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INTRODUCTION 

Background 

This report is presented as an addendum to the original Level 
II Conceptual Design Report for the Edgerton/Midwest Water Supply 
Project. That report discussed surface water supply and treatment 
alternatives "for the towns of Edgerton and Midwest (hereafter 
called "the towns"). 

There were three primary causes for investigating those 
alternatives. The first was the ongoing attempts by Edgerton to 
obtain a long term supply of water of better quality and quantity 
than is available from their existing wells. Second there are the 
obsolescence of, and soaring repair costs for, the existing Midwest 
pipeline from the North Platte river. Finally a well drilled into 
the Madison aquifer west of Midwest in 1987 failed to produce water 
of adequate quality for domestic use. 

The initial Level II report, prepared by Worthington, Lenhart, 
Carpenter and Johnson, Inc. (WLCJ); Western Water Consultants, Inc. 
(WWC); and western Research Corporation (WRC) , was submitted to the 
Wyoming Water Development Commission (WWDC) in December of 1988. 
The principal conclusion of the report was that the cost of a new 
pipeline from the North Platte river to the towns, with appropriate 
water treatment, would cost approximately $10,000,000, not 
including operational costs. The towns decided that even under the 
best of financing situations, this would pose an unacceptable 
financial burden. This study of the feasibility and costs of 
applying sophisticated treatment to known ground-water reserves in 
the Edgerton/Midwest area was undertaken to determine if there 
exists a more cost-efficient option for the towns. 

Previous studies 

The existing municipal water supply situations of the towns 
are described in the Level II report. The report also provides 
population projections and water demands which have been adopted, 
and in some cases modified, in this report. One other previous 
report utilized in this study was Water Supply Study for the Town 
of Edgerton, Wyoming, 1979, prepared by the URS Company of Denver, 
Colorado. 

Project Authorization 

This study was authorized by an amendment (Task 15) to the 
contract (No. 9-00819) between WLCJ and the WWDC for the original 
performance of the Level II study. WLCJ subcontracted the source 
and water treatment portions of the amended project to WWC. The 
limited economic analysis prepared for this study was based 
directly on the complete economic analysis of the surface water 
alternatives previously prepared by WRC. 
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Report organization 

This report is organized approximately along the lines of the 
activities outlined in Task 15 Scope of Work. These activities, 
and the organization of the following sections of this report, are 
listed below. 

Activity 1 - Redefinition of Quantity Requirements 

Activity 2 - Evaluation of Sources of Supply 

Activities 3 and 4 
Estimation 

Activity 5 - Reporting 

Activity 6 - Meetings 

Planning Level Designs and Cost 
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PROJECT ACTIVITIES 

Activity 1 - Redefinition of Quantity Requirements 

The original report for the project included estimated water 
requirements of the project sponsors, and potential users along the 
pipeline route, for a period of 50 years. This approach was taken 
because the expected useful life of the pipeline would probably 
exceed 50 years, and costs of very long pipelines are relatively 
insensitive to small differences in pipeline size. However costs 
for drilling wells and providing reverse osmosis (RO) treatment can 
be very sensitive to the required flow. 

For the purposes of evaluating a ground-water supply for the 
towns, project water requirements were redefined for the shorter 
term of 20 years, which is typical for water treatment works and 
water wells. The same population projections and per capita water 
use figures were used as in the initial Level II report. The 
resulting population and water demand projections are shown in 
Table 1. The design demand of the water supply system was set at 
440 gallons per minute (gpm). 

Activity 2 - Evaluation of Sources of supply 

Several sources of ground water were considered as possible 
supplies for the towns. For some sources, more than one well field 
location was considered. Three of these source/location 
alternatives were identified prior to beginning Task 15, and 
several more were identified subsequently. Each of the potential 
sources is evaluated in this section. 

Fox Hills Aquifer Northeast of Edgerton 

Edgerton currently obtains its municipal water supply from a 
well field northeast of the town. The wells are completed in the 
Fox Hills aquifer, and information on the quantity and quality of 
the water from the wells was readily obtained from the town's 
records. 

