




3 3679 00059 8948 

ECONOMIC FEASIBILITY ANALYSIS OF 
WATER-HARVESTING TECHNIQUES FOR 
MINED-LAND RECLAMATION 

L. A. Nieves 
M. H. Marti 

July 1981 

Prepared for 
the U.S. Department of Energy 
under Contract DE-AC06-76RLO 1830 

Pacific Northwest Laboratory 
Richland, Washington 99352 

PNL-3737 
UC-l1 



• 



• 

SUMMARY 

The Pacific Northwest Laboratory (PNL) has been field testing a water har
vesting, agricultural production system as a means of reclaiming strip-mined 
land. Though the technical feasibility of the PNL system is becoming increas-
ingly apparent, economic feasibility and legal issues may determine its poten
tial application. The purpose of this study is to explore the economic 
feasibility of the PNL system and to provide information for use in assessing 
whether further investigation of water harvesting reclamation techniques· is 
warranted. 

The economic feasibility of the PNL reclamation system hinges on whether 
or not its net benefits exceed those of conventional reclamation. This prelim
inary feasibility study assesses the net private benefits of each system using 
data for the Peabody Coal Company's Kayenta mine on the Black Mesa in Arizona. 
To compare the alternative reclamation systems, the present value of direct net 
benefits (income minus production and reclamation costs) is calculated for graz
ing (conventional reclamation) or for cropping (PNL reclamation). It should be 
noted that climatic and soil conditions render this area poorly suited to agri
cultural production. As a result, the findings of this study may not represent 
PNL system potential on other semi-arid or arid sites. 

Three of the PNL system slope treatments have lower estimated total costs 
than conventional reclamation. The difference is $3,895/acre for compacted 
slope, $3,025/acre for salt-compacted slope and $2,310/acre for crop-on-slope. 
These differences constitute a substantial cost advantage for the PNL system on 
the basis of the present value of land reclamation and maintenance costs. 

The PNL system also has advantages based on the estimated value of agri
cultural production capacity. Even the lowest yield levels considered for 
alfalfa, corn and pinto beans had higher net present values than grazing. It 
is recognized, however, that both conventional and PNL reclamation may have 
nonmarket benefits that are not included in the benefit estimation. These are 
unlikely to offset the difference between cropping and grazing values, however. 

On the basis of this comparison it appears that the PNL system may well be 
economically attractive and certainly merits serious investigation. However, 
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this evaluation of the PNL system rests on several assumptions that will require 
field tests. While uncertainties regarding feasibility of the PNL system for 
use on various sites remain, it appears that the system is potentially viable 
on sites that have as little as 25 to 30% of the precipitation normally required 
for crop production. Any future improvements made in the cost/effectiveness 
of the slope treatments would increase the profitability of the system by mak
ing it possible to raise various types of crops and increasing potential yields 
above those assumed in this study. 

Several issues surfaced during this study, most of which must be resolved 
before the PNL system can be implemented. Perhaps the most important issue is 
the question of what is successful reclamation under the law. The question of 
the mining company's liability is another issue which affects the viability of 
the PNL system. There is also an issue of viability of the PNL system due to 
physical characteristics of the mining operation and reclaimed land. The quan
tity of reclaimed land required to constitute a viable farming operation on 
reclaimed land is unknown. It is unclear what the cost effects would be of the 
cropping practices required to farm land that consists of usable strips sepa
rated by 35 yard wide mounds. In addition, there is the issue of cropland 
demand in areas where sheepherding or cattle grazing is the major productive 
activity. 
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INTRODUCTION 

Since the spring of 1979, the Pacific Northwest Laboratory (PNL) has been 
field testing a water harvesting, agricultural production system as a means of 
reclaiming strip-mined land. Though the technical feasibility of the PNL sys
tem is becoming increasingly apparent, economic feasibility and legal issues 
may determine its potential application. The purpose of this study is to com
pare the net private benefits of conventional reclamation with those of recla
mation using the PNL water harvesting system. The comparison is based on the 
differences between the income and cost streams of the two systems and can be 
used to assess whether further investigation of water harvesting re1amation 
techniques is warranted. 

Currently, federal regulations(a) require that mining companies return 
disturbed land to its approximate original contours and restore it to a level 
of productivity at least as great as it originally had. Such reclamation of 
surface coal mines in the arid West is a difficult task. Because of the 
adverse weather conditions and poorly developed soil, reclamation has been an 
uncertain, slow and expensive process. When most successful, the reclamation 
effort often restores arid land to the status of marginal rangeland. 

Reclamation laws at both the state and federal level were enacted in 
response to perceived public costs due to abandonment of strip-mined land. 
These costs derive from loss of wildlife habitat, erosion, watershed disrup
tion, and other factors. The reclamation laws shift a portion of the costs 
previously borne by the public onto mining firms (and ultimately, coal con
sumers) through the imposition of a reclamation requirement. In imposing the 
reclamation requirement, there is an implicit assumption made that the least 
cost method of averting public costs is to restore the land surface to an 
approximation of its original condition. 

In contrast to this approach, the PNL reclamation system takes advantage 
of the spoil banks created by the mining operation. When the land is recon
toured some spoil bank slope is retained to provide water catchment surfaces 

(a) Public Law 95-87. "Surface Mining Control and Reclamation Act of 1977." 
95th Congress. 
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for the trough areas in which all of the topsoil is spread. This creates a 
water harvesting system permitting agricultural use of approximately 1/4 to 1/6 
of the mined acreage. 

The economic feasibility of the PNL technique hinges on whether or not its 
net benefits exceed those of conventional reclamation. This preliminary feasi
bility study assesses the net benefits of each system using data for the Pea
body Coal Company's Kayenta mine on the Black Mesa in Arizona. Field tests of 
the water catchment system at this site have provided some soil moisture data. 
Because the site is at relatively high elevation (5500 to 6500 ft), experiences 
both high and low temperature extremes, and is subject to extended periods of 
drought, it has one of the harshest arid climates in the West. The climatic 
conditions, in conjunction with soils that are poorly developed and low in 
organic matter (Verma, Thames and Mills 1975), render this area poorly suited 
to agricultural production. As a result, the findings of this study may not 
represent PNL system potential on other semi-arid or arid sites. 

To compare the alternative reclamation systems, the present value of 
direct net benefits (income minus production and reclamation costs) is calcu
lated for grazing (conventional reclamation) or cropping (PNL reclamation). 
The cost and income estimates are specific to the Kayenta site" in Navajo County, 
Arizona. In calculating the net present value of each system all costs and 
prices are converted to 1979 dollars using the Consumer Price Index and a real 
discount rate of 4 percent is assumed. In addition to comparing present values, 
this report points out some issues and problems anticipated if the PNL reclama
tion system were to be adopted. 

