
 
 

This is a digital document from the collections of the Wyoming Water 
Resources Data System (WRDS) Library. 

 
 

For additional information about this document and the document conversion 
process, please contact WRDS at wrds@uwyo.edu and include the phrase 

“Digital Documents” in your subject heading. 
 

To view other documents please visit the WRDS Library online at: 
http://library.wrds.uwyo.edu 

 
 

Mailing Address: 
Water Resources Data System 

University of Wyoming, Dept 3943 
1000 E University Avenue 

Laramie, WY 82071 

Physical Address: 
Wyoming Hall, Room 249 
 University of Wyoming 

Laramie, WY 82071 

Phone: (307) 766-6651 
Fax: (307) 766-3785 

 
 
 

Funding for WRDS and the creation of this electronic document was 
provided by the Wyoming Water Development Commission 

(http://wwdc.state.wy.us) 
 



WYOMING WATER DEVELOPMENT 
COMMISSION 

 
OWL CREEK IRRIGATION DISTRICT 

CONSERVATION STUDY 
LEVEL II 

 
October 2006 

  
  

Aqua Engineering, Inc. 
            4803 Innovation Drive 
            Fort Collins, Colorado 80525 
            970.229.9668 
  www.aquaengineering.com 
 

 
 
 
 

 
 

 

EXECUTIVE SUMMARY 
 



  
  

Aqua Engineering, Inc. 
            4803 Innovation Drive 
            Fort Collins, Colorado 80525 
            970.229.9668 
  www.aquaengineering.com 
 

 
 

EXECUTIVE SUMMARY 
 
 
 
 
 
 

OWL CREEK IRRIGATION DISTRICT 
CONSERVATION STUDY 

LEVEL II 
 
 
 
 
 

Prepared for: 
 

Wyoming Water Development Commission 
6920 Yellowtail Road 
Cheyenne, WY 82002 

 
 
 
 
 
 

October 2006 
 
 
 
 
 

 
Submitted by: 
 

 
 
 
 

 



Owl Creek Irrigation District  Executive Summary – October 2006 
-1- 

EXECUTIVE SUMMARY 
 
Geographically, this project encompasses the Lucerne Area of the Owl Creek Irrigation 
District. The primary focus of effort is on seepage loss investigations, conceptual 
designs of lining systems, cost estimates for improvements, and prioritization and 
recommendations for improvements. This Level II project also includes collection and 
analysis of seepage data, updates to the District’s GIS map, preliminary design of canal 
lining alternatives, and unit cost estimates. The overall goal of this study is to provide 
Owl Creek Irrigation District with a definitive plan to proceed with project 
recommendations.  

 
A. PROJECT 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. Water supply 
for the Lucerne Area is provided via pumping from the Big Horn River. The primary 
pump station 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 

 
Certain canal reaches experience seepage, which ranges from minor to major and the 
District is interested in making improvements to reduce seepage. 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 inflows originating 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 subsurface ground water inflows. Based on this 
study and 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 
 
B. SEEPAGE LOSS 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 to include canal linings as 
well as changes to canal operations. 
 
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 
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outflow of several reaches of the canal in order to identify seepage rates in presumed 
problematic areas and to subsequently prioritize the areas for improvement.  
 
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 canal structure modifications or installation of critical flow 
measurement devices. The StreamPro ADCP unit, manufactured by Teledyne RD 
Instruments (San Diego, CA) was utilized. The overall calculated flow measurement is 
generally within +2% accuracy when all recommended field procedures are followed.  
 
Primary Lower Canal Data Collection. The selected segments are identified on a map 
in Figure A found in Appendix C. Each of the sections was previously identified as a high 
seepage area in the previous 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. A description of each test section, referred to by field-adapted 
names, is provided in the report. 
 

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

Field tests were conducted in August and September 2005 and in June 2006. The 
upstream cross section was tested and then the ADCP equipment was moved promptly 
to the downstream cross section to immediately measure the downstream flow rate for 
suitable comparison to the upstream flow rate.  
 
