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CHAPTER 1 
PROJECT BACKGROUND 

 
 

A. IRRIGATION DISTRICT BACKGROUND 
 

The Owl Creek Irrigation District is located in Hot Springs County in west central Wyoming in the 
Owl Creek Drainage Basin. The Owl Creek Irrigation District’s service area has approximately 
17,000 acres of irrigated lands and water rights are filed on about 30,000 acres within the Owl 
Creek Basin. This study focuses on the Lower or Lucerne area of the Owl Creek Irrigation 
District which serves 4,028 acres. Figure 1.1 below shows the project vicinity on a State of 
Wyoming map. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1.1  Project vicinity map  
 
Water supply for the Lower (Lucerne) Area is provided via pumping from the Big Horn River. 
The primary pump station, having four pumps (two 250 HP, one 300 HP, and one 175 HP 
pump), and located just west of U.S. Highway 20 and 3½ miles north of Thermopolis, consists of 
two pumping demands: 
 

44 CFS is pumped to the Upper Canal 
40 CFS is pumped to the Lower Canal 
--------- 
84 CFS total pumping capacity 
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The primary pumps were refitted and replaced within the last several years and are presumed to 
be in good operating condition. A re-lift pump station with a capacity of 33 CFS, is used to 
deliver water to the Dempsey Canal and has been maintained in good operation as well.  
 
As stated in the Level I Master Plan (Nelson, 2004): 
 

The 84 CFS of water supplied to the Lower Area is a direct appropriation from the Big 
Horn River, and represents the “Exchange Water” from Owl Creek given up by irrigators 
in the Lower Area, for the benefit of the Middle and Upper Areas; all part of the Owl 
Creek Unit of the Pick-Sloan Missouri River Basin Project as formulated by the USBR. 
The 84 CFS is comprised of 78.93 CFS of exchange water plus 5.39 CFS of abandoned 
water right associated with the inundated lands under Anchor Reservoir. The water is 
stored in Boysen Reservoir and released on demand during the irrigation season. 

 
Irrigated area and/or cropping patterns are limited since the District has a contractual and 
physical limitation on pumping. During the highest crop demand period of late June and July, 
the flow demand of approximately 96 CFS exceeds the pumping capacity of 84 CFS. During all 
other months, the supply is adequate. Certain canal reaches experience seepage, which ranges 
from minor to major and the District is interested in making improvements. Seepage is thought 
to be high based on observations of wet areas but it is also thought that the Lower Canal gains 
flow in certain areas due to seepage above the canal. Because of some severe seepage areas, 
canal losses to the farm turnout are assumed to be 25 to 40% (from different sources) of 
pumped diversions. (It should also be noted that there are some canal reaches which likely pick 
up ground water inflows.) Diurnal fluctuation from the Big Horn has been noted as a problem in 
the past. Normal operation of the canal is from May 6th through October 1st. 
 
The approximate Lower Area canal lengths were reported as follows in the Level I Master Plan: 
 

Upper Canal    2.9 miles 
Lower Canal    8.6 miles 
Dempsey Canal   8.1 miles 
----------------------  ------------- 
Total     19.6 miles 

 
Based on this study work and use of the updated GIS map, the canal lengths were calculated to 
be: 

 
Upper Canal    2.9 miles 
Lower Canal    8.5 miles 
Dempsey Canal   9.1 miles 
----------------------  ------------ 

 Total    20.5 miles 
 
Figure 1.2 shows an overview of the Owl Creek Irrigation District’s Lucerne area.  
 
 



Thermopolis

D
em

ps
y 

Canal 

Upper Canal

Lower Canal

Bi
gh

orn River

U
S

 H
ig

hw
ay

 2
0

S
ta

te
 H

ig
h

w
ay

 7
89

State Highway 172

State Highway 120

State Highway 789

Owl Creek Irrigation District, overview of Lucerne areaFigure 1.2



Owl Creek Irrigation District  October 2006 
 - 4 -  

The State Engineer’s Office (SEO) has a gaging station to monitor the flows in the Lower Canal. 
Figure 1.3 shows the gaging station in 2006 and Table 1.1 is a summary table of several years 
of data provided by the SEO. 
 

 
Figure 1.3  State Engineer’s Office gaging station on Lower Canal 
 
Table 1.1  Summary of State Engineer’s diversion records 

April May June July August Sept
2001

CFS Days 134 1,517 1,525 1,513 1,470 760
Min CFS 24 43 45 45 40 22
Mean CFS 33.5 48.9 50.8 48.8 47.4 25.3
Max CFS 40 53 55 54 51 44
Acre-Feet 266 3,009 3,025 3,001 2,916 1,507

2002
CFS Days 150 1,325 1,480 1,484 1,411 593
Min CFS 19 22 39 41 34 9
Mean CFS 21.4 42.7 49.3 47.9 45.5 24.7
Max CFS 25 50 54 52 50 28
Acre-Feet 298 2,628 2,936 2,944 2,799 1,176

2003
CFS Days 79 1,157 1,428 1,525 1,369 534
Min CFS 0 27 39 42 26 0
Mean CFS 2.6 37.3 54.0 49.2 44.2 17.8
Max CFS 33 53 54 59 51 36
Acre-Feet 156.7 2,294.9 2,832.4 89.3 51.6 2,715.4

2004
CFS Days 0 1,279.4 1,474.0 1,435.0 1,386.0 870.9
Min CFS 0 1 39 20 36 0
Mean CFS 0 41.3 49.1 46.3 44.7 29.0
Max CFS 0 53 55 50 47 43
Acre-Feet 0 2,537.7 2,924.0 2,846.3 2,749.1 1,727.4

2005
CFS Days 0 1,005.2 1,371 1,410 1,362 860.6
Min CFS 0 0 29 35 35 0
Mean CFS 0 32.4 45.7 45.5 43.9 28.7
Max CFS 0 49 49 47 45 45
Acre-Feet 0 1,990 2,720 2,800 2,700 1,710  
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B. PROJECT SCOPE-OF-WORK AND GOALS 
 
A Scoping Meeting was held in Thermopolis on June 20, 2005 with attendees including Owl 
Creek Irrigation District representatives Vern Lofink (Board Member), Joe Campbell (Board 
Member), Merlin Heinze (ditchrider), Ron Vore from WWDC, and Amy Johnson and Stephen 
Smith from Aqua Engineering, Inc.  
 
The Owl Creek Irrigation District representatives indicated their wish to narrow the scope to 
focus primarily on the seepage loss analysis. The District was satisfied with the Level I Structure 
Inventory completed in 2004 and did not want to spend time on revisiting any of those structures 
or recommendations. The Structure Inventory and Assessment was removed from the scope at 
the District’s request and those funds were reallocated to the seepage investigations and study.  
 
This project encompasses the Lucerne Area of the Owl Creek Irrigation District with the primary 
focus of effort on seepage loss investigations, conceptual designs of lining systems, cost 
estimates, and prioritization and recommendation for improvements in high seepage areas.  
 
The Level II project includes analysis of seepage loss field tests, recommendations for 
improvements, updates to the District’s GIS map, preliminary design of lining alternatives, and 
cost estimates. The goal of this study is to provide Owl Creek Irrigation District with a plan to 
proceed with project recommendations.  
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CHAPTER 2 
LITERATURE REVIEW 

 
  

A. SUMMARY REVIEW OF PREVIOUS REPORTS 
  
Several documents were reviewed during the course of this project. The documents were 
acquired from the Wyoming Water Development Commission (WWDC) and Natural Resources 
Conservation Service (NRCS). Following are brief summaries describing the pertinent 
information taken from these documents. 
 
Owl Creek Master Plan Level I Study, Nelson Engineering, September 2004 
 
In September 2004, Owl Creek Master Plan Level I Study final report, prepared by Nelson 
Engineering, was submitted to the District and the WWDC. This study work (1) evaluated the 
potential of providing additional water supply to the Upper and Middle Areas of the District and 
basin, (2) estimated conveyance losses in the canyon between Anchor Dam and the confluence 
of the North Fork and South Fork of Owl Creek, and (3) identified water conservation measures 
including a rehabilitation plan for the Lower (Lucerne) Area.  
 
We have reviewed this report and used it as a basis to gather information on the District’s 
background and to assist with selection of the seepage loss analysis sites.  
 
This report states: 
 

Reducing seepage is a very high priority to the District for a number of reasons 
including:  
 

• Conserves water 
• Extends better supply to bottom of the system 
• Enables reclamation of down-gradient boggy fields  

 
Several seepage areas were identified… 

 
Specific recommendations presented in the report include pursue “options for reducing canal 
seepage, install gaging stations along the canal to quantify seepage loss, and install new 
sections of canal liner, treat canal, or install a siphon to bypass seepage areas.” 
 
NRCS Soils Reports 
 
Soils reports were requested from the NRCS in hardcopy format. This area does not have GIS 
soils data available to insert into the GIS map.  
 
NRCS provided a map of the entire area and two maps that contain the soils types. Some 
characteristics for the soils in the area were included. Hot Springs County does not have an 
official soil survey and the information provided by NRCS “does not meet the National 
Cooperative Soil Survey Standards of quality” because they are incomplete, according to 
NRCS. 
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These soils maps were reviewed for the Lucerne Area and information was used during the 
development of alternative lining methods. 
 
Miscellaneous Documents 
 
Appendix A includes a summary of several additional documents that were reviewed for this 
project. The Bibliography includes these resources. 
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CHAPTER 3 
SEEPAGE LOSS FIELD TESTS 

 
 

A. HISTORICAL INFORMATION 
 
Information has been provided to us from the District: Vern Lofink and Merlin Heinze, on several 
occasions throughout the study period. During the Scoping Meeting, a tour of the canal system 
with Merlin revealed areas of interest. Subsequent site visits included additional information 
gathering and discussions with water users and Board Members.  
 
According to the District, the Lower Canal is perceived to have the greatest seepage problem. 
From experience and observations, the District’s best estimate based on field observations has 
been that 25 to 40% of the water pumped is lost due to evaporation and seepage.  
 
Areas with cattails and salt on the surface are indicative of places where the ditch “leaks” on the 
Lower Canal or alternatively, where it is coming in from the Upper Canal into the Lower Canal. 
From approximately July 25th to August 5th, depending on circumstances of the year, some of 
the wetland areas tend to get wetter.  
 

B. FIELD TESTS 
 
The primary element of this project was to conduct seepage loss field tests and analyze the 
data to estimate losses associated with seepage. Based on these findings, recommendations 
are made regarding seepage loss reduction, linings, and operations. 
  
Measurement Methods 
 
Various methods of flow measurement exist and are useful for determining seepage losses in a 
canal system. Ponding tests are very useful and accurate for determining the actual seepage in 
a ponded area of the canal system. This requires an area or segment of the canal to be isolated 
from the rest of the system, filled with water, and monitored over time for a drop in the water 
surface elevation. A ponding test can measure the rate at which water is lost to the canal bed 
and banks. This type of testing requires two major components that make it infeasible for the 
Owl Creek Irrigation District: 1) it would require earthwork and berming in the canal in multiple 
sections and 2) it would require interruption in service to the entire District’s service area 
downstream of the test reach. Water could be rerouted around the areas cut-off for ponding 
tests; however, the associated expenses are not practical during an irrigation season. Ponding 
tests are more practical during the off-season, when water availability can be the limiting factor. 
Ponding tests were eliminated from this project due to the identified factors. 
 
The project approach for the field tests is to utilize flow-through field measurement techniques 
throughout the canal system. We anticipated measuring the inflow and outflow of several 
reaches of the canal to identify seepage rates in presumed problematic areas and to 
subsequently prioritize the areas for improvement.  
 
The term “inflow/outflow methodology” is used to describe when measurements are taken at an 
upstream location and a downstream location over a short period of time and the difference 
between flow rates is determined and evaluated. The calculated difference is considered the 
loss attributable to seepage, evaporation, and other considerations such as phreatophytic 
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plants. Inflow/outflow information can be collected using a number of flow measurement 
methods.  
 
It should be noted that measurement error in an inflow/outflow analysis is an important issue. If 
seepage losses are in fact not occurring at a high rate, the measurement error can overshadow 
the seepage loss measurement. There are situations noted by the Irrigation Training and 
Research Center (ITRC) where the inaccurate measurements have erroneously supported a 
canal lining solution when such a solution may not have been the best use of available funds. 
Intuitively, seepage losses are often expected to be high in canal systems but high seepage 
rates are not always found. Several inflow/outflow measurement devices were considered for 
this project. 
 
Temporary Long-Throated Flumes. Construction of temporary, marine-grade plywood, on-site 
built, long-throated flumes (also known as ramp flumes, broad crested weirs, and Replogle 
flumes) was considered. This approach could have allowed for more data to be collected 
including 24-hour cycles which would pick up the variations in diurnal flow and flow variations 
over the course of a week or so which would allow consideration of the changing demands of 
mid-week versus the weekends. Vern Lofink has noted that the demands on the canal increase 
over the weekend because of the small acreage irrigators that desire to irrigate on the weekend. 
However, the width of the canal would require a large long-throated flume at the locations of 
interest, and extensive earthwork would be required to install the flume. Therefore, this 
approach was abandoned.  
 
Existing Structures. Use of existing structures and flow measurement devices in the canal 
were considered. These structures would have to be located at the desired inflow and outflow 
locations in the test section in order to be effective. Because the desired canal segments were 
identified from the previous study, it was not practical to use the existing structures which did 
not necessarily cover the desired test section. Additionally, modifications to these structures 
would have been necessary to gain confidence in the flow measurement accuracy (addition of 
weir plates for example). In an effort to minimize the long-term affects on the canal and 
structures, this approach was also abandoned.  
 
Use of a weir or flume would require adaptation to a location on the canal where water is 
already reaching critical flow conditions or construction and installation of a critical flow device in 
the canal and modifications to the existing banks to achieve good approach conditions. After 
using such devices, the canal would have to be repaired. The preferred method of flow 
measurement would be unobtrusive with no long lasting effects on the canal and existing 
structures.  
 
Velocity Meter. Use of a velocity meter is an unobtrusive flow measurement method and was 
considered. Timely and multiple measurements at a variety of locations are possible with a 
portable velocity meter as compared with other measuring devices.  
 
A velocity meter is a portable device that includes a propeller which is placed in the canal. As 
the water passes the propeller, the velocity can be determined. Multiple measurements in the 
canal section allow for calculation of the flow rate. In addition to the average velocity 
measurements, the area of the cross section must also be measured in the field. The area is 
determined by measurements of water depth and the width taken along the cross section of the 
canal. The recommended approach of measuring flow with the velocity meter in a large stream 
or river is to divide the stream into subsections two to three feet wide. A vertical velocity profile 
is obtained at the center of each subsection by moving the flow probe vertically from the surface 
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to the bottom, up and down, slowly and smoothly for approximately 20 seconds to obtain a good 
average. The average velocity measured, multiplied by the subsection area, is equal to the flow 
rate for the subsection. Summation of all subsection flow rates provides the total flow rate for 
the channel. This method of flow rate calculation includes many field measurements that can 
have an associated error. The summation of the errors makes it a less desirable method than 
the method selected for this project. 
 
ADCP Flow Measurement. An acoustic doppler current profiler (ADCP) was chosen for the 
inflow/outflow measurements on this project because of the accuracy and the ease of collecting 
measurements without structural modifications or installation of critical flow measurement 
devices. An ADCP measures velocity and cross sectional area and computes the flow rate in 
much the same way that state hydrographers have made flow measurements for the last 100 
years. The ADCP utilizes acoustic signals transmitted into the water column. The frequency of 
the acoustic signals sent out is compared to the frequency of the signals being reflected off 
moving particles in the water and the unit calculates the particle velocity and thereby the flow 
rate of the water. These types of flow measurement devices have been in wide use for several 
years by the USGS as well as oceanographers. Figure 3.1 shows the ADCP device used for this 
project. 
 

 
Figure 3.1  Photo and graphic of the Acoustic Doppler Current Profiler (ADCP) used for field 
tests (graphic from RD Instruments manual) 
 
In addition to the improved technology of the ADCP unit, other advantages it has over traditional 
current meters includes reduced time to complete measurements, data is collected throughout 
the water column rather than at individual points, the ADCP keeps track of distance traveled and 
measures the canal profile, the instrument is mounted on a “boat” that can be pulled across the 
section on a “tagline” allowing operators to stay out of the stream.  
 
The StreamPro ADCP unit, manufactured by Teledyne RD Instruments (San Diego, CA) was 
utilized. The StreamPro is best used to measure velocity and discharge in shallow streams of 
less than 10 feet in depth and having flow velocities of less than 9 FPS. The reported 
specification is based on real world and field testing. The device is calibrated in the lab under 
stringent test conditions. The measured cell data has been shown to be within 1% of calibrated 
laboratory measurements. The overall calculated flow measurement is generally within 2% 
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accuracy or better when all recommended field procedures are followed. The manufacturer’s 
literature is included in Appendix B. 
 
The manufacturer’s recommendations and guidelines were followed for the field work completed 
with this unit. Additionally, the USGS “Policy and Technical Guidance on Discharge 
Measurements using Acoustic Doppler Current Profilers” (2001) was closely followed.  
 
Following are the general field procedures used to collect data with the ADCP.  
 
The ADCP was either “walked” across the canal section by an individual on a bridge or was tied 
to a tagline and “pulled” across the canal. Figures 3.2 and 3.3 show the two different methods 
used to move the ADCP across the canal. The tagline was mounted to a T-post on each side of 
the canal bank. Pulleys provided smooth movement of the tagline as the ADCP was pulled 
across the section. 
 

 
Figure 3.2  ADCP being “walked” across the canal from the bridge 
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Figure 3.3  ADCP being “pulled” across the canal with a tagline secured to the banks 
 
The recommended maximum speed of moving the ADCP across the canal section is no greater 
than the velocity of the water in the canal (which was monitored during the tests). Accepted 
practice is to move the ADCP as slowly as possible, maintaining steadiness, to collect the best 
data. 
 
Prior to collecting data, the maximum water depth in the cross section is determined by moving 
the ADCP across the section a few times and monitoring the water depth. The maximum depth 
is then entered into the handheld device (an H-P iPAQ) and allows the program to set the actual 
cell size for data collection. Often, good flow measurement can not be achieved immediately 
adjacent to the canal bank. The second step in setting up the test is to determine how close the 
ADCP can get to the canal bank and still read accurate data. This distance from the bank, called 
the edge distance, is entered into the handheld device. The flow along the “edges” will be 
calculated based on inferences from the rest of the collected data. With these items entered into 
the handheld device, the testing can begin. 
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Figure 3.4  ADCP handheld device and data collection  
 
Data from four “transects” were collected. A transect is one time across the canal. To send the 
ADCP across and back would be two transects. The data from four transects is evaluated in the 
field immediately after collection, and if the results are not within the desired range (no more 
than 5% deviation from the mean), four additional transects are taken. All eight transects are 
averaged for the final flow rate measurement. This procedure is in accordance with the USGS 
field policies for using ADCP equipment. 
 

 
Figure 3.5  Overview of ADCP data collection and terminology (RD Instruments manual) 
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Figure 3.6  Example data screen to review collected data (RD Instruments manual) 
 
Field collected data is available to the user in real-time and can be reviewed in the field. 
Additionally, the data is post-processed later in the office. Factors such as the flow at the edges 
are computed in the software program to determine the final measured flow rate for the cross 
section. The software program, called WinRiver, published by the ADCP manufacturer provides 
many calculations from the field data including graphs of the cell data throughout the cross 
section. Figures 3.7 through 3.9 show sample WinRiver output.  
 

 
Figure 3.7  Example velocity graph of one cross-section test at the State gage measurement 
location  
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Figure 3.8  Example velocity graph of one cross-section test 
 

 
Figure 3.9  Example tabular data output for one test with four transects 
 
Data Collection 
 
The primary element of this project was to conduct seepage loss field tests and analyze the 
data to estimate losses associated with seepage. Based on the Scoping Meeting discussion and 
subsequent field visits, five canal sections on the Lower Canal were selected for the seepage 
loss measurements. Multiple tests were conducted over two months during the 2005 irrigation 
season. Following review of the data and a progress meeting with the District Board, additional 
testing was requested and completed. In June of 2006, three sections on the Upper Canal were 
tested. Additionally, the Lower Canal was retested in the previous sections and three new 
longer sections of the Lower Canal were tested. 
 
Based on these findings, recommendations are made regarding seepage loss reduction, 
potential for canal linings, and potential for improvements or changes to canal operations that 
could reduce seepage losses. 
 
Primary Lower Canal Data Collection. The selected segments are identified on a map in 
Figure A in Appendix C. This map shows the naming convention of the start and end point of 
each section and highlights the test section between the two points. Each of the sections was 
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previously identified as a high seepage loss area in the 2004 Level I Study. The selected 
sections were also chosen because there were typically no water deliveries from any headgates 
within the reach and therefore, the flow through the canal should not have any losses other than 
seepage and evaporation. The length of the canal over which there were no headgates was 
important as well. Canal reaches were chosen to be of the maximum length possible without 
mitigating circumstances. After familiarizing with the canal system, probable high seepage 
areas, possible field measurement sections, and headgate locations, these five sites were 
determined to be the best for determining seepage loss in the given section. A description of 
each test section, referred to by field-adapted names, is listed below. 
 

• Gage to Culvert 
• Sunnyside to Siphon 
• Siphon to Highway  
• Bomengen to Fence  
• Pivot-In to Pivot-Out 

 
A description of each cross section for the upstream and downstream measurements on these 
sections is listed below. Photographs for each section are also provided. Using the ADCP 
output, cross sectional graphs were developed for each measurement location and are included 
with the photos of each location.  
 
Gage to Culvert: This section starts at the State gage on the hill above the pump station and 
ends approximately 1,850 feet (0.35 miles) downstream prior to the culvert below the drive at 
the first downstream property. This section of canal is thought to seep due to the cattails and 
wet area below the canal on the side of the hill. At least one return flow drain pipe enters the 
canal in this section from irrigated areas above. Measurements were taken when there 
appeared to be no drain pipe flows. 
 
 

 
Figure 3.10  Gage cross section – upstream point for Gage to Culvert section 
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Figure 3.11  Gage cross section – ADCP profile output 
 
 

 
Figure 3.12  Culvert cross section – downstream point for Gage to Culvert section 
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Figure 3.13  Culvert cross section – ADCP profile output 
 
Sunnyside to Siphon: This section starts at a bridge north of Sunnyside Drive and ends 
downstream of the siphon below Owl Creek, approximately 3,380 feet (0.64 miles) away. 
 

 
Figure 3.14  Sunnyside cross section – upstream point for Sunnyside to Siphon section 
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Figure 3.15  Sunnyside cross section – ADCP profile output  
 

 
Figure 3.16  Siphon cross section – downstream point for Sunnyside to Siphon section 
 

Siphon Profile

0.00

1.00

2.00

3.00

0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00

Width (ft)

D
ep

th
 (

ft
)

 
Figure 3.17  Siphon cross section – ADCP profile output 
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Siphon to Highway: This section starts at the same cross section which ends the Sunnyside-
Siphon section, and ends alongside the Highway near address 691. At approximately 8,350 feet 
long (1.58 miles), this was the longest section included in the field tests. The entire section from 
Sunnyside to the Highway was previously identified as the highest seepage area on the Lower 
Canal. 
 

 
Figure 3.18 Siphon cross section – upstream point for Siphon to Highway section (same as 
downstream point for Sunnyside to Siphon section) 
 

 
Figure 3.19 Highway cross section – downstream point for Siphon to Highway section 
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Figure 3.20 Highway cross section – ADCP profile output 
 
Bomengen to Fence: This section starts near the Bomengen property and runs part way through 
the Johnson property, approximately 2,455 feet (0.46 miles). There is at least one drain pipe 
that discharges into this section of canal from a transfer between the Upper Canal and Lower 
Canal. 
 

 
Figure 3.21  Bomengen cross section – upstream point for Bomengen to Fence section 
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Figure 3.22  Bomengen cross section – ADCP profile output 
 

 
Figure 3.23  Fence cross section – downstream point for Bomengen to Fence section 
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Figure 3.24  Fence cross section – ADCP profile output 
 
Pivot-In to Pivot-Out: This section runs within the area irrigated by the new center pivot and is 
approximately 1,555 feet (0.29 miles) long. The center pivot crosses the canal and therefore 
return flows into the ditch are assumed. 
 

 
Figure 3.25  Pivot-In cross section – upstream point for Pivot-In to Pivot-Out section 
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Figure 3.26  Pivot-In cross section – ADCP profile output 
 

 
Figure 3.27  Pivot-Out cross section – downstream point for Pivot-In to Pivot-Out section 
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Figure 3.28  Pivot-Out cross section – ADCP profile output 
 
Field tests were conducted over three days in August (August 8, 9, and 10, 2005) and three 
days in September (September 6, 7, and 8, 2005). The upstream cross section was tested and 
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then the ADCP equipment was moved promptly to the downstream cross section to immediately 
measure the downstream flow rate. The total time lapsed from starting measurements at the 
upstream location and completing measurements at the downstream locations was typically less 
than 60 minutes. 
 
At the time of the measurements, the section was monitored for any visible inflows or outflows 
and such were noted in the field notes. Fluctuations in the pumping rate were not expected to 
be noticeable over the short period of testing time. A minimum of four inflow/outflow 
measurements were made, between the two testing weeks, for each of the identified five 
seepage loss analysis sections along the Lower Canal. 
 
Long Sections on Lower Canal Data Collection. Three longer sections of the Lower Canal 
were tested in June of 2006. The selected segments are shown on the map in Figure B in 
Appendix C. This map shows the naming convention of the start and end point of each section 
and highlights the test section between the two points. These locations were selected in order to 
utilize the existing taglines previously set up for the original test sections, and to cover as much 
of the Lower Canal as practical. The sections tested included: 
 

• From the Gage to Sunnyside (L1) – 6,460 feet long (1.22 miles) 
Notated as L1ST to L1END 

• From Sunnyside to Bomengen (L2) – 18,700 feet long (3.54 miles) 
Notated as L2ST to L2END 

• From Bomengen to Pivot-Out (L3) – 7,385 feet long (1.40 miles) 
Notated as L3ST to L3END 

 
For these field tests, all headgates within the test section were closed by 5:00 AM of the testing 
day to permit for a steady state condition to be reached for the testing.  
 
Long Sections on Upper Canal Data Collection. Three long sections of the Upper Canal were 
tested in June of 2006. The selected segments are shown on the map in Figure B in Appendix C 
and are described below. The map shows the naming convention of the start and end point of 
each section and highlights the test section between the two points. 
 

• Section 1  
• Section 2  
• Section 3 

 
For these field tests, all headgates within the test section were closed by 5:00 AM of the testing 
day to permit for a steady state condition to be reached for the testing.  
 
Upper Canal Section 1 (U1ST – U1END): Near the head of the Upper Canal to just upstream of 
the re-lift pumps. This section is approximately 12,925 feet long (2.45 miles). 
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Figure 3.29  Section 1 (U1 Start) upstream cross section  
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Figure 3.30  Section 1 (U1 Start) – ADCP profile output 
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Figure 3.31  Section 1 (U1 End) downstream cross section  
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Figure 3.32  Section 1 (U1 End) – ADCP profile output 
 
Upper Canal Section 2 (U2ST – U2MID – U2END): This segment of the Upper Canal (Dempsey 
Canal) is located directly west of the Lower Canal test section called “Sunnyside to Highway”. 
This segment was between the re-lift pumps and the spill on the Upper Canal. Because there 
are no headgates from the spill to the selected start for the third section, Section 2 became 
longer by measuring the flow upstream of the spill as the “middle point” of the test and then 
again at the start of Section 3.  
 
The distance from the upstream point to the middle point (at the spill) was approximately 7,900 
feet (1.5 miles). The distance from the middle point to the downstream point (also the start of 
Section 3) was approximately 10,445 feet (1.98 miles). Combined, Section 2 (U2) was 
approximately 18,345 feet long (3.47 miles). 
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Figure 3.33  Section 2 (U2 Start) upstream cross section  
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Figure 3.34  Section 2 (U2 Start) – ADCP profile output 
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Figure 3.35  Section 2 (U2 Mid) middle cross section  
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Figure 3.36  Section 2 (U2 Mid) – ADCP profile output 
 



Owl Creek Irrigation District  October 2006 
 - 30 -  

 
Figure 3.37  Section 2 (U2 End) downstream cross section  
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Figure 3.38  Section 2 (U2 End) – ADCP profile output  
 
Upper Canal Section 3 (U3ST – U3END): A final section of the Upper Canal that is located 
directly west of the two Lower Canal test sections called “Bomengen to Fence” and “Pivot-In to 
Pivot-Out”. The distance between the upstream and downstream measuring locations on this 
section was approximately 9,330 feet (1.77 miles). 
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Figure 3.39  Section 3 (U3 Start) upstream cross section (same as U2 End) 
 

 
Figure 3.40  Section 3 (U3 End) downstream cross section 
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Figure 3.41  Section 3 (U3 End) – ADCP profile output 
 
Accuracy  
 
The StreamPro ADCP is reported to have an accuracy of ± 2% when proper field procedures 
are followed. Data were carefully collected in accordance with the manufacturer’s guidelines 
and therefore, the measured flow rate is expected to be within ± 2% of the actual flow rate at 
each of the test cross sections. In many cases, redundant data sets were collected to further 
add confidence in the results. 
 
The effect of the ADCP accuracy on the overall flow rate accuracy was calculated to determine 
the confidence level of the calculated seepage loss in the canal section where inflow and 
outflow were measured. Taking into account the ADCP accuracy (± 2%), and the propagation of 
errors theory, the calculated seepage loss, expressed as a flow rate or percentage, was 
expected to be ±5.7% accurate on average.  
 
As an example, if the measured seepage loss in a reach of canal is 2 CFS, factoring in the 
possible error, the seepage loss may range from 1.9 CFS to 2.1 CFS (2 CFS ± 5.7%). So, if the 
total flow rate is measured to be 25 CFS, then the associated loss may range from 7.6% (1.9 
CFS / 25 CFS) to 8.4% (2.1 CFS / 25 CFS).  
 
Repeatability 
 
An approach used to increase confidence and help determine accuracy of the field test methods 
was to fully repeat measurements. The basic field data collection method recommended by the 
USGS incorporates repeatability. Each cross section collected data for a minimum of four 
transects and when the measured flow rates were within 5% of the mean, the average flow rate 
was recorded and considered accurate. Comparison of the individual transects for each of the 
tests provides added confidence in the flow rate collection and calculation method. 
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CHAPTER 4 
SEEPAGE LOSS DATA REDUCTION 

 
 

A. SEEPAGE TEST DATA REDUCTION 
 
The seepage loss calculated by the inflow/outflow method is the upstream flow rate minus the 
downstream flow rate less other inflows or outflows such as water surface evaporation loss. 
Other inflows or outflows along the measurement reach would have to be accounted for to 
accurately predict the losses due only to seepage of the canal section. Evaporation losses were 
assumed to be negligible for the field tests because of the short time in which the testing 
occurred. Over 30 or 60 minutes, the time between an inflow and outflow measurement, the 
losses due to evaporation were considered negligible. Therefore, results of flow measurements 
were assumed to be representative of seepage out of the canal, or inflow to the canal in some 
instances. 
 
It should be noted that seepage losses are often not measured to be as high as might be 
intuitively estimated. This circumstance is reported in the technical literature and also found in 
the seepage loss investigation experience of other Wyoming canals. 
 
