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ABSTRACT

A cogt estimation model was developed that compares the economics associated
with different anima waste trangport and gpplication systems used by confined animal
operations. The model was congtructed from data collected from individua farmers,
equipment manufacturers, and gleaned from waste management syssem manuas. The
moded was developed to provide animal waste transport and gpplication cost estimates for
both liquid and dry waste management systems. The model was developed in Microsoft
Excd. Usng facility specific information, the modd estimates the costs associated with
various components of manure trangport and gpplication systems. Specificaly, the model
enables comparisons of capital costs, annual operating costs, and annud fixed costs for
the components of various manure trangport and gpplication systems.

This study provides cost comparisons for the transport and application of dairy
waste durries based on both phosphorus and nitrogen application rates. Cost estimates
are made for severa common dairy waste trangport and application systems. Five dairy
herd sizes ranging from 50 to 2,000 cows using 19 transport and gpplication systems
were evaluated. For each dairy herd size, the costs associated with the transport and
application system combinations were determined for transport distances of 0.5, 1.5, and
4.5 miles for both nitrogen and phosphorus-based gpplication rates. Totd annud
economic cogt, transport and application cost per acre, annual cost per cow, and net
fertilizer value per acre based on nutrient requirements for a 20-ton per acre corn silage
crop were calculated.

Reaults indicate that depending on trangport and gpplication system choice,
transport distance, and operation herd size, transport and application costs were at times
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different between phosphorus and nitrogen-based applications. No differences between
trangport and application costs were found between nitrogen and phosphorus-based
gpplications when using individua hauling and drag hose sysemsfor agiven herd sze

and transport distance. Phosphorus-based applications costs were estimated to be from 5
to 60% more than nitrogen-based gpplications when using irrigation systems for the
trangport and application of the anima manure. While phosphorus-based applications
were more expengve than nitrogen-based gpplications in some cases, the less expendve
goplication sandard did not always produce the greatest net fertilizer value. The greatest
net fertilizer value produced by a given trangport and gpplication system varied between
phosphorus and nitrogen-based applications depending on gpplication method, transport
distance, and herd size. Dairy operations larger than 200 cows economicaly favored the
implementation of phosphorus standards for al gpplications of anima manures over

smdl dairy operations. Pumping systems were found to be less sengitive to increasesin
trangport distance than hauling systems once herd size exceeded 200 cows. Overdl,
hauling systems produced the lowest costs and highest net fertilizer vaues for operations
of 200 cows or less. The waste volume produced by these operations produced an annual
transport and gpplication operationd time that was justifiable. Once herd size exceeded
200 cowsit was not judtifiable to handle the larger waste volume using hauling systems,
and the pumping systems began to produce lower transport and gpplication annua costs

and higher net fertilizer vdues
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CHAPTER/|

INTRODUCTION

Due to increasing concern over air and water pollution from agricultura
operations, state and federd agencies have developed laws and guiddines pertaining to
the trangport and application of animal wastes from concentrated animd feeding
operaions. To abide by these laws and guidelines, many anima producers must
implement new anima waste trangport and gpplication systems or upgrade existing
systems on their operations.

Land gpplication is the mogt prevaent method of utilizing animd manures.
Manure gpplications increase soil organic matter, improve soil tilth, and increase water
holding capacity and solar heat absorption capacity (Roka et d., 1995). More
importantly, manure contains significant amounts of plant nutrients and can therefore
subgtitute for commercid fertilizers. If the utilization of manurein lieu of commercia
fertilizer increases farm profits, manure is an economic resource; if the management and
operating cogts outweigh the benefits, it isawaste. Determining whether manure
nutrients are an economic resource or waste has environmenta implications. In cases
where manure is awagte, a producer’ s economic incentives are to smply minimize
disposd costs. This approach encourages over-gpplication and increases the potentia for
water quality degradation from surface runoff or leaching. On the other hand, in cases
where manure nutrients are a resource, economic incentives encourage nutrient
consarvation and efficient application rates. An efficient application rate matches manure
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gpplications with crop nutrient requirements, and as aresult, decreases the likelihood that
nutrients would move into either ground or surface waters (Roka et d., 1995).

Livestock and poultry producers in the United States are subject to concentrated
animd feeding operation (CAFO) regulations. To remain in compliance with CAFO
regulations, producers must make decisions concerning the transport and application of
anima wadtes at their operation. It is essentia that these systems be designed to operate
in acos effective manner for producers to remain economicaly visble. Most animd
waste gpplications are currently based on crop nitrogen requirements. \When agpplications
are based on nitrogen, phosphorusistypicaly applied in excess. Phosphorus, an essentia
nutrient for crop and anima production, can accel erate fresh water eutrophication
(Carpenter et d., 1998). In 1996, the US Environmentd Protection Agency identified
eutrophication as the main problem in waters of impaired qudity in the United States
(Weld et d., 2001). Accelerated eutrophication restricts water use for fisheries,
recregtion, industry, and drinking due to the increased growth of undesirable dgae and
aquatic weeds and shortages of oxygen caused by aga desth and decomposition
(Carpenter et d., 1998). To reduce environmenta impacts, it has been suggested that
comprehensive nutrient management plans (CNMP s) be developed on phosphorus rather
than nitrogen standards (Sharpley et d., 1996; US Department of Agriculture and
Environmenta Protection Agency, 1999).

An additiona benefit of manure is that long-term soil productivity can be
enhanced because manure is arich source of organic materid (Cassman et d., 1995).
Many argue that an integrated crop and livestock system isthe best example of an
economicaly and environmentdly sustainable farming system (Heming et d., 1998).
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However, ddivering manure nutrients to afield a the right time and in the right amount
can be costly. If ddlivery and gpplication cods are low enough, then subgtituting manure
for fertilizer can increase profits from crop production. If the ddivery codts are too high,
then only a portion of the delivery cost can be recovered by reduced fertilizer cost, and
farmers will not have a strong incentive to adopt technol ogies that match manure
gpplication rates to crop nutrient requirements.

Phosphorus-based applications require more land area than nitrogen-based
goplications. Concentrated anima feeding operators are concerned that phosphorus-
based application regulaions will incur their operations large economic trangport and
gpplication costs. The objectives of this study are to develop aresearch tool that will
accurately estimate the costs associated with various anima wagte trangport and
gpplication systems and to investigate the economic impacts of nitrogen-based land
applications versus phosphorus-based land applications. This research tool can be used
to generate data that extension and farm planning personnel can useto assist fam
operators in making better economic decisions when choosing manure transport and
gpplication equipment for given concentrated anima feeding operations. Farm operators
are interested in how much a manure transport and application sysem will cogt their
operation and what economic returns will be received from thisinvestment. The out-of-
pocket cost that afarm operator incurs annualy without receiving any monetary returns
isidentified as the transport and application economic cost. The only monetary return
that afarm operator will receive will come from the vaue of the applied manurein lieu
of commercid fertilizer. Thismonetary vaueisidentified asthe fertilizer vaue. The net
fertilizer vadue is defined as the fertilizer vaue minus the transport and gpplication
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economic cost. Hypotheses were developed to test the impacts of nitrogen versus
phosphorus-based gpplications. The hypotheses tested in this Study are as follows:
1. Phosphorus-based manure gpplications have higher transport and
gpplication economic codts than nitrogen-based applications.
2. Phosphorus- based manure applications have higher trangport and
goplication net fertilizer values than nitrogent based applications.
3. Regulations proposing the implementation of phosphorus standards for
al land applications of animd waste economicdly favor large dairy
operations over smal dairy operations.
4. Hauling system trangport and application net fertilizer values are more
cost sengitive to increases in trangport distances than are pumping system
transport and application net fertilizer vaues.

To address these issues, costs estimates were determined for five dairy szes, 19
trangport and application system combinations, three transport distances, and two
application requirements (N or P). Each hypothesis was tested for the scenarios
mentioned above. Each hypothesis was designed to investigate issues that frequently
arise concerning economic and environmental impacts surrounding land application of
anima manures. Hypothesis 1 was designed to investigate whether or not there were
economic cogt differences between phosphorus and nitrogenbased applications and to
evauate these differences if present. Hypothes's 2 was designed to evaluate which
application standard produced the highest net fertilizer value for a producer. Hypothesis
3 congders which sized operations would be more economicaly viable under regulations
that require dl land applications of anima manure to be phosphorus-based. Hypothesis 4
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was designed to evauate the sengitivity of net fertilizer values for hauling systems and
pumping systems and to investigete if there are break points at certain transport distances

between the separate transport methods.



CHAPTER 11

REVIEW OF LITERATURE

Previous Studies

Most previous studies concerning the economics of anima waste transport and
gpplication have focused therr attention on the fertilizer value of animad manure. Thisis
understandable because the main monetary vaue of animd manureisits vaue as
fertilizersfor production crops. One such study was conducted in lowa. This
investigation consdered the cost of ddlivering manure nutrients from lowa swine
production facilities from two forms of manure storage, using two target nutrients, two
crop rotations, and two levels of field incorporation (Fleming et a., 1998). This study
was designed to answer the questions. Should manure nutrients be conserved and applied
to crops? What isthe impact of a policy requiring that manure applications be soil
incorporated? What is the impact of a policy requiring that manure applications be based
on phosphate? The study reported that the cost of delivering nutrients is dways greater
than the vaue of the nutrients; that incorporating manure increases production returns
while improving ar qudity, however, incorporation affects the timeliness and flexibility
of gpplication; that basing applications on phosphate levels rather than nitrogen increases
the vaue of the manure nutrients because the phosphate applied nutrients better match
crop requirements; and while manure management is important, other production
cons derations drive management decisons. The study did represent various costs
associated with the transport and gpplication of anima manure. However, dl of the costs
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presented were derived from custom manure applicator fees producing results based on
parameter vaues consstent with conditionsin Centrd lowa. Costs associated with
persondly owned and operated systems and various geographica |ocations were not
investigated. Additiondly, the economic modd developed for the investigation was
desgned for use with only swine production facilities.

Various microcomputer worksheets and assessment tools have been devel oped to
assigt farm operatorsin certain areas of the operation’ s waste management system. lowa
State University developed a microcomputer worksheet to assst anima producersin
edtimating manure production, caculating manure storage structurd dimensions,
providing guidelines for gpplication, and providing cost estimates for storing and
handling liquid manure (Stewart et d., 1994). The lowaworksheet dedt only with
applying liquid manure using durry tanks. Trangport distance was not an input into the
worksheet and irrigation, drag hose, and dry manure transport and application systems
were not considered.

An exigting dairy forage sysem modd (DAFOSY M) was expanded to provide a
tool for evauating and comparing the long-term performance and economics of
dternaive manure sysems for dairy farms and their interaction with field crop
production. The mode is capable of comparing various semi-solid, durry, and liquid
handling systems (Bickert et d., 1993). It was designed to focus primarily on crop
production benefits associated with different manure storage and gpplication techniques.
The moded can be used to predict manure transport and gpplication costs, but is not
designed as a complete trangport and application cost estimation model. The study
concentrated on alimited array of trangport and application equipment for each type of
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manure storage. In redlity, there are many combinations of transport and application
equipment that can be used to trangport and apply a given manure type and costs will
vary depending on equipment selection. Evauation of manure trangport and application
cogts should focus equally on the equipment sdection possibilities rather than total
emphasis on manure storage. The DAFOSY M study reported that injection of manure
directly into the soil or immediate incorporation of manure reduce nitrogen losses with
little additiond cost to the farmer; manure handling costs increase with herd milk
production level, but the difference in performance and costs among manure systemsis
affected little; and manure handling cogts are highly sengtive to transport disances. The
mode was designed only for use with dairy operations and only herd sizes of 60 and 250
cows were evaluated.

Researchers at The Ohio State University completed an economic comparison of
three manure-handling systems (Rausch et d., 1998). Each manure handling system was
designed for an 80 to 100-cow dairy. Land type, land area, and transport distance were
identical for these three systems. The systems compared were (1) earthen holding pond
using adragline for direct injection; (2) earthen holding pond using aliquid durry tank
and; (3) astack pad using a conventiona box spreader. The two liquid systems were
identica, except for the method of application (Rausch et d., 1998). This study did
represent many of the costs associated with these three systems under specific conditions.
However, this study did not alow comparisons of system(s) costs when distances to
gpplication sites varied between the systems.  In addition, this study only evaluated three
specific systemsfor agiven dairy Sze. There are many variations of these sysems and
dary szesthat were not evduated. However, the Ohio study showed that the liquid
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durry tank system was cheaper to operate for this size operation as compared to adrag
hose system. Overdl the stack pad using a box spreader was the lowest cost manure
handling system that was evaduated in thisstudy. Application rates were based on
phosphorus as the limiting nutrient and the land mass needed for this application was not
present, therefore, excess manure remained in the storage facility. The cost estimates that
were presented included adjustments for sdlling the excess nutrients, giving excess away,
or over gpplying the excess. Additionally, such scenarios as evauating the cost and
benefits of broadcast and broadcast with incorporation for the durry tank and box
Spreader systems as well as basing applications on nitrogen crop requirements were not
discussed in the Ohio study.

A cooperdtive project between The University of Tennessee Agricultura
Extension Service and The University of Kentucky Cooperative Extension Service led to
the development of a Sugtainable Dairy Systems Manua and Training Guide (Sustainable
Dairy Sysems Manua, 1997). The Sustainable Dairy Systems Manua, Spreadshests,
and Training Project was devel oped to help Tennessee and Kentucky dairy producers
make better management decisions (Sustainable Dairy Systems Manud, 1997). The
manua examines the codts, returns, investment, and labor requirements for dternative
dairy production systems. Chapter 10 of the manud is focused on manure management.
This chapter includes many of the costs associated with the transport and application of
anima waste (Taraba, et d., 1996). It, however, is not a complete cost estimation tool
that can be used to egtimate the costs of many different transport and application systems.
This manua was designed for use only with dairy operations and contains limited
resources for the selection of awide array of manure transport and gpplication equipment.
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Need for an Economic Model

While various studies have been performed concerning the economics associated
with certain anima waste trangport and gpplication systems, these sudies have yet to lead
to the development of a complete anaytica tool that extension and farm planning
personnel can useto asss individua farm operatorsin estimating the costs thet are
associated with each component of their trangport and application system(s). This need
motivated the development of cost estimation tool built on engineering designs and
principles. Significant variability exists among concentrated anima feeding operations
induding number of animds, sorage type, cropping systems, and anima specieswhich
demands atool with the versatility to accommodate these site-specific Stuations. The
cost estimation tool developed for this study can produce cost estimates for all
components of awide range of transport and gpplication systems. In addition, thistool is
cgpable of providing cost estimates for many livestock species utilizing both wet and dry
manure management systems and can be used in conjunction with any cropping system.
Waste Characteristics

Dairy, swine, and beef manures are excreted at about 88% moisture and poultry
broiler manure at gpproximately 75% moisture (Midwest Plan Service, 1985). In order to
handle manure as a solid materid it should be no more than 70% moisture (Loehr, 1974).
Bedding materids such as sawdust or shavings are usualy added to manures to absorb
moisture which will bring it to asolid congstency (Burns, 1999). At 88% moisiure,
manure requires sgnificant moisture addition to be handled as aliquid (Burns, 1999). In
order to handle manure as a pumpable liquid it should be at least 90% moisture. For
liquid manure to be gpplied usng standard irrigation equipment, it should have a
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minimum moisture content of 96% (Burns, 1999). Moisture additions to anima manures
generdly come from water used to clean confinement and milking areas and from rainfal
that is collected from the confinement area and that fals directly into the manure storage
area. Inrainfal surplus areasit may be easer to adjust manure to aliquid Sate, where as
inranfal deficit areasit may be easer to adjust manure to a solid state (Burns, 1999).

For mogt crops, dairy manure is a nutrient-rich, unbalanced fertilizer. A 1,000-
pound lactating dairy cow excretes gpproximately 0.45, 0.16, and 0.31 pounds of N,
P,0Os, and K> respectively per day (Burnset d., 1998). The N:P ratio for manureis
different from the N:P ratio required by most crops, making balanced crop nutrient
requirement applications difficult to achieve. When gpplications are based on crop
nitrogen requirements, phosphorus and potassium are typically applied in excess of crop
needs. When applications are based on phosphorus, nitrogen and often potassium crop
requirements are not met. Higtoricaly, nutrient management plans have been developed
based on crop nitrogen requirements. This management method is not desirable on land
that already has high concentrations of soil phogphorus, and it has environmenta
implications due to the potentid for surface runoff of phosphorus into surface waters.
Nutrient Availability

The primary nutrients (N, P, & K) contained in anima manures, compodts or
other organic materias are typicaly much less reedily available to plants than the
nutrients of most inorganic fertilizers. In addition, the nutrient content of anima manures
may be highly variable from species to species (Midwest Planning Service, 1985).
Manure is adow release nitrogen fertilizer. Nitrogen available to a crop from the
goplication of livestock manure is less than the tota nitrogen produced by the livestock
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(Burnset d., 1998). Thisdifferenceis dueto nitrogen’s ability to volatize and be
released into the atmosphere. In addition to voldtilization, nitrogen can belost by
leaching and runoff, and organic nitrogen requires time to become plant available. To
account for the storage, handling, and application losses and the rate of transformation
from an organic form to the plant-avalable forms of nitrate and ammonia, plant-available
nitrogen istypicaly esimated by using a nitrogertavailability factor. Nitrogen
availability factors are usudly found in amatrix conssting of storage system types and
goplication methods (Burns et d., 1998). Table 2.1 presents the nitrogen availability
factors that were used for this sudy.

Approximately 75 to 100% of the total phosphorus and potassium content of
anima manures will be available to the crop within ayear of application (NRCS, 1992).
For this study, phosphorus and potassium are assumed to be conserved and to become

completely available for crop uptake over the long term in cropping systems.

Table2.1. Nitrogen availability following handling, storage, and application losses.

Application Method
Broadcast /
Storage System |Broadcast / no incorporated within |Knife or sweep Irrigate / no
Type incorporation 12 hours injected incorporation
Daily Haul 0.40 0.50 NA NA
Dry Stack 0.40 0.50 NA NA
Litter 0.40 0.50 NA NA
Slurry Pit 0.45 0.60 0.65 0.45
Holding Pond 0.40 0.50 0.60 0.40
Anaerobic Lagoon 0.15 0.25 0.25 0.15

Adapted from PB 1635 Nutrient Management Plan Assistance Guide for Tennessee Class||
Concentrated Animal Feeding Operation Permit
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Comprehensive Nutrient Management Plans (CNMP)

A Comprehensive Nutrient Management Plan (CNMP) isagroup of conservation
practices and management activities that help to ensure that both production and natura
resource protection gods are achieved (NRCS, 2000). Comprehensive Nutrient
Management Plans are designed to utilize anima manure and organic by-products as a
beneficia resource while ensuring environmentd protection. A CNMP addresses natura
resource concerns dealing with soil erosion, manure, and organic by-products and their
potentid negative impacts on water quaity that may derive from anima feeding
operations. The objective of CNMP sisto provide animal feeding operation operators
with plans to manage manure nutrients by combining conservation practices and
management activities into conservation systems that, when implemented, will protect or
improve water quaity while disposing of manure.

Manure is phosphorus rich, so application of manure based on nitrogen may result
in gpplication of phosphorus in excess of crop uptake requirements. Traditiondly, this
has not been a cause for concern, because the excess phosphorus does not usualy cause
harm to plants and can be absorbed by the soil where it was thought to be strongly bound
and thus environmentaly benign (EPA, 2001). The capacity for asoil to absorb
phosphorus varies among soil types. Recent observations have shown that soils can and
do become saturated with phosphorus (EPA, 2001). Continued manure gpplication on
phosphorus-saturated soils, in amounts greater than what can be used by the crops and
absorbed by the soil, results in phosphorus leaving the application site with storm water
vialeaching or runoff (EPA, 2001). In addition, phosphorus that is bound to soil particles
may aso be lost from gpplication Stes through erosion.
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In many geographic locations across the United States, repeated manure
applications based on nitrogen crop uptakes have resulted in areas with high to excessve
s0il phosphorus concentrations (EPA, 2001). Because of the increasing environmenta
concerns surrounding phosphorus, The United States Environmenta Protection Agency
has developed regulations pertaining to the application of anima wastes from
concentrated animd feeding operations (CAFO). Option 1isthat dl CAFO's must
implement a CNM P where manure gpplication rates will not exceed crop nitrogen
requirements. This option will address application sites where soil phosphorus and
runoff potentia islow. Option 2 will address gpplication Stes where the potentid for
phosphorus leaving the gpplication Steis high. Option 2 would impose a best
management practice (BMP) that requires manure gpplication rates be based on
phosphorus crop uptake requirements where necessary, depending on the specific soil
conditions at the gpplication Site(s). For these stes, phosphorus application rates will be
determined by (1) Phosphorus Index, (2) Soil Phosphorus Threshold Leve, or (3) Sail
Test Phosphorus Level (EPA, 2001).

While various models have been developed to estimate the costs and benefits of
transporting and applying anima manures, these models are not gpplicable for awide
variety of trangport and gpplication systems. Manure has proven to be a good source of
plant nutrients, but it is an unbaanced fertilizer and the cogts for delivering manure to
production fields can be high. More stringent regulations are being developed for animal
manure management. Operator costs associated with these regulations have not been
fully investigated. Currently, thereis no single source of cost estimates available
covering the wide range of manure transport and gpplication sysems for an array of herd
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Szes, gpplication rates, and trangport distances. This study presents a variety of cost
edimates to aide farm planning personnd, farm operators and regulatory agenciesin

making better management decisons.
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CHAPTER 111

MATERIALSAND METHODS

Cost Estimation Model

User input facilitated spreadsheets were developed to calculate operational cost
per hour for various pieces of manure transport and application equipment. Capital costs
for various pieces of manure transport and application equipment were obtained from
surveys of equipment manufacturers. Operational costs were calculated based on
equipment capital cost (purchase price), ussful life, sdvage value, annua hours of use,
fud type, wage rates, and interest cost. Depreciation, interest, insurance, repairs and
maintenance, fudl, and labor costs per hour were estimated using these factors. Annua
hours of use and equipment age must be entered into the spreadsheet for the equipment
considered. Annua hours of use are calculated in one of five spreadsheets designed to
estimate total loading, transport, gpplication, and incorporation time for the transport and
goplication system sdected. Users sdlect from solid manure hauling systems, liquid
manure hauling systems, big gun irrigation systems, drag hose direct injection systems, or
center-pivat irrigation sysems. Users must input a manure volume, manure nutrient
content, crop requirement application rate (N, P.Os, or K>0), and transport distance.
Depending on the system choice, users aso enter other variables such asloading rate,
discharge rate, pumping rate, trangport speed, tank capacity, application width,

incorporation width, incorporation speed, and gun throw diameter.
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Machinery cogt caculation methods followed methods and parameters used in
estimating machinery cods for enterprise budgets constructed by The University of
Tennessee Agricultura Extension Service (Cross et d., 1999). Whenever possible,
American Society of Agriculturd Engineers (ASAE) standards were followed. Al
operational costs were estimated on a cost-per-hour basis. Equipment depreciation costs
were estimated using sraight-line depreciation methods. Fuel cost was calculated based
on the price of fud, fud type, and estimated fuel consumption rates of tractors and sdif-
propelled machinery. Fud consumption rates were approximated from Nebraska Tractor
Test Data, as reported in ASAE Agricultural Machinery Management Standard 6.3.2.1
(ASAE Standards, 2000). The price of diesd fud at the time of this sudy was
$1.20/gdlon. All sdf-propelled machinery and engines evauated in this study operated
using died fud.

The cogtsincurred in keeping a machine operable from norma wear, partsfallure,
accidents, and natural deterioration are calculated as repair and maintenance expenses.
Annua repair and maintenance costs were ca culated based on annua and accumulated
hours of use, following ASAE Agricultura Machinery Management Standard 6.3.1
(ASAE Standards, 2000). Labor costs were determined assuming atota labor cost of
$10.00 per hour including employment taxes and other payroll overhead. Equipment
sdvage vaue was estimated by using a savage vaue percentage of the equipment’s
capita cost. Insurance provides protection from risks associated with theft, fire, flood, or
other natural disasters. The cost of insurance was based on the initial cost of machinery
and an insurance rate. An insurance rate of 1.0% was assumed. Interest is caculated as
an opportunity cost usng the average vaue of machinery at the mid-point of its useful
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life. For this study, al equipment was assumed to have a useful life of ten years. The
interest rate for al equipment was assumed to be 10%. The equations used for
caculaing operaiond cost per hour for individua pieces of equipment for this study

follow. Additiond caculations performed in this study gppear at the end of Chapter I11.

Depreciation
= (Capitd Cost — Sdvage Vdue) / (Useful Life* Annud Hours of Use)

Interest
={[(Capital Cost + Sadlvage Vaue) / 2] * Interest Rate} / (Useful Life* Annual Hours of Use)

Insurance
= (Capital Cost * Insurance Rate) / Annua Hours of Use

Fuel
= Fud Price* 0.73 (0.06 * Maximum PTO Horsepower)

Sdvage Vdue
= Capital Cost * Sdvage Vdue %

Repairs and Maintenance

= (((((Accumulated Hours of Use + Annua Hours of Use) / 1000)"RF2) * Capital Cost *
RF1) — (((Accumulated Hours of Use/ 1000)"RF2) * (Capita Cost *RF1))) / (Annual
Hours of Use)

Where:

RF1= Repair factor 1 from Appendix 35 Machinery Cost Calculator
RF2 = Repair factor 2 from Appendix 35 Machinery Cost Cdculator

The modd calculates total annual system cost, system cost per acre, and system
cost per gdlon or cubic foot of manure depending on manure type (solid or liquid).
Other information calculated by the model includes gpplication rate per acre (galongacre
or tong/acre), acreage required, acres covered per hour, equipment speeds, and

incorporation rate. In addition to producing total annua economic system cogt, the
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mode presents the individua |oading, transport, application, and incorporation costs. No
attempts were made to estimate land costsin this study. Tables A-1 thru A-27 located in
Appendix A contain the capita cost (purchase price) for each individud piece of manure
transport and application equipment that was evaluated in this sudy. For each generd
piece of transport and application equipment, a spreadsheet was devel oped to caculate an
operationd cost per hour for that piece of equipment based on the equations listed above.
Not al equations were used in determining the operationa cost per hour for some pieces
of equipment. For example, incorporation disks, box spreaders, durry tanks, etc. do not
usefud. However, the tractors used to pull and power these pieces of equipment do;
therefore, the fuel chargeis assgned to the tractor being used with the equipment.
Thefirgt decison in operating the mode! is do decide what type of manure will be
transported and applied. The user has two choices of manure type: (1) solid or (2) liquid.
Next, the user must caculate the manure volume that must be transported and applied.
Figures 3.1 and 3.2 represent the spreadsheets that were developed to ca culate these
volumes for dairy operations. To caculate manure volume the user will Smply enter the
appropriate vaues in the user input columns. No spreadsheets were developed to
caculate volumes for other species since this particular study was to focus on dairy
operations. However, if the user isinterested in using this modd to estimate transport
and application costs for other livestock species, hand cal culations can be performed to
estimate a manure volume and nutrient content(s) and these values can be entered into the

trangport and application total annual cost spreadshest.
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Liquid Waste Management System Volume Calculation Worksheet |
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Number of Lactating Cows 2000
Average Weight of Lactating Cows 1,400Jpounds
Volume of Raw Waste Produced per Cow per Day 1.82]cubic feet
Volume of Bedding Used per Cow per Day 0.181Jcubic feet
Days of Storage for Waste 365]days
Milking Center Waste Volume per Cow per Day 1.96]cubic feet
Loafing Lot Area per Cow 20]square feet
Annual Rainfall for Operation's Location 50finches
Annual Rainfall minus Evaporation for Operation's Location 20linches
24 hour / 25 year Storm for Operation's Location: 6finches
Desired Holding Pond Depth 16}feet
Desired Holding Pond Lenth for One Side 200ffeet
Waste Volume to be Stored for Desired Storage Period 26,146,363 gallons
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Some Useful Numbers from MWPS-18
Sawdust Bedding 3.1 Ib/day/1000lb cow
Lactating Cow Manure Production 1.3 cubic feet/day/1000lb cow
Sawdust Bedding Density 12.00 lbs/cubic foot
Milking Center Waste Volume 1.40 cubic feet/day/1000Ib cow

Figure3.1. Liquid waste management system manur e volume calculation
Spreadsheet.
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Dry Waste Management System Volume Calculation Worksheet
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Number of Lactating Cows 50]
Average Weight Of Lactating Cows 1,400)pounds
Volume of Raw Waste Produced per Cow per Day 1.82]cubic feet
Volume of Bedding Used per Cow per Day 0.181jcubic feet
Days of Storage for Waste 365]days
Waste Volume to be Stored for Desired Storage Period 36,518 cubic feet
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Some Useful Numbers from MWPS-18
Sawdust Bedding 3.1 Ib/day/1000lb cow
Lactating Cow Manure Production 1.3 cubic feet/day/1000Ib cow
Sawdust Bedding Density 12.00 Ibs/cubic foot

Figure 3.2. Dry waste management system manur e volume calculation spreadsheet.
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Once the user has determined the volume of manure to be transported and applied,
the nutrient content of the manure is estimated. This can be accomplished by using
vaues found in many waste management manuals or through laboratory anadyss of the
manure. Mogt often, producers are interested in N, P, or K, however, the moded can be
used to calculate application rates and cost estimates for any nutrient desired for any
given cropping system. The next step in producing transport and application cost
esimates is to determine the annua hours of use for each piece of equipment using the
trangport and application total annua cost spreadsheets. Tables 3.1 thru 3.5 list the user
inputs needed and the ca culated va ues produced from the spreadsheet designed for each
type of manure transport and gpplication system. The default vaues will be determined
from the spreadsheets used to determine the operational cost per hour for each piece of
transport and gpplication equipment.

Table 3.1. Solid manure hauling system transport and application total annual cost
Spreadsheet.

Solid Manure Hauling Systems

User Inputs Calculated Values Default Values
Manure Volume (cubic feet) Number of Loads Required Loading Cost per Hour ($/hour)
Spreader Capacity (cubic feet) Time to Load Spreader Once (hours) Transport Cost per Hour ($/hour)
Loading Rate (cubic feet/minute) Total Loading Time (hours) Application Cost per Hour ($/hour)
Transport Distance + Return Trip (miles) Total Loading Cost ($) Incorporation Cost per Hour ($/hour)
Average Transport Speed (mph) Total Transport Distance (miles)

Nutrient Application Rate (Ibs/acre) Transport Time for One Trip (hours)

Pounds of Nutrient per ton of Waste Total Transport Time (hours)

Equipment Application Rate (cubic feet/minute) |Total Transport Cost ($)

Application Width (feet) Transport Cost per Mile ($/mile)

Incorporation Speed (mph) Total Tons of Waste (tons)

Incorporation Width (feet) Application Rate (tons/acre)

Application Speed (mph)
Acreage Required (acres)
Application Rate (acres/hour)
Total Application Time (hours)
Total Application Cost ($)
Incorporation Rate (acres/hour)
Total Incorporation Time (hours)
Total Incorporation Cost ($)
Total Transport and Application
System Cost ($)

System Cost per Acre ($/acre)
System Cost per Cubic Foot ($/ft3)
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Table3.2.
annual cost spreadsheet.

