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Abstract 

by 

D. M. We 1 1 s, R. C. Alb in, 
W. Grub, R. Z. Wheaton* 

The disposal of organic waste has 
become a major problem for cattle feedlot 
operators . At the present time, many of 
these operators have no market for this 
organic waste. Too often this material is 
accumulated in large pi les where it seri
ously contributes to stream and groundwater 
contamination and dust, odor, or insect 
po 11 ut i on. 

Organic waste from feedlots, in which 
cattle were fed different types of feed, 
was aerobically composted and the material 
was physically, chemically, and biologically 
analyzed. The time ~ate of stabil ization 
during the period of composting was estab-
1 ished and the management problems that come 
with the stabilization process were studied. 
Results of this study are being used as a 
basis for developing a so l id waste treatment 
demonstration at a research un it of Texas 
Tech. 

*Members of the Departments of Civi 1 Engi
neering, Animal Husbandry, Agricultural 
Engineerinq, and Agricultural Engineering, 
Texas Technological College, respectively. 



Introduction 

The aerobic stabi1 ization of sol id 
organic material, a process commonly known 
as composting, is widely used for the treat
ment of municipal refuse and sol id agricul
tural wastes. 'The composting process, 
modified and mechanized to varying degrees, 
has gained the attention of those responsi
ble for waste treatment and disposal as 
being a feasible means of minimizing the 
pollution potential from large quantities 
of beef feedlot wastes. 

The large commercial feedlots of the 
semi-arid southwest are sources of huge 
quantities of this biologically active 
material . -This waste is, under certain 
conditions, an excellent host media for 
large numbers of insects, a food supply for 
bacteria of putrification, and a source of 
potential pollution to surface and ground
water. This combined organic and inorganic 
material, deposited in the form of feces 
and urine at an average rate of 80 pounds 
per day per animal, is accumulated in feed
lots that may hold in excess of 50,000 head. 
These feedlots are located in a region of 
the country that has a normal annual rain
fall of less than 18 inches, most of which 
occurs during brief showers. Dur i ng the 
remainder of the year the dry, high alti
tude cl imate provides excellent drying 
conditions. This results in the accumulation 
of finely pulverized dehydrated feces and 
urine solids at moisture contents as · low as 
2 percen t. This material has undergone very 
1 ittle biological degradation and may be 
recons-t -itu ted to nearly its original f orm 
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by th e addition of water. 

This progress report on research being 
conducted at Texas Technological College on 
the aerobic stabilization of sol id beef 
feedlot wastes is concerned with the com
posting proces s and with the effects of 
f eed, management and c1 imate on waste 
stabi1 izat ion . Two general areas will be 
re ported in this paper, one concerned with 
compostirig in open air piles and the other 
w~th composting in a specially built drum 
type digester. 

Open Piles 

The open piles were formed in the shape 
of a truncated cone with a height of 5-1/2 
feet, a top diameter of 3 feet and a side 
slope of approximately 350

• The material 
composted was collected from feedlots that 
held feeder steers for 120 days. The feed 
materials were all-concentrates; cotton seed 
hulls, and sorghum silage. The piles were 
formed during the middle of August and were 
maintained until the first of October. At
tempts were made to hold the moisture level 
to 50 percent with supplemental watering 
since the infrequ~nt seasonal showers, 
characteristic of the time of year, were 
not enough to prevent excessive moisture 
loss from the surface of the piles. 

The wastes from all three feed materi
als successfully composted. The interior 
temperatures of all three rose within 48 
hours to temperature ranges of 700 to 800 C 
following a characteristic curve shown in 
Figure I for composting of silage waste in 
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Figure 1. Temperature curve of 
aerobically composted 
waste from beef feedlot . 
Feed material was silage. 
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a drum dig es t e r . The temperature curve 
then dro pped gra dually following the 
general ized curve with sl ight abrupt rises 
each time the piles we re turned. The sur
face temperature remained close to the 
ambient temperature wit h marked increase of 
temperature below the surface. 

