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ABSTRACT

A COMPARISON OF DAIRY WASTE HANDLING SYSTEMS
AND COMPONENTS THROUGH THE USE OF AN
INTERACTIVE COMPUTER PROGRAM

By

Winston George Ingalls

Twenty-five dairymen averaging 120 milking cows were inter-
viewed to gain information on the type of waste handling equipment
routinely used and the labor requirements of various waste handling
tasks. In addition, 60 equipment manufacturers were canvassed for
cost and performance data of waste handling equipment. The data
from the two studies were utilized to describe each task according
to initial cost, ownership costs, energy use and cost, labor use
and cost, value of retained nutrients and net annual costs. The
complete waste handling process was divided into eight sections and
each section contained several options. An interactive computer
program was subsequently designed to allow construction of all
feasible systems for 100 to 300 cow dairy herds. Handling dairy
wastes as a liquid provided the greatest number of feasible systems,
but storage costs were generally much higher than with solids.
Opportunities for saving labor exist primarily at the alley cleaning
and movement to storage phases. In general, no single system emerged

as always the best; rather, it depended on the owners' personal needs.
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INTRODUCTION

The enactment of the 1972 Federal Water Pollution Control
Act and the subsequent development of supporting regulations created
the impetus for economists, engineers, etc., to research the effects
of compliance with such rules on all segments of the Nation's
industry. This act specifically identified agriculture as a con-
tributor of pollutants to the waterways of the Nation, from both
point and non-point sources. Particulate matter, organic matter,
bacteria as well as nitrogen, phosphorus and potassium compounds
have all been discussed as emanating from agriculture.

The total agricultural community, from farmer to academician,
has entered into the controversy regarding pollution control regula-
tions on several fronts. One effort has been to involve agriculture
supporters, those knowledgeable in modern agriculture practices,
on committees which review proposals and develop plans of action for
pollution control. Another major undertaking involved accumulation
of reliable data from agriculture pursuant to the pollution problem.
The Environmental Protection Agency and state agencies were given
the task of formulating effective and reasonable pollution control
standards. Finally it was the role of the agricultural academic
community to use various objective analysis techniqﬁes to assess the

impact of potential rules and regulations on production agriculture.



For livestock operations, such considerations as no spreading of
manure on frozen or snow-covered ground, immediate soil incorpora-
tion and mandatory six months manure storage have been examined.
Most studies were macro in nature, designed to assess total industry
impact rather than specific farm effect.

In conjunction with the uncertainty of future pollution
control regulations, many Michigan dairymen have been expanding to
benefit from the scale effect of a larger operation. Expansion has
involved new, larger facilities and/or additions to existing facil-
ities. Many dairymen currently are in a position whereby consider-
ation of all existing and potential rules dealing with pollution
control must be examined to avoid future confrontations. For most,
expansion via new construction allows incorporation of many desired
features because all options are available with the only restric-
tions being those which are self-imposed. Many options exist for
waste handling on dairy farms. Producers generally choose a system
based on such factors as initial cost, labor demands, convenience,
nutrient retaining ability, etc. It was in this framework that this
project was initiated. The primary objective was to construct an
interactive computer program which allows a dairyman flexibility to

design and compare feasible systems for waste handling.



REVIEW OF LITERATURE

Historical Perspective of Animal Waste
Handling Systems and Research

Material reviewed in this section has been published within
the past 100 years. Obviously, reports on this subject were pub-
lished prior to 1878; however, it was felt that most of the docu-
mented research relevant to this project occurred within this period
and consequently only this material was reviewed. Also, publications
of this era were examined to gain a general impression of research
techniques and waste handling systems rather than specific method-
ologies.

A somewhat surprising and significant finding in the liter-
ature of this period was that not much has changed in 100 years
relevant to manure nutrient content and the fate of such nutrients
under various conditions. Scientists of then were aware of the
nitrogen (N), phosphorus (P), and potassium (K) needs of plants.
Chemical analysis of manures yielded N, P and K values comparable to
present-day estimates. Table 1, comparing manure nutrient values
from Roberts (1884) and MWPS-18 (1975), best illustrates this.

The material in Roberts' sample contained much bedding and
would resemble manure from a bedded pack in a loafing barn and is
quite similar to the MWPS-18 sample, which is solidAmanure with

bedding. Despite 92 years of reexamination and improvement in



Table 1.--Comparison of manure nutrient values from Roberts (1884)
and MWPS-18 (1975).

Roberts (1884) MWPS-18 (1975)
Moisture 72.95% 79.00%
Nitrogen 0.78% 0.45%
Phosphorus 0.40% 0.20%
Potassium 0.84% 0.50%

laboratory techniques, the figures published by Roberts (1884) remain
reasonable estimates for dairy waste with bedding. In addition,
Roberts (1884) established a value of the manure based on the con-
centration of the three major components. He applied values of
17¢/1b. of nitrogen, 7¢/1b. of phosphoric acid, and 4.25¢/1b. of
potash, which resulted in a price of $3.61 per ton of stable manure.
These appear high compared with present-day prices. Vitosh (1975)
valued cattle waste at $5-10 per ton based on the N, P and K content.
Roberts (1891) published data on daily manure production
per cow and the nutrient content of both 1iquid and solid fractions
was analyzed separately. He found urine to have a high nitrogen
content, which prompted his recommendation that the liquid portion
of cattle waste be conserved to retain the nitrogen of the waste
material. In his 1891 report to the Cornell University Experiment
Station, the comment was included that he found it difficult to

persuade farmers to change their waste handling methods. Most



farmers were unwilling to protect manure from the elements to maxi-
mize nutrient retention.

Sempers (1893) described farmyard manure as containing all
the constituents of plant food. He cited manure as causing some
disintegration of soils, having a warming effect on cold, clayey
soils, and helping retain soil moisture and ammonia compounds.
Sempers (1893), among others of this period, felt that faulty fer-
mentation and leaching action of storms on unprotected manure caused
great nutrient losses and rendered it practically useless as a
fertilizer.

Fermentation was considered the most important process in
proper management of farmyard wastes. Both anaerobic and aerobic
processes were known to exist, and rotted manure was considered to
contain more soluble organic matter than fresh manure. Caution was
often taken to avoid "fire-fanging" of manure since it was believed
this lessened its value. This process referred to the tremendous
heat generated by piles of horse manure. Sempers (1893) suggested
that to produce the highest quality manure it had to be kept under
cover, with no drainage allowed and kept sufficiently high in
moisture to reduce ammonia volatilization.

In 1913, Wheeler published a book entitled Manures and
Fertilizers. He cited experiments conducted at Rothamstead Experi-
ment Station in England as early as 1843, in which manure was used
as a fertilizer source. Much of this early work dealt with plant

nitrogen needs and how effectively manure met this need. Wheeler



(1913) wrote that practical utilization of manures involved hauling
and rapid soil incorporation to conserve maximum nitrogen. He
suggested also that manure should not be spread on frozen or ice-
covered slopes due to potential runoff problems and loss of nutri-
ents. Reference was made also to the timeliness problem of handling
wastes; if manure was not applied as produced, a farmer might
handicap himself in the spring by having to haul manure when planting
should be scheduled. This could then lead to a series of delays
and losses throughout the course of the year.

Over the past 80 to 100 years, most of the concerns cited
by the aforementioned authors have not changed. Increased popula-
tion and jarger and more concentrated livestock industries, however,
have focused substantially more attention on pollution control and
recovery of animal waste nutrients as plant fertilizers.

Agricultural Trends and Rural
Population Profiles

In order to understand the nature and scope of present
agricultural waste management problems, some insight into the changes
occurring in agriculture in general and dairying in particular must
be gained. An appreciation must also come to exist of the constant
reorganization of the makeup of the rural population in Michigan
and other states.

The Michigan State University Agricultural Experiment
Station and the Cooperative Extension Service in 1972 published a

report entitled "The Michigan Dairy Industry of 1985." The intent



was to project the status of the Michigan dairy industry in 1985.
Some of the following predictions were made by authors contributing
to the report:

1. The number of active dairymen in Michigan has been
declining for the past 20 years, and it is expected
that by 1985 only 3500-4500 Grade A dairymen will be
selling milk.

2. The number of milk cows in 1985 will range from
320,000-400,000.

3. Herd sizes will dramatically increase. More than
25 percent of all dairies will have greater than
100 cows and 50 percent of all milk cows or more
will be located on dairies with greater than 100
cows.

4. Man equivalents per farm will decrease to 2.5 by
1985, even though milk output per man will have
dramatically increased.

5. Feed sources will consist of increased amounts of
corn silage and grain mixes and less hay.

6. A great increase will occur in total confinement
housing systems. It is estimated that by 1985, 35
percent of all herds and 55 percent of all cows will
be in covered facilities.

Another point of concern for Michigan dairymen was illus-
trated by Hoglund et al. (1972) in an Agricultural Economics Report
on waste management practices and systems for Michigan dairy farms.
Their results indicated that 50 to 60 percent of all dairymen sur-
veyed for their report had non-farm neighbors 1iving within one-half
mile of their barn area, and even a higher percentage had non-farm

neighbors 1living within one-half mile of fields where manure might

be spread.



In this same questionnaire, another potential problem
reported by dairymen was their nearness to bodies of water. Thirty
to 44 percent of dairymen with different types of housing and manure
handling systems were within one-half mile of a lake or stream and
33 to 56 percent of these same dairymen indicated that one or more
of the fields where they hauled manure was within a half mile of a
stream or lake. In cases where land application of manure is close
to navigable waterways, consideration must be given to proper pro-
cedures to avoid pollution.

Participating dairymen were asked, "Are you concerned about
laws and regulations that might be passed or pressures from neigh-
bors concerning manure odors or noise factors or water pollution?

If so, how?" Sixty-five to 70 percent of all dairymen replied
affirmatively, and the reasons varied from fear that the cost of
complying with such regulations would be high to fear that non-farm
neighbors would have no tolerance for animal odors. Another major
concern was the uncertainty of what future environmental regulations
might be promulgated by Federal and state agencies.

In general terms, Michigan dairymen will be milking greater
numbers of cows per farm, the per-farm labor needs will increase as
well as crop acreage, and more dairy farms will have non-farm
neighbors near them. This set of projected conditions means
increased potential for pollution by dairymen and their opportunities
for confrontations with non-farm residents intolerant of odors, etc.,
will rise. This may force adoption of different waste handling

methods to meet this problem.



Pollution Control Legislation and
the Livestock Industry

Point Source Pollution

The demand for a cleanup of the Nation's water and air has
been ongoing for decades. Such demands became even greater during
the 1960's and eventually resulted in Congressional enactment of
the 1972 Federal Water Pollution Control Act (F.W.P.C.A.). The
stated objective of this legislation is to restore and maintain the
chemical, physical and biological integrity of the Nation's waters.
The agency charged with the responsibility of achieving these
objectives is the Environmental Protection Agency (EPA).

On May 22, 1973, the EPA published in the Federal register
its initial version of the policies and procedures for the National
Pollutant Discharge Elimination System (NPDES) for agriculture.

The significant factor for livestock owners was the specific iden-
tification of livestock operations as potential point sources of
pollution which must either be contained or eliminated. The NPDES
established a permit program which applied to specific point sources
of pollution and considered only those operations which met certain
criteria as outlined by EPA.

The level of pollution control, the timetable for achieving
such standards and the control technology to be applied were stated
in the following sections of the Federal Water Pollution Control
Act:

Section 301.(b) (1) (A)

not later than July 1, 1977 effluent limitations for
point sources, other than publicly owned treatment
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works will require the application of the best
practicable control technology currently available
as defined by the administration.

Section 301 (b) (2) (A)

not later than July 1, 1983 effluent limitations for
categories and classes of point sources shall require
application of the best available technology economi-
cally achievable for such category or class.

The point sources to be considered were as follows (Fed. Reg.,

Nov. 20,

a.

1975):

Man made drainage ditches, flushing systems or other
such devices where measurable waste results and is
discharged into water.

Natural runoff from confined livestock operations
if the following animal concentrations are exceeded:
1000 beef cattle, 700 dairy cows, 200,000 broiler
chickens, 180,000 laying hens, 55,000 turkeys, 4500
slaughter hogs, 35,000 feeder pigs, 12,000 sheep

or lambs, and 145,000 ducks.

Any feedlot operations.which result in direct
discharge of wastes into a stream which traverses
the feedlot regardless of number of animals involved.

Any animal feeding operation falling into one of the pre-

vious categories was required to apply for and obtain a permit.

The permit application, if accepted, would specify allowable amounts

and constituents to be discharged and a schedule for achieving com-

pliance.

On March 18, 1976, in the Federal Register, EPA published

some minor revisions to the permit program. Humenik (1976) has

summarized the current permit requirements and has stated it as

follows:

1.

Permits are required for feedlots with 700 mature
dairy cows that discharge pollutants.

Permits are required for feeding operations with
less than 700 but more than 200 dairy cows only if
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discharges of pollutants occur (a) through a man made

conveyance or (b) directly into navigable waters

which pass through the confined area.

3. Feedlots with less than 200 diary cows are not

subject to the permit requirements unless there is

an on-site inspection and the owner or operator is

notified in writing that such an application is

required.

The enforcement of this program has been given to the states
in most cases. In Michigan jurisdiction over this area rests with
the Water Resources Commission, which is responsible for reviewing
and issuing permit applications. Due to the nature of the livestock
industry in Michigan, few permit requests have been submitted, and
in those cases where a permit application has been made, the Com-
mission has suggested elimination of the pollution via holding
basins, etc., rather than issue a permit to discharge (personal

communication).

Non-Point Source Pollution

Livestock operators have the potential to be point source
pollutors via feedlot runoff, milk house drains, drainage from
waste storage facilities, etc. The EPA, however, recognized the
major sources of agricultural pollution to be non-point source in
nature (Federal Register, November 20, 1975). The F.W.P.C.A.
(Section 208) also recognized non-point pollution to be a major
problem both for agriculture and non-agricultural areas. Section
208 (a) (2) specifically assigned to the Governor of each state the
responsibility of designating representative organizations to assess

non-point pollution problems in various state areas and make
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recommendations for abatement. With regard to agriculture, such
designated groups have the following responsibilities:
Section 208.(b) (2) (F)

such a group shall consider a process to (i) identify

if appropriate, agriculturally and silviculturally

related non-point sources of pollution including

runoff from manure disposal areas and from land used

for livestock and crop production and (ii) set forth

procedures and methods (including land use require-

ments) to control to extent feasible such sources.

At the state level, the Michigan Legislature (1970) passed
the Environmental Protection Act. This act allows the Attorney
General, any citizen, corporation, organization, governmental unit,
or any other legal entity the right to bring action in the circuit
courts of the state against any other citizen--entity for declara-
tory and equitable relief for the purpose of protecting the air,
water and other natural resources of the state from pollution,
impairment or destruction.

The implications of this bill are far reaching and somewhat
indeterminate. Under this legislation one case (Clinton County
Circuit Court File No. 844 [1971] was brought to court. In this
case the farmer won, but many more challenges are likely to be seen
in the future.

It is within the framework of ever-increasing rules and

regulations pertaining to agriculture that tomorrow's dairymen must

exist.



13

Nutrient Losses Associated With
Waste Handling Systems

Nutrient Content of Dairy
Waste

Loehr (1974), Midwest Plan Service-18 (1975) and Walsh et al.
(1975), in addition to many others, have published representative
figures on the nutrient content of animal waste. Caution must be
exercised when dealing with such figures due to the variety of con-
ditions under which they were generated, and on what basis they were
reported. Some reports cite values for the minor elements, but
practically all concentrate on nitrogen (N), phosphorus (P205), and
potassium (K20). The reports previously noted indicate that dairy
cattle manure (feces and urine combined) as it is excreted contains
approximately 10.3 pounds N, 2.4 pounds P205, and 9.8 pounds KZO
on a per ton basis. Recently with higher priced commercial fertil-
izer, energy shortages and legislative mandates to control water
and air pollution, more attention has been focused on the quantity
of nutrients generated by animal industries and the ultimate fate

of such nutrients.

