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•• •• SUMMARY 

Various alternative configurations and designs were re

viewed for the Corn Creek Irrigation Project and a pre

ferred system configuration is detailed in this report. 

Based on the preferred system, an economic analysis was 

performed and the results are presented. 

The project, as defined within this document, is feasible 

from an engineering standpoint. There are several pre

design activities that need to be conducted in the design 

phase; however, these activities will only present addi

tional data needed for the final design, and should not 

adversely impact the project cost. 

The benefit/cost ratio is used as a tool to measure the 

economic feasibility. If the direct and indirect bene

fits are considered, the project has a benefit/cost ratio 

greater than 1.0. However, if only direct benefits are 

to be considered, the benefit/cost ratio is less than 

0.5. 

In determining benefits, no benefits or disbenefits were 

used for flood control, fish and wildlife, or recreation. 

These should be evaluated during the predesign activities 

associated with a financial analysis. 

Using past projects as a measuring device, this project 

has a very high capital cost per acre and a high opera

tion and maintenance cost. Until the true ability to pay 

factor is determined, the financial feasibility is ques

tionable. However, even when this factor is considered, 

the project will still require some type of large 



governmental contribution to make the project feasible 

for the irrigators. 

The study presented herein incorporates the results of 

various previous studies and a refinement of various proj

ect alternatives. The results of this study is a document 

with sufficient detail to allow the Wyoming Water Devel

opment Commission to make a decision on the fate of the 

project. Should the decision be favorable, the following 

tasks need to be performed prior to releasing the project 

for construction bids. 

PREDESIGN ACTIVITIES 

o Soils Mapping: The soils analysis conducted 

for this study classified and mapped all 

Class 1, 2, and 6 soils, and some Class 3 soils. 

The remaining Class 3 soils need to be tested 

and reclassified as either Class 2, 3, or 

Class 6 soils. 

o Geotechnical Testing: Considerable geotechnical 

testing needs to be performed on the preferred 

Teeters Reservoir site. This is a standard 

engineering procedure and the results will dic

tate the type of design needed. 

o Financial Analysis: A detailed financial anal

ysis needs to be conducted in order to deter

mine the repayment capacity of the irrigators, 

development of a financial plan for loan pay

back, and the assessment of other benefits such 

as fish and wildlife and flood control. 



o Water Supply: The water supply from Glendo 

Reservoir will be contracted from the Bureau of 

Reclamation. The contract negotiation will 

commence in June 1983. The contract can not be 

executed until an environmental assessment or 

an environmental impact statement is acc~pted 

by the Bureau. The environmental document is 

currently being prepared by the WWDC staff. 

DESIGN ACTIVITIES 

o System Design: The system design will consist 

of a diversion dam, two pump stations, water 

storage reservoir, and the distribution system. 

The design should consist of engineering draw

ings suitable for construction and system con

struction specifications. 

DE/5R 
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•• Chapter 1 

•• INTRODUCTION 

GENERAL 

The Corn Creek Irrigation District is situated in Goshen 

County approximately 20 miles southwest of the City of 

Torrington (see Figure 1-1). The District extends south 

of the confluence of the Laramie and North Platte Rivers 

and includes a corridor through the physiographic area 

known as Harmony Heights, with the remainder in the 

Goshen Hole region. The general area drains to the south

east and ranges in elevation from 5400 feet at the upper 

end to 4200 feet at the southeast boundary. 

The District boundaries encompass approximately 

70,000 acres. The land use within the District is approx

imately 40-percent dry cropland and 60-percent rangeland. 

The District has defined over 16,000 acres of privately 

owned land within their boundaries that will constitute 

the project under investigation. 

There are three proposed water supplies for the project. 

The firm supply is 22,500 acre-feet/year from Grayrocks 

Reservoir. This supply is guaranteed by an agreement 

entered into in 1974 between the Corn Creek Reservoir 

Association and Basin Electric Cooperative. The second 

supply is 10,100 acre-feet/year from the Bureau of Recla

mation's (USBR) Glendo Reservoir. This supply is avail

able in all years except during an extended drought 

lasting over 3 years. This supply will have to be con

tracted from the USBR and the necessary procedures are 

underway. The third supply is the possibility of a 
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direct-flow diversion from the Laramie River. A filing 

has been submitted to the State Engineer for this right. 

The proposed project development consists of a surface 

water diversion system, a pump station on District-owned 

land at the confluence of the Laramie and North Platte 

Rivers capable of pumping 75 cubic feet per second (cfs), 

a reservoir to store winter diversions and to provide 

pressure head, a main pipeline to deliver water to the 

project area, and distribution laterals to provide water 

to each land parcel. 

SCOPE OF INVESTIGATION 

CH2M HILL was retained by the Wyoming Water Department 

Commission (WWDC) in November 1982 to perform an investi

gation which would develop and evaluate the economic feas

ibility of a conceptual plan that would allow for the 

delivery of water to approximately 16,000 acres in the 

Corn Creek Irrigation District. Within the scope of 

these services, an evaluation of the irrigation potential 

of the soils, a baseline environment assessment for Glendo 

water, and preliminary design criteria will be developed. 

DE/2R 
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•• Chapter 2 

•• EXISTING DATA 

This chapter will list the reports and data related to 

the project which were collected and reviewed by 

CH2M HILL. This information was used to form a baseline 

condition for the evaluation, layout, and development of 

the system. 

PREVIOUS CORN CREEK AREA REPORTS 

The Corn Creek Reservoir Association was formed in 1966. 

The Association worked with the Bureau of Reclamation 

(USBR) to develop an irrigation plan for an area about 

5 miles south of Goshen Hole. The two reports reviewed 

in this regard were: 

o U. S. Bureau of Reclamation. Status Report on 

Potential Irrigation Development in the Corn 

Creek Area. December 1973. 

o U. S. Bureau of Reclamation. Concluding Report 

on Potential Irrigation Development in the Corn 

Creek Area. December 1974. The concluding 

report for the Corn Creek unit said the original 

proposed project was not feasible. 

The plan for the project was reformulated to irrigate 

lands in the Goshen Hole area by a water distribution 

system comprised of canals and pressure pipe. The consult

ing firm of Hurlburt, Kersich, and McCullough provided 

the Association with a loan application report (and sev

eral revisions) for securing state funds. The reports 

reviewed in this regard were: 
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Hurlburt, Kersich, and McCullough. Loan Application 

Report-Corn Creek Sprinkler Irrigation Project. 

November 1974, revised December 1975 and March 1977. 

A revised summary report of estimated costs was also 

prepared by HKM: 

Hurlburt, Kersich, and McCullough. Corn Creek 

Sprinkler Irrigation Project Summary. January 1982. 

The USDA Soil Conservation Service completed preliminary 

investigations of the project area and published a report: 

USDA Soil Conservation Service. Corn Creek Prelimi

nary Investigation Report. December 1979. 

The SCS compared benefits and costs for the project as 

formulated in the previously mentioned HKM reports and 

also compared other alternatives for irrigating more favor

able lands and reduced flows. They did not investigate a 

totally closed pipe system nor the Glomill Reservoir Site. 

In June 1982, HKM prepared a reconnaissance-level study 

(Closed Delivery System Study) for the Corn Creek Irriga

tion Project which: evaluated a totally closed pipe water 

distribution system; examined the Glomill storage reser

voir site; and examined the feasibility of low pressure

large acreage (i.e. 520 acres) center-pivot units along 

with a partial water supply concept. The report did not 

present comprehensive costs for a total irrigation system 

and was not detailed as it was only a reconnaissance-level 

study. 
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DATA - EVALUATION OF WATER RESOURCES 

The following reports and sources were used to provide 

data used in the evaluation of water resources: 

o Supreme Court of the United States. North Platte 

River Decree. 1945 Order Modifying Decree. 

1953 

o Contract between Corn Creek Reservoir Association 

and Basin Electric Power Cooperative. July 

1974. 

o U. S. District Court for the District of 

Nebraska. Memorandum of Decision, State of 

Nebraska, et ale versus Rural Electrification 

Administration, et ale and State of Nebraska, 

et ale versus James W. Ray, et ale October 2, 

1978. 

o Agreement of Settlement and Compromise between 

Basin Electric Power Cooperative, James W. Ray, 

State of Nebraska and others. 1978. 

o Office of State Engineer, State of Wyoming. 

Applications for Permit to Appropriate Surface 

Water for: 

Corn Creek Pipeline No. 1--Temporary Filing 

No. 21 1/296 

Corn Creek Reservoir No. 1--Temporary Filing 

No. 21 6/295 
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o U. S. Bureau of Reclamation. North Platte River 

Management Model Operations Studies. December 

1981. 

o Meetings and conversations with: 

Clare Olsen--Attorney, Basin Electric Power 

Cooperative 

Dallas Wade--Plant Manager, Laramie River 

Station, Basin Electric Power Cooperative 

Jerry Gregg--U. S. Bureau of Reclamation, 

Casper, Wyoming 

Robin McKinley, Chief of Repayment Branch 

and Towell Plans, Operations Branch, U. S. 

Bureau of Reclamation, Federal Center, 

Denver, Colorado 

Larry Wolfe, Assistant Attorney General 

for the State of Wyoming, Cheyenne 

Earl Michael, Superintendent, Water District 

No. 1--State Engineers Office, Torrington, 

Wyoming 

o U. S. Bureau of Reclamation. Water Use and 

Management in the Upper Platte River Basin. 

August 1982. 
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DATA - SOILS AND IRRIGATION REQUIREMENTS 

In addition to the previously mentioned Corn Creek Reports, 

the following reports and sources were used to provide 

data on soils and irrigation requirements: 

o USDA Soil Conservation Service. Soil Survey-

Goshen County, Wyoming, Southern Part. 

November 1971. 

o Personal conservations with personnel in the 

offices of the USDA, Soil Conservation Service 

in Casper and Torrington, Wyoming. 

o Personal conversations with members of the Corn 

Creek Irrigation District. 

DATA - ECONOMIC EVALUATION 

The following reports and sources were used to provide 

data used in the economic evaluation of the project: 

o Wyoming Recreation Commission. 

sive Outdoor Recreation Plan. 

State Comprehen-

1980. 

o Wyoming Water Development Commission, prepared 

by Kaiser and Company, Mountain West Research

North, Inc., Wyoming Water Development Program 

Project Evaluations. December 1982. 

o Wyoming Game and Fish Commission and Wyoming 

Recreation Commission prepared by Clynn Phillips, 

David S. Moewes, and Dwight M. Blood. October 

Recreation in Wyoming, Volume III Recreational 
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Boating in Wyoming Lakes and Reservoirs. May 

1969. 

o Wyoming Recreational Commission. An October 

Recreation Plan for Wyoming. October 1970. 

o Water Resources Research Institute, University 

of Wyoming. An Economic Simulation Model for 

Wyoming's North Platte River Basin. August 

1975. 

o Community Services Division, Agricultural Exten

sion Service, University of Wyoming. Four publi

cations: 

Park County Economy. March 1977 

Washakie County Economy. March 1977 

Big Horn County Economy. March 1977 

Hot Springs County Economy. January 1977 

o Wyoming Recreation Commission, prepared by John 

Carlson and Clynn Phillips. Projections of 

Outdoor Recreation Participation for Wyoming: 

1995. May 1980. 

o Wyoming Crop and Livestock Reporting Service. 

Wyoming Agricultural Statistics 1978 and 1979 

(two publications) • 

o USDA Statistical Reporting Service. Utah Agri

cultural Statistics. 1981. 

o Bureau of Business Research, University of 

Nebraska. 1967 Nebraska Input-Output Tables, 
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Nebraska Economic and Business Report Number 

Nine. 

o Bureau of Business Research, University of 

Nebraska-Lincoln. Impact Analysis of Irrigated 

Agriculture on Nebraska's Economy 1967-1970. 

September 1974. 

o Federal Register. Volume 44, No. 242. 

DE/2R 

Part IX. Water Resources Council-Procedures 

for Evaluation of National Economic Development 

Benefits and Costs in Water Resources Planning 

(Level C)i Final Rule, December 14, 1979. 

o U. S. Water Resources Council. Guideline 5 -

Regional Multipliers. January 1977. 

o Personal conversations with personnel of: 

Wyoming Recreation Commission 

Wyoming Game and Fish Commission 

2-7 



CHAPTER 3 
EV ALUATION OF 

WATER RESOURCES 



•• •• 
Chapter 3 

EVALUATION OF WATER RESOURCES 

INTRODUCTION 

The water supply for the Corn Creek Irrigation Project is 

available from three potential sources: 

1. Under the terms of a contract with Basin Electric 

Power Cooperative 

2. Under the terms of a contract being negotiated 

with the U.S. Bureau of Reclamation 

3. Under the terms of applications to divert and 

store surface waters of the Laramie River 

This chapter describes each of these supplies and the 

conditions surrounding their usage and summarizes the 

amounts of water that are available to the irrigation 

project. A brief review of water quality records indicates 

that these waters are all of a quality suitable for irri

gation. 

WATER FROM BASIN ELECTRIC 

On July 24, 1974, the Corn Creek Reservoir Association 

and Basin Electric Power Project, on behalf of the 

Missouri Basin Power Cooperative (MBPP), entered into a 

contract which guaranteed the delivery of 22,500 acre-feet 

to Corn Creek. Specifically, the contract states: 

"It is understood and agreed between the parties 

that MBPP shall allow sufficient water to pass 
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through the Grayrocks Dam and down the Laramie River 

to make available to Corn Creek at the gaging station 

at the East Laramie River Bridge (after meeting the 

lawful water requirements of all other lawful approp

riators on the Laramie River) twenty-two thousand 

five hundred (22,500 acre feet) annually for Corn 

Creek's use." 

The contract goes on to identify when this water is to be 

made available: 

" •• 15,000 acre feet during the irrigation season 

which runs from the 1st day of April each year to 

the 1st day of October. Normally 80 acre feet will 

be made available at the gaging station daily during 

that period and the balance of that 15,000 acre feet 

will be made available at the gaging station at the 

demand of Corn Creek. 

7,500 acre feet during the non-irrigation season 

which runs from the 1st day of October each year to 

the 1st day of April. Normally 40 acre feet will be 

made available at the gaging station daily during 

that period and the balance of that 7,500 feet will 

be made available at the gaging station at the demand 

of Corn Creek." 

The contract gives Corn Creek the first right of refusal 

should Basin Electric choose to sell Grayrocks Reservoir 

and its appurtenant facilities. If Grayrocks is sold to 

a third party, the sale is subject to the continuing rights 

of Corn Creek to 22,500 acre-feet annually. These waters 

cannot be used for industrial purposes by Corn Creek. 
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It should be noted that the contract is for a firm annual 

supply of water and there are no allowances for a reduction 

in supply during drought periods. Though it is generally 

assumed that the water will be supplied from storage in 

Grayrocks Reservoir, the contract only requires that MBPP 

allow sufficient water to pass through Grayrocks and down 

the Laramie River to make 22,500 acre-feet available to 

Corn Creek. 

It should also be noted that subsequent to the contract 

between Basin Electric and Corn Creek, a number of legal 

actions concerning the construction of the Missouri Basin 

Power Plant and Grayrocks Reservoir occurred. These legal 

actions have no direct bearing on the Basin Electric-Corn 

Creek contract but do have an impact on the reservoir 

operations and availability of water in the Laramie River. 

These implications will be discussed in a later section 

of this chapter. 

WATER FROM GLENDO RESERVOIR 

The Corn Creek Irrigation District has entered into nego

tiations with the U.S. Bureau of Reclamation (USBR) to 

purchase 10,100 acre-feet of water annually from Glendo 

Reservoir. A number of factors will impact the amount of 

time needed to complete the negotiations. In addition to 

the time needed to prepare the paperwork and conduct the 

negotiations, the most critical activity may be the prep

aration of an environmental assessment or environmental 

impact statement. The USBR has indicted that they are 

preparing the basis for negotiations now and anticipate 

no major delays in developing the basic contract. 

Though this supply of water appears to be seemingly assur

ed, there are a number of factors which bear upon its 
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availability. In October 1945, the Supreme Court of the 

United States issued a document commonly called the North 

Platte Decree. This decree placed a number of constraints 

upon the storage, diversion, and usage of North Platte 

waters in Colorado, Wyoming, and Nebraska. The decree 

allowed for future amendments should additional reservoirs 

be constructed. 

In January 1953, a stipulation to the original decree was 

filed with the Supreme Court modifying several aspects of 

the decree. The stipulation and subsequent order allowed 

the construction and operation of Glendo Reservoir and 

established the priority for filling Glendo. These docu

ments declare: 

"The construction and operation of Glendo Reservoir 

shall not affect the regimen of the natural flow of 

the North Platte River above Pathfinder Dam. The 

regimen of the natural flow of the North Platte River 

below Pathfinder Dam shall not be changed, except 

that not more than 40,000 acre feet of the natural 

flow of the North Platte River and its tributaries 

which cannot be stored in upstream reservoirs under 

the provisions of this decree may be stored in the 

Glendo Reservoir during any water year, in addition 

to evaporation losses on such storage, and further, 

the amount of such storage water that may be held in 

storage at anyone time, including carryover storage, 

shall never exceed 100,000 acre feet. Such storage 

water shall be disposed of in accordance with con

tracts to be hereafter executed, and it may be used 

for the irrigation of lands in the basin of the North 

Platte River in western Nebraska to the extent of 

25,000 acre feet annually, and for the irrigation of 

lands in the basin of the North Platte River in 
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southeastern Wyoming below Guernsey Reservoir to the 

extent of 15,000 acre feet annually, provided that 

it shall not be used as a substitute for storage 

water contracted for under any existing permanent 

arrangement. The above limitation on storage of 

natural flow does not apply to flood water which may 

be temporarily stored in any capacity allocated for 

flood control in the Glendo Reservoir, nor to water 

originally stored in Pathfinder Reservoir which may 

be temporarily re-stored in Glendo Reservoir after 

its release from Pathfinder and before its delivery 

pursuant to contract; nor to water which may be im

pounded behind Glendo Dam, as provided in the Bureau 

of Reclamation Definite Plan Report for the Glendo 

Unit dated December 1952, for the purpose of creating 

a head for the development of water power." 

