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ABSTRACT

~The trend towards more and larger confinement swine production operations

has meant that largér Quantities of localized manure have to be diésipated iﬁ
cost~efficient andfenvironmentélly acceptable ways. Land appliéatibn of the
'k4.manure to agricultural ‘crops represents an excéllent‘manure utilization scheﬁé
as~well és sound en?iroﬁméntal managément when application rétes are based on
crop;ﬁutrient requireﬁents. Evaluations of wﬁich'manure management alterna-
Gt tivés for’storage, treatment, handlingAand land applications afe best for
particular situationé depend upon. several factors, such‘as ease of management,
laﬁor'cénstraints, Capitél available,  land and cféps available;'and environ=-
‘Vmental considefatibns; - Collection of waste management technical data and'
evéiuation;of théieconomics‘of the variéus feasibieaalternative manure
management'systems were the major objecfives<of this project.

In this study, the major facilities, treatment,; and land application |
"oﬁtions for 1iqﬁid swine manure wetre identifiea and investment and operating
costs Were~eétimated.' A mathématiéal(integer lihear'prpgramming modél was
: dgvelépéd~to estimaté costs of manure management éystems ahd to.determine’_
,which nfitheksystems was the optimal or least-cost system.A A1§o, suﬁsidiary

models were déveloped to compute various technical‘and cost coefficients fof
 use iﬁ the mainlmodel. Examples include the model for caléulating‘the timé
aﬁd-labor requiréments.for spreéding liquid manure with a ténk wagon,'and
the;model fdr;déterminiﬁg the nutrients made avéilable by ménure applications
!at varidﬁs times and rates.

Technical and cost (1978 rates) information are presenéed in’tableé
and the”optimization;model (integer linear programming model) is desdribed,,
but only a‘small number of analyses using the model is presented.
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SUMMARY AND CONCLUSIONS

Technical and cost data for the major facilities, treatments, and land
application options for liquid swine manure wére tabulated for use in economic
-evaluations of the various options. The three types of swine production opera-
tions which were considered were: (1) the feeder pig finishing operation, (2)
the feeder pig production operation, and (3) the farrow to finish operation.

_Housing flooring and storage pit costs and manure production were estimated
for these major types of operations. Other major factors which were evaluated
were ‘liquid manure transport by tank wagon and irrigation systems, lagoon

treatment, and manure value for crop nutrients when applied at various times
‘and rates.

Much of the technical data and cost estimates were obtained from stralght—
" forward computations, but many assumptions were used in making estimates of
some data. Using different assumptions could possibly change some of the
results of the analyses, but based upon cost comparisons of specific system

components for various sizes of operations, some of the major conclusions for
spec1f1c components are:

(1} Flooring and in-house pits: Any operation which hauls liquid manure
will require some minimum level of storage for convenience, but additional
storage would not be worthwhile. The preferred depth of storage pit is three
feet, and the preferred floor is totally slatted floor because of lower labor
costs for cleaning. TFor operations using a lagoon, the preferred flooring
typé is also totally slatted floor with periodic flushing to the lagoon.

(2)  Soil injector: Injection of manure to conserve nutrients is
economically advantageous for large operations but not for small ones. The
break-even sizes are-about 30,000 to 60,000 1bs liveweight, depending upon the
type of swine operation.

(3) Tank wagons: The optimal size of tank wagon indcreases as the opera-
tion size increases. The changeover points for increasing tank size depend
crltlcally on the wash water dllution that occurs in the house..

(&) Lagbons: Mechanically aerated and naturally facultative lagoons are
~not economically attractive. The optimal size of anaerchbic lagoon depends on
the crop utilization potential, the irrigation scheme needed and the lagoon
~construction cost, but a medium-loaded lagoon (100 ££3/100 1bs 11vewe1ght) is

probably most economlcal in the Coastal Plains and the Piedmont.

(5) Irrigation system: The size of the aperation, criterion for deter-
mining effluent application rates to available land and crops, and the

*lagoon loading rate influence which type of irrigation system is most econo-
mical., In general, a portable system is best if less than 35 ac are needed
for effluent application. Although labor-costs tend to shift choices toward
a travelling big gun system, the labor involved with irrigation for manure
management is small compared to normal irrigation situations because the
number of applications made to each acre are so few. Also, the pumping rate

xii




' capacity of irrigation equipment used just for lagoon effluent irrigation can

" be lower than normal irrigation rates because of the relatively small volumes

of effluent that have to be irrigated.

