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INTRODUCTION 

BACKGROUND 

Aladdin is an unincorporated community located within the foothills of the Black Hills 
region in northeastern Wyoming. The most notable landmark in the Aladdin area is the 
100-year old general store located in the center of the community. In addition to the 
general store, the community is comprised of a cafe, motel, doctor's office, post office, 
bar, community center, and surrounding homes. Generally, homes and businesses alike 
derive their water from shallow alluvial wells along the South Fork of Hay Creek or 
deeper wells in the Sundance Formation, some of which are artesian. Due to the poor 
quality of water derived from these wells, use of reverse osmosis systems, filters, or 
water softeners are common throughout the area with some residents hauling drinking 
water from the nearby communities of Sundance or Belle Fourche, South Dakota. 

Due to the poor quality of water in the region, five property owners formed the Aladdin 
Water District in 1993 and organized their efforts to develop a suitable water source and 
distribution system fcr the area. The District originally encompassed some 4,850 acres 
of property ranging over an area of roughly 15 miles east-to-west and 6 miles north-ta- 
south (see Figure 1-1). The original district was comprised of eleven voting members. 

In 1993, the Wyoming Water Development Commission (WWDC) authorized this Level I 
study to determine the technical and economic feasibility of developing a supply source and 
installing a transmission and distribution system for the District. Based on previous 
discussions and investigations, it was anticipated that the most likely source for a suitable 
water supply for the District would be the Madison Limestone Formation. WWDC accepted 
the proposal submitted by Soda Butte Services to broaden the study area and investigate 
all alternatives for expansion of the system, including combining with neighboring 
communities in order to increase the number of potential users and make the system 
economically viable. As such, a portion of this report pertains specifically to development 
of a system for servicing the community of Beulah, which is located approximately eleven 
miles southeast of Aladdin. 

SCOPE 

Funding for this Level I pre-feasibility study was granted by the 1994 Wyoming Legislature. 
The study was to include geologic and hydrologic investigations of a potential supply 
source, development of a conceptual design for a supply well and appurtenances, 
treatment, storage, transmission, and distribution system, estimation of casts for the project, 
and projection of the monthly cost per user for financing and operating of the system. Work 
began with the scoping meeting held at the Aladdin community center on May 24, 1994. 



This report is presented to document the geologic and hydrologic evaluation, well design, 
conceptual design of the system, cost estimates for construction of the supply system and 
the economic evaluation of the project's feasibility. 

Development of an economically viable water system for the Aladdin Water District is 
primarily dependent on increasing the number of users within the District. In this regard, 
efforts to individually contact potential users within the Aladdin area were initiated following 
the scoping meeting. This factor also prompted development of a unified system capable 
of providing sewice to both the Aladdin and Beulah communities. Assuming the majority 
of the potential users would participate, this system appeared justifiable and was used as 
the basis for determining the incremental cost for expansion of service to outlying areas. 
The results of these analyses showed the system, though economic overall, was essentially 
being subsidized by the areas with the larger numbers of users. 

Having identified the need and potential for development of a system for the community of 
Beulah, the study continued with evaluation of independent systems for both Aladdin and 
Beulah with the primary focus on Aladdin and expansion of the number of users in that 
area. Designs and cost estimates for both systems are presented herein. 
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GROUNDWATER FEASIBILITY ANALYSISMELL SITING STUDY 

GEOLOGIC OVERVIEW 

Aladdin is located in the northern portion of the Black Hills Uplift. The community is 
bordered immediately to the north by sandstone rimrocks of the Lakota Formation. The 
area is underlain by roughly 3,000 feet of sedimentary rocks dipping northwesterly. These 
formations range in geologic age from Cambrian to early Cretaceous. Erosion in this region 
has exposed progressively older rock units to the south and southeast of Aladdin. 

The geologic formation of specific interest for this study is the Pahasapa Limestone of the 
Mississippian system. More commonly referred to as the Madison Limestone or Madison 
Formation in this region, the formation is a massive fine-grained limestone and dolomitic 
limestone which underlies the entire region. Depth to the top of the Madison Formation in 
the Aladdin area is projected at 1,800 feet. A shallower depth of 940 feet is projected for 
the top of the Madison Formation in the Beulah area. Total thickness of the formation 
throughout the region is estimated at 600 feet. Evaluation of the geologic formations was 
completed by Dr. Paul Gries. Dr. Gries is a registered professional geologist and widely 
known for his expertise in characterization of the Madison Formation in the Black Hills 
region. A listing of his geologic projections for the formations in this region is presented in 
Appendix A. 

GROUNDWATER FEASIBILITY 

Within the Aladdin region, nearly all of the geologic formations contain water for shallow or 
low-yielding wells. Those considered to be the most prominent aquifers in this region 
include the local alluvium along the South Fork of Hay Creek, the Sundance Formation, 
Minnelusa Formation, and the Madison Formation. Of these, the ailuvium and Sundance 
Formations are known to produce waters with high iron contents, high total dissolved solids 
and very high hardness. These formations, therefore, were not considered as potential 
groundwater sources for this study. 

Minnelusa Formation: 

The Minnelusa Formation is generally comprised of fine to coarse grained sandstones 
which are interbedded with limestone, dolomite, and shale. In some areas, the formation 
contains several gypsum beds interbedded throughout the upper portion of the formation. 
The lower portion of the Minnelusa Formation, referred to as the Bell Sandstone, is present 
in some portions of the region and felt to be hydrologically interconnected with the 
underlying Madison aquifer. 



With specific capacities ranging from 1 to 5 gallons per minute per foot of drawdown 
throughout the region, the Minnelusa Formation should be considered a viable source of 
supply for water in this region. However, the upper beds of the formation are sometimes 
found to have shows of hydrocarbons making water qualities suspect in and near these 
zones. The Minnelusa Formation's main body of water sand, normally found just below the 
upper oil producing zones, is massive and in some areas of the region produces large 
amounts of sand along with traces of hydrogen sulfide gas. Due to these factors, the 
quality of water within the Minnelusa aquifer is uncertain. Given its proximity to the 
Madison Formation, the Minnelusa is not considered a principal target aquifer for this study. 

Madison Formation: 

The Madison Formation is a massive fine-grained limestone and dolomitic limestone which 
underlies the entire Aladdin area. Throughout the region, the formation is known to contain 
cavernous zones. Based on this preliminary investigation, there are no obvious areas of 
caverns or structural anticlines, synclines, or other non-conformities which could be 
considered as a likely area to encounter secondary fracture systems which would enhance 
porosity and permeability of the aquifer. 

