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Lesson 21
Sizing Manure Storage, Typical Nutrient
Characteristics
By Charles Fulhage and John Hoehne, University of Missouri

Intended Outcomes
The participants will
• Understand the factors involved in sizing manure storage facilities.
• Understand the meaning and function of the various volume fractions in

manure storage facilities.
• Identify important levels in manure storage facilities.
• Understand the nutrient loss and retention characteristics of different

types of manure storage.
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Activities
• Estimate the size of a manure storage facility.
• Calculate the volume fractions of a manure storage facility.
• Based on the loss and retention characteristics of the selelcted storage,

estimate the nutrients available for land application.
• Assess own storage for proper size, volume, and storage period.
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Many regulations
may affect the size
of your manure
storage. Find out
what they are
before you build.

Regulatory and Compliance Issues
The design and sizing of manure storage facilities may, in many cases, be

influenced by regulations. For example, federal regulations dictate that a
manure management system be capable of handling a 25-year, 24-hour storm
without discharging. Many other aspects of a manure management system
may be affected by regulation also. The table in Appendix A outlines some
regulatory issues that may relate to the sizing of manure storage facilities.

Considerations in Sizing Manure

Storage Facilities
Many factors contribute to the volume needed in a manure storage

facility. These factors include the type of enterprise (open beef feedlot vs.
confined broiler operation), animal numbers and species, climatic
characteristics (rainfall and evaporation), type of storage facility (lagoon vs.
stackhouse for poultry litter), required storage period, and washwater use.
Producers are encouraged to closely evaluate sizing issues to better
understand the risks associated with an undersized storage structure. The
Environmental Stewardship Assessment for sizing considerations (Appendix A,
Lesson 20) assists producers in a critical review.

Storage period
Two primary considerations in selecting a manure storage period are the

crop-growing season, and climatic characteristics (rainfall, freezing
temperatures) that might influence land application operations. Other
considerations might include equipment availability, especially if custom
operators are used for land application; labor availability; and management
flexibility.

Crop considerations. In the case of row or cultivated crops, land
application of manure may not be possible between planting time and harvest.
Hence, the minimum storage period would be the growing season of the crop.
Forage crops (hay or pasture) may offer greater flexibility for manure
application during the growing season. In warm, humid regions with long (or
year-round) growing seasons, double or triple cropping may be contemplated
for maximum nutrient uptake. However, these practices can reduce the
“windows of opportunity” for manure land application, and careful thought
and consideration should be given to the potential benefits and problems.

Climatic considerations. In addition to crop considerations, climatic
characteristics are an important influence on storage period selection. Most
state regulations prohibit or discourage application of manure on frozen or
saturated soil. Much of the United States experiences frequent periods
between fall and spring when climatic conditions are less than ideal for land
application of manure. If irrigation is used for land application, consideration
might be given to providing a storage period compatible with the typical
irrigation season for a given area. A storage period should be selected so that
manure is not land applied during unsuitable climatic and soil conditions.

Equipment and labor availability. If equipment and labor for land
application of manure are available only seasonally or at certain times of the
year, the manure storage period should be selected accordingly. If custom
operators are used, they may be available on a particular schedule.

In general, longer storage periods offer greater flexibility in managing
land application operations. Typical storage periods for slurry and liquid
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systems range from four months to one year. If crop types and climatic
conditions allow, shorter storage periods may be acceptable. Individual states
may have specific requirements for manure storage period, and any
applicable regulations should be observed. Table 21-1 shows conditions and
characteristics associated with different lengths of storage for manure.

Several distinct volume fractions may contribute to the total size of a
manure storage facility. These volume fractions may include the following:

1. Manure

2. Bedding

3. Washwater. May include fresh water used for flushing manure,
sprinklers or foggers used for cooling, wasted drinking water, and
water used in washing down rooms or cleaning milking equipment

4. Open lot runoff due to rainfall

5. Sludge or solids accumulation in the manure storage facility

6. Treatment volume in a lagoon

7. Rainfall on surface of open manure storage facility

8. Evaporation from surface of open manure storage facility

9. 25-year, 24-hour storm

Following is a discussion of these volume fractions and how they might
be estimated in sizing a manure storage facility.

Manure
The volume of manure produced during the selected storage period is a

primary consideration in sizing a manure storage facility. Manure volume
depends upon animal numbers and species, animal weight, and perhaps
animal category within a species (gestating sow vs. finishing pig). Manure
volume is usually estimated using published values developed from
experimental and field measurements. Tables 21C-1 through 21C-9 in

Cropping schedules
and climatic factors,
such as rainfall and
freezing weather,
are primary
considerations in
determining a
suitable manure
storage period.

Table 21-1. Conditions and characteristics associated with storage

period for manure.

Storage Period Conditions and Characteristics

Short-term Warm climate, no long periods with frozen or saturated soil.
(3 months or less) Pasture, grass, and hay land available for spreading.

Equipment, time, and labor available as needed for frequent
spreading.

Mid-term May accommodate short periods with frozen, snow-covered,
(3 to 6 months) or saturated soil. May not be adequate for traditional annual

crop rotations. Some pasture, grass, or hay land will likely be
needed for spreading.

Long-term Provides greatest flexibility for spreading operations.
(6 months to 1 year) Accommodates longer winter seasons. May best fit timing of

cropping operations. Provides storage from one irrigation
season to the next. Most flexibility for scheduling custom
spreading operations.
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Appendix C (adapted from the NRCS Agricultural Waste Management Field
Handbook) list characteristics of manure produced by different livestock
species. This data can be used to calculate the volume of manure produced
during a given storage period. The term “Kwt” refers to thousand pounds of
live animal weight.

Bedding
In some cases, bedding used in livestock production contributes to the

final volume of material to be stored. Typical bedding materials include hay,
straw, sawdust, wood shavings, and sand. Bedding is used in such operations
as dairy freestall or loafing barns, poultry raised on litter systems, and hoop
structures for swine. In estimating the volume of a bedding/manure mixture,
consideration must be given to the amount of bedding used, moisture
conditions, and density of the bedding/manure mixture. The volume
contributed by bedding to a manure/bedding mixture depends upon the
amount of bedding used. If minimal bedding is used (just enough to make the
manure/bedding mixture behave as a solid or semi-solid), then the volume
contribution of the bedding may be in the range of one-third to one-half the
bedding volume, because manure tends to fill the void spaces between
bedding particles. If greater fractions of bedding are used (such as providing
a sleeping area in a horse stall), then the volume contribution of the bedding
may be much greater. Experience with similar systems and management is
usually the best way to estimate the volume of manure/bedding mixtures.

Table 21-2 shows common types of bedding materials and their physical
characteristics.

The volume of
manure and
bedding produced
depends upon the
amount of bedding
used and the type
and size of
animals.

E X A M P L E  1

Calculate the volume of manure produced by 1,000

finishing swine whose average weight is 150 lbs. Assume a

storage period of 6 months.

Use data in Table 21C-1.

1 ft3/d-Kwt  150 lb/hd x 1,000 hd x 1 Kwt/1,000 lb x 180 d
= 27,000 ft3

Table 21-2. Characteristics of common bedding materials.

Loose, Chopped,

Material lb/ft3 lb/ft3

Legume hay 4.25 6.50

Non-legume hay 4.00 6.00

Straw 2.50 7.00

Wood shavings, dry 9.00

Sawdust, dry 12.00

Sand 105.00

Ground limestone 95.00

Adapted from NRCS Agricultural Waste Management Field Handbook 1996.
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To calculate the volume of a manure/bedding mixture, the volume of
bedding used must be estimated. Bedding use in animal production systems
is highly variable and often depends upon such diverse factors as
availability and operator preference. Table 21-3 shows estimates of bedding
use in dairy and swine housing systems.

Table 21-3. Daily bedding use in dairy and swine housing systems, lbs

bedding material per day per thousand pounds live animal weight.

 Dairy  Dairy Dairy Swine

Material stanchion freestall housing structure

Loose hay/straw 5.4 9.3 15.0

Chopped hay/straw 5.7 2.7 11.0 ——

Wood shavings, —— 3.1 —— 18.0
sawdust

Sand, limestone —— 20.0 - 35.0 —— ——

Adapted from NRCS Agricultural Waste Management Field Handbook 1996 and AED-41, Hoop Structures for
Grow-Finish Swine 1997.

E X A M P L E  2

Estimate the volume of manure/bedding mixture generated in

growing out a group of hogs in a swine hoop structure. There

are 150 pigs in the structure for 16 weeks, and their average

weight during the growout period is 150 lbs. Assume that

sawdust will be used for bedding.

Using data in Table 21C-1, calculate the manure volume.

1 ft3/d-Kwt x 150 lb/hd x 150 hd x 1 Kwt/1,000 lb x 16 wk x 7 d/wk
= 2,520 ft3

Using data in Tables 21-2 and 21-3, estimate the bedding

volume.

150 lb/hd x 150 hd x 1 Kwt/1,000 lb x 18 lb/Kwt-d x 16 wk x 7
d/wk x 1 ft3/12 lb

= 3,780 ft3

Assume that the bedding will contribute 50% of its volume to

the mixture due to manure filling bedding void spaces. The

volume of the manure/bedding mixture is then estimated as

follows:

2,520 ft3 manure + (3,780 x 0.5) ft3 bedding
= 4,410 ft3 manure/bedding mixture
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Water used to
clean and wash
livestock facilities
can require
significant volume
in a manure
storage structure.
Minimize your use
of fresh water by
making cleaning
operations as
efficient as possible.