(6) Manure value: ' The amount of manure nitrogen available for crop up-
take is often only 40 to 50 percent of the poteatial value of manure nitrogen
because of storage- losses, application losses, leaching losses, and unavail-
ability of some portion of organic nitrogen. Also, when applicatioen rates
. are based on nitrogen, excess amcunts of phosphorus and potassium are applied
relative to normal crep fertilization. If lagoon treatment is used, omly 10
to 15 percent of the original potential nutrient value of manure may be
recovered. To recover a higher percent, other costs such as storage or land
diversion are incurred, and these will usually exceed the value of the
additional nutrient recowery.

(7)  Manure application rates: For tank wagons, the tramsportation costs
are fairly small. Thus, it will generally pay to apply at rates for normal
crop fertilization instead of at excessive rates. The incentives for exces—
sive applications are where land is limited or where land diversion away
from the most profitable crop would be required. The economic application
rates will often be those meeting any one or two (out of three) nutrient
needs, even for operations as large as 400,000 1bs liveweight. For an
irrigation system, the economic rates of application are generally those
. .meeting two or all three of the nutrient needs. Diversion costs could tend
.. to encourage excessive applications, but because diversion costs per acre
‘are usually small, and because lagoon storage permits storage for several
months, this incentive is small.

The above conclusions apply to specific components of waste management
systems, but in order to compare alternative systems for hog operations, the
various systems and system components should be evaluated in an optimization
model. A mathematical integer linear programming model was developed to
determine costs af the various manure management systems and the returns
from various cropping and application schedule alternatives, and to choose
the optimal or least-cost system. The programming model was used to
evaluate only a small number of analyses, but such a model could efficiently
evaluate hundreds of alternatives. Based upon the small number of analyses
which were conducted, the follow1ng conclusions resulted:

(1) The cost-estimates suggest that almost all operations should use
a lagoon and irrigation in preference to hauling manure with tank wagons.
- A large operation greater than 200,000 1lbs liveweight with little dilution-
of the raw manure could have a cost advantage for using tank wagons, but it
would be small, about 4 cents/100 lbs liveweight marketed, and would often
be considered insignificant to the advantages of lagoons such as added
flexiblllty and less frequent labor needs. As a general recommendation, all
totally roofed hog operatioms in North Carolina should, if glven the ch01ce
of floorlng type and manure disposal facilities, ehoose a totally slatted
floor and a lagoon-irrigation system, the latter most commonly being a
portable conventlonal sprinkler line system.
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The costs of maﬁure(disposal using this optimal arrangement are only 7

~ to 28 cents per 100 lbs liveweight marketed. ~

(2) ~ The important aspect of the manure disposal decision problem is
the opportunity costs of making the wrong decision. -Although the waste
management cost of a good system is a relatively minor cost in terms of
the total costs of producing 100 1bs liveweight of hog for market, choosing
the wrong system or using a systenm inappropriately could cause costs to
increase to 70 to 80 cents per 100 1bs liveweight marketed.
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~ RECOMMENDATIONS

Efforts should continue to improve technical and cost information for
swine manure management systems. More research data is needed on
nutrient losses for various lagoon types and management schemes and
on nutrient lesses during storage and land application. Also, the
organic nitrogen availability rate and nitrogen leaching losses should
be better identified. Better information on the amounts of nutrient
losses are needed not only for the economics, but also to evaluate
possible environmental impact on water quality.

More cost comparisons for alternative systems should be made. The type
of optimization model developed in this project has much potential but
only a few analyses were conducted in this study. Further sengitivity
analysis of the model to various factors. should also be conducted.

The environmental costs of some decisions must be included to fully
evaluate the alternatives. For example, with inadequate land for apply-
ing manure nutrients at normal crop fertilization rates, the choice is

to buy more land or to apply nutrients at excessive rates, the environmen-
tal cost of which is difficult to assess.

