

×+×−−×+=−

Birth

BirthBPFTR

LWLITTER

LWLITTERSWSWP
 (7) 

Note: NR-T accounts for nitrogen retention in maternal weight gain and the developing litter. PR-T considers 
phosphorus retention in maternal weight gain, developing litter and placenta tissue. 

Daily excretion of solids, nitrogen and phosphorus can be estimated by dividing total excretion estimated above 
by gestation length (GL) in days. 

Table 16 – Section 9.5 – Input Variables — Gestating Sows 
Variable Description Units 

Animal Performance Characteristics 

GLTG Gestation lean tissue gain; recommended value 19.205 kg kg 

GL Gestation period length (assumed to be 115 days) days 

SWBreed Sow body weight at breeding kg 

SWPF Sow body weight post farrowing kg 

LWBirth Litter weight at birth kg 

LITTER Number of pigs in litter number of pigs 

Feed Program Characteristics 

ADFIS Average daily feed intake during gestation g/d 

CCP Concentration of crude protein % 

CP Concentration of phosphorus % 

CDM Dry matter concentration of diet % 

DMD Dry matter digestibility of total ration % 

9.6 Equations for Estimating Excretions – See Table 17, Input Variables — Lactating Sows. 

9.6.1  Nutrient and solids excretion — lactating sows 

     TRTITE NNN −−− −=  (1) 

     TRTITE PPP −−− −=  (2) 

     ( ) 000,10100 DMDLLADFICDM LDMTE −×××=−
11 (3) 

  

                                                      
12 Assumes gestation period length of 115 days. 
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9.6.2  Nutrient intake — lactating sows 

     625LLCADFIN CPLACTTI ××=−  (4) 

     100LLCADFIP PLACTTI ××=−  (5) 

9.6.3  Nutrient retention — lactating sows 

     [ ] ( ) ( )8.36328.36 ×−×+×=− BIRTHWEANTR LWLWLLTGN  (6) 

     ( ) ( )[ ] ( ) ( )[ ]7.54.628.584.4 ×−×+×−×=− BIRTHWEANPFWEANTR LWLWSWSWP  (7) 

Daily excretion of solids, nitrogen and phosphorus can be estimated by dividing total excretion estimated above 
by lactation length (LL) in days. 

Table 17 – Section 9.6 – Input Variables — Lactating Sows  
Variable Description Units 

Animal Performance Characteristics 

LLTG Lactation lean tissue gain; recommended value: -4.20 kg kg 

LL Lactation length (or time to weaning) days 

SWWEAN Sow body weight at litter weaning kg 

SWPF Sow body weight post farrowing kg 

LWWEAN Litter weight at weaning kg 

LWBIRTH Litter weight at birth kg 

Feed Program Characteristics 

ADFILACT Average daily feed intake during lactation g/d 

CCP Concentration of crude protein % 

CP Concentration of phosphorus % 

CDM Dry matter concentration of diet % 

DMD Dry matter digestibility of total ration % 

9.7 Manure Characteristics Based Upon Typical Performance and Diets – See Tables 18a, 18b, and 18c. 

Table 18a – Section 9.7 – Estimated typical manure (urine and feces combined) characteristics as 
excreted based upon equations in Section 9 and assumptions in Table 18b 

Animal Type and 
Production Grouping Total solids Nitrogen Phosphorus Total solids1 Nitrogen Phosphorus 

 kg/ finished animal lb/ finished animal 

Swine: Nursery pig, 12.5 kg    0.41  0.068   0.91  0.15 

Swine: Grow-finish, 70 kg  56  4.7  0.76  120  10  1.7 

 kg/day animal lb/day animal 

Swine: Gestating sow, 200 kg    0.032  0.009   0.071  0.020 

Swine: Lactating sow, 192 kg    0.085  0.025   0.19  0.055 
1 Total solids include urine and feces. 
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Table 18b – Section 9.7 – Dietary and performance assumptions1,2 

Animal Type and 
Production  
Grouping 

Live  
Weight  

(kg) Average
Daily Gain

(kg/da) 

Days
on 

Feed 

Feed 
Conversion
(kg of feed

per kg  
of gain) 

Dietary Assumptions 
Dry Matter

Intake  
(% of avg. 

body weight)
Dry Matter 

Digestibility 

Crude
Protein
(g/day)

P 
(g/day)In Out 

Nursery pig, 12.5 kg1,2 5 20 0.412 36 1.50 5.0 80 % 137 3.88 
Grow-finish, 70 kg1,2 20 120 0.84 120 2.80 3.4 82 % 371 10.3 
1 Feed is 88% dry matter. Corn-soybean meal-animal protein (weanling pig) or corn-soybean meal (grow-finish) diet 
meets the lysine requirement. 
2 N and P intake is based on NRC (1988). N and P retention are based in NRC (1988). P retention is based on Mahan 
and Newton (1995). 