Table 4.1 is a summary of the seepage loss field tests and data reduction: 
 
Table 4.1 Summary of results 
Test Section Result 
Gage to Culvert Gains and losses measured 
Sunnyside to Siphon Primarily losses measured 
Siphon to Highway Primarily losses measured 
Bomengen to Fence Primarily losses measured 
Pivot-In to Pivot-Out Primarily gains measured 
  
Lower Canal Section 1 Gains and losses measured 
Lower Canal Section 2 Losses measured 
Lower Canal Section 3 Losses measured 
  
Upper Canal Section 1 Losses measured 
Upper Canal Section 2 Overall – losses measured 
Upper Canal Section 3 Gains and losses measured 

 
Table 4.2 shows the field test results and the calculations for the five canal sections measured 
during the late summer of the 2005 irrigation season and June of 2006. The inflow and outflow 
are shown on this table as well as the calculated loss, or gain, during the test. Additionally, the 
percent loss, or gain, is shown. Seepage loss is indicated by a positive (+) number while 
measured inflow or a “gain” is indicated by a negative number (-). Averages were calculated 
separately for the 2005 and 2006 data. 
 
Table 4.3 shows the field test results and calculations for the long sections of the Upper Canal 
and the Lower Canal as measured in 2006. 
 
Compiling all the field tests and the respective calculations, Table 4.4 summarizes the lowest, 
highest, and average values for the percentage loss in the test sections and the percentage loss 
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per mile. Table 4.5 summarizes the lowest, highest, and average values of actual loss or gain, 
in CFS and the loss per mile is extrapolated for each section. 
 
Table 4.6 shows the calculated losses in each test section extrapolated over a day and an 
irrigation season. At a flow rate of 1 CFS, 2 acre-feet will be delivered in a 24 hour period. The 
calculations assumed that there are 152 days (the average irrigation season for water users) of 
continuous delivery in the system at the same flow rate as was tested. Varying flow rates will 
result in varying losses. However, these calculations were prepared to show the District the 
maximum losses that might be associated with each of the test sections.  
 
Using the maximum highest extrapolated annual loss for each test section measured (results 
varied by year tested), the potential maximum anticipated loss can be determined. For the 
Lower Canal short test sections, the potential maximum loss is approximately 4,410 acre-feet 
per year. Using the same data for the Lower Canal long test sections, the potential maximum 
loss for the Lower Canal was calculated to be approximately 3,400 acre-feet per year. For the 
Upper Canal, the potential maximum loss was calculated to be approximately 2,615 acre-feet 
per year. 
 
 



Table 4.2  Lower Canal seepage loss analysis field test results and calculations

** Seepage loss is indicated by a positive number (+). Measured inflow or a "gain" is indicated by a negative number (-).

Section Date Qin Qout Total Loss Length % Loss % Loss Range with Error % Loss per foot Loss per mile Loss per mile

(CFS) (CFS) (CFS) (ft)
(Total Loss / 

Qin)*100 -5.7% +5.7%
(Total Loss  

/Length)*100 (CFS) (%)

Gage to Culvert 9/6/2005 32.6 30.9 1.7 1850 5.21 4.92 5.51 0.003 4.85 14.88
9/7/2005 30.2 30.5 -0.3 1850 -0.99 -0.94 -1.05 -0.001 -0.86 -2.84

  (0.35 miles long) 9/7/2005 32.7 30.9 1.8 1850 5.50 5.19 5.82 0.003 5.14 15.71
9/8/2005 29.9 31.7 -1.8 1850 -6.02 -5.68 -6.36 -0.003 -5.14 -17.18
9/8/2005 31 32.4 -1.4 1850 -4.52 -4.26 -4.77 -0.002 -4.00 -12.89

AVERAGE 31.28 31.28 0.00 -0.16 -0.15 -0.17 0.000 0.00 -0.46

6/27/2006 51.7 56.5 -4.8 1850 -9.28 -8.76 -9.81 -0.005 -13.70 -26.50
6/29/2006 48.8 54.7 -5.9 1850 -12.09 -11.40 -12.78 -0.007 -16.84 -34.51

AVERAGE 50.25 55.6 -5.35 -10.69 -10.08 -11.30 -0.006 -15.27 -30.50

Sunnyside to Siphon 8/9/2005 30.1 31 -0.9 3380 -2.99 -2.82 -3.16 -0.001 -1.41 -4.67
9/6/2005 23.3 22.6 0.7 3380 3.00 2.83 3.18 0.001 1.09 4.69

  (0.64 miles long) 9/7/2005 23.1 21.4 1.7 3380 7.36 6.94 7.78 0.002 2.66 11.50
9/7/2005 20.1 19.7 0.4 3380 1.99 1.88 2.10 0.001 0.62 3.11

AVERAGE 24.15 23.675 0.475 2.34 2.21 2.47 0.001 0.74 3.66

6/28/2006 50.6 48 2.6 3380 5.14 4.85 5.43 0.002 4.06 8.03
6/28/2006 51.7 46.5 5.2 3380 10.06 9.48 10.63 0.003 8.12 15.71

AVERAGE 51.15 47.25 3.9 7.60 7.17 8.03 0.002 6.09 11.87

Siphon to Highway 8/8/2005 27.1 25.6 1.5 8350 5.54 5.22 5.85 0.001 0.95 3.50
8/9/2005 31 28.55 2.45 8350 7.90 7.45 8.35 0.001 1.55 5.00

  (1.58 miles long) 9/6/2005 22.6 20.9 1.7 8350 7.52 7.09 7.95 0.001 1.07 4.76
9/7/2005 21.4 20 1.4 8350 6.54 6.17 6.91 0.001 0.89 4.14
9/7/2005 19.7 17.6 2.1 8350 10.66 10.05 11.27 0.001 1.33 6.74

AVERAGE 24.36 22.53 1.83 7.63 7.20 8.07 0.001 1.16 4.83

6/28/2006 48 44.5 3.5 8350 7.29 6.88 7.71 0.001 2.21 4.61
6/28/2006 46.5 47.3 -0.8 8350 -1.72 -1.62 -1.82 0.000 -0.51 -1.09

AVERAGE 47.25 45.9 1.35 2.79 2.63 2.94 0.000 0.85 1.76

Bomengen to Fence 8/9/2005 20.2 21.35 -1.15 2455 -5.69 -5.37 -6.02 -0.002 -2.47 -12.24
9/7/2005 18.3 18.2 0.1 2455 0.55 0.52 0.58 0.000 0.22 1.18

  (0.46 miles long) 9/7/2005 19.1 18.4 0.7 2455 3.66 3.46 3.87 0.001 1.51 7.88
9/8/2005 17.1 17.1 0 2455 0.00 0.00 0.00 0.000 0.00 0.00

AVERAGE 18.68 18.76 -0.09 -0.37 -0.35 -0.39 0.000 -0.19 -0.80

6/27/2006 37.2 36.6 0.6 2455 1.61 1.52 1.70 0.001 1.29 3.47
6/29/2006 34.7 31.7 3 2455 8.65 8.15 9.14 0.004 6.45 18.59

AVERAGE 35.95 34.15 1.8 5.13 4.84 5.42 0.002 3.87 11.03

Pivot-In to Pivot-Out 9/7/2005 14.6 13.6 1 1555 6.85 6.46 7.24 0.004 3.40 23.26
9/7/2005 13.4 13.7 -0.3 1555 -2.24 -2.11 -2.37 -0.001 -1.02 -7.60

  (0.29 miles long) 9/7/2005 12.8 13.3 -0.5 1555 -3.91 -3.68 -4.13 -0.003 -1.70 -13.26
9/8/2005 12 11.9 0.1 1555 0.83 0.79 0.88 0.001 0.34 2.83

AVERAGE 13.20 13.13 0.08 0.38 0.36 0.41 0.000 0.25 1.31

6/27/2006 24.3 25.6 -1.3 1555 -5.35 -5.04 -5.65 -0.003 -4.41 -18.17
6/29/2006 26.2 26.4 -0.2 1555 -0.76 -0.72 -0.81 0.000 -0.68 -2.59

AVERAGE 25.25 26 -0.75 -3.06 -2.88 -3.23 -0.002 -2.55 -10.38



Table 4.3  Long Sections seepage loss analysis field test results and calculations - June 2006

** Seepage loss is indicated by a positive number (+). Measured inflow or a "gain" is indicated by a negative number (-).

Section Date Qin Qout Total Loss Length % Loss % Loss Range with Error % Loss per foot Loss per mile Loss per mile Notes

(CFS) (CFS) (CFS) (ft)
(Total Loss / 

Qin)*100 -5.7% +5.7%
(% Total Loss  

/Length) (CFS) (%)

Upper Canal - Section 1 6/27/2006 40 36.9 3.1 12,925 7.75 7.31 8.19 0.001 1.27 3.17
6/27/2006 40.1 37.4 2.7 12,925 6.73 6.35 7.12 0.001 1.10 2.75

     (2.45 miles)
AVERAGE 40.05 37.15 2.9 7.24 6.83 7.65 0.001 1.18 2.96

Upper Canal - Section 2 6/28/2006 25.1 26 -0.9 7,900 -3.59 -3.38 -3.79 0.000 -0.60 -2.40 With check boards in at relift pump discharge
(Start - Middle) 6/28/2006 26 28.4 -2.4 7,900 -9.23 -8.70 -9.76 -0.001 -1.60 -6.17 Without check boards in at relift pump discharge

     (1.5 miles) AVERAGE 25.55 27.20 -1.65 -6.41 -6.04 -6.77 -0.001 -1.10 -4.28

Upper Canal - Section 2 6/28/2006 Spillway at middle was leaking, so End point was not measured

(Middle - End) 6/28/2006 28.4 23.5 4.9 10,445 17.25 16.27 18.24 0.002 2.48 8.72 Without check boards in at relift pump discharge. Spillway was still leaking - consider losses.
     (1.98 miles)

AVERAGE 28.40 23.50 4.90 17.25 16.27 18.24 0.002 2.48 8.72

Upper Canal - Section 2 6/28/2006 Spillway at middle was leaking, so End point was not measured

(Start - End) 6/28/2006 26 23.5 2.5 18,345 9.62 9.07 10.16 0.001 0.72 2.77 Without check boards in at relift pump discharge. Spillway was still leaking - consider losses.
     (3.47 miles)

AVERAGE 26.00 23.50 2.50 9.62 9.07 10.16 0.001 0.72 2.77

Upper Canal - Section 3 6/27/2006 13.3 12.7 0.6 9,330 4.51 4.25 4.77 0.000 0.34 2.55
6/27/2006 14.9 15 -0.1 9,330 -0.67 -0.63 -0.71 0.000 -0.06 -0.38

     (1.77 miles)
AVERAGE 14.10 13.85 0.25 1.92 1.81 2.03 0.000 0.14 1.09

Lower Canal - Section 1 6/28/2006 51.2 50.6 0.6 6,460 1.17 1.11 1.24 0.000 0.49 0.96
(Gage - Sunnyside) 6/28/2006 51.1 51.7 -0.6 6,460 -1.17 -1.11 -1.24 0.000 -0.49 -0.96
     (1.22 miles)

AVERAGE 51.15 51.15 0.00 0.00 0.00 0.00 0.000 0.00 0.00

Lower Canal - Section 2 6/27/2006 42 37.1 4.9 18,700 11.67 11.00 12.33 0.001 1.38 3.29
(Sunnyside - Bomengen) 6/27/2006 44.5 37.2 7.3 18,700 16.40 15.47 17.34 0.001 2.06 4.63
     (3.54 miles)

AVERAGE 43.25 37.15 6.10 14.04 13.24 14.84 0.001 1.72 3.96

Lower Canal - Section 3 6/28/2006 38.1 34.8 3.3 7,385 8.66 8.17 9.16 0.001 2.36 6.19
(Bomengen - Pivot Out) 6/28/2006 39.4 38.8 0.6 7,385 1.52 1.44 1.61 0.000 0.43 1.09
     (1.4 miles)

AVERAGE 38.75 36.80 1.95 5.09 4.80 5.38 0.001 1.39 3.64



Table 4.4  Summary of flow measurements and percent loss calculations

Lowest Lowest Highest Highest Average Average
Test 

section 
length 
(miles)

Test 
Data 
Set

% Loss in 
Test 

Section

Extrapolated 
Loss per mile 

(%)

% Loss in 
Test 

Section

Extrapolated 
Loss per mile 

(%)

% Loss in 
Test 

Section

Extrapolated 
Loss per mile 

(%)
Lower Canal
Gage to Culvert 0.35 2005 -6.02 -17.18 5.5 15.71 -0.16 -0.46

2006 -12.09 -34.51 -9.28 -26.5 -10.69 -30.5
Lower Canal
Sunnyside to Siphon 0.64 2005 -2.99 -4.67 7.36 11.5 2.34 3.66

2006 5.14 8.03 10.06 15.71 7.6 11.87
Lower Canal
Siphon to Highway 1.58 2005 5.54 3.5 10.66 6.74 7.63 4.83

2006 -1.72 -1.09 7.29 4.61 2.79 1.76
Lower Canal
Bomengen to Fence 0.46 2005 -5.69 -12.24 3.66 7.88 -0.37 -0.8

2006 1.61 3.47 8.65 18.59 5.13 11.03
Lower Canal
Pivot-In to Pivot-Out 0.29 2005 -3.91 -13.26 6.85 23.26 0.38 1.31

2006 -5.35 -18.17 -0.76 -2.59 -3.06 -10.38

Lower Canal Long Sections
Section 1 (L1) 1.22 2006 -1.17 -0.96 1.17 0.96 0 0
Section 2 (L2) 3.54 2006 11.67 3.29 16.4 4.63 14.04 3.96
Section 3 (L3) 1.4 2006 1.52 1.09 8.66 6.19 5.09 3.64

Upper Canal Long Sections
Section 1 (U1) 2.45 2006 6.73 2.75 7.75 3.17 7.24 2.96
Section 2 (U2) 3.47 2006 9.62 2.77
Section 3 (U3) 1.77 2006 -0.67 -0.38 4.51 2.55 1.92 1.09

* Assumes same flow rate as tested. Varying flow rates will result in varying losses.
** Seepage loss is indicated by a positive number (+). Measured inflow or a "gain" is indicated by a negative number (-).



Table 4.5  Summary of flow measurements and CFS loss calculations

Lowest Lowest Highest Highest Average Average

Test 
section 
length 
(miles)

Test 
Data Set

CFS Loss 
in Test 
Section

Associated 
Upstream 

Measurement 
(Q in to test 
section) CFS

Extrapolated 
Loss per mile 

(CFS)

CFS Loss 
in Test 
Section

Associated 
Upstream 

Measurement (Q 
in to test 

section) CFS

Extrapolated 
Loss per mile 

(CFS)

CFS Loss 
in Test 
Section

Extrapolated 
Loss per mile 

(CFS)
Lower Canal
Gage to Culvert 0.35 2005 -1.8 29.9 -5.14 1.8 32.7 5.14 0 0.00

2006 -5.9 48.8 -16.86 -4.8 51.7 -13.71 -5.35 -15.29
Lower Canal
Sunnyside to Siphon 0.64 2005 -0.9 30.1 -1.41 1.7 23.1 2.66 0.475 0.74

2006 2.6 50.6 4.06 5.2 51.7 8.13 3.9 6.09
Lower Canal
Siphon to Highway 1.58 2005 1.4 21.4 0.89 2.45 31 1.55 1.83 1.16

2006 -0.8 46.5 -0.51 3.5 48 2.22 1.35 0.85
Lower Canal
Bomengen to Fence 0.46 2005 -1.15 20.2 -2.50 0.7 19.1 1.52 -0.09 -0.20

2006 0.6 37.2 1.30 3 34.7 6.52 1.8 3.91
Lower Canal
Pivot-In to Pivot-Out 0.29 2005 -0.5 12.8 -1.72 1 14.6 3.45 0.08 0.28

2006 -1.3 24.3 -4.48 -0.2 26.2 -0.69 -0.75 -2.59

Lower Canal Long Sections
Section 1 (L1) 1.22 2006 -0.6 51.1 -0.49 0.6 51.2 0.49 0 0.00
Section 2 (L2) 3.54 2006 4.9 42 1.38 7.3 44.5 2.06 6.1 1.72
Section 3 (L3) 1.4 2006 0.6 39.4 0.43 3.3 38.1 2.36 1.95 1.39

Upper Canal Long Sections
Section 1 (U1) 2.45 2006 2.7 40.1 1.10 3.1 40 1.27 2.9 1.18
Section 2 (U2) 3.47 2006 2.5 26 0.72 2.5 26 0.72 2.5 0.72
Section 3 (U3) 1.77 2006 -0.1 14.9 -0.06 0.6 13.3 0.34 0.25 0.14

* Assumes same flow rate as tested. Varying flow rates will result in varying losses.
** Seepage loss is indicated by a positive number (+). Measured inflow or a "gain" is indicated by a negative number (-).



Table 4.6  Summary of calculated losses in acre-feet

Average
Average 

Calculated
Average 

Extrapolated Highest
Highest 

Calculated
Highest 

Extrapolated
Test 

section 
length 
(miles)

Test 
Data Set

CFS Loss 
in Test 
Section

AC-FT / Day 
Lost

AC-FT / 
Season Lost*

CFS Loss in 
Test Section

AC-FT / Day 
Lost

AC-FT / 
Season Lost*

Lower Canal
Gage to Culvert 0.35 2005 0 0 0 1.8 3.6 547

2006 -5.35 - - -4.8 - -
Lower Canal
Sunnyside to Siphon 0.64 2005 0.475 0.95 144 1.7 3.4 517

2006 3.9 7.8 1186 5.2 10.4 1581
Lower Canal
Siphon to Highway 1.58 2005 1.83 3.66 556 2.45 4.9 745

2006 1.35 2.7 410 3.5 7 1064
Lower Canal
Bomengen to Fence 0.46 2005 -0.09 - - 0.7 1.4 213

2006 1.8 3.6 547 3 6 912
Lower Canal
Pivot-In to Pivot-Out 0.29 2005 0.08 0.16 24 1 2 304

2006 -0.75 - - -0.2 - -

Lower Canal Long Sections
Section 1 (L1) 1.22 2006 0 0 0 0.6 1.2 182
Section 2 (L2) 3.54 2006 6.1 12.2 1854 7.3 14.6 2219
Section 3 (L3) 1.4 2006 1.95 3.9 593 3.3 6.6 1003

Upper Canal Long Sections
Section 1 (U1) 2.45 2006 2.9 5.8 882 3.1 6.2 942
Section 2 (U2) 3.47 2006 2.5 5 760 2.5 5 760
U2 Mid-End 1.98 2006 4.9 9.8 1490 4.9 9.8 1490
Section 3 (U3) 1.77 2006 0.25 0.5 76 0.6 1.2 182

* Assumes 152 days of continuous delivery in system at same flow rate as tested. Varying flow rates will result in varying losses.
** Seepage loss is indicated by a positive number (+). Measured inflow or a "gain" is indicated by a negative number (-).
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Lower Canal Short Sections 
 
The Gage to Culvert section shows both gains and losses were measured during the field tests. 
A pond located up-gradient of this test section may be contributing to the inflows to the section. 
Figure 4.1 shows the pond and its proximity to the test section. Additionally, irrigation and 
underground springs are suspected to contribute to the inflows of this section. Although wetland 
areas below the ditch indicate seepage loss, water may be flowing into and back out of the 
canal or under the canal to cause such wet areas. 
 

 
Figure 4.1  Pond above Gage to Culvert seepage test section 
 
The Sunnyside to Siphon section included one test that showed a gain. The other five tests (in 
2005 and 2006) show losses in this section. Based on the Upper Canal seepage results 
(discussed later in this section), the gaining section of the Upper Canal above this Lower Canal 
test section lends suspicion to a possible underground spring that could cause gaining in both 
canals in this area, explaining the one test that showed a gain in the Sunnyside to Siphon 
section. 
 
The Siphon to Highway section shows consistent results of losses in 2005. In 2006, one of the 
two tests shows a loss.  
 
The Bomengen to Fence section included one test that showed a gain in 2005 and the other 5 
tests (in 2005 and 2006) showed losses or no change. The field up-gradient of the Lower Canal 
at this location is irrigated. Subsurface flows from the irrigated flow could easily explain the 
gaining test results. 
 
The Pivot-In to Pivot-Out section included mostly gaining results (4 of 6 tests) with only two tests 
showing losses (both in the 2005 tests). Irrigation of the field encompassing the canal in this 
area is accomplished with a center pivot that moves over the canal. Therefore, subsurface water 
from up-gradient irrigation may add to the explanation of why this section is gaining. 
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Three of the five sections measured in the field showed strong indication of seepage: Sunnyside 
to Siphon, Siphon to Highway, and Bomengen to Fence. These would be the first three sections 
recommended for lining if the District pursued such improvements. At a maximum loss recorded 
of about 12% per mile (or 4.8 CFS for 40 CFS pumped) for Sunnyside to Siphon and Bomengen 
to Fence, the District would likely see benefits from lining any or all of these shorter sections of 
the Lower Canal. 
 
Lower Canal Long Sections 
 
One goal of testing longer sections on the lower canal was to improve the chances of measuring 
loss, even if it was small. The second goal of these longer test sections was to verify the smaller 
section test results previously discussed. Because headgates were closed in the test sections, 
higher than normal flows were experienced throughout the canal system. This may alter the 
“normal” seepage condition of the canal and is noted here for consideration. 
 
The Lower Canal Section 1 includes the smaller section of Gage to Culvert which appears to be 
a gaining, rather than losing, section of canal. One test of this section showed a gain and the 
other test showed an equal loss. Therefore, the data is inconclusive. However, since the tests 
show the Gage to Culvert section is gaining, the section of canal from the Culvert location to the 
Sunnyside location may be either gaining or losing under differing, unquantifiable conditions. 
 
The Lower Canal Section 2 includes the smaller sections of Sunnyside to Siphon and Siphon to 
Highway. The long section test results show consistent loss measured. Considering the smaller 
sections also showed primarily only losses, this data does in fact verify the smaller section data. 
 
The Lower Canal Section 3 includes the smaller section of Bomengen to Fence and Pivot-In to 
Pivot-Out and measured losses in both tests. Both of these smaller sections showed gains and 
losses in their individual tests. However, Bomengen to Fence primarily showed losses and we 
can deduce that the canal section between the smaller measured sections must also have loss 
characteristics. 
 
Because both long and short sections of the Lower Canal were field tested for seepage loss, we 
can conclude that all of Section 1 (including Gate to Culvert) should not be lined since a portion 
is gaining. Additionally, not all of Section 3 should be lined because of the Pivot-In to Pivot-Out 
test results showing mostly gains. However, Section 2 shows losses as does the shorter section 
data and therefore, this would be the likely priority for a canal lining project. 
 
The longer sections showed a smaller percentage of loss than the three shorter sections. This 
supports the idea that some areas of the Lower Canal may be gaining while others are losing. 
 
Upper Canal Long Sections 
 
Upper Canal data shows losses in almost all areas, which was expected due to the historical 
information provided by the Board members and water users as well as the long stretches of 
canal measured.  
 
The Upper Canal Section 1 showed similar losses on both tests.  
 
The Upper Canal Section 2, from the start to the middle, showed gains. From the middle to the 
end of Section 2, losses were measured. Overall losses were measured for the entire Section 2. 
However, the spillway was flowing significantly during the first test, so the middle to end section 
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was not measured. For the second test, the spillway was still flowing water and therefore, the 
results of the seepage test are skewed. Losses in this test include both seepage and the 
spillway losses (which were not quantifiable) and were 17.25%. The seepage loss in this section 
is expected to be less.  
 
The Upper Canal Section 3 showed losses in one test and small gains in the second test. 
 
Comparison of Lower and Upper Canal Test Results 
 
Comparing the long sections tested on the Upper and Lower Canals, similar results were found 
over the total lengths. That is, about 3% to 4% per mile was the maximum loss in both canals.  
 
Other 
 
Gaining sections in the Lower Canal sections are supported by the November 2005 site visit 
discussed in the next section. In addition to irrigated fields up-gradient of the canal, natural 
subsurface springs and high ground water tables may cause inflow to the canal in some 
sections. 
 
It should be noted that ground water flows from an irrigation event or a water recharge event 
(rain caught in a depression) can vary widely over time considering delayed inflows related to 
storage coefficient, specific yield, transmissivity, and gradient. 
 
Appendix D includes additional field data collected and computed for each cross section 
location which is then used later in this study for calculation of lining alternative cost estimates. 
  

B. OTHER INFLOWS / OUTFLOWS 
 
Seepage losses to the surrounding soil are not the only form of water losses that can occur in 
the canal system. Figure 4.2 shows the various methods of inflow and outflow in a canal 
system. Evaporation of water from the water surface in the canal occurs constantly. 
Phreatophyte vegetation, whether weeds, shrubs, grasses, or trees, along the banks of the 
canals require water for growth causing losses to the canal system. Leaking headgates, 
particularly leaks from numerous headgates, cause unintentional losses that downstream users 
may notice as reduced water availability. In addition, intentionally open headgates reduce the 
flow of the canal. However, if the headgates are opened out of turn, these losses may be hard 
to quantify and can mislead water users into believing that seepage losses are greater than they 
may actually be. 
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Figure 4.2  Inflows and outflows on a canal system 
 
Inflows 
 
It is not uncommon for canals to both gain and lose water from various sources along the canal. 
Ground water and irrigation return flows may flow either as surface sheet flows or as subsurface 
flows to the canal and actually increase the flow from the main diversion or in a given canal 
reach. Surface return flows or tailwater or deep percolation may enter the canal system. Water 
from adjoining drainage ways may enter the canal system as continuous incidental flows or as 
short term higher flows during or after a storm event. 
 
The test sections were checked for inflow and outflow points (piped drains and headgates) prior 
to the tests. When there was evidence of inflow (for instance, at the Johnson’s water exchange 
pipe) the tests were not conducted. However, possible subsurface inflows are suspected 
throughout many of the test sections.  
 
Because the Upper Canal provides irrigation water to the lands between the Upper and Lower 
Canals, the subsurface drainage from these irrigated fields above the Lower Canal are likely 
entering the Lower Canal. These inflows were not visible or measurable during the summer 
tests.  
 
During November 2005 the test sections were visited and observed inflows were noted and 
located on the map. Standing water was found at the culvert, within the Gage to Culvert test 
section. Standing stagnate water was visible for approximately ½ the distance from the culvert 
towards the gage location. This section also has a drain pipe entering the canal from upslope 
irrigation. The test section from Bomengen to the Fence was dry; however, irrigation inflows 
from upslope were assumed during the irrigation season due in large part to the surface 
irrigation immediately above the canal at the Johnson’s field. The Sunnyside cross section and 
the Highway cross section were both found to be dry in the November site visit. 
 
The area thought to include the worst seepage of the Lower Canal, noted on the map as such, 
did indicate inflow during the November 2005 site visit. From just upstream of the Pivot-In 

 

 
Diagram showing the various water inflows and outflows from a canal 
reach. 
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location, the canal had standing and actually flowing water in it at the time of the observations. 
Salt deposits on the soil surface and cattails are visible on the upstream lands in many areas 
near this part of the canal. Running water was visible entering the canal through subsurface 
flows. Surface flows were also noted in several areas as was standing water on the uphill bank 
of the canal. The most visible areas of inflow to the canal were just downstream of the Pivot-out 
cross section. Some areas of salt were noted on the downstream side of the canal, indicating a 
high water table due to seepage loss. Figures 4.3 through 4.11 document locations where 
subsurface inflow was observed. 
 

 
Figure 4.3  Standing water within the Pivot-In to Pivot-Out seepage field test section 
 

 
Figure 4.4  Standing water in the Gage to Culvert seepage field test section 
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Figure 4.5  Standing water in the Gage to Culvert seepage field test section at the culvert cross 
section 

 
Figure 4.6 Example of standing water above the canal, downstream of Pivot-Out cross section 
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Figure 4.7  Example of salt deposits on the uphill side of canal bank downstream of Pivot-Out 
cross section which indicates a high subsurface water table 
 

 
Figure 4.8  Example of subsurface water seeping into the canal downstream of Pivot-Out cross 
section 
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Figure 4.9  Example of salt deposits and cattails on uphill bank of canal, downstream of Pivot-
Out cross section 
 

 
Figure 4.10  Example of observable subsurface water entering canal downstream of Pivot-Out 
cross section 
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Figure 4.11  Example of surface water entering the canal and cattails above the canal 
downstream of Pivot-Out cross section 
 
The surface and subsurface inflows to the Lower Canal make any lining project more difficult. If 
the Lower Canal is lined, then the inflow water can no longer enter the Lower Canal. As a result, 
it will have to find a way around, or under, the Lower Canal. Flowing water under a lining system 
will likely result in damage to the lining. Additionally, the water that has previously been entering 
the Lower Canal will no longer add to the diverted water and a decrease in total flow may be 
experienced. It is not recommended that the District line canal sections that experience inflows. 
 
If lining projects are desired in areas with surface or subsurface inflows, additional design 
factors should be considered and included to prevent damage to the new lining. French drains, 
tiles, and subsurface water recapture ponds and pumping systems are some options that would 
help mitigate negative effects of lining canal sections with inflow water. The cost of a lining 
project will increase if subsurface water mitigation is required. The cost estimates provided later 
in this report do not include costs for re-routing or capturing inflows. 
 
For all lining projects, it is recommended that soil borings be completed as part of the final 
design process. These geotechnical borings will provide information about the soil types and 
characteristics within the project area that are important for the lining system design. 
Additionally, the ground water level can be determined and will provide information about inflow 
water to the Lower Canal. 
 
Headgates 
 
During the 2006 field tests, the ditchrider closed all headgates within each test section. There 
were several instances of these headgates being opened after he closed them. For testing 
purposes, they were then closed and locked closed. This is an example of how water users may 
tend to control their own headgates rather than allowing the District to control them. When 
headgates are leaky or opened out of turn, the resultant loss of water may be blamed on high 
seepage in the canals. It is important that the District control the flow of the water throughout the 
system to ensure minimal undocumentable losses and equity to all users.  
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Additionally, the Upper Canal spillway (in the middle test section #2) was found to be spilling 
during the 2006 field tests. The ditchrider commented that it had been spilling at the observed 
rate since he started in 2006. Accidental spills may be a cause of frequent water loss in a canal 
system and should be regularly checked to conserve the water in the system. (The effect this 
spill had on the field measurements was previously explained under the results for the Upper 
Canal Long Sections.) 
 
Pump Operations 
 
Some pumps naturally fluctuate in discharge rate. This may be caused by upstream or 
downstream water levels (affecting total pressure head on the pump and thus the operating 
point), available flow entering the pump station (which is directly related to natural diurnal 
fluctuations of the river), and possible electrical service variations. Whether the fluctuating range 
is considered minor or major, it may have effects on overall canal operation. Varying pumping 
rates may be the cause of some inconsistencies in the seepage loss results. 
 
Evaporation 
 
Estimates for losses other than seepage can be calculated. The evaporation losses from the 
surface are based on the exposed surface area, which can be estimated based on the known 
width at the measurement locations. Pan evaporation rates for the Thermopolis area are 
documented as approximately 42-inches per year (Geraghty et al., Water Atlas of the United 
States, and verbal communication with John Barnes at the Wyoming State Engineer’s Office). 
Pan evaporation data at Anchor Dam and Boysen Dam were also used to estimate the 
evaporation from the canal surface. During the irrigation season (May through September), the 
average daily evaporation is estimated in Table 4.7 below:  
 
Table 4.7  Average daily evaporation using Anchor Dam pan evaporation data 

  Evaporation 
Avg. Daily 

Evap. 
Month in./month in./day 
May 6.46 0.21 
June 7.57 0.25 
July 9.66 0.31 

August 8.31 0.27 
September 5.95 0.20 

October 5.33 0.17 
Annual 43.28  

 
Using an average canal width based on the upstream and downstream cross section and the 
distance between the two measurement locations, the estimated evaporation loss is calculated 
in Table 4.8 for each test section.  
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Table 4.8  Estimated monthly and annual losses due to evaporation in Lower Canal short test  
      sections 

 July Annual Annual 
Section (cf/day) (cf/yr) (AF/yr) 
Gage to Culvert  476 56,691 1.3 
Sunnyside to Siphon  1005 119,547 2.7 
Siphon to Highway 3170 377,218 8.7 
Bomengen to Fence  732 87,155 2.0 
Pivot-In to Pivot-Out  564 67,089 1.5 

 
Evaporation losses in the test sections were assumed to be negligible over the testing period 
which was usually one hour or less. Therefore, these values are presented for information only 
and were not factored in to the test data and results presented previously. 
 
