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I. INTRODUCTION 

1.1 General 

On June 1, 2002, Anderson Consulting Engineers, Inc. (ACE) entered a contract with the 

Wyoming Water Development Commission (WWDC) to provide professional services to the 

York / South Side Ditch Master Plan Project. The purpose of this study was to identify and 

evaluate the feasibility of various rehabilitation and improvement alternatives for mitigating 

conveyance limitations and ditch efficiency problems associated with the York Ditch, the South 

Side Ditch, and the Hardin-Campbell Ditch. These three ditches are located in the vicinity of 

Ranchester and Dayton, Wyoming. This report documents the results of all tasks associated with 

this effort. 

1.2 History of the Project 

The study area is located along the Tongue River in Sheridan County near the Towns of 

Ranchester and Dayton (Figure 1.1). In September of 2001, a cooperative effort by the South 

Side Ditch Company and York Ditch Company culminated in the submittal of a request to the 

WWDC for funding a Level I study of their existing irrigation facilities. Following the initial 

submittal for WWDC funding, the Hardin-Campbell ditch was included in the study area because 

of its integral role in the operations of the York Ditch. Consequently, the project study area is 

defined as the extent of the three ditches and the irrigated acreage served. General characteristics 

of the study area are summarized below in Table 1.1. 

Table 1.1 Summary of General Characteristics of Study Area Ditches 

Ditch 
Original Supplemental 

Water Rights 
Number of Ditch 

Assessment 
Irrigated Principal 

Source Source Irrigators (I) Length Acreage (I) Crops 

South Side Ditch Tongue River 
Little Tongue 22.45 original 

12 8.6 $2/acre 1,345 
Grass Hay I 

River 19.26 supplemental Alfalfa 

York Ditch 
Tongue River and 

WolfCreek 
6.0 original 

15 7.6 $4/acre 978 
Grass Hay I 

WolfCreek 7.60 supplemental Alfalfa 

Hardin-
WolfCreek None 

10.30 original 
10 0.9 $4/acre 375 

Grass Hay I 
Campbell Ditch 0.0 supplemental Alfalfa 

(1) approximate values 
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Figure 1.1 York / South Side Ditch Master Plan Location Map 
1.2 



At the time of this investigation, the region was in the second year of severe drought conditions. 

Annual runoff for the Tongue River for the 2001 and 2002 water years were the two lowest years 

on record. Figure 1.2 presents a summary of annual runoff measured at USGS gaging station 

"Tongue River near Dayton, Wyoming" for the period 1941 through 2002. (Please note that at 

the time of this report, the only data available for the 2002 water year were October 2001 

through August 2002). According to the State Board of Control, 2001 was the first year in 

history that the Tongue River was regulated. In 2002, the river was not officially under 

regulation but some ditches were measured and shut off or controlled by the State. These 

conditions have fostered an understanding for the need for conservation and perhaps 

modification to existing practices and methods. For example, the York Ditch Company has 

expressed interest in installing measurement devices at all turnouts. 
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* Partial water year: (Oct 2001 - Aug 2002) 

Figure 1.2 Annual Runoff 
USGS 06298000 Tongue River near Dayton, WY 

The South Side Ditch diverts water from the Tongue River and conveys it easterly via 

approximately 8.6 miles of earthen ditch to irrigated lands located between Dayton and 

Ranchester. There are approximately 1,345 acres irrigated by the South Side Ditch. In addition 

to adjudicated rights on the Tongue River, the South Side Ditch has supplemental supply rights 

on the Little Tongue River, which it crosses approximately 2.2 miles downstream of its point of 

diversion on the Tongue River. 

The York Ditch diverts water from the Tongue River approximately 5 miles downstream 

of the South Side Ditch's point of diversion. The York Ditch is entirely earthen and is 

approximately 7.6 miles long providing water to approximately 978 irrigated acres. In addition 

to flows diverted from the Tongue River, a portion of its irrigation water is diverted from Wolf 

Creek and delivered to the York Ditch by means of the Hardin-Campbell Ditch. 
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The Hardin-Campbell Ditch diverts water from Wolf Creek and flows northerly 

approximately 1 mile to the York Ditch where it terminates. Historically, the Campbell Ditch 

diverted flows from Wolf Creek near the location where the York Ditch crosses the creek. Maps 

reviewed at the Wyoming State Engineer's Office showed the Campbell Ditch running parallel 

to, and downslope of, the York Ditch. It is our understanding that the point of diversion of the 

Campbell Ditch was later changed to that of the Hardin Ditch. This facilitates the delivery of 

water to the York Ditch from Wolf Creek via the Hardin Ditch. 

Initial investigations show that roughly one half of the total acres within the study area 

are irrigated using a combination of various sprinkler methods. These are predominately side 

rolls and center pivots, the remainder of the acreage is flood irrigated. This acreage includes 

various irrigation improvements such as gated pipe and, to a lesser extent, concrete-lined ditches. 

Alfalfa and grass hay dominate the cropping patterns in the study area; to a much lesser extent, 

spring grains are occasionally grown. 

Irrigators are assessed by the ditch companies based upon their irrigated acreage. For the 

York Ditch Company, the assessment is $4.00 per share (one share equals one acre) or $4 per 

acre. Depending upon specific annual operation and maintenance requirements, two assessments 

may occur. The South Side Ditch Company assessment is $40.00 per share (one share 

representing 20 acres) or $2 per acre. Assessments for the Hardin Campbell are $4 per acre. 

1.3 Summary of Existing Problems 

Existing problems associated with the ditches include aging infrastructure; conveyance 

limitations due to slope, vegetation, and undersized structures; and seepage losses. The York 

Ditch suffers from problems associated not only with the age of its infrastructure, but a very low 

slope. Figure 1.3 shows a comparison of the York Ditch and South Side Ditch profiles. This 

figure clearly shows the reduced slope of the York Ditch in relation to the South Side Ditch. An 

average slope of approximately 0.12 percent, combined with an abundance of aquatic vegetation, 

results in significant impedance of flow velocities in the ditch. Interference of the resulting 

elevated water surface elevations with bank vegetation and debris exacerbates conveyance 

issues. Figure 1.4 displays typical bed conditions in the York Ditch. This photo shows the 

density of aquatic vegetation encountered in the York Ditch. 

Instability of the hillslopes has resulted in the need for ditch realignment and a 

considerable amount of earthwork. Other problems with the ditch include blockage from beaver 

dams that create continual maintenance problems for the ditch manager. Seepage from the ditch 

was also identified as a source of concern. 
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Figure 1.3 Ditch Profile Comparison: South Side and York Ditches 

Figure 1.4 Typical Aquatic Vegetation in York Ditch. 
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The South Side Ditch suffers the same 
problems as the York Ditch; much of the 

infrastructure is old and deteriorated (Figure 

1.5). Seepage, beavers, and to a lesser extent, 

aquatic vegetation, all create maintenance 

problems for the ditch. In addition to these 

items, continued growth in the Town of 

Dayton has resulted in numerous homes being 
constructed alongside and downslope of the 

ditch. Consequently, concern over potential 

seepage (basement flooding) and breaching 
(surface flooding) is heightened. Beaver 

activities have caused a recent breach 
resulting in damages to the ditch and 

subsequent ditch repair expenses. 

Figure 1.5 Headgate on South Side Ditch at 
Little Tongue River Diversion 

The Hardin-Campbell Ditch is relatively free of problems. However, its diversion 
structure is situated in a tight bend of Wolf Creek. The distance between Wolf Creek upstream 

and downstream of the check structure is approximately 10 feet. In the event of channel 
avulsion, the creek could abandon the check structure. 

In summary, the existing problems in the study area include the following issues: 

• Given the age of the existing system (in excess of 80 years), deterioration of the 
facilities is evident. Diversion structures, headgates, turnout structures, and delivery 
systems are in need of rehabilitation and have been identified by the project sponsors. 

• Specifically in the York Ditch, the slope is flat which causes slow movement of water 
through the existing conveyance facilities, increases the potential for sedimentation 
and reduces the capacity available to convey the diversions from the Tongue River. 

• Moss accumulation is evident within the conveyance facilities and has tended to 
reduce the capacity of the delivery ditch. 

• Seepage losses within the delivery/conveyance facilities have increased and continue 
to reduce the water delivered to the farmers' turnout structures. 

• Stability of the existing ditch poses potential problems with respect to ditch failure 
and flooding of adjacent properties/structures. 

• The efficiency of the existing facilities to divert water into the conveyance system 
and deliver water to the water users continues to diminish. This problem results in 
reductions in water delivery that is exacerbated during years of limited runoff in the 
Tongue River. 
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1.4 Project Goals and Objectives 

In view of the previous discussion, this Level I project is intended to: 

• Conduct seepage investigations within the study area and evaluate alternative 
measures to reduce potential seepage losses. 

• Prepare a rehabilitation plan that identifies practical and economic improvements. 

• Evaluate alternative sources to fund the proposed rehabilitation plan. 

• Prepare conceptual level designs and cost estimates and a preliminary economic 
financing plan to determine the financial impact on existing water users. 

• Identify potential environmental permitting requirements associated with 
implementation of the rehabilitation plan. 

Each of these items is discussed in greater detail in the chapters that follow. 
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II. DATA COLLECTION EFFORTS 

2.1 Initial Data Collection 

To more fully understand the history and management of the irrigation delivery system, 

an effort was made to collect available data on the ditches and the general area. During this 

process, ACE conducted a preliminary review of available literature, interviewed several sources 

of information and participated in an initial field reconnaissance of the project site. This work 

primarily consisted of the items listed below: 

1. Reviewing water rights inventory for Water Division 2 and specifically identifying 
water rights associated with the three ditches included in this study. 

2. Collecting and reviewing maps and aerial photographs pertinent to the study area. 

3. Discussing the existing problems, available reports and data, operational aspects, and 
water rights issues of the study area with representatives of the ditch companies 
(Mssrs. Bill Bensel, Bill White, and Steve Pearce); and the Natural Resources 
Conservation Service. 

4. Review of existing literature pertaining to the Tongue River watershed including the 
Tongue River Watershed Management Plan (Sheridan County Conservation District) 
and the Tongue River Watershed Project (Natural Resources Conservation Service). 

2.2 Project Scoping Meeting 

A project scoping meeting was conducted at the Ranchester Volunteer Fire Department 

headquarters in the Town of Ranchester on June 19, 2002. The following key personnel were 

present at the meeting. 

Mr. Chris Abernathy 

Mr. Brad Anderson 

Mr. Jay Schug 

Mr. Bill White 

Mr. Bill Bensel 

Mr. Steve Pearce 

Mr. Warren Pearce 
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In addition to these key personnel, approximately 40 individuals were present at the 

meeting representing the community. A list of those participants who registered their names at 

the meeting is included as Appendix A. 

Specific problem areas, study goals and procedures were discussed along with the 

schedule for completing the project. Specific alternative improvements to existing conditions 

were also presented for discussion. 

During the scoping meeting, ditch company representatives provided insight to the 

existing problems and alternative improvements. Comments generated during the meeting are 

summarized below: 

• A general interest exists regarding the potential of combining flows of the York and 
South Side Ditches into the South Side Ditch and abandoning a portion of the York 
Ditch. 

• The feasibility of coordinating projects with the Towns of Dayton or Ranchester was 
discussed. 

• A district would be required to be formed in order for the State to contribute toward 
future investigations and funding. 

• The Hardin-Campbell Ditch should be incorporated into the study area due to its 
integral role in the operation and management of the York Ditch. 

• The need for formation of a district was discussed as were the various types of 
districts and their opportunities. 

• Funding is critical to success of future projects identified by this investigation. 

2.3 Field Investigation 

A detailed field investigation of the project area was conducted during visits to the site 

spanning the period from July 8 to July 16, 2002. ACE personnel collected field data to promote 

the evaluation of potential alternatives to the existing problems in the system. The focus of the 

field investigation was to: 

• inventory and assess the condition of the existing structures; 

• collect discharge measurement data a selected sites in an effort to quantify seepage 
losses; and 
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• collect specific data to promote the analysis of channel hydraulics and the hydraulic 
capacity of existing structures and proposed improvements. 

Specific activities that were taken included: 

• assessment of the condition of the existing structures with respect to type of materials, 
associated maintenance costs and remaining design life; 

• assessment of hydraulic efficiency and capacity of the structures and the potential for 
debris blockage; 

• photographic documentation of the structures within the three ditches; 

• observation of locations where seepage may be significant and collection of discharge 
measurement data in an effort to quantify losses; and 

• collection of field survey data necessary for evaluation of ditch hydraulics and 
capacity. 
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III. INVENTORY OF EXISTING CONDITIONS 

The field inventory conducted by ACE included measurements of existing structures, 

assessment of their condition and remaining design life, assessment of the hydraulic efficiency of 

the structures, photographic documentation of the structures and their condition, and location of 

the structures using GPS technology. The field work also included an evaluation of features such 

as bed and bank vegetation, erosional conditions, access and fence crossings, seepage locations, 

and return flow locations. 

The project workbook contains copies of all inventory forms completed during this phase 

of the project. All structures inventoried during this project are also included in a layer/theme 

within a GIS database. Using the GIS, a stationing system was developed for each ditch in order 

to simplify reference to locations and relative distances between points. The point of diversion 

on each ditch was referenced as Mile 0.0 with distance increasing in a downstream direction. 

Reference to ditch stationing will subsequently be made throughout this report. 

3.1 Analysis of Water Rights 

In order to hydraulically evaluate existing structures and to provide design capacity data 

to support the conceptual design of alternative improvements, an initial evaluation of water rights 

was performed. The results of this evaluation are presented in Figure 3.1 and tabulated in Table 

3.1. 

Based on information reviewed at the Wyoming State Engineers Office (WSEO), the 

South Side Ditch has a direct flow water right of 22.45 cfs from the Tongue River. The ditch 

also has supplemental supply rights of 19.26 cfs from the Little Tongue River. As indicated in 

Figure 1.1, the South Side Ditch crosses the Little Tongue River approximately 2.2 miles 

downstream of its point of diversion on the Tongue River. 

The WSEO data for the York Ditch indicates direct flow rights totaling 6.0 cfs. This 

includes 2.60 cfs associated with the Turner & Eychaner Ditch that is carried in the York Ditch. 

The York Ditch also has supplemental supply rights of7.60 cfs from the Tongue River. 

The Hardin-Campbell Ditch conveys direct flow water rights consisting of 10.30 cfs. 

Portions (approximately 7.6 cfs) of the Hardin-Campbell diversions are conveyed to the York 

Ditch and ultimately diverted to the water users. 
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Table 3.1 Summary of Water Rights 

Permit No. Ditch 
Terr South Side 
Terr South Side 
Terr South Side 
14E Enl. South Side 
14E Enl. South Side 
39E Enl. South Side 
-- Huntington 
-- Huntington 

219E Enl. South Side 
219E Enl. South Side 
219E Enl. South Side 
1098E Enl. South Side 
1184E Enl. South Side 
3031E Enl. South Side 
6489E Enl. South Side 
17739 South Side 
17739 South Side 
17739 South Side 
17739 South Side 
17739 South Side 
17739 South Side 
17739 South Side 
17739 South Side 
17739 South Side 
17739 South Side 

Permit No. Ditch 
Terr Turner & Eychaner 
970E Enl. Turner & Eychaner 
388 York 

4396E Enl. York 
4467E Enl. York 
4396E Enl. York 

Permit No. Ditch 

Terr Hardin 

Terr Campbell 

4468E Enl. Hardin 

3.3 

Appropriator Priority 
Huntington 1884 

Grissell 1884 
Emery 1891 

McClure 1892 
Short 1892 

Simpson 1893 
Kueny 1893 

Ketchum 1893 
Brittain 1896 

Whitney 1896 
Ketcham 1896 
Whitney 1903 
McClure 1904 
Whitney 1914 

SD No 24 1973 
Short 1930 

Whitney 1930 
Ketcham 1930 
Hutton 1930 
Brown 1930 

Jolowiczor 1930 
McMahon 1930 

Upton 1930 
Adamson 1930 
Hassey 1930 

Total Original Supply = 
Total Supplemental Suppy = 

Appropriator Priority 
Turner 1886 
Turner 1903 

Whitney 1893 
Barney 1923 

04 Bar Ranch 1925 
Barnev 1923 

Total Original Supply = 
Total Supplemental Suppy = 

Appropriator Priority 

04 Bar Ranch 1881 

04 Bar Ranch 1883 

04 Bar Ranch 1925 

Total Original Supply = 
Total Supplemental Suppy = 

CFS 
1.43 
0.07 
0.85 
2.07 
2.00 
2.97 
2.00 
2.30 
1.21 
2.00 
1.86 
3.07 
0.13 
0.36 
0.13 
SS 
SS 
SS 
SS 
SS 
SS 
SS 
SS 
SS 
SS 

22.45 
1348 

(19.25) 

CFS 
0.57 
1.93 
2.00 
0.39 
1.11 
7.6 

6.00 
532.2 
(9.60) 

CFS 

5.23 

4.64 

0.43 

10.30 
o 

Acres 
100 
5 

60 
145 
140 
208 
140 
160 
85 
140 
130 
215 
10 
25 
9 

140 
240 
120 
208 
130 
145 
100 
40 
160 
65 

cfs 
ac 
cfs 

Acres 
40 
135 
140 
27.4 
78.1 

532.2 

cfs 
ac 
cfs 

Acres 

366.1 

324.9 

30.2 

cfs 
ac 
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3.2 South Side Ditch 

Numerous structures were mapped and evaluated on the South Side Ditch. These 
structures included the headgate, Little Tongue Diversion, 30 turnouts and 11 culvert crossings. 
In the paragraphs that follow, the structures associated with control of the ditch (headgates, 
diversions, wasteways, etc) are discussed in greater detail. Appendix B.l presents a tabular 
summary of the results of the field inventory of the South Side Ditch. Tabulation of individual 
turnouts, structures, and other features and their conditions are included in the project notebook. 
Locations of structures discussed in this chapter are displayed on Plate 1. 