At the present time, the USBR has contracted to sell 

17,000 acre-feet of water to irrigators in Nebraska and 

4,400 acre-feet in Wyoming. The remaining allotments 

(8,000 acre-feet for Nebraska and 10,600 acre-feet in 

Wyoming) are currently in negotiations, including Corn 

Creek. 

Unlike the Basin Electric water contract, the 10,100 acre

feet of water from Glendo will not be available every 

year. Operational studies run by the USBR indicate that 

water will not be available from Glendo during a recur

rence of an extended drought such as occurred during the 

late 1950's and early 1960's. In the 40-year operational 

study, no deliveries would be made in 9 years and reduced 

deliveries in 2 additional years. However, in the remain

ing 29 years, full deliveries would be made to all water 

contractors. It should be pointed out that when defi

ciencies occur, these would be shared proportionately 
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between existing and future Glendo water contractors. 

Consequently, existing contractors could receive slightly 

less water in a few years when all of the Glendo water is 

contracted. And, since the un contracted water from Glendo 

is not being used presently, downstream users now have 

this water available to them. 

The operation studies developed by the USBR were not done 

in such a manner to definitively estimate the exact amount 

of water in every year. However, by estimation, it is 

determined that the probability of Glendo water being 

available in a given year is as follows: 

Full 10,100 acre-feet 

Greater than 5,000 acre-feet 

No water available 

73% 

83% 

23% 

According to the terms of existing contracts, this water 

is available during the irrigation season and can be de

livered on any desired schedule during the irrigation 

season. 

LARAMIE RIVER APPLICATION 

In January 1974, the Corn Creek Reservoir Association 

filed two permit applications with the State Engineer 

(21-1/296 and 21-6/295). These rights were subsequently 

transferred to the Corn Creek Irrigation District on 

June 19, 1978. Temporary filing 21-1/296 is for a 

7.99-mile pipeline with a diversion capacity of 50 cubic 

feet per second from the Laramie River while 21-6/295 is 

for a 58,893 acre-foot reservoir on Cherry Creek. The 

applications anticipate irrigating 6,405 acres in the 

area commonly called Harmony Heights. 
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These applications, when perfected, would be very junior 

rights on the Laramie River and subject to most existing 

rights on the Laramie River and downstream on the North 

Platte. Since the Laramie River was excluded from the 

1945 North Platte Decree, diversion, storage, and irriga

tion is not controlled by that document. Consequently, 

flows in the Laramie River during the spring runoff period 

and many winter months would probably be available. 

However, the construction of Grayrocks Reservoir upstream 

on the Laramie presents several interesting issues. The 

State of Nebraska, and others, filed suit to block con

struction of the Missouri Basin Power Project and Grayrocks 

Darn and Reservoir due to alleged inadequacies in the Final 

Environmental Impact Statement (FEIS). These suits were 

filed against the Rural Electrification Administra-

tion (REA) who was providing funding for the power plant 

and the U.S. Army Corps of Engineers who issued the 404 per

mit for construction of the darn. Judge Urbom ruled on 

October 2, 1978, basically in favor of the plaintiffs and 

identified a number of deficiencies in the report and 

process. 

Subsequent to Judge Urbom's ruling, the various involved 

parties entered into an Agreement of Settlement and Compro

mise. The agreement limited water usage by the powerplant 

to 23,250 acre-feet per year, prioritized the water rights 

which would be used to satisfy these demands, and agreed 

to release water form Grayrocks to meet downstream require

ments. These release requirements are as follows: 

3-7 



During Initial Filling 

(up to 70,000 acre-feet 

storage) 

Normal Operation 

(50,000 acre-feet to 

104,000 acre-feet storage) 

Storage below 

50,000 acre-feet 

When Corn Creek is built 

20 cfs at mouth of Laramie 

River from October through 

March and 40 cfs the re

mainder of the year 

40 cfs from October through 

March, 50 cfs during April, 

and 40 cfs or 75 percent 

of the natural flow from 

May through September 

(whichever is greater); 

measured at the mouth of 

the Laramie River. Project 

releases not greater than 

200 cfs nor more than 

13,000 acre-feet during 

any month. 

20 cfs from October 

through March and 40 cfs 

from April through Sep

tember as measured at the 

mouth of the Laramie 

River 

The minimum flow speci

fied above minus 

22,500 acre-feet plus 

11,250 acre-feet per year 

into the North Platte 

River 

It is interesting to note that the agreement described 

above was signed by the parties involved in the lawsuit 

but not by the State of Wyoming since they were not a 
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part of the suit. Consequently, the State does not recog

nize the agreement and has taken the position that all 

waters released from Grayrocks are subject to appropriation 

and diversion by downstream users (subject to prior ap

propriations). However, if this were actually done, a 

lawsuit by Nebraska and the other parties would likely 

occur. 

Consequently, it is difficult to accurately predict what 

flows may be available in the Laramie River for Corn Creek 

(in addition to the 22,500 acre-feet under contract). An 

operations study prepared by Banner Associates for the 

Grayrocks Reservoir is available and probably gives a 

first approximation of water availability. However, addi

tional studies will be needed before the amount and timing 

of available water can be determined. 

For the present time, it is believed that the 50 cfs appl

ication will provide a backup supply of water for carryover 

storage in a Corn Creek project reservoir should a short 

drought occur. 

SUMMARY OF WATER AVAILABILITY 

Each of the three potential water supplies for the Corn 

Creek project has its own particular conditions for usage. 

The 22,500 acre-feet under contract from Basin Electric 

is the most firm at the present time though some reservoir 

storage is needed to use the winter water. The 

10,100 acre-feet from Glendo Reservoir is seemingly assur

ed, though the contract has yet to be negotiated. Since 

the contract cannot be signed until an environmental as

sessment and perhaps an EIS is prepared, there is always 

the potential for complications to occur. The District's 
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water rights on the Laramie River may have value but addi

tional study is required to confirm this. 

In addition to the impacts noted earlier due to diversion 

of these water supplies, depletions to the Platte River 

system will occur. The impact at these depletions on 

downstream users will be discussed in the Environmental 

Assessment now under preparation. 

DE/2R 
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•• Chapter 4 

•• EVALUATION OF LAND RESOURCES 

INTRODUCTION 

A review of existing soils data and a reconnaissance area 

review were conducted to evaluate the suitability for 

irrigation of approximately 18,960 acres of land within 

the boundaries of the Corn Creek Irrigation District 

(CCID), southwest of Torrington, Goshen County, Wyoming. 

The primary objectives of this effort were the preliminary 

determination of soil suitability and the identification 

of potential major soil, drainage, and physical limitations 

associated with large-scale irrigation development. 

The Soil Conservation Service (SCS) soil survey (Goshen 

County, Southern Part, 1971) data were used to determine 

preliminary suitability for irrigation. With the SCS data 

base, a field reconnaissance was conducted on each land 

parcel proposed for irrigation. As a result of this ef

fort, a soil suitability classification and a land suit

ability map have been developed. A preliminary regional 

surface drainage system has also been developed, and the 

locations of local power lines were identified on fields 

proposed for irrigation. 

SOILS 

The Goshen Hole soils are typically gently sloping, medium

textured, well-drained aeolian and alluvial soils developed 

from area sandstone, siltstone, and shale. The area drain

age is by two small creek systems, Cherry Creek to the 

northeast and Box Elder Creek to the south. In the finer 

textured soil areas, there are many flat-sloped, 
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depressional areas that have significant accumulation of 

saline-alkali in the subsoils. 

LAND CLASSIFICATION STANDARDS 

To assess the soil suitability for irrigation, basic soil 

limiting criteria were developed for a four-class rating 

system. These criteria or factors include soil texture, 

soil depth, av~ilable water-holding capacity, soil permea

bility and drainage, soil reaction/salinity, and slope. 

The parameters for these factors and each class designa

tion are summarized on Table 4-1. 

Based on the available soil survey data, the Class 1 soils 

are the area's most suitable for irrigation and have few 

soil restrictions to irrigation. The Class 2 soils are 

suitable for irrigation, but have soil restrictions such 

as steeper slopes, shallow soil depth, or higher levels 

of salinity-alkalinity that may affect the level of pro

ductivity and require special management practices. 

The SCS soil survey is intended to be a general planning 

tool, therefore, there are several soil mapping units 

that are broadly defined. As a result, these mapping 

units contain several strongly contrasting soils, some of 

which mayor may not be suitable for irrigation, depending 

on individual soil properties such as soil depth. These 

individual mapping units have been placed in Class 3 and 

will need to be specifically defined in the predesign 

phase. An example of these units is the Mitchell-Shingle 

soils, where individually the Mitchell soils are rated as 

Class 1 but the Shingle soils, due to shallow depth over 

siltstone, are rated as Class 6 (unsuitable). 
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W 

Factors 

Texture 

Slope 

Soil depth (root zone) 

Available water holding 
capacity 

Soil permeability/ 
drainage 

Soil reaction or 
salinity 
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Table 4-1 
SOIL CRITERIA FOR IRRIGATION SUITABILITY 

Class 1 

Fine sandy loam - clay 
loam 

0-6 percent 
Uniform slopes 

>60 inches to restrictive 
layers 

>5 inches in 40-inch profile 

Moderately rapid-moderate 
somewhat excessive-well 

EC 0-4 millimbo/cm 
pH <8.4 

Class 2 

Loamy sands-permeable clay 

6-15 percent General smooth slopes 

20-60 inches to restrictive 
layers 

2-5 inches in 40-inch profile 

Rapid-slow/excessive -
somewhat poorly 

EC 4-8 millimho/cm 
pH 6.6 - 9.5 

Class 3 (Insufficient 
data to classify) 

Mapping limits where 
variable depths are not 
defined 

Soil mapping limits with 
excessive permeability, 
and high erosion hazard 
subject to erosional 
blowouts 

Strongly saline alkali 
soils; undetermined alkali 
and reclamation 
requirements 

Class 6 
(Non-Irrlgable) 

Very Gravelly Soils, some 
rock outcrops problems 

>15 percent, very complex 
slopes, terra breaks, etc. 

<20 inches over restricted 
layer, bedrock, etc. 

<2 inches in profile 

Very slow and very rapid, 
occassional or more 
frequent flooding 

EC >8 millimho/cm 
pH >9.5 



The Class 6 unsuitable soils are made up primarily of 

badlands, rock outcrop areas, shallow soils over bedrock, 

large eroded blowout areas, and wetlands. 

This rating system is based on the available SCS soil 

data and very preliminary field review, and should be 

used only in the initial planning phases of the project. 

The SCS mapping and our field reconnaissance gives a gen

eral interpretation of the soils in the area, but the 

units may have up to 15 percent of inclusion of other 

contrasting soils which will need to be further defined 

prior to project design. 

LAND CLASSIFICATION 

For each soil mapping unit identified in the SCS soil 

survey for the proposed irrigated lands, the rating system 

was applied and soil units classified. The typical soil 

properties and soil suitability classification for each 

mapping unit is summarized on Table 4-2. Figure 4-1 (A, 

B, and C) shows the distribution of the various soil clas

sification within the proposed irrigated lands. 

LAND RESOURCE LIMITATIONS 

As a result of the soil classification and the field review 

of the 18,960 acres proposed for irrigation, several major 

soil and other limitations have been identified. 

Shallow Soils 

In many scattered areas and soil mapping units, the soils 

are shallow over weathered bedrock (sandstone, siltstone, 

or shale). The shallow profile and root zone are restric

tions to crop production, and under irrigation may result 
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Mapping 
Unit 

AK 

AHA 

AMB 

AMC 

AMD 

ASA 

ASC 

Bd 

BrA 

BrB 

BrC 

CtC 

CVB 

CVC 

Dub 

DcD 

DdA 

DdC 

Soil Name 

Alkali-Saline land 

Anselmo-Dwyer soils 

Anselmo-Dwyer soils 

Anselmo-Dwyer soils 

Anselmo-Dwyer soils 

Anselmo-shingle soils 

Anselmo-shingle soils 

Badlands 

Bordeaux fine sandy loam 

Bordeaux fine sandy loam 

Bordeaux fine sandy loam 

Colby-tassel complex 

Creighton very fine 
sandy loam 

Creighton very fine 
sandy loam 

Duroc loam 

Dix complex 

. Dunday-Dwyer loamy fine 
sand 

Dunday-Dwyer loamy fine 
sand 

Slope" 

0-1 

0-3 

3-6 

6-10 

10-15 

0-3 

3-10 

Steep 

0-3 

3-6 

6-10 

2-8 

0-6 

6-10 

1-3 

0-10 

0-3 

3-10 

Table 4-2 
SUMMARY OF SOIL PROPERTIES AND IRRIGATION SUITABILITY

a 

b 
Texture 

Surface Subsoil 

LFS-CL Variable 

FSL-LFS FSL-LFS 

FSL-LFS FSL-LFS 

FSL-LFS FSL-LFS 

FSL-LFS FSL-LFS 

FSL-CL FSL-Shale 

FSL-CL FSL-Shale 

Restrictive 
Layer Permeability Class 

c 

None Mod. rapid-rapid 

None Mod. rapid-rapid 

None Mod. rapid-rapid 

None Mod. rapid-rapid 

8-20"/Shale Mod. rapid-moderate 
in shingle soils 

8-20"/Shale Mod. rapid-moderate 
in shingle soils 

Rock outcrops and soil erosinal area 

FSL L 

FSL L 

FSL L 

L-FSL L-sandstone 

VFSL VFSL 

VFSL VFSL 

IL L 

gr. FSL VGRS 

LFS LFS 

LFS LFS 

None 

None 

None 

8-20"/sandstone 
in tassel soils 

None 

None 

None 

None 

None 

None 

Mod. rapid/moderate 

Mod. rapid/moderate 

Mod. rapid/moderate 

Mod./mod. rapid 

Moderate 

Moderate 

Moderate 

Mod. rapid/rapid 

Rapid 

Rapid 

d 
AWHC 
in/in 

in/40 inch 
Profile 

0.13-0.08/ 
5.2-3.2 

0.13-0.08/ 
5.2-3.2 

0.13-0.08/ 
5.2-3.2 

0.13-0.08/ 
5.2-3.2 

0.13-0.17/ 
5.2-2.0 

0.13-0.17/ 
5.2-2.0 

0.13-0.17/ 
6.1 

0.13-0.17/ 
6.1 

0.13-0.17/ 
6.1 

0.17-0.13/ 
6.8-1. 3 

0.17/6.8 

0.17/6.8 

0.17/6.8 

0.12-0.03/2.0 

0.08/3.2 

0.08/3.2 

Drainage Class 

Poor 

Well-excessive 

Well-excessive 

Well-excessive 

Well-excessive 

Well 

Well 

Well 

Well 

Well 

Well 

Well 

Well 

Well 

Excessive 

Excessive 

Excessive 

Reaction/ 
Salinity 

7.4-8.4 

7.4-8.4 

7.4-8.4 

7.4-8.4 

7.4-8.4 

7.4-8.4 

7.4-8.4/ 
7.9-8.4 

7.4-8.4/ 
7.9-8.4 

7.4-8.4/ 
7.9-8.4 

7.9-8.4 

7.4-8.4 

7.4-8.4 

7.4-8.4 

7.4-8.4 

6.6-8.4 

SCS Land 
Capability 

Classe 

(Irrigation) 

VIs 

lVe 

IVe 

lVe 

VIe 

Anselmo UIe 
Shingle IVs 

Anselmo IVe 
Shingle VIe 

VUIs 

Ills 

IVe 

IVe 

VIe 

IVe 

IVe 

lIIe 

VIe 

IVs 

VIs 

f 
Irrigation Suitability 

Class 6 unless better 
defined 

Class 2 

Class 2 

Class 2 

Class 2 

Class 3 until better 
defined 

Class 3 until better 
defined 

Class 6 

Class 1 

Class 1 

Class 2 

Class until better 
defined 

Class 1 

Class 2 

Class 1 

Class 6 unless better 
defined 

Class 2 

Class 2 

Remarks 

·Strong saline-alkali in bottom 
lands and drains 

Slopes 0-15 percent 

Shingle Class 6 

Shingle Class 6 

Culcureous subsoils 

Tassel Class 6 

Excessive gravels 



Table 4-2 (continued) 

AWHC
d 

SCS Land 
in/in Capability 

b 
in/40 inch Reaction/ Classe 

Mapping Texture Restrictive 
f c 

Unit SOU Name Slope " Surface Subsoil Layer Permeability Class Profile Drainage Class Salini~y (Irrigation) Irrigation Suitability Remarks 

DeE Dunday-Treloma complex 3-35 LFS-FSL LFS-sandstone 8-20 in/sand- Mod. rapid/rapid 0.08-0.13/ Excessive-well 6.6-8.4 Dunday VIe Class 6 unless better Steep-shallow soils, numerous 
stone in 3.2-1.4 Treloma VIe defined outcrops 

Treloma soils 

DwA Dwyer loamy fine sand 0-3 LFS LFS None Rapid 0.008/3.2 Excessive 7.9-8.4 IVs Class 2 

EpB Epping silt loam 0-6 SIL 5-18 in/ 5-18 in/ Moderate 0.17/2.0 Well 7.9-8.4 VIle Class 3 until better Shallow soils/siltstone, may 
sandstone sandstone defined be Class 6 but soil depth 

is critical 

EpC Epping silt loam 6-10 SIL 5-18 in/ 5-18 in/ Moderate 0.17/2.0 Well 7.9-8.4 VIle Class 3 until better Shallow soils/siltstone, may 
sandstone sandstone defined be Class 6 but soil depth 

is critical 

GkA Goshon-Kuma loam 0-2 L CL-L None Moderate 0.17/6.8 Well 6.6-8.4 IIIe Class 1 Calcareous subsoil 

KeB Keith loam 1-3 L L-CL None Moderate 0.17/6.8 Well 7.4-8.4 IIIe Class 1 Calcareous subsoil 

KoB Keota silt loam 3-6 SIL Soft 20-40 in/silt- Moderately slow IJ.17/5.4 Well 7.9-8.4 IVe Class 2 Soil depth, calcareous 
siltstone stone 

KpD Keota-Epping silt loams 6-15 SIL Siltstone Epping 5-18 in/ Mod./mod. slow 0.17/5.4-2.0 Well 7.9-8.4 VIe Class 3 until better Keota Class 2, Epping may be 
siltstone defined Class 6 

