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Beef cattle waste management systems in Minnesota are primarily of three types. First is an open 
lot, unpaved or paved, in which the majority of the waste remains on the lot surface as a manure 
pack. handled as a solid. with lot runoff collected in a runoff detention pond, sometimes passing 
though a solids separation device. The second is a open-front shed used with an open lot or 
pasture, in which bedding is added and the waste is cleaned out of the building once or twice a year 
as a solid. Third is a total confinement building (mechanically or naturally ventilated) in which all 
waste is handled as a liquid/slurry and is stored in a pit beneath the animals. Figure 1 illustrates the 
major pathways of the various waste management options. 

The Minnesota Pollution Control Agency (MPCA) requires zero discharge from a livestock facility. 
Thus, all of the waste (solid and liquid) must be contained in some type of a detention structure. 
Since beef cattle on pasture are not considered to be a pollution hazard to surface water and 
groundwater, provided there is a good vegetative cover, this type of management is generally not 
regulated. 

OPEN LOTS 

A typical lot layout is shown in Fig. 2. The first recommendation for open lots is diversion of 
clean surface rainwater from running into the lot. This includes water coming from up slope of the 
lot and roof water collected by gutters and downspouts. 

Most open lots are unpaved with the only concrete around feed bunks and waterers. A mound is 
located in the center of each lot to provide animals a dry resting place during and after rainfall 
events. Limestone can be worked into the mound to help stabilize the mound and reduce erosion. 
These mounds slope from 1: 10 to 1 :5 with the pen sloping away from the bunk at a recommended 
slope of 4% to 6%. Slopes greater than 6% can cause erosion, especially in high-rainfall areas. 
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About 10% to 30% of the voided manure, including 10% to 20% of the nitrogen (N), 20% of the 
phosphorus (P), and 50% of the potassium (K), will run off the lot surface depending on the • 
amount and intensity of rainfall, lot slope, and slope length. 

Runoff leaving the lot should pass through a settling basin or channel to keep solids out of a 
holding pond or vegetative filter and infiltration area. These basins can be located outside or within 
the lot (Fig. 2). From 50% to 75% of the manure solids, along with about 50% of the N, in the 
runoff will remain in the settling basin. The area of the settling basin should be about 5% of the 
runoff collection area associated with the lot. The basin must be cleaned and emptied after each 
runoff event to reduce odors and restore basin capacity. 

Determining the amount of lot runoff and sizing the detention pond is determined by annual 
precipitation, as large as 32 inches, and a single event, which is usually a 25-yr, 24-hr storm, as 
large as 5 inches. 

Lots are frequently scraped into a solids handling storage area such as a stacking slab or planked 
storage unit, or the lot is cleaned once or twice a year. Frequency of cleaning depends on 
management of the operation and climatic conditions. Cleaning is done with a front-end loader
tractor or tractor-mounted scraper or blade. A box spreader is used to spread the solid waste. 
Many recently constructed storage units are covered, especially Pennsylvania, New York, and 
Ohio, for odor control and appearance. Corrosion of metal parts of the structure are a problem 
because of high moisture and ammonia. 

Runoff collected in detention ponds is pumped and spread to cropland using a side-discharge or 
tank wagon, towed hose injection, or irrigation equipment. All storage units and settling basins 
should be fenced to keep livestock and humans from entering the unit. 

Another option that can be used for beef open lots is to design a paved lot where the lot is scraped I 
into a spreader or onto a stacking slab (Fig. 3). A vegetative grass filter strip or serpentine 
waterway can be used in place of a detention pond if the location is ideal. 

