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1 Introduction 

This executive summary presents the findings of a Level I reconnaissance investigation to 
develop a water supply master plan for the North Cheyenne area. This investigation was 
conducted for Laramie County under the direction and funding of the Wyoming Water 
Development Commission by States West Water Resources Corporation. 

A. Background 
The North Cheyenne study area is a nearly 30 square mile area located immediately north 
of the City of Cheyenne (Figure 1). Prior to 1960, the area was essentially prairie land 
used for cattle grazing. An expansion of Wyoming's economy brought an increase of 
population to the Cheyenne vicinity beginning in the 1970's. With that population growth, 
parts of the North Cheyenne area were subdivided and settled. The area is close enough 
to Cheyenne to enable a ten-minute commute to work, but far enough away to have a 
rural atmosphere. Lot sizes are much larger than those in Cheyenne. The County 
imposes fewer zoning rules and regulations than the City of Cheyenne. Many of the area 
residents raise horses or other livestock, and all enjoy the privacy and spaciousness of 
living in the country. 

Along with the positive aspects of living in the country, there are some drawbacks. Most 
predominant among these drawbacks is that city services are not provided. Except for 
major county roads, which are asphalt, gravel roads are the norm. Area residents are not 
provided with community water and sewer systems. Each residence or commercial facility 
is required to provide these services independently. Water is obtained from wells drilled 
into the underlying aquifer. Sewage is disposed of through individual septic systems, 
which eventually drain to the underlying aquifer. If enough houses are built in the area, 
each one having its own well and septic system, problems are bound to occur. 

B. Purpose of This Study 
The purpose of this study was to develop a water supply master plan for the North 
Cheyenne area. As part of its water resource planning program, the WWDC provides a 
service to municipalities, districts, and other entities to assist in planning for future water 
supply systems and improvements to existing systems. The master plans authorized by the 
WWDC serve as a framework for the entities to establish project priorities and perform 
financial planning to meet those priorities. Master plan investigations generally do not 
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collect new primary-source data, but compile existing information, use the information to 
develop project alternatives, and make recommendations for a proposed course of action. 
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Figure 1. Location of the North Cheyenne Master Plan study area. 

The North Cheyenne Master Plan is a planning document that provides the area residents 
with a summary of the area's problems and potential solutions. A great deal of effort has 
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been expended defining the problems and resources of the area, particularly by the State 
Engineer's Office. This planning document has consolidated all the findings of previous 
studies and provides a thorough comparison of potential alternatives. The goal of the 
Master Plan is to provide the citizens of the North Cheyenne area with a single document 
to assist them in making choices regarding future water supply alternatives. 

c. The Problems 
There are three problems related to groundwater supplies in North Cheyenne. The 
primary problem, and the impetus for this investigation, is declining water levels in the 
Tertiary aquifer system underlaying the area. A second problem is potential degradation 
of water quality by septic systems and other human activities. A third problem is the 
physical deterioration of wells. Deterioration of a well is not a groundwater supply 
problem, but is included because decreased well yields that result from the deterioration 
could be mistakenly attributed to a decline in water levels. 

D. Existing Groundwater Supply 
The source of groundwater for urban development in North Cheyenne is designated the 
Tertiary aquifer by the Wyoming State Engineer. This aquifer consists of two and 
possibly three geologic units. Permeable zones in the aquifer are sands and gravels which 
differ in thickness and areal extent within the aquifer. Under natural conditions, the 
groundwater flow in the area is from west to east. Recharge to the area occurs by flow 
through the aquifer from the west and by infiltration of precipitation. Discharge occurs by 
flow out of the area to the east and through wells constructed as urban development 
occurred. As much as 30 percent of the water pumped from the aquifer will, in time, 
return through septic tanks as recharge. Water-level changes in the aquifer reflect long 
term variation in precipitation, annual changes caused by lawn watering, and diurnal 
changes related to use within the North Cheyenne homes. 

By 1973, the quantity of water pumped was enough to reverse the eastward direction of 
groundwater flow in portions of the study area. A decline of water level of at least 10 feet 
in most of the North Cheyenne area, and more than 30 feet in parts of the area, occurred 
from 1973 to 1989. Areas near the City had little or no decline because lawn watering in 
the City contributed to recharge. The water level changes are shown on Figure 2. 

Some wells in the Tertiary aquifer began to deteriorate 20 to 30 years after construction 
and many of the wells in North Cheyenne are this old. Therefore, some decreases in well 
yield that have been attributed to declining water levels may be all, or in part, a result of 
well deterioration. 
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Figure 2. Water level change in the Tertiary aquifer, North 
Cheyenne, 1973 to 1989, in feet. 

