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CHAPTER 1 
PROJECT BACKGROUND 

A. IRRIGATION DISTRICT BACKGROUND

The Cody Canal Irrigation District (CCID, District) is located in and around Cody, 
Wyoming which is in Park County. The Cody Canal diversion headgates are located 
approximately 2 miles upstream of Buffalo Bill Reservoir. Cody Canal has water rights
dating back to 1895, making this District the most senior diverter on the South Fork of
the Shoshone River. William F. Cody signed the original application for the water right. 
Figure 1.1 below shows the project vicinity on a State of Wyoming map.

Figure 1.1 Project vicinity map

The District was formed in 1911 and serves approximately 11,433 acres of land. The 
main canal is approximately 15 miles long and runs east from the headgate, serving the 
area south and east of the City of Cody. There are 14 lateral ditches and 322 farm 
turnouts throughout the system. Figure 1.2 shows the main Cody Canal, depicted on a 
USGS topography map.
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Figure 1.2 Main Cody Canal overview map

The maximum diversion right is approximately 360 cfs and the average diversions in
June and July are approximately 235 cfs. There is usually about 5 to 10 cfs spilling at the
end of the system. Supplies have been tight in July and August during the past five 
years. Otherwise, the water supply is reasonable due to the District’s senior water rights. 
The system has had numerous enlargements and rehabilitation efforts over the years. 

Much of the District’s original infrastructure, dating to the early 1900’s, is still in place 
and much of it is in need of extensive repair, rehabilitation or replacement. The system 
runs off of direct flow decrees only. There are no storage rights associated with CCID
decrees.

Cody Canal typically operates from April 15 through October 15. There are 1,982 water 
users in the system based on the County Assessor’s tax roll from 2005. The minimum
assessment is equal to the assessment due on five acres, regardless of the property 
size. The 2005 assessment was $16/acre. Assessments have been increasing annually
by about 50-75¢ per acre.

Daily water orders are placed directly with the assigned ditchrider. The service area has 
been divided into three “divisions”. One ditchrider is assigned to each division:

“Upper Division” or “Headgate Division” is everything west of Sulphur Creek.
“Town Section” is everything below Sulphur Creek to Holm Lateral.
“Sage Creek” Division is from Holm Lateral to the end.

In addition to the three ditchriders, a full-time District Manager is employed by the 
District.

Three Commissioners serve as the officers of the Board, one from each district. The
Commissioner districts do not correlate to the ditchrider divisions. Commissioners must
own a minimum of 40 acres and they serve a three-year term. The terms are staggered
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such that one Commissioner is elected each year. The subdivisions of the District are
described in the Third Amended By-laws of The Cody Canal Irrigation District: 

Division #1 includes all irrigated acreage West of Sulphur Creek 
Division #2 includes all irrigated acreage East of Sulphur Creek and North of 
Sheridan Avenue 
Division #3 includes all irrigated acres East of Sulphur Creek and South of 
Sheridan Avenue. 
The point at which Sheridan Avenue terminates is the boundary between Division 
#1 and Division #2. 

Annual precipitation in the area is 10 to 15 inches in the plains and higher in the 
mountains. Most precipitation occurs in May and June. (James, 1984) 

The State Engineer’s Office (SEO) has a continuous recording station monitoring the 
diversions into the Cody Canal. Table 1.1 is a summary table of several years’ worth of 
data provided by the SEO. 
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Table 1.1 Summary of State Engineer’s diversion records 
April May June July August Sept October

1995
CFS Days 1,473 4,306 7,371 7,363 7,184 4,693
Min CFS 6 95 221 221 185 121
Mean CFS 70 139 246 238 232 156
Max CFS 113 233 292 259 259 191
Acre-Feet 2,920 8,540 14,620 14,600 14,250 9,310

1996
CFS Days 639 4,754 7,090 7,472 6,641 4,097
Min CFS 13 0 177 224 140 106
Mean CFS 46 153 236 241 214 137
Max CFS 83 249 282 254 255 187
Acre-Feet 1,270 9,430 14,060 14,820 13,170 8,130

1997
CFS Days 990 6,332 5,223 6,455 5,675 4,766
Min CFS 10 102 49 164 149 107
Mean CFS 66 204 174 208 183 159
Max CFS 105 277 272 239 213 200
Acre-Feet 1,960 12,560 10,360 12,800 11,260 9,450

1998
CFS Days 1,255 7,341 6,514 7,262 5,728 5,040
Min CFS 19 148 184 204 143 143
Mean CFS 74 237 217 234 185 168
Max CFS 128 278 270 268 222 191
Acre-Feet 2,489 14,561 12,921 14,404 11,361 9,997

1999
CFS Days 1,473 5,394 7,082 7,497 6,356 4,855
Min CFS 17 71 212 218 166 147
Mean CFS 87 174 236 242 205 162
Max CFS 114 249 247 260 249 179
Acre-Feet 2,921 10,698 14,047 14,870 12,607 9,630

2000
CFS Days 2,116 6,353 7,413 7,377 4,404 3,398
Min CFS 27 157 228 151 111 91
Mean CFS 118 205 247 238 142 113
Max CFS 191 242 273 283 219 172
Acre-Feet 4,196 12,601 14,704 14,632 8,735 6,740

2001
CFS Days 1,663 7,524 6,561 6,225 4,042 3,132
Min CFS 77 89 50 121 112 74
Mean CFS 119 243 219 201 130 104
Max CFS 163 288 278 263 168 156
Acre-Feet 3,289 14,924 13,014 12,347 8,017 6,213

2002
CFS Days 1,279 6,048 8,144 7,685 4,266 2,872
Min CFS 54 92 238 194 89 77
Mean CFS 85 195 271 248 138 96
Max CFS 104 297 292 287 194 168
Acre-Feet 2,537 11,996 16,154 15,243 8,462 5,697

2003
CFS Days 1,379 5,988 7,346 8,114 5,065 3,719 532
Min CFS 43 119 176 218 109 83 79
Mean CFS 92 193 245 262 163 124 89
Max CFS 124 285 274 290 246 192 96
Acre-Feet 2,740 11,880 14,570 16,090 10,050 7,380 1,055

2004
CFS Days 1,476 7,307 7,335 7,414 5,338 4,253 1,870
Min CFS 130 172 183 225 111 115 75
Mean CFS 148 236 245 239 172 142 94
Max CFS 176 285 274 265 241 178 108
Acre-Feet 2,928 14,493 14,549 14,706 10,588 8,436 3,710

2005
CFS Days 1,656 3,772 7,362 7,223 4,782 3,553
Min CFS 59 48 191 183 118 94
Mean CFS 92 122 245 233 154 118
Max CFS 114 211 279 273 240 167
Acre-Feet 3,280 7,480 14,600 14,330 9,490 7,050
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B. PROJECT SCOPE AND GOALS 

This Level II study was initially requested to review the District’s existing facilities and
develop recommendations and preliminary designs for improvements. The potential 
failure of key structures such as the Sulphur Creek Flume was the driving force behind 
initiating this project. If the canal is out during the irrigation season because of a 
structure failure, it could be extremely detrimental to the entire District. Failure of one of 
several flumes could result in a complete disruption of the canal system until repairs 
could be performed. The District believes the Sulphur Creek Flume is in fact the most 
critical structure in the entire system. 

The project focus is on existing system inventory and conceptual designs. However, the
study entails a number of equally important tasks: 

Existing system inventory and mapping – problem identification 
o Detailed investigation at District’s previously identified structures
o Inventory and data collection of all structures on the main Cody Canal 

and the 14 laterals 
Creation of a GIS based database and maps 
Prioritization of structural improvements

 Conceptual designs
Modernization opportunities and SCADA potential 
Hydropower analysis for three potential sites
Permitting and environmental analysis 
Water Quality sampling and analysis 
Operating plans including emergency preparedness, lateral organization, overall 
system operations and maintenance plan, and urban development plan 
Cost estimates and economic analysis 

Conceptualizing a strategy and plan for the District to strive towards in the next 20 or 30 
years means looking beyond the structural issues that are at-hand. Out-of-the-box 
thinking and brainstorming beyond the status quo was a main goal of the project team.
Improving relationships, redefining services, strategizing new operating plans, 
conceptualizing new revenue sources, visualizing a modernized canal system, and 
exploring new added-value services such as pressurized dual systems are ideas 
presented in this study. All of these discussions are presented as a means for the Cody 
Canal Irrigation District to better manage their existing water supply and continue the
successful delivery of irrigation water for many years to come.
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CHAPTER 2 
LITERATURE REVIEW 

A. SUMMARY REVIEW OF PREVIOUS REPORT

Several documents were reviewed during the course of this project. Following are brief 
summaries describing the pertinent information acquired from these documents. 

Analysis of Buffalo Bill Reservoir Diversion Alternatives, James M. Montgomery,
Consulting Engineers, Inc., 1984 

This report covers a variety of feasibility studies and preliminary designs for a number of 
alternatives for diverting and transmitting water from Buffalo Bill Reservoir for the 
Shoshone Municipal Water Supply system (proposed) and for the Cody Canal Irrigation 
District and Lakeview Irrigation District. The Big Horn Basin Level II Groundwater Supply 
Study is part of this report as well. 

Cody Canal has water rights dating back to 1895, preceding the Lakeview water rights 
that were registered in 1900. The report summarizes the on-going discussions between
the two districts to formulate a water exchange agreement. The exchange would entail 
Cody Canal diverting water from Buffalo Bill Reservoir rather than the South Fork of the
Shoshone River which would allow Lakeview to divert the surplus directly out of the river. 
A maximum diversion of 10,000 acre-feet at a rate of 100 cfs was planned to be diverted 
from Buffalo Bill Reservoir for this agreement. This proposed exchange would be 
implemented only when the river run was too low to allow Lakeview to divert its junior
water right.

One of the options investigated in this report was pumping directly from the reservoir 
with a pump station located somewhere along the east shore. A maximum lift of 130 to 
135 ft was required based on the water levels of the reservoir. Because the pumping 
system and facilities that would be necessary to utilize the reservoir water at these levels
were extremely expensive compared to other alternatives presented in the study, this 
option was eliminated from further consideration.

The recommended alternatives included the use of the Cody Canal as a conveyance 
system for the Shoshone Supply which would be approximately 13 miles long. New 
gated check structures were anticipated to replace twelve existing check structures on
the affected reach of the canal.

Cody-Lakeview Irrigation Exchange Project – Level II Investigation Report, James 
M. Montgomery, Consulting Engineering, Inc., 1986 

This report is a continuation of the 1984 work described above. It includes an evaluation 
of the technical and economic feasibility of the proposed exchange between the 
Lakeview and Cody Canal Irrigation Districts.

The report concludes that the project is feasible if Lakeview District members are 
supportive and if the Shoshone Municipal Water Supply project proceeds help with the
cost of the project. However, it also states that there is a lack of project support and 
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available funding and therefore the project is unlikely to be implemented in the near 
future. In fact, the WWDC placed the project “on hold” for a five year period as a result of 
this study. 

Cody Area Level II Water Supply Project, Engineering Associates, 1996 

The scope of this study was focused on the treated water supply for the City of Cody and 
surrounding areas. It included an update to an existing Cody Water Supply Master Plan,
examination of the potential to connect and/or upgrade four nearby water facilities, and
prediction of whether or not the system could serve outlying areas. 

The report states that with the construction of the Shoshone Municipal Pipeline project,
the City will not have a water availability problem, assuming the existing raw water 
system continues to serve the City’s irrigation needs.

Several recommendations for improvements to the City’s storage, transmission, and
distribution systems are presented in the report. Cost estimates are provided for the 
recommended improvements.

The Executive Summary for the Raw Water System, which Engineering Associates was
simultaneously working on, was included in this report. A hydraulic model was performed
to evaluate the existing system. The model results identified several short-comings of 
the existing system:

significant low pressure problems during normal operating periods because of 
restrictive pipe sizes in the distribution system 
inadequate pressure at the golf course due to the existing storage tank elevation
Beck Lake pump station repairs 
Shoshone River pump station intake problems.

To alleviate the pressure problems, two new booster pump stations or an elevation
increase of the storage tank were recommended.

Raw Water System Analysis & Proposed Expansion Evaluation, Engineering 
Associates, 1996 

The purpose of this study was to evaluate the City of Cody’s existing raw water system 
(storage and pump facilities, and transmission and distribution systems) and to 
determine the expansion potential of the system to additional and future areas of the 
City. The study included raw water use projections, hydraulic evaluation of existing 
system, hydraulic analysis of potential expanded system, and an economic analysis with 
cost estimates and funding alternatives. 

In addition to the conclusions described above regarding improvements to the existing 
system, the report presents numerous other conclusions. Abandoning the existing raw 
water system is not viable because the potable water system is undersized to carry 
water for both domestic and irrigation uses. Priorities for expansion and separate raw
water systems were presented. Rather than expand a single distribution system, the 
report recommends developing five individual raw water systems that will reduce overall
pumping requirements and minimize pipe sizes throughout the system. The City should 
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require future developments to install raw water distribution systems in accordance with
City standards. A single raw water district is recommended to spread the costs across all 
users. Further water rights investigations and work are recommended as the project 
proceeds.

Cody Master Plan, JGA Architects-Engineers-Planners, 1997 

The City’s first comprehensive master plan was required by Title 15, Wyoming Statutes 
1977. The purpose of the master plan is described as: 

It is intended to be a guide for elected officials, the Planning, Zoning and 
Adjustment Board, and the Cody community in making land use, development
and public investment decisions.

The plan states that the Raw Water Goal is to:

Complete the expansion of raw water system for irrigation and non-potable uses 
within the Cody city limits. Give consideration for future service to areas that may
be annexed.

This goal is based on the fact that the long-term success of the City’s domestic water 
treatment system is dependent on the distribution of raw water for non-potable purposes.
The plan notes the low pressure areas described in the 1996 Raw Water Master Plan 
and reiterates that the system does not service the entire City and should be expanded. 

The population trends section of the master plan indicate the City’s growth rate to be 
1.78% (or 117 new people) annually based on past trends. This rate is higher than the
Park County growth rate of 1.35% (or 272 new people). In 1994, Cody’s population was 
8,453. The report stated projections for 2005 and 2010 were 10,261 and 11,208,
respectively.

An average of 3.8 million gallons of raw water per day is used by the two-thirds of the
City on the existing raw water system. The raw water annual usage is noted as over 200 
million gallons between April and October. 

The City of Cody Electric Department is the electrical provider to most of the city. The
City purchases the power from the Wyoming Municipal Power Agency and manages the 
power distribution in the city. Pacific Power and Light is the power provider outside of the 
City limits and also to a small area within the City limits.
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CHAPTER 3 
EXISTING SYSTEM INVENTORY 

A. EXISTING SYSTEM OVERVIEW

The Cody Canal Irrigation District operates an irrigation conveyance system that serves 
approximately 11,433 acres and consists of a 15-mile long main canal and 14 laterals. 
Structures within the system include headgates, checks, pumps, drops, spillways, 
measurement structures, and flumes. Additionally, there are many piped drainage inlets 
into the canals, crossings over the canals, and piped sections of the canals.

The District runs only river water from the South Fork of the Shoshone River. They do
not have storage rights on any upstream reservoirs and do not currently have any re-
regulating reservoirs within the system. The City of Cody uses Beck Lake as an 
equalizer for their non-potable irrigation system, which is separate from the Cody Canal
system.

Diurnal fluctuations in the river and unregulated runoff from the Lakeview Irrigation 
District have been blamed for some unpredictability in the flows within Cody Canal. This 
variation in flow can cause operational and water management difficulties on a daily 
basis throughout the system. Peak river flows are observed to occur around 4:00 AM 
according to the District. The District estimates the spill at the end of the system ranging
from 5 to 10 cfs, on average. They regularly spill excess water from the main canal at
several spill structures and drainage channels. This common practice allows them to 
eliminate check structure operations throughout the system by running a higher flow and
water level in the canal.

Easements and roads parallel to the canals are not regularly maintained which creates
poor access in areas. Lack of maintenance along much of the system, especially the 
laterals, doesn’t allow the District to regulate the prescriptive easements, and thus, 
encroachment may occur along the system. Poor access adds to the difficulties in
maintaining and operating the conveyance system properly. 

Proper operation of an irrigation district is highly dependent upon the structural
components within the system. Deteriorated, outdated, unstable, or unsafe structures do
not permit ideal operation and limit delivery consistency. To fully understand the state of 
the Cody Canal Irrigation District’s canals and structures, a complete field inventory was
conducted.

B. FIELD INVENTORY

Crucial to the evaluation of the existing Cody Canal system was a field inventory of all
existing structures on the main canal and 14 laterals. The inventory was conducted by
the project team during the summer of 2005. The process for collecting data was to 
follow each canal or lateral from head to tail, recording information at each structure.
Assistance from CCID staff, including the manager and ditchriders, was crucial to the 
identification of all structures in the system.

A minimum of two field engineers were involved in the inventory process. The first 
engineer would take photos of the structure, mark the location of the structure using a 
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hand-held Global Positioning System (GPS) unit, and make measurements of critical 
structural dimensions. The second engineer would record, in a project notebook, all 
relevant information about the structure including, structure name, number of photos,
GPS or identification code, structure description and function, improvement ideas 
including SCADA as described in Chapter 4, Section H, dimensions, and structure 
condition and improvement priority rankings. Prominent canal structures were also 
sketched, with dimensions, on data sheets in the project notebook. An example of the
Structure Inventory Data Sheet is shown in Figure 3.1 and Figure 3.2. Original Field 
Inventory Data Sheets for the project are found in the CCID project file.
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Figure 3.1 Structure Inventory Data Sheet (example) 

STRUCTURE INVENTORY
Data Sheet 

Project Name: CCID - __________________________ Date: _______________ 

Structure Name: ________________________________________________________

Tag / GPS Point Name: _________________ Number of photos taken:   _________ 

Structure Description and Function:

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

Structure Condition:
  1                               2                       3                         4                      5

   Not functional         Major repairs          Minor repairs          Adequate         Excellent

______________________________________________________________________

______________________________________________________________________

Improvement Priority:
              1             2             3              4 
     Immediate      Short term      Long term    Not a concern

______________________________________________________________________

______________________________________________________________________

Improvement Ideas:

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________
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Figure 3.2 Structure Inventory Data Sheet (example) Continued

Future SCADA Site? Y   or   N

Explain:

_____________________________________________________________________________

Critical Dimensions:

______________________________

______________________________

______________________________

______________________________

Sketch:
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Naming Convention

Each structure was given a unique identification code. The purpose of this code was to
facilitate the identification, mapping, and reference of more than 1,000 structures that
currently exist in the Cody Canal system. Table 3.1 summarizes the naming convention
that was developed for the project inventory.

Table 3.1 Structure Inventory Naming Convention Reference Sheet 

Naming Convention:
Location Code + Structure Code + Number* 

Location Code: 
A – Adams Lateral
B – Bell Lateral 
C – Cody Main Canal 
F – Frost Lateral
H – Holm Lateral
HD – Headgate Dirt Ditch 
 I – Indian Pass Lateral 
K – Back Lateral 
L – Lower Sage Lateral 
M – Moller Lateral 
R – Ross Lateral 
S – Schultz Lateral
T – Town Lateral 
W – Highway Lateral 
Z – Zinn Lateral

Structure Code: 
CK – Check structure 
CR – Canal crossing (includes bridges, pipelines, culvert, fences) 
DP – Drop structure (inline with canal)
DR – Drainage inlet (point of discharge into canal)
FL – flume (artificial channel for conveying water)
HG – Headgate (farm, lateral, main canal, regulation)
MS – Measurement Structure (flume, weir) 
PE – End of piped or lined canal section
PM – Pump or pump station 
PS – Start of piped or lined canal section
SP – Spillway structure (from canal to natural drainage, may include gates, etc) 

*Number structures within each code type consecutively from the top to the 
bottom of each canal or lateral.
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Each structure was named according to the following convention: Location Code + 
Structure Code + Number. A unique Location Code was assigned to each lateral or 
canal in the system. For example, the Bell Lateral Location Code is “B”. After the 
Location Code, each structure was given a unique Structure Code. The Structure Code 
is a function of the structure type, for example a check structure was given the code 
“CK.” Following the Location Code was the Number Code, which is the number of 
structure within each code type as it occurs consecutively from the head to the tail of
each canal or lateral.

For example, the fourth check structure from the head of the Bell Lateral would have an 
Identification Code of B (for Bell) + CK (for check structure) + 4 (fourth check on canal
from top-down) or “BCK4.” Each structure visited in the field inventory was identified by 
placing a yellow plastic tag with the identification code. The purpose of this tag was to
facilitate data collection by the project team to insure duplicate data entry was not made 
and to allow CCID staff to easily identify any structures that were missed in the 
inventory. We recommend the District implement or refine this naming convention and 
physically identify these codes on the structure using a more permanent method such as 
paint or weather resistant tags.

Structure Ranking 

The Structure Inventory Data Sheets (Figure 3.1 and Figure 3.2) include ranking options 
for both structure condition and improvement priority. The following summarizes the 
various ranking options for these two categories:

Structure Condition 
1 Not Functional: structure is not working and needs to be completely removed.
2 Major Repairs: major repairs needed or structure needs to be replaced. 
3 Minor Repairs: minor repairs needed in the short term. 
4 Adequate: structure is adequate but needs improvements/repairs in the long

term.
5 Excellent: structure is fairly new, fully functioning, and does not require repair.

Improvement Priority:
1 Immediate: structure is in poor condition and needs improvement soon. 
2 Short Term: improvements are not needed immediately, but definitely in short 

term.
3 Long Term: improvements are not a big concern, but will be in the long term

future.
4 Not a Concern: no discernable improvements are identified for this structure.

The purpose of this ranking was to identify, in a subjective manner, which structures 
were more of an improvement priority or structural concern for the District. Refer to 
Chapter 4 for detailed improvement prioritization discussion based on these field 
inventory rankings.

Field Inventory Database

All 1,000+ Structure Inventory Data Sheets compiled during the system inventory were 
transposed into an electronic database in Microsoft Excel. The Appendix includes this
entire database, which can also be found in electronic form on the Compact Disc. Each
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structure or identification code was given a unique row entry in the database. Data 
collected in the field, associated with each structure, were organized into columns in the
database. The following provides a description of the column fields that were entered 
into the database for each structure. 

GPS Name. This field includes the identification code for the structure, which is the
same as the name given to the structure in the hand-held GPS.

Canal Name. This field includes the name of canal or lateral where the structure is 
located. The names include the Cody Canal Main and the 14 laterals. 

Structure Name. This field includes the common name of the structure identified by 
CCID staff. In some cases, no names were given to a structure because no name was 
identified by CCID staff.

Date Evaluated. This field includes the date the data were collected and recorded by 
the project team in the field. 

Structure Condition. Each structure was given a ranking for its structural condition
between the values 1 and 5. Structures that cross the Cody Canal system (Structure 
Code = CR), but were not part of the CCID maintenance responsibility, such as bridges,
culverts, and fences, were not ranked and were given a value equal to “NA” or “not 
applicable.” The structural condition of these structures was not evaluated because they
are not the responsibility of the CCID.

Improvement Priority. Each structure was given a ranking for its improvement priority 
between the values 1 and 4. Structures that cross the Cody Canal system (Structure 
Code = CR) were not typically ranked. However, in cases where it was obvious that the 
crossing was improperly sized or was an impediment to water flow in the canal, a 
ranking value equal to “2” was given.

Critical Dimensions. This field includes the dimensions critical to identification of the
structure, including headgate size, structure wall thickness, height of crossing above
canal bottom, height of crossing above current water level (freeboard), diameter of 
culvert, and pump intake size and motor horsepower.

Structure Description and Function. This field includes a detailed written description
of the structure and function.

Improvement Ideas. This field includes a detailed written description of the 
improvement ideas for the structure, if applicable.

SCADA and SCADA Ideas. These fields indicate whether or not a site was identified as 
a potential SCADA site. In the case SCADA was identified, a written description was 
provided as to why the site was desirable and any ideas for implementation.

Part of Detailed Evaluation. Several structures were identified by the District as their 
primary concern for improvement. These structures (total of 28) were evaluated in detail
by the project team. These sites are uniquely identified in the database.
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The inventory database was created for two purposes:

to collate field data into an electronic database so it could be uploaded or 
imported into the Geographical Information System (GIS) software for map 
development
to assist the project team and the District in prioritization of future work projects.

Filter functions in Excel can be used to sort and filter the more than 1,000 structures that
are part of the Cody Canal system. These filter tools, for example, make it possible to
quickly identify all structures on the Schultz Lateral or alternatively, determine how many 
pumps exist in the entire system. A more detailed description of how this tool was used
to develop structure prioritization lists for the District will be discussed below.

The structures in this database were also reorganized from head of the canal to the tail
of the canal for each lateral.

Description of Major Structures Inventoried

CCID identified 28 structures within their system that were considered high priority for 
rehabilitation: replacement or repair. Each of those structures was evaluated in detail
during several site visits, both with water in the canal and without water in the canal. The
field inventory sheets previously discussed were used for the evaluation. Detailed 
drawings were sketched based on existing structure condition. Numerous photographs
were taken to represent the existing condition as well. The field inventory sheets and 
structure sketches are located in the Appendix for the following structures:

Main Parshall flume 
Callen check 
Webster check
Sunburst check
Diamond Creek check 
Diamond Creek flume 
Mann check 
Glory Hole drop
Wagler check 
Sulphur Creek spill (inventoried with Sulphur Creek pressure gates)
Sulphur Creek pressure gates
Sulphur Creek flume 
City check 
Town Lateral headgate 
Lewis check 
Holm Lateral headgate 
Buchanan check 
Sage Creek spill 
Ross Lateral headgate 
Moller Lateral headgate (Holm)
Bluher check & drop (Ross ditch) 
Sage Creek Spill (Lower Sage) 
Lower Sage creek spill 
Musser check 
Lower sage drop 
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Beck Lake headgate
Headgate 19th Pipeline (inventoried with Newton Ave. chute) 
Newton Ave. chute 

In addition to the 28 structures identified by the District prior to the field inventory, four
other structures were found during the field work which also received detailed 
evaluations.

Diamond Creek spill 
Hagberry headgate
Beck Lake check 
Sage Creek flume

All structure inventory photos are included on the compact disc (CD) with the GIS map
and database. Representative photos of some structures are shown here as examples 
only.

Figure 3.3 Sulphur Creek flume
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Figure 3.4 Sulphur Creek spill 

Figure 3.5 Callen Check
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Figure 3.6 Sage Creek spill 

Figure 3.7 Glory Hole Drop
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Figure 3.8 Holm Lateral headgate

Following are some excerpts and typical comments regarding the 32 structures that 
were reviewed in detail.

Center concrete piers deteriorated, sitting on rebar on bottom, no concrete left. 
Not using check because if you put check boards in it, the pressure against the 
piers will cause the piers to fail. Center piers catch a lot of trash.
Concrete deteriorated.
Cracks in walls.
Concrete walls pushing out.
Center piers shifted.
Exposed rebar.
Gate not functional. 

Based on the field inventory and rankings, these structures were compared to other 
structures within the system for priority recommendations. Not all of those on the 
District’s original list were placed on the high priority list. The District originally compiled 
their list a few years ago and some structures were repaired prior to this project. In 
comparison to other structures, different priorities were set in the field with the District 
Manager. That is, a structure may have been on the District’s priority list, but after being 
in the field, the priority may have been lowered because the Manager determined 
another structure was more important. Refer to Chapter 4 for the prioritization 
discussion.
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Summary of Structure Inventory

A total of 1,004 structures were included in the inventory of the Cody Canal Irrigation
District. Table 3.2 lists the structure types and the number of structures found during this
project.

Table 3.2 Structure Summary
Naming Convention Type of Structure Inventory Total
CK Check 96
CR Crossing 256
DP Drop 34
DR Drain Inlet 29
FL Flume 4
HG Headgate 322
MS Measurement Structure 10
PE Pipe Section End 7
PM Pump 216
PS Pipe Section Start 11
SP Spillway 19

TOTAL 1004

C. GIS MAP DEVELOPMENT

A GIS was developed from the field inventory data collected by the project team as well 
as from spatial data developed by others. GIS is a software computer package, the most 
widely used brand being ArcView, which can be used to make maps from a myriad of 
spatial data. The software is used for much more than just making “pretty maps.” GIS is
used to analyze, store, and manipulate data that is tied to a spatial display on a map. 
The advantages of using GIS as a canal system management tool will be discussed in
detail in the Operating Plan section of this study. 

Data Sources

GIS maps for the District were created from a combination of existing data sources 
developed by public entities as well as new data created by the project team.

Much GIS data available for the State of Wyoming can be found on a GIS data 
clearinghouse website maintained by the Wyoming Geographic Information Advisory 
Council (WGIAC). Data from this site used to develop District maps included, USGS 
Digital Raster Graphics – Enhanced (DRGE) quads, used as background images, and 
Topologically Integrated Geographic Encoding and Referencing System (TIGER) data
for Park County, used as the linework for roadways, waterways, and county lines. 
TIGER data is produced by the US Census Bureau.

Summary of Maps 

A total of thirty-four individual 11x17 plots were created to show the structural inventory 
of the Cody Canal system. Each map shows a segment of a lateral or main canal, with
the associated GPS points collected by the project team in the field. Each GPS point 
taken in the field was assigned a unique symbol and code for purposes of mapping 
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based on the type of structure (headgates, crossings, etc) and the location on the canal
or lateral. These symbols and naming convention are used throughout the drawings. All 
drawings were created using the same methods in GIS and are plotted at 1:10,000 
scale.

A keymap was created for the thirty-four lateral sheet drawings. The keymap uses the 
same GIS data as the individual drawings, but shows each lateral in a different color.
The thirty-four maps are designated by a rectangle and labeled with the name of the 
appropriate drawing on the keymap. Each delineated drawing area was created as its
own project file (*.mxd) with the name of each area added to the file database.

The thirty-four lateral sheet drawings with GPS points are found in the Appendix and 
labeled as follows:

 p-adams1-5 
 p-back1 
 p-bell1 
 p-cody1-8 
 p-frost 
 p-headgateditch1 
 p-highway1-2 
 p-holm1-2 
 p-indian1-2 
 p-lowersage1-3 
 p-moller1 
 p-ross1-4 
 p-shultz1-2 
 p-town1-2 
 p-zinn 

The Appendix also contains a list for the Cody Canal and each lateral with the structures
identified in the order that they will be encountered in the field, walking from the start of a 
canal to the end.

Additional drawings were created from these data sources including field notes, project
overview schematic, and water quality sampling points. The Appendix contains two 
additional maps of the Cody Canal Irrigation District System: a service area map and a 
system overview map. A simple schematic map with just the laterals, roads, streams and
lakes was created to provide a quick overview of the area. 

Three drawings of field notes were created, a project overview and drawings showing 
the eastern and western halves of the projects. Two note files were created, one with 
points of interest and one with polylines describing various areas. Both have descriptions
added to their database that can be used for labels. 

The Water Quality map was created to show where water quality samples were 
collected.
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Service Area

The Cody Canal Irrigation District is currently working with water rights consultant Tom
Flak on four water rights permits with the State Engineer’s Office to show those not 
currently adjudicated. Tom provided a preliminary map of the District that shows multiple 
categories of water rights. We have utilized this map to develop an approximate water
service area boundary for the District’s GIS map. The boundary shown accounts for the
“outer limits” of the District’s current service. Many parcels within this boundary do not 
have water rights, and the boundary shown is not meant to imply that all areas have 
water rights or are District water users. For water rights information, refer to Tom Flak’s 
work.

Recommended Computer Hardware and Software

The Cody Canal Irrigation District does not currently own or run a GIS software package.
In addition to acquiring GIS software, we recommend the District invest in the following 
hardware equipment in order to operate the new GIS database most efficiently: 

Computer (Pentium D Processor830, 3.00Ghz, Dual-Core, 1GB RAM, 
250GB 7200rpm SATA Hdd, 16x DVD±RW, 3.5” floppy drive, Dual 19” 
Flat panel LCD displays, standard keyboard, 2 button optical mouse with 
scroll, 3-year warranty).
Color inkjet printer
250 GB capacity USB 2.0 Backup Drive w/backup software. 
All supporting software (Windows XP Professional, MS Office 2003 
Professional, ESRI ArcView 9.1). 

Inventory Development 

Each GPS point taken in the field was uploaded to GIS and displayed on the system 
map. The naming convention for the GPS points taken in the field was the same as the 
Identification Code in the Microsoft Excel database. This common code was created to 
facilitate importing the database into GIS. In GIS, each structural element can be viewed 
spatially and database information for that structure can be displayed by clicking the 
structure.

To access the pictures that are located in a drawing you must first activate the hyperlink 
tool. The hyperlink tool is the lightning bolt shown in the bottom right of the toolbar to the 
right, see Figure 3.9. If there are no hyperlinks in the drawing the blot is grayed out. If 
there are links the bolt is yellow and when you click on it the tool remains active until you 
deactivate it by clicking on it again. 

Figure 3.9 Hyperlink tool in the toolbar. 