There are currently four operable wells in the well field, 
Numbers lA, 5, 6, and 7. Wells 5, 6, and 7 produce about 40 
gallons per minute when first pumped, but this production tails off 
to about 30 or 35 gallons per minute when the wells are pumped 
continuously (i.e. during periods of peak demand). This reduction 
in capacity is blamed primarily on interference among the wells. 
The.average depth of the wells is about 1,000 feet, and they are 
generally spaced within a mile of each other. The Fox Hills 
aquifer has limited thickness and permeability in this area, 
resulting in the well interference at these distances. For initial 
evaluation purposes, it was assumed that future wells in the 
formation would be spaced at no less than one mile, and would 
produce slightly over 35 gpm. 
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TABLE 1 

Projections of Population and water Demand 

Edgerton Midwest Combined Peak 
Year POl2ulation POQulation Demand Demand 

ac-ft/yr gal/min 

1990 510 639 228.9 390 
1995 476 710 213.6 364 
2000 482 604 216.4 369 
2005 528 662 237.1 404 
2010 574 720 257.8 440 

Notes: Edgerton average daily per capita use is 150 gallons. 
Midwest average daily per capita use is 200 gallons. 
Edgerton peak daily per capita use is 413 gallons. Midwest 
peak daily per capita use is 550 gallons. 
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A representative water quality analysis for the Edgerton wells 
is shown in Table 2. The water exceeds secondary (non-enforceable) 
standards adopted by the Environmental Protection Agency (EPA) for 
the parameters sodium, sulfate and total dissolved solids. No 
enforceable primary standards are exceeded. To provide a municipal 
water supply for the towns, treatment to reduce total dissolved 
solids and sodium was included in planning level designs. 

The treatment technology selected for the Fox Hills aquifer 
was reverse osmosis (RO). RO involves exposing the water under 
high pressure to a semi-permeable membrane which allows the passage 
of water, but not of dissolved sol ids. The sol ids are concentrated 
in a portion of the water (the "brine") which is rejected and must 
be disposed in an environmentally suitable manner. 

Three other technologies exist to remove dissolved solids from 
water, namely electrodialysis (ED), evaporation, and 
demineralization. ED is the reverse of RO, in that dissolved 
solids migrate through a membrane under the influence of an 
electric field. Again, the solids are concentrated in a brine. 
ED was not selected for this application for three reasons. First, 
RO is almost universally used over ED in modern desalination 
plants. Since there is no technical or economic reason for 
preferring ED in this case, the much greater availability of RO 
equipment should provide favorable economics. Second, ED membranes 
are subject to damage by electrical currents during operational 
upsets. RO membranes are also subject to damage due to improper 
operation, but the greater emphasis which has been placed on this 
technology has resulted in great improvements in the membranes, and 
they have subsequently become much more robust than in the past. 
Finally, the electric power requirements of an ED system would 
probably make this technology more expensive than RO in terms of 
operational costs. 

Evaporation (also known as distillation) can remove almost all 
dissolved substances from water. The energy costs of this 
technology, however, render it obviously unsuitable for a domestic 
water supply if there is any viable alternative. 

Demineralization is the coincident removal of positively 
charged dissolved solids (using acidic ion exchange resins) and 
negatively charged dissolved solids (using basic ion exchange 
resins) . The acid and hydroxide ions used to regenerate the 
respective resins combine to form water, and the solids are 
concentrated in the strong solutions of acid and base regenerant 
chemicals. This technology is usually used to "polish" residual 
dissolved solids in distilled water, for very high purity 
industrial or laboratory applications. The costs of chemical 
regenerants and regenerant disposal for this technology render it 
completely uncompetitive for a municipal water supply. 
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TABLE 2 

Water Quality of the Fox Hills Aquifer 
Northeast of the Edgerton/Midwest Area 

EPA 
Parameter Value Standard 

Sodium 228 150 
Calcium 26 
Magnesium 6 
Chloride 40 250 
Sulfate 367 250 
Alkalinity (as CaC03 ) 276 
Total Dissolved Solids 910 500 
Radium-226 <5 5 

Notes: All values are in milligrams per liter, except for Radium-
226, which is in picocuries per liter. EPA standards are 
all secondary, i. e. non-enforceable, except for Radium. 
The radium standard is a primary standard, and must be met 
by all public water supplies. 
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Madison Aquifer 

The Madison aquifer is a known producer of large quantities 
of water in the Edgerton/Midwest area. oil companies in the area 
have used the aquifer as a source for waterflooding of petroleum 
reservoirs for many years. The Amoco Production Company provided 
information on the quantity and quality of water available from the 
Madison in the area. 

Madison wells can readily produce 50,000 (approximately 1,460 
gallons per minute) barrels per day or more in the Edgerton/Midwest 
area. This quantity is several times the design demand of 440 gpm. 

A representative water quality analysis is shown in Table 3. 
As can be seen, the water is not suitable for domestic use, or 
indeed for anything other than industrial uses which are not 
dependent on water quality. The water exceeds secondary (non
enforceable) standards adopted by EPA for the parameters sodium, 
sulfate, and total dissolved solids. The enforceable primary 
standard for radium-226 is also exceeded. It is obvious that this 
water must be treated to remove dissolved solids if it is to be 
used as the source for a municipal water supply. 