E. Water Supply Needs 
Future population growth and water demands were estimated for the North Cheyenne 
area. The number of residences as of July, 1992 in the North Cheyenne study area was 
determined to be 1,444, with a population of approximately 4,476. A population growth 
rate of 30 residences per year was assumed for the unincorporated portion of the study 
area. This is an approximate annual growth rate of two percent. 
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The pattern and density of development was estimated by assuming that the minimum lot 
size would be 2.5 acres if a community water supply was available. It was also assumed 
that all new development would occur within one-half mile of a paved road. 

Water usage was estimated as 210 gallons per capita per day based on studies of similar 
areas. Future water usage was estimated for each quarter section in the study area. 

F. Alternatives 
The alternatives investigated included the No Action Alternative, Groundwater 
Management Alternatives, and Water Supply Systems Alternatives. Within the broad 
categories of groundwater management alternatives and water supply system alternatives 
are more specific options, which are discussed. 

1. No Action Alternative 

The No Action Alternative would result in a long term decline of water levels. Eventually, 
water supplies could no longer be obtained from the aquifer. Pollution from septic tanks 
could possibly degrade the quality of the aquifer so that water could eventually be 
rendered unusable for human consumption. 

2. Groundwater Management Alternatives 

The Groundwater Management Alternatives fall into two general categories. The first 
category includes alternatives such as a moratorium on new well construction, lot size 
limitations, and irrigation controls. These alternatives would not stop the decline of water 
levels but would slow the rate of decline. They could be appropriate for areas which 
could not be reasonably or economically served by other alternatives. 

The other category of Groundwater Management Alternatives involve recharge of the 
aquifer by importation of water. One method of accomplishing this would involve 
utilization of raw water from the City of Cheyenne for recharge in the Childs drainage. 
The construction costs for this alternative were estimated at $2,750,000. Water would 
have to be purchased from the City and might not be available in the long term. One 
advantage of this alternative is that all residents of North Cheyenne would be 
beneficiaries of the project and would share the costs. The 1995 costs per residence 
would be $10 to $16 per month and would decrease in future years. 

A second potential method of recharge could be developed if water supply systems using 
imported water were constructed. The septic tank effluent and excess water applied to 
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lawns would recharge the aquifer. When a sufficient number of residents are on a water 
system, the aquifer could begin to recharge. One of the negative impacts of aquifer 
recharge by septic systems is possible pollution of the aquifer. The aquifer could become 
unusable for domestic purposes. 

3. Water Supply Alternatives 

Three types of water supply systems were investigated under this alternative. These 
included a Municipal System built to City Standards, an Independent Groundwater 
System, and a Rural System with Municipal Source. Each system is discussed in more 
detail. 

a. Municipal System to City Standards 

This alternative would involve extension of the City of Cheyenne municipal system to 
serve rural users. The system would be constructed to City standards and then would be 
operated and maintained by the City. The users would purchase water from the City, but 
would be responsible for loan payments for the main distribution system. Each user 
would also be responsible for the cost of the local distribution system to serve the 
individual residence. 

To the greatest extent possible, the main distribution system was designed to follow the 
paved roads in the study area. The existing development is concentrated along these 
roads. A network analysis using Cybemet was used to size the main distribution system. 
The analysis resulted in pipe sizes from 8 to 16 inches in diameter. A total of 18.5 miles of 
ductile iron pipe, valves, hydrants, storage tank, reducing valves, and pump stations would 
be required. The project would cost an estimated $6,000,000. 

The local distribution system would consist of 8-inch ductile iron pipe with appropriate 
hydrants, valves, and connections. The average cost per lot would be $10,000 just for the 
local distribution system. In addition, a tap fee would be charged by the BPU. The large 
size of lots in North Cheyenne contributes to the high costs. 

Economic analyses were performed and assumed that the WWDC would participate in 
the main distribution system. The participation would be in the form of a 2/3 grant and 
1/3 loan at 4 percent interest for 50 years. The local distribution systems would be 
financed by the users. 
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Table 1: water Supply Alternative comparison. 