Liquid manure hauling tank system transport and application total

Liquid Manure Tank Hauling Systems

User Inputs

Calculated Values

Manure Volume (gallons)

Tank Capacity (gallons)

Loading Rate (gpm)

Transport Distance + Return Trip (miles)
Average Transport Speed (mph)

Nutient Application Rate (Ibs/acre)
Pounds of Nutient per 1000 Gallons of Waste
Equipment Application Rate (gpm)
Application Width (ft)

Incorporation Speed (mph)
Incorporation Width (ft)

Default Values

Number of Loads Required
Time to Load Tank Once (hours)
Total Loading Time (hours)

Total Loading Cost ($)

Total Transport Distance (miles)
Transport Time for One Trip (hours)
Total Transport Time (hours)
Total Transport Cost ($)
Transport Cost per Mile ($/mile)
Application Rate (gallons/acre)
Application Speed (mph)
Acreage Required (acres)
Application Rate (acres/hour)
Total Application Time (hours)
Total Application Cost ($)
Incorporation Rate (acres/hour)
Total Incorporation Time (hours)
Total Incorporation Cost ($)
Total Transport and Application
System Cost ($)

System Cost per Acre ($/acre)
System Cost per Gallon ($/gallon)

Loading Cost per Hour ($/hour)
Transport Cost per Hour ($/hour)
Application Cost per Hour ($/hour)
Incorporation Cost per Hour ($/hour)

Table3.3. Biggunirrigation system transport and application total annual cost

Spreadsheet.

Big Gun Irrigation Systems

User Inputs

Calculated Values

Manure Volume (gallons)

Gun Flow (application) Rate (gpm)

Nutrient Application Rate (Ibs/acre)

Pounds of Nutrient per 1000 Gallons of Waste
Gun Throw Diameter (ft)

Incorporation Speed (mph)

Incorporation Width (ft)

Time For One Set-Up (minutes)

Total Length for One Pull (feet)

Default Values

Total Pumping Time (hours)
Application Rate (gallons/acre)
Acreage Required (acres)

Tow Path Spacing (ft)

Length of Pull Needed to

Cover One Acre (ft)

Time to Cover One Acre (minutes)
Gun Tow Speed (feet/minute)
Application Rate (acres/hour)
Number of Set-Ups Required
Total Set-Up Time (hours)

Total Application Time (hours)
Total Application Cost ($)
Incorporation Rate (acres/hour)
Total Incorporation Time (hours)
Total Incorporation Cost ($)
Total Transport and Application
System Cost ($)

System Cost per Acre ($/acre)

System Cost per Gallon ($/gallon)

Application Cost per Hour ($/hour)
Incorporation Cost per Hour ($/hour)
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Table 3.4. Drag hosedirect injection system transport and application total annual

cost spreadsheet.

Drag Hose Systems

User Inputs

Calculated Values

Manure Volume (gallons)

Nutrient Application Rate (Ibs/acre)

Pounds of Nutrient per 1000 Gallons of Waste
Equipment Application Rate (gpm)
Application Width (ft)

Default Values

Application Rate (gallons/acre)
Application Speed (mph)

Acreage Required (acres)
Application Rate (acres/hour)
Total Application Time (hours)
Total Transport and Application
System Cost ($)

System Cost per Acre ($/acre)
System Cost per Gallon ($/gallon)

Application Cost per Hour ($/hour)

Table 3.5. Center-pivot irrigation system transport and application total annual

cost spreadsheet.

Center-Pivot Systems

User Inputs

Calculated Values

Manure Volume (gallons)

Nutrient Application Rate (Ibs/acre)

Pounds of Nutrient per 1000 Gallons of Waste
Equipment Application Rate (gpm)

Total Length of Span (feet)

Total Length of Transport Pipe Needed (feet)
Additional Hours Needed for Set-Ups
Incorpoaration Speed (mph)

Incorporation Width (feet)

Default Values

Application Rate (gallons/acre)
Acreage Required (acres)
Number of Set-Ups Required
Total Application Time (hours)
Total Application Cost ($)
Incorporation Rate (acres/hour)
Total Incorporation Time (hours)
Total Incorporation Cost ($)
Total Transport and Application
System Cost ($)

System Cost per Acre ($/acre)
System Cost per Gallon ($/gallon)

Application Cost per Hour ($/hour)
Incorporation Cost per Hour ($/hour)

The user needs adequate knowledge of manure transport and application systems

in order to calculate cost estimates using thistool. Although manure transport and

goplication systems contain many individua pieces of equipment, not al of these pieces

of equipment may produce the same annual operational hours. It is essentid to

understand what the function of each piece of equipment is and how to assign the

appropriate operational timesto it in order to estimate an accurate operationa cost per

hour for that piece of equipment. For example, loading liquid manure into adurry tank

will require different pieces of equipment than incorporating the manure after it has been

land gpplied. Although both of these operationstadly into the total system cogt, their
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individua operationd costs must be calculated separately and then added for atotal cost.
The same istrue for determining annual operationd times for individua pieces of
equipment. If the total trangport and gpplication system annual operationa hoursis 100
hours and thistotal comes from 25 hours loading time, 25 hours transport time, 25 hours
application time, and 25 hours incorporation time, the user must have knowledge of how
to assign these operationa times or combinations of operationd times to the individud
pieces of equipment. In addition, the user must comprehend issues such asinjection
systems will not use other incorporation methods, solid manure cannot be pumped,
irrigation systems cannot use injection methods, etc. General common sense must dso
be used in order to produce accurate cost estimates. A 40 HP tractor cannot be used to
pull 28,000 gdlon liquid durry tank, and one diesdl engine driven pump unit will not be
able to pump liquid manure an infinite distance.

Once the annua operationa hours have been determined for the various
operations of the transport and application system from the transport and gpplication tota
annual cost spreadshest, these values are used to determine the operational cost per hour
for the desired pieces of trangport and agpplication equipment using the equipment
operationa cost per hour spreadsheets. These values are then used to calculate the
default valuesin the transport and gpplication tota annua cost soreadsheet. No
gpreadsheet has been designed to do this automatically for the user. Once the user has
hand tabulated the individua default value operationd costs then these vaues can be
entered into the gppropriate locations in the transport and gpplication total annua cost
Spreadshet to caculate the total annual transport and application system cost, trangport
and gpplication system cost per acre, and transport and application system cost per galon
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or cubic foot (depending whether solid or liquid system is chosen). Figure 3.3 represents
the overdl operationa stepsfor use of the cost estimation modd.
Transport and Application Systems Evaluated

There are many different equipment choices for the trangport and application of
animal manures. Each systlem combination is best suited for certain operationd
parameters. The cost estimation modd is capable of caculaing cost estimatesfor al
commonly used manure trangport and application systems. In this study, Six common
liquid trangport and gpplication systems were evaluated for use with dairy waste. Two
separae liquid durry tank and liquid vacuum tank systems were evauated to compare the
advantages and disadvantages of tank sizes and to illustrate some of the model’s
versdtlity. Table 3.6 ligsthe sysems with dl their components that were andyzed. A
trangport and application sysem istypicaly comprised of an array of individua pieces of
equipment. Some systems are more expensve than others and capital cost for certain
transport and gpplication systems will vary with transport distance. Table 3.7 presents
theinitid investment (capital cost) for each system type. These cost estimates were
based on 2000 M.S.L.R.Pvaues. A brief description of each system type considered
for this study follows.

Liquid Surry Tanks (LST)

Liquid durry tanks (LST) range in sze from 2,300 gdlons to 12,000 gdlons, and
ae cdasdfied as liquid hauling sysems.  Liquid wagte from the dorage area must be
loaded into the tank. Agitation of the Storage area is not required to load the tank.
However, to gan maximum nutrient vaue from the waste, agitation is recommended.
Typicdly, aPTO agitation and loading pump attached to atractor is used to load the tank.
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Determine Livestock Species

4

Choose Between Liquid or Solid Waste Management System

v

Cdculate Manure Volume and Nutrient(s) Content

v

Solid Manure Hauling Systems
Liquid Manure Hauling Tank Systems
Big Gun Irrigation Systems

Drag Hose Direct Injection Systems
Center-Pivot Irrigation Systems

Choose Manure Transport and Application System Type:

v

farm specific user inputs

Calculate annua hours of use for desired pieces of transport and
application equipment using the appropriate transport and application
total annua system cost spreadshect by entering the

v

Cdculate operationa cost per hour for each piece of equipment using the
equipment operational cost per hour spreadsheets by entering the age of
equipment and annud hours of use

v

annual cost spreadsheet

Cadlculate the needed transport and application system parameter(s)
default values to enter into the trangport and gpplication total

v

l Find Output

v

'

Totd Annud Transport and
Transport and Application System

Application Cost per Acre
Economic Cost

Transport and
Application System
Cost per gdlon or
cubic foot

Figure 3.3. Operational stepsfor use of the cost estimation model.
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Table 3.6. Transport and application systems evaluated.

System Type System Components
5,000 Gdlon Liquid 125 HP 4WD Transport and Application Tractor, 100 HP
Surry Tank (LST5) AWD Incorporation and Loading Tractor, 327 PTO Agitator-

(liquid heuling system)

Loading Pump, 20’ Incorporation Disk, 14" Injection Toolbar

10,000 Gdllon Liquid
Surry Tank (LST10)

(liquid hauling system)

250 HP 4WD Transport and Application Tractor, 100 HP
AWD Incorporation and Loading Tractor, 327 PTO Agitator-
Loading Pump, 20" Incorporation Disk, 24’ Injection Tool bar

5,000 Gdlon Liquid
Vacuum Tank (LVT5)

(liquid hauling sysem)

125 HP 4WD Transport and Application Tractor, 100 HP
AWD Incorporation and Agitation Tractor, 327 PTO Prop
Agitator, 20" Incorporation Disk, 14’ Injection Toolbar

8,500 Gdlon Liquid
Vacuum Tank (LVTS8)

(liquid heuling system)

225 HP 4WD Transport and Application Tractor, 100 HP
4AWD Incorporation and Agitation Tractor, 327 PTO Prop
Agitator, 20" Incorporation Disk, 24’ Injection Toolbar

Drag Hose System (DHS)

(liquid pumping system)

225 HP 4AWD Application Tractor, 6" Aluminum Trangport
Pipe, 18 Injection Toolbar, 157 HP @ 2400 rpm Pumping
Unit & Diesd Engine Driven Pump **

Big Gun Hard
Hose Travdler (BGHH)

(liquid pumping system)

45" X 1310 Hard Hose Traveler, 100 HP 4WD Agitation,
Pumping, & Incorporation Tractor, 124 HP @ 2200 rpm
Pumping Unit & Diessl Engine Driven Pump **, 327 PTO
Agitator-Loading Pump, 6" Aluminum Trangport Pipe, 20
Incorporation Disk

Big Gun Soft
Hose Traveler (BGSH)

(liquid pumping system)

40" X 1310 Soft Hose Traveler, 100 HP 4WD Agitation,
Pumping, & Incorporation Tractor, 124 HP @ 2200 rpm
Pumping Unit & Diesd Engine Driven Pump **, 327 PTO
Agitator-Loading Pump, 6” Aluminum Transport Pipe, 20
Incorporation Disk, 80 HP 4WD Red Tractor

Center-Pivot
System (CPS)

(liquid pumping system)

124 HP @ 2200 rpm Pumping Unit & Diesd Engine Driven
Pump **, 100 HP 4WD Agitation, Pumping, & Incorporation
Tractor, 6" Aluminum Transport Pipe, 20° Incorporation Disk

** for transport distances of 4.5 miles two pumping units were used
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Table 3.7. Total capital investment costsfor each system.

System Type and Transport Distance (miles)
Application Method

0.5 mile 15mile 45mile
LST5NolInc $157,000 $157,000 $157,000
LST5Inc $172,000 $172,000 $172,000
LST51nj $165,000 $165,000 $165,000
LST10NoInc $250,000 $250,000 $250,000
LST 101Inc $265,000 $265,000 $265,000
LST10Inj $275,000 $275,000 $275,000
LVT5NolInc $158,000 $158,000 $158,000
LVT5Inc $173,000 $173,000 $173,000
LVT5Inj $165,000 $165,000 $165,000
LVT8Nolnc $240,000 $240,000 $240,000
LVT8Inc $255,000 $255,000 $255,000
LVT8Inj $265,000 $265,000 $265,000
DHS $233,000 $248,000 $313,000
BGHH No Inc $132,000 $147,000 $212,000
BGHH Inc $147,000 $162,000 $227,000
BGSH NoInc $147,000 $161,000 $226,000
BGSH Inc $162,000 $176,000 $241,000
CPSNolInc $128,000 $143,000 $207,000
CPSInc $143,000 $158,000 $222,000

Note: No Inc (no incorporation system), Inc (incorporation system), Inj (injection system)

A PTO agitator-loading pump consists of a bladed propeller connected to a drive shaft
driven by the tractor’'s PTO. The rotating propeller agitates the storage area. The PTO
agitator-loading pump dso trandfers the liquid waste through a pipe mounted to the frame
of the device that can be used to load the tank. A tractor is used to pull the tank to the
goplication ste and then through the application field. Tanks can be used to broadcast
the liquid waste or can be equipped with an injection toolbar to directly inject the liquid
waste benesth the soil surface.

Liquid Vacuum Tanks (LVT)

Liquid vacuum tanks (LVT) range in Size from 1,500 gdlonsto 8,500 gallons,
and are classfied asliquid hauling systems. Liquid waste from the Storage area must be

loaded into the tank. Agitation of the storage areais not required to load the tank.
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However, to gain maximum nutrient vaue from the waste, agitation is recommended.
The storage areais agitated using a prop agitator that is attached to the PTO of atractor.
Thisdeviceis amilar to the PTO agitator-loading pump except it lacksaPTO driven
pump. The vacuum tank contains a vacuum pump that is used to load and unload the
tank. To load the tank, the vacuum pump pullsar out of the tank that causes a vacuum.
This process of pulling the air out of the tank will at the same time pull the liquid waste
into the tank. The tank contains aloading arm, which is placed into the storage areaand
the vacuum created by the tank transfers the liquid from the storage areaiinto the tank via
the loading arm. A tractor is used to pull the tank to the gpplication site and then through
the gpplication field. Theliquid waste is discharged from the tank by reversing the
vacuum and the vacuum pump forces air back into thetank. The air pressure in the tank
is used to discharge the liquid waste from the tank. VVacuum tanks can be used to
broadcast the liquid waste or can be equipped with an injection toolbar to directly inject
the liquid waste benegath the soil surface.

Drag Hose Systems (DHS)

Drag hose systems (DHS) are classified as pumping systems. The storage arealis
agitated with a PTO agitator-1oading pump and a high-valume, high-pressure pump is
used to trangport the liquid through pipe to the gpplication site. At the gpplication Site,
the pipe is atached to an umbilica application hose, which is attached to an injection
toolbar mounted to the rear of the tractor. The hose is commonly 660 ft long and is
pulled by the tractor through the application field where the liquid waste is directly
injected under the soil’ s surface. Injection toolbars for drag hose systems range in width
from 10 ft up to 40 ft wide.
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Big Gun Hard Hose Traveler (BGHH)

Big gun hard hose travelers (BGHH) are classified as pumping systems. The
sorage areais agitated and a high- pressure, high-volume pump is used to transport the
liquid through pipe to the application Site. At the gpplication Site the pipeis attached to a
hard hose red. The verticd redl houses aflexible hose, which isusudly 1,100 ft to 1,300
ft long. The hoseis atached to abig gun irrigation sprinkler that is mounted on a
retractable-wheded cart. The hoseisunwound by pulling the cart dong adesired
towpath perpendicular to thered. This can be accomplished usng atruck, tractor, ATV,
etc. Once the hose has been unwound, liquid is pumped to the big gun sprinkler, where it
is sprayed onto the gpplication Site. The cart is pulled along the towpath by a motor
which turns the red and rewinds the hose. Some reds are driven by an internd hydraulic
turbine, but for anima waste durries, engine driven redls are preferred to accommodate
the faster tow speeds needed to apply at lower rates.

Big Gun Soft Hose Travders (BGSH)

Transport of waste to the application Steisidentica for both big gun hard hose
(BGHH) and big gun soft hose (BGSH) systems. The transport pipe is atached to a soft
flexible hose that is usudly 660 ft long. Thishoseiswound on ahorizontd red and must
be completely unwound for any pull. Thered isonly used to transport the hose. A big
gun irrigation sprinkler mounted to a retractable-whedled cart is connected to the drag
hose. The cart isthen hooked to a cable, which is mounted to aPTO drivenred. The
cableisusualy 1,300 ft long. The cart is pulled dong the towpath by the cable asit is

wound around thered.
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Center-Pivot Systems (CPS)

Center-pivot systems (CPS) are classfied as pumping systems. The Sorage area
is agitated and a high-valume high- pressure pump is used to trangport the liquid through
pipe to the application Site. The pipe is connected to along boom which rotates around a
fixed center point. The boom is comprised of individud spans. The individua spans can
range in length from 100 ft to 205 ft. Center-pivot systems may include from one
individua span up to many spans. The maximum length of a pivot which can be pulled

and relocated without complete disassembly is%amile.

Operation Description

For this study, five lactating dairy herd sizes were considered; 50, 200, 400, 800,
and 2,000 cow operations. All cows were assumed lactating, average cow weight was
assumed to be 1,400 pounds, and cows were assumed to be continuoudy confined in
freestall barns with open loafing lots. The bedding material was assumed to be sawdust.
All excreted waste, parlor cleaning water, flush water, and ot runoff was assumed to be
stored for 365 days in a 16-foot deep holding pond. Fush water was assumed to be
recycled from the holding pond. All runoff from roofed structures was assumed to be
collected by gutters and diverted away from the operation and storage area. Uncovered
loafing lot area considered to receive rainfdl that would be handled as waste was based
on 20 square feet of loafing lot per cow. Annud rainfal for the sudy was set at 50
inches. Net annud rainfal (annud rainfal minus evaporation) for the study was set a 20

inches. The 24-hour/25-year storm for the study was 6 inches.
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Determining Manure Volumes

Manure volumes from the Natural Resource Conservation Service (NRCS) part
651 Anima Waste Management Field Handbook were used for this study (NRCS, 1992).
Bedding, excreted waste, and milking center clean-up water were combined to produce a
totd daily waste volume excluding rainwater per cow. Thisdaily volume was multiplied
by the number of cows and by the desired storage period. Lot runoff was then added to
thisvolume. Thistotal volume was then used to estimate the waste volume to be gpplied
from the dairy under test. A holding pond surface areawas ca culated and used to
determine additiona storage volume needed to store net annud rainfal plus a 24-
hour/25-year storm event. Table 3.8 presents the variables used for these calculations
and the annua amount of waste produced from each operation.
Determining Nutrient Contents

The nutrient content of the liquid waste was estimated based on pounds of
nutrients excreted per pound of live weight per day (Burnset a., 1998). For this studly, it
was estimated that a 1,400-pound dairy cow excreted 0.63, 0.22, and 0.43 pounds per day
N, P>Os, and KO respectively. These values were used to determine the mass of
nutrients per year to be land applied consdering handling, storage, and application
nutrient losses (refer to Table 2.1) associated with eech system type. Thisinformation is
presented in Table 3.9. These nutrient masses and estimated manure volumes were used
to determine the pounds of nutrients per 1,000 gallons of waste for each nutrient and each
gpplication method and to determine the application rate per acre as shown in Table 3.10.

Application rates for this study were based on a 20-ton per acre corn Slage crop. This
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Table3.8. Variables used for manure volume calculations and total manure

volumesfor each operation.

Sawdust Bedding 121b/ft* 0.18 ft*/day/1,4001b cow
Lactating Cow Excreted Manure 1.82 ft3/day/1,400lb cow
Milking Center Waste 1.96 ft3/day/1,400Ib cow
Totd Volume Excduding Rainwater 3.96 ft*/day/1,4001b cow

29.6 gallons/day/1,400Ib cow
10,800 gallons/year/1,400lb cow

Uncovered Loafing Lot Area per cow 20 sguare feet

Annud Ranfdl 50 inches

Annua Evaporation 30 inches

Net Annud Rainfall 20 inches

24-hour/25-year sorm Event 6 inches

Holding Pond Depth 16 feet (plus 1 ft freeboard)

Number of Cows Annual Amount of Waste Produced (gallons)
50 650,000
200 2,600,000
400 5,200,000
800 10,450,000
2,000 26,000,000

Table 3.9. Pounds of nutrients available per year following handling, storage, and

application losses.

PAN PAN PAN P,Os dl K Odl

Broadcast w/ | Broadcast w/ | Injected goplications | gpplicaions
Number of no Incorporation
Cows Incorporation

Pounds of Nutrients

50 4,599 5,749 6,899 4,088 7,921
200 18,396 22,995 27,594 16,352 31,682
400 36,792 45,990 55,188 32,704 63,364
800 73,584 91,980 110,376 65,408 126,728
2,000 183,960 229,950 275,940 163,520 316,820

Note: PAN (plant available nitrogen)




Table 3.10. Pounds of nutrients per 1,000 gallons of waste following handling,
storage, and application losses and corresponding application rates.

Pounds of
Nutrients per Application Rate
1,000 Galons of (gdlong/acre)
Waste
PAN Broadcast w/ no Incorporation 7.0 21,000
PAN Broadcast w/ Incorporation 8.8 17,000
PAN Injected 10.6 14,000
P,Os dl goplications 6.3 9,600
K0 dl gpplications 12.1 9,900

Note: PAN (plant available nitrogen)

yield was assumed to require 150 pounds of N, 60 pounds of P,Os, and 120 pounds of
K20 per acre per year (Savoy and Hamilton, 1994).
Determining Costs

For each dairy size, the total annua economic costs associated with the transport
and application system combinations were determined for transport distances of 0.5, 1.5,
and 4.5 milesfor both nitrogen and phosphorus-based gpplications. Using the tota
annua economic cog, atransport and application cost per acre was determined based on
the acreage required for each system. In addition, a cost per cow was determined based
on the number of cowsin that operation. Using the cost per acre vaue for each system
and each dairy Sze, anet fertilizer value per acre was determined based on crop
requirements for a 20-ton per acre corn slage crop. Current prices (at the time of this
study) for N, P, and K were used to determine the value of the manure nutrients per acre.
For thisstudy, N, P,Os, and K0 values of $0.30, $0.25, and $0.15 per pound
respectively were used. No monetary credit was given to P and K when these nutrients

were gpplied at rates greater than those needed to meet crop requirements. Table 3.11
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Table3.11. Manure nutrient value per acrefor a 20-ton per acre corn silage crop.

Application Standard Application Method Manure Nutrient Vaue
($/acre)
Nitrogen All $78.00
Phosphorus Broadcast w/ No Incorporation $52.68
Phosphorus Broadcast w/ Incorporation $57.74
Phosphorus I njected $62.81

presents the manure nutrient value per acre for nitrogen and phosphorus-based
gpplications for a 20-ton per acre corn silage crop.
Equations Used for Calculations
Tota Annua Economic Cost
=Totd Loading Cost + Tota Transport Cost + Tota Application Cost + Totd
Incorporation Cost

Annua Cost per Cow
= Totd Annud Economic Cost / Number of Cows

Trangport and Application Cost per Acre
= Total Annua Economic Cost / Application Acreage

Trangport and Application Cost per Gallon or per Cubic Foot
=Totad Annua Economic Cost / Manure VVolume (gallon or cubic foot)

Totd Transport and Application Annua Hours of Operation
= Totd Loading Time + Tota Trangport Time + Tota Application Time + Tota
Incorporation Time

Net Fertilizer Vdue
= Manure Vaue as Fertilizer per Acre— Trangport and Application Cost per Acre

Manure Vaue as Fettilizer per Acre
= Pounds of N applied per acre* Vaue of N per pound

+
Pounds of P>Os applied per acre* Vaue of P,Os per pound

+
Pounds of K ,O applied per acre* Vaue of K>O per pound

Note: No monetary credit given to nutrients when gpplied in excess of crop requirements
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Pound of Nutrients Available
= Pounds of Nutrient Excreted per anima per day * Number of Animas* Days
of Storage

Note: If caculating nitrogen appropriate availability factor must be used

Pounds of Nutrients per 1,000 Galons of Waste
= (pounds of nutrient available / manure volume)* 1000 gdlons

Application Rate (gallons/acre)

= pounds of nutrient required by crop per acre * (1000 galons/ pounds of nutrient
per 1000 gdlons of waste)
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CHAPTER IV

RESULTS AND DISCUSSION

For this study total economic cost is defined as the total operationa cost for
trangporting and applying manure. Net fertilizer valueis defined as the totd value of the
land-applied manure as fertilizer per acre minus the total cost per acre to transport and
apply the manure. If an operation’ s objectiveisto land apply manure by the cheapest
means possible, tota economic cost isavdid figure of merit to ade in the sdection of
equipment and application method. However, if the objective is to receive maximum
benefits (returns) from land gpplied nutrients, then net fertilizer values are the correct
figure of merit. In many ingtances, the trangport and gpplication system that produces the
lowest operational cost will not produce the highest returns. The following sections
present the hypotheses that were developed to evauate the impacts of nitrogen versus
phosphorus-based animal waste applications. Each hypothesis was designed to
investigate and provide conclusions to issues that arise when discussing the implications
of basing manure gpplications on phogphorus rather than nitrogen. In addition, detall is
presented comparing the economic performance among the various transport and

goplication systems.

38



Hypothesis 1. Phosphorus-based manur e applications have higher transport and
application economic costs than nitrogen based applications

This hypothesis was developed to determine if trangport and application economic
cost differences between phosphorus and nitrogen-based gpplications exist and to
evauate cost differencesif present. If phosphorus-based applications incur higher
trangport and application economic costs to concentrated animal feeding operations,
regulatory agencies may develop Strategies that could ease these cost increases. In
addition, evauation of the annual economic costs of various transport and application
systems operating under different nutrient management planswill aidein making
management decisons.

This hypothesis proved to be false for al hauling and drag hose sysems. There
were no economic cost differences between phosphorus and nitrogen-based applications
for hauling and drag hose systems. However, the hypothesis proved to be true for the
irrigation systems evauated in this study (big gun hard hose, big gun soft hose, and
center-pivot). Phosphorus-based applications were more expensive for irrigation systems
due to the increased amount of labor that is needed to set up the irrigation equipment on
the additiond land arearequired for phosphorus-based applications. A detail description
of each transport and gpplication system that was evauated in this study follows with an
explanation of why their annua economic costs were or were not different for
phosphorus and nitrogen-based applications. Land requirements for each operation are

presented in Table 4.1.
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Table4.1. Land requirementsfor a 20-ton per acre corn silage crop (acres) for each

operation, for each nutrient, and each application method.

Limiting Nitrogen Nitrogen Nitrogen Phosphorus
Nutrient
Application Broadcast with Broadcast Injected All gpplication
Method no with methods
Incorporation incorporation
Number of Cows Acres
50 31 38 46 68
200 120 150 180 270
400 250 300 360 550
800 500 600 740 1,100
2,000 1,200 1,500 1,800 2,700
Liquid Surry Tank Systems (LST)

The modd produced identical cost estimates for both nitrogen-based and
phosphorus-based gpplications when liquid durry tanks were used. When these systems
were used to either broadcast the waste without any incorporation or to directly inject the
wagte into the soil they produced identical cost estimates. These costs were identical
because these systems were able to operate within a speed range that effectively alowed
them to apply the waste at a desired application rate for both nitrogen and phosphorus-
based applications. For phosphorus-based applications, where the waste was broadcast
onto the gpplication site, the durry tanks could be towed at 2.5 mph and this produced the
desired application rate of 9,600 gal/acre. When basing the gpplication on phosphorus
and the waste was to be injected into the soil, the tanks could be towed at 4.4 mph (5,000
gallon tank) and 2.6 mph (10,000 gallon tank) and meet the desired gpplication rate of
9,600 gal/acre. For nitrogen-based applications with desired application rates of 21,000

(no incorporation), 17,000 (incorporated), and 14,000 (injected) gal/acre the tanks could
40




be towed at 1.1 mph for broadcast applications with no incorporation. For broadcast
gpplications implementing incorporeation, the tanks could be towed a 1.4 mph. Liquid
durry tank injection systems could be towed at 3.0 mph (5,000 gdlon tank) and 1.7 mph
(20,000 gallon tank) and match the desired application rate of 14,000 ga/acre. Liquid
durry tank injection systems speeds differed for the two tank sizes because they were
equipped with different width injection toolbars. The 5,000 galon tanks were equipped
with amore narrow toolbar and therefore had to be towed faster to meet the application
rate requirements. The broadcast width for these sysems was assumed to be 25 ft. The
injection application widths were assumed to be 14 ft for the 5,000 gdlon tanks and 24 ft
for the 10,000 gdlon tanks. Theliquid durry tank systems' total economic cogts only
differed when the land-applied nutrients were incorporated into the soil. Phosphorus-
based applications had higher total economic costs than nitrogen based gpplications when
the land-applied nutrients were incorporated into the soil. This cogt difference was due to
the increased cost associated with operating incorporation equipment over alarger land
area. The largest observed difference was a 4.5% ($3,000) increase when the application
was phosphorus-based using a 5,000 gallon liquid durry tank for a 2,000-cow operation.

Liquid Vacuum Tank Sysems (LVT)

Cost estimates for nitrogen and phosphorus-based applications were identical
when liquid vacuum tanks sysems were used. Like the durry tank systems, their costs
only differed when the application was incorporated into the soil. However, the vacuum
tank sysems incurred sgnificantly higher total annua economic cogts than the durry

tank systems. Figure 4.1 compares total annual economic cost for a400-cow operation

41



$70,000

$60,000

$50,000

$40,000

$30,000

$20,000 -

Total Annual Economic Cost ($)

$10,000

$0
0.5 15 4.5

Transport Distance (miles)

| © 5,000 Gallon Liquid Slurry Tank @ 5,000 Gallon Liquid Vacuum Tank |

Figure4.1. Total annual economic cost comparison for a 400-cow operation with a
phosphor us-based no incor por ation application.

using a5,000 gdlon liquid durry tank and a 5,000 gdlon liquid vacuum tank, with the
gpplication based on phosphorus with no incorporation. This cost difference was
attributed to the liquid vacuum tank’s dower loading and discharge rates. The maximum
rate at which the vacuum tanks could load themsalves was arate of 600 ga/min. The
maximum discharge rate for these tanks was 400 gal/min. The durry tanks could be
loaded a arate of 1,000 ga/min and unloaded at arate of 1,200 gd/min. The vacuum
tanks could till operate at a speed to achieve the desired application rates, dthough the
times were gregter for these systems than for the durry tank systems. Phosphorus-based
broadcast applications required the vacuum tanks to be towed at 0.8 mph to achieve an
gpplication rate of 9,600 ga/acre. Phosphorus-based injection applications required the

5,000 galon vacuum tank equipped with a 14 ft injection toolbar to be towed at 1.5 mph.
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The 8,500 gallon vacuum tank equipped with a 24 ft injection toolbar had to be towed at
0.9 mph to achieve the 9,600 gal/acre application rate. Broadcast with no incorporation
nitrogenbased applications required the tanks to be towed at 0.4 mph for an application
rate of 21,000 gd/acre. Broadcast with incorporation nitrogenbased applications
required a 0.5 mph tow speed for a 17,000 gal/acre application rate. Nitrogen-based
injection applications required tow speeds of 1.0 and 0.6 mph for the 5,000 and 8,500
gallon vacuum tanks respectively. These speeds produced the desired application rate of
14,000 gal/acre.

Drag Hose System (DHS)

Drag hose systems produced identical total annua economic costs for both
phosphorus and nitrogenbased gpplications. The drag hose systems evaluated in this
study were al equipped with direct injection toolbars. However, toolbars have been
designed to broadcast liquid waste onto the soil surface. Future studies should consider
these systems and evduate their costs and returns. The drag hose systems for this study
were equipped with an 18 ft injection toolbar and were assumed to discharge 900
gd/min. For this gpplication width and discharge rate, the systems had to travel a 2.6
mph to achieve a 9,600 gal/acre application rate for phosphorus-based applications. For
nitrogen-based applications the systems were required to travel a 1.7 mph to meet the
14,000 gal/acre application rate.

