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Dairy Day 2000

FLUSHING SAND-LADEN MANURE

J. P.Harner?, T. D. Strahm*, and J. P. Murphy*

Summary

Sand can be handled successfully either in
a scrape or flush system by developing han-
ding sysems that allow for the sand-laden
manure to settle prior to the effluent entering
a lagoon. The abrasveness and density of
sand create problems in handling the ma-
nure. Manure weighs about 60 Ib/cu ft,
whereas sand has a dengty of 120 Ib/cu ft.
Sand-laden manure will have an gpproximate
dengty of 80 Ib/cu ft, if 30% of the manure
Is sand. Because sand is heavier, it will not
reman in suspension as long as manure and
settles rapidly. Many problems associated
with handling sand-laden manure can be
avoided if the solids are Stored separately
from the effluent.

(Key Words: Hush, Sand, Manure, Bedding.)

Review of Flushing Sand-
Laden Manure

Hushing dairy manure is an dterndive to
blade scraping of freestdls or holding pens.
Advantages include labor reduction with
automated systems, limited scraping require-
ments, lower operating cost, drier floors,
potentid reduction in odor, and cleaner
fadlites. An optiond method of handling
manure may be necessary in colder westher.
Hushing does not diminate the need to apply
the manure and efluent to land a environ-
mentally acceptable levels.

Daly water requirements for flushing
vary depending on the width, length, and
dope of the dley and bedding materid. With

organic bedding at a dope of 3%, a min-
mum flush voume is 100 gal/ft of gutter
width for flushing lengths of less than 150 ft.
Longer lengths require more water with a
suggested maximum release of 175 gal/ft of
gutter width. A dudy of sSx daries found
flush water requirements ranging from 240 to
620 ga/cow/day. Ancther procedure sug-
gests sdlecting the larger of two volumes —
dther 52 ga/cow/flush or 1.35 gd/sq ft of
dley/ flush. Observations with sand-laden
manure (SLM) suggest tha a high-veocity
flush system can clean dleys with less with
than 1 ga/gq ft, whereas low-velocity system
may require more than 4 ga/ ft.

The deanliness of an dley depends on the
energy of flush water to remove the SLM.
Dedgn practices suggest that the flushing
wave needs to be 150 ft in length, 3 inches
deep, and moving a a veocity of 5 ft/sec.
Buildings longer than 450 ft require the flush
wave to be at least 1/3 of the total length. If
the length is less than 150 ft, then the design
procedure is based on a 10 sec contact time.
The amount of time flush water moves past
a given sdection of the dley is known as
contact time. However, based on observed
procedures, contact times of 10 min or longer
often are used in flushing dleys, if the
veocity is less than 3 ft/sec. These dairies
are udng longer flush times in an attempt to
avoid scraping dleys.

The two basic flush mechanisms are high-
and low-veocity systems. For purposes of
this paper, a high-velocity flush system uses
wave veocities greater than 5 ft/sec with 7.5
ft/sec being preferred. Low-veocity flush
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sysgems have wave veocities of less than 5
ft/sec, generdly around 3 ft/sec.

Storage structures often are used for high-
velocity flush sysems and pumps generdly
are used for low-velocity flush sysems. A
tank or tower at the upper end of the area
being flushed is used to store the flush water.
Flushing tanks with 4 to 12 ft depth have
large discharge openings Towers have
depths of 20 ft or more and discharge
through 12- to 24-in-diameter pipe. A low
horsepower pump is used to transfer water
from the lagoon to the dStorage tank.
Hushing-pump systems utilize the lagoon for
doring the flush water. A large horsepower
pump then pumps the water to the upper end
when flushing is desired. Storage towers
may be used with low-velocity flush sys
tems, but piping losses reduce the flow ve-
locity.

The release rate varies from a minimum
of 10 sec to more than 60 sec for longer
buildings with high-velocity flush systems.
Release rates can vary from 1,000 gal/min to
over 15,000 gd/min, if the sysem is de-
dgned properly. Hush water pumping or
low velocity flush sysems often are limited
by the pump capacity, and the water-release
rate is 60 sec or longer. Most of the pump-
ing sysems are limited to a release rate of
less than 3,000 ga/min.

A dmple high-veocity flush system
consgts of tanks that are 9 to 10 ft in diame-
ter and 25 ft or tdle. The flushing system
may use a 6- to 7-ft section of 16-inch pipe
exiting the tank a a right angle. This pipe
has a 45° dope inlet inside the tank. Another
6- to 7-ft section of 12-inch pipe, which
includes a 12-inch manud gate vave, then is
used to carry the water to the flush dleys.
The pipe outlet directs the water dong the
freesdl curb. One fidd study found that
flush velocity decreased from 11.5 ft/sec to
6.7 ft/sec as the head decreased from over 30
ft to less than 10 ft. Based on the number of
freestdls and flushing three times per day,
the water usage was 48 gd/sdlfflush or 140
gd/day/ddl. The water usage based on a
8,500 gd/min discharge rate and a 30-sec
flush was equd to 0.84 gad/sq ft, giving a
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flow rate of 700 gd/min and a water usage of
350 gal/ft width of guiter.

Fedd flush vdocities were obtained from
four barns usng concrete tanks with manud
guillotine or scissor-gate flush syssem. Wwo
of the barns released the flush at a 90° angle
to the dleys. The release was paralld to the
long axis of the dleys in the other barns.
The tanks were commonly 4 ft deep with
length and width dimensons of 12 ft by 16
ft. The flush water exited the tank through
an orifice measuring 8 inches by 96 inches at
ful opening. The flush veocities in the
guillatine tanks were 6 to 9 ft/sec. The tanks
with the flush water exiting at a right angle
to the dley had a flush veocity 2 ft/sec
dower than the other tanks.