Uranerz USA, In-situ Uranium Mine 

The proposed Uranerz in-situ uranium mine had been suggested 
as a potential source of water for the towns. The in-situ mining 
process results in a brine stream which must be wasted from the 
mining circuit to maintain control of the mining process. This 
water is ordinarily required by regulatory agencies to be treated 
to drinking water standards prior to discharge or other disposal. 

A phone conversation with officials of the company elicited 
information showing that this would be an inadequate source. At 
the time of mine reclamation, a considerable amount of water would 
be available. However during routine operations, only a few tens 
of gallons per minute would be available, far short of the 
identified demand. Furthermore, the supply would depend entirely 
upon the future mine operations, which in turn are dependent on the 
health of the uranium markets. It would be inappropriate to 
predicate the availability of a municipal water supply on such a 
condition. Therefore investigation of this source was terminated, 
with the concurrence of WWDC staff, following receipt of this 
information. ' 

other Potential Sources of Ground water 

A report titled Water Supply Study for the Town of Edgerton, 
Wyoming, prepared in 1979 by the URS Company of Denver, Colorado, 
(hereafter "the URS report") lists five potential sources of ground 
water. One, the Fox Hills aquifer northeast of Edgerton, has 
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TABLE 3 

Water Quality of the Madison Aquifer 
in the Edgerton/Midwest Area 

Parameter 

Sodium 
Calcium 
Magnesium 
Chloride 
Sulfate 
Alkal ini ty (as CaC03 ) 
Total Dissolved Solids 
Radium-226 

Value 

456 
325 

50 
585 

1080 
100 

2589 
18 

EPA 
Standard 

150 

250 
250 

500 
5 

Notes: All values are in milligrams per liter, except for Radium-
226, which is in picocuries per liter. EPA standards are 
all secondary, i.e. non-enforceable, except for Radium. 
The radium standard is a primary standard, and must be met 
by all public water supplies. 
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already been discussed. A second potential source, the Madison 
aquifer near its outcrop in the Big Horn mountains west of Midwest, 
has also been previously investigated and found to provide water 
of unacceptable quality. 

The other three sources of ground water, reconsidered for this 
study, were 

1) the Wasatch formation, 35 miles northeast of Edgerton; 

2) the Tensleep formation, 16 miles northwest of Edgerton; and 

3) the Wasatch and Fort Union aquifers 12 miles east of 
Edgerton. 

Unfortunately, all of these alternatives have major problems. The 
URS report indicates that the quality of Tensleep aquifer water is 
expected to be poorer than that of the Madison west of Midwest, 
which is already known to be unacceptable without treatment. The 
quality of water from the Wasatch is highly variable, and is rarely 
better than that of water from the Fox Hills. In addition, the URS 
report indicates the possibility of finding radium-226 or other 
radioactivity in water from the Wasatch in the areas described. 
Finally, use of any of these sources would involve a long pipeline, 
and pipeline costs are the principal obstacle which this study was 
intended to overcome. All of these sources were considered to be 
inferior to either the Fox Hills or Madison alternatives already 
described, and were not pursued further. 

At an informal meeting with representatives of the towns and 
WWDC personnel it was decided to proceed with planning level 
designs and cost estimates for supplies based on the Fox Hills and 
Madison alternatives. 

Activities 3 & 4 - Planning Level Designs and Cost Estimation 

Planning level designs and construction cost estimates were 
prepared for the Fox Hills and Madison alternatives. The designs 
and cost estimates are described below. At an informal meeting 
with representatives of the towns and WWDC personnel, an 
alternative was selected. Capital and operating costs for the 
selected alternative, in a format comparable to that used in the 
initial Level II report, are presented at the end of this section. 

Fox Hills Aquifer Alternative 

Treatment using reverse osmosis will require that in addition 
to the domestic water actually distributed in the towns, a further 
amount must be disposed as brine. For this system, in light of the 
scarcity of water and relatively good quality of the raw water, the 
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brine reject rate was set at one third (1/3) of the feed to the RO 
unit. The actual well production requirement is therefore 660 gpm. 

Existing and past wells operated by Edgerton in the Fox Hills 
aquifer have produced approximately 35 gpm. Maximum short term 
production from one well was 43 gpm. optimistically, the minimum 
number of wells required to meet the long term demand is eighteen 
(18). This supposes continuous production of 36.7 gpm from each 
well, and no significant delivery of water to landowners where the 
wells are located. This requires that fifteen (15) new wells be 
constructed, in addition to three which are already in service. 
(This includes existing wells 5, 6 and 7. Well 1A is not included 
because of its limited production and troublesome pipeline access. 
Well 7 is currently not used due to water quality problems, but 
would become usable if an RO system were installed.) A few of the 
new wells would not necessarily be needed immediately to meet the 
current needs of the towns. However, they would be needed within 
the next several years, and they were included at this time to 
simplify cost comparisons. 