Moisture control of the piles in the 
semi-arid cl imate was difficult since the 
exposed surfaces continually dried, forming 
a dehydrated biol ogi cally inactive layer 
over the entire surface. When the pi le was 
turned once every seven days and the dry 
s urface material was mixed with the high 
temperature moist interior material, the 
res ult i ng moisture content was materially 
lowered, and more water was added to the 
pile in an attempt to maintain approximately 
50 percent moisture. It was assumed that 
the mechanical process of adding water 
caused some migration of soluble compounds 
wlthin the pile, but no indication of this 
migration was noted on the temperature 
gradients within the ' pile . 

Fl ies were attracted to the moist sur
face during the first few days and extremely 
heavy fly larva infestations were noted be
neath the entire surface of the pile during 
the first week. This infestation extended 
beneath the pile around the entire peri
meter and extended into the surface of the 
soil around the edge of th e pi le. After 
seven days when the piles were first turned, 
the surface fly larva infestation dropped 
to a low level and few fl ies were attracted 
to the moist surface. The partially digested 
organic ,material from the interior of the 
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pile having been" exposed to high temperatures 
contained no I iving fly larva or seemingly 
attractive food for adult fl ies . The only 
fl ies and fly larva f ound on the surface were 
bel ieved to have originated from surface 
material . Af ter the second turning fl ies and 
la rva were no longer found. The exact point 
of the composting process when fl ies are no 
long e r attracted or when larva are no longer 
al ive has not been establ ished by this pro
ject; however , entomologists connected with 
the "proj ect are currently conducting studies 
to determine the point at which composting 
waste is no longer suitable for attracting 
fl ies. 

By the end of the six week composting 
period the waste from all three feeds was 
reduced to an inert form with only a slight 
musty odor similar to that produced by leaf 
mold. The color had changed to a dark browR 
or near black laced with white threads and 
particles of fungi or fungus I ike bacteria. 
By this tlme the material was completely " 
inoffensive and might have served as an 
excellent organic material for house plant 
potting soil. Data taken during the compost 
period was similar to that obtained during 
the drum digestion and for the sake of bre
vity is not given separately in this report. 

Drum Digester 

Further studies on the stabilization of 
beef feedlot waste were conducted in a di
gester consisting of a 55 gallon drum 
mounted with t he longitudina l axis horizon
ta l and made to revolve continuously at a 
rate of 3/4 RPM. During early runs, air 
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from an air compressor was metered into the 
revolvi ng mass through a perforated pipe ex
tending along the rotational axis of the drum. 
This normally dry air, further dried by the 
compressor, picked up moisture from the waste 
and successfully performed as an evaporative 
cooler, chill ing the organic waste to a 
lower dry bulb temperature than the ambient 
air. The supply air system was then modified 
to have the supply air bubble through 500 C 
water and was then cooled to 38°C. The air 
was metered to maintain an oxygen level of 
the exhaust gas at above 10 percent . 

At moisture levels of 40 to 50 percent 
on a wet basis, the continuously revolving 
organic mass fol lowed the normal composting 
curve, Figure 1, with a high temperature 
level of between 60 and 70 C. The tumbl ing 
organic mass remained loose and crumbly with 
continuous particle motion. Above 50 per
c~nt moisture the material formed a series 
of balls which gradually increased in si .ze 
over the normal 10 day test period. At 
higher moisture level's the rate of ball 
formation increased and the maximum tempera
ture level decreased. Obviously, a large 
portion of the material, once formed into 
large balls, was no longer exposed to oxygen, 
and the entire aerobic process stopped. This 
caused the temperature of the mass to return 
to near normal ambient. 

