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SECTION 1.0 - INTRODUCTION AND EXECUTIVE SUMMARY 

1.1 Authorization 

The Ferris Irrigation District requested assistance from the State of Wyoming through the 
Water Development Commission to investigate the District's main supply canal and 
appurtenances. The 1989 Session of the Wyoming Legislature authorized the Water 
Development Commission to conduct a Level n Canal Improvement Project Study for the 
irrigation district. 

The Water Development Commission contracted with Kennedy Engineering to conduct 
the study. Banner Associates, Inc., a subconsultant to Kennedy Engineering, performed 
a technical review and assisted in the report preparation. 

1.2 Purpose and Scope 

The purpose of the study is to identify segments of the main supply canal and 
appurtenances where significant water losses occur or maintenance problems exist, and to 
develop an improvement plan to reduce or eliminate those losses and problems. Specific 
work tasks performed for this study are presented below. 

1. Assess the existing condition of the main canal and appurtenances through 
a visual inspection and discussions with users. 

2. Field survey the ditch profile to identify and confirm reaches of the canal 
having an inadequate hydraulic gradient. 

3. Estimate canal losses by installing and monitoring four weirs at critical 
locations, observing the existing measuring device, and by making discharge 
estimates at existing culverts or other hydraulic structures. 

4. Review the Ferris Canal water rights to identify lands that can be irrigated 
by the canal and to estimate the required carrying capacity at selected points 
along the canal. 

5. Identify and evaluate alternative improvement plans to reduce seepage 
losses, to reduce silt accumulation in the canal, and to improve the means 
of the operation and maintenance of the irrigation facilities. For the 
evaluation of each alternative, an opinion of the probable cost to construct 
the alternative will be prepared. 
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6. Identify permits and approvals required from the Wyoming State Engineer, 
or other permitting authorities, to develop the alternative improvement plans. 

7. Identify landowners along the canal and easements required to construct, 
operate, and maintain the alternative improvement plans. 

8. Prepare an economic analysis to estimate the Ability-To-Pay of the Ferris 
Irrigation District, and to estimate the benefits and costs of the alternative 
improvement plans. 

1.3 Project Location and History 

The Ferris Canal diverts from the North Platte River near Torrington, Wyoming, and 
extends east and southeasterly to the Wyoming/Nebraska state line. Lands irrigated by the 
canal and included in the Ferris Irrigation District are situated south of the canal and 
north of the North Platte River. The entire project study area is in Goshen County, and 
is shown on the Location Map, Figure 1, which is included as a frontpiece to this report. 

The reach of this Level II study begins at the second wasteway of the main canal. This 
wasteway is located approximately one mile downstream from the present diversion dam 
on the North Platte River, or about 0.5 miles east of U.S. Highway 85. The study reach 
then extends to the downstream terminus of the canal near the Wyoming/Nebraska stat,e 
line. 

The Ferris No.1 Ditch, the supply canal for the Ferris Irrigation District, has a territorial 
water right priority of May 22, 1886. This right permits the diversion of 22.01 cubic feet 
per second (cfs) to irrigate 1,655 acres between Torrington and the Wyoming/Nebraska 
state line. The Ferris Irrigation District was formed in 1989. 

The diversion dam and the portion of the main canal from the diversion dam to U.S. 
Highway 85 was the subject of a previous Water Development Commission study that was 
reported in Ferris Ditch Diversion Rehabilitation Project - Phase II Report, dated October 
31, 1989. This previous study led to the planned construction of a new diversion dam, the 
rehabilitation of the canal from the -dam to U.S. Highway 85, and the reconstruction of 
the second wasteway and the main measuring flume located near Highway 26. Neither 
the previous study or this current Level II study address the 0.5-mile reach of the main 
canal from U.S. Highway 85 to the second wasteway. 



1.4 Summary and Conclusions 

1. Kennedy Engineering held a scoping meeting with representatives of the Ferris 
Irrigation District and the Water Development Commission to discuss the project 
and specifically define the tasks to be accomplished. 

2. A field inspection of the canal and appurtenances, as described in Section 2.1 of 
this report, was made on July 11, 1990, to identify problem areas and identify 
potential solutions. 

3. A field survey was performed by Kennedy Engineering in June, 1990, to measure 
the profile of the canal. The profile of the existing Ferris Canal is shown on 
Figure 2 which is located at the end of this section. 

4. Temporary measuring weirs were installed and used in connection with existing 
structures in the canal to estimate seepage losses. 

5. Six alternative improvement plans were identified and presented in a meeting with 
representatives of the Ferris Irrigation District and the Water Development 
Commission on September 20, 1990. At this meeting a seventh option, Alternative 
No.5, was identified and was subsequently evaluated. All seven alternatives are 
described in Section 3.1 of this report and are shown on Figure 3 which is located 
at the end of this section. 

The following table presents, for each of the seven alternatives, the development cost, the 
annual loan repayment obligation, and the annual assessment for each of the 1,655 acres 
within the Ferris Irrigation District. 

TABLE 1.1 • Cost Summary 

Development Annual Loan Assessment 
Alternative No. Cost Repayment Per Acre 

1 $1,282,000 $29,800 $18.01 
lA 1,179,000 27,400 16.56 
2 1,746,400 40,700 24.59 
2A 1,643,700 38,300 23.14 
3 673,300 15,700 9.49 
4 1,085,700 25,300 15.29 
5 298,200 6,900 4.17 
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1.5 Preferred Alternative 

The preferred alternative improvement plan, Alternative No.5, consists of the elements 
described below. The stationing used in the description was developed from a field survey 
performed by Kennedy Engineering. All of the station references are approximations. 

1. Station 0 to Station 242 - reshape the existing dirt ditch, remove obstructing 
trees and brush, and construct a "ditchrider" access road. A cross-section of 
the proposed ditch and access road is shown on Figure 4 which is located 
at the end of this section. 

2. Station 242 to Station 329 - rehabilitate approximately 600 feet of the 
existing concrete ditch; improve eight existing irrigation turnouts with new 
gates, checks, and trashracks; and, construct two intermediate wasteways. 
A tfditchrider" access road would be constructed parallel to the ditch 
throughout this entire reach. 