Big Gun Hard Hose Travd er System (BGHH)

For big gun hard hose systems, phosphorus-based gpplications had higher total

annua economic cogts than nitrogent based applications. Phosphorus-based applications
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had higher costs for two reasons. Phosphorus-based applications require more land area,
which results in more equipment set-ups needed to cover the additiond land and alower
discharge rate is required to maintain equipment operation capabilities. Big gun hard
hose travelers: maximum tow speed for this study was assumed to be 7.0 ft/min (Ag-
Rain, 2000). For phosphorus-based applications, gun flow rate had to be set at 550
gd/min to achieve atow speed not exceeding 7.0 ft/min. Gun flow rate for nitrogen
based applications could be set a 600 ga/min which was assumed to be the maximum
flow rate for big gun hard hose travelers. However, this flow rate difference was not the
sgnificant reason for phosphorus-based applications to have higher tota annud
economic costs. Phosphorus-based applications required significantly more labor than
did nitrogenbased applications. After the big gun sprinkler has been pulled the entirety
of itstow path, the systlem must be set up for another pull. Thetime to set up the system
again for another pull for this study was assumed to be 45 minutes (Ag-Rain, 2000).
Sincetypica phosphorus-based applications require gpproximately twice as much land as
nitrogenbased applications, twice the number of set-upsisrequired. Figure 4.2
compares annua operationa times for phosphorus and nitrogen-based applications using
abig gun hard hose traveler.

Phosphorus-based gpplications resulted in total annua economic cost increases of
2% to 25% over nitrogen-based gpplications. These cost differences were greater for
larger operations. As operation size increases so does the amount of land needed to

satisfy application requirements. The phosphorus-based applications will require more
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Figure 4.2. Annual operational time comparison for big gun hard hose systems
using a no incor por ation application.

land, which results in more labor needed for additiond set-ups. For BGHH systems, as
herd size increased, the cogt difference between phosphorus and nitrogenbased
applications also increased. For a 50-cow operation with a4.5-mile trangport distance,
the totd trangport and application costs were lower to apply based on phosphorus crop
uptake requirements than nitrogen if the waste was incorporated into the soil. The extra
operationd time required for the phosphorus-based gpplication lowered the equipment’s
hourly operational costs enough that annualy it was $65 less ($20,905 versus $20,970) to
apply based on phosphorus standards than implementing a nitrogen-based application.
This was the only Stuation where a phosphorus-based application proved to have alower
total annua transport and agpplication economic cost than a nitrogen-based application

usng abig gun hard hose traveler system.
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Big Gun Soft Hose System (BGSH)

Phosphorus-based applications produced higher total annua economic costs for
big gun soft hose systems than did nitrogenbased gpplications. These higher total annua
economic costs were attributed to phosphorus- based applications requiring more land
areaand areduced gun flow rate. Maximum tow speed for these systems was assumed to
be 7.0 ft/min. Unlike the big gun hard hose systems, gun flow rate did have a Sgnificant
effect on cost. Phosphorus-based applications required a gun flow rate of 550 ga/min.
Big gun soft hose systems can accommodate a higher flow rate than big gun hard hose
gysems. For this sudy the maximum flow rate was assumed to be 800 gd/min
(Tuckasee, 2000). Thisflow rate could be implemented for nitrogenbased applications
and tow speed would remain below the operationa maximum of 7.0 ft/min. Thetimeto
st up the big gun soft hose system for each pull for this study was assumed to be 60 min
(Tuckasee, 2000 CFW, 2000). Aswith the big gun hard hose system, big gun soft hose
system phosphorus-based applications require twice the land area needed for gpplication.
Big gun soft hose systems require more set-up labor than big gun hard hose systems.
Thisincrease of labor and gun flow rate discharge difference attributed to cost increases
of 60% for phosphorus-based applications over nitrogen-based applications. Figure 4.3
compares annua operationa times for phosphorus and nitrogenbased applications using
abig gun soft hose system.

There were no Stuations where phosphorus-based transport application costs were
less than nitrogent based transport and gpplication costs when using a big gun soft hose

system. Figure 4.4 presents the total annual economic cost comparison for abig gun soft
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hose system with a broadcast, no incorporation application for each transport distance.
The results show that once herd size reaches 200 cows, it becomes more cost effective to
apply based on nitrogen at a 1.5 mile transport distance than to apply based on
phosphorus a a 0.5 mile transport distance. As herd Size increases to around 1,000 cows,
nitrogenbased applications at a 4.5 mile transport distance are cheaper than phosphorus-
based gpplications a a 1.5 mile transport distance. The large differencesin gpplication
area requirements and gun flow rate between phosphorus and nitrogen-based applications
caused Sgnificant differencesin total annual economic costs when using abig gun soft

hose sysem.

Center-Pivot Sysem (CPS)

Phosphorus-based applications had dightly higher tota annual economic costs for
center-pivot systems than did nitrogenbased applications. The largest cost increase
observed was around 18% for a 2,000-cow operation. Center-pivot systems were not as
labor demanding as the big gun systems and therefore the tota annua economic costs
between phosphorus and nitrogen-based gpplications were not as large. For this study it
was assumed that aV+mile center- pivot syslem was the largest unit that could be
maneuvered from one application area to another without complete disassembly. A ¥
mile center-pivot system is capable of covering an application area of 126 acres each time
itisset up. Each set-up of the system was assumed to take 8 hours of labor. For each 8
hours of set-up labor a center-pivot system was capable of covering 126 acres of

goplication areain afull revolution. In order to cover this same application area, 9 and
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12 hours of set-up labor were required for abig gun hard hose and big gun soft hose
system respectively.

Codt differences between phosphorus and nitrogen-based applications were
attributed to the larger land area needed for phosphorus-based applications and the
increased amount of set-up labor needed to satisfy these requirements. Figure 4.5
represents the set-up labor needed for phosphorus and nitrogenbased applications using a
center-pivot system. For this study, center-pivot systems were not designed to be
dationary units as they are commonly used in clean water irrigation sysems. This sudy
assumed that the annua amount of waste for a given operation would be gpplied usng
just one mohile center-pivot system. The maximum sze of this unit was assumed to be
Yemileinlength. Thisgze unit was capable of applying waste to 126 acres of
gpplication land. Operations requiring more than 126 acres of application land required
the ¥ mile center-pivot system to be relocated and set-up additiona times to cover the
required gpplication area. Operations that did not require 126 acres of gpplication land
were equipped with pivots of lesser length. The capital cost (purchase price) of these
systems was lower than those of the full ¥=mile pivots and costs estimates included the
adjusted values.

Center-pivots for al 50-cow operations required the same amount of set-up labor.
Application area requirements for these operations only required one set up of the center-
pivot system. Also, the 50-cow operations did not require an application arealarge
enough to accommodate a full ¥z mile center-pivot system. Phosphorus-based

gpplications for a 50-cow herd size required a pivot 972 feet long to cover the 68 acres of
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Figure4.5. Annual set-up labor requirementsfor center-pivot systems.

application land needed for this gpplication. Nitrogen-based applications for 50-cow herd
szesrequired pivots of 652 feet to cover the 31 acres of application land needed for a
nor+incorporated application and a pivot of 729 feet to cover the 38 acres of gpplication
land needed for an incorporation application. Manure was assumed to be incorporated
using atractor and incorporation disk within 12 hours of application for center-pivot
goplications. The length of a pivot determines what discharge rate is required to match
adedired application rate. Figure 4.6 presents the total transport and gpplication annual
economic costs for a broadcast no incorporation center-pivot system for each herd size
and each transport distance.

The cogt difference remained gpproximately constant between phosphorus and

nitrogenbased applications for a given herd size and trangport distance. One exception
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was for a 50-cow operation with a4.5-mile transport distance. For this operation, if the
liquid waste was broadcast with no incorporation, transport and application costs were
annualy $460 less to implement a phosphorus-based application. Thiswasthe only
gtuation where it showed to be less expensive to implement a phosphorus-based
goplication usng a center-pivot system. Thisis because for this sze herd, a phosphorus-
based application increased operational hours enough to where it was less expensive
annually to operate this systemn as opposed if the application was based on nitrogen.
Phosphorus-based transport and gpplication costs were generally about 6% higher than
nitrogen-based applications for a 200-cow operation. The 400-cow operations showed
phosphorus-based applications to increase total annual economic costs by 10% over
nitrogenbased applications. Phosphorus-based applications resulted in cost increases of
14% and 18% over nitrogenbased gpplications for 800-cow and 2,000-cow operations
respectively when using a center-pivot irrigation system.

Hypothesis 2: Phosphorus-based manur e applications have higher transport and
application net fertilizer valuesthan nitrogen-based applications

This hypothesis was devel oped to investigate which application standard
(nitrogen or phosphorus) produced the highest returns from land applying dairy durry.
Aswith any investment opportunity, invesments that annually incur higher operating
costs may produce higher returnsin the end. The sameistrue for nutrient managemen.
While a nitrogen or phosphorus gpplication stlandard may incur higher operating costs,
the more expensive application standard dso may ddiver better returns to the operation.
Like other indudtries, the Size of the operation and proper management decisions will
affect the overdl success of the manure transport and application system. If phosphorus-
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based manure applications prove to ddiver higher net fertilizer values than nitrogen
based gpplications, operators will have stronger incentives to adopt these application
gsandards, even if higher annua operating costs are incurred.

This hypothesis proved to be true for operations of 200 cows or less. Once herd
sizes reached 400 cows, the highest net fertilizer vaues varied between phosphorus and
nitrogen-based applications. Thereisno clear trend that shows that either phosphorus or
nitrogenbased agpplications produce the highest net fertilizer values for herd sizes of 400
cows and greater across al systems consdered. Producers should gtrive to utilize
trangport and gpplication systems that produce pogitive net fertilizer vaues. When
negdtive net fertilizer values are present, it means that the nutrient value received from
those land-applied nutrients was |ess than the costs that were incurred to transport and
apply them. The results show that not al transport and application systems produced
postive net fertilizer values. Net fertilizer values expressed sgnificant variability
depending on herd Size, equipment sdection, nitrogen or phosphorus-based gpplication
standards, and transport distance. Nitrogenbased gpplications produced net fertilizer
vaues from $2 up to $300/acre less than the values produced by phosphorus-based
applications for herd sizes of 200 cows or less. This results from the fact that trangport
and gpplication cost on a per acre basis was sgnificantly higher for nitrogen-based
applications as compared to phosphorus-based applications for herd sizes of 200 cows or
less (refer to Tables C-1 and C-2 located in Appendix C). The land area needed for
nitrogenbased applications is generadly ¥ the land area needed for phosphorus-based

goplications. The returns from gpplying nutrients based on nitrogen for this lesser land
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areaare not as high if nutrients were supplied to alarger land area using a phosphorus-
based application for herd sizes up to 200 cows when the transport and application cost
per acreis Sgnificantly higher than for the phosphorus-based application. For operations
of 400 cows and grester, the differences between application costs on a per acre basis
were not as sgnificant between nitrogen and phosphorus-based applications (refer to
Tables C-3 thru C-5 located in Appendix C). Nitrogen-based applications often produced
higher net fertilizer values for operations of 400 cows and greater even though the

nutrients were applied to alesser land area. Some transport and gpplication systems
produced very smilar net fertilizer vaues for both phosphorus and nitrogen-based
applications while others resulted in differences up to $150/acre.

A transport and application system with alow tota annua economic cost does
not necessarily produce the highest net fertilizer vaues. Some of the big gun irrigation
systems have lower transport and application economic costs, but higher net fertilizer
vaues for these systems are often produced if these systems use incorporation, even
though incorporating the manure increases the tota trangport and application economic
costs. Even though trangport and gpplication total economic costs may be higher for
phosphorus-based gpplications for certain systems, the returns received from the fertilizer
vaue of the anima waste from phosphorus-based applications may outweigh their codts.
A drag hose system for 400 and 800 cow herds costs more annually than does a center-
pivot system, but in some cases ddivers higher net fertilizer vaues (refer to Appendices
B and C). In addition, application methods such as no incorporation, incorporation, and

injection may sgnificantly influence the net fertilizer vaues of a given sysem.
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5,000 Gdllon Liquid Surry Tank System (LST 5)

50-Cow Operation 5,000 Gallon LST

The mode produced no positive net fertilizers vaues using the 5,000 galon
liquid durry tank for a 50-cow operation. The transport and application cost per acre
aways exceeded the vaue of the manure for this Size operation. Phosphorus-based
gpplications did produce higher net fertilizer vaues for this system in al Stuations as
compared to nitrogen-based gpplications because nutrients were gpplied to alarger land
area, producing a significantly lower trangport and application cost/acre for the
phosphorus-based application. At atransport distance of 0.5 miles, injecting the liquid
waste based on phosphorus crop uptake requirements produced the highest net fertilizer
vaue. A broadcast with no incorporation gpplication produced the highest net fertilizer
vauefor al.5-miletransport distance. A broadcast with incorporation gpplication
produced the highest net fertilizer vaue for a4.5-mile trangport distance. At aherd sze
of 50 cows, nitrogen-based gpplication land requirements were not large enough to justify
the costs that were incurred to gpply the manure nutrients. The costs were the same for
phosphorus and nitrogen-based applications, but for this cost twice as much acreage was
covered if the application was based on phosphorus. This made nitrogen-based
gpplication cogs per acre sgnificantly higher than phosphorus-based application costs
per acre; therefore nitrogen-based gpplications did not result in competitive net fertilizer
values compared to phosphorus-based applications. Table 4.2 presents a summary of net

fertilizer values for the 50-cow operation 5,000 galon liquid durry tank system.
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Table4.2. Net fertilizer valuesfor the 50-cow operation LST 5 system.

Transport Transport Transport
and Manure Net and Manure Net and Manure Net
Application[Value as|Fertilizer[Application|Value as|Fertilizer[Application|Value as| Fertilizer
Cost |Fertilizer| Value Cost Fertilizer| Value Cost |Fertilizer| Value
($/acre) | ($/acre) | ($/acre) | ($/acre) |($/acre)|($/acre)| ($/acre) |($/acre)| ($/acre)

0.5 Mile 1.5 Mile 4.5 Mile
LST 5 No Incorporation P $57.40] $52.68) ($4.72) $63.46| $52.68| ($10.78) $82.87| $52.68| ($30.19)
N $127.57] $78.00| ($49.57) $141.02| $78.00 ($63.02) $184.16] $78.00|($106.16
LST 5 Incorporated |~ $60.47| $57.74 ($2.73)] $69.29| $57.74] ($11.55)  $85.93 $57.74] ($28.19)
N  $105.12| $78.00| ($27.12) $120.81 $78.00[ ($42.81) $150.39] $78.00| ($72.39)
LST5Injected H  $65.52| $62.81 ($2.71) $74.91| $62.81| ($12.10) $95.75| $62.81 ($32.94)
N $101.51 $78.00| ($23.51) $110.98| $78.00| ($32.98) $141.86 $78.00| ($63.86)
Note: Parentheses indicate negative net fertilizer vdues

200-Cow Operation 5,000 Gallon LST

As herd sze reached 200 cows operationd run time and application acreage
increased enough that nitrogen-based applications produced competitive net fertilizer
vaues. In addition, transport and gpplication cost/acre va ues decreased to a point where
positive net fertilizer values were produced. At a0.5-mile trangport distance a nitrogen
based injection application produced the highest pogitive net fertilizer vdue. Aninjected
phosphorus-based application produced the highest net fertilizer vaue at a 1.5-mileand
4.5-mile trangport distance. Phosphorus-based applications produced the highest net
fertilizer vaues for a 200-cow operation in dl Stuations except the 0.5-mile broadcast
with incorporation and injection gpplications. Table 4.3 presents a summary of net
fertilizer vaues for the 200-cow operation 5,000 gdlon liquid durry tank system.
400-Cow Operation 5,000 Gallon LST

Nitrogen-based applications produced the highest net fertilizer vaduesfor dl 0.5-
mile gpplications. An injection application produced the highest net fertilizer value a

this trangport distance for a400-cow operation. Phosphorus-based applications
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Table4.3. Net fertilizer valuesfor the 200-cow L ST 5 system.

Transport Transport Transport
and Manure Net and Manure Net and Manure Net
Application|Value as|Fertilizer |Application|Value as|Fertilizer|Application|Value as|Fertilizer
Cost  |Fertilizer| Value Cost |Fertilizer| Value Cost  |Fertilizer| Value
($/acre) |($/acre) | ($/acre)| ($/acre) |($/acre) | ($/acre)| ($/acre) |($/acre) |($/acre)
0.5 Mile 1.5 Mile 4.5 Mile
LST 5 No Incorporation B $23.25 $52.68| $29.43] $30.35| $52.68| $22.33 $56.51] $52.68| ($3.83)
N $51.68 $78.00] $26.32 $67.44] $78.00| $10.56] $125.57| $78.00| ($47.57)
LST 5 Incorporated B $26.31] $57.74| $31.43 $33.41] $57.74| $24.33 $59.57| $57.74 ($1.83)
N $44.400 $78.00[ $33.60) $57.02] $78.00] $20.98 $103.52] $78.00| ($25.52)
LST 5 Injected B $26.42| $62.81| $36.39 $34.12| $62.81| $28.69 $62.75 $62.81 $0.06
N $39.14] $78.00] $38.86 $50.55 $78.00] $27.45 $92.97| $78.00| ($14.97)

Note: Parentheses indicate negative net fertilizer vaues

produced the highest net fertilizer values for no incorporation and incorporation

gpplication at the 1.5-mile trangport distance, but a nitrogenbased injection application

produced the highest net fertilizer value of dl the gpplication methods at the 1.5-mile

transport distance. Phosphorus-based applications produced the highest net fertilizer

vauesfor dl 4.5-mile situations with an injection application producing the highest

overdl net fertilizer vaue. Table 4.4 presents asummary of net fertilizer values for the

400-cow operation 5,000 gdlon liquid durry tank system.

800-Cow Operation 5,000 Gallon LST

For an 800-cow operation, nitrogenbased applications produced the highest net

fertilizer vadues a the 1.5-mile trangport distance with an injection gpplication producing

the highest overdl net fertilizer value. A nitrogen-based injection application produced

the highest overdl net fertilizer vaue for the 1.5-mile trangport distance. Phosphorus-

based applications produced the highest net fertilizer values for no incorporation and

incorporated gpplications at this trangport distance. Phosphorus-based applications

produced the highest net fertilizer valuesfor dl applications a a 4.5-mile trangport
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Table4.4. Net fertilizer valuesfor the 400-cow L ST 5 system.

Transport Transport Transport
and Manure Net and Manure Net and Manure Net
Application|Value as|Fertilizer |Application|Value as|Fertilizer|Application|Value as|Fertilizer
Cost  |Fertilizer| Value Cost |Fertilizer| Value Cost  |Fertilizer| Value
($/acre) |($/acre) | ($/acre)| ($/acre) |($/acre) |($/acre)| ($/acre) |($/acre) |($/acre)
0.5 Mile 1.5 Mile 4.5 Mile
LST 5 No Incorporation B $18.20| $52.68| $34.48] $26.67| $52.68| $26.01] $60.96] $52.68( ($8.28)
N $40.43] $78.00] $37.57 $59.26] $78.00] $18.74] $135.46] $78.00| ($57.46)
LST 5 Incorporated P $21.26] $57.74| $36.48 $29.73] $57.74| $28.01 $64.02] $57.74| ($6.28),
N $35.41] $78.00[ $42.59 $50.47| $78.00] $27.53] $111.43 $78.00| ($33.43)
LST 5 Injected B $20.15| $62.81| $42.66] $29.41] $62.81| $33.40 $66.97| $62.81( ($4.16)
N $29.85 $78.00] $48.15 $43.58] $78.00] $34.42 $99.22] $78.00| ($21.22)

Note: Parentheses indicate negative net fertilizer vaues

distance with a phosphorus-based injection application producing the highest overdl net

fertilizer vdue. Table 4.5 presents a summary of net fertilizer values for the 800-cow

operation 5,000 gdlon liquid durry tank system.

2,000-Cow Operation 5,000 Gallon LST

Nitrogen-based applications produced the highest net fertilizer vauesfor al

gpplications at the 0.5-mile transport distance, with a nitrogen-based injection gpplication

producing the highest overdl net fertilizer vdue. At the 1.5-mile transport distance

phosphorus-based applications produced the highest net fertilizer values with a

phosphorus-basad injection gpplication producing the highest overdl net fertilizer vaue.

All applications at the 4.5-mile trangport distance produced negative net fertilizer values.

Phosphorus-based gpplications produced the highest net fertilizer values a this transport

distance for al gpplication methods with a phosphorus-based incorporated application

producing the overdl highest net fertilizer vdue. Table 4.6 presents asummary of net

fertilizer vduesfor the 2,000-cow operation 5,000 gdlon liquid durry tank system.
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Table4.5. Net fertilizer valuesfor the 800-cow L ST 5 system.

Transport Transport Transport
and Manure Net and Manure Net and Manure Net
Application|Value as|Fertilizer |Application|Value as|Fertilizer|Application|Value as|Fertilizer
Cost  |Fertilizer| Value Cost |Fertilizer| Value Cost  |Fertilizer| Value
($/acre) |($/acre) | ($/acre)| ($/acre) |($/acre) | ($/acre)| ($/acre) |($/acre) [($/acre)
0.5 Mile 1.5 Mile 4.5 Mile
LST 5 No Incorporation B $16.72] $52.68| $35.96 $29.94] $52.68| $22.74 $75.90] $52.68| ($23.22)
N $37.15] $78.00| $40.85 $62.08) $78.00] $15.92] $168.68 $78.00| ($90.68)
LST 5 Incorporated P $19.78] $57.74| $37.96 $29.13] $57.74| $28.61 $78.96] $57.74| ($21.22)
N $32.78] $78.00| $45.22 $49.41] $78.00] $28.59] $138.00/ $78.00| ($60.00)
LST 5 Injected B $18.18] $62.81| $44.63 $30.45] $62.81| $32.36 $82.73] $62.81| ($19.92)
N $26.93] $78.00| $51.07 $45.12] $78.00] $32.88] $122.56| $78.00{ ($44.56)
Note Parenthesesindicate negetive net fertilizer vaues
Table4.6. Net fertilizer valuesfor the 2,000-cow L ST 5 system.
Transport Transport Transport
and Manure Net and Manure Net and Manure Net
Application[Value as|Fertilizer [Application|Value as|Fertilizer|Application|Value as| Fertilizer
Cost  |Fertilizer| Value Cost |Fertilizer| Value Cost |Fertilizer| Value
($/acre) | ($/acre) |($/acre) | ($/acre) |($/acre)|($/acre)| ($/acre) |($/acre)| ($/acre)
0.5 Mile 1.5 Mile 4.5 Mile
LST 5 No Incorporation P $18.36) $52.68] $34.32 $36.33] $52.68 $16.3§ $140.93] $52.68 ($88.25)
N $40.79] $78.00] $37.21] $80.73] $78.00| ($2.73) $313.18 $78.00(($235.18),
LST 5 Incorporated P $20.94] $57.74 $36.80 $38.64] $57.74] $19.10 $143.24] $57.74] ($85.50)
N $35.61] $78.00] $42.39 $67.38] $78.00 $10.64 $253.34] $78.00|($175.34)
LST 5 Injected P $19.76] $62.81] $43.05 $39.25| $62.81 $23.56 $150.06 $62.81 ($87.25)
N $29.28) $78.00] $48.72 $58.15] $78.00] $19.85 $222.32] $78.00(($144.32)

Note Parentheses indicate negative net fertilizer vaues
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10,000 Gallon Liquid Surry Tank System (LST 10)

50-Cow Operation 10,000 Gallon LST

No positive net fertilizer values were produced by the 10,000 gallon liquid durry
tank for a 50-cow operation, and these vaues are aso much lower (larger losses) than dll
the values obtained using the 5,000 gdlon liquid durry tank system. Phosphorus-based
gpplications produced the highest net fertilizer vaues for dl gpplications for thissize
operation. Broadcast with incorporation applications produced the highest overal net
fertilizer values for al gpplication methods at each trangport distance. Table 4.7 presents
asummary of net fertilizer vaues for the 50-cow operation 10,000 gallon liquid durry
tank system.
200-Cow Operation 10,000 Gallon LST

Phosphorus-based gpplications aso produced the highest net fertilizer vauesfor
al application methods for a200-cow dairy. For each trangport distance, broadcast with
incorporation applications produced the overdl highest net fertilizer vaues. Table 4.8
presents a summary of net fertilizer values for the 200-cow operation 10,000 galon liquid
durry tank system.
400-Cow Operation 10,000 Gallon LST

The highest overdl net fertilizer value for a 400-cow operation with a 0.5-mile
transport distance was produced by a nitrogen-based injection gpplication. A nitrogen+
based application was aso best for an incorporated application. For ano incorporation
gpplication, a phosphorus-based application produced the highest net fertilizer vaue.

Phosphorus-based applications produced the highest net fertilizer vaues for dl
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Table4.7. Net fertilizer valuesfor the 50-cow L ST 10 system.

Transport Transport Transport
and Manure Net and Manure Net and Manure Net
Application|Value ag Fertilizer |Application|Value ag Fertilizer |Application|Value ag Fertilizer
Cost |Fertilizer] Value Cost  |Fertilizen Value Cost |Fertilizer] Value
($/acre) |($/acre)| ($/acre) | ($/acre) |($/acre)| ($/acre) | ($/acre) |($/acre)| ($/acre)
0.5 Mile 1.5 Mile 4.5 Mile
LST 5 No Incorporation B $93.39] $52.68 ($40.71) $98.43] $52.69 ($45.75) $114.07| $52.64 ($61.39)
N $207.53] $78.00($129.53)| $218.73] $78.00($140.73) $253.20] $78.00($175.20)
LST 5 Incorporated |~ $96.45| $57.74 ($38.71)] $101.49| $57.74 ($43.75)| $117.13] $57.74 ($59.39)
N  $169.09] $78.04 ($91.09)] $178.05( $78.00($100.05) $205.86] $78.00($127.86)
LST 5 Injected B $129.32( $62.81 ($66.51) $134.45 $62.81 ($71.64) $152.27| $62.81f ($89.46)
N $191.59 $78.00($113.59)] $199.63] $78.00($121.63) $225.59] $78.00($147.59)
Note: Parentheses indicate negative net fertilizer vaues
Table4.8. Net fertilizer valuesfor the 200-cow L ST 10 system.
Transport Transport Transport
and Manure Net and Manure Net and Manure Net
Application|Value as|Fertilizer|Application[Value as|Fertilizer [Application|Value as|Fertilizer
Cost |Fertilizer| Value Cost  |Fertilizer| Value Cost  |Fertilizer| Value
($/acre) | ($/acre) | ($lacre)| ($/acre) |($/acre) [($/acre)| ($/acre) |($/acre) | ($/acre)
0.5 Mile 1.5 Mile 4.5 Mile
LST 5 No Incorporation B $34.03] $52.68| $18.65) $39.78] $52.68| $12.90 $59.52| $52.68| ($6.84)
N $75.63] $78.00] $2.37 $88.40| $78.00| ($10.40) $132.28) $78.00{ ($54.28)
LST 5 Incorporated P $37.09] $57.74| $20.65 $42.84] $57.74] $14.90 $62.59] $57.74| ($4.85)
N $63.56] $78.00[ $14.44] $73.78 $78.00 $4.22[ $108.89] $78.00| ($30.89)
LST 5 Injected $43.91] $62.81| $18.90) $50.49] $62.81| $12.32 $73.50] $62.81( ($10.69)
N $65.05 $78.00] $12.95 $74.81 $78.00] $3.19] $108.90 $78.00| ($30.90)

Note: Parentheses indicate negative net fertilizer vaue
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application methods for transport distances of 1.5 and 4.5 miles. A phosphorus-based
injection application produced the highest overdl net fertilizer vaue for the 1.5-mile
transport distance and an incorporated application was best for the 4.5-mile trangport
disgance. Table 4.9 presents a summary of net fertilizer values for the 400-cow operation
10,000 gdlon liquid durry tank system.
800-Cow Operation 10,000 Gallon LST

The highest overdl net fertilizer vaue for the 0.5-mile transport was produced by
nitrogen-based injection application. At the 0.5-mile trangport distance, a nitrogen-based
gpplication was a so best for incorporated applications whereas a phosphorus-based
gpplication produced the highest net fertilizer vaue for no incorporation applications.
Phosphorus-based applications produced the highest net fertilizer vauesfor al
gpplications at trangport distances of 1.5 and 4.5 miles. The highest overdl net fertilizer
vaue for the 1.5-mile transport distance was produced by a phosphorus-based injection
application. For the 4.5-mile trangport distance the highest overdl net fertilizer vaue

was produced by a phosphorus-based incorporated application. Table 4.10 presents a

Table4.9. Net fertilizer valuesfor the 400-cow L ST 10 system.

Transport Transport Transport
and Manure Net and Manure Net and Manure

Cost Fertilizer| Value Cost Fertilizer| Value Cost Fertilizer

Net

Application[Value as|Fertilizer [Application|Value as|Fertilizer [Application|Value as|Fertilizer

Value

($/acre) | ($/acre) | ($/acre) | ($/acre) |($/acre) |($/acre)| ($/acre) |[($/acre) |($/acre)

0.5 Mile 1.5 Mile 4.5 Mile

LST 5 No Incorporation B $24.90] $52.68| $27.78 $31.65] $52.68| $21.03 $56.85 $52.68

($4.17)

N $55.34] $78.00] $22.66 $70.33] $78.00| $7.67| $126.33 $78.00| ($48.33)

LST 5 Incorporated P $27.96) $57.74) $29.78 $34.71] $57.74| $23.03 $59.91 $57.74

($2.17)

N $47.33] $78.00] $30.67 $59.32 $78.00| $18.68) $104.08 $78.00| ($26.08)

LST 5 Injected A $30.52] $62.81| $32.29 $38.57| $62.81| $24.24 $68.08( $62.81

($5.27)

N $45.21 $78.00] $32.79 $57.14 $78.00] $20.86) $100.86 $78.00| ($22.86)

Note Parenthesesindicate negetive net fertilizer values
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Table4.10. Net fertilizer valuesfor the 800-cow L ST 10 system.

Transport Transport Transport
and Manure Net and Manure Net and Manure Net
Application|Value as|Fertilizer |Application|Value as|Fertilizer|Application|Value as|Fertilizer
Cost  |Fertilizer| Value Cost |Fertilizer| Value Cost  |Fertilizer| Value
($/acre) |($/acre) | ($/acre)| ($/acre) |($/acre) | ($/acre)| ($/acre) |($/acre) |($/acre)
0.5 Mile 1.5 Mile 4.5 Mile
LST 5 No Incorporation B $21.63] $52.68| $31.05) $30.36] $52.68| $22.32 $64.21] $52.68| ($11.53)
N $48.08) $78.00] $29.92 $67.46| $78.00| $10.54] $142.69] $78.00| ($64.69)
LST 5 Incorporated B $24.70| $57.74| $33.04] $33.42| $57.74| $24.32 $67.27| $57.74 ($9.53)
N $41.52| $78.00[ $36.48] $57.03] $78.00] $20.97| $117.22] $78.00| ($39.22)
LST 5 Injected B $25.67| $62.81| $37.14] $35.88] $62.81| $26.93 $75.42| $62.81 ($12.61)
N $38.03] $78.00] $39.97 $53.16| $78.00| $24.84] $111.74] $78.00| ($33.74)

Note: Parentheses indicate negative net fertilizer vaues

summary of net fertilizer values for the 800-cow operation 10,000 gdlon liquid durry

tank system.

