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I. EXECUTIVE SUMMARY 

The principal focus of Phase I of the Ridgewater Water 
Supply investigation was the assessment of ground water 
development potential of aquifers underlying the study area. 
This report addresses the results of Phase I. 

Phase I objectives were: 

1. Identification of aquifers underlying the study area 
having the potential for supplying sufficient 
quantities of acceptable quality ground water to meet 
the existing and projected needs of the Ridgewater 
subdivisions and adjacent areas. 

2. Identification and evaluation of potential test well 
drilling sites. 

3. Identification of surface improvements associated with 
the potential drilling sites. 

During the June 26, 1989 scoping meeting held in Douglas, 
Wyoming, representatives of the Ridgewater subdivisions and 
the Wyoming Water Development Commission (WWDC) elected to 
expand these objectives to include identification of sites 
which may offer potential for development of quantities of 
ground water in excess of the original service area needs. 
If such potential sites could be identified, the original 
service area would be expanded and include the City of 
Douglas, Wyoming. To meet these objectives, representatives 
of the subdivisions, the WWDC, and the project team, agreed 
on a study area that includes the following: 

1. Area originally proposed (between Ridgewater 
subdivisions and Sheep Mountain). 

2. Areas south and west of Sheep Mountain including the 
northeast flank of the Laramie Mountains. 

Site Identification 

Through comprehensive review of existing geologic and 
hydrogeologic information, the project team formulated 
ground water exploration criteria specific to the study 
area. These criteria were then applied to various aquifer 
systems within the study area to identify sites offering the 
best hydrogeologic potential for ground water development. 
The selected sites were then verified and refined using 
aerial-photo and field reconnaissance. 

Results from this portion of the investigation indicate that 
the potential for developing a large-volume, long-term, 
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suitable quality ground water supply within the study area 
is low. This conclusion is based primarily on the following 
facts. 

1. Recharge areas for target aquifers are small, are at 
low elevations, and have limited hydraulic connection 
with streams that transect them. 

2. Production of large volumes of ground water may cause 
interference with existing water rights. 

Although the results of Phase I indicate that large scale 
development potential is low 1n the region the most 
favorable hydrogeologic potential occurs in the vicinity of 
Sheep Mountain. 

Sheep Mountain is a relatively large asymmetric anticlinal 
fold associated with structural deformation of the Mesozoic 
and Paleozoic age rocks along the northeast flank of the 
Laramie Mountains. The Sheep Mountain area was investigated 
in detail using aerial photo and field reconnaissance to 
identify specific test sites offering favorable 
hydrogeologic potential for ground water development. Three 
prospective test sites were identified which offer these 
attributes: 

1. Suitable hydrogeologic setting; 
2. Suitable ground water quality; 
3. Within reasonable distance from service area; 
4. Reasonable physical access; 
5. Minimized potential to impact existing water rights; 

and 
6. Availability of water for drilling purposes. 

The three sites have been ranked according to hydrogeologic 
preference with no consideration of social, economic, or 
political factors (Plate 3). The three sites include: 

1. Near the midpoint of the section line between sections 
33 and 34, T.32 N, R.72 W. 

2. At center of the SE 1/4, NW 1/4, NE 1/4, Section 11, T. 
31 N., R. 72 W. 

3. Near the northeast corner of Section 35, T.32 N., R.72 
W. 

Feasibility Evaluation 

The feasibility of developing ground water at each of the 
three prospective test sites was evaluated with respect to: 
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1. Hydrogeologic suitability 

2. Expected ground water quality 

3. Physical access 

4. Availability of water for drilling purposes 

5. Well construction requirements 

6. Conveyance system construction requirements 

Hydrogeologic Suitability 

As previously mentioned, the feasibility of large volume 
ground water production within the study area is low due to 
recharge area limitations and potential water right 
conflicts. However, existing information supports the 
feasibility of obtaining volumes up to 350 gpm. Sites 1 and 
2 offer the best potential for maximum production related to 
structurally enhanced aquifer permeability. The possibility 
of structurally enhanced permeability at Site 3 is 
speculative and is based on projection of structural 
features over relatively long distances. 