3.2.1 Point of Diversion 

The point of diversion for the South Side Ditch is located on the Tongue River within 
IXL Ranch properties at Mile 0.0. At this location, there is no structure within the banks of the 
Tongue River to facilitate the diversion to the ditch. A rock check dam has been built across the 
river to facilitate the diversion of flows from the Tongue River to the South Side Ditch. 
Annually, tarps and liners are placed over and under the rock check dam to prevent seepage 
during low flow conditions and ensure the maximum diversion from the river. 

The check dam is built of local bed 
material, which by nature of their location 
within the river channel, are mobile and 
transportable by the river. Consequently, the 
check structure requires frequent maintenance, 
particularly following higher river discharges. 

At the inlet to the South Side Ditch, a 
temporary structure exists to control or limit 
diversions into the ditch. This structure consists 
of steel beams placed across the ditch and 
supplemented with boards and tarps to preclude 
diversions during the non-irrigation season 
(Figure 3.2). 

3.2.2 Headgate / Spill Structure 

Figure 3.2 South Side Ditch 
Point of Diversion 

The headgate is located approximately 2,200 feet downstream of the point of diversion at 

Mile 0.41. At this location, flows diverted at the Tongue River continue through the headgate or 

are spilled over a weir into a wasteway and ultimately are returned to the Tongue River. 
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The headgate structure consists of a 

concrete headwall with a wooden slide gate 

(Figure 3.3). The concrete portions of the 

structure are in fair condition despite its 

apparent age. There were no obvious cracks 

or failures In the existing structure. 

Apparently, the structure has been rebuilt 

during its history, with the remnants of an 

older structure located immediately 

downstream. The gate is operable and, 

according to the ditch representative, can be 

closed to return all diversions to the Tongue 

River. During the non-irrigation season, the 

Figure 3.3 South Side Ditch 
Headgate Structure 

gate is closed and sealed with tarps to allow the ditch to dry to the extent possible in an effort to 

minimize the growth of aquatic vegetation. Debris accumulation does not appear to be a annual 

maintenance issue at this structure. 

3.2.3 Little Tongue Diversion Structure 

The South Side Ditch crosses the Little Tongue River near the Town of Dayton at 

Mile 2.2. The Little Tongue River is a source of supplemental supply for the ditch. The 

diversion structure consists of a wooden weir on the left bank of the ditch coupled with a 

headgate structure in the ditch. The weir is essentially located in the main channel of the Little 

Tongue River and functions to either divert water into the ditch or allow the little Tongue River 

flows to continue downstream through Dayton. 

The weir and side walls of the structure are built 

of wood and they are in fair condition. The 

structure appears functional, however, there is no 

means of measuring flows at the site. 

The headgate structure is located on the 

ditch immediately downstream of the weir. The 

structure consists of a concrete headwall with a 

wooden slide gate. The structure is functional but 

in poor condition. Much of the concrete IS 

deteriorated and cracked (Figure 3.4). 
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Figure 3.4 South Side Ditch Headgate 
at the Little Tongue River Diversion 
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3.2.4 Culvert Crossings 

Eleven culvert crossings were identified on the South Side Ditch. The majority of these 

culverts are single barrel, corrugated metal pipes (CMPs) where farm roads cross the ditch. Two 

(2) of the culverts appear to limit conveyance capacity of the ditch because of sedimentation. 

They should be cleaned and inspected to evaluate their increased efficiency. If conveyance is 

still restricted, they should be replaced. 

3.2.5 Turnout Structures 

A total of thirty (30) turnout structures were identified on the South Side Ditch. Their 

conditions ranged from poor to excellent. None of the turnout structures were equipped with 

flow measurement devices. Several diverted flow to buried pipelines and subsequently to 

sprinkler systems that may have been metered. Typical turnout structures split flow 

proportionately by means of a flow divider. The inventory report included in the project 

notebook contains a more detailed description of individual structures, dimensions, and 

conditions. Approximately 35% of the turnout structures should be rehabilitated or replaced. 

3.2.6 Wasteway Structures 

The South Side Ditch has the capability of spilling / wasting water at the Little Tongue 

River diversion structure. There were no specific spill/wasteway structures identified during the 

field inventory. 

3.2.7 Measurement Structures 

No measurement structures were observed at any location on the South Side Ditch. 

Several turnouts serve buried pipelines and ultimately sprinklers. 

3.3 York Ditch 

Numerous hydraulic structures were earmarked and investigated on the York Ditch. 
These structures included the headgate, 14 turnouts and 13 culvert crossing. In the paragraphs 
that follow, the structures associated with control of the ditch (headgates, diversions, wasteways, 
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etc) are discussed in greater detail. Appendix B.2 presents a tabular summary of the results of 
the field inventory. Tabulation of individual turnouts, structures, and other features and their 
conditions are included in the project notebook. Locations of structures discussed in this chapter 
are displayed on Plate 1. The York Ditch was evaluated beginning at its point of diversion on 
the Tongue River and ending at a recently constructed PVC siphon at Mile 6.8. It is our 
understanding that downstream of this siphon there is a single irrigator and that responsibility of 
the York Ditch Company ends at the siphon. 

3.3.1 Point of Diversion 

The point of diversion for the York Ditch is located on the Tongue River at Mile 0.0. 
There is no permanent structure at this location. A cobble check dam presently exists and is 
periodically built across the Tongue River to divert flows into a diversion ditch and ultimately to 
the York Ditch headgate structure. This structure requires a considerable level of annual 
maintenance as indicated by earthwork observed during the field investigation. At high flow 
conditions, there is apparently little problem diverting the irrigation requirements into the York 
Ditch. However, at low flows, the check dam requires frequent maintenance to enable the 
diversion of the irrigation flows. 

The existing check dam is constructed of local bed materials, which by nature of their 
location within the river channel, are considered to be mobile. The size of the materials consists 
of relatively small gravels to cobbles. Consequently, the check structure requires frequent 
maintenance, particularly following higher river discharges. At the inlet to the York Ditch, no 
permanent structure exists to limit the diversion of water during the non-irrigation season. 

3.3.2 Headgate / Spill Structure 

The York Ditch headgate structure IS 

located approximately 300 feet downstream of the 
point of diversion on a diversion / bypass channel. 
It consists of a concrete headwall with two steel 
slide gates (Figure 3.5). The concrete is in fair 
condition despite its apparent age. The structure 
has apparently been rehabilitated in the past. A 
steel plate lines both sides of the flow path and 
the bottom. There is some undermining of the 
concrete abutments. 
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Figure 3.5 York Ditch Headgate 
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The gate is reportedly difficult to operate and leaks when closed. No permanent structure 

exists across the spill channel to control the water level or potential diversion into the York 

Ditch. At this location, an earthen check dam across the channel pools water at the head gate 

structure. There is considerable debris accumulation at the site that poses a maintenance 

problem. 

3.3.3 Wolf Creek Crossing 

The York Ditch crosses over Wolf Creek 

through two 30-inch corrugated metal pipes at Mile 

4.26 (Figure 3.6). The pipes are suspended by cable 

and supported at their ends within concrete 

headwalls. The overall condition of the structure is 

good. The main problems observed at this location 

concern maintenance. There IS a large 

accumulation of debris on the bank, which is 

evidence of frequent cleaning and blockage of the 
Figure 3.6 Wolf Creek Crossing 

at Structure on York Ditch 

Figure 3.7 Inlet to Wolf Creek 
Crossing on York Ditch 

3.3.4 WasteJVays 

structure. A trash rack has been retrofitted to the 

structure (Figure 3.7) that appears to be functioning 

well, but requires frequent cleaning. Access to the 

site is limited and inspection and maintenance of 

the inlet are problematic. A wasteway on the left 

bank provides emergency spill relief to Wolf Creek 

in the event the culverts are blocked. There is only 

a minimal amount of leakage from the pipes (less 

than 2 to 3 gallons per minute was estimated). 

Emergency waste and spill can occur at three locations on the York Ditch. There are two 

specific wasteway structures and one associated with the Wolf Creek crossing, which has already 

been discussed. The locations of the two wasteways are indicated on Plate 1. The first, located 

at Mile 1.55 is in poor condition. Concrete walls are aged, cracked, and the inlet to the 36-inch 

WYWDC18 Final Rpt Chs 1-3.doc 3.8 ANdERSON CONsulTiNG ENGiNEERS, INC. 



CMP is blocked by sediment and vegetation. The second, located at Mile 2.44, is in good 

condition and includes a check structure to facilitate the spill at this location. 

3.3.5 Culverts 

Fourteen culverts (14) were identified and inventoried on the York Ditch. The majority 

of these are single barrel, corrugated metal pipes (CMPs) where farm roads cross the ditch. The 

majority of these crossings appear to be adequately sized with little restriction in conveyance 

capacity. However, three (3) were identified which appear to limit conveyance capacity of the 

ditch and should be replaced. Culvert locations are included on Plate 1. 

3.3.6 Measurement Structures 

No measurement structures were observed at any location on the York Ditch. However, 

representatives of the York Ditch management have indicated that a resolution has been adopted 

requiring placement of measurement devices at all turnout structures prior to the 2003 irrigation 

season. 

3.3.7 Turnout Structures 

A total of sixteen (16) turnout structures were identified on the York Ditch. Their 

conditions ranged from poor to excellent. None of the turnout structures were equipped with 

flow measurement devices. Several diverted flow to buried pipelines and subsequently to 

sprinkler systems that may have been metered. Typical turnout structures split flow 

proportionately by means of a flow divider. The inventory report included in the project 

notebook contains a more detailed description of individual structures, dimensions, and 

conditions. Approximately 50% of the turnout structures should be rehabilitated or replaced. 

3.3.8 Abandoned Structures 

Near the headgate of the York Ditch are two structures that appear to be abandoned and 

no longer functional. The first is a concrete structure with a radial gate located downstream of 

the existing headgate at Mile 0.13. The gate is no longer functional and the structure tends to 
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accumulate debris. The second appears to be remnant of an abandoned low-head dam with radial 

gate flow control at Mile 0.30. This structure is located adjacent to the York Ditch and no longer 

provides any benefit nor detriment to its operation. 

3.4 Hardin-Campbell Ditch 

The Hardin-Campbell Ditch is a small and relatively short ditch diverting flows from 

Wolf Creek. Existing structures were identified and inventoried. These structures included the 

diversion structure on Wolf Creek, the headgate, and a parshall flume. In the paragraphs that 

follow, these structures are discussed in greater detail. Appendix B.3 presents a tabular summary 

of the field inventory. Tabulation of individual turnouts, culverts, and other features and their 

conditions are included in the project notebook. Locations of structures discussed in this chapter 

are displayed on Plate 1. 

3.4.1 Diversion Structure 

The Hardin-Campbell Ditch diversion structure is located on Wolf Creek at Mile 0.0. 

The structure consists of concrete abutments and floor supporting steel frames for wooden stop 

logs (Figure 3.8). Water is pooled at the structure by means of wooden stop logs and diverted to 

the ditch's headgate located immediately downstream on the ditch. The structure was built in 

1988 and is currently in good condition. No major cracks or failures were noted during the field 

investigation. The only problem noted with the structure itself is that the downstream end of the 

concrete floor is currently undermined by approximately 2 to 4 inches. 

Figure 3.8 View Upstream to Hardin-Campbell Diversion Structure 
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The structure is situated in an extremely tight bend of Wolf Creek (Figure 3.9). In this 

reach, Wolf Creek is highly sinuous, consequently, channel cutoffs and oxbows exist given the 

meandering nature of the stream. It is likely that at some time in the future, Wolf Creek may cut 

off this bend, causing abandonment of the existing structure. Figure 3.10 shows a photograph of 

the existing Hardin-Campbell Diversion location. 

Figure 3.10 Wolf Creek Alignment at the Hardin-Campbell Diversion Structure 

As indicated in Figure 3.10, the distance between the Wolf Creek channel banks 

upstream and downstream of the structure is as little as ten feet. Review of available aerial 

photographs shows that similar conditions have persisted since at least 1954. The quality of the 

1954 photograph was not high enough to determine actual migration rates of the bankline. 

However, the general alignment of Wolf Creek is visible and the neck between the stream 

channel upstream and downstream of the structure was narrow. Unfortunately, the quality of 

photos reviewed was not sufficient to quantify changes in the alignment of the creek. Existing 

stream banks are relatively well vegetated indicating that erosion rates are not severe. Erosion is 

evident in locations on the downstream side of the "neck". 

There is little doubt that the existing condition is precarious. Should the "neck" breach 

and Wolf Creek change its course such that the existing bendway is abandoned, the Hardin

Campbell headgate would likely have trouble diverting flows during low flow conditions. A 

change would likely occur during a high flow event on Wolf Creek and may coincide with the 

irrigation season creating a difficult situation for Hardin-Campbell irrigators until conditions are 

remedied. 
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Figure 3.9 Hardin-Campbell Diversion Structure Location Map 



3.4.2 Headgate Structure 

The headgate, located on the ditch immediately downstream of the Wolf Creek diversion 

structure, consists of a steel slide gate and headwall. The structure is in good condition and 

appears to function well. Downstream of the headgate is a 36-inch Parshall flume, also in good 

condition. 

3.4.3 Culverts 

Three culverts (3) were identified and inventoried on the Hardin-Campbell Ditch. These 

are all are single barrel, corrugated metal pipes (CMPs) where farm roads cross the ditch. All 

appear to be adequately sized with little restriction in conveyance capacity. Culvert locations are 

included on Plate 1. 

3.4.4 Turnout Structures 

Three turnout structures were identified on the Hardin-Campbell Ditch. One is a concrete 

structure in poor condition and should be replaced. The other two are located at a common 

check structure and are in good condition. A pump and pump house are located at this location. 

None of the turnouts are equipped with measurement devices. 

3.4.5 Measurement Structures 

A 36-inch Parshall flume is located on the Hardin-Campbell Ditch immediately 

downstream of the headgate. The location is functional and facilitates control of diversions at 

the headgate. The flume is in good condition and appears to be properly installed. 

3.5 Summary of Existing Ditch Conditions 

In addition to evaluation of existing ditch infrastructure, the following observations of 

ditch condition were noted during the field inventory. This information is summarized below. 
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3.5.1 South Side Ditch Conditions 

• Conveyance capacity for existing diversions appears adequate. However, several 

locations were noted where freeboard above the normal high water line was limited 

(i.e., 1.5 feet or less). These sites were frequently associated with locations where 

cattle have eroded the ditch levee. 

