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Executive Summary

The annual production of crops and livestock in Colorado takes place on more than half of the state’ stotal
land area and accounts for more than 90 % of the total water diverted and consumptively used in the state.
In addition to land and water, substantial amounts of energy, fertilizer, and pesticides are used in
agricultural production. This report describes the use of these five inputs to produce crops and livestock
that in turn provide food and fiber, open space, wildlife habitat, and other important economic and
environmental benefitsto al Coloradans.

Colorado’'s Land Base, Far ms and Ranches

In 1997 there were more than 28,000 farms and ranches on 32.6 million acres—49 % of Colorado's 66.6
million acres of land. Federal and state agencies manage another 41 % of Colorado's land base, including
millions of acres leased for agricultural production—primarily livestock grazing. Only five % of
Colorado'sland base is currently irrigated (3.4 million acres). Y et 55 % of al Colorado farms and ranches
have some irrigated land.

Colorado Land Use Totals (1997) Colorado Irrigated Farmland (1997)
Total: 66.6 million acres Total: 3.4 million acres
Federal Land Rangeland Corn for Grain Other Crops
35% 30% 23% 21%

L

State Land

5% Cropland Alfalfa Ha
Other Rural  Other Land in 16% iad Pastureland
Developed F 21% Other Hay 19%
y Land arms A
3% 8% 3% 16%
Source: 1997 Census of Agriculture, USDA - NASS Source: 1997 Census of Agriculture, USDA - NASS

Agriculture's Contribution to Colorado's Economy

Agricultureisamajor contributor to Colorado's economy. The market value of Colorado's crops and
livestock in 1997 totaled $4.5 billion in gross sales—$1.3 billion in crops and $3.2 billion in livestock.
According to arecent study by Colorado State University, agribusiness—inputs, production, marketing
and processing—provided 105,000 jobs and generated $15.8 billion for Colorado’s economy in 1997.

Irrigation is the cornerstone of Colorado agriculture. Seventy-five percent of the total $1.3 billion annual

value of Colorado crops depends upon irrigation. In turn, most of Colorado's irrigated acreage produces
hay, corn, and pasture—key to Colorado's $3.2 billion livestock sector.

vi
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Costsof Energy, Fertilizer, and Pesticide Usein Colorado Agriculture

Total costs of energy for Colorado agriculture—including fertilizer and pesticides--were $389 million in
1997. Thisaccounted for 10.4 % of all farm production expensesin that year. Commercial fertilizer
($124 million) and petroleum ($122 million) were the largest expenditures.

Colorado Agricultural Agricultural Energy, Fertilizer
Production Expenses (1997) ...« and Pesticide Expenses (1997)

$2 7 hilliontatal ~ Other livestock & Commerical $2R9 million tatal Agricuturl

Interest 16% poultry Fe?:tzil(i/zer \ Chem[jcals
23% o 19%

5%\

Livestock & Repair and Electricity

0,
poultry Contract & Energy, maintenance 18% Petrc;leum
purchased fertilizer & 4% products

hired farm
34% pesticides 31%

labor
10%

8%

Energy Usein Colorado Crop Production

Most of the energy used in Colorado agriculture is for crop production, which in turn provides food crops,
plus corn, hay, and other feedstuffs for Colorado’ simportant livestock sector. All of the fertilizer, almost
all agricultural pesticides, and all energy costsfor irrigation are crop related. Fuel costs for planting,
cultivating, and harvesting are al crop related as well.

Crop enterprise budgets are a useful source of information for understanding the role of energy, fertilizer,
and pesticides (EFP) in agriculture. Colorado State University Cooperative Extension prepares and
regularly updates enterprise budgets for 13 major crops and for three types of livestock production
systems in Colorado. Most major crops have different enterprise budgets for specific regions to reflect
differencesin crop production practices and conditions across the state.

Cost estimates for energy, fertilizer, and pesticides can be expressed as a percent of total direct production
costs for 42 crop enterprise budgetsin Colorado. In addition to EFP costs, direct costsinclude: seed, crop
insurance, crop consultants, labor, interest on operating capital, rea estate taxes, and machinery
replacement, taxes, and insurance, and farm overhead.

In Colorado, EFP costs as a percent of the direct costs of crop production variesfrom 11 % for irrigated
onionsin Western Colorado to 48 % for grass hay, also in Western Colorado. This measure, ‘EFP %' for
short, was calculated for each of the 42 enterprise budgets. The higher the EFP% measure, the more
dependent the crop enterprise is upon energy, fertilizer, and/or pesticides. Some highlights:

» Of the 13 crop enterprises using pump irrigation, nearly half (6) are highly EFP dependent (i.e.
EFP% > 40%).

» Of the 18 crop enterprises using flood irrigation, only two are highly EFP dependent. Five of the
18 are least EFP dependent (EFP% < 25%).

* The1l dryland crop enterprises vary widely in terms of their EFP dependence, although all were
at least somewhat EFP dependent (EFP% > 25%).

e Of the 11 crop enterprisesthat are highly EFP dependent (EFP% > 40%), 3 are wheat, 2 alfafa,
and 1 each are barley, beans, corn for grain, grass hay, sugar beets, and sunflowers.

The full report contains tables that sort these data by EFP%, by crop, and by region.

vii
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Irrigation and Its Use of Energy in Colorado Agriculture

Irrigation is by far the dominant use of water in Colorado. According to the U.S. Geologica Survey,
irrigation accounted for 14.3 million acre-feet of total water diversionsin Colorado in 1995—92 % of the
total diverted for all purposesin that year. Also in 1995, an estimated 5.5 million acre-feet of water was
consumed for irrigation purposes in Colorado—94 % of the total consumed for all purposesthat year.

In 1998 most of Colorado'sirrigated land (56%) was supplied by gravity flow systems; sprinkler systems
supplied nearly all the remaining irrigated land. Application rates for these two types of irrigation systems
in Colorado, when used alone, were identical (1.6 acre-feet/acre). Other irrigation methods supplied less
than one % of the state'sirrigated land. Center pivot systems are the most widely used irrigation method,
accounting for 42% of al irrigated acreage.

Three primary sources provided irrigation water in Colorado in 1998: wells and off-farm suppliers each
provided 41 %, and other on-farm sources (e.g., tailwater pits, ponds, lakes, reservairs, etc.) provided the
remaining 18 %. The average amount of water applied per acre differed only dightly by source: 1.5 acre-
feet/acre from wells, 1.6 acre-feet/acre from on-farm surface sources, and 1.8 acre-feet/acre from off-farm
water suppliers.

In 1998 Colorado had 14,741 irrigation wells capable of being used on 3,971 farms. Of these wells,
13,005 or 88 % were used in 1998. These wellsirrigated 52 % of the total land irrigated in 1998.

Energy use. In 1998 total expendituresfor irrigation were $113.5 million, including $56.1 million for
pumping costs (49% of total costs). Electricity isthe dominant energy source for irrigation in Colorado.
In 1998 electricity powered 85 % of al on-farm irrigation pumpsin Colorado. In that year electricity also
accounted for 84 % of all acresirrigated by pumps and 87 % of total energy costs for irrigation.

Natural gas was the second most popular energy source—12 % of al on-farm irrigation pumps, 13 % of
al acresirrigated by pumps, and 11 % of total energy costsfor irrigation. Diesel fuel, although the
cheapest per acre, accounted for less than three % of all on-farm irrigation pumps, acresirrigated by
pumps, and total energy costs for irrigation. The average annual cost for energy for irrigation in Colorado
was $37 per acrein 1998.

[rrigation Expenditures (1998) Ener gy Expenses for On-Farm Pumping of

$113.5 million total Irrigation Water by Type of Energy (1998)
$56.1 million total

Pumping N

Costs Off-farm Wate Electricity

49% Supplies
13%

Investment Maintenance Other Diesel Fuel Natural Gas
Costs and Repair 0% 1% 11%
24% 14%
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Barriersto Energy or Water Conservation

During the period 1994-98, 40 % no improvements to enhance energy or water conservation were made
on 40 % of Colorado'sirrigated land. The table below ranks the top eight barriers.

Barriers to Making Improvements to Reduce Energy or Conserve Water (1998)

Stated Reason Farms % of T_otal
Acres Irrigated
Improvements Will Not Reduce Costs Enough To Cover Installation Costs 2,959 33.0%
Cannot Finance Improvements 3,292 29.2%
Physical Field/Crop Conditions Limit System Improvements 2,059 21.6%
Risk of Reduced Yield or Poor Crop Quality 1,082 14.3%
Uncertain About Future Water Rights 1,361 10.9%
Landlord Will Not Share in Cost 1,137 10.8%
Have Not Investigated Improvements 3,293 10.0%
Will Not Be Farming This Place Long Enough to Justify Improvements 1,010 4.8%
Other 203 3.2%
Subtotals” 8,019 37.8%
Land With Implemented Improvements During 1994-1998 3,827 62.2%
Totals 11,846 100.0%

* Total does not equal sum due to possibility of having multiple reasons
Source: 1998 Farm and Ranch Irrigation Survey, Table 33

Fertilizer and Pesticide Usein Colorado Agriculture (selected crops, primary units)

Recent state-level dataon fertilizer and pesticide application rates (pounds per acre) and total amounts
used (pounds), are available from USDA only for three major cropsin Colorado: corn (2001), sugar beets
(2000), and winter wheat (2002). Data are based upon reports from a sample of agricultural producers
growing these crops.

Fertilizer use. Nitrogen fertilizer was applied to 64 % of Colorado's harvested acreage of winter wheat,
93 % of planted acreage of corn, and 98 % of planted acreage of sugar beets. Phosphate and potash were
applied on smaller percents of crop acreage. Total amounts applied for these three crops: nitrogen, 203
million pounds; phosphate, 53 million pounds; and potash, 12 million pounds.

Pesticide use. Herbicides were applied to 12 % of Colorado's harvested acreage of winter wheat, 92 % of
planted acreage of corn, and 98 % of planted acreage of sugar beets.

Insecticides were applied to 51 % of planted corn acreage and 29 % of planted sugar beet acreage.
Fungicides were also applied to 56 % of planted sugar beet acreage. Total amounts of pesticides applied:
1,937,000 pounds for corn, 68,000 pounds for wheat, and 93,000 pounds for sugar beets.

Pesticide use in Colorado: total vs. agricultura use of pesticides. In 1997, 82.8 million ounces of
pesticides were applied in Colorado. Agriculturally-related applications accounted for 51.2 million
ounces, or 62%, of all pesticides applied. The biggest nonagricultura use of pesticides was treating wood
products (30% of all pesticide use). Colorado's commercial and private agricultural applicators treated
4.6 million acres with pesticidesin 1997.
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Measured by ounces of pesticide applied (active ingredient), the top ten crops or application sitesin 1997
were (in descending order): corn for grain, potatoes, winter wheat, vegetables, aquatic sites, sugar beets,
dry beans, falow or idle land, alfalfahay, and roadsides.

Crop Residuesfor Renewable Energy in Colorado

Corn stover, wheat straw, and other crop residues are potential sources for producing renewable energy in
Colorado. These crop residues—and other biomass residues, such as forestry residues and municipal
solid waste—could be burned to produce e ectricity or converted to biofuels.

Using guidelines provided by the Natural Resources Conservation Service—USDA, county-level
estimates were made of the gross available and maximum net available residue for five Colorado cropsin
2001: corn for grain, wheat, barley, oats, and sorghum for grain. The maximum net available residue
provides for leaving sufficient residue on the land to avoid soil erosion.

Two caveats. (1) The maximum net available residue figure is atheoretical 'ceiling' for potential—not a
guaranteed 'floor' for actual removal and use; (2) current information and analysisis insufficient to say
with confidence whether any crop residuesin Colorado can safely be removed without adverse
consequences to our agricultural land base.

Nevertheless, keeping in mind these cautions and qualifications, gross crop residues from these five
irrigated crops totaled 4,468,000 tons statewide in 2001, and maximum net available crop residues totaled
1,413,000 tons statewide. Thetop five counties, in descending order, were Y uma, Weld, Kit Carson,
Morgan, and Phillips. Converting all these net residues to ethanol would yield 135 million gallons per
year.

Biofuels from crops. Nationwide, 2 billion gallons of ethanol are being produced each year—al most
entirely from corn. Colorado's average corn crop of 144 million bushels/year (1998-2002) would yield
375 million gallonsif all of it were available for ethanol production. However, Coloradoisat a
comparative disadvantage among corn-producing states for ethanol. First, were a corn deficit state:
supply falls dightly short of demand for livestock feed. Second, corn surplus states such as Minnesota
and Nebraska have created substantia financial incentives to promote the in-state production and use of
ethanol fuel. Nevertheless, alarge-scale ethanol plant is scheduled for construction this summer in Weld
County, and expectsto convert 20 million bushels of corn (some imported) to produce 56 million gallons
of ethanol per year by 2005.

Total Maximum Net Available Crop Residuesfrom Five Irrigated Crops (2001)

1.4 million tons

Sorghum

2% Barley Wheat 1%
11% 13%

Source: 2001 Agricultural Statistics, USDA - CASS
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Concentrated Animal Feeding Operations CAFOs), Manure Production and Biogas
Potential in Colorado

A concentrated animal feeding operation, or CAFO, is one that confines about 1,000 or more animals for
45 days or longer in any 12-month period, and vegetation is not maintained in the confined area. Large-
scale cattle and sheep feedlots, dairy and hog farms, and poultry operations generally meet the specific
criteriafor CAFOs.

CAFOs areregulated by the U.S. Environmenta Protection Agency and the Colorado Department of
Public Health and Environment (CDHPE). CDHPE has identified 376 CAFOsin Colorado; 43% house
beef cattle, 26% dairy cattle, 23% hogs, and 8% sheep and poultry.

Twenty-eight of Colorado's 64 counties have CAFOs—almost dl in the Front Range and Eastern
Colorado. Weld County has 105 CAFOs—by far the greatest total number of CAFOs in the state—
followed by Yuma, Phillips, and Larimer counties.

Estimating manure output and biogas potential by CAFO type. Converting animal wastes to useable
forms of energy can be accomplished by several methods. The process with the greatest potential is
anaerobic fermentation or digestion. Anaerobic digestion (AD) produces biogas—a mixture of methane
and other gases.

In concept, the steps for estimating maximum daily biogas production potential from Colorado CAFOs
are straightforward:

manure/animal (Ibs/day) > biogas/animal (ft¥/day) X # CAFO animals (??) = daily biogas/CAFO type (total ft*/day)

The full report contains conversion coefficients for manure-to-biogas by CAFO type. But complications
exist. As stated earlier, reliable and compl ete information on daily CAFO numbersin Colorado is not
available from public sources. Estimates of yearly biogas potential are difficult to make because of
fluctuations in the number of animals during the year in most CAFOs. Also, animalswithin CAFOs are
not of auniform size and weight. For example, hog farms contain boars, sows, and piglets, each with
different manure output levels.

Biogas potential: a case study. Biogas specialists generally agree that hog farms and dairies offer the
greatest potential for biogas production, as manure can be collected easily within closed facilities.
Feedlots have lots of manure but its generally mixed with dirt, sand and other particles.

The Governor's Office of Energy Management and Conservation (OEMC) recently funded a detailed
energy analysis of Colorado Pork and ancther large-scale, farrow-to-finish hog farm of similar size and
age, but operating under 'business as usua' (BAU) conditions, to assess the potential for substantial
energy savings. Both farms are located near the town of Lamar in southeastern Colorado.

Colorado Pork uses less than half the energy per year (and per sow) than the 'BAU' Farm, primarily
because of additional investmentsin energy efficient equipment, management practices, and an anaerobic
digester. The digester processes manure from the sows and pigletsinto biogas, which is converted to
electricity and used on site.

Xi
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Comparison of Annual Energy Costsfor Two Hog Farms (9/2000-8/2001)

Colorado '‘BAU Colorado 'BAU BAU Fgrm
Pork Farm Pork Farm Potgntlal
Energy Cost Elements Savings
Average number of sows 5,000 5,400
$lyear $/sow %
Natural gas costs (actual)’ $18,220 $58,060 $3.64 $10.75 NA
Natural gas costs (adjusted)" $18,220 $41,710 $3.64 $7.72 53%
Electricity consumption” $31,487 $70,996 $6.30 $13.15 42%
Electricity peak demand (net)® $18,392 $40,532 $3.68 $7.50 55%
Total energy costs (actual) $68,099 $169,588 $13.62 $31.41 NA
Total energy costs (adjusted) $68,099 $153,238 $13.62 $28.37 52%

Actual unit natural gas costs were $5.00/ MCF for Colorado Pork and $6.96/MCF for the 'BAU' Farm. 'BAU' Farm
unit cost was adjusted to $5.00/MCF in this table for consistency of comparisons.

2Electricity use of 4.2 cents’/kWh for both facilities. Colorado Pork figure includes $8,463 generation cost.
3Surcharge of $12.73 per kW for both facilities. On-site generation of electricity at Colorado Pork reduced average
total peak demand per month from 140 kW to 120 kW.

Payback period. The estimated incremental cost of the anaerobic digester (AD) system at Colorado Pork
was $75,000. Thisisthe difference between the cost of the AD system ($375,000) minus the next best
alternative waste-treatment system ($300,000). Energy savings from using on-site energy from the AD
system were $6712 per year (over a 20-month period), so the estimated simple payback period for the AD
system was 11.2 years ($75,000/$6712/yr).

Colorado potential. 82% of Colorado’s inventory of 840,000 pigs and hogs are housed in hog facilities
owned by six companies. It is estimated that these facilities could save about 91,000 MWh of el ectricity
and almost one trillion Btu of thermal energy each year by employing energy efficiency measures. These
facilities could also produce an estimated 21,000 MWh (~3 MW) of electricity each year through the use
of anaerobic digestion combined with an engine generator.

Together, these measures could save the six companies about $7,000,000/year in electricity and gas (or
propane) costs, plusthey would enjoy a potential reduction in monthly electric peak demand charges.
Facilities employing anaerobic digestion for waste handling could a so reap significant environmental and
economic benefits not quantified here.

Xii



Colorado Agriculture:
Land, Water, Energy Use and Bioenergy Potential

By David Carlson and James L eeper
Resource Analysis, Inc.

April 2004

I ntroduction

The primary purpose of thisreport isto describe the use of water, energy, fertilizer, and pesticidesin
Colorado agriculture. This report will be used to help evaluate the potentia for energy efficiency,
pollution prevention, and renewable energy production and use in Colorado agriculture.

The first chapter provides brief background information on Colorado agriculture—its structure, land use,
crop and livestock production, and economics. Chapter 2 describes water use in Colorado agriculture,
and Chapter 3 describes energy, fertilizer, and pesticide use. Chapter 4 provides estimates of crop
residues that could be used for renewable energy. Thefina chapter summarizes basic information about
concentrated animal feeding operations (CAFOs) in the state and provides preliminary (and partial)
estimates of biogas potential from hog farms, dairies, and poultry operations in the state.

"Preliminary report" means that the most pertinent information has been compiled within a 30-day time
frame from readily available sources in narrative form, with selected supporting tables, charts and some
graphics. Data are compiled from several sources, each with different purposes, methods and categories.
Careful readers will note some inconsistencies across data sources for such fundamental data as total
irrigated acreage, irrigation water use, etc. Further discussion and analysis of these differencesis possible
but is beyond the scope of this preliminary report.

1  Overview of Colorado Agriculture

1.1 Farms and Ranches, Colorado's Land Base

In 1997 there were more than 28,000 farms and ranches on 32.6 million acres—49 percent of Colorado's
66.6 million acres of land (Figure 1.1). Federal and state agencies manage another 41 percent of
Colorado's land base, including millions of acresleased for agricultura production, primarily livestock
grazing. (Most statisticsin sections 1.1, 1.2 and 1.3 are based on datafrom NASS, 1997, Colorado.)

Sixteen percent of our stateis used for cropland (10.5 million acres). Only five percent of Colorado's
land base is currently irrigated (3.4 million acres). Y et 55 percent of all Colorado farms and ranches have
some irrigated land.

About half of Colorado'sirrigated land (only 2.5 percent of Colorado's total land base) is prime
agricultural land—high quality agricultural land that meets soil composition and slope requirementsideal
for food and fiber production. Due to our semi-arid climate, all the prime agricultural land in Colorado
must be irrigated.
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Since 1978, the amount of land under irrigation has remained fairly stable, fluctuating between 3.0 and
3.4 million acres. However, 20 percent or more of Colorado's irrigated acreage is now dependent upon
finite groundwater sources, such as the Ogallala Aquifer in eastern Colorado.

Figure 1.1: Colorado Land Use Totals in Figure 1.2: Colorado Irrigated Farmland by
1997 Crop in 1997
. i ) Total: 3.4 million acres
Federal Land Total: 66.6 million acres Rangeland Corn for Grain Other Crops
35% 30% 23% 21%

State Land

5% Cropland
Other Land in 16% Alfalfa Hay Pastureland
Developed Other Rural 21% Other Hay 19%
2% Land Farms 16%
8% 3%
Source: 1997 Census of Agriculture, USDA - NASS Source: 1997 Census of Agriculture, USDA - NASS

Land in farms and ranches continues to decline in Colorado, due to urbanization, large-lot development in
rural areas, and land purchased for open space, parks, and wildlife habitat. The rate of conversionis
accelerating. From 1987 to 1997, the average annual rate of conversion was 141,000 acres per year.
(This converted acreage is equivalent to an area 2 miles wide and 109 miles long—about the distance
from Denver to Pueblo.) Between 1992 and 1997, the rate of conversion nearly doubled the 10 year
average at 270,000 acres per year.

The size of farms and ranches and their contribution to the total production of food and fiber varies
widely. Thefollowing chart shows a 'bi-modal” distribution for the state's farms and ranches: lots of
small farms and ranches that account for a small fraction of total agricultura production vs. relatively few
‘super-farms and ranches' that account for most of the state's agricultural output.

Figure 1.3: Percent of Farms and of Market Value of Agricultural Products Sold in 1997
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1.2  Agricultureand Its Contribution to Colorado's Economy

Agricultureisamajor contributor to Colorado's economy. The market value of Colorado's crops and
livestock in 1997 totaled $4.5 billion in gross sales ($1.3 billion in crops and $3.2 billion in livestock).
According to arecent CSU study, agribusiness (inputs, production, marketing and processing) provides
105,000 jobs and generates $15.8 billion annually for Colorado's economy (Hine et al., 2000).

Table 1.1: The Contribution of Colorado's Agribusiness System to the State's
Economy in 1997

Employment Income Value Added | Gross Sales
Economic Sector ($Millions) % of State ($Millions) % of State ($Millions) ($Millions)
Farm Production $38,508 1.63% $733 0.65% $816 $4,534
Inputs $36,364 1.54% $685 0.61% $872 $1,531
Processing/Marketing $30,267 1.28% $1,046 0.93% $1,611 $9,803
Agribusiness Totals $105,140 4.44% $2,464 2.19% $3,299 $15,868
State Totals $2,365,508 $112,699 N/A N/A

Source: Colorado's Agribusiness System: Its Contribution to the State's Economy in 1997, CSU

Irrigation is the cornerstone of Colorado agriculture. Seventy-five percent of the total $1.3 billion annual
value of Colorado crops depends upon irrigation. In turn, most of Colorado's irrigated acreage produces
hay, corn, and pasture for Colorado's $3.2 hillion livestock sector (Figure 1.2).

The following map displays the distribution across the state of Colorado's agriculture's $4.5 billion in
1997 market value. Weld County is by far the largest producer of crop and livestock products among
counties, and alone accounted for $1.3 billion, or 28 percent, of Colorado's total agricultural market value
in 1977. Next in descending order were Y uma, Morgan, Logan, and Kit Carson counties.

Figure 1.4: Market Value of Agricultural Products Sold by County in 1997
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1.3 Colorado Crop and Livestock Production

Colorado agriculture is predominantly livestock and livestock products, when measured strictly in terms
of cash receipts, as the following figure shows—73 percent of Colorado's $4.6 billion in total cash
receipts for the years 2000. Cattle and calves aone accounted for 56 percent of thetotal. Hogs and dairy
products were primary contributors from livestock's share as well.

On the crop side—representing 28 percent of Colorado's total agricultural cash receiptsin 2000—corn,
wheat, and hay are the major commodities, followed by greenhouse and nursery products. Potatoes and
onions also make contributions to the crop share of total receipts.

Figure 1.5: Cash Receipts in 2000 - $4.561 (Billions)
Hogs
6%

Dairy Products
5%

Other Livestock
Operations
6%

Cattle and Calves
56%

Livestock and Products - $3.332

Other Crops' Greenhouse/Nursery
9% 4%

! Other Crops includes Vegetables and Fruits
Source: Farm Income: Cash receipts by commodity, Colorado Agricultural Statistics (2002)

However, cash receiptsonly tell part of the story about the importance of cropsvs. livestock. The
relationship is symbiotic—each needs the other. The livestock sector is directly dependent upon the
production of forage and feed crops—especially corn, alfalfa, and other hay. Conversdly, livestock
demand for corn, hay, etc. provides an essential in-state market for these major crops

Crop acreage offers another important perspective on Colorado's crops. Measured by harvested acreage,
wheat is the dominant crop in Colorado, accounting for 36 percent of total harvested acreage followed by
corn for grain and afalfa. Annual information on livestock and major cropsin Colorado is available from
the Colorado Agricultural Statistics Service at www.nass.usda.gov/ipedb.

Figure 1.6: Harvested Cropland in 2001 - 5,617,910 Acres’
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Wheat 19%
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* Other Crops includes Sorghum, Sunflowers, Dry Beans, Barley, Oats, Sugarbeets and Potatoes; Fruits and Vegetables, Greenhouse/Nursery
Source: Colorado Agricultural Statistics 2002
1997 Census of Agriculture (Fruits and Vegetables, Greenhouse/Nursery)



"Colorado Agriculture: Land, Water, Energy Use and Bioenergy Potential"
final report by David Carlson and James Leeper; Resource Analysis, Inc. — April 2004

1.4  Colorado Agricultural Outlook

The following section is reprinted with the author's permission from the Agriculture section of the
"Colorado Business Economic Outlook Forum™ held in December 2002 (Rubingh, 2002). The
information was prepared by a committee of seven agricultural leaders, chaired by Jm Rubingh, director
of the Markets Division for the Colorado Dept of Agriculture. For more detailed information on the
outlook for specific crops and livestock types, prepared by CSU specidlists, visit
www.coloradoagforum.com. This website also contains trend information on Colorado agricultural
exports.

Colorado is coming off the worst drought in recorded history. The impact on our state’ s agricultural
sector has been significant. To now predict not only next year’s crop and livestock prices and production,
but also the extent to which it may snow this winter, and therefore provide for next year’ sirrigation water,
islikely atask beyond which we are capable. Although we may lack confidence in our meteorol ogical
abilities, we are willing to make proj ections based on the assumption that there will be water available for
irrigation and there will be adequate precipitation for the production of dryland crops and some grass for
livestock grazing. We are basing our projections on what may be called conservative optimism, given the
current discussions of continued drought. Even with this somewhat heroic assumption, we anticipate
significant changes in cropping patterns and livestock placements. If the drought should continue into
2003, dl projections contained in this analysis will need to be revised.