The present value calculation for conventional reclamation is presented in 
the first section of this report, followed by that for the PNL system. In the 
third section the total costs and expected incomes with the ~wo basic systems 
are compared. Details of the slope contours and cost and income calculations 
are given in the appendices. 
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CONCLUS IONS 

On the basis of the system comparison, it appears that the PNL system may 
well be economically attractive and certainly merits serious investigation. 
However, this evaluation of the PNL system rests on several assumptions that 
will require field tests~ One of these is the assumption that 50% of precipita
tion will run off the slopes and be relatively evenly delivered to crops in the 
valleys. A second is the ass~mption of crop yield levels resulting from pre
cipitation alone that are greater than 50% of normal yields with flood irriga
tion. Another is that typical crop production methods and average costs apply 
to a "strip farm." These factors and others such as soil type, climate, and 
precipitation will determine the relative advantages of the PNL system and 
conventional reclamation. 

While these uncertainties regarding feasibility of the PNL system for use 
on various sites remain, it appears that the system is potentially viable on 
sites that have as little as 25 to 30% of the precipitation normally required 
for crop production. This is due to the ratio of water collection area to 
growing area. Any future improvements made in the cost/effectiveness of the 
slope treatments would increase the profitability of the system by making it 
possible to raise various types of crops and increasing potential yields above 
those assumed in this study. 
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ISSUES 

Several issues surfaced during this study, most of which must be resolved 
before the PNL system can be implemented. Perhaps the most important issue is 
the question of what is successful reclamation under the law. In most states, 
when the land has been restored to its original contours and vegetation is well 
established the mining company would be in compliance with the laws. With PNL 
reclamation options, however, compliance with reclam.ation laws might require a 
waiver of requirements since the PNL options do not restore the land to origi
nal contours. 

Most reclamation laws require revegetation of the mined land to minimize 
erosion. For the PNL options where there is nothing grown on the slopes to 
slow water runoff, erosion could possibly be a problem. The severity of the 
problem depends upon the condition of the soil and the efficiency and mainte
nance of the scope treatment. Some soils resist erosion better than others, 
and some slope treatments repel water more effectively than others. Even if 
erosion were not apparent, the lack of slope vegetation and the possibility of 
erosion might make it difficult for a mining company to prove that they have 
successfully reclaimed the land so that they may obtain release of their per
formance bond. 

The question of the mlnlng company's liability is another issue which 
affects the viability of the PNL system. If a farmer using land reclaimed by 
the PNL system experienced financial difficulties, he might have to cut the 
costs of production in order to keep farming. The most likely candidate for 
cost cutting would be the annual slope maintenance costs. The maintenance 
operations would have less effect on yield than production costs, but could 
cut costs significantly. If the annual maintenance of the slopes were discon
tinued, however, the system might no longer be in compliance with reclamation 
law because of erosion or because of substandard crop productivity. This would 
also be the case if the farmer went out of business or chose to stop farming 
the land altogether. In either event, would the mining company be required to 
carry out conventional reclamation? 

There is also an issue of viability of the PNL system due to physical 
characteristics of the mining operation and reclaimed land. The quantity of 
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reclaimed land required to constitute a viable farming operation on reclaimed 

land is unknown. At the Kayenta mine, the Peabody Coal Company plans to mine 
and reclaim 500 acres per year (Peabody). If 18% of this land is made produc
tive (valley area), there would be 90 acres of cropland area added each year. 
The resulting acreage might not reach a viable farm size until several years 
have passed. In addition, it is unclear what the cost effects would be of the 
cropping practices required to farm land that consists of usable strips sepa
rated by 35 yard wide mounds. 

In addition, there is the issue of cropland demand on the Navajo Reserva
tion, where sheepherding is the major productive activity. While there are 
crops grown on the reservation, the socio-cultural context might impact the 
viability of the PNL system. One effect of this environment was found on the 
test plots, where yield data were affected by the ineffectiveness of fences in 
keeping out sheep. 
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NET PRESENT VALUE OF CONVENTIONAL RECLAMATION 

Currently, federal regulations require mining companies to return dis
turbed land to its approximate original contours and restore it to at least its 
original land use capability. Therefore, it is assumed in this analysis that 
Black Mesa land reclaimed with conventional methods would be graded so as to 
return it to an almost flat contour. Though the reclaimed mine site would not 
be uniformly flat, this assumption provides a reasonable working representation 
for the purpose of estimating reclamation costs. To estimate income it is 
assumed that the revegetated land would be capable of grazing the same number 
of animals (assuming controlled grazing practices) as is possible in non-mined 
areas of the Black Mesa. 

RECLAMATION COSTS 

Conventional reclamation involves three types of activities or processes: 
recontouring of the spoil piles, redistribution of topsoils, and revegetation. 
The costs of each of these activities are estimated in this section. Because 
fencing costs are assumed to be equal for either the conventional or the PNL 
reclamation techniques, they are not included in the analysis. 

Grading/leveling costs for recontouring the spoil piles are the largest 
component of total reclamation cost and are a function of the amount of over
burden that is moved. At the Kayenta site, spoil piles average 16 yards in 
height and 40 yards in width. These dimensions result in an estimate of 
9,559 yd3 of overburden leveled and shaped per acre of disturbed land (cal
culations are shown in Appendix A). If 75 percent of the work is done with 
dozers and 25 percent with scrapers, as estimated by Mr. Hilgedick of the 
Peabody Coal Company, the weighted average cost of moving one cubic yard of 
overburden is $0.82 (calculations are shown in Appendix B). It follows that 
the estimated cost of leveling each acre of disturbed land is $7,840, $0.82/ 
yd3 (9,559 yd3/disturbed acre) = $7,838,38/disturbed acre. Peabody coal 
cost estimates as high as $9,000 to $12,000 have been given by Dawson (1980). 

The cost of topsoiling is determined mainly by the type of method used and 
the haulage distance. There are two common methods of topsoiling: stockpiling 
and direct spread. Unless the haulage distance is more than 1/2 mile (Watts 
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1975) the direct spread method is less costly because the soil is only loaded 
and dumped once. The range of cost estimates for the topsoi1ing operation in 
the Black Mesa area is from $2000 (Persse et al. 1977) to $5000 (Dawson 1980) 
per acre. In this study, Dawson's lower bound estimate of $3000/acre is used. 
We assume that this represents an approximately 9 in. layer of topsoil or 1210 
yd3 per acre. 

