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Executive Summary  

The purpose of this report was to examine current irrigation practices, soil types, and current 

crop patterns within Central Oregon Irrigation District (COID) in order to assess current total on-

farm irrigation water demand and compare to water demand if all irrigation practices were 

improved to the highest efficiency.  

From its two primary river diversions, COID currently delivers irrigation water to over 3,700 

patrons and 42,133 acres in areas throughout Bend, Redmond, Powell Butte, Alfalfa and 

Terrebonne. Approximately 11,243 (27%) of those acres are flood irrigated, a less efficient 

irrigation practice than sprinklers. Given the current crop pattern, primarily pasture/grass hay, 

and current irrigation methods, the District patrons need about 154,000-175,000 acre-feet of 

water per year to irrigate. 

If the District’s on-farm irrigation systems were optimized to the most efficient practices, it is 

estimated that as much as 48,255 acre-feet of water could be conserved. By comparison, if the 

District’s privately operated laterals were piped, an estimated 35,284 acre-feet of water might be 

conserved, and piping of the District-owned canals and laterals may conserve an estimated 

89,000 acre-feet of water annually. 

Once the District pipes its owned and operated canal system at an estimated cost of $700MM, 

the system will become largely pressurized and therefore, most farmers will be able to sprinkler 

irrigate directly from the system without the need for ponds and pumps. If farmers were to 

upgrade all of the current less efficient irrigation systems to pressurized systems prior to District 

pressurization, the estimated cost would be $623MM. On-farm efficiency upgrades are therefore 

estimated to cost more than 1.5 times as much as District-wide piping per acre-foot of conserved 

water generated. Should the District pipe its system and pressurize first, the cost of on-farm 

upgrades reduces to $309MM since lined ponds, pumps, and associated electricity would no 

longer be necessary (in most cases). At the same time, District patron electricity consumption 

would reduce by approximately 33,287,460 kWh per year (approximately $3.3MM per year at 

$0.10 per kWh). 

On-farm efficiency upgrades will take time. With over 300 privately operated laterals running 

over an estimated 250 miles and 900 flood irrigation systems, it is estimated that it may take 

decades for conversion to occur. Additionally, care must be taken regarding certificated water 

rights serving farms as crop patterns and climate may change over time, thus demanding more 

water for crop irrigation than is currently being applied or calculated for pasture irrigation herein. 

In summary, it is estimated that District conservation may come at approximately 52% from 

District piping, 28% from on-farm efficiency upgrades, and 20% from piping private laterals. 
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Section 1 Purpose 
The purpose of this report was to examine current irrigation practices, soil types, and current 

crop patterns within Central Oregon Irrigation District (COID) in order to assess current total on-

farm irrigation water demand and compare to water demand if all irrigation practices were 

improved to the highest efficiency. Given that on-farm practices are totally subject to private 

farmer control, the timeframe for modernization, limitations to improvements, and challenges to 

implementation were also identified and discussed. 

Section 2 Existing System 
2.1 Infrastructure 
Central Oregon Irrigation District (COID) is the second largest irrigation district in the 

Deschutes Basin of Oregon, currently irrigating approximately 42,133 acres from its river 

diversions (exclusive of direct river withdrawal systems). With over 3,700 users, COID has the 

greatest number of patrons in the Basin. Established in 1918, COID supplies water from the 

Deschutes River to the Bend, Redmond, Terrebonne, Alfalfa, and Powell Butte areas. There are 

two primary canals: the Pilot Butte Canal and the Central Oregon Canal, that, along with all the 

lateral and sub-lateral canals, form a network of over 370 miles of canals.  

2.1.1 District System 
Although year-to-year District water diversions can vary significantly depending upon drought 

cycles and climate, crop patterns, and other factors, in recent years the District has diverted an 

average of about 284,000 acre-feet of water from the Deschutes River during its April to October 

irrigation season (exclusive of stock water runs and deliveries to North Unit Irrigation District 

and Lone Pine Irrigation District). Water is delivered through a system of canals and laterals 

operated by the District to individual user Points of Delivery (PODs). The patron turnout 

deliveries in COID account for an estimated 154,000-175,000 acre-feet of water diverted. The 

additional estimated 109,000-130,000 acre-feet of diverted water accounts for seepage losses in 

the distribution, privately operated lateral systems, and any tail-water losses. It should be noted 

that the above figures are for the purposes of this on-farm evaluation only, and not for the 

purposes of District in-stream transfers or other purposes. The District’s System Improvement 

Plan assesses District canal system losses and calls for further measurements prior to 

implementing any conservation projects and associated water conservation transfers.  

2.1.2 Privately Operated Laterals 
From the individual user PODs, water travels through privately operated laterals. In COID, there 

are about 300 privately operated laterals that total an estimated 250 miles in length. Nearly all of 

the privately operated laterals are open (un-piped) laterals which are privately maintained and 

susceptible to seepage losses.  Privately operated laterals are used to optimize irrigation water 

flows to insure that water makes it to all patrons. In a typical privately operated lateral, all of the 



3 | P a g e  
 

water traveling to the patrons in the lateral is diverted by one of the patrons for a set period of 

time commensurate with the land area to be irrigated. Once that patron has irrigated for the set 

time, the water is closed off by that patron at the patron turnout, and then the irrigation water 

travels to the next patron who opens its patron turnout for its set period of time based upon its 

acreage, and so on. The typical on-farm systems range from center-pivots, to wheel-lines, to 

hand-lines, K-lines, drip systems, and flood irrigation. Each irrigation practice has a different 

irrigation efficiency (i.e. its ability to deliver the irrigation water to the crop root system most 

efficiently across the full field being irrigated). Once the water arrives on-farm, it can either be 

released to flow over the land for flood irrigation or stored in a holding pond for sprinkler 

irrigation systems. In COID, about 900 irrigators (approximately 24%) use flood irrigation 

practices as it is the simplest application system and does not require holding ponds, water 

pumps (to pressurize the water), or additional irrigation equipment. Based upon Natural 

Resources Conservation Service (NRCS) experience and data, flood irrigation is also the least 

efficient irrigation technique. 

2.1.3 On-Farm Irrigation 
Water used for sprinkler irrigation systems usually travels a short distance from the on-farm 

diversion through an open ditch or pipe to be stored in a holding pond. When the water is needed 

for irrigation, a water pump pressurizes the water by pumping it from the holding pond into a 

piped conveyance system. The conveyance system carries the pressurized water to the 

application site where the water can be applied using a sprinkler irrigation system (i.e. hand-line, 

wheel-line, center-pivot, solid set, or big-gun application). Because most of the COID 

conveyance canal system is not pressurized, nearly all pressurized irrigators require a private 

holding pond and water pump. An estimated 2,300 holding ponds and water pumps are currently 

used in COID, demanding approximately 33,287,460 kWh in utility grid energy annually.  

2.2 Privately Operated Lateral Seepage Loss 
COID has a large network of privately operated laterals. These laterals divert water from the 

District laterals for patrons in a localized area. The patrons then have diversions from the 

privately operated lateral to their land. The patrons that utilize water from a privately operated 

lateral are responsible for the maintenance of that private system. The majority of these laterals 

are open canal, and susceptible to water loss via seepage. Seepage losses were measured from 

privately operated laterals under current irrigation practice. 