When the hyperlink tool is activated all points with links will be displayed by a blue dot on 
the drawing and the cursor (pointer) will be a lightning bolt, see Figure 3.10. Place the
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bolt over one of these blue dots and the bolt turns black in color and the path to the 
hyperlink is displayed.

Figure 3.10 Drawing appearance when a point has a hyperlink associated with it 

Once the hyperlink is displayed you can see the picture by clicking on the blue dot. 
Pictures are usually displayed in Windows Picture Viewer. The program will launch and
then the picture will be displayed, see Figure 3.11.

Figure 3.11 Hyperlinked photo shown in Windows Picture Viewer 

To see further pictures select the Next Image button at the bottom of the Viewer, see 
Figure 3.12.

Figure 3.12 Next Image button on the Viewer 

If you are having problems selecting the hyperlink points you can increase the size of the 
area the hyperlink tool searches. To do this go to Selection, then Options, then change
the Selection Tolerance to a larger number. Typical default is 3, but you may find 5 or 6 
easier to work with. 

All photo hyperlinks for this project are stored in the Cody_GPS_Database.shx file. They
are located in the Pictures field of the database and are entered using relative paths.
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Electronic Delivery of GIS Database

The primary reason for creating the GIS database was to provide an electronic copy to
the District for their future use. Compact Disc X contains all project files created for this
project (*.mxd) and their associated shapefiles (*.shp) and image files (*.tif). Project files 
and their associated files have been organized on the CD so that maps can be opened
and files can be read directly from the CD. No file redirection is needed to display these
maps in their entirety. 

D. SURVEY OF HYDROPOWER LOCATIONS

The Project Team surveyed the hydropower sites using control from a previous project.
Information was gathered using an RTK GPS providing map grade accuracy. Centerline 
only was surveyed for all drops. We combined the survey for the Purvis Drop and 
Sulphur Creek Drop to determine if there was the possibility of combining these two sites 
into one hydropower site. Surveying was also completed on the Newton Avenue drop.
Video of all drops was taken to provide to the Project Team for hydropower tasks and
are included in the Project Notebook.

The Appendix contains the survey data of each site.
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CHAPTER 4 
SYSTEM REVIEW AND CONCEPT DESIGN 

A. STRUCTURE IMPROVEMENT PRIORITIZATION

Following the system field inventory, as described in Chapter 3, a system of prioritizing
improvements was developed. The recommendations are based on a combination of the 
two ranking factors: structure condition and improvement priority. The improvement 
priority ranking is weighted heavier than the structure condition. So, for example, two
structures may both need major repairs, but the one with an immediate improvement
priority (#1) will have higher overall priority than the structure with a short term priority 
(#2). Another example showing the effect of using two ranking categories is that a 
structure that needs minor repairs (structure condition #3) and is an immediate priority
(improvement priority #1) will actually rank lower on the prioritization chart than a 
structure that needs major repairs (structure condition #2) and is an immediate priority
(improvement priority #1). The ranking descriptions are listed here again for reference. 

Structure Condition 
1 Not Functional: structure is not working and needs to be completely removed.
2 Major Repairs: major repairs needed or structure needs to be replaced. 
3 Minor Repairs: minor repairs needed in the short term. 
4 Adequate: structure is adequate but needs improvements/repairs in the long

term.
5 Excellent: structure is fairly new, fully functioning, and does not require repair.

Improvement Priority:
1 Immediate: structure is in poor condition and needs improvement soon. 
2 Short Term: improvements are not needed immediately, but definitely in short 

term.
3 Long Term: improvements are not a big concern, but will be in the long term

future.
4 Not a Concern: no discernable improvements are identified for this structure.

By combining the total number of pairings between the two ranking categories, a total of 
19 possible priority levels can be developed:

Table 4.1 Priority Categories and Levels

Priority Level
Structure
Condition
Ranking

Improvement
Priority
Ranking

Priority #1 Category First 1 1
  (0 – 5 years) Second 2 1

Third 3 1
Fourth 4 1

Priority #2 Category First 1 2
  (6 – 10 years) Second 2 2

Third 3 2
Fourth 4 2
Fifth NA 2
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Priority #3 Category First 1 3
  (11 – 20 years) Second 2 3

Third 3 3
Fourth 4 3
Fifth 5 3

Priority #4 Category First 1 4
  (20 + years) Second 2 4

Third 3 4
Fourth 4 4
Fifth 5 4

We have defined Priority Category and Priority Level to represent the order in which 
improvements should be completed. Essentially, the Priority Category is the 
Improvement Priority Ranking from the field notes and the Priority Level within each 
Priority Category is the Structure Condition Ranking from the field notes. 

Each Priority Category corresponds to a recommended time frame for completing the
replacement of the structure. As shown in Table 4.1, above, the immediate
improvements in Category #1 should be completed in the next five years, followed by 
improvements in Category #2 in years 6 through 10. Long term improvements in 
Category #3 are defined as years 11 through 20 and Category #4 improvements should 
be considered for future replacement beyond 20 years. 

Within each Priority Category, the recommended improvements should be completed
from the first through the fifth priority level. For instance, in Priority Category #1, all four 
Priority Level recommendations should be completed in the next five years, beginning 
with the first priority level and working towards the fourth priority level. 

There were no structures in excellent condition that had an improvement priority ranking 
of #1 or #2. There were several structures that received an NA (not applicable) ranking 
in one or both categories. Primarily, the structures with an NA for the structure condition 
included pumps, culverts, crossings, bridges, siphons. Those same structures, ranked
NA, were usually also ranked NA for improvement priority. However, 46 of these 
structures had a ranking of #2 for improvement priority. Those structures were typically 
bridges or culverts. The reasons they were ranked #2 for improvement included:
structural concerns about the bridge, erosion of canal banks, wing wall deterioration, 
reported as a “trash collector” by the District, or known or suspected undersizing which 
would result in overtopping the banks, submerging the culvert, collecting trash or 
plugging a siphon. 

As noted in Chapter 3, the original 28 structures identified by the District did not 
necessarily make the top priority listings. Many of the rankings of these structures had
changed from the time the list was made and this project occurred. Table 4.2 shows the 
32 structures that received a more in-depth field inventory and their rankings. The 
Appendix includes detailed descriptions of each of these structures.
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Table 4.2 Structure Inventory Ranking for District’s 32 Identified Structures

GPS Name Canal Name Structure Name
Structure
Condition

Improvement
Priority

Priority
Category

CMS1 Cody Main Main Parshall Flume 4 3 3
CCK2 Cody Main Lakes/Callen Check 1 2 2
CCK3 Cody Main Webster Check 2 2 2
CCK4 Cody Main Sunburst Check 1 3 3
CCK5 Cody Main Diamond Creek Check 2 2 2
CSP4 Cody Main Diamond Creek Spill 5 4 4
CFL1 Cody Main Diamond Creek Flume 2 1 1
CCK6 Cody Main Mann Check 1 3 3
CDP1 Cody Main Glory Hole Drop 2 3 3
CCK7 Cody Main Wagler Check 2 3 3
CCK15 Cody Main Buchanan Check 2 3 3
CSP5 Cody Main Sulphur Creek Spill 2 1 1
CFL2 Cody Main Sulphur Creek Flume 2 1 1
THG1 Town Lateral Beck Lake Headgate 2 3 3
THG25 Town Lateral Hagberry Headgate 2 2 2
CCK10 Cody Main City Check @ Markum Lake 5 4 4
CHG54 Cody Main Town Lateral Headgate 2 2 2
CCK12 Cody Main Beck Lake Check 2 3 3
CCK13 Cody Main Lewis Check 2 1 1
CHG63 Cody Main Holm Lateral Headgate 4 3 3
CHG86 Cody Main Ross Lateral headgate 2 3 3
RFL1 Ross Lateral Sage Creek Flume 5 4 4
HHG3 Holm Lateral Moller Lateral Headgate 2 3 3
RDP3 Ross Lateral Bluher check and drop 2 3 3
LSP2 Lower Sage Sage Creek Spill 2 3 3
LCK3 Lower Sage Musser Check 3 3 3
LDP1 Lower Sage Lower Sage Drop 2 3 3
LSP1 Lower Sage Lower Sage Creek Spill 2 3 3
TDP3 Town Lateral Newton Ave Chute 2 2 2
CSP7 Cody Main Sage Creek Spill 4 3 3

For each priority level (19 total), the field inventory notes can be found in the Excel 
spreadsheet provided on CD which was then integrated into the GIS database. 

There were 36 structures found that were not functioning (structure condition #1). 
However, several of those were not high priority because they were not needed 
anymore.

There are a total of 14 structures in the Priority #1 Category (including four priority 
levels), 102 structures in the Priority #2 Category (including five priority levels), 224 
structures in the Priority #3 Category (including five priority levels) and 212 structures in
the Priority #4 Category (including five priority levels). Additionally, 456 structures were
listed as NA for the improvement priority.

Tables 4.3 and 4.4 present the top two Priority Categories based on the combined
rankings. Additional priority category lists can be found in the Appendix.
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Table 4.3 Priority Category #1

Priority Category #1 and Level #1 (1,1)

GPS Name Canal Name Structure Name
Structure
Condition

Improvement
Priority

CCK16 Cody Main Schultz Check 1 1
MHG2 Moller Lateral Moller Headgate #1 1 1

Priority Category #1 and Level #2 (2,1)

GPS Name Canal Name Structure Name
Structure
Condition

Improvement
Priority

CFL1 Cody Main Diamond Creek Flume 2 1
CSP5 Cody Main Sulphur Creek Spill 2 1
CFL2 Cody Main Sulphur Creek Flume 2 1
CCK13 Cody Main Lewis Check 2 1
HCK6 Holm Lateral Check 2 1

Priority Category #1 and Level #3 (3,1)

GPS Name Canal Name Structure Name
Structure
Condition

Improvement
Priority

CHG19 Cody Main Buchanan/ Webster Headgate 3 1
CHG20 Cody Main Callen Headgate 3 1
CHG24 Cody Main East Sunburst Headgate 3 1
CHG29 Cody Main Mann headgate #3 3 1
CHG31 Cody Main Zinn Lateral Headgate 3 1
HCK2 Holm Lateral Airport Check 3 1

PriorityCategory #1 and Level #4 (4,1)

GPS Name Canal Name Structure Name
Structure
Condition

Improvement
Priority

CHG55 Cody Main Lewis Headgate 4 1
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Table 4.4 Priority Category #2

Priority Category #2 and Level #1 (1,2)

GPS Name Canal Name Structure Name
Structure
Condition

Improvement
Priority

CCK2 Cody Main Lakes/Callen Check 1 2
RHG37 Ross Lateral Dawson Headgate 31 1 2
LCK10 Lower Sage Check 1 2

Priority Category #2 and Level #2 (2,2)

GPS Name Canal Name Structure Name
Structure
Condition

Improvement
Priority

CCK3 Cody Main Webster Check 2 2
CCK5 Cody Main Diamond Creek Check 2 2
THG12 Town Lateral Adams Lateral Headgate 2 2
THG25 Town Lateral Hagberry Headgate 2 2
TSP2 Town Lateral Town Lateral Spill 2 2
IHG6 Indian Pass Lateral McColl Headgate 2 2
IHG10 Indian Pass Lateral Gunther/Castle/Gail Headgate 2 2
IHG11 Indian Pass Lateral South Fork Church Headgate 2 2
IHG14 Indian Pass Lateral Good Headgate 2 2
CHG54 Cody Main Town Lateral Headgate 2 2
CHG57 Cody Main Headgate 2 2
TDP3 Town Lateral Newton Ave Chute 2 2
CCK11 Cody Main City Check 2 2
RCK7 Ross Lateral Check 2 2
RCK8 Ross Lateral Check 2 2
RDP2 Ross Lateral Drop 2 2
RDP1 Ross Lateral Drop 2 2
RDP4 Ross Lateral Sage Creek Road Drop 2 2
RDP5 Ross Lateral Drop 2 2
RDP6 Ross Lateral Drop 2 2
RDP7 Ross Lateral Drop 2 2
LCK7 Lower Sage Long Check 2 2
KCK1 Back Lateral Check 2 2
SHG7 Schultz Headgate 2 2
SSP1 Schultz Spill 2 2
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PriorityCategory #2 and Level #3 (3,2)

GPS Name Canal Name Structure Name
Structure
Condition

Improvement
Priority

CSP1 Cody Main Main Spill 3 2
ICK1 Indian Pass Lateral Gunther/Castle/Gail Check Structure 3 2
RCK2 Ross Lateral Rockwell Check 3 2
RCK1 Ross Lateral Check 3 2
RHG19A Ross Lateral Headgate 3 2
RHG19 Ross Lateral Headgate 3 2
RCK3 Ross Lateral Check 3 2
BCK4 Bell Lateral Check 3 2
BHG9 Bell Lateral Brus Headgate 3 2
SCK10 Schultz Check 3 2
AHG11 Adams Lateral Seven Mountain Subdivision Headgate #2 3 2

Priority Category #2 and Level #4 (4,2)

GPS Name Canal Name Structure Name
Structure
Condition

Improvement
Priority

RHG14 Ross Lateral Schultz Headgate #4 4 2
RHG16 Ross Lateral Schultz Headgate #6 4 2
RHG30 Ross Lateral Pressure Gates 4 2
RCK6 Ross Lateral Check 4 2
RHG35 Ross Lateral Headgate 4 2
FDP1 Frost Lateral Frost Drop #1 4 2
LDP2 Lower Sage Drop 4 2
LHG11 Lower Sage Musser Headgate #5 4 2
HDP2 Holm Lateral Drop 4 2
HDP4 Holm Lateral Drop 4 2
HHG2 Holm Lateral Headgate 4 2
HHG11 Holm Lateral Horner Headgate 4 2
MHG3 Moller Lateral Headgate 4 2
MCK1 Moller Lateral Check 4 2
SCK3 Schultz Check 4 2
SHG20 Schultz Headgate 4 2
ADR1 Adams Lateral Waste Water Drainage Inlet 4 2
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Priority Category #2 and Level #5 (NA,2)

GPS Name Canal Name Structure Name
Structure
Condition

Improvement
Priority

February 9, 2006
CCR5 Cody Main Marquette Bridge NA 2
CCR8 Cody Main Bridge Crossing NA 2
CCR9 Cody Main Callen Bridge NA 2
CCR12 Cody Main Mann Bridge NA 2
CCR17 Cody Main Crossing NA 2
CCR19 Cody Main Shop Bridge NA 2
CCR20 Cody Main South Fork Highway Bridge NA 2
ZCR5 Zinn Lateral Hoffman Culvert NA 2
ZCR7 Zinn Lateral Culvert NA 2
ZCR8 Zinn Lateral Culvert NA 2
TCR6 Town Lateral Bridge Crossing NA 2
TCR13 Town Lateral Cougar Siphon NA 2
TCR14 Town Lateral Culvert NA 2
ICR3 Indian Pass Lateral Llama Place Culvert NA 2
ICR4 Indian Pass Lateral Crossing NA 2
ICR8 Indian Pass Lateral North Rural Water Culvert NA 2
ICR9 Indian Pass Lateral Boot and Bottle Culvert NA 2
CCR26 Cody Main Crossing NA 2
CCR34 Cody Main Golf Course Bridge #4 NA 2
CCR39 Cody Main Lowrey Bridge NA 2
CCR51 Cody Main Development Bridge NA 2
CCR56 Cody Main Road Bridge NA 2
RCR1 Ross Lateral Hays Culvert NA 2
RCR13 Ross Lateral Bridge NA 2
RCR16 Ross Lateral Spicer Road Crossing NA 2
RCR27 Ross Lateral Nelson Culvert NA 2
RCR28 Ross Lateral Tapadero Culvert NA 2
RCR30 Ross Lateral Tapadero Lane Culvert NA 2
RCR31 Ross Lateral Culvert NA 2
RCR33 Ross Lateral Culvert NA 2
RCR44 Ross Lateral Pedestrian Bridge NA 2
RCR48 Ross Lateral Sage Creek Road Culvert NA 2
RCR56 Ross Lateral Sage Creek Road Culvert NA 2
RCR57 Ross Lateral Crossing NA 2
RCR59 Ross Lateral Sage Creek Road Culvert NA 2
RCR66 Ross Lateral Brantz Culvert NA 2
LCR4 Lower Sage Culvert NA 2
WCR1 Highway Lateral Culvert NA 2
WCR2 Highway Lateral Culvert NA 2
WCR4 Highway Lateral Reed Culvert NA 2
SCR1 Schultz Culvert NA 2
ACR5 Adams Lateral Lindville Culvert NA 2
ACR5 Adams Lateral Culvert NA 2
ACR12 Adams Lateral Town Lateral Crossing NA 2
RCR67 Ross Lateral Anne Young Culvert NA 2
RCR68 Ross Lateral Culvert NA 2
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B. BASIC GATE COMPARISON

Canal gates can be described generically as undershot or overshot. Undershot gates 
tend to carry silt and waterlogged debris on through while overshot gates tend to trap silt 
upstream but carry flotsam on through. Table 4.5 shows comparative aspects of various
gates so that gate options can be more easily compared. Also, a relative order-of-
magnitude cost (gate only, without installation costs) is shown for an 8-foot gate. The
primary differentiating features of the gates shown here are: flow measurement 
capability and accuracy, SCADA compatibility, and cost. 

C. CONCEPTUAL DESIGNS OF TYPICAL STRUCTURES

Based on the field inventory, several types of structures were identified as needing 
preliminary designs. Those “typical” structures are described and presented in this 
section.

Check Structure

For farmers to effectively use irrigation water, they must be able to request and receive 
water when their crops need it. Meeting the crop's water needs requires a flexible 
irrigation delivery system. Though this system potentially increases efficiency of water 
use by providing it to the farmers on demand, it also has the disadvantage of varying 
flow rates and water surface levels in the supply canal. Fluctuations in the surface level
of the canal cause changes in the canal turnout discharges to the fields (Clemmens,
1984). Changes in flow rate to the fields during irrigation can lead to over-watering or 
under watering in different parts of the field. An orifice turnout or headgate in the side of 
a canal will give a discharge that is a function of the water level in the canal. If the water
surface level in the canal is fairly constant, a rise in the canal water level causes 
increased discharge, and a drop in the canal water level will reduce the flow through the 
orifice (Williams, 1993).

Check structures are used to regulate the water flow in the canal by controlling the 
upstream water surface and controlling the downstream flow in the canal. Checks are
also used when the canal is at partial capacity to raise the water surface for upstream
water deliveries. The check can also function to limit the volume of water wasted in the
event of a break in the canal banks by confining it between two checks and not emptying 
the entire canal. Checks can also help in maintenance by isolating sections between the 
check structures and dewatering to inspect canal structures or repair damages.

Check structures are vital to many aspects of canal control and delivery. For this reason,
they must be versatile and meet all the needs of the canal. For the District, we designed
five different check structures that will all adequately serve the needs of the District, but
all have different features that make them unique. The five designs are: 1) the standard
concrete pier check (similar to the existing check structures in the system), 2) a steel 
removal pier check (similar to an existing USBR check structure on the system), 3) a 
duck-billed weir check, 4) a single gate overshot check, and 5) a multiple gate overshot 
check.
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Table 4.5 A Comparison of Various Gate Types (alphabetical order) 

MANUFACTURER GENERAL
DESCRIPTION

MATERIAL FLOW
MEASURE
POTENTIAL?

ACCURACY

APPROX.
COST (8-
foot gate,
gate only)

$

SCADA
POTENTIAL

MINIMUM
POWER
REQUIRED

DEPICTION

Aqua Systems 2000
http://www.aquasystems2000.com/langemann.html

overshot steel or 
stainless
steel

yes
+ 5% 

$15,000 Yes. User
may specify
RTU.

12 VDC 

Armco overshot steel no $8,000 Actuator
must be 
added.

24 VDC or as 
required by 
actuator.

Fresno slide gate 
http://www.fresnovalves.com/

undershot steel no $2,500 (two
4-foot)

Actuator
must be 
added.

24 VDC or as 
required by 
actuator.

Obermeyer Hydro 
http://www.obermeyerhydro.com/

overshot steel and
rubber

yes
+ 10% 

$12,000 Yes. AC preferred
to run 
compressor.

Rubicon
http://www.rubicon.com.au/about/Rubicon.asp

overshot aluminum yes
+ 2% 

$25,000 Yes.
Motorola
MOSCAD
RTU

12 VDC 



The Cody Canal Irrigation District’s current standard check structure includes concrete
piers and stoplogs. Our first design was intended to match this type of structure and is 
shown in drawings A-1 to A-5 in the Appendix. The design provided has some added 
features to prevent current problems seen in the District’s current design. The current 
concrete pier structures do not have adequate foundations and cutoff walls as evident in 
Figure 4.1. The addition of cutoff walls and concrete flooring can eliminate undermining 
of the piers and water channeling under the structure. These problems will significantly
reduce the lifespan of the structure and could create a safety hazard for canal staff.

Figure 4.1 Existing concrete pier foundation

We also added a steel cover on the front and back of the concrete piers to eliminate 
damage from floating debris and sulfates in the water. Sulfates are sometimes present in 
irrigation canals from fertilization of fields around the canal and water sources which can 
drain into the canal. These sulfates can erode away at the concrete structure making it 
inoperative or unsafe. Figure 4.2 clearly shows significant damage to the concrete piers
from sulfate or other chemicals eroding away at the concrete. Other noted features are
the precast concrete walkway for access to stoplog frames, handrails for safety of canal
staff, and riprap on the downstream side to eliminate erosion of the existing canal. It 
should also be noted that this design can easily be modified for the addition of slide 
gates or overshot gates that could be manually operated or automated to give more 
versatility to the check structure. This structure has a stoplog frame on both the 
upstream and downstream side of the walkway which could allow water to be removed
from a bay for maintenance or for the installation of gates, during the irrigation season.
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Figure 4.2 Existing concrete pier damages

The next check structure design is the steel framed removal pier check structure and is 
shown in drawings B-1 to B-3 in the Appendix. This structure was requested by the 
District Manager due to its ability to remove all piers and not impede the flow of the 
canal. This is very useful during early season flows when check structures might not be 
used as much due to the availability of large volumes of water. Figure 4.3 shows a 
removal pier check during early season use with the pier removed. By removing the 
piers there is no chance for debris to clog the flow in the canal and reduces maintenance 
in the early season.

Cody Canal Irrigation District May 2006
- 36 -



Figure 4.3 Removal pier check structure during early season flows

As the irrigation season progress, the need for water surface control increase and the 
steel I-Beams can be inserted for the stoplog frames. Figure 4.4 shows how the check 
functions during late season flows with the I-Beam and stop logs inserted for flow 
control. This type of structure can be adjusted to many different canal geometries and 
depths for use in the main canal and laterals. It must be noted that the riprap is added on 
the downstream side of the structure to protect the existing canal from erosion due to the
hydraulic jump.

Figure 4.4 Removal pier check structure being used as a check 
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A duck-billed weir check is a newer type of canal check that combines a weir and an 
orifice to control the water surface. This can be used to keep constant water levels to 
help alleviate the problem of varied discharges through turnouts. An orifice turnout or
headgate in the side of a canal will give a discharge based on the water level in the 
canal.

A weir may be placed in the main canal downstream of where the outlet is 
located in the side of the canal. The weir in the main channel can provide for a 
more constant water level above the orifice turnout over a range of flows in the 
canal. Often the width of the canal is not sufficient for a straight weir to be used 
and still keep the water level within the desired tolerances. Long crested weirs
can be used in the canal to provide added weir crest length for any given width of 
canal. The long crested weir can maintain the water surface elevation within
small tolerances as the flow rate in the canal fluctuates (Williams, 1993).

Therefore, the combination of a long crested weir and orifice gate or slide can be used to 
provide a fairly constant turnout discharge in spite of fluctuations of flow rate in the 
canal. In addition, the duck-billed weir has the reverse affect on excess water from storm 
events by increasing the discharge over the long crested weir without large increases in
the water surface elevation in the canal upstream.

Drawings C-1 to C-4, located in the Appendix, show the preliminary design of this type of 
check structure. One of the features for the duck-billed weir is the slide gate at the end of 
the weir for the added control of the check and for removal of deposited sediment. The 
duck-billed weir has the advantage over other weirs that require maintenance staff to
remove sediment from the upstream side of the weir. This slide gate could also be 
automated to maintain a certain upstream water surface which would require very little 
maintenance or adjustment. In addition the slide gate could be replaced with an 
automated overshot gate which would allow for floating debris to pass through the 
structure and still maintain the water surface level. The other feature that adds versatility
to the check is the adjustable weir plate to change the water surface level of the long-
crested weir. A similar duck-bill weir in Arizona is shown in Figure 4.5. 
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Figure 4.5 Duck-billed weir in Arizona

The fourth check structure is a manual overshot gate which is designed to minimize the 
change in the water surface when flow rates change and is shown in drawings D-1 to D-
4 in the Appendix. The advantage to the overshot gate is that it tends to successfully
pass floating debris which could create a dangerous gate blockage as compared to a 
standard slide gate. The overshot gate is less affected by the variation in flow in the
canal than standard undershot gates or slide gates. These structures can also be used
for water measurement since they are basically adjustable weirs. The overshot gate can
also be used in connection with discharging water into regulating reservoirs to control
the water surface. The overshot gate comes in many different sizes and with varying 
levels of control. For example the standard overshot gate is a manually operated gate, 
but it can be upgraded with an electrical actuator or could even be automated and 
remotely actuated. Figure 4.6 shows a single bay manual overshot gate with a manual 
operator.

The final check structure concept developed is a multi-bay manual or automatic overshot 
gate shown in drawings E-1 to E-4 in the Appendix. The previous discussion applies to
this type of structure, but the multi-bay structure has more versatility. With the multi-bay 
overshot there are options for using several bays with standard stoplogs and then the
other half with an automated overshot gate. This option also allows for installing a check
in multiple phases based on economic feasibility or need. The multi-bay overshot gate 
can also be refitted into most existing concrete piers. For our design we chose to show
only two bays to reduce the cost of automated gates with stoplog frames upstream and 
downstream. With the addition of the stoplog frames the District could buy one gate now 
and use stoplogs in the remaining bay. Some of the manufacturers of this type of gate 
are Armtec, Langemann, and Rubicon. Figure 4.7 shows a fully automated gate working 
for other irrigation districts.
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Figure 4.6 Manually actuated overshot gate

Figure 4.7 Fully automated overshot gate

For all check structures with manually operated gates, installation of wet wells upstream
and downstream of the structure would be ideal for future SCADA implementation.

Headgate

The headgate or turnouts are used to divert water from a supply canal to a smaller 
canal. The headgate usually consists of an inlet, a pipe, or way to convey water through
the bank of the supply canal. Some of the considerations for choosing an appropriate
headgate design are the geometry of the existing canal, amount of debris in the water, 
access to the headgate for control, maintenance concerns, and months of season that
water will be diverted. The geometry of the existing canal determines where the 
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headgate should be placed and how large the wingwalls should be if they are required. 
The amount of debris in the canal determines if a trash rack is required and how far to 
space the bars of the rack. For example if the trash rack is for very fine material and the 
canal has a lot of debris, then the trash rack will become blocked and will require much 
maintenance to continue functioning. The access to a headgate is required so ditchriders
can control the flow to laterals or water users. If access is difficult then the headgate 
probably will not be controlled properly. Maintenance is concerned with the amount of 
time required to keep the headgate functional at the desired flow. The headgate invert 
elevation should be on the bottom, slightly above the canal bottom, or even below the 
canal bottom. Each situation has many different considerations such as whether the 
invert is below the canal bottom. This may be preferred when there is little head in the
canal or when water must be diverted throughout the season and low flows in the main 
canal are expected.

The first headgate design presented, Headgate F, is set back on the canal bank with the
floor extending to the canal bottom and with wing walls around the structure matching 
the slope of the existing canal banks. This headgate is shown in drawings F-1 to F-2 in 
the Appendix. This design allows for easy access to the headgate and still allows water
diversion throughout the season. The headgate will be 6 inches off the bottom of the 
canal to help prevent sediment from flowing in and has 6 inches for sediment to be 
deposited. There is also a trash rack attached to the headwall to keep larger debris from
clogging the headgate. There will also be a 6-inch concrete collar on the pipe to 
eliminate water tunneling along the pipe which can cause bank failure. Some occasional
maintenance will be required to remove debris from the trash rack and remove sediment 
from concrete floor. 

The next headgate design, Headgate G, sets the headgate out farther into the canal with 
wingwalls extending back into the canal bank and is shown in drawings G-1 to G-2 in the 
Appendix. This design will reduce the possibility of debris or sediment being deposited
around the headgate. This design would be used more for steep side slopes or shallow 
and wide canals so the headgate would not interfere with the flow in the canal. This 
design also has access for control of the headgate and incorporates a concrete collar to
reduce tunneling. The headgate will require very little maintenance since the flow of the
canal water should push debris and sediment past the headgate.

Headgate H, the final headgate design presented for the District, is a headgate that is 
placed back on the canal bank with the intake extended into the canal matching the 
existing site slopes of the canal. This headgate will have a trash rack covering the entire 
structure that is easily removed for maintenance personnel. This design has the flow line 
15 inches below the canal bottom to have access to water throughout the irrigation 
season. The sediment will remain in the canal since the front wall of the headgate will 
extend 3 inches above the canal bottom. The structure also has 6 inches of depth for
sediment to build up on the bottom of the structure. This will require periodic removal of 
sediment from this structure so it will not impede the headgate. Sediment removal can 
be completed by using a shovel. This headgate will require a concrete collar to reduce
water tunneling along the pipe. Drawings H-1 to H-4 in the Appendix show this headgate
design concept.
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Pump Systems

The District currently has no standards or regulations for the installation of pump 
systems in the canal. It has been the District’s standard policy that they do not control
the installation of private pump systems. That means that individual users choose how
and where their pump systems get installed in the canals which can create flow 
restrictions or debris clogging the canal from the interference of the pump. In addition, 
the pump houses or intakes usually cross the District’s easement and impede the ability 
of ditchriders to access the canal. Figure 4.8 shows an example of how pump systems 
are interfering with canal and lateral flow ability. In this photo, the pump is installed
inside a circular tube / wet-well that is set in the middle of the lateral which can cause
obstructions in the lateral.

Figure 4.8 Example pump installation that can cause obstruction

To help standardize the installation of pump systems on the main canal and the laterals,
we designed a pump intake for users wishing to install a pump system. Details I-1 and I-
2 in the Appendix show the design concept described herein. This intake will eliminate
obstructions in the canal and will have wet wells outside the District’s easement to allow 
District staff access to the canal. The design will also allow users to access water 
throughout the irrigation season since the floor of the intake would be level with the 
bottom of the canal and the intake pipe is only 6 inches above the bottom. The design
includes a trash rack to provide some filtration which benefits the users and prevents 
debris from clogging the pump or being pumped. Most pumps require debris be removed 
before pumping and most piped irrigation systems also require filtration. The intake 
system will not require maintenance or upkeep from District staff other than occasional
cleaning of the trash racks. 
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Spillways

The spillway is a protective structure that ensures the canal system and adjacent
property are not damaged from uncontrolled water. This water can come from many
sources such as storm runoff, drainage water, operational mismatch of water supply and 
demand due to upstream gate operation, shutdown of a pumping plant or power plant 
downstream, and an uncontrolled excess of flow within the canal. Excess flows within 
the canal must be controlled to prevent damage from overtopping of the bank or 
deterioration of the bank resulting from operation at an excessive water elevation. 
Spillways are used to empty the canal for inspection, maintenance, seasonal shutdown,
or an emergency such as a canal bank failure. A spillway can also be located at the end
of the canal to provide a controlled discharge to a channel or a reservoir. 

The spillway is made from an overflow or gate structure, in combination with a concrete
channel. For this design we selected a 20 ft overflow structure that is parallel to the 
canal and has an overflow crest 6 inches above the normal flow line. This structure can 
also be placed perpendicular to the canal at the end of laterals or canal diversions. The
overflow structure acts similar to the long crested weir in that as the head in the canal
increases, the discharge also increases. The standard freeboard for a canal is 18
inches. That means that water will start flowing into the spillway after the water surface 
has raised 6 inches and still has another 12 inches before the banks will be overtopped. 
The structure also has the capacity to drain the entire canal through the slide gate. The
slide gate has the capability to be fully automated to control the water level in the canal
and could be set to open at a preset water level. Details J-1 to J-4 in the Appendix show 
the preliminary design of the suggested spillway structure. 

Drop Structure 

The function of a drop structure is to convey water from a higher elevation to a lower 
elevation and to dissipate energy created from the drop. There are many different types 
of drop structures that can effectively lower the water surface such as the baffled apron
drop, the rectangular inclined drop, chutes, a vertical drop, and piped drops. The baffled 
apron drops can be used in any decrease in water surface elevation where the 
horizontal distance is short. The rectangular inclined drops are used in elevation drops of 
3 ft to 15 ft and over a relatively short distance.