• Aquatic vegetation limits ditch conveyance and creates operation and maintenance 

problems. According to the ditch manager, the ditch is allowed to dry during the non

irrigation season in an effort to hinder the growth of aquatic vegetation. While this 

may slow the growth, it apparently does not prevent it. Vegetation appeared dense in 

the ditch at numerous locations during the field investigations and is reported to be a 

continual maintenance problem. Herbicides have been applied periodically which 

helps to alleviate problems associated with the aquatic vegetation. However, there are 

doubts regarding the proper application of the chemicals and their effectiveness. It is 

our understanding that the chemicals are effective but they have not typically been 

applied correctly or regularly. The effect of aquatic vegetation is a visible and 

measurable retardation of flow velocity in the ditch. Consequently, the water surface 

elevation is raised, seepage losses increase, and ditch efficiency decreases. 

• Access to the ditch is poor. Access is mostly limited to locations where roads cross 

the ditch; there are limited reaches where a vehicle can access the ditch. There is 

currently no means for a ditch rider or manager to regulate delivery or inspect the 

ditch without significant effort. There is no road or trail along the majority of the 

ditch. A large number of fences, most without gates, further hinder access. 

• Beavers create significant maintenance problems for the ditch. During the field 

investigation, several locations were noted where there was evidence of recent beaver 

activities, including the falling of a cottonwood approximately 30-inches in diameter 

across the ditch. Downstream of Highway 67 (Mile 1.68), a breach was recently 

caused by a beaver dam on the ditch. 

• Irrigators presently control the delivery of water at their turnout structures; a ditch 

rider does not regulate the deliveries. 

• Evidence of seepage was noted at several locations along the South Side Ditch. This 

issue is discussed in greater detail in Chapter 4 of this report. 
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3.5.2 York Ditch Conditions 

• Several locations were noted where freeboard above the normal high water line was 

limited (Le., 1.5 feet or less). These locations were frequently associated with sites 

where cattle have eroded the ditch levee. 

• Aquatic vegetation limits ditch conveyance and creates operation and maintenance 

problems. According to the ditch manager, vegetation in the York Ditch is one of the 

largest maintenance concerns associated with the ditch. 

• Access to the ditch is poor. There are reaches where vehicular access (4-wheelers) 

can be used to inspect and maintain the ditch. However, similar to the South Side 

Ditch, access is severely hindered in extensive reaches by dense vegetation and a high 

number of fences without gates. 

• Beavers create significant maintenance problems for the York Ditch. Dams and 

debris jams resulting from beavers cause conveyance limitations and potential 

breaches. 

• Irrigators presently control the delivery of water at their turnout structure; a ditch 

rider does not regulate deliveries. 

• Unstable hillslopes above the York Ditch have resulted in maintenance problems. In 

the vicinity of Mile 1.50, the upslope hillside failed approximately three years before 

the field investigation, causing a failure in the York Ditch. By moving a considerable 

amount of earth, the ditch was restored and realigned. Today, this location appears to 

be stable. Apparently, irrigation returns from the South Side Ditch exacerbated the 

existing instability. 

• During the field investigation, numerous locations were noted where there appears to 

be significant inflow to the York Ditch from irrigation returns from the South Side 

Ditch. Returns were noted as wetland vegetation upslope of the York, audible flow at 

field drain locations, and culvert inflow. 

• Evidence of seepage was noted at several locations along the York Ditch. This issue 

is discussed in greater detail in Chapter 4 of this report. 
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3.5.3 Hardin-Campbell Ditch Conditions 

• Seepage was not identified as a concern associated with the Hardin-Campbell Ditch. 

This conclusion was reached based upon interviews with ditch representatives and 

field observations. There were no visible indications of ditch seepage (e.g. no 

phreatophytic vegetation adjacent to the ditch). 

• Irrigators presently control the delivery of water at their turnout structure; a ditch 

rider does not regulate deliveries. 

• Access to the ditch is good. The ditch is situated mostly within existing alfalfa fields 

that extend to its banks. Consequently, visibility and access is not limited by dense 

vegetation. 

• Limited bank erosion was noted in the downstream portion of the ditch. This 

condition may generate sediment that may ultimately be transported to the York Ditch 

and potentially create conveyance problems within the delivery system of the York 

Ditch. 
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IV. SEEPAGE INVESTIGATION 

4.1 Site Selection 

The purpose of the seepage study was to identify and evaluate areas of potentially 

significant water loss, thereby flagging those locations for potential improvement measures. The 

initial step of the seepage investigation was to identify those locations where seepage may be 

occurring. During the inventory phase of the study, the field crew walked the entire length of 

each ditch. At that time, notes were made of indications of ditch seepage. Indicators that were 

noted included: 

• the presence of phreatic vegetation and wetlands (cattails, sedges, etc) along the 
ditches; 

• changes in the health and vigor of existing vegetation along the ditches; and 

• the existence of standing water adjacent to the ditch. 

Ditch representatives were also interviewed several times during the field investigation to 

document their knowledge of the systems, including locations of ditch seepage. This 

information was combined with the results of the ditch inventory effort. 

Following the initial field investigation, maps were prepared showing the locations of 

seepage indicators and the locations the ditch representatives indicated as being "suspect". It 

must be recognized that all ditches lose water to seepage to a certain degree. The purpose of the 

seepage study was to identify those locations where seepage appears to be significant and where 

tangible benefits could be gained if the seepage was eliminated. 

With this philosophy in mind, the sites for further analysis were selected and the map 

presented in Figure 4.1 was prepared. No sites were selected on the Hardin-Campbell Ditch for 

seepage analysis due to: (a) a lack of visible evidence of seepage losses and (b) the ditch 

representatives did not believe seepage is significant. For each reach presented in Figure 4.1, 

paired measurements were collected spanning the locations where seepage was suspected. 

4.2 Methods of Measurement 

Ditch seepage losses (and gains) were estimated using a water budget approach. This 

approach relies on measuring the ditch discharge upstream and downstream of the reach 

suspected of losing water to seepage. In larger ditch systems, evapotranspiration (Et) may be a 
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significant portion of the water budget, however, in the relatively short reaches evaluated and the 

minimal surface area, Et was assumed to be insignificant. 

Discharge was measured using methods outlined by the United States Geological Survey 

(Buchanon, T.J., and W.P. Somers, 1969). Briefly, the ditch cross section was divided vertically 

into approximately 15 sections. At each section, the water depth was measured by sounding with 

a graduated staff. A bottom plate was attached to the staff to prevent penetration into bottom 

sediments thereby providing accurate measurement of flow depth. Flow velocity was measured 

using a Marsh-McBimey electromagnetic current meter at depths of 0.2 and 0.8 times the water 

depth when depth was greater than 2.5 feet and at depths of 0.6 times the water depth when less 

than 2.5 feet deep. A minimum of three velocity measurements, each integrated over a period of 

20-seconds, were taken at each point. The average velocity at each location was then multiplied 

by the section area to obtain the incremental discharge. Total ditch discharge was computed as 

the sum of these incremental section values. 

To reduce the likelihood of an erroneous measurement or inaccuracies in the data 

obtained during this task, several steps were taken: 

1. Discharge measurements were made at each seepage site by first gaging the upstream 
limit of the suspect reach followed by the downstream. This convention was 
employed in an effort to measure the same "bucket of water" as it passes each 
location. Consequently, potential errors related to changes in diversions and turnouts 
are reduced. 

2. Intervening turnouts were observed during the measurement process. If water was 
being turned out to a field, it was measured and incorporated into the water budget 
equation. 

3. On the York Ditch, return flows from upslope irrigation were also noted. Although 
they are more difficult, and often impossible to measure directly, observation of their 
locations allowed subjective corrections to the water budget equation. Where 
quantification of irrigation returns was possible, they were measured. 

4.3 Measurement Results 

Results of any seepage study must be viewed with respect to the accuracy of the 

measurement method. According to The Bureau of Reclamation's Water Measurement Manual 

(1984), measurements rated as "excellent" would be assumed to be accurate within 2%, "good" 

within 5% and "poor" within 8%. Channel conditions in an irrigation ditch lend themselves to 

the "excellent" range of measurements. Flow distributions are uniform across a ditch cross 

section, channel irregularities encountered in natural streams are typically absent, and given the 
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nature of ditch diversions, a steady state flow condition can often be achieved. Measurements 

made during the seepage study went relatively smoothly, data were reproducible, and weather 

conditions were generally good. It is assumed that the data generated during these studies would 

fall within the "good" category as opposed to "excellent". Consequently, results of the seepage 

study are assumed to be accurate within 5%. 

Our experience with ditch seepage studies has also shown that the results are not always 

intuitive; gains are often measured where water is obviously lost from the ditch. Flow in an 

irrigation ditch represents a balance between ditch inflows and outflows. If inflow exceeds 

outflow, a gain will be measured despite the fact that seepage is occurring. 

Due to the limited time period and budget of the study, multiple measurements were not 

possible. Consequently, the results of this study represent a "snapshot" in time of conditions at 

the sites selected for study. During the investigation, the region was in the midst a severe 

drought. The effects of the drought on the seepage study are not readily apparent. According to 

local ditch representatives, flows in the ditch were lower than normal. However, gaging data and 

observation of ditch conditions indicate that the ditches were near capacity. If seepage studies 

were conducted later in the irrigation season, different results could be obtained due to varying 

extents and magnitude of aquatic vegetation which retards flow, resulting in higher water surface 

elevations for a given discharge. 

With this information in mind, Table 4.1 is presented which summarizes the results of the 

seepage investigation. Several of the reaches indicated significant seepage losses in terms of 

both quantity (i.e., cubic feet per second) and in terms of relative percent. 

The York Ditch appears to experience greater seepage losses than the South Side Ditch. 

Reach Y-5 showed a loss of 3.0 cfs, or about 20%. There were no active turnouts within this 

relatively long reach; consequently, the difference in discharge is attributed to seepage loss with 

a minimal amount lost to evapotranspiration. Assuming a measurement accuracy of 

approximately 2%, this loss is considered significant. Likewise, Reaches Y -1 and Y -4 showed 

significant losses (i.e., the measured losses exceed the potential error in the measurement 

method). Two reaches on the York Ditch showed no change or slight gains despite the fact that 

wetland vegetation, obviously fed from the ditch, were visible on its downslope side. In these 

reaches there may truly be seepage losses, however, they are likely masked by inflow from 

irrigation returns from lands located upslope of the ditch and irrigated from the South Side Ditch. 

In these instances, gains to the ditch appear to exceed losses to seepage. 

Seepage losses associated with the South Side Ditch were generally lower in magnitude 

and showed less variability than those on the York Ditch. One of the reaches did not result in 

significant losses; the seepage estimate was less than the accuracy of the gaging methods. The 

numerical value of the loss estimate may not be statistically significant at this site (Reach S-l). 

At Site S-2, the loss measured was near the limit of the accuracy (2.2%). At Sites S-3 and S-4 
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S-1 
SS-A 
SS-8 

S-2 
SS-C 
SS-O 

S-3 
SS-E 
SS-F 

S-4 
SS-G 
SS-H 

Y-1 
YO-A 

YO-8 

Y-2 
YO-8 

YO-C 

Y-3 
YO-C 

YO-O 

Y-4 
YO-O 

YO-E 

Y-5 
YO-E 

YO-F 

Table 4.1. Summary of Seepage Study Gaging Data 

Reach Length 
Measured Reach Inflow Gain(+) I Percent Seasonal 

Mile Marker Discharge Loss (-) Change Loss 
(feet) 

(cfs) 
(cfs) 

(cfs) (%) (ac-ft) 

0.82 845 
22.1 

0 -0.3 -1.4% -78 
0.98 21.8 
1.79 

898 
19 

0 -0.4 -2.1% -104 
1.96 18.6 
2.58 16.2 

2,851 0 -0.5 -3.1% -130 
3.12 15.7 

4.03 14.7 
2,587 0 -0.7 -4.8% -182 

4.52 14 

Total Gaged Losses -1.9 -494 

0.94 
1,901 

11.2 
5 -0.6 -5.4% -156 

1.3 15.6 

1.3 
1,320 

15.6 
0 0.0 0.0% 0 

1.55 15.6 

1.55 
1,373 

15.6 
0 0.2 1.3% 52 

1.81 15.8 

1.81 
1,267 

15.8 
0 -1.1 -7.0% -286 

2.05 14.7 

2.05 
2,059 

14.7 
0 -3.0 -20.4% -780 

2.44 11.7 

Total Gaged Losses -4.7 -1,222 



the losses were more measureable (3.1% and 4.8% respectively). Site S-3 spans housing 

subdivisions in the area of Dayton. Concern has been expressed regarding the potential for 

flooding of basements in this area. Results of the seepage analysis show that although seepage 

losses do occur, they are not extreme. At the time of the study, a loss of 0.5 cfs (about 3%) was 

observed between the upstream end of Dayton and the downstream end of a subdivision being 

constructed. A recently excavated basement, located within 100 feet of the ditch, showed no 

signs of saturated conditions. Site S-4 spans Hanff Draw where ditch representatives suspected 

seepage from the ditch. Hanff Draw contains a sizable population of cattails and other aquatic 

plants. Running water is visible in the drainage downstream of the ditch and not upstream of it. 

Gaging measurements showed a loss of approximately 0.7 cfs (approximately 4.8%) through this 

reach. 

4.4 Summary 

Results of the seepage study document that seepage is occurring at locations along both 

the York and the South Side Ditches; at several locations losses can be considered significant. 

The magnitude of these losses is consistent with those associated with similarly sized ditches 

encountered in ·previous investigations. These benefits include: (a) increase in available water 

supply to all irrigators, and (b) reduction in stability hazard of the ditch reach impacted by 

seepage. Recovery of these losses must be viewed from the perspective of potential benefits to 

the ditch companies. Total gaged losses on the South Side Ditch were approximately 2 cubic 

feet per second. This value represents approximately 10% of the flow diverted from the Tongue 

River. More losses are likely to be incurred through reaches, which were not measured during 

this study. However, for the purpose of discussion, if one assumes a constant loss of 2 cfs over 

the course of an irrigation season (approximately 130 days), total losses approach 520 acre feet. 

Similarly, on the York Ditch, the total gaged losses of approximately 4.7 cfs translate to a 

seasonal loss of nearly 1,220 acre-feet. Estimates of seasonal seepage loss potential associated 

with each are included in Table 4.1. 

It must be remembered that these measurements represent a single "snapshot" in time and 

that extrapolation of this snapshot to seasonal seepage losses is most likely pushing the limits of 

data validity. The numbers do, however, indicate locations and potential quantities of losses. 

During the course of an irrigation season, ditch seepage can be expected to be highly 
variable. Changes in water surface elevations resulting from different discharges and channel 

conditions (e.g., densities of aquatic vegetation) will wet different portions of the ditch banks. 

Consequently, different seepage estimates could be computed dependent upon when the 

measurements were taken. 
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Should this project progress to Level II status, a more detailed seepage study should be 

conducted. Measurements should be taken early and late in the season in order to determine 

changes in magnitude that occur annually. The approach taken should incorporate the entire 

ditch system as opposed to evaluation of individual sites as this Level I investigation 

accomplished. The density of gaging sites should also be increased to specifically define those 

reaches that are experiencing significant seepage losses. Gaging locations as well as turnouts 

should be measured along the entire ditch delivery system to enable a water budget accounting 

evaluation of any reach of the ditch. 

4.5 Ditch Seepage Mitigation Alternatives 

Several alternatives were evaluated which would target the reduction of seepage losses at 

each of the sites identified. The alternatives, which include pipelines and various liners, are 

listed below and summarized in Table 4.2. 

• pipeline conversions 

• concrete liners 

• exposed geomembrane liners 

• concrete with geomembrane underliner 

• buried geosynthetic clay liners 

Conversion of open ditches to closed pipelines provides several benefits. The pipeline 

can be buried providing significant protection against physical damage; the system is virtually 

100% effective at reducing seepage losses. Disadvantages of pipeline include its cost. It should 

also be noted that lining a limited portion of a ditch in an effort to locally reduce seepage losses 

does not take advantage of potential pressurized conditions that would reduce the size of the 

pipeline and ultimately the cost. 