Table 18c – Section 9.7 – Dietary and performance assumptions of sows1,2 

Animal Type 
and 

Production Grouping 

Average 
Live 

Weight 
(kg) Production 

Dietary Assumptions 

Comments or Written 
Description of 
Assumptions 

Reference1 

Dry Matter
Intake 
(% of 

average
body 

weight) 

Dry 
Matter 

Digestibility

Crude
Protein
(g/day) 

P 
(g/day) 

Gestating sow, 200 kg 
(start 175 kg, end 225 
kg) 1,2, 115 day 
gestation period 

200 12 pigs/litter 1.00 82% 259 12.4 Wt gain = 50 kg with 27 
kg wt gain with litter and 
23.0 kg wt gain for dam;

gestation lean tissue 
gain = 17.6 kg 

Lactating sow, 192 kg 
(start 198 kg, end 185 
kg)1,2, 20 day lactation 
period 

192 10 pigs 
nursing 

2.60 82% 967 34 Wt change = –13 kg; 
lactation lean tissue 
change = –5.3 kg 

1 Assumes corn-soy diet that is 88 % dry matter and meets the lysine requirement. 
2 N and P intake is based on NRC (1998). N retention is based on NRC (1998). P retention is based on Mahan and 
Newton (1995). 

9.8 References 

9.8.1  Carter, S., G. Cromwell, P. Westerman, J. Park, and L. Pettey. 2003. Prediction of Nitrogen, 
Phosphorus, and Dry Matter Excretion by Swine Based on Diet Chemical Composition, Feed Intake, and 
Nutrient Retention. Proceedings of the International Symposium for Animal, Agricultural, and Food Processing 
Wastes IX. ASAE. St. Joseph, MI. 285-295. 

10.0  As-Removed Manure Production and Characteristics 
10.1  Many physical, chemical, and biological processes can alter manure characteristics from its original as-
excreted form. The as-removed manure production and characteristics values reported in this table allow for 
common modifications to excreted manure (Section 3) resulting from water addition or removal, bedding 
addition, and/or treatment processes. These values represent typical values based on available data sources 
(see end of Section 10). The variances on the data presented in Section 10, As-Removed Manure Production 
and Characteristics, are significantly high, and strongly correlated to the geographic location and the type of 
manure management system in use. These estimates may be helpful for individual farm long-term planning 
prior to any samples being available and for planning estimates addressing regional issues. Whenever 
possible, site-specific samples or other more localized estimates should be used in lieu of national tabular 
estimates. This table should not be used to develop individual year nutrient management plans for 
defining field specific application rates, unless absolutely no site-specific manure analysis data are 
available. Where site-specific data are unavailable, this table may provide initial estimates for planning 
purposes until site-specific values are available. 

See Tables 19 and 20. 
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Table 20 – References 

The numbers in the table are rounded averages gathered from across the U.S. They are best-estimate 
interpretations based on the research data collected. 

Beef 

Earthen Lots Concrete Lots 

Nebraska unpub. (12 lots, 96 hd ea)  Iowa unpublished data (N~ 6) 

NC State (n~30) NC State (n~27) 

Texas AM University (n~4)  

Oklahoma State University (n = 72)  

Ward lab (n = 1026) NOTE: Not enough data to publish estimates for concrete 
lots � = 1144 

Dairy  

Scraped Earthen Lots Scraped Concrete Lots Lagoon Effluent Liquid Slurry 

Jones (Texas, n~17) N.C. State data (n~ 187) N.C. State data (~160) N.C. State data (n~400) 

TAMU (n~5) TAMU (n~ 3) Meyer (n~ 518) Minn (n~21) 

Dairyland (n~77) ISU (n~18) NY (n~57) NY (n~39) 

Agsource (n~367) KSU (n~9) TAMU (n~18) Kansas (n~18, Stram et al.) 

