
 

 MEMORANDUM 
 Project No.: 190286 

September 26, 2019 

To: Tod Heisler, Central Oregon LandWatch 
 

From:   

John S. Warinner, PE, CWRE 
Associate Water Resources Engineer 
jwarinner@aspectconsulting.com 

 

 
Re: COID Water Efficiency 

Private Laterals 

Purpose 
In June 2019, Central Oregon LandWatch (COLW) engaged Aspect Consulting, LLC (Aspect) to 
perform an engineering analysis and deliver a technical memorandum that answers the following 
questions posed by COLW pertaining to the Central Oregon Irrigation District (COID): 

Q1. Within the Pilot Butte system of canals and laterals, and starting at the most downstream 
points in the private laterals, how far upstream would one need to pipe in order to generate 
sufficient pressure to operate: (a) center pivot, (b) wheel line, and (c) K-Line? 

Q2. What is the estimated cost to install piping to this extent? 

To inform this analysis, COLW provided Aspect with a copy of a sample rotation schedule for 
COID Rotation 10500 (Headgate B-11-8), which is attached as Appendix 1 and an On-Farm Water 
Conservation Report prepared by Black Rock Consulting and Farmers Conservation Alliance for 
which a relevant excerpt is included as Appendix 2. 

Midway through the analysis, Aspect shared some preliminary findings with COLW.  In response 
to these preliminary findings, COLW amended the guiding questions to include the following: 

Q3. Estimate the cost of piping all 300 private rotations in COID? 
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Q4. Estimate the cost of piping the district-owned sub-laterals up to but not including the 
primary laterals? 

Q5. Estimate the water conserved, seepage losses reclaimed? 

This memorandum represents the deliverable product for this initial phase of work. 

Two figures help clarify the answers we have developed to the questions posed by COLW.  Figure 
1 presents a map of the sample rotation area and the conceptual layout of the pipeline proposed to 
replace the private lateral within the sample rotation.  Figure 2 presents a map of the COID canal 
system upstream of the sample rotation area and degrees to which the private lateral pipeline must 
be extended to generate various operating pressures at the headgate serving this private lateral. 

Results 
This section presents concise answers to the five questions posed by COLW.  Supplementary 
details are provided in following section of this memorandum. 

Q1. Within the Pilot Butte system of canals and laterals, and starting at the most 
downstream points in the private laterals, how far upstream would one need to 
pipe in order to generate sufficient pressure to operate: (a) center pivot, (b) 
wheel line, and (c) K-Line? 
The minimum pressure required to operate the most energy-efficient configurations of the three 
specified irrigation systems is about 30 pounds per square inch (psi). To deliver 30 psi to the 
headgate serving the sample rotation, one would need to pipe the COID system about 6,600 feet (ft) 
(1.25 miles) upstream of the headgate.  As illustrated in Figure 2, this location is approximately 
where the COID sub-lateral crosses the McKenzie Highway connecting Redmond to Sisters. 

The pressure required to operate all possible configurations of the three specified irrigation systems 
is about 60 psi.  To deliver 60 psi to the headgate serving the sample rotation, one would need to 
pipe the COID system about 16,500 ft (3.1 miles) upstream of the headgate.  As illustrated in 
Figure 2, this location is approximately 2,000 ft north of where the COID sub-lateral crosses SW 
Wickiup Avenue. 

An alternative to extending the pipeline upstream to this extent would be to install a pump station at 
the headgate (upstream end of the private lateral) to locally pressurize the private lateral system.  If 
piping of the upstream district lateral was anticipated or planned, a package booster pump station 
could be installed to locally pressurize the private lateral system on a temporary basis until the 
upstream district lateral was constructed.  Aspect mentioned this alternative to COLW but did not 
analyze or estimate the cost of this alternative approach. COLW indicated that COID was 
investigating this alternative to some degree. 

Additional details are provided in the Details Section of this memorandum under the headings 
Pressure Required to Operate Specified Irrigation Systems and Upstream Distance to Pipe to 
Generate Sufficient Operating Pressure. 
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Q2. What is the estimated cost to install piping to this extent? 
The cost to construct a buried pipeline to fully replace the private lateral ditch is estimated at 
$150,833.  This cost estimate includes a water delivery manifold at each water delivery point within 
the rotation that includes a control valve and flowmeter.  This cost estimate also includes markups 
for engineering (15 percent), construction management (18 percent) and contingency (30 percent) 
to provide a conservative estimate of uncertainties associated with this conceptual level of design.  
Aspect did not estimate the cost to extend the pipeline upstream from the private lateral headgate 
due to complexities and uncertainties regarding the quantity, size(s) and water demand(s) associated 
with the other private laterals that would also be served by this COID-owned lateral pipeline. This 
information exceeded the scope of this investigation. 

Additional details are provided in the Details Section of this memorandum under the heading 
Estimated Cost to Construct the Private Lateral Pipeline. 

Q3. Estimate the cost of piping all 300 private rotations in COID? 
Aspect estimated a cost of $33,832,000 to pipe all 300 private rotations. 

This estimate was based on extrapolation of the $150,833 estimated for the sample rotation which 
included 5,885 linear feet (LF) of pipe to the 250-mile total length of private laterals estimated by 
Black Rock and FCA in Appendix 2. 