Washwater and other wastewater
Water used in cleaning animal production facilities is a volume

component in manure storage facilities. Examples include fresh water (not
recycled) used for flushing, water used to clean milking systems and cow
udder preparation, and water used to wash down confinement rooms in swine
operations. The amount of water used for a given activity or operation is
usually specific to that operation and management scheme, and thus must be
determined specifically in each case. Often a comparison of systems similar
in size and management is the best way to estimate the amount of washwater
used. Experience has shown that water use is often significantly greater than
anticipated, and a water meter can be a useful tool in determining actual
water use patterns. Table 21-4 outlines typical water usage for cleaning swine
and dairy facilities.

Table 21-4. Typical water usage rates for cleaning milking center facilities

and swine production areas.

Production Area Typical Water Usage

Milking center 8-12 gallons per cow per day

Swine breeding/gestation 0.1 gallons per head per day

Swine farrowing 1.0 gallons per crate per day

Swine nursery 0.05 gallons per head per day

Swine grow/finish 0.1 gallons per head per day

Adapted from MWPS-7, Dairy Freestall Housing and Equipment 2000, and University of Missouri CLEAN Program.

E X A M P L E  3

Estimate the annual volume of washwater used in a 500-sow

farrowing/nursery operation. Assume there are 80 farrowing

crates and 1,800 nursery pig spaces. Use data in Table 21-4.

Breeding/Gestation

0.1 gal/6hd-d x 420 hd x 365 d = 15,330 gallons

Farrowing

1.0 gal/crate-d x 80 crate x 365 d = 29,200 gallons

Nursery

0.05 gal/hd-d x 1,800 hd x 365 d = 32,850 gallons
Total gallons = 15,330 + 29,200 + 32,850 = 77,380 gallons
Total cubic feet = 77,380 gal/7.48 gal/ ft3 = 10,345 ft3
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Lot runoff
Contaminated runoff from open lots and production areas must be

handled in a controlled fashion. Such runoff is usually directed into manure
storage facilities so it can be ultimately used for land application. A very
important concept in livestock production, especially in humid areas with
significant rainfall, is to minimize the amount of rainfall and surface water
coming into contact with manure. Open lot areas should be minimized to the
extent reasonably possible, and terraces or berms should be used to divert
surface water around or away from lot areas. Consideration should be given
to guttering roofs that would otherwise shed clean water into lot areas and
thus increase the amount of contaminated runoff.

The volume of runoff water to be handled in any system depends
primarily upon the types of surfaces involved (unsurfaced, concrete, roof), the
area of surfaces exposed to rainfall, and the amount of rainfall. Figures 21B-1
and -2 in Appendix B (adapted from the NRCS Agricultural Waste
Management Field Handbook) show runoff from unpaved and concrete lots as
a percentage of mean annual precipitation. Figures 21B-3a and -3b also in
Appendix B (adapted from MWPS-18, Livestock Waste Facilities Handbook)
show mean annual precipitation for the continental United States. This
information can be used to estimate the amount of runoff that might occur for
an enter-prise with production areas exposed to rainfall.

Some states may require manure storage facilities to be designed using
rainfall data with a greater return frequency (for example, the wettest year in
10 years) rather than mean rainfall. When storage periods less than 12 months
are used, local rainfall data should be used in the calculation (for example, the
wettest six-month period of the year).

Lot runoff can
require significant
storage volume.
Limit lot size and
runoff area as much
as possible.

E X A M P L E  4

A dairy in southern Missouri has a 1.5-acre unsurfaced

exercise lot, 20,000 ft2 of concrete lot, and 12,000 ft2 of

unguttered roofed area exposed to rainfall. Estimate the

volume of runoff expected annually. Assume that runoff

from roofed areas and concrete areas is similar.

Unsurfaced lot: Runoff is 28% (Figure 21B-1, Appendix B) of
mean annual precipitation, 42 in (Figure 21B-3b, Appendix B).
1.5 acre x 43,560 ft2/acre x 42 in x 1 ft/12 in x 0.28

= 64,033 ft3

Concrete lot and roofs: Runoff is 60% of mean annual
precipitation (Figure 21B-2, Appendix B).
(20,000 ft2 + 12,000 ft2) x 42 in x 1 ft/12 in x 0.60

= 67,200 ft3

Total runoff
= 64,033 ft3 + 67,200 ft3  = 131,233 ft3



11

 LESSON 21 Sizing Manure Storage, Typical Nutrient Characteristics

Sludge accumulation
Manure storage facilities that combine treatment and storage in

the same unit (anaerobic lagoons) typically experience an
accumulation of nonbiodegradable material in the bottom of the
impoundment. If the lagoon is not agitated when pumped, the
accumulated sludge can eventually displace sufficient volume to
impair lagoon performance. Hence, consideration of sludge
accumulation should be included in lagoon design. The amount of
sludge accumulation is related to the amount and biodegradability of
manure solids and/or bedding entering the lagoon. Table 21C-10
(adapted from the NRCS Agricultural Waste Management Field
Handbook) gives estimates of the ratio of sludge accumulation (cubic
feet) to the weight (pounds) of solids (dry matter or TS) entering the
lagoon. Long-term experience with lagoons in some states indicates
that sludge accumulation may be overpredicted by values in the table.
Sludge accumulation volume is estimated using values in Table 21C-
10, and the appropriate manure solids production value from Tables
21C-1 through 21C-9.

Treatment volume
Some manure storage facilities, such as anaerobic lagoons,

perform the dual function of storing and treating the manure. This
treatment feature requires that a permanent volume be included in the
design. This permanent volume provides dilution and capacity for a
bacterial population to become established and functional in breaking
down and degrading manure solids. For anaerobic lagoons, the
treatment volume is based on temperature and volatile solids (VS) that
the animals produce. Volatile solids are that fraction of total solids that
is potentially subject to breakdown by lagoon bacteria. Temperature is
important because bacteria are more active in areas of higher
temperature. Figure 21B-5 in Appendix B (adapted from the NRCS
Agricultural Waste Management Field Handbook) shows VS design
loading rates for anaerobic lagoons in the United States. Loading rate

Monitor sludge
buildup to ensure
that it does not
significantly
decrease
available volume
in a manure
storage facility.

Treatment volume
depends on number
of animals and
average local
temperatures.

E X A M P L E  5

Estimate the annual sludge accumulation volume for a

1,000-head swine-finishing unit. Assume average pig weight

is 150 lbs.

Total solids (TS) production (Table 21C-1):

6.34 lb TS/Kwt-d x 1 Kwt/1,000 lb x 1,000 hd x 150 lb/hd x 365 d/yr
= 347,115 lbs solids

From Table 21C-10, the sludge accumulation ratio for swine is
0.0485 ft3 sludge/lb solids.
347,115 lbs solids x 0.0485 ft3 sludge/lb solids

= 16,835 ft3 sludge accumulation.
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varies from 0.003 lb VS/ft3-d in the cold northern regions to 0.007 lb VS/ft3-d
in the warmer southern regions. The treatment volume for a lagoon can be
calculated using VS data from Tables 21C-1 through 21C-9 along with the
data in Figure 21B-5 in Appendix B.

Rainfall-evaporation
Manure storage facilities exposed to rainfall, whether structured or

earthen, should be designed to hold the rainwater that falls on the surface.
Some of this rainfall, however, will be lost through evaporation, and the net
effect is called “rainfall minus evaporation (R-E).” While rainfall data is
usually readily available, many factors influence evaporation, which
sometimes results in a scarcity of meaningful data. For example, crusting on
the surface of a manure storage facility can significantly reduce evaporation.
Also, evaporation tends to be much higher during summer than during winter
months; hence, local data based on the storage period in question is needed
when designing manure storage facilities with less than a 1-year storage
period. R-E on an annual basis is usually calculated by subtracting annual
lake evaporation from annual rainfall at the same location. Figure 21B-4 in
Appendix B (adapted from MWPS-18, Livestock Waste Facilities Handbook)
shows mean lake evaporation for the United States.

Some states may require that R-E be calculated using rainfall data
with a greater return frequency (for example, the wettest year in 10
years) rather than mean rainfall. When R-E is calculated for shorter
storage periods, monthly rainfall and evaporation data should be
examined to determine the monthly sequence with the highest R-E
value. Check local or state requirements for the cases in which
evaporation exceeds rainfall for the design storage period and climatic
return period. Some states may or may not allow a deficit to be used in
sizing a manure storage facility.

25-year, 24-hour storm
Federal regulations require that manure storage facilities have the

minimum capability of holding the lot runoff and direct rainfall resulting
from the 25-year, 24-hour storm. Furthermore, many states require that
this volume be available in addition to any other storage components
such as manure/wastewater volume, or treatment volume. The volume
resulting from a  25-year, 24-hour storm is equal to the storm itself
(inches of rain falling in 24 hours), plus runoff from the lot area exposed
to the rainfall. For a manure storage facility exposed to rainfall, the
depth required to store the 25-year, 24-hour storm is simply the depth, or
inches of rainfall, represented by the storm itself. Figure 21B-6 in Appendix
B (from MWPS-18, Livestock Waste Facilities Handbook) shows the depth
of rainfall for the 25-year, 24-hour storm for the United States. Runoff
resulting from the 25-year, 24-hour storm is usually calculated based on this
depth also, with no infiltration or retention assumed because of the high
intensity and short duration of the rainfall event. However, some states may
allow modification for infiltration and retention. Check local and state
requirements.

When rainfall
exceeds evaporation,
the excess water
must be
accumulated in
the manure
storage facility.

Federal regulations
require that manure
storage facilities
have the minimum
capability of holding
the lot runoff and
direct rainfall
resulting from the
25-year, 24-hour
storm.
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E X A M P L E  6

Calculate the treatment volume for an anaerobic lagoon

serving 1,000 finishing swine (average weight = 150 lbs)

in central Indiana.