Nearly all of the neighboring municipalities in the region surrounding Aladdin utilize the 
Madison aquifer as their primary source for water supply. Production from these wells 
ranges from several hundred gallons per minute (gpm) to in excess of 2,500 gpm. 
Throughout the region, the aquifer demonstrates confined conditions with artesian flows 
depending on the specific location. in the Aladdin area, the potential for construction of a 
flowing well is marginal. This potential is much greater in the Beulah area where the ground 
surface elevation is lower by approximately 200 feet. 

WELL SITING 

Based on the initial geologic and hydrologic investigations, no areas which could potentially 
produce enhanced permeability through the presence of fractures or caverns in the Madison 
Formation were identified. As such, the location of the expiorato~y well was chosen to best 
coincide with the location of the storage tank. Selection of tank sites for each scenario was 
based on the site's proximity to the service area and elevation to provide adequate pressure 
throughout the service area without incorporating booster stations. Following selection and 
evaluation of each tank site, the well sites were chosen to provide for an adequate drilling 
location with suitable access to minimize construction cost and to minimize the distance for 
piping to the storage tank. 

For the system to service the Aladdin area, the optimum tank location was selected to be 
a topographically high area roughly two-thirds of a mile to the west of the community. The 
accompanying well site was selected to be approximately 350 feet southwest of the tank 
site and adjacent to US Highway 24 (see Figure 3-2). Alternate locations, which were 



closer in proximity to the service area, were also evaluated. Generally, all of these 
locations would require the addition of a booster station to provide adequate operating 
pressure for the system. Due to the additional expenditure for the booster and the 
projected long-term operating and maintenance expenses, the reduction in pipeline 
construction cost for relocation of the tank to one of the closer sites showed only a marginal 
savings. 

Well siting for the Beulah system was based on similar factors. Again, the optimum well 
site was chosen based on location of the starage tank roughly one-half mile east of the 
community of Beulah (See Figure 3-3). This site, however, did not supply adequate 
operating pressure for the system and a booster station was incorporated in the base 
design. 

WELL DESIGN 

Two well designs were developed for construction of Madison Formation exploratory wells 
in the Aladdin and Beulah areas. Both designs incorporate the use of production casings 
cemented into the top of the Madison Formation with an open-hole completion into the 
producing zone. This technique provides for isolation of the Madison aquifer from 
commingling or contamination by water producing zones in the upper formations. The 
primary difference in the two designs lies in the size of the "pump chamber". 

Aladdin: 

For the Aladdin system, a well design using 7-inch production casing, as shown in Figure 
2-1, is recommended. This design provides the Aladdin system with a lower construction 
cost while maintaining the ability to accommodate up to 6-inch pumps capable of producing 
as much as 250 gpm. Smaller production casings could be specified given the production 
requirements for the system of less than 50 gpm, however, cost savings and the reduced 
size of the open-hole completion in the production zone do not warrant such a reduction. 

Design of the Aladdin well includes installation and cementing of a larger diameter surface 
casing to prevent erosion and support unconsolidated materials near the surface during 
drilling. To meet the State Engineer's required specifications, a 9 7/8-in~h borehole will be 
drilled to a depth of ten feet into the Madison Formation. To verify this depth relative to the 
top of the formation, a geophysical suwey of the borehole will be conducted. The 
production casing, 20-pound API J- or K-55 casing, will then be installed and cemented in 
place using Type G or H neat cement grout to surface. 

Because of the competent structure of the Madison Formation, the we4 is designed for an 
open hole completion. A 6 %-inch borehole will be drilled out below the casing into the 
producing zone. Typically, drilling will continue until significant flows are encountered. This 



situation is usually accompanied by a loss of circulation into the formation fractures or a 
cavernous area. For the purposes of this study, it was assumed the well would be 
completed at a depth of 300 feet into the Madison Formation. This depth represents one- 
half of the projected thickness of the aquifer. Typically, most production wells in the region 
are completed in the upper portion of the aquifer. 

Beulah: 

Given the potential for encountering a flowing well at the Beulah site, construction of a well 
identical to that designed for the Aladdin system would likely be adequate. However, with 
the larger service population and the greater potential for significant development in the 
Beulah area, a well design incorporating a larger pump chamber is recommended. In this 
instance, a 10 %inch pump chamber would be installed to a depth of 500 feet. This would 
accommodate installation of larger diameter pumps with production capabilities several 
times greater than the 250 gpm pumps installed in 7-inch casing. The additional cost for 
this well, versus completion with straight 7-inch casing, is estimated at approximately 
$26,000. Specific details pertaining to design of the Beulah well are shown on Figure 2-2. 

As with the Aladdin well, installation of a larger diameter surface casing is specified to 
prevent erosion and support unconsolidated material during drilling. A 14 %-inch borehole 
will then be completed to a depth of 500 feet to accommodate installation of the larger pump 
chamber. To obtain geophysical data pertaining to this upper section of the borehole, a 
survey will be conducted prior to installation of the pump chamber. The pump chamber is 
specified as 10 %-inch, 40.5-pound API J- or K-55 casing to be installed and cemented in 
place using Type G or H cement grout. 

A 9 %-inch borehole will be drilled below the pump chamber to a minimum depth of ten feet 
into the Madison. Again, to verify the depth of the borehole and obtain geophysical data, 
a survey of the borehole will be completed. To complete the production casing string, a 
liner hanger assembly will be installed with 7-inch, 20-pound API J- or K-55 casing into the 
top of the Madison Formation and cemented in place. A valve wilt then be placed on the 
top of the production casing to control the well in the event artesian conditions are 
encountered. 

The well is designed for an open hole completion. A 6 %-inch borehole will be drilled out 
below the casing into the producing zone. It was assumed the well would be completed at 
a depth of 300 feet info the Madison Formation. 
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PRELIMINARY WATER SYSTEM DESIGN 

GENERAL 

The water system for the Aladdin Water District will consist of basically four components. 
These are: the water source (the well); water treatment (chlorination facility); storage 
(tank); and the transmission pipelines. Sizing of the latter three components is dependent 
on the water demand. For purposes of the conceptual design, design criteria from the 
Wyoming Department of Environmental Quality (DEQ) and daily demand from surrounding 
communities of similar size were evaluated. The DEQ design criteria calls for an average- 
day demand of 125 gallons per day per capita (gpdc) and a peak demand of 340 gpdc or 
2.75 times the average. In reviewing the available data from surrounding communities, the 
average-day demand ranged from less than 100 gpdc to 200 gpdc assuming an average 
household consisted of 3.25 persons. A review of the current residents in the Aladdin area 
showed approximately 2.5 persons per household. For the purpose of this study, the 
assumption of 3.25 persons per household was maintained. An average-day demand of 
155 gpdc and the peak-day demand of 425 gpdc (2.75 times average) were selected as the 
design basis for these systems. 