Revegetation of disturbed land at the Kayenta mine site may be the most 
difficult operation in the whole process. Because of the arid climate and rela
tively poor soil in the region, re-estab1ishing vegetation requires consider
able effort and time. Revegetation must be timed so that newly planted seeds 
have the greatest chance for successful germination. Once started, the vegeta
tion requires from two to five years to reach its full productive capacity 
(assuming controlled grazing). 

The revegetation process for disturbed land consists of five separate 
operations: contour disking, seeding, fertilizing, straw mulching, and rework
ing (top dressing and reseeding two years after initial planting). The costs 
of these operations at the Kayenta mine site were estimated by Dawson (1980). 
For the first four operations, costs range from $375/acre to $440/acre. The 
lower of these costs, $375/acre, was assumed in this analysis. Table 1 sum
marizes the cost estimates. Since reworking is done in the second year, the 
cost of $50/acre was discounted to a present value of $45/acre.(a) The pres
ent value of initial and second year costs are summed so that the present value 
estimate for all revegetation costs is $420/acre. 

Combining the grading/leveling cost of $7840/acre, the topsoi1ing cost of 
$3000/acre and the revegetation cost of $420/acre produces an estimated present 
value of reclamation cost at the Kayenta mine of $11,260/acre. This estimate 
is slightly lower than the costs estimated by Dawson (1980). 

GRAZING COSTS 

Currently, the most common use of reclaimed land in the arid West is cat
tle grazing. In some areas, however, the grazing conditions are so poor that 

(a) Assumed real discount rate = 4%. Present value of $1 in second year = 
0.9246. Therefore, ($50/acre)($0.9246) = $46.23/acre, rounded to 
$45/acre. 
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TABLE l. Revegetation Costs Per Acre (1979 $) 

High-Cost Low-Cost 
OI!eration Assumed Cost Estimate Estimate 

Contour Disking $150 $150 $150 
Seeding 50 50 50 
Fert il izi ng 25 40 25 
Straw Mulching 150 200 150 

Total Initial Cost 375 440 375 

Total Reworking Cost 50 50 50 

Present Value of Total Cost $420 $485 $420 

grazing is almost impractical. The Black Mesa is such an area. This is evi
dent from the grazing capacity of 550 acres per cow unit, year-long (Department 
of Interior 1964, pp. 4,5). 

In spite of the predominance of sheep grazing in the Black Mesa area, cat
tle grazing was used in this analysis because rangeland use for cattle grazing 
is increasing and relatively good cost information is available. In 1979 and 
1980 there were about 40,000 head of range cattle in Navajo County (Mayes 
1980). To calculate the present value of grazing costs on the Black Mesa the 
following annual cost estimates are utilized: 

(1) Cash costs = $95/cow in herd 
(2) Depreciation = $37/cow in herd 
(3) Replacement (death) = $9/cow in herd 

These costs were suggested by C. Robertson, Professor of Farm Management at the 
University of Arizona, Tucson, Arizona. 

Using these assumptions, the estimated cost of grazing cattle is approxi
mately $140 per cow in herd ($95 + $37 + $9 = $141). (This is an average cost 
estimate that includes grazing fees and wages for hired labor.) Since 550 
acres are required per cow unit, the grazing cost per acre is $141/550 acres = 

$0.26/acre. Applying a 4% real discount rate, the present value of grazing 
costs for 10 years is $2.11/acre. 
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GRAZING INCOME 

Because of the preliminary nature of this feasibility analysis, the only 
benefit of conventional reclamation considered is grazing income. In reality 
there may be nonmarket (external) benefits of restoring native vegetation which 
have considerable value. These benefits include provision of wildlife habitat, 
prevention of erosion, restoration of scenic views, etc. The value of these 
benefits should be accounted for in a complete cost/benefit analysis. This 
point is discussed further in the "Comparison of Systems" section of this 
paper. 

The grazing income estimate is calculated from the expected annual yield 
per cow. The following production and price assumptions are used: 

(I) Calving percentage = 65 percent 

(2) Calves selling weight: Steers = 356 lb, Heifers = 317 lb 

(3) Selling price for steers and heifers, three year adjusted state 
average in 1979 dollars = $57.72/cwt (Mayes 1980, p. 54) 

From these estimates an average calves' selling weight of 337 lb is calculated, 
(356 + 317)/2 = 336.5 lb. Using the calving percentage of 65 percent, the 
expected yield of one cow would be 220 lb, (337)(0.65) = 219.05. Therefore, 
the income from grazing cattle would be about $130/cow in herd, (220) 
($0.5772) = $126.98. Dividing income per cow by 550 acres produces an income 
estimate of $0.23/acre. The present value of this income stream over 10 years 
is $1.87/acre. 

NET PRESENT VALUE OF GRAZING 

If the grazing cost and income estimates calculated above are accurate, 
grazing is not a breakeven operation on the Black Mesa. Costs exceed income, 
though the losses incurred are only $0.03/acre annually and $O.24/acre on a 
present value basis. Since there is considerable uncertainty embodied in the 
cost and income estimates and in the estimate of required acreage per cow, we 
assume that grazing is in fact a breakeven operation. 
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NET PRESENT VALUE OF PNL RECLAMATION 

Reclamation of spoil banks with the PNL system uses a radically different 
approach from that of conventional reclamation. Since the PNL system is a 
water-harvesting technique, it requires that some spoil bank slope be retained 
for water catchments; thus, the land is not reclaimed to its original contour. 
While the purpose of conventional reclamation is often to restore the land to 
its original land use capabilities, the PNL system is designed to restore a 
portion of the land to a condition exceeding its original land use capability 
(i.e., changed from use for grazing to use for crop production). Because some 
land area is dedicated to water catchment, on average, only 1/6 of the dis
turbed land(a) is then available for crop production. 

RECLAMATION COSTS 

The grading/1~ve1ing costs associated with the PNL system are determined 
in the same manner as the grading/leveling costs for conventional reclamation, 
the only difference being the angle of the reclaimed slope. For conventional 
reclamation it is assumed to be 1% (0.57290 angle of repose) while for the 
PNL system it is 20% (11.30 angle of repose). This difference in slope means 
that less of the overburden requires redistribution from the spoil piles in 
constructing the PNL system. Calculation of the grading requirements is shown 
in Appendix C. 

The costs of moving overburden to construct the PNL system are estimated 
from the volume of overburden to be moved (6332 Yd3) and the cost per cubic 
yard, $0.82 (calculations shown in Appendix B). This results in an estimated 
cost for grading/leveling of $5190 per acre of disturbed land (6332 yd3/acre 
($0.82/yd3) = $5192/acre). 