Nitrogen Losses

Nitrogen loss from waste systems generally is of greatest
concern due to its mobility, pollutant potential and value as a
crop nutrient. Fogg (1974) described N losses from various systems
ranging from 15 to 85 percent, and Vanderholm (1975) cited comparable
figures. Vanderholm (1975) also indicated that 50 percent of the

nitrogen in fresh dairy manure is in the ammonia form, which is
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highly volatile and rapidly lost under many circumstances. Heck
(1936) described large nitrogen losses during the interval between
hauling and spreading and soil incorporation. Nearly 75 percent of
the ammonia nitrogen was lost in seven days post spreading if not
incorporated into the soil. Lauer et al. (1976) reported similar
ammonia losses from surface applied waste. Total ammonia loss
ranged from 61 to 99 percent over a 5 to 25 day time period.
Another route of loss for nitrogen is via surface runoff.
Young and Mutchler (1976) reported up to 20 percent of the manure
nitrogen applied to alfalfa plots appeared in spring runoff. Loehr

(1974) and the 1975 Agricultural Waste Management Field Manual of

the Soil Conservation Service also include discussions on nitrogen

loss from runoff in addition to losses via nitrate leaching.

Phosphorus and Potassium Losses

Phosphorus occurs primarily in soil as water insoluble com-
pounds of aluminum, iron or calcium. In most cases these metals
appear as free metals on clay particles and this helps explain the
strong adsorption of phosphorus to soil particles (Loehr, 1974).
Apart from feedlot and field runoff, agricultural practices which
effectively control soil erosion should not contribute substantial
amounts of phosphorus to streams and lakes. Potassium is not gen-
erally considered to be a problem in water pollution.

Therefore, in dealing with pollution from livestock opera-
tions, reduction of nitrogen losses assumes the highest priority

due to its mobility in soil and water. The control of phosphorus



15

and potassium is no less important, but due to their stability in

storage units and in the soil, they present less of a control problem.

Economic Impact of Controlling
Agricultural Pollution

Agriculture's Contribution to
Water and Air Pollution

Some monitoring of pollutant runoff from manure covered
fields and open feedlots or corrals has taken place in recent years.
Such research has had two major goals. First, there needed to be
established a data base for future pollution control guidelines,
and second, such data could be used in answering the questions rele-
vant to effective systems for storing and handling manure to reduce
pollution and maximize nutrient retention for crops.

Reports on this subject are to be found in the 1969, 1972,
and 1974 Proceedings of the Cornell Agricultural Waste Management
Conferences and the Proceedings of the 1st, 2nd, and 3rd Inter-
national Symposia on Livestock Wastes. R. C. Loehr (1974) deals

extensively with this matter in his book, Agricultural Waste Man-

agement. Some of the most frequently used journals for publishing
research pertinent to waste disposal and nutrient movement are:

Journal of Environmental Quality

Transactions of the American Society of Agricultural
Engineers

c. MWater Resources Research

d. Environmental Science and Technology

o

It is beyond the scope of this thesis to detail nutrient
movement in soils, nutrient transformation or crop utilization of

applied nutrients. A previous section on nutrient content of manure
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and nutrient losses has briefly outlined these topics. Suffice it
to say that it is an actively researched area with a rapidly growing
body of literature.

Economic Impact of Controlling
Feedlot Runoff

Enactment of the Federal Water Pollution Control Act (1972)
caused all segments of the livestock industry to assess the economic
impact of both point source and non-point source pollution control.
Buxton and Ziegler (1974) estimated that if all U.S. dairymen were
to control runoff from a 10 year maximum, 24 hour storm the total
industry investment would approach $780 million. This added invest-
ment would hit hardest the dairymen with 20 or less cows. They felt
overall industry efficiency might improve, however, due to some
smaller farms quitting the business or expanding and adopting more
efficient techniques. The technology suggested by Buxton and Ziegler
(1974) was designed primarily for larger herds. There may be con-
trol systems such as grass filtration areas, etc., which would suit
the smaller producer and not prove to be financially overburdening.

Johnson and Davis (1974) analyzed the effect of pollution
control regulations on the U.S. feed-beef industry. They focused on
the 18 major beef st&tes producing 95 percent of the U.S. beef.

They determined that approximately 49,000 beefmen would have to
make improvements totalling $133 million.

A similar economic impact study for the swine industry

suggested that 86,000 producers would be forced to invest to some
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degree in new pollution control technology (Van Arsdall, 1974). The
ultimate effect on consumer prices, however, appeared to be minimal
because of improved efficiency as a result of new waste handling
technology.

Overall Impact of Non-Point Source
Pollution Regulation

Murphy (1974) noted that a comprehensive non-point source
control program was inevitable. Section 208.(b) (2) (F) of the
1972 F.W.P.C.A. specifically applied to agriculture and it specified
that agriculture non-point sources of pollution shall be identified
and control measures recommended. Non-point source pollution con-
trol is mandated now, but the question is: how will it be imple-
mented and what impact will implementation have on the dairy
industry?

Buxton and Ziegler (1975) examined non-point source control
measures in effect or under consideration by several states. They
reported the following general categories of guidelines:

1. Restrictions on application rates of waste per acre.

Such restrictions usually limit the amount of nitro-
gen, manure tonnage or number of animals per acre.

2. Restrictions on spreading manure on land adjacent to

water or residences or on land exceeding a certain

slope.

3. Restrictions on spreading on frozen or snow-covered
ground.

Several studies have been conducted to determine the effect
on livestock producers of certain point source and non-point source

pollution control measures. Good (1972), using linear programming

‘ne
.
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techniques and synthesized representative dairy farms, measured
the impact of applying the following controls:

1. Mandatory retention and disposal of surface runoff
at the production site.

2. No winter spreading of wastes on the land.

3. Mandatory subsurface disposal of wastes.

The effect was measured in terms of labor requirements, costs of
production and returns to the operator's labor and management. The
absolute costs of various equipment were also included. Synthesized
dairies were organized around specific herd sizes, housing systems
and waste handling systems. Good (1972) found that compliance with
the above control policies necessitated additional capital invest-
ment in waste handling equipment and increased the costs of milk
production in all cases. Cold covered housing units incurred the
least increase in total costs, while stanchion barns and open lot
systems experienced the most increase. Cold covered, 160 cow oper-
ations had only a 5 percent reduction in returns to operator's labor,
but stanchion operators with 40 cows suffered a 37 percent reduction.
Therefore, the size factor was considered a potential cause of
smaller operators either leaving the dairy business or expanding.
Such regulation would in effect favor larger operations.

Using beef feedlots as the model and pollution abatement
policies similar to Good's (1972), Forster (1974) indicated com-
pliance would cause some reduced beef production and increased pro-
duction costs. Economies of size were again noted with operations

feeding greater than 100 head experiencing less added costs per head
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than those feeding lesser numbers. For all feedlots, adoption of
the rules would tend to increase asset fixity due to investment in
durables. Effect on consumers was considered to be very limited,
with the main impact being a reduction in beef surpluses. Small
feedlot cutbacks might be offset by larger feedlot increases.
Forster (1974) concluded that the main implications of imposing such
rules would be highly uncertain and unidentified benefits.

Another approach used to assess runoff control costs was
presented by Schaffer et al. (1974). Their working model consisted
of a small watershed in New York State. They developed predictive
equations for estimating losses of nitrogen, phosphorus and soil.
Once the losses were calculated, an economic analysis was done to
determine the costs of farmers of reducing these losses by specific
amounts. Results indicated significant costs to farmers if nutrient
and soil losses were to be reduced by any substantial percentage.

One of the more obvious conclusions resulting from the
various economic impact studies is that small farm units will
suffer more costs per cow than larger units. This may force smaller
units to either terminate their business or expand to take advantage
of economies of size. Economies of size exist with all other farm
systems, so there is a constant pressure to expand.

Stol1l (1974) analyzed problems associated with expansion of
Michigan dairy farms. Of the 47 herds studied, the problems cited
in order of importance were: animal health, labor, heat detection

and manure handling. Expanded farms experienced some production
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losses, increased culling, 13.1 percent increased veterinary usage
during early expansion, and 8 percent increased calf losses during
years one and two of expansion. Reproductive problems also increased
significantly. Finally, nearly 68 percent of all expansions exper-
ienced cash flow problems lasting approximately two years with 10
percent of those being considered serious.

It appears that the assumptions used in many economic
analyses are so rigid that there is no way to include changes in
managerial effectiveness which may accompany many of the expansion
projects. This is difficult to quantify, but it may explain some of
the trends noted by Stoll (1974) and should be brought to the atten-
tion of the farmer who is considering expansion.

To summarize the economic impact of controlling agricultural
pollution, certain conclusions can be drawn. First, more extensive
pollution control measures are inevitable and agriculture must be
prepared to comply. Second, waste handling is only one of many
farm activities and is certainly not considered a revenue generating
unit. Therefore, waste handling techniques will have to be selected
which interfere minimally with other farm enterprises. This means
multidisciplinary thinking is needed to develop the best total system.

Livestock Waste Handling System
Selection and Comparison

Waste Handling Routines

The EPA guidelines and permit program prompted three main

questions from livestock producers:
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a. What are the standards to be met?

b. What systems are available to meet these standards?

¢c. How much will compliance cost?

Environmental Protection Agency guidelines were finalized by 1976,
but even prior to that most farmers were aware of the standards
relevant to point sources. Regarding non-point sources, however,
the specific requirements to be followed have still not been fully
formulated or published. Much speculation still exists about the
specific nature of these controls.

Many authors have characterized the waste handling routine
on livestock farms. Ogilvie et al. (1975) described the process as
involving the following four basic steps: (1) collection of manure;
(2) transfer to storage; (3) storage; and (4) transfer to land.
Cluever and Lubinus (1977) and the Soil Conservation Service (1975)
both presented on-farm waste handling routines very similar to
Ogilvie et al. (1975). Each author described how, within each
phase of the operation, a variety of equipment is available. The
job then becomes one of choosing the various components of the com-
plete system to produce a workable unit which is compatible with
the farmer's capital and labor restrictions.

Several authors have examined viable components and systems
and calculated their initial costs, operating costs, and labor needs.
Johnson et al. (1972) reviewed many feasible systems on this basis.
They examined herd size, barn styles, etc., in various geographic
regions of the nation. Runoff problems varied greatly; open lots
have greater compliance problems than other systems. Most dairies

would have to invest in additional storage capacity if field
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spreading is to be done at times of the year when runoff would be
minimal, i.e., before spring planting and immediately post harvest.
Graves (1975), in an update of an earlier report by Berge
(1971), evaluated waste systems available for 50 and 100 cow herds.
He described a daily haul system as having the lowest initial invest-
ment and a stacking system for solids had the lowest total annual
cost. Below building tank systems cost the most, but the cost of
the floor was not included. Slotted floor units were considered to
be less expensive than below building tank systems. This was due
mainly to no expenditures for alley cleaning equipment. On a total
annual cost basis stacking cost the least while tanks or silo
systems were the most expensive. The high annual costs of ownership
assoicated with liquid systems more than offset the labor savings.
Hoglund (1976) developed investment costs, annual costs,
labor needs, tractor power and electrical energy requirements for
several waste management options designed for 40 to 200 cow herds.
In all cases below building storage proved to be the most expensive.

Selection of Components for a
Complete Waste Handling System

Within each phase of a waste system many different components
are capable of fulfilling the job requirements. The main differences
among components are their labor needs, energy consumption or initial
cost. The technique of selecting components and building a system
has been discussed by various authors. The objective is usually
to assemble a system for the least initial cost, least annual costs

or least labor.



23

When evaluating time to do a particular job, techniques
such as PERT (Program Evaluation and Review Technique) or SPNA
(Shortest Path Network Analysis) have application. Hanratty (1975)
outlined PERT and its mode of application. Use of this technique
allows computation of the earliest completion time of a project by
selection of components which use the least time.

Ogilvie et al. (1975), using SPNA, determined least cost
swine and dairy waste handling systems. They figured the fixed,
variable and labor costs for 100 potentially usable components and
on this basis calculated a least cost network. Economies of size
were also noted for the system studied. The high fixed costs of
liquid systems made total costs less favorable for larger herds, but
variable costs of liquid units ranged from 50 to 70 percent of the
variable costs of all other systems over all herd sizes considered.

Safley (1974), using what he termed "network analysis,"
conducted a study similar to that of Ogilvie et al. (1975). His
program allowed a large number of components to be interchanged and
the initial and annual costs were calculated for each complete system
as well as the labor requirements. With this method, oxidation
ditch systems and covered manure storage proved the most expensive
to build and operate, while daily haul and outdoor stacks were
the cheapest.

Safley and Price (1976) added to the network analysis by
incorporating a factor for manure nutrient value into the various
systems. This fertilizer value was then subtracted from the oper-

ating costs to give a value for "net system cost per year." By
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using this method any system which had the capacity to retain
nutrients would be favored. Systems with daily haul or outdoor
stacks still ranked high due to their low initial investment, while
liquid systems with injection had the highest fertilizer value.
Based on the network analysis Safley (1977) had one very sound con-
clusion. He stated that there is no one "best" system for all farms
and that the decision for system choice depends on a combination of
factors such as net annual costs, personal preference, odor control
and management requirements.

Selection of a "Best" Waste
Handling System

Despite Safley's (1977) statement that there is no one
"best" system, several authors have attempted to define one
(Pherson, 1974; Forster, 1974; Good, 1972). Their analysis techniques
have used simulation or linear programming and, in certain cases,
the two have been used in combination. In such situations "best"
is generally reserved for that system which either minimizes costs
or labor associated with waste handling or allows maximization of
farm profits. When the criteria for systems comparisons are costs,
labor needs or energy requirements, the programs work well. How-
ever, when the criteria for selection become more abstract (i.e.,
water quality, air quality or aesthetics), such techniques are less
feasible.

Whereas the literature cited in the previous section did

not concern itself with labor or capital restrictions, several
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optimizing routines have been devised which do. Amir and Ogilvie
(1977), working with swine waste systems, constructed a model to
choose the best combination of components to minimize annual oper-
ating costs.

Their results showed different systems were optimum for
different herd sizes but in all cases a fully slotted floor with
underfloor tanks, pump and tanker was the second best choice. No
inverse relationship was found between capital invested and the
required manpower.

Safley et al. (1977) extended their previously cited work
by devising an optimization routine for dairy manure handling systems
based on linear programming techniques. The model was for a specific
herd size and designed to examine a complete year. The object of
the model was to minimize the cost of manure handling. Those fac-
tors which were constrained were labor, energy, herd size, land
available and fertilizer value of manure. Solution of their model
indicated a daily haul system had the lowest annual operating costs.

Mote and Taiganides (1975) simulated a swine farm and
devised subroutines for each component that influenced the disposal
of wastes. The following subroutines were included:

Waste production rate for a specific swine population
Waste storage

Soil trafficability
Field application of waste

S wn —

The program called for field application when the storage
unit reached a preestablished level, but before hauling commenced,

soil conditions, crop growth and previous waste application had to
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be checked. If for any reason the waste could not be hauled, the
excess was considered overflow and assigned a cost.

Two problems were noted. Large storage units which were
allowed to completely fill up tended to need emptying when soil
trafficability was poor or crop development propibited spreading.
The second problem was the need for cropping programs which included
some land available for waste application. Cropping programs with
all corn proved to be the worst in this regard for swine operations.
Although not an optimization program, this model did consider all
phases of the farm operation and their interaction.

As was indicated previously, enterprise interdependence is
an important consideration in systems design. Not only is the total
Tabor required critical, but more importantly, when is it required?
With waste handling, the goal is to build a system which permits
the farmer to minimize labor competition with other jobs both on a
daily and seasonal basis.

Pherson (1974) recognized this situation when he examined
ways of defining the optimal beef farmer response to Minnesota
environmental regulations. He dealt with both direct and indirect
costs associated with compliance and, using a whole farm analysis
approach, attempted to maximize profits. Indirect costs were crop
yield reduction due to late planting or harvesting because of the
necessity of having to dispose of animal wastes at critical times.
Pherson (1974) used linear programming to maximize profits when

options were available on housing styles, cropping plans, feeding
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calves or yearlings, and waste handling techniques. Linear program
modelling allowed the development of a year-round schedule for all
activities including planting schedules, and the waste system was
then matched to best fit other farm operations.

Results indicated a slotted floor, liquid system generated
the greatest returns to labor and the solid waste systems ranked
second. Pherson suggested the following reasons for this ranking:

1. Slotted floors seemed to have a faster cattle

turnover rate.

2. No bedding is necessary.

3. Earlier planting and harvesting was possible due

to more rapid waste handling.

This approach considered interactions among various farm
operations and timeliness of these operations as important factors.
A premium was placed on systems which allowed cattlemen to get onto
cropland early in the spring and devote time to cropping. Similarly,
waste systems which detracted minimally from harvesting routines
were rated higher. Other systems were recognized to be so inflex-
ible that competition resulted between them and other farm routines.
Such systems were penalized by suffering increased indirect costs.
The method used by Pherson (1974) combines elements of maximizing
returns and constructing compatible enterprises on a whole farm
basis.