Keota 20-40 in/ 
siltstone 

KyA Kim clay loam alkali 0-1 CL CL None Mod. slow 0.17/6.8 Well 7.9-9.0 IVs Class 2 Strongly saline-alkali 
throughout profile 

KyB Kim clay loam alkali 1-3 CL CL None Mod. slow 0.17/6.8 Well 7.9-9.0 IVs Class 2 Strongly saline-alkali 
throughout profile 

KyC Kim clay loam alkali 3-10 CL CL None Mod. slow 0.17/6.8 Well 7.9-9.0 IVe Class 2 Strongly saline-alkali 
throughout profile 

MaB Marsh and wetland 0-5 Variable wetland soils IVw Class 6 unless better Wetlands, low bottoms and 
defined large drainageways 

MeA Manter-anselmo fine 0-3 FSL FSL None Mod. rapid 0.13/5.2 Well 7.4-8.4 Ills Class 1 
sandy loam 

MeB Manter-anselmo fine 3-6 FSL FSL None Mod. rapid 0.13/5.2 Well 7.4-8.4 IVe Class 1 
sandy loam 

MeC Manter-anselmo fine 6-10 FSL FSL None Mod. rapid 0.13/5.2 Well 7.4-8.4 IVe Class 2 
sandy loam 

MsA Mitchell-shingle loams 0-3 L L-shale 8-20 in/shale in Moderate 0.17/6.8-2.0 Well 7.9-8.4 IVe Class 3 until better Shingle soils Class 6 
shingle soils defined 



Table 4-2 (continued) 

Mapping 
Unit So11 Moe Slope % 

Texture
b 

Surface Subsoil 
Restrictive 

Layer 
c 

Permeability Class 

AWHC
d 

in/in 
in/40 inch 

Profile Drainage Class 
Reaction/ 
SaUnity 

SCS Land 
Capabil!ty 

Class 
(Irrigation) f 

Irrigation Suitability Remarks 

MaC 

MtA 

MtB 

MtC 

MtD 

NoB 

NcB 

NwB 

OcA 

OeD 

OtA 

OtB 

OtC 

Rc 

RhB 

RuB 

Rue 

StA 

StB 

StC 

StD 

Ur 

UtB 

Mitchell-shingle loams 

Mitchell silt loam 

Mitchell silt loam 

Mitchell silt loam 

Mitchell silt loam 

Norka loam 

Norka-colby loam 

Norlta-weld loams 

Norlta-weld 108lls 

Orella clay 

Orella-epping soils 

Otero fine sandy loam 

Otero fine sandy loam 

Otero fine sandy loam 

Rockland 

Rosebud-Hargreave fine 
sandy loam 

Rosebud-Trelona fine 
sandy loam 

Rosebud-Tre10na fine 
sandy loam 

Santanta fine sandy loam 

Santanta fine sandy loam 

Santanta fine sandy loam 

Santanta fine sandy loam 

Valentine-Dwyer fine sand 

Vetal fine sandy loam 

3-10 

0-3 

3-6 

6-10 

10-15 

1-6 

0-6 

0-6 

6-10 

0-3 

3-15 

0-3 

3-6 

6-10 

0-6 

0-6 

6-10 

0-1 

1-3 

3-6 

6-10 

Rolling 

0-4 

L L-shale 

SIL 

SIL 

SIL 

SIL 

L 

L 

L 

L 

C 

C-SIL 

FSL 

FSL 

FSL 

SIL 

SIL 

SIL 

SIL 

CL-L 

L-UFSL 

L-UFSL 

L-VFSL 

Shale 

Sha1e
siltstone 

FSL 

FSL 

FSL 

8-20in/shale in 
shingle soils 

None 

None 

None 

None 

None 

None 

None 

None 

8-20 in/shale 

5-20 in/shale
siltstone 

None 

None 

None 

Rock outcrops, rough broken lands 

FSL SCL/sandstone 

FSL SCL/sandstone 

FSL SCL/sandstone 

FSL L-CL 

FSL L-CL 

FSL L-CL 

FSL L-CL 

FS FS 

FSL FSL 

20-40 in/sand
stone 

S-20 in/Trelona 
20-40/Rosebud 

S-20 in/Trelona 
20-40/Rosebud 

None 

None 

None 

None 

None 

None 

Moderate 

Moderate 

Moderate 

Moderate 

Moderate 

Moderate 

Moderate 

Moderate 

Moderate 

Slow 

Slow-moderate 

Mod. rapid 

Mod. rapid 

Mod. rapid 

Rapid/moderate 

Mod.-mod. rapid 

Mod.-mod.rapid 

Moderate 

Moderate 

Moderate 

Moderate 

Rapid 

Mod. rapid 

0.17/6.8-2.0 

0.17/6.S 

0.17/6.S 

0.17/6.S 

0.17/6.S 

0.17/6.S 

0.17/6.S 

0.17/6.S 

0.17/6.S 

0.15/1.S 

0.15-0.17/ 
1.S-2.0 

0.13/5.2 

0.13/5.2 

0.13/5.2 

0.13-0.17/6.7 

0.13-0.17/ 
6.7-2.0 

0.13-0.17/ 
6.7-2.0 

0.13-0.17/6.4 

0.13-0.17/6.4 

0.13-0.17/6.4 

0.13-0.17/6.4 

0.06/2.4 

0.13/5.2 

Well 

Well 

Well 

Well 

Well 

Well 

Well 

Well 

Well 

Well 

Well 

Well 

Well 

Well 

Well 

Well 

Well 

Well 

Well 

Well 

Well 

Excessive 

Well 

7.9-S.4 

7.9-S.4 

7.9-S.4 

7.9-S.4 

7.9-8.4 

7.4-9.0 

7.4-9.0 

6.6-S.4 

6.6-S.4 

>9.0 

7.9->9.0 

7.9-S.4 

7.9-S.4 

7.9-S.4 

6.6-S.4 

6.6-S.4 

6.6-8.4 

7.4-9.0 

7.4-9.0 

7.4-9.0 

7.4-9.0 

6.6-8.4 

7.4-8.4 

Mitchell IVe 
Shingle VIe 

lIIe 

IVe 

VIe 

VIe 

lIIe 

Norka lIIe 
Colby IVe 

lIIe 

IVe 

VIs 

VII 

II Ie 

IVe 

IVe 

VIII 

IVe 

IVe 

IVe 

lIIe 

lIIe 

lIIe 

IVe 

VIe 

Ills 

Class 3 until better 
defined 

Class 1 

Class 1 

Class 2 

Class 2 

Class 1 

Class 2 

Class 1 

Class 2 

Class until better 
defined 

Class 6 unless better 
defined 

Class 1 

Class 1 

Class 2 

Class 6 

Class 2 

Class 3 until better 
defined 

Class 3 until better 
defined 

Class 1 

Class 1 

Class 1 

Class 2 

Class 3 until better 
defined 

Class 1 

Shingle soils Class 6 

Calcareous subsoil 

Strongly calcareous 

Shallow-strongly calcareous 
soils 

Shallow, steep soils 

Trelona, shallow Class 6 

Tre10na, shallow Class 6 

Many are severe blowouts 
with rough minor relief 

NOlES: aSoils properties and SCS land capability class under irrigation taken from Soil Survey of Goshen County, Southern Part Soil Survey, USDA-SCS, November 1971. 

DE/3It 

bStandard SCS textural abbreviations; C - clay; CL - clay loam; L - loam; SIL - silt loam; VFSL B very fine sandy loam; FSL - fine sandy loam; LFS E loamy fine sand; FS - fine sand; GR FSL - gravelly fine sandy loam; 
VCRS - very gravelly sand. 

cscs permeability clays; rapid -6.0-20.0 in/hr; mod. rapid - 2.0-6.0 in/hr; moderate - 0.6-2.0 in/hr; mod. slow - 0.2-0.6 in/hr; slow - 0.06-0.2 in/hr. 

dAHWC _ available water holding capacity expressed as in/in and in/4~' profile (normal root zone). 

eSCS land capability class for irrigation; Class I-IV suitable for cultivation and irrigation; Class VI-VIII unsuitable for CUltivation or irrigation; subclasses e - erosion hazard, s - soil limitation (texture, 
salinity, depth); w - wetness. 

f Irrigation suitability developed by CH2M HILL soil scientists; Class 1 and 2 suitable for irrigation under proper management to include erosion and drainage controlsl Class 3 inadequately defined soils that require 
further field mapping to diffirentiate between soils within broad mapping units; Class 6 unsuitable for irrigation under present criteria, additional field mapping may identify higher suitability in some areas. 
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in increased erosion and drainage problems. In many of 

the winter wheat fields, there are areas where cultivation 

has brought fractured bedrock to the surface and, as a 

result, productivity is restricted in these areas. For 

sustained productivity under irrigation, a minimum of 

20 inches of soil over bedrock is suggested. In discus

sions with the local SCS personnel, they indicate that 

the bedrock material is very slowly permeable and therefore 

soil profile drainage may be impeded by the shallow bed

rock. 

Wind Erosion Hazard 

There is a severe wind erosion hazard in the entire area, 

as strongly evidenced by the return of many of the previ

ously cultivated lands to dry pasture during the 1930's 

dust-bowl era. In addition, on the very sandy soils such 

as the Valentine and Dwyer series, there are numerous 

blowout areas that in places are 10 to 15 feet deep and 

cover areas of 10 to 30 acres. Under irrigation and culti

vation, there will need to be strict erosion control prac

tices implemented such as strip farming, wind break 

establishment, and minimum or no tillage farming. 

Saline-Alkali Soils 

In many of the depressional and flat drainageway areas, 

there are presently soils that are strongly saline-alkali 

either in the subsoil or the entire soil profile. With 

the limited rainfall in the area, soil profile salt leach

ing has been minimal. Under irrigation, a significantly 

leaching faction (10 to 15 percent) will be required to 

maintain and reduce salinity within the soil profile. On 

the strongly alkali soils, reclamation and drainage will 

need to be implemented in order to sustain productivity. 
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Drainage 

There presently are several areas where drainage problems 

exist, but under irrigation, it is expected that more 

extensive area drainage measures will be required. In 

fields where there are closed depressions or complex 

slopes, localized drainage restrictions are expected. 

The local groundwater is at a depth of 200 to 400 feet 

and the surface geology consist of thick strata of slowly 

permeable sandstone and siltstone. Under these conditions, 

drainage by deep percolation is expected to be minimal. 

On-farm drainage may also be required to eliminate existing 

intermittent pond areas. 

The lower reaches of Cherry Creek and Box Elder Creek are 

broad valleys of alkali or alkali-saline soils with no 

defined drainage channel. When the lands on either side 

of these valleys are irrigated, surface drainage systems 

will need to be developed to route excess water from the 

area. 

Figure 4-1 (A, B, and C) shows a preliminary regional 

surface drainage system for the project. The system is 

designed to route surface drainage water into existing 

drains on the east side of the Fort Laramie Canal. Most 

of the drains are anticipated to be shallow (i.e., 4 feet 

deep) with mild sloping side slopes (3:1). ~~lis will 

minimize problems with the existing pasture grazing opera

tion. This system is intended to remove excess surface 

water from the surrounding irrigated lands, but is not 

intended for subsurface drainage of the valley lands. It 

is assumed that the existing drains on the east side of 

the Fort Laramie Canal have adequate capacity. The drain

age system shown in Figure 4-1 (A, B, C) is intended for 

preliminary planning and cost estimation only. A detailed 
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drainage study is a prerequisite for design and will be 

conducted in the predesign phase of the project. 

Unsuitable Project Lands 

Based on the results of the field reconnaissance task, 

12 160-acre land parcels, 1 80-acre land parcel, and 

2 40-acre land parcels were eliminated from further con

sideration because of obvious physical constraints such 

as deep gullies, precipitous slopes, rock outcrops, and 

large eroded blowout areas. These 2,080 acres are shown 

on Figure 4-1 (A, B, and C). 

Power Lines 

Several local and a regional power lines traverse the 

area. These are also shown on Figure 4-1 (A, B, and C). 

It is anticipated that the local power lines can be moved 

to the edge of irrigated fields where necessary. The 

llS-kV regional power line which angles across the northern 

portion of the irrigation district affected some proposed 

project lands, but these lands were also eliminated from 

further project consideration due to soil limitations. 

CONCLUSIONS AND RECOMMENDATIONS 

In an overall evaluation of the area soils, there are 

numerous soils that are suitable for irrigation, but due 

to the area configuration, there are few large blocks of 

all Class 1 and 2 soils. In many areas, the Class 3 soils 

may prove to be suitable but will require detailed site 

specific evaluations. The Class 6 lands are scattered 

but may limit large parcel irrigation due to physical 

obstructions such as major rock outcrops, large blowout 

areas, etc. There appears to be areas of more suitable 
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soils within the area and therefore, further consideration 

of some land exchanges is warranted. Other site limiting 

constraints to large (160 acres) center-pivot irrigation 

systems, including local and regional power lines, large 

eroded gullies, and small parcels require that smaller 

sideroll systems be considered in many areas. Prior to 

the design of the project, some predesign activities in

cluding detailed soils and drainage investigations are 

needed. Detailed land classification (USBR-type semi

detailed) mapping should be conducted for the entire pro

posed irrigation area. This land classification should 

also address salinity and erosion considerations for the 

area soils. The detailed mapping will define specific 

soil conditions and should be done on recent aerial photos 

at 1 inch:660 or 1 inch:1,000 feet. 

In addition to the land classification effort, a concurrent 

drainage study needs to be conducted to better define 

drainage requirements for the area. This would include 

data evaluation, geologic borings, and field testing. 

DE/3R 
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•• Chapter 5 

•• SELECTION OF PROJECT CONFIGURATION 

INTRODUCTION 

The project will consist of a water diversion facility, a 

storage reservoir, and a distribution system. Since the 

District has diversion rights to flows year-round, the 

diversion facility and pump station must have the capabil

ities to divert and pump a wide range of flows. A storage 

reservoir is needed to store winter diversions and off

peak summer diversions. This chapter will discuss vari

ous alternatives investigated and the proposed project 

configuration. Chapter 7 will present the estimated capi

tal costs associated with each alternative. 

WATER DEVELOPMENT ANALYSIS 

The District is evaluating three water sources; Grayrocks 

Reservoir, Glendo Reservoir, and direct diversion rights 

on the Laramie River. The Grayrocks flows are to be re

leased under the following schedule: April-September 

42 cfs, and October-March 21 cfs. The Glendo flows would 

be released on any agreeable schedule from May through 

September, and the direct flows could be diverted when 

water is available. Considering a minimum diversion rate 

of 21 cfs and a maximum diversion rate of 75 cfs or great

er, and the location and configuration of the District's 

property, at the confluence of the Laramie and North Platte 

River, there exists three possible diversion schemes as 

defined below. 
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Groundwater 

The original scheme developed by the District was to in

stall alluvial wells on the District's 21 acres which 

fronts both the Laramie River and the North Platte River 

at the confluence of the rivers. This would allow year

round pumping and avoid impacts of construction of facil

ities on the Laramie and/or North Platte Rivers. 

The investigation of this water source was limited to 

available data and published literature. The investigation 

revealed that a thin strip of alluvium does traverse the 

District's property along the Laramie River. The Dis

trict's property consists of approximately 2,400 lineal 

feet of Laramie River frontage with the alluvium extending 

along this interface in an east-west direction. Along 

this interface, the alluvium thickness varies from 0 to 

50 feet at the east and west boundaries to 0 feet at the 

approximate center of the northern property boundary. 

Utilizing a maximum pumping rate of 75 cfs (33,650 gpm) 

and an estimated well spacing of 400 feet between each 

well a total of six wells could be installed within the 

District's property boundaries. This would require that 

each well pump 5,600 gpm at peak pumping times. With 

the available information this does not appear to be feas

ible. A groundwater testing program would have to be 

undertaken in order for this alternative to be proved 

feasible or infeasible. The testing program will define 

the alluvium boundaries, the alluvium thickness, and feas

ible pumping rates. 
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Infiltration Gallery 

A second alternative is to install an infiltration gallery 

in the Laramie River. The Laramie River at its confluence 

with the North Platte River basically assumes the hydraulic 

properties of the North Platte River during the summer 

month high flows. This will allow an infiltration 

gallery installed in the Laramie River to remove both the 

Grayrocks and Glendo releases. 

Using the available literature, it appears that an infil

tration gallery can be a feasible diversion alternative 

(see Figure 5-1). The gallery would consist of approxi

mately 1,125 feet of 36-inch-diameter screen installed 

parallel to the Laramie River and the District's northern 

property boundary. The screen would be installed in the 

river bed at a depth of 5 feet. The screen could be in

stalled in two sections with a manifold pipe connecting 

the screens. A 48-inch pipe would then extend from the 

manifold to the sump of the pump station. The pump station 

would be designed such that a suction head could be im

pressed across the screens to deliver peak capacities 

when adequate flows are available. 

As discussed above, this appears to be a viable alternative 

both from the ability to provide the required flows and 

to utilize the three water sources. The infiltration 

gallery operational drawbacks include plugging of the 

screen by siltation, and possible algae growths on the 

river gravels which would result in a temporary capacity 

loss. Field testing would be required to determine the 

final feasibility and the design constraints. 
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Surface Water Diversion 

A third diversion alternative is a surface water diversion 

scheme. In order to divert flows from all sources, the 

diversion structure will have to be installed on the North 

Platte River below the confluence with the Laramie River. 

An analysis of all available data indicated that a low 

water diversion dam (weir) could be installed on the 

North Platte River just below the confluence. (See 

Figure 5-2.) The dam would be a concrete ogee section 

approximately 175 feet in length and 3-feet-high. A 

canal with a 4-foot by 4-foot gate would be installed on 

the right abutment and would extend from the abutment to 

the pump station. Other construction would consist of 

approximately 100 feet of overflow embankment at the left 

abutment, and a small levee along the Laramie River to 

protect the pump station and the canal. 

Based upon the available data, this appears to be the 

most viable and economical alternative. The major draw

backs to this type of system are potential ice problems 

during the winter months, temporary construction impacts 

to the North Platte River, and potential visual impacts 

at historical Fort Laramie (across the river). 