Figure 1.7: Gross Value of Colorado Farm Revenue
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L Includes sales of forest products, custom feeding fees, custom harvest fees, and other farm income.
2 Includes payments made directly to farmers in connection with farm programs,
less motor vehicle registration and licensing fees, and property taxes.
® Estimated
* Forecast
Source: Thirtv-Seventh Annual Colorado Business Economic Outlook Forum - 2002

Dryland crop production suffered significantly in 2002. Colorado harvested its smallest winter wheat
crop in decades, with an average yield of only 22 bushels per acre and hundreds of thousands of acres
abandoned. Acreage planted for the 2003 crop is up 22% as higher prices, better late summer moisture,
and planting on abandoned dryland corn acreage have all encouraged increased plantings. Higher whest
prices are al so increasing the marketing of millions of bushels of wheat that have been held in storage for
the past several years. Much of thiswheat will be marketed after the first of the year. Combining these
additional marketings with average prices of between $3.50-$4.00/bushel next year should result in some
$240 million in wheat cash receiptsin 2003.
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Corn acreage is expected to drop significantly in 2003. It appears likely that dryland acres could be down
by as much as 200,000 acres as concerns over ancther drought year remain. Irrigated acres are also likely
to decline as farmers ook to plant crops (i.e., wheat and dry beans) that can produce better yields with
less available water or ook to lease water to cities. Counteracting a crop of less than one million acres
has been an improvement in price. With asmall 2002 national crop and increased demand for corn for
ethanol production, prices should continue to be strong for the first half of 2003 but will decline by $0.20
to $2.35/bushel later in the year. Total corn marketings (grain and silage) next year will return $335
million to Colorado producers.

Last year Colorado saw the lowest hay production in more than a decade but &l so the highest average
prices ever recorded. With some improvement in production next year, we anticipate pricesto average
about $100/ton. Total hay sales will be off about $45 million from last year but will still be relatively
strong at $220 million. Other feed crops will aso drop in value next year, going from $40 million to $33
million.

Colorado’ s sunflower crop was devastated by this past year’s drought. It isanticipated that planted acres
will be down again in 2003 as farmers will 1ook to crops that may perform better in alow moisture year.
Total revenue is projected to be about $12 million, only a slight improvement from 2002.

Colorado lost most of its dryland bean production this past year. However, extremely strong prices (i.e.,
the best since 1993) made for a strong marketing year. Since beans will perform better than corn with
limited irrigation water, it seemslikely that increased acres will be planted in 2003. Thiswill, however,
result in asignificant decline in price, probably down to $16/hundredweight (cwt.) from this past year's
$24. Total marketings are expected to decline to $34 million in 2003.

Potatoes are coming off of one the best marketing years ever with prices reaching up to $14/cwt. Itis not
likely that prices will again reach thislevel. Pricesin 2003 are likely to only average half of the
$8.70/cwt., 2002 average. Tota potato sales should be around $100 million next year. The major wild
card in the San Luis Valley will be the ability of the aquifers used for irrigation to recharge from winter
snowfall. Without good recharge, production may be down significantly from what is being anticipated.

Onions and sugar beets are two other important cropsin northeastern Colorado. Onions will be down
dlightly next year with $40 million in sales. With the purchase of the two Colorado sugar beet plants by
the growers, it is anticipated that acreage will increase next year and sales will be up to $35 million. If
acreage does not increase it may be difficult for the growers to maintain these plantsin production.

Colorado’ s fruit crop has seen some dramatic changesin the past several years. A recent survey has
shown that apple acreage in the state declined by 53 percent in the past eight years while both peach (now
the largest fruit crop by acreage and number of trees) and grapes for wine acreage have significantly
increased. Production and sales for our fruit crops are expected to remain fairly steady at $17 millionin
2003.

Overall, the value of crop salesin Colorado established arecord in 2002 as increased prices offset lower
production. The sale of wheat which was in storage a so helped to drive market sales. Next year’s crop
sales of $1.340 billion show a decline of some $220 million as lowering crop prices do not maintain
overall farm gate sales, even though production should increase.
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Colorado’ s cattle industry was also severely impacted by the drought. It is estimated that in Colorado
between 200,000 and 250,000 breeding cows were sold off as rangeland deteriorated and ranchers could
no longer provide adequate feed. Although these sales may give the appearance of strong livestock sales
and income, in essence, we have sold off much of our capital (i.e., breeding livestock) and it could take
years to recover from the impact of this action.

In 2003, we anticipate fed cattle marketings to decline 2-3 percent. Pricesfor fed cattle should improve at
least 5 percent and the calf market will increase 5-6 percent. Total cattle and calves marketings will be at
$2.4 billion, down from last year’ s record sales by some $380 million. Dairy cow numbersin Colorado
continue to increase as dairy herds continue to expand in western states. The Colorado herd will likely
increase another 2 percent next year bringing it to some 105,000 head. With only a small improvement
anticipated in price, total dairy saleswill be near $260 million.

With the sell-off of some hog facilities in the state, hog numbers have declined 6-7 percent. After very
poor pricesin 2002, arebound of 15-20 percent is anticipated in 2003. Thiswill increase total hog sales
by over 15 percent to $215 million. The state’s lamb inventory has also declined by about 12 percent.
Lower overall numbers and lower slaughter weights are expected to bring prices up about 9 percent next
year. Total saleswill improve by $5 million to $75 million in 2003. Total livestock salesin Colorado
will retreat slightly in 2003 to $3.14 billion, 70 percent of our state’ stotal agricultural sales.

Government payments are targeted near $320 million next year and the value of services and forestry are
estimated at $500 million for a gross farm revenue value of $5.3 billion. Farm expenses are expected to
increase next year dueto the fact that we anticipate harvesting more acres than what could be harvested
this year due to the drought. With farm expenses estimated to be $4.5 hillion, Colorado net farm income
is estimated to be $800 million.

While 2002 appears to be a banner year for crop and livestock sales and net farm income, it came at the
cost of selling off both millions of bushels of cropsin storage and thousands of head of breeding
livestock. Whilewe are calling for areturn to more normal conditionsin 2003, this may well prove to be
only wishful thinking.



2 Water Usein Colorado Agriculture

The first chapter contains basic information on irrigated acreage, production, and value by major crop
type. This chapter extends this analysis of water use in Colorado agriculture in several ways.

The first section provides some basic definitions and state-level estimates for total water use and
agricultural water use in Colorado, based upon information for 1995 compiled by the U.S. Geological
Survey. County-level datafor irrigation diversions and consumptive use are presented in the Appendix as
Tables A-2.1 and A-2.2. Following sections highlight state-level information on farm and ranch irrigation
for 1998, including detailed information on sprinkler vs. gravity flow systems, wells and pumps, and
irrigation costs. The final section provides state-level estimates of water applied for each major crop type
in 1998.

2.1  Diversionsand Consumptive Uses of Water by Colorado Agriculture (1995)

Water use can be viewed in two ways. Diversion (or withdrawal) is the removal of water from any body
of water by canal, pipe or other conduit. Consumptive useisadiversion with no return flow.

According to the U.S. Geological Survey, irrigation accounted for 14,265,000 acre-feet of total water
diversionsin Colorado in 1995—92 percent of the 15,503,000 acre-feet diverted for al purposes. (All
data cited in this section are taken from "Estimated Water Use in the United Statesin 1995" by the U.S.
Geologica Survey.)

The consumptive use of water for irrigation is difficult, :
time-consuming, and expensive to measure directly. Figure 2-1 _ _

Instead, irrigation speciaists base their estimates upon
measuring theirrigation water requirement of cropsand .
Irrigation

pastureland. | Water
Consumptive Requirement

A crop'sirrigation water requirement (IWR) isthe Water —

difference between the crop's consumptive water Requirement ]

requirement and the rain, snow, and other precipitation ]

available to the crop. The crop's consumptive water | Effective

requirement is the total water needed to meet the crop's Precipitation

evapo-transpiration (ET) needs.

Source: Colorado Dept. of Agriculture, Resource Analysis Section

In other words, IWR isthe on-site, crop-level demand for irrigation water for the crop to meet its full
yield potential. A crop's IWR will vary from year to year, depending upon natural precipitation available
to the crop, plus temperature and other weather-related factors.

In 1995, 5,505,000 acre-feet of water (total IWR) were consumed for irrigation purposes in Colorado—94
percent of the total of 5,864,000 acre-feet consumed for all purposes that year.

Different crops have different irrigation water requirements (IWR) in acre-feet per acre. IWR valuesfor
the same crop can differ across the state because precipitation and temperature in different regions vary
during the growing season. Changes in cropping patterns can affect total IWR across the state and may
be a strategy for coping with water shortages. IWR values by county for each major crop are being
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developed in cooperation with the Colorado Water Conservation Board and are expected to be available
by December 2003.

In addition to water for irrigation, Colorado agriculture requires water for livestock production, primarily
for stock watering. Ignoring water for feed and forage crops, total livestock use of water in Colorado for
1995 was estimated at 66,000 acre-feet of water diverted (0.4 percent of total diversions statewide) and
50,000 acre-feet of water consumptively used (0.9 percent of total consumptive use statewide).

Colorado water use information (withdrawals only) comparable to the data presented in this section for
the year 2000 is expected to be available from the U.S. Geologica Survey by spring 2004.

2.2  TheFarm and Ranch Irrigation Survey (1998)

The Farm and Ranch Irrigation Survey (1998) (referred below as 1998 FRI Survey) supplements basic
information on irrigation contained in the 1997 Census of Agriculture. Thisreport, prepared by the
National Agricultural Statistics Service—USDA, contains data at the level of states and mgjor river
basins. Information is based upon survey responses received from arandomly selected sample of
irrigated farms and ranches identified by the 1997 Census of Agriculture. Colorado information is based
upon 388 useable survey responses received from arandomly selected sample of 531 irrigated farms and
ranchesin the state.

According to the report's Introduction, "Irrigation data from this survey and from the 1997 Census of
Agriculture provide the most complete and detailed picture possible of irrigation in the United States."

Data collected by the 1998 FRI Survey include: acresirrigated by category of land use, acres and yields
of irrigated and nonirrigated crops, quantity of water applied and method of application to selected crops,
acresirrigated and quantity of water used by source, acresirrigated by type of water distribution systems,
and number of irrigation wells and pumps. Also included are irrigation expenditures for maintenance and
repair of irrigation equipment and facilities, purchase of energy for on-farm pumping of irrigation water,
investment in irrigation equipment, facilities and land improvement, and costs of water received from off-
farm water suppliers.

Irrigated acreage information from this survey does not exactly match up with data from the 1997 Census
of Agriculture for severa reasons, including the following: The 1998 report excludes horticultural and
‘abnormal’ farms; some farms that irrigated in 1997 have left farming; and no attempt was made to
identify and select new irrigation operations for 1998. For example, while the 1997 Census of
Agriculture reported 3,430,000 acres of irrigated land in Colorado, the 1998 FRI Survey identified only
2,942,000 irrigated acres—86 percent of the 1997 Census figure.

Unless otherwise noted, the information about irrigation in Colorado contained in this section and
following sectionsin this chapter is taken from the 1998 FRI Survey.

2.2.1 Some National Highlightsin Irrigation

Corn was the dominant irrigated crop nationally in 1998, accounting for 19 percent of the 50.0 million
acres of irrigated land included in the 1998 FRI Survey. Measured by irrigated acreage, corn was
followed by alfalfa hay, cotton, soybeans, and orchard land (including citrus groves, vineyards and nut-
bearing trees). These additional crops together account for 38 percent of al irrigated land inthe U.S.
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In 1998 half of the nation's 50.0 million acres (25.0 million acres) were irrigated by gravity flow systems,
while dlightly less than half (23.0 million acres) were irrigated by sprinkler systems. The use of gravity
flow systems continues to decrease across the nation. The total amount of irrigated land in the U.S. isup
from 46.4 million acresin 1994.

The amount of water applied to irrigated land in 1998 was estimated to be 90.6 million acre-feet applied
to 50.0 million acres, for anational average of 1.8 acre-feet per acre. Thisisareduction from 2.1 acre-

feet per acrein 1974. Nationally, the average application of water is 1.3 acre-feet per acre for sprinkler

systems, and 2.2 acre-feet per acre for gravity flow systems.

2.3 Colorado'sirrigated Acreage and Water Application Quantitiesand M ethods
(1998)

Colorado's 2,942,000 irrigated acres placed the state 6th in irrigated acreage nationally and accounted for
six percent of the nation's total irrigated land in 1998. Colorado's dominant irrigated crop was corn, using
26 percent of al irrigated land. Thiswas followed by alfalfa hay, other hay, wheat, and potatoes, which
together accounted for another 47 percent of all irrigated land. The remaining 27 percent of theirrigated
land was used to grow dry beans, other small grains, fruits and vegetables. A total of 5,053,000 acre-feet
of water was applied to thisland for a statewide average of 1.7 acre-feet per acre.

Most of Colorado'sirrigated land was supplied by gravity flow systems (1,664,000 acres) in 1998;
sprinkler systems (1,290,000 acres) supplied nearly all the remaining irrigated land. Whereas the average
application rates for U.S. agriculture were significantly higher for gravity flow systems than for sprinkler
systemsin 1998 (2.2 vs. 1.3 acre-feet/acre), the application rates for these two types of irrigation systems
in Colorado, when used alone, were identical (1.6 acre-feet/acre). Also, gravity flow systems were used
on agreater percentage of Colorado's irrigated acreage than the national average (57 percent vs. 50
percent). Other irrigation methods supplied less than one percent of the state's irrigated land.

Table 2-1: Colorado Irrigation Methods in 1998

Irrigated % (.)f Total ‘_“’efage
Earms! N Irrigated Application Rate
Acres Acres® | (acre-feet/acre)”
Gravity Flow Systems
Down Rows or Furrows 6,271 793,576 27.0%
Uncontrolled Flooding 3,562 510,664 17.4%
Between Borders or Within Basins 1,934 291,074 9.9%
Other 298 68,257 2.3%
Subtotals 9,958 1,663,571 56.5% 1.6
Sprinkler Systems
Center Pivot 2,312 1,229,033 41.8%
Side Roll or Mechanical Move 425 38,138 1.3%
Other 686 22,874 0.8%
Subtotals 3,272 1,290,045 43.8% 1.6
Other Systems
Drip or Trickle 1 (D) NA NA
Subirrigation 308 14,130 0.5% 3.8
Subtotals 309 14,130 0.5% NA
Totals 11,846 2,942,230 100.0% 1.7

! Some farms use more than irrigation method

2 Some acres receive water from multiple methods.

3 Totals of individual percents exceeds 100% because some acres receive water from multiple methods.
“ Average application rate for systems when used alone.

Source: 1998 Farm & Ranch lIrrigation Survey, Tables 4, 5, & 6

10
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Center pivot systems are the single most widely used irrigation method, accounting for 42 percent of all
irrigated acreage. The next most popular systems, both using gravity flow, were ‘down rows or furrows
(27 percent) and 'uncontrolled flooding' (17 percent).

The statewide total of 1,229,000 acresirrigated by center pivots from the 1998 FRI Survey isvery close
(within two percent) to the 1999 statewide total of 1,254,000 acres, as reported by the Soils Pedology
Laboratory at Colorado State University from analyzing satellite imagery. Table A-2.3 in the Appendix
provides information on the number of center pivot systems and number of acresirrigated by these pivots
for each county in Colorado.

As the following table shows, three primary sources provided irrigation water in Colorado in 1998: wells
and off-farm suppliers each provided 41 percent, and other on-farm sources (e.g., tailwater pits, ponds,
lakes, reservoirs, etc.) provided the remaining 18 percent.

The average amount of water applied per acre in Colorado differed only slightly by source: 1.5 acre-

feet/acre from wells, 1.6 acre-feet/acre from on-farm surface sources, and 1.8 acre-feet/acre from off-farm
water suppliers.

Table 2-2: Sources of Irrigation Water in Colorodo in 1998

Average
Farms® Acres® | Acre-Feet % Water Acre-
Feet/Acre
Wells 3460/ 1331615 2090138 41.4% 1.5
On-farm Surface 2744 559887 906202 17.9% 1.6
Off-farm Suppliers 8252 1211561 2056272 40.7% 1.8
Totals 11486 2942230 5052612 100.0% 1.6

* Some farms use more than irrigation method
2 Some acres receive water from multiple methods.
Source: 1998 Farm & Ranch Irrigation Survey, Table 10

24  Irrigation Wellsand Pumps

In 1998 Colorado had 14,741 irrigation wells capable of being used on 3,971 farms. Of these wells,
13,005 or 88 percent were used in 1998, including 364 artesian or flowing wells. Of the pumped wells
used, 60 percent were on farms using backflow prevention devices, and 23 percent were metered.
Twenty-seven percent of farms reported increasing depth to water. The average well depth was 256 feet,
the average depth to water 93 feet, average pumping depth (to bowls or impellers) 148 feet, average
pumping capacity 846 gallons per minute, and average operating pressure 33 psi.

Pumps are primarily used to lift water from wellsfor irrigation, but are also used to distribute water to

fields from tailwater pits, ponds, lakes, etc. The following table displays numbers of pumps by function
and discharge capacity (gallons per minute).
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Table 2-3: Irrigation Pumps on Farms by Discharge Capacity in 1998"

Pumps for
Pumps for Pumps for Ponds, Lakes,
Wells Tailwater Pits | Reservoirs, and
Rivers
Farms 3,561 308 696
Pumps by Discharge Capacity (GPM)
Less Than 250 708 69 261
250 to 499 1,551 227 0
500 to 749 2,417 329 239
750 to 999 4,000 12 242
1,000 to 1,249 2,626 36 166
1,250 to 1,499 303 0 13
1,500 to 1,999 767 0 0
2,000 to 2,999 196 12 8
Greater Than 3000 73 0 15
Total Number of Pumps 12,641 685 944
Average Pumping Capacity (GPM) - All 846 501 733
Pumps
Average Pumping Capacity (GPM) -
Pumps With GMP > 3000 3,782 0 5,750

! Data includes only well pumps for wells used

Source: 1998 Farm and Ranch Irrigation Survey, Tables 15 & 16

Irrigation pumps can operate at high, medium, or low pressure. Asthe following table indicates, most of
Colorado's irrigation pumps operate at medium pressure (between 30 and 59 psi). Lessthan five percent
operate at high pressure (60 psi or greater). The remaining 35 percent of pumps were operated at low
pressure (less than 30 psi).

Table 2-4: Irrigation Pumps on Farms by Operating Pressure in 1998

Pumps for
Pumps for Wells Ponds,
(Farms With 5 Rumps for Lakes, Total Number % of Total
Tailwater Pits ! of Pumps
Wells or Less) Reservaoirs,
and Rivers
Farms 3,561 308 696
Pumps by Operating Pressure (PSI)
Less Than 30 4,331 609 111 5,051 35.4%
30to 59 8,011 72 550 8,633 60.5%
Greater Than 60 299 4 283 586 4.1%
Total Number of Pumps 12,641 685 944 14,270 100.0%

! Data includes only well pumps for wells used

Source: 1998 Farm and Ranch Irrigation Survey, Tables 15 & 16
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25 Irrigation Expenditures

Irrigation systems generate four types of costs: energy costs of pumping, cost of water from off-farm
water suppliers, maintenance and repairs, and investment in irrigation equipment, facilities, and land
improvement. In 1998 total expenditures were $113.5 million: pumping costs, $56.1 million; off-farm
water supplies, $14.4 million; maintenance and repair, $16.0 million; and investment costs, $27.0 million.

Figure 2-2: Irrigation Expenditures

Investment Costs

Pumping Costs

49%

Maintenance and Repair
14%

Off-farm Water Supplies
13%

Source: 1998 Farm and Ranch Irrigation Survey, Tables 17-20

251 Pumping Costs

As the following table shows, electricity is the dominant energy source for irrigation in Colorado. In
1998 dectricity powered 85 percent of all on-farm irrigation pumpsin Colorado. In that year el ectricity
also accounted for 84 percent of all acresirrigated by pumps and 87 percent of total energy costs for
irrigation.

Natural gas was the second most popular energy source—12 percent of al on-farm irrigation pumps, 13
percent of all acresirrigated by pumps, and 11 percent of total energy costsfor irrigation. Diesel fuel,
although the cheapest per acre, accounted for less than three percent of al on-farm irrigation pumps, acres
irrigated by pumps, and total energy costs for irrigation. The average annual cost for energy for irrigation
in Colorado was $37 per acrein 1998.

Table 2-5: Energy Expenses for On-Farm Pumping of Irrigation Water by Type of
Energy in 1998

Pumps Acres Expenses Expenses per

Energy Source Farms Powered Irrigated ($1,000) Acre Irrigated
(Dollars)

Electricity 3,625 13,342 1,284,875 $48,988 $38
Natural Gas 696 1,804 195,041 $6,258 $32
Diesel Fuel 192 357 44,773 $705 $16
LP Gas, Propane, and Butane 52 (D) (D) (D) (D)
Gasoline and Gasohol 1 (D) (D) (D) (D)
Totals® 4,201 15,636 1,537,202 $56,141 $37

! Total does not equal sum due to posibility of using multiple energy types
Source: 1998 Farm and Ranch Irrigation Survey, Table 17
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25.2 Cost of Water from Off-farm Suppliers

As Table 2.2 indicates, off-farm suppliers of irrigation water provided more than two million acre-feet of
water to 8252 farmsin 1998—41 percent of all irrigation water applied in Colorado that year. That water
was applied at a cost of $14.4 million—an average of $12 per irrigated acre or $7 per acre-foot.

2.5.3 Maintenance and Repair Costs

In 1998, nearly 6,700 farms had maintenance and repair expenses of $16.0 million for irrigation
equipment and facilities. Thesefarmsirrigated 2,367,000 acresthat year. Maintenance and repair costs
averaged $7 per irrigated acre or $2,387 per farm.

254 Investmentin Irrigation Equipment, Facilities, and Land I mprovement

In 1998, 2863 irrigated farms invested $27.0 million in irrigation equipment, facilities and land
improvement. As the following table shows, most investment dollars (71 percent) went for purchasing
new equipment and machinery, followed by construction of permanent storage and distribution systems
(15 percent).

Thetable also displays the primary reasons why these investments were made. Replacement and new

expansion are dominant factors in purchasing new equipment and machinery, while conservation is
important in constructing permanent storage and distribution systems, and in land clearing and leveling.

Table 2-6: Investment in Irrigation Equipment, Facilities, and Land Improvement in 1998

Average per

Acres Investment . New

Purpose Farms . Farm Replacement ' Conservation .
Irrigated ($1,000) Expansion
(Dollars)

Purchase of Equipment and 1850 865429 $19,224 $10,392 1015 135 700
Machinery in Survey Year
New Construction or 55 81708 $2,066  $37,555 51 0 4
Deepening of Wells
Construction of Permanent
Storage and Distribution 1258 396554 $4,117 $3,273 501 684 73
Systems
Land Clearing and Leveling 317 153076 $1,229 $3,878 0 317 0
Computers for Irrigation,
Water Management, Water 62 67545 $336 $5,426 N/A
Distribution Software, etc.
Total Irrigation Investment® 2863 1204247 $26,973 $9,421 N/A

* Total does not equal sum due to posibility of multiple investment types
Source: 1998 Farm and Ranch Irrigation Survey, Table 18
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26  Water and Energy Conservation in Colorado Irrigation

This section contains information on several aspects of water and energy conservation in Colorado
irrigation. Most tables are contained in the Appendix.

2.6.1 Conservation Techniqueswith Gravity Flow Systems

In 1998, 57 percent of Colorado farms using gravity flows systems employed one or more conservation
techniques. The most prevalent technique among the seven techniques reported was 'reducing set time.'
This technique was used by nearly half of the irrigators who used at |east one technique, and was used on
30 percent of all theirrigated acreage served by gravity flows systems and covered by at least one
conservation technique. The next most popular conservation techniques reported were 'tailwater pits and
‘aternate row irrigation’. See Table A-2.4 in the Appendix for more information.

2.6.2 Irrigators Participating in Government Programs

In 1998 more than 4200 irrigated farms and ranches in Colorado participated in market transition
payment, production flexibility, or other Federal programs. These farms and ranches accounted for 1.7
million irrigated acres, or 58 percent of Colorado's total irrigated acreage in 1998. During that year, 1819
of these farms and ranches participated in USDA's Environmental Quality Incentive Program (EQIP) on
20 percent of Colorado'stotal irrigated land. Another seven percent of Colorado'sirrigated land received
cost-share payments for irrigation or drainage improvements during 1994-98 from non-USDA federal
programs. See Table A-2.5 in the Appendix for more information.

2.6.3 Energy and/or Water Conservation | mprovementsin 1998
As the following table shows, improvements in energy and/or water conservation were implemented on
62 percent of Colorado's total irrigated acreage during the period 1994-1998. Measured by irrigated

acreage, 'reduced water applied' had the biggest impact, affecting 46 percent of Colorado's total irrigated
acreage, followed by 'improved crop yield' on 44 percent of Colorado's total irrigated acreage.

Table 2.7: Energy and/or Water Conservation Improvements in 1998

Results of Improvements Farms Acres Acre Feet %'Acres
Irrigated Applied Irrigated
Reduced Water Applied 2,550 1,341,980 2,113,161 41.8%
Improved Crop Yield 2,854 1,291,573 2,117,662 41.9%
Reduced Energy Cost 1,346 994,915 1,653,513 32.7%
Reduced Labor Costs 2,072 813,903 1,399,669 27.7%
Other 215 84,914 119,052 2.4%
Implemented Improvements )
During 1994-1998* 3,827 1,829,814 3,009,084 59.6%
No Improvements Implemented
During 1994-1998 8,019 1,112,416 2,043,529 40.4%
Totals” 11,846 2,942,230 5,052,612 100.0%

! Total does not equal sum due to possibility of implementing multiple improvements
2 published total from Table 3, Published value for Acre Feet Applied from Table 7

Source: 1998 Farm and Ranch Irrigation Survey, Table 32
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2.64 Barriersto Energy or Water Conservation

As the previous table indicates, no improvements were made to enhance energy or water conservation on
40 percent of Colorado’sirrigated land during the period 1994-1998. The table below indicates severa
reasons as reported in the 1998 FRI Survey.

Measured by irrigated acreage, the most important barrier to conserving energy or water was
‘improvements will not reduce costs enough to cover installation costs.' This barrier affected 33 percent
of Colorado's total irrigated acreage in 1998. The next two most important barriers were: ‘cannot finance
improvements, affecting 29 percent of all irrigated land, and 'physical field/crop conditions limit system
improvements, affecting 22 percent of al irrigated land.

