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Intended Outcomes
The participants will
• Learn about regulations controlling feedlots.
• Learn site selection factors for feedlot locations.
• Study feedlot pollution control systems.

Contents
Introduction 5
Feedlot Site Analysis 5
Regulations pertaining to open lots
Location factors 7
Initial site planning 7
Pen space 8
Pen arrangement 9
Feed roads 10
Livestock waterers 10
Mounds 10
Runoff Control Options 11
Sedimentation structures 11
Vegetative systems 14
Grass filters 20
Wetlands 20
Infiltration areas 20
Terraces 22
Containment systems 22
Evaporation ponds 22
Summary 24

5

Appendix A. Environmental Risk Assessment: Feedlots with
Discharge Systems 25

P R O J E C T S TAT E M E N T
This educational program,
Livestock and Poultry
Environmental Stewardship,
consists of lessons arranged
into the following six modules:
• Introduction
• Animal Dietary Strategies
• Manure Storage and
Treatment
• Land Application and
Nutrient Management
• Outdoor Air Quality
• Related Issues
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Open Lot Runoff Management Options

Introduction
The environmental issues surrounding open feedlot (both paved and
earthen lots) production of food animals continue to evolve due to increased
public interest in all environmental matters. Productivity, quality control,
marketing, and profitable operations have resulted in feedlots being an
accepted practice in the United States.
The overall goals of using open lot feedlots for animal production are to
• Minimize animal stress during feeding and handling.
• Provide feed and water in an adequate, efficient manner.
• Provide well-drained, adequate feedlot space for the animals.
• Maintain efficiency and profitability of feeding operations.
• Protect the surrounding environment.
Compared to pasture operations, feedlots result in a greater potential for
both water and air pollution. Open lots or feedlots are broadly defined as any
outdoor facility where livestock are fed and the lot area is devoid of
vegetation for animal consumption. Outdoor paved and earthen lots for
animal confinement are often overlooked as areas that need water pollution
control facilities. However, feedlot operators are responsible for maintaining
the quality of ground or surface water near their operations. Potential
pollution problems can be minimized when operators design, construct, and
manage rainfall runoff systems. As the demand grows for cleaner water, large
and small open lot confined animal feeding operations (CAFOs) will need to
reduce and control the nutrient and sediment loading of the runoff leaving the
feedlot. Existing CAFOs will need to evaluate their runoff potential. Older
feedlots may have to be modified to comply with new environmental
regulations. The costs of controlling the existing runoff must be weighed
against new lot construction on an alternative location. New feedlot facilities
will need to address current regulations and be designed for compliance with
future regulations.

Feedlot Site Analysis

…feedlot
operators are
responsible for
maintaining the
quality of ground
or surface water
near their
operations.

Before planning
runoff control
structures, review
the environmental
regulations for
feedlot runoff.

Regulations pertaining to open lots
State environmental regulations pertaining to open feedlots in the United
States began to appear in the 1960s when cattle feedlots greatly increased in
size. Later, the Environmental Protection Agency (EPA) enacted federal
regulations for all feedlots over 1,000 animal units (AUs). Table 22-1 gives
the AU conversion for various livestock categories. Feedlot operators should
contact their state environmental agency to determine the regulations that
affect their specific feedlot operation.
Before planning runoff control structures, review the environmental
regulations for feedlot runoff. Facilities need to be constructed to comply
with both state and EPA regulations. The feedlot size and location determines
if runoff has to be controlled and the type of runoff system that can be used.
Normally, feedlots greater than 1,000 AUs fall under EPA regulations, which
in many states are administered by the state environmental agency. The
current EPA regulations require runoff controls based on the 25-year, 24-hour
storm event. The rainfall amount from this storm is shown in Figure 22-1.
Feedlot runoff from this storm must be contained. Feedlots below 1,000 AUs
usually have to meet state regulations, and in many states, state regulations
regulate feedlots with 200 to 999 AUs. If a feedlot is causing environmental

