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1. INTRODUCTION 
 
1.1 GENERAL 
 
This report presents the findings of a Level II conservation study for the Wheatland 
Irrigation District (WID).  This study develops conceptual design, cost estimates and 
operational plans for modifications or upgrades to the WID’s current irrigation system.  
The 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 Gannett-Fleming, Western Ecosystems Technologies, Inc. and Paul 
Reid, PLS. 
 
1.2 DESCRIPTION AND SCOPE 
 
The Wheatland Irrigation District was formed in 1947 and delivers irrigation water to 
54,183 acres that extends from as far as Sand Lake, south of Arlington, to areas east of 
Wheatland.  The WID would like to evaluate some of the systems components to assist in 
a conservation effort.  Three main areas were identified to be evaluated.  On the upper 
end of the system, the Canon Canal’s capacity is limited and the WID would like to 
evaluate the possibility of enlarging the canal to capture peak flows.  The second area is 
the large canal between Wheatland Reservoir No. 2 and No. 3 reservoirs where there is a 
problem regulating the amount of water stored in the canal.  The third area is within the 
distribution system around Wheatland where several re-regulation reservoirs, pipelines 
diversion and check structures could be added or upgraded to assist in conserving the 
irrigation water. 
 
1.3 PURPOSE OF STUDY 
 
The purpose of the study was to develop conceptual designs with cost estimates, 
operational plans, upgrades to existing facilities and recommendations to the WID to 
assist in their conservation efforts.  Some the features evaluated were possible re-
regulation reservoirs, enlargement of the Canon Canal, regulating flows into and out of 
Wheatland Reservoir No. 3, adding pipelines to the existing system and developing 
operational plans.  Conceptual designs were developed and cost estimates for these 
features were produced.  Associated with this work was an identification of possible 
permits and easement requirements, water quality sampling, surveying and geotechnical 
analysis.
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2.1 EXISTING SYSTEM AND PROBLEM 
IDENTIFICATION 

 
2.1.1 GENERAL 
 
The WID was formed in 1947 and serves over 54,000 acres of irrigable lands in the 
vicinity of Wheatland, Wyoming.  WID obtains most of its water from direct flows and 
storage rights in the Big and Little Laramie Rivers, Sybille Creek, and from Rock Creek 
near Arlington.   The conveyance system begins at Sand Lake, south of Arlington, and 
continues through rivers, canals, reservoirs and ditches to areas east of Wheatland. 
 
Sand Lake is located on Deep Creek, a tributary to Rock Creek, and is located about 10 
miles south-southwest of Arlington.  Irrigation water is released from Sand Lake into 
Deep Creek and is carried to Rock Creek.  A diversion on Rock Creek diverts the 
irrigation water into the Canon Canal.  The Canon Canal has a capacity of about 130 
cubic feet per second (cfs), which conveys the water to King Reservoir.  (See Figure 2.1) 
 
Water from King Reservoir is released into Dutton Creek and then into the Laramie 
River.  The Laramie River carries the water to Wheatland Reservoir No. 2.  A very large 
canal carries water from Wheatland Reservoir No. 2 into and out of Wheatland Reservoir 
No. 3 for additional storage.  (See Figure 2.2) 
 
Water is released from Reservoirs No. 2 and 3 into the Laramie River and diverted 
through a tunnel into Bluegrass Creek which carries it to Sybille Creek where it is 
diverted into the distribution system near Wheatland.  The distribution system near 
Wheatland consists of Wheatland Reservoir No. 1, five major canals and two re-
regulation reservoirs (See Figure 2.3).  The five major canals are Canal No. 1, Lower No. 
1, No. 1 Lateral, Bordeaux Lateral and Canal No. 2.  A large portion of these canals are 
un-lined earth canals and are quite long with large capacities.  The canal system owned 
and operated by the WID essentially “dead-end” at four different locations.  Operating 
these canals requires a certain amount of water to overcome seepage and maintain 
enough channel depth to be diverted through head gates.  Operation becomes very 
difficult as more or less water is demanded by the users.  When system use diminishes, 
excess water is wasted at each of the “dead-ends”. 
 
2.1.2 PROBLEM IDENTIFICATION 
 
This study will develop conceptual designs and solutions to several known problems with 
the WID’s existing system.  Some of the items that were evaluated during this study 
include the Canon Canal, potential re-regulation reservoirs, addition of pipes to the 
system, an inlet/outlet structure for Wheatland Reservoir No. 3, and evaluation of several 
diversions with known deficiencies. 
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The Canon Canal located at the upper end of the system has a capacity of approximate 
186 cfs.  The canal has a water right of 215 cfs when water is available.  An area of the 
canal between the diversion site on Rock Creek to where the canal crosses the interstate 
would require a physical enlargement to flow 215 cfs.  This study used historical 
diversion data to evaluate the need and possible benefits of a physical enlargement. 
 
The canal delivering water into and out of Wheatland No. 3 Reservoir is a very large 
excavated canal.  The canal has a capacity of over 2,000 cfs.  Recently, the WID 
performed a cleaning operation on this canal, in large part to remove silt and increase the 
capacity.  By doing this cleaning, the amount of recoverable storage in Wheatland 
Reservoir No. 3 was also increased. During operation of Reservoir No. 3, this canal stores 
water.  It is believed that wave action erodes the canal sides and is deposited in the canal 
thereby, decreasing the capacity of the canal and the amount of water that can be released 
from Reservoir #3.  Currently there is no way to dry out the canal and still have the 
ability to maintain active storage in Reservoir No. 3.  This study develops a conceptual 
design for a head gate to control the water into and out of the reservoir and allow the 
canal to be completely drained while still maintaining the maximum storage in the 
reservoir. 
 
The canal systems within the distribution are very long and have large capacities.  During 
the irrigation season as users call for the water system to be turned on or off, immediate 
response of the canals is not possible.  When a large number of users turn off, or if a large 
precipitation event adds water to a canal, a large amount of excess water can be 
developed in the system.  Because most of the canals terminate in “dead-ends” large 
volumes of water are wasted and not recovered.  This study evaluates several options for 
conserving the water that would normally be wasted.  One of the options includes 
creating additional re-regulation storage for excess water at several locations throughout 
the system.  Another option analyzed was to add pipe lines at some of the “dead-end” 
locations to connect one canal system to another.  This study develops conceptual designs 
for four re-regulation reservoirs and two pipelines at different locations in the system. 
 
An area of Canal No. 2 is known to have large losses due to seepage.  This study 
evaluates the amount and location of the large seepage losses associated with this canal 
and presents several options to minimize the seepage losses. 
 
The existing system also has several locations where the diversions off the main canal are 
not adequate to service the lands they are intended to.  This study analyzes some of these 
locations and possible solutions to these problems. 
 
The solutions to the problems being addressed in this Level II study were aimed at 
improving the WID’s existing system and assisting the WID in their efforts to continue 
conserving water.  
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3. CONCEPTUAL DESIGN 
 
The purpose of the conceptual design was to identify potential improvements to the 
existing irrigation facilities to assist the WID in their conservation efforts.  More 
specifically, evaluate improvements designed to limit the amounts of water wasted in the 
system due to seepage losses, under sized canals or unused water having to be wasted 
because of lack of storage. 
 
Several improvements were analyzed as part of this Level II Study.  An evaluation was 
done to enlarge the Canon Canal and increase its capacity to deliver water to the system.  
Another idea was to add pipes to the existing system to deliver water from “dead-end” 
canals into another canal instead of the water having to be wasted.  A third option was to 
construct re-regulation reservoirs to store excess water at different locations in the 
system.  The construction of a head gate structure on the outlet of Wheatland Reservoir 
No. 3 to reduce erosion of the existing canal was also analyzed.  Figure 3.1 shows the 
locations of some of the options within the WID’s system.  
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3.1 CANON CANAL ENLARGEMENT 
 
The Canon Canal receives water by a diversion on Rock Creek, as shown on Figure 2.1.  
The WID has water rights to approximately 215 cfs from Rock Creek; however, the 
current capacity of the canal is approximately 130 cfs.  This study evaluates the 
feasibility of a physical enlargement of the canal. 
 
Daily diversion records were obtained for the Canon Canal and the daily flow records for 
Rock Creek for a period from 1980 to 2003.  These records were entered into a 
spreadsheet so the creek and diversion flows could be compared on a day-by-day basis. 
 
Mr. Rodney Oliver, a hydrographer for the Wyoming State Engineer’s Office, was then 
contacted to see when the WID is allowed to divert water from Rock Creek.  Mr. Oliver 
said that, on average, the WID is allowed to divert up to 100 cfs when the flow in Rock 
Creek reaches 500 cfs.  Mr. Oliver also said that, on average, the WID is allowed to 
divert their full single appropriation (215 cfs) when the flow in Rock Creek reaches 
approximately 600 cfs. Mr. Oliver also stressed that the downstream irrigators play a big 
role in determining when the WID is allowed to divert water from Rock Creek.  Mr. 
Oliver said that in some years the WID might be allowed to divert 100 cfs when the flow 
in Rock Creek is at 450 cfs or in some years the WID might not be allowed to divert 100 
cfs until the flow in Rock Creek reaches 550 cfs. 
 
The information provided by Mr. Oliver was incorporated into a spreadsheet with the 
daily flow records from Rock Creek to determine how often, on average, the Wheatland 
Irrigation District is allowed to divert at least 100 cfs from Rock Creek.  Table 1 shows 
the number of days per year at least 100 cfs of water could have been diverted and the 
number of days per year at least 100 cfs of water was diverted.  The number of days per 
year that water could have been diverted was calculated assuming that 100 cfs could be 
diverted once the flows in Rock Creek reach 500 cfs. 
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Table 3-1 
Days at Least 100 cfs of Water could have been and was Diverted 
 

Year 
Number of Days at 
Least 100 cfs could 
have been Diverted 

Number of Days at 
Least 100 cfs was 
Diverted 

1980 24 0 
1981 5 0 
1982 25 37 
1983 32 0 
1984 19 0 
1985 7 0 
1986 28 1 
1987 3 7 
1988 14 23 
1989 0 0 
1990 10 9 
1991 11 12 
1992 1 2 
1993 24 25 
1994 10 23 
1995 28 22 
1996 21 0 
1997 21 0 
1998 11 5 
1999 33 0 
2000 9 9 
2001 12 7 
2002 0 0 
2003 12 9 
      
Sums 360 191 
Averages 15.0 8.0 

 
Since 1980, there have been 360 days when the WID could divert at least 100 cfs of 
water from Rock Creek.  However, irrigation records kept since 1980 show that the WID 
diverted at least 100 cfs from Rock Creek just 191 of these days.  However, in the last 
four years, the WID has utilized 25 out of the 33 days that the District was allowed to 
divert at least 100 cfs out of Rock Creek. 
 
Table 3-2 shows the number of days per year that the single appropriation of 215 cfs 
could have been diverted from Rock Creek.  The number of days per year that water 
could have been diverted was calculated assuming that the single appropriation could be 
diverted once the flows in Rock Creek reach 600 cfs. 
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Table 3-2 
Days Single Appropriation of 215 cfs could have been Diverted 
 

Year 
Number of Days Single 

Appropriation could 
have been Diverted 

Number of Days Single 
Appropriation was Diverted 

1980 16 0 
1981 2 0 
1982 20 12 
1983 28 0 
1984 8 0 
1985 2 0 
1986 22 0 
1987 0 0 
1988 12 0 
1989 0 0 
1990 7 0 
1991 7 0 
1992 1 0 
1993 14 0 
1994 2 0 
1995 20 0 
1996 14 0 
1997 13 0 
1998 2 0 
1999 28 0 
2000 6 0 
2001 4 0 
2002 0 0 
2003 8 0 
     
Sum 236 12 
Average 9.8 0.5 

 
Since 1980, there have been 236 days when the WID could divert the full single 
appropriation of 215 cfs.  However, diversion records kept since 1980 show that not 
much water is diverted even though a full single appropriation may be diverted.  Table 3-
2 shows how much water was diverted even though a full single appropriation could have 
been diverted. 
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Table 3-3 
Number of Days Water was Diverted for a Range of Flows when a Full Single 

Appropriation could have been Diverted (Data taken from 1980-2003) 
 
Table 3-3 shows that since 1980, there were 236 days since 1980 that a full single 
appropriation could be diverted.  However, out of these 236 days, Table 3-3 shows that 
the full appropriation was diverted for only 12 days.  Furthermore, Table 3-3 also shows 
that even though a full single appropriation could have been diverted, no water was 
diverted for 62 days and flows less than 50 cfs were diverted for 60 days. 
 
The data indicates that the WID is only allowed to divert their full appropriation during 
years with significant water availability, i.e. wet years.  During these years, the WID 
appears to have sufficient water in the system and do not divert large flows from Rock 
Creek. 
 
If the WID would like to divert the full allotment, a portion of the canal would need to be 
enlarged.  Mr. Don Britton indicated that the portion of canal that would need 
enlargement is from the Rock Creek diversion to the canal/I-80 intersection, a distance of 
approximately 2.5 miles.  It was estimated that the amount of excavation required for a 
sufficient enlargement would be approximately 3 cubic-yards per foot of canal.  This 
equates into approximately 40,000 cubic-yards of material to be excavated.   Costs for the 
conceptual designs were developed and are presented in Chapter 6 of this report. 
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3.2 PIPING 
 
3.2.1  GERINGER PIPELINE 
 
The WID’s control of the Lateral No. 1 canal ends at a small re-regulation reservoir.  At 
the end of the canal a private concrete lined ditch continues to irrigators to the north of 
the re-regulation reservoir.  Any excess water not used by these irrigators is released into 
the WID’s Canal No. 2.  The point where this water enters into Canal No. 2 is in the area 
of known seepage problems on Canal No. 2.  It is desirable to discharge the excess water 
into Canal No. 2 at a point below this area.  To do this a pipeline could be constructed 
from the private concrete lined ditch directly north of Hightower Road to the east and 
discharge back into Canal No. 2 (see Figure 3.1). 
 
The private ditch is approximately one-half mile east of the Canal No. 2 where it crosses 
under Hightower Road.  A conceptual design for a pipeline paralleling Hightower Road 
was developed.  The pipeline would be buried just north of the Hightower Road right-of-
way and on property owned by Jim Geringer.  This option was discussed with Mr. 
Geringer.  It was also explained that he would be able to divert water from this pipeline to 
irrigate two corners of land not currently irrigated by the center pivot sprinkler. 
 