Canal lining alternatives, other than piping, will not necessarily have an effect on evaporation 
losses. However, modifying the surface area of the water in the canal can alter the evaporation 
losses. For lining alternatives that require additional surface area in order to create 3:1 side 
slopes for instance, may increase evaporation losses. A piped system would eliminate 
evaporation losses. 
 
Table 4.9 shows the total possible losses due to seepage and evaporation in the test sections 
based on the measured losses, highest extrapolated calculations previously explained, and the 
theoretical evaporation losses. 
 
Table 4.9  Anticipated cumulative losses in Lower Canal short test sections  

 Seepage Loss Evaporative Loss Cumulative Loss 
Section (AF/year) (AF/year) (AF/year) 

Gage to Culvert  547 1.3 548 
Sunnyside to Siphon  1581 2.7 1584 
Siphon to Highway 1064 8.7 1073 
Bomengen to Fence  912 2.0 914 
Pivot-In to Pivot-Out  304 1.5 306 

 
Vegetation 
 
Vegetation requirements alongside the bank can also be roughly quantified to account for the 
magnitude of their effect on the overall water flow through the canal system. Also called 
phreatophytes, these plants obtain their water from the saturation zone. Estimates for the water 
use of large shrubs and trees may approach open pan evaporation in areas of high ground 
water. Another estimate can be calculated using the reported area of 17.3 million acres covered 
in phreatophytes and consuming approximately 24.3 million acre-feet (Schwab et al, 1993). 
From this estimation, the deduction is made that phreatophytes consume approximately 1.4 
acre-ft per acre annually. 
 

C. GROUND WATER RECHARGE AND SUB-IRRIGATION 
 
It should be noted that seepage from the Lower Canal has the beneficial element of recharging 
the ground water in the area and creating a high water table situation, or basically sub-irrigation 
circumstance in some areas. A definitive analysis of ground water recharge and sub-irrigation 
benefits from seepage is beyond the scope of the current project, but it is mentioned here 
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because if improvements are implemented to include canal lining or piping this benefit will be 
lost. 
 

D. WATER BALANCE 
 

Limitations 
 
Seepage tests conducted during this project represent an instantaneous measurement of net 
water loss in a given canal section. This information is important for the District to consider as 
they operate and plan for future improvements. However, seepage in canals is highly variable. 
Instantaneous seepage measurements as presented here do not necessarily represent 
seepage under all conditions. Seepage varies by flow condition, by time of year, and by location 
in the District.  
 
High water flows tend to contact more surface area in a canal cross section. However, relative 
to the amount of flow, the seepage per unit flow may actually be less. Using seepage estimates 
determined at a given flow rate for all canal flow conditions may not be accurate or indicative of 
conditions that would support economically driven improvements such as lining.  
 
Early season seepage is likely higher than late season seepage because the canal has not 
been saturated or the surrounding soil profiles “charged up”. Late season measurements may 
be more influenced by developed irrigation return flow patterns (surface or subsurface) to the 
canal from irrigated lands above.  
 
Seepage in particular canal sections may not be applicable to all other canal sections. 
Conditions in the District, including soils, are so variable that measurements taken in one 
location probably do not correspond well with all other locations in the District.  
 
Water Balance Approach 
 
Another approach to understanding a more comprehensive picture of seepage loss in the 
District is to develop a water balance model. A water balance of the District is analogous to a 
checking account at a bank. When you balance your checkbook, you itemize all of the inflows or 
deposits and compare them to all of the outflows or withdrawals over a particular time period 
(i.e. month). Canal seepage would be considered a withdrawal from the checkbook.  
 
This type of analysis can be performed on all scales in a canal system: from an individual lateral 
to a main canal, to the entire system. The most basic water balance is to compare total 
diversions to a canal system to the amount of water required by the crops in the District. As an 
example, if there are 20,000 acres of irrigated land in Irrigation District XYZ. Assuming a 
“typical” crop grown in District XYZ probably consumes or uses about 20 inches of water during 
the season. This would amount to about 33,333 acre-feet per year for the entire District. 
Assuming the average annual diversion for District XYZ is 60,000 acre-feet, approximately 56% 
of the District water supply is used directly by the crop.  
 
Where did the remaining 44% of the water go? Some water seeped from the canals and laterals 
before delivery to the farm headgate; some water evaporated from the open water surface in the 
canal; some water was consumed by weeds and trees that live along the canal banks; some 
water returned to the ground water table or ran into a waste or drainage ditch. All of these 
“losses” that are incurred in the process of getting water to where it is needed (the crop) have a 
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destination that can ultimately be quantified and explained within the context of a water balance 
model.  
 
A water balance on a particular canal section or lateral can help the District better understand 
the extent of canal seepage. Table 4.10 exemplifies how a water balance for Lateral ABC can 
be used to estimate canal seepage. Inflows to Lateral ABC include diversions at the headgate 
(measured with a flume), precipitation that falls on the canal surface, and upslope drainage 
water from an adjacent canal seep or from farm land return flows. The outflows from Lateral 
ABC include deliveries to individual farms (measured), evaporation from the water surface of the 
canal, water use by weeds or trees along the canal (riparian plants), and the tailwater or waste 
water at the end of the lateral. This tailwater might spill into a creek, drain or another lateral. 
When the inflows are compared to the outflows, the balance is an estimate of canal seepage in 
the lateral. In this example, 276 acre-feet of water is attributed to canal seepage in a year.  
 
Table 4.10  Example of lateral water balance to determine seepage (units in acre-feet) 

Lateral ABC Example      
       
 May Jun Jul Aug Sep Total 
LATERAL INFLOWS             
Measured diversion 100 175 350 300 150 1075 
Precipitation 5 4 2 1 1 13 
Upslope drain water 4 17 25 30 36 112 
Subtotal 109 196 377 331 187 1200 
       
LATERAL OUTFLOWS             
Farm A Deliveries 0 4 12 12 0 28 
Farm B Deliveries 10 14 15 20 10 69 
Farm C Deliveries 5 8 10 12 0 35 
Evaporation 2 3 5 6 3 19 
Riparian Use 6 7 11 14 8 46 
Measured tailwater 37 120 250 210 110 727 
Subtotal 60 156 303 274 131 924 
       
Seepage Balance 49 40 74 57 56 276 

 
The analysis in Table 4.10 can be performed on any time step (day, week, or year) or for any 
section or subsection in the District. Provided the critical inflow and outflows are measured or 
can be estimated, the seepage can be determined.  
 
Figure 4.12 shows a standard district water balance diagram. The example shown in Table 4.6 
is just one component of the entire district water balance (the Lateral ABC analysis falls under 
the box labeled “District Distribution System”). As shown in Figure 4.12, the seepage from 
Lateral ABC goes into the ground water system where it then may be picked up by another 
lateral down gradient as upslope drainage water, used by farms through subirrigation, or 
intercepted by the District drainage system.  
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Applications 
 
Figure 4.12 also highlights the complex connection that exists between the District distribution 
system (laterals and canal), the farm lands, and the drainage system. For these reasons, the 
destination and timing of seepage from District facilities is extremely difficult to estimate without 
the use of a water balance approach. A water balance on laterals and canal subsection will help 
the District more accurately prioritize suitable and cost effective improvements for seepage 
reduction projects as well as monitor performance.  
 
A water balance in the District will require strategically placed measurement structures. These 
structures would typically be located at the head or beginning of laterals or along several 
sections of a large or main canal. Measurement structures should also be located at the end of 
laterals where water spills or leaves the irrigation season (if applicable). Farm deliveries must be 
measured because they constitute a significant outflow from the District water supply.  
 
Evaporation and precipitation can be estimated from local weather stations. Riparian use can 
also be estimated by determining the total coverage area adjacent to the canal. However, 
evaporation, precipitation, and riparian uses do not constitute significant quantities in a typical 
district water balance.  
 

E. CHECK STRUCTURE EFFECTS ON RE-LIFT PUMPS 
 

During the 2006 field tests, the District (Duane Watkins) requested that the seepage loss tests 
on the Upper Canal be modified to help provide some information related to the effects of the 
check structure immediately downstream of the re-lift pump discharge. 
 
The discharge pipe from the re-lift pumps enters the Upper Canal and can flow in two directions: 
to the south to one water user or to the north to the remainder of the Upper Canal water users. 
A check structure located on the northern side of the discharge pumps was believed to be 
causing additional head on the pumps and thus reducing the discharge flow rate. 
 
Two tests on the Upper Canal Section 2 were conducted. The first was done with the check 
boards in place as they normally are (3 bays of check boards, all somewhat checked up). The 
second test was conducted after the check boards from two of the three bays were removed 
(the center bay boards were wedged in too tightly for the ditchrider to remove). The goal of the 
two different tests was to determine if the inflow to the Upper Canal Section 2 was affected by 
the check boards. 
 
Unfortunately, the south water user headgates were not closed, and therefore not all of the flow 
from the re-lift pumps was necessarily directed to the measurement location. However, the flow 
rate measured did increase by about 1 CFS for the second test when some of the check boards 
were removed.  
 
It is probable that increasing the head at the submerged discharge will reduce the flow rate of 
the re-lift pumps based on a typical constant speed pump curve operation. To fully understand 
the extent of the effect, another series of field tests could be conducted with the south water 
user headgates closed to ensure all water is directed past one measurement location. 
Additionally, the discharge of the re-lift pumps is highly dependent on the available inflow to the 
pumps. Headgates below the re-lift pumps should also be closed to ensure water is available for 
the pumps to operate at whatever flow rate the discharge head will permit. 
 



Owl Creek Irrigation District  October 2006 
 - 55 -  

The District could conduct a series of new tests, with headgates closed, to show the varied flow 
rate of the pumps when the check boards are in versus when they are out. To do this, the 
District would need to measure the flow rate out of the pumps. A flow meter on the pumps (one 
recommendation of this study) could be installed and used. Or flow measurements in the canal 
could be conducted, such as was done in this study. The testing sequence could begin with no 
check boards in the structure, flow rate measured, and then add a few check boards and 
measure again. This could be done for as many check boards as desired in order to see the 
effect of varying heads at the discharge. 
 
Pump curves for the re-lift pumps could also be obtained and reviewed to determine the 
potential operating point at varying heads and flows. 
 

 
Figure 4.13  Check structure downstream of re-lift pump discharge with check boards in all 
bays (first test condition) 
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Figure 4.14  Check structure downstream of re-lift pump discharge without check boards in two 
of the three bays (second test condition) 
 

F. SUMMARY 
 
Based on the field measurements and computations, the overall results for the seepage losses 
in the Upper and Lower Canal sections tested differ from the general observations or estimation 
provided by the District. Rather than a 25% to 40% loss in the canal due to seepage, the field 
test results showed less than 15% loss due to seepage in the test sections that were found to 
have losses. Often, the estimated losses attributed to seepage are actually the total losses in a 
system, including evaporation, headgate leaks, spills, and unauthorized appropriations. For 
example, during the field tests, the spillway in Upper Canal Section 2 was leaking. Another 
example during the field tests was when a water user opened a headgate after the ditchrider 
closed it in order to conduct the field tests. 
 
Although not as great as originally predicted by the District, the losses measured are not 
uncommon for earthen canal systems. The added component of inflows to the Lower Canal 
appears to often offset the seepage loss. Attempts to reduce the seepage losses in several of 
the tested sections are not recommended because calculations of seepage loss determined by 
this study are inconclusive in some areas and because lining sections which receive inflow 
could be more detrimental than helpful to the Lower Canal water users. The field test sections 
that do show consistent seepage loss should be considered for lining improvements. In 
particular, the sections recommended for canal lining consideration, and listed in priority, are: 
 

• Sunnyside to Siphon 
• Bomengen to Fence 
• Siphon to Highway 
• Upper Canal Section 2 (middle to end of test section only) 
• Upper Canal Section 1 
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CHAPTER 5 
REHABILITATION PLAN 

 
 
A. OPERATIONS AND MAINTENANCE RECOMMENDATIONS 

 
Flow measurement is critical for evaluating unnecessary losses in the canal system. Installation 
of flow meters on the pump stations will provide the District with the inflow rate. Measurement 
structures throughout the system or at key points can provide on-going flow data that may help 
assess future losses or evaluate changes in seepage rates over the season or years. Section B 
of this chapter discusses flow measurement and alternative devices the District should consider 
implementing. 
 
Based on current operations, even if the District decides not to implement any canal lining 
projects, improvements related to headgates should be considered. Future improvements to 
individual headgates should include fixing or replacing any leaking headgates and installation of 
flow measuring devices downstream of each headgate. Weirs, Parshall Flumes, and Long-
throated flumes, are a few options that the District should consider. Installation and monitoring 
of flow devices at each headgate will allow for more accurate water allocations 
 
Delivery of water to small acreage water users is becoming an operational concern of the 
District. With increasingly subdivided lands and developments, the District is being put in a 
position to deliver to multiple existing and new users on small acreages. At the request of the 
District, five “Allotment Charts” have been developed to assist canal managers and operators 
deliver correct, allocated, amounts of water to different sized farms. These charts are included 
in Appendix E of this report. These charts show the number of days per season that a land 
owner can receive water based on their acreage size, the desired flow rate, and the hours the 
headgate is open. Each chart is based on giving a 70 acre farm one cubic feet per second 
(CFS) for five months of the irrigation season through a 12” headgate. The chart then breaks the 
information down to more understandable amounts of time. Each chart is assuming that the 
manager is giving users a set amount of water from 0.25 CFS to 2 CFS. Based on the flow 
given to a water user and size of their farm, the manager can determine how many days, half 
day, quarter days, and one sixth of a day they can get water for that irrigation season. The top 
of the chart shows the total amount of water that the water user should get during the irrigation 
season in acre-feet for a specific sized farm. For consistency and equity, the District should 
utilize these charts in delivering water to both new and existing water users. 

 
B. FLOW MEASUREMENT STRUCTURE OPTIONS  

 
Regardless of the approach, flow measurement is essential to successful and equitable 
operation of a canal system. It is important to understand flows at the river diversion and pump 
station and the variations in flow that occur with the season and over even shorter time periods. 
Flow measurements help ensure equitable distribution of water to water users at headgates.  
 
Future operational improvements in the Owl Creek Irrigation District system are underpinned by 
primary flow measurements at several key points in the main canal and at each headgate. 
These flow measurements should be recorded with a chart recorder, such as a Steven’s 
Recorder device, or a data logger device, or ideally with SCADA hardware which is described 
later in this report. 
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Owl Creek Irrigation District does not presently utilize flow measurement structures on a 
consistent or standard basis. The following section discusses several flow measurement options 
available to the District.  
 
Selection 
 
The selection of flow measurement devices is based on several factors:  
 

• Accuracy 
• Cost 
• Flow range 
• Headloss 
• Adaptability to site conditions 
• Ability to pass sediment 
• Maintenance requirements 
• Construction and installation requirements 

 
These many different considerations must be factored into the selection and design of a 
measurement device to achieve an effective and economical installation. Consideration should 
be given to the operational demands of each device and how it will fit with the existing operation 
of the canal. Two devices that can be used for water measurement and are discussed herein 
are flumes and weirs. Both of these devices have advantages and disadvantages that must be 
considered when choosing a device that is most appropriate for the District.  
 
First, the desired accuracy must be determined because it may limit the type of devices that are 
available. In open channel flow of canals, it is common and acceptable practice to have the 
accuracy between ± 5% and ± 10% in the field. Some devices have accuracies as great as ±1% 
in laboratory conditions. The ± 1% accuracies can also be achieved in the field, but with 
additional cost and effort due to special construction, recalibration, and maintenance. The site 
for the measurement must be scrutinized since the site could require a non-standard design and 
installation of the device, causing the accuracy to approach ±10% or more. The most accurate 
installed open channel flow device we know of is the long-throated flume at ±2%. 
 
Cost can sometimes be the most important factor in choosing a device. The total costs to 
consider include the measurement device, the construction installation, and the long-term 
maintenance and operations. When looking at cost to specific canal districts there must be 
consideration to the initial capital cost of the structure, but also the life span, and durability of the 
device to attain the desire accuracy. 
 
The flow range is an important consideration since certain devices require specific flow 
conditions in the calibration and measurement of water. If the flow is outside of the requirements 
of the structure, then the accuracy of measurement could be significantly affected. One example 
given by the U.S. Bureau of Reclamation in the Water Measurement Manual states that “sharp-
edged devices typically do not give good results with large flows, which are better measured 
with large flumes or broad-crested weirs” (USBR, 1997). The device should be chosen to cover 
the entire flow range of the canal, understanding that different levels of accuracy may be 
achieved for the high flow and low flow scenarios. A structure designed to measure only the 
high flow may not accurately measure the lower flows. Parameters must be set in order to 
design a flow measurement device that will meet the accuracy requirements across the desired 
flow range. 
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Another consideration is the amount of head loss on the system which results from the 
measurement device. This must be considered since some canal districts have very flat 
topography and do not have head or water surface elevation that they can lose. The 
combination of the cost and amount of head loss should be considered. It is possible to have 
very little head loss, but the cost of installation and construction is usually much higher. For 
instance, “acoustic flowmeters are expensive but require little head; sharp-crested weirs are 
inexpensive but require a relatively large head loss” (USBR, 1997). 
 
Adaptability to site conditions means selecting a device that will not change the site hydraulic 
conditions so it will not interfere with the operation and maintenance of the canal system. The 
existing channel conditions and shape of the cross section may suggest the use of one device 
over another. An example, “the Parshall flume size selection process….might result in a flume 
wider than the existing channel, adding substantial cost to the installation, whereas a long-
throated flume might fit within the existing channel prism” (USBR, 1997). 
 
The structure’s ability to pass sediment is often a very critical component to the selection 
process since many irrigation canals carry a significant amount of sediment and do not want to 
increase the maintenance of the upstream channel by removing debris or sediment. The 
sediment will probably be deposited in areas of lower velocities which can be around flow 
measurement structures. Whether this sediment causes problems is dependent on the amount 
of sediment in the system and the type of measurement device used. In some cases the 
deposition of sediment means routine maintenance to remove the buildup. In other instances 
the sediment buildup can change the approach conditions and cause the device to be 
inoperative. In addition, floating debris such as plants, trees, branches, leaves, and trash can 
plug some flow measurement devices, which causes them to be inaccurate. The debris caught 
in the device could also block the flow in the canal. 
 
Another important issue is the amount of maintenance required to keep the flow measurement 
device working at the desired accuracy and to extend the lifetime of the structure. For example, 
the sharp crested weirs might require more maintenance to remove sediment and debris than 
the long-throated flume. It is also recommended that maintenance programs be developed for 
each structure to ensure prolonged measurement quality. 
 
Some final considerations are the construction and installation requirements of the selected flow 
measurement device. This consideration must include the difficulty of installation and how many 
components must be modified to fit the existing canal. If the device is easily retrofit to the 
existing canal, there will be less time for installation, less down time for the canal, and fewer 
unforeseen problems. 
 
Flumes: Parshall 
 
The Parshall flume (the most common example of a short throated flume) controls the flow in an 
angled section to create a three dimensional curvilinear flow. Although this type of flume is 
called a short throated flume, they usually have a large overall length. Some of the advantages 
to this type of structure are its ability to “self clean” since it can pass sediment and debris. 
Therefore, the reduced maintenance concerns are an advantage. It requires about the same 
head loss as long-throated flumes, discussed later in this section. The approach velocity of the 
channel has little effect on the structure’s accuracy of measurement. Parshall flumes can have 
large flow regimes with a trapezoidal design and can measure super critical flows.  
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Many standard sizes of the Parshall flume have been laboratory calibrated and plans for the 
desired size are available. If the Parshall flume was the device of choice, we would recommend 
the District install a standard size Parshall flume. The canal might have to be reshaped to allow 
proper installation of the flume. These structures can be difficult and expensive to construct 
since they must be built to specific dimensions and angles of the floor. The structure may have 
to be larger or smaller than the existing channel which may result in higher installation costs and 
reworking of the canal section. They also have a tendency to be insensitive to low flows. Similar 
to other types of flumes, Parshall flumes must be constructed in channel sections that are 
without turbulence, surging, unbalanced flow, or poor distributed velocity patterns. Increased 
bank depth may be required to accommodate the backwater associated with the installation of 
this flume.  
 
The Parshall flume loses accuracy as the submergence increases. Submergence can best be 
defined by the Water Measurement Manual, published by the U.S. Bureau of Reclamation 
(USBR, 1997): 
 

All flumes have a minimum needed head loss to assure that free flow exists and that 
only an upstream head measurement is needed to determine discharge rate. This 
required head loss is usually expressed as a submergence limit defined by the ratio of 
the downstream head to the upstream head, both referenced to the flume throat 
bottom….When these limits are exceeded, an additional downstream head 
measurement is sometimes used to extend the measurement range of a flume, 
particularly for Parshall and cutthroat flumes, but at considerable loss of accuracy. 
Submergence also increases upstream channel depth, decreasing the upstream 
velocity, which may aggravate sedimentation problems. 

 
Figures 5.1 and 5.2 show typical Parshall flumes. 
 

 
Figure 5.1 Prefabricated Parshall Flume 
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Figure 5.2 Concrete Parshall Flume 
 
Flumes: Long-throated 
 
The long-throated flume controls the discharge over the structure throat or a sufficient length to 
create uniform and parallel flow lines. The flume forces the flow to pass through critical depth. 
This allows for accurate ratings based on hydraulic theory. The long-throated flume can be 
adapted for any desired cross section shape and custom fit into any channel geometry. Due to 
the flexibility to match to existing channel conditions, these flumes usually have simplified 
construction techniques and are economical. The accuracy of long-throated flumes can be 
assumed to be ±2% due to the capability for computer calibration. This accuracy also includes 
submergence up to 95% (higher allowable submergence than the Parshall flume) with only one 
upstream head measurement.  
 
Some additional advantages of long-throated flumes are that they are also self cleaning and 
have the ability to pass sediment and debris through the structure. This means less 
maintenance for canal staff. They require little head loss across the control section to achieve 
accurate flow measurement and may even allow a reduction in the number of checks in the 
canal. They may be constructed in-situ within the canal. 
 
As stated in the Parshall flume section, a similar disadvantage to long-throated flumes is that 
they must be constructed in channel sections that are without turbulence, surging, unbalanced 
flow, and poor distributed velocity patterns. They require the upstream banks to be high enough 
to contain the backwater from the flume installation.  
 
For new installations, the long-throated flume is recommended by the USBR over the Parshall 
flume. Where the Parshall flume has been established as standard, new installations could be 
Parshall flumes; however, the long-throated flume is the preferred measuring device for open 
channel flows in similar situations. 
 
This flow measurement structure is also called a “ramp flume” or the “Replogle flume” as much 
of the development work and current design standards were done at the Agricultural Research 
Service’s Water Conservation Lab in Arizona under the direction of John Replogle. We will refer 
to this flume as the long-throated flume for this report. 
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See Figure 5.3 for a concept drawing of a long-throated flume. See Figure 5.4 for a photograph 
of a flume under construction and Figure 5.5 for a photograph of an operating long-throated 
flume. 
 

 
Figure 5.3 Conceptual layout of a long-throated flume. Reference:  Water Measurement with 
Flumes and Weirs 
 

 
Figure 5.4 Long-throated flume under construction. Note the stilling well on the side which may 
also house a chart recorder or SCADA electronic equipment 
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Figure 5.5 Long-throated flume in operation 

 
Sharp Crested Weirs 
 
The next category of flow measurement devices is the sharp crested weir which encompasses a 
wide range of structures such as the contracted and suppressed rectangular weirs and the 
Cipolletti contracted weir. These structures are called sharp crested weirs because the water 
does not contact or cling to the downstream weir plate or supporting structure. These weirs are 
usually constructed using a thin steel plate connected to a supporting structure. Some of the 
advantages to this type of structure are the low cost and ease of installation. The disadvantages 
to this type of structure are that they require a head loss of at least 0.2 feet and usually more to 
achieve the required flow condition to calculate accurately. Additional maintenance may be 
required to keep the approach channel clean and free of sediment and debris. If the canal is not 
maintained, the flow measurement will be inaccurate or the device could become inoperative. 
The measurements for the sharp crested weirs require laboratory calibration for determining the 
flow in the canal. The approach channel must be constructed at specific sizes based on the 
design of the weir for upstream pool size and depth which can increase the cost of the structure. 
These structures cannot measure flow under super critical flow or when submerged. Super 
critical flow is when the depth is less than critical and the flow is rapid or shooting. These 
structures require the use of air vents to maintain accurate flow data and may become clogged 
by users or other materials. The largest disadvantage to sharp crested weirs in irrigation canals 
is that they don’t pass sediment or debris which may be a significant amount for some sections 
of the canal. 
 
Figure 5.6 shows several sharp crested weirs as featured in the USBR Water Measurement 
Manual. 
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Figure 5.6 Sharp crested weir drawing from USBR Water Measurement Manual  
 
Flow measurement is vital to many aspects of the Owl Creek Irrigation District conveyance and 
management systems. It is recommended that the District use long-throated flumes for their 
standard measurement structures. Based on the discussion of various flow measurement 
devices, the long-throated flume will effectively and accurately measure the flow required for the 
main canals and individual headgates. Installation of flow measurement devices will allow the 
District to develop water balances in the future which will help to quantify and locate system 
losses. 

 
C. DUAL SYSTEM PRESSURIZED OPPORTUNITIES 
 

A secondary supply or dual system is basically a utility. Potable water is provided for largely 
indoor culinary uses and a secondary or “dual system” is provided for primarily outdoor 
landscape irrigation. Secondary supply systems are often an excellent means to preserve both 
potable and irrigation water in areas of new urbanization. 
 
A sound engineered approach to secondary water management includes a detailed design of 
the infrastructure piping and the landscape irrigation system, and due consideration to long-term 
system operation and management. The provision of secondary supply may also afford 
significant opportunities for the District to modernize its 70-year-old plus canal infrastructure. 
Modernization may include structural or operational improvements, or a combination of these, 
the benefits of which can compliment the District’s provision of secondary supply for 
urbanization. This is expected to materially benefit the larger community, in terms of the water 
conserved in agricultural uses. 

Key engineering design criteria for a secondary system include annual landscape and crop 
water requirements, water delivery alternatives and constraints, water storage requirements, 
determination of peak demand flows, pump station and control requirements, primary 
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distribution system layout, service connections for residential/commercial customers, system 
operation including supervisory control and data acquisition (SCADA) monitoring and control, 
and system maintenance. These engineering criteria can enhance the overall secondary supply 
scheme, or conversely, detract from it if they are not properly addressed.  

There are basically three ways that secondary supply irrigation systems can be operated. They 
can be operated on-demand, on a fixed rotation, or some combination thereof. “On-demand” 
means that the residential or commercial user of the secondary system is allowed to irrigate any 
time of the day or night. “On-rotation” means a fixed period of time in which certain tracts or 
divisions of the system are allowed to irrigate. This is similar to municipalities instituting water 
scheduling during drought. A combination of these two would occur when the irrigation system 
is operated on demand, but within a fixed time window (night time hours, for instance). 
 
As with any irrigation system, the system capacity is based upon the area to be irrigated, 
application efficiency, peak season evapotranspiration, days of operation per week, and the 
allowable daily irrigation window. The major difference between a secondary water system to 
individual home sites and a large golf course irrigation system is the number of irrigation system 
managers involved. In the case of a golf course, for example, one irrigation manager is typically 
in charge of scheduling and operating the irrigation system. This allows the pump station and 
mainline pipe to be sized to operate at full capacity for a given window of time, say 8 hours per 
day. This type of user is very predictable and is represented by a relatively flat demand curve 
over time. The demand, and therefore the flow rate of the irrigation system, ramps up to full 
capacity over several minutes at the start of the irrigation window. It then runs at capacity until 
the demand drops off at the end of the irrigation window. 
 
By contrast, a secondary water system for a typical 80-acre housing development, or a whole 
community, may have 200 to 400 individual lots, in addition to common open space areas. 
These systems must be designed to accommodate 200 to 400 individual water managers, most 
of whom are homeowners who have little or no experience in operating or managing irrigation 
systems. 
 
The pump station and distribution system must be sized to accommodate the peak flow. 
Hydraulic network analysis software is very useful in analyzing pipe sizing for secondary 
systems. Typically, the distribution pipe is sized to keep velocities below 5 feet per second 
(FPS). In many instances secondary water systems are installed in phases and some upsizing 
of pipe may be required to accommodate future project phasing. 
 
The irrigation pump stations must be designed to provide consistent pressure over a wide 
variation in flow. Pump stations with variable frequency drives (also know as VFD pumps) are 
typically utilized because of the operational flexibility that VFD stations afford. 

 
D. SCADA 

 
As many canals are modernized, an appropriate technology for consideration is SCADA to 
provide either monitoring or both monitoring and control (gate actuation, pump operation) of 
canal operations from a centralized location. Data and information such as canal flows and 
reservoir storage level data can be easily obtained and even posted to the District’s web site for 
both management personnel and irrigator access. 
 
SCADA systems were once perceived to be too costly for most irrigation districts but the 
hardware and software is increasing in function, decreasing in cost, and becoming much more 
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affordable for these situations. The opportunity, the costs, and the benefits of SCADA are 
explored in this section. 
 
Background 
 
SCADA has been with us a long time but mostly with industrial process control and monitoring 
circumstances that could afford the technology. Agricultural irrigation, for many years, was not 
an industry that warranted the rather steep hardware cost. During the early 1990’s, the cost of 
implementing SCADA was in the range of $5,000 to $10,000 per site without gate actuation 
hardware. This cost for monitoring was quite high in comparison to the cost of a classic chart 
recorder installation on a weir or flume, or for that matter, the cost of manual actuation of valves, 
headgates, and checks by the District’s own ditchrider. 
 
The current cost of SCADA implementation has decreased in recent years to a price point 
where SCADA is affordable and useful to irrigation districts. Often, smaller districts do not have 
an office or a staff per se, but a SCADA central system can be located anywhere that is 
practical. SCADA can provide a lot of cost effective features which result in significantly 
improved canal operations, improved deliveries to irrigators, and reduced liabilities. 
 
Concepts 
 
Generic definitions are appropriate to help describe basic SCADA concepts and compare 
SCADA systems. The central system is microcomputer based and interface software is used to 
communicate with remote sites. The software that provides an umbrella over everything is 
called a human-machine interface (HMI). The key hardware at remote sites is a remote terminal 
unit (RTU).  
 
The HMI software can be proprietary and published by the manufacturer of the hardware or it 
can be more generic and published by software companies that write HMI programs that are 
compatible with the hardware of many manufacturers. Examples of flexible and broadly 
compatible application development programs are Wonderware, Lookout, and Intellution. Each 
of these products is currently in use for irrigation district applications. 
 
Communication can be via wire line (hard wired), telephone, fiber optics, or radio. Radio for 
most canal operations is preferred although the canal easement does present the potential for 
easy fiber optic installation. For instance, the Dolores Project in Cortez, Colorado utilizes fiber 
optic communication. The SCADA industry has standardized largely on a public domain 
communication protocol called “Modbus” which is quite flexible but also considered antiquated 
by many because it was developed for wire line applications and not the higher speeds possible 
with other approaches to communication such as radio. 
 
RTUs are essentially a small computer that can be programmed for the specific requirements at 
individual sites. The RTU is also the point at which sensors are connected. A site with only one 
requirement, e.g. monitoring the water surface elevation in a flume or weir, would have a water 
level sensor wired to it. The RTU then communicates to the central system or conversely, the 
central system can initiate a call to the RTU. The preferred communication is two-way 
communication where the central can call the RTU or the RTU can call the central. It is 
important to note that the RTU can be monitoring one or more sensors and perform logical 
operations and even create an exception report or alarm. If flows or water levels exceed a pre-
set limit at a point in the canal system, an alarm can be raised or action can be taken in the form 
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of gate or check adjustments. Alarms can appear at the central computer or even be transmitted 
as text messages to a cell phone or pager. 
 