2,000-Cow Operation 10,000 Gallon LST

A nitrogenbased injection gpplication produced the highest overdl net fertilizer

vaue for a 2,000-cow operation with a 0.5-mile transport distance. Phosphorus-based

applications produce the highest net fertilizer vaues for this operation with transport

distances of 1.5 and 4.5 miles. A phosphorus-based injection application produced the

highest overdl net fertilizer vaue at the 1.5-mile transport distance and a phosphorus-

based incorporated gpplication produced the highest overdl net fertilizer vaue at the 4.5-

mile transport distance. Table 4.11 presents asummary of net fertilizer vauesfor the

2,000-cow operation 10,000 gdlon liquid durry tank system.

Drag Hose System (DHS)

50-Cow Operation Drag Hose System

The modd produced no positive net fertilizer vaues usng the drag hose system

for a 50-cow operation. A phosphorus-based gpplication produced the highest net
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Table4.11. Net fertilizer valuesfor the 2,000-cow L ST 10 system.

Transport Transport Transport
and Manure Net and Manure Net and Manure Net
Application[Value as|Fertilizer [Application|Value as|Fertilizer|Application|Value as| Fertilizer
Cost  |Fertilizer| Value Cost Fertilizer| Value Cost Fertilizer| Value
($/acre) | ($/acre) | ($/acre) | ($/acre) |($/acre)|($/acre)| ($/acre) |($/acre)| ($/acre)
0.5 Mile 1.5 Mile 4.5 Mile
LST 5 No Incorporation P $23.72| $52.68 $28.96) $36.45| $52.68] $16.23 $100.73] $52.68 ($48.05)
N $52.71] $78.00] $25.29 $80.99] $78.00] ($2.99) $223.85 $78.00[($145.85)
LST 5 Incorporated P $25.75 $57.74] $31.99 $38.76] $57.74] $18.99 $103.05 $57.74 ($45.31)
N $43.78] $78.00] $34.22 $67.58] $78.00] $10.42 $181.87| $78.00[($103.87)
LST 5 Injected B $27.25( $62.81f $35.56) $42.12| $62.81] $20.69 $114.61 $62.81 ($51.80)
N $40.36| $78.00] $37.64 $62.40, $78.00] $15.60 $169.80 $78.00| ($91.80)

Note Parentheses indicate negative net fertilizer vaues

fertilizer vaue a al trangport disances. Table 4.12 presents asummary of net fertilizer

vaues for the 50-cow operation drag hose system.

200-Cow Operation Drag Hose System

Drag hose systems produced positive net fertilizer values for a 200-cow operation

for transport distances up to 1.5 miles. At the 0.5-mile trangport distance, a phosphorus-

based application produced the highest net fertilizer value. For a 200-cow operation with

a 1.5-mile trangport distance, a phosphorus-based gpplication aso produced the highest

net fertilizer value. At this distance, a phosphorus-based application produced a positive

net fertilizer value whereas the nitrogen-based application produced a negative net

fertilizer vdue. Both phosphorus and nitrogen-based applications produced negative net

fertilizer vaues at the 4.5-mile trangport distance, the phosphorus-based application at

this distance produced the lesser negative value. Table 4.13 presents a summary of net

fertilizer vaues for the 200-cow operation drag hose system.



Table4.12. Net fertilizer valuesfor the 50-cow DHS.

Transport Transport Transport

and Manure Net and Manure Net and Manure Net
Application| Value as | Fertilizer |Application| Value as| Fertilizer | Application | Value as| Fertilizer

Cost Fertilizer | Value Cost Fertilizer | Value Cost Fertilizer | Value

($/acre) | ($/acre) | ($/acre) | ($/acre) | ($/acre) | ($/acre) | ($lacre) | ($/acre) | ($/acre)

0.5 Mile 1.5 Mile 4.5 Mile

DHS Injected | $137.12| $62.81| ($74.31) $168.82] $62.81 ($106.01) $298.97 $62.81| ($236.16),
N $203.14] $78.00[ ($125.14) $250.11] $78.00 ($172.11) $442.93] $78.00| ($364.93)

Note Parenthesesindicate negetive net fertilizer vaues

Table4.13. Net fertilizer valuesfor the 200-cow DHS.

Transport Transport Transport
and Manure Net and Manure Net and Manure Net
Application| Value as | Fertilizer | Application| Value as | Fertilizer | Application| Value as | Fertilizer
Cost Fertilizer | Value Cost Fertilizer | Value Cost Fertilizer | Value
($/acre) | ($/acre) | ($/acre) | ($/acre) | ($/acre) | ($/acre) | ($/acre) | ($/acre) | ($/acre)
0.5 Mile 1.5 Mile 4.5 Mile
DHS Injected A $44.69 $62.81] $18.12 $53.40 $62.81] $9.41) $89.39 $62.81| ($26.58)
N $66.21]  $78.000 $11.79 $79.11  $78.00] ($1.11)] $132.43] $78.00[ ($54.43)

Note Parentheses indicate negative net fertilizer vaues
400-Cow Operation Drag Hose System

Once herd size reached 400 cows, using a nitrogen-based application produced
the highest net fertilizer value for a0.5-mile transport distance. A phosphorus-based
goplication produced the highest net fertilizer values for transport distances of 1.5 and 4.5
miles. For a 400-cow operation, usng a drag hose system with a phosphorus- based
application produced the only positive net fertilizer value for dl the systems evaluated for
a 400-cow operation at the 4.5-mile trangport distance. Table 4.14 presents asummary of
net fertilizer vaues for the 400-cow operation drag hose system.
800-Cow Operation Drag Hose System

Drag hose systems produced positive net fertilizer vauesfor al transport
distances for an 800-cow operation. Nitrogen-based gpplications produced the highest
net fertilizer values for trangport distances of 0.5 and 1.5 miles. A phosphorus-based
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Table4.14. Net fertilizer valuesfor the 400-cow DHS.

Transport Transport Transport
and Manure Net and Manure Net and Manure Net
Application| Value as | Fertilizer | Application| Value as | Fertilizer | Application| Value as | Fertilizer
Cost Fertilizer | Value Cost Fertilizer | Value Cost Fertilizer | Value
($/acre) | ($/acre) | ($/acre) | ($/acre) | ($/acre) | ($/acre) | ($/acre) | ($/acre) | ($/acre)
0.5 Mile 1.5 Mile 4.5 Mile
DHS Injected A $30.19 $62.81] $32.62 $35.29 $62.81] $27.52] $56.27| $62.81 $6.54
N $44.73  $78.000 $33.27 $52.28 $78.000 $25.72 $83.37] $78.00[ ($5.37)

Note: Parentheses indicate negative net fertilizer vaues
gpplication produced the highest net fertilizer value for an 800-cow operation with a4.5-
mile trangport distance. Table 4.15 presents a summary of net fertilizer vaues for the
800-cow operation drag hose system.
2,000-Cow Operation Drag Hose System

All net fertilizer vaues for drag hose systems for a 2,000-cow operation were
postive. For trangport distances of 0.5 and 1.5 miles, nitrogen-based applications
produced the highest net fertilizer vaues. Astransport distance increased to 4.5 milesthe
highest net fertilizer values were produced by phosphorus-based applications. Table 4.16
presents a summary of net fertilizer vaues for the 2,000-cow operation drag hose system.

Big Gun Hard Hose Travder System (BGHH)

50-Cow Operation thru 400-Cow Operation Big Gun Hard Hose System

For al trangport distances for operations of 50 thru 400 cows, phosphorus-based
incorporated applications produced the highest overdl net fertilizer vdlues. No net
fertilizer vaues were pogtive for the 50-cow operation. Phosphorus-based applications
produced positive net fertilizer values for a 200-cow operation with a 0.5-mile transport

distance. All nitrogen-based applications produced negetive net fertilizer values for the
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Table4.15. Net fertilizer valuesfor the 800-cow DHS.

Transport Transport Transport
and Manure Net and Manure Net and Manure Net
Application| Value as | Fertilizer | Application| Value as | Fertilizer | Application| Value as | Fertilizer
Cost Fertilizer | Value Cost Fertilizer | Value Cost Fertilizer | Value
($/acre) | ($/acre) | ($/acre) | ($/acre) | ($/acre) | ($/acre) | ($/acre) | ($/acre) | ($/acre)
0.5 Mile 1.5 Mile 4.5 Mile
DHS Injected A $24.02) $62.81] $38.79 $27.42) $62.81] $35.39 $41.64 $62.81 $21.17|
N $35.58 $78.000 $42.42 $40.63 $78.000 $37.37 $61.69] $78.00] $16.31]

Note: Parentheses indicate negative net fertilizer vaues

Table4.16. Net fertilizer valuesfor the 2,000-cow DHS.

Transport Transport Transport
and Manure Net and Manure Net and Manure Net
Application| Value as | Fertilizer | Application| Value as | Fertilizer | Application| Value as | Fertilizer
Cost Fertilizer | Value Cost Fertilizer | Value Cost Fertilizer | Value
($/acre) | ($/acre) | ($/acre) | ($/acre) | ($/acre) | ($/acre) | ($/acre) | ($/acre) | ($/acre)
0.5 Mile 1.5 Mile 4.5 Mile
DHS Injected A $22.00 $62.81] $40.81 $25.06) $62.81] $37.75] $36.71] $62.81 $26.10
N $32.60  $78.000 $45.40 $37.13]  $78.000  $40.87, $54.38)  $78.00]  $23.62

Note Parenthesesindicate negetive net fertilizer vaues

200-cow operation. As herd size reached 400 cows, al phosphorus and nitrogen-based
gpplications produced positive net fertilizer vaues for the 0.5-mile transport distance. At
the 1.5-mile transport distance, both phosphorus-based applications produced positive net
fertilizer vdues. At thistransport distance a nitrogen-based gpplication produced a
positive net fertilizer vaue if the liquid manure was incorporated. All gpplications & the
4.5-mile trangport distance produced negative net fertilizer values for the 400-cow
operation. Tables 4.17 thru 4.19 present asummary of net fertilizer vaues for the big gun
hard hose system for operations of 50 thru 400 cows.

800-Cow Operation thru 2,000-Cow Operation Big Gun Hard Hose System

All gpplications produced positive net fertilizer values for trangport distances of

0.5 and 1.5 milesfor the 800-cow operation. A nitrogenbased incorporated application

produced the highest overdl net fertilizer value for the 0.5-mile transport distance. The
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Table4.17. Net fertilizer valuesfor the 50-cow BGHH system.

Transport Transport Transport
and Manure|  Net and Manure Net and Manure Net
Application|Value ag Fertilizer |ApplicationValue as| Fertilizer [Application|Value as| Fertilizer
Cost |Fertilizenl Value Cost |Fertilizer| Value Cost  |Fertilizer| Value
($/acre) |($/acre)| ($/acre) | ($/acre) [($/acre)| ($/acre) | ($/acre) |($/acre)| ($/acre)
0.5 Mile 1.5 Mile 4.5 Mile
BGHH No Incorporation H ~ $138.36| $52.68 ($85.68)] $171.01 $52.68|($118.33) $303.76] $52.68|($251.08
N $299.46] $78.0(($221.46) $372.2) $78.00/($294.21) $662.83] $78.00/($584.83
BGHH Incorporated B $141.42| $57.74 ($83.68)] $174.07 $57.74{($116.33) $306.82] $57.74{($249.08
N $248.90] $78.00($170.90)] $307.80 $78.00/($229.80) $547.20| $78.00|($469.20
Note: Parentheses indicate negetive net fertilizer vaues
Table4.18. Net fertilizer valuesfor the 200-cow BGHH system.
Transport Transport Transport
and Manure Net and Manure [ Net and Manure Net
Application|Value as|Fertilizer|Application|Value as| Fertilizer [Application[Value ag Fertilizer
Cost |Fertilizer| Value Cost |Fertilizer| Value Cost |Fertilizer| Value
($/acre) | ($/acre) | ($/acre)| ($/acre) [($/acre)|($/acre)| ($/acre) |($/acre)| ($/acre)
0.5 Mile 1.5 Mile 4.5 Mile
BGHH No Incorporation H $51.67| $52.68] $1.01 $61.92| $52.68] ($9.24)] $103.20] $52.68) ($50.52)
N  $105.44] $78.00|($27.44) $126.95 $78.00[($48.95)[ $213.93] $78.00{($135.93
BGHH Incorporated H $54.73] $57.74| $3.01 $64.98] $57.74] ($7.24)] $106.26] $57.74] ($48.52)
N $89.62] $78.00| ($11.62)] $107.28] $78.00| ($29.28)| $178.68 $78.00/($100.68
Note: Parentheses indicate negative net fertilizer vaues
Table4.19. Net fertilizer valuesfor the 400-cow BGHH system.
Transport Transport Transport
and Manure Net and Manure Net and Manure| Net
Application|Value as|Fertilizer [Application|Value as|Fertilizer|Application|Value ag Fertilizer
Cost  |Fertilizer| Value Cost  |Fertilizer| Value Cost Fertilizer| Value
($/acre) |($/acre)[($/acre)| ($/acre) [($/acre)|($/acre)| ($/acre) |($/acre)|($/acre)
0.5 Mile 1.5 Mile 4.5 Mile
BGHH No Incorporation H $39.23] $52.68] $13.45 $46.35] $52.68 $6.33 $74.25| $52.64 ($21.57),
N $76.40, $78.000 $1.60 $90.57| $78.00| ($12.57) $146.56| $78.0( ($68.56)
BGHH Incorporated H $42.29] $57.74] $15.45 $49.41] $57.74]  $8.33 $77.31| $57.74 ($19.57)
N $65.78] $78.00] $12.22 $77.42) $78.000 $0.59 $123.38| $78.0( ($45.38)

Note: Parentheses indicate negetive net fertilizer vaues

68




highest overdl net fertilizer vdue for the 1.5-mile transport distance was produced by a
phosphorus-based incorporated application. No positive net fertilizer values were
produced for an 800-cow operation with a4.5-mile transport distance. A phosphorus-
based incorporated application produced the highest overdl net fertilizer vadue for this
trangport distance. Both phosphorus and nitrogen-based gpplications produced positive
net fertilizer vaues for a2,000-cow operation at the 0.5-mile trangport distance. The
highest overdl net fertilizer for this distance was produced by nitrogenbased
incorporated gpplication. A phosphorus-based incorporated application produced the
highest overdl net fertilizer vaue for transport distances of 1.5 and 4.5 milesfor the
2000-cow operation. No postive net fertilizer values were produced for a 2,000-cow
operation with a 4.5-mile trangport distance usng abig gun hard hose system. Tables
4.20 and 4.21 presents asummary of net fertilizer vaues for the big gun hard hose system
for operations of 800 and 2,000 cows.

Big Gun Soft Hose System (BGSH)

50-Cow Operation thru 200-Cow Operation Big Gun Soft Hose System

For all transport distances for operations of 50 thru 200 cows, phosphorus-based
incorporated gpplications produced the highest overal net fertilizer vaues. No pogtive
net fertilizer values were produced for the 50-cow operation using a big gun soft hose
system. Both phosphorus-based gpplications produced positive net fertilizer vaues for
the 200-cow operation with atransport distance of 0.5 miles. The nitrogen-based
incorporated gpplication aso produced a positive net fertilizer vaue at this transport

distance. For transport distances of 1.5 and 4.5 miles, no applications produced positive
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Table4.20. Net fertilizer valuesfor the 800-cow BGHH system.

Transport Transport Transport
and Manure Net and Manure Net and Manure| Net
Application|Value as|Fertilizer |Application|Value as|Fertilizer|Application|Value ag Fertilizer
Cost |Fertilizer| Value Cost |Fertilizer| Value Cost Fertilizer| Value
($/acre) |($/acre) | ($/acre)| ($/acre) |($/acre)|($/acre)| ($/acre) |[($/acre)|($/acre)
0.5 Mile 1.5 Mile 4.5 Mile
BGHH No Incorporation B $35.38] $52.68] $17.30 $41.59] $52.68 $11.09 $64.79| $52.68 ($12.11),
N  $65.82] $78.00 $12.18 $77.39] $78.000 $0.61 $121.29| $78.04 ($43.29)
BGHH Incorporated H $38.44 $57.74] $19.30 $44.65 $57.74] $13.09 $67.85| $57.74 ($10.11),
N $57.09] $78.00 $20.91 $66.60] $78.00] $11.40 $102.63| $78.00 ($24.63)

Note: Parentheses indicate negative net fertilizer vaues

Table4.21. Net fertilizer valuesfor the 2,000-cow BGHH system.

Transport Transport Transport
and Manure | Net and Manure [ Net and Manure| Net
Application[Value as|Fertilizer|Application|Value as|Fertilizer|Application|Value ag Fertilizer
Cost |Fertilizer| Value Cost |Fertilizer| Value Cost Fertilizer| Value
($/acre) |($/acre) | ($/acre)| ($/acre) |($/acre)|($/acre)| ($/acre) [($/acre)|($/acre)
0.5 Mile 1.5 Mile 4.5 Mile
BGHH No Incorporation H $37.11] $52.68 $15.57 $44.03] $52.68  $8.65 $68.48| $52.69 ($15.80),
N $66.29] $78.00 $11.71 $78.47| $78.000 ($0.47) $121.96/ $78.0( ($43.96)
BGHH Incorporated $39.54 $57.74] $18.20 $46.46] $57.74] $11.28 $70.91| $57.74 ($13.17),
N $57.22| $78.00] $20.78 $67.22) $78.00 $10.78d $102.92| $78.0( ($24.92)

Note: Parentheses indicate negative net fertilizer vaues
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net fertilizer vaues. Tables4.22 and 4.23 presents a summary of net fertilizer vaues for
the big gun soft hose system for operations of 50 and 200 cows.
400-Cow Operation Big Gun Soft Hose System

All applications produced positive net fertilizer vaues for transport distances of
0.5 and 1.5 miles. Nitrogenbased incorporated applications produced the highest overdl
net fertilizer values for these transport distances. No applications produced positive net
fertilizer vaues for a400-cow operation with a4.5-mile trangport distance. At this
trangport distance the highest overdl net fertilizer value was produced by a phosphorus-
based incorporated gpplication. Table 4.24 presents a summary of net fertilizer values for
the big gun soft hose system for a 400-cow operation.
800-Cow Operation thru 2,000-Cow Operation Big Gun Soft Hose System

Nitrogen-based incorporated gpplications produced the highest overal net
fertilizer vauesfor al transport distances for 800 and 2,000-cow operations using abig
gun hard hose system.  All gpplications produced positive net fertilizer vaues for these
operations with 0.5 and 1.5-mile trangport distances. No positive net fertilizer vaues
were produced when transport distance reached 4.5 miles for these operations. Tables
4.25 and 4.26 presents a summary of net fertilizer vaues for the big gun soft hose system
for operations of 800 and 2,000 cows.

Center-Pivot System (CPS)

50-Cow Operation thru 200-Cow Operation Center-Pivot System
Phosphorus-based incorporated applications produce the highest overdl net

fertilizer vaues for al trangport distances for 50 thru 200-cow operations using a center-

71



Table4.22. Net fertilizer valuesfor the 50-cow BGSH system.

Transport Transport Transport
and Manure Net and Manure Net and Manure Net
Application|Value as| Fertilizer |ApplicationValue as| Fertilizer [Application|Value as| Fertilizer
Cost |Fertilizer| Value Cost |Fertilizer| Value Cost  |Fertilizer| Value
($/acre) |($/acre)| ($/acre) | ($/acre) [($/acre) | ($/acre)| ($/acre) |($/acre)| ($/acre)
0.5 Mile 1.5 Mile 4.5 Mile
BGSH No Incorporation /|  $111.36] $52.68| ($58.68)] $144.13 $52.68| ($91.45 $277.43 $52.68(($224.75
N $225.03 $78.00/($147.03)] $296.24 $78.00(($218.24] $585.49] $78.00/($507.49
BGSH Incorporated A $114.42| $57.74] ($56.68)| $147.19 $57.74| ($89.45) $280.49| $57.74|($222.75
N  $190.83 $78.00(($112.83 $250.25 $78.00(($172.25] $491.60] $78.00/($413.60
Note: Parentheses indicate negative net fertilizer vaues
Table 4.23. Net fertilizer valuesfor the 200-cow BGSH system.
Transport Transport Transport
and Manure Net and Manure Net and Manure Net
Application|Value as|Fertilizer|Application[Value ad|Fertilizer|Application|Value ag Fertilizer
Cost |Fertilizer| Value Cost |Fertilizer| Value Cost |Fertilizer| Value
($/acre) | ($/acre) | ($/acre)| ($/acre) [($/acre)|($/acre)| ($/acre) |($/acre)| ($/acre)
0.5 Mile 1.5 Mile 4.5 Mile
BGSH No Incorporation |~ $49.85| $52.68| $2.83  $60.33] $52.68] ($7.65)] $102.42| $52.68 ($49.74)
N $86.03] $78.00| ($8.03) $106.49] $78.00| ($28.49)| $189.46] $78.00/($111.46
BGSH Incorporated H $52.91| $57.74 $4.83 $63.39] $57.74] ($5.65)] $105.48] $57.74| ($47.74)
N $74.84] $78.00 $3.16 $91.91] $78.00/($13.91)] $161.15( $78.00 ($83.15)
Note: Parentheses indicate negative net fertilizer vaues
Table4.24. Net fertilizer valuesfor the 400-cow BGSH system.
Transport Transport Transport
and Manure Net and Manure Net and Manure Net
Application|Value as|Fertilizer [Application|Value as|Fertilizer|Application|Value ag Fertilizer
Cost |Fertilizer| Value Cost  |Fertilizer| Value Cost Fertilizer| Value
($/acre) |($/acre) | ($/acre)| ($/acre) |($/acre)|($/acre)| ($/acre) |($/acre)|($/acre)
0.5 Mile 1.5 Mile 4.5 Mile
BGSH No Incorporation B $41.08 $52.68] $11.60 $48.50] $52.68] $4.18 $77.44| $52.68 ($24.76),
N $64.44] $78.00 $13.56 $77.21] $78.00] $0.79 $128.15[ $78.0( ($50.15)
BGSH Incorporated P $44.14) $57.74) $13.60 $51.56| $57.74] $6.18 $80.50| $57.74 ($22.76),
N $56.83] $78.00] $21.17 $67.48 $78.000 $10.52 $109.99| $78.0( ($31.99)

Note Parentheses indicate negative net fertilizer vaues
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Table4.25. Net fertilizer valuesfor the 800-cow BGSH system.

Transport Transport Transport
and Manure Net and Manure Net and Manure Net
Application|Value as|Fertilizer [Application|Value as|Fertilizer|Application|Value ag Fertilizer
Cost Fertilizer| Value Cost Fertilizer| Value Cost Fertilizer| Value
($/acre) |($/acre) [($/acre)| ($/acre) [($/acre)|($/acre)| ($/acre) |($/acre)|($/acre)
0.5 Mile 1.5 Mile 4.5 Mile
BGSH No Incorporation A $38.52] $52.68 $14.16 $45.11 $52.68 $7.57 $69.65| $52.64 ($16.97),
N $55.57| $78.00] $22.43 $65.31] $78.00 $12.69 $102.75| $78.0( ($24.75)
BGSH Incorporated P $41.58 $57.74] $16.16 $48.17| $57.74] $9.57 $72.71| $57.74 ($14.97),
N $49.43] $78.00, $28.57 $57.56| $78.000 $20.44 $88.80| $78.00 ($10.80),

Note Parentheses indicate negative net fertilizer vaues

Table 4.26. Net fertilizer valuesfor the 2,000-cow BGHH system.

Transport Transport Transport
and Manure Net and Manure Net and Manure| Net
Application|Value as|Fertilizer [Application|Value as|Fertilizer|Application|Value ag Fertilizer
Cost  |Fertilizer| Value Cost  |Fertilizer| Value Cost Fertilizer| Value
($/acre) |($/acre) [($/acre)| ($/acre) |($/acre)|($/acre)| ($/acre) |($/acre)|($/acre)
0.5 Mile 1.5 Mile 4.5 Mile
BGSH No Incorporation H $38.80] $52.68] $13.88 $46.27| $52.68 $6.41 $72.62| $52.68 ($19.94)
N $53.00] $78.00] $25.00 $62.23 $78.00 $15.77 $96.66| $78.00 ($18.66),
BGSH Incorporated P $41.23] $57.74] $16.51 $48.70] $57.74]  $9.04 $75.05| $57.74 ($17.31)
N $47.11] $78.00 $30.89 $54.82] $78.00] $23.18 $83.54| $78.00 ($5.54)

Note: Parentheses indicate negetive net fertilizer vaues
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pivot sysem. No postive net fertilizer vaues were produced for the 50-cow operation.
All phosphorus-based applications produced positive net fertilizer values for the 200-cow
operation with a 0.5-mile transport distance. A nitrogen-based incorporated application
a0 produced a poditive net fertilizer vaue for this operation at the 0.5-mile transport
distance. Both phosphorus-based applications produced positive net fertilizer valuesfor a
200-cow operation with a 1.5-mile trangport distance. No positive net fertilizer vaues
were produced for a 200-cow operation with atransport distance of 4.5 mileswhile using
a center-pivot system. Tables 4.27 and 4.28 presents asummary of net fertilizer vaues
for the center-pivot system for operations of 50 and 200 cows.
400-Cow Operation Center-Pivot System

All gpplications produced postive net fertilizer values for transport distances of
0.5 and 1.5 miles for a400-cow operaion. The highest overdl net fertilizer value for the
0.5-mile transport distance was produced by a nitrogen-based incorporated application.
A phosphorus-based incorporated gpplication produced the highest overdl net fertilizer
vauefor the 1.5-mile transport distance. No positive net fertilizer values were produced
for this operation with a4.5-mile transport distance. At this distance a phosphorus-based
incorporated application produced the highest overdl net fertilizer value. Table 4.29
presents asummary of net fertilizer values for the center-pivot system for a 400-cow

operation.
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Table4.27. Net fertilizer valuesfor the 50-cow CPS.

Transport Transport Transport
and Manure Net and Manure Net and Manure Net
Application|Value as| Fertilizer |ApplicationValue as| Fertilizer [Application|Value as| Fertilizer
Cost  |Fertilizer| Value Cost |Fertilizer| Value Cost  |Fertilizer| Value
($/acre) |($/acre)| ($/acre) | ($/acre) [($/acre) | ($/acre)| ($/acre) |($/acre)| ($/acre)
0.5 Mile 1.5 Mile 4.5 Mile
CPS No Incorporation |~ $122.02| $52.68| ($69.34)] $155.11 $52.68(($102.43] $289.67| $52.68/($236.99
N  $262.50 $78.00/($184.50) $340.7H $78.00(($262.75] $658.77| $78.00/($580.77
CPS Incorporated H  $125.09| $57.74] ($67.35) $158.17 $57.74|($100.43] $292.73 $57.74/($234.99
N $209.30] $78.00/($131.30) $270.34 $78.00(($192.34] $518.61] $78.00($440.61
Note: Parentheses indicate negative net fertilizer values
Table 4.28. Net fertilizer valuesfor the 200-cow CPS.
Transport Transport Transport
and Manure Net and Manure [ Net and Manure Net
Application|Value as|Fertilizer|Application|Value as|Fertilizer [Application[Value ag Fertilizer
Cost |Fertilizer| Value Cost |Fertilizer| Value Cost |Fertilizer| Value
($/acre) | ($/acre) | ($/acre)| ($/acre) [($/acre)|($/acre)| ($/acre) |($/acre)| ($/acre)
0.5 Mile 1.5 Mile 4.5 Mile
CPS No Incorporation B $40.23] $52.68| $12.45 $49.53] $52.68 $3.15 $87.22] $52.68| ($34.54)
N $82.61] $78.00| ($4.61) $102.26| $78.00[ ($24.26) $182.07| $78.00/($104.07
CPS Incorporated P $43.29] $57.74| $14.45 $52.59 $57.74] $5.15 $90.28] $57.74] ($32.54),
N $71.84] $78.00] $6.16 $87.95( $78.00] ($9.95)| $153.35 $78.00| ($75.35)
Note: Parentheses indicate negative net fertilizer vaues
Table4.29. Net fertilizer valuesfor the 400-cow CPS.
Transport Transport Transport
and Manure Net and Manure Net and Manure| Net
Application|Value as|Fertilizer [Application|Value as|Fertilizer|Application|Value ag Fertilizer
Cost  |Fertilizer| Value Cost  |Fertilizer| Value Cost Fertilizer| Value
($/acre) |($/acre) [($/acre)| ($/acre) [($/acre)|($/acre)| ($/acre) |($/acre)|($/acre)
0.5 Mile 1.5 Mile 4.5 Mile
CPS No Incorporation B $26.50] $52.68 $26.18 $32.22] $52.68] $20.46 $55.02| $52.69 ($2.34)
N $53.08] $78.00] $24.92 $64.78 $78.00 $13.22 $111.77( $78.0( ($33.77)
CPS Incorporated P $29.56] $57.74] $28.18 $35.28| $57.74] $22.46 $58.08| $57.74 ($0.34)
N $47.06) $78.00 $30.94 $56.67| $78.00] $21.33 $95.25| $78.04 ($17.25),

Note: Parentheses indicate negetive net fertilizer vaues
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800-Cow Operation Center-Pivot System

For transport distances of 0.5 and 1.5 miles, a nitrogenbased incorporated
application produced the highest overal net fertilizer vaues for an 800-cow operation.
All gpplications using a center- pivot system produced positive net fertilizer vauesfor 0.5
and 1.5-mile trangport distances. For this operation with a 4.5-mile trangport distance, a
phosphorus-based incorporated application produced the highest overdl net fertilizer
vaue. At thistransport distance the center-pivot system produced postive net fertilizer
vauesfor dl gpplications except for the nitrogen-based no incorporation application.
Table 4.30 presents asummary of net fertilizer vaues for the center-pivot system for an
800-cow operation.
2,000-Cow Operation Center-Pivot System

Nitrogen-based incorporated gpplications produced the highest overal net
fertilizer values for a2,000-cow operation with transport distances of 0.5 and 1.5 miles.
All center-pivot gpplications produced positive net fertilizer vauesfor 0.5 and 1.5-mile
trangport distances. When transport distance increased to 4.5 miles for a 2,000-cow
operation, a phosphorus-based incorporated gpplication produced the highest overdl net
fertilizer vdue. All gpplications produced positive net fertilizer values for a 2,000-cow
operation at the transport distances considered. Table 4.31 presents a summary of net

fertilizer vauesfor the center-pivot system for a 2,000-cow operation.
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Table4.30. Net fertilizer valuesfor the 800-cow CPS.