Table 2-8: Barriers to Making Improvements to Reduce Energy or Conserve Water in 1998

Stated Reason Farms Acres Irrigated Acﬁsflr-:igzle d A;;:i::;t
Improve_ments Will Not Reduce Costs Enough To Cover 2.959 971,642 33.0% 1,393,277
Installation Costs

Cannot Finance Improvements 3,292 860,578 29.2% 1,578,528
Physical Field/Crop Conditions Limit System 2,059 636,102 21.6% 1,016,311
Improvements

Risk of Reduced Yield or Poor Crop Quality 1,082 420,739 14.3% 724,770
Uncertain About Future Water Rights 1,361 321,877 10.9% 423,674
Landlord Will Not Share in Cost 1,137 318,791 10.8% 509,184
Have Not Investigated Improvements 3,293 293,451 10.0% 493,959
Will Not Be Farming This Place Long Enough to Justify 1,010 140,153 4.8% 244,000
Improvements

Other 203 93,378 3.2% 171,958
Subtotals® 8,019 1,112,416 37.8% 2,043,529
r::\; VVILIL ITTTPIETIENEeu HNproveriemns vuiilly 1994+ 3,827 1,829,814 622(%) 3,009,084
Totals 11,846 2,942,230 100.0% 5,032,612

! Total does not equal sum due to possibility of having multiple reasons
Source: 1998 Farm and Ranch Irrigation Survey, Table 33

2.6.5 Sourcesof Information for Energy or Water Conservation

Irrigators rely on several sources for information to reduce irrigation costs and conserve water.
Measured by acres irrigated, the most important source of information was 'neighboring farmers, closely
followed by 'Extension agents or university specialists. 'NRCS or other government agencies and
'irrigation equipment dealers were also very important.

Table 2-9: Sources of Irrigation Information Relied on to
Reduce Irrigation Costs or Conserve Water in 1998

s 1 Acres
ouree Farms Irrigated”
Neighboring Farmers 4,825 1,229,593
Extension Agents or University Specialist 3,659 1,076,861
NRCS or Other Government Agencies 3,370 972,433
Irrigation Equipment Dealers 2,113 923,156
Media Reports 2,073 683,883
Private Irrigation Specialists or Consultants 753 565,668
Irrigation District or Water Supplier 1,623 454,239
Other 203 83,690
Totals 7,873 2,315,451

! Total does not equal sum of entries due to possibility of using multiple sources
Source: 1998 Farm and Ranch Irrigation Survey, Table 34
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2.7 Irrigation Water Applied to Colorado Crops (1998)

The amount of irrigation water applied to Colorado crops varies widely across different crop typesin
Colorado. The 1998 FRI Survey gives state-level totals (in acre-feet) and state-level averages (in acre-
feet per acre) for 20 different cropsin Colorado. These crops account for 4.8 million acre-feet of
irrigation water applied in 1998—95 percent of the total of 5.0 million acre-feet applied to al cropsin
that year. Corn for grain accounted for the largest single share of al irrigation water applied, followed by
alfalfa, other hay, and pastureland.

Figure 2.3: Irrigation Water Application by Crop in 1998 - 4,779,000 acre-feet

Alfalfa Hay
25%

Corn for Grain
25%

Other Hay
16%

Corn for Silage N Pastureland
4% Other Crops 12%

18%

! Other Crops includes barley, soybeans, dry beans, other small grains (oats, rye, etc.), sugar beets, vegetables, sorghum, potatoes, wheat, and other crops
Source: 1998 Farm and Ranch Irrigation Survey, Table 23

Irrigation application rates also vary by crop type. The state-level average for all cropsis 1.7 acre-feet per
acre. The highest application average is 2.6 acre-feet/acre for 'land in vegetables,’ followed by 'corn for
silage or green chop' and 'other small grains (oats, rye, etc.)—both at 2.3 acre-feet/acre. Crops with low
application rates include: sorghum (1.0 acre-feet/acre), dry edible beans (1.1), and wheat (1.2). Table A-
2.6 inthe Appendix provides more detailed information on irrigation water application by crop type.

Irrigation application rates for the same crop can vary considerably across the state. For example, corn
for grain in Baca County requires 1.85 acre-feet/acre of irrigation water to reach full yield potential under
normal conditions of precipitation and temperature, while the same crop requires only 1.53 acre-feet/acre
in Weld County under normal conditions (Frank et al., 1999). Differencesin average temperature and
preci pitation account for most of the difference.

Estimates of per acre irrigation water demand (defined in section 2.1) are available by crop type for most
counties from the Colorado Decision Support System, administered jointly by the Colorado Water
Conservation Board and the Colorado Division of Water Resources. Including such datais beyond the
scope of this preliminary report.
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3  Energy, Fertilizer, and Pesticide Usein Colorado Agriculture

Energy usein agriculture can be described and analyzed in several different ways, such as by major crop
type or livestock operation, by energy source, and by geographic region. Similarly for fertilizer and
pesticide use. Data can be presented for total use in ageographic region and by use per acre. Unitsfor
these inputs can be expressed in dollars as well asin primary units—e.g., gallons of gasoline and diesel
fuel, kilowatt hours of electricity, pounds of fertilizer ingredient (nitrogen, phosphate, or potash), and
pounds of active ingredient for pesticides.

These different primary units are sometimes converted to a single fundamental energy unit, the British
thermal unit, or Btu, so amounts can be meaningfully compared and combined. (A Btu isthe amount of
energy required to raise the temperature of 1 pound of water by 1 degree Fahrenheit.) In such
computations, Btu equivalents for fertilizer and pesticide use are the amounts of energy required to
produce the amounts of fertilizers and pesticides used.

Datafor these inputs expressed in primary units are usually available for only afew major crops, or are
dated, or are available only at the state or multi-state level. Datafor these inputsin dollar terms are
usually more complete, recent, and available at county and sub-state regiona levels.

No single available data set describes energy, fertilizer, and pesticide use in Colorado (or U.S.)
agriculturein al of these different ways. This chapter presents information from several different sources
that together provide a basic understanding of thisimportant topic.

This chapter presents brief national datafirst, then data on Colorado. Data expressed in dollars appears
first, then datain primary units where available.

In this report, the terms 'petroleum products' and 'electricity’ are frequently grouped under the single term
‘energy.’ For the sake of brevity, the sequence of terms ‘energy, fertilizer, and pesticides may be
shortened to 'EFP in this report. Where possible this report avoids the ambiguous term "agricultural
chemicals," which sometimes, but not always, includes fertilizer.

3.1  SomeHighlightsin Energy, Fertilizer, and Pesticide Use by U.S. Agriculture

Total expensesfor al EFP inputsin U.S. agriculture were $26.3 billion in 1997--17.5 percent of total U.S.
farm production expenses for that year (NASS, United States, 1997). The percentage figure for total EFP
costsfor U.S. agriculture in 1992 was almost identical—17.6 percent. Thetablein section 3.3.1 provides
more detailed information about EFP use in U.S. agriculture with contrasting data for Colorado
agriculture.

During the 29-year period 1965-1993, the composition of energy use in U.S. agriculture changed
significantly. The following figure displays energy use trendsin U.S. agriculturein Btus. Gasoline's
share of total energy use declined from 42 percent of total energy use in 1965 to only 11 percent in 1993,
while diesel fuel jumped from 13 to 29 percent. During that same period, energy used to produce
fertilizers and pesticides has increased from |less than one-third to dightly more than half of the total
energy used by U.S. agriculture (Anderson et al., 1997).

18



"Colorado Agriculture: Land, Water, Energy Use and Bioenergy Potential"
final report by David Carlson and James Leeper; Resource Analysis, Inc. — April 2004

Sincethe national energy crisis of the 1970s, U.S. agriculture has improved energy use efficiency by
nearly 100%: farmers and ranchers now produce twice as much crop and livestock output for the same
amount of energy used—including the energy used to produce fertilizers and pesticides. Between 1978
and 1993, energy use by agriculture—excluding electricity—declined by 25 percent, while agricultural
output increased by almost 47 percent during the same period.

Figure 3.1: Composition of Energy Use in Agriculture, 1965-93
Cuadrillion Biu's

25

Electricity '

Matural gas

.9 F

| Fenllizers and pesticides |

1965 1969 1873 1877 1881 1985 1989 1993

' Mo data on elacts cily use Since 1981

Source: LUSDA, ERES.

Efficiency gains were primarily due to agricultural producers switching from gasoline-powered to fuel-
efficient diesel-powered engines, adopting energy-conserving tillage practices, shifting to larger
multifunctional machines, and adopting energy-saving methods of crop drying and irrigation.

Expansion of national agricultural output during this period was due primarily to higher crop yields, as
the nation's cropland base changed only slightly during the period. Crop yields have increased, due to
improved crop varieties, higher fertilizer and pesticide use, and increased irrigation. Between 1964 and
1992, irrigated acreage nationwide increased from 37 million to 49 million acres, and rose to 55 million
acresin 1997 (NASS, United States, 1997).

3.2  Energy, Fertilizer, and Pesticide Use In Colorado Agriculture (dollars)
This section presents EFP datain dollars for Colorado agriculture from two primary sources. the 1997

Census of Agriculture, and Colorado crop enterprise budgets with 2001 data, compiled by the Agriculture
and Business Management Program of Colorado State University Cooperative Extension.
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3.2.1 Federal Censusof Agriculturelnformation on EFP Usein Colorado Agriculture

The federal Census of Agriculture, prepared every five years by the National Agricultural Statistics
Service-USDA, provides county-level cost estimates for commercial fertilizer, agricultural chemicals
(i.e., pesticides), petroleum products, and e ectricity. The Census cost figure for each of these agricultural
inputs for each county isthe total cost of that input for all crops and livestock produced in the county.

Table A-3.1 in the Appendix contains 1997 cost figures for commercial fertilizer, agricultural chemicals
(i.e., pesticides), petroleum, and electricity for each county in Colorado.

Total EFP costs for Colorado agriculture were $388 million in 1997, which accounted for 10.4 percent of
all farm production expensesin that year. Commercial fertilizer ($124 million) and petroleum ($122
million) were the largest expenditures.

Table 3.1: EFP and Total Farm Production Expenses in 1997
-- millions of dollars --

Colorado United States
% of Total % of Total
Expenses Expenses Expenses Expenses
Commercial Fertilizer* $124.3 3.3% $9,597.1 6.4%
Agricultural Chemicals™? $74.1 2.0% $7,581.4 5.0%
Petroleum $121.6 3.3% $6,371.5 4.2%
Electricity $68.5 1.8% $2,751.1 1.8%
Total EFP Expenses $388.5 10.4% $26,301.2 17.5%
Total Production Expenses $3,725.3 100.0%| $150,591.0 100.0%

* Includes cost of custom applications

2 'Agricultural Chemicals' refer to pesticides in this data source

Source: 1997 Census of Agriculture, Colorado Volume and US Volume
Table prepared by James Leeper, Colorado Dept of Agriculture, May 2003.

On the surface, differences between Colorado and U.S. patterns of energy, fertilizer, and pesticide use
appear to be significant. 1n 1997, the cost of these inputs represented a much smaller share of total farm
production expenses for Colorado than for the nation (10.4% vs. 17.5%).

These differences exist chiefly because Colorado is primarily alivestock producing state. For example,
the market value of livestock vs. crops sold in Colorado in 1997 was 71% vs. 29%, but only 50% vs. 50%
for U.S. agriculture. Cost of farm production statistics include purchases of livestock and feed, which are
disproportionately higher in Colorado than for the nation. If these purchases are temporarily ignored,
then patterns of energy, fertilizer, and pesticide costs as a percentage of total farm production costs are
quite similar for Colorado and the nation.

3.2.2 Farm Enterprise Budget Information on EFP Usein Colorado Agriculture
Most of the energy used in Colorado agricultureis for crop production, which in turn provides food crops,
plus corn, hay, and other feedstuffs for Colorado’ simportant livestock sector. All of the fertilizer, almost

all agricultural pesticides, and all energy costsfor irrigation are crop related. Fuel costs for planting,
cultivating, and harvesting are all crop related as well.
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Crop enterprise budgets are a useful source of information for understanding the role of energy, fertilizer,
and pesticides (EFP) in agriculture. Colorado State University Cooperative Extension prepares and
regularly updates enterprise budgets for 13 major crops and for three types of livestock production
systems in Colorado. Most major crops have different enterprise budgets for specific regionsto reflect
differencesin crop production practices and conditions across the state.

Cost estimates for energy, fertilizer, and pesticides can be expressed as a percent of total direct production
costs for 42 crop enterprise budgetsin Colorado. In addition to EFP costs, direct costsinclude: seed, crop
insurance, crop consultants, labor, interest on operating capital, rea estate taxes, and machinery
replacement, taxes, and insurance, and farm overhead.

In Colorado, EFP costs as a percent of the direct costs of crop production variesfrom 11 % for irrigated
onionsin Western Colorado to 48 % for grass hay, also in Western Colorado. This measure, ‘ EFP %' for
short, was calculated for each of the 42 enterprise budgets. The higher the EFP% measure, the more
dependent the crop enterprise is upon energy, fertilizer, and/or pesticides. Some highlights:

» Of the 13 crop enterprises using pump irrigation, nearly half (6) are highly EFP dependent (i.e.
EFP% > 40%).

» Of the 18 crop enterprises using flood irrigation, only two are highly EFP dependent. Five of the
18 are least EFP dependent (EFP% < 25%).

* Thell dryland crop enterprises vary widely in terms of their EFP dependence, although all were
at least somewhat EFP dependent (EFP% > 25%).

» Of the 11 crop enterprises that are highly EFP dependent (EFP% > 40%), 3 are wheat, 2 afafa,
and 1 each are barley, beans, corn for grain, grass hay, sugar beets, and sunflowers.

Tables A-3.2a. A-3.2b, and A-3.2c present average yield and price figures plus cost figures for fertilizer,
pesticides, petroleum, and irrigation (EFP costs in different format) for 42 crop enterprises budgets and
computes EFP% for each. The tables are sorted by crop, EFP%, and region, respectively.

Note that the EFP share of total costs understates actual EFP costs for enterprises with custom operations,
because EFP costs within custom operations are not separately identified.

Matching up categories between data sources. The detailed categories used in the ABM crop enterprise
budgets do not exactly correspond to the detailed categories used by the federal Census of Agriculture.
However, meaningful correspondences can be made between the two data sets at the EFP level. Fertilizer
and pesticide categories from both data sources match up closely. Since 1987, the federal Census of
Agriculture includes custom application of fertilizer and pesticidesin its cost estimates for these inputs.
However, the subcategories within energy do not match up closely. For example, the Census subcategory
of petroleum and petroleum products contains natural gas costs, which are not identified in crop enterprise
budgets. Also, the crop enterprise budget subcategory of Irrigation Energy combines energy from at least
three sources--electricity, diesel, and natural gas.

Federal Census of Agriculture ABM Farm Enterprise Budgets (CSU)

Commercial Fertilizer—— Fertilizer 4———— Fertilizer & fertilizer application
Agricultural Chemicals— Pesticides «——— Herbicide, insescticide, fungicide & application
Petroleum Products—— Energy <—— Machinery fuel & lube
Electricty—» Energy <—— Irrigation energy
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3.3  Energy Usein Colorado Agriculture (primary units)

Chapter 2 of thisreport contains extensive information about the use of energy in irrigation. These data
are compiled from the 1998 Farm and Ranch Irrigation Survey, conducted by the National Agricultural
Statistics Service—USDA. In particular, see sections 2.2 — 2.6 in this report.

Recent state-level data on energy use by crop type, expressed in primary energy units per acre, are
available from the Economic Research Service--USDA (see reference) for three mgjor cropsin Colorado:
corn (2001), sugarbeets (2000), and winter wheat (2002). However, these data are based upon rather
small samples of agricultural producersin the state, so the coefficients of variation of such data are quite
large. (The coefficient of variation isthe standard error relative to the mean.) For thisreason, these data
are not included in this report.

Table A-3.3 in the Appendix displays 1978 state-level energy use estimates for Colorado agriculture in
primary units. Matrix rows list specific crop and livestock operations, such as planting, harvesting, milk
cooling, etc; matrix columns list primary energy sources, such as gasoline, electricity, etc. Thefina
matrix column sums energy use for each specific operation by converting all primary energy units to btus
and summing them (ESCS, 1980).

Although dated, this table provides the most comprehensive state-level analysis of EFP usein primary
units for crop and livestock production. No comparable table with more recent data has been located by
the authors. Since 25 years have passed, these data must be used with caution.

Figure 3.2: Energy, Fertilizer, and Pesticide Use in Colorado Crop and Livestock

" Production in 1978 Other Crop Operations
Fertilizer 18%
24%

Feed Handling
10%

Other Livestock Operations

Irrigation 6%

20%
Preplant to Harvest'
22%

! Includes fertilizer and pesticide application
Source: Energy and U.S. Agriculture: 1974 and 1978, USDA-ESCS

34  Fertilizer and Pesticide Usein Colorado Agriculture (threecrops, primary units)

Recent state-level data on fertilizer and pesticide application rates (pounds per acre) and total amounts
used (pounds), are available from USDA-NASS ("Agricultural Chemical Usage") only for three major
cropsin Colorado: corn (2001), sugar beets (2000), and winter wheat (2002). Data were compiled from
the Agricultural Resources Management Study, administered by the Economic Research Service, and
based upon reports from a sample of agricultural producers growing these crops.
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34.1 Fertilizer Use

Nitrogen fertilizer was applied to more than 60 percent of Colorado's harvested acreage of winter wheat
(2002) and planted acreage of corn (2001) and sugar beets (2000). Phosphate and potash were applied on
asmaller percentage of crop acreage. The following table highlights recent fertilizer use for three
primary cropsin Colorado.

Table 3-2: Fertilizer Primary Nutrient Applicationsin Colorado for Selected Crops

:(I:?Z;Zde Area Applied = Applications AT)SIti?:;t(iaorn CFi(&)lE)ef:a:r Total Applied
1,000 acres percent number Ibs per acre Ibs per acre million Ibs
Winter Wheat (2002)* 1,650
Nitrogen 64 1.2 44 53 55.1
Phosphate 31 1.0 35 35 18.2
Potash 0 0.0 0.0
Corn (2001) 1,220
Nitrogen 93 1.7 70 125 141.5
Phosphate 65 1.0 37 40 32.1
Potash 24 1.2 29 38 10.8
Sugar Beets (2000) 72
Nitrogen 98 1.4 62 90 6.3
Phosphate 79 1.0 50 50 2.8
Potash 38 1.0 25 25 0.7

! Acreage value is harvested acreage for winter wheat
Source: Agricultural Chemical Usage, USDA-NASS

3.4.2 Pesticide Use

The following table highlights recent pesticide use for three primary cropsin Colorado. Tables A-3.4 and
A-3.5 provide more detail ed application information by crops and by target pests.

Table 3-3: Percent of Area Receiving Pesticide Applicationsin Colorado for Selected Crops

|Planted Herbicide Insecticide Fungicide Other
Acreage | percent | 1,000Ilbs @ percent | 1,000Ilbs @ percent @ 1,000 Ilbs | percent ' 1,000 lbs
Winter Wheat (2002)*2 1650 12 68

Corn (2001)1 1220 92 1506 51 431

Sugar Beets (2000)" 72 98 42 29 19 56 32

! Insufficient reports to publish data for one or more pesticide classes
2 Acreage value is harvested acreage for winter wheat
Source: Agricultural Chemical Usage, USDA-NASS

3.5 Pesticideusein Coloradoin 1997 (primary units)

The information for this section is taken from areport prepared by the Colorado Department of
Agriculture entitled "Pesticide Use in Colorado (1997)". The report was based upon a statewide survey of
pesticide applicators, conducted by the Colorado Agricultural Statistics Servicein 1997. Survey datawas
compiled by Ms. Sandra McDonald, Environmental and Pesticide Education Specialist, CSU Cooperative
Extension.
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3.5.1 Total vs. Agricultural Use of Pesticides

In 1997, 82.8 million ounces of pesticides were applied in Colorado. Agricultural related applications
accounted for 51.2 million ounces, or 62%, of al pesticides applied (Figure 3.3).

The largest amount of pesticides, 24.3 million ounces, was applied to wood productsin Colorado. The
second largest amount, 16.9 million ounces, was applied to corn crops. The third largest amount, 16.7
million ounces, was applied to other aspects of agriculture, consisting mainly of other crops. The fourth
and fifth largest amounts, 8.3 million and 6.8 million ounces, were applied to potatoes and winter whest

respectively.

Figure 3.3: Pesticide Application in Colorado in 1997 - 82.8 million ounces
Corn
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Source: Pesticide Use in Colorado (1997)

Colorado's commercial and private agricultural applicators treated 4.6 million acres with pesticidesin
1997.

Commercia pesticide applicators register with the Colorado Department of Agriculture annually. There

are three categories under which someone can register/license under: Agricultural, Ornamental, and
Structural.
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3.5.2 Distribution of Pesticide Use

Pesticides are being applied in every county in Colorado. In 1997, Adams County was reported to have
the largest amount of chemicals applied, due to the large amount of wood products treated with creosote.
The manufacturing plants use creosote to treat wood used for railroad ties and telephone poles. The
plants mix alarge solution, pressurize it and dip the wood into the solution vat, which could be the main
reason for the large amount of pesticide used. Private agricultural applications, or 15.8 million ounces,
are not included in Figure 3.3 because county data for these applications were not available.

Figure 3.4: Distribution of Pesticides Applied in Colorado in 1997
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The Front Range Region accounts for 44%, 36.3 million ounces, of the pesticides applied in the state, due
largely to Adams County (Figure 3). The Eastern Plains Region comesin second at 20.0 million ounces,
or 24% of Colorado's pesticide applications. Weld County and Y uma County, second and third to Adams
County respectively, comprise 14%, or 11.5 million ounces, of the state's total amount of pesticides

applied.

3.5.3 Agricultural Applicationsand Target Pests

Measured by ounces of pesticide applied (active ingredient), the top ten crops or application sitesin 1997
were (in descending order): corn for grain, potatoes, winter wheat, vegetables, aquatic sites, sugar beets,
dry beans, fallow or idle land, alfafahay, and roadsides. Table A-3.4 in the Appendix provides
information on pesticide application amounts and acres treated for 43 types of crops and application sites

Measured by ounces of pesticide applied, the top ten weed and insect pestsin 1997 were (in descending
order): kochia, foxtails, pigweed, early blight, mosquitos, rootworm, tansy mustard, lambsquarters,
Russian wheat aphid, and spidermites. Table A-3.5 in the Appendix provides information on pesticide
application amounts to control more than 130 weed and insect pestsin Colorado in 1997.
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4  Crop Residuesfor Renewable Energy

Corn stover, wheat straw, and other crop residues are potential sources for producing renewable energy in
Colorado and the nation. Corn stover and crop residues are the surface materials remaining after the
grain or marketable crops are removed. These crop residues—and other forms of biomass, such as
forestry residues and municipa solid waste—can be burned to produce electricity or converted to
biofuels, such as ethanol.

Ethanol can also be produced via fermentation from any crop containing starch, such as grains, potatoes,
and sugar beets. Currently, almost al ethanol production in the United States--two billion gallons per
year—is produced from corn. On avolume basis, thisannual bioethanol production represents about 1.5
percent of annual gasolineuseinthe U.S. Colorado currently has one low-volume ethanol plant in
operation, using brewery waste stream as afeedstock. A large-scale plant using corn as afeedstock is
planned to begin construction in Weld County in 2004 and is briefly described in section 4.1.

During the past 10-15 years or so, biofuels research and development has concentrated on improving
technologies to produce ethanol from cellulosic sources, such as switchgrass, crop residues, wood co-
products, municipa solid waste, and other forms of biomass. More complex conversion processes are
required to break down long-chain molecules of cellulose and hemicellulose to short-chain sugars for
fermentation to produce ethanol. Consequently, production costs are higher for these complex processes:
$1.50 per gallon from cellulose vs. 90 cents per gallon from corn, expressed in 1999 dollars (McAloon, et
al., 2000).

Any comprehensive analysis of the potential of using crop residues as a feedstock to produce biofuels,
electricity, or other bio-based products must address the issue of sustainability. Initssimplest form, what
fraction of available crop residues can be removed from the land each year without affecting the integrity
of the soil system and its ability to produce food and fiber in the future? Sections 4.2 and 4.3 address the
sustainability of producing ethanol from crop residuesin Colorado in aninitial way by including state-
wide average 'sustainability’ fractions provided by the Natural Resources Conservation Service-USDA.

This report does not address the feasibility of growing other crops or grasses for the primary purpose of
producing biofuels, such as switchgrass, or the burning of biomass to produce e ectricity.

This report also does not address the feasibility of producing renewable energy from crops or crop
residues. Such an analysis would need to include such factors as the current technology and cost of
conversion processes, the cost of gathering and transporting residues to a processing facility, and the
market price of fuel aternatives. Detailed studiesfor producing biofuels from wheat straw and corn
stover may be found in references (WSU Cooperative Extension, 2001) and (McAloon, et al., 2000).

4.1  Biofuels Production from Colorado Crops

Ethanol. The feasibility of producing ethanol from grains, potatoes, sugar beets and other crops has been
studied in Colorado since the late 1970s. Currently, Colorado has only one producing ethanol plant that
uses a brewery waste stream as a feedstock. Several other plants, mostly farm-scale, operated for afew
years in the 1980s before going out of business. Corn and cull potatoes were the primary feedstocksin
these plants.
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Nationally, cornisthe dominant choice as a feedstock for producing ethanol. In 2002, Colorado ranked
14" nationally in corn production with 112.3 million bushels. Colorado's five-year average corn
production (1998-2002) was 144.2 million bushels. Using a conversion ratio of 2.6 gallons of ethanol per
bushel, converting Colorado's entire corn crop would yield 375 million gallons of ethanol per year.

However, Colorado is at a comparative disadvantage among corn-producing states for ethanol production.
First, unlike corn-surplus states such as Minnesota and Nebraska, Colorado is a corn-deficit state: the
annual demand for corn in Colorado—primarily for cattle feedlots and hog farms—outwei ghs the state's
annual production of corn. Introducing corn as afeedstock for ethanol production would tend to drive up
its price in Colorado, making the economics of ethanol production lessfeasible.

Second, corn-surplus states such as Minnesota and Nebraska have created substantial state financia
incentives (in additional to federal incentives) to promote the in-state production and use of & cohol fuels.
Colorado has not adopted comparable incentives. And third, corn in Colorado isirrigated, so production
costs per bushel are higher in Colorado than in corn-surplus states in the Midwest (such as Minnesota)
that rely on rainfall for moisture.

Competition for corn for ethanol production vs. livestock feed in corn-short states such as Colorado can
be partially offset by the use of distillersdried grains (DDG) as a cattle feed. DDG isthe protein-rich
residue that remains from corn after the starch in the corn has been converted to ethanol.

In March, plans were announced to begin construction this summer on alarge-scale ethanol plant in Weld
County. The $84 million Great Western Ethanol plant is projected to use 20 million bushels of corn per
year and produce 56 million gallons of ethanol per year. A plant spokesman indicated that some of the
corn will be brought in by rail from lowa and Nebraska. The plant is scheduled to go on-line in the fourth
quarter in 2005. (Rocky Mountain News, 2004)

Biodiesel. Biodiesdl isproduced from oil seed crops, such as soybeans and canola, as well as used
vegetable-based cooking oil. Biodiesel in pure form, or blended with ordinary diesel fuel, reducesair
pollution and does not require modificationsin existing diesel engines. Biodiesel in Colorado is being
vigorously promoted by Blue Sun Biodiesd, Inc., an agriculture energy company based in Ft. Collins.
Blue Sun Producers, afarmer-owned cooperative and the primary agricultural supplier for Blue Sun
Biodiesel, recently received a $450,000 renewable energy grant from USDA to grow low-water use
mustard-based oilseed crops as a biodiesd feedstock. (Their website is www.gobluesun.com.)

