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1.0 INTRODUCTION

Section 301(d) of the Clean Water Act (CWA) directs EPA to periodically review

and revise, if necessary, effluent limitations guidelines and standards promulgated under CWA

Sections 301, 304, and 306.  Concentrated animal feeding operations (CAFOs) have been

identified as a major source of nutrients impairing surface water and ground water in the United

States; therefore, EPA is revising the existing effluent guidelines for CAFOs.

For beef, dairy, heifer, veal, swine, chicken, and turkey animal feeding operations,

EPA collected data on the amount of manure and wastewater produced, the pollution control and

management practices in place, and current land-application practices at the operations.  Based on

these data, EPA identified new regulatory requirements to be imposed on concentrated animal

feeding operations (CAFOs) through revision of the effluent guidelines and standards.  This report

describes the methodology used to estimate engineering compliance costs (in 1997 dollars)

associated with installing and operating the various technologies and practices that make up the

10 regulatory options considered for beef, dairy, heifer, veal, swine, chicken, and turkey

operations. The technologies described in this report were used to estimate compliance costs, but

are not necessarily mandated by the rule. In practice, a facility may choose a different waste

management system to meet the requirements of the rule.

Section 1.1 describes the regulatory options considered for CAFOs, Section 1.2

discusses the development of model farms used to determine compliance costs for each option,

Section 1.3 defines key terms used throughout this report, and Section 1.4 presents the overall

organization of the report.

1.1 Regulatory Options

EPA considered the following 10 regulatory options for CAFOs.  These options

are described below:
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1 Zero discharge from a facility designed, maintained, and operated to hold
manure, litter, and other process wastewater, including direct precipitation
and runoff from a 25-year, 24-hour rainfall event.  This option includes
implementation of feedlot best management practices, including stormwater
diversions; lagoon and pond depth markers; periodic inspections; nitrogen-
based agronomic application rates; elimination of manure application within
100 feet of any surface water, tile drain inlet, or sinkhole; mortality-
handling, nutrient management planning, and recordkeeping guidelines.

1A The same elements as Option 1, with the addition of storage capacity for
the chronic storm event (10-year, 10-day storm) above any capacity
necessary to hold manure, litter, and other process wastewater, including
direct participation and runoff from a 25-year, 24-hour rainfall event.   

2 The same elements as Option 1, except nitrogen-based agronomic
application rates are replaced by phosphorus-based agronomic application
rates when dictated by site-specific conditions.

3A/3B The same elements as Option 2, plus Option 3A facility costs include an
assessment of the ground water’s hydrologic link to surface water; Option
3B facility costs include ground water monitoring, concrete pads,
synthetically lined lagoons and/or synthetically lined storage ponds.

3C/3D The same elements as Option 2, plus permeability standards for lagoons
and storage ponds, which may include costs for synthetically lined lagoons
and ponds.

4 The same elements as Option 2, plus costs for additional surface water
monitoring.

5 For swine, poultry, and veal operations only, the same elements as Option
2, but is based on zero discharge with no overflow under any
circumstances (i.e., total confinement and covered storage).

5A For beef, dairy, and heifer operations only, the same elements as Option 2,
plus implementation of a drier manure management system (i.e.,
composting).

6 For the large swine and dairy operations only, the same elements as Option
2, plus implementation of anaerobic digestion with energy recovery.

7 The same elements as Option 2, plus timing restrictions on land application
of animal waste to frozen, snow-covered, or saturated ground.

EPA also conducted several sensitivity analyses, described in Section 8.
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EPA selected Option 2 as BAT for all CAFOs and as New Source Performance

Standards (NSPS) for beef feedlots, dairies, and heifer operations.  EPA selected Option 5 as

NSPS for swine, poultry, and veal operations or containment for 100-year storm (see the

Technical Development Document for additional information). 

To determine the cost of complying with each option, EPA developed model farms

that form the basis of the cost estimate for each type of operation under the regulatory options. 

The waste management technologies that make up the model farms are based primarily on the

animal type and the types of waste managed. Waste management practices determine the amount

of manure waste and wastewater generated that are used to size and cost various technologies or

practices. Where differences in production practices (such as the finishing versus farrowing phases

of swine production) or waste management practices (such as under-house pits versus lagoons)

are significantly different within an animal sector, EPA developed additional model farms to better

reflect costs incurred by each type of operation.  Ultimately, EPA developed more than 15,000

model farms to reflect the variability in production, waste management, farm size, crop land

availability, and regional and climatic differences. Table 1.1-1 presents the technologies and

practices that are included for each option.

The types of operations used to model beef, dairy, heifer, swine, chicken, turkey,

and veal facilities are summarized below:

C Beef feedlots and heifer operations house cattle on drylots.  The manure
that is deposited in the drylot is periodically scraped and stockpiled on site
or is transported to cropland on or off site.  It is handled as a solid material. 
Runoff from the feedlot operation is collected and stored in a waste storage
pond with capacity for the 25-year, 24-hour rainfall and 180 days of
storage.  Runoff is treated in a sedimentation basin before going to the
storage pond.
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Table 1.1-1

Summary of Regulatory Options

Technology or Practice

Options

 1 1A 2 
3A/
3B

3C/
3D 4 5 5A 6 7

Feedlot best management practices (BMPs), including stormwater diversions, covered storage
for dry poultry litter, lagoon/pond depth markers, periodic inspections, and recordkeeping.

T T T T T T T T T T

Mortality-handling requirements (e.g., rendering, composting).a T T T T T T T T T T

Nutrient management planning and recordkeeping (sample soils once every 3 years, sample
manure twice per year).

T T T T T T T T T T

Land application limited to nitrogen-based agronomic application rates. T T

Land application limited to phosphorus-based agronomic application rates where dictated by
site-specific conditions, and nitrogen-based application elsewhere.

T T T T T T T T

No manure application within 100 feet of any surface water, tile drain inlet, or sinkhole. T T T T T T T T T T

Ground water requirements, including assessment of hydrologic link, monitoring wells (4 per
facility),  sampling, impermeable pads under storage, impermeable lagoon/pond liners, and
temporary/modified storage during upgrade.

T

Ground water requirements including performance based standards for lagoons. T

Additional capacity for 10-year, 10-day chronic storm event. T

Surface-water monitoring requirement (4 total grab samples upstream and downstream of both
feedlot and land application areas, 12x/yr; one composite sample collected 1x/yr at stockpile
and surface impoundments.  Samples are analyzed for nitrogen, phosphorus, and total
suspended solids.).

T

Drier manure technology basis (covered lagoons for veal, swine (option 5), and layers (option
5) and compostingb for beef feedlots, dairies, heifer, and veal operations).  Retrofit to high-rise
houses for swine and wet layer operations under option 5A.

T T

Anaerobic digestion. T

Timing requirements for land application (resulting in regional variation in storage periods). T
aThere are no additional compliance costs expected for beef feedlots, dairies, and heifer and veal operations related to mortality-handling requirements.
bComposting is included in Options 1 through 4 and Option 7 when expected to be the least costly method of handling manure.
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C Dairies with flush barns house the milking cows (both lactating and dry) in
freestall barns that are flushed twice daily while the cows are being milked. 
The cows are milked in separate parlors that are flushed between milkings. 
Flush water and manure is collected in a central collection system and
transported to an on-site anaerobic lagoon, with capacity for the 25-year
24-hour rainfall and 180 days of storage. The wastewater is treated in a
solids separator before going to the lagoon.

Immature animals (i.e., heifers and calves) are housed on drylots.  The
manure that is deposited in the drylot is periodically scraped and stockpiled
on site or is transported to cropland on or off site.  It is handled as a solid
material.  Runoff from the drylot is routed directly to the lagoon.

C Dairies with scrape barns house the milking cows (both lactating and dry)
in freestall barns that are scraped daily.  The scraped manure is stored on
site or is transported to cropland on or off site.  The cows are milked in
separate parlors that are hosed down between milkings.  Parlor hose water
and manure is collected in a central collection system and transported to an
on-site anaerobic lagoon with capacity for the 25-year, 24-hour rainfall
event and 180 days of storage. Wastewater is treated in a solids separator
before going to the lagoon.  

Immature animals (i.e., heifers and calves) are housed on drylots.  Their
manure is handled as described under flush barns above.  

C Veal operations house the veal calves in confinement barns that are flushed
daily.  The flush water and manure is collected and stored in a central
collection system, usually a lagoon or a pit under the barn, until it is
transported to cropland on or off site. Storage lagoons are sized to hold
180 days of storage.

C Farrow-to-finish swine operations house swine in total confinement barns. 
Farrow-to-finish operations include all common production phases
including farrowing, nursery, and finishing (final production).  Manure
from these operations is stored in a pit under the house, flushed to an on-
site anaerobic lagoon with capacity for direct precipitation from the 25-
year, 24-hour rainfall event, or flushed to an evaporative lagoon.

C Grow/finish operations house swine in total confinement barns. 
Grow/finish operations specialize in the finishing phase. Manure from these
operations is stored in a pit under the house, flushed to an on-site anaerobic
lagoon with capacity for direct precipitation from the 25-year, 24-hour
rainfall event, or flushed to an evaporative lagoon.

C Broilers are housed in total confinement barns on the floor where
droppings are mixed with bedding such as wood shavings to form litter. 
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Litter close to drinking water forms a dry cake that is removed between
flocks.  The rest of the litter in a broiler house is removed periodically
(usually every 1 to 3 years) from the barns. 

C Layers are confined in cages in high-rise housing or shallow pit flush
housing.  In a high-rise house, the layer cages are suspended over a bottom
story, where the manure is deposited and stored.  In shallow pit flush
housing, a single layer of cages is suspended over a shallow pit.  Manure
drops directly into the pit, where it is flushed periodically to an on-site
anaerobic lagoon using recycled lagoon water.

C Turkeys, like broilers, are raised in total confinement barns on the floor
where droppings are mixed with bedding such as wood shavings to form
litter.  Litter close to drinking water forms a cake that is removed between
flocks.  The rest of the litter in a broiler house is removed periodically
(usually every 1 to 3 years) from the barns.

Each model farm is analyzed under three possible land availability scenarios,

named Category 1, Category 2, and Category 3.  Operations in Category 1 have sufficient

cropland to land apply all of their manure and waste, and therefore have no transportation costs.

Operations in Category 2 have some cropland. Therefore, Category 2 operations land apply a

portion of their manure and waste and transport the remainder off site. Operations in Category 3

have no cropland, and therefore transport all of their manure and waste off site. Note that some

operations are Category 1 when applying manure and wastewater on a nitrogen-based rate, but

may become Category 2 operations when applying manure and wastewater on a phosphorus-

based rate.

Each model farm is located in one of five geographic regions.  These regions were

developed by EPA from data received from the Economic Research Service (ERS) of USDA. 

ERS has developed 10 agricultural regions of the country for use in grouping economic

information. EPA originally planned to model costs using these 10 regions. However, the National

Agricultural Statistics Service (NASS) required certain ERS regions to be combined in order to

meet disclosure criteria for both economic data and census data.  Therefore, the 10 ERS regions

were condensed into the five regions used in this model based on similarities in animal production

and manure handling techniques across adjacent regions.  Figure 1.1-1 presents the states that are

contained within each of the five modeled regions.
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Figure 1.1-1.  Animal Feeding Operation (AFO) Production Regions
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1.2 Model Farm Descriptions

For each regulatory option, EPA estimated the costs to install, operate, and

maintain specific techniques and practices.  EPA traditionally develops either facility-specific or

model facility costs. Given the amount and type of information that is available for the beef, dairy,

swine, poultry, and veal industries, EPA has chosen a model-facility approach to estimate

compliance costs.  Model facilities, or model farms, are defined by the size of the operation,

regional location, and/or waste management practices.  The development of each model farm, as

well as the number of facilities by model farm, are described in more detail below.  All model

farms reflect Medium or Large CAFOs.

1.2.1 Beef Feedlots and Heifer Operations

EPA developed one type of model farm to represent medium- and large-sized beef

feedlots and heifer operations in the United States. The parameters describing the beef and heifer

model farm were developed from information from USDA, data collected during site visits to beef

feedlots across the country, meetings with USDA extension agents, the National Cattlemen’s Beef

Association, and the National Milk Producers Federation, and discussions with the Professional

Heifer Growers Association. A description of the various components that make up the model

farm is presented below, with the sources of the information used to develop that piece of the

model farm referenced.

Housing

The vast majority of beef feedlots and heifer operations in the United States house

the cattle on drylots (USDA APHIS, 1995).  Some smaller operations use confinement barns at

beef feedlots. However, since the majority of operations, including most new ones, use open lots,

EPA used drylots as the housing for the beef model farm.  Some operations raise the heifers on

pasture, but because this regulation addresses only confined operations, the heifer model farm

accounts only for animals housed on drylots.  The size of the drylot is calculated using animal

space requirements suggested by Midwest Plan Service (MWPS, 1995).
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Waste Management System

Based on site visits, the drylot is the main area where waste is produced at beef

feedlots and heifer operations.  Waste from the drylot includes solid manure, which has dried on

the drylot, and runoff, which is produced from precipitation that falls on the drylot and open feed

areas.

Most beef operations in the United States divert runoff from the drylot to a storage

pond (USDA APHIS, 1995a).  Heifer operations typically operate like beef feedlots (Cady, R,

2000). As such, EPA assumed that runoff from the drylot is channeled to a storage pond at both

beef and heifer operations.  Some operations use a solids separator (typically an earthen basin) to

remove solids from the waste stream prior to the runoff entering the pond.  Solid waste from the

drylot is often mounded on the drylot to provide topography for the cattle and is later moved

from the drylot for transportation off site or land application on site  (USDA APHIS, 1995a). 

The beef and heifer model farm was developed following these typical

characteristics of beef feedlots and heifer operations.  Figure 1.2.1-1 presents the waste

management system used as part of the beef and heifer model farm.  

Region

Data from site visits indicate that beef feedlots in varying regions of the country

have different characteristics.  These differences are primarily related to climate.  For example, a

beef feedlot in the Midwest region receives a greater amount of rainfall annually than a beef

feedlot in the Central region; therefore, the Midwest feedlot produces a greater volume of runoff

to be contained and managed.  Because operating characteristics may change between regions to

accommodate these climatological differences, beef feedlots are modeled in five diverse regions of

the United States: Central, Mid-Atlantic, Midwest, Pacific, and South, as described in Section 1.1. 

Data from USDA indicate that heifer operations are located in similar areas as beef feedlots and

would have similar characteristics as the beef feedlots.  
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Figure 1.2.1-1.  Beef and Heifer Model Farm Waste
Management System

1.2.2 Dairies

EPA developed two model farms to represent medium- and large-sized dairies in

the United States:  a flush dairy and a hose/scrape dairy. These types of farms were identified as

the predominant type of dairy in the United States based on data collected from site visits and

NAHMS.  EPA developed the parameters describing the dairy model farms are developed from

information from USDA, 1997 Agricultural Census data, data collected during site visits to dairy

farms across the country, meetings with USDA extension agents, and meetings with the National

Milk Producers Federation and Western United Dairymen.  A description of the various
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components that make up the model farms is presented below, with the sources of the information

used to develop each piece of the model farm.

Housing

To determine the type of housing used at the model farm, the type of animals on

the farm were considered.  In addition to the mature dairy herd (including lactating, dry, and

close-up cows), there are often other animals on site at the dairy, including calves and heifers. 

The number of immature animals (i.e., calves and heifers) at the dairy is proportional to the

number of mature cows in the herd, but further depends on the farm’s management.  For example,

the dairy may house virtually no immature animals on site and obtain their replacement heifers

from off-site operations, or the dairy could have close to a 1:1 ratio of immature animals to

mature animals.  Site visits suggest the trend that the largest dairy managers want to focus on milk

production only, and prefer not to keep heifers on site.

Typically, according to Census of Agriculture data, for dairies greater than 200

milking cows, the number of calves and heifers on site equals approximately 60 percent of the

mature dairy (milking) cows (USDA, 1997).  EPA assumes that there are an equal number of

calves and heifers on site (30 percent each) at the dairy model farms.  Based on this information,

the number of calves on site is estimated to be 30 percent of the number of mature cows on site,

as are the number of heifers on site, for the dairy model farm.  The percentage of bulls is typically

small (USDA, 1997), as most dairies do not keep them on site.  For this reason, EPA assumed

that their impact on the model farm waste management system is insignificant, and did not

consider bulls in the dairy model farm.

The most common types of housing for mature cows include freestall barns, tie

stalls/stanchions, pasture, drylots, and combinations of these (Stull, C.E., et. al. eds. 1998). 

Based on site visits, most medium- to large-sized dairies (>200 mature dairy cows) house their

mature dairy cows in freestall barns; therefore, it is assumed that mature dairy cows are housed in

freestall barns for the dairy model.
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The most common types of calf and heifer housing are drylots, multiple animal

pens, and pasture (USDA APHIS, 1996a).  Based on site visits, most medium- to large-sized

facilities use drylots to house their heifers and calves; therefore, it is assumed that calves are

housed in hutches on drylots and heifers are housed in groups on drylots at dairies described in

the model.  EPA calculated the size of the drylot for the model farm using animal space

requirements suggested by Midwest Plan Service (MWPS, 1995).

Waste Management Systems

Waste is generated in two main areas at dairies:  the milking parlor and the housing

areas.  Waste from the milking parlor includes manure and wash water from cleaning the

equipment and the parlor after each milking.  Waste from the confinement barns includes bedding

and manure for all barns, and wash water if the barns are flushed for cleaning.  Waste generated

from the drylots includes manure and runoff from any precipitation that falls on the drylot.  

Based on site visits, most dairies transport their wastewater from the parlor and

flush barns to a lagoon for storage and treatment.  Some dairies use a solids separator (either

gravity or mechanical) to remove larger solids prior to the wastewater entering the lagoon.  Solids

are removed from the separator frequently to prevent buildup in the separator, and they are

stockpiled on site.  Solid waste scraped from a barn is typically stacked on the feedlot for storage

for later use or transport.  Solid waste on the drylot is often mounded on the drylot for the cows

and is later moved for transport or land application.  Wastewater in the lagoon is held in storage

for later use, typically as fertilizer on cropland either on or off site.  Figure 1.2.2-1 presents the

waste management systems used for model dairy farm.

The amount of waste generated at a dairy depends on how the operation cleans the

barn and parlor on a daily basis.  Some dairies clean the parlor and barns by flushing the waste (a

flush dairy); others use less water, hosing down the parlor and scraping the manure from the barns

(a hose/scrape dairy).  EPA estimated the percentage of total dairies that operate as a flush dairy

or a hose/scrape dairy using USDA data (USDA APHIS, 1996a) and described in Section 4.3.2 of
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Figure 1.2.2-1.  Dairy Model Farm Waste Management Systems

this report.  Both flush and hose/scrape dairy systems are modeled separately as two model

facilities.
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Region

Data from site visits indicate that dairies in varying regions of the country have

different characteristics.  These differences are primarily related to climate.  For example, a dairy

in the Pacific region receives a greater amount of rainfall annually than a dairy in the Central

region; therefore, the Pacific dairy produces a higher amount of runoff to be contained and

managed.  Because operating characteristics may change between regions, dairies are modeled in

five distinct regions of the United States: Central, Mid-Atlantic, Midwest, Pacific, and South, as

described in Section 1.1.   

1.2.3 Veal Operations 

EPA developed one model farm to represent medium- and large-sized veal

operations in the United States. The parameters describing the veal model farm are developed

from information collected during site visits to veal operations in Indiana and discussions with the

American Veal Association.  A description of the various components that make up the model

farm is presented below, with the sources of the information used to develop that piece of the

model farm referenced.

Housing

Veal calves are generally grouped by age in environmentally controlled buildings. 

The majority of veal operations in the United States utilize individual stalls or pens with slotted

floors, which allow for efficient removal of waste (Wilson, 1995) .  Because this type of housing is

the predominant type of housing used in the veal-producing industry, individual stalls in an

environmentally controlled building is designated as the housing for the veal model farm.  
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Figure 1.2.3-1.  Veal Model Farm Waste Management System

Waste Management Systems

Based on site visits, the only significant source of waste at veal operations is from

the veal confinement areas.  Veal feces are very fluid; therefore, manure is typically handled in a

liquid waste management system.  Manure and waste that fall through the slotted floor are flushed

regularly out of the barn.  Flushing typically occurs twice daily.  Most veal operations have a

lagoon to receive and treat their wastewater from flushing, although some operations have a

holding pit system in which the manure drops directly into the pit.  The pit provides storage until

the material can be land applied or transported off site.  Wastewater in the lagoon is held in

storage for later use as fertilizer off site.

EPA developed the veal model farm used in the cost model from these general

characteristics.  The animals are totally confined; therefore, the only source of wastewater is from

flushing the manure and waste from the barns.  Direct precipitation is also collected on the lagoon

surface, if the lagoon is uncovered. Figure 1.2.3-1 presents a diagram of the veal model farm

waste management system.

Region

The American Veal Association indicates that veal producers are located

predominantly in the Midwest and Central regions (Crouch, A., 1999); therefore, only these two

regions are modeled as part of the veal model farm.  
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1.2.4 Swine Operations

EPA developed the parameters describing the model swine farms using information

from the USDA NASS, site visits to swine farms across the country, discussions with the National

Pork Producers Council, and the USDA Natural Resources Conservation Service (NRCS). A

description of the various components that make up the model farm is presented in the following

discussion, and the sources of the information used to develop each piece of the model farm are

noted.

Housing

Swine are typically housed in total confinement barns, and less commonly in other

housing configurations such as open buildings with or without outside access and pastures

(USDA APHIS, 1995b).  On many farms, small numbers of pigs (fewer than the number covered

by this regulation) are raised outdoors; however, the trend in the industry is toward larger

confinement farms at which pigs are raised indoors (NCSU, 1998).  For these reasons, the model

swine farm is assumed to house its animals in total confinement barns.

Waste Management Systems

The characteristics of waste produced at an operation depends on the type of

animals that are present. In farrow-to-finish operations, the pigs are born and raised at the same

facility.  Therefore, the manure at a farrow-to-finish farm has the characteristics of mixed excreta

from varying ages.  In grow-finish facilities, young pigs are first born and cared for at a nursery,

and then brought onto the finishing farm.  Therefore, the manure at a grow/finish farm has

characteristics of pigs older than 7 weeks.  These are the two predominant types of swine

operations in the United States for the size classes that would be covered under the final rule. 

The Technical Development Document contains additional information on herd and waste

characteristics.
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Swine houses with greater than 750 head typically store their wastes in pits under

the house or flush the wastes to outside lagoons.  Slatted floors or flush alleys are used to

separate manure and wastes from the animal.  It is common to allow manure to collect in a pit and

wash the pit one to six times per day with water to move the waste to a lagoon. The waste is

stored in the lagoon until it is applied to land or transported off site.  Storing the waste in an

anaerobic lagoon provides some treatment during storage, conditioning the wastewater for later

land application, and reducing odors (NCSU, 1998).  EPA developed model farms for farrow-to-

finish and grow/finish operations in the Mid-Atlantic and Midwest regions that are assumed to use

pits or flush alleys and anaerobic lagoon storage.

In the Midwest, a deep pit storage system is more common.  Deep pit systems start

with several inches of water in the pit, and the manure is collected and stored under the house

until it is pumped out for field application, typically twice a year.  This system uses less water,

creating a manure slurry that has higher nutrient concentrations than the flush system described

earlier.  A survey of swine operations in 2000 shows that both lagoons and deep pits are

commonly used for waste storage in the Midwest region (USDA APHIS, 2002).  For purposes of

developing the cost models, EPA estimated, from the USDA APHIS (2002) data, the percentage

of farrow-to-finish and grow/finish operations in the Mid-Atlantic and Midwest regions that use

pit storage.  EPA developed model farms for farrow-to-finish and grow/finish operations in the

Mid-Atlantic and Midwest regions that are assumed to use pit storage pumped twice per year. 

Although not present in the statistics that were available to the EPA at the time of

this analysis, EPA recognizes the increasing number of large swine operations in the Central

region.  Many of these larger operations in the Central region use evaporative lagoons instead of

traditional anaerobic lagoons found in the Mid-Atlantic and Midwest.  Thus, EPA developed

model farms for large facilities in the Central region and assumed evaporative lagoons are used for

waste storage.

EPA’s swine model farm’s under Option 5 assume that all lagoons are covered

with a synthetic cover.  Facilities that use deep pit storage are not assumed to need any additional

practices to comply with Option 5.
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Figure 1.2.4-1.  Swine Model Farm Waste Management System

Figure 1.2.4-1 presents these waste management systems used for the model swine

farms in this cost model.

Region

Data from site visits and North Carolina State University’s draft Swine and Poultry

Industry Characterization indicate that the predominant type of waste management system at

swine operations varies from region to region (NCSU, 1998).  EPA decided to develop model

farms for the Mid-Atlantic and Midwest regions because over 93 percent of the facilities with

more than 750 head were located in these two regions in 1997 (USDA NASS, 1999).  EPA added

additional model farms in the Central region based on comments received on the proposed rule

that many large facilities had recently located in states in the Central region. 

As previously mentioned, flush-to-lagoon waste storage systems are more common

in the Mid-Atlantic region while deep-pit storage systems are common in the Midwest.  Given the

regional variances in waste management systems, other variations in farming practices (e.g., crop

rotations), and differences in climate, swine operations with both type of waste storage systems
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were modeled in both regions.  Large swine operations that use evaporative lagoons for waste

storage were modeled in the Central region.  Operations located in other regions were split among

the modeled regions to fully account for operations in a given size class.  Allocating operations

from one region to another was necessary since the census data could not be obtained for all

desired regions and size groups (USDA NASS, 1999).  Table 1.2.4-1 presents a summary of the

swine model farms developed by EPA. 

Table 1.2.4-1

Model Swine Farms by Farm Type, Size, Region, and Waste Storage System

Farm Type Size Group

Region

Central Mid-Atlantic Midwest Pacific South

Farrow-to-
Finish

Medium 1 NM L & P L & P NM NM

Medium 2 NM L & P L & P NM NM

Medium 3 NM L & P L & P NM NM

Large 1 Evap Lagoon L & P L & P NM NM

Large 2 Evap Lagoon L & P L & P NM NM

Grow/Finish Medium 1 NM L & P L & P NM NM

Medium 2 NM L & P L & P NM NM

Medium 3 NM L & P L & P NM NM

Large 1 Evap Lagoon L & P L & P NM NM

Large 2 Evap Lagoon L & P L & P NM NM

L = anaerobic lagoon storage 
P = under house pit storage 
Evap Lagoon = evaporative lagoon storage

NM = Not modeled in this region. 

1.2.5 Poultry Operations

EPA developed four model farms to represent poultry operations in the United

States. The model farms are broiler, turkey, dry layer, and wet layer operations.  EPA developed

the parameters describing the model poultry farms using information from NASS, site visits to

poultry farms across the country, and the USDA NRCS.  A description of the various components
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of each model farm is presented in the following discussion, and the sources of the information

used to develop each piece of the model farm are noted.

Housing

Broilers and turkeys are typically housed in long barns (approximately 40 feet wide

and 400 to 500 feet long; NCSU, 1998) and are grown on the floor of the house.  The floor of the

barn is covered with a layer of bedding, such as wood shavings, and the broilers or turkeys

deposit manure directly onto the bedding.  Approximately 4 inches of bedding are initially added

to the houses and top dressed with about 1 inch of new bedding between flocks. 

Layers are typically confined in cages in high-rise housing or shallow pit flush

housing. In a high-rise house, the layer cages are suspended over a bottom story, where the

manure is deposited and stored.  EPA used this configuration to model housing for dry layer

model farms.  In shallow pit flush housing, a single layer of cages is suspended over a shallow pit. 

Manure drops directly into the pit, where it is flushed out periodically using recycled lagoon

water.  EPA used this configuration to model housing for wet layer model farms.

These poultry housing systems are considered typical systems in the poultry

industry (NCSU, 1998). Therefore, the cost model uses these farm housing systems in the model

farms. 

Waste Management Systems

Manure from broiler and turkey operations accumulate on the floor where it is

mixed with bedding, forming litter. Litter close to drinking water forms a cake that is removed

between flocks. The rest of the litter in a house is removed periodically (6 months to 2 years)

from the barns, and then transported off site or applied to land. Typically, broiler and turkey

operations are completely dry waste management systems (NCSU, 1998).  Therefore, EPA used

this waste management configuration in modeling both broiler and turkey model farms.
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Figure 1.2.5-1  Poultry Model Farm Waste Management System

Layer operations may operate as a wet or a dry system.  Approximately 12 percent

of layer houses use a liquid flush system, in which waste is removed from the house and stored in

a lagoon (USDA APHIS, 2000).  Operations that use this type of waste management system are

referred to as wet layers.  The remaining layer operations typically operate as dry systems, with

manure stored in the house for up to a year.  A scraper is used to remove waste from the

collection pit or cage area (NCSU, 1998).  Operations that use this type of waste management

system are referred to as dry layers.  The lagoon wastewater and dry manure are stored until they

are applied to land or transported off site.  Figure 1.2.5-1 presents the waste management systems

for poultry. 

Region

Data from site visits and North Carolina State University’s draft Swine and Poultry

Industry Characterization indicate that the predominant type of waste management system at

poultry operations varies from region to region (NCSU, 1998). Most of the broiler operations in

the United States are located in the South and Mid-Atlantic regions, while most of the egg-laying

operations are located in the Midwest and South regions. Therefore, the model broiler farm
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reflects the South and Mid-Atlantic regions, and the model layer farm reflects the Midwest and

South regions.  State-level data from the 1997 Census of Agriculture indicate that states in the

Midwest and Mid-Atlantic regions of the United States account for over 70 percent of all turkey

turkeys produced. For this reason, model turkey farms are located in the Mid-Atlantic and

Midwest regions (USDA NASS, 1999).  Table 1.2.5-1 presents the number of facilities modeled

for the poultry model farms. 