Privately operated lateral seepage losses were determined by taking flow measurements at the 

head-end of a sample of laterals throughout the District during the summer of 2016. For each 

measurement, the associated acreage being irrigated was recorded. Based upon the current COID 

target delivery rate of 6 GPM per acre, private laterals were adjusted by District staff to provide 

this approximate delivery rate plus estimated seepage. These private lateral head-end 

measurements determined that flow rates through the rotations were 88,242 GPM and the 



4 | P a g e  
 

corresponding acreage served from the rotations was 10,646 acres. This represented a large cross 

section of existing privately operated lateral systems. The difference between 6 GPM per acre 

and the actual flow rates measured was approximately 2.29 GPM per acre. This equated to 

approximately 54.3 cubic feet per second (CFS) of seepage loss in that measured acreage. The 

measured flow rates of 88,242 GPM and corresponding acreage was then extrapolated based on 

the total acreage served by rotations in the entire District. The total acreage associated with 

rotations in COID was calculated to be approximately 22,712 acres (54% of the irrigated acreage 

in COID). Through extrapolation, it was estimated that the total seepage loss within all private 

laterals of the District was approximately 115 CFS. Based upon recent diversion records and the 

associated “shape” of diversions over the season, the 115 CFS equates to approximately 35,284 

acre-feet per season lost in private laterals.  

2.3 On-Farm Water Use 
The current on-farm irrigation water use within COID was determined using the primary metrics 

that impact water use requirements: soil type, crop type, growing season, evapotranspiration 

(ET) demand, application systems, and conveyance systems. 

2.3.1 Soil Type 
Soil type impacts the application efficiency of irrigation water through soil drainage rate. For 

example, sandy soils allow water to drain quicker and thus decrease the efficiency of the 

irrigation water application. For the same reason, the primary soil type along canals also impacts 

the conveyance efficiency. The soil types for each tax lot in the District were identified using soil 

maps developed by the U.S. Department of Agriculture (USDA) Natural Resource Conservation 

Service (Web Soil Survey 2016). In areas where it was difficult to identify the soil types, Google 

Earth SoilWeb, a downloadable Google Earth add-on, was used (SoilWeb 2011). Descriptive soil 

types were then classified into twelve main categories based on the USDA textual classification 

as defined in Principles of Geotechnical Engineering (Das 1997). Soil efficiency values were 

taken from the Oregon NRCS Water Savings Estimator (Busch 2009). 

The predominant soil types in the COID were identified as sandy loam (78.7%) followed by clay 

loam (10.4%). Additional soil types within COID include clay (2.8%) and sand (2.2%). Soil 

types, associated acreage in COID, and corresponding irrigation efficiency values are presented 

in Table 1. 
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Table 1. Soil types present in COID and corresponding irrigation efficiency values 

SOIL TYPE AREA (ACRES) ACREAGE PERCENT 
(%) 

EFFICIENCY FOR 
FLOOD IRRIGATING 
(%) 

EFFICIENCY FOR 
UNLINED DITCH (%) 

SAND 1,022 2.23 20 82 
LOAMY SAND 0 0.00 25 84 
SANDY LOAM 36,100 78.70 30 86 
LOAM 0 0.00 35 87 
SILT LOAM 13 0.03 45 90 
SILT 0 0.00 Not Provided Not Provided 
SANDY CLAY LOAM 0 0.00 45 88 
CLAY LOAM 4,773 10.41 50 90 
SILTY CLAY LOAM 0 0.00 50 90 
SANDY CLAY 0 0.00 Not Provided Not Provided 
SILTY CLAY 0 0.00 Not Provided Not Provided 
CLAY 1,287 2.81 50 91 
UNKNOWN 2,677 5.84 - - 

 

2.3.2 Crop Type and Growing Season 
The type of crop being grown has a significant impact on water use because some crops require 

more water than others. Additionally, crops with longer growing seasons also tend to require 

more water. To determine the crops grown by each patron, a short survey (Figure 1) was mailed 

to each water user in COID. Out of the 3,758 surveys mailed to COID patrons, 1,696 of the 

surveys were returned. To determine the crop types of tax lots from COID patrons that did not 

respond to the survey, COID’s ditch riders and GIS specialist were consulted. Additionally, the 

USDA Farm Service Agency’s Crop Acreage Database (Crop Acreage Data 2016) was 

referenced, as well as aerial imagery obtained using Google Earth (Google, Mountain View, CA) 

and ArcMap (Environmental Systems Research Institute, Redlands, CA). 

Crop growing season was determined from the United States Bureau of Reclamation Pacific 

Northwest Region AgriMet data (AgriMet 2016) using data from the Bend, Oregon AgriMet 

Weather Station (BEWO) from 2004 to 2015. Average growing season was determined by 

averaging the start and end dates of each growing season for each crop type (Evapotranspiration 

Summaries 2016). 

Pasture was identified as the primary crop type grown throughout COID, accounting for over 

96% of the 42,000+ acres of irrigated agriculture. Therefore, all water use calculations were 

based on pasture as the crop type. Similarly, the only crop growing season used was that 

identified for pasture. The average growing season of pasture was determined to be 214 days, 

from March 10 to October 10. It is understood that this growing period starts prior to the COID 

irrigation season in April, however latent moisture in the ground is normally sufficient in March 

to commence the pasture and hay growing cycle. 
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Figure 1. Survey of irrigation practices and land use sent to all patrons of Central Oregon 

Irrigation District 

 

2.3.3 Evapotranspiration Demand and Net Irrigation Requirement 
Based on crop type and growing season, evapotranspiration (ET) demand was determined from 

the United States Bureau of Reclamation Pacific Northwest Region AgriMet data (AgriMet 

2016) using the Bend, Oregon AgriMet Weather Station (BEWO) from 2004 to 2015. ET values 

were totaled and averaged for pasture during the growing season (Evapotranspiration Totals and 

Averages 2016). The net irrigation requirement (NIR) of pasture was then determined using the 

equation:  

 NIR = ET – RF  (1) 

where NIR is the net irrigation requirement of the crop for the season, ET is the 

evapotranspiration demand of the crop during the growing season, and RF is the total rainfall 

during the growing season. Average rainfall was determined by accessing daily (24 hour) 

precipitation data for the BEWO weather station (AgriMet Historical Archive Weather Data 

Access 2016). The total rainfall during the average growing season was summed for each year 

and then averaged across years. Seasonal averages for the ET demand of pasture and rainfall in 

COID were calculated to be 24.4 inches and 4.2 inches, respectively. The NIR for pasture was 

20.2 inches of water. 
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It should be noted that the NRCS Water Savings Estimator does calculate an NIR value. 

However, the data used to calculate the NIR value were based on Oregon Crop Water Use and 

Irrigation Requirements (Oregon State University 1992). Bill Cronin, the current NRCS State 

Irrigation Engineer, recommended against using NIR values from the Water Savings Estimator 

due to the outdated crop data and rather using the methodology previously described in this 

section to calculate the NIR (personal communication, November 29, 2016). The Water Savings 

Estimator was used to determine efficiency values for soil type (as previously described in 

Section 2.3.1), application systems (Section 2.3.4), and conveyance systems (Section 2.3.5) 

because those efficiency ranges were obtained from more recent design data, field observations, 

measurements, and system simulation techniques. 