Economics dictate if it is more practicable to use a pipe drop or a rectangular
inclined drop. Usually a pipe drop will be selected for the smaller flows and a 
rectangular inclined drop will be selected for the larger flows. (Aisenbrey, 1997)

Based on the flow required of approximately 300 cfs for the Cody main canal it was 
determined that the most economical drop structure design would be the rectangular
inclined drop. We designed the drop to have multi-functionality by also serving as a
check structure. Details K-1 to K-5 in the Appendix show the preliminary design of the
selected drop structure. The front section of the drop has stoplog frames so the water 
level in the canal can be adjusted as desired. The front section also has the capability to 
function as a long crested weir or overflow structure. The overflow entrance, 
approximately 8 ft in length, parallel to the canal, is set approximately 6 inches above the 
normal water surface. In the event that the water level in the canal rises above normal
elevations, water can flow over the overflow walls, into the drop structure, and excess 
flow will be conveyed down the structure. This design feature allows the drop to also 
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function as a check during lower flow months and still handle large storm events. The
structure includes energy dissipating blocks to reduce the hydraulic jump basin and 
reduce cost (without them, additional concrete downstream would be required). The
structure also has several cutoff walls to reduce the water tunneling under the structure
that could cause a failure.

Combined Check and Spillway Structure 

Combining the check structure and the spillway structure add versatility and control to
the canal system. The check structure is used to regulate the water flow in the canal by
controlling the upstream water surface elevation and controlling the downstream flow in 
the canal. The spillway is a protective structure that ensures the canal system and 
adjacent property are not damaged from uncontrolled water. Discussion of each 
individual structure was presented earlier in this chapter. The combination of the two 
types of structures improves the control and management options and maintains the 
functionality of each structure. The control management improves because the 
automated gates are calibrated to also measure flow across the gate and can be 
operated in a way to only pass the required flow downstream, so less is lost at the end of 
the system. The automated gates can be controlled through the SCADA system and 
local RTU which is instantaneous.

The combination of these structures increases the control in the canal by varying the 
outlet options (water can be diverted through the spillway or downstream in the canal) 
and water levels. The three automated gates would be set up to function together to 
achieve the irrigation needs of the system. For example, the automated gates could be
programmed to keep a certain elevation upstream in the canal and let excess water flow 
into the spillway or downstream of the check. The gates could also be programmed to let 
a specified flow downstream of the check or down the spillway and will act in unison to
get the required flow to the desired location. 

The spillway structure has redundancy to ensure that the canal banks are not
overtopped with the emergency overflow walls. There is increased control of flow 
directions in case of equipment malfunctions. For example if one automated gate needs
repair, or even two gates, then the third gate can continue to direct the flow towards the 
desired location.

D. CONCEPTUAL DESIGN OF MAIN CANAL LONG-THROATED FLUME

Regardless of the approach, flow measurement is essential to successful and equitable
operation of a canal system. It is important to understand flows at the river diversion and 
the variations in flow that occur with the season and over even shorter time periods. 
Flow measurements can help ensure equitable distribution of water to water users at 
headgates also.

Future operational improvements in the Cody Canal system are underpinned by primary 
flow measurements at the main river diversion headgates. The flow measurements 
should be recorded with a chart recorder, such as a Steven’s Recorder device, or a data 
logger device, or ideally with SCADA hardware and software which is described later in 
this report. 
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Cody Canal Irrigation District currently utilizes a 15-foot wide, concrete, Parshall flume at 
the head of the main canal. This structure shows signs of deterioration, and although it is 
not a high priority to replace, when it is replaced, we recommend a long-throated flume 
be constructed in its place. Additionally, there are approximately 9 other flow 
measurement structures throughout the system. These are prefabricated Parshall
flumes, typically located at the head of a lateral. Following is a comparison of these two
types of flow measurement devices. 

Flumes: Parshall 

The Parshall flume (the most common example of a short throated flume) controls the
flow in an angled section to create a three dimensional curvilinear flow. Although this 
type of flume is called a short throated flume, they usually have a large overall length. 
Some of the advantages to this type of structure are its ability to “self clean” since it can 
pass sediment and debris. Therefore, the reduced maintenance concerns are an 
advantage. It requires about the same head loss as long-throated flumes, discussed 
later in this section. The approach velocity of the channel has little effect on the 
structures’ accuracy of measurement. Parshall flumes can have large flow regimes with 
a trapezoidal design and can measure super critical flows.

Many standard sizes of the Parshall flume have been laboratory calibrated and plans for
the desired size are available. If the Parshall flume was the device of choice, we would 
recommend the District install a standard size Parshall flume. The canal might have to
be reshaped to allow proper installation of the flume. These structures can be difficult
and expensive to construct since they must be built to specific dimensions and angles of 
the floor. The structure may have to be larger or smaller than the existing channel which
may result in higher installation costs and reworking of the canal section. They also have 
a tendency to be insensitive to low flows. Similar to other types of flumes, Parshall 
flumes must be constructed in channel sections that are without turbulence, surging, 
unbalanced flow, or poor distributed velocity patterns. Increased bank depth may be 
required to accommodate the backwater associated with the installation of this flume.

The Parshall flume loses accuracy as the submergence increases. Submergence can
best be defined by the Water Measurement Manual, published by the U.S. Bureau of 
Reclamation (USBR): 

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

Flumes: Long-Throated 

The long-throated flume (also called ramp flumes or Replogle flumes) controls the 
discharge over the structure throat or a sufficient length to create uniform and parallel 
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flow lines. This allows for accurate ratings base on hydraulic theory. The long-throated
flume can be adapted for any desired cross section shape and custom fit into any 
channel geometry. Due to the flexibility to match to existing channel conditions, these 
flumes usually have simplified construction techniques and are economical. The 
accuracy of long-throated flumes can be assumed to be ±2% due to the capability for
computer calibration. This accuracy also includes submergence up to 95% (higher 
allowable submergence than the Parshall flume) with only one upstream head 
measurement.

Some additional advantages of long-throated flumes are that they are also self cleaning 
and have the ability to pass sediment and debris through the structure. This means less
maintenance for canal staff. They require little head loss across the control section to
achieve accurate flow measurement and may even allow a reduction in the number of 
checks in the canal. These structures can have large flow regimes with many different 
geometric designs to fit the existing channel conditions. Long-throated flumes are 
typically less expensive to construct and install than other types of flumes or weirs. They
may be constructed in-situ within the canal. 

As stated in the Parshall flume section, a similar disadvantage to long-throated flumes is 
that they must be constructed in channel sections that are without turbulence, surging,
unbalanced flow, and poor distributed velocity patterns. They require the upstream
banks to be high enough to contain the backwater from the flume installation.

For new installations, the long-throated flume is recommended by the USBR over the 
Parshall flume. Where the Parshall flume has been established as standard, new 
installations could be Parshall flumes; however, the long-throated flume is the preferred
measuring device for open channel flows in similar situations.

The long-throated flume has become the standard over the last decade with many canal
companies, irrigation districts, and the U.S. Bureau of Reclamation. This flow 
measurement structure is also called a “ramp flume” or the “Replogle flume” as much of 
the development work and current design standards were done at the Agricultural 
Research Service’s Water Conservation Lab in Arizona under the direction of John 
Replogle. We will refer to this flume as the long-throated flume for this report.

See Figure 4.9 for a concept drawing of a long-throated flume. See Figure 4.10 for a 
photograph of a flume under construction and Figure 4.11 for a photograph of an 
operating long-throated flume. 

Cody Canal Irrigation District May 2006
- 46 -



Figure 4.9 Conceptual layout of a long-throated flume. Reference: Water Measurement 
with Flumes and Weirs

Figure 4.10 Long-throated flume under construction. Note the stilling well on the side
which may also house a chart recorder or SCADA equipment
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Figure 4.11 Long-throated flume in operation 

Flow measurement is vital to many aspects of the Cody Canal Irrigation District
conveyance and management systems. Based on discussions with the District and site
visits, it is recommended that the District use long-throated flumes for their standard 
measurement structures. Based on the discussion of various flow measurement devices, 
the long-throated flume will effectively and accurately measure the flow required for the
main canal, laterals, and farm laterals.

Preliminary Design

The main canal long-throated flume was designed based on replacing the existing 15 ft
Parshall flume. Additionally, this preliminary design could be utilized along the main 
canal throughout the system. The average width of the canal was assumed to be 
approximately ±30 ft wide with a  bottom width of ±17 ft, and an average depth of ±6 ft. 
Based on historical river diversion measurements, the range of flows to be measured in 
the main canal are 50 cfs to 300 cfs.

Using the design information, we designed a typical long-throated flume that would meet 
these requirements. WinFlume is the computer software program developed by the U.S.
Bureau of Reclamation, the Agricultural Research Service, and the International Institute
of Land Reclamation and Improvement that was used for the design. The software aids 
in the design of long-throated flumes based on parameters provided to the program.
Based on the information discussed, we designed a standard long-throated flume that 
would accurately measure the flow in the main Cody Canal. We designed the flume to 
handle a flow range from 50 cfs to 300 cfs with a bottom width of 17 ft. After
consideration of the options for geometry of the flume (trapezoidal, rectangular, circular,
v-shaped, u-shaped, and parabola) it was recommended that the flume would be 
rectangular in shape considering the ease of installation, the reduced cost of installation, 
and similar canal geometry.

Refer to Details L-1 to L-6 in the Appendix for the main canal long-throated flume 
preliminary design described herein. Using WinFlume we designed the flume to have an 
approach channel of 4 ft, then a 7 ft – 6 in converging channel to the sill height of 2 ft –
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10 in and a length of 5 ft; it should then diverge back down to the existing channel bed
over a length of 17 ft. These dimensions are essential for the flume to achieve the 
correct flow condition to measure the flow accurately. The length of the diverging section
of 17 ft is reducing the length and size of the hydraulic jump. The stilling well and staff
gage should be placed 10 ft upstream from the flume to accurately measure the flow 
through the flume. With the analysis tools in WinFlume it was determined that with the 
installation of the flumes, there would be an increase in head levels at the maximum flow
of approximately ±5 in. This would still allow for freeboard in the canal and above the 
flume of approximately ±1 ft. 

Head measurement method and allowable discharge measurement error at minimum
and maximum flow is determined based on typical measurement error for the method. 
This value should be the expected error in any one measurement of the sill-referenced
head due to factors such as waves, difficulty seeing the staff gage or water surface, 
electronic noise, resolution of the device, etc.  WinFlume combines the errors due to the 
accuracy of the rating table with the errors related to head measurement to determine an 
overall discharge measurement error.  The allowable discharge measurement errors at 
minimum flow are 8% and 4% for the maximum flow.  The accuracy of the flume was 
calculated to be ±2.1% for the maximum flow and ±3.2% for the minimum flow. This 
accuracy is only possible if the installation is done accurately, the field data is accurate,
and the upstream and downstream canal conditions remain similar to the design 
information.

E. CONCEPTUAL DESIGN OF SPECIFIC STRUCTURES

Glory Hole Drop

The existing Glory Hole Drop appears to be a combined drop structure with a 
rectangular concrete-lined channel downstream. The existing concrete-lined channel 
discharges water three to four feet above the downstream water surface, as documented 
in Figure 4.12 below.

Figure 4.12 Glory Hole Drop structure
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The flow entering the downstream channel is very turbulent and major erosion has 
created a large pond in the natural channel at the end of the chute since there are no 
energy dissipators in the drop. Logs are used to hold back the bank on the downhill side
of the pond. The logs are beginning to fail. The depth of the pond is unknown and a full 
site survey should be included in the Level III application. Based on the erosion
surrounding the pond, it is assumed the pond has sufficient depth to effect design 
options.

Upon field inspection after the irrigation season, we found the existing concrete in the
chute badly deteriorated. The concrete chute itself has full-length cracks at various 
locations. On the downstream side of the drop is a depression where the concrete has
fallen away and exposed the rebar.

Figure 4.13 Glory Hole Drop concrete deterioration 

For the preliminary design of the chute, a vertical drop of 11 ft between the upstream 
canal water surface and the downstream pond water surface were used. Design flows 
are 225 cfs maximum and 75 cfs minimum, according to the District. 

Drop Alternative. A drop structure should not be used on vertical drops over 8 feet high. 
Structures with vertical drops over 8 ft have high construction costs and the structure 
must be analyzed for structural stability.

Chute Alternative. Based on the flow and characteristics concerning the preliminary 
design, a chute with energy dissipators appears to be the preferred alternative. The 
chute is the most efficient means of dealing with the vertical difference between the 
water surfaces upstream of the structure and downstream of the channel bend. Design
costs for Level III construction should include a detailed site survey.

For the preliminary design, we tried to design a chute to match the current length of 30
ft.  However, chute design is controlled by the maximum recommended chute slope and
length, and the need to minimize erosion upstream and downstream. In addition, the
chute is designed to ensure an adequate hydraulic jump at the bottom.
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The current structure is only 30 ft long and the Zinn Lateral head gate is just upstream of 
the structure. By keeping the current pond location, the chute will need to extend
upstream approximately 45 ft from the existing pond. A new chute would require the 
head gate for the Zinn Lateral be moved upstream approximately 15 ft. The Zinn Lateral
head gate can be incorporated into the chute design by adding a check structure at the
beginning of the chute inlet.

Concrete floor blocks will dissipate additional energy, so the flow leaving the chute outlet
would not be turbulent. For the final design, waving action needs to be analyzed to 
prevent waves from forming in the chute.

Refer to Detail M-1 in the Appendix for the preliminary design of the Glory Hole drop 
structure.

Diamond Creek Flume 

The existing Diamond Creek Flume is shown in Figures 4.14 and 4.15. The flume is
used to transport water over Diamond Creek. Diamond Creek Flume’s construction date
is unknown. However, construction-time appears to date to approximately the 1930s to
1940s. This flume is the same construction as Sulphur Creek Flume. For preliminary 
design purposes, the maximum design flow is 225 cfs and the minimum design flow is
100 cfs, according to the District. This flume is a major carrier of irrigation water for the 
District. If this flume were to fail, it would have a major impact on the water users 
downstream that depend on this water for growing their cash crops. The economic
impact of this type of failure is extremely difficult to assess. Three preliminary design 
alternatives were completed and are presented in this section.

Details N-1 through N-4 in the Appendix are for the Diamond Creek Flume and the 
discussion that follows. 

Figure 4.14 Diamond Creek Flume above Diamond Creek 
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Figure 4.15 View of full length of Diamond Creek Flume 

Siphon Criteria 

A siphon is self-cleaning when designed properly. By constructing a concrete inlet and
concrete outlet, siphon velocities can be as high as 10 fps. The minimum required 
cleaning velocity is approximately 3 fps. High velocities keep the sediment suspended so 
it can continue through the siphon and pass the concrete outlet.

The maximum flow in Cody Canal happens in July to mid-August. During the maximum
flow, the water has above average silt and sediment in it. The maximum flow will 
produce the highest velocity of 10 fps in both siphons (Diamond Creek and Sulphur 
Creek). Going into autumn, the flows decrease slowly, as does the sediment load, to the 
minimum flow at the end of irrigation season. The gradual decrease in flow and sediment 
will prevent the sediment from settling in the bottom of the siphon. 

Siphon Alternative. This design is for a Reinforced Concrete Pipe (RCP) sized for 100
cfs to 225 cfs. This can be accomplished with a 66 inch single pipe siphon, or two 48 
inch diameter siphons. For this design, we show the 66 inch single siphon for ease of
understanding, but are using the 2-48 inch pipes for cost estimates since they are more 
expensive. The concrete inlet and outlet structures are the same design for ease of 
constructability and are designed to connect to a 66 inch siphon.

The minimum cover over the siphon is 3 ft, which is under Diamond Creek. The backfill
should be compacted to 95% maximum dry density during construction. A vent should 
be added downstream of the concrete inlet. An access manhole should be added at the
bottom so the siphon can be drained at the end of the irrigation season. 

The RCP will be gasketed joints to ensure a water-tight seal. The bends will be custom
made and the interior of the bends will be grouted to minimize turbulent flow and to keep 
the siphon water tight. 
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Concrete inlet and outlet transition will be constructed to prevent erosion from the 
transition of the canal to the siphon. Trash grates should be installed on the inlet and
outlet for safety.

The velocity is designed to keep the siphon as clean as possible and free of silt and 
rocks. The maximum flow will produce a maximum velocity of 9.5 fps; the minimum flow 
will produce a minimum velocity of 4.2 fps. These velocities should keep the siphon 
relatively clean and the trash grate on the inlet will prevent dead animals and large rocks
from entering the siphon. Additionally, maintaining laminar flow between the transitions
and pipe helps minimize debris entering the siphon.

We suggest that the District complete an annual inspection of the interior of the siphon.
Annual inspection would be performed by Cody Canal personnel under their Operations 
& Maintenance (O&M) budget.  Presently, District staff tar both flumes each winter. This
O&M would no longer be needed and the annual inspection of the siphons would be 
added to the O&M plan. The annual inspection of the siphon would be much less than
the materials, equipment and labor required for tarring.

An advantage of this alternative is the life of the system. Siphons on irrigation projects
have historically lasted much longer than 25 years. Siphons are economical and easily 
constructed. Maintenance is minimal on a siphon.  This alternative could be constructed
in one off-season without fear of delaying the start of irrigation season.

Concrete Lining & Fill Alternative. This design brings in fill up to the elevation of the 
existing canal on both side of the existing flume. The fill would have side slopes of 4:1. A 
concrete lined ditch section with a ditch access road would be constructed across the fill 
to connect the existing canal. This design would require approximately 2,300 cy of fill 
compacted to 95% of maximum dry density; fill to be placed and compacted in 8 inch
lifts.

Diamond Creek drainage would pass through the new embankment in two 10 ft x 9 ft 
box culverts.  The length of the dual box culverts would be approximately 150 ft long and 
designed for the 100-year storm. A detailed analysis of the Diamond Creek drainage 
basin should be completed for a Level III project. This in-depth analysis is necessary to
verify and accurately size the box culverts and to prevent backwater in the natural 
drainage. Backwater could damage the embankment which may affect the concrete 
lining.

The life of concrete linings on irrigation districts have historically been a minimum of 25 
years, provided construction is completed correctly. Also, this option provides the District 
with a “visual” check that the canal is working properly.

The disadvantage of this alternative is, if the construction is not completed carefully and
accurately, the fill material could fail in some areas. Failure would be attributed to 
erosion due to heavy rains, snows, or flooding of Diamond Creek. Any type of failure of
the embankment would endanger the concrete lining.

Construction of this alternative could take place in one off-season provided there are no 
major storms that would delay construction.
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Replace Flume or Coat the Existing Flume. A new flume and support structure could
be constructed but there are no contractors locally that do this type of specialty work. A 
structural engineer would be required to design a new elevated steel flume. A bridge 
contractor may be required to complete a project of this type. The Bureau of 
Reclamation no longer recommends this type of elevated flume since siphons are more 
economical to design and construct. Costing out this option is difficult because of the 
specialty type of work and lack of contractors.

The District could apply polyurea coating to the inside of this flume to extend the life of
the flume. WWDC requires a 20-year life on Level III funding. While polyurea (Sherwin 
Williams AR425 recommended) has not been used in this capacity for 20 years, there is 
information that extrapolates out existing data to show that a 20-year life is possible. 
Steel preparation is crucial to ensure the polyurea coating lasts. Steel would need to be
sand blasted to a near white and flash rust must be prohibited before the polyurea is 
applied.

The advantages of this alternative are that no major construction would be required and
construction time would be short. This alternative would also eliminate the need for 
annual tarring.

The disadvantage is the life of the steel support structure is unknown. Should the steel
support structure appear to be failing before the WWDC 20 year requirement then the 
District would be responsible for bearing 100% of the construction cost to replace this 
flume.

Newton Avenue Chute 

The Newton Avenue Chute on the Town Lateral runs down a hill to drop the elevation of 
the lateral. Figures 4.16 and 4.17 show the chute. The metal chute is 30 inches wide by
18 inches tall and is in need of replacement.

Figure 4.16 View of Newton Avenue Chute from bottom of hill 
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Figure 4.17 View of Newton Avenue Chute from top of hill 

For preliminary design purposes, the maximum design flow is 35 cfs and the minimum 
design flow is 10 cfs, according to the District. Refer to Detail O-1 in the Appendix for the 
recommended preliminary design concept.

Chute Alternative. The preliminary design proposes a 2.5-ft wide by 1.5-ft deep 
concrete chute. The inlet, chute and outlet would be covered with steel grating for safety.
The design flow capacity and the existing vertical conditions of the site require that the
chute would decrease in width on the hillside and then increase in width before entering 
the outlet where the hydraulic energy will dissipate.

The concrete inlet will be wide enough to provide a smooth transition between the 
natural channel and the chute inlet. The inlet to the chute will be designed to control the
depth of water in the chute and reduce erosion in the natural channel upstream of the 
inlet. Riprap should be placed along the natural channel upstream of the chute to 
prevent any possible erosion. The existing natural channel should be regraded since it
has eroded and begun to form a pond prior to the inlet. 

Engineered fill will be placed under the chute to a minimum depth of 18 inches. The fill
will continue up the outside of the chute walls. The side slopes of the fill will be graded at 
a 3:1 slope. All fill will be compacted to a density 95% of maximum dry density and 
placed and compacted in 8 inch lifts.

This design does not include the hydropower option. If this site is used for a hydropower 
plant, the chute dimensions and construction would need to be modified to include any
needed components of the hydropower plant. This would likely include the replacement 
of the chute with a pipe penstock.

Chute Alternative with Bridge & Channel Improvements. Upstream of the chute inlet 
is a bridge along Newton Avenue. Upon field inspection of the chute, it was observed 
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that the canal downstream of the bridge is experiencing considerable erosion near the
wing walls. 

It is proposed that when the chute is constructed, the downstream wing walls of the 
bridge be repaired. If this alternative is chosen then the canal from the bridge to the 
chute inlet should be lined with rip rap.

In addition, some of the vertical bars that keep people from climbing under the fence 
have been broken and bent to allow people to climb into the channel between the bridge 
and the chute. These should be repaired for safety reasons. The estimated cost for the
fence repair (6-ft chain link fence installation, including gates) is $14,400 (360 ft x $40 / 
ft).

F. CONCEPTUAL DESIGN ALTERNATIVES FOR SULPHUR CREEK FLUME

Sulphur Creek Flume was the driving force behind this entire project. The District’s 
concern about the structural integrity and remaining life-span of this major flume in the 
conveyance system required special attention. The flume conveys water over Sulphur 
Creek and is pictured in Figure 3.3 in Chapter 3. Following is a discussion of several 
alternatives for replacing the Sulphur Creek Flume. 

Sulphur Creek Flume’s construction date is unknown but is similar in construction to
Diamond Creek Flume. However, construction-time appears to date to approximately the
1930s to 1940s. For preliminary design purposes, the maximum design flow is 200 cfs
and the minimum design flow is 75 cfs, according to the District. This flume is a major 
carrier of irrigation water for the District. If this flume were to fail, it would have a major
impact on the water users downstream that depend on this water for growing their cash 
crops. The economic impact of this type of failure is extremely difficult to assess. Four
alternatives were reviewed for this study and are presented in this section. Refer to 
Details P-1 through P-4 in the Appendix as related to the following preliminary designs. 

Siphon Alternative. This design is for a RCP sized for 75 cfs to 200 cfs. This can be
accomplished with a 60 inch single pipe siphon, or two 42 inch diameter siphons. Per 
foot costs for parallel 42 inch RCP vs. single 60 inch RCP are the same. For this design, 
we show the 60 inch single siphon for ease of understanding. The concrete inlet and
outlet structures are the same design for ease of constructability and are designed to 
connect to a 60 inch siphon.

The design concept is similar to that presented for the Diamond Creek Flume siphon 
alternative. The minimum cover over the siphon is 3 ft, which is under Sulphur Creek. 
The backfill should be compacted to 95% maximum dry density during construction. A
vent should be added downstream of the concrete inlet. An access manhole should be
added at the bottom so the siphon can be drained at the end of the irrigation season. 

The RCP will be gasketed joints to ensure a water-tight seal. The bends will be custom
made and the interior of the bends will be grouted to minimize turbulent flow and to keep 
the siphon water tight. 

Concrete inlet and outlet transitions will be constructed to prevent erosion from the 
transition of the canal to the siphon. Trash grates should be installed on the inlet and
outlet for safety.
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The velocity is designed to keep the siphon as clean as possible. The maximum flow will
produce a maximum velocity of 10.2 fps; the minimum flow will produce a minimum 
velocity of 3.8 fps. These velocities should keep the siphon relatively clean and the trash
grate on the inlet will prevent dead animals and large rocks from entering the siphon. We
suggest that the District complete an annual inspection of the interior of the siphon. 

An advantage of this alternative is the life of the system. Siphons on irrigation projects
have historically lasted much longer than 25 years. Siphons are economical and easily 
constructed. Maintenance is minimal on a siphon.  This alternative could be constructed
in one off-season without fear of delaying the start of irrigation season.

Concrete Lining & Fill Alternative. This design brings in fill up to the elevation of the 
existing canal on both sides of the existing flume. The fill would have side slopes of 4:1.
A concrete lined ditch section with a ditch access road would be constructed across the
fill to connect the existing canal. This design would require approximately 28,200 cy of fill 
compacted to 95% of maximum dry density; fill to be placed and compacted in 8 inch
lifts.

Sulphur Creek drainage would pass through the new embankment in two 10 ft x 9 ft box 
culverts. The length of the dual box culverts would be approximately 250 ft long and 
designed for the 100-year storm. A detailed analysis of the Sulphur Creek drainage 
basin should be completed for a Level III project. This in-depth analysis is necessary to
accurately size the box culverts and to prevent backwater in the natural drainage.
Backwater could damage the embankment which may affect the concrete lining.

The life of concrete linings on irrigation districts have historically been a minimum of 25 
years, provided construction is completed correctly. Also, this option provides the district 
with a “visual” check that the canal is working properly.

The disadvantage of this alternative is if the construction is not completed carefully and
accurately, the fill material could fail in some areas. Failure may be attributed to erosion
due to heavy rains, snows, or flooding of Sulphur Creek. Any type of failure of the 
embankment would endanger the concrete lining.

Construction of this alternative in one off-season would be tight. To complete 
construction in one off-season, the contractor would need to have enough equipment to 
haul and place the embankment and allow enough time for the concrete liner to be 
placed. Any large storms may hinder the completion of this alternative which may delay 
the usual start of irrigation season. 

Replace Flume or Coat the Existing Flume. A new flume and support structure could
be constructed but there are no contractors locally that do this type of specialty work. A 
structural engineer would be required to design a new elevated steel flume. A bridge 
contractor may be required to complete a project of this type. The Bureau of 
Reclamation no longer recommends this type of elevated flume since siphons are more 
economical to design and construct. Costing out this option is difficult because of the 
specialty type of work and lack of contractors.

Coating this flume in polyurea is not recommended. The district has had previous
problems with settlement of the support structure. There is wood between the bottom of 
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the steel supports and the top of the concrete footers. The wood has rotted on the two 
supports adjacent to Sulphur Creek. The district repaired these a couple of years ago. It 
is unknown if the wood under the remaining supports is rotting. It is questionable as to 
how much longer the steel supports will last. 

Rerouting canal to reduce length of Sulphur Creek crossing. There is only 4 ft – 5 in 
vertical drop between the inlet canal and outlet canal. To reroute the canal would mean 
increasing the canal length between the inlet and outlet thereby decreasing the slope of 
the newly aligned canal. The current canal alignment is the most feasible for maintaining 
the carrying capacity of this section of canal. 

G. CONCEPTUAL DESIGNS OF RE-REGULATING RESERVOIRS

Basic Concept 

The concept of a re-regulation or equalizer reservoir is rather simple. A re-regulation 
reservoir is intended to capture excess canal flows and hold water for subsequent 
release when canal flows drop below downstream water orders. This type of reservoir is 
generally not intended to hold water for long periods or to capture early season water for 
late season release, but some reservoirs can serve both purposes. 

Canal flows fluctuate due to diurnal variations in river flows and river diversions, day-to-
day changes in total water orders, significant changes to orders in a specific canal reach,
dramatic on-off headgate or lateral delivery variations, and storm inflows. The primary 
benefit of a re-regulation reservoir is to improve the consistency of flows at the 
headgate, thereby allowing an individual irrigator to improve on-farm application 
efficiency.

Many canals are managed by diverting more water than required by orders and then 
releasing excess flows back to the river at points tending to be at or near the end of the
canal. This approach is quite operationally functional but it may also be desirable to 
capture as much of the excess as is feasible within the canal’s service area to improve 
canal operational efficiency and increase beneficial use of the decree under the prior 
appropriation system. 

Figure 4.18 shows the concept of a re-regulation reservoir at its simplest. Using the 
slope of the canal to advantage, water is gravity flowed into the reservoir and gravity 
flowed back out. The inflow can be controlled by a gate or a long crested weir. The 
outflow is best controlled by a gate or gates suitable to both small and large outflows.
The inflows and outflows can be made without human intervention but reactionary,
human implemented, changes to flows into and out of the reservoir can increase the 
utility of a re-regulation reservoir. Further, remote control of actuated gates with SCADA 
allows for the greatest reservoir use potential and operational flexibility. 
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Figure 4.18 A re-regulating reservoir captures excess flows for subsequent release to
make up shortages. 

It should be noted that SCADA and remotely actuated gates can provide some of the 
benefits of a re-regulation reservoir by using excess capacity in the canal itself for short
term water storage. Assuming the canal has adequate freeboard, a downstream check 
can be used to bring the canal water surface level up, while still maintaining a minimum
freeboard, and thereby hold a proportional amount of water at the surface. This 
approach can be thought of as treating the excess capacity in the canal as a pencil-thin
reservoir and might be most appropriate for the short term capture of flow variations due 
to the more minor delivery changes and diurnal fluctuations.

Pumps can be used to pump water into or out of the reservoir or both. The primary 
disadvantages of pumping are the costs -- initial and annual operating costs -- but 
pumps can also provide for a suitably high outflow delivery rate which can be highly 
varied as required and accurately measured. Pumping systems may have dual purposes
as well. For example, a pump station may be used for outflow makeup water at one time 
of the year and pumping into a storage reservoir at another time of the year (see Figure
4.19).
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Figure 4.19 Example pump station that transfers water from a re-regulating reservoir to 
the canal

Reservoir depth should be as large as possible in order to decrease surface area, for a 
given storage volume, and thereby minimize evaporative losses. Some re-regulation
reservoirs are lined to prevent loss due to seepage while the seepage in other situations 
is viewed positively as contributing to ground water storage and potentially credited to a 
well augmentation plan.

Re-regulation reservoir design issues are: 

Discrepancy (prediction of the volume discrepancy).
Transient time under normal operational conditions.
Land area available. 
Operational strategy considering gravity flows, pumped flows, or a combination. 

 Implementation budget.

It has been noted that the volume of a re-regulation reservoir is most likely budget 
driven. Otherwise, the reservoir size generally wants to be as large as is practical and
possible.

It should be noted that under the rules imposed by the State of Wyoming, the District’s
decree may need to be changed, or a new application filed, in order to gain full 
operational use of a re-regulation reservoir. The State limits the water retention time to 
24 hours and most of the operational needs and utility of a re-regulation reservoir would 
require a longer retention time. An SEO storage right will most likely be required if water
is stored longer than 24-hours. The District will need to further investigate the storage
right requirements of the State prior to implementing the design and construction of a re-
regulating reservoir. See Chapter 7 for more on this subject.
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Potential Re-Regulating Reservoir Sites 

The Cody Canal Irrigation District does not have any storage rights or re-regulating
reservoirs. The City of Cody does utilize some of their lakes. Beck Lake functions
somewhat as an equalizer reservoir for the City’s uses. Its permitted use is as a 
sediment settling facility for the City’s raw water system. Beck Lake used to be the City’s 
potable water supply, but was replaced with the Shoshone municipal pipeline. The 
District can discharge excess water into Beck Lake but once in the lake, the District does
not utilize the water or run it back into the canal. Markham Reservoir also functions 
somewhat as an equalizer. Both Beck and Markham are delivery points of raw water for 
use by the City (there are raw water pump stations at both lakes).

Only the technical concepts for developing re-regulating reservoirs are presented in this 
section. Chapters 7 and 8 present the permitting and environmental issues that have 
significant impact on the development and use or re-regulating reservoirs. Based on 
information discovered during research with many of the governing agencies, re-
regulation on Cody Canal may not be feasible or possible.

Five sites were identified for potential re-regulating reservoirs. One additional concept
was to pump water directly out of Buffalo Bill Reservoir and utilize it as a storage and re-
regulating facility. These sites are shown on Figure 4.20. The five sites were selected
based on a number of contributing factors:

Location related to main canal and laterals 
Affected service area downstream of site 
Available land area 

Ideally, the site would allow for gravity flow into the reservoir and gravity flow out of the 
reservoir. This way, pumping operations and maintenance are not required. The gravity
in and gravity out sites are preferred over sites that would require pumping out of the 
reservoir. The re-regulating reservoir should be located such that the operation and 
management of the water in the reservoir could maximize the benefit to all users. 