River Pump Station 

A river pumping plant with a total rating of approximately 

6,200 horsepower is required to pump the maximum diversion 

at a lift of 480 feet. Seventy-five cfs is the flow rate 

required to be pumped 24 hours per day from May through 

September. From October through March, an average rate 

of 21 cfs would be required as per water rights agreements. 

In April, 42 cfs would be required. The fluctuation of 
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inflow rates and a corresponding variation in pressure 

head required could be met by either constant speed or 

variable speed pumps. The most economical selection will 

be thoroughly analyzed in final design. It is likely 

that from 4 to 8 pumping units will be used at the river 

pumping stations. 

The water is lifted approximately 480 feet up to the top 

of the ridge near Harmony Heights and then flows by 

gravity pressure to all parts of the irrigation system. 

The water pumped from the river during non irrigation 

periods will be stored in either of the two reservoir 

alternatives, Teeters or Glomill. During peak use by the 

irrigation system the 75-cfs flow from the river must be 

supplemented by up to 120 cfs pumped from the reservoir 

into the pipe network. The water pumped from either 

reservoir must be pressurized to approximately 235 feet 

of head to be compatible with the mainline pressures 

developed after the drop over the ridge above Harmony 

Heights. 

GEOTECHNICAL ANALYSIS 

General Discussion 

The storage reservoir and dam evaluation considered two 

sites, Teeters Ranch and the existing Glomill Reservoir. 

These have been identified in earlier work as the most 

likely sites for a dam and reservoir. 

The evaluation consisted of the following: 

1. Review of past reports, and other existing in

formation, such as USGS surveys, topoqraphic 

maps, and surface soil reports. 
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2. A site reconnaissance visit at each site. Photos 

were taken and a few hand auger holes to shallow 

depth were made. 

3. Layout and evaluation of possible dam configura

tions at each site. For both sites, two cases 

were studied. 

Case 1. Reservoir volume sufficient to 

store the needed irrigation water plus the 

runoff from the design storm. No separate, 

high-volume spillway would be used. 

Case 2. Reservoir volume sufficient to 

store the needed irrigation water, and a 

separate spillway large enough to pass the 

runoff from the design storm. 

There are various combinations of these two 

cases, but these will give a range sufficient 

to define the storage costs. In the preliminary 

design, the proportion of storage to spillway 

capacity can be made more efficient. 

4. Calculation of estimated quantities and costs. 

5. Evaluation of qualitative factors at each site. 

The project proposal had listed a geophysical investigation 

with the field work. After review of the available in

formation (Item 1 above), it was decided the time would 

be more productively spent in added field reconnaissance. 

The geophysical information would not add significantly 

to our understanding unless coupled with a more detailed, 
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costly boring program. Accordingly, the geophysical work 

was not done. 

The first four items of the evaluation are done, and the 

results are included in the cost estimate (Chapter 7) or 

other parts of the report. The fifth item, Evaluation of 

Qualitative Factors, is discussed below for each site. 

Teeters Reservoir Site 

The proposed Teeters Reservoir is to be located on Cherry 

Creek, as depicted on Figure 5-3. A hydrologic study was 

conducted on the Cherry Creek drainage basin above the 

proposed dam site. Using a design storm that is equal to 

one-third of the probable maximum event, which is common 

for low hazard areas, it was determined that Teeters re

quires a capacity of 15,000 acre-feet and a crest elevation 

of 4,530 feet msl. This capacity includes the storage 

required for normal operations plus storage for the design 

storm runoff. A second analysis was conducted to determine 

spillway requirements if the design storm runoff was routed 

through the reservoir. This resulted in a capacity re

quirement of 11,500 acre-feet at a crest elevation of 

4,525 feet msl, and a spillway capacity of 16,000 cfs. 

The Teeters site appears technically feasible as a dam 

location. The chief concerns are for the abutments, em

bankment construction, aggregate materials, and spillway 

location. 

Both of the abutments are on a steep face that has a con

tact between the weathered shale bedrock and the sandstone 

conglomerate. The contact could occur in the embankment 

zone. Should the conglomerate be used as one of the em

bankment materials, seepage and foundation erosion could 
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become a concern. A significant issue in the predesign 

phase is the definition of the contact by borings and 

evaluation of the permeabilities of the units. This in

formation, along with grain-size tests, will determine if 

a problem exists, and the magnitude of any remedial mea

sures required. 

The embankment construction could be affected by the 

quantity and location of borrow. Several borings have 

been made in the reservoir area, but it is not clear 

where the borings were taken. It appears there is enough 

material, although the soil mantle is shallow, and haul 

distances could be up to 1 mile. The soil appeared to be 

dry and may need water to compact at the optimum moisture 

content. Water is not readily available in the Teeters 

area, and hauling costs could be significant unless a 

groundwater source is developed. 

Aggregate needed for dam filters, internal drainage, and 

rip rap does not appear to be available on the site. The 

conglomerate may be suitable to crush and screen, but 

there should be tests to check if the size ranges are 

adequate, if the material is durable, and if there is 

enough available. The surface outcrop of conglomerate 

does not appear to have a lot of rip-rap sized material. 

However, there are riprap sources in the Guernsey

Torrington area. 

The spillway can be located in one of two areas for the 

Case 2 analysis. The first location requires the penetra

tion of the right abutment and would involve substantial 

rock cut, though the materials could possibly be used as 

an aggregate source. The other alternative is to cut 

through the central hill along the dam axis. If this 

hill is bedrock feature, a suitable spillway may be pos-
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sible for a much lower cut volume cost. One of the issues 

to be resolved in predesign is the spillway location and 

foundation materials. 

Glomill Reservoir 

The other water storage alternate is the Glomill 

Reservoir which is an existing reservoir on Box Elder 

Creek. In order to meet the project requirements, the 

reservoir needs to be enlarged. Using the same design 

flood as used in the Teeters analysis, Glomill will 

require a crest elevation of 4,540 feet msl and a 

capacity of 21,500 acre-feet to retain the design runoff. 

If a spillway were to be constructed capable of passing 

the design storm runoff, the reservoir would require a 

capacity of 14,000 acre-feet at a crest elevation of 

4,535 feet msl and a spillway capable of passing 

18,600 cfs. 

The Glomill site also appears technically. feasible as a 

darn location. Areas that will require further investiga

tions include: the east abutment, embankment construction, 

subgrade preparation, and aggregate materials. 

The east abutment is the shale bedrock overlain by a very 

weathered sandstone unit. The contact of the sandstone 

and shale is not clear, and there may be an overlap of 

the embankment with the sandstone. If so, there is a 

potential for seepage and foundation erosion through the 

east abutment. This potential should be addressed in the 

design by borings and permeability tests of two units. 

The embankment construction and subgrade preparation have 

related problems. The site has an existing reservoir and 

borrow material may not be readily available, unless the 
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reservoir is drained. In design, consideration will have 

to be given to the borrow quantity available. If the 

existing reservoir remains, there is an adequate supply 

for compaction water. 

The subgrade at the dam site is at least 15 feet thick at 

one location where a hand auger hole was made. This 

material was a fine sand and was saturated at a shallow 

depth, presumably by the existing reservoir. Excavating 

the cutoff key and preparing the subgrade will be difficult 

with the high water level and sandy soil. The alternatives 

are to keep the reservoir and dewater the key area, or to 

drain the reservoir and hence the source of water. The 

decision will be largely economic and is an issue for 

design. 

Aggregate sources also appear to be minimal at this site. 

The sandstone is very weathered and may not be durable 

enough for aggregate and rip rap. Also, it is a rather 

narrow ridge, and there may not be enough when the fines 

are removed. 

AGRICULTURAL SYSTEMS 

Agricultural systems, as used in this report, are broadly 

defined as the facilities needed to move the water from 

the river pump station to the storage reservoirs and, 

ultimately, to the individual fields to be irrigated. 

This section will discuss the design criteria used to 

determine irrigation requirements and then will discuss 

two closed-delivery alternatives which were analyzed. 
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Design Considerations 

Cropping Pattern 

Based on the SCS (1979)a report for the project area, the 

assumed irrigated land use after the proposed irrigation 

development is: 

Small .grains 10 percent 

Dry beans 16 percent 

Sugar beets 12 percent 

Corn 21 percent 

Alfalfa 41 percent 

This pattern was based upon many factors including soils, 

location, market availability, and the landowners' desires. 

This assumed cropping pattern was used to determine a 

weighted average consumptive use for the project. 

Consumptive Use and Farm Delivery Requirements 

The assumed consumptive use rates and farm delivery re

quirements are given in Table 5-1. The consumptive use 

rates are taken from Wyoming Planning Report No.5, "Con

su~ptive Use of Irrigation Water in Wyoming, July 1970," 
b as reported by HKM (December 1975). The farm delivery 

requirements assumes the cropping pattern indicated in 

the previous paragraph and an on-farm application ef-

a U• S . Soil Conservation Service, December 1979. Corn 

Creek Watershed Preliminary Investigation Report. 

b Hurlbut, Kersech, and McCollough, December 1975. Corn 

Creek 
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Table 5-1 
CONSUMPTIVE USEa AND FARM DELIVERY REQUIREMENTS 

Annual Net Consumptive Use b (in. ) 
Small Dry Sugar 

Grains Beans Beets Corn Alfalfa 

April 0.98 0.00 0.00 0.00 .69 
May 3.09 0.00 0.88 0.54 2.41 
June 3.96 3.28 2.95 2.27 4.16 
July 3.97 5.41 5.56 6.01 6.39 
August 0.00 2.94 4.69 5.70 5.37 
September 0.00 0.00 2.22 3.28 2.78 
October 0.00 0.00 0.34 0.00 1.21 
November 0.00 0.00 0.00 0.00 .05 

12.00 11.63 16.64 17.80 23.06 

aconsumptive use rates taken from Wyoming Planning Report No.5, 
"Consumptive Use of Irrigation Water in Wyoning, July 1970," by HKM 

bConsiders average consumptive use and effective precipitation 

cConsiders 10 percent small grains, 16 percent beans, 12 percent sugar 
beets, 21 percent corn, and 41 percent alfalfa 

dConsiders an on-farm efficiency of 75 percent 

DE/5R 

Weighted 
Average 

Cu.
c 

(in. ) 

0.38 
1.52 
3.46 
5.81 
4.43 
2.10 
0.54 
0.02 

18.26 

Farm d 
Delivery 

Requirement 
ac-in/ac af/ac 

.51 .043 
2.03 .169 
4.61 .384 
7.75 .646 
5.91 .493 
2.80 .233 
0.72 .060 
0.03 .003 

24.35 2.03 



ficiency of 75 percent. This results in an average farm 

delivery requirement of 2.03 acre-feet per acre/year. 

Irrigated Acreage 

There are presently 16,880 acres of land proposed for 

irrigation. These are shown on Figures 5-3 and 5-4. The 

acreages shown reflect the elimination of 2,080 acres 

originally proposed for irrigation and included on the 

May 1, 1980, Court Petition for the irrigation district. 

These 2,080 acres had severe limitations of slopes, eroded 

areas, and rock outcrops. 

Preliminary estimates indicate that approximately 

15,200 acres can be irrigated with a water supply of 

32,600 acre-feet. The acreage will vary ±300 acres depend

ing on the particular reservoir chosen and assumptions 

made concerning reservoir seepage and surface evaporation. 

As discussed earlier, more detailed geotechnical borings 

are needed to make accurate reservoir seepage estimates. 

Not all irrigators will irrigate the full 160 acres of 

each quarter section of land. The average center pivot 

system with end guns and no special corner system will 

irrigate approximately 130 acres of each 160 acres of 

land. The exact number of center pivot and wheel-move 

systems has not been 

Sprinkler Irrigation Project--Loan Application Report. 

determined since the type of system to be used is a land

owner determination. Based only on land ownership and 

parcel size, there are 97 parcels of 160 acres which could 

accommodate center pivot systems and at least 34 parcels 

which would accommodate 40-acre side roll, wheel-move 

systems. The above numbers do not include a determina-
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tion of physical constraints (i.e., rock outcrops, gullies, 

blowouts, etc.) and irrigation preferences. The exact 

number and type of irrigation systems will be determined 

in the predesign phase. 

Irrigation Application Rates 

For preliminary planning purposes, an irrigation system 

capacity of 7 gpm per acre was used for fine sandy loam 

or heavier soils. This includes all soils with an avail

able water-holding capacity (AWHC) greater than 

1.6 inches per foot of soil. Land parcels with an AWHC 

less than 1.0 inches per foot of soil were assumed to 

require a design capacity of 9 gpm per acre. 

Seven and 9 gpm per acre application rates is equivalent 

to 0.28 and 0.36 inch-per-day at a 75 percent application 

efficiency. The peak-design consumptive use rate as recom

mended by the Wyoming Irrigation Guide for a 2-inch-net 

irrigation applications are: 

Alfalfa 0.31 inch/day 

Sugar beets 0.31 inch/day 

Corn 0.27 inch/day 

Grain 0.27 inch/day 

Grass 0.25 inch/day 

The 7 and 9 gpm per acre application rates will suffi

ciently meet the recommended peak-design requirements. 

Individual irrigators may elect to use smaller or larger 

capacity units depending on personal preferences and fi

nancial risk analysis. The weighted average peak consump

tive use (considering the cropping pattern given earlier 

in this chapter) is 0.28 inch/ day. This is equivalent 

to a design capacity of 7 gpm/acre. 
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For the pipeline design capacity determination, 1,520 acres 

were assigned a design flow rate of 9 gpm per acre. The 

vast majority of the land (15,360 acres) were assigned a 

design flow rate of 7 gpm/acre. 

Irrigation Pressure Requirements 

After pumping the water over Harmony Heights, there is 

adequate pressure available to supply the center pivot 

systems. It was stipulated by the District that the mini

mum acceptable pressure would be that required to operate 

a low-pressure (15 psig) spray nozzle center pivot sys

tem. This requires a minimum center pivot turnout pres

sure of 40 psi. Due to elevation changes within a pivot 

circle, this may be increased up to an additional 17 psi 

on some circles. Within practical limits, the pipelines 

were sized to meet the minimum pressure requirements of 

the center pivots. 

On the 40- or BO-acre land parcels where side roll, wheel

move systems would probably be used, a minimum of 45 psi 

design pressure was used at each turnout. 

Water Distribution Alternatives 

A closed pipe distribution system was selected by the 

Corn Creek Irrigation District as the preferred system 

for this study. The distinct advantages of the closed 

pipeline system over an open canal system are: 

o The head developed when dropping into Goshen 

Hole can be utilized by the sprinkler systems. 

This saves approximately 6,300,000 kWH per season 

of energy required to pressurize the system. 
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o Seepage, evaporation, and operational convey

ance losses are virtually eliminated. 

o Operation and maintenance costs are considerably 

reduced. 

o Wintertime operation is facilitated. 

o The system can be operated on a "demand" basis 

eliminating the need for ditch riders. 

The major disadvantage is the higher initial cost. 

In this study, two basic water distribution alternatives 

were considered using Teeters Reservoir and Glomill Reser

voir. The location of the reservoirs and the associated 

pipe distribution systems are shown on Figures 5-3 and 

5-4. Table 5-2 gives the lengths of the various sizes of 

pipes that are required for each alternative. 

Teeters Reservoir 

Teeters Reservoir is located to the northwest of the pri-

mary irrigated area. 

shown on Figure 5-3. 

The pipeline distribution system is 

Table 5-2 gives the lengths of the 

various sizes of pipes that are required. 

Glomill Reservoir 

Glomill Reservoir is located at the extreme southern end 

of the project area. The pipeline distribution system is 

shown on Figure 5-4. Table 5-2 gives the lengths of the 

various sizes of pipes that are required. Although this 
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Table 5-2 
PIPE SIZES 

Pipe 
Size Glomill Teeters 

(inches) (feet) (feet) 

68 12,200 
62 9,200 
60 16,300 5,900 
58 1,300 
54 19,800 
48 37,800 37,800 
46 2,600 
44 2,600 
42 23,000 25,400 
40 1,300 
38 18,500 10,600 
36 34,300 7,900 
34 22,400 5,300 
32 7,900 22,400 
30 11,700 11,900 
28 9,800 7,900 
26 9,800 21,700 
24 9,000 7,700 
22 4,500 7,900 
20 13,000 18,600 
18 16,400 17,700 
16 24,900 17,200 
14 44,700 38,000 
12 20,100 28,600 
10 81,900 70,300 

8 7,100 5,800 

418,300 412,400 

79.2 miles 78.1 miles 

DE/5R 
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system requires over a mile of extra pipe, the total esti

mated pipe cost is less than that of the Teeters alterna

tive. Being that the reservoir is located on the 

opposite end of the system as that of the river pumping 

plant, the main stem and some of the lateral pipelines 

require a smaller diameter pipe. During periods of peak 

flow, the water is supplied from two directions. The 

lateral pipes, in some cases, are also smaller due to 

better hydraulic efficiency of the Glomill alternative. 

System Pump Stations 

The reservoir pump station would consist of a total of 

approximately 5,600 horsepower with a peak capacity of 

120 cfs at 235 feet of head. The operating flows may 

vary from 0 to 120 cfs. Operating heads also vary and 

range from 60 to 235 feet. (The exact variation depends 

on the reservoir site and other operating constraints 

which are not defined at this time.) Therefore, it is 

quite likely that the reservoir pumps will consist of a 

series of variable-speed units. 

The system can be designed such that the reservoir pumps 

are flow- and pressure-activated and will only operate 

when needed to augment the flow from the river pumping 

station (during June, July, and August). During periods 

of low-irrigation demand, all flows pumped from the river 

in excess of that required for the irrigation system will 

be stored in the reservoir. 

Booster pumps are not required in the system except for 

seven on-farm booster pumps which are required for some 

land parcels located at high elevations in the system. 

(See Figures 5-3 and 5-4.) It is possible that these 
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highlands might be exchanged for lower-lying lands and, 

thereby, avoid the need for on-farm booster pumps. 

Reservoir Operation 

The reservoirs are sized to be essentially filled and 

emptied each year with no carryover capacity. The Teeters 

site has potential for extra capacity if this is deemed 

desirable in final design. The reservoir will be near 

capacity in June before the start of the peak-irrigation 

demands and at their lowest level in October when they 

will again start to be filled. 

