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LOVELL IRRIGATION DISTRICT 
MASTER PLAN LEVEL I STUDY 
F I N A L  R E P O R T  

INTRODUCTION 

GENERAL  

The Lovell Irrigation District (LID) supplies water to lands on the south side of the Shoshone River near the 
towns of Byron and Lovell, Wyoming.  LID diverts water from the Shoshone River at Mormon Dam into the Elk-
Lovell Canal south east of Powell, Wyoming.  The Elk-Lovell Canal is the product of enlargements and 
extensions of the Roane Canal and Elk Ditch.  The upper 12 miles of the canal is shared with the Elk Water 
Users Association which irrigates approximately 3800 acres to the west of Coon Creek.  LID shares expenses 
with the Elk Water User Association along this reach of the canal.  Downstream (east) of Coon Creek the 
Lovell Canal consists of 26 miles of main canal and 7.5 miles of laterals (Bench and Moncur), irrigating 
roughly 11, 200 acres.  The majority of the District remains as open ditch with the exception of the Bench 
Lateral, over 75% of which has been converted to pipeline.  Major structures include the Mormon Dam, eight 
siphons, and four pipe drops. 

PURPOSE 

The project tasks for the Lovell Irrigation District Master Plan, Level I Study were intended to fulfill the 
following goals: 

1. Complete an updated inventory and assessment of the canal system.  Creation of Geographic 
Information System (GIS) was specified as the tool to accomplish this part of the task. 

2. Note system deficiencies and prepare a rehabilitation plan and cost estimates for any proposed 
improvements. 

3. Complete a financing plan to complete the proposed improvements. 

Below is a detailed discussion of the methodologies, conclusions, and recommendations used, drawn, and 
made as a result of this study.
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FIGURE 1 LID SYSTEM OVERVIEW 
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PROJECT TASKS 

Scoping and Project Meetings 

Sage Civil Engineering (SCE) personnel met with District personnel throughout the course of the project to 
discuss various items and tasks. The initial project-scoping meeting was held on August 16th, 2016 to discuss 
the project tasks, GIS mapping, and the other scope items.  A project meeting was held on December 13th, 
2016 to discuss project prioritization, financing, and siphon assessment.  A project meeting was held on March 
14th, 2017 to further discuss financing of proposed improvements.  A meeting was held on August 8th, 2017 to 
present the findings of the Draft Final Report. 

Information Collection and Literature Review 

PREVIOUS STUDIES 

Lovell Irrigation District Hydropower Study, Level II – May 1, 2003  

Completed in 2003, the purpose of this study was (1) evaluate system improvements that could be made to 
provide better service and reduce water shortages within the District, and (2) evaluate the feasibility for 
development of hydroelectric generating facilities within the District. 

The study outlined the following priorities for irrigation system improvements: 

1. Modify the management of the water within the system and begin record keeping and accountability 
for the water. 

2. Begin a program of constructing flow measurement structures within the District. 
3. Construct a new check structure at the Sand Draw pump site to provide additional flow to irrigators on 

the east end of the District. 
4. Convert sections of the Moncur and Bench Laterals from open lateral-to-pipe to reduce seepage and 

future maintenance. 

Recommendation four was partially implemented.  The Bench Lateral has nearly completely been converted to 
pipeline.    

Three sites were evaluated for potential hydropower production; the Pumpkin Center Drop, the Brown 
Cascade Drop, and along the May-Highline Ditch (would require rerouting canal flows along said ditch).  
While these sites do contain significant potential for the development of hydropower resources, the published 
electric rates at the time of the study would not produce a cash flow for the District after construction 
repayment, operation and maintenance, and future equipment replacement expenses. 

E. Coli Total Maximum Daily Loads for the Shoshone River Watershed, October 2013 – RESPEC Consulting & 
Services 

The main purposes of this study were to: 

1. Address E. coli impairments in the Shoshone River Watershed. 
2. Model bacteria concentrations to provide a framework for the Wyoming Department of 

Environmental Quality (WDEQ) and watershed managers to base management decisions. 
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3. Identify sources of bacteria pollution and address best management practice (BMP) implementation to 
reduce nonpoint source loads. 

4. Address BMP implementation to avoid future bacteria impairments. 

Based on findings within this study, the Shoshone River Watershed had eight impaired segments located 
downstream of Buffalo Bill Reservoir and upstream of the Big Horn Reservoir.  The eight impaired stream 
segments were Dry Gulch, Bitter Creek, Whistle Creek, Foster Gulch, Polecat Creek, Sage Creek, Big Wash, 
and a segment of the Shoshone River below Lovell, Wyoming (Wyoming Department of Environmental 
Quality, 2012).  The study identified the primary nonpoint sources of bacteria were attributed to - but not 
limited to - livestock, wildlife, and human and pet sources.  The study model results found the primary delivery 
mechanism for nonpoint source loads were directly related to runoff from irrigated lands, leakage from 
canals and drains, and irrigation return flows. 

The following recommendations were made: 

1. The study found effective BMP implementation could reduce the transport of nonpoint source pollution.  
BMP implementation may include improving irrigation efficiency to reduce leakage from canals and 
drains.  Improvements to irrigation systems may include ditch lining, ditch realignment, or installing a 
closed pipeline.  Irrigation improvements may also include the installation of pivot sprinkler systems 
rather than flood irrigation, which would reduce runoff and return flow of nonpoint source loads. 

2. The study recommends the implementation of a detailed monitoring plan to evaluate the ability to 
attain total maximum daily loads (TMDL’s).  The monitoring strategy would include monitoring and 
data collection sites located upstream and downstream of areas where canals enter the main stem of 
the Shoshone River or its tributaries.  The monitoring of canals and drains would help evaluate their 
contribution to the tributaries.  Continuous discharge data across a broad range of flow conditions 
would improve upon the TMDL model.  Continuous discharge monitoring, along with water quality 
sampling, would fill data gaps and improve upon the accuracy for future load calculations and help 
evaluate BMP implementation practices. 

None of the BMPs are mandatory.  However, due to the findings of this study, other funding sources may be 
available for projects that reduce bacteria transport in the watershed. 

System Assessment and Inventory, Creation of GIS 

The first step in any rehabilitation plan is to inventory what infrastructure currently exists and to assess what 
condition it is in.  The perfect tool to accomplish this task is a Geographic Information System (GIS).  
Consequently, the Creation of a Geographic Information System task has been included here along with the 
assessment and inventory of the system. 

APPENDIX A - GIS discusses in detail the GIS created as part of this project.  The abbreviated discussion 
below summarizes the process used to inventory, map, and ultimately create the GIS for the District.   

GIS STRUCTURE AND SYSTEM INVENTORY 

Prior to this project, there was no GIS created for the LID system. Therefore, a new GIS structure was 
established during the planning stages of the system assessment.  The new database structure was assembled 
in conjunction with the Wyoming Water Development Office (WWDO) project manager and the LID 
manager.  Several “coverages” were proposed.  Some are discussed in more detail in APPENDIX A - GIS 
and/or other sections.   
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Below is a list of the coverages included in the GIS. 

1. Base Mapping 
2. Canal System 
3. Water Rights Mapping  
4. Easements 

Base Mapping 

Base mapping generally consists of information obtained from outside sources.  It is of varying quality and is 
used for visual-reference purposes.  The following base mapping is included in the GIS: 

1. NAIP (National Agriculture Inventory Program) 2015 aerial photos were obtained from the USDA. 
2. County Ownership – Property lines and ownership information were obtained from Park and Big Horn 

Counties and included in the GIS. 
3. USGS 7.5 Minute Quadrangle Maps 
4. Streams and Rivers 
5. Roads and Highways 
6. Flood Plains 
7. Other canals in the area 

This information can be updated periodically as new information is produced.  For instance, Park and Big 
Horn Counties update their ownership maps to reflect subdivisions, changes in ownership, etc.  NAIP updates 
the aerial photos periodically and makes them available.   

Canal System Mapping 

The first step in inventorying the system was to determine what was going to be mapped and what data 
about each feature the District desired to have recorded.  The answers to these questions determine the basic 
structure of the canal system database.  Once this information was determined, field mapping could begin.    

To complete the mapping of the system, SCE personnel visited every feature in the system.  The following 
features were mapped in the field: 

1. Bridge 
2. Control Structure 
3. Simple Turnout 
4. Drain Inlet 
5. Measurement Location 
6. Open Ditch 
7. Pipeline 
8. Simple Node 
9. Undershot 
10. Vent 

Collection of field information was as detailed as possible within the time constraints of the project.  For data, 
not available in the field, the database was left blank.  This information was intended to be filled in at a later 
date, in some cases by SCE and in some cases by the District.  For instance, nearly every feature has a field 
called Construction_Date.  In some cases, the date of construction is cast into the concrete, and the date is 
known at the time it is mapped.  Where there was no date available, this field was left blank.  In all, 
approximately 425 separate features and approximately 47 miles of canal and laterals were mapped, 
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inventoried, and recorded.  Figure 2 is an example of the canal system mapping showing the data tables and 
document links. 

As discussed previously, one of the most powerful features of the GIS is the ability to link information and the 
ability to access it through the map at any time.  This is accomplished through the use of data tables in two 
steps.  First, a directory was created as part of the GIS.  This directory contains all the photos and other 
documents linked to the canal system features.  The second step was to create a data table to match each 
document with the unique identifier of its corresponding feature. 

There are several types of data tables included in the GIS.  The purpose of using multiple types of tables is to 
provide a better way to organize the different types of information.  The table name indicates the types of 
files linked through the tables.  The following tables are included:   

• Photos 

• Record Drawings 
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Feature S-L-0310 is selected 

S-L-0310’s attributes are 
highlighted in the Attribute Table 

The Documents Table is linked to 
the feature through its FeatureID.  
This table provides a link to the 
FilePath through this ID. 

FIGURE 2 GIS MAPPING OVERVIEW 
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Documents are linked to the individual features through the unique identifier assigned during mapping and 
provide a hot link to a particular video, photo, or record drawing. 

The Site Visit Table is provided for use by the District and can contain information on site visits to each entity.  
After each visit, the following information can be entered and stored in this table:     

• Date of Visit 

• Duration 

• Visit Type 

• Notes 

Like the other tables, every entry is related to its mapping feature through the FeatureID.  Both of these tables 
will include a one-to-many relationship with the mapped feature classes.  For example, a Control Structure 
could have several site visits, photos, or record drawings associated with it.  Figure 2 illustrates the 
relationship of the data tables with the mapped features and how to access the data in the map. 

The purpose of the Site Visit Table is to provide the District with a way to track notes/activities while they are 
in the field performing maintenance or improvements on a structure, pipeline, or ditch.  With this table, the 
user can select a structure and immediately see all the recorded visits, what took place, and any important 
notes or comments. 

SYSTEM ASSESSMENT 

At the time each feature was mapped, an assessment of its condition was completed.  The rating process is 
discussed in more detail in APPENDIX A - GIS.  The condition of the features was rated based on a scale of 1 
to 5, with 5 being the worst.  In addition to these ratings, the open channels were rated on scales of 1-3 for: 

1. Breach Risk 
2. Evidence of seepage 
3. Mossing 

The range was reduced for these attributes.  It was determined that it was not necessary to have 5 levels of 
rating to adequately describe the reaches.  Three levels were considered adequate. 

An additional attribute “OTHER_DAMAGE” was also included.  This attribute (a “YES” or “NO” value) 
indicates whether the mapper felt there was damage that did not fall within any of the other attributes.  The 
NOTES field or photos were then added to describe what that damage might be or other information the 
mapper thought pertinent.     

These attributes can be used to flag problem areas.  For instance, the symbology used to display the various 
features in the GIS can be changed so that the colors are changed by the seepage rating, as shown for the 
open ditch feature class in Figure 3.  None of these attributes are meant to be static.  In other words, we 
expect the users to be changing and updating these values as they review the system and the conditions 
change or if they disagree with our assessment. 

Figure 3 also shows the data table docked at the bottom of the screen.  These tables are similar to an excel 
spreadsheet in that the data can be sorted, rearranged, and features selected.  It is a powerful way to 
review the features.  For instance, all the features in a feature class can be sorted by condition in descending 
order.  Completing this action will place all the features with the worst ratings for condition at the top of the 
table, allowing them to be quickly reviewed and found on the map.  From that point, further investigation of 
the pictures, location, etc. can be completed. 
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Current Operations and Irrigation Efficiency Analysis 

During the creation of any rehabilitation plan, it is important to understand the operations of the system.  This 
task is intended to provide the opportunity to do this.     

OPERATIONS EVALUATION 

GENERAL 
The Elk-Lovell Canal supplies water to ±15,000 acres along its 38-mile length.  For the first 12 miles of the 
canal (downstream from its diversion from the Shoshone River to approximately the Coon Creek Siphon) the 
operation and maintenance is shared with the Elk Water Users Association which irrigates roughly 3,800 
acres, largely to the west of Coon Creek.  Downstream (east) of Coon Creek the Lovell Canal consists of 26 
miles of main canal and 7.5 miles of laterals (Bench and Moncur), irrigating roughly 11,200 acres.  The 
majority of the system is open ditch with the exception of the Bench Lateral, of which 75% has been converted 
to pipeline.  The District staff consists of a manager and two ditch riders.  The District is governed by a board 
of commissioners that meets monthly.   

Irrigation waters originating from the Shoshone River are diverted into the Elk-Lovell system at Mormon Dam.  
The canal generally parallels the Shoshone River along higher ground to the south.  The conveyed water 
irrigates lands to the north of the canal, between the canal and the river.  At mile 7.5 (all mileages are 
measured downstream from Mormon Dam) near the Park/Big Horn County line, the Elk Canal diverges from 
the Lovell Canal. At mile 12, Coon Creek Siphon, the Elk-Lovell Canal becomes the Lovell Canal and all water 
deliveries downstream of this location irrigate lands within the Lovell Irrigation District.  Along the 26-mile 
length of the Lovell Canal the majority of field turnouts are located along the main canal itself, with the 
remaining acreages irrigated from two system laterals, the Moncur and the Bench.  The Moncur Lateral diverts 
from the main canal at mile 18 and irrigates approximately 1,200 acres located on the west side of the 
Foster Gulch drainage.  The Bench Lateral diverts from the main canal at mile 23.5 and irrigates 
approximately 2,900 acres located south of town of Lovell.  

CURRENT SYSTEM OPERATION 
The LID is an expansive system consisting of a main canal stretching nearly 40 miles in length.  While this 
extensive length presents challenges related to the extended travel times of flow adjustments, the system’s 
layout has relatively few crucial points of operation - those locations where the largest flows enter, divide, 
and/or leave the delivery system.  These crucial points of operation are shown in Figure 4 and summarized 
below. 

River Diversion 

Diversion flows from the Shoshone River are controlled by two radial gates located at Mormon Dam consisting 
of on Ogee crest and a radial gate to sluice sediment near the radial gates that control the canal.  As minimal 
adjustments are regularly made at the radial gates, a spill structure located approximately 250 feet 
downstream of the diversion along the canal aides in maintaining water-surface elevations in the canal. 

Existing Lovell Canal Measurement Locations 

Diversion flows are measured at an SEO-maintained flume structure located at mile 2.3 near where the canal 
crosses Road 5.  Flows in the main canal are also measured at a Parshall flume located at mile 23.5 
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immediately downstream of the Bench Lateral diversion.  However, during our structural review, we 
determined that this Parshall is significantly out of level making any flow measurements suspect. 

Flows along the Moncur Lateral are measured at a Parshall flume located roughly one-half mile downstream 
of its diversion from the main canal.   

Field turnouts, with the exception of those located along the piped reaches of the Bench Lateral, do not have 
existing measurement capabilities.   

Elk Diversion 

Diversions to the Elk Canal are adjusted by means of a 36-inch canal gate, and the stage is monitored using a 
staff gauge and flows are calculated by rating the channel at this location.   

Lateral Diversions – Moncur and Bench 

The Moncur Diversion consists of a fixed check structure to maintain water surface elevations in the canal, 
while diversions to the Moncur Lateral are regulated with a 48-inch canal gate.   

The Bench Diversion consists of an adjustable check structure consisting of two 4-foot-wide stop log bays 
located along the main canal to maintain water surface elevations while diversion flows to the Bench Lateral 
are regulated with two additional 4-foot-wide stop log bays.  

Spill Locations 

Ten spill structures are located along the main canal, the majority of which are located directly upstream of 
the system’s siphons.  Generally, these structures consist of multiple 4-foot-wide stop log bays and spill excess 
water from the top of the water column into respective drainages. 

TABLE 1 EXISTING SPILL LOCATIONS 

Existing Spill Locations MI
Below Diversion 0.1
Roan Wash 4.6
Whistle Creek 7.9
Coon Creek 12.0
Sand Draw 14.2
Foster Gulch 18.8
DS of Bench 24.5
Sand Draw 2 29.1
Sand Draw 2b 30.8
Unnamed 32.9  
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FIGURE 4 SYSTEM OPERATION OVERVIEW 
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Operation 

Ditch rider responsibilities consist of operating the main diversion, the two lateral diversions, and the main 
canal spill locations. Minimal existing measurement infrastructure limits the operator’s ability to track flows 
throughout the system.   Additionally, settlement of the two existing Parshall flumes is likely producing errors in 
flow measurements at these locations.   

The configuration of the LID system dictates its operation.  The diversion structure is located a substantial 
distance from the majority of the acreages it irrigates and minimal reuse of wastewater requires excess flows 
to be conveyed along the majority of the canal to ensure water is available within a reasonable timeframe 
when needed.  These excess flows are regularly spilled along the upper reaches of the system when not in 
demand (Figure 5).  During certain portions of the irrigation season the lower reaches of the main canal and 
Bench Lateral can experience shortages in available flows. 

FIGURE 5 EXCESS SPILL FLOWS 

 

Over time, deposition of sediment (Figure 6) has resulted in a reduction in capacity along certain reaches of 
the canal.  This increases operating stage to bankfull in many locations. During field mapping, multiple 
locations with flows overtopping the canal bank were observed (Figure 7).  Since the majority of the canal 
does not undergo regular ditch cleaning, sedimentation is exacerbated as deposition reduces depth and as a 
result increases width.   
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FIGURE 6 SEDIMENTATION 

 
FIGURE 7 CANAL OVERTOPPING 

 

Individual water users adjust their respective turnout structures/check structures to provide for the delivery of 
their water.  Many water users are required to prop boards vertically at their respective check structures 
(Figure 8) in order to maintain adequate water surface elevations in the main canal to provide for their 
delivery flows.  These check structures are fixed, in that they do not allow for adjustments to be made in order 
to maintain a consistent water surface elevation throughout a range in flows.   
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The extent of the improvised adjustments at these check structures could likely be reduced for some locations 
by more frequent cleaning of field delivery ditches adjacent to the canal.  Significant sedimentation was 
observed within some of these ditches during field visits.  The sedimentation within these field ditches requires 
increased water surface elevations within the main canal in order to provide the same delivery flow as a 
lower water surface elevation would with no sedimentation.  As a result, over-checking of the check structures 
is required in order to maintain these higher water surface elevations.  This over-checking reduces the amount 
of available freeboard resulting in an increase in potential for canal breach, potential flanking of the check 
structure, and increased deposition of sediment. 

FIGURE 8 IMPROVISED CHECK STRUCTURE ADJUSTMENTS 

 

ON-FARM IRRIGATION EFFICIENCY 

Irrigation efficiency is the ratio between the quantity of water actually utilized by growing crops and the 
amount of water supplied through irrigation (a combination of delivery system efficiency and application 
efficiency).  Delivery system efficiency is the amount of water it takes to deliver the flow rate to the field to 
which the irrigator is entitled.  In other words, if he is entitled to 2 cubic feet per second (cfs) at his headgate, 
how many cfs must be diverted to get that amount to him?  Application efficiency is the ratio of the amount of 
water consumed by the crop to amount of water applied by the irrigator. 

According to State Engineer’s Office (SEO) data, the maximum flow diverted over the past five years was 
426 cfs which is considered the maximum capacity of the canal as observed operational stages were at or 
near bankfull.  Over the past five years mean flows diverted into the Elk-Lovell system was 335 cfs.  
Consumptive use requirements for crops grown within the district are summarized below in Table 2.   
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TABLE 2 CONSUMPTIVE USE REQUIREMENTS 

Consumptive Use Requirements - Existing Cropping Pattern

Percent Acreage Min (in) Max (in) Min (in) Max (in) Min (ac-ft) Max (ac-ft) Min (cfs) Max (cfs)
Grass Hay 30% 4662 29.95 41.6 23.54 37.49 11636 16162 29.8 41.4

Alfalfa Hay 30% 4662 31.47 43.7 25.07 39.59 12227 16978 31.3 43.5
Corn 15% 2331 23.66 30.57 16.79 27.94 4596 5939 11.8 15.2

Sugar Beets 10% 1554 25.51 33.56 19.21 30.55 3304 4347 8.5 11.1
Barley 10% 1554 15.14 24.63 11.06 21.73 1961 3190 5.0 8.2
Beans 5% 777 17.32 22.84 12.05 21.4 1122 1479 2.9 3.8
Total * 100% 15539 34846 48095 89.2 123.1

*Total includes all Elk and Lovell System Acreages (Irrigated Lands)
**CU used instead of CIR to account for drought conditions (precipitation = 0 in)
***Growing Season (Lovell Region) 197 days (4/2-10/15)

Flow Rate ***

Crop

Portion of LID 
System Total*

Consumptive Use 
(CU)

Consumptive 
Irrigation 

Requirement (CIR)
Total Volume**

 

Consumptive Use Requirements - Potential Min.-Max. Cropping Pattern

Percent Acreage Min (in) Max (in) Min (in) Max (in) Min (ac-ft) Max (ac-ft) Min (cfs) Max (cfs)

Barley 100% 15539 15.14 24.63 11.06 21.73 19606 31894 50.2 81.6

Alfalfa Hay 100% 15539 31.47 43.7 25.07 39.59 40752 56588 104.3 144.8

Minimum Use

Maximum Use

Crop

Portion of LID 
System Total*

Consumptive Use 
(CU)

Consumptive 
Irrigation 

Requirement (CIR)
Total Volume** Flow Rate ***

 

Since the flow data available from the SEO is for the Elk-Lovell system as a whole, the irrigation efficiency for 
the entire system was evaluated.  The above percentages are assumed to be the typical cropping pattern 
within the District, resulting in a consumptive use (CU) requirement ranging from 89 to 123 cfs.  It is understood 
that the overall cropping patterns may change from year to year, as will the cumulative consumptive use 
requirement.  However, assuming no new crops are introduced to the District which have consumptive use 
requirements outside the range of the current crops, the District’s consumptive use requirement should remain 
within the range of 50 cfs (100% Barley) to 145 cfs (100% Alfalfa Hay). 