Topsoiling costs are estimated to be 2/3 of costs for conventional recla
mation. This cost saving is assumed because the topsoil would be dumped and 
leveled in a seven-yard-wide strip rather than spread evenly over the entire 

(a) 847 yd 2/acre of valley area per 4,840 yd2/acre of disturbed land = 
0.17. Therefore, the valley is 1/6 acre per acre of disturbed land (1/6 = 
0.17). 
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surface as called for in conventional practice. This assumption results in a 
topsoiling cost estimate of $2000/acre. 

Since the agricultural production potential of the PNL reclamation system 
depends on water harvesting, slope treatments are used to increase the avail
ability of moisture. Slope treatments should also help to control erosion and 
weed growth. Though these are the major reasons for using slope treatments, it 
was not within the scope of this study to ascertain the effectiveness of each 
slope treatment in accomplishing these goals (see Cluff and Frobel 1978). 
While there are many different types of slope treatments that mining companies 
could use, five are considered in this study. These are: 1) crop growth on 
the slopes, 2) compaction of slopes, 3) salt treatment with compaction of 
slopes, 4) paraffin treated slopes, and 5) rubber-asphalt treated slopes. 
Treatments 2 and 3 are currently being tested at the Kayenta mine site. Treat
ments 4 and 5 are under investigation at a test site in Eastern Washington and 
Treatment 1 (crop on slope) is a theoretical analysis only. 

These slope treatments have a wide range of costs and the details of the 
cost calculations can be found in Appendix D. The least costly option is 
compacted slope which has no initial slope treatment cost after grading is 
complete. All of the slope treatments except crop-an-slope have annual main
tenance and periodic retreatment costs as well as the initial construction 
costs. These are shown in Table 2. Retreatment costs are assumed to occur at 
the end of ten years. These recurring costs are discounted by 4% to calculate 
the present value of all slope treatment costs. Adding slope treatment costs 
to grading/leveling and topsoiling costs, results in the following total pres
ent value estimates for all reclamation cost components: 

1. crop-an-slope = $8,950/acre 
2. compacted slope = $7,365/acre 
3. salt-compacted slope = $8,235/acre 
4. paraffin treated slope = $13,170/acre 
5. rubber-asphalt treated slope = $15,060/acre. 

Actual costs of about $8000/acre for construction of test plots with compacted 
slopes on the mine site (Constant and Thames 1979) corraborate these cost 
estimates. 
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TABLE 2. Ten-Year Present Value of Initia~atnd Recurring Slope 
Treatment Cost Per Acre (1979 $) 

Maintenance(b) Retreatment(b) 
Slope Initir~) Present Present 

Treatment Cos Annual Value Periodic Value 

Crop-on-slope $1,760 0 0 0 0 
Compacted $ 0 18 146 40 27 
Sa It-Comp acted $ 600 30 243 300 203 

Paraffin Treated $3,600 180 1,460 1,360 919 
Rubber-Asphalt $5,560 55 446 2,760 1,865 

Treated 

Total 
Present 
Value 

$1,760 
175 

1,045 
5,980 
7,870 

(a) These costs are in addition to the basic PNL system grading and topsoiling 
costs of $7,190/acre. 

(b) See Appendix E for cost calculation. 

CROP PRODUCTION COSTS 

The selection of crops to grow with the PNL water harvesting system is 
dependent upon the same agronomic and economic factors that affect all crop 
selections. The major agronomic factors limiting the selection of crops on the 
Black Mesa are temperature and moisture. Extreme temperatures in combination 
with limited and variable moisture make it difficult to establish crops and 
maintain their growth until harvest. The major economic factors limiting crop 
selection are investment risks and marketing. Because of the large investment 
some crops require (orchards, vineyards, potatoes, etc.) the risks are too 
great for such a climate. In addition, the remoteness of the study area from a 
major population center may make it difficult to market crops due to high trans
portation costs and the limitations of the local market. Therefore, alfalfa, 
barley, corn, wheat (crops currently grown in the area), and pinto beans (a pos
sible new addition that could be adapted to the area agronomically and economi
cally) were selected as the crops to be considered in this study. 

Appendix E contains crop budget estimates for producing the five crops. 
Some of the costs will vary with the yield of the crop (alfalfa, corn, pinto 
beans), but the basic production cost for each crop is: 
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(1) Alfalfa--$92.37/acre of cropland + $0.45/ton of yield and a first 
and sixth year establishment cost of $132.05/acre of cropland. 

(2) Barley--$155.98/acre of cropland. 

(3) Corn--$206.11/acre of cropland + $3.40/ton of yield. 

(4) Pinto Beans--$129.77/acre of cropland + $80.00/ton of yield. 

(5) Wheat--$159.05/acre of cropland. 

It should be noted that these are uncertain estimates because of the lack of 
farm cost data for the area. The annual crop production cost estimates were 
estimated by applying machinery cost estimates for Graham County, Arizona 
(Hathorn 1980), to the appropriate set of cropping operations and machinery 
usages for each crop. These cost components are combined as liabilities 
against the farmer's crop income. The production cost estimates include costs 
of machinery, supplies and labor but exclude land leasing or ownership costs. 

CROP INCOMES 

The benefits of using the PNL reclamation system are measured in terms of 
crop.incomes. In reality incomes will depend upon the climate, the yields, 
selling prices, the farmer's management ability, etc., but for this preliminary 
analysis it is assumed that incomes depend solely upon the crop grown, its 
yield, and price. Factors such as climate and management ability are assumed 
to be constant. In each case considered it is assumed that only one crop is 
grown, though crop rotations would be possible if not necessary. 

The yields which could actually be realized from growing crops on the 
Black Mesa with a water harvesting system are unknown. Predicting yields based 
on annual precipitation is not attempted due to the lack of usable data and the 
irregularity of precipitation. Yields were estimated using information from a 
report on irrigated agriculture in the Four Corners Area (Gisser 1979). This 
report gives high, medium, and low yields, with each corresponding to the vol
ume of water applied. (a) These yield estimates varied depending on the 

(a) Full water application in flood irrigation = high yield; 80% = medium 
yield; 66.7% = low yield. Assuming 50% water runoff on the slopes, the 
range of growing season precipitation required to deliver water to the 
valleys equivalent to the high-yield water application rates is a high of 
17 inches for alfalfa and a low of 5.5 inches for beans. 
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elevation at which the crops were grown. Since the mine site is at about 6,500 
feet, it falls in the intermediate elevation group. Unfortunately, all five 
crops considered in this study are not analyzed for this elevation. The crops 
analyzed for the intermediate elevation (5,500 to 6,500 feet) are alfalfa, bar
ley, wheat and pinto beans, and for the low elevation (below 5,500 feet) corn. 
Therefore, the applicability to the study site of the yield estimates for inter
mediate elevation crops should be fairly good, but less good in the case of 
yield estimates for corn. 