There are multiple levels at which SCADA can be implemented. Beginning with monitoring only, 
and then expanding the initial system to other sites and adding capability and features to sites is 
quite appropriate. 
 
Four levels of SCADA implementation can be described by their respective function and utility to 
the District. 
 

• Monitoring (only) 
• Remote manual operations 
• Local control 
• Fully automated operations 

 
Each level results in increasing capability within the SCADA system, but each level costs more. 
The additional cost is largely at the remote sites, not at the central workstation. The central 
workstation becomes a fixed cost except for HMI upgrades and the inevitable computer 
hardware upgrades or replacement over time. 
 
Figure 5.7 shows a simple SCADA monitoring site installed in a rated canal section historically 
used by the New Cache La Poudre Irrigating Company (NCLPIC) in Lucerne, Colorado. This 
site utilizes RTU equipment that is 12-volt DC powered from a solar panel that maintains a 
charge on a battery. For many years, water surface elevations have been monitored at this 
location using a Steven’s recorder and by manually reading the gauge twice per day by the 
ditchrider. With SCADA, data is transmitted by radio to the central computer on a frequent basis. 
At the central computer, the data is reported continuously on the HMI screen. NCLPIC is 
currently implementing additional SCADA for improving canal operations and monitoring and 
reporting of the company’s well augmentation plan. 
 

 
Figure 5.7  SCADA monitoring site on a rated canal section of the Greeley #2 canal 
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The HMI screen can be, and should be, unique to the user and the circumstance. Figure 5.8 
shows an example of the HMI screen in use by district staff at the Dolores Project near Cortez, 
Colorado. This screen is simple and intuitive in nature. Radial gate (check structure) positions 
are depicted graphically, each in a somewhat lower position in the HMI screen, to indicate the 
drop in the canal itself. The operator may raise or lower gates, and therefore water surface 
elevations in canal pools by using very small incremental gate movements. Interestingly, 
Dolores Project staff can and do make changes in their own HMI software interface without 
assistance from an outside consultant or system integrator. 
 

 
Figure 5.8  Example HMI at the central computer of the Dolores Project in western Colorado 
 
With simple monitoring using a SCADA system, sensors are installed that meet monitoring 
requirements such as water level sensors. Data is collected on the central system and can then 
be directly viewed by a system operator or plotted depending on needs and functional 
requirements. 
 
With remote manual operations, as the name implies, the operator can raise or lower gates and 
thereby affect the canal operation from the central computer. This is called remote manual 
because gate movements are implemented by the canal company staff, just as if they were at 
the gate or check. But gate adjustments can be made much more frequently and therefore canal 
operations, overall, can become more real time and precise. 
 
With local control, the RTU at a particular site is programmed to maintain a set upstream water 
surface level or to open a gate if a water surface level increases beyond a set point as with a 
storm event. 
 
Full canal automation is possible. This ultimate benefit of SCADA has been widely discussed for 
two decades but there are actually very few canals operated under what would be called full 
automation. One semantical note is important here. Some would refer to a canal as being 
automated, with any SCADA implementation, but what they often mean is that the canal is 
operated under a remote manual scenario using SCADA equipment. For the purposes of this 
discussion, full canal automation means a system in which computer programs control 
processes from irrigation order inputs through algorithm-driven gate adjustment schedules for 
some future timeframe. This level of automation is not an easily programmed or implemented 
process. 
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Figure 5.9 shows an actuated canal check structure. This check structure in the Imperial 
Irrigation District in southern California is controlled by Rubicon gates which are integrated with 
the SCADA system and used for water surface level control or flow control. 
 

 
Figure 5.9 Rubicon gates integrated with the SCADA system within the Imperial Irrigation 
District 
 
Water Surface Level Sensors 
 
There are a wide variety of water surface level sensors available and suitable to canal 
applications. Selection is largely driven by accuracy requirements, budget, and the required 
installation approach. Sensors can be selected on a site specific basis within a project and not 
necessarily standardized throughout the project. Familiarity with the preferred sensor or sensors 
does help staff to better troubleshoot problems as they occur and to know when a sensor must 
be replaced. The water surface level sensor is often essential to a site-specific circumstance 
and having an inventory of new or repaired water surface level sensors is likely necessary.  
 
Pressure Transducers. Pressure transducers are very common in canal applications as water 
surface level sensors. They are submersible. They can be relatively low cost with a range of 
costs from $300 to $1,000 per device. Generally speaking the higher cost pressure transducers 
are more reliable and more accurate than the lower cost units. (This technology appears to be 
changing somewhat rapidly and it is good to watch equipment evaluations that are often 
reported in the technical literature.) 
 
General pressure transducer sensor advantages: 
 

• Easy to install. 
• Electronics are hidden from view. 
• Low power draw. 
• Not usually affected by air temperature fluctuations. 
• Not affected by foam. 
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• Almost no time lag and no delay between the time when power is first applied and the 
first valid output. 

 
General pressure transducer sensor disadvantages: 
 

• Can be damaged by freezing conditions and ice buildup. 
• Can clog in dirty water. 
• Susceptible to malfunction if allowed to dry out (only some sensors). 
• Adversely affected by water temperature fluctuations. 
• Measurement range is not adjustable. 
• Lightning protection recommended. 
• May be damaged if submerged beyond a specified range. 
• Easily damaged by aquatic life. 

 
Ultrasonic Sensors. Ultrasonic sensors transmit a series of cone-shaped sound waves through 
the air between the device and the water surface level. These sound pulses reflect off of the 
liquid surface and are in turn received by the sensor, which measures the time interval between 
the transmitted and received signal. No part of the sensor ever comes in contact with water, a 
distinct advantage of this sensor type. 
 
General ultrasonic sensor advantages are: 
 

• Non-contacting, so they are not affected by dirty water, floating debris, or aquatic wildlife. 
• Not affected by fluctuating water temperatures. 
• Not affected by high flow velocity rates. 
• Easy to calibrate. 
• Low maintenance. 
• Can withstand freezing ambient air temperatures. 
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General ultrasonic disadvantages: 
 

• Accuracy is affected by ambient air temperature fluctuations. 
• May reflect off floating foam, flotsam, or debris in the canal. 
• Must be aligned precisely. 
• May be affected by turbulent water (a stilling well may be required). 
• Large beam angles cannot be used in restricted spaces. 
• Some sensors can be damaged by inundation in water if they are not waterproof. 
• Some sensors have a delay between the time when power is first applied and the first 

correct output. 
 
Ultrasonic sensors generally range in price from $600 to $1,800 per unit. 
 
Floating Sensors. When the District staff are already familiar with Stevens recorder devices, as 
is often the case, a floating sensor may be preferred and most reliable. There are two basic 
types of float sensors, one which involves a pulley and a counterweight, and the other which 
utilizes a spring to produce an upward force on the float cable. In the pulley and counterweight 
version, a counterweight provides tension to a beaded cable. Notches in the pulley mesh with 
the cable beads, forcing the pulley to turn as the water level rises or lowers and the float goes 
up or down. This version of the float sensor is the most difficult to calibrate and install. The 
pulley has a “travel stop” for both the clockwise and counterclockwise directions. During 
installation, the user must ensure that neither travel stop will be hit between the highest and 
lowest positions. This type of float sensor is exactly what is used to measure levels in the 
Stevens chart recorder device.  
 
These sensors tend to be the most expensive at $2,000 to $2,500 per unit. 
 
Case Studies 
 
Rather than discussing a myriad of differing approaches to SCADA, and the combinations 
thereof, we studied and now describe several case studies which we feel are pertinent. These 
case studies are for existing canal systems in various locations throughout the western United 
States. These districts or mutual companies are typified by the following: 
 

• SCADA implementation is recent. 
• Implementation was accomplished affordably. 
• Implementation is being phased to match annual budget constraints. 

 
Central Arizona Irrigation and Drainage District. The Central Arizona Irrigation and Drainage 
District (CAIDD) has implemented SCADA over much of the district’s 60 miles of canal. CAIDD 
has utilized SCADA for many years but it is noteworthy that they have in recent years upgraded 
their old SCADA system at a relatively low cost. With the upgrade, using the existing gates, 
actuators, and other infrastructure, the District’s staff installed new SCADA equipment on 108 
sites for an equipment cost of approximately $150,000. 
 
Most of the District’s checks are operated in remote manual mode. See Figure 5.10 which 
shows the day operator at the central system where the upstream water surface elevation at all 
108 check structures can be viewed simultaneous with three side-by-side computer monitors. 
Using SCADA, gate adjustments can be made in increments of 1/8th inch which coincidentally 
equates to a change in flow of roughly one cubic foot per second through the check. 
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Figure 5.10  An operator at CAIDD monitoring primary flows and water surface elevations on 
approximately 108 gates along the 60-mile canal 
 
Additionally, a 15-mile lateral reach of the CAIDD sister district’s, Maricopa Stanfield Irrigation 
and Drainage District (MSIDD), canal system is operated by Water Conservation Lab staff under 
full automation using a program that was developed by the Agricultural Research Service 
(USDA-ARS), Water Conservation Laboratory, in Phoenix, Arizona. SacMan, which stands for 
Software for Automated Canal Management, has been under development for approximately 
five years. SacMan runs in parallel with the HMI software and interface and is used to operate a 
key MSIDD canal in a fully automated mode. 
 
A key approach to affordable SCADA for CAIDD was spread spectrum radios. These radios do 
not have a federal licensing requirement. The radios look for a clear frequency, use that 
frequency if it is unused, or proceed to another frequency if necessary. The line of sight range 
for a spread spectrum “loop antenna” is two miles and the line of sight range for a “directional 
antenna” is five miles. Of particular note, any one antenna can serve as a “repeater” radio to 
other radios. So, with a linear project like a canal system, communication can be achieved by 
using the radios in a daisy-chained fashion to increase the effective communication distance. 
 
Figure 5.11 shows a spread spectrum radio and a directional antenna installed on a galvanized 
steel pipe at one of CAIDD’s check structure sites. Spread spectrum radio is a relatively new 
type of radio system that does not require federal licensing. The spread spectrum radio is 
housed in the white enclosure and the directional antenna shown has a line-of-sight range of 
approximately 5 miles. Each radio can be a repeater to the next radio. 
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Figure 5.11  A spread spectrum radio and directional antenna at CAIDD 
 
New Cache La Poudre Irrigating Co. (Greeley #2). NCLPIC operates one of the larger canal 
systems in northeastern Colorado which is known as the Greeley #2 Canal. The company holds 
decrees on the Poudre River and diverts approximately 600 CFS when all the decrees are in 
priority. In recent years, NCLPIC has also initiated a well augmentation plan for more than 100 
member wells within the company’s historic service area.  
 
In 2003, the company commissioned an initial demonstration of SCADA (monitoring) with one of 
the key rated sections on the Greeley #2 system. This demonstration showed clearly that real 
time data could be effectively used and that improved monitoring was a significant help in 
managing day-to-day operations as well as annual reporting of flows and volumes. 
 
After considerable study, including tours of CAIDD, the Dolores Project near Cortez, and 
Imperial Irrigation District in California, the company elected to implement SCADA for further 
monitoring of flows as well as gate actuation at key checks and outlet gates. Rubicon gates 
were selected because of suitable flow measurement accuracy that is possible along with gate 
actuation. One existing radial gate was actuated with a Limitorque actuator. A UHF radio 
frequency was licensed to the company and the communications for the entire system are 
facilitated using a repeater on a water tower near the company’s offices near Lucerne, 
Colorado. 
 
Because Rubicon gates were selected, the Rubicon Total Channel Control (TCC) HMI was 
evaluated and ultimately selected for implementation. The system currently consists of five 
Rubicon gates, one actuated radial gate, and monitoring of one rated section. A key gate outlet 
used to waste excess water in storm events allows for continuous monitoring of canal water 
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surface elevations. Storm flows can be dumped to avoid increased liability and risk of a canal 
breach. 
 
An important aspect of this SCADA implementation and this HMI, is that the system is accessed 
remotely via any high speed internet connection. Users are password accepted into the system 
and the level of access, whether simply looking at data or changing gate settings, based on the 
user’s configurable level of privilege. 
 
Riverside Irrigation District. Riverside Irrigation District located in Fort Morgan, Colorado 
operates a canal that is more than 100 miles in length. The company delivers water to well 
recharge structures which must be monitored to meet the required reporting demands for flows 
and volumes associated with recharge. Automata RTU equipment, specifically the Automata 
Minisat, was used and linked to satellites. Data is accessed through an internet web page. 
Although there is an annual recurring cost for satellite communication, this approach allows a 
very low SCADA entry cost and minimal capital investment to meet the requirements of the site 
without having to travel to individual recharge sites for data collection. Currently six sites are in 
operation. Riverside Irrigation District has invested approximately $18,000 to date since early 
2004 and expects to gradually expand the system as may be warranted and as can be afforded. 
 
Middle Rio Grande Conservancy District. The Middle Rio Grande Conservancy District 
(MRGCD) covers 160 miles north to south of the Rio Grande in New Mexico with the width of 
the service area varying from one to 7 miles. The District began to implement SCADA with gate 
actuation several years ago and presently uses 35 Langemann gates, some of which can be 
remotely actuated from the District’s office in Albuquerque. The RTU device chosen by the 
District provides many features at a rather low cost. The gates that are not yet on the SCADA 
HMI are operated in a local mode to maintain a preset water surface level upstream of the 
checks. Some Langemann gate installations have a long-throated flume downstream and this 
combination has allowed the District staff to calibrate the gates so that they can use them for 
flow control in lieu of the flume which saves considerable cost. Although the gates have not 
been laboratory tested to evaluate measurement accuracy, the manufacturer and the District 
estimate the flow measurement accuracy to be approximately ± 5%. See Figure 5.12 for a 
Langemann gate on a canal in the Middle Rio Grande Water Conservancy District that is 
operated in a local mode for upstream water level control. The downstream long-throated flume 
can be used for flow measurements but the Langemann gate has also been calibrated by the 
District for flow measurements that are suitably accurate for the District’s needs. 
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Figure 5.12  An Aqua Systems 2000 Langemann gate with a downstream long-throated flume 
on a canal in the Middle Rio Grande Conservancy District  
 
Affordable Implementation 
 
Table 5.1 contrasts SCADA implementation costs at varying levels and compares those costs to 
collection of flow data using a Stevens recorder device, as might have been most common in 
the past. So, for example, if it were necessary to replace an existing Stevens recorder at a flume 
or weir at $2,450 (second column), the existing equipment might be replaced with an RTU using 
satellite communication at a cost of approximately $3,000 plus annual costs of $435 (third 
column). This incremental additional cost is likely quite palatable given the ease of data 
collection. 
 
Additionally, assuming a central computer is already in place, the cost of real time assess to the 
additional site would be approximately $3,000 as well (fourth column). If the added features and 
sophistication of alarm condition reporting is desirable, then this cost increases to approximately 
$4,000 (fifth column). 
 
Summary 
 
SCADA has become more affordable in recent years and is likely quite useful now to irrigation 
districts for monitoring, remote manual operations, or even for full canal automation in the not so 
distant future. The technology has changed somewhat rapidly and can be expected to continue 
to change and become more flexible, more intuitive, and available at lower cost. This will 
encourage districts to adapt to and adopt these technologies to the increasing demands of canal 
operations. 
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Table 5.1 Cost comparison for various means of recording flow data at a measurement 
structure 
 
 
 

 
Chart 

Recorder1 

 
Log Data & 

Upload to 
Satellite2 

 
Log Data & 

Upload to 
Local Central 

Computer3 

 
Log Data, 
Upload to 

Local Central 
Computer, and 

Create Alarm 
Condition4 

 
 
Equipment 
Cost, $ 
 

 
$2,200 

 
 
 

 
$2,500 

 
$2,500 

 
$3,500 

 
Installation 
Cost, $ 
 

 
250 

 
 
 

 
$500 

 
$500 

 
$500 

 
Total 
Installed 
Cost, $ 
 

 
$2,450 

 
 
 

 
$3,000 

 
$3,000 

 
$4,000 

 
Monthly 
Recurring 
Cost, $ 
 
 

 
$0 

 
 
 

 
$435 per year 

 ($36 per 
month) 

 
$0 

 
$0 

1 Presumed to be a Stevens Recorder type chart recorder device. 
2 Presumed to be an Automata Mini-Sat device with a satellite uplink and no central computer.    
   Data is accessed via a web site. 
3 Presumed to be an existing SCADA implementation based on Automata equipment using  
   spread spectrum radio communications. 
4 Presumed to be an existing SCADA backbone installation with Motorola M RTU with either  
   spread spectrum or UHF licensed radio communications. 
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CHAPTER 6 
CONCEPTUAL LEVEL DESIGNS AND COST ESTIMATES 

 
 
Alternative methods for reducing seepage within the Owl Creek Irrigation District canals are 
presented in this chapter. Typical options will be presented for comparison and 
recommendations for future improvements to the canal system will be made. A brief discussion 
of channel design will be presented. Six types of lining systems will be discussed along with 
both the advantages and disadvantages of each as a solution for Owl Creek Irrigation District. 
Ultimately, OCID must determine which lining method is the best for their system circumstance, 
based on effectiveness and costs. The types of lining discussed will be: 1) Soil sealants or PAM, 
2) flexible geomembrane liners, 3) soil alteration or compacted earth liner, 4) geosynthetic clay 
liners, 5) concrete, and 6) pipe. Many factors will influence the choice of a liner system 
including: climate (freeze/thaw cycles), terrain, flow velocity, side slopes, drainage, animals, soil 
stability, periods of operation, presence of a water table higher than the canal invert, available 
construction materials, easement for canal, and capacity of the canal. Additionally, some non-
traditional methods for reducing seepage in canals will be described. Table 6.1 presents the 
initial comparison of several types of lining options. Refer to Appendix F for preliminary design 
details associated with the described canal lining alternatives and installation methods. 
 
One quotation from a notable technical reference is “The assumption that lining will solve 
seepage problems is often unfounded, simply because poor maintenance or incorrect subgrade 
preparation practices (as with concrete lining or geomembrane) can allow cracking and panel 
failures, and tears and punctures in flexible membranes” (Hill, 2000). Each possible option must 
be evaluated to fit the desires and needs of the Owl Creek Irrigation District.  
 

A. CHANNEL DESIGN 
 
Prior to lining any sections of the Owl Creek Irrigation District canal system, some reshaping of 
the canal cross section may be required. This will be determined by the type of lining method 
selected and the requirements of that lining method. For instance, a PVC membrane lining 
system must be installed on slopes no greater than 3:1. Therefore, excavation would be 
required to shape the canal banks prior to installing the PVC lining system. 
 
The optimum channel design should be considered when reshaping the canal. Many factors 
contribute to the optimum channel design: alignment, shape, size, bottom slope, flow velocity, 
lining, and freeboard. There is not a single procedure for determining the most efficient channel, 
it is very dependent on the unique situation of the canal system being designed. However, a 
trapezoidal cross section is used for large flows for hydraulic efficiency. 
 
In Open-Channel Hydraulics (French, 1987) the following factors are noted for consideration in 
the practice of designing open channels: 

 
1) The best hydraulic section minimizes the area required to convey a specified flow; 

however, the area which must be excavated to achieve the flow area required y the best 
hydraulic section may be significantly larger if the overburden which must be removed is 
considered. 

2) It may not be possible to construct a stable best hydraulic section in the available natural 
material. If the channel must be lined, the cost of the lining may be comparable with the 
cost of excavation. 
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3) The cost of excavation depends not only on the amount of material which must be 
removed, but also on the ease of access to the site and the cost of disposing of the 
material removed. 

4) The slope of the channel in many cases must also be considered a variable since it is 
not necessarily completely defined by topographic considerations. For example, while a 
reduced channel slope may require a larger channel flow are to convey the specified 
flow, the cost of excavating the overburden may be reduced. 

 
Reshaping the canals alone is not a seepage reduction method. Excavation of the existing soils 
may actually increase seepage. However, reshaping the canal in conjunction with installation of 
a canal lining system may improve the canal efficiency at the same time as reducing seepage. 
 

B. SOIL SEALANTS 
 
A soil sealant can be any substance or material that will help decrease the hydraulic 
conductivity of the soil or reduce the flow of water through the soil. Soil sealants include a wide 
range of materials such as silts, clays, bentonite, resinous, polymers, soda ash, and asphalt 
emulsions. These soil sealants are generally applied either directly to the canal bottom and 
banks or dispersed in the flowing water. Soil sealants have proven to reduce seepage, but must 
be re-applied within the season or every few seasons. 
 
Polyacrylamide (PAM) is a fast growing approach for conserving both soil and water in 
agricultural applications. This is an environmentally safe flocculent and is available in dry 
granular, tablet, or liquid form. PAM causes increased soil cohesion and aggregation which then 
causes the sediment to drop out of the water, reducing erosion. Typically applied to furrows in 
furrow irrigated crops, PAM may be applied multiple times throughout the growing season.  
 
More recently, PAM has been studied for application in ditch systems to reduce seepage losses. 
By adding PAM and a soil mix, seepage was reduced as much as 60% in a Bureau of 
Reclamation study on Colorado’s western slope (Valliant, 1999). It has been shown that as the 
sediment aggregates drop out of the water in the ditch, they coat the bottom and thus reduce 
seepage losses. The longevity of a single application can vary with geography and is hard to 
predict for the first application. 



Liner Method Installation Ease
Seepage 

Reduction Maintenance Durability Cost Requirement
Bank Remodeling Good - Common Technique Lateral Inspection for Erosion 100 years Low Equipment

Compacted Earthen Good - Channel Must Fit Compaction Equipment 70% to 90% Annual Check 30 years Low Suitable Soil
Liners (Existing) and Have Suitable Soil
Compacted Earth Fair - Channel Must Fit Compaction Equipment 70% to 90% Annual Check 30 years Low to Medium Suitable Soil
Liner (Imported) and Have Suitable Soil
Concrete Formwork Poor - Preparation and Skilled Workers 95% Repair Factures and 40 to 60 years Very High Materials and Labor

Seal Cracks
Flexible Membrane- Poor - Extensive Site Preparation 95% Annual Maintenance 40 years Medium Materials and Labor
Covered to Check Integrity
Flexible Membrane- Poor - Extensive Site Preparation 85% Annual Maintenance 20 - 40 years Low to Medium Materials and Labor
Exposed to Check Integrity
Ground Water Intervention- Good - Only Bank Trenching Less than 50% Difficult to Maintain 25 years Medium Suitable Soil
Cut off Trench
Ground Water Intervention- Good - Planting of appropriate Species Reduction Little to No Depends on Species Low Selection of Trees
Trees
Ground Water Intervention - Poor - Trench Construction, Pipe Laying, and Reduction Ongoing Maintenance Depends on Medium Materials and Labor
Tile Drain Collection Dam of Pump System Maintenance
Ground Water Intervention- Fair - Only Shallow Bores Reduction Maintain System Dependant Water Medium High Pump System
Water Pumping Pumped
Grouted Fabric Mats Fair - Only removal of Large Boulders and 90% Repair Factures and 40 years High Materials and Labor

skilled labor Holes in Lining
Loose Earthen Liners Good - Requires suitable soil NA Continue Placement 1-5 years Low Soil and Equipment

Pipelining Fair - Must place all sections 95% to 100% Regular Inspection 60 years High to Very High Materials and Labor
Depends on Size

Soil Modifications Fair - Need lime, cement, resins, swelling clays, 80% to 90% Annual Check 30 years Medium to High Materials
and chemicals

Soil Sealants Fair - Silts, Clays, Bentonite, Resinous Polymers, 65% to 90% Reapplications Few Seasons Medium Materials
 Soda Ash, and Asphalt Emulsions

Shotcrete Fair - Requires Some earthwork to remove loose 60% to 70% Repair Factures and 40 years High Materials and Labor
rocks and channel debris Holes in Lining

Smart Ditch-Corrugated Good - Some Channel Regrading 0.039cfs/1000ft Annual Check 20 to 40 years High Minor Earthwork
Plastic Liner Loss

Note: Compilation of various technical resources noted in bibliography

Table 6.1  General comparison of canal lining methods
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Other research done by the Bureau of Reclamation showed that adding PAM to the Suburban 
Lateral of the Catlin Canal significantly reduced its seepage lost. In the Suburban Lateral they 
applied PAM four times during the irrigation season in 1998 with seepage reduction of 46% with 
losses going 0.65 gpm/ft (gallons per minute per foot of ditch) to 0.35 gpm/ft in the lateral. Then 
applied PAM an additional four times in 1999 for a seepage reduction of 95% with losses of 0.41 
gpm/ft to 0.02 gpm/ft. This research and discussions with current PAM users with the Grand 
Valley Irrigation Company show that there is some residual PAM left in the canal and helps 
reduce seepage if application continues. 
 
Research done with small scale tests by the Desert Research Institute showed that anionic 
PAM in the granular form had higher seepage reduction than partially hydrated PAM. It was 
found that applying PAM at a rate of 10 pounds per canal acre in the granular form reduced 
seepage by 81 ± 10% and when applied at rates of 5 pounds per canal acre it only reduced the 
seepage by 60 ± 2%. When applying the hydrated PAM, the seepage reduction was only 61 ± 
13% for application rates of 6 to 30 pounds per acre. “Linear, anionic PAM is a promising, cost-
effective tool for reducing seepage losses from under unlined irrigation canals. In addition to the 
water savings, seepage reduction could also lower the transport of salts or other contaminants 
from unlined irrigation canals” (Young, 2006). 
 
The University of Wyoming has also been conducting research for using PAM to reduce 
seepage in irrigation canals. They recently completed bench-scale jar tests and column tests in 
the laboratory and field-scale tests with the Wheatland Irrigation District. They applied PAM in 
liquid form through an injection method across the canal surface during the irrigation season. 
Several questions that the University will continue to investigate include viable methods of 
application, longevity of application, and suspended solids effect on overall seepage reduction. 
 
PAM can be applied in many different methods with varying seepage reduction results. Recent 
conversations with Max Schmidt, a retired NRCS employee, regarding his work with the Grand 
Valley Irrigation Company in Colorado provided additional information on PAM application. 
Schmidt has experience with many different application techniques of PAM: dry, emulsions, and 
spray on. The dry application was usually the cheapest and had the best results when applying 
the crystals with a common grass seeder to get even application across the canal. Schmidt also 
used the liquid emulsion to make a solution that could be injected into a sprayer and applied. 
This method takes more time and resources. 
 
Some of the advantages for PAM soil sealant include: 
 

• Significant seepage reduction (60% - 90%) with multiple PAM applications over time. 
• Low cost (approximately $5 per pound with an application rate of 10 pounds per acre). 

The total cost for application is usually about $250 per acre of canal.  
• PAM can be applied multiple times throughout irrigation season for improved seepage 

reduction. Although most only need to apply PAM once a year if applied correctly and 
evenly across the canal.  

• PAM can also be used to help reduce erosion and sediment load in the water.  
• PAM can be added at specific locations along the canal that show high seepage loss to 

minimize application and cost.  
• PAM works best on silt to clay textured soils, and may have little effect on sandy soils.  
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Some of the disadvantages using PAM in the irrigation canal are: 
 

• The need for reapplication every season or multiple times during the season.  
• PAM will not perform as well in waters impaired by high sodium adsorption ratio (SAR) 

and could require additional applications.  
• PAM is an environmentally safe and potent flocculent, a powerful settling agent for 

suspended solids. If water supplied at the head ditch contains appreciable amounts of 
suspended sediment, the addition of PAM to the water will cause the suspended 
sediments to settle rapidly to the bottom of the ditch. If sediment loads are particularly 
high (>5 g/l), the settled sediment can fill-in large reaches of the ditch in only a few 
hours. Even for moderately turbid water (1-5 g/l) addition of PAM to the water may 
increase the intervals of required ditch maintenance. Proper mixing and uniform 
application of PAM are essential to proper performance (Lentz, Stieber, & Sojka, 1995). 

 
Another disadvantage to PAM being applied to the entire canal could be that in certain 
segments the high ground water or underground streams make PAM ineffective. The inflow of 
water could dislodge the sediment particles which would then no longer control the seepage. If 
PAM is used in canal sections where water flows into the canal, it is possible that PAM would 
block that inflow too. There is currently research being conducted to determine the affects PAM 
has on seepage and canal inflows. 
 

C. FLEXIBLE MEMBRANE LINERS 
 

Flexible membrane liners are used in a wide variety of applications and functions. The two 
common methods for placement of these liners are exposed and covered liners. These methods 
are used due to some of the limitations of the materials, durability, cost, and maintenance 
requirements. These types of liners can vary considerably in their durability based on the 
product used, the amount of maintenance, and cover used to protect the liner. The simplest 
“covers” most commonly used above these liners are geotextile fabrics, earth backfill, and 
shotcrete layers. 
 
Buried Impermeable Membranes. Buried impermeable membranes include Polyvinyl Chloride 
(PVC), High Density Polyethylene (HDPE), Very Low Density Polyethylene (VLDPE), and Linear 
Low Density Polyethylene (LLDPE). One of the most widely used materials is PVC. PVC is not 
rated for exposure to UV light from the sun; therefore, geotextile fabric should be installed above 
PVC for protection. The geotextile fabric not only provides UV protection for the PVC liner, it 
also provides a surface for the soil backfill to adhere to. The PVC and geotextile can be bonded 
together by manufacturers to reduce time and man hour’s connecting panels together in the 
field. PVC is usually chosen over other materials because it is available in large panels so the 
number of seams can be reduced. PVC geomembrane is highly flexible and retains its 
properties over a wide range of temperatures which allows the liner to conform to the subgrade 
better than other materials mentioned above. PVC has very good puncture, abrasive, and tear 
resistance properties which helps reduce damage during installation. The PVC liner panels are 
easily joined with PVC to PVC adhesive or solvent welding. PVC has a proven history of use in 
canal lining for more than thirty years by the Bureau of Reclamation (Rohe, 1991). 
 
Typically, a 12-inch layer of soil is recommended to cover this type of lining system: a 30 mil 
(millimeter thickness) PVC liner and 8-ounce geotextile fabric system. This lining system is 
recommended for slopes not greater than 3:1 because the soil will slough down the slope and 
cover cannot be maintained at steeper slopes. Additionally, the PVC liner will tend to creep 
down the slope. To install the lining system, prepare site by smoothing the profile and 
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excavating as needed to prevent reducing the existing capacity of the canal. The excavated 
material is then placed above the liner after installation. The replacement of the topsoil will also 
include compaction. Even with compaction, erosion poses a large threat to the newly placed 
soil. 
 
The advantages of this system are: 
 

• It can reduce seepage in excess 95%. 
• Life expectancy is 40 years and could extend to 60 years. 
• The buried membrane has added protection to reduce degradation due UV, thermal 

expansion, and direct puncture damage. 
• Large fabricated panels to reduce field seaming. 

 
The disadvantages to a buried membrane system are: 
 

• It can require extensive site preparation including excavation and smoothing of the 
canal if existing slopes are greater then 3:1 (this could be costly). 

• The requirement of 3:1 slopes can create problems for access or easement issues 
since earthen canals naturally form slopes of 1:1 or 2:1. The formation of 3:1 slopes can 
significantly reduce access roads or canal easements due to larger canal size.  

• The liner is susceptible to damage during placement and backfill.  
• During wet and windy conditions the liner can be difficult to install.  
• This system is difficult to inspect, locate, and repair because it is buried. 
• If cover soil is impacted by erosion then the liner could have accelerated degradation 

and failure. 
• Liner is delivered in rolls and usually requires seaming of joints with specialized 

equipment, these joints are usually the weakest point of the entire lining system and are 
very critical to system. 

 
Exposed Impermeable Membranes. EPDM (Ethylene Propylene Dyene Monomer), 
polyethylene, rubber, asphalt, geofabrics, HDPE, Hypalon, Teranap, and RPP (Reinforced 
Polypropylene) are types of exposed geomembranes. These geomembranes are some of the 
more common impermeable membranes that can be exposed to the sunlight without damage.  
 