Table 22-1. AU conversions.
Livestock Category

Factor

Beef cattle

1.0

Dairy cattle

1.4

Swine

0.4

Sheep

0.1

Horses

2.0

Turkeys

0.018

Ducks

0.2

Chickens

0.01-0.033

Note: The total number of animal units (AUs)
on a site is calculated by multiplying the
number of confined animals by the above
factors and adding the result for each livestock category.
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damage, most states have a general water quality regulation that applies to it,
regardless of size.
To obtain feedlot environmental permits, certain regulations, restrictions,
and design specifications must be considered in each state. Some of the state
regulations involving separation distances that apply to feedlots are as
follows:
1. Separation distances may be required from open lots, manure storage
areas, and runoff control systems to the property line (minimum of 100
ft recommended if no state regulations).
2. Minimum distances must exist between the lowest elevation of the
feeding area or runoff control facilities and the groundwater aquifer or
seasonal perched water tables (minimum of 10 ft recommended if no
state regulations exist).
3. Minimum distances between the lots and wells, reservoirs, or rural
water lines must be preserved (minimum of 100 ft from wells or
reservoirs, lots preferably downslope of water sources, and 50 ft from
rural water district lines if no state regulations exist).
4. Minimum separation distances must exist between facilities and the
nearest habitable structure or public use areas.

To obtain feedlot
environmental
permits, certain
regulations,
restrictions,
and design
specifications
must be
considered in
each state.
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Figure 22-1. 25-year, 24-hour precipitation, inches.
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Other regulations that affect feedlots are as follows:
1. Runoff control facilities must be able to handle the runoff generated by
a certain rainfall amount, for example, a 25-year, 24-hour storm.
2. Sedimentation structure volume and sediment storage allowance are
required for feedlot areas.
3. If a containment system is used, the required lagoon storage volumes
and the equipment to remove lagoon contents must be specified.
4. Nutrient planning and cropping sequences must occur on land used for
manure applications.

Location factors
The type of actual runoff system that meets individual state and EPA
regulations depends upon the site, drainage area, proximity of streams or
groundwater, number and size of animals fed, and the number of days the lot
is used each year. Due to the variability between farms and ranches, it is
difficult to state exactly what will work in all situations. However, feedlot
operators should not locate feeding pens near streams or running water or in
areas such as ravines where cropland or pastures may drain through the pens.
Any water draining from adjacent fields through a lot is considered to have
the same pollution potential as water falling directly on the lot and must be
controlled using either a discharging or nondischarging pollution control
system. Therefore, runoff must be diverted, using terraces or channels, from
cropland or pastures around the lot, reducing the total amount of runoff to be
treated. In some cases, it may be easier to relocate the pens rather than to
control the excess adjacent runoff. For new operations, lots should be located
on upland rather than bottomland, minimizing the drainage and potential
pollution problems.
The soil structure at and below the feedlot surface should be investigated.
Soils below the surface should have a high clay content to absorb and restrict
the movement of ammonia and other materials through the soil profile. Rock
layers close to the surface are undesirable. Soil properties should be
investigated to a minimum depth of 10 feet below any manure-soil interface.
Backhoe trenches and soil borings are used to assess the soil properties below
lot and lagoon surfaces.

Initial site planning
Large feedlots can expect both water runoff and air quality problems.
Dust and odor problems, however, can be minimized by proper site selection
and by appropriate animal density within the pens. To avoid air pollution
problems for feedlot workers or neighbors, prevailing winds and habitable
structures must be considered. Preliminary site evaluation considers
topography, present and future feedlot numbers, and accessibility. A 2% to
5% land slope is recommended, and a soil with 25% or more clay is preferred
to sand or fractured rock surfaces. Approximately 1 acre of land is required
per 100 AUs for pen space, alleys, and feed roads.
A minimum of 200 feet from the pen to the nearest flowing water channel
is recommended. This space allows construction of runoff control structures.
Water channels can include road ditches, streams, waterways, or pasture
draws. All extraneous runoff needs to be diverted away from the feedlots and
roads. For new sites, this is most easily accomplished by siting the feedlot on
a ridge or elevating the feed road to construct a diversion channel. Terrain and
drainage determine bunk orientation. The preferred bunk orientation is in a

Open Lot Runoff Management Options

The type of actual
runoff system that
meets individual
state and EPA
regulations
depends upon the
site, drainage area,
proximity of
streams or
groundwater,
number and size
of animals fed, and
the number of days
the lot is used
each year.
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profile.
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Terrain and drainage
determine bunk
orientation.

north-south direction with east-west sloping lots. During the winter months,
feed bunks orientated in an east-west direction can accumulate ice on the
bunk’s north side. North-sloping lots will not dry as quickly during wet
weather, and livestock also may be exposed to more severe winds.
Site planning also includes the location of the working facilities. Most
cattle operations are better suited to move livestock out of the lower side of
the pens rather than onto the feed road. Using the feed road for cattle
movement may save fence construction, but it can interfere with truck traffic
and create animal and worker stress during handling. Normally, 1/8 to 1/2
acre of land is needed for siting the working facilities. Additional space may
be needed for sick or receiving pens. Trucks and stock trailers must have easy
access to the working facilities. Rather than backing trucks and trailers down
a road, a circular turning area is preferred. Allowing a semi-truck to enter and
circle back out to the entrance road requires a turning area of 130 to 150 feet
in diameter. Similar space is required for many fifth-wheel stock trailers
pulled by farm trucks. When locating access roads to the feedlot, consider
road visibility to oncoming traffic.

