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1. INTRODUCTION 
 
1.1 GENERAL 
 
This report presents the findings of Phase 2 of the Final Report Wheatland Irrigation 
District Conservation Study Level II (States West Water Resources Corporation, 2005).  
This study used the recommendations of the Level II report to evaluate the effectiveness 
of a Polyacrylamide (PAM) treatment to sections of canals where significant seepage 
occurs.  This study was conducted for the WID under direction and funding of the 
Wyoming Water Development Commission (WWDC) by States West Water Resources 
Corporation in association with the University of Wyoming. 
 
1.2 DESCRIPTION 
 
The recommendations presented in the Level II study conducted by States West Water 
Resources were to perform a Phase 2 study of the Level II to implement and evaluate the 
effectiveness of treating portions of canals within the WID’s distribution system. 
 
States West and the WWDC were approached by the University of Wyoming about 
partnering with them to fulfill portions of this study and to assist the University of 
Wyoming in their on-going studies of using PAM as a treatment for reducing seepage in 
canals.  A graduate student, Mr. Brian Story, with the University of Wyoming and his 
technical advisor, Mr. Michael Urynowicz, Ph.D., P.E. asked if they could perform the 
implementation and data collection for a portion of our study area to supplement their 
previous and on-going studies on Polyacrylamide.  The results of this study are attached 
as Appendix A of this report. 
 
For the Phase 2 study, sections of two different canals were identified as having 
significant seepage.  One section was located on Canal #2 located west of the town of 
Wheatland.  A one and one-half mile section of the canal was chosen to perform the 
PAM treatment.  This section was treated and evaluated by States West Water Resources.  
The second section was located on the Bordeaux Lateral, southwest of Wheatland.  This 
1,500 feet section was treated and evaluated by the University of Wyoming.  (See Figure 
2.1)  
 
1.3 PURPOSE OF STUDY 
 
The purpose of this study was to determine the effectiveness of applying PAM as a 
means to control and minimize seepage loss in unlined earthen canals.  Application plans 
were developed by States West Water Resources and by the University of Wyoming to 
apply the PAM to the two study areas.  Flow analyses were performed both before and 
after the treatment application to help determine the effectiveness of the treatment. 
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2. SUMMARY OF FINDINGS 
 
2.1 Study Area 
 
With the assistance of the WID, two study areas were identified as areas with significant 
levels of seepage losses.  One area identified on Canal No. 2 was a section of the canal 
approximately one and one-half miles long.  The second study area is a 1,500 feet long 
section of the Bordeaux Lateral.   
 
2.1.2 Canal No. 2 
 
Canal No. 2 delivers water from Wheatland Reservoir No. 1 to irrigated lands west of 
Wheatland, flows through the town, and provides water to lands east of Wheatland.  The 
WID owned canal is approximately 17 miles in length.  The canal consists of 
approximately 4-1/2 miles of concrete lined channel from the reservoir.  The remainder 
of the canal is unlined earthen channel.   
 
The study area of the canal is located approximately 7-1/4 miles downstream of 
Wheatland Reservoir No. 1.  The study section is an earthen channel and approximately 
1.5 miles long (See Figure 2.1). 
 
2.1.2 Bordeaux Lateral 
 
The Bordeaux Lateral delivers water from No. 1 Lateral to irrigated lands south of 
Wheatland.  This canal is unlined earthen channel approximately 14 miles long.  Portions 
of the canal, including the study area, were constructed by benching into side slopes of 
hill.  These portions of the canals have one side excavated into the hill and the other bank 
consists of fill.  The study area is in a location where the canal crosses a natural drainage.  
The area of the drainage downstream from the channel crossing consist of lush, green 
grasses, assumed to be enhanced from water seeping from the canal. 
 
The study area is approximately one and three-quarter miles downstream from the 
diversion off of the No. 1 Lateral (See Figure 2-1).  This section of the study was 
implemented and evaluated by the University of Wyoming. 
 
2.2 Implementation 
 
A plan was developed to determine the effects that PAM applications would have on the 
study areas that would compare seepage before and after the application.  The plan 
including measuring flows throughout the test section before and after the PAM 
treatments.  The flow data was used to estimate the amount of seepage loss that occurred 
over the test section.  The estimated seepage prior to the treatment was compared to the 
seepage estimated after the treatment.   
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2.2.1 Canal No. 2 
 
The application of the Polyacrylamide to the canal test section was performed using a 
method that could be easily replicated and implemented by the Wheatland Irrigation 
District.  The tools used for the application are readily available to the District and further 
applications could be performed rather inexpensively.  The District currently owns all the 
equipment used during the application with the exception of the mechanical seed 
spreader.  Future applications could be performed using the same equipment and large 
scale applications could be performed quickly. 
 
One of the concerns of applying by this method is the amount of time needed for 
hydration of the PAM.  Application of a PAM solution or emulsion could be 
implemented to decrease the hydration time of the PAM.  The solution could be applied 
to a flowing canal as was done on the Bordeaux Lateral or to applied as a solution to a 
dry canal bed prior to release of water.  Another application method, but does not solve 
the hydration concerns, is to apply granular PAM to a dry canal bed prior to the release of 
water.   
 