The depth of the new wells is taken to be 1000 feet, with 6-
inch casing and 2-inch production piping to allow for pump 
installation. The screened interval is considered to be 50 feet 
or less. The pump would be set at about 800 feet, and would pump 
against about 670 feet of total dynamic head, requiring a 10 
horsepower motor. 

Operating history at the existing Edgerton well field shows 
that wells must be separated by distances of up to one mile to 
prevent interference between them. If fifteen new wells were 
placed at such distances in a regular pattern, a minimum of 14 
miles of gathering pipeline would be required. Most of this pipe 
would be 4-inch, though there would be some 6-inch and 8-inch. It 
would also be necessary to extend electric power to all the new 
wells. Fifteen new wells would be spread across a minimum area of 
about sixteen square miles, and probably more due to terrain 
considerations. For the purposes of this design, eleven miles of 
4-inch pipe, two miles of 6-inch pipe, three miles of 8-inch pipe, 
and 16 miles of power line were assumed to be required. Most of 
the existing transmission pipeline from the well field to Edgerton 
is 8-inch. It is primarily new PVC water pipe, is reportedly in 
good condition, and is mostly downhill. For these reasons, this 
pipeline should be adequate over its existing length. 

The RO treatment plant would produce 440 gpm maximum. Maximum 
brine reject rate would be 220 gpm. The plant would reduce 
hardness, sodium, sulfate and TDS by greater than 95 percent. The 
black coloration currently observed in well 7 (and which could also 
be found in new wells) would also be removed. The water would also 
be chlorinated. 
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Reject brine would probably have a dissolved solids 
concentration of about 3,500 milligrams per liter, which is too 
high to be discharged to a surface waterway. Disposal would be via 
injection wells into one or. more deep aquifers, probably the 
Cloverly and Muddy. Aquifers deeper than these probably have too 
much pressure to make injection practical, and shallower aquifers 
are generally. oil producers in this area. Two disposal wells are 
considered necessary due to the limited probable injection 
capacities. Permitting of disposal wells may require the 
concurrence of all affected mineral rights owners. This may result 
in significant costs for preparation of the injection permit 
application. 

A summary of capital costs for the Fox Hills ground water 
alternative is shown in Table 4. Detailed costs are shown in 
Appendix A. 

Madison Aquifer Alternative 

Treatment using RO will require that in addition to the 
domestic water actually distributed, a further amount must be 
disposed as brine. For this system, considering the ample quantity 
and very poor quality of the raw water, the rejection rate will be 
set at one half (1/2). The actual well production requirement is 
therefore 880 gpm. 

A single Madison well should easily produce 880 gpm. Since 
the existing Edgerton wells can be retained as a low-capacity 
emergency backup, only one Madison well will be required. It has 
been assumed that an 8-inch transmission pipeline, two miles in 
length, would be required to convey water from a new well to the 
treatment facility. No power distribution cost is believed 
necessary, due to the extensive power distribution facilities 
already present in the Salt Creek oil field area. 

The RO treatment plant would produce 440 gpm maximum. Maximum 
brine reject rate would be 440 gpm. The plant would reduce 
hardness, sodium, sulfate and TDS by greater than 95 percent. The 
water would also be chlorinated. 

The treatment plant would also require a preliminary section 
to reduce the raw water temperature to about 95 degrees Fahrenheit. 
This temperature reduction is necessary to protect the RO 
membranes, and subsequently the townspeople, since the Madison 
aquifer in this area produces water at about 180 degrees 
Fahrenheit. The water cooling system would consist of a heat 
exchanger which would transfer the heat of the produced water to 
a separate closed cooling water circuit; and two small evaporative 
cooling towers to reject heat from the cooling water circuit. (The 
Madison water cannot be cooled directly in a cooling tower, since 
the high temperature and chemical quality of the water make it 
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TABLE 4 

Cost Summary for the Fox Hills Aquifer Ground Water 
Alternative for the Edgerton/Midwest Water Supply 

Wells $ 1,175,000 

Gathering Pipelines 679,500 

Electrical Distribution 448,000 

Treatment Plant 933,000 

Disposal Wells 731,800 

Total Direct Cost 3,967,300 

Contingencies, @ 15% 595,100 

construction Engineering, @ 10% 396,700 

Design Engineering, @ 10% 396,700 

TOTAL PROJECT COST $ 5,355,800 

Notes: The treatment portions of the project account for 42%, or 
$2,247,400. The water development portions of the project 
account for 58%, or $3,108,400. 
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highly destructive to the materials of which such towers are 
constructed. Scaling within the tower could also be a problem.) 