2.3.4 Application System 
The greatest impact on water use within an irrigation system is the application system. Flood 

irrigation systems can be very inefficient, delivering 20% of the total water used to the target 

site, although this low efficiency is uncommon. Conversely, drip irrigation can have an 

efficiency as high as 88%. It should be noted, however, that there are also many constraints to 

the type of application system that may be used. Field size, soil type, and crop type all can limit 

application methods. Furthermore, sprinkler application systems (center-pivot, micro sprinkler, 

traveling gun, hand and wheel-lines) also have additional requirements, such as pressurized and 

filtered water.  

To determine the irrigation practices used by each patron, the same survey used to identify crop 

type (Figure 1) was mailed to each water user in the District. Irrigation practices of the tax lots 

from COID patrons that did not respond to the survey were determined from aerial imagery 

obtained using Google Earth and ArcMap. Efficiency values of application systems were 

determined from the NRCS Water Savings Estimator. Based upon District estimates, all current 

application methods (i.e. equipment) were assumed to be an average of 15 years old for the 

determination of efficiency values. COID employees indicated that most application equipment 

throughout the District had been in place for many years, and the equipment was often purchased 

in “used” condition. In situations where multiple application methods were used, the average of 

the application efficiencies was calculated. When flood irrigation was utilized, the corresponding 

soil type of the tax lot was used to determine the flood irrigation efficiency value per the Water 

Savings Estimator tables. All other application method efficiencies remained the same regardless 

of soil type. 

Within COID, the majority of land was irrigated using one of three primary application practices: 

flood (26.9% of the total acreage in COID), center-pivot (23.5%), and wheel-line (21.6%; Figure 

2). Land irrigated using a combination of flood, center-pivot, and/or wheel-line irrigation was 

also common, accounting for 23.9% of the total acreage in COID. Additional irrigation practices 

included drip, traveling gun, or combinations of drip or traveling gun with flood, center-pivot, 
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and/or wheel-line irrigation (4.1% of the total acreage). Based upon NRCS criteria, application 

efficiency values for the primary irrigation methods were: flood on sandy loam (30%), wheel-

line (55%), and center-pivot (70%), presented in Table 2. The complete list of all irrigation 

practices and corresponding application efficiency values are presented in Appendix A.  

 

Figure 2. Current irrigation practices and corresponding percentage of acreage irrigated by each 

practice in Central Oregon Irrigation District 

 

  

26.9%

23.5%21.6%

23.9%

4.1%
Flood (26.9%)

Center-Pivot (23.5%)

Wheel-Line (21.6%)

Flood, Center-Pivot, and Wheel-
Line Combinations (23.9%)

Drip, Traveling Gun, and
Combinations (4.1%)
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Table 2. On-farm irrigation systems and water use in Central Oregon Irrigation District 

IRRIGATION SYSTEM APPLICATION 
EFFICIENCY 
(%) 

SYSTEM 
EFFICIENCY 
(%) 

ESTIMATED 
WATER USE 
(AC-FT/SEASON) 

TOTAL WATER 
RIGHT ACREAGE 
(ACRES) 

WATER USE 
(AC-FT) PER 
ACRE 

FLOOD ON:      

SANDY LOAM 30 27 52,418 8,428 6.2 

CLAY LOAM 50 46 8,893 2,436 3.7 

FLOOD/WHEEL-LINE 
ON: 

  

  

 

SANDY LOAM 42.5 40.5 13,170 3,176 4.1 

FLOOD/CENTER-
PIVOT/WHEEL-LINE 
ON: 

  

  

 

SANDY LOAM 51.7 50 3,828 1,140 3.4 

FLOOD/CENTER-
PIVOT ON: 

  

  

 

SANDY LOAM 50 48 11,412 3,262 3.5 

WHEEL-LINE 55 54 27,782 8,935 3.1 

CENTER-
PIVOT/WHEEL-LINE 

62.5 61.5 3,967 1,453 2.7 

CENTER-PIVOT 70 69 22,756 9,351 2.4 

OTHER APPLICATION 
METHODS AND 
COMBINATIONS 

20-69 18-68 9,380 2,914 2.5-9.3 

 

2.3.5 Conveyance System 
The on-farm conveyance system is responsible for transporting irrigation water from the District 

or privately operated lateral diversion to the site(s) of application. For flood irrigation, the 

conveyance system is often an open ditch or gated pipe. For pressurized irrigation, there is 

commonly a short section of open or piped ditch that conveys water to a holding pond. From the 

pond, irrigation water is typically filtered and pumped through a piped system to the crop 

application site(s). 

With the exception of flood irrigation, the conveyance methods for all irrigation systems were 

assumed to be pipeline (99% efficiency rating) as pressurized water via enclosed pipe is required 

for sprinkler (wheel-line, center-pivot, traveling gun) application methods. Conveyance methods 

for flood irrigation were assessed as “Ditch-Unlined-Good.” This determination was based on 

the fact that conveyance systems in flood irrigation pastures are generally either open ditch, 

piped conveyance, or gated pipe systems. Given this combination of flood irrigation conveyance 

methods (i.e. piping from the COID delivery to the edge of the flooded field), the conveyance 

efficiency of clay lined ditches (91%) was used as an estimated average of 99% efficiency for 

piped systems and 82% for the worst soil conveyance type. Soil types of these on-farm 

conveyance systems were not tested; therefore, a conservative value for conveyance efficiency 
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was used. For parcels where both flood and pressurized application methods were present on the 

same parcel(s) and based upon discussions with District staff, a conveyance efficiency of 95% 

was used since weighting more toward piped conveyance was assumed (and as observed by 

staff).  

2.3.6 System Efficiency 
Current on-farm irrigation system efficiencies were determined from the NRCS Water Savings 

Estimator. An efficiency percentage was assigned to each irrigation application and conveyance 

method. The efficiency of each irrigation system was then calculated using the equation: 

 SE = AE x CE (2) 

where SE is the efficiency of the irrigation system, AE is the efficiency of the application 

method, and CE is the efficiency of the conveyance method. System efficiency values for the 

primary irrigation methods were calculated to be: flood on sandy loam (27%), wheel-line (54%), 

and center-pivot (69%), presented in Table 2. Refer to Appendix A for a complete list of all 

irrigation practices and corresponding system efficiency values. 

2.3.7 Current On-Farm Water Use 
Using the NIR for the crop type of each tax lot and the current system efficiency value of each 

tax lot, the estimated water use was determined using the equation: 

 WU = (NIR / SE) x PA (3) 

where WU is the estimated water used per season and PA is the acreage of the tax lot. The water 

use for each tax lot was then summed to determine the total estimated water use for the entire 

District.  

Based on soil, crop type, and current irrigation practices, the total water required to adequately 

irrigate the current crops in COID is 153,606 acre-feet (500 CFS) of water per season. It should 

be noted that this does not represent the on-farm water rights, rather the calculation of current 

crop demand based upon current irrigation systems and practices. The value also does not 

include potential run-off or other potential on-farm inefficiency. 