Land ownership information was imported into the GIS map during the re-regulating
reservoir siting process. Private land and Bureau of Land Management land are shown 
in Figure 7.1, Chapter 7. The land owners would have to be contacted to determine if 
acquisition or easements were available to the District. These contacts were not made 
as a part of this study. 

A majority of the land adjacent to the Cody Canal, around the City of Cody has been 
developed to some extent, making it more difficult to find an effective re-regulating 
reservoir site. 
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SITE #6: CONCEPTUAL PUMP STATION
OUT OF BUFFALO BILL 
RESERVOIR

SITE #2: SULPHUR CREEK
WHERE LAKE VIEW 
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SITE #1: BELOW ZINN
LATERAL AT SULPHUR
CREEK

SITE #3: RED LAKE

SITE #4: SOUTH
OF ALKALI LAKE

SITE #5: SOUTH SIDE OF
WHERE MAIN CANAL ENDS
AND ROSS LATERAL BEGINS 
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Figure 4.20: Re-regulating Reservoir Site Options
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The five sites considered in this study and the specific considerations for each site are
presented below.

Site #1. This potential site is located below the Zinn lateral at Sulphur Creek. Water 
could gravity flow through the Zinn Lateral and into the new re-regulating reservoir. 
Potential storm water and return flows in Sulphur Creek might also be captured. Water 
would have to be pumped out of the reservoir back into the main Cody Canal, a distance
of approximately 3,600 linear feet. Construction of a re-regulating reservoir in and 
around Sulphur Creek could be a limiting factor. Additionally, this site is on private land 
which would have to be acquired by the District. 

Site #2. This potential site is located in Sulphur Creek, south of the Zinn lateral, where
Lakeview Irrigation District water returns. It is south of Site #1. Water from Lakeview 
Irrigation District could be captured and pumped back into the Cody Canal. Water from
Cody could be delivered to the reservoir as well, but the site is approximately 11,400
linear feet from the canal. Similar to Site #1, potential storm water and return flows in
Sulphur Creek might also be captured. Also similar to Site #1, construction of a re-
regulating reservoir in and around Sulphur Creek could be a limiting factor. This site is 
located on BLM land.

Site #3. This potential site is Red Lake, the same site that was previously contemplated 
for their system. A 1915 filing was made for a reservoir in the Red Lake area. This filing
was only recently abandoned because nothing had ever been done with the reservoir. 
When the District did a study on this site, the result was that it was not feasible. The site
is primarily on BLM land. Water could be delivered from and returned to the main canal 
through gravity. The approximate average distance between Red Lake and the canal is 
2,150 linear feet.

Site #4. South of Alkali Lake, a fairly flat, open, private piece of land is a potential re-
regulating reservoir site. A gravity in and gravity out system would be possible from this
location. The approximate average distance between the reservoir site and the canal is 
1,050 linear feet.

Site #5. The final site considered in this study is located on the south side of where the 
main Cody Canal ends and the Ross Lateral begins. This site is steeper than the others
and a lot of earthwork would be necessary to develop a valuable re-regulating reservoir. 
The land south of the canal is partially BLM and partially privately owned. The 
approximate distance between this site and the canal is less than 500 linear feet.
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Pumping out of Buffalo Bill Reservoir 

Theoretically, a pump station on Buffalo Bill Reservoir could be built to pump water into
the Cody Canal to serve as a buffer or re-regulation for the river run water. However, this
concept was considered during a study in 1986 which looked at a possible exchange 
agreement between Lakeview and Cody Irrigation Districts. The cost of the pump system 
was determined to not be feasible and the project did not have enough support at the
time to proceed. The Cody Canal Irrigation District recalls that this study and concept
were put on hold and later abandoned. For Cody Canal Irrigation District to consider this
type of project on their own would require further coordination with the governing entities 
involved (USBR and State Engineer’s Office). 

Preliminary design / size

Presuming a re-regulating reservoir is possible within the District, and depending on the 
soils at the site, the reservoir may need to be lined with an impermeable lining system. 
Figure Q-1 shows a typical section grading and lining system that may be used by the 
District.

H. SCADA POSSIBILITIES

As many canals are modernized, an appropriate technology for consideration is 
Supervisory Control and Data Acquisition System (SCADA) to provide either monitoring 
or both monitoring and control (gate actuation, pump operation) of canal operations from
a centralized location. Data and information such as canal flows and reservoir storage 
level data can be easily obtained and even posted to the District’s web site for both 
management personnel and irrigator access. 

SCADA systems were once perceived to be too costly for most irrigation districts but the 
hardware and software is increasing in function, decreasing in cost, and becoming much 
more affordable for these situations. The opportunity, the costs, and the benefits of 
SCADA are explored in this section.

Background

SCADA has been with us a long time but mostly with industrial process control and 
monitoring circumstances that could afford the technology. Agricultural irrigation, for 
many years, was not an industry that warranted the rather steep hardware cost. During 
the early 1990’s, the cost of implementing SCADA was in the range of $5,000 to $10,000
per site without gate actuation hardware. This cost for monitoring was quite high in 
comparison to the cost of a classic chart recorder installation on a weir or flume, or for 
that matter, the cost of manual actuation of valves, headgates, and checks by the 
District’s own ditch rider.

The current cost of SCADA implementation has decreased in recent years to a price 
point where SCADA is affordable and useful to irrigation districts. Often, smaller districts 
do not have an office or a staff per se, but a SCADA central system can be located 
anywhere that is practical. SCADA can provide a lot of cost effective features which 
result in significantly improved canal operations, improved deliveries to irrigators, and
reduced liabilities.
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Concepts

Generic definitions are appropriate to help describe basic SCADA concepts and 
compare SCADA systems. The central system is microcomputer based and interface 
software is used to communicate with remote sites. The software that provides an 
umbrella over everything is called a human-machine interface (HMI). The key hardware 
at remote sites is a remote terminal unit (RTU).

The HMI software can be proprietary and published by the manufacturer of the hardware 
or it can be more generic and published by software companies that write HMI programs 
that are compatible with the hardware of many manufacturers. Examples of flexible and
broadly compatible application development programs are Wonderware, Lookout, and
Intellution. Each of these products is currently in use for irrigation district applications.

Communication can be via wire line (hard wired), telephone, fiber optics, or radio. Radio 
for most canal operations is preferred although the canal easement does present the
potential for easy fiber optic installation. For instance, the Dolores Project in Cortez, 
Colorado utilizes fiber optic communication. The SCADA industry has standardized 
largely on a public domain communication protocol called “Modbus” which is quite
flexible but also considered antiquated by many because it was developed for wire line
applications and not the higher speeds possible with other approaches to
communication such as radio.

RTUs are essentially a small computer that can be programmed for the specific 
requirements at individual sites. The RTU is also the point at which sensors are 
connected. A site with only one requirement, e.g. monitoring the water surface elevation 
in a flume or weir, would have a water level sensor wired to it. The RTU then 
communicates to the central system or conversely, the central system can initiate a call
to the RTU. The preferred communication is two-way communication where the central
can call the RTU or the RTU can call the central. It is important to note that the RTU can 
be monitoring one or more sensors and perform logical operations and even create an
exception report or alarm. If flows or water levels exceed a pre-set limit at a point in the
canal system, an alarm can be raised or action can be taken in the form of gate or check
adjustments. Alarms can appear at the central computer or even be transmitted as text
messages to a cell phone or pager. 

There are multiple levels at which SCADA can be implemented. Beginning with 
monitoring only, and then expanding the initial system to other sites and adding
capability and features to sites is quite appropriate.

Four levels of SCADA implementation can be described by their respective function and
utility to the District.

 Monitoring (only)
 Remote manual operations
 Local control

Fully automated operations 

Each level results in increasing capability within the SCADA system, but each level costs 
more. The additional cost is largely at the remote sites, not at the central workstation.
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The central workstation becomes a fixed cost except for HMI upgrades and the 
inevitable computer hardware upgrades or replacement over time.

Figure 4.21 shows a simple SCADA monitoring site installed in a rated canal section 
historically used by the New Cache La Poudre Irrigating Company (NCLPIC) in Lucerne, 
Colorado. This site utilizes RTU equipment that is 12-volt DC powered from a solar 
panel that maintains a charge on a battery. For many years, water surface elevations
have been monitored at this location using a Steven’s recorder and by manually reading 
the gauge twice per day by the ditch rider. With SCADA, data is transmitted by radio to 
the central computer on a frequent basis. At the central computer, the data is reported
continuously on the HMI screen. NCLPIC is currently implementing additional SCADA 
for improving canal operations and monitoring and reporting of the company’s well 
augmentation plan. 

Figure 4.21 SCADA monitoring site of a rated canal section 

The HMI screen can be, and should be, unique to the user and the circumstance. Figure 
4.22 shows an example of the HMI screen in use by district staff at the Dolores Project
near Cortez, Colorado. This screen is simple and intuitive in nature. Radial gate (check 
structure) positions are depicted graphically, each in a somewhat lower position in the
HMI screen, to indicate the canal itself. The operator may raise or lower gates, and 
therefore water surface elevations in canal pools, by using very small incremental gate 
movements. Interestingly, Dolores Project staff can and do make changes in their own
HMI software interface without assistance from an outside consultant or system
integrator.
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Figure 4.22 Example HMI at the central computer of the Dolores Project

With simple monitoring using a SCADA system, sensors are installed that meet 
monitoring requirements such as water level sensors. Data is collected on the central 
system and can then be directly viewed by a system operator or plotted depending on
needs and functional requirements.

With remote manual operations, as the name implies, the operator can raise or lower
gates and thereby affect the canal operation from the central computer. This is called
remote manual because gate movements are implemented by the canal company staff, 
just as if they were at the gate or check. But gate adjustments can be made much more 
frequently and therefore canal operations, overall, can become more real time and 
precise.

With local control, the RTU at a particular site is programmed to maintain a set upstream
water surface level or to open a gate if a water surface level increases beyond a set 
point as with a storm event.

Full canal automation is possible. This ultimate benefit of SCADA has been widely 
discussed for two decades but there are actually very few canals operated under what 
would be called full automation. One semantical note is important here. Some would 
refer to a canal as being automated, with any SCADA implementation, but what they 
often mean is that the canal is operated under a remote manual scenario using SCADA 
equipment. For the purposes of this discussion, full canal automation means a system in 
which computer programs control processes from irrigation order inputs through
algorithm-driven gate adjustment schedules for some future timeframe. This level of 
automation is not an easily programmed or implemented process. 

Figure 4.23 shows an actuated canal check structure. This check structure in the 
Imperial Irrigation District in southern California is controlled by Rubicon gates which are
integrated with the SCADA system and used for water surface level control or flow 
control.
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Figure 4.23 Rubicon gates integrated with the SCADA system

Case Studies 

Rather than discussing a myriad of differing approaches to SCADA, and the
combinations thereof, we studied and now describe several case studies which we feel 
are pertinent. These case studies are for existing canal systems in various locations 
throughout the western United States. These districts or mutual companies are typified 
by the following: 

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

Central Arizona Irrigation and Drainage District. The Central Arizona Irrigation and
Drainage District (CAIDD) has implemented SCADA over much of the district’s 60 miles 
of canal. CAIDD has utilized SCADA for many years but it is noteworthy that they have 
in recent years upgraded their old SCADA system at a relatively low cost. With the 
upgrade, using the existing gates, actuators, and other infrastructure, the District’s staff
installed new SCADA equipment on 108 sites for an equipment cost of approximately
$150,000.

Most of the District’s checks are operated in remote manual mode. See Figure 4.24
which shows the day operator at the central system where the upstream water surface 
elevation at all 108 check structures can be viewed simultaneous with three side-by-side 
computer monitors. Using SCADA, gate adjustments can be made in increments of 1/8th

inch which coincidentally equates to a change in flow of roughly one cubic foot per 
second through the check.
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Figure 4.24 An operator at CAIDD monitoring primary flows and water surface 
elevations in the 60-mile canal

Additionally, a 15-mile lateral reach of the CAIDD sister district’s, Maricopa Stanfield 
Irrigation and Drainage District (MSIDD), canal system is operated by Water 
Conservation Lab staff under full automation using a program that was developed by the 
Agricultural Research Service (USDA-ARS), Water Conservation Laboratory, in Phoenix, 
Arizona. SacMan, which stands for Software for Automated Canal Management, has 
been under development for approximately five years. SacMan runs in parallel with the
HMI software and interface and is used to operate a key MSIDD canal in a fully 
automated mode. 

A key approach to affordable SCADA for CAIDD was spread spectrum radios. These 
radios do not have a federal licensing requirement. The radios look for a clear frequency,
use that frequency if it is unused, or proceed to another frequency if necessary. The line
of sight range for a spread spectrum “loop antenna” is two miles and the line of sight 
range for a “directional antenna” is five miles. Of particular note, any one antenna can
serve as a “repeater” radio to other radios. So, with a linear project like a canal system,
communication can be achieved by using the radios in a daisy-chained fashion to 
increase the effective communication distance. 

Figure 4.25 shows a spread spectrum radio and a directional antenna installed on a 
galvanized steel pipe at one of CAIDD’s check structure sites. Spread spectrum radio is 
a relatively new type of radio system that does not require federal licensing. The spread
spectrum radio is housed in the white enclosure and the directional antenna shown has 
a line-of-sight range of approximately 5 miles. Each radio can be a repeater to the next
radio.
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Figure 4.25 A spread spectrum radio and directional antenna at CAIDD 

New Cache La Poudre Irrigating Co. (Greeley #2). NCLPIC operates one of the larger
canal systems in northeastern Colorado which is known as the Greeley #2 Canal. The 
company holds decrees on the Poudre River and diverts approximately 600 CFS when
all the decrees are in priority. In recent years, NCLPIC has also initiated a well 
augmentation plan for more than 100 member wells within the company’s historic 
service area.

In 2003, the company commissioned an initial demonstration of SCADA (monitoring) 
with one of the key rated sections on the Greeley #2 system. This demonstration 
showed clearly that real time data could be effectively used and that improved 
monitoring was a significant help in managing day-to-day operations as well as annual
reporting of flows and volumes. 

After considerable study, including tours of CAIDD, the Dolores Project near Cortez, and 
Imperial Irrigation District in California, the company elected to implement SCADA for 
further monitoring of flows as well as gate actuation at key checks and outlet gates. 
Rubicon gates were selected because of suitable flow measurement accuracy that is 
possible along with gate actuation. One existing radial gate was actuated with a 
Limitorque actuator. A UHF radio frequency was licensed to the company and the 
communications for the entire system are facilitated using a repeater on a water tower 
near the company’s offices near Lucerne, Colorado. 

Because Rubicon gates were selected, the Rubicon Total Channel Control (TCC) HMI 
was evaluated and ultimately selected for implementation. The system currently consists 
of five Rubicon gates, one actuated radial gate, and monitoring of one rated section. A
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key gate outlet used to waste excess water in storm events allows for continuous
monitoring of canal water surface elevations. Storm flows can be dumped to avoid 
increased liability and risk of a canal breach. 

An important aspect of this SCADA implementation and this HMI, is that the system is 
accessed remotely via any high speed internet connection. Users are password 
accepted into the system and the level of access, whether simply looking at data or 
changing gate settings, based on the user’s configurable level of privilege.

Riverside Irrigation District. Riverside Irrigation District located in Fort Morgan, 
Colorado operates a canal that is more than 100 miles in length. The company delivers 
water to well recharge structures which must be monitored to meet the required 
reporting demands for flows and volumes associated with recharge. Automata RTU 
equipment, specifically the Automata Minisat, was used and linked to satellites. Data is 
accessed through an internet web page. Although there is an annual recurring cost for
satellite communication, this approach allows a very low SCADA entry cost and minimal
capital investment to meet the requirements of the site without having to travel to 
individual recharge sites for data collection. Currently six sites are in operation. Riverside 
Irrigation District has invested approximately $18,000 to date since early 2004 and 
expects to gradually expand the system as may be warranted and as can be afforded.

Middle Rio Grande Conservancy District. The Middle Rio Grande Conservancy
District (MRGCD) covers 160 miles north to south of the Rio Grande in New Mexico with 
the width of the service area varying from one to 7 miles. The District began to 
implement SCADA with gate actuation several years ago and presently uses 35 
Langemann gates, some of which can be remotely actuated from the District’s office in
Albuquerque. The RTU device chosen by the District provides many features at a rather
low cost. The gates that are not yet on the SCADA HMI are operated in a local mode to
maintain a preset water surface level upstream of the checks. Some Langemann gate 
installations have a long-throated flume downstream and this combination has allowed
the District staff to calibrate the gates so that they can use them for flow control in lieu of 
the flume which saves considerable cost. Although the gates have not been laboratory
tested to evaluate measurement accuracy, the manufacturer and the District estimate
the flow measurement accuracy to be approximately + 5%. See Figure 4.26 for a 
Langemann gate on a canal in the Middle Rio Grande Conservancy District that is 
operated in a local mode for upstream water level control. The downstream long-
throated flume can be used for flow measurements but the Langemann gate has also
been calibrated by the District for flow measurements that are suitably accurate for the
District’s needs.
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Figure 4.26 A Langemann gate on a canal in the Middle Rio Grande Conservancy
District

Affordable Implementation 

Table 4.6 contrasts SCADA implementation costs at varying levels and compares those 
costs to collection of flow data using a Stevens recorder device, as might have been 
most common in the past. So, for example, if it were necessary to replace an existing
Stevens recorder at a flume or weir at $2,450 (second column), the existing equipment
might be replaced with an RTU using satellite communication at a cost of approximately 
$3,000 plus annual costs of $435 (third column). This incremental additional cost is likely 
quite palatable given the ease of data collection.

Additionally, assuming a central computer is already in place, the cost of real time 
assess to the additional site would be approximately $3,000 as well (fourth column). If 
the added features and sophistication of alarm condition reporting is desirable, then this
cost increases to approximately $4,000 (fifth column).

Summary

SCADA has become more affordable in recent years and is likely quite useful now to
irrigation districts for monitoring, remote manual operations, or even for full canal 
automation in the not so distant future. The technology has changed somewhat rapidly 
and can be expected to continue to change and become more flexible, more intuitive,
and available at lower cost. This will encourage districts to adapt to and adopt these 
technologies to the increasing demands of canal operations.
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Table 4.6 Cost comparison for various means of recording flow data at a measurement
structure

Chart
Recorder1

Log Data & 
Upload to 
Satellite2

Log Data & 
Upload to 

Local Central 
Computer3

Log Data, 
Upload to 

Local Central 
Computer, and 

Create Alarm 
Condition4

Equipment
Cost, $ 

$2,200 $2,500 $2,500 $3,500

Installation
Cost, $ 

250 $500 $500 $500

Total
Installed
Cost, $ 

$2,450 $3,000 $3,000 $4,000

Monthly
Recurring
Cost, $ 

$0 $435 per year
 ($36 per 

month)

$0 $0

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

Specific Recommendations

The recommended level of SCADA implementation is largely driven by assessment of 
risk factors, potential to improve water delivery and irrigator satisfaction with timeliness 
and consistency, budget available, and payback potential. 

Observations that were made during our site visits and while collecting data under the
Cody Canal Irrigation District are: 

Risk of canal failure and impacts to adjacent and downstream property is 
medium to high, especially in service areas overlapping with the City of Cody 
limits. SCADA offers potential to automatically dump excess water to reduce 
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potential for canal overtopping or to quickly make operational changes in 
response to events.
SCADA could allow for remote access, at any time of the day or night, by 
management staff and ditch riders for monitoring or operational changes. 
Conceivably, this access could be expanded to include the City of Cody staff or 
other irrigators as may be appropriate. 
Remotely actuated gates, especially at the river diversion, would allow for more 
reactive changes to the diversion based on water orders. 
If key checks were to be automated over time, the potential to treat the canal as 
a “pencil thin reservoir” exists so that delivery consistency and in-channel storage 
might be improved. 

Considering these observations and benefits, we believe the District should give 
consideration to implementation of server-based and internet-accessed SCADA 
capability. Such a system could be phased in and thereby set the stage for a more 
reliable and failsafe operation. CCID staff could access current canal operations from 
any high speed internet connection and, depending on authorization privileges, make 
gate adjustments. Alarms would be monitored 24/7 and reported via e-mail messages 
and text messages to cell phones. Actuated gates installed over time in the existing 
checks could gradually allow for full operation of canal operations.

First phase implementation of such a system would cost approximately $39,500 for the
central computer hardware and software as the backbone of the system. It is 
recommended that this hardware and software be dedicated to the SCADA tasks and 
database. The cost for remote sites would range from approximately $5,295 to $11,000.
The lower end of the site cost projection assumes monitoring of water surface levels and 
the higher end considers actuated gates with an actuator that may cost $5,000 or more 
depending on the requirements. It should be noted that there would be an economy of 
scale to be realized with any implementation phase that approaches or exceeds
$100,000.

Central computer hardware and software has been detailed as shown in Table 4.7. A 
remote site, without the actuator cost, has been detailed as shown in Table 4.8.
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Table 4.7  Computer hardware and software associated with a SCADA backbone. 

Central Computer:
Complete workstation & peripherals $3,200

SCADA hardware at central:
IP Gateway 8,000

Communications Hardware 2,500

SCADA software at central:
SCADAConnect at $300 / site (25 sites) 7,500

Installation:
Training of District personnel on use of system 3,000
HMI Programming to include existing and proposed site
equipment 15,000

 ------------- 
TOTAL $39,200
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Table 4.8  Hardware and software associated with a remote SCADA site. 

Remote Terminal Unit (RTU): 
Motorola MOSCAD-M $1,200

Data radio & antenna: 
Trio or similar UHF radio 1200

Antenna (assume worst case) 300

Installation Components: 
Grounding rods 50
Mounting Hardware (custom brackets,
bolts) 50
Galvanized post & concrete 50
Enclosure (14"x12"x6") 65
Lightning/Surge protection 250
Pressure transducer or ultrasonic sensor 950
Cable 30
12 volt deep-cycle marine battery 150

Installation:
Labor 1000

 ------------- 
TOTAL $5,295

I. HYDROPOWER SYSTEM REVIEW, FEASIBILITY DESIGN, AND SCREENING

Three sites on the Cody Canal system were identified for investigation for hydropower
feasibility. These three sites were the Purvis Drop, Sulphur Creek Drop, and Newton 
Drop. The purpose of this task was to screen the sites to those that were promising 
enough to perform more detailed preliminary design, cost estimates and financing. The
analysis of the three sites follows.

Purvis Drop

This potential site is located as shown on Figure 4.27.  The profile of the site, as shown
on Detail R-1 in the Appendix, indicates that the available drop is 144 feet in a distance
of 1,450 feet.  The average monthly flows available for hydropower production are 
shown in Table 4.9.  The average monthly flows available range from 72 cfs to 188 cfs.

Cody Canal Irrigation District May 2006
- 76 -



Figure 4.27 Purvis Drop site

Table 4.9 Purvis Drop – 48” Pipe System: Average Monthly Flows and Power Potential 
Month Avg. Flow

(cfs)
Head (ft) Avg. kw kwh

April 72 140 685 493,200
May 153 129 1342 988,448
June 188 124 1585 1,141,200
July 188 124 1585 1,179,240

August 140 130 1238 921,072
September 108 135 991 713,520

TOTAL 5.45 M kwh

The pipeline from the canal diversion point to the hydropower station was preliminarily
sized by developing available power estimates for pipe sizes from 42-inch to 60-inch.
The available hydropower head for the pipe sizes are shown in Figure 4.28. From this 
information and the average monthly flows, the hydropower potential was determined as 
shown in Table 4.10. Table 4.10 shows that by use of a 48-inch pipe, the hydropower
potential would be 5.45 M kwh. Similar hydropower potential was developed for 42-inch 
and 60-inch pipe systems. Feasibility level cost estimates were developed for the 
hydropower systems.
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Figure 4.28 Purvis Drop available head/pipe size/discharge curves

The major items for the hydropower systems were included in the cost estimates. The
costs included the canal diversion, pipeline, hydropower station and power lines. The
standard WWDC cost estimate format was used to develop total project costs. The 
hydropower station costs were estimated from generalized station costs related to head.

To optimize the pipeline size and hydropower station size, the feasibility costs were 
compared to hydropower production as shown in Table 4.10.

Table 4.10 Purvis Drop Feasibility Costs vs. Hydropower Production
Pipeline Size Cost Hydropower

Potential (kwh)
Cost/kwh

42 $4.3M 4.98M $0.87
48 $4.9M 5.45M $0.90
60 $5.4M 5.81M $0.93

The results indicate an increase in unit cost with increase in system size. The 48-inch
system was used in this analysis because the smaller system produced excessive
velocity in the pipeline at maximum flows.

To determine if the hydropower facility has potential, first year costs were developed.
The standard financing package offered by the WWDC involves loan only. For purposes 
of this analysis, a loan for the project cost at a 4% interest rate for 30 years was 
assumed. The first year costs are usually the best indicator of feasibility. Normally, 
prospective owners expect the hydropower to be profitable from the outset. Table 4.11
shows the first year financial picture for a range of power prices. Operation and 
maintenance costs have been included. As shown in the table, a power price of 
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approximately six cents per kilowatt-hour (($0.06/kwh) is required to produce positive
cash flow. 

Table 4.11 Purvis Drop Alternative 1: 100 Percent Loan at 4% for 30 Years
Year kwh/

Year
$/kwh Revenue

$/Year
Loan

Payment
$/Year

Operation
Maint.
$/Year

Total
Cost

$/Year

Excess/
Shortfall
$/Year

1 5.45M 0.04 218K 283K 50K 333K -115K
1 5.45M 0.05 272K 283K 50K 333K -61K
1 5.45M 0.06 326K 283K 50K 333K -7K
1 5.45M 0.07 381K 283K 50K 333K +48K

Sulphur Creek Drop 

This potential site is located as shown in Figure 4.29. The profile of the site, as shown on 
Detail R-1 in the Appendix, indicates that the available drop is 25 feet in a distance of 
350 feet.  This potential site was analyzed in the same manner as the Purvis drop.  The 
available hydropower head for the pipe sizes are shown in Figure 4.30.

Figure 4.29 Sulphur Creek Drop Site

The average monthly flows and hydropower production are shown in Table 4.12. By the 
same manner as with the Purvis Drop, a 48-inch system was determined optimal.  The 
financial analysis, as shown in Table 4.11, indicates that a power price in excess of 
$0.15/kwh would be required to develop positive cash flow.

The current price was quoted as 2.5 cents per kwh. This rate is substantially lower than 
the avoided rates of PacifiCorp. Consequently, only the PacifiCorp avoided rates were 
analyzed.
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Figure 4.30 Sulphur Creek Drop available head/pipe size/discharge curves

Table 4.12 Sulphur Creek Drop – 48” Pipe System: Average Monthly Flows and Power 
Production

Month Avg. Flow
(cfs)

Head (ft) Avg. kw kwh

April 68 24 111 79,920
May 143 21 204 151,776
June 176 20 239 172,080
July 176 20 239 177,816

August 131 22 196 145,824
September 101 23 158 113,760

TOTAL 0.84 M kwh

Table 4.13 Sulphur Creek Drop Alternative 1: 100 Percent Loan at 4% for 30 Years
Year kwh/

Year
$/kwh Revenue

$/Year
Loan

Payment
$/Year

Operation
Maint.
$/Year

Total
Cost

$/Year

Excess/
Shortfall
$/Year

1 0.84M 0.04 34K 123K 25K 148K -114K
1 0.84M 0.08 68K 123K 25K 148K -80K
1 0.84M 0.12 101K 123K 25K 148K -47K
1 0.84M 0.15 126K 123K 25K 148K -22K
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Newton Avenue Drop 

This potential site is located as shown in Figure 4.31. The profile of the site, as shown on 
Detail R-1 in the Appendix, indicates that the available drop is 75 feet in a distance of 
180 feet. This potential site was analyzed in the same manner as the Purvis drop. The 
available hydropower head for the pipe sizes are shown in Figure 4.32.

The average monthly flows and hydropower production are shown in Table 4.14. By the 
same manner as with the Purvis Drop, a 24-inch system was determined optimal. The 
financial analysis, as shown in Table 4.15 indicates that a power price in excess of 
$0.14/kwh would be required to develop positive cash flow.

Figure 4.31 Newton Avenue Drop Site 

Table 4.14 Newton Drop – 24” Pipe System: Average Monthly Flows and Power 
Potential

Month Avg. Flow
(cfs)

Head (ft) Avg. kw kwh

April 11 74 55 39,600
May 24 73 119 88,540
June 30 72 147 105,840
July 29 72 142 105,648

August 22 74 111 82,584
September 17 74 86 61,920

TOTAL 0.48 M kwh
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Figure 4.32 Newton Drop available head/pipe size/discharge curves 

Table 4.15 Newton Drop Alternative 1: 100 Percent Loan at 4% for 30 Years
Year kwh/

Year
$/kwh Revenue

$/Year
Loan

Payment
$/Year

Operation
Maint.
$/Year

Total
Cost

$/Year

Excess/
Shortfall
$/Year

1 0.48M 0.04 19K 43K 25K 68K -49K
1 0.48M 0.08 38K 43K 25K 68K -30K
1 0.48M 0.12 58K 43K 25K 68K -10K
1 0.48M 0.15 72K 43K 25K 68K +4K

Screening Results 

The feasibility investigation of the Purvis Drop, Sulphur Creek Drop, and Newton Drop
indicated that only the Purvis Drop would justify further analysis.  The power price and 
revenue needed to make the Sulphur Creek and Newton Avenue Drops feasible is 
beyond that currently available. 

The Purvis Drop was advanced to preliminary design to develop more accurate cost
estimates. The potential hydropower revenues were investigated to maximize revenues.
Funding scenarios were investigated to determine if the Purvis Drop could be financially 
feasible.

J. PRELIMINARY DESIGN OF PURVIS DROP 

The Purvis drop was further analyzed to refine the cost estimates and perform
preliminary design of the structures. The diversion structure from the existing canal to
the pipeline must be designed to transition the flow without creating a constriction. This 
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structure would be a concrete structure. A preliminary drawing of the proposed structure
is shown in Detail R-2 in the Appendix. 

The pipeline from the diversion structure to the hydropower station (see Figure 4.27 and 
Detail R-1) should not require any fittings. The horizontal and vertical directional
changes would be made by deflection of the pipe. The pipeline material was assumed to 
be high density polyethylene pipe (HDPE). This type of pipe is very smooth and 
continuous, resistant to abrasion, and flexible. The HDPE pipe is very resistant to 
abrasion so sediment in the canal water should not be a problem.

The hydropower station would be located near Highway 291 as shown in Figure 4.27.
The hydropower unit would have a maximum 1,660 kw output. The head and flow 
conditions indicate that a Francis-type turbine would be appropriate. Preliminary 
drawings of the facility are shown in Detail R-2 in the Appendix. 
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CHAPTER 5 
SECONDARY SUPPLY / DUAL SYSTEMS 

A. DUAL SYSTEMS CONCEPTS

The development of pressurized raw water systems for landscapes, commonly called 
“dual systems”, has become an important trend for canal companies and irrigation 
districts in the western United States. In developing such systems, both physical and 
organizational designs are important considerations in urbanizing areas. Organizational
design issues include those of water rights, the entities responsible for providing and 
maintaining the dual systems, water rate structures, coordination with other entities, and
legal requirements. Physical issues include annual water requirements, water delivery 
constraints, storage requirements, determination of peak demand flows, pump station 
and control requirements, distribution system layout, service connections for
residential/commercial customers, and system operation and maintenance. In addition,
design considerations for drought management are important. 

As area cities expand, farms are acquired by developers, along with the water rights,
and then developed into residential properties, streetscapes, parks, golf courses, and
open space. More or less 40% of the developed property will be landscaped and 
irrigated. For a substantial period of time, water for landscape irrigation has been 
provided by the potable water system, but now more often, and alternatively, a raw water
system may provide the water for landscape irrigation.

Development of raw water systems can occur in several ways, and the ownership,
management, and ultimate replacement are important factors in project success. The 
urban land developer can implement the dual system and turn the infrastructure over to 
the project homeowner’s association (HOA). However, HOA’s are typically geared to 
routine maintenance operations, such as lawn mowing, and not to capital infrastructure
management, upkeep, and replacement. Furthermore, HOA governing boards rotate
frequently so it is hard to achieve consistency and build on experience within the group.

Some developers have created metropolitan improvement districts to own and manage 
the systems, while others have retained system ownership with the idea of generating
cash flow and a payback of their development investment. Some municipalities require
that system infrastructure be turned over to them. 

