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INTRODUCTION 

Background 
The Hanover Irrigation District (HID) owns and operates the main irrigation canal and diversion in the 
Worland area of the Bighorn River Basin.  This canal is extremely important to the agriculture and 
economy of the area.  It extends from nearly the southern border of Washakie County to the northern 
border, and it supplies the water needs of three other irrigation districts including Upper Bluff, Bluff and 
Highland Hanover.  These also contribute tailwater, overflow and drainage water to the Bighorn River 
and Lower Hanover Canal.  The Hanover Canal was formerly known as the Upper Hanover Canal.  For the 
purposed of this study and report, all references to the Hanover Canal are for the main canal and any 
reference in the documentation to the Upper Hanover Canal refer to the subject of this study the 
Hanover Canal. The Highland Hanover Canals occupy the higher-elevation irrigated areas of the crop 
land along the east bank of the Bighorn River near Worland.  The Lower Hanover Canal is independent 
from the Hanover and Highland Hanover canals, and it serves the lower-elevation irrigated areas of the 
east bank of the Bighorn River near Worland.   

The Hanover Canal is almost 35 miles long, stretching the length of the county from North to South, with 
most all irrigated lands in Washakie County being serviced by this important canal.  It provides water for 
irrigation of approximately 24,800 acres with over 500 water users.  These lands are irrigated for crops 
such as corn, sugar beets, barley, beans, alfalfa and grass hay, and other forage crops.  Much of the farm 
ground and its crop residue are also used for winter forage and feeding grounds for livestock operations.   

Originating in the early 1900’s, the canal was operated privately and independently until the 1940’s, 
when Congress authorized PL 543, which enabled construction for canal expansion following the 
organization of the Upper Bluff Irrigation District and Highland-Hanover Irrigation District in 1954.  The 
Bluff Canal Unit was already in existence, expanding the Upper Bluff, and its water was combined with 
the Hanover Canal.  The Upper Hanover Irrigation District and Hanover Canal are names that the district 
and canal often went by, though it was found the proper registered name of the district is the Hanover 
Irrigation District, as organized under the statutes of the State of Wyoming.  The names should not be 
used interchangeable, though typically refer to the same area and canal. 

Purpose of Level I Planning Study 
The purpose of this study is to meet the goals and requirements of Wyoming Statute 41-2-114 
Development of water projects; rehabilitation of water projects.  According to the statute, the study 
shall be conducted to identify reconnaissance level analyses and comparison of development 
alternatives. The study intent is to provide a master plan for the irrigation district which includes the 
following solutions and alternatives for addressing water supply issues: 

• System Assessment and Inventory, 
• Current Operations and Irrigation Efficiency Analysis, 
• Review of Water Rights, 



• Rehabilitation and Management Plan, 
• Concept Level Designs and Cost Estimates, 
• Economic Analysis and Project Financing, 
• Geographic Information System (GIS), and 
• Final Report. 

This report and the generated GIS data operate to bring the results of all above goals together.  The 
following are discussions of these goals along with information regarding methodology, assumptions, 
recommendations, and conclusions, where applicable. 

Study Area 
The study area is limited to the Hanover Irrigation District service area, with primary interest in the 
irrigated acreage serviced by the canal.  The Hanover Canal serves as a carrier canal for other irrigation 
districts after consolidation efforts by USDI-BOR (Reclamation) to consolidate the diversion points and 
expand the service acreage by addition of pumping units to service elevated service areas.  The 
expanded service area of the canal encompasses the Bluff Irrigation District, Upper Bluff Irrigation 
District & Highland Hanover Irrigation District; these service areas were not studied as part of this Level I 
Study, and are subject to subsequent studies.  Though not subjects of this report, the water volume for 
conveyance was considered, as well as their financial responsibility to the Hanover Irrigation District for 
operations, maintenance, and capital improvements.   

The HID consists of 13,329 acres with 513 members, and is typically bounded by the Hanover Canal on 
the upslope of the terrain and either the Bighorn River or the Lower Hanover Canal on the downslope.  
As the Hanover Canal diverts from the Left Bank of the Bighorn River, then crosses the river to the right 
bank, the service acreage and study area are on both sides of the Bighorn River.  Note that some parcels 
are found to be irrigated across into other districts’ service areas, with some acreage serviced above the 
canal by on-farm pumped systems.  See following Figure 1.1 Bighorn River Basin Map. 