Based on the proposal submitted by Soda Butte Services, the scope of this project was 
broadened to investigate all potential options for development of an economically viable 
system for the community of Aladdin. As part of that investigation, the potential for 
developing a unified system which could service the Aladdin Water District as well as 
extend service to the community of Beulah was evaluated as one scenario. Figure 3-1 
shows a system layout for the entire AladdinlBeulah area. As can be seen, such a system 
could provide service to a vast number of residents throughout the area. For these initial 
evaluations, it was assumed that all of the potential users would participate in the system. 
Based on this assumption, it appeared the system could be economic. This design was 
therefore used as the basis for evaluating each segment of the service system to the 
outlying areas in order to determine the incremental cost per user of service to that 
segment. As shown by the numbers in parenthesis on Figure 3-1, the incremental 
evaluation showed the monthly cost for individual segments of the system to range from 
roughly $92 to in excess of $250 per user. 

Other potential scenarios which were investigated included using a State Engineer's Office 
monitoring well as a production well and salelpurchase of water from the neighboring 
ButtelMeade Water District in South Dakota. Unfortunately, neither option produced any 
potential results. Since the State Engineer's office had already selected the desired 
locations for their monitoring wells and the construction bids had been let, this option was 
not possible. Discussions with the ButtelMeade Water District were also unsuccessful as 
neither the need, nor the potential for an economic tie to their system appeared to exist in 
the vicinity of the Aladdin system. 



Despite the incremental analysis indicating a viable system for connecting the Aladdin and 
Beulah communities, further evaluation revealed that the Beulah system was essentially 
subsidizing the Aladdin community. This factor is primarily due to the greater number of 
potential users identified in the Beulah area. Having established the need and potential for 
development of an economic system in the Beulah area, designs were evaluated for both 
the Aladdin and Beulah communities on an individual basis. The components of these 
designs are discussed in each of the following sections. 

TANK STORAGE 

Based on the projected water quality to be derived from the Madison aquifer, no gas 
production or other quality constraints which would require the use of multiple tanks are 
expected. Preliminary designs of the systems were therefore based on installation of a 
single storage tank capable of meeting the DEQ regulations for storage within a single well 
system. 

The single tank will be used for storage of finished water following chlorination and to 
provide retention time for the chlorine treatment. In accordance with the Department of 
Environmental Quality (DEQ) regulations, for systems using an average of less than 50,000 
gallons per day (gpd) with only one production well, the finished water storage should equal 
twice the maximum daily usage. As shown in Table 3-1, this would require installation of 
roughly 65,000 and 100,000 gallons of finished water storage for the Aladdin and Beulah 
systems, respectively. Based on these DEQ guidelines, it is recommended to initially install 
a single storage tank to meet the needs of each system. Future expansion of the systems 
and increases in the number of users could require installation of additional storage. At 
such a time, additional tanks could be added on a staged basis and actual usage 
information would be available to more accurately determine the sizing requirements fur the 
system. 

Cost for storage tanks can vary greatly depending on the type of tank and liner specified. 
Welded and bolted tanks incorporating a variety of liner materials were considered. Cost 
estimates for these evaluations were based on installation of bolted tanks with a non- 
ceramic liner. This represents a variety of tanks in the medium price range. 

TREATMENT FACILITIES 

Based on the projected water quality from the Madison aquifer in this region, required 
treatment for the systems is anticipated to only include chlorination, as required by DEQ. 
Production water from the well will be pumped to a well house, metered, and transferred 
to the storage tank. Chlorine will be introduced as the water is transferred. A simple 
chlorine injection system is recommended for this application. Such a system would provide 
a simple, low cost alternative for the systems to meet chlorination requirements. 



As stated above, sizing of the finished storage is such that the DEQ requirements are met. 
These tank sizes will provide sufficient chlorine retention time prior to transfer of the water 
to the users. 

TRANSMISSION SYSTEM 

Installation of polyvinyl chloride (PVC) pipe is recommended for transmission piping 
throughout the systems. The pipe should have a Sfoot bury and follow the routes shown 
on Figure 3-2 and Figure 3-3, respectively. Sizing of the transmission line included 
consideration for providing flows of up to 600 gpm throughout the systems. Even though 
neither system was designed to provide for fire flow, the design flows and the installation 
of hydrants at regular intervals throughout the systems were included to provide ready 
access for filling tankers should the need arise. As previously discussed in locating the 
optimum tank sites, all of the Aladdin system will be serviced by means of gravity flow from 
the finished storage tank. A booster station was included in the Beulah design to maintain 
adequate pressure at higher production levels throughout the system. 

DISTRIBUTION SYSTEM 

All of the piping shown on Figures 3-2 and 3-3 was considered part of the transmission 
system for each community. The distribution systems for this project include piping from 
these transmission lines to each user. Installation of meters, meter pits, and appurtenances 
is included as part of the distribution system. Though not specifically required by WWDC 
guidelines, the installation of individual meters for each user is recommended. Meters 
provide the district with a means of equitably billing their customers as well as monitoring 
the system for leaks. 

Based on providing service to those users within the District at the time of this report, no 
additional distribution lines will be required. Standards for design and construction of 
service lines from the meter pits to each user will be based on guidelines developed and 
adopted by each district. 

USER EVALUATIONS 

As indicated earlier, a primary objective in development of an economically viable system 
in the Aladdin area was to expand the number of potential users. A detailed review of land 
ownership and discussions with individual residents of the area determined a total of 32 
potential users who could be economically serviced by the Aladdin system. At the time of 
this report, 19 potential users had indicated their desire to receive service should a system 
be constructed. Of the remaining 13 potential users, 6 were undecided, primarily due to the 
uncertainty of a guaranteed cost, and the remaining 7 were not interested in receiving 
service. Most of those who indicated they were not interested, currently use their own 



water wells and feel they are sufficient for their needs. To account for the undecided users, 
the cost analysis discussed in Section 4 provides estimates for a cost per user for the 
Aladdin system based on both 20 and 25 users. 

Evaluation of the potential users for a Beulah system was derived in a similar manner. 
Land ownership records and the location of existing dwellings were reviewed. The results 
of this review indicated a total of 43 potential users of which only 35 would likely be 
receiving service at the time a system was constructed. The differential between these 
figures represent vacant homes or vacant lots which had previously or could be readily 
occupied. To account for this variance, the cost estimates for construction, operation, and 
maintenance of a system within the community of Beulah are based on 35 and 45 users. 
Table 3-1 outlines the daily demand at these different levels of participation for both the 
Aladdin and Beulah systems. 