3. Station 329 to Station 424 - construct a 4-inch thick concrete lining in the 
existing dirt ditch between Stations 329 and 358, and replace the existing 
concrete ditch between Stations 358 and 366. The reconstructed ditch would 
have a base width of two feet, a total depth of 1.5 feet, and side slopes of 
1.5 horizontal to 1.0 vertical. The 1.5-foot depth includes a freeboard of 0.5 
feet. A "ditchrider" access road would be constructed parallel to the ditch. 

4. Two existing 36-inch diameter C.M.P. culverts will be replaced with 48-inch 
diameter concrete pipe and flared end sections at Stations 200 and 210 in 
the Jirdon Feedlot. 

5. Construct a low-head pumping system to deliver 1,500 gallons per minute 
(gpm) to the lands irrigated by Bill Guth in Sections 13 and 24, Township 
24 North, Range 61 West. 

6. Construct a combination irrigation turnout and wasteway near the end of the 
canal at Station 358. The wasteway ditch would extend from the end of the 
canal at Station 424 to the North Platte River. 

7. Install a pipe culvert under the Ferris Canal near Station 335 for wastewater 
flowing from the "upper farm," a tract of irrigated land lying north and east 
of the main canal. 

The primary benefit to be realized from the implementation of this alternative is the 
improvement in the means of operating and maintaining the canal facilities. While this 
alternative will not reduce the seepage losses to the degree offered by other alternatives, 
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this alternative plan should increase the delivery of water to the east end of the irrigation 
district and generally make more water available throughout the system. 

As a result of the planned improvements to the North Platte River diversion facility and 
the initial reach of the Ferris Canal, the construction of which is expected to be completed 
in 1991, irrigation water will be available to the district earlier in the irrigation season. 
The implementation of Alternative No.5 will optimize the district's use of this early
season water. 

This preferred alternative allows for the future implementation of improvement elements 
included in other alternatives. As funding availability allows, additional reaches of concrete 
lining of the canal and other improvements could be constructed to further improve the 
irrigation system. 

No permits or approvals will be required from any state or federal agency. Further, 
Goshen County will require no permit to replace the culverts under county roads. Finally, 
no easements will be necessary for the construction, operation, and maintenance of the 
preferred alternative. 
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SECI'lON 2.0 • EVALUATION OF EXISTING FACILmES 

2.1 Field Inspection 

A field inspection was conducted on July 11, 1990, to assess the existing condition of the 
main canal and appurtenances. The inspection was made to identify problem areas and 
explore potential solutions. Participants in the field inspection included Ed Middleswarth 
of the Ferris Irrigation District, and Ken Kennedy and Don Horton representing Kennedy 
Engineering. 

The remainder of this section is a summary of the observations and discussions from the 
field inspection. The inspection, which was divided into eight different sections, included 
the portion of the Ferris Canal from the beginning of the study reach at the second 
wasteway, Station 0, to the end of the canal near the state line, Station 424. The 
stationing referenced in this report was developed during a field survey of the canal profile 
conducted by Kennedy Engineering in June, 1990. All station references are approximate. 

Throughout the inspection trip, the requirement for an access road along the entire canal 
for operation and maintenance of the canal and appurtenances was apparent. 

Section 1 • Station 0 to Station 42 (4,200 feet) 
Dirt Ditch, Grade = 0.0004 ft/ft 

The existing wasteway at the beginning station is to be replaced under a previous Water 
Development Commission project. Two existing 60-inch diameter C.M.P. culverts located 
at Stations 34 and 36 near the rendering plant, need to be replaced. 

Section 2 • Station 42 to Station 79 (3,700 feet) 
Dirt Ditch, Grade = 0.00054 ft/ft 

The flume that measures and records the water delivered to the Ferris Irrigation District 
is located at Station 42. This flume is to be replaced under a previous Water 
Development Commission project. At the time of the inspection, the staff gage on the 
flume read 1.92 feet which corresponds to a flow of 21.6 cfs according to the State's rating 
table. Tree problems were apparent in this section of the canal. The existing 48-inch 
diameter C.M.P. culvert at Station 79 needs to be replaced. 
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Section 3 • Station 79 to Station 140 (6,100 feet) 
Sandy Ditch, Grade = 0.0002 ft/ft 

There is no apparent problem with the existing siphon under the Arnold Drain. There 
are many trees throughout this section. The 60-inch diameter culvert at Station 94 needs 
to be replaced. 

Three potential locations for a headgate and an irrigation turnout for Bill Guth were 
observed. Mr. Guth's input and recommendation is required before a final location can 
be selected. 

Section 4 • Station 140 to Station 242 (10,200 feet) 
Sandy Ditch, Grade = 0.00058 ft/ft 

An existing irrigation turnout to an underground pipe system, with an alfalfa valve, goes 
under the lirdon Feedlot Pond near Station 220. Depending on what improvements are 
made to the main canal, this system may need a new outlet. 

Depending on what improvements are made to the main canal, two existing 36-inch 
diameter culverts located north of the lirdon Feedlot at Stations 200 and 210 may need 
to be replaced. 

An immediate erosion problem to an adjacent concrete lateral near the crossing of the 
North Platte Ditch, approximate Station 150, was observed. 

Both concrete pipe and concrete ditch options will be analyzed for this sandy section of 
the canal. Installation of a concrete pipe would eliminate current maintenance problems 
associated with sand blowing into the canal and also allow for the expansion of the Jirdon 
Feedlot operation. Therefore, the owners of the feedlot should be approached regarding 
their interest in sharing in the cost of the pipe. 

Section 5 • Station 242 to Station 329 (8,700 feet) 
Concrete Ditch, Grade = 0.0004 ft/ft 

At the time of the inspection, the concrete ditch at Station 326 was flowing 2-4 cfs, which 
is about half of its capacity. It was estimated that there is some blockage about 200 feet 
east of this section near the bridge crossing at Station 328. The possibility of blockage at 
the weir (Station 329), the bridge (Station 328), or the water gap (Station 326), and the 
possibility of localized gradient problems, need to be investigated. 