Additional details are provided in the Details Section of this memorandum under the heading 
Estimated Cost to Pipe All 300 Private Rotations in COID. 

Q4. Estimate the cost of piping the district-owned sub-laterals up to but not 
including the primary laterals? 
Aspect did not estimate the cost of piping the district-owned sub-laterals up to, but not including, 
the primary laterals.  As noted in the answer to Q2 above, estimating costs to pipe the district-
owned sub-laterals upstream of the private lateral headgates requires information regarding the 
locations and water demands at each of the other headgates served by the sub-lateral.  
Unfortunately, this information is not readily and publicly available, so Aspect considers this 
question to exceed the scope of this initial investigation. 

Q5. Estimate the water conserved, seepage losses reclaimed? 
Aspect estimated that piping the private lateral ditches within all 300 private rotations within COID 
could potentially conserve 2.5-to-3.0 acre-feet of water per acre per year, for a total of 57,000-to-
68,000 acre-feet-per-year for the 22,712 acres currently served by private laterals. 

In summary, the total cost of $33,832,000 to conserve 57-to-68,000 acre-feet-per-year suggests a 
capital cost of about $500-600 per acre-foot of annual water savings. 

Additional details are provided in the Details Section of this memorandum under the heading 
Estimate of Water Conserved and Seepage Loss. 
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Details 
This section presents the analyses informing the results summarized in the preceding Results 
section of this memorandum. 

Pressure Required to Operate Specified Irrigation Systems 
Recommended operating pressures for the three specified types of agricultural irrigation systems 
vary widely, depending on choices made regarding sprinkler makes and models and nozzle types. 

For each of the identified types of sprinkler systems, Aspect researched product literature from the 
following websites: 

 Center Pivot 

 Researched product literature for Nelson Irrigation Corporation center pivot products at 
www.nelsonirrigation.com.  Nelson is a primary supplier to all the major center pivot 
manufacturers and holds a significant market share for center pivot sprinklers in the 
global market.  Attached as Appendix 3. 

 Wheel Line 

 Researched product literature for the Wade Rain Poweroll products at 
www.waderain.com.  Wade Rain is a primary manufacturer of wheel line irrigation 
systems in Oregon and beyond.  Attached as Appendix 4. 

 K-Line 

 Researched product literature for the K-Line irrigation system at www.k-linena.com.  K-
Line Irrigation North America is the manufacturer and distributor of K-Line irrigation 
systems.  Attached as Appendix 5. 

Product literature published by these selected irrigation equipment manufacturers suggests the 
following ranges of recommended operating pressures: 

 Center Pivot: 6 to 60 psi, depending on the selected sprinkler, plate and nozzle 

 Wheel Line: 30 to 50 psi, depending on the selected sprinkler configuration 

 K-Line:  35 to 60 psi, depending on the selected sprinkler configuration 

Based on the product manufacturers’ literature, the minimum pressure required to operate the most 
energy-efficient configurations of the three specified irrigation systems is about 30 psi. The 
pressure required to operate all possible configurations of the three specified irrigation systems is 
about 60 psi. 

Upstream Distance to Pipe to Generate Sufficient Operating Pressure 
The first step in estimating the upstream distance required to pipe the sample private lateral 
involved mapping the private lateral, conceptual pipeline, and the COID lateral system serving the 
sample private lateral. 

Aspect used the Deschutes County website to identify and tabulate the individual land parcels (tax 
lots) referenced in the sample rotation schedule. Aspect then used publicly available Deschutes 

http://www.nelsonirrigation.com/
http://www.waderain.com/
http://www.k-linena.com/
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County land parcel data and LiDAR data from the Oregon Department of Geology and Mineral 
Industries (DOGAMI) to map and characterize the COID canals and laterals, and private laterals, 
delivering water to the land parcels referenced in the sample rotation schedule. 

Aspect used this information to determine approximate locations and elevations for the water 
delivery points for each of the properties in the sample rotation.  The conceptual layout of the 
proposed pipeline is illustrated in Figure 1. 

The pressure generated by piping is driven by the elevation gained over the length of the pipe.  So 
to generate a given pressure at the headgate, the supply pipeline must be extended upstream until it 
reaches the elevation that results in an associated positive head pressure at the headgate.  Each 1 psi 
of pressure requires 2.31 feet of head or elevation gain.  So generating 30 psi of operating pressure 
at the headgate requires about 70 feet of elevation gain.  Similarly, 60 psi of operating pressure at 
the headgate requires about 140 feet of elevation gain. 

For the sample rotation, the headgate is located at an elevation of about 2,920 feet (Point A15 in 
Figure 2).  Since 70 feet of elevation gain are required to generate 30 psi, the pipeline must be 
extended to an elevation of 2990 feet.  This location corresponds to the location where the COID 
sub-lateral crosses the McKenzie Highway connecting Redmond to Sisters (Point A18). So, to 
generate the minimum pressure required to operate the most energy-efficient configurations of the 
three specified irrigation systems (about 30 psi), one would need to pipe the COID system about 
6,600 ft (1.25 miles) upstream of the headgate serving the sample rotation. 