EPDM is easy to install because it utilizes a tape system for the seams. However, it doesn’t 
include a reinforcing scrim so animals can tear up the exposed liner. This material stretches and 
gives and therefore may sag on the steep side slopes of the canal. Pipe seals or boots are not 
available for EPDM and tears can not be effectively repaired. Repairs and connections to the 
headgates or pipes would be done with the tape system which is this liner’s weakness. The 
material is more likely used in decorative applications than engineered projects such as a canal 
lining. 
 
RPP includes a nylon scrim that provides dimensional stability and strength to the liner. The 
nylon scrim is usually fully contained within two layers of polypropylene to eliminate wicking. 
Animals may tear the surface of the sheet, but most likely will not get through the scrim or the 
bottom layer of the liner which would prevent leaks. Polypropylene is considered “fish grade” 
material and is not harmful to fish and wildlife. The seams are heat welded for watertight 
connections between panels. Polypropylene has superior ultraviolet protection and chemical 
resistance. Some manufacturers offer several different colors such as tan, forest green and 
white so the canal could be aesthetically pleasing. However, because heat fusion welding 
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requires special machinery, alternative installations may be preferred for economic reasons. 
One manufacturer of this material has seen polypropylene installed in canal systems with 
overlapping panels instead of heat welding. The overlapping is done on the down gradient and 
can be effective although heat welding is the recommended installation technique. Some 
manufacturers can provide this liner in panels up to half an acre in size to expedite installation 
and minimize the amount of field seaming. Using custom sizes allows for less wasted liner 
material and a stronger end product with fewer seams. 
 
The advantages to exposed membranes are: 
 

• They can reduce seepage in excess 85%.  
• Life expectancy of 20 years and could be up to 40 years. 
• They are relatively easy to construct and can be installed by irrigation districts with their 

own equipment and labor.  
• The exposed membrane could have less site excavation, less site preparation, and 

would not require widening the canal since the membranes can be installed at 1:1 
slope. 

• They can be installed without significant over excavation and with minimal loss of 
freeboard in the canal. 

• The exposed membrane provides easy inspection and repair of liner since liner is 
accessible. 

 
The disadvantages are: 
 

• Risk of mechanical damage (animal traffic, maintenance equipment, vandalism, etc). 
• Exposed geomembranes can have uplift problems if not ballasted in the invert of the 

canal.  
• High velocities seem to compound uplift problems. 
• Exposed geomembranes are often poorly maintained because of the district's lack of 

experience with these materials, and the special equipment sometimes needed for 
repairs (such as an extrusion welder for HDPE and RPP). 

• The liner is susceptible to damage during placement and during wet and windy 
conditions during installation. 

• Liner is delivered in rolls and usually requires seaming of joints with specialized 
equipment, these joint are usually weakest point and are very critical to system. 

 
Spray-applied geomembranes include: sprayed-in-place foam, coated geotextile, and Liquid 
Boot over existing concrete. Problems with field fabrication of these spray-applied membranes 
make them a poor choice except, perhaps, for special applications.  
 
There is no sag or creep associated with this liner on 1:1 slopes. The liner can be attached to 
concrete structures such as headwalls with batten strips, and pipe boots are available for 
installations around pipes. Heat fusion welding would be used to join the liner panels around the 
pipes. A 45 mil polypropylene would be recommended for this particular application. 
 
There are several disadvantages associated with the advantages of exposed impermeable 
liners. For example there is less site excavation required since there is no cover and they can 
be installed on steeper side slopes, but there is a higher chance that the membrane will be 
susceptible to exposure and damage from thermal expansion, vehicles, creep, animals, and 
vandals. Some site preparation will still be required that includes adjusting side slopes and 
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smoothing of the canal if existing slopes are greater than 1:1. It is recommended that all rocks 
and stones with jagged edges, or debris that could puncture the liner, be removed. The 
possibility of inflow in to the canal creates the opportunity for floating the liner and may cause 
severe damage to the system. If there is inflow or ground water present then it will need to be 
controlled during and after construction. One method of control would be installing a French 
drain system under the lining that allows the water to flow laterally under the lining without 
floating the liner. 
 

D. COMPACTED EARTHEN LINERS 
 
There are several different methods used for compacted earthen liners that include compaction 
of existing soils, compaction of imported soils, bank remodeling, and loose earthen liners. The 
first method and simplest method is to use existing suitable soils that exhibit properties that will 
result in reduced permeability under compaction. This technique is limited to canals of sufficient 
size for the compaction equipment to access. The next method is the compaction of imported 
soils that when compacted will reduce the permeability or seepage. This method is limited with 
the requirement for available and suitable materials close to the site. The imported soils can 
also be mixed with existing soils to reduce the amount of hauling and cost. The next technique 
is remodeling of canal banks which would only be required if there was lateral seepage in the 
canal. The final method would be to place a loose and uncompacted layer of selected soils 
spread over the canal bed. This method has the disadvantage of erosion and would require 
ongoing treatment and will reduce the waterway area.  
 
Compacted earthen liner methods have good durability with just compaction, but can be 
increased with a topsoil cover or crushed rock cover. These methods are also very economical, 
but don’t always have the seepage reduction results as other methods previously discussed. 
 
Compaction of imported soils. The use of imported clay soils to line canals can be an effective 
and economical way to reduce seepage losses. If suitable soils are available, then clay liners 
can be nearly as effective as artificial liners and have the benefit of less expense. Research 
through the NRCS soils maps indicate that there may be deposits of suitable clays running near 
or through the Owl Creek area. There are several conditions that must be met if an imported 
clay liner is to be effective while keeping costs low. Imported clays must have high plasticity 
limits and low hydraulic conductivity. This will allow the clay to be compacted into an impervious 
layer. The imported clays must be in the existing canal or found on accessible land near the 
ground surface and for sale. If clay deposits are too deep, excavation will become too costly. 
Imported clays must also be located near the area of application and in sufficient quantities. 
This may mean that two or three excavation sites will be needed along the length of the canal. It 
is also important to recognize that this method requires more intense soil testing to determine 
what soils within the canal are capable of reducing seepage. It should also be mentioned that 
clay or bentonite could be imported for high seepage areas or soils identified as having high 
hydraulic conductivity. Importing clay soils may be very cost effective if the right conditions exist. 
 
The methods discussed above all have specific uses that would make them viable solutions to 
control seepage. Based on the operation and canal type of Owl Creek Irrigation District, the best 
method would be the compaction of imported soils. The availability of suitable soils is easily 
accessible and could be applied by district staff. Wyoming currently has several locations that 
mine sodium bentonite or western bentonite that could be used to reduce seepage in the canal. 
Some of the mining operations in Wyoming are located in Upton, Mills, Casper, Worland, and 
Greybull. Figure 6.1 shows a bentonite plant. Sodium bentonite is a clay mineral valued for its 
high swelling and superior sealing properties. Sodium bentonite can absorb five times its weight 
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in water and is capable of swelling to a volume of 12 to 16 times its dry bulk. When sodium 
bentonite is mixed into soils and hydrated, it will fill the tiny voids between soil particles. The 
swelling of the clay effectively impedes the flow of liquids. 

 
Figure 6.1  Sodium bentonite mining plant in Mills, Wyoming 
 
One common method of application is to start by removing six to twelve inches of top soil that 
contains vegetation and organics to provide a good soil base. The soil banks would also need to 
be altered to acceptable slopes of 3:1. Then sodium bentonite would be applied to the soil and 
tilled into the soil base to a depth of six to twelve inches at a rate of three pounds per square 
foot (3 lbs/sf). The application rate usually ranges from one to four pounds per square foot 
depending on the nature of the soil. The tilled soil will form a homogenous soil-bentonite 
mixture. This mixture can then be compacted to the desired density with a vibratory drum or 
pneumatic tired roller. The soil mixture should be covered with six to twelve inches of soil cover 
to protect the soil bentonite mixture from erosion, wave action, wind, impact from livestock, and 
areas where the water level fluctuates to keep the bentonite fully hydrated. 
 
Another method of application is using a pure layer (as opposed to tilling it into the soil) of 
sodium bentonite that is one inch thick or could range from one-half inch to two inches. Figure 
6.2 shows this application. 
 

 
Figure 6.2  Application of solid layer of ½-inch to 2-inch sodium bentonite 



Owl Creek Irrigation District  October 2006 
 - 86 -  

 
Another method includes sodium bentonite being broadcasted across the surface of the water 
so that it can sink to the bottom. Although this method is not as effective as the mixed methods 
described above, it can control leaks in areas like gravel pockets. 
 
Some advantages to a bentonite soil liner system include: 

 
• Seepage reduction between 70% and 90%. 
• Life expectancy of 30 years. 
• Clay or sodium bentonite is a standard and straight-forward technique for canal 

remediation, in which water authorities and earthwork contractors have expertise and 
equipment. 

• Imported materials can be mixed with existing materials to reduce the haulage of 
imported sodium bentonite. 

• The sodium bentonite can be covered to protect the material and improve the longevity 
of the liner.  

• Many different local suppliers of sodium bentonite make this application an economical 
and viable option for Owl Creek Irrigation District. 

• Several application methods are available to work well with OCID equipment and 
preferences.   

 
The disadvantages to a clay liner are: 
 

• Access for compaction equipment may be limited for small canals. 
• Site preparation is required to have a suitable base for the clay liner. 
• Backfill cover will increase the cost of clay liner and may erode. 
• Availability and costs of imported material if local soils not adequate. 

 
Compacted clay liners can be installed in the bottom and / or sides of a canal. However, to 
realize the most benefit and seepage reduction, the entire canal should be lined. 
 

E. GEOSYNTHETIC CLAY LINERS 
 

Geosynthetic clay liners or GCLs are manufactured liners consisting of bentonite clays encased 
between layers of geotextile, providing an engineered alternative to a compacted clay liner. 
GCLs have a significant reduction in thickness compared to compacted clay liners and can 
replace the equivalent of two to three feet of compacted clay liner. The GCL has low hydraulic 
conductivity to reduce seepage. 
 
For the installation of a GCL the canal bank must be adjusted to a slope of 3:1 and excavated 
down one foot. The subsurface should be smooth without any vegetation or sharp edged rocks 
that could damage the GCL. The GCL is then installed so the seams are parallel to the slope 
with overlay for seaming and for anchor trench on each side of the bank to keep the liner 
fastened in place. After the GCL is placed and seamed, then a one foot earth cover is backfilled 
over the GCL to protect it from mechanical damage. Figure 8.3 shows a GCL cross section. 
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Figure 6.3  Typical cross section of a geosynthetic clay liner (GCL) 
 
The advantages to a GCL are: 
 

• It can “self-heal” since it is a natural material that swells when hydrated. 
• GCLs may reduce seepage 95% when constructed with soil cover. 
• GCLs are not affected by freeze and thaw cycles like some of the other liner materials. 
• Soil cover provides protection against mechanical and weather damage to GCL. 
• The GCL can take the place of two to three feet of compacted clay without affecting the 

canal flow invert. 
 
The disadvantages to GCLs include: 
 

• An earth cover still allows organic materials to grow and impede the flow of the canal. 
• In research done by the Bureau of Reclamation, the GCL showed differential shrinkage 

or thermal expansion between the GCL and the thin geomembrane on the backside. 
• The GCL will require excavation and backfill to adjust slopes and provide cover over the 

GCL. 
• The GCL will require at least one foot of cover to function properly and could be ruined if 

not covered before exposed to water. 
• The GCL could also break down in soils with high lime content. 

 
 

      
Figure 6.4  Installation of a geosynthetic clay liner (GCL) 
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F. CONCRETE  
 

Reinforced concrete, reinforced concrete with shotcrete side slopes, shotcrete alone, reinforced 
shotcrete, and grout-filled mattress are examples of how concrete can be used alone for lining a 
canal. Concrete provides a hard durable surface that is resistant to mechanical damage. District 
personnel are often more familiar with concrete than other lining materials and can easily 
perform the required maintenance. 
 
Formed concrete is considered the “standard” lining type when using concrete and it has 
several advantages: 
 

• Life expectancy of about 40 years. 
• Concrete has a seepage reduction of 95% initially and then reduces to about 90% over 

time if soil and freeze/thaw conditions do not cause heaving and cracking. 
 
To line the canal system with a three inch to six inch thick concrete liner, a slip form would be 
used. To use a concrete slip form the side slopes must be adjusted to a slope between 1:1 and 
1.5:1 depending on the slip form size used. The vegetation along the canal banks would have to 
be removed in order to make a road adjacent to the canal for construction purposes. The slip 
form equipment drives along the canal adjusting the final grading and compaction before placing 
the concrete. The entire canal would essentially be reconstructed because the bottom and side 
slopes have to be properly compacted prior to pouring the concrete slip form. This type of lining 
is costly and would require some slope adjustment from the current canal and access would 
have to be altered for the construction equipment. Figures 6.4 through 6.6 show examples of 
concrete lining canals.  
 
Some of concrete’s disadvantages are: 
 

• High cost to install concrete. 
• Concrete cracks over time and will need to be maintained by sealing cracks regularly. 
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Figure 6.5  Preparation of site and completed slip-formed concrete ditch 
 

 
Figure 6.6  Slip lining a large concrete canal 
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Figure 6.7  Finish work on a slip lined concrete canal 
 
Shotcrete is sprayed concrete or mortar. A premixed concrete solution is sprayed onto the 
surface by compressed air through nozzles. Shotcrete is different than conventional concrete 
because it is placed and compacted at the same time due to the force with which it is projected 
from the nozzle. Advantages to using the shotcrete method include: 
 

• Shotcrete has a life expectancy of about 40 years. 
• Seepage reduction of 60% to 70% for long term seepage. 
• This material can be applied directly to the bottom and side slopes of the canals. 
• The thickness applied ranges between 3 and 8-inches depending on the requirements of 

the project. 
• The shotcrete can have a polypropylene mesh, steel fibers, wire mesh, and synthetic 

fiber which can be added to the mixture for additional strength. 
• The shotcrete can be sprayed on vertical slopes which allows for very little excavation 

and site preparation. 
• Cost can be reduced for placement by minimizing the need for forms. 
• Provides the durability of concrete. 
• Is particularly well suited for curved surfaces. 
• Shotcrete can easily be applied to any angled surface and can be applied to many 

different geomembrane liners. 
• Shotcrete protects geomembranes from weathering, UV, mechanical damage, 

vandalism, and animal damage.  
 
Disadvantages include: 
 

• Higher cost of the materials and some cracking. 
• Cracking can be due to freeze/thaw damage, settling of subsurface, ground water 

pressure, expansive soils, and undermining from piping.  
• If the subgrade fails, the shotcrete will also fail, typically cracking and heaving. This is a 

common occurrence and shotcrete is therefore often considered to be permeable, and 
not the best choice for waterproofing a canal unless an impermeable liner is installed 
below the shotcrete finish.  

• Uniform thickness is crucial to prevent weak spots that could crack. 
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The amount and size of cracking can be reduced by using reinforced shotcrete with steel fibers 
or synthetic fibers. In research conducted by the Bureau of Reclamation it was shown that by 
using 1 ½ pounds per cubic yard of polyfiber reinforcement the result was “far fewer transverse 
cracks have developed in the side-walls” (Haynes & Swihart, 2002). Figure 6.7 shows the 
application of a shotcrete liner in a canal. 
 

 
 

 
Figure 6.8  Shotcrete being sprayed on an irrigation canal 
 
A geomembrane with concrete cover lining system, including shotcrete over PE, shotcrete over 
PVC, and grout-filled mattress over PVC, are found in this group of liners. These linings offer 
the highest effectiveness (95%) because the geomembrane provides the water barrier and the 
concrete protects the geomembrane from mechanical damage and weathering. Maintenance 
requirements are virtually identical to concrete alone. 
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A disadvantage to rigid concrete formed liners and shotcrete are that they must endure the 
seasonal temperature variances of 6.2°F to 91.0°F for average temperatures in Thermopolis in 
January and July. It also has been known to vary from -63°F to 114°F in the state of Wyoming. 
With these large temperature ranges there can be extreme damage to the concrete due to frost 
heaving, soil shifting, and expansion or contraction of materials. One study in Alberta, Canada 
showed that in studying 62 miles of concrete lined canal, 27% of the segments had cracks wider 
than 1/8 inch and 1% had cracks greater than 1.5 inches. This problem is minimized if there is a 
liner system under the concrete to control the seepage, but those cracks will still allow water 
and materials to penetrate the concrete and cause damage. These cracks require annual 
maintenance to repair cracks in the concrete or shotcrete. 
 
Soil cement is a compacted mixture of native soil, Portland cement, and water. It has many 
construction applications including canal or stream lining to reduce seepage or protect banks. 
Typical installation includes preparing the bottom of the canal with a 6-inch layer of sand to 
allow drainage and prevent trapped water from pushing up on the soil cement liner. A 12-inch 
thick layer of soil cement is then poured in place. Slopes of 3:1 are the maximum recommended 
with soil cement because it is hard to compact the mixture properly at greater slopes. Some 
canals have been lined on the bottom only and not the slopes because of the difficulty. This 
method of lining may be most economical when native soils are located nearby the project. If 
material has to be imported, the costs can increase significantly. Freeze/thaw cycles do not 
seem to affect soil cement to the extent that one may expect. Soil cement is delivered in 
concrete dump trucks and then spread with a bull dozer. Access for the trucks is critical for this 
application. 
 

G. PIPE 
 

Reducing seepage losses in the canal system by installing pipe is another option. In a 
pressurized system, the pipe size is based on acceptable velocity ranges and friction losses 
rather than flow rate and slope. However, in a gravity flow scenario, the pipe is sized based on 
the capacity of the system and pipe and canal slope parameters.  
 
Several types of pipes are available for installation. Table 6.2 summarizes the advantages and 
disadvantages of a few different pipe materials considered for this project. Aluminized steel pipe 
with gaskets was selected as an acceptable pipe material for this preliminary design and cost 
estimate purposes.   
 
Construction of a piped system in the District would involve excavating a trench in the bottom of 
the existing canal, installing the pipe in the trench with bedding material and backfilling around 
and above the pipe for protection. There would be manholes every 400 feet for access to the 
pipe. Tees would be installed on the pipeline for headgate connections or other structures. From 
the tee, a pipe would be installed to a new concrete headwall and new headgate. Either a pipe 
or open ditch connection can be made on the downstream side of the headgate, depending on 
the water user’s preference. 
 
Some of the considerations when choosing between pipes and open channels are most likely to 
depend on which provides the lowest cost solution, but there are advantages and 
disadvantages with each which will influence the final choice. Channels are convenient and 
economical for conveying large quantities of water. Water flow velocity can be much higher in 
pipes because there is no risk of erosion. A partially flowing pipe will behave like an open 
channel but a full flowing pipe comes under a pressure head which increases flow velocity and 
capacity. 



Pipe Materials

Approximate Material Cost of 
5 ft Diameter Pipe per Linear 
Foot (price varies with size) Installation Comments

Durability / Life 
Expectancy (years) Advantages Disadvantages

Corrugated Metal Pipe $78.00 1.  Easy connections between pipes and lower labor required 50 - 75 1.  Resistant to corrosive materials 1.  Correct type of pipe must be selected with low roughness 
   1. Aluminized Steel 2.  Long history of use      coeffiecent to decrease size of pipes required
   2. Galvanized Steel 3.  Contractors are familiar with product and 
   3. Materials above with      installation
       Asphalt-coating

Reinforced Concrete Pipe $113.00 1.  Heavy equipment for installation and labor intensive for sealing 70 - 100 1.  Strong, durable, and high life expectancy 1.  Very heavy material which will require higher handling and 
   1. Materials above with 2.  Specialized concrete segments for access to system and 2.  Resistant to corrosive materials     installation costs
       Asphalt-coating       for every headgate which can cost more

ADS Corrugated Polyethylene Pipe $120.00 1.  Easy connections between pipes and lower labor required 100 1.  Resistant to corrosive materials 1.  Correct type of pipe must be selected with low roughness 
2. High joint performance      coeffiecent to decrease size of pipes required
3. Easy installation 2. Low pressure rating and can deflect more
4.  Common drainage product

Polyvinyl chloride (PVC) $156.00 1.  PVC requires ductile iron fittings 50 1.  PVC with gasketed-joint provides 1.  Requires cathodic protection on all fittings in corrosive soils
   1. C905 PVC 2.  Will require cathodic protection on every fitting when placed in     excellent thermal expansion and contraction 2.  Can have UV degradation if pipe is exposed
   2. Corrugated PVC      corrosive soils 2.  Corrosion resistant pipe

3.  Easy gasketed-joint installation that are pushed together 3.  Good hydraulic performance
4.  Pressure rated for future pressured system

Ductile Iron Pipe $234.00 1.  Will require cathodic protection when placed in corrosive soils 50 1.  Strong and versitile pipe materials 1.  Requires cathodic protection in corrosive soils
   1. With asphalt-coating interior 2.  Been used extensive through century

3.  Good hydraulic performance
4.  Pressure rated for future pressured system

HDPE Pipe $370.00 1.  Snap on pipe connection with fusion of pipe 100 1.  No leakage in joints 1. Required fusion of materials
2. Requires fusion of pipe 2. Can snap pipe material together

Table 6.2  General comparison of pipe materials
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Advantages of pipe lining include: 
 

• Long term seepage reduction can be 95% to 100%.  
• Life expectancy of 75 years since the aluminum pipe will not corrode with time. 
• The pipe will be easily installed in the existing canal invert with minimal backfill. 
• The piping system will also reduce the land required and may provide savings in 

operations and maintenance. 
• The pipe liner will have constant flow characteristics since there will be no erosion or 

bank failure. 
• The pipeline should be self cleaning since as sediment builds up it will decrease the flow 

area and increase the velocity which in turn will push the sediment down the pipe. 
• The piping system will also eliminate evaporation losses which can be high in the arid 

Wyoming climate. 
 
The disadvantages to a pipeline are: 
 

• High cost of initial installation (but can be spread over many years with the long life 
expectancy of a pipeline). 

• If the entire canal length is not piped then there would be the potential for debris to enter 
and clog the pipeline. This problem could be eliminated or removed by placing trash 
racks at the entrance to the pipeline with provisions for overflow when trash clogs the 
trash rack. 

 
H. UNCONVENTIONAL LINERS 

 
Some of the unconventional and new methods still under research are a cut off trench, ground 
water pumping, tile drains, and microorganism introduction.  
 
The cut off trench is used to decrease lateral seepage on one or both sides of the canal 
depending on the extent of seepage. This method requires no work to the canal itself, but the 
trench needs to intersect an impermeable barrier to be effective. Some of the possible low 
permeable materials for the core of the trench are clay, bentonite, concrete, and flexible 
membranes.  
 
Another method is the installation of ground water pumping to intercept the seepage by 
pumping from shallow bores adjacent to the canal.  
 
Installing tile drains to collect water in a collection dam may be desirable. This method would 
require construction of a trench and laying pipe in or along the canal. The addition of a collection 
dam could also be used as an equalizer pond for maintaining consistent flow throughout the 
irrigation season.  
 
The addition of microorganisms such as bacteria or fungi can reduce the permeability of the soil. 
The microorganism methods are theoretical at this point. Studies have been successful in 
Japan, and require continued research into the type of materials and amounts to be used. This 
method has the potential for very low cost since you would only be adding the selected 
microorganisms. Some of the issues that must be considered are the added debris possible in 
the canal and the different methods of controlling the microorganisms without adversely 
impacting the quality of the irrigation water. 
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I. POTENTIAL WATER SAVINGS 
 
As described previously, alternative lining methods will have varying seepage reduction rates. 
Table 6.3 summarizes the potential seepage reduction for each of the lining methods discussed. 
Additionally, this table shows the potential water savings for each test section over the course of 
an irrigation season. The potential water savings calculation is based on the highest 
extrapolated water loss (acre-feet per season) as presented in Table 4.6.  
 

J. DESIGN ASSUMPTIONS 
 
In developing the different liner preliminary designs and cost estimates, it was essential that 
some assumptions be made regarding the geometry of the canal. After conducting field 
research using the ADCP the general geometry was obtained for each segment. For example, 
based on seeing the entire canal and viewing the compiled data, it was assumed that all slopes 
within the system are currently 1:1 with a trapezoidal shape. This allowed for calculating the 
estimated amount of excavation and backfill for each type of liner system. The assumptions for 
the base geometry of the canal are based on all data collected and then averaging that 
information which is shown for each segment in Table 6.4.  
 
The preparation of preliminary designs, details, and cost estimates required calculating the size 
and dimensions of the trapezoidal canal, reshaped slopes, and the circular pipe size of circular. 
Manning’s Equation for open channel flow was used for these design calculations. The rate of 
flow of water in channels is a function of the slope of the channel, the roughness of the channel 
surface material, and the shape of the channel. Manning's equation accounts for these 
relationships and is applicable to constructed canals and ditches and pipe that is not flowing full. 
 
Irrigation canals are often cleaned to remove weeds and debris before the irrigation season in 
order to better transport water to users during the growing season. For these calculations it was 
assumed that the Manning’s roughness coefficient (n) was 0.025 which is described as an 
excavated or dredged earthen channel that is straight and reasonably uniform with short grass 
and few weeds in the channel. The range of Manning’s ‘n’ could be from 0.016 to 0.032 for this 
type of irrigation canal. The piped section calculations used a Manning’s ‘n’ of 0.012 which is the 
manufacturer’s recommended value for aluminized steel corrugated pipe. The slopes used in 
Manning’s Equation were calculated by using existing geometry and flow data collected with the 
ACDP during the project field work. The slope of each section was calculated separately from its 
respective data and then an average of the upstream and downstream cross sections was used. 
Areas used in these calculations were obtained from the ACDP with side slopes of 1:1.  
 
The reshaped canal segments for PVC, compacted earth, and GCL were designed with a 
bottom width of 4-ft for maintenance considerations and compaction equipment access and side 
slopes of 3:1. Reshaping the canal with slopes of 3:1 will generally widen the canal by 10 to 15 
feet. The freeboard requirement for this earthen canal section is 1.5 ft per USBR 
recommendations. For the installation of the PVC and GCL, excavation of 1 ft of soil across the 
entire length of the new design sections would be required. After placing the liner, the excavated 
dirt would be placed back over the liner for cover. These two lining methods would also require 
the excavation of an anchor trench to keep the liner in place. The compacted earth liner option 
would require excavating down 8 inches and applying the recommended amount of bentonite to 
the soil. The bentonite should be tilled 6 inches into the existing soil and then covered with 6 
inches of excavated soil to protect the bentonite.  
 



Table 6.3  Water savings potential and comparison based on lining methods

Highest 
Extrapolated

EPDM GCL PVC Liner RPP Liner
Shotcrete 
with PVC

Formed 
Concrete

Test Data 
Set

AC-FT / Season 
Lost* 60% 90% 70% 90% 85% 95% 95% 85% 95% 95% 95% 100%

Lower Canal
Gage to Culvert 2005 547 328 492 383 492 465 520 520 465 520 520 520 547

2006 -
Lower Canal
Sunnyside to Siphon 2005 517 310 465 362 465 439 491 491 439 491 491 491 517

2006 1581 949 1423 1107 1423 1344 1502 1502 1344 1502 1502 1502 1581
Lower Canal
Siphon to Highway 2005 745 447 671 522 671 633 708 708 633 708 708 708 745

2006 1064 638 958 745 958 904 1011 1011 904 1011 1011 1011 1064
Lower Canal
Bomengen to Fence 2005 213 128 192 149 192 181 202 202 181 202 202 202 213

2006 912 547 821 638 821 775 866 866 775 866 866 866 912
Lower Canal
Pivot-In to Pivot-Out 2005 304 182 274 213 274 258 289 289 258 289 289 289 304

2006 -

Lower Canal Long Sections
Section 1 (L1) 2006 182 109 164 127 164 155 173 173 155 173 173 173 182
Section 2 (L2) 2006 2219 1331 1997 1553 1997 1886 2108 2108 1886 2108 2108 2108 2219
Section 3 (L3) 2006 1003 602 903 702 903 853 953 953 853 953 953 953 1003

Upper Canal Long Sections
Section 1 (U1) 2006 942 565 848 659 848 801 895 895 801 895 895 895 942
Section 2 (U2) 2006 760 456 684 532 684 646 722 722 646 722 722 722 760
U2 Mid-End 2006 1490 894 1341 1043 1341 1267 1416 1416 1267 1416 1416 1416 1490
Section 3 (U3) 2006 182 109 164 127 164 155 173 173 155 173 173 173 182

PAM Compacted Clay/Bentonite Pipe

Water Savings Potential Based on Lining Test Sections (AC-FT / Season)



Table 6.4  Canal geometry assumptions

No. Description
Sunnyside to 

Siphon
Siphon to 
Highway

Bomengen to 
Fence

Upper Canal - Section 
2: MID-END

Upper Canal - 
Section 1

1 Length of Segment (ft) 3,380 8,350 2,455 10,445 12,925

2 Maximum Depth of Water During Field Test (ft) 2.2 2.1 2.4 2.7 2.3

3 Width of Canal at Waterline (ft) 13.1 14.8 12.6 14.3 13.9

4 Bottom Width (ft) 6.9 11.2 8.4 8.4 8.5

5 Length of Canal Surface (ft) 32.2 36.5 33.7 33.7 34.1
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The designed sections for the formed concrete were based on the standard slip form sizes of 1 
ft bottom with depths of 16 to 30 inches, 2 ft bottom with depths of 24 to 42 inches, 4 ft bottom 
with depths 36 to 48 inches, and 6 ft bottom with depths of 36 to 48 inches. The different slip 
forms also have varying slopes from 1:1, 1.25:1, 1.5:1, and 1.5:1 respectively. The design of 
these channels used Manning’s equation with an ‘n’ value of 0.0145 and the calculated slopes 
from the ACDP cross sections. It was found that flow depths ranged from 2.25 to 3 ft and would 
require 1 ft of freeboard per USBR recommendations. Freeboard is the vertical distance 
between the top of the normal water level and the top of the lining material. Freeboard is 
included in the design of open channels to account for water level fluctuations caused by: “wind-
driven waves, tidal action, hydraulic jumps, superelevation of the water surface as the flow 
rounds curves at high velocities, the interception of storm runoff by the channel, the occurrence 
of greater than design depths of flow caused by canal sedimentation or an increased coefficient 
of friction, or temporary misoperation of the canal system” (French, 1987).  
 
The cost estimates were created using the 4 ft bottom width and 4 ft depth of canal. This size 
canal would allow flow of 125% of the observed maximum flows with at least 1 ft of freeboard for 
concrete and shotcrete channels and 1.5 ft of freeboard for earthen channels. 
 
The maximum water capacity in the circular pipe was assumed to be the maximum for a gravity 
flow scenario, which is calculated by multiplying 0.938 times the diameter of the pipe. If the total 
diameter of the pipe is used to determine the flow capacity, the discharge through the pipe 
actually decreases due to additional friction loss, resulting in under-sizing the pipe. For the pipe 
installation it was assume that no borrow material would be required and that there would be at 
least 1 ft of cover to protect the pipe. Using the Level I Study GIS maps with headgates 
identified, the total number of headgates on the system was counted and it was assumed that 
no additional headgates have been added to the system. The total number of headgates (99) 
was then assumed to be spread evenly over the system approximately every ±1,100 ft. This 
allowed us to determine how many headgates and tees would be required in each section. A 
manhole / cleanout was placed every 400 ft for maintenance access. 
 
For the liner systems of RPP, EPDM, shotcrete with PVC, and PAM, it was assume that very 
little to no excavation would be required. The RPP and EPDM can be installed at 1:1 slopes, but 
still required some excavation for the anchor trench to keep the materials in place.  It was also 
assumed that 1/3 of the canal surface would require fine grading to remove sharp objects and 
vegetation before the liners would be installed.  
 