VS produced (from Table 21C-1):

5.4 lb VS/Kwt-d x 1 Kwt/1,000 lb x 1,000 hd x 150 lb/hd
= 810 lb VS/d

VS loading rate for central Indiana is 0.0044 lb VS/ft3-d:
Treatment volume

= (810 lb VS/d)/(0.0044 lb VS/ft3-d) = 184,090 ft3

E X A M P L E  8

Calculate the storage volume required for the 25-year, 24-hour

storm for a dairy in central Pennsylvania. Exposed dirt lot,

concrete, and unguttered roofed area is 1 acre.

From Figure 21B-6 in Appendix B, the 25-year, 24-hour storm
is 5 inches in central Pennsylvania.
5 in x 1 ft/12 in x 1 acre x 43,560 ft2/acre

= 18,150 ft3

In addition to this volume, the manure storage facility should
be designed to hold the 5 inches falling directly on its surface.

E X A M P L E  7

Calculate the annual R-E for a lagoon in central Alabama.

Annual rainfall in central Alabama (Figure 21B-3b, Appendix B)
= 52 in

Annual lake evaporation in central Alabama (Figure 21B-4,
Appendix B)

= 43 in

R-E = 52 in - 43 in = 9 in
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Pumpdown Volume for Slurry and Liquid
Manure storage facilities that contain slurry or liquid manure are usually

designed on the basis of a storage period at the end of which all or a portion of
the slurry or effluent is pumped from the facility. In the case of lagoons, which
are designed with a permanent treatment volume, only that portion corresponding
to the selected storage period is pumped from the lagoon. This “pumpdown
volume” will include some of the components described in the previous section.

1. Manure volume for the selected storage period
2. Washwater and other wastewater for the selected storage period
3. Lot runoff for the selected storage period
4. Rainfall-evaporation for the selected storage period

Pumpdown markers
When only a portion of the total volume of a manure storage facility

(lagoon) is to be removed, this volume must be clearly defined by markers
placed at the proper elevations in the lagoon. These markers then serve as
management indicators for the operator so that pumping activities can be
initiated at the appropriate time. Figures 21B-7a and -7b in Appendix B show
schematically how the various volume components are developed in lagoon
or storage basin design, and how pumpdown markers are installed to indicate
the elevations at which pumping should be started and terminated.

Pumping of the manure storage facility may take place at any level
between the upper and lower marks noted in Figures 21B-7a and -7b.
However, pumping should always start before the level rises above the upper
mark, ensuring that volume is always available to hold the 25-year, 24-hour
storm (a requirement by federal regulation).

Experience has shown that a single vertical marker (post or other device) that
spans the entire pumpdown volume is an excellent configuration for a pumpdown
marker. This device should be marked with numbers, notches, or other indicators
that are easy to read and will not deteriorate. The numbers or indicators should
show the observer, in an obvious manner, how much storage remains before
pumping must be started, and conversely, how much liquid remains to be
pumped. Figure 21B-7c shows in greater detail how a pumpdown marker may be
installed. Placing a vertical pumpdown marker in a lagoon that is already in use
may be difficult and dangerous. In these cases, an alternative may be to place the
marker on the inside slope of the basin with marks that would correspond to
similar elevations on a vertical marker. See the diagrams in Figure 21B-7,
Appendix B, for marker placement on the inside slope of a basin.

For ponds or lagoons that receive runoff and are built by placing earth fill,
spillways should be constructed. The diagrams in Figure 21B-7 show a spillway
at the full-pool level. Although an outflow or discharge is not anticipated, a
spillway should be constructed to protect the structure’s integrity should a
storm event occur that exceeds the impoundment’s design capabilities. The
spillway should be properly sized and constructed in a manner that will
minimize the possibility of erosion and resulting loss of structural integrity in
the impoundment. It should be located such that any outflow would be directed
over undisturbed, vegetated earth. To the extent possible, outflow should not
occur down the backslope or on berm “fill” material. If sensitive water quality
features (stream, drainage ditch) are present, the spillway should be located
such that any outflow will flow through a maximum possible distance of
vegetation before reaching the sensitive area.

The diagrams in Figure 21B-7 show typical locations for pumpdown

Normal pumpdown
volume usually
includes manure,
washwater,
lot runoff, and
rainfall-evaporation.

Properly installed
pumpdown
markers, usually
required by
regulation,
indicate to the
operator when a
manure storage
facility should be
pumped.
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marks on the marker. However, the positioning or relative elevation of marks
may depend upon the specific definition of items such as freeboard, or other
factors that some states have elected to include in impoundment design.
Check the individual state definitions and design requirements to ensure that
pumpdown marks are properly placed.

Pumpdown frequency
The required pumpdown frequency for a manure storage facility depends

primarily upon the storage period selected. However, the selected storage period
is realized only if and when conditions are similar to the assumptions used in the
design. Rainfall less than or greater than that used in the design, animal numbers
or manure production different than that used in the design, more or less exposed
lot area than that used in the design, and extended periods of above or below
normal evaporation can all result in a storage period that is greater or less than the
selected design storage period. The manure storage facility should always be
pumped before overflow occurs, regardless of the design storage period. The
operator should always have the means and flexibility to manage storage periods
that might be shorter than the design storage period. A monthly inspection should
include a record of liquid level and change in level since the last inspection.

Nutrient Concentrations in Manure
Storage Facilities

The concentration of nutrients in manure storage facilities is important
for planning land application activities. Nutrient concentration is usually the
critical factor in determining the amount of manure to be spread per acre of
land. Manure systems similar in type and management may have
characteristically similar concentrations of manure nutrients. However,
manure nutrient concentrations can be highly variable, even among similar
systems, so laboratory analysis of the manure should always be performed to
establish a trend or baseline of manure nutrient concentration.

Solid manure systems
Examples of solid manure systems include poultry litter, separated

manure solids, manure/bedding mixtures in hoop structures for swine, and
mortality compost. Table 21-5 gives ranges of values that might be expected
for nutrient concentrations in several types of solid manure.

A manure
storage facility
should always be
pumped before
overflow occurs,
regardless of the
design storage
period.

Nutrients are
usually more
concentrated in
solid manure.

Table 21-5. Nutrient concentrations in various types of solid manure.

Nutrient Concentration, lbs/ton

Manure Type Total Kjeldahl N Ammonia N P
2
O

5
K

2
O

Poultry Litter1 40-80 10-20 30-60 30-50

Separated dairy
Solids2 23% DM 5.8-7.4 0.3-0.7 1.8-2.4 2.4-3.6

Swine hoop structure3 12-15 —— —— ——

Mortality compost4 15-25 3-6 1-3 4-8

Beef feedlot, dirt lot 21-24 7 14-36 4-23
1 Range of values from NRCS Agricultural Waste Management Field Handbook 1996; MWPS-18, Livestock Waste
Facilities Handbook 1993; University (U) of Missouri (MO) studies.

2 Performance of screen separator at U of MO dairy farm.
3 Studies from Iowa State U Rhodes Research Farm using cornstalk bedding.
4 Swine mortality compost, U of MO.
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Slurry manure systems
Typical slurry manure systems include underfloor pits and outdoor

storage tanks or basins to which manure is scraped, flushed, or drained by
gravity (pull-plug). Slurry manure usually contains 5% to 10% dry matter and
is usually handled with manure pumps and tankwagons. However, continuous
pumping systems using “drag-hose injection” are becoming more popular for
managing slurry manure. Slurry storage facilities should always be agitated
before emptying because considerable settling and stratification of solids
typically occurs in these structures. As with other types of manure, slurry
manure can be quite variable in nutrient content, and a laboratory analysis
should always be conducted to determine actual nutrient levels. Table 21-6
shows typical nutrient levels for different slurry manure systems.

Liquid manure systems
Liquid manure systems (less than 5% solids) may be designed or function as

lagoon systems that provide a degree of manure treatment. Climatic effects
such as rainfall and runoff from open lots can significantly impact the nutrient
concentration of lagoons. Additionally, some nutrients are concentrated in the
sludge layer and may not be available if the lagoon is not agitated. Lagoon
effluent can be highly variable in nutrient content and should be analyzed to
determine actual nutrient concentrations. Table 21-7 shows the ranges of values
for nutrient concentration in lagoon effluent.

Nutrients in
slurry manure are
less concentrated
due to higher
water content.

Nutrients in
lagoons are highly
dilute and are
usually handled by
irrigation rather
than hauling
systems.

Table 21-7. Nutrient content in various types of lagoon systems.

Nutrient Concentration, lbs/acre-inch (lbs/1,000 gallons)

Manure Type Total Kjeldahl N Ammonia N P
2
O

5
K

2
O

Swine lagoon 100-300 (3.7-11) 85-250 (3.1-9.2) 40-80 (1.5-2.9) 100-300 (3.7-11)

Dairy lagoon 80-150 (2.9-5.5) 45-80 (1.7-2.9) 50-100 (1.8-3.7) 100-200(3.7-7.4)

Beef lagoon 40-120 (1.5-4.4) 40-60 (1.5-2.2) 80-250 (2.9-9.2) 100-250(3.7-9.2)

Poultry lagoon 80-170 (2.9-6.3) 60-120 (2.2-4.4) 50-150 (1.8-5.5) 400-500 (15-18)

Beef feedlot, runoff
holding pond 45 (1.67)  41 (1.50) ——  244 (9)

Source:  Range of values from MWPS-18, Livestock Waste Facilities Handbook 1993; NRCS Agricultural Waste Management Field Handbook 1996; Ohio Livestock Manure and
Wastewater Management Guide 1992; and studies at the University of Missouri.

Table 21-6. Nutrient concentrations in various types of slurry manure.