Table 1.2.5-1

Model Poultry Farms by Farm Type, Size, and Region

Farm Type Size Group

Region

Central Mid-Atlantic Midwest Pacific South

Broilers Medium 1 NM Y NM NM Y

Medium 2 NM Y NM NM Y

Medium 3 NM Y NM NM Y

Large 1 NM Y NM NM Y

Large 2 NM Y NM NM Y

Dry Layers Medium 1 NM Y Y NM NM

Medium 2 NM Y Y NM NM

Medium 3 NM Y Y NM NM

Large 1 NM Y Y NM NM

Large 2 NM Y Y NM NM

Wet Layers Medium 3 NM NM NM NM Y

Large 1 NM NM NM NM Y

Turkeys Medium 1 NM Y Y NM NM

Medium 2 NM Y Y NM NM

Medium 3 NM Y Y NM NM

Large 1 NM Y Y NM NM

Y = model farm was developed for this region.  

NM = model farm was not developed for this region. 
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1.3 Key Terms

This subsection discusses the key terms used in the cost model report, including

size groups, frequency factors (technology factors that vary by performance level, technology

factors that do not vary by performance level, land availability factors, nutrient management

factors), and manure and wastes.

1.3.1 Size Groups

EPA developed and analyzed up to five size groups for each animal type.  The size

groups include one to two size groups for “Large” farms and up to three size groups for

“Medium” farms.  Table 1.3-1 presents the size groups for each animal type.

Table 1.3-1

Size Classes for Model Farms

Animal Type Medium 1 Medium 2 Medium 3 Large 1 Large 2

Beef 300-499 500-749 750-999 1,000-7,999 $8,000

Heifer 300-499 500-749 750-999 $1,000 N/A

Dairy (Mature
Dairy Cows)

200-349 350-524 525-699 $700 N/A

Veal 300-499 500-749 >750 N/A N/A

Swine 750-1,249 1,250-1,874 1,875-2,499 2,500-4,999 $5,000

Dry Layers 25,000-49,999 50,000-74,999 75,000-81,999 82,000-599,999 >600,000

Wet Layers N/A N/A 9,000-29,999 >30,000 N/A

Broilers 37,750-49,999 50,000-74,999 75,000-124,999 125,000-179,999 $180,000

Turkeys 16,500-27,499 27,500-41,249 41,250-54,999 $55,000 N/A

N/A - Not applicable.

In this report, references to the model farm size classes will be capitalized.  For

example, Large would refer to all operations that fall into the Large 1 or Large 2 model farm size

classes.  When the terms are not capitalized (i.e., “large”), they are used in a general way.    
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1.3.2 Frequency Factors

EPA developed frequency factors to reflect the baseline industry conditions

(industry conditions prior to implementation of the regulation).  In the cost model, four types of

frequency factors are employed: technology frequency factors that do not vary by performance

level, technology frequency factors that do vary by performance level, land availability frequency

factors, and nutrient management frequency factors. 

The model-farm approach used in the cost model provides the average cost a farm

is projected to incur under the proposed regulatory options. EPA recognizes that this approach

might underestimate or overestimate the projected costs for farms that are on the extreme ends of

applicability. For example, some farms might already meet the proposed regulatory requirements;

therefore, those farm costs would be zero. Alternatively, some farms might meet very few of the

proposed regulatory requirements; therefore, those operations would incur costs much higher

than the “average” model farm costs. Therefore, EPA used frequency factors that vary according

to the requirements of the model farm. EPA assumed 25% of farms will have high requirements,

25% will have low requirements, and 50% will have moderate requirements. Frequency factors

were estimated according to these assumptions. 

Technology Factors That Vary by Performance Level

Technology frequency factors reflect the percentage of operations that have a

particular operation, technique, or practice in place at baseline.  In most cases, the frequency

factors have a performance level (i.e., high, medium, or low performance) as estimated by USDA. 

Frequency factors that vary by performance level were developed for the following practices or

technologies:

C Feeding strategies;

C Solids separation using earthen and concrete settling basins;

C Runoff controls (e.g., berms);
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C Liquid land application (e.g,. center pivot irrigation); and

C Nutrient management planning (i.e., setbacks, lagoon markers, soil
sampling, manure sampling, recordkeeping, document preparation). 

Technology Factors That Do Not Vary by Performance Level

Two of the technology components of the cost model are not based on USDA’s

performance-based data.  The frequency factors for naturally-lined ponds and lagoons and

transportation are based on several different data sources as discussed in Section 6.1.3. 

Land Availability Factors

Operations fall into three categories with respect to the amount of on-site cropland

available for manure application.  Using USDA data, EPA calculated the percentage of facilities in

each of these categories:

C Category 1 operations have sufficient land to land-apply all of their
generated manure and wastewater at appropriate agronomic rates.  No
manure is transported off site.

C Category 2 operations do not have sufficient land to land-apply all of their
generated manure and wastewater at appropriate agronomic rates.  The
excess manure after agronomic application is transported off site.

C Category 3 operations do not have any available land for manure
application.  All generated manure and wastewater is transported off site.

Nutrient Management Factors

In the proposed regulation, the land application of manure is governed by the rate

determined by the Director and for the purposes of this analysis is assumed to be agronomically

limited by either nitrogen or phosphorus.  This assumption ensures that EPA has calculated the

highest costs of this regulation. Several cost modules compute component costs separately for
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both nitrogen- and phosphorus-based application and are adjusted based on frequency factors that

indicate the use of the component in the industry.  For Options 1 and 1A, all operations are costed

for nitrogen-based application, and for Option 2A, all operations are costed for phosphorus-based

application.  However, under the remaining options, EPA used soil tests and USDA data to

determine the percent of facilities in each state that would require nitrogen-based versus

phosphorus-based application rates.  This ranges from 12% to 66% across animal type and region,

but roughly 50% of all facilities would need to apply at a phosphorus rate. 

1.3.3 Manure and Waste

In the cost model report, manure refers to excreted manure with no added process

water or rain water.  Waste and wastewater may refer to the combination of manure and

contaminated runoff, process water, and cleaning water.  This does not necessarily reflect the

official language of the preamble of this regulation. 

1.4 Organization of Report

The following information is discussed in detail in this report:

C Section 2.0 presents the structure of the cost model;

C Section 3.0 discusses the data sources used to generate compliance costs;

C Section 4.0 discusses the cost model inputs;

C Section 5.0 discusses the methodology used to calculate costs;

C Section 6.0 discusses the frequency factors used in the report;

C Section 7.0 provides examples of total model farm costs calculated for beef
and dairy and swine and poultry operations as well as weighted model farm
costs for each animal sector under the selected BAT and NSPS options;

C Section 8.0 discusses sensitivity and side analyses conducted on EPA’s
model farms; and
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C Appendices A through D present cost results.
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2.0 COST MODEL STRUCTURE

EPA created two separate models to estimate compliance costs associated with

regulatory options for CAFOs: one model to generate beef, dairy, heifer, and veal costs, and

another model to generate swine, broiler, turkey, and layer costs. The following subsections

describe the structure of each of these models. 

2.1 Beef and Dairy Cost Model

To generate industry compliance cost estimates for beef feedlots, dairies, and

heifer and veal operations, EPA developed a computer-based cost model made up of several

individual cost modules.  The cost model is executed on a personal computer and consists of a

collection of programs written in Visual Basic® and data tables created in Microsoft® Access 97. 

Figure 2.1-1 presents a flow chart of the general cost model methodology.  The cost model

consists of several components, which can be grouped into five major categories:

C Input data; 
C Technology cost modules;
C Frequency factors (including farm-weighting factors); 
C Cost test; and
C Model farm costs.

The beef and dairy cost model calculates costs for the following groups of model

farms, shown in Table 2.1-1. 

Model outputs are presented in Appendices A through D of this report. Each

technology cost module calculates a specific piece of operational data (e.g., runoff ) or develops a

component cost for a specific waste management system component (e.g., an anaerobic lagoon)

based on model farm characteristics.  Frequency factors are then applied to the component costs

to weight the costs by the estimated percentage of operations that already have the component in

place.   Some component-level frequency factors are performance based, and different factors are

used to estimate costs for a low-performing, medium-performing, and high-performing farm.



2-2

Inputs

Technology
Cost Modules

Component Costs

Weighted
Component Costs

Transportation
Cost Test

Model Farm Costs

Frequency
Factors

Weighted Farm
Costs

Farm-Weighting
Factors

Figure 2.1-1.  Flow Chart of General Cost
Methodology
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Table 2.1-1

Beef and Dairy Model Farm Records

Farm
Type Region

Options/ Sub
Options

Land Availability
Categories

Size
Classes

Nutrient
Management Bases

Manure
Types

Performance
Needs Level

Total
Models

Beef Central 13 3 5 2 1 3 1,035

Mid-Atlantic 13 3 5 2 1 3 1,035

Midwest 13 3 5 2 1 3 1,035

Pacific 13 3 5 2 1 3 1,035

South 13 3 5 2 1 3 1,035

Dairy Central 14 3 4 2 2 3 2,205

Mid-Atlantic 14 3 4 2 2 3 2,205

Midwest 14 3 4 2 2 3 2,205

Pacific 14 3 4 2 2 3 2,205

South 14 3 4 2 2 3 2,205

Heifer Central 13 3 4 2 1 3 1,035

Mid-Atlantic 13 3 4 2 1 3 1,035

Midwest 13 3 4 2 1 3 1,035

Pacific 13 3 4 2 1 3 1,035

South 13 3 4 2 1 3 1,035

Veal Central 13 3 3 2 1 3 1,035

Midwest 13 3 3 2 1 3 1,035

Total: 23,445
aOption 6 is for dairies only.  Options 1 and 1A are N-based only, whereas option 2A is P-based only.  
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Using these factors, cost estimates for a low-performing farm will include the majority of possible

costs, and estimates for a high-performing farm will include less of the possible costs.  

Farm-weighting factors are then applied to certain weighted component costs to

further weight these costs by the percentage of operations that operate in different ways (e.g.,

flush versus hose dairies, or nutrient basis for land application).  These weighted farm costs are

then summed for each regulatory option and model farm.  Finally, a transportation cost test

evaluates several methods of transporting waste off site, identifies the least expensive scenario,

and outputs final costs for each model farm and option.  All costs are in 1997 dollars.  The

remainder of this section describes each of these components. 

2.1.1 Input Data to Cost Model

Input data to the cost model include information on the model farms, runoff,

wastewater generation, and manure generation, as described below: 

C Model farm definitions - Animal type, EPA regulatory option, farm type,
size class, average number of head, region, performance level, and number
of operations that are represented by the model farm;

C Wastewater generation - Volume of milking parlor wastewater and barn
wastewater generated;

C Manure generation - Amount and composition of manure generated at the
operation; and

C Runoff generation - Precipitation data (including average rainfall,
evaporation, and 25-year, 24-hour rainfall amounts) by model farm type
and region.

All of these data are used as inputs for cost calculations.  Section 4.0 discusses

inputs to the cost model in greater detail.
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2.1.2 Technology Calculations

Each technology cost module calculates direct capital and annual costs for

installing and implementing a particular technology or practice.  In some cases, the modules

calculate initial fixed costs that are not able to be amortized and operating and maintenance

(O&M) costs that only occur every 3 or 5 years.  The cost model refers to these periodic O&M

costs as a “3-year recurring cost” or a “5-year recurring cost.”

For each regulatory option, the cost model combines a series of modules.  Table

2.1.2-1 presents the waste management technology components for dairies, beef feedlots, and

heifer and veal operations that make up the basis for each regulatory option.  Each module uses

the input data tables to generate costs to implement the technologies under each regulatory

option.  Figure 2.1.2-1 presents the components of the technology cost modules, and Section 5.0

discusses each cost module in detail.  The cost model uses Microsoft® Access 97 queries to create

a module-specific input page that selects only the input required to run the specific waste

management component of interest. No costs are calculated for components that are not included

in the option.

Table 2.1.2-1

Waste Management Technologies for Beef Feedlots, Dairies, and
Heifer and Veal Operations

Technology or Practice Technology Cost Module

Animal Type

Dairy Beef & Heifer Veal

Solids Separation Concrete Basin T T

Earthen Basin T

Anaerobic Treatment Naturally Lined Lagoon T T

Liquids Storage Naturally Lined Pond T

Runoff Controls Berms T T

On-Site Land
Application

Nutrient Management Planning T T T

Nutrient-Based Application T T T

 On-Site Irrigation T T T

Off-Site Transportation T T T
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Figure 2.1.2-1  Components of Technology Cost Modules
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Each module generates an intermediate output page, containing the capital, fixed,

annual, and recurring costs associated with that waste management system component.  The

output page also includes data that may be used as input to subsequent modules. 

2.1.3 Frequency Factors

EPA determined the current frequency of existing waste management practices at

beef feedlots, dairies, and heifer and veal operations to estimate the portion of the operations that

would incur costs to comply with the final regulation.  The frequency information is used to

estimate compliance costs for specific model farms.  These specific technologies are not required

to meet the requirements of the regulation.  Rather, they are simply for the basis of estimating

costs for compliance with the regulation.  The resulting weighted farm costs can be multiplied by

the number of facilities represented by each model to estimate industry-wide costs.

Currently, no publicly available information is available that can be used with a

high degree of confidence to determine what each frequency factor should be for each size class

within a given region.  EPA, therefore, estimated frequency factors based on the sources below. 

Each source was considered along with its limitations.  Section 6.0 discusses in detail the

frequency factors used to develop compliance costs for each regulatory option.

C USDA/Natural Resources Conservation Service (NRCS) - EPA used the
data currently available from NRCS to determine the distribution of beef
feedlots and dairies across the regions by size class, production category,
and performance level.

C EPA site visit information - EPA used this information to assess general
practices of beef feedlots, dairies, and heifer and veal operations and how
they vary between regions and size classes.

C Observations from industry experts - EPA contacted experts on beef and
dairy animal feeding operations to provide insight into operations and
practices, especially where data are limited or not publicly available.

C USDA/Animal Plant and Health Inspection Service (APHIS)/National
Animal Health Monitoring System (NAHMS) - This source provides
information on dairy practices, facility size, and waste system components
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sorted by size class and region.  These data have limited use due to the
small number of respondents in the size classes of interest.

C State Compendium: Programs and Regulatory Activities Related to
AFOs - EPA used this summary of state regulatory programs to estimate
frequency factors based on current waste-handling requirements that
already apply to beef feedlots and dairies in various states and in specific
size classes as related to off-site transportation and nitrogen-based land
application.

2.1.4 Calculation of Weighted Costs

The cost model generates weighted technology costs and weighted farm costs

from the waste management system component costs calculated within each module. 

Methodologies used to develop both of these costs are described below.

Weighted Technology Costs

To ensure that only operations that do not have the technology are costed, the cost

model weights the technology component costs to reflect the percentage of operations that

already have some components in place.  For some technologies (e.g., settling basins), there are

three different frequency factors that represent facilities that have low, medium, and high

requirements reflecting the performance level of the farm.  The cost model uses the following

equation to weight the component costs:

Costweighted = Costcomponent × (1 - Frequency Factor)

where:

Costweighted = Weighted component cost
Costcomponent = Component cost 
Frequency Factor = Percentage of operations that have the component in

place.

This weighted component cost reflects the conservative assumptions made in this cost model for

compliance with the regulation. In practice, a facility may choose a different waste management
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Weighted Cost '
[(NFacs × NCost) % (PFacs × PCost)]

[NFacs % PFacs]

system to meet the requirements of the rule, which may vary in cost from these estimated costs. 

Section 6.0 discusses the frequency factors used in the cost model.

Weighted Farm Costs

Some weighted component costs vary depending on the type of manure application

basis (nitrogen or phosphorus).  To account for these differences, the cost model further weights

the weighted component costs, as necessary.

The farm-weighting factor adjusts the weighted component costs for the type of

nutrient-based application used.  Note, this only applies to land application component costs that

are affected by the number of available acres.  As discussed in Section 6.2, the cost model

estimates the number of operations that require nitrogen-based application and the number of

operations that require phosphorus-based application.  In fact, most operations will have some

fields limited to nitrogen and some limited to phosphorus.  The exact distribution will vary for

each individual operation.  This approach assumes each farm will incur costs based on both

nitrogen and phosphorus, and calculates a weighted cost.  To calculate costs weighted by

application method, the component costs must be proportioned between the number of nitrogen-

based operations and phosphorus-based operations.  The following equation calculates the

weighted farm cost for each type operation that conducts on-site land application.

where:

NFacs = Number of operations that apply on nitrogen basis
NCost = Weighted unit component cost, nitrogen-based application
PFacs = Number of operations that apply on phosphorus basis
PCost = Weighted unit component cost, phosphorus-based

application.

The weighted farm costs are then used in a “cost test,” described in Section 5.0, to

select the least costly option to transport excess manure off site.  There are four transportation
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options considered: hiring a contractor to haul manure; purchasing trucks to haul manure;

composting to reduce the volume of waste before hiring a contract hauler; and composting before

using purchased trucks.  The cost model sums and annualizes the weighted farm costs for each of

the transportation scenarios, and selects the least costly scenario.  

The cost estimates generated contain the following types of costs:

C Capital costs - Costs for facility upgrades (e.g., construction projects).

C Fixed costs - One-time costs for items that cannot be amortized (e.g.,
training).

C Annual operating and maintenance (O&M) costs - Annually recurring
costs, which may be positive or negative.  A positive O&M cost indicates
an annual cost to operate, and a negative O&M cost indicates a benefit to
operate, due to cost offsets.

C Three-year recurring O&M costs - Operating and maintenance costs that
only occur once every three years.

C Five-year recurring permit costs - Application fees and reporting costs
occur once every five years.

C Annual fertilizer costs - Costs for additional commercial nitrogen fertilizer
needed to supplement the nutrients available from manure application.

These costs provide the basis for evaluating the total annualized costs of each

regulatory option.  Section 7.0 presents these model farm cost outputs.

2.2 Swine and Poultry Cost Model

EPA developed a computer-based cost model to generate industry compliance cost

estimates for swine and poultry operations.  The cost model is executed on a personal computer

and consists of a main program and subroutines written in Digital Fortran 90, Version 6, and data

tables created in Microsoft® Excel and text format.
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The components of the cost model can be grouped into six major categories as

illustrated in Figure 2.2-1:

C Model farm input data;
C Preprocessor subroutines (get farm counts, manure characteristics, etc.);
C Basic calculations (manure production, nutrient needs, etc.);
C Other input data (technology performance and costs, frequency factors,

etc.);
C Cost subroutines for practices; and
C Model farm costs (outputs).

The core of the cost model is the “Main” program.  Data files with model feedlot

information, constants associated with manure characteristics and cropping systems, frequency

factors, number of farms represented by each model, technology costs, and various other variables

essential to the cost modeling effort are input into the main program and its subroutines.  The 

program then calculates practice-specific and total costs for each model farm.  The total national

cost of the proposed regulation is estimated by multiplying model farm costs by the number of

farms represented by each particular model.  The cost model creates both formatted and

unformatted outputs.

The model’s subroutines read into the Main program the basic information

regarding model farms (e.g., animal type, operation type) and the various constants used in a wide

range of Main program calculations (e.g., nutrient management training costs, regional nitrogen

and phosphorus uptake values, frequency factors), and they perform the more complex

calculations (e.g., berm size, lagoon size, lagoon cover size) and analyses (e.g., selecting the least-

cost alternative for each option).  Unlike the beef and dairy cost model, total confinement was

assumed for all swine and poultry operations; thus, runoff generation was not calculated.
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Figure 2.2-1.  Flow Chart of Swine and Poultry Cost Model
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The cost model developed costs for multiple model farms based on their size,

region, operation type (e.g., type of animal raised), and nutrient (nitrogen or phosphorus) used in

nutrient planning.  Costs are calculated for nutrient management planning (e.g., training, soil

testing), facility upgrades (e.g., mortality composting facility, lagoon liner, buffers), land

application, and a range of scenarios for reducing excess nutrients (e.g., separation and hauling,

feeding strategies).  Frequency factors are applied to the component costs to weight the costs by

the estimated percentage of operations that already have the component in place.  Costs include

capital costs; fixed, one-time costs; nonannual but recurring costs; and annual costs, all in 1997

dollars. 

Model components and operations are described in greater detail in the following

subsections.  In addition, Section 8.0 describes side analyses conducted to test the sensitivity of

the model to various inputs, to determine the factors that drive the costs, and to evaluate the

overall robustness of the model.

2.2.1 Input Data to Cost Model

Input data to the cost model include information on the model farms, manure and

wastewater generation and characteristics, regional information, technology costs, technical

characteristics and performance, and frequency factors, as described below.  Two types of data

file structures — fixed-format files (*.dat) and variable-format files (*.csv) — are used, and data

elements are separated by commas.  

C Model farm definitions - Animal type, EPA regulatory option number,
operation type (e.g., broiler, farrow to finish, wet layer), size class (e.g.,
Large 1), average number of head, region, performance level (high,
medium, low), nutrient management basis (N or P), land availability
category (1, 2, or 3), acreage, manure management system (e.g., liquid,
solid), and number of operations that are represented by the model.

C Manure and waste generation and characteristics - Animal turnover rate,
average weight of animal, manure characteristics, weight of manure
produced, volume of manure produced, moisture content of fresh manure,
nitrogen in fresh manure, efficiency of nitrogen application to field,
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phosphorus in fresh manure, efficiency of phosphorus application to field,
potassium in manure, efficiency of potassium application to field, dilution
factor, percentage of birds that die in one turnover of animals, animal life
span, average weight of animals at death, etc.

C Regional information - Recoverable manure correction factors, nitrogen
uptake, phosphorus uptake, transportation distance, chronic rainfall, etc.

C Technology costs (including labor) - Installing ground-water monitoring
well; time to sample ground-water monitoring well; water sample analysis;
assessment of crop field/ground water link to surface water; recordkeeping
and reporting; training and certification to land apply manure; manure
sampler; manure nutrient analysis; setup and time required to take first
manure sample; time required for additional samples; soil sampling
frequency—low end; soil sampling frequency—site-specific approach; soil
auger; time required to take sample—low end; time required to take
sample—site-specific approach; cost of soil analysis; rate for obtaining a
certified CNMP; scale to calibrate manure spreader; time required to
calibrate manure spreader; tarp to calibrate manure spreader; hourly tractor
operation costs; general labor rate; professional labor rate; amortization
rate; property tax; standard maintenance; time allowance for litter transfer
to storage; time allowance for litter storage cleaning; bulk price for wood
shavings; lagoon depth marker; time required for weekly visual inspection;
liner material; insulated lagoon cover; unit area cost of litter storage
facility; phosphorus feeding strategy cost per pig; phosphorus feeding
strategy cost per chicken; nitrogen feeding strategy cost per pig; nitrogen
feeding strategy cost per chicken; hauling and applying liquid manure;
hauling and applying solid manure; solid/liquid separator; pipe; installing a
steel storage tank; time required to install pipe and set up separator; retrofit
initial investment; retrofit 1/4-HP motor per 1,250 swine; retrofit motor
usage per day; electricity; retrofit labor required; retrofit blades required
per year; unit cost of high-rise construction; high-rise fuel, repairs, and
utilities; hoop structure construction; hoop feed and manure equipment;
hoop bedding; hoop fuel, repairs, and utilities; hoop labor, etc.

C Technology characteristics and performance - Shaving material application
depth, rate of litter storage cleaning, length of litter storage, lagoon depth,
lagoon side slopes, diversion berm top width, diversion berm height,
diversion berm side slope, cost to move earth, area of house, nitrogen
reduction in manure from feeding strategies, phosphorus reduction in
manure from feeding strategies, separation safety factor, separator
efficiency, solids content of separated manure, pipe length to connect
lagoon to separator, amount of phosphorus transferred after separation,
amount of nitrogen transferred after separation, etc.
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C Frequency factors - Frequencies at which practices are currently
implemented on model farms.

The central data file for model farms contains 14,346 records covering the range of

values for animal type, operation type, region, nutrient management basis, baseline management

level, land availability category, regulatory option, manure type, and operation size class. 

Separate costs were developed for each of these records (summarized in Table 2.2.1-1).  Section

4.0 discusses inputs to the cost model in greater detail. 

2.2.2 Technology Calculations

Execution of the cost model begins with a series of routines to load the input data

described in Section 2.2.1.  The Main program uses the regulatory option value to set rules

regarding which practices the cost model will use.  For example, only Option 3 includes costs for

additional ground water protection practices.  Next, the program executes a number of basic

calculations, including total manure generation, nutrient (nitrogen and phosphorus) generation,

and alternative technologies to reduce total nutrient generation, such as feeding strategies.

Another series of calculations follows to determine the land required to spread

manure.  These calculations are keyed to one of the following land availability categories:

C Category 1:  Farm has the acreage needed to agronomically apply the
nutrients in manure generated at the farm using regional estimates of crop
uptake and yield.  This acreage does not include the area of the buffer strip.

C Category 2:  Farm has some land, but not enough to agronomically apply
all nutrients in manure generated at the farm.

C Category 3:  Farm has no land available for application of manure.
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Table 2.2.1-1

Swine and Poultry Model Farm Input Records

Operation Type
and Region

Options/
Suboptionsa

Land
Availability
Categories

Size
Classes

Nutrient
Management

Basesb
Manure
Types

BMP
Imp.

Levels Total

Broilers 1,890

Mid-Atlantic 12 3 5 2 1 3 945

South 12 3 5 2 1 3 945

Layers - Wet 378

South 12 3 2 2 1 3 378

Layers - Dry 1,890

Midwest 12 3 5 2 1 3 945

South 12 3 5 2 1 3 945

Turkeys 1,512

Mid-Atlantic 12 3 4 2 1 3 756

Midwest 12 3 4 2 1 3 756

Swine - Grow-to-Finish 4,338

Central 13 3 2 2 1 3 414

Mid-Atlantic 13 3 5 2 2 3 1,962

Midwest 13 3 5 2 2 3 1,962

Swine - Farrow-to-Finish 4,338

Central 13 3 2 2 1 3 414

Mid-Atlantic 13 3 5 2 2 3 1,962

Midwest 13 3 5 2 2 3 1,962

Total 14,346
aOption 6 is for swine only; N and P basis, liquid and pit for two regions, evaporative pond for one region, two sizes and
Options 1 and 1A are N-based only, whereas option 2A is P-based only. 
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Next, the cost model determines nutrient management planning costs, which

include fixed one-time costs (e.g., engineering costs, soil augers), nonannual recurring costs (e.g.,

CNMP development), and annual costs (e.g., recordkeeping).  Some of these costs (e.g., soil

testing) are incurred by all Category 1 and 2 farms, but not by Category 3 farms because they

have no land. 

After calculating nutrient management planning, the cost model calculates facility

upgrade costs.  Fixed, one-time costs include both amortizable and nonamortizable costs. 

Recurring costs for facility upgrades include visual inspection and operation and maintenance of

the various upgrades.  Fixed costs include mortality composting facilities, storage for solid waste,

lagoon depth markers, stormwater diversions (berms), lagoon liners, buffers, recycling pumps,

larger lagoons, and digesters (swine only, Option 6).  The cost of storage for liquid waste is

included only in the cases where increased storage is needed to contain chronic rainfall events

(regulatory Option 1A) or where secondary lagoons are included to address hauling costs

(Category 2 farms).  In all other cases, the storage facility design is used only to derive costs for

liners, covers, and storm water diversions.  Storage costs in these cases are set to zero because it

is assumed that the storage already exists.

The cost model then evaluates a series of 18 scenarios are then evaluated to

determine the least cost alternative for addressing excess manure nutrients at Category 2 farms. 

These scenarios include the initial and annual costs for: feeding strategies; hauling with and

without feeding strategies; separation and hauling with and without feeding strategies; retrofit

flush to scrape (swine operations and wet layer operations); 5-year recurring sludge hauling with

and without feeding strategies (swine operations); high-rise houses (swine operations), including

hauling with and without feeding strategies; hoop houses (swine operations), including hauling

with and without feeding strategies; and lagoon covers, with and without biogas generation and

capture (swine operations). 
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Costs calculated for the various technologies are included under each option for

which the technology applies.  The cost model then conducts a cost test to determine the set of

technologies that produces the lowest cost for each option, using the following equation:

Annualized Model Farm Cost  = 0.14 × Capital Cost + O&M + Fixed + Recurring Cost (3-yr) + Recurring Cost (5-yr)

Outputs include fixed, fixed amortized, and annual nonamortized costs for facility

upgrades, land application, and nutrient management for each of the model farms for swine and

poultry.  The cost model determines the total cost of each option by multiplying the costs of each

model farm by the number of farms the model represents.  Totals can be generated for each animal

type, operation type, and other distinguishing characteristics by summing the costs across the

selected characteristic.

Figure 2.2.2-2 illustrates the set of practices included in the costing under Option

2A, phosphorus-based nutrient management.  All costs for nutrient management planning and

facility upgrades are included in the cost for all options, but the components of these two cost

categories can differ across categories and options.  For example, manure sampling devices are

included for all farms under Option 2A, but soil testing is not included for Category 3 farms

because they have no land.  The cost model calculates costs for all of the technology options

listed in Figure 2.2.2-1, including options to haul manure with and without feeding strategies, and

then selects the cheapest option as described above.

2.2.3 Frequency Factors

EPA developed frequency factors that describe the percentage of the swine and

poultry industries that already implements particular operations, techniques, or practices that my

be used to comply with the option. These particular operations, techniques, or practices are not

required by the regulation. Rather, they serve as the cost basis for estimating compliance costs for

specific model farms.  The resulting weighted farm costs can be multiplied by the number of

facilities represented by each model to estimate industry-wide costs.
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Figure 2.2.2-1  Practices Included Under Option 2A, Phosphorus-Based Management  
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USDA provided data from which some frequency factors were developed.  Where

data from USDA were not available, EPA used frequency factors obtained from other sources,

which vary by sector, component, or practice.  Industry and USDA data were used as the basis

for most of the frequency factors for layers and swine; analysis of state and federal regulations

was used primarily for broilers and turkeys. EPA’s report on state regulatory programs (USEPA,

1999) was also used for all animal sectors. Costs were not attributed to CAFO model farms when

state regulations specify standards or require practices equal to or more stringent than the

proposed technology options. 

