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Beef confinement housing for
climates of the Northern Great Plains
offers potential for control of environ
ment within the structure as well as
control of contamination of the atmos
phere andsurface water near the build
ing. To make this type of housing
feasible, studies were needed to devel
op improved feed handling systems,
manure disposal facilities, and ven
tilation equipment.

Pilot studies were initiated in
1969 using a research housing facility
for three feeder calves. Later that
same year a facility (Figures 1 and 2)
housing two lots of 20 feeder calves
each was put into service. The east
half of the structure was designed to
simulate facilities commonly in use,
and the west half provided a unit
suitable for developing and testing
new manure handling and ventilation
equipment. The building is insulated
with 4-inch glass-wool insulation.
The inside is metal lined and the
outside covering is plywood.

MANURE HANDLING

Attention is being given to the
utilization of the solid component of
livestock manure to give it value.
Considerable research is being done
on the feeding of manure. Other utili
zation ideas such as the fabrication
of building blocks, building board and
the conversion to petroleum products
are being reported. In many of these
processes, the water content of the
manure must be reduced to a low level.
Under these conditions, solid liquid
separation is often useful.

The facility for the pilot study
housed three head of feeder cattle and
had a floor area of 75 ft2 (7 m2). It was
provided with a slotted floor. A second
floor under the slotted floor was
sloped toa drain, and a scraper system
removed the solid waste. Liquid

* Work upon which this project is based
was supported by North Dakota Agri
cultural Experiment Station Project
H-4-22.
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Figure 1 Beef confinement barn - west
s ide.

Figure 2 Beef confinement barn - feeding
mechanism.

wastes drained continuously, and the
solid wastes were removed daily. No
liquids were added. An evaluation
was made of handling the solids and
liquid wastes in separate systems.

The three animals used in this
test had an average weight on Feb.
26, 1969 of 447 lb (203 kg) and an
average weight of 710 lb (322 kg) on
September 2, 1969 for a gain of 1.4 lb
(0.64 kg) per day. The feed was a
combined grain and hay pellet.

The average feed intake for the
month of May, 1969, was 14 lb (6.35
kg) wet weight, and the average weight
of wet fecal wastes was 21 lb (9.55
kg) per day. The record of liquid intake
and discharge by each animal given
in Table I shows that 4.3 US gallons
(16.3 1) of water were consumed per
day. It was estimated that 0.17 US
gallon (0.65 1) of water per day was
taken in with the feed. This totals
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TABLE I AVERAGE WATER INTAKE
AND DISCHARGE FOR EACH
OF THREE TEST ANIMALS
MAY 1969 (US GAL PER DAY)

Average animal weight: 555 lb

Drinking water: 4.30
Water in feed: 0.17

Total: 4.47

Urine: 1.20

Water in feces: 2.10

Total: 3.30

4.47 US gallons (16.9 1) of water per
day intake for the month of May. The
urine that was drained from the build
ing measured 1.2 US gallons (4.55 1)
per day. The water in the fecal waste
was 2.1 US gallons (7.95 1) per day
for a total of 3.3 US gallons (12.5
1) per day discharge from the building.
This would leave 1.17 US gallons
(4,44 1) of water that was discharged
through the animal's respiratory sys
tem and was evaporated from the
floor of the building.

To dispose of the fecal waste, a
system was needed in which the mate
rial could be rendered odorless. Dehy
dration was considered as one means
for obtaining this result. Odors may
be controlled during drying with spe
cial equipment. Pelleted manure would
be relatively odorless and could be
handled and stored as a granular
material like small grains. A minimum
amount of material would have to be
transported to fields for disposal in
this form. Utilizing dried manure for
fuel suggested a fuel value test in a
bomb calorimeter. Table II shows that
the manure yielded 6300 Btu/lb (3500
g-cal/g) of dry matter.