To estimate the yield expected from growing crops with the crop-an-slope 
method it was assumed that a variable yield would occur (one half of the low 
yield figure on the top half of the slopes, a low yield on the bottom half, 
and a medium yield in the valley). The projected yield with the crop-an-slope 
treatment is generally less than the low yield estimate for the other PNL treat
ments. This is because the yield from increased area planted is not expected 
to offset the yield loss due to reduced water collection in the valleys. 
Table 3 shows all of the yield scenarios. Corn and pinto beans were not ana
lyzed for growth on slopes because of their water requirements and production 
difficulties on the slopes. 

The prices of the commodities (Mayes 1980, Agricultural Marketing Services 
1979) were estimated by converting 1977 and 1978 prices to 1979 dollars using 
the Consumer Price Index. Then a three-year average was taken of prices from 
1977 through 1979. These are shown in Table 4. Annual and ten-year present 

TABLE 3. Estimated Yields per Acre of Cropland 

High Yield Medium Yield Low Yield Variable Yield 
Crops (lb) (lb) (lb) (lb) 

Alfalfa 8,000 6,800 5,800 4,780 
Barley 3,300 2,700 2,250 1,900 
Corn 6,500 5,400 4,500 not grown 
Pinto Beans 1,300 1,050 900 not grown 
Wheat 3,200 2,600 2,200 1,820 

Source: Gisser (1979), pp. 36, 37. 
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TABLE 4. Crop Income~ Per Acre of Cropland Planted (1979 $) 

Alfalfa Barley Corn Pinto Beans Wheat 
($74.43/ton} ($110.35/ton} ($101.40/ton) ($434.60/ton} ($112.18/ton) 

Annual Present Annual Present Annual Present Annual Present Annual Present 
Yields ($ ) Value ($) Value ($ ) Value ($) Value ($) Value 

High 297 .72 2414.78 182.08 1476.83 329.55 2672.95 282.49 2291.25 179.49 1455.82 
....... 
0'\ 

Medium 253.06 2052.54 148.97 1208.28 273.78 2220.60 228.17 1850.66 145.83 1182.81 

Low 215.85 1750.74 124.14 1006.89 228.15 1850.50 195.57 1586.25 123.40 1000.88 

Variab le 177.89 1442.28 104.83 850.27 ( a) ( a) (a) ( a) 102.08 827.99 

(a) Insufficient moisture available to support growth on slopes • 

. . 



value estimates are then calculated by applying the prices to the yield esti
mates given in Table 3. These income estimates are also presented in Table 4. 

NET PRESENT VALUE OF CROPPING 

Calculation of the net present value of the cropping alternatives involves 
summation of the present values of production costs and crop incomes. These 
estimates are shown in Table 5 for all of the yield levels and crops consid
ered. On the basis of these calculations, it appears that wheat and barley 
production would not break even except at the higher yield levels. The other 
crops show positive net present values for all yield levels considered. These 
figures must be used with caution, however, since the yield estimates upon 
which they are based are highly uncertain. 
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TABLE 5. Net Present Value of Cropping Activity Per Acre of Cropland 
(1979 $) 

Present Values 
Yields Cost Income Net 

Alfalfa: High 1000 ( a) 2415 1415 
Medium 1000 (a) 2053 1055 
Low 996 (a) 1751 755 
Vari ab le 994(a) 1442 448 

Bar ley: High 1265 1477 212 
Medium 1265 1208 -57 
Low 1265 1007 -258 
Variable 1265 850 -415 

Corn: High 1761 2673 912 
Medium 1746 2221 475 
Low 1734 1851 117 

Pinto Beans: High 1474 . 2291 817 
Medium 1393 1851 458 
Low 1345 1586 241 

Wheat: High 1290 1456 166 

Medium 1290 1183 107 
Low 1290 1001 -289 
Vari abl e 1290 828 -462 

( a) Alfalfa cost estimates include establishment costs in the 
first and sixth years. 

18 



COMPARISON OF SYSTEMS 

The present values of the land reclamation costs and the net present val
ues of the agricultural production associated with each of the reclamation sys
tems are compared in this section. These present value estimates are based 
exclusively on private costs and income potential. Nonmarket costs and bene
fits, though possibly important, are beyond the scope of this study. 

The operations involved in conventional reclamation are grading/leveling, 
contour disking, seeding, fertilizing, straw mulching, and reworking. The 
cost estimate for grading/leveling is $7,840, and the contour disking, seeding, 
fertilizing, straw mulching, and reworking costs total $420. Topsoiling is an 
additional $3000/acre. Therefore, the cost present value to be compared with 
the PNL system's options is estimated to be $11,260/acre. 

Reclamation with the PNL system can be accomplished in two ways so two 
basic cost levels are considered. One way to reclaim the land is by treating 
the slopes to enhance water collection and growing crops only in the valleys. 
This approach has a grading/leveling cost of $5,190/acre plus $2,000/acre for 
topsoiling, plus initial slope treatment costs that vary from $O.OO/acre to 
$5,600/acre. When maintenance costs are included, the present values of total 
slope treatment costs range from $7,365 to $15,060 per acre. The other way to 
reclaim the land involves planting crops on the slopes, so there are no slope 
treatment costs as such. However, more grading/leveling and spreading of top
soil is required, resulting in a cost present value of $8,950/acre. 

Table 6 summarizes all of the land reclamation costs associated with the 
two systems. It also shows the net present value of the income stream for each 
of the production and slope alternatives as well as for grazing. Three of the 
PNL system slope treatments have lower estimated costs than conventional recla
mation. The difference is $3,895/acre for compacted slope, $3,025/acre for 
salt-compacted slope and $2,310/acre for crop-on-slope. These differences con
stitute a substantial cost advantage for the PNL system on the basis of the 
present value of land reclamation and maintenance costs. 
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TABLE 6. Present Value of Costs and Benefits of Reclamation Alternatives 
(1979 $) 

Rec 1 amat ion Net Income/Acre 
Alternatives Costs/Acre Grazing A lfa lfa Barley Corn Beans Wheat 

Convent i ona 1 $11 ,260 $ 0 

PNL: 
crop-on-s lope $ 8,950 $448 $-75 N.A. N.A. $-462 
compacted (a) $ 7,365 H(b) $255 $ 38 $164 $147 $ 30 
salt(a) $ 8,235 M $190 $-10 $ 86 $ 82 $ 19 
paraffin(a) $13 ,170 L $136 $-46 $ 21 $ 43 $ -52 
aspha 1t (a) $15,060 

(a) For the PNL system alternatives only 18% of the reclaimed land area is 
usable. Net income per acre of reclaimed land is 0.18% of income per acre 
of cropland. 