Reject brine would have a TDS concentration of about 5,300 
milligrams per liter, too high to be discharged. Disposal would 
be via injection wells into one or more deep aquifers, probably the 
Cloverly and Muddy. Aquifers deeper than these probably have too 
much pressure to make injection practical, and shallower aquifers 
are generally oil producers in this area. Four disposal wells are 
considered necessary. 

A summary of capital costs 
al ternative is shown in Table 5. 
Appendix B. 

Selected Alternative 

for the Madison 
Detailed costs 

ground water 
are shown in 

The basic information shown in Tables 4 and 5 was presented 
to the towns and WWDC personnel at an informal meeting and, 
considering the capital cost disparity, a decision was made to 
complete the study assuming a Madison source of supply. 

Following this decision the design was finalized, with one 
minor change. It had originally been anticipated that the heat 
exchanger used for the cooling system would be of the plate-and
frame type. This would have the dual advantages of low equipment 
cost, combined with low pressure loss through the exchanger. The 
low pressure loss would allow use of the high Madison wellhead 
pressure (as much or more than 200 pounds per square inch) to save 
on operating costs for the RO pressurizing pumps. It developed, 
however, that an ordinary shell-and-tube heat exchanger would be 
required. Plate-and-frame units are constructed of thin stainless 
steel plates, of a type which would be susceptible to stress
corrosion cracking in the presence of the combined high 
temperatures and high chloride concentrations of the Madison 
formation water. This change resulted in slightly higher 
construction costs than originally presented to the towns, and in 
somewhat higher operational costs than would otherwise have been 
the case. (The construction costs presented in Table 5 reflect the 
final design.) A schematic of the treatment plant layout is shown 
on Figure 1. 
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TABLE 5 

Cost Summary for the Madison Aquifer Ground Water 
Alternative for the Edgerton/Midwest Water Supply 

Well $ 592,500 

Transmission Pipeline 129,400 

Treatment Plant 1,193,400 

Disposal Wells 1,463,500 

Direct Cost 3,378,800 

Contingencies, @ 15% 506,800 

Construction Engineering, @ 10% 337,900 

Design Engineering, @ 10% 337,900 

TOTAL PROJECT COST $ 4,561,400 

Notes: The treatment portions of the project account for 79%, or 
$3,586,800. The water development portions of the project 
account for 21%, or about $974,600. 
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System costs 

The system costs of the Madison ground-water alternative for 
the Edgerton/Midwest water supply project are depicted in Tables 
6, 7 and 8. These tables are organized to be comparable to those 
presented in the original Level II report (WLCJ, pp. 29-32). The 
major differences in organization are concerned with the 20-year 
life expectancy of the ground water alternative, compared with the 
50-year life expectancy of the surface water system. This results 
in shorter amortization periods used in calculating the overall 
system costs in Table 6; and the addition of sinking fund expenses 
to operational costs in shown in Tables 7 and 8. 

The sinking funds are necessary to replace the Madison supply 
and brine injection wells, and expand treatment capacity, at 20 
year intervals, making the Madison aquifer alternative comparable 
with the previously proposed surface water alternative. Investment 
at 7.9 percent for a period of 20 years was used to determine 
sinking fund costs. (1) 

The total capital cost of the system is estimated to be 
$4,561,400. The estimated total annual cost for the system is 
$635,996, for the initial delivery requirement of 74.6 million 
gallons annually. Estimated annual costs are $650,362 for the 2010 
demand of 84.0 million gallons. These estimates are based on 
amortization of the capital costs over 20 years at 7.9 percent 
interest. 

Annual operation and maintenance (0 & M) costs include 
electrical power for the RO units, cooling tower fans, cool ing 
circuit pumps, domestic service pumps and brine injection pumps. 
Also included are routine membrane replacement costs, chemicals for 
membrane cleaning and water chlorination, and operational manpower. 
It is worth mentioning that these 0 & M costs are quite high, in 
terms of dollars per 1,000 gallons produced, for a municipal water 
supply. This is due to the sophisticated nature of the treatment. 

Table 7 shows annual local costs of the system using a 67 
percent WWDC grant and a WWDC loan to be repaid over 20 years at 
4 percent interest. Table 8 shows annual local costs of the system 
using a 75 percent WWDC grant and a 25 percent WWDC loan also to 
be repaid over 20 years at 4 percent interest. In both cases, 
financing for the treatment plant was considered to be a 50 percent 
Farm Loan Board (FLB) grant and a 50 percent FLB loan at 8.5 
percent for 20 years. 