   Wisc (n~746) 

   Dairyland (n~216) 

   Agsource (n~514) 

   NRAES-31, 1989, Collins et 
al.) 

� = 476 � = 190 � = 753 � = 1954 

Swine 

Deep Pit Slurry Flush Water Lagoon Surface Water Agitated Liquid & Solids 

ISU Jaranilla (n = 24) SE US data (Chastain) SE US data (Chastain) SE US data (Chastain) 

ISU NIR data (n = 268) 
(1999 & 2000 data) 

 Mo. Data ISU NIR data (n= 
189) 

 

� = 292  � = 189+  

Poultry 

Pullets Layer Hens Broiler Litter Turkey Litter 

Patterson Patterson   

 ISU (Lorimor & Xin, n = 48) ISU (Mo. & Okla samples,  
n = 95) 

 

10.2 References (continued) 

10.2.1 Barker, J. C., J. P. Zublena, C. R. Campbell. 1994. Unpublished compilation of manure samples of all 
species and facilities. North Carolina State Univ. Raleigh, N.C. 

10.2.2 Stram, T. D., J. P. Harner, D. V. Key, and J. P. Murphy. 2000. Nutrients available from dairy lagoons and 
sand-laden manure. ASAE paper MC00-120. Presented at Mid Central Meeting of ASAE.  

10.2.3 Collins, E. R., T. A. Dillaha, and H. W. Roller. 1989. Dairy manure management. NRAES-31. 

10.2.4 Lorimor, J. C., and H. Xin. 1999. Manure production and nutrient concentrations from high-rise layer 
houses. ASAE Trans. 15(4): 337-340. 
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10.2.5 Patterson, P. H., and E. S. Lorenz. 1996. Manure nutrient production from commercial white leghorn 
hens. Applied Poultry Science Research report. 

10.2.6 Lorimor, J. C., W. Powers, A. Sutton. 2000. Manure characteristics. MWPS18-Section 1. Midwest Plan 
Service. Ames, IA. 

10.2.7 Lorimor, J. C. 1999. Managing manure nutrients for crop production. ISU Extension publication PM-
1811. Ames, IA. 

10.2.8 Chastain, J. P. 2002. Nutrient content of swine manure as removed. Unpublished data compiled by the 
author. 

10.2.9 Erickson, G. A., T. Klopfensteein, D. Walters, and G. Lesoing. 1998. Nutrient balance of nitrogen, 
organic matter, phosphorus and sulfur in the feedlot. Nebraska Beef Report, Univ. of Nebraska, Lincoln, NB. 

10.2.10 Ward Lab. 2003 Data accumulated from commercial lab (603 samples). 

10.2.11 Lorimor, J. C. 2003. Unpublished data compiled by author on earthen beef feedlots in Iowa. 

10.2.12 Jaranilla-Sanchez, P. A., J. C. Lorimor, and J. Boeding. 2003. Manure Accumulation in a Deep Pit 
Finishing Building. ASAE paper MC03-403. Presented at Mid Central Meeting of ASAE. 

10.2.13 Bicudo, J. 2003. Compilation of unpublished data. Numbers were based on analyses of stall waste 
made in KY, TX, CO, Alberta (Canada), OK, and WA. 

10.2.14 Ye, W. 2003. Application of near-infrared spectroscopy for determination of nutrient contents in 
manure. PhD dissertation, Iowa State University. 



Size	(lbs) (lbs) (cu	ft) (gal) (lbs	N) (lbs	P2O5) (K2O)
Finishing	Steer 1,100 54 0.86 6.46 0.4 0.12 0.25
Layer	Hen 3 0.15 0.002 0.017 0.0026 0.0008 0.0012

Ratio	 0.0027273 0.0027778 0.0023256 0.0026316 0.0065 0.0066667 0.0048

Average	Ratio 0.0025783

	

	

Total	Manure Nutrient	Content
Table	6.		Daily	manure	production	and	characteristics,	as-excreted	(per	head	per	day)
Manure	Characteristics	MWPS-18	Section	1,	Second	Edition
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