Because the literature and industry-provided data for the broiler and turkey sectors

were generally not detailed enough to generate frequency factors, EPA reviewed the specific

regulatory language and summaries of regulations for 12 major poultry-producing states regarding

requirements for nutrient management plans (NMPs) at broiler and turkey farms (Tetra Tech,

2000). Requirements were considered for farms in two size groups: 300 to 1,000 animal units

(AU) and greater than 1,000 AU. All broiler and turkey farms were assumed to use dry waste

management systems.  Detail on the frequency factor calculations is provided in Section 6.

2.2.4 Calculation of Weighted Costs

EPA applied the frequency factors to develop a weighted-average cost for each

model farm.  For example, if a practice costs $100 and 60 percent (the frequency factor) of the

operations in the model category already implement the practice, the average cost to farms

represented by that model farm is $40.  Each of these weighted-average costs was then multiplied

by the number of farms represented by the particular model farm to estimate industry-level costs. 

Varying farm performance was addressed by assigning 25 percent of represented farms to the high

performance level, 50 percent to the medium level, and 25 percent to the low level.  As described

above, these levels have different frequency factors values.

The following equation was used to weight the component costs:

Costweighted = Costcomponent × (1 - Frequency Factor)
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where:

Costweighted = Weighted component cost
Costcomponent = Component cost 
Frequency Factor = Percentage of operations that have component in

place.

2.3 References

Tetra Tech. 2000. Frequency Factors for Broiler and Turkey Facilities, Memorandum from
Tetra Tech, Inc., to Paul Shriner, Work Assignment Manager, U.S. Environmental
Protection Agency, March 3, 2000. EPA Contract 68-C-99-263, Work Assignment B-04.

USEPA. 1999. State Compendium: Programs and Regulatory Activities Related to Animal
Feeding Operations - Interim Final Report.  U.S. Environmental Protection Agency,
Office of Water, Washington, DC. 
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3.0 DATA SOURCES

EPA collected and evaluated data from a variety of sources during the course of

developing the costs for the revised effluent limitations guidelines and standards for the

concentrated animal feeding operations (CAFO) industry.  These data sources include EPA site

visits, industry trade associations, the U.S. Department of Agriculture (USDA), published

literature, and data collected and analyzed conducted by the National Climate Data Center

(NCDC), as well as previous EPA Office of Water studies of the Feedlots Point Source Category

and other EPA studies of animal feeding operations.  These data sources are discussed below. 

The list of references for each section of the cost model report is provided at the end of each

section.

3.1 Summary of EPA’s Site Visit Program 

The Agency conducted approximately 116 site visits to collect information about

animal feeding operations (AFOs) and waste management practices.  Specifically, EPA visited

beef feedlots, dairies, and swine, poultry, and veal operations throughout the United States.  In

general, the Agency visited a wide range of operations, including those demonstrating centralized

treatment or new and innovative technologies.  EPA chose the majority of facilities with the

assistance of the following industry trade associations:

C National Pork Producers Council;
C United Egg Producers and United Egg Association;
C National Turkey Federation;
C National Cattlemen’s Beef Association;
C National Milk Producers Federation; and
C Western United Dairymen.

EPA also received assistance from environmental groups, such as the Natural

Resources Defense Council and the Clean Water Network.  The Agency contacted university

experts, state cooperatives and extension services, and state and EPA regional representatives
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when identifying facilities for site visits.  EPA also attended USDA-sponsored farm tours, as well

as industry, academic, and government conferences.

Table 3-1 summarizes the number of site visits EPA conducted by animal industry

sector, site locations, and size of animal operations.

Table 3-1

Number of Site Visits Conducted by EPA for the 
Various Animal Industry Sectors

Animal Type
Number of Site

Visits Location(s) Size of Operations

Swine 30 NC, PA, OH, IA, MN, TX, OK, UT 900 - 1 million head

Poultry 6 (broiler)

GA, AR, NC, VA, WV, MD, DE, PA, 
OH, IN, WI

20,000 - 1 million
birds

12 (layer)

6 (turkey)

Dairy 29 PA, FL, CA, WI, CO, VA 40 - 4,000 cows

Beef 30 TX, OK, KS, CO, CA, IN, NE, IA 500 - 120,000 head

Veal 3 IN 500 - 540 calves

The Agency considered the following factors when identifying representative facilities for site

visits:

C Type of animal feeding operation;
C Location;
C Feedlot size; and
C Current waste management practices.

Facility-specific selection criteria are contained in site visit reports (SVRs)

prepared for each facility visited by EPA.  The SVRs are located in the administrative record for

this rulemaking.
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During the site visits, EPA typically collected the following types of information:

C General facility information, including size and age of facility, number of
employees, crops grown, precipitation information, and proximity to
nearby waterways;

C Animal operation data, including flock or herd size, culling rate, and
method for disposing of dead animals;

C Description of animal holding areas, such as barns or pens, and any central 
areas, such as milking centers;

C Manure collection and management information, including the amount
generated, removal methods and storage location, disposal information,
and nutrient content;

C Wastewater collection and management information, including the amount
generated, runoff information, and nutrient content;

C Nutrient management plans and best management practices (BMPs); and

C Available wastewater discharge permit information.

This information, along with other site-specific information, is documented in the

SVRs for each facility visited.  Some of the information collected from the site visits was used in

the cost model, such as the percentage of beef feedlots and heifer operations that require the

installation of a pond and the percentage of dairies that would require the installation of a lagoon.

3.2 Industry Trade Associations

EPA contacted the following industry trade associations and representatives during

the development of the proposed and promulgated rules and used the information provided for the

cost model.

US Poultry and Egg Association (USPOULTRY).  USPOULTRY represents all

segments of the poultry and egg industry, from producers of eggs, turkeys, and broilers to the

processors of these products and allied companies that serve the industry.  USPOULTRY
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sponsors the world's largest poultry industry show, scientific research, and a comprehensive,

year-round educational program for members of the industry.

Capitol Link.  Capitol Link represents the interests of many livestock organizations

and acts as a liaison with federal agencies such as EPA.  They frequently provide comments and

data on proposed federal regulatory actions.

National Pork Producers Council (NPPC).  NPPC is a marketing organization and

trade association made up of 44 affiliated state pork producer associations.  NPPC’s purpose is to

increase the quality, production, distribution, and sales of pork and pork products.  

United Egg Producers and United Egg Association (UEP/UEA).  UEP/UEA

promotes the egg industry in the following areas:  price discovery, production and marketing

information, unified industry leadership, USDA relationships, and promotional efforts.  

National Turkey Federation (NTF).  NTF is the national advocate for all segments

of the turkey industry, providing services and conducting activities that increase demand for its

members’ products.  

National Chicken Council (NCC).  NCC represents the vertically integrated

companies that produce and process about 95 percent of the chickens sold in the United States. 

The association provides consumer education, public relations, and public affairs support, and is

working to seek a positive regulatory, legislative, and economic environment for the broiler

industry.  

National Cattlemen’s Beef Association (NCBA).  NCBA is a marketing

organization and trade association for cattle farmers and ranchers, representing the beef industry.

National Milk Producers Federation (NMPF).  NMPF is involved with milk quality

and standards, animal health and food safety issues, dairy product labeling and standards, and

legislation affecting the dairy industry.  
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American Veal Association (AVA).  AVA represents the veal industry, and

advances the industry’s concerns in the legislative arena, coordinates production-related issues

affecting the industry, and handles other issues relating to the industry. 

Western United Dairymen (WUD).  WUD, a dairy organization in California,

promotes legislative and administrative policies and programs for the industry and consumers. 

Professional Dairy Heifer Growers Association (PDHGA).  PDHGA is an

association of heifer growers who are dedicated to growing high-quality dairy cow replacements. 

The association offers educational programs and professional development opportunities,

provides a communication network, and establishes business and ethical standards for the dairy

heifer grower industry. 

All of the above organizations, along with several of their state affiliates, assisted

EPA’s efforts to understand the industry by helping with site visit selection, submitting

supplemental data, and reviewing descriptions of the industry and waste management practices. 

These organizations also participated in and hosted meetings with EPA for the purpose of

exchanging information with the Agency. EPA also obtained copies of membership directories

and conference proceedings, which were used to identify contacts and obtain additional

information on the industry.  For the cost model, EPA used information provided by the trade

associations regarding the operations at AFOs and locations of these operations throughout the

U.S.  The membership directories for the trade associations were also used.

3.3 U.S. Department of Agriculture (USDA)

EPA obtained data from several agencies within the USDA, including the National

Agricultural Statistics Service (NASS), the Animal and Plant Health Inspection Service (APHIS),

Natural Resources Conservation Service (NRCS), and the Economic Research Service (ERS) in

order to better characterize the AFO industry.  The collected data used in the cost model include

statistical survey information and published reports.  Data collected from each agency are

described below.
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3.3.1 National Agricultural Statistics Service (NASS)

NASS is responsible for objectively providing accurate statistical information and

data support services of structure and activities of agricultural production in the United States. 

Each year NASS conducts hundreds of surveys and prepares reports covering virtually every facet

of U.S. agricultural publications.  The primary source of data is the animal production facility. 

NASS collects voluntary information using mail surveys, telephone and in-person interviews, and

field observations.  NASS is also responsible for conducting a Census of Agriculture, which is

currently performed once every 5 years; the last census occurred in 1997.  EPA gathered

information from the following published NASS reports:

C Hogs and Pigs: Final Estimates 1993 - 1997;

C Chickens and Eggs: Final Estimates 1994 - 1997;

C Poultry Production and Value: Final Estimates 1994 - 1997;

C Cattle: Final Estimates 1994 - 1998;

C Milking Cows and Production: Final Estimates 1993 - 1997; 

C 1997 Census of Agriculture; and

C Estimation of Private and Public Costs Associated with Comprehensive
Nutrient Management Plan Implementation: A Documentation, 2002.

The information EPA collected from these sources is summarized below.

Hogs and Pigs: Final Estimates 1993 - 1997

EPA used data from this report to augment the swine industry profile.  The report

presents information on inventory, market hogs, breeding herd, and pig crops.  Specifically, the

report provides the number of farrowings, sows, and pigs per litter.  This report presents the

number of operations with hogs; however, EPA did not use this report to estimate farm counts
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because the report provided limited data.  Instead, EPA used the 1997 Census of Agriculture data

to estimate farm counts, as discussed later in this section.

Chickens and Eggs: Final Estimates 1994 - 1997

EPA used data from this report to augment the poultry industry profile.  The

report presents national and state-level data for the top-producing states on chickens and eggs,

including the number laid and production for 1994 through 1997.

Poultry Production and Value: Final Estimates 1994 - 1997

EPA used data from this report to augment the poultry industry profile.  The

report presents national and state-level data for the top-producing states on production (number

and pounds produced/raised), price per pound or egg, and value of production of broilers,

chickens, eggs, and turkeys for 1994 through 1997.

Cattle: Final Estimates 1994 - 1998

EPA used data from this report to augment the beef industry profile.  The report

provides the number of and population estimates for beef feedlots that have a capacity of over

1,000 head of cattle, grouped by size and geographic distribution.  This report provides national

and state-level data, which include the number of feedlots, cattle inventory, and number of cattle

sold per year by size class for the 13 top-producing beef states.  The report also provides the total

number of feedlots that have a capacity of fewer than 1,000 head of cattle, total cattle inventory,

and number of cattle sold per year for these operations.  However, EPA did not use this report to

estimate farm counts because the report provided limited data.  Instead, as discussed earlier in this

section, EPA used the 1997 Census of Agriculture data to estimate farm counts, as discussed later

in this section.
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Milking Cows and Production: Final Estimates 1993 - 1997 

EPA used data from this report to augment the dairy industry profile.  The report

presents national and state-level estimates of dairy cattle inventory and the number of dairy

operations by size group.  This particular report presents data for all dairy operations with over

200 mature dairy cows in one size class.  However, EPA did not use this report to estimate farm

counts because the report provided limited data.  Instead, EPA used the 1997 Census of

Agriculture data to estimate farm counts, as discussed below.

1997 Census of Agriculture

The Census of Agriculture is a complete accounting of U.S. agricultural

production and is the only source of uniform, comprehensive agricultural data for every county in

the nation.  The census is conducted every 5 years.  Prior to 1997, the Bureau of the Census

conducted this activity.  Starting with the 1997 Census of Agriculture, the responsibility passed to

USDA NASS.  The census includes all farm operations from which $1,000 or more of agricultural

products are produced and sold.  The most recent census occurred in late 1997 and is based on

calendar year 1997 data.  

The census collects information relating to land use and ownership, crops,

livestock, and poultry.  This database is maintained by USDA; data used for this analysis were

compiled with the assistance of staff at USDA NASS.  (USDA periodically publishes aggregated

data from these databases and also compiles customized analyses of the data for members of the

public and other government agencies.  In providing such analyses, USDA maintains a sufficient

level of aggregation to ensure the confidentiality of any individual operation’s activities or

holdings.)

Several size groups were developed to allow tabulation of farm counts by farm size

using different criteria than those used in the published 1997 Census of Agriculture.  EPA

developed algorithms to define farm size in terms of capacity, or number of animals likely to be

found on the farm at any given time.  To convert sales of hogs and pigs and feeder pigs into an



3-9

inventory, EPA divided total sales by the number of groups of pigs likely to be produced and sold

in a given year.  EPA estimates that the larger grow-finish farms produce 2.8 groups of pigs per

year.  Farrow-finish operations produce 2.0 groups of pigs per year.  Nursery operations produce

up to 10 groups per year.  Data used to determine the groups of pigs produced per year were

obtained from a survey performed by USDA (USDA APHIS,1999).

For beef operations, EPA estimates the larger feedlots produce up to 3.5 groups of

cattle per year, while the smaller operations produce only 1 to 1.5 groups per year (ERG, 2002). 

The newly aggregated data better depict the size and geographic distribution of operations needed

for EPA’s analysis, particularly smaller beef feedlots (fewer than 1,000 head capacity) and larger

dairies (more than 200 mature dairy cows).  EPA used the census data to gather more details on

the larger dairies, such as the number of operations and number of head for additional size classes

(200 to 499, 500 to 999, and more than 1,000 head). 

USDA NRCS also compiled and performed analyses on census data that EPA used

for its analyses.  These data identify the number of feedlots, their geographical distributions, and

the amount of cropland available to land apply animal manure generated from their confined

feeding operations (based on nitrogen and phosphorus availability relative to crop need).  EPA

used these estimates to identify feedlots that may not own sufficient land to apply all of the animal

manure to the land.  EPA used the results of this analysis to estimate the number of operations

that may incur additional manure transportation costs under the various regulatory options

considered under the proposed rule.

Estimation of Private and Public Costs Associated with Comprehensive Nutrient
Management Plan Implementation: A Documentation, 2002

EPA received data from USDA as part of a document entitled Estimation of

Private and Public Costs Associated with Comprehensive Nutrient Management Plan

Implementation: A Documentation.  This document presents costs and frequency factors for three

performance-based categories of facilities (low requirement, medium requirement, and high

requirement) for a series of “representative” farms defined by USDA in nine USDA-defined
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regions. This approach is similar to EPA’s modeling approach, and allowed EPA to directly use

some of USDA’s data to calculate corresponding frequency factors in the cost models.  

3.3.2 Animal and Plant Health Inspection Service (APHIS)/National Animal
Health Monitoring System (NAHMS)

APHIS provides leadership in ensuring the health and care of animals and plants,

improving agricultural productivity and competitiveness, and contributing to the national economy

and public health.  One of its main responsibilities is to enhance the care of animals.  In 1983,

APHIS initiated the National Animal Health Monitoring System (NAHMS) as an information-

gathering program to collect, analyze, and disseminate data on animal health, management, and

productivity across the United States.  NAHMS conducts national studies to gather data and

generate descriptive statistics and information from data collected by other industry sources. 

NAHMS has published national study reports for various food animal populations (e.g., swine,

dairy cattle).

EPA gathered information for the cost model report from the following NAHMS

reports:

C Swine ’95 Part I: Reference of 1995 Swine Management Practices;

C Swine ’95 Part II: Reference of Grower/Finisher Health & Management
Practices;

C Swine 2000 Part I: Reference of Swine Health and Management in the
United States;

C Layers ’99 Parts I and II: Reference of 1999 Table Egg Layer
Management in the U.S.;

C Dairy ’96 Part I: Reference of 1996 Dairy Management Practices; 

C Dairy ’96 Part III: Reference of 1996 Dairy Health and Health
Management;
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C Beef Feedlot ’95 Part I: Feedlot Management Practices; and

C Feedlot ’99 Part I: Baseline Reference of Feedlot Management Practices.

EPA also collected information from NAHMS fact sheets, specifically the Swine

’95 fact sheets, which describe biosecurity measures, vaccination practices, environmental

practices/management, and antibiotics used in the industry. 

Swine ’95 Part I: Reference of 1995 Swine Management Practices

This report provides references on productivity, preventative and vaccination

practices, biosecurity issues, and environmental programs (including carcass disposal).  The data

were obtained from a sample of 1,477 producers representing nearly 91 percent of the U.S. hog

inventory from the top 16 pork-producing states.  Population estimates are broken down into

farrowing and weaning, nursery, grower/finisher, and sows.

Swine ’95 Part II: Reference of Grower/Finisher Health & Management Practices

This report provides additional references on feed and waste management, health

and productivity, marketing, and quality control.  The data were collected from 418 producers

with operations having 300 or more market hogs (at least one hog over 120 pounds) and

represent about 90 percent of the target population.  NAHMS also performed additional analyses

for EPA that present manure management information for the swine industry by two size classes

(fewer than 2,500 marketed head and more than 2,500 marketed head) and three regions

(Midwest, North, and Southeast) (USDA APHIS, 1999). 

Swine 2000 Part I: Reference of Swine Health and Management in the United
States

Swine 2000 was designed to statistically sample from operations with 100 or more

pigs.  The study included 17 of the major pork-producing states that account for 94 percent of the

U.S. pig inventory.  Data for this report were collected from 2,328 operations.  This report
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provides information on feed and waste management, health and productivity, animal

management, and facility management.  In addition to this report, NAHMS also performed

additional analyses for EPA that present the percentage of sites where pit holding was the waste

management system used most by region and herd size for the farrowing and grow/finish phase

(USDA APHIS, 2002).

Layers ’99 Parts I and II: Reference of 1999 Table Egg Layer Management in the
U.S.

The Layers ’99 study is the first NAHMS national study of the layer industry. 

Data were obtained from 15 states, which account for over 75 percent of the table egg layers in

the United States.  Part I of this report provides a summary of the study results, including

descriptions of farm sites and flocks, feed, and health management.  Part II of this report provides

a summary of biosecurity, facility management, and manure handling.

Dairy ’96 Part I: Reference of 1996 Dairy Management Practices and Dairy ‘96
Part III: Reference of 1996 Dairy Health and Health Management

These reports present the results of a survey that was distributed to dairies in 20

major states to collect information on cattle inventories; dairy herd management practices; health

management; births, illness, and deaths; housing; and biosecurity.  The results represent 83

percent of U.S. milk cows, or 2,542 producers.  The reports also provide national data on cattle

housing, manure and runoff collection practices, and irrigation/land application practices for

dairies with more than 200 or fewer than 200 mature dairy cows.  NAHMS provided the same

information to EPA with the results reaggregated into three size classes (fewer than 500, 500 to

699, and more than 700 mature dairy cows) and into three regions (East, West, and Midwest).

Beef Feedlot ’95 Part I: Feedlot Management Practices

This report contains information on population estimates,  environmental programs

(e.g., ground-water monitoring and methods of waste disposal), and carcass disposal at small and
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large beef feedlots (fewer than and more than 1,000 head capacity).  The data were collected from

3,214 feedlots in 13 states, representing almost 86 percent of the U.S. cattle-on-feed inventory.

Feedlot ’99 Part I: Baseline Reference of Feedlot Management Practices

This report also contains information on population estimates, environmental

programs, and carcass disposal at beef feedlots.  The data were collected from 1,250 feedlots in

12 states, representing 77 percent of all cattle on feed in the United States.

3.3.3 Natural Resources Conservation Services (NRCS)

NRCS provides leadership in a partnership effort to help people conserve,

improve, and sustain our natural resources and the environment.  NRCS relies on many partners

to help set conservation goals, work with people on the land, and provide assistance. Its partners

include conservation districts, state and federal agencies, NRCS Earth Team volunteers,

agricultural and environmental groups, and professional societies.  

NRCS publishes the Agricultural Waste Management Field Handbook, which is

an agricultural/engineering guidance manual that explains general waste management principles,

and provides detailed design information for particular waste management systems.  The

handbook reports specific design information on a variety of farm production and waste

management practices at different types of feedlots.  The handbook also reports runoff

calculations under normal and peak precipitation as well as information on manure and bedding

characteristics.  EPA used this information to develop its cost and environmental analyses.  NRCS

personnel also contributed technical expertise in the development of EPA’s estimates of

compliance costs and environmental assessment framework by providing EPA with estimates of

manure generation in excess of expected crop uptake.

NRCS also analyzed the census data that EPA used for its analysis.  In the draft

February 23, 2002 Profile of Farms with Livestock in the United States:  A Statistical Summary

USDA NRCS presents estimates of the number of CAFOs by animal sector and size group, as
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well as the number of head at these farms.  EPA used these estimates to calculate the average

number of head and the number of CAFOs by animal sector and size group.  In the case of beef

feedlots, NRCS used a turnover rate of 2.5 to estimate capacity for all size operations.  EPA

recalculated the number of head at these operations using the turnover rates discussed above.  

Another NRCS report, Manure Nutrients Relative to the Capacity of Cropland

and Pastureland to Assimilate Nutrients: Spatial and Temporal Trends for the United States

published in December 2000, provides background information on trends in animal agriculture

and manure production based on information collected in the 1997 Census of Agriculture.  EPA

used data on the percentage of farms with sufficient cropland, insufficient cropland, and no

cropland to determine the number of CAFOs that require off-site transport of excess manure. 

EPA also used data from this report to determine the amount of excess manure at operations with

an insufficient amount of cropland to agronomically land apply all of the manure and wastewater

generated on site.

Beginning in early 2002, NRCS shared drafts of its report Overview of Cost

Analysis for Implementation of CNMPs On Animal Feeding Operations with EPA.  This report

presents a cost analysis for planning, designing, implementing and following up on CNMPs on

AFOs.  The report also estimated the percentage of operations that have high, medium, and low

requirements for the development and implementation of CNMPs. The scheduled release of the

final document was October 2002.  EPA used information from this report to refine baseline

conditions of the CAFOs industry. 

3.3.4 Agricultural Research Service (ARS) 

ARS is the primary research agency working internally for the USDA.  One of its

many objectives is to heighten awareness of natural resources and the environment.  EPA used

information provided from ARS’s Agricultural Phosphorus and Eutrophication report (USDA

ARS, 1999) to estimate the number of CAFOs that could be subject to a phosphorus-based

regulation.
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3.3.5 Economic Research Service (ERS)

ERS provides economic analyses on efficiency, efficacy, and equity issues related

to agriculture, food, the environment, and rural development to improve public and private

decision making.  ERS uses data from the Farm Costs and Returns Survey (FCRS) to examine

farm financial performance (USDA ERS, 1997).  This report developed 10 regions that were

intended to group agricultural production into broad geographic regions of the United States:

Pacific, Mountain, Northern Plains, Southern Plains, Lake States, Corn Belt, Delta, Northeast,

Appalachian, and Southern.  EPA further consolidated the 10 sectors into 5 regions in order to

analyze aggregated Census of Agriculture data.

ERS is also responsible for the Agricultural Resource Management Study

(ARMS), USDA’s primary vehicle for collection of information on a broad range of issues about

agricultural resource use and costs and farm sector financial conditions. The ARMS is a flexible

data collection tool with several versions and uses.  Information is collected via surveys, and it

provides a measure of the annual changes in the financial conditions of production agriculture.  

3.4 Literature Sources

EPA performed several Internet and literature searches to identify papers,

presentations, and other applicable materials to use in the cost model report.  Literature sources

were identified from library literature searches as well as through EPA contacts and industry

experts.  Literature collected by EPA covers such topics as housing equipment, fertilizer and

manure application, general agricultural waste management, air emissions, pathogens, and

construction cost data.  EPA used literature sources to estimate the costs of design and expansion

of waste management system components at AFOs.  EPA also used publicly available information

from several universities specializing in agricultural research for industry profile information,

waste management and modeling information, and construction cost data, as well as existing

computer models, such as the FarmWare Model that was developed by EPA’s AgStar program.
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3.5 National Climate Data Center (NCDC)

EPA used data from another government agency, the National Climate and Data

Center (NCDC).  The National Oceanic and Atmospheric Administration (NOAA) conducts

research and gathers data, which is provided on the NCDC web site.  For the cost model, EPA

used the Normal Monthly Precipitation report from the NCDC web site to obtain the normal

monthly precipitation values from 1971 to 2000 for cities in each state.  These values were used

to calculate the annual precipitation for each region.  
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4.0 INPUT DATA

This section describes in detail the input data to the cost model that EPA used to

estimate the compliance costs for CAFOs.  Section 4.1 defines the geographic regions that were

modeled, Section 4.2 describes the size groups for each animal group, Section 4.3 discusses farm

counts, Section 4.4 discusses average head at animal feeding operations, Section 4.5 discusses

wastewater/dilution water, Section 4.6 discusses manure generation, Section 4.7 discusses

precipitation data and runoff, Section 4.8 discusses crops and agronomic application rates,

Section 4.9 discusses excess manure, and Section 4.10 discusses acres available for land

application of manure.

4.1 Definition of Regions

For the purposes of this analysis, EPA classified animal feeding operations into

various geographic regions.  The Agency used these classifications to differentiate the types of

waste management system components that are expected to be in place at baseline (due either to

existing regulations or to geographic location), as well as the amount of wastes generated, the

crops grown, and the ability of the operations to use manure, litter, and other process wastewater

on site. This subsection describes the geographic regions developed and used to estimate

compliance costs for CAFOs.

The cost model addresses variations between operations in different regions of the

country.  For example, the crop nutrient removal rates, which are used to set manure application

rates, vary among regions of the country based on average crop yields in each region.  Many of

the costs in the model rely on the manure and associated nutrient production of the animals at an

operation, and are affected by regional differences such as climate and rainfall.  Some frequency

factors also vary by region when data were available.  

EPA generally obtained information on animal production from USDA’s 1997

Census of Agriculture, USDA’s National Agricultural Statistics Service (NASS), and information

gathered from site visits and trade associations.  For information obtained from the 1997 Census



1For example, USDA Census of Agriculture data are typically not released unless there are enough observations to
ensure confidentially.  Consequently, if data were aggregated on a state basis (instead of a regional basis), many
key data points needed to describe the industry segments would be unavailable. 
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of Agriculture, EPA divided the United States into five production regions and designated them

the South, Mid-Atlantic, Midwest, West, and Central regions.  Originally, the USDA Economic

Research Service (ERS) established ten regions so that it could group economic information. 

EPA condensed these regions into the five regions because of similarities in animal production and

manure-handling techniques, and to allow for the aggregation of critical data on the number of

facilities, production quantities, and financial conditions, which may otherwise not be possible due

to concerns about disclosure.1  Table 4.1-1 presents the production regions.

Table 4.1-1

Animal Feeding Operation (AFO) Production Regions

Region States Included

Central Arizona, Colorado, Idaho, Montana, Nevada, New Mexico, Oklahoma, Texas, Utah,
Wyoming

Mid-Atlantic Connecticut, Delaware, Kentucky, Maine, Maryland, Massachusetts, New Hampshire, New
Jersey, New York, North Carolina, Pennsylvania, Rhode Island, Tennessee, Vermont,
Virginia, West Virginia

Midwest Illinois, Indiana, Iowa, Kansas, Michigan, Minnesota, Missouri, Nebraska, North Dakota,
Ohio, South Dakota, Wisconsin

Pacific Alaska, California, Hawaii, Oregon, Washington

South Alabama, Arkansas, Florida, Georgia, Louisiana, Mississippi, South Carolina

For swine and poultry operations, EPA developed key geographic regions on

which to focus cost modeling efforts because the swine and poultry animal sectors tend to be

concentrated in these regions.  Also, data are lacking for those regions where a particular sector

has a lesser presence.  The climate of each key region defines the amount of precipitation that will

need to be managed and the typical evaporation rate.  The region also defines typical crop yields,

soil types, housing types, and manure management practices that vary across the nation.  In

practice, a given state may have many soil types and climatic variations; EPA adopted the key
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region approach to account for typical geographical variations without using an impractical

number of model farms.

Table 4.1-2 presents the key regions for each animal sector.  The Swine 95 survey

found that 78 percent of U.S. hog operations were located in the Mid-Atlantic and Midwest

Regions.  However, more recent reports indicate an increasing trend toward large facilities in the

Central Region.  Thus, the key regions selected for the swine sector are the Mid-Atlantic,

Midwest, and Central.  As described in Chapter 2, swine operations do not generally collect

runoff, and direct rainfall variations in the other regions does not significantly change costs.  To

account for all potentially regulated operations, the cost model distributed operations in regions

other than the key regions evenly among the regions that were modeled.  For

example, the Midwest region combines operations from the Midwest with a portion of the

operations from the "non-key" regions that are assumed to have similar production and manure

management practices.  Large swine operations that use evaporative lagoons for waste storage

were modeled in the Central region.  Operations located in other regions were split among the

modeled regions to fully account for operations in a given size class.  Allocating operations from

one region to another was necessary since the census data could not be obtained for all desired

regions and size groups (USDA NASS, 1999).