As expected, crop consumptive use requirements are substantially less than the mean flows diverted into the 
system.  The mean consumptive use requirement is approximately one-third (32%, 106/335) of the mean 
flows diverted into the system.  Starting with the crops consumptive use requirement and working upstream, 
potential irrigation inefficiencies can be identified.   

The on-farm delivery requirement (ODR) is the amount of water that must be delivered to the farmer’s turnout 
in an average year to satisfy the consumptive irrigation requirement (CIR); or in this case, since drought 
conditions were assumed, the CU requirement.  To estimate the ODR, the CU for a given crop on an irrigated 
parcel is divided by the on-farm efficiency associated with the irrigation method.  Currently, the only 
irrigation method in use within the District is the flood or conventional furrow method.  The irrigation efficiency 
of the conventional furrow method is influenced by different methods of on-farm conveyance and distribution. 
For example, some irrigators convey water in open ditches as opposed to using gated pipes.  Since mapping 
the on-farm conveyance and distribution methods was beyond the scope of this study, a furrow irrigation 
efficiency value of 50 percent was used.  This percentage represents an estimated average of published 
values for on-farm efficiency associated with various forms of furrow irrigation. 
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Based on on-farm efficiencies, an on-farm delivery requirement of 212 cfs is required to satisfy the 106 cfs 
consumptive use of the crops.  Considering that flood irrigation has one of the lowest irrigation application 
efficiencies of all available irrigation methods and that currently the District solely uses this method, there is 
considerable opportunity for improved efficiencies and water savings.  Converting on-farm conveyance from 
open ditch to gated pipe and application methods from flood to sprinkler can significantly reduce the District’s 
on-farm delivery requirement.  

CONVEYANCE EFFICIENCY 

Additionally, improvements can be made to the District’s conveyance system to further improve efficiencies.  
Over the past five years, the District has diverted a mean flow of 335 cfs to provide an estimated on-farm 
delivery requirement of 212 cfs. While reducing conveyance system losses to zero is a physical impossibility, 
improvements can be made to increase the overall efficiency of the system.  The improvements can result in 
dividends, especially during those times at which the District finds itself short on water.  Conveyance system 
efficiency improvements include: 

• Improving or installing measurement structures throughout the system will improve management of the 
water by allowing the ditch riders and manager to better track the flows. 

• Operation and maintenance improvements to mitigate reduced capacities/excessive operating stages. 
• Converting open laterals to pipelines to reduce maintenance costs, evaporation and seepage losses. 

Several areas with visible seepage were identified during the mapping.  In some locations seepage losses 
were observed to likely be significant however, none appeared to compromise the structural integrity of the 
canal bank.  Quantifying those losses is difficult and in our experience, attempting to quantify them over short 
distances is nearly impossible due to the measurement methods available for natural soil channels.  In 
addition, our observations of the ditch operation indicated that much more water was probably being lost 
either through spills or overtopping of the banks than was being lost to seepage.  Water was flowing over the 
access road in several locations and the lack of measurement and control of diversions makes it very difficult 
to determine where and how much water is being delivered.  Our recommendation is to address these 
deficiencies prior to attempting any program to reduce seepage.  Once the ditch can be operated without 
overtopping of the banks and inadvertent diversions and spilled water are reduced and eliminated as much 
as possible by rehabilitating the canal structures to improve operation, then seepage can begin to be 
addressed.  The proposed rehabilitation plan reflects these recommendations by starting with measurement 
and control structures in the canal.  Once these are replaced, seepage reduction begins with enclosing the 
Moncur Lateral and the remaining portion of the Bench Lateral.  After these projects are complete, we 
recommend a study update to further define the areas of seepage loss.    

An additional benefit of improvements within the conveyance system is they often have a propensity to lead 
to improvements in application efficiency, e.g. facilitating improved application systems.  The subsequent 
irrigation system rehabilitation plan was completed recognizing the importance of irrigation efficiency and 
accordingly incorporating that into the recommended improvements. 

STAFFING 

Currently, the LID has three employees.  These consist of: 

• Ditch Rider (2) 

The staff is somewhat smaller than other districts in the area and is likely the minimum required to operate the 
system.  Routine system maintenance and past rehabilitation projects have been completed through the 
employment of outside contractors.  Off-season has historically been used to complete maintenance projects, 
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make repairs, and make improvements to the system.  Working with the Wyoming Water Development 
Commission (WWDC), the District has been able to complete projects using WWDC materials-only grants 
while paying for contracting and engineering themselves.   

In moving forward with the proposed rehabilitation plan, it would be most economical (for most projects) for 
the District to pursue 67-percent grants with the WWDC.  However, if the District wishes to continue pursuing 
materials-only grants, expanding their employment in size and timeframe could prove beneficial.  Other 
districts in the area have benefited from completing similar projects through the use of WWDC materials-only 
grants by providing year-round employment for their personnel with ditch riders operating the system during 
the irrigation season and performing rehabilitation work throughout the irrigation off-season.  Doing so helps 
reduce turnover while improving the knowledge and skills necessary for making repairs during the irrigation 
season if necessary.  Continuity of experienced personnel is of great value to the District. 

CANAL ACCESS 

In many districts, access problems are encountered when mapping irrigation infrastructure.  Ditch roads are 
frequently in disrepair or non-existent.  Fences regularly prevent access to the entire canal.  For the most part, 
at least during the irrigation season, LID is not one of these districts.   While there are a few locations where 
fences impeded access (mainly along the lower reaches of the canal) and a few other locations where access 
along the canal is not continuous (such as at siphon crossings), in most cases access along the canal was found 
to be adequate and well maintained – an important feature for inspection, emergency repairs, and general 
maintenance.  This issue is not only important for physically accessing the facilities, it is also important from a 
legal standpoint.  The District should consult legal counsel with regard to their rights. In our experience, 
maintaining a presence and footprint of maintenance activities can be important when resolving or preventing 
access disputes.  The District should continue to aggressively defend their accesses.     

Review of Water Rights 

SCE personnel reviewed and mapped the water rights for the Lovell Irrigation District.  Table 3 contains a 
summary of the permits and other pertinent information for those lands located within the Lovell Irrigation 
District, an additional 3800± acres are located within the Elk-Lovell Irrigation District.  The water rights 
records were searched and each permit mapped to the quarter-quarter level. 
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TABLE 3 WATER RIGHTS SUMMARY 

PERMIT PROOF DITCH PRIORITY

CERTIFICATE 
OF RECORD 

(CR) NO. CR PAGE
ORDER 

NO.
ORDER 
PAGE ACRES

1049E 15051 ROANE CANAL 4/10/1903 39 91 5 375 150.66
1049E 15052 ROANE CANAL 4/10/1903 39 92 5 375 44.30
1049E 15053 ROANE CANAL 4/10/1903 39 93 5 375 41.00
1049E 15056 ROANE CANAL 4/10/1903 39 96 5 375 167.35
1049E 16183 ROANE CANAL 4/10/1903 40 562 5 544 8,099.03
1049E 18346 ROANE CANAL 4/10/1903 44 88 6 384 80.00
1049E 20228 LOVELL/ROANE CANAL 4/10/1903 62 317 12 288 617.36
1049E 20229 ROANE CANAL 4/10/1903 47 175 7 482 65.00
1049E 39828 ROANE CANAL 4/10/1903 87 93 NA NA 235.10
2085E 16184 ELK DITCH 8/10/1909 40 563 5 544 445.00
2085E 20168 LOVELL CANAL 8/10/1909 47 111 7 434 40.00
2085E 22034 LOVELL CANAL 8/10/1909 56 297 9 699 20.00
2085E 22035 LOVELL CANAL 8/10/1909 56 298 9 699 90.00
2085E 39835 LOVELL CANAL 8/10/1909 87 100 NA NA 142.34
5609E 25682 LOVELL CANAL 10/3/1951 64 177 13 322 144.09
5609E 25683 LOVELL CANAL 10/3/1951 64 178 13 322 184.83
5609E 25684 LOVELL CANAL 10/3/1951 64 179 13 322 77.64
6137E 29814 LOVELL CANAL 9/28/1965 70 34 19 60 276.80
6138E 29815 LOVELL CANAL 9/28/1965 70 35 19 60 100.00
6139E 29816 LOVELL CANAL 9/28/1965 70 36 19 60 39.00
7050E 36360 LOVELL CANAL 9/16/1992 79 291 42 152 25.90

TOTAL 11,085.40

WATER RIGHTS - LOVELL IRRIGATION DISTRICT

 

Figure 9 is a screen capture of the water rights mapping from ArcMap.  The various colors and hatching 
indicate the different permits.  The Table of Contents (visible at the left) shows the various colors and hatches 
chosen for display.  These can be easily modified to emphasize a certain permit, priority, etc.  Many quarter-
quarters have water rights from multiple permits within them.  When mapped, multiple polygons are “stacked” 
on top of each other, one for each permit or separate entry on each permit.  This means the mapped 
polygons will match the records as closely as possible.
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FIGURE 9 WATER RIGHTS MAPPING OVERVIEW 
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Rehabilitation and Management Plan 

RECENTLY COMPLETED PROJECTS 

The LID has been completing open lateral-to-pipeline conversion work over the past six years. As part 
of this work the District has converted approximately three miles of the Bench Lateral to pipeline.   

TABLE 4 RECENTLY COMPLETED PROJECTS 

Recently Completed Projects Length Year
Bench Lateral Rehabilitation - Phase I 4800 2010
Bench Lateral Rehabilitation - Phase II 1300 2011
Bench Lateral Rehabilitation - Phase III 2700 2013
Bench Lateral Rehabilitation - Phase IV 5800 2014-2015  

PREVIOUSLY SCHEDULED/ONGOING PROJECTS 

In addition to an inventory and assessment of all infrastructure, SCE inquired about ongoing, previously 
planned projects.  No previously scheduled rehabilitation projects were identified during the completion 
of the prioritization plan. 

OPERATIONS AND MANAGEMENT CONSIDERATIONS 

During the evaluation of system operations, the management and delivery of diverted flows was 
examined.  The current operation, management, and maintenance of the system was discussed with the 
district manager, ditch riders, and board members.  Based on this information, the following summary 
items were compiled: 

1. Individual water users adjust their respective turnout structures/check structures to provide for 
their delivery flows from the main canal and system laterals.  With the exception of the piped 
reaches of the Bench Lateral, no measurement structures are currently in place to measure/track 
the delivery of irrigation water to individual water users.  Ditch riders operate the main 
diversion from the river, the two lateral diversions, and all spill structures located along the 
main canal.  Excess water is routinely conveyed along the main canal to provide for maximum 
demands and are required to be routinely spilled along the upper reaches of the system when 
not in demand.  The lower reaches of the main canal and Bench Lateral experience shortages in 
available flows during certain portions of the irrigation season. 

2. Measurement of river diversions is obtained at an SEO-maintained flume located at Mile 2.3.  
The stage of flows diverted to the Elk Canal are monitored with a staff gauge and a rated 
channel.  Flows along the Moncur Lateral are measured at a Parshall flume located ½ mile 
downstream of its diversion from the main canal.  Flows along the Bench Lateral are not 
measured.  Flows along the main canal are measured at a Parshall flume located immediately 
downstream of the Bench Lateral diversion.  This flume was surveyed during structural review 
and found to be significantly out of level likely significantly affecting the accuracy of flow 
measurements.  This is also likely an issue at the Moncur Lateral flume given its age and 
condition. 

3. Ditch maintenance and cleaning operations are performed irregularly as this work is required 
to be contracted out. 
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4. There appears to be little District oversite regarding the type or number of diversions individual 
landowners install along District canals and laterals.  See Figure 10 for an example of one such 
location.
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FIGURE 10 EXAMPLE OF OPERATIONAL INEFFICIENCY 
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The following is a summary of recommendations for potential improvements regarding the operation 
and management items noted above. 

1. In addition to the system appurtenances listed above, we would recommend the district consider 
making it the ditch riders responsibility to operate individual turnouts and associated check 
structures.  As ditch riders will be controlling and tracking all flows into and out of the District’s 
system, overall system operation will improve, mitigating excess spills at some locations and 
reducing water shortages at others. In addition, it is recommended that measurement capability 
be installed at each individual field turnout.  Installation of these measurement devices will 
ensure all users receive their appropriated flows.  We also recommend a system for ordering 
water be developed whereby orders for water are placed and recorded 24 or 48 hours in 
advance.  This allows district personnel to plan the diversions and make provisions to adjust the 
flows accordingly. 

2. Improved and expanded measurement infrastructure at critical points of operation will enhance 
the system operator’s ability to accurately track and apportion flows.  Improvements to 
measurement capabilities at both lateral diversion locations and at select spill structures within 
the LID have been included in the prioritization plan.  Also, it is recommended that the District 
work with the Elk Water Users Association to improve measurement capabilities at the Elk 
Diversion. 

3. It is recommended that the District acquire the necessary equipment and establish new year-
round position(s) of ditch rider/operator.  This will allow the District to institute a ditch-cleaning 
maintenance schedule using their own equipment and expertise.  While this will initially require 
a significant investment, the District will soon realize the benefits of a regular maintenance 
program.  Many districts of similar size within the region have realized substantial savings and 
improvements to their systems by establishing the ability to perform system maintenance 
activities themselves. 

4. It is recommended that the District establish standards and oversite to ensure field turnouts 
within the system do not hinder the Districts ability to maintain and operate the system in an 
efficient manner.  In the example shown in Figure 10, multiple diversions for one parcel 
incumber the District’s ability to operate and measure flows made to individual water users. This 
also results in a configuration of turnouts that obstructs the District’s ability to efficiently maintain 
their system   

MITIGATION OF SEDIMENT 

As mentioned previously in the evaluation of system operations, excessive sedimentation within the 
canal system is problematic.  Sediment deposition within the distribution system has resulted in a 
decrease in capacity, an increase in operational stage, and an increase in maintenance required at 
field turnout locations.   

MECHANISMS 
Sediment is introduced into the system through fluvial, hillslope, and aeolian mechanisms.  Fluvial 
mechanisms consist of sediment entrained within waters diverted from the Shoshone River and those 
eroded from the canal’s banks.  Hillslope mechanisms introduce sediments into the system through 
surface erosion of watersheds located upgradient of and connected to the canal system.  Aeolian 
mechanisms are those sediments introduced into the system through the action of winds.  

Quantifying the influx of sediment into the system through each individual mechanism requires a 
complex assessment to identify hillslope, hydrologic, and channel processes responsible for variations in 
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erosion and sedimentation.  While such an assessment is beyond the scope of this study, SCE 
endeavored to perform measurements to increase the District’s understanding of sediment introduced to 
the system through fluvial mechanisms (Shoshone River and canal banks).  However, irrigation flow 
depths and velocities along the upper 23.5 miles of the main canal were such that they prevented SCE 
field personnel from establishing permanent cross-sections along the canal.  Additionally, the timeframe 
of the study inhibited the establishment of cross-sections prior to water-in and subsequent data 
collection after water-out. Therefore, measurement of seasonal bank erosion rates after water-out 
could not be attained, preventing the acquisition of the intended fluvial data.  Due to the complexity 
and breadth associated with obtaining physical measurements for hillslope and aeolian mechanisms, no 
efforts to obtain such were pursued as part of this study.  

MITIGATION 
Even with the lack of data quantifying sediment introduced to the system by each individual mechanism, 
recommendations can be made regarding mitigation options and the feasibility thereof.  The following 
recommendations address mitigation of sediment entering the system, the system’s ability to transport 
and sluice sediment, and minimizing the amount of sediment diverted into system laterals and field 
turnouts.   

Shoshone River  

For most of the irrigation season, the reach of the Shoshone River from which the Elk-Lovell Canal 
diverts is entrained with significant sediment loads.  Stage of the river is maintained by the Mormon 
Dam diverting flows through two radial gates at the head of the canal, adjacent to which a third radial 
gate is located to provide the ability to sluice flows downstream along the river.  Potential 
improvements - such as screening or pulling flows from the top of the water column - to the point of 
diversion to reduce the extent of sediment diverted into the canal system are expected to have a low 
benefit-cost ratio and consequently were considered unfeasible for the District.  It is recommended that 
the District maintain current operations by allowing sediment to be sluiced downriver during the 
irrigation off-season. 

Aeolian   

The District is limited in feasible options to mitigate sedimentation resulting from aeolian processes 
which can be prevalent in arid environments.   Winds are an effective mechanism for erosion, 
transportation, and deposition of sediment in regions with large supplies of unconsolidated sediments, 
sparse vegetation, and a lack of soil moisture.  Most of the aeolian sediment originates from areas 
south and west of the canal.  These areas are not irrigated and remain in their natural state however, it 
is recommended that the District promote best-management practices on the agriculture lands located 
within the District to reduce conditions susceptible to aeolian surface erosion.  Additionally, it is 
recommended that the District pursue open ditch-to-pipeline conversion projects to minimize the length 
of open ditch within the District exposed to aeolian sedimentation.  

Canal Banks 

Sediment is also introduced to the system through the erosion of the canal’s banks.  While bank erosion 
is a natural process that will always be present, acceleration of this process can be mitigated to reduce 
excessive sediment supply, maintain channel stability to promote sediment transport capacity, and 
minimize land loss and other adverse effect.  Seasonal bank erosion rates are driven by two main 
mechanisms: streambank erodibility and hydraulic/gravitational forces.  Current land-use activities and 
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system maintenance appear to be adversely affecting both of these components leading to 
accelerated bank erosion. 

In some locations, grazing livestock with unrestricted access to the canal bank has led to loss of 
vegetation and trampling of the canal banks leading to increased bank erosion.  It is recommended 
that the District consider fencing in some of these locations to reduce livestock access to the canal in 
order to reduce bank erosion.   

Additionally, irregular ditch cleaning has allowed excessive sedimentation to exacerbate streambank 
erosion.  This is due to the distribution of energy within channels with high width/depth ratios (shallow 
and wide), placing higher stresses in the near bank region.  As the channel grows wider and shallower, 
the hydraulic stress against the banks increases and bank erosion is accelerated.  Increases in bank 
erosion results in increased sediment supply to the channel, and the over-widened channel gradually 
loses its ability to transport sediment and deposition occurs.  It is recommended that the District establish 
a regular ditch cleaning schedule along the main canal to reduce excessive deposition of sediment and 
bank erosion.  Additionally, regular ditch cleaning activities will allow the District to maintain the 
hydraulic competency of the canal cross-section to improve sediment transport capacity and further 
reduce future deposition. 

Hillslopes 

Surface erosion from hillslopes can be a major contributor of sediment introduced to the irrigation 
system.  During storm events, up-gradient drainage basins connected to the irrigation system can 
inundate the canal with sediment eroded from their hillslopes.  Many of the drainage basins located 
up-gradient of the Elk-Lovell canal contain minimal vegetation and are considered to be highly erosive.   

One of the most effective mitigation options is to disconnect drainage basins from the irrigation system.  
A majority of the up-gradient drainage area has already been disconnected from the system by the 
eight system siphons.  However, the majority of the drainage basins are still connected to the system.  
Many of these basins are relatively steep and short in length providing few opportunities for eroded 
sediment to deposit prior to reaching the irrigation system.  In some cases, these drainages basins have 
no defined inlet into the irrigation system and instead sheet flow over the canal bank.  In other cases, 
these drainages have defined inlets, see Figure 11.  It is at these defined inlet locations where sediment 
mitigation improvements are recommended.   

Depending on each specific location two feasible mitigation options are recommended; undershots can 
be installed to disconnect the drainage basins from the irrigation system or sediment traps can be 
employed to instigate localized deposition of sediment prior to it entering the irrigation system.  
Undershots require minimal maintenance if properly designed, however special consideration needs to 
be taken when reconnecting a drainage basin to its lower reaches (below the canal) and any adverse 
effects that may have.  While sediment traps do require routine maintenance, it is localized and 
deposition does not adversely affect irrigation operations.  Sediment traps are only recommended for 
smaller basins or irrigation drain water inlets. 

It will be extremely difficult to eliminate all of the sediment entering the system.  The remedies 
discussed above do not have any effect on the other sediment sources – Shoshone River, aeolian, return 
flows and bank erosion.  Consequently, although routine maintenance activities may not be required as 
often, if the above methods are successful, they will still be required.  The recommendations in this 
report take this into consideration and have provisions for transporting sediment through the system and 
preventing as much as possible from entering the main lateral deliveries.  
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FIGURE 11 DRAIN INLETS AND CONTRIBUTING BASINS 
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PRIORITIZATION PLAN   

SCE was tasked with reviewing the District’s infrastructure, prioritizing the rehabilitation needs, and 
creating a master plan for future rehabilitation.  

The three criteria shown below were considered for prioritization of rehabilitation needs.   

1. Immediate needs for safety and continued operation:  Major structures whose failure could 
interrupt service to the majority of the LID.  

2. Immediate needs for safety, repair, and improvement of operation:  Improvements which would 
help alleviate operational challenges and lower the risk of a canal breach, overtopping, or 
would otherwise improve safety.  

3. Operational improvement:  Non-critical, conservation-related projects that will improve 
efficiency, delivery, and reduce maintenance costs to the LID. 

Any deficiencies identified during the system assessment were viewed from this perspective.    

After a review of the system and discussions with the LID manager and board of directors, the following 
prioritization plan was developed.  This plan prioritizes the projects using the three criteria listed 
above.  The projects have been further classified as described below.   

SAFETY & CONTINUED OPERATION-RELATED PROJECTS  
No unstable canal banks were identified that posed an immediate threat of failure with potential risk 
to property or safety.  Nor were any road crossings identified as currently being a safety issue.  
Several locations of overtopping of the down-gradient canal bank were noted during field visits over 
the 2016 irrigation season.  While overtopping was fairly minor at the time of observation, if allowed 
to continue conditions could exacerbate quickly and lead to a breach of the canal.  Increasing the 
available freeboard at these locations as soon as possible is recommended.  As recommended 
improvements are relatively minor in nature and can be completed in conjunction with ditch cleaning 
activities, they were not included in the project prioritization plan.  

