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651.1000 Introduction

Ideally, the by-products of agricultural operations
would be immediately returned to the soil from where
they were generated. Unfortunately, this is usually not
possible or economically justifiable. By-products of
animal operations such as manure are biologically and
chemically active, often requiring intermediate steps
before final utilization. In addition, land application of
manure is labor intensive and may be difficult or pro-
hibited while the ground is frozen, crops are at certain
growth stages, or when the ground is saturated. Tem-
porary storage may reduce the potential for water pol-
lution by allowing final utilization to occur at optimal
times and by preventing runoff from entering ground
water or surface water. However, the nutrient content
of manure degrades over time, requiring a balance
between convenience and the economics of nutrient
utilization. Design considerations must include loca-
tion, installation, and operation and maintenance.

Possible alternatives for manure management are
available for any given agricultural operation. A ma-
nure management system may consist of any one or
all of the following functions: production, collection,
storage, treatment, transfer, and utilization. These
functions are carried out by planning, applying, and
operating individual components.

(a) Planning considerations

A successful manure management system must ad-
dress production, operation, regulatory guidelines, and
environmental considerations. The needs of the owner
and/or decisionmaker are also vital considerations.
The National Planning Procedures Handbook (NPPH)
describes the nine-step process for planning.

(1) Landowner/decisionmaker desires

Input from the owner, operator, and/or decision-
maker is critical for success of any planned operation.
Managerial ability and long-range plans, in addition to
current resources, must be considered. Also, financial
considerations may determine the selected alternative.

(2) Regulatory requirements
Local, State, and Federal regulations must be consid-
ered at all stages. Environmental laws and specific

State and Federal program requirements may impact
current or potential activities and alternatives.

(3) Existing structure assessment and evalua-
tion

Inventorying existing equipment and structures is an
important part of planning. Using available resources
may reduce the cost of system installation, but con-
strain the possible alternatives considered. An evalua-
tion of the best alternative should consider both short-
and long-term costs of operation and maintenance.

(4) Vulnerability and risk

Operating a livestock facility creates an environmental
risk for pollution. Climatic conditions and operating
procedures can lead to an accidental discharge into
surface waters. Foundation problems can result in
seepage into subsurface waters. Location of a facility
is an extremely important consideration during the
planning process to minimize exposure to vulnerability
and risk.

(b) Selected alternative

Alternatives may consist of components like a piece
of equipment, such as a pump; a structure, such as a
waste storage tank; or an operation, such as compost-
ing. A system should consist of the best combination
of the components that allows the flexibility needed to
efficiently handle all forms of agricultural by-products
generated for a given enterprise. In addition, the
components must be compatible and integrated within
the system. All components should be designed to

be simple, manageable, and durable, and they should
require low maintenance. In this chapter, components
are discussed under section headings that describe the
function that they are to accomplish.

(c) Design, installation, and operation

Any facility must be designed and installed according
to locally acceptable engineering standards and regula-
tory requirements. Proper operation and maintenance
are required to achieve desired results. The design
must address the methods of production, collection,
storage, treatment, transfer, and utilization.

(210-VI-AWMFH, amend. 31, August 2009) 10-1
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651.1001 Production

Components that affect the volume and consistency

of agricultural waste produced are included in the
production function. Roof gutters and downspouts and
diversion to exclude clean water from areas of waste
are examples of components that reduce the volume
of waste material that needs management. Fences and
walls that facilitate collection of waste confine the
animals, thus increase the volume.

(a) Roof runoff management

Roof runoff should be diverted from feedlots and
manure storage areas unless it is needed for some
use, such as dilution water for waste storage ponds or
treatment lagoons. This can be accomplished by roof
gutters and downspouts with underground or open
channel outlets (fig. 10-1). Roof runoff structures
should be planned and designed according to NRCS
Conservation Practice Standard 588, Roof Runoff
Structure. Gutters and downspouts may not be needed
if the roof drainage will not come into contact with
areas accessible to livestock.

The area of a roof that can be served by a gutter and
downspout system is controlled by either the flow
capacity of the gutter (channel flow) or by the capacity
of the downspout (orifice flow). The gutter’s capacity
may be computed using Manning’s equation. Design of
a gutter and downspout system is based on the runoff
from a 10-year frequency, 5-minute rainfall except that
a 2b-year frequency, 5-minute rainfall is used for ex-
clusion of roof runoff from waste treatment lagoons,
waste storage ponds, or similar practices.

Rainfall intensity maps are in appendix 10B. Caution
should be used in interpolating these maps. Rainfall
probabilities are based on measured data at principal
weather stations that are mostly in populated re-
gions. The 10-year, 5-minute rainfall in the 11 Western
States was based on NOAA Atlas 1, and that in the 37
Eastern States was based on the National Weather
Service HYDRO 35. Both of these publications state
their limitations in areas of orographic effect. In the
Western States, the 10-year, 5-minute rainfall generally
is larger in mountain ranges than in valleys. Rainfall

in all mountain ranges could not be shown on these
maps because of the map scale and readability consid-
erations. Many of these differences were in the range
of 0.05 inch and fall within the contour interval of 0.10
inch.