Concrete-lined ditches provide a hard, durable surface and are common seepage 

mitigation measures in the State of Wyoming. Ditch companies are familiar with their materials, 

maintenance requirements, and methods of operation. Concrete lined ditches are resistant to 

mechanical damage attributable to cattle and wildlife traffic. However, concrete cracks with 

time and its effectiveness is reduced to approximately 70%. 
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Table 4.2 Comparison of Selected Seepage Mitigation Alternatives. 

Type of Mitigation Effectiveness Cost 
Advantages Disadvantages 

($ I LF of Ditch)1 

Pipeline - PVC 100% $100 
Low maintenance, 

High cost 
high effectiveness 

Structural integrity Cracks in time, lower 
Concrete Lining 70% $110 limits damage by effectiveness; 

cattle and wildlife High cost 

Exposed Ease of construction, 
Subject to physical 

Geomembrane Lining 
90% $66 

high effectiveness 
damage by cattle 

and wildlife 

Concrete / 
High effectiveness, 

Geomembrane Lining 
95% $130 limits damage by High cost 

cattle and wildlife 

Buried Geosynthetic 
Ease of installation, 

Aquatic vegetation 
90% $33 high effectiveness, 

Clay Lining 
relatively low cost 

may persist 

IAssumes typical trapezoidal channel: 10-foot bottom width, 2: 1 side slopes, and depth of 4 feet 
or 42-inch diameter PVC pipeline. 

Exposed geomembrane liners, have been installed in numerous locations throughout 

Wyoming and have proven successful at mitigating seepage losses. Installation of a 

geomembrane within a ditch is relatively easy and can be completed without excessive over 
excavation and with minimal loss of freeboard. The ditch is first prepared by removing 

vegetation and configuring the ditch. The liner is then laid in overlapping sections and the seams 

are "hot welded". Disadvantages of the system include the potential of damage from animals 
(Le., cattle, wildlife, etc.), however, it is our understanding that by utilizing relatively steep side 

slopes (Le., 2: 1 or greater), cattle and wildlife are discouraged. Lack of experience of most 

districts with maintenance and repair of the geomembrane poses an additional disadvantage. 

However, manufacturers state that with familiarity with the materials, ditch personnel can 
perform their own repairs. According to Bureau of Reclamation studies, geomembranes are 

approximately 90% effective at reducing seepage losses. 

Construction of a concrete-lined ditch in concert with a geomembrane underliner 

generated the highest effectiveness in Bureau of Reclamation studies (1999) with a reported 

effectiveness of 95 percent. The geomembrane provides the water barrier while the concrete 

provides protection against mechanical and weathering damage. 
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Geosynthetic clay liners (GCL) consist of a layer of sodium bentonite between two 

getextiles. The two layers of geotextiles are needle punched together and laminated to a thin 

flexible membrane liner. The ditch is first prepared by removing vegetation and configuring the 

ditch. The GCL is then placed and buried by approximately six inches of earth. This provides 

physical protection against damage created by cattle and wildlife. This alternative is 

approximately 90% effective. 

Table 4.2 summarizes the costs associated with each of these alternatives. 
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V. ON-FARM IMPROVEMENTS 

Previous investigations have shown that on-farm. improvements offer significant potential 

with respect to future ditch rehabilitation efforts. Essentially, if the diversion requirement can be 

reduced through implementation of on-farm. improvements, the physical size and corresponding 

cost of ditch rehabilitation measures can be reduced. Both structural and non-structural 

improvements offer tangible benefits to: (a) reduce the cost of future rehabilitation efforts and (b) 

increase the availability of water to all water users through conservation. 

The purpose of this work effort was to demonstrate the potential benefits associated with 

various on-farm improvements, e.g. expansion of sprinkler usage within the study area and 

improved irrigation scheduling. By improving irrigation efficiency and potentially reducing the 

required ditch diversions; costs of ditch improvements can be reduced accordingly. That is, by 

reducing the water required on the farm., ditch diversions and corresponding costs of operation, 

maintenance, and improvements can potentially be reduced. 

Alternative on-farm. irrigation practices included in this study can be separated into two 

broad categories: structural measures and non-structural measures. Structural measures are those 

where existing infrastructure is either replaced or improved with more efficient application 

equipment/facilities. Examples of structural alternatives include the construction of more 

efficient sprinkler irrigation systems, such as center pivots, LEPA, or surge systems. Non

structural measures consist of alternatives that involved alterations to farm. irrigation 

management. Non-structural conservation measures presented in this chapter are limited to 

information-based irrigation scheduling. 

5.1 Development ofa Water Use Model 

The first step in assessing the potential impacts of on-farm. conservation measures was 

the development of a water use model specifically targeting the irrigated acreage and 

infrastructure of the study area. This effort involved the following tasks, which are discussed in 

greater detail in the paragraphs that follow: 

1. Mapping of cropping and irrigation patterns and incorporation of this information into 
a Geographic Information System (GIS) for analysis; 

2. Computation of crop irrigation requirements based upon estimated consumptive use 
of cropping patterns in the study area; and 
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3. Development of a spreadsheet model of the study area which incorporates the above 
information, plus estimates of seepage losses and operational waste. 

The spreadsheet model was used as a tool to evaluate potential conservation savings which could 

potentially be obtained through on-farm improvements and the implications of these savings on 

design of ditch rehabilitation and improvement alternatives. 

5.1.1 Irrigated Acreage Characterization 

A determination of the irrigation demand relied heavily on the availability of irrigated 

acreage mapping. The WWDC provided the mapping in a GIS digital format for this purpose. 

To characterize the irrigated acreage, data related to existing cropping patterns and irrigation 

methods was obtained during the field investigation. These observations were noted on copies of 

the irrigated acreage mapping and later incorporated into the GIS format. It must be noted that 

minor discrepancies between existing boundaries of irrigated acreage and mapped boundaries 

exist. Similarly, the mapped boundaries display large-scale polygons without delineation of 

individual fields. Consequently, the characterization of cropping patterns and irrigation method 

is intended to provide a gross characterization of the study area. Individual fields are not 

delineated or characterized for this Level I study. 

Table 5.1 provides a matrix that characterizes the irrigated acreage within the study area 

in terms of its cropping pattern and method of irrigation. Figure 5.1 shows the irrigated acreage 

within the Tongue River valley. Those acres irrigated by ditches within the study area are 

highlighted in red. Alfalfa and grass hay were the two crops observed. Other crops may be 

grown in the study area; however, their extent is minor and was not delineated. 

Ditch 

York / Hardin-
Campbell Ditch 

South Side Ditch 

Table 5.1. York / South Side / Hardin-Campbell 
Cropping Pattern Mix and Irrigation Methods 

Cover Crop 
Flood Irrigation Sprinkler Irrigation 

(acres) (acres) 

Alfalfa 89 351 
Grass Hay 363 260 

Alfalfa 110 597 
Grass Hay 423 15 

Total 

1,063 

1,145 

Total Acreage 985 1,223 2,208 
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It is understood that the overall cropping patterns may change each year as crops are 

rotated or irrigators otherwise decide to change cropping patterns. The numbers presented herein 

are intended to reflect a rough estimate of the current cropping pattern within the study area. 

Similarly, the irrigation methods summarized in Table 5.1 represent those methods presently 

utilized within the study area. 

5.1.2 Consumptive Irrigation Requirement 

Given the cropping pattern previously described, an estimate of the Consumptive 

Irrigation Requirement (CIR) was computed using standard estimation techniques documented in 

Consumptive Use and Consumptive Irrigation Requirements in Wyoming (Pochop, 1992). CIR 

is defined as the quantity of water needed to meet the evapotranspiration requirement of a given 

crop. The CIR includes an accounting of effective precipitation. In other words, a crop will 

require irrigation water in an amount equivalent to its CIR, in addition to the area's effective 

precipitation, to survive without stress. Pochop estimated the CIR for crops grown in numerous 

locations in Wyoming, including Sheridan. These values were used as the basis upon which the 

CIR for study area crops was computed. Pochop' s report published CIR values for alfalfa, and 

grass hay. Annual consumptive use for alfalfa and grass hay is 23.0 inches and 21.5 inches, 

respectively. 

U sing these CIR values along with the irrigated acreage information in Table 5.1 the 

baseline CIR for the study area was computed. Table 5.2 tabulates the CIR required to sustain 

the existing crops. These values represent the quantity of water that must be supplied to the crop 

in addition to effective precipitation. They do not account for irrigation method or conveyance 

losses. Based on this analysis, the baseline CIR for the study area is estimated to be 

approximately 4,100 acre-feet. 

Table 5.2 Study Area Crop Irrigation Requirements: Baseline Conditions. 

Ditch Cover Crop 
Flood Irrigation Sprinkler Irrigation Total 

(acre-feet) (acre-feet) (acre-feet) 
York / Hardin- Alfalfa 170 673 

1,960 
Campbell Ditch Grass Hay 651 466 

South Side Ditch 
Alfalfa 211 1,145 2,141 

Grass Hay 759 26 
Total Crop Irri2ation Requirement 4,101 
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5.1.3 On-Farm Delivery Requirements 

The On-Farm Delivery Requirement (ODR) is defined as the amount of water that must 

be delivered in an average year to satisfy the CIR for the crop following efficiency losses 

associated with the irrigation practices in place. To estimate the ODR, the CIR for a given crop 

on a given parcel of irrigated land is divided by the efficiency associated with the irrigation 

method. 

Irrigation methods/practices that are currently used within the study area were identified 

during the field investigation. A literature review was conducted to obtain estimates of typical 

application efficiencies associated with these methods. Table 5.3 summarizes application 

efficiencies for various irrigation methods as presented in the literature and the values used in 

this investigation. This table includes the estimated application efficiencies for the existing 

irrigation methods as well as alternative methods that may be used during the evaluation of water 

saving alternatives. 

Table 5.3 Summary of Irrigation Efficiencies (Literature Values) 

Irrigation Method 
Conventional 

Side Roll Center Furrow with LEPA Drip Source 
Furrow Pivot Surge 

65 - 75 (1) 65 -75 75 - 90 - 80 - 95 - Solomon, 1988 
25 - 60 60 - 95 30- 80 80 - 95 

Waskom, et aI., 1994 
Mean 40 -

Mean 75 Mean 60 -
Mean 90 

50 - 85 (j) - - - - - Buller, et aI, 1988 
40 - 60 - 75 - 80 80-90 96 - 98 96 - 98 New, 1995 
70 -75 65 - 85 65 - 85 - - 75 - 90 Merriam and Keller, 1978 
40 - 60 60 -70 75 - 85 70-90 80 - 90 85 - 95 Soltanpour, et aI., 1999 

60 85 80 85 85 - Klamm and Brenner, 1995 
Values Used in Water Use Model 

54 75 80 80 90 95 
Notes: 1. Runoffreturn flow systems may be required to achieve high water use efficiencies (Solomon, 1988) 

2. Range of efficiencies based on options center pivot is equipped with. 
3. "Average system, no treatment" ( i.e., no land leveling, delivery pipeline, etc) 

A predominant irrigation method in the study area is conventional furrow irrigation. This 

study recognizes that within the study area, there are several different means of conveyance to 

the field that will influence the overall efficiency of the furrow irrigation method. Many 

irrigators rely on earthen ditches to convey water and control the flow through a series of gates. 

Still others have installed more efficient gated-pipe systems that convey water to the edge of the 

field. Each method, or combination of methods, will have a different overall application 
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efficiency. Those using pipes will obviously incur lower overall losses than those using open 

ditches. The value used in the model represents an estimated average of the published values for 

the various forms of furrow irrigation. Consequently, this value was applied to the entire acreage 

under furrow irrigation methods to compute that portion of the on-farm water requirement. 

Based upon the application efficiencies identified in Table 5.3 the water delivery 

necessary to satisfy the on-farm consumptive irrigation requirement was determined. This 

quantity of water is that amount needed to satisfy the CIR plus the amount needed to satisfy 

efficiency losses associated with the irrigation methods. Table 5.4 summarizes the On-Farm 

Delivery Requirement for the study area. 

Ditch 

York / Hardin-
Campbell Ditch 

South Side Ditch 

Table 5.4 Summary of Study Area On-Farm Irrigation 
Requirements: Baseline Conditions 

Cover Crop 
Flood Irrigation Sprinkler Irrigation 

(acre-feet) (acre-feet) 
Alfalfa 340 897 

Grass Hay 1,302 622 
Alfalfa 422 1,527 

Grass Hay 1,518 35 

Total Farm Irrigation Requirement 

Total 

3,161 

3,501 

6,662 

Within the study area, an estimated 6,660 acre-feet of water must be delivered to the 

irrigated lands to satisfy the estimated CIR of 4,100 acre-feet. This implies that approximately 

2,560 acre-feet of water are lost in a typical year due to losses associated with irrigation methods. 

5.1.4 Ditch Diversion Requirement 

For the purposes of this project, the Ditch Diversion Requirement is defined as the water 

that must be diverted at headgates in an average year to meet the On-Farm Delivery 

Requirement. The results of the seepage analysis described in Chapter 4 were utilized 

qualitatively to calibrate the spreadsheet model. Estimates of operational wastes were also 

incorporated. Table 5.5 summarizes the results of this effort. 

In summary, approximately 11,000 acre-feet of water must be diverted at the headgates in 

an average year to meet the on-farm consumptive irrigation requirements within the study area. 

This value represents the baseline total diversion requirement for the three ditches to meet the 

needs of the crop following conveyance losses, operational wastes, and losses incurred during 

irrigation. This computed quantity equates to a flow rate of approximately 43 cfs and compares 
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favorably to the total diversion rights of approximately 46 cfs. The water use model can then be 

used to evaluate potential conservation savings associated with various on-farm improvements. 

Table 5.5 Estimated Total Ditch Diversions: Baseline Conditions 

Ditch Cover Crop Flood Irrigation Sprinkler Irrigation 
Total (acre-feet) (acre -feet) 

York / Hardin- Alfalfa 567 1,495 
5,268 

Campbell Ditch Grass Hay 2,170 1,036 

South Side Ditch 
Alfalfa 603 2,181 

5,002 
Grass Hay 2,168 50 

Ditch Diversion Requirement 10,270 
Operational Waste and Evaporation 7%, 
Total Ditch Diversion Requirement 11,043 

5.2 Evaluation of On-Farm Improvements 

5.2.1 Conversion to Sprinkler Irrigation Methods 

At least one half of the total irrigated acres within the study area are irrigated using flood 

irrigation methods. When compared to alternative methods, flood irrigation is one of the lowest 

application methods in terms of irrigation efficiency. According to literature values, the 

application efficiency of conventional furrow irrigation is approximately 40 to 60 percent. 

Assuming that an average efficiency is approximately 50 percent, twice the amount needed by 

the crop must be applied. This implies that approximately half is lost to deep percolation, runoff, 

or evaporation. Given the low efficiency in conjunction with the extensive acreage involved 

with the study area, there is considerable opportunity for water savings. 

Application efficiencies associated with typical center pivot systems typically range from 

75 to 90 percent. (refer to Table 5.3 for a summary of reported values). Efficiencies associated 

with side roll systems were slightly less with a range of 65 percent to 85 percent. For the 

purposes of this study, average application efficiencies of 80 percent (center pivot) and 75 

percent (side roll systems) were used. An existing 120 acre parcel utilizing conventional furrow 

irrigation methods would require approximately 460 acre feet on the farm to grow alfalfa. If that 

same farm were converted to a center pivot system, the application requirement would be 

approximately 287 acre-feet for the same period. This translates to a conservation savings of 

approximately 173 acre-feet at a cost of approximately $375 dollars per acre-foot assuming a 

center pivot cost of approximately $65,000. 

WYWDC 18 Final Rpt Ch 5.doc 5.7 ANdERSON CONsulTiNG ENGiNEERS, INC. 



To put the benefits of sprinkler conversion in another perspective, the following scenario 

is presented using the water use model of the study area. Assuming that approximately 300 acres 

are converted from flood irrigation to center pivot sprinklers on each of the South Side and York 

ditches (total conversion of 600 acres), annual conservation savings at the headgates would total 

approximately 1,290 acre-feet per year. This value converts to an average flow rate of 

approximately 4.9 cfs. If savings associated with this scenario were used to reduce pipe sizes, 

for instance, costs associated with pipeline alternatives may be reduced accordingly. 