Water use for the primary irrigation techniques and water use per acre is provided in Table 2. 

Flood on sandy loam is the highest current irrigation water-use and practice (estimated 52,418 

acre-feet), and also requires the greatest amount of water per acre (6.2 acre-feet/acre) of the 

primary irrigation techniques. Wheel-line systems currently use an estimated 27,782 acre-feet of 

water per season, approximately 3.1 acre-feet per acre. Center-pivot systems require almost as 

much water as wheel-lines per season (22,756 acre-feet) but due to the higher application 

efficiency of center pivots compared to wheel-lines, center-pivots use less water per acre (2.4 

acre-feet /acre) to adequately irrigate a crop to NIR requirements. It is important to recognize 
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that these water use requirements are largely based on current crops and may change 

significantly over time as different crops are grown in the District. Additionally, water use 

estimates are based on best management practices, assuming that crops are irrigated to meet 

NIRs, whereas it is likely that other inefficiencies exist in the system such as run-off. For this 

reason, it is estimated that the current net irrigation requirement may range up to 175,000 acre-

feet and the certificated rights are 232,500 acre-feet thus allowing for future crop flexibility, 

climate change, and other changes over time. 

2.4 Operating Costs 
For farmers with current pressurized irrigation system practices in place, operating costs include 

pond liner maintenance, pump maintenance and replacement, filter cleaning and maintenance, 

irrigation system maintenance and/or replacement, and payment of electricity necessary to 

operate the pumping system. It is estimated that such annual operational and maintenance costs 

total approximately $10,000 per irrigated acre per year.  

Section 3 Modernized System 
To determine the future benefits from a modernized system, the modernization strategies and 

corresponding water conservation opportunities were evaluated for the privately operated 

laterals, the on-farm irrigation systems, and a fully modernized system. 

3.1 Privately Operated Laterals 
The modernization of privately operated laterals would involve piping all of the currently open-

channel privately operated laterals in the system. Fully piped privately operated laterals would 

eliminate seepage, evaporation, and system end-spills associated with privately operated laterals 

throughout the estimated 250 miles of open laterals. Additional benefits of piped privately 

operated laterals include reduced ditch maintenance by the patrons, elimination of burning or 

herbicide applications, elimination of debris and dead animal removal, increased farmable land, 

and having the infrastructure in place to provide pressurized water to patrons without individual 

pumps. Without piped privately operated laterals, even if the District’s canals were piped and 

pressurized, that pressurized water would not reach the on-farm application sites. Piping the 

privately operated laterals would be a step towards getting pressurized water to farms and 

eliminating the need for holding ponds, water pumps, and the associated energy costs of 

pumping. 

3.1.1 Water Conservation 
Privately operated lateral water conservation opportunities were calculated by determining the 

expected flow rate of each privately operated lateral based on the acreage served and an expected 

water delivery rate of 6 GPM per acre. The assumed flow rates at 6 GPM per acre for the 

irrigated acres of a privately operated lateral were then subtracted from the measured flow rates 

of the same lateral to determine the excess amount of water being delivered via privately 
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operated laterals and thus, the amount of water that could be conserved from a piped privately 

operated lateral system.  

As indicated above and based on a District flow of 6 GPM per acre, expected flow rates from the 

acreage associated with privately operated laterals (22,712 acres) were 136,272 GPM. However, 

the measured flow rates were extrapolated to be 188,254 GPM. The difference between the 

measured and expected flow rates was 51,982 GPM or 114.4 CFS (estimated 35,284 acre-feet). 

This amount of water represents the estimated water that could be conserved from piping the 

privately operated laterals. 

3.1.2 Costs 
Since the privately operated laterals are private systems that are maintained by District patrons 

and beyond District control, rough estimates were developed for the purposes of estimating the 

cost of piping these privately operated laterals. It was estimated that roughly 250 miles of 

privately operated lateral exist in the District and that there are approximately 300 privately 

operated laterals. These laterals serve approximately 22,712 acres. This results in approximately 

4,400 linear feet per lateral at a flow rate of 530 GPM (1.18 CFS) per lateral. Assuming a flow 

rate of approximately 2 feet per second for privately operated laterals, 12-inch diameter pipe 

would be needed. Given $16 per linear foot for 12-inch pipe (15% Engineering, 18% CMGC, 

and 30% Contingency), the total cost was estimated at $36,516,480 for piping all of the privately 

operated laterals. Given 22,712 acres, this equates to approximately $1,608 per acre to 

implement. Based upon the estimated savings of 35,284 acre-feet (114.4 CFS) of water per 

season, this equates to approximately $1,034.93 per acre-foot of water conserved. 

3.1.3 Challenges 
The main challenges to upgrading the entire privately operated lateral system are costs, a lack of 

current COID system pressure, challenges with outside funding programs, patron agreement, and 

easements/legal issues. Assuming an average parcel size in the District of about 11 acres, on 

average, the total cost to pipe a privately operated lateral was estimated to be $17,688 plus the 

cost of the turnout to each patron that was roughly estimated to be another $8,000 for a total of 

$25,688. While this cost could potentially be borne by some larger farming operations, the cost is 

a significant burden for many irrigators. Additionally, patrons have little reason to pursue piping 

themselves because there is little incentive for the patrons to pipe. The benefits of the conserved 

water due to piped privately operated laterals do not directly benefit the patron. If the District’s 

canals and laterals were piped beforehand, however, the patrons may be incentivized to pipe the 

privately operated laterals because pressurized water could then be delivered to on-farm sites. 

Patrons could remove the holding ponds and water pumps and eliminate costs associated with 

pumping. Therefore, the incentive to pipe privately operated laterals would generally only be 

applicable if the District were already piped.  
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Another challenge associated with piping the privately operated laterals is landowner agreement. 

Generally speaking, in order to pipe a privately operated lateral, all the landowners using the 

lateral must be in agreement to pipe. Because these projects generally require unanimous 

approval, it can be very difficult to get agreement, depending on the number of users on a 

privately operated lateral. Additionally, the patrons’ ability to work cooperatively is a major 

factor, as well as the cost burden that all patrons must be willing to bear at the same time. Often 

these types of piping projects are prevented from moving forward because a single person is 

unwilling to support the project for any of these aforementioned reasons. Even in situations 

where a district has incentivized piping the privately operated lateral because the district is 

delivering pressurized water, patrons that use flood irrigation may not consider piping as a direct 

benefit to them. Therefore, those patrons may be unwilling to participate in piping a privately 

operated lateral. 

There can also be easement requirements that present hurdles associated with piping privately 

operated laterals. Although the privately operated lateral may have been acceptable as an open 

canal to the served patrons, once private piping is implemented, an element of value has been 

paid for and installed in place of the open ditch. When this occurs, typically an easement is 

required to provide access to all of the patrons for operation, maintenance, and replacement of 

the proposed private pipe. Obtaining an easement or easements in favor of a number of private 

parties is an additional complexity that must be considered in conjunction with the piping of 

privately operated laterals.  