Pen space

Generally, most
producers find
300 square feet per
AU to be adequate
pen space in
25- to 35-inch
rainfall areas.

Table 22-2 provides the recommended earthen and paved feedlot pen
space for livestock in 25- to 35-inch average rainfall areas. In other areas
(those areas not in this rainfall range), pen space can be adjusted by
multiplying the table value by the average rainfall and then dividing by 30.
Generally, most producers find 300 square feet per AU to be adequate pen
space in 25- to 35-inch rainfall areas.

Table 22-2. Feedlot square footage allowed per animal for 25- to 35-inch
rainfall areas.
Type of Animal, lbs

Earthen Lot, square ft

Paved Lot, square ft

500
250
350

75
50
60

200
300
400
500
600

30
35
40
45
50

40
40
50
30

16
16
20
10

75
150
200
200

8
15
20
40

Beef
Cow-calf
Calf (600)
(600–1,400)

Dairy
Calf (250)
(250-400)
(400-600)
(600-800)
(800-1,000)

Sheep
Rams (180-300)
Ewes (150-200)
Ewes with lambs
Feeder lambs (3-130)

Swine
Nursery pigs (30-75)
Finishing pig (75–275)
Gestating sow
Boar
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Pen arrangement
Feedlot pens are arranged using a single or double row design, that is,
pens can be located on one or both sides of the feed road. A single row
arrangement typically has feed bunks located on one side of the road and a
diversion channel on the other side to carry away extraneous drainage. Often,
a single row arrangement (Figure 22-2a) may follow a terrace around a
hillside. Only one runoff control structure is required for this arrangement, a
definite advantage.
A double row arrangement requires locating the pens along a ridge with
lot construction on both sides of the feed road (Figure 22-2b). With this
arrangement, the runoff must be contained from both sides of the ridge, using
either two structures or two channels to bring the runoff back to a common

Feed Road
Feed bunk

Feedlot pens…can
be located on one
or both sides of the
feed road.

160'




Concrete apron
Waterer
Mound
Channel
Fence

Sediment
basin

200'









Figure 22-2a. Single-row feedlot design.

N

Feed Road

Mound

Waterer







All areas around pens should drain away from pens.

Sediment basin

Figure 22-2b. Double-row feedlot design.
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lagoon. However, the cost of the feed road is distributed between two pens
rather than one. In large operations where snow and rainfall runoff are
drained between the feed roads, a wider feed road may be required, reducing
the cost savings.

Feed roads

The feed road is
sloped away from
the feed bunks
and pens into a
diversion channel.

In single pen row arrangements, most feed roads are 12 to 16 feet wide.
The feed road is sloped away from the feed bunks and pens into a diversion
channel. Feed road width in double pen row arrangements can vary from 16
to 30 feet. The wider road is required if snow or rain runoff from the road is
drained or stored in a center channel of the feed road. The center channel
normally drains away from the pens and to one end of the feed road. If the
feed road water drains toward the pens, then the feed road should be crowned
in the center. To build an all-weather road, adequate roadbed preparation
(elevation, slope, and drainage) is required before adding 8 to 12 inches of
gravel. In most states, the drainage from the feed road does not have to be
controlled, so if possible, the road drainage can be diverted away from the
pen runoff collection system.

Livestock waterers
Livestock waterers can be located in fence lines or the middle of the pen.
It is advisable to have a 10-foot concrete apron around the waterer and a 10to 20-foot concrete apron from the feeding apron to the waterer. This is not
feasible if the waterer is located at the back of the pen. To prevent mud holes
and ice from forming around the waterer, open tanks or automatic waterers
that constantly release water to prevent freezing require additional drainage
systems for the overflow water. Preferably, animals can travel from the
feeding area to the waterer without having to cross a drainage area.