System users 450 1,000 1,650 2,400 2,950 2,950 

Municipal System to City Standards 

Main Distribution System Construction Cost - $6,000,000 
WWDC Funding 2/3 grant - 1/3 loan @ 4% interest 

cost/User/Yr. 190 58 24 11 

Water Purchase Costs - 1.5 In-Town Rate 

cost/User/Yr. 520 445 389 335 

Total cost/User/Yr. 710 503 413 346 

Local Distribution System Costs Per New User 

Cost/User 14,000 14,000 14,000 14,000 

Independent Groundwater System 

6 4 

291 278 

297 282 

14,000 14,000 

Casper Well Field and Delivery System Construction Cost - $12,400,000 
Main Distribution System Construction Cost - $3,250,000 
WWDC Funding 2/3 grant - 1/3 loan @ 4% interest 

Cost/User/Yr. 764 320 179 162 

Local Distribution System Costs Per New User 

cost/User 3,250 3,250 3,250 3,250 

Rural System with City Water Supply 

Main Distribution System Construction Cost - $5,000,000 
WWDC Funding 2/3 grant - 1/3 loan @ 4% interest 

Cost/User/Yr. 284 127 82 62 

Water Purchase Costs - 1.0 In-Town Rate 

Cost/User 346 297 259 223 

Total cost/user/Yr. 630 424 341 285 

Local Distribution System Costs Per New User 

Cost/User 3,250 3,250 3,250 3,250 

133 102 

3,250 3,250 

56 63 

194 185 

250 248 

3,250 3,250 
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The economic analysis summarized in Table 1 indicates that the system would be very 
expensive. The $14,000 cost to hook-up to the system is probably too expensive for most 
potential users. In addition, the costs for loan payment for the main distribution system 
and purchase of water from the City are quite high in the early years of the project. A 
range of users from 100 to 450 residences at the project start-up were analyzed. At a 
water purchase rate of 1.5 times the in-town rate, the costs to the users would be 
approximately $60 per month with 450 users on the system. 

b. Independent Groundwater System 

An Independent Groundwater System would have two components. A source of 
groundwater would have to be developed and delivered to the study area. A distribution 
system would be needed to deliver water to the users. This type of system would be 
owned, operated, and maintained by the users. 

Two potential well fields were investigated and compared. A potential Ogallala/Arikaree 
Formation well field was identified approximately 15 miles north of the study area. 
Additional investigation would have to be done to develop more accurate information on 
yields. The well field and delivery pipeline to the study area has an estimated cost of 
$9,000,000. The well field is approximately 500 feet lower than the study area so pumping 
costs are appreciable. 

The second potential groundwater source is a Casper Formation well field located 
approximately 23 miles west of the study area. Little is known about the area, but 
potentially large production wells are possible. The well field and delivery pipeline to the 
study area have an estimated cost of $12,400,000. The well field is approximately 600 feet 
higher than the study area so pumping costs are nominal. 

An economic comparison of the two potential sources indicates that the Casper Well 
Field is more economical over the 50-year study period. Consequently, this source was 
assumed for the system. 

To the greatest extend possible, the main distribution system was designed to follow the 
paved roads in the study area. The existing development is concentrated along these 
roads. The system would furnish domestic and irrigation water, but not fire protection 
flows. A network analysis with Cybernet was used to size the main distribution system. 
The system resulted in a total of 19 miles of pipes from 8 inches to 16 inches in diameter 
and would probably be constructed of PVC pipe. The system would also include valves, a 
storage tank, pressure reducing valves, and pump station. The main distribution system 
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would cost an estimated $3,250,000. The local distribution systems would consist of PVC 
pipe from two inches to six inches in diameter. The average cost for the local distribution 
system would be $3,250 per user. 

The economic analysis summarized in Table 1 was completed for a period of 50 years and 
assumed that the WWDC would participate in the well field, delivery pipeline, and the 
main distribution system. The participation would be in the form of a 2/3 grant and 1/3 
loan at 4 percent interest for 50 years. The local distribution system would be paid for, or 
financed entirely by, the users. 

The economic analysis indicates that a considerable number of users would be necessary 
to make the project affordable in the early years of the project. Two scenarios with initial 
populations range of 100 and 450 at project start-up were analyzed. Even with 450 users 
on the system, the costs per user exceed $60 per month in the early years of the project. 
The hook-up cost of $3,250 is more affordable than with the previous option. 

c. Rural System with Municipal Supply 

This alternative would involve a rural type distribution system with purchase of water 
from the City. The system would furnish domestic and irrigation water but not fire 
protection flows. The system would be owned, operated, and maintained by the users. 
Water would be purchased from the City at the connection points to the City system. The 
users would have to pay for loan payments, operation and maintenance, and purchase of 
water. 