During system mapping, the condition of the eight siphons within the system were assessed.  Overall 
these structures were in fair or better condition, and no significant seepage was noted along the length 
of the siphons.   

TABLE 5 SIPHON SUMMARY 

Existing Siphons Location (mi) Length (ft) Size (in)
Roan Wash 4.6 79 72 x 144
Whistle Creek 7.9 164 72 x 72
Coon Creek 12.1 1544 96 x 96
Sand Draw 14.3 601 84 x 84
Foster Gulch 18.9 456 84 x 84
Sand Draw 2 29.3 250 60 x 60
Unnamed 33.0 241 48 x 48
Little Sand Draw 38.1 48 48 x 48  

However, it should be noted that due to irrigation off-season water levels within the siphons, the full 
extent of the siphons was not inspected by field personnel. Evaluation of their condition is based on the 
inspection of inlet and outlet structures and supplemented by input from LID representatives.  The 
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possibility of draining the siphons for further assessment was discussed with the District.  While most, if 
not all, of the siphons are equipped with drains none have been operated for a significant amount of 
time, and their physical and operational conditions are unknown.  Taking this into account, the District 
decided after further consideration to not pursue draining of the siphons to aide in a more 
comprehensive assessment.  Based on the condition of the assessed portions of the siphons, no 
improvements are recommended as part of the rehabilitation plan. 

IMPROVEMENTS OF OPERATION-RELATED PROJECTS 
In order to improve efficiency of system operations, modifications to existing critical points of operation 
will need to be completed.  These critical points of operation included: 

• Lateral Diversion Structures – Moncur and Bench Laterals 
• Spill Structures  
• Check Structures 

Improvements to lateral diversion structures will allow for diverted flows to be pulled from the top of 
the water column, allow for sediment to be passed downstream along the main canal, and accurately 
measure flows along the lateral and main canal directly downstream of the division of flows.  
Improvements to existing spill structures will allow for sediment to be intermittently sluiced from the 
lower portion of the water column and allow for automated increases in spill flows during storm events.  
Improvements to existing check structures will allow for enhanced operational control of upstream water 
levels, allow for sediment to be passed downstream along the main canal, and accurate measurement 
of field turnout diversions pulled from the upper portion of the water column. 

NON-CRITICAL CONSERVATION AND MAINTENANCE REDUCTION-RELATED PROJECTS 
While some conservation projects are related to improved operations, most of these projects are open 
lateral-to-pipe conversion projects.  These projects benefit the District in the following ways: 

1. Eliminates conveyance losses 
2. Reduces maintenance costs 
3. Improves operation 

Converting open ditches to pipe significantly decreases conveyance losses.  Seepage, channel and 
bank storage, evapotranspiration and inadvertent diversions are all eliminated or substantially 
reduced when a lateral is converted to pipe.  The result is more water available for delivery. 

Maintenance costs are also essentially eliminated once a lateral is converted to pipe.  Typically, an 
open ditch must be cleaned every 5 years, sometimes more often if it is subject to severe moss growth, 
sedimentation, or some other issue.  A properly designed pipeline eliminates these needs.  In some 
cases, the land located above the pipeline can be used for purposes not available with an open 
channel.  When the right-of-way can be utilized in this manner, it helps eliminate the problems 
associated with noxious weeds and maintenance activities such as weed spraying and burning. 

Operations are greatly improved when a pipeline is installed.  With the elimination of channel and 
bank storage, adjustments in flow are instantaneous.  The ditch rider no longer has to wait for an 
increase in water to make its way through the open ditch.  The water is available immediately.  As part 
of pipeline design, new measurement capabilities are included at the turnout.  This means a ditch rider 
now has the ability to more accurately apportion the water under his control to the users which results in 
more equitable distribution and improves operation.   
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The LID has already converted a majority of the Bench Lateral to pipe.  The proposed lateral piping 
projects are intended to complete pipe installation along the remaining downstream portion of the 
Bench Lateral and along the entirety of the Moncur Lateral.  These projects are scheduled to be 
completed after operational improvements-related projects have been completed at each lateral’s 
respective diversion.  Project prioritization is summarized in Table 6 and Figure 12. 

TABLE 6 PROJECT PRIORITIZATION 

Project Location
Check Structure - S-L-0200 Mile 17.7
Bench Diversion/Flume Structure Mile 23.5
Moncur Diversion Structure Mile 18.0
Foster Gulch Spill Structure Mile 18.9
Sand Draw Spill Structure Mile 14.3
Coon Creek Spill Structure Mile 12.1
Check Structure - S-L-0250 Mile 19.5
Moncur  Lateral Entire Length
Bench Lateral Downstream 1/2 mile  
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FIGURE 12 PROPOSED REHABILITATION PRJOJECTS 

 

 



LOVELL IRRIGATION DISTRICT, MASTER PLAN LEVEL I STUDY  

Page 32 

Conceptual Level Designs and Cost Estimates 

The logic regarding the prioritization of the various rehabilitation projects was discussed above.  An overview 
of the methodology, design criteria, and reasoning behind the conceptual design of each project is contained 
below.  The main purpose of the proposed designs in the Level I study is to provide a basis for preparing 
accurate cost estimates to use for planning and support of funding applications.  Please reference APPENDIX 
B – Conceptual Designs. 

CHECK STRUCTURES 

Overall, the system has numerous check structures that are either in poor physical condition and/or poor 
operational condition.  Due to the sheer number of structures in need of replacement or modification, general 
conceptual level designs were prepared to cover the range in flows experienced along the length of the canal.  
Conceptual designs and cost estimates for check structures sized to convey 50 cfs, 100 cfs, 200 cfs, 300 cfs, 
and 400 cfs can be found in the appendices.  Two check structures where identified by the project sponsor as 
high priority (S-L-0200 & S-L-0250) and are included in the project prioritization plan.  However, it is 
recommended that the District continue to modify or replace other system check structures beyond the span of 
this prioritization plan. It is important to keep in mind that the risk associated with the failure of any one of these 
structure increases as one progresses upstream along the length of the canal.  These general designs and 
associated cost estimates are intended to be utilized with that in mind. 

FIGURE 13 CHECK STRUCTURE S-L-0200 
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FIGURE 14 CHECK STRUCTURE S-L-0250 

 

Replacement and modification designs are intended to improve operational control of water levels through the 
use of stop log bays perpendicular to canal flows and a sluice gate to allow for sediment to be passed through 
the structure downstream along the main canal.  Sill elevations of the proposed stop log bays are proposed to 
be at an elevation lower than that of the sill of the existing check structures. This will promote slight degradation 
of the upstream flow line of the canal, increasing the available cross-sectional area and allow for a narrowing 
of the canal’s bankfull width, thus mitigating sediment deposition. 

Field turnouts located at these structures will be configured to pull diversion flows from the top of the water 
column before they are measured.  Diversion flows will initially spill over a stop log wall before passing through 
a canal gate and subsequently be measured as they pass over a weir wall.  To direct sediment back into the 
main canal downstream of the check structure, a sluice gate will be located between the canal gate and the 
weir wall.  Sluiced water will be returned downstream of the check structure. 

DIVERSION STRUCTURES 

BENCH DIVERSION/FLUME STRUCTURE  
The existing diversion structure is in good condition. The modifications proposed for this structure are intended 
to accomplish two goals.   The first is to provide accurate measurement of the flows diverted into the Bench 
Lateral.  The second is to facilitate sediment transport in the main canal.   

With these goals in mind, the existing stop log bays at the head of the Bench Lateral are to be retrofitted with 
overshot gates to measure diversion flows.  These gates allow water to be pulled from the top of the water 
column rather than the bottom where most of the sediment transport occurs.  The stop log bays in the main 
channel are proposed to be modified to pass water from the bottom of the water column and passing the 
heaviest sediment load through the structure.  One bay is to be retrofitted with a rectangular 48-inch X 48-inch 
sluice gate.  This gate will improve operations by allowing flow adjustments to be made with the gate rather 
than with the stop logs.  The new gates can easily be automated for local or remote control to eliminate flow 
fluctuations in the Bench Lateral.  
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The existing Parshall flume Figure 17 located downstream of the diversion structure on the main canal is in poor 
physical condition, provides inaccurate flow readings (out of level) and is recommended to be replaced with a 
concrete flume structure. 

FIGURE 15 BENCH DIVERSION STRUCTURE 

 
FIGURE 16 BENCH DIVERSION - BENCH STOP LOG WALL 
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FIGURE 17 EXISTING FLUME STRUCTURE 

 

MONCUR DIVERSION STRUCTURE  
The existing diversion structure is in poor physical and operational condition and is recommended to be 
replaced.  The proposed diversion structure will utilize an overshot gate to allow for diversion flows to the 
Moncur Lateral to be pulled from the upper portion of water column. Flows into the Moncur are proposed to be 
measured using a rated gate.  This gate will replace the existing Parshall flume located one-half mile 
downstream along the lateral.  In addition to the Moncur Lateral turnout, this structure has an additional field 
turnout attached to it.  The field turnout is proposed to be relocated downstream along the Moncur Lateral.  
Canal flows are to be checked with multiple stop log bays, and a sluice gate will allow for sediment to be 
passed through the structure downstream along the main canal. A separate concrete long throated flume 
structure is proposed to be constructed downstream of the diversion structure to measure canal flows.  This 
configuration was preferred over a single structure consisting of a combination of stop logs and/or multiple 
meters or other method to measure canal flows.  Structure complexity and potential trash accumulation issues 
were the main reasons for the selection of the proposed configuration of two structures. 
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FIGURE 18 MONCUR DIVERSION STRUCTURE 

 
FIGURE 19 MONCUR PARSHALL FLUME 

 

SPILL STRUCTURES 

Ten existing spill structures are located along the length of the main canal at an average spacing of 
approximately 3.5 miles.  The majority are located at or near the inlets to the canal’s eight siphons and spill 
into the major drainages transected by the canal.  Generally, these spills are of a similar configuration consisting 
of multiple stop log bays with sills at or below the flow line of the canal.   Overall, the physical condition of 
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these spill structures is fair as rated during the system inventory.  However, their current configuration does not 
allow for sediment to be sluiced along with spill flows.  It is recommended that one stop log bay at each of 
these spills be retrofitted with a sluice gate or meter if the measurement of spill flows is considered beneficial 
to overall system operations.  Either can be controlled manually or automatically to spill/sluice flows continually 
or intermittently.  Additionally, we recommend a concrete sill wall be constructed perpendicular to the flow of 
the canal on the downstream end of the spill structure at an elevation higher than that of the sluice gate spill. 

Of the ten existing spill locations, three were identified as higher priority and are included in the project 
prioritization plan.  These spills (Foster Gulch, Sand Draw, and Coon Creek) are those located directly upstream 
of the system’s two laterals. Note the quantity of sediment still deposited against the stop logs in the bays that 
were not opened when the canal was drained.  This sediment normally will deposit itself until the storage volume 
available is exhausted and then it will continue downstream to the next available storage location.  For spill 
structures where at least a small amount of water is continuously spilled, sluicing the water from the bottom will 
move the material out and maintain storage space to trap more.  For other spills where flows are not continuously 
spilled, a periodic flushing schedule can be maintained to rid the system of sediment.  Interestingly, the Sand 
Draw structure does not appear to trap as much sediment behind it as Foster Gulch and Coon Creek.    

FIGURE 20 FOSTER GULCH SPILL STRUCTURE 
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FIGURE 21 SAND DRAW SPILL STRUCTURE 

 
FIGURE 22 COON CREEK SPILL STRUCTURE 

 

OPEN LATERAL-TO-PIPELINE CONVERSION PROJECTS 

For open lateral-to-pipeline conversion designs, two options were considered. 

• Pressure (P) – “closed” 
• Low-Pressure (LP) – “open” 
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These are discussed in more detail below. 

SYSTEM SELECTION 
For the purposes of this study, a pressure or closed system is an on-demand system where the lower end is 
closed.  The result is the ability to conserve energy in areas with more elevation difference and use that 
energy to convey water through the flat areas.  The low-pressure or open system, as defined for this report, 
consists of a series of low-pressure pipelines (usually less than 5 psi) connected to a diversion or control box at 
either end.  These boxes are open to the atmosphere.  Flow is controlled through these structures by stop log, 
sluice gate, weir, or some combination of these.  Energy is not conserved with these systems.   

Each of these systems has its pros and cons.  The pressure system comes with the benefit of a potential 
reduction in pipe diameters.  Diameters for flat sections can be reduced by using the energy conserved in 
steep sections.  Open systems would require larger diameter pipe for the same reach, as the maximum head 
available is limited by the ground elevation.  Pressure systems come with the added benefit of providing 
pressurized deliveries and/or potential for power generation or sprinkler irrigation without pumping or with 
reduced pumping costs.   

Pressure systems do have drawbacks.  Higher pressures come with more significant consequences in the event 
of a leak.  Pressure systems are not as easily accessible and require more protection from debris and objects 
entering the system.  Because it is a closed system, pipe diameters will gradually reduce in size without access 
points or ways to remove obstructions.  Deliveries are controlled by valves rather than stop logs and canal 
gates.  These valves must be designed for flow control.  Finally, a well-designed screen is essential at the 
entrance to the pipeline.  The benefit of this system is that maintenance is required at only one location, the 
entrance.  In some cases, the available pressure is sufficient to use sprinkle irrigation without pumps or with 
smaller pumps.    

TURNOUT CONFIGURATION 
Many different configurations could be used for the delivery turnouts.  An open system would typically utilize 
turnout boxes consisting of a main cell (See Figure 23) and delivery cells.  Water levels in the main cell are 
controlled by stop logs and/or a sluice gate (not shown in the figure).  Deliveries are made from this cell with 
sluice gates, and measurement is accomplished by a separate weir for each delivery.  These turnout boxes 
have anywhere from one to four turnouts.  Typically, existing turnout locations in near proximity to one 
another are consolidated into one turnout box.  For conceptual designs, such turnouts were kept at their 
existing locations in separate turnout boxes in an effort to remain conservative in the event unknown conditions 
warrant such. 
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FIGURE 23 DIVERSION BOX EXAMPLE 

 

The basic closed-system design uses a tee with two gate valves, one for flow control and one for on and off.  
Areas of very high pressure discharging to open channels may require a different valve design to dissipate 
the additional energy available at the turnout.  These valves are followed by a magnetic flowmeter, located 
in a concrete manhole or discharge to a weir box or other method of measurement.  

FLOW RATES 
For conceptual design purposes, flow rates were determined by estimating the number of acres irrigated by 
each lateral or reach of lateral.  Flow was calculated using 2 cfs/70 acres.  This flow rate was chosen based 
on consultation with District personnel and represents the maximum delivery rate that may be made if water is 
available.  For conservative design purposes, estimated flow rates where increased by 20 percent, a minimum 
flow rate of 3 cfs was used for all reaches, and a minimum diameter of 15 inches was used for all proposed 
pipelines in an effort to remain conservative.     

PIPE MATERIALS 
For cost estimation purposes, PVC pipe was chosen due to material and installation costs at the time of this 
report.  PVC (for the sizes required for the proposed reaches) is easier to install and work with than HDPE.  

MONCUR LATERAL 
The Moncur Lateral, as one of only two system laterals, is an ideal candidate for open lateral-to-pipeline 
conversion and has been a priority of the District for some time.  Previous studies have identified significant 
seepage losses along the 3-mile length of the lateral.  Additionally, conversion of the lateral to pipe will replace 
many aging structures, reduce maintenance costs, and improve operations.  Two open lateral-to-pipeline 
conversion designs were considered; low-pressure – “open” and pressure – “closed”.    

The overall configuration of the Moncur Lateral is such that both conversion options are viable.  As mentioned 
above, a pressure system provides the District with the opportunity to harness the elevation head along the 
lateral thus contributing to the potential conversion to sprinkle irrigation application methods.  No reintroduction 
of waste water, the majority of acreages served being located along the lower reaches of the lateral, and 
significant relief along the lateral’s extent all prove beneficial to a pressure system.  Modeling of a proposed 
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pressure system shows that over 85% of the available head can be preserved by employing pipe diameters 
equal to or less than those required for a low-pressure system.  As summarized in Table 7, nearly 80% of 
Moncur Lateral acreages are served off the last four turnouts located along the lateral.  As these turnouts are 
located along the lower end of the lateral, they will have the highest available operating pressures.  The 
pressures summarized below are those which will be available at individual field turnouts. Pressures available 
at the point of application will be greater since much of the lands irrigated off the Moncur Lateral (particularly 
those on the lower end) are located considerably down-gradient of the lateral. 

TABLE 7 MONCUR LATERAL - PRESSURE SYSTEM SUMMARY 

Turnout
Static 

Pressure (psi)
Operating 

Pressure (psi)
Acreage 

Served (ac)
S-ML-0005 1.4 1.2 22
T-ML-0010/S-ML-0010 3.7 3.1 45
S-ML-0020 15 14 16
T-ML-0020 15.4 14.2 24
T-ML-0030 15.8 14.3 15
T-ML-0040 16.2 14.2 13
T-ML-0050 16.5 14.2 8
S-ML-0030 16.7 14.3 14
S-ML-0040 17.3 14.5 42
S-ML-0050 18.2 15 55
S-ML-0060 25.1 21.6 133
S-ML-0070 25.7 22 311
S-ML-0080 26.7 23 359
S-ML-0090 29.6 25.1 125  
 

Proposed pressure system pressures are such that the same pressure class of pipe could be utilized as in the 
low-pressure system option.  The pressure system option will employ slightly smaller diameters of the same 
pressure class pipe, resulting in it being the more economical of the two options.  However, in an effort to 
remain conservative and provide the District the flexibility to choose the most appropriate conversion option 
during Level III design, conceptual designs and cost estimates were prepared for the low-pressure option. 

BENCH LATERAL 
The majority of the Bench Lateral has been converted from open lateral-to-pipeline (low-pressure) in the 
recent past.  Approximately one-half mile of the upper end (from the Lovell Canal downstream to Bench 
Lateral’s second crossing with Highway 32) and approximately one-half mile of the lower end (from where 
the lateral turns eastward away from Highway 32 downstream to its spill into Sand Draw) remains open 
lateral.  Due to anticipated resistance from landowners along the upper end of the lateral, conversion of this 
portion of the lateral is not recommended at this time.  Conversely, open lateral-to-pipeline conversion is 
recommended for the lower end of the lateral where no such complications are expected.  The conversion of 
the lower end will be an extension to the previous low-pressure conversion projects completed upstream. 
Accordingly, conceptual designs and cost estimates were prepared for the low-pressure option. 

COST ESTIMATES 

LID has taken advantage of materials-only grants in the recent past to complete open lateral-to-pipe 
conversion projects.  After a comparison of the financing options available for the proposed improvements 
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and discussion with the District, it was determined that it would be most advantageous for the financing plan 
to be based on the District utilizing 67% grant funding.   All costs were prepared assuming a competitively 
bid, contractor-constructed scenario to provide the District with a complete estimate to be used regardless of 
the final project configuration.  However, the materials are separated in the cost estimates to allow them to 
be used for either type of project. Keeping the material costs separate from installation costs allows the 
District to apply for a “materials only” grant and install the improvements themselves.  For phased projects, 
the sizes of the projects were chosen based primarily on the amount of budget available and how much of a 
project could be completed in a given year.  

For Level I studies, the format for cost estimates is specified in detail.  The components are shown below: 

Pre-Construction Costs 

Preparation of Final Designs and Specifications           

Permitting and Mitigation   

Legal Fees   

Acquisition of Access and Rights-of-Way   

Total Pre-Construction Costs (Subtotal #1)   

  

Construction Costs 

Cost of Project Components (Construction Costs of the Improvements)   

Total Project Component Cost (Subtotal #2)   

Construction Engineering Cost (Subtotal #2 X 10%)   

Components and Engineering Costs (Subtotal #3)   

Contingency (Subtotal #3 X 15%)   

Construction Cost Total (Subtotal #4)   

Total Project Cost (Subtotal #1 + Subtotal #4)   

 

Several of these labeled as Subtotal #X are simply totals of other items.  These are self-explanatory and will 
not be specifically discussed.  The others are discussed in more detail below. 

PREPARATION OF FINAL DESIGNS AND SPECIFICATIONS 
The Operating Criteria of the Wyoming Water Development Commission limits the funding eligible amount of 
engineering fees at 20% of the total construction component costs.  The following is listed in Chapter 5, 
Subsection B of the Operating Criteria “Ineligible Projects and Associated Costs”: 

“Engineering Fees – Engineering fees including design, inspection and construction contract 
administration costs in excess of twenty percent (20%) of WWDC approved construction costs.”   



LOVELL IRRIGATION DISTRICT, MASTER PLAN LEVEL I STUDY  

Page 43 

As shown above in the cost estimate template, the construction engineering is specified at 10% thereby 
limiting the eligible design engineering costs to 10%.  Design engineering costs over 10% must be funded 
entirely by the District.   

In many cases, engineering fees fall within 20% of the total construction cost.  However, for smaller 
construction projects it is not unusual and is, in fact, reasonable and necessary to expect engineering fees to 
exceed 20% of the construction costs.  Due to difficulties irrigation districts often have with funding their 
portions of projects, it is fairly common for them to break their projects into small manageable portions 
instead of completing large projects all at once.  This works well to spread the construction costs over a few 
years.  However, it penalizes them when it comes to their engineering costs.   

Regardless of project size/construction costs, certain tasks such as preparation of project manuals, 
correspondence with bidders, pre-bid walkthroughs, preconstruction meetings, and basic project administration 
activities are required.  These items are easily accomplished within budget if, for example, the maximum is 
20% of a million dollars.  However, the engineering budget becomes much less accommodating if the 
arbitrary maximum is 20% of $50,000.  The tasks described above cost nearly the same for both projects.   