(I) The 7.9 percent interest rate represents the opportuni ty 
cost of WWDC funds invested by the Wyoming state Treasurer as of 
August, 1988. This is the same interest rate used in the initial 
Level II report for capital cost amortization. 
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TABLE 6 

System Costs for a Madison Aquifer 
Water Supply for Edgerton/Midwest 

Item 

Water Supply 

Annualized Capital Costs 

Annual 0 & M Costs 

Sinking Fund 

Annual Costs 

Treatment Plant 

Annualized Capital Costs 

Annual 0 & M Costs 

Sinking Fund 

Annual Costs 

Total Annual Costs 

Annual Water Delivered 
(1,000 gallons) 

Cost per 1,000 gallons 

Initial Operation 
(1990) 

$98,528(1) 

7,500 

13,092 

$119,120 

$362,609(2) 

113,788 

40,479 

$516,876 

$635,996 

74,582 

$ 8.53 

Full capacity 
(2010) 

$98,528(1) 

7,500 

13,092 

$119,120 

$362,609(2) 

128,154 

40,479 

$531,242 

$650,362 

83,999 

$ 7.74 

(1) Represents capital costs of $974,600 amortized over 20 years 
at 7.9 percent interest. 

(2) Represents capital costs of $3,586,800 amortized over 20 years 
at 7.9 percent interest. 
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TABLE 7 

Local Costs for a Madison Aquifer Water Supply for 
Edgerton/Midwest Assuming a 67 Percent WWDC Grant, 33 Percent 

WWDC Loan (20 Years @ 4 Percent), for the Well and Pipeline 

Item 

Water Supply 

Annualized Capital Costs 

Annual 0 & M Costs 

Sinking Fund 

Annual Costs 

Treatment Plant 

Annualized Capital Costs 

Annual 0 & M Costs 

Sinking Fund 

Annual Costs 

Total Annual Costs 

Annual Water Delivered 
(1,000 gallons) 

Cost to Users, 
per 1,000 gallons 

State Subsidy per 1,000 
Gallons 

Initial Operation 
(1990) 

$23,665(1) 

7,500 

13,092 

$44,257 

$189,510(2) 

113,788 

40,479 

$343,777 

$388,034 

74,582 

$ 5.20 

$ 3.33 

Full capacity 
(2010) 

$23,665(1) 

7,500 

13,092 

$44,257 

$189,510(2) 

128,154 

40,479 

$358,143 

$402,400 

83,999 

$ 4.79 

$ 2.95 

(1) Represents capital costs of $321,618 amortized over 20 years 
at 4.0 percent interest. 

(2) Represents capital costs of $1,793,400 amortized over 20 years 
at 8.5 percent interest. 
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TABLE 8 

Local Costs for a Madison Aquifer Water Supply for 
Edgerton/Midwest Assuming a 75 Percent WWDC Grant, 25 Percent 

WWDC Loan (20 Years @ 4 Percent), for the Well and Pipeline 

Item 

Water Supply 

Annualized Capital Costs 

Annual 0 & M Costs 

Sinking Fund 

Annual Costs 

Treatment Plant 

Annualized Capital Costs 

Annual 0 & M Costs 

Sinking Fund 

Annual Costs 

Total Annual Costs 

Annual Water Delivered 
(1,000 gallons) 

Cost to Users, 
per 1,000 gallons 

State Subsidy per 1,000 
Gallons 

Initial Operation 
(1990) 

$17,928(1) 

7,500 

13,092 

$38,520 

$189,510(2) 

113,788 

40,479 

$343,777 

$382,297 

74,582 

$ 5.12 

$ 3.41 

Full Capacity 
(2010) 

$17 , 928(1) 

7,500 

13,092 

$38,520 

$189,510(2) 

128,154 

40,479 

$358,143 

$396,663 

83,999 

$ 4.72 

$ 3.02 

(1) Represents capital costs of $243,650 amortized over 20 years 
at 4.0 percent interest. 

(2) Represents capital costs of $1,793,400 amortized over 20 years 
at 8.5 percent interest. 
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For comparison purposes, the surface water supply costs, in 
a format equivalent to tables 6, 7 and 8, are presented in Appendix 
C. The tables in Appendix C were taken directly from the original 
Level II Conceptual Design Report. 