3.2 On-Farm Upgrades 
Modernizing irrigation application systems represents a significant opportunity for water 

conservation. Newer irrigation technologies provide better and more uniform application of 

water and have greater efficiencies. Implementation of such efficiency upgrades results in less 

water needed to provide the same amount of water to the crops. Often these more efficient 

systems improve crop yield and can facilitate the growth of more valuable crops. Additionally, 

the conveyance system’s efficiency is improved along with the application system, since 

pressurized water and therefore piping is required for modern application systems. 

3.2.1 Water Conservation 
The amount of water that could be conserved through on-farm irrigation upgrades was 

determined based on the assumption that all application methods throughout the entire District 

were upgraded to the most efficient and practical application system possible. Upgraded 

application systems were assigned an efficiency value based on that of “used” equipment to 

provide conservative estimates of water use. “Used” equipment efficiency values were preferred 

over “new” equipment efficiency values because irrigators commonly purchase previously 

owned equipment. Furthermore, new equipment would experience wear and tear over time, thus 
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decreasing the equipment’s application efficiency so conservative estimates were used for 

efficiency values. 

The practicality of an application system upgrade was assessed based on constraints related to 

crop type, soil type, plot layout and size, and topography. For example, drip or micro sprinkler 

irrigation systems are among the most efficient application systems, but are often not appropriate 

for field crops. Wheel-line systems require relatively flat terrain because wheel-lines have 

difficulty moving up-hill. Center-pivot systems require a large plot of land on which to be 

installed and therefore, smaller acreage plots are not suitable for center-pivots.  

Although metrics were not collected on all application system constrains, crop type and plot size 

were known metrics. Because the crop type for the entire District was classified as pasture/grass 

hay, crop type did not restrict wheel-line or center-pivot application systems. Tax lot acreage was 

restrictive, however, and used to select an appropriate application system on each tax lot. For 

acreage, restrictions were placed as follows: 

 Irrigation systems on tax lots greater than 20 acres were upgraded to center-pivot 

 Irrigation systems on tax lots from 5 acres to 20 acres were upgraded to wheel-line 

 Irrigation systems on tax lots from 0.5 acres to 5 acres were upgraded to K-Line 

 Irrigation systems on tax lots less than 0.5 acres were not changed 

K-Line is a newer irrigation technology best suited for smaller acreages. The irrigating 

technology uses impact sprinklers (the same as wheel-line irrigation) so the efficiency value used 

was the same as wheel-line. For cost estimating of upgrades, however, separate K-Line estimates 

are provided for smaller lots as the cost per conserved water and acreage is different than wheel-

line systems. 

To determine the water use due to District-wide on-farm upgrades, all tax lots between 0.5 and 

20 acres with an application efficiency (AE) value less than a used wheel-line AE value of 55% 

(Appendix A) were updated to an AE of 55%. This updated AE value represents that the AE 

value of the current system was less efficient than wheel-line and therefore, could be upgraded to 

a wheel-line system (or K-Line system in the case of smaller acreages) with an improved AE. All 

tax lots greater than 20 acres and with an application efficiency (AE) value less than a used 

center-pivot AE value of 70% (Appendix A) were updated to an AE of 70%, again representing 

that the current system was less efficient, and therefore, upgraded to a center-pivot system.  

The conveyance efficiency of each tax lot was also updated to reflect that a pipeline would be the 

conveyance system with a corresponding CE of 99% for any pressurized sprinkler system 

upgrade. System efficiency values were calculated for each tax lot using Equation 2 (Section 

2.3.6). Equation 3 (Section 2.3.7) was then used to determine the new water use totals of the 

upgraded systems for COID. The amount of estimated water conserved from on-farm upgrades 
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was calculated by subtracting the expected water use for the upgraded system from the current 

water use. 

On-farm District-wide upgrades assumed a reduction in flood irrigation practices from 26.9% to 

less than 0.1% (Figure 3). K-Line systems were found to be a useful irrigation technique for 

smaller lots where flooding had been used and would be practical for about 2.8% of the acreage 

in COID. As expected, center-pivot would be the most common system, covering over 80% of 

the acreage. However, the acreage irrigated using wheel-line systems would be significantly 

reduced to only 16%. Drip and combination systems were also reduced to 0.8% of the acreage. 

Based on the acreage and efficiency values of a modernized on-farm irrigation system, the 

expected water use was calculated to be 105,351 acre-feet or 343 CFS of water per season 

(Figure 4). District-wide on-farm irrigation system upgrades were calculated to conserve up to 

48,255 acre-feet (157 CFS) of water per season based on the calculated current water use of 

153,606 acre-feet (500 CFS) of water per season, a 31.4% increase in efficiency. 

 

Figure 3. Modernized irrigation practices and corresponding percentage of acreage irrigated by 

each practice in Central Oregon Irrigation District 
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Figure 4. Water use from current and modernized irrigation practices in Central Oregon 

Irrigation District 

 

3.2.2 Costs 
Cost estimates were developed for the purposes of estimating the cost of upgrading a flood 

irrigation system to a K-Line, wheel-line, or center-pivot system under the current District 

infrastructure of open, non-pressurized canals and laterals. Material and equipment estimates 

were provided by reputable vendors that routinely supply modernized irrigation equipment to 

Central Oregon. Material estimates were combined with additional installation, construction, 

operation, and maintenance costs based on the experience of Black Rock Consulting to 

determine a total capital plus recurring cost per acre. Cost estimates determined the cost per acre 

to upgrade from a flood irrigation system to a K-Line system as $31,681 per acre, to a wheel-line 

system as $27,671 per acre, and to a center-pivot system as $21,167 per acre. Complete cost 

estimate tables are provided in Appendix B. The total cost for upgrading all on-farm systems was 

estimated at $622,549,052. Based upon the estimated savings of 48,255 acre-feet (157 CFS) of 

water per season, this equates to approximately $12,901 per acre-foot of water conserved. 

3.2.3 Challenges 
As with privately operated lateral systems, there are numerous challenges to implementing 

district-wide on-farm upgrades to more efficient irrigation systems. The major benefit, as 

compared to privately operated laterals, is that each individual patron can implement on-farm 
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upgrades independent of what other users on the same lateral choose to do. For a significant 

amount of water conservation to be possible, however, the majority of the 3,700 patrons in COID 

need to implement on-farm upgrades. More importantly, all 3,700 patrons need to irrigate 

following best management practices (BMP), only using the water they need to adequately 

irrigate their crop to the NIR amount. Following BMP is a key point for water conservation 

because patrons can still receive their full water right and may, if they so choose to, use their full 

amount of water (subject to District policy and specific patron water rights in effect at the time). 

The greatest challenge to implementing on-farm upgrades is incentivizing these upgrades to 

compensate for the increased cost, labor, and maintenance of a more efficient system. Flood 

irrigation only requires that ditches are properly maintained to move the water onto the field. 

Upgrading a flood irrigation system to a pressurized system, however, requires the construction 

of a holding pond, the purchase and installation of a water pump to pressurize the water, annual 

electricity costs to run the pump, piping the ditches from the holding pond to the fields, and 

purchasing and installing the application system, all of which require regular maintenance. The 

significant investments of time and money to purchase, install, and maintain a more efficient 

system are major hurdles that many irrigators are not able or willing to overcome. This challenge 

is further exacerbated because the primary benefit of upgrading a system is conserving water and 

that conserved water does not provide any direct benefit to the irrigator for their efforts. 