To summarize a review of the literature, it is clear that
federal and state pollution regulations, proximity to navigable
waterways and non-farm rural residents, farm expansion and system

convenience are major factors that will need to be considered in

evaluating existing and future waste handling systems. Safley (1974)
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concluded that no "best" system exists for the dairy industry.
Furthermore, each unit must be constructed in a manner to accom-
modate the personal preferences of individual dairymen. The cri-
teria by which dairy farmers select a system are numerous. However,
it appears the following 1ist encompasses most of these factors:
(a) total initial cost; (b) daily labor requirements; (c) peak
labor demands; and, when they occur, (d) energy demands; (e) main-
tenance needs; and (f) nutrient conserving ability of the system.
The main problem confronting dairymen is not having an organized
method to incorporate selected evaluation criteria so that compar-
isons of several complete units can be made with little or no pre-

vious knowledge about actual systems.



RESEARCH OBJECTIVES

It has been previously noted that the number of total pos-
sible waste handling systems available to dairymen is large. The
best way for an operator to appraise a system he is considering is
to locate a functioning unit and spend time discussing it with the
owners and observing the individual components during operation.
Unfortunately, time often does not allow this and, when it does,
only a few systems might be observed. With these considerations in
mind, the main objectives of this research were as follows:

1. Identify components available for each phase of
waste handling systems.

2. Collect up-to-date price and performance informa-
tion for waste handling equipment.

3. Gather labor data for equipment usable at each
phase of the waste handling process.

4. Develop or adapt a methodology which would allow
large numbers of feasible systems to be assembled
and analyzed on the basis of initial cost, energy
and labor needs, nutrient conserving ability,
annual total costs and net annual costs.

5. Evaluate and compare systems and individual
components over various herd sizes.

29



RESEARCH METHODS AND PROCEDURES

The ability to synthesize large numbers of functional waste
handling systems from individual components and subsequently compare
them depends on two factors. The first is a data base which accur-
ately represents individual components, thus allowing construction
of representative systems. Secondly, due to the large number of
systems that potentially exist, the high speed computational ability
of present-day computers must be utilized or otherwise time becomes
a limiting factor when attempting to assemble and compare systems.

For the systems which shall be described later, data
collection was needed for the following categories of factors:

a. Cost figures for equipment, labor, energy and bedding

b. Labor demands of various waste handling jobs

c. Energy needs of each task

d. Depreciation, interest, repair and insurance rates

e. Bedding requirements

f. Volumes and nutrient content of waste

g. Performance data for various equipment.

There exist in the literature large amounts of data per-
taining to the previous list. Unfortunately, much of it is insuf-
ficiently documented or detailed to be of use to this project.

Those studies which did report data with a detailed discussion of

30
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their collection methods and system design were utilized only when

the present study failed to provide such information.

Labor and Bedding Requirements of
Waste Handling Systems

Labor data for specific waste handling tasks are limited and
often subject to interpretationdue to inadequate descriptions of the
methods used for data collection. MacLachlan (1966) and Safley
(1974) have both published well documented labor statistics for
various waste handling tasks. MWPS-11 (1972) has also published
labor requirements for various irrigation methods when used for
handling animal wastes. These three reports comprise the bulk of
usable labor data pertaining to handling of animal wastes.

In order to establish a sizable data base on labor needs of
waste handling components, a survey was conducted on 35 Michigan
dairy farms with 100 or more milking cows. This lower 1limit in herd
size was chosen due to the large number of dairy herd expansions
which culminate with that number of milking cows. A second reason
was that most expansion projects involve construction of new facil-
ities capable of housing increased cattle numbers. Expansion minded
dairymen usually attempt to examine feasible alternatives and
during this planning stage the only restrictions are those which are
self-imposed.

Farm Study of Labor and Bedding
Needs of Waste Handling Systems

The main study involved 32 dairymen in Clinton County,

located 20 to 30 miles north of the Michigan State University campus.
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Farmers were selected through the recommendations of the Clinton
County Extension agents who were familiar with the county dairymen.
The only selection criterion was that dairymen have approximately

100 or more milking cows. The waste handling systems in use were
expected to represent a majority of the system components and systems
most frequently observed for such herd sizes. With 32 farms on the
study, sufficient numbers of each system component were anticipated

for the most commonly used equipment to allow statistical comparisons.

Location of Farms

The dairymen identified by the county agents were located
in each of the various townships within the county. In order to
facilitate the process of identifying each farm, where it was
located, and adjacency to other dairymen, a county platt book was
purchased and each dairyman's location was identified and marked.

Questionnaire and Arranging
for Interview

Prior to actually identifying specific farms, a questionnaire
was prepared for use at each farm. It was designed to gather most
of the relevant information about each dairyman's waste handling
technique. The questions as they appeared in the questionnaire are
listed in Appendix Table A.1. This material was not sent directly
to the dairymen; rather, it was prefaced by a letter of introduction
explaining what the project involved and who was conducting it.
Subsequent to the preface letter, each farmer was telephoned and

the intent of the project was again explained and a farm visit
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request was made. If the farmer was unwilling to participate for
whatever reason, he was not coerced into it; rather, he was thanked
for his time and it was suggested that the results of the study
might eventually be of some assistance to him.

It was expected that a two or three hour block of time
would be required for each farm visit, so at best three visits per
day would be the maximum. Prior to calling to arrange for an inter-
view, the farm locations within each township were noted. This
allowed dairymen in the same vicinity to be scheduled for interviews
on the same day and thus reduced the miles driven between interviews.
A1l interviews were to be conducted in July and August, and this
meant a schedule which had to avoid conflicts with haying, wheat
harvest and vacations.

The time gap between the telephone call and farm visit was
important due to the tendency of farmers to forget appointments.
Within two days of the phone call they still anticipated the visit,
but by day four their reaction was much less positive, nearly sur-
prise in some cases. When a dairyman expected the interviewer's
arrival, he was generally prepared to give his time freely, but when
he was a bit unprepared, it usually required some diplomacy to get

him into the proper mood to cooperate and participate fully.

On Farm Interview

The previously described telephone contact established a day
and a specific time for the interview. First interviews of the day

were generally scheduled for 8:30 or 9 a.m. Most dairymen had
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finished milking, eaten breakfast and were cleaning up by this
time. Initially a second morning visit was attempted, but farmers
enjoy talking and so usually only one morning interview was completed.
A second visit was scheduled with another farm at 1 p.m. and, if
possible, a third was arranged for 3 p.m. Many dairymen start
milking about 3:30 p.m., so this time slot was not always used. A
self-imposed factor in the interview procedure was punctuality.
Being punctual did not force alterations in the farmer's schedule,
established a degree of confidence and allowed for a more organized
interview. Farm operators are extremely busy and plagued by many
unexpected interruptions, so an interviewer should not further
complicate a dairyman's schedule.

The farm interview was intended to be conducted directly
with the individuals involved with waste handling. In many cases
this was a son, partner or hired man. In such cases, both the owner
and assistant were involved in the interview. In no instance was an
interview conducted without first talking to the owner. Most owners
also needed reassuring at the outset that all information was to be
kept confidential and we only wanted data pertaining to their waste
handling system.

The farm visit was not to gather time-motion data on various
waste handling chores. Rather, the laborer was quizzed regarding
how much labor and time each job required and what equipment was
used for each job. It was felt that each worker routinely did the
same job over a period of months or years and consequently was able

to provide sufficiently accurate data for each event. In many
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cases farmers would elaborate on an answer and such comments were
included if pertinent.

Initially 32 farms were available, but due to rejections
and farms that had too few cows, the final number of usable herds
was 25. The raw data were summarized and are presented in the

results and discussion section.

Equipment Cost and Performance
Survey

In order to price complete waste handling systems, individ-
ual component prices were necessary. New equipment prices are
subject to wide ranges depending on equipment size, options selected
and terms of sale. For this work prices reflect factory prices on
new equipment, sized and equipped in a comparable manner to that
which was described by dairymen in the farm survey. As an example,
the farm survey indicated most dairymen with solids handling systems
used a 280 bushel capacity solids spreader equipped with tandem
wheels and a hydraulic end gate. Consequently, performance and
price information was solicited for this spreader.

Each January, Dairy Herd Management magazine publishes an

extensive list of manufacturers and dealers of farm equipment
according to type of use. Using this listing, approximately 60
firms which sell waste handling equipment were identified. Follow-
ing company identification, a general cover letter was prepared to
accompany the requests for information. The contents specified
why such information was needed and what use would be made of

information provided. In addition, it was made clear in the letter
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that specific company names would not be endorsed or used in the
study but that all cooperating firms would be acknowledged. This
letter is presented in Appendix Table A.2.

Accompanying the letter to each firm was a standardized list
of the various types of equipment for which cost and performance
figures were required. When this 1ist was sent to specific firms,
those pieces of equipment manufactured by that company were checked
on the list and this indicated to the letter recipients what infor-
mation was being requested (Appendix Table A.3).

As the equipment information was supplied by various com-
panies, it was summarized according to category of use on the basis
of cost and, in the case of powered equipment, on the basis of fuel
consumption, i.e., garden tractors, skidsteer loaders, etc.

Another extensive source of information on tractors and

some other equipment was the Official Guide Tractors and Farm Equip-

ment (1977). It is issued quarterly and contains cost figures on
new and used equipment as well as fuel consumption and horsepower
ratings of both later and earlier model tractors. Solids spreaders
were also listed in this guide. This source provided data for fuel
consumption and initial price of the various sized tractors used in
the systems.

These two sources provided most of the equipment specifica-
tions. Various local dealers were also contacted, but in most
cases they had no interest in the project and conseqﬁent]y were

usually reluctant to provide even minimal information. There were
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some very cooperative dealers also, but many were either too busy
or too suspicious to provide necessary data.

Computer Program Development for
Comparison of Waste Handling

Systems
Ogilvie et al. (1975) outlined the process of handling animal

wastes on the farm. Their concepts of this procedure involved up

to seven distinct steps. Within each step there are several possible
options. If a farmer were to build a new system, he would need to
select from among various options for each phase of the system. The
decision would be based on few or no restrictions if a completely
new facility is constructed, or it might include existing equipment
combined with new options to create a new unit. Table 2 presents

the various phases of a complete waste handling system for dairy
which were utilized in this project. Each phase also has a desig-

nated section number.

Table 2.--Phases of dairy waste handling systems.

Waste Handling Phases aﬁ;;;g"
1. Stall type 01
2. Bedding material and method of distribution to stalls 02
3. Floor style 03
4. Floor cleaning procedure 04
5. Movement to storage 05
6. Storage 06
7. Storage agitation and emptying 07
8. Movement to field and land application 08
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Phases 1 and 2 are not considered by most authors. However,
it was felt they are important here because they are involved in
decision making and a decision influences subsequent option selec-
tion; thus, they were included. An example of their impoftance is
illustrated by assuming sand is the desired bedding material. Sand's
lack of absorbancy makes it a poor choice for concrete stalls and it
is incompatible with 1iquid systems.

Following the selection of the waste handling phases, con-
sideration was next given to available options within each phase.
Table 3 lists all options for liquid and solids systems. This list
formed a table of option titles which were stored as a permanent
file at the MSU computer center under the permanent file name,
WITITLES.

The second aspect of the decision model involved development
of a table which listed only feasible option combinations from
adjoining phases and eliminated impossible pairings regardless of
reason. Elimination of a solids spreader from a liquids system
using an impellor pump for storage emptying is an example.

The starting point for this task commenced with the assign-
ment of a number (Section Number) to each waste handling phase and
to each option (Option Number) with each phase (Table 3). As can
be seen, a two digit number was assigned to designate individual
phases of the system and they were numbered as follows: Stall Type
(01), Bedding and Method of Distribution (02), Floor Style (03),
Alley Cleaning Systems (04), Movement to Storage (05), Storage (06),
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Table 3.--System phases and available options.

: Section . . Option
Waste Handling Phase Number Available Options Number
Stall Type 01 Clay 01
Concrete 02
Bedding Material and 02 Sawdust (SKS)* 01
Distribution Method Sawdust (FEL)** 02
Chopped Straw (SKS) 03
Chopped Straw (FEL) 04
Sand (SKS) 05
Sand (FEL) 06
Rubber Mats, Shavings (SKS) 07
Rubber Mats, Shavings (FEL) 08
Rubber Mats, Chopped
Straw (SKS) 09
Rubber Mats, Chopped
Straw (FEL) 10
Floor Style 03 Solid 01
Slatted 02
Floor Cleaning 04 Automatic Alley Scraper 01
Skidsteer Loader 02
Garden Tractor 03
Utility Tractor & Blade 04
Flushing 05
None 06
Movement to Storage 05 Cross Conveyor & Short
Elevator 01
Cross Conveyor & Stacker 02
Piston Pump & PVC Pipe 03
Cross Conveyor, Piston
Pump, PVC 04
Cross Conveyor, Compressed
Air Unit, PVC 05
Concrete Ramp 06
None 07
Concrete Flume 08
None (Slatted Floor) 09
Storage 06 Cement Silo 01
Steel Silo 02
Earth Basin (Solids) &
Liquids Basin 03
Earth Basin Liquids 04
Paved Slurry Basic 05

Concrete Pit Under Slats 06
Concrete Tank Under Barn 07
None 08
Settling Basin & Lagoon 09
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. Section . . Option
Waste Handling Phase Number Available Options NEmber
Agitation and 07 Impellor Pump 01
Emptying Front End Loader 02
Skidsteer Loader 03
Self-Loading Spreader 04
None 05
Impellor & Irrigation
Pumps 06
Movement to Fieild 08 Self-Loading Spreader 01
and Land Tanker (3200 gal.) 02
Application Tanker & 4-Row Injectors 03
Solids Spreader 04
Aluminum Pipe & Stationary
Big Gun Sprinkler 05
Aluminum Pipe, Flexible
Hose Traveling Gun
Sprinkler 06
*
SKS = skidsteer
*%
FEL = Front End Loader

Agitation and Storage Unloading (07), and Movement to Field and

Land Application (08).

Each option within a phase of the system was then numbered

with a two digit number, 01 being Option 1 in each phase.

For

example, Alley Cleaning Systems (04) has six options numbered 01 to

06, and Movement to Storage (05) has options numbered 01 to 09.

This procedure was followed for all eight system phases.

The next step involved creation of all feasible option-

option combinations beginning with Phase 01, Option 01, and Phase

02, Option 01, and continuing through Phase 07, Option 06 and Phase
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08, Option 06. By doing this, all feasible stall/bedding, bedding/
floor, floor/cleaning method, cleaning method/move to storage, move
to storage/storage, storage/storage emptying, and storage emptying/
movement to field combination--were assembled. Table 4 is an
example of the option-option combinations. These actual examples

represent 12 of the 103 total combinations.

Table 4.--Feasible option combinations.

Section Previous New Actual Code of
Number Option Option New Option

1 01 01 01 01

2 01 01 02 02

3 02 01 01 10

4 02 01 02 1

5 02 01 03 12

6 02 01 04 13

7 02 01 05 14

8 02 01 06 15

9 02 02 01 10

10 02 02 02 N

11 02 02 03 12

12 02 02 04 13
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For an explanation of how the option combinations are
listed, an examination of lines 1, 2, 3 and 9 from Table 4 is
necessary. In lines 1 and 2, section number 01 refers to stall
type as listed in Table 2. Since stall type selection represents
the initial decision, there is no previous option, but 01 is entered
in this slot as a filler. The new option code, 01, designates the
first option within stall type and in this case refers to clay
stalls. Line 2 is identical except that new option 02 is used, which
represents concrete stalls. The actual code of the new option
refers to the permanent numerical code given each option and is
reported in Table 3. In the case of the first two lines, the new
option numerical code and the actual code of the option are iden-
tical because of stalls being the starting point of system des-
cription.

Line 3 presents the first option combination between two
phases, stall type and bedding type. Previous option 01 refers to
clay stalls from line 1 and new option 01 designates the first
compatible bedding source (sawdust [skidsteer]), which has as its
actual code the numerical designation, 10. All feasible clay stall,
bedding type combinations are subsequently defined in a similar
manner. Line 9 reflects a switch to a new stall type. It is still
in section number 02, but concrete stalls (02) now become the pre-
vious option. The first compatible new option (01) again refers
to sawdust bedding with a skidsteer, and in Table 4 this is coded

10. This process was repeated until all concrete stall, bedding
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combinations were established. It then advanced to section 03,

floor style, and all compatible floor styles and bedding combinations
were listed. The establishment of combinations was completed when
the last emptying of storage, movement to field pairing had been
constructed. A1l option combinations were stored for future use
under the permanent file name, WICODES.