At an existing Chrysler Pump, approximate Station 280, there is a need to analyze the 
possibility of installing a combination check and trashrack structure. 
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A gopher problem was observed in this section of the canal. 

About 1000 feet west of the Chrysler Pump, Station 270, the canal has settled and a 
concrete lip has been installed. The capacity of the ditch has been reduced at this 
location. 

From Station 270 to the beginning of the concrete-lined ditch section at Station 242, 
several irrigation turnouts could be improved by indenting the south side wall of the ditch 
and installing new lift gates. Overflow could be controlled to waste lands with 
intermediate wasteways. 

At approximate Station 260, an existing irrigation turnout to an underground 8-inch 
pipeline system could be improved by separating this underground pipeline system from 
the upper field gated pipe system with a separate check and outlet system. 

A badly eroded section on the north side of the ditch at about Station 250 was observed. 
An intermediate wasteway to the south is apparent at this location to waste lands between 
existing com fields. 

At Station 245 a properly working existing irrigation outlet structure requires a new C.M.P. 
and flume structure. 

Section 6 - Station 329 to Station 358 (2,900 feet) 
Dirt Ditch, Grade = 0.0003 ft/ft 

This ditch section has a poor gradient and Mr. Middleswarth would like to realign this 
section and explore the possibility of a concrete lining for the ditch. Runoff from the 
"upper farm," a tract of irrigated land situated north and east of the main canal, spills 
through this section at about Station 335 and provisions should be made to convey these 
spills under the Ferris Canal. 

At Station 329, an underground pipe conveys water from the Ferris Canal under U.S. 
Highway 26 and the railroad to irrigate lands between the railroad and the North Platte 
River. The pipe is controlled by an Alfalfa valve system and the outlet structure for this 
system requires improvements such as a combination check and trashrack. 

Section 7 - Station 358 to Station 366 (800 feet) 
Concrete Ditch, Grade = 0.0007 ft/ft 

According to Mr. Middleswarth, this section of the canal is not adequately sized to carry 
the required flow. 
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Section 8 - Station 366 to Station 424 (5,800 feet) 
Dirt Ditch, Grade = 0.0007 ft/ft 

Water is currently wasted at Station 358, or the water is allowed to flow out onto an 
existing hayfield. Possible improvements discussed for this section include the installation 
of two side-roll sprinklers, gated pipe, or a surge system. Side-roll sprinklers would likely 
require the acquisition of additional lands, and possibly an amended land description for 
the adjudicated water right. 

2.2 Estimation of Losses 

Estimates of canal seepage losses were made by installing and monitoring four weirs at 
critical locations along the canal, by observing the existing measuring device, and by 
making discharge estimates at existing culverts and other hydraulic structures. Table 2.1 
below presents these estimated seepage losses. The temporary weirs were installed at 
Stations 140, 242, 329, and 358. 

The total estimated loss from the canal, 11.7 cfs, is about 53 percent of the total water 
right amount of 22.01 cfs. This loss could total 3,500 acre-feet for a 152-day irrigation 
season extending from May 1 to September 30. 

TABLE 2.1 • Estimated Losses From the Ferris Canal (efs) 

Station No. 
From To Estimated Losses ( efs) 

0 36 Undetermined 
36 42 0.6 
42 79 0.9 
79 94 1.3 
94 140 6.1 

140 200 0.4 
200 242 1.4 
242 329 Undetermined - concrete ditch 
329 358 1.0 
358 366 Undetermined - concrete ditch 
366 424 Undetermined 
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2.3 Water Rights 

Lands within the Ferris Irrigation District that have existing water rights under the Ferris 
Canal and Arnold Drain are presented in Figure 5 which is contained at the end of this 
section. This figure indicates that the full capacity of the canal, 22.01 cfs, needs to be 
provided from the beginning to the center of Section 13, Township 24 North, Range 61 
West, which is the west edge of the lands irrigated by Bill Guth. Beyond this point, the 
required capacity is reduced as water is drawn from the canal. 
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SECflON 3.0 - ALTERNATIVE IMPROVEMENT PLANS 

3.1 Description of Alternative Plans 

Seven alternative improvement plans were identified to: 1) reduce seepage loss; 2) reduce 
silt accumulation in the canal; and, 3) improve the means of operating and maintaining 
the irrigation facilities. Figure 3 at the end of Section 2.0 presents an overall comparison 
of the alternatives and the existing condition of the canal. 

3.1.1 ALTERNATIVE NO. 1 

This alternative improvement plan consists of the following items: 

1. Station 0 to Station 242 - construct a 4-inch thick concrete lining in the 
existing dirt ditch. The reconstructed ditch would have a base width of two 
feet, a total depth of 2.5 feet, and side slopes of 1.5 horizontal to 1.0 vertical. 
The 2.5-foot depth includes a freeboard of 0.5 feet. A "ditchrider" access 
road would be constructed parallel to the ditch, and obstructing trees and 
brush would be removed. A cross-section of the proposed ditch and access 
road is shown on Figure 4 which is located at the end of Section 1.0. 

2. Station 242 to Station 329 - rehabilitate approximately 600 feet of the 
existing concrete ditch; improve eight existing irrigation turnouts with new 
gates, checks, and trashracks; and, construct two intermediate wasteways. 
A "ditchrider" access road would be constructed parallel to the ditch 
throughout this entire reach, and obstructing trees and brush would be 
removed. 

3. Station 329 to Station 424 - construct a 4-inch thick concrete lining in the 
existing dirt ditch between Stations 329 and 358, and between Stations 366 
and 424, and replace the existing concrete ditch between Stations 358 and 
366. The reconstructed ditch would have a base width of two feet, a total 
depth of 1.5 feet, and side slopes of 1.5 horizontal to 1.0 vertical. The 
depth of 1.5-feet includes a freeboard of 0.5 feet. A "ditchrider" access 
road would be constructed parallel to the ditch, and obstructing trees and 
brush would be removed. 