Since 140 feet of elevation gain required to generate 60 psi at the headgate, the pipeline must be 
extended to an elevation of 3,060 feet.  As illustrated in Figure 2, this location is approximately 
2,000 feet north of where the COID sub-lateral crosses SW Wickiup Avenue (Point A19).  So, to 
generate adequate pressure to operate all possible configurations of the three specified irrigation 
systems (about 60 psi), one would need to pipe the COID system about 16,500 ft (3.1 miles) 
upstream of the headgate serving the sample rotation. 

Conceptual Design of Private Lateral Pipeline 
The first step in estimating the cost to pipe the private lateral was to layout and determine the 
appropriate sizes of the pipeline.  This process included the following steps: 

• Identify approximate delivery points for each water user served by the private lateral ditch 

• Determine the most cost-effective and convenient alignment of the pipelines serving each 
point of delivery 

• Determine the assumed timing and duration of water delivery to each delivery point 

• Estimate the rate at which water must be delivered to each delivery point 

• Determine the size of the pipe(s) required to deliver water to each delivery point on the 
assumed water delivery schedule 

The conceptual layout of the proposed pipeline is illustrated in Figure 1. 
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Points of Delivery 

Based on the sample rotation provided to Aspect by COLW, Aspect assumed that each property 
owner served by the private lateral has a unique and independent point of delivery.  In a few cases, 
it was evident that more than one land parcel was owned and irrigated by a common landowner.  
This was typically two adjacent land parcels.  In these cases, Aspect assumed that both land parcels 
may be served by a common water delivery point.  Aspect mapped the assumed location of water 
delivery points based on careful inspection of aerial imagery, including both color photography and 
LiDAR-generated mapping of land surface elevations (topography).  The resulting water delivery 
points and their corresponding elevations are summarized in Table 1. 

Pipeline Alignment 

Aspect assumed that the most cost-effective and convenient approach would be to install the 
proposed pipeline utilizing the current alignment of the existing private lateral ditch.  Aspect 
mapped the assumed alignment of the existing ditch based on careful inspection of aerial imagery, 
including both color photography and LiDAR-generated mapping of land surface elevations 
(topography) to connect the pipeline to the assumed water delivery points. 

Timing and Duration of Water Delivery 

The existing weekly rotation schedule for the sample rotation (Appendix 1) is constructed around 
an assumption that COID continuously delivers water to the private lateral and each water user has 
a specific assigned day and duration during which they are scheduled to receive the full flow 
delivered by COID to the private lateral.  Each week, each water user receives their water during 
this prescribed time interval, and either directly applies it to their irrigated lands upon delivery, or 
stores it in an on-farm pond, and then applies it to their irrigated lands over the course of the week. 

For this analysis, Aspect assumed a different operational scenario.  Based on consultation with 
COLW, Aspect assumed that the private lateral pipeline would be designed to make water available 
to all users on a continuous basis (for use at any time during the week), but only at the pro rata rate 
considered sufficient to irrigate the crop with the highest rate of consumptive water use typically 
grown in COID.  This rate of water delivery is addressed in the following section. 

It is important to note that this operational scenario is predicated on the assumption that the entire 
water delivery system is closed and/or includes ample storage so that COID has a means to store 
“surplus” water during periods of time when some water users are receiving less than their full 
water allotment.  This operational scenario resembles a typical municipal water system. 

Rate of Water Delivery 

As presented above, Aspect assumed that the proposed pipeline will deliver water on a continuous 
basis (for use at any time throughout the week) at the pro rata rate considered sufficient to irrigate 
the crop with the highest rate of consumptive water use typically grown in COID.  Table 2 
summarizes the net and gross water demands for the two most common crops grown in COID 
(grass pasture and alfalfa hay) published by Oregon State University in Oregon Crop Water Use 
and Irrigation Requirements.1  An excerpt from this publication is attached as Appendix 6. 

 
1 https://catalog.extension.oregonstate.edu/sites/catalog/files/project/pdf/em8530.pdf 
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Table 1. Water Delivery Points for Piping of Private Lateral for Sample Rotation 

Point ID 
Estimated Elevation 

(feet) 
Irrigated Acres 

(acres) 
Maximum Demand 

(gpm) 
A1 2887 1.0 8.0 
A2 2887 1.0 8.0 
A3 2888 2.0 16.0 
A4 2892 3.6 28.8 
A5 2899 2.0 16.0 
A6 2911 2.0 16.0 
A7 2912 4.0 32.0 
A8 2914 1.2 9.6 
A9 2915 1.2 9.6 
B1 2877 2.0 16.0 
B2 2882 1.5 12.0 
B3 2886 0.7 5.6 
B4 2892 2.0 16.0 
AB 2916 N/A N/A 
A10 2916 1.5 12.0 
A11 2917 2.7 21.6 
A12 2917 1.7 13.6 
A13 2917 2.0 16.0 
A14 2918 2.0 16.0 
A15 2920 N/A N/A 

 

Table 2. Water Demands for Common Agricultural Crops in COID 

MONTH 

PASTURE 
(Growing Season Apr 12 – Oct 24) 

ALFALFA HAY 
(Growing Season Apr 10 – Oct 1) 