Construction and Implementation
of Interactive Program

Prior discussion described various phases and options avail-
able for waste handling systems. In this section, the equations
used to describe individual options and complete systems shall be
discussed. In the research objectives section, a 1ist was formu-
lated which represented the majority of factors used by dairymen in
selecting a manure management scheme. Based on that list, a series
of equations was developed for each option which defined initial
cost, or DIRTI costs, energy usage and cost, labor requirements and
cost, bedding needs, annual costs for operating and total annual
costs, the nutritive value of the waste material and net annual
costs. The complete series of equations appears in Appendix Table

B.1.

Variable Names and Descriptive
Equations

Each factor used to describe some aspect of a particular

option was assigned a variable name which in most cases was mnemonic.

Table 5 lists several variable names together with a description.
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Table 5.--Variable names and descriptions.

Variable Name Description
CSLABOR Labor costs per hour
STDIRTR Stall DIRTI rate
STWCSTD Daily straw costs
UTOPCSY Utility tractor operating costs/year
EBSDIGC Cost/cubic yard to dig an earthen
basin

Variable names were limited to seven digits, and if they referred
to an integer number they commenced with the letters, I, J, K, L, M,
or N as is the rule for standard Fortran language.

Many of the variable names describe some aspect of an option
that is constant, i.e., amount of urine and feces produced per cow
per day. Although there is some variation in this factor, it is
often assumed to be fixed. Other variable names define rates of
production or usage. Two examples from the slotted floor section
of Appendix B illustrate this:

(a) SLOTCFT = 2.25

(b) SLFDEPR = 0.05
The first example defines the cost of a square foot of slatted floor
at $2.25, and item (b) describes the per annum depreciation rate as
5 percent. For each of the approximately 1400 variable names there
is an accompanying comment statement describing each one. The

variable name, SLOTCFT, described above is preceded in the program
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by a statement which reads: cost of slotted floor alley ($/sq. ft.).
The values associated with each fixed variable were derived primarily
from data gathered in the two studies described earlier. In some
instances literature values were used when the survey data failed

to provide them.

The second type of equation describes values derived from
calculations involving multiple variables. In all cases such
equations and the associated variable name define a total for cost,
labor, etc., relative to a specific herd size. An example from

Appendix Table B.1 is:
VOLMSTW = TVMANDY + WSMHTFT + VOLSTDY

In this case, VOLMSTW describes the total daily volume of manure,
milk, house waste and straw entering the manure storage unit. The
variable name TVMANDY refers to the total daily volume of urine and
feces, WSMHTFT designates the total daily volume of milkhouse
wastes entering the storage unit, and VOLSTDY specifices the daily
volume of straw.

With the completion of all the variable names used to des-
cribe the options, all the necessary components to build a complete
waste handling system were available. The final essential element
was a computer program which could assemble various systems in their
entirety and describe them in designated terms. It was decided that
the technique allowing the greatest flexibility and opportunity to

personalize the systems was an interactive model which could be
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operated by an operator with a minimal amount of computer training.
With this approach as a goal and the expert technical assistance
of Dr. Roger Neitzel, the effort to develop such a program commenced.

The language chosen was Fortran. It was compatible with
the CDC 6500 computer available at MSU and posed no problems in
terms of writing the program. A1l inputs and outputs were dimen-
sioned at the beginning of the program. Section titles and option
titles from the WITITLES and file, and feasible options from the
WICODES permanent file, were all read in according to the appropriate
format. At this point with the interactive model, a user of this
program receives a printed statement from the computer which speci-
fies the program's cabilities. Table 6 is an example of the type
of interaction that occurs between user and computer during opera-
tion of the program.

It can be seen in Table 6 how a decision at each phase
forces the program to advance to the subsequent section and present
compatible options. Option selection is made by typing in the
appropriate three-digit code for the desired choice. Following this
step the computer asks if you wish to use the option selected. If
the reb]y is affirmative, it proceeds to the next section. If the
response is negative, all options for that section will again be
presented and the user can make an alternate choice.

Following the last decision in section 8, the operator is
asked to indicate via a three-digit number how many cows the system
is to accommodate. Finally, a choice of barn styles is allowed;

either a two alley, four alley or a custom built facility can be
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Table 6.--Sample run of interactive program.

This program calculates the cost associated with a particular
waste management system.
There are eight sections of criteria needed to complete
this task. The sections are as follows:
1 Stall type
Bedding type
Floor type
Alley cleaning systems
Movement to storage
Storage systems
Emptying and agitating equipment
Field transport and application

ONOOYTPAPWN

For each section there are several options. When prompted
with an asterisk, type in the code for the option desired in I3
format, IE 002. For all possible options from this point on-type
000.

Section 1 Stall Type

Code Option
1 Clay stalls
2 Cement stalls
You wish to use clay stalls. Is that correct?

Type Y for Yes, N for No

Section 2 Bedding Type

Code Option
10 Sawdust (Skidsteer)
1 Sawdust (Front End Loader)
12 Chopped Straw (Skidsteer)
13 Chopped Straw (Front End Loader)
14 Sand (Skidsteer)
15 Sand (Front End Loader)
You wish to use Sawdust (Skidsteer). Is that correct?

Type Y for Yes, N for No.

Section 3 Floor Type

Code Option
20 Solid floor
21 Slatted floor
You wish to use solid floor. Is that correct?

Type Y for Yes, N for No.
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Table 6.--Continued.

Section 4 Alley Cleaning Systems

Code Option

30 Auto alley scraper
31 Skidsteer

32 Garden tractor

33 Utility tractor

34 Flushing

You wish to use auto alley scraper.
Type Y for Yes, N for No.

Section 5 Movement to Storage

Code Option

40 Cross conveyor and short
elev

41 Cross conveyor and stacker

43 Cross conveyor ram and PVC

44 Cross conveyor and air unit

46 None

You wish to use cross conveyor and
stacker.
Type Y for Yes, N for No.

Section 6 Storage Systems

Code Option
62 Earth basin solids and
liquids B

You wish to use earth basin solids
and liquids B.
Type Y for Yes, N for No.

Section 7 Emptying and Agitating

Equipment
Code gption
81 Front end loader
82 Skidsteer loader

You wish to use skidsteer ladder.
Type Y for Yes, N for No.

Section 8 ;ie%d Transport and
ication
Code Option
103 Solids spreader

You wish to use solids spreader.
Type Y for Yes, N for No.

Is that correct?

Is that correct?

Is that correct?

Is that correct?

Is that correct?
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utilized. Once the barn style has been designated, the user's
input is complete and the program makes the appropriate calculations
relative to costs, labor, energy, etc. In fact, calculations are
not made for specific systems; rather, all calculations are made
for a designated herd size and the calculated values are entered
into appropriate arrays. Subsequent to this the operator receives
a listing of the system options he previously selected. Finally,
the appropriate figures for the system selected are taken from
their array locations and printed out with explanatory headings,
etc. A typical output from the program is demonstrated in Table 7.
After the complete system is listed as in Table 7, the pro-
gram automatically readies itself for another possible run. All
values which were calculated are zeroed out and the files containing
WITITLES and WICODES are rewound to the beginning. Following this
the operator is asked if he wants to analyze another system. An
affirmative response starts the series of questions described in
Table 6. If the response is negative, the interaction ends and the

user is able to log out.

Creation of A1l Possible Systems

In addition to the need for an interactive computer model
to create selected waste systems, it was also necessary to develop
all possible systems for various herd sizes. This would then permit
comparisons on the basis of labor, energy costs, etc. An operator
prerogative was included in the program for this purpose. Following

the presentation of the two stall choices, if the three-digit code
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Table 7.--Output from computer run for typical system.

The following options have been selected for system number 1

Section Component

Stall type

Floor type

Bedding type

Alley cleaning systems
Movement to storage
Storage systems

Option
Clay stalls
Sawdust (Skidsteer)
Solid floor
Auto alley scraper

Cross conveyor and stacker

Earth basin solids and
liquids B
Skidsteer loader

oo ~ SO H WM —

Emptying and agitating
equipment

Field transport and
application

Solids spreader

Network analysis output for dairy waste handling systems.
Outputs are based on the number of cows in the herd: 100

System Components Initial
Costs

Stall type 1080.00
Bedding material 90.03
Floor style 9625.00
Alley cleaning system 5042.00
Movement to storage 3241.50
Storage system 14440.74
Unloading of storage 10500.00
Movement to field and

application 5000.00
Total System Costs 49019.24

Yrly Mhrs of

Annual Cost Annual
of Ownership DIRTI
PCT(DIRTI) Totals

.14 242.55

0.00 345.60

.14 1299.38

.26 1326.05

.28 917.34

.15 2093.91

0.00 193.45

.25 1250.00

1.21 7668.27

Yearly Units of Energy

Labor Used Labor Used Per Year

(Comp-Event) Costs (Comp-Event)
Stall Type 0.00 0.00 0.00
Bedding material 43.20 151.20 120.95
Floor style 0.00 0.00 0.00
Alley cleaning system 17.16 60.06 16118.40
Movement to storage 29.20 102.20 503.70
Storage system 0.00 0.00 0.00
Unloading of storage 24.18 84.63 67.7
Movement to field and

application 87.54 306. 39 418.56

Total System Costs 201.23 704.48
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Table 7.--Continued.

Yearly Energy Yearly VYearly
Costs Bedding Bedding ’("C‘g;a‘Esgzg
(Comp-Event) Used Costs P

Stall type 0.00 0.00 0.00 242.55
Bedding material 70.16 78.84 1576.80 2143.76
Floor style 0.00 0.00 0.00 1299. 38
Alley cleaning system 805.00 0.00 0.00 2191. 11
Movement to storage 25.19 0.00 0.00 1044.73
Storage system 0.00 0.00 0.00 2093.91
Unloading of storage 39.27 0.00 0.00 317.35
Movement to field and

application 217.65 0.00 0.00 2430.57
Total System Costs 1157.26 78.34 1576.80 11763. 35
Yearly value of manure 5004.15
Net System Cost 6759.20

Do you want an analysis of another system?

000 was entered in place of either 001 or 002, all feasible systems
would be constructed and non-feasible combinations deleted. Due to
the Targe number of possible systems, the output was stored on tape
for further reference with each system being coded for later

identification.



RESULTS AND DISCUSSION

The results of this project shall be discussed in two
general sections. The first section will deal with the farm survey
and the cost and performance data acquired from the manufacturers
of waste handling equipment. From the farm survey the discussion
will center on type of equipment, type of storage and labor require-
ments of various waste handling tasks. The second section will
deal with the initial cost, labor and energy requirements, nutrient
conserving ability and net annual cost of the many systems which
were generated by the computer program.

Farm Survey and Equipment Survey
Information

General Discussion

Approximately 25 of the original 32 farms selected for the
survey supplied usable data for the project. Farms were deleted for
a variety of reasons, including (a) too few cows; (b) owners who
did not agree to participate; and (c) inability to make contact
with the farm operator or establish a mutually acceptable interview
time. Table 8 summarizes the general characteristics of the 25
farms used. Herd size averaged 120 cows and ranged from 70 to 160
milking cows. This satisfied the initial requirement of a 100 cow

average herd size. The daily labor force of three full-time men

52
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Table 8.--General description of 25 participating farms.

Average number of cows 120 + 39
Average daily labor force (full time) 3+ .84
Confinement housing 8

Open 1ot with freestalls 17

Clay stalls 66%
Cement stalls 34%
Sawdust bedding 61%
Straw bedding 23%

Sand 16%
Storage--3 months or more 9
Liquid storage 3
Solids storage 6
Average hauling distance (miles) .33+ .20

usually included the owner, a son or relative and a full-time hired
man or two. In several cases the work force consisted solely of
family members. Farmers tend to avoid hired labor if possible, so
full-time employees are kept to a minimum. It appeared that most
farmers delegate the waste handling chores to sons or the hired man
and opted to use their seniority to do other tasks.

Eight of the 25 facilities visited were confinement barns
and only one of the eight was a warm enclosed building. A1l total
confinement units had been built within the past seven years, while

all facilities with outside lots were older. Most older barns had
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four or five 40 to 50 foot alleys which were perpendicular to the
barn length and each alley was flanked by freestalls. New barns had
two or four alleys which ran parallel to the barn length, the full
length of the building. The new confinement facilities have no

need for multiple access to an outside lot, so parallel alleys are
more logical.

Clay or dirt bottomed stalls were favored by two-thirds of
the dairymen and concrete base stalls were used by the others. Many
farmers with clay stalls inquired about concrete stalls. Most were
concerned that they would be too cold in the winter or they would
cause cow discomfort. The main complaint from clay stall owners
was the necessity to occasionally fix holes in the stall bottom
caused by cows digging out dirt with their feet. This job was
usually done twice yearly and involved about 15 minutes per stall

to add fresh material and level out the dirt base.

Bedding Material

Sawdust (61 percent), straw (34 percent), and sand (16 per-
cent) were the bedding materials used. Sawdust and shavings are
still quite plentiful and inexpensive. Some operators only pay
hauling costs and the material is free. If purchased, the price is
$20 to $30 per ton delivered compared to $50 to $75 per ton for
straw and $3.00 to $4.00 per cubic yard of sand. Sawdust is pre-
ferred due to ease of handling, price, and compatibility with both
1iquid and solid systems. Straw was used mainly in a chopped form

with a few daily haul situations using long-stemmed baled straw.
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Many dairymen grow oats or wheat and provide their own bedding
material for the cost of processing and storage. Chopping the straw
makes it pack better, provides more surface area for moisture
absorption, it stays in the stalls better and is compatible with
pumps used for moving manure slurries.

Sand was used on six farms. Those using it felt the cows
stayed clean and its availability and cost also favored its use.
The sand generally came from the immediate vicinity of the farm,
and the cost of acquisition amounted to digging and hauling costs.
Dairymen not using it questioned its ability to keep cattle clean
and dry and its coldness in winter weather. Sand bedding was
observed to have two limitations. With liquid systems it is very
abrasive on pumps, causing accelerated wear, and in storage units
it settles out to form a non-pumpable layer on the bottom. The
second limitation was with a flushing unit. As cows drag sand out
of the stalls it builds up in two or three days in sufficient quan-
tities to divert the flow of water and lessen the efficiency of
flush cleaning. This necessitates scraping the alleys with a
tractor and blade two or three times weekly to remove the impediment

to water flow.

Bedding of Freestalls

The movement of bedding material to stalls and into each
stall is accomplished with a skidsteer loader or a utility tractor
equipped with a front mounted bucket. These units generally do

double duty by also cleaning the alleys. During the farm survey,
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dairymen were asked how frequently the stalls were rebedded, what
equipment was used, how many people were involved, and how much
time was required. Three observations were not included due to
uniqueness. One added baled straw daily by hand, a second replaced
the sawdust bedding every six months, while the third dairyman used
an unloader trailer normally used for fence line feeding. It took
him 20 minutes weekly to bed 220 stalls. Due to lack of data on
this bedding method, it was not used as an option, but due to its
labor-saving potential it should eventually be included. Table 9
summarizes the 22 observations on frequency of adding bedding. Saw-
dust was the most commonly used bedding material. In Table 10 the
average interval between addition of fresh material is shown for

the three bedding types.

Table 9.--Frequency of bedding stalls with different bedding
material.

No. Observations/Bedding Material

Bedding Replacement

Intervals (Weeks) Sand Sawdust Straw Total
0.5 - - 1 1
1.0 1 3 3 7
1.5 - 1 - 1
2.0 2 2 1 5
3.0 - - - 0
4.0 1 6 1 8
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Table 10.--Replacement interval for bedding (weeks).

Bedding Type
Sand Sawdust Straw

A1l Types

Replacement Interval
(Weeks) 2.3+1.3 2.7+1.4 1.6+1.3 2.3+1.4

Straw is replaced more often than either sand or shavings
or sawdust. Two explanations for this are possible. First, straw,
even when chopped, is more easily pushed out of stall bottoms by
cows than either sand or sawdust. Second, straw is generally stored
on the farm near the barns, which allows easy access to it. Usually
a one-year supply is readily available. Both sand and sawdust are
generally procured from a more distant source in quantities suffi-
cient to bed all stalls once and when again needed this procedure is
repeated. This inconvenience often deters dairymen from bedding

stalls more often, especially if other jobs are pressing.