Ground Water Quality 

Limited data indicate that ground water quality is probably 
best near recharge areas. For this reason, all three sites 
have been selected within reasonable proximity to recharge 
areas. Sites 1 and 2 are closest to their respective areas 
and field checks indicated that target aquifers at these 
sites may contain water suitable for domestic use. Site 3 
is somewhat further from outcrop areas. Additionally, 
ground water quality in the shallower target aquifers at 
Site 3 may be influenced by nearby oil and gas reservoirs. 

Physical Access 

Feasibility, 1n terms of physical access, 18 considered 
favorable at all of the prospective test sites, Sites 1 and 
3 may be somewhat more attractive due to existing roads near 
or at the sites. Access to Site 2 would require 
construction of an access road approximately 1/4 mile in 
length. 

Availability of Water for Construction 

The feasibility of obtaining water for construction purposes 
is considered to be reasonable at all three sites. Water 
will have to be hauled short distances via truck from source 
points. Sources of water may include private landowners 
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and/or temporary water rights filed through the Wyoming 
state Engineer. 

Well Construction Requirements 

The feasibility of well construction depends on the 
conditions which are encountered after drilling begins. 
Based on existing information, drilling conditions are 
expected to be similar at all of the sites; however, 
hydrogeologic potential decreases in descending order. 
Sites 1 and 2 offer the shallowest drilling depths to target 
aquifers. 

Water Source Development and Conveyance Requirements 

The raw water transmission line for this project is expected 
to cost $100,000 per mile including easements and 
appurtenances <Table No.7). The total capital investment 
associated with delivering water to the proposed storage 
reservoir site from the three drilling sites are summarized 
below: 

Warm Springs 
Site No. 1 
Site No. 2 
Site No. 3 
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II. INTRODOCTION 

The Ridgewater Improvement District (District), the Project 
Sponsor, encompasses the Ridgewater No. 1 and No. 3 
subdivisions containing 114 lots. This rural community is 
located approximately two miles southwest of Douglas, 
Wyoming, in the southern half of Section 13, T.32 N., R.72 
w. (Figure 1 and Plate 1). 

After the recent construction of two additional wells 
completed in the Tertiary age White River Formation, the 
water system is currently producing an adequate water supply 
for about 39 occupied homes (Table 1). 

In an attempt to develop an adequate long term water supply, 
the residents of the Ridgewater Improvement District 
successfully applied for funding through the Wyoming Water 
Development Commission (WWDC) to conduct a Level II 
feasibility study and conceptual design investigation. The 
investigation has three phases which focus on the 
development of local ground water resources: 

I. Assessment of Ground Water Potential 

II. Water System Well Construction and Testing Program 

III. Conceptual Design and Cost Estimates 

Each of the three phases is subdivided into various 
activities which, when completed, will allow representatives 
of the District and the WWDC to determine if and how 
subsequent phases should be conducted. Presented in this 
report are the results of the Phase I activities. 

The primary Phase I objective is to determine the best 
location to drill a test well. A second objective is to 
compare the economic feasibility of delivering water to a 
new municipal water system from the alternate sources. The 
WWDC wishes to develop a new source of ground water capable 
of serving the four Ridgewater subdivisions and nearby rural 
residents, and as many other Douglas area residents as 
possible based on the water volume developed during Phase 
II. 

This Phase I Report is organized to 
Work in the agreement between the 
Engineering and Research, Inc. 