CONCEPTUAL DESIGN 
 
A conceptual design was developed for approximately 2,900 feet of buried pipe (see 
Figure 3.2).  The pipe would divert from the private irrigation ditch with a new concrete 
box diversion structure (see Figure 3.3).  An outlet from this diversion box would allow 
Mr. Geringer to divert water through an 8-inch pipe onto his field.  A second irrigation 
diversion is located at the upper end of the second corner that is not being covered by the 
center pivot.  Each of these boxes would contain a stop-log to check the water to an 
elevation that it can be delivered to the field. 
 
The pipe would be 12-inch PVC buried pipe.  A road bore was anticipated under the 
county road (Preuit Road).  The road bore would be an 18-inch bored encasement pipe, 
approximately 75 feet long. 
 
Costs for the conceptual designs were developed and are presented in Chapter 6 of this 
report. 
 
3.2.2 JACK RAY PIPELINE 
 
The WID’s ownership of the Lower No. 1 canal ends near the proposed Drive-In re-
regulation reservoir site.  At this point the ditch continues but is owned and maintained 
by private users.  The ditch continues for a distance of approximately ¾ of a mile to a 
settling basin named Boondoggle Basin.  This basin acts as a settling pond for a siphon 
under the airport runway.  This ditch serves several different users above and below the 
airport.  From the airport, private ditches carry water to lands adjacent to Canal No. 2.  If 
a connection could be made from one of these private ditches to Canal No. 2, excess  
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water in the private ditches could be diverted into Canal No. 2 and used by downstream 
users.  A logical location for a tie-in would be at the end of a private ditch owned by Jack 
Ray. 
 
The Jack Ray ditch terminates at a point approximately 25 feet from Canal No. 2 (see 
Figure 3.1). 
 
CONCEPTUAL DESIGN 
 
A conceptual design was developed to connect a private ditch to discharge at least 2 cfs 
of unused water from the private ditch into the Canal No. 2.  This would require the 
addition of a diversion box, approximately 25 feet of 12” pipe and a slide gate to control 
flows (see Figure 3.4).  The proposed pipe would be buried across the Canal No. 2 access 
road and connected to a concrete lined portion of Canal No. 2. 
 
 
Costs for the conceptual designs were developed and are presented in Chapter 6 of this 
report. 
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3.3 RE-REGULATION RESERVOIRS 
 
3.3.1 KIDD DAM AND RE-REGULATION RESERVOIR 
 
Canal No. 1 diverts water from Sybille Creek using water delivered from storage water in 
Wheatland Reservoirs #2 and #3 and from water rights on the Laramie River and Sybille 
Creek.  This canal supplies water to irrigators along the canal and to the Lower No. 1 
Canal and the Bordeaux Lateral.  This canal has a capacity of approximately 500 cfs. 
 
Approximately 12 canal miles from the Sybille Creek Diversion, the canal crosses an 
ephemeral drainage that is tributary to Brush Creek (See Figure 3.5).  Historically this 
drainage, with an approximately five square mile drainage area, has conveyed large 
amounts of storm water into the canal, and has caused the canal to erode the upstream 
canal side.  Without maintenance in this area, it is likely that the canal could be 
completely washed out. 
 
Downstream of the canal within the drainage is a suitable site for a re-regulation 
reservoir.  A reservoir in this location would allow the WID to store excess water from 
the canal and storm water from the drainage above the canal.  Water from this reservoir 
could then be controlled and released when needed into the drainage, eventually entering 
Brush Creek, where it can be diverted out of the Creek into Wheatland Canal No. 3.  
Water could then be delivered to irrigators from Canal No. 3 or it could be sent to 
Wheatland Reservoir No. 1 and stored.  This will alleviate some of the urgency of 
operating the Canal No. 1 diversions by providing an automatic spillway before the canal 
would overtop and provide some flood protection during heavy run-off. 
 
A conceptual design was developed and is discussed below to construct the Kidd Dam 
and Re-Regulation reservoir and other system components needed to transfer and convey 
excess water in the No. 1 canal and provide flood protection for the canal. 
 
CONCEPTUAL DESIGN 
 
The conceptual design developed for this site would be capable of storing approximately 
1,400 acre-feet of water that could be transferred to Canal No. 3.  The size of this 
reservoir was developed to maximize the possible storage given the existing terrain. 
This design has a crest length of 2,050 feet and would be 41 feet in height at its greatest 
section (See Figure 3.6).  The dam would be a zoned earth dam constructed from 
materials excavated on-site.  The materials used for the construction of the dam could be 
taken from within the reservoir to increase storage volume. 
 
The upstream face would be constructed on a 5:1 horizontal to vertical slope to eliminate 
the need of riprap armoring on the face of the dam; however, cement/fly ash treated soil 
would be required on the face.  The downstream slope would be a 3:1 horizontal to 
vertical slope.  The dam would be constructed to allow for 5 feet of free board above the 
normal high water level (See Figure 3.7). 
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The outlet piping for the dam would be placed near the natural flow line of the drainage.  
This would consist of 36” pipe with two head gates in a concrete gate tower (See Figure 
3.7).  The outlet would provide a discharge of up to 20 cfs. 
 
Water released from the reservoir would flow through the natural drainage into Brush 
Creek.  It could be diverted from Brush Creek into an existing ditch into Canal No. 3.  
The diversion structure at this location is made of rock and riprap.  This structure would 
be replaced with a new sheet pile diversion structure in the Creek.   
 
Two measurement flumes would be added to the system to record releases into and out of 
Brush Creek.  One flume would be located between the reservoir and Brush Creek and 
the other would be located on the existing diversion ditch from Brush Creek to Canal No. 
3.  These flumes would be 3 foot Parshall flumes. 
 
The emergency spillway was sized by estimating peak flow characteristics of streams in 
the plains region as described in the U.S. Geological Survey Water Resources 
Investigations Report 88-4045 (H.W. Lowham, 1988) for a 500 year recurrence interval.  
The equation used to determine the peak flow is: 
 
 P500 = 130*A(0.57A-0.05) * SB

0.27 * Gf 
 
 Where: 
  P500 = Annual Peak Flow (CFS) for 500 year recurrence interval. 
  A = Contributing Drainage Area (square miles). 
  SB = Basin Slope (feet/mile). 
  Gf = Geographic Factor, Determined from Plate 1d. (1.0 was used). 
 
The result of this investigation was that the drainage could produce approximately 3,140 
cfs of storm water.  It is likely that an event like this would erode the downstream side of 
the canal causing the canal flow to enter the reservoir area.  For this reason the 
emergency spillway was sized for the storm water as well as the maximum flow of 500 
cfs expected in the canal.  It was assumed that the reservoir would be full when the storm 
occurred.   
 
The emergency spillway would be constructed by excavating a channel with a 200’ 
bottom width and 5:1 horizontal to vertical side slopes with a channel slope greater than 
or equal to 0.0057 ft/ft.  This could allow the entire flow to pass the spillway with a 
maximum depth of 3 feet and a maximum velocity of 5 ft/sec.  This would maintain a 
minimum free board on the dam of 2 feet.  The spillway will be revegetated with a seed 
mixture of native grasses.  The spillway would discharge into an existing draw that drains 
into the drainage approximately 200’ downstream of the dam toe. 
 
Another feature required with this conceptual design would be an armored spillway on 
the downstream berm of the canal to convey water from the canal into the reservoir.  A 
concrete spillway and diversion would be constructed in the canal to divert water.  This 
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structure would be located in the canal where it crosses the drainage adding additional 
protection to storm water (See Figure 3.7). 
 
There are some small areas along the existing drainage that may qualify as wetland.  
However, the total acreage would be less than 0.10 acres and no mitigation would be 
required.  No other environmental issues were apparent. 
 
Costs for the conceptual designs were developed and are presented in Chapter 6 of this 
report. 
 
The conceptual design for this reservoir uses conservative designs based only on a 
reconnaissance level geotechnical program.  This reservoir may be economized if a more 
detailed geotechincal analysis is performed.  It is recommended that a geotechnical 
program be instituted to develop a more detailed design and further evaluate the optimum 
size of the reservoir to possibly decrease the construction costs.    
 
3.3.2 RESERVOIR NO. 1 RE-REGULATION RESERVOIR 
 
Canal Lateral No. 1 (Lateral No. 1) diverts from Canal #1, supplies irrigation water and 
delivers water to Wheatland Reservoir No. 1.  This canal has a capacity of approximately 
250 cfs.  Water is transferred from Canal No. 1 to Wheatland Reservoir No. 1 about 4.5 
miles from the diversion.  There are two diversions from this canal to supply water to the 
No. 1 Reservoir, an upper diversion and lower diversion.  The land between Lateral No. 1 
and the Reservoir No. 1, along the upper diversion, was evaluated for a potential re-
regulation reservoir site (See Figure 3.1). 
 
This site was evaluated because it could provide large benefits to Lateral No. 1 canal and 
to Reservoir No. 1.  The benefit provided is water could be diverted from Lateral No. 1 
when not needed and could be stored in the re-regulation reservoir to be released back 
into the Lateral No. 1 canal.  If this water is not needed in Lateral No. 1, it can be 
released into Reservoir No. 1 and would be available to Canal No. 2 for delivery to that 
system. 
 
In discussions with the WID, it was not determined what the size of the re-regulation 
reservoir should be.  Three different sizes of reservoirs were developed for this site.   
 
CONCEPTUAL DESIGN 
 
Conceptual designs were developed for a reservoir to be located between Lateral No. 1 
Canal and Wheatland Reservoir No. 1.  Three conceptual designs were developed for this 
location.  One design provides approximately 1,100 acre-ft of storage (see Figure 3.8), 
the second provides approximately 500 acre-ft of storage (see Figure 3.9), and the third 
provides approximately 350 acre-ft (see Figure 3.10).  The conceptual design for the 
larger reservoir was developed to maximize the amount of storage and still have the 
ability to deliver a large majority of the water back into Lateral No. 1.  Two smaller 
conceptual designs were developed as alternatives. 
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The alternatives were developed with the intent that a majority of the water would be able 
to be released back into the Lateral No. 1.  The minimum water elevation to deliver water 
to the Lateral No. 1 would be 4980.  This would require that a majority of the water be 
stored above elevation 4980 and piped back into the Lateral No. 1 Canal with an outlet 
near the canal to minimize the length of pipe.   
 
The reservoir site was situated to maximize the amount of land above the elevation 4980 
and also be entirely on lands owned by the WID.  The parcel of land where the proposed 
reservoir site was developed contains an upper and a lower diversion ditch to deliver 
water from the Lateral No. 1 to the Wheatland Reservoir No. 1.  The proposed dam sites 
are located on the upper diversion ditch and water could be released from the reservoir to 
the Lateral No. 1 ditch just upstream of the lower diversion ditch.  All water stored below 
the 4980 elevation would be released through a second reservoir outlet into Reservoir No. 
1. 
 
The conceptual designs for the embankments provide for an upstream face with a 5:1 
horizontal to vertical slope to eliminate the need of riprap armoring the face of the dam; 
however, cement treated armoring would be required for a portion of the dam face.  The 
downstream slope would be a 3:1 horizontal to vertical slope.  The geotechnical design 
recommendations for this dam would be a zoned embankment with a cut-off 
approximately 10 feet deep (see Figure 3.11).  The geotechnical report is presented in 
Chapter 7 of this report.  The dam would be constructed to allow for 5 feet of free board 
above the normal high water level.  The 1,100 ac-ft reservoir design has a crest length of 
7,500 feet, the 500 ac-ft reservoir has a crest length of 5,600 and the 350 ac-ft reservoir 
has a crest length of approximately 5,000 feet.  All dams have a crest elevation of 5005 
feet.  The maximum depth of the 1,100 ac-ft reservoir is approximately 60 feet, 
approximately 50 feet for the 500 ac-ft reservoir and the 350 ac-ft reservoir has a 
maximum depth of approximately 40 feet.  The conceptual designs for these alternatives 
would place embankment in the diversion ditch to minimize the depth of storage water 
below the elevation required to deliver water back to Lateral No. 1.  
 
The conceptual designs provide two outlets for each reservoir (see Figure 3.11).  The 
main outlet would release water into Reservoir No. 1.  The second outlet will release 
water back to Lateral No. 1.  Two alternatives were developed for the main outlet from 
the re-regulation to Reservoir No. 1.  Both alternatives require a certain amount of water 
above the outlet elevation to force the water into the outlet.  The first alternative would be 
a concrete tower with two head gates located within the dam embankment.  This design 
was developed to allow releases of up to 220 cfs with minimal storage in the reservoir 
above the 4980 elevation.  The amount of head required above the outlet pipe to flow 220 
cfs would be approximately 10’.  The outlet would be set at an elevation that the head 
required above the outlet pipe would be at an elevation below elevation 4975, requiring 
little storage in the reservoir. Two 5’ x 5’ sluice gates in series would be required.  This 
would allow the head to be reduced across each gate, eliminating the need for a special 
head breaking valve, which could be very expensive.  The second alternative for this 
main outlet would be dual inclined head gates on two 48” outlet pipes.  The maximum 





3-23 

flow that could be released would be 220 cfs and would require more head above the 
outlet to flow the design amount.  The amount of head required to flow 220 cfs would be 
approximately 2-1/2 feet above the gate.  The gates could be set no lower than elevation 
4980, setting the required water level at elevation 4986.5.  This would essential require 
that reservoir would have to have storage to allow the design flow which equates to 
approximately 150 ac-ft of storage for the large reservoir, 35 ac-ft for the 500 ac-ft 
reservoir and approximately 17 ac-ft for the smallest reservoir.  For both of these 
alternatives, the canyon developed by the diversion ditch would be filled to the elevation 
of the outlet works with material excavated from within the reservoir pool above the 4980 
elevation.  This would increase the amount of storage that could be diverted to Lateral 
No. 1.  If less flow through the structure is required, the outlet works could be reduced in 
size. 
 