4.2  Crop Residuesin Colorado

The State Agronomist for Colorado (Natural Resources Conservation Service--USDA) provided the
following statewide averages of gross crop residues for selected crops and initial guidelines for evaluating
their potential removal from land. Estimates of gross crop residues and maximum net available crop
residues in Colorado in this report are based on these guidelines:

1 Gross available crop residues (state-level averages) for grainsin Colorado are:
e Corn or grain sorghum - 50 Ibs. residue per bushel of grain production.
* Dryland wheat (or other small grains): 75-85 Ibs. residue per bushel of grain production.
* Irrigated wheat (or other small grains): 90-110 Ibs. residue per bushel of grain production.

2. To protect soil from erosion, leave at least 2000 pounds of corn residue and 1000 pounds of
wheat residue on the land when planting the next crop. The removal of significant amounts of
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residue in dryland farming systems would require going to a complete no till system to achieve
these residue levels. Thiswould require a significant change in the tillage systems currently used
for dryland farming in Colorado.

3. Only consider crop residues from irrigated acreage as potentially removable from the land. The
dryland residue production combined with our current farming methods severely limits the
potential for significant residue removal without adverse environmental impacts.

4. Rotate the irrigated acreage that generates crop residues for removal. In other words, only
remove the crop residue 1 out of every 2 or 3 years.

County-level information on acreage, yield, and production for 15 major crops for the year 2001 is
available on line from the National Agricultural Statistics Service-USDA (NASS, Agricultural Stastistics
DataBase). Thisinformation and the guidelines above were used to estimate gross and maximum net
available crop residues on irrigated land for five major grain crops: corn, sorghum, wheat, barley, and
oats. Table A-4.1 in the Appendix summarizes these crop residue estimates by county for the year 2001.

Toillustrate the key stepsin these calculations, consider corn for grain in Morgan County in 200l. Steps
1-9 below outline how to estimate net available residues for corn for grain in Morgan County. Data for
lines 1 and 2 are found in the 2002 Colorado Agricultural Statistics report (CASS). Remember that only
irrigated acreage is considered a potential source for removing crop residues from the field.

D county total irrigated harvested acreage = 75,000 acres
()] county average irrigated crop yield = 186.5 bushelg/acre
(©)] gross crop residue per bushel = 50 pounds/bushel

(4) = (2) x (3) grosscrop residue per irrigated acre = 9,325 pounds/acre

(5)=(1) x (4) county total grossirrigated crop residue

(6) crop residue reserve = 2,000 pounds/acre

(7) = (4) —(6) maximum net available crop residue per acre = 7,325 pounds/acre = 3.6625 tong/acre
(8) = (1) x (7) total maximum net available crop residue in county before rotation = 274,688 tons
(9) = (8) x 40% total maximum net available crop residue in county* = 109,875 tons

*the 40% factor reflects the guideline of removing residue only once every 2-3 years

CAUTION: It would be incorrect, however, to conclude that 110,000 tons per year of residue from
irrigated corn is actually available in Morgan County for removal to produce renewable energy without
affecting the long-term sustainability of the land. Rather, it can be said that 110,000 tons per year isa
reasonabl e estimate of the theoretical maximum that could be removed if severa additional conditions
were met, such as: (@) the statewide averages for residue generation and residue reserves used in the
guidelines above fit Morgan County soils and crop growing and management conditions throughout the
county; (b) no losses of residues occur during collecting and transporting residues to a processing
facility; (c) al available residues are collected quickly before they begin to decompose; and (d) the
collection and removal of residues makes economic sense. In short, the maximum net available residue
figureis atheoretical 'ceiling for potential—not a guaranteed ‘floor' for actual removal and use.

Establishing sound estimates for the amount of crop residue that can be removed without exceeding
NRCS 'tolerabl€e’ soil erosion limitsisdifficult. A recent study in lowa (Sheehan et a., 2002) found that
values for some crops ranged from 0 to 100 percent! At this point, current information and analysisis
insufficient to say with confidence whether any crop residues in Colorado can safely be removed without
adverse consequencesto our agricultural land base.
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Nevertheless, keeping in mind these cautions and qudlifications, the guidelines above were followed to
generate initial county-by-county estimates of gross available and maximum net available crop residues
for 2001 from irrigated corn for grain, sorghum for grain, wheat, barley, and oats.

Results are detailed in Table A-4.1. Gross crop residues from these five irrigated crops totaled 4,468,000
tons statewide in 2001; maximum net available crop residues totaled 1,413,000 tons statewide. Irrigated
corn for grain generated the largest maximum net availabl e residue, followed by wheat, barley, oats, and
sorghum. The top five counties, in descending order, are Y uma, Weld, Kit Carson, Morgan, and Phillips.

Figure 4.1: Total Maximum Net Available Crop Residues
from Five Irrigated Crops in 2001 - 1,412,707 tons

Oats Sorghum
2% Barley Wheat 1%
11% 13%

Sources: 2002 Colorado Agricultural Statistics, CASS-USDA and NRCS-USDA State Office Guidelines

4.3 Theoretical Yieldsof Ethanol from Crop Residues

The National Renewable Energy Laboratory (NREL) of the U.S. Department of Energy has calcul ated
theoretical yields of ethanol from corn stover, wheat straw, and several other crop residues. [Seefor
example, http://www.ott.doe.gov/biofuel 'ethanol _calculator.html.] Comparable yield estimates for
barley straw, oat straw, and sorghum residues are not currently available from NREL.

Applying these theoretical yield factors to the maximum net available crop residues from wheat and corn
for grain in Colorado described in section 4.2 indicates a maximum net potential of 135.1 million gallons
of ethanol per year from corn stover and wheat straw in Colorado without increasing soil erosion. Table

A-4.2 in Appendix A displays these data for each county for corn stover and wheat straw.

Table 4-1: Maximum Potential Ethanol Production

FEEDSTOCK THEORETICAL MAXIMUM NET MAXIMUM POTENTIAL
YIELD OF ETHANOL AVAILABLE ETHANOL
(gallons/dry ton) RESIDUES PRODUCTION
(dry tonsl/year) (gallonsl/year)
Corn Stover 113.0 1,034,188 116.9 million
Wheat Straw 96.4 * 188,517 18.2 million
Barley Straw NA 152,994 NA
Oat Straw NA 25,828 NA
Sorghum Residue NA 11,181 NA
TOTALS NA 1,412,707 > 135.1 million

*Personal communication: Howard Green, Biomass/Bioenergy Communications, NREL .
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If it assumed that the theoretical yields of ethanol per dry ton for barley straw, oat straw, and sorghum
residue are that same as for wheat straw, the maximum net potential would increase to 153.4 million
galons of ethanol per year from residues from all five crops without increasing soil erosion.

Other important aspects of using crops and crop residues as a source of renewable energy—such as net
energy analysis and environmental impacts and benefits—are discussed at NREL 's biofuels website
http://www.ott.doe.gov/biofuel s.html.

For example, recent studiesindicate that the "net energy balance" of making fuel ethanol from corn grain
is1.34. That meansfor every unit of energy used to grow corn and turn it into ethanol, about one-third
more energy is produced in the form of automotive fuel.

However, the net energy balance is significantly greater for ethanol produced from crop residues and
other sources of cellulose. A detailed study now underway by NREL is expected to show a net energy
balance of more than 5 for corn stover. However, much of the energy gained comes from generating
electricity by burning the lignin in the stover, rather than from the ethanol itself. (Only the cellulose and
hemi-cellulose in crop residues are convertible to ethanol.)

4.4  Near-term Commercialization Prospectsfor Biomass Products from Crop Residues

The Nationa Renewable Energy Laboratory (NREL) in Golden, Colorado sponsored four ‘colloquies,’ or
meetings, in 2000 with representatives from corn growers, ethanol producers, other biomass/biofuel
industries, environmental groups, scientists, and federal agencies to assess the near-term (2-5 year)
commercialization prospects for biomass. Some highlights from their detailed report follow (Hettenhaus,
et al., 2000).

Commercialization must address four key issues:

feedstock availability from growers
large-scale collection and storage

economics of processing technology

market demand for biomass/biofuels products

* & o o

Growers are focused on growing crops—not crop residues. It's most likely, then, that "biomass suppliers’
will organize custom operators using existing balers to collect these residues. For example, biomass
suppliersin the Corn Belt states have demonstrated the collection of 50,000 acres of corn stover for a
single collection site. These demonstration projects indicate that corn stover sales can add $40 per acre or
more when custom operators are used. The estimated delivery price of the stover to the processing plant is
estimated to be $25 to $50 per dry ton for stover collected within a 50-mile radius.

The biggest obstacle to near-term commercialization of processing biomass to fudl isthe lack of
commercial-scale plants that are in operation and making money. The technology is still at the
demonstration level. For example, logen, anindustrial biotechnology company based in Ottawa, is
operating a $25 million demonstration plant that processes 40 metric tons of wheat straw per day into
bioethanal via enzyme technology. (Their website iswww.iogen.ca) A commercial-sized scaleup would
require an estimated $200 million and use 1,500-2,000 tons of crop residues per day.

If the commercialization of ethanol, wind, and other forms of renewable energy is any guide, the
commercialization of biofuelsfrom biomass will depend upon federal incentivesin some form.
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5  Concentrated Animal Feeding Operations, Manure Production
and Biogas Potential in Colorado

Most cattle and sheep feedlots, dairy and hog farms, and poultry operations manage livestock within
confined spaces. These animal feeding operations (AFOs) house animalsin order to produce valuable
livestock products such as eggs and milk and to facilitate efficient weight gain in meat animals before
daughter.

In addition to meat, milk, and eggs, animals in AFOs produce waste: i.e., manure. Properly managed,
animal manure is a valuable fertilizer and a promising source of biogas--energy produced by means of
anaerobic digestion of manure. Effective management of animal waste is also an important way to
protect water quality.

The first section presents information on concentrated animal feeding operations (CAFOs), which are
regulated by the U.S. Environmental Protection Agency and the Colorado Department of Public Health
and Environment. The second section describes the distribution of CAFOs and animals across Colorado,
and the third providesinitia (and only partial) estimates of daily manure output and maximum biogas
potential by CAFO type for each county. The final section describesin some detail waste management
processes on hog CAFOs in Colorado and related air pollution control regulations.

51  Concentrated Animal Feeding Operations (CAFOs): Definitions and Regulations

The following information about CAFOs was provided by the Animal Feeding Operations regulatory
program of the Water Quality Control Division, Colorado Department of Public Health and Environment.
(Appendix C contains a five-page overview of current and projected CAFO regulations recently prepared
by the Unit.)

A concentrated animal feeding operation (CAFO) is one that confines about 1,000 or more animals for 45
days or longer in any 12-month period, and vegetation is not maintained in the confined area.

Thefinal federal rule recently adopted by the U.S. Environmental Protection Agency, and authorized
under the federad Clean Water Act, keeps the previously stated number of animals that are needed to be a
CAFO (i.e., 1000 or more Animal Units).

However, the final rule eliminated the term “Animal Unit” in favor of specifying the minimum number of
each animal species needed to be a CAFO: i.e,, that represents 1000 AUs. For example, afeedlot with
10,000 or more sheep and lambsisa CAFO. (Thisis equivalent to previous criteria of sheep being 0.1
AU relative to 1000 AUs needed to be a CAFO; 1000 + 0.1 = 10,000 sheep.) Therule explicitly countsa
cow/calf pair as one animal until the calf is weaned.

CAFO equivaentsto 1000 AUs are: 1000 beef cattle, 1000 cow-calf pairs, 500 horses, 700 mature dairy
cattle, 2500 hogs over 55 pounds, 10,000 sheep, and 55,000 turkeys.
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The new rule keeps the 3-tier structure for categorizing CAFOs. (While the term “ Animal Unit” has been
eliminated from the regulations, the term is used here for smplicity.)

e Over 1000 animal units (AUSs): These operations are lar ge CAFOs.

e 300t0 1,000 AUs: These operations are medium CAFOsif they discharge directly to waters of the
U.S, or if their animals come into direct contact with waters of the U.S.

» Lessthan 300 AUs. These operations are small CAFOsif they are designated by the regulatory
authority because they were found to be adding pollutants to surface waters.

Federal law requires that each CAFO must apply for a discharge permit based on the presumption that
each CAFO has a potential to discharge outside of a 25-year, 24-hour storm at some point intime. The
Colorado Water Quality Control Commission has been designated as the water pollution control agency
for Colorado for all purposes of the federal Clean Water Act. Therefore, CAFOsin Colorado would
submit permit applications to the Colorado Water Quality Control Division as an agent of the
Commission. Permits are issued under the authority of the Colorado Discharge Permit System
Regulations (Regulation No. 61), which were promulgated by the Commission.

CAFOs can apply for either agenera permit or an individual permit. A general permit isissued after
being amended for any comments submitted by the public during a 30-day public notice period. CAFOs
are then issued a certification of coverage under this permit. Anindividual permit istailored to fit the
unique conditions of each CAFO, is made available for 30 days of public comment, and amended as
needed based on any comments before the permit isissued. The annual fee for an individual permit is
twice that of ageneral permit. The state hasissued one general permit to date, which contains the vast
majority of requirements that are now required in the revised federal regulations. About ten CAFOs have
been issued certifications under this permit.

The Water Quality Control Commission must revise its regulations to reflect the new federal regulations
by April 14, 2004.

Permitsissued by the Water Quality Control Division after April 2004 will require compliance with al of
the new federal regulations. Permitsthat are issued before then will not require compliance with all of the
new federal regulations until the relevant permit expires and is revised and reissued 2-5 years later.

5.2  TheDistribution of CAFOsin Colorado
Currently, the Animal Feeding Operations Permit Unit hasidentified 376 CAFOsin Colorado. Very few,
if any, new CAFOs are expected to be identified in the state as aresult of the revised federal regulations.

Cattle feedlots account for the largest percent of all CAFOsin Colorado, followed by dairies and hog
farms.
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Figure 5.1: Distribution of Colorado CAFOs in 2003
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! Other includes Poultry, Sheep, Lambs, and Unkown
Source: Water Quality Control Division, Colorado Department of Public Health and Environment

Table 5.1 displays statewide totals of number of operations and the number of animals for each CAFO
type. However, the number of animals for each type of CAFO is incomplete because CAFOs have not
been required to have a permit and, therefore, the Water Quality Control Division does not yet have a
complete inventory of state CAFOs. To help offset thisincompleteness, this table includes the percentage
of each type of CAFO for which animal numbers are available.

Table 5.1: Confined Animal Feeding Operations (CAFO) in

Colorado

. Average # of

Type of Operation # of Animals # Of % Re_portlng Animals per
Operations Animals )
Operation

Beef 1,908,350 163 84% 11,708
Hogs 857,962 87 47% 9,862
Poultry 700,000 9 11% 77,778
Dairy 65,157 97 28% 672
Lambs 60,000 1 100% 60,000
Beef (+Dairy) 1,900 1 100% 1,900
Sheep 0 1 0% 0
Unknown 0 17 0% 0
Colorado Total 3,593,369 376 55% 9557

Source: Water Quality Control Division, Colorado Department of Public Health and Environment

Table A-5.1 in the Appendix contains information on CAFO operations and numbers of animals by
CAFO type for each county in Colorado. Twenty-eight of Colorado's 64 counties have CAFOs, mostly in
the Front Range and Eastern Colorado. Weld County has 105 CAFOs—hby far the greatest total number of
CAFOsin the state—followed by Yuma, Phillips, and Larimer counties. Figure 5.2 displays the total
number of CAFOs for each county in the state.
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Figure 5.2: Number of Concentrated Animal Feeding Operations in 2003
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5.3  Estimating Manure Output and Biogas Potential by CAFO Type

Converting animal wastes to useable forms of energy can be accomplished by several methods. The
process with the greatest potential is anaerobic fermentation or digestion. Anaerobic digestion (AD)
produces biogas—a mixture of methane and other gases. AD is not new, and the general technology is
well known. A nine-page overview of AD processes and technology can be found in Appendix D.

This section outlines the steps for estimating daily and annual manure output from Colorado CAFOs and
maximum biogas production potential from dairies, hog farms, and poultry operations. In concept, the
analysis appears to be straightforward:

CAFO Animal —» Manure/Day — Biogas/Day

However, actual estimates of manure output and biogas potential cannot be made at this time because key
information about Colorado CAFOs is not available for this preliminary report.

In addition, the feasibility of actually converting animal manure to biogas depends upon three primary
factors: technology, cost of production, and the market price of competing gaseous fuels. The feasibility
of such projects must be determined on a case-by-case basis. A discussion of these factorsis beyond the
scope of this preliminary report.
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5.3.1 Estimating Manure Output

First, we need reliable estimates of the number of animalsin each CAFO in Colorado. Asmentioned in
section 5.2, only 55 percent of CAFOs have reported numbers of animals. The 'number of animals' figure
is the number of animals typically on site when the CAFO has any animals at all, and so can be used to
generate manure output on a daily basis when animals are present. Even if all CAFOs had reported
numbers of animals, some CAFOs do not have animals year round. However, figures on 'annual
throughput' of animalsin CAFOsis not available from public sources. Without such data, reliable
estimates of average throughput would be needed to estimate annual manure output from Colorado
CAFOs.

Second, dairies, feedlots, hog farms, and other CAFOs each contain avariety of animals of different
types, weights, and manure outputs. Table A-5.2 contains manure output coefficients for different types
of animals within CAFOs, using pounds of manure per day per 1000 pounds as the primary unit of
output. Separate coefficients (all different) are given for lactating cows, dry cows, and heifers.

However, to generate a meaningful estimate of manure output from an 800-cow dairy, for example, we
would need to know the percentage of cows that are lactating, dry, and heifers and average weights for
these animals. A similar processisrequired for hogs and poultry within CAFOs.

Obtaining reliable estimates of these percentages and average weights for different types of CAFOs was
beyond the scope of this preliminary report, but could be likely be obtained from industry experts.

5.3.2 Estimating Biogas Potential

Once reliable estimates of manure output from CAFOs become available, maximum theoretical biogas
output can be estimated. Similar to the discussion in Chapter 4 regarding maximum net available crop
residues, however, such theoretical estimates will at best provide a'ceiling' of maximum output under
ideal conditions with no economic and environmental constraints—not a 'floor' of guaranteed biogas
output.

Table A-5.3 in the Appendix contains conversion coefficients that can be used to estimate the amount of
biogas production from manure, and subsequent conversion of that biogasto energy for heating or for
electric power generation.

54  Energy Use and Savings and Biogas Potential in Two Colorado Hog Farms

Colorado Pork (aka Custom Swine Partners) is arecently-built, large-scal e farrow-to-wean hog facility
near the town of Lamar in southeastern Colorado. Colorado Pork owners have invested in energy
efficient equipment, installed an anaerobic digester, and made changes in operating practices to save
energy. The digester processes manure from the sows and pigletsinto biogas, which is converted to
electricity used on site, viaa Caterpillar 85 kW engine/generator.

The Governor's Office of Energy Management and Conservation (OEMC) recently funded a detailed

energy analysis of Colorado Pork and another hog farm nearby of similar size and age, but operating
under 'business as usual’ conditions (McNeil Technologies, 2003).
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Colorado Pork uses substantially less energy per year (and per sow) than the 'Business As Usual Farm,' or
'‘BAU Farm." Key findings from the OEM C report are summarized in this section and the following
section (5.5).

Energy use. Increased energy use efficiency and production of biogas at Colorado Pork substantially
reduced its use of natural gas and electricity. Since the two hog farms have different average sow
numbers, comparisons of energy use and cost are most meaningful when compared on a per sow basis.
Table 5.2 indicates that the Business As Usual Farm has the potentia of reducing its natural gas use per
sow by 53 percent, gross electricity consumption per sow by 42 percent, and peak demand for electricity
per month per sow by 43 percent. Row entries are based upon primary data taken from different time
periods within 2000-2003 and then annualized for comparison.

Table 5-2: Comparison of Annual Energy Use and Production at Two Hog Farms

Average Number of Sows 5,000 5,400
Building Size (square feet) 150,000 | 140,000
BAU BAU
Energy Use and Production | Colorado BAU Colorado Farm Farm
Elements Pork Farm Pork (per Potential
(total) (total) (per sow) sow) Savings
Natural Gas Use (Mcf/year) 3,644 8,342 0.729 1.545 53%
Natural Gas Use (MMBtu/yr) 3,280 7,508 0.656 1.390 53%
Electricity Consumption --
Gross (MWhlyr) 922 1,708 0.184 0.316 42%
On-site Production (MWh/yr) 437 0 0.087 0 NA
Electricity Consumption —
Net (MWh/yr) 485 1708 0.097 0.316 69%
Electricity Peak Demand (kW
peak for average month) 140 265 0.028 0.049 43%

Energy cost savings. Colorado Pork dramatically reduced its total energy costs and energy costs per sow
through energy efficiencies and on-site production of biogas. By implementing similar actions, Table 5.3
indicates that the Business As Usual Farm has the potential of reducing its total energy costs per sow by
more than half (52 percent).

36



"Colorado Agriculture: Land, Water, Energy Use and Bioenergy Potential"
final report by David Carlson and James Leeper; Resource Analysis, Inc. — April 2004

Table 5-3: Comparison of Annual Energy Costs for Two Hog Farms

Colorado BAU Colorado BAU BAU Farm
Pork Farm Pork Farm Potential
Energy Cost Elements Savings
Average number of sows 5,000 5,400
$lyear $/sow %
Natural gas costs (actual)* $18,220 | $58,060 $3.64 $10.75 NA
Natural gas costs (adjusted)* $18,220 | $41,710 $3.64 $7.72 53%
Electricity consumption® $31,487 | $70,996 $6.30 $13.15 42%
Electricity peak demand (net)® | $18,392 | $40,532 $3.68 $7.50 55%
Total energy costs (actual) $68,099 | $169,588 | $13.62 $31.41 NA
Total energy costs (adjusted) $68,099 | $153,238 | $13.62 $28.37 52%

'Actual unit natural gas costs were $5.00/ MCF for Colorado Pork and $6.96/MCF for BAU Farm. BAU

Farm unit cost was adjusted to $5.00/MCF in this table for consistency of comparisons.

“Electricity use of 4.2 cents/kWh for both facilities. Colorado Pork figure includes cost of $8,463 for
eneration.

9Surcharge of $12.73 per kW for both facilities. On-site generation of electricity at Colorado Pork reduced

average total peak demand per month from 140 kW to 120 kW.

Anaerobic digester costs and payback period. Realizing substantial savings through installing an
anaerobic digester and energy efficient equipment and practices required additional capital investment
and increased operating and maintenance costs for the digester.

The capital cost of the anaerobic digestion system (AD) at Colorado Pork was $375,000. The cost of the
next best alternative waste-treatment system was estimated at $300,000. Therefore, the incremental cost
of the AD system was $75,000.

The estimated simple payback period (incremental cost divided by annual savings) for the AD system at
Colorado Pork is 11.2 years (Table 5.4). These data are based on the first 20 months of operation (August
1999 — April 2001), because that is the period over which O&M data are available. If the digester and
generator could be operated in a more consistent manner, with lower O&M, the payback period would
decrease as the savings increase.

Table 5.4: System Simple Payback Assuming Electricity Purchase Savings Only
(8/1999-4/2001)

A |Anaerobic Digester (AD) system cost $375,000
B [Cost of next best alternative treatment system $300,000
C |Incremental cost of AD system (A-B) $75,000
D |Total electricity generation (kwWh) 588,690
E [Months of operation 20
F [Monthly average generation (kWh) (D/E) 29,435
G |Electricity rate ($/kWh) $0.042
H |Operating &Maintenance ($/kWh) $0.023
| |Total savings (D x (G-H)) $11,185
J |Average monthly savings (I/E) $559
K [Estimated annual savings (J*12) $6712
L [Simple payback (C/K) 11.2 years
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The savings shown in Table 5.4 do not include any value for peak demand savings, so 11.2 yearsislikely
to be a high estimate for the payback period. On the other hand, the 11.2 year estimate for payback
assumes that the digester will operate continuously through this period. In August 2002, hogs at
Colorado Pork contracted avirus, which shut the facility down temporarily.

Estimated payback periodsfor installing energy efficiency equipment and procedures. Eight energy
efficient measures implemented by Colorado Pork were identified in this study. Four of them cost
nothing and so have immediate simple payback periods. The other four measures cost between $5,000
and $26,000 to implement, with payback periods ranging from 2 to 9 years.

5,5  Potential Energy Savings and Biogas Production in Colorado’s Hog Industry

Commercia swine farming is asignificant component of rura Colorado’ s economy. During 2000, there
were over 500 Colorado operations with hogs. These operations generated $290 million in gross income,
and maintained an inventory of 840,000 pigs and hogs (McNeil Technologies, 2003).

Of the 840,000 hogs and pigs in Colorado, 687,000 are housed in hog facilities owned by six companies.
It is estimated that these facilities could save about 91,000 MWh of electricity and almost one trillion Btu
of thermal energy each year by employing energy efficiency measures. It is also estimated that they could
produce 21,000 MWh (approximately 3 MW) of eectricity each year through the use of anaerabic
digestion combined with an engine generator.

Together, these measures could save the six companies about $7,000,000/year in electricity and gas (or
propane) costs, plusthey would enjoy a potential reduction in monthly electric peak demand charges.
Facilities employing anaerobic digestion for waste handling could a so reap significant environmental and
economic benefits not quantified here.