POWER REQUIREMENTS 

The project as contemplated has power requirements at 

three sources; river pump station, reservoir pump station, 

and at the on-farm systems. This section will define 

each need and give a description of the proposed facili

ties. 

The major demand points are located at the river pump 

station and at the reservoir pump station. The river 

pump station will require approximately 27 million kilowatt 

hours per year and the reservoir pump station will require 

approximately 2 million kilowatt hours per year to operate 

the series of pumps. These are substantial loads and the 

local power supplier (Wyrulec Company) does not have the 

facilities available at the projected load points. How

ever, the Western Area Power Administration (WAPA) has 

two 115 kV lines that traverse the northeast corner of 

the project area. After discussions with the Wyrulec, it 

appears that a tap on one of the WAPA lines will be the 

proposed power source for the Corn Creek project. The 

facilities required to develop this power source is a 
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115/34.5 kV substation at the tap point, a 34.5/2300 V 

substation at the river pump station, a 34.5/2300 V substa

tion at the reservoir pump station, and a 34.5 kV transmis

sion line that will extend from the tap point substation 

to the other two substations. The length of line required 

is approximately 5 miles to the river pump station and 

approximately 16 miles to the Glomill substation or ap

proximately 4 miles to the Teeters substation, depending 

on the alternative selected. 

The construction of these substations and the 

transmission lines will be the responsibility of the Corn 

Creek Irrigation District. As far as ownership, the 

District has the option of selling the facilities to the 

Wyrulec in the form of a credit on their electric bill, 

or the District can retain ownership and develop a 

maintenance agreement with the Wyrulec. 

A design consideration which should be evaluated in depth 

is the potential for hydropower generation at the reservoir 

pump station. There are several months during the winter 

when water is being stored that presents the potential 

for hydropower generation. Rather than installing a gen

erator, the pumps will be operated in reverse to generate 

power. The only significant capital cost that will be 

required is the cost of the automatic synchronizing equip

ment at the 115/34.5 kV substation which is approximately 

$100,000. The estimated energy that can be generated is 

1.7 million kilowatt hours at Teeters or 980,000 kilowatt 

hours at Glomill. The power generation is made available 

by the change in elevation from Harmony Heights to the 

reservoirs. The river pump station lifts the water to 

Harmony Heights and then the water drops into the respec

tive reservoirs by gravity. 
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The power requirements for the on-farm systems can be 

highly varied and almost totally dependent on the land

owners preference. One option investigated is the use of 

electric power through Wyrulec. This would require an 

electrical distribution system to be constructed to all 

of the service points. There will be enough installed 

capacity at the reservoir substations to allow for a dis

tribution system service point. As stated earlier, the 

District or the landowners will ultimately be responsible 

for the cost of these distribution lines. The estimated 

line requirements is a total of 75 miles to serve each of 

the 117 service points, and would cost approximately 

$13,500 per mile or $1,013,000. Wyrulec allows a credit 

of $7,699 per service point, so if the District applied 

for the lines for the entire District, the credit would 

amount to $900,800 resulting in an estimated net cost of 

$112,200. 

The irrigation system will be designed to supply a minimum 

pressure of 40 psi at each service point. Due to the 

relief in the area there exists various points throughout 

the system where excess pressures exist. In these areas, 

the landowner could install a small generator that would 

use some of this excess pressure (30 to 40 psi) and pro

vide adequate power for the on-farm systems. Other al

ternatives include diesel generators, small gasoline motors 

on side roll systems, or a combination of several alterna

tives. These alternatives are discussed in greater detail 

in Chapter 6, ON-FARM SYSTEMS. 

PREFERRED PROJECT ALTERNATE AND CONFIGURATION 

Based on the system costs and the results of meetings 

held with the Wyoming Water Development Commission staff 

5-25 



and the Cork Creek Irrigation District, the following is 

the preferred system configuration. 

o The water diversion system will be the diversion 

dam on the North Platte River just below the 

confluence with the Laramie River. 

o Two pump stations will be required. The river 

pump station will lift river diversions over 

Harmony Heights. The reservoir pump stations 

will lift water from Teeters Reservoir to the 

required pressure in the main distribution 

line. During the winter months, the reservoir 

pumps will be operated in reverse thereby 

generating hydroelectric energy. 

DE/5R 

o Teeters Reservoir with a spillway capable of 

passing the design storm will be the preferred 

storage alternative. 

o The water distribution system will be the system 

depicted on Figure 5.3. 
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•• Chapter 6 

•• ON-FARM SYSTEMS 

INTRODUCTION 

The on-farm systems as discussed here are composed of the 

individual irrigator-operated facilities. These would be 

composed of the turnout structure and the irrigation 

machine for each field. Two typical irrigation machines 

will be discussed in this report: Center pivot systems 

and side roll wheel move systems. There are several 

methods and combination of systems possible. The following 

discussion will outline the typical systems "preferred" 

at this time, but it is subject to change in final design 

when more input is obtained from the interested farm 

operators. The systems discussed will be used to provide 

cost estimates for the economic analysis section. 

TURNOUT STRUCTURES 

The turnout structures are located along the distribution 

pipe system where water is metered and may be taken out 

for use on individual fields. The locations of the 

turnout would generally be at the center pivot points of 

most 160-acre parcels and at one corner of 40-acre 

parcels for the distribution pipe system shown previously 

in Chapter 5, (see Figures 5-3 and 5-4). In some instances 

the turnout could be located on the edge of a 160-acre 

parcel if desired. 

A typical turnout structure design is shown on Figure 6-1. 

Many variations are possible depending on needs and 

desires of the irrigation district. 
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The butterfly valve is an isolation valve which will 

normally be open except for system repair and during the 

off season. It may either be placed above ground as 

shown for minimal cost and ease of replacement and/or 

repair or it may be placed below grade (perhaps in a 

manhole) for freeze protection. The particular operation 

and maintenance (O&M) procedures of the irrigation 

district will dictate the best location. 

The flow meter is a must for a demand-type irrigation 

system. It should have both a flow indicator and a 

totalizer. These can be used by both the irrigation 

district for water assessment and control purposes, and 

by the irrigator for crop management and irrigation 

scheduling. 

The pressure control valve is also required for the 

irrigation piping and distribution system described in 

Chapter 5. Individual turnouts will be subject to a wide 

variation in pressures as irrigation demands change 

during the irrigation season. The pressures at extreme 

points on the laterals may vary from 65 to 90 pounds per 

square inch (psi). The pressure control valve will allow 

for a constant pressure to the irrigation machines. This 

is essential for uniform water application rates. 

The pressure gauges are required for monitoring system 

operations. The air-vacuum relief valves are required at 

all high points in the system for surge control and 

satisfactory operation of the system. The fertilizer 

injection point is an inexpensive option which will 

enable fertilizer to be applied through the irrigation 

water if desired by individual irrigators. 
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CENTER PIVOT SYSTEMS 

The predominant irrigation machine for the 160-acre land 

parcels will likely be the center pivot irrigator. They 

are proven, economical machines for a variety of field 

conditions. Continuous-move linear irrigators may be 

used in some cases, but they are more expensive. 

The power units for center pivots are commonly electric 

or hydraulic oil drive units. The electric motor or 

hydraulic oil drive units require 480-V, 3-phase electric 

power. They are generally very economical and reliable. 

A small generator or in-line turbine generator can be 

used if electric power is otherwise not available or 

where excess pressures are available. The electric or 

oil hydraulic pivot may be used with pivot pressures 

varying from 40 to 75 psi depending on the sprinkler 

package selected. Hydraulic water drive units are no 

longer sold by the major pivot manufacturers, unless a 

large order is placed. Since this report does not deal 

with owner preferences we assumed that these systems were 

not available. 

The piping distribution system discussed in Chapter 5 has 

been sized for the maximum practical utilization of the 

pressure energy generated by pumping over Harmony Heights. 

Pipes have been sized to provide minimum required pressures 

for spray nozzle systems to the pivots at the higher ele

vations on the end of lateral pipe systems. Other pivots 

closer to the mainline and at lower elevations will have 

greater than minimum required pressure available to them. 

Table 6-1 indicates the number of pivots within five 

pressure class ranges. Seven pivots located at the 

higher elevations (see Figures 5-3 and 5-4) will require 

on-farm booster pumps to supply minimum pressures. These 
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Alternative Piping 
System With: 

Teeters Reservoir 

Glomill Reservoir 

Table 6-1 
NUMBER OF CENTER PIVOT SYSTE~ WITH 

EXCESS NOZZLE PRESSURE 

No Excess 
Pressure, Booster 

Pump Required 

7 

7 

6-4 
psi 

9 

2 

Excess Pressure 
5-19 20-35 35+ 
psi psi psi 

21 

9 

25 

10 

35 

69 

Total 

97 

97 

aBased on pipe sizing given in Chapter 5 at 90 percent of peak design flow for all irrigation 
systems operating. Minimum acceptable nozzle pressure assumed to be 15 psi. 
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lands are at too high in elevation to utilize only the 

pressure head of the lateral pipes. They will require 

additional on-farm booster pumps. The Teeters 

Alternative allows for 84 percent of the pivots with 

5 psi or greater excess pressure above that required for 

a spray nozzle system (IS-psi nozzle pressure). The 

Glomill Alternative allowed for 91 percent of pivots with 

5 psi or greater excess pressure. This excess pressure 

can be used beneficially to add flexibility to the 

selection of center pivot systems as will be discussed in 

succeeding sections on sprinkler package selection, and 

in-line turbine generators. 

Sprinkler Package Selection 

Four common types of sprinklers are used with center 

pivot machines: 

o Standard center pivot pressures 60 to 85 psi, 

minimum nozzle pressure 40 psi. 

o Medium pressure--center pivot pressures 50 to 

55 psi, minimum nozzle pressure 30 psi. 

o Low pressure-low angle--center pivot pressures 

40 to 50 psi, minimum nozzle pressure 20 psi. 

o Spray nozzle--center pivot pressures 35 to 

40 psi, minimum nozzle pressure 15 psi. (Note 

that topography changes within a pivot circle 

will increase the required pivot pressures 

given above.) 

Table 6-2 summarizes the advantages of each. Low pressure 

spray nozzles or low pressure-low angle sprinklers have 
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Table 6-2 
CENTER PIVOT WATER DISTRIBUTION PACKAGE APPLICATION INFORMATION 

MINIMUM 
DISTANCE OF RELATIVE RELATIVE SUITABLE 

SPRINKLER NOMINAL COVERAGE END PRESSURE* DROPLET SOIL WIND RUNOFF 
TYPE SPACING (ACRES) (psi) SIZE TYPE EFFECTS EVAPORATION POTENTIAL 

HIGH PRESSURE 40' 140 - 160 45 LARGE CLAYS, SILTS, MED/HIGH MED/HIGH LOW 
(STANDARD) AND SANDS 

MEDIUM PRESSURE 33', 35' 90 - 100 35 - 40 MEDIUM CLAYS, SILTS, MED/HIGH MED MED 
16' , 8' AND SANDS 
(Variable 
Spacing) 

LOW PRESSURE 25', 16' 60 - 80 20 LARGE SILTS AND SANDS LOW/MED LOW MED 
8' 60 - 80 HIGH 

(Variable 
Spacing) 

SPRAY NOZZLES 8' 30 - 40 15 SMALL SANDS LOW LOW HIGH 
3600 

1800 8' 15 - 20 15 SMALL SANDS LOW LOW HIGH 

~ *Minimum pressure selected for a particular situation should take maximum field elevation, sprinkler/end gun nozzle sizes, and soH/crop 
I conditions into account • 

....J 
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the advantages in that they require less center pivot 

pressure, but on soils with a high water runoff potential 

uneven crop yields will result. Conversely, the higher 

pressure sprinklers have less runoff problems but require 

greater pressures and have greater problems with wind. 

Studies have shown that on medium-to-heavy textured soils 

lower field wide yields can be expected with the low 

pressure spray nozzle systems because of uneven water 

application due to runoff problems. Spray booms and 

other devices may help minimize the problem, but as 

Table 6-1 indicates most pivots may also have the option 

of using higher pressure sprinkler packages with no 

increase in pumping cost. In final design, the minimum 

pressure available to each pivot will be identified so 

that maximum flexibility in pivot selection can be 

exercised by the irrigators. 

Electric Power 

The present electric utility system is not capable of 

supplying power to the 97 proposed center pivot systems. 

One option is to develop an electric utility system with 

greater capacity. This option is discussed in Chapter 5 

of this report. Another option is to use either small 

diesel generators (i.e., 20 HP) or small in-line turbine 

generators. 

Most major center pivot manufacturers sell small diesel 

generator units which can be used with their electric or 

hydraulic drive pivot units. The units commonly use 

16 to 23 HP diesel motors with generators of 10 to 12 kW 

capacity. They cost approximately $8,000 with an estimated 

fuel consumption of approximately 1 gallon per hour. 

Annual fuel cost could average $1,900 (assumes 1,575 hours 
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operation per irrigation season, and fuel costs of 

$1.20 per gallon). 

Another electric power option available within the Corn 

Creek Project is the use of small in-line turbine 

generator units. These units take advantage of excess 

pressure head available at center pivot points and use 

the energy to generate electric power to drive the center 

pivot irrigators. A typical unit with an output of 10 kW 

(adequate to drive most center pivot irrigators) requires 

a flow rate of 860 gallons per minute (gpm) and a pressure 

drop of 37 psi. As the available flow rate increases, 

the required pressure drop decreases. A 1,080-gprn unit 

requires only 32 psi pressure drop. These units are 

commercially available for approximately $8,500.00. For 

areas where power is not available or very expensive 

these offer the advantage of no annual fuel cost and a 

minimal maintenance cost. Table 6-1 indicates that 35 of 

the 97 proposed pivots in the Teeters Alternate, and 

69 of the 97 proposed pivots in the Glomill Alternate may 

be able to potentially use an in-line turbine generator. 

SIDE ROLL WHEEL MOVE SYSTEMS 

On the smaller 40-acre land parcels or irregular parcels 

it was assumed that side roll wheel move systems would be 

primarily used. Though these systems require more labor 

than center pivots systems they are considerably more 

economical for 40-acre parcels and are commonly used by 

irrigators in the neighboring region. Center pivot and 

side roll wheel move systems are approximately equal in 

cost per acre for 160-acre fields. Cost figures are 

contained in Chapter 7 of this report. The side roll 

sprinkler cannot be used on as steep a terrain (perhaps 

up to 5 percent slope) as center pivots irrigators. The 
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minimum required pressure at the inlet end is approximately 

40 to 45 psi. There are thirty-four 40-acre parcels 

presently identified for side-roll wheel move systems. 

This may change as individual irrigator preferences 

become identified and field limitations such as slope, 

location of rock outcrops, etc., are elevated further. 

The exact number will be quantified in final design. 

SUMMARY 

The on-farm systems will be comprised of turnout struc

tures, and center pivot or side roll wheel move systems. 

The turnout structure will consist of a butterfly valve, 

flow meter, pressure control valve, pressure gauges, 

air-vacuum relief valves and a fertilizer injection 

point. For this investigation, there have been assumed 

to be 97 center pivot units and 34 side roll wheel move 

sprinkler units. Many of the presently identified center 

pivot systems have options for use of higher pressure 

sprinkler packages other than spray nozzles or in-line 

turbine generators. 

DE/3R 
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•• •• 
Chapter 7 

COST ESTIMATES 

INTRODUCTION 

This chapter presents the capital costs associated with 

each of the project components described in Chapters 5 

and 6. In some cases, a particular project component 

(i.e., storage reservoir) may have several alternatives 

(i.e., Teeters versus Glomill, with or without spillway). 

The alternatives will be compared and only the most eco

nomical development plan for each reservoir will be select

ed for further economic analysis in Chapter 8. It should 

be noted that the costs presented here do not include 

allowances for engineering, move-in, bond, insurance, and 

contingencies. These are included in the economic analysis 

of Chapter 8. 

COST ESTIMATES 

Table 7-1 presents a breakdown of the estimated costs for 

each of the components of the project. Table 7-2 depicts 

a summary of the component costs for the preferred Teeters 

alternative. 

Table 7-3 presents the estimated on-farm costs for the 

irrigation system which will be purchased by individual 

irrigators. These costs are included in the farm budgets 

in Chapter 8. 