The excavation required for the shotcrete and PVC system would be 6 inches down to keep the 
same hydraulic performance. It was assumed that 1/3 of the canal surface would still require 
some fine grading to remove sharp objects and vegetation. The PVC would be placed in the 
canal and covered with 3 inches of shotcrete sprayed on the PVC and mesh wire. 
 
The cost estimates for use of PAM were based on conversations with Max Schmidt and 
documented articles on PAM installation. It has been shown that 10 lbs per canal acre has the 
most optimal results and a pound of PAM costs approximately $5. The estimate for labor and 
materials would be approximately $250 per canal acre. It was assumed that PAM would be 
applied across the entire cross sections of the existing canal sections at a uniform rate in a dry 
installation. 
 
The maximum flow rate used for design development was 25% greater than the maximum flow 
rate measured during the field tests. Appendix G includes tables that show the assumptions 
used for each segment and the maximum flow rate measured in the canal as well as the flow 
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increase by 25% to be conservative. Other tables in Appendix G show the resulting calculations 
for the circular pipe and concrete trapezoidal sections and the calculations for the reshaped 
canal sections at slopes of 3:1. 
 

K. LINING SYSTEM RECOMMENDATIONS 
 

The Owl Creek Irrigation District must determine the preferred lining alternatives to implement 
based on those presented in this study or additional investigations such as ground water testing 
and soil boring. This information will assist the District in making decisions based on the existing 
condition of the canal.  
 
The field data showed significant amounts of water flowing into and around the canal that could 
change the type of liner recommended and the type of installation. Water flowing into the canal 
and around the canal can cause severe damage to all lining methods discussed in this study, if 
not addressed in the design and installation, the liner is likely to fail. The sections recommended 
for lining installation all showed loses and should not have significant amounts of water flowing 
into those sections. This information acquired during the project study period should be 
addressed in additional field investigations for the final design process before lining the canal 
sections.  

 
The recommending lining methods can all be effective at different seepage reduction rates and 
cost. Owl Creek Irrigation District should decide what level of seepage reduction will best serve 
the needs of the District and water users. The level of seepage reduction is directly related to 
the materials used and installation costs that must be considered. Several alternatives have 
been presented and the recommended methods for consideration, in order of priority based on 
cost, include: 
 

• PAM 
• Compacted Earth / Bentonite 
• RPP 
• Shotcrete over PVC 

 
The least expensive lining alternative is using PAM to reduce seepage. This installation can 
result in varying levels of seepage reduction and effective time. PAM has shown positive results 
in many different irrigation districts and methods will improve as research continues. PAM has 
shown the ability to keep water in the canal. This method is not permanent and will require 
continued applications to be effective. The ongoing application costs should be evaluated in 
comparison to a permanent lining solution.  

 
The second least expensive recommendation is the compacted earth with bentonite. This 
alternative is a permanent solution with an estimated life of 30 years. The life expectancy can be 
extended with the addition of crushed rock to prevent erosion of cover and bentonite. This 
method can have a seepage reduction rate of 70% to 90% depending on the uniformity and 
construction thoroughness. With bentonite mines close to Owl Creek Irrigation District this 
alternative is a very viable solution. 

 
The third alternative recommended is the RPP liner. The RPP liner is recommended over the 
EDPM since there is added protection with the RPP liner. The additional liner protection will 
reduce the amount of maintenance and save money over the life of the liner. Any damage to the 
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liner will reduce the seepage reduction effectiveness and will require repairs. This liner has an 
85% seepage reduction rate and life expectancy of 20 to 40 years.  

 
The most expensive alternative recommended is the shotcrete protection over a PVC liner. This 
method has a 95% seepage reduction rate and a life expectancy of 40 to 60 years. The 
shotcrete can be applied at any angle and will protect the liner from damage. The PVC liner will 
reduce seepage and is protected by the shotcrete. This system will require uniform application 
of shotcrete and annual maintenance to maintain shotcrete protection. 

 
As discussed previously in this report, the District must consider the possible negative effects 
that lining the canal will have on the overall system due to subsurface inflows. Where there is 
inflow to the canal section that the District is considering lining, trench drains may be necessary 
and the associated costs will have to be added to the estimated cost of each of these lining 
systems.  

 
L. COST ESTIMATES 

 
Implementation of the recommendations presented in this report will help improve the District’s 
current infrastructure, resulting in improved water delivery, system operations, and overall 
efficiency for the District’s water users. The costs of a particular improvement may determine 
whether or not the District pursues that recommendation. The more improvements pursued, the 
more the expense to the water users. We have attempted to present all the presented options 
and the associated costs in a format so the District can evaluate each individually and 
compared to the others.  
 
The assumptions for the installation of each type of lining are on the detailed cost estimates and 
in Table 6.5. These estimates are usually on the conservative side to account for irregularities in 
the canal and unpredictable increases in material costs between now and when the project is 
installed. The cost estimates presented are an opinion of probable cost that could decrease or 
increase based on the specific final project selected and designed. 
 
Cost estimates for each preliminary design alternative discussed in this Chapter are shown in 
Table 6.6. This table shows each alternative’s cost for the section indicated. Additionally, Table 
6.7 shows the anticipated total loan from WWDC, the annual loan repayment, the annual cost 
per acre, and the total cost per acre for each option. The calculations are based on the total 
lower service area of the Owl Creek Irrigation District, which is approximated at 4,028 acres. All 
of these calculations are defined and discussed in this section.  
 
The annual loan repayment is based on repaying the District’s portion of the project cost (which 
is 33% of the total project cost) at 4% interest over 20 years. This assumes the WWDC provides 
a 67% grant and 33% loan at 4% over 20 years. The total cost per acre is based on a 20 year 
loan at 4% interest and 4,028 acres within the Owl Creek Irrigation District. The District may 
qualify for a loan repayment period between 20 and 50 years through the WWDC program.  
 
The application of PAM is not eligible for the grant/loan program through WWDC. Therefore, the 
loan repayment would be for 100% of the estimated cost and is shown with a 4% interest rate 
over 20 years. 



Table 6.5  Lining installation requirements

Description Polyvinyl Chloride (PVC) Polyacrylamide (PAM) Formed Concrete
Reinforced 

Polypropylene (RPP)

Maximum Slope 3:1 Existing Slope Varied from 1:1 to 1.5:1 1:1
Cover (ft) 1 - - -
Excavation/Fill Required Yes No Yes Yes
% of Excavation for Fine Grading 33% - - 33%
Application Rate - 10 lbs/canal acre - -
Amount of Canal Covered All All New Channel All
Anchor Trench Required Yes No No Yes
Thickness - - 3" -
Compaction of Cover/Subgrade/Fill Yes No No No
Tilling No No No No

Description
Ethylene Propylene 

Dieneterpolymer (EPDM) Shotcrete with PVC
Geosynthetic Clay 

Liner Compacted Clay Piped

Maximum Slope 1:1 Any Slope 3:1 3:1 -
Cover (ft) - - 1 0.5 1
Excavation/Fill Required Yes Yes Yes Yes Yes
% of Excavation for Fine Grading 33% 33% 33% - -
Application Rate - - - 3 lbs/ft2 -
Amount of Canal Covered All All All All -
Anchor Trench Required Yes Yes Yes No No
Thickness - 3" - - -
Compaction of Cover/Subgrade/Fill No Yes Yes Yes Yes
Tilling No No No Yes No



Table 6.6  Summary of construction cost estimates

Canal Segment Length
Polyacrylamide 

(PAM)
Compacted 

Clay/Bentonite
Ethylene Propylene Diene 

Monomer (EPDM)
Polyvinyl 

Chloride (PVC)
Geosynthetic Clay 

Liner

Reinforced 
Polypropylene 

(RPP)
Shotcrete with 

PVC
Formed 

Concrete Pipe

Sunnyside to Siphon 3,380 $4,000 $119,000 $143,000 $196,000 $196,000 $167,000 $179,000 $337,000 $573,000
Siphon to Highway 8,350 $5,000 $276,000 $372,000 $443,000 $454,000 $427,000 $506,000 $799,000 $1,245,000
Bomengen to Fence 2,455 $4,000 $71,000 $110,000 $135,000 $118,000 $129,000 $142,000 $248,000 $382,000
Upper Canal - Section 1 12,925 $6,000 $347,000 $436,000 $554,000 $565,000 $499,000 $561,000 $1,001,000 $1,190,000
Upper Canal - Section 2: MID-END 10,445 $6,000 $357,000 $544,000 $591,000 $549,000 $624,000 $764,000 $1,237,000 $1,901,000

NOTE:

1.  This Opinion of Probable Construction Cost is not intended for use in bidding or ordering of equipment or materials.
     Aqua Engineering will not be responsible for differences between this information and actual project equipment 
     and materials quantities or construction costs.



Table 6.7  Cost estimate summary with loan and assessment calculations

Total acres = 4,028
Annual loan repayment assumes a 20 year loan for the 33% of the total project cost at 4% interest.

Construction 
Subtotal

Construction Phase 
Services Subtotal Contingency Construction Total

Engineering 
Design

Permitting / 
Mitigation Legal Fees

Land 
Acquisition Grand Total Total Loan

Annual Loan 
Repayment

Annual Cost 
per Acre

Total Cost 
per Acre

15% Varying % 5% 2% 2% 33% of Total

A Lower Canal: Sunnyside to Siphon
Polyacrylamide (PAM) $1,000 $1,000 $2,000 $1,000 $3,000 $1,000 $0 $0 $0 $4,000 $0 ($294) $0.07 $1.46

Compacted Clay/Bentonite $74,000 $8,000 $82,000 $13,000 $95,000 $15,000 $5,000 $2,000 $2,000 $119,000 $39,300 ($2,892) $0.72 $14.36
Ethylene Propylene Diene Monomer (EPDM) $89,000 $9,000 $98,000 $15,000 $113,000 $18,000 $6,000 $3,000 $3,000 $143,000 $47,200 ($3,473) $0.86 $17.24

Reinforced Polypropylene (RPP) $104,000 $11,000 $115,000 $18,000 $133,000 $21,000 $7,000 $3,000 $3,000 $167,000 $55,200 ($4,062) $1.01 $20.17
Shotcrete with PVC $111,000 $12,000 $123,000 $19,000 $142,000 $23,000 $8,000 $3,000 $3,000 $179,000 $59,100 ($4,349) $1.08 $21.59

Geosynthetic Clay Liner (GCL) $121,000 $13,000 $134,000 $21,000 $155,000 $25,000 $8,000 $4,000 $4,000 $196,000 $64,700 ($4,761) $1.18 $23.64
Polyvinyl Chloride (PVC) $121,000 $13,000 $134,000 $21,000 $155,000 $25,000 $8,000 $4,000 $4,000 $196,000 $64,700 ($4,761) $1.18 $23.64

Formed Concrete $219,000 $22,000 $241,000 $37,000 $278,000 $33,000 $14,000 $6,000 $6,000 $337,000 $111,300 ($8,190) $2.03 $40.66
Pipe $373,000 $38,000 $411,000 $62,000 $473,000 $56,000 $24,000 $10,000 $10,000 $573,000 $189,100 ($13,914) $3.45 $69.09

B Lower Canal: Siphon to Highway
Polyacrylamide (PAM) $2,000 $1,000 $3,000 $1,000 $4,000 $1,000 $0 $0 $0 $5,000 $0 ($368) $0.09 $1.83

Compacted Clay/Bentonite $179,000 $18,000 $197,000 $30,000 $227,000 $27,000 $12,000 $5,000 $5,000 $276,000 $91,100 ($6,703) $1.66 $33.28
Ethylene Propylene Diene Monomer (EPDM) $242,000 $25,000 $267,000 $41,000 $308,000 $34,000 $16,000 $7,000 $7,000 $372,000 $122,800 ($9,036) $2.24 $44.87

Reinforced Polypropylene (RPP) $283,000 $29,000 $312,000 $47,000 $359,000 $34,000 $18,000 $8,000 $8,000 $427,000 $141,000 ($10,375) $2.58 $51.51
Polyvinyl Chloride (PVC) $293,000 $30,000 $323,000 $49,000 $372,000 $36,000 $19,000 $8,000 $8,000 $443,000 $146,200 ($10,758) $2.67 $53.41

Geosynthetic Clay Liner (GCL) $295,000 $30,000 $325,000 $49,000 $374,000 $45,000 $19,000 $8,000 $8,000 $454,000 $149,900 ($11,030) $2.74 $54.77
Shotcrete with PVC $329,000 $33,000 $362,000 $55,000 $417,000 $50,000 $21,000 $9,000 $9,000 $506,000 $167,000 ($12,288) $3.05 $61.01

Formed Concrete $539,000 $54,000 $593,000 $89,000 $682,000 $54,000 $35,000 $14,000 $14,000 $799,000 $263,700 ($19,404) $4.82 $96.34
Pipe $840,000 $84,000 $924,000 $139,000 $1,063,000 $84,000 $54,000 $22,000 $22,000 $1,245,000 $410,900 ($30,235) $7.51 $150.12

C Lower Canal: Bomengen to Fence
Polyacrylamide (PAM) $1,000 $1,000 $2,000 $1,000 $3,000 $1,000 $0 $0 $0 $4,000 $0 ($294) $0.07 $1.46

Compacted Clay/Bentonite $42,000 $5,000 $47,000 $8,000 $55,000 $9,000 $3,000 $2,000 $2,000 $71,000 $23,500 ($1,729) $0.43 $8.59
Ethylene Propylene Diene Monomer (EPDM) $68,000 $7,000 $75,000 $12,000 $87,000 $14,000 $5,000 $2,000 $2,000 $110,000 $36,300 ($2,671) $0.66 $13.26

Geosynthetic Clay Liner (GCL) $73,000 $8,000 $81,000 $13,000 $94,000 $15,000 $5,000 $2,000 $2,000 $118,000 $39,000 ($2,870) $0.71 $14.25
Reinforced Polypropylene (RPP) $79,000 $8,000 $87,000 $14,000 $101,000 $16,000 $6,000 $3,000 $3,000 $129,000 $42,600 ($3,135) $0.78 $15.56

Polyvinyl Chloride (PVC) $84,000 $9,000 $93,000 $14,000 $107,000 $16,000 $6,000 $3,000 $3,000 $135,000 $44,600 ($3,282) $0.81 $16.29
Shotcrete with PVC $88,000 $9,000 $97,000 $15,000 $112,000 $18,000 $6,000 $3,000 $3,000 $142,000 $46,900 ($3,451) $0.86 $17.13

Formed Concrete $160,000 $16,000 $176,000 $27,000 $203,000 $24,000 $11,000 $5,000 $5,000 $248,000 $81,900 ($6,026) $1.50 $29.92
Pipe $248,000 $25,000 $273,000 $41,000 $314,000 $38,000 $16,000 $7,000 $7,000 $382,000 $126,100 ($9,279) $2.30 $46.07



Table 6.7 (continued)  Cost estimate summary with loan and assessment calculations

Total acres = 4,028
Annual loan repayment assumes a 20 year loan for the 33% of the total project cost at 4% interest.

Construction 
Subtotal

Construction Phase 
Services Subtotal Contingency Construction Total

Engineering 
Design

Permitting / 
Mitigation Legal Fees

Land 
Acquisition Grand Total Total Loan

Annual Loan 
Repayment

Annual Cost 
per Acre

Total Cost 
per Acre

15% Varying % 5% 2% 2% 33% of Total

D Upper Canal - Section 1
Polyacrylamide (PAM) $3,000 $1,000 $4,000 $1,000 $5,000 $1,000 $0 $0 $0 $6,000 $0 ($441) $0.11 $2.19

Compacted Clay/Bentonite $232,000 $24,000 $256,000 $39,000 $295,000 $35,000 $15,000 $6,000 $6,000 $357,000 $117,900 ($8,675) $2.15 $43.07
Ethylene Propylene Diene Monomer (EPDM) $354,000 $36,000 $390,000 $59,000 $449,000 $54,000 $23,000 $9,000 $9,000 $544,000 $179,600 ($13,215) $3.28 $65.62

Geosynthetic Clay Liner (GCL) $357,000 $36,000 $393,000 $59,000 $452,000 $54,000 $23,000 $10,000 $10,000 $549,000 $181,200 ($13,333) $3.31 $66.20
Polyvinyl Chloride (PVC) $393,000 $40,000 $433,000 $65,000 $498,000 $48,000 $25,000 $10,000 $10,000 $591,000 $195,100 ($14,356) $3.56 $71.28

Reinforced Polypropylene (RPP) $414,000 $42,000 $456,000 $69,000 $525,000 $50,000 $27,000 $11,000 $11,000 $624,000 $206,000 ($15,158) $3.76 $75.26
Shotcrete with PVC $498,000 $50,000 $548,000 $83,000 $631,000 $75,000 $32,000 $13,000 $13,000 $764,000 $252,200 ($18,557) $4.61 $92.14

Formed Concrete $834,000 $84,000 $918,000 $138,000 $1,056,000 $84,000 $53,000 $22,000 $22,000 $1,237,000 $408,300 ($30,043) $7.46 $149.17
Pipe $1,301,000 $131,000 $1,432,000 $215,000 $1,647,000 $105,000 $83,000 $33,000 $33,000 $1,901,000 $627,400 ($46,165) $11.46 $229.22

E Upper Canal - Section 2: MID-END
Polyacrylamide (PAM) $3,000 $1,000 $4,000 $1,000 $5,000 $1,000 $0 $0 $0 $6,000 $0 ($441) $0.11 $2.19

Compacted Clay/Bentonite $225,000 $23,000 $248,000 $38,000 $286,000 $34,000 $15,000 $6,000 $6,000 $347,000 $114,600 ($8,432) $2.09 $41.87
Ethylene Propylene Diene Monomer (EPDM) $283,000 $29,000 $312,000 $47,000 $359,000 $43,000 $18,000 $8,000 $8,000 $436,000 $143,900 ($10,588) $2.63 $52.57

Reinforced Polypropylene (RPP) $331,000 $34,000 $365,000 $55,000 $420,000 $40,000 $21,000 $9,000 $9,000 $499,000 $164,700 ($12,119) $3.01 $60.17
Shotcrete with PVC $364,000 $37,000 $401,000 $61,000 $462,000 $55,000 $24,000 $10,000 $10,000 $561,000 $185,200 ($13,627) $3.38 $67.66

Geosynthetic Clay Liner (GCL) $367,000 $37,000 $404,000 $61,000 $465,000 $56,000 $24,000 $10,000 $10,000 $565,000 $186,500 ($13,723) $3.41 $68.14
Polyvinyl Chloride (PVC) $367,000 $37,000 $404,000 $61,000 $465,000 $45,000 $24,000 $10,000 $10,000 $554,000 $182,900 ($13,458) $3.34 $66.82

Formed Concrete $674,000 $68,000 $742,000 $112,000 $854,000 $68,000 $43,000 $18,000 $18,000 $1,001,000 $330,400 ($24,311) $6.04 $120.71
Pipe $802,000 $81,000 $883,000 $133,000 $1,016,000 $81,000 $51,000 $21,000 $21,000 $1,190,000 $392,700 ($28,896) $7.17 $143.47
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The probable cost estimates for each recommended improvement includes assumptions and 
estimates previously stated in this report. Changes in locations, sizes, and concept approach 
may affect the costs shown. These costs may be used to determine if the project is feasible. 
Final design and construction documents should be used to estimate the actual construction 
cost of the project prior to installation.  
 
The engineering design fees have been estimated at 15% of the construction cost and include 
survey fees. We have anticipated that the site will need to be surveyed in order to prepare the 
final engineering plans.  
 
An additional 10% has been added for construction phase engineering services as requested by 
WWDC. A 15% contingency has been included in the total project cost, also requested by 
WWDC.  
 
Permitting and mitigation costs are estimated for the anticipated efforts required for permitting or 
mitigating. Legal fees associated with these projects are based on assumed time to complete 
necessary legal work. Land acquisition may be necessary and estimates are made for this line 
item. 
 
Detailed cost estimates for each alternative lining method are included in Appendix H. 
 
Ability to pay 
 
The District’s ability to implement these improvements is based on the ability to increase the 
annual water user assessments to repay the loans from WWDC. A special assessment for the 
lining improvements could be added to the existing annual assessments. Currently, the total 
annual assessment is a flat rate of $18.33 per acre in the lower area. 

 
M. COST COMPARISON TO PUMPING 

 
Currently, the Owl Creek Irrigation District pays to pump water into the Upper and Lower Canal 
systems and the Dempsey Canal. This cost was $10,500 in 2005. For calculation purposes, it 
was assumed that the pump station pumps the maximum rate for 152 days in the irrigation 
season. At the maximum flow rate of 84 CFS for 152 days, approximately 25,535 acre-feet per 
year could be pumped. Dividing the annual cost of $10,500 by the volume pumped, provides a 
unit cost of $0.41 per acre-ft to pump the water. This would be the cheapest unit cost because 
the District doesn’t pump the maximum flow rate every day of the irrigation season. An average 
unit cost of $0.50 per acre-ft pumped was assumed. 
 
The cost to save an acre-ft of water was calculated from each of the lining alternative cost 
estimates based on the potential water savings in that test section. Table 6.8 shows the cost to 
save one acre-ft of water for each lining method in each section recommended for lining 
consideration. The cost associated with the application of PAM is for a single application and 
does not account for multiple applications in a single year, or over many years. 
 
The cost to save one acre-ft of water is more expensive than the cost to pump one acre-ft of 
water based on the current pumping rates. However, if the pumping rates increase in the future, 
the difference in these costs may be reduced. Because Owl Creek Irrigation District has limited 
water (84 CFS maximum pumping rate), saving water within the canal system may still prove to 
be economical to the water users. 



Table 6.8  Cost to save an ac-ft of water compared to the cost to pump an ac-ft of water

Potential Water 
Savings Total Loan Annual Loan Cost to Cost to

(AC-FT/year) 33% of Total Repayment Save 1 AF Pump 1 AF
A Lower Canal: Sunnyside to Siphon 517 AF/year lost

Polyacrylamide (PAM) 465 $4,000 ($294) $9 $0.50
Compacted Clay/Bentonite 465 $39,300 ($2,892) $85 $0.50

Ethylene Propylene Diene Monomer (EPDM) 439 $47,200 ($3,473) $108 $0.50
Reinforced Polypropylene (RPP) 439 $55,200 ($4,062) $126 $0.50

Shotcrete with PVC 491 $59,100 ($4,349) $120 $0.50
Geosynthetic Clay Liner (GCL) 491 $64,700 ($4,761) $132 $0.50

Polyvinyl Chloride (PVC) 491 $64,700 ($4,761) $132 $0.50
Formed Concrete 491 $111,300 ($8,190) $227 $0.50

Pipe 517 $189,100 ($13,914) $366 $0.50

B Lower Canal: Siphon to Highway 745 AF/year lost
Polyacrylamide (PAM) 671 $5,000 ($368) $7 $0.50

Compacted Clay/Bentonite 671 $91,100 ($6,703) $136 $0.50
Ethylene Propylene Diene Monomer (EPDM) 633 $122,800 ($9,036) $194 $0.50

Reinforced Polypropylene (RPP) 633 $141,000 ($10,375) $223 $0.50
Polyvinyl Chloride (PVC) 708 $146,200 ($10,758) $206 $0.50

Geosynthetic Clay Liner (GCL) 708 $149,900 ($11,030) $212 $0.50
Shotcrete with PVC 708 $167,000 ($12,288) $236 $0.50

Formed Concrete 708 $263,700 ($19,404) $372 $0.50
Pipe 745 $410,900 ($30,235) $552 $0.50

C Lower Canal: Bomengen to Fence 213 AF/year lost
Polyacrylamide (PAM) 192 $4,000 ($294) $21 $0.50

Compacted Clay/Bentonite 192 $23,500 ($1,729) $122 $0.50
Ethylene Propylene Diene Monomer (EPDM) 181 $36,300 ($2,671) $201 $0.50

Geosynthetic Clay Liner (GCL) 202 $39,000 ($2,870) $193 $0.50
Reinforced Polypropylene (RPP) 181 $42,600 ($3,135) $235 $0.50

Polyvinyl Chloride (PVC) 202 $44,600 ($3,282) $221 $0.50
Shotcrete with PVC 202 $46,900 ($3,451) $232 $0.50

Formed Concrete 202 $81,900 ($6,026) $405 $0.50
Pipe 213 $126,100 ($9,279) $592 $0.50

Potential Water 
Savings Total Loan Annual Loan Cost to Cost to

(AC-FT/year) 33% of Total Repayment Save 1 AF Pump 1 AF
D Upper Canal - Section 1 942 AF/year lost

Polyacrylamide (PAM) 848 $6,000 ($441) $7 $0.50
Compacted Clay/Bentonite 848 $117,900 ($8,675) $139 $0.50

Ethylene Propylene Diene Monomer (EPDM) 801 $179,600 ($13,215) $224 $0.50
Geosynthetic Clay Liner (GCL) 895 $181,200 ($13,333) $202 $0.50

Polyvinyl Chloride (PVC) 895 $195,100 ($14,356) $218 $0.50
Reinforced Polypropylene (RPP) 801 $206,000 ($15,158) $257 $0.50

Shotcrete with PVC 895 $252,200 ($18,557) $282 $0.50
Formed Concrete 895 $408,300 ($30,043) $456 $0.50

Pipe 942 $627,400 ($46,165) $666 $0.50

E Upper Canal - Section 2: MID-END 1490 AF/year lost
Polyacrylamide (PAM) 1341 $6,000 ($441) $4 $0.50

Compacted Clay/Bentonite 1341 $114,600 ($8,432) $85 $0.50
Ethylene Propylene Diene Monomer (EPDM) 1267 $143,900 ($10,588) $114 $0.50

Reinforced Polypropylene (RPP) 1267 $164,700 ($12,119) $130 $0.50
Shotcrete with PVC 1416 $185,200 ($13,627) $131 $0.50

Geosynthetic Clay Liner (GCL) 1416 $186,500 ($13,723) $132 $0.50
Polyvinyl Chloride (PVC) 1416 $182,900 ($13,458) $129 $0.50

Formed Concrete 1416 $330,400 ($24,311) $233 $0.50
Pipe 1490 $392,700 ($28,896) $264 $0.50
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N. FUNDING AND PAYMENT PLAN 

 
Construction Funding 
 
If the Owl Creek Irrigation District pursues the recommendations noted in this report, they may 
continue to receive assistance from the Wyoming Water Development Commission (WWDC). 
The District could proceed with application to WWDC for Level III, final design and construction 
on any number of the recommended improvements.  
 
Construction funding is available from WWDC as a 33 / 67 proportional loan to grant split. 
WWDC will provide the District with a grant of at least 67% for construction improvements of the 
existing canal system. The remaining 33% of the construction cost would be a loan from 
WWDC. Current terms for these concessionary loans are 20 years at an interest rate of 4%.  
 
Long Term Replacement Fund for the District 
 
A long term replacement fund is recommended. This fund would collect and set aside funds for 
the eventual improvements of the system. This fund is essentially a savings account that the 
District maintains and can access for improvements or replacements throughout the system as 
required. Assessments from water users would be placed in this fund and used as authorized 
improvements are made by the Board of Directors. 
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CHAPTER 7 
PROJECT MAP PRODUCTS 

 
 

A. PROJECT MAP PRODUCTS 
 
GIS is a software computer package, the most widely used brand being ArcView, which can be 
used to make maps from a myriad of spatial data. The software is used for much more than just 
making “pretty maps.” GIS is used to analyze, store, and manipulate data that is tied to a spatial 
display on a map.  
 
Data Sources 
 
The 2004 GIS map of the District (created by Nelson Engineering) was provided as a base for 
this work effort. Several changes and additions were made as upgrades to the map during the 
course of the current work. The GIS map for the District was created from a combination of 
existing data sources developed by public entities as well as new data created by the project 
team. 
 
Much GIS data available for the State of Wyoming can be found on a GIS data clearinghouse 
website maintained by the Wyoming Geographic Information Advisory Council (WGIAC). Data 
from this site used to develop District maps included, USGS Digital Raster Graphics – 
Enhanced (DRGE) quads, used as background images, and Topologically Integrated 
Geographic Encoding and Referencing System (TIGER) data for Park County, used as the 
linework for roadways, waterways, and county lines. TIGER data is produced by the US Census 
Bureau. 
 
GPS point data taken in the field during multiple site visits were inserted into the GIS map. 
These GPS points mark the locations of the upstream and downstream flow measurement cross 
sections identified for seepage investigation.  
 
Included in the GIS file from Nelson were photographs hyperlinked to structure data. It appears 
that Nelson uses primarily MapInfo and the one mxd file that was received had the files loaded 
and the hyperlinks but no further annotation (title, legend, bar scale, etc.). All of the shape files 
are set up to show just the data in the project area. Files received from Nelson include: 
 

• 1995 aerial photos in sid format 
• The following shape files: 

o Annotations 
o Bighorn river  
o Canal 
o Display name 
o Diversion Structures 
o Lateral Direction 
o Lucerne Features 
o Lucerne Structures 
o Ownership 
o Proposed diversion 
o Proposed Reservoirs 
o Recording Stations 
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o State Roads 
o Trial Diversions 

 
The WGIAC maintains a website that has the following information available for the entire state: 
 2002 CIR Aerial Photos by Quad 
 TIGER data 
  Coverage by State or by County 

Boundaries, Roads, Water Bodies, Streams and other items which may or 
may not be of use to us 

 
The following information was downloaded and used in the map development.  
 

• 2002 CIR data 
o Eagle Nest Ranch 
o Anchor Reservoir 
o Embar 
o Arapahoe Ranch 
o Thompson Reservoirs 
o Rattlesnake Gulch 
o Thermopolis 
o Kirby 

 
USGS topo maps from MapTech Terrain Navigator Pro 
 

• Eagle Nest Ranch – created 1965 
• Anchor Reservoir – created 1965 
• Embar – created 1965 
• Arapahoe Ranch – created 1965 
• Thompson Reservoirs – created 1965 
• Rattlesnake Gulch – created 1965 
• Thermopolis – created 1960 
• Kirby – created 1985 

 
Summary of Maps 
 
A total of three individual 11x17 plots were created to show the results of this study and are 
located in Appendix C: 
 

• Lower Canal with 2005 & 2006 Short Seepage Test Sections 
• 2006 Long Seepage Test Sections 
• Field Data and Notes 
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CHAPTER 8 
FINAL COMMENTS AND RECOMMENDATIONS 

 
 

A. SUMMARY 
 

The Owl Creek Irrigation District is committed to reducing seepage throughout the Lucerne Area 
delivery system including the Lower and Upper Canals. The District realizes that these 
improvements will improve water delivery consistency and canal operating efficiency within the 
District’s service area. Field tests conducted by the inflow/outflow method and our work directly 
with the District staff have led to recommendations that are presented in this report.  
 
Multiple field tests were conducted on various sections of the Upper and Lower Canals. Tests 
were completed on five selected sections of the Lower Canal in August and September of 2005 
and again in June of 2006. Three longer sections of the Lower Canal were measured for 
seepage loss in June of 2006. Three sections of the Upper Canal were tested in June of 2006 
as well. Field test data was processed and evaluated and is summarized in this report. 
 
Various canal lining methods were researched as part of this project. Based on the information 
gathered during field visits, viable options of canal linings were described and preliminary 
construction details were prepared.  
 
Five of the tested canal sections are recommended for further consideration of canal lining to 
reduce seepage losses (shown by priority):  

 
• Sunnyside to Siphon 
• Bomengen to Fence 
• Siphon to Highway 
• Upper Canal Section 2 (middle to end of test section only) 
• Upper Canal Section 1 

 
A discussion of secondary supply systems is presented in the report to provide background and 
case studies. The District should keep an open mind to how to best serve future new urban 
customers while maintaining and improving historic operations. A general discussion of SCADA 
opportunities was also prepared for this study to give the District information to consider as they 
improve and upgrade their system. 
 