Even if, for argument’s sake the arbitrary percentage was fair and reasonable, another aspect of this 
criterion is that engineering agreements are normally negotiated prior to the Level III design of the project; 
therefore, the maximum engineering fees the Commission will fund will likely be based on conceptual designs.  
It is not necessarily unusual for a project scope to change significantly from those based on conceptual plans.  
If this indeed becomes the case, the engineering costs included in the agreement will not be based on the final 
project designed but some other iteration.  The final percentage of engineering in relation to the construction 
costs will not be known until after the bids have been received.  If the project cost is higher, a change order to 
increase fees may be warranted.  If lower, the design costs may have exceeded the assumed 10% for design 
thereby leaving less than 10% for construction observation.  

The engineering costs used in the estimates for this report will generally conform to the new policy and have 
been estimated at 10% for design and 10% for construction engineering.  However, for some designs where 
the project budget has been considered small enough to require a higher percentage, the estimated 
engineering fees may have been increased to be more consistent with the total actual costs anticipated by the 
engineer. 

PERMITTING AND MITIGATION 
Permitting and mitigation costs include the costs anticipated to obtain whatever permits may be necessary for 
a project and to pay for any mitigation required.  Engineering services to support permit acquisition 
associated with these activities are included under this item rather than under the design phase.  Therefore, 
these fees would not be included in the percentage of construction maximum amount and is consistent with the 
Commission’s policy. 

LEGAL FEES 
Legal fees were estimated to cover the costs associated with the preparation of a lawyer’s title opinion.  
Other potential legal costs associated with the acquisition of access and rights-of-way are not eligible for 
reimbursement. 

ACQUISITION OF ACCESS AND RIGHTS-OF-WAY 
This item includes the surveying, engineering support, and access acquisition costs for the project.  These can 
vary widely depending on the landowner and the extent of any changes to the existing infrastructure.  In 
some cases, acquisition of access may require a significant amount of effort as multiple alignment changes in 
response to landowner requests may be required - with the potential for a final decision being made by a 
judge in court.  Other situations have required a minimal amount of time to produce a legal description for 
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inclusion in an easement document produced by an attorney.  The cost estimates include an amount for this 
task that is a general compromise between the two extremes and were estimated based on the number of 
landowners and access acquisition that may be required to construct and review the project.   

COST OF PROJECT COMPONENTS (CONSTRUCTION COSTS OF THE IMPROVEMENTS) 
This item includes the installation and materials procurement costs.  Since the District is likely to have the 
improvements competitively bid and contractor built, the project component items will be listed and the unit 
price for that item will include both installation and materials.   However, if the District chooses to construct the 
improvements themselves, the materials and installation have been separated.  If the District applies for 
funding of a materials-only grant, only the materials portion of the estimate can be utilized. 

For the lateral conversion projects, the cost estimates were prepared for the low-pressure alternative, the 
reasons for which were explained previously.  Material costs were estimated using research completed for this 
study and historical information.  Costs were projected at an assumed inflation rate of 3% to the year in which 
they are anticipated to be completed.  Engineering costs were estimated based on what the project would 
cost if completed by contract.  Table 8 contains the project prioritization and cost summary.    

Contractor-constructed projects require an expanded scope of services from the engineer.  Consequently, the 
engineering costs for design and construction engineering are typically higher than for district-constructed 
projects.  This difference is accounted for in the project financing. 

CONSTRUCTION ENGINEERING COST (SUBTOTAL #2 X 10%) AND CONTINGENCY (SUBTOTAL #3 
X 15%) 
The construction engineering costs were estimated as 10% of the total construction cost.  The construction 
engineering combined with the construction cost is multiplied by 15% for contingency in the event actual bids 
are higher than expected. 
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TABLE 8 PROJECT PRIORITIZATION AND COST ESTIMATE SUMMARY  

1 Check Structure - S-L-0200 2018 2019 58,403.90$                  30,875.20$                $10,764.00 8,928.60$                  108,971.70$              
2 Bench Diversion/Flume Structures 2022 2023 73,324.00$                  134,793.80$              $21,098.00 20,812.70$                250,028.50$              
3 Moncur Diversion Structure 2024 2025 146,434.10$                94,116.00$                23,918.00$                 24,055.70$                288,523.80$              
4 Foster Gulch Spill Structure 2024 2025 12,276.25$                  44,263.50$                7,917.00$                   5,654.55$                  70,111.30$                
5 Sand Draw  Spill Structure 2025 2026 12,276.25$                  44,263.50$                7,917.00$                   5,654.55$                  70,111.30$                
6 Coon Creek Spill Structure 2025 2026 12,276.25$                  44,263.50$                7,917.00$                   5,654.55$                  70,111.30$                
7 Check Structure - S-L-0250 2025 2026 58,403.90$                  30,875.20$                10,764.00$                 8,928.60$                  108,971.70$              
8 Moncur Lateral 2031 - 960,815.80$                2,992,399.80$           347,346.00$               395,321.70$              4,695,883.30$           
9 Bench Lateral - - 88,303.07$                  232,685.05$              31,090.00$                 32,099.95$                384,178.08$              

Lovell Irrigation Prioritization

2017 Project Cost - 
Installation w / 15% 

Contingency

2017 Project Cost - 
Materials w / 15% 

Contingency

2017 Design 
Engineering, 

Permitting, Access 
Acquisition and 

Mitigation

2017 Construction 
Engineering w/15% 

Contingency

2017 Total Project 
Cost w /15% 
Contingency 
Applied to 

Construction CostsPriority Project Begin End
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Economic Analysis and Project Financing 

LID has been completing rehabilitation and betterment projects for several years. Over which time they have 
acquired a significant amount of experience and have seen the benefits first hand.  This experience has 
resulted in a dedicated $8,000/year for the first four years (while previous rehabilitation debt is being paid 
off) and $60,000/year assessment (on a per acre basis) thereafter to fund a rehabilitation account.  A 
comparison of the financing options available and discussion with the District resulted in the finance planning 
being based on the District utilizing 67% grant funding.  The rehabilitation schedule recommended in this 
report is based on the District’s current budget and assumes assessments will keep pace in inflation, estimated 
at 3 percent annually.  The sizes and the timing of each project reflect the amount of work the District can 
complete in a year with the personnel, equipment, and funding at their disposal.  The proposed financing plan 
will be for a period of 20 years. 

FUNDING SOURCES 

Several funding options are available to the LID.  The most definite funding source is the WWDC.  Other than 
WWDC, the funding options discussed below are uncertain and competitive.  Therefore, funding is not 
guaranteed.  In this section, each are briefly described. 

BUREAU OF RECLAMATION (BOR) – WATERSMART 

The BOR WaterSMART grant program provides 50% cost-shared funding for irrigation districts and other 
entities.  Projects are selected competitively, and the focus is on projects that can be completed within 24 
months.  Projects considered for WaterSMART grants “should seek to conserve and use water more efficiently, 
increase the use of renewable energy and improve energy efficiency, protect endangered and threatened 
species, otherwise support water sustainability benefits, or carry out other activities to address climate-related 
impacts on water or prevent any water-related crisis or conflict.”  The fiscal year (FY) 2017 budget request 
included $23.4 million proposed for WaterSMART Grants with approximately $1.8 million of FY 2017 
WaterSMART Grants funding being allocated for additional phases of projects selected through previous 
Funding Opportunity Announcements (FOA).  Proposed projects must have “performance measures” built into 
them.  The purpose is to provide a method for quantifying the actual benefits of the project.  Based on these 
requirements, a large number of projects could be eligible for this funding.  Many of the proposed 
rehabilitation projects for LID would meet some or all of these requirements. 

Installation of additional measurement to more accurately track flows provides the information necessary to 
improve the management of the system.  Conversions of open-channel laterals and canals to pipelines reduce 
water loss and, if the pressure system were chosen and installed, would allow sprinkler irrigation without 
requiring pumping.  All of these meet the goals listed above.  

Projects with less than 50% of the funding coming from another source will not be awarded a grant.  The 50% 
cost share can be in the form of cash or in-kind contributions.  Costs incurred prior to the date of award may 
be submitted for consideration as an allowable reimbursable expense; however, pre-award costs incurred 
prior to July 1, 2016, (for the 2017 application year) would not be considered for cost share purposes.   

For 2017, the projects were (or will be - depending on timeframe) awarded in two funding groups.  The 
announcement from early 2017 is shown below: 

• Funding Group I: Up to $300,000 will be available for smaller on-the-ground projects that may take 

up to two years to complete. 
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• Funding Group II: Up to $1,000,000 will be available for larger, phased on-the-ground projects that 
may take up to three years to complete.  No more than $500,000 in federal funds will be provided 
within a given federal fiscal year to complete each phase.  Remaining project years will be funded 
contingent on subsequent Congressional appropriations.  

LID has projects that would likely fit into either of these two categories.  Applications for 2017 funding were 
due January 18th.   

A new funding opportunity was offered through the WaterSMART Grants Program in the fall of 2016, with a 
closing date of May 15, 2017. The Small-Scale Water Efficiency grant is for small improvements identified 
through previous planning efforts and has an award ceiling of $75,000. It is also a 50/50 cost share grant. 
Prior to the closing date, 11 projects were selected to receive $568,662 with one slot remaining open for 
selection. Reclamation developed a streamlined selection and review process for these small-scale projects.  

Additional information is available at https://www.usbr.gov/watersmart/grants.html 

While planning for the future, it is difficult to definitively count on this source of funding for planning purposes.  
The program and funding levels are dependent upon congressional action.  In most years, the competition 
among projects means many go unfunded and the applicants have to reapply.  The projects are prioritized on 
the goals above; therefore, it is important to meet as many “goals” as possible.  The BOR awarded more than 
$25 million for 53 projects in 2016. 

CLEAN WATER ACT SECTION 319 FUNDS  

Clean Water Act Section 319 funds were established to address nonpoint source pollution and are available 
to state and local agencies, nonprofit organizations, and private individuals on a competitive basis.  Based on 
recommendations within the bacteria TMDL report for the Shoshone River Watershed, improvement of 
irrigation efficiency has been determined as a best-management practice to prevent the transport of sediment 
and nonpoint source pollutants (specifically bacteria).  There are impaired streams within the District 
boundaries.  Nonpoint source pollution control funds are available each year on a competitive basis for 
projects designed to reduce nonpoint source pollution to surface and ground waters of the state of Wyoming.  
They are awarded as reimbursement grants, meaning that funds can be issued to the recipient only after 
proof of expenditure on eligible costs identified in an approved project plan.  All proposals submitted for 
these funds must identify at least 40% non-federal cash or in-kind services to match.  A cap of $400,000 has 
been retained with the FY17 application form as the maximum amount of funds a single project can apply for. 
Partnering with the local conservation district is recommended to obtain these funds. 

More details about 319 Funds can be found at http://deq.wyoming.gov/wqd/non-point-
source/resources/grant-resources/. 

 

 

 

 

 

https://www.usbr.gov/watersmart/grants.html
http://deq.wyoming.gov/wqd/non-point-source/resources/grant-resources/
http://deq.wyoming.gov/wqd/non-point-source/resources/grant-resources/
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AGRICULTURAL MANAGEMENT ASSISTANCE (AMA) 

The Agricultural Management Assistance provides financial and technical assistance to agricultural producers 
who address water management, water quality, and erosion control.  This assistance is provided through the 
USDA’s Natural Resources Conservation Service.  Producers that incorporate conservation into their farming 
operation are eligible for assistance.  Further eligibility requirements are: 

• be engaged in livestock or agricultural production and have an annual potential sale of at least 
$1,000  

• have an interest in the farming operation associated with the land being offered for enrollment 
• have control of the land for the term of the proposed contract 
• protect the interests of tenants and sharecroppers 
• be within appropriate payment limitation requirements  

FINANCING 

As briefly mentioned above, LID has been completing projects utilizing the materials-only funding. However, 
after a comparison of the financing options available for the proposed improvements and discussion with the 
District, it was determined that it would be most advantageous for the financing plan to be based on the 
District utilizing 67% grant funding.  The Districts current assessment rate is $14/acre.  During the 2016 fiscal 
year the District’s revenue totaled $168,556 and expenditures totaled $128,337. As the District continues to 
pay off existing debt they plan to dedicate $8,000/year for the first four years and then increase to 
$60,000/year thereafter to continue to fund a rehabilitation account ($29,000 – balance as of August 2017) 
in order to build funds for use on proposed rehabilitation projects.  For the financing planning, an initial 
rehabilitation plan contribution of $8,000 was used.  This initial contribution was escalated each year at a 
rate of 3% to account for inflation.  After four years, the rehabilitation account contribution was increased to 
$67,530.53 (present value of $60,000 inflated at 3%) and similarly inflated each year by a rate of 3%.  In 
reality, this assessment will likely be raised intermittently by the District.  For our analysis, we have assumed 
these intermittent increases will average to the inflation rate.  This way the rehabilitation budget will keep 
pace with the increases in project costs due to inflation.  We recommend considering the addition of one 
additional account as described below.    

END-OF-USEFUL-LIFE REPLACEMENT 

In our opinion, it is important for operators of an irrigation system to be cognizant of ensuring the system is 
viable indefinitely.  Irrigation infrastructure is no different than a piece of equipment.  It has a useful life and 
when that is used up, it will need to be replaced.  When it is installed, if provisions are not made for 
replacement at the end of its life (for irrigation structures SCE assumes 80 years), the burden of replacement 
falls on the district members - 80 years removed from the initial installation.  At that point, only a few options 
remain for the District: try to obtain financing, fund the replacement with increased assessments of the current 
landowners, defer needed improvements and use “band-aid” fixes to get by, or find grant funding to replace 
the aging infrastructure.  Many districts (including LID) throughout the state are currently in this situation.     

One way to prepare is to set aside a certain portion of the yearly assessments into a sinking fund for 
replacement of structures at the end of their design life.  If the account is maintained, all the water users over 
the life of the facilities will pay their share, and when it is time to replace components, the funds are available 
and the District will not be at the mercy of financers or grant programs.  As the system is rehabilitated and the 
risk of major failures/emergencies diminishes, a portion of the emergency and rehabilitation accounts can be 
dedicated to this purpose.  Until then, we recommend planning for replacement of each component as it is 
reconstructed.     



LOVELL IRRIGATION DISTRICT, MASTER PLAN LEVEL I STUDY  

Page 49 

For example, assume a project with a cost of $100,000 was completed this year, an inflation rate of 3%, and 
that a conservative investment program could return 5%.  LID would need to begin depositing an additional 
±$1,100/year ($0.10/acre) into the infrastructure replacement account (sinking fund).  In 80 years (assumed 
useful life for the concrete and plastic pipe components), the entire project could be replaced.  If this practice 
is instituted whenever a structure is replaced, over time LID will become self-sustaining and able to fund its 
own rehabilitation projects, providing insurance against lack of outside funding in the future.  In addition, all 
users over the 80-year life will contribute to the cost of replacement, rather than only the users at the time of 
replacement.  Current practice for many districts is to merely cover the costs of their operation and 
maintenance, which leaves them unprepared when replacement of major system components is required. 

The assumed average design life of 80 years is conservative and based on the following.  Research into the 
design life of HDPE and PVC pipe indicates design lives in excess of 100 years may be reasonable if 
properly installed and maintained.  Many of the concrete structures currently being replaced on this and other 
systems are at or near 100 years old.  Although many older examples of steel gates and components exist, a 
conservative estimate of 20 years is reasonable for these materials.  An 80-year replacement is less than the 
age of many of the structures being replaced.  In reality, some of these probably should have been replaced 
prior to the 100-year life.     

PROJECTED CONSTRUCTION COSTS AND REHABILITATION ACCOUNT 

Table 9 contains the prioritization plan projected to the year of construction for each project for the 67% 
grant funding scenario.  The materials and construction engineering costs with the 15% contingency were 
combined with the design engineering, permitting and mitigation, acquisition of rights-of-way, and legal costs.  
The table shows the WWDC materials portion and the District portion of each project.  The inflation rate used 
is 3%.
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TABLE 9 PROJECTED FUTURE CONSTRUCTION COSTS 

Project Year
Projected Project 

Total Cost
Projected Project 

Total Cost
Projected Project 

Total Cost
Projected Project 

Total Cost
Projected Project 

Total Cost
Projected Project 

Total Cost
Projected Project 

Total Cost

Projected 
Project Total 

Cost

Projected 
Project Total 

Cost
WWDC Grant 

(67%)

Lovell Irrigation 
District 

Responsibility 
(33%)

2018 $112,240.85 $75,201.37 $37,039.48
2019
2020
2021
2022 $289,851.56 $194,200.54 $95,651.01
2023

$354,847.88 $237,748.08 $117,099.80
$86,228.06 $57,772.80 $28,455.26

$88,814.90 $59,505.98 $29,308.92
$88,814.90 $59,505.98 $29,308.92

$138,042.09 $92,488.20 $45,553.89
2026
2027
2028
2029
2030
2031 $1,420,588.96 $951,794.61 $468,794.36
2032
2033
2034
2035
2036
2037 $1,696,257.52 $1,136,492.54 $559,764.98

Lovell Irrigation District Rehabilitation Plan 2018-2037 - 67% WWDC Grant Scenario (3% Inflation Assumed)  

Yearly Totals

Bench 
Diversion/Flume 

Structures

Moncur 
Diversion 
Structure

Foster Gulch 
Spill Structure

Sand Draw Spill 
Structure

Coon Creek 
Spill Structure

Check 
Structure -       

S-L-0200

Check 
Structure -       

S-L-0250

Moncur 
Lateral - 

Phase I of V

Moncur 
Lateral - 

Phase II of V

2024

2025
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To aid LID in planning for these projects, the cash flow for the rehabilitation account was modeled as shown in 
Table 10.  An inflation rate of 3% was assumed for the rehabilitation assessment as described above.  The 
effect of increasing the assessment level is shown in the “Rehabilitation Assessment” column.  Since the cost of 
the project expenses will similarly rise with inflation if the assessments are not increased accordingly, the 
District will fall behind in regard to the amount of work that can be accomplished.  Theoretically, this increase 
in assessments is offset by the increasing value (due to inflation) of the crops produced.  The initial balance 
was obtained from the District.  The LID project costs for each year, as calculated above, are shown in the “LID 
Portion” column.   

The proposed financing plan is based on the following assumptions: 

• A rehabilitation budget of $8,000/year for the first four years and $60,000/year each year 
thereafter. 

• Assessments will increase at the same rate as inflation. 
• The inflation rate was assumed to be 3%. 
• Money saved in long-term accounts such as the “end-of-useful-life replacement account” will earn 5%. 
• An assumed design life of 80 years. 

TABLE 10 REHABILITATION ACCOUNT CASHFLOW 

Year of 
Construction

Rehabilitation 
Account

Rehabilitation 
Assessment Project Description LID Portion

2017 37,000.00$           8,000.00$            
2018 8,200.52$            8,240.00$            Check Structure - S-L-0200 $37,039.48
2019 16,687.72$           8,487.20$            
2020 25,429.54$           8,741.82$            
2021 92,960.06$           67,530.53$           
2022 66,865.49$           69,556.44$           Bench Diversion/Flume Structures $95,651.01
2023 138,508.63$         71,643.14$           

Moncur Diversion Structure $117,099.80
Foster Gulch Spill Structure $28,455.26
Sand Draw Spill Structure $29,308.92
Coon Creek Spill Structure $29,308.92
Check Structure - S-L-0250 $45,553.89

2026 116,866.88$         78,286.39$           
2027 197,501.86$         80,634.98$           
2028 280,555.89$         83,054.03$           
2029 366,101.55$         85,545.65$           
2030 454,213.57$         88,112.02$           
2031 76,174.60$           90,755.38$           Moncur Lateral - Phase I of V $468,794.36
2032 169,652.64$         93,478.04$           
2033 265,935.03$         96,282.39$           
2034 365,105.88$         99,170.86$           
2035 467,251.87$         102,145.98$         
2036 572,462.23$         105,210.36$         
2037 121,063.93$         108,366.67$         Moncur Lateral - Phase II of V $559,764.98

2024 66,746.00$           73,792.43$           

2025 38,580.49$           76,006.20$           

Projected Cashflow - 67% WWDC Grant Scenario (WWDC Funding Only)
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Over the course of the 20-year period of the proposed financing plan, the District will have completed all 
diversion, spill, and check structure projects and will have started on the open lateral-to-pipeline conversion 
projects.  The first such project on the prioritization list is the Moncur Lateral, which due to its extent and cost 
will require project phasing.  After 20 years, the District will have a rehabilitation account balance of 
approximately 10 percent of the total projected project cost for the Moncur Lateral (after paying for the 
construction of all other projects of higher priority) and annual assessments will be increasing this balance 
annually at a rate of approximately 2 percent of the project total cost of the Moncur Lateral.  At this time, the 
rehabilitation account balance will likely be adequate to start implementing Phase I of the Moncur Lateral 
Project.  However, since project phasing will be heavily contingent on the open lateral-to-pipeline conversion 
option ultimately chosen, planning of project phasing for the Moncur Lateral will be more appropriate during 
Level III and accordingly has not been included in the projected cash flow above.  

The scenario above assumes no third-party funding for these projects.  LID has been successful in obtaining 
additional funding in the past.  This funding is normally less certain.  For the purpose of these projections, it 
was assumed this funding was not available to model the “worst-case” scenario.  Outside funding will prevent 
the rehabilitation account from having a negative balance and allow the District to complete projects more 
quickly than projected here. 

Summary of Recommendations 

The LID has been completing rehabilitation work over the past several years resulting in a sizable portion of 
system laterals being converted to pipelines, eliminating maintenance and other disadvantages posed by 
open laterals.  However, work remains since maintaining the system in working order is an ever-present 
responsibility.  Improvements to lateral diversion, spill, and check structures need to be completed, along with 
an expansion of measurement and operation facilities. Additionally, open laterals remain to be piped.  This 
report represents the next step of an ongoing process.   

The “deliverables” for this project consist of this report and a comprehensive Geographic Information System 
(GIS) consisting of the following databases and information: 

1. Base Mapping 
2. Canal System 
3. Water Rights Mapping 
4. Easements 

This information is contained on the memory sticks provided with the report. 

As part of this study, several conclusions were drawn and recommendations made.  A brief discussion of these 
is outlined below. 

CONCLUSIONS 

1. LID has aging infrastructure.  In many cases, existing check and diversion structures are in poor 
physical and operation condition.  