Figure 10-1
——

Roof gutter and downspout

Waterway

Downspout

Transport pipe

Concrete channel
to waste storage pond

Underground outlet
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A procedure for the design of roof gutters and down- where:
spouts follows: A, = area of roof served, ft’
. = ity of ith hich i
Step 1 Compute the capacity of the selected gut- 1 gﬁfﬁgg (;tg/sgfstem, either q, or q,, whicheveris
ter size. This may be computed using Manning’s . . i
. . . P = 5-minute precipitation for appropriate storm
equation. Using the recommended gutter gradient event. in
)

of 1/16 inch per foot and a Manning’s roughness
coefficient of 0.012, this equation can be ex-

pressed as follows: This procedure is a trial and error process. Different

sizes of gutters and downspouts should be evaluated
Q. = 0.01184x A, x 1% along with multiple downspouts to determine the best
¢ ¢ gutter and downspout system to serve the roof area
where: involved.
q, = capacity of gutter, ft/s
Ag = cross-sectional area of gutter, in2
r = Ag/ wp, in
wp = wetted perimeter of gutter, in
Step 2 Compute capacity of downspout. Using

an orifice discharge coefficient of 0.65, the orifice
equation may be expressed as follows:

q, =0.010457x A, xh*®

where:

qq = capacity of downspout, ft'/s

A, = cross-sectional area of downspout, in2

h = head, in (generally the depth of the gutter mi-
nus 0.5 in)

Step 3 Determine whether the system is con-
trolled by the gutter capacity or downspout capac-

ity and adjust number of downspouts, if desired.

q

N, =—"%
q(l

where:
N, = number of downspouts

If N, is less than 1, the system is gutter-capacity con-

trolled. If it is equal to or greater than 1, the system is
downspout-capacity controlled unless the number of
downspouts is equal to or exceeds N,

Step 4 Determine the roof area that can be
served based on the following equation:
_ g x3,600

Ar
P

(210-VI-AWMFH, amend. 31, August 2009) 10-3
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Design example 10-1

Gutters and downspouts

Mrs. Linda Worth of Pueblo, Colorado, has requested
assistance in developing an agricultural waste man-
agement system for her livestock operation. The
selected alternatives include gutters and downspouts
for a barn having a roof with a horizontally projected
area of 3,000 square feet. The 10-year, 5-minute pre-
cipitation is 0.5 inch. The procedure above is used to
size the gutter and downspouts.

Step 3 Determine whether the system is con-
trolled by the gutter capacity or downspout
capacity and make adjustments to number of
downspouts if desired. By inspection, it can be
determined that the gutter capacity (0.46 ft'/s)
exceeds the capacity of one downspout (0.17
ft'/s). Unless a larger downspout or additional
downspouts are used, the system capacity would
be limited to the capacity of the downspout. Try
using multiple downspouts. Determine number
required to take advantage of gutter capacity.

Step 1 Compute the capacity of the selected
gutter size. Try a gutter with a 6-inch depth and
3-inch bottom width. One side wall is vertical,
and the other is sloping, so the top width of the

gutter is 7 inches. Note that a depth of 5.5 inches N, = s
is used in the computations to allow for 0.5 inch 4
of freeboard. _0.46
0.17
A, =(3x5.5)+(0.5x3.67x5.5) =2.7
=26.6 in®

N, is greater than 1; therefore, with one down-

wp=3+55+(3.672+552)" spout, the system would be downspout con-
—151in trolled. With three, it would be controlled by the
' gutter capacity, or 0.46 cubic feet per second.
= ﬁ Use three downspouts to take full advantage of
wp gutter capacity.
_ ﬁ Step 4 Determine the roof area that can be
15.1 served based on the following equation:
=1.76 in

q, =0.01184x A 1"

=0.01184 x 26.6 x 1.76""
=0.46 ft’/s

Step 2 Compute capacity of downspout. Try a
3-inch-diameter downspout.

H = depth of gutter —0.5 in®
=5b.51in

3 2
A, = 3.1416><(§)

=7.07 in’
q, = 0.010457 x 7.07 x5.5"°
=0.17 ft*/s

_qx3,600
S O
~0.46x3,600
05
= 3,312 ft?

A

This exceeds the roof area to be served; there-
fore, the gutter dimension selected and the three
downspouts with dimensions selected are okay.

104
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(b) Runoff control

Essentially all livestock facilities in which the animals
are housed in open lots or the manure is stored in the
open must deal with runoff. Clean runoff from land
surrounding livestock facilities should be diverted
from barns, open animal concentration areas, and ma-
nure storage or treatment facilities (fig. 10-2). Runoff
from feedlots should be channeled into manure stor-
age facilities.