A. PROJECT SCOPING MEETING 

parallel the Scope of 
WWDC and Centennial 

Thirteen individuals attended the June 26, 1989 meeting 
on behalf of the Sponsor, WWDC and the State Engineer's 
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TABLE 1 I 

RIDGEWATER WATER SUPPLY PROJECT 
LEVEL II 

PHASE I REPORT 

POPULATION DENSITY 

POTENTIAL 
WATER SERVICE 
AREA 

PLATTED LOTS 

A. Chulk Buttes Rd. 1 

1. Rldgewuter #1 
Rldgewuter #2 
Rldgewo.ter #3 
Ridgewuter #4 

Other 
Sub-totul 

73 
21 
41 
22 

157 

2 . P l un n ed-R I dgewa. ter#5 2 72 
Other 

3, Westlo.nd Estutes 
Mobile HOMes 

4. Huxta.ble Sub. 

5. Engdahl Sub. 

6. Other 
Sub-total 

B. Esterbrook Rd. 3 

C. Bed Tick Rd. 4 

TOTAL 

121 
31 

10 

5 

239 

396 

EXISTING 
RESIDENCES 

41 
17 
35 
16 

8 

117 

22 

26 
9 

5 

4 

11 
77 

20 

9 

223 

OCCUPIED 
RESIDENCES 

34 
14 

5 
8 
6 

67 

21 

21 
7 

4 

4 

10 
67 

20 

7 

161 
NOTEI 1. Cho.lk Buttes Rd. Esterbrook Rd. to Cold Spring Rd. 

2. Lots are proposed but unplatted 
3. Esterbrook Rd. Cho.lk Buttes Rd. to Bed Tick Rd. 
4. See Service Area Ma.p 

58 

EXISTING 
POPULATION 

133 
55 
20 
31 
23 

262 

82 

82 
27 

27 

16 

39 
262 

78 

27 

629 



Office. District officers and WWDC representatives 
discussed the alternative hydrogeologic study areas and 
the appropriate water service population. Conclusions 
were to: 

o Add the area south and west of Sheep Mountain to 
the original ground water study area in order to 
explore the possibility of developing a more 
prolific well. 

o Incorporate all nearby subdivision lots and as 
many unplatted parcels as possible into the Water 
Service Area since the State of Wyoming pays the 
entire cost of Level II studies and is committed 
to serve as many individuals as possible. People 
residing within this area are to be considered the 
population projection base for purposes of this 
study. 

o Encourage cooperation between the Town of Douglas 
and the Ridgewater residents on common issues such 
as Federal water quality regulations recently 
implemented and proposed by EPA. 

B. POPULATION PROJECTIONS 

The Department of Administration and Fiscal Control 
population projections for Douglas and Converse County 
show no growth during the next 20 years. This is a 
statistical analysis based on the recent population 
reductions due to shrinkage in the oil and uranium 
industries since 1982. In Wyoming, previous 
population trends are frequently a poor indication of 
actual future growth. 

Therefore, for purposes of planning this water project, 
the projected population is considered to be the fully 
occupied lots in the four Ridgewater subdivisions, the 
72 lots in the proposed Ridgewater No.5, Westland 
Estates, the Huxtable and Engdahl Subdivisions, and 
selected residences along Esterbrook and Bed Tick 
Roads. (Figures 2,3,4>. 

About 161 of the existing homes are presently occupied 
by an estimated 630 people within the suggested 
preliminary water service boundaries (Plate 1). The 
anticipated annual population growth rate of 2% inside 
the service area will fill the existing houses and 
mobile homes in about 15 years. A 1% annual population 
increase is projected during the following 35 years, 
producing a water service population of 1200 in the 
year 2040. DAFC projects a Converse County population 
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of 18,343 in 1998, which is equivalent to an average 
growth rate of 1.3% per year after 1980. 
The estimated 396 home sites can accommodate an 
ultimate population of about 1500 individuals based on 
the 3.9 individuals per household presently residing in 
Ridgewater Subdivision No.1. This average family 
size may remain at this relatively high level, since 
the Ridgewater area attracts many younger home buyers. 

The new Water Service Area recommended in the Final 
Phase III Report will depend on the production capacity 
of a new well or Warm Springs, considered an alternate 
water source and could be significantly smaller or 
possibly larger than the somewhat arbitrary area 
presented here (Figure 5). 

C. SERVICE AREA WATER DEMAND 

In general, people in rural residential areas require 
water for three purposes, household uses, lawn 
watering, and fire protection. As a national average, 
each citizen uses between 100 and 150 gallons daily for 
sanitary, washing, and culinary purposes inside the 
home. 