Technical and costs data should be obtained and economic comparisons of
manure management systems for other livestock and poultry systems should
be conducted in order that livestock and poultry producers can adequately
evaluate the alternatives available for manure management, and also to

realize the opportunity costs of choosing a poor system or using a

system inappropriately. The opportunity costs of wasting nutrients
particularly needs further evaluation,
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1. The Heonomic Problem of Swine Manure Management

1.1 General Perspectives

‘Since the advent of readily avallable easily applied, cheap commerc1a1
fertilizer, animal manure has generally been considered to be a waste pro-
duct to be disposed of as cheaply as possible. Often, disposal has been
synonymous with direct discharge into a stream. Three trends have necessi-
tated a reappraisal of the manure disposal question. First, the trend to-
wards more and larger confinement animal production operations, including
' swine, . has meant that larger quantities of more localized manure have to be

‘dissipated. . Extensive research indicates that hogs produce manure at a rate

~of 1 U.S. gal./100 1bs liveweight/day, approximately, so that a hog opera-
tion carrying 100,000 1bs liveweight on the average will produce about
365,000 gal. of raw liquid manure per yvear. Practical experience as re-
ported by George (1975) suggests this volume may be increased from 2 to 8
- fold through leaky waterers and shed cleaning operations. The operation-
carrying 100,000 1bs liveweight may have to dissipate as much as 1,470
tons of liquld manure per year, or 4 tons per day.

' The ‘second significant trend is the public's growing environmental
awareness, and concern. The developing, and changing, preferences of society
have been towards a cleaner environment. Consequéntly, the social costs of
stream disposal, and other uncontrolled forms of disposal, have risen signi-
ficantly compared to the private costs incurred by the producer to the point
where governmental regulations have been introduced to control manure dis-
posal.

A third trend has been the move towards conservation of energy, born
-largely of the rapid rise in oil prices in 1973. The repercussions of the .
oil price rise included rises in prices of other energy sources. Commercial
fertilizer prices were not exempt, and although they have declined from a
peak in 1975, they remain higher than they had been for many years. The
higher prices, and an awareness of the possibility of energy shortages have
contributed to a reassessment of the manure disposal questiocn,

Manure can no longer be cursorily dismissed as waste. Its economic
‘potential as an energy and biological food source must be considered. 1In
this volume, the writer reports om an attempt to analyze one aspect of the
economics of manure utilization, namely choosing economical, socially

acceptable methods of land application of manure produced in conflnement
hog operatlons.

1.2 General Objectives of the Analysis

" An obvious means of dissipating manure is to recycle it by application

.~ to land as was the practice prior to the widespread usage of commercial
fertilizer. Manure supplies substantial amounts of the primary plant
nutrients nitrogen (N), phosphorus (P), and potassium (K), and significant’
quantities of trace minerals, Additionally, it provides soil organic matter
. which contributes to improved tilth, structure, water holding capacity, and
general s0il condition. The disadvantages of dissipating manure by land




application lie in the potential for build—up of soil salt, pathogen, and
metal concentrations, the potential for pollution of streams through runoff
and leaching, the potential for malodors, and high labor and operating costs.

Alternatives to land application include recycling the manure as a
nutrient source in various biological systems. Manure can be refed to hogs,
or to other mammals, to fish, to algae, or to more advanced aquatic plants.
Prior to disposal, the manure can be treated in a variety of ways, either
“to deliberately extract some useful product, e.g., methane gas, or to aid
in dissipating potentially troublesome elements, e.g., N.

Despite the numerous  alternatives,; and combinations of alternatives,
decisions at the swine producer level have to be made between alternatives
‘which are currently feasible and practical. TFor most confinement hog pro-
duction operations, the only option is to install facilities for land appli-
‘cation of manure. Lack of knowledge, at the scientific and engineering
levels as well as at the production level, precludes the widespread adop-
tion of more novel technology at this time. There are still many decisions
to be made by the producer even when the only option is to apply the manure
to land. Decisions have to be made about storage, handling, treatment, and
. ‘'meéthods, rates and times of applications. It is towards these decisions

that this study is oriented, with the overall aim being to provide meaning-
- ful economic information to assist the hog producer in making decisions
about land application based manure handling facilities and practices.
Basic objectives of the study are:

(1) to identify the major fa01lit1es, treatments, and application
options for liquid manure; and, where relevant, to provide
estimates of the investment and operating costs of theése items;

(2)  to determine the optimal facilities for land application of .
manure, and the ideal use of those facilities, for important
‘categories of Nbrth Carolina confinement hog production
operatlons'

(3) to estimate the costs of dissipating swine manure in a socially
: acceptable way; and to identify differences in costs between
alternative hog production operations and sizes of operation;

(4) to investigate the economic sensitivity of decisions relating
- to manure dissipation.