5.2.2 Information-Based Irrigation Scheduling 

The determination of the quantity and timing of irrigation deliveries plays a significant 

role in the conservation of irrigation water supplies. Typically, area irrigators have determined 

their crop water requirements based primarily on their own experience and instinct. Given the 

programs that presently exist, there is potential for water savings in the study area by 

implementation of more precise irrigation scheduling techniques. 

Recently, the USDA Agricultural Research Service (ARS) completed a 10-year study on 

a 4,200-acre farm in Kansas. The study concluded that farmers who use scheduling programs 

apply about 20 percent less water than those who water when their crops "look thirsty" 

(DeQuattro, 1997). To obtain information that is more locally applicable, the USDA Agricultural 

Research Service (ARS) in Fort Collins, Colorado was contacted and discussions with Mr. Dale 

Heermann were held. According to Mr. Heermann, the ARS has conducted extensive research in 

the area of irrigation scheduling. They have found that the savings, in terms of water conserved 

and energy reductions, are real but difficult to quantify. One reason for this is that when an 

irrigator uses an information-based irrigation scheduling system on a demonstration field, his 

scheduling on other fields is influenced. Another reason savings are difficult to quantify is that 

they are, in part, a function of the irrigator's previous practices. In a region where water has 

been limited, savings from information-based irrigation scheduling will not be as great as in 

areas where water is more plentiful because the irrigator has already been applying water 

judiciously. According to ARS experience, water conservation savings are typically in the range 

of 25 to 35 percent when the methods are applied on lands where there were previously no 

scientifically based scheduling practices (Dale Heermann, USDA ARS, personal 

communication). 

Information-based irrigation scheduling allows the irrigator to schedule irrigation based 

upon the measured, or computed needs of the crops. This technique involves monitoring of soil 

moisture and/or weather-based information (crop evapotranspiration data). Soil moisture can be 

monitored in many ways. Subsurface soil samples can be taken and visually inspected to 
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estimate the moisture status. Soil moisture can be estimated with mechanical devices such as 

tensiometers or with electrical resistance devices such as gypsum blocks that rely on the change 

in electrical conductivity of water in the device. A neutron probe, another moisture-sensing 

device, measures the amount of neutrons reflected from water molecules in the soil. 

Crop ET estimates are developed using either evaporation pans or weather information. 

Class A evaporation pans are commonly used for measuring evaporation. The pans, constructed 

of galvanized steel or aluminum, are situated in the center of a large irrigated turf area. The pan 

station includes devices to measure rainfall, temperature, wind speed, and relative humidity. 

Evaporation is measured by monitoring the change in height of the water in the pan. The 

evaporation readings are multiplied by crop coefficients to estimate ET of a specific crop. 

The soil moisture and ET data are utilized independently, or in conjunction with each 

other, in a "checkbook" accounting method. By tracking the daily or weekly crop water use (ET) 

and precipitation, the irrigator can estimate soil moisture with the "checkbook" through simple 

addition. If soil moisture is measured, the method is calibrated and more accurate data are 

provided. Over the course of an irrigation season, the irrigator can become accustomed to his 

crop's response to irrigation applications, precipitation, etc. 

In recent years, a large number of regional automated weather station networks have been 

established. Weather data are collected daily from network weather stations and automatically 

transmitted to a central computer. The weather data (solar radiation, temperature, relative 

humidity, and wind speed) are used in irrigation scheduling to estimate crop evapotranspiration. 

These networks are currently in use throughout the country, including numerous in the Rocky 

Mountain Region. Unfortunately, coverage has not been implemented extensively in Wyoming. 

An existing network that offers potential, however, is the AgriMet system managed by the 

United States Bureau of Reclamation (BOR). At last count, it included 54 agricultural weather 

stations located throughout the northwest. The system allows the user to obtain daily crop 

evapotranspiration data from any station via the Internet. According to the AgriMet network 

administrator, incorporation of additional weather stations is a very simple task. If a weather 

station (or stations) were established within the study area, the BOR would likely be able to 

incorporate the data into their Internet-based system, making the data available to the public with 

only minor expenses (T. Grove, USBR, personal communication). 

The potential benefits of using the AgriMet network are numerous. Through the purchase 

and implementation of a weather station( s), the irrigation company could take advantage of an 

existing system which is already operational. Data would be accessible through the BOR's 

computer system; consequently, there would be no need for an irrigation company to purchase a 

centralized computer to collect and distribute the data. Furthermore, there would be no need to 

purchase the associated software and programming needed for the system. Although an 
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agreement with the BOR would need to be worked out for use of their system, annual 

maintenance costs of the system would likely be limited to maintenance of the weather station( s). 

Assuming full implementation of an irrigation-scheduling system, the potential to 

conserve water within the study area could be substantial. If attainable conservation is assumed 

to be at the lower end of published values (20%), an average annual savings of 2,230 acre-feet 

could potentially be achieved if all irrigators participated. The cost associated with installation 

of a weather station and associated management and maintenance is estimated to be $7,500 to 

$10,000. It should be noted, however, that widespread acceptance and utilization of information

based irrigation scheduling may require several years of demonstrated benefits. Assuming a 

more reasonable value of ten percent utilization within the study area, annual conservation is 

estimated to be 220 acre-feet. This potential reduction in diversions at the headgate translates to a 

minimum of 1 cfs to a maximum of 8.5 cfs. 
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VI. REHABILITATION PLAN 

6.1 General 

In this chapter, conceptual rehabilitation alternatives are presented. The alternatives 

represent collections of individual measures to mitigate problems identified in Chapter 3 

(Inventory) and Chapter 4 (Seepage Investigation). Specifically, objectives of the alternatives 

include: 

• Rehabilitation / replacement of existing structures 

• Mitigation of seepage losses 

• Improvements in delivery of water 

• Mitigation of problems associated with aquatic vegetation 

• Reduction in annual operation and maintenance costs 

• Improvement in ditch management and efficiency through water measurement 

• Economic practicality of the alternative 

• Physical feasibility of the alternative 

The alternatives were developed based upon information obtained from: (a) the project 

scoping meeting, (b) discussions with proj ect sponsors, (c) the field inventory investigation, and 

(d) the seepage investigation. These alternatives can be viewed not only as "suites" of mitigation 

alternatives, but the individual components of each can be prioritized and evaluated for their 

individual merit. 

In addition to the alternatives presented herein, other alternatives were initially evaluated 

but were screened because they were either (a) economically impractical or (b) physically 

infeasible. 

Alternatives eliminated from further investigation included the consideration of 

combining flows of both the South Side and York ditches into a single pipeline. Under that 

alternative, the South Side Ditch would be converted to a pipeline designed to convey the 

irrigation diversions of both ditches. At the end of the South Side ditch, a pipe drop structure 

would be built which would connect the two ditches. The York Ditch upstream of the pipe drop 

structure would be abandoned and converted to a closed pipeline immediately downstream. Pipe 

sizes range from 42 inches to 12 inches. 

Under this alternative, the combined flows would be diverted into a 42-inch diameter 

pipeline. The pipe size could be reduced to approximately 30 inches once sufficient pressure is 

attained. Eventually, the pipe size could be reduced to approximately 12 inches for the majority 

of its length. Benefits of this alternative would include not only the elimination of seepage 
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losses associated with both ditches, but pressurized flow could be provided to water users along 

the pipeline. Several irrigators are presently pumping from the ditches to sprinkler irrigation 

systems. Alternatives providing sufficient pipeline pressure could provide additional on-farm 

benefits by reducing operational costs associated with pumping. Finally, approximately 2.7 

miles of the York Ditch requiring frequent maintenance would be abandoned. 

Preliminary designs of this alternative were developed, materials quantities estimated and 

initial cost estimates computed. Based upon this evaluation, the project costs were estimated to 

exceed $2.0 million or well over $33 per acre increase in annual assessment. Furthermore, the 

York Ditch receives a portion of its diversions from Wolf Creek via the Hardin-Campbell Ditch. 

Any pipeline alternative would require a break in the system at that location in order to combine 

Hardin-Campbell flows. Consequently, pressurized conditions would be lost and one of the 

primary benefits of the alternative would be lost to the York Ditch irrigators. Consideration of a 

parallel system to convey Hardin-Campbell diversions while maintaining the York Ditch 

pipeline was also considered to be impractical. 

A reduced variation of this alternative was also evaluated and eliminated on the basis of 

cost and feasibility. This alternative would be identical to the previously discussed pipeline 

scenario; however, in order to accommodate Hardin-Campbell diversions into the York Ditch, 

the pipeline would terminate at the Hardin-Campbell Ditch. The total project cost of this 

alternative would be approximately $1.4 million or over $22 per acre increase in annual 

assessment. While this alternative would provide most of the benefits of the previously 

discussed alternative in addition to facilitating Hardin-Campbell diversions, the benefits of 

pressurized flow would be effectively eliminated for those irrigators associated with the York 

Ditch. 

Consideration of individual closed systems was eliminated from further evaluation for 

similar reasons. This scenario was also evaluated in detail sufficient to estimate quantities of 

materials and initial costs of construction. Based upon this evaluation, the cost of converting both 

ditches to closed systems would exceed $1.8 million. This includes approximately $1 million 

and $0.8 million for conversion of the South Side and York Ditches, respectively. Similar to the 

consolidated system scenario discussed above, the York Ditch pipeline conversion scenario is 

complicated by the fact that portions of its diversions are received via the Hardin-Campbell 

Ditch. Consequently, any pipeline beginning at the headgate would require a break to allow 

Hardin-Campbell diversions to join the system, thereby eliminating the benefit of pressurized 

conditions. If the pipeline were to begin at point where the Hardin-Campbell joins the York, 

most of the benefits of pressurized conditions would be lost and the problematic reach of the 

York Ditch upstream of that point would still require improvement. Similarly, the South Side 

Ditch pipeline would need to start at the Little Tongue River diversion because of supplemental 

supply rights diverted at that location. 
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The Town of Ranchester is currently in the process of developing a master plan for its 

water supply. Alternatives involving combining diversions or efforts were considered but 

determined to be impractical. Irrigation diversions occur only during the growing season 

whereas municipal diversions occur year round. Differences between the magnitude of 

municipal diversions and irrigation diversions would make pipeline design problematic. 

Alternatives which were considered physically and economically feasible are discussed in 

the following sections. These alternatives generally involve maintenance of open ditch 

conditions following completion of improvements. Rehabilitation of the Hardin-Campbell Ditch 

diversion structure is considered integral to each. 

6.2 Hardin-Campbell Improvements 

The results of the field inventory for the Harden-Campbell Ditch (see Appendix B.3) 

identified the need for rehabilitation improvements associated with this ditch system. The 

improvements are limited to the rehabilitation of the existing diversion structure. As indicated in 

the inventory documents, the improvements to the diversion structure are related to: (a) minor 

scour below the concrete floor at the outlet to the diversion structure; and (b) potential 

abandonment of the diversion structure due to channel avulsion. The scour at the base of the 

structure can be mitigated by placement of grout in the void created by the scour hole along with 

installation of a rock riprap apron immediately downstream of the structure. The potential 

abandonment of the diversion structure due to channel avulsion required a more detailed 

evaluation of alternatives. 

Wolf Creek is a highly sinuous and meandering stream. A review of historical aerial 

photographs supplemented by field observations has indicated that the channel has historically 

exhibited considerable movement or migration in its alignment. The presence of oxbow 

channels exemplifies the fact that the stream may cut-off and abandon portions of its historic 

channel. In the vicinity of the Hardin-Campbell diversion structure, streambank erosion and 

potential migration have resulted in an alignment of the channel that presently threatens the 

existence of the structure. 

In the Spring of 2002, the Natural Resources Conservation Service (NRCS) completed a 

design to mitigate the potential abandonment of the diversion structure. The design, as indicated 

in Figure 6.1, involved: 

• Realignment of 300 feet of Wolf Creek through the placement of approximately 500 
yards of fill material and 210 yards of rock riprap for bank protection; 

• Placement of a vortex weir at the downstream end of the realigned channel; and 
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Figure 6.1 Hardin-Campbell Diversion Structure Remediation: NRCS Alternative 



• Placement of a J-hook rock vane downstream of the diversion structure along the 
south bank. 

The alternative evaluation for this improvement focused on the existing NRCS design along with 

potential modifications to specific design elements identified by the NRCS. 

6.2.1 Modified NRCS Design Alternative 

Following a review of the design plan prepared by the NRCS, modifications to the bank 
stabilization improvements in the vicinity of the proposed J -hook rock vane were identified. 
While it is acknowledged that the J-hook structure would protect the south bank from further 
erosion at this location, the protection is provided by a reduction in the potential scour at the toe 

of the bank. Depending on the magnitude of the flows in Wolf Creek, it is conceivable that the 
water levels in the creek may exceed the realigned channel bank and flow to the north and into 
the channel in the vicinity of the J-hook rock vane. Should this occur, the erosion will likely 
occur along the top of the south bank and ultimately create a headcut into the realigned channel. 
Modifications to the NRCS design plan to address this issue as indicated in Figure 6.2, include: 

• Removal of the J-hook rock vane; 

• Realignment of 200 feet of Wolf Creek downstream of the diversion structure through 
the placement of approximately 350 yards of fill material and 180 yards of rock riprap 
for bank protection; and 

• Placement of a vortex weir at the downstream end of the realigned channel. 

6.2.2 Wolf Creek Channel Realignment and Cut-off Alternative 

An additional alternative to mitigate the potential abandonment of the diversion structure 
was also investigated. This alternative included: (a) installation of man-made cut-off channel 
along with realignment of Wolf Creek; (b) stabilization of the cut-off channel and banks with 
rock riprap; and (c) placement of a grade control structure to stabilize the channel bed and 

facilitate the diversion of water into the Hardin-Campbell Ditch. While this alternative was 
considered feasible, the cost of implementation compared to the Modified NRCS Design 

Alternative was estimated to be in excess of $100,000. Consequently, this alternative was not 
investigated further. 
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Figure 6.2 Hardin-Campbell Diversion Structure Remediation: Modified NRCS Alternative 



6.3 Rehabilitation Alternative 1: Consolidated Ditch System I Lining 

This alternative involves the consolidation of diversions for both the South Side and York 

Ditches. The point of diversion of the York Ditch would be moved to that of the South Side 
Ditch. At that point the South Side Ditch would require enlargement to convey the combined 
discharges. At the end of the South Side Ditch, a pipe drop structure would be built to convey 

York Ditch diversions back to the York Ditch. That portion of the York Ditch located upstream 
of the pipe drop structure outlet would be abandoned. The development of this alternative, as 
displayed in Figure 6.3, involves the following components. 

• Diversion Facility. Construction of a concrete diversion facility on the Tongue River 
to facilitate diversion of the combined discharges into the South Side Ditch. The 
diversion structure would require design to maximize diversion efficiency during low 
flow periods while allowing high flows to pass without causing flooding. The 
existing headgate would be replaced with a headgate at the diversion structure. A 6-
foot cipolletti weir would be placed downstream of the headgate to allow 
measurement of diversions. 

• Diversion Structure. Construction of a new diversion / headgate structure on the 
Little Tongue River at the location where it is crossed by the South Side Ditch. The 
structure would facilitate diversions from the Little Tongue River when available 
while allowing portions of Little Tongue River flow to bypass the ditch. 

• South Side Ditch Enlargement, Earth Work. Enlargement of the South Side Ditch 
from Tongue River to its endpoint to enable conveyance of the increased discharge. 
The existing ditch would be widened approximately 2-feet. Existing bank and bed 
vegetation would be removed during the process. 

• Replacement of Culvert Crossings. Replacement of all culvert crossings on the 
South Side Ditch with the exception of the Highway 14 crossing. This structure is 
sized adequately to convey the combined discharges. All remaining culverts would be 
replaced with adequately sized corrugated metal pipes. 

• Pipe Drop Structure Connecting South Side and York Ditches. Construction of a 
pipe drop structure from the South Side Ditch to the York Ditch. The structure would 
include a concrete inlet structure to facilitate conveyance of York Ditch diversions 
and South Side Ditch operational wastes. Approximately 2,100 feet of pressurized 
pipe would connect the two ditches. At the outlet of the pipe-drop structure, an 
energy dissipation structure would be constructed. The pipeline would consist of 24-
inch pipe at the inlet reducing to 12-inches at the outlet. 