Transport Transport Transport
and Manure Net and Manure Net and Manure| Net
Application|Value as|Fertilizer|Application|Value as|Fertilizer|Application|Value ag Fertilizer
Cost |Fertilizer| Value Cost |Fertilizer| Value Cost Fertilizer| Value
($/acre) |($/acre) | ($/acre)| ($/acre) |($/acre)|($/acre)| ($/acre) |[($/acre)|($/acre)
0.5 Mile 1.5 Mile 4.5 Mile
CPS No Incorporation B $20.68] $52.68] $32.00 $24.92| $52.68 $27.76 $41.25| $52.68 $11.43
N $40.25 $78.00 $37.75 $48.57| $78.00] $29.43 $81.00| $78.09 ($3.00)
CPS Incorporated B $23.74] $57.74) $34.00 $27.98] $57.74] $29.76 $44.31| $57.74 $13.43
N $36.16/ $78.00] $41.84 $42.98] $78.00] $35.02 $69.53| $78.00 $8.47
Note: Parentheses indicate negative net fertilizer vaues
Table4.31. Net fertilizer valuesfor the 2,000-cow CPS
Transport Transport Transport
and Manure Net and Manure Net and Manure Net
Application|Value as|Fertilizer [Application|Value as|Fertilizer|Application|Value ag Fertilizer
Cost |Fertilizer| Value Cost  |Fertilizer| Value Cost Fertilizer| Value
($/acre) | ($/acre) | ($/acre)| ($/acre) |($/acre)|($/acre)| ($/acre) |($/acre)|($/acre)
0.5 Mile 1.5 Mile 4.5 Mile
CPS No Incorporation B $19.48] $52.68] $33.20 $23.50] $52.68 $29.18 $38.20| $52.68 $14.48
N $36.64] $78.00 $41.36 $44.12] $78.00] $33.88 $71.54| $78.00 $6.46
CPS Incorporated P $21.64] $57.74] $36.10 $26.01 $57.74] $31.73 $40.68| $57.74 $17.06
N $32.63] $78.00] $45.37 $38.81] $78.00] $39.19 $61.42| $78.00 $16.58

Note: Parenthesesindicate negative net fertilizer vaues
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Hypothesis 3: Regulations proposing the implementation of phosphor us standar ds
for all land applications of animal waste economically favor large dairy operations
over small dairy operations

This hypothesis was designed to investigete what Sze dairy operations would be
more economicaly vigble if regulations were imposed that demanded dl manure
gpplications be based on phosphorus crop requirements. In addition, the hypothesiswas
designed to evauate which manure trangport and gpplication systems would best suit
(economically) certain Size dairy operations under the implementation of phosphorus-
based applications. If larger operations manure transport and application systems prove
more economicaly viable over smdler operations, then smal operations may be
presented with an incentive to increase operation herd Sze. However, if producers are
content with current herd size, hypothesis 3 will present vaues that will aide in making
better manure transport and application system decisons for their given herd Sze.

What some people consider alarge dairy operation may not be considered a

large operation to others. The classfication of large versus smdl operations for this
study was based on persond observation and persond inquires with individuas who
gpecidize in planning, condructing, and managing dairy operations in the Southeastern
United States.  For this study it was assumed that alarge dairy operation consisted of 400
lactating cows or greater. A small dairy operation was assumed to consist of lessthan
400 lactating cows. Following is an evduation of how the implementations of
phosphorus standards for land application of anima manure economicaly affect manure
trangport and application costs for dairy operations. The results were based on an

evauation of operations annua cost per cow and net fertilizer vaues per acre using a
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phosphorus-based no incorporation gpplication for hauling and irrigation systems. Drag
hose system va ues were obtained from a phosphorus-based injection application.
Hypothesis 3 proved to be true for al pumping systems, but had mixed results for
hauling systems (refer to Appendices C and E). Pumping systems resulted in higher net
fertilizer values and lower annua costs per cow vaues as herd size increased. Once herd
gze reached 800 cows, the net fertilizer and cost per cow vaues virtudly remained
constant for a given pumping system as herd size approached 2,000 cows. Once herd
sze reached 400 cows for hauling systems, there was a noticeable increase in cost per
cow vaues and a noticeable decrease in the net fertilizer values as herd sze gpproached
2,000 cows. The actud range of high and low cost per cow vaues was large for each sze
operation. The 50-cow operation cost per cow vaues ranged from alow of $78/cow to a
high of $418/cow. High and low cost per cow values for the 2,000-cow herd ranged from
$25/cow to $577/cow. Net fertilizer vaues dso varied greetly across agiven herd size.
The overdl highest net fertilizer vaue produced for the 50-cow herd size was -$3 and the
lowest was -$584. Overdl high and low net fertilizer vaues for the 2,000-cow herd size
ranged from $48 to -$550. Although negative net fertilizer values are not desirable, some
herd sizes do not produce positive net fertilizers vaues considering the equipment
evauated in this study, therefore an operator would want to choose a manure transport
and gpplication system that produced the least negative value. Figures 4.7 thru 4.10
illugrate the effects herd size has on net fertilizer values and costs per cow for hauling

and pumping systems. Pumping systems showed decreasing costs per cow and
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increasing net fertilizer values as herd Sze increased. The same was true for hauling
systems until herd size exceeded 400 cows.

The 50-cow operations proved to not be an economicaly viable sized operation
for any system that was evduated. When references are made concerning small dairy
operations (<400 cows), it must be taken into account that the 50-cow operations did not
produce an annuad waste volume large enough to judtify the costs of most trangport and
gpplication sysems that were andyzed in this sudy. Table 4.32 summarizes the lowest
annua cogt per cow vaue and the highest net fertilizer value produced with a
phosphorus-based gpplication for agiven herd sze.  As shown, there was an overdl
lower cost per cow vaue and overdl higher net fertilizer value produced by some given
transport and gpplication system as herd Sizeincreased. Table 4.32 does not represent
vaues for just one transport and gpplication system; it is a representation of the best
vaues produced from al systems evaluated over the different herd sizes.

In generd, the hauling systems (LST 5, LST 10, LVT 5, and LVT 8) were more
feasble and economicdly favored for smal operations. Results showed that at the 0.5
and 1.5-mile transport distances these systems produced competitive cost per cow and net
fertilizer vaues for larger operations (>400 cows). However, the annua operationa
times for these systems were unfeasible and limited them being used on operations that
had greater than 400 cows and atrangport distance exceeding 1.5 miles, even though
competitive values were produced. Hauling systems were not viable for any large
operations with a4.5-mile trangport distance. The pumping systems (DHS, BGHH,

BGSH, and CPS) clearly favor increasing herd sizes. The drag hose system
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Table4.32. Lowest cost per cow and highest net fertilizer values produced by
phosphorus-based applications.

0.5 Mile 1.5 Mile 4.5 Mile
Highest Net Highest Net Highest Net
Lowest Cost |Fertilizer Lowest Cost [Fertilizer Lowest Cost [Fertilizer
per Cow Value per Cow Value per Cow Value
($/cow) ($/acre) ($/cow) ($/acre) ($/cow) ($acre)
Number of Cows
50 $78.23 ($2.73) $86.47 ($11.55) $112.93 ($28.19)
200 $31.69 $31.43 $41.36 $24.33 $77.00 ($1.83)
400 $24.79 $36.48 $36.34 $28.01 $74.97 ($6.28)
800 $22.78 $38.79 $33.96 $35.39 $56.21 $21.17
2000 $25.02 $40.81 $32.06 $37.75 $50.03 $26.10

Note: Parentheses indicate negetive net fertilizer vaues

and center-pivot system showed increased benefits as operation size increased to the

largest herd size that was evauated in this study of 2,000 cows. The big gun sysems

(BGHH and BGSH) showed lower cost per cow values and increased net fertilizer vaues

as herd sized increased to 800 cows. No increased benefits were received if herd size

was increased from 800 to 2,000 cows if the operation was using a big gun transport and

goplication system.

5,000 Gallon Liquid Surry Tank System (LST 5)

Annua cost per cow vaues for the 5,000 gdlon liquid durry tank system

economicaly favor large operations over small operations at the 0.5-mile transport

distance. Once herd size reaches 400 cows, cost per cow vaues dightly decrease as herd

size reaches 800 cows. From 800 cows to 2,000 cows the cost per cow valuesincrease

dightly. A 5,000 gdlon liquid durry tank system with a 1.5-mile trangport distance is not

favored by large operations. At this transport distance, cost per cow values sart to

increase steadily once operation size exceeds 400 cows. Once herd size reaches 200

cows, cost per cow vaues start to increase rapidly for a 5,000 gdlon liquid durry tank

83




system with a transport distance of 4.5 miles. Figure D-1in Appendix D presents annua
cost per cow vaues for a’5,000 galon liquid durry tank system. The 5,000 gdlon liquid
durry tank system favored large operations when eva uating the net fertilizer values until
trangport distance exceeded 1.5 miles. The 5,000 gdlon liquid durry tank produced the
best net fertilizer values for operations of 400 and 800 cows with transport distances of
0.5and 1.5 miles. Net fertilizer values are presented for the 5,000 gdlon liquid durry
tank system as Figure D-2 in Appendix D. Table 4.33 presents the actud cost per cow
and net fertilizer values for the 5,000 gdlon liquid durry tank system.

10,000 Gallon Liquid Surry Tank System (LST 10)

The 10,000 gallon liquid durry tank system favored large operations at trangport
distances of 0.5 and 1.5 miles. At the 1.5-mile transport distance, cost per cow vaues
started to increase between operations of 800 and 2,000 cows. Cost per cow values
remained virtualy constant between operations of 800 and 2,000 cows for the 0.5-mile
trangport distance. Cost per cow vauesfor the 10,000 gdlon liquid durry tank system
started to increase rapidly when operation size reached 400 cows with a4.5-mile
transport distance. Cost per cow values are presented as Figure D-3 in Appendix D. The
10,000 galon liquid durry tank system’s net fertilizer vaues were favored by large
operations for transport distances of 0.5 and 1.5 miles. Net fertilizer values started to
decrease once herd size reached 800 cows for the 1.5-mile transport distance. Operations
which had atrangport distance of 4.5 miles using a 10,000 galon liquid durry tank, had a

rapid decrease in net fertilizer values once operation herd size reached 400 cows. Net



Table4.33. LST 5 cost per cow and net fertilizer values.

0.5 Mile 1.5 Mile 4.5 Mile
Cost per Net Fertilizer Cost per Net Fertilizer Cost per Net Fertilizer
Cow Value Cow Value Cow Value
Number of Cows
50 $82.40 ($2.73) $86.47 ($11.55) $112.93 ($28.19)
200 $31.69 $31.43 $41.36 $24.33 $77.00 ($1.83)
400 $24.79 $36.48 $36.34 $28.01 $83.06 ($6.28)
800 $22.78 $37.96 $38.07 $28.61 $103.43 $21.22
2000 $25.02 $36.80 $49.51 $19.10 $192.07 ($85.50)

Note Parentheses indicate negative net fertilizer vaues

fertilizer vaues for the 10,000 gdlon liquid durry tank system are presented as Figure D-
4in Appendix D. Both durry tank systems showed significant decreases in cost per cow
vaues and sgnificant increases in net fertilizer vaues as herd Sze increased from 50
cowsto 200 cows. Table 4.34 presents the cost per cow and net fertilizer values for the
10,000 gdlon liquid durry tank system.

5,000 Gdlon Liquid Vacuum Tank Sysem (LVT 5)

The 5,000 gdlon liquid vacuum tank system showed to favor small operations.
Once herd size exceed 200 cows, annual cost per cows values started to increase rapidly.
Annua cost per cow vaues for the 5,000 gdlon liquid vacuum are presented as Figure D-
5in Appendix D. Net fertilizer valuesfor the 5,000 gdlon liquid vacuum tank system
aso favored small operations. Net fertilizer vaues for this system started to decrease
rapidly as herd size exceeded 200 cows. Net fertilizer vaues for the 5,000 gallon liquid
vacuum tank are presented as Figure D-6 in Appendix D. Table 4.35 presents the actudl

cost per cow and net fertilizer values for the 5,000 gdlon liquid vacuum tank system.
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Table4.34. LST 10 cost per cow and net fertilizer values.

0.5 Mile 1.5 Mile 4.5 Mile
Cost per Net Fertilizer Cost per Net Fertilizer Cost per Net Fertilizer
Cow Value Cow Value Cow Value
Number of Cows
50 $131.43 ($38.71) $138.30 ($43.75) $159.61 ($59.39)
200 $50.55 $20.65 $58.38 $14.90 $85.29 ($4.85)
400 $38.11 $29.78 $47.29 $23.03 $81.64 ($2.17)
800 $33.65 $33.04 $45.54 $24.32 $91.67 ($9.53)
2000 $35.10 $31.99 $52.83 $18.98 $140.44 ($45.31)
Note Parentheses indicate negative net fertilizer vaues
Table4.35. LVT 5cost per cow and net fertilizer values.
0.5 Mile 1.5 Mile 4.5 Mile
Cost per Net Fertilizer Cost per Net Fertilizer Cost per Net Fertilizer
Cow Value Cow Value Cow Value
Number of Cows
50 $112.98 ($25.17) $122.24 ($33.96) $152.01 ($55.81)
200 $71.65 ($48.49) $85.35 ($96.81) $134.23 ($302.34)
400 $74.17 $3.31 $93.15 ($10.62) $159.55 ($59.34)
800 $87.17 ($6.23) $116.10 ($27.46) $253.92 ($115.38)
2000 $144.77 ($48.49) $210.63 ($96.81) $490.75 ($302.34)

Note: Parentheses indicate negetive net fertilizer vaues
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8,500 Gdlon Liquid Vacuum Tank Sysem (LVT 8)

The 8,500 gdlon liquid vacuum tank system favored smal operations. Once herd
Sze exceeded 200 cows, annua cost per cow values started to increase rgpidly. Net
fertilizer vdues for the 8,500 gdlon liquid vacuum tank system began to decrease once
herd size exceeded 200 cows. Annua cost per cow values and net fertilizer vaues are
presented as Figures D-7 and D-8 respectively in Appendix D. For both the 5,000 gdlon
and 8,500 gdlon liquid vacuum tank systems there was a significant decrease in annua
cost per cow vaues and asignificant increase in net fertilizer values as herd size
increased from 50 cows to 200 cows. Table 4.36 presents the actual cost per cow and net
fertilizer values for the 8,500 galon liquid vacuum tank system.

Drag Hose System (DHS)

The drag hose system favored large operations for phosphorus-based applications.
Annual cost per cow vaues decreased at arapid rate as herd size increased from 50 cows
to 800 cows. These values are presented as Figure D-9 in Appendix D. Once herd sze
reached 800 cows cost per cow values continued to decrease dightly as herd size
approached 2,000 cows. The drag hose system produced positive net fertilizer values for
al trangport distances once herd size reached 400 cows. Net fertilizer values for the drag
hose system are presented as Figure D-10 in Appendix D. The drag hose system
produced positive net fertilizer vaues for transport distances of 0.5 and 1.5 milesfor the
200-cow operation. Table 4.37 presents the cost per cow and net fertilizer values for the

drag hose system.
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Table4.36. LVT 8 cost per cow and net fertilizer values.

0.5 Mile 1.5 Mile 4.5 Mile
Costper |Net Fertilizer|] Costper |Net Fertilizer] Costper |Net Fertilizer
Cow Value Cow Value Cow Value
Number of Cows
50 $173.00 ($69.21) $181.56 ($75.49) $208.76 ($95.45)
200 $104.03 ($18.60) $116.91 ($28.05) $160.54 ($60.07)
400 $107.76 ($21.34) $126.38 ($35.00) $185.34 ($78.27)
800 $128.77 ($36.76) $156.20 ($56.89) $259.44 ($132.65)
2000 $223.02 ($105.90) $286.96 ($152.82) $529.67 ($330.90)
Note: Parentheses indicate negative net fertilizer vaues
Table4.37. DHS cost per cow and net fertilizer values.
0.5 Mile 1.5 Mile 4.5 Mile
Cost per Net Fertilizer Cost per Net Fertilizer Cost per Net Fertilizer
Cow Value Cow Value Cow Value
Number of Cows
50 $186.85 ($74.31) $230.05 ($106.01) $407.40 ($236.16)
200 $60.90 $18.12 $72.61 $9.41 $121.81 ($26.58)
400 $41.14 $32.62 $48.09 $27.52 $76.68 $6.54
800 $32.73 $38.79 $37.37 $35.39 $56.74 $21.17
2000 $29.99 $40.81 $34.16 $37.75 $50.03 $26.10

Note Parentheses indicate negetive net fertilizer vaues
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Big Gun Hard Hose Travdler System (BGHH)

The big gun hard hose system showed to favor large operations when a
phosphorus-based application was implemented. Annual cost per cow values decreased
steadily as herd sze increased from 50 to 800 cows. As herd sizeincreased from 800 to
2,000 cows there was adight increase noticed in the annua cost per cow vaues. Annud
cost per cow vaues for the big gun hard hose system are presented as Figure D-11in
Appendix D. Net fertilizer values for the drag hose system increased steadily as
operation size increased from 50 to 800 cows. A dight decrease in net fertilizer values
was observed as operation size increased from 800 to 2,000 cows. Net fertilizer vaues
for the big gun hard hose system are presented as Figure D-12 in Appendix D. Table
4.38 presents the cost per cow and net fertilizer vaues for the big gun hard hose system.

Big Gun Soft Hose System (BGSH)

Large operations implementing a phosphorus-based gpplication were favorable
for the big gun soft hose system. Annual cost per cow values decreased as herd size grew
from 50 to 800 cows. These vaues increased dightly when herd size increased from 800
to 2,000 cows. Annua cost per cow vaues are presented as Figure D-13 in Appendix D.
The big gun soft hose system produced postive net fertilizer valuesfor 0.5 and 1.5-mile
transport distances once herd size reached 400 cows. Net fertilizer values for the big gun
soft hose system are presented as Figure D-14 in Appendix D. Nether of the big gun
systems (BGHH or BGSH) produced positive net fertilizer vaues for operations with a
4.5-mile transport distance. Table 4.39 presents the cost per cow and net fertilizer values

for the big gun soft hose system.
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Table4.38. BGHH cost per cow and net fertilizer values.

0.5 Mile 1.5 Mile 4.5 Mile
Cost per Net Fertilizer Cost per Net Fertilizer Cost per Net Fertilizer
Cow Value Cow Value Cow Value
Number of Cows
50 $192.72 ($83.68) $237.20 ($116.33) $418.11 ($249.08)
200 $74.58 $3.01 $88.55 ($7.24) $144.80 ($48.52)
400 $57.63 $15.45 $67.34 $8.33 $105.35 ($19.57)
800 $52.39 $19.30 $60.84 $13.09 $92.40 ($10.11)
2000 $53.89 $18.20 $63.32 $11.28 $96.64 ($13.17)
Note Parentheses indicate negative net fertilizer vaues
Table 4.39. BGSH cost per cow and net fertilizer values.
0.5 Mile 1.5 Mile 4.5 Mile
Cost per Net Fertilizer Cost per Net Fertilizer Cost per Net Fertilizer
Cow Value Cow Value Cow Value
Number of Cows
50 $155.92 ($56.68) $200.58 ($89.45) $382.22 ($222.75)
200 $72.11 $4.83 $86.38 ($5.65) $143.74 ($47.47)
400 $60.08 $13.60 $70.26 $6.18 $109.70 ($22.76)
800 $56.66 $16.16 $65.64 $9.57 $99.09 ($14.97)
2000 $56.19 $16.51 $66.38 $9.04 $102.29 ($17.31)

Note Parentheses indicate negative net fertilizer vaues

90




Center-Pivot Sysem (CPS)

The center-pivot system showed to favor large operations when a phosphorus-

based application was implemented. Annual cost per cow vaues for the center-pivot

system showed to decrease continuoudy as herd size increased from 50 to 2,000 cows.

Annua cost per cow vaues for the center-pivot system are presented as Figure D-15in

Appendix D. Net fertilizer vaues showed to increase continuously also as herd size

increased from 50 to 2,000 cows. The center pivot system produced positive net fertilizer

vauesfor trangport distances of 0.5 and 1.5 miles once herd size reached 200 cows. For

operations greater than 400 cows, the center-pivot system produced for positive net

fertilizer vdues for a4.5-mile trangport distance. Figure D-16 in Appendix D presents

the net fertilizer vaues for the center-pivot system. Table 4.40 presents the cost per cow

and net fertilizer vaues for the center-pivot system.

Table 4.40. CPS cost per cow and net fertilizer values.

0.5 Mile 1.5 Mile 4.5 Mile
Cost per Net Fertilizer Cost per Net Fertilizer Cost per Net Fertilizer
Cow Value Cow Value Cow Value
Number of Cows
50 $170.45 ($67.35) $215.53 ($100.43) $398.91 ($234.99)
200 $58.99 $14.45 $71.67 $5.15 $123.03 ($32.54)
400 $40.29 $28.18 $48.07 $22.46 $79.14 ($0.34)
800 $32.36 $34.00 $38.13 $29.76 $60.39 $13.43
2000 $29.49 $36.10 $35.44 $31.73 $55.44 ($13.80)

Note: Parentheses indicate negative net fertilizer values
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Hypothesis4: Hauling system transport and application net fertilizer valuesare
mor e cost sensitiveto increasesin transport distancesthan are pumping system
trangport and application net fertilizer values

This hypothesis was designed to evaluate the effects that transport distance have
on cogts for manure transport and gpplication systems. Ingtead of making this evauation
based on tota annua trangport and application economic cost, evauations were made
from net fertilizer values for the systems considered. Net fertilizer vaues are appropriate
for this investigation since the returns received from the land-applied nutrientsis the only
monetary credits earned by the manure transport and gpplication system. It iswell
accepted that manure trangport and application costs increase with transport distance.
However, limited data is available to evauate the rates at which certain trangport and
application systems codts are affected by transport distance. In addition, these rates may
change for a given system under various herd szes. If hauling systems' net fertilizer
vaues prove more cost sensitive to increases in transport distance compared to pumping
systems, operators would have the incentive to adopt these technologies, especidly if
increased transport distances to gpplication Stes are foreseen in the operation’s future.

Hypothes's 3 was fdse for operations of 50 and 200 cows. Pumping systems
were more cost senditive to increases in trangport distance for these operations. This
hypothesis proved true for operations of 400 thru 2,000 cows. Hauling systems proved to
be more sengtive to increases in transport distances than did pumping systems for these
operations. To determine these evauations, sengitivity to distance was caculated for
each system and for each herd Size, then by averaging these figures for the hauling

systems and the pumping systems.  Sengtivity to distance was determined by taking the
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difference between net fertilizer vaues a the 0.5 and 4.5-mile transport distance and
dividing this number by the difference in trangport distance (i.e. 4 miles). The equation

used to calculate sengitivity to distance vaues follows.

Sengtivity to Distance ($acre/mile) =

{0.5-Mile Net Fertilizer Vdue ($/acre) — 4.5-Mile Net Fertilizer Vaue ($acre)} / 4 miles

As expected, the net fertilizer values produced from a given transport and
application system decreased as transport distance increased. However, the rates at
which the net fertilizer values decreased as transport distance increased were significantly
different between hauling systems and pumping systems and differed among herd Szes as
well. Astransport distance increased from 0.5 to 4.5 miles for the 50-cow herd size,
hauling system net fertilizer values showed arange of decrease from $0 to -$100 per acre.
At this same herd size, pumping system net fertilizer vaues decreased from -$50 to -$250
per acre as transport distance increased from 0.5 to 4.5 miles. For a herd size of 2,000
cows, hauling systems produced net fertilizer value decreases from -$50 to -$350 as
trangport distance increased from 0.5 to 4.5 miles, whereas the pumping systems showed
net fertilizer value decreases of $50 to $0 as trangport distance increased from 0.5 to 4.5
miles. System(s) sengtivity to distance evauations were determined from phosphorus-
based incorporated applications for al systems except the drag hose system. Evaluations
for the drag hose system were determined from a phosphorus-based injected application

since drag hose systems were only evauated for injection applications. Figures4.11 thru
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4.15 show the rates at which net fertilizer values decreased as transport distance increased
for each transport and gpplication system for each Size operation. As transport distance
increases for hauling systems, no increase in initia investiment is needed. The purchase
price for ahauling system will remain congtant with varying transport distances.

However, this scenario does not hold true for pumping systems. Additiona transport

pipe and pumping units must be purchased as transport distance increases (refer to Table
3.7). Asannua manure volume increases, o do the number of transport trips needed
when using hauling systems and as transport distance increases the overdl transport time
for these systemswill increase. Tripsto and from the manure storage area are not present

for the pumping systems.
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Figure4.11. Sensitivity to distance net fertilizer value comparison for a 50-cow herd
using a phosphor us-based application.
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Figure4.12. Sengtivity to distance net fertilizer value comparison for a 200-cow
herd using a phosphorus-based application.
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Figure4.13. Senditivity to distance net fertilizer value comparison for a 400-cow
herd using a phosphor us-based application.
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Figure4.14. Sengtivity to distance net fertilizer value comparison for an 800-cow
herd using a phosphorus-based application.
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Figure4.15. Senstivity to distance net fertilizer value comparison for a 2,000-cow
herd using a phosphorus-based application.
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Net fertilizer values sengtivity to increases in transport distance were afunction
of herd size for agiven manure trangport and application system. Larger operations
could justify owning and operating manure transport and gpplication systems more so
than smdler operations. Pumping system net fertilizer vaues were more cost senstive to
increases in trangport distances for operations of 50 and 200 cows than were hauling
systems. Operations of 50 and 200 cows did not produce alarge enough run
(operationd) time to justify the costs needed to trangport this amount over large transport
distances using pumping systems. Operations less than 200 cows did produce an annua
waste volume that produced an operaiond run time that was judtifidble for the hauling
systems, and in return they proved to be less senditive to increases in transport distances
for operations between 50 and 200 cows than did the pumping systems.

As herd size increased over 200 cows the waste volume produced annually
ggnificantly increased the operationa hours needed for the hauling systems and their
operationa costs increased to a point where these systems’ net fertilizer vaues began to
decrease rapidly. Once herd size exceeded 200 cows annua operationa times were great
enough to justify using the more expensive pumping systems and therefore these
systems’ costs became less sengitive to increases in trangport distances. Figure 4.16
presents asummary of net fertilizer value sengtivity to distance values for hauling and
pumping systems. Table 4.41 presents sengtivity to distance vaues for the systems

conddered using a phosphorus-based gpplication.
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Figure4.16. Sendtivity to distance comparisonsfor hauling and pumping systems
using a phosphor us-based application.

Table4.41. Sensitivity to distance values using a phosphor us-based application.

Sensitivity to Distance Values ($/acre/mile) P-Based Application

LST 5 LST 10 LVT 5 LVT 8 DHS BGHH BGSH CPS
Number of Cows
50 $6.37 $5.17 $8.15 $6.56 $40.46 $41.35 $41.52 $41.91
200 $8.33 $6.38 $11.48 $10.37 $11.18 $12.88 $13.14 $11.75
400 $10.69 $7.99 $15.66 $14.23 $6.52 $8.76 $9.09 $7.13
800 $14.80 $10.64 $27.29 $23.97 $4.16 $2.30 $7.78 $5.14
2,000 $30.58 $19.33 $63.46 $56.25 $3.68 $7.84 $8.46 $4.88
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Operational Time Evaluation

An evauation of the systems operationd times and their feasibility was
performed. Hauling systems produced costs and net fertilizer values that were
compstitive with the pumping systems for larger operations even at the longer transport
distances. In concentrated feeding and crop producing operations there is awindow of
opportunity available to goply anima manures. This study was based on nutrient
requirements for a 20-ton per acre corn silage crop, which requires 100 to 115 days from
planting to harvest. The window of opportunity for operationsto gpply anima manures
is 30 days before the crop is planted. The reasoning behind this window of opportunity is
that if anima manure nutrients are applied before 30 days pre-planting, much of the
goplied nitrogen will be logt. Nitrogen gpplied to an area without a growing crop will be
logt from runoff, leaching, and nutrient fixation. Environmenta conditions such as wet
soil, frozen soil, and high winds do not alow the trangport and gpplication equipment
evauated in this study to be operated. Pulling tanks and drag hose systems over saturated
soil will lead to compaction of the soil and in many cases the saturated soil will inhibit
traction to the extent that these systems cannot be operated. Injection toolbars cannot be
pulled in frozen soil. In addition, saturated soilswill increase the likelihood that surface
runoff will occur from irrigetion syslems. High winds make it difficult to achieve
accurate gpplication rates for broadcast and irrigation systems and aso increase the risks
of the liquid waste being carried onto areas such as nearby resdences. Consdering these
environmenta possbilities, an operation will be fortunate to operate their transport and

gpplication system 25 of the 30 days that are available. If they transport and apply
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manure 10 hours a day, their window of opportunity ends up being 250 hours per year to
trangport and apply their annua manure volume using one transport and gpplication
system or 500 hours per year in adouble crop situation. Figures4.17 thru 4.22 present
the feasihility of the annud operationd timesfor the individud transport and gpplication
systems eva uated in this study. Individua annud operationd times for hauling and
pumping systems are shown in Tables 4.42 and 4.43.

Hauling systems operationd times are very senditive to trangport distances. They
must be loaded, transported to the gpplication site, towed through the application ste, and
be returned to the storage area for another load. During this operationd lag time, this
equipment is till being operated and operationa costs are being incurred even though no
animd wadste is being gpplied. In addition, this time becomes more sgnificant once herd
Sze and trangport distance increases. The hauling systems evaluated in this sudy
produced unfeasible annual operationa times for operations over 400 cows that had one
crop rotation. If two crops were grown annudly, certain hauling systems could be
feasible for operations of 800 cows.

Pumping systems do not possess the operationd lag time incurred by the hauling
systems to transport the anima waste.  Set-up time does present some lag time for these
systems, but results show that the set-up lag time for the pumping systemsis not as
ggnificant asthe trangport timeisfor the hauling sysems. If operations grew one crop
annualy, some pumping systems were feasible for operations up to 800 cows. Growing
two crops, the drag hose systems produced the only feasible operation time for a 2,000

cow operation.
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Required Annual Operational Time
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Figure4.17. Annual operational timesfor one 5,000 gallon liquid durry tank

system.
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Figure4.18. Annual operational timesfor one 10,000 gallon liquid durry tank
system.
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Figure4.19. Annual operational timesfor one 5,000 gallon liquid vacuum tank
system.
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Figure4.20. Annual operational timesfor one 8,500 gallon liquid vacuum tank
system.
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Figure4.21. Annual operational timesfor oneindividual pumping sysem
implementing a phosphor us-based application.
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Figure4.22. Annual operational timesfor oneindividual pumping system
implementing a nitrogen-based application.

Table4.42. Annual operational timesfor single hauling systems.

5,000 Gallon Liquid Slurry Tank |10,000 Gallon Liquid Slurry Tank

* Annual Operation Timein Hours

Number of Cows | 0.5Mile| 1.5Mile 45 Mile 0.5 Mile| 1.5 Mile 45Mile
50 27 40 79 23 30 49
200 106 158 315 93 119 197
400 212 317 630 186 238 395
800 424 633 1260 372 476 790
2000 1060 1583 3151 930 1190 1975
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Table 4.43. Annual operational timesfor single pumping systems.

Drag Hose| Big Gun Hard Hose| Big Gun Soft Hose| Center-Pivot
Number of Cows * Operation Time in Hours
P& N P N P N P N

50 12 25 20 26 16 30 52

200 49 98 81 104 66 69 53

400 97 196 162 208 132 130 106

800 194 392 324 417 263 252 212

2000 484 980 810 1043 658 625 530

Cost Estimation Model Validation

Hand calculations were performed and compared to the vaues caculated by the
cost estimation model. The cost estimates caculated for each system considered for this
study by the cost estimation model were compared to cost estimates that were hand
calculated. Overd| differences between the two cal culation methods were |ess than
0.001%. These differences were attributed to rounding differences between hand
caculations and Microsoft Excel. Table 4.44 presents a comparison of hand and model
caculated values for a400-cow big gun soft hose syslem using a nitrogen-based no
incorporation application.
Custom Manure Applications

Custom manure gpplication operations are increasing in availability acrossthe
United States. Geographic regions of densely populated concentrated animal feeding
operations have these services readily avallable. Operations that use custom manure
gpplicators do not incur the costs of owning and operating persona manure transport and
goplication equipment. In addition, hiring custom manure applicators loosens time

congtraints. However, most operations do not posses the data needed to determineif itis

105



Table 4.44. Comparison of hand and modd calculated values for a 400-cow big gun

soft hose system using a nitrogen-based no incor por ation application.