OPEN-FRONT SHEDS 

Bedding is generally added to the shed and a manure pack is developed. This manure pack is 
removed once or twice per year with a front-end loader-tractor. The manure-bedding mixture is 
then spread on cropland using a box spreader. Waste handling in the open lot in front of the shed 
is described in the previous section. ' 

TOTAL CONFINEMENT 

Total confinement is where animals are housed in high-density areas on slotted flooring with the 
waste collected and stored beneath the animals in a pit (Fig. 4). A problem in colder climates is the 
occasional buildup of frozen manure on the slats. Waste, handled as a liquid or slurry, is spread 
using a side-discharge or tank wagon or irrigation equipment. When waste is removed from the 
pit, workers and animals need to be removed from the building. ff animal removal is impossible, 
ventilation rate needs to be increased to the maximum rate to reduce gas emission effects and 
possible death. 

Solids settle to the bottom of the pit. Half of the N, 80% of the P, and 20% of the K is associated 
with this sludge portion. Agitation is recommended before and during emptying the pit to remove 
the sludge layer so that storage capacity is not reduced and the nutrients are fully recovered. 
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NUTRIENT MANAGEMENT 

Any waste management system starts with manure production. Table 1 lists characteristics of fresh 
beef waste. Dry matter and N losses occur in various parts of a waste management system and 
differ among systems. Estimates of these losses are found in Table 2. For example, the greatest 
losses occur with anaerobic lagoons and the least with daily spread and pit-slurry storage. During 
land application, losses are low for methods such as knifing or immediate cultivation that 
incorporate the waste (Table 3) and high for systems that expose the waste to the atmosphere such 
as broadcast and sprinkler irrigation. Only a portion of the applied N is available to the crop the 
first year (Table 4). For solid waste without bedding, about 35% of the organic N is available 
during the first cropping season. The remaining 65% is worked into the soil humus or organic 
matter and the N is released in subsequent years for crop usage or lost to the atmosphere or in 
runoff or leachate. If waste is applied over several years in the same location, essentially all of the 
N is available between the first year application and previous years applications, minus any 
volatilization, runoff, and leaching losses. All the applied P and K is considered available for crop 
production during the initial year of application. 

Instead of using the general estimation of nutrients in the waste and storage and handling losses to 
determine application rates, testing of the actual waste for nutrients is preferred. By knowing the 
nutrient levels being applied, application rates of commercial fertilizer can be reduced to take 
advantage of the nutrients added-in the waste. One management scheme is to apply waste every 
other year, supplemented with commercial N on the off-year. This scheme makes better use of the 
P and Kand would reduce commercial fertilizer costs when compared to applying waste in the 
same location every year. Micronutrients in wastes help solve nutrient deficiencies in some soils. 

The best crops to utilize the nutrients are corn and small cereal grains, followed by sorghum, then 
pastures and soybeans. Applying waste to forage legumes is not generally recommended, but is 
done because of land availability during the summer. 

LAND APPLICATION 

Design of a land-application system is generally based on N application to meet crop needs. In 
recent years, more emphasis is being placed on P application rates, because P is applied at about 
twice crop needs when the application rate is based on N. In addition, most producers do not give 
the proper nutrient credit to waste and thus overapply nutrients by adding commercial fertilizers. 
In high-rainfall areas, this is critical as these high rainfalls will increase nitrate leaching into the 
groundwater and increase surface runoff of nutrients into surface waters. 

From a nutrient management standpoint, waste is best applied in the spring to maximize nutrient 
uptake by the crop. Fall application is discouraged as some nutrients are lost over the winter, but 
this practice may be necessary because of limited storage during the winter and/or to reduce timing 
problems with spring tillage and planting. Wastes spread on frozen or snow-covered soils create a 
high water pollution potential during spring snow melt and runoff and is not recommended. 

Because of convenience and cost, waste is often spread on land close by the storage facility. The 
result is excessive application of nutrients. Ideally waste application rates will vary over the farm 
based on soil type, topography, proximity to surface water, crop, and other factors that affect the 
transport of nutrients in both surface and subsurface water, especially in high-rainfall regions. 