Beef feedlots, dairies, heifer, and veal operations were modeled in all regions in

which operations were identified within EPA’s size classes. No Large beef feedlots were identified

in the South region. Additionally, no heifer operations were identified in the Mid-Atlantic and

South regions, no Large heifer operations were identified in the Midwest region, and no veal

operations were identified in the Pacific and South regions.  The regions used for each animal

sector are presented in Table 4.1-2. 
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Table 4.1-2

Key Regions Modeled by Animal Sector

Animal Sector Regions Modeled

Swine: Farrow to Finish Mid-Atlantic, Midwest, Central

Swine: Grow Finish Mid-Atlantic, Midwest, Central

Layer: Wet South

Layer: Dry Midwest, South

Broiler Mid-Atlantic, South

Turkey Mid-Atlantic, Midwest

Beef Feedlots Central, Mid-Atlantic, Midwest, Pacific, South

Dairies Central, Mid-Atlantic, Midwest, Pacific, South

Heifer Operations Central, Midwest, Pacific

Veal Operations Central, Mid-Atlantic, Midwest

The key regions for broilers are the Mid-Atlantic and South (containing 86 percent

of larger farms), while the Mid-Atlantic and Midwest are the key regions for turkeys (containing

67 percent of larger farms).  Layer farms with wet manure systems are located primarily in the

South and Texas, where approximately half of all layer farms use wet-manure-handling systems. 

EPA used industry reports and NAHMS data to estimate the number of layer farms with wet

manure systems in the rest of the United States (USDA APHIS, 1999).  The South and Midwest

are the key regions for all other layer farms, capturing 53 percent of larger layer farms in addition

to the 12 percent of farms with layers with wet manure systems.  For large broiler, turkey, and

layer farms (other than wet manure systems), precipitation was not a key factor affecting costs. 

These operation use confining housing almost exclusively.  Therefore, operations from “non-key”

regions were folded into the key regions for these animal types in the same manner as described

above for swine operations.
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4.2 Definition of Size Groups

EPA developed and analyzed up to five size groups for each animal type. These

size groups included one to two “Large” groups, representing operations that are already subject

to the 1974 effluent limitations guidelines and standards for the Feedlots Point Source Category,

as well as three “Medium” groups to evaluate the costs, benefits, and impacts of the regulatory

options on operations that may be defined as CAFOs.  Table 4.2-1 presents the size groups for

each animal type.

Table 4.2-1

Size Classes for Model Farmsa

Animal Type Medium 1 Medium 2 Medium 3 Large 1 Large 2

Beef 300-499 500-749 750-999 1,000-7,999 $8,000

Heifer 300-499 500-749 750-999 $1,000 NA

Dairy (Mature
Dairy Cows)

200-349 350-524 525-699 $700 NA

Veal 300-499 500-749 $750 NA NA

Swine 750-1,249 1,250-1,874 1,875-2,499 2,500-4,999 $5,000

Dry Layers 25,000-49,999 50,000-74,999 75,000-81,999 82,000-599,999 >600,000

Wet Layers NA NA 9,000-29,999 >30,000 NA

Broilers 37,750-49,999 50,000-74,999 75,000-124,999 125,000-179,999 $180,000

Turkeys 16,500-27,499 27,500-41,249 41,250-54,999 $55,000 NA

NA - Not applicable.
aThese size classes represent capacity at a given point in the year, which does not necessarily correspond to annual
production. 

4.3 Farm Counts

This subsection describes how EPA developed farm counts for each animal sector.
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4.3.1 Farm Counts - Beef Feedlots

Table 4.3.1-1 presents the total number of potential beef CAFOs by size class, as

estimated by USDA’s NRCS, using the 1997 Census of Agriculture data (USDA, 2002).  The

USDA estimates grouped all large operations ($1,000 head) into one group.  EPA supplemented

these data with USDA’s NASS data to estimate that there are 421 beef feedlots with $8,000 head

(USDA NASS, 1999b).

Table 4.3.1-1

Number of Potential Beef CAFOs by EPA Size Class
from the 1997 Census of Agriculture Database

Size Class (Number of Milk Cows)

Total
Medium 1

(300-499 head)
Medium 2

(500-749 head)
Medium 3

(750-999 head)
Large 1 and 2
($$1,000 head)

1,466 801 415 1,766 7,230
Source: USDA, 2002 (Table 16).

To estimate the number of operations by geographic region, EPA used the number

of operations that sold fattened cattle by state provided in the 1997 Census of Agriculture data to

develop a distribution of beef feedlots by region.  Because the Census data are sales numbers,

EPA estimated the number of production cycles per year and converted the sales data into cattle

capacity (i.e., the number of beef cattle estimated on site at any one time) (ERG, 2002).  Table

4.3.1-2 presents the distribution of beef feedlots by region for each size category provided in the

Census.  Table 4.3.1-2 also presents the estimated cattle capacity for each size category in the

Census.
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Table 4.3.1-2

Percentage of Beef Feedlots by Region and Census of Agriculture Size
Category

Region Percentage of Beef Feedlots

Census Size
Categories

500-999
Head Sold

1,000-2,499
Head Sold

2,500-4,999
Head Sold

$$5,000
Head Sold $$1,000 head

capacityb
Estimated
Capacitya

380-750
Head Capacity

750-1,785
Head Capacity

1,785-3,424
Head Capacity

$$3,425
Head Capacity

Central 11.6 15.2 21.4 36.6 31.5

Mid-Atlantic 3.9 2.7 1.6 0.2 0.6

Midwest 82.5 78.7 74.5 58.3 63.7

Pacific 1.4 2.7 2.5 5.0 4.2

South 0.5 0.7 0 0 0
Source: Census of Agriculture (USDA, 1997).
aERG memorandum (2002.).
bEstimated as the geographic distribution of both the 2,500 to 4,999 and the $5,000 head sold categories.

EPA assumed that the regional distribution of operations for the Medium 1 and

Medium 2 size classes is represented by the 500 to 999 head sold category in the Census and the

regional distribution of operations for the Medium 3 size class is represented by the 1,000 to

2,499 head sold category in the Census.  EPA also estimated that the regional distribution for

both the Large 1 and Large 2 size classes is represented by the combination of the 2,500 to 4,999

and the $5,000 head sold category (the regional distribution of operations for this size class is

presented in Table 4.3.1-2 under the heading “$1,000 head”).

For example, EPA estimated the potential number of beef CAFOs in the Central

region by size class using the following equations and the data presented in Tables 4.3.1-1 and

4.3.1-2:

Medium 1: 1,466 operations × 11.6% = 170;
Medium 2: 801 operations × 11.6% = 93;
Medium 3: 415 operations × 15.2% = 63;
Large 1: 1,345 operations × 31.5% = 424; and
Large 2: 421 operations × 31.5% = 133.
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Table 4.3.1-3 presents the final number of beef feedlot CAFOs by size class and region.

Table 4.3.1-3

Number of Beef Feedlots by Region and Size Class

Region

Size Class

Medium 1 Medium 2 Medium 3 Large 1 Large 2

Central 170 93 63 424 133

Mid-Atlantic 58 32 11 8 3

Midwest 1,210 661 327 856 268

Pacific 21 11 11 57 17

South 7 4 3 0 0

Not all medium operations are expected to be CAFOs under the rule.  The percentage of medium

facilities EPA estimates will be CAFOs is presented in Table 4.3.1-4 (See Preamble Section 4 and

40 CFR part 122.23). 

Table 4.3.1-4

Percentage of Beef Facilities That Are Expected to Be CAFOs

Region

Size Class

All Medium All Large 

Central 10 100

Mid-Atlantic 4 100

Midwest 6 100

Pacific 10 100

South 4 10
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4.3.2 Farm Counts - Dairies

Table 4.3.2-1 presents the total number of potential dairy CAFOs by size class, as

estimated by USDA’s NRCS, using the 1997 Census of Agriculture data (USDA NRCS, 2002).

To estimate the number of operations by geographic region, EPA used the number of milk cow

operations by state provided in the 1997 Census of Agriculture data to develop a distribution of

dairies by region.  However, the Census provides farm counts for different size groups than those

evaluated by EPA, as shown in Table 4.3.2-2. 

Table 4.3.2-1

Number of Potential Dairy CAFOs by EPA Size Class
from the 1997 Census of Agriculture Database

Size Class (Number of Milk Cows)

Total
Medium 1

(200-349 head)
Medium 2

(350-524 head)
Medium 3

(525-699 head)
Large 1

($$700 head)

3,805 1,372 603 1,450 7,230

Source: USDA NRCS, 2002 (Table 16).

Table 4.3.2-2

Percentage of Dairies by Region and Census of Agriculture Size Category

Region

Percentage of Dairies

200-499 head 500-999 head $$1,000 head $$700 heada

Central 17.5 20.9 31.9 27.6

Mid-Atlantic 25.7 12.5 3.8 7.1

Midwest 27.9 9.6 4.7 6.6

Pacific 21.3 49.8 54.0 52.4

South 7.5 7.2 5.7 6.3
Source: Census of Agriculture (USDA, 1997).
aEstimated as 40 percent of operations with 500-999 head and all of operations with $1,000 head.
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For the purposes of this rule, EPA assumed that the regional distribution of

operations in the Medium 1 and Medium 2 size classes were represented by the 200 to 499 head

category in the Census. EPA also assumed that the regional distribution of operations in the

Medium 3 size class were represented by the 500 to 999 head category in the Census.  EPA

estimated that 40 percent of operations in the Census’ 500 to 999 head category and all of the

operations in the Census’ $1,000 head category make up the Large 1 size class. The regional

distribution of operations for this size class is presented in Table 4.3.2-2 under the heading “$700

head.” 

For example, EPA estimated the number of dairy CAFOs in the Central region by

size class using the following equations and the data presented in Tables 4.3.2-1 and 4.3.2-2:

Medium 1: 3,805 operations × 17.5% = 667;
Medium 2: 1,372 operations × 17.5% = 241;
Medium 3: 603 operations × 20.9% = 126; and
Large 1: 1,450 operations × 27.6% = 401.

Table 4.3.2-3 presents the final number of dairies by size class and region.

Table 4.3.2-3

Number of Dairies by Region and Size Class

Region

Size Class

Medium 1 Medium 2 Medium 3 Large 1

Central 667 241 126 401

Mid-Atlantic 979 353 75 104

Midwest 1,062 383 58 95

Pacific 812 293 301 759

South 285 102 43 91

Not all medium operations are expected to be CAFOs under the rule.  The percentage of medium

operations EPA estimates will be CAFOs is presented in Table 4.3.2-4 (See Preamble Section 4

and 40 CFR part 122.23). 
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Table 4.3.2-4

Percentage of Dairies That Are Expected to Be CAFOs

Region

Size Class

All Medium All Large 

Central 20 100

Mid-Atlantic 55 100

Midwest 45 100

Pacific 10 100

South 35 100

4.3.3 Farm Counts - Heifer Operations

Table 4.3.3-1 presents the total number of potential heifer CAFOs by size, as

estimated by USDA’s NRCS, using the 1997 Census of Agriculture data (USDA NRCS, 2002).

To estimate the number of operations by geographic region, EPA reviewed membership data from

the Professional Heifer Growers Association, as well as available data from the Census of

Agriculture.  However, none of these sources provided an estimate of operations by both size

class and geographic location.  Because heifer operations directly support the dairy industry, EPA

assumed that they are concentrated in areas where the dairy industry is moving toward

specialization (Bocher L.W., 1999).  Using best professional judgement, EPA estimated that the

majority of large heifer operations are located in the west and south (represented by the Pacific

and Central regions), while the majority of the smallest operations are located in the Midwest. 

Table 4.3.3-2 presents EPA’s estimated distribution of heifer operations by size class and region.



4-12

Table 4.3.3-1

Number of Potential Heifer CAFOs by EPA Size Class
from the 1997 Census of Agriculture Database

Size Class

Total
Medium 1

(300-499 head)
Medium 2

(500-749 head)
Medium 3

(750-999 head)
Large 1

($$1,000 head)

417 218 89 242 966

Source: USDA NRCS, 2002 (Table 16).

Table 4.3.3-2

Percentage of Heifer Operations by Region and Size Class

Region

Percentage of Dairy Operations

Medium 1 Medium 2 Medium 3 Large 1

Central 10 50 50 60

Mid-Atlantic 0 0 0 0

Midwest 80 20 20 0

Pacific 10 30 30 40

South 0 0 0 0

For example, EPA estimated the number of heifer CAFOs in the Central region by

size class using the following equations and the data presented in Tables 4.3.3-1 and 4.3.3-2:

Medium 1: 417 operations × 10% = 42;
Medium 2: 218 operations × 50% = 109;
Medium 3: 89 operations × 50% = 44; and
Large 1: 242 operations × 60% = 145.

Table 4.3.3-3 presents the final number of heifer operations by size class and region.
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Table 4.3.3-3

Number of Heifer Operations by Region and Size Class

Region

Size Class

Medium 1 Medium 2 Medium 3 Large 1

Central 42 109 44 145

Mid-Atlantic 0 0 0 0

Midwest 333 44 18 0

Pacific 42 65 27 97

South 0 0 0 0

Not all medium operations are expected to be CAFOs under the rule.  The percentage of medium

operations EPA estimates will be CAFOs is presented in Table 4.3.3-4 (See Preamble Section 4

and 40 CFR part 122.23). 

Table 4.3.3-4

Percentage of Heifer Operations That Are Expected to Be CAFOs

Region

Size Class

All Medium All Large 

Central 20 100

Mid-Atlantic 55 100

Midwest 45 100

Pacific 10 100

South 35 100

4.3.4 Farm Counts - Veal Operations

Table 4.3.4-1 presents the total number of potential veal CAFOs by size, as

estimated by USDA’s NRCS, using the 1997 Census of Agriculture data (USDA NRCS, 2002). 

EPA conducted site visits to veal operations and requested distribution data from industry to

estimate the number of veal operations by size class and region in the United States.  These data

indicate that veal producers are located predominantly in the Midwest and Central regions
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(Crouch A., 1999).  Using best professional judgement, EPA estimated that the vast majority (95

percent) of operators are located in the Midwest, with the remaining operations located in the

Mid-Atlantic and Central regions.  Table 4.3.4-2 presents EPA’s estimated distribution of veal

operations by size class and region.

Table 4.3.4-1

Number of Potential Veal CAFOs by EPA Size Class
from the 1997 Census of Agriculture Database

Size Class

Total
Medium 1

(300-499 head)
Medium 2

(500-749 head)
Medium 3

($$750 head)a

35 17 17 69

Source: USDA NRCS, 2002 (Table 16).
aUSDA estimates that 12 veal operations are $1,000 head.

Table 4.3.4-2

Percentage of Veal Operations by Region and Size Class

Region

Percentage of Veal Operations

Medium 1 Medium 2 Medium 3

Central 2.5 5 5

Mid-Atlantic 2.5 0 0

Midwest 95 95 95

Pacific 0 0 0

South 0 0 0

For example, EPA estimated the number of veal CAFOs in the Central region by

size class using the following equations and the data presented in Tables 4.3.4-1 and 4.3.4-2:

Medium 1: 35 operations × 2.5% = 1;
Medium 2: 17 operations × 5% = 1; and
Medium 3: 17 operations × 5% = 1.

Table 4.3.4-3 presents the final number of veal operations by size class and region.
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Table 4.3.4-3

Number of Veal Operations by Region and Size Class

Region

Size Class

Medium 1 Medium 2 Medium 3

Central 1 1 1

Mid-Atlantic 1 0 0

Midwest 33 16 16

Pacific 0 0 0

South 0 0 0

Not all medium operations are expected to be CAFOs under the rule.  The percentage of medium

operations EPA estimates will be CAFOs is presented in Table 4.3.4-4 (See Preamble Section 4

and 40 CFR part 122.23). 

Table 4.3.4-4

Percentage of Veal Operations That Are Expected to Be CAFOs

Region

Size Class

Medium 1 Medium 2 Medium 3

Central 10 10 100

Mid-Atlantic 4 4 100

Midwest  6   6  100

Pacific 10 10 100

South 4  4  100

4.3.5 Farm Counts - Poultry Operations

Layers

Table 4.3.5-1 presents the total number of layer, layer/pullet, and pullet operations

using the 1997 Census of Agriculture database (USDA NRCS, 2002).  Lacking more recent state-

or region-specific data, EPA also relied on queries from the 1997 Census of Agriculture database
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(Table 4.3.5-2) that were used for the draft rulemaking that included region- and subsector-level

information (USDA NASS, 1999b).

Table 4.3.5-1

Number of Layer Operations by EPA Size Class from the 1997
Census of Agriculture Database

Sector

Size Class (EPA AU)

Total
Operations

Medium 1
(300-499 AU/
30,000-49,999

head

Medium 2
500-749 AU/

50,000-74,999
head

Medium 3
750-999 AU/

75,000-99,999
head

Large 1 and 2
AU/

>100,000
head

Layers 776 446 238 671 2,131

Source:  USDA NRCS, 2002.

EPA made the following assumptions to reorganize the data presented in Table

4.3.5-2 to match selected facility size classes (Table 4.3.5-3 presents the results of these

assumptions):

C Pullet operations are located near and provide birds to laying operations.
Pullet operations >180,000 can be split into 180,000-600,000 and
>600,000 size classes using the proportion of layer operations (i.e.,
237/(237+89));

C National pullet operations can be split into regions using the proportion of
layer operations in that region for each size class; and

C Other pullet size classes can be resized to the selected size classes by
assuming a uniform distribution of operations within each size class.

The number of wet layer operations is computed from the layer operations in Table

4.3.5-3 assuming 60 percent of the South and Central regions and 5 percent each of the other

three regions use wet layer systems (USDA APHIS, 2000).  Applying these percentages to Table

4.3.5-3 results in 349.4 wet layer operations with more than 30,000 head (see Table 4.3.5-4). 
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Table 4.3.5-2

Number of Layer Operations by Size Class and Region from 1997 Census
of Agriculture Database

Region

Size Class (head) Total
Operations30,000-62,500 62,500-180,000 180,000-600,000 >600,000

Layer and Layer/Pullet Operations

Central 76 41 28 9 154

Mid-Atlantic 150 133 48 15 346

Midwest 123 182 78 39 422

Pacific 38 66 39 17 160

South 208 90 44 9 351

Total 595 512 237 89 1,433

Pullet Operations

30,000-100,000 100,000-180,000 >180,000
Total

Operations

National 516 61 44 NA 621
Source:  USDA NASS, 1999c.
NA = Not available.

Table 4.3.5-3

Reorganized Layer and Pullet Operation Counts

Region

Size Class (head)

Total
Operations

30,000-
49,999

50,000-
74,999

75,000-
99,999

100,000-
599,999 >600,000

Layer Operations

Central 47 34 9 56 9 154

Mid-Atlantic 92 72 28 139 15 346

Midwest 76 67 39 202 39 422

Pacific 23 22 14 84 17 160

South 128 90 19 105 9 351

Total 366 283 109 586 89 1,433

Pullet Operations

Central 19 15 6 22 1 63

Mid-Atlantic 37 33 19 66 2 157

Midwest 31 32 26 92 5 185

Pacific 9 11 9 35 2 66

South 52 39 13 46 1 150

Total 148 128 72 261 12 621
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Table 4.3.5-4

Reorganized Distribution of Dry Layer, Wet Layer, 
and Pullet Operations by Region

Region

Size Class (head)

Total
Operations

30,000-
49,999

50,000-
74,999

75,000-
99,999

100,000-
599,999 >600,000

Dry Layer Operations

Central 18.7 13.4 3.5 22.4 3.6 61.6

Mid-Atlantic 87.7 68.2 26.9 131.6 14.3 328.7

Midwest 71.9 63.3 36.8 191.8 37.1 400.9

Pacific 22.2 20.6 13.3 79.7 16.2 152.0

South 51.2 35.8 7.7 42.1 3.6 140.4

Total 251.7 201.4 88.2 467.7 74.7 1,083.6

Wet Layer Operations

Central 28.1 20.2 5.2 33.5 5.4 92.4

Mid-Atlantic 4.6 3.6 1.4 6.9 0.8 17.3

Midwest 3.8 3.3 1.9 10.1 2.0 21.1

Pacific 1.2 1.1 0.7 4.2 0.9 8.0

South 76.8 53.7 11.5 63.2 5.4 210.6

Total 114.4 81.9 20.8 117.9 14.4 349.4

Pullet Operations

Central 18.9 14.7 5.7 22.2 1.2 62.6

Mid-Atlantic 37.2 32.6 18.6 66.1 2.0 156.5

Midwest 30.5 31.8 25.5 92.1 5.3 185.2

Pacific 9.4 10.5 9.2 34.8 2.3 66.3

South 51.6 38.6 12.6 46.3 1.2 150.3

Total 147.7 128.2 71.7 261.4 12.0 621.0

All Operations 513.8 411.5 180.6 847.0 101.0 2,054.0
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The USDA NRCS (2002) analysis (Table 4.3.5-1) did not divide the >1,000 AU

size class into the two size classes EPA uses in the modeling exercise.  EPA maintained the facility

count from the original queries (USDA NASS, 1999b) for the largest operations with  >600,000

head (i.e., 101 total operations with >600,000 head).  For the remaining size classes, EPA used

the proportion of each operation type (e.g., dry layer, wet layer, pullets) using the facility count

from Table 4.3.5-4 (and repeated in the top half of Table 4.3.5-5) to disaggregate the data

provided in Table 4.3.5-1.  For example, the number of dry layers for the smallest size class is

equal to (251.7/513.8) × 776.0, or 380.1.

Table 4.3.5-5

Reorganized Distribution of Dry Layer, Wet Layer, and Pullet Operations

Sector

Size Class (head)

Total
Operations

30,000-
49,999

50,000-
74,999

75,000-
99,999

100,000-
599,999 >600,000

Facility Count using USDA NASS (1999c)

Dry Layers 252 201 88 468 75 1,084

Wet Layers 114 82 21 118 14 349

Pullets 148 128 72 261 12 621

Total 514 412 181 847 101 2,054

Facility Count using USDA NRCS (2002)

Dry Layers 380 218 116 315 75 1,104

Wet Layers 173 89 27 79 14 383

Pullets 223 139 95 176 12 644

Total 776 446 238 570 101 2,131

The facility counts using USDA NRCS (2002) data from Table 4.3.5-5 were

further disaggregated by region using the data in Table 4.3.5-4.  Wet layer operations greater than

30,000 head were aggregated into one size class while dry layer and pullet operations were

combined by region and size class.  Wet layer operations greater than 30,000 head were combined

since there are relatively few operations and potential issues related to disclosure precluded

further resolution.  Pullets are housed in cages similar to layers, or on bedded floors such as
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broilers and turkeys.  Therefore no separate model was developed for pullets.  Though there are

many pullet farms located apart from the laying farms or broiler breeder farms, the production and

manure management at these operations is very similar to broiler and caged layer operations. 

Therefore no separate model was developed for pullet farms.  The results of these steps are

presented in Table  4.3.5-6.  For example, the number of dry layers in the smallest Midwest size

class is (71.9/251.7) × 380.1 (for dry layers) plus (30.5/147.7) × 223.0 (for pullets) for a total of

154.7 operations.  In addition, another 800 wet layer operations with 9,000-29,999 head were

included in the evaluation since their manure is handled in a wet form and the threshold for being

a CAFO is lower than for dry manure management systems.  The number of wet layer operations

with 9,000-29,999 head was estimated as approximately equal to 7,300 operations × 0.73 × 0.15,

where 7,300 is the approximate number of operations in the South region with fewer than 30,000

head (USDA NASS, 1999b), 0.73 is the fraction of operations in the size class of 9,000-29,999

relative to <30,000, and 0.15 is the fraction of these operations that use wet-manure-handling

systems.

In order to evaluate the impact of including smaller operations, the smallest dry

layer size class was expanded to include operations from 25,000-49,999.  To account for the size

interval increasing by 25 percent, 25 percent more operations were added to the smallest size

class.  Also, the division between the third and fourth dry layer size class was changed from

100,000 to 82,000.  To account for this size class change, 72 percent of the operations from the

third size class were moved to the fourth size class.  Seventy-two percent was selected because

that represents the size class interval change (e.g., 75,000-99,999 versus 75,000-81,999).  Table

4.3.5-7 presents the estimated number of facilities by sector, size class, and region.  Table 4.3.5-8

presents the final number of facilities by sector, size class, and modeled region, which distributes

the remaining dry layer operations from the Central, Mid-Atlantic, and Pacific regions evenly to

the Midwest and South regions. These operations use total confinement housing, and do not need

storage for feedlot runoff. Therefore, they are not subject to climate variations that result in

variable process waste water.  All wet layer operations are modeled as the Southern region, which

accounts 65 percent of all wet layer operations.  
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Table 4.3.5-6

Intermediate Layer Operation Counts by Sector, Size Class, and Region

Region

Size Class (head)

Total
OperationsNA NA

9,000-
29,999 >30,000 NA

Wet Layers

Central NA NA 196 99 NA 295

Mid-Atlantic NA NA 32 18 NA 50

Midwest NA NA 27 21 NA 47

Pacific NA NA 8 8 NA 16

South NA NA 537 237 NA 774

Total NA NA 800 383 NA 1,183

Region

Size Class (head)

Total
Operations

30,000-
49,999

50,000-
74,999

75,000-
81,999

82,000-
599,999 >600,000

Dry Layers

Central 57 31 12 30 5 134

Mid-Atlantic 189 109 60 133 16 507

Midwest 155 103 82 191 42 573

Pacific 48 34 30 77 18 207

South 155 81 27 60 5 327

Total 603 357 211 491 87 1,748

NA - Not applicable.
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Table 4.3.5-7

Final Layer Operation Counts by Sector, Size Class, and Region

Region

Size Class (head)

Total
OperationsNA NA

9,000-
29,999 >30,000 NA

Wet Layers

Central NA NA 196 99 NA 295

Mid-Atlantic NA NA 32 18 NA 50

Midwest NA NA 27 21 NA 47

Pacific NA NA 8 8 NA 16

South NA  NA 537 237 NA 774

Total NA NA 800 383 NA 1,183

Region

Size Class (head)

Total
Operations

25,000-
49,999

50,000-
74,999

75,000-
81,999

82,000-
599,999 >600,000

Dry Layers

Central 71 31 3 39 5 148

Mid-Atlantic 236 109 17 176 16 554

Midwest 193 103 23 250 42 612

Pacific 60 34 8 99 18 219

South 194 81 8 79 5 366

Total 754 357 59 642 87 1,899

NA - Not applicable. 
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Table 4.3.5-8

Final Layer Operation Counts by Sector, Size Class, and Modeled Region

Region

Size Class (head)

Total
OperationsNA NA

9,000-
29,999 >30,000 NA

Wet Layers

South NA NA 800 383 NA 1,183

Region

Size Class (head)

Total
Operations

25,000-
49,999

50,000-
74,999

75,000-
81,999

82,000-
599,999 >600,000

Dry Layers

Midwest 377 190 37 407 62 1,073

South 377 167 22 235 25 827

Total 754 357 59 642 87 1,899

NA - Not applicable. 

Not all medium operations are expected to be CAFOs under the rule.  The percentage of medium

operations EPA estimates will be CAFOs is presented in Tables 4.3.5-9 and 4.3.5-10 (See

Preamble Section 4 and 40 CFR part 122.23). 

Table 4.3.5-9

Percentage of Layer Operations That Are Expected to Be CAFOs

Region

Size Class

Medium 1 Medium 2 Medium 3 Large 1

Central 3 3 3 100

Mid-Atlantic 3 3 3 100

Midwest 3 3 3 100

Pacific 3 3 3 100

South 3 3 3 100
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Table 4.3.5-10

Percentage of Dry Layer Operations That Are Expected to Be CAFOs

Region

Size Class

All Medium All Large 

Central 2 100

Mid-Atlantic 2 100

Midwest 2 100

Pacific 5 100

South 2 100

Turkeys

Table 4.3.5-11 presents the total number of turkey operations using the 1997

Census of Agriculture database (USDA NRCS, 2002).  Lacking state- or region-specific data,

EPA also relied on queries from the 1997 Census of Agriculture database (Table 4.3.5-12) that

were used for the draft rulemaking that included region-level information (USDA NASS, 1999b).

Table 4.3.5-11

Number of Turkey Operations by Size Class from 1997 Census of
Agriculture Database

Animal Type

Size Class (EPA AU)

Total
Operations

Medium 1
300-500 AU/ 
16,500-27,499

head

Medium 2
500-750 AU/

27,500-41,249
head

Medium 3
750-1000 AU/
41,250-54,999

head

Large 1
>1,000 AU/

>55,000 head

Turkeys 875 478 262 388 2,003
Source:  USDA NRCS, 2002.
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Table 4.3.5-12

Number of Turkey Operations by Size Class and Region from 1997 Census of
Agriculture Database

Region

Size Class (head) Total Operations
16,500-38,500 38,500-55,000 >55,000

Central 54 19 34 107

Mid-Atlantic 597 143 83 823

Midwest 493 121 142 756

Pacific and South 222 83 110 415

Total 1,366 366 369 2,101

Source:  USDA NASS, 1999b.

EPA made the following assumptions to reorganize the data presented in Table 4.3.5-13 to match

the selected facility size classes (Table 4.3.5-14 presents the results of these assumptions):

C Large turkey operations use total confinement housing and generally do
not store litter uncovered.  Therefore climate does not play a role in
manure and process wastewater generation.

C More than 75 percent of turkey operations are located in the Mid-Atlantic
and Midwest regions, i.e., the key regions.  Separate model farms were
developed for the two key regions to account for differences in facility
operation (e.g., crop rotations and BMP implementation). 

C Operations in the combined Pacific and South region were split based on
the total number of turkey operations reported in the 1997 Census of
Agriculture state summaries.  (Approximately 39 percent of the combined
Pacific and South region were assigned to the Pacific Region.)

C Turkey size classes can be resized to the current size classes by assuming a
uniform distribution of operations within each size class.

The facility counts in Table 4.3.5-11 can be disaggregated using the data provided

in Table 4.3.5-13 (see Table 4.3.5-14).  For example, EPA calculated the number of Central

region operations in the smallest size class as (27.0/683.0) × 875, or 34.6 operations.  Table

4.3.5-15 presents the final number of facilities by size class and modeled region, which were
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distributed from the Central, Pacific and South regions evenly to the Mid-Atlantic and Midwest

regions.