NET IRRIG 
(inches) 

GROSS IRRIG 
(inches) 

NET IRRIG 
(inches) 

GROSS IRRIG 
(inches) 

APR 2.40 3.20 2.44 3.25 
MAY 4.80 6.40 4.49 5.99 
JUN 5.98 7.97 5.63 7.51 
JUL 7.36 9.81 6.89 9.19 
AUG 6.14 8.19 5.75 7.67 
SEP 4.37 5.83 4.09 5.45 
OCT 2.24 2.99 N/A 0.00 

TOTAL (in) 33.29 44.39 29.29 39.05 
TOTAL (ft) 2.77 3.70 2.44 3.25 
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The gross irrigation demands summarized in Table 2 assume that water users would apply the water 
with one of the three specified irrigation methods (center pivot, wheel line or K-Line), assuming a 
water application efficiency of these systems is estimated to be 75 percent.  Solid set sprinklers are 
considered equivalent to wheel line and/or K-Line irrigation systems. 

The crop water demands summarized in Table 2 suggest that grass pasture has the highest water 
demand.  So, water delivery systems should be designed to accommodate the demands of this crop.  
The peak rate of water demand is the 9.81 inches of water required in July, which equates to a peak 
gross demand of 0.32 inch per day.  Through unit conversion this value can be converted to a peak 
rate of 6.0 gallons per minute per acre (gpm/ac). 

For the conceptual design of the private lateral pipeline, Aspect assumed a water delivery rate of 
8.0 gallons per minute per acre (gpm/ac), to incorporate a factor of safety or contingency at this 
conceptual design level, and maintain some degree of consistency and comparability with the 
Central Oregon Irrigation District On-Farm Water Conservation Report in Appendix 2. 

The rate of water delivery to each water delivery point was computed by multiplying this pro rata 
rate by the acreage of the authorized place of use.  For example, for a property with an authorized 
place of use of 1.0 acre, water will be delivered at a maximum rate of 8.0 gpm.  For a 2.0-acre 
authorized place of use, water will be delivered at a maximum rate of 16.0 gpm.  The water delivery 
rates for each delivery point were summarized in Table 1. 

Pipe Sizing 

For this analysis, Aspect sized the pipeline segments to deliver water to all water users at their 
maximum rate while maintaining relatively low flow velocities in the pipeline on the order of 2-to-
3 feet per second (fps).  Since general design standards typically recommend that water delivery 
pipelines be designed for a maximum flow velocity of 5 fps, this design assumption results in a 
relatively conservative pipe sizing (conservatively large).  This presents a potential opportunity for 
value engineering and cost savings during a later stage of preliminary and/or final engineering 
design.  The resulting pipeline segments, lengths, maximum flows and sizes are summarized in 
Table 3. 

Table 3. Conceptual Pipe Sizing of Private Lateral for Sample Rotation 
Down 

Stream 
Node ID 

Up 
Stream 
Node ID 

Estimated 
Length 
(feet) 

Maximum 
Discharge 

(gpm) 

Pipe 
Diameter 
(inches) 

A1 A3 200 8.0 2.0 
A2 A3 300 8.0 2.0 
A3 A4 500 32.0 3.0 
A4 A5 200 60.8 3.0 
A5 A6 600 76.8 4.0 
A6 A7 100 92.8 4.0 
A7 A8 200 124.8 6.0 
A8 A9 200 134.4 6.0 
A9 AB 450 144.0 6.0 
B1 B2 330 16.0 2.0 
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B2 B3 430 28.0 3.0 
B3 B4 400 33.6 3.0 
B4 AB 400 49.6 3.0 
AB A10 100 193.6 6.0 
A10 A11 400 205.6 6.0 
A11 A12 100 227.2 8.0 
A12 A13 75 240.8 8.0 
A13 A14 200 256.8 8.0 
A14 A15 700 272.8 8.0 

TOTAL 5,885   

 
Estimated Cost to Construct Private Lateral Pipeline 
Aspect estimated the cost to construct the private lateral pipeline based on the following 
assumptions: 

1. Pipe materials considered both polyvinyl chloride (PVC) and high-density polyethylene 
(HDPE) 

2. Pipe installation included trench excavation, pipe bedding, pipe assembly, pressure testing, 
and trench backfill. 

3. Pipe materials included a water delivery manifold at each water delivery point served by the 
private lateral ditch/pipe, including a manual control valve and flowmeter. 

4. Aspect considered including a passive intake screen at the headgate to each private lateral to 
prevent debris in the COID lateral canal from entering the private lateral pipeline.  
However, this item was excluded based on the assumption that the upstream laterals 
operated by COID would also be piped or this item could be included in the contingency. 

5. This cost estimate includes markups for engineering (15 percent), construction management 
(18 percent) and contingency (30 percent), to provide a conservative estimate given the 
uncertainties associated with this conceptual level of design. 