It must be noted that these values are gross estimates based on the data from the Colorado Pork and the
Business As Usual Farm audits. As such, the estimates above provide an order of magnitude estimate of
the potential for energy savings and on-site generation. Actual potential savings can only be estimated
through a site-specific audit and/or power generation feasibility study.
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Table A.2.1: Water Withdrawals in Colorado in 1995 (acre-feet/year)

- Stock Livestock Total Water | Irrigation Water as % of Irrlgz:tlon Water LIUVGStOCk Water as Ag Water as %
County Irrigation Use Watering | Total Use Total Ag Use Use Total State Iriaation as % of Total % of Total Water | of Total Water
g 9
Water Use Use Use

a b c d=a+c e f=a/sum of column a g=ale h=cle i=d/e
Adams 84,638 426 426 85,064 148,240 0.6% 57.1% 0.3% 57.4%
Alamosa 459,953 202 202|  460,155| 463,471 3.2% 99.2% 0.0% 99.3%
Arapahoe 6,105 224 224 6,329 96,915 0.0% 6.3% 0.2% 6.5%
Archuleta 51,706 157 157 51,863 54,025 0.4% 95.7% 0.3% 96.0%
Baca 116,786 941 941 117,727 118,455 0.8% 98.6% 0.8% 99.4%
Bent 475,501 896 896, 476,397 477,226 3.3% 99.6% 0.2% 99.8%
Boulder 131,449 459 2,576 134,025 194,412 0.9% 67.6% 1.3% 68.9%
Chaffee 57,755 134 840 58,595 63,501 0.4% 91.0% 1.3% 92.3%
Cheyenne 28,340 650 650 28,989 29,594 0.2% 95.8% 2.2% 98.0%
Clear Creek 0 0 0 0 8,244 0.0% 0.0% 0.0% 0.0%
Conejos 814,602 672 1,378/ 815,980 819,441 5.7% 99.4% 0.2% 99.6%
Costilla 219,739 146 146 219,884| 220,411 1.5% 99.7% 0.1% 99.8%
Crowley 70,603 1,232 1,232 71,835 72,563 0.5% 97.3% 1.7% 99.0%
Custer 46,049 168 168 46,217 46,620 0.3% 98.8% 0.4% 99.1%
Delta 778,444 863 2,274 780,718 788,929 5.5% 98.7% 0.3% 99.0%
Denver 0 0 0 0 137,262 0.0% 0.0% 0.0% 0.0%
Dolores 30,804 101 807 31,610 31,879 0.2% 96.6% 2.5% 99.2%
Douglas 13,946 157 157 14,103 32,159 0.1% 43.4% 0.5% 43.9%
Eagle 142,830 314 314 143,143 154,132 1.0% 92.7% 0.2% 92.9%
El Paso 30,826 739 739 31,566 150,883 0.2% 20.4% 0.5% 20.9%
Elbert 35,173 784 784 35,957 37,861 0.2% 92.9% 2.1% 95.0%
Fremont 126,139 302 302 126,442 177,946 0.9% 70.9% 0.2% 71.1%
Garfield 614,433 627 627 615,060/ 630,193 4.3% 97.5% 0.1% 97.6%
Gilpin 0 0 0 0 582 0.0% 0.0% 0.0% 0.0%
Grand 225,519 381 381 225,899 228,767 1.6% 98.6% 0.2% 98.7%
Gunnison 316,441 459 459 316,900| 320,753 2.2% 98.7% 0.1% 98.8%
Hinsdale 14,663 22 22 14,685 14,775 0.1% 99.2% 0.2% 99.4%
Huerfano 100,118 381 381 100,499 102,269 0.7% 97.9% 0.4% 98.3%
Jackson 447,789 672 672 448,461| 449,279 3.1% 99.7% 0.1% 99.8%
Jefferson 9,465 56 56 9,521 108,296 0.1% 8.7% 0.1% 8.8%
Kiowa 15,906 426 426 16,332 16,556 0.1% 96.1% 2.6% 98.6%
Kit Carson 182,807 1,994 1,994 184,801 186,437 1.3% 98.1% 1.1% 99.1%
La Plata 409,928 526 4,850  414,778| 423,907 2.9% 96.7% 1.1% 97.8%
Lake 7,987 11 717 8,704 29,359 0.1% 27.2% 2.4% 29.6%
Larimer 244,561 1,434 1,434| 245,995 303,010 1.7% 80.7% 0.5% 81.2%
Las Animas 125,423 1,053 1,759 127,181 135,392 0.9% 92.6% 1.3% 93.9%
Lincoln 17,665 975 975 18,639 19,748 0.1% 89.4% 4.9% 94.4%
Logan 365,201 2,890 2,890 368,090 375,931 2.6% 97.1% 0.8% 97.9%
Mesa 1,056,352 907 907 1,057,259 1,089,833 7.4% 96.9% 0.1% 97.0%
Mineral 2,151 0 0 2,151 2,307 0.0% 93.2% 0.0% 93.2%
Moffat 214,664 683 683 215,348| 232,363 1.5% 92.4% 0.3% 92.7%
Montezuma 345,060 78 78 345,139 351,703 2.4% 98.1% 0.0% 98.1%
Montrose 711,280 1,098 2,778 714,058 721,541 5.0% 98.6% 0.4% 99.0%
Morgan 358,166 3,450 3,450 361,616 376,200 2.5% 95.2% 0.9% 96.1%
Otero 467,694 1,299 2,005 469,699 475,647 3.3% 98.3% 0.4% 98.7%
Ouray 63,355 134 840 64,195 64,980 0.4% 97.5% 1.3% 98.8%
Park 7,931 190 190 8,121 9,689 0.1% 81.8% 2.0% 83.8%
Phillips 94,260 448 448 94,708 96,568 0.7% 97.6% 0.5% 98.1%
Pitkin 44,223 56 56 44,279 52,232 0.3% 84.7% 0.1% 84.8%
Prowers 759,334 1,523 1,523| 760,858 778,780 5.3% 97.5% 0.2% 97.7%
Pueblo 146,750 784 1,490 148,240 275,656 1.0% 53.2% 0.5% 53.8%
Rio Blanco 134,675 627 627 135,302 150,727 0.9% 89.4% 0.4% 89.8%
Rio Grande 448,405 291 291 448,696| 454,095 3.1% 98.7% 0.1% 98.8%
Routt 329,647 627 627 330,274| 343,895 2.3% 95.9% 0.2% 96.0%
Saguache 473,485 515 1,221| 474,706 476,856 3.3% 99.3% 0.3% 99.5%
San Juan 0 0 0 0 325 0.0% 0.0% 0.0% 0.0%
San Miguel 69,326 157 157 69,483 70,614 0.5% 98.2% 0.2% 98.4%
Sedgwick 104,969 414 414 105,383 105,999 0.7% 99.0% 0.4% 99.4%
Summit 26,301 45 45 26,346 32,663 0.2% 80.5% 0.1% 80.7%
Teller 560 67 67 627 10,339 0.0% 5.4% 0.7% 6.1%
Washington 49,566 1,131 1,131 50,698 53,386 0.3% 92.8% 2.1% 95.0%
Weld 1,238,588| 10,608 10,843 1,249,431 1,302,022 8.7% 95.1% 0.8% 96.0%
Yuma 299,000 3,472 3,472 302,472 305,497 2.1% 97.9% 1.1% 99.0%
Totals 14,265,032| 50,082 66,201 14,331,233|15,503,340 100.0% 92.0% 0.4% 92.4%

Source: "Estimated Water Use in the United States in 1995," USGS. County-level tables for Colorado are available at http://water.usgs.gov/watuse.

Conversions from millions of gallons per day to acre-feet per year and table preparation by David Carlson, Colorado Dept of Agriculture, May 2003.
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Table A-2.2: Consumptive Use of Water in Colorado in 1995 (acre-feet/year)

. _— Irrigation Water | . Ag Water as %
L Stock Livestock Total Water | Irrigation Water as % of Livestock Water as
County Irigation Use Watering | Total Use Total Ag Use Use Total Colo Irrigation as % of Total % of Total Ag Use of Total Water
Water Use Use

a b c d=a+c e f=a/sum of column a g=ale h=cle i=d/e
Adams 45,534 426 426 45,960 65,260 0.8% 69.8% 0.7% 70.4%
Alamosa 190,828 202 202 191,029| 191,914 3.5% 99.4% 0.1% 99.5%
Arapahoe 4,066 224 224 4,290 27,455 0.1% 14.8% 0.8% 15.6%
Archuleta 18,337 157 157 18,494 19,031 0.3% 96.4% 0.8% 97.2%
Baca 54,372 941 941 55,313 55,514 1.0% 97.9% 1.7% 99.6%
Bent 200,663 896 896 201,559| 201,783 3.6% 99.4% 0.4% 99.9%
Boulder 58,830 459 459 59,289 75,363 1.1% 78.1% 0.6% 78.7%
Chaffee 24,475 134 134 24,610 25,797 0.4% 94.9% 0.5% 95.4%
Cheyenne 24,173 650 650 24,822 24,968 0.4% 96.8% 2.6% 99.4%
Clear Creek 0 0 0 0 672 0.0% 0.0% 0.0% 0.0%
Conejos 294,038 672 672 294,710| 295,169 5.3% 99.6% 0.2% 99.8%
Costilla 73,638 146 146 73,784 73,929 1.3% 99.6% 0.2% 99.8%
Crowley 33,223 1,232 1,232 34,456 34,668 0.6% 95.8% 3.6% 99.4%
Custer 21,451 168 168 21,619 21,731 0.4% 98.7% 0.8% 99.5%
Delta 197,806 863 863 198,669| 200,842 3.6% 98.5% 0.4% 98.9%
Denver 0 0 0 0 38,779 0.0% 0.0% 0.0% 0.0%
Dolores 12,960 101 101 13,061 13,150 0.2% 98.6% 0.8% 99.3%
Douglas 7,415 157 157 7,572 12,803 0.1% 57.9% 1.2% 59.1%
Eagle 27,567 314 314 27,880 30,356 0.5% 90.8% 1.0% 91.8%
El Paso 15,850 739 739 16,589 42,218 0.3% 37.5% 1.8% 39.3%
Elbert 20,532 784 784 21,316 21,944 0.4% 93.6% 3.6% 97.1%
Fremont 53,420 302 302 53,722 56,478 1.0% 94.6% 0.5% 95.1%
Garfield 122,196 627 627 122,824| 125,613 2.2% 97.3% 0.5% 97.8%
Gilpin 0 0 0 0 190 0.0% 0.0% 0.0% 0.0%
Grand 45,635 381 381 46,016 46,676 0.8% 97.8% 0.8% 98.6%
Gunnison 77,402 459 459 77,861 78,690 1.4% 98.4% 0.6% 98.9%
Hinsdale 5,534 22 22 5,556 5,590 0.1% 99.0% 0.4% 99.4%
Huerfano 46,452 381 381 46,833 47,214 0.8% 98.4% 0.8% 99.2%
Jackson 154,950 672 672 155,622| 155,913 2.8% 99.4% 0.4% 99.8%
Jefferson 4,301 56 56 4,357 31,554 0.1% 13.6% 0.2% 13.8%
Kiowa 9,264 426 426 9,689 9,745 0.2% 95.1% 4.4% 99.4%
Kit Carson 162,499 1,994 1,994 164,493 164,941 3.0% 98.5% 1.2% 99.7%
La Plata 148,934 526 526 149,461| 151,880 2.7% 98.1% 0.3% 98.4%
Lake 3,573 11 11 3,584 7,673 0.1% 46.6% 0.1% 46.7%
Larimer 114,299 1,434 1,434 115,733 138,248 2.1% 82.7% 1.0% 83.7%
Las Animas 58,303 1,053 1,053 59,356 61,048 1.1% 95.5% 1.7% 97.2%
Lincoln 11,313 975 975 12,288 12,590 0.2% 89.9% 7.7% 97.6%
Logan 182,606 2,890 2,890 185,496| 187,803 3.3% 97.2% 1.5% 98.8%
Mesa 195,084 907 907 195,992| 203,082 3.5% 96.1% 0.4% 96.5%
Mineral 807 0 0 807 851 0.0% 94.7% 0.0% 94.7%
Moffat 50,586 683 683 51,269 65,965 0.9% 76.7% 1.0% 77.7%
Montezuma 132,099 78 78 132,177| 133,544 2.4% 98.9% 0.1% 99.0%
Montrose 191,097 1,098 1,098 192,194| 193,740 3.5% 98.6% 0.6% 99.2%
Morgan 198,658 3,450 3,450 202,108| 211,136 3.6% 94.1% 1.6% 95.7%
Otero 199,173 1,299 1,299 200,472| 202,343 3.6% 98.4% 0.6% 99.1%
Ouray 13,195 134 134 13,330 13,498 0.2% 97.8% 1.0% 98.8%
Park 3,461 190 190 3,652 4,122 0.1% 84.0% 4.6% 88.6%
Phillips 85,467 448 448 85,915 86,385 1.6% 98.9% 0.5% 99.5%
Pitkin 7,740 56 56 7,796 8,916 0.1% 86.8% 0.6% 87.4%
Prowers 342,719 1,523 1,523 344,243| 345,475 6.2% 99.2% 0.4% 99.6%
Pueblo 65,797 784 784 66,581 95,873 1.2% 68.6% 0.8% 69.4%
Rio Blanco 30,849 627 627 31,476 31,947 0.6% 96.6% 2.0% 98.5%
Rio Grande 185,798 291 291 186,090| 186,706 3.4% 99.5% 0.2% 99.7%
Routt 72,552 627 627 73,179 80,505 1.3% 90.1% 0.8% 90.9%
Saguache 194,255 515 515 194,771| 195,017 3.5% 99.6% 0.3% 99.9%
San Juan 0 0 0 0 67 0.0% 0.0% 0.0% 0.0%
San Miguel 26,547 157 157 26,704 26,895 0.5% 98.7% 0.6% 99.3%
Sedgwick 64,722 414 414 65,136 65,293 1.2% 99.1% 0.6% 99.8%
Summit 5,029 45 45 5,074 6,530 0.1% 77.0% 0.7% 77.7%
Teller 269 67 67 336 1,792 0.0% 15.0% 3.8% 18.8%
Washington 39,855 1,131 1,131 40,986 42,756 0.7% 93.2% 2.6% 95.9%
Weld 595,177| 10,608 10,608 605,785| 624,581 10.8% 95.3% 1.7% 97.0%
Yuma 277,896 3,472 3,472 281,369| 282,254 5.0% 98.5% 1.2% 99.7%
Totals 5,505,272| 50,082 50,082 5,555,354| 5,864,468 100.0% 93.9% 0.9% 94.7%

Source: "Estimated Water Use in the United States in 1995," USGS. County-level tables for Colorado are available at http://water.usgs.gov/watuse.
Conversions from millions of gallons per day to acre-feet per year and table preparation by David Carlson, Colorado Dept of Agriculture, May 2003.
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Table A-2.3: Center Pivot Use in Colorado in 1999

ID |County Total Area # of Pivots Arg a of %.Of (;ounty
Pivots in Pivots

1 Adams 766,010 144 16,333 2.13
2 Alamosa 462,751 579 67,634 14.62
3 |Arapahoe 515,109 18 1,926 0.37
4 |Archuleta 866,923 0 0 0.00
5 Baca 1,637,142 464 65,320 3.99
6 Bent 986,248 2 344 0.03
7 Boulder 480,494 5 461 0.10
8 Chaffee 649,232 21 1,827 0.28
9 Cheyenne 1,140,406 181 25,005 2.19
10 Clear Creek 253,554 0 0 0.00
11 |Conejos 825,732 221 26,088 3.16
12 Costilla 786,804 228 27,599 3.51
13 |Crowley 511,949 2 188 0.04
14 Custer 473,174 0 0 0.00
15 Delta 735,586 6 645 0.09
16 Denver 99,005 0 0 0.00
17 Dolores 684,667 17 1,967 0.29
18 |Douglas 538,928 1 80 0.01
19 |Eagle 1,082,448 2 92 0.01
20 El Paso 1,361,906 62 6,322 0.46
21 Elbert 1,183,792 28 3,052 0.26
22 Fremont 980,992 2 271 0.03
23 Garfield 1,893,225 9 730 0.04
24 | Gilpin 96,088 0 0 0.00
25 Grand 1,195,875 1 96 0.01
26 Gunnison 2,086,276 1 42 0.00
27 Hinsdale 718,961 0 0 0.00
28 Huerfano 1,018,952 10 912 0.09
29 Jackson 1,036,910 0 0 0.00
30 |Jefferson 497,637 0 0 0.00
31 Kiowa 1,143,097 32 4,791 0.42
32 Kit Carson 1,383,771 1137 152,524 11.02
33 La Plata 1,088,766 32 2,944 0.27
34 Lake 245,587 0 0 0.00
35 Larimer 1,684,418 99 10,825 0.64
36 Las Animas 3,054,574 0 0 0.00
37 Lincoln 1,654,648 52 6,029 0.36
38 Logan 1,180,508 372 45,045 3.82
39 Mesa 2,141,240 2 103 0.00
40 |Mineral 561,724 0 0 0.00
41 |Moffat 3,043,784 5 403 0.01
42 |Montezuma 1,307,841 154 12,875 0.98
43 |Montrose 1,437,232 13 1,149 0.08
44 'Morgan 827,623 738 85,449 10.32
45 Otero 812,251 7 1,125 0.14
46 Ouray 347,239 0 0 0.00
47 |Park 1,413,863 0 0 0.00
48  Phillips 440,338 486 64,708 14.70
49 |Pitkin 622,701 0 0 0.00
50 Prowers 1,052,915 169 24,019 2.28
51 Pueblo 1,533,383 24 2,571 0.17
52 |Rio Blanco 2,064,919 1 94 0.00
53 Rio Grande 584,120 594 67,677 11.59
54 Routt 1,515,414 4 310 0.02
55 Saguache 2,028,016 598 71,585 3.53
56 'San Juan 248,658 0 0 0.00
57 ' San Miguel 825,813 0 0 0.00
58 | Sedgwick 351,891 215 26,243 7.46
59 Summit 396,094 0 0 0.00
60 Teller 357,449 0 0 0.00
61 Washington 1,615,094 341 43,344 2.68
62 Weld 2,571,956 1026 116,246 4.52
63 Yuma 1,516,819 2072 266,614 17.58

[State 66,620,519 10177 1,253,609 1.88

Source: Pedology and Soil Information Systems GIS Laboratory

Dept. Of Soil and Crop Sciences, CSU

A-3




Table A-2.4: Conservation Techniques for Operations Using
Gravity Flow Systems in 1998

Technique Farms® Acres % of Acres
Irrigated* Irrigated
Conservation Technique Used
Reducing Set Time 2,724 299,652 18.0%
Tailwater Pits 1,536 231,950 13.9%
Alternate Row Irrigation 1,315 154,227 9.3%
Special Furrowing 622 79,438 4.8%
Surge Flow or Cablegation 462 54,017 3.2%
Use of Polyacrylamide (PAM) 440 46,892 2.8%
Shortening of Furrow Length 438 19,722 1.2%
Subtotals 5,698 983,451 59.1%
No Technique Used 4,260 680,120 40.9%
Totals 9958 1663571 100.0%

! Subtotals do not equal sums of the 'Farms’ and 'Acres Irrigated' columns due to possibility

of using multiple techniques

Source: 1998 Farm and Ranch Irrigation Survey, Table 30

Table prepared by James Leeper, Colorado Dept of Agriculture, May 2003.

Table A-2.5: Irrigators Participating in Government Programs in 1998

0,
1 Acres in Total Acres ¥ of Total
Program Farms 1 1 : 1 Acres
Farms Cropland Irrigated . 1
_ _ _ Irrigated
Part|'0|'p'at|on in Market Transition Payment, Production 4202 8.135,815 2,673,170 1,717,900 58.4%
Flexibility or Other Federal Programs
Received Cost-Share Payments for Irrigation or
Drainage Improvements in the Past Five Years
USDA-Environmental Quality Incentive Program 1,819 4,605,004 834,986 584,638 19.9%
Non-USDA Federal Program 563 821,427 282,910 207,504 7.1%
State, Local, or District Programs 587 702,912 274,429 162,237 5.5%
Other 516 687,790 211,905 151,977 5.2%
Totals 11,846 16,206,385 4,580,677 2,942,230 100.0%

* Total does not equal the sum of the entries due to possibility of participating in multiple programs (Published totals from Table 3)

Source: 1998 Farm and Ranch Irrigation Survey, Table 31

Table prepared by James Leeper, Colorado Dept of Agriculture, May 2003.
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Table A-2.6: Estimated Quantity of Water Applied and Method of Distribution by Selected Crop in 1998

Sprinkler system only Gravity flow only
Irrigated | Average Average % of Total ) Average . Average
Crop Farms Acres | yield per acre—feet Total acre- acre-feet Irrigated A_verage acre-feet Irrigated A_verage acre-feet
Harvested | acre applied |feet applied applied Farms Acres | yield per applied Farms Acres | yield per applied
per acre Harvested  acre per acre Harvested | acre per acre
Corn for grain or seed 2,537 762,847 1720 1.6 1,220,555 25.5% 905 448,298 1750 1.5 1,256 145,871 159.0 1.7
Alfalfa and alfalfa mixtures for hay or dehydrati{ 6,488 700,609 4.2 1.7 1,191,035 24.9%| 1,285 179,301 4.9 2.2 4,678 399,432 3.9 1.5
Other hay, including wild or native hay 4,364 423,120 18 1.8 761,616 15.9% 140 11,511 31 17 4,122 376,152 1.7 1.9
Pastureland, all types 3,823 360,881 N/Al 1.6 577,410 12.1% 235 24,079 N/A 1.6 3,500 314,952 N/Al 1.6
Wheat for grain 1,202 167,071 75.0, 1.2 200,485 4.2% 658 111,221 75.0 1.2 451 40,429 78.0/ 11
Potatoes 703 103,098 359.0 1.8 185,576 3.9% 353 87,144 367.0 1.8 314 7,414 283.0 2.2
Corn for silage or green chop 1,274 75,285 240, 2.3 173,156 3.6% 308 18,862 240 2.2 818 33,433 22.0/ 1.8
Beans, dry edible 666 88,730 230, 11 97,603 2.0% 349 65,592 220 1.2 252 13,858 270, 11
Barley for grain 487 62,725 1220 1.4 87,815 1.8% 334 49,475 1290 1.5 125 9,890 86.0 1.0
Sugar beets or sugar 438 53,928 23.0 1.6 86,285 1.8% 174 25,448 23.0 1.3 246 20,160 24.0 1.5
Land in vegetables 207 31,901 N/Al 2.6 82,943 1.7% 8 1,860 N/Al 2.0 176 21,037 N/A| 2.4
Other small grains (oats, rye, etc.) 210 19,617 N/A 2.3 45,119 0.9% 94 13,321 N/A 2.1 81 4,021 N/A 3.2
Sorghum for grain or seed 381 37,312 72.0/ 1.0 37,312 0.8% 29 9,454 80.00 15 338 19,458 68.0/ 1.2
Sweet corn 92 4,340 N/A| 3.5 15,190 0.3% 0 N/Al 0.0 91 2,340 N/A| 3.4
Tomatoes ? 87 435 N/Al 3.4 1,479 0.0% 0 N/Al 0.0 87 435 N/A 34
Lettuce and Romaine 2 12 3,760 N/A 1.4 5,264 0.1% 1,160 N/A 2.2 8 2,600 N/A 1.1
Other crops 306 37,531 N/A| 0.7 26,272 0.5% 18,206 N/Al 0.9 235 18,425 N/A| 0.6
Soybeans for beans 37 5,084 34.0 1.1 5,592 0.1% 37 5,084 34.0 1.1 0 0 0.0 0.0
Land in orchards 286 (D) N/Al (D) (D) (D) 0 0 N/A° 0.0 31 (D) N/A (D)
Berries 0 0 N/A| 0.0 0 0.0% 0 0 N/Al 0.0 0 0 N/A| 0.0
Totals [ 2,929,739 4,778,774 100.0% | 1,068,856] [ 1,424,532
[Published Totals’ | [ 2,942,230] 1.7 | 5,052,612] [ 16 | 8269] 1,298,132] 1.6

* Published totals from 1998 Farm and Ranch Irrigation Survey, Table 7

2 values included in 'Land in Vegetables'

Source: 1998 Farm and Ranch Irrigation Survey, Table 23

Table prepared by James Leeper, Colorado Dept of Agriculture, May 2003.
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Table A-3.1: Costs for Commercial Fertilizer, Agricultural Chemicals, Petroleum, and Electricity in Colorado in 1997

-- $1,000 --
Total farm . . Petroleum Petroleum | Petroleum Petroleum produ_cts,
. . Commercial | Agricultural | Petroleum products, LP gas, fuel all, .
Counties production - . . products, products, . Electricity
fertilizer chemicals | products gasoline and . kerosene, motor oil,
expenses diesel fuel | natural gas
gasohol grease, etc.

Adams 67,875 3,651 2,319 3,636 822 1,407 932 475 1,357
Alamosa 43,041 3,201 1,632 2,304 696 1,194 135 279 2,966
Arapahoe 17,578 394 556 918 284 366 161 107 253
Archuleta 6,441 58 20 277 139 95 0 42 51
Baca 63,010 3,337 2,201 3,566 917 1,260 851 537 1,588
Bent 46,163 991 646 1,548 652 674 37 185 565
Boulder 31,299 1,071 448 2,010 503 688 632 187 704
Chaffee 4,357 229 0 349 187 85 37 41 88
Cheyenne 28,281 2,052 1,323 2,189 608 1,104 193 285 708
Clear Creek 105 0 0 9 5 0 0 0 2
Conejos 19,348 1,132 420 1,705 650 760 111 184 906
Costilla 13,090 1,391 976 816 272 421 0 0 950
Crowley 44,582 396 276 1,004 403 283 0 0 366
Custer 3,909 303 35 346 177 118 0 0 55
Delta 32,925 1,322 958 2,235 935 922 71 308 669
Denver 1,287 5 3 62 20 0 27 0 39
Dolores 6,101 161 107 457 177 230 0 51 50
Douglas 17,021 159 87 851 398 255 96 102 393
Eagle 7,065 111 59 536 234 163 49 90 251
El Paso 26,586 413 112 1,568 644 439 0 0 569
Elbert 29,359 717 554 1,597 676 545 26 350 449
Fremont 10,119 131 17 647 341 177 0 0 171
Garfield 18,748 770 98 1,280 592 432 0 0 307
Gilpin 119 0 0 7 6 1 0 0 2
Grand 6,975 189 24 445 175 180 3 87 60
Gunnison 8,396 227 50 596 306 189 8 93 101
Hinsdale 474 11 0 36 19 12 0 6 6
Huerfano 8,035 171 47 564 337 138 0 89 144
Jackson 12,111 891 236 805 378 266 18 144 179
Jefferson 12,044 123 70 1,120 317 88 635 80 331
Kiowa 45,100 1,562 1,568 1,811 696 756 213 146 493
Kit Carson 151,045 8,461 5,107 6,820 1,779 3,159 1,217 664 3,793
La Plata 14,652 696 243 1,131 561 436 10 124 274
Lake 610 5 9 35 24 7 0 3 6
Larimer 77,671 2,551 1,472 3,834 1,394 1,581 279 580 1,277
Las Animas 18,029 350 183 1,388 711 423 0 253 321
Lincoln 40,953 1,558 1,464 2,372 1,077 1,014 19 262 535
Logan 244,214 5,281 3,334 5,283 2,042 2,332 291 619 2,629
Mesa 41,524 1,771 1,016 2,247 941 947 116 244 696
Mineral 129 0 0 13 8 4 0 2 0
Moffat 16,515 402 422 907 416 369 0 0 189
Montezuma 17,706 1,047 206 1,294 564 528 23 179 199
Montrose 84,505 2,154 1,427 3,991 1,336 1,545 299 811 852
Morgan 337,637 7,464 3,633 5,553 2,096 2,652 229 575 4,255
Otero 80,936 1,693 1,784 2,253 894 962 143 255 723
Ouray 2,917 134 25 187 87 75 0 0 40
Park 3,090 82 9 400 201 129 12 59 57
Phillips 101,980 7,475 4,469 3,061 988 1,556 83 434 4,076
Pitkin 1,933 67 35 140 70 47 6 16 31
Prowers 122,711 2,585 1,948 4,071 1,116 1,931 582 442 1,179
Pueblo 30,388 1,253 1,002 1,669 732 604 38 295 649
Rio Blanco 10,600 438 125 908 432 342 6 128 160
Rio Grande 53,672 5,111 3,502 3,071 1,327 1,341 21 381 4,418
Routt 20,476 570 323 1,339 529 555 26 230 274
Saguache 38,615 4,572 1,735 2,050 827 869 8 346 2,297
San Juan 47 0 0 1 0 0 0 0 0
San Miguel 2,917 63 114 219 88 105 2 23 28
Sedgwick 42,892 2,887 1,685 2,395 626 1,092 12 666 1,287
Summit 1,280 34 0 87 40 30 0 18 14
Teller 1,207 9 0 85 54 17 0 0 25
Washington 80,890 5,933 3,124 4,596 1,532 2,491 151 421 2,506
Weld 1,002,474 16,502 12,000 17,867 5,903 7,218 2,118 2,628 9,448
Yuma 449,579 18,071 9,419 7,028 1,986 3,584 492 967 11,457
All Other Counties 0 0 0 0 0 0 0 0 0
Colorado 3,725,343 124,307 74,701 121,592 42,949 51,206 10,970 16,467 68,478
Source: 1997 Census of Agriculture A6

Table prepared by James Leeper, Colorado Dept of Agriculture, May 2003.