In Utah and Idaho, mutual irrigation companies or irrigation districts have become 
involved in the provision of raw water. Interestingly, this began more than a decade ago
and mutual companies are now actively involved in dual systems. One mutual irrigation 
company in Utah, the Davis and Weber Canal Co., has 8,000 residential tap accounts in 
their service area. If one thinks about it, mutual company and irrigation district 
involvement makes a lot of sense. The company or district represents an established
organization dedicated to the business of managing a water right or rights, delivering 
water to users, and maintaining a delivery infrastructure. The future can be bright for the
ditch company or irrigation district with a simple repackaging of the historic commodity. 
Water rate revenues (volume basis), paid to the irrigation district, can provide a new 
revenue stream to the district that can motivate and pay for infrastructure upgrades. Just 
as important, this new revenue stream may help the district keep the assessments for
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agricultural water to a minimum, which can be quite helpful in keeping agriculture viable 
in the area. See Figure 5.1 for a graphic depiction of this scenario.
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Figure 5.1. The historic role of the irrigation district can be expanded to deliver 
pressurized water to urban projects as well as agriculture

From the technical and engineering perspective, there are several nuances of how to
approach dual systems in order to supply raw water for landscape irrigation. The primary 
questions to answer relative to water rights are: 

Are the water rights suitable to the mature landscape needs in quantity, quality, 
and seasonal availability?
Is water storage necessary? Are the shoulder seasons an issue? 
Are there local standards, imposed practices, or design guidelines to the
approach or the equipment? 
Who will construct, manage, maintain, and ultimately replace the raw water 
system?
Will potable water hose bibs (exterior valves or faucets on the residence or
building for the connection of a hose for landscape irrigation or other incidental 
outdoor water requirements) be allowed on the structures by the potable water 
purveyor? (If potable hose bibs are allowed, residents may irrigate with potable
water as needed which may be a concern to the potable water purveyor). 

The primary questions related to delivery infrastructure are: 

Will the irrigation water be metered? 
Will the piping be located at the front of lot or back of lot? If at the front of lot, will 
it be in the street?
Are offsets from other utilities required and if so by which governing entities? 
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Is the pipe network to be installed below frost line or will it be winterized?
Are there signage or equipment color-coding (pipe or valve box lid) or education 
issues to be addressed?
Are there provisions in place to ensure there are no non-potable hose bibs
exposed above ground? (Exposed non-potable hose bibs may be confused with 
potable water and people might drink from them, so they are not desired in non-
potable systems).

Raw water for irrigation is basically an additional utility within the residential
development. The cost to install a raw water system ranges from $2,000 to $4,500 per
lot, depending on the lot size, density, and system design guidelines. A typical dual 
water system for a new residential development with 8,000 square foot lots would cost 
from $2,000 to $2,800 per lot.

There are three ways that raw water system can be operated: on-demand, on a fixed 
rotation, or some combination thereof. On-demand means that operation of the raw 
water system is allowed any time of day or night. On-rotation means a fixed period of 
time in which certain tracts or divisions of the system are allowed to operate. A 
combination of these two would occur when the irrigation system can be operated on 
demand, but within a fixed time window (night time hours, for instance). 

As with any irrigation system, the system capacity is based upon the irrigated area, 
application efficiency, peak season evapotranspiration, days of operation per week, and 
allowable daily irrigation window. The major difference between a dual system to 
individual home sites and a large golf course irrigation system is the number of irrigation 
system managers involved. In the case of a golf course, for example, one irrigation 
manager is typically in charge of scheduling and operating the irrigation system. This 
scenario allows the pump station and mainline pipe to be sized to operate at full capacity
for a given window of time, say 8 hours per day. This type of user is very predictable and 
represented by a relatively flat demand curve over time. The flow ramps up to full 
capacity over several minutes at the start of the irrigation window and runs at capacity 
until the demand drops off at the end of the irrigation window.

By contrast, a raw water system for a typical 80-acre housing development may have
200 to 400 individual lots, in addition to common open space areas. As a result, these
systems must be designed to accommodate 200 to 400 individual water managers, most 
of whom are homeowners who have little or no experience in operating or managing 
irrigation systems.

One way to design and manage a raw system for subdivisions is to impose tight 
irrigation watering windows for each lot. For example, group 1 lots would only be allowed
to irrigate between the hours of 10 pm and 1 am, Monday, Wednesday, and Friday. 
Group 2 lots would be allowed to operate between 1 am and 4 am Monday, Wednesday, 
and Friday, and so on. While this approach to system design can reduce the installation 
cost of the raw water system and maximize pump station operating efficiency, it is
generally difficult to manage and may impose overly restrictive conditions on 
homeowners.

What often happens is that the restrictions are not clearly presented by real estate 
agents, builders, or homeowners when they sell the home. Over time, the rules and
order can break down leading to overall homeowner dissatisfaction with the raw water 
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system. The design of systems that require users to follow very narrow operating
parameters are generally only successful in systems with a small number of lots or 
customers, such as a development with estate lots, and with a very strong and active 
homeowner’s association in place. 

Another approach is to design the system based on lawn watering restrictions imposed
by potable water purveyors when potable water is used for irrigation. It is common to 
encourage homeowners to irrigate every other day or every third day. Using this as a 
basis for design, the dual water system would be designed to allow between one-half
and one-third of the lots to irrigate on any given day. It is common to limit the flow from 
an individual tap to 10 GPM, the typical flow allowed by systems using potable water and 
a typical 5/8” or 3/4" water meter. It is interesting to note that a somewhat higher flow 
rate of 18 GPM is desirable for the homeowner because system cost is less due to fewer
valves, less wiring, and a smaller controller. Taken together the cost of the homeowner’s 
irrigation system can be substantially less for a larger available flow. Sizing a raw water 
system to allow the simultaneous operation of half of all irrigation services in a typical 
development consisting of 7,000 square foot lots is very conservative, and generally 
results in excessive pump station capacity and distribution pipe sizing. Figure 5.2 shows
a typical point of connection detail for a raw water connection at a residential lot. 

Figure 5.2. A typical raw water point of connection for a residential lot.

Whichever method is used for estimating peak flow, the pump station and distribution
system must be sized to accommodate the peak flow. Hydraulic network analysis
software is very useful in analyzing pipe sizing for dual systems. Typically the distribution
pipe is sized to keep velocities below 5 fps. In many instances dual systems are installed 
in phases and some upsizing of pipe may be required to accommodate future project 
phasing.
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The irrigation pump stations must be designed to provide consistent pressure over a 
wide variation in flow. Pump stations with variable frequency drives are typically utilized.

A typical system pumping water from a storage pond will include a pond intake screen,
intake pipe, wet well, multi-pump prefabricated pump station, and automatic self-
cleaning filter. Generally, a two or three pump system is adequate. However, three or 
four main pumps are provided on large raw water systems, or where redundant pumps 
are required to meet specific owner requirements.

Where possible, the existing diversion structure and headgate that has historically been
in place to control the delivery of water for agricultural use can be maintained and kept in 
place for the raw water system. Many times however, the existing diversion does not 
work with the site layout and grading. In these instances, a new diversion structure, 
headgate, flow measurement structure, and diversion ditch or pipe may be required. In
some cases, pumps are required to lift water from the diversion structure to a storage 
pond. In general, the lift pumps must be capable of diverting water to the storage pond
within the constraints imposed by the ditch company. For example, the lift pumps may
have to be designed to pump at the same delivery flow rate that historically was used 
with the gravity diversion system.

The gratifying aspect of raw water systems that supply raw water for landscape irrigation
is that everyone tends to come out ahead. So, a win-win is achieved. The housing 
developer saves money that can be potentially realized in lower cost housing (and often
increased land values when raw water is available). The potable water purveyor can 
delay, even indefinitely, expansion of water treatment facilities. A common rule of thumb
in the past suggests that it costs $1 million to expand an existing water treatment facility 
by one million gallons per day of treatment. However, this cost has increased
significantly with new regulations, more stringent federal drinking water standards, and
security measures to reduce the threat of terrorism. Homeowners pay a lower unit rate 
for raw water for landscape irrigation than they would if they used potable water. The 
District benefits through the strengthening of the water right and the beneficial use
criteria associated with the accumulated water rights. When irrigation districts are 
involved, the provision of raw water for landscape irrigation can offset annual costs of
operation and allow assessments on the agricultural water to be stabilized or even 
reduced.

Canal modernization can include replacement, upgrades, or new construction of canal
infrastructure. Many of these improvements can be financed through secondary water
service. The rate charged for secondary water service can be much greater than the rate 
for agricultural shares, but still substantially lower than the rate charged by the local 
potable water provider. 
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CHAPTER 6 
GEOLOGIC INVESTIGATIONS 

A. SOILS REPORTS

Copies of the Natural Resources Conservation Service soils maps for the Cody Canal
service area were acquired. The Project Notebook includes the maps and the Non-
Technical Soil Description sheets for the soil types shown on the map. 

A general description of the soils in the Cody Canal vicinity was found in the report
Analysis of Buffalo Bill Reservoir Diversion Alternatives (James M. Montgomery,
Consulting Engineers, Inc., 1984):

Alluvial terraces extend along the Shoshone River from Cody to Lovell and
beyond. These terraces rise in a step like pattern away from the river and 
represent successive cycles of uplift, plantation and deposition. Buffalo Bill 
Reservoir lies on the west side of the Absaroka Mountain Range; these 
mountains are chiefly made up of sedimentary rock underlain by Precambrian 
granitic rock. In general the soils in the area are fin, sandy loam with sandy, clay 
loam subsoil. Layers of fine gravel are frequent and usually lie on top of the shale 
bedrock.
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CHAPTER 7 
PERMITTING IDENTIFICATION

A. PERMITTING OVERVIEW

Several of the specific projects listed in Chapter 7 warrant special permitting
consideration prior to implementation and construction. The purpose of this Chapter is to 
provide an overview of potential permitting requirements for the following sites: 

Sulphur Creek Flume (2 alternatives) 
Diamond Creek Flume (2 alternatives) 
Six re-regulating reservoir sites (See Chapter 4, Figure 4.20)

The following agencies were contacted about permitting issues:

Wyoming Department of Transportation
Park County
Wyoming State Engineer’s Office
Wyoming Department of Environmental Quality 
US Army Corps of Engineers
Wyoming State Historic Preservation Office 

Although this section provides considerable detail on permitting issues related to study
sites (Table 7.1), much of the material presented will likely apply to any other projects 
the District proposes in the future. Therefore, a general overview of each permitting 
issue is presented as well. Information for agency personnel contacted during this 
research is found in the Appendix. Much of the information presented in this section was
obtained from agency websites, which are also listed in the Appendix.

Some proposed project sites are located on Federal lands (refer to Figure 7.1). We did 
not contact the United States Bureau of Reclamation or the Bureau of Land 
Management specifically about these projects. We recommend the District contact these
agencies early in the project planning phase to determine the feasibility of obtaining 
easements from these agencies. 

B. EASEMENTS

Construction projects implemented by the District may require acquisition of easements 
or permits in the event that construction and the location of project are outside the 
District’s right-of-way. The following permits may be necessary for some construction
projects.

Wyoming Department of Transportation 

If a project requires construction within an easement or crossing of a state highway, a 
Utility License must be obtained from the Wyoming Department of Transportation 
(WYDOT). The application process requires detailed information and drawings of the
proposed activity. The WYDOT should be contacted directly if construction activities are
anticipated near or on a state highway.
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Table 7.1 Potential Permitting Requirements for Cody Canal Irrigation District Projects

Site Name Landowner / ROW SEO Permits DEQ Permits USACE Permits WSHPO Permits

Alternative 1. Siphon Private ownership Permit probably not required. Large Construction permit if site disturbs 
> 5 acres; Dewatering permit likely 
required; Turbidity waiver likely required.

Section 404 permit likely required. Section 106 review required if Section 
404 permit required.

Alternative 2. Fill Private ownership Permit probably not required. Large Construction permit if site disturbs 
> 5 acres; Dewatering permit likely 
required; Turbidity waiver likely required.

Section 404 permit likely required. Section 106 review required if Section 
404 permit required.

Alternative 1. Siphon Private ownership Permit probably not required. Construction permit required (type 
depends on extent of disturbance); 
Dewatering permit likely required; 
Turbidity waiver likely required.

Section 404 permit likely required. Section 106 review required if Section 
404 permit required.

Alternative 2. Fill Private ownership Permit probably not required. Construction permit required (type 
depends on extent of disturbance); 
Dewatering permit likely required; 
Turbidity waiver likely required.

Section 404 permit likely required. Section 106 review required if Section 
404 permit required.

Site 1. Zinn Private ownership Reservoir permit likely required for 
reservoir.

Large Construction permit if > 5 acres 
disturbed; Small Construction permit < 5 
acres.

Section 404 permit likely required 
because wetlands present.

Section 106 review not likely required 
unless Section 404 permit is required or 
if construction occurs on federal land.

Site 2. Sulphur Creek Federal government, United States 
Bureau of Land Management

Reservoir permit likely required for 
reservoir.

Large Construction permit if > 5 acres 
disturbed; Small Construction permit < 5 
acres.

Section 404 permit may be required if in 
or near wetlands and if within waters of 
the United States.

Section 106 review likely required 
because site is on federal land. 

Site 3. Red Lake Federal government, United States 
Bureau of Land Management

Reservoir permit likely required for 
reservoir; permit for previous project 
abandoned in 2005.

Large Construction permit if > 5 acres 
disturbed.

Section 404 permit likely required 
because wetlands present.

Section 106 review likely required 
because site is on federal land. 

Site 4. Alkali Lake Private ownership Reservoir permit likely required for 
reservoir.

Large Construction permit if > 5 acres 
disturbed; Small Construction permit < 5 
acres.

Section 404 permit likely required 
because wetlands present.

Section 106 review not likely required 
unless Section 404 permit is required or 
if construction occurs on federal land.

Site 5. Ross Private ownership / Bureau of Land 
Management

Reservoir permit likely required for 
reservoir.

Large Construction permit if > 5 acres 
disturbed; Small Construction permit < 5 
acres.

Section 404 permit may be required if in 
or near wetlands and if within waters of 
the United States.

Section 106 review likely required 
because site is on federal land. 

Site 6. Buffalo Bill Federal government, United States 
Bureau of Reclamation

Reservoir permit may not be required, 
but SEO should be contacted.

Large Construction permit if > 5 acres 
disturbed; Small Construction permit < 5 
acres.

Section 404 permit likely required to 
develop intake infrastructure for pump 
station.

Section 106 review likely required 
because Buffalo Bill Reservoir is a 
federal facility.

Sulphur Creek Flume

Diamond Creek Flume

Re-regulating Reservoirs



Park County

Park County requires a Right-of-Way Permit for any construction activity or crossing of a 
county road. Park County requires that crossings through paved roads be bored, not cut. 
Gravel and dirt roads can be trenched.

Land Ownership

Easements from landowners must be obtained prior to construction on private and 
government property. Figure 7.1 shows land ownership boundaries, including state and
federal lands, in the vicinity of the project sites.

C. WATER RIGHT PERMITS

Wyoming State Engineer’s Office 

The Wyoming SEO is charged, under the Wyoming Constitution, with the regulation and 
administration of the water resources in the state. One of their more specific purposes is 
to review permit applications for beneficial water use. Water uses requiring permits 
include:

Consumptive use / direct diversion 
Transporting water through ditch or pipelines
Storage in reservoirs 
Storage in smaller reservoir facilities (under 20 acre-feet in capacity and a dam 
height less than 20 feet) for stock water or wildlife purposes 
Enlargements to existing ditch or storage facilities 
Instream flow purposes (only the WWDC can apply for an instream flow water 
right)
All ground water wells, except stock and domestic wells 

Permit applications are available at the State Engineer’s Office, Division 
Superintendents’ offices, or county clerks’ offices. For most applications, an engineer or
surveyor must prepare maps and plans detailing aspects of the permit and intended 
water uses. Upon approval of the application, a permit is issued for the development of 
the water right (for example, the construction of a reservoir). After a water right project 
permit is developed, it typically goes through the process of appropriation and then 
adjudication. The Board of Control is ultimately responsible for reviewing and approving 
permit applications during the process of appropriation.

Permits

There are several SEO permit requirements CCID should consider prior to
implementation of future construction projects. The following permitting issues may be 
relevant to general projects the District might consider in the future. More project specific
permitting issues are shown in Table 7.1.
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Re-regulation Reservoirs. The purpose of a re-regulation reservoir is to temporarily 
store fluctuating water flows and to release this stored water in a manner that produces
a more steady flow of water. The SEO limits the storage of direct flow water rights to a 
maximum of 24 hours. If water in a re-regulation reservoir is stored for more than 24 
hours, a reservoir permit will be required to build and store in that reservoir.

The SEO permits issued for typical reservoirs only allow reservoirs to be filled once a
year. The SEO permits issued for re-regulation reservoirs allow filling more than once a 
year, but not on an unlimited basis. Re-regulation reservoirs can only be used to “re-
regulate” a total of 2 acre-feet of water per 70 acres during a given irrigation season. The
SEO states that this amount is sufficient to provide for the leveling of fluctuating flows.
Assuming an irrigation system has 700 acres, only 20 acre-feet of water is available to
be “re-regulated” or stored and then released in a given year. This information was 
provided to us by Leah Bratton, State Engineer’s Office, on February 14, 2006. Leah 
Bratton also provided us with a policy letter written to another water user regarding this 
matter (the letter is attached in the Appendix).

The ability to store direct flow water in a re-regulation reservoir will also depend on 
whether or not the water right is permitted for reservoir supply. If the District’s direct flow
water right is not permitted for reservoir supply, it may be necessary to apply for a 
storage permit. In which case, the District may not be able to use their direct flow and
storage water right simultaneously. The inability to run these two water rights 
simultaneously would essentially defeat the purpose of the re-regulation reservoir – to 
steady flow in a fluctuating canal.

In very few cases have re-regulation reservoirs been profitable or useful in Wyoming
(according to Leah Bratton, State Engineer’s Office, February 14, 2006). Special 
consideration should be given to SEO rules and regulations for re-regulation reservoir 
prior to implementation of such reservoirs. These rules and regulations can be found in
the Wyoming State Statutes, Title 41 (Water), Chapter 3, Article 3. The Wyoming State
Water Statutes can be accessed at http://legisweb.state.wy.us/statutes/sub41.htm.

Tail Water Reuse. Tail water or return flow water from irrigation lands can be reused for 
similar uses (irrigation) without a permit provided the reuse occurs within the boundary of 
the District and on District lands that are also permitted to use the irrigation water. If the 
water is reused after it leaves the District, a new permit is required. If the water is reused
on lands not permitted to use the irrigation water, a new permit is required.

If the tail water is placed into a small reservoir and is pumped for reuse, a permit is 
probably not required provided storage is less than 24 hours. In this case, the SEO 
considers this type of reservoir a sump situation in which water is diverted into the pond,
temporarily stored, and then diverted.

D. STORM WATER DISCHARGE PERMITS

Wyoming Department of Environmental Quality

The mission of the Wyoming Department of Environmental Quality (DEQ) is to “prevent, 
reduce and eliminate pollution; to preserve and enhance the air and water and to reclaim 
the land of the state; to work with Wyoming citizens to plan the development, use, 
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reclamation, preservation, and enhancement of the state's air, land and water resources; 
and to retain for the state of Wyoming, control of its air, land, and water resources."

In 1972, the federal Clean Water Act (CWA) was amended to include regulation of any 
pollutants discharged to surface waters of the United States. In 1990, the CWA was 
amended (Section 402) to more specifically regulate storm water discharges. Under this 
section, the Environmental Protection Agency published regulations requiring all 
activities contributing to storm water discharge, including construction projects, to obtain
permits. The DEQ is the state agency responsible for issuing these permits.

The DEQ requires permits be submitted for construction projects that either (1) disturb
lands that can potentially contribute to storm water discharge into waters of the state, or
(2) that directly disturb waters of the state. The DEQ also works in conjunction with the
Army Corps of Engineers on construction projects that impact waters of the United 
States.

“Waters of the State” are designated as any water way (including canals and intermittent 
streams) that is visible on USGS 1:24,000 quadrangles, either as broken or solid lines.
Any stock ponds, water bodies, or wetlands (that are non-treatment related), even if they 
aren’t on the map, are also considered “waters of the state.” This designation applies
regardless of who owns the property the water way or water body is on.

During a construction project, lands adjacent to, in the vicinity of, or directly in state 
waters, have potential to be disturbed to the point that water runoff from storm events
can cause pollutants to enter state waters. Pollutants might include machinery fuel,
trash, and even sediment. For almost all construction projects near state waters, large or 
small, short or long term in duration, a permit is required from the DEQ. 

Permits

The following is a summary of the various permits the DEQ issues. This list is meant to
be illustrative of what things CCID should consider prior to implementation of 
construction projects. More specific issues related to DEQ permits for projects 
addressed in this study are shown in Table 7.1. 

Large Construction General Permit. Large construction permits for storm water 
discharge are required if surface disturbance from construction is larger than five acres. 
The five acres of disturbance does not have to be contiguous. The forms and process 
involved in applying and obtaining a permit can be found at http://deq.state.wy.us/.

Small Construction Permit. Small construction permits for storm water discharge are
required if surface disturbance from construction is at least one-acre, but less than five
acres. The forms and process involved in applying and obtaining a permit can be found
at http://deq.state.wy.us/. In some cases, small construction permits can be waived if 
construction activities occur during periods of expected low rainfall.

Turbidity Standards. Wyoming Water Quality Rules and Regulations indicate that no
man induced activity shall increase the turbidity of waters more than 10 to 15 NTUs 
(Nephelometric Turbidity Units). However, the DEQ can evaluate projects on a case-by-
case basis and possibly allow for increases in turbidity (above regulation levels) if for a
limited period of time (i.e. during construction project). If construction occurs directly in 
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state waters, it is necessary to coordinate any issues related to turbidity increases with
the DEQ. Canals do not have turbidity standards regulated by the State of Wyoming.

Routine Maintenance. Canals, laterals, and ditches are identified by Wyoming DEQ as 
state waters. However, there are certain activities related to the maintenance of canals 
that are exempt from permitting. The DEQ specifies “routine maintenance that is 
performed to maintain the original line and grade, hydraulic capacity, or original purpose
of the facility” is not considered a construction activity subject to permitting. The following 
activities, among others, are considered to be routine maintenance by the DEQ: 

Re-grading dirt roads or right-of-ways 
Cleaning or dredging ditches to original or “as-built” condition
Culvert repair or replacement

Construction Site Dewatering. Storm water discharge permits issued by the DEQ for
construction projects do not cover discharges associated with construction dewatering, 
whether those discharges are accumulated ground water or storm water. If accumulated 
water is pumped or siphoned to a storm drain or any other surface water of the state, an 
additional permit is required to cover such waste water discharges.

Most short-term construction dewatering discharges to state waters will require a general
permit that allows for temporary waste water discharge. The forms and process involved
in applying and obtaining a permit can be found at http://deq.state.wy.us/.

In some cases, construction water may be applied directly to the land and not 
discharged into a state water body. In this case, the District Engineer should be 
contacted to see if a “Land Application” permit is required for such activity.

Best Management Practices (BMPs). The DEQ website maintains a comprehensive
list of references related to Best Management Practices that may be useful during a 
construction project that causes storm water or waste water discharges to state waters.

E. SECTION 404 PERMITS 

US Army Corps of Engineers 

The US Army Corps of Engineers (USACE), under provision of Section 404 of the Clean 
Water Act, must issue permits to dredge or place any fill material in the nation’s waters.
Activities requiring “Section 404” permits include:

Construction of roads or paths 
Construction of ponds, dams, dikes or weirs 
Placement of riprap and channel protection
Placement of pipelines 

Section 404 permits are also required if activities are performed directly within the 
ordinary high water mark of waters of the United States. “Waters of the U.S.” include 
essentially all surface waters such as rivers, streams and their tributaries (even if 
ephemeral), all wetlands adjacent to these waters, and all ponds, lakes and reservoirs. 
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The USACE should be contacted prior to construction to determine if the project requires 
a Section 404 permit.

Permits

Any individual, company, or agency that plans to work within or discharge dredge and fill 
materials into waters of the US must obtain a Section 404 permit from the USACE. Even 
if the waters are located on private property, the USACE has jurisdiction over the water
body. The USACE issues a variety of 404 permits, depending on the type and location of 
work.

General permits are typically issued for minor or routine activities on a nationwide or 
regional level. Most permits issued in the state of Wyoming by the USACE fall into the
“general” permit category. Individual permits are issued for major activities and require a 
case-by-case evaluation of the project. The District USACE Office in Omaha, NE should 
be contacted prior to project implementation to determine what type of Section 404
permit will be required for the project. Alternatively, the field office in Cheyenne can also 
be contacted (contact information is in the Appendix). 

All Section 404 permits also require a 401 certification, which is obtained from the 
Wyoming DEQ. The purpose of a 401 certification is to insure that the permitted
activities are within the state water quality standards. The 401 certification process is a
standard procedure under a Section 404 permit and is usually coordinated directly 
between the DEQ and USACE. There are some routine activities, such as annual 
damming in rivers for irrigation diversion, which do not fall under the jurisdiction of the
USACE.

F. CULTURAL RESOURCES PERMITS

Wyoming State Historic Preservation Office 

The Wyoming State Historic Preservation Office (WSHPO) was established under the 
National Historic Preservation Act (1966) for purposes of promoting the preservation of 
cultural resources. Part of WSHPO’s responsibilities is to review federal-related projects
to ensure that historic properties are protected. The WSHPO website states that by 
“federal law, whenever a project occurs on federal land, receives federal funding, or 
requires a federal license or permit, WSHPO comments on the undertaking and 
recommends actions to preserve or mitigate the impact of the undertaking on significant
cultural resources.”

This federal review process, called a Section 106 review, would be required for CCID 
projects that are funded by federal agencies, occur on federal lands, or require a federal
permit (often referred to as a federal “undertaking”). The CCID does not currently receive 
funds from federal agencies. However, some of the proposed projects involve 
construction on federal lands (Re-regulation Reservoir Site No. 2, 3, 5 and 6). 
Additionally, if a federal permit such as a Section 404 permit is required by the USACE, 
then the project would have to undergo a Section 106 review. The federal agency 
involved in the proposed project is responsible for initiating and completing the Section 
106 process so it doesn’t necessarily require a permit per se from the WSHPO.
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Section 106 will review any properties that are listed or eligible for enlistment on the 
National Register of Historic Places. Such enlistments might include: buildings,
structures, objects, sites, districts, and archaeological resources. Park County alone has 
32 National Historic Sites currently listed. If concern sites are identified in the review 
process, the site can be mitigated through excavation or preservation or project 
alternatives can be used to avoid disturbance. 

G. SPECIFIC HYDROPOWER PERMITTING ISSUES

The preliminary hydropower investigations conducted indicate that a proposed
hydropower plant associated with the Purvis Drop may be economically feasible. If the
project is pursued, either a preliminary permit or a hydropower license for the site from 
the Federal Energy Regulatory Commission (FERC) should be obtained. A preliminary 
permit allows the sponsor to establish priority to develop the site for hydropower 
generation, and requires minimal preparation time and expense. Licensing involves 
greater time and expense than does the preliminary permit process. The FERC license 
application requires detailed information on operation, lay-out, economics, and impacts.
For some projects, the process becomes quite complex. In the extreme, an
Environmental Impact Statement (EIS) could be required to evaluate the hydropower 
project.
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CHAPTER 8 
ENVIRONMENTAL OVERVIEW 

A. ENVIRONMENTAL OVERVIEW

Several of the projects identified in Chapter 8 may have specific environmental concerns 
associated with implementation and construction. The purpose of this Chapter is to 
provide an overview of potential environmental issues for the following sites:

Sulphur Creek Flume (2 alternatives) 
Diamond Creek Flume (2 alternatives) 
Six re-regulating reservoir sites (See Chapter 4, Figure 4.20)

Although this section provides detail on the environmental issues related to these sites,
much of the material presented will likely apply to any other projects CCID proposes in
the future. Therefore, a general overview of each issue is presented as well.

The following environmental elements are reviewed:

Fish and wildlife 
 Wetlands 

National Environmental Policy Act (NEPA) 

B. FISH AND WILDLIFE

Federally Listed Threatened and Endangered Species 

Information on the presence of federally listed threatened and endangered species was 
obtained from the United States Fish and Wildlife Service (USFWS) website
(http://www.fws.gov/). The following list of endangered and threatened animals and 
plants was obtained from the Threatened and Endangered Species System (TESS) 
database for the State of Wyoming: 

Status Animal Listing
T Bear, grizzly lower 48 States ( Ursus arctos horribilis)
E Chub, bonytail ( Gila elegans)
E Chub, humpback ( Gila cypha)
E Curlew, Eskimo ( Numenius borealis)
E Dace, Kendall Warm Springs ( Rhinichthys osculus thermalis)
T Eagle, bald lower 48 States ( Haliaeetus leucocephalus)
E Ferret, black-footed except where XN ( Mustela nigripes)
T Lynx, Canada lower 48 States DPS ( Lynx canadensis)
T Mouse, Preble's meadow jumping ( Zapus hudsonius preblei)
E Pikeminnow (=squawfish), Colorado except Salt and Verde R. drainages, AZ ( Ptychocheilus

lucius)
E Sucker, razorback ( Xyrauchen texanus)
E Toad, Wyoming ( Bufo baxteri (=hemiophrys))
E Wolf, gray lower 48 States, except MN and where XN; Mexico ( Canis lupus)
C Cuckoo, yellow-billed Western U.S. DPS ( Coccyzus americanus)
C Grayling, Arctic upper Missouri River DPS ( Thymallus arcticus)
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Plant Listing
T Butterfly plant, Colorado ( Gaura neomexicana var. coloradensis)
T Ladies'-tresses, Ute ( Spiranthes diluvialis)
T Yellowhead, desert ( Yermo xanthocephalus)

Status:
E - Endangered
T - Threatened
C - Candidate Species

These listings are state-wide and may or may not apply to the Cody Canal system. A 
request for information on species of concern for selected project sites should be 
requested during a Level II and III study from the USFWS field office in Cody.

If a District project requires federal participation (either through funding, permitting or 
other direct involvement), then the federal agency involved must comply with Section 7 
of the Endangered Species Act. Under this Act, the federal agency has to insure their 
actions do not jeopardize the continued existence of endangered or threatened species,
and their critical habitat. The federal agency, in consultation with the Secretary of the 
Interior, is responsible for fully evaluating the potential impact and any mitigation that 
may be required.

Wyoming Game and Fish Department

The Wyoming Game and Fish Department (WGFD) provides oversight for issues related
to wildlife species of concern in the State of Wyoming.

Steve Yagel with WGFD Department in Cody was contacted about concerns related to
proposed projects for the Cody Canal Irrigation District. The WGFD is very interested in 
promoting and working with the District on any projects that might lessen the impact 
canal operation has on the South Fork of the Shoshone River. Dewatering of the river by 
the Cody Canal Irrigation District causes fish kills in the river as well as the canal. Any 
projects that might help the District reduce the dewatering of the river, such as reservoir
storage or water exchange, is of interest to the WGFD. Species of particular concern 
include Yellowstone Cutthroat Trout and Brown Trout.

If construction is to occur in or around creeks, the WGFD would prefer projects with the 
least amount of impact to the creek bed and habitat. Siphoning underneath creek beds is 
preferred to canals crossing over creeks or placed in culverts. The WGFD would like to 
see less irrigation return flow into Sage Creek because they are concerned about the
poor water quality in the creek and its impact on wildlife.

The WGFD should be contacted as well prior to project development to insure that the
sites do not disturb habitat for species of concern.
07-777-6401 Fax: 307-777-6421

C. WETLANDS

Chapter 7 includes detailed information on the USACE role in issuing Section 404 
permits for work in and discharge to the nation’s waters. As indicated in Chapter 7, 
wetlands in and adjacent to streams are considered waters of the United States and thus
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subject to regulation under Section 404 of the Clean Water Act. The only wetlands 
excluded from this regulation are isolated wetlands not connected to a waterway.

The process discussed in Chapter 6 applies also to construction in wetlands. The 
USACE issues many permits for relatively minor construction activities in wetlands
through either their nation-wide permits or regional permits. The USACE Omaha District
office should be contacted prior to project implementation to determine the level of 
permitting required. 

The USFWS maintains a National Wetlands Inventory (NWI) for purposes of providing 
information, extent and status of the nation’s wetlands. NWI data in spatial form can be 
downloaded as GIS shapefiles from the Wyoming Geographic Information Science 
Center (http://www.sdvc.uwyo.edu/) or can be viewed directly online at 
http://www.fws.gov/nwi/.

These maps were digitized from wetlands visible on aerial photography so they were not
delineated directly on the ground. These maps provide a good overview of where 
wetlands are, but they are not likely all inclusive. If a project site has a wetland area 
identified in the NWI, it will likely require regulation under Section 404 and further 
delineation of the wetland on the ground. If wetlands are found at project sites, but are
not identified in the NWI, they still may be subject to Section 404. 

Figure 8.1 shows the location of wetlands relative to the proposed project sites. The
Sulphur Creek and Diamond Creek flume sites do not have wetlands currently
delineated, nor do re-regulation reservoir site numbers 2, 5 and 6. Re-regulation 
reservoir site numbers 1, 3 and 4 do have wetlands inventoried. 

D. NATIONAL ENVIRONMENTAL POLICY ACT 

NEPA (1970) “establishes national environmental policy and goals for the protection, 
maintenance, and enhancement of the environment, and it provides a process for 
implementing these goals within the federal agencies.”