DE/3R 
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Table 7-1 
CAPITAL COST ESTIMATES OF PROJECT COMPONENTS a 

System Component 

Water Supply 

Infiltration Gallery Alternate 
Earthwork (approximately 2,200 cy dredging, 

and 3,500 cy trench excavation) 
36-inch galvanized screen (1,125 feet) 
48-inch-intake pipe (800 feet) 
Miscellaneous mechanical pipe and fittings 

TOTAL 

Diversion Dam Alternate 
Ogee structure (310 cy of mass concrete) 
Steel piles (885 feet) 
Two 4 feet x 4 feet slide gates 

(manual operation) 
Overflow embankment (100 cy of rip-rap) 
Inlet channel (150 cy of concrete, 1,000 cy 

of structural excavation) 
Protecting levee (16,500 cy of embankment, 

TOTAL 

River Pump Station 
Pumps and motors (assume constant speed, 

6,200 hp) 
Pump station structural, surge controt 

system, mechanical piping, etc. 
Electrical and controls 

TOTAL 

Reservoir Pump Station 
(either Teeters or Glomill Sites) 
Pumps and motors (assume variable speed, 

5,600 hp) 
Pump station structural, mechanical piping 
Electrical and control 

TOTAL 

7-2 

$ 

$ 

$ 

Estim~ed 
Cost 

60,000 

250,000 
100,000 

50,000 

460,000 

45,000 
18,000 
20,000 

2,000 
50,000 

85,000 

$ 220,000 

1,100,000 

1,200,000 

700,000 

$3,000,000 

$ 440,000 

885,000 
895,000 

$2,220,000 



Table 7-1 (continued) 

Reservoir 

System Component 

Reservoir Alternatives 

Teeters Reservoir Alternate 

Clearing grubbing and stripping (60 acres) 

Embankment 
Dam crest at elev. 4,530, 927,000 cy 
Dam crest at elev. 4,520, 777,000 cy 

Spillway excavation (210,000 cy excavation) 
(assume material can be used for 
embankment, costs shown are only incre
mental cost of excavation) 

Internal Drainage (sand and gravel chimney 
drain) 
Dam crest at elev. 4,530,21,300 cy sand 

and gravel 
Dam crest at elev. 4,520, 18,200 cy 

sand and gravel 5,100 feet, 6-inch 
collector pipe 

Rip-Rap Dam Face (36,000 cy) 
Dam crest at elev. 4,530, 37,500 cy 
Dam crest at elev. 4,520, 35,900 cy 

Outlet works. (Slide gate with 260 feet 
of 60-inch diameter pipe) 

Land purchase (1,200 acres) 

TOTAL 

Glomill Reservoir Alternate 

Clearing grubbing and stripping (50 acres) 
Embankment 

Dam crest at elev. 4,500 (1,220,000 cy) 
Dam crest at elev. 4,535 (938,000 cy) 

Spillway stabilization (natural spillways 
are present) 

Internal Drainage (sand and gravel chimney 
drain) 

Dam crest at elev. 4,540 (37,500 cy of 
sand and gravel and 5,000 feet of 6 inch 
collector pipe 

Dam crest at elev. 4,535 (33,900 cy of 
sand and gravel and 4,700 feet of 6 inch 
collector pipe 

Rip-Rap Dam Face 
Dam crest at elev. 4,540 (48,900 cy) 
Dam crest at elev. 4,535 (39,100 cy) 

Outlet works (slide gate with 260 feet 
6 inch diameter pipe) 

Land costs (1,560 acres 
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of 

without 
Spillway 

$ 60,000 

2,780,000 

460,000 

940,000 

60,000 
300,000 

$4,600,000 

$ 50,000 

3,620,000 

780,000 

1,220,000 

60,000 
470,000 

$6,200,000 

With 
Spillway 

$ 60,000 

2,280,000 

210,000 

390,000 

900,000 

60,000 
300,000 

$4,200,000 

$ 50,000 

2,770,000 

60,000 

710,000 

980,000 

60,000 
470,000 

$5,100,000 



Table 7-1 (continued) 

System Component 

Pipe Distribution System 

Teeters Reservoir Alternate 
78.1 miles of pipeline 
50 miles of easements 

TOTAL 

Glomill Reservoir Alternate 
79.2 miles of pipeline 
50 miles of easements 

TOTAL 

Turnout structures (112 structures) 

Surface Drainage System 
Open drains (29 miles, 326,000 cy) 
Closed drains (3 miles) 
Easements (32 miles) 

TOTAL 

Electrical Power System for River and 
Reservoir Pumps 

Teeters Alternate 
Electrical substations 
Transmission lines (9 miles) 

TOTAL 

Glomill Alternate 
Electrical substations 
Transmission lines (21 miles) 

TOTAL 

Estimated 
Cost 

$20,700,000 
400,000 

$21,100,000 

$20,100,000 
400,000 

$20,500,000 

$ 1,300,000 

$ 830,000 
90,000 

480,000 

$ 1,400,000 

$ 1,240,000 
260,000 

$ 1,500,000 

$ 1,240,000 
460,000 

$ 1,700,000 

a"The cost estimates shown have been prepared for guidance in project 
evaluation and implementation from the information available at the 
time of the estimate. The final costs of the project will depend on 
actual labor and material costs, competitive market conditions, final 
project scope, implementation schedule, and other variable factors. 
As a result, the final project costs will vary from the estimates pre
sented herein. 

bcosts estimates are based on January 1983 estimates, and do 
not include costs for engineering, move-in, bond, insurance 
and contingencies. 
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Table 7-2 
SUMMARY OF CAPITAL COST FOR THE PREFERRED ALTERNATIVE 

Cost Item 

Diversion dam 
River pump station 
Reservoir pump station 
Reservoir with spillway 
Pipe distribution system 
Turnouts 
Drainage 
Electrical system 
Hydroelectric controls 
Electrical system for pivots 
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Teeters Reservoir 

$ 220,000 
3,000,000 
2,220,000 
4,200,000 

21,100,000 
1,300,000 
1,400,000 
1,500,000 

100,000 
100,000 

$35,140,000 



Table 7-3 
IRRIGATION SYSTEM CAPITAL COSTS 

Cost Item 

Center pivot irrigators (estimated 97 required) 
Side roll wheel move irrigators (40 acre units) 

TOTAL 

Average sprinkler cost per acre 

DE/3R 
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Estimated 
Cost 

$3,200,000 
240,000 

$3,440,000 

$226 
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Chapter 8 

ECONOMIC ANALYSIS 

INTRODUCTION 

A preliminary economic analysis has been performed to 

determine if the proposed irrigation project is economical

ly feasible, i.e., do benefits associated with the project 

exceed costs. In the economic analysis, project benefits 

and costs are measured both from the viewpoint of society 

as a whole, in this case the State of Wyoming, and from 

the viewpoint of the project beneficiaries, the Corn Creek 

Irrigation District. This test of feasibility is appropri

ate when grants, loans, or expenditures from public funds 

are being considered to finance or operate a project. 

Since the projected cost for each alternative described 

in Chapter 7 varied only by 2 to 3 percent, a detailed 

economic analysis was made for only for the preferred 

Teeters alternate, and the recommended project configura

tion. 

METHODOLOGY 

Net benefits were derived by evaluating the difference in 

benefits between the with-project and without-project 

conditions. Starting with conditions that currently exist 

in the planning area, projections of the future with and 

without the project were made to identify net project 

costs and benefits. 

All cost figures used in the analysis reflect the current 

market value of the goods or services represented. It 

was assumed that the relative price relationships will 
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generally hold for the future; therefore, the analysis 

was made in constant dollars (with no price escalation). 

The District has a very favorable contract with Basin 

Electric for electrical power which will minimize rapid 

increases in energy costs. The project was evaluated 

over a 50-year period. Future benefits and costs were 

discounted at an annual rate of 7-7/8 percent, the current 

Federal discount rate. In addition, supplementary analyses 

at 2 percent and 6 percent were also performed. 

PROJECT COSTS 

Project costs are divided into three categories. The 

first category reflects the estimated total investment or 

capital costs of the project. The second category in

cludes the estimated costs of operating and maintaining 

the system. The third category includes the indirect or 

induced costs of the project. 

Investment Costs 

Total investment (capital) costs include initial construc

tion costs for the reservoir, pump stations, and distribu

tion systems plus any replacement costs which can be 

expected during the life of the project. The development 

of capital costs was described in Chapter 7. A IS-percent 

allowance for contingencies was added plus $750,000 for 

project design, plus an estimated $1.1 million for engi

neering costs related to construction. Estimated compo

nent lives were assumed to be 50 years with the exception 

of pumps, which have an assumed 25-year life. Therefore, 

pumps would have to be replaced once during the 50-year 

study period, 25 years after the initial installation. 

8-2 



Operation and Maintenance Expenses 

Operating Expenses 

Operating expenses for the project consist of energy 

(electricity) costs of operating both the reservoir and 

river pump stations, costs associated with obtaining water 

from the Glendo Reservoir, and general operation and main

tenance costs. Current electricity charges for the project 

location were obtained from the Wyrulec Company in Lingle, 

Wyoming, the utility serving Goshen County. Wyrulec clas

sified its electricity charges for the project in the 

following manner: 

Cost for pumping up to 16 off-peak hours per day, at 

the river pumps only, = $.015/kwh (special rate pro

vided by Basin Electric) 

Cost for pumping in excess of 16 hours per day, at 

the river pumps only, = $.043/kwh (special rate pro

vided by Basin Electric) 

Average cost for pumping at reservoir (assuming 

100-percent load factor when pumping) = $.033/kwh 

plus $54.02 per month in customer charges, the rate 

Wyrulec charges large irrigation users 

Assuming 24-hour-per-day pumping at the river station, 

with a net 70-percent efficiency, the costs for pumping 

at the river were calculated and are presented in Ta

ble 8-1. 

Electricity costs for pumping at the reservoir were also 

calculated using Wyrulec's large irrigation rate of 

$.033 per kWh plus a $54.02 monthly customer charge. The 
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Table 8-1 
CALCULATION OF RIVER PUMP STATION ELECTRICITY COSTS 

Cost For 
Flow Head 16 hours (@ 
(cfs) Hours (feet) kWh $.015/kWh) 

May through September 75 3,672 577 19,323,000 $ 193,000 
(153 days) 

October through March 31 2,912 530 5,818,000 87,000 
(182 days) 

April (30 days) 42 720 511 1,879,000 19,000 

TOTAL 27,020,000 $ 299,000 

Table 8-2 
CALCULATION OF RESERVOIR PUMP STATION ELECTRICITY COSTS 

Volume Hours Head 
(acre-feet) Per Day (feet) kWh 

June 1,810 24 235 280,000 

July 3,200 24 235 1,106,000 

August 1,750 24 235 605,000 

Subtotal 1,991,000 

Plus Customer Charges = $54.02 per month x 12 months 

Subtotal 

Revenues from Hydropower Generation 

TOTAL 

DE/8R 

Cost For 
8 hours (@ 
$.043/kWh) Total Cost 

$ 277,000 $ 470,000 

87,000 

27,000 46,000 

$ 304,000 $ 603,000 

Cost (@ 
$.033/kWh) 

$ 9,000 

36,000 

20,000 

$ 65,000 

1,000 

$ 66,000 

$56,000 

$10,000 



results are presented in Table 8-2. These costs are 

largely offset by the revenues derived from hydropower 

generated during the winter months. 

From Tables 8-1 and 8-2, total annual electricity costs 

equal approximately $613,000. 

The cost of purchasing approximately 10,100 acre-feet of 

water per year from Glendo Reservoir were estimated based 

on a cost of $3.00 per acre-foot. The annual costs asso

ciated with purchasing Glendo water are roughly $23,000 

which is based on an average delivery of 7,600 acre-feet/ 

year over the project life. 

Operation and Maintenance Expenses 

Costs associated with operating and maintaining system 

components were estimated and are shown in Table 8-3. 

Pipeline 

Pump Stations 

Reservoir 

Table 8-3 

MAINTENANCE EXPENSES 

Drainage System 

District Manager 

Secretary/Office supplies 

TOTAL 

8-5 

Annual 

Cost 

$10,000 

20,000 

10,000 

4,000 

30,000 

15,000 

$89,000 



Other Costs 

The District currently receives income as a result of a 

loan to Basin Electric. The District receives 1-1/2 per

cent per year times the unpaid balance, an amount that 

decreases from about $90,000 per year initially to zero 

at the end of the payout period. This amount equates to 

an average annual income of $65,000 to the District and 

can be used to offset operational costs. 

Total Annual Costs 

Annual costs for operating and maintaining the irrigation 

system are as tabulated in Table 8-4: 

Table 8-4 

SUMMARY OF OPERATIONAL COSTS 

Energy Costs 

Water Purchases 

o & M 

Income from Basin Electric 

TOTAL 

Indirect Costs 

$613,000 

23,000 

89,000 

-65,000 

$660,000 

Indirect costs appear to be minimal for this project. 

Possible indirect costs include impacts on custom operators 

dealing with wheat production, construction impacts, or a 

less efficient milling operation due to reduced supplies 

of dry land wheat. 
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PROJECT BENEFITS 

Benefits from the proposed project accrue from the increase 

in goods and services resulting from: (1) intensified 

agricultural production, (2) the more efficient use of 

resources because of intensification, (3) indirect and 

induced impacts from the intensification and project con

struction, and (4) impacts on recreation, fish and wild

life, and flood control. These benefits are more fully 

explained below. 

Agricultural Benefits 

Agricultural benefits were derived by evaluating the dif

ference in net annual income under dryland farm and irri

gated farm conditions. Partial farm budgeting techniques 

were used to calculate this difference. Partial budgeting 

is a form of marginal analysis that compares new costs 

and revenues foregone with costs saved and new revenues 

generated by changing the cropping pattern. 

Principal components of the farm budgeting analysis for 

both with and without project conditions are: (1) gross 

farm income, (2) farm production expenses, and (3) net 

farm income. These components are utilized to compute 

total direct and indirect farm benefits. 

Gross Farm Income 

Gross farm income is calculated by mUltiplying expected 

yields for each crop, the anticipated price of the com

modity, and the acreage of each crop. The resulting re

turns are then summed for each crop to compute gross farm 

income with and without the project. 
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Anticipated yields and prices for the selected crops were 

based on information obtained from the Wyoming Crop and 

Livestock Reporting Service, the USDA Soil Conservation 

Service, University of Wyoming Agricultural Extension 

Service, and yields and prices reported to the U.S. Bureau 

of Reclamation for similar areas. 

The yields, prices, and cropping pattern used in the analy

sis are shown below in Table 8-5. 

Table 8-5 
FARM INCOME ASSUMPTIONS 

Acres 
Without With Yield 

Crop Project Project Price (Per Acre) 

Dryland Wheat 6,000 $3.50/bu 30 bu 

Irrigated Wheat 1,500 $3.50/bu 50 bu 

Alfalfa 6,230 $60/ton 4 ton 

Corn - Silage 620 $20/ton 24 ton 
Grain 2,580 $2.40/bu 100 bu 

Sugar Beets 1,830 $37/ton 21 ton 

Dry Beans 2,440 $22/cwt 19 cwt 

At the present time, the number of acres that can be dedi

cated to sugar beets in Goshen County is limited by con

tracts. Consequently, any acreage dedicated to sugar 

beets can only be done at the expense of other acreages. 

However, local farmers believe they can increase net farm 

income by 15 percent by transferring sugar beet acreage 

to land within the Corn Creek project due to improved 

efficiencies and lower operating costs. 
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For the purpose of estimated farm income for the Corn 

Creek project, it is assumed that 1,830 acres of sugar 

beets are planted on project lands and that the former 

sugar beet lands (off-project) are replaced with corn 

silage. 

Farm Production Expenses 

Farm production expenses were estimated for each crop by 

modifying crop enterprise budgets prepared by the Univer

sity of Wyoming and University of Nebraska Agricultural 

Extension Service. Because the analysis was performed 

using partial budgets, crop production expenses shown do 

not reflect the full cost of production. Costs associated 

with returns to land and farm management and fixed operat

ing overheads were examples of costs that were not included 

in the budgets. These costs were not included as it was 

assumed these costs would remain fairly constant with or 

without the project. These costs will need to be address

ed when a payment or repayment capacity analysis is per

formed. 

The production expenses for each crop were divided into 

five categories. The first category, labor costs, was 

estimated using a typical labor rate of $6 per hour for 

operators' labor times the hours of labor estimated by 

the Extension Service. The second category, materials, 

includes costs for herbicides, fertilizer, seed, etc. 

The third category, fuel, lube, and repairs, represents 

the operating costs for tractors, trucks, and combines. 

It does not include the costs of operating pickup trucks, 

since these costs would not vary significantly depending 

on the crop grown. The fourth category reflects the cost 

of any necessary custom operations such as aerial spraying. 

The last category, simply designated as "other," includes 
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production credit expenses, fixed machinery costs, and 

miscellaneous operating costs. This category also in

cludes the cost of purchasing and installing on-farm 

sprinkler systems. As shown previously in Table 7-3, it 

is assumed that the average capital cost per acre for the 

sprinkler systems is $226. Assuming 6 percent financing 

and a l5-year life, this equates to an annual cost of 

$23 per acre. Based on conversations with local farmers, 

it was determined that the average farm size would be 

approximately 1,000 acres with the project. For this 

analysis, a farm size of 960 acres was used for the project 

conditions. Table 8-6 shows a breakdown of these costs 

on a per-acre basis. 

The costs reflect a typical, well-managed farm. Estimated 

crop costs are conservative and may not reflect actual 

conditions on some individual operations for the following 

reasons: 

1. Cultural practices on a given farm may vary or 

not be necessary for certain farming conditions. 

2. Machinery and equipment costs were based on new 

equipment prices. This yields relatively high 

fixed costs but low repair costs. 

3. The farmer may expect a return to operator and 

family labor different from the assumed $6.00 per 

hour rate. 

4. The size of the farm significantly impacts the 

fixed costs of machinery and equipment when 

computed on a per-acre basis. 
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Table 8-6 
FARM EXPENSE ASSUMPTIONS 

Estimated Crop Costs Per Acre 
Dry-
land Corn Sugar Dry Irrig. 

Item Wheat Alfalfa Silage Grain Beets Beans Wheat 

Labor $ 18 $ 23 $ 39 $ 24 $ 55 $ 32 $ 22 

Materials 30 48 86 86 212 58 47 

Fuel, Lube, 
Repairs 28 37 39 36 43 37 41 

Custom 52 10 

Other (Inc. 44 58 65 63 107 62 60 
Sprinkler) 

Total $120 $166 $229 $209 $469 $199 $170 

DE/7R 
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5. Additional costs for barns, homes, etc., may be 

incurred if new farms are developed on project 

lands. 

Net Farm Income 

Net farm income is the difference between gross farm income 

and farm production expenses. The net farm income without 

the project estimates an annual loss of $90,000 (Ta-

ble 8-7). The loss shown for wheat production is slightly 

overstated as additional farm benefits from using the 

wheat stubble for grazing livestock have not been estimat

ed. Also, farm equipment costs were based on new equipment 

costs, which again would overstate costs. However, new 

equipment costs were also used in the with-project analy

sis. Since the per-acre equipment costs were similar 

with or without the project, the equipment costs would 

also be overstated with the project. In any case, the 

net farm income figure without the project reflects margin

al future farming operations. 

Since it would not be reasonable to expect farmers to 

continue operating at a loss, the future without-project 

condition will assume dryland farming will be discontinued 

or else achieve a break-even status. Therefore, the future 

net income without the project is assumed to be zero. 

The estimated net annual farm income with the project is 

$1,782,000, reflecting production of higher valued crops 

and greater returns from intensification. 