4. Replace six existing culverts with 48-inch diameter concrete pipe and flared 
end sections. Two of the culverts are located on the Jirdon Feedlot property 
at Stations 200 and 210, and the other culverts are located at Stations 34, 
36, 79, and 94. 
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5. Construct two irrigation turnouts to deliver water to lands irrigated by Bill 
Guth in Sections 13 and 24, Township 24 North, Range 61 West. Both 
headgates will have measuring devices. 

6. Construct a wasteway ditch from the end of the canal to the North Platte 
River. 

7. Install a pipe culvert under the Ferris Canal near Station 335 for wastewater 
flowing from the "upper farm," a tract of irrigated lands lying north and east 
of the canal. 

3.1.2 ALTERNATIVE NO.2 

This alternative is identical to Alternative No.1 with the exception that this alternative 
proposes to install 6,500 feet of 48-inch diameter concrete pipe between Stations 177 and 
242 instead of the concrete ditch lining proposed in Alternative No. 1. By replacing the 
open ditch with the buried pipe in this section, two of the six 48-inch diameter culverts 
that were included in Alternative No.1, the culverts at Stations 200 and 210, are 
eliminated. 

3.1.3 ALTERNATIVES NO. 1A and 2A 

These alternatives are identical to Alternatives 1 and 2 respectively, with the exception of 
the improvements planned at the end of the irrigation canal. Alternatives 1 and 2 
included the construction of a wasteway from the end of the canal to the North Platte 
River. 

Instead of constructing this wasteway ditch, Alternatives 1A and 2A replace 6,600 feet of 
the concrete lined canal between Stations 358 and 424 with 12-inch diameter gated pipe. 
These alternatives also include the construction of a pumping station with a surge pit to 
pressurize the gated pipe. A solar apparatus is included to control the discharge from the 
gated pipe. 

3.1.4 ALTERNATIVE NO.3 

This alternative is identical to Alternative No.1 with three exceptions. 

1. Station 0 to Station 242 - the length of canal lined with concrete is reduced 
by 19,600 feet from 24,200 feet to 4,600 feet. Concrete lining will be 
constructed between Stations 94 and 140. The 19,600 feet of the canal that 
is not lined with concrete will be reshaped and cleared of obstructing trees 
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and brush. A "ditchrider" access road will be constructed along the entire 
reach. 

2. Station 329 to Station 424 - the length of canal lined with concrete is 
reduced by 5,800 feet from 9,500 feet to 3,700 feet. Concrete lining will be 
constructed between Stations 329 and 366, which includes the section of 
existing concrete-lined ditch between Stations 329 and 366 that will be 
removed and used for erosion protection at other locations along the canal. 
No improvements are planned for the portion of the ditch from Station 366 
to the end. A "ditchrider" access road will be constructed along the reach 
where the concrete lining is installed, and obstructing trees and brush would 
be removed. 

3. The wasteway ditch from the end of the Ferris Canal to the North Platte 
River that was included in Alternative No.1 is not included in Alternative 
No.3. This alternative proposes no improvements for the portion of the 
canal beyond Station 366. 

3.1.5 ALTERNATIVE NO.4 

This alternative is identical to Alternative No.3 with three exceptions: 

1. Station 0 to Station 242 - 3,600 feet of 48-inch diameter pipe is installed 
from Station 206 to Station 242 through a portion of the lirdon Feedlot 
property. This pipe replaces a portion of the ditch that was not concrete 
lined in Alternative No.3. Construction of this pipeline also eliminates two 
of the six 48-inch concrete culverts that were included in Alternative No.3 
at Stations 200 and 210. 

2. The two irrigation turnouts provided for Bill Guth in Alternative No.3 were 
replaced with a single turnout and 1,200 feet of concrete pipe. 

3. The existing wasteway at approximate Station 358 will be rehabilitated by 
reconstructing the canal outlet and improving the wasteway ditch to the 
North Platte River. 

3.1.6 ALTERNATIVE NO.5· (PREFERRED) 

In a meeting held on September 20, 1990, with representatives of the Ferris Irrigation 
District and the Water Development Commission, Alternative No.5 was defined to include 
certain elements of the other alternatives. This alternative improvement plan consists of 
the following items: 
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1. Station 0 to Station 242 - reshape the existing dirt ditch and remove 
obstructing trees and brush, and construct a "ditchrider" access road. 

2. Station 242 to Station 329 .. rehabilitate approximately 600 feet of the 
existing concrete ditch; improve eight existing irrigation turnouts with new 
gates, checks, and trashracks; and, construct two intermediate wasteways. 
A "ditchrider" access road would be constructed parallel to the ditch 
throughout this entire reach, and obstructing trees and brush would be 
removed. 

3. Station 329 to Station 424 - construct a 4-inch thick concrete lining in the 
existing dirt ditch between Stations 329 and 358, and replace the existing 
concrete ditch between Stations 358 and 366. The reconstructed ditch would 
have a base width of 2.0 feet, a total depth of 1.5 feet, and side slopes of 
1.5 horizontal to 1.0 vertical. The depth of 1.5-feet includes a freeboard of 
0.5 feet. A "ditchrider" access road would be constructed parallel to the 
ditch, and obstructing trees and brush would be removed. 

4. Replace two existing culverts with 48-inch diameter concrete pipe and flared 
end sections at Stations 200 and 210 in the Jirdon Feedlot. 

5. Construct a pumping system to deliver water to the lands irrigated by Bill 
Guth in Sections 13 and 24, Township 24 North, Range 61 West. This low
head pumping system will have a capacity to deliver 1,500 gpm. The relative 
elevations between the canal and the Guth lands makes this pumping system 
the preferred method of delivering the required irrigation water. 

6. Construct a combination irrigation turnout and wasteway from the end of the 
canal at Station 424 to the North Platte River. 

7. Install a pipe culvert under the Ferris Canal near Station 335 for wastewater 
flowing from the "upper farm" lying north and east of the main canal. 