Appendix 10C presents a series of maps indicating the
amount of runoff that can be expected throughout the
year for paved and unpaved feedlot conditions. Clean
runoff should be estimated using information in chap-
ter 2 of the NRCS NEH 650, Engineering Field Hand-
book or by some other hydrologic method.

Diversions are to be designed according to NRCS
Conservation Practice Standard 362, Diversion. Diver-
sion channels must be maintained to remain effective.
If vegetation is allowed to grow tall, the roughness
increases and the channel velocity decreases, caus-
ing possible channel overflow. Therefore, vegetation
should be periodically mowed. Earth removed by ero-
sion from earthen channels should be replaced. Unveg-
etated, earthen channels should not be used in regions
of high precipitation because of potential erosion.

Figure 10-2
——

i Slope l/ Diversion

Diversion of clean water around feedlot
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(c) Air quality considerations

Emissions of several pollutants from agricultural
waste management systems can also affect air quality,
including particulate matter (dust), odors, and other
gases. Proper planning, design, operation, and main-
tenance of the agricultural waste management system
can help to alleviate these air quality impacts. Siting of
the system can significantly affect air quality. A ma-
nure storage facility should be located as far as pos-
sible from neighboring homes. Local and State regula-
tory agencies usually require a minimum distance. In
addition, the facility should utilize terrain, vegetation,
and meteorology to direct emissions away from near-
by housing. Livestock may be adversely affected by
high concentrations of gases, especially during manure
agitation and pumping. Proper sanitation, housekeep-
ing, feed additives, and moisture control, as well as
frequent removal and land application of manure from
buildings and storage facilities, can reduce emissions
of dust, odors, and other gases, in addition to minimiz-
ing fly production.

(210-VI-AWMFH, amend. 31, August 2009) 10-5
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651.1002 Collection

Livestock and poultry manure collection often de-
pends on the degree of freedom that is allowed the
animal. If animals are allowed freedom of movement
within a given space, the manure produced will be
deposited randomly. Typically, the manure must be col-
lected for transportation to storage or treatment. Also,
the design and operation of the facility affects whether
the manure is collected as a solid, semisolid (slurry),
or liquid. For example, a scrape system will contain
more concentrated manure, while a flush system may
produce a more dilute mixture.

Solid: (>20% solids content) Manure with higher solids
content is usually collected with a scraper or front-end
loader and stored in a dry stack facility. The solids
content can be increased by drying and/or adding bed-
ding material.

Liquid: (<10% solids content) Liquid manure is usually
collected and transported by pumping into a storage
pond or lagoon. Dilution water or solids-liquid separa-
tion is usually required to achieve the low solids con-
tent.

Semisolid or slurry: (10-20% solids content) Fresh
manure is usually a semisolid. It can be pumped with a
large diameter manure pump or collected by a vacuum
pump. Solid-liquid separation may allow for easier
management of the solids and liquids separately.

Descriptions of components that provide efficient
collection of animal waste include paved alleys, gut-
ters, and slatted floors with associated mechanical and
hydraulic equipment follow.

(a) Alleys

Alleys are paved areas where the animals walk. They
generally are arranged in straight lines between animal
feeding and bedding areas. On slatted floors, animal
hoofs work the manure through the slats into the al-
leys below, and the manure is collected by flushing or
scraping the alleys.

(1) Scrape alleys and open areas

Two kinds of manure scrapers are used to clean al-
leys (fig. 10-3). A mechanical scraper is dedicated

to a given alley. It is propelled using electrical drives
attached by cables or chains. The drive units are often
used to power two mechanical scrapers that are travel-
ing in opposite directions in parallel alleys in an oscil-
lating manner. Some mechanical scrapers are in alleys
under slatted floors.

A tractor scraper can be used in irregularly shaped
alleys and open areas where mechanical scrapers
cannot function properly. It can be a blade attached to
either the front or rear of a tractor or a skid-steer trac-
tor that has a front-mounted bucket.

The width of alleys depends on the desires of the pro-
ducer and the width of available equipment. Scrape al-
ley widths typically vary from 8 to 14 feet for dairy and
beef cattle and from 3 to 8 feet for swine and poultry.

(2) Flush alleys

Alleys can also be cleaned by flushing. Grade is criti-
cal and can vary between 1.25 and 5 percent. It may
change for long flush alleys. The alley should be level
perpendicular to the centerline. The amount of water
used for flushing is also critical. An initial flow depth
of 3 inches for underslat gutters and 4 to 6 inches for
open alleys is necessary.

Figure 10-3
—

Scrape alley used in dairy barns
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The length and width of the flush alley are also factors.
Most flush alleys should be less than 200 feet long. The
width generally varies from 3 to 10 feet depending on
animal type. For underslat gutters and alleys, chan-
nel width should not exceed 4 feet. The width of open
flush alleys for cattle is frequently 8 to 10 feet.

Flush alleys and gutters should be cleaned at least
twice per day. For pump flushing, each flushing event
should have a minimum duration of 3 to 5 minutes, at a
flow rate between 5 and 10 feet per second.