Project Input 
The input of the Hanover Irrigation District Board and current members was integral in ensuring the 
Master Plan was accurate and able to be a working plan. The open communication with the members 
allowed for the user perspective to be highlighted to ensure our recommendations and concept plans 
would work for the District as well as its users.   The Board meetings allowed WHCE to gain perspective 
and share information discovered and analyzed, making sure it was a group effort with all known 
information shared.  This type of communication with the Board granted comprehensive analysis to 
determine feasibility and functionality.  

Improvements 
The main deliverable for this Study that was requested by the Board, was a list of improvements needed 
and the cost associated with the repairs or replacement. 



Previous reports and studies were reviewed prior to beginning the inventory and assessment of the 
canal.  The recommendations from those reports were analyzed to see if they had been completed or 
were still active.  The recommendations in this Study are independent of past recommendations. 

The canal was surveyed both with survey grade RTK GPS equipment and GPS collectors to obtain 
accurate information for hydraulic calculations and to collect the inventory information for the District’s 
canal assets.  GPS collectors with a GIS application were utilized for the inventory of significant features 
along the canal.  This inventory includes information regarding: 

• the identity, type, entity characteristics and dimensions,  
• entity location,  
• channel conditions,  
• channel dimensions,  
• concerns,  
• comments, and 
• photos for each entity found during the inventory task.   

The use of this electronic equipment promoted efficiency by eliminating the task of entering information 
into the GIS after field surveys were completed; all the information was stored electronically as the 
survey progressed.  After the thorough inventory of all assets along the Hanover Canal a ranking system 
was developed for improvements.   

The District’s goals of the ranking were considered and discussed with the District to ensure the rating 
and assessment met their desires.  Discussions revealed the District’s need is to identify assets that are 
failing or need repair. Those assets were ranked based on;  

• safety,  
• canal operations, and  
• canal economics.   

The replacements and upgrade results have been ranked according to urgency and benefit, and the 
prioritized list is shown in Table 3.1. The District has reviewed this list, and they concur. 

Table 3.1:  Prioritized List of Improvements 

Replacement 
Priority Structure Identifier Replacement/Improvement Projects

1 HC-LI-003 to HC-LI-004 Bighorn Flume-PH1 (Structural & Lining Repairs)
2 HC-WW-001/ HC-CH-001 Cottonwood Spill/Check
3 HC-HG-001 Structural Repairs- Diversion Structure  & Trash Deflector
4 HC-LI-006 to HC-LI-008 Lined Section-Piped
5 HC-CH-009, 005, 007, 008 Check Structures
6 HC-MD-001 Measuring Device
7 HC-PI-004 to UHC-DR-003 End Of Canal Piping (28,000 FT +/-)
8 HC-SI-008 Air Vent- Rehabilitate/Exercise Valves
9 HC-WW-012 Repairs-wall cracks, sediment, heaving of slab in canal
10 HC-WW-003 Repairs-concrete cracks, sediment, heaving of slab in canal  



The top three ranked improvements are summarized below: 

1. Bighorn Flume Bridge 

 
Figure 3.3 Bighorn Flume Bridge 

The Bighorn Flume Bridge was identified as a top priority as it is currently impeding canal operations as 
it does not allow vehicle travel across the river for daily canal operations.  If it were to fail, the largest 
amount of irrigated service acreage would be without water.  The structural sufficiency of this flume-
bridge over the Bighorn River was analyzed by Robert (Bob) Lower P.E. of Lower and Co. He inspected 
the bridge in October of 2016 and calculated the bridge’s load-capacity. His recommendations for 
repairs and maintenance of the bridge include:  removing and replacing wood frame decking; cleaning 
and painting the superstructure and flume; and shoring the structure and removing and/or replacing 
damaged piers.   

The most notable finding of this report was that the loadbearing capacity of the bridge is not sufficient 
to support an increase in neither water flow capacity nor conveyance of large construction or 
maintenance equipment.  Other notable findings include: the bridge deck has significantly deteriorated 
and needs replacement; the super structure of the bridge is in need of repainting or coating; and 
numerous concrete piers are in need of repair or replacement.   