Calculation Description

Hand Estimate

Model Estimate

Raw waste + bedding + milking 4,326,307 gal 4,326,307 gal
center waste

Runoff volume from loafing lot 279291 gal 279291 gal
Length of other side of holding pond 192.4 ft 192 ft
Holding pond surface area 38,400 square ft 38,477 square ft
Rainfall volume storage 623,716 gal 623,675 gal
Total waste volume 5,229,314 gal 5,229,273 gal
Application rate (gal/acre) 21,307 gal/acre 21,307 gal/acre
Acreage required 245.3 acres 245.4 acres
Tow path spacing 361 ft 361 ft
Length of pull needed to cover 1 acre 121 ft 121 ft
Time to cover 1 acre 26.6 min 26.6 min
Gun tow speed 4.5 ft/min 4.5 ft/min
Application rate (acres/hr) 2.25 2.25
Number of set-ups required 23 22.64
Total set-up time 23 hr 22.64 hr
Total application time 131.50 hr 131.58 hr
System operating cost per hour $118.23/hr $118.23/hr
Total annual system cost $15,547.25 $15,547.40
System cost per acre $63.38/acre $63.39/acre
System cost per gallon $0.002970/gal $0.002975/gal

more economically viable for them to hire custom manure gpplicators or own and operate

personal manure transport and application equipment. Custom manure gpplicators

generdly have abase charge. This charge covers manure agitation, loading, and land

goplication. In addition, amileage charge is added to the base charge that coversthe

variable cogt of moving a quantity of manure agiven distance. For hauling systems, this

cost represents the time on the road for the equipment between manure storage area and

the entrance to an application site. For pumping systems, this cost represents the added

equipment and assembly cost (time and labor) needed to ddliver manure a grester

distance (Fleming, 1998). A survey of lowa custom manure gpplicators showed the




average base charge to be $0.0079 and $0.0057/gd for hauling and pumping systems
respectively (Lorimor, 1996). It is customary for custom manure gpplicators to include
the cost of transporting manure up to one mile in the base charge. After onemile, an
additiond charge of $0.0034/gal/mile and $0.0028/gd/mile is present for hauling and
pumping systems respectively (FHeming, 1998). Custom manure gpplicatorsin western
Kentucky quote a base charge of $0.006/gal with an additiond transport charge of
$0.001/ga/mile past the first mile (Lyne, 2001).

The cost estimation modd was designed to cal culate a trangport and application
system cost per gdlon for dl systems considered. Appendix F contains the trangport and
gpplication cost/ga for each herd size, gpplication method, and transport distance for the
systems evauated in this udy. These vaues are designed to determine if acertain
operation would be better suited owning manure transport and application equipment or
hiring a custom applicator. However, one must be familiar with the assumptions used in
this sudy and with custom manure gpplicator feesin their locations before making
decisons using the presented vaues. Appendix G presents an overall summary of each
trangport and gpplication system’ s tota annua economic cost for a given transgport

distance and application standard.
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CHAPTER YV

CONCLUSIONS AND RECOMMENDATIONS

This study estimated operational costs of transport and application systems used
to land apply liquid dairy manure. Comparisons were made for awide range of dairy
herd szes using numerous combinations of trangport and application equipment. Dueto
increasing concern regarding the non-point pollution potentid of land-applied manure,
comparisons were made to evaluate how an operation’s costs would be affected under a
phosphorus-based nutrient management plan. In this study land areawas not consdered
alimiting factor for phogphorus-based applications, and land costs were not considered.
Codgsfor this study were only estimated for the transport and application equipment used
to land gpply the liquid dairy manure. Cogt for confinement housing, milking parlors,
and waste Sorage areas were not evauated nor included in the cost estimates presented in
thisstudy. There are numerous references available if these cost estimates are of interest.
Such references as Sustainable Dairy Systems Manual (1997) could be used in
combination with the Cogt Estimation Model to achieve aredidtic totd annua waste
management operationd cost estimate for a given dairy operation.

The results produced from this study show that liquid durry tank hauling systems
are usualy best suited for manure transport and application on small dairy operations
(<400 cows). Larger operations (>400 cows) usudly produce the lowest costs and
therefore receive the grestest benefits when pumping systems are used for manure
trangport and application. Overdl trangport and gpplication system codts as estimated in
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this study are not affected by whether applications are based on phosphorus or nitrogen
crop nutrient requirements unless equipment operational parameters do not allow each
nutrient to be discharged at the same flow rate (gpm) while adjusting overal application
rate (gal/acre) through speed differences. Transport and application systems that require
set-up labor produced higher costs if applications were based on phosphorus rather than
nitrogen due to the additional number of set ups needed to satisfy application land
requirements necessary for phosphorus-based applications. Results show that this
increased labor needed for some gpplication systems basing their gpplication on
phosphorus can cause cost increases of up to 60% over nitrogen:based applications.
Larger operations produced lower costs and better returns than small operations. Cost per
cow values generdly decreased as herd size increased. Pumping systems proved less
sengtive to increases in transport distance than hauling systems once herd size reached
400 cows.

Trangport and gpplication hauling sysems’ (liquid durry and liquid vacuum
tanks) total annua economic costs were not affected by whether applications were based
on phosphorus or nitrogen. The mode indicated that these systems produced identical
cost estimates. These systems were able to operate at different speeds to achieve desired
gpplication rates. Even though the phosphorus-based applications required more land to
be covered, the lower gpplication rate (gallong/acre) required by the phosphorus-based
applications required that the tank systems be towed at faster speeds than for the
nitrogen-based applications When equipment is operated at faster ratesit is possible that
more repair and maintenance costs will beincurred. Therefore, equipment used to apply
liquid dairy waste for phosphorus-based applications may need more repair and
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maintenance. At thetime of this study there were no repair and maintenance vaues
available that adjusted for varying operating speeds. If adjusment values were available,
phosphorus-based applications may have shown cost increases over nitrogen-based
gpplications for hauling and drag hose systems and additiona cost increases for irrigation
systems. Annud operationa times (hours of annua use) for hauling systems proved to

be the same for agiven herd size. Discharge rate for these systemns were the same for
both phosphorus and nitrogen-based applications. Equipment capatilities dlowed this by
adjusting tow speeds rather than discharge rates to achieve adesired application rate. If
the equipment were not capable of adjusting application rates through speed differences,
then adjustment of discharge rate would have been necessary, which would have changed
operationd time and these systemns would have produced different cost etimates for
phosphorus and nitrogen-based applications. Phosphorus-based incorporated applications
produced dightly higher total annua economic cogts than nitrogen: based incorporated
goplicationsfor al trangport and gpplication systems evaduated. Thisincrease was not a
reflection of the transport and application equipment, but rather the given that it takes
more time to incorporate manure over alarger land area.

Unlike the hauling systems, application rates for the big gun irrigation systems
could not be totally adjusted through speed differences. Gun flow rate for these systems
had to be decreased for phosphorus-based applications in order to keep gun tow speed
within an operationa range. Big gun systems had to have lower discharge rates and
faster tow speeds for phosphorus-based applications. Nitrogenbased gpplicationsusing a
big gun system could receive the maximum equipment flow rate and speed could be
adjusted to produce the desired gpplication rate(s). The largest totd annua economic
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cost differences between phosphorus and nitrogen-based applications were produced by
the big gun systems. The big gun soft hose system produced the largest cost difference
because flow rate differences between phosphorus and nitrogen-based applications were
greatest for this system and the big gun soft hose system required more set-up labor then
any of the other sysems evaluated. Annua economic cogts for drag hose systems were
the same for both phosphorus and nitrogenbased applications. These systems were able
to achieve the desired application rates by adjusting Speed while maintaining a constant
discharge rate.

Phosphorus- based applications produced higher total annua (yearly) economic
costs for center-pivot systems than nitrogen-based gpplications. These cost differences
were adirect cause of the additional number of set ups required to cover the larger land
arearequired for phosphorus-based applications. For al herd sizes over 50-cows, enough
land areawas required to utilize afull %z mile pivot and discharge rate could remain the
same for phosphorus and nitrogen-based applications and gpplication rate could be
achieved by the rotationa speed of the pivot.

Net fertilizer values produced by the transport and application systems varied
widely between herd sizes and trangport distances.  Hauling systems produced the best
net fertilizer vaues for smal operations with short trangport distances. Once herd Sze
reached 400 cows and transport distance exceeded 0.5 milesit was more beneficid to
invest in the more expensive pumping systems. Operations between 50 and 200 cows
clearly proved to receive higher net fertilizer vaues from phosphorus-based applications.
Once herd size reached 400 cows nitrogen-based applications began to produce net
fertilizer values that were competitive and some times exceed those produced by
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phosphorus-based applications. Generaly speaking, operations up to 200 cows received
higher net fertilizer values for phosphorus-based applications than nitrogen-based
gpplications. Once herd size reached 400 cows the highest net fertilizer values were
produced by both phosphorus and nitrogen-based gpplications. Application methods
such as no incorporation, incorporation, and injection started to affect whether
phosphorus or nitrogenbased gpplications produced the highest net fertilizer vaue for a
given sysem A 5,000 galon liquid durry tank system with ano incorporation

gpplication had the highest net fertilizer vaue using a phosphorus-based gpplication for a
400-cow operation with a 0.5-mile transport distance, but if this goplication was
incorporated nitrogen produced the highest net fertilizer value. This scenario was applied
to al systems between 400 and 2,000 cows for dl systems with transport distances of 0.5
and 1.5-miles. There was atrend that operations with 4.5-mile trangport distances dmost
aways recaived the highest net fertilizer values from phosphorus- based applications.

The drag hose and center-pivot system were the only exceptions to this observation
where a nitrogen-based application produced the highest net fertilizer values. Results
showed that nitrogen-based applications produced higher net fertilizer vaues for

irrigation systems once herd sze reached 400 cows. Thiswas the only clearly noticeable
trend that showed a breakpoint where once herd sze reached a certain number of cows,
that it proved to be beneficia to base applications on nitrogen-standards. This breakpoint
was to be expected since the results showed that at 400 cows the operationd times for the
irrigation systems started to dragticaly favor nitrogen-based applications over

phosphorus-based applications. An overal summary of which systems produced the
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lowest cogt and highest net fertilizer values for each herd size at each transport distance is
presented in Tables 5.1 and 5.2.

The center-pivot systems evaduated in this study produced the best annual
economic costs and net fertilizer vaues for severd of the operations evaluated. These
systems do incur problems when handling animal waste such as getting clogged by the
solids that liquid manure contains. The additiona costs associated with fixing these
problems were not evauated in this study. In the real world these added costs could
make these systems produce sgnificantly higher cost estimates than those that were
presented in this study.

Future studies should include evauations where dairy operations use multiple
trangport and gpplication systems. This study just used one trangport and application
system for agiven dairy operation. These results showed that one transport and
gpplication sysem might not be cagpable of transporting and gpplying the annua waste
volume produced by certain Sized operationsin the available window of opportunity.
Future eva uations should be made to investigate if it is economicaly feasble to operate
multiple trangport and application systems to accommodate this window of opportunity
or isoperationa downsizing more economicaly viable. Future sudies should also
evduate the feashility of handling dl livestock waste as aliquid, dl asasolid, or a
combination of thetwo. The cost estimation model developed for this study is capable of
producing the above evauations.

There are many benefits and costs associated with manure applications that are
difficult to assign economic vauesto. Inthe US, some States have laws that do not alow
anima wastes to be gpplied by irrigation equipment. The odor from this type of
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Table5.1. Lowest annual economic cost system for each herd size.

Number of Cows Transport Distance

0.5 Mile 15 Mile 45 Mile
50 5,000 Galon LST 5,000 Galon LST 5,000 Gallon LST
200 5,000 Gallon LST 5,000 Gallon LST 5,000 Gallon LST
400 5,000 Galon LST 5,000 Gdlon LST Center-Pivot
800 5,000 Galon LST Center-Pivot Center-Pivot
2000 Center-Pivot Center-Pivot Center-Pivot
Table5.2. Highest net fertilizer producing system for each herd size.
Number of Cows Transport Distance

0.5 Mile 15 Mile 4.5 Mile
50 5,000 Galon LST 5,000 Gdlon LST 5,000 Gallon LST
200 5,000 Gallon LST 5,000 Gallon LST 5,000 Gallon LST
400 5,000 GalonLST 5,000 Gdlon LST Drag Hose
800 5,000 Gallon LST Drag Hose Drag Hose
2000 5,000 Galon LST Center-Pivot Center-Pivot

gpplication can become a nuisance to nearby society. Other areas prohibit land

applications using tank systems because of their ability to compact the soil. In order to

select the best transport and gpplication system for a given operation, issues such asthese

must be congdered in equipment selection dong with an evauation of the costs. The

cost estimates provided in this study did not attempt to evauate nor credit these values as

they pertain to certain trangport and gpplication systems. Thisisalimitation of the cost

estimation model developed for thisstudy. Currently a user-friendly software interface to

facilitate use of the cost estimation mode is under development. After its completion,

future studies are planned to further examine the costs for awider variety of transport and

gpplication equipment.
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APPENDIX A

COST ESTIMATION MODEL EQUIPMENT CAPITAL COST VALUES
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Table A-1. Cost estimation model tractor capital cost values.

2WD Tractors 4WD Tractors
Horsepower Capital Cost ($) |Horsepower Capital Cost ($)

40 $18,800 40 $24,700
50 $23,500 50 $28,300
60 $24,600 60 $32,300
70 $30,500 70 $34,500
80 $32,000 80 $39,200
85 $34,500 85 $46,000
90 $41,000 90 $47,600
100 $44,000 100 $54,000
110 $53,000 110 $67,000
125 $63,000 125 $70,000
130 $73,000 130 $85,000
150 $81,000 150 $93,000
175 $94,000 175 $106,500
195 $105,000 195 $116,000
215 $115,000 215 $127,000
225 $130,000 225 $130,000

250 $140,000

300 $150,000

Table A-2. Cost estimation model incor poration disk capital cost values.

Disk Width (feet) Capital Cost ($)
15 $12,000
18 $14,000
20 $15,000
23 $16,000
26 $18,000
30 $26,000
33 $30,000

TableA-3. Cost estimation model tractor mounted front end loader capital cost.
Bucket Capacity (ft3) Capital Cost ($)

19 $4,000
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Table A-4. Cost estimation model skid-steer loader capital cost values.

Loader Horsepower Capital Cost ($)
25 $16,200
45 $20,000
50 $22,000
65 $24,500
70 $30,000
85 $32,000

Table A-5. Cost estimation model tandem-axle truck capital cost values.

Truck Horsepower Capital Cost ($)
215 $41,000
275 $47,000
500 $85,000

Table A-6. Cost estimation model box spreader capital cost values.

Spreader Capacity (ft3) Capital Cost ($)
200 $14,000
300 $18,000
400 $19,500
500 $22,500
700 $29,000

Table A-7. Cost estimation model v-spreader capital cost values.

Spreader Capacity (ft3)

Capital Cost ($)

370 $10,200
500 $17,500
620 $21,000
750 $26,500
1000 $34,000

Table A-8. Cogt estimation modd t

ruck mounted spreader capital cost values.

Spreader Capacity (ft3)

Capital Cost ($)

200 $11,000
300 $15,000
350 $17,250
500 $19,000
600 $21,800
700 $22,300
850 $28,000
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Table A-9. Cost estimation mode pull-type litter spreader capital cost values.

Spreader Capacity (ft3)

Capital Cost ($)

230 $8,100
270 $8,400
300 $8,800

Table A-10. Cost estimation modd

truck mounted litter spr

eader capital cost values.

Spreader Capacity (ft3)

Capital Cost ($)

260 $6,300
300 $6,700
350 $7,200
400 $7,600
440 $8,000
480 $8,300
525 $8,700

Table A-11. Cost estimation mode

liquid durry tank capital cost values.

Tank Capacity (gallons)

Capital Cost ($)

2,300 $12,000
3,000 $16,800
4,000 $17,600
5,000 $23,000
6,000 $29,500
7,500 $38,000
10,000 $47,000
12,000 $63,000

Table A-12. Cost estimation mode

liquid vacuum tank cap

ital cost values.

Tank Capacity (gallons)

Capital Cost ($)

1,500 $12,000
2,300 $16,500
3,000 $17,000
3,400 $23,000
4,200 $25,000

500 $27,300
6,000 $37,000
7,500 $45,000
8,500 $50,000

Table A-13. Cost estimation model

semi-tractor tank capital cost values.

Tank Capacity (gallons)

Capital Cost ($)

6,500 $45,000
7,000 $48,000
9,500 $55,000
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Table A-14. Cost estimation model tank injection toolbar capital cost values.

Toolbar Width (feet) Capital Cost ($)
6 $ 3,700
8 $ 4,900
10 $ 5,700
12 $ 7,000
14 $ 7,700
24 $ 25,000

Table A-15. Cost estimation model drag hose injection toolbar capital cost values.

Toolbar Width (feet) Capital Cost ($)
10 $ 13,000
14 $ 15,000
18 $ 18,000
23 $ 21,000

Table A-16. Cost estimation model soft hose (drag hose) reel capital cost values.

Number of 660" Hoses | Hose Diameter (inches) | Capital Cost ($)
2 6 $6,000
4 6 $10,800
5 8 $16,500
6 6 $13,000
8 6 $15,000

Table A-17. Cost estimation big gun hard hosetraveler capital cost values.
Hose Diameter (inches) and Hose Length (feet) | Capital Cost ($)

3.7 x 1150 $20,450
3.7 x 1250 $27,450
3.7 x 1310 $37,000
4.0 x 1250 $31,000
4.0 x 1215 $37,000
4.5x1215 $37,250
4.5 x 1310 $41,000

Table A-18. Cost estimation model big gun soft hose capital cost value.
Hose Diameter (inches) and Hose Length (feet) | Capital Cost ($)
4.0 x 1310 $16,250
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Table A-19. Cost estimation model center-pivot capital cost values.

Pipe Inner Sprinkler Head
Individual Span Diameter Spacing Individual Span
Length (feet) (inches) (inches) Capital Cost ($)
151.1 6 5/8 30 $4,215
135.2 6 5/8 30 $4,415
140.0 6 5/8 30 $4,580
160.0 6 5/8 30 $4,915
180.0 6 5/8 30 $5,165
184.8 6 5/8 30 $5,400
186.7 6 5/8 30 $5,445
204.9 6 5/8 30 $5,845
151.1 6 5/8 108 $4,480
135.2 6 5/8 108 $4,325
140.0 6 5/8 108 $4,480
160.0 6 5/8 108 $4,850
180.0 6 5/8 108 $5,075
184.8 6 5/8 108 $5,325
186.7 6 5/8 108 $5,400
204.9 6 5/8 108 $5,750
115.1 8 5/8 30 $4,620
135.2 8 5/8 30 $4,910
140.0 8 5/8 30 $5,150
160.0 8 5/8 30 $5,475
115.1 8 5/8 108 $4,590
135.2 8 5/8 108 $4,865
140.0 8 5/8 108 $5,100
160.0 8 5/8 108 $5,400
109.7 10 30 $4,890
119.9 10 30 $5,120
127.8 10 30 $5,220

Table A-20. Cost estimation mode high volume high pressure pump capital cost
values.

Pump Type Capital Cost ($)
Engine Driven Pump $7,430
PTO Driven Pump $6,550

Table A-21. Cost estimation model diesel engine capital cost values.

Engine Description Capital Cost ($)
157 HP @ 2400 RPM $15,700
124 HP @ 2200 RPM $12,915
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Table A-22. Cogt estimation model PTO agitator-loading pump capital cost value.
Length (feet) Capital Cost ($)

8 $9,795

10 $9,995
12 $10,195
14 $10,395
16 $9,490
32 $9,845
42 $10,845
50 $11,940
Vertical $8,900

Table A-23. Cost estimation model prop agitator capital cost values.
Length (feet) Capital Cost ($)

28 $5,350
31 $6,120
32 $6,990
42 $7,490
50 $7,990
Table A-24. Cost estimation model drag hose system capital cost values.
Transport Distance (miles) Capital Cost ($)
0.5 Mile $88,955
0.75 Mile $103,405
1.0 Mile $122,835
Table A-25. Cost estimation model PV C pipe capital cost values.
Pipe Diameter (inches)| Installation Cost ($/foot) | Capital Cost ($/foot)
4 $2.25 $1.45
6 $2.25 $2.80
8 $2.25 $4.15
10 $2.25 $5.95

Table A-26. Cost estimation model aluminum pipe capital cost values.

Pipe Diameter (inches)

Capital

| Cost ($/foot)

4 $1.85
6 $2.80
8 $4.00
10 $6.90
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Table A-27. Cost estimation model angus armor guard hose capital cost values.

Pipe Diameter (inches) Capital Cost ($/foot)
4 $8.80
4.5 $8.73
5 $7.80
6 $9.00
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TableB-1. Total annual economic costs for a 50-cow herd.

Transport Distance (miles)

System Type 0.5 1.5 4.5
P N P N P N
5,000 Gallon Liquid Slurry Tank Broadcast w/ No Incorporation $3,911.27 $3,911.27 $4,323.68 $4,323.68 $5,646.41 $5,646.41
5.000 Gallon Liquid Slurry Tank Broadcast w/ Incorporation $4.119.82 $4,028.57 $4.,721.24 $4.630.00 $5.854.96 $5.763.71
5,000 Gallon Liquid Slurry Tank Injected $4,668.30 $4,668.30 $5,104.11 $5,104.11 $6,523.93 $6,523.93
10,000 Gallon Liquid Slurry Tank Broadcast w/ No Incorporation $6.362.96 $6,362.96 $6.706.24 $6.706.24 $7,772.20 $7,772.20
10,000 Gallon Liquid Slurry Tank Broadcast w/ Incorporation $6,571.51 $6,480.26 $6,914.78 $6,823.54 $7,980.74 $7,889.50
10,000 Gallon Liquid Slurry Tank Injected $8.810.97 $8,810.97 $9.,181.11 $9,181.11 $10,374.69 $10.374.69
5.000 Gallon Liquid Vacuum Tank Broadcast w/ No Incorporation $5.440.63 $5.440.63 $5.903.20 $5.903.20 $7.391.98 $7.391.98
5,000 Gallon Liquid Vacuum Tank Broadcast w/ Incorporation $5,649.17 $5,594.22 $6,111.75 $6,020.50 $7,600.52 $7,509.28
5.000 Gallon Liquid Vacuum Tank Injected $6.274.63 $6,274.63 $6.772.41 $6.772.41 $8,382.53 $8.382.53
8,500 Gallon Liquid Vacuum Tank Broadcast w/ No Incorporation $8,441.42 $8,441.42 $8,869.25 $8,869.25 $10,229.30 | $10,229.30
8,500 Gallon Liquid Vacuum Tank Broadcast w/ Incoporation $8.649.97 $8,558.72 $9.077.79 $8,986.35 $10,437.84 | $10,346.60
8.500 Gallon Liquid Vacuum Tank Injected $11,127.69 $11,127.69 $11,618.91 $11,618.91 $13,198.63 $13,198.63
Drag Hose System $9,342.37 $9,342.37 $11,502.25 $11,502.25 $20,370.16 $20,370.16
Big Gun Hard Hose Traveler Broadcast w/ No Incorporation $9.427.27 $9.,181.43 $11.651.49 | $11,381.23 | $20.696.90 | $20,322.30
Big Gun Hard Hose Traveler Broadcast w/ Incorporation $9,635.81 $9,538.95 $11,860.03 $11,796.30 $20,905.45 | $20,971.29
Big Gun Soft Hose Traveler Broadcast w/ No Incorporation $7.587.34 $6.899.37 $9.820.61 $9.082.61 $18,902.62 | $17.,950.88
Big Gun Soft Hose Traveler Broadcast w/ Incorporation $7.795.88 $7.313.42 $10.029.16 $9.590.57 $19.111.17 | $18,840.27
Center-Pivot System Broadcast w/ No Incorporation $8,314.18 $8,048.11 $10,568.18 $10,447.29 $19,736.92 $20,197.60
Center-Pivot System Broadcast w/ Incorporation $8.522.73 $8.021.49 $10.776.73 | $10.360.84 | $19.945.47 | $19.875.63
50 Cow Herd Size

129



TableB-2. Total annual economic costsfor a 200-cow herd.

Transport Distance (miles)

System Type 0.5 1.5 4.5
P N P N P N
5,000 Gallon Liguid Slurry Tank Broadcast w/ No Incorporation $6,337.70| $6.337.70| $8,271.14] $8.,271.14]$15,400.211%$15,400.21
5.000 Gallon Liquid Slurry Tank Broadcast w/ Incorporation $7.171.88] $6.806.91] $9.105.32] $8.740.35]$16,234.39]1$15.,869.42
5,000 Gallon Liquid Slurry Tank Injected $7,199.76] $7,199.76| $9,299.86| $9,299.86|$17,102.31]1$17,102.31
10.000 Gallon Ligquid Slurry Tank Broadcast w/ No Incorporation $9.274.92] $9.274.92]1$10,841.65]$10,841.65]$16,223.03]$16,223.03
10,000 Gallon Liquid Slurry Tank Broadcast w/ Incorporation $10,109.10| $9,744.13|$11,675.83|%$11,310.86] $17,057.21]1$16,692.24
10,000 Gallon Liguid Slurry Tank Injected $11,966.89] $11.,966.89] $13.761.53[/$13,761.53] $20,033.09]$20,033.09
5,000 Gallon Liquid Vacuum Tank Broadcast w/ No Incorporation $13,495.26 | $13,495.26 | $16,236.34|$16,236.34]$26,011.57]%$26,011.57
5,000 Gallon Liquid Vacuum Tank Broadcast w/ Incorporation $14,329.44]|$13,964.47|$17,070.52|%$16,705.55]1%$26,845.75]%$26,531.59
5.000 Gallon Liquid Vacuum Tank Injected $14.894.441$14,984.44)1$17.,881.221$17.881.22]1$28,503.06]$28.503.06

8,500 Gallon Liquid Vacuum Tank Broadcast w/ No Incorporation $19,972.17|$19,972.17|$22,548.41|$22,548.41|$31,274.71]1$31,274.71

8,500 Gallon Liguid Vacuum Tank Broadcast w/ Incoporation $20.806.36]$20,441.38)1$23,382.591$23.017.62]$32,108.891$31,743.92
8.500 Gallon Liquid Vacuum Tank Injected $24,363.52 | $24,363.52|$27,386.65|%$27,386.65]$37,600.36]%$37,600.36
Drag Hose System $12,180.70] $12,180.70| $14,522.78[$14,522.78] $24,362.37] $24,362.37
Big Gun Hard Hose Traveler Broadcast w/ No Incorporation $14.082.11] $12,930.48] $16.876.18]$15,569.28] $28,125.01§$26.236.32
Big Gun Hard Hose Traveler Broadcast w/ Incorporation $14,916.29| $13,738.00| $17,710.36|$16,445.83] $28,959.19] $27,391.95
Big Gun Soft Hose Traveler Broadcast w/ No Incorporation $13,586.93] $10,550.35] $16.442.23[1$13,059.40]$27,914.541$23,234.97
Big Gun Soft Hose Traveler Broadcast w/ Incorporation $14,421.11) $11,473.35]$17,276.41|%$14,090.31) $28,748.72] $24,703.54
Center-Pivot System Broadcast w/ No Incorporation $10,964.40] $10,434.52| $13,499.15|%$12,540.49] $23,771.82] $22,329.23
Center-Pivot System Broadcast w/ Incorporation $11,798.58] $11,012.45] $14,333.33|$13,483.08] $24,606.00] $23,508.69

200 Cow Herd Size
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TableB-3. Total annual economic costsfor a 400-cow herd.

Transport Distance (miles)

System Type 0.5 1.5 4.5
P N P N P N
5,000 Gallon Liquid Slurry Tank Broadcast w/ No Incorporation $9,917.82] $9,917.82| $14,535.11) $14,535.11] $33,225.68] $33,225.68
5,000 Gallon Liguid Slurry Tank Broadcast w/ Incorporation $11,586.18) $10,856.24] $16,203.48] $15.473.53] $34.894.04] $34.164.10
5,000 Gallon Liquid Slurry Tank Injected $10,981.50] $10,981.50] $16,032.89| $16,032.89] $36,505.00| $36,505.00
10.000 Gallon Liquid Slurry Tank Broadcast w/ No Incorporation $13.574.41)1 $13,574.41] $17,249.29] $17,249.29] $30,987.19] $30,987.16
10,000 Gallon Liquid Slurry Tank Broadcast w/ Incorporation $15,242.77] $14,512.83] $18,917.66| $18,187.71| $32,655.53] $31,910.20
10,000 Gallon Liguid Slurry Tank Injected $16,634.59) $16,634.59] $21,022.19] $21,022.19] $37,108.50] $37.108.50
5,000 Gallon Liguid Vacuum Tank Broadcast w/ No Incorporation $27,998.291$27,998.29 | $35,592.61 | $35,592.61 | $62,152.30]$62,152.30
5,000 Gallon Liquid Vacuum Tank Broadcast w/ Incorporation $29,666.66] $28,936.71 | $37,260.97 | $36,531.03 | $63,820.67] $63,090.72
5.000 Gallon Liquid Vacuum Tank Injected $30.,481.101$30,481.10 | $38,721.25]%$38,721.25|$67.510.25]%$67.510.25

8,500 Gallon Liquid Vacuum Tank Broadcast w/ No Incorporation $41,435.44]1$41,435.44|1$48,883.22|$48,883.22|$72,465.67|$72,465.67

8.500 Gallon Liguid Vacuum Tank Broadcast w/ Incoporation $43,103.801$42,373.86 | $50,551.58 1 $49.821.64 | $74.134.04]$73,404.10
8.500 Gallon Liquid Vacuum Tank Injected $49,088.30] $49,088.30 | $57,717.67 | $57,717.67 | $85,232.10] $85,232.10
Drag Hose System $16,456.43] $16,456.43] $19,234.01| $19,234.01] $30,673.38] $30,673.38
Big Gun Hard Hose Traveler Broadcast w/ No Incorporation $21.381.99) $18,739.88] $25.266.23] $22.216.11] $40.471.85] $35.949.18
Big Gun Hard Hose Traveler Broadcast w/ Incorporation $23,050.35] $20,168.59] $26,934.60| $23,735.77| $42,140.22] $37,828.14
Big Gun Soft Hose Traveler Broadcast w/ No Incorporation $22,391.72) $15,805.15] $26,435.25] $18,937.51] $42.210.86] $31,431.45
Big Gun Soft Hose Traveler Broadcast w/ Incorporation $24,030.08) $17,423.36] $28,103.61| $20,690.45] $43,879.22]| $33,721.77
Center-Pivot System Broadcast w/ No Incorporation $14,446.26] $13,020.27| $17,561.35] $15,888.39] $29,987.99| $27,414.83
Center-Pivot System Broadcast w/ Incorporation $16,114.62) $14,427.76] $19,229.72] $17,376.21] $31,656.35] $29,196.16

400 Cow Herd Size
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Table B-4. Total annual economic costs for an 800-cow herd.