Mounds

Mounds are places
for animals to rest
and get away from
the mud… .

Mounds are places for animals to rest and get away from the mud; they
are not places to stack manure. Proper mound construction requires 20 to 40
square feet of mound space per AU on each side of the mound. The entire pen
of animals should be able to rest on one side of the mound without laying on
each other. Animals should also be able to step off of a mound and onto the
feeding apron without having to move through mud. Mound height ranges
from 4 to 6 feet. The top of the mound is usually less than 5 feet wide and the

Figure 22-3. Cross section of a feedlot mound.
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side slopes are at a 5:1 or 4:1 ratio (Figure 22-3). Animals use mounds
oriented east-west as a windbreak by laying on the south side. Mounds should
be constructed to encourage animals to lay on the sides rather than on the top.
If they rest on the top, animals often create areas where rainwater and urine
accumulate rather than drain off the sides. Finally, mounds should not impede
natural pen drainage and should be constructed so that pen shaping and
leveling equipment can travel over and maintain the shape of the mound.

Runoff Control Options
The two basic types of runoff control options are containment and
discharge. Containment or nondischarge runoff control systems gather all
runoff from the feedlot for application on land owned or contracted by the
feedlot operation. Discharge runoff systems are designed to release a portion
of the runoff (usually after some treatment) to adjacent land. Federal
regulations covering all states require runoff containment systems for
operations larger than 1,000 AUs. Most containment systems include a
method for separating the liquids and the solids. The solids are deposited in a
sedimentation structure that allows the liquid to drain from the solids. The
solids are then removed and applied to land as fertilizer. The liquid portion of
the runoff drains from the sedimentation structure into a containment
structure. The contained liquid is later pumped onto cropland or pasture at
proper nutrient management rates.
Regulations for feedlot operations with less than 999 AUs are different
for each state. However, feedlot operations should consider a sedimentation
structure as a minimum control measure even if there are currently no
regulations on runoff control. Regardless of size, new environmental
regulations can be imposed if an operation is considered to have a pollution
potential. Livestock housed in open lots should not have direct access to a
creek or stream for water. Irrespective of size, lots should not drain directly
into a road ditch, creek, or other channel without adequate control because of
the pollution potential. Frequent cleaning of open lots and proper application
of manure onto cropland or pasture can minimize potential pollution
problems.
Figures 22-4a through 4e are schematics of the five options available to
control the runoff from open lots. Tables 22-3 and 22-4 indicate where these
different types of systems may be used.
Table 22-3 is based on the amount of nitrogen (N) expected to enter a
vegetative or containment system, and Table 22-4 is based on water surface
evaporation. Figure 22-5 shows water surface evaporation rates for the United
States.

The two basic
types of runoff
control options
are containment
and discharge.

Livestock housed
in open lots
should not have
direct access to a
creek or stream
for water.

Sedimentation structures
Sedimentation structures are used to separate feedlot runoff solids from
feedlot runoff liquids before they are discharged into an infiltration pond,
holding pond, lagoon, or grass filter strip. Figure 22-6 shows a sedimentation
structure along the lower side of a pen. Often the earth removed to construct a
sedimentation structure is used to construct mounds and establish proper pen
drainage. Normally, the trapped sediment will contain about 50% of the N
leaving the open lots. Unless specified by state regulations, the sediment
structure should be sized to contain 1/3 and 2/3 of the runoff volume
generated by a 25-year, 24-hour storm for containment and vegetative
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Figure 22-4a. Controlling runoff from small CAFOs using
pastures or grassland and existing land terrain.

Figure 22-4b. Controlling runoff from small CAFOs
using a sediment basin and grass filters.

Figure 22-4c. Controlling runoff from small CAFOs using
a sediment basin discharging into a vegetative system
using filter strips or wetland cells.

Figure 22-4d. Serpentine terraces as a total
containment system for controlling runoff from small
CAFOs.
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Table 22-3. Potential containment or vegetative system used to control open lot runoff based on pounds of N
in the runoff.
Containment Systems
Total Annual N
in Runoff, lbs

Vegetative Systems

Lagoon

Holding
pond

Evaporation
pond

Wetland

Infiltration
field

Grass filter

Terraces

< 100

X

X

X

X

X

X

X

100-500

X

X

X

X

X

X

500-1,000

X

X

X

X

X

1,000-4,000

X

X

X

X

> 4,000

X

X

Table 22-4. Potential containment or vegetative system used to control open lot runoff based on water surface
evaporation.
Free Water
Surface
Evaporation, in

Containment Systems

Vegetative Systems

Holding
pond

Evaporation
pond

< 60

X

X

45-60

X

X

Lagoon

Infiltration
field

Grass filter

Terraces

X

X

X

X

X

X

X

X

Wetland

30-45

X

X

X

X

> 30

X

X

X

X

Sedimentation

Confined feeding pens

Sedimentation channel

structures are used
to separate feedlot
runoff solids from
feedlot runoff
liquids before they
are discharged into
an infiltration pond,
holding pond,
lagoon, or grass
filter strip.