The secondary outlet, to the Lateral No. 1, would be placed at an elevation that would 
allow water back to the Lateral No. 1 Canal (see Figures 3.8, 3.9 and 3.10).  The outlet 
would be located within the dam nearest the Lateral No. 1 to minimize piping distances.  
A channel would be cut in the reservoir pool to the flow line of the outlet piping.  This 
outlet would consist of 2 – 48” pipes with inclined slide gates, allowing a flow of 100 cfs 
with less than ½ foot of water depth required over the pipe.  For the 750 acre-ft reservoir, 
an excavated ditch would be required from the outlet to the Lateral No. 1 canal.  This 
would be approximately 1,000 feet of ditch.  If less flow is required, the secondary outlet 
could be reduced in size. 
 
Energy dissipating structures, as shown on Figure 3.11, would be required for all of the 
outlets provided in the conceptual designs. 
 
No emergency spillway would be required because there is no drainage area for storm 
water and water delivered from the Lateral No. 1 canal could not over top the dam.  
 
Other work associated with this site would be to increase the capacity of approximately 
one-mile of the Lateral No. 1 Canal immediately upstream of the reservoir site.  To 
increase the capacity of the canal, one side of the canal would need additional freeboard.  
Material could be excavated from within the reservoir pool and placed on the canal bank.  
This would provide a close source of borrow and also increase the capacity of the 
reservoir.  It is estimated that a one and one-half foot increase on the canal bank would 
provide an adequate enlargement in the area of the canal restricting the flow.  The amount 
of material required was assumed to be 8-feet wide and 1-1/2 foot high for a distance of 
one mile and 1 foot of material to replace stripped top soil.  This equates into 
approximately 6,000 cubic yards of material.  If desired, more freeboard could be 
provided, further increasing the capacity of the ditch and the amount of the storage in the 
re-regulation reservoir. 
 
Costs for the conceptual designs were developed and are presented in Chapter 6 of this 
report. 
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The conceptual design for this reservoir uses conservative designs based only on a 
reconnaissance level geotechnical program.  This reservoir may be economized if a more 
detailed geotechnical analysis is performed.  It is recommended that a geotechnical 
program be instituted to develop a more detailed design and possibly decrease the 
construction costs. 
 
3.3.3 DRIVE-IN RE-REGULATION RESERVOIR 
 
Two potential sites were investigated for a re-regulation reservoir on the Lower No. 1 
Canal (see Figure 3.1).  One site initially identified was to enlarge the “Boondoggle 
Basin”.  This is an existing settling basin for water entering a siphon below the airport 
runways.  This basin is a concrete lined basin and does not have adequate capacity to 
store the desired amount.  Enlargement of the basin would require the purchase of active 
farm land and modifications to the existing concrete structure.  The WID would also have 
to take control of nearly one-mile of private ditch and a siphon.  Because of these short 
comings, another site was sought.  
 
A parcel of land is currently for sale adjacent to the end of the WID’s canal.  This site is 
formerly the drive-in theater in which the projection building has been renovated into a 
house.  A graveled county road is all that separates the canal from the property. 
 
This site is beneficial because the water could be easily diverted into two different canal 
systems.  Water could be diverted from the Lower No. 1 Canal into the reservoir and 
released back into the same canal.  Existing ditches could divert water two ways from this 
canal; one would continue on the Lower No. 1 canal, the second would eventually drain 
into Canal No. 2 through existing ditches. 
 
CONCEPTUAL DESIGN 
 
The conceptual design for this reservoir site uses the natural topography to create a 
balanced cut-fill reservoir (See Figure 3.12).  The land slopes generally from the south to 
the north.  Material could be excavated from the slope and used to create the required 
embankments.  For the conceptual design, slightly more excavation than embankment 
would be required.  The amount of excavation would be approximately 14,000 cubic 
yards, while the embankment quantity would be approximately 10,000 cubic yards. 
 
The amount of storage desired for this location is 5 to 10 acre-ft.  The conceptual design 
would provide approximately 11.3 acre-ft.  The upstream face of the dam would have a 
5:1 horizontal to vertical slope and 3:1 on the downstream side.   
 
Water would be diverted into the upper end of the reservoir through a pipe from the 
existing canal.  Water would be returned into the canal at the lower end of the reservoir 
through a concrete collection box and piped to the existing canal.  Existing diversions in 
the canal could be used to direct water to two different canals.  
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The spillway for this reservoir would be built into the concrete collection box at the outlet 
of the reservoir (See Figure 3.13).  The open top of the box would be set at the normal 
high water level of the reservoir.  Excess water could over top this box and flow through 
the two outlet pipes to the canal.  No special spillway would be developed because no 
significant storm water drainage enters the site. 
 
The land for this site is 6.14 acres and is currently for sale through a realtor.  The asking 
price for the land is $85,000 and contains a commercial sized well and septic system and  
electrical supply.  The septic system and electrical may need to be removed and the well 
would have to be abandoned.  
 
The inlet and outlet for the reservoir would be sized to flow 5 cfs.  The inlet would 
require a slide gate and check structure to be constructed on the canal and approximately 
150 feet of pipe into the reservoir.  The outlet of the reservoir would be a concrete box 
with two slide gates mounted on the outside face of the box.  An 18-inch pipe would 
leave the box and return to the canal.  The top of the outlet box would remain open to 
provide an emergency spillway when overtopped.  An aluminum catwalk would allow 
access to the slide gate operators. 
 
Costs for the conceptual designs were developed and are presented in Chapter 6 of this 
report. 
 
3.3.4 BORDEAUX LATERAL RE-REGULATION RESERVOIR 
 
The Bordeaux Lateral conveys water from Canal No. 1 to irrigators approximately 13 
miles southwest of Wheatland.  The canal length is approximately 14 miles from the 
Canal No. 1 diversion to its end.  Because of the long length of canal, a re-regulation 
reservoir near the end of the canal would be beneficial to store excess water.  A potential 
location for this reservoir would be near a large diversion from the canal.  A site was 
investigated approximately 1,000 feet downstream from the diversion (see Figure 3.1). 
 
CONCEPTUAL DESIGN 
 
The proposed site for this reservoir would be an area adjacent to the concrete lined canal.  
Because of the flat grade of the canal in this area, an excavated reservoir would be 
required.  Material excavated from the reservoir would be used to build up the canal bank 
on the opposite side of the canal.  This would increase the amount of storage in the 
reservoir and provide a use for the excavated material. 
 
Three sizes of reservoirs were evaluated for this site.  Each of the reservoirs would have a 
water depth of approximately 3 feet and would back water up in the ditch.  The maximum 
water depth in the reservoir would be set at the top of ditch elevation near the diversion 
located approximately 1,000 feet upstream of the reservoir site. 
 
The size of this reservoir could vary depending on the amount of storage needed and the 
amount of material excavated.  Conceptual designs were developed for three different  
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sizes of reservoirs.   The largest reservoir would have a storage capacity of approximately 
14 acre-ft (not including water stored in the canal) and would require the excavation and 
removal of about 50,000 cubic yards of material (see Figure 3.14).  The medium reservoir 
could store approximately 10 acre-ft (not including water stored in the canal) by 
removing 28,000 cubic yards (see Figure 3.15).  The small reservoir would have the 
capacity to store just over 5 acre-ft (not including water stored in the canal) by removing 
10,000 cubic yards (see Figure 3.16). 
 
Each reservoir design includes identical inlet/outlet structures.  The inlet and outlet would 
be controlled by adding one diversion structure near the downstream end of the reservoir 
(see Figure 3.17).  To fill the reservoir, a gate on the canal would be shut and allow water 
to overtop the canal and flow into the reservoir.   The outlet from the reservoir would 
consist of a canal gate located on the side the diversion structure.  Releases from reservoir 
would be made by opening the outlet gate, letting water back into the ditch from the 
reservoir.  The diversion structure consists of a 6’ x 6’ concrete box with two 3’ x 4’ 
rectangular slide gates.  
 
Costs for the conceptual designs were developed and are presented in Chapter 6 of this 
report. 
 
3.3.5 UPPER BORDEAUX RE-REGULATION RESERVOIR 
 
A second site for a re-regulation reservoir on the Bordeaux Lateral was evaluated.  The 
second site is approximately ¾ canal miles up-stream from the previously discussed site 
(see Figure 3.1).  This site is up-stream of several diversions whose flows total 
approximately 2/3 of all the diversions on the lateral. 
 
CONCEPTUAL DESIGN 
 
The proposed site for this reservoir would be an area adjacent to the canal and a ditch 
diverting from the main canal.  Conceptual designs were developed for two reservoir 
sizes (see Figure 3.18).  The larger reservoir would have a capacity of approximately 40 
acre-feet of storage and the smaller would be approximately 30 acre-feet.  The larger 
reservoir would require approximately 16,000 cubic yards of embankment and 14,000 
cubic yards of embankment would be required for the smaller reservoir.  The 
embankment would have a 5:1 horizontal to vertical slope on the upstream face and 3:1 
on the downstream face. 
 
The inlet to this reservoir would be a 24” pvc pipe and slide gate constructed on a check 
structure in the canal.  Two outlets would be constructed in the dam.  The outlet works 
for the reservoir would consist of 12” pvc pipe and an inclined slide gate that would 
release water into the nearby diversion ditch, and the outlet structure would release water 
from the reservoir back into the Bordeaux Lateral.  The outlet structure would be a 24” 
slide gate mounted on a concrete wall and 24” pvc pipe to the canal.  The conceptual 
designs for these structures are shown on Figure 3.18. 
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The elevation of the outlets required to return flows to either the canal or the irrigation 
ditch would be above the minimum pool elevation of the reservoirs creating dead pool in 
the reservoirs.  For the larger reservoir, a dead pool of approximately 4 acre-feet would 
remain and approximately 1.5 acre-feet for the smaller reservoir. 
 
Costs for the conceptual designs were developed and are presented in Chapter 6 of this 
report. 
 
3.4 WHEATLAND RESERVOIR NO. 3 HEADGATE 
 
A very large canal releases water from Wheatland Reservoir No. 2 to Wheatland 
Reservoir No. 3 (see Figure 3.2).  This same canal also releases water from Wheatland 
Reservoir No. 3 to the diversion to the Laramie River which is delivered to the systems 
distribution system near Wheatland.  Currently there is no head gate or outlet works for 
Wheatland Reservoir No. 3.  Therefore, the water level in the reservoir is controlled at the 
Laramie River diversion which is nearly two miles from the reservoir.  While the 
reservoir is storing, water is also stored in the canal.  Wave action of the water stored in 
the canal causes erosion to the canal sides and this material is deposited on the bottom of 
the canal.  The buildup of this deposited material raises the effective flow line of the 
canal, limiting the amount of water that can be released from Reservoir No. 3.  Recently 
the WID performed a large project to re-grade the bottom of the canal and remove the 
deposited material.  To eliminate the same problems in the future, a head gate structure 
could be constructed in the canal near the Reservoir No. 3 outlet that would allow the 
WID to store water in the reservoir and allow the canal to drain. 
 
CONCEPTUAL DESIGN 
 
A head gate structure constructed in the canal would have to allow the design flows of the 
canal to fill Reservoir No. 3, and allow smaller releases from the reservoir to the Laramie 
River Diversion.  The canal has a capacity of 2,000 cfs during filling.  At times, releases 
as small as 200 cfs from the reservoir would be all that is needed.  A structure that would 
handle the wide range of flow rates would have to be a multiple gated structure.   
 
The conceptual design developed for this structure consists of three large slide gates (see 
Figure 3.19).  All three gates could be opened to allow the 2,000 cfs flows into the 
reservoir.  The WID indicated that releases from the reservoir would be between 200 and 
300 cfs.  During these smaller releases, one or more gates could be used to throttle these 
flows. 
 
The proposed structure would contain three gates on three reinforced concrete box 
culverts.  The size of the culverts would be 8’ x 8’ and would be approximately 52’ in 
length.  Backfill from on-site materials would be used to create the embankment needed 
for the structure. 
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The inlet and outlet of this structure would be constructed of concrete floors and walls to 
minimize erosion (see Figure 3.20).  Three gates would be mounted on the reservoir side 
of the structure to control flows. 
 
The structure would be constructed with sufficient height that adequate freeboard would 
be provided for the normal high water level of the permitted storage.  The reservoir can 
store additional flood water up to a high water level elevation of 6957 for very short 
periods of time.  If the reservoir is storing these flood waters, it is required that this 
storage be released immediately, allowing very short durations with this amount of 
storage.  With the maximum water level of the stored flood water, the amount of 
freeboard available on the outlet structure would be approximately one foot.  If the water 
level increases above this level, it would spill over the structure and return to the system. 
 
Riprap would be provided on the upstream and downstream earth faces of the diversion 
structure.  A concrete cap on the top of the structure would also be constructed to protect 
from erosion during overtopping. 
 
Costs for the conceptual designs were developed and are presented in Chapter 6 of this 
report. 
 
An alternative to the head gate structure to minimize erosion to the canal sides would be 
to excavate the canal sides down to a 5H:1V side slope.  With this alternative, the 
operation of the canal would not change.  If Wheatland Res. No. 3 is full, the canal will 
store water.  The flatter side slopes will minimize the amount of erosion cause by wave 
action. 
 
Cross sectional surveys were performed at six locations along the canal to determine the 
canal sections.  Quantities of excavation were developed by comparing the surveyed 
cross sections to section with the 5H:1V side slopes (see Figure 3.21).  Quantities were 
calculated by the average end area for each section.  The total amount of excavation is 
approximately 850,00 cubic yards. 
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4. CANAL NO. 2 SEEPAGE EVALUATIONS 
 
Canal No. 2 delivers water to irrigators from Wheatland No. 1 Reservoir.  The canal is 
mostly unlined earth canal and a portion of the canal runs through the town of Wheatland.  
The canal is known to have considerable seepage losses.  This study evaluates areas of 
the canal to determine where seepage occurs and how much is lost. 
 
The canal was divided into four reaches (See Figure 4.1).  Each of these reaches was 
gaged to determine the amount of losses.  The starting flow rate was obtained from the 
WID as a release from Reservoir No. 1.  The remaining flows were measured by stream 
gaging the canal at four locations and were taken on two different days with different 
canal flows.  The diversions from the canal were obtained from the WID and summed for 
each of the different reaches measured.  The diversions from each stretch were subtracted 
from the measured flow to determine the losses in each reach of the canal. 
 