3.2 Evaluation of Alternative Plans 

The following criteria were used to evaluate and compare the alternative improvement 
plans: 1) probable cost of development and annual loan repayment; 2) seepage loss 
reduction; 3) reduction in the potential for silt accumulation; and, 4) improvement in the 
means of operation and maintenance of the canal facilities. 
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3.2.1 Probable Costs 

An opinion of the probable cost to implement each of the seven alternative improvement 
plans was prepared to make an economic comparison of the alternatives. In addition, an 
estimate of the loan repayment requirement incurred by the Ferris Irrigation District was 
also prepared. This estimated annual loan payment was computed assuming half of the 
development cost would be financed with a grant and half through a loan at four percent 
for fifty years. 

Table 3.1 below presents the estimated development cost and annual loan repayment 
amount for the seven alternatives. Tables A.l through A.7 in Appendix A present an 
itemized opinion of the probable cost to develop each of the alternative plans described 
in Section 3.1. 

TABLE 3.1 - Development Cost and Annual Loan Repayment 
For Alternative Development Plans 

Development Annual Loan 
Alternative No. Cost Repayment 

1 $1,282,000 $29,800 
1A 1,179,000 27,400 
2 1,746,700 40,700 
2A 1,643,700 38,300 
3 673,300 15,700 
4 1,085,700 25,300 
5 298,200 6,900 

3.2.2 Seepage Loss Reduction 

The first four alternatives, Alternatives 1, lA, 2, and 2A, eliminate seepage losses by 
replacing the dirt portions of the canal with either concrete lining or concrete pipe. As 
discussed in Section 2.2, the estimated total seepage loss from the canal is 11.7 cfs and 
eliminating this loss has the potential of saving as much as 3,500 acre-feet in an irrigation 
season consisting of 152 days. 

The seepage loss reduction potential provided by Alternative No.3 is estimated to be 
2,100 acre-feet per year. This reduction is about 1,400 acre-feet or forty percent less than 
Alternative No. 1. Alternative No.3 leaves about 25,400 feet of the canal unlined. 
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As compared to Alternative No.3, Alternative No.4 replaces 3,600 feet of the dirt ditch 
with concrete pipe. This pipe reduces the seepage loss and increases the potential annual 
savings to 2,500 acre-feet. 

Alternative No.5 lines only about 2,900 feet of the canal with concrete. This lining 
reduces the seepage loss by an estimated 1.0 cfs which could yield a savings of 300 acre
feet per year. 

Estimates of seepage loss reduction and potential annual water savings are summarized 
for each alternative in Table 3.2 below. 

TABLE 3.2 • Seepage Loss Reduction and Potential 
Annual Water Savings 

Alternative No. 

1 
1A 
2 
2A 
3 
4 
5 

Seepage Loss Potential Annual Water 
Reduction (cfs) Savings (acre-feet) 

11.7 3,500 
11.7 3,500 
11.7 3,500 
11.7 3,500 
7.1 2,100 
8.3 2,500 
1.0 300 

3.2.3 Silt Accumulation Reduction 

Four alternatives provide for a reduction in the potential for silt accumulation, Alternatives 
1A, 2, 2A, and 5. These are the only alternatives that replace open ditch with either 
buried 48-inch pipe or gated pipe. 

Table 3.3 on page 3-7 is a summary of the lengths of open ditch converted to pipe in each 
of the alternative improvement plans. 
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TABLE 3.3 • Conversion of Open Ditch to Pipe 

Length of Length of 
Alternative No. 48-inch (feet) 12-inch (feet) Total (feet) 

1 0 0 0 
lA 0 6,600 6,600 
2 6,500 0 6,500 
2A 6,500 6,600 13,100 
3 0 0 0 
4 3,600 0 3,600 
5 0 0 0 

3.2.4 Operation and Maintenance Improvements 

Improvements that can be made to facilitate the operation and maintenance of the 
irrigation system and, as a result, reduce annual expenditures, include the following: 

1. construction of a "ditchrider" access road along the length of the canal; 
2. converting open ditch to pipe; and, 
3. replacing inefficient irrigation turnouts, wasteways, and culverts. 

All of the alternatives described in Section 3.1 include these improvements to some degree. 
Although some of the alternatives include more operation and maintenance improvements 
than others, there is not a significant difference between any of these alternatives based 
on these improvements. Consequently, the alternatives are considered equal based on the 
potential of the planned improvements to reduce operation and maintenance expenditures. 
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SECTION 4.0 - ECONOMIC ANALYSIS 

4.1 Ability-To-Pay Analysis 

The ability-to-pay of the Ferris Irrigation District, according to Ed Middleswarth, is 
dependant on the final cost of the improvements to the dam and the first reach of the 
canal that are being constructed under a current Water Development Commission Project. 
Mr. Middleswarth estimates that the ability-to-pay of the irrigation district will be less than 
$7,000. 

4.2 Benefit/Cost Analysis 

The annual cost incurred by the Ferris Irrigation District to implement the alternative 
improvement plans are presented in Table 3.1 on page 3-5. These annual costs represent 
the loan repayment obligation incurred by the Ferris Irrigation District assuming that half 
of the development cost is financed through a grant and half is financed by a 50-year loan 
with an interest rate of four percent. The annual costs are also presented in Table 4.1 
below, along with the annual assessment that would be required for each of the 1,655 
acres irrigated under the Ferris Canal. 

TABLE 4.1 - Annual Loan Repayment Cost 
and Assessment Per Acre 

Annual Loan 
Alternative No. Repayment 

1 $29,800 
lA 27,400 
2 40,700 
2A 38,300 
3 15,700 
4 25,300 
5 6,900 

Assessment 
Per Acre 

$18.01 
16.56 
24.59 
23.14 
9.49 

15.29 
4.17 

Benefits to be realized by implementing any of the various alternative improvement plans 
include a water savings resulting from a reduction in seepage loss and a reduction in the 
expenditures for operation and maintenance activities resulting from reducing the silt 
accumulation potential and improving the means of operating and maintaining the 
irrigation facilities. 
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Economic benefits derived from reducing or eliminating seepage losses can be quantified 
by estimating the value of irrigation water and mUltiplying this value by the losses 
eliminated. 