In pursuing these objectives, valuable information is generated to aid
. both hog producers in making decisions about manure dissipation, and re-

searchers engaged 1n manure disposal studies in deciding on dlrectlons for
future research




1.3 Methodology

Manure management is but one component of the management system for
a hog production operatiomn. Decisions made in the former necessarily
affect those in the latter; and vice versa. To this extent, a whole-farm
systems approach is needed in analyzing the manure dissipation problem.
Interactions between flooring type, cleaning practices and rate of :
bodyweight gain, or feeding rations and manure composition could then be
studied. However, recognizing the infinite complexity of the real world
and the necessity to curtail the analysis at some point, the present
‘study concentrates on the gquestion of what to do with the manure that is
produced by a confinement hog operation. The supply side of the manure
question is ignored beyond recognizing that some differences in manure
concentration and volume occur with different types of hog operations and
differences in shed construction and cleaning practices. '

- Since the emphasis in this study is on helping and advising hog pro-
ducers about manure dissipation decisions, a normative decision analysis
is constructed and manipulated to yield optimal decisions by synthesis.

An alternative, descriptive mode of analysis, based on surveys of existing
manure dissipation systems was deemed unsuitable because it would serve
only to describe what is done on farms, not what should be done.

The main model used is a mathematical programming model, in which
linear equations are used to represent engineering and economic reality.
Models of this type enable many alternative facilities, and their modes
of usage, to be efficiently examined and compared to yield an optimal sys-
tem of manure dissipation. Unnecessary isolation of the manure management
system and excessive predetermination of decisions can thus be avoided.

- In addition to the main model, several smaller subsidiary models are
used -to compute various cost and technical coefficients for use in the main
model. - Examples include the model for calculating the time and labor
requirements for spreading liquid manure with a tank wagon, and the model
for determining the nutrients made available by a manure application.

The relationships incorporated in the model are mainly technical ones,
defining the restrictions on the hog producer in the pursuit of his goals.
It is assumed that the hog producer is profit motivated, desiring to
minimize the net cost of manure dissipation, or equivalently, to maximize
the net returns to manure and his management of it. The producer is
assumed to he a price taker for his inputs and outputs. That is, the
supply and demand curves that the individual producer faces are assumed to
be perfectly elastic. For many goods, e.g., corn seed, this assumption is
very reasonable. For others, e.g., an hour of corn planter operationm, it
mdy be questioned. For machinery, there is often a fixed cost component
(e.g., depreciation) independent of annual hours of use. Machinery costs
would be independent of the total annual usage of the machine in manure
dissipation activities if the producer only hired the services of the
machine in a perfectly competitive market, vather than owning his own




"manure dissipation ave multi~di

machine, and would ba ap
a large commercial fas aperation in addition to his manure dissipation
program. Details of pric

2g and cost galculations are given later.

A major problem in zs vais of waste management is the
divergence of the zsocial 5 rivate cosgts of waste management
practices. For the policy maksy, the problem seems more complex than many

.other externality problems, because the externalities associated with

mengsional stream pollution, ground water
pellution, potentizl destruct: a land resource, odors, and health
effects. Some of these effectz ave difficult to quantify. Moreover, the
extent of the externalities is highly variable, depending on the weather -
rainfall, wind direction, atwmospheric conditions. With the multiple _
dimensions, the variability and the difficulty of measuring the effects,
how is a policy making body to impose taxes or subsidies to control pollu-
tion or to sell rights teo poll te, or to define acceptable practices?
Although economists would generally prefer to impose taxes to induce the
polluter to switch to more socia .y acceptable practices or to create a
market for pollution r?ghhué the aampieiitf of the manure dissipation
problem would seem to necessitate the use of broad regulations instead,
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-with individual cases of pollution being treated separately in greater
~detail on their own demerits.