The first gaging site was located on a foot bridge near North Hightower Road.  This 
location is approximately 4.93 miles from the Reservoir No. 1 outlet and approximately 
½ mile from where the ditch transitions from concrete to earth.  The second gaging site is 
located on a vehicle bridge where the canal crosses Ayers Road.  The third site is on a 
vehicle bridge on West Walnut Street and the last site is located on a vehicle bridge on 
Front Street west of Wheatland. 
 
Reach No. 1 is approximately 4.93 miles between the reservoir and the first gaging site.  
Reach No. 2 is between the first and second gaging sites and is approximately 2.82 canal 
miles in length.  Reach No. 3 is between the second and third sites and is approximately 2 
miles long.  Reach No. 4 is approximately 3.35 miles long between gaging sites 3 and 4.  
Reach No. 4 includes the canal that flows through town. 
 
The initial data was obtained on August 2, 2005 with 135 cfs being released from the 
reservoir.  The second data collection occurred on August 30, 2005 with 115 cfs being 
released from Reservoir No. 1.  Table 4.1 shows the results of this evaluation. 
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Table 4.1 – Seepage Loss Evaluation 

Date 
Reach 

No. 

Starting 
Flow for 

Reach (cfs) 
Diversions   

(cfs) 
Calculated 
Flow (cfs) 

Measured 
Flow (cfs) 

Flow 
Loss 
(cfs) Percentage

1 135.00 31.61 103.39 101.27 2.12 2.09% 
2 101.27 41.98 59.29 55.53 3.76 6.77% 
3 55.53 6.14 49.39 45.06 4.33 9.61% 

8/
2/

20
05

 

4 45.06 1.00 44.06 42.94 1.12 2.61% 
1 115.00 28.75 86.25 90.67 -4.42 * -4.87% 
2 90.67 35.00 55.67 47.56 8.11 17.05% 
3 47.56 11.50 36.06 32.17 3.89 12.09% 

8/
30

/2
00

5 

4 32.17 0.00 32.17 29.00 3.17 10.93% 
*The calculations indicate that a gain of 4.42 cfs was realized.  This is likely due to an error or 
combination of errors recording the release flow, diversions or measurement at the first site.  It is 
unlikely that a gain in this reach would be attributed to inflow from the ground back to the ditch 
because a majority of this reach is concrete lined.   

 
These results indicate that significant losses occur in the earth lined portions of this canal.  
It is also apparent that the percentage of lost water increases with lower flows in the 
canal.   
 
To minimize and help prevent seepage losses, several alternatives were evaluated.  The 
alternatives evaluated were concrete lining, treating the soil with fly-ash, and a 
polyacrylamide treatment. 
 
One alternative would be to concrete line the canal or portions of the canal.  A Level II 
study was performed for the WWDC on August, 1990 (Wheatland Irrigation Canal 
Improvements Project, Civil Engineering Professionals, Inc., Aug. 1990).  As part of this 
report a concrete lined canal with a 6 foot bottom width, 1 ½ to 1 side slopes, and six feet 
of depth was proposed.  With this alternative, portions of the ditch could be lined over a 
period of time.   
 
Another alternative could be to amend the canal soils with fly-ash.  This alternative is 
described and discussed in Chapter 7 of this report. 
 
The third alternative could be to treat the canal with polyacrylamide (PAM).  
Polyacrylamide is an environmentally friendly flocculent that can be added directly to the 
water in one of three forms – dry granular, tablet or liquid.  The liquid can also be 
sprayed in the ditch prior to turning on water in the ditch.  PAM causes the suspended 
particles in the water to flocculate, settle and seal the ditch to reduce seepage.  PAM has a 
tendency to degrade in sunlight.  This may require more than one treatment during the 
irrigation season, and at a minimum of once a year.  This alternative is not a permanent 
solution but is economical and could be implemented by the WID.  Costs for applying the 
PAM are presented in Chapter 6. 
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5. WATER QUALITY SAMPLING 
 
As part of the study, water quality samples were taken and test to determine what the 
water chemistry in the irrigation system is.  This information was intended to be 
informational for the WID. 
 
Four sampling locations were developed within the system.  One location is where Canal 
#1 crosses Brush Creek Road southwest of Wheatland.  The second site is on canal No. 2 
where it crosses Jefferson Road.  A third sample was taken from Lateral No. 1 where it 
crosses Washington Road.  The final location was on Canal No. 2 on the east side of 
Wheatland where the canal crosses Bellis Road.  A location map is shown on figure 5-1. 
 
The NRCS district office in Wheatland obtained the samples and sent them to the 
Wyoming Department of Agriculture’s Analytical Services for testing.  Total coliform 
and E. Coli tests were completed by the NRCS district.  The results of these tests are 
presented on the following pages. 
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6. COST ESTIMATES 
 
Based on the conceptual designs presented in Chapter 4, cost estimates have been 
prepared.  The cost estimates include costs for construction components, construction 
engineering, preparation of final design plans and specifications, permitting and 
mitigation, legal fees and acquisition of access and rights-of-way.  Construction Costs 
were calculated using 2005 material and labor costs.  This format is the standard format 
used by the WWDC. 
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6.1 CANON CANAL ENLARGEMENT 
 
The conceptual cost estimate for an enlargement of the Canon Canal is presented in Table 
6.1. 
 

Table 6.1 – Canon Canal Enlargement 

NO. Item Units 
Etimated 
Quantity Unit Cost Cost 

1 Mobilization L.S. -- -- $35,000.00 
2 Excavation C.Y. 50,000 $5.00 $250,000.00 

Construction Cost Sub-Total:  $285,000.00 
10% Engineering:  $28,500.00 

Sub-Total:  $313,500.00 
15% Contingency:  $47,025.00 

CONSTRUCTION COST TOTAL:  $360,525.00 
Preparation of Final Designs and Specifications:  $25,000.00 

Permitting and Mitigation:  $10,000.00 
Legal Fees:  $1,000.00 

Acquisition of Access and Rights of Way:  -- 
TOTAL PROJECT COST:  $396,525 

  
USE:  $400,000 

 
 
Assuming a 50% WWDC grant and 50% loan at 6% for 20 years, the annual repayment 
would be $17,440.  
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6.2 GERINGER PIPELINE 
 
The conceptual cost estimate for an constructing a pipeline to connect a private irrigation 
ditch to Canal No. 2 is presented in Table 6.2. 
 

Table 6.2 – Geringer Pipeline 

NO. Item Units 
Etimated 
Quantity

Unit 
Cost Cost 

1 Mobilization L.S. -- -- $15,000.00 
2 12" PVC C.Y. 3,000 $35.00 $105,000.00 

3 
Concrete Diversion 
Box C.Y. 2 $1,500.00 $3,000.00 

4 Road Bore L.F. 75 $300.00 $22,500.00 
Construction Cost Sub-Total:  $145,500.00 

10% Engineering:  $14,550.00 
Sub-Total:  $160,050.00 

15% Contingency:  $24,007.50 
CONSTRUCTION COST TOTAL:  $184,057.50 

Preparation of Final Designs and Specifications:  $10,000.00 
Permitting and Mitigation:  -- 

Legal Fees:  $1,000.00 
Acquisition of Access and Rights of Way:  $5,000.00 

TOTAL PROJECT COST:  $200,058 
  

USE:  $200,000 
 
 
Assuming a 50% WWDC grant and 50% loan at 6% for 20 years, the annual repayment 
would be $8,720.  
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6.3 JACK RAY PIPELINE 
 
The conceptual cost estimate for an constructing a pipeline to connect a private irrigation 
ditch to Canal No. 2 is presented in Table 6.3. 
 

Table 6.3 – Jack Ray Pipeline 

NO. Item Units 
Etimated 
Quantity Unit Cost Cost 

1 Mobilization L.S. -- -- $1,000.00
2 12" PVC C.Y. 25 $40.00 $1,000.00

3 
Concrete Diversion 
Box C.Y. 1 $1,500.00 $1,500.00

4 Slide Gate L.S. -- $1,500 $1,500.00
Construction Cost Sub-Total:  $5,000.00

10% Engineering:  $500.00
Sub-Total:  $5,500.00

15% Contingency:  $825.00
CONSTRUCTION COST TOTAL:  $6,325.00

Preparation of Final Designs and Specifications:  $500.00
Permitting and Mitigation:  --

Legal Fees:  --
Acquisition of Access and Rights of Way:  --

TOTAL PROJECT COST:  $6,825
  

USE:  $7,000
 
Assuming a 50% WWDC grant and 50% loan at 6% for 20 years, the annual repayment 
would be $305.  
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6.4 KIDD DAM AND RE-REGULATION RESERVOIR 
 
The conceptual cost estimate for constructing the re-regulation reservoir for storing 
excess water and storm water for Canal No. 1 is presented in Table 6.4. 
 

Table 6.4 – Kidd Dam Re-regulation Reservoir 

No. Item Units 
Estimated 
Quantity Unit Cost Cost 

1 Mobilization L.S. -- -- $100,000
2 Excavation C.Y. 80,000 $2 $160,000
3 Zone I Embankment C.Y. 85,000 $3 $255,000
  Zone II Embankment C.Y. 21,000 $15 $315,000
  Zone III Embankment C.Y. 250,000 $2 $500,000

5 
Ammended Soil 
Facing C.Y. 6,700 $40 $268,000

6 Revegetation Ac. 25 $1,000 $25,000
7 Check Structure L.S. -- -- $50,000
8 Spillway L.S. -- -- $50,000
9 Flumes - 3' Ea. 2 $4,000 $8,000
10 Diversion Structure L.S. -- -- $15,000
11 Outlet Works L.S. -- -- $150,000

Construction Cost Sub-Total:  $1,896,000
10% Engineering:  $189,600

Sub-Total:  $2,085,600
15% Contingency:  $312,840

CONSTRUCTION COST TOTAL:  $2,398,440
Preparation of Final Designs and Specifications:    

Permitting and Mitigation:  $50,000
Legal Fees:  $5,000

Acquisition of Access and Rights of Way:    
TOTAL PROJECT COST:  $2,453,440

  
USE:  $2,400,000

 
 
Assuming a 50% WWDC grant and 50% loan at 6% for 20 years, the annual repayment 
would be $104,640.  
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6.5 RESERVOIR NO. 1 RE-REGULATION RESERVOIR 
 
Three conceptual designs were developed for a re-regulation reservoir near Wheatland 
Reservoir No. 1.  One design would provide approximately 1,100 acre-feet, a second 
would provide approximately 500 acre-feet of storage and the third would provide 
approximately 350 acre-feet of storage volume. 
 
The conceptual cost estimate for the 1,100 acre-feet reservoir is presented in Table 6.5. 
 

Table 6.5 – 1,100 Acre-Feet Re-regulation Reservoir 

No. Item Units
Estimated 
Quantity Unit Cost Cost 

1 Mobilization L.S. -- -- $100,000.00
2 Foundation Excavation C.Y. 100,000 $1.50 $150,000.00
3 Zone I Embankment C.Y. 140,000 $3.00 $420,000.00
4 Zone II Embankment C.Y. 45,000 $15.00 $675,000.00
5 Zone III Embankment C.Y. 520,000 $2.00 $1,040,000.00
6 Amended Soil Facing C.Y. 12,000 $40.00 $480,000.00
7 Primary Outlet Works No. 1 L.S. -- -- $300,000.00
8 Canal Outlet Works No. 2 L.S. -- -- $150,000.00
9 Revegetation Ac. 50 $1,000.00 $50,000.00

10 Canal Berm C.Y. 5,000 $3.00 $15,000.00
11 Electrical Relocation L.S. -- -- $75,000.00

Construction Cost Sub-Total:  $3,455,000.00
10% Engineering:  $345,500.00

Sub-Total:  $3,800,500.00
15% Contingency:  $570,075.00

CONSTRUCTION COST TOTAL:  $4,370,575
Preparation of Final Designs and Specifications:  $200,000.00

Permitting and Mitigation:  $75,000.00
Legal Fees:  $5,000.00

Acquisition of Access and Rights of Way:  --
TOTAL PROJECT COST:  $4,650,575

  
USE:  $4,700,000

 
Assuming a 50% WWDC grant and 50% loan at 6% for 20 years, the annual repayment 
would be $204,920.  



6-7 

The conceptual cost estimate for the 500 acre-feet reservoir is presented in Table 6.6. 
 

Table 6.6 – 500 Acre-Feet Re-regulation Reservoir 

No. Item Units 
Estimated 
Quantity Unit Cost Cost 

1 Mobilization L.S. -- -- $50,000.00
2 Foundation Excavation C.Y. 40,000 $1.50 $60,000.00
3 Zone I Embankment C.Y. 26,000 $3.00 $78,000.00
4 Zone II Embankment C.Y. 30,000 $15.00 $450,000.00
5 Zone III Embankment C.Y. 210,000 $2.00 $420,000.00

6 
Ammended Soil 
Facing C.Y. 3,500 $40.00 $140,000.00

7 Outlet Works No. 1 L.S. -- -- $150,000.00
8 Outlet Works No. 2 L.S. -- -- $100,000.00
9 Revegetation Ac. 30 $1,000.00 $30,000.00

10 Canal Berm C.Y. 5,000 $3.00 $15,000.00
11 Outlet Canal C.Y. 20,000 $2.50 $50,000.00
12 Electrical Relocation L.S. -- -- $65,000.00

Construction Cost Sub-Total:  $1,608,000.00
10% Engineering:  $160,800.00

Sub-Total:  $1,768,800.00
15% Contingency:  $265,320.00

CONSTRUCTION COST TOTAL:  $2,034,120
Preparation of Final Designs and Specifications:  $100,000.00

Permitting and Mitigation:  $50,000.00
Legal Fees:  $5,000.00

Acquisition of Access and Rights of Way:  --
TOTAL PROJECT COST:  $2,189,120

  
USE:  $2,200,000

 
Assuming a 50% WWDC grant and 50% loan at 6% for 20 years, the annual repayment 
would be $95,920.  
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The conceptual cost estimate for the 350 acre-feet reservoir is presented in Table 6.6. 
 