Table 4.3.5-13

Reorganized Turkey Operation Counts

Region

Size Class (head)

Total Operations
16,500-
27,499

27,500-
41,249

41,250-
54,999 $$55,000

Central 27 30 16 34 107

Mid-Atlantic 299 322 119 83 823

Midwest 247 267 101 142 756

Pacific 43 49 27 43 162

South 68 76 42 67 253

Total 683 744 305 369 2,101

Table 4.3.5-14

Final Turkey Operation Counts by Size Class and Region

Region

Size Class (head)

Total Operations
16,500-
27,499

27,500-
41,249

41,250-
54,999 $$55,000

Central 35 19 14 36 103

Mid-Atlantic 382 207 102 87 779

Midwest 316 171 87 149 723

Pacific 56 31 23 45 155

South 87 49 36 70 242

Total 875 478 262 388 2,003
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Table 4.3.5-15

Final Turkey Operation Counts by Size Class and Modeled Region

Region

Size Class (head)

Total Operations
16,500-
27,499

27,500-
41,249

41,250-
54,999 $$55,000

Mid-Atlantic 471 257 139 163 1,030

Midwest 404 221 123 225 973

Total 875 478 262 388 2,003

Not all medium operations are expected to be CAFOs under the rule.  The percentage of medium

operations EPA estimates will be CAFOs is presented in Table 4.3.5-16 (See Preamble Section 4

and 40 CFR part 122.23). 

Table 4.3.5-16

Percentage of Turkey Operations That Are Expected to Be CAFOs

Region

Size Class

All Medium All Large 

Central 2 100

Mid-Atlantic 2 100

Midwest 2 100

Pacific 2 100

South 5 100

Broilers

USDA NRCS (2002) provided information to EPA on the number of broiler

operations based on the following classifications as shown in Table 4.3.5-17:

C Operation size:  $100,000 head, 50,000-99,999 head, and 30,000-
49,999 head.
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Table 4.3.5-17

Number of Broiler Operations as Provided by USDA NRCS (2002) Based on
Analyses of 1997 Census of Agriculture Database

Location
Land Availability

Category

Operation Size and Nutrient Basis

$$100,000 50,000-99,999 30,000-49,999

N P N P N P

AL No excess d d 34 15 39 32

Excess, no acres 98 98 227 227 217 217

Excess, with acres 268 274 666 685 412 419

AR No excess d d 58 49 104 93

Excess, no acres 69 69 155 155 226 226

Excess, with acres 260 263 797 806 672 683

GA No excess d d 17 6 14 10

Excess, no acres 169 169 319 319 194 194

Excess, with acres 382 387 494 505 250 254

KT, TN, VA, WV No excess d d 34 17 23 15

Excess, no acres 58 58 169 169 129 129

Excess, with acres 187 201 304 321 149 157

MD, DE No excess d d 106 31 103 38

Excess, no acres 62 62 275 275 294 294

Excess, with acres 38 73 146 221 107 172

MS No excess d d 10 8 14 14

Excess, no acres 72 72 172 172 70 70

Excess, with acres 230 230 437 439 143 143

NC, SC No excess d d 61 12 59 19

Excess, no acres 105 105 287 287 290 290

Excess, with acres 177 198 394 443 292 332

OK, MO, KS No excess d d 19 12 30 29

Excess, no acres 26 26 49 49 32 32

Excess, with acres 124 126 248 255 171 172

TX, LA No excess d d 23 21 9 8

Excess, no acres 53 53 117 117 41 41

Excess, with acres 231 231 312 314 86 87

Other No excess d d 41 11 45 17

Excess, no acres 113 113 162 162 112 112

Excess, with acres 100 104 190 220 99 127

d - Data not disclosed.
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C Land availability: No excess (Category 1 farms with sufficient crop or
pasture land).

Excess, with acres (Category 2 farms with some
land, but not enough land to assimilate all manure
nutrients).

Excess, no acres (Category 3 farms with none of the
24 major crop types identified by NRCS).

C Location: Ten states or groups of states.

C Nutrient basis: Applications are based on nitrogen (N) or
phosphorus (P) application rates.

For an example of the data contained in Table 4.3.5-17, in Alabama there are 98

facilities with more than 100,000 birds with none of the 24 major crop types identified by NRCS

for application of animal wastes.  There are 268 operations and 274 operations with 100,000 or

more birds with some land in Alabama, but not enough land to assimilate all manure nutrients

using nitrogen-based and phosphorus-based application rates, respectively.  An undisclosed

number of facilities have enough land (i.e., no excess manure).  Based on additional USDA NRCS

(2002) information, there are a total of 2,945 operations with 100,000 or more head, 6,323

operations with 50,000-99,999 head, and 4,426 operations with 30,000-49,999 head within the

United States.  Thus, by comparison to Table 4.3.5-17, EPA concluded that 123 operations with

100,000 or more head do not have excess manure using nitrogen-based application rates and 33

operations do not have excess manure using phosphorus-based application rates.  USDA NRCS

(2002) also computed from the 1997 Census of Agriculture that there are a total of 598 broiler

operations with 180,000 or more birds and 1,034 broiler operations with 125,000-179,999 birds.

Based on these data, EPA adjusted the size classes to the following:  37,500-

49,999, 50,000-74,999, 75,000-124,999, 125,000-179,999, and $180,000.  Thus, using a uniform

distribution, EPA eliminated 37.5 percent of the 4,426 operations with 30,000-49,999 head from
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consideration, leaving 2,766 operations in the smallest size class and 12,034 total broiler

operations.  Based on the above information, the data in Table 4.3.5-17 were modified to account

for the undisclosed operations and the modified size classes, and were further disaggregated to

match the five size classes selected by EPA for modeling.  Tables 4.3.5-18 and 4.3.5-19 present

the results of these calculations for nitrogen- and phosphorus-based application rates,

respectively.

Because the location groupings in Tables 4.3.5-18 and 4.3.5-19 do not match the

regions chosen by EPA for modeling, it was necessary to disaggregate the data in Tables 4.3.5-18

and 4.3.5-19 to the state level.  The data in Tables 4.3.5-18 and 4.3.5-19 were disaggregated by

using the number of operations with 200,000-499,999 broilers sold or 500,000 or more broilers

sold as reported in the 1997 Census of Agriculture state summaries.  The number of operations

with 500,000 or more broilers sold was used for the larger three class sizes.  State-disaggregated

data were then recombined into regions chosen by EPA for modeling.  The results of these

calculations are presented in Tables 4.3.5-20 and 4.3.5-21.  Approximately 87 percent of all

broiler operations with more than 30,000 bird spot capacity were located in the South and Mid-

Atlantic regions in 1997 (USDA NASS, 1999b).  These two regions were selected as the key

regions.  Since climate is not a major factor in estimating costs at broiler operations (which have

total confinement buildings and generally have covered manure storage), total birds from the

Midwest, Central and Pacific regions were divided equally among the South and Mid-Atlantic

regions for modeling purposes (see Tables 4.3.5-22 and 4.3.5-23). 
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Table 4.3.5-18

Intermediate Number of Broiler Operations Based on Location, Land
Availability Category, Operation Size for Nitrogen-Based

Application of Manure

Location
Land Availability

Category 180,000+
125,000-
179,999

75,000-
124,999

50,000-
74,999

37,750-
49,999

AL No excess 4 7 20 21 24

Excess, no acres 20 34 133 142 136

Excess, with acres 54 94 389 415 258

AR No excess 1 1 34 36 65

Excess, no acres 14 24 91 97 141

Excess, with acres 53 91 466 497 420

GA No excess 1 2 10 11 9

Excess, no acres 34 59 186 199 121

Excess, with acres 78 134 289 308 156

KT, TN, VA, WV No excess 4 7 20 21 14

Excess, no acres 12 20 99 105 81

Excess, with acres 38 66 178 190 93

MD, DE No excess 8 14 62 66 64

Excess, no acres 13 22 161 172 184

Excess, with acres 8 13 85 91 67

MS No excess 1 2 6 6 9

Excess, no acres 15 25 101 107 44

Excess, with acres 47 81 255 273 89

NC, SC No excess 5 8 36 38 37

Excess, no acres 21 37 168 179 181

Excess, with acres 36 62 230 246 183

OK, MO, KS No excess 1 2 11 12 19

Excess, no acres 5 9 29 31 20

Excess, with acres 25 44 145 155 107

TX, LA No excess 0 0 13 14 6

Excess, no acres 11 19 68 73 26

Excess, with acres 47 81 182 195 54

Other No excess 1 1 24 26 28

Excess, no acres 23 40 95 101 70

Excess, with acres 20 35 111 119 62

Total 598 1,034 3,693 3,943 2,766
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Table 4.3.5-19

Intermediate Number of Broiler Operations Based on Location, Land
Availability Category, Operation Size for Phosphorus-Based

Application of Manure

Location
Land Availability

Category 180,000+
125,000-
179,999

75,000-
124,999

50,000-
74,999

37,750-
49,999

AL No excess 3 5 9 9 20

Excess, no acres 20 34 133 142 136

Excess, with acres 56 96 400 427 262

AR No excess 0 0 29 31 58

Excess, no acres 14 24 91 97 141

Excess, with acres 53 92 471 503 427

GA No excess 0 0 4 4 6

Excess, no acres 34 59 186 199 121

Excess, with acres 79 136 295 315 159

KT, TN, VA, WV No excess 1 2 10 11 9

Excess, no acres 12 20 99 105 81

Excess, with acres 41 71 188 200 98

MD, DE No excess 1 2 18 19 24

Excess, no acres 13 22 161 172 184

Excess, with acres 15 26 129 138 108

MS No excess 1 2 5 5 9

Excess, no acres 15 25 101 107 44

Excess, with acres 47 81 256 274 89

NC, SC No excess 0 0 7 8 12

Excess, no acres 21 37 168 179 181

Excess, with acres 40 70 259 276 208

OK, MO, KS No excess 1 1 7 8 18

Excess, no acres 5 9 29 31 20

Excess, with acres 26 44 149 159 108

TX, LA No excess 0 0 12 13 5

Excess, no acres 11 19 68 73 26

Excess, with acres 47 81 183 196 54

Other No excess 0 0 6 7 11

Excess, no acres 23 40 95 101 70

Excess, with acres 21 37 129 137 79

Total 598 1,034 3,693 3,943 2,766
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Table 4.3.5-20

Final Number of Broiler Operations Based on Region, Land Availability
Category, Operation Size for Nitrogen-Based Application of Manure

Region
Land Availability

Category 180,000+
125,000-
179,999

75,000-
124,999

50,000-
74,999

37,750-
49,999

Central Excess, no acres 11 19 65 66 26

Excess, with acres 48 84 222 199 75

No excess 1 2 17 15 10

Mid-Atlantic Excess, no acres 51 88 438 422 405

Excess, with acres 84 145 502 475 300

No excess 16 28 121 119 110

Midwest Excess, no acres 8 13 34 36 24

Excess, with acres 13 22 70 125 83

No excess 1 1 10 12 17

Pacific Excess, no acres 3 5 12 39 27

Excess, with acres 3 4 14 45 24

No excess 0 0 3 10 11

South Excess, no acres 95 164 580 642 521

Excess, with acres 258 446 1,521 1,643 1,007

No excess 7 13 85 96 127

Total 598 1,034 3,693 3,943 2,766



4-34

Table 4.3.5-21

Final Number of Broiler Operations Based on Region, Land Availability
Category, Operation Size for Phosphorus-Based Application of Manure

Region
Land Availability

Category 180,000+
125,000-
179,999

75,000-
124,999

50,000-
74,999

37,750-
49,999

Central Excess, no acres 11 19 65 66 26

Excess, with acres 49 84 226 201 76

No excess 1 1 13 13 10

Mid-Atlantic Excess, no acres 51 88 438 422 405

Excess, with acres 98 170 587 558 366

No excess 2 4 36 37 43

Midwest Excess, no acres 8 13 34 36 24

Excess, with acres 13 22 76 130 86

No excess 0 0 4 6 14

Pacific Excess, no acres 3 5 12 39 27

Excess, with acres 3 5 16 53 30

No excess 0 0 1 3 4

South Excess, no acres 95 164 580 642 521

Excess, with acres 262 452 1,554 1,683 1,033

No excess 4 6 52 56 101

Total 598 1,034 3,693 3,943 2,766
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Table 4.3.5-22

Final Number of Broiler Operations Based on Modeled Region, Land
Availability Category, Operation Size for Nitrogen-Based

Application of Manure

Region
Land Availability

Category 180,000+
125,000-
179,999

75,000-
124,999

50,000-
74,999

37,750-
49,999

Mid-Atlantic Excess, no acres 62 107 494 492 444

Excess, with acres 116 200 655 660 391

No excess 17 29 136 137 129

South Excess, no acres 106 183 635 713 560

Excess, with acres 290 501 1,674 1,827 1,097

No excess 8 14 100 114 146

Total 598 1,034 3,693 3,943 2,766

Table 4.3.5-23

Final Number of Broiler Operations Based on Modeled Region, Land
Availability Category, Operation Size for Phosphorus-Based Application

of Manure

Region
Land Availability

Category 180,000+
125,000-
179,999

75,000-
124,999

50,000-
74,999

37,750-
49,999

Mid-Atlantic Excess, no acres 62 107 494 492 444

Excess, with acres 130 225 746 750 462

No excess 3 5 45 47 57

South Excess, no acres 106 183 635 713 560

Excess, with acres 294 508 1,713 1,875 1,129

No excess 4 7 61 66 115

Total 598 1,034 3,693 3,943 2,766

Not all medium operations are expected to be CAFOs under the rule.  The percentage of medium

operations EPA estimates will be CAFOs is presented in Table 4.3.5-24 (See Preamble Section 4

and 40 CFR part 122.23). 
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Table 4.3.5-24

Percentage of Broiler Operations That Are Expected to Be CAFOs

Region

Size Class

All Medium All Large 

Central 5 100

Mid-Atlantic 5 100

Midwest 5 100

Pacific 5 100

South 5 100

4.3.6 Farm Counts - Swine Operations

USDA NRCS (2002) provided information to EPA on the number of swine

operations based on the following classifications as shown in Table 4.3.6-1:

C Operation size:  $2,500 head, 1,250-2,499 head, and 750-1,249
head.

C Land availability: No excess (Category 1 farms with sufficient crop or
pasture land).

Excess, with acres (Category 2 farms with some
land, but not enough land to assimilate all manure
nutrients).

Excess, no acres (Category 3 farms with none of the
24 major crop types identified by NRCS).

C Location: Eleven states or groups of states.

C Nutrient basis: Applications are based on nitrogen (N) or
phosphorus (P) application rates.
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As an example of the data contained in Table 4.3.6-1, in Illinois there are 72

facilities with more than 2,500 head with none of the 24 major crop types identified by NRCS for

application of animal wastes. There are 34 operations with 2,500 or more head that have some

land in Illinois. However, these operations do not have enough land to assimilate all of the manure

nutrients using nitrogen-based application rates. There are 184 Illinois operations with 2,500 or

more head that have enough land to assimilate all manure nutrients using nitrogen based

application rates.  Based on USDA NRCS (2002) analysis of the 1997 Census of Agriculture

data, there are a total of 3,924 operations with 2,500 or more head, 1,507 operations with 1,875-

2,499 head, 2,840 operations with 1,250-1,874 head, and 5,554 operations with 750-1,249 head

within the United States. 

Based on these data, EPA adjusted these size classes to the following: 750-1,249,

1,250-1,874, 1,875-2,499, 2,500-4,999, and $5,000.  Using data provided by USDA NRCS

(2002), EPA placed 65.33 percent of the operations in the 1,250-2,499 size class into the 1,250-

1,874 size class.  Based on data from USDA NASS (1999b), EPA placed 41.8 percent of the

operations in the $2,500 size class into the $5,000 size class.  Thus, the information in Table

4.3.6-1 was reaggregated to match the five size classes selected by EPA for modeling.  Tables

4.3.6-2 and 4.3.6-3 present the results of these calculations for nitrogen- and phosphorus-based

application rates, respectively.

EPA then imputed the data in Table 4.3.6-2 and Table 4.3.6-3 to the state level by

using the number of operations with 1,000 or more hogs and pigs sold as reported in the 1997

Census of Agriculture state summaries.  State-disaggregated data were then recombined into

regions (see Tables 4.3.6-4 and 4.3.6-5).  Facilities from the South, Pacific, and Central regions

were divided equally among the Mid-Atlantic and Midwest regions for modeling the three smaller

size classes and combined into the Central region for the larger two size classes for modeling

purposes (see Tables 4.3.6-6 and 4.3.6-7).
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Table 4.3.6-1

Number of Swine Operations as Provided by USDA NRCS (2002) Based on
Analyses of 1997 Census of Agriculture Database

Location
Land Availability

Category

Operation Size and Nutrient Basis

$$2,500 1,250-2,499 750-1,249

N P N P N P

AR, KS, OK No excess 52 21 76 50 101 80

Excess, no acres 66 66 36 36 22 22

Excess, with acres 113 144 78 104 40 61

IL No excess 184 95 357 283 528 472

Excess, no acres 72 72 45 45 39 39

Excess, with acres 34 123 31 105 21 77

IN No excess 179 107 254 205 387 346

Excess, no acres 68 68 53 53 50 50

Excess, with acres 35 107 29 78 36 77

IA No excess 411 164 1,155 796 1,587 1,346

Excess, no acres 211 211 183 183 235 235

Excess, with acres 120 367 89 448 51 292

MI, WI No excess 57 25 97 65 169 136

Excess, no acres 31 31 30 30 29 29

Excess, with acres 19 51 19 51 8 41

MN No excess 225 97 386 272 523 430

Excess, no acres 152 152 83 83 69 69

Excess, with acres 50 178 28 142 28 121

MO No excess 54 32 104 87 203 183

Excess, no acres 17 17 18 18 25 25

Excess, with acres 59 81 48 65 33 53

NC No excess 194 15 83 23 56 21

Excess, no acres 185 185 71 71 33 33

Excess, with acres 630 809 157 217 45 80

NE No excess 40 15 164 141 279 245

Excess, no acres 81 81 49 49 82 82

Excess, with acres 32 57 29 52 29 63

OH No excess 45 23 98 61 202 154

Excess, no acres 23 23 33 33 31 31

Excess, with acres 12 34 17 54 29 77

Other No excess 184 87 244 145 404 289

Excess, no acres 132 132 99 99 102 102

Excess, with acres 157 254 104 203 78 193
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Table 4.3.6-2

Intermediate Number of Swine Operations Based on Location, Land
Availability Category, Operation Size for Nitrogen-Based Application

of Manure

Location
Land Availability

Category

Size Class 

5,000+
2,500-
4,999

1,875-
2,499

 1,250-
1,874 750-1,249

AR, KS, OK No excess 22 30 26 50 101

Excess, no acres 28 38 13 24 22

Excess, with acres 47 66 27 51 40

IL No excess 77 107 124 233 528

Excess, no acres 30 42 16 29 39

Excess, with acres 14 20 11 20 21

IN No excess 75 104 88 166 387

Excess, no acres 28 40 18 35 50

Excess, with acres 15 20 10 19 36

IO No excess 172 239 400 755 1,587

Excess, no acres 88 123 63 120 235

Excess, with acres 50 70 31 58 51

MI, WI No excess 24 33 34 63 169

Excess, no acres 13 18 10 20 29

Excess, with acres 8 11 7 12 8

MN No excess 94 131 134 252 523

Excess, no acres 64 89 29 54 69

Excess, with acres 21 29 10 18 28

MO No excess 23 31 36 68 203

Excess, no acres 7 10 6 12 25

Excess, with acres 25 34 17 31 33

NC No excess 81 113 29 54 56

Excess, no acres 77 108 25 46 33

Excess, with acres 263 367 54 103 45

NE No excess 17 23 57 107 279

Excess, no acres 34 47 17 32 82

Excess, with acres 13 19 10 19 29

OH No excess 19 26 34 64 202

Excess, no acres 10 13 11 22 31

Excess, with acres 5 7 6 11 29

Other No excess 77 107 85 159 404

Excess, no acres 55 77 34 65 102

Excess, with acres 66 91 36 68 78

Total 1,639 2,285 1,507 2,840 5,554
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Table 4.3.6-3

Intermediate Number of Swine Operations Based on Location, Land
Availability Category, Operation Size for Phosphorus-Based Application

of Manure

Location
Land Availability

Category 5,000+
2,500-
4,999

1,875-
2,499

 1,250-
1,874 750-1,249

AR, KS, OK No excess 9 12 17 33 80

Excess, no acres 28 38 13 24 22

Excess, with acres 60 84 36 68 61

IL No excess 40 55 98 185 472

Excess, no acres 30 42 16 29 39

Excess, with acres 51 72 36 69 77

IN No excess 45 62 71 134 346

Excess, no acres 28 40 18 35 50

Excess, with acres 45 62 27 51 77

IO No excess 69 96 276 520 1,346

Excess, no acres 88 123 63 120 235

Excess, with acres 153 214 155 293 292

MI, WI No excess 10 15 23 43 136

Excess, no acres 13 18 10 20 29

Excess, with acres 21 30 18 33 41

MN No excess 41 57 94 178 430

Excess, no acres 64 89 29 54 69

Excess, with acres 74 104 49 93 121

MO No excess 13 19 30 57 183

Excess, no acres 7 10 6 12 25

Excess, with acres 34 47 23 43 53

NC No excess 6 9 8 15 21

Excess, no acres 77 108 25 46 33

Excess, with acres 338 471 75 142 80

NE No excess 6 9 49 92 245

Excess, no acres 34 47 17 32 82

Excess, with acres 24 33 18 34 63

OH No excess 10 13 21 40 154

Excess, no acres 10 13 11 22 31

Excess, with acres 14 20 19 35 77

Other No excess 36 51 50 95 289

Excess, no acres 55 77 34 65 102

Excess, with acres 106 148 70 133 193

Total 1,639 2,285 1,507 2,840 5,554
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Table 4.3.6-4

Final Number of Swine Operations Based on Region, Land Availability
Category, Operation Size for Nitrogen-Based Application of Manure

Region
Land Availability

Category 5,000+
2,500-
4,999

1,875-
2,499

 1,250-
1,874 750-1,249

Central Excess, no acres 10 13 5 10 13

Excess, with acres 14 19 8 15 14

No excess 11 15 12 23 54

Mid-Atlantic Excess, no acres 102 142 40 75 79

Excess, with acres 292 408 71 133 80

No excess 115 161 67 125 236

Midwest Excess, no acres 300 418 185 349 595

Excess, with acres 188 263 122 229 272

No excess 528 736 939 1,770 4,022

Pacific Excess, no acres 2 2 1 2 3

Excess, with acres 2 3 1 2 2

No excess 2 3 3 5 12

South Excess, no acres 21 29 11 21 28

Excess, with acres 30 42 17 32 30

No excess 23 32 26 49 115

Total 1,639 2,285 1,507 2,840 5,554
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Table 4.3.6-5

Final Number of Swine Operations Based on Region, Land Availability
Category, Operation Size for Phosphorus-Based Application of Manure

Region
Land Availability

Category 5,000+
2,500-
4,999

1,875-
2,499

 1,250-
1,874 750-1,249

Central Excess, no acres 10 13 5 10 13

Excess, with acres 20 27 12 23 28

No excess 5 7 8 14 40

Mid-Atlantic Excess, no acres 102 142 40 75 79

Excess, with acres 385 537 107 201 166

No excess 23 31 30 57 150

Midwest Excess, no acres 300 418 185 349 595

Excess, with acres 470 655 379 713 876

No excess 246 343 682 1,286 3,419

Pacific Excess, no acres 2 2 1 2 3

Excess, with acres 3 5 2 4 6

No excess 1 2 2 3 9

South Excess, no acres 21 29 11 21 28

Excess, with acres 43 60 27 51 60

No excess 10 14 16 30 85

Total 1,639 2,285 1,507 2,840 5,554
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Table 4.3.6-6

Final Number of Swine Operations Based on Modeled Region, Land
Availability Category, Operation Size for Nitrogen-Based Application

of Manure

Region
Land Availability

Category 5,000+
2,500-
4,999

1,875-
2,499

 1,250-
1,874 750-1,249

Central Excess, no acres 32 45 0 0 0

Excess, with acres 46 64 0 0 0

No excess 36 50 0 0 0

Mid-Atlantic Excess, no acres 102 142 49 92 100

Excess, with acres 292 408 84 157 103

No excess 115 161 87 164 327

Midwest Excess, no acres 300 418 194 366 617

Excess, with acres 188 263 135 254 295

No excess 528 736 959 1,808 4,113

Total 1,639 2,285 1,507 2,840 5,554

Table 4.3.6-7

Final Number of Swine Operations Based on Modeled Region, Land
Availability Category, Operation Size for Phosphorus-Based Application

of Manure

Region
Land Availability

Category 5,000+
2,500-
4,999

1,875-
2,499

 1,250-
1,874 750-1,249

Central Excess, no acres 32 45 0 0 0

Excess, with acres 66 92 0 0 0

No excess 16 22 0 0 0

Mid-Atlantic Excess, no acres 102 142 49 92 100

Excess, with acres 385 537 127 240 213

No excess 23 31 43 81 217

Midwest Excess, no acres 300 418 194 366 617

Excess, with acres 470 655 399 752 922

No excess 246 343 695 1,309 3,485

Total 1,639 2,285 1,507 2,840 5,554
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While USDA NRCS (2002) provided information to estimate the number of

operations by region, size class, and land availability category, it did not provide data to estimate

the number of operations by operation type (i.e., farrow-to-finish, grow-finish) or the number of

operations by manure storage (i.e., pit storage, lagoon, evaporative lagoon).  Using data provided

by USDA NASS (1999b), EPA estimated that 50.6, 45.6, 40.7, and 35.0 percent of operations

with 2,500+, 1,875-2,499, 1,250-1,874, and 750-1,249 head, respectively, were grow-finish

operations.  Using data from USDA APHIS (2002), EPA estimated the following percentages of

swine operations that use pit storage:  14.4 and 23.9 percent of medium and large farrow-to-finish

operations, respectively, and 26.3 and 37.5 percent of medium and large grow-finish operations,

respectively, in the Mid-Atlantic region; and 54.9 and 56.4 percent of medium and large farrow-

to-finish operations, respectively, and 67.7 and 70.7 of medium and large grow-finish operations,

respectively, in the Midwest region.  All operations modeled in the Central region were assumed

to use evaporative lagoons.

Not all medium operations are expected to be CAFOs under the rule.  The

percentage of medium operations EPA estimates will be CAFOs is presented in Table 4.3.6-8

(See Preamble Section 4 and 40 CFR part 122.23). 

Table 4.3.6-8

Percentage of Swine Operations That Are Expected to Be CAFOs

Region

Size Class

Medium 1 Medium 2 Medium3 Large1

Central 15 15 15 100

Mid-Atlantic 15 15 15 100

Midwest 15 15 15 100

Pacific 15 15 15 100

South 15 15 15 100
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4.4 Average Head

This section describes the methodology used to calculate average head in each size

group for each animal type.

4.4.1 Average Head - Beef Feedlots

Table 4.4.1-1 presents the total number of fattened cattle at potential beef feedlot

CAFOs by size class, as estimated by USDA NRCS, using the 1997 Census of Agriculture data

(USDA NRCS, 2002).

Table 4.4.1-1

Number of Fattened Cattle at Potential CAFOs by EPA Size Class
from the 1997 Census of Agriculture Database

Number Fattened Cattle

Size Class
Number of Beef

Feedlots

Based on 2.5
turnovers/year and

1,000 pounds

Based on variable
turnovers and 877

pounds
Average Number of

Fattened Cattle

Medium 1 1,466 251,015 541,742 370

Medium 2 801 204,850 442,109 552

Medium 3 415 147,322 317,951 766

Size Class
Number of Beef

Feedlots
Number of Fattened

Cattle Sold

Number On Site
(based on variable

turnovers)
Average Number of

Fattened Cattle

Large 1 1,654a 4,347,000 10,902,500 1,839

Large 2 421 18,442,000 3,041,250 25,897
aNumber of Large 1 beef feedlots estimated by USDA/NASS.  This estimate is used only to calculate the average head for the
Large 1 size class.

To estimate average head at Medium beef feedlots, EPA first converted these

animal unit estimates back to sales estimated using the turnover of 2.5 beef cycles per year  (ERG,

2002).  Information collected by EPA from the National Cattlemen’s Beef Association and the

USDA National Agricultural Statistics Service indicate that beef feedlots generally operate at less

than 100 percent capacity, and smaller feedlots tend to have less production cycles per year.
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# Fattened Cattle =  #  Fattened Cattle  
2.5

Turnover
  

Weight

Weight
Total Head AU

Size Class

AU

Beef Co

  
w

× ×

Based on these data, EPA used production cycle estimates based on the size of operation to

recalculate head estimates from the sales data (ERG, 2002).  EPA also recalculated the number of

beef cows based on a weight of 877 pounds, as shown in the equation below:

where:

# Fattened CattleAU = USDA’s NRCS data for number of AU for a size
class

TurnoverSize Class = Estimated number of production cycles for a size
class

WeightAU = Weight of one animal unit (1,000 lbs)
WeightBeef Cow = Average weight of beef cow (877 lbs).

Next, EPA calculated the average head per operation by dividing the number of fattened cattle by

the number of operations.  These average head are also presented in Table 4.3.1-1.

For example, USDA estimates that there are 204,850 animal units at Medium 2

operations.  Multiplying this number by 2.5 turnovers and converting the weight basis to 877

pounds yields 583,951 cows.  It is estimated that there are 1.32 production cycles at these

operations, which yields 442,109 cattle at 801 operations in the Medium 2 size class, which

results in an average head size of 552 fattened cattle at Medium 2 operations.

For large operations, the USDA/NRCS data does not provide the number of head

for both the Large 1 and Large 2 size classes.  Instead, EPA used data from USDA/NASS to

estimate the average head at large operations.

4.4.2 Average Head - Dairies

Table 4.4.2-1 presents the total number of milk cows at potential dairy CAFOs by

size class, as estimated by USDA’s NRCS, using the 1997 Census of Agriculture data (USDA

NRCS, 2002).  The estimates prepared by NRCS are presented as the number of animal units
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#  Mature Dairy Cows =  #  Mature Dairy Cows
Weight

Weight
Total Head AU

AU

Dairy Cattle

   ×

assuming a weight of 1,000 pounds per animal unit.  EPA first converted these animal unit

estimates to the number of dairy cows based on a weight of 1,350 pounds, as shown in the

equation below:

where:

#Mature Dairy CowsAU = USDA’s NRCS data for number of farms
with milk cows for a size category

WeightAU = Weight of one animal unit (1,000 lbs)
WeightDairy Cattle = Average weight of dairy cow (1,350 lbs).