The economic analysis summarized in Table 1 was performed for a period of 50 years and 
assumed that the WWDC would participate in the cost of the main distribution system. 
The participation would be in the form of a 2/3 grant and 1/3 loan at 4 percent interest for 
50 years. The main distribution system would consist of 22.0 miles of pipe from 8 inches 
to 16 inches in diameter. The system would also incorporate flow control valving, a 
storage tank, pressure reducing valves, mainline meters, and pump station. The 
estimated cost is $5,000,000. 

The local distribution systems would consist of PVC pipe from two inches to six inches in 
diameter. The average cost for the local distribution system would be $3,250 per lot. This 
does not include any tap fee to the BPU since the users would operate the system. The 
local distribution systems would be paid for, or financed by, the users. The cost of water 
purchase from the City was analyzed at the in-town water rate. The lower water cost 
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would seem appropriate in view of the fact that the users would operate and maintain 
their own system. 

The economic analysis indicates that a considerable number of users would be necessary 
to make the project affordable in the early years of the project. Two scenarios, with an 
initial population of 100 and 450 users at start-up, were analyzed. With 450 users on the 
system and assuming a water cost equal to the in-town rate, the costs would be $52 per 
month in the first years of the project. 

d. Comparison orWater Supply Alternatives 

The analysis resulted in three water supply alternatives that were investigated in depth. 
These included an alternative to construct a Municipal System to City Standards, which 
would deliver fire flow as well as domestic and irrigation flows. This system would be 
supplied from the City of Cheyenne system. The second alternative would be an 
Independent Groundwater System delivering domestic and irrigation flows but not fire 
flows. The water source would be a Casper formation well field located approximately 23 
miles west of the study area. The third alternative would involve a Rural System with City 
Supply that would deliver domestic and irrigation water, but not fire flows. The water 
source would be from the City of Cheyenne. 

Table 1 compares yearly costs over the study period as well as other user costs. The water 
supply scenarios assume an initial population of 450 users on the system. It was further 
assumed that the WWDC would participate in financing supply and main distribution 
lines and appurtenances, but would not fund the local distribution systems. As indicated 
in Table 1, the most costly alternative for construction is the Independent Groundwater 
System at $15,650,000. The Municipal System constructed to City Standards has a 
construction cost of $6,000,000, while the Rural System with City Supply costs $5,000,000. 
These costs include the main distribution system and water supply components for each 
alternative. The annual costs, however, indicate that the alternatives are relatively equal 
in the early years, while the Independent Groundwater System costs less in the more 
distant future. This is due to the need to purchase water from the City of Cheyenne for 
the other two alternatives. The service connection costs heavily favor the Independent 
Groundwater System and Rural System with City Supply due to the smaller and cheaper 
system. The $14,000 per service connection cost for the Municipal System is quite high. 

The most affordable water supply alternative for the North Cheyenne area is the Rural 
System with City Supply. The monthly costs are the lowest initially, and the system would 
be rather easily phased. The initial service connection costs of $3,250 per user are less 

ES-10 



be rather easily phased. The initial service connection costs of $3,250 per user are less 
costly. In addition, it would be advantageous for a district to purchase treated water 
rather than be responsible for operation and maintenance of a treatment system. The 
main distribution system is shown on Figure 3. 

e. Phased Construction 

Phased construction of the main distribution system was investigated. The advantages of 
phased construction would be the potential to serve large numbers of users in areas of 
concentrated development at affordable prices. There are several problems with phasing 
at this time. First, the potential users have not been identified or located so the most 
economical segments have not been identified. Secondly, the WWDC funding available 
for the main distribution system is very attractive and might not be available in the future. 
Thirdly, the lack of water supply for large portions of the study area would continue the 
pattern of new well development. 

G. Water Quality 
1. General 

The original Level I Contract did not include an investigation to determine if urban 
development had impacted the chemical quality of groundwater in the North Cheyenne 
area. However, a water quality investigation of groundwater was included in the study 
because possible deterioration in groundwater quality was a concern of the public. In the 
1960's urban development had resulted in increased nitrate concentrations in 
groundwater in some areas in the Dry Creek and Crow Creek drainages near the City of 
Cheyenne. Most of the problem areas have since been incorporated into the City and 
now use City water and sewer services. 