Holding or evaporative
pond

Figure 22-4e. Controlling runoff from small CAFOs using
a conventional total containment structure, such as a
holding pond, lagoon, or evaporative pond.
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Figure 22-5. Annual water surface evaporation rates, inches.

systems, respectively. A sedimentation structure normally is designed to
contain an equivalent of a 1- to 2-inch depth of runoff from all areas draining
into the pond plus the pond area. The discharge time from the sedimentation
structure should be 30 to 60 minutes for a containment system and 8 to 12
hours for a vegetative system. Sedimentation structures need to be cleaned
annually and the sediment applied to adjoining fields at proper nutrient
management rates.

Vegetative systems
Generally, state environmental regulations for feedlot operations of less
than 1,000 AUs allow runoff to be treated by vegetative systems. Vegetative
systems include wetlands, grass filters, infiltration (sorption) fields, terraces,
etc. The use of a vegetative system for operations with 500 to 999 AUs depends
upon the available filter area, number of days on feed, uniformity of discharge
to the drainage area, and proximity of creek, roads, and neighbors. These
systems depend on vegetation to remove the nutrients from the runoff. Many of
the rainfall events will infiltrate into the soil without causing any discharge
from a vegetative system. Intensive storm events, however, will create
discharges. For example, monitoring of three vegetative systems in Kansas
indicated that discharge occurred in only one out of eight storm events.
A vegetative system includes a sedimentation structure to separate the
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solids from the liquids. Figure 22-6 shows a typical flow of runoff leaving an
open lot. Following sedimentation in a vegetative system, the liquid is then
distributed across a grassed waterway, wetland, pasture, or cropped field.
Feedlot operations of less than 1,000 AUs that cannot use vegetative systems
will probably be required to have a containment type of waste control facility.
The size of a vegetative system is based on crop nutrient use and on the
soil’s nutrient- and water-holding capacity. Figure 22-7 shows the annual
precipitation across the United States, and Figures 22-8 and –9 show,
respectively, the percentage of rainfall expected to exit earthen and paved lots
as runoff. By using the values of annual rainfall from Figure 22-7 and the
percentage rainfall runoff values obtained from Figure 22-8 (earthen) or Figure
22-9 (paved), Figures 22-10 (earthen) and 22-11 (paved) indicate the amount of
N released annually, in pounds per acre, from a sedimentation structure. The
figures were developed on the assumptions that the runoff will contain 150 ppm
of N and 50% of the nutrients will remain in the sedimentation structures.
Figures 22-4a through 4c show examples of vegetative systems. Runoff
from an open lot is distributed across grassland in Figure 22-4a. This option
requires that land slope perpendicular to the runoff flow be less than 0.25
percent or some land grading be performed to ensure uniform flow. Systems
such as those shown in Figure 22-4c should be used when the total N leaving
an open lot is less than 100 lbs per year. Most design guidelines require the
size of the vegetative systems to first meet the N limitations of the vegetation
(crops or grass). In some watersheds, phosphorus (P) may be the limiting
nutrient rather than N, and thus the crop uptake of P becomes the designlimiting nutrient. On the basis of land requirements for vegetative systems

Feed bunk

The size of a
vegetative system
is based on crop
nutrient use and on
the soil’s nutrientand water-holding
capacity.

In some watersheds,
phosphorus (P) may
be the limiting
nutrient rather than
N, and thus the
crop uptake of P
becomes the
design-limiting
nutrient.

Waterer



Concrete apron
Feedlot drainage
for land slope >3%



Channel
Fence

Feed road
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Sediment
structure


Figure 22-6. Sedimentation structure to receive runoff from feedlot.
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Figure 22-7. Annual precipitation of the United States, inches.
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Figure 22-8. Annual runoff from earthen feedlots as percent of mean annual precipitation.
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and the cost of land leveling, operations with lots used year round generally
opt to build a total containment system.