Total Direct Farm Benefits 

The total direct farm income attributable to the project 

is the difference in the net farm income between with and 
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Table 8-7 
CALCULATION OF NET FARM INCOME 

Net Project 
Acres Farm Income 

Without With Net Income Without With 
CroE Project Project 

Gross Incomi 
(Per Acre) 

Crop Expens! 
(Per Acre) Per Acre Project Project 

Dryland Wheat 6,000 105 120 -15 -90,000 

Irrigated Wheat 1,500 175 170 5 8,000 

Alfalfa 6,230 240 166 74 461,000 

Corn - Silage 620 
1,830b 480 229 251 156,000 

480 229 251 459,000 

Corn - Grain 2,580 240 209 31 80,000 

Sugar Beets 1,830 777 469 46c 84,000 

Dry Beans 2,440 418 199 219 534 2000 

$-90,000 $1,782,000 

:Gross project income is $4,786,000; total crop expenses are $3,004,000. 
It is assumed that the 1,830 acres of sugar beets will be grown on the project lands; since 
this will replace 1,830 acres in Goshen County currently in sugar beets, it is assumed that 
these lands will convert to corn silage. 

cNet farm income is assumed to be increased by 15 percent for sugar beets grown on project 
land. 
Actual net benefit is, therefore, equal to 15 percent of net income of sugar beets plus net 
income for 1,830 acres of corn silage shown above. 

DE/7R 
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without the project. The total direct farm income attribut

able to the project is $2,147,000 per year (since farm 

income without the project was assumed to be zero). 

Indirect Farm Benefits 

When direct farm benefits in an area shift, there is a 

corresponding impact on other sectors serving agriculture. 

It is generally recognized that some direct stimulus to a 

regional economy will have "ripple effects." Direct pur

chases of commodities stimulate economic activity in an 

indirect manner as the inputs in the production process 

are produced and sold. Both direct and indirect production 

activities generate wages and other forms of income which 

are reinjected into the economy in the form of personal 

consumption expenditures, thus inducing economic change. 

In economic terms, the total effect of some direct stimulus 

is the sum of the direct effect, the inter-industry indi

rect effects, and the income/consumption induced effects. 

Indirect impacts resulting from an increase in direct 

farm income have been estimated in separate studies by 

the University of Nebraska and the University of Wyoming. 

In these studies, output multipliers were developed for 

specific "leading" sectors of the economy, measuring the 

amount of business activity generated per dollar change 

in net output of the sector. Irrigated agriculture is a 

"leading" sector in the sense that agricultural products 

are exported from Wyoming to other states bringing "new" 

money into the state. Therefore, the activity is said to 

lead the economic development of the area. Other (nonex

porting) sectors merely represent the consequences of 

economic growth brought about by exporting sectors and do 

not create "ripple effects" in the economy. 
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Agricultural products are exported either directly, through 

sales of grain to food processors and livestock producers, 

or indirectly. Examples of indirect purchasers of agricul

tural products are the meat and dairy products sectors. 

These sectors purchase the products they process from the 

livestock products sector who in turn purchase crops for 

feed. Hence the meat and dairy products sectors are two 

stages removed from the crop producing sectors. 

The extent to which irrigated crops become part of total 

exports determines the impact of changes in output of the 

irrigated crops sector on the Wyoming economy. Output 

multipliers, developed from economic input-output analyses, 

provide a reasonable estimate of these indirect impacts. 

The following paragraphs summarize the types of indirect 

impacts which are considered in the development of output 

multipliers. 

The economic impact of increased crop production on the 

state's economy can be separated into: (1) the current 

impact, and (2) the investment impact. The current im

pact refers to the short-run impact due to the additional 

crop production attributed to irrigation. The current 

impact can be further subdivided into direct, indirect 

induced-by, and indirect stemming-from impacts. 

The current direct impact is the net increase in output 

of the irrigated crops sector over what would have been 

produced under dryland farming conditions. This impact 

has already been considered in the section above entitled 

"Gross Farm Income." The current induced-by effect refers 

to the increase in activity of certain Wyoming sectors 

which is required to enable these sectors to sell the 

necessary inputs to the irrigated crops sector so that 

the net increase in output can be produced. For example, 
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inputs of fertilizer, seed and labor are required by the 

irrigated crops sector. 

The current stemming-from effect refers to the increase 

in activity of the Wyoming economy which is required to 

enable the processing sectors to process and sell to ex

ternal markets a part of the increased output of the irri

gated crops sector. 

The investment impact can also be subdivided into direct 

and indirect impacts. The direct investment impact refers 

to: (I) investments needed to provide the water supply 

used for irrigation, (2) investments needed to distribute 

the water to the cropland, and (3) additional farm invest

ments needed to produce the irrigated crops. These direct 

impacts have already been considered in the section above 

entitled "Project Costs." 

The indirect investment impact results from investments 

made by suppliers of agriculture whose products are requir

ed for irrigated farming and the investments of processors 

of the products of irrigated agriculture. For example, 

the investments made by manufacturers of irrigation equip

ment would be included as would investment by grain mills 

to the extent that these investments can be associated 

with the processing of irrigated crops. 

Estimates of total indirect impacts (current and invest

ment) from a University of Nebraska study were used in 

this analysis to calculate the indirect impacts of increas

ed agricultural production due to the project. The output 

multiplier for the irrigated crops sector was projected 

for the base year using linear regression. The resulting 

value, 2.26, represents $2.26 of total impact per dollar 

of increased output. The indirect impact would therefore 
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be $1.26 per dollar of increased output. Applying this 

value to total annual gross income yields total annual 

indirect impacts of $5,970,000. 

Intensification of the agricultural land would also affect 

its assessed value for taxes, a benefit to the County. 

Assuming the land would move from the assessor's land 

classification of Dryland Type A ($13 per acre assessed 

value) to Class II ($60 per acre assessed value), the 

resulting increase in taxes would be approximately 

$50,000 per year using the current tax rate of 71 mills. 

Note that this item is included in the farm budgets as a 

cost to the landowner. 

Recreation Benefits 

Recreation benefits due to the project are represented by 

the value of increased capacity for recreational opportuni

ties in the area. A study area comprising Platte and 

Goshen counties in Wyoming was selected on the basis of 

the availability of alternative recreation locations. 

The evaluation of recreation benefits was then conducted, 

in general, according to U.S. Water Resources Council 

guidelines. Information provided by the Wyoming Recreation 

Commission was used to the extent possible, thus avoiding 

the necessity for detailed statistical analyses of recrea

tion supply and demand in the area. 

The specific recreation activities considered in the eval

uation included hunting, fishing, hiking, camping, swim

ming, small-craft boating, picnicking, and sightseeing. 

The results of the 1980 Wyoming State Comprehensive Outdoor 

Recreation Plan (SCORP) published by the Wyoming Recreation 

Commission clearly indicates that excess capacity will 

exist through 1990 for all of the relevant recreation 
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activities listed above, with the possible exception of 

camping facilities. 

Several aspects of the proposed project development plan 

also influence the evaluation of recreation benefits: 

1. There are currently no plans to develop recrea

tion facilities or site-access roads in the 

project area. 

2. The project lands surrounding the reservoir 

site would probably continue to be privately 

owned after development. 

3. Summer draw-down would leave the reservoir at 

relatively low levels for most of the year, 

influencing the quality of recreation experi

ences at the site. 

From the available information, it is evident that no 

significant recreation benefits would accrue from the 

development of the Corn Creek project. Any recreation 

use of the reservoir or adjacent lands would merely repre

sent displaced demand from alternate locations in the 

study area. From a state-wide perspective, this represents 

no increase in recreation benefits. It is also unlikely 

that a significant shift in recreation use to the project 

site from other locations would occur, noting the number 

of high-quality alternative opportunities available. 

The Wyoming Recreation Commission is in concurrence with 

the conclusion of no increase in recreation benefits due 

to the project. They are, however, concerned that the 

annual draw-down of 10,100 acre-feet of water from the 

Glendo Reservoir could have a number of adverse impacts 
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on water-related activities at Glendo State Park, consider

ed to be a major component of Wyoming's outdoor recreation 

system. Some of the areas of concern are: 

1. Loss of boat access and mooring areas. 

2. Increased separation of the shoreline facilities 

from the water. 

3. Loss of fish habitat. 

The Recreation Commission has recommended that CH2M HILL 

work with the Commission in the next phase of the project 

to address these potential problems. For this study, no 

recreation benefits or disbenefits were used. 

Fish and Wildlife Benefits 

The Wyoming Game and Fish Department will be responsible 

for quantifying fish and wildlife benefits for the Corn 

Creek project. Their current plans are to conduct studies 

during the summer of 1983 as part of the environmental 

portion of the project. The economic assessment should 

include the following elements: 

Potential Benefits 

1. Stabilize flows in North Platte River between 

Glendo and Guernsey Reservoirs. 

2. Stabilize Glendo Reservoir water level during 

the recreation season if post-irrigation season 

delivery is implemented. 
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3. Increased waterfowl, small game, and nongame 

habitats at Teeter's site. 

4. Increased hunting opportunities assuming public 

access is permitted. 

5. Benefits of shelter belts and/or food patches 

in corners of sprinkler system plots. 

Potential Disbenefits 

1. North Platte River dewatering downstream from 

the Laramie River confluence. 

2. Drawdown of Glendo Reservoir depending on delivery 

season. 

3. Construction impacts. 

4. Crop depredation by large game. 

For this study, no fish and wildlife benefits or disbene

fits were claimed. 

Flood Control Benefits 

Potential flood control benefits are limited to the 

Teeter's Reservoir site. If the Teeter's location is 

selected for development, an in-depth study of flood con

trol benefits will be conducted during the predesign phase. 

Consequently, no flood control benefits were considered. 
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PROJECT EVALUATION 

Several methods can be used to analyze a project's eco

nomic effectiveness. Some of the more popular methods 

include maximizing net benefits, rate-of-return analysis, 

or the benefit-cost ratio. For this study, the benefit

cost ratio was determined to be the most appropriate indi

cator. The benefit-cost ratio is obtained by dividing 

the present value of project benefits by the present value 

of project costs. Projects are considered to be justified 

when the quotient is greater than or equal to one. The 

benefit-cost ration will be calculated using direct plus 

indirect benefits only. 

Calculating the Benefit-Cost Ratio 

The benefit-cost ratio was calculated according to project 

evaluation criteria established earlier. A 50-year evalua

tion period was selected and costs were discounted using 

the 7-7/8 Federal discount rate. Table 8-8, (four sheets) 

is presented using both direct and indirect benefits. 

Table 8-8 (sheet one) is a summary report containing annual 

totals from sheets two through four. The net present 

value and benefit-cost ratio for the project alternative 

are also presented. Sheet two details direct project 

costs: capital costs (including replacement), and opera

tions and maintenance expenses. For each cost item, two 

columns of annual costs are shown: current dollars and 

discounted (constant) dollars. 

Sheet three details direct farm benefits. Production 

costs (negative) are compared with net income figures 

(positive) to yield net annual direct farm benefits. 

Both costs and net income values are net figures represent

ing the difference between the with- and without-project 
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Table 8-8 
BENEFIT-COST RATIO 

CALCULATION 
STATE OF WYOPHNG 

WATER DEVELOPMENT COMMISSION 

ALTERNATIVE 2 - TEETERS SITE 

CORN CREEK IRRIGATION PROJECT - SHEET 1 - SUMMARY OF COSTS ANO BENEFITS 

DISCOUNT RATE: 
7.875 PERCENT 

vt:AR 

1983 
1984 
1985 
1986 
19tH 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 
2001 
2002 
l003 
2004 
2005 
l006 
l007 
2008 
2009 
l010 
lOll 
l012 
l013 
2014 
l015 
2016 
2017 
l018 
l019 
lOlO 
2021 
2022 
2023 
2024 
l025 
2026 
2027 
2028 
2019 
2030 
2031 
2032 
l033 

FACTOR 

1.000000 
0.926999 
0.859327 
0.796595 
0.738443 
0.684535 
0.634564 
0.588240 
0.545298 
0.505490 
0.468589 
0.434381 
0.402671 
0.373276 
0.346026 
0.320766 
0.297349 
0.275643 
0.255520 
0.236867 
0.219576 
0.203546 
0.188687 
0.174913 
0.162144 
0.150307 
0.139335 
0.129163 
0.119734 
0.110993 
0.102891 
0.095380 
0.088417 
0.081962 
0.075979 
0.070432 
0.065291 
0.060524 
0.056106 
0.052010 
0.048213 
0.044694 
0.041431 
0.038407 
0.035603 
0.033004 
0.030594 
0.028361 
0.026291 
0.024371 
0.022592 

TOTALS 

OIRECT PROJECT COST 

CASH 
FLOW 

-750000 
-19000000 
-18000000 

-5840000 
-660000 
-660000 
-060000 
-660000 
-660000 
-660000 
-660000 
-660000 
-660000 
-660000 
-660000 
-660000 
-660000 
-660000 
-660000 
-660000 
-660000 
-660000 
-660000 
-660000 
-660000 
-6bOOOO 
-660000 
-660000 

-2160000 
-6bOOOO 
-060000 
-660000 
-660000 
-660000 
-660000 
-660000 
-660000 
-660000 
-660000 
-660000 
-660000 
-660000 
-660000 
-660000 
-660000 
-660000 
-660000 
-660000 
-660000 
-660000 
-660000 

DISCOUNT 
CASH 
FLOW 

-150000 
-17612978 
-15467883 

-4652115 
-487372 
-451793 
-418812 
-388238 
-359896 
-33362'" 
-309269 
-286692 
-265763 
-246362 
-228377 
-211705 
-196251 
-181924 
-168643 
-156332 
-144920 
-134341 
-124534 
-115442 
-107015 

-99203 
-91961 
-85248 

-258625 
-73256 
-67908 
-62950 
-58355 
-54095 
-50146 
-46485 
-43092 
-39946 
-37030 
-34327 
-31821 
-29498 
-27345 
-25348 
-23498 
-21782 
-20192 
-18718 
-17352 
-16085 
-14911 

-45149460. 

DIRECT FARM BENEFIT 

CASH 
FLOW 

o 
o 
o 

1782000 
1782000 
1782000 
1782000 
1782000 
1782000 
1782000 
1782000 
1782000 
1782000 
1782000 
1782000 
1782000 
1782000 
1782000 
1782000 
1782000 
1782000 
1782000 
1782000 
1782000 
1782000 
1782000 
1782000 
1782000 
1782000 
1782000 
1782000 
1782000 
1782000 
1782000 
1782000 
1782000 
1782000 
1782000 
1782000 
1782000 
1782000 
1782000 
1782000 
1782000 
1782000 
1782000 
1782000 
1782000 
1782000 
1782000 
1782000 

DISCOUNT 
CASH 
FLOW 

o 
o 
o 

Ilt19532 
1315905 
121981t2 
1130792 
101t821t3 

971720 
900781t 
835025 
771t068 
717560 
665177 
616618 
571601t 
529877 
491195 
1t55337 
422097 
391281t 
362719 
336240 
311695 
28891t0 
267847 
21t8291t 
230169 
213366 
197790 
183351 
169966 
157559 
Ilt6057 
135391t 
125510 
116348 
107851t 

99981 
92682 
85916 
7961t1t 
73830 
681t1t0 
63444 
58813 
54519 
50539 
1t6850 
1t3430 
1t0259 

18934112. 

NET PRESENT VALUE AT 7.875 1 IS: S 3771t8369. 
BENEFIT/COST RATIO AT 7.875 % IS: 1.84 
BREAKEVEN AT 7.875 % OCCURS AT PERIOD: 1991t 
THE INTERNAL RATE OF RETURN IS: 15.681t PERCENT 

INDIRECT BENEFITS 

CASH 
FLOW 

o 
o 
o 

6020000 
6020000 
6020000 
6020000 
6020000 
6020000 
6020000 
6020000 
6020000 
6020000 
6020000 
6020000 
6020000 
6020000 
6020000 
6020000 
6020000 
6020000 
6020000 
6020000 
6020000 
6020000 
6020000 
6020000 
6020000 
6020000 
6020000 
6020000 
6020000 
6020000 
6020000 
6020000 
6020000 
6020000 
6020000 
6020000 
6020000 
6020000 
6020000 
6020000 
6020000 
6020000 
6020000 
6020000 
6020000 
6020000 
6020000 
6020000 

DISCOUNT 
CASH 
FLOW 

o 
o 
o 

1t795502 
44451t25 
1t120904 
3820073 
351t1203 
3282691 
301t3051 
2820905 
2614976 
2421t079 
221t7119 
2083077 
1931010 
179001t1t 
1659368 
1538233 
142591t0 
1321845 
1225348 
1135897 
1052975 

976106 
904850 
838791t 
777562 
720799 
668179 
6191t02 
571t185 
532268 
1t93412 
1t57393 
1t24002 
393050 
364357 
337758 
313101 
29021t5 
269057 
2 1t91tl 5 
231207 
211t329 
198683 
184179 
170733 
158270 
146716 
136005 

63963718. 

TOTAL 

CASH 
FLOW 

-750000 
-19000000 
-18000000 

1962000 
7142000 
7l't2000 
711t2000 
7142000 
7142000 
711t2000 
7142000 
7l't2000 
711t2000 
7142000 
7142000 
711t2000 
7142000 
7142000 
711t2000 
711t2000 
7142000 
7142000 
711t2000 
711t2000 
7142000 
7142000 
711t2000 
7142000 
5641000 
7142000 
7l't2000 
711t2000 
7142000 
7l't2000 
7l't2000 
7l't2000 
7142000 
711t2000 
7l't2000 
7142000 
711t2000 
7l't2000 
7l1t2000 
7l1t2000 
7l'tlOOO 
7l't2000 
7l't2000 
711t2000 
711t2000 
7l1t2000 
7l't2000 

DISCOUNT 
CASH 
FLOW 

-750000 
-17612978 
-15467883 

1562919 
5273958 
4888953 
4532053 
1t201208 
3891t515 
3610211 
331t6662 
3102351 
2875876 
2665931t 
2471318 
2290909 
2123670 
1968639 
1821t926 
1691705 
1568208 
Ilt53727 
131t7601t 
121t9227 
1158032 
1073491t 

995128 
922482 
675539 
792711t 
731t845 
681200 
631472 
585374 
542641 
503027 
466306 
1t32265 
400709 
371457 
341t340 
319203 
295901 
274300 
254275 
235713 
218506 
202555 
187768 
174061 
161354 

37748369. 