Time and Labor to Rebed Stalls

According to Table 10, bedding material is routinely added
to stalls about every two weeks on the average. The time and man-
power required are shown in Tables 11-A and 11-B.

Due to only four observations with sand bedding, no major
conclusions can be drawn. It appears that use of a skidsteer loader
and two men is an efficient combination. Those dairymen using sand
bedding and skidsteer loaders all indicated the maneuverability of

the skidsteer allowed the sand to be dumped directly into the stalls.
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Table 11.A.--Time and men required to add sand bedding.

Hours to Add

o, LSdr o Sangwan  gerof  tumber of
1 Front End 6.00 85 1
loader
2 Skidsteer 0.75 120 2
3 Skidsteer 1.00 110 2
4 Skidsteer _1.00 _ 105

X =2.2+25 X-=105+14.7 X = 1.75£0.5

Table 11.B.--Time and men required to add straw or sawdust twice
monthly to stalls.

Farm Loader Time to Rebed Stalls Number of Men
Number Used Twice Monthly (Hrs) Stalls Involved
1 FEL* 0.75 110 3
2 FEL 1.50 65 1
3 FEL 4.00 180 1
4 FEL 5.00 90 1
5 FEL 1.00 110 4
6 SKS** 1.00 100 1
7 FEL 1.50 30 3
8 FEL 2.50 90 1
9 SKS 1.00 85 2
10 FEL 1.50 80 3
1 SKS 0.50 110 2
12 SKS 2.00 115 2
13 FEL 1.00 75 2
14 SKS 4.00 90 2
15 SKS 1.00 115 2
16 FEL 3.00 145 1

X=1.95:1.36 X=102.5%28.58 X=1.94: .93

*FEL = Front end loader; **SKS = Skidsteer
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This greatly reduced hand labor involved with spreading the heavy
sand. The front end loader, being physically larger and less
maneuverable, does not allow the sand to be optimally placed,
resulting in a good deal of hand labor. The use of one man with a
front end loader for sand bedding appears to be slow and inefficient.
Chopped straw and sawdust were combined in Table 11.B due
to their similar bulkiness and handling characteristics. Two men
may be involved in the task, but one man doing it alone is also
common. However, the total time involved with one man is usually
somewhat higher. With two men doing the bedding, the average time
for 102 stalls is nearly two hours using either a skidsteer or
front end loader. The data of Table 11.B are expressed according

to type of loader used in Tables 12.A and 12.B.

Table 12.A.--Time and men required to bed stalls with chopped straw
or sawdust using a skidsteer loader.

Hours Required Number of Men Man-Hours

to Bed Stalls Stalls Involved Per Stall
1.0 100 1 .01
1.0 85 2 .02
0.5 110 2 .01
2.0 115 2 .03
4.0 90 2 .09
1.0 115 2 .02
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Table 12.B.--Time and men required to bed stalls with chopped straw
or sawdust using a front end loader.

Hours Required Number of Men Man-Hours
to Bed Stalls Stalls Involved Per Stall
0.75 110 3 .02
1.50 65 1 .02
4.00 180 1 .02
5.00 90 1 .06
1.00 110 4 .04
1.50 80 3 .06
2.50 90 1 .03
1.50 80 3 .06
1.00 75 2 .03
3.00 145 a .02
2.18 102.5 2.0 0.04

It appears that use of a skidsteer slightly reduces the time
required to bed freestalls, but both systems average two men when
rebedding. Leveling and distributing the sawdust or straw is not a
strenuous task, thus leaving the laborer with small amounts of idle
time between bucket loads. This open time is not sufficient, how-
ever, to allow anything else to be accomplished due to its limited
duration.

When the bedding time was computed on a monthly basis as
time per stall, the average was .04 hours/stall/month using two

people or .08 manhours/stall/month.
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Alley Cleaning Systems

Among the survey farms, six were confinement facilities
using some type of tractor scraper to clean the alleys, and one
utilized an automatic alley scraper. The six tractor scraped facil-
ities were combined with two other such farms which were part of an
earlier study comparing alternate alley cleaning systems. Table 13
summarizes the alley dimensions of the barns, the type of equipment
used to clean alleys and the time required for cleaning using the
various equipment available.

Table 13 reveals that confinement barns with either two or
four alleys are the most common for herd sizes of 80 to 160 cows.
Alley length is a function of cattle numbers and number of alleys,
and in this study the range was 150 feet to 320 feet. The shorter
barns allow manure to be pushed to one end of the facility for
removal or movement to storage. When barn lengths approach 200
feet, the tendency is to scrape one-half the alley to each end or
from each end to the middle. It may be pushed into a pit or tank
under the barn, off a ramp directly into a storage basin, or into
a cross conveyor for movement to a stacker or piston pump. One
problem with scraping long alleys all to one end is that the manure
generally spills over or off the blade, thus reducing scraping
efficiency. This situation is more of a problem for automatic alley
scrapers than tractor scrapers.

Alleys in five of the eight confinement facilities were

scraped twice daily. Confinement lessens floor space per animal,



62

8°£9%9°802 =X 2°LFE°LE =X $'9+9'0¢ =X 8€EF6'6 =X G¥9°L =X G22=X
uapuey SLL or 02 oL z z 8
uapJeg vl 9€ 8L 6 4 2 L
4333Sp LS 092 o€ o€ Gl L 2 9
ALLan 0§l 1] 0¢ ol 2 2 S
4333SpLYS oSt 0€ Gl 14 2 14 14
ALLan 06l ve L 9 2 2 €
fALan 0¢¢ o€ o€ Gl L 2 2
ALLtan 082 02 02 ol L A L
adA| yibua \Mwm» mcwuw»wm K3l Ly Keq mxwwp< *ON
403204] KoLy Le30] /S93NU LK /sonuty  /sbutrdeuds A3quiny wae4

*SA3( (e uuaeq JudwauLjuod jo bupdeads a0joeua)--°gl 9qel



63

and their feet are always wet. Manure accumulation per square foot
of area is greater in confinement barns and this factor, combined
with concern for cow cleanliness and foot problems, has many dairy-
men convinced that twice daily scraping is essential. Greater
incidence of foot problems has not been substantiated, and stall
cleanliness is probably more of a determinant of cow cleanliness.
Finally, clean floors make the barn more presentable to visitors
and to many dairymen this is important enough to justify the fre-
quent cleaning with an alley scraper.

Cleaning time per alley averaged about 10 minutes regardless
of the type of tractor used or alley length. Most barn lengths
range from 170 to 250 feet and, as previously mentioned, long alleys
usually are scraped in halves. Consequently, turning ability is
important to speed of cleaning in many circumstances. Each of the
three tractor types have specific advantages which offset each
other. The utility tractor is less maneuverable but has a wider
blade and is faster than either skidsteers or garden tractors. The
skidsteer and garden tractor are more maneuverable than utility
tractors when tight turns are necessary. Apart from the tractors
themselves, alley design is the largest factor determining speed
of cleaning. If curbs are straight or have no abutments projecting
into the alley, the job is easy to complete in a short time. In
many barns such obstructions exist which may increase cleaning time.
With tractor scraping as described in this section, daily scraping

time would be approximately 40 minutes, or 243 hours annually.



64

The utility tractors being used for alley cleaning are not
the old, 25 HP Fords or Fergusons of 25 years ago. The average
horsepower rating was 53 for utility tractors and 38 for skidsteers.
Such utility tractors are popular due to their versatility for
scraping, loading, moving wagons and use on PTO driven equipment.
The skidsteer is limited mainly to scraping and loading operations
and this makes it difficult for many dairymen to justify owning one.

Table 14 presents the cost for new utility tractors and
skidsteer loaders of the horsepower rating previously described.

The initial cost of the utility tractor and blade is about $1,100
more than a skidsteer loader and, partly due to its greater horse-
power rating, consumes more fuel. This initial price was charged
entirely to the waste handling routine, but ownership costs, etc.,
were charged only according to the amount of time the unit was used
on a yearly basis in doing that job, i.e., scraping, loading, etc.
Charging all of the initial cost to waste handling is meant only to
show how much such equipment would cost if it had to be purchased.
Ownership costs are a more realistic view of machinery costs as

it takes into consideration the time that machine is used for a
particular job. Based on 500 to 600 yearly hours of use, the hourly
fixed costs when using the utility tractor were calculated to be
approximately $7.75 and for skidsteer loaders it was $8.00 per hour.
This higher hourly charge for the skidsteer reflects the lesser

number of hours the machine is utilized.
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Table 14.--Cost and energy usage of scraping tractors (1978 figures).

50-60 HP

Utility Initial Fuel Used 35-40 HP Initial Fuel Used
Tractor Cost ($) Per Hour Skidsteer Cost ($) Per Hour
& Blade

1 11,415 4.2 1 10,295 2.8
2 12,876 4.1 2 8,645 3.2
3 10,823 - 3 8,635 3.4
4 12,092 4.0 4 8,496 3.1
5 11,353 3.9 5 10,100 3.2
6 11,635 4.0 6 9,793 -
7 11,337 4.2 7 12,896 2.6
8 11,350 4.3 8 13,887 2.5
X=11610.13 X=4.10 X=10,435.78 X=2.95
+ 621.20 + 0.14 + 1,864.84 + 0.32

Automatic Alley Scrapers For
Confinement Housing

When cleaning freestall barn alleys with tractor scrapers,
the routine usually involves moving one group of cows into the
holding pen for milking and then scraping the alley which the cows
just vacated. Because this routine requires labor and the use of
a fairly expensive tractor, some dairymen have looked for alterna-
tives. Several firms currently manufacture automated alley scrapers
which generally consist of some type of scraper blade attached to a
continuous chain or cable set in a groove in the concrete floor

that runs the entire length of the barn. This continuous chain is
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pulled by a drive unit similar to that in a gutter cleaner. It
generally is powered by an instant reversing 2.0 horsepower electric
motor. The blades may be either rigid or folding. Both types of
scrapers are illustrated in Figures 1A and 1B.

The blade is pulled down the alley at eight to ten feet
per minute and the manure is pushed along in front of it. This
speed is slow enough to allow cattle to step over it or move out of
the way with no problem. Such cleaners generally have a safety
switch designed to automatically stop the motor if the blade is
obstructed, such as with a cow lying in the alley. Despite this
safeguard, some mishaps have still occurred. The alley cleaners may
be operated continuously, manually or with a time clock set for any
interval desired. The latter is the most commonly observed.

Such scrapers allow floors to be cleaned frequently without
moving the cows or disturbing them. They save labor and keep
floors quite clean depending on the scraping interval. They are
well suited for high density housing situations where excessive
manure buildup could pose a problem. Also, cattle do not have to
be moved out during cleaning. They are limited, however, by barn
lengths exceeding 200 feet due to blade overloading. In such cases
nearly continuous operation is required which results in increased
wear and greater energy consumption. In most cases observed the
units ran approximately 10 to 12 hours per day, or about one-half

hour out of each hour.
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The cost of such units varies according to the manufacturer
and a total cost is comprised of the cost for the chain, motor,
drive unit, corner wheels and blades. Typical cost figures for

several different brands are shown in Table 15.

Table 15.--Cost figures for alley scraper components (1978).

2 HP Motor &
Company  Optae Unit - Cost/foot  Cost/Foot of  grages
Wheels ($)
1 2,686.00 - - 226.45
2 2,175.00 5.490 - 260.00
3 2,575.00 6.50 1.85 145.00
4 1,702.00 5.05 2.00 225.00
5 1,986.00 _5.40 1.50 250.00
X=2,224.50 X=5.59 X=1.78 X=221.29
+ 365.56 + 0.63 + 0.26 + 45.23

A drive unit package usually includes the gearing system,
four corner wheels and the transmission. The cost of a single
phase, reversing 2 horsepower motor must be added to the drive unit
package. Chain costs and runner costs amount to approximately
$7.37 per foot. The groove liner listed in Table 15 is a plastic
type track that fits into the bottom of the groove in the concrete
floor. It resists wear and, due to its smoothness, lessens chain
wear as well. Example 1 in Table 15 used a 3/8 inch cable to pull

the blade. It was strung about two inches above the floor and
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needed no groove in which to run. This system is less common

than those with drag chains running in a groove. The standard
chain costs about $5.60 per foot and is nearly identical to gutter
cleaner chain. Finally, scraper blades cost about $220.00 apiece
and there is one per alley. The abrasiveness of the concrete
causes wear, and may increase the frequency of repair or replace-
ment depending on how frequently they are operated.

Movement of Waste Material to
Various Storage Units

The method used to move manure to storage depends primarily
on the consistency of the material and the type of storage utilized.
The most basic combination involves a slatted floor over a pit.
Defecated waste drops directly through the slots or is worked
through by the action of cattle hooves. Another simple technique
utilizes a concrete pit under a barn, with the barn floor being
part of the tank roof. A slot is built into the floor and manure
is scraped to it and allowed to drop into the tank. Tractor
scrapers and automatic alley scrapers can be used with this type
of storage. Both systems eliminate the equipment, labor and energy
necessary to move waste to storage, but storage costs can be high.
Concrete pits cost approximately $1.00 per cubic foot of storage
and when urine, feces and milk house cleaning water is all added
to the pit the volume per cow per day can approach 3.0 cubic feet.
One hundred eighty-day storage costs approximately $54,000 per 100
cows. Such storage units are only for liquid wastes; too many

solids create emptying problems.
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Other liquid storage units include above-ground concrete
and steel silos and earth basins. Here again, about 3.0 cubic feet/
cow/day is needed along with a factor to account for rainfall that
may add to the volume to be stored. Concrete silo storage costs
about $0.70 per cubic foot and steel silos cost approximately $0.90
per cubic foot. Earth basins with no concrete in the bottom and a
cement ramp average about $1.25 per cubic yard excavated. This
lack of concrete makes the earth basin the most economical form of
storage.

The most common method used to fill silos and earth basins
is with a piston pump which is situated in the barn. The manure is
moved into the receiving hopper and it is then forced by the piston
through a 12-inch diameter PVC pipe which empties into the bottom
of the storage unit. Figure 2 illustrates how this type of system
might work with various types of storage. The manure can be
scraped directly into the hopper. More liquid materials facilitate
pumping. Drier material is difficult to pump for long distances
and may cause plugging. Often the parlor waste water is pumped
into the cross conveyor or water is added directly to the receiving
hopper from a water source near the pumping unit to optimize pumping.

The piston itself can be either hollow or solid. The hollow
piston tends to plug more easily with coarse bedding. Turns in the
pipe are kept to a minimum with each elbow being embedded in con-
crete to stabilize it. Pumping distances up to 160 feet are possible.
Greater pumping distances increase the risk of plugging. This

causes many such units to be manually operated and observed while
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in operation. This may require extra labor but tends to reduce
breakdowns and shutdowns due to plugging. The power source is
generally a 10 HP electric motor and pumping time usually involves
two 15-minute periods per day.

The advantages of the piston pump system are (1) underground
pipe prevents freezing, and (2) bottom filling of storage facilities
limits the exposure of fresh manure to air, which reduces odors and
improves retention of nutrients mainly by preventing ammonia loss.
Straw or sawdust bedding in liquid storage forms a thick crust or
mat which serves to keep odors in and lessens nutrient loss. The
main disadvantage of the mat is the difficulty in breaking it up
when the facility is being emptied. It requires a high volume
impellor pump in combination with a 80-90 HP tractor and 12 to 14
hours of agitation time to homogenize the stored material. Periodic
agitation during storage unloading is also necessary to keep the
solids in suspension.

The most common solids storage is a concrete slab with at
least one wall available for pushing against when loading. Currently
many of the slabs have been placed in a six to eight foot deep
earthen basin with the earth walls on the inside of the basin having
a 2:1 or 3:1 slope. The cement slab is surrounded by earth walls on
three sides and on the fourth side is located a gradually sloped
cement exit ramp. This ramp is generally about 40 feet wide to
allow a loader to maneuver. Graves and Loudon (1977) and MWPS-18
(1972) offer more detailed descriptions and designs for such

facilities.
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A major problem with such units is the accumulation of rain
water which makes the stored waste too sloppy to remove with a front
loader, and too thick and solids laden to pump with an impellor
pump. Several types of dewatering devices have been used, such as
perforated pipes and a "picket dam" which is 2x6's placed on end
with small gaps in between. This latter approach has been used
successfully on many Michigan farms. The drained-off fluid has a
high pollution potential and must be kept from waterways by allowing
it to drain through grass waterways or collect in small basins which
may also be used to store milkhouse wastes. Such liquids have a
low solids content which allows it to be easily pumped out if the
need arises.