The economic benefits that can be realized by constructing improvements that facilitate 
operation and maintenance activities are reflected in the reduction in the annual labor and 
equipment expenditures associated with these activities. The records of the Ferris 
Irrigation District relative to expenditures for operation and maintenance, including silt 
removal, are not of sufficient detail to estimate an economic savings that could be realized 
by constructing these improvements. Consequently, no attempt was made to quantify the 
economic benefits associated with improving the means of operation and maintenance, and 
reducing the need for silt removal. 

As a result of the planned improvements to the North Platte River diversion facility and 
the initial reach of the Ferris Canal, the construction of which is expected to be completed 
in 1991, irrigation water will be available to the district earlier in the season. The 
implementation of Alternative No.5 will optimize the district's use of this early-season 
water. 

This plan allows for the future implementation of improvement elements included in the 
other alternatives. As funding availability allows, canal concrete lining and other 
improvements could be constructed to further improve the irrigation system. 
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APPENDIX A 



TABLE A.1 - OPINION OF PROBABLE COST 
FERRIS IRRIGATION DISTRICT CANAL 
IMPROVEMENTS PROJECT - LEVEL II 

ALTERNATIVE NO. 1 

Item 
No. Description Quantity Unit 

1 Concrete ditch - new (d-2.5') 
2 Concrete ditch - rehab. existing 
3 Concrete ditch - new (d-1.5') 
4 48" Concrete culverts w/f1ared ends 
5 Guth Headgate #1 w/measuring device 
6 Guth Headgate #2 w/measuring device 
7 Turnout w/check, trashrack, etc. 
8 Intermediate wasteways 
9 End wasteway system 
10 Upper field underdrain system 
11 Clearing & grubbing 
12 Ditchrider road system 
13 48" Concrete pipe 
14 12" gated pipe w/so1ar system, etc. 
15 Surge pit system & pump 

Construction Cost Subtotal #1 (CCS #1) 

24,200 
600 

9,500 
6 
1 
1 
8 
2 
1 
1 

N/R 
N/R 
N/R 
N/R 
N/R 

16 Construction Engineering - CCS #1 x 10% 

Subtotal #2 

17 Contingency - Subtotal #2 x 15% 

Construction Cost Total 

18 Final design and specs. - CCS #1 x 15% 
19 Permitting and mitigation 
20 Legal fees 
21 Right-of-way and access 

Project Cost Total 

Annual loan repayment obligation 

Legend: 

1.f. 
1.f. 
1.f. 
each 
1.s. 
1.s. 
each 
each 
1.s. 
1.s. 
1.f. 
1.f. 
1.f. 
1.f. 
1.s. 

1.s. 

1.s. 

1.s. 
1.s. 
1.s. 
1.s. 

N/R - items Not Required for this Alternative 
1.f. - lineal foot 
1.s. - lump sum 

Unit 
Price 

$26.00 
$23.00 
$17.00 

$4,800.00 
$3,500.00 
$1,000.00 
$2,500.00 
$3,500.00 

$18,000.00 
$2,000.00 

$6.00 
$4.00 

$78.00 
$6.30 

$15,800.00 

Amount 

$629,200 
13,800 

161,500 
28,800 

3,500 
1,000 

20,000 
7,000 

18,000 
2,000 

o 
o 
o 
o 
o 

$884,800 

$88,500 

$973,300 

$146,000 

$1,119,300 

$132,700 
$10,000 
$10,000 
$10,000 

$1,282,000 

$29,800 



TABLE A.2 - OPINION OF PROBABLE COST 
FERRIS IRRIGATION DISTRICT CANAL 
IMPROVEMENTS PROJECT - LEVEL II 

ALTERNATIVE NO. 1A 

Item 
No. Description Quantity Unit 

1 Concrete ditch - new (d-2.s') 
2 Concrete ditch - rehab. existing 
3 Concrete ditch - new (d-1.s') 
4 48" Concrete culverts w/f1ared ends 
5 Guth Headgate #1 w/measuring device 
6 Guth Headgate #2 w/measuring device 
7 Turnout w/check, trashrack, etc. 
8 Intermediate wasteways 
9 End wasteway system 
10 Upper field underdrain system 
11 Clearing & grubbing 
12 Ditchrider road system 
13 48" Concrete pipe 
14 12" gated pipe w/so1ar system, etc. 
15 Surge pit system & pump 

Construction Cost Subtotal #1 (CCS #1) 

24,200 
600 

2,900 
6 
1 
1 
8 
2 

N/R 
1 

N/R 
N/R 
N/R 

6,600 
1 

l.f. 
1.f. 
l.f. 
each 
1.s. 
l.s. 
each 
each 
l.s. 
l.s. 
1.f. 
l.f. 
l.f. 
l.f. 
l.s. 

16 Construction Engineering - CCS #1 x 10% l.s. 

Subtotal #2 

17 Contingency - Subtotal #2 x 15% l.s. 

Construction Cost Total 

18 Final design and specs. - CCS #1 x 15% l.s. 
19 Permitting and mitigation l.s. 
20 Legal fees 1. s . 
21 Right-of-way and access l.s. 

Project Cost Total 

Annual loan repayment obligation 

Legend: 
N/R - items Not Required for this Alternative 
l.f. - lineal foot 
1.s. - lump sum 

Unit 
Price Amount 

$26.00 $629,200 
$23.00 13,800 
$17.00 49,300 

$4,800.00 28,800 
$3,500.00 3,500 
$1,000.00 1,000 
$2,500.00 20,000 
$3,500.00 7,000 

$18,000.00 0 
$2,000.00 2,000 

$6.00 0 
$4.00 0 

$78.00 0 
$6.30 41,600 

$15,800.00 15,800 

$812,000 

$81,200 

$893,200 

$134,000 

$1,027,200 

$121,800 
$10,000 
$10,000 
$10,000 

$1,179,000 

$27,400 



TABLE A.3 - OPINION OF PROBABLE COST 
FERRIS IRRIGATION DISTRICT CANAL 
IMPROVEMENTS PROJECT - LEVEL II 

ALTERNATIVE NO. 2 

Item 
No. Description Quantity Unit 

1 Concrete ditch - new (d-2.5') 
2 Concrete ditch - rehab. existing 
3 Concrete ditch - new (d-1.5') 
4 4S" Concrete culverts w/f1ared ends 
5 Guth Headgate #1 w/measuring device 
6 Guth Headgate #2 w/measuring device 
7 Turnout w/check, trashrack, etc. 
S Intermediate wasteways 
9 End wasteway system 
10 Upper field underdrain system 
11 Clearing & grubbing 
12 Ditchrider road system 
13 4S" Concrete pipe 
14 12" gated pipe w/so1ar system, etc. 
15 Surge pit system & pump 