Current regulations emanate from the Agricultural and Consumers Protec—
1

tion Act (1973), and from Public Law 92~500. Provisions for feedlot opera-
nk

tions in the latter are implemented by the Environmental Protection Agency
through its regulations for the National Pollutent Discharge Elimination
System as published in the Fe

Register (1976).  In essence, these
regulations yequire that a hog producer obfain a permit if they both (a)

1
pPro

operate a concentrated animsl feeding mperat;on in which animals are con-
. ay

vent normal plant growth, and {b} have either 2590 hogs capacity and dis-
charge pollutants, or 750 hogs capacity and discharge pollutants directly
to streams, provided that these discharges occur in cases other than in a
25-year, 24~hour storm ov greater storm event. Permits may also be re-
quired for smaller operations if on-site field inspection by appropriate
officers suggests the nesd for a permit, '

Acceptable practices are loosely identified in the present study. By
forc1ng all manure to be dissipated (ultimately) through land application,
direct stream discharge is prevented. With regard to land application,
different optione considered provide differing amounts of odor control.

Similarly, different pretreatments affect odor levels. Although these

odor effects are not gusntified, or explicitly considered in the analysis,
estimates are made of the costs of various practices, and these could be
interpreted as some guide in the costs of odor control. The benefits of
that control are not assessed. Finally, there are many possible rates and
times at which manure could be applied to land. Net all of these would be




env1ronmentally acceptable, although what is acceptable has not yet been
defined by envirommental scientists. In the analysis, rates which are
obviously so high as to cause pollutant discharge to streams are not consi-
dered .as feasible rates. Other than this, no serious attempt is made to
define environmentally acceptable rates. Instead, the economic analysis is
allowed to reveal the economically preferred rates and times of application.
These preferred practices are then assessed in terms of their env1ronmental
acceptability, and compliance with the current regulatioms.

1.4 North Carolina's Confinement Hog Operations and Manure Dissipation
Alternatives , ,
Confinement hog facilities range from fenced pastures, to open lots (dirt
- or concrete base), to full bousing (concrete or slatted floors). The most
common systems are pastures and lots. Overcash and Humenik (1976), in an
analysis of a 1974 Extension Swine Survey of North Carolina hog producers,
estimated that 57% of operating units were open lots, 23% were pastures, 13%
‘were solid concrete floors, and 7% involved slatted floors. On a hog basis,
the corresponding percentages were 41% (pasture and lots combined), 28%
‘(solid concrete floor) and 31% (slatted floors). Clearly, the more numerous
pasture and open lot operations tend to be smaller in capacity than the
housed hog operations. Further, since housing operations use hlghef live-
elght/area densities than the pasture and open lot operations, the potentlal
waste management problems are greatest in housed hog operations.

The major hog production operations in use in North Carolina are idenfi-
fied in Table 1. Operations differ in their locale (Coastal Plain, Piedmont,
and Mountains), in their type (feeder pig finishing (FPF), feeder pig
production (FPP), and farrow to finish (FTF)) and in their facilities and
practices. Differences occur in flooring (pasture, dirt, concrete, partial
- slats, and total slats), in roof cover (none, a third, and total), in venti~
lation (forced or not), in the use of summer foggers (yes or no), and in
~floor cleaning (none, scrape, and wash). On the basis of facilities and
practices, there are 16 alternative production systems. Each of these can
be adopted in any of the three locales, with any of the three types of
operation, giving a total of 144 systems. 1In practice, some of these systems
may be rare or non-existent. In the first place, hog production in North
Carolina occurs mainly in the Coastal Plain, and to a lesser extent in the
Piedmont. The Mountain area has relatively few hogs. Estimates reported in

N. C. Agricultural Statistics (1978) for total hogs on farms at December 1,
1976, are 1,525,000 for the Coastal Plain, 365,700 for the Piedmont, and
49,600 for the Mountain. Second, most of North Carolina's hog operations are
farrow-to-finish or finishing operations. Feeder pig production is less
significant. Third, an item such as summer foggers will be less common in
the cooler mountain area than in the warmer coastal regions. On the other
~hand, there are other systems in addition to those already identified. The
farrow-to-finish operation, for example, usually involves several houses,
in some of which a slatted floor is used, and in others a solid concrete
~floor. There are obviously many such combinations. TFor the purposes of
this study, each type of operation is represented by only one typical set-up.