Table 3-1 
Average and Peak Daily Demands 

1 
- 20 Users 

Aladdin 
- 25 Users 

F 

Level of Participation 

- 35 Users 
Beulah 

- 45 Users 

II I I 

10,075 gpd 

12,594 gpd 

Average Daily Demand 

27,625 gpd 

34,530 gpd 

17,630 gpd 

22,670 gpd 

Peak Daily Demand 

48,345 gpd 

62,155 gpd 



Segment Incremental 
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COST ESTIMATES AND FINANCIAL PLAN 

CONSTRUCTION COST ESTIMATES 

Detailed cost estimates for construction and testing of a Madison exploratory well for the 
Aladdin Water District are contained in Table 4-1. As previously discussed, this well is 
designed to include 7-inch production casing with a 6 %-inch open hole completion in the 
producing zone. This cost estimate assumes completion of the well to a depth of 300 feet 
into the Madison Formation or a total well depth of 2,100 feet. Further details pertaining to 
the design and construction of the exploratory well are contained in Section 2 of this report. 

Table 4-1 
Construction Cost Estimates 

Aladdin Exploratory Supply Well 
2,100 Foot Madison Well: 7-inch Casing16 %-inch Open Hole 

QUANTITY UNIT LINlT PRICE TOTAL COST 

Drill For, Fumish, lnstall and Cement 
Surface Casing 

Drill 9 718-inch Borehole 

Conduct Gelophysical Survey of 9 718- 
inch Borehole 

Furnish and Install 7-inch O.D. 20 Ib. 
API J- or K-55 Casing 

Fumish and lnstall Cement Seal 

Drill 6 114-inch Borehole 

Well Development and Rig Time 

Standby Time 

Lump Sum 

30 

L.S. 

Feet 

Feet 

L.S. 

Feet 

L.S. 

Feet 

Hours 

Hours 

Subtotal Construction Cost Estimate 

Fumish & Install Test Pump 

Conduct Pump Test 

Lump Sum 

168 

L.S. 

Hours 

Subtotal Well Testing Cost Estimate 

Total Well Cost Estimate 



Cost estimates for construction and installation of the storage tank, treatment, and 
transmission system were developed based on current projections from contractors and 
actual expenditures for similar projects. Discussion of the parameters used in the design 
of the system is contained in Section 3. A detailed summary of the cost components for 
construction of the system is contained in Table 4-2. 

Table 4-2 
Construction Cost Estimate 

Aladdin Water District Well Appurtenances, Storage, 
Treatment and Transmission 

QUANTITY UNlT UNlT PRICE TOTAL COST 

1 Mobilization/Demobilization Lump Sum L.S. $20,000.00 $20,000.00 

2 Furnish & Install 6-inch PVC Pipeline 9,678 L. F. $12.00 $1 16,136.00 

3 Furnish & Install 4-inch PVC Pipeline 3,369 L. F. $1 1.50 $38,743.50 

4 Furnish & Install 3-inch PVC Pipeline 522 L. F. $10.50 $5,481 -00 

5 Gate Valves: 6-inch 7 Each $550.00 $3,850.00 

6 Gate Valves: 4-inch 6 Each $500.00 $3,000.00 

7 Gate Valves: 3-inch 5 Each $450.00 $2,250.00 

8 Fire Hydrants 3 Each $2,250.00 $6,750.00 

9 Flushing Hydrants 1 Each $1,025.00 $1,025.00 

10 Tanks 70,000 Gallon $0.45 $31,500.00 

11 Controls, Treatment & Building Lump Sum L.S. $35,000.00 $35,000.00 

12 Pump, Motor, & Controls Lump Sum L.S. $20,000.00 $20,000.00 

13 Air Vacuum/Air Relief Valves 2 Each $4,500.00 $9,000.00 

14 Pipeline Bends/Elbows 8 Each $275.00 $2,200.00 

15 Pipeline Tees 4 Each $350.00 $1,400.00 

16 Record Drawings Lump Sum L.S. $1,250.00 $1,250.00 

17 Bedding Materials 13,569 L.F. $0.85 $1 1,533.65 

18 Highway Borings 300 L.F. $1 15.00 $34,500.00 

Total Construction Cost Estimate $343,619.15 



For the purpose of this study, only the costs for installation of meters, meter pits, and 
appurtenances are considered a part of the distribution system. Costs for construction of 
the distribution system are not subject to funding under the WWDC guidelines. As shown 
in Table 4-3, a cost of $750 was estimated for each installation. 

Typically, water districts impose a charge or "initial tap fee" in the range of $300 to be 
collected from each user for use towards the installation of the meters and meter pits. This 
concept was included in the cost projections for this project and the initial tap fee of $300 
was used toward reducing the debt requirements for construction of the distribution system. 
It was assumed the district would not provide financial assistance for installation of service 
beyond the meter pits. 

Table 4-3 
Construction Cost Estimate 
Aladdin Distribution System 

UNIT TOTAL 
QUANTITY UNIT PRICE COST 

Services with Meters 25 Each $750.00 $1 8,750.00 

Contingency @ 15% $2,812.50 

Credit for Initial Tap Fee 25 Each $300.00 ($7,500.00) 

Total Distribution Cost Estimate $14,062.50 

Final construction cost estimates for the Aladdin water system are summarized below. 
Engineering cost and construction contingencies were developed in accordance with 
standard percentages currently utilized in WWDC budget projections. Estimates are 
included for completion of both the Level II and Level Ill studies under the WWDC 
guidelines. 



FINAL COST ESTIMATES 
Aladdin Water District 

Level I 1  - Well Construction and Testing: 

Preparation of Designs and Specifications, Permitting, 
Construction Access: Level I I 

Cost of Project Components: 

Well Construction (See Table 4-1) 

Well Testing 

Total Well Construction and Testing 

Engineering Construction Costs @ 10% 

Subtotal 

Contingency @ 15% 

Construction Cost Total 

Project Cost Total - Level II 

Level Ill - System Design and Construction: 

Preparation of Final Designs and Specifications 

Permitting and Mitigation 

Legal Fees 

Acquisition of Access and Rights-of-Ways 

Engineering Costs @ 10% 

Subtotal 

Contingency @ 15% 

Cost of Project Components: 

System Construction (See Table 4-2 for Details) $343,619.15 

Construction Cost Total $434,678.22 

Project Cost Total - Level Ill 

Grand Total Level II & Ill Costs 



OPERATION AND MAINTENANCE COSTS 

Estimates for the operation and maintenance (O&M) of the system include costs for 
electrical power, services of a qualified operator to oversee the system, water analysis, 
legal, and accounting services. In addition, the O&M costs for the system included 
payments into a sinking fund established to generate a cash reserve to be used for 
replacement and repair of equipment. 