Table 6.6 – 350 Acre-Feet Re-regulation Reservoir 

No. Item Units 
Estimated 
Quantity Unit Cost Cost 

1 Mobilization L.S. -- -- $50,000.00
2 Foundation Excavation C.Y. 35,000 $1.50 $52,500.00
3 Zone I Embankment C.Y. 20,000 $3.00 $60,000.00
4 Zone II Embankment C.Y. 25,000 $15.00 $375,000.00
5 Zone III Embankment C.Y. 170,000 $2.00 $340,000.00
6 Amended Soil Facing C.Y. 3,500 $40.00 $140,000.00
7 Outlet Works No. 1 L.S. -- -- $150,000.00
8 Outlet Works No. 2 L.S. -- -- $100,000.00
9 Revegetation Ac. 30 $1,000.00 $30,000.00

10 Canal Berm C.Y. 5,000 $3.00 $15,000.00
11 Outlet Canal C.Y. 20,000 $2.50 $50,000.00
12 Electrical Relocation L.S. -- -- $65,000.00

Construction Cost Sub-Total:  $1,427,500.00
10% Engineering:  $142,750.00

Sub-Total:  $1,636,250.00
15% Contingency:  $235,537.50

CONSTRUCTION COST TOTAL:  $1,805,787.50
Preparation of Final Designs and Specifications:  $100,000.00

Permitting and Mitigation:  $50,000.00
Legal Fees:  $5,000.00

Acquisition of Access and Rights of Way:  --
TOTAL PROJECT COST:  $1,960,787.50

  
USE:  $2,000,000

 
Assuming a 50% WWDC grant and 50% loan at 6% for 20 years, the annual repayment 
would be $87,200.  
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6.6 DRIVE-IN RE-REGULATION RESERVOIR 
 
 
The conceptual cost estimate for the 10 acre-feet reservoir near the end of Lower No. 1 
Canal is presented in Table 6.7. 
 
 

Table 6.7 – Drive-in Re-regulation Reservoir 

No. Item Units
Estimated 
Quantity Unit Cost Cost 

1 Mobilization L.S. -- -- $5,000
2 Excavation C.Y. 15,000 $1 $15,000
3 Embankment C.Y. 12,000 $2 $24,000
4 Well Abandonment L.S. -- -- $1,000
5 Outlet Structure L.S. -- -- $10,000
6 18" Pipe L.F. 350 $40 $14,000
7 Inlet Structure L.S. -- -- $8,000
8 Revegetation Ac. 2 $2,000 $4,000
9 Demolition L.S. -- -- $5,000

Construction Cost Sub-Total:  $86,000.00
10% Engineering:  $8,600.00

Sub-Total:  $94,600.00
15% Contingency:  $14,190.00

CONSTRUCTION COST TOTAL:  $108,790.00
Preparation of Final Designs and Specifications:  $7,000.00

Permitting and Mitigation:  --
Legal Fees:  $3,000.00

Acquisition of Access and Rights of Way:  $85,000.00
TOTAL PROJECT COST:  $203,790.00

  
USE:  $200,000.00

 
Assuming a 50% WWDC grant and 50% loan at 6% for 20 years, the annual repayment 
would be $8,720.  



6-10 

6.7 BORDEAUX RE-REGULATION RESERVOIR 
 
Three conceptual designs were developed for a re-regulation reservoir near the end of the 
Bordeaux Lateral.  Each design calls for an excavated reservoir and the difference in the 
three designs is the area of the reservoir and the amount of excavation required. 
 
The conceptual cost estimate for three re-regulation reservoir options are presented in 
Table 6.8, 6.9 and 6.10. 
 

Table 6.8 – Bordeaux Re-regulation Reservoir 
14 Acre-Feet 

NO. Item Units
Estimated 
Quantity Unit Cost Cost 

1 Mobilization L.S. -- -- $3,000.00
2 Excavation C.Y. 50,000 $1 $50,000.00
3 Embankment C.Y. 2,000 $3 $6,000.00
4 Outlet Structure L.S. -- -- $15,000.00

Construction Cost Sub-Total:  $74,000.00
10% Engineering:  $7,400.00

Sub-Total:  $81,400.00
15% Contingency:  $12,210.00

CONSTRUCTION COST TOTAL:  $93,610.00
Preparation of Final Designs and Specifications:  $6,000.00

Permitting and Mitigation:  --
Legal Fees:  $1,000.00

Acquisition of Access and Rights of Way:  $15,000.00
TOTAL PROJECT COST:  $115,610

  
USE:  $115,000

 
Assuming a 50% WWDC grant and 50% loan at 6% for 20 years, the annual repayment 
would be $5,014.  
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Table 6.9 – Bordeaux Re-regulation Reservoir 
10 Acre-Feet 

NO. Item Units
Estimated 
Quantity Unit Cost Cost 

1 Mobilization L.S. -- -- $2,000.00
2 Excavation C.Y. 30,000 $1 $30,000.00
3 Embankment C.Y. 2,000 $3 $6,000.00
4 Outlet Structure L.S. -- -- $15,000.00

Construction Cost Sub-Total:  $53,000.00
10% Engineering:  $5,300.00

Sub-Total:  $58,300.00
15% Contingency:  $8,745.00

CONSTRUCTION COST TOTAL:  $67,045.00
Preparation of Final Designs and Specifications:  $5,000.00

Permitting and Mitigation:  --
Legal Fees:  $1,000.00

Acquisition of Access and Rights of Way:  $10,000.00
TOTAL PROJECT COST:  $83,045

  
USE:  $85,000

 
Assuming a 50% WWDC grant and 50% loan at 6% for 20 years, the annual repayment 
would be $3,706. 
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Table 6.10 – Bordeaux Re-regulation Reservoir 
5 Acre-Feet 

NO. Item Units
Estimated 
Quantity Unit Cost Cost 

1 Mobilization L.S. -- -- $2,000.00
2 Excavation C.Y. 11,000 $1 $11,000.00
3 Embankment C.Y. 2,000 $3 $6,000.00
4 Outlet Structure L.S. -- -- $15,000.00

Construction Cost Sub-Total:  $34,000.00
10% Engineering:  $3,400.00

Sub-Total:  $37,400.00
15% Contingency:  $5,610.00

CONSTRUCTION COST TOTAL:  $43,010.00
Preparation of Final Designs and Specifications:  $5,000.00

Permitting and Mitigation:  --
Legal Fees:  $1,000.00

Acquisition of Access and Rights of Way:  $5,000.00
TOTAL PROJECT COST:  $54,010

  
USE:  $55,000

 
Assuming a 50% WWDC grant and 50% loan at 6% for 20 years, the annual repayment 
would be $2,398.   
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Table 6.11 – Upper Bordeaux Re-regulation Reservoir 
40 Acre-Feet 

 

No. Item Units 
Estimated 
Quantity Unit Cost Cost 

1 Mobilization L.S. -- -- $15,000
2 Excavation C.Y. 22,000 $1 $22,000
3 Embankment C.Y. 16,000 $2 $32,000
4 Outlet Works L.S. 1 $10,000 $10,000
5 Outlet Structure L.S. 1 $10,000 $10,000
6 Revegetation Ac. 12 $750 $9,000
7 Inlet L.S. 1 $15,000 $15,000

Construction Cost Sub-Total:  $98,000.00
10% Engineering:  $9,800.00

Sub-Total:  $107,800.00
15% Contingency:  $16,170.00

CONSTRUCTION COST TOTAL:  $123,970.00
Preparation of Final Designs and Specifications:  $12,000.00

Permitting and Mitigation:  --
Legal Fees:  $3,000.00

Acquisition of Access and Rights of Way:  $15,000.00
TOTAL PROJECT COST:  $153,970.00

  
USE:  $155,000.00

 
Assuming a 50% WWDC grant and 50% loan at 6% for 20 years, the annual repayment 
would be $6,758.   
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Table 6.12 – Upper Bordeaux Re-regulation Reservoir 
30 Acre-Feet 

 

No. Item Units 
Estimated 
Quantity Unit Cost Cost 

1 Mobilization L.S. -- -- $15,000
2 Excavation C.Y. 19,000 $1 $19,000
3 Embankment C.Y. 14,000 $2 $28,000
4 Outlet Works L.S. 1 $10,000 $10,000
5 Outlet Structure L.S. 1 $10,000 $10,000
6 Revegetation Ac. 10 $750 $7,500
7 Inlet L.S. 1 $15,000 $15,000

Construction Cost Sub-Total:  $89,500.00
10% Engineering:  $8,950.00

Sub-Total:  $98,450.00
15% Contingency:  $14,767.50

CONSTRUCTION COST TOTAL:  $113,217.50
Preparation of Final Designs and Specifications:  $12,000.00

Permitting and Mitigation:  --
Legal Fees:  $3,000.00

Acquisition of Access and Rights of Way:  $15,000.00
TOTAL PROJECT COST:  $143,217.50

  
USE:  $145,000.00

 
Assuming a 50% WWDC grant and 50% loan at 6% for 20 years, the annual repayment 
would be $6,322.   
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6.8 WHEATLAND RESERVOIR NO. 3 HEADGATE 
 
The conceptual cost estimate for a head gate structure to be constructed at Wheatland No. 
3 Reservoir is presented in Table 6.13. 
 
 

Table 6.13 – Wheatland No. 3 Head gate 

No. Item Units
Estimated 
Quantity Unit Cost Cost 

1 Mobilization L.S. -- -- $80,000

2 
Inlet Structure 
Concrete C.Y. 375 $400 $150,000

3 8' X 8' Head Gates Ea. 3 $80,000 $240,000

4 
Outlet Structure 
Concrete C.Y. 175 $400 $70,000

5 Concrete Crest C.Y. 35 $300 $10,500
6 8' X 8' RCP Box L.F. 160 $550 $88,000
7 Riprap C.Y. 1,100 $75 $82,500

8 
Foundation 
Excavation C.Y. 450 $3 $1,350

9 Embankment C.Y. 4,000 $5 $20,000
10 Keyway Excavation C.Y. 35 $3 $105

Construction Cost Sub-Total:  $742,455.00
10% Engineering:  $74,245.50

Sub-Total:  $816,700.50
15% Contingency:  $122,505.08

CONSTRUCTION COST TOTAL:  $939,205.58
Preparation of Final Designs and Specifications:  $75,000.00

Permitting and Mitigation:  $4,000.00
Legal Fees:  --

Acquisition of Access and Rights of Way:  --
TOTAL PROJECT COST:  $1,018,206

  
USE:  $1,000,000

 
Assuming a 50% WWDC grant and 50% loan at 6% for 20 years, the annual repayment 
would be $43,600.   
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The conceptual cost estimate for a flattening the side slopes of the canal between 
Wheatland Reservoirs No. 2 and No. 3 to a 5H:1V slope is presented in Table 6.14. 
 
 

Table 6.14 – Wheatland No. 3 Canal – 5:1 Slope 
 

NO. Item Units 
Etimated 
Quantity Unit Cost Cost 

1 Mobilization L.S. -- -- $150,000.00 
2 Excavation C.Y. 850,000 $2.50 $2,125,000.00 

Construction Cost Sub-Total:  $2,275,000.00 
10% Engineering:  $227,500.00 

Sub-Total:  $2,502,500.00 
15% Contingency:  $375,375.00 

CONSTRUCTION COST TOTAL:  $2,877,875.00 
Preparation of Final Designs and Specifications:  $150,000.00 

Permitting and Mitigation:  -- 
Legal Fees:  -- 

Acquisition of Access and Rights of Way:  -- 
TOTAL PROJECT COST:  $3,027,875 

  
USE:  $3,100,000 

 
Assuming a 50% WWDC grant and 50% loan at 6% for 20 years, the annual repayment 
would be $135,160.   
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6.9 POLYACRYLAMIDE CANAL TREATMENT 
 
The cost estimate for applying polyacrylamide to two miles of the Bordeaux Lateral and 
one mile of Canal No. 2 is presented in Table 6.15. 
 

Table 6.15 – PAM Treatment 
 

No. Item Units 
Estimated 
Quantity Unit Cost Cost 

1 Mobilization L.S. -- -- $2,000
2 Canal No. 2 L.F. 5,500 $0.40 $2,200
3 Bordeaux Lateral L.F. 11,000 $0.35 $3,850

Construction Cost Sub-Total:  $8,050.00
10% Engineering:  $805.00

Sub-Total:  $8,855.00
15% Contingency:  $1,328.25

CONSTRUCTION COST TOTAL:  $10,183.25
Preparation of Final Designs and Specifications:  $5,000.00

Permitting and Mitigation:  --
Legal Fees:  $0.00

Acquisition of Access and Rights of Way:  $0.00
TOTAL PROJECT COST:  $15,183.25

  
USE:  $15,000.00

 
Assuming a 50% WWDC grant and 50% loan at 6% for 20 years, the annual repayment 
would be $654.   
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7. Geotechnical Report 
 
This memorandum presents the results of a preliminary geologic/geotechnical evaluation 
of four dam and reservoir sites in the Wheatland Irrigation District.  The four sites 
include the Wheatland No. 1 re-regulating reservoir, and the Kidd, Boudreaux, and 
Drive-In reservoir sites.  This work was performed by Gannett Fleming and Plumley & 
Associates.  Our engineering geologist, Patrick Plumley, accompanied Victor Anderson 
and Brandon Gebhart from States West Water Resources Corp., and Greg Johnson with 
WEST on a brief site visit to the sites on September 16, 2005.   
 
It is important to note that no detailed surface or subsurface geologic or geotechnical 
investigations were performed at any of the four sites during this study.  Therefore, 
additional surface and subsurface investigations will be necessary to further evaluate the 
geotechnical conditions for dam design at all of the sites.   Our scope of work included 
reviewing existing information, performing a brief site visit, preparing preliminary design 
recommendations for embankments and foundations, and writing this report. 
   
7.1 Geotechnical Reconnaissance Investigation 
 
7.1.1 Data Review 
 
Prior to visiting the sites we researched and reviewed published geologic and 
geotechnical information, topographic maps, and aerial photographs for the area. 
Relevant reports and maps are included in the list of references at the end of this report.   
 