6. Unit costs for raw pipe and installation are summarized in Table 4. 

Table 4. Unit Costs for Pipeline Materials and Installation 

Pipe Size 
(inches) 

HPDE 
Pipe Cost 

($/LF) 

HPDE 
Installation 

($/LF) 

HPDE 
Total Cost 

($/LF) 

PVC 
Pipe Cost 

($/LF) 

PVC 
Installation 

($/LF) 

PVC 
Total Cost 

($/LF) 
2 $0.59 $10.50 $11.09 $0.60 $9.90 $10.50 
3 $0.89 $10.50 $11.39 $1.29 $9.90 $11.19 
4 $1.25 $10.50 $11.75 $2.15 $9.90 $12.05 
6 $1.73 $10.50 $12.23 $4.70 $9.90 $14.60 
8 $3.03 $10.50 $13.53 $7.64 $9.90 $17.54 
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Estimated Cost to Pipe All 300 Private Rotations in COID 
As presented in the previous section of this memorandum, Aspect developed several estimates of 
the cost of piping all 300 private rotations, based on various assumptions and scenarios. 

The most representative and valuable estimate was based on extrapolation of the estimated cost of 
piping the sample rotation based on total length of the private lateral ditches served by COID. 

The total length of private lateral ditches was estimated in the Central Oregon Irrigation District 
On-Farm Water Conservation Report (Appendix 2) as 250 miles, for the 22,712 acres in 300 
rotations served by private laterals. 

Aspect divided the sample rotation cost of $150,833 by 5,885 LF for a per-foot cost of $25.63, and 
then multiplied this quantity by 250 miles (with unit conversions) and rounded to the nearest 
thousand for a total of $33,832,000. 

Estimate of Water Conserved and Seepage Losses Reclaimed 
Aspect (with COLW) examined and estimated various forms of water loss and conservation 
potential based on two complementary analyses. 

The first analysis estimated overall conveyance losses based on COID water delivery data 
referenced in an engineering report titled Central Oregon Irrigation District On-Farm Water 
Conservation Report (Appendix 2) and crop consumptive use and irrigation demands published in 
the Oregon Crop Water Use and Irrigation Requirements (Appendix 6). 

According to a summary compiled by COLW, COID measured delivery of 88,242 gpm (197 cfs) to 
10,646 acres for a rate of 8.29 gpm-per-acre and a total volume of 70,075 acre-feet.  Dividing the 
volume of 70,075 acre-feet by 10,646 acres suggests a gross water delivery rate of 6.58 acre-feet 
per acre. 

The data in Table 2 suggest that the gross irrigation rate for sprinkler-irrigated pasture is 44.4 
inches or 3.7 acre-feet per acre.  This value represents the rate at which water must be applied to 
satisfy both the consumptive use of the crop plus the loss due to evaporation associated with water 
application.  Subtracting this rate from the gross water delivery rate of 6.58 acre-feet per acre 
suggests a total conveyance loss of 2.88 acre-feet per acre. 

This total conveyance loss is understood to include both seepage and evaporation from delivery 
canals and ditches, as well as operational spills.  The relative portions of the total loss attributable 
to seepage, evaporation and operational spills are unknown. 

To estimate the portion attributable to seepage, Aspect performed a second analysis to estimate 
ditch seepage based on the physical characteristics of the private lateral ditch.   

A publication by the United States Bureau of Reclamation (USBR) suggests that canal/ditch 
seepage can be calculated using the Moritz formula, as follows: 
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 S = 0.2 C (Q/V)1/2 

Where: 

 S = seepage loss in cfs per mile 

 Q = discharge in cfs 

 V = mean velocity of flow in feet-per-second (fps) 

C = coefficient of the rate of water loss (cfs) in 24 hours through the wetted perimeter 
of the canal/ditch floor and walls 

For this analysis, the private lateral ditch substrate was assumed to be “sandy soil with rock” with a 
C-value of 1.68.  The ditch cross-section was assumed to be about 1.5 feet wide flowing 1.5 feet 
deep.  The discharge was estimated for each reach of the private lateral at 8.0 gpm per acre for the 
total acreage of the rotation (34 acres).  Each reach of the ditch was assumed to be flowing and 
seeping only during the time interval in the weekly rotation when one of the downstream water 
delivery points were being served.  The duration of annual operation was estimated as 195 days per 
season, based on the duration of the growing season identified in Oregon Crop Water Use and 
Irrigation Requirements2 (Appendix 6) published by Oregon State University.  Aspect considered 
this to represent a relatively conservative estimate scenario. 

Based on these assumptions, Aspect estimated seepage from the ditch to be 87.8 acre-feet per year.  
For the 34-acre rotation, this equates to 2.58 acre-feet per acre. 

While the relative portions of the total loss attributable to seepage, evaporation and operational 
spills are unknown, this estimate suggests that seepage represents the primary component of the 
total conveyance loss for the private lateral ditches. 

Integrating the two analyses suggests that piping the private lateral ditches within all 300 private 
rotations within COID could potentially conserve 2.5-to-3.0 acre-feet of water per acre per year.  
For the 22,712 acres served by private laterals, piping the private lateral ditches could conserve 
approximately 57,000-to-68,000 acre-feet-per-year. 