• Ditch Lining. Lining of seepage reaches on the South Side Ditch. Under this 
alternative, four reaches where seepage exists would be lined using a buried 
geosynthetic clay liner. The total length of the reaches would be approximately 7,200 
linear feet. 
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• Remediation of Wolf Creek Diversion Structure. Improvements to the Hardin
Campbell diversion structure would be completed. The modified NRCS Design 
Alternative as discussed is recommended. 

• Replacement of Culvert Crossings. Four culverts identified as limiting conveyance 
capacity of the York Ditch would be replaced. 

• Installation of Measurement Structures. Measurement structures would be placed 
on all turnouts of the South Side, York, and Hardin-Campbell Ditches. Measurement 
structures would consist of Parshall flumes, cipolletti weirs, or constant head orifices, 
depending upon the nature of the site-specific conditions. The total number of 
measurement devices required would be approximately 50 (30 on the South Side 
Ditch, 16 on the York Ditch, and 4 on the Hardin-Campbell). 

• Replacement of Farmer's Turnouts. Approximately 20 farmer's turnouts would be 
replaced. 

• Control of Aquatic Vegetation. Annual O&M for vegetation chemicals. Appropriate 
herbicides are prescribed for mitigation of existing aquatic weed problems. 

• York Ditch Trash Rack at Wolf Creek Crossing. A trash rack would be installed on 
the Wolf Creek crossing for the York Ditch. The trash rack would be designed to 
collect debris and facilitate ease of cleaning. 

6.4 Rehabilitation Alternative 2: Individual Ditch System / Lining 

Under this alternative, the ditch diversions remain separated and the individual ditches 

are improved accordingly. The development of this alternative, as displayed in Figure 6.4, 

involves the following components. 

• Diversion Facility. Construction of a concrete diversion facility on the Tongue River 
to facilitate diversion into the South Side Ditch. The diversion structure would 
require design to maximize diversion efficiency during low flow periods while 
allowing high flows to pass without causing flooding. The existing headgate would 
be replaced with a headgate at the diversion structure. A 6-foot cipolletti weir would 
be placed downstream of the headgate to allow measurement of diversions. 

• Diversion Structure. Construction of a new diversion / headgate structure on the 
Little Tongue River at the location where it is crossed by the South Side Ditch. The 
structure would facilitate diversions from the Little Tongue River when available 
while allowing portions of Little Tongue River flow to bypass the ditch. 

WYWDC 18 Final Rpt Ch 6.doc 6.9 ANdERSON CoNsulTiNG ENGiNEERS, INC. 



.. .... 

Legend 

Pipeline 
Measurement Device 

••••••••••• Abandoned Ditch 

Figure 6.4 Rehabilitation Alternative 2: Individual Ditch System / Lining 

Lined Reach 
Unimproved Ditch 

-; 



• Replacement of Culvert Crossings. Replacement/rehabilitation of culvert crossings. 
A total of 8 culverts that were identified as potentially limiting conveyance capacity 
of the ditches would be replaced. 

• Ditch Lining. Lining of seepage reaches on the both ditches. Under this alternative, 
four South Side Ditch reaches where seepage exists would be lined using a buried 
geosynthetic clay liner. The total length of the reaches would be approximately 7,200 
linear feet. In addition, four reaches of the York Ditch, totaling approximately 7,900 
linear feet of the York Ditch would also be lined. 

Ditch Diversion Facility. Construction of a concrete diversion facility on the Tongue 
River to facilitate diversion into the York Ditch. The diversion structure would 
require design to maximize diversion efficiency during low flow periods while 
allowing high flows to pass without causing flooding. The existing headgate would 
be replaced with a headgate at the diversion structure. A 6-foot Cipolletti weir would 
be placed downstream of the headgate to allow measurement of diversions. 

• Remediation of the Wolf Creek Diversion Structure. Improvements to the Hardin
Campbell diversion structure would be completed. The Modified NRCS Design 
Alternative as discussed in Section 6.2.1 is recommended. 

• Installation of Measurement Structures. Measurement structures would be placed 
on all turnouts of the South Side, York, and Hardin-Campbell Ditches. Measurement 
structures would consist of Parshall flumes, cipolletti weirs, or constant head orifices, 
depending upon the nature of the site-specific conditions. The total number of 
measurement devices required would be approximately 50 (30 on the South Side 
Ditch, 16 on the York Ditch, and 4 on the Hardin-Campbell Ditch). 

• Replacement of Farmer's Turnouts. Approximately 20 farmer's turnouts would be 
replaced. 

• Control of Aquatic Vegetation. Annual O&M for vegetation chemicals. Appropriate 
herbicides are prescribed for mitigation of existing aquatic weed problems. 

• York Ditch Trash Rack at Wolf Creek Crossing. A trash rack would be installed on 
the Wolf Creek crossing for the York Ditch. The trash rack would be designed to 
collect debris and facilitate ease of cleaning. 

6.5 Alternative Evaluation 

The conceptual costs of the two alternatives are presented in Table 6.1. Project costs 

include the costs of materials and construction only. They do not include costs associated with 

final design, engineering, or contingencies. 
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Table 6.1 Summary of Conceptual Costs of Construction 

Rehabilitation Alternative 1: Consolidated Ditch System / Lining 
Description Cost 

1. Diversion Facility: South Side Ditch $75,000 

2. Diversion Structure: Little Tongue River $30,000 

3. Ditch Lining: South Side Ditch $237,000 

4. Replacement of Culvert Crossings: South Side Ditch $44,000 

5. Installation of Measurement Structures: South Side Ditch $30,000 

6. Replacement of Farmer's Turnouts: South Side Ditch $15,000 

7. Replacement of Culvert Crossings: York Ditch $6,000 

8. Installation of Measurement Structures: York Ditch $16,000 

9. Replacement of Farmer' s Turnouts: York Ditch $4,000 

10. Pipe Drop Structure Connecting South Side and York Ditches $43,500 

11. York Ditch Trash Rack at Wolf Creek Crossing $2,500 

12. Replacement of Farmer's Turnouts: Hardin-Campbell Ditch $500 

13. Installation of Measurement Structures: Hardin-Campbell Ditch $4,000 

14. South Side Ditch Enlargement, Earth Work $171,500 

15. Remediation of the Wolf Creek Diversion Structure $25,000 

Total Alternative 1 $704,000 

Rehabilitation Alternative 2: Individual Ditch Systems / Lining 
Description Cost 

1. Diversion Facility: South Side Ditch $75,000 

2. Diversion Structure: Little Tongue River $30,000 

3. Ditch Lining: South Side Ditch $223,500 

4. Replacement of Culvert Crossings: South Side Ditch $8,000 

5. Installation of Measurement Structures: South Side Ditch $30,000 

6. Replacement of Farmer's Turnouts: South Side Ditch $5,500 

7. Ditch Diversion Facility: York Ditch $75,000 

8. Ditch Lining: York Ditch $191,000 

9. Replacement of Culvert Crossings: York Ditch $6,000 

10. Installation of Measurement Structures: York Ditch $16,000 

11. Replacement of Farmers' Turnouts: York Ditch $4,000 

12. York Ditch Trash Rack at WolfCreek Crossing $2,500 

13. Remediation of the WolfCreek Diversion Structure $25,000 

14. Replacement of Farmer' s Turnouts: Hardin-Campbell Ditch $1,000 

15. Installation of Measurement Structures: Hardin-Campbell Ditch $4,000 

Total Alternative 2 $696,500 
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Alternatives included in the rehabilitation plan were compared using the matrix presented 

in Table 6.2. This matrix provides a comparison of relative factors including project cost, acres 

benefited, ease of permitting, and flexibility of implementation. Based on project costs alone, 

there is essentially no difference between the two projects and factors other than costs alone 

merit evaluation. Permitting for Alternative 2: "Separate Diversions" is slightly less problematic 

than those of Alternative 1: "Consolidated Diversions" because a change in the point of diversion 

for the York Ditch would be required. All other permitting issues would be similar. 

Table 6.2 Alternative Comparison Matrix 

1 More problematic: 
Stringent: Requires 

Consolidated 704,000 2,700 Requires change in point of 
enlargement of South Side 

Diversions diversion 
prior to implementation of 
line items 

2 Less Problematic: Very flexible: Any line items 
Separate $696,500 2,700 No change in point of can be implemented 

Diversions diversions inde endentl 

Based upon the relative flexibility of implementing the two projects, Alternative 2: 

"Separate Diversions" is more attractive. This alternative represents a suite of ditch 

rehabilitation and improvement projects that facilitate the selection of individual projects on an 

as-needed basis. With the "Consolidated Diversions" scenario (Alternative 1), the irrigation 

entity would be restricted when selecting future projects because the majority of the project 

components would rely upon enlargement of the South Side Ditch. Essentially, this alternative 

may require implementation in an "all or nothing" manner. Phasing of improvements for 

Alternative 1 is also problematic and would also require operation of dual systems during 

construction of the improvements. On the other hand, Alternative 2: "Separate Diversions" 

allows the district to select projects of manageable size without being required to implement the 

entire plan. Given this information, Alternative 2 (Separate Diversions) was selected for 

conceptual design. 
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VII. CONCEPTUAL DESIGN 

7.1 General 

Following review of the conceptual rehabilitation alternatives presented in Chapter 6, 
their relative cost, and feasibility, the "Separate Diversions" scenario was determined to be the 
most cost effective and feasible alternative. It is our understanding that the sponsor wishes a list 
of alternatives from which they can pick and chose for future Level II investigation. The 
"Separate Diversions" alternative allows them to do so. Its components can stand alone as 
individual projects or the alternative can be implemented as a whole. The "Consolidated 
Diversions" alternative, on the other hand, does not provide the flexibility to implement portions 
of the alternative. Because it involves enlargement of the South Side Ditch to convey the 
consolidated diversions, this essentially locks the district into completing that task before any 
other components can be completed. 

The recommended improvements are tabulated and prioritized in Table 7.1. These 
improvements are delineated on Figures 7.1 through 7.9. These figures illustrate the location of 
these improvements and provide conceptual design details of each recommended improvement. 
The following paragraphs more fully describe the improvements and present additional details 

pertinent to the conceptual design. 

7.2 South Side Ditch Improvements 

Figure 7.1 displays and identifies the components of the South Side Ditch improvements. 

7.2.1 Improvement 1: South Side Ditch Diversion Facility 

This improvement involves the construction of a concrete diversion structure across the 
Tongue River to facilitate diversions to the South Side Ditch. The diversion structure should be 
designed to maximize efficiency of diversions during low flow periods but allow high flows to 
pass without significant impact. The Level II design effort should include detailed hydraulic 
modeling and provide a detailed design of the structure. A conceptual design layout of the 
structure is presented in Figure 7.2. A headgate will be incorporated into the diversion structure 

which will enable control of diversions into the ditch. The headgate structure will consist of a 
single slide gate installed in concrete headwalls. Conceptual designs details of the headgate are 
included in Figure 7.3. Downstream of the headgate will be a 6-foot Cipolletti weir. The weir 
will promote the accurate measurement of flows diverted from the Tongue River and into the 
ditch. Conceptual design details of the weir are presented in Figure 7.4. 
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Table 7.1 Recommended Improvements for York / South Side / 
Hardin-Campbell Ditch Companies 

Improvement Recommended Improvement Priority 

Improvement 1: South Side Ditch Diversion Facility 3 

Improvement 2: Little Tongue River Diversion Structure 3 

Improvement 3: South Side Ditch Lining 2 

Improvement 3A: Lining of Reach S-1 2 

Improvement 3B: Lining of Reach S-2 2 

Improvement 3C: Lining of Reach S-3 2 

Improvement 3D: Lining of Reach S-4 2 

Improvement 4: 
Rehabilitation / Replacement of Culvert Crossings -

3 
South Side Ditch 

Improvement 5: 
Installation of Measurement Structures -

1 
South Side Ditch 

Improvement 6: Rehabilitation of Farmer's Turnouts - South Side Ditch 2 

Improvement 7: York Ditch Diversion Facility 3 

Improvement 8: York Ditch Lining 1 

Improvement 8A: Lining of Reach Y-l 1 

Improvement 8B: Lining of Reach Y-2 1 

Improvement 8C: Lining of Reach Y-4 1 

Improvement 8D: Lining of Reach Y-5 1 

Improvement 9: 
Rehabilitation / Replacement of Culvert Crossings -

3 
York Ditch 

Improvement 10: Installation of Measurement Structures - York Ditch 1 

Improvement 11: Rehabilitation of Farmers' Turnouts - York Ditch 2 

Improvement 12: 
Replacement of Trash Rack at Wolf Creek Crossing -

1 
York Ditch 

Improvement 13: 
Remediation of the Wolf Creek Diversion Structure -

1 Hardin-Campbell Ditch 

Improvement 14: 
Rehabilitation of Farmers' Turnouts-

2 
Hardin-Campbell Ditch 

Improvement 15: 
Installation of Measurement Structures -

1 
Hardin-Campbell Ditch 
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York Ditch: 
- Install approximately 16 measurement devices 
- Rehabilitate approximately 8 farm turnouts 
- Replace approximately 3 culverts 

South Side Ditch 
- Install approximat~ly 30 measurement devices 
- Rehabilitate approximately 14 farm turnouts 
- Replace approximately 4 culverts 

Hardin-Campbell Ditch 
- Install approximately 4 measurement devices 
- Rehabilitate approximately 1 farm turnout 

Figure 7.1 Alternative 2 Conceptual 
Design Components 

7.3 
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7.2.2 Improvement 2: Little Tongue River Diversion Structure 

This improvement involves the replacement of the Little Tongue River diversion 

structure. The existing structure will be removed. The new structure will be designed to 

facilitate diversion of the supplemental supply from the Little Tongue River. This improvement 

includes the replacement of the existing headgate on the ditch with a new headgate structure. 

Figure 7.5 displays a conceptual design detail of the improvement. 

7.2.3 Improvement 3: South Side Ditch Lining 

This improvement involves lining of four (4) reaches of the South Side Ditch with a 

buried geosynthetic clay liner to minimize seepage losses. Conceptual design details of a ditch 

lining improvement are presented in Figure 7.6. 

Improvement 3A: Lining of Reach S-1 

Approximately 845 linear feet of the South Side Ditch from Mile 0.82 to Mile 0.98 will 

be lined with a buried geosynthetic clay liner. This reach is located between the existing 

headgate and Highway 14. 

Improvement 3B: Lining of Reach S-2 

Approximately 900 linear feet of the South Side Ditch from Mile 1.79 to Mile 1.96 will 

be lined with a buried geosynthetic clay liner. This reach is located immediately downstream of 

Highway 14. The reach was recently reconstructed following a breach. 

Improvement 3C: Lining of Reach S-3 

Approximately 2,850 linear feet of the South Side Ditch from Mile 2.58 to Mile 3.12 will 

be lined with a buried geosynthetic clay liner. This reach spans existing subdivisions and recent 

development within the Town of Dayton. 

Improvement 3D: Lining of Reach S-4 

Approximately 2,590 linear feet of the South Side Ditch from Mile 4.03 to Mile 4.52 will 

be lined with a buried geosynthetic clay liner. This reach spans HanffDraw. 
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7.2.4 Improvement 4: Rehabilitation / Replacement of Culvert Crossings -
South Side Ditch 

F our culverts on the South Side Ditch were identified which may be restricting 

conveyance capacity of the ditch. Under this alternative, the culverts would be cleaned of 

sediment and their condition reevaluated. In the event that cleaning eliminates conveyance 

restrictions, they would not be replaced. If conveyance is still restricted, the four culverts would 

be replace with corrugated metal pipes (CMPs) approximately 60-inches in diameter. 

7.2.5 Improvement 5: Installation of Measurement Structures - South Side Ditch 

Approximately 30 measurement structures will be installed at existing farmer turnout 
structures. The measurement structures will consist of a combination of Cipolletti weirs, 
Parshall flumes, and constant head orifices, depending upon site-specific conditions. The 
measurement structures will facilitate accurate measurement of diversions from the ditch. 
Diversions to closed pipelines would be equipped with an in-line meter. Conceptual design 
details of typical measurement devices are displayed in Figure 7.7. 

7.2.6 Improvement 6: Rehabilitation of Farmers' Turnouts - South Side Ditch 

This improvement involves the replacement of approximately 11 turnout structures. Each 
turnout will consist of a concrete box structure on the ditch and will be equipped with a steel 
slide gate. The turnout will facilitate control of diversions from the ditch. Figure 7.8 displays 

the conceptual design details of a typical turnout structure. 