Previous experience with small Wyoming communities has 
shown that lawn watering consumes up to 800 gallons per 
person per day during the hot dry periods of July and 
August. In the Ridgewater Improvement District, water 
consumption records before 1989 are of limited value 
because of continuous watering restrictions and the 
absence of water meters on individual service lines. 
Water meters were installed in 1989 and accurate 
records after May 1, 1989 are available. 

Water consumed each month by 39 households in the 
District is shown in Table 2. 

The water meters measuring flow from the four District 
wells show 505,000 and 795,000 gallons for the months 
of May and June, 1989. Based on records for the first 
26 days of July, an estimated 1,091,000 gallons were 
consumed that month. 

Peak day water consumption is projected at 2,200 
gallons per lot based on District water records and 
consumption patterns in similar residential 
developments. Peak day usage rate is normally more 
than double the highest monthly average which was 902 
gallons per household during July. 
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MONTH 

1 

MAY 28,724 

JUNE 15,400 

JULY* 12,155 

TABLE 2 

WATER CONSUMPTION 
RIDGEWATER SUBDIVISIONS #1 & #3 

(39 Active Service Taps) 
(Each serving an average of 3.9 individuals) 

PUMP NUMBER TOTAL AVE. CONSUMPTION 
(Gallons) (IN GALLONS) 

per per 
2 3 4 HOUSEHOLD CAPITA 

MONTHLY DAILY DAILY 

7,299 206,370 262,690 505,083 12,950 432 111 

4,423 524,500 250,570 794,893 20,382 679 174 

3,309 409,307 666,273 1,091,044 27,975 902 231 

*(Estimated - Records available through 7/26/89 and trend extended through 7/31/89.) 

7A 

GPM 
per 

HOUSEHOLD 
(MONTHLY 
AVERAGE) 

0.29 

0.47 

0.63 
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The total projected annual water volume for the Service 
Area is the sum of 10,000 gallons per month, per lot 
during the period October through April, 13,000 gallons 
for each of the transition months of May and September, 
and a peak average usage rate of 28,000 gallons (.65 
gpm) monthly during June, July and August for household 
uses and lawn watering combined. The annual usage rate 
is projected at 180,000 gallons per occupied lot. 

Based on applying a 25% safety factor to the July usage 
rate, a ground water supply furnishing 0.80 gallons per 
minute per lot, is considered adequate. Therefore, a 
well yield of 340 gallons per minute will be required 
for the 425 platted lots and existing home sites within 
the proposed water service area. 

Fire flows recommended by the National Fire Protection 
Association are 1,000 gallons per minute for two hours. 
At least 120,000 gallons of storage capacity allocated 
for fire protection is recommended. 

Minimum storage capacity to supply peak hour usage 
needs should be 1,000 gallons per lot with a maximum 
recommended tank size of 500,000 gallons. 
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III. GROUND WATER ALTERNATIVES 

A. INTRODUCTION 

The objectives of the ground water alternatives study 
are to: 

1. Identify sites appearing favorable for developing 
up to 350 gpm of ground water to meet current and 
future domestic and fire protection requirements 
of the Ridgewater subdivisions and adjacent areas. 

2. Identify sites having the potential for 
development a large-volume (up to 800 gpm) ground 
water supply that could be considered for 
distribution over a larger service area, including 
the City of Douglas. 

3. Evaluate the feasibility of water source 
development at favorable sites considering 
constructibility of the well, and costs of the 
related conveyance systems. 

To address these objectives, TriHydro Corporation 
personnel established a relatively large study area 
encompassing the sixteen Townships shown on Figure 6. 
Existing published and unpublished literature, 
information, and aerial photography for the study area, 
and applicable information for surrounding areas was 
then reviewed and compiled. Products of the 
compilation included formulation of area-specific 
ground water exploration criteria and characterization 
of the hydrogeologic environment. The exploration 
criteria were then applied to specific aquifer systems 
within the study area to identify sites having the best 
potential for ground water development. 