(b) The income present value estimates are for high, H; medium, M; and Low, L, 
yields and apply to all four slope treatments. 

The PNL system also has advantages based on the estimated value of agri
cultural production capacity. Even the lowest yield levels considered for 
alfalfa, corn and pinto beans had higher net present values than grazing. It 
is recognized, however, that both conventional and PNL reclamation may have 
nonmarket benefits that are not included in the benefit estimation. In order 
for the total net present value of conventional land reclamation to equal the 
private benefits of the three cost-effective PNL options (crop-on-slope, com
pacted and salt-compacted slope), the present value of the nonmarket benefits 
from restoring land to original contour and use would have to be at least 
$2,760/acre ($11,260 = $8,950 - $448 + $2,758). While this analysis does not 
address the value of nonmarket benefits of wildlife habitat and other uses of 
rangeland, a study by Martin, Tinney and Gum (1978) does provide estimates of 
the value per square mile of land used for hunting in northeastern Arizona. 
Their estimate, though based on data for 1970, is less than $1/acre. Given 
this level of estimated benefits from use of the study area for hunting, it is 
unlikely that the total nonmarket benefits equal $2,760/acre. 

20 



APPENDIX A 

CONVENTIONAL GRADING 



APPENDIX A 

CONVENTIONAL GRADING 

The shape and volume of spoil piles prior to reclamation is very important 
in determining reclamation costs. Variations in height and width of the piles 
affect the quantity of overburden to be moved and thus the costs of reclama
tion. To provide a basis for cost analysis, it is assumed that spoil piles are 
uniform in shape and have the following dimensions: 

(1) Width of pile (base) = 40 yards 
(2) Original slope of spoil pile = 80% (38.65980 angle of repose) 

Assuming that cross sections of the spoil piles are uniform triangles, the mea
surements (height, slope length, volume, etc.) of the spoil pile can be calcu
lated (Watts 1975). 

If the width of the original spoil pile1s base (8) = 40 yards, and the 
slope of the original spoil pile (S) = 80%, the height of the original spoil 
pile (H) = (Tan S degrees)(1/2 8) = 16 yards, and the length of the slopes 
(L) = square root of (H2 + (1/2 8)2) = 25.6125 yards. Thus, the original 
spoil piles have a 40-yard base, a 16-yard height, and a 25.6-yard-slope length 
as shown in Figure A.l. 

16 yards 
1 

t-I' -- 40 yards r I 

FIGURE A.l. Spoil Pile Dimensions 

The cross-sectional area of an original spoil pile (A) = 1/2 B H = 1/2 
(40 yards)(16 yards) = 320 yd2• Multiplying by the length of the spoil piles 
per acre, a volume measure (yd3) is obtained, which is the most common mea
surement used in earth moving. The spoil pile length used in this study is 121 

A.l 



yards. A spoil pile 40 yards wide and 121 yards long covers one acre of land 
since (121 yards}(40 yards) = 4,840 yd2• 

In practice, the leveling of spoil piles produces a landscape of rolling 
contours, but to simplify this model it is assumed that the leveled surface 
will have distinct peaks and valleys, with a uniform slope of 1% (0.57290 

angle of repose). To reach a level contour the top half (8 yards in height) of 
the spoil pile must be placed in the adjacent valley (see Figure A.2). This 8-
yard height (h) is used in the equations below. 

--- ORIGINAL SPOIL PILES 

-------- RECLAIMED FLAT SPOILS 

--_._-- 1 % SLOPE 

FIGURE A.2. Comparison of Reclaimed and Original Spoil Pile Contours 

The equation, AI = h2/S, calculates the amount of overburden that must 
be moved to obtain a level contour. For this study, AI = (8}2/0•8 = 80 yd2• 
Since we assume that there will be distinct peaks and valleys with a reclaimed 
slope of 1%, there must be less material removed from the spoil pile and placed 
in the valleys than would be the case if a level contour were attached. The 
equation, A" = h2(R}/S2, estimates the amount of material that would be 
left on the spoil pile rather than moved. With a reclaimed slope (R) of 1%, A" 
= (8}2(0.01)/(0.8)2 = 1 yd2• Therefore, the amount of overburden that is 
moved (TA) equals AI - A". Thus, TA = 80 - 1 = 79 yd2• This figure is mul
tiplied by the length of the pile to determine the cubic yards moved per acre 
of disturbed land using conventional reclamation practices (79 yd2 x 121 yd = 

9559 yd3). 
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APPENDIX B 

GRADING COSTS 

The costs of moving the overburden were estimated using Means' Building' 
Construction Cost Data, 1980 and estimates of equipment usage provided by 
Mr. Hilgedick of Peabody Coal Company at Black Mesa. If the cost of using a 
dozer is $0.66/yd3, and the cost of using a scraper is $1.30/yd3, and their 
usage rates are 75 and 25 percent, respectively, their weighted average cost 
would be $0.82/yd3, ($0.66/yd3)(75%) + ($1.30/yd3)(25%) = $0.82/yd3• It 
should be noted that this cost per yd3 is a mine-specific estimate because 
the costs of using the equipment are location specific and the estimated equip
ment usages can vary between mine sites and companies. 
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APPENDIX C 

PNL GRADING 

To determine the amount of overburden leveled with the PNL system the 
same assumptions as made about the original spoil pile as for conventional 
reclamation. Differences exist, however, in the redistribution of stockpiled 
topsoil and in the angle of the reclaimed slope, which is 20%, or 11.30 for 
the PNL system. The goal of the PNL system is to provide flat valleys so that 
crops can be grown between the recontoured spoil pile slopes. Modified peaks 
and valleys are formed trom the overburden and then topsoil is distributed to 
provide the flat valleys. 