Tables 10-1 and 10-2 indicate general recommenda-
tions for the amount of flush volume. Table 10-3 gives
the minimum slope required for flush alleys and gut-
ters. Figures 10—4 and 10-5 illustrate flush alleys.

Table 10-1 Recommended total daily flush volumes
— (MWPS 1985)
Animal type Gal/head
Swine
Sow and litter 35
Pre-nursery pig 2
Nursery pig 4
Growing pig 10
Finishing pig 15
Gestating sow 25
Dairy cow 100
Beef feeder 100
Table 10-2 Flush tank volumes and discharge rates
— (MWPS 1985)
Initial low Tank volume, Tank discharge Pump
depth, in gal/ft of gutter rate, gal/min/ft discharge,
width of gutter width gal/min/ft
of gutter
width
1.5 30 112 55
2.0 40 150 75
2.5 45 195 95
3.0 55 255 110
4.0 75 615 150
5.0 100 985 175
6.0 120 1,440 200

Table 10-3 Minimum slope for flush alleys (MWPS
— 1985)
Underslat | Open alley Open alley
alley narrow width | wide width
(<4 ft) (>4 ft)
Initial flow |3.0 1.5 20 25 |40 50 6.0
depth, in
Slope, % 1.25 20 15 1251]50 40 30
Figure 10-4  Dairy flush alley
—

Reception
pit
To storage or treatment

Figure 10-5
|

Swine flush alley

Pen partition

To treatment. or storage
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Several mechanisms are used for flushing alleys. The
most common rapidly empties large tanks of water or
use high-volume pumps. Several kinds of flush tanks
are used (fig. 10-6). One known as a tipping tank
pivots on a shaft as the water level increases. At a cer-
tain design volume, the tank tips, emptying the entire
amount in a few seconds, which causes a wave that
runs the length of the alley.

Some flush tanks have manually opened gates. These
tanks are emptied by opening a valve, standpipe, pipe
plug, or flush gate. Float switches can be used to con-
trol flushing devices.

Another kind of flush tank uses the principle of a si-
phon. In this tank, the water level increases to a given

point where the head pressure of the liquid overcomes
the pressure of the air trapped in the siphon mecha-
nism. At this point the tank rapidly empties, causing
the desired flushing effect.

Most flush systems use pumps to recharge the flush
tanks or to supply the necessary flow if the pump
flush technique is used. Centrifugal pumps typically
are used. The pumps should be designed for the work
that they will be doing. Low volume pumps (10-150
gal/min) may be used for flush tanks, but high volume
pumps (200 to 1,000 gal/min) are needed for alley
flushing. Pumps should be the proper size to produce
the desired flow rate. Flush systems may rely on re-
cycled lagoon water for the flushing liquid.

Figure 10-6  Flush tanks
I
Gal/ft of Tank dimensions in
tanklength X Y L C D
40 18 36 30 15122 1412
30 18 33 24 1212 13
24 18 30 20 1012 12
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X
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Gate is tire J
mounted on

solid rim
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Flushed floor J sandﬁllj

Automatic siphon tank
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In some parts of the country where effluent is recycled
from lagoons for flushwater, salt crystals (struvite)
may form inside pipes and pumps and cause decreased
flow. Use of plastic pipe, fittings, and pumps that have
plastic impellers can reduce the frequency between
cleaning or replacing pipes and pumps. If struvite
formation is anticipated, recycle systems should be
designed for periodic clean out of pumps and pipe.

A mild acid, such as dilute hydrochloric acid (1 part

20 mole hydrochloric acid to 12 parts water), can be
used. A separate pipe may be needed to accomplish
acid recycling. The acid solution should be circulated
throughout the pumping system until normal flow
rates are restored. The acid solution should then be
removed. Caution should be exercised when disposing
of the spent acid solution to prevent ground or surface
water pollution.

(b) Gutters

Gutters are narrow trenches used to collect manure
and bedding. They are often employed in confined stall
or stanchion dairy barns and in some swine facilities.

(1) Gravity drain gutters

Deep, narrow gutters can be used in swine finishing
buildings (fig. 10-7). These gutters are at the lowest el-
evation of the pen. The animal traffic moves the waste
to the gutter. The gutter fills and is periodically emp-
tied. Gutters that have Y, U, V, or rectangular cross-
sectional shapes are used in farrowing and nursery
swine facilities. These gutters can be gravity drained
periodically.

(2) Step-dam gutters

Step-dam gutters, also known as gravity gutters or
gravity flow channels provide a simple alternative for
collecting dairy manure (fig. 10-8). A 6-inch-high dam
holds back a lubricating layer of manure in a level,
flat-bottomed channel. Manure drops through a floor
grate or slats and flows down the gutter under its own
weight. The gutter is about 30 inches wide and steps
down to a deeper cross channel below the dam.