Grass filters
Design guidelines suggest that the drainage area below the pens have a
uniform slope between 1 percent and 4 percent, and that the recommended
length of the filtering area be 200 feet per 1 percent slope (Figure 22-4b).
Therefore, if the drainage area has a 2 percent slope, then a 400-foot filtering
area is recommended from the feedlot fence line to the nearest waterway.
With this type of system, it is important that runoff from the pens be
uniformly dispersed across the filtering area. Thus, the construction of a grass
filter strip often requires laser-guided, earth-moving equipment. Guidelines
first require the size of the grass filter to meet the N limitations of the grass
filter acreage and then meet the minimum filter length based on the terrain
slope. Due to the requirements for filtering area, year-round feeding or
finishing feedlot operations generally use other alternative runoff controls.

Wetlands

Wetland
vegetation…offers
this advantage: it
removes more
nutrients per
unit area.

Many states are developing guidelines for using wetlands to reduce
nutrient discharges and to support wildlife. Lot runoff first enters a sediment
basin to separate the solids from the liquids. Then a controlled release drains
into a holding pond before moving through the wetland cells. To obtain
maximum nutrient uptake, the wetland cells need about two to three years to
establish plants. For example, the vegetative filter system shown in Figure
22-4c could be replaced by a wetland cell. Normally, daily uniform loading of
the wetland cell is preferred to the slug loading that occurs with open lots.
Wetlands, however, may perform better with seasonally used lots than with
lots used year round. Generally, seasonal lots are operated from October to
March when the total rainfall is significantly less than from April to
September and limited runoff events occur. If the lots are maintained, then the
wetland cell is predominately used to handle the rainfall events during the
time when livestock are not present. This period coincides with the wetland
vegetation’s peak time of nutrient uptake. Studies of cattle feedlots have
shown that nutrients enter a vegetative filter even when the cattle are not
present. Wetland vegetation also offers this advantage: it removes more
nutrients per unit area. Therefore, the wetland treatment area is often
significantly smaller than grass filters with a similar nutrient load.

Infiltration areas

The infiltration
area must be able
to receive the liquid
volume as well as
use the nutrient
loading.
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An infiltration, or sorption, field is another type of partial containment
system. Infiltration systems are most practical for smaller lots with 100- to
400-AU capacity. These alternative systems require that a 12 to 24 inch high
berm be placed around the drainage area below a small confined animal
feeding operation (CAFO) to contain the runoff from the drainage basin.
Rather than use pumping equipment, the runoff is moved by gravity and
infiltrated into the soil, much like a border irrigation system. Level land
below the drainage basin is needed for uniform infiltration of the liquid.
The design of an infiltration/sorption area is based on infiltrating the
feedlot runoff from a 25-year, 24-hour storm. The infiltration area must be
able to receive the liquid volume as well as use the nutrient loading. To
ensure the vegetation’s survival, the soil should be able to infiltrate the water
in less than 30 hours. A cool season grass is most commonly used as a cover
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PROBLEM 1
Determining the annual amount of N released from an earthen feedlot
Farmer Bovine is trying to determine if a grass filter will work below his animal feeding
operation (AFO), which he uses year round. He has two acres of brome grass below the AFO
and annually applies 80 pounds of nitrogen (N) per acre. Bovine’s AFO consists of 200 head of
cattle in a two-acre earthen lot. His operation is located in north central Missouri. Estimate
how many pounds of N are leaving his AFO.
Step 1. Determine the N annually used by the vegetative area (brome field).
Answer: 160 lbs of N (2 acres x 80 lbs/acre)

Step 2. Using Figure 22-7, determine the annual rainfall for north central Missouri.
Answer: 36 inches

Step 3. Using Figure 22-8, determine the annual runoff from unsurfaced feedlots as a percent
of mean annual runoff for north central Missouri.
Answer: 25%

Step 4. Using Figure 22-10, determine the N (lbs/acre) released from the unsurfaced feedlot.
Locate the annual rainfall (36 inches [determined from Figure 22-7]) on the right axis and the
percent annual runoff (25% [determined from Figure 22-8]) along the lower axis. Follow the
rainfall line downward until it intersects with the percent annual runoff. Then follow
horizontally to the left axis for an estimate of the N released per acre.
Answer: 150 lbs/acre

Step 5. Multiply the unsurfaced feedlot acres by the N available per acre to determine the N
leaving the lots.
Answer: 300 lbs of N (2 acres x 150 lbs/acre)