Summary of Previous Geotechnical Work at Wheatland Reservoir No. 1, (Level II, 
Phase I Rehabilitation Study by ESA Consultants, 1990) 
A previous geotechnical site investigation for the Wheatland No. 1 reservoir 
rehabilitation (ESA, 1990) was reviewed to gain insight on local soil and foundation 
characteristics in the project vicinity, especially relevant to the No. 1 Re-Reg site, and to 
understand potential embankment performance issues in the area such as seepage 
problems.  Wheatland Reservoir No. 1 is impounded by a zoned earth embankment dam, 
approximately 44 feet high (called the West Dam) and a longer, homogeneous earth dike 
along the north and east sides of the reservoir that has a maximum height of 24 feet (East 
Dike).  The upstream slopes of both embankments were protected by riprap that is 
comprised of rounded to subrounded cobbles and boulders ranging from about 3 to 24-
inches in size, and about 1.5 feet or less thick on the slopes.  The dam was originally 
constructed in 1897, and was raised twice (in 1941 and 1959) to its current height.  In 
1969, the West Dam was breached (apparently by vandalism), and was rebuilt using 
plans prepared by the Soil Conservation Service. 
 
The 1990 subsurface investigations for the Wheatland No. 1 rehabilitation study included 
drilling ten borings from the crests and downstream toes of the west dam and east dike 
embankments, and excavation of 19 test pits around the reservoir area to investigate 
potential borrow sources.  Piezometers were installed to monitor water pressures within 
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the embankments and in the foundations.  Laboratory testing was done to evaluate 
engineering properties that were used to analyze the embankments and foundations for 
seepage and stability.  The relevant findings of this study are summarized as follows: 
 
• Embankment and Foundation Material Characteristics: 

 Test pits in potential borrow areas located around the reservoir rim in general 
indicated 1 to 2.5 feet of fine-grained silty to clayey topsoil and/or caliched fine 
soil overburden, underlain with sand and gravel ranging from about 3 to over 9 
feet in thickness.  The granular materials under the topsoil horizon varied from 
silty sands (SM), to slightly silty to clean sands and gravels (SP, and GM-GP).  
(All classifications are in accordance with the Unified Soil Classification System, 
or USCS). 

 Record documents for the West Dam, which was reconstructed in 1969 by the 
Soil Conservation Service (SCS), indicated a zoned embankment with the central 
(Zone I) core materials having not less than 15% fines content (passing the No. 
200 sieve).  Materials encountered in Zone I in the test borings from the 1990 
Level II study conformed to that requirement, and were found to consist of silty or 
clayey sands generally classifying as SM and SC.  These materials were 
interpreted as having been derived from the local surficial top soil.  

 The East Dike appears to be constructed as a homogeneous embankment of silty 
sand (SM). 

 Soil materials in the dam foundation were characterized as uniform fine sands 
(SM, SM-SP, and SP). 

• Seepage Issues: 
 At the time of the study (1990) seepage was evident at several locations along the 

toes of both the west dam and the east dike, and around the walls of the outlet 
works impact basin at the west dam.   

 The downstream toe of the east dike was slumping and badly eroded near the 
northeast corner of the facility due to uncontrolled seepage exiting on the 
downstream slope, and wave action with ponding of seepage water at the toe 
under high reservoir conditions.  

 A berm was added to the west dam following the 1969 rebuild, evidently to 
stabilize the downstream face where seepage was exiting.  

 The study findings indicated that the blanket drain installed under the downstream 
zone of the West Dam contain too much fines, and did not have adequate drainage 
capacity to handle seepage from the foundation and the embankment.  

 It was recommended that a more efficient and effective drain system be installed 
on the West Dam, by removal and replacement of the berm and part of the 
downstream portions of the dam as required to install a cleaner, more efficient 
blanket drain. 

• Stability Issues: 
 Shear strength was estimated by direct shear testing of remolded samples of the 

embankment materials, and undisturbed samples of the foundation soils.     
 Site seismicity and seismic stability of the embankments were evaluated in the 

study.  The project area is characterized by low to moderate levels of historic 
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seismicity.  The recommended design earthquake has a magnitude of 5.5 and 
maximum peak ground acceleration of 0.22g.   

 The West Dam was determined to be stable under all loading conditions (both 
static and seismic).   

 The East Dike was found to be deficient for both seismic loading and upstream 
rapid drawdown stability.  Recommendations were to install a drained berm on 
the downstream slope, and to flatten the upstream slope to bring factors of safety 
to within allowable limits and to minimize maintenance of the upstream riprap 
that required frequent replacement due to the overly steep slope.  

 
7.1.2 Engineering Geologic Reconnaissance 

 
Our observations of the site conditions and recommendations for additional investigation 
are provided in the following sections on a site by site basis.  
 
Site 1: Wheatland No. 1 Reregulating Reservoir Site   
 
Site Conditions.  Existing information from the adjacent Wheatland No. 1 Reservoir dam 
site (ESA, 1990), and observations during our site visit suggest that the proposed re-
regulating dam and reservoir are generally underlain by two units: Tertiary bedrock, and 
Quaternary terrace deposits.  Bedrock is exposed locally along canals in the area, in 
particular, Lateral No.1 immediately south of the site, and along an unnamed feeder canal 
that extends between Lateral No. 1 and Wheatland Reservoir No. 1.  Bedrock consists of 
light gray to tan, fine-grained silty sandstone with occasional interbeds of harder, 
cemented, fine-grained sandstone (ESA, 1990). Bedrock exposed along Lateral No. 1 
dips towards the north at <5 degrees.  In addition, the top of the bedrock exposed in the 
canal side slopes is irregular with undulations on the order of 5-10 feet.  The bedrock 
observed during the limited field visit did not appear to have significant open fractures, or 
open bedding planes, and was moderately cemented, suggesting that overall the bedrock 
is likely to have a relatively low permeability.  Except where the bedrock is exposed by 
excavation or erosion along the canals, the bedrock is covered by Quaternary terrace 
deposits.     
 
Quarternary terrace deposits are laterally variable and consist of mixtures of silts, sands 
and gravels with localized zones or lenses of coarse sand and gravel, and cobbles. 
Observation in the canal exposures and earlier test pit data (ESA, 1990) indicates that 
these deposits generally range from several feet to perhaps 20 feet thick.  The coarser 
zones within the terrace deposits potentially have high permeabilities that without 
mitigation could be serve as seepage pathways around the dam.   Test pits in the area 
indicate that the terrace deposits are covered by up to 2 feet of sandy silt soil that is 
strongly cemented with calcium carbonate (caliche) from about 1-2 feet beneath the 
surface. 
 
Recommendations.  The geologic conditions at the site should be further defined by 
geologic mapping and subsurface exploration.  We assume that the terrace deposits (or 
coarse-grained zones within these deposits) are unsuitable for dam foundation because of 
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seepage loss potential.  The primary focus of this effort should be to define (1) the depth 
to bedrock along the embankment alignment, (2) the suitability of the bedrock as a 
foundation for the dam, and (3) borrow materials for the dam.    Detailed mapping of the 
bedrock exposed in the canals within and adjacent to the reservoir site should be 
performed to define the bedrock structure, and lateral variations within the terrace 
deposits.  Drilling should be performed to evaluate these conditions along the dam 
alignment.  Exploration using test pits should be performed to define the characteristics 
of the top soil and finer grained terrace deposits for potential use as borrow for 
embankment construction.   
 
Site 2. Kidd Dam and Reservoir Site  
 
Site Conditions.  The proposed Kidd Dam site is located about 6 miles south of 
Wheatland Reservoir No. 1 in an unnamed tributary to Brush Creek.  The reservoir would 
be supplied by diversions from the existing Canal No. 1 located approximately ½ mile 
south of the dam site.   Site observations suggest that the geology of the site consists of 
three primary geologic units: Tertiary bedrock, Quaternary terrace deposits, and 
Quaternary alluvium.  Published geologic maps indicate that the abutment and valley 
bottom are underlain by Tertiary bedrock that is the same formation as the bedrock 
described for the Wheatland No. 1 re-regulation dam and reservoir site.  Colluvial soil 
(presumably several feet thick) conceals bedrock in the lower approximate 2/3 of the 
valley slope, and alluvial sediments cover bedrock in the valley floor.  The upper 10-20 
feet of the valley slope is composed of Tertiary terrace deposits that appear to be 
composed of coarse gravel, cobbles, and sand.  Alluvium mantels the valley floor and our 
brief site observations suggest the material includes both clean, coarse-grained sand and 
gravel (channel deposits) and finer-grained silty material (overbank deposits).  The 
thickness of the alluvium is unknown.  However, based on the geomorphology of the 
area, and thickness of these deposits in similar tributary streams, it seems likely that these 
deposits are less than 20 feet thick, and probably on the order of 5-15 feet beneath the 
surface.   
 
Recommendations.  A concern for the site is that the coarse-grained terrace deposits in 
the upper abutment areas and the clean, coarse-grained alluvium that occurs locally in the 
valley bottom are potential zones of high permeability that without mitigation could 
result in substantial seepage through a dam constructed at the site.  The tertiary bedrock 
in the area is moderately cemented, fine-grained sandstone and siltstone that presumably 
has low permeability would likely be suitable material for dam foundation.  A 
geologic/geotechnical investigation that includes detained geologic mapping, borings and 
test pits should be performed to characterize the site, particularly:  
(1) the thickness and character of the coarse-grained deposits within the alluvium for 
possible cutoff design;  
 
(2) the laterial extent and permeability of the terrace deposits in the upper abutment for 
possible cutoff design;  
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(3) the suitability of the bedrock as dam foundation in the abutments and valley bottom; 
and,  
 
(4) the suitability, and volume of finer-grained alluvial deposits and top soil in the 
reservoir area for use as low permeability material for the embankment core, and coarse-
grained alluvium for use as filter and drain material. 
 
 
Site 3.  Drive-In Storage Site   
 
Site Conditions.  The proposed Drive-In storage site would be a small reservoir located 
at the site of a defunct drive in movie theater located about 1 mile southeast of 
Wheatland.  The site is essentially flat with no exposures.  The surface of the site is 
covered by sandy silt/ silty sand soils with gravel.  The published geologic map of the 
area (McGrew, 1967C) indicates the site is underlain by sand and loess deposits.  
 
Recommendations.  The thickness and character of the sediments underlying the site are 
unknown.  The granular soils are a potential seepage concern that needs to be evaluated.  
A subsurface investigation consisting of shallow test pits, and borings should be 
conducted to characterize the site conditions, including seepage potential, and identify 
borrow materials.    
 
Site 4.  Bordeaux Storage Site 
 
Site Conditions.  The proposed Bordeaux reservoir would be constructed by excavation. 
No dam embankment would be required.  There is no subsurface information on the site 
and very limited exposure in the area to infer potential subsurface conditions.  The 
published geologic map for the area (McGrew, 1967A) indicates that site is underlain by 
sand and loess deposits (as described in Site 3 above), overlying terrace deposits.  
However, during our brief site reconnaissance, we observed Tertiary bedrock (consisting 
of fine-grained bedded sandstone similar to the rock described at Site 1) exposed in the 
Bordeaux Canal near the southern margin of the site.  The bedrock exposure suggest that 
bedrock may underlie the site at relatively shallow depths (i.e. on the order of 5-15 feet 
below the site depending on location). 
 
Recommendations.  Test pits and drilling should be performed to characterize the 
foundation conditions in the water storage reservoir, particularly: (1) granular deposits 
that could be pathways for substantial seepage from the reservoir; and (2) the depth, 
character, and excavatability of the bedrock in the proposed cuts.   
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7.2 Embankment Design Recommendations 
 
7.2.1 Dam Zoning and Foundation Cutoff Recommendations 
 
Based on the preliminary geologic site reconnaissance and data review, conceptual dam 
templates were developed for the larger embankments (Wheatland No. 1 Re-Reg. and 
Kidd Dam).  These templates are intended to provide best utilization of available on-site 
materials, and account for anticipated foundation conditions to the best of our current 
understanding of the site conditions based on the preliminary geologic reconnaissance.  
 
7.2.2 Wheatland No. 1 Re-Regulating Reservoir 
The foundation conditions at the No. 1 Re-Reg. site comprise a relatively thin (typically 
10 feet thick up to 20 feet thick) layer of granular terrace deposits over sandstone 
bedrock.  Based on the available information on the Wheatland Reservoir No. 1, it is 
assumed that sufficient quantities of Zone I core materials (well-graded silty or clayey 
sand containing at least 15% fines) can be derived locally from the surficial terrace 
deposits.  It is anticipated that some borrow areas within the terrace deposits will be too 
coarse and clean to meet Zone I specifications.  Additional geotechnical site 
investigations, including subsurface investigations and laboratory testing, will be required 
to better delineate borrow source areas for the various zones.   
 
The Zone 1 core should be carried down to the top of the sandstone bedrock, with an 
adequate base width to effectively cut off the pervious terrace deposits.  A core trench 
base width of 20 feet is recommended for preliminary design.  The core should be fully 
protected against internal erosion and piping under seepage forces by installing a properly 
designed and graded clean sand filter transition zone (Zone II).  The sand filter (Zone II) 
should be placed between the Zone I core and Zone III downstream shell, and between 
the Zone I materials and terrace deposits in the foundation on the downstream face of the 
core trench.  The filter zone should be designed in accordance with currently accepted 
criteria (e.g., NRCS, 1994), and constructed to an adequate width in the inclined sections 
to prevent contamination by adjacent fill zones (5 feet minimum width is recommended).  
The blanket drain under the downstream shell should be designed based on final design 
seepage analysis, and should be adequately graded and sufficiently thick to accommodate 
the anticipated total seepage quantities through the core and from foundation 
underseepage.  For preliminary design it is assumed that a single gradation for Zone II 
will work as both filter and drain.  Laboratory permeability testing of the compacted core, 
shell filter/drain and foundation materials should be done to support the seepage analysis 
and filter/drain design. 
 
Based on our current understanding of the local soil materials, slope stability should not 
be an issue with the relatively flat slopes that are being proposed (5H:1V upstream, and 
3H:1V downstream).  These flat slopes are recommended due to the erosive character of 
the generally sandy materials and the lack of riprap slope protection materials in the area.  
Seismicity in the area is characterized as low to moderate (ESA Consultants, 1990), and 
liquefaction or strength loss of the embankment and surficial terrace materials under 
design earthquake events is considered unlikely.      



7-7 

   
 
7.2.3 Kidd Dam 
 
The foundation conditions at the Kidd Dam site comprise mixed gradation alluvial 
materials of unknown depth over sandstone bedrock in the valley section.  Coarse, 
permeable terrace deposit layers were also observed in the upper dam abutments.  Based 
on the reconnaissance observations, it is assumed that sufficient quantities of Zone I core 
materials (soil materials containing at least 15% fines) can be derived locally from the 
alluvium.  It is anticipated that some borrow areas within the alluvial deposits will be too 
coarse and clean to meet Zone I specifications.  Additional geotechnical site 
investigations, including subsurface investigations and laboratory testing, will be required 
to better delineate borrow source areas for the various zones. 
 