Ryan Altenburg P.E. & Joe Johnston P.E. also observed the condition of the existing structure to observe 
any impacts to operations and hydraulics beyond the structural analysis performed by Lower.  Their 
findings noted that the flume was icing up during winter months due to seepage and canal flow that was 
not checked up and diverted out of the canal upstream of the flume, potentially causing expansion and 



contraction fatigue/damage.  Also, the gaskets were not providing a proper seal, and were leaking.  
Erosion of the mid-river pier and corrosion of the steel pile (inspection from river banks and above) was 
also noted.   

2. Cottonwood Spill & Check 

The Cottonwood Spill (HC-WW-001) & Check (HC-CH-001) structures were identified together as a top 
priority as operation is impaired, and remaining useful life is limited.  If it were to fail, nearly all irrigated 
service acreage would be without water.  The structure’s sufficiency was reviewed.  The inspection and 
assessment is documented in the GIS data, and found that the check structure was of very early 
construction, and is now near the end of its useful life.  The concrete has deteriorated by spalling, and 
contains numerous severe structural cracks. Also troubling is substantial steel deterioration affecting the 
function of the gates.  The safety railing is not adequately supported. The gate operators are functional; 
though the linkage and gates do not give proper sealing during closure.  They are unable to be opened 
manually.  Opening now requires additional assistance such as lifting with a backhoe.   

 
Figure 3.4 Cottonwood Check 

The spill portion of the Cottonwood Structure (HC-WW-001) is a 1955 structure nearing the end of its 
useful life.  Its 60-years of use is beyond its expected useful life.  The structure was found to have a 
deteriorated wood decking surface, with concrete structural cracks and spalling, and the function of the 
automated gate and spill had been modified by concreting the opening shut, preventing the ability for 
the canal to regulate itself, and to be opened for emergency spills of a full canal. 

3. Headgate Diversion 

The canal headgate and diversion structure was reviewed multiple times.  The structure is estimated to 
be constructed in 1962, based on litigation file documents found in District archives, indicating when the 
previous diversion structure washed out.  The structure is in overall good condition with most all 
components functioning, and in working conditions.  The structure was assigned an estimated 10 years 



of remaining useful life; this number could be higher, though structural concrete cracking of the walls 
created concern that if the structural damage was not addressed, the integrity and functionality of the 
structure would be in jeopardy. 

Observations found the gates and openers are all functional, though the gauges were not present or 
functional for the main gates to determine the amount of opening, and a tree had become lodged under 
the gates inhibiting their ability to properly close and create an adequate closure.  The bypass or flushing 
gate had not been used in some time, and was tested.  It was found to travel the full distance, and close, 
though was manually operated, thus causing reduced use.  A significant problem was identified with all 
the walls containing hand rails; the railing mounting pockets were believed to be retaining water which 
has been causing substantial structural cracking of the walls during freeze-thaw cycles.  The cracking is 
significant and needs to be addressed. The concrete for the structure is in good condition, considering 
its age, with minimal spalling and superficial cracking.  The safety railing is also missing, removed, or 
damaged at several locations along the structure, and the integrity is compromised by the wall cracking 
in many places, creating the opportunity for a safety hazard.   

The trash deflector, used to deflect large debris away from the gates and direct it down river, has been 
removed.  The equipment appears to be an add-on amenity following the original construction, as 
indicated by chiseled holes through the structure for the mounting hardware, which have not been 
sealed since installation.  The remaining deflector equipment consists of the threaded actuator arms, 
the actuator gear boxes, and a mounting bracket for the deflector.  The mentioned tree may be a result 
of the absence of the deflector.  Other noted safety items include: 

• the security light is not functional, and  
• much of the electrical conduit and gear is damaged, abandoned, or not functioning as intended. 