Step 6. Compare the N used by the grass filter (Step 1) to the answer obtained in Step 4.
Answer: Farmer Bovine must consider another option since the N from the feedlot
is more than the N used by the brome field. He would need (300 lbs N/80 lbs per
acre) 3.75 acres of brome grass to use the available N.
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crop in an infiltration pond. In drier climates, the infiltration area is treated as
an irrigated field where crops are grown. In all cases, a sediment structure is
needed prior to the infiltration/sorption field. Infiltration ponds can be
designed as discharge or nondischarge structures. Each state’s guidelines
specify the infiltration area required for proper nutrient loading and
infiltration rate. The nutrient loading rate is usually determined by the N and
P uptake rate of the vegetation in the infiltration area. To avoid soil
compaction and reduced infiltration rates, these areas should not be grazed
when wet.

Terraces
Much like an infiltration area, terraces can be used to contain the runoff
on a sloping area. Two types of terraces are overflow and serpentine terraces
(Figure 22-4d). Overflow terraces are constructed to allow runoff to overflow
or cascade from the top of one terrace into the next lower terrace. Plastic tile
outlets can also be used to transfer runoff from one terrace to another. In a
serpentine terrace, the runoff drains toward one end of the upper terrace and
then overflows to the lower terrace, using a drop structure or a terrace riser
and pipe. The runoff next drains back the opposite direction and discharges
into a lower terrace. The upper terrace can serve as a sedimentation channel.
In a terrace system, both rainfall falling on terraced areas as well as pen
runoff must be considered. In some states, the total terrace capacity is
normally increased 40% to provide storage for consecutive storms. Specific
design of the terrace holding capacity varies with each state’s regulations. The
water depth in the terraces resulting from larger rainfall events determines the
expected use of the terraces. Shallow water depths can be suitable for crops or
grass that withstand wet conditions.

Containment systems

Holding ponds
or lagoons are
commonly used for
larger operations
(greater than 1,000
AUs) or where
space is limited.

Holding ponds or lagoons are commonly used for larger operations
(greater than 1,000 AUs) or where space is limited. The holding pond is
required to have the capacity to store the runoff from the feedlot and the pond
created by a 25-year, 24-hour storm plus an allowance for sediment. In some
states, additional storage may be needed to handle runoff from normal rains if
surface evaporation will not offset a normal rainfall event or if pond removal
amounts are low or infrequent. After the holding pond size is determined, an
additional freeboard (about 2 ft) is added to the top of the pond, enabling it to
retain the runoff from two consecutive storms if the pond cannot be pumped
before the second storm occurs. The minimum allowed storage period is
generally 120 to 180 days.
A holding pond or lagoon should be constructed according to state
regulations. Guidelines to follow if regulations are not available include side
slopes of 3 to 1, minimum berm width of 10 feet, and a minimum of 12
inches of clay around the sides and in the bottom. Earthen structures have to
meet each state’s seepage rate. State and EPA guidelines for separation
distance, flooding frequency, distance to water, etc. should be followed
during the planning stages.

Evaporation ponds
Small operations or those located in low rainfall areas (20 inches or less)
may be able to use evaporation ponds (Figure 22-4e). Evaporation ponds
normally require an area equal to one to two times the confined feeding area
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PROBLEM 2
Determining Runoff Capacity for a Terrace
The owners of Terrace Acre Farm have a five-acre animal feeding operation (AFO) and would
like to continue their tradition of using terraces when addressing environmental issues. The
farm is located in southwest Tennessee, and the terraced area is equal to the feedlot area. In
cubic feet, estimate the terrace volume required to handle the runoff from their AFO.

Step 1. Using Figure 22-1, determine the 25-year, 24-hour storm for southwest Tennessee.
Answer: 6 inches
Step 2. Determine the runoff from the lots.
Answer: 108,900 cubic ft (5 ac x 43,560 sq ft/ac x 6 in x 1 ft/12 in)
Step 3. Determine the rainfall on the terraced area.
Answer: 108,900 cubic ft (The terraced area with the same area as the feedlot
also receives the same volume of rainfall.)
Step 4. Determine the total volume of rainfall to be delivered to the terrace system.
Answer: 217,800 cubic ft (2 x 108,900 cu ft)