Electrical power for the system will be derived from Tri-County Electric. Since the size of 
the pump and appurtenance is relatively small (less than 50 kilowatt demand), the electrical 
cost for operation of the pump was calculated using the base electric rate of 4.574 cents 
per kilowatt-hour. The electrical cost estimate also includes the standard $14 per month 
facility charge for three-phase, 460 volt service and an estimate for the cost of operating 
the chlorination system, lights, and heating and cooling of the pump house. Given the 
proposed location of the well, no additional charges were included for construction of the 
electrical service line for the system. 

The O&M cost estimates also provide for the services of a qualified operator to oversee 
system operation and collect water samples as required. Given the simplicity of this 
system, it was assumed an operator would visit the site one day per month or 5% of a 
normal work schedule. Assuming an annual salary range of $25,000 to $30,000 plus 
benefits, this expense equates to approximately $1,800 per year or $1 50 per month. 

Costs for providing clerical services for bookkeeping and monthly billing for the Aladdin 
system were estimated in a similar manner. Assuming annual salaries in the $15,000 to 
$20,000 range, plus benefits, the accounting expense was projected at $160 per month. 
Additionally, an annual expense of $500 was included to account for legal or other 
administrative expenses. 

Requirements for water quality analyses of a domestic groundwater supply include testing 
for numerous constituents. Depending on the results of these analyses performed during 
testing and development of the exploratory well, regular testing for many of the constituents 
is generally not required on a long-term basis by the water districts. An annual O&M cost 
of $600 is included to account for conducting regular water analysis. 

The final component included in the O&M cost is the establishment of a sinking fund to 
provide for repair andlor replacement of equipment within the system. This component is 
generally equated to the cost for replacement of the supply pump over a seven year period. 
For the Aladdin system, this would account for replacement of the 70-horsepower, 60 gpm 
pump (estimated capital cost of $3,500) and installation (estimated cost of $1,500). Since 
the pump requirements for this system are relatively small, the value of the sinking fund was 
increased to $8,000 for the O&M cost estimates. 

Table 4-4 below summarizes the projected O&M costs for the Aladdin system. As noted, 
these figures were developed assuming 25 users with~n the system. Changes in this 



number of users will result in an increase or decrease of the projected O&M cost, primarily 
in the electrical cost component. 

Table 4-4 
Operation and Maintenance 

Cost Estimates 
Aladdin Water District 

ITEM 

Electrical 

Legal 

Accounting 

Operator 

Water Analysis 

MONTHLY COST 

$76.01 

$41.67 

$160.00 

$1 50.00 

$50.00 

Subtotal 

Sinking Fund 

Total Operation and Maintenance Cost Estimate $560.36 

* Based on the assumption of 25 users. Some of the items 
would be increased with an increased number of users. 

FUNDING OPTIONS 

The Aladdin Water District will rely on grants, loans, and user fees to generate the 
necessary funds for construction and operation of the water system. Based on the 
evaluations completed as part of this Level I study, an appropriation of nearly $21 5,000 
would be required for completion of a Level II feasibility study in 1995. As part of that Level 
II study, additional cost estimates for the Level Ill project to construct the storage, 
treatment, and transmission systems would be completed. It is estimated that the required 
appropriation for completion of the Level Ill project in 1996 would be approximately 
$495,000. 

Prior to commencement of a Level Ill study, the District will be required to sign a 30-year, 
4% mortgage for the loan portion of WWDC's funding. This portion equates to 33% of the 
cost for construction of the exploratory well and 33% of the cost for completion of the Level 
Ill project. Funding for items not covered under the WWDC program, such as construction 
of the distribution system, will need to be acquired from other sources. 



Other agencies which can be considered for financing the non-WWDC funded cost of 
constructing the distribution system include the Wyoming Farm Loan Board (FLB) and 
Farmers Home Administration (FmHA). Both agencies offer grant/ loan programs. 
Typically, the FLB program consists of 50% grant funds with loans on the remaining 50% 
at varying interest rates depending on market conditions. For the purpose of this study, 
funding for the non-WWDC portions of the project was assumed to be acquired from the 
FLB on the basis of a 50% grant and a loan on the balance at 7.25%. 

An additional analysis was completed assuming the District was successful in acquiring 
funding from FrnHA. Based on discussions with the FmHA representative, grant funds 
could be made available for that portion of the District's debt which exceeds 0.5% of the 
median income for the area. Specific to the Aladdin area, the latest census figures for 
northern Crook County indicate a median income of $20,300. Therefore, grants could be 
made available for all debt payments exceeding 0.5% of $20,300 or $1 01.50 per year per 
user. Grants of this magnitude would reduce the monthly cost per user to a level below 
what is considered average for comparable systems throughout the state. Therefore, the 
amount of grant assistance through the FmHA would likely be reduced to a level which 
would result in a monthly cost per user, inclusive of O&M costs, in line with comparable 
systems. Discussions indicated this cost to be in the range of $45 per month. A breakdown 
of the costs for each agency under this scenario is shown below. 

Additional factors which are required for the District to be eligible for the FmHA funding 
include having in place a suitable source of supply and the inclusion of a general obligation 
bond for obtaining loans through FmHA. These factors require some additional 
consideration in determining the feasibility of the project. First, the availability of grant funds 
which could be used in reducing the monthly user cost to the $45 per month level cannot 
be determined prior to the conclusion of the Level I1 feasibility study. Therefore, the project 
must be justifiable based on funding through the WWDC and FLB. Secondly, to enhance 
the possibility of obtaining grant funds from FmHA, the District may opt to receive the 
required loan portion for the project through FmHA as well. Under the current market 
conditions, this could result in an increase in the long-term interest rate for their loan from 
4% (WWDC) to a market based rate for FmHA which is currently in the range of 5.25%. 
Additionally, the inclusion of a general obligation bond would require use of a bonding 
agent at an estimated cost of roughly $6,000. 

MONTHLY USER COST 

The following tables show a breakdown of the projected monthly cost per user for the 
Aladdin Water District based for both 20 and 25 users. The first scenario presented 
assumes only WWDC funding with FLB funding for the distribution system. The second 
scenario also includes WWDC funding for the grant portions of the Level I1 and Ill projects, 
but assumes the District obtains a loan and grant from FmHA f ~ r  the remaining funding 
requirements. As stated above, the FmHA funding would likely be reduced to maintain a 
monthly user cost in the range of $45. 