Table 4.4.2-1

Number of Dairy Cows at Potential CAFOs by EPA Size Class
from the 1997 Census of Agriculture Database

Size Class Number of Dairies Number of AU Number of Dairy Cows
Average Number of
Mature Dairy Cows

Medium 1 3,805 1,285,821 952,460 250

Medium 2 1,372 787,492 583,327 425

Medium 3 603 488,283 361,691 600

Large 1 1,450 2,798,343 2,072,847 1,430

Next, EPA calculated the average head per operation by dividing the number of

dairy cows by the number of operations.  These average head are also presented in Table 4.4.2-1.

For example, USDA estimates that there are 787,492 animal units at Medium 2

operations.  Converting this number to dairy cows yields 583,327 cows.  It is estimated that there

are 1,372 operations in the Medium 2 size class, which results in an average head size of 425

dairy cows at Medium 2 operations.
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#  Mature Dairy Cows  =  787,492
1,000

1,350

#  Mature Dairy Cows  =  583,327

# Mature Dairy Cows  =  
583,327

1,372

# Mature Dairy Cows  =  425

Total head

Total head

Head per farm

Head per farm

×

4.4.3 Average Head - Heifer Operations

The average size of heifer operations ranges from 50 head to 25,000 head and

varies geographically.  The average size of a heifer operation located west of the Mississippi River

is 1,000 to 5,000 head, while the average size in the upper Midwest, Northeast, and South is 50

to 200 head.  Nationally, the median size of a heifer operation is approximately 200 head (Cady

R., 2000).  The average head for each Medium size class is calculated as the median of the size

class range, as shown in Table 4.4.3-1.  Using best professional judgement, EPA set the Large

size class equal to 1,500 head.

Table 4.4.3-1

Average Head for Heifer Model Farm

Size Class Average Head

Medium 1 400

Medium 2 625

Medium 3 875

Large 1 1,500

4.4.4 Average Head - Veal Operations

The average head of veal calves in each size class is based on discussions with the

American Veal Association and site visits (Crouch A., 1999). A veal confinement barn may hold

between 200 and 300 calves, and on average houses 270 calves.  Most commonly, veal operations

have two barns.  Therefore, the Medium 1 facilities were estimated to have two confinement
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barns with 200 calves per barn, Medium 2 facilities were estimated to have two barns with 270

calves in each barn, and Medium 3 facilities were estimated to have four barns with 270 calves in

each barn, as presented in Table 4.4.4-1.

Table 4.4.4-1

Average Head for Veal Model Farm

Size Class Average Head

Medium 1 400

Medium 2 540

Medium 3 1,080

Source:  ERG, 2000b.

4.4.5 Average Head - Poultry Operations

The calculation of average head for poultry operations includes separate

calculations for layers, turkeys, broilers.  Each of these is described in detail in the following

discussion.

Layers

Table 4.4.5-1 presents the number of layer facilities and total USDA-based animal

units (USDA AUs) using the 1997 Census of Agriculture (USDA NRCS, 2002).  According to

USDA NRCS (2000), the number of birds per USDA AU ranges from 250 for layers to 455 for

pullets less than three months old.  To convert the total USDA AUs (in Table 4.4.5-1) to birds 

count, EPA estimated a conversion factor that represented both pullets and layers.  Using the

three smaller size classes in Table 4.4.5-1, EPA developed a conversion factor of 310 head per

USDA AU.  The Agency developed this conversion factor so that the average head count per

operation (last column in Table 4.4.5-1) for these three size classes was near the middle of the

size class interval.  Lacking specific data to directly compute the average head count for either of

the larger two size classes, EPA selected a mid-value (i.e., 350,000 head) for the 100,000-
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599,999 size class.  With this information and the assumption that 101 of the 671 facilities with

more than 1,000 EPA AUs had more than 600,000 head, EPA was able to estimate the average

head count for the largest size class.

Table 4.4.5-1

Layer Facility Demographics from the 1997 Census of Agriculture Database

Size Class
Number of
Facilities

Total 
USDA AUs 

Size Class Interval 
(Number of Head) Average Head

Count per
OperationLower Upper

Medium 1 776 95,648 30,000 49,999 38,210

Medium 2 446 88,817 50,000 74,999 61,734

Medium 3 238 69,379 75,000 99,999 90,368

Large 1 and
Large 2

671a 922,558 100,000 599,999 350,000

$600,000 856,368

Total 2,131 1,176,402

Source:  USDA NRCS, 2002.
aSection 4.3.5 documents the methodology used to estimate that 101 of the 671 facilities with more than 1,000 EPA AUs had
more than 600,000 head.

To analyze the alternative layer thresholds ultimately adopted by EPA, the smallest

dry layer size class was expanded to include operations from the 25,000-49,999 size class.  Also,

the division between the third and fourth dry layer size class was changed from 100,000 to

82,000.  Section 4.3.5 describes the approach used to adjust the number of operations per size

class.  Correspondingly, EPA recomputed the average head based on the number of operations

that were removed or added to each size class.  The resulting average head count per operation

for dry layers is presented in Table 4.4.5-2.  The average head count for wet layer operations with

9,000-29,999 head was estimated as the midpoint, or 19,500 head.  The average head count for

wet layer operations with 30,000 or more head was estimated as 146,426 head.
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Table 4.4.5-2

Average Head Count for Layer Operations

Size Class

Size Class Interval
(Number of Head)

Average Head Count per OperationLower Upper

Dry Layer Operations

Medium 1 25,000 49,999 36,068

Medium 2 50,000 74,999 61,734

Medium 3 75,000 81,999 78,546

Large 1 82,000 599,999 291,153

Large 2 $600,000 856,368

Wet Layer Operations

Medium 1 9,000 29,999 19,500

Large 1 $30,000 146,426

Turkeys

Table 4.4.5-3 presents the number of turkey facilities and total USDA AUs using

the 1997 Census of Agriculture (USDA NRCS, 2002).  According to USDA’s NRCS (2000), the

number of head per USDA AU ranges from 50 for breeding turkeys to 67 for slaughter turkeys. 

To convert the total USDA AUs (in Table 4.4.5-3) to head count, EPA estimated a conversion

factor that represented both breeding and slaughter turkeys.  Using the three smaller size classes

in Table 4.4.5-3, EPA developed a conversion factor of 54 head per USDA AU.  The Agency

developed this conversion factor so that the average head count per operation (last column in

Table 4.4.5-3) for these three size classes was near the middle of the size class interval.  The

average head count for the largest size class was directly calculated using the conversion factor.
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Table 4.4.5-3

Turkey Facility Demographics from the 1997 Census of Agriculture Database

Size Class
Number of
Operations

Total 
USDA AUs 

Size Class Interval 
(Number of Head) Average Head

Count per
OperationLower Upper

Medium 1 875 360,475 16,500 27,499 22,246

Medium 2 478 306,632 27,500 41,249 34,640

Medium 3 262 230,628 41,250 54,999 47,534

Large 1 388 915,367 $55,000 127,396

Total 2,003 1,813,102

Source:  USDA NRCS, 2002.

Broilers

USDA NRCS (2002) provided information to EPA on the number of broiler

facilities and total USDA AUs using the 1997 Census of Agriculture based on the following

classifications:

C Operation size:  $100,000 head, 50,000-99,999 head, and 30,000-
49,999 head.

C Land availability: No excess manure nutrients (Category 1 farms with
sufficient crop or pasture land).

Excess manure nutrients, with acres (Category 2
farms with some land, but not enough land to
assimilate all manure nutrients).

Excess manure nutrients, no acres (Category 3 farms
with none of the 24 major crop types identified by
NRCS).

C Location: Ten states or groups of states.

C Nutrient basis: Applications are based on nitrogen (N) or
phosphorus (P) application rates.



4-53

Table 4.3.5-17 in Section 4.3.5 presents the number of facilities for each

classification combination.  According to USDA’s NRCS (2000), the number of head per USDA

AU is 455 for broilers.  EPA used this conversion factor to convert the USDA NRCS data to

number of birds.  Total number of birds was disaggregated using a procedure that corresponds to

the procedure described in Section 4.3.5 (to disaggregate broiler facilities) for each modeled size

class and individual state.  These results were aggregated into regions, and then ultimately into

modeled regions as summarized in Tables 4.4.5-4 and 4.4.5-5 for nitrogen- and phosphorus-based

application rates. Approximately 87 percent of all broiler operations with more than 30,000 bird

spot capacity were located in the South and Mid-Atlantic regions in 1997 (USDA NASS, 1999b). 

These two regions were selected as the key regions. Since climate is not a major factor in

estimating costs at broiler operations (which have total confinement buildings and generally have

covered manure storage), total number of operations from the Midwest, Central and Pacific

regions was divided equally among the South and Mid-Atlantic regions for modeling purposes.

Table 4.4.5-4

Final Number of Broilers per Operation Based on Modeled Region,
Land Availability Category, Operation Size for Nitrogen-Based

Application of Manure

Region
Land Availability

Category Medium 1 Medium 2 Medium 3 Large 1 Large 2

Mid-Atlantic No excess 39,786 55,963 85,865 125,000 273,909

Excess, with acres 39,842 58,359 89,574 133,430 329,505

Excess, no acres 39,609 56,176 86,342 151,184 381,884

South No excess 39,075 54,921 84,423 125,000 251,127

Excess, with acres 39,414 57,684 88,640 134,913 314,098

Excess, no acres 39,419 57,557 88,516 132,017 325,838
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Table 4.4.5-5

Final Number of Broilers per Operation Based on Modeled Region,
Land Availability Category, Operation Size for Phosphorus-Based

Application of Manure

Region
Land Availability

Category Medium 1 Medium 2 Medium 3 Large 1 Large 2

Mid-Atlantic No excess 39,642 55,618 85,355 125,000 219,247

Excess, with acres 39,851 58,110 89,171 132,696 326,246

Excess, no acres 39,609 56,176 86,342 149,292 385,154

South No excess 38,845 53,886 82,820 125,000 219,247

Excess, with acres 39,427 57,644 88,596 135,091 312,224

Excess, no acres 39,419 57,557 88,516 132,017 325,838

4.4.6 Average Head - Swine Operations

USDA NRCS (2002) provided information to EPA on the number of swine

facilities and total USDA AUs using the 1997 Census of Agriculture based on the following

classifications:

C Operation size:  $2,500 head, 1,250-2,499 head, and 750-1,249
head.

C Land availability: No excess (Category 1 farms with sufficient crop or
pasture land).

Excess, with acres (Category 2 farms with some
land, but not enough land to assimilate all manure
nutrients).

Excess, no acres (Category 3 farms with none of the
24 major crop types identified by NRCS).

C Location: Eleven states or groups of states.

C Nutrient basis: Applications are based on nitrogen (N) or
phosphorus (P) application rates.
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Table 4.3.6-1 in Section 4.3.6 presents the number of facilities for each

classification combination.  While USDA NRCS (2002) provided information by region, size

class, and land availability category, it did not provide data to estimate average head count by

operation type (i.e., farrow-to-finish, grow-finish) or the number of operations by manure storage

(i.e., pit storage, lagoon, evaporative lagoon).  Thus, it was necessary to estimate a conversion

factor that represented both breeding hogs and hogs for slaughter to convert the total USDA AUs

to head count.  According to USDA NRCS (2000), the number of head per USDA AU ranges

from 2.67 for breeding hogs to 9.09 for hogs for slaughter.  Using summary data provided by the

USDA NRCS (2002), EPA developed a conversion factor of 6 head per USDA AU, in order to

convert the USDA NRCS data to number of head.  Total head were disaggregated using the same 

procedure as described in Section 4.3.6 (to disaggregate swine facilities) for each modeled size

class and individual state.  These results were aggregated into regions, and then ultimately into

modeled regions, as summarized in Tables 4.4.6-1 and 4.4.6-2 for nitrogen-and phosphorus-based

application rates, respectively.

Table 4.4.6-1

Final Number of Swine per Operation Based on Modeled Region,
Land Availability Category, Operation Size for Nitrogen-Based

Application of Manure

Region
Land Availability

Category Medium 1 Medium 2 Medium 3 Large 1 Large 2

Central No excess NA NA NA 2,500 6,553

Excess, with acres NA NA NA 3,696 11,065

Excess, no acres NA NA NA 4,999 34,944

Mid-Atlantic No excess 889 1,368 1,900 2,664 7,838

Excess, with acres 1,031 1,554 2,158 4,581 13,713

Excess, no acres 976 1,477 2,051 4,424 14,929

Midwest No excess 871 1,332 1,898 2,505 5,927

Excess, with acres 950 1,465 2,035 3,457 12,132

Excess, no acres 976 1,522 2,114 4,561 16,982
NA - Not applicable.
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Table 4.4.6-2

Final Number of Swine per Operation Based on Modeled Region,
Land Availability Category, Operation Size for Phosphorus-Based

Application of Manure

Region
Land Availability

Category Medium 1 Medium 2 Medium 3 Large 1 Large 2

Central No excess NA NA NA 2,500 6,037

Excess, with acres NA NA NA 3,304 9,890

Excess, no acres NA NA NA 4,999 34,944

Mid-Atlantic No excess 883 1,346 1,888 2,500 6,390

Excess, with acres 964 1,496 2,077 4,134 12,375

Excess, no acres 976 1,477 2,051 4,424 14,929

Midwest No excess 863 1,311 1,885 2,500 5,094

Excess, with acres 926 1,415 1,965 2,878 9,172

Excess, no acres 976 1,522 2,114 4,463 16,636
NA - Not applicable.

  EPA decided to develop model farms for the Mid-Atlantic and Midwest regions

because over 93 percent of the facilities with more than 750 head were located in these two

regions in 1997 (USDA NASS, 1999b).  EPA added additional model farms in the Central region

based on comments received on the proposed rule that many large facilities had recently located

to states in the Central region.  

4.5 Wastewater/Dilution Water

The amount of wastewater and dilution water generated at dairies and veal

operations is needed for the design of storage and treatment technologies.  The cost model

calculates the amount of wastewater generated for each model farm.  Sections 4.5.1 through 4.5.4

describe the estimates of wastewater generated at dairies and veal, poultry, and swine operations

and the assumptions and equations used in the cost model.  Beef feedlots and heifer operations do

not generate any wastewater under the model farm assumptions. (For the purpose of this report,

the term “wastewater” does not include rainwater runoff.)
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4.5.1 Wastewater Generation at Dairies

The cost model calculates the total amount of wastewater generated at dairies and

uses it as input for the design of storage and treatment technologies.  Wastewater, as used in the

cost model, includes water from flushing or hosing confinement barns and milk parlors at dairies

and veal operations.  Section 4.5.1 describes the equations used to calculate the wastewater

generated, and the different wastewater sources present at hose and flush dairies.

Hose Dairies

Wastewater generated at hose dairies includes wash water for equipment, milk

parlor floors, and holding area floors.  The cost model assumes wastewater is generated only in

the milk parlor for hose dairies, because confinement barn waste is scraped without using flush

water.  Table 4.5.1-1 lists the sources of milk parlor wastewater by size class for dairies using

hose systems.

Table 4.5.1-1

Milk Parlor Wastewater Generated at Dairies Using Hose Systems

Water Source Units
Small Operations 

(< 200 Head)
Medium Operations 

(200-700 Head)

Large
Operations 

(> 700 Head)

Bulk Tank-Manuala gal/wash 40 35 30

Pipeline In Parlora gal/wash 75 100 125

Miscellaneous
Equipmenta

gal/day 30 30 30

Cow Preparation-
Manualb

gal/wash-cow 0.5 0.375 0.25

Milkhouse Floorb gal/day 20 15 10

Parlor and Holding
Area Flushb

gal/milking 40 30 20

aInformation taken from Midwest Plan Service - 7, Dairy Freestall Housing and Equipment, p78.
bInformation taken from Midwest Plan Service - 18, Livestock Waste Facilities Handbook, p2.5
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Based on site visits, dairies milk their cows either two or three times per day;

therefore, the cost model assumes each cow is milked an average of 2.5 times per day and the

equipment is washed after each milking.  The general parlor wastewater generation equation is

thus:

Parlor Wastewater (gal/day) = No. Washes ×  (Bulk Tank Rinse + Pipeline Rinse)
      Day       Wash         Wash

+ Miscellaneous Equipment

+ No. Washes  ×  Cow Preparation  ×  Number of Dairy Cattle
      Day

+ Milkhouse Floor Wash

+ No. Milkings   ×  Parlor and Holding Area Flush
       Day

After plugging in the values from Table 4.5.1-1, and assuming the number of

washes and milkings equals 2.5, the total wastewater generated in the milk parlor for each size

class is computed using the following equations:

< 200 Head Parlor Wastewater (gal/day) = [2.5 washes/day × (40 + 75 ) gal/wash] + 30 gal/day +
[0.5 gal/wash-cow × 2.5 washes/day × Number of Dairy Cattle] + 20 gal/day + [40
gal/milking × 2.5 milkings/day]

Parlor Wastewater (gal/day) = 437.5 gal/day + (1.25 gal/cow-day × Number of Dairy
Cattle)

200-700 Head Parlor Wastewater (gal/day) = [2.5 washes/day × (35 + 100) gal/wash] + 30 gal/day +
[0.375 gal/wash-cow × 2.5 washes/day × Number of Dairy Cattle] + 15 gal/day + [30
gal/milking × 2.5 milkings/day]

Parlor Wastewater (gal/day) = 457.5 gal/day + (0.9375 gal/cow-day × Number of Dairy
Cattle)

> 700 Head Parlor Wastewater (gal/day) = [2.5 washes/day × (30 + 125) gal/wash] + 30 gal/day +
[0.25 gal/wash-cow × 2.5 washes/day × Number of Dairy Cattle] + 10 gal/day + [20
gal/milking × 2.5 milkings/day]

Parlor Wastewater (gal/day) = 477.5 gal/day + (0.625 gal/cow-day × Number of Dairy
Cattle)
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Only the mature herd is used to calculate the wastewater use in the parlor because

the wastewater use estimates are based on the number of animals passing through the parlor. 

Although the dairy model farm includes calves and heifers in addition to the milking herd on site,

these animals are not counted in the milking herd count because they do not produce milk.  To be

conservative, all mature dairy cows, both lactating and dry, are used to calculate parlor

wastewater.

Flush Dairies

Dairies using flush systems generate larger quantities of water than dairies using

hose systems.  Table 4.5.1-2 lists the sources of wastewater by size class for dairies using flush

systems.

Table 4.5.1-2

Milk Parlor Wastewater Generated at Dairies Using Flush Systemsa

Water Source Units
Small Operations

(<200 Head)
Medium Operations 

(200-700 Head)
Large Operations

(>700 Head)

Bulk Tank-Automatic gal/wash 60 55 50

Pipeline In Parlor gal/wash 75 100 125

Miscellaneous
Equipment

gal/day 30 30 30

Cow Preparation-
Automatic

gal/wash-cow 2 2 2

Milkhouse Floor gal/day 20 15 10

Parlor and Holding Area
Flush

gal/day-cow 40 32.5 25

aInformation taken from Midwest Plan Service - 18, Livestock Waste Facilities Handbook, page 2.5

As with hose dairies, the cost model assumes each cow is milked 2.5 times per day

and the equipment is washed after each milking.  The general parlor wastewater generation

equation is thus:

Parlor Wastewater (gal/day) = No. Washes  ×  (Bulk Tank Rinse + Pipeline Rinse)
      Day             Wash              Wash
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+ Miscellaneous Equipment

+ No. Washes  ×  Cow Preparation ×  Number of Dairy Cattle
      Day

+ Milkhouse Floor Wash

+ No. Milkings ×  Parlor and Holding Area Flush
      Day

After plugging in the values from Table 4.5.1-2, the total wastewater generated in

the milk parlor for each size class is computed using the following equations:

< 200 Head Parlor Wastewater (gal/day) = [2.5 washes/day × (60 + 75) gal/wash] + 30 gal/day + [2
gal/wash-cow × 2.5 washes/day × Number of Dairy Cattle] + 20 gal/day + [40 gal/day-
cow × Number of Dairy Cattle]

Parlor Wastewater (gal/day) = 387.5 gal/day + (45 gal/cow-day × Number of  Dairy
Cattle)

200-700 Head Parlor Wastewater (gal/day) = [2.5 washes/day × (55 + 100) gal/wash] + 30 gal/day + [2
gal/wash-cow × 2.5 washes/day × Number of Dairy Cattle] + 15 gal/day + [32.5 gal/day-
cow × Number of Dairy Cattle]

Parlor Wastewater (gal/day) = 432.5 gal/day + (37.5 gal/cow-day × Number of Dairy
Cattle)

> 700 Head Parlor Wastewater (gal/day) = [2.5 washes/day × (50 + 125) gal/wash] + 30 gal/day + [2
gal/wash-cow × 2.5 washes/day × Number of Dairy Cattle] + 10 gal/day + [25 gal/day-
cow × Number of Dairy Cattle]

Parlor Wastewater (gal/day) = 477.5 gal/day + (30 gal/cow-day × Number of Dairy
Cattle)

Only the milking herd is used to calculate the wastewater use in the parlor because

the wastewater use estimates are based on the number of animals passing through the parlor. 

Although the dairy model farm includes calves and heifers in addition to the milking herd on site,

these animals are not counted in the milking herd count because they do not produce milk. 

In addition to the milk parlor wastewater, water is used to flush the confinement

barns.  The amount of water required is estimated at 100 gal/day-cow (MWPS, 1993).  The

amount of wastewater generated is calculated using the following equation:
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Barn Wastewater (gal/day) = 100 gal/day-cow × Number of Dairy Cattle

Because only the milking herd is housed in the confinement barn for the flush dairy model farm,

only the milking herd is counted in the number of dairy cattle.  Table 4.5.1-3 presents a summary

of the wastewater generation by dairy model farm given the average head described in Section

4.4.

Table 4.5.1-3

Wastewater Generation by Dairy Model Farm

Animal Type Size Class Average Head

Parlor
Wastewatera

(gal/day)

Barn
Wastewatera

(gal/day)

Total
Wastewater

(gal/day)

Dairy-Flush Medium 1 250 9,808 25,000 34,808

Medium 2 425 16,370 42,500 58,870

Medium 3 600 22,933 60,000 82,933

Large 1 1,430 43,378 143,000 186,378

Dairy-Hose Medium 1 250 692 0 692

Medium 2 425 856 0 856

Medium 3 600 1,020 0 1,020

Large 1 1,430 1,371 0 1,371
aFor the dairy model farm, only the mature herd is included in the calculation of wastewater generation. To be conservative, all
mature dairy cows, both lactating and dry, are used to calculate parlor wastewater. 

4.5.2 Wastewater Generation at Veal Operations

Veal operations do not generate as much wastewater as dairies because there is no

milk parlor wastewater.  Wastewater is generated at veal operations from flushing confinement

barns only.  It is estimated that the amount of water required is 100 gal/day-cow, the same value

as provided for dairy barns (MWPS, 1993); therefore, the wastewater generated from veal

operations is calculated using the following equation:

Barn Wastewater (gal/day) = 100 gal/day-calf × Number of Veal Calves
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Total Wastewater Generation

The equations listed in Section 4.4 require the average number of animals as input. 

Table 4.4.4-1 lists the average number of head for each model farm.  The total wastewater

generated is the sum of the wastewater generated from the confinement barn and milk parlor.  

Total Wastewater (gal/day) = Parlor Wastewater (gal/day) + Barn Wastewater (gal/day)

Table 4.5.2-1 shows the wastewater generation by veal model farm.

Table 4.5.2-1

Wastewater Generation by Veal Model Farm

Animal Type Size Class Average Head

Parlor
Wastewater

(gal/day)

Barn
Wastewater

(gal/day)

Total
Wastewater

(gal/day)

Veal Medium 1 400 0 40,000 40,000

Medium 2 540 0 54,000 54,000

Medium 3 1,080 0 108,000 108,000

4.5.3 Wastewater and Dilution at Dry Poultry Operations

The dilution of as-excreted manure is calculated to provide the volume of manure

and additional liquids stored.  Manure is diluted with water by a dilution value of one to three.  A

dilution value of one means the stored manure has roughly the same volume as the excreted

manure (e.g., layer manure that is stored in the bottom of the layer house).  Broiler and turkey

manure has a 75- to 80-percent moisture content when excreted.  After the manure dries, broiler

and turkey manure is usually handled as litter.  However, the loss of moisture during storage is

approximately replaced by the bedding material.  Thus, a dilution value of one was used to

estimate the volume of broiler and turkey manure/litter.
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4.5.4 Wastewater and Dilution at Swine and Wet Layer Operations

Under baseline conditions, EPA assumed a dilution value of three when the

manure is flushed to a lagoon for storage and a dilution factor of 1.2 when manure is stored in a

pit beneath the house.  EPA estimated the dilution value for lagoon storage by adding together

typical slatted floor manure flush volumes (MWPS), the annual net precipitation for the lagoon

surface, and the volume of a 25-year 24-hour rainfall event.  This value is multiplied by the

manure production in an approach similar to USDA NRCS (1998).  Thus, an operation that

produces 1,000 gallons of manure “as excreted” actually produces 3,000 gallons of liquid wastes

after flushing.  The resulting volume is the estimated total annual pumpdown volume.

As a comparison, the University of Missouri estimates annual pumpdown volumes

based on contributions from manure, daily fresh water inputs, net rainfall, and runoff.  Though

pumpdown will vary by rainfall and climate, the Missouri model predicts the dilution value used

by EPA may overestimate the volume of effluent associated with lagoon operations.  EPA decided

to use a dilution value of three for baseline conditions to ensure that the amount of waste

produced and the associated manure handling costs were not underestimated. 

A dilution value of two reflects methods of lowering the amount of dilution that

occurs (e.g., reducing wastewater volumes due to recycling of flush water and the corresponding

reduction in fresh water use; reducing or eliminating precipitation from entering the liquid waste

impoundments).  A lower dilution value will result in a large reduction in the volume of liquid

manure that must be hauled, with a corresponding reduction in hauling costs.  A dilution factor of

two was assumed when manure is flushed to a lagoon for storage and the facility constructs a

secondary lagoon and installs a pump to recycle water for flushing.  These practices were used to

lower the costs of Category 2 and 3 facilities with lagoons that had to haul excess manure

nutrients away from the facility.
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4.6 Manure Generation

The amount of manure generated at animal feeding operations is also needed for

the design of storage and treatment technologies.  In addition to the volume generated, the

location of manure generation and collection affects the size and type of different waste

management components.  For cattle model farms, the cost model calculates the amount of

manure generated for each model farm.  Section 4.6.1 describes the estimates of manure

generated at beef feedlots, dairies, and veal operations and the assumptions and equations used in

the cost model.  Sections 4.6.2 and 4.6.3 describes the calculation of recoverable manure at

poultry and swine operations.

4.6.1 Manure Generation at Beef Feedlots, Heifer Operations, Dairies, and Veal
Operations

The cost model calculates the total amount of manure generated using manure

characteristics and the total number of animals on the beef feedlots, dairies, heifer and veal

operations.  Table 4.6.1-1 lists the assumptions used to approximate the manure generated.  The

moisture content can be used to calculate the total solids content or total water content of the

manure.  In practice, manure characteristics are variable; the values shown here reflect the best

available data for national estimates.

Manure Placement

The amount of manure generated is distributed among the different areas of the

operation.  For beef feedlots and heifer operations, it is assumed that all manure is generated on

the drylot.  For veal operations, it is assumed that all manure from mature cattle is generated in

the confinement barn.  For dairies, it is assumed that 85 percent of the manure from mature cattle

is generated in the confinement barn and 15 percent is generated in the milking parlor (USDA,

1996).  Also, at dairies, it is assumed that calves and heifers on site deposit manure on the drylot. 

These estimates are based on the amount of time dairy cattle typically spend in each facility.
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Table 4.6.1-1

Cattle Manure Production and Characteristics

Animal Type
Animal

Weight (lbs)a
Manure Production

(lb/day/1,000-lb animal)
Manure Density

(lb/ft3)a
Manure Moisture

(percent)

Beef Cattle 877 63b 62 88c

Mature dairy cows 1,350 83.5b 62 87c

Calves 350 65.8b 62 98d

Heifers 550 66b 62 87d

Veal Calves 275 65.8b 62 98e

a Technical Development Document, 2002.
b Lander, C.H., D. Moffit, and K. Alt,  1998.
c NCSU, 1994.
EAssumes that heifers are equal to dairy cows and calves are equal to veal calves.
dASAE, 1993.

Total Manure Generation

The cost model calculates the amount of manure generated in each area of the farm

using the following equations.  Information in Table 4.6.1-2 is used for manure generation

information, and information in Table 4.4.1-1 is used to obtain the average number of head.

Beef cattle, calves, and heifers

Drylot Manure Generated = Average Head × Animal Weight (lbs) 
× Manure Production (lb/day/1,000-lb animal)

Mature dairy cows

Milking Parlor Manure Generated = 0.15 × Average Head × Animal Weight (lbs) × 
Manure Production (lb/day/1,000-lb animal)

Barn Manure Generated = 0.85 × Average Head × Animal Weight (lbs) ×
Manure Production (lb/day/1,000-lb animal)

Veal calves 

Barn Manure Generated = Average Head × Animal Weight (lbs) ×
Manure Production (lb/day/1,000-lb animal)

Table 4.6.1-2 presents manure generation by model farm.  Manure generation does

not vary by region.
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Table 4.6.1-2

Cattle Manure Generation by Model Farm

Animal Type Size Class

Drylot
Manurea

(lbs/day)

Milking Parlor
Manure
(lbs/day)

Barn Manure
(lbs/day)

Total Manure
(lbs/day)

Beef Medium 1 20,427 NA NA 20,427

Medium 2 30,495 NA NA 30,495

Medium 3 42,330 NA NA 42,330

Large 1 101,590 NA NA 101,590

Large 2 1,430,804 NA NA 1,430,804

Heifers Medium 1 17,010 NA NA 17,010

Medium 2 26,578 NA NA 26,578

Medium 3 37,209 NA NA 37,209

Large 1 63,787 NA NA 63,787

Dairy Medium 1 4,461 3,345 18,958 26,764

Medium 2 7,576 5,682 32,200 45,458

Medium 3 10,689 8,017 45,427 64,132

Large 1 25,474 19,106 108,266 152,846

Veal Medium 1 NA NA 7,238 7,238

Medium 2 NA NA 9,771 9,771

Medium 3 NA NA 19,543 19,543
aFor dairy farms, drylot manure includes calf and heifer waste.  The number of calves and heifers is estimated as 0.3 × Average
Mature Cattle Head.
NA - Not applicable.