Table A-3.2a: Crop Enterprise Budgets for 2001 each crop (ranked within crop category by EFP$ as % of total direct costs per acre)

Crop i Region (Crop Type) Irrigated or EFP$ | EFP% | Unit Price Yield Value EFP Costs ($/acre) EFP$ EFP$ as Custom

H dryland? rank rank ($/unit)  (unit/ac)  ($/acre) Eneray: Energy: (total % of Total Oper-
i I o gy: : per-
: (per (per Fertilizer * | Pesticide Irrigation Fuel & costs/ Direct ations *
| acre) | acre) Lube acre) Costs/Ac

Alfalfa iWestern Region (establish alfalfa)  flood irrigation 3 1 ton $0.00 0 $0.00 $78.00 $0.00 $0.00 $12.40| $90.40 43.4%

Alfalfa ‘NE Colorado pump irrigation 1 1 ton $100.00 6.75 $675.00 $38.25 $32.25 $72.50 $20.79| $163.79 41.7%

Alfalfa IWestern Colorado flood irrigation 3 3 ton  $100.00 3.25 $325.00 $24.50 $36.04 $0.00 $13.38| $73.92 32.2%

Alfalfa iNorthern Colorado flood irrigation 4 5 ton  $100.00 5 $500.00 $34.80 $13.30 $0.00 $2.81| $50.91 19.3% | $80.00

Alfalfa iSE Colorado - Arkansas Valley flood irrigation 4 5 ton $100.00 4.5 $450.00 $17.60 $8.59 $0.00 $25.62| $51.81 17.6% |$113.19

Alfalfa :San Luis Valley flood irrigation 4 5 ton  $100.00 4.15 $415.00 $13.00 $8.59 $0.00 $25.62| $47.21 17.0% [$101.00

Barley _ ISanluisvalley __ _ __ _  __ _pumpirigation | 3 _ 1 1 | bu_ $2.80 120 _ $336.00] _$29.60 _ $14.66 _ $40.00 _ $6.81| $91.07 462% | |
i R bu& $2.80& 97 & $271.50 &

Barley iNorthem Colorado (barley & straw) flood irrigation 4 4 ton $50.00 1 $50.00 $25.00 $14.28 $0.00 $25.75| $65.03 26.4%

Beans 'NE Colorado (Kidney) pump irrigation 1 1 cwt $21.00 24 $504.00 $35.79 $97.10 $36.75 $19.08| $188.72 43.1%

Beans INE Colorado (Pinto) pump irrigation 2 2 cwt $19.00 23.1 $438.90 $24.79 $48.09 $35.75 $21.05| $129.68 39.1%

Beans Western Colorado (Pinto) flood irrigation 4 4 cwt $21.00 21 $441.00 $28.00 $21.10 $0.00 $15.45| $64.55 28.7% | $28.00

Beans :Northern Colorado (Pinto) flood irrigation 3 4 cwt $21.00 22 $462.00 $24.00 $33.00 $0.00  $31.45| $88.45 27.5%

Corn Grain :South Platte Valley pump irrigation 1 1 bu $2.15 179 $384.85 $69.68 $39.61  $50.08 $19.57| $178.94 40.4%

Corn Grain !NE Colorado pump irrigation 1 2 bu $2.15 185 $397.75 $49.94 $41.71  $50.90 $19.47| $162.02 39.0%

Corn Grain |Western Colorado flood irrigation 2 2 bu $2.15 160 $344.00 $78.00 $25.65 $0.00 $12.73| $116.38 36.7% | $42.80

Corn Grain iSE Colorado flood irrigation 2 2 bu $2.15 172 $369.80 $53.50 $48.04 $0.00 $28.89| $130.43 36.6% | $34.20

Corn Grain ;NE Colorado (No-till) dryland 4 3 bu $2.15 60 $129.00 $18.10 $26.04 $0.00 $12.01| $56.15 35.0%

Corn Grain !Northern Colorado flood irrigation 2 3 bu $2.15 175 $376.25 $71.00 $13.50 $0.00 $32.42| $116.92 31.5%

Corn Silage {Western Colorado flood irrigation 2 2 ton $22.00 22 $484.00 $78.00 $25.65 $0.00 $23.25| $126.90 38.6%

Corn Silage :Northern Colorado flood irrigation 2 3 ton $22.00 25 $550.00 $71.00 $13.50 $0.00  $36.61| $121.11 31.2%

Grass Hay :Western Colorado flood irrigation 4 1 ton $100.00 2.2 $220.00 $40.20 $0.00 $0.00 $5.83| $46.03 48.0%

Grass Hay 'Mountain Colorado flood irrigation 5 2 ton  $100.00 1.35 $135.00 $29.00 $0.00 $0.00 $5.83] $34.83 36.9%

Millet INE Colorado (Proso) dryland 5 4 cwt $4.00 28.5 $114.00 $9.80 $12.75 $0.00  $12.58| $35.13 28.1% $7.00

Milo iSE Colorado dryland 5 2 bu $1.80 23 $41.40 $6.30 $19.20 $0.00 $3.60] $29.10 39.0% | $19.44

Onions ‘Northern Colorado flood irrigation 1 5 cwt $12.40 345 $4,278.00 $90.00 $244.02 $0.00 $24.19| $358.21 19.9%

Onions Western Colorado flood irrigation 1 5 cwt $12.40 350 $4,340.00 $94.90 $162.99 $0.00 $14.03| $271.92 11.2%

[Potatoes__[San Luis Valley (Tablestock)____pumplimigation | 1 _ 3 | cwt___$9.30 318 _$2,957.40] $101.30 $132.40 _ $4500 _ $17.39] $296.09 31.4%_| $17.00]
'NE Colorado (Tablestock): Grades N $8.75 & 390 & $3412.50

Potatoes !A& B pump irrigation 1 4 cwt $2.00 30 & $60.00 $119.50 $271.08 $35.10 $78.43| $504.11 26.5%

Sugar Beets/NE Colorado pump irrigation 1 1 ton $23.85 26 $620.10 $43.30 $144.00 $78.00 $54.27| $319.57 41.8%

Sugar BeetsiSouth Platte River Valley pump irrigation 1 2 ton $23.85 24 $572.40 $65.00 $87.60 $65.00 $53.99| $271.59 39.9%

Sugar Beets;Northern Colorado flood irrigation 1 4 ton $32.00 23 $736.00 $66.00 $68.50 $0.00  $44.88| $179.38 28.7%

[Sunflowers iSE Colorado (O)_____________diyland __| 4 __1 | om _$8.30 1525 _ $12658| $1500 _ $30.25 __ $0.00 __ $8.27| $5352 44.6% | $18.80]

Suowers g e e | o a | TVso0 sa sl SO S4B s000 soow s o | |

[Sunflowers iNE Colorado (Oil) "~ "~ ~""" """ dryland _ [ 4 ""778 " |owt_ _$9.62 115 |~ $110.63[ _$1588 _ $26.82 _ $0.00 _ $20.04| $62.74 336% | _ "]

Sunflowers NE Colorado (Confection): Large & pump irrigation 2 3 cwt $16.00 & 15.75& $252.00 & $23.92 $35.77  $25.00 $17.06| $101.75 32.3%

Wheat !Northem Colorado (Winter Wheat) dryland 5 1 bu $2.75 30 $82.50 $22.80 $6.75 $0.00 $6.36| $35.91 45.4% | $13.00

Wheat ISan Luis Valley (Spring, Hard pump irrigation 2 1 bu $2.70 86.5 $233.55 $50.80 $14.66  $45.00 $6.82| $117.28 45.1%

Wheat Western Colorado (Winter Wheat) dryland 5 1 bu $2.75 18 $49.50 $12.71 $14.00 $0.00 $7.80| $34.51 43.6%

Wheat |2§ di‘c’gaﬁﬁ)(w'mer Wheat, dryland 5 5 | bu $2.75 485  $133.38] $14.55  $10.88  $0.00 $12.36| $37.79 33.3%

Wheat ISE Colorado (Winter Wheat) dryland 5 8 bu $2.75 315 $86.63 $13.75 $0.00 $0.00 $5.15| $18.90 30.1% | $18.96

Wheat INE Colorado (Winter,Conv. dryland 5 4 bu $2.75 435 $119.63 $14.11 $6.25 $0.00 $12.43| $32.79 29.6%

Wheat NE Colorado (Winter Wheat) pump irrigation 4 5) bu $2.75 57 $156.75 $12.80 $0.00  $20.25  $13.94| $46.99 20.4%

EFP$ rankings -- 5 (low): EFP$ < $40; 4: $40 < EFP$ < $70; 3: $70 < EFP$ < $100; 4: $100 < EFP$ < $150; 1 (high): EFP$ > $150.

EFP% (of total direct costs) rankings -- 5 (low): EFP% < 25%; 4: 25% < EFP% < 30%; 3: 300% < EFP% < 35%; 2: 35% < EFP% < 40%; 1 (high): EFP% > 40%. 'AVERAGES': ------ >[$120.81 | 33.7% |

* Fertilizer and Pesticide costs INCLUDE the cost of custom applications. Custom Operations costs EXCLUDE such costs, but INCLUDE custom harvesting, etc.

Source of primary data: 2001 Crop Enterprise Budgets, CSU Cooperative Extension, Ag & Business Management Program, www.coop.ext.colorado.edu.

(unweighted by acreage)
Table prepared by James Leeper and David Carlson, February 2004.



Table A-3.2b: Crop Enterprise Budgets for 2001 ranked by EFP$ as % of total direct costs per acre)

Crop ! Region (Crop Type) Irrigated or dryland?| EFP$ | EFP% | Unit Price Yield Value EFP Costs ($/acre) EFP$ EFP$as % Custom
' rank [rank (per ($/unit)  (unit/ac) ($/acre) Energy: Energy: (total of Total Opera-
! (per acre) Fertilizer * | Pesticide * Lo Fuel & costs/ Direct tions *
! acre) Irrigation Lube acre) Costs/Ac
Grass Hay !Western Colorado flood irrigation 4 1 ton  $100.00 2.2 $220.00 $40.20 $0.00 $0.00 $5.83| $46.03 48.0%
Barley 1San Luis Valley pump irrigation 3 1 bu $2.80 120 $336.00 $29.60 $14.66 $40.00 $6.81( $91.07 46.2%
Wheat !Northern Colorado (Winter Wheat) dryland 5 1 bu $2.75 30 $82.50 $22.80 $6.75 $0.00 $6.36[ $35.91 454% | $13.00
Wheat 'San Luis Valley (Spring, Hard Red)  pump irrigation 2 1 bu $2.70 86.5 $233.55 $50.80 $14.66  $45.00 $6.82| $117.28 45.1%
Sunflowers !SE Colorado (Qil) dryland 4 1 cwt $8.30 15.25 $126.58 $15.00 $30.25 $0.00 $8.27| $53.52 44.6% | $18.80
Wheat ‘Western Colorado (Winter Wheat) dryland 5 1 bu $2.75 18 $49.50 $12.71 $14.00 $0.00 $7.80( $3451 43.6%
Alfalfa 1Western Region (establishing) flood irrigation 3 1 ton $0.00 0 $0.00 $78.00 $0.00 $0.00 $12.40| $90.40 43.4%
Beans 'NE Colorado (Kidney) pump irrigation 1 1 cwt $21.00 24 $504.00 $35.79 $97.10 $36.75  $19.08 $188.72 43.1%
Sugar Beets:NE Colorado pump irrigation 1 1 ton $2385 26 $620.10 $43.30  $144.00 $78.00  $54.27| $319.57 41.8%
Alfalfa iNE Colorado pump irrigation 1 1 ton  $100.00 6.75 $675.00 $38.25 $32.25 $7250  $20.79| $163.79 41.7%
Corn Grain 1South Platte Valley pump irrigation 1 1 bu $2.15 179 $384.85 $69.68 $39.61 $50.08  $19.57| $178.94 40.4%
Sugar Beets|South Platte River Valley pump irrigation 1 2 ton $2385 24 $572.40 $65.00 $87.60 $65.00  $53.99( $271.59 39.9%
Beans 'NE Colorado (Pinto) pump irrigation 2 2 cwt $19.00 23.1 $438.90 $24.79 $48.09 $35.75  $21.05( $129.68 39.1%
Corn Grain |NE Colorado pump irrigation 1 2 bu $2.15 185 $397.75 $49.94 $41.71 $50.90 $19.47| $162.02 39.0%
Milo SE Colorado dryland 5 2 bu $1.80 23 $41.40 $6.30 $19.20 $0.00 $3.60( $29.10 39.0% $19.44
Corn Silage |Western Colorado flood irrigation 2 2 ton $22.00 22 $484.00 $78.00 $25.65 $0.00  $23.25| $126.90 38.6%
Grass Hay :Mountain Colorado flood irrigation 5 2 ton  $100.00 1.35 $135.00 $29.00 $0.00 $0.00 $5.83| $34.83 36.9%
Corn Grain |Western Colorado flood irrigation 2 2 bu $2.15 160 $344.00 $78.00 $25.65 $0.00 $12.73| $116.38 36.7% | $42.80
Corn Grain iSE Colorado flood irrigation 2 2 bu $2.15 172 $369.80 $53.50 $48.04 $0.00 $28.89| $130.43 36.6% | $34.20
Sunflowers Egi;florado (Confection): Large & dryland 3 , | owt $16'§§_ 0% 8'51_ 4& $12:£(_J 4% $16.90  $34.38  $0.00 $20.04| $71.32 35.9%
Corn Grain 'NE Colorado (No-till) dryland 4 3 bu $2.15 60 $129.00 $18.10 $26.04 $0.00 $12.01| $56.15 35.0%
Sunflowers NE Colorado (Oil) dryland 4 3 cwt $9.62 11.5 $110.63 $15.88 $26.82 $0.00 $20.04| $62.74 33.6%
Wheat \NE Colorado (Winter Wheat, dryland 5 3 bu $2.75 485 $133.38 $14.55 $10.88 $0.00 $12.36| $37.79 33.3%
Sunflowers Igi;florado (Confection): Large & | 1 irigation 5 5 | owt $16'§§_ 0% 155'_7255& $25§£95% $23.92  $3577 $25.00 $17.06| $101.75 32.3%
Alfalfa iWestern Colorado flood irrigation 3 3 ton  $100.00 3.25 $325.00 $24.50 $36.04 $0.00 $13.38| $73.92 32.2%
Corn Grain 'Northern Colorado flood irrigation 2 3 bu $2.15 175 $376.25 $71.00 $13.50 $0.00 $32.42| $116.92 31.5%
Potatoes  |San Luis Valley (Tablestock) pump irrigation 1 3 cwt $9.30 318 $2,957.40 $101.30  $132.40 $45.00 $17.39| $296.09 31.4% | $17.00
Corn Silage !Northern Colorado flood irrigation 2 3 ton $22.00 25 $550.00 $71.00 $13.50 $0.00 $36.61| $121.11 31.2%
Wheat |SE Colorado (Winter Wheat) dryland 5 3 bu $2.75 31.5 $86.63 $13.75 $0.00 $0.00 $5.15[ $18.90 30.1% | $18.96
Wheat NE Colorado (Winter,Conv. Tillage) dryland 5 4 bu $2.75 435 $119.63 $14.11 $6.25 $0.00 $12.43| $32.79 29.6%
Sugar Beets |Northern Colorado flood irrigation 1 4 ton $32.00 23 $736.00 $66.00 $68.50 $0.00  $44.88| $179.38 28.7%
Beans Western Colorado (Pinto) flood irrigation 4 4 cwt $21.00 21 $441.00 $28.00 $21.10 $0.00 $15.45| $64.55 28.7% $28.00
Millet INE Colorado (Proso) dryland 5 4 cwt $4.00 28.5 $114.00 $9.80 $12.75 $0.00 $12.58| $35.13 28.1% $7.00
Beans iNorthern Colorado (Pinto) flood irrigation 3 4 cwt $21.00 22 $462.00 $24.00 $33.00 $0.00 $31.45| $88.45 27.5%
Potatoes !NE Colorado (Tablestock): Grades pump irrigation 1 4 cwt  $8.75 & 390 &  $3412.50[ $119.50 $271.08 $35.10 $78.43( $504.11 26.5%
Barley iNorthern Colorado (barley & straw)  flood irrigation 4 4 bu& $280& 97 & $271.50& $25.00 $14.28 $0.00 $25.75| $65.03 26.4%
\ ton $50.00 1 $50.00 ) ) ) ) ) )
Wheat iNE Colorado (Winter Wheat) pump irrigation 4 5 bu $2.75 57 $156.75 $12.80 $0.00 $20.25  $13.94 $46.99 20.4%
Onions Northern Colorado flood irrigation 1 5 cwt $12.40 345 $4,278.00 $90.00  $244.02 $0.00 $24.19] $358.21 19.9%
Alfalfa 'Northern Colorado flood irrigation 4 5 ton  $100.00 5 $500.00 $34.80 $13.30 $0.00 $2.81| $50.91 19.3% | $80.00
Alfalfa 1SE Colorado - Arkansas Valley flood irrigation 4 5 ton  $100.00 4.5 $450.00 $17.60 $8.59 $0.00 $25.62| $51.81 17.6% |$113.19
Alfalfa iSan Luis Valley flood irrigation 4 5 ton  $100.00 4.15 $415.00 $13.00 $8.59 $0.00 $25.62| $47.21 17.0% |$101.00
Onions 'Western Colorado flood irrigation 1 5 cwt $12.40 350 $4,340.00 $94.90 $162.99 $0.00 $14.03| $271.92 11.2%
EFP$ rankings -- 5 (low): EFP$ < $40; 4: $40 < EFP$ < $70; 3: $70 < EFP$ < $100; 4: $100 < EFP$ < $150; 1 (high): EFP$ > $150.
EFP% (of total direct costs) rankings -- 5 (low): EFP% < 25%; 4: 25% < EFP% < 30%; 3: 300% < EFP% < 35%; 2: 35% < EFP% < 40%; 1 (high): EFP% > 40%. 'AVERAGES": ------- >| $120.81 | 33.7% |

* Fertilizer and Pesticide costs INCLUDE the cost of custom applications. Custom Operations costs EXCLUDE such costs, but INCLUDE custom harvesting, etc.

Source of primary data: 2001 Crop Enterprise Budgets, CSU Cooperative Extension, Ag & Business Management Program, www.coop.ext.colorado.edu.

(unweighted by acreage)

Table prepared by James Leeper and David Carlson, February 2004.




Table a-3.2c: Crop Enterprise Budgets for 2001 each crop (ranked within region by EFP$ as percent of total direct costs per acre)

Crop ' Region (Crop Type) Irrigated or EFP% | Unit Price Yield Value EFP Costs ($/acre) EFP$ EFP$ as Custom
I dryland? rank ($/unit)  (unit/ac)  ($/acre) B B Energy: Energy: (total % of Total Oper-
i (per Fertilizer * | Pesticide * Irrigation Fuel & costs/ Direct ations *
: acre) Lube acre) Costs/Ac
Alfalfa NE Colorado pump irrigation 1 ton  $100.00 6.75 $675.00 $38.25 $32.25  $72.50 $20.79| $163.79 41.7%
Beans INE Colorado (Kidney) pump irrigation 1 cwt $21.00 24 $504.00 $35.79 $97.10 $36.75 $19.08| $188.72 43.1%
Corn Grain iSouth Platte Valley pump irrigation 1 bu $2.15 179 $384.85 $69.68 $39.61  $50.08 $19.57| $178.94 40.4%
Sugar Beets!NE Colorado pump irrigation 1 ton $23.85 26 $620.10 $43.30 $144.00 $78.00 $54.27| $319.57 41.8%
Wheat 'Northern Colorado (Winter Wheat) dryland 1 bu $2.75 30 $82.50 $22.80 $6.75 $0.00 $6.36| $35.91 45.4% | $13.00
Beans INE Colorado (Pinto) pump irrigation 2 cwt $19.00 23.1 $438.90 $24.79 $48.09 $35.75 $21.05| $129.68 39.1%
Corn Grain iNE Colorado pump irrigation 2 bu $2.15 185 $397.75 $49.94 $41.71  $50.90 $19.47| $162.02 39.0%
Sugar BeetSiSOUIh Platte River Valley pump irrigation 2 ton $23.85 24 $572.40 $65.00 $87.60 $65.00 $53.99| $271.59 39.9%
\NE Colorado (Confection): Large & $16.00 & 8.1 & $129.60 & o
s Sunflowers iSmaII dryland 2 cwt $6.00 5.4 $32.40 $16.90 $34.38 $0.00 $20.04| $71.32 35.9%
€ |Corn Grain ;NE Colorado (No-till) dryland 3 bu $2.15 60 $129.00 $18.10 $26.04 $0.00 $12.01| $56.15 35.0%
% Corn Grain Northern Colorado flood irrigation 3 bu $2.15 175 $376.25 $71.00 $13.50 $0.00 $32.42| $116.92 31.5%
L:) Corn Silage !Northern Colorado flood irrigation 3 ton $22.00 25 $550.00 $71.00 $13.50 $0.00 $36.61| $121.11 31.2%
2 |sunflowers Egi;ﬁ'orado (Confection): Large & 1 irrigation 5 | owt $16'$?g oﬁ 155'7255& $25§3'2(_)5§ $23.92  $35.77 $25.00 $17.06| $101.75 32.3%
2 Sunflowers iNE Colorado (Oil) dryland 3 cwt $9.62 115 $110.63 $15.88 $26.82 $0.00 $20.04| $62.74 33.6%
§ |whear  iNE Colorado (Winter Wheat, dryland bu $2.75 485  $133.38| $14.55  $10.88  $0.00 $12.36| $37.79 33.3%
z !Reduced Till) 3
% Barley ENorthem Colorado (barley & straw) flood irrigation 4 btlcj)rf( $§5g00§ 971 & $27§5'2(.)0§ $25.00 $14.28 $0.00 $25.75| $65.03 26.4%
Z |Beans :Northern Colorado (Pinto) flood irrigation 4 cwt $21.00 22 $462.00 $24.00 $33.00 $0.00 $31.45| $88.45 27.5%
Millet INE Colorado (Proso) dryland 4 cwt $4.00 285 $114.00 $9.80 $12.75 $0.00 $12.58| $35.13 28.1% $7.00
Potatoes  |NE Colorado (Tablestock): Grades pump irrigation 4 cwt $8.75 & 390 & $3412.50| $119.50 $271.08 $35.10 $78.43| $504.11 26.5%
Sugar Beets:Northern Colorado flood irrigation 4 ton $32.00 23 $736.00 $66.00 $68.50 $0.00 $44.88| $179.38 28.7%
Wheat !NE Colorado (Winter,Conv. dryland 4 bu $2.75 435 $119.63 $14.11 $6.25 $0.00 $12.43| $32.79 29.6%
Alfalfa INorthern Colorado flood irrigation 5 ton $100.00 5 $500.00 $34.80  $13.30 $0.00 $2.81| $50.91 19.3% | $80.00
Onions iNorthern Colorado flood irrigation 5 cwt $12.40 345 $4,278.00 $90.00 $244.02 $0.00 $24.19| $358.21 19.9%
Wheat ‘NE Colorado (Winter Wheat) pump irrigation 5) bu $2.75 57 $156.75 $12.80 $0.00  $20.25  $13.94| $46.99 20.4%
-Lé Sunflowers !SE Colorado (Qil) dryland 1 cwt $8.30 15.25 $126.58 $15.00 $30.25 $0.00 $8.27| $53.52 44.6% | $18.80
5 |Corn Grain ISE Colorado flood irrigation 2 bu $2.15 172 $369.80 $53.50  $48.04 $0.00 $28.89| $130.43 36.6% | $34.20
g Milo |SE Colorado dryland 2 bu $1.80 23 $41.40 $6.30 $19.20 $0.00 $3.60| $29.10 39.0% | $19.44
w  |Wheat 'SE Colorado (Winter Wheat) dryland 8 bu $2.75 315 $86.63 $13.75 $0.00 $0.00 $5.15| $18.90 30.1% | $18.96
9 |Alfalfa 'SE Colorado - Arkansas Valley flood irrigation 5) ton  $100.00 4.5 $450.00 $17.60 $8.59 $0.00 $25.62| $51.81 17.6% [$113.19
" Barley ISan Luis Valley pump irrigation 1 bu $2.80 120 $336.00 $29.60 $14.66  $40.00 $6.81| $91.07 46.2%
3 % Wheat QEZZ)L”'S Valley (Spring, Hard pumpirrigaton 1 | bu  $2.70 865  $23355| $50.80  $14.66 $45.00  $6.82| $117.28 45.1%
c
3 > |Potatoes !San Luis Valley (Tablestock) pump irrigation 3 cwt $9.30 318  $2,957.40| $101.30 $132.40 $45.00 $17.39| $296.09 31.4% | $17.00
Alfalfa ISan Luis Valley flood irrigation 5 ton  $100.00 4.15 $415.00 $13.00 $8.59 $0.00 $25.62| $47.21 17.0% [$101.00
Alfalfa Western Region (establish alfalfa)  flood irrigation 1 ton $0.00 0 $0.00 $78.00 $0.00 $0.00 $12.40| $90.40 43.4%
S |Grass Hay iWestem Colorado flood irrigation 1 ton $100.00 2.2 $220.00 $40.20 $0.00 $0.00 $5.83| $46.03 48.0%
g Wheat ‘Western Colorado (Winter Wheat) dryland 1 bu $2.75 18 $49.50 $12.71 $14.00 $0.00 $7.80| $34.51 43.6%
S |Corn Grain !'Western Colorado flood irrigation 2 bu $2.15 160 $344.00 $78.00 $25.65 $0.00 $12.73| $116.38 36.7% | $42.80
g Corn Silage {Western Colorado flood irrigation 2 ton $22.00 22 $484.00 $78.00 $25.65 $0.00 $23.25| $126.90 38.6%
& |Grass Hay iMountain Colorado flood irrigation 2 ton  $100.00 1.35 $135.00 $29.00 $0.00 $0.00 $5.83| $34.83 36.9%
9 |Alfalfa ‘Western Colorado flood irrigation 3 ton $100.00 3.25 $325.00 $24.50 $36.04 $0.00 $13.38| $73.92 32.2%
= |Beans Western Colorado (Pinto) flood irrigation 4 cwt $21.00 21 $441.00 $28.00 $21.10 $0.00 $15.45| $64.55 28.7% | $28.00
Onions |Western Colorado flood irrigation 5 cwt $12.40 350 $4,340.00 $94.90 $162.99 $0.00 $14.03| $271.92 11.2%

EFP$ rankings -- 5 (low): EFP$ < $40; 4: $40 < EFP$ < $70; 3: $70 < EFP$ < $100; 4: $100 < EFP$ < $150; 1 (high): EFP$ > $150.
EFP% (of total direct costs) rankings -- 5 (low): EFP% < 25%; 4: 25% < EFP% < 30%; 3: 300% < EFP% < 35%; 2: 35% < EFP% < 40%; 1 (high): EFP% > 40%.