Table 1. A Classification of Major Confinement Swine Productfon Operations in North Carolina®.

Sunmer

- b
Type of Operation

Production . FPF FPP FTF Waste

Operation Flooring Type Roof Cover Ventilation Foggers  Floer :Cleaning ~ Tocation Tocatlon Location Type

Identifica~ Pas- Con- Partial  Total . .

tion Mo, ture Drt crete Slats Slats None 1/3  Total Yes No MNone Wash Sorape  CP P M CP P ¥ CP P M Solid Liquid
1 X X X X 12 3 45 6 7 8 9 X
2 X X X X 10 1’1 12 1314 15 16 17 18 X
3 ' .X X 19 20 21 22 23 24 25 26 27 X X
4 X X X 192021 22232 252627 x X
5 X X 28 28 28 29 29 29 30 30 30 X
[] X X X 28 28 28 29 29 29 30 30 30 i
7 X X 31 31 31 32 32 32 33 331133 X X
] X X X 3131 3 3232732 313333 X X
9 X X X 31 31 31, 32 32 32 33 33 33 X X
10 X X X 28 28 28 29 29 29 30 30 30 X
11 X X X X 28 28 28v 29 29 29 30 30 30 X
12 k ' X x '28 28 28 29 29 29 30 30 30 X
ia ' X X X 26 28 28 29 2929 30 30 30 X
14 X X X 28 28 28 29 29 29 30 30 30 X
15 . X X X X 28 28 28 29 29 29 30 30 30 X
16 : X X X V X 28 28 2829 29 29 30 30 30 X

. ®*Numbers_in body of table are manure type numbers. See Table 2.

b

FPF (Feeder Pig Finishing), Fre (Feeder Pig Production), and FTF (Farrow to Finish).
clncations: CP (Coastal Plains), P (Piedmont), M (Mountains); main three reginns of North Carolina.



Finally, for each of the systems already identified there is a whole range of -
size of operation (capacity), and a range of manure volumes produced. The
latter depends on the extent of floor washing, fogger use and the condition

of waterers. '

Despite the many production operations, there are only a few types of
manure produced. At a very crude level, the manure produced by a hog opera-
tion is in one of three forms: liquid, solid, and both. For manure manage-
ment, the critical specifications of manure are its form, the total volume or
amount produced, the time pattern of production and the amounts of nutrients
and other elements in the manure. Ignoring volume and dilution effects,
there are only 33 manure types produced by North Carolina's hog operations.
These are listed in Table 2. The manure type relevant for any particular
hog operation is reported in Table 1. A producer with a given manure type
has 'a set of broad alternative ways of dissipating the manure. The alterna-
tives comprising this dissipation practices opportunity set include storage,
pretreatment, transport, application, and cropping alternatives. For storage
- of liquid manure, there are six in-house pit arrangements, namely partial slats
‘and total slats pits for ‘each of the three types of hog production., These are .
distinguished from each other because their construction differs, so that
~costs and amounts of storage differ. A lagoon can also be used for storage.

A lagoon also performs a pretreatment function. When a lagoon is feasible,
several specifications are possible. These are defined later. Lagoons are
differentiated by region since their construction and costs can vary with'
topography. Transport of liquids can be by tank wagon (of which several sizes
are available), or by an irrigation system (several types can be used), the
latter being used for lagoon effluents, and the former for liquid manure prop-
er. Tank wagon use is accompanied by the use of a pumping pit and the
possible use of an injector. Where the so0lid form of manure is produced, a
scraper and spreader are required. Finally, the manure can be applied to.
crops. Three opportunity sets of crop exists, one for each region. Within
each region, the choice between crops will be determined by economic factors.