Cost Estimates 
Some of the District’s improvement needs that are above and beyond the maintenance-level 
improvements have been explored to develop concept designs and cost estimates.  The cost estimates 
are as follows: 

Table 7.1: Cost Estimates & Total 

7.1 Bighorn River Flume and Bridge Rehabilitation & Repairs $729,000 
7.1-alt Bighorn River Flume-Replacement $2,280,000 

7.2 Cottonwood Spill & Check Structure $401,000 
7.3 Headgate Repairs $156,000 
7.4 Lined Canal Section & Optional Piping $9,395,000 
7.5 Standard Check Structure(s) $372,000 
7.6 Doppler Radar Measuring Device $182,000 
7.7 End of Canal Piping $4,151,000 

 Total with 7.1 $15,386,000 



 Total with 7.1-alt $16,937,000 
 

The Bighorn River Flume, lined canal section and end of canal piping should be considered for Level II 
studies as more in-depth design considerations are needed for these improvements, and the 
Cottonwood spill & check structure, headgate repairs, standard check structures and doppler radar 
measuring device improvements may advance to Level III.   

Economic Analysis & Project Financing 
Hanover’s ability to pay as well as funding opportunities were reviewed to determine the feasibility of 
the District to pay for the necessary repairs.  To compile the economic analysis for Hanover Irrigation 
District the following items were reviewed: 

- Profit and Loss Statements – year 2011 to year 2017 
- Balance sheets – 2014 to 2016  
- Wyoming Water Development Commission loan statement number RE-9104503/FY91 
- 4 Canal Agreement quarterly statements - 2011 to 2016  
- Bureau of Reclamation 2013 Contract No. 139E6A0027 renewal 

The Hanover Irrigation District currently operates with nearly $200,000 in their checking account.  They 
maintain a separate reserve account (currently called the Water Supply Project) to provide for 
maintenance on future canal upgrade projects.  This account has maintained a balance of over $37,000 
since it was established.  Furthermore, the Hanover Irrigation District has experienced positive income 
gain in the past years increasing their checking account from $96,489.70 in December of 2015 to 
$195,065.28 in August 1 of 2016.   

Current District Assessments 
The District assesses all of the landowners at a rate of $16 per acre with a one acre minimum.  
Comparable assessments in the Worland area are as follows: 

Table 8.0: Assessments 

Canal Company 
Current Assessment 

 (per acre) 
Bluff $30.00 
Upper Bluff $40.00 
Highland Hanover $25.00 

 

In 2015, HID collected $222,690.61 in total dollars from assessments.  In 2017, assessing approximately 
13,225 acres, the district projects to collect approximately $212,000.        



Current Payment Agreements 
The Hanover Irrigation District currently pays on a loan from the Wyoming Water Development 
Commission.   Loan number RE-9104503/FY91 is a 35-year note first issued in December of 1993.  The 
loan has an interest rate of 4 percent and a principal amount of $538,200.27.  Twenty-four (24) annual 
payments have been made in the amount of $28,835.33 per payment.  HID has made double payments 
since the December payment of 2014.  This has substantially deceased the interest to be paid and 
brought the total number of regular payments to thirty-one currently, or six (6) left to be paid.   

Funding Plan and Associated User Fee Impact 
Assessments were reviewed to determine if an increase would be reasonable to assist with the repairs.  
Multiple scenarios were considered in regards to a $1/$2/$3 or $4 assessment increase.   

Table 8.1 summarizes the borrowing capacity of further acreage assessment increases.    

Figure 8.2: Borrowing Capacity of $2/acre Assessment 

 

Table 8.1: Potential Further Borrowing Capacity 

 

The following table depicts the prioritized list of improvements and the portion of the 
improvement/project cost that Hanover Irrigation District will be responsible for: 

Table 8.2: Funding of Future Projects 

ENTER VALUES LOAN SUMMARY

$494,000.00 $26,500.00
4.00% 35

35 35
1 $0.00

12/31/2018 $431,084.00

Scheduled payment
Scheduled number of payments
Actual number of payments
Total early payments
Total interest

Loan amount
Annual interest rate
Loan period in years
Number of payments per year
Start date of loan

Assessment 
Increase Payment Amount

Approximate 
Loan Amount* Total Interest

$1 13,250.00$                   245,000.00$        209,649.82$        
$2 26,500.00$                   494,000.00$        431,084.00$        
$3 39,750.00$                   740,000.00$        643,979.92$        
$4 53,000.00$                   985,000.00$        853,329.74$        

*Total loan amount is calculated with 4% interest and 35 annual payments



  

Funding Scenarios: 