Considerations 
It is important to consider the overall hydrologic cycle and recognize that some “losses” due to 
seepage from canals and laterals are essentially “gains” or “inputs” to groundwater aquifers.  
Locations, timing and impacts associated with conservation strategies such as piping should be 
evaluated to quantify and understand the associated impacts to the quantity and quality of flows in 
groundwater aquifers and down-gradient streams.  In situations where groundwater levels are 
declining, or subject to future decline as a result of piping canals and/or ditches, strategies should 
be considered to incorporate artificial groundwater recharge as an element of the system design. 

 
2 https://catalog.extension.oregonstate.edu/sites/catalog/files/project/pdf/em8530.pdf 
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Limitations 
Work for this project was performed for Central Oregon LandWatch (Client), and this 
memorandum was prepared in accordance with generally accepted professional practices for the 
nature and conditions of work completed in the same or similar localities, at the time the work was 
performed. This memorandum does not represent a legal opinion. No other warranty, expressed or 
implied, is made. 

All reports prepared by Aspect Consulting for the Client apply only to the services described in the 
Agreement(s) with the Client. Any use or reuse by any party other than the Client is at the sole risk 
of that party, and without liability to Aspect Consulting. Aspect Consulting’s original files/reports 
shall govern in the event of any dispute regarding the content of electronic documents furnished to 
others. 

Attachments: Figure 1 – Conceptual Layout of Piping for Sample Rotation 
Figure 2 – Conceptual Upstream Extension of Lateral Piping 
Appendix 1– Rotation schedule for COID Rotation 10500 (Headgate B-11-8) 
Appendix 2 – On-Farm Water Conservation Report (excerpt) 
Appendix 3 – Product literature for Nelson Irrigation center pivot products 
Appendix 4 – Product literature for the Wade Rain Poweroll products 
Appendix 5 – Product literature for the K-Line irrigation system 
Appendix 6 – Oregon Crop Water Use and Irrigation Requirements (excerpt) 
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Appendix 1

Rotation schedule for COID Rotation 10500 
(Headgate B-11-8)







Appendix 2 
On-Farm Water Conservation Report 
(excerpt) 











Appendix 3
Product literature for Nelson Irrigation center 
pivot products



Solutions for Mechanized Irrigation 

pivot point 
to end gun

Nelson Irrigation Corporation offers a full range of water application 
solutions for mechanized irrigation. From control valves to pivot sprinklers, 
and pressure regulators to end guns — the package is complete. 



Rotator® 

10-50 psi (0.7-3.4 bar)
50-74’ (15.2-22.6 m)

Accelerator
6-15 psi (0.4-1 bar)
30-55’ (9.1-16.8 m)

Spinner
10-20 psi (0.7-1.4 bar)

42-54’ (12.8-16.5 m)

Greater Throw Radius. As a rotating type sprinkler the R3000 
& R3030 Rotator® produce a wider pattern resulting in a lower 
application rate, reduced runoff and longer soak time.

Higher Uniformity. The Rotator greatly improves uniformity 
because of the increased overlap from adjacent sprinklers.

Reduced Wind Drift and Evaporative Loss. The Rotator 
more than meets the challenge of putting a rotating type sprinkler 
on drop tubes — down out of the wind — to minimize wind drift 
and evaporative loss.

Designed for in-canopy water application. A hybrid 
sprinkler using both Rotator® and Spinner technology, the 
Accelerator increases rotation speed as the nozzle size increases. 
This maximizes throw distance and minimizes evaporative losses 
at low flow rates. At the end of the system it transforms into a 
Spinner to lower application rates while treating the soil correctly. 

Maximum application efficiency. Operating at 10 psi (0.7 
BAR) the A3000 & A3030 maintain the lowest possible trajectory 
angle without sacrificing throw distance. 

gentle rain at low pressure. The free-spinning action of 
the S3000 & S3030 Spinner provides a gentle, rain-like droplet for 
sensitive soils and crops. 

superior uniformity at low pressure. A low pressure 
alternative to fixed spray-heads, the Spinner provides higher 
uniformity with better overlap and lower application rates. 

NO MOUNTING RESTRICTIONS. The Spinner operates without 
vibration. Retrofit on rigid, semi-rigid, or flexible drop hose 
assemblies.

R

A

S

3030 Series / O p t i o n s

up-top
or 

Drops

up-top
or 

Drops

up-top
or 

Drops

	 NOZZLE:	 3TN or 3nv
	APPL ICATION RATE:	 low-medium

	 NOZZLE:	 3TN or 3nv
	APPL ICATION RATE:	 low-medium

	 NOZZLE:	 3TN or 3nv
	APPL ICATION RATE:	 low
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15-30 psi
(1.0-2.0 bar)

6-15 psi
(0.4-1.0 bar)

Max. #50 Noz.   
Min. #14 Noz. @
15 psi (1.0 bar)

 

Max. #50 Noz.   
Min. #10 Noz. @
15 psi (1.0 bar) 

#12 @10 psi
#18 @ 6 psi 

White 
Up-Top 

 

Gold

74’ Diameter
(22.6 m) at 12’ 

(3.7 m) mounting
@ 30 psi (2.0 bar)

#32 nozzle

54’ Diameter
(16.5 m) at 9’ 

(2.7 m) mounting
@ 10 psi (0.7 bar)

#36 nozzle

20-50 psi
(1.4-3.4 bar)

6-15 psi
(0.4-1.0 bar)

Max. #50 Noz.   
Min. #14 Noz. @
30 psi (2.0 bar)

#16 for low press.