Therefore, incentives are needed for on-farm upgrades to be realized at scale. 

3.3 Modernized On-Farm and District System 
A fully modernized irrigation system would consist of the aforementioned upgrades to privately 

operated laterals and on-farm infrastructure as well as piping and pressurizing the District’s 

entire canal and lateral system. A piped District system in conjunction with piped privately 

operated laterals would eliminate seepage and evaporation losses while also eliminating the need 

for carry water and end spills. Additionally, a fully modernized system would provide the 

opportunity for the most on-farm water savings to be realized since the District could then better 

regulate the irrigation delivery rate to each farmer. Current, partial, and complete modernization 

of the District and privately operated systems is schematically represented in Figures 5A-D. 
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Figure 5. Schematic representations of an irrigation district’s canals, laterals, privately operated 

laterals, and on-farm infrastructure as well as areas of water loss within the irrigation system. 

Figures A-D represent possible modernization configurations of irrigation systems and 

associated areas of water loss and conservation based on no (A), district (B), private and on-farm 

(C), or complete (D) modernization.  
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3.3.1 Water Conservation 
Water conservation opportunities at the District level are presented in the Central Oregon 

Irrigation District System Improvement Plan. Seepage loss assessments on District operated 

canals and laterals estimated a water loss of 89,000 acre-feet (291 CFS) per year. Given 

modernization of the entire District operated and maintained canals and laterals, piping of the 

privately operated laterals, and fully upgrading on-farm systems, the estimated water 

conservation with the District is estimated to be up to 172,539 acre-feet (562 CFS) annually 

(Table 3). 

Table 3. Water conservation summary 

IMPROVEMENT DESCRIPTION CONSERVED WATER 
(ACRE-FEET) 

CONSERVED WATER 
(CFS) 

PIPING DISTRICT CANALS AND LATERALS 89,000 291 
PIPING PRIVATELY OPERATED LATERALS 35,284 114 
ON-FARM MODERNIZATION OF IRRIGATION SYSTEMS 48,255 157 

TOTAL WATER CONSERVATION 172,539 562 
 

3.3.2 Costs 
A fully piped system would provide pressurized water. Pressurized water would allow irrigators 

currently using sprinkler application systems to remove holding ponds and water pumps. The 

removal of ponds and pumps would provide benefits by eliminating the need for maintenance on 

these items and eliminate pond seepage losses and pumping costs. Based on the current energy 
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usage of water pumps in COID of 33,287,460 kWh and assuming an energy cost of $0.10/kWh, 

the elimination of pumps alone would provide an estimated cost savings of $3,328,746 annually. 

Additionally, a pressurized District system may help incentivize flood irrigators to upgrade to 

more efficient on-farm application systems because installation and operation costs would be 

reduced since ponds and pumps are no longer required. Table 4 provides installation and 

operation cost estimate comparisons between pressurized systems and non-pressurized systems. 

Table 4. Cost estimate comparisons and associated water conservation between pressurized 

systems and non-pressurized systems 

IRRIGATION SYSTEM 
INFRASTRUCTURE 

TOTAL 
ACREAGE TO 
BE UPGRADED 
(ACRES) 

COST 
PER 
ACRE 

TOTAL COST TO 
MODERNIZE 

WATER 
CONSERVED 
PER YEAR 
(ACRE-FEET) 

COST PER 
ACRE-FOOT OF 
CONSERVED 
WATER 

DISTRICT CANAL -- -- $700,000,000 89,500 $7,821 

PRIVATE LATERALS 22,712 $1,608 $36,516,480 35,284 $1,305 

      

ON-FARM 
(NON-PRESSURIZED) 

27,880 $22,330 $622,549,052 48,255 $12,901 

K-LINE 1,185 $31,681 $37,527,697 2,994 $12,533 

WHEEL-LINE 3,070 $27,671 $84,959,118 7,406 $11,472 

CENTER-PIVOT 23,625 $21,167 $500,062,237 37,855 $13,210 

      

ON-FARM 
(PRESSURIZED) 

27,880 $11,069 
 

$308,589,584 
 

48,255 $3,694 

K-LINE 1,185 $5,543 $6,566,192 2,994 $2,193 

WHEEL-LINE 3,070 $8,421 $25,856,645 7,406 $3,491 

CENTER-PIVOT 23,625 $10,144 $239,650,266 37,855 $6,331 

 

Cost estimates of piping the entire district from the COID System Improvement Plan indicate an 

expected cost of approximately $700MM to fully pipe all District canals and laterals. The cost 

per conserved acre-foot of water within the District-owned canal system is approximately 

$7,821. By comparison, the cost per conserved acre-foot of water on-farm is $12,901 if system 

upgrades were performed prior to District pressurization. This indicates that it is approximately 

1.5x more expensive per acre-foot to conserve on-farm as it is to pipe the District-owned canals. 

Additionally, it is expected that on-farm improvements will not move forward until District 

pressurization occurs. Piping the District-owned canals and laterals will not only cost effectively 

conserve water but will serve as the basis for pressurization to all District patrons and the 

accelerated upgrade of pressurized on-farm systems. Comparisons of the estimated costs and 

associated conservation for each modernization component (i.e. District and privately operated 

systems) are provided in Table 4. 
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3.3.3 Challenges 
Challenges and limitations still exist to realizing on-farm water savings with a fully piped and 

pressurized delivery system. Even with the elimination or reduction of equipment, operation, and 

maintenance costs, the cost to upgrade from flood to a modernized system is still anywhere from 

$5,000 to $10,000 per acre (Table 4). The application systems will still require maintenance to 

ensure they are operating correctly as compared to a relatively maintenance free flood 

application system; therefore, incentivizing growers to upgrade their systems when it will cost 

them time and money to do so is still a challenge that must be addressed.  

3.4 Additional Considerations for Modernization 

3.4.1 Funding 
Cost is a primary challenge associated with modernizing on-farm and privately operated lateral 

systems. One method to assist with the cost of upgrading irrigation systems is by acquiring 

financial assistance from funding sources. There are multiple funding opportunities that can 

provide assistance for on-farm upgrades. Irrigators can work with local and state agencies, their 

Soil and Water Conservation District, and other regional partners to secure funding for on-farm 

upgrades.  

The NRCS EQIP (Environmental Quality Incentives Program) is one such program that does 

assist farmers with on-farm efficiency upgrades, yet it is primarily limited to individual farms 

and becomes more complex with multiple farmers. The program assists with funding materials; 

however, significant installation costs are still borne by the farmers. Market conditions and such 

incentive programs will likely determine how and when individual farmers and farmers on 

privately-owned laterals move forward with improvements. Because funding opportunities and 

funding dollars are limited, it will take time to upgrade all on-farm systems throughout the entire 

District. 