B. INFORMATION DATA BASE 

Information regarding the geology, hydrogeology, ground 
water quality, and existing ground water and surface 
water facilities was obtained for review from the 
following sources: 

1. University of Wyoming 
a. Master's theses 
b. Faculty published and unpublished reports 
c. Water Research Center reports 
d. Water Research Center data base 
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2. Private Companies 
a. Morrison-Maierle Inc. 
b. Mowater Services Inc. 
c. Western Water Consultants Inc. 
d. Banner Associates Inc. 

3. State of Wyoming 
a. Wyoming Geological Survey 
b. Wyoming state Geologist 
c. Wyoming State Engineer 

4. United states Government 
a. United States Geological Survey 
b. Bureau of Land Management 

In addition to the information available from the above 
sources, a three-level aerial photo reconnaissance was 
conducted for portions of the study area (Figure 7). 
United states Bureau of Land Management false color 
infrared, aerial photograph transparencies were used to 
conduct the photo reconnaissance. The aerial 
photography is on file with the Wyoming Geological 
Survey. 

The three levels of reconnaissance were developed to 
provide a screening process through which favorable 
test sites could be identified and unfavorable areas 
could be eliminated from further study. The aerial 
photo reconnaissance also provided the means to verify, 
modify, enhance, and/or delete the products of 
previous geologic mapping. The purposes of each level 
of reconnaissance are: 

Levell 

a. To identify regional geologic structural patterns 
and relationships. 

h. To identify potential recharge areas for target 
aquifers. 

c. To eliminate areas of unfavorable geologic 
character. 

d. To define areas for consideration under the 
second-level reconnaissance. 
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Level 2 

a. To evaluate recharge potential with respect to 
size, elevation, and features which may promote 
recharge, such as effluent streams which flow 
across aquifer outcrops. 

b. To eliminate areas with low recharge potential. 

c. To identify local or small scale geologic features 
which may enhance permeability of target aquifers. 

d. To locate features such as springs, seeps, and 
influent/effluent streams which are indicative of 
ground water relationships and ground water 
quality within areas of favorable geology. 

e. To select areas for consideration under third
level reconnaissance (areas in which local 
structure, hydrogeologic features, and potential 
recharge combine to form favorable ground water 
potential). 

Level 3 

a. To construct a detailed geologic map on which the 
following are identified: 

geologic formations 

geologic structures 

recharge areas 

springs and seeps that indicate saturated or 
potentially saturated source rocks 

b. To aid in locating potential test sites for field 
checking and consideration under the Phase II 
testing program. 

C. TEST SITE SELECTION 

A third step in the study process was to establish a 
set of area specific ground water exploration criteria 
to select prospective test well sites. 

The criteria include: 

1. Favorable hydrogeologic setting; 

a. Hydrostratigraphy 
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b. structure 

c. Potentiometric data <where available) 

d. Aquifer parameters (where available) 

2. Favorable ground water quality; and 

3. Low potential to impact surrounding water supplies 
and water rights. 

Hydrogeologic Setting 

The Ridgewater study area (see Figure 6) is located on 
the southern boundary of the Powder River structural 
basin. The Powder River Basin is a broad 
north-trending asymmetric syncline formed by Laramide 
deformation. The basin has up to 24,000 feet of 
structural relief and is bounded on the south by the 
Laramie Range and Hartville Uplift (Feathers et al., 
1981). 

The Laramie Range is a broad asymmetric anticline with 
an exposed Precambrian core. The Laramie Range is 
separated from the Powder River Basin by a major 
east-west trending fault zone. The fault zone is 
located immediately south of Douglas and may have up to 
3,000 feet of vertical displacement (Feathers et al., 
1981). A Generalized Geologic Map of the study area is 
shown on Figure 8. 