2. The existing measurement infrastructure is inadequate for efficient operation of the system. 
3. Diversions to individual water users are not measured and are adjusted by the respective water user. 
4. Minimal regular maintenance activities such as ditch cleaning are preformed regularly. 
5. Excess waters are regularly spilled along the upper reaches of the system, and water shortages are 

encountered along the lower reaches of the Main Canal and Bench Lateral. 
6. Right-of-way issues are not a major problem for the District’s operation. 
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RECOMMENDATIONS 
1. The Rehabilitation Plan provided reflects the vision of the District and the needs of the system.  The 

plan is configured to address immediate needs first, then continuing with upgrading the system.  We 
recommend LID continue to be proactive in its rehabilitation projects. 

2. Set aside a portion of yearly assessments into a sinking fund for replacement of structures at the end 
of their design life.   

3. Continue improving and expanding measurement and tracking capabilities at crucial points of 
operation.  

4. District ditch riders assume sole control over operation/adjustment of individual turnouts and 
associated check structures.  Install measurement infrastructure at each individual turnout. 

5. Establish standards and oversite for the number and configuration of field turnouts to preserve the 
District’s ability to maintain and operate the system efficiently. 

6. Pursue acquiring necessary equipment and expanding employment in size and timeframe to aid the 
District in performing their own rehabilitation and maintenance work during the irrigation off-season. 

7. Continue to pursue additional funding opportunities to accelerate the completion of the rehabilitation 
plan. 

8. Make every effort to continue to maintain and use the system GIS as this tool can greatly benefit the 
overall management of the system. 

9. Pursue installation of livestock fencing, sediment traps, and undershots where feasible.  Establish a 
regular ditch cleaning schedule to mitigate sediment impacts on system operation. 

10. Increase available freeboard in conjunction with ditch cleaning operations to prevent bank 
overtopping at select locations. 
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INTRODUCTION 

A Geographic Information System (GIS) is a powerful management tool many utilities are using for 

planning, operation, and maintenance.  A GIS is essentially a digital filing system not only organized 

alphabetically by type of feature or system component but by location.  For example:  The owner 

operates and maintains many structures and laterals.  Current personnel may know immediately where 

a certain structure or lateral is located and would know that any records pertaining to the structures 

on this lateral are in a hard file where all the information is organized by lateral name, station, or 

some other system.  To access the file on a particular structure, the manager must know the station and 

how the files are organized.  To find the station, maps must be consulted with all the structures and 

their corresponding station shown.  This works fine, albeit with some extra effort to access the old 

maps to determine the station, until there is a personnel change.  In other cases, a lateral may 

commonly be referred to by the principal irrigator’s name, in which case the common reference may 

be different from the name the information is filed under.   

A GIS allows the user to access all this data right from the map, including water rights information, 

structure photos, site visit information, record drawings, etc.  When new information is obtained, the 

manager can scan it and link it to its appropriate facility.  A GIS provides this functionality. 

In addition to providing an easy-to-use system for storing and retrieving data, a GIS provides all the 

capability of a database.  This means the information can be queried.  For instance, not only can all 

structures on a particular lateral be selected on a map using the computer mouse, they can be 

selected simply by building a query.  In this example, the query could be depicted as the phrase 

“select all structures within the XYZ Lateral”.      

A GIS has another extremely beneficial feature.  It can easily be used to create and print maps for 

use by personnel or water users. 

GIS COMPONENTS 

The most important consideration in the creation of a GIS is the potential use of the system.  The main 

uses of this GIS will likely include: 

o Creating Hard Copy Maps 

o Creating an Interactive Digital Map 

o Maintaining Records 

o Maintenance Planning 

o Replacement Planning 

With these uses in mind, the types of data and mapping to be included in a GIS are determined.  A 

GIS can be comprised of several components.  For this GIS, we separated the main components into 

separate databases, which are shown in Table 1.  Each of these is discussed in more detail in the next 

section. 
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TABLE 1 GIS COMPONENTS 

Component  

No. 
Component Generated By 

1 Base Mapping Others 

2 Canal System Sage Civil Engineering (SCE) 

3 Water Rights Mapping SCE 

4 Easements SCE 

For all the different map layers to align correctly in a GIS, they must all be on the same horizontal 

datum or projected to the datum currently being used in the map.  In most cases, any downloaded 

files will contain the datum information as part of the file.  If the datum is associated with a particular 

layer, ArcMap will automatically change the mapping to the current datum being used by the map.  

For this project, the NAD 1983 UTM Zone 12N projected coordinate system was used for all 

geodatabases.  ArcMap will automatically project data in a different coordinate system if it does not 

match.  This means data downloaded from other sources can be used without changing the coordinate 

system.   

Base Mapping (By others) 

A primary use of a GIS, common to all components, is to quickly create maps for use by the owner’s 

personnel.  To clarify and make the maps more useful, certain “base” data is helpful.   

In most cases, the data used for base mapping came from sources other than Sage Civil Engineering’s 

(SCE’s) field surveys and digitization.  This data was used as a base map laid beneath the system 

mapping that was completed by SCE.  The following was included as base mapping: 

o Aerial Photography  

o 7.5 Minute USGS Quadrangle Maps  

o County Parcel Data 

o District Boundaries 

o Flood Plains 

o Streams 

o Roads 

o Drainages 

o Map Grid 

AERIAL PHOTOGRAPHY 

Aerial photography is necessary for several reasons.  It provides a useful reference of a feature’s 

location in relation to various landmarks.  The aerial photography is also useful in quickly identifying 

land use.   
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The aerial photo provided with the GIS was obtained from the National Agricultural Inventory 

Program (NAIP) and is the most recent available (2015).  Aerial photography from other years and 

produced by different entities and photogrammetry methods is available for evaluating historic land 

use and other purposes.  Color Infrared (CIR) Photography provides an excellent way to evaluate 

different levels of vegetation.  Infrared light is reflected more heavily by vegetation and is depicted 

in red in this photography.  Once geo-referenced (typically by the clearinghouse it is obtained from), 

an aerial photo can be easily downloaded and displayed in the mapping.  

7.5 MINUTE USGS QUADRANGLE MAPS 

The 7.5 Minute USGS Quadrangle Maps (Quads) are also useful as a base layer for creating maps.  

As with the aerial photography, the quad maps provide a reference for determining the location of 

existing facilities on the ground.  The quad maps also provide information not included on aerial 

photos and, when overlaid, can add additional information.  For instance, the Quads have the towns, 

important features, and most importantly the contours shown.  Overlaid on top of the aerial, the 

general slope of the land can be determined at a glance. 

COUNTY PARCEL DATA 

County Parcel Data was obtained from the Park and Big Horn County Assessor’s offices.  We 

anticipate the County Parcel Data will primarily be used by the District when reviewing land 

ownerships.  They are also useful for general information about property line locations, etc.  This data 

does not take the place of title research or a professional land surveyor, and should be used for 

informational purposes only. 

STREAMS, ROADS, DRAINAGES, MAP GRID AND DISTRICT BOUNDARIES 

The Streams and Roads layers were obtained from the WyGISC Data Server.  They are shapefiles 

that represent all roads and named streams in the project area. 

The Map Grid layer is a SCE-generated matrix of polygons representing a grid to be used in creating 

the data-driven pages used by ArcMap to create Map Books. 

The District Boundary layer was created using the County Assessor 2016 rolls.  A separate layer 

called District Boundary Court was created using a document obtained from the Big Horn County 

Clerk that described the parcels contained within the district boundary when a petition was filed to 

amend the boundary in 1966.  

Below is a summary of some of the sources for GIS data that are readily available.  Other sources 

exist, but we have found the listed sources to be the most applicable to irrigation system mapping. 
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TABLE 2 GIS INFORMATION SOURCES FOR BASE MAPPING 

 

GIS Layers Generated as Part of This Project 

Each of the databases that make up the GIS will be discussed in detail in its own section.  Before 

discussing the specifics of each, it will be helpful to discuss a few general items included in all the 

databases.  We include the following items in all the databases: 

• Data Dictionary 

• Attribute Definition (Feature Data) 

• Unique Identifier (Feature Name) 

• Data Tables 

GENERAL 

When creating a GIS, the first step is to determine what the structure of the GIS will look like and how 

the data and mapping will be organized.  SCE-generated components are shown in Error! Reference 

source not found. and illustrated by Error! Reference source not found..  Each database contains a 

collection of different types of features.  Each feature class represents one type of feature.  The 

feature class contains a group of all features of that type included in the system.  For instance, the 

individual sections of pipelines are included in the Pipeline feature class.  All the individual features 

that make up the feature class have position data associated with them.  In other words, they have a 

location associated with them.  The final pieces of the GIS are the attributes.  Each feature class is 

made up of many features and each feature is made up of many attributes that describe it.  For 

instance, the Pipeline feature class contains several different attributes with data such as pipe size, 

material, flow rate, etc.  It is important for all these to be organized in a logical, easy-to-understand 

manner. 

In summary, when creating a GIS, the major databases to be included needed to be determined first, 

then the feature classes.  Finally, the pertinent data associated with each feature was determined.     

Common Sources of GIS Information 

Wyoming Spatial Data Clearinghouse (WYGISC) https://clearinghouse.wygisc.org/ 

WyGISC Data Server http://pathfinder.geospatialhub.org/ 

 WyGISC Imagery Server https://clearinghouse.wygisc.org/?q=imagery 

Big Horn County Contact Big Horn County Planning Department 

USDA-NRCS Geospatial Data Gateway http://datagateway.nrcs.usda.gov/ 

Wyoming Water Resources Data System (WRDS) http://www.wrds.uwyo.edu/ 
 

https://clearinghouse.wygisc.org/
http://pathfinder.geospatialhub.org/
https://clearinghouse.wygisc.org/?q=imagery
http://www.wrds.uwyo.edu/
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In some cases, we associate other information to the feature classes.  For some types of data, it is best 

to do this with separate data tables and then link the data to the features through their unique 

identifiers.  In the case of this GIS, we did this for site-visit information and for the various document 

tables (photos, videos, record drawings, etc.).  These will be discussed in more detail later.  First, we 

will outline in detail how the attributes are organized and documented. 

DATA DICTIONARY 

Feature classes are determined based on the entities that make up the layer being mapped.  Classes 

are either linear, point, or shape (polygon) features, depending upon which best represents the 

mapped feature.  The Canal System portion of this GIS is made up of a network of line and point 

features.  Linear features can be thought of as the conduits that carry water.  Point features are either 

points where linear features (open ditches, pipelines) are connected if they are part of the distribution 

network, or objects that are not part of the distribution network, such as vents, bridges, undershots, 

and drain inlets.  These objects are important features within the system, but are not part of the flow 

network.  The point features that act as junctions are control structures, simple turnouts, measurement 

locations, and simple nodes.  Most of the attributes of these features are self-explanatory and will be 

explained in detail in the Data Dictionary included in APPENDIX GM-A.  Polygon features are used 

      Canal System 

 

• Bridge 

• Control Structure 

• Simple Turnout 

• DrainInlet 

• Measurement_Location 

• OpenDitch 

• Pipeline 

• SimpleNode 

• Undershot 

• Vent 

 

 

 

GIS Database 

 

 

Data Tables 

 

 

Photos 

Site Visits 

Feature Class 

 

       Base Mapping 

 

• Map_Grid 

• Road 

• Stream 

• Flood Plains 

• Big Horn County 
Ownership 

• District Boundary 

• Other Canals 

• Aerial Photos 

• Quadrangle Maps 
 

 

 

 

Water Rights 

 
• Township/Range Line 

• Section 

• GLO Boundary 

• Water Right 

• Irrigated Lands 

 

 

 

Record Drawings 

Easements 

 
• Easements 

 

 

 

Easements 

 

FIGURE 1 STANDARD GIS FRAMEWORK 
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for mapping that represents land area.  Some examples of these feature classes are the water rights 

and irrigated lands feature classes.  The information in the county ownership mapping is also 

comprised of polygon features.   

The features within each feature class have certain attributes associated with them.  For instance, all 

SimpleTurnout features have the same list of attributes, as do all the water rights polygon features.  

These attributes vary for each feature class depending on the information required to adequately 

describe the features in each class.  To document the various features, one must make sure the 

mapping is consistent and must organize the attributes the Data Dictionary created.  This process is 

discussed in the following pages.   

Error! Reference source not found. shows an example of the Data Dictionary page for the 

SimpleTurnout feature.  This Data Dictionary page contains an example of many of the different 

types of data and attributes we used throughout the Canal System portion of the GIS.  Pages for the 

other feature classes look similar but contain different attributes. 

FIGURE 2 DATA DICTIONARY PAGE 

 

The information about the feature class and the data recorded is contained here.  The top row of the 

sheet contains the name of the feature class, in this case SimpleTurnout.  ArcMap identifies each 

feature based on the feature class name.  Immediately below the name is the “Alias” for the feature 

class.  The “Alias” provides an optional, more user-friendly name for display in the mapping.  Aliases 

allow the use of spaces and other characters that are not used in the feature class name.  Below the 

description, each attribute is listed on the left.  OBJECTID is a field that ArcMap requires for every 

feature and is automatically generated by the system.  The SHAPE attribute is also required and 

automatic for each feature.  This indicates the feature is associated with a geometric element included 

in the map.   

SIMPLETURNOUT
Alias: SIMPLE TURNOUT

Description:

Attribute Alias Description Key Data Type Domain Size Null Default
    
SIMPLETURNOUT   

OBJECTID OBJECTID Object ID; dataless key Object ID n/a No <null>
SHAPE SHAPE Graphic Geometry n/a Yes <null>

STRUCID STRUCTURE ID Unique identifier, contain some 
knowledge of the system built in

PK Text 25 No <null>

CANALID CANAL ID Full Reach ID of the feature that this 
turnout pulls water from

FK Text 25 No <null>

CONSTDATE DATE OF CONSTRUCTION Date turnout was constructed Date n/a Yes <null>

TURNOUTTYP TURNOUT TYPE Type of Turnout Text d_TURNOUTTYPE 50 No <null>

CAP_CFS CAPACITY CFS Rated capacity of turnout (cfs) Float n/a Yes <null>

MEASTYPE MEASUREMENT TYPE Type of measurement device in turnout Text d_MEASCONTTYPE 50 Yes <null>

CONDITION CONDITION Rating of condition of structure Short Integer d_1_5RATING n/a Yes <null>

REACHID REACH ID Full Reach ID of the Feature receiving 
water from this outlet

Text 50 No <null>

GATEW_IN GATE WIDTH IN Width of the gate (inches) Float n/a Yes <null>

GATEHT_IN GATE HEIGHT IN Height of the gate (inches) Float n/a Yes <null>

WIDTH_FT WIDTH FT Width of the measurement structure 
(feet)

Float n/a Yes <null>

LENGTH_FT LENGTH FT Length of the measurement structure 
(feet)

Float n/a Yes <null>

MATERIAL MATERIAL Material turnout consists of Text d_STRUCMATERIAL 50 Yes UNKNOWN

SCREEN SCREEN Is there a screen in place Text d_Y_N 50 No <null>

NOTES NOTES General comments collected in the field Text 255 Yes <null>

Z_EL Z EL Elevation field Float n/a Yes <null>
GATEtYPE GATEtYPE Type of gate in turnout Text d_GATETYPE 50 No <null>

This point feature class represents the location where flow is diverted from an open channel or pressure pipeline
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The remaining attributes as needed for each feature class were chosen based on our experience and 

the determinations made by the Sponsor and WWDC.  Important characteristics about the data types 

of each attribute were entered in the table under the appropriate columns.  The “Alias” is similar to 

the “Feature Class Alias” discussed above.  The “Description” column is self-explanatory.  The “Key” 

column is used to indicate which attribute contains the unique identifier by which the feature will be 

described.  In the example in Figure 2, it is the STRUCTURE_ID attribute indicated by the Primary Key 

(PK) value in the key column.  FK in the key column indicates the Foreign Key.  FK indicates that this 

field is used to store the unique identifier of another feature.  In the case of this sample turnout, it is 

the unique identifier of the pipeline or open channel from which the turnout receives water.  At least 

one attribute for each feature must contain a number or name that is unique to that feature.  Each 

feature will be identified by this attribute.  Its importance is discussed further below.  The “Field Type” 

tells the user what type of data it contains and is determined based on the end use of the data.  The 

entries used in this column for this project are listed in Table 3. 

TABLE 3 ATTRIBUTE TYPES 

Value Description 

Integer Data is an integer number 
Text Data is some sort of text 

 

Date Date value 

Float Single precision decimal number 

Double Double precision decimal number 

 

The next column is the “Domain” name.  If the attribute is defined by a domain, the domain name is 

listed here and refers to a particular domain table in the Data Dictionary.  Each domain table is 

prefaced with the “d_” indication in the name.  If the attribute is not defined by a domain, this column 

is left blank.  A domain is simply a list of possible values.  For instance, in the case of this sample 

feature, the domain d_TurnoutType is used to define the attribute TURNOUT_TYPE.  This allows the use 

of drop down lists when field mapping and when entering data in ArcView.  As referenced in the 

d_TurnoutType domain table, the only values possible for defining this attribute are: 

o Open 

o Pressure 

o Pump 

o Unknown 

Domains allow faster data entry by forcing the user to point and click the correct entry, which assures 

only appropriate entries are used.  This maintains consistency of entries throughout the database and 

prevents spelling discrepancies.  The domains are included in the Data Dictionary.   

Size indicates the number of characters allowed for entry.  All the STRUCTURE_IDs are less than 25 

characters in length, so a size of 25 characters is used to limit the size of the attribute entry.  Twenty-

five characters is the “default value” arbitrarily determined by SCE.  The NOTES attribute length was 

set at 255 characters to allow longer notes to be entered.  The “Null” column indicates whether data 

is required for that attribute or not.  “NO” indicates data must be entered into that attribute.  “YES” 

indicates the user can leave that particular attribute blank if desired.  The final column, “Default”, is 
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used to indicate whether an initial default value was used and what that value will be.  In the case of 

this sample feature, we did not define any default values. 

These sheets were created for every feature class within the irrigation system and are included in 

APPENDIX GM-A.  They were useful tools for planning the GIS and organizing the data collected.  In 

most cases, the user will not be concerned with the data within these sheets; however, we have 

included them in this report.  They may be useful for reference when modifications to the GIS are 

desired.  The different features and the data comprising each component will be discussed in more 

detail below.   

ATTRIBUTE DEFINITION 

To include as much data as is practical, many different attributes for each feature class are included 

in the GIS (Illustrated by Figure 2).  One of the most important of these for the canal system database 

is the unique identifier (name).  One reason for this is other data can be linked to a specific structure 

through this name.  The other is to reduce potential confusion by having two features named the same 

thing.  The photos and documents are linked to their corresponding features through this ID.  This will 

not be necessary for many of the other databases.  The unique identifier will be discussed in more 

detail in the detail section for each database.  

UNIQUE IDENTIFIER (FEATURE NAME) 

One of the first steps prior to collecting data and mapping was to develop a naming system with a 

unique identifier (ID) for each feature class.  A unique identifier is simply the attribute where the name 

of a particular feature is recorded.  For a simple turnout, this name might be T-ML-0010, where the 

name indicates a turnout on the Moncur Lateral, and the integer 0010 indicates its position on the 

lateral.  For the water rights feature classes, the identifier may consist of WR2085E-10 indicating the 

feature is a water right feature.  WR2085E indicates that the permit number is 2085E, and the 

integer number following the dash has no purpose other than to make it unique.   

The unique identifier is most important for the features of the canal system database because 

information from other tables will be linked to each feature by this name.  Other features may not 

even have a unique identifier.   

DATA TABLES   

As discussed previously, one of the most powerful features of the GIS is the ability to link information 

and the ability to access it through the map at any time.  This is accomplished through the use of data 

tables.  Typically, several tables are created, one each for the various types of information that might 

be created.  In the case of an irrigation GIS, these tables consist of photos, record drawings, and site 

visits tables.  All but the site visits table link digital-format documents to the features.   

To link the documents, a directory entitled “documents” was created as part of the GIS.  This directory 

contains subdirectories for the document types listed above.  The next step was to create the data 

tables to match each document with the unique identifier of its corresponding feature.  The screen 

capture in Figure 3 illustrates some of the information contained in these tables. 

Documents are linked to other feature classes through the “FeatureID” field.  The “DocumentType” 

field is for informational purposes only.  The “FilePath” field contains a link to the file.  In Figure 3, the 

documents are all photos of the Sponsor’s features.  The database is provided with links to photos and 

record drawings but other types of files such as movies, Adobe PDFs, or Word documents could also 

be linked.   
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FIGURE 3 DOCUMENTS DATA TABLE 

 

SITE VISIT TABLE 

A Site Visit Table is provided for use by the District and can contain information on site visits to each 

entity.  After each visit, the following information can be entered and stored in this table:     

• Date of Visit 

• Duration 

• Visit Type 

• Notes 

Like the other tables, every entry will be related to its mapping feature through the FeatureID.  All the 

tables include a one-to-many relationship with the mapped feature classes.  For example, a Control 

Structure could have several site visits, photos, or record drawings associated with it.  Figure 5 more 

clearly illustrates the relationship of the data tables with the mapped features and how to access the 

data in the map. 
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The purpose of the Site Visit Table is to provide the District with a way to track notes/activities while 

they are in the field performing maintenance or improvements on a structure, pipeline, or ditch.  With 

this table, the user can select a structure and immediately see all the recorded visits, what took place, 

and any important notes or comments. 

CANAL SYSTEM 

After the base mapping requirements were identified and the basic framework for the remainder of 

the GIS was determined, the actual mapping was completed.  The framework is dependent upon the 

types of features that make up each component and the amount of data the Sponsor(s) needed on 

each feature to effectively meet its needs.   

Mapping data for the canal system generated by SCE is stored in the Canal System database.  This 

database contains both point features acquired during GPS field mapping and line features that 

were digitized based on point features and aerial photography. 

The Canal System database, which comprises the majority of the usable portion of the GIS, is the 

primary source for any mapping or geographic information and is comprised of Feature Classes and 

Data Tables. 

For example, in Figure 4 Control Structure S-L-0260 is highlighted in the map.  This sample structure 

has two documents associated with it, which are highlighted in the identification window.  In this way, 

the documents for each structure can be related to the structure in the mapping.  The other data tables 

used in this GIS have similar relationships to their feature classes.  This relationship is also evident 

when the identify tool is used to look at attributes.  At that point, the documents are available for 

viewing.   