Table 4-5 
Monthly User Cost Summary 

Aladdin Water District 

FmHA Funding 

l tem 

Level II: 

Well Construction 

Level Ill: 

Transmission 

Distribution Cost - 
Outside Funding 

Total Capital Cost 

O&M Cost 

Total Project 

Loans 

$44,257 

$163,446 

$7,031 

$214,734 

Project Cost 

$212,382 

$495,290 

$1 4,063 

$72 1,735 

$17.84 

$22.41 

$40.26 

Monthly 
Cost 

20 Users 

$1 0.66 

$39.38 

$2.42 

$52.46 

$27.50 
---, 

$79.96 

$22.31 

$27.50 ---. 
$49.81 

Monthly 
Cost 

25 Users 

$8.53 

$31.51 

$1.94 

$41.97 

$22.41 

$64.39 

WWDC 
Covered 

Costs 

$78,269 

$78,269 

Total Capital Cost 

WWDC Funding 

FmHA Funding 

O&M Cost 

Total Project 

Grants 

$89,856 

$331,844 

$7,031 

$428,73 1 

$78,269 

$78,269 

$78,269 

$72 1,735 

$6,000 

$727,735 

$421,700 

$147,766 

$569,466 

$80,000 

$80,000 



CONSTRUCTION COST ESTIMATES 

Cost estimates for design and construction of a water supply system for the Beulah 
community were developed on the same basis as the estimates for Aladdin discussed 
above, with one exception. Given the potential for significant development of the water 
system, the exploratory well for Beulah was designed to include a 10 %-inch pump 
chamber. This larger pump chamber will accommodate higher capacity production pumps 
with the remainder of the production casing being 7-inch. The producing portion of the well 
is designed for a 6 %-inch open hole completion. Cost estimates assume completion of the 
well to a depth of 300 feet into the Madison Formation or a total well depth of 1,240 feet. 
Tables 4-6 presents the detailed cost estimates for construction of the exploratory well for 
the Beulah system. 

Cost estimates for wnstruction and installation of the storage, treatment, and transmission 
systems to supply the Beulah wmmunity were also developed on the same basis as those 
generated for the Aladdin system. A detailed summary of these cost estimates is contained 
in Table 4-7. As discussed in Section 3, due to the topography in the immediate vicinity of 
the Beulah community, the tank site does not provide adequate operating pressure for the 
system during periods of higher production. Therefore, additional costs were included as 
part of the controls, treatment, and building component to account for installation of a 
booster station. Costs for operation of the booster station are also included in the O&M 
costs shown in Table 4-9. 



Table 4-6 
Construction Cost Estimates 

Beulah Exploratory Supply Well 
1,240-Foot Madison Well: 10 314-inch & 7-inch Casing16 %-inch Open Hole 

QUANTITY UNIT UNIT PRICE TOTAL COST 

Lump Sum 

30 

L.S. 

Feet Drill For, Furnish, lnstall and Cement 
Surface Casing 

Feet 

L.S. 

Drill 14 314-inch Borehole 

Conduct Geophysical Survey of 14 314- 
inch Borehole 

Furnish and lnstall 10 314-inch 0.0. 40.5 
Ib. API J- or K-55 Casing 

Feet 

Furnish and Install Cement Seal L. S. 

Feet 

L.S. 

Drill 9 718-inch Borehole 

Conduct Geophysical Survey of 9 7/8- 
inch Borehole 

Furnish and lnstall 7-inch O.D. 20 Ib. 
API J- or K-55 Casing 

Feet 

Furnish and lnstall LinerIHangerlPacker 
Assembly 

L.S. 

Furnish and Install Cement Seal L.S. 

Feet 

L. S. 

Hours 

Hours 

Drill 6 114-inch Borehole 

Furnish and Install Valve (As Required) 

Well Development and Rig Time 

Standby Time 

Subtotal Construction Cost Estimate 

Lump Sum 

168 

L.S. 

Hours 

Furnish & lnstall Test Pump 

Conduct Pump Test 

Subtotal Well Testing Cost Estimate 

Total Well Cost Estimate 



Table 4-7 
Construction Cost Estimate 

Beulah Well Appurtenances, Storage, 
Treatment and Transmission 

QUANTITY UNlT UNlT PRICE TOTAL COST 

Mobilization/Demobilization Lump Sum L.S. $20,000.00 $20,000.00 

Furnish & Install 8-inch PVC Pipeline 4,347 L.F. $14.00 $60,858.00 

Furnish & Install 6-inch PVC Pipeline 3,864 L. F. $12.00 $46,368.00 

Furnish & Install 4-inch PVC Pipeline 91 1 L. F. $1 1.50 $10,476.50 

Gate Valves: 8-inch 4 Each $750.00 $3,000.00 

Gate Valves: 6-inch 4 Each $550.00 $2,200.00 

Gate Valves: 4-inch 

Fire Hydrants 

Flushing Hydrants 

Tanks 

2 Each $500.00 $4,000.00 

3 Each $2,250.00 $6,750.00 

1 Each $1,025.00 $1,025.00 

100,000 Gallon $0.45 $45,000.00 

Controls, Treatment & Building Lump Sum L.S. $55,000.00 $55,000.00 

Pump, Motor, & Controls Lump Sum L.S. $20,000.00 $20,000.00 

Air VacuumIAir Relief Valves 1 Each $4,500.00 $4,500.00 

Pipeline BendsIElbows 10 Each $275.00 $2,750.00 

Pipeline Tees 4 Each $350.00 $1,400.00 

Record Drawings Lump Sum L.S. $1,250.00 $1,250.00 

Bedding Materials 9,122 L.F. $0.85 $7,753.70 

Highway Borings 200 L.F. $1 15.00 $23,000.00 

Total Construction Cost Estimate $312,331.20 



The distribution system was assumed to include only the cost to furnish and install meters, 
meter pits, and appurtenances. All piping within the Beulah system was considered to be 
part of the transmission system and subject to funding under the WWDC guidelines. Table 
4-8 shows the projected costs for installation of the meters and meter pits. A portion of the 
funding for installation of the distribution system was assumed to be derived from an initial 
tap fee of $300 per user. 

Table 4-8 
Construction Cost Estimate 
Beulah Distribution System 

QUANTITY UNIT UNIT TOTAL 
PRICE COST 

Services with Meters 45 Each $750.00 $33,750.00 

Contingency @ 15% $5,062.50 

Credit for Initial Tap Fee 45 Each $300.00 ($1 3,500.00) 

Total Distribution Cost Estimate $25,312.50 

Engineering cost and construction contingencies for the Beulah system were also 
developed in accordance with standard percentages currently utilized in WWDC budget 
projections. Estimates for the Level I I  and Level Ill studies are shown below. 