Loading such solids holding facilities is most commonly
done with a cross conveyor and a 40- to 60-foot stacker or a push-
off ramp. This allows manure to be dropped into the deepest part
of the pit. Obtaining a certain amount of solids buildup before
severe freezing occurs is necessary to prevent the whole pile from
freezing and building up too high. When there is the initial
manure buildup, the bottom manure won't freeze but slowly spreads
out, allowing the cone to slowly sink down. Solids storage facil-
ities can also be filled from the bottom with a piston pump. In
the latter case fresh manure is always added to the inside of the
pile. Although such a technique is frequently described, it is not
commonly used in Michigan. The various equipment and storages

previously described have been summarized in Tables 16A and 16B.
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Table 16.A.--Manure transfer equipment for solid waste material
(cross conveyor and stacker).

_ . . Complete Unit Cost
oo v L N LM A Y
Number Cost* Cost** Foot Stacker

1 2,750 248 7.50 4,348

2 2,820 248 6.75 4,283

3 3,698 248 6.90 5,188

4 3,400 248 6.89 4,888

5 2,650 248 8.45 4,419

6 2,469 248 _6.60 3,845
X=2,964.50 X=248 X=7.18 X=4,495.16
+ 479.28 + 0.0 + 0.69 + 475.30

*
Drive unit, 50-foot elevator plus supports.

*%
Same brand name motor used for each system.

Table 16.A lists the cost of individual components needed
for movement of solid wastes to storage. A 2 HP motor provides
sufficient power and total costs approximate $4,500.00 for the 40-
foot wide barn. Liquid transfer systems are more expensive, with
the piston pump combination costing about $6,500.00 versus
$9,800.00 for the compressed air system. A 10 HP motor with the
piston pump provides sufficient power to handle all wastes without
undue motor strain. Some early piston pump installations used 7.5
HP motors, but overloading caused the switch to more powerful motors.
Compressed air systems are a new concept and not widely used in
Michigan. The concept is simple, but it appears they can be used

in combination with silo storage.
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Table 16.B.--Manure transfer systems using piston pump or compressed

air unit.
Basic 10 HP Cost/Foot Complete System Costs
Unit Unit Motor 12" 0.D. with 140' Distance
Cost* Cost** PVC Pipe to Storage****
Piston Pump Units
1 4,450 700 8.10 6,284
2 4,500 700 10.00 6,600
3 4,500 700 7.50 6,250
4 4,000 700 8.50 5,890
5 4,590 700 - -
6 5,500 700 - -
X=4,590 X=700 X=8.53 X=6,256
+ 492.34 +1.07 + 290.47
Compressed Air Unit
1 8,120 430%*** 8.50 9,790

*
Includes collection hopper, drive unit, piston and check
valves.

*%
Same brand name electric motor used for all systems.
sk
* 5 HP electric motor.

**k kKX ’
Does not include installation fee.

Concrete push-off ramps can be used with tractor scrapers
to move both solids and semisolids into appropriate storage basins.
Accurate cost figures for ramps are unavailable, but $1,000.00
would probably be a fair estimate. They provide one of the simplest
methods for loading storage facilities along with slats and floor

openings with pits underneath. They are dangerous and some users
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have installed a heavy steel railing across the front to prevent
accidentally driving a tractor off the ramp into the manure pit.

Table 17 presents cost figures for the various storage
systems and includes all the costs involved for excavating, concrete
work, etc. It does not include unloading equipment, etc. The
table indicates concrete pits are the most expensive to initially
install, steel silos the next most expensive, and an earth basin
for liquids the least expensive. Earth basins for solids and
slurry basins both cost about one-fourth that of the pits and silos.
Each unit requires a large volume of concrete and the solids basin
cost includes a picket fence dewatering device and a small liquids
basin for runoff water and milkhouse waste water. The least
expensive storage is the earthen basin for liquids which has a
narrow conérete ramp. The price includes the cost of concrete and
the price for excavating and building of the earthen berms.

Impellor Pump for Emptying
Liquid Storage Units

Most dairy farms utilize significant amounts of fibrous
bedding material to keep cattle clean and dry. This material
eventually ends up in the storage facility and, with liquids
storage, it tends to float to the surface and form a thick mat.

This mat keeps odors in, but at emptying it must be blended into

the rest of the mixture to allow pumping. The most frequently util-
ized piece of equipment for this task is a low head, high volume
impellor pump powered by an 80-90 HP tractor. The intake impellor
is usually equipped with cutting blades which allow the bedding
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Table 17.--Cost of various storages designed for 100 cows and 180
day storage.

Storage Type Cost
Cement silo $35,280
Steel silo 45,360
Earth Basin, Solids 11,190
Earth Basin, Liquids 3,750
Cemented Slurry Basin 11,101
Pit Under Slats 50,400
Tank Under Barn 50,400

material to be chopped finer and be more easily pumpted. Up to 20
hours of agitation time may be necessary to properly homogenize a
volume from 100 cows for six months.

Once the slurry has been adequately mixed and is pumpable,
the same impellor pump can be used to fill tank wagons. Loading
rates of 2,000 gallons per minute are feasible if the liquid wastes
are sufficiently dilute. Such pumping rates allow 3,200 gallon
tankers to be filled in 1% to 2 minutes.

Impellor Pump and Irrigation Pump
for Emptying Liquid Storage Units

In circumstances where large volumes of dilute liquids such
as lot runoff, flush water or milkhouse and parlor waste water are
added to manure storage units, irrigation appears to be a convenient

way of transferring it to fields. Despite the extra water, such
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material usually needs substantially more dilution water to allow
pumping with irrigation pumps. This may involve adding one to two
volumes of fresh water per volume of stored wastes to lower the
solids content to 3 or 4 percent. Mixing this complete mixture
with an impellor pump is generally done in conjunction with using
the irrigation pump. The dilution water may triple the total volume
to be pumped and total pumping time may be increased due to the low
pumping rates of irrigation pumps and the large volume to be pumped.
A pumping rate of 300 to 500 gallons per minute is common for such
pumps.

One note of caution is the need to have ventilation systems
functioning properly when agitating pits under slats. Trapped gases
may be released in sufficient quantities to asphyxiate or poison
cattle if air transfer is inadequate. Another problem associated
with agitation is that it allows a lot of ammonia gas to be released,
which lessens the nutrient content of the waste. Tables 18 and 19
summarize the costs and pumping capacities of commonly used impellor
and irrigation pumps.

Many companies manufacture impellor pumps, and the average
price was $3,500.00, while the average price of three irrigation
pumps capable of moving liquid manure through a half mile of pipe
and out a sprinkler gun was $2,570.00.

Previously it was explained how a basin with a bottom
liner of concrete was sometimes used to collect and store manure
and rain water. The resulting mixture is often too flowable to

handle with a front end loader and not dilute enough to be pumped






79

Table 18.--Cost, agitating capacity and pumping capacity of
impellor pumps.

ipeLlor Pur cara D
1 3,332 1,850
2 3,487 2,000
3 3,230 -
4 3,392 1,950
5 4,733 1,900
6 3,150 1,850
7 3,263 -
8 3,213 1,950
9 3,360 2,000
10 3,550 1,850
1 3,806 1,900
12 3,032 -
X=3,462.33 X=1,916.67
+ 448.43 + 61.24

Table 19.--Cost of irrigation pumps.

Company Cost
1 2,887
2 2,450
3 2,375
X=2,570.66
+ 276.51
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with an impellor pump. One firm manufactures and markets a self-
loading spreader for such slurry type material. The unit is backed
directly into the flowable mixture and a continuous paddle belt

at the rear of the spreader is immersed into the waste material.

When operated this continuous paddle belt moves the waste to an
intake auger which loads the tank wagon. The main restriction is

the waste material must be fluid enough to flow to the paddle belt.
Such a unit is manufactured in three sizes ranging from 1500 to

3200 gallon capacity. Loading time for the 2200 gallon model is
approximately seven minutes and the cost of the spreader is $8,500.00.

At this time their use is limited, but they are available.

Solids Storage Unloading
Equipment

Solids material stored on concrete slabs surrounded by

earthen walls is removed with either a skidsteer loader or a utility
tractor equipped with a front end loader. On farms where manure is
handled as solids, these tractors would also be used to scrape the
alleys. In each case these units would have multiple uses, but
waste handling would utilize the most equipment time. Ownership
costs per hour of use were $4.75 for the skidsteer and $8.00 per
hour for the utility tractor. This lower rate for the utility
tractor is due to its being used more hours annually than the skid-
steer. The front end loader unit was valued at $2,500.00 with
approximately 50 percent of its use time being for loading manure
and bedding replacement. Total ownership costs for the utility

tractor, front end loader combination consisted of both tractor and
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front loader ownership costs. In Table 20, time to load a 275

bushel spreader with either a skidsteer or front end loader is given.

Table 20.--Time to load 275 bushel solids spreader with skidsteer
or front end loader.

Farm FEL Load Farm SKS Load
Number Time (min) Number Time (min)
1 10 1 8
2 15 2 3
3 10 3 10
4 3 4 5
5 8 5 5
6 10 6 3
7 5 X=5.7

+ 2.8

8 5
9 10
10 5
11 10
12 8
13 5
14 4
15 7

X=7.7

+ 3.2
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Based on 15 survey responses, loading time with a front end
loader is 7.7 minutes, with the range being 3 to 15 minutes. The
time involved and variability depend a great deal on the consistency
of the manure, the loading area and room for maneuvering. On the
average, skidsteer loaders used 5.7 minutes to load a spreader.
Superior maneuverability in confined areas and faster shifting time
may partially explain the more efficient loading time.

Movement of Waste Materials From
Storage to the Field

Four choices exist for this job, and the selection depends
partially on the consistency of the waste material. The use of
1iquid hauling tankers or solids spreaders had no effect on the
hauling distance, which averaged 0.3 miles from site of loading

to the unloading location.

Solids Spreaders.--Spreader capacity for those dairymen

handling manure as solids averaged 270 bushels. The spreaders are
equipped with tandem wheels and a hydraulic end gate. In many cases
the manure being transported is quite sloppy and would flow out the
back of the spreader if the end gates were not used. The average
price for the spreader was $5,000.00 and required a 75-80 HP tractor
to pull it. Unloading time based on farm survey responses averaged
5.7 + 2.8 minutes for 18 operators and this did not include transit

time to and from the field.
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Liquid Tankers.--Eight farm survey participants used liquid

spreaders to convey waste material to the field. Table 21 summarizes

unloading times and spreader capacities for those eight dairymen.

Table 21.--Spreader capacities and unloading times for liquid

tankers.
Farm Number Spre?gg;]gzggcity Unzg?glggsgime Un1o?gga% Rate
1 1,500 2.5 600
2 3,250 5.0 650
3 3,200 5.0 640
4 3,200 5.0 640
5 2,250 5.0 450
6 3,000 5.0 600
7 3,200 4.0 800
8 3,000 5.0 600
X=2,825 + 626.8 X-4.56+ .90  X=622.5:5.7

Most dairymen use a liquid spreader with about 3,000 gallon
capacity with no injectors. The unloading rate for such units is
about 600 gallons per minute with an average unloading time for a
3,000 gallon spreader being nearly five minutes. The combined
spreader and load weight is nearly 15 tons and requires a 90-100 HP

tractor to pull it. Also, the weight can cause soil compaction in
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row crops or soil which is wet. The use of injectors is possible
with liquid spreaders and both 2-row and 4-row assemblies are avail-
able. A commonly used unit is a 4-row set of injectors on a tractor
mounted tool bar. Liquid manure is forced through a hose connecting
the spreader and injectors and the manure exits behind the chisels.
When injecting the chisels are forced into the ground about ten
inches deep and the waste is deposited in the furrow and then
covered with dirt. This method greatly reduces odor and conserves
maximum amounts of nitrogen, but does require a 100-120 HP tractor
to do the job. According to manufacturers, injecting does not
slow down the unloading process because four large diameter exit
ports prevent restrictions. Row crop injecting does go slower due
to turning at row ends and attempting to minimize crop damage.

The average cost for a 3,200 gallon liquid spreader was
$7,335.00 and a set of four injectors added another $2,500.00 in

costs.

Irrigation Equipment for Waste
Handling

With longer storage time and larger herd sizes, the large

volumes of accumulated 1iquid wastes cause many farmers to seriously
consider irrigation equipment for storage emptying and field appli-
cation. None of the 25 survey farms had irrigation, but several
were interested in it. For this project, manufacturer supplied
performance and cost data were used in conjunction with Midwest
Planning Service Manual-18 (1975) and the Soil Conservations's Field

Hand Book (1975). Two basic irrigation systems were examined.
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One involved use of aluminum pipe and a manually relocated big gun
sprinkler nozzle with a 1% to 1% inch diameter nozzle. The second
system involved a combination consisting of aluminum pipe, flexible
hose and a traveling sprinkler nozzle with a potential total run

length of 800 yards.

Stationary Big Gun Sprinkler.--This particular system

involves a lower investment than the traveler system but requires
much more manual labor. The large bore nozzle is set up with a
stabilizing stand and attached to the irrigation pump with six inch
diameter aluminum pipe. Such equipment would seldom be purchased
simply to irrigate liquid waste and for the computer program it was
assumed 25 percent of the use time would be for waste handling.

The normal wetted circle diameter was approximately 400 feet, or
about three acres. Following the completion of each set the unit
must be shut down, the pipe disconnected and the stand and nozzle
relocated for the next set. It was assumed one man could do this

in one hour.

Traveling Gun Sprinkler.--This unit involves some of the

same equipment as the big gun sprinkler. A similar impellor pump
and irrigation pump are used along with 800 yards of six inch

diameter aluminum pipe. In addition, 400 yards of flexible hose
is used to connect the aluminum pipe outlets to the traveling gun
sprinkler. The traveler itself is comprised of a portable winch
powered by a 20 HP gas motor. The winch unit is anchored firmly

and the cable is reeled out to its maximum and attached to a three-
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wheeled trailer on which is mounted a 1% to 1% inch diameter nozzle.
To the nozzle is attached the flexible hose through which is piped
the liquid waste from the storage unit. As the material is pumped
through the nozzle the winch pulls it along at a predetermined

rate which essentially governs the rate of waste application. The
process continues until the cable is completely reeled in and then
the rig must be reset by repositioning the winch. Labor usage is
minimal with this system; mainly it is used in conjunction with a
tractor to reposition the winch and trailer and handle the agitating
process.

Table 22 presents a comparison of the cost of both systems
along with labor requirements for specific tasks involving each
unit as used in the computer program.

It is obvious that these two systems represent different
levels of labor-saving technology. The traveler system is much
less of a labor user, but initial cost and energy usage are greater.
The traveler unit is probably the smallest user of labor of all
waste application systems. One of the penalties for use of an
irrigation system is the loss of a large amount of nitrogen to the
air. Agitation results in some losses and the spraying of the
material into the air in a large arc further increases the escape
of ammonia nitrogen, which detracts somewhat from the labor savings.
The hand set sprinkler is probably no less of a user of labor than
hauling solids or liquids with a spreader. Due to the tripling of
the total volume with dilution water, many sets have to be made

and this causes a large input of labor. If such a system is used
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Table 22.--Comparison of stationary big gun sprinkler and the
traveling gun system for irrigating liquid wastes.

Stationary Gun Traveler
Sprinkler System

Length of aluminum pipe (feet) 3,960 2,640
Feet of flexible hosing - 1,320
Cost/foot--aluminum pipe $3.25 $3.25
Cost/foot--flexible hose - $8.50
Cost for 1% to 1% nozzle and support $750.00 -
Cost for traveling gun sprinkler - $8,000
Percent of time used to irrigate waste 25 25
Men used to set up 2.0 2.0
Hours to set up 2.0 2.0
Time to set up from scratch (hours) 5.0 4.0
Hours/set (0.5 inch application rate) 2.0 -
Area covered/set 3.0 24
Time to reset (hours) 1.0 1.0
Men to reset 1.0 1.0
Men to dismantle 2.0 2.0
Time to dismantle (hours) 5.0 2.0

with a flush system where the dilution water is already added to

some extent, then irrigation is much more useful than with other

systems.
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Comparison of Systems Available
for 100 Cow Herds

When the program was working properly and the descriptive
equations had been specified, all possible systems were synthesized
for a 100 cow unit by using the 000 option at the beginning of the
program. This generated 4,208 feasible systems based on the
restrictions that had been incorporated to prevent impossible option-
option combinations. Liquids storage was used for 2,672 systems,
1,024 handled wastes in the solid form and 512 slurry basin systems
were possible. Handling animal wastes as a liquid appears to per-
mit a Tot more flexibility in system design. In order to make some

meaningful comparisons among systems, two approaches were taken.