Associated cost estimates for the proposed canal lining methods were developed and will allow 
the District to determine which methods they want to implement and to budget for them in the 
short term and long term. The current funding mechanism through WWDC is explained and 
incorporated into the overall cost breakdown by acre. Annual and total assessments for each 
option are summarized in the cost estimate tables. 
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B. SPECIFIC RECOMMENDATIONS 
 

The overall goal of this study was to provide the Owl Creek Irrigation District with field data to 
document seepage loss in various sections of the canal systems and to develop 
recommendations, conceptual designs, and cost estimates for their use in decision making. 
Specific recommendations resulting from the work associated with this Level II study are: 
 

1. Begin installing flow measurement devices at all headgates and at key locations (pump 
discharge, spillways, etc.) within the canal system to better document and track 
deliveries.  

 
2. Install flowmeters at the primary and re-lift pump stations to monitor and document pump 

discharge flow rates. 
 

3. Over time, develop water balances from flow measurement data and other observations 
throughout the irrigation season to fully quantify and understand total system losses. 

 
4. Conduct soil borings and ground water monitoring wells at locations near areas of 

possible canal lining as part of the final design to any canal lining projects pursued.  
 

5. Determine the preferred lining alternatives for the District to implement based on those 
alternatives presented in this study or additional investigations. Several alternatives have 
been described and the recommended methods for consideration include (from least 
expensive to most expensive): 

 
• PAM 
• Compacted Earth / Bentonite 
• RPP 
• Shotcrete over PVC 

 
6. Request Level III Project funding from the WWDC to finalize the design of a selected 

section or sections of the canal to line. Five sections are recommended for consideration 
in this report based on field studies and are prioritized as follows: 

 
• Sunnyside to Siphon 
• Bomengen to Fence 
• Siphon to Highway 
• Upper Canal Section 2 (middle to end of test section only)  
• Upper Canal Section 1 

 
Additional sections may be candidates for lining based on District input and historical 
field observations.  

 
Table 8.1 in the report summarizes the recommendations for canal sections to be considered for 
lining projects, recommended lining alternatives for consideration, and associated costs. 
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Table 8.1 Summary recommendations, priority, and costs 

 

Priority Section

Potential 
Loss per 
mile (%)

Potential water 
loss PAM

Compacted 
Earth / 

Bentonite RPP
Shotcrete 
over PVC

1 Sunnyside to Siphon 12% 517 AF/season $0.07 $0.72 $1.01 $1.08

2 Bomengen to Fence 11% 213 AF/season $0.07 $0.43 $0.78 $0.86

3 Siphon to Highway 5% 745 AF/season $0.09 $1.66 $2.58 $3.05

4 Upper Canal Section 2 9% 1490 AF/season $0.11 $2.09 $3.01 $3.38
  (Mid-End)

5 Upper Canal Section 1 3% 942 AF/season $0.11 $2.15 $3.76 $4.61

*Priority of improvements is based on the water loss per mile as calculated from the field test results and 
economical considerations.

Annual Cost per Acre

 
 

7. Conduct additional discharge flow rate tests downstream of the re-lift pump station to 
determine the effect of the check boards on the delivery ability of the pump station. 

 
8. Discuss the District’s SCADA system options and further investigate the desired 

hardware and software. Begin an initial installation that can be expanded in the future if 
so desired.  

 
9. Discuss secondary supply opportunities within the District and determine how, and if, the 

District would like to move forward to implement the ideas described in this report. 
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Appendix A 
 

Literature Review Summaries 



 
A Canal Lining Systems in Irrigation Agriculture, (Comer, 2000), was reviewed. This 
report discusses some of the USBR’s canal-lining research work into the performance of 
different lining materials and the preparation of guidelines. This report discusses how 
different materials or alternative lining systems perform when subject to freeze/thaw 
conditions, where clay materials were unavailable, and areas where canal access was 
limited due to narrow rights-of-way. The materials tested were PVC, polyethylene, 
polypropylene, rubber, prefabricated bituminous and bentonite blankets. The first study 
looked at durability and seepage control effectiveness at Deschutes, Oregon in harsh 
and angular subgrades. They used four materials for this canal that included fluid-
applied membrane, concrete alone, exposed geomembrane, and geomembrane with 
concrete cover. It was found that geomembrane with concrete cover offered the best 
long term performance. All alternatives had relatively low maintenance cost and every $1 
spent on maintenance returned $10 to $20 in conserving water by increasing 
effectiveness and design life. The liner test results concluded that fluid-applied 
membranes all failed and were removed, concrete had excellent durability and easy 
maintenance, exposed geomembranes were 90% effective with difficulty with 
maintenance and mechanical damage, and concrete with geomembrane underliners 
were 95% effective with geomembrane as a barrier to protect the concrete. 
 
Some of the geomembranes studied showed that 30 year old buried PVC shows signs of 
aging but continues to perform effectively, buried VLDPE after 10 years still provided 
good seepage control, buried polyolefin composite after 9 years to visually still be an 
excellent seepage control, exposed VLDPE after 6 years showed UV degradation 
(cracking) and therefore USBR has discontinued use in exposed applications, and 
buried PP after 8 years continues to be an excellent seepage control. When dealing with 
membrane liners it is recommended that when soil cover is required, the side slopes 
should be 2.5H:1V at the max. These subgrades are usually prepared with roller 
compaction, but for rough subgrades a geotextile can be used. The cover should at least 
be 1 ft with coarse fraction exposed to water flowing at a maximum of 3 ft/s. 
 
A paper titled Open Channel Seepage & Control Guidelines for Channel Seepage 
Remediation, (ANCID, 2004), was reviewed. This paper discussed different options or 
methods that could be used to reduce seepage in canals. This paper also discussed 
some of the considerations that must be looked at when choosing a liner to minimize 
effort and costs. Some of the factors that must be considered are the availability of 
materials, availability of skilled labor and equipment, and durability of materials. The 
availability of materials is very important due to both economics and logistics. One 
example given relates how earthen compaction is not cost-effective or practical if 
suitable clay is too far from the project site. Many of the techniques such as concrete 
lining and flexible membranes require experienced contractors for successful installation. 
The contractor and labor are indispensable for flexible membranes since these materials 
are susceptible to damage during installation and the quality of welding is vital in 
achieving seepage reduction. The last major consideration is the durability of materials 
so the liner material can meet the timeframe desired by owners. This paper also 
discussed different methods that can be used for reducing seepage on irrigation canals 
based on the discussed considerations. 



A paper titled Effects of Microorganisms on Hydraulic Conductivity Decrease in 
Infiltration, (Seki, 1998), was reviewed. This paper reports the results and conclusion 
from research on the affects on hydraulic conductivity from the growth of bacteria and 
fungi. These microorganisms can be used to decrease the hydraulic conductivity by 
clogging the soil pores with microbial cells and their synthesized products, slimes, or 
polysaccharides. It was also discovered that bacterially synthesized gas such as 
methane can also decrease the hydraulic conductivity. It was found that bacterial 
clogging proceeded faster then fungal clogging due to the bacteria growing faster than 
fungi. It was also found that the maximum gas that occupied the pore space was 30.6% 
which was in addition to the biological clogging. The final conclusion was that once all 
bacteria and fungi were killed, the hydraulic conductivity did not return to the initial value 
because not all of the dead microbial cells and synthesized products were removed. 
 
A brief titled Soil Stabilization for Irrigation Canal Lining, (Wedge, 1998) was reviewed. 
This brief summarized the possibility of using Econolime as soil stabilization and the 
reactivity of Econolime blends with soil samples from the Terrace Heights Canal. The 
common materials added as soil additives are lime and bentonite which are both 
expansive materials. The Econolime is a by-product generated during the lime-
production manufacturing process and is also generated by some pulp and paper mills. 
It was estimated that two Washington plants generated 7,800 tons per year of 
Econolime. The different mix designs were tested for strength at 3 days and 7 days and 
a permeability test was conducted. The admixture that produced the best test results 
were 20% Econolime, 4% quick lime, and 1% cationic starch. It was found that the 
compression strength after 3 days was 297 PSI and 305 PSI after 7 days with the 
required strength being 100 PSI to withstand freeze-thaw and wet-dry cycles. The 
hydraulic conductivity was found to be 10-6 cm/s. For normal silt the hydraulic 
conductivity is 10-7 to 10-3 cm/s and for normal silty sand the range is 10-5 to 10-1 cm/s. It 
is reported that using Econolime has performance and cost advantages over concrete or 
membrane liners. The cost of using Econolime was said to be less than $10/ton and 
makes using it as a soil stabilizer very advantageous. This test was for canals in 
Washington State and would require additional testing for regional soils.  
 
A report titled Canal-Lining Demonstration Project Year 10 Final Report, (Swihart, 2002), 
was reviewed. The USBR has constructed 34 canal lining test sections in 11 irrigation 
districts in four states to assess the durability and effectiveness (seepage reduction) 
over very rocky subgrade. The lining materials are geosynthetics, shotcrete, roller 
compacted concrete, grouted mattresses, soil, elastomeric coatings, and sprayed-in-
place foam. Each test section covered over 15,000 to 30,000 square feet and ranged in 
age from 1 to 10 years. There was also a preliminary benefit/cost (B/C) ratio calculated 
based on the initial construction costs, maintenance costs, durability (service lift), and 
effectiveness (determined by pre- and post-construction ponding tests). The results of 
the 34 test sections are summarized in the Table A.1 based on the four categories. 
 



Table A.1  Test results for the 34 test sections 

Type of Lining 
Construction 

Cost ($/ft2) 
Durability 

(years) 

Maintenance 
Cost ($/ft2-

yr) 

Effectiveness 
at Seepage 
Reduction 
(percent) 

B/C 
Ratio 

Fluid-applied 
Membrane $1.40 - $4.33 10 - 15 yrs $0.010  90% 0.2 - 1.5 

Concrete alone $1.92 - $2.33 40 - 60 yrs $0.005  70% 3.0 - 3.5 
Exposed 

Geomembrane $0.78 - $1.53 10 - 25 yrs $0.010  90% 1.9 - 3.2 
Geomembrane 
with Concrete 

cover $2.43 - $2.54 40 - 60 yrs $0.005  95% 3.5 - 3.7 
 
The fluid-applied membrane test sections have failed and have been removed from the 
study. The problems are due to poor quality control due to adverse weather common to 
field construction in late fall and early spring. The concrete was found to have excellent 
durability, but long-term effectiveness was only 70% because of random cracking. One 
advantage was that irrigation districts are familiar with concrete and could perform 
maintenance easily. The exposed geomembrane has excellent effectiveness (90%), but 
is vulnerable to mechanical damage from animal traffic, construction equipment, and 
vandalism. The exposed geomembrane has the cheapest initial cost, but has a limited 
service life of 15 to 20 years typically. These liners are usually poorly maintained 
because irrigation districts are unfamiliar with this material and usually need specialized 
equipment and training. The concrete with geomembrane underliner had an 
effectiveness of 95% due to the geomembrane being the water barrier and the concrete 
protection.  This method was easily maintained due to familiarity with concrete and no 
maintenance for the underliner. 
 
Some other newer sections have only been in service 1 to 2 years and therefore the 
durability could not be evaluated. Some of these materials are wet-applied polyurethane 
geocomposite, exposed reinforced metallized polyethylene, exposed bituminous 
geomembrane, exposed white textured HEPE, and exposed EVA geocomposite. In 
addition six sections of exposed geomembrane were tested in laboratories to determine 
how the properties have changed and to determine a service life prediction. The results 
from these materials are present below in Table A.2. 
 



Table A.2  Coupon testing of exposed geomembrane test sections  

Test 
Sections Material Age 

Visual 
Assessment 

Physical Property 
Table Testing 

Service 
Life 

Predictions 

A-3 
80-mil Textured 
HDPE 10 years Excellent 

Elongation down 90% 
OIT down 30% 20-25 years 

A-4 

30-mil PVC with 
Bonded 
Geotextile 10 years Very Good 

Tensile up 30% 
Modulus up 140% 
Elongation down 70% 10-15 years 

A-5 45-mil Hypalon 10 years Fair to Poor 
Tear strength down 
60% 10-15 years 

A-6 36-mil Hypalon 10 years Fair 
Tear strength down 
60% 10-15 years 

O-3 45-mil EPDM 2 years Excellent 

Elongation down 90% 
Tear strength down 
50% 15-20 years 

O-4 30-mil LLDPE 2 years Excellent 

Tensile down 10% 
Tear strength down 
10% 10-15 years 

 
A report titled Bitter Root Irrigation District Main Canal, (Swihart, 2002), was reviewed. 
This report discusses the methods and installation methods for installing 900 linear foot 
of main canal or 4,500 square feet. This canal is about 40 to 45 ft across and 7 to 8 ft 
deep and typically flows 300 CFS. For this project they installed two different 
membranes which consisted of a gray 8-oz geotextile cushion, 20-mil EVA and a black 
8-oz geotextile cover. The other product combination was a black 12-oz geotextile 
cushion, a 30-mil EVA, and a black 12-oz geotextile cover. It is noted that the 12-30-12 
was probably better suited for exposed applications and had a cost of $0.53 per square 
foot. The irrigation district did extensive subgrade work in preparation for the installation 
that costs about $0.26 per square foot. The geotextile was installed in 24 ft sections 
across the channel using a trackhoe and panels were shingled downstream to have an 
overlap of at least one foot. The entire test section was completed in three days with an 
additional 1,300 foot section completed later. Some advantages noted were the ease of 
installation by providing a single geocomposite that consisted of the geotextile cushion, 
EVA geomembrane, and geotextile cover. One of the disadvantages was that a lot of 
seaming was required with the 24-ft roll width. The seaming crew also had trouble 
keeping pace with the installation crew. 



 
 
 

 
 
 
 
 
 
 
 

Appendix B 
StreamPro ADCP Technical Specification 



















 
 
 
 
 
 
 
 
 
 
 

Appendix C 
 

Owl Creek Irrigation District Project Maps 
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Appendix D 
 

Field Test: Canal Cross Section Data 



Table D.1  Cross Section Test Data: Lower Canal, Short Sections

Section Date Width Area Mean Depth Mean Velocity Discharge
ft sq. ft ft (ft/s) (CFS)

Gage to Culvert 9/6/2005 8.3 11.1 1.34 2.92 32.6
9/7/2005 8.03 10.6 1.33 2.84 30.2

GAGE DATA 9/7/2005 8.09 10.9 1.35 2.99 32.7
9/8/2005 7.97 10.6 1.33 2.82 29.9
9/8/2005 8.28 10.9 1.32 2.83 31

6/27/2006 8.63 13.5 1.56 3.84 51.7
6/29/2006 8.51 13.2 1.55 3.71 48.8

AVERAGE VALUE 8.3 11.5

Gage to Culvert 9/6/2005 11.5 20.7 1.8 1.49 30.9
9/7/2005 11.1 20.6 1.85 1.49 30.5

CULVERT DATA 9/7/2005 12 21.6 1.8 1.43 30.9
9/8/2005 11.9 22 1.85 1.44 31.7
9/8/2005 12 22 1.83 1.47 32.4

6/27/2006 12.5 35.9 2.88 1.57 56.5
6/29/2006 12.6 36.2 2.88 1.51 54.7

AVERAGE VALUE 11.9 25.6

Sunnyside to Siphon 8/9/2005 12.25 26 2.12 1.16 30.1
9/6/2005 12.4 23.9 1.92 0.972 23.3

SUNNYSIDE DATA 9/7/2005 12.2 22.9 1.88 1.01 23.1
9/7/2005 12.4 22.3 1.8 0.9 20.1

6/28/2006 14.6 39.9 2.74 1.27 50.6
6/28/2006 15 41.6 2.77 1.24 51.7

AVERAGE VALUE 13.1 29.4

Sunnyside to Siphon 8/8/2005 10.55 22.2 2.11 1.22 27.1
8/9/2005 10.85 24.35 2.25 1.28 31

SIPHON DATA 9/6/2005 10.5 16.7 1.58 1.35 22.6
9/7/2005 10.5 16.2 1.54 1.33 21.4
9/7/2005 10.5 15.5 1.47 1.27 19.7

6/28/2006 12 29 2.42 1.66 48
6/28/2006 11.3 27.9 2.47 1.67 46.5

AVERAGE VALUE 10.9 21.7

Siphon to Highway 8/8/2005 15.65 26.85 1.72 0.966 25.6
8/9/2005 15.25 27.5 1.81 1.04 28.55

HIGHWAY DATA 9/6/2005 13.7 21.6 1.59 0.976 20.9
9/7/2005 14.1 20.9 1.48 0.96 20
9/7/2005 14.4 20.7 1.44 0.85 17.6

6/28/2006 15.2 35.3 2.33 1.26 44.5
6/28/2006 15.3 36.8 2.41 1.29 47.3

AVERAGE VALUE 14.8 27.1

Bomengen to Fence 8/9/2005 9.69 24.15 2.49 0.836 20.2
9/6/2005 10.4 18.8 1.81 1.1 20.7

BOMENGEN DATA 9/7/2005 10.4 18.1 1.74 1.01 18.3
9/7/2005 10.6 18.5 1.75 1.03 19.1
9/8/2005 10.1 17.3 1.71 0.99 17.1

6/27/2006 10.7 28.8 2.7 1.29 37.2
6/29/2006 11.3 29.2 2.58 1.19 34.7

AVERAGE VALUE 10.5 22.1

Bomengen to Fence 8/9/2005 13 19.95 1.53 1.08 21.35
9/6/2005 12.8 17.7 1.38 1.18 20.8

FENCE DATA 9/7/2005 12.7 16.6 1.3 1.1 18.2
9/7/2005 12.6 16.6 1.32 1.11 18.4
9/8/2005 12.6 16 1.27 1.07 17.1

6/27/2006 11.9 29.6 2.48 1.24 36.6
6/29/2006 12.9 30.6 2.37 1.04 31.7

AVERAGE VALUE 12.6 21.0

Pivot-In to Pivot-Out 9/7/2005 13.5 18 1.33 0.812 14.6
9/7/2005 13.1 17.5 1.34 0.764 13.4

PIVOT-IN DATA 9/7/2005 12.9 17.2 1.33 0.745 12.8
9/8/2005 13.5 17.9 1.33 0.67 12

6/27/2006 12.8 26.7 2.08 0.91 24.3
6/29/2006 13 24.7 1.9 1.06 26.2

AVERAGE VALUE 13.1 20.3

Pivot-In to Pivot-Out 9/7/2005 14.4 21 1.46 0.65 13.6
9/7/2005 14.9 21.9 1.47 0.625 13.7

PIVOT-OUT DATA 9/7/2005 14.6 21.1 1.45 0.631 13.3
9/8/2005 14.8 23 1.55 0.52 11.9

6/27/2006 14 25.6 1.83 1 25.6
6/29/2006 14.1 26.5 1.88 1 26.4

AVERAGE VALUE 14.5 23.2



Table D.2  Cross Section Test Data: Long Sections

Section Date Width Area Mean Depth Mean Velocity Discharge
ft sq. ft ft (ft/s) (CFS)

Upper Canal - Section 1 6/27/2006 14 34.2 2.45 1.17 40
U1ST DATA 6/27/2006 13.7 33.8 2.46 1.19 40.1

AVERAGE VALUE 13.9 34.0

Upper Canal - Section 1 6/27/2006 10.7 28.7 2.69 1.29 36.9
U1END DATA 6/27/2006 11.1 31.2 2.8 1.2 37.4

AVERAGE VALUE 10.9 30.0

Upper Canal - Section 2 6/28/2006 11.2 18.2 1.63 1.38 25.1
U2ST DATA 6/28/2006 11.2 18.3 1.64 1.42 26

AVERAGE VALUE 11.2 18.3

Upper Canal - Section 2 6/28/2006 13.5 26.3 1.94 0.99 26
U2MID DATA 6/28/2006 15 29.6 1.98 0.96 28.4

AVERAGE VALUE 14.3 28.0

Upper Canal - Section 2
U2END DATA 6/28/2006 7.89 18.6 2.36 1.27 23.5

AVERAGE VALUE 7.9 18.6

Upper Canal - Section 3 6/27/2006 8.01 14.7 1.84 0.904 13.3
U3ST DATA 6/27/2006 8 15.4 1.92 0.97 14.9

AVERAGE VALUE 8.0 15.1

Upper Canal - Section 3 6/27/2006 8.38 10.9 1.3 1.17 12.7
U3END DATA 6/27/2006 8.53 12.1 1.41 1.24 15

AVERAGE VALUE 8.5 11.5

Lower Canal - Section 1 6/28/2006 8.66 13.5 1.56 3.78 51.2
L1ST DATA 6/28/2006 8.54 13.4 1.57 3.81 51.1

AVERAGE VALUE 8.6 13.5

Lower Canal - Section 1 6/28/2006 14.6 39.9 2.74 1.27 50.6
L1END DATA 6/28/2006 15 41.6 2.77 1.24 51.7

AVERAGE VALUE 14.8 40.8

Lower Canal - Section 2 6/27/2006 14.5 36 2.47 1.17 42
L2ST DATA 6/27/2006 14.7 36.8 2.5 1.21 44.5

AVERAGE VALUE 14.6 36.4

Lower Canal - Section 2 6/27/2006 10.6 28.8 2.71 1.29 37.1
L2END DATA 6/27/2006 10.7 28.8 2.7 1.29 37.2

AVERAGE VALUE 10.7 28.8

Lower Canal - Section 3 6/28/2006 10.3 28.6 2.77 1.33 38.1
L3ST DATA 6/28/2006 10.6 30.2 2.86 1.31 39.4

AVERAGE VALUE 10.5 29.4

Lower Canal - Section 3 6/28/2006 13.5 36.4 2.69 0.96 34.8
L3END DATA 6/28/2006 13.6 38.8 2.85 1 38.8

AVERAGE VALUE 13.6 37.6



 
 
 
 
 
 
 
 
 
 
 

Appendix E 
 

Small Acreage Allotment Charts 



Headgate Flow (cfs) = 0.25

Volume per Day (ac-ft) = 0.50

Farm Size (acres) 1 2 4 6 8 10 12 14 16 18 20

Total Ac-Ft per Season 4.3 8.5 17.0 25.5 34.0 42.5 51.0 59.5 68.0 76.5 85.0

Delivery Time Frame
Days per 

Season

Days per 

Season

Days per 

Season

Days per 

Season

Days per 

Season

Days per 

Season

Days per 

Season

Days per 

Season

Days per 

Season

Days per 

Season

Days per 

Season

24 hours/day 9 17 34 51 69 86 103 120 137 154 171

12 hours/day 17 34 69 103 137 171 206 240 274 309 343

6 hours/day 34 69 137 206 274 343 411 480 549 617 686

4 hours/day 51 103 206 309 412 514 617 720 823 926 1029

Farm Size (acres) 25 30 35 40 45 50 55 60 65 70

Total Ac-Ft per Season 106.3 127.5 148.8 170.0 191.3 212.5 233.8 255.0 276.3 297.5

Delivery Time Frame
Days per 

Season

Days per 

Season

Days per 

Season

Days per 

Season

Days per 

Season

Days per 

Season

Days per 

Season

Days per 

Season

Days per 

Season

Days per 

Season

24 hours/day 214 257 300 343 386 429 471 514 557 600

12 hours/day 429 514 600 686 771 857 943 1029 1114 1200

6 hours/day 857 1029 1200 1371 1543 1714 1886 2057 2228 2400

4 hours/day 1286 1543 1801 2058 2315 2572 2830 3087 3344 3601

Assumptions: 1. 12-inch headgate with free flow discharge

2. 5 month irrigation season

3. State allotment is 1 CFS per 70 acres

4. Headgate set for consistent delivery flow rate as stated

5. Shaded region shows when farmer can irrigate through entire irrigation season for that time period per day

Small Acreage Allotment Chart

Delivery Flow Rate of 0.25 CFS



Headgate Flow (cfs) = 0.50

Volume per Day (ac-ft) = 0.99

Farm Size (acres) 1 2 4 6 8 10 12 14 16 18 20

Total Ac-Ft per Season 4.3 8.5 17.0 25.5 34.0 42.5 51.0 59.5 68.0 76.5 85.0

Delivery Time Frame
Days per 

Season

Days per 

Season

Days per 

Season

Days per 

Season

Days per 

Season

Days per 

Season

Days per 

Season

Days per 

Season

Days per 

Season

Days per 

Season

Days per 

Season

24 hours/day 4 9 17 26 34 43 51 60 69 77 86

12 hours/day 9 17 34 51 69 86 103 120 137 154 171

6 hours/day 17 34 69 103 137 171 206 240 274 309 343

4 hours/day 26 51 103 154 206 257 309 360 412 463 514

Farm Size (acres) 25 30 35 40 45 50 55 60 65 70

Total Ac-Ft per Season 106.3 127.5 148.8 170.0 191.3 212.5 233.8 255.0 276.3 297.5

Delivery Time Frame
Days per 

Season

Days per 

Season

Days per 

Season

Days per 

Season

Days per 

Season

Days per 

Season

Days per 

Season

Days per 

Season

Days per 

Season

Days per 

Season

24 hours/day 107 129 150 171 193 214 236 257 279 300

12 hours/day 214 257 300 343 386 429 471 514 557 600

6 hours/day 429 514 600 686 771 857 943 1029 1114 1200

4 hours/day 643 772 900 1029 1158 1286 1415 1543 1672 1801

Assumptions: 1. 12-inch headgate with free flow discharge

2. 5 month irrigation season

3. State allotment is 1 CFS per 70 acres

4. Headgate set for consistent delivery flow rate as stated

5. Shaded region shows when farmer can irrigate through entire irrigation season for that time period per day

Small Acreage Allotment Chart

Delivery Flow Rate of 0.5 CFS



Headgate Flow (cfs) = 1.00

Volume per Day (ac-ft) = 1.98

Farm Size (acres) 1 2 4 6 8 10 12 14 16 18 20

Total Ac-Ft per Season 4.3 8.5 17.0 25.5 34.0 42.5 51.0 59.5 68.0 76.5 85.0

Delivery Time Frame
Days per 

Season

Days per 

Season

Days per 

Season

Days per 

Season

Days per 

Season

Days per 

Season

Days per 

Season

Days per 

Season

Days per 

Season

Days per 

Season

Days per 

Season

24 hours/day 2 4 9 13 17 21 26 30 34 39 43

12 hours/day 4 9 17 26 34 43 51 60 69 77 86

6 hours/day 9 17 34 51 69 86 103 120 137 154 171

4 hours/day 13 26 51 77 103 129 154 180 206 232 257

Farm Size (acres) 25 30 35 40 45 50 55 60 65 70

Total Ac-Ft per Season 106.3 127.5 148.8 170.0 191.3 212.5 233.8 255.0 276.3 297.5

Delivery Time Frame
Days per 

Season

Days per 

Season

Days per 

Season

Days per 

Season

Days per 

Season

Days per 

Season

Days per 

Season

Days per 

Season

Days per 

Season

Days per 

Season

24 hours/day 54 64 75 86 96 107 118 129 139 150

12 hours/day 107 129 150 171 193 214 236 257 279 300

6 hours/day 214 257 300 343 386 429 471 514 557 600

4 hours/day 322 386 450 514 579 643 707 772 836 900

Assumptions: 1. 12-inch headgate with free flow discharge

2. 5 month irrigation season

3. State allotment is 1 CFS per 70 acres

4. Headgate set for consistent delivery flow rate as stated

5. Shaded region shows when farmer can irrigate through entire irrigation season for that time period per day

Small Acreage Allotment Chart

Delivery Flow Rate of 1 CFS



Headgate Flow (cfs) = 1.50

Volume per Day (ac-ft) = 2.98

Farm Size (acres) 1 2 4 6 8 10 12 14 16 18 20

Total Ac-Ft per Season 4.3 8.5 17.0 25.5 34.0 42.5 51.0 59.5 68.0 76.5 85.0

Delivery Time Frame
Days per 

Season

Days per 

Season

Days per 

Season

Days per 

Season

Days per 

Season

Days per 

Season

Days per 

Season

Days per 

Season

Days per 

Season

Days per 

Season

Days per 

Season

24 hours/day 1 3 6 9 11 14 17 20 23 26 29

12 hours/day 3 6 11 17 23 29 34 40 46 51 57

6 hours/day 6 11 23 34 46 57 69 80 91 103 114

4 hours/day 9 17 34 51 69 86 103 120 137 154 171

Farm Size (acres) 25 30 35 40 45 50 55 60 65 70

Total Ac-Ft per Season 106.3 127.5 148.8 170.0 191.3 212.5 233.8 255.0 276.3 297.5

Delivery Time Frame
Days per 

Season

Days per 

Season

Days per 

Season

Days per 

Season

Days per 

Season

Days per 

Season

Days per 

Season

Days per 

Season

Days per 

Season

Days per 

Season

24 hours/day 36 43 50 57 64 71 79 86 93 100

12 hours/day 71 86 100 114 129 143 157 171 186 200

6 hours/day 143 171 200 229 257 286 314 343 371 400

4 hours/day 214 257 300 343 386 429 472 514 557 600

Assumptions: 1. 12-inch headgate with free flow discharge

2. 5 month irrigation season

3. State allotment is 1 CFS per 70 acres

4. Headgate set for consistent delivery flow rate as stated

5. Shaded region shows when farmer can irrigate through entire irrigation season for that time period per day

Small Acreage Allotment Chart

Delivery Flow Rate of 1.5 CFS



Headgate Flow (cfs) = 2.00

Volume per Day (ac-ft) = 3.97

Farm Size (acres) 1 2 4 6 8 10 12 14 16 18 20

Total Ac-Ft per Season 4.3 8.5 17.0 25.5 34.0 42.5 51.0 59.5 68.0 76.5 85.0

Delivery Time Frame
Days per 

Season

Days per 

Season

Days per 

Season

Days per 

Season

Days per 

Season

Days per 

Season

Days per 

Season

Days per 

Season

Days per 

Season

Days per 

Season

Days per 

Season

24 hours/day 1 2 4 6 9 11 13 15 17 19 21

12 hours/day 2 4 9 13 17 21 26 30 34 39 43

6 hours/day 4 9 17 26 34 43 51 60 69 77 86

4 hours/day 6 13 26 39 51 64 77 90 103 116 129

Farm Size (acres) 25 30 35 40 45 50 55 60 65 70

Total Ac-Ft per Season 106.3 127.5 148.8 170.0 191.3 212.5 233.8 255.0 276.3 297.5

Delivery Time Frame
Days per 

Season

Days per 

Season

Days per 

Season

Days per 

Season

Days per 

Season

Days per 

Season

Days per 

Season

Days per 

Season

Days per 

Season

Days per 

Season

24 hours/day 27 32 37 43 48 54 59 64 70 75

12 hours/day 54 64 75 86 96 107 118 129 139 150

6 hours/day 107 129 150 171 193 214 236 257 279 300

4 hours/day 161 193 225 257 289 322 354 386 418 450

Assumptions: 1. 12-inch headgate with free flow discharge

2. 5 month irrigation season

3. State allotment is 1 CFS per 70 acres

4. Headgate set for consistent delivery flow rate as stated

5. Shaded region shows when farmer can irrigate through entire irrigation season for that time period per day

Small Acreage Allotment Chart

Delivery Flow Rate of 2 CFS



 
 
 
 
 
 
 
 
 
 
 

Appendix F 
 

Preliminary Design Details 



 



 



 



 



 



 



 



 



 
 
 
 
 
 
 
 
 
 
 

Appendix G 
 

Design Calculations 



Table G.1 - INPUT DATA

Flow (cfs) 125% (cfs) Flow (cfs) 125% (cfs)

Lower Canal: Trapezoidal Shape 56.5 70.7 Siphon to Highway: Circular Pipe 47.3 59.2

Base Width (ft) = 4 Diameter (ft) = 5

Slope  = 0.00073 Slope = 0.00039

Roughness = 0.015 Roughness = 0.012

Side slope 1/z = 1.5

Upper Canal: Trapezoidal Shape 40.1 50.2 Bomengen to Fence: Trapezoidal Shape 37.2 46.5