(3) Scrape gutters

Scrape gutters are frequently used in confined stall
dairy barns. The gutters are 16 to 24 inches wide, 12 to
16 inches deep, and generally do not have any bottom

Figure 10-7
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slope. They are cleaned using either shuttle-stroke or
chain and flight gutter cleaners (figs. 10-9 and 10-10).
Electric motor driven shuttle stroke gutter cleaners
have paddles that pivot on a drive rod. The drive rod
travels alternately forward for a short distance and
then backwards for the same distance. The paddles
are designed to move manure forward on the forward
stroke and to collapse on the drive rod on the return
stroke. This action forces the manure down the gut-
ter. Shuttle stroke gutter cleaners can only be used on
straight gutters.

Chain and flight scrapers are powered by electric mo-
tors and are used in continuous loops to service one or
more rows of stalls.

(4) Flush gutters

Narrow gutters can also be cleaned by flushing. Flush
gutters are usually a minimum of 2 feet deep on the
shallow end. The depth may be constant or increase
as the length of the gutter increases. The bottom grade
can vary from 0 to 5 percent depending on storage re-
quirements and clean out technique. Flushing tanks or
high volume pumps may be used to clean flush gutters
(refer to the section on flush alternatives for alleys).

(c) Slatted floors

Manure and bedding are worked through the slats by
the animal traffic into a storage tank or alley below.
Most slats are constructed of reinforced concrete (fig.
10-11); however, some are made of wood, plastic, or
aluminum. They are manufactured either as individual
units or as gangs of several slats. Common slat open-
ings range from 3/8 to 1 3/4 inches, depending on
animal type. For swine, openings between 3/8 and 3/4
inch are not recommended.

Slats are designed to support the weight of the slats
plus the live loads (animals, humans, and mobile
equipment) expected for the particular facility. Rein-
forcing steel is required in concrete slats to provide
needed strength.

Figure 10-8  Gravity gutter for dairy manure
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Figure 10-9  Shuttle-stroke gutter cleaner

Figure 10-10 Chain and flight gutter cleaner

11111

(210-VI-AWMFH, amend. 31, August 2009) 10-11



Chapter 10

Agricultural Waste Management System

Component Design

Part 651

Agricultural Waste Management
Field Handbook

Figure 10-11
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651.1003 Transfer

Manure collected from within a barn or confinement
area must be transferred to the storage or treatment
facility. In the simplest system, the transfer component
is an extension of the collection method. More typi-
cally, transfer methods must be designed to overcome
distance and elevation changes between the collection
and storage facilities. In some cases, gravity can be
used to move the manure. In many cases, however,
mechanical equipment is needed to move the manure.
Transfer also involves movement of the material from
storage or treatment to the point of utilization. This
may involve pumps, pipelines, and tank wagons. Trans-
fer systems should be planned and designed in accor-
dance with NRCS Conservation Practice Standard 634,
Waste Transfer.

(a) Reception pits

Slurry and liquid manure collected by scraping,
gravity flow, or flushing are often accumulated in a
reception pit (fig. 10-12). Feedlot runoff can also be
accumulated. These pits can be sized to hold all the
manure produced for several days to improve pump
efficiency or to add flexibility in management. Addi-
tional capacity might be needed for extra liquids, such
as milk parlor water or runoff from precipitation. For
example, if the daily production of manure and parlor
cleanup water for a dairy is estimated at 2,500 gallons
and 7 days of storage is desired, then a reception pit
that has a capacity of 17,500 gallons (2,500 gal/d x 7 d)
is the minimum required. Additional volume should be
allowed for freeboard emergency storage.

Reception pits are rectangular or circular and are of-
ten constructed of cast-in-place reinforced concrete or
reinforced concrete block. Reinforcing steel must be
added so that the walls withstand internal and external
loads.

Figure 10-12

Reception pit for dairy freestall barn
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Manure can be removed with pumps or by gravity.
Centrifugal pumps can be used for agitating and mix-
ing before transferring the material. Both submersible
pumps and vertical shaft pumps that have the motor
located above the manure can be used. Diluted ma-
nure can be pumped using submersible pumps, often
operated with float switches. The entrance to recep-
tion pits should be restricted by guard rails or covers.

Debris, such as pieces of metal and wood and rocks,
must sometimes be removed from the bottom of a
reception pit. Most debris must be removed manu-

ally, but if possible, this should be done remotely

from outside the pit. The pit should be well ventilated
before entering. If manure is in the pit, a self-contained
breathing apparatus must be used. Short baffles
spaced around the pump intake can effectively guard
against debris clogging the pump.

In cold climates, reception pits need to be protected
from freezing. This can be accomplished by covering
or enclosing it in a building. Adequate ventilation must
be provided in all installations. In some installations,
hoppers and either piston pumps or compressed air
pumps are used instead of reception pits and centrifu-
gal pumps. These systems are used with semisolid ma-
nure that does not flow readily or cannot be handled
using centrifugal pumps.