* Fertilizer and Pesticide costs INCLUDE the cost of custom applications. Custom Operations costs EXCLUDE such costs, but INCLUDE custom harvesting, etc.
Source of primary data: 2001 Crop Enterprise Budgets, CSU Cooperative Extension, Ag & Business Management Program, www.coop.ext.colorado.edu.

'AVERAGES': ------- >| $120.81 | 33.7%

(unweighted by acreage)
Table prepared by James Leeper and David Carlson, February 2004.




Table A-3.3: Energy and Agriculture in Colorado, 1978 Data Base, Summary by Operation

Operations Gasoline | Diesel Fuel Oil | LP Gas l_\lgt Gas Coal E_Ie_ctricity Inve_s;ed Energy To_ta_ll Energy | % Qf Total
(1000 gal) (1000 gal)| (1000 gal) (1000 gal) (million cu ft) (tons) | (million kwh) (billion Btus) | (billion Btus) ' Agriculture
Crops
Preplant 136 22527 0 78 0 0 0 0 3149 9.3%
Plant 1 4172 0 1 0 0 0 0 579 1.7%
Cultivate 77 3711 0 42 0 0 0 0 528 1.6%
Harvest 7029 11825 0 2524 0 0 0 0 2760 8.2%
Farm Pickup 14171 0 0 0 0 0 0 0 1771 5.3%
Fertilizer Application 33 1296 0 23 0 0 0 0 186 0.6%
Pesticide Application 55 1094 0 18 0 0 0 0 160 0.5%
Farm Truck 12131 35 0 0 0 0 0 0 1521 4.5%
Farm Auto-crops 13734 0 0 0 0 0 0 0 1717 5.1%
Grain Handling (vehicles) 283 0 0 0 0 0 0 0 35 0.1%
Grain Handling (machinery) 0 0 0 0 0 0 0 0 2 0.0%
Crop Drying (on-farm) 0 0 0 2447 0 0 2 0 240 0.7%
Irrigation 412 1482 0 1887 4814 0 409 0 6748 20.0%
Frost Protection 76 124 691 17 0 0 0 0 125 0.4%
Fertilizer 0 0 0 0 0 0 0 8192 8142 24.2%
Pesticides 0 0 0 0 0 0 0 489 489 1.5%
Electricity 0 0 0 0 0 0 29 0 100 0.3%
Miscellaneous 903 149 0 0 0 0 0 0 133 0.4%
Total-Crops 49042 46414 691 7037 4814 0 441 8631 28386 84.2%
Livestock
Lighting 0 0 0 0 0 0 54 N/A 185 0.5%
Feed Handling 3226 21019 0 1229 0 0 2 N/A 3443 10.2%
Waste Disposal (vehicles) 777 353 0 229 0 0 0 N/A 168 0.5%
Waste Disposal (machinery) 0 0 0 67 5 0 0 N/A 12 0.0%
Water Supply 0 0 0 0 0 0 5 N/A 16 0.0%
Livestock Handling 1007 16 0 284 0 0 0 N/A 155 0.5%
Space Heating 0 0 0 67 0 0 0 N/A 6 0.0%
Ventilation 0 0 0 0 0 0 6 N/A 20 0.1%
Water Heating 0 0 0 791 0 0 1 N/A 80 0.2%
Milking 0 0 0 0 0 0 7 N/A 23 0.1%
Milk Cooling 0 0 0 0 0 0 10 N/A 33 0.1%
Egg Handling 0 0 0 0 0 0 0 N/A 1 0.0%
Brooding 0 0 0 1193 76 95 0 N/A 194 0.6%
Farm Vehicles 4796 6 0 0 0 0 0 N/A 600 1.8%
Farm Auto-livestock 2216 0 0 0 0 0 0 N/A 277 0.8%
Other 694 137 0 0 0 0 2 N/A 113 0.3%
Total-Livestock 12716 21530 0 3860 81 95 87 N/A 5326 15.8%
Total Agriculture 61758 67944 691 10897 4895 95 528 8631 33712 100.0%

Source: Energy and U.S. Agriculture: 1974 and 1978, USDA
Table prepared by James Leeper, Colorado Dept of Agriculture, May 2003.
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Table A-3.4: Commercial and Private Agricultural Pesticide Applications by Site of Application

Crop or Site of Commercial Private Total

Application Acres Treated Oz. Applied = Acres Treated Oz. Applied | Acres Treated % of Total = Oz. Applied = % of Total
Corn grain 1,204,423 12,192,554 132,677 4,740,473 1,337,100 29.3% 16,933,027 32.1%
Potatoes 152,659 4,794,267 55,291 3,551,288 207,950 4.6% 8,345,555 15.8%
Wheat, Winter 1,326,905 5,962,385 110,042 878,331 1,436,947 31.5% 6,840,716 13.0%
Vegetables 114,018 1,477,994 67,494 1,917,893 181,512 4.0% 3,395,887 6.4%
Agquatic Sites 104,275 2,372,738 91 5,128 104,366 2.3% 2,377,866 4.5%
Sugarbeets 57,292 1,763,354 16,080 390,071 73,372 1.6% 2,153,425 4.1%
Dry Beans 155,870 1,826,034 11,690 314,687 167,560 3.7% 2,140,721 4.1%
Fallow or Idle 84,885 241,169 89,235 1,551,245 174,120 3.8% 1,792,414 3.4%
Alfalfa Hay 140,675 927,939 10,178 205,697 150,853 3.3% 1,133,636 2.1%
Roadsides 142,174 993,399 3,515 113,897 145,689 3.2% 1,107,296 2.1%
Corn Silage 41,006 404,255 12,174 551,981 53,180 1.2% 956,236 1.8%
Soybeans 71,433 790,177 550 14,888 71,983 1.6% 805,065 1.5%
Barley 60,223 564,632 9,720 199,158 69,943 1.5% 763,790 1.4%
Rangeland 117,404 711,979 61,200 47,488 178,604 3.9% 759,467 1.4%
Fruit Trees 610 10,808 5,754 613,922 6,364 0.1% 624,730 1.2%
Wheat, Spring 25,189 391,405 9,512 201,224 34,701 0.8% 592,629 1.1%
Sunflowers 39,726 499,497 2,623 70,155 42,349 0.9% 569,652 1.1%
Sorghum grain 49,747 424,863 2,209 52,437 51,956 1.1% 477,300 0.9%
Industrial Sites 5,451 242,274 1,704 48,642 7,155 0.2% 290,916 0.6%
Hay 6,232 180,358 3,084 27,014 9,316 0.2% 207,372 0.4%
Grasses 5,606 45,683 8,848 77,020 14,454 0.3% 122,703 0.2%
CRP 5,474 68,896 2,490 21,390 7,964 0.2% 90,286 0.2%
Oats 7,420 42,587 1,066 36,822 8,486 0.2% 79,409 0.2%
Sumac Cane 0 0 215 69,120 215 0.0% 69,120 0.1%
Sorghum Silage 11,398 43,961 1,199 11,017 12,597 0.3% 54,978 0.1%
Millet 3,359 13,556 1,502 18,272 4,861 0.1% 31,828 0.1%
Trees 20 10 52 15,392 72 0.0% 15,402 0.0%
Livestock 2,357 9,440 507 2,152 2,864 0.1% 11,592 0.0%
Clover 294 4,853 64 2,048 358 0.0% 6,901 0.0%
Seed 1,838 2,168 146 2,976 1,984 0.0% 5,144 0.0%
Sewer Lines 387 4,208 0 0 387 0.0% 4,208 0.0%
Forest 41 704 1,025 1,778 1,066 0.0% 2,482 0.0%
Irrigation Ditches 0 0 35 1,584 35 0.0% 1,584 0.0%
Individual Weeds 0 0 970 1,184 970 0.0% 1,184 0.0%
Pumpkins 120 720 0 0 120 0.0% 720 0.0%
Flowers 0 0 18 640 18 0.0% 640 0.0%
Canola 32 514 0 0 32 0.0% 514 0.0%
Rye 0 0 75 501 75 0.0% 501 0.0%
Safflower 10 305 0 0 10 0.0% 305 0.0%
Fields 0 0 20 256 20 0.0% 256 0.0%
Sudan 0 0 4 32 4 0.0% 32 0.0%
Corrals 24 7 0 0 24 0.0% 7 0.0%
Christmas Trees 0 0 10 5 10 0.0% 5 0.0%
Sums: 3,938,577 37,009,693 623,069 15,757,806 4,561,646 100% 52,767,499 100%
Grains 2,729,670 20,040,198 280,176 6,690,216 3,009,846 66.0% 26,730,414 50.7%
Other Crops 830,874 12,584,200 264,834 8,750,377 1,095,708 24.0% 21,334,577 40.4%
Other Agriculture 224,101 3,094,868 62,868 58,135 286,969 6.3% 3,153,003 6.0%
Other 153,932 1,290,427 15,191 259,079 169,123 3.7% 1,549,506 2.9%
Total 3,938,577 37,009,693 623,069 15,757,806 4,561,646 100.0% 52,767,499 100.0%

Original data compiled by Dr. Sandra McDonald, Department of Bioagricultural Sciences and Pest Management, Colorado State University, 1997.
Data compiled by Alyson Matti, Research Assistant, Colorado Department of Agriculture, Resource Analysis Section, August 2001.
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Table A-3.5: Amount of Pesticides Applied to Target Pests

Rank Target Pest Oz. Applied Rank Target Pest Oz. Applied
1 [Kochia 3,439,176 71 |Root Maggot 24,716
2 |Foxtails 3,263,117 72 |Mexican Bean Beetle 24,707
3 |Pigweed 3,202,862 73 |White Mold 23,312
4 |Early Blight 3,128,443 74 |Spot Blotch 23,312
5 [Mosquitos 2,161,670 75 |Bareground 23,237
6 [Rootworm 1,459,836 76 |Leafhopper 22,705
7 |Tansy Mustard 1,229,651 77 |Purple Blotch 20,880
8 |Lambsquarters 1,203,302 78 |Aquatic Algae 20,832
9 |[Russian Wheat Aphid 1,153,962 79 |Loopers 19,596
10 |Spidermites 1,091,209 80 [Brush 16,773
11 |Powdery Mildew 1,059,954 81 [Halo Blight 16,220
12 |Aphids 918,450 82 [Filamentous Green Algae 15,696
13 |Russian Thistle 891,277 83 |Yellow Nutsedge 13,307
14 |Nightshade 840,527 84 [Pennycress 13,101
15 [Sunflower 694,082 85 |Earworm 12,104
16 |Blue Mustard 647,052 86 |[Purple Top 11,667
17 |Canada Thistle 642,276 87 |Proso Millet 11,626
18 |Mites 557,480 88 [Spotted Knapweed 10,324
19 |Bindweed 490,297 89 [Bacterial Leaf Spot 10,210
20 (Psyllid 476,855 90 |Perennial Pepperweed 9,600
21 [Rhizoctonia Root Rot 439,328 91 |White Top 9,506
22 |Alfalfa Weevil 420,535 92 |Colorado Potato Beetle 8,901
23 |Grasshopper 418,924 93 |Box Elder Bugs 8,777
24 |Bacterial Blight 369,648 94 |Wild Proso 8,646
25 |WBC/Other Cutworms 346,999 95 |Yellow Mustard 6,438
26 [(Downy Mildew 308,862 96 |Toad Flax Weed 5,083
27 |All Vegetation & Foliage 307,697 97 |Coryneum Blight 4,752
28 |Brown Wheat Mite 295,042 98 |Leaf Blotch 4,320
29 |(Bacterial Leaf Blight 262,668 99 |Broom Snakeweed 3,821
30 (Downy Brome 258,519 100 |Other Aphids 3,134
31 |Sandbur 201,016 101 {Unknown Pest 2,729
32 [European Corn Borer 200,984 102 |Wild Buckwheat 2,685
33 |Banks Grass Mite 181,071 103 (Dwarf Bunt 2,528
34 [Harvester Ant 173,641 104 |Evening Primrose 2,208
35 |Blight 166,023 105 |Dodder 1,952
36 [Johnsongrass 162,148 106 |Stink Grass 1,883
37 |[Leafy Spurge 148,839 107 |Codling Moth 1,600
38 [Alfalfa Caterpillar 139,360 108 |Horse Tail 1,600
39 [Late Blight 138,186 109 |Beet Webworm 1,568
40 |Blue Mold 126,608 110 |Henbit 1,517
41 |Musk Thistle 126,020 111 |Brown Leaf Spot 1,464
42 |Barnyard Grass 122,920 112 |Venice Mallow 1,354
43 |Quackgrass 120,667 113 |Russian Olive 1,354
44 |Cutworm 104,252 114 |Peach Twig Borer 1,232
45 |Hoary Cress 102,823 115 |Botryfis Neckrot 960
46 |Rust 99,946 116 |Grainbug 944
47 |Thrips 99,532 117 |Oriental Fruit Moth 912
48 |Sagebrush 87,224 118 |Cocklebur 808
49 |Shattercane 82,051 119 [Puncturevine 765
50 [Dalmation Toadflax 81,992 120 |Seedling Blight 600
51 [Cercospora Leaf Spot 79,914 121 |Sap Beetle 437
52 |Wild Oat 77,460 122 |Volunteer Wheat 400
53 [Sandburn Grass 75,439 123 |Septoria Leaf Blotch 256
54 [Russian Knapweed 69,252 124 |Fleabeetle 246
55 |[Diffuse Knapweed 67,059 125 |Blister Beetle 240
56 |Smooth Brome 63,415 126 (Peach Crown Borer 145
57 [Sago Pond Weed 58,881 127 |Loose Smut 116
58 |Corn 57,424 128 [Hemlock 84
59 [Flies 50,088 129 |EIm 71
60 |Velvetleaf 47,459 130 [Cattails 64
61 |Wireworms 45,288 131 (Willows 64
62 [Headmoth 39,056 132 |Lygus Bugs 62
63 [Witchgrass 38,643 133 |Red Stem Filaree 37
64 (Webworm 35,168 134 |Pear Psylla 24
65 |Corn Earworm 34,650 135 [Salt Cedar 21
66 |Southwestern Corn Borer 30,148 136 [Cold Water Pond Weed 16
67 |Army Cutworm 29,539 137 |Common Reed Grass 8
68 [Yellow Toad Flax 29,095 138 |Purple Loosestrife 8
69 [Volunteer Barley 28,544 No Target Pest 942,150
70 |All Weeds 25,762 Total 37,009,693

Original data compiled by Dr. Sandra McDonald, Department of Bioagricultural Sciences and Pest Management, Colorado State University, 1997.
Data compiled by Alyson Matti, Research Assistant, Colorado Department of Agriculture, Resource Analysis Section, August 2001.
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Table A-4.1a: Selected Crop Residues in Colorado by County in 2001

Crop: Corn Sorghum Wheat
Gross Crop Residue: 50 Ibs/bu 50 Ibs/bu 100 Ibs/bu
Crop Residue Reserve: 2,000 Ibs/acre 2,000 Ibs/acre 1,000 Ibs/acre
Total Gross T otal Total Gross T otal Total Gross T otal
. . Maximum Net . ) Maximum Net ) ) Maximum Net
1 Harvested Yield Irrigated Crop : Harvested Yield Irrigated Crop : Harvested Yield Irrigated Crop :
County . Available Crop . Available Crop ) Available Crop
Residue . Residue . Residue .
Residue Residue Residue
acres bu/acre tons tons acres bu/acre tons tons acres bu/acre tons tons

Adams 5,000 173.0 21,625 6,650 600 63.5 953 141 2,900 35.0 5,075 1,450
Alamosa 0 0.0 0 0 0 0.0 0 0 6,200 104.0 32,240 11,656
Arapahoe 1,000 155.0 3,875 1,150 0 0.0 0 0 2,500 28.5 3,563 925
Baca 24,000 184.0 110,400 34,560 12,500 67.5 21,094 3,438 20,500 55.0 56,375 18,450
Bent 9,000 120.0 27,000 7,200 3,800 84.0 7,980 1,672 2,600 65.5 8,515 2,886
Boulder 4,000 115.0 11,500 3,000 0 0.0 0 0 2,300 40.0 4,600 1,380
Cheyenne 13,000 152.5 49,563 14,625 500 80.0 1,000 200 5,000 415 10,375 3,150
Conejos 0 0.0 0 0 0 0.0 0 0 900 89.0 4,005 1,422
Costilla 0 0.0 0 0 0 0.0 0 0 4,300 97.5 20,963 7,525
Crowley 1,500 1335 5,006 1,403 1,600 69.0 2,760 464 0 0.0 0 0
Delta 3,000 148.5 11,138 3,255 0 0.0 0 0 300 106.5 1,598 579
Dolores 0 0.0 0 0 0 0.0 0 0 1,000 73.0 3,650 1,260
Kiowa 1,000 150.0 3,750 1,100 600 61.5 923 129 3,000 60.5 9,075 3,030
Kit Carson 100,000 152.5 381,250 112,500 600 63.5 953 141 26,000 40.5 52,650 15,860
La Plata 0 0.0 0 0 0 0.0 0 0 0 0.0 0 0
Larimer 10,000 141.0 35,250 10,100 400 75.0 750 140 2,500 61.0 7,625 2,550
Las Animas 500 120.0 1,500 400 0 0.0 0 0 0 0.0 0 0
Lincoln 3,000 138.5 10,388 2,955 1,100 66.5 1,829 292 500 34.0 850 240
Logan 50,000 159.0 198,750 59,500 0 0.0 0 0 8,300 40.5 16,808 5,063
Mesa 2,000 147.5 7,375 2,150 0 0.0 0 0 2,600 1085 14,105 5,122
Montezuma 1,000 150.0 3,750 1,100 0 0.0 0 0 1,000 90.0 4,500 1,600
Montrose 9,000 162.0 36,450 10,980 0 0.0 0 0 1,400 88.0 6,160 2,184
Morgan 75,000 186.5 349,688 109,875 700 80.0 1,400 280 14,900 53.0 39,485 12,814
Otero 16,000 172.0 68,800 21,120 2,100 78.5 4,121 809 4,700 70.0 16,450 5,640
Phillips 65,000 185.5 301,438 94,575 0 0.0 0 0 2,500 63.5 7,938 2,675
Prowers 14,000 178.5 62,475 19,390 7,800 82.0 15,990 3,276 16,200 63.0 51,030 17,172
Pueblo 5,000 208.0 26,000 8,400 0 0.0 0 0 1,000 50.0 2,500 800
Rio Grande 0 0.0 0 0 0 0.0 0 0 8,600 103.0 44,290 15,996
Saguache 0 0.0 0 0 0 0.0 0 0 7,700 98.5 37,923 13,629
Sedgwick 31,000 167.0 129,425 39,370 0 0.0 0 0 3,100 61.5 9,533 3,193
Washington 22,000 174.0 95,700 29,480 200 70.0 350 60 3,900 395 7,703 2,301
Weld 105,000 1715 450,188 138,075 500 68.0 850 140 17,400 53.5 46,545 15,138
Yuma 195,000 194.5 948,188 301,275 0 0.0 0 0 12,700 60.5 38,418 12,827
Totals 765,000 175.0 3,350,469 1,034,188 33,000 74.0 60,951 11,181 186,500 60.5 564,543 188,517

* Counties with no irrigated acreage for the selected crops are not displayed for brevity.

Source: 2001 Agricultural Statistics

Table prepared by James Leeper, Colorado Dept of Agriculture, May 2003.
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Table A-4.1b: Selected Crop Residues in Colorado by County in 2001

Crop: Barley Oats
Gross Crop Residue: 100 Ibs/bu 100 Ibs/bu
Crop Residue Reserve: 1,000 Ibs/acre 1,000 Ibs/acre
Total Gross MaXiTn”CI)LtJ?IL Net Total Gross MaXiTn”CI)LtJ?IL Net Total Gross Irrigated Total Maximum Net
1 Harvested Yield Irrigated Crop : Harvested Yield Irrigated Crop : Crop Residue for all Available Crop
County . Available Crop . Available Crop .
Residue . Residue . Crops Residue for all Crops
Residue Residue
acres bu/acre tons tons acres bu/acre tons tons tons tons
Adams 300 53.5 803 261 0 0.0 0 0 28,455 8,502
Alamosa 11,000 121.0 66,550 24,420 1,700 725 6,163 2,125 104,953 38,201
Arapahoe 0 0.0 0 0 0 0.0 0 0 7,438 2,075
Baca 0 0.0 0 0 400 75.0 1,500 520 189,369 56,968
Bent 0 0.0 0 0 200 75.0 750 260 44,245 12,018
Boulder 800 87.5 3,500 1,240 0 0.0 0 0 19,600 5,620
Cheyenne 0 0.0 0 0 500 70.0 1,750 600 62,688 18,575
Conejos 8,000 116.5 46,600 17,040 3,000 935 14,025 5,010 64,630 23,472
Costilla 6,000 106.5 31,950 11,580 1,300 73.0 4,745 1,638 57,658 20,743
Crowley 0 0.0 0 0 0 0.0 0 0 7,766 1,867
Delta 200 80.0 800 280 700 80.0 2,800 980 16,335 5,094
Dolores 0 0.0 0 0 0 0.0 0 0 3,650 1,260
Kiowa 0 0.0 0 0 0 0.0 0 0 13,748 4,259
Kit Carson 400 47.5 950 300 400 75.0 1,500 520 437,303 129,321
La Plata 0 0.0 0 0 500 80.0 2,000 700 2,000 700
Larimer 2,200 86.5 9,515 3,366 200 90.0 900 320 54,040 16,476
Las Animas 0 0.0 0 0 0 0.0 0 0 1,500 400
Lincoln 0 0.0 0 0 0 0.0 0 0 13,066 3,487
Logan 0 0.0 0 0 0 0.0 0 0 215,558 64,563
Mesa 200 65.0 650 220 0 0.0 0 0 22,130 7,492
Montezuma 0 0.0 0 0 1,500 96.0 7,200 2,580 15,450 5,280
Montrose 1,100 1125 6,188 2,255 2,300 78.5 9,028 3,151 57,825 18,570
Morgan 200 100.0 1,000 360 1,500 84.0 6,300 2,220 397,873 125,549
Otero 0 0.0 0 0 1,000 90.0 4,500 1,600 93,871 29,169
Phillips 0 0.0 0 0 0 0.0 0 0 309,375 97,250
Prowers 0 0.0 0 0 0 0.0 0 0 129,495 39,838
Pueblo 0 0.0 0 0 200 75.0 750 260 29,250 9,460
Rio Grande 19,000 126.5 120,175 44,270 600 76.5 2,295 798 166,760 61,064
Saguache 14,000 1215 85,050 31,220 900 735 3,308 1,143 126,280 45,992
Sedgwick 0 0.0 0 0 0 0.0 0 0 138,958 42,563
Washington 0 0.0 0 0 0 0.0 0 0 103,753 31,841
Weld 9,300 97.0 45,105 16,182 300 86.5 1,298 459 543,985 169,994
Yuma 0 0.0 0 0 800 69.0 2,760 944 989,365 315,046
Totals 73,000 115.0 418,835 152,994 18,000 81.5 73,570 25,828 4,468,368 1,412,707

* Counties with no irrigated acreage for the selected crops are not displayed for brevity.

Source: 2001 Agricultural Statistics
Table prepared by James Leeper, Colorado Dept of Agriculture, May 2003.
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Table A-5.1a: Confined Animal Feeding Operations (CAFO) in Colorado

Beef Beef (+Dairy) Dairy

Average # Average # Average #

County # of # of % of Animals # of # of % of Animals # of # of % of Animals
Animals | Operations Reporting per Animals | Operations Reporting per Animals | Operations Reporting per

Operation Operation Operation
Weld 642,450 43 86% 14941 1,900 1 100% 1900 41,216 48 29% 859
Yuma 366,000 25 92% 14640 0 0 5,020 3 100% 1673
Phillips 35,000 4 100% 8750 0 0 0 1 0% 0
Larimer 31,100 10 100% 3110 0 0 7,450 16 25% 466
Morgan 172,000 14 79% 12286 0 0 9,771 6 67% 1629
Kit Carson 63,000 10 70% 6300 0 0 0 1 0% 0
Logan 141,300 11 73% 12845 0 0 0 0
Sedgwick 12,500 4 75% 3125 0 0 0 0
Prowers 127,000 5 100% 25400 0 0 0 0
Baca 99,000 5 80% 19800 0 0 0 0
Otero 76,700 9 89% 8522 0 0 0 0
Delta 11,000 2 100% 5500 0 0 750 5 20% 150
Bent 30,000 1 100% 30000 0 0 0 0
Boulder 0 2 0% 0 0 0 0 5 0% 0
Kiowa 0 0 0 0 0 0
Montrose 18,500 4 100% 4625 0 0 950 3 33% 317
Pueblo 5,000 4 75% 1250 0 0 0 0
Mesa 1,800 1 100% 1800 0 0 0 2 0% 0
Washington 10,500 3 67% 3500 0 0 0 0
Adams 0 1 0% 0 0 0 0 2 0% 0
Fremont 0 0 0 0 0 3 0% 0
Arapahoe 5,000 2 50% 2500 0 0 0 0
Crowley 58,000 2 100% 29000 0 0 0 0
Chaffee 0 0 0 0 0 1 0% 0
Cheyenne 0 0 0 0 0 0
El Paso 0 0 0 0 0 1 0% 0
Elbert 0 0 0 0 0 0
Garfield 2,500 1 100% 2500 0 0 0 0
Alamosa 0 0 0 0 0 0
Archuleta 0 0 0 0 0 0
Clear Creek 0 0 0 0 0 0
Conejos 0 0 0 0 0 0
Costilla 0 0 0 0 0 0
Custer 0 0 0 0 0 0
Denver 0 0 0 0 0 0
Dolores 0 0 0 0 0 0
Douglas 0 0 0 0 0 0
Eagle 0 0 0 0 0 0
Gilpin 0 0 0 0 0 0
Grand 0 0 0 0 0 0
Gunnison 0 0 0 0 0 0
Hinsdale 0 0 0 0 0 0
Huerfano 0 0 0 0 0 0
Jackson 0 0 0 0 0 0
Jefferson 0 0 0 0 0 0
La Plata 0 0 0 0 0 0
Lake 0 0 0 0 0 0
Las Animas 0 0 0 0 0 0
Lincoln 0 0 0 0 0 0
Mineral 0 0 0 0 0 0
Moffat 0 0 0 0 0 0
Montezuma 0 0 0 0 0 0
Ouray 0 0 0 0 0 0
Park 0 0 0 0 0 0
Pitkin 0 0 0 0 0 0
Rio Blanco 0 0 0 0 0 0
Rio Grande 0 0 0 0 0 0
Routt 0 0 0 0 0 0
Saguache 0 0 0 0 0 0
San Juan 0 0 0 0 0 0
San Miguel 0 0 0 0 0 0
Summit 0 0 0 0 0 0
Teller 0 0 0 0 0 0
Totals 1,908,350 163 84% 11708 1,900 1 100% 1900 65,157 97 28% 672

Source: Water Quality Control Division, Colorado Department of Public Health and Environment
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Table A-5.1b: Confined Animal Feeding Operations (CAFO) in Colorado

Lambs

Poultry

Sheep

County

# of
Animals

# of %
Operations ' Reporting

Average #
of Animals
per
Operation

# of
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# of %
Operations ' Reporting

Average #
of Animals
per
Operation

# of
Animals

Average #
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Source: Water Quality Control Division, Colorado Department of Public Health and Environment
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Table A-5.1c: Confined Animal Feeding Operations (CAFO) in Colorado