The triangular channel is a trapezoidal channel with a base width of zero. Base Width (ft) = 4

Base Width (ft) = 4 Slope  = 0.00033

Slope = 0.00041 Roughness = 0.015

Roughness = 0.015 Side slope 1/z = 1.5

Side Slope 1/z= 1.5

Lower Canal: Circular Pipe 56.5 70.7 Bomengen to Fence: Circular Pipe 37.2 46.5

Diameter (ft) = 5 Diameter (ft) = 5

Slope = 0.00073 Slope = 0.00033

Roughness = 0.012 Roughness = 0.012

Upper Canal: Circular Pipe 40.1 50.2 Upper Canal - Section 1: Trapezoidal Shape 40.1 50.2

The circular channel does not have a base width.  Instead, enter a diameter value. Base Width (ft) = 4

Diameter (ft) = 5.5 Slope  = 0.00032

Slope = 0.00041 Roughness = 0.015

Roughness = 0.012 Side slope 1/z = 1.5

Sunnyside to Siphon: Trapezoidal Shape 51.7 64.7 Upper Canal - Section 1: Circular Pipe 40.1 50.2

Base Width (ft) = 4 Diameter (ft) = 5

Slope  = 0.00040 Slope = 0.00032

Roughness = 0.015 Roughness = 0.012

Side slope 1/z = 1.5

Sunnyside to Siphon: Circular Pipe 51.7 64.7 Upper Canal - Section 2: MID-END: Trapezoidal Shape 28.4 35.5

Diameter (ft) = 5.5 Base Width (ft) = 2

Slope = 0.00040 Slope  = 0.00041

Roughness = 0.012 Roughness = 0.015

Side slope 1/z = 1.5

Siphon to Highway: Trapezoidal Shape 47.3 59.2

Base Width (ft) = 4 Upper Canal - Section 2: MID-END: Circular Lower 28.4 35.5

Slope  = 0.00039 Diameter (ft) = 4.5

Roughness = 0.015 Slope = 0.00041

Side slope 1/z = 1.5 Roughness = 0.012



Table G.2 - Trapezoidal Sections Reshaped at 3:1 Side Slopes

Variables Lower Canal Upper Canal

Sunnyside to 

Siphon

Siphon to 

Highway

Bomengen 

to Fence

Upper Canal - 

Section 1

Upper Canal - Section 

2: MID-END

Observed Maximum Flow (cfs) 56.5 44.0 51.7 48.0 37.2 40.1 28.4

125% of Max Flow (cfs) 70.6 55.0 64.6 60.0 46.5 50.1 35.5

Q (flow) (ft³/s) 73.43 55.03 66.03 65.43 49.70 58.82 44.74

Base width (ft) 4.00 4.00 4.00 4.00 4.00 4.00 4.00

Y (depth) (ft) 2.75 2.75 3.00 3.00 2.75 3.00 2.50

Area (ft²) 33.69 33.69 39.00 39.00 33.69 39.00 28.75

P (wetted per.) (ft) 21.39 21.39 22.97 22.97 21.39 22.97 19.81

R (hy rad) (ft) 1.57 1.57 1.70 1.70 1.57 1.70 1.45

R^(2/3) (ft) 1.35 1.35 1.42 1.42 1.35 1.42 1.28

Slope 0.00073 0.00041 0.00040 0.00039 0.00033 0.00032 0.00041

S^(1/2) 0.02702 0.02025 0.01996 0.01978 0.01829 0.01778 0.02037

n 0.025 0.025 0.025 0.025 0.025 0.025 0.025

V (velocity) (ft/s) 2.18 1.63 1.69 1.68 1.48 1.51 1.56

E (total head) (ft) 2.82 2.79 3.04 3.04 2.78 3.04 2.54

Note: Actual canal depth must be at least 1.5 ft deeper then sited depths



Table G.3 - Concrete Sections Reshaped at 1.5:1 Side Slopes

Variables Lower Canal Upper Canal

Sunnyside to 

Siphon

Siphon to 

Highway

Bomengen 

to Fence

Upper Canal - 

Section 1

Upper Canal - Section 

2: MID-END

Maximum Flow (cfs) 56.5 44.0 51.7 48.0 37.2 40.1 28.4

125% of Max Flow (cfs) 70.6 55.0 64.6 60.0 46.5 50.1 35.5

Q (flow) (ft³/s) 85.06 63.75 75.12 62.28 47.47 55.99 42.85

Base width (ft) 4.00 4.00 4.00 4.00 4.00 4.00 4.00

Y (depth) (ft) 2.75 2.75 3.00 2.75 2.50 2.75 2.25

Area (ft²) 22.34 22.34 25.50 22.34 19.38 22.34 16.59

P (wetted per.) (ft) 13.92 13.92 14.82 13.92 13.01 13.92 12.11

R (hy rad) (ft) 1.61 1.61 1.72 1.61 1.49 1.61 1.37

R^(2/3) (ft) 1.37 1.37 1.44 1.37 1.30 1.37 1.23

Slope 0.00073 0.00041 0.00040 0.00039 0.00033 0.00032 0.00041

S^(1/2) 0.02702 0.02025 0.01996 0.01978 0.01829 0.01778 0.02037

n 0.015 0.015 0.015 0.015 0.015 0.015 0.015

V (velocity) (ft/s) 3.81 2.85 2.95 2.79 2.45 2.51 2.58

E (total head) (ft) 2.98 2.88 3.13 2.87 2.59 2.85 2.35

Note: Actual canal depth must be at least 1 ft deeper then sited depths



Table G.4 - Required pipe sized for aluminized steel pipe

Variables Lower Canal Upper Canal

Sunnyside to 

Siphon

Siphon to 

Highway

Bomengen 

to Fence

Upper Canal - 

Section 1

Upper Canal - Section 

2: MID-END

Maximum Flow (cfs) 56.5 44.0 51.7 48.0 37.2 40.1 28.4

125% of Max Flow (cfs) 70.6 55.0 64.6 60.0 46.5 50.1 35.5

Q (flow) (ft³/s) 82.22 61.62 78.32 60.20 55.66 54.12 46.81

Diameter (ft) 5.00 5.00 5.50 5.00 5.00 5.00 4.50

Y (depth) (ft) 4.69 4.69 5.16 4.69 4.69 4.69 4.22

Area (ft²) 19.13 19.13 23.15 19.13 19.13 19.13 15.50

P (wetted per.) (ft) 13.19 13.19 14.51 13.19 13.19 13.19 11.87

R (hy rad) (ft) 1.45 1.45 1.60 1.45 1.45 1.45 1.31

R^(2/3) (ft) 1.28 1.28 1.37 1.28 1.28 1.28 1.19

Slope 0.00073 0.00041 0.00040 0.00039 0.00033 0.00032 0.00041

S^(1/2) 0.02702 0.02025 0.01996 0.01978 0.01829 0.01778 0.02037

n 0.012 0.012 0.012 0.012 0.012 0.012 0.012

Angle,Θ (rad) 5.28 5.28 5.28 5.28 5.28 5.28 5.28

V (velocity) (ft/s) 4.30 3.22 3.38 3.15 2.91 2.83 3.02

E (total head) (ft) 4.98 4.85 5.34 4.84 4.82 4.81 4.36

Note: Flows are calculated for maximum capacity, if debris or sediment reduced cross section the flow will decrease



Table G.5 - Shotcrete Sections Reshaped at 1:1 Side Slopes

Variables Lower Canal Upper Canal

Sunnyside to 

Siphon

Siphon to 

Highway

Bomengen 

to Fence

Upper Canal - 

Section 1

Upper Canal - Section 

2: MID-END

Maximum Flow (cfs) 56.5 44.0 51.7 48.0 37.2 40.1 28.4

125% of Max Flow (cfs) 70.6 55.0 64.6 60.0 46.5 50.1 35.5

Q (flow) (ft³/s) 82.46 61.80 71.15 60.37 47.24 54.27 36.08

Base width (ft) 4.00 4.00 4.00 4.00 4.00 4.00 4.00

Y (depth) (ft) 3.00 3.00 3.25 3.00 2.75 3.00 2.25

Area (ft²) 21.00 21.00 23.56 21.00 18.56 21.00 14.06

P (wetted per.) (ft) 12.49 12.49 13.19 12.49 11.78 12.49 10.36

R (hy rad) (ft) 1.68 1.68 1.79 1.68 1.58 1.68 1.36

R^(2/3) (ft) 1.41 1.41 1.47 1.41 1.35 1.41 1.23

Slope 0.00073 0.00041 0.00040 0.00039 0.00033 0.00032 0.00041

S^(1/2) 0.02702 0.02025 0.01996 0.01978 0.01829 0.01778 0.02037

n 0.015 0.015 0.015 0.015 0.015 0.015 0.015

V (velocity) (ft/s) 3.93 2.94 3.02 2.87 2.55 2.58 2.57

E (total head) (ft) 3.24 3.13 3.39 3.13 2.85 3.10 2.35

Note: Actual canal depth must be at least 1 ft deeper then sited depths



 
 
 
 
 
 
 
 
 
 
 

Appendix H 
 

Preliminary Detailed Cost Estimates 
 



Opinion of Probable Construction Cost

Soil Sealant - PAM

No. Description Units Unit Cost Qty.

Sunnyside to 

Siphon Qty.

Siphon to 

Highway Qty.

Bomengen to 

Fence Qty.

Upper Canal - Section 

2: MID-END Qty.

Upper Canal - 

Section 1

3,380 8,350 2,455 10,445 12,925

1 Pam application (10 lbs/canal acre) Acre $250.00 2.5 $1,000 7.0 $2,000 1.9 $1,000 8.1 $3,000 10.1 $3,000

Construction Subtotal $1,000 $2,000 $1,000 $3,000 $3,000

Construction Phase Engineering costs (10% of Construction Subtotal) 10% $1,000 10% $1,000 10% $1,000 10% $1,000 10% $1,000

Subtotal $2,000 $3,000 $2,000 $4,000 $4,000

Contingency (15% of Construction Subtotal and Engineering Costs) $1,000 $1,000 $1,000 $1,000 $1,000

Construction Total $3,000 $4,000 $3,000 $5,000 $5,000

Preparation of final designs and specifications (% of construction Subtotal)  15% $1,000 15% $1,000 15% $1,000 15% $1,000 15% $1,000

Permitting and mitigation $0 $0 $0 $0 $0
Legal fees $0 $0 $0 $0 $0
Acquisition of access and rights of way $0 $0 $0 $0 $0

Subtotal $1,000 $1,000 $1,000 $1,000 $1,000

Total Project Cost $4,000 $5,000 $4,000 $6,000 $6,000

Total Cost per foot $1.18 $0.60 $1.63 $0.57 $0.46

NOTE:

1.  This Opinion of Probable Construction Cost is not intended for use in bidding or ordering of equipment or materials.

     Aqua Engineering will not be responsible for differences between this information and actual project equipment 

     and materials quantities or construction costs.

2.  Assumptions

A.  Cover All Surfaces of Canal

B.  Apply 10 lb/ Canal Acre

C.  $250/ Canal Acre



Opinion of Probable Construction Cost

Compacted Clay - Bentonite

No. Description Units Unit Cost Qty.

Sunnyside to 

Siphon Qty.

Siphon to 

Highway Qty.

Bomengen to 

Fence Qty. Upper Canal - Section 2: MID-END Qty.

Upper Canal - Section 

1

3,380 8,350 2,455 10,445 12,925

1 Excavation/backfill C.Y. $3.00 5,395 $17,000 13,329 $40,000 3,048 $10,000 16,689 $51,000 20,632 $62,000

2 Till and Compaction of Bentonite S.Y. $3.00 15,195 $46,000 37,538 $113,000 8,423 $26,000 46,956 $141,000 45,956 $138,000

3 Bentonite Soil (entire canal) Ton $43.00 205 $9,000 507 $22,000 114 $5,000 634 $28,000 620 $27,000

4 Transportation of Clay Soil Ton $7.50 205 $2,000 507 $4,000 114 $1,000 634 $5,000 620 $5,000

Construction Subtotal $74,000 $179,000 $42,000 $225,000 $232,000

Construction Phase Engineering costs (10% of Construction Subtotal) 10% $8,000 10% $18,000 10% $5,000 10% $23,000 10% $24,000

Subtotal $82,000 $197,000 $47,000 $248,000 $256,000

Contingency (15% of Construction Subtotal and Engineering Costs) $13,000 $30,000 $8,000 $38,000 $39,000

Construction Total $95,000 $227,000 $55,000 $286,000 $295,000

Preparation of final designs and specifications (% of construction Subtotal)  20% $15,000 15% $27,000 20% $9,000 15% $34,000 15% $35,000

    Final designs will include boring hole analysis and surveying section

Permitting and mitigation (Assume 5%) $5,000 $12,000 $3,000 $15,000 $15,000

Legal fees (Assume 2%) $2,000 $5,000 $2,000 $6,000 $6,000

Acquisition of access and rights of way (Assume 2%) $2,000 $5,000 $2,000 $6,000 $6,000

Subtotal $24,000 $49,000 $16,000 $61,000 $62,000

Total Project Cost $119,000 $276,000 $71,000 $347,000 $357,000

Total Cost per foot $35.2 $33.1 $28.9 $33.2 $27.6

NOTE:

1.  This Opinion of Probable Construction Cost is not intended for use in bidding or ordering of equipment or materials.

     Aqua Engineering will not be responsible for differences between this information and actual project equipment 

     and materials quantities or construction costs.

2.  Assumptions

A.  Adjust Banks to Slope of 3:1

B.  Peel away 6-12 Inches

C.  Apply 3 lbs/ft
2
 of Bentonite and Till in 6" Deep

D.  Compact Soil

E.  Place Soil Back in Canal

F.  Assume Current Canal Side Slopes at 1:1

G.  Assume Current Depth Differs per Section



Opinion of Probable Construction Cost

Flexible Membrane - EPDM Exposed

No. Description Units Unit Cost Qty.

Sunnyside to 

Siphon Qty.

Siphon to 

Highway Qty.

Bomengen to 

Fence Qty.

Upper Canal - Section 2: 

MID-END Qty.

Upper Canal - 

Section 1

3,380 8,350 2,455 10,445 12,925

1 Excavation/backfill for Anchor Trench C.Y. $3.00 376 $2,000 928 $3,000 273 $1,000 1,161 $4,000 1,436 $5,000

2 Fine Grading and Subgrade Preparation S.Y. $3.00 3,988 $12,000 11,175 $34,000 3,034 $10,000 12,907 $39,000 16,175 $49,000

3 45 mil EPDM Liner S.F. $0.55 135,808 $75,000 371,575 $205,000 102,374 $57,000 435,557 $240,000 544,530 $300,000

Construction Subtotal $89,000 $242,000 $68,000 $283,000 $354,000

Construction Phase Engineering costs (10% of Construction Subtotal) 10% $9,000 10% $25,000 10% $7,000 10% $29,000 10% $36,000

Subtotal $98,000 $267,000 $75,000 $312,000 $390,000

Contingency (15% of Construction Subtotal and Engineering Costs) $15,000 $41,000 $12,000 $47,000 $59,000

Construction Total $113,000 $308,000 $87,000 $359,000 $449,000

Preparation of final designs and specifications (% of construction Subtotal)  20% $18,000 14% $34,000 20% $14,000 15% $43,000 15% $54,000

    Final designs will include boring hole analysis and surveying section

Permitting and mitigation (Assume 5%) $6,000 $16,000 $5,000 $18,000 $23,000

Legal fees (Assume 2%) $3,000 $7,000 $2,000 $8,000 $9,000

Acquisition of access and rights of way (Assume 2%) $3,000 $7,000 $2,000 $8,000 $9,000

Subtotal $30,000 $64,000 $23,000 $77,000 $95,000

Total Project Cost $143,000 $372,000 $110,000 $436,000 $544,000

Total Cost per foot $42.3 $44.6 $44.8 $41.7 $42.1

NOTE:

1.  This Opinion of Probable Construction Cost is not intended for use in bidding or ordering of equipment or materials.

     Aqua Engineering will not be responsible for differences between this information and actual project equipment 

     and materials quantities or construction costs.

2.  Assumptions

A.  1:1 Slope

B.  Must adjust existing bank and remove vegetation

C.  1/3 of will require fine grading.



Opinion of Probable Construction Cost

Flexible Membrane - PVC with Soil Cover

No. Description Units Unit Cost Qty.

Sunnyside to 

Siphon Qty.

Siphon to 

Highway Qty.

Bomengen to 

Fence Qty.

Upper Canal - Section 2: 

MID-END Qty.

Upper Canal - 

Section 1

3,380 8,350 2,455 10,445 12,925

1 Excavation/backfill C.Y. $3.00 5,446 $17,000 13,453 $41,000 3,364 $11,000 16,828 $51,000 16,755 $51,000

2 Fine Grading and Subgrade Preparation S.Y. $3.00 4,023 $13,000 9,938 $30,000 2,780 $9,000 12,432 $38,000 13,886 $42,000

3 30 mil PVC Liner S.F. $0.40 136,755 $55,000 337,841 $136,000 95,450 $39,000 422,605 $170,000 482,103 $193,000

4 8-oz. Geotextile Fabric S.F. $0.15 136,755 $21,000 337,841 $51,000 95,450 $15,000 422,605 $64,000 482,103 $73,000

5 12" Soil Cover over PVC Liner (entire canal) C.Y. $3.00 4,689 $15,000 11,585 $35,000 3,262 $10,000 14,491 $44,000 11,178 $34,000

Construction Subtotal $121,000 $293,000 $84,000 $367,000 $393,000

Construction Phase Engineering costs (10% of Construction Subtotal) 10% $13,000 10% $30,000 10% $9,000 10% $37,000 10% $40,000

Subtotal $134,000 $323,000 $93,000 $404,000 $433,000

Contingency (15% of Construction Subtotal and Engineering Costs) $21,000 $49,000 $14,000 $61,000 $65,000

Construction Total $155,000 $372,000 $107,000 $465,000 $498,000

Preparation of final designs and specifications (% of construction Subtotal)  20% $25,000 12% $36,000 18% $16,000 12% $45,000 12% $48,000

    Final designs will include boring hole analysis and surveying section

Permitting and mitigation (Assume 5%) $8,000 $19,000 $6,000 $24,000 $25,000

Legal fees (Assume 2%) $4,000 $8,000 $3,000 $10,000 $10,000

Acquisition of access and rights of way (Assume 2%) $4,000 $8,000 $3,000 $10,000 $10,000

Subtotal $41,000 $71,000 $28,000 $89,000 $93,000

Total Project Cost $196,000 $443,000 $135,000 $554,000 $591,000

Total Cost per foot $58.0 $53.1 $55.0 $53.0 $45.7

NOTE:

1.  This Opinion of Probable Construction Cost is not intended for use in bidding or ordering of equipment or materials.

     Aqua Engineering will not be responsible for differences between this information and actual project equipment 

     and materials quantities or construction costs.

2.  Assumptions

A.  3:1 Slope

B.  1-Foot of Soil Cover

C.  1/3 of Excavation for Fine Grading.



Opinion of Probable Construction Cost

Geosynthetic Clay Liners

No. Description Units Unit Cost Qty.

Sunnyside to 

Siphon Qty.

Siphon to 

Highway Qty.

Bomengen to 

Fence Qty.

Upper Canal - Section 2: 

MID-END Qty.

Upper Canal - 

Section 1

3,380 8,350 2,455 10,445 12,925

1 Excavation/backfill for Bank Adjustment C.Y. $3.00 5,446 $17,000 13,453 $41,000 3,364 $11,000 16,828 $51,000 16,755 $51,000

2 Fine Grading and Subgrade Preparation S.Y. $3.00 4,395 $14,000 10,857 $33,000 3,050 $10,000 13,581 $41,000 15,308 $46,000

3 Bentomat ST Liner S.F. $0.45 163,795 $74,000 404,641 $183,000 94,100 $43,000 506,165 $228,000 482,103 $217,000

4 12" Soil Cover over Clay Liner (entire canal) C.Y. $3.00 5,065 $16,000 12,513 $38,000 2,808 $9,000 15,652 $47,000 14,026 $43,000

Construction Subtotal $121,000 $295,000 $73,000 $367,000 $357,000

Construction Phase Engineering costs (10% of Construction Subtotal) 10% $13,000 10% $30,000 10% $8,000 10% $37,000 10% $36,000

Subtotal $134,000 $325,000 $81,000 $404,000 $393,000

Contingency (15% of Construction Subtotal and Engineering Costs) $21,000 $49,000 $13,000 $61,000 $59,000

Construction Total $155,000 $374,000 $94,000 $465,000 $452,000

Preparation of final designs and specifications (% of construction Subtotal)  
20% $25,000

15%
$45,000

20%
$15,000

15%
$56,000

15%
$54,000

    Final designs will include boring hole analysis and surveying section

Permitting and mitigation (Assume 5%) $8,000 $19,000 $5,000 $24,000 $23,000

Legal fees (Assume 2%) $4,000 $8,000 $2,000 $10,000 $10,000

Acquisition of access and rights of way (Assume 2%) $4,000 $8,000 $2,000 $10,000 $10,000

Subtotal $41,000 $80,000 $24,000 $100,000 $97,000

Total Project Cost $196,000 $454,000 $118,000 $565,000 $549,000

Total Cost per foot $58.0 $54.4 $48.1 $54.1 $42.5

NOTE:

1.  This Opinion of Probable Construction Cost is not intended for use in bidding or ordering of equipment or materials.

     Aqua Engineering will not be responsible for differences between this information and actual project equipment 

     and materials quantities or construction costs.

2.  Assumptions

A.  GCL Manufacturers recommend 1-Foot of Cover

B.  3:1 Slope

C.  1/3 of Excavation for Fine Grading.



Opinion of Probable Construction Cost

Flexible Membrane - RPP Exposed

No. Description Units Unit Cost Qty.

Sunnyside to 

Siphon Qty.

Siphon to 

Highway Qty.

Bomengen to 

Fence Qty.

Upper Canal - Section 2: 

MID-END Qty.

Upper Canal - 

Section 1

3,380 8,350 2,455 10,445 12,925

1 Excavation/backfill for Anchor Trench C.Y. $3.00 376 $2,000 928 $3,000 273 $1,000 1,161 $4,000 1,436 $5,000

2 Fine Grading and Subgrade Preparation S.Y. $3.00 3,988 $12,000 11,175 $34,000 3,034 $10,000 12,907 $39,000 16,175 $49,000

3 45 mil RPP Liner S.F. $0.66 135,808 $90,000 371,575 $246,000 102,374 $68,000 435,557 $288,000 544,530 $360,000

Construction Subtotal $104,000 $283,000 $79,000 $331,000 $414,000

Construction Phase Engineering costs (10% of Construction Subtotal) 10% $11,000 10% $29,000 10% $8,000 10% $34,000 10% $42,000

Subtotal $115,000 $312,000 $87,000 $365,000 $456,000

Contingency (15% of Construction Subtotal and Engineering Costs) $18,000 $47,000 $14,000 $55,000 $69,000

Construction Total $133,000 $359,000 $101,000 $420,000 $525,000

Preparation of final designs and specifications (% of construction Subtotal)  20% $21,000 12% $34,000 20% $16,000 12% $40,000 12% $50,000

    Final designs will include boring hole analysis and surveying section

Permitting and mitigation (Assume 5%) $7,000 $18,000 $6,000 $21,000 $27,000

Legal fees (Assume 2%) $3,000 $8,000 $3,000 $9,000 $11,000

Acquisition of access and rights of way (Assume 2%) $3,000 $8,000 $3,000 $9,000 $11,000

Subtotal $34,000 $68,000 $28,000 $79,000 $99,000

Total Project Cost $167,000 $427,000 $129,000 $499,000 $624,000

Total Cost per foot $49.4 $51.1 $52.5 $47.8 $48.3

NOTE:

1.  This Opinion of Probable Construction Cost is not intended for use in bidding or ordering of equipment or materials.

     Aqua Engineering will not be responsible for differences between this information and actual project equipment 

     and materials quantities or construction costs.

2.  Assumptions

A.  1:1 Slope

B.  Must adjust existing bank and remove vegetation

C.  1/3 of will require fine grading.



Opinion of Probable Construction Cost

Shotcrete with PVC

No. Description Units Unit Cost Qty.

Sunnyside to 

Siphon Qty.

Siphon to 

Highway Qty.

Bomengen to 

Fence Qty.

Upper Canal - Section 2: MID-

END Qty.

Upper Canal - 

Section 1

3,380 8,350 2,455 10,445 12,925

1 Excavation/backfill C.Y. $3.00 1,515 $5,000 4,410 $14,000 1,169 $4,000 4,975 $15,000 6,518 $20,000

2 Fine Grading and Subgrade Preparation S.Y. $3.00 2,256 $7,000 6,895 $21,000 1,775 $6,000 7,552 $23,000 15,244 $46,000

3 30 mil PVC Liner S.F. $0.40 88,556 $36,000 254,842 $102,000 68,053 $28,000 289,535 $116,000 377,798 $152,000

4 3" shotcrete extended 1' above water surface C.Y. $110.00 570 $63,000 1,741 $192,000 448 $50,000 1,907 $210,000 2,541 $280,000

Construction Subtotal $111,000 $329,000 $88,000 $364,000 $498,000

Construction Phase Engineering costs (10% of Construction Subtotal) 10% $12,000 10% $33,000 10% $9,000 10% $37,000 10% $50,000

Subtotal $123,000 $362,000 $97,000 $401,000 $548,000

Contingency (15% of Construction Subtotal and Engineering Costs) $19,000 $55,000 $15,000 $61,000 $83,000

Construction Total $142,000 $417,000 $112,000 $462,000 $631,000

Preparation of final designs and specifications (% of construction Subtotal)  
20% $23,000

15%
$50,000

20%
$18,000

15%
$55,000

15%
$75,000

    Final designs will include boring hole analysis and surveying section

Permitting and mitigation (Assume 5%) $8,000 $21,000 $6,000 $24,000 $32,000

Legal fees (Assume 2%) $3,000 $9,000 $3,000 $10,000 $13,000

Acquisition of access and rights of way (Assume 2%) $3,000 $9,000 $3,000 $10,000 $13,000

Subtotal $37,000 $89,000 $30,000 $99,000 $133,000

Total Project Cost $179,000 $506,000 $142,000 $561,000 $764,000

Total Cost per foot $53.0 $60.6 $57.8 $53.7 $59.1

NOTE:

1.  This Opinion of Probable Construction Cost is not intended for use in bidding or ordering of equipment or materials.

     Aqua Engineering will not be responsible for differences between this information and actual project equipment 

     and materials quantities or construction costs.

2.  Assumptions

A.  Use 3" Shotcrete

B.  Shotcrete can be placed at 1:1 Slope

C.  Use PVC Under Shotcrete

D.  Use Fine Grading for 1/3 the Area of Canal

E.  Excavation down 6" for placement of shotcrete



Opinion of Probable Construction Cost

Concrete Formwork

No. Description Units Unit Cost Qty.

Sunnyside to 

Siphon Qty.

Siphon to 

Highway Qty.

Bomengen to 

Fence Qty.

Upper Canal - 

Section 2: MID-END Qty.

Upper Canal - 

Section 1

3,380 8,350 2,455 10,445 12,925

1 Excavation/backfill C.Y. $3.00 501 $2,000 1,237 $4,000 364 $2,000 1,547 $5,000 1,915 $6,000

2 3" Concrete Lined Ditch - 4' deep and 4' bottom width L.F. $64.00 3,380 $217,000 8,350 $535,000 2,455 $158,000 10,445 $669,000 12,925 $828,000

Construction Subtotal $219,000 $539,000 $160,000 $674,000 $834,000

Construction Phase Engineering costs (10% of Construction Subtotal) 10% $22,000 10% $54,000 10% $16,000 10% $68,000 10% $84,000

Subtotal $241,000 $593,000 $176,000 $742,000 $918,000

Contingency (15% of Construction Subtotal and Engineering Costs) $37,000 $89,000 $27,000 $112,000 $138,000

Construction Total $278,000 $682,000 $203,000 $854,000 $1,056,000

Preparation of final designs and specifications (% of construction Subtotal)  15% $33,000 10% $54,000 15% $24,000 10% $68,000 10% $84,000
    Final designs will include boring hole analysis and surveying section

Permitting and mitigation (Assume 5%) $14,000 $35,000 $11,000 $43,000 $53,000
Legal fees (Assume 2%) $6,000 $14,000 $5,000 $18,000 $22,000
Acquisition of access and rights of way (Assume 2%) $6,000 $14,000 $5,000 $18,000 $22,000

Subtotal $59,000 $117,000 $45,000 $147,000 $181,000

Total Project Cost $337,000 $799,000 $248,000 $1,001,000 $1,237,000

Total Cost per foot $99.7 $95.7 $101.0 $95.8 $95.7

NOTE:

1.  This Opinion of Probable Construction Cost is not intended for use in bidding or ordering of equipment or materials.

     Aqua Engineering will not be responsible for differences between this information and actual project equipment 

     and materials quantities or construction costs.

2.  Assumptions

A.  1.5:1 Slope

B.  3" Concrete



Opinion of Probable Construction Cost

Aluminized Steel Piped

No. Description Units Unit Cost Qty.

Sunnyside to 

Siphon Qty.

Siphon to 

Highway Qty.

Bomengen to 

Fence Qty.

Upper Canal - Section 2: MID-

END Qty.

Upper Canal - Section 

1

3,380 8,350 2,455 10,445 12,925

1 Excavation/backfill C.Y. $3.00 7,273 $22,000 17,968 $54,000 5,283 $16,000 22,476 $68,000 27,813 $84,000

2 Tee Fittings, Headgates, and Installation Ea. $3,500.00 3 $11,000 8 $27,000 2 $8,000 10 $34,000 12 $42,000

3 54" Ultra-Flo-14 gage Aluminized Steel Pipe L.F. $65.59 10,445 $686,000

4 60" Ultra-Flo-14 gage Aluminized Steel Pipe L.F. $89.58 8,350 $748,000 2,455 $220,000 12,925 $1,158,000

5 66" Ultra-Flo-14 gage Aluminized Steel Pipe L.F. $99.03 3,380 $335,000

6 Manholes/Cleanouts (Located every 400 ft) Ea. $500.00 8 $5,000 21 $11,000 6 $4,000 26 $14,000 32 $17,000

Construction Subtotal $373,000 $840,000 $248,000 $802,000 $1,301,000

Construction Phase Engineering costs (10% of Construction Subtotal) 10% $38,000 10% $84,000 10% $25,000 10% $81,000 10% $131,000

Subtotal $411,000 $924,000 $273,000 $883,000 $1,432,000

Contingency (15% of Construction Subtotal and Engineering Costs) $62,000 $139,000 $41,000 $133,000 $215,000

Construction Total $473,000 $1,063,000 $314,000 $1,016,000 $1,647,000

Preparation of final designs and specifications (% of construction Subtotal)  15% $56,000 10% $84,000 15% $38,000 10% $81,000 8% $105,000

    Final designs will include boring hole analysis and surveying section

Permitting and mitigation (Assume 5%) $24,000 $54,000 $16,000 $51,000 $83,000

Legal fees (Assume 2%) $10,000 $22,000 $7,000 $21,000 $33,000

Acquisition of access and rights of way (Assume 2%) $10,000 $22,000 $7,000 $21,000 $33,000

Subtotal $100,000 $182,000 $68,000 $174,000 $254,000

Total Project Cost $573,000 $1,245,000 $382,000 $1,190,000 $1,901,000

Total Cost per foot $169.5 $149.1 $155.6 $113.9 $147.1

NOTE:

1.  This Opinion of Probable Construction Cost is not intended for use in bidding or ordering of equipment or materials.

     Aqua Engineering will not be responsible for differences between this information and actual project equipment 

     and materials quantities or construction costs.

2.  Assumptions

A.  Excavate pipe into canal with 1 ft of cover

B.  Backfill and Compact Pipe to Top of Canal

C.  Assume there are 99 headgates