Comparison Method 1

A11 feasible systems were developed for the 100 cow herd and
were stored on a permanent file tape for later analysis. For this
herd size only, all options were compared on the basis of total
initial cost, annual costs of ownership (DIRTI), yearly labor needs
and labor cost, annual energy needs and cost, yearly bedding used and
its cost, total annual costs, nutrient value of the material and
net annual costs.

Clay stalls for 100 cows cost $1,080.00 for curbing and
clay while concrete platform stalls were $3,900.00. The concrete
costs made up the approximately $2,000.00 difference in price.

The initial bedding costs were $90.00 for sawdust, $169.00 for
shavings and $270.00 for sand. If rubber mats were used in concrete

stalls, they added another $50.00 per stall initially but did lessen
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bedding usage in stalls to some degree. Addition of bedding
material with a skidsteer loader used about one-third as many man
hours of labor as did the front end loader. This results primarily
from the superior in-barn maneuverability of the skidsteer. The
faster addition of bedding and more precise dumping into stalls
results in a lot less labor for leveling the material. The skidsteer
is very handy with heavy sand bedding for the above-mentioned reasons.
The annual bedding material used cost $1,576.00, $3,450.00
and $2,956.00 for shavings, straw and sand, respectively. The per
unit costs used were the market prices for the individual bedding
materials. Farmers may be able to obtain bedding cheaper than this

if they grow their own straw or use sand from their farm.

Slatted vs. Solid Floors.--Slats cost approximately $2.25

per square foot to install versus $1.75 for solid floors. Cattle

on slats usually are given less floor space per animal, which helps
force the manure through the slots and into the pit beneath. Using
less space per cow somewhat offsets the higher per unit costs, but
the slatted floor still costs $10,125.00 compared to $7,500.00 for

the solid surface.

Alley Cleaning Options.--Floor cleaning labor requirements

in many systems represent 50 to 60 percent of the total labor
annually used to handle wastes. If labor is to be saved, this is
one place to attempt it. Many floor cleaning options exist, and in
Table 23 those available in the computer program are listed and

compared.
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Table 23.--Cost, labor and energy needs of floor cleaning options.

Total Annual
.y Annual  Annual
Initial Annual Energy  Labor Own and

Option

Cost Cost Costs Costs OPEggtlng
Alley scraper 5,042 1,326 503 60 1,889
Skidsteer 10,500 1,927 419 843 3,289
Garden Tractor 2,500 410 196 843 1,448
Utility Tractor 11,500 1,144 501 843 2,488
Flushing 10,950 3,074 21 559 3,445

If the initial purchase price of a skidsteer and utility
tractor were charged solely to alley cleaning, then flushing and
tractor scrapers would have the highest initial cost, with automatic
alley scrapers being next and the garden tractor would cost the
least. The ability to use the tractors for other jobs spreads the
cost of ownership over several enterprises and makes the utility
tractor's annual costs comparable to those of the alley scraper.
The skidsteer is less versatile and has higher ownership costs,
while flushing is the highest at $3,074.00.

Energy costs for the alley scraper and skidsteer are both
$500.00 annually, while the garden tractor and flushing use about
$200.00 yearly, which is the least.

The main advantage the alley scraper provides is less
labor. Apart from repairs, the only labor needed is a few minutes

per week to lubricate and check the system. This compares with
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approximately 20 minutes per alley per day when tractor scraping
twice daily. Flushing also uses less labor but winter scraping

and occasional alley scraping result in higher labor needs than the
alley scraper.

On the basis of total annual costs, the garden tractor is
lowest, the alley scraper is next, and the flushing system is the
highest. If a dairyman were interested in lessening the labor
needed for waste handling, an alley scraper or flush system might

fit his needs.

Storage of Waste and Waste Transfer Equipment.--When an

operator decides to build waste storage, he actually has to make
three major decisions. One involves the style of the storage unit
and the other two involve how he will fill and empty the facility.

In Table 24 are presented the most commonly used storage
systems for Michigan conditions. The five liquid units range in
price from $3,750.00 for an earth basin to $50,400.00 for concrete
pits under the barn. For solids storage some form of the concrete
bottom earth basin is most commonly used. It is similar to the
earth basin for liquids, but the large amount of concrete in the
bottom forces up the price. The concrete lined slurry basin also
has a higher cost due to the great amount of poured concrete.

The under-barn pits for liquids may have the highest
initial cost, but they do eliminate storage filling equipment in
those systems where they are used, and this may be an $8,000.00

expenditure. The upright silo storages are generally filled with a
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Table 24.--Comparison of storage units for 100 cow herd size.

Storage Facility Initial Cost Annual DIRTI Costs
Cement silo 35,280 4,410

Steel silo 45,360 5,670

Earth basin, solids 11,190 1,622

Earth basin, liquids 3,750 544
Concrete slurry basin 11,100 1,332
Concrete tank under barn 50,400 6,300
Concrete pit under slats 50,400 6,300

None 0 0

Settling basin, Flush lagoon 17,850 2,588

piston pump located in the barn and linked to the storage by under-
ground PVC pipe. This unit is also used to fill earthen basins for
liquids and solids. The cross conveyor and stacker combination are
the most common units to fill concrete-bottomed earth basins, but in
some cases concrete push-off ramps are used in conjunction with
tractor scraping. The options available for storage filling are
listed and compared in Table 25.

Whenever a piston pump or compressed air unit is used in a
waste handling system, it will be the most expensive transfer unit
in terms of initial cost, annual ownership costs, labor and energy
requirements and total annual costs. As indicated in Table 25, cross
conveyors are less expensive in all categories, while the concrete

push-off ramp is the least expensive.
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Table 25.--Storage filling options.

Annual Yearly Annual Total
Option Initial Costs of Labor Energy Annual
Cost Owning Costs Costs Costs
Cross conveyor,

short elev. 3,267 925 102 25 1,052
CC + stacker 4,706 1,331 102 25 1,459
Plston pump, 6,665 1,953 639 105 2,697
CcC, PP, PVC 9,438 2,738 639 130 3,507
cC, air, PVC 12,863 3,358 639 84 4,081
Ramp 1,000 135 0 0 135

None 0 0 0 0 0

Concrete flume 1,575 197 0 0 0

None (slats) 0 0 0 0 0

When storage is utilized, it must eventually be emptied and
this may pose some problems in certain situations if adequate
unloading equipment is unavailable. With liquids storage the bedding
material tends to float to the top and, before emptying, this must
be thoroughly mixed in as described previously. Only one option,
the.impellor pump, is designed for this agitation and unloading job.
If the mixture is well homogenized first with an impellor pump and
is sufficiently dilute, an irrigation pump may be used to empty and

transfer the material to the field.
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For solids removal both front end loaders and skidsteer
loaders are used to load spreaders. If the material is high in
solids, these loaders can fill a 275 bushel spreader in five to
seven minutes. The skidsteer is a bit faster due to its superior
maneuverability, but utility tractors designed for loading also are
very efficient. Table 26 compares the various unloading units

available for 100 cow operations.

Table 26.--Storage unit emptying options.

ers Annual Total
Option Ig;g;a] gég{g Labor Egg:gy Annual
Costs Costs
Impellor pump 3,500 1,025 209 202 1,886
Front end loader 14,000 454 104 46 746
Skidsteer 10,500 193 84 39 317
Self-unloading
spreader 8,400 738 344 306 2,126

None 0 0 0 0 0
Impellor and 6,100 1,216 175 1,029 4,606

irrigation pump

Handling stored wastes as liquids or as a slurry requires
equipment which costs the most, uses the most labor and energy, and
has the highest total annual costs. This is due to at least two
factors. One is the large volumes of water which are moved with

liquid manure and this takes more energy and labor. In addition,
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there is a great deal of time and energy expended to break up the
crust of bedding and thoroughly blend it into the liquid portion.
In.all cases except the skidsteer in Table 26, total annual cost
column has in it an ownership factor for the tractor used to power
the unloading equipment. As an example, for an 80-90 HP tractor
used to power the impellor pump, this amounts to the hourly use
charge for the tractor for ownership multiplied by the hours
actually used annually. In this case it amounts to $450.00.

Unloading solids from storage requires less labor and energy
and is accomplished with multiple use equipment that is usually
available on dairy farms. The self-unloading spreader requires a
large tractor to power it, is slow to load and has a fairly high
initial cost but is useful in situations where the waste material
is too thick to pump but too liquid to load with conventional

Toaders.

Movement to Field and Land Application.--For this project

deposition of manure on the land was the only end-point considered.
With the exception of irrigation of highly diluted wastes, some
type of liquids or solids spreader was used. The specifics of the
various options have been previously described, and Table 27 pre-
sents a comparison of them on the basis of cost, energy and labor.
The figures in Table 27 deal only with movement of waste
material to fields and do not pertain to loading time or the energy
required to pump the material. Such data were presented in Table

26. Irrigation systems are very expensive to buy, especially
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Table 27.--Equipment used to move dairy wastes to the field.

‘s Total
. Initial Annual Labor Energy

Option Cost Cost Costs Costs égg::]
Self-loading

tanker 8,400 1,512 283 252 2,667
3200 gallon

tanker 9,500 2,688 229 179 3,588
Tanker plus :

4- row 12,000 3,313 234 212 4,361

injectors
Solids spreader 5,000 1,250 306 218 2,431
Aluminum pipe

& stationary 13,620 817 330 0 1,147

sprinkler
Aluminum pipe,

hose, travel-

ing gun 27,800 1,460 124 172 2,937

sprinkler

traveler units, but it was assumed for this study that only 25 per-
cent of their total use time would be allocated to application of
wastes to the field. On an annual cost basis, the tanker with
injectors was the most expensive and the stationary gun sprinkler
the least costly. Al1 the transfer to field equipment other than
irrigation options is used only for manure movement, which causes
their ownership costs to be higher than multiple-use irrigation
works.

The labor needs of the stationary gun sprinkler unit was the

highest of all options. This system must deal with a doubled or
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tripled volume of wastes due to the addition of dilution water and
the sprinkler and pipe must be repositioned after each area has been
irrigated. This need for a lot of hand labor plus the extra volume
makes this a heavy user of labor. At the other extreme is the
traveler system. Given sufficient hose and a large field, the unit
may run 8 to 12 hours with no need for labor. When it has to be
repositioned, this is accomplished with a man and tractor. Of the
spreader units, the solids spreader has a bit higher labor require-
ment than the others, with the 3,200 gallon liquids hauler having
the least.

Energy usage is zero for a stationary sprinkler system in
this program because all the pumping energy has been charged to the
emptying and agitation option. Other movement to field options use
energy, with the large tanker requiring the least and the self-
loading spreader the most. Injecting and application from a solids
spreader require about the same amount of energy. This may be due
to the larger number of trips to the application site with the
smaller volume solids spreader. Dairymen with 100 cows might use
a 2,200 gallon unit with injectors; however, tractor mounted 4-row
injectors would require about the same amount of energy because the
rolling resistance offered by the tanker is small compared to that
of the injector.

On the basis of total annual costs, the injector unit with
a 3,200 gallon liquid spreader was highest, followed by the traveler

system, while the stationary gun sprinkler was lowest.
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If dairymen want to use irrigation equipment for transferring
liquid wastes to the field, they should understand that stationary,
hand moved systems require at least as much labor as other hauling
units. Traveling gun sprinklers use much less labor than other units
but initial cost would prohibit installing such a system just for
waste removal, unless it could be purchased as second hand equipment
for a reasonable price. In many cases farmers buy such equipment
to irrigate corn and then using it for waste removal is feasible
and justified.

Comparison of Waste Handling Systems for
100 Cows on the Basis of Storage Type

Most systems are classified as either liquids or solids and,
while technically this refers to the solids content of the waste
material, it can also define storage types. To compare various
systems using different storage types, mean totals were calculated
for all complete eight option systems using each of the storage
facilities. A complete listing of all criteria mean totals is pre-
sented in Table 28.

Total component costs for systems using under-barn concrete
pit or tank storage were the most expensive, followed by the silos.
The daily haul system was by far the cheapest in terms of initial
cost. When earthen basins were used, waste handling components up
to the storage phase were quite similar and storage costs were also
about the same as were the total systems cost. Flushing increased

total system costs a substantial amount due to the cost for extra
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storage capacity. MWith silo storage systems, storage costs account
for 50 to 60 percent of the total system costs, whereas with lagoons
or earth basins the storage costs as a percent of total system costs
ranged from 6 percent for the earth basin for solids to approxi-
mately 30 percent for the settling basin and lagoon for the flush
system. Liquid systems in general- require more labor due to
extensive pumping times and greater volumes to be handled.

Energy usage was greatest for liquid basin systems and
next highest for below building tanks and silos. The first two
system types were compatible with irrigation unloading equipment,
which has the greatest energy needs of any of the unloading units,
as is noted in Table 26. Also, liquid systems in general use more
energy for the same reasons they require more labor. This is also
reflected in total annual operating costs and total annual costs,

which show liquids systems to have higher costs than solids systems.

Nutrient Retaining Ability of Systems

One other factor that needs to be considered when selecting
a waste handling system is its ability to retain nutrients. This
topic was discussed in the review of literature section. Loss of
nutrients at any stage of the waste handling operation is of concern
to both the farmer and to the environment as well.

It was assumed for this project that freshly defecated fecal
material contained 100 percent of the phosphorus, potassium and
nitrogen. As the manure is moved through each waste handling phase,

the potential exists for losses, especially of nitrogen in the form
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of volatile ammonia. Phosphorus and potassium are more stable and
losses tend to be low.

Nitrogen losses concern the farmer because of its value as
a plant nutrient especially for corn, and its loss to the environ-
ment contributes to the pollutant load of streams and lakes. For
nitrogen losses, literature reports were used to assign a percentage
loss to each waste handling option. A1l losses for the eight sec-
tions were totaled and subtracted from the original 100 percent
which left the cow. Of the total nitrogen making it to the field,
only 50 percent of it will be available to growing crops during the
first year post application. This quantity was multiplied by the
per unit price of commercial nitrogen to obtain a value for the
nitrogen portion. It was assumed 60 percent of the phosphorus
would be available and 100 percent of the potassium. Each was also
priced on a basis similar to nitrogen and the three added to give a
total value for the manure nutrients.

People are correct in assuming that liquids systems have the
potential to save the most nutrients, especially nitrogen, but
various handling procedures associated with liquid wastes may dras-
tically reduce its nutrient content. Agitation with an impellor may
cause losses of ammonia from stored liquids greater than those
associated with emptying a solids basin with a front end loader.
Systems using impellor pumps were penalized accordingly and if
irrigation was used they were further penalized. Another factor in
nutrient losses is the post application procedure. If waste is not

rapidly incorporated into soil, up to 80 percent of the ammonia may
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be lost in three to five days. Farmers need to be aware of this
factor in addition to which handling procedures cause the greatest
nutrient loss. No attempt was made to calculate losses of nutrients
associated with post application practices for this study.

Based on the procedures used for this study to assess
nutrient losses, silo storage systems were ranked the best, followed
by daily haul and cemented slurry basins. Earth lagoons for liquids
systems were ranked as the worst for nutrient conserving ability.

As mentioned earlier, liquid storage is an efficient conserver of
nitrogen compounds, and Safley (1977) indicated a steel silo had
retained 99 percent of the nitrogen up to the time of emptying. Most
liquid units require a lot of agitation and pumping and if irriga-
tion is used there is more potential for loss. Each procedure
causes ammonia loss which may more than offset the superior nitrogen
retaining ability of the liquids storage unit. Each 5 percent loss
of nitrogen results in a loss of about 1,000 pounds of total nitro-
gen per 100 cows on an annual basis. This amounts to about $180.00
per 5 percent nitrogen loss when nitrogen is valued at 18¢ per
pound. In terms of total nutrient value, two systems would have to
differ a great deal in the nitrogen conserving ability before a
great difference would be noted. This area of nutrient losses is
difficult to accurately estimate and is subject to interpretation in
most cases.

When all factors are considered, daily haul systems had

much the lowest net annual costs, solids basin systems were next,
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while silo systems resulted in the highest net annual costs followed
by the underbarn tank systems and the flush lagoon systems. Nutrient
retention was not sufficient to lower the liquid storage systems

net annual costs to those of the solids or slurry system.