FINAL COST ESTIMATES 
Beulah Water System 

Level II - Well Construction and Testing: 

Preparation of Designs and Specifications, Permitting, 
Construction Access: Level II 

Cost of Project Components: 

Well Construction (See Table 4-6) 

Well Testing 

Total Well Construction and Testing 

Engineering Construction Costs @ 10% $1 1,635.00 

Subtotal $1 27,985.00 

Contingency @ 15% 

Construction Cost Total 

Project Cost Total - Level II 

Level 111 - System Design and Construction: 

Preparation of Final Designs and Specifications 

Permitting and Mitigation 

Legal Fees 

Acquisition of Access and Rights-of-Ways 

Cost of Project Components: 

System Construction (See Table 4-7 for Details) 

Engineering Costs @ 10% 

Subtotal 

Contingency @ 15% 

Construction Cost Total 

Project Cost Total - Level Ill 

Grand Total Level II & Ill Costs 



OPERATION AND MAINTENANCE COSTS 

Projected costs for operation and maintenance of the Beulah system were generally derived 
on the same basis as the costs for the Aladdin system. A discussion of each component 
is contained in the preceding sections of this report. To account for the larger number of 
potential users in the Beulah system, the cost projections for operator and accounting 
services were increased by roughly 50% to $230 and $220 per month, respectively. In 
addition, the required booster pump, to maintain operating pressure for the system, 
increased the projected electrical cost for the Beulah system by nearly 15% per user over 
the projected cost for Aladdin. Table 4-9 summarizes the operation and maintenance cost 
for the Beulah system. 

Table 4-9 
Operation and Maintenance 

Cost Estimates 
Beulah Water System 

ITEM 

Electrical 

Legal 

Accounting 

Operator 

Water Analysis 

MONTHLY COST 

$1 31.46 

$41.67 

$230.00 

$220.00 

$50.00 

Subtotal 

Sinking Fund 

Total Operation and Maintenance Cost Estimate $755.81 

* Based on the assumption of 45 users. Some of the items 
would be increased with increased numbers of users. 

FUNDING OPTIONS 

The primary funding sources for development of the water supply system for the Beulah 
community will include grants, loans, and user fees. As shown above, an appropriation of 
approximately $200,000 would be required for completion of a Level II feasibility study. 
However, prior to requesting such an appropriation, residents of the Beulah community will 
need to initiate procedures to form a water district. Assuming this is accomplished and the 
monies are appropriated by the 1995 Wyoming Legislature, a Level II study could 



conceivably be completed in 1995. Based on the success of the Level II study and 
formation of a district with sufficient support to provide the necessary number of users to 
justify the project, an appropriation of roughly $450,000 would be required to complete the 
system under a Level Ill construction project. 

Funding under the guidelines of the WWDC program would require the district to assume 
a mortgage for the loan portion of the project. The loan would include 33% of the 
construction cost of the exploratory well and 33% of the cost for completion of the Level Ill 
project. Typically, these bans are issued at an interest rate of 4% for a term of 30 years. 

Since construction of the distribution system is not covered under the WWDC program, 
alternative financing options will have to be pursued. Sources for these funds would include 
the Wyoming Farm Loan Board (FLB) and the Farmers Home Administration (FmHA). Both 
agencies offer grantlloan programs at varying levels and interest rates depending on market 
conditions. For this study, it was assumed the FLB program would provide a 50% grant 
along with a loan for the remaining 50% at an interest rate of 7.25% for 30 years. Since the 
projected cost per user for the Beulah system is in line with the average $45 per month rate 
for comparable systems throughout the state, no additional evaluation for inclusion of FmHA 
grants was completed. 



MONTHLY USER COST 

A breakdown of the projected monthly cost per user for the Beulah water system is shown 
in the Table 4-10 below. This table shows the projected cost assuming 35 or 45 users. 

Table 4-10 
Monthly User Cost Summary 

Beulah Water System 

Item 

Level 11: 

Well Construction 

Level Ill: 

Transmission 

Distribution Cost - 
Outside Funding 

Total Capital Cost 

O&M Cost 

Total Project 

Project Cost 

$197,053 

$448,882 

$25,313 

$67 1,247 

WWDC 
Covered 

Costs 

$75,969 

$75,969 

Grants 

$81,126 

$300,751 

$1 2,656 

$394,533 

Loans 

$39,958 

$148,131 

$12,656 

$200,745 

Monthly 
Cost 

35 Users 

$5.50 

$20.40 

$2.49 

$28.39 

$21.11 

$49.50 

Monthly 
Cost 

45 Users 

$4.28 

$15.86 

$1.94 

$22.08 

$16.80 

$38.88 
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PROJECT IMPLEMENTATION 

DESIGN AND CONSTRUCTION SCHEDULE 

Assuming final approval by the Select Water Committee and appropriation of sufficient 
funds by the 1995 Legislature, design and construction activities for an Aladdin Water 
Supply Project - Level II should commence by April 1995. Based on the timing for 
Legislative approval, preparation of well specifications for construction bidding and 
permitting of the well should be completed in June 1995. Construction and testing 
activities should be completed with preparation of the Level II report by SeptemberfOctober 
1995. 

PERMIT REQUIREMENTS 

It is anticipated the following permits and clearances will be required for the Aladdin Water 
Supply Project: 

Archeological 

Notification should be provided to the Wyoming State Archeologist and Wyoming 
State Historical Preservation Office prior to commencement of drilling activities. 

Wyoming Department of Environmental Quality (DEQ) 

As a prerequisite to requesting a Permit to Construct during the Level Ill project, the 
District office of the DEQ will be notified of the plans for construction of the 
exploratory well. A copy of the well specifications will be supplied for their review 
and comment. Specific to the Level II study, a permit for discharge of the water from 
the exploratory well during well development and testing will be required. 

Wyoming State Highway Department 

Approval from the Wyoming Highway Department will be required to construct a 
temporary approach for accessing the proposed well site. Communications should 
also begin during the Level II project to insure location of the exploratory well and 
proposed location of transmission lines along the U.S. Highway 24 right-of-way do 
not conflict with current or projected plans. 



State Engineer 

An exploration permit for drilling the exploratory supply well will be required from the 
Wyoming State Engineer's Office. Provided the well is successful and the project 
proceeds to Level Ill, this permit will be modified to obtain an appropriation for use 
of the well as a supply source for the District. 
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CONCLUSIONS AND RECOMMENDATIONS 

CONCLUSIONS 

The primary objective of this study was to determine the technical and financial 
feasibility of installing a water supply system to service the needs of the Aladdin Water 
District. Completion of this Level I pre-feasibility study has confirmed the need for a 
dependable source of water, of acceptable quality, to supply the residents and businesses 
of the Aladdin community. Residents in the region utilize water from shallow wells in the 
alluvial areas along South Fork of Hay Creek or from the Sundance Formation. In both 
cases, the water produced is usually very hard and has a high iron content. Most water is 
treated by use of a water softener, processed through a reverse osmosis system, or the 
residents supplement their water supply by hauling drinking water from the adjacent 
communities. However, some of the residents in the community have wells of better quality 
or feel the quality of water produced from their existing wells is adequate for their needs. 