The configuration of the PNL system is shown in Figure 0.1. Spoil pile 
peaks are reduced from their original height of 16 yards to a height of about 
3 yards above the level of the 7 yard-wide cultivated areas. Grading required 
by the PNL reclamation system is calculated starting with the volume of over
burden requiring movement to level the spoil piles. The equation for the cross-

_ sectional area affected is AI = h2/S. As in conventional reclamation h = 8 

yd and S (slope) = 0.8, so the area involved is 80 yd2• From this quantity 
we subtract the area of overburden (A") that would be left in place to create 

40 yards .. I 

--- ORIGINAL SPOIL PILES 
-------- RECLAIMED FLAT SPOILS 

------ PNL CONTOUR 

FIGURE C.1. Comparison of PNL System and Original Spoil Pile Contours 
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the 20% slope required for the PNL system. The equation A" = h2(R)/S2 is 
used, where R is the reclaimed slope. With a reclaimed slope of 20%, All = 
(8)2(0.2)/(0.8)2 = 20 yd2 that can be left in position. Taking AI - A" 
leaves 60 yd2 of overburden to be moved. This is multiplied by 121 yd for a 
total of 7260 yd3 of overburden to be moved per acre. 

It is assumed that the amounts of topsoil available for both the conven
tional and PNL systems are the same. To cover one acre of leveled spoils 0.25 
yards (9 inches) deep requires 1,210 yd3 of topsoil, (0.25 yd)(40 yd) 
(121 yd) = 1,210 yd3). If this amount of topsoil were placed in the valley 
of the PNL system the valley width would be much greater than the needed 7 
yards. To compensate for this, it is assumed that less overburden will be 
leveled o·ff the original spoil piles so as to accomodate all of the topsoil in 
the valleys. 

For the PNL system the amount of topsoil that would be required to fill in 
the valley to a 7 yard width is 282 yd3, (2.33 yd2)(121 yd2) = 282 yd3). 
Since there would be 1210 yd3 of topsoil available, 928 yd3 of topsoil can 
replace movement of 928 yd3 of overburden, 1,210 yd3 (total topsoil) - 282 
yd3 (topsoil needed to fill valley) = 928 yd3• Thus, the amount of over
burden requiring movement is reduced by 928 yd3, from 7260 yd3 to 6332 
yd3• The resulting topsoil depth in the valleys would be about 4 ft, which 
should allow for dumping rather than even spreading of topsoil, which should 
reduce costs. 
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APPENDIX D 

SLOPE TREATMENT COSTS 

Initial costs of slope treatment are dependent on two major factors, the 
area of the slope and the type of slope treatment. For the PNL system contours 
described in Appendix C the width of each reclaimed spoil pile slope is 16.5 
yards. With two slopes to each spoil pile, the total width is 33 yards. Mul
tiplying 33 yards by the 121 yard length gives a slope treatment area per acre 
of 3,993 yd2. 

Costs for five slope treatments that could be utilized with the PNL sys
tem (crop-on-slope, compacted slope, salt-compacted slope, paraffin treated 
slope, and rubber-asphalt treated slope) were analyzed in this study. Cost 
estimates were based on Cluff and Frobel's "Water Harvesting Catchment and 
Reservoir Construction Methods" for the salt-compacted treatment, a PNL cost 
study for the paraffin treatment, and communication with Sahuaro Petroleum and 
Asphalt Company on 8/12/80 for the rubber-asphalt treatment. For the crop-on
slope treatment, 7260 yd3 of overburden would be moved to form 20% slopes and 
282 yd3 of topsoil would be placed to form 7 yd wide, flat valleys. The 
remaining 928 yd3 of topsoil would be spread 4 in. deep over the slopes. 

3 3 . 
Total cost of the treatment is (7260 yd )($0.82/yd ) = $5953 + $3000 (top-
soiling) = $8953/acre. This is $176/acre more then the basic PNL system (com
pacted slope) cost of $7190/acre. All estimates are expressed in 1979 dollars 
and multiplied by the 3998 yd2 of slope to be covered. These costs are shown 
in Table 0.1. 

The annual maintenance and periodic retreatment of slopes is expected to 
vary from year to year and from treatment to treatment. But in an attempt to 
generalize the analysis it was assumed that the different slope treatment costs 
would differ, but that the costs for a given treatment type would not vary 
between years. It was assumed that annual maintenance cost would equal a fixed 
percentage of the initial slope treatment cost and that retreatment would be 
required after 10 years. Table D.2 shows these estimated annual maintenance 
costs and periodic retreatment costs for each slope treatment. 
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TABLE 0.1. Estimated Initial Slope Treatment Cost (1979 $) 

Crop-an-slope 
Camp ac ted slope 
Salt-compacted slope 

. Paraffin treated slope 
Rubber-asphalt treated slope 

$/yi 

0.44 
0.00 
0.15 
0.90 
1.39 

$/acre 

1 760(a) , 
O( a) 

600 
3,600 
5,560 

(a) Assuming no additional work or materials needed after 
grading/leveling. 

The maintenance and retreatment costs are calculated using the Cluff and 
Frobel (1978) report and the same square yardage figure, 3998, as was used to 
calculate initial slope treatment costs. The Cluff and Frobel (1978) report 
gave a range of estimates for slope treatment durability. For this analysis it 
was assumed that all slope treatments would have a life of ten years since ten 
years was within the predicted range for all treatments. Therefore, all esti
mated retreatment costs would occur after ten years. Though the initial slope 
treatment cost of the compacted slope is zero, it was assumed that annual main
tenance would be 15 percent of what a "land clearing" (Cluff and Frobel 1978) 
slope treatment would cost. 

TABLE 0.2. Annual Maintenance and Retreatment Costs (1979 $) 

Percent Estimated Estimated of Annual Periodic Initial 
Slope Treatment Maintenance Retreatment 

Treatment Cost $/yi $/acre $/yd2 $/acre 

Crop-an-slope 0 0.00 0.00 0.00 0.00 
Camp ac ted slope 15 0.0045 17.99 0.01 39.98 
Salt-compacted 5 0.0075 29.97 0.0746 298.25 

slope 
Paraffin treated 5 0.045 179.91 0.34 1,359.32 

slope 
Rubber-asphalt 1 0.0139 55.57 0.69 2,758.62 

treated slope 
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APPENDIX E 

CROP PRODUCTION COSTS 

The production costs of the five crops considered (alfalfa, barley, corn, 
pinto beans, and wheat) are estimated by using machinery costs from Graham 
County, Arizona (Hathorn 1980) and applying those costs to the series of opera
tions required to produce each crop. While these machinery costs are not for 
Navajo County they are the most applicable available. All of the budgets devel
oped are not shown, but a representative budget for each crop is presented. If 
the budget varies with yield (alfalfa, corn, pinto beans), the cost is pre
sented for various yield levels. 
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TABLE E.1. Costs for Alfalfa Hay, Baled (1979 $) 