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 found in Appendix C. These locations were selected in order to utilize the 
existing taglines previously set up for the original test sections in 2005, and to cover as 
much of the Lower Canal as practical. 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. The sections tested included: 
 

• From the Gage to Sunnyside (L1) 
• From Sunnyside to Bomengen (L2) 
• From Bomengen to Pivot-Out (L3) 

 
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 in the report. 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. The section designations were:  
 

• Section 1  
• Section 2  
• Section 3 
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C. SEEPAGE LOSS DATA REDUCTION 
 

The seepage 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 within the canal 
section. Over the 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 in studies of this 
type, measured seepage is often not found to be as high as might be intuitively 
estimated. 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 

 
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 per mile. Additional tables in the report are provided to show the flow 
loss in each section along with the extrapolated loss per mile and the calculated volume 
losses (expressed in acre-feet) in each test section as extrapolated over a day and an 
irrigation season. Varying flow rates will result in varying losses but this approach was 
conceptualized in order to establish an order of magnitude of recoverable water volume.  
 
Gains. Gaining sections in the Lower Canal sections are supported by the November 
2005 site visit discussed in the report. 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 water surface gradient. The surface and subsurface inflows to the Lower Canal 
make any lining project more difficult to recommend. If the Lower Canal is lined, then the 
inflow water can no longer enter the Lower Canal. As a result, water will find a way 
around, or under, the Lower Canal. Flowing water under a lining system will likely result 
in damage to the lining over time.  



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 (-).
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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 or gains in a 
given reach. 
 
Evaporation. As noted earlier, evaporation was considered to be negligible during the 
field test but evaporation over the entire season can be calculated and entered into the 
seasonal analysis. Estimates for losses other than seepage can also 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. Table 4.9 shows 
the total possible losses due to seepage and evaporation in the Lower Canal 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 

 
Water Balance. 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. 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.  
 
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 before the measurements were made. Rather than 
a 25% to 40% loss due to seepage, the field test results showed less than 15% loss due 
to seepage in those test sections that were found to have losses. Often, the judged 
losses attributed to seepage are actually the total losses in a system, including 
evaporation, headgate leaks, spills, consumptive use by phreatophytes, and 
unauthorized appropriations.  
 
Although not as great as originally predicted by the District, the measured seepage is not 
uncommon for earthen canal systems. The added component of inflows to the Lower 
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Canal appears to often offset the seepage loss in some cases. 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 

 
D. REHABILITATION PLAN 

 
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. The report includes a discussion on flow measurement 
and alternative devices the District should consider implementing. Improvements related 
to headgates should be considered. Future improvements to individual headgates 
should include 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 with the long-throated flumes being preferred for reasons described in 
the full report. Installation and monitoring of flow devices at each headgate will allow for 
more accurate water allocations 
 
Supervisory Control and Data Acquisition (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 affordable for these 
situations. The opportunity, the costs, and the benefits of SCADA are explored in the full 
report. 
 

E. CONCEPTUAL LEVEL DESIGNS AND COST ESTIMATES 
 
Alternative methods for reducing seepage within the Owl Creek Irrigation District canals 
are presented. 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 is presented. Six types of lining systems are 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 linings discussed are: 1) 
soil sealants or PAM, 2) flexible geomembrane liners, 3) soil alteration or compacted 
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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.  
 
Potential Water Savings. Alternative lining methods will have varying seepage 
reduction rates. Table 6.3 in the full report 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.  
 
Lining Recommendations. The sections recommended for lining installation all showed 
loses during the field tests. These sections likely do not have water flowing into the canal 
as found in some other test section. 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 but at differing 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 are presented in the report and the recommended 
methods for consideration, in order of priority based on cost, include: 
 

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

 
Cost Estimates. Cost estimates for each preliminary design alternative discussed in this 
report are shown in Table 6.6. This table shows each alternative’s cost for the section 
indicated. Additionally, Table 6.7 in the report 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 approximately 4,028 acres.  
 
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. 
 
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 a 4% annual interest rate 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. Note that the District may qualify for a loan repayment period 
between 20 and 50 years through the WWDC program.   



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.
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F. 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. 

 
 
 