Flow Measurement 
 
Flow measurements were conducted on 10 different days throughout the study.  Four 
measurements were made prior to the first PAM application, three measurements 
between the first and second PAM application and three measurements following the 
second PAM application. 
 
The one and one-half mile test section of Canal #2 was divided into three segments, as 
shown on Figure 2.1, each approximately one-half mile in length.  The first measurement 
location was located at the beginning of the test section.  Three other locations were used 
to obtain flow measurements, each approximately one-half mile apart.  A total of four 
measurement stations were used and each location was measured before and after the 
applications.  The flow measurements were obtained using U.S. Geological Survey 
procedures.   
 
Figure 2.2 presents the calculated total loss through the test section for each day 
measurements were taken, both as a flow rate and as a percentage of loss related to the 
measured flow entering the test section.  Note that the total losses for August 3 are shown 
as a negative number, meaning a gain in flow. 
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Figure 2.2 – Total Loss through the Section 
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The gain of flow indicated in the discussion above occurred
three days of measurements.  The measurements at station 
cause of these potential errors.  The amount of vegetation 
appeared to be much greater than the vegetation at other 
made during the reading were that the flow measuremen
operating correctly, possibly due to large amounts of veget
not only affect the probe, but also change the flow velocity p
 
It is possible that measurement errors occurred at Station 1, s
2.  It may also be possible that the section is gaining return 
through saturated soils near the ditch banks.  At one locatio
pipe conveys water under the canal intermittently.  No leak
but it could be possible that water entered the canal through 
 
No appreciable reduction in seepage could be proven by th
comparing the losses from before and after the PAM 
reduction was observed when the flow gains were ignored.  
the accuracy of the flow measurement method less than or 
trying to be determined.   
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 between stations 2 and 3 on 
2 are suspected as being the 
in the canal bed at Station 2 
stations.  Some observations 
t probe may not have been 
ation on the canal bed which 
rofile of the station.   

imilar to the errors at Station 
flows from adjacent fields or 
n between Stations 2 and 3, a 
s were observed in this pipe, 
possible leaks in the pipe. 

e data in this report.  When 
applications, no appreciable 
This could be in part because 
very near the amount of loss 



2.2.2 Bordeaux Lateral 
 
Site Description 

The Bordeaux polymer application test was conducted on a 1500-foot long test reach on 
the Bordeaux lateral canal.  The canal is located south of Wheatland, Wyoming on the 
WID (Figure 3.1).  The canal flows southeast from Lower Canal 1 and provides water to 
agricultural plots in the southeastern section of the WID.   
  

 e 
 

Figure 3.1 – Site map showing the WID canal system, the Bordeaux ca

site 

Polymer application 

An emulsified anionic polyacrylamide product (POLYTEX
Bordeaux polymer application test.  POLYTEX EC® has a 3
Mg/mol molecular weight, and is composed of 55.8% activ
enhance hydration and dispersion, 9.1 gallons of POLYTEX 
gallons of tap water to form a 34,000 mg/l polymer slurr
overnight in a 150-gallon tank by a ½-hp Shurflo® sump pum
achieved by pumping the slurry from the 150-gallon tank dire

6 
Wheatland

Test Reach
Gauging sit
 
nal test reach, and the gauging 

 EC®) was used for the 
0% charge density, a 20-25 
e polymer ingredient.  To 
EC® were mixed with 150 
y.  The slurry was mixed 
p.  Polymer treatment was 
ctly into the flowing canal.  



Flexible 1” ID vinyl tubing connected the pump to the PVC delivery pipe (Figure 3.5).  
The pump was a Masterflex® ½ hp variable rate peristaltic pump (Model #7585-30).  
The delivery pipe was a 10-foot long, 2” OD PVC pipe with 1/4” ID holes drilled 6” on 
center.  PAM was applied in this manner for approximately one hour at a maximum 11 
mg/l in-stream concentration.  

F
t

igure 3.5 – Polymer application system during treatment.  PAM was pumped from the 150-gallon 
ank through the PVC pipe delivery system.  PAM can be seen flowing into the canal 
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Application rates are summarized in Table 3.2.  Based on visual observation, since as 
much as 30% of the PAM settled to the bottom of the tank, actual application 
concentrations were likely lower than 11 mg/l.  Assuming PAM treatment occurred over 
a reach length of 2,800 feet, the Bordeaux polymer application test was conducted at a 
mass loading rate in accordance with Conservation Practice Standards.     