If the average water usage per household in Edgerton and 
Midwest is taken as 15,000 gallons per month, the average local 
cost per household of the Madison system described in this report 
would be $78.00 per month, with a 67 percent WWDC grant; and $76.80 
per month with a 75 percent WWDC grant. 
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CONCLUSIONS 

A ground water source of supply for the towns of Edgerton and 
Midwest, combined with Reverse Osmosis treatment, would have lower 
overall costs than a surface water source employing the North 
Platte River. However, the annual local costs to operate such a 
system would be significantly higher than for the surface water 
alternative, based on identical assumptions regarding the funding 
mechanisms for both alternatives. 

There are two primary reasons for this increase in local 
costs. First, the majority of costs involved with the Madison 
alternative are for treatment. Funding mechanisms for treatment 
are generally less favorable to the towns than the funding which 
has historically been available to Wyoming municipalities from the 
WWDC. Shifting the project emphasis from pipeline to treatment has 
the result of increasing the towns' share of amortizing the overall 
project. 

The second reason for the increase in local costs is the high 
operational costs associated with the RO treatment plant and brine 
injection wells. The RO costs are an unavoidable outgrowth of 
using this type of treatment, particularly with such poor quality 
raw water as is available from the Madison. There may be less 
expensive methods of disposing the brine, but none has been 
identified. 

Although a Madison aquifer alternative is preferable to a 
North Platte alternative from an overall economic viewpoint, it 
does not appear to be any more viable for the towns under currently 
envisioned funding methods. As stated in the original Level II 
report, the economics of a water project for Edgerton and Midwest 
dictate that the towns receive sUbstantial subsidies from 
governmental agencies in order for any such project to be 
affordable to the communities. 
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APPENDIX A 

DETAILED COSTS FOR THE FOX HILLS 
AQUIFER GROUND WATER ALTERNATIVE 

Well Field 

Unit Cost 

Installation Cost (for one well) 

Drilling, per foot $50.00 
Completion 

& development 3,000.00 
Casing, per foot 15.66 
Screen, per foot 48.84 
Pump 1495.80 
Production pipe, 
per foot 2.90 

Cable, per foot 0.75 
Well house 

& controls 3,600.00 

Total for one well: 

TOTAL COST FOR 15 WELLS IS $ 1,175,022 

Gathering Pipelines and Power Supply 

Pipeline, installed 

8-inch, per foot 
6-inch, per foot 
4-inch, per foot 

Gathering pipelines 

Electrical Service 

unit Cost 

$ 12.25 
8.85 
6.75 

Per Mile 

$ 28,000.00 

Units 

1000 

1 
950 

50 
1 

800 
800 

1 

units 

15840 
10560 
58080 

Miles 

16 

Subtotal 

$ 50,000 

3,000 
14,877 

2,442 
1,496 

2,320 
600 

3,600 

$ 78,335 

Subtotal 

$ 194,040 
93,456 

392,040 

679,536 

$ 448,000 



Treatment Facilities 

Item 

Packaged Reverse Osmosis unit capable 
of producing 440 gpm 

Chlorinator (moved from existing plant) 
Concrete wet well 
Service pumps & controls 
Building, including concrete foundation 

and interior finishing 
Electrical and control equipment 

TOTAL TREATMENT FACILITY COST 

Disposal Wells 
unit Cost 

Installation Cost (for one well) 

Drilling, per foot $ 
Completion & development 
Casing, per foot 
Screen, per foot 
Injection pump 
Permitting 
Well House and controls 

Total for one well 

TOTAL COST FOR 2 WELLS IS 

75.00 
3,000.00 

15.66 
48.84 

12,000.00 
25,000.00 

3,600.00 

Cost 

$ 800,000 
2,000 

32,600 
25,500 

55,300 
17,600 

$ 933,000 

units Subtotal 

3500 $ 262,500 
1 3,000 

3350 52,461 
150 7,326 

1 12,000 
1 25,000 
1 3,600 

$ 365,887 

$ 731,774 



APPENDIX B 

DETAILED COSTS FOR THE MADISON 
AQUIFER GROUND WATER ALTERNATIVE 

Well 

Installation Cost 

Drilling, per foot 
Completion 

& development 
Casing, per foot 
Well House 

and controls 

Total for well: 

unit Cost 

$ 97.00 

15,000.00 
17.30 

25,000.00 

Transmission Pipeline 

unit Cost 

Pipeline, installed 

a-inch, per foot $ 12.25 

Treatment Facilities 

Item 

Packaged Reverse Osmosis unit capable 
of producing 440 gpm 

Heat exchanger 
Cooling tower 
Cooling tower foundation 
Chlorinator (moved from existing plant) 
Wet well 
Service pumps & controls 
Building, including concrete 