Transport Distance (miles)

System Type 0.5 1.5 4.5
P N P N P N
5.000 Gallon Liguid Slurry Tank Broadcast w/ No Incorporation $18,223.85| $18.223.85] $30,455.32] $30.455.32| $82.747.17| $82.747.17
5.000 Gallon Liguid Slurry Tank Broadcast w/ Incorporation $21.560.57] $20,100.69] $31.759.84] $30,299.96] $86.083.90f $84.624.02
5,000 Gallon Liquid Slurry Tank Injected $19,819.38| $19,819.38] $33,198.56] $33,198.56| $90,185.38] $90,185.38
10.000 Gallon Liguid Slurry Tank Broadcast w/ No Incorporation $23.585.08| $23,585.08] $33.093.34] $33,093.34] $70.000.00f $70,000.00
10,000 Gallon Liquid Slurry Tank Broadcast w/ Incorporation $26,921.80| $25,461.92) $36,430.07] $34,970.18| $73,336.73| $71,876.84
10,000 Gallon Liguid Slurry Tank Injected $27.983.83| $27.983.83] $39.117.30] $39.177.30| $82.,224.22| $82.,224.22
5,000 Gallon Liquid Vacuum Tank Broadcast w/ No Incorporation $66,395.90 | $66,395.90 ] $89,546.69 | $89,546.69 |$185,395.60] $185,395.60
5,000 Gallon Liquid Vacuum Tank Broadcast w/ Incorporation $69,732.63 | $68,272.74 | $92,883.42 | $91,423.53 |$188,732.33]| $187,272.44
5,000 Gallon Liguid Vacuum Tank Injected $71,735.18 | $71,735.18 | $96,583.53 | $96,583.53 |$198,328.01]$198,328.01
8,500 Gallon Liguid Vacuum Tank Broadcast w/ No Incorporation $99,682.32 | $99,682.32 §$121,627.04]$121,627.04 1$204,217.31]$204,217.31
8.500 Gallon Liquid Vacuum Tank Broadcast w/ Incoporation $103.019.05|$101,559.16]$124,963.77]$123,503.88 |$207.554.04] $206,094.15
8,500 Gallon Liguid Vacuum Tank Injected $115,948.60)$115,948.60$141,106.41]$141,106.41 |$233,971.52] $233,971.52
Drag Hose System $26,182.80| $26,182.80] $29,893.34| $29,893.34| $45,395.52| $45,395.52
Big Gun Hard Hose Traveler Broadcast w/ No Incorporation $38,571.89| $32,288.11] $45,336.48| $37,966.17| $70,634.08] $59,501.31
Big Gun Hard Hose Traveler Broadcast w/ Incorporation $41,908.61| $35,009.71) $48,673.20] $40,836.32| $73,920.81| $62,934.88
Big Gun Soft Hose Traveler Broadcast w/ No Incorporation $41.991.78| $27,260.23] $49.173.32] $32,038.99] $75.934.06f $50.407.09
Big Gun Soft Hose Traveler Broadcast w/ Incorporation $45,328.51| $30,309.56] $52,510.05] $35,293.86| $79,270.79] $54.,452.00
Center-Pivot System Broadcast w/ No Incorporation $22,547.62| $19,743.59) $27,166.83] $23,827.30] $44,971.95| $39,734.74
Center-Pivot System Broadcast w/ Incorporation $25,884.34| $22,171.47] $30,503.56] $26,356.88| $48,308.68] $42,635.19

800 Cow Herd Size
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Table B-5. Total annual economic costs for a 2,000-cow herd.

Transport Distance (miles)

System Type 0.5 1.5 4.5
P N P N P N

5.000 Gallon Liguid Slurry Tank Broadcast w/ No Incorporation $50.034.00] $50,034.00] $99.020.18] $99.020.18] $384,133.67] $384,133.67
5.000 Gallon Liguid Slurry Tank Broadcast w/ Incorporation $57.063.82] $54.596.12) $105.335.67] $103,299.19] $390.449.16] $388,412.67
5,000 Gallon Liquid Slurry Tank Injected $53,861.00] $53,861.001 $106,991.71] $106,991.71] $409,030.31 $409,030.31
10,000 Gallon Liguid Slurry Tank Broadcast w/ No Incorporation $64.652.95] $64,652.95] $99.340.32] $99.,340.32| $274.566.76] $274.566.76
10,000 Gallon Liquid Slurry Tank Broadcast w/ Incorporation $70,197.49] $67,123.72] $105,655.81] $103,619.33 $280,882.25 $278,845.77
10,000 Gallon Liquid Slurry Tank Injected $74.264.08] $74,264.08] $114,809.78] $114,809.78] $312.395.12] $312,395.12
5,000 Gallon Liquid Vacuum Tank Broadcast w/ No Incorporation | $283,579.14]%$283,579.14 1$415,289.35]|$415,289.35] $975,525.23 | $975,525.23

5,000 Gallon Liquid Vacuum Tank Broadcast w/ Incorporation $289,544.63]|$287,424.37 | $421,254.83] $419,134.57| $981,490.71 $979,370.45

5,000 Gallon Liquid Vacuum Tank Injected $300,915.28]$300,915.28 1$438,757.05] $438,757.05| $1,020,277.59] $1,020,277.59
8,500 Gallon Liquid Vacuum Tank Broadcast w/ No Incorporation $440,082.03]$440,082.03 |$567,245.27| $567,245.27| $1,053,381.86] $1,053,381.86
8.500 Gallon Liquid Vacuum Tank Broadcast w/ Incoporation $446.047.52]1$443.927.29 §$573,922.17] $571,090.49] $1.059.347.35]$1.057,227.09
8,500 Gallon Liquid Vacuum Tank Injected $492,485.48|$492,485.481$630,928.60] $630,928.60| $1,154,451.28] $1,154,451.28
Drag Hose System $59,977.03] $59,977.03] $68,310.81] $68,310.81| $100,053.68] $100,053.68
Big Gun Hard Hose Traveler Broadcast w/ No Incorporation $101,148.07] $81,305.95] $120,003.03] $96,248.80] $186,647.41] $149,590.63
Big Gun Hard Hose Traveler Broadcast w/ Incorporation $107,781.88] $87,728.47]$126,636.83] $103,062.27 $193,281.22 $157,799.68
Big Gun Soft Hose Traveler Broadcast w/ No Incorporation $105.754.13] $65.009.18)$126.120.36] $76,332.85] $197.944.69] $118.563.17
Big Gun Soft Hose Traveler Broadcast w/ Incorporation $112,387.94] $72,231.31]1$132,754.16] $84,042.02| $204,578.50] $128,088.72
Center-Pivot System Broadcast w/ No Incorporation $53,096.65|] $44,941.45] $64,128.50] $54,120.19] $104,118.18 $87,745.59
Center-Pivot System Broadcast w/ Incorporation $58,989.08] $50,029.01) $70,889.73] $59,501.70| $110,879.41 $94,160.42

2000 Cow Herd Size
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APPENDIX C

NET FERTILIZER VALUES
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Table C-1. Net fertilizer valuesfor a 50-cow herd.

Menure Net Manure Net Manure Net
Vaelueas | Fertilizer Vaelueas | Fertilizer Vaueas | Fertilizer
Application | Fertilizer | Vaue | Application | Fertilizer | Vaue | Application | Fertilizer | Value
Cost (Bacre)| (@acre) | (Hlacre) | Cost (@acre)| (lacre) | (Hacre) | Cost(@ocre) | Hlacre) | (@lacre)
Systemn Type 05 Mile 15 Mile 45Mile
5,000 Gallon Licid Sturry Tank Broadcastw/ No Incoporaion | $5740 965268 | 472 | 96346 | 068 | (l078) | 98287 68 | 019 |
$12757 $7800 | ($4957) | 14102 $7800 $6302) | $18416 $/B800 | ($106.16)
5,000 Gallon Lioid Siury Tank Broadcast w/ Incorporation $047 $67.74 $273) $69.29 $67.74 $1155) | $3593 $67.74 819 |
$10512 $7800 | $27.12) | $12081 $7800 ($4281) | $150.39 $7/800 §7239) |
5,000 Gallon Liquid Sty Tank Inected B2 $6281 | @71) | s$7401 | w081 | @1210) | $9575 w8l | 629 |
$10151 | $7800 | @351 [ $110%8 $7800 | @29 | $14186 | $mw0 | @638
10,000 Galon Liqid Suny Tank Broadcastw/ No Incorporation | $8839 $5268 | ($4071) | $0843 | $5268 | (M575) | $11407 | $5268 | ($6139) |
$20753 $7800 | ($12053) | $21873 $7800 $14073) | $25320 $7800 $17520)
10,000 Galon Licuid Siuny Tank Broadcast w/ Incorporation 645 $67.74 | $3871) | $10149 $67.74 $4370) | $117.13 $67.74 #5039 |
$16909 $7800 | ($9L09) | $1786 $7800 | ($10005) | $20586 $B80 | ($127.86)
10,000 Gallon Liouid Slurry Tank Inected $12032 $6281 ($6651) $13445 $6281 7164 $15227 281 ($3946)
$19150 $7800 | ($11350) [ $19963 $800 | $12163) | $22559 $7800 | ($14759) |
50000 Galon Liouid Vacuum Tank Broadcastw/ No Incomoration|__$7985 96268 | 2717 | $8664 36268 | @3396) | $10849 | 268 | @681) |
$11745 $7800 | ($3945) | $1046 $7800 | ($11445) | $24110 $/80 | $16310)
5,000 Gallon Liuidl Vacuum Tank Broagcast w! Incorporation 201 w7174 | @517 | ss070 | sov7a | @8196) | suss2 | v | @erm)
$14597 $7800 | $6797) | $15709 $7800 $7900) | $1954 $/800 | $117.94)
5,000 Gallon Liouid Vacuum Tark Inected $200 $6281 | ($2928) $9940 $6281 ($3659) | $12303 o281 $6022) |
$13644 $7800 | ($5844) | $14726 $7800 ($6926) | $18227 $/80 | ($10427)
8500 Galon Licuid Vaouum Tark Broadcastw/No Incoporation] $12389 | 96268 | (67121) | $13017 | 5268 | (67749) | $15013 | $268 | (@9749)
27533 $7800 | $197.33) | $28928 $7800 | $21128) | $3R3H4 $/B800 | (©25564)
8500 Galon Lipid Vacuum Tank Broadcastw/ Incoporaion | $12695 | 965774 | #6921) | #13323 | $6774 | (7549) | $15310 | $6774 | ($9545) |
22332 $7800 | ($14532) | 23448 $7800 | ($15648) | $26997 $/800 | ($191.97)
8500 Galon Liquid Vacuum Tark Inected | 163 | ¢6081 | 10051 | $17053 | $6e281 | G077 | $19371 | $wm1 | $13090) |
24196 | 7800 | $1639%) | w5064 | $800 | @17460 | $28699 | $mm0 | @08%)
Drag Hose System $137.12 $6281 | $7431) | $16882 281 | $10601) | $29897 281 | ($23616) |
$20314 $7800 ($125.14) $25011 $7800 ($17211) $44293 $7800 (36403
Big Gun Hard Hose Traveler Broadcast w/ No Incorporation $1383 | 063 | (69568) | $mon | $068 | 611833)| $30376 | 9068 | (625108 |
$29946 $7800 | $22146) | $87221 $7800 | $2421) | $66283 $/800 | (58483
Big Gun Hard Hose Traveller Broadicast w/ Incorporation su142 | sor7a | 6368) | siaor | ser74 | eue33) | se0e2 | $v74 | (@24908)
$24890 $7800 | ($17090) | $30780 $7800 ($22980) |  $547.20 $7800 ($46920)
Big Gun Soft Hose Traveller Broadcast w/ No Incorporation $11136 | 95068 | (65868) | 14413 | 5068 | (90145) | 7743 | 9068 | (622479)
22503 $7800 ($147.03) $9624 $7800 ($21824) $68549 $/800 ($60749) |
Big Gun Soft Hose Traveler Broadcastw/ Incorporation $11442 | $5774 | ($5668) | $14719 6774 | @8945) | 28049 | 74 | @e2mm)
$19083 $7800 | $11283) | $5025 $7800 $17225) | $49160 $7800 ($41360)
Center-Pivot Systermn Broadcast w/ No Incorporation $12202 $65268 | ($6934) | $15511 6268 | ($10243) | $28967 $268 | $2369)) |
$26250 $7800 | ($18450) | $34075 $7800 | $26275) | $65877 $/800 | ($58077)
Center-Pivot System Broadcast w/ Incorporation $12500 | $5774 | @6735) | w1817 | s6v74 | $10043) | 29273 | 774 | (623499
20030 | $7800 | $13130) | 0% | $/800 | $19234) | $51861 | $/00 | ($44061)
Note: Phosphorus-based applcations are shaded gray 50 Cow Herd Size
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Table C-2. Net fertilizer valuesfor a 200-cow herd.

Menure Net Menure Net Menure Net
Vaueas | Fertilizer Vaueas | Fertilizer Velueas | Fertilizer
Application | Fertilizer | Value | Application | Fertiizer | Velue | Application | Fertilizer Vaue
Cost (Facre)| Facre) | ($lacre) | Cost Facre)| Flacre) | (Facre) | Cost Facre)| (Flacre) | (Facre)
System Type 05Mile 15 Mile 45 Mile
5,000 Gallon Liquid Siurty Tank Broadicastw/ No Incorporation 35 9268 | $043 | $0% 9268 | $233 | 9651 | @68 | ®B) |
$5168 $7/800 $26.32 6744 $7800 $1056 $12557 $/800 #4751
5,000 Galon Licyid Siuny Tank Broadcastw/ Incorporation $631 o | 3143 $341 %74 | 433 $5957 w4 | @18’
$4440 $7/800 $3360 hioy/023 $7800 $2098 $10352 $7800 §2552)
5,000 Galon Licuid Suny Tark Injected 2642 $281 $36.39 $3412 281 $2869 $6275 $281 $006
$014 $7/800 $3886 $50%5 $7800 $2745 $9297 $7/800 &1497) |
10,000 Gallon Liguid Siurry Tark Broadkcastw/ No Incorporation $403 268 | $1865 $078 268 | $129%0 $5952 6268 | $684)
$7563 $7/800 $2.37 $8340 $7800 $1040 | 13228 $7/800 #5428
10000 Galon Lioid Siuny Tank Broadicastw/ Incorporation $3709 %74 | $2066 s %174 | $1490 $6259 o174 | 485 |
35 $7/800 $1444 $7378 $7800 $822 $10889 $7/800 $3089) |
10,000 Gallon Liquid Siurry Tank Injected $4301 281 $1890 $5049 281 $1232 $7350 281 $1069) |
$606 $7/800 $1295 $7481 $7800 $19 $10890 $7/800 $3090
5,000 Gallon Licpid Vacuum Tank Broadcast w/ No Incorporation $952 268 $316 $8957 268 ($689) $544 268 4276)
$11004 $7/800 204 $13239 $7800 439 | #1210 $/800 | ($13410)
5,000 Gallon Liouid Vacuum Tank Broadcast w/ Incorporation 5258 6774 $.16 $063 36774 ($489) | $9850 $67.74 $4076)
$91.09 $7/800 @1309) | $10897 $7800 §3097) | $17307 $7/800 5607 |
5,000 Galon Liuid Vacuum Tark Inected 465 281 | $816 $6661 28 | @80 | f04m | w8 | @)
$8097 $7/800 297 9720 $7800 $1920) | $14A $7800 $764)
8500 Galon Liouid Vacuum Tark Broadcastw/ No Incorporaion | $7328 268 | @060 | o 908 | 00w | siums | s | @ |
$16285 $7/800 ($8485) $18386 $7800 | $10586) | $256501 $/800 | (§17701)
85500 Galon Licuid Vaouum Tark Broadcast wi Incorporation $7634 6774 | ($1860) | $857 %rr4 | @805 | 1781 $6774 | ©6007) |
$1BHA $7/800 634 $15015 $7800 @215 | w0707 $7800 | @12907)
8500 Galon Liouid Viacuum Tark Inected $30 281 | @659 | $10040 | a1 | @769 | s13ve | w8l | @19
124 $7/800 0444 $14887 $7800 $7087) | $20440 $7800 | ($12640)
Drag Hose Sysem $40 281 $1812 $5340 281 $41 $39.39 $281 $2659) |
621 $7/800 $11.79 $11 $7800 ($111) $13243 $7/800 $A43)
Big Gun Hard Hose Traveler Broadcast w/ No incorporation $5167 5263 $101 1R $5268 ($9.24) $10320 268 #8052
$106544 $7/800 2744 $126%5 $7800 $8%) | 138 $B80 | $136R)
Bigy Gun Hard Hose Traveller Broadcast w/ Incororation 473 96774 $301 6498 o174 | @24 | $10626 o174 | $485) |
S0 $/800 $1162 $107.28 $7800 $2028) | $17868 $7800 | ($10068) |
Big Gun Soft Hose Traveler Broadcast w/ No Incorporation $986 268 283 $033 $5268 ($7.65) $10242 $6268 $4o74) |
$8608 $7/800 B0 $10649 $7800 2849 | $18946 $/800 | §11146)
Big Gun Soft Hose Traveler Broadcast wi Incorporation 96291 %74 | #43 $339 o174 | @565 | $10548 | serma | @aTTh)
$7434 $7/800 $316 9191 $7800 &139) | $16115 $7/800 315 |
CenterPvot System Broadcastw/ No Incorporation $023 %268 | $1245 $053 6268 15 8722 268 | @345
$8061 $7/800 $461) $10226 $7800 §420) | $18207 $7800 | $10407)
Center-Pivot System Broadcastw/ Incorporation #4329 %74 | $1445 25 %74 | %615 $9028 %174 | @250
$7184 $7/800 $6.16 $87% $7800 $9.95) $15335 $7800 $7535)
Note: Phosphorus-based appications are shaded gray 200 Cow Herd Size
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Table C-3. Net fertilizer valuesfor a 400-cow herd.

Menure Net Menure Net Menure Net
Vaueas | Fertilizer Vaueas | Fertilizer Velueas | Fertilizer
Application | Fertilizer | Value | Application | Fertiizer | Velue | Application | Fertilizer Vaue
Cost (Facre)| Facre) | ($lacre) | Cost Facre)| Flacre) | (Facre) | Cost Facre)| (Flacre) | (Facre)
System Type 05Mile 15 Mile 45 Mile
5,000 Gallon Liquid Siurty Tank Broadicastw/ No Incorporation $1820 268 | $3448 | $om67 9268 | $2601 | 96096 | 68 | (828 |
$4043 $7/800 $3757 $5926 $7800 $1874 $13546 $/800 (#6746
5,000 Galon Licyid Siuny Tank Broadcastw/ Incorporation $126 orrs | $3648 $973 %74 | $2801 $6402 %74 | @629
$3641 $7/800 $4259 $B047 $7800 $2753 $11143 $7800 $3343)
5,000 Galon Licuid Suny Tark Injected $015 281 $4266 2041 281 $3340 $6697 $281 ($4.16)
$2085 $7/800 $48.15 $4358 $7800 $3442 $99.22 $7/800 122 |
10,000 Gallon Liguid Siurry Tark Broadkcastw/ No Incorporation 2490 68 | w178 $3165 w68 | $2103 $5685 268 | $417)
B4 $7/800 $22.66 $033 $7800 $767 $12633 $7/800 #4833
10000 Galon Lioid Siuny Tank Broadicastw/ Incorporation 1% %174 | $2978 $A7L %174 | $303 $5991 6774 | @217 |
733 $7/800 $3067 P $7800 $1868 $10408 $7/800 $2608)
10,000 Gallon Liquid Siurry Tank Injected $052 281 $3229 $3857 6281 2424 $6808 281 6527
#6521 $7/800 $32.79 $6714 $7800 $2086 $10086 $7/800 $2280)
5000 Gallon Liquid Vacuum Tank Broadcast w/ No Incorporation $61.37 65268 $1.31 $630 $5268 $1262 $11402 $5268 #6134
$11415 $7/800 $3615) $14511 $7800 ®6r11) | $5339 $B0 | $17539) |
5,000 Galon Liouid Vacuum Tank Broadicast w/ Incorporation 443 96774 $331 836 $%r74 | @062 | $11708 6774 | 65934) |
9438 $7/800 ($1638) $11915 $7800 4115 | 0678 $B80 | $127.78) |
5,000 Galon Licuid Vaouum Tarnk Inected R 6281 $6.89 $71.04 281 $823) $12385 281 #6109
8285 $7/800 485 $10624 $7800 724 | $18349 $7800 | (10549
8500 Galon Liopid Vacuum Tank Broadcastw/ No Incoporaion | $7602 268 | ($2334) 068 $E268 $3700) | $134 268 ($8026) |
$16393 $7/800 $0%) $19930 $7800 | $12130) | $644 $/800 | (§21744)
85500 Galon Licuid Vaouum Tark Broadcast wi Incorporation $7908 orra | @139 | o7 %4 | @650 | $13601 o174 | &m2n |
$13821 $7/800 ($6021) $16250 $7800 3450 | 23041 $/B00 | ($16141)
8,500 Gallon Licuid Vacuum Tark Injected $9006 281 | @272 | $10689 281 | $4308) | $15637 $281 | $B5H
$13349 $7/800 5642 $15688 $7800 $7883) | $23166 $7800 | ($15366)
Drag Hose Sysem $3019 $281 $3262 $629 281 $2752 $56.27 $281 654
$473 $7/800 $3327 228 $7800 $2572 $337 $7/800 $537)
Big Gun Hard Hose Traveler Broadcast w/ No incorporation $3023 5263 $1345 $4635 $5268 $6.33 $7425 $5268 @157
$7640 $7/800 $1.60 $9057 $7800 @1257) | $14656 $/800 ($6856)
Big Gun Hard Hose Traveler Broadcast w/ Incomoration 0 o774 $1545 41 o174 833 $77.31 o774 &1957) |
678 $7/800 $12.2 $7742 $7800 $058 $12338 $7/800 $4538)
Big Gun Soft Hose Traveler Broadcast w/ No Incorporation $4108 268 $1160 #4850 $5268 $418 $7744 $6268 §476) |
444 $7/800 $1356 $r721 $7800 $0.79 $12815 $7800 #6015
Big Gun Soft Hose Traveler Broadcast W/ Incorporation $414 $6774 $1360 95156 $67.74 $6.18 $3050 $67.74 $276)
$5683 $7/800 2117 $6748 $7800 $1052 $10999 $B0 | @319 |
Center-Pivot System Broadcastw/ No Incorporation $650 9268 | 9618 | $o» 9268 | $046 | 5502 | 8 | (234) |
$5308 $7800 2492 478 $7800 $1322 $111.77 $7800 $377)
Center-Pivot System Broadicastw/ Incorporation $95% %774 | $2818 | 58 or7a | $246 | 808 | 174 | $034)
$4706 $7/800 $3094 $8667 $7800 $2133 $95.25 $7/800 61725
Note: Phosphorus-based appications are shaded gray 400 Cow Herd Size
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Table C-4. Net fertilizer valuesfor an 800-cow herd.

Menure Net Menure Net Menure Net
Vaueas | Fertilizer Vaueas | Fertilizer Velueas | Fertilizer
Application | Fertilizer | Value | Application | Fertiizer | Velue | Application | Fertilizer Vaue
Cost (Facre)| Facre) | ($lacre) | Cost Facre)| Flacre) | (Facre) | Cost Facre)| (Flacre) | (Facre)
System Type 05Mile 15 Mile 45 Mile
5,000 Gallon Liquid Siurty Tank Broadicastw/ No Incorporation $1672 268 | $35%6 | o7 9268 | 2474 | $50 | @8 | 682 |
$3715 $7/800 $4085 208 $7800 $1592 $16368 $/800 ($9068)
5,000 Galon Licyid Siuny Tank Broadcastw/ Incorporation $1978 o4 | 7% $913 %74 | $2861 $7896 %74 | @12
3278 $7/800 $5.2 $941 $7800 $2859 $13300 $7800 $6000)
5,000 Galon Licuid Suny Tark Injected $1818 $281 $4463 $3045 281 $3236 $3273 $281 §199) |
268 $7/800 $5107 $4612 $7800 $32.88 $12256 $7/800 $4456)
10,000 Gallon Liquid Slurry Tank Broadcastw/ No Incorporation 2163 5263 $31.05 $3036 $5268 2232 $6421 $5268 $1153)
$4808 $7/800 $2092 6746 $7800 $1054 $14260 $/800 (#6469
10000 Galon Lioid Siuny Tank Broadicastw/ Incorporation AT orrs | B0 B0 %174 | o4z 6727 6774 | ($953) |
$152 $7/800 $3648 678 $7800 $2097 $11722 $7/800 $302) |
10,000 Gallon Liquid Siurry Tank Injected $2567 281 $37.14 $3688 281 $2693 $7542 281 $1261) |
$3808 $7/800 $3997 $5316 $7800 2484 $111.74 $7/800 ($3374)
5,000 Gallon Licpid Vacuum Tank Broadcast w/ No Incorporation $00 268 82 14 268 2046 | $17006 268 | @117
$13535 $7/800 $5735) $18254 $7800 | $10454) | 3778 $B00 | 29993 |
5,000 Galon Liguid Vacuum Tank Broadcast w! Incorporation 6397 %174 | @62 $B0 $or7a | @orde) | SR> | $era | @153 |
$11A $7/800 3334 $14909 $7800 $7109) | $3640 $/B800 | 22740 |
5,000 Gallon Liguid Vaouum Tark Inected $5690 o281 2% $5860 w28l | @579 | $181R %281 | §11911)
$9749 $7/800 1949 $131.26 $7800 $6326) | 26953 $/800 | $19153
8500 Galon Liopid Vacuum Tark Broadcastw/ No Incoporaion | $9144 $268 | $3876) | $11157 $E268 $6889) | $18733 268 | 13465 |
B0 | $mm0 | ¢G12520) | soarn | s | 16099 | 60 | $mo | 633830
85500 Galon Licuid Vaouum Tark Broadcast wi Incorporation 450 o4 | @3676) | $11463 %74 | 65689 | $19039 Br7s | §13065) |
$16562 B0 | @s7ed) | o141 $B0 | @12341) | $33610 $7B80 | 25810
8500 Galon Liouid Viacuum Tark Inected $106%5 | 281 | ¢85 | $1203 | wa | @) | pue | a1 | @58y
$15757 $7/800 $757) $19164 $7800 | $11364) | $31797 $7800 | $23997) |
Drag Hose Sysem AR 281 $3879 74 6281 $3539 $4164 $281 $21.17
$3658 $7/800 $4242 $4063 $7800 $37.37 $6169 $7/800 $1631
Big Gun Hard Hose Traveler Broadcast w/ No Incorporation $638 268 | $1730 #4159 268 | $1109 $64.79 268 | @l211)
$B2 $7/800 $12.18 $7739 $7800 $061 $121.29 $7/800 (#4329
Big Gun Hard Hose Traveler Broadcast w/ Incomoration 84 o774 $1930 466 o174 $1309 $67.85 o774 &1011) |
$5709 $7/800 $091 $6660 $7800 $1140 $10263 $7/800 463 |
Big Gun Soft Hose Traveler Broadcast w/ No Incorporation $BR 268 $1416 #511 $5268 $7.57 $6965 $6268 $1697) |
$8657 $7/800 $2243 $6631 $7800 $1269 $10275 $7800 $4.75)
Big Gun Soft Hose Traveler Broadcast W/ Incorporation $4153 $6774 $16.16 #4817 $67.74 $57 $7271 $67.74 $1497)
$4943 $7/800 $2857 %756 $7800 $044 $8880 $/80 (#1080 |
Center-Pivot System Broadcast w/ No Incorporation $068 268 $3200 24P 5268 $27.76 $4125 $5268 $1143
$4025 $7800 $37.75 $4857 $7800 $2943 $31.00 $7800 ($3.00)
Center-Pivot System Broadcastw/ Incorporation 374 %74 | $3400 78 %774 | $2976 431 %774 | $1343
$3616 $7/800 $134 $2%8 $7800 $3502 $6953 $7800 847
Note: Phosphorus-based appications are shaded gray 800 Cow Herd Size
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Table C-5. Net fertilizer valuesfor a 2,000-cow herd.

Menure Net Menure Net Menure Net
Vaueas | Fertilizer Vaueas | Fertilizer Velueas | Fertilizer
Application | Fertilizer | Value | Application | Fertiizer | Velue | Application | Fertilizer Vaue
Cost (Facre)| Facre) | ($lacre) | Cost Facre)| Flacre) | (Facre) | Cost Facre)| (Flacre) | (Facre)
System Type 05Mile 15 Mile 45 Mile
5,000 Gallon Liquid Siurty Tank Broadicastw/ No Incorporation $183 s | o | @ 08 | $1635 | s1400 | s | @8 |
$07 $7/800 721 $8073 $7800 @73 $31318 $B0 | @23618
5,000 Galon Licyid Siuny Tank Broadcastw/ Incorporation 0% %74 | $3680 $3864 %774 | $1910 | $4324 774 | @8550)
$3661 $7/800 $4239 %6738 $7800 $1062 $25334 $B0 | $17534)
5,000 Galon Licuid Suny Tark Injected $1976 $281 $4305 $3025 281 $2356 $15006 $281 $8725) |
$2028 $7/800 $4872 815 $7800 $1985 223 $/800 | ($14432)
10,000 Gallon Liquid Slurry Tank Broadcastw/ No Incorporation 372 5263 $289%6 $3645 $5268 $1623 $10073 $5268 $4805)
8271 $7/800 $2529 $909 $7800 $29) 2238 $7800 | $14585)
10000 Galon Lioid Siuny Tank Broadicastw/ Incorporation $575 %74 | $819 $3876 %774 | $1898 | 1806 174 | $4531) |
$4378 $7/800 4.2 $6758 $7800 $1042 $18187 $7800 | ($10387) |
10,000 Gallon Liquid Siurry Tank Injected 725 6281 $3556 $#212 281 $2069 $11461 281 §6180) |
$4036 $7/800 3764 $240 $7800 $1560 $16980 $7/800 0180
5000 Galon Liouid Vaouum Tark Broadcastw/ No Incoporaion | $10104 | 965268 | (4839 | 15236 | $268 | 6069 | o578 | $268 | §30521)
23120 $7800 | ($15320) |  $33858 $/800 $26058) | $7B6A $7800 &r1734)
5,000 Galon Liouid Vacuum Tank Broadicast w/ Incorporation $10623 o174 | 4849 | f145 or74 | @oe81) | $36008 6774 | 30234 |
$18747 $/B00 | ($10047) | $27338 $BO0 | $19538) | 63878 $/800 | ($66078)
5,000 Galon Licuid Vaouum Tarnk Inected $11040 6281 $759) | 16097 281 $x816) | 37431 281 | @115
$16356 $7/800 $3556) 23348 $7800 | $16048) | K455 $7800 | $47655)
8500 Galon Liouid Vacuum Tark Broadcastw/ No Incoporaion | $16145 268 | $10877) | $20811 $E268 | $15543) | $33646 268 | 33378
$35380 $/800 | @28080) | $4e247 $7800 | $38447) | $37249 $/B00 | ($20449) |
85500 Galon Licuid Vaouum Tark Broadcast wi Incorporation $16364 | o774 | ($10690) | $2105%6 %174 | @15282) | $38864 6174 | 33090 |
$28955 $/800 | @21155) | $37249 $7800 | (29449 | $6895%6 $B0 | @61156)
8500 Galon Liquid Vacuum Tank Inected $18068 281 | $1787) | $23147 $6281 | ($16866) | $42353 $281 | $36072)
$26768 $7/800 | ($18968) | $34293 $BO | $26493) | $652748 $800 | (54949 |
Drag Hose Sysem $200 $281 $4081 $2506 281 $37.75 $36.71 $281 $2610
$260 $7/800 $4540 $3713 $7800 $4087 $54.33 $7/800 $2362
Big Gun Hard Hose Traveler Broadcast w/ No incorporation &7 5263 $1557 $40 $5268 $365 $6848 $5268 $1580)
$629 $7/800 $11.71 $r847 $/800 $047) $121.96 $7/800 ($43%)
Big Gun Hard Hose Traveler Broadcast w/ Incomoration $054 o774 $1820 646 o174 $11.28 $7091 o774 &1317) |
72 $7/800 $2078 w2 $7800 $1078 $1029 $7/800 49 |
Big Gun Soft Hose Traveler Broadcast w/ No Incorporation $3880 268 $1388 627 $5268 $641 $7262 $6268 $1999) |
$5300 $7/800 $2500 223 $7800 $15.77 $96.66 $7800 $1860)
Big Gun Soft Hose Traveler Broadcast W/ Incorporation $123 $6774 $1651 #4870 $67.74 $.04 $7505 $67.74 $17.31)
$4711 $7/800 $3089 AR $7800 $2318 $8354 $7800 ($6554)
Center-Pivot System Broadcast w/ No Incorporation $1948 268 $3320 $2350 $5268 $2018 $3820 $5268 $1448
$3664 $7/800 $41.36 $412 $7800 $3388 $7154 $7800 $646
Center-Pivot System Broadicastw/ Incorporation 164 %774 | $3610 | o601 w174 | 3173 | s068 | i | $1706
$263 $7/800 $4537 $3381 $7800 $39.19 $6142 $7800 $1658
Note: Phosphorus-based appications are shaded gray 2000 Cow Herd Size
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APPENDIX D

PHOSPHORUS-BASED ANNUAL COST PER COW COMPARISONS

PHOSPHORUS-BASED NET FERTILIZER VALUE COMPARISONS
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Figure D-1. 5,000 gallon liquid durry tank system annual cost per cow values.
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Figure D-2. 5,000 gallon liquid durry tank net fertilizer values.
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Figure D-3. 10,000 gallon liquid durry tank system annual cost per cow values.
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Figure D-6. 5,000 gallon liquid vacuum tank system net fertilizer values.
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Figure D-7. 8,500 gallon liquid vacuum tank system annual cost per cow values.
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Figure D-8. 8,500 gallon liquid vacuum tank system net fertilizer values.
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Figure D-9. Drag hose system annual cost per cow values.
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Figure D-10. Drag hose system net fertilizer values.
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Figure D-11. Biggun hard hose system annual cost per cow values.
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Figure D-12. Big gun hard hose system net fertilizer values.
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Figure D-13. Big gun soft hose system annual cost per cow values.
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Figure D-14. Big gun soft hose system net fertilizer values.
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Figure D-15. Center-pivot system annual cost per cow values.
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APPENDIX E

TOTAL ANNUAL ECONOMIC SYSTEM COST PER COW VALUES
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System Type

Table E-1. Total annual economic cost per cow valuesfor a 50-cow herd.