"For any manure type defined in Table 2, there is generally only.one
disposal practices opportunity set. For example, a producer with manure type
1 has to dissipate the manure through a Coastal Plain lagoon, an irrigation
system and a Coastal Plain cropping plan. For some manure types, however,
‘there are several corresponding opportunity sets. Manure type 30, for example,
is associated with three opportunity sets depending on which region the manure
is produced in. In all, 24 disposal practices opportunity sets can be
identified for North Carolina. These are defined in Table 3, while the
opportunity sets corresponding to each manure type are listed in Table 2.

In all there are 63 manure type - dissipation opportunity sets combina-
tions. These combinations do not include volume and dilution effects on the
manure type side, and land area restrictions and other restrictions on the
dissipation opportunity sets side. In reality, there are any number of
operations when these effects are considered. However, by selecting a repre-
sentative finite set of sizes of operations (4 say), dilutioms (3 say), and
land area comstraints (3 say), a reasonably complete analysis of the hog



Table 2.

Basic Manure Types Produced by Hog Operations in North Carolina,

Bnure ] Amount of Gaographical ‘Disposal
tyte : nugrisnts : : variation in practices
identi~ HManure physical form produced Level of autrients manure pro=- opportunity

S flgacton T 0 : {Operation tpye) (Effluenc type) duction sets
No. Selid - Liquid . Both YPE FPP FTF Full Paseure Lot Nene CP P M
runoff runoff
1 X X X x 1
2 ‘X X hd X 2
1 X < X b 3
4 X i X X 1
5 X x“ X X 2
5 % X X X 3
7 X X . X 4 i
8‘ X X X X 2
é % X 4 X 3
10 S X X X 1
11 X X X .4 2
12 X ook x X 3
13 'x X X X 1
% R 4 “X X < 2
13 X X X X 3
18’ X X X X 1
17 ’ X X X X 2
‘18 X I X X 3
219 X X ¢ X ’ 4
20 X X X X 3
21 X ; X X X 6
22 X X X X 4
- 2'3," e < X X 5
‘L 2% X 3 X X 6
25 X X X X 4
26 - X b4 X X 5
27 X '3 % % 6
28 X X X X 1,2,3,7,8,9
16,17,18
29 X X X X 1,2,3,10,1%,
12,19,20,21
30 X X b4 X 1,2,3,13,14,
’ 15,22,23,2%
31 X X X X %,5,6
32 - X % oz X 4,5,6
33 X X e 4 4,5,6




Table 3. Hajor Opportunity Sets of Manure Dissipation Practices.

Opportunity  In-house pits by enterprise Pump~ Lagoon Irriga~-' Tank ~ Solid Crops Injector
set number Iype and amount of slats ing by tion " wagon scrap~ . by
Part—?‘i:- ?ar:E?PIo:— Part- To:—Pi: CPumnM evsEam :;:::3 EC-ePS};%t
ial - al - tal al  ial -al
b3 J X X X
2 X - X X
3 X X X
4 X X X X
5 X X X X
& X X X X
7 X ¥ X X X b4 -X
8 X X X XX X X
9 X X X X X ’ X X
1Q X X X X X X X
11 ‘ H9 X X X X X X
12 X X X X X X X
.;!.3 ‘X X X X pd X X
% X X X p hd X X
: 15 X X X X X X X
15 X X x X X X X
17‘ X X ) X X K‘ X
18 . X X X .4 X X X
"19 X X X X X . X X
20 X b < X X X
21 X X X X X X x
22 .4 X X X X X X
23 XX b4 < £ 'S b
24 g X X X X X




manure dissipation problem on North Carolina's hog farms could be accom-
plished.

1.5 B8cope of the Analysis

Not all the various manure type - dissipation opportunity set combina-
- tions could be examined in this study. Those that were examined are listed
later., However, despite the many .combinations, there is a relatively small
set of cost and technical data that is required for the analysis of all the
combinations. Most of this data is presented in this report. Table 4
identifies the various data categories, and the figures and tables with the
corresponding information. No data is presented on items relating to solid
manure production and dissipation. Also, only limited data is presented on

cropping alternatives for the Piedmont and Mountains, and regional wvariation -

in nutrient availability is not presented. The emphasis on the Coastal
Plains region. and the llquld form of manure reflects the greater manure
dissipation problems encountered in the numerous, large, fully housed hog
operation in this region.