Since tests were scheduled for com
posting of high moisture level materials, 
the air intake and exhaust were redesigned 
for composting in a stationary drum. The 
perforated air supply pipe was relocated to 
th e bottom of the drum parallel to the 
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rotational axis. The exhaust outlet was 
placed in a hatch located in the top side of 
the drum. Air entered the mass along the 
bottom of the organic material and escaped 
through the exposed top surface and out a 
3/4 inch pipe fitting. The drum was rotated 
2 revolutions after loading and 2 revolutions 
twice a day to insure some degree of mixing 
before and during the digestion process. 
With the stationary drum, no ball ing was 
noted at moisture levels as high as 60 per
cent. Higher temperatures were recorded 
whe~ 'stationary than when continuously ro
tating, indicating that continuous particle 
movement slightly cooled the composting 
material. 

On a typical run the drum was loaded 
with approximately 4.7 cubic feet of organic 
waste. In a specific case of sorghum si lage 
at 56 percent moisture, the total wet weight 
was 200 pounds with approximately 86 pounds 
of dry matter. The actual density of the 
organic waste varied with several factors; 
the time period of accumulation in the lot, 
the moisture conte~t of the material in the 
lot during the period before collection, 
the degree of compaction, and the types of 
feed material. When compacted material was 
collected from the lot, particle size re
duction was required since lumps in excess 
of 3/4 inch diameter contained unstabilized 
material after composting. 

'During the ten day period the organic 
waste from si lage feed underwent approxi
mately 40 percent reduction in volume and 
a 20 percent loss in dry matter. The 
actual values were found to vary according 
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to feedl o t cond i tion prior to t he collection 
of the waste . 

In a typical run of sorghum silage 
waste, the temperature would initially rise 
at a rapid rate usually reaching a maximum 
temperature of 70 to 80°C within 24 hours 
even when collected from t he lot during re
la tively low winter t emperatures, Figure 1. 
After reaching the early peak, the temperature 
of the mass slowly dec1 ined until the material 
eventually approached the ambient air tempera
ture. The temperature within the mass was 
found to vary by as much as 4°C, depending 
upon the location of the reading. These 
locations seemed to be a function of the 
avai1abi 1 ity of oxygen although sufficient 
air was fed to the drum to maintain an oxy
gen level in the exhaust gases above 10 per
cent. The minimum air required' to hold this 
level was 10 1 iters per minute. 

The variation of phosphorus, nitrogen, 
and ash in percent of , dry matter during the 

_ 10 day composting period are shown in Figures 
2, 3. Phosphorus was noted to increase 
during the entire run with the greatest rate 
of increase after the maximum temperature 
had been reached. The percentage of ash 
also fo1 lowed a similar curve. Only a slight 
increase in nitrogen was recorded since con
siderable nitrogen was released as ammonia 
during and following the period of highest 
temperatures. 

The moisture dec reased during composting, 
Figure 3. This was the result of a moisture 
balance of fully saturated incoming air at 
38°C, exhaust air, and wate r prod uced during 
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Figure 2. Total nitrogen and 
phosphorus during 
composting period. 
Organic waste from 
s i 1 age feed . 
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Figure 3. Water and ash content 
during aerobic com
posting process. 
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the composting process. 

The total energy in calories per gram 
was recorded and found to decrease with time 
as the composting process continued, Figu~e 
4. The actual energy values of the waste in 
the lot were found to vary according to the 
cl imatic conditions with pronounced decreases 
in energy following periods of sufficient 
rainfall to cause runoff. 

Prel iminary studies by this project seem 
to i~di 'cate that stabi 1 ization points at 
which insects are no longer attracted to the 
mass, bacteria of putrification can no longer 
be actively supported, col iform bacteria are 
no longer detected and high internal tempera
tures c~n no longer be maintained, are 
reached at compost time periods of less than 
10 days. The most rapid rate of stabil ization 
seemingly takes place during the first few 
days of the process, with a steady decrease 
in the rate of stabil ization occurring with 
time. The actual length of stabil ization 
should be determined more by planned use or 
disposal of the composted waste than by any 
arbitrary criteria. 
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