With the exception of the shallow Tertiary aquifer 
system, the feasibility of ground water development in 
the immediate Ridgewater-Douglas vicinity is low. 
Feasibility is considered low because principal 
aquifers may occur at depths as great as 10,000 feet 
and several of these aquifers also serve as petroleum 
reservoir rocks which often contain poor-quality ground 
water. Conversely, aquifers south and west of Douglas 
offer more favorable ground water potential, based on 
relatively shallow burial and proximity to potential 
ground water recharge areas. Ground water quality 1S 

generally most favorable ln areas relatively close to 
recharge areas. 

Hydrostratigraphy 

Three aquifer systems were identified within the study 
area: The Tertiary system, the Mesozoic system, and 
the Paleozoic system. Major aquifers are identified as 
those with potential to produce ground water in excess 
of 100 gpm. Minor aquifers will generally produce less 
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than 100 gpm. An outline of hydrostratigraphic units 
in which the aquifer systems and adjacent confining 
units are identified is presented as Table 3. The 
hydrostratigraphy of each aquifer system is discussed 
in descending order (top to bottom) in the subsections 
that follow. 

Tertiary Aquifer System 

The only extensive aquifer identified in the Tertiary 
system within the study area is composed of saturated 
permeable strata in the Oligocene-age White River 
Formation. Within the study area, the White River 
Formation is considered a minor aquifer and is composed 
of flat-lying, massive, buff siltstones and claystones 
which contain channel sandstones (Rapp, 1953). Ground 
water production is generally best from these channel 
sandstones and may be enhanced by local fracturing 
(Feathers et al., 1981). The thickness of the White 
River Formation varies from 0 to more than 600 feet 
within the study area. 

Mesozoic Aquifer System 

The Mesozoic aquifer system includes the upper and 
lower (Dakota/Lakota) sandstone members of the 
cretaceous-age Cloverly Formation and the lower (Canyon 
Springs) sandstone member of the Jurassic-age Sundance 
Formation. Within the study area, both the Cloverly 
and Sundance formations are considered minor aquifers 
and are commonly associated with oil and gas production 
in the Douglas area. Outcrops of these rock units in 
the study area are highlighted on Figure 9. 

The Cloverly Formation, as measured by Spelman (1958), 
is 147 feet thick and is composed of three distinct 
units. The Upper (Dakota) unit is approximately 90 
feet thick and is composed of buff, very fine to medium 
grained firmly cemented sandstone that is massive to 
thinly bedded and is locally cross-bedded. The middle 
(Fuson) shale member consists of approximately 20 feet 
of soft, black shale interbedded with gray, sandy 
siltstones. The Lower (Lakota) sandstone member is 
about 35 feet thick and is composed of light brown, 
medium-grained, thick- to thin-bedded, cross-bedded 
sandstone with three feet of massive quartzite and 
chert-granule conglomerate at the base (Spelman, 1958). 
Within the study area, ground-water production from the 
Cloverly Formation is limited, possibly due to poor 
recharge areas, greater drilling depths, and the 
possibility of poor-quality water. 

13 



Table S. Stratigraphic OUtline of Aquifer Systems and Adjacent Confining UnIts, Ridgewater Study Area. 

System 
Geologic 

Unl t 

TERTIARY ~Ite River Fm. 

Unconforml ty 

MESOZOIC Frontier fm. 

Howry Sh. 

Huddy S5_/ 
Thenoopolls Sh. 

Cloverly Fm. 

Unconfonni ty 

Morrison Fm. 

Sundance Fm. 

Unconfonnl ty 

Chugwa ter Fm. 

Approx I rna te 
Thickness 

(ft ) 

o . 600 

Lithologic 
Character 

Hydrologic 
Character 

MassIve buff-colored siltstone and claystone containing Minor aquifer. ~ater commonly pumped from wells 
channel sandstones. completed In channel sandstones. Yields up to 60 gpm 

reported (Mowater Services, 1979), but are commonly less 
than 25 gpm. 

Up to 900 Upper lIght brown to light gray fine-grained sandstone 
unit underlain by thick dark gray to black silty 

Upper sandstone unit may yield small quant It les of 
water. Remainder Is generally considered a regional 
confining 1I11t. 

100 

160 

150 

175 

330 

650 

shale sequence. 