In response to the concerns about groundwater quality, the Wyoming Water 
Development Commission requested a cursory investigation of groundwater quality in the 
North Cheyenne area. The primary objective of this study was to determine if increased 
urban development had caused changes in the quality of groundwater in the Tertiary 
aquifer north of Cheyenne. The secondary objective was to determine if radon 
concentrations in the Tertiary aquifer in the North Cheyenne area were similar to the 
radon levels in the parts of the aquifer that provide water to the City of Cheyenne's 
municipal well fields. 

Three chemical constituents of groundwater were sampled and analyzed; nitrates, 
chlorides, and radon. Chlorides and nitrates naturally occur in small concentrations in the 
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Tertiary aquifer and increase as the result of human activity. Nitrate was selected for 
analyses because it is the major indicator of pollution from septic systems and fertilizer 
application. Chloride concentrations were analyzed to supplement the information on 
nitrates and was selected because it is present in household and other wastes, but is not 
used as fertilizer. Radon was selected because during the course of the study it was 
pointed out by the Cheyenne Board of Public Utilities that the radon exceeded the 
proposed EPA standards in many wells in the Tertiary aquifer. 

2. Approach 

Samples of groundwater were collected in the North Cheyenne area on March 10, 1993. 
The samples were taken from wells located in the area drained by Child's Draw and in 
areas where there was early, concentrated housing development. These areas were 
chosen for sampling, because the samples had to be obtained where development has 
been present long enough for its effects to appear in the aquifer. It is estimated that it 
takes 20 to 30 years for water to travel from the surface to the water table in the Tertiary 
aquifer. The area sampled was developed before 1973, so it was felt that any changes to 
groundwater quality caused by development would be present in this area. 

Fifteen samples were collected for nitrates and chlorides. Four samples were collected for 
radon. Samples were preserved to prevent change in the concentration of the 
constituents between the time of collection and analysis. All samples were analyzed by 
Accu-Labs Research, Inc. of Golden, Colorado. 

The concentration of nitrates and chlorides in the March 10, 1993 water samples were 
compared with control data obtained from computer files of the U.S. Geological Survey. 
Results of the analyses for radon were compared with results of analyses in the City well 
field to determine if similar concentra tions of radon occur in the aquifer in North 
Cheyenne. 

3. Conclusions 

Development has affected the chemical quality of water in North Cheyenne. Both 
chloride and nitrate concentrations in the North Cheyenne samples are significantly 
higher than the control data. Because concentrations of both chloride and nitrates are 
elevated, the change can not be attributed solely to fertilizer. 

None of the samples from North Cheyenne exceeded the limit for nitrates established by 
EP A for public supplies. The chloride concentrations in the North Cheyenne samples are 
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well below the EPA suggested limit on chloride. Radon occurs naturally in the water 
from the Tertiary aquifer in North Cheyenne. The proposed EPA standard of 300 pC/l 
for radon in public water supplies is exceeded in three of the four wells sampled in North 
Cheyenne. 

H. Recommendations 
The following recommendations are made for the North Cheyenne Master Plan project: 

1. A rural distribution system with a water supply from the City of Cheyenne is the 
best water supply system. The system would be the most affordable and lends 
itself to phasing of construction. The estimated cost for the entire main 
distribution system is $5,000,000, which the WWDC could participate in 
financially. The local distribution systems would have to be financed separately or 
paid directly by the users. If a water supply system is constructed, a moratorium 
on well construction within one-half mile of the main distribution system should be 
imposed. The moratorium should include new well construction as well as existing 
well deepening or re-drilling. 

2. Determine the interest of the residents in forming a legal entity to represent the 
North Cheyenne area. Any solutions to the groundwater problems that involve 
funding and expenditures would require some entity with authority. That authority 
would have to include authority to incur debt and assess members. It would also 
be of great benefit to determine if only limited areas of North Cheyenne are 
interested in formation of an entity or entities. It may be feasible to phase 
construction of a water supply system to serve critical areas. 

3. Continue and expand groundwater management requirements for new 
developments not on water supply systems. These should include lot size 
limitations and irrigation controls. The large number of existing platted lots should 
be included in the limitation. Irrigation controls should be imposed to limit 
irrigated area. 

4. If a water supply system is not determined to be feasible or affordable, a recharge 
program utilizing excess water from the City of Cheyenne should be investigated. 
A pipeline from the Roundtop Water Treatment Plant to the upper end of Childs 
Draw in the study area could be used for delivery of water for recharge. The 
construction costs for the system were estimated at $2,750,000. The project could 
benefit essentially all residents of the North Cheyenne area. One potential 
problem would be the long-term availability of water. 
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