(b) Gravity flow pipes

Liquid and slurry manure can be moved by gravity if
sufficient elevation differences are available or can be
established. For slurry manure, a minimum of 2 feet of
elevation head should exist between the top of the col-
lection pit or hopper and the surface of the material in
storage when storage is at maximum design depth.

Gravity flow slurry manure systems typically use 18-

to 36-inch-diameter pipe. In some parts of the coun-
try, 4- to 8-inch-diameter pipe is used for the gravity
transport of low (<3%) total solid (TS) concentration
waste. The planner/designer should exercise caution
when specifying the 4- to 8-inch pipe. Smooth steel,
plastic, concrete, and corrugated metal pipe are used.
Metal pipes should be coated with asphalt or plastic to
retard corrosion, depending upon the type of metal. All
joints must be sealed so that the pipe is water tight.

Gravity flow pipes should be designed to minimize
changes in grade or direction over the entire length.
Pipe slopes that range from 4 to 15 percent will work
satisfactorily, but 7 to 8 percent slope is preferable.
Excessive slopes allow separation of liquids and
solids and increase the chance of plugging. The type
and quantity of bedding and the amount of milkhouse
waste and wash water added have an effect on the
flow characteristics and the slope needed in a particu-
lar situation. Straw bedding should be discouraged,
especially if it is not chopped. Smooth, rounded transi-
tion from reception pit to pipe and the inclusion of an
air vent in the pipeline aid the flow and prevent plug-

ging.

Figure 10-13 illustrates the use of gravity flow for
manure transfer. At least two valves should be located
in an unloading pipe. Proper construction and opera-
tion of gravity unloading waste storage structures are
extremely important. Containment berms should be
considered if the contamination risk is high downslope
of the unloading facility.

(c) Push-off ramps

Manure that is scraped from open lots can be loaded
into manure spreaders or storage and treatment fa-
cilities using push-off ramps (fig. 10-14) or docks. A
ramp is a paved structure leading to a manure storage
facility. It can be level or inclined and usually includes
aretaining wall. A dock is a level ramp that projects
into the storage or treatment facility. Runoff should
be directed away from ramps and docks unless it is
needed for waste dilution. Ramp slopes should not ex-
ceed 5 percent. Push-off ramps and docks should have
restraints at each end to prevent the scraping tractors
from accidentally going off the end.

(d) Pumps

Most liquid manure handling systems require one or
more pumps to either transport or agitate manure.
Pumps are in two broad classifications—displacement
and centrifugal. The displacement group includes pis-
ton, air pressure transfer, diaphragm, and progressive
cavity pumps. The first two are used only for transfer-
ring manure; however, diaphragm and progressive
cavity pumps can be used for transferring, agitating,
and irrigating manure.

10-14 (210-VI-AWMFH, amend. 31, August 2009)



Chapter 10

Agricultural Waste Management System

Part 651
Component Design Agricultural Waste Management
Field Handbook
Figure 10-13 Examples of gravity flow transfer
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The centrifugal group includes vertical shaft, horizon-
tal shaft, and submersible pumps. They can be used
for agitation and transfer of liquid manure; however,
only vertical and horizontal shaft pumps are used for
irrigation because of the head that they can develop.

Pump selection is based on the consistency of the
material to be handled, the total head to be overcome,
and the desired capacity (pumping rate). Pump manu-
facturers and suppliers can provide rating curves for a
variety of pumps.

(e) Equipment

Other equipment used in the transfer of agricultural
by-product includes a variety of pumps including
chopper/agitator, centrifugal, ram, and screw types.
Elevators, pipelines, and hauling equipment are also
used. See Agricultural Waste Management Field Hand-
book (AWMFH), 651.12 for information about specific
equipment.

Figure 10-14  Push-off ramp
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651.1004 Storage

Manure generally must be stored so that it can be used
when conditions are appropriate. Storage facilities for
manure of all consistencies must be designed to meet
the requirements of a given enterprise.

Determining the storage period for a storage facility is
crucial to the proper management of a manure man-
agement system. If too short a period is selected, the
facility may fill before the material can be used in an
environmentally sound manner. Too long a period may
result in an unjustified expenditure for the facility and
loss of nutrient value.

Many factors are involved in determining the storage
period. They include the weather, crop, growing sea-
son, equipment availability, soil, soil condition, labor
requirements, and management flexibility. Generally,
when nutrient utilization is by land application, a stor-
age facility must be sized so that it can store the ma-
nure during the nongrowing season. A storage facility
that has a longer storage period generally will allow
more flexibility in managing the manure to accommo-
date weather variability, equipment availability, equip-
ment breakdown, and overall operation management.
Storage facilities should be planned and designed in
accordance with NRCS Conservation Practice Stan-
dard 313, Waste Storage Facility.

(a) Manure storage facilities for solids

Storage facilities for solid manure include storage
ponds and storage structures. Storage ponds are earth-
en impoundments used to retain manure, bedding, and
runoff liquid. Solid and semisolid manure placed into a
storage pond will most likely have to be removed as a
liquid unless precipitation is low or a means of drain-
ing the liquid is available. The pond bottom and en-
trance ramps should be paved if emptying equipment
will enter the pond.