Nutrient Concentration, lbs/1,000 gallons

Slurry Type Total Kjeldahl N Ammonia N P
2
O

5
K

2
O

Swine 30-45 20-30 20-30 20-30

Dairy 25-35 10-15 15-20 20-30

Beef 30-40 10-25 15-30 25-35

Poultry 60-80 15-60 35-45 30-95

Source:  Range of values from MWPS-18, Livestock Waste Facilities Handbook 1993; NRCS Agricultural Waste
Management Field Handbook 1996; Ohio Livestock Manure and Wastewater Management Guide 1992; and studies
at the University of Missouri.
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Nutrients Available After Losses in

Manure Storage Facilities
Manure nutrients, especially nitrogen, are subject to many potential loss

pathways after the animal excretes them. Volatilization to the atmosphere is a
major loss pathway for nitrogen. Phosphorus and potassium can be lost in
uncontrolled runoff or captured in settled solids or sludge that may not be
agitated and removed during pumpdown. Many of the actual and apparent
nutrient losses occur during manure collection, during manure transport to the
manure storage facility, and in the facility itself. These accumulated losses are
usually estimated and assigned according to the type of manure handling and
storage system in place. The loss estimates can then be applied to excreted
nutrient values, determining the nutrients available for land application.
Table 21-8 shows the ranges of expected nitrogen losses for different types of
manure-handling systems.

Solid manure systems
In solid manure systems, manure is usually mixed with a considerable

amount of bedding. If the manure collection and transport system effectively
captures all of the manure, then very little phosphorus and potassium will be
lost. Since phosphorus and potassium are not subject to volatilization, most of
these nutrients that the animal excretes should be available from the manure
storage facility.

Slurry manure systems
Manure in slurry systems (underfloor tanks, outdoor tanks or basins)

usually has a moisture content of 90% to 95%. The relatively high content
of water in slurry manure provides the potential for some biological activity
that may impact nutrient availability. Nitrogen may be somewhat more
subject to volatilization in slurry manure than solid manure because of the
higher moisture content. Phosphorus and potassium, however, should not be
lost if the manure collection and storage system effectively captures the
nutrients.

Table 21-8. Nitrogen lost and retained in various types of manure

handling and storage systems.

System Nitrogen Lost, % Nitrogen Retained, %

Daily scrape and haul 20-35 65-80

Manure pack 20-40 60-80

Open lot 40-55 45-60

Deep pit (poultry) 25-50 50-75

Litter 25-50 50-75

Underfloor pit 15-30 70-85

Aboveground tank 10-30 70-90

Holding pond 20-40 60-80

Anaerobic lagoon 70-85 15-30

Adapted from MWPS-18, Livestock Waste Facilities Handbook 1993.

Manure-handling
systems with a high
water content
generally lose more
nutrients than solid
or slurry systems.

Solid manure
systems usually
retain 50% to 80%
of the nitrogen
in manure and
most of the
phosphorus and
potassium.
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P R O B L E M  1

Estimate the amount of N, P
2
O

5
, and K

2
O available annually in

a broiler operation. Assume four buildings with 20,000 birds

per building, and five flocks are produced each year. Average

bird weight over the 7-week growth period is two pounds.

P R O B L E M  2

Estimate the amount of N, P
2
O

5
, and K

2
O available annually

in a swine operation housing 1,000 finishing hogs. Average

animal weight is 150 lbs, and the manure is collected in an

underfloor pit.
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W O R K S H E E T  F O R  C A L C U L A T I N G  P R O B L E M  1

Facility type (solid storage, manure tank, lagoon)            broiler         _

Selected nutrient accumulation period =          49 x 5  =  2      days

Nitrogen

Using data in Tables 21C-1 through 21C-9, calculate the nitrogen excreted.

   lbN/d-1,000 # x no. animals x lbs/animal (avg. wt.) x   period, d/1,000

            1.1           x       80,000      x                  2                    x     245     /1,000 =     43,120 lbN

Using the availability factor from Table 21-8, calculate the nitrogen available.

        LbN x availability factor

       43,120       x                0.6             =              25,872          lbN available

P2O5

Using data in Tables 21C-1 through 21C-9, calculate the P2O5
 excreted.

lbP2O5/d-1,000 # x no. animals x lbs/animal (avg. wt.) x period, d/1,000

        0.77              x     80,000        x                2                      x        245    /1,000 = 30,184  lbP2O5

        lbP2O5 x availability factor

       30,184      x              1.0              =        30,184        lbP2O5
  
available

K2O

Using data in Tables 21C-1 through 21C-9, calculate the K2O excreted.

  lbK2O/d-1,000 # x no. animals x    lbs/animal (avg. wt.) x    period, d/1,000

         0.55             x      80,000          x                  2                     x        245    /1,000 =  21,560  lbK2O

        lbK2O x availability factor

        21,560         x               1.0              =        21,560        lbK2O 
 
available
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W O R K S H E E T  F O R  C A L C U L A T I N G  P R O B L E M  2

Facility type (solid storage, manure tank, lagoon)    swine underfloor pit_

Selected nutrient accumulation period =              365            days

Nitrogen

Using data in Tables 21C-1 through 21C-9, calculate the nitrogen excreted.

   lbN/d-1,000 # x    no. animals x lbs/animal (avg. wt.) x period, d/1,000

          0.42           x          1,000         x               150                   x      365      /1,000 =     22,995  lbN

Using availability factor from Table 21-8, calculate the nitrogen available.

           LbN x availability factor

       22,995          x            0.75             =           17,246       lbN available

P2O5

Using data in Tables 21C-1 through 21C-9, calculate the P2O5
 excreted.

lbP2O5/d-1,000 # x no. animals x      lbs/animal (avg. wt.)  x      period, d/1,000

         0.36             x           1,000           x            150                      x      365      /1,000 = 19,710   lbP2O5

       lbP2O5 x availability factor

       19,710         x            1.0              =            19,710        lbP2O5
  
available

K2O

Using data in Tables 21C-1 through 21C-9, calculate the K2O excreted.

lbK2O/d-1,000 # x     no. animals  x      lbs/animal (avg. wt.) x      period, d/1,000

          0.26          x          1,000          x                 150                 x      365      /1,000 =  14,235  lbK2O

          lbK2O x  availability factor

         14,235         x              1.0             =         14,235        lbK2O 
 
available
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Liquid manure systems
Liquid or lagoon systems typically exhibit solids concentrations less than

5%. Nitrogen volatilization is usually quite significant in lagoons due to the
large surface area, relatively long-term storage, and biological activity, which
convert organic nitrogen to the ammonia form. Additionally, since lagoons
are not typically agitated and completely emptied (as are slurry pits or tanks),
nitrogen, phosphorus, and potassium will accumulate in the lagoon’s sludge
layer. While this accumulation does not represent a loss to the outside
environment, these nutrients are not available when the lagoon is pumped,
unless agitation is included in the pumping operation, and are often
considered “lost” when estimating available nutrients. Phosphorus in lagoons
tends to concentrate in the sludge layer, which greatly reduces the fraction of
available phosphorus if the lagoon is not agitated. Potassium is mostly soluble
(dissolved in the liquid portion of the lagoon); however, lagoons typically
may have only 20% to 30% of their volume pumped (depending on the ratio
of treatment volume to total volume). Both phosphorus and potassium tend to
accumulate in the sludge and treatment volume of lagoons. Research at the
University of Missouri suggests that as little as 5% to 10% of excreted
phosphorus and 15% to 30% of excreted potassium may be pumped from
unagitated swine lagoons in normal pumpdown procedures. Agitation will
increase these percentages, but unless the lagoon is completely emptied, some
residual nutrient accumulation will be present.

In a lagoon,
significant nitrogen
is lost through
volatilization, and
phosphorus and
potassium
accumulate in the
treatment volume
and sludge layer.

P R O B L E M  3

Estimate the amount of N, P2O5, and K2O available annually in

a swine operation housing 1,000 finishing hogs. Average

animal weight is 150 lbs/head, and manure is collected in a

lagoon system. Assume that 5% of the excreted phosphorus

and 15% of the excreted potassium are available annually

through lagoon pumpdown (no agitation).
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W O R K S H E E T  F O R  C A L C U L A T I N G  P R O B L E M  3

Facility type (solid storage, manure tank, lagoon)        swine lagoon      _

Selected nutrient accumulation period =             365           days

Nitrogen

Using data in Tables 21C-1 through 21C-9, calculate nitrogen excreted.

    lbN/d-1,000# x     no. animals x lbs/animal (avg. wt.) x period, d/1,000
            0.42         x            1,000       x                 150             x      365      /1,000 =       22,995   lbN

Using availability factor from Table 21-8, calculate nitrogen available

           LbN x availability factor

         22,995         x             0.15            =           3,449         lbN available

P2O5

Using data in Tables 21C-1 through 21C-9, calculate P2O5
 excreted.

 lbP2O5/d-1,000# x no. animals x lbs/animal (avg. wt.) x period, d/1,000

         0.36           x         1,000         x               150                   x      365      /1,000 =    19,710   lbP2O5

        lbP2O5   x availability factor

       19,710       x             0.05          =         986        lbP2O5
  
available

K2O

Using data in Tables 21C-1 through 21C-9, calculate K2O excreted.

  lbK2O/d-1,000# x     no. animals x  lbs/animal (avg. wt.) x    period, d/1,000

          0.26        x           1,000       x                150              x      365      /1,000 =  14,235 lbK2O

             lbK2O x availability factor

       14,235           x             0.15            =        2,135        lbK2O 
 
available
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Examples: Sizing a Manure Storage Facility
Sizing a manure storage facility requires determination of all factors that

contribute a volume component to the system. For any given manure storage
facility, these factors may include one or more of the following:

(1) Manure volume produced during the selected storage
period

(2) Bedding added or used during the selected storage period
(3) Runoff from exposed lots and buildings during the selected storage

period
(4) Sludge accumulation during the selected storage period
(5) Washwater or other fresh water additions during the selected storage

period
(6) Treatment volume
(7) Rainfall-evaporation
(8) 25-year, 24-hour storm

The detail (number of above factors) involved in sizing a manure storage
facility varies with the system type. For example, an underfloor or covered
manure pit does not experience the effects of rainfall, treatment is not part of
the design, sludge is not allowed to accumulate, and bedding is not used.
Hence, required manure storage volume may simply be the manure volume
produced during the selected storage period, with perhaps some allowance for
washwater used in cleaning the building. A lagoon, in contrast, may require an
evaluation of all of the above items. Many states have regulatory requirements
for sizing manure storage facilities, and these requirements must be followed
where they exist. The assistance of a qualified person (consulting engineer,
NRCS, or extension personnel) may be necessary for sizing a manure storage
facility. Table 21-9 shows common types of manure storage facilities and the
volume components normally associated with those facilities.