& interior finishing 
Building piping 

& equipment installation 
Electrical and control equipment 

units 

5000 

1 
3900 

1 

units 

10560 

Subtotal 

$485,000 

15,000 
67,470 

25,000 

$592,470 

Subtotal 

$129,360 

Cost 

$ 900,000 
60,000 
49,500 
13,400 

2,000 
32,600 
25,500 

55,300 

37,500 
17,600 

TOTAL TREATMENT FACILITY COST $1,193,400 



Disposal Wells 
unit Cost 

Installation Cost (for one well) 

Drilling, per foot $ 
Completion & development 
Casing, per foot 
Screen, per foot 
Injection pump 
Permitting 
Well House and controls 

Total for one well 

TOTAL COST FOR 4 WELLS IS 

75.00 
3,000.00 

15.66 
48.84 

12,000.00 
25,000.00 
3,600.00 

units subtotal 

3500 $ 262,500 
1 3,000 

3350 52,461 
150 7,326 

1 12,000 
1 25,000 
1 3,600 

$ 365,887 

$1,463,548 



From Level II Report Appendix C 

Table 6 

Edgerton-Midwest Pipeline 
System costs 

Item 

Pipeline System 

Annualized Capital costs 

Annual Pumping Costs 

Annual Water Purchases 

Annual 0 & M Costs 

Annual Costs 

Treatment Plant 

Annualized capital costs 

Annual 0 & M Costs 

Annual Costs 

Total Annual costs 

Annual Water Delivered 
(1,000 gallons) 

Cost Per 1,000 Gallons 

(1988 Dollars) 

Initial Operation 
(1990) 

$769,227(1) 

24,600 

4,269 

15,000 

$813,096 

$ 32,530(2) 

35,000 

$ 67,530 

$880,626 

77,287 

$ 11.39 

Full capacity 
Operation (2040) 

$769,227(1) 

38,668 

6,878 

15,000 

$829,773 

$ 32,530 

35,000 

$ 67,530 

$897,303 

124,500 

$ 7.21 

(1) Represents capital costs of $9,519,606 amortized over 50 years 
at 7.9 percent interest. 

(2) Represents capital costs of $402,570 amortized over 50 years 
at 7.9 percent interest. 



From Level II Report 

Table 7 

Local Costs of Edgerton-Midwest Pipeline System and Treatment 
System Assuming a 67 Percent WWDC Grant, 33 Percent WWDC Loan 

(50 Years @ 4 Percent), for the Pipeline System 

Item 

Pipeline System 

Annual Loan Payment 

Annual Pumping Costs 

Annual Water Purchases 

Annual 0 & M Costs 

Annual Costs 

Treatment Plant 

Annual Loan Payment 

Annual 0 & M Costs 

Annual Costs 

Total Annual Costs 

Annual Water Delivered 
(1,000 gallons) 

Local Cost Per 1,000 
Gallons 

State Subsidy Per 1,000 
Gallons 

(1988 Dollars) 

Initial Operation 
(1990) 

$146,236(1) 

24,600 

4,269 

15,000 

$190,105 

$ 18,740 

35,000 

$ 53,740 

$243,845 

77,287 

$ 3.16 

$ 8.23 

Full Capacity 
Operation (2040) 

$146,236(1) 

38,668 

6,878 

15,000 

$206,782 

$ 18,740 

35,000 

$ 53,740 

$260,522 

124,500 

$ 2.09 

$ 5.12 

(1) Represents capital costs of $3,141,470 amortized over 50 years 
at 4 percent interest. 



From Level II Report 

Table 8 

Local costs of Edgerton-Midwest Pipeline System 
75 Percent WWDC Grant, 25 Percent WWDC Loan 

(50 Years @ 4 Percent, for the Pipeline System) 
(1988 Dollars) 

Item 

Pipeline System 

Annual Loan Payment 

Annual Pumping Costs 

Annual Water Purchases 

Annual 0 & M Costs 

Annual costs 

Treatment Plant 

Annual Loan Payment 

Annual 0 & M Costs 

Annual Costs 

Total Annual Costs 

Annual Water Delivered 
(1,000 gallons) 

Local cost Per 1,000 
Gallons 

State Subsidy Per 1,000 
Gallons 

Initial Operation 
(1990) 

$110,785(1) 

24,600 

4,269 

15,000 

$154,654 

$ 18,740 

35,000 

$ 53,740 

$208,394 

77,287 

$ 2.70 

$ 8.69 

Full capacity 
Operation (2040) 

$110,785(1) 

38,668 

6,878 

15,000 

$171,331 

$ 18,740 

35,000 

$ 53,740 

$225,071 

124,500 

$ 1.81 

$ 5.40 

(1) Represents capital costs of $2,379,902 amortized over 50 years 
at 4 percent interest. 
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