Max. #50 Noz.   
Min. #10 Noz. @
15 psi (1.0 bar) 

#12 @10 psi
#18 @ 6 psi 

Green 
D4-8° 

Navy
Up-Top

72’ Diameter
(21.9 m) at 9’ 

(2.7 m) mounting
@ 30 psi (2.0 bar)

#32 nozzle

55’ Diameter
(16.8 m) at 12’ 

(3.7 m) mounting
@ 10 psi (0.7 bar)

#36 nozzle

15-30 psi
(1.0-2.0 bar)

Max. #50 Noz.   
Min. #14 Noz. @
15 psi (1.0 bar)

 

Red 
D6-12°  

66’ Diameter
(20.1 m) at 9’ 

(2.7 m) mounting
@ 25 psi (1.7 bar)

#36 nozzle

15-30 psi
(1.0-2.0 bar)

15-30 psi 
(1.0-2.0 bar)

10-15 psi 
(0.7-1.0 bar)

Max. #50 Noz.   
Min. #14 Noz. @
15 psi (1.0 bar)

 

Orange
Multi-Trajectory  

72’ Diameter
(21.9 m) at 9’ 

(2.7 m) mounting
@ 25 psi (1.7 bar)

#36 nozzle

Max. #50 Noz.   
Min. #14 Noz. @
15 psi (1.0 bar)

 

Max. #50 Noz.   
Min. #12 Noz. @
10 psi (0.7 bar)

 

Brown
Multi-Trajectory 

 

olive   
low pressure

68’ Diameter
(20.7 m) at 9’ 

(2.7 m) mounting
@ 25 psi (1.7 bar)

#36 nozzle

58’ Diameter
(17.7) at 6’ 

(1.8 m) mounting
@ 15 psi (1.0 bar)

#36 nozzle

20-50 psi
(1.4-3.4 bar)

6-15 psi
(0.4-1.0 bar)

Max. #50 Noz.   
Min. #14 Noz. @
30 psi (2.0 bar)

#16 for low press.

Max. #50 Noz.   
Min. #10 Noz. @
10 psi (0.7 bar)

#18 @ 6 psi 

70’ Diameter
(21.3 m) at 12’ 

(3.7 m) mounting
@ 30 psi (2.0 bar)

#32 nozzle

48’ Diameter
(14.6 m) at 9’ 

(2.7 m) mounting
@ 10 psi (0.7 bar)

#32 nozzle

Blue Up-Top 
U4-8°  

Maroon

Blue 
Rotator® Cap

 

Maroon
Accelerator Cap 

gray 
Spinner Cap 

Easily convert  
from Accelerator to 
Sprayhead to Bubbler

Optional Sprinkler
Converter 

10-20 psi
(0.7-1.4 bar)

Max. #50 Noz.   
Min. #14 Noz. @
15 psi (1.0 bar)

#16 for low press. 

Purple
D6-20°

54’ Diameter
(16.5 m) at 6’ 

(1.8 m) mounting
@ 15 psi (1.0 bar)

#36 nozzle

10-20 psi
(.7-1.4 bar) 

Max. #50 Noz.   
Min. #14 Noz. @
15 psi (1.0 bar)

#16 for low press. 

Yellow
D8-21° 

50’ Diameter
(15.2 m) at 6’ 

(1.8 m) mounting
@ 15 psi (1.0 bar)

#36 nozzle

10-20 psi
(0.7-1.4 bar)

Max. #50 Noz.   
Min. #14 Noz. @
15 psi (1.0 bar)

#18 for low press. 

44’ Diameter
(13.4 m) at 6’ 

(1.8 m) mounting
@ 15 psi (1.0 bar)

#36 nozzle

Red 
D6-12°  

6-15 psi
(0.4-1.0 bar)

Max. #50 Noz.   
Min. #14 Noz. @
15 psi (1.0 bar)

 

54’ Diameter
(18.5 m) at 12’ 

(3.7 m) mounting
@ 15 psi (1.0 bar)

#36 nozzle

lime 
up-top 

10-15 psi
(0.7-1.0 bar) 

Max. #15 Noz.   
Min. #10 Noz. @
10 psi (0.7 bar)

 

Beige*
Small Nozzle

38’ Diameter
(11.6 m) at 6’ 

(1.8 m) mounting
@ 15 psi (1.0 bar)

#12 nozzle

Part 
Circle 
Spinner 

#14-40 NOZ. 
10-20 PSI   
(.7-1.4 bar)

*The beige plate should be used 
on flexible drops, or those with 
at least 1ft. (.3 m) of hose. The 
smaller nozzles will be more 
susceptible to plugging.

Throw Diameter, Pressure & Nozzle Range
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3030 Series / O p t i o n s

Orbitor
6-20 psi (0.4-1.4 bar)

36-60’ (11.0-18.3 m)

streamlined design. Featuring technology that eliminates 
the struts of a sprinkler body, Nelson’s new Pivot Orbitor 
provides outstanding uniformity and optimal droplets at low 
pressures (6-20 psi / 0.4-1.4 bar). Expect long wear life and 
durability in poor water conditions, because there are no 
sprinkler body struts for debris to hang up on.   