In addition to the basic data, a programming model is presented. This
model can be used to determine the optimal means of dissipating manure for

all those North Carolina hog operations which produce manure in the liquid
form. '

2. Basic Cost and Technical Data for Manure Management Analysis

2.1 Climatic Data

Climatic variables impinge on manure management in several direct ways.
The chief effect is the net addition that precipitation can make to the
total volume of manure. - Any hog operation that is not fully roofed will be
affected by rainfall. Also any outside pretreatment process, such as a
lagoon, will be associated with net changes in manure volume as a result of
rainfall. Rainfall can also affect lagoon pretreatment through alteration
of manure detention times, and may limit opportunities for land application.
' In addition to rainfall, temperatures can affect lagoon performance, bio-
logical degradation being reduced as temperatures drop. Humidity and wind
patterns may operate to cause unacceptable odors from land application or
lagoons and can thus serve to limit feasible options.

Most .of these effects are ignored in this study. Only the rainfall
-effect on total volume is accounted for in those instances where relevant.

Table 5 reports typical monthly precipitation and net precipitation figures
for each of the three regioms.

2.2 Three Types of Hog Production Operations

2.2.1 The feeder-pig-finishing (FPF) operation
~The FPF operation involves a monthly intake of feeder pigs with sub-
sequent resale 114 days later. The feeder pigs are bought at 50 1bs. (about
72 days old) and sold at 220 1bs. A 3% death rate is assumed. At any one
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Table 4, Basic Categories of Data for Hog Manure Management Analysis in

North Carolina.

Item

Tables and Figuresa

 Rainfall data for three regions

Amounts of nutrients produced in FPF, FPP, FTIF

Prdportions and amounts of nutrients under
different floor types

Flooring requirements for FPF, FPP, FTf
Pit construction for FPF, FPP, FTF

 Taqk wagons - 5 sizes |

Injector

External pumping pit

Irrigatioh systems -~ 2 types, several sizes
Aergtion equipment

| Lagoon details - 5 lagoon typés

Basic price data

Commercial cropsin 3 regions - labor and
~ fertilizer needs

Nutrient availabilities
Crops with manure applied
Equipment details

Cost calculations

5

T7, T10, T13, Fl4 .

T7 - T15
T21 - T28

| T21 - T28, T32, T56
T29-T31, F1-F4
T54 |
32, F5
T41-T48, F7~F13
7 o

T33-T40, T45-T47,-T50
Fé6, F11-F13

T16

Tl9; T20, 757
T49-T53, T55
T58, T59
T16-T18

116-T18

, T51,

4 = table, F = figure
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Table 5. Precipitation Data for North Carolina by Region and Month (inches)

Region
Month Coastal Plains Piedmont Mountains
January 3.45 (1.99) 3.39 (2.38) 3.99 (3.51)
February 3.71 (1.90) ‘3.72 (1.94) 4.42 (3.24)
March 3.85 (1.02) 4,10 (1.26) 5.22 (3.08)
April 3.03 (-0.76) 3.48 (-0.12) 4.26 (1.54)
May 3.71 (-1.24) 3.49 (~0.99) 3,97 (1.10)
June 4.85 (~0.68) 4.01 (-0.77) 4.66 (1.26)
July 6.72 (1.56) 5.30 (0.87) 5.51 (2.36)
August 5.91 (1.53) 4.72 (0.32) 5.17 (2.31)
September | 4.894<1.58) 3.92 (0.29) 4.24 (1.46)
~ October 3.11 (0.58) 2.99. (0.29) 3.66 (1.57)
‘November 2.86 (1.54) 2.89 (1.14) 3.57 (2.16)
December 3,30 (2.15) 3035 (2.37) 413 (3.43)
Annual Total 49.40 (11.17) 45.36 (8.98) 52.81 (27.02)
'25byear, 24 hour ’
storm®© 7.5 6.0 7.0

a . . "
Net precipitation figures are in brackets.

‘bEStimates based on historical observation as reported

U.S. Department of Commerce, various issues.

in Climatology Data,

©Source: U.S. Department of Commerce Technical Paper No. 40, Rainfall

Frequency Atlas of the United States (Washingtom, D.C., 1961).
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