Construction Cost Subtotal #1 (CCS #1) 

17,700 
600 

9,500 
4 
1 
1 
S 
2 
1 
1 

N/R 
N/R 

6,500 
N/R 
N/R 

16 Construction Engineering - CCS #1 x 10% 

Subtotal #2 

17 Contingency - Subtotal #2 x 15% 

Construction Cost Total 

lS Final design and specs. - CCS #1 x 15% 
19 Permitting and mitigation 
20 Legal fees 
21 Right-of-way and access 

Project Cost Total 

Annual loan repayment obligation 

Legend: 

1.f. 
1.f. 
1.f. 
each 
1.s. 
1.s. 
each 
each 
1.s. 
1.s. 
1.f. 
1.f. 
1.f. 
1.f. 
1.s. 

1.s. 

1.s. 

1.s. 
1.s. 
1.s. 
1.s. 

N/R - items Not Required for this Alternative 
1.f. - lineal foot 
1.s. - lump sum 

Unit 
Price 

$26.00 
$23.00 
$17.00 

$4,SOO.00 
$3,500.00 
$1,000.00 
$2,500.00 
$3,500.00 

$lS,OOO.OO 
$2,000.00 

$6.00 
$4.00 

$7S.00 
$6.30 

$15,SOO.00 

Amount 

$460,200 
13,SOO 

161,500 
19,200 

3,500 
1,000 

20,000 
7,000 

lS,OOO 
2,000 

o 
o 

507,000 
o 
o 

$1,213,200 

$121,300 

$1,334,500 

$200,200 

$1,534,700 

$lS2,000 
$10,000 
$10,000 
$10,000 

$1,746,700 

$40,700 



TABLE A.4 - OPINION OF PROBABLE COST 
FERRIS IRRIGATION DISTRICT CANAL 
IMPROVEMENTS PROJECT - LEVEL II 

ALTERNATIVE NO. 2A 

Item 
No. Description Quantity Unit 

1 Concrete ditch - new (d-2.5') 
2 Concrete ditch - rehab. existing 
3 Concrete ditch - new (d-1.5') 
4 48" Concrete culverts w/f1ared ends 
5 Guth Headgate #1 w/measuring device 
6 Guth Headgate #2 w/measuring device 
7 Turnout w/check, trashrack, etc. 
8 Intermediate wasteways 
9 End wasteway system 
10 Upper field underdrain system 
11 Clearing & grubbing 
12 Ditchrider road system 
13 48" Concrete pipe 
14 12" gated pipe w/so1ar system, etc. 
15 Surge pit system & pump 

Construction Cost Subtotal #1 (CCS #1) 

17,700 
600 

2,900 
4 
1 
1 
8 
2 

N/R 
1 

N/R 
N/R 

6,500 
6,600 

1 

1.f. 
1.f. 
1.f. 
each 
1.s. 
1.s. 
each 
each 
1.s. 
1.s. 
1.f. 
1.f. 
1.f. 
1.f. 
1.s. 

16 Construction Engineering - CCS #1 x 10% 1.s. 

Subtotal #2 

17 Contingency - Subtotal #2 x 15% 1.s. 

Construction Cost Total 

18 Final design and specs. - CCS #1 x 15% 1.s. 
19 Permitting and mitigation 1.s. 
20 Legal fees 1. s . 
21 Right-of-way and access 1.s. 

Project Cost Total 

Annual loan repayment obligation 

Legend: 
N/R - items Not Required for this Alternative 
1.f. - lineal foot 
1. s. - lump sum 

Unit 
Price Amount 

$26.00 $460,200 
$23.00 13,800 
$17.00 49,300 

$4,800.00 19,200 
$3,500.00 3,500 
$1,000.00 1,000 
$2,500.00 20,000 
$3,500.00 7,000 

$18,000.00 0 
$2,000.00 2,000 

$6.00 0 
$4.00 0 

$78.00 507,000 
$6.30 41,600 

$15,800.00 15,800 

$1,140,400 

$114,000 

$1,254,400 

$188,200 

$1,442,600 

$171,100 
$10,000 
$10,000 
$10,000 

$1,643,700 

$38,300 



TABLE A.5 - OPINION OF PROBABLE COST 
FERRIS IRRIGATION DISTRICT CANAL 
IMPROVEMENTS PROJECT - LEVEL II 

ALTERNATIVE NO. 3 

Item 
No. Description Quantity Unit 

1 Concrete ditch - new (d-2.5') 
2 Concrete ditch - rehab. existing 
3 Concrete ditch - new (d-1.5') 
4 48" Concrete culverts w/f1ared ends 
5 Guth Headgate #1 w/measuring device 
6 Guth Headgate #2 w/measuring device 
7 Turnout w/check, trashrack, etc. 
8 Intermediate wasteways 
9 End wasteway system 
10 Upper field underdrain system 
11 Clearing & grubbing 
12 Ditchrider road system 
13 48" Concrete pipe 
14 12" gated pipe w/so1ar system, etc. 
15 Surge pit system & pump 

Construction Cost Subtotal #1 (CCS #1) 

4,600 
600 

3,700 
6 
1 
1 
8 
2 

N/R 
1 

19,600 
19,600 

N/R 
N/R 
N/R 

16 Construction Engineering - CCS #1 x 10% 

Subtotal #2 

17 Contingency - Subtotal #2 x 15% 

Construction Cost Total 

18 Final design and specs. - CCS #1 x 15% 
19 Permitting and mitigation 
20 Legal fees 
21 Right-of-way and access 

Project Cost Total 

Annual loan repayment obligation 

Legend: 

1.f. 
1.f. 
1.f. 
each 
1.s. 
1.s. 
each 
each 
1.s. 
1.s. 
1.f. 
1.f. 
1.f. 
1.f. 
1.s. 