TABLE II. FUEL VALUES, BTU PER
LB DRY MATTER

Beef cattle manure: 6,300

Anthracite coal: 12,900

Lignite coal: 6,900

Wood: 8,300

Peat: 8,000
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A record of drinking water intake
and liquid waste discharge from the
animals in this test for the months of
March thru August is given in Table
III. It indicates that about one US
gallon (3.8 1) per day per animal would
be a reasonable design figure for the
storage or treatment system for the
urine. The discharge rate was low in
March and increased through April and
May, and decreased during the summer
months. Part of the increase in the
early months could be attributed to
the increasing size of the animals.
The decrease in the summer could be
attributed to the high ambient tempe
ratures which produced efficient eva
poration in the building. Tests on the
urine that was removed from the buil
ding are recorded in Table IV. Its
biochemical oxygen demand (BODs)
was 4400 mg/1. A55 US gallon (208 1)
drum served as a model lagoon and
was filled with urine at the rate of 3

US gallons (11.4 1) per day. The BOD5
was reduced to 4000 mg/1 in this
container. Overflow from this drum

was collected in a second drum. It
further reduced the BOD5 to 3500
mg/1. The strength of the wastes
entering the system was very high.
Significant improvement was noted as
the wastes passed thru the lagoons,
but final strength was still high.

The design of the west half of
the large facility is based on the
results of the pilot study (Figure 3).
The concrete floor installed in a
shallow pit about two ft (61 cm) below
the slotted floor (Figure4), was sloped
to the south with a slope of 2 per
cent. The liquids are drained in
this direction and pumped to a la
goon. The solids are scraped to the
north with a cable-type poultry-house
scraper. These solids are removed at
frequent intervals and conveyed out
of the building.

The design of the east half of
the large facility is a conventional
system using a slotted floor with a
deep-pit manure storage (Figure 5).
Manure will be removed in a slurry
form on a semi-annual basis and spread
on farm fields.

Liquid wastes drained from the
shallow pit were pumped to a lagoon
that was designed to dispose of the
water by evaporation. The average
annual rainfall at Fargo is 20 in (50.8
cm) (4). Average annual evaporation
from lake surfaces is 30 in (76.2 cm)
(4). This test lagoon was sized to
utilize this 10 in (25 .4 cm) of evapo
ration for disposing of the water.
Preliminary data indicate that the
concept may be valid.

The cable-type poultry-house
scraper gave dependable service in
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TABLE III. URINE PRODUCTION RATES OF BEEF CATTLE

AVERAGE ANIMAL WEIGHT - 555 LB

Date

March

April

May

June

July

August

Drinking water Urine discharge
intake (US gal (US gal per animal-
per animal-day) day)

Average outside
temperature (°F)

3.1

4.3

4.3

4.5

5.8

6.8

0.8

1.0

1.2

0.7

0.7

15

45

55

57

68

72

Figure 3 The west unit showing air circulation and rock heat sink. Fans are reversed
every five to ten minutes. Note shallow pit for manure storage.

handling the solid component of the
manure. Solids were elevated from

the building (Figures 1 and 3) at a
moisture content of about 80 per cent
by weight. It was necessary to house
the elevator in a frost free shelter.

TABLE IV. BOD5 VALUES FROM MODEL
LAGOON FOR BEEF URINE
(MG/L)

Fresh urine: 4400

Model lagoon No. 1: 4000

Model lagoon No. 2: 3500

The return cycle of the cable scraper
moved the blade empty into position
to begin the scraping cycle. A blade
clearance of 3 in (7.6 cm) or more on
the return cycle was found necessary
to adequately over-ride manure depo
sits on the floor. Modification of the
scraper was needed to accomplish
this. After one year of experience,
the potential for handling liquid
wastes and solid manure separately
from beef confinement units appears
promising.

Figure 4 Slatted floor grids were used in
both sides of the experimental
confinement barn.

VENTILATING SYSTEMS

The ventilating system in the
west side (shallow manure pit) has a
double fan system (Figures 3 and 6).
The fans, equipped with three-phase
motors, are automatically reversed at
intervals of five to ten minutes. The
time interval will be determined to
give the most efficient exchange of
heat. The rock beds (Figure 7) act as
a heat sink to warm the incoming air,
Air enters and leaves the room through
the perforated ceiling (Figure 8).
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Figure 5 The east unit showing the perforated plastic tube for recirculating the air to
maintain uniform temperature and mixing the cold incoming air with the recir
culated air to avoid drafts. Note deep manure storage.