3.4.2 Time 
The time required to carry out on-farm and privately operated lateral upgrades throughout the 

entire District is another challenge of implementing on-farm upgrades. There are currently over 

900 patrons in COID using flood irrigation who could upgrade to a more efficient on-farm 

application system and 300 privately operated laterals that could be piped. The time required to 

update all of those systems will be significant. Assuming a timeframe of 30 years to upgrade the 

on-farm systems and pipe the privately operated laterals, that would require 10 privately operated 

laterals and 30 on-farm systems to be upgraded each year. Considering all of the financial 

challenges, legal issues, landowner agreement, and incentives to address, upgrading 10 privately 

operated laterals and 30 on-farm systems in a year may not be possible. The reality is that 

without funding and incentives for users to upgrade, it may not be possible to even pipe one 

privately operated lateral and upgrade five on-farm systems a year. Therefore, on-farm upgrades 

could take many years to implement, and until most of the on-farm infrastructure is modernized 
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along with District operated canals and laterals, on-farm conserved water won’t be realized at 

scale.  

The most effective way to decrease the number of years it will take to upgrade on-farm systems 

is to decrease costs and provide incentives to modernize. One option to help reduce 

modernization costs and therefore speed up modernization work is to provide funding for 

upgrades. There are limitations to the amount of available funding each year which can limit the 

number of on-farm systems that are upgraded. Assuming a 30-year upgrade plan with on-farm 

and privately operated lateral modernization cost estimates of approximately $659MM without 

district pressurization, the total costs would be approximately $22MM per year. As the majority 

of those costs would likely need to be offset from funding to incentivize modernization, the total 

number of years to realize district-wide on-farm modernization would increase or decrease from 

the assumed 30-year timeframe depending on how much annual funding was available. 

Another method to decrease modernization costs is to have the District canals and laterals piped 

first or at least in conjunction with on-farm upgrades so pressurized water can be delivered on-

farm. As previously discussed, the delivery of pressurized water eliminates costs associated with 

the installation and operation of holding ponds and water pumps. By piping District canals, the 

opportunity for pressurized water on-farm provides incentives for growers to work together to 

pipe private laterals. Furthermore, growers who already have pumps are incentivized by the 

opportunity for cost savings by eliminating their pumps. However, the time for a district to pipe 

their canals and laterals may also be a lengthy process that in turn, will likely cause on-farm 

upgrades to occur slowly. 

3.4.3 Prioritization 
Because both decreased costs and incentives are needed to encourage the implementation of on-

farm upgrades, prioritizing which on-farm systems to upgrade is an important aspect of 

modernization. The key factors for prioritizing on-farm upgrades throughout the District are: a) 

landowners willing to work cooperatively towards modernization, b) landowners that divert 

water from District laterals that are piped and pressurized, c) landowners able to qualify for 

funding or privately finance their irrigation system, and d) landowners currently using the most 

water to irrigate (due to using less efficient application systems and/or growing crops with high 

NIR values). Good communication between COID and growers will be critical to identify the 

highest priority locations for piping and modernization work to occur. 

COID has currently identified several locations where the District can improve on-farm 

deliveries by piping. Two main areas include the King Way canal and laterals and the Smith 

Rock canal and laterals (Figure 6). Once piped, these canals and laterals will allow for the 

pressurization of 140 privately operated laterals and create the opportunity for 638 patrons to 

implement on-farm efficiencies with potential water conservation of up to 14,979 acre-feet per 

year. 
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Figure 6. Sections of the COID canal and lateral system where piping projects are planned   

 

3.4.5 Best Management Practices 
Best management practices (BMP) for irrigating describe recommended practices for the most 

effective and efficient methods to irrigate. Using BMPs for irrigating can help conserve water, 

ensure irrigation application uniformity, and reduce water runoff and contamination. However, 

the adoption of BMPs are voluntary. Growers can choose to irrigate up to their full water right 

even if the amount of water applied is in excess of BMPs for the crop. Furthermore, there are no 

enforceable actions to require on-farm water application reductions less than the water right of 

the user. Therefore, even if growers have a fully piped and pressurized system and are using the 

most efficient on-farm system, water conservation opportunities will only be realized if growers 

voluntarily utilize best management practices. 

3.4.6 Future Water Requirements 
It is important to recognize that estimates of water savings are strictly based on the current crop 

composition in the District. As has happened in the past and will undoubtedly continue to 

happen, the crop composition will change and with it the NIR needed for the crop. If the crop 
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composition shifts to crops with higher NIRs, those crops would necessitate the use of more 

water and thus, less conserved water savings. The shift to a different crop composition may even 

be incentivized by the conversion to a more efficient irrigation system because more water would 

be available at the application site. Therefore, even with the implementation of on-farm upgrades 

and following BMPs, the amount of conserved water realized from on-farm modernization may 

be less than the calculated amounts in this report. For this reason, the District and its patron base 

must exercise care regarding consideration of any permanent modifications to certificated on-

farm water rights to insure that farmers maintain the flexibility over time to adjust crop types and 

to address climate change.  

Section 4 Summary 
Water conservation strategies are and will continue to be a critical component to ensure the 

success of agriculture in the western United States. While irrigation districts can work to 

modernize their delivery systems, individual irrigators can also conserve water through on-farm 

application upgrades and by piping their privately operated lateral delivery systems. Older, less 

efficient irrigation methods, such as flood, can be upgraded to more accurate and efficient 

application methods such as center-pivot systems. Upgrading to more modern, efficient 

application methods in conjunction with piped district and privately operated laterals will result 

in substantial water conservation, allowing the conserved water to be used for other purposes. 

In the Central Oregon Irrigation District, on-farm upgrades can result in significant water 

savings. While the projected annual water use and subsequent savings will vary from season to 

season based on irrigation demands, up to 48,255 acre-feet (157 CFS) of water could be 

conserved from on-farm application system upgrades. An additional 35,284 acre-feet (115 CFS) 

of water could be conserved from piping privately operated laterals.  

It is important to recognize, however, that these projected water savings are based on assumed 

soil, crop type, land use, and best management practices. These water savings are also only 

realized in-stream if District-level piping of canals and laterals is first accomplished. 

Furthermore, there are many challenges to overcome before District-wide modernization of on-

farm infrastructure is achieved. Cost, incentives, landowner agreement, easements, timing, 

prioritization, best management practices, and the sheer number of on-farm systems are all 

barriers to implementation that must be addressed. 

At a time when there is an ever increasing demand for multipurpose water, the impact of water 

conservation at any level will be significant. Working in concert with districts and individual 

irrigators alike is paramount to ensuring that optimal water conservation strategies are 

implemented throughout the Deschutes Basin. 
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http://www.usbr.gov/pn/agrimet/ETtotals.html
http://www.gelib.com/soilweb.htm
http://websoilsurvey.sc.egov.usda.gov/App/WebSoilSurvey.aspx
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Appendix A Irrigation System Efficiency Values 
Application Method Application 

Efficiency (%) 

Conveyance 

Efficiency (%) 

System 

Efficiency (%) 