7 .3 York Ditch Improvements 

The components of the York Ditch improvements are also displayed and identified in 
Figure 7.1 

7.3.1 Improvement 7: York Ditch Diversion Facility 

This improvement involves the construction of a concrete diversion structure across the 
Tongue River to facilitate diversions to the York Ditch. The diversion structure should be 
designed to maximize efficiency of diversions during low flow periods but allow high flows to 
pass without significant impact. A conceptual design layout of the structure is presented in 
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Figure 7.2. A headgate will be incorporated into the diversion structure which will enable 
control of diversions into the ditch. The headgate structure will consist a single slide gate 
installed in concrete headwalls. Conceptual design details of the headgate are included in Figure 

7.3. On the ditch downstream of the headgate will be a 6-foot Cipolletti weir. The weir will 
promote the accurate measurement of flows diverted from the Tongue River and into the ditch. 
Conceptual design details of the weir are presented in Figure 7.4. 

7.3.2 Improvement 8: York Ditch Lining 

This improvement involves lining of four (4) reaches of the York Ditch with a buried 

geosynthetic clay liner to minimize seepage losses. Conceptual design details of a ditch lining 

improvement are presented in Figure 7.6. 

Improvement 8A: Lining of Reach Y-l 

Approximately 1,900 linear feet of the York Ditch from Mile 0.94 to Mile 1.30 will be 

lined with a buried geosynthetic clay liner. This reach is located immediately upstream of 

Halfway Lane. 

Improvement 8B: Lining of Reach Y-2 

Approximately 1,320 linear feet of the York Ditch from Mile 1.30 to Mile 1.55 will be 

lined with a buried geosynthetic clay liner. This reach begins at Halfway Lane and extends 

downstream 1,320 feet. It includes the recently reconfigured ditch following slope failure. 

Improvement 8e: Lining of Reach Y-4 

Approximately 1,370 linear feet of the York Ditch from Mile 01.55 to Mile 1.81 will be 

lined with a buried geosynthetic clay liner. This reach begins where Reach Y -2 ends and 

extends 1,370 feet. 

Improvement 8D: Lining of Reach Y-5 

Approximately 2,060 linear feet of the York Ditch from Mile 1.81 to Mile 2.44 will be 

lined with a buried geosynthetic clay liner. 
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7.3.3 Improvement 9: Rehabilitation / Replacement of Culvert Crossings -
York Ditch 

Four (4) culverts which were identified as restricting conveyance of the York Ditch 

would be replaced with corrugated metal pipes (CMPs) approximately 60-inches in diameter. 

7.3.4 Improvement 10: Installation of Measurement Structures - York Ditch 

Approximately 16 measurement structures will be installed at existing farmer turnout 

structures. The measurement structures will consist of a combination of Cipolletti weirs, 

Parshall flumes, and constant head orifices, depending upon site-specific conditions. The 

measurement structures will facilitate accurate measurement of diversions from the ditch. 

Conceptual design details of typical measurement devices are displayed in Figure 7.7. 

Diversions to closed pipelines would be equipped with an in-line meter. 

7.3.5 Improvement 11: Rehabilitation of Farmers , Turnouts - York Ditch 

This improvement involves the replacement of approximately 8 turnout structures. Each 

turnout will consist of a concrete box structure on the ditch and will be equipped with a steel 

slide gate. The turnout will facilitate control of diversions from the ditch. Figure 7.8 displays 

the conceptual design of a typical turnout structure. 

7.3.6 Improvement 12: Replacement of Trash Rack at WolfCreek Crossing
York Ditch 

This alternative involves the replacement of the existing trash rack at the Wolf Creek 
crossing structure on the York Ditch. The replacement trash rack would be designed to collect 
debris in the ditch while facilitating debris removal. 

WYWDC 18 Final Rpt Ch 7.doc 7.14 ANdERSON CoNsulTiNG ENGiNEERS, INC. 



7.4 Hardin-Campbell Ditch Improvements 

7.4.1 Improvement 13: Remediation of the WolfCreek Diversion Structure
Hardin-Campbell Ditch 

Approximately 300 feet of Wolf Creek will be realigned upstream of the structure. The 
realignment will utilize approximately 500 cubic yards fill material and 210 cubic yards of rock 
riprap bank protection. A vortex rock weir will be placed at the downstream end of the 
realignment. Approximately 200 feet of Wolf Creek will also be realigned downstream of the 
diversion. This portion of the project will require approximately 350 cubic yards of fill material 
and 180 cubic yards of rock riprap bank protection. At the downstream end of the second 
realigned channel section, a vortex weir will also be placed. Conceptual design details of the 
improvement are included in Figure 7.9. 

7.4.2 Improvement 14: Rehabilitation of Farmers , Turnouts
Hardin-Campbell Ditch 

This improvement involves the replacement of one (1) farmer's turnout structure. The 
new turnout will consist of a concrete box structure on the ditch and will be equipped with a steel 
slide gate. The turnout will facilitate control of diversions from the ditch. Figure 7.8 displays 
conceptual design details of a typical turnout structure. 

7.4.3 Improvement 15: Installation of Measurement Structures -
Hardin-Campbell Ditch 

Approximately four (4) measurement structures will be installed at existing farmer 
turnout structures. The measurement structures will consist of a combination of Cipolletti weirs, 
Parshall flumes, and constant head orifices, depending upon site-specific conditions. The 
measurement structures will facilitate accurate measurement of diversions from the ditch. 
Conceptual design details of typical measurement devices are displayed in Figure 7.7. 
Diversions to closed pipelines would be equipped with an in-line meter. 
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Figure 7.9 Conceptual Design: Hardin-Campbell Diversion Structure Remediation 



VIII. COST ESTIMATES 

Based on the conceptual design details provided in Chapter 7, detailed cost estimates for 

construction of improvements to the irrigation ditch system of the study area were prepared. The 

construction cost components associated with the recommended improvements were identified 

and construction costs assigned to each component. 

A final cost estimate and repayment plan, presented in Table 8.1, was generated for the 

project improvements. As indicated in Table 8.1, the final cost estimate and repayment plan 

includes 10% for engineering services during construction and 15% for construction 

contingencies. The WWDC funding for the project was assumed to be in the form of a 50% 

grant and 50% loan. The terms of the loan were assumed to be 6.0% for a period of20 years. 
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Table 8.1 Final Cost Estimate and Repayment Plan 

, 
Total ACCl and 

Repayment 

Improvement · Description 
Cost of Project Engineering 

Subtotal 
Contingency 

Construction 
Final Plans I Permitting and 

Legal Fees 
Total Project 

50% Loan 
Factor (20 Annual 

Assessment (1) 
Components (10%) (15%) S pecifica tio n s Mitigation Rights f-way Cost Years @ Payment 

Costs 
6.0%) 

Improvement 1: South Side Ditch Diversion Facility $75,000 $7,500 $82,500 $12,375 $94,875 $9,488 $500 $100 $500 $105,463 $52,731 0.08718 $4,597 $1.70 

Improvement 2: Little Tongue River Diversion Structure $30,000 $3,000 $33 ,000 $4,950 $37,950 $3,795 $500 $1 ,000 $500 $43,745 $21873 0.08718 $1907 $0.71 

Improvement 3: South Side Ditch Lining 
I 

Improvement 3A: Lining of Reach S-1 $26,500 $2,650 $29,150 $4,373 $33,523 $3,352 $250 $0 $0 $37,125 $18,562 0.08718 $1 ,618 $0.60 

Improvement 3B: Lining of Reach S-2 $28,000 $2,800 $30,800 $4,620 $35,420 $3,542 $250 $0 
I 

$0 $39,212 $19,606 0.08718 $1 ,709 $0.63 

Improvement 3C: Lining of Reach S-3 $88,500 $8,850 $97,350 $14,603 $111 ,953 $11 ,195 $250 $0 I $0 $123,398 $61 ,699 0.08718 $5,379 $1 .99 

Improvement 3D: Lining of Reach S-4 $80,500 $8,050 $88,550 $13,283 $101,833 $10,183 $250 $0 I $0 $112,266 $56,133 0.08718 $4,894 $1.81 

Improvement 4: Rehabilitation / Replacement of Culvert Crossings: South Side Ditch $8,000 $800 $8,800 $1 ,320 $10,120 $1,012 $0 $0 $500 $11 ,632 $5,816 0.08718 $507 $0.19 

Improvement 5: Installation of Measurement Structures - South Side Ditch $30,000 $3,000 $33,000 $4,950 $37,950 $3,795 $0 $0 I $0 $41 ,745 $20,873 0.08718 $1 ,820 $0.67 

Improvement 6: Rehabilitation of Farmer' s Turnouts - South Side Ditch $5,500 $550 $6,050 $908 $6,958 $696 $0 $0 
I 

$0 $7,653 $3,827 0.08718 $334 $0.12 
I 

Improvement 7: Control of Aquatic Vegetation - South Side Ditch 
0) 

Improvement 7: York Ditch Diversion Facility $75,000 $7,500 $82,500 $12,375 $94,875 $9,488 $500 $1,000 $500 $106,363 $53,181 0.08718 $4,636 $1 .72 

Improvement 8: York Ditch Lining 

Improvement 8A: Lining of Reach Y-l $55,500 $5,550 $61 ,050 $9,158 $70,208 $7,021 $250 $0 $0 $77,478 $38,739 0.08718 $3,377 $1.25 

Improvement 8B: Lining of Reach Y-2 $38,500 $3,850 $42,350 $6,353 $48,703 $4,870 $250 $0 $0 $53,823 $26,911 0.08718 $2,346 $0.87 

Improvement 8C: Lining of Reach Y-4 $37,000 $3,700 $40,700 $6,105 $46,805 $4,681 $250 $0 $0 $51,736 $25,868 0.08718 $2,255 $0.84 

Improvement 8D: Lining of Reach Y-5 $60,000 $6,000 $66,000 $9,900 $75,900 $7,590 $250 $0 $0 $83,740 $41,870 0.08718 $3,650 $1.35 
~ 

Improvement 9: Rehabilitation / Replacement of Culvert Crossings - York Ditch $6,000 $600 $6,600 $990 $7,590 $759 $0 $0 $500 $8,849 $4425 0.08718 $386 $0.14 

Improvement 10: Installation of Measurement Structures - York Ditch $16000 $1600 $17,600 $2,640 $20,240 $2,024 $0 $0 $0 $22,264 $11,132 0.08718 $970 $0.36 

Improvement 11 : Rehabilitation of Farmers' Turnouts - York Ditch $4,000 $400 $4,400 $660 $5,060 $506 $0 $0 $0 $5,566 $2,783 0.08718 $243 $0.09 

Improvement 12: Replacement of Trash Rack at WolfCreek Crossing - York Ditch $2,500 $250 $2,750 $413 $3,163 $316 $0 $500 I $0 $3,979 $1,989 0.08718 $173 $0.06 

Improvement 13: Remediation of the WolfCreek Diversion Structure - Hardin-Campbell Ditch $25,000 $2,500 $27,500 $4,125 $31,625 $3 ,163 $250 $2,000 $1 ,000 $38,038 $19,019 0.08718 $1,658 $0.61 

Improvement 14: Rehabilitation of Farmers' Turnouts: Hardin-Campbell Ditch $1,000 $100 $1 ,100 $165 $1,265 $127 $0 $500 $0 $1 ,892 $946 0.08718 $82 $0.03 

Improvement 15: Installation of Measurement Structures - Hardin-Campbell Ditch $4,000 $400 $4,400 $660 $5,060 $506 $0 $500 
I 

$0 $6,066 $3,033 0.08718 $264 $0.10 

Notes: 
(1) Annual assessment is based upon total irrigated acres ofapproxmately 2,700 acres 

alternative evaluation - revised.xls table 8-1 8.2 



IX. PERMITTING 

If various components of this project proceed to construction, certain permits, rights-of

way and easements will be required. State and federal agencies were contacted regarding 

potential requirements associated with construction of the project. The following information 

was generated during an investigation into these requirements. 

1. U.S. Army Corps of Engineers 

The Corps of Engineers (COE) should be contacted with a letter describing the project 

during the initial stages of the final design of improvements involving stream diversions 

structures. This letter will determine the Section 404 Permit requirements for the project. Based 

on previous conversations and experience, the COE will respond with a letter indicating the 

requirements that are necessary prior to construction of the project. Given the scope of the 

majority of improvements as presented in this report, Section 404 permitting will likely not be 

required as they relate to irrigation system infrastructure. 

2. Wyoming Game and Fish Department. 

If a Section 404 permit is required, formal approval with the Wyoming Game & Fish 

Department (WGFD) will be necessary for this project to proceed to construction. Comments 

will be provided by the WGFD during the permit review process for the Section 404 permit. 

Wyoming Game and Fish Department must also be notified when chemical herbicides are 

applied in ditches. 

3. Wyoming DEQ, Water Quality Division 

A Section 401 authorization will likely be required if a Section 404 permit is necessary. 

If a Section 404 permit is not required by the COE, the State does not require Section 401 

authorization. 

4. State Historic Preservation Office 

Formal approval from the State Historic Preservation Office must be obtained if the 

Section 404 Permit is required. 
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5. Wyoming State Engineer's Office 

Plans and specifications detailing the construction of the improvements to either the 

diversion facilities or gaging stations will be required by the State Engineer's Office. 

6. Land Ownership and Property Owners 

Where applicable, permission should be negotiated for easementlright-of-access for all 

construction activities associated with the project. 
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x. ECONOMIC ANALYSIS 

Economic Factors and the ability-to-pay of the water users often become the overriding 

factors which determine project feasibility and implementation. Consequently, an economic 

analysis was completed to assess the ability of the users in a district to pay for the cost associated 

with the proposed improvements. Before a project can become eligible for funding under the 

Wyoming Water Development Commission's guidelines, an entity must be formed which can 

incur debt. F or this analysis, it was assumed that an irrigation district is formed encompassing 

the entire study area. Therefore, evaluation of impacts to current assessments were based upon an 

estimated irrigated acreage of 2,700 acres and a 50% loan / 50% grant through the WWDC. 

This chapter presents the results of the economic analysis. 

10.1 Impact on the Current Annual Assessment 

The present assessment for irrigated acreage in the study area varies from $2 to $4 per 

acre. Increases in annual assessment for Priority 1 improvements are presented in Table. 10.1. 

These increases are based upon the Final Cost Estimate and Repayment Plan presented in 

Chapter 8. Depending upon which improvement( s) the district selected for completion, the 

increase in assessment would range from less than $0.10 per acre to approximately $2 per acre. 

10.2 Alternative Funding Sources 

Project funding/financing is a critical aspect associated with the implementation of this 

project. During the completion of this project, discussions with ditch representatives indicated 

that the ability-to-pay among the majority of water users was limited. With respect to irrigation 

system rehabilitation, funds (50% grant, 50% loan) are available through the WWDC to 

implement improvements associated with the main canal facilities (Le., diversion structure, main 

delivery canal, laterals, turnout structures, etc.). These funds are not available for on-farm 

improvements and require the formation of a district that can incur debt and assess users fees. 

The loan obligation may be partially reduced through other funding sources that also carry a 

grant/loan obligation. Alternative sources of funding to support this need provide for 

implementation of on-farm improvements or implementation of watershed management 

alternatives are identified below. 
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Improvement Description 
Annual 

Payment 
Improvement 5: Installation of Measurement Structures - South Side Ditch $1,820 

Improvement 8A: Lining of Reach Y-l $3,377 
Improvement 8B: Lining of Reach Y-2 $2,346 
Improvement 8C: Lining of Reach Y-4 $2,255 
Improvement 8D: Lining of Reach Y-5 $3,650 

Improvement 11: Installation of Measurement Structures - York Ditch $243 
Improvement 12: Replacement of Trash Rack at WolfCreek Crossing - York Ditch $173 
Improvement 13: Remediation of the Wolf Creek Diversion Structure - Hardin-Campbell Ditch $1,658 
Improvement 15: Installation of Measurement Structures - Hardin-Campbell Ditch $264 

Notes: 
(1) Annual assessment is based upon total irrigated acres of approxmately 2,700 acres 

Assessment (1) 

$0.67 
$1.25 
$0.87 
$0.84 
$1.35 
$0.09 
$0.06 
$0.61 
$0.10 



• Wyoming Water Development Commission Small Water Project Program (SWPP). 
This program is intended to parallel and partner with other programs that perform 
water resource planning and water development in Wyoming. The SWPP is available 
to an entity with at least 2000 acres for agricultural projects with estimated total cost 
of $50,000 or less. 