Figure 6 The large housing on left con
tains the two fans for the west
side. The heat sink is across
the bottom of the structure. On
right is the exhaust from the
east side.

Heat exchangers for reclaiming
heat from the exhaust air of barns
have been tested in Iowa by Giese
and co-workers (1,2, 3). These devices
are commonly used in commercial buil
dings. Two problems often encountered
with heat exchangers are the restoring
of heat exchange surfaces that have
become dirty or corroded, and the cost
of installing and maintaining damper
controls. The system being tested

Figure 8 The perforated ceiling in the
west side of the barn. The air

enters and leaves through the
1/4 inch openings in the ceiling.

uses two heat sinks to provide con
tinuous operation without using dam
per controls. The heat sinks are rocks,
% to r/2 in (1.9 to 3.8 cm) size, which
are inexpensive and lend themselves
to cleaning with detergents and hot
water or steam.
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Figure 7 The rock heat sink. Depth of
rock has been reduced from eight c*0" Tl"£ IN minutes
inches to four inches to lower FIGURE 9 Air temperatures above and below the rock heat sink with operating cycle of
pressure drop through rocks. five minutes and outside temperature of +5°F.
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Figure 9 shows an example of
the performance of the heat exchanger
operating with an outside temperature
of 6°F (-14.4°C). The air exhausting
from the barn was at 40°F (4.4°C).
The incoming air is heated an average
of 17°F (8.3°C) under these conditions.
The air flow was estimated to be 1250
ftVmin (35.4 mVmin) through a heat
sink which was 11.1 ft5 (1.03 m2) and
8 in (20.3 cm) thick. This preliminary
test indicated a large pressure- drop
across the heat sink, giving a signi
ficant drop in air flow. Observation
of the system during the winter months
indicated that the recovery of heat
from the exhaust air improved the
performance of the system.

The ventilating system in the
east side (deep pit) is flexible and
incorporates at least two conventional
systems (Figure 5). The exhaust sys
tem is from below the slats and uses
three fans. One fan operates on a con
tinuous basis, and the other two fans
can be operated either on a two-step
thermostat or with a variable-speed
electronically modulated control sys
tem. Two types of intakes are in
stalled, one a ceiling mounted "no-
draft" type intake manufactured by
Agri-Aide Company. This type has
commonly been used in this area.
Another intake is manufactured by
Jamesway Company (Figure 5). This
system incorporates a motorized in
take, controlled by a thermostat, and
a long perforated plastic tube which
is inflated with a continuously opera
ting fan. This system is patterned
after one commonly used in green
houses and continually circulates the
air to maintain uniform temperature.
It provides a positive method of mixing
the cold incoming air with the recir
culated air to eliminate cold drafts at
the intake.
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SUMMARY

Confinement housing for beef
cattle can provide a means of con
trolling water and air pollution, and
at the same time it can be used to
provide a control of environment.

To study the two major problems,
manure handling and control of the
environment, a test facility was built
at North Dakota State University in
1969 . The facility was built in two
units, each capable of holding a block
of 20 feeder calves. One unit used
conventional designs with a deep
manure storage under the slotted floor
and two standard ventilating systems
were used in this area. The other unit

was designed with a sloping concrete
floor about two feet below the slotted
floor. The liquids flow by gravity to
one end and are pumped out to a
lagoon, and the solids are scraped to
the other end with a poultry-house type
of cable scraper and conveyed out of
the building. This provides a method
of studying the treatment of manure
that has been separated into liquids
and solids. The ventilation system
uses a fan and heat sink on both the
intake and exhaust. This flow of air
is reversed on a five to ten minute
cycle and the heat sinks are used to
retrieve part of the heat from the
exhaust air.
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NEWS HIGHLIGHTS

In 1970, the Canadian Society of Agricultural Engineering
initiated a program of Awards to honor Society members
who have made noteworthy contributions to our profession.
The first donor of an annual Award was the Canadian

Sheet Steel Building Institute for contributions in the

building field, and the first recipient was John E. Turnbull.
The presentation of an engraved gold wristwatch was
made by an Institute representative, Howard Bexon, at
the annual banquet in Lethbridge, July 6, 1971
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