The following examples for a covered solid manure storage structure,
open slurry tank, and lagoon show how the volume components in the above
table are used in developing the final size (volume) for a manure storage
facility. Volumes for other facility types (i.e., runoff holding pond, earthen
basin, etc.) can be calculated by selecting the appropriate volume components
from the table above and performing calculations similar to the examples.

A manure storage
facility is sized
based on the sum of
several factors such
as manure volume,
washwater use,
lot runoff,
rainfall-evaporation,
and the 25-year,
24-hour storm.

Solid manure
storage facilities
are usually sized
based on manure
volume and
bedding use.

P R O B L E M 4

Size a solid manure storage facility (stackhouse) for broiler

litter. Four buildings house 20,000 birds each. Average bird

weight during growout is 2 pounds. Five flocks are grown

each year with a 7-week growing cycle. Size the facility to

hold the annual cleanout of the four buildings.
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Open slurry storage
tanks are usually
sized based on
manure volume,
washwater,
rainfall-evaporation,
and the 25-year,
24-hour storm.

A lagoon is
usually sized based
on manure volume,
washwater use,
lot runoff,
rainfall-evaporation,
sludge accumulation,
treatment volume,
and the 25-year,
24-hour storm.

Table 21-9. Manure storage facilities and their volume components.

Manure Storage Type Typical Volume Components

Solid manure, not covered 1.  Manure
2.  Bedding (may require runoff controls)

Solid manure, covered or roofed 1.  Manure
2.  Bedding

Slurry pit or tank, covered 1.  Manure
2.  Washwater
3.  Lot runoff

Slurry pit or tank, not covered 1.  Manure
2.  Washwater
3.  Lot runoff
4.  Rainfall-evaporation
5.  25-yr, 24-hr storm

Earthen basin 1.  Manure
2.  Washwater
3.  Lot runoff
4.  Rainfall-evaporation
5.  Sludge or unpumpable solids
6.  25-yr, 24-hr storm

Lagoon 1.  Manure
2.  Washwater
3.  Lot runoff
4.  Rainfall-evaporation
5.  Sludge volume
6.  Treatment volume
7.  25-yr, 24-hr storm

Runoff holding pond 1.  Lot runoff
2.  25-yr, 24-hr storm

P R O B L E M  5

Size a circular slurry manure storage tank for a

3,300-head swine-finishing operation (under roof) located

in central Indiana. Average pig weight is 150 lbs, and the

storage period is one year. The tank will not be covered, so

include storage for the 25-yr, 24-hr storm and R-E. Provide

sufficient depth for 1 ft freeboard. Washwater use averages

50 gallons per day.

P R O B L E M  6

Size a lagoon (365-day storage period) to serve a

300-cow dairy in central Missouri. Average cow weight

is 1,400 lbs. The operation includes an exposed dirt

exercise lot 1 acre in size and 12,000 square ft of

exposed concrete and unguttered roof areas. Average

washwater use is 10 gallons per day per cow.
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W O R K S H E E T  F O R  C A L C U L A T I N G  P R O B L E M  4

Facility type (solid storage, manure tank, lagoon) stackhouse for broiler litter

Selected manure storage period =  5 flocks x 49 d/flock  =  245 days

1.  Volume of manure and bedding.  Using data in Tables 21C-1 through 21C-9, Table 21-2, and
Table 21-3, calculate the volume of manure and bedding for the selected storage period.

Manure:

   ft3 d/1,000 # x no. animals x lbs/animal (avg. wt.) x storage period, d/1,000

        0.66        x      80,000    x               2.0             x           245           /1,000 =        25,872        ft3

Bedding:

lbBedding/Kwt-d  x no. animals  x lbs/animal (avg. wt.)  x storage period, d/1,000

                             x                    x                                x                          /1,000 =                    lbBedding

    lbBedding x  void factor (0.3-0.5)/bedding density, lb/ft3

                          x                                 /                                      =                          ft3 bedding

        25,872            ft3 manure    +                               ft3 bedding =        25,872       ft3 manure/bedding

2.  Volume of lot runoff.  Using data in Figures 21B-1, -2, -3a, and -3b, calculate the volume of runoff
from exposed dirt lots, concrete lots, and unguttered roofs.

   dirt lot, ft2 x   rainfall, in x percent runoff /12

                          x                       x                         /12  =                      ft3 runoff

concrete, unguttered roofs, ft2  x rainfall, in x percent runoff /12

                           x                        x                           /12  =                     ft3 runoff

ft3 dirt lot runoff                               +    ft3 concrete, roof runoff                      =                       ft3 total runoff

3.  Depth of rainfall-evaporation.  Using data from Figures 21B-3a, -3b, and -4, calculate the depth of
R-E on the exposed surface of the manure storage facility.

   (rainfall, in    – evaporation, in)/12

(                        –                            )  /12 =                       ft rainfall – evaporation



26

MODULE C Manure Storage and Treatment

4.  Sludge accumulation.  Using data in Tables 21C-1 through 21C-10, calculate the volume of sludge
accumulation.

TS, lb/d/1,000 # x  no. animals x lbs/animal (avg. wt.) x storage period, d/1,000

                           x                     x                                x                            /1,000 =                    lb TS

 SAR, ft3/lb TS x  lb TS

                           x                       =                               ft3

5.  Treatment volume.  Using data from Tables 21C-1 through 21C-9 and Figure 21B-5, calculate
treatment volume (lagoons only).

VS, lb/d/1,000 #   x no. animals x lbs/animal (avg. wt.)/1,000

                            x                      x                               /1,000 =                        lb VS/d

      lb VS/d         /   lb VS/1,000 ft3/d  x  1,000

                           /                                 x 1,000  =                          ft3

6.  Volume/depth of 25-year, 24-hour storm.  Using data in Figure 21B-6, calculate the depth of the
25-year, 24-hour storm on the manure storage facility surface and associated runoff from exposed lot
and roof areas.

     25-yr, 24-hr storm, in/12

Depth =                         /12  =                                   ft

 25-yr, 24-hr storm, ft x exposed lot/roof area, ft2

                                      x                                           =                                   ft3

7.  Volume of washwater.  Using water use data for the operation or estimating water use from similar
operations, calculate the volume of washwater used during the selected storage period.

Washwater use, gal/day x storage period, days/7.48

                                          x                                   /7.48 =                                  ft3

8.  Total volume of manure storage facility.  To obtain total manure storage facility volume, sum the
applicable volumes from Steps 1 through 7 above.

Manure/bedding  +      lot runoff    +      sludge     +   treatment  + 25-yr, 24-hr storm + washwater

          25,872        +                        +                      +                     +                               + 

=       25,872         ft3 total volume

9.  Determine dimensions of manure storage facility.  Using the appropriate formula below, assume
facility dimensions and calculate volume.  Adjust dimensions by trial and error until the volume in
Step 8 above is obtained.
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Square or rectangular Volume =    length, ft x       width, ft    x  depth, ft

manure tank: =          80         x             40        x           8         =    25,600    ft3

Round manure tank: Volume =  diameter, ft x diameter, ft x   depth, ft    x 0.785

                          x                         x                     x 0.785 =                   ft3

Square or rectangular earthen impoundments: (slope = inside or front slope of impoundment,
i.e., for 3:1 slopes, slope = 3)

 Volume =       length, ft x    width, ft    x     depth, ft

=                              x                        x 

-            slope x      depth, ft x    depth, ft x   (length, ft  +      width, ft)

-                                x                         x                       x (                     +                      )

+ 4 x       slope x         slope  x     depth, ft   x     depth, ft x    depth, ft/3

+ 4 x                        x                          x                       x                       x                      /3

=                               ft3

Depths of R-E; the 25-year, 24-hour storm; and freeboard, if applicable, must be added to the manure
storage facility depth determined above.

      Step 3                         Step 6
      R-E, ft     +    25-yr, 24-hr storm, ft    +    freeboard, ft

                          +                                          +                           =                           ft added depth

This will increase the final length and width (at the top inside edge) of earthen impoundments
according to the following formulas:

New length =         old length, ft  +   (added depth, ft    x     slope  x  2)

=                                    +  (                                  x                          x 2) =                          ft

New width =       old width, ft     +      (added depth, ft   x     slope  x  2)

=                                   +  (                                  x                          x 2) =                          ft

Final depth =  preliminary depth, ft  +  added depth, ft

=                                     +                                    =                                  ft

This litter volume could be contained in a structure 40 ft wide by 80 ft long with a stacking depth of
8 ft. Building length may need to be increased due to sloping pile ends.
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W O R K S H E E T  F O R  C A L C U L A T I N G  P R O B L E M  5

Facility type (solid storage, manure tank, lagoon)       circular slurry tank

Selected manure storage period =                  365              days

1.  Volume of manure and bedding.  Using data in Tables 21C-1 through 21C-9, Table 21-2, and
Table 21-3, calculate the volume of manure and bedding for the selected storage period.