Hanover Irrigation District can use the proposed 2018 $2/acre increase in assessments to pay the 
current WWDC loan from 1993.  The loan would be paid at the standard rate to be paid off completely in 
December of 2023 (See current Amortization schedule in Appendices).  The District can then use funds 
they are paying to the current WWDC loan to fund a new loan to replace the bridge and flume as well as 
begin to supply a sinking fund to support future projects.  This $2 increase in assessments would 
generate approximately 26,500 additional revenue each year.  This amount would generate enough 
income to make payments for nearly a $500,000 note.  Alternatively, this loan could cover HID’s cost to 
replace the Bighorn River Flume and Bridge projected for 2019 construction.  With this option the 
current 1993 WWDC loan could continue to be paid at the current double payments and free up the 
amount of the loan to be placed in a new total loan.   

Phase 1 of piping of the lined portion of the canal is scheduled for 2020.  To begin this project a $3 
assessment increase could be leveraged to afford the Hanover portion of the project.  Phase 2 and three 
would each represent approximately a $3 increase in assessments.  However, in 2023, with the payoff of 
the original WWDC loan the approximate $2/acre assessment increase, HID would be available to 
decrease a possible 2025 assessment increase to $1/acre.   Future projects could be funded as denoted 
in table 8.8. 

Funding Opportunities 
Multiple sources are available to help fund applicable projects that the Hanover Irrigation District may 
need. Depending on the project, one or more agencies may have available funds to match, give as a 
grant or provide per project nature.  Most funding sources require a match of funds by the project 
sponsor/owner, though for some projects, these funds can be in-kind services or by securing and 
repayment of loans.  The table below lists available agencies and the amount of available funding.   

 

 

Hanover 
WWDC Grant

Hanover 
WWDC Loan

USDI-BOR 
Watersmart

67% 33% 50%
7.1-alt Bighorn River Flume & Bridge Replacement $1,459,000 2019 $1,548,000 $1,037,160 $510,840 2$                    

7.2 Cottonwood Spill & Check Structure $200,500 2018 $207,000 $103,500 *
7.3 Headgate Repairs $78,000 2019 $83,000 $55,610 $27,390 *
7.4 Lined Canal Section & Optional Piping $6,012,800 

Phase 1 - $2,147,500 2020 $2,347,000 $1,572,490 $774,510 3$                    
Phase 2 - $2,147,500 2025 $2,721,000 $1,823,070 $897,930 3.5$                 
Phase 3 - $1,718,000 2030 $2,523,000 $1,690,410 $832,590 3.5$                 

7.5 Standard Check Structure(s) $245,000 2023 $293,000 $196,310 $96,690 *
7.6 Doppler Radar Measuring Device $91,000 2027 $123,000 $82,410 $40,590 *
7.7 End of Canal Piping $4,151,000 

Phase 1 - $1,482,500 2035 $2,524,000 $1,691,080 $832,920 3.5$                 
Phase 2 - $1,482,500 2040 $2,926,000 $1,960,420 $965,580 4$                    
Phase 3 - $1,186,000 2045 $2,714,000 $1,818,380 $895,620 3.75$              

Totals  $12,237,300 $18,009,000 $11,927,340 $5,874,660 23.25$            

ProjectItem

*Projects may be able to be funded with the current yearly revenue.  

Estimated 
Year of 

Construction

Est. Cost in 
Year of Const. 
(3% inflation)

Approximate 
Assessment 

IncreaseCost to HID



Figure 8.4: Agency Funding Possibilities 

 

 

  

Organization Amount Stipulations
WWDC $1-3 Million 67% loan/33% grant

USDA-NRCS

Regional Conservation Partnership 
Program

$252 Million 
in Total 
Funding 

Available

Match with Private 
or Local Funds

Agricultural Management Assistance $50,000 

Up to 75% of 
installation, Adjusted 

Gross Income 
Provisions, Higher 

Cost Share for 
Historically 
Underserved 

Producers

USDI-BOR
WaterSmart $1,000,000 50% Cost Share

Energy Efficiency $1,000,000 50% Cost Share
Water Smart Small Scale Water Efficiency $75,000 50% Cost Share

Water Conservation Field Services 
Program Wyoming Area Office

$100,000 50% Cost Share

Trout Unlimited
TBD

Need to petition per 
Applicable Project

Nature Conservancy
TBD

Need to petition per 
Applicable Project

State & Local Funding
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