Table 8-8 (continued) 

STATE OF WYOMING 
WATER DEVELOPMENT COMMISSION 

ALTERNATIVE 2 - TEETERS SITE 

CORN CREEK IRRIGATION PROJECT - SHEET 2 - DIRECT PROJECT COSTS 

DISCOUNT RATE: 
7.675 PERCENT 

YEAR 

1963 
1964 
1965 
1966 
1967 
1966 
1969 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1996 
1999 
2000 
2001 
2002 
2003 
2U04 
2005 
2006 
2007 
2006 
2009 
2010 
~011 

2012 
2013 
2014 
2015 
2016 
2017 
2016 
2019 
2020 
2021 
2022 
2023 
2024 
2025 
2026 
2027 
2028 
2029 
2030 
2031 
2032 
2033 

FAC TOR 

1.000000 
0.926999 
0.659327 
0.796595 
0.736443 
0.664535 
0.634564 
0.588240 
0.545296 
0.505490 
0.468569 
0.434381 
0.402671 
0.373276 
0.346026 
0.320766 
0.297349 
0.275643 
0.255520 
0.236867 
0.219576 
0.203546 
0.186667 
0.17lt913 
0.162141t 
0.150307 
0.139335 
0.129163 
0.119731t 
0.110993 
0.102691 
0.095380 
0.088417 
0.081962 
0.075979 
0.070lt32 
0.065291 
0.060521t 
0.056106 
0.052010 
0.Olt8213 
0.Oltlt691t 
0.Oltllt31 
0.038lt07 
0.035603 
0.033004 
0.030591t 
0.028361 
0.026291 
0.02lt371 
0.022592 

TOTALS 

CAPITAL COSTS 

CASH 
FLOW 

-150000 
-19000000 
-18000000 

-5160000 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

-1500000 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

DISCOUNT 
CASH 
FLOW 

-750000 
-11612978 
-15lt67883 

-4126362 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

-119601 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

-38136825. 

OPERATIONS ~ MAINT. 

CASH 
FLOW 

o 
o 
o 

-660000 
-660000 
-660000 
-660000 
-660000 
-660000 
-660000 
-660000 
-660000 
-660000 
-660000 
-660000 
-660000 
-660000 
-660000 
-660000 
-660000 
-660000 
-660000 
-660000 
-660000 
-660000 
-660000 
-660000 
-660000 
-660000 
-660000 
-660000 
-660000 
-660000 
-660000 
-660000 
-660000 
-660000 
-660000 
-660000 
-660000 
-660000 
-660000 
-660000 
-660000 
-660000 
-660000 
-660000 
-660000 
-660000 
-660000 
-660000 

DISCOUNT 
CASH 
FLOW 

o 
o 
o 

-525753 
-It81372 
-It51193 
-It18812 
-388238 
-359896 
-333621t 
-309269 
-286692 
-265763 
-2lt6362 
-228371 
-211705 
-196251 
-181921t 
-1686lt3 
-156332 
-lltlt920 
-13lt3ltl 
-12lt534 
-115'1'12 
-107015 

-99203 
-91961 
-85248 
-19021t 
-13256 
-61908 
-62950 
-58355 
-54095 
-501lt6 
-46485 
-43092 
-39946 
-37030 
-3lt321 
-31821 
-29lt98 
-213lt5 
-25348 
-23498 
-21782 
-20192 
-18118 
-11352 
-16085 
-14911 

-1012634. 

NET PRESENT VALUE AT 7.875 X IS: S -451lt9459. 

TOTAL 

CASH 
FLOW 

-750000 
-19000000 
-18000000 

-5840000 
-660000 
-660000 
-660000 
-660000 
-660000 
-660000 
-660000 
-660000 
-660000 
-660000 
-660000 
-660000 
-660000 
-660000 
-660000 
-660000 
-660000 
-660000 
-660000 
-660000 
-660000 
-660000 
-660000 
-660000 

-2160000 
-660000 
-660000 
-660000 
-660000 
-660000 
-660000 
-660000 
-660000 
-660000 
-660000 
-660000 
-660000 
-660000 
-660000 
-660000 
-660000 
-660000 
-660000 
-660000 
-660000 
-660000 
-660000 

DISCOUNT 
CASH 
FLOW 

-150000 
-11612978 
-15467883 

-It652115 
-It87372 
-451793 
-It18812 
-388238 
-359896 
-33362'1 
-309269 
-286692 
-265163 
-246362 
-228371 
-211705 
-196251 
-181924 
-1666lt3 
-156332 
-llt4920 
-13lt3ltl 
-124531t 
-1154lt2 
-107015 

-99203 
-91961 
-852lt8 

-258625 
-13256 
-67908 
-62950 
-58355 
-5lt095 
-501lt6 
-46485 
-43092 
-39946 
-37030 
-3lt321 
-31821 
-29498 
-21345 
-253lt8 
-23498 
-21782 
-20192 
-18718 
-11352 
-16085 
-14911 

-451lt9lt59. 



Table 8-8 (continued) 

STATE Of WYOMING 
WATER DEVELOPMENT COMMISSION 

ALTERNATIVE 2 - TEETERS SITE 

CORN CREEK IRRIGATION PROJECT - SHEET 3 - DIRECT fARM BENEfITS 

DISCOUNT RATE: 
7.875 PERCENT 

YEAR 

1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 
2001 
2002 
2003 
2004 
2005 
2006 
2001 
2008 
2009 
2010 
2011 
2012 
2013 
2014 
2015 
2016 
2017 
2018 
2019 
2020 
2021 
2.022 
2023 
202.4 
2025 
2026 
2027 
2028 
2029 
2030 
2031 
2032 
2033 

fACTOR 

1.000000 
0.926999 
0.859321 
0.796595 
0.738443 
0.684535 
0.634564 
0.588240 
0.545298 
0.5051t90 
0.468589 
0.434381 
0.402671 
0.313216 
0.346026 
0.320766 
0.291349 
0.275643 
0.255520 
0.236867 
0.219576 
0.203546 
0.188681 
0.114913 
0.162144 
0.150307 
0.139335 
0.129163 
0.119131t 
0.110993 
0.102891 
0.095380 
0.088417 
0.081962 
0.075979 
0.010432 
0.065291 
0.060521t 
0.056106 
0.052010 
0.0't8213 
0.01t't69't 
0.041431 
0.038407 
0.035603 
0.033001t 
0.030594 
0.028361 
0.026291 
0.024371 
0.022592 

TOTALS 

NET VARIABLE OE.M 

CASH 
fLOW 

o 
o 
o 

-3001t000 
-3004000 
-3004000 
-3004000 
-3004000 
-3004000 
-3004000 
-3004000 
-3004000 
-300't000 
-3004000 
-3004000 
-3004000 
-3004000 
-3004000 
-3004000 
-3004000 
-3004000 
-3004000 
-3004000 
-3004000 
-3004000 
-3004000 
-300't000 
-3001t000 
-3004000 
-300't000 
-3004000 
-3004000 
-3004000 
-300't000 
-3004000 
-3001t000 
-3004000 
-3004000 
-3004000 
-3004000 
-3001t000 
-3004000 
-3004000 
-3004000 
-3001t000 
-3004000 
-3004000 
-3004000 
-3001t000 
-3004000 
-3004000 

DISCOUNT 
CASH 
fLOW 

o 
o 
o 

-2392911 
-2218282 
-2056345 
-1906229 
-1767012 
-163807't 
-1518493 
-1407641 
-1304881 
-1209624 
-1121320 
-1039462 

-963580 
-893238 
-828030 
-767583 
-11i51t9 
-659605 
-611't53 
-566816 
-5251t38 
-487080 
-451523 
-418561 
-388006 
-359681 
-3331t24 
-309083 
-286520 
-265604 
-2't6211t 
-228240 
-211519 
-196133 
-181815 
-168542 
-156239 
-11t4833 
-134260 
-124't59 
-115373 
-106951 

-9911t3 
-91906 
-85191 
-78977 
-73212 
-61861 

-31918109. 

INCR CROP INCOME 

CASH 
fLOW 

o 
o 
o 

4786000 
1t786000 
4786000 
4786000 
4186000 
4186000 
4186000 
4786000 
't786000 
4186000 
4186000 
4786000 
4186000 
't186000 
4786000 
4786000 
't186000 
't186000 
4786000 
4786000 
't186000 
't186000 
4786000 
4186000 
4186000 
't186000 
4186000 
4186000 
4186000 
't186000 
4186000 
4186000 
't186000 
't786000 
4186000 
4186000 
4186000 
4186000 
't186000 
4786000 
4186000 
4186000 
4186000 
4786000 
4186000 
4186000 
4186000 
4186000 

DISCOUNT 
CASH 
fLOW 

o 
o 
o 

3812504 
3534181 
3276181 
3031021 
2815315 
2609794 
2419216 
2242666 
2018949 
1921183 
1186491 
1656080 
1535185 
1423114 
1319225 
1222920 
1133646 
1050888 

974112 
903051 
831132 
776021 
119370 
666856 
618114 
513047 
531214 
492435 
456486 
423162 
392211 
363635 
337089 
312481 
289670 
268523 
248921 
230149 
213904 
198289 
183814 
170395 
157956 
146425 
135736 
125827 
116642 
108127 

50852221. 

NET PRESENT VALUE AT 1.815 ~ IS: S 18934113. 

TOTAL 

CASH 
fLOW 

o 
o 
o 

1782000 
1782000 
1782000 
1182000 
1782000 
1182000 
1782000 
1782000 
1782000 
1782000 
1782000 
1782000 
1782000 
1182000 
1782000 
1782000 
1782000 
1782000 
1182000 
1782000 
1782000 
1782000 
1782000 
1782000 
1782000 
1182000 
1182000 
1782000 
1782000 
1182000 
1182000 
1782000 
1782000 
1782000 
1782000 
1782000 
1182000 
1782000 
1782000 
1182000 
1782000 
1782000 
1782000 
1782000 
1182000 
1782000 
1782000 
1182000 

DISCOUNT 
CASH 
fLOW 

o 
o 
o 

1419532 
1315905 
12198't2 
1130792 
1048243 

911120 
900184 
835025 
714068 
111560 
665177 
616618 
511604 
529877 
1t91195 
455337 
422097 
391284 
362119 
336240 
311695 
288940 
267847 
248294 
230169 
213366 
197790 
183351 
169966 
151559 
146051 
135394 
125510 
116348 
101854 

99981 
92682 
85916 
19644 
13830 
68440 
63444 
58813 
54519 
50539 
46850 
43430 
40259 

18934113. 



Table 8-8 (continued) 

STATE Of WYOMING 
WATER DEVELOPMENT COMMISSION 

ALTERNATIVE 2 - TEETERS SITE 

CORN CREEK IRRIGATION PROJECT - SHEET 4 - INDIRECT BENEFITS 

DISCOUNT RATE: 
7.875 PERCENT 

YEAR 

1963 
1964 
1985 
1986 
1967 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 
2001 
2002 
2003 
2004 
2005 
2006 
2007 
2006 
2009 
2010 
2011 
2012 
2013 
2014 
2015 
2016 
2017 
2018 
2019 
2020 
2021 
2022 
2023 
2024 
2025 
2026 
2027 
2028 
2029 
2030 
2031 
2032 
2033 

FACTOR 

1.000000 
0.926999 
0.859327 
0.196595 
0.138443 
0.684535 
0.634564 
0.588240 
0.545298 
0.505490 
0.466589 
0.434381 
0.402671 
0.313216 
0.346026 
0.320766 
0.297349 
0.215643 
0.255520 
0.236867 
0.219576 
0.203546 
0.188687 
0.114913 
0.162144 
0.150307 
0.139335 
0.129163 
0.119734 
0.110993 
0.102891 
0.095380 
0.088417 
0.081962 
0.075979 
0.070432 
0.065291 
0.060524 
0.056106 
0.052010 
0.048213 
0.044694 
0.041431 
0.038407 
0.035603 
0.033004 
0.030594 
0.028361 
0.026291 
0.024371 
0.022592 

TOTALS 

PROPERTY TAXES 

CASH 
FLOW 

o 
o 
o 

50000 
50000 
50000 
50000 
50000 
50000 
50000 
50000 
50000 
50000 
50000 
50000 
50000 
50000 
50000 
50000 
50000 
50000 
50000 
50000 
50000 
50000 
50000 
50000 
50000 
50000 
50000 
50000 
50000 
50000 
50000 
50000 
50000 
50000 
50000 
50000 
50000 
50000 
50000 
50000 
50000 
50000 
50000 
50000 
50000 
50000 
50000 
50000 

DISCOUNT 
CASH 
fLOW 

o 
o 
o 

39830 
36922 
34227 
31728 
29412 
27265 
25275 
23429 
21719 
20134 
18664 
17301 
16038 
14867 
13782 
12776 
11843 
10979 
10177 
9434 
8746 
8107 
7515 
6967 
6458 
5987 
5550 
5145 
4169 
4421 
4098 
3799 
3522-
3265 
3026 
2805 
2601 
2411 
2235 
2072 
1920 
1780 
1650 
1530 
1416 
1315 
1219 
1130 

531261. 

SECONDARY BENEFITS 

CASH 
FLOW 

o 
o 
o 

5970000 
5970000 
5970000 
5970000 
5970000 
5970000 
5970000 
5970000 
5910000 
5970000 
5970000 
5910000 
5970000 
5970000 
5970000 
5970000 
5970000 
5970000 
5970000 
5970000 
5970000 
5970000 
5970000 
5910000 
5970000 
5970000 
5970000 
5970000 
5970000 
5910000 
5970000 
5970000 
5970000 
5970000 
5970000 
5970000 
5970000 
5970000 
5970000 
5970000 
5970000 
5970000 
5910000 
5970000 
5970000 
5970000 
5910000 
5970000 

DISCOUNT 
CASH 
FLOW 

o 
o 
o 

4755672 
4408503 
4086611 
3188345 
3511191 
3255426 
3011111 
2797475 
2593251 
2403946 
2228455 
2065115 
1914911 
1115116 
1645586 
1525451 
1414096 
1310866 
1215111 
1126462 
1044229 

961999 
891334 
831828 
171103 
114812 
662630 
614257 
569416 
521848 
489314 
453594 
420481 
389185 
361330 
334953 
310501 
281834 
266822 
241344 
229281 
212549 
197033 
182649 
169315 
156955 
145497 
134876 

63432458. 

NET PRESENT VALUE AT 7.875 ~ IS: $ 63963718. 

TOTAL 

CASH 
FLOW 

o 
o 
o 

6020000 
6020000 
6020000 
6020000 
6020000 
6020000 
6020000 
6020000 
6020000 
6020000 
6020000 
6020000 
6020000 
6020000 
6020000 
6020000 
6020000 
6020000 
6020000 
6020000 
6020000 
6020000 
6020000 
6020000 
6020000 
6020000 
6020000 
6020000 
6020000 
6020000 
6020000 
6020000 
6020000 
6020000 
6020000 
6020000 
6020000 
6020000 
6020000 
6020000 
6020000 
6020000 
6020000 
6020000 
6020000 
6020000 
6020000 
6020000 

DISCOUNT 
CASH 
FLOW 

o 
o 
o 

4795502 
4445425 
4120904 
3820013 
3541203 
3282691 
3043051 
2820905 
2614916 
2424079 
2247119 
2083077 
1931010 
1190044 
1659368 
1538233 
1425940 
1321645 
1225348 
1135891 
1052975 

916106 
904850 
838194 
771562 
120799 
668119 
619402 
514185 
532268 
493412 
451393 
424002 
393050 
364351 
337158 
313101 
290245 
269051 
249415 
231201 
214329 
198683 
184119 
110733 
158270 
146116 
136005 

63963118. 



conditions. Sheet four presents annual property taxes 

and secondary benefits of increased agricultural produc

tion. 

As indicated on the summary sheet, the benefit-cost ratio 

for the selected alternative configuration is 1.84, using 

direct and indirect benefits. Based on this ratio, the 

project be considered economically feasible. However, it 

should be noted that direct benefits from the project do 

not exceed project costs. The project is feasible because 

of the indirect benefits associated with agricultural 

intensification. Earlier studies also showed the project 

was not feasible considering only direct benefits. If 

direct benefits only are used in the calculation, the 

benefit-cost ration is 0.42 based on the 7-7/8 discount 

ratio. The analysis was also performed using discount 

rates of 2 percent and 6 percent because recent actions 

by the Wyoming Water Development Commission and the 

Wyoming Legislature have used these rates. Table 8-9 

summarizes the benefit-cost ratio for each of the three 

discount rates. 

Table 8-9 

BENEFIT-COST RATIO FOR 7-7/8, 6, 

AND 2 PERCENT DISCOUNT RATES 

Direct benefits only 

Direct and Indirect Benefits 

8-26 

7-7/8% 

0.42 

1.84 

Interest Rate 

6% 

0.49 

2.13 

2% 

0.84 

3.66 



As the table indicates, the benefit-cost ratio using direct 

benefits only is less than unity for all three interest 

rates used. 

In this economic analysis, direct farm benefits were deriv

ed using a partial budgeting technique. This technique 

looks at only those costs and revenue items that change 

with a change in cropping patterns. Costs that remain 

constant are not considered. However, these costs will 

need to be determined in a repayment analysis. Therefore, 

the direct farm benefits shown may be higher than a farmer 

would be able to pay for the project. 

However, repayment capacity might be roughly approximated 

if an assumption on the relationship between variable 

costs shown in this analysis and the remaining fixed costs 

is made. Based on a review of crop enterprise budgets 

prepared by the Wyoming and Nebraska Extension Services, 

approximately two-thirds of the total production costs 

are represented by the variable costs shown in this analy

sis. This type of approximate analysis indicates that 

repayment capacity is in the range of $30 per acre. How

ever, area farmers seem to be comfortable with costs of 

water in the range of $45 to $50 per acre. A more defini

tive repayment analysis is needed to accurately estimate 

true repayment capacity for the project. 

A more serious problem to the project development is that 

it appears that the repayment capacity, approximately 

$45/acre, is approximately equal to the annual cost to 

operate and maintain the project, approximately $44/acre 

($660,000 per year for 15,200 acres). Consequently, land

owners may be able to keep the facilities operating, but 

will have very little excess monies available to repay 

any capital investment costs. 

8-27 
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