1.s. 

1.s. 

1.s. 
1.s. 
1.s. 
1.s. 

N/R - items Not Required for this Alternative 
1.f. - lineal foot 
1. s. - lump sum 

Unit 
Price 

$26.00 
$23.00 
$17.00 

$4,800.00 
$3,500.00 
$1,000.00 
$2,500.00 
$3,500.00 

$18,000.00 
$2,000.00 

$6.00 
$4.00 

$78.00 
$6.30 

$15,800.00 

Amount 

$119,600 
13,800 
62,900 
28,800 

3,500 
1,000 

20,000 
7,000 

o 
2,000 

117,600 
78,400 

o 
o 
o 

$454,600 

$45,500 

$500,100 

$75,000 

$575,100 

$68,200 
$10,000 
$10,000 
$10,000 

$673,300 

$15,700 



TABLE A.6 - OPINION OF PROBABLE COST 
FERRIS IRRIGATION DISTRICT CANAL 
IMPROVEMENTS PROJECT - LEVEL II 

ALTERNATIVE NO. 4 

Item 
No. Description Quantity Unit 

1 Concrete ditch - new (d-2.5') 
2 Concrete ditch - rehab. existing 
3 Concrete ditch - new (d-1.5') 
4 48" Concrete culverts w/f1ared ends 
5A Guth Pipeline - concrete 
6A Guth turnout 
7 Turnout w/check, trashrack, etc. 
8 Intermediate wasteways 
9A Rehab. existing wasteway to Hwy 26 
10 Upper field underdrain system 
11 Clearing & grubbing 
12 Ditchrider road system 
13 48" Concrete pipe 
14 12" gated pipe w/so1ar system, etc. 
15 Surge pit system & pump 

Construction Cost Subtotal #1 (CCS #1) 

4,600 
600 

3,700 
4 

1,200 
1 
8 
2 
1 
1 

16,000 
16,000 

3,600 
N/R 
N/R 

16 Construction Engineering - CCS #1 x 10% 

Subtotal #2 

17 Contingency - Subtotal #2 x 15% 

Construction Cost Total 

18 Final design and specs. - CCS #1 x 15% 
19 Permitting and mitigation 
20 Legal fees 
21 Right-of-way and access 

Project Cost Total 

Annual loan repayment obligation 

Legend: 

l.f. 
l.f. 
l.f. 
each 
l.f. 
l.s. 
each 
each 
l.s. 
l.s. 
l.f. 
l.f. 
l.f. 
l.f. 
l.s. 

1.s. 

l.s. 

l.s. 
l.s. 
l.s. 
l.s. 

N/R - items Not Required for this Alternative 
l.f. - lineal foot 
1. s. - lump sum 

Unit 
Price 

$26.00 
$23.00 
$17.00 

$4,800.00 
$24.00 

$2,500.00 
$2,500.00 
$3,500.00 

$29,500.00 
$2,000.00 

$6.00 
$4.00 

$78.00 
$6.30 

$15,800.00 

Amount 

$119,600 
13,800 
62,900 
19,200 
28,800 

2,500 
20,000 
7,000 

29,500 
2,000 

96,000 
64,000 

280,800 

° ° 
$746,100 

$74,600 

$820,700 

$123,100 

$943,800 

$111,900 
$10,000 
$10,000 
$10,000 

$1,085,700 

$25,300 



Item 
No. 

3A 
2 
3B 
4 
5A 
6A 
7 
8 
9A 
10 

11A 
12 
13 
14 
15 

16 

17 

18 
19 
20 
21 

TABLE A.7 - OPINION OF PROBABLE COST 
FERRIS IRRIGATION DISTRICT CANAL 
IMPROVEMENTS PROJECT - LEVEL II 

ALTERNATIVE NO. 5 

Description Quantity 

Concrete ditch - new (d-1.5') 
Concrete ditch - rehab. existing 
Concrete ditch - new (d-1.5') 
48" Concrete culverts w/f1ared ends 
Guth pumping system 
Guth turnout 
Turnout w/check, trashrack, etc. 
Intermediate wasteways 
Combination T.O. and wasteway 
Upper field underdrain system 
Tree/brush removal, pioneer road 
Ditchrider road system 
48" Concrete pipe 
12" gated pipe w/so1ar system, etc. 
Surge pit system & pump 

Construction Cost Subtotal #1 (CCS #1) 

Construction Engineering - CCS #1 x 10% 

Subtotal #2 

Contingency - Subtotal #2 x 15% 

Construction Cost Total 

Final design and specs. - CCS #1 x 15% 
Permitting and mitigation 
Legal fees 
Right-of-way and access 

Project Cost Total 

Annual loan repayment obligation 

Legend: 

2,900 
600 
800 

2 
1 

N/R 
8 
2 
1 
1 
1 

N/R 
N/R 
N/R 
N/R 

Unit 

1.f. 
1.f. 
1.f. 
each 
1.s. 
1.s. 
each 
each 
1.s. 
1.s. 
1.s. 
1.f. 
10f. 
1.f. 
1.s. 

1.s. 

1.s. 

1.s. 
1.s. 
1.s. 
1.s. 

N/R - items Not Required for this Alternative 
1.f. - lineal foot 
1.s. - lump sum 

Unit 
Price 

$23.00 
$23.00 
$22.00 

$4,800.00 
$8,300.00 
$2,500.00 
$2,500.00 
$7,500.00 

$11,500.00 
$2,000.00 

$25,000.00 
$4.00 

$78.00 
$6.30 

$15,800.00 

Amount 

$66,700 
13,800 
17,600 

9,600 
8,300 

o 
20,000 
15,000 
11,500 

2,000 
25,000 

o 
o 
o 
o 

$189,500 

$19,000 

$208,500 

$31,300 

$239,800 

$28,400 
$10,000 
$10,000 
$10,000 

$298,200 

$6,900 
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