The goal for the GIS is to provide enough detail to fulfill the Sponsor’s needs now and in the future, 

but not be too cumbersome.  It is important to consider how each entity was mapped, what data was 

required, and the format of the data.  The feature classes used for the storage and delivery 

component are: 

o Control Structure 

o Simple Turnout 

o Drain Inlet 

o Measurement Location 

o Open Ditch 

o Pipeline 

o Simple Node 

o Undershot 

o Vent 

o Bridge 

UNIQUE IDENTIFIER – CANAL SYSTEM   

The numbering system used was formatted as shown in Figure 4.  The example shown is for Control 

Structure S-L-0260.  “S” indicates a structure of some sort.  “L” indicates Lovell Canal.  As with the 
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turnout example above, “0260” indicates the position along the lateral.  Features were named 

skipping 10 between each structure.  In most cases, “0260” will indicate that this particular structure is 

the twenty-sixth (26th) from the head end.  The purpose for skipping numbers is to allow additional 

features to be constructed between the existing structures. Also, if a structure was missed, open 

numbers exist to preserve the ascending order.  It is helpful to be able to look at the number and get 

an idea where on the lateral it might be.  The Canal System database has ten feature classes.  The 

Feature Class Designators are shown in Table 4 Canal system feature class designators.  For most of 

the feature classes within the Canal System database, the ID consists of a one-letter identifier to 

indicate the feature class.  For example, control structures are delineated with an “S”, bridges a “B”, 

etc. 

TABLE 4 CANAL SYSTEM FEATURE CLASS DESIGNATORS 

 

FIGURE 4 NAMING CONVENTION EXAMPLE 

 

Feature Class Designator

BRIDGE B
CONTROL_STRUCTURE S
DRAININLET D
MEASUREMENT_LOCATION M
OPENDITCH R
PIPELINE P
SIMPLENODE N
SIMPLETURNOUT T
UNDERSHOT U
VENT V
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CONDITION RATING 

One of the goals for this study was to evaluate the system and catalogue deficient structures.  To 

accomplish this goal, the various features within the District were evaluated and rated.  This required 

a rating system that could be used when the feature was visited and mapped.  The rating system we 

used meets three criteria:    

1. Results in ratings that are simple and easy to understand   

2. Results in ratings that are as objective as possible 

3. Allows ratings to be determined quickly and efficiently when being mapped 

The rating numbers needed to be intuitive, so at a glance the owner has an immediate idea of the 

condition of the structure.   

A totally objective rating is difficult; however, it was important to include as many quantitative 

measurements as possible to try to make the ratings objective.  The more objective the rating system, 

the more valid it will be as a tool for comparison of structure condition ratings regardless of the 

individual rating them.  It is worth pointing out that hundreds of features were mapped and evaluated 

by the end of the study.  Obviously, to visit and map this many structures, a large amount of time 

could not be spent at each location.  Major structures were visited multiple times; many of the smaller 

structures were not.  It is also a visual rating.  Many structures may have a good rating visually, but 

problems with the operation may still exist.  It is important for the District, if they are going to use the 

GIS as a management tool, to update the structure ratings periodically and notify us of specific 

problems.   

A fast and efficient rating system as defined here means the structures could be rated very quickly.  

The simplest way to accomplish this was to set up a rating system of 1-5, as shown in Table 5.  

Reaches are generally constructed of natural channel, pipe, or concrete.  Different descriptions are 

used for the reach rating number as shown in Table 6.   
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TABLE 5 STRUCTURE EVALUATION RATING SCALE 

Structure Evaluation Rating Scale 

# Description 

1 
Structure classified as NEW or LIKE-NEW condition.  Concrete is in like-new condition with no 
broken corners or degradation.  Gates are in like-new condition.  There is no evidence of 
leakage or erosion at the inlet or outlet.  Operation is as intended. 

2 

Structure classified as GOOD condition.  Concrete is in good condition, with possible damage to 
corners, has no degradation in floors or walls, and is free of cracks.  Gates are in working order 
and not in need of replacement.  There is little to no evidence of leakage or erosion at the inlet and 
outlet.  If a steel structure, portions of steel or steel members could be slightly deformed.  Operation 
is as intended. 

3 

Structure classified as FAIR condition.  Concrete has minor degradation in floors and walls with no 
cracks or exposed rebar.  Gates may be nearing replacement.  Some evidence of leakage or 
erosion at inlet and outlet.  If a steel structure, considerable deformation of the steel members is 
evident.  Operation is as intended, but may be affected by recent modification, accumulation of 
debris, or overtopping. 

4 

Structure classified as POOR condition.  Concrete is broken and cracked throughout with exposed 
rebar.  Gates are in need of replacement.  Significant evidence of leakage or erosion at inlet and 
outlet.  If a steel structure, steel is mangled and/or members have large bends that deform walls.  
Structure performance is affected and operation is no longer as intended. 

5 

Structure classified as VERY POOR condition.  Structure is in need of immediate removal or 
replacement.  Often, structure is abandoned or unnecessary for system operations.  If a steel 
structure, steel is severely mangled with severe bends.  Structure performance is questionable and 
operation is no longer possible in current condition.   
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TABLE 6 PIPELINE/OPEN DITCH EVALUATION RATING SCALE 

Pipeline/Open Ditch Evaluation Rating Scale 

# Description 

1 
The condition of this channel is NEW or LIKE-NEW condition.  Natural channel – channel has 
recently been constructed and contains no damage or obstructions.  Concrete channel – 
channel has recently been constructed and is free of cracks. 

2 

The condition of this channel is GOOD.  Natural channel – channel has little to no undercutting 
of banks or other degradation and is free of obstructions.  Channel width is consistent 
throughout the reach.  Concrete channel – channel may have small cracks, but no evidence of 
leakage or upheaval. 

3 

The condition of this channel is FAIR.  Natural channel – channel contains some undercut banks 
and small obstructions, not significantly affecting flow.  Some cleaning and maintenance is 
necessary for continued operation.  Channel width may vary slightly along the length of the 
reach.  Concrete channel – channel contains many cracks, portions may be breaking up, but 
concrete channel remains in its original form.   

4 

The condition of this channel is POOR.  Natural channel – channel is severely undercut in the 
banks or contains large obstructions caused by erosion or inconsistent flow conditions.  Channel 
width may vary widely along the length of the reach.  Channel is unstable and in need of 
rehabilitation or additional control structures to improve flow characteristics.  Gradual 
continued deterioration is likely.  Concrete channel – concrete has severe breaking and small 
sections of concrete channel missing leaving ground exposed.   

5 

The condition of this channel is VERY POOR.  Natural channel – channel no longer effectively 
conveys flows due to severe damage to banks or channel bottom.  Channel width varies along 
length of reach, with possible breaks or intrusions in banks.  Channel is unstable and in need of 
rehabilitation or additional control structures to reduce flow velocities.  Further immediate 
damage is imminent.  Concrete channel – concrete has severe breaking and large sections 
(entire channel cross section) of concrete channel missing, leaving ground exposed.   

 

In addition to a general condition rating, the open ditch reaches were also visually rated for risk of 

canal breach and seepage.  The rating scales for those factors are shown in Table 7and Table 8. 
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TABLE 7 OPEN DITCH BREACH RISK EVALUATION RATING SCALE 

Breach Risk Evaluation Rating Scale 

# Description 

1 No evidence of deficient channel stability is present. 

2 Channel stability may be a concern in the future.  If channel is constructed on a side hill, slope may 
have small areas of cracking, sliding, or sloughing.   

3 
Channel stability is questionable.  If channel is constructed on a side hill, slope shows substantial 
areas of cracking, sliding, or sloughing.  This will also include areas of identified historic soil 
instability. 

 

TABLE 8 OPEN DITCH SEEPAGE EVALUATION RATING SCALE 

Seepage Evaluation Rating Scale 

# Description 

1 No evidence of channel seepage is present. 

2 
Some evidence of channel seepage is present.  Usually indicated by presence of large 
trees/brush or other riparian vegetation downhill from channel.  Also, indicated by areas with 
highly alkaline soils on the surface. 

3 Evidence of channel seepage is present.  In addition to the aforementioned vegetation, surface 
water is present and visible outside the channel. 

FEATURE CLASS EXAMPLE:  CONTROL STRUCTURES – POINT FEATURE, NETWORK JUNCTION 

The Control Structure feature class is described in more detail below to illustrate the types of data 

collected for each feature.  The attributes for the other feature classes are described in the APPENDIX 

GM-A. 

This feature class was created for mapping most the structures in the system.  These features can be in 

pipelines or open channels and are used as junctions within the irrigation system network.  Control 
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structures can have as many as four turnouts distributing water from one structure and up to two drain 

inlets bringing water into the system.   

This feature class is the most data-intensive of all the parts making up the irrigation system.  The data 

collected on each structure will allow the GIS to provide the Sponsor with several types of information 

such as the following: 

1. Basic design of the structure. 

2. Number and size of measurement structures and turnout size. 

3. Overall dimensions to classify the structure’s relative size compared to other            
structures as a basis of importance. 

4. Condition of the structure. 

We included the attributes of all the attached turnouts within the attributes of the control structure.  

This added additional attributes to those already recorded for a control structure but significantly 

reduced the amount of mapping and the complexity of the GIS.   

 

 

Since this feature class was used for all the control structures in the system, the format had to be 

flexible and able to accommodate multiple turnouts (from one to four).  It is also able to accommodate 

multiple drain inlets.  Drain inlets are used to indicate a location where a surface wasteway or 

Turnout 1 

• CAP1_CFS 

• MEASTYPE1 

• ReachID1 

• GATEW1_FT 

• GATEHT1_FT 

• Width1_FT 

• LENGTH1_FT 

 

Drain Inlet 1 

• DrainName1 

• PIPESZ1_IN 

 

Control Structure Attributes 

• ObjectID 

• Shape 

• StrucID 

• ReachID 

• Constdate 

• TurnoutTyp 

• Material 

• StrucCap_CFS 

• InletW_FT 

• InletHT_FT 

• OutletW_FT 

• OutletHT_FT 

• Condition 

• StrucW_FT 

• StrucHT_FT 

• NumofTRNOut 

• Notes 

Turnout 3 

• CAP3_CFS 

• MEASTYPE3 

• ReachID3 

• GATEW3_FT 

• GATEHT3_FT 

• Width3_FT 

• LENGTH3_FT 
 

 

Turnout 2 

• CAP2_CFS 

• MEASTYPE2 

• ReachID2 

• GATEW2_FT 

• GATEHT2_FT 

• Width2_FT 

• LENGTH2_FT 
 

 
Turnout 4 

• CAP4_CFS 

• MEASTYPE4 

• ReachID4 

• GATEW4_FT 

• GATEHT4_FT 

• Width4_FT 

• LENGTH4_FT 
 

 

Drain Inlet 2 

• DrainName2 

• PIPESZ2_IN 

 

CONTROL STRUCTURE 

FIGURE 5 CONTROL STRUCTURE DATA ATTRIBUTES SCHEMATIC 
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underground drain enters a lateral, many times at a control structure.  To accommodate this situation, 

the ability to describe up to two drain inlets has been included in the attributes.  Figure 5 summarizes 

the Control Structure feature and its data.  Each attribute is described in more detail in the Data 

Dictionary in APPENDIX GM-A. 

MAPPING 

The mapping can be split into two categories: field mapping and digitizing.  Field mapping was used 

where it was felt an actual field location of a feature was required.  These features include the 

various structures and point features in the irrigation systems.  The linear features, such as pipelines 

and open ditches, were digitized based on the aerial photos.  Each method is described in more detail 

below.   

Field Mapping 

The field work was completed using a Trimble ProXH GPS receiver and Ranger data collector.  The 

Data Dictionary discussed previously was entered into the data collector in order to prompt the field 

personnel to enter the correct data.  This method provided the capability of mapping quickly and 

efficiently while providing sub-meter accuracy.   

Regardless of the features being mapped, the field data was collected in the same manner.  The 

position of the structure was taken by placing the GPS receiver on the center of the structure.  While 

the GPS acquired the position data, the technician made measurements and entered other data about 

the feature.  Once all this data was stored, photos were taken for inclusion in the documents table.   

After returning from the field, the data was processed by applying differential correction routines.  A 

base station maintained by the National Geodetic Survey was used to improve the accuracy of the 

position data.  Following this post-processing, the mapping data was added to the database.   
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FIGURE 6 FIELD MAPPING 

 

The system was mapped from upstream to downstream, starting with the diversion structure and 

ending at the end of the canal.  The unique identifiers of each feature increase with their position from 

the diversion.  It is important to maintain this order for use in selecting structures and consistency of the 

database.  The individual laterals were also mapped from upstream to downstream, beginning at 

each of their turnouts at the canal.  Extra care was taken on all structures and facilities directly used 

for delivery of water.  Ancillary features such as bridges, drain inlets, etc. were mapped but less data 

(as shown in the Data Dictionary) was recorded.  They are not considered part of the delivery 

network; however, they can affect operation and most are maintained by the District, so are included 

in the GIS. 

Reaches were initially mapped as a point feature in the field.  Once in the office, the corresponding 

linear feature was created and its attribute table populated with the data collected in the field.     

Digitized Mapping 

Concurrent with the field mapping, SCE digitized certain features within the project.  This process 

involved using a combination of existing maps, aerial photos, and different data sources and methods.  

The digitized features of the irrigation system were primarily the open ditches and pipelines.   

The open channel portions of the project were relatively easy to digitize because they are visible on 

the aerial photos.  The canals were traced from the aerial photos to map their alignment.  After they 

were drawn graphically, the data fields were populated using the field data collected as described 

in above.  This provided an efficient method of mapping these features.   
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The locations of changes in canal shape or lining material were mapped in the field as simple nodes.  

Each pipeline or open channel reach is bounded by a point feature, such as a control or measurement 

structure or a simple node.  These point features provided an accurate location to verify digitized 

mapping at various points along the length of the canal or lateral, resulting in more accurate channel 

and pipeline mapping. 

EASEMENTS 

An Easements database is included in the GIS primarily to allow the Sponsor to map easements they 

may acquire in order to construct future projects, which are recommended in this study.  The available 

easement documentation is incorporated into the GIS.  We included an EASEMENT_LIST table to the 

Canal System database.  As new easements and rights-of-way are negotiated, they can be entered 

into this table and hyperlinks provided so they can be accessed through the Easements feature 

classes in the map. 

The Easement database contains an easements feature class that is populated.   

During the mapping of this project, no encroachments were encountered, other than stock fence. 

WATER RIGHTS/IRRIGATED LANDS 

The Water Rights database contains all the water rights within the system and the resurvey 

information required to show those water rights.   

The feature classes contained in the Water Rights database are: 

o TR Lines (Township-Range Lines) 

o Sections 

o GLO (General Land Office) 

o GLO Sub (GLO subdivisions) 

o Water Right 

o Irrigated Lands 

TR LINES, SECTIONS, GLO FEATURE CLASSES 

The remaining feature classes in the Water Rights database are line features representing Public Land 

Survey (PLS) lines and boundaries.  State Engineer’s Office (SEO) water rights records have been or 

can be listed and recorded according to their legal description.  In order to map the water rights, the 

Public Land Survey sections and resurvey tracts had to be established.  This was accomplished by 

using resurvey maps obtained from the Bureau of Land Management (BLM) website.  These maps 

were originally drawn by the General Land Office (GLO), the precursor to the BLM.  The sections and 

tracts were drawn into the GIS using the bearings and distances of record on the GLO maps and the 

corners marked on the USGS quadrangle maps. 

The TR Lines feature class contains polygon features that represent PLS township and range lines.  The 

Sections feature class is a polygon feature which represents the boundaries of the resurvey sections 

and tracts.  The GLO feature classes break these sections down into quarter-quarters or lots.   

It is important to note that the data contained in the Water Rights database was not obtained by 

means of a physical land survey and, therefore, may not be used as legal documentation or recording. 
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WATER RIGHTS AND IRRIGATED LANDS FEATURE CLASSES 

The Water Rights feature class (a component of the Water Rights Database) contains polygons 

depicting the recorded water rights within the District.  The Water Right features contain attributes 

that match the information contained in Wyoming State Engineer’s Office (SEO) records for the 

appropriate permits.  The polygons are categorized by permit number for display purposes in the 

GIS as shown in Figure 7.  Unique identifiers such as WR2085E-9 were created for each polygon.  

The permit number is contained to the left of the hyphen.  To the right of the hyphen is a consecutive 

number for the individual polygon. 

The Irrigated Lands feature class contains polygons that represent areas believed to be irrigated by 

water from the LID system.  These polygons were digitized using aerial photos and are used to 

establish flow rates for the conveyance system.  
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FIGURE 7 WATER RIGHTS MAPPING 
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Feature Class Designator

BRIDGE B
CONTROL_STRUCTURE S
DRAININLET D
MEASUREMENT_LOCATION M
OPENDITCH R
PIPELINE P
SIMPLENODE N
SIMPLETURNOUT T
UNDERSHOT U
VENT V

Lateral/Canal Code

Elk-Lovell EL
Lovell Canal L
Bench Lateral BL
Moncur Lateral ML



BRIDGE
Alias: BRIDGE

Description:

Attribute Alias Description Key Data Type Domain Size Null Default
    

BRIDGE   
OBJECTID OBJECTID Object ID; dataless key Object ID n/a No <null>
SHAPE SHAPE Graphic Geometry n/a Yes <null>
STRUCID STRUCTURE ID Unique identifier, contain some knowledge of 

the system built in
PK Text 25 No <null>

REACHID REACH ID Full Reach ID of the Feature that this bridge 
crosses

FK Text 25 Yes <null>

ROADNAME ROAD NAME Name of road passing over bridge Text 50 Yes <null>
OWNER OWNER Owner of the bridge Text 50 Yes COUNTY
SPAN_FT SPAN FT Span of bridge in feet Float n/a Yes <null>
CONDITION CONDITION Rating of condition of bridge Short Integer d_1_5RATING n/a Yes <null>
NOTES NOTES General comments collected in the field Text 255 Yes <null>
Z_EL Z_EL Elevation field Float n/a Yes <null>

UNDERSHOT
Alias: UNDERSHOT

Description:

Attribute Alias Description Key Data Type Domain Size Null Default
    
UNDERSHOT   

OBJECTID OBJECTID Object ID; dataless key Object ID n/a No <null>
SHAPE SHAPE Graphic Geometry n/a Yes <null>
STRUCID STRUCTURE ID Unique identifier PK Text 25 No <null>
REACHID REACH ID Full Reach ID of the Feature that this 

undershot crosses
FK Text 25 No <null>

DRAINNAME DRAIN NAME Name of drain or drainage Text 25 Yes <null>
CONDUITTYPE CONDUIT TYPE Type of Conduit Text d_UNDERSHOTTYPE 25 No <null>
HEIGHT_FT HEIGHT FT Height dimension of the conduit (feet) Float n/a No <null>
WIDTH_FT WIDTH FT Width dimension of the conduit (feet) Float n/a No <null>
LENGTH_FT LENGTH FT Length of the conduit (feet) Float n/a No <null>
MATERIAL MATERIAL Construction material Text d_UNDERSHOTMATERIAL 50 Yes <null>
CONDITION CONDITION Rating of condition of undershot Short Integer d_1_5RATING n/a Yes <null>
NOTES NOTES General comments collected in the field Text 255 Yes <null>
Z_EL Z EL Elevation field Float n/a Yes <null>

DRAININLET
Alias: DRAIN INLET

Description:

Attribute Alias Description Key Data Type Domain Size Null Default
    
DRAININLET   

OBJECTID OBJECTID Object ID; dataless key Object ID n/a No <null>
SHAPE SHAPE Graphic Geometry n/a Yes <null>
STRUCID STRUCTURE ID Unique identifier, contain some knowledge of 

the system built in
PK Text 25 No <null>

REACHID REACH ID Full Reach ID of the Feature that is upstream 
of this inlet

FK Text 25 Yes <null>

INLETTYPE INLET TYPE Type of Inlet Text d_INLETTYPE 25 Yes <null>
CONFIG CONFIGURATION Configuration of the inflow Text d_INLETCONFIGURATION 25 Yes <null>
SIZE_FT SIZE FT Width of channel, diameter of conduit, feet Float n/a Yes <null>

NAME NAME Common name Text 50 Yes <null>
CONDITION CONDITION Rating of condition of inlet Short Integer d_1_5RATING n/a Yes <null>
NOTES NOTES General comments collected in the field Text 255 Yes <null>
Z_EL Z EL Elevation field Float n/a Yes <null>

CANAL_SYSTEM

This point feature class represents locations where natural drainage passes under the irrigation network

This point feature class represents the location of a bridge that spans a canal or lateral

This point feature class represents locations where stormwater or field runoff enters a canal or lateral



MEASUREMENT_LOCATION
Alias: MEASUREMENT STRUCTURE

Description:

Attribute Alias Description Key Data Type Domain Size Null Default
    
MEASUREMENT_LOCATION   

OBJECTID OBJECTID Object ID; dataless key Object ID n/a No <null>
SHAPE SHAPE Graphic Geometry n/a Yes <null>
STRUCID STRUCTURE ID Unique identifier, contain some knowledge of 

the system built in
PK Text 25 No <null>

REACHID REACH ID Full Reach ID of the Feature that is upstream 
of this measurement

FK Text 25 No <null>

MATERIAL MATERIAL Material of measurement structure Text d_MEASMATERIAL 50 No <null>
MEASTYPE MEASUREMENT TYPE Type of measuring device Text d_MEASCONTTYPE 25 Yes <null>
CONSTDATE DATE OF CONSTRUCTION Date of Construction Date n/a Yes <null>
LENGTH_FT LENGTH FT Length of measurement structure (feet) Float n/a Yes <null>
WIDTH_FT WIDTH FT Width of measurement structure (feet) Float n/a Yes <null>
HEIGHT_FT HEIGHT FT Height of measurement structure (feet) Float n/a Yes <null>
CONDITION CONDITION Rating of condition of structure Short Integer d_1_5RATING n/a Yes <null>
NOTES NOTES General comments collected in the field Text 255 Yes <null>
Z_EL Z EL Elevation field Float n/a Yes <null>