The Zone 1 core should be carried down to the top of the sandstone bedrock, with an 
adequate base width to effectively cut off the pervious layers within the alluvium.  A core 
trench base width of 30 feet at the maximum embankment section is recommended for 
preliminary design.  Narrower cutoff dimensions may be appropriate in the abutment 
transitions that are under lower hydraulic head conditions.  In addition, cutoff trenches, 
backfilled with Zone I core material and extending well into the upper abutments may be 
needed to cut of observed pervious layers in the sides of the valley.  The lateral extent of 
these upper level cutoffs is not currently known, and should be investigated by subsurface 
investigation in support of final design. 
 
The core and lateral cutoff trenches should be fully protected against internal erosion and 
piping under seepage forces by installing a properly designed and graded clean sand filter 
transition zone (Zone II).  The sand filter (Zone II) should be placed between the Zone I 
core and Zone III downstream shell, and between the Zone I materials and alluvial 
deposits in the foundation and abutments on the downstream face of the core trenches.  
The filter zone should be designed in accordance with currently accepted criteria (e.g., 
NRCS, 1994), and constructed to an adequate width in the inclined sections to prevent 
contamination by adjacent fill zones (5 feet minimum width is recommended).  The 
blanket drain under the downstream shell should be designed based on final design 
seepage analysis, and should be adequately graded and sufficiently thick to accommodate 
the anticipated total seepage quantities through the core and from foundation 
underseepage.  For preliminary design it is assumed that a single gradation for Zone II 
will work as both filter and drain.  Laboratory permeability testing of the compacted core, 
shell filter/drain and foundation materials should be done to support the seepage analysis 
and filter/drain design. 
 
 
7.3 Upstream Slope Protection Alternatives 
 
7.3.1 Assumptions 
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It is anticipated that the re-regulating impoundments will cycle from empty to full 
approximately 3 to 4 times per summer season with maximum impoundment times of 
approximately one month.   
 
The Wheatland No. 1 Re-Reg. has a maximum height of 65 feet, 5H:1V upstream slopes 
and  3H:1V downstream slopes.  It is expected to reach its total capacity of 60 feet of 
water impoundment with water levels fluctuating approximately 20 feet during the 
seasonal cycles.   
 
Kidd Dam has a maximum height of 40 feet, 5H:1V upstream slopes and 3H:1V 
downstream slopes.  It is expected that the water levels in Kidd Dam will fluctuate from 
no impoundment to its total capacity of 35 feet of water during the seasonal cycling.   
 
Bordeaux Reservoir and Drive-In Reservoir are relatively small structures.  The 
Bordeaux Reservoir is a below-grade structure, and the maximum embankment height of 
Drive-In Reservoir is only about 9 feet.  The seasonal water level fluctuations within 
these reservoirs are expected to be approximately 3 to 4 feet. 
 
Conceptual level alternatives for upstream erosion protection for the structures were 
developed with the understanding that an economical source for rip-rap is not available. 
 
7.3.2 Vegetative Cover 
 
Because an economical source of rip-rap is not available in the area, the use of vegetative 
cover for slope protection was evaluated.  The results are presented in this section, 
followed by recommendations regarding the use of vegetative cover at the four structures 
under consideration and the potential design considerations. 
 
The dissipation of wave energy and the associated erosion on upstream embankment 
slopes can be accomplished using vegetative cover where conditions are appropriate.  
Vegetation of adequate height, density and width normal to the direction of the wave 
front and at an appropriate elevation relative to the wave action can effectively dissipate 
the energy from waves of limited height (United States Department of Agriculture Soil 
Conservation Service (SCS), 1974).   
 
The following equation relates the wave height (a measure of the energy that must be 
dissipated by the vegetative cover) to wind velocity and effective fetch: 
 

47.006.141020.6 FVH −×=  
 
Where  H = wave height (ft) 
  V = wind velocity (mi/hr) 
  F = effective fetch length (ft) 
 
SCS (1974) states that a well established stand of vegetation with a width of at least 20 
feet in the direction of the attacking waves could dissipate the energy of a wave of up to 
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1.5 feet in height.  In addition, SCS guidance concludes that the risk of damage from 
wind velocities in excess of 50 miles per hour (mph) on earth dams where vegetative 
protection is otherwise feasible is acceptable.  Substituting H = 1.5 feet and V = 50 mph 
into the above equation and solving for the effective fetch indicates that wave energy can 
be dissipated on earth embankments by use of vegetative cover where the fetch does not 
exceed 2,330 feet. 
 
The maximum dimension of Bordeaux Reservoir is less than 1,000 feet and the maximum 
dimension of Drive-In Reservoir is approximately 30 feet.  It is clear that the effective 
fetch for these two structures is significantly less than 2,330 feet.  The larger size of the 
Wheatland No. 1 Re-Reg. and Kidd Dam required calculation of the effective fetch to 
evaluate whether it exceeded 2,330 feet for either structure.  Effective fetch calculations 
were performed using the method outlined by SCS (1974).  The calculated effective fetch 
for Kidd Dam was less than 1,000 feet.  The calculated effective fetch for Wheatland No. 
1 Re-Reg. is 2,350 feet.   
 
Vegetative Cover Recommendations for Bordeaux Reservoir, Drive-In Reservoir and 
Kidd Dam 
Based on the calculated values of effective fetch presented above, the use of vegetative 
cover appears to be acceptable for upstream slope protection for Bordeaux Reservoir and 
Drive-In Reservoir, provided that an appropriate stand of vegetation can be established 
and maintained.  The use of vegetative cover for upstream slope protection is not 
recommended for the Wheatland No. 1 Re-Regulation reservoir.  Alternatives to a 
vegetative cover are provided in the following section. 
 
Kidd Dam will be significantly higher and could impound water to depths up to 35 feet.  
It is anticipated that a vegetative cover for protection of the upper portion of the upstream 
slope is feasible.  The lower portion of the slope will likely endure more frequent and 
longer inundation periods that could kill a vegetative cover.  It is therefore recommended 
that the lower 10 to 15 feet vertical above the toe of the upstream slope of Kidd Dam be 
protected with a 1.5-feet thick, well-graded gravel mulch.  The gravel mulch should not 
be subjected to severe wave action, as the smaller reservoir dimensions at lower pool 
elevations will prevent development of large waves.  However, at higher reservoir levels, 
the wave action would be more severe and a well-established vegetative cover would 
provide better protection that a gravel cover.  It is anticipated that the vegetation is more 
likely to survive on the upper slope because the inundation times will be shorter and less 
frequent.     
 
Considerations in the use of vegetative cover include embankment soil type, water level 
fluctuation and water tolerance of the vegetation species selected.  The embankment soil 
must be adequate to allow the establishment of vegetation and the vegetation must be 
able to withstand the expected water level fluctuations.  Vegetative protection should be 
planted on a slope angle that allows establishment and maintenance of a healthy stand.  It 
is anticipated that a 5H:1V upstream slope will be suitable. 
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Grass for the seed mix should be selected to include native species that are tolerant to 
periodic inundation.  Local native species that are characteristic of periodically inundated 
areas such as ephemeral drainage swales include the following: 
• Salt grass (distichlis spicata)  
• Sacaton (sporobolus airoides) 
 
It is recommended that select grasses such as those listed above be mixed with thickspike 
wheat grass to help establish a variety of tolerant species.  The embankment slopes 
should be drill seeded at a rate of about 15 lb live seed/acre.  The slopes should be 
irrigated to maintain damp conditions for the first growing season to ensure establishment 
of the grass cover.    
 
7.3.3 Soil:Fly Ash:Cement Facing for Wheatland No. 1, and Evaluation of Soil:Fly 

Ash Mix for Canal Linings 
Because the use of vegetative cover may not be feasible at the Wheatland No. 1 Re-Reg. 
based on the calculated effective fetch, additional conceptual slope protection alternatives 
were evaluated.  The use of fly-ash amended soil, or soil cement was evaluated for use on 
the upstream slope of the No. 1 Re-Reg. reservoir, and as a possible canal lining to 
reduce excessive seepage losses. 
 
Soil cement is a mixture of soil, Portland cement and water that can be compacted to a 
high density using conventional earth-moving equipment.  Soil cement is frequently used 
as slope protection where an economical source of rip-rap is not available.   
 
Fly ash is the finer portion of the noncombustible residue from coal-fired boiler units.  
Fly ash has pozzolonic, or self-hardening properties that allow it to be used as a soil 
stabilizer, and as an additive in Portland cement mixtures to reduce costs.  A low-cost 
source of Class C fly ash is available near the project site.  The project team considered 
the use of this fly ash to improve the characteristics of the local soil for potential 
applications in canal linings and as erosion protection facing on the upstream slope for 
the Wheatland No. 1 Re-Reg. reservoir (see Figure 1).    
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FIGURE 1 
SOIL CEMENT SLOPE PROTECTION 
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Granular soils are recommended for soil-cement mixes since the soil cement may be 
subjected to repeated cycles of wetting/drying, freezing/thawing and wave action.  Table 
1 summarizes common performance standards for soil cement used in the U.S.   
 
Table 1.  Soil Cement Performance Standards 

 
Laboratory tests were conducted on a soil sample provided to Gannett Fleming by States 
West.  Complete test results are provided in Appendix A.  The sample was reportedly 
collected from the vicinity of the W.I.D. canal north of Wheatland No. 1 reservoir.  The 
exact location of the sample with respect to Wheatland No. 1 Re-Reg. is unknown.  The 
soil sample contained no material larger than 2 inches, 91.2% passing the No. 4 sieve and 
30.7% passing the No. 200 sieve.  The PI was 6.2% and the liquid limit was 23.4%.  
Laboratory data for test pit and borehole samples obtained as part of the Wheatland 
Reservoir No. 1, Level II, Phase I Rehabilitation Study (ESA, 1990) were also reviewed.  
From this limited data, it appears that, based on the local soil characteristics, the use of 
soil cement is quite feasible for Wheatland No. 1 Re-Reg. and for canal linings.   
 
States West also provided a sample of Class C fly ash obtained from the local source.  In 
order to investigate the effects on adding fly ash on soil behavior, the W.I.D. canal soil 
sample was tested for compaction characteristics and permeability, with and without fly 
ash.  The tested mix was proportioned at 50:50 soil:fly ash.  The results of these tests are 
summarized on Table 2. 
 
Table 2.  Compaction and Permeability Tests on Soil and Soil/Fly Ash Mixture 

 Compaction  
(ASTM D698) 

Sample Maximum Dry Density 
(pcf) 

Optimum Moisture 
Content 
(%) 

Hydraulic 
Conductivity 
(ASTM D5084) 
 
(cm/s) 

Soil 123.4 11.6 3.6E-06 
50:50 Mix 
Soil:Flyash 114.2 14.2 1.2E-06 

 
 



7-13 

The test results summarized on Table 2 indicate that mixing soil with fly ash alone does 
not significantly reduce the permeability of the material.  However, this particular soil 
sample contained a significant amount of fines (over 30%), and was quite impervious 
without the fly ash.  As a lining material, a mix that combines the soil with fly ash, 
cement, and bentonite may be more durable and less pervious.  
 
The fly ash-amended sample did exhibit hardening and strength gain, similar to a reaction 
that would be expected if cement had been used.  This is promising for its potential use in 
a soil-cement facing application.   
 
Recommendations for additional testing of soil and fly ash-amended samples:  The 
preliminary lab tests indicate that the local soils are potentially well-suited for making 
soil-cement for use in various applications.  Additional soil sampling and testing will be 
required to fully characterize soil materials and develop appropriate mix designs to 
optimize: 

 Soil:fly-ash:cement proportions for soil cement used in an upstream facing 
application; and  

 Soil:fly-ash:cement:bentonite proportions for potential use in canal linings. 
 
The additional testing should include soil classification tests, moisture density tests at a 
selected initial cement content to determine target density and water content values, 
durability tests at a range of cement content values including the initial cement content, 
and unconfined compressive strength tests (United States Army Corps of Engineers 
(USACE), 2000).  The durability tests should include freeze-thaw and wet-dry durability 
testing of prepared test specimens.   
 
For the types of soil materials available on site, optimum Portland cement contents are 
expected to range from about 5 to 9 percent by weight of soil, or 7-9 lbs per cubic foot of 
compacted soil cement.  A portion of the Portland cement could be replaced by fly ash.  
Because the fly ash is available as a local resource at no cost, it would reduce the overall 
cost of implementing this alternative.  Based on discussions with soil-cement specialists, 
addition of the fly ash will likely reduce the cement requirement by about 50%, which 
will substantially reduce costs.  The substitution of fly ash for Portland cement would 
likely result in reduced compressive strength and durability.  However, given the limited 
duration of exposure of the slope to wave action and the relatively small effective fetch, 
the shortcomings in strength and durability may be tolerable, given the understanding that 
this alternative may result in more maintenance costs than the soil cement alternative that 
does not include fly ash amendment.   
 
It is recommended that the soil cement facing be constructed in a thin slab (plating) 
configuration on a fairly flat (>3H:1V) slope.  The plating method consists of placing one 
or more layers of soil cement parallel to the slope, and is used where less severe exposure 
is expected (USACE, 2000).  Although there are no definitive design criteria for lift 
thickness, experience has shown that 12 inches of protection is generally adequate in 
areas where plating is appropriate (USACE, 2000).  In the plating construction method, 
the slopes should be a maximum of 3H:1V in order to properly spread and compact the 
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soil cement.  The plating method would likely provide adequate protection to Wheatland 
No. 1 Re-Reg.  It is recommended that a medium weight, non-woven geotextile (filter 
fabric) be placed on the slope under the soil cement to provide for drainage under the 
facing.  A schematic representation of soil cement soil slope protection applied on a 
5H:1V upstream slope is shown as Figure 1. 
 
7.3.4 Cellular Containment System Alternative for Wheatland No. 1 Re-

Regulating Reservoir Upstream Slope Protection 
 
A polymeric CCS is class of composite material used for slope protection and other 
applications.  The system consists of a flexible, three-dimensional, open-cell assembly 
(known generically as a Geocell) that is expanded into position and infilled with selected 
materials such as aggregate, topsoil or concrete (see Figure 2).  
 