Wastes should not be applied to land with slopes greater than 6% unless injected or immediately 9 incorporated. Setbacks and a buffer area around land-application sites are needed to protect surface 
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waters. Distances from wells, property lines, and roads should be considered. The producer 
should work with neighbors on timing the waste application so as not to interfere with special 
events, such as family picnics or graduation parties. If irrigating with liquid waste, the application • 
rate should not exceed the infiltration rate of the soil or runoff will occur. The producer should 
also consider aerosol drift. Table 5 and 6 contain specific separation distances for different 
application criteria. 

ALTERNATIVES 

Alternatives for handling and recycling the nutrients include mixing with silage, fermenting, and 
refeeding; composting or drying for sale; or using in the growth of single-cell algae, water plants, 
and other types of aquaculture systems. 

ODORS, GASES, DUST, PESTS, AND DEAD ANIMALS 

Odors, gases, dust, pests, and dead animals are common to beef cattle operations. Much of the 
odor is from volatilization of ammonia and emission of volatile organic compounds during 
breakdown of the solid material. Currently, studies are being conducted on cattle's contribution to 
the Greenhouse Effect by their emission of methane. Dusty conditions arise with truck and animal 
traffic, especially at loading time and in the early evenings. Flies and rodents are also problems. 
Thorough and timely removal of the wastes reduce odor, fly and rodent problems, especially under 
fence lines and around feed bunks and waterers. Rendering is recommended for disposal of large 
dead animals, while incineration and pit burial are recommended for smaller animals but have some 
environmental impact. These problems cause the greatest difficulty where population is increasing 
in rural livestock-producing areas. 

REGULATIONS 

Every beef operation not using 100% pasture and containing over 10,000 lb of live weight (10 
finishing steers or heifers) must have a Certificate of Compliance from the Minnesota Pollution 
Control Agency (MPCA) or the county feedlot officer. The feedlot program was established in 
1971 and is governed by Chapter 7020 of Minnesota Rules. A new MPCA permit is needed when 
1) a new facility is proposed; 2) an existing facility is changed through expansion or modification; 
3) ownership of the facility changes; 4) a National Pollutant Discharge Elimination System 
(NPDES) permit application is required under state or federal rules and regulations; or 5) 
investigation of a complaint on a feedlot reveals a pollution problem. 

The application is a four-page form in which the following information is needed: 
Number and type of livestock on site; 
Size and location of buildings, open lots, and/or waste storages; 
Methods used for the storage, handling and utilizing of all wastes generated at the site; 
Sketch of the farmstead; 
A Soil Conservation Service (SCS) soils map of the site; 
An Agricultural Stabilization and Conservation Service (ASCS) aerial photograph of the 

farmstead and land application areas; 
Distances from buildings, open lots and/or waste storage to surface water, tile inlets, drainage 

channels, sinkholes, existing and abandoned wells and other pertinent items; and 
Depth to the high water table. 

If the facility is in the southeastern part of Minnesota (Karst area) an additional single page form is 
needed. There is no cost to submit this application to the MPCA. A producer planning any 
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significant changes to an existing operation or planning a new operation must submit an application 
for a permit. 

FUTURE CONCERNS 

Two critical issues in waste management are proper design and operation of the land-application 
system for nutrient application and degradation of water quality beneath earthen storage ponds and 
unpaved lots. In addition, nutritionists will need to consider nutrient concentrations in the urine 
and feces when making dietary nutrient level recommendations to maximize body retention of the 
nutrients and minimize the amount being voided. 

As beef operations move toward both larger and smaller part-time operations with fewer middle
sized operations, waste management problems will increase. Expansion of large operations will be 
limited within the farmstead by facilities and storage structures and by availability of land for waste 
applications. Small operations will be limited by income (economies of scale) to offset the 
expensive structures needed to contain waste and the awareness and understanding of the 
regulations. 