NEPA regulation only applies to projects funded by or directly involving the federal 
government. CCID does not received funds from the federal government so NEPA 
regulation for proposed projects should not be a concern in this respect. However, if 
CCID is interested in constructing projects that are on federal lands, such as Bureau of 
Land Management Lands, NEPA regulation is required.

Under NEPA, it is the responsibility of the federal agency involved to evaluate the 
environmental effects of a proposed action and assess alternatives. There are three 
levels of analysis under NEPA, each at varying levels of “impact” to the environment.

At the first level, the action may be “categorically excluded” from environmental
evaluation under NEPA if the federal agency has determined the action to be of no 
environmental impact. Each federal agency maintains a list of “categorical exclusions”
that should be consulted prior to project implementation. These lists can be found on
federal agency websites.
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At the second level, the federal agency conducts an environmental assessment (EA) to
determine if the action will significantly impact the environment. If the EA issues a 
“finding of no significant impact” or FONSI, no further analysis is required. In some 
cases, the FONSI will set forth guidelines the agency should follow during project 
development to reduce or mitigate environmental impacts.

A third level is required if the EA determines the action will cause significant
environmental impact. At this level, the federal agency must conduct a very detailed 
evaluation of the proposed action and alternatives, otherwise known as an EIS. This 
process involves a significant amount of public and interagency participation and 
evaluation.

More information about the NEPA process and requirement can be found on the 
Environmental Protection Agency’s website 
(http://www.epa.gov/compliance/basics/nepa.html).

Cody Canal Irrigation District May 2006
- 102 -



!(

!(

Sulfur Creek

Ross
Lateral

Sulphur Creek

Sage Creek

Sage C

Spring
Creek

Diamond Creek

SITE #6 SITE #2

SITE #1

SITE #3

SITE #4

SITE #5

DIAMOND CK
FLUME SITE

SULPHUR CK
FLUME SITE

Figure 8.1: National Wetlands Inventory
Cody Canal Irrigation District

Legend

Major Roads

State and County Roads

Canals and Laterals

!( Flume Locations

Lakes

Re-regulating Reservoirs

Streams and Rivers

National Wetlands Inventory

�
0.5 0 0.5 1 1.50.25

Miles

Aqua Engineering, Inc.
4803 Innovation Drive
Fort Collins, Colorado 80525
970.229.9668 Phone
970.226.3855 Fax

March, 2006



CHAPTER 9 
WATER QUALITY 

A. PURPOSE

The primary purpose for the water quality section of this study was to establish a base
water quality profile for the District. Water quality samples were collected at several 
locations in the District throughout the study period. This section examines the 
significance of these results as they relate specifically to the suitability of the water for 
irrigated agriculture.

B. PROCESS 

The preferred location and timing of the water quality tests were determined at the 
scoping meeting with District staff. Two locations were selected, one at the Cody Canal
diversion on the South Fork of the Shoshone River (CCID-1) and the other at Dry 
Creek/Lower Sage Spillway (CCID-2) as shown in Figure 9.1. These locations were 
selected to better understand any differences in water quality between supply at the river 
diversion and tailwater at the end of the system. Both locations were sampled on 7/22/05 
and 9/9/05. These dates were selected to show any seasonal changes in water quality.

Hand-grab samples were taken by the project team and sent via expedited mail to 
Energy Laboratories for processing in Casper, Wyoming. Sampling and delivery 
guidelines required by Energy Laboratories were followed for each collection event. The 
Domestic Water Analysis test was selected because it provided a few additional 
parameter tests for the same price as the irrigation and livestock tests. A summary of the 
water quality test results is shown in Table 9.1. Original test results obtained from 
Energy Laboratories are found in the Appendix.

C. WATER QUALITY GUIDELINES

The tests conducted by Energy Laboratories in Casper, Wyoming include constituents
that are important when water is to be used for domestic or drinking purposes. The limits 
and analysis included in these water quality tests are based on standards developed by 
the Environmental Protection Agency (EPA). The EPA administers and specifies water
quality limits as they pertain to drinking water. There is no agency that administers water 
quality limits for irrigation water; there are only recommended guidelines that have been 
developed by research and actual field practice.

The most widely referenced water quality guidelines for irrigation have been developed 
by Ayers and Westcot (1985). Table 9.1 identifies three categories for water quality: no 
restriction, slight to moderate, and severe. If a water quality value falls into some level of 
“restriction on use,” the use of water for irrigation may be limited to certain crops or for
certain farming practices, but it does not mean that water is unsuitable for irrigation. 
Conversely, if a water quality value falls into “no restriction on use,” it means that full 
production of a crop is possible without the use of special practices or changes in 
management.
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Table 9.1 Water quality test results

CODY CANAL IRRIGATION DISTRICT

TESTING DATE 7/22/2005 9/9/2005 7/22/2005 9/9/2005
LOCATION NAME CCID-1 CCID-1 CCID-2 CCID-2 units RL
LOCATION DESCRIPTION

MAJOR IONS
Alkalinity, Total as CaCO3 53 112 93 176 NA NA NA mg/L 1.0
Calcium 14.4 31 24.2 46.4 NA NA NA mg/L 0.5
Chloride ND 7 ND 6 < 100 > 100 - mg/L 1.0
Magnesium 3.5 8.2 8.3 16.6 NA NA NA mg/L 0.5
Nitrogen, Nitrate+Nitrite as N ND ND ND ND < 5.0 5 - 30 > 30 mg/L 0.1
Potassium ND 2 1 2.3 NA NA NA mg/L 0.5
Sodium 10.1 26.2 22.3 44.3 < 70  > 70 - mg/L 0.5
Sulfate 19 44 45 85 NA NA NA mg/L 1.0
Sodium / Calcium 0.7 0.85 0.92 0.95 < 3 > 3 - NA

PHYSICAL PROPERTIES
Conductivity 146 301 278 499 < 700 700 - 3,000 > 3,000 umhos/cm 1.0
Hardness as CaCO3 50.2 111 94.5 184 NA NA NA mg/L 6.5
pH 7.92 8.14 8.03 8.34 6.5 - 8.4  < 6.5, > 8.4  < 6.5, > 8.4 0.01
Solids, Total Dissolved TDS @ 180 C 94 196 174 290 NA NA NA mg/L 10

METALS - TOTAL
Iron 0.07 0.15 0.64 0.37 < 5.0  > 5.0 - mg/L 0.03

DATA QUALITY
A/C Balance (+ 5) -0.088 0.96 1.91 2.23 NA NA NA %
Anions 1.46 3.36 2.8 5.46 NA NA NA meq/L
Cations 1.46 3.43 2.91 5.71 NA NA NA meq/L
Solids, Total Dissolved Calculated 95 206 175 327 NA NA NA mg/L
TDS Balance (0.80 - 1.20) 0.99 0.95 0.99 0.89 NA NA NA dec. %

RL - Analyte reporting limit for parameter.
ND - Not detected at the reporting limit.
NA - Guideline "not applicable" to evaluation of water quality for irrigated agriculture.
(1) From "Guidelines for Interpretations of Water Quality for Irrigation", FAO Irrigation and Drainage Paper No. 29
     (Ayers and Westcot, 1985)

Downstream of Cody 
Diversion on River 
(Irrigation Water)

At Dry Creek/Lower Sage 
Spill Structure (Irrigation 

Water)
Water Quality Guidelines for Irrigation 1

Degree of Restriction on Use

None
Slight to 
Moderate Severe



Water Quality Constituents

Because the purpose of the Cody Canal system is to supply irrigation water to its 
customers, we analyzed only the constituents tested that have the potential to impact the 
suitability of water for irrigation. Constituents of concern to irrigated agriculture include:

 Chloride 
 Nitrogen 
 Sodium ion

Sodium and Calcium ratio 
Electrical Conductivity / Total Dissolved Solids 

 pH 

Chloride. Excess chloride ions in irrigation water are toxic to plants. Chloride ions can
be taken up through the soil or be absorbed through the leaves of the plant. Water that is 
high in chloride may cause physical damage to plants when applied through sprinkler
irrigation (if > 100 mg/L). Chloride can also cause physical damage to plants when 
excess levels accumulate in the rootzone (if > 140 mg/L). 

Nitrogen. Nitrogen used by plants for growth is found in the soil, in irrigation water, and 
in fertilizers. Excess nitrogen in irrigation water has much the same effect as applying
excess nitrogen to the soil; too much nitrogen can cause over-stimulation of growth, 
delayed plant maturity, and poor plant quality. Irrigation water with nitrogen levels 
greater than 5 mg/L can be slightly restrictive on full crop production.

Sodium. Water that is high in sodium may cause physical damage to plants if irrigation
water is applied directly through sprinkler irrigation. Irrigation water with sodium levels 
higher than 70 mg/L may cause a slight to moderate restriction on use. 

Sodium and Calcium Ratio. Excess sodium levels in irrigation water can impact plants 
both directly through toxicity (as discussed above) or indirectly through reduced soil 
infiltration. A sodium induced infiltration problem occurs when the level of sodium is high
relative to the amount of calcium and magnesium in irrigation water. Sodium displaces 
calcium, thus reducing the stabilizing effects of the soil structure. The Sodium Adsorption 
Ratio (SAR) is often used to measure the impact of sodium on infiltration, but not all 
parameters necessary to calculate this value were tested. More generally, infiltration
problems can occur when sodium exceeds calcium by a ratio of 3 to 1. 

Salinity (Conductivity / TDS). Salinity is the single most important parameter for 
evaluating the quality of water for irrigation. All irrigation water includes some degree of 
soluble salts, but when the total soluble salt content (salinity) in the irrigation water is 
high, the ability of plants to use water is impacted. The salinity of water can be measured 
as electrical conductivity (EC) or total dissolved solids (TDS); an approximate 
relationship between ECw and TDS is: ECw (in dS/m) x 640 = TDS (mg/L), both of which 
quantify the amount of dissolved salts or ions in a water solution. There is a slight to 
moderate restriction on the use of irrigation water when EC is between 700 and 3,000 
umhos/cm and TDS is between 450 and 2,000 mg/L.

pH. The pH is a measure of the acidity or basicity of water. The pH level can be used to 
indicate abnormalities in water quality that are in need of further evaluation. Irrigation
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water with a pH level outside a normal range (6.5 to 8.4) may indicate presence of a 
toxic ion or may cause further imbalances in other parameters. 

D. RESULTS AND ANALYSIS

Results

Table 9.1, above, includes the water quality test results for CCID-1 and CCID-2 for the 
two test dates (samples taken 7/22/05 and 9/9/05). Table 9.1 includes all parameters 
tested by Energy Laboratories, many of which do not pertain directly to irrigated
agriculture. Those parameters that pertain to irrigation also include recommended
guidelines for irrigation, which are based on Ayers and Westcot (1985). Figures 9.2 
through 9.7 show the graphical results for each water quality parameter of concern for
irrigated agriculture. 
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Nitrogen Evaluation
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Figure 9.3 Test Results - Evaluation of Nitrogen in Irrigation Water
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Figure 9.5 Test Results - Evaluation of Sodium and Calcium Ratio in Irrigation Water
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Figure 9.6 Test Results - Evaluation of Salinity in Irrigation Water

Cody Canal Irrigation District May 2006
- 110 -



pH Evaluation

0
1
2
3
4
5
6
7
8
9

CCID-1 CCID-2

Site Location

pH
7/22/2005 9/9/2005
Lower Limit (6.5) Upper Limit (8.4)

Figure 9.7. Test Results - Evaluation of pH in Irrigation Water

Analysis

Overall, the test results for both sites and both sampling times are within or below 
guidelines for irrigated agriculture. However, there is a notable trend. Almost all water 
quality parameters tested are higher in concentration at the end of the Cody Canal 
system (CCID-2) and towards the end of the irrigation season (test date 9/9/05). The
most likely reason for this trend has to do with the location of irrigation return flows and
total flow volume. 

A majority of the water quality constituents that were tested are found in irrigation water
naturally, even before it has been applied to farms. When these constituents are applied 
to the soil, the crops take up clean water and leave the constituents in the soil. Each 
subsequent irrigation event during the season pushes or leaches the accumulated 
constituents deeper and deeper into the soil until they eventually hit the ground water 
table, drain, or tailwater ditch. So at the tail end of the Cody Canal system, especially
towards the end of the irrigation season, there is a greater accumulation of these 
constituents.

A reduction in surface return flows also contributes to the increased concentration at the
end of the system and at the end of the season. Because there is little irrigation at the
end of the season, there probably isn’t as much return flow to dilute constituents as there
is during the irrigation season. In fact, the constituents that are leached from irrigated 
areas may have remained constant or even gone down, but since the canal system isn’t 
running as high, there is substantially less flow to dilute these constituents.

These changes in water quality should not warrant major concern on the part of the 
District. The increases in the data set probably represent a seasonal trend that has 
always occurred but has gone unnoticed because water quality tests have not previously 
been conducted. We suggest that the District continue to monitor water quality into the
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future, at least several times before, during, and after the irrigation season. This will help
to better understand trends and any lasting impacts.
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CHAPTER 10 
OPERATING PLANS 

A. BACKGROUND INFORMATION / EXISTING OPERATIONS

We are proposing a series of Operating Plans to be implemented by the Cody Canal 
Irrigation District. These include: System Operations and Maintenance Plan, Emergency
Preparedness Plan, Urban Development Plan, GIS/Information Management Plan, and a 
Hydropower Generation Plan. The purpose of these operating plans is to detail a 
methodical approach to resolving various management issues confronting the District.

These issues have developed over time and within a specific context unique to this 
District. Before discussing specific operating plans, we first present a brief overview of
the District’s institutional history and current operating policies.

Cody Canal Irrigation District 

The Cody Canal Irrigation District was formed in the early 1900’s following the 
dissolution of its predecessor, the Cody Canal Company. The Cody Canal Company
was named for one of its founders, William F. “Buffalo Bill” Cody.

The practice of converting private ditch companies to irrigation districts is common in 
Wyoming. County assessor offices collect assessments on behalf of irrigation districts,
providing a low-cost, convenient, and predictable means of maintaining cash flow. From
the perspective of prospective lenders, irrigation districts tend to have greater financial 
stability and a sound structure for debt repayment. County oversight, though limited, 
provides additional security to lenders. The conversion of the Cody Canal Company to 
the Cody Canal Irrigation District was likely prompted by these considerations.

At the time of its formation, the District inherited all of the original assets of the 
Company, including the canal and its easements. The former shareholders became 
landowners in the newly-formed District. Management of the Company’s financial 
assets, including collection of assessments, transferred to Park County officials.

Board of Directors. The District is governed by a three-member board of 
commissioners, as set forth in its by-laws, which are located in the Appendix. The by-
laws prescribe certain qualifications for commissioners, including a requirement that 
commissioners own a minimum of 40 acres within the District. The District is divided into 
three commissioner divisions (distinct from ditch rider divisions, see below) to ensure 
geographical diversity in the elected representation. Commissioners are elected to three-
year terms. Terms are staggered so that one director is elected at each Annual Meeting. 

The District’s secretary is not a member of the board of commissioners (the by-laws 
specifically provide for this), and at this time the District’s legal counsel serves as the 
board secretary. Assessments collected by the County are transferred to the District 
upon request on a monthly basis for the payment of bills and invoices.

Landowner Participation. The Annual Meeting is typically held in September.
Attendance at the Annual Meeting has been sparse with fewer than ten people attending
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in most years. With water being delivered to 1,982 accounts, this represents an 
attendance rate of about one-half of one percent. 

District Staff. Day to day operations are under the leadership of the District’s
superintendent, currently Mr. Jerry Bales. The superintendent does not at this time have
an official job description detailing his duties. Mr. Bales uses a home office to manage 
the District’s operations. 

The superintendent also oversees the activities of three ditch riders, each assigned to a
specific region of the District’s service area. Water users contact ditch riders directly to 
place orders for water. Except in drought conditions, the District’s water supply is such 
that customers can receive water on demand. Deliveries are not measured, nor is there
any attempt to correlate delivery amounts to District land ownership. Based on the 
County’s assessment collections, there are 1,982 water user accounts eligible to be 
served within the District.

In addition to responding to water orders, the ditch riders and the superintendent also 
perform routine maintenance on the District’s main canal and certain of the laterals.

Revenues and Expenditures. The District collects assessments on a per-acre basis.
Currently, the assessment is $16.50 per acre with an additional $1.25 per acre 
surcharge designated for repayment of a construction loan. For parcels smaller than five 
acres, the District has a policy of collecting a minimum assessment based on five-acre 
ownership.

The District’s current assessment profile generates approximately $323,000 in annual 
operating funds.

Lateral ditch systems. Technically, the District is obligated to operate and maintain 
only the main canal and its associated easements. Laterals and farm ditches are the 
responsibility of the water users downstream of the measuring device (when one exists). 
In practice, however, the District staff has a “good neighbor” approach to assisting water 
users with their laterals.

We have several observations with regard to lateral ditch systems within the Cody Canal
Irrigation District: 

Organization of the laterals is haphazard and mostly ineffective. Annual meetings 
of the lateral water users are poorly attended. Leadership and even staffing is on 
a mostly volunteer basis and willing volunteers are increasingly difficult to recruit. 
Water user disputes are common and all too often result from water users being 
uninformed about District (and lateral) procedures and policies.
Lateral assessments are kept low in recognition of the water users’ inability to 
pay. Many water users are elderly or on fixed incomes and cannot sustain rate 
increases. However, assessments are not keeping up with the ongoing 
maintenance and rehabilitation needs of the laterals.
Many residential water users are not up to the task of maintaining private ditches 
and operating gravity irrigation systems. These systems are much more labor-
intensive than pressurized water systems. 
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The District is not consistent in offering operating and maintenance services to 
laterals in the system. The Frost, Lower Sage, Ross and Town Laterals are
administered by District ditchriders while other laterals receive little or no
assistance from District staff. 

City of Cody

Approximately 10% of the District’s assessment revenue comes from water user 
accounts in the name of the City of Cody. The City uses its District water to supply a 
pressurized raw water distribution system. Staff at the City of Cody tell us that the City 
“is highly dependent on a functioning Cody Canal system.” This interdependence of the 
City and the District warrants in-depth discussion and analysis. 

The City of Cody reports that fully 50% of its citizens depend on the raw water system 
which is wholly supplied by the Cody Canal Irrigation District. The other 50% of its 
citizens are either using private laterals of the Cody Canal or are using treated water for 
irrigation. If the users of private laterals were to begin using treated water for irrigation
purposes, City staff report that the City’s water system could likely absorb the load as 
the system is at approximately 50% of capacity at this time. But the City does not have
capacity to absorb its own raw water customers into the treated water system. 

In 1996, the City explored the possibility of expanding its raw water system so as to 
serve all of its residents but found that costs were prohibitive. The City does not plan, at 
this time, to expand its raw water system beyond a few “infill” subdivisions here and 
there.

The City’s dependence on the District’s water supplies cannot be overstated: without 
Cody Canal, most of the City of Cody is brown. Yet the City and the District do not enjoy 
a productive working relationship and are often at odds, especially with regard to 
accommodating open ditches within urbanized areas.

A wide-ranging discussion with staff from the City of Cody leads us to the following
observations regarding the City/District relationship (we state these observations not as 
fact but instead as a restatement of the City’s perceptions): 

Private ditches and laterals within the City limits create confusion for everyone 
involved. City residents have a tendency to contact City officials with complaints
about maintenance, overflowing siphons, trash and the like. But the City is not 
responsible for maintenance of private facilities. City staff field a lot of phone calls 
and respond to a lot of citizen complaints that should be more properly 
addressed to the District. The City perceives that the District has an inconsistent
approach to maintaining laterals – helping some laterals with maintenance duties 
but refusing to assist others.
The City has assisted with ditch cleaning on request from time to time, but is 
concerned about the long-term ability of water users to continue to maintain the 
existing system. City staff are concerned that portions of the District’s lateral
system will completely deteriorate and leave citizens with no source of raw water 
for irrigation.
City staff question the equity of charging minimum assessments to small parcels, 
but then not directing the revenue toward the problems that the small parcels 
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create. In other words, a 50-lot subdivision on 40 acres will generate much more 
revenue to the District than a single 40-acre farm but those added revenues 
benefit the main canal and are not directed toward the increased service needs 
created by the subdivision.
The City challenges the notion that all District infrastructure should be in the form 
of open ditches. Piped laterals or canals, built to the District’s specifications,
would be in better keeping with the safety and aesthetic needs of Cody’s citizens.
Rather than a blanket ban on piping ditches in subdivisions, the City would prefer 
to develop mutually agreeable construction and maintenance standards that
would meet everyone’s needs.
The City acknowledges a poor relationship with the District. The City would like to
work toward establishing a climate of mutual trust and cooperation. Since Cody
citizens represent a sizable portion of the District’s water users, it might make 
sense to bring City staff to the table when decisions are made. City 
representatives acknowledge that their service on the board might not be 
possible under the District’s by-laws, but the City perceives this to be an avenue 
worth considering in light of the City’s dependence on the Cody Canal.

Finally, we noted that customer water rates on the City’s raw water system are $126.50 
per year for a standard sized tap. This compares almost exactly to the annual 
assessment rate under the McMillan Water Users Association (one of the private lateral 
systems off the Cody Canal), by way of example, of $35 per year plus the minimum
district assessment of $88.75 for a total raw water cost of $123.75. City customers 
however, receive pressurized water on demand while the McMillan Water Users receive
gravity flows on a variable schedule, presenting a disconnect between costs and benefit
to the users.

Park County

Regional trends in growth and urbanization have directly impacted the Cody Canal 
service area and will continue to do so into the foreseeable future.

According to the U.S. Census Bureau, Park County grew by 11.3% between the 1990
census and the 2000 census.

Lands served by the Cody Canal continue to urbanize, with several new development
proposals under consideration by local planning officials. This is consistent with a trend 
widely observed in the western United States: lands that are irrigated are preferred for 
residential development. These lands have favorable grades and soils, and a water 
supply to support an irrigated landscape is already in place.

B. SYSTEM OPERATIONS AND MAINTENANCE PLAN 

We propose this System Operations and Maintenance Plan as a coordinated and 
organized effort to maintain and improve the District’s infrastructure. Some of what we 
recommend below is already in place. We make no distinction between what is currently
being done and what would need to be added – we merely present a complete task list
for the District’s consideration.
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Administrative

Job Descriptions. Thorough job descriptions for the Superintendent and all ditch riders 
should be prepared and presented to the staff, along with an Employee Handbook
detailing the District’s employment practices. Legal counsel should review the District’s 
employment practices to ensure conformance with State and Federal laws. Review 
salaries on an annual basis to ensure that qualified employees can be retained at 
competitive pay. 

Succession Planning. The Board of Directors should undertake succession planning
relative to the position of Superintendent. Long-term service by Superintendents is 
typical of canal systems like CCID and is beneficial to the water users. We believe Mr. 
Jerry Bales is an exemplary superintendent and we highly recommend his continued 
service to the District. However, sudden or unforeseen departure of a Superintendent
can be extremely disruptive to the overall operation of the system. The Board of 
Directors should assume the responsibility of pre-planning for smooth transition to new
leadership should it become necessary. 

The Superintendent should keep written records of his job duties for a one-year
period. The work he performs should be classified into five or six categories 
(administrative, maintenance, etc.) so that the Board can better understand and 
direct the duties of future Superintendents. 
Evaluate the current practices of using a home office for the Superintendent and 
the practice of retaining records at the office of the District’s legal counsel.
Consider whether a small District office separate from the Superintendent and 
the lawyer would be of benefit. Consider whether water users would benefit from 
a “store front” with regular business hours (even if just one day a week). 
Ensure that ditch riders are cross-trained to substitute for one another as needed 
during the irrigation season, and that they can assume the Superintendent’s
responsibilities on a short-term basis if needed. 

Maintenance Practices. Board and staff should review the District’s current
maintenance practices on laterals. 

Maintenance that is being performed outside of the District’s own easements 
should be noted and brought to the attention of the Board of Directors.
Such off-system maintenance should be phased out but in a manner that retains 
or improves customer water delivery. For example, the District could enter into a 
Maintenance Agreement with a water user association and agree to perform 
regular maintenance at an agreed upon fee.
It may not be possible to negotiate Maintenance Agreements with water user 
groups that are not formally organized or incorporated. The District may want to 
consider taking over private ditches. This is discussed in more detail in the Urban 
Development Plan (see below). 
Maintenance Practices should be documented for future reference and as a 
guideline for new staff. 
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Best Management Practices 

Staff Training. The Board should seek out training opportunities for staff. The Bureau of 
Reclamation offers high quality training for the staff of irrigation districts. Though CCID is 
not part of a Bureau project, the training is directly applicable, affordable, and would 
expose CCID staff to state of the art approaches to water delivery and system 
maintenance.

The Bureau of Reclamation’s Technical Service Center in Denver, Colorado 
offers “Modern Methods in Canal Operation and Control”, a class that addresses
canal hydraulics and operations of headgates, flumes, gates and weirs. The
class is specifically directed at field personnel and a technical or engineering
background is not required. Other classes are offered from time to time and
should be considered as time and funds allow. Classes are described on the 
Bureau’s web site at 
http://www.usbr.gov/pmts/hydraulics_lab/workshops/index.html.
Classes are also offered at the Irrigation Training and Research Center at 
California Polytechnic University in San Luis Obispo, California. Again, many of 
their classes are directed toward field personnel and are specific to irrigation
districts. Class offerings are described at http://www.itrc.org/classes.htm.
A customized Operations and Maintenance Regimen specific to the needs of the 
Cody Canal may be desirable. The services of the Bureau’s Technical Service
Center can be contracted on an hourly basis. The Water Supply, Use and 
Conservation Group would have expertise in the issues confronting Cody Canal. 
More information is available at 
http://www.usbr.gov/pmts/tech_services/about/business.html.

Structure Rehab Schedule. All new and replacement structures in the CCID system
should have an associated maintenance and repair schedule that is evaluated no less 
than annually. A GIS tool is ideally suited to this task. The Board of Directors themselves 
should review the system maintenance and repair schedule once a year and ensure that
staff and funding are available to meet system needs. 

Easement Defense. Easement maintenance and defense should be given the same 
level of care and attention as infrastructure maintenance. Fences, driveways, trash 
dumping and other similar easement encroachments should be noted and dealt with 
promptly. Legal counsel should be called upon to give direction when significant
encroachments occur. 

Drought Response

Document Historical Practices. The Superintendent should prepare a succinct written
drought response plan detailing the District’s policies for water deliveries during times of 
shortage. The purpose of the document would be to commit to writing those practices 
that were implemented during the 2002-2003 drought years which were equitable and
effective. A drought of similar severity might not occur again under Mr. Bales’ tenure,
and a written description of his water management practices would be invaluable to
future staff. 
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Equipment upkeep and purchase 

Equipment Inventory. The Superintendent should prepare an inventory of the District’s 
major equipment assets. The inventory should note the original purchase date for each
piece of equipment, along with an assessment of its current condition, its estimated
current value and an estimate of the replacement cost and date.

Annual Equipment Assessment. The Board of Directors should review the equipment 
inventory and assist the Superintendent in developing a prioritized schedule for 
replacement and/or repair. 

C. EMERGENCY PREPAREDNESS

While the District is not responsible for any high-hazard infrastructure (such as a dam), 
the possibility still exists for infrastructure failure that would threaten property and lives. 
In the event of a significant failure, the District should have a planned response that 
includes notification of all appropriate authorities.

In the critical first few minutes of response, when emotions and adrenaline are running 
high, it is all too easy to overlook important steps. The aviation industry, for example,
recognizes the importance of a rational response during an emergency situation and
provides pilots with laminated procedure cards that are a permanent fixture to the aircraft 
cockpit.

We have prepared a similar laminated procedure card that should be available in the
ditch rider’s pickup at all times. These are included in the Appendix to this report. We
recommend that the procedure cards be reviewed and phone numbers verified on an 
annual basis. The superintendent may wish to meet with the Park County Sheriff to 
review the Cody system map and familiarize the Sheriff with potential infrastructure
failure sites. Such a meeting would also allow an opportunity for the Superintendent to 
bring any trespass or vandalism issues to the attention of law enforcement. A similar
meeting could be scheduled with the City Fire and Police Chiefs.

D. URBAN DEVELOPMENT PLAN 

Urban growth is contributing to a host of management and operational issues for the 
Cody Canal Irrigation District. Along with the shrinking lot sizes and increasing
disturbances of the canal and its easements, urbanization also brings a changing
demographic to the District landowners. As the District enters into its second century of 
operation, District water is used less for agricultural irrigation and more for irrigation of
landscaped areas in residential subdivisions. In fact, fully 85% of the District landowners
are paying minimum assessments – i.e., they own 5 acres of land or less. These 
landowners are less likely to depend on District water for their livelihood, and as a result
are less likely to have a vested interest in the inner workings of the District’s
management and daily operations. 

To help cope with urbanizing pressures, we are proposing a series of action items for the 
District’s consideration. Many of these action items have been implemented by other 
irrigation districts and canal companies throughout the western states. Others are 
specific to the unique needs and circumstances of CCID. Some action items are easily 
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implemented, while others will require a considerable investment of time and financial
resources.

The action items are centered around five general goals: (1) increasing landowner
participation, (2) improving institutional relationship with the City of Cody, (3) modifying
the relationship between CCID and its laterals, (4) advancing the development of 
secondary supply deliveries, and (5) developing new revenue streams. 

Goal 1: Increasing Landowner Participation

Irrigation districts are democratic institutions, and democracies work best when there is 
an informed and participating electorate. In recent years, attendance at the District’s 
annual meeting has dropped to a handful of landowners. While this might be indicative of 
overall satisfaction with the District’s management and operations, it more likely 
represents general apathy on the part of the landowners. Again, because most
landowners do not rely on District water to support their livelihood, they have little 
motivation to devote a Saturday morning to attending a business meeting. An argument 
could be made that perhaps the affairs of the District are therefore best handled by those 
who DO have a vested financial interest in the District’s management and operations. It 
should be noted, however, that though residents of subdivisions might not depend 
directly on the District for financial success, the typical homeowner’s most valuable
financial asset is his home. His property’s value would be dramatically and negatively 
affected if the irrigation supply were to be removed or disrupted.

Another factor affecting landowner participation is the City of Cody’s retention of water 
ownership for customers served by the City’s raw water system. This places the City as 
the “middleman” between the District and the water user, and further discourages water
users from participating in the governance of the District.

Goal 1.1 Review the District’s eligibility requirements for Commissioner 
candidates. Article II Section 6 of the District’s by-laws limits Commissioners to those 
landowners of 40 acres or more within each Commissioner district. At present, fewer 
than 55 landowners qualify to be Commissioner. This number represents less than 3%
of the District landowners. At the very least, the acreage requirement should be 
substantially reduced. However, with 85% of the District’s assessments being derived 
from 5-acre or smaller lots, any type of minimum acreage qualification seems rather 
undemocratic.

Article III Section 1 of the by-laws describes Commissioner divisions designed to provide
a diverse geographic representation on the board. Commissioners are selected from an 
upper, middle and lower section of the District. This probably made a lot of sense years 
ago when the use of water was overwhelmingly agricultural. These Commissioner 
divisions may have ensured, for example, that users at the tail end of the system were
treated fairly. We would suggest that “upper/middle/lower” diversity is no longer the 
critical factor for obtaining proper representation on the Board. Rather, the end use of
water seems to be a more relevant defining characteristic. The commissioner districts
could be redefined so that one district reflects irrigated agriculture, another is comprised 
of residential subdivisions governed by homeowners associations, and a third that is 
served by the City of Cody’s raw water system. Wyoming Statute 41-7-316(c) reads in 
part, “At the first election held in any district, one (1) commissioner shall be elected from
each commissioner district who shall be a landowner thereof.”
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The Board could also consider expanding the number of commissioners from three to 
five, keeping the current three geographical subdivisions but adding the two residential 
commissioners as described above. 

Legal counsel should assist the District in any modifications to the by-laws to ensure that
they are written properly and in accordance with Wyoming law.

Cody citizens served by the City’s raw water system appear to be in some sort of legal
limbo when it comes to casting votes for commissioners. Their units are held by the City 
of Cody, but the City tells us they cannot cast these votes either since the City is not the 
landowner of record. Whether this could be remedied by amending the by-laws or by 
amending state statutes is not clear. In any case, Cody citizens ought to somehow have 
a say in electing their representation to the CCID board either directly or through City 
staff representing their ownership.

Goal 1.2 Increase Annual Meeting Participation. The District’s by-laws limit landowner
participation in the District’s business affairs to one specific task: electing representative 
commissioners. All other powers are vested with the commissioners. This is a typical
(and appropriate) governance structure for irrigation enterprises. However, this is further
disincentive for landowner participation. 