4.6.2 Recoverable Manure Generation at Poultry Operations

The poultry cost model did not use estimates of manure generation to calculate

costs.  Instead, estimates of recoverable manure were made.  A procedure for the calculation of

on-farm nutrient production was outlined in a report by USDA NRCS (1998) and subsequently

updated (USDA NRCS, 2000).  Total nutrient availability was estimated for each livestock type

by first multiplying the average confined livestock population (in animal units) by the number of

tons of manure produced (i.e., manure as-excreted) by each type of livestock, and then
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multiplying by the recovery factor.  The recovery factor reflects that portion of manure that can

be collected from the confinement areas and land applied.  The recovery factor recognizes that not

all nutrients may be recovered and reflects typical nutrient losses due to volatilization, nutrients

taken up by plants in grazing areas, accumulation in confinement area soils, feedlot runoff, or

leaching into ground water.  This result, tons of recoverable manure, was multiplied by the

number of pounds of nitrogen or phosphorus contained in one ton of manure to compute the total

pounds of recoverable nutrients.  The resulting value was further adjusted for typical nutrient

losses that occur during storage and handling to generate an estimate of total available nitrogen

and phosphorus from confined livestock manure.  Table 4.6.2-1 presents details of manure and

animal characteristics for poultry.

Table 4.6.2-1

Poultry Manure Characteristics Used to Calculate Nutrient Production

Animal Operation

Animal
Turnover

Average
Animal
Weight

Animal Unit
Conversion

Manure
Production

Nutrient Content

N P

# lb
#animals/AU
(USDA AU)

tons/AU/yr
(USDA AU) lb/ton of manure

Chicken Broiler 5.5 3 400 15 16 7

Chicken Layer 1.0 4 270 11 18 9

Chicken Pullet 2.0 2 500 8 14 9

Chicken Integrated
Layer

1.0 4 270 11 16 7

Turkey 2.5 11 89 9 12 11

Source: USDA NRCS, 1998.

Regional Recovery Factors

EPA developed regional recovery factors based on state-level recovery factors

provided by USDA (see Table 4.6.2-2).  The regional factor was calculated by weighting the state

recovery factor with the number of animals of each type in a given state.  Table 4.6.2-3 gives an

example of the calculation of weighting factors.  In Table 4.6.2-3, the number of broilers (NB) is

multiplied by the state recovery factor (RF) to produce the weighting factor.  The weighting
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factor (RF × NB) is summed and divided by the total number of broilers in a region to obtain the

regional recovery factor.

Table 4.6.2-2

Poultry Regional Recovery Factors for Manure

Region

Recoverable Manure Correction Factor

Chicken Turkey

Central 0.95 0.75

Mid-Atlantic 0.97 0.97

Midwest 0.94 0.62

Pacific 0.90 0.94

South 0.96 0.72

Table 4.6.2-3

Example of Weighted Averaging Method for Manure Recovery Factor

State Number of Broilers (NB)a Recovery Factor (RF)b RF × NB

AL 134,027,304 0.98 131,346,758

AR 172,617,806 0.95 163,986,916

FL 19,973,361 0.95 18,974,693

GA 149,740,420 0.95 142,253,399

LA 20,538,744 1.00 20,538,744

MS 26,313,171 0.95 24,997,512

SC 617,762,696 1.00 617,762,696

Sum of NB Sum of (Nb × RF)/sum of NB Sum of (NB × RF)

523,210,806 Weighted mean =  0.960 502,098,022
aUSDA NASS, 1999.
bUSDA NRCS, 1998.

Nutrient Losses

The values for nitrogen and phosphorus content after losses were estimated to

provide the amount of nutrients that would be present in land-applied manure and effluent.  There

is no national or even regional perspective on what these values should be.  These estimates are

based on a three-part assumption:
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C Nitrogen losses will greatly exceed those of phosphorus primarily due to
volatilization of nitrogen compounds.

C As the quality (from an automation view) and number of manure
management systems improve, the losses of nutrients, particularly nitrogen,
may increase.  In other words, as the manure management system becomes
more automated, nitrogen losses through volatilization also increase.

C Phosphorus amounts are present within the bottom sludge of lagoons and
ponds, and even though the sludge is not removed on a regular basis, the
phosphorus content must be considered in an application strategy.  In other
words, effluent composition may not reflect actual nitrogen and
phosphorus contents in the lagoon or holding pond.

Numerous individuals from USDA, universities, and industry groups were

consulted to arrive at the "national" values for nutrient content after losses. The discussions

focused on the types of manure systems typically used by the industry in different parts of the

country, the losses typically associated with these systems (see Chapter 11, Agricultural Waste

Management Field Handbook, USDA, 1992), and the portion of the nation's livestock raised in

different parts of the country. 

4.6.3 Recoverable Manure Generation at Swine Operations

The same procedure used to compute on-farm nutrient production used for poultry

(see Section 4.6.2) is used for swine.  Details of manure and animal characteristics are given in

Table 4.6.3-1 for swine.  EPA developed regional recovery factors based on state-level recovery

factors provided by USDA (see Table 4.6.3-2).  The regional factor was calculated by weighting

the state recovery factor with the number of animals of each type in a given state.
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Table 4.6.3-1

Swine Manure Characteristics Used to Calculate Nutrient Production

Animal Operation

Animal
Turnover

Average
Animal
Weight

Animal Unit
Conversion

Manure
Production

Nutrient Content

N P

# lb
#animals/AU
(USDA AU)

tons/AU/yr
(USDA AU) lb/ton of manure

Swine Integrated 2.1 110 9 15 3 3

Swine Slaughter 2.8 135 7 12 3 3

Source: USDA NRCS (1998).

Table 4.6.3-2

Swine Regional Recovery Factors for Manure

Region
Recoverable Manure

Correction Factor

Central 0.75

Mid Atlantic 0.87

Midwest 0.76

Pacific 0.76

South 0.54

4.7 Precipitation Data and Runoff

The cost model uses precipitation data to estimate the annual direct precipitation

and runoff, the amount of direct precipitation and runoff from a peak storm, and the amount of

direct precipitation and runoff from a chronic storm.  These data are used to properly size open

storage areas, such as runoff ponds and anaerobic lagoons.

For beef feedlots, diaries, and heifer operations, the cost model includes

calculations for runoff from drylots and direct precipitation into open liquid storage areas (e.g.,

lagoons, ponds).  For swine and wet layer operations, the cost model calculates costs for
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operations that have only direct precipitation into open liquid storage areas (i.e., do not have

drylots from which runoff is collected).

The cost model does not use precipitation data to estimate incremental regulatory

costs for dry or wet poultry operations.  It is assumed that all poultry operations use total

confinement and the production area is never in contact with precipitation.  Dry poultry houses

are cleaned out periodically and the operators may have the litter hauled off site, stacked in a

shed, or piled outside at the edges of fields for spreading as a fertilizer.  The costs for the best

management practices (BMPs) (such as covered storage and berms) used to mitigate potential

runoff from dry poultry litter are not dependent upon the amount of precipitation.  The cost model

assumes that wet layer operations use a lagoon to store liquid manure and that operators prevent

runoff from precipitation from entering the lagoon.  It is also assumed that the lagoons are sized

properly to prevent overflow from rainfall events less than the 25-year/24-hour rainfall event. 

As with poultry operations, the cost model does not use precipitation data to

estimate the regulatory costs for swine operations.  It is assumed that all swine operations subject

to the rule use total confinement and the production area is never in contact with precipitation,

and that operators prevent uncontaminated runoff from entering waste storage areas.  The model

also assumes that swine operations use either lagoons or deep pits to store liquid wastes and that

the lagoons are sized properly to prevent overflow from less than the 25-year/24-hour rainfall

event.  The methodology for estimating the costs of constructing and operating a lagoon are

presented in Section 5.4.

Runoff from drylots at beef feedlots, heifer operations, and dairies under all

options is added to the volume required for liquid storage at the operation.  Runoff from the

drylot becomes contaminated with manure solids and must be collected to prevent clean surface

water from becoming contaminated.  The cost model calculates the volume of runoff that must be

accommodated in the storage facility.  Runoff is the only liquid waste to be stored at beef and

heifer feedlots.  Dairies are assumed to keep calves and heifers on site on dry lots and to collect

runoff from these drylots.  Veal cattle, swine, and poultry model farms assume that the animals
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Net Six - Month Precipitation =  Six - Month Precipitation -  
Annual Evaporation

2

are kept in confinement barns rather than drylots; therefore, it is assumed that contaminated

runoff is negligible for these animal types.

4.7.1 Precipitation Estimates

The annual precipitation for each region is calculated using monthly precipitation

values from the National Climatic Data Center (NCDC, 1999) representing the wettest six months

of the year.  EPA averaged all NCDC city data for each state to approximate an average monthly

state precipitation.  Next, EPA calculated average regional monthly precipitation data by

averaging the state precipitation estimates in each region. Then, EPA summed the average

regional monthly precipitation over the wettest consecutive six-month period to obtain the

“wettest six-month precipitation.”  The average annual regional precipitation was conservatively

estimated by multiplying the wettest six-month precipitation by two (ERG, 2000a).

Annual evaporation is estimated from a map of mean annual lake evaporation

(MWPS, 1997).  The net regional six-month precipitation is then calculated as the difference

between six-month precipitation and one-half of the annual evaporation, shown below.

Rainfall depth for the 25-year, 24-hour rainfall event, the 10-year, 1-hour rainfall

event, and the 10-year, 10-day rainfall event is estimated from map contour lines (MWPS, 1997). 

Table 4.7.1-1 presents the precipitation estimates for all animal groups and each region.
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Table 4.7.1-1

Precipitation Estimates

Animal
Type Region

Wettest 6-Month
Precipitation

(in)

25-Year, 24-Hour
Precipitation  

(in)

10-year, 1-Hour
Precipitation

(in)

10-year, 10-day
Precipitation

(in)

All Central 6.65 4 1 7

Mid-Atlantic 21.52 5.4 2.1 9

Midwest 11.2 5 2 7

Pacific 23.25 10 1.6 6

South 25.59 8 3 12

4.7.2 Drylot Area Estimates

The cost model uses the area of the drylot to determine the quantity of runoff. 

Runoff from the drylot is considered to be contaminated with manure solids;  therefore, it requires

collection and storage.  Table 4.7.2-1 presents the range of drylot area for each animal type for

which runoff is calculated.

Table 4.7.2-1

Drylot Area Required by Animal Typea

Animal Type Area Required per Animal (ft2)

Calves 150-300

Heifers 250-500

Beef Cattle 300-500
aMidwest Plan Service - 6 (MWPS, 1995), Beef Housing and Equipment Handbook,
unpaved lots with mounds, page 1.1.

The cost model assumes the area required for each animal type equals the average

area of each range plus an additional 15 percent for storage and handling facilities and feed silage

areas (AEA, 1999).  The following equation is used to calculate total drylot area per animal:
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Drylot Area (ft2/animal) = Average Area + (0.15 × Average Area)

Table 4.7.2-2 lists the calculated drylot area per animal used in the cost model. 

The total drylot area for each model farm is calculated by multiplying the average area per animal

type by the average number of head at the operation.

Table 4.7.2-2

Drylot Area Required by Animal Type Used in the Cost Model

Animal Type Area Required per Animal (ft2)

Calves 259

Heifers 431

Beef Cattle 460

4.7.3 Total Runoff

The cost model uses the precipitation and area of the drylot to determine the total

amount of runoff from the drylot.  The cost model assumes 40 percent of the total precipitation

over the storage period will run off a drylot that is 20 percent paved (Shuyler L., 1999):

R = 0.4 × P × A

where:

R = Runoff volume (ft3)
P = Precipitation for the wettest six months (ft)
A = Drylot area (ft2).

Table 4.7.3-1 shows the volumes for the six-month runoff by model farm and by

region.  The cost model uses these volumes to size settling basins, ponds, and lagoons.
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Table 4.7.3-1

Six-Month Runoff Volumes

Animal Type Size Class

Wettest Six-Month Runoff (ft3) by Region

Central Mid-Atlantic Midwest Pacific South

Beef Medium 1 37,728 122,090 63,541 131,905 145,181

Medium 2 56,286 182,145 94,797 196,788 216,594

Medium 3 78,106 252,760 131,548 273,079 300,563

Large 1 187,517 606,821 315,818 655,604 721,587

Large 2 2,640,631 8,545,320 4,447,378 9,232,281 10,161,465

Dairy Medium 1 11,471 37,122 19,320 40,106 44,143

Medium 2 19,501 63,107 32,844 68,181 75,043

Medium 3 27,531 89,093 46,368 96,255 105,943

Large 1 65,616 212,338 110,510 229,408 252,497

Heifers Medium 1 38,238 123,740 64,400 133,688 147,143

Medium 2 59,746 193,344 100,625 208,886 229,910

Medium 3 83,645 270,681 140,875 292,441 321,874

Large 1 143,391 464,025 241,500 501,328 551,784

The cost model also calculates runoff volumes from the 25-year, 24-hour rainfall

event (for Options 1 through 7) and the 10-year, 10-day rainfall event (for Option 1A).  The

volume of runoff for a single rainfall event is calculated using the equation below, which assumes

that one-half inch of rain is absorbed by the drylot (MWPS, 1993):

R =  
(P -  0.5)

 in   A( / )12 ft ×
where:

R = Runoff volume (ft3)
P = Precipitation (in)
A = Drylot area (ft2).
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Table 4.7.3-2 shows the runoff volumes for a 25-year, 24-hour rainfall event by

model farm and by region, and Table 4.7.3-3 shows the runoff volumes for the 10-year, 10-day

rainfall event by model farm.  The cost model uses these volumes to size settling basins, ponds,

and lagoons.

Table 4.7.3-2

25-Year, 24-Hour Rainfall Event Runoff Values

Animal Type Size Class

Runoff (ft3) by Region

Central Mid-Atlantic Midwest Pacific South

Beef Medium 1 49,642 69,498 63,825 134,742 106,375

Medium 2 74,060 103,684 95,220 201,020 158,700

Medium 3 102,772 143,880 132,135 278,952 220,225

Large 1 246,733 345,426 317,228 669,703 528,713

Large 2 3,474,514 4,864,320 4,467,233 9,430,824 7,445,388

Dairy Medium 1 15,094 21,131 19,406 40,969 32,344

Medium 2 25,659 35,923 32,991 69,647 54,984

Medium 3 36,225 50,715 46,575 98,325 77,625

Large 1 86,336 120,871 111,004 234,341 185,006

Heifers Medium 1 50,313 70,438 64,688 136,563 107,813

Medium 2 78,613 110,059 101,074 213,379 168,457

Medium 3 110,059 154,082 141,504 298,730 235,840

Large 1 188,672 264,141 242,578 512,109 404,297
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Table 4.7.3-3

10-Year, 10-Day Rainfall Event Runoff Values

Animal Size Class

Runoff (ft3) by Region

Central Mid-Atlantic Midwest Pacific South

Beef Medium 1 7,092 22,693 21,275 15,602 35,458

Medium 2 10,580 33,856 31,740 23,276 52,900

Medium 3 14,682 46,981 44,045 32,300 73,408

Large 1 35,248 112,792 105,743 77,545 176,238

Large 2 496,359 1,588,349 1,489,078 1,091,990 2,481,796

Dairy Medium 1 2,156 6,900 6,469 4,744 10,781

Medium 2 3,666 11,730 10,997 8,064 18,328

Medium 3 5,175 16,560 15,525 11,385 25,875

Large 1 12,334 39,468 37,001 27,134 61,669

Heifers Medium 1 7,188 23,000 21,563 15,813 35,938

Medium 2 11,230 35,937 33,691 24,707 56,152

Medium 3 15,723 50,312 47,168 34,590 78,613

Large 1 26,953 86,250 80,859 59,297 134,766

4.7.4 Runoff Solids

Runoff from drylots contains some portion of solids.  Midwest Plan Service

suggests 1.5 percent of the runoff by mass is solids (MWPS, 1993).  EPA assumes the runoff

solids have the same waste characteristics as excreted manure. To determine the mass of solids,

EPA converts the total runoff volume to mass using the density of water (62.4 lb/cf). Then, EPA

calculates the mass of solids in the runoff by multiplying the mass of runoff by 1.5 percent. 
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Runoff solids (cf) =  Runoff6mo cf × 62.4 lb/cf × 0.015

where:

Runoff6mo =  Runoff from the wettest six months of the year (cf)
62.4  =  Density of water (lb/cf)
0.015 =  Proportion of runoff that is solids.

4.8 Crops and Agronomic Application Rates

The cost model estimates the amount of nutrients that may be applied to cropland. 

To make these estimations, the cost model uses data about representative crops and crop rotation

practices typical of each farm type in each region.  These data are used to calculate a regional

agronomic rate for each farm type.

EPA developed crop nitrogen and phosphorus requirements to depict conditions of

the model farms.  Extension personnel from counties with the densest populations of animals were

consulted to determine the common cropping practices.  Crop yields were determined by dividing

the harvested quantity by the acreage obtained in the 1997 Census of Agriculture (USDA NASS,

1999b).  For some poultry operations, yields were far below expected and were changed to reflect

expected yields found in the Agricultural Waste Management Field Handbook (USDA NRCS,

1996).  Crop nutrient removal (uptake) was based on data provided by USDA NRCS (1998) for

swine and poultry operations and USDA for cattle operations (Lander C.H., D. Moffitt, and K.

Alt,  1998).  The nitrogen application rates were increased to reflect the 30-percent loss of

nitrogen after land application of manure (Sutton A.L., D.W. Nelson, and D.D. Jones, 1985) due

to volatilization of ammonia.  The average annual nitrogen and phosphorus crop removal and

application rates were calculated by dividing the total crop requirements over the time to

complete a full crop rotation.

   

Crop Nitrogen Requirements (lb/acre) = Crop Yield (tons/acre) × Crop Uptake (lb/ton)nitrogen

Crop Phosphorus Requirements (lb/acre) = Crop Yield (tons/acre) × Crop Uptake (lb/ton)phosphorus
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Table 4.8-1 presents the representative crops, crop rotations, crop yields, crop

uptakes, and crop nutrient (nitrogen and phosphorus) requirements for all animal types by region. 

Crops are not expected to vary significantly based on the size of the animal operation.

When more than one crop, in a given rotation, is grown on the land, the total crop

nutrient requirement for that land is equal to the sum of the individual crop nutrient requirements. 

The cost model estimates that 70 percent of the nitrogen and 100 percent of the phosphorus in

cattle manure that is applied to the land is available for crop uptake and utilization over time

(Lander C.H., D. Moffitt, and K. Alt, 1998); therefore, the agronomic application rate is

calculated as the total crop nutrient requirement divided by the appropriate utilization factor.

Manure Application RateNitrogen (lb/acre) = Total Crop Nitrogen Requirements (lb/acre)÷70%

Manure Application RatePhosphorus (lb/acre) = Total Crop Phosphorus Requirements (lb/acre)÷100%

When more than one crop is present, the agronomic rate is presented as the

average of the individual agronomic rates for each crop. These agronomic application rates for

nitrogen- and phosphorus-based application scenarios are used as inputs to the cost model.  Table

4.8-2 presents the total crop nutrient (nitrogen and phosphorus) requirements and manure

application rates (nitrogen and phosphorus) for all animal types by region.

4.9 Excess Manure

EPA used data developed by USDA to determine the amount of excess manure at

each model farm with insufficient land to land apply all of the manure generated on the farm

(Category 2 facilities). These USDA data were developed as part of a national analysis of the

1997 Census of Agriculture data to estimate manure production at livestock facilities (Kellogg, R.

et. al., 2000). EPA applied these data to the appropriate model farms by animal types and size

classes for beef and dairy operations.  Veal operations are not included in this analysis as all veal

operations are considered to have sufficient cropland to land apply all of the manure generated at

the farm.  An alternative approach described in Section 4.9.2 was used to compute excess manure

nutrients for poultry and swine operations.
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Table 4.8-1

Beef and Dairy Crop Information

Animal
Type Region Crops and Rotations Crop Yield

Crop Uptake (lb/ton) Crop Requirement (lb/acre)

 Nitrogen Phosphorus Nitrogen Phosphorus 

Beef Central Crop 1 Corn-silage
Winter Wheat

20 tons/acre
3  tons/acre

7.1
0.03

1.1
0.0066

142
0.1

21
0.0288

Mid-Atlantic Crop 1
Crop 2

Corn-silage (3-yr rotation)
Alfalfa

27 tons/acre
6 tons/acre

7.1
50.4

1.1
4.7

191
302

28
28

Midwest Crop 1
Crop 2

Corn-silage (3-yr rotation)
Alfalfa

20 tons/acre
6 tons/acre

7.1
50.4

1.1
4.7

142
302

21
28

Pacific Crop 1
Crop 2

Alfalfa (3 yr-rotation)
Corn-silage
Winter Wheat

8 tons/acre
24 tons/acre
18 tons/acre

50.4
7.1
0.03

4.7
1.1
0.0066

403
170

0.5

38
25
0.1

South Crop 1 Corn-silage
Hay
Rye

17 tons/acre
2 tons/acre
3 tons/acre

7.1
19.8
0.03

1.1
15.3
0.005

121
40
0.1

18
31
0.02

Dairy/
Heifer

Central Crop 1 Corn-silage
Winter Wheat

20 tons/acre
3 tons/acre

7.1
0.03

1.1
0.006

142
0.1

21
0.02

Mid-Atlantic Crop 1
Crop 2

Corn-silage (3-yr rotation)
Alfalfa

17 tons/acre
4 tons/acre

7.1
50.4

1.1
4.7

121
202

18
19

Midwest Crop 1
Crop 2

Corn-silage (3-yr rotation)
Alfalfa

17 tons/acre
4 tons/acre

7.1
50.4

1.1
4.7

121
202

18
19

Pacific Crop 1
Crop 2

Alfalfa (3 yr-rotation)
Corn-silage
Winter Wheat

8 tons/acre
24 tons/acre
18 tons/acre

50.4
7.1
0.03

4.7
1.1
0.0066403

170
0.5

403
170

0.5

38
25
0.1

South Crop 1 Corn-silage
Hay
Rye

17 tons/acre
2 tons/acre
3 tons/acre

7.1
19.8
0.03

1.1
15.3
0.005

121
40
0.1

18
31
0.02

Veal All
(based on
Midwest)a

Crop 1 Corn-silage (50%)
Soybeans (50%)
Winter Wheat (100% )

138 bu/acre
42 bu/acre
46 bu/acre

0.8 (lb/bu)
3.6 (lb/bu)
1.0 (lb/bu)

0.2 (lb/bu)
0.4 (lb/bu)
0.2 (lb/bu)

110
150
47

21
15
9

Poultry Central Crop 1 Bermuda 8 tons/acre 150 15 215 15
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Table 4.8-1 (Continued)

Animal
Type Region Crops and Rotations Crop Yield

Crop Uptake (lb/ton) Crop Requirement (lb/acre)

 Nitrogen Phosphorus Nitrogen Phosphorus 

Mid-Atlantic Crop 1 Corn 123 bushels/acre 98 18 140 18

Crop 2 Soybean 27 bushels/acre 94 10 135 10

Crop 3 Wheat 63 bushels/acre 64 13 91 13

Midwest Crop 1 Fescue 5 tons/acre 99 10 141 10

Pacific Crop 1 Corn chop 23 tons/acre 165 24 236 24

Crop 2 Oats 102 bushels/acre 60 11 86 11

Crop 3 Alfalfa 7 tons/acre 352 33 503 33

South Crop 1 Fescue 5 tons/acre 99 10 141 10

Swine Central Crop 1 Corn 162 bushels/acre 129 24 185 24

Mid-Atlantic Crop 1 Corn 83 bushels/acre 67 12 95 12

Crop 2 Soybean 28 bushels/acre 100 10 143 10

Crop 3 Rye 25 bushels/acre 26 4 38 4

Midwest Crop 1 Corn 135 bushels/acre 108 20 154 20

Crop 2 Soybean 48 bushels/acre 170 17 242 17

Pacific Crop 1 Corn chop 23 tons/acre 160 24 228 24

Crop 2 Oats 90 bushels/acre 53 10 76 10

Crop 3 Alfalfa 7 tons/acre 356 33 509 33

South Crop 1 Bermuda 8 tons/acre 150 15 215 15
a Because veal operations are located predominantly in the Midwest, EPA developed only one set of crop assumptions for veal that reflect the Midwest region. 
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Table 4.8-2

Total Crop Nutrient Requirements and Manure Application Rates

Animal
Type Region

Total Crop Requirements (lb/acre) Manure Application Rate (lb/acre)

Nitrogen Phosphorus N-Based P-Based

Beef Central 142 21 203 21

Mid-Atlantic 247 28 353 28

Midwest 222 25 317 25

Pacific 287 32 410 32

South 160 49 229 49

Dairy Central 142 21 203 21

Mid-Atlantic 161 18 230 18

Midwest 161 18 230 18

Pacific 287 32 410 32

South 160 49 229 49

Veal All 102 27 146 27

Swine Central 129 24 185 24

Mid-Atlantic 97 14 138 14

Midwest 139 19 198 19

Pacific 178 18 407 34

South 150 15 215 15

Poultry Central 150 15 215 15
|

Mid-Atlantic 128 20 183 20
|

Midwest 99 10 141 10
|

Pacific 141 14 412 34
|

South 99 10 141 10
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4.9.1 Beef and Dairy

The USDA provides data on the number of farms with excess nitrogen and/or

phosphorus, broken down by animal type and size class, as well as the pounds of total excess

nitrogen or phosphorus produced by these farms.  Appendix E of USDA’s report Manure

Nutrients Relative to the Capacity of Cropland and Pastureland to Assimilate Nutrients: Spatial

and Temporal Trends for the United States presents manure nutrient production according to

farm type and size for 1997.  This appendix identifies the total number of operations with farm-

level excess nitrogen and the total amount of excess manure in pounds of nitrogen and

phosphorus.  These farm counts correspond to the sum of EPA’s Category 2 and 3 farms. 

However, to determine the excess for just the Category 2 farms, EPA used USDA’s Table E97,

Part III, Farms with Potential Excess Manure Nitrogen, Assuming No Export of Manure from

Farm and Part V, Farms with Potential Excess Manure Phosphorus, Assuming No Export of

Manure from Farm.  This table contains the same data presented in Appendix E with a breakout

of the amount of excess manure in pounds of nitrogen and phosphorus for farms with available

cropland (Category 2) and for farms with no acres of cropland (Category 3).  Table 4.9.1-1

presents the USDA data used by EPA to develop estimates of excess manure for each animal type

and size class.

EPA calculated the excess manure on a nitrogen and phosphorus basis for

Category 2 facilities by dividing the pounds of excess nutrients by the number of farms with

excess manure and available cropland from USDA’s Table E97.  For example, for Fattened Cattle

> 11,000 head capacity (Beef Large 2), the amount of excess nitrogen and phosphorus per farm is

calculated using the following equations:

Excess Manure on Nitrogen Basis (lb/farm) = 114,675,269/186 = 616,534

Excess Manure on Phosphorus Basis (lb/farm) = 86,121,090/213 = 404,324

Table 4.9.1-2 presents the estimates of excess manure by animal type and size class.
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Table 4.9.1-1

USDA Data on Manure Production at Livestock Facilities

Animal
Type Size Class Enterprise Type

Farms with Excess Nitrogen
Manure and Cropland or

Pastureland Available

Farms with Excess Phosphorus
Manure and Cropland or

Pastureland Available

Number of
Farms

Excess Manure
Nitrogen (lbs)

Number of
Farms

Excess Manure
Phosphorus (lbs)

Beef Large 2 Fattened cattle >
11,000-head capacity

186 114,675,269 213 86,121,090

Large 1 Fattened cattle 1,300-
to 11,000-head
capacity

112 5,984,998 355 10,077,337

Medium 3
Medium 2
Medium 1

Fattened cattle 650- to
1,300-head capacity

23 220,917 77 362,238

Heifer All Cattle other than
fattened cattle and
dairy cows > 300 or
more animal units

965 1,718,304 1,643 2,138,529

Dairy Large 1 Dairy farms > 700-
head capacity

394 31,101,658 530 17,713,995

Medium 3
Medium 2

Dairy farms 350- to
700-head capacity

358 8,124,258 596 5,183,144

Medium 1 Dairy farms 0- to 350-
head capacity

2,266 9,251,390 5,409 6,781,325

Source: USDA Table E97, Part III and Part V.
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Table 4.9.1-2

Excess Manure Estimates by Animal Type and Size Class

Animal
Type Size Class

USDA Enterprise
Type

Excess Manure on
Nitrogen Basis (lb/farm)

Excess Manure on
Phosphorus Basis

(lb/farm)

Beef Large 2 Fattened cattle >
11,000-head capacity

616,534 404,324

Large 1 Fattened cattle 1,300-
to 11,000-head
capacity

53,437 28,387

Medium 3
Medium 2
Medium 1

Fattened cattle 650- to
1,300-head capacity

9,605 4,704

Dairy Large 1 Dairy farms > 700-
head capacity

78,938 33,423

Medium 3
Medium 2

Dairy farms 350- to
700-head capacity

22,693 8,697

Medium 1 Dairy farms 0- to 350-
head capacity

4,083 1,254

Heifer Large 1
Medium 3
Medium 2
Medium 1

Cattle other than
fattened cattle and
dairy cows > 300 or
more animal units

1,781 1,302

4.9.2 Poultry and Swine

USDA NRCS (2002) also provided information to the EPA regarding the total on-

farm acreage associated with different land availability classes.  On-farm acreage when combined

with the average head count (Section 4.4), manure generation (Sections 4.6.2 and 4.6.3), and

crop requirements (Section 4.8) can be used to estimate the excess nitrogen or phosphorus

produced on an operation.  Box 1 illustrates the procedure used by USDA NRCS (1998) and

adopted in the poultry and swine cost model to calculate nutrient loading and land application for

a typical 1,000-hog operation in the Midwest region.  The animal unit (AU) conversion factor in

Box 1 represents the number of animals having a combined weight of 1,000 pounds.  For this

example, for integrated swine operations (generally meaning farrow-to-finish farms), the average
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( )

To  calculate annual nutrient production:

Substituting AWMFH values:

To calculate land required:

Substituting values from average of MPS -18,  USDA,  and NCSU data:

Nutrient produced
lb

yr
no head animal units conversion

no head

AU

tons manure

yr AU
nutrient concentation

lb

ton

P produced
lb

yr

lb P

yr

Land required
ac

yr
P produced

lb

yr
nutrient uptake

lb

ac

Land required acres acres

( ) . / (
.