and should be limited to a storage depth of 2 feet or less plus the required
freeboard. If the pens are concrete, then an evaporation area two to four times
the feeding area is required. Figure 22-5 shows the free water evaporation
amounts for the United States. An earthen evaporation pond may have to be
lined with compacted clay to limit the seepage rate to the rate required in
each state. Runoff flowing into the pond is a combination of normal and highintensity storm runoff, daily manure production, and other sources such as
flow from overflow waterers or wash water. Losses from the pond occur as a
result of normal evaporation and seepage. Evaporation ponds are more
feasible when the yearly evaporation amount exceeds twice the rainfall
amount. Evaporation ponds are not practical when the annual rainfall is
nearly equal to the annual evaporation. It is desirable to have a sedimentation
channel that removes the solids before the water is discharged into an
evaporation pond.

Evaporation ponds
are more feasible
when the yearly
evaporation amount
exceeds twice the
rainfall amount.
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The livestock
industry is being
placed under greater
scrutiny at the same
time as it is being
encouraged to
reduce its effect on
the environment.
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Summary
The livestock industry is being placed under greater scrutiny at the same
time as it is being encouraged to reduce its effect on the environment. As the
demand grows for cleaner water, producers operating open lots will need to
reduce and control the nutrient and sediment loading of the runoff leaving the
area. They will also need to evaluate the runoff potential of their lot. The
costs of controlling the runoff from existing facilities must be weighed
against new lot construction on an alternative location. Producers
constructing new facilities will need to address current regulations, and as
much as possible, also design for compliance with future regulations.

LESSON 22

Open Lot Runoff Management Options

APPENDIX A
Environmental Stewardship Assessment: Feedlots with discharge
For each issue listed in the left column, read across to the right, determine the appropriate risk factor, and place that
number (1-10) in the far right column. Next, add the numbers in that column and then refer to the table below to
determine your relative environmental risk.

Risk Factor
Lower <
1

3

5

7

9

> Higher
10

What is the animal unit capacity of the
animal feeding operation?

< 50

50-99

100-299

300-499

500-699

> 700

What is the pen slope in percent?

<1

1-1.9

2-2.9

3-3.9

4-4.9

>5

What is the slope from the pen to the nearest
protected surface water body* in percent?

<1

1-1.9

2-2.29

3-3.9

4-4.9

>5

What is the distance from the pens to the
nearest protected surface water body* in ft?

> 4,000

2,0003,999

1,0001,999

500-999

250-499

< 250

How many months each year will the facility
contain animals?

0-2

3-4

5-6

7-8

9-10

11-12

sand

sandy
loam

silt
loam

silty
clay loam

clay
loam

clay

tall, dense
grass
cover

short or
thin
grass

cropland
> 50%
residue

cropland
30%-50%
residue

cropland
10%-30%
residue

no crop
< 10%
residue

How does the size of the buffer area below
the feedlot pen compare to the size of the
feedlot?

6x

5x

4x

3x

2x

1x

How much extraneous drainage (other areas
that drain through the lot) exists compared
to the size of the pens?

1x

2x

3x

4x

5x

>6x

What is the average annual rainfall in inches?

< 20

20-24

25-29

30-35

36-40

> 40

What is the maximum 25-yr, 24-hr rainfall
in inches?

<4

4

5

6

7

>7

Assessment Categories

What kind of soil is between the pens and
the nearest protected surface water body?
What kind of vegetative cover
grows in the buffer area
below the pens?

Your
Risk
Factor

To obtain Total Risk Factor, add all of the above risk factors.
*Creek, pond, or lake

Score

Relative Environmental Risk

20 or less
21-40

Feedlot operation poses minimal pollution risk.
Some changes in feedlot management may be necessary to
reduce pollution risk.
Operation may have acceptable pollution risk; however, any
change in site size or management may result in a significant,
additional pollution risk.
Feedlot operation is likely to be a significant pollution risk.

41-60

61 or greater
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Glossary
Earthen lot. Outdoor pen that has a compacted-soil surface for the confined feeding of animals.
Open lot. Any outdoor facility where livestock are fed, and the lot area is devoid of vegetation for livestock
consumption.
Paved lot. Outdoor pen that has a concrete or asphalt paved surface for the confined feeding of animals.
Pollution. Concentrated nutrients, pathogens, and materials that endanger human existence.
Runoff control. Control and treatment of the rainfall water (runoff) that exits a confined animal feeding operation lot.
Sedimentation structure. Concrete or earthen containment for feedlot runoff that allows settling of solid material.
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