Flood   
 

  Sand 20 91 18 

  Sandy Loam 30 91 27 

  Clay 50 91 46 

  Clay Loam 50 91 46 

 Flood/Drip   
 

  Sandy Loam 49 95 47 

  Clay Loam 59 95 57 

 Flood/Drip/Pivot 56 95 54 

 Flood/Gun 41 95 39 

 Flood/Hand-Lines 43 95 41 

 Flood/Pivot   
 

  Sand 45 95 44 

  Sandy Loam 50 95 48 

  Clay 60 95 58 

  Clay Loam 60 95 58 

 Flood/Pivot/Wheel-Line 52 95 50 

 Flood/Wheel-Line   
 

  Sand 38 95 36 

  Sandy Loam 43 95 41 

  Clay 53 95 50 

  Clay Loam 53 95 50 

Traveling Gun 51 99 50 

Hand-Line 55 99 54 

Wheel-Line 55 99 54 

 Wheel-Line/Gun 53 99 52 

 Wheel-Line/Drip 62 99 61 

 Wheel-Line/Pivot 63 99 62 

Drip 68 99 67 

Center-Pivot 70 99 69 

 Pivot/Drip 69 99 68 
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Appendix B Cost Estimate Tables for Upgrading Flood 
Irrigation Systems 
Table 1. On-Farm flood to K-Line irrigation system upgrade cost estimate 

 

 

 

 

 

ON-FARM FLOOD TO SPRINKLER UPGRADE ESTIMATE - 30 YEAR LIFE CYCLE

5 Acre K-Line Pod System (13 Pods)

Black Rock Consulting

INITIAL CAPITAL COST DESCRIPTION NUMBER UNIT COST/UNIT SUBTOTAL

1. Furnish and Install K-Line System 1 LS $3,000 $3,000

2. Furnish and Install Electrical System 1 LS $20,000 $20,000

3. Furnish and Install 5 HP Pump, Manifold, Valves 1 LS $10,000 $10,000

4. Furnish and Install 6" Supply Pipe from Canal 800 LF $8 $6,400

5. Grade Field for K-Line Use 1 LS $1,000 $1,000

6. Construct Irrigation Pond 500 CY $15 $7,500

7. Line Irrigation Pond 1,200 SF $3 $3,000

SUBTOTAL INITIAL CAPITAL COST $50,900

Engineering 5 % $2,545

TOTAL INITIAL CAPITAL COST $53,445

RECURRING ANNUAL COSTS

1. Loss of Field Production at Pond 0.1 Acre $1,500 $150

2. Energy Cost at  $0.1/kWh and 867kWh/Acre/Yr 5 Acre $87 $434

3. O&M - Assumes Full Capital Over 30-Years 1 Yr O&M $1,697 $1,697

TOTAL ANNUAL OPERATING COST $2,280

TOTAL 30-YEAR SIMPLE COST 30 Yr Operating $68,405

TOTAL CAPITAL PLUS RECURRING COSTS - 30-YEARS $121,850

TOTAL COST PER ACRE (ASSUMING 5- ACRES) $24,370

CENTRAL OREGON IRRIGATION DISTRICT ACREAGE Acres 42,133

   Acreage to Upgrade to K-Line Systems Acres 1,185

SUBTOTAL ESTIMATED COST - ON-FARM UPGRADES COI $28,878,450

   Contingency 30 % $8,663,535

TOTAL ESTIMATED COST - ON-FARM UPGRADES COI $37,541,985
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Table 2. On-Farm flood to wheel-line irrigation system upgrade cost estimate 

 

 

 

 

 

 

 

ON-FARM FLOOD TO SPRINKLER UPGRADE ESTIMATE - 30 YEAR LIFE CYCLE

10 Acre Wheel-Line System 

Black Rock Consulting

INITIAL CAPITAL COST DESCRIPTION NUMBER UNIT COST/UNIT SUBTOTAL

1. Furnish and Install Wheel-Line System 1 LS $19,500 $19,500

2. Furnish and Install Electrical System 1 LS $20,000 $20,000

3. Furnish and Install 7.5 HP Pump, Manifold, Valves 1 LS $15,000 $15,000

4. Furnish and Install 6" Supply Pipe from Canal 1,200 LF $8 $9,600

5. Grade Field for Wheel-Line Use 1 LS $2,500 $2,500

6. Construct Irrigation Pond 1,000 CY $15 $15,000

7. Line Irrigation Pond 2,500 SF $3 $6,250

SUBTOTAL INITIAL CAPITAL COST $87,850

Engineering 5 % $4,393

TOTAL INITIAL CAPITAL COST $92,243

RECURRING ANNUAL COSTS

1. Loss of Field Production at Pond 0.15 Acre $1,500 $225

2. Energy Cost at  $0.1/kWh and 867kWh/Acre/Yr 10 Acre $87 $867

3. O&M - Assumes Full Capital Over 30-Years 1 Yr O&M $2,928 $2,928

TOTAL ANNUAL OPERATING COST $4,020

TOTAL 30-YEAR SIMPLE COST 30 Yr Operating $120,610

TOTAL CAPITAL PLUS RECURRING COSTS - 30-YEARS $212,853

TOTAL COST PER ACRE (ASSUMING 10- ACRES) $21,285.25

CENTRAL OREGON IRRIGATION DISTRICT ACREAGE Acres 42,133

   Acreage to Upgrade to Wheel-Line Systems Acres 3,070

SUBTOTAL ESTIMATED COST - ON-FARM UPGRADES COI $65,345,718

   Contingency 30 % $19,603,715

TOTAL ESTIMATED COST - ON-FARM UPGRADES COI $84,949,433
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Table 3. On-Farm flood to center-pivot irrigation system upgrade cost estimate 

 

ON-FARM FLOOD TO SPRINKLER UPGRADE ESTIMATE - 30 YEAR LIFE CYCLE

31 Acre Center-Pivot System (1,320 LF) 

Black Rock Consulting 3/31/2017

INITIAL CAPITAL COST DESCRIPTION NUMBER UNIT COST/UNIT SUBTOTAL

1. Furnish and Install 1,320 LF Pivot 1 LS $92,000 $92,000

2. Furnish and Install Electrical System 1 LS $25,000 $25,000

3. Furnish and Install 15 HP Pump, Manifold, Valves 1 LS $20,000 $20,000

4. Furnish and Install 8" Supply Pipe from Canal 1,600 LF $10 $16,000

5. Grade Field for Center-Pivot Use 1 LS $10,000 $10,000

6. Construct Irrigation Pond 1,800 CY $15 $27,000

7. Line Irrigation Pond 5,000 SF $3 $12,500

SUBTOTAL INITIAL CAPITAL COST $202,500

Engineering 5 % $10,125

TOTAL INITIAL CAPITAL COST $212,625

RECURRING ANNUAL COSTS

1. Loss of Field Production at Pond 0.2 Acre $1,500 $300

2. Energy Cost at  $0.1/kWh and 867kWh/Acre/Yr 31 Acre $87 $2,688

3. O&M - Assumes Full Capital Over 30-Years 1 Yr O&M $6,750 $6,750

TOTAL ANNUAL OPERATING COST $9,738

TOTAL 30-YEAR SIMPLE COST 30 Yr Operating $292,131

TOTAL CAPITAL PLUS RECURRING COSTS - 30-YEARS $504,756

TOTAL COST PER ACRE (ASSUMING 31- ACRES) $16,282

CENTRAL OREGON IRRIGATION DISTRICT ACREAGE Acres 42,133

   Acreage to Upgrade to Center-Pivot Systems Acres 23,625

SUBTOTAL ESTIMATED COST - ON-FARM UPGRADES COI $384,672,919

   Contingency 30 % $115,401,876

TOTAL ESTIMATED COST - ON-FARM UPGRADES COI $500,074,795