• Farm Service Agency (USDA). Pertinent funding programs available through the 
Farm Service Agency include the Conservation Reserve Program and the Continuous 
Sign-up for High Priority Conservation Practices. 

• Natural Resource Conservation Service (NRCS). Funding programs available 
include Environmental Quality Incentive Program (EQIP), Wildlife Habitat 
Improvement Program (WHIP), and PL 566. 

• Wyoming Department of Environmental Quality-Water Quality Division (WDEQ
WQD). Funds are available though Section 319 of the Clean Water Act. 

In addition to these sources, opportunities for individual landowners may exist through 

funding available via the Wyoming State Loan and Investment Board. To the extent that low 

interest loans are available, this source provides a mechanism for individual landowners to 

convert flood irrigation systems to sprinkler systems. 
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XI. CONCLUSIONS AND RECOMMENDATIONS 

Based on the information presented in the previous chapters, the following conclusions 

and recommendations are provided. 

1. Deterioration of the existing irrigation facilities is evident. Diversion structures, 

headgates, and turnout structures are in need of rehabilitation for both the South Side 

Ditch and York Ditch. Measurement structures are non-existent and system delivery 

efficiency has reduced in recent years. 

2. Conveyance capacity in the main delivery canal has been reduced by sedimentation and 

aquatic vegetation; especially in the York Ditch. 

3. Seepage losses in both the York Ditch and South Side Ditch have increased and continue 

to reduce the delivery of water to the irrigators. 

4. In recent years, stability of the ditch created a problem with respect to ditch failure and 

potential flooding of adjacent properties. 

5. The diversion facility on Wolf Creek associated with the Hardin-Campbell Ditch may be 

jeopardized by channel avulsion during a flood event. 

6. Measurements conducted during this study confirmed losses attributable to seepage. For 

those sites where measurements were taken, the results indicated a losses ranging from 

10% of the total diversions for the South Side Ditch to almost 30% of the total diversions 

for the York Ditch. 

7. Evaluation of alternatives during the development of the Rehabilitation Plan determined 

that conversion of the open ditch system to a pipeline is not economically or practically 

feasible. 

8. Evaluation of feasible alternatives during the preparation of the Rehabilitation Plan 

resulted in the selection of an alternative that focused on improvements within each ditch 

system. The consolidation of York Ditch and South Side Ditch irrigation diversions into 

the delivery system of the South Side Ditch was also evaluated. The alternative 

involving ditch consolidation was discarded due to the need to implement costly 
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improvements on a large scale versus the phased implementation of improvements if 

diversions are not consolidated. 

9. Conceptual design information was prepared for the alternative involving improvements 

to each individual ditch system. The components identified for improvement are listed in 

Table 11.1. Project costs and assessment information associated with the construction of 

the individual components is also presented. 

10. Based on the results of this Level I study, the following recommendations are provided: 

• The ditch companies should immediately proceed with the legal work necessary 
to form a district. 

• A more detailed seepage investigation should be conducted as part of a Level II 
study. In addition to additional measurements along the ditch system, the seepage 
investigation should include measurements at the diversion headgates, wasteway 
structures, and all farmers' turnout structures. This work will refine the results of 
the Level I work effort and better define those reaches where placement of a liner 
will provide the maximum benefit at a minimum of cost. 

• Improvements to farmer's turnout structures and installation of individual 
measurement structures should proceed to Level III design and construction 
following formation of the irrigation district. 

• Improvements to the Hardin-Campbell Ditch diversion structure should proceed 
to Level III design and construction following formation of the irrigation district. 

• Annually, a program involving the routine application of herbicides should be 
developed to control the growth of aquatic vegetation within the ditch delivery 
systems. 

11. For those improvements recommended for Level III design and construction, funding 

sources that should be further investigated include: 

• Wyoming Water Development Commission Grant/Loan program. This 
50% 10an/50% grant program would be accessed for the improvements to the 
farmers' turnout structures, installation of measurement devices, ditch 
improvements, and Hardin-Campbell diversion structure improvements. 

• Wyoming Water Development Commission Small Water Project Program 
(SWPP). The SWPP program could be pursued for funding of the Hardin
Campbell diversion structure improvements. 

WYWDC 18 Final Rpt Ch II.doc 11.2 ANdERSON CONsuhiNG ENGiNEERS, INC. 



g 
..... ..... 
I ..... 
0-
o 
() 

» 
2 
0.. 
IT! 

~ o 
2 

("') 
o 
2 
VI 
C 
::r-
2' 
.n 
m 
2 
~. 
2 
IT! 
IT! 

~ 
2 
r 

Table 11.1 Summary of Improvement Costs and Annual Assessment 

Improvement Description 

Improvement 1: South Side Ditch Diversion Facility 

Improvement 2: Little Tongue River Diversion Structure 

Improvement 3: South Side Ditch Lining 

Improvement 3A: Lining of Reach S-1 

Improvement 3B: Lining of Reach S-2 

Improvement 3C: Lining of Reach S-3 

Improvement 3D: Lining of Reach S-4 

Improvement 4: Rehabilitation / Replacement of Culvert Crossings: South Side Ditch 

Improvement 5: Installation of Measurement Structures - South Side Ditch 

Improvement 6: Rehabilitation of Farmer's Turnouts - South Side Ditch 

Improvement 7: York Ditch Diversion Facility 

Improvement 8: York Ditch Lining 

Improvement 8A: Lining of Reach Y-l 

Improvement 8B: Lining of Reach Y-2 

Improvement 8C: Lining of Reach Y-4 

Improvement 8D: Lining of Reach Y-5 

Improvement 9: Rehabilitation / Replacement of Culvert Crossings - York Ditch 

Improvement 10: Installation of Measurement Structures - York Ditch 

Improvement 11: Rehabilitation of Farmers' Turnouts - York Ditch 

Improvement 12: Replacement of Trash Rack at WolfCreek Crossing - York Ditch 

Improvement 13: Remediation of the WolfCreek Diversion Structure - Hardin-Campbell Ditch 

Improvement 14: Rehabilitation of Farmers' Turnouts: Hardin-Campbell Ditch 

Improvement 15: Installation of Measurement Structures - Hardin-Campbell Ditch 

Notes: 
(1) Annual assessment is based upon total irrigated acres of approxmately 2,700 acres 

Total Project Annual 
Assessment (1) 

Cost Payment 

$105,463 $4,597 $1.70 

$43,745 $1,907 $0.71 

$37,125 $1,618 $0.60 

$39,212 $1,709 $0.63 

$123,398 $5,379 $1.99 

$112,266 $4,894 $1.81 

$11,632 $507 $0.19 

$41,745 $1,820 $0.67 

$7,653 $334 $0.12 

$106,363 $4,636 $1.72 

$77,478 $3,377 $1.25 

$53,823 $2,346 $0.87 

$51,736 $2,255 $0.84 

$83,740 $3,650 $1.35 

$8,849 $386 $0.14 

$22,264 $970 $0.36 

$5,566 $243 $0.09 

$3,979 $173 $0.06 

$38,038 $1,658 $0.61 

$1,892 $82 $0.03 
$6,066 $264 $0.10 



Natural Resources Conservation Service (NRCS) The NRCS has indicated that partial 
funding may be available through the NRCS for the Hardin-Campbell diversion 
structure improvements. 

• State Land and Investments Board The State Land and Investment Board 
provides Farm and Irrigation Loans. On-farm improvements such as conversion 
of flood irrigation to sprinklers may be funded through this agency. Current 
interest rates for loans is 6.00%. 
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APPENDIX A 

SCOPING MEETING ATTENDEES 
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APPENDIXB 

INVENTORY OF HYDRAULIC STRUCTURES 



Appendix B.2 York Ditch Hydraulic Structures 

Ditch Mile Description Condition/Comments Remaining Action Recommended 
Marker Design Life 

York 0.00 Point of The York Ditch diverts water from the Tongue River in Must be Permanent diversion and 
Diversion Section 16, T57N, R86W. There is no structure on the Tongue reconstructed headgate structure may be 

River. Water is diverted by way of a check dam built of local annually as warranted to reduce annual 
bed materials. From the Tongue River, diverted water flows needed operation and maintenance 
approximately 300 feet to the actual headgate. No structure costs and improve hydraulic 
across diversion ditch to facilitate control of diversion into < 1 year efficiency during low flows 
ditch 

York 0.06 Headgate The York Ditch headgate is currently in fair condition. Some > 10 years Fill voids between structure 
repairs to the structure are evident. Concrete in fair condition, and stream bank. Inspect 
minor cracking. Some undermining behind concrete on right annually. Ifpermanent 
abutment. Gage operable. There is no control structure on the diversion is constructed, 
bypass channel. No measurement structure. installation of headgate and 

measurement structure merits 
consideration 

York 1.55 Wasteway Concrete is in poor to fair condition: Cracking and aged. 5 - 10 years Clean and maintain existing 
Structure allows spill to 36-inch CMP. The inlet is partially wasteway. Inspect annually. 
blocked by vegetation and sediment 

York 2.44 Wasteway Concrete in good condition. Existing wood stop logs prevent > 10 years Clean and maintain as 
leaking. Check structure immediately downstream to block off needed. Inspect annually. 
ditch in event it is needed 

York 3.02 Culvert Culvert is a 6-ft diameter, flattened CMP. Freeboard above > 10 years Rehabilitate culvert by 
normal high water line is limited and it appears that the culvert cleaning sediment. Inspect 
may limit conveyance capacity of the ditch. Freeboard of the annually 
ditch is also low at this location. 

York 4.15 Culvert Culvert is a 48-inch CMP with significant sediment. The > 10 years Replace 
culvert appears to limit conveyance capacity of the ditch 

York 4.26 Flume Twin 30-inch CMP's suspended across WolfCreek. Structure > 10 years Clean as needed. Inspect 
is in good condition. Debris blockage on upstream inlet. structure integrity annually. 
Trash rack appears moderately functional. Minor leakage of 
pipes midway across Wolf Creek. Abutments of structure in 
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good condition. Wasteway allows spill to Wolf Creek - good 
condition. 

York 4.34 Culvert This culvert is a 48-inch diameter CMP that appears to limit > 10 years Replace 
conveyance capacity of the York Ditch. Wooden "abutments" 
have been placed at the inlet in an apparent attempt to improve 
conveyance. 

York 5.03 Culvert This culvert is a 60-inch CMP. The downstream end of the < 5 years Replace 
CMP has been damaged and appears to limit conveyance 
capacity of the ditch 

York 7.06-7.18 Siphon Siphon across swale bypasses several hundred feet of ditch in 5 - 10 years Inspect annually and replace 
reach of very low slope. Construction = PVC 10-inch as necessary. 
diameter. Runs along surface of ground 
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Appendix B 1 South Side Ditch Hvdraulic Structures 
Ditch Mile Description Condition/Comments 

South Side 

South Side 

South Side 

South Side 

South Side 

Marker 
0.00 Point of 

Diversion 

0.14 Headgate 

1.00 

2.20 

2.58 

Culvert 

Little 
Tongue 
River 
Diversion 

Culvert 

Cobble / boulder check dam across Tongue River at the 
IXL Ranch diverts flow to diversion ditch and 
subsequently conveys it to the South Side. Flow into the 
diversion ditch is controlled by means of boards and tarps 
placed across steel beams spanning the diversion 

Concrete abutments, steel frame and spindle, and wooden 
slide gate. Concrete in good condition. Previous concrete 
failure replaced. Bypass weir facilitates spill back to the 
Tongue River if slide gate is closed. Weir is at or near 
capacity, there is only a few inches of freeboard available 
at current flow condition. No measurement structure. 

This culvert is a 60-inch CMP which appears to limit 
conveyance capacity of the South Side Ditch. The CMP 
currently has significant sediment which limits capacity. 
Upstream of the culvert, there is limited freeboard on the 
ditch. 
Structure allows bypass or diversion of Little Tongue 
River. The structure consists of a weir on the left bank of 
the South Side Ditch which can be raised or lowered to 
control amount of Little Tongue which bypasses the ditch. 
Check structure on the ditch allows it to be shut off and 
spill down Little Tongue. Structure is functional but poor 
condition. Concrete is aged and cracked. Concrete rubble 
downstream of the weir placed to reduce degradation of 
Little Tongue River bed. Wood slide gate on check 
structure fair condition. 
This culvert is a 48-inch CMP which appears to limit 
conveyance capacity of the South Side Ditch. The CMP 
currently has significant sediment which limits capacity. 
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Remaining 
Design Life 

annual 
reconstruction 
of check dam 

< 1 year 

> 10 years 

> 10 years 

5 - 10 years 

> 10 years 

Action 

Permanent diversion and 
headgate structure may be 
warranted to reduce annual 
operation and maintenance 
costs and improve hydraulic 
efficiency during low flows 
None. Inspect structure and 
slide gate annually. If 
permanent diversion 
structure is constructed, 
installation of headgate 
structure merits 
consideration 
Clean and maintain the 
culvert, inspect to determine 
effectiveness in improving 
conveyance capacity. 
Replace if warranted. 
Replace. Construct new 
check structure. 

Clean and maintain the 
culvert, inspect to determine 
effectiveness in improving 



Upstream of the culvert, there is limited freeboard on the conveyance capacity. 
ditch. Replace if warranted. 

South Side 3.66 Bridge This wood bridge appears to limit conveyance capacity of < 5 years Replace bridge with properly 
the South Side Ditch. The low chord of the bridge is sized culvert. 
approximately 2.4 feet above the ditch invert. Debris 
accumulation on upstream side. 
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A d· B 3 R d· C b II D· h h d r lppen IX ar In- amp4 e ItC ryj rau IC structures 
Ditch Station Description Condition/Comments Remaining Action 

Design Life 
Hardin 0.00 Diversion Diversion is located in a tight bend of Wolf Creek where 5 to 15 years Rehabilitate structure by 
Campbell Structure there is a possibility channel avulsion and abandonment of grouting void and placing 

the structure. Structure is in good condition overall but riprap on downstream side of 
needs rehabilitation of its base on the downstream side base. Mitigate Wolf Creek 
where it is undercut. bend conditions. 

Hardin 0.01 Headgate The headgate is located on Hardin-Campbell Ditch > 15 years None. Inspect structure and 
Campbell immediately downstream of the diversion structure. It is in slide gate annually. 

good condition and well situated. 
Hardin 0.02 Parshall The 36-inch Parshall flume is located immediately > 15 years None. Inspect structure 
Campbell Flume downstream of the Hardin-Campbell headgate. It is in good annually. 

condition and appears to be properly installed. 
Hardin 0.03 Culvert The 36-inch CMP is located downstream of the Parshall > 15 years N one. Inspect annually and 
Campbell flume. It is in good condition and does not appear to limit remove debris as needed. 

conveyance capacity in the ditch. 
Hardin 0.64 Culvert The 30-inch CMP is in good condition and does not appear > 15 years None. Inspect annually and 
Campbell to limit conveyance capacity. remove debris as needed. 
Hardin 0.80 Culvert The 30-inch CMP is in good condition and does not appear > 15 years None. Inspect annually and 
Campbell to limit conveyance capacity. remove debris as needed. 
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APPENDIXC 

LIST OF ACRONYMS 



LIST OF ACRONYMS 

ACE Anderson Consulting Engineers, Inc. 

ARS Agricultural Research Service 

CIR Consumptive Irrigation Requirement 

CMP Corrugated Metal Pipe 

COE United States Army Corps of Engineers 

ET Evapotranspiration 

GCL Geosynthetic Clay Liner 

GIS Geographic Information System 

NRCS Natural Resources Conservation Service 

ODR On-F arm Delivery Requirement 

USBR United States Bureau of Reclamation 

USDA United States Department of Agriculture 

USGS United States Geologic Survey 

WGFD Wyoming Game and Fish Department 

WSEO Wyoming State Engineers Office 

WWDC Wyoming Water Development Commission 
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