(1) Stacking facilities

Storage structures can be used for manure that will
stack and can be handled by solid manure handling
equipment. These structures must be accessible for
loading and hauling equipment. They can be open or
covered. Roofed structures are used to prevent or

reduce excess moisture content. Open stacks can be
used in either arid or humid climate. Seepage and run-
off from dry stack facilities must be managed. Struc-
tures for open and covered stacks often have wooden,
reinforced concrete or concrete block sidewalls.

Some operations store the manure at the point of
generation. Examples of dairy facilities include dry
packs and hoop buildings. The amount of bedding
material often dictates whether or not the manure can
be handled as a solid. Poultry operations often store
and compost the litter in-place between flocks. Only
part of the cake may be removed before the next flock
is introduced to the building.

In some instances, manure must be stored in open
stacks in fields or within a feedlot. Runoff and seepage
from these stacks must be managed to prevent move-
ment into streams or other surface or ground water.
Figures 10-15 and 10-16 show various solid manure
storage facilities.

Design considerations—Storage facilities for solid
manure must be designed correctly to ensure desired
performance and safety. Considerations include mate-
rials selection, control of runoff and seepage, neces-
sary storage capacity, and proper design of structural
components such as sidewalls, floors, and roofs.

The primary materials used in constructing timber
structures for solids storage are pressure-treated or
rot-resistant wood and reinforced concrete. These ma-
terials are suitable for long-term exposure to manure
without rapid deterioration. Structural grade steel

is also used, but it corrodes and must be protected
against corrosion or be periodically replaced. Simi-
larly, high quality and protected metal fasteners must
be used with timber structures to reduce corrosion
problems.

Seepage and runoff, which frequently occur from
manure stacks, must be controlled to prevent access
into surface and ground water. One method of control
is to channel any seepage into a storage pond. At the
same time uncontaminated runoff, such as that from
the roof and outside the animal housing and lot area,
should be diverted around the site.

Concrete ramps are used to gain access to solid ma-
nure storage areas. Ramps and floors of solid ma-
nure storage structures need to be designed so that
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handling equipment can be safely operated. Ramp FRxWBxAUxD
slopes of 8 to 1 (horizontal to vertical) or flatter are BV = BUW (eq. 10-2)
considered safe. Slopes steeper than this are difficult Ey
to negotiate. Concrete pavement for ramps and stor- where:
age units should be rough finished to aid in traction. FR = volumetric void ratio (ASAE 1982) (values
Ramps need to be wide enough that equipment can be
safely backed and maneuvered range from 0.3 to 0.5)
uv .
v WB = weight of bedding used for animal type,
Ib/AU/d

Factors to consider in the design of storage facilities
for solids include type, number and size of animals,
number of days storage desired, and the amount of
bedding that will be added to the manure. Equation
10-1 can be used to calculate the manure storage
volume:

VMD = AUXxDVM xD (eq‘ 10_1)

where:

VMD = volume of manure production for animal type
for storage period, ft’

AU = number of 1,000-pound animal units (AU) by
animal type

DVM = daily volume of manure production for ani-
mal type, ft/AU/d

D = number of days in storage period

The bedding volume to be stored can be computed
using:

BUW = bedding unit weight, 1b/ft3
Using the recommended volumetric void ratio of 0.5,
the equation becomes:

_ 0.5xWBxAUXD
BUW

BV

Characteristics of manure and bedding are described
in AWMFH, chapter 4. Other values may be available
locally or from the farmer or rancher.

Allowance must be made for the accumulation of pre-
cipitation that may fall directly into the storage. Con-
taminated runoff should be handled separately from a
solid manure storage facility. Uncontaminated runoff
should be diverted from the storage unit.

Figure 10-15
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Figure 10-16 Roofed solid manure storage
——

Engineered
roof
trusses

AN

RNE

Stored

0

[

Concrete
walls

Timber walls Concrete walls

with end access with end access

Mono-slope

Timber walls
with side access

(210-VI-AWMFH, amend. 31, August 2009)

solids
é}%(e/:;‘ “5' N

™

10-19



Chapter 10

Agricultural Waste Management System
Component Design

Part 651
Agricultural Waste Management
Field Handbook

Design example 10-2

Mr. Ralph Kilpatrick of Hoot Ridge, Kentucky, has
requested assistance in developing a manure manage-
ment system. He selected an alternative that includes
solid manure storage for his Holstein dairy herd of 52
heifers and 100 milking cows with an average milk
production of 75 pounds per day. His nutrient man-
agement plan indicates the need for 90 days storage.
He uses sawdust bedding for both the milking cows
and the heifers. Because of space limitations, the
storage can be no wider than 50 feet. He would prefer
that the facility be stacked no more than 7 feet high.
The structure will not be roofed, so stacking above
sidewalls will not be considered in design. Determine
the necessary volume and facility dimensions using
worksheet 10A-1.