Hogs Unknown County Totals

Average # Average # Average #

County # of # of % of Animals # of # of % of Animals # of # of % of Animals
Animals | Operations Reporting per Animals | Operations Reporting per Animals | Operations Reporting per

Operation Operation Operation
Weld 0 0 0 6 0% 0 745,566 105 50% 7101
Yuma 245,350 18 44% 13631 0 0 616,370 47 72% 13114
Phillips 276,300 25 52% 11052 0 0 311,300 30 57% 10377
Larimer 0 0 0 0 38,550 26 54% 1483
Morgan 0 0 0 1 0% 0 181,771 21 71% 8656
Kit Carson 78,960 8 63% 9870 0 0 141,960 19 63% 7472
Logan 0 0 0 7 0% 0 141,300 18 44% 7850
Sedgwick 80,307 11 45% 7301 0 1 0% 0 92,807 16 50% 5800
Prowers 66,049 7 43% 9436 0 0 193,049 12 67% 16087
Baca 32,260 4 50% 8065 0 0 131,260 9 67% 14584
Otero 0 0 0 0 76,700 9 89% 8522
Delta 0 0 0 1 0% 0 11,750 8 38% 1469
Bent 30,000 6 0% 5000 0 0 60,000 7 14% 8571
Boulder 0 0 0 0 0 7 0% 0
Kiowa 39,736 7 71% 5677 0 0 39,736 7 71% 5677
Montrose 0 0 0 0 19,450 7 71% 2779
Pueblo 9,000 1 0% 9000 0 0 14,000 5 60% 2800
Mesa 0 0 0 0 701,800 4 50% 175450
Washington 0 0 0 0 10,500 4 50% 2625
Adams 0 0 0 0 0 3 0% 0
Fremont 0 0 0 0 0 3 0% 0
Arapahoe 0 0 0 0 5,000 2 50% 2500
Crowley 0 0 0 0 58,000 2 100% 29000
Chaffee 0 0 0 0 0 1 0% 0
Cheyenne 0 0 0 1 0% 0 0 1 0% 0
El Paso 0 0 0 0 0 1 0% 0
Elbert 0 0 0 0 0 1 0% 0
Garfield 0 0 0 0 2,500 1 100% 2500
Alamosa 0 0 0 0 0 0
Archuleta 0 0 0 0 0 0
Clear Creek 0 0 0 0 0 0
Conejos 0 0 0 0 0 0
Costilla 0 0 0 0 0 0
Custer 0 0 0 0 0 0
Denver 0 0 0 0 0 0
Dolores 0 0 0 0 0 0
Douglas 0 0 0 0 0 0
Eagle 0 0 0 0 0 0
Gilpin 0 0 0 0 0 0
Grand 0 0 0 0 0 0
Gunnison 0 0 0 0 0 0
Hinsdale 0 0 0 0 0 0
Huerfano 0 0 0 0 0 0
Jackson 0 0 0 0 0 0
Jefferson 0 0 0 0 0 0
La Plata 0 0 0 0 0 0
Lake 0 0 0 0 0 0
Las Animas 0 0 0 0 0 0
Lincoln 0 0 0 0 0 0
Mineral 0 0 0 0 0 0
Moffat 0 0 0 0 0 0
Montezuma 0 0 0 0 0 0
Ouray 0 0 0 0 0 0
Park 0 0 0 0 0 0
Pitkin 0 0 0 0 0 0
Rio Blanco 0 0 0 0 0 0
Rio Grande 0 0 0 0 0 0
Routt 0 0 0 0 0 0
Saguache 0 0 0 0 0 0
San Juan 0 0 0 0 0 0
San Miguel 0 0 0 0 0 0
Summit 0 0 0 0 0 0
Teller 0 0 0 0 0 0
Totals 857,962 87 47% 9862 0 17 0% 0| 3,593,369 376 55% 9557

Source: Water Quality Control Division, Colorado Department of Public Health and Environment
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Table A-5.2: Estimates of Livestock Waste Generation and Waste Characteristics

Livestock type Weight Volume Moisture . TS TS VS FS COD BOD5 N P K TDS C:N ratio
#/d/1000#  ft~3/d/1000# % % w.b. #/d/1000# #/d/1000# #/d/1000# #/d/1000# #/d/1000# | #/d/1000# #/d/1000# #/d/1000#
Swine
Grower (40-220#) 63.40 1.00 90.00 10.00 6.34 5.40 0.94 6.06 0.42 0.16 0.22 1.29 7.00
Replacement gilt 32.80 0.53 90.00 10.00 3.28 2.92 0.36 3.12 0.24 0.08 0.13 7.00
Sow- Gestation 27.20 0.44 90.80 9.20 2.50 2.13 0.37 2.37 0.19 0.06 0.12 6.00
Sow- Lactation 60.00 0.96 90.00 10.00 6.00 5.40 0.60 5.73 0.47 0.15 0.30 6.00
Boar 20.50 0.33 90.70 9.30 1.90 1.70 0.30 1.37 0.15 0.05 0.10 6.00
Nursing/nursery (0-40#) 106.00 1.70 90.00 10.00 10.60 8.80 1.80 9.80 0.6 0.25 0.35 8
Average 51.65 0.83 90.25 9.75 5.10 4.39 0.73 4.74 0.35 0.13 0.20 6.67
Dairy cattle
Lactating Dry 80 1.3 87.5 12.5 9.5 8.5 1.5 8.9 1.6 0.45 0.07 0.26 0.85 10
Cow 82 1.3 884 11.6 9.14 8.1 1.4 8.5 1.2 0.36 0.05 0.23 13
Heifer 85 1.3 89.3 10.7 7.77 1.37 8.3 1.3 0.31 0.04 0.24 14
Average 82 1.3 884 11.6 9.3 8.1 1.4 8.6 1.4 0.37 0.05 0.24 | 0.85 12
Beef cattle
Feeder, yearling 750 -
1,100 Ib high forage diet 59.1 0.95 88.4 116 6.78 6.04 0.74 6.11 1.36 0.31 0.11 0.24 11
Feeder, yearling 750 -
1,100 Ib high energy diet 51.2 0.82 88.4 11.6 5.91 5.44 0.47 5.61 1.36 0.3 0.094 0.21 10
450-750 Ib 58.2 0.93 87 13 7.54 6.41 1.13 6 1.3 0.3 0.1 0.2 12
Cow 63 1 88.4 11.6 7.3 6.2 1.1 6 1.2 0.33 0.12 0..26 10
Chickens
Layer 60.5 0.93 75 25 15.1 10.8 4.3 13.7 3.7 0.83 0.31 0.34 7
Pullet 45.6 0.73 75 25 11.4 9.7 1.7 12.2 3.3 0.62 0.24 0.26 9
Broiler 80 1.26 75 25 20 15 5 19 5.1 1.1 0.34 0.46 8
Average 62 0.97 75 25 15.5 11.8 3.7 15.0 4.0 0.9 0.30 0.35 8
Turkeys 43.6 0.69 75 25 10.9 9.7 1.25 12.3 3.3 0.74 0.28 0.28 7
Sheep
Lamb 40 0.63 75 25 10 8.3 1.76 11 1 0.45 0.07 0.3 10
Veal 60 0.96 97.5 25 15 0.85 0.65 15 0.37 0.2 0.03 0.25 2
Average 50 0.795 86.25 13.75 5.75 4.575 1.205 6.25 0.685 0.325 0.05 0.275 6
Horse 50 0.8 78 22 11 9.35 1.65 0.28 0.05 0.19 19

* Average daily production for weight range noted. Increase solids and nutrients by 4% for each 1% feed waste more than 5%.

Source: NRCS. (July 1996). Agricultural Waste Management Field Handbook - Part 651: Agricultural Waste Characteristics. Pp. 4-12.
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Table A-5.3: Biogas/Energy Production Assumptions

Biogas production rate (ft3/# VS)* 6
Biogas methane content (Btu/ft"3) 60%
Methane energy content (Btu/ft"3)2 1013
Waste mgmt. handling losses (%)l 20%
Generator efficiency (Btu/kwh) 19000
Availability factor (%) 80%
Conversion factor (kW/Btu-hour) 3 3,413
Operating time (hours/year) 8400
Operating time (days/year) 350
Useful heat potential per # VS livestock waste generated 2917
(Btu/# VS)

Potential power production potential per # VS livestock 01472
waste generated (kWh/# VS) )

! Source: Moser, Mark. May 1992. Resource Conservation Management, Inc.
2 Source: NRCS. July 1996. Agricultural Waste Handling Field Handbook. Pp. 10A-7.
% Source: Handbook of formulae, equations and conversion factors
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APPENDIX B

- IRRIGATED CORN (2001)
NORTHEASTERN COLORADO

VALUE COST PER
PRICE OR OR COST UNIT OF
UNIT COST/UNIT QUANTITY PER ACRE PRODUCTION YOUR FARM
GROSS RECEIPTS FROM PRODUCTION:
CORN BU. 2.15 185.00 397.75
TOTAL RECEIPTS 397.75 2.15
DIRECT COSTS:
OPERATING--PREHARVEST
SEED ACRE 40.62 1.00 40.62 0.22
FERTILIZER ACRE 49.94 1.00 49.94 0.27
HERBICIDES ACRE 19.79 1.00 19.79 0.11
INSECTICIDES ACRE 17.92 1.00 17.92 0.10
IRRIGATION ENERGY ACRE 50.90 1.00 50.90 0.28
IRRIGATION REPAIR ACRE 10.00 1.00 10.00 0.05
CROP INSURANCE ACRE 9.38 1.00 9.38 0.05
SPRINKLER LEASE ACRE 60.00 1.00 60.00 0.32
CUSTOM SPRAY ACRE 4.00 1.00 4.00 0.02
CROP CONSULTANT ACRE 7.00 1.00 7.00 0.04
MACH FUEL & LUBE ACRE 9.46 0.05
MACH REPAIRS ACRE 6.16 0.03
INTEREST ON OP. CAP. DOLS 0.08 165.66 13.25 0.07
TOTAL PREHARVEST: DOLS 298.43 1.61
OPERATING--HARVEST:
TRUCK DRIVER HRS. 8.00 0.50 4.00 0.02
MACH FUEL & LUBE ACRE 10.01 0.05
MACH REPAIRS ACRE 10.05 0.05
INTEREST ON OP. CAP. DOLS 0.08 4.01 0.32 0.00
TOTAL HARVEST: 24.38 0.13
TOTAL OPERATING COSTS: 322.81 1.74
PROPERTY AND OWNERSHIP COSTS:
MACHINERY REPLACEMENT DOLS 65.21 0.35
MACHINERY TAXES & INSURANCE DOLS 11.49 0.06
GENERAL FARM OVERHEAD DOLS 10.00 0.05
REAL ESTATE TAXES DOLS 6.18 0.03
TOTAL PROPERTY AND OWNERSHIP COSTS: DOLS 92.88 0.50
TOTAL DIRECT COSTS: 415.68 2.25
NET RECEIPTS--FACTOR PAYMENTS: -17.93 -0.10
DISTRIBUTION OF FACTOR PAYMENTS:
TOTAL PAID RETURNS
FACTOR TO TO
PAYMENTS OTHERS OPERATOR
CAPITAL 0.07 34.46 LESS INTEREST PAID 0.00 EQUALS 34.46
LABOR 7.00 22.68 LESS HIRED LABOR 0.00 EQUALS 22.68
LAND 0.04 48.00 LESS RENT PAID 0.00
INTEREST PAID 0.00 EQUALS 48.00
MANAGEMENT AND RISK -123.07 LESS PAID MANAGEMENT 0.00 EQUALS -123.07
TOTAL -17.93 0.00 -17.93

CENTER PIVOT IRRIGATED



IRRIGATED CORN - 2001

NORTHEASTERN COLORADO

UNIT JAN FEB MAR APR MAY JUN JuL AUG SEP oCcT NoV DEC  TOTAL
TOTAL RECEIPTS DOLS 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00397.75 0.00 397.75
CASH OPERATING COSTS:
SEED ACRE 0.00 0.00 0.00 0.00 40.62 0.00 0.00 0.00 0.00 0.00 0.00 0.00 40.62
FERTILIZER ACRE 0.00 0.00 0.00 22.97 26.97 0.00 0.00 0.00 0.00 0.00 0.00 0.00 49.94
HERBICIDES ACRE 0.00 0.00 0.00 0.00 0.00 19.79 0.00 0.00 0.00 0.00 0.00 0.00 19.79
INSECTICIDES ACRE 0.00 0.00 0.00 0.00 0.00 0.00 17.92 0.00 0.00 0.00 0.00 0.00 17.92
IRRIGATION ENERGY ACRE 0.00 0.00 0.00 0.00 4.58 4.58 22.91 13.74 5.09 0.00 0.00 0.00 50.90
IRRIGATION REPAIR ACRE 0.00 0.00 0.00 0.00 0.90 0.90 4.50 3.20 0.50 0.00 0.00 0.00 10.00
CROP INSURANCE ACRE 0.00 0.00 0.00 0.00 9.38 0.00 0.00 0.00 0.00 0.00 0.00 0.00 9.38
SPRINKLER LEASE ACRE 0.00 0.00 0.00 30.00 0.00 0.00 0.00 0.00 0.00 30.00 0.00 0.00 60.00
CUSTOM SPRAY ACRE 0.00 0.00 0.00 0.00 0.00 0.00 4.00 0.00 0.00 0.00 0.00 0.00 4.00
CROP CONSULTANT ACRE 0.00 0.00 0.00 0.00 0.00 7.00 0.00 0.00 0.00 0.00 0.00 0.00 7.00
TRUCK DRIVER HRS. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 4.00 0.00 4.00
MACH FUEL & LUBE COST DOLS 0.00 0.00 1.74 2.78 2.92 2.03 0.00 0.00 0.00 0.00 10.01 0.00 19.47
MACH REPAIR COST DOLS 0.00 0.00 1.04 2.25 1.94 0.92 0.00 0.00 0.00 0.00 10.05 0.00 16.21
INTEREST ON OPER. CAP. DOLS 0.00 0.00 0.02 0.41 0.99 1.22 155 1.66 1.70 1.90 2.06 2.06 13.57
TOTAL CASH OPERATING COSTS DOLS 0.00 0.00 2.80 58.41 88.30 36.45 50.88 18.61 7.29 31.90 26.12 2.06 322.81
RECPTS OVER OPERATING COSTS DOLS 0.00 0.00 -2.80 -58.41 -88.30 -36.45 -50.88 -18.61 -7.29 -31.90 371.63 -2.06 74.94
BREAK-EVEN PRICE: DOLS 2.25
BREAK-EVEN YIELD: BU. 193.34
ANNUAL LABOR REQUIREMENTS
MACHINERY LABOR HR 0.00 0.00 0.30 0.48 0.51 0.23 0.00 0.00 0.00 0.00 1.72 0.00 3.24
FUEL REQUIREMENTS
GASOL INE GAL 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 4.40 0.00 4.40
DIESEL GAL 0.00 0.00 1.26 2.01 2.11 1.47 0.00 0.00 0.00 0.00 2.49 0.00 9.35
MACHINERY REQUIREMENTS
TRACT 2WD 175HP HR 0.00 0.00 0.15 0.24 0.25 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.64
TRACT 4WD 270HP HR 0.00 0.00 0.00 0.00 0.00 0.11 0.00 0.00 0.00 0.00 0.05 0.00 0.16
SEMI' TRUCK HR 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.10 0.00 1.10
SP COMB-CORN 8R (1.0) HR 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.26 0.00 0.26
PLANTER (1.0) HR 0.00 0.00 0.00 0.00 0.14 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.14
TANDEM DISK (1.0) HR 0.00 0.00 0.00 0.12 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.12
ROW CULTIVATOR (1.0) HR 0.00 0.00 0.00 0.00 0.00 0.10 0.00 0.00 0.00 0.00 0.00 0.00 0.10
MULCH/FINISHER (1.0) HR 0.00 0.00 0.00 0.10 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.10
KNIFE FERTILIZER (1.0) HR 0.00 0.00 0.00 0.00 0.09 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.09
STALK CHOPPER (1.0) HR 0.00 0.00 0.14 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.14
GRAIN CART 600-B (1.0) HR 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.04 0.00 0.04
NUMBERS IN PARENTHESES ARE TOTAL TIMES OVER FOR THAT MACHINE.
MACHINERY FIXED AND VARIABLE COSTS PER HOUR
PERFORM TOTAL TOTAL
RATE OWNER REPR  FUEL  LUBE  OPER.
HP/  HOUR/ PURCHASE DEPR./ INT./ INS./ TAXES/ SHIP/ COST/ COST/ COST/ COST/
MACHINE SIZE  ACRE PRICE HOUR HOUR HOUR HOUR HOUR HOUR HOUR HOUR  HOUR
TRACT 2WD 175HP 175.00 0.00 65000 8.78 5.81 0.52 1.30 16.41 4.22 10.08 1.51 15.81
TRACT 4WD 270HP 270.00 0.00 78000 12.21 7.23 0.64 1.56 21.64 3.60 15.55 2.33 21.48
SEMI' TRUCK 6.00 1.00 40000 17.67 11.06 0.98 2.96 32.67 6.72 5.20 0.78 12.70
SP COMB-CORN 8R 16.67 0.24 100000 100.09 43.85 3.90 10.00 157.84 9.45 8.76 1.31 19.53
PLANTER 16.67 0.14 30000 24.16 12.09 1.08 3.00 40.33 4.10 0.00 0.00 4.10
TANDEM DISK 28.00 0.12 12030 20.83 10.43 0.93 2.59 34.77r 1.77 0.00 0.00 1.77
ROW CULTIVATOR 16.67 0.10 12500 10.07 5.04 0.45 1.25 16.81 5.01 0.00 0.00 5.01
MULCH/FINISHER 30.00 0.10 13000 20.94 10.48 0.93 2.60 34.96 10.11 0.00 0.00 10.11
KNIFE FERTILIZER 30.00 0.09 9200 17.29 7.75 0.69 1.84 27.57 3.48 0.00 0.00 3.48
STALK CHOPPER 20.00 0.14 6800 10.95 5.48 0.49 1.36 18.28 2.94 0.00 0.00 2.94
GRAIN CART 600-B 24.00 0.04 8000 6.44 3.23 0.29 0.80 10.76 0.93 0.00 0.00 0.93
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APPENDIX C

REVISED FEDERAL CONCENTRATED ANIMAL FEEDING OPERATIONS

What They M ean to Colorado

Water Quality Control Division
March 24, 2003

(The following provides general information and is subject to change)

[ What does the final rule do?

A.

Keeps the previoudy stated number of animals that are needed to be a
CAFO (i.e., 1000 or more Animal Units).

However, the term “Animal Unit” was eliminated in favor of
specifying the specific number of each animal speciesthat are needed
to be a CAFO, and that represents 1,000 AUs.

For example, afeedlot with 10,000 or more sheep and lambsisa
CAFO (equivaent to previous criteria of sheep being 0.1 AU relative
to 1,000 AUs needed to be a CAFO; 1,000 + 0.1 = 10,000 sheep).
Explicitly counts a cow/calf pair as one animal, until the calf is
weaned.

Removes the 25-year, 24-hour permitting exemption, whereby AFOs that
only discharged as the result of receiving in excess of a 25-year, 24-hour
storm were not defined as CAFOs.

Keeps the 3-tier structure for categorizing CAFOs:

While the term “ Animal Unit” has been eliminated from the
regulations, the term is used here for simplicity purposes.

Over 1,000 animal units (AUs) = large CAFOs. These operations
must apply for a discharge permit.

300 to 1,000 AUs: are by definition medium CAFOsif they
discharge directly to waters of the U.S,, or if their animals come into
direct contact with waters of the U.S. Medium CAFOs must apply for
apermit.

Lessthan 300 AUs: are small CAFOsif they are designated by the
regulatory authority because they were found to be adding pollutants
to surface waters. Small CAFOs must apply for a permit.
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D.

Requires that all CAFOs apply for adischarge permit (“Duty to Apply”).
= |sbased on presumption that every CAFO has a potential to discharge
at some point in time.

States retain the authority to determine whether a general or individual
permit should be issued to a given CAFO operation, that takes into
account CAFO size, location, environmental risk, etc.

After about April, 2004 (the anticipated effective date of the revised state
CAFO regulations), all CAFOs must comply with the following
requirements that pertain to production sites (i.e., the feedlot sites; not the
land application sites), whether or not they have been issued a discharge
permit:

= Dalily inspections of water lines;

Weekly inspections of storm water and runoff diversion devices,
Weekly inspections of wastewater impoundments;

Depth markersinstalled in ponds,

Properly handle mortalities;

Perform corrective actions when deficiencies found;

Keep certain records.

For operations that are currently CAFOs, keeps the previous requirement
of CAFOs containing wastewater resulting from a 25-year, 24-hour storm.
An existing CAFO that putsin a new storage pond or expands its working
capacity isan “existing operation”, not a“new source”’ operation.

For new sour ce swine, poultry, or veal operations, requires wastewater
containment for 100-year, 24-hour storm, instead of 25-year, 24-hour
storm. A new sourceisany new CAFO constructed (or where
construction began) after April 14, 2003, and where no existing operation
exists.

New CAFO permits must require that, by December, 2006, Nutrient

Management Plans (NMPs) be developed and implemented that provide

for:

=  Proper handling of dead animals.

= Diverting clean water from production area.

= Keeping animals out of surface water.

= Assuresland application of manure at agronomic rates.

= Keeping of records of nutrient management practices.

= Minimizing nitrogen and phosphorus runoff to surface waters from
land application sites.

Requires CAFOs to keep records of manure transferred to athird party,
and to give the party a copy of the nutrient analysis of the manure.
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K. Requires submittal of an annual report.

L. Allowsfor a CAFO to meet “aternative performance standards’ whereby
it can operate under a different standard of not discharging only as the
result of receiving in excess of a 25-year, 24-hour storm. Requiresthe
CAFO to do an on sitetechnical analysis. A request to operate under an
aternative performance standard must be submitted to and be approved by
the Division. The request must be public noticed. An example of an
alternative performance standard is treating wastewater on-site and
intermittently, purposefully discharging off-site the treated wastewater.

M. Most new federal rules will need to be adopted verbatim

N. Hexibility for state language exists regarding:
=  “No potential to discharge” standards
= Alternative performance standards
= Nutrient Management Plan (NMP) technical standards

What do the new regulations mean for Colorado?

A. Existing CAFOs are estimated to be about 400.

B. Veyfew, if any, new CAFOswill beidentified in the state as aresult of
the revised federal regulations.

C. TheWQCD must reviseitsregulations to reflect the new federal
regulations by April 14, 2004. It ison track to do this. The existing
regulations (Regulations #61 and #81) will be opened up by the Water
Quality Control Commission in April, 2003 to have the revision process
begin. The rulemaking hearing before the Commission is scheduled for
February 9, 2004.

D. All CAFOswill haveto apply for a permit.
=  Only about 10 have applied to date.
=  Can apply to be covered under either ageneral or individual permit.

E. Thedtate' sexisting CAFO genera permit already contains the vast
majority of requirements that are now required in the revised federal
regulations.

F.  Wherea CAFO does not yet meet al requirements of the general permit, it
can apply for an individual permit that isissued specifically to the CAFO.
The permit would include a compliance schedule that states timelines for
when required elements must be completed. While these elements are
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being completed, the CAFO would have liability protection if it has a
discharge as the result of receiving less than a 25-year, 24-hour storm (as
long as certain permit conditions were met). Anindividual permit requires
a 30-day opportunity for the public to comment on the draft permit before
it isissued, and the cost of the permit is twice that of a general permit.

G. All CAFOs, with very few exceptions, will be issued a permit; that is, very
few (e.g., some housed poultry operations with no composting and no
washwater pond) are expected to be exempted from being issued a permit
because they are found to be facilities with “no potential to discharge.”
= A CAFO that land applies manure or wastewater will not be able to

meet the “no potentia to discharge’ criteria.

H. Existing CAFOs are those that have been defined as a CAFO because
they could not properly claim the 25-year, 24-hour exemption (see |.B
above). Examples of such CAFOs are those that discharged outside of
receiving in excess of a 25-year, 24-hour storm, and those that did not
have storage to hold a 25-year, 24-hour storm. Existing CAFOs must
apply immediately to be covered under a permit.

New CAFOs are those that have had over 1,000 AUs and have not been
defined as CAFOs because they properly claimed the 25-year, 24-hour
exemption. New CAFOs must apply for a discharge permit by April 13,
2006. Permitsthat are issued by the Division after about April of 2004
(the anticipated effective date of the revised state CAFO regulations) will
require compliance with all of the new federal regulations. Permits that
are issued before about April of 2004 will not require compliance with all
of the new federal regulations until the relevant permit expiresand is
revised and reissued from two to five years later.

J. All permit applications must show evidence of the CAFO having the
ability of its retention structures to hold a 25-year, 24-hour storm. A
compliance schedule cannot be written into permits for such storage to be
constructed. The Division has the ability under some circumstances to
issue apermit to a CAFO that does not have adequate storage, whereby an
enforcement order would be issued to the CAFO requiring that adequate
storage be constructed within a specified period.

K.  Compared to the existing requirements for CAFOs provided in Regulation
No. 81, CAFOs will need to do the following additional thingsto be
eligible to be covered under a state CAFO permit that isissued prior to
about April, 2004. These requirements, with some additions and
amendments, also will pertain to permits issued after April, 2004:
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= Develop adetailed Nutrient Management Plan;

» |ndicate that they have in place certain Best Management Practices
that are required in the state’ s permit;

=  For manure applications, establish specific setbacks from surface
water and certain well heads; or have vegetated buffers, as applicable.

=  Prepare to have records be taken and kept for the production area and
for land application activities;

= |nstall and prepare to read depth markersin ponds,

= Have enough pond capacity to be able to retain wastewater that results
from a 25-yr, 24-hour storm, or 10-year, 10-day storm, whichever is
greater;

= Have properly designed spillways in ponds that discharge to waters of
the state.

= Prepare to submit annual reportsto the Division.

*  Prepare to keep records of manure transferred to third parties.

= Demonstrate that storage ponds will not exceed a seepage rate of 1 x
10°® cm/sec.

= Provideto the Division certain documents and drawings that have
been certified by a Professional Engineer.

= |nstall an on-site precipitation gauge.

[1l.  Implementation of new regulations

A. Approximately 320 CAFOs must submit a permit application within three
(3) years, at the latest.

B. Senseof urgency existsfor all CAFOsto be working towards applying for
apermit.
=  Waiting until the last minute to apply isrisky
=  Existing CAFOs must apply immediately
= Limited consulting capacity in state
= Limited operator finances
= Significant construction needs exist for many CAFO operations
= Permits provide liability coverage for discharges outside of 25-year,
24-hour storm.

C. Develop implementation plan
=  Work towards having staggered submittals of applications?
=  Stateissue anew genera permit that has built in compliance schedul e?

D. Permit applications must be of high quality or the application will be
considered to be incomplete and may be returned.

E. Provideability for CAFOs to submit awritten Notice of Intent (NOI) to

apply for apermit??
* Include adeadline for when application will be submitted?
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= Providesalevel of risk management??

F.  Outreach regarding implementation plan is critical; Have outreach plan??
With atimeline?? Focusfirst on facilities that need most work?
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