 

Table 3.2 – PAM application rates during the Bordeaux test 

% active Ing. 55.8 %
PAM product applied 9.1 gal
Mass act. ingr. appl. 42.4 lb

Volume 150 gal
Concentration 33843 mg/L

Canal flow 17.75 cfs
Test duration 60 min
Applied concentration 10.62 mg/L

Reach length 2796 ft
Wet. Perimeter 16.5 ft
Mass loading rate 40.0 lb/acre

Mass loading

Application Rates

Slurry properties

Polymer properties

 
 

Discharge measurement  
 
Water discharge measurements were collected at the injection point and at MP1 and MP2 
using the standard USGS velocity-area method (USGS, 1969).  Flow depth and water 
velocity at 0.6 times the flow depth were measured in 0.7-foot increments across the 
channel cross section with a Son-Tec FlowTracker® Handheld ADV®.  This device uses 
Acoustic Doppler Velocimetry (ADV) to accurately measure water velocity.  Water 
disturbance was minimized by taking discharge measurements from wood beams placed 
over the channel cross section at each discharge measurement station.  For each set of 
discharge measurements, seepage was calculated by subtracting discharge at the injection 
point from discharge at each monitoring point. 
 
3. CONCLUSIONS 
 
3.1 Canal No. 2 Conclusions 
 
Anionic Polyacrylamide (PAM) was applied as a granular form to flowing water in an 
approximate one and one-half mile section of the Wheatland Irrigation District’s Canal 
No. 2.  The PAM was applied to the water surface while turbidity was introduced to the 
water.  Two applications were made to the test section on two different days.  Flow 
measurements were taken before and after the PAM treatments to try and determine the 
effects that PAM would have on reduction of seepage losses.  Prior to the first 
application, seepage losses were measured to be between 12% and 25% of the total flow 
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in the test section.  After the first application, the flow measurements indicate a range 
from an increase of flow by approximately 2% to a loss of flow of approximately 16%.  
After the second application, flow loss was between 3% and 32% of the total flow. 
 
The major challenge of this seepage study appeared to be the accuracy in obtaining 
seepage data.  Conventional methods for flow measurement in an open channel appeared 
to be inaccurate to determine fairly small amounts of seepage.  The flat grades and low 
velocities of the canal made it difficult to achieve accuracy with the conventional 
measurement methods.  A solution to this would be to construct measurement weirs and 
use pressure sensors accurately measure flow in the canal.  Because of the flat grades and 
large volumes of flow, weirs are very difficult to construct properly. 
 
The length of the test section might also have been inappropriate.  The amount of time 
required for hydration and settlement of the PAM, may have been long enough that some 
or most of the PAM settled in the canal below the test section.  After the second 
application, WID personnel reported seeing the turbid water far below the test section.  
This could indicate that the PAM had either not settled all of the solids in the water, or 
that the settlement had not occurred in the vicinity of the test section. 
 
After the irrigation season and the flow of water were stopped a visual inspection was 
performed on the canal through and below the test section.  A portion of the canal 
approximately one mile below the test section had signs of a pale crust on the vegetation 
and rocks in the canal.  This condition was observed in the canal over a distance of 
approximately one and one-quarter mile, or two and one-quarter mile below the test 
section.  Figures 6.1, 6.2 and 6.3 show photos of rocks and vegetation covered with the 
pale crust.  All of the samples were taken from the canal bottom at a location 
approximately one mile below the test section. It was difficult to determine with 
certainty, but variations in the color and texture of the soils and vegetation observed 
downstream after was flow was shut-off could be due to accumulation of Polyacrylamide.   
 
Although the results of this study cannot prove a reduction in seepage for the test areas, 
some things were learned.  Some recommendations can be made from what was learned 
and observed during this study.  If future applications or tests are to be performed, 
developing an adequate test section would be advised.  Accurate measuring methods 
should also be evaluated.  A test section should be developed to provide a sufficient grade 
that an accurate gage or consistent channel shape could be rated based on water level and 
the level measurement be performed by pressure transducers.  Another critical factor 
would be to insure that PAM and flocculants are known to settle within the test section. 
 
3.2 Bordeaux Conclusions 
 
In the Bordeaux canal seepage test, anionic Polyacrylamide (PAM) was applied to a 
1,500 foot long test section of the Bordeaux canal.  Concentrated PAM slurry was 
pumped directly into the flowing canal from a single application point for approximately 
1 hour, resulting in a maximum in-stream concentration of 11 mg/l.  Mean pre- and post-
treatment seepage values over the test reach were 0.90-0.94 cfs and 1.09-1.13 cfs, 

9 



respectively (α=0.05).  This suggests PAM treatment caused a mean 21% increase in 
water loss over the test reach.  Low in-stream PAM concentrations, bed surface material 
type, and application method likely contributed to seepage increase.    
 
One key challenge in studying seepage is obtaining accurate seepage data.  Of the three 
seepage quantification methods, direct discharge measurement, real-time stage discharge 
measurement, and FHP hydraulic conductivity measurement, real-time stage discharge 
measurement provided the only accurate, statistically significant seepage data.  
Systematic error in direct discharge measurement was similar in magnitude to actual 
seepage flows, obscuring changes in seepage from PAM application.  Technical problems 
and a small sample size limit the statistical validity of the FHP results. 
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