Manure production—the animal descriptions, aver-
age weight, and numbers are entered on lines 1 and
2. The number of equivalent animal unit (AU) for
each animal type is calculated and entered on line 4.
Daily manure production (line 4) is in table 4-5(b) of
AWMFH, chapter 4. The number of days in storage

is entered on line 6. The manure volume (line 7) is
calculated using equation 10-1. Add the calculated
manure volume for each animal type (VMD), and
enter the sum (TVM) on line 8.

Wastewater volume—Dbecause this design example
involves a waste stacking facility, it would not be ap-
propriate to include wastewater in the storage facil-
ity. Therefore, lines 9, 10, and 11 are not involved in
estimating the waste volume for this example.

Bedding volume—the weight of bedding used daily
per animal unit for each animal type found in table
4-4 is entered on line 12. The bedding unit weight,
which may be taken from table 4-3 in AWMFH, chap-

Waste stacking facility

ter 4, is entered on line 13. The bedding volume for
each animal type for the storage period is calculated
using equation 10-2 and entered on line 14. The total
bedding volume (TBV) is the sum of the bedding vol-
ume for all animal types. Sum the calculated bedding
volume (BV) for each animal type and enter it on line
15.

Waste volume—the total waste volume (WV) (line

16) is the sum of the total manure production (TVM)
and the total bedding volume (TBV). The storage
width (WI) and height (H) can be adjusted for site
conditions and common building procedures (usually
dimensions divisible by 4 or 8), so the length (line 17)
is calculated by trial and error using the equation:

Lo A%
WIxH

A waste storage structure for solids should be de-
signed to withstand all anticipated loads. Loadings
include internal and external loads, hydrostatic uplift
pressure, concentrated surface and impact loads, wa-
ter pressure because of the seasonal high water table,
and frost or ice pressure.

The lateral earth pressure should be calculated from
soil strength values determined from results of ap-
propriate soil tests. If soil strength tests are not
available, the minimum lateral earth pressure values
indicated in the NRCS Conservation Practice Stan-
dard 313, Waste Storage Facility, are to be used.

Timber sidewalls for storage structures should be
designed with the load on the post based on full wall
height and spacing of posts.
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Worksheet 10A-1—Waste storage structure capacity design

pecsormaier - Ralph Kilpatrick

Date:

©/13/91

st Hoot Ridge, KY

Animal units

Milkers  Heifer

1. Animal type

2. Animal weight, lbs (W) 7,400 7,000

3. Number of animals (N)____________

4. Animalunits, AU=WXN =
1000

Manure volume
5. Daily volume of daily manure production

7. Total volume of manure production for

WiIxH

18. Structure width, ft Wi = _ WV =
LxH

Notes for waste stacking structure:

1. The volume determined (WV) does not include any volume for
freeboard. It is recommended that a minimum of 1 foot of
freeboard be provided for a waste stacking structure.

per AU, ft3/AU/day (DVM)=__1.7 0.9 animal type for storage period, ft3
%0 VMD = AU x DVM x D - 21420 4212
6. Storage period, days (D)= oo 8. Total manure production for storage period3ft (TVM) ._______ 25,632
Wastewater volume
9. Daily wastewater volume per 11. Total wastewater volume for 0]
AU, ft3/AU/day (DWW) = storage period, ft3 (TWW) - - - oooooooo
10. Total wastewater volume for animal
description for storage period, ft3
WWD = DWW xAUxD =
Bedding volume
12. Amount of bedding used daily 14. Bedding volume for %nimal type 1,528 604
for animal type, 3.1 3.1 for storage period, ft*>(BV) =
Ibs/AU/day (WB) = . —
13. Beddi it weight 12 BV= 0.5 x WB x AU x D
. Bedding unit weight, _—
Ibs/ft3 (BUW) = —--ccmmmmoocoocooooo- - = BUW
15. Total bedding volume for storage
period, ft3 (TBV) = oo ﬂ
Waste volume requirement
16. Waste volume, F3(WV) = TVM + TWW +TBV = 22,692, o + 2,232 - 27,664
Waste stacking structure sizing
79.6 (USE &4
17. Structure length, ft L= _ WY = 7( ) wv 7

474 (USE 48)

19. Structure height, ft H= =
Lx Wi

2. The equations for L, WI, and H assume manure is stacked to average height equal
to the sidewall height. Available storage volume must be adjusted to account for
these types of variations.

Tank sizing

20. Effective depth, ft. (EH)
Total height (or depth) of tank desired, ft (H) - - - -

Less precipitation for storage period, ft. ___ -

(uncovered tanks only)

Less depth allowance for accumulated solids, ft -
(0.5 ft. minimum)

Less depth for freeboard (0.5 ft. recommended), ft —

Effective depth, ft (EH) =

21.Surface area required, ft> SA= _w -

22. Rectangular tank dimensions

Total height, ft (H) = Selected widt