Hours/Acre Mach ine Variable Costs Total 
Ma- Fixed Ma- Mate-

Operation chine Labor Cost chine Labor Service rials Costs 

Establishment Costs: 

Broadcast • Fertilizer 
Application 0.225 0.250 2.71 3.71 1.13 0.00 28.08 35.63 

Disking 0.300 0.333 3.02 4.49 1.50 0.00 0.00 9.01 

Plowing 0.900 1.000 8.54 11.98 4.51 0.00 0.00 29.03 

Planting 0.300 0.333 7.91 4.92 1.50 0.00 48.05 62.38 

TOTAL 22.18 25.10 8.64 0.00 76.13 132.05 

Annual Costs: 

Swathing 
(2 times) 

0.675 0.750 18.67 10.55 3.38 0.00 0.00 32.60 

Raking 
(2 times) 

0.360 0.400 2.76 4.40 1.80 0.00 0.00 8.96 

Baling 0.675 0.750 8.28 9.15 3.38 0.00 (0.45/ 20.81+ 
(2 times) ton) (0.45/ 

ton) 

Roadsiding 
(2 times) 

0.450 0.500 18.70 9.05 2.25 0.00 0.00 30.00 

TOTAL 48.41 33.15 10.81 0.00 0.45/ 92.37+ 
ton (0.45/ 

ton) 

High Yield (8000 lb) = 94.17/acre 
Medium Yield (6800 lb) = 93.90/acre 
Low Yield (5800 lb) = 93.68/acre 
Variable Yield (4780 lb) = 93.45/acre 

. 
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TABLE E.2. Costs for Barley (1979 $) 

Hours/Acre Machine Variable Costs Total 
Ma- Fixed Ma- Mate-

Operation chine Labor Cost chine Labor Service rials Costs 

Plowing 0.900 1.000 8.54 11.98 4.51 0.00 . 0.00 25.03 

Disking 0.300 0.333 3.02 4.49 1.50 0.00 0.00 9.01 
• 

Planting 0.300 0.333 7.14 4.46 1.50 0.00 53.82 66.92 

Combining 0.300 0.333 29.67 8.26 1.50 0.00 0.00 39.43 

Hau 1 i ng 0.715 0.290 5.71 8.57 1.31 0.00 0.00 15.59 
(10 miles) 

TOTAL 54.08 37.76 10.32 0.00 53.82 155.98 
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TABLE E.3. Costs for Corn (1979 $) 

Hours/Acre Machine Variable Costs Total 
Ma- Fixed Ma- Mate-

OQeration chine Labor Cost chine Labor Service rials Costs 

Disking 0.300 0.333 3.02 4.49 1.50 0.00 0.00 9.01 

Plowing 0.900 1.000 8.54 11.98 4.51 0.00 0.00 25.03 • 

Herbicide 0.000 0.000 0.00 0.00 0.00 2.75 11.54 14.29 
Application 

Broadcast 0.225 0.250 2.71 3.71 1.13 0.00 28.08 35.63 
Fert ilizer 
App 1 i cat ion 

Injected 0.180 0.200 4.68 2.32 0.90 0.00 26.88 34.78 
Fert ilizer 
Application 

Cu Hi vat ion 0.112 0.125 0.88 1.46 0.56 0.00 0.00 2.90 

Insecticide 0.000 0.000 0.00 0.00 0.00 2.75 11.13 13.88 
Application 

Combining 0.200 0.222 11.05 6.35 1.00 0.00 0.00 18.40 

Hau 1 i ng 0.715 0.290 5.71 8.57 1.31 0.00 0.00 15.59 
(10 miles) 

Drying 0.000 0.000 0.00 0.00 0.00 (3.4)/ 0.00 (3.40) 
ton ton 

TOTAL 38.87 41.66 12.71 5.50 107.37 206.11 
+(3.40/ +(3.40/ 

ton) ton) 

High Yield (6,500 lb) = $217.17/acre 
Medium Yield (5,400 lb) = $215.29/acre 
Low Yield (4,500 lb) = $213.76/acre 
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TABLE E.4. Costs for Pinto Beans (1979 $) 

Hours/Acre Machine Variable Costs Total 
Ma- Fixed Ma- Mate-

Operation chine Labor Cost chine Labor Service rials Costs 

Plowing 0.900 1.000 8.54 11.98 4.51 0.00 0.00 25.03 

• 
Disking 0.300 0.333 3.02 4.49 1.50 0.00 0.00 9.01 

Herbicide 0.000 0.000 0.00 0.00 0.00 2.75 5.85 8.60 
Application 

Planting 0.225 0.250 3.06 3.31 1.23 0.00 26.00 33.50 

Cultivation 0.327 0.364 2.32 4.08 1.64 0.00 0.00 8.04 
(2 times) 

Windrow & 0.000 0.000 0.00 0.00 0.00 15.00 0.00 15.00 
Cut 

Combining 0.000 0.000 0.00 0.00 0.00 15.00 0.00 15.00 

Hauling 0.715 0.290 5.71 8.57 1.31 0.00 0.00 15.59 

Cleaning 0.000 0.000 0.00 0.00 0.00 0.00 

TOTAL 22.65 32.43 10.09 32.75+ 31.85 129.77 
(80.001 +(80.001 

ton) ton) 

High Yield (1,300 lb) = $181.77/acre 
Medium Yield (1,050 lb) = $171.77/acre 
Low Yield (900 lb) = $165.77/acre 
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TABLE E.5. Costs for Wheat (1979 $) 

Hours/Acre Machine Variable Costs Total 
Ma- Fixed Ma- Mate-

Operation chine Labor Cost chine Labor Service rials Costs 

Plowing 0.900 1.000 8.54 11.98 4.51 0.00 0.00 25.03 

Broadcast 0.225 0.250 2.71 3.71 1.13 0.00 20.80 28.35 • 
Fertilizer 
Application 

Disking 0.300 0.333 3.02 4.49 1.50 0.00 0.00 9.01 

Planting 0.300 0.333 7.14 4.46 1.50 0.00 20.59 33.69 

Insecticide 0.000 0.000 0.00 0.00 0.00 2.75 5.20 7.95 
Application 

Combining 0.300 0.333 29.67 8.26 1.50 0.00 0.00 39.43 

Hau 1 i ng 0.715 0.290 5.71 8.57 1.31 0.00 0.00 15.59 
(10 miles) 

TOTAL 56.79 41.47 11.45 2.75 46.59 159.05 
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