Technically, the potential for development of a suitable supply source for the Aladdin 
community is feasible. Hydrologically, the Madison Formation, a massive limestone aquifer, 
underlies the entire region. This aquifer is utilized as the primary water source for 
essentially all of the municipalities and surrounding communities in the Aladdin region. The 
proximity of a Madison well in the Aladdin area to the recharge areas of the Black Hills 
should result in production of good quality water from the aquifer in this area. Since the 
Madison Formation is relatively shallow in the Aladdin area, requiring a well depth of roughly 
2,100 feet, construction and development of a Madison well as a supply source is 
considered a viable and economic alternative for the District. 

Due to the large areal extent over which the District was originally formed, servicing all 
areas of the original district was found to be uneconomic. Each segment of a system 
designed to provide service to the entire District was evaluated to determine the 
incremental cost for providing service to the users within that segment. These evaluations 
resulted in development of a smaller system which would primarily service the needs of 
those residents and businesses in the immediate vicinity of the Aladdin community as well 
as a small group of residents located slightly less than one mile east of the community. 

Given the relatively small number of potential users in this area, financial feasibility of the 
system is heavily dependent on the number of users actually electing to receive service 
from the District. The monthly cost per user is projected to range from a low of $64 for 
providing service to 25 users to as high as $79 for only 20 users. Alternative funding 
through the FmHA could be available which would bring this cost down to the $45 per 
month range. However, commitment of these funds will not be made until following the 
Level II study. Therefore, potential users must make their election to receive service based 
on the higher monthly cost projections. 



One of many scenarios evaluated to determine the economic feasibility of a supply system 
for the Aladdin Water District involved development of a system which would provide 
service to the Aladdin area as well as extend service to the neighboring community of 
Beulah. Though economically feasible overall, this evaluation showed the Beulah area 
would essentially be subsidizing service to the Aladdin area due to their larger number of 
potential users. The Beulah community, having the same need for a dependable source 
of water of acceptable quality, was thereby evaluated on the basis of establishing an 
independent water district to provide service to the community and surrounding areas. 

Evaluation of a water supply system for the Beulah area proved to be both technically and 
economically feasible. Preliminary cost estimates for construction, operation, and 
maintenance of the system resulted in a projected monthly cost per user ranging from $38 
to $49 based on providing service to 45 and 35 users, respectively. 

RECOMMENDATIONS 

Members of the Aladdin Water District are currently pursuing potential users to petition the 
District for membership. Continuation of the Aladdin Water Supply Study into a Level II 
study for construction of an exploratory supply well will be dependent on the success of 
these efforts by expanding the District membership to include 20 to 25 users. Given the 
uncertainty of funding from FmHA, members should elect to participate in the project 
assuming an estimated cost in the range of $64 to $79 per month. 

Assuming the District is successful in obtaining the necessary petitions for increasing their 
membership, application should be made to the FmHA to obtain a grant of roughly $150,000 
to be accompanied by a loan of $80,000. Even though FmHA will be unable to act on the 
request until the Level ll study is completed, early application will alert the agency to the 
District's needs and enable them to include the project in their interim planning. 

As a result of this study, the potential for development of a water supply system to service 
the Beulah community has been identified. Should residents of Beulah feel the community 
wouid support development of a system. efforts should be initiated to form a water district 
which would encompass the community and surround areas. Based on the projected cost 
for construction, operation, and maintenance of a system in the Beulah area, establishment 
of a district with 35 or more potential users should result in an economically viable project. 
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JOHN PAUL GRIES 
Consulting Ceolojist 
238 ST. CHARLES STREET 

RAPID CITY, SOUTH DAKOTA 

Memorandum t o  Steve Hampton 
From J. P. Gries 
Re:rur,l water system i n  Beulakc~l,ddin area 

Estimate f o r  R water wel l  to be locatecl one half  mil^ e e s t  of Beulah, 
Wyominq, near  t h e  junct ion of 1-90 and County road 863. Elevat ion 3580 ft. 

Spea r f i sh  reabeds .nd gypsum 0 - 280 
Minnek,ht a limes tone 280 - 320 
Opeche redbeds 320 - 430 
Minnelusa sandstone and dolomite 430 - 940 
Madison l imestone 940 - 15A0 

4 

This wel l  will probably flow under low head. How far i n t o  t h e  
&dison i t  w i l l  be necessary t o  d r i l l  i s  uncertaia. Normally, t h e  best 
y i e l d s  are found with in  the first 200 t o  250 feet. However, when the  
nearby Ox Yoke ranch drilled a well in 1991, they drilled completely 
through tbe formation. It i s  not  known vhether t h i s  u,s t o  secure 
quate water, or  whether t h e r e  was ,nother o b j e c t i v e .  

The d r i l l i n g  cont rac tor  may encounter s o l ~ t i o n  c a v i t i e s  i n  t h e  gypsum. 
Lost c i r c u l a t i o n  is possible, .s is .n uncontrulled flow of water 

Estimate f o r a t e r  we l l  t o  be loc,tes one h,lf mile west of Aladdip, 
at the i n t e r s e c t i o n  of Wyo. 24 and county 1ll. Elevat ion  3718 feet. 

Morrison sblw 0 -  60 
Sutiance shale and sandstone 60 - 460 
Spearfish redbeds and gypsum 460 - 1050 
MWekahta limestone 1050 - 1090 
Opeche redbeds 1090 - 1200 
Minnelusa sandstone and dolomite 1200 - 18W 
Madison l i s e s t o n e  1800 - 2400 

This well may flow, but there i s  i n s u f f i c i e n t  l o c a l  con t ro l  t o  be 
sure, Aaequate water w i l l  probably 'oe eccountered i n  t h e  upper 200 t o  250 
feet of  t ~ : e  Eadison f o r a t i o n .  Lost circuiaticn, o r  even a f low of  water 
is possible from so lu t ion  cavities within g y p s u  lay?rs with in  t h e  Spear- 
f i s h  redbeds. 

Estimate for a well at  some intermediate  ~ i n t  between Zedah @ 
Aladd in. 

For a level I est imate,  it should be s ~ f f i c i e n t  t o  take .n average 
between t t e  twoatove, o r  roughiy 1370 f ee t  t o  tr.e . 

J. iP.' Gr es 
m~r'&ssiorl~l Geologist 373 
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