An alternative to the formal business meeting might be a series of informal “open house”
events at which landowners could come and inspect maps and photo exhibits, listen to a 
brief presentation, and engage in one-on-one discussions with board members and staff. 
Irrigation and landscape professionals could be invited to participate and display
products and services as a further means of encouraging participation. Charging a 
nominal fee to exhibitors would help defray the cost of hosting the meeting if the meeting 
space is to be rented. Representatives associated with the City’s raw water system 
could be on hand to answer questions as well. A theme encouraging “wise water use” or 
“stretching your supply” would give context to the event and appeal to dollar-conscious
consumers. Proxy forms could be provided so that landowners could cast a written ballot 
without attending the actual meeting. These events could be held variously on a couple
of different weekday evenings plus immediately prior to the annual meeting on a 
Saturday.

An annual newsletter could increase landowner awareness about the District. The 
publication could be used to announce the annual meeting, remind landowners of water 
delivery policies, and inform the landowners of anticipated construction or rehabilitation
projects. Again, advertisements placed by landscape and irrigation supply businesses in 
the area will offset the cost of the publication.

The internet domain name www.codycanal.org is available for purchase and could be
reserved now as a future means of timely communication with landowners. We know of
some irrigation companies that have enabled online water ordering and a web site is 
also a useful interface for management to access real time operational data, assuming a 
SCADA system is implemented in the future. 

Finally, we know of several very successful examples of canal companies that 
periodically hosts a bus tour of their system followed by a picnic lunch. With so much of
CCID’s system inaccessible by vehicle, this might not be practical. Still, an opportunity to 
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tour the Sulphur Creek siphon and the river diversion headworks with a boxed lunch and 
soft drink provided might attract many landowners and further an understanding of canal
operations and issues.

Goal 2: Improving Institutional Relationship with the City of Cody

We recommend that the District work toward a true partnership with the City of Cody. 
The City and the District share an important primary goal: providing a safe and reliable 
irrigation water supply to customers at the lowest possible cost. The City brings to the
table its financial resources, knowledgeable personnel, and political clout. If the City and 
the District can get beyond their “sticky issues”, both sides have a lot to gain by working 
cooperatively.

Goal 2.1 Provide for the City’s formal participation in District affairs. Because City 
personnel are not part of the District’s everyday decision-making process, City 
representatives have a limited view of the District’s overall scope and responsibilities.
The City and the District cannot truly cooperate unless they share a common 
understanding of the pressures being brought to the canal system and its easements.

As expressed in Action Item 1.2, the District may have several means of attracting City 
representatives to the Board, including: redefining the qualifications of commissioner
candidates, redefining the commissioner districts, or increasing the number of 
commissioners. Having a City representative serving as a commissioner will force the
City to bring forward solutions and strategies and not just repeat what seems like the
same tired list of problems. If by-laws or statutes need to be amended to provide for City 
representation, we recommend that such action be initiated. 

We have observed many instances in which electing knowledgeable municipal 
representatives to canal company boards of directors has provided impetus for positive
change. Negative outcomes are typically associated with circumstances in which the
municipality is attempting to “kill” the ditch company. This is clearly not the case for the
Cody Canal Irrigation District. Both the City and District benefit from a sound canal 
system operated with businesslike interactions. Under this scenario both entities are 
intrinsically motivated to work toward the betterment of the canal and canal operations. 

Goal 2.2 Work toward resolution of easement conflicts. Enclosed ditches represent 
a maintenance burden to the District. The canal has a considerable sediment load which 
is known to accumulate and constrict the flow of underground piped laterals. However,
open ditches are not entirely compatible with residential development. Open ditches 
pose a safety concern for residents, and require a series of bridges, culverts and other
crossings in order to coexist with urban development. 

We believe that in almost all instances, open ditches can be converted to underground 
pipeline in a manner that would be satisfactory to the District. An engineering solution
may exist to the problem of sediment loading. And in cases where sediment needs to be
dredged from cleanouts, this responsibility need not revert to the District. The District 
may want to consider agreements with the City or the developer or the Homeowner’s 
Associations in the developments. These agreements may set the responsibilities for the 
piped section or other infrastructure changes to the District’s system within the 
development. Perhaps the City can maintain these piped sections at the expense of the 
Homeowner’s Association and the District would not be responsible for any
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maintenance. Written, legal agreements are recommended in advance of the approval of 
any infrastructure changes by the developer. If paid staff are not available to routinely 
address the problem, maintenance duties should be hired out to contractors at the 
expense of whichever entity advocated for the enclosure of the ditch. If maintenance is 
neglected, delivery of water is necessarily withheld.

We believe the District and the City can work together to craft a standard set of design
and construction guidelines providing for enclosure of ditches and canal segments.
Currently, as the developments are planned, the developers and their engineers discuss 
Cody Canal infrastructure changes with the City and the District. The City has to rely on 
the District to determine the requirements of such issues as piping the canal or lateral
through the development. The standards will be the basis for the developer and 
engineers to design the necessary changes. By presenting standards to the developers, 
Cody Canal Irrigation District sets the rules ahead of time and will prevent the 
developments from dictating the course of the District’s infrastructure. Following are 
examples of the types of standards that should be developed for the District.

Pipe Design. Where a developer wants to bury the Cody Canal or a lateral, the District 
should have guidelines for the design of that pipeline. These guidelines would allow the 
District to be more comfortable with piping the canal section or lateral. Guidelines should
include the acceptable pipe material (ductile iron, PVC, HDPE) and specific ratings of
pipe and fittings. A pipe rated for high pressures may not be required where low gravity 
flows are present, for instance. Alternatively, a thin-walled storm drainage pipe may not
be acceptable to the District because of the reduced life span and less durability than 
other pipe types.

Pipe Sizing. The size of the pipe is a very important component for the District as well 
as the developer. Larger pipes cost more money (disadvantage to the developer) and 
smaller pipes may lead to restrictions in the system and added maintenance 
(disadvantage to the District). The District should determine the design flows for each 
portion of the main Cody Canal and its laterals. These flow rates should be used for the
pipe design. Additionally, if the pipe design modifies the alignment or the slope of the
previous open channel, the capacity of the pipe must be considered. Guidelines for 
acceptable pipe sizing may require the developers produce engineering reports and 
calculations showing the District the proposed pipeline, the flow rates, the velocities, and
the pressures in the line at multiple locations. A safety factor may be required by the 
District as well.

Maintenance Considerations. When open channels are converted to piped sections,
several considerations should be made for future maintenance. The entrance and exit of 
the pipe must be protected from debris entering the pipe. There must be clean-outs such
as manholes along the pipeline to allow for cleaning of the straight sections. These 
manholes should be located at all directional changes and at a pre-determined distance
on straight pipe. Vents in the pipe section may be desirable.

Other Components. Culverts, crossing, bridges, and other components introduced by
the development may affect the District’s existing infrastructure. These components 
should also follow a set of guidelines developed by the District. For instance, a new 
culvert in the canal (to allow a new road across the canal) must meet a minimum
capacity and durability requirement set by the District. Bridges must be set at an 
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elevation determined by the District so as not to impede existing flows in the canal or 
lateral.

Design Process and District Approval. The District should also institute an application
process for consideration of proposals to enclose ditches and laterals or to modify the
existing system. The District may want multiple copies of engineering plans and design 
descriptions for review by the District’s staff and their consultants. Certain information 
may be required on the plans and documentation (type of pipe, burial depth, capacity,
etc.). A formal application to enclose a lateral would be submitted to the District along
with a plan review fee. The fee would cover the expenses associated with a legal and
engineering review. The District’s engineering consultant would propose site-specific
modifications to the standard guidelines as needed. The District’s legal counsel would 
assist in the preparation of an agreement between the District and the applicant which 
would spell out ongoing maintenance responsibilities and liability. A minimum application 
fee might be on the order of $1,000 for a routine type of project, with larger amounts 
warranted for complex proposals. 

Goal 2.3 Assess the degree to which sediment has accumulated in Beck Reservoir 
and prepare a plan of response.  Beck Lake is filling up with sediment. The City of 
Cody previously asked Cody Canal to partner with them on a project to clean and / or
dredge the Lake. Because the water entering Beck Lake serves the City’s raw water 
system, it may appear that the Lake and its problems are primarily the City’s. However, 
Cody Canal can utilize Beck Lake to spill excess water from the canal. It may be 
possible for the District to utilize Beck Lake to some degree as a re-regulating reservoir if 
water is taken out of the Lake by the District to meet downstream demands. We 
recommend that the District initiate a conversation with the City of Cody to determine 
how the Lake might serve both entities. If an operational agreement can be reached, it
may be to the District’s benefit to assist with the cleaning of the Lake for future use by 
the District.

Goal 2.4 Inventory the chronic maintenance problems on the laterals within the
City limits. Many of the laterals inside the city limits are “orphan” laterals – laterals 
operated without benefit of an organized water user association and rarely maintained. 
Both the District and the City deny responsibility, perhaps rightfully, when private 
siphons overflow or culverts become blocked. But the District landowners and the City’s 
residents are negatively affected by these incidents. Strategies for improving the 
condition of the private laterals are discussed below. However, the City and the District 
should share the first step in the effort – to identify and inventory the problem spots in 
those areas where the District and the City overlap. Both entities have GIS tools at their 
disposal to aid in this effort.

Goal 3: Modifying the Relationship Between CCID and its Private Laterals 

The network of private laterals serving 85% of the District’s water users was originally 
constructed in support of irrigated agriculture. Now many areas are almost completely 
urbanized. Some urbanized areas are served by the City’s raw water distribution 
network, but large segments are still served by the old irrigation lateral network. This 
network is ill-suited to needs of residential landscape and weekend “hobby” or “life style” 
farms.
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A lateral ditch that may have historically rotated water amongst a handful of farmers is 
now called upon by dozens of individuals. The farmers were willing and able to manage 
their water 24 hours a day, while the residential homeowners are more likely to water 
their lawns after work or on the weekends. Instead of farm headgates delivering water to 
a field ditch which spreads water across tens of acres, now each homeowner installs a
pump in the ditch with little control or oversight on the amount taken or at what time of 
day. Water delivered in this way becomes on demand which should be perceived to be 
quite a benefit to the irrigator.

The newer subdivisions have homeowners’ associations that appear able to regulate 
water use by their members. Many of the older neighborhoods, however, have weakly 
effective water user associations or in some cases, no organization whatsoever.

Goal 3.1 Initiate lateral organization where none exists. Forcing homeowners to 
organize themselves appears to be a heavy-handed and ultimately unsuccessful
approach. Waiting for volunteers to step forward and take matters into their own hands 
might set the stage for another century of inaction and further deterioration of the lateral
system. Even so, we recommend that the District put forward a request for lateral 
systems to self-organize. Even though we would expect that water users will not take 
action, we think it is important for water users to be given this opportunity.

GIS tools can be used to select individual District properties situated along laterals. A 
targeted mailing could be sent to those individuals requesting their attendance at an 
informational meeting. At the informational meeting, District staff could provide water 
users with sample by-laws and organizational documents, and could explain the duties
of a lateral ditchrider, maintenance procedures and the like.

Lack of action (or lack of attendance) would set the stage for the District to intervene in 
the operation of laterals throughout the system. 

Goal 3.2 Explore Takeover of Lateral Systems. Unified operation of the District’s
service area would be of immense value to individual water users. Continuing to educate 
water users about the distinctions between lateral, District, and City responsibilities is
probably futile.

There are examples throughout the western United States of irrigation districts and
private canal companies that have successfully consolidated their systems. But by the
same token, we also know of instances in which consolidation efforts have been put to a 
vote and subsequently failed.

The first step in a consolidation effort would be to solicit advice from legal counsel on
any legal barriers to consolidation. Is a vote of district landowners required? Can the 
consolidation move forward under the District’s auspices, or must a new and separate
entity be formed?

The District should also explore whether existing lateral organizations (McMillan Water
Users, Indian Pass Homeowners Association, etc.) are willing to disband in favor of a 
district-wide consolidation, or if they would prefer to maintain their separate status. If 
existing organizations insist upon preserving their independence, we see no advantage 
to the District in forcing them to consolidate. 
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The District should determine whether it is feasible to provide service down to each 
individual turnout. There may be instances in which small private ditches shared by a 
handful of water users would remain private even under consolidated operations.

Providing additional services necessarily incurs additional expenses. The major 
operating expense associated with consolidation would be the hiring of seasonal 
ditchriders throughout the system. The ditchriders would need to be trained, equipped,
and provided with the means of (or reimbursed for) transportation. Additional expenses 
would include equipment and operator costs associated with cleaning, maintenance and
repair of laterals.

Expenses would be reimbursed through special assessments collected from water users
receiving water from the consolidated laterals. As a practical matter, there is an upper
limit on the amount that can be assessed. Since outside watering can be provided by the 
City at a cost of $126.50 per year, water users will not be willing to pay any more than 
about $35 per year on top of the existing minimum assessment of $88.75. Examination
of the current assessment roll for the District indicates that there are 1,696 landowners 
paying the minimum assessment. Were all of these landowners to participate in 
consolidated management of the system and pay $35 per year, the added revenue to 
the District is only about $60,000. It is unlikely that this sum would be sufficient to 
provide the services needed.

Goal 3.3 Explore Abandonment of Deteriorating Laterals. If lateral 
takeover/consolidation is not financially feasible, we believe the District must examine 
the expected outcomes if the system continues to operate according to the status quo.
We expect that in another 20 to 50 years, most of the smaller laterals will fall into 
complete disrepair and that volunteer lateral organizations will cease to be effective. The
viable portions of the system will be those portions remaining in irrigated agriculture, that
portion which is part of the City’s raw water system, and perhaps those privately-
organized water user associations serving high-end housing.

The District may wish to facilitate the exclusion of lands from the District if water users 
choose to receive outdoor watering service from the City. The water rights implications
should be explored with legal counsel. Perhaps the City can act as a strategic partner in 
preserving District water rights from abandonment.

Goal 3.4 Institute Maintenance Agreements with Lateral Associations. For those 
laterals that do organize themselves, the District can offer its maintenance services but
only pursuant to a contract with an agreed-upon reimbursement schedule. In 
circumstances where the District has been providing operation and maintenance in 
recent years, a period of time should be allowed for an agreement to be crafted and 
agreed to.

Goal 4: Advancing the Development of Secondary Supply Deliveries

The District should encourage the continued development of a pressurized distribution
system whenever possible. Those urban water users receiving their District water 
through pressurized system are most likely to continue as viable customers. Even if the 
extent of pressurization simply involves the end user diverting water from a lateral by 
means of a pump, this is still an improvement over manual operation of numerous small 
headgates.
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Goal 4.1 Pump Permits. Even though private pump installations are preferred over 
individual farm headgates for delivery to small lots, neither the District nor the numerous 
small lateral associations have any meaningful oversight of pumped withdrawals. 
Indeed, whether pumped withdrawals are being made by assessment-paying members
of the District might be in question. Whether the amount withdrawn is proportionate to 
the District land ownership is also unclear. We recommend instituting a system of pump 
permits to ensure that pumped withdrawals are being made by authorized landowners 
and in an amount proportionate to their District land ownership. Pump permits and fees 
could be logically tied to the irrigated areas, pump discharge size, or both. Authorized
pump installations would be visibly tagged for the benefit of ditch riders, and pump 
equipment without tags would be justifiably removed from the easement. 

An application process would serve two important purposes. First of all, it would create a 
system of positively linking pump installations to District landowners. Second, it would 
create an opportunity to inform landowners of various rules and policies regarding water 
withdrawals. The permit would be accompanied by written materials from both the 
District and the lateral association, if applicable. The permit holder would be informed of 
hours of operation, phone numbers to call to order water, maximum withdrawal rate and 
the like. 

A permit application fee would ensure that the process would not create financial burden
to the District. Temporary staff might be needed to process applications and issue tags.
This process should be GIS-based so that each permit is linked to a map location. The
first year of this process is expected to be difficult and time-consuming, but renewal of 
permits in subsequent years would be more routine. In fact, the renewal of pump permits 
may create a small but not insignificant source of revenue to the District. 

This permit system is not an administrative process created for no other purpose than
instituting “red tape”. We believe that the District should be in complete control of the
equipment installed in its easement. Additionally, the District should take reasonable
steps to ensure that only District landowners are receiving District water and that the 
water being delivered is proportionate to the land ownership. In this instance, this 
oversight of pumped withdrawals should extend to all laterals even though the District 
does not operate and maintain them.

A sample Pump Permit Application form is included in the Appendix.

Goal 4.2 Phase II WWDC Study: Converting laterals to pipelines. A comprehensive 
conversion of the private gravity lateral system to pressurized distribution warrants 
further study. Again, the price ceiling created by the City’s annual outside watering fee 
creates a relatively small window of financial opportunity. But with grant funding, bond
financing and/or phased development, it may be possible to create a District-owned and
–operated system with a positive cash flow.

The City conducted a study in 1996 to determine the feasibility of expanding its own raw
water system and found it to be cost-prohibitive. The previous study should be reviewed 
now in light of the current urbanization situation in the Cody area plus the experience 
with dual systems in other states. Both new and retrofit costs are well known now from 
built projects in Utah, Colorado, Idaho, and Washington.
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Goal 5: Developing New Revenue Streams

Many of the potential new revenue streams have been discussed previously. We present 
a comprehensive list here for the District’s consideration.

Goal 5.1 Pump Permits. The pump permitting system was previously discussed in item
D4.1 above.

Goal 5.2 Recreational Trail Development. Many canal systems in urbanizing areas in 
the western United States look to leverage the aesthetic appeal of the canal to the urban
populace. By opening up the easement to hikers, bikers, and horseback riders, canal
owners can create new revenue streams or at least divest themselves of ongoing 
maintenance requirements. In many cases, the liability of having recreational activity has 
also allowed for the divestiture of the inherent risks and liabilities. 

As the Cody area continues to develop, we expect that residents will press for expanded 
access to public parks, open space and trails. The Cody Canal is an established first link 
in an off-road pathway to Buffalo Bill State Park and even Yellowstone National Park. 
Protecting the easement from further encroachments will preserve this option for future
consideration.

At this time, user access fees are not anticipated as a direct revenue source. However, 
allowing public use in exchange for continuing maintenance and release of liability is a
proven strategy for canal systems. Relinquishing maintenance costs is a very
meaningful form of compensation for canal systems. Release of liability is absolutely 
necessary as it is inadvisable to open up the easement to the public without being 
shielded from the increased liability exposure. Legal counsel should advise the District 
on its own liability exposure related to public access on its easement.

The following figures show examples of trails developed along existing irrigation canals
within newly urbanized developments.

Figure 10.1 Schematic example of a trail system along irrigation ditches 
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Figure 10.2 Example of trail access through a development 

Figure 10.3 Example of a trail adjacent to an irrigation canal 
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Figure 10.4 Example of a trail parallel to an irrigation ditch 

Goal 5.3 Cost Recovery (crossing permits). A formal review process for easement 
encroachments is strongly recommended, as discussed above. This process should be
entirely self-funded and can even net a small revenue stream for the District’s benefit.
Proceeds should be directed toward the continuing development and maintenance of the 
District’s GIS system.

Goal 5.4 Hydropower. As demonstrated in Chapter 4, hydropower development at the 
Purvis Drop is economically feasible and could provide a substantial positive cash flow
to the District. 

Goal 5.5 Dual Systems Development. As previously stated, outright takeover of the 
private lateral system might not be financially feasible. With outside funding for dual 
systems development, however, the enterprise may be cost-effective and overall 
beneficial to the District. This option should be thoroughly explored on a lateral-by-lateral 
basis and evaluated with open eyes to more cooperation with the City of Cody’s delivery 
of raw water.

Goal 5.6 Provision of Construction Water. Construction projects and oil producers
need water from time to time for dust control and other purposes. Often potable water 
suppliers will meet these needs on a temporary basis and will provide water at fire 
hydrants or other central locations. The District could make temporary supplies available
on a permit basis and could price the service below what neighboring utilities charge. By 
making the application and fee process as simple as possible, the District could position 
itself to be the preferred provider. The District should avoid open-ended permits and 
should police the diverters from time to time to be sure the process is not abused. The
District will need to coordinate with and obtain a permit from the SEO in order to “sell”
the water delivery service.

Goal 5.7 Lease to non-District customers. In the event that non-District landowners 
are found to be withdrawing water from individual pump installations, the District may 
want to consider allowing continued water withdrawals but at a higher rate of 
assessment. Legal counsel should give preliminary advice with regard to distributing
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water to non-District customers. Provided that service would be allowed, the District 
should set a separate schedule for providing water. A good starting point would be 
double the rate that is charged to District customers. Alternatively, the District could
charge a one-time administrative permit fee and then ongoing annual assessments at
150% of the regular landowner assessment.

Similar to the idea of providing construction water, the concept to provide District water
to non-District customers will need to conform with SEO requirements and permits. The 
District would be charging for the use of their transmission facilities to deliver the water. 

Goal 5.8 Excess Water Surcharges. If District staff are of the opinion that normal water 
orders are disproportionate to the amount of land owned, there may be sufficient
justification to move toward water measurement throughout the District. Water orders in 
excess of the state allocation or in excess of the proportionate land area served would 
then be billed surcharge assessments. Such a process involves considerable
administrative effort. A centralized water ordering and billing process would have to be 
instituted. There are already simple-to-use software products available that have been 
designed for this very purpose. The costs associated with District-wide installation of 
measuring devices probably limits the viability of this revenue opportunity. It is 
recommended that a lateral-by-lateral evaluation of this opportunity should be made. A 
master meter or master flume could be installed and read real time with SCADA to 
minimize labor while better tracking use under the lateral.

Goal 5.9 Maintenance Fees. We recommend instituting a reimbursement program for 
maintenance assistance given to laterals, as described in D3.4 above. 

E. GIS MAP TOOL OPTIONS / RECOMMENDATIONS

GIS Map Tool Options 

A GIS Inventory or Map Tool can be used to better manage all aspects of an irrigation
system: from tracking assessment revenue base to accounting for water delivery to 
users. Inventories can be as complex as an interactive GIS database with spatial links to 
a multitude of irrigation system attributes, or as simple as another electronic database in 
Microsoft Excel with associated paper maps. It is crucial for an irrigation district to use an 
inventory system that matches their capabilities and intended uses. For example, an 
interactive GIS based database may not be appropriate for an irrigation district that does
not intend to use GIS. The irrigation district should be fully capable of using the inventory 
technology on a daily basis, without a significant amount of outside technology support.

We recommend the District invest in the procurement of GIS. The most time intensive 
component of developing a comprehensive GIS database system was completed by this
study and the field inventory team. Now that each structure has been inventoried, 
including each individual pump and headgate, the CCID can easily expand GIS into a 
working tool. Following are options the CCID may want to consider while selecting the
degree to which GIS may be used in their system.

Structure Maintenance and Improvement Plan. The database that is currently linked 
to the GIS system created by this project includes information on the structural condition
and improvement priority for all structures in the system. GIS is an excellent tool for the
District to consider using as they plan for and implement some of these improvements.
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The District can continually update the GIS database as improvements to structures are
made, as new structures are added to the system, and as they are removed. Query and
filter tools can be used in GIS to further prioritize and plan for annual improvements.

Water Rights and Assessment Base. Since every headgate and pump in the system
has been inventoried and linked to the map, the CCID may want to consider linking each
structure (headgate or pump) to its associated water right, service area, and possibly
even assessment base. On-going efforts by the District to map the service area can be
displayed and linked in GIS. This in turn can be used to develop an assessment 
database or program for charging annual dues to water users.

Water Delivery Accounting. Taking the water rights and assessment base concept
even further, the CCID may want to consider using GIS as the basis for recording and
accounting for water deliveries. We understand the District does not currently measure 
or account for individual water deliveries to users. In the event that they decide to go this 
route in the future, GIS should be considered as a tool for recording and analyzing water 
delivery records.

The capabilities of GIS for better canal management are virtually endless. If a GIS 
system is desirable for the District, the most important thing to consider is the ultimate 
goal and capability of the District. For example, if GIS is to be used in conjunction with
the assessment base or water delivery accounting, the District may have to consider
hiring additional staff to manage and update these data. Although the District may not 
currently have staff attending to these matters, as the system continues to grow in terms 
of the number of users, it may be absolutely necessary for such a position irrespective of 
GIS or other database management tools. These tools are meant to facilitate the 
collection and analysis of information that is crucial for running a successful business. 

F. HYDROPOWER OPERATING PLAN

The owner of the hydropower facility would be responsible for operation and
maintenance of the installation. The facility does not need full-time personnel for 
operation. Adequate alarm and monitoring would allow periodic visitation. Normal
operation and maintenance requires knowledge of mechanical equipment. Typically, 
operators of water treatment and sewage treatment plants can adequately run the 
facilities. Many owners have a maintenance contract with the hydropower manufacturer 
for service and inspection of the hydropower unit. 
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CHAPTER 11 
COST ESTIMATES / ECONOMIC ANALYSES 

A. COST ESTIMATES

Implementation of the recommendations presented in this report will help improve the
District’s current infrastructure, resulting in improved water delivery, system operations, 
and overall efficiency for the District’s water users. The costs of a particular improvement
may determine whether or not the District pursues that recommendation. The more 
improvements pursued, the more the expense to the water users. We have attempted to 
present a “shopping list” of improvements and the associated costs so the District can
evaluate each type of structure individually as well as viewing the overall “big picture”
based on quantities recommended for the first two priority categories.

Cost estimates for each preliminary design discussed in Chapter 4 and included in the
Priority #1 Category are shown in Table 11.1. This table shows the anticipated total loan
from WWDC, the annual loan repayment, the annual cost per acre, and the total cost per 
acre. The calculations are based on the total service area of the Cody Canal Irrigation
District, which is approximated at 11,433 acres. All of these calculations are defined and
discussed in this section. The District’s current minimum assessment is equivalent to a 5 
acre parcel, regardless of the property size. These calculations are based on the total 
service area and associated assessments, we did not break down the assessments per
land owner or minimum property size. Therefore, it is entirely possible that the more 
income would be generated and the proposed loans could be paid off quicker.

The probable cost estimates for each recommended improvement includes assumptions 
and estimates previously stated in this report. Changes in locations, sizes, and concept 
approach may affect the costs shown. These costs may be used to determine if the 
project is feasible. Final design and construction documents should be used to estimate
the actual construction cost of the project prior to installation.

The estimated final engineering design fees associated with the improvements vary 
based upon the structure. Generally, these fees range between 6% and 12% per 
structure. The same engineering efforts are required for large projects as for small 
projects when it comes to preparing plans and specifications. Often, the engineering 
design fee is a higher percentage of the total construction cost for a small project than it 
is for a larger project. Additionally, the engineering design fees for a single structure may
appear skewed because in reality, the fee is not for that single structure, but for that 
single design which may be used in multiple locations. So, although an engineering fee
of 10% may be shown for a single headgate design, that “standard” design may actually
require a higher engineering fee. We have presented the costs this way with the 
understanding that multiple headgates would be installed, and in the long term, the total 
engineering fees would then cover the design of the “standard structure”. Design fees 
would not be required with each new headgate once the “standard” is designed,
assuming the site conditions are not drastically different at each installation. In the end,
the engineering fees for the first “standard” structure may be higher than presented here
for a single structure, but would be reduced when considering the total number of 
structures installed over time. 
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Where appropriate, the engineering design fees also include survey fees. We have 
anticipated that at many structure locations, the site will need to be surveyed in order to
prepare the final engineering plans. At some sites, additional survey may be 
recommended and required upstream of the actual structure site.
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Table 11.1 Cost Estimate Summary for Priority Category #1

Total acres = 11,433
Annual loan repayment assumes a 20 year loan for the 33% of the total project cost at 4% interest.

Priority Category #1

Construction
Subtotal

Construction
Phase

Services Subtotal Contingency
Construction

Total
Engineering

Design
Permitting / 
Mitigation Legal Fees

Land
Acquisition Grand Total

Quantity
Priority #1 Total Project Total Loan

Annual Loan 
Repayment

Annual
Cost per 

Acre

Total
Cost per 

Acre
WWDC

Eligible?
15%  (% varies) 5% 2% 2% 33% of Total

A Concrete Pier Check $31,900 $3,200 $35,100 $5,300 $40,400 $2,000 $0 $0 $0 $42,400 4 $169,600 $56,000 ($4,121) $0.36 $7.21 Y

B Removal Pier Check $22,900 $2,300 $25,200 $3,800 $29,000 $2,300 $0 $0 $0 $31,300 4 $125,200 $41,400 ($3,046) $0.27 $5.33 Y

C Duck-bill Weir Check $28,400 $2,900 $31,300 $4,700 $36,000 $2,900 $0 $0 $0 $38,900 4 $155,600 $51,400 ($3,782) $0.33 $6.62 Y

D Overshot Manual Gate Check $41,000 $4,100 $45,100 $6,800 $51,900 $3,300 $0 $0 $0 $55,200 4 $220,800 $72,900 ($5,364) $0.47 $9.38 Y

E Overshot Automated Gate Check $72,500 $7,300 $79,800 $12,000 $91,800 $4,400 $0 $0 $0 $96,200 4 $384,800 $127,000 ($9,345) $0.82 $16.35 Y

F Headgate F $5,200 $600 $5,800 $900 $6,700 $600 $0 $0 $0 $7,300 7 $51,100 $16,900 ($1,244) $0.11 $2.18 Y

G Headgate G $4,700 $500 $5,200 $800 $6,000 $500 $0 $0 $0 $6,500 7 $45,500 $15,100 ($1,111) $0.10 $1.94 Y

H Headgate H $4,100 $500 $4,600 $700 $5,300 $500 $0 $0 $0 $5,800 7 $40,600 $13,400 ($986) $0.09 $1.72 Y

J Spillway $13,800 $1,400 $15,200 $2,300 $17,500 $1,700 $0 $0 $0 $19,200 1 $19,200 $6,400 ($471) $0.04 $0.82 Y

J Automated Spillway $39,100 $4,000 $43,100 $6,500 $49,600 $4,000 $0 $0 $0 $53,600 1 $53,600 $17,700 ($1,302) $0.11 $2.28 Y

N Diamond Creek Flume: Siphon $348,000 $28,900 $376,900 $56,535 $433,435 $40,700 $18,900 $7,600 $7,600 $508,300 1 $508,300 $167,800 ($12,347) $1.08 $21.60 Y

N Diamond Creek Flume: Concrete Lining and Fill $488,800 $48,400 $537,200 $80,580 $617,780 $49,900 $26,900 $10,800 $10,800 $716,200 1 $716,200 $236,400 ($17,395) $1.52 $30.43 Y

N Diamond Creek Flume: Coating $30,000 $4,700 $34,700 $5,205 $39,905 $10,300 $0 $0 $0 $50,300 1 $50,300 $16,600 ($1,221) $0.11 $2.14 Y

P Sulphur Creek Flume: Siphon $385,500 $37,000 $422,500 $63,375 $485,875 $40,100 $21,200 $8,500 $8,500 $564,200 1 $564,200 $186,200 ($13,701) $1.20 $23.97 Y

P Sulphur Creek Flume: Concrete Lining and Fill $3,930,700 $78,614 $4,009,314 $601,397 $4,610,711 $707,600 $200,500 $80,200 $80,200 $5,679,300 1 $5,679,300 $1,874,200 ($137,907) $12.06 $241.24 Y



This survey would help determine the high water line in the canal and would be used to
verify that the new structure design is not negatively impacting the upstream water level.

An additional 10% has been added for construction phase engineering services as 
requested by WWDC. A 15% contingency has been included in the total project cost,
also requested by WWDC.

For projects such as the hydropower plant, Diamond Creek Flume, and Sulphur Creek 
Flume, additional estimates are provided to cover several potential fees outside of 
engineering design and construction. Permitting and mitigation costs are estimated 
based on the location of the project and the anticipated efforts required for permitting or 
mitigating. Legal fees associated with these projects are based on assumed time to 
complete necessary legal work. Land acquisition may be necessary to complete some 
recommended projects and estimates are made for this line item.

The annual loan repayment is based on repaying the District’s portion of the project cost 
(which is 33% of the total project cost) at 4% interest over 20 years. This assumes the
WWDC provides a 67% grant and 33% loan at 4% over 20 years. The total cost per acre
is based on a 20 year loan at 4% interest and 11,433 acres within the Cody Canal 
Irrigation District. 

Prioritization Shopping List

In addition to Table 11.1, Table 11.2 was developed to include cost estimates for each 
preliminary design discussed in Chapter 4 and in the Priority #2 Category. 

Both cost estimate tables present all options for each structure described in Chapter 4. 
Therefore, the lists can be used as “shopping lists”. Not all options and costs presented
are necessarily recommended and a summation of the line items is not the total cost the 
District should study. Instead, the District should use these lists to see the different costs 
associated with the varied design alternatives of each recommended improvement.
Based on the level of structure, SCADA installation, and other decisions made by the
Board, the overall costs by adding the selected structure costs can be determined. For 
instance, all five check structure options are listed and we recommend the District select
one of those options as a new District standard that will be used in multiple locations.

The Tables presented are broken out by Priority Category in order to show the number 
of each structure included in that priority category. Four check structures are
recommended for immediate improvement, within the next 5 years, as part of Priority 
Category #1. There are 19 check structures included in Priority Category #2 that are 
recommended for replacement in years 6 through 10. 