Manure:

ft3 d/1,000 # x no. animals x lbs/animal (avg. wt.) x storage period, d/1,000

       1.0        x            3,300       x                  150              x            365         /1,000 =        180,675       ft3

Bedding:

lbBedding/Kwt-d  x   no. animals   x lbs/animal (avg. wt.) x  storage period, d/1,000

                            x                         x                                  x                          /1,000 =                    lbBedding

  lbBedding  x  void factor (0.3-0.5)/bedding density, lb/ft3

                            x                                /                                    =                          ft3 bedding

      180,675       ft3 manure  +                                    ft3 bedding  =     180,675         ft3 manure/bedding

2.  Volume of lot runoff.  Using data in Figures 21B-1, -2, -3a, and -3b, calculate the volume of runoff
from exposed dirt lots, concrete lots, and unguttered roofs.

dirt lot, ft2 x rainfall, in x percent runoff /12

                     x                      x                      /12  =                      ft3 runoff

concrete, unguttered roofs, ft2 x rainfall, in x percent runoff /12

                     x                      x                      /12  =                      ft3 runoff

ft3 dirt lot runoff                       + ft3 concrete, roof runoff                      =                       ft3 total runoff

3.  Depth of rainfall-evaporation.  Using data from Figures 21B-3a, -3b, and -4, calculate the depth of
R-E on the exposed surface of the manure storage facility.

  (rainfall, in – evaporation, in)/12

(      40         –             33          ) /12 =          0.6          ft R-E
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4.  Sludge accumulation.  Using data in Tables 21C-1 through 21C-10, calculate the volume of sludge
accumulation.

TS, lb/d/1,000 # x   no. animals   x lbs/animal (avg. wt.) x storage period, d/1,000

                          x                       x                                  x                            /1,000 =                      lb TS

  SAR, ft3/lb TS x lb TS

                          x                          =                      ft3

5.  Treatment volume.  Using data from Tables 21C-1 through 21C-9 and Figure 21B-5, calculate
treatment volume (lagoons only).

VS, lb/d/1,000 # x   no. animals  x lbs/animal (avg. wt.)/1,000

                            x                            x                                   /1,000 =                        lb VS/d

      lb VS/d            /   lb VS/1,000 ft3/d   x 1,000

                             /                                   x 1,000  =                          ft3

6.  Volume/depth of 25-year, 24-hour storm.  Using data in Figure 21B-6, calculate the depth of the
25-year, 24-hour storm on the manure storage facility surface and associated runoff from exposed
lot and roof areas.

   25-yr, 24-hr storm, in/12

Depth =              5            /12  =                 0.4                ft

25-yr, 24-hr storm, ft x exposed lot/roof area, ft2

                                      x                                            =                                   ft3

7.  Volume of washwater.  Using water use data for the operation or estimating water use from
similar operations, calculate the volume of washwater used during the selected storage period.

Washwater use, gal/day x storage period, days/7.48

                  50                   x                365             /7.48 =       2,440      ft3

8.  Total volume of manure storage facility.  To obtain total manure storage facility volume, sum the
applicable volumes from Steps 1 through 7 above.

Manure/bedding +     lot runoff  + sludge +       treatment     +  25-yr, 24-hr storm  +  washwater

        180,675         +                        +                         +                          +                              +       2,440

=        183,115       ft3 total volume
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9.  Determine dimensions of manure storage facility.  Using the appropriate formula below, assume
facility dimensions and calculate volume.  Adjust dimensions by trial and error until the volume in
Step 8 above is obtained.

Square or rectangular Volume =     length, ft  x       width, ft x  depth, ft

manure tank: =                         x                           x                         =                             ft3

Round manure tank: Volume =  diameter, ft x   diameter, ft x    depth, ft x 0.785

             120        x           120           x        16           x 0.785 = 180,864  ft3

Square or rectangular earthen impoundments: (slope = inside or front slope of impoundment,
i.e., for 3:1 slopes, slope = 3)

 Volume  =      length, ft x    width, ft    x     depth, ft

 =                              x                      x 

 –             slope        x     depth, ft     x    depth, ft x  (length, ft  +      width, ft)

–                              x                        x                      x (                    +                      )

+ 4 x      slope x         slope   x    depth, ft  x     depth, ft  x    depth, ft/3

+ 4 x                      x                        x                      x                       x                   /3

=                               ft3

Depths of R-E; the 25-year, 24-hour storm; and freeboard, if applicable, must be added to the manure
storage facility depth determined above.

 Step 3                    Step 6

 R-E, ft +   25-yr, 24-hr storm, ft   +    freeboard, ft

    0.6        +               0.4                    +          1.0             =            2.0             ft added depth

According to the following formulas, this will increase the final length and width (at the top inside
edge) of earthen impoundments.

New length =      old length, ft      +  (added depth, ft x    slope  x  2)

=                                 +  (                                  x                          x 2) =                            ft

New width =         old width, ft   +     (added depth, ft    x     slope  x  2)

=                                  +  (                                 x                          x 2) =                            ft

Final depth =   preliminary depth, ft   +       added depth, ft

=                 16.0                 +              2.0                =           18.0            ft

Volume with 1-ft freeboard = 120 x 120 x 0.785 x 17 = 192,168 ft3

Thus, a tank 120 ft in diameter and 18 ft deep would provide the desired storage. Manufacturer’s
standard sizes may not be available in these exact dimensions, but the unit should be selected to
provide at least the storage calculated.
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W O R K S H E E T  F O R  C A L C U L A T I N G  P R O B L E M  6

Facility type (solid storage, manure tank, lagoon)                dairy lagoon

Selected manure storage period =                  365              days

1.  Volume of manure and bedding.  Using data in Tables 21C-1 through 21C-9, Table 21-2, and
Table 21-3, calculate the volume of manure and bedding for the selected storage period.

Manure:

ft3 d/1,000 # x no. animals  x lbs/animal (avg. wt.) x storage period, d/1,000

     1.3       x          300       x               1,400            x          365           /1,000 =        199,290       ft3

Bedding:

lbBedding/Kwt-d x no. animals x lbs/animal (avg. wt.) x  storage period, d/1,000

                         x                      x                                  x                            /1,000 =                    lbBedding

  lbBedding    x  void factor (0.3-0.5)/bedding density, lb/ft3

                        x                      /                           =                          ft3 bedding

   199,290       ft3 manure  +                              ft3 bedding =     199,290     ft3 manure/bedding

2.  Volume of lot runoff.  Using data in Figures 21B-1, -2, -3a, and -3b, calculate the volume of runoff
from exposed dirt lots, concrete lots, and unguttered roofs.

dirt lot, ft2 x rainfall, in. x percent runoff /12

    43,560      x         38        x         0.27         /12  =        37,244            ft3 runoff

concrete, unguttered roofs, ft2 x rainfall, in x percent runoff /12

    12,000      x         38        x         0.58         /12  =        22,040            ft3 runoff

ft3 dirt lot runoff    37,244     + ft3 concrete, roof runoff         22,040        =       59,284     ft3 total runoff

3.  Depth of rainfall-evaporation.  Using data from Figures 21B-3a, -3b, and -4, calculate the depth of
R-E on the exposed surface of the manure storage facility.

  (rainfall, in -   evaporation, in)/12

(       38         -          38            ) /12 =          0.0          ft R-E
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4.  Sludge accumulation.  Using data in Tables 21C-1 through 21C-10, calculate the volume of sludge
accumulation.

TS, lb/d/1,000 # x no. animals x lbs/animal (avg. wt.) x storage period, d/1,000

        10.0        x          300         x      1,400      x               365            /1,000 =    1,533,000   lb TS

SAR, ft3/lb TS x lb TS

      0.0729      x    1,533,000    =     111,756    ft3

5.  Treatment volume.  Using data from Tables 21C-1 through 21C-9 and Figure 21B-5, calculate
treatment volume (lagoons only).

VS, lb/d/1,000 #  x   no. animals x lbs/animal (avg. wt.)/1,000

           8.5              x           300       x         1,400      /1,000 =       3,570     lb VS/d

      lb VS/d         /  lb VS/1,000 ft3/d  x 1,000

        3.570         /              5.0            x 1,000  =     714,000       ft3

6.  Volume/depth of 25-year, 24-hour storm.  Using data in Figure 21B-6, calculate the depth of the
25-year, 24-hour storm on the manure storage facility surface and associated runoff from exposed lot
and roof areas.

   25-yr, 24-hr storm, in/12

Depth =          6            /12  =                 0.5                ft

25-yr, 24-hr storm, ft  x exposed lot/roof area, ft2

                0.5                  x        55,560        =          27,780        ft3

7.  Volume of washwater.  Using water use data for the operation or estimating water use from similar
operations, calculate the volume of washwater used during the selected storage period.

Washwater use, gal/day x storage period, days/7.48

               3,000                x                365             /7.48 =            146,390          ft3

8.  Total volume of manure storage facility.  Sum the applicable volumes from Steps 1 through 7
above to obtain total manure storage facility volume.

Manure/bedding  +    lot runoff     +      sludge        +     treatment      +  25-yr, 24-hr storm +  washwater

         199,290        +        59,284      +       111,756      +       714,000       +            27,780        +  146,390
=   1,258,500     ft3  total volume
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9.  Determine dimensions of manure storage facility.  Using the appropriate formula below, assume
facility dimensions and calculate volume.  Adjust dimensions by trial and error until the volume in
Step 8 above is obtained.