SIMPLETURNOUT
Alias: SIMPLE TURNOUT

Description:

Attribute Alias Description Key Data Type Domain Size Null Default
    
SIMPLETURNOUT   

OBJECTID OBJECTID Object ID; dataless key Object ID n/a No <null>
SHAPE SHAPE Graphic Geometry n/a Yes <null>
STRUCID STRUCTURE ID Unique identifier, contain some knowledge of 

the system built in
PK Text 25 No <null>

CANALID CANAL ID Full Reach ID of the feature that this turnout 
pulls water from

FK Text 25 No <null>

CONSTDATE DATE OF CONSTRUCTION Date turnout was constructed Date n/a Yes <null>
TURNOUTTYP TURNOUT TYPE Type of Turnout Text d_TURNOUTTYPE 50 No <null>
CAP_CFS CAPACITY CFS Rated capacity of turnout (cfs) Float n/a Yes <null>
MEASTYPE MEASUREMENT TYPE Type of measurement device in turnout Text d_MEASCONTTYPE 50 Yes <null>
CONDITION CONDITION Rating of condition of structure Short Integer d_1_5RATING n/a Yes <null>
REACHID REACH ID Full Reach ID of the Feature receiving water 

from this outlet
Text 50 No <null>

GATEW_IN GATE WIDTH IN Width of the gate (inches) Float n/a Yes <null>
GATEHT_IN GATE HEIGHT IN Height of the gate (inches) Float n/a Yes <null>
WIDTH_FT WIDTH FT Width of the measurement structure (feet) Float n/a Yes <null>

LENGTH_FT LENGTH FT Length of the measurement structure (feet) Float n/a Yes <null>

MATERIAL MATERIAL Material turnout consists of Text d_STRUCMATERIAL 50 Yes UNKNOWN
SCREEN SCREEN Is there a screen in place Text d_Y_N 50 No <null>
NOTES NOTES General comments collected in the field Text 255 Yes <null>
Z_EL Z EL Elevation field Float n/a Yes <null>
GATEtYPE GATEtYPE Type of gate in turnout Text d_GATETYPE 50 No <null>

This point feature class represents the location where a flow measurement is taken as a single purpose (i.e., not at a turnout)

This point feature class represents the location where flow is diverted from an open channel or pressure pipeline



CONTROL_STRUCTURE
Alias: CONTROL STRUCTURE

Description:

Attribute Alias Description Key Data Type Domain Size Null Default
    
CONTROL_STRUCTURE   

OBJECTID OBJECTID Object ID; dataless key Object ID n/a No <null>
SHAPE SHAPE Graphic Geometry n/a Yes <null>

STRUCID STRUCTURE ID Unique identifier, contain some knowledge of 
the system built in

PK Text 25 No <null>

REACHID REACH ID Full Reach ID of the upstream feature FK Text 25 No <null>

CONSTDATE CONSTRUCTION DATE Date constructed Date n/a Yes <null>

TURNOUTTYP TURNOUT TYPE Type of Turnouts Text d_TURNOUTTYPE 50 No <null>

MATERIAL MATERIAL Type of material for the structure Text d_STRUCMATERIAL 50 No CONCRETE

STRUCCAP_CFS STRUCTURE CAPACITY CFS Capacity of the structure (cfs) Long Integer n/a Yes <null>

INLETW_FT INLET WIDTH FT Width of the structure inlet (feet) Float n/a Yes 0

INLETHT_FT INLET HEIGHT FT Height of the structure inlet (feet) Float n/a Yes 0

OUTLETW_FT OUTLET WIDTH FT Width of the structure outlet (feet) Float n/a Yes 0

OUTLETHT_FT OUTLET HEIGHT FT Height of the structure outlet (feet) Float n/a Yes 0

CONDITION CONDITION Rating of condition of structure Short Integer d_1_5RATING n/a Yes <null>

STRUCW_FT STRUCTURE WIDTH FT Width of structure (feet) perpendicular to 
main channel

Float n/a Yes 0

STRUCL_FT STRUCTURE LENGTH FT Length of structure (feet) along main channel Float n/a Yes 0

STRUCHT_FT STRUCTURE HEIGHT FT Height of structure (feet) Float n/a Yes 0

NUMOFTRNOT NUMBER OF TURNOUTS Number of turnouts in this structure Short Integer n/a No 0

SCREEN SCREEN Is there a screen in place Text d_Y_N 50 No <null>

NOTES NOTES General comments collected in the field Text 255 Yes <null>

Z_EL Z EL Elevation field Float n/a Yes <null>

CAP1_CFS CAPACITY 1 CFS Rated capacity of turnout (cfs) Float n/a Yes <null>

MEASTYPE1 MEASUREMENT TYPE 1 Type of measurement device in turnout 1 Text d_MEASCONTTYPE 50 Yes <null>

REACHID1 REACH ID 1 Name of the reach receiving water from this 
outlet

Text 50 Yes <null>

GATEW1_IN GATE WIDTH 1 IN Width of the gate (inches) Float n/a Yes <null>

GATEHT1_IN GATE HEIGHT 1 IN Height of the gate (inches) Float n/a Yes <null>

WIDTH1_FT WIDTH 1 FT Width of the measurement structure (feet) Float n/a Yes <null>

LENGTH1_FT LENGTH 1 FT Length of the measurement structure (feet) Float n/a Yes <null>

CAP2_CFS CAPACITY 2 CFS Rated capacity of turnout (cfs) Float n/a Yes <null>

MEASTYPE2 MEASUREMENT TYPE 2 Type of measurement device in turnout 2 Text d_MEASCONTTYPE 50 Yes <null>

REACHID2 REACH ID 2 Name of the reach receiving water from this 
outlet

Text 50 Yes <null>

GATEW2_IN GATE WIDTH 2 IN Width of the gate (inches) Float n/a Yes <null>

GATEHT2_IN GATE HEIGHT 2 IN Height of the gate (inches) Float n/a Yes <null>

WIDTH2_FT WIDTH 2 FT Width of the measurement structure (feet) Float n/a Yes <null>

LENGTH2_FT LENGTH 2 FT Length of the measurement structure (feet) Float n/a Yes <null>

CAP3_CFS CAPACITY 3 CFS Rated capacity of turnout (cfs) Float n/a Yes <null>

MEASTYPE3 MEASUREMENT TYPE 3 Type of measurement device in turnout 3 Text d_MEASCONTTYPE 50 Yes <null>

REACHID3 REACH ID 3 Name of the reach receiving water from this 
outlet

Text 50 Yes <null>

GATEW3_IN GATE WIDTH 3 IN Width of the gate (inches) Float n/a Yes <null>

GATEHT3_IN GATE HEIGHT 3 IN Height of the gate (inches) Float n/a Yes <null>

WIDTH3_FT WIDTH 3 FT Width of the measurement structure (feet) Float n/a Yes <null>

LENGTH3_FT LENGTH 3 FT Length of the measurement structure (feet) Float n/a Yes <null>

CAP4_CFS CAPACITY 4 CFS Rated capacity of turnout (cfs) Float n/a Yes <null>

MEASTYPE4 MEASUREMENT TYPE 4 Type of measurement device in turnout 4 Text d_MEASCONTTYPE 50 Yes <null>

REACHID4 REACH ID 4 Name of the reach receiving water from this 
outlet

Text 50 Yes <null>

GATEW4_IN GATE WIDTH 4 IN Width of the gate (inches) Float n/a Yes <null>

GATEHT4_IN GATE HEIGHT 4 IN Height of the gate (inches) Float n/a Yes <null>

WIDTH4_FT WIDTH 4 FT Width of the measurement structure (feet) Float n/a Yes <null>

LENGTH4_FT LENGTH 4 FT Length of the measurement structure (feet) Float n/a Yes <null>

DRAINNAME1 DRAIN NAME 1 Name of the drain connecting to this structure Text 50 Yes <null>

PIPESZ1_IN PIPE SIZE 1 IN Size of the drain pipe (inches) Float n/a Yes <null>

DRAINNAME2 DRAIN NAME 2 Name of the drain connecting to this structure Text 50 Yes <null>

PIPESZ2 PIPE SIZE 2 Size of the drain pipe (inches) Float n/a Yes <null>

Drain Inlet 1

Drain Inlet 2

At
tr

ib
ut

es
 A

pp
ly

 to
 E

nt
ire

 S
tr

uc
tu

re
Tu

rn
ou

t N
um

be
r 1

Tu
rn

ou
t N

um
be

r 2
Tu

rn
ou

t N
um

be
r 3

Tu
rn

ou
t N

um
be

r 4

This point feature class represents the location of a control structure (and possible turnouts where flow is diverted from an open channel or pressure pipeline)



VENT
Alias: VENT

Description:

Attribute Alias Description Key Data Type Domain Size Null Default
    
VENT   

OBJECTID OBJECTID Object ID; dataless key Object ID n/a No <null>
SHAPE SHAPE Graphic Geometry n/a Yes <null>
STRUCID STRUCTURE ID Unique identifier, contain some knowledge of 

the system built in
PK Text 25 No <null>

REACHID REACH ID Full Reach ID of Feature adjacent of this 
node

FK Text 25 No <null>

CONDITION CONDITION Condition of vent Short Integer d_1_5RATING n/a Yes <null>
NOTES NOTES General comments collected in the field Text 255 Yes <null>
Z_EL Z EL Elevation field Float n/a Yes <null>

SIMPLENODE
Alias: SIMPLE NODE

Description:

Attribute Alias Description Key Data Type Domain Size Null Default
    
SIMPLENODE   

OBJECTID OBJECTID Object ID; dataless key Object ID n/a No <null>
SHAPE SHAPE Graphic Geometry n/a Yes <null>
STRUCID STRUCTURE ID Unique identifier, contain some knowledge of 

the system built in
PK Text 25 No <null>

REACHID REACH ID Full Reach ID of the Feature upstream of this 
node

FK Text 25 No <null>

NODETYPE NODE TYPE Type of Node Text d_NODETYPE 50 No <null>
NOTES NOTES General comments collected in the field Text 255 Yes <null>
Z_EL Z EL Elevation field Float n/a Yes <null>

OPENDITCH
Alias: OPEN DITCH

Description:

Attribute Alias Description Key Data Type Domain Size Null Default
    
OPENDITCH   

OBJECTID OBJECTID Object ID; dataless key Object ID n/a No <null>
SHAPE SHAPE Graphic Geometry n/a Yes <null>
REACHID REACH ID Unique identifier, has some knowledge of the 

system
PK Text 25 No <null>

UPSTRSTRUC UPSTREAM STRUCTURE ID of Upstream Structure Text 50 Yes <null>
DNSTRSTRUC DOWNSTREAM STRUCTURE ID of Downstream Structure Text 50 Yes <null>
TW_FT TOP WIDTH FT Top width of channel (feet) Float n/a Yes <null>
BW_FT BOTTOM WIDTH FT Bottom width of channel (feet) Float n/a Yes <null>
DEPTH_FT DEPTH FT Depth of channel (feet) Float n/a Yes <null>
LENGTH_FT LENGTH FT Length of reach (feet) Float n/a Yes <null>
CAP_CFS CAPACITY CFS Design Capacity (cubic feet per second) Float n/a Yes <null>
LNGMAT LINING MATERIAL Type of lining material Text d_LININGMATERIAL 50 Yes <null>
CONSTDATE CONSTRUCTION DATE Date of Construction Date n/a Yes <null>
CONDITION CONDITION Condition of ditch Short Integer d_1_5RATING n/a Yes <null>
NOTES NOTES General comments collected in the field Text 255 Yes <null>
LATNAME LATERAL NAME Name of lateral being described Text 50 Yes <null>
OTHER_DAMAGE OTHER DAMAGE Is there other damage to canal Text d_Y_N 50 No <null>
BREACH BREACH Breach risk Short Integer d_1_3RATING n/a Yes <null>
SEEPAGE SEEPAGE Length of feature automatically calculated by 

ArcMap in datum units
Short Integer d_1_3RATING n/a Yes <null>

MOSSING MOSSING Mossing condition of channel Text d_Y_N 50 Yes N
SHAPE_Length SHAPE_Length Length of reach (meters, read only) Double n/a Yes <null>

This line feature class represents a canal or a lateral that carries water between structures with a free surface

This point feature class represents locations for pipe vents.

This point feature class represents locations where the channel properties change (i.e., lining, reducers, etc)



PIPELINE
Alias: PIPELINE

Description:

Attribute Alias Description Key Data Type Domain Size Null Default
    
PIPELINE   

OBJECTID OBJECTID Object ID; dataless key Object ID n/a No <null>
SHAPE SHAPE Graphic Geometry n/a Yes <null>
REACHID REACH ID Unique identifier, has some knowledge of the 

system
PK Text 25 No <null>

UPSTRSTRUC UPSTREAM STRUCTURE ID of Upstream Structure Text 50 No <null>
DNSTRSTRUC DOWNSTREAM STRUCTURE ID of Downstream Structure Text 50 No <null>
HEIGHT_IN HEIGHT IN Height dimension of the conduit (feet) Float n/a Yes <null>
WIDTH_IN WIDTH IN Width dimension of the conduit (feet) Float n/a Yes <null>
LENGTH_FT LENGTH FT Length of pipe Float n/a Yes <null>
CAP_CFS CAPACITY CFS Design Capacity (cubic feet per second) Float n/a Yes <null>
PIPEMAT PIPE MATERIAL Type of pipe construction material Text d_PIPEMATERIAL 50 No <null>
CONSTDATE CONSTRUCTION DATE Date of Construction Date n/a Yes <null>
CONDITION CONDITION Condition of pipe Short Integer d_1_5RATING n/a Yes <null>
NOTES NOTES General comments collected in the field Text 255 Yes <null>
LATNAME LATERAL NAME Name of the canal or lateral Text 50 Yes <null>
Z_EL Z EL Elevation field Float n/a Yes <null>
SHAPE_Length SHAPE_Length Length automatically calculated by ArcMap 

based on the datum units
Double n/a Yes <null>

PHOTOS, VIDEOS, RECORD DRAWINGS, EASEMENTS, OTHER DOCUMENTS
Alias:

Description:

Attribute Alias Description Key Data Type Domain Size Null Default
    
PHOTOS, VIDEOS, RECORD DRAWINGS, EASEMENTS, OTHER DOCUMENTS   

OBJECTID OBJECTID Object ID; dataless key Object ID n/a No <null>
FeatureID FEATURE ID Unique identifier of the feature represented FK Text 255 No <null>

DocumentType TYPE OF DOCUMENT Type of document Text d_DOCUMENTTYPE 255 No <null>
FilePath FILE PATH Relative path and name of file Text 255 No <null>
Notes NOTES General comments collected in the field Text 255 Yes <null>

SITEVISIT
Alias: SITE VISIT

Description:

Attribute Alias Description Key Data Type Domain Size Null Default
    
SITEVISIT   

OBJECTID OBJECTID Object ID; dataless key Object ID n/a No <null>
FEATUREID FEATURE ID Unique identifier of the feature that was 

maintained
Text 50 No <null>

DATEVISIT DATE OF VISIT Date the maintenance was performed Date n/a No <null>
DURATION DURATION OF VISIT HRS Duration of the activity (hours) Short Integer n/a Yes <null>
VISITTYPE VISIT TYPE Activity performed during visit Text d_VISITTYPE 50 Yes <null>
NOTES NOTES General comments Text 255 Yes <null>

This object class represents maintenance or inspection activities performed on structures, canals, laterals, etc

This object class contains photographs, CAD files, and other types of documents that are related to GIS features

This line feature class represents a closed conduit between two structures



Alias: GLO

Description:

Attribute Alias Description Key Data Type Domain Size Null Default
    
GLO   

OBJECTID OBJECTID Object ID; dataless key Object ID n/a No <null>
SHAPE SHAPE Graphic Geometry n/a Yes <null>
QTRQTR_PARCEL QTRQTR_PARCEL QTRQTR/Parcel Number (NENE, Tract 1) PK Text 50 Yes <null>
SECTION SECTION Section Number Short Integer n/a Yes <null>
TOWNSHIP TOWNSHIP Township Short Integer n/a Yes <null>
RANGE RANGE Range Double n/a Yes <null>
SHAPE_Length SHAPE_Length Length automatically calculated by ArcMap 

based on the datum units
Double n/a Yes <null>

SHAPE_Area SHAPE_Area Area automatically calculated by ArcMap based 
on the datum units

Double n/a Yes <null>

Alias: GLO SUBDIVISIONS

Description:

Attribute Alias Description Key Data Type Domain Size Null Default
    
GLO_SUB   

OBJECTID OBJECTID Object ID; dataless key Object ID n/a No <null>
SHAPE SHAPE Graphic Geometry n/a Yes <null>
SUBDIVISION SUBDIVISION Subdivision of GLO Tract PK Text 50 Yes <null>
SHAPE_Length SHAPE_Length Length automatically calculated by ArcMap 

based on the datum units
Double n/a Yes <null>

SHAPE_Area SHAPE_Area Area automatically calculated by ArcMap based 
on the datum units

Double n/a Yes <null>

Alias: SECTIONS

Description:

Attribute Alias Description Key Data Type Domain Size Null Default
    
SECTIONS   

OBJECTID OBJECTID Object ID; dataless key Object ID n/a No <null>
SHAPE SHAPE Graphic Geometry n/a Yes <null>
SECTION SECTION Section or Tract Number (Section 1, Tract 91) PK Text 50 Yes <null>

SHAPE_Length SHAPE_Length Length automatically calculated by ArcMap 
based on the datum units

Double n/a Yes <null>

SHAPE_Area SHAPE_Area Area automatically calculated by ArcMap based 
on the datum units

Double n/a Yes <null>

Alias: TOWNSHIP/RANGE LINES

Description:

Attribute Alias Description Key Data Type Domain Size Null Default
    
TR_LINES   

OBJECTID OBJECTID Object ID; dataless key Object ID n/a No <null>
SHAPE SHAPE Graphic Geometry n/a Yes <null>
TOWNSHIP TOWNSHIP Township (53/52) PK Text 50 Yes <null>
RANGE RANGE Range (93/92) FK Text 50 Yes <null>
SHAPE_Length SHAPE_Length Length automatically calculated by ArcMap 

based on the datum units
Double n/a Yes <null>

SHAPE_Area SHAPE_Area Area automatically calculated by ArcMap based 
on the datum units

Double n/a Yes <null>

This polygon feature class shows the section or tract boundaries

WATER RIGHTS

TR_LINES

GLO

This polygon feature class shows the qtrqtr or resurvey tracts for each section or lot/tract (GLO is the General Land Office)

SECTIONS

GLO_SUB

This polygon feature class shows the qtrqtr or resurvey tracts for each section or lot/tract (GLO is the General Land Office)

This polygon feature class shows the township and range lines



Alias: WATER RIGHT

Description:

Attribute Alias Description Key Data Type Domain Size Null Default
    
WATER_RIGHT   

OBJECTID OBJECTID Object ID; dataless key Object ID n/a No <null>
SHAPE SHAPE Graphic Geometry n/a Yes <null>
PERMIT_NO PERMIT NUMBER Permit Number PK Text 50 Yes <null>
PROOF_NO PROOF NUMBER Proof Number Long Integer n/a Yes <null>
ACRES ACRES Irrigated Acres Double n/a Yes <null>
DITCH DITCH NAME Ditch Name Text 50 Yes <null>
CR_NO CR NUMBER Certificate of Record Long Integer n/a Yes <null>
CR_PAGE CR PAGE Certificate of Record Page Long Integer n/a Yes <null>
OR_NO ORDER NUMBER Order of Record Long Integer n/a Yes <null>
OR_PAGE OR PAGE Order of Record Page Long Integer n/a Yes <null>
PRIORITY PRIORITY DATE Priority Date Date n/a Yes <null>
TOWNSHIP TOWNSHIP Township Number Long Integer n/a Yes <null>
RANGE RANGE Range Number Double n/a Yes <null>
SECTION SECTION Section/Tract Number Text 50 Yes <null>
WR_ID WR_ID Unique feature ID Text 25 Yes <null>
SHAPE_Length SHAPE_Length Length automatically calculated by ArcMap 

based on the datum units
Double n/a Yes <null>

SHAPE_Area SHAPE_Area Area automatically calculated by ArcMap based 
on the datum units

Double n/a Yes <null>

Alias: IRRIGATED LANDS

Description:

Attribute Alias Description Key Data Type Domain Size Null Default
    
IRRIGATED_LANDS   

OBJECTID OBJECTID Object ID; dataless key Object ID n/a No <null>
SHAPE SHAPE Graphic Geometry n/a Yes <null>
ACRES ACRES Irrigated Acres Double n/a No <null>
TOWNSHIP TOWNSHIP Township Number Short Integer n/a No <null>
RANGE RANGE Range Number Double n/a No <null>
SECTION SECTION Section/Tract Number Text 50 No <null>
SHAPE_Length SHAPE_Length Length automatically calculated by ArcMap 

based on the datum units
Double n/a Yes <null>

SHAPE_Area SHAPE_Area Area automatically calculated by ArcMap based 
on the datum units

Double n/a Yes <null>

WATER_RIGHT

This polygon feature class shows the water rights for each quarter quarter section

IRRIGATED_LANDS

This polygon feature class shows the irrigated lands in each qtrqtr/tract



Feature Class Designator

BRIDGE B
CONTROL_STRUCTURE S
DRAININLET D
MEASUREMENT_LOCATION M
OPENDITCH R
PIPELINE P
SIMPLENODE N
SIMPLETURNOUT T
UNDERSHOT U
VENT V

Lateral/Canal Code

Elk-Lovell EL
Lovell Canal L
Bench Lateral BL
Moncur Lateral ML
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 APPENDIX C – COST ESTIMATES  



$8,000.00
$1,030.00
$1,030.00
$1,030.00

Item Unit
Estimated 
Quantity

Estimated Unit 
Price Estimated Total Price

Concrete CY 34 $154.50 $5,253.00
Handrail LF 26 $51.50 $1,339.00
Crushed Base CY 23 $14.42 $331.66
48" X 48" Sluice Gate EA 1 $16,068.00 $16,068.00
15" C-10 Canal Gate EA 2 $1,568.69 $3,137.38
DR-51 PIP - 15 inch LF 20 $10.30 $206.00
Riprap CY 32 $41.20 $1,318.40