The prepared tables will allow the District to compare specific structure design
alternatives as well as total costs associated with the recommended improvements in 
the next 10 years. 

Detailed cost estimates for each structure presented are included in the Appendix.
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Table 11.2 Cost Estimate Summary for Priority Category #2 and Beyond

Total acres = 11,433

Annual loan repayment assumes a 20 year loan for the 33% of the total project cost at 4% interest.
Priority #2 Group

Construction
Subtotal

Construction
Phase

Services Subtotal Contingency
Construction

Total
Engineering

Design
Permitting / 
Mitigation Legal Fees

Land
Acquisition Grand Total

Quantity
Priority #2 Total Project Total Loan

Annual Loan 
Repayment

Annual
Cost per 

Acre

Total
Cost per 

Acre
WWDC

Eligible?
15%  (% varies) 5% 2% 2% 33% of Total

A Concrete Pier Check $31,900 $3,200 $35,100 $5,300 $40,400 $2,000 $0 $0 $0 $42,400 19 $805,600 $265,900 ($19,565) $1.71 $34.23 Y

B Removal Pier Check $22,900 $2,300 $25,200 $3,800 $29,000 $2,300 $0 $0 $0 $31,300 19 $594,700 $196,300 ($14,444) $1.26 $25.27 Y

C Duck-bill Weir Check $28,400 $2,900 $31,300 $4,700 $36,000 $2,900 $0 $0 $0 $38,900 19 $739,100 $244,000 ($17,954) $1.57 $31.41 Y

D Overshot Manual Gate Check $41,000 $4,100 $45,100 $6,800 $51,900 $3,300 $0 $0 $0 $55,200 19 $1,048,800 $346,200 ($25,474) $2.23 $44.56 Y

E Overshot Automated Gate Check $72,500 $7,300 $79,800 $12,000 $91,800 $4,400 $0 $0 $0 $96,200 19 $1,827,800 $603,200 ($44,385) $3.88 $77.64 Y

F Headgate F $5,200 $600 $5,800 $900 $6,700 $600 $0 $0 $0 $7,300 22 $160,600 $53,000 ($3,900) $0.34 $6.82 Y

G Headgate G $4,700 $500 $5,200 $800 $6,000 $500 $0 $0 $0 $6,500 22 $143,000 $47,200 ($3,473) $0.30 $6.08 Y

H Headgate H $4,100 $500 $4,600 $700 $5,300 $500 $0 $0 $0 $5,800 22 $127,600 $42,200 ($3,105) $0.27 $5.43 Y

J Spillway $13,800 $1,400 $15,200 $2,300 $17,500 $1,700 $0 $0 $0 $19,200 3 $57,600 $19,100 ($1,405) $0.12 $2.46 Y

J Automated Spillway $39,100 $4,000 $43,100 $6,500 $49,600 $4,000 $0 $0 $0 $53,600 3 $160,800 $53,100 ($3,907) $0.34 $6.83 Y

K Drop $23,500 $2,400 $25,900 $3,900 $29,800 $2,400 $0 $0 $0 $32,200 10 $322,000 $106,300 ($7,822) $0.68 $13.68 Y

O Newton Avenue Chute - without bridge & channel repairs $95,300 $1,700 $97,000 $14,600 $111,600 $20,400 $0 $0 $0 $132,000 1 $132,000 $43,600 ($3,208) $0.28 $5.61 Y

O Newton Avenue Chute - with bridge & channel repairs $105,300 $1,600 $106,900 $16,100 $123,000 $19,600 $0 $0 $0 $142,600 1 $142,600 $47,100 ($3,466) $0.30 $6.06 Y

Other Structures Not Already Shown

I Pump Turnout (quantity shown for costs, not a prioirty) $3,600 $400 $4,000 $600 $4,600 $400 $0 $0 $0 $5,000 1 $5,000 $1,700 ($125) $0.01 $0.22 Y

L Long-throated Flume (Priority Category #3) $35,400 $3,600 $39,000 $5,900 $44,900 $2,900 $0 $0 $0 $47,800 1 $47,800 $15,800 ($1,163) $0.10 $2.03 Y

M Glory Hole Drop (Priority Category #3) $109,800 $8,800 $118,600 $17,800 $136,400 $13,300 $0 $0 $0 $149,700 1 $149,700 $49,500 ($3,642) $0.32 $6.37 Y



Ability to pay

The District’s ability to implement these improvements is based on the ability to increase
the annual water user assessments to repay the loans from WWDC. Currently, the total 
annual assessment is $16 per acre with an $80 minimum. Including the $1.25 per acre 
additional construction assessment for repaying the Wyoming State Farm Loan Board
loan (approximately $500,000 which was successfully paid off at the end of 2005), the
total assessment for 2005 was $17.25 per acre or $86.25 minimum. 

Presuming the District does not decrease the annual assessment now that the loan is 
paid off; an annual income of approximately $14,300 (based on the total number of 
acres and not accounting for the “minimum” assessments) would be available for 
repayment of a new WWDC for the recommended improvements.

The District estimates an annual increase of $0.50 to $0.75 per acre per year. This 
continued increase could assist in repayment of loans for future improvements as well. 

A special assessment for some of the recommended improvements could be added to
the existing annual assessments. For instance, a special assessment for the 
replacement of the Sulphur Creek Flume with a siphon may result in a special
assessment of $1.24 per acre per year as shown in Table 11.2.

Hydropower Cost Estimate

The cost estimates for the Purvis Drop were upgraded with consideration of the 
preliminary design. The major items for the hydropower system were included in the 
estimates. These included the canal diversion, pipeline, hydropower station and power 
lines. The standard WWDC cost estimate format was used to develop total project costs.
The hydropower station costs were estimated from generalized station costs related to 
head. The total estimated project costs for the Purvis Drop are $4,750,000 as shown in 
Table 11.3. 

It should be noted that the WWDC does not offer a grant program for hydropower facility 
projects, only a loan program. However, items that could qualify for grants include the
canal diversion, pipeline drop, and hydropower facility by-pass. 
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Table 11.3 Purvis Drop Hydropower Facility Cost Estimate 
Item Units Quantity Unit Cost Cost
Mobilization L.S. -- -- 200,000
Canal Diversion 
Structure L.S. -- -- 75,000
Hydro Station
Concrete C.Y. 500 400 200,000
Building S.F. 1,000 200 200,000
Mech. L.S. -- -- 100,000
Hydro Turbine K.W. 1,700 800 1,360,000
48" By-Pass 
Pipe L.F. 200 400 80,000
48" Valves Ea. 3 20,000 60,000
Site Work L.S. -- -- 100,000
SCADA L.S. -- -- 100,000
48" Pipeline L.F. 1,500 300 450,000
Power Lines Mile 3 100,000 300,000

Construction Cost Sub-
Total: 3,225,000

10% Engineering: 322,500
Sub-Total: 3,547,500

15% Contingency: 532,125
Construction Cost Total: 4,079,625

Preparation of Final Designs 
and Specifications: 300,000

Permitting and Mitigation: 250,000
Legal Fees: 50,000

Acquisition of Access and
Rights of Way: 25,000

TOTAL PROJECT COST: $4,679,625

USE: $4,750,000

B. FUNDING AND PAYMENT PLAN 

Construction Funding 

If the Cody Canal Irrigation District pursues the recommendations stated in this report,
they may continue to receive assistance from the Wyoming Water Development
Commission (WWDC). The District could proceed with application to WWDC for Level
III, final design and construction on any number of the recommended improvements.

Construction funding is available from WWDC as a 33 / 67 proportional loan to grant
split. WWDC will provide the District with a grant of at least 67% for construction
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improvements of the existing canal system. The remaining 33% of the construction cost
would be a loan from WWDC. Current terms for these concessionary loans are 20 years 
at an interest rate of 4%.

Long Term Replacement Fund for the District 

A long term replacement fund is recommended. This fund would collect and set aside
funds for the eventual improvements of the system. This fund is essentially a savings 
account that the District maintains and can access for improvements or replacements 
throughout the system as required. Assessments from shareholders would be placed in 
this fund and used as authorized improvements are made by the Board of Directors. 

Potential Hydropower Financing 

The standard financing plan offered for hydropower projects by the WWDC is a 100% 
loan. We have assumed that a 30-year loan with 4% interest would be available. The 
cash flow for sale of the power to PacifiCorp under both non-firm and firm conditions are
shown in Table 11.4 and Table 11.5, respectively. Operation and maintenance costs
were increased at a 3% annual rate.

As shown in the tables, the cash flow in the early years of the project are unfavorable
under all scenarios. Table 11.4 indicates that with non-firm power generation sold to 
PacifiCorp, the project does not show a positive cash flow for the entire period. Table 
11.5 indicates that with firm power sold to PacifiCorp, the cumulative project costs are
not positive until 2018. 
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Table 11.4 Purvis Drop – PacifiCorp – Non-Firm Power Standard Financing Plan (100% 
Loan at 4% for 30 years) 

Year
Revenue

($/Yr)

$4.75M
Loan

Payment
($/Yr)

3%
Operation
& Maint. 

($/Yr)

Total
Costs
($/Yr)

Cash Flow
($/Yr)

Cumulative
Revenue

($)
2006 250,290 274,550 75,000 349,550 -99,260 -$99,260
2007 210,635 274,550 77,250 351,800 -141,165 -$240,425
2008 227,115 274,550 79,568 354,118 -127,003 -$367,428
2009 217,845 274,550 81,955 356,505 -138,660 -$506,087
2010 221,450 274,550 84,413 358,963 -137,513 -$643,600
2011 235,355 274,550 86,946 361,496 -126,141 -$769,741
2012 263,165 274,550 89,554 364,104 -100,939 -$870,680
2013 275,010 274,550 92,241 366,791 -91,781 -$962,460
2014 276,555 274,550 95,008 369,558 -93,003 -$1,055,463
2015 280,675 274,550 97,858 372,408 -91,733 -$1,147,196
2016 287,885 274,550 100,794 375,344 -87,459 -$1,234,655
2017 295,095 274,550 103,818 378,368 -83,273 -$1,317,927
2018 301,790 274,550 106,932 381,482 -79,692 -$1,397,619
2019 310,030 274,550 110,140 384,690 -74,660 -$1,472,279
2020 317,755 274,550 113,444 387,994 -70,239 -$1,542,519
2021 325,995 274,550 116,848 391,398 -65,403 -$1,607,921
2022 334,235 274,550 120,353 394,903 -60,668 -$1,668,589
2023 342,990 274,550 123,964 398,514 -55,524 -$1,724,113
2024 351,230 274,550 127,682 402,232 -51,002 -$1,775,115
2025 360,500 274,550 131,513 406,063 -45,563 -$1,820,678
2026 370,285 274,550 135,458 410,008 -39,723 -$1,860,401
2027 379,555 274,550 139,522 414,072 -34,517 -$1,894,919
2028 389,340 274,550 143,708 418,258 -28,918 -$1,923,836
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Table 11.5 Purvis Drop – PacifiCorp –Firm Power Standard Financing Plan (100% Loan 
at 4% for 30 years)

Year
Revenue

($/Yr)

$4.75M
Loan

Payment
($/Yr)

3%
Operation
& Maint. 

($/Yr)

Total
Costs
($/Yr)

Cash Flow
($/Yr)

Cumulative
Revenue

($)
2006 327,912 274,550 75,000 349,550 -21,638 -$21,638
2007 278,096 274,550 77,250 351,800 -73,704 -$95,342
2008 299,208 274,550 79,568 354,118 -54,910 -$150,252
2009 287,742 274,550 81,955 356,505 -68,763 -$219,014
2010 331,682 274,550 84,413 358,963 -27,281 -$246,295
2011 350,792 274,550 86,946 361,496 -10,704 -$256,999
2012 387,452 274,550 89,554 364,104 23,348 -$233,651
2013 404,040 274,550 92,241 366,791 37,249 -$196,401
2014 407,628 274,550 95,008 369,558 38,070 -$158,331
2015 414,544 274,550 97,858 372,408 42,136 -$116,195
2016 425,438 274,550 100,794 375,344 50,094 -$66,101
2017 436,332 274,550 103,818 378,368 57,964 -$8,136
2018 446,654 274,550 106,932 381,482 65,172 $57,036
2019 459,004 274,550 110,140 384,690 74,314 $131,350
2020 470,782 274,550 113,444 387,994 82,788 $214,137
2021 483,912 274,550 116,848 391,398 92,514 $306,652
2022 497,198 274,550 120,353 394,903 102,295 $408,947
2023 511,212 274,550 123,964 398,514 112,698 $521,645
2024 524,654 274,550 127,682 402,232 122,422 $644,067
2025 539,552 274,550 131,513 406,063 133,489 $777,556
2026 555,256 274,550 135,458 410,008 145,248 $922,804
2027 570,388 274,550 139,522 414,072 156,316 $1,079,119
2028 586,404 274,550 143,708 418,258 168,146 $1,247,266

For a past, similar project (Buffalo Hydropower Facility, 1995 which was part of the 
Buffalo Municipal Reservoir Project) the WWDC delayed the start of the periodic loan 
payback for five years or more. The potential benefits of delay include the opportunity for 
the Cody Canal Irrigation District to accumulate funds, and to take advantage of potential
increased power prices in the future. As shown in the tables, there is significant increase
in power revenues from 2011 to 2012.  The cash flow under the two purchase scenarios
with a five-year delay of start of payments are shown in Table 11.6 and Table 11.7. 
Table 11.6 indicates non-firm power generation sold to PacifiCorp with a 5-year loan 
payment delay. As shown, the cumulative revenue remains positive until 2018 due to the
accumulation in the first five years. However, long term, the project loses money. Table
11.7 indicates firm power sold to PacifiCorp with a 5-year loan payment delay. As 
shown, the cumulative revenue remains positive throughout the period. In fact, the 
project shows very favorable returns.

Cody Canal Irrigation District May 2006
- 142 -



Table 11.6 Purvis Drop – PacifiCorp – Non-Firm Power Alternate Financing Plan (100% 
Loan/Delayed at 4% for 30 years) 

Year
Revenue

($/Yr)

$4.75M
Loan

Payment
($/Yr)

3%
Operation
& Maint. 

($/Yr)

Total
Costs
($/Yr)

Cash Flow
($/Yr)

Cumulative
Revenue

($)
2006 250,290 0 75,000 75,000 175,290 $175,290
2007 210,635 0 77,250 77,250 133,385 $308,675
2008 227,115 0 79,568 79,568 147,548 $456,223
2009 217,845 0 81,955 81,955 135,890 $592,113
2010 221,450 0 84,413 84,413 137,037 $729,150
2011 235,355 274,550 86,946 361,496 -126,141 $603,009
2012 263,165 274,550 89,554 364,104 -100,939 $502,070
2013 275,010 274,550 92,241 366,791 -91,781 $410,290
2014 276,555 274,550 95,008 369,558 -93,003 $317,287
2015 280,675 274,550 97,858 372,408 -91,733 $225,554
2016 287,885 274,550 100,794 375,344 -87,459 $138,095
2017 295,095 274,550 103,818 378,368 -83,273 $54,823
2018 301,790 274,550 106,932 381,482 -79,692 -$24,869
2019 310,030 274,550 110,140 384,690 -74,660 -$99,529
2020 317,755 274,550 113,444 387,994 -70,239 -$169,769
2021 325,995 274,550 116,848 391,398 -65,403 -$235,171
2022 334,235 274,550 120,353 394,903 -60,668 -$295,839
2023 342,990 274,550 123,964 398,514 -55,524 -$351,363
2024 351,230 274,550 127,682 402,232 -51,002 -$402,365
2025 360,500 274,550 131,513 406,063 -45,563 -$447,928
2026 370,285 274,550 135,458 410,008 -39,723 -$487,651
2027 379,555 274,550 139,522 414,072 -34,517 -$522,169
2028 389,340 274,550 143,708 418,258 -28,918 -$551,086
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Table 11.7 Purvis Drop – PacifiCorp –Firm Power Alternate Financing Plan (100% 
Loan/Delayed at 4% for 30 years)

Year
Revenue

($/Yr)

$4.75M
Loan

Payment
($/Yr)

3%
Operation
& Maint. 

($/Yr)

Total
Costs
($/Yr)

Cash Flow
($/Yr)

Cumulative
Revenue

($)
2006 327,912 0 75,000 75,000 252,912 $252,912
2007 278,096 0 77,250 77,250 200,846 $453,758
2008 299,208 0 79,568 79,568 219,641 $673,399
2009 287,742 0 81,955 81,955 205,787 $879,186
2010 331,682 0 84,413 84,413 247,269 $1,126,455
2011 350,792 274,550 86,946 361,496 -10,704 $1,115,751
2012 387,452 274,550 89,554 364,104 23,348 $1,139,099
2013 404,040 274,550 92,241 366,791 37,249 $1,176,349
2014 407,628 274,550 95,008 369,558 38,070 $1,214,419
2015 414,544 274,550 97,858 372,408 42,136 $1,256,555
2016 425,438 274,550 100,794 375,344 50,094 $1,306,649
2017 436,332 274,550 103,818 378,368 57,964 $1,364,614
2018 446,654 274,550 106,932 381,482 65,172 $1,429,786
2019 459,004 274,550 110,140 384,690 74,314 $1,504,100
2020 470,782 274,550 113,444 387,994 82,788 $1,586,887
2021 483,912 274,550 116,848 391,398 92,514 $1,679,402
2022 497,198 274,550 120,353 394,903 102,295 $1,781,697
2023 511,212 274,550 123,964 398,514 112,698 $1,894,395
2024 524,654 274,550 127,682 402,232 122,422 $2,016,817
2025 539,552 274,550 131,513 406,063 133,489 $2,150,306
2026 555,256 274,550 135,458 410,008 145,248 $2,295,554
2027 570,388 274,550 139,522 414,072 156,316 $2,451,869
2028 586,404 274,550 143,708 418,258 168,146 $2,620,016

C. REVENUE GENERATION POSSIBILITIES

In addition to setting assessments higher to cover the recommended improvements,
several revenue generation possibilities have been discussed in this study. The District
may choose to develop a pump permit program which would generate additional 
revenue. Trail leases along the canals and laterals within new developments may 
generate additional revenue. 

Urbanization reviews, as suggested in this study will require Cody Canal Irrigation
District to incur costs for engineering and legal services. Above these fees, the District 
may choose to require a fee that could be an additional revenue source. This may also 
be considered a fee for allowing the canal modifications in a development.

Secondary supply opportunities have been discussed and may represent additional 
revenues for the District. A final revenue generating thought is to provide water to 
developers and contractors in new developments for short-term construction water 
purposes, presuming SEO permitting can be obtained.
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Potential Hydropower Revenue 

Two items were investigated for this task. The first item was to determine the potential 
customers for the hydropower. The second was to determine the potential prices that
could be paid for the power. The Purvis site and Sulphur Creek sites are in the 
PacifiCorp service area. The Newton site is in the City of Cody service area. 

PacifiCorp has “Avoided Cost Rates” on file with the Wyoming Public Service 
Commission (PSC). The rates are attached in the Appendix. The PacifiCorp rates 
include summer peak, winter peak, and firm capacity prices from 2006 to 2028. Firm 
capacity is defined as the minimum kw guaranteed in the months of May through
October. Under this definition, the Cody Canal flows would not qualify as firm power. If 
adequate flows could be guaranteed through October, the facility could qualify as a firm
power supplier.  The potential increase in power revenues could be approximately 30%
to 50% if the season could be extended and firm power could be produced.

The potential revenues, assuming that the power is sold to PacifiCorp, are summarized 
in Table 11.8 and Table 11.10. Table 11.8 assumes that the power generation reflects
current operation which yields non-firm power. The potential revenues were based on an 
average annual power production of 5.15 Mkwh (million kilowatt-hours). The maximum
potential hydropower production is not realized due to unavoidable interruption of 
generation. The potential hydropower production was reduced by 4% to 5% to estimate 
revenues. The revenues increase markedly in 2012. Table 11.10 assumes that the 
production season is extended through October by release of additional flows in the 
canal. The flow in the canal would not be allowed to fall below 150 cfs from May 1 
through November 1 to qualify for firm power benefits. The potential power production is 
shown in Table 11.9. The increase in flows not only qualify the facility for firm prices, but 
also increase the total power for sale. The power available for sale would increase to 6.5 
Mkwh. The revenues increase substantially from 2010 to 2012.

The City of Cody was contacted to determine the potential sale of the power to the City.
The City of Cody purchases power from the Wyoming Municipal Power Association
which in turn purchases power from the Western Area Power Authority (WAPA). The
group expressed some interest in purchasing the hydropower. The current price was 
quoted as 2.5 cents per kwh. This rate is substantially lower than the avoided rates of
PacifiCorp. Consequently, only the PacifiCorp avoided rates were analyzed. 
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Table 11.8 Purvis Drop Potential Revenue – PacifiCorp – Non-Firm Power 

Year kwh/Yr $/kwh
Revenue

($/Yr)
2006 5.15M 0.0486 $250,290
2007 5.15M 0.0409 $210,635
2008 5.15M 0.0441 $227,115
2009 5.15M 0.0423 $217,845
2010 5.15M 0.0430 $221,450
2011 5.15M 0.0457 $235,355
2012 5.15M 0.0511 $263,165
2013 5.15M 0.0534 $275,010
2014 5.15M 0.0537 $276,555
2015 5.15M 0.0545 $280,675
2016 5.15M 0.0559 $287,885
2017 5.15M 0.0573 $295,095
2018 5.15M 0.0586 $301,790
2019 5.15M 0.0602 $310,030
2020 5.15M 0.0617 $317,755
2021 5.15M 0.0633 $325,995
2022 5.15M 0.0649 $334,235
2023 5.15M 0.0666 $342,990
2024 5.15M 0.0682 $351,230
2025 5.15M 0.0700 $360,500
2026 5.15M 0.0719 $370,285
2027 5.15M 0.0737 $379,555
2028 5.15M 0.0756 $389,340

Table 11.9 Purvis Drop – Extended Season - Average Monthly Flows and Power 
Potential

Month Avg. Flow
(cfs)

Head (ft) Avg. kw kwh

April 72 140 685 493,200
May 153 129 1342 998,448
June 188 124 1585 1,141,200
July 188 124 1585 1,179,240

August 150 130 1326 986,544
September 150 130 1326 954,720

October 150 130 1326 986,544

TOTAL 6.74 Mkwh
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Table 11.10 Purvis Drop Potential Revenue – PacifiCorp – Firm Power 

Year kwh/Yr $/kwh

Firm
Capacity
$/kw/mo.

Firm
Power kw

Revenue
($/Yr)

2006 6.5M 0.0486 1.54 1300 $327,912
2007 6.5M 0.0409 1.57 1300 $278,096
2008 6.5M 0.0441 1.61 1300 $299,208
2009 6.5M 0.0423 1.64 1300 $287,742
2010 6.5M 0.0430 6.69 1300 $331,682
2011 6.5M 0.0457 6.89 1300 $350,792
2012 6.5M 0.0511 7.09 1300 $387,452
2013 6.5M 0.0534 7.30 1300 $404,040
2014 6.5M 0.0537 7.51 1300 $407,628
2015 6.5M 0.0545 7.73 1300 $414,544
2016 6.5M 0.0559 7.96 1300 $425,438
2017 6.5M 0.0573 8.19 1300 $436,332
2018 6.5M 0.0586 8.43 1300 $446,654
2019 6.5M 0.0602 8.68 1300 $459,004
2020 6.5M 0.0617 8.94 1300 $470,782
2021 6.5M 0.0633 9.29 1300 $483,912
2022 6.5M 0.0649 9.66 1300 $497,198
2023 6.5M 0.0666 10.04 1300 $511,212
2024 6.5M 0.0682 10.43 1300 $524,654
2025 6.5M 0.0700 10.84 1300 $539,552
2026 6.5M 0.0719 11.27 1300 $555,256
2027 6.5M 0.0737 11.71 1300 $570,388
2028 6.5M 0.0756 12.18 1300 $586,404
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CHAPTER 12 
FINAL COMMENTS AND RECOMMENDATIONS 

A. SUMMARY 

The Cody Canal Irrigation District is dedicated to improving water delivery consistency
and canal operating efficiency within the District’s service area. A review of the existing 
facilities and our work directly with the District staff has led to recommendations that are
presented in this report. Implementation of these recommendations will help the District
add structures or strengthen operations that will assist in water deliveries. 

A complete system inventory was completed and included locating every structure on 
the main canal and all laterals. A GPS point was taken at each structure and a field
evaluation of the structure was conducted and documented. The inventory was the basis 
for the recommendations developed in this study. GIS maps were created and utilized
during this project and are presented as a tool for the District to use as they proceed with 
internal improvements. 

The system review and concept design included multiple facets of the District’s 
conveyance system. A prioritization process was completed based on the inventory and
structure assessment. Four Priority Categories were identified and five Priority Levels
were included in each category. This prioritization was developed to guide the District 
with recommended improvements to be implemented in the next 0-5 years, 6-10 years, 
11-20 years, and then beyond 20 years.

Recommended structure improvements are presented in the form of preliminary designs 
for each structure. Several alternatives are presented for many of the structures such as 
the check structure. High priority improvements included the Diamond Creek Flume and 
the Sulphur Creek flume and multiple options are discussed. The hydropower potential 
at three sites was initially investigated and narrowed down to one potential site. The
Purvis Drop hydropower site and preliminary design concept are presented.

Secondary supply systems are presented in the report as a general discussion to 
provide background and case studies. As Cody Canal Irrigation District continues to see
urbanization pressure within the service area, the District should keep an open mind to 
how to best serve these new urban customers while maintaining and improving historic
operations.

Permitting and Environmental issues were reviewed and discussed in the report. 
Contacts were made with entities that may have jurisdiction over some of the 
recommended projects. Summaries of the permit process have been presented. Water
quality samples were taken at two locations, twice during the past irrigation season, to
provide the start of a database the District can keep to monitor any changing water 
quality conditions within the service area.

Operational plans presented should assist the District in better understanding the long
term operations necessary to implement the recommended structures and operations.
This report presented a wide range of operational plans that have been envisioned to
help improve the District’s overall operations, maintenance, and relationships. Included
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in this section were several “out-of-the-box” ideas that are presented for consideration by 
the District. 

Associated cost estimates for the proposed structure improvements presented in this 
report will allow the District to budget improvements in the short term and long term. The 
current funding mechanism through WWDC is explained and incorporated into the 
overall cost breakdown by acre. Annual and total assessments for each structure are
summarized in the cost estimate tables. 

For the hydropower preliminary design, the financial analysis indicates the conditions
under which the project could be feasible. Enhancement of revenue by generating firm 
power is needed. The canal flows available for hydropower production must be made
available from May 1 to November 1. The flows should remain at 150 cfs or higher 
throughout the six-month period to qualify as firm power. The feasibility of maintaining 
flows through November 1 should be investigated.

The financing package for the hydropower facility must have at least a five-year delay of 
the start of loan payments. This delay is needed to take advantage of the large
increases in revenue that would take place after the first five years. A previous WWDC 
funded hydropower facility project included a five-year delay so it is possible that the 
Cody Canal Irrigation District may also be able to reach a similar agreement with the 
WWDC. The avoided rates in the Appendix indicate these trends.

B. SPECIFIC RECOMMENDATIONS

The goal of this study was to provide the Cody Canal Irrigation District with a complete 
system inventory, structure assessment and prioritization, preliminary designs and cost
estimates, and operational plans and recommendations. Recommendations range from
performing construction of new structures to making changes within the Board makeup. 
We attempted to present a wide range of possibilities that may help the District improve
their water delivery efficiency as well as improve the internal operations and external 
relationships.

Specific recommendations resulting from this Level II study follow: 

1. Maintain the ArcView GIS map and utilize as a maintenance and planning tool: 

a. Purchase ArcView software 
b. Determine if the District staff will learn ArcView or if local support is 

needed
c. If staff are charged with this task, participate in educational classes or 

seminars for GIS 
d. Regularly update the GIS map and database

2. Request a Level III Project from the WWDC to finalize the design of the Diamond
Creek and Sulphur Creek Flumes based on the selected alternative.

3. Determine the preferred alternatives for each structure presented and request a 
Level III Project from the WWDC to finalize the designs of several high priority 
structures that can become District standards.
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4. Begin implementing construction projects to replace structures recommended.

5. Consider the District’s SCADA system options and further investigate the desired 
hardware and software bases. Begin implementing SCADA at individual sites 
such as spillways.

6. Discuss secondary supply opportunities within the District and determine how the 
District would like to move forward to implement ideas described in this report.

7. Continue monitoring the water quality within the District as outlined in this report 
or at other locations to develop a database. 

8. Implement operational plans that are appropriate for the District and which are 
not already be in place.

This study indicated that the Purvis Drop hydropower project could be financially feasible 
and potentially very beneficial to the Cody Canal Irrigation District. To advance the 
hydropower project, we recommend that the district apply to the WWDC for a Phase II, 
Level II Study. The following items should be included in the study:

1. Develop a detailed hydrological model to evaluate the water availability for 
season extension. The Big Horn Basin Study included a model which would be 
used as a resource.

2. Evaluate the environmental effects of the additional diversions. These effects
could be primarily potential aquatic effects.

3. Contact PacifiCorp to begin negotiations for the sale of the hydropower. The 
power company will require a connection study to determine the manner and 
requirements for selling the power. The applicant has to pay for this connection
study.

4. Develop preliminary designs and cost estimates for the project as finally 
formulated.

5. Contact the Federal Energy Regulatory Commission (FERC) and apply for a 
preliminary permit for the hydropower facility. Application for a facility license
should be initiated when the project is advanced to pursue Level III funding. This 
will initiate the FERC process. 

6. Negotiate with the WWDC for project financing. Important items are the potential 
for delay of payments and potential grants for portions of the project.  Items that 
could qualify for grants include the canal diversion, pipeline drop, and 
hydropower facility by-pass.

Cody Canal Irrigation District May 2006
- 150 -



BIBLIOGRAPHY 

Aisenbrey, A. J. Jr., Hayes, R. B., Warren, H. J., Winsett, D. L., & Young R. B. (1978). 
Design of Small Canal Structures. Englewood, CO: Water Resources 
Publications, LLC. 

Ayers, R. S., Westcot, D. W. (1994). Water Quality for Agriculture. Italy, Rome: Food and 
Agriculture Organization of the United Nations. 

Barta (Kullman), R. (2003). Improving Irrigation System Performance in the Middle Rio  
Grande Conservancy District. Colorado State University Master’s Thesis. 

Clemmens, A.J., R.J. Strand, and L. Feuer. (2003). Application of Canal Automation in 
Central Arizona. USCID Proceedings of the 2nd International Conference on 
Irrigation and Drainage, Phoenix, Arizona. 12 to 15 May. 

Clemmens, A., & Dedrick, A. R. (1984). Irrigation Water Delivery Performance. Journal 
of irrigation and drainage, 110, 1-13. 

Clemmens, A.J., R.J. Strand, L. Feuer, and B.T. Wahlin. (2002). Canal Automation 
System Demonstration at MSIDD. USCID Proceedings of the 2002 USCID/EWRI 
Conference, San Luis Obispo, California. 9 to 12 July. 

Engineering Associates. (1996, May). Cody Area Level II Water Supply Project. Report 
to Wyoming Water Development Commission. 

Hansen, R.D., B. Berger, and A. Hilton. (2002). www-Based Monitoring and Control for 
Over-Stressed River Basins. USCID Proceedings of the 2002 USCID/EWRI 
Conference, San Luis Obispo, California. 9 to 12 July. 

James M. Montgomery, Consulting Engineers, Inc. (1984, July). Analysis of Buffalo Bill 
Reservior Diversion Alternatives. Report to Wyoming Water Development 
Commission. 

James M. Montgomery, Consulting Engineers, Inc. (1986, January). Cody-Lakeview 
Irrigation Exchange Project – Level II Investigation Report. Report to Wyoming 
Water Development Commission. 

JGA Architects-Engineers-Planners. (1997, September). Cody Master Plan. Report to 
The City of Cody and the Planning, Zoning and Adjustment Board. 

Oakes, A., and B. Rodgerson. (2003). Advanced SCADA Networks Optimize the 
Operation of Water Resource Management Systems. USCID Proceedings of the 
2nd International Conference on Irrigation and Drainage, Phoenix, Arizona. 12 to 
15 May. 

Smith, S. W. (2003, November). Moderately Priced SCADA for Mutual Irrigation 
Companies. Paper presented at the Irrigation Association Annual Meeting. 

Smith, S. W. and D.O. Magnuson. (2005, October). Moderately Priced SCADA 
Implementation. Proceedings of the 2005 USCID Water Management 



Conference on SCADA and Related Technologies for Irrigation District 
Modernization. U.S. Committee on Irrigation and Drainage, Vancouver, 
Washington.  

U.S. Bureau of Reclamation. (1997). Water Measurement Manual. Denver, CO: U.S. 
Government Printing Office. 

Williams, M.L., Reddy, J.M., & Hasfurther, V. (1993). Calibration of Long Crested Weir 
Discharge Coefficient. Report to the Wyoming Water Resources Center. 