)

( ) , / . . . ,

( ) ( ) % / ( )

( ) , . /

= ×
−

×

= × × =

= ×

= × =

1 000 9 09 14 69 2 8 4 525

4 525 0 80 25 145

regional recovery factor

Box 1.  USDA’s Method for Calculating Nutrient Production and Land Application

weight of a hog is 110 pounds and the concomitant AU factor is 9.09 (1,000 lb of animals/110 lb

average hog weight).  Each hog AU produces 14.69 tons of manure per year with a concentration

after losses of 2.8 lb P/ton manure and 2.82 lb N/ton manure. This example uses a regional

recovery factor of 0.8 and nutrient uptake of 25 lb P/acre.  The result is an acreage of 145 acres

for application of all of the manure at agronomic phosphorus rates for a 1,000-swine farrow-to-

finish operation.  Operations with (some, but) less available acreage (i.e., Category 2 operations)

would have excess phosphorus and would need to export the excess manure nutrients off-site.  As

such, the remainder of this section describes the data used for acreage available to Category 2

farms. (Note, that acreage for Category 1 operations was calculated by determining the mass of

manure nutrients produced at the operation and dividing it by the manure application rate as

determined by the crop nutrient needs.)

For layers and turkeys, USDA NRCS (2002) provided information to EPA

regarding the total on-farm acreage with manure applied (for Category 2 layer and turkey

operations) using the 1997 Census of Agriculture data.  These data were organized into the

following groups:

C Operations with no excess manure using nitrogen- or phosphorus-based
applications;
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C Operations with no excess manure using nitrogen-based applications, but
which do not have enough acres to meet phosphorus-based applications;

C Operations with excess manure using nitrogen-based applications and less
than 10 acres available for manure application; and

C Operations with excess manure using nitrogen-based applications and 10 or
more acres available for manure application. 

EPA calculated the average acreage for Category 2 operations (using nitrogen-

based applications) as the ratio of the total acreage to number of operations for farms with excess

manure using nitrogen-based applications and 10 or more acres available for manure application

(see Table 4.9.2-1).  For example, layer operations with 500 to 750 animal units have an average

of 83.3 acres (=14,998/180).  Due to Census of Agriculture disclosure restrictions, USDA NRCS

had to aggregate the first two groups described above in numerous instances.  In these instances,

EPA assumed that 80 percent of the operations from the combined group together with the

Category 2 operations using nitrogen-based applications would be used for the Category 2

operations using phosphorus-based applications (see Table 4.9.2-1).  Based on ratios of

operations, the acreage for the largest layer size class in Table 4.9.2-1 was disaggregated to 217.1

and 531.2 acres for nitrogen-based applications and 332.5 and 813.5 acres for phosphorus-based

applications. 

For broilers, USDA NRCS (2002) provided information to EPA on the number of

broiler facilities and on-farm acres with manure applied using the 1997 Census of Agriculture

based on the following classifications:

C Operation size:  $100,000 head, 50,000-99,999 head, and 30,000-
49,999 head.

C Land availability: No excess (Category 1 farms with sufficient crop or
pasture land).

Excess, with acres (Category 2 farms with some
land, but not enough land to assimilate all manure
nutrients).
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Table 4.9.2-1

On-Farm Acreage for Category 2 Layer and Turkey Operations

Animal
Type

Size
Class
(AUs)

Farms with Excess Manure and 10 or More
Acres Available for Manure Application

Using Nitrogen-based Application

Farms with Excess Manure and 10 or More
Acres Available for Manure Application

Using Phosphorus-based Application

Number of
Operations

Total
Acreage

Average
Acreage

Number of
Operations

Total
Acreage

Average
Acreage

Layers 300-500 349 22,534 64.6 515 67,108 130.3

500-750 180 14,998 83.3 249a 43,000a 172.8

750-1000 96 11,267 117.4 124a 33,612a 271.1

>1000 278 73,500 264.4 336a 136,208a 404.9

Turkeys 300-500 464 53,320 114.9 577a 121,712a 211.0

500-750 289 40,584 140.4 317a 67,587a 213.2

750-1000 139 26,516 190.8 161a 56,356a 349.2

>1000 209 56,650 271.1 238 133,275 560.0
aDue to Census of Agriculture disclosure restrictions, EPA combined operations with no excess manure using nitrogen- or
phosphorus-based applications and operations with no excess manure using nitrogen-based applications but not having enough
acres to meet phosphorus-based applications.  In these instances, EPA assumed that 80 percent of the operations from the
combined group together with the Category 2 operations using nitrogen-based applications would be used for the Category 2
operations using phosphorus-based applications.

 

Excess, no acres (Category 3 farms with none of the
24 major crop types identified by NRCS). 

C Location: Ten states or groups of states.

C Nutrient basis: Applications are based on nitrogen (N) or
phosphorus (P) application rates. 

Section 4.3.5 presents the number of facilities for each classification combination. 

Only the calculations for Category 2 acreage are presented here because Category 3 acreage is

zero and Category 1 acreage is calculated using the equation presented in Section 4.10.  Total on-

farm acreage with manure applied (to Category 2 operations) was disaggregated using the same

procedure as that described in Section 4.3.5 (to disaggregate broiler facilities) for each modeled

size class and individual state.  EPA disaggregated these results into regions, and then ultimately

into modeled regions, as summarized in Table 4.9.2-2. 
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Table 4.9.2-2

On-Farm Acreage with Manure Applied for Category 2 Broiler Operations

Region Nutrient Basis

Acreage in each Size Class

180,000+
125,000-
179,999

75,000-
124,999

50,000-
74,999

37,750-
49,999

Mid-Atlantic Nitrogen 226.9 128.7 118.8 85.7 65.6

South Nitrogen 214.4 129.5 112.5 80.3 70.3

Mid-Atlantic Phosphorus 356.2 209.0 184.0 131.3 108.7

South Phosphorus 230.9 139.3 124.6 90.2 77.5

For swine operations, USDA NRCS (2002) provided information to EPA on the

number of swine facilities and on-farm acres with manure applied using the 1997 Census of

Agriculture based on the following classifications:

C Operation size:  $2,500 head, 1,250-2,499 head, and 750-1,249
head.

C Land availability: No excess (Category 1 farms with sufficient crop or
pasture land).

Excess, with acres (Category 2 farms with some
land, but not enough land to assimilate all manure
nutrients).

Excess, no acres (Category 3 farms with none of the
24 major crop types identified by NRCS).

C Location: Eleven states or groups of states.

C Nutrient basis: Applications are based on nitrogen (N) or
phosphorus (P) application rates.

Section 4.3.6 presents the number of facilities for each classification combination. 

Only the calculations for Category 2 acreage are presented here because Category 3 acreage is

zero and Category 1 acreage is calculated using the equation presented in Section 4.10.  Total on-

farm acreage with manure applied (to Category 2 operations) was disaggregated using the same

procedure as that described in Section 4.3.6 (to disaggregate swine facilities) for each modeled
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size class and individual state.  EPA aggregated these results into regions, and then ultimately into

modeled regions, as summarized in Table 4.9.2-3.  While USDA NRCS (2002) provided

information by region, size class, and land availability category, it did not provide data to estimate

acreage by operation type (i.e., farrow-to-finish, grow-finish) or the number of operations by

manure storage (i.e., pit storage, lagoon, evaporative lagoon).  The acreage of category 1

operations was calculated by determining the mass of manure nutrients produced at the operation

and dividing it by the manure application rate as determined by the crop nutrient needs.

Table 4.9.2-3

On-Farm Acreage with Manure Applied for Category 2 Swine Operations

Region Nutrient Basis 5,000+
2,500-
4,999

1,875-
2,499

1,250-
1,874 750-1,249

Central Nitrogen 323.0 107.9 n/a n/a n/a

Mid-Atlantic Nitrogen 236.4 79.0 70.2 50.6 44.0

Midwest Nitrogen 387.7 106.4 103.1 74.2 56.9

Central Phosphorus 725.2 242.3 n/a n/a n/a

Mid-Atlantic Phosphorus 525.2 175.5 181.3 130.5 151.2

Midwest Phosphorus 895.8 289.4 285.2 205.3 145.8

4.10 Acres

Data on the amount of land available to facilities for land application of manure are

limited and vary significantly by animal sector, region, and size class.  This subsection presents the

methodologies used to calculate the total amount of land available for land application of manure

for the beef, and dairy sectors and the amount of land available for application of liquid wastes for

the different land-availability categories. Please refer to Section 4.9.2 for information related to

on-farm acreage available for manure application at swine and poultry facilities. 

For Category 1 farms, the land requirement is calculated using the nutrients

generated and the crop uptake.  The same basic approach is used for Category 2 farms, but the
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fraction of manure nutrients hauled off-site is subtracted from the total manure nutrients

generated.  For both Category 1 and 2 farms, N generation and N uptake are used for N-based

nutrient management, and the corresponding P values are used for P-based nutrient management. 

These calculations are essential to determining the amount of excess manure nutrients generated.

Note that a Category 1 farm using N-based application rates might be a Category 2 farm using P-

based application rates.  Category 3 farms have no available land and it is assumed that all manure

nutrients are hauled off site. 

4.10.1 Total Available Cropland Acres at Beef Feedlots, Dairies, Heifer and Veal
Operations and Category 1 Swine and Poultry Acreage 

The cost model performs a number of calculations to determine for each model

farm the total acreage that is available to land apply manure and the amount of manure requiring

off-site transportation.  The same methodology is used for both beef and dairy animal sectors. 

The acreage calculations are performed for both nitrogen-based and phosphorus-based application

scenarios. 

Category 1 Acreage

Category 1 acreages are calculated using the agronomic application rates, number

of animals, manure generation estimates, nutrient content of the manure, and manure

recoverability factors:

Category 1 Acreage =  Animal Units (AUs) × Manure Generation (tons/AU) × Nutrient Content (lbs/ton manure) × Recoverability Factor

Agronomic application rate (lb/acre)

EPA defines recoverability factors as the percentage of manure, based on solids content, that

would be practical to recover.  Recoverability factors are developed for each region using USDA

state-specific recoverability factors, and are based on the assumption that the decrease in nutrient

values per ton of manure mirrors the reduction in solids content of the recoverable manure

(Lander C.H., D. Moffitt, and K. Alt, 1998).
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Average Excess Nutrients (lbs / yr) =  
Excess Nutrients (lbs / yr)

Number of Category 2 Facilities

Excess Acreage =  
Average Excess Nutrients (lbs / yr)

Agronomic Application Rate (lb / acre)

Category 2 Acreage

Category 2 acreages are calculated using Category 1 acreages, the estimate of

excess manure from USDA’s analysis described in Section 4.9, and acres required to land apply

excess manure:

Category 2 Acreage = Category 1 Acreage ! Excess Acreage

Table 4.10.1-1 presents Category 1 and 2 acreages by animal type, size group, and region.  

Category 3 Acreage

Category 3 acreages, by definition, are zero.

Liquid Land Application Acres

The cost model calculates the minimum amount of acreage required to land apply

all of the liquid wastewater to determine the costs of the equipment required to apply liquid waste

(see Section 5.8 for a detailed discussion of the land application costs).  The number of acres

required to apply liquid waste from ponds and lagoons is based on two main variables: the

hydraulic loading capacity of the cropland and the nutrient assimilative capacity of the crops.  The

cost model calculates the number of required liquid acres in four steps.  The first step 
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Table 4.10.1-1

Category 1 and 2 Total Acreages 
for Beef Feedlots, Dairies, Heifer and Veal Operations

Option 2

Animal
Farm
Type Size Class Region

Category 1 Acreages Category 2 Acreages

N-Based P-Based N-Based P-Based

Beef Beef Large 1 Central 307 1930 43 579

Mid-Atlantic 164 1327 12 326

Midwest 182 1525 14 374

Pacific 155 1317 25 417

South 252 776 19 190

Large 2 Central 4323 27175 1282 7930

Mid-Atlantic 2305 18690 557 4423

Midwest 2562 21479 619 5083

Pacific 2189 18544 685 5721

South 3552 10928 858 2586

Medium 1 Central 62 388 14 164

Mid-Atlantic 33 267 6 101

Midwest 37 307 6 116

Pacific 31 265 8 116

South 51 156 9 59

Medium 2 Central 92 579 45 355

Mid-Atlantic 49 398 22 232

Midwest 55 458 24 267

Pacific 47 395 23 246

South 76 233 34 136

Medium 3 Central 128 804 80 580

Mid-Atlantic 68 553 41 387

Midwest 76 635 46 445

Pacific 65 549 41 399

South 105 323 63 226

Dairy Flush Large 1 Central 519 1991 130 401

Mid-Atlantic 428 2132 85 313

Midwest 469 2337 126 518

Pacific 240 1242 48 182

South 372 697 27 8



Table 4.10.1-1 (Continued)

Animal
Farm
Type Size Class Region

Category 1 Acreages Category 2 Acreages

N-Based P-Based N-Based P-Based
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Dairy
(cont.)

Flush Medium 1 Central 91 348 71 288

Mid-Atlantic 75 373 57 305

Midwest 82 409 64 340

Pacific 42 217 32 177

South 65 122 47 96

Medium 2 Central 154 592 42 179

Mid-Atlantic 127 634 29 161

Midwest 139 695 41 222

Pacific 71 369 16 94

South 110 207 11 28

Medium 3 Central 218 835 106 422

Mid-Atlantic 180 895 81 421

Midwest 197 981 98 507

Pacific 101 521 45 245

South 156 293 57 113

Hose Large 1 Central 519 1991 130 401

Mid-Atlantic 428 2132 85 313

Midwest 469 2337 126 518

Pacific 240 1242 48 182

South 372 697 27 8

Medium 1 Central 91 348 71 288

Mid-Atlantic 75 373 57 305

Midwest 82 409 64 340

Pacific 42 217 32 177

South 65 122 47 96

Medium 2 Central 154 592 42 179

Mid-Atlantic 127 634 29 161

Midwest 139 695 41 222

Pacific 71 369 16 94

South 110 207 11 28

Medium 3 Central 218 835 106 422

Mid-Atlantic 180 895 81 421

Midwest 197 981 98 507

Pacific 101 521 45 245

South 156 293 57 113



Table 4.10.1-1 (Continued)

Animal
Farm
Type Size Class Region

Category 1 Acreages Category 2 Acreages

N-Based P-Based N-Based P-Based
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Heifers Heifers Large 1 Central 74 432 65 370

Mid-Atlantic 61 458 53 387

Midwest 61 458 53 387

Pacific 38 295 33 254

South 61 174 53 147

Medium 1 Central 20 115 11 53

Mid-Atlantic 16 122 8 51

Midwest 16 122 8 51

Pacific 10 79 6 37

South 16 46 8 19

Medium 2 Central 31 180 22 118

Mid-Atlantic 25 191 17 120

Midwest 25 191 17 120

Pacific 16 123 11 82

South 25 72 18 46

Medium 3 Central 43 252 34 190

Mid-Atlantic 35 267 28 197

Midwest 35 267 28 197

Pacific 22 172 18 131

South 36 101 28 74

Veal Flush Medium 1 Central 100 100 0 0

Mid-Atlantic 100 100 0 0

Midwest 100 100 0 0

Pacific 100 100 0 0

South 100 100 0 0

Medium 2 Central 100 100 0 0

Mid-Atlantic 100 100 0 0

Midwest 100 100 0 0

Pacific 100 100 0 0

South 100 100 0 0

Medium 3 Central 100 100 0 0

Mid-Atlantic 100 100 0 0

Midwest 100 100 0 0

Pacific 100 100 0 0

South 100 100 0 0
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calculates the hydraulic loading rate using standard engineering equations (Tchobanoglous,

George and F.L. Burton, eds., 1991).  The second step calculates the minimum acreage required

to apply the liquid manure at the hydraulic loading rate.  The third step calculates the minimum

acreage required to apply the liquid manure at the liquid-nutrient loading rate.  The fourth and

final step compares the acreage required under the hydraulic loading and liquid-nutrient loading

scenarios and selects the maximum number of acres as the acres required for liquid land

application.  Each of these steps is described below.

Step 1) Calculate the Hydraulic Loading Rate

The cost model uses the following equation to calculate the amount of wastewater

that can be applied and used by the crops and soil per acre per year.  Using this equation in

combination with the total amount of liquid wastewater generated per year, the cost model

calculates the total number of acres needed to apply all of the liquid waste.

Hydraulic Loading Rate (ft/yr) = Evapotranspiration Rate - Precipitation Rate + Percolation Rate

Evapotranspiration Rate: EPA calculated the evapotranspiration rate using data
found in Metcalf and Eddy for select cities in the United States that correspond to
the five regions used in this analysis.  Evapotranspiration rates for cities located in
the same region were averaged together.  Table 4.10.1-2 presents the
evapotranspiration rate used in the cost model by region.

Precipitation Rate:  To best estimate the hydraulic loading rate, Metcalf and Eddy
suggests using precipitation data from the wettest year over the past 10 years.  For
this analysis, EPA used data found at the National Climatic Data Center (NCDC)
web site for 1994 through 1999.  The data included weighted annual rainfall for
each state in the United States.  The stations were averaged by state and by region. 
By averaging the regions and comparing the average rainfall in the United States
for each year, EPA determined that 1996 was the wettest year.  Table 4.10.1-3
lists the regional precipitation rates for 1996.  Note, the rates used in this analysis
are not weighted; each data point contributes equally to the regional weighting.
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Table 4.10.1-2

Evapotranspiration Rate

Region City
Evapotranspiration Rate

(in/yr)
Regional Evapotranspiration

Rate (in/yr)

Central Paris, TX 35.7 35.7

Mid-Atlantic Brevard, NC 24.2 25.5

Hanover, NH 24.8

Seabrook, NJ 27.6

Midwest Central MO 35.3 35.3

Pacific Central Valley, CA 49.4 66.1

Southern Desert, CA 82.8

South Jonesboro, GA 34.4 34.4
Source: Tchobanoglous, G. et al.1991.

Table 4.10.1-3

1996 Average Regional Precipitation

Region
Annual Precipitation Rate

(in/yr)

Central 17.87

Mid-Atlantic 57.13

Midwest 33.89

Pacific 39.96

South 53.00
Source: NCDC (http://www.ncdc.noaa.gov).

Percolation Rate: The following equation, taken from Metcalf & Eddy, is used to
calculate the rate at which liquid moves through the soil.

Percolation rate (in/yr) =  Soil Permeability (in/hr) × Average Time of Irrigation (hr/day) ×
Days of Irrigation (day/yr) × Percolation Reduction (%)

Soil Permeability:  EPA identified the principal state soil type for each model farm. 
Using USDA's soil descriptions for each of these state soils (USDA NRCS,
2001b), EPA then identified the soil's permeability (e.g., rapid, very rapid) and
matched it to established USDA soil permeability ranges (USDA NRCS, 2001a). 
Following the procedure suggested in Metcalf and Eddy. EPA used the minimum
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value in the range as the soil permeability.  Table 4.10.1-4 presents the values for
each region.

Table 4.10.1-4

Regional Soil Permeability

Animal Region Soil Type Permeability Class
Permeability Range

(in/hr)

Beef Central Houston Black (TX) Slow 0.06 0.2

Mid-Atlantic Hazleton (PA) Moderately Rapid to Rapid 2 20

Midwest Harney (KS) Moderately Slow 0.2 0.6

Pacific San Joaquin (CA) Very Slow 0.0015 0.06

South Myakka (FL) Moderately Rapid to Rapid 2 20

Dairy Central Houston Black (TX) Slow 0.06 0.2

Mid-Atlantic Honeoye (NY) Moderate 0.6 2

Midwest Antigo (WI) Moderately Rapid 2 6

Pacific San Joaquin (CA) Very Slow 0.0015 0.06

South Myakka (FL) Moderately Rapid to Rapid 2 20

Average Time of Irrigation:  EPA assumed this to be the length of one working
day (10 hr/day as per the cost model).

Days of Irrigation: EPA assumed that farms irrigate cropland weekly and they are
not permitted to irrigate while the land is frozen.  Table 4.10.1-5 shows the days of
irrigation assumed for this analysis.

Percolation Reduction:  EPA assumed the percolation reduction to be 4 percent
based on the recommended value for preliminary design in Metcalf and Eddy. 

Table 4.10.1-6 presents the results of the hydraulic loading rate calculations for

Option 2.
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Table 4.10.1-5

Days of Irrigation

Animal Region
Freeze-Free Daysa

(days/yr)

Days Between
Applications

(days)
Annual Application

(applications/yr)

Beef Central 191 7 27

Mid-Atlantic 161 7 23

Midwest 171 7 24

Pacific 257 7 37

South 320 7 46

Dairy Central 226 7 32

Mid-Atlantic 153 7 22

Midwest 141 7 20

Pacific 256 7 37

South 320 7 46

aFrom ERG, 2000a
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Table 4.10.1-6

Maximum Design Hydraulic Loading Rate Based on Annual Permeability Evaluation

Animal Region

Annual
Evapotranspirationa

(in/yr)

Annual
Precipitationb

(in/yr)

Design
Permeability

(in/hr)

Design
Permeabilityc

(in/yr)
Percolation
Reduction

Design
Percolation

Rate
(in/yr)

Hydraulic
Loading

Rate
(in/yr)

Hydraulic
Loading

Rate
(ft/yr)

Beef Central 35.7 17.87 0.06 16 4% 1 18 1.54

Mid-Atlantic 25.5 57.13 2.00 460 4% 18 0 0.00

Midwest 35.3 33.89 0.20 49 4% 2 3 0.28

Pacific 66.1 39.96 0.00 1 4% 0 26 2.18

South 34.4 53 2.00 914 4% 37 18 1.50

Dairy Central 35.7 17.87 0.06 19 4% 1 19 1.55

Mid-Atlantic 25.5 57.13 0.60 131 4% 5 0 0.00

Midwest 35.3 33.89 2.00 403 4% 16 18 1.46

Pacific 66.1 39.96 0.00 1 4% 0 26 2.18

South 34.4 53 2.00 914 4% 37 18 1.50
aMetcalf and Eddy. Midwest set equal to Central due to lack of data.
bBased on regional averaging of 1996 NCDC State Average Precipitation Data.
cAssuming 10 hrs of irrigation, every 7 days during freeze-free period.
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Step 2) Calculate the Minimum Acreage Required to Apply the Liquid
Manure at the Hydraulic Loading Rate

The following equation calculates the minimum acreage required to apply the

liquid manure at the hydraulic loading rate.  The liquid manure volume is obtained from the cost

model.  Table 4.10.1-7 presents the results of the hydraulic loading rate based on the acreage

calculations.

Hydraulic Acres Required (acres) = Liquid Manure Volume (cf/yr) / Hydraulic Loading Rate (ft/yr) x

Conversion (1 acre/43,560 sf)

Step 3) Calculate the Minimum Acreage Required to Apply the Liquid
Manure at the Liquid-Nutrient Loading Rate

The following equation calculates the amount of liquid manure that can be applied

per acre of cropland, accounting for the amount of nitrogen or phosphorus that can be used by the

crops. 

Liquid-Nutrient Acres Required (acres) = Total Volume of Liquid (cf/yr) × 
Nutrient Concentration in Liquid AgWaste (lb/cf)/ Crop Nutrient Requirements (lb/acre)

The crop nutrient requirements are the same as the values used to calculate the

total available acreage, and vary by animal type and region.  Nitrogen and phosphorus values for

lagoon/pond water are fixed at 0.01249 lb/cf and 0.00359 lb/cf, respectively (USDA NRCS,

1996).  



4-102

Table 4.10.1-7

Minimum Number of Acres Required to Apply All Liquid at the Hydraulic Loading Rate Under Option 2

Region
Animal
Type

Farm
Type Size Class

Lagoon or Pond
Liquid
(cf/yr)

Hydraulic
Loading Rate

(ft/yr)

Area Required for
Application

(sf/yr)

Area Required for
Application
(acres/yr)

Central Beef Beef Medium 1 118,477 1.54 76,913 1.77

Medium 2 214,838 1.54 139,468 3.20

Large 1 518,928 1.54 336,878 7.73

Large 2 8,649,791 1.54 5,615,272 128.91

Mid-Atlantic Beef Beef Medium 1 383,402 0.00 NC NC

Medium 2 695,235 0.00 NC NC

Large 1 1,679,299 0.00 NC NC

Large 2 27,991,506 0.00 NC NC

Midwest Beef Beef Medium 1 199,540 0.28 711,734 16.34

Medium 2 361,832 0.28 1,290,612 29.63

Large 1 873,984 0.28 3,117,396 71.57

Large 2 14,568,070 0.28 51,962,543 1,192.90

Pacific Beef Beef Medium 1 414,223 2.18 189,996 4.36

Medium 2 751,125 2.18 344,526 7.91

Large 1 1,814,298 2.18 832,182 19.10

Large 2 30,241,750 2.18 13,871,287 318.44

South Beef Beef Medium 1 455,913 1.50 304,425 6.99

Medium 2 826,722 1.50 552,024 12.67

Large 1 1,996,898 1.50 1,333,382 30.61

Large 2 33,285,436 1.50 22,225,569 510.23
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Table 4.10.1-7 (Continued)

Region
Animal
Type

Farm
Type Size Class

Lagoon or Pond
Liquid
(cf/yr)

Hydraulic
Loading Rate

(ft/yr)

Area Required for
Application

(sf/yr)

Area Required for
Application
(acres/yr)

Central Dairy Flush Medium 1 574,229 1.55 370,374 8.50

Hose 51,664 1.55 33,323 0.76

Flush Medium 2 1,103,816 1.55 711,953 16.34

Hose 79,755 1.55 51,442 1.18

Flush Large 1 2,843,910 1.55 1,834,301 42.11

Hose 178,824 1.55 115,340 2.65

Mid-Atlantic Dairy Flush Medium 1 622,389 0.00 NC NC

Hose 99,824 0.00 NC NC

Flush Medium 2 1,198,086 0.00 NC NC

Hose 174,026 0.00 NC NC

Flush Large 1 3,134,713 0.00 NC NC

Hose 469,627 0.00 NC NC

Midwest Dairy Flush Medium 1 588,965 1.46 403,302 9.26

Hose 66,400 1.46 45,469 1.04

Flush Medium 2 1,132,661 1.46 775,606 17.81

Hose 108,601 1.46 74,366 1.71

Flush Large 1 2,932,891 1.46 2,008,338 46.11

Hose 267,805 1.46 183,383 4.21

Pacific Dairy Flush Medium 1 627,992 2.18 288,048 6.61

Hose 105,427 2.18 48,357 1.11

Flush Medium 2 1,209,054 2.18 554,571 12.73

Hose 184,993 2.18 84,853 1.95

Flush Large 1 3,168,545 2.18 1,453,353 33.36

Hose 503,459 2.18 230,927 5.30
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Table 4.10.1-7 (Continued)

Region
Animal
Type

Farm
Type Size Class

Lagoon or Pond
Liquid
(cf/yr)

Hydraulic
Loading Rate

(ft/yr)

Area Required for
Application

(sf/yr)

Area Required for
Application
(acres/yr)

South Dairy Flush Medium 1 635,570 1.50 424,387 9.74

Hose 113,006 1.50 75,457 1.73

Flush Medium 2 1,223,888 1.50 817,223 18.76

Hose 199,828 1.50 133,430 3.06

Flush Large 1 3,214,307 1.50 2,146,278 49.27

Hose 549,221 1.50 366,730 8.42

Central Heifers Heifers Medium 1 74,048 1.54 48,070 1.10

Medium 2 138,840 1.54 90,132 2.07

Large 1 277,680 1.54 180,264 4.14

Mid-Atlantic Heifers Heifers Medium 1 239,626 0.00 NC NC

Medium 2 449,299 0.00 NC NC

Large 1 898,597 0.00 NC NC

Midwest Heifers Heifers Medium 1 124,712 0.28 444,834 10.21

Medium 2 233,836 0.28 834,064 19.15

Large 1 467,671 0.28 1,668,128 38.29

Pacific Heifers Heifers Medium 1 258,890 2.18 118,747 2.73

Medium 2 485,418 2.18 222,651 5.11

Large 1 970,836 2.18 445,303 10.22

South Heifers Heifers Medium 1 284,946 1.50 190,266 4.37

Medium 2 534,273 1.50 356,748 8.19

Large 1 1,068,546 1.50 713,496 16.38

NC - Not calculated.
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Table 4.10.1-8 presents the results of the liquid-nutrient loading rate based acreage

calculations for Option 2 for beef feedlots, dairies, and heifer and veal operations.

Step 4: Compare the Acreage Required Under Hydraulic Loading and
Liquid-Nutrient Loading Scenarios

The cost model uses the maximum number of acres calculated using hydraulic

loading and liquid-nutrient loading to determine the number of acres needed to apply all liquid

manure.

4.10.2 Swine and Poultry Operations

Please refer to Section 4.9.2 for information related to on-farm acreage available

for manure application.
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