Reduced Wind Drift and Evaporative Loss. Strutless 
sprinkler body design reduces droplet breakup, drift and drool. 

IMPORTANT! The Orbitor requires a  
minimum of 2’ (0.6 m) of reinforced  
flexible hose in the mounting assembly.

 
  

drops

O

Trashbuster
Pressure & Throw Depends  

on Sprinkler Selection

flow control nozzle. The Flow Control Nozzle (only 
available for 3000 Series) not only eliminates the need for 
pressure regulators, but also passes debris more easily. It is  
not to be used on flexible hose drop assemblies.

body designed for wastewater. The open architecture 
design of the body allows for debris to pass through more 
easily, alleviating build up of material on the plate and body. 

By operating on drop tubes you can distribute effluent 
more days of the year, keep corrosive water off the pivot 
structure, eliminate excess wind/pathogen drift, and reduce 
odor. The Trashbuster can be configured into either a Spray  
or Rotator sprinkler. 	 NOZZLE:	 3TN or 3000FC

	APPL ICATION RATE:	 LOW-HIGH 

T

Sprayhead 

6-40 psi (0.4-2.8 bar)
16-40' (4.9-12.2 m)

germinate, irrigate & chemigate. The flip-over dual spray 
cap allows easy conversion of the spray pattern. Choose from 
spray plate options to germinate, irrigate, and chemigate. 

“Low energy down in the crop”. The sleek, crop-guarded 
body design provides durability for dragging the  Sprayhead down 
in tall growing crops like corn.

Optional lepa accessories. The hose drag adapter allows 
simple conversion of the Sprayhead to a hose drag system. Both 
the D3000 and D3030 have "bubble" modes for LEPA. D3000 
requires bubble clip - see page 15. 

up-top
or 

Drops

D

	 NOZZLE:	 3TN or 3nv
	APPL ICATION RATE:	 HIGH

	 NOZZLE:	 3TN or 3nv
	APPL ICATION RATE:	 low-medium

14



Throw Diameter, Pressure & Nozzle Range

6-20 psi  
(0.4-1.4 bar)  

#11-#50 Noz.
Nozzle Range

Blue
Low Angle

50’ Diameter
(15.2 m) at 6’ 

(1.8 m) mounting
@ 15 psi (1.0 bar)

#36 nozzle

6-20 psi  
(0.4-1.4 bar)  

#11-#50 Noz.
Nozzle Range

Purple
Small Droplet

47’ Diameter
(14.3 m) at 6’ 

(1.8 m) mounting
@ 15 psi (1.0 bar)

#36 nozzle

6-20 psi  
(0.4-1.4 bar)  

#11-#50 Noz.
Nozzle Range

58’ Diameter
(17.7 m) at 6’ 

(1.8 m) mounting
@ 15 psi (1.0 bar)

#36 nozzle

Black
Standard Angle

Important Mounting Information:
	 1.	 The Orbitor requires a minimum of 2' (0.6 m) of reinforced flexible hose in  

the mounting assembly.
	2.	W hen using the Orbitor with the weighted cover, do not use any other  

conventional weight styles instead of, or in addition to, the Orbitor weight.
	3.	W hen using the Orbitor with the plastic cover, an inline weight is required.  

Use Nelson Slim Weights (page 25) or 3/4” NPT threaded weights. Slip  
weights require the Nelson Clamp Saver (page 25).  

	4.	 Always be sure that the Orbitor Weight, Slim Weight, or threaded weight  is 
securely tightened.

	5.	 Always be sure that all components in the mounting assembly and the Orbitor  
are securely tightened. Use new* Nelson pressure regulators and fittings.

	6.	 If ¾” ball valves are used, use metal nipples or Nelson P/N-12291 plastic nipples.

*New, patented single-strut seat manufactured after 2007.

Orbitor with
Weighted Cover

Orbitor with
Plastic Cover

Blue Rotator Cap Purple T3000 Cap & 
Spray Plate 

Rotator® 
Configuration

Sprayhead
Configuration

Blue 

Green

 

3000FC Nozzle
#10106-xxx Requires  

a rigid drop and 25 PSI 
(1.7 bar) minimum.

Green  

 

 

Yellow 

 

Purple  

 

Orange 

 

Blue  

 

Black 

Black Flip-over 
sprayhead Cap

hose Drag 
Adapter #9427 

Accessories

Part Circle Spray 
#9894-001

3030 series part-circle
spray & hose drag adapter 

both require universal 
body - 3000 series does not

See sprayhead literature for plate characteristics, throw diameter 
and pressure/nozzle ranges. The Sprayhead can be used up-top or on drops. 

Yellow 

Gray 

Red  

Brown

BlueGreen  Turquoise 

Black  

Purple

Orange  

White  

Bubbler 
Attachment  
(LEPA) #10577 

FOR D3000 only   
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Appendix 4
Product literature for the Wade Rain Poweroll 
products





Appendix 5 
Product literature for the K-Line irrigation system 





Appendix 6
Oregon Crop Water Use and Irrigation 
Requirements (excerpt)
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