A major split will develop in waste management problems based on whether a producer grows or 
buys feed. Those operations growing feed will have land to recycle the nutrients back into crop 
production, but those buying feed may have to contract with neighboring farms to recycle the 
nutrients. 
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Table 1. Beef Manure Production and Characteristicsa 

Total Manureb, lb 
Total Manure, ft3 
Urine, lb 
Total Solids, lb 
Total Volatile Solids, lb 
Chemical Oxygen Demand, lb 
Total Kjeldahl Nitrogen, lb 
Ammonia - Nitrogen, lb 
Total Phosrhoruse, lb 
Potassium , lb 

a Per 1000 lb live animal mass per day 
b Feces and urine as voided 
c MWPS-18, 1985 
d ASAE, 1990 

Meanc 

60 
1.00 

0.34 

0.11 
0.24 

e To convert elemental P to P205, divide by 0.44 
f To convert elemental K to K20, divide by 0.83 

58 

18 
8.5 
7.2 
7.8 
0.34 
0.086 
0.092 
0.21 

Standard 
Deviationd 

17 

4.2 
2.6 
0.57 
2.7 
0.073 
0.052 
0.027 
0.061 

Table 2. Estimated Volatile Solids and Nitrogen Losses from Different Beef Waste 
Management Systemsa 

System Volatile Solidsb 
% 

Lot - Unpaved/Mounds 35 
Lot-Paved(Scraped 

Regularly) 10 
Lot - Daily Spread 10 
Stacks, bunkers, bedding 

packs 10 
Earthen Pit 40 
Anaerobic Lagoon 60 
Aerobic Lagoon 30 
Above-Ground Storage 
Pit-Slurry 10 
Composting 50 

a Does not include losses during land application 
b Gilbertson, et al., 1979 
c MWPS-18, 1985 

Nitrogenb Nitro gene 
% % 

35 40-60 

10 
10 15-35 

35 20-40 
40 20-40 
75 70-80 
45 

10-30 
25 15-30 
50 
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Table 3 . Percent Nitrogen Losses During Land Application within 4 Days of Applicationa 

Application Method 

Broadcast 

Broadcast with 
immediate cultivation 

Knifing 
Sprinkler irrigation 

a MWPS-18, 1985 

Type of 
Waste 

Solid 
Liquid 
Solid 
Liquid 
Liquid 
Liquid 

Nitrogen Lost 
% 

15-30 
10-25 
1-5 
1-5 
0-2 
15-35 

Table 4. Amount Mineralized Organic Nitrogen Released to Crop During First Cropping 
Season after Application of Animal Manurea 

Manure Handling 

Solid without Bedding 
Solid with Bedding 
Anaerobic Liquid 
Aerobic Liquid 

a MWPS-18, 1985 

Minerali7.ation Factor 

0.35 
0.25 
0.30 
0.25 



Table 5. Recommended Separation Distance (feet)& 

Streams or rivers 
Lakes Table 6 
Water wells 
Sinkholes 
Individual dwellingb 
Residential development 
Public roadways 

a MPCA, 1988 

Surface 
Spreading 

Table6 
100 
200 
100 
100 
300 
25 

b Distance may be reduced with permission of owner 

Incorporation 
or Injection 

50 
300 
200 
50 
50 

300 
10 

Irrigation 

200 

200 
200 
300 

1000 
300 

Table 6. Separation Distances from Surface Waters for Surface Applicationa 

Slope Soil texture Time of year Minimum separation (feet) 

0-6% Coarse May-October 100 
November-April 200 

0-6% Medium to fine May-October 200 
November-April 300 

Over6% Coarse May-October 200 
Medium to fine May-October 300 
All soils November-April Not recommended 

a MPCA, 1988 
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Figure 1. Major Pathways of the Various Waste Management Options. 
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Figure 2. Layout. 
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Figure 3. Alternative Layout for Paved Sloping Lots. 
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Figure 4. Total Confinement, Slotted Floor, Pit Storage, and Liquid Manure Handling System • 
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