Presto Products Company, Geosystems manufactures CCS erosion control systems for 
erosion slope protection applications.  Product specifications were reviewed and a local 
vendor (in Mills, WY) was contacted.  The use of a CCS with cells 11.3 inches by 12.6 
inches by 4 inches deep (V-Series Geoweb® System GW30V) would be appropriate for 
use at Wheatland No. 1 Re-Reg on slopes no steeper than 3H:1V. 
 
The infill material for the CCS can consist of concrete, gravel, or topsoil.  A geotextile 
underlayer is recommended to enhance the dissipation of external hydrodynamic stresses.     
 
Aggregate infills are appropriate in cases where the expected hydraulic stresses are not 
extreme (Crowe, et al., 1995).  It is anticipated that a CCS infilled with gravel would be 
effective in dissipating the expected wave energy.  However, an evaluation of the 
potential tractive forces that may be imposed on the infill due to concentrated flow over 
the system would be recommended.  A CCS infilled with topsoil may also provide a 
suitable substrate for vegetative cover in the upper portion of the slope.  A schematic 
representation of a CCS system is shown as Figure 2. 
 
7.3.5 Cost Estimates for Upstream Facing Alternatives for Wheatland No. 1 Re-

Regulation Reservoir 
Conceptual cost estimates were prepared for the Wheatland No. 1 Re-Reg. slope 
protection alternatives.  The cost estimates were developed using the following 
assumptions: 
 

• Slope angles were assumed to be 5H:1V for the soil cement and soil 
cement:fly-ash soil alternatives. 

• Slope angle was assumed to be 3H:1V for the CCS alternative. 
• Slope protection was extended to the upstream embankment crest. 
• The Wheatland No. 1 Re-Reg. upstream face surface area (at a 5H:1V slope) 

is 513,000 ft2, per discussions with States West Water Resources (personal 
communication with Brandon Gebhart). 

• The Wheatland No. 1 Re-Reg. surface area at a 3H:1V slope was estimated 
trigonometrically based on the 5H:1V surface area, as 318,120 ft2. 
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• Unit costs for soil cement plating were based on a recent project by Gannett 
Fleming ($45/CY), increased by about 10% to account for recent increased 
costs for cement.  It is assumed that the material costs are about $15/CY. 

• Unit costs for fly ash-amended soil cement material were reduced from 
$50/CY to $40/CY to account for reduced material costs for less cement. 

• The cost for soil cement assumes that 7% Portland cement is required for the 
mix. 

• The costs for soil cement and fly ash amended soil assume 1 foot thick 
plating. 

• The CCS cost estimate is based on discussions with a local vendor and gravel 
infill. 

• The CCS is assumed to be constructed without a geotextile underlayer. 
 
 
The conceptual cost estimates for soil cement, fly ash amended soil and CCS slope 
protection are summarized on Table 3. 

 
 
Table 3.  Summary of Conceptual-Level Cost Estimates for Upstream Slope 
Protection Alternatives for Wheatland No. 1 Re-Reg. 
 

Alternative Slope 
angle Unit cost  Total Cost 

Soil Cement 5:1 $50/yd3 $950,000  
Fly Ash Amended Soil 5:1 $42.5/yd3 $807,500  
Cellular Confinement System 3:1 $25/yd2 $883,700  

 
Soil cement is the most costly alternative, and the fly ash amended soil cement is the least 
expensive alternative for the 5H:1V slope option, with CCS total cost in between.  The 
CCS system can be used on a steeper slope, and therefore will result in lower 
embankment volume and reduced construction costs that should also be considered with 
that option.   
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8. SUMMARY 
 
The Level II Study for the Wheatland Irrigation District Water Conservation Project was 
to develop conceptual designs, cost estimates and operational plans for modifications or 
upgrades the WID’s current irrigation system.  The designs and recommendations 
presented in this report are intended to assist the WID in its continuing effort to conserve 
water.  
 
This report evaluated some of the components of the WID’s irrigation system to provide 
conceptual designs and costs for improving the system.  Some of the items evaluated in 
this study were the feasibility of enlarging the Canon Canal, constructing several 
pipelines throughout the system to eliminate “dead ends” in some of the canals, 
constructing re-regulation reservoirs within the distribution system to store excess water 
flowing in some of the canals, constructing a headgate for Wheatland Reservoir No. 3 
and a seepage evaluation on Canal No. 2, known to have significant seepage losses.  A 
summary of costs for these projects is presented in Table 8.1.  The costs include 
construction costs, construction engineering, preparation of final design plans and 
specifications, permitting and mitigation, legal fees and acquisition of access and rights-
of-way.   This table also presents the annual repayment required by the WID based on the 
WWDC funding of 50% grant and 50% loan at 6% for 20 years. 
 
CANON CANAL ENLARGEMENT 
 
The Canon Canal is at the upper end of the Wheatland Irrigation Districts system.  This 
canal diverts water from Rock Creek and stored water from Sand Lake near Arlington.  
This water is used to fill several of the WID’s reservoirs and then is released into the 
distribution system.  The canal does not have the capacity to flow the WID’s appropriated 
water rights from Rock Creek. 
 
An evaluation was performed for the feasibility of enlarging the Canon Canal from the 
Rock Creek Diversion to Interstate I-80.  Diversion records indicate that when the WID 
has the right to divert their full appropriation, they are unable to because of the limited 
capacity of the canal.  Currently, the existing capacity of the canal is approximately 130 
cfs and water rights of 215 cfs.  To allow the WID to divert the full appropriation an 
enlargement of the Canon Canal would be required.  The WID indicated that a majority 
of the canals restrictions are between the diversion off of Rock Creek and Interstate I-80, 
a distance of approximately 2.5 canal miles.  A cost was developed to enlarge this section 
of the canal.     
 
PIPELINES 
 
Many of the WID’s distribution canals terminate at “dead ends” within the system.  
When irrigators on these canals stop diverting, excess water in the canals has to be 
wasted.  For two of these canals, pipelines could be constructed at the end of the canal 
which could deliver excess water into other canals rather than being wasted.  
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Pipeline designs were developed for two different locations.  Both designs would reduce 
the water that might be wasted at the “dead ends” of the No. 1 Lateral and the Lower 
Canal No. 1.  Excess water from these canals could be distributed into Canal No. 2 and 
used by downstream irrigators.  This is also beneficial because water could be diverted 
around some the areas on Canal No. 2 known to have large seepage losses. 
 
The Geringer pipeline would be 3,000 feet of 12 inch pipe with two concrete diversion 
boxes.  It was assumed that this would require a road bore under Preuit Road.  This pipe 
would be installed just north of Highway 310 to transfer water from a private ditch at the 
end of Lateral No. 1 to Canal No. 2.  The pipeline will also allow the landowner to divert 
from the pipe to irrigate the un-irrigated corners of the land irrigated by a center pivot 
circle.   
 
The Jack Ray pipeline is a very short pipeline that would transfer water from the end of 
the Lower No. 1 canal into Canal No. 2 through private ditches.  The Jack Ray ditch 
terminates at a point that is approximately 25 feet from Canal No. 2.  The ditch would be 
connected to Canal No. 2 with 25 feet of PVC pipe.  This would also include a concrete 
diversion and a 12” slide gate.   
 
RE-REGULATION RESERVOIRS 
 
Another alternative for decreasing the amount of water wasted at the end of the WID’s 
canals would be to provide storage for excess water until it is needed.  Re-regulation 
reservoirs could be constructed at several locations to provide this storage.  This study 
evaluated re-regulation reservoirs for four canals within the District’s distribution system. 
 
One site that was evaluated for storage was the Kidd Re-regulation reservoir near Canal 
No. 1.  The potential site that would allow approximately 1,400 acre-feet of storage is 
located in a drainage that, in the past, has carried large amounts of storm water and 
discharged the water into Canal No. 1.  These flows erode the canals sides and increase 
the water level in the canal which can overtop the canal.  The Kidd Re-regulation 
reservoir would store excess water from Canal No. 1 and storm water from the drainage.  
A waste-way could be constructed in the canal to divert excess water from the canal to 
the reservoir and also provides protection and a waste-way for the canal in an area where 
storm water enters the canal.  This site would not allow the stored water to return to 
Canal No. 1, but could release the water into Canal No. 3. 
 
Another site that was evaluated would store excess water for the No. 1 Lateral.  The 
potential site is located near Wheatland No. 1 Reservoir.  Conceptual designs for a 1,100 
acre-foot reservoir, a 500 acre-foot reservoir and a 350 acre-foot reservoir were 
developed.  The reservoir would store excess water from the No. 1 Lateral and could 
release back to the No. 1 Lateral or into Wheatland Reservoir No. 1. The district 
indicated that the highest priority project evaluated in this Level II study would be a re-
regulation reservoir near the Wheatland Reservoir No. 1.   
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Conceptual designs were developed for a re-regulation reservoir near the end of the 
Lower No. 1 Canal.  This potential site is at the end of the canal on land that was once the 
Drive-In movie theater.  This parcel of land is for sale and could be developed to provide 
storage for excess water in the Lower No. 1 Canal.  Water stored at this location could be 
released back into the Lower No. 1 Canal, or it could be released through private ditches 
to discharge into Canal No. 2.  The conceptual design for this reservoir would allow 
approximately 11.3 acre-feet of storage. 
 
Two potential re-regulation reservoir sites were evaluated to store excess water in the 
Bordeaux Lateral.  One location is near the end of the canal.  Conceptual designs were 
developed for a 14 acre-foot reservoir, a 10 acre-foot reservoir, and a 5 acre-foot 
reservoir at this location.  Each of these reservoirs would be excavated reservoirs next to 
the canal.  Another site was evaluated upstream from several irrigation diversions along 
the canal.  A 40 acre-foot capacity and a 30 acre-foot capacity reservoir were developed 
at this site.  It would be located near the canal and an irrigation ditch and could release 
water to either ditch.  This reservoir would use on-site materials to construct the dam 
across a shallow drainage. 
 
The conceptual designs for all of the reservoirs use conservative designs based only on a 
reconnaissance level geotechnical program.  These reservoirs may be economized if a 
more detailed geotechincal analysis is performed.  It is recommended that a geotechnical 
program be instituted to develop a more detailed design and possibly decrease the 
construction costs.  With this geotechnical program, it is also recommended that the 
desired storage size of these reservoirs be finalized. 
 
WHEATLAND RESERVOIR NO. 3 HEADGATE 
 
A large canal supplies water from Wheatland Reservoir No. 2 to Wheatland Reservoir 
No. 3.  This canal is also used to release water from the reservoir to the Laramie River 
where it is delivered to the WID’s Distribution system.  Currently, Reservoir No. 3 has no 
inlet or outlet to control flows.  When the reservoir is full, water is stored in the canal.  
Wave action of the water stored in the canal erodes the canal sides and deposits material 
into the channel.  Over time this accumulation of material decreases the capacity of the 
canal and also limits the amount of water that can be released from Reservoir No. 3. The 
construction of a head gate structure in the canal between Wheatland Reservoirs No. 2 
and No. 3 would allow the WID to store water in Reservoir No. 3 and give them the 
ability to drain the canal.  This would help eliminate maintenance of the canal. 
 
A headgate structure was designed to provide the WID with a way to control water flow 
into and out of Wheatland Reservoir No. 3 and provide the ability to drain the canal 
between Reservoir No. 2 and No. 3.  The conceptual design developed would include 3 
gates capable of allowing large flows into the reservoir and smaller flows to be released 
from the reservoir.  Concrete and earth would be used to construct a structure in the 
canal.    
 



8-4 

An alternate option to the headgate structure would be to flatten the canal side slopes to a 
5H:1V slope.  This would reduce the erosion caused by wave action of stored water in the 
canal, but would not offer the ability to control the flows into and out of the reservoir.  
This option would require the excavation and wasting of approximately 850,000 cubic 
yards of soil.   
 
CANAL NO. 2 SEEPAGE EVALUATIONS 
 
One of the WID’s large canals is known to have significant seepage problems.  This 
study evaluated the amount of seepage losses in Canal No. 2 and developed a possible 
solution to minimize some the seepage losses.  Stream gaging was performed at several 
locations in the canal to determine the amount of water loss and where the losses where 
occurring. 
 
To reduce water seepage in the canal, a polyacrylamide (PAM) liquid can be sprayed on 
the canal just before water is released.  The PAM acts a flocculent to settle fine particles 
of dirt in the water that seal leaks in the canal.  This treatment is an inexpensive way for 
the WID to conserve water in the system by minimizing the seepage in the canals.  Costs 
for PAM treatment is approximately $0.35 to $0.40 per foot of ditch and the application 
can be implemented by the District’s forces.  Because of the useful life of the PAM 
treatment, annual applications would be required. 
 

Table 8.1 – Summary of Construction Costs 

Project Total Cost 
Annual 

Repayment 
Canon Canal Enlargement $400,000.00 $17,440.00
Geringer Pipeline $200,000.00 $8,720.00
Jack Ray Pipeline $7,000.00 $305.00
Kidd Dam and Re-Regulation Reservoir $2,400,000.00 $104,640.00
Wheatland No. 1 Re-Regulation Reservoir     
      1,100 Acre-Feet Reservoir $4,700,000.00 $204,920.00
      500 Acre-Foot Reservoir $2,200,000.00 $95,920.00
      350 Acre-Foot Reservoir $2,000,000.00 $87,200.00
Drive-In Re-Regulation Reservoir $200,000.00 $8,720.00
Bordeaux Lateral Re-Regulation Reservoir     
      14 Acre-Foot Re-Regulation Reservoir $115,000.00 $5,014.00
      10 Acre-Foot Re-Regulation Reservoir $85,000.00 $3,706.00
      5 Acre-Foot Re-Regulation Reservoir $55,000.00 $2,398.00
      40 Acre-Foot Upper Re-Regulation Reservoir $155,000.00 $6,758.00
      30 Acre-Foot Upper Re-Regulation Reservoir $145,000.00 $6,322.00
Wheatland No. 3 Headgate $1,000,000.00 $43,600.00
Wheatland No. 3 Canal Flattening $3,100,000.00 $135,160.00
Polyacrylamide Canal Treatment $15,000.00 $654.00
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