Transport Distance (miles)

0.5 1.5 4.5
P N P N P N
5,000 Gallon Liquid Slurry Tank Broadcast w/ No Incorporation $78.23 $78.23 $86.47 $86.47 $112.93 $112.93
5,000 Gallon Liquid Slurry Tank Broadcast w/ Incorporation $82.40 $80.57 $94.42 $92.60 $117.10 $115.27
5.000 Gallon Liquid Slurry Tank Injected $93.37 $93.37 $102.08 $102.08 $130.48 $130.48
10,000 Gallon Liquid Slurry Tank Broadcast w/ No Incorporation $127.26 $127.26 $134.12 $134.12 $155.44 $155.44
10,000 Gallon Liquid Slurry Tank Broadcast w/ Incorporation $131.43 $129.61 $138.30 $136.47 $159.61 $157.79
10,000 Gallon Liquid Slurry Tank Injected $176.22 $176.22 $183.62 $183.62 $207.49 $207.49
5,000 Gallon Liquid Vacuum Tank Broadcast w/ No Incorporation $108.81 $108.81 $118.06 $118.06 $147.84 $147.84
5,000 Gallon Liguid Vacuum Tank Broadcast w/ Incorporation $112.98 $111.88 $122.24 $120.41 $152.01 $150.19
5,000 Gallon Liquid Vacuum Tank Injected $125.49 $125.49 $135.45 $135.45 $167.65 $167.65
8,500 Gallon Liguid Vacuum Tank Broadcast w/ No Incorporation $168.83 $168.83 $177.39 $177.39 $204.59 $204.59
8,500 Gallon Liguid Vacuum Tank Broadcast w/ Incoporation $173.00 $171.17 $181.56 $179.73 $208.76 $206.93
8,500 Gallon Liguid Vacuum Tank Injected $222.55 $222.55 $232.38 $232.38 $263.97 $263.97
Drag Hose System $186.85 $186.85 $230.05 $230.05 $407.40 $407.40
Big Gun Hard Hose Traveler Broadcast w/ No Incorporation $188.55 $183.63 $233.03 $227.62 $413.94 $406.45
Big Gun Hard Hose Traveler Broadcast w/ Incorporation $192.72 $190.78 $237.20 $235.93 $418.11 $419.43
Big Gun Soft Hose Traveler Broadcast w/ No Incorporation $151.75 $137.99 $196.41 $181.65 $378.05 $359.02
Big Gun Soft Hose Traveler Broadcast w/ Incorporation $155.92 $146.27 $200.58 $191.81 $382.22 $376.81
Center-Pivot System Broadcast w/ No Incorporation $166.28 $160.96 $211.36 $208.95 $394.74 $403.95
Center-Pivot System Broadcast w/ Incorporation $170.45 $160.43 $215.53 $207.22 $398.91 $397.51
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Table E-2. Total annual economic cost per cow values for a 200-cow herd.

System Type Transport Distance (miles)

0.5 1.5 4.5
P N P N P N
5.000 Gallon Liquid Slurry Tank Broadcast w/ No Incorporation $31.69 $31.69 $41.36 $41.36 $77.00 $77.00
5.000 Gallon Liquid Slurry Tank Broadcast w/ Incorporation $35.86 $34.03 $45.53 $43.70 $81.17 $79.35
5,000 Gallon Liquid Slurry Tank Injected $36.00 $36.00 $46.50 $46.50 $85.51 $85.51
10,000 Gallon Ligquid Slurry Tank Broadcast w/ No Incorporation $46.37 $46.37 $54.21 $54.21 $81.12 $81.12
10,000 Gallon Liquid Slurry Tank Broadcast w/ Incorporation $50.55 $48.72 $58.38 $56.55 $85.29 $83.46
10,000 Gallon Liquid Slurry Tank Injected $59.83 $59.83 $68.81 $68.81 $100.17 $100.17
5,000 Gallon Liquid Vacuum Tank Broadcast w/ No Incorporation $67.48 $67.48 $81.18 $81.18 $130.06 $130.06
5,000 Gallon Liguid Vacuum Tank Broadcast w/ Incorporation $71.65 $69.82 $85.35 $83.53 $134.23 | $132.66
5.000 Gallon Liquid Vacuum Tank Injected $74.47 $74.92 $89.41 $89.41 $142.52 $142.52
8,500 Gallon Liquid Vacuum Tank Broadcast w/ No Incorporation $99.86 $99.86 $112.74 $112.74 $156.37 $156.37
8.500 Gallon Liguid Vacuum Tank Broadcast w/ Incoporation $104.03 $102.21 $116.91 $115.09 $160.54 $158.72
8,500 Gallon Liquid Vacuum Tank Injected $121.82 $121.82 $136.93 $136.93 $188.00 $188.00
Drag Hose System $60.90 $60.90 $72.61 $72.76 $121.81 $121.81
Big Gun Hard Hose Traveler Broadcast w/ No Incorporation $70.41 $64.65 $84.38 $77.85 $140.63 $131.18
Big Gun Hard Hose Traveler Broadcast w/ Incorporation $74.58 $68.69 $88.55 $82.23 $144.80 $136.96
Big Gun Soft Hose Traveler Broadcast w/ No Incorporation $67.93 $52.75 $82.21 $65.30 $139.57 $116.17
Big Gun Soft Hose Traveler Broadcast w/ Incorporation $72.11 $57.37 $86.38 $70.45 $143.74 $123.52
Center-Pivot System Broadcast w/ No Incorporation $54.82 $52.17 $67.50 $62.70 $118.86 $111.65
Center-Pivot System Broadcast w/ Incorporation $58.99 $55.06 $71.67 $67.42 $123.03 $117.54
200 Cow Herd Size
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Table E-3. Total annual economic cost per cow values for a 400-cow herd.

Transport Distance (miles)

P N P N P N
5.000 Gallon Liquid Slurry Tank Broadcast w/ No Incorporation $24.79 $24.79 $36.34 $36.34 $83.06 $83.06
5,000 Gallon Liguid Slurry Tank Broadcast w/ Incorporation $28.97 $27.14 $40.51 $38.68 $87.24 $85.41
5,000 Gallon Liquid Slurry Tank Injected $27.45 $27.45 $40.08 $40.08 $91.26 $91.26
10,000 Gallon Ligquid Slurry Tank Broadcast w/ No Incorporation $33.94 $33.94 $43.12 $43.12 $77.47 $77.47
10,000 Gallon Liquid Slurry Tank Broadcast w/ Incorporation $38.11 $36.28 $47.29 $45.47 $81.64 $79.78
10,000 Gallon Liquid Slurry Tank Injected $41.59 $41.59 $52.56 $52.56 $92.77 $92.77
5,000 Gallon Liquid Vacuum Tank Broadcast w/ No Incorporation $70.00 $70.00 $88.98 $88.98 $155.38 $155.38
5,000 Gallon Liguid Vacuum Tank Broadcast w/ Incorporation $74.17 $72.34 $93.15 $91.33 $159.55 | $157.73
5.000 Gallon Liquid Vacuum Tank Injected $76.20 $76.20 $96.80 $96.80 $168.78 $168.78
8,500 Gallon Liquid Vacuum Tank Broadcast w/ No Incorporation $103.59 $103.59 $122.21 $122.21 $181.16 $181.16
8.500 Gallon Liguid Vacuum Tank Broadcast w/ Incoporation $107.76 $105.93 $126.38 $124.55 $185.34 $183.51
8.500 Gallon Liquid Vacuum Tank Injected $122.72 $122.72 $144.29 $144.29 $213.08 $213.08
Drag Hose System $41.14 $41.14 $48.09 $48.09 $76.68 $76.68
Big Gun Hard Hose Traveler Broadcast w/ No Incorporation $53.45 $46.85 $63.17 $55.54 $101.18 $89.87
Big Gun Hard Hose Traveler Broadcast w/ Incorporation $57.63 $50.42 $67.34 $59.34 $105.35 $94.57
Big Gun Soft Hose Traveler Broadcast w/ No Incorporation $55.98 $39.51 $66.09 $47.34 $105.53 $78.58
Big Gun Soft Hose Traveler Broadcast w/ Incorporation $60.08 $43.56 $70.26 $51.73 $109.70 $84.30
Center-Pivot System Broadcast w/ No Incorporation $36.12 $32.55 $43.90 $39.72 $74.97 $68.54
Center-Pivot System Broadcast w/ Incorporation $40.29 $36.07 $48.07 $43.44 $79.14 $72.99
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Table E-4. Total annual economic cost per cow valuesfor an 800-cow herd.

System Type Transport Distance (miles)
0.5 1.5 4.5
P N P N P N
5.000 Gallon Liquid Slurry Tank Broadcast w/ No Incorporation $22.78 $22.78 $38.07 $38.07 $103.43 | $103.43
5.000 Gallon Liquid Slurry Tank Broadcast w/ Incorporation $26.95 $25.13 $39.70 $37.87 $107.60 $105.78
5,000 Gallon Liquid Slurry Tank Injected $24.77 $24.77 $41.50 $41.50 $112.73 $112.73
10,000 Gallon Ligquid Slurry Tank Broadcast w/ No Incorporation $29.48 $29.48 $41.37 $41.37 $87.50 $87.50
10,000 Gallon Liquid Slurry Tank Broadcast w/ Incorporation $33.65 $31.83 $45.54 $43.71 $91.67 $89.85
10,000 Gallon Liquid Slurry Tank Injected $34.98 $34.98 $48.90 $48.97 $102.78 $102.78
5,000 Gallon Liquid Vacuum Tank Broadcast w/ No Incorporation $82.99 $82.99 $111.93 $111.93 $231.74 $231.74
5,000 Gallon Liguid Vacuum Tank Broadcast w/ Incorporation $87.17 $85.34 $116.10 | $114.28 | $235.92 | $234.09
5.000 Gallon Liquid Vacuum Tank Injected $89.67 $89.67 $120.73 $120.73 $247.91 $247.91
8,500 Gallon Liquid Vacuum Tank Broadcast w/ No Incorporation $124.60 $124.60 $152.03 $152.03 $255.27 $255.27
8.500 Gallon Liguid Vacuum Tank Broadcast w/ Incoporation $128.77 $126.95 $156.20 $154.38 $259.44 $257.62
8.500 Gallon Liquid Vacuum Tank Injected $144.94 $144.94 $176.38 $176.38 $292.46 $292.46
Drag Hose System $32.73 $32.73 $37.37 $37.37 $56.74 $56.74
Big Gun Hard Hose Traveler Broadcast w/ No Incorporation $48.21 $40.36 $56.67 $47.46 $88.29 $74.38
Big Gun Hard Hose Traveler Broadcast w/ Incorporation $52.39 $43.76 $60.84 $51.05 $92.40 $78.67
Big Gun Soft Hose Traveler Broadcast w/ No Incorporation $52.49 $34.08 $61.47 $40.05 $94.92 $63.01
Big Gun Soft Hose Traveler Broadcast w/ Incorporation $56.66 $37.89 $65.64 $44.12 $99.09 $68.07
Center-Pivot System Broadcast w/ No Incorporation $28.18 $24.68 $33.96 $29.78 $56.21 $49.67
Center-Pivot System Broadcast w/ Incorporation $32.36 $27.71 $38.13 $32.95 $60.39 $53.29
800 Cow Herd Size
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System Type

Table E-5. Total annual economic cost per cow valuesfor a 2,000-cow herd.

Transport Distance (miles)

1.5 5
P N P N P N
5.000 Gallon Liquid Slurry Tank Broadcast w/ No Incorporation $25.02 $25.02 $49.51 $49.51 $192.07 | $192.07
5,000 Gallon Liguid Slurry Tank Broadcast w/ Incorporation $28.53 $27.30 $52.67 $51.65 $195.22 $194.21
5,000 Gallon Liquid Slurry Tank Injected $26.93 $26.93 $53.50 $53.50 $204.52 $204.52
10,000 Gallon Ligquid Slurry Tank Broadcast w/ No Incorporation $32.33 $32.33 $49.67 $49.67 $137.28 $137.28
10,000 Gallon Liquid Slurry Tank Broadcast w/ Incorporation $35.10 $33.56 $52.83 $51.81 $140.44 $139.42
10,000 Gallon Liquid Slurry Tank Injected $37.13 $37.13 $57.40 $57.40 $156.20 $156.20
5,000 Gallon Liquid Vacuum Tank Broadcast w/ No Incorporation $141.79 $141.79 $207.64 $207.64 $487.76 $487.76
5.000 Gallon Liquid Vacuum Tank Broadcast w/ Incorporation $144.77 $143.71 $210.63 $209.57 $490.75 $489.69
5.000 Gallon Liquid Vacuum Tank Injected $150.46 $150.46 $219.38 $219.38 $510.14 $510.14
8,500 Gallon Liquid Vacuum Tank Broadcast w/ No Incorporation $220.04 $220.04 $283.62 $283.62 $526.69 $526.69
8.500 Gallon Liguid Vacuum Tank Broadcast w/ Incoporation $223.02 $221.96 $286.96 $285.55 $529.67 $528.61
8.500 Gallon Liquid Vacuum Tank Injected $246.24 $246.24 $315.46 $315.46 $577.23 $577.23
Drag Hose System $29.99 $29.99 $34.16 $34.16 $50.03 $50.03
Big Gun Hard Hose Traveler Broadcast w/ No Incorporation $50.57 $40.65 $60.00 $48.12 $93.32 $74.80
Big Gun Hard Hose Traveler Broadcast w/ Incorporation $53.89 $43.86 $63.32 $51.53 $96.64 $78.90
Big Gun Soft Hose Traveler Broadcast w/ No Incorporation $52.88 $32.50 $63.06 $38.17 $98.97 $59.28
Big Gun Soft Hose Traveler Broadcast w/ Incorporation $56.19 $36.12 $66.38 $42.02 $102.29 $64.04
Center-Pivot System Broadcast w/ No Incorporation $26.55 $22.47 $32.06 $27.06 $52.06 $43.87
Center-Pivot System Broadcast w/ Incorporation $29.49 $25.01 $35.44 $29.75 $55.44 $47.08
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APPENDIX F

COST PER GALLON VALUES
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Table F-1. 5,000 L ST cost per gallon values.

5,000 Gallon Liquid Slurry Tank ($/gal) values 0.5-mile transport distance

Application Method

No Incorporation

Incorporated

Injected

Limiting Nutrient

N | P

N | P

N |

P

Herd Size
50

200

400

800

$0.005987] $0.005987

$0.006167] $0.006307

$0.007146

$0.007146

$0.002425] $0.002425

$0.002605] $0.002745

$0.002745

$0.002745

$0.001898] $0.001898

$0.002077] $0.002217

$0.002101

$0.002101

$0.001744] $0.001744

$0.001923| $0.002063

$0.001896

$0.001896

2000] $0.001915

$0.001915

$0.002089] $0.002184

$0.020610

$0.020610

5,000 Gallon Liguid Slurry Tank ($/gal) values 1.5-mile transport distance

Application Method

No Incorporation

Incorporated

Injected

Limiting Nutrient

N | P

N | P

N |

P

Herd Size
50

200

400

800

2000

$0.006619] $0.006619

$0.007088] $0.007227

$0.007813

$0.007813

$0.003165] $0.003165

$0.003345] $0.003485

$0.003559

$0.003559

$0.002781] $0.002781

$0.002961| $0.003100

$0.003068

$0.003068

$0.002914] $0.002914

$0.002899] $0.003039

$0.003176

$0.003176

$0.003789] $0.003789

$0.003953] $0.004031

$0.004094

$0.004094

5,000 Gallon Liquid Slurry Tank ($/gal) values 4.5-mile transport distance

Application Method

No Incorporation

Incorporated

Injected

Limiting Nutrient

N | P

N | P

N_ |

P

Herd Size
50

200

400

800

2000

$0.008643] $0.008643

$0.008823 | $0.008963

$0.009987

$0.009987

$0.005894] $0.005894

$0.006073| $0.006213

$0.006545

$0.006545

$0.006358] $0.006358

$0.006537 | $0.006677

$0.006985

$0.006985

$0.007917] $0.007917

$0.008096 | $0.008236

$0.008628

$0.008628

$0.014699] $0.014699

$0.014862 | $0.014940

$0.015651

$0.015651
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TableF-2. 10,000 gallon L ST cost per gallon values.

10,000 Gallon Liguid Slurry Tank ($/

al) values 0.5-mile transport distance

Application Method

No Inco

rporation

Incorporated

Injected

Limiting Nutrient

N

| P

N

[5)

N |

P

Herd Size
50

200

400

800

2000

$0.009740

| $0.009740

$0.009920

$0.010060

$0.013488

$0.013488

$0.003549

$0.003549

$0.003729

$0.003869

$0.004580

$0.004580

$0.002597

$0.002597

$0.002777

$0.002917

$0.003183

$0.003183

$0.002256

$0.002256

$0.002436

$0.002576

$0.002677

$0.002677

$0.002474

$0.002474

$0.002568

$0.002686

$0.002842

$0.002842

10,000 Gallon Liguid Slurry Tank ($/

al) values 1.5-mile transport distance

Application Method

No Inco

rporation

Incorporated

Injected

Limiting Nutrient

N

| P

N

P

N |

P

Herd Size
50

200

400

800

2000

$0.010266

[$0.010266

$0.010445

$0.010585

$0.014054

$0.014054

$0.004149

| $0.004149

$0.004329

$0.004468

$0.005266

$0.005266

$0.003301

$0.003301

$0.003480

$0.003620

$0.004023

$0.004023

$0.003166

$0.003166

$0.003346

$0.003485

$0.003742

$0.003742

$0.003801

$0.003801

$0.003965

$0.004043

$0.004393

$0.004393

10,000 Gallon Liguid Slurry Tank ($/

al) values 4.5-mile transport distance

Application Method

No Inco

rporation

Incorporated

Injected

Limiting Nutrient

N

| P

N

[5)

N_ ]

P

Herd Size
50

200

400

800

2000

$0.011898

$0.011898

$0.012077

$0.012217

$0.015881

$0.015881

$0.006208

$0.006208

$0.006588

$0.006528

$0.007667

$0.007667

$0.005929

$0.005929

$0.006106

$0.006249

$0.007101

$0.007101

$0.006697

$0.006697

$0.006877

$0.007016

$0.007867

$0.007867

$0.010506

$0.010506

$0.010670

$0.010748

$0.011954

$0.011954
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Table F-3. 5,000 gallon LVT cost per gallon values.

5,000 Gallon Liquid Vacuum Tank ($/gal) values 0.5-mile transport distance

Application Method

No Incorporation

Incorporated

Injected

Limiting Nutrient

N | P

N | P

N | P

Herd Size
50

200

400

800

$0.008328] $0.008328

$0.008564| $0.008648

$0.009605 [ $0.009605

$0.005165] $0.005165

$0.005344| $0.005484

$0.005700{ $0.005700

$0.005357] $0.005357

$0.005537] $0.005677

$0.005832 $0.005832

$0.006352] $0.006352

$0.006532] $0.006672

$0.006863 | $0.006863

2000[ $0.010851

$0.010851

$0.010998] $0.011079

$0.011514( $0.011514

5,000 Gallon Liquid VacuumTank ($/gal) values 1.5-mile transport distance

Application Method

No Incorporation

Incorporated

Injected

Limiting Nutrient

N | P

N | P

N | P

Herd Size
50

200

400

800

2000

$0.009037] $0.009037

$0.009216] $0.009356

$0.010367 $0.010367

$0.006214] $0.006214

$0.006393| $0.006533

$0.006843[ $0.006843

$0.006811] $0.006811

$0.006990] $0.007130

$0.007409( $0.007409

$0.008567] $0.008567

$0.008747] $0.008886

$0.009240( $0.009240

$0.015891] $0.015891

$0.016038] $0.016119

$0.016789( $0.016789

5,000 Gallon Liguid Vacuum Tank ($/gal) values 4.5-mile transport distance

Application Method

No Incorporation

Incorporated

Injected

Limiting Nutrient

N | P

N | P

N | P

Herd Size
50

200

400

800

2000

$0.011315] $0.011315

$0.011495| $0.011635

$0.012832| $0.012832

$0.009954] $0.009954

$0.010153| $0.010274

$0.010908 | $0.010908

$0.011893| $0.011893

$0.012072( $0.012212

$0.012918( $0.012918

$0.017737] $0.017737

$0.017917| $0.018057

$0.018975] $0.018975

$0.037328

$0.037328

$0.037457| $0.037556

$0.039041 | $0.039041
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Table F-4. 8,500 gallon LVT cost per gallon values.

8,500 Gallon Liquid Vacuum Tank ($/gal) values 0.5-mile transport distance

Application Method

No Inco

rporation

Incorporated

Injected

Limiting Nutrient

N

| P

N

P

N

P

Herd Size
50

200

400

800

$0.012922

$0.012922

$0.013102

$0.013241

$0.017034

$0.017034

$0.007643

$0.007643

$0.007823

$0.007962

$0.009324

$0.009324

$0.007929

$0.007929

$0.008108

$0.008248

$0.009393

$0.009393

$0.009537

$0.009537

$0.009717

$0.009856

$0.011093

$0.011093

2000 $0.016840] $0.016840

$0.016987

$0.017068

$0.018845

$0.018845

8,500 Gallon Liquid VacuumTank ($/gal) values 1.5-mile transport distance

Application Method

No Inco

rporation

Incorporated

Injected

Limiting Nutrient

N

| P

N

P

N

P

Herd Size
50

200

400

800

2000

$0.013577

[$0.013577

$0.013756

$0.013896

$0.017786

$0.017786

$0.008629

| $0.008629

$0.008809

$0.008948

$0.010481

$0.010481

$0.009354

$0.009354

$0.009533

$0.009673

$0.011044

$0.011044

$0.011636

$0.011636

$0.011816

$0.011956

$0.013492

$0.013492

$0.021705

$0.021705

$0.021853

$0.021961

$0.024142

$0.024142

8,500 Gallon Liguid Vacuum Tank ($/gal) values 4.5-mile transport distance

Application Method

No Inco

rporation

Incorporated

Injected

Limiting Nutrient

N

| P

N

[5)

N

P

Herd Size
50

200

400

800

2000

$0.015659

$0.015659

$0.015838

$0.015978

$0.020204

$0.020204

$0.011969

$0.011969

$0.012148

$0.012288

$0.014389

$0.014389

$0.013866

$0.013866

$0.014046

$0.014185

$0.016309

$0.016309

$0.019538

$0.019538

$0.019718

$0.019857

$0.022385

$0.022385

$0.040307

$0.040307

$0.040454

$0.040536

$0.044175

$0.044175
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Table F-5. Drag hose system cost per gallon values.

Drag Hose System ($/gal) values 0.5-mile transport distance

Application Method No Incorporation Incorporated Injected
Limiting Nutrient N | P N | P N | P
Herd Size
50 NA NA NA NA $0.014301{ $0.014301
200 NA NA NA NA $0.004661 | $0.004661
400 NA NA NA NA $0.003149{ $0.003149
800 NA NA NA NA $0.002505( $0.002505
2000 NA NA NA NA $0.002295| $0.002295

Drag Hose System ($/gal) values 1.5-mile transport distance

Application Method No Incorporation Incorporated Injected
Limiting Nutrient N | P N | P N | P
Herd Size
50 NA NA NA NA $0.017607{ $0.017607
200 NA NA NA NA $0.005569 $0.005569
400 NA NA NA NA $0.003680( $0.003680
800 NA NA NA NA $0.002860( $0.002860
2000 NA NA NA NA $0.002614 [ $0.002614

Drag Hose System ($/gal) values 4.5-mile transport distance

Application Method No Incorporation Incorporated Injected
Limiting Nutrient N | P N [ P N | P
Herd Size
50 NA NA NA NA $0.631182( $0.631182
200 NA NA NA NA $0.009323 $0.009323
400 NA NA NA NA $0.005869 | $0.005869
800 NA NA NA NA $0.004343( $0.004343
2000 NA NA NA NA $0.003829( $0.003829
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Table F-6. BGHH system cost per gallon values.

Big Gun Hard Hose System ($/gal) values 0.5-mile transport distance

Application Method No Incorporation Incorporated Injected
Limiting Nutrient N | P N | P N | P
Herd Size
50] $0.014055] $0.014431{ $0.014602| $0.014750 NA NA
200] $0.004948] $0.005389| $0.005257] $0.005708 NA NA
400] $0.003586] $0.004091{ $0.003859] $0.004411 NA NA
800] $0.003089] $0.003690| $0.003350] $0.004010 NA NA
2000} $0.003111] $0.003870] $0.003357] $0.004124 NA NA

Big Gun Hard Hose System ($/gal) values 1.5-mile transport distance

Application Method No Incorporation Incorporated Injected
Limiting Nutrient N | P N | P N | P
Herd Size
50] $0.017422] $0.017836{ $0.018058| $0.018155 NA NA
200] $0.005958] $0.006458] $0.006294| $0.006778 NA NA
400] $0.004251] $0.004835| $0.004542] $0.005154 NA NA
800] $0.003632] $0.004337] $0.003907] $0.004657 NA NA
2000] $0.003683] $0.004592] $0.003944]| $0.004846 NA NA

Big Gun Hard Hose System ($/gal) values 4.5-mile transport distance

Application Method No Incorporation Incorporated Injected
Limiting Nutrient N | P N [ P N | P
Herd Size
50] $0.031109] $0.031682| $0.032102| $0.032002 NA NA
200] $0.010040] $0.010763| $0.010483| $0.011083 NA NA
400] $0.006879] $0.007744) $0.007238| $0.008063 NA NA
800] $0.005693] $0.006758] $0.006021| $0.007077 NA NA
2000] $0.005724] $0.007142| $0.006038| $0.007396 NA NA
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Table F-7. BGSH system cost per gallon values.

Big Gun Soft Hose System ($/gal) values 0.5-mile transport distance

Application Method No Incorporation Incorporated Injected
Limiting Nutrient N | P N | P N | P
Herd Size
50] $0.010561] $0.011615{ $0.011195| $0.011934 NA NA
200] $0.004038] $0.005200| $0.004391] $0.005519 NA NA
400] $0.003024] $0.004285{ $0.003334| $0.004604 NA NA
800] $0.002608] $0.004018] $0.002900] $0.004337 NA NA
2000] $0.002488] $0.004047] $0.002764] $0.004300 NA NA

Big Gun Soft Hose System ($/gal

values 1.5-mile transport distance

Application Method No Incorporation Incorporated Injected
Limiting Nutrient N | P N | P N | P
Herd Size
50] $0.013903] $0.015033| $0.014681| $0.015352 NA NA
200] $0.004998] $0.006292] $0.005392( $0.006612 NA NA
400] $0.003624] $0.005058| $0.003959| $0.005378 NA NA
800] $0.003065] $0.004705] $0.003377] $0.005024 NA NA
2000] $0.002921] $0.004826] $0.003216] $0.005080 NA NA

Big Gun Soft Hose System ($/gal

values 4.5-mile transport distance

Application Method No Incorporation Incorporated Injected
Limiting Nutrient N | P N [ P N | P
Herd Size
50] $0.027479] $0.028936| $0.028840| $0.029255 NA NA
200] $0.008892] $0.010683| $0.009454 | $0.011002 NA NA
400] $0.006014] $0.008077) $0.006453| $0.008396 NA NA
800] $0.004823] $0.007265| $0.005210| $0.007584 NA NA
2000] $0.004537] $0.007574[ $0.004901 | $0.007828 NA NA
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Table F-8. Center-pivot system cost per gallon values.

Center-Pivot System ($/gal) values 0.5-mile transport distance

Application Method No Incorporation Incorporated Injected
Limiting Nutrient N | P N | P N | P
Herd Size
50] $0.012320] $0.012727] $0.012279] $0.013046 NA NA
200] $0.003877] $0.004196{ $0.004214| $0.004513 NA NA
400] $0.002491] $0.002764| $0.002761| $0.003683 NA NA
800] $0.001889] $0.002157| $0.002121] $0.002476 NA NA
2000] $0.001720] $0.002032]| $0.001914] $0.002257 NA NA
Center-Pivot System ($/gal) values 1.5-mile transport distance
Application Method No Incorporation Incorporated Injected
Limiting Nutrient N | P N | P N | P
Herd Size
50] $0.015992] $0.016178| $0.015860] $0.016497 NA NA
200] $0.004799] $0.005166{ $0.005160| $0.005485 NA NA
400] $0.003040] $0.003360] $0.003325{ $0.003680 NA NA
800] $0.002280] $0.002599] $0.002522{ $0.002918 NA NA
2000] $0.002071] $0.002454| $0.002277] $0.002713 NA NA
Center-Pivot System ($/gal) values 4.5-mile transport distance
Application Method No Incorporation Incorporated Injected
Limiting Nutrient N | P N [ P N | P
Herd Size
50] $0.030918| $0.030213| $0.030425| $0.030532 NA NA
200] $0.008545] $0.009097| $0.008997| $0.009417 NA NA
400] $0.005246] $0.005738| $0.005587| $0.006057 NA NA
800] $0.003802| $0.004303| $0.004079| $0.004622 NA NA
2000] $0.003358] $0.003984| $0.003603] $0.004243 NA NA

171




APPENDIX G

TOTAL ANNUAL ECONOMIC SYSTEM COST COMPARISONS

172



Phosphorus-Based Application 0.5 Mile Transport Distance
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Figure G-1. Total annual economic cost comparison phosphorus-based application, 0.5-mile transport distance.
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Figure G-2. Total annual economic cost comparison phosphorus-based application, 1.5-mile transport distance.
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Figure G-3. Total annual economic cost comparison phosphorus-based application, 4.5-miletransport distance.
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Nitrogen-Based Application 0.5 Mile Transport Distance
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Figure G-4. Total annual economic cost comparison nitrogenbased application, 0.5-miletransport distance.
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Figure G-5. Total annual economic cost comparison nitrogentbased application, 1.5-miletransport distance.
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Figure G-6. Total annual economic cost comparison nitrogerntbased application, 4.5-miletransport distance.
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