Square or rectangular Volume =    length, ft  x     width, ft   x  depth, ft

manure tank: =                         x                       x                        =                               ft3

Round manure tank: Volume =   diameter, ft   x  diameter, ft x   depth, ft      x 0.785

                           x                      x                      x 0.785  =                 ft3

Square or rectangular earthen impoundments: (slope = inside or front slope of impoundment,
i.e., for 3:1 slopes, slope = 3)

Volume =      length, ft x      width, ft    x depth, ft

=          500        x          250        x         13

–        slope  x    depth, ft  x   depth, ft    x     (length, ft  + width, ft)

–            3           x          13          x        13        x (      500    +      250    )

+ 4 x        slope      x      slope      x    depth, ft   x   depth, ft    x    depth, ft/3

+ 4 x           3         x           3         x         13        x          13       x        13       /3

=       1,271,114     ft3

Depths of R-E, the 25-year, 24-hour storm, and freeboard, if applicable, must be added to the manure
storage facility depth determined above.

Step 3                 Step 6

R-E, ft   +   25-yr, 24-hr storm, ft   +    freeboard, ft

    0           +               0.5                   +          2.0             =            2.5             ft added depth

According to the following formulas, this will increase the final lenght and width (at the top inside
edge) of earthen impoundments.

New length =       old length, ft    +  (added depth, ft  x       slope    x 2)

=              500            +  (            2.5           x          3        x 2) =            515          ft

New width =        old width, ft    +   (added depth, ft  x     slope     x  2)

=             250             +  (            2.5            x          3       x 2) =           265          ft

Final depth =  preliminary depth, ft   +  added depth, ft

=                  13                 +            2.5            =           15.5           ft

Geological characteristics (depth to groundwater or bedrock) and other applicable site limitations
should be considered in selecting lagoon dimensions.
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APPENDIX A
Regulatory Compliance Assessment: Sizing Considerations for Manure Storage Systems

Regulatory Issue Is this issue addressed by regulations? Is my livestock/ poultry

If “Yes,” summarize those regulations. operation in compliance?

Is the sizing of a manure storage facility required to include a . . .

Specific storage period or size? ___ Yes  ___ No If  Yes, summarize: ___ Yes ___ No
___ Not applicable
___ Don’t Know

Specific allowance for depth above ___ Yes  ___ No If Yes, summarize: ___ Yes ___ No
maximum level for start pumping? ___ Not applicable

___ Don’t Know

Sludge volume component? ___ Yes  ___ No If Yes, summarize: ___ Yes ___ No
___ Not applicable
___ Don’t Know

Permanent volume to maintain ___ Yes  ___ No If Yes, summarize: ___ Yes ___ No
a wetted seal? ___ Not applicable

___ Don’t Know

Allowance for open lot runoff ___ Yes  ___ No If Yes, summarize: ___ Yes ___ No
control? ___ Not applicable

___ Don’t Know

Required loading rate for a ___ Yes  ___ No If Yes, summarize: ___ Yes ___ No
permanent treatment volume ___ Not applicable
(anaerobic lagoon only)? ___ Don’t Know

Volume for a specific storm event ___ Yes  ___ No If Yes, summarize: ___ Yes ___ No
(e.g., 25-yr, 24-hr storm)? ___ Not applicable

___ Don’t Know

Volume for chronic wet years ___ Yes  ___ No If Yes, summarize: ___ Yes ___ No
(e.g., wettest year in 10 yrs)? ___ Not applicable

___ Don’t Know
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APPENDIX B
Climatic Characteristics for Lagoon Design
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Figure 21B-1. Annual runoff from unsurfaced feedlots (CN-90) as percent of mean annual precipitation.
Source: NRCS Agricultural Waste Management Field Handbook 1996.

Figure 21B-2. Annual runoff from concrete feedlots (CN-97) as percent of mean annual precipitation.
Source: NRCS Agricultural Waste Management Field Handbook 1996.
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Figure 21B-3a. Normal annual precipitation in western United States, inches.
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Figure 21B-3b. Normal annual precipitation in eastern United States, inches.
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Figure 21B-4. Annual free water surface evaporation, inches.

Figure 21B-5. Anaerobic lagoon loading

rate, lb VS/1,000 ft3/day.
Source: NRCS Agricultural Waste Management Field
Handbook, 1996, 651.
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Figure 21B-6. 25–yr, 24–hr rainfall, inches.
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Figure 21B-7a. Schematic of a pumpdown marker in lagoon.

Figure 21B-7b. Schematic of a pumpdown marker in an earthen storage basin.
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Figure 21B-7c. Schematic of a pumpdown marker.
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APPENDIX C
Livestock and Poultry Manure Characterization

Table 21C-1. Swine manure characterization, as excreted.1

Grower, Replacement Sow Nursing/ Nursery

Component Units 40-220 lbs Gilt Gestation Lactation Boar Pig, 0-40 lbs

Weight lb/d/1,000 # 63.40 32.80 27.20 60.00 20.50 106.00

Volume ft3/d/1,000 # 1.00 0.53 0.44 0.96 0.33 1.70

Moisture % 90.00 90.00 90.80 90.00 90.70 90.00

TS % w.b. 10.00 10.00 9.20 10.00 9.30 10.00
lb/d/1,000 # 6.34 3.28 2.50 6.00 1.90 10.60

VS “ 5.40 2.92 2.13 5.40 1.70 8.80

Nitrogen “ 0.42 0.24 0.19 0.47 0.15 0.6

P2O5 “ 0.36 0.18 0.14 0.34 0.11 0.57

K2O “ 0.26 0.16 0.14 0.36 0.12 0.42
1Average daily production for weight range noted.  Increase solids and nutrients by 4% for each 1% feed waste more than 5%.

Table 21C-3. Veal manure characterization, as excreted.

Component Units Veal Feeder

Weight lb/d/1,000 # 60.00

Volume ft3/d/1,000 # 0.96

Moisture % 97.50

TS % w.b. 2.50
lb/d/1,000 # 1.50

Nitrogen “ 0.20

P2O5 “ 0.07

K2O “ 0.3

Table 21C-2. Dairy manure characterization, as excreted.1

Cow

Component   Units  Lactating Dry   Heifer

Weight lb/d/1,000 # 80.00 82.00 85.00

Volume ft3/d/1,000 # 1.30 1.30 1.30

Moisture % 87.50 88.40 89.30

TS % w.b. 12.50 11.60 10.70
lb/d/1,000 # 10.00 9.50 9.14

VS “ 8.50 8.10 7.77

Nitrogen “ 0.45 0.36 0.31

P2O5 “ 0.16 0.11 0.09

K2O “ 0.31 0.28 0.29
1Increase solids and nutrients by 4% for each 1% feed waste more than 5%.
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Table 21C-6. Beef manure characterization, as excreted.1

Feeder, Feeder,

750 to 1,100 lbs 750 to 1,100 lbs 450 to

Component Units High-forage diet High-energy diet 750 lbs Cow

Weight lb/d/1,000 # 59.10 51.20 58.20 63.00

Volume ft3/d/1,000 #   0.95   0.82 0.93 1.00

Moisture % 88.40 88.40 87.00 88.40

TS % w.b. 11.60 11.60 13.00 11.60
lb/d/1,000 #   6.78   5.91 7.54 7.30

VS “   6.04   5.44 6.41 6.20

Nitrogen “   0.31   0.30 0.30 0.33

P2O5 “   0.25   0.21 0.23 0.27

K2O “   0.29   0.25 0.24 0.31
 1Average daily production for weight range noted.  Increase solids and nutrients by 4% for each 1% feed waste more than 5%.

Table 21C-4. Poultry manure characterization, as excreted.1

Component Units Layer Pullet Broiler Turkey Duck

Weight lb/d/1,000 # 60.50 45.60 80.00 43.60

Volume ft3/d/1,000 # 0.93 0.73 1.26 0.69

Moisture % 75.00 75.00 75.00 75.00

TS % w.b. 25.00 25.00 25.00 25.00
lb/d/1,000 # 15.10 11.40 20.00 10.90 12.0

VS “ 10.80 9.70 15.00 9.70 7.0

Nitrogen “ 0.83 0.62 1.10 0.74 0.7

P2O5 “ 0.70 0.54 0.77 0.64 0.68

K2O “ 0.41 0.31 0.55 0.34 0.6
1Increase solids and nutrients by 4% for each 1% feed waste more than 5%.

Table 21C-5. Poultry manure characterization, litter.1

Component  Units Layer High-Rise1  Broiler  Turkey

Weight lb/d/1,000 # 24.00 21.00 14.60

Volume ft3/d/1,000 # 0.66 0.41

Moisture % 50.00 24.00 34.00

TS % w.b. 50.00 76.00 66.00
lb/d/1,000 # 12.00 26.50 16.10

VS “ 21.40

Nitrogen “ 0.425 0.68 0.88

P2O5 “ 0.62 0.77 0.91

K2O “ 0.36 0.48 0.54
1No bedding or litter material added to waste.
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Table 21C-7. Beef manure characterization, feedlot manure.

Surfaced Lot 2

Unsurfaced High-forage High-energy

Component Units Lot1 diet diet

Weight lb/d/1,000 # 17.50 11.70 5.30

Moisture % 45.00 53.30 52.10

TS % w.b. 55.00 46.70 47.90
lb/d/1,000 # 9.60 5.50 2.50

VS “ 4.80 3.85 1.75

N “ 0.21

P2O5 “ 0.32

K2O “ 0.04
1Dry climate (annual rainfall less than 15 inches); annual manure removal.
2Dry climate; semi-annual manure removal.

Table 21C-10. Sludge accumulation ratios.

Animal Type SAR, ft3/lb TS Added

Poultry
Layers 0.0295
Pullets 0.0455

Swine 0.0485

Dairy Cattle 0.0729

Source:  Barth 1985.

Table 21C-8. Horse manure characterization, as excreted.1

Component Units Horse

Weight lb/d/1,000 # 50.00

Volume ft3/d/1,000 # 0.80

Moisture % 78.00

TS % w.b. 22.00
lb/d/1,000 # 11.00

VS “ 9.35

Nitrogen “ 0.28

P2O5 “ 0.11

K2O “ 0.23
1Increase solids and nutrients by 4% for each 1% feed waste more than 5%.