Silver-gray, highly silicious shale containing 
a~Jndant fish scales. Black on freshly fractured 
surface. 

Huddy sandstone: light brown to light gray, fine to 
medlun grained silicious sandstone. Thermopol Is 

Shale: black, abundant brown and yellow limonitic 
staining, noncalcareous with Interbedded light brown 
silty sandstones, soft. 

Upper and lower buff to light brown, massive to thin 
bedded, cross-bedded sandstone meubers separated by 
middle black, soft shale member. 

Variegated claystones Interbedded with gray, micro
crystalline limestone and lenticular, fine-grained 
sandstones. 

Upper unit composed of olive-green shales Interbedded 
with fine-grained glauconitic sandstones and brown 
ltmestone. Lower 1I11t composed of thick brown basal 
sandstone unit overlain by sequence of rwdstone, 
siltstones, sandstones, and limestones. 

Composed of red siltstones and shales with scattered 
thin layers and veins of gypsum In the lower portion. 

13A 

Con fin i ng Un f t. 

Huddy sandstone may yield small quantities of water. 
Thenoopolls shale Is consldere<J a confining mit. 

Minor Aqui fer. Upper and lower sandstone merrbers 
comprise key units of Mesololc aquifer system. Pumped 
wells may yield 4'l to 250 gpn but coomonly yield le1ls 
than 20 gpm. 

Confining Unit. 

Minor Aquifer. Lower sandstone merrber considered key 
lI1it of MesozoIc system. ~ells In other parts of Powder 
River Basin are reported to yield an average of 9 gpm 
(Feathers n !l., 1981). 

Conf infng Uni t. 



Table 3. Stratigraphic OUtline of Aquifer Systems and Adjacent Confining Units, Rldgewater Study Area (continued). 

System 
Geologic 

Unit 

PALEOZOIC Goose Egg Fm. 

Unconforml ty 

Casper Fm. 

Unconformity 

Madison Ls. 

Unconformi ty 

flathead Fm. 

Approximate 
Thickness 

(ft) 

300 

730 

180 

110 

Lithologic 
Character 

Upper member composed of approximately 10 feet of 
gypsun underlain by about 60 feet of dark red 
calcareous siltstones. Middle (Minnekahta) member 
COIrpOsed of 28 feet of red, gray, and tan, thin-bedded 
limestones. Lower (Opeche) merrber composed of red and 
purple calcareous siltstones. 

Fine to medfun-grained, massive to thin bedded, cross· 
bedded sandstones, calcarenites, ard limestones. 

Gray, brown, ard pink, dense limestones. Locally 
dolomitic and cavernous. 

Massive, gray, fine· to medlun-grafned sandstones and 
brown, very coarse·gralned quartzites. 

Confining Unit. 

Hydrologic 
Character 

Malor Aquifer. Uhere saturated, yields are reported as 
great as 400 gpm with averages on the order of 150 gpm. 
Sandstone 1Ilits In the u~r and lower portions offer 
the best ground-water potential. 

Malor Aquifer. Uhere fractured and saturated, yields up 
to 1,000 gpm are reported. 

Minor Aqui fer. Small yl elds are reported near outcrops. 
Data limited due to paucity of wells. 

Sources: Banner Associates (1981); Feathers £! !l. (1981); Spellman (1958); Western Water Consultants (1982). 
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The Sundance Formation is approximately 330 feet thick 
and has distinct upper and lower units. The upper unit 
is composed of olive-green shales interbedded with 
fine-grained glauconitic sandstones and thin brown 
limestones (Spelman, 1958). The lower (Canyon Springs) 
sandstone member offers potential for ground water 
development in the Mesozoic system. The Canyon Springs 
member is about 200 feet thick and is generally 
composed of olive-green mudstones, siltstones, and 
interbedded limestones, underlain by a thick sequence 
of brown to light brown, very fine-grained, thin-bedded 
sandstones. The sandstone layers are 3 to 85 feet 
thick and are separated by thin layers of olive-green 
mudstone and sandy limestone (