Some scraping or manud deaning dong
the freestdl curb may be needed, because
much of the manure is deposited here. A
0.75- to 1-inch crown in the dley is needed
to direct more flush water aong the curbs, if
freesdls are dong both sdes. The crown
will interfere with scrgping. Recently, dleys
have been doped 0.5 to 1 inch from the
outsde to the freesdl curb to increase the
depth of the flush wave dong the curb with
head-to-head freestals.

Flush water commonly is released using
"pop-up” or recessed vaves controlled man-
udly or automaticdly. Automated vaves
are operated pneumaticdly. Discharge rate
from a vdve is influenced by the hydraulic
characterigtics of the pipeline to the vave
Common design procedures connect multiple
tanks to a valve from both sdes to maintain
a higher head pressure and, thus, increase the
discharge rate. Other release methods in-
clude a hinged plate, open pipe, and gated
pipe.

Flush water is collected at the lower end
of a building in a gutter aley or basn. The
water flows towards a mechanicd separator
or gravity-settling basn.  The separation
dlows the solids to accumulate in a basn
and the liquid to drain to alagoon.

Dairies usng sand-bedded freestalls need
to have a sand trap or sand separator located



ahead of the mechanica solids separator.
The aorasve action of sand in the pumps and
on screens in mechanical solid separators
decrease eguipment life and increases main-
tenance cost.

The mechanicd separator may be an
inclined screen, press roller, or screw press.
The indined screen dlows the liquid to pass
through the screen, and the solids remaining
on the surface are transferred to a storage
area. In the press roller, the flushed materid
passes through a pair of rollers and the water
drans away. The screw press uses more
pressure to separate liquids and solids. Grav-
ity type systems use a settling basin to sttle
out the solids and drain off the liquids.

Based on visud ingpection of dleys with
sand bedded freedtdls, the minimum flush
velocity should be 5 ft/sec with 7.5 ft/sec
being preferred. Current guidelines on re-
lease rates with 400-ft dleys seem to be
adequate. The water depth at the freetal
curb should be a minmum of 3 inches with
4 inches preferred. The energy of the flush
water needs to be directed dong the freestall
curb rather than in the center of the dley.

Gravity and mechanicd separations are
two basc methods for settling out the sand
from the manure stream prior to solids sepa-
ration. Gravity basins depend on the ability
of the system to dow the flush velocity to 1
to 2 ft/sec. At these veocities, the organic
matter appears to reman suspended with the
liquid and will discharge from the sand trap
with minima settling. Fed daa show that
less than 3% of the solid materia in the sand
trap is organic materid. The sand can be
recovered from a solidsseparating basin,
because much of it seitles out near the dis-
charge pipe when a flush system is used.
Generdly the sand is stacked and dried prior
toitsreuse.

A mechanicad separator has been devd-
oped that has the ability to recycle 90% or
more of the sand from the waste stream. The
sand is much cleaner than that from a gravity
separator, because it is washed. The me-
chanical separator works better with coarse
sand than fine sand. Studies have shown that
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indined screens are not effective in separat-
ing sand from the waste stream. The screen
openings are larger than the sand particles.
Sand dso had a tendency to settle out up-
stream of the indined separator as the flush
wave velocity is reduced.

Here are some genea quiddines to
remember when working with sand:
1. Sand-laden manure will not stack or pile
like manure mixed with organic materid.
It tends to spread and move away, partic-
ularly in wet weether.

The longer sand-laden manure is in stor-
age, the eader it is to handle. A mini-
mum storage of 45 days is recommended.

It is eader to handle sand-laden manure
contained in a dructure other than the
lagoon or holding pond.

Begin the waste-handling system design
by teking advantage of gravity. Use
pumps and augers as a last resort in mov-
ing the manure stream.

Gererally, the top surface will be a durry,
and intial emptying of a solids-storage
basn takes time. Once the durry is re-
moved (for andl dairies, this represents
about 10%), the rest of the materid in the
gructure will be at less than 80% mois-
ture.

Hushing sysems work better when the
energy created by the water depth or head
pressure in the flush water tower (and
pumps) is used to move manure and sand
rather than flush water through the pipes
and elbows. A certain amount of energy
is logt for every foot of pipe the flush
water must move through.  When flush-
ing sand, it is better to purchase more
dorage towers and move them closer to
the dleys than to buy pipes and elbows. If
the piping system is desired, then use a
larger pipe for the manifold system and
do not reduce down to the pop-up vave
gze until after the last elbow or tee joint.



7. Some producers are experimenting with
sockpiling gravity-separated sand. Most
are patidly blending the dirty sand with
clean sand. The stockpiling period ranges
from 1 to 6 mo prior to reuse. The runoff
from the sand pile should be contained
and transferred to the lagoon. In a recy-
ced flush water system, the additional
dranage area may be beneficid in pro-
viding some extra flush weater.

SUImmary

Hushing can be a vigble dternative to
scraping of dairy manure.  Facilities can be
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condructed for the addition of flushing
gysems a a later date, even if scraping is
planned in the immediae future. This re-
quires placing the buildings at a
recommended 2% dope. A 6 to 8 ft differ-
ence in eevaion between the lower end of
the flushed areas and the lagoon freeboard
will be necessary for indusion of separation
equipment and trandfer collection guitters.
Incluson of flushing sysems in exising
buildings must be determined on an individ-
ua bass. An adequate supply of fresh water
for flushing the milk parlor and holding pen
aso must be avallable.
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