$27,653.44

Concrete Placement CY 34 $1,184.50 $40,273.00
Riprap Placement CY 32 $87.55 $2,801.60
Structure Excavation/Backfill CY 40 $23.69 $947.60
Existing Structure Removal CY 34 $29.87 $1,015.58
Mobilization LS 1 $7,271.80 $7,271.80

$52,309.58
$79,963.02

$7,997.00
$87,960.02
$13,195.00

$101,155.02
$112,245.02

Contingency (15%)
Construction Cost Total

Project Cost Total

Construction Cost Subtotal (CCS)
Engineering Costs (10% of CCS)

Subtotal #3

Materials Total
INSTALLATION

Installation Total

Legal Fees
Acquisition of Access and Rights of Way

MATERIALS  

CHECK STRUCTURE S-L-0200 - 2018 COST ESTIMATE
Preparation of Final Designs and Specifications

Permitting and Mitigation



$20,980.00
$1,160.00
$1,160.00
$1,160.00

Item Unit
Estimated 
Quantity

Estimated Unit 
Price Estimated Total Price

48" X 48" Sluice Gate EA 1 $18,084.68 $18,084.68
Rubicon FGB-4-5.5 Flume Gate EA 2 $55,263.75 $110,527.51

Concrete CY 31 $173.89 $5,390.62
Concrete CY 30 $46.37 $1,391.13
Crushed Base CY 30 $16.23 $486.90

$135,880.83

Concrete Placement CY 31 $1,333.17 $41,328.12
Riprap Placement CY 30 $98.54 $2,956.15
Flume Gate Installation EA 2 $3,767.64 $7,535.28
Flume Gate SCADA Installation EA 2 $1,507.06 $3,014.11
Mobilization LS 1 $19,081.65 $19,081.65

$73,915.31
$209,796.15

$20,980.00
$230,776.15

$34,617.00
$265,393.15
$289,853.15

BENCH DIVERSION/FLUME STRUCTURE - 2022 COST ESTIMATE
Preparation of Final Designs and Specifications

Permitting and Mitigation
Legal Fees

Acquisition of Access and Rights of Way

MATERIALS  

RAMP FLUME

Materials Total
INSTALLATION

Installation Total
Construction Cost Subtotal (CCS)

Engineering Costs (10% of CCS)

Project Cost Total

Subtotal #3
Contingency (15%)

Construction Cost Total



$25,730.00
$1,230.00
$1,230.00
$1,230.00

Item Unit
Estimated 
Quantity

Estimated Unit 
Price Estimated Total Price

Concrete CY 45 $184.48 $8,301.65
Handrail LF 26 $61.49 $1,598.84
Crushed Base CY 23 $17.22 $396.02
Riprap CY 30 $49.19 $1,475.85
Rubicon FGB-4-5.5 Flume Gate EA 1 $58,629.32 $58,629.32
48" X 48" Sluice Gate EA 1 $19,186.03 $19,186.03
15" C-10 Canal Gate EA 1 $1,873.10 $1,873.10

Concrete CY 38 $184.48 $7,010.28
Riprap CY 30 $61.49 $1,844.81
Crushed Base CY 41 $17.22 $705.95

$101,021.84

Concrete Placement CY 83 $1,414.35 $117,391.46
Structure Excavation/Backfill CY 83 $28.29 $2,347.83
Riprap Placement CY 60 $104.54 $6,272.36
Flume Gate Intallation EA 1 $3,997.09 $3,997.09
Flume Gate SCADA Intallation EA 1 $1,598.84 $1,598.84
Existing Structure Removal CY 45 $35.67 $1,604.99
Mobilization LS 1 $23,392.20 $23,392.20

$156,604.76
$257,626.60

$25,763.00
$283,389.60

$42,509.00
$325,898.60
$355,318.60

MONCUR DIVERSION STRUCTURE - 2024 COST ESTIMATE
Preparation of Final Designs and Specifications

Permitting and Mitigation
Legal Fees

Acquisition of Access and Rights of Way

MATERIALS  

Project Cost Total

Construction Cost Subtotal (CCS)
Engineering Costs (10% of CCS)

Subtotal #3

RAMP FLUME

Contingency (15%)
Construction Cost Total

Materials Total
INSTALLATION

Installation Total



$6,050.00
$1,230.00
$1,230.00
$1,230.00

Item Unit
Estimated 
Quantity

Estimated Unit 
Price Estimated Total Price

Concrete CY 2 $184.48 $368.96
Flumelink Pedestal EA 1 $9,531.52 $9,531.52
4 ft X 4 ft SlipMeter EA 1 $36,699.44 $36,699.44
Riprap CY 15 $49.19 $737.92

$47,337.85

Concrete Placement CY 2 $1,414.35 $2,828.71
Riprap Placement CY 15 $104.54 $1,568.09
Slipmeter & Flumelink Installation EA 1 $3,234.57 $3,234.57
Mobilization LS 1 $5,497.54 $5,497.54

$13,128.90
$60,466.75

$6,047.00
$66,513.75

$9,978.00
$76,491.75
$86,231.75

Contingency (15%)
Construction Cost Total

Project Cost Total

Construction Cost Subtotal (CCS)
Engineering Costs (10% of CCS)

Subtotal #3

Materials Total
INSTALLATION

Installation Total

Legal Fees
Acquisition of Access and Rights of Way

MATERIALS  

FOSTER GULCH SPILL STRUCTURE - 2024 COST ESTIMATE
Preparation of Final Designs and Specifications

Permitting and Mitigation



$6,230.00
$1,270.00
$1,270.00
$1,270.00

Item Unit
Estimated 
Quantity

Estimated Unit 
Price Estimated Total Price

Concrete CY 2 $190.02 $380.03
Flumelink Pedestal EA 1 $9,817.47 $9,817.47
4 ft X 4 ft SlipMeter EA 1 $37,800.42 $37,800.42
Riprap CY 15 $50.67 $760.06

$48,757.98

Concrete Placement CY 2 $1,456.79 $2,913.57
Riprap Placement CY 15 $107.68 $1,615.13
Slipmeter & Flumelink Installation EA 1 $3,331.61 $3,331.61
Mobilization LS 1 $5,662.46 $5,662.46

$13,522.77
$62,280.75

$6,229.00
$68,509.75
$10,277.00

$78,786.75
$88,826.75

Contingency (15%)
Construction Cost Total

Project Cost Total

Construction Cost Subtotal (CCS)
Engineering Costs (10% of CCS)

Subtotal #3

Materials Total
INSTALLATION

Installation Total

Legal Fees
Acquisition of Access and Rights of Way

MATERIALS  

SAND DRAW SPILL STRUCTURE - 2025 COST ESTIMATE
Preparation of Final Designs and Specifications

Permitting and Mitigation



$6,230.00
$1,270.00
$1,270.00
$1,270.00

Item Unit
Estimated 
Quantity

Estimated Unit 
Price Estimated Total Price

Concrete CY 2 $190.02 $380.03
Flumelink Pedestal EA 1 $9,817.47 $9,817.47
4 ft X 4 ft SlipMeter EA 1 $37,800.42 $37,800.42
Riprap CY 15 $50.67 $760.06

$48,757.98

Concrete Placement CY 2 $1,456.79 $2,913.57
Riprap Placement CY 15 $107.68 $1,615.13
Slipmeter & Flumelink Installation EA 1 $3,331.61 $3,331.61
Mobilization LS 1 $5,662.46 $5,662.46

$13,522.77
$62,280.75

$6,229.00
$68,509.75
$10,277.00

$78,786.75
$88,826.75

Contingency (15%)
Construction Cost Total

Project Cost Total

Construction Cost Subtotal (CCS)
Engineering Costs (10% of CCS)

Subtotal #3

Materials Total
INSTALLATION

Installation Total

Legal Fees
Acquisition of Access and Rights of Way

MATERIALS  

COON CREEK SPILL STRUCTURE - 2025 COST ESTIMATE
Preparation of Final Designs and Specifications

Permitting and Mitigation



$9,840.00
$1,270.00
$1,270.00
$1,270.00

Item Unit
Estimated 
Quantity

Estimated Unit 
Price Estimated Total Price

Concrete CY 34 $190.02 $6,460.53
Handrail LF 26 $63.34 $1,646.80
Crushed Base CY 23 $17.73 $407.90
48" X 48" Sluice Gate EA 1 $19,761.61 $19,761.61
15" C-10 Canal Gate EA 2 $1,929.29 $3,858.58
DR-51 PIP - 15 inch LF 20 $12.67 $253.35
Riprap CY 32 $50.67 $1,621.47

$34,010.24

Concrete Placement CY 34 $1,456.79 $49,530.71
Riprap Placement CY 32 $107.68 $3,445.61
Structure Excavation/Backfill CY 40 $29.14 $1,165.43
Existing Structure Removal CY 34 $36.74 $1,249.04
Mobilization LS 1 $8,943.40 $8,943.40

$64,334.19
$98,344.43

$9,835.00
$108,179.43

$16,227.00
$124,406.43
$138,056.43

Contingency (15%)
Construction Cost Total

Project Cost Total

Construction Cost Subtotal (CCS)
Engineering Costs (10% of CCS)

Subtotal #3

Materials Total
INSTALLATION

Installation Total

Legal Fees
Acquisition of Access and Rights of Way

MATERIALS  

CHECK STRUCTURE S-L-0250 - 2025 COST ESTIMATE
Preparation of Final Designs and Specifications

Permitting and Mitigation



$519,960.00
$2,400.00
$1,510.00
$1,510.00

Item Unit
Estimated 
Quantity

Estimated 
Unit Price Estimated Total Price

DR-51 PIP-54 inch LF 5494 $288.90 $1,587,242.08
DR-51 PIP-48 inch LF 2227 $238.99 $532,228.90
DR-51 PIP-42 inch LF 2927 $146.72 $429,452.96
DR-51 PIP-36 inch LF 2684 $98.32 $263,886.40
DR-51 PIP-27 inch LF 834 $51.43 $42,890.99
DR-51 PIP-24 inch LF 216 $39.33 $8,494.70
DR-51 PIP-18 inch LF 1877 $22.69 $42,586.96

54 inch LF 5494 $31.76 $174,513.53
48 inch LF 2227 $28.74 $64,002.21
42 inch LF 2927 $24.20 $70,837.60
36 inch LF 2684 $22.69 $60,896.86
27 inch LF 834 $16.64 $13,876.50
24 inch LF 216 $16.64 $3,593.91
18 inch LF 1877 $12.10 $22,713.05

54 in Fittings
TEE EA 5 $35,324.05 $176,620.23
45° EA 3 $23,305.98 $69,917.95
30° EA 1 $21,587.68 $21,587.68
22.5° EA 2 $20,689.20 $41,378.40
11.25° EA 3 $19,609.21 $58,827.64
48 in Fittings
TEE EA 2 $16,391.93 $32,783.87
45° EA 1 $10,815.02 $10,815.02
30° EA 1 $10,815.02 $10,815.02
42 in Fittings
TEE EA 2 $10,439.89 $20,879.79
45° EA 5 $7,668.83 $38,344.15
30° EA 1 $7,668.83 $7,668.83
36 in Fittings
TEE EA 2 $7,137.91 $14,275.82
45° EA 1 $5,472.55 $5,472.55
30° EA 3 $5,472.55 $16,417.65
22.5° EA 1 $5,472.55 $5,472.55
27 in Fittings
TEE EA 1 $3,441.14 $3,441.14
45° EA 1 $2,031.41 $2,031.41
11.25° EA 1 $2,132.75 $2,132.75
24 in Fittings
TEE EA 1 $2,752.91 $2,752.91
18 in Fittings
TEE EA 1 $750.24 $750.24
30° EA 2 $789.57 $1,579.14
22.5° EA 1 $674.62 $674.62

Concrete CY 12 $226.89 $2,722.66
15 in C-10 Gate EA 1 $2,303.67 $2,303.67
Box Sub-Total $5,026.34
Control Box Totals EA 13 $5,026.34 $65,342.36

Concrete CY 18 $226.89 $4,083.99
15 in C-10 Gate EA 2 $2,303.67 $4,607.35
Box Sub-Total $8,691.34
Control Box Totals EA 1 $8,691.34 $8,691.34

$3,935,889.73

Concrete Placement CY 174 $1,739.48 $302,669.20
Trench Excavation/Backfill 18-36 in LF 5611 $18.15 $101,845.69
Trench Excavation/Backfill 42-54 in LF 10648 $36.30 $386,545.33
Mobilization LS 1 $472,696.39 $472,696.39

$1,263,756.61
$5,199,646.34

$519,965.00
$5,719,611.34

$857,942.00
$6,577,553.34
$7,102,933.34Project Cost Total

Subtotal #3
Contingency (15%)

Construction Cost Total

Installation Total
Construction Cost Subtotal (CCS)

Engineering Costs (10% of CCS)

CONTROL BOXES

Materials Total
INSTALLATION

SINGLE TURNOUT

DOUBLE TURNOUTS

PIPE

BEDDING

FITTINGS

Legal Fees
Acquisition of Access and Rights of Way

MATERIALS  

MONCUR LATERAL - LOW PRESSURE ALTERNATIVE - 2031 COST ESTIMATE
Preparation of Final Designs and Specifications

Permitting and Mitigation



$27,913.00
$1,177.00
$1,000.00
$1,000.00

Item Unit
Estimated 
Quantity

Estimated Unit 
Price Estimated Total Price

DR-51 PIP-36 inch LF 1900 $65.00 $123,500.00
DR-51 PIP-30 inch LF 659 $45.00 $29,663.55

36 inch LF 1900 $15.00 $28,500.00
30 inch LF 659 $12.00 $7,910.28

30 in Fittings
30 in x 36 in Reducer EA 1 $3,944.00 $3,944.00
TEE EA 1 $3,071.00 $3,071.00

Concrete CY 18 $150.00 $2,700.00
15 in C-10 Gate EA 2 $1,523.00 $3,046.00
Box Sub-Total $5,746.00
Control Box Totals EA 1 $5,746.00 $5,746.00

$202,334.83

Concrete Placement CY 18 $1,150.00 $20,700.00
Trench Excavation/Backfill 18-36 in LF 2559 $12.00 $30,710.28
Mobilization LS 1 $25,375.00 $25,375.00

$76,785.28
$279,120.11

$27,913.00
$307,033.11

$46,055.00
$353,088.11
$384,178.11

Construction Cost Subtotal (CCS)
Engineering Costs (10% of CCS)

Project Cost Total

Subtotal #3
Contingency (15%)

Construction Cost Total

Materials Total
INSTALLATION

Installation Total

CONTROL BOXES

PIPE

DOUBLE TURNOUTS

BEDDING

FITTINGS

Legal Fees
Acquisition of Access and Rights of Way

MATERIALS  

BENCH LATERAL - LOW PRESSURE ALTERNATIVE - 2017 COST ESTIMATE
Preparation of Final Designs and Specifications

Permitting and Mitigation



$4,787.00
1,000.00$          
1,000.00$          
1,000.00$          

Item Unit
Estimated 
Quantity

Estimated Unit 
Price Estimated Total Price

Concrete CY 16 $150.00 $2,400.00
Handrail LF 14 $50.00 $700.00
Crushed Base CY 8 $14.00 $112.00
48" X 48" Sluice Gate EA 1 $15,600.00 $15,600.00
15" C-10 Canal Gate EA 2 $1,523.00 $3,046.00
DR-51 PIP - 15 inch LF 20 $10.00 $200.00
Riprap CY 17 $40.00 $680.00

$22,738.00

Concrete Placement CY 16 $1,150.00 $18,400.00
Riprap Placement CY 17 $85.00 $1,445.00
Structure Excavation/Backfill CY 20 $23.00 $460.00
Existing Structure Removal CY 16 $29.00 $464.00
Mobilization LS 1 $4,360.00 $4,360.00

$25,129.00
$47,867.00

$4,787.00
$52,654.00

$7,899.00
$60,553.00
$68,340.00

Contingency (15%)
Construction Cost Total

Project Cost Total

Construction Cost Subtotal (CCS)
Engineering Costs (10% of CCS)

Subtotal #3

Materials Total
INSTALLATION

Installation Total

Legal Fees
Acquisition of Access and Rights of Way

MATERIALS  

50 CFS CHECK STRUCTURE- 2017 COST ESTIMATE
Preparation of Final Designs and Specifications

Permitting and Mitigation



$5,480.00
1,000.00$          
1,000.00$          
1,000.00$          

Item Unit
Estimated 
Quantity

Estimated Unit 
Price Estimated Total Price

Concrete CY 20 $150.00 $3,000.00
Handrail LF 18 $50.00 $900.00
Crushed Base CY 10 $14.00 $140.00
48" X 48" Sluice Gate EA 1 $15,600.00 $15,600.00
15" C-10 Canal Gate EA 2 $1,523.00 $3,046.00
DR-51 PIP - 15 inch LF 20 $10.00 $200.00
Riprap CY 23 $40.00 $920.00

$23,806.00

Concrete Placement CY 20 $1,150.00 $23,000.00
Riprap Placement CY 23 $85.00 $1,955.00
Structure Excavation/Backfill CY 20 $23.00 $460.00
Existing Structure Removal CY 20 $29.00 $580.00
Mobilization LS 1 $4,990.00 $4,990.00

$30,985.00
$54,791.00

$5,480.00
$60,271.00

$9,041.00
$69,312.00
$77,792.00

Contingency (15%)
Construction Cost Total

Project Cost Total

Construction Cost Subtotal (CCS)
Engineering Costs (10% of CCS)

Subtotal #3

Materials Total
INSTALLATION

Installation Total

Legal Fees
Acquisition of Access and Rights of Way

MATERIALS  

100 CFS CHECK STRUCTURE - 2017 COST ESTIMATE
Preparation of Final Designs and Specifications

Permitting and Mitigation



$6,790.00
1,000.00$          
1,000.00$          
1,000.00$          

Item Unit
Estimated 
Quantity

Estimated Unit 
Price Estimated Total Price

Concrete CY 28 $150.00 $4,200.00
Handrail LF 22 $50.00 $1,100.00
Crushed Base CY 17 $14.00 $238.00
48" X 48" Sluice Gate EA 1 $15,600.00 $15,600.00
15" C-10 Canal Gate EA 2 $1,523.00 $3,046.00
DR-51 PIP - 15 inch LF 20 $10.00 $200.00
Riprap CY 29 $40.00 $1,160.00

$25,544.00

Concrete Placement CY 28 $1,150.00 $32,200.00
Riprap Placement CY 29 $85.00 $2,465.00
Structure Excavation/Backfill CY 30 $23.00 $690.00
Existing Structure Removal CY 28 $29.00 $812.00
Mobilization LS 1 $6,180.00 $6,180.00

$42,347.00
$67,891.00

$6,790.00
$74,681.00
$11,203.00

$85,884.00
$95,674.00

Contingency (15%)
Construction Cost Total

Project Cost Total

Construction Cost Subtotal (CCS)
Engineering Costs (10% of CCS)

Subtotal #3

Materials Total
INSTALLATION

Installation Total

Legal Fees
Acquisition of Access and Rights of Way

MATERIALS  

200 CFS CHECK STRUCTURE - 2017 COST ESTIMATE
Preparation of Final Designs and Specifications

Permitting and Mitigation



$7,764.00
1,000.00$          
1,000.00$          
1,000.00$          

Item Unit
Estimated 
Quantity

Estimated Unit 
Price Estimated Total Price

Concrete CY 34 $150.00 $5,100.00
Handrail LF 26 $50.00 $1,300.00
Crushed Base CY 23 $14.00 $322.00
48" X 48" Sluice Gate EA 1 $15,600.00 $15,600.00
15" C-10 Canal Gate EA 2 $1,523.00 $3,046.00
DR-51 PIP - 15 inch LF 20 $10.00 $200.00
Riprap CY 32 $40.00 $1,280.00

$26,848.00

Concrete Placement CY 34 $1,150.00 $39,100.00
Riprap Placement CY 32 $85.00 $2,720.00
Structure Excavation/Backfill CY 40 $23.00 $920.00
Existing Structure Removal CY 34 $29.00 $986.00
Mobilization LS 1 $7,060.00 $7,060.00

$50,786.00
$77,634.00

$7,764.00
$85,398.00
$12,810.00

$98,208.00
$108,972.00

Contingency (15%)
Construction Cost Total

Project Cost Total

Construction Cost Subtotal (CCS)
Engineering Costs (10% of CCS)

Subtotal #3

Materials Total
INSTALLATION

Installation Total

Legal Fees
Acquisition of Access and Rights of Way

MATERIALS  

300 CFS CHECK STRUCTURE - 2017 COST ESTIMATE
Preparation of Final Designs and Specifications

Permitting and Mitigation



$8,888.00
1,000.00$          
1,000.00$          
1,000.00$          

Item Unit
Estimated 
Quantity

Estimated Unit 
Price Estimated Total Price

Concrete CY 41 $150.00 $6,150.00
Handrail LF 30 $50.00 $1,500.00
Crushed Base CY 31 $14.00 $434.00
48" X 48" Sluice Gate EA 1 $15,600.00 $15,600.00
15" C-10 Canal Gate EA 2 $1,523.00 $3,046.00
DR-51 PIP - 15 inch LF 20 $10.00 $200.00
Riprap CY 35 $40.00 $1,400.00

$28,330.00

Concrete Placement CY 41 $1,150.00 $47,150.00
Riprap Placement CY 35 $85.00 $2,975.00
Structure Excavation/Backfill CY 50 $23.00 $1,150.00
Existing Structure Removal CY 41 $29.00 $1,189.00
Mobilization LS 1 $8,080.00 $8,080.00

$60,544.00
$88,874.00

$8,888.00
$97,762.00
$14,665.00

$112,427.00
$124,315.00

Contingency (15%)
Construction Cost Total

Project Cost Total

Construction Cost Subtotal (CCS)
Engineering Costs (10% of CCS)

Subtotal #3

Materials Total
INSTALLATION

Installation Total

Legal Fees
Acquisition of Access and Rights of Way

MATERIALS  

400 CFS CHECK STRUCTURE - 2017 COST ESTIMATE
Preparation of Final Designs and Specifications

Permitting and Mitigation
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