Table 21C-9. Lamb manure characterization, as excreted.1

Component Units Lamb

Weight lb/d/1,000 # 40.00

Volume ft3/d/1,000 # 0.63

Moisture % 75.00

TS % w.b. 25.00
lb/d/1,000 # 10.00

VS “ 8.30

Nitrogen “ 0.45

P2O5 “ 0.16

K2O “ 0.36

1Increase solids and nutrients by 4% for each 1% feed waste more than 5%.
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APPENDIX D
Blank Worksheets

The following blank worksheets can be used to calculate nutrient availability or to evaluate manure storage facilities.

W O R K S H E E T  F O R  C A L C U L A T I N G  N U T R I E N T  A V A I L A B I L I T Y

Facility type (solid storage, manure tank, lagoon)                                      _

Selected nutrient accumulation period =                                days

Nitrogen

Using data in Tables 21C-1 through 21C-9, calculate the nitrogen excreted.

 lbN/d-1,000 # x no. animals x lbs/animal (avg. wt.)   x    period, d/1,000

                           x                        x                                  x                        /1,000 =                      lbN

Using data in Tables 21C-1 through 21C-9, calculate the nitrogen available.

         LbN x availability factor

                           x                                  =                               lbN available

P2O5

Using data in Tables 21C-1 through 21C-9, calculate the P2O5
 excreted.

lbP2O5/d-1,000 #    x  no. animals x lbs/animal (avg. wt.) x period, d/1,000

                               x                       x                                    x                         /1,000 =                       lbP2O5

     lbP2O5  x availability factor

                            x                           =                              lbP2O5
  
available

K2O

Using data in Tables 21C-1 through 21C-9, calculate the K2O excreted.

 lbK2O/d-1,000 #   x   no. animals x lbs/animal (avg. wt.)  x     period, d/1,000

                            x                      x                                  x                         /1,000 =                      lbK2O

         lbK2O x  availability factor

                             x                                =                              lbK2O 
 
available
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W O R K S H E E T  F O R  S I Z I N G  M A N U R E  S T O R A G E  F A C I L I T I E S

Facility type (solid storage, manure tank, lagoon)

Selected manure storage period =                                     days

1.  Volume of manure and bedding.  Using data in Tables 21C-1 through 21C-9, Table 21-2, and
Table 21-3, calculate the volume of manure and bedding for the selected storage period.

Manure:

 ft3 d/1,000 # x no. animals   x lbs/animal (avg. wt.) x storage period, d/1,000

                    x                        x                                   x                           /1,000 =                            ft3

Bedding:

lbBedding/Kwt-d x  no. animals x lbs/animal (avg. wt.) x  storage period, d/1,000

                            x                       x                                  x                        /1,000 =                     lbBedding

lbBedding x  void factor (0.3-0.5)/bedding density, lb/ft3

                   x                                /                               =                            ft3 bedding

                    ft3 manure  +                      ft3 bedding =                            ft3 manure/bedding

2.  Volume of lot runoff.  Using data in Figures 21B-1, -2, -3a, and -3b, calculate the volume of runoff
from exposed dirt lots, concrete lots, and unguttered roofs.

 dirt lot, ft2 x  rainfall, in  x percent runoff /12

                    x                      x                         /12  =                               ft3 runoff

concrete, unguttered roofs, ft2   x  rainfall, in   x  percent runoff /12

                                                     x                      x                         /12  =                               ft3 runoff

ft3 dirt lot runoff                   + ft3 concrete, roof runoff                      =                        ft3 total runoff

3.  Depth of rainfall-evaporation.  Using data from Figures 21B-3a, -3b, and -4, calculate the depth of
R-E on the exposed surface of the manure storage facility.

    (rainfall, in – evaporation, in)/12

(                      –                        ) /12 =                     ft R-E
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4.  Sludge accumulation.  Using data in Tables 21C-1 through 21C-10, calculate the volume of sludge
accumulation.

TS, lb/d/1,000 # x  no. animals  x lbs/animal (avg. wt.) x storage period, d/1,000

                            x                       x                                  x                            /1,000 =                         lb TS

SAR, ft3/lb TS x lb TS

                         x                         =                        ft3

5.  Treatment volume.  Using data from Tables 21C-1 through 21C-9 and Figure 21B-5, calculate
treatment volume (lagoons only).

VS, lb/d/1,000 #   x    no. animals  x lbs/animal (avg. wt.)/1,000

                             x                         x                                  /1,000 =                            lb VS/d

        lb VS/d        /    lb VS/1,000 ft3/d    x 1,000

                           /                                 x 1,000  =                               ft3

6.  Volume/depth of 25-year, 24-hour storm.  Using data in Figure 21B-6, calculate the depth of the 25-
year, 24-hour storm on the manure storage facility surface and associated runoff from exposed lot and
roof areas.

   25-yr, 24-hr storm, in/12

Depth =                             /12  =                               ft

25-yr, 24-hr storm, ft x   exposed lot/roof area, ft2

                                  x                                              =                                ft3

7.  Volume of washwater.  Using water use data for the operation or estimating water use from similar
operations, calculate the volume of washwater used during the selected storage period.

Washwater use, gal/day x storage period, days/7.48

                                        x                                   /7.48 =                         ft3

8.  Total volume of manure storage facility.  Sum the applicable volumes from Steps 1 through 7 above
to obtain total manure storage facility volume.

Manure/bedding +      lot runoff  +     sludge       +     treatment    +  25-yr, 24-hr storm +   washwater

                            +                        +                        +                       +                              +                       =

                            ft3  total volume
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9.  Determine dimensions of manure storage facility.  Using the appropriate formula below, assume
facility dimensions and calculate volume.  Adjust dimensions by trial and error until the volume in
Step 8 above is obtained.

Square or rectangular Volume =    length, ft      x     width, ft      x  depth, ft

manure tank: =                         x                         x                     =                                  ft3

Round manure tank: Volume =   diameter, ft   x diameter, ft x    depth, ft    x 0.785

                           x                         x                     x 0.785 =                     ft3

Square or rectangular earthen impoundments: (slope = inside or front slope of impoundment,
i.e., for 3:1 slopes, slope = 3)

 Volume =      length, ft   x    width, ft    x        depth, ft

=                         x                        x                                =                                  ft3

-             slope          x     depth, ft      x     depth, ft x  (length, ft   +      width, ft)

-                               x                         x                        x (                      +                      )

+ 4 x        slope  x         slope  x      depth, ft    x      depth, ft  x    depth, ft/3

+ 4 x                     x                        x                       x                       x                      /3

=                               ft3

Depths of R-E; the 25-year, 24-hour storm; and freeboard, if applicable, must be added to the manure
storage facility depth determined above.

   Step 3                         Step 6
   R-E, ft     +   25-yr, 24-hr storm, ft   +     freeboard, ft

                      +                                       +                                =                                   ft added depth

According to the following formulas, this will increase the final length and width (at the top inside
edge) of earthen impoundments.

New length =      old length, ft        +   (added depth, ft   x        slope   x  2)

=                                    +  (                              x                        x 2) =                            ft

New width =      old width, ft         +   (added depth, ft   x        slope   x  2)

=                                    +  (                              x                        x 2) =                            ft

Final depth =  preliminary depth, ft   +   added depth, ft

=                                      +                               x                         =                            ft
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Glossary

25-year, 24-hour storm. Specific storm event required by federal regulation to be accumulated and stored in a
manure management system.

Anaerobic. Decay of organic matter by microorganisms in the absence of oxygen.

Backslope. Land area on the downhill side of a terrace ridge or earth embankment.

Berm. Earthen fill material used to construct the sides of an earthen manure storage facility.

Effluent. The liquid discharge of a waste treatment process.

Freeboard. The distance between the crest of the emergency spillway of an earthen impoundment and the top of
the settled dam or embankment. Designed to prevent waves or spray from overtopping the embankment or
from reaching that portion of the fill that may have been weakened by frost action.

Impoundment. Basin constructed of soil materials for the purpose of storing and/or treating manure and
wastewater.

Kwt. Term that refers to a thousand pounds of live animal weight.

Lagoon. Impoundment made by excavation or earthfill for storage and treatment of animal or other ag waste.
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Loading rate. Rate at which substance enters the receiving body, primarily indicates amount of manure entering
a lagoon.

Mean rainfall. Rainfall that accumulates in 1 year, averaged over a large number of years.

Permanent volume. That portion of a lagoon or storage impoundment that is not removed during pumping
operations.

Pumpdown frequency. Time elapsing between removal of manure or effluent from a manure storage facility.

Pumpdown marker. Management indicators that show the elevations at which pumping should be started and
ended.

Pumpdown volume. Portion of total capacity corresponding to the selected storage period that is pumped from
a lagoon.

Rainfall minus evaporation (R-E). Calculated by subtracting annual lake evaporation from annual rainfall at
the same location.

Sludge. Settled, partially decomposed solids that accumulate at the bottom of a manure storage facility.

Slurry. Manure that has had sufficient water added so that it can be pumped.

Spillway. Conduit through or around a dam for the passage of excess water.

Terrace. Broad channel, bench, or embankment constructed across the slope to intercept runoff and detain or
channel it to protected outlets.

Total solids (TS). Total amount of solids in a waste, both in solution and in suspension.

Treatment volume. A permanent volume in a lagoon that provides an environment for the biological
degradation of manure solids.

Volatile solids (VS). That organic fraction of total manure solids that is subject to breakdown by lagoon
bacteria.

Volatilization. Loss of gaseous components from animal manure.

Volume fraction. Specific portion of the total volume of a manure storage facility, such as treatment volume in
a lagoon.

Wetted seal. The liner or impermeable layer of soil material in the bottom and sides of an earthen impoundment
that must be kept wet to prevent drying and cracking.
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