Comparison of Commonly Used
Waste Handling Systems

The trend toward larger herd sizes and confinement housing,
coupled with a scarcity of farm labor and rising energy costs, has
forced dairymen to adopt energy and labor efficient waste handling
systems as well as other farm systems. Herd sizes considered for
this part of the study ranged from 100 to 300 milking cows. This
range was chosen for two reasons. First, many Michigan dairy herd
expansions result in this approximate number of cows. Second,
individual confinement barns can usually accommodate up to 300 cows.
When cow numbers exceed this, buildings are replicated. With most
expansions, only one building is considered.

Rather than attempt to somehow compare all feasible systems
over a range of herd sizes, 58 systems common to Michigan or showing
potential for Michigan dairymen were chosen. This group was then
ranked to discover the five highest and lowest in terms of initial
cost/cow, annual labor/cow, yearly energy costs/cow, total annual
costs/cow, and net annual costs/cow. The ranking procedure was
conducted for 100, 150, 200, 250, and 300 cow herds. Appendix
Tables C-1 to C-5 contain the output for the 58 systems according

to herd size.
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Initial Cost

The most expensive systems ranged in price from $900.00 to
$1,050.00 per cow at the 100 herd size. Such units utilized liquid
storage, either below building tanks or above ground steel silos.
Irrigation equipment or liquid tankers with injectors were used for
movement of waste to the field. As herd size increased, per-cow
costs declined. This scale effect has been noted by Forster (1974)
and Ogilvie et al. (1975), among others. Even though per-head costs
decline, the same systems which proved most costly for 100 cow herds
also were highest for the 300 cow operation. Unit costs of $710.00
to $775.00 per cow existed at this herd size.

At the other extreme, the least expensive systems at all
herd sizes were either daily haul solids systems or units with earth
basin storage for solids. Daily haul systems averaged $220.00 per

cow at the 100 cow herd size and $150.00 per cow with 300 cows.

Energy and Labor Needs

Despite their high cost, many dairymen have installed or
are considering systems with slatted floors, below building storage,
silo storage, and irrigation equipment. The intent is to exchange
capital for labor and energy. When the 58 systems were ranked
according to labor needs, several of the tank and slatted floor
combinations required the least labor annually irrespective of herd
size. Slatted floor systems averaged 1.29 man hours/cow/year at
the 100 cow herd size and 0.81 man hours/cow/year with 300 cows.

However, a daily haul system also ranked among the five systems
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requiring the least labor. Unfortunately there is no accurate or
easy way of affixing a cost factor to the inconvenience of daily

hauling of waste or to the potential for environmental damage due
to runoff and water contamination.

The units requiring the most labor were flush systems and
liquid basin systems. These systems have a fairly high labor demand
at each phase and require a lot of labor and energy for agitation
and pumping due to crust formation and the increased waste volume
associated with flushing. The annual per-cow labor needs ranged
from 7.0 man hours for 100 cow herds to 5.5 man hours at the 300
cow level.

Energy demands of the slatted floor systems using tankers
or stationary gun sprinklers were the lowest among the 58 units
selected. Such systems use little or no energy for alley cleaning
or movement of waste to storage. This lowers annual energy costs
to $4.00 to $5.00 per cow for 100 cow herds and $3.00 to $4.00 for
300 cow herds. Irrigation with the hand moved gun sprinkler system
is a labor demanding job, however, so there is a tradeoff between
energy and labor when this component is used. In most cases the
slatted floor units are the costliest, but they do allow a reduction
in the labor and energy required.

Systems using silo storage units are the next most expensive
in terms of initial cost, but they have a high energy and labor
requirement at all phases. This tends to make them less acceptable
because there really is no tradeoff between capital investment and

labor or energy.
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The heaviest energy users were flush system utilizing irri-
gation equipment. This was true at all herd sizes. Energy for
pumping water, occasional scraping, agitation and pumping of a
greatly increased volume of waste material forces the energy costs
to be high. For 100 cows the five most costly systems in terms of
energy costs ranged from $31.50/cow/year for a flush system with a
traveler unit for irrigation to $17.50 for the flush unit utilizing
a tanker plus injectors for field application of waste. Siphoning
flush water from the lagoon could reduce energy demands both by
lessening the volume to be handled and cutting down on energy needs
for fresh water pumping.

When compared on total annual costs, silo systems and flush
systems were the most expensive due primarily to high costs of
ownership associated with expensive storage facilities. In addi-
tion, both systems use great amounts of energy and labor, as has
been previously discussed. Daily haul systems and slurry basin
systems had the lowest annual costs for ownership and operating.
They both use moderately priced equipment, there is no agitation
required, and there is no need for elaborate and expensive movement
to storage equipment. Such factors contribute to higher ownership
and energy costs.

The liquid systems have the highest nutrient conserving
ability, but this does not lower the total annual costs sufficiently
to allow them to approach the low net annual costs of daily haul

and slurry system. If as stated earlier a value could be placed on
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inconvenience of daily hauling and the associated pollution poten-
tial, the outcome might well be reversed or rearranged. As it is,
silo and flush systems have the highest net annual costs for all

herd sizes.



CONCLUSIONS AND RECOMMENDATIONS

Two primary objectives existed for this study. First was
the development of an interactive computer program capable of
assembling operator designated components into complete waste
handling systems. Objective two involved comparing various waste
handling systems based on costs, energy and labor needs and nutrient
conserving ability.

The computer program has been completed and is capable of
interacting with an operator via telephone. With the options pro-
vided for each section, approximately 4,000 individual systems can
be assembled. The program is also capable of accepting new options
without revamping the complete package. This may be of benefit in
future years as new equipment evolves.

During the farm visits for data collection, it was made
clear by dairymen that labor savings, convenience and minimal
intrusion on the time available for other farm activities were the
main factors dictating the choice of waste systems. Initial cost
and nutrient conserving ability were considered to a lesser degree.
Waste handling is still viewed by most dairymen as strictly a labor
and energy demanding function with Tittle return on their investment.

Many dairymen use outside lots for cattle and the potential

for runoff exists in many cases. Few dairymen feel threatened by
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current EPA regulations, but most new facilities being constructed
do include storage units capable of holding 180 days waste material.
Also, many of the new units are total confinement barns. Environ-
mental regulations contribute some to this trend, but the improved
ability to production group and mechanize feeding and waste handling
activities has also been a major factor.

Many more options exist for handling dairy wastes as a
liquid than as a solid. This stems primarily from the large assort-
ment of storage facilities and movement to field options. With the
exception of earth basin storage, systems utilizing liquids storage
are much more expensive than solids systems. Such facilities may
represent 50 to 70 percent of total system costs.

The two heaviest users of labor were the twice daily clean-
ing of barn alleys and the movement of waste material from storage
to the field. Automatic alley scrapers and slatted floors provided
the only reduction of labor needed for daily cleaning. Flushing
also is a labor saver, which may have application in Michigan, but
some winter scraping may be required.

Storage emptying requires a large amount of labor and energy
regardless of whether solids or liquids are being handled. With
liquids, added water from several sources increases the total
volume to be hauled and this causes them to utilize more energy and
labor than solids. Irrigation requires the addition of large
amounts of dilution water and unless a traveling sprinkler unit is
used, the amount of labor involved is as great as with other

emptying systems.
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The nutrient conserving ability of liquids systems is higher
than solids systems, mainly due to the storage facility. However,
most 1liquid storage units require large amounts of agitation which
causes nitrogen losses, and some of the advantage may be lost.

In terms of its monetary value as a fertilizer, a lot of nitrogen

can be lost and yet the dollar loss may be only $200.00 or $300.00.
As a consequence, most dairymen do not consider their manure supply
to be worth as much as some of the research reports would indicate.

This program has potential to benefit dairymen consider{ng
new facilities. The designing of a successful waste system involves
defining the needs of the operator, incorporating his preferences
and limitations, and then assembling the appropriate components to
meet those needs. The program would allow this to be done for
several feasible systems to allow comparison. The most logical
user of the program would be dairy specialists at the county agent
level.

In order to do this the program should be made available
as a Michigan Tel-Plan program. Extension people are knowledgeable
in the use of such programs from prior experience with other
such units. Someone would have to take responsibility for getting
it into the proper format and keep cost figures, etc., in the pro-

gram current.



SUMMARY

An interactive computer program has been developed which
allows individual dairymen to assemble waste handling systems that
meet their specific needs. The user can construct systems for 100
to 300 cows and receive an output describing total costs, annual
labor and energy costs, value of the manure, total annual costs and
net annual costs. The program was designed with enough flexibility
to accommodate new options and allow new systems to be assembled
and compared.

When all systems were compared, it was found that no single
system emerged as best. Rather, it depended on the operator's needs.
Exchanging large sums of initial capital in some cases lowered
annual labor needs, but usually increased energy needs. Only two
opportunities exist where major savings of labor can occur. One is
at the alley cleaning phase and the other is with movement of waste
to storage. Automatic alley scrapers, flushing, and slats lessen
alley cleaning labor, while below-building tanks, cross conveyors
and stackers and gravity flow flumes reduce movement to storage
labor. The traveling gun irrigation system is the only way to
reduce movement to field labor, but the energy requirement is high.

Liquids storage with the exception of earthen basis is

expensive, often constituting 50 to 70 percent of the total system.
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They also require a lot of energy and labor to agitate the contents
due to the formation of a tough layer of bedding material. Liquid
storage is the best method to conserve nitrogen, but many of the
post storage phases for liquids tend to lose a good deal of the
retained nitrogen.

Liquid system combinations are much more numerous than
solids systems, with great ranges occurring in initial price, labor
and energy needs. With all systems a scale effect was noted as herd
size increased. This was true for liquids and solids systems.

Nearly 70 percent of farms interviewed for this study either
used outside lots and needed to incorporate runoff control or had
no storage facility. It is also reasonable to assume that many
Michigan dairymen will be altering their system sufficiently to
require the use of the program which has been developed. The most
logical user of this program is the county extension dairy special-
ist, who has both the need for such a program and the opportunity

to run it often enough to become proficient at it.
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Table A-1. Farm survey form for waste handling systems

1. Farm Code

2. Farm Owners Name

3. Number of cows housed in the facility

4. Available labor on a daily basis

HOUSING SYSTEMS

1. Which style housing is used for milking herd
a. Cold enclosed freestall, total confinement
b. Cold enclosed freestall, outside lot
c. Warm enclosed freestall, total confinement
d. Warm enclosed freestall, outside lot

e, Stanchion barn

f. Bedded pack, outside lot
2. If outside lot used, how much area must be scraped daily
3. 1If freestalls used, indicate the following:

a. Number of alleys

b. Length of alleys

c. Width of alleys
4. What type of bedding is used

a. sawdust

b. straw

c. woodchips or shavings

d. sand

e. other
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Table A-1 (cont'd.)

S.

10.

11.

12.

13,

14.

What type of equipment or method is used to clean alleys in the

freestall barn
a. automatic alley scraper d.
b. s8kid steer style loader e.

c. garden tractor with
blade £.

How many times/day is alley cleaned
When is the alley cleaning done

1. continuously

2., only while cows are in holding pen

3. while cows are in freestall barn

How long does each cleaning require

25-70 HP tractor

flushing with occasional
tractor scrape__

slotted floors

How many men required per cleaning

Is the manure cleaned from each stall every day Yes No

How many times/day is this done 1

How much time does this require on a daily basis

How often is bedding material normally replaced or added to

l. once/week

2. once/2 week

3. once/3 week

4. other

How long does this require each time

l. 1-2 hours

2. 2-3 hours

3. 3-4 hours

4. 4-5 hours

5. more
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Table A-1 (cont'd.)

15.

16.

17.

18.

19.

20.

21.

How is manure handled

a. scraped directly into a cross conveyor

b. » " " a piston pump

c. " " " storage unit

4. " " " an area with a buck wall
e. " " " a pile in a lot area

f. flushed directly into a flume or sump

If a cross conveyor is used, how many times é;r day is it operated
a. one time

b. 2 times

c. more

How long does it run with each operation minutes

Does someone observe it while it's operating Yes No

If a piston pump is used, how many times/day is it operated
Time/operation

Does someone observe it while it is working Yes No

SOLIDS HANDLING SYSTEMS

1.

Which method is used to load spreaders

a. push manure off from a ramp directly into a spreader
b. use of a skid steer loader

c. use of a conventional tractor with a bucket

d. gutter cleaner and short elevator

Spreader size in bushels A. B.

How much time is needed to load the spreader with a loader

Approximately how far is it to the most commonly used unloading
site

How long does it take to unload a load
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Table A-1 (cont'd.)

6.

7.

Approximately how many days of manure storage do you have

How long does it take to empty when full days

LIQUID AND SEMI LIQUID SYSTEMS

1.

10.

11.

12.

13.

14.

Which type of storage is used for manure sfo:age only
a. upright steel silo

b. wupright cement silo

c. earthen lagoon

d. underground cement tank

e. under barn pit

Storage unit dimensions

a. height or depth

b. length

c. width

What is approximate storage time with this system

Is washwater and milkiqg parlor water added to the storage
system Yes No

How long must storage unit be agitated prior to pumping days

What is capacity of the pump used for agitating and filling tanks
GPM

What is volume of tankers being used A. Gal. B. Gal.

How long is required to load a tanker

What HP tractor is used on the pump HP

What HP tractor is used on the tanker HP
How long does it normally take to unload a load minutes

With irrigation, how long does the initial setup take

How many people needed

How long for each reset
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Table A-1 (cont'd.)

15.
l6.
17.
18.

19.

How many people
How long per set

How many people to observe

How completely do you empty the storage

How long does this take

YOUNG STOCK INFORMATION

1.

Number

Housing style
Frequency cleaned
Storage system used

Time needed to clean
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Table A-2. Introductory letter to equipment dealers

MICHIGAN STATE UNIVERSITY

College of Agriculture and Natural Resources East Lansing < Michigan
Department of Dairy Science - Anthony Hall - 48824
Telephone (517) 355-8433

Dear Sir:

I am currently a graduate student in the Dairy Department at Michigan
State University and part of my thesis project involves a very detailed
cost and labor analysis of commonly used waste systems for dairy
cattle. The herd sizes being considered are 75-400 milking cows.

Due to the detail and scope of this study I am requesting information
from more companies than before and also I'm asking for updated cata-
logues and price lists from companies that may have participated
previously. )

I realize there are reservations on the part of companies to divulge
price information for something such as this. Let me assure you that
my only need for such figures is to compute an average price and a
range in prices for each components of each waste handling system. No
ranking or comparison of systems by brand name will be made and all
contributing companies will be acknowledged.

If possible I would greatly appreciate receiving an up to date equip-
ment catalogue as well as a current price list. In the event a cata-
logue is unavailable, please include any available information and
prices regarding the items checked on the following page. If this is
not possible please advise me of the name and location of your nearest
dealer so that I might discuss my needs with him.

Sincerely,

Winston Ingalls

Return to:

Winston Ingalls

Dairy Department

Room 17 Anthony Hall
Michigan State University
East Lansing, Michigan 48824

WI/1lb
Enc.
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Table A-3. Equipment information check, list

I Would Appreciate Receiving Technical Information and Cost Data on the
Following Items:

1. Front end loaders for use with a 45-60 H.P. tractor

2. 250-350 bushel conventional solids spreader with hydraulic
end gate

3. 2500-3500 gallon liquid manure spreaders

4. Injector systems for liquid manure spreaders
5. Flail type tank spreaders

6. Self loading slurry spreader

7. Cross conveyors for barns up to 100 feet wide

8. Manure stacker or elevator (30-50 feet)

9. Portable liquid manure pumps for agitating and filling
tankers

10. Stationary pump to agitate and fill tank wagons

11. Irrigation pump designed to move lagoon wastes up to one-
half mile through irrigation pipe and big gun sprinkler

12. Big gun sprinkler for manure slurry

13. 1Irrigation pipe (price/foot or per standard length)

14. Traveling gun sprinkler

15. Free .fall barn alley scrapers (chain, blade, drive unit)

16. Above ground liquid manure tanks with recycling pump

17. Hollow piston or solid piston manure pumps (pump, drive
unit, hopper and PVC pipe)

18. Compressed air manure mover

19. Slotted floors for dairy cattle (cement)
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APPENDIX C

COMPARISON OF 58 COMMONLY USED WASTE
HANDLING SYSTEMS FOR 100-300
COW HERDS
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Summary of systems for 100 cows.

Table C-1:
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Summary of systems for 150 cows.
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Summary of systems for 250 cows.

Table C-3:
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Summary of systems for 250 cows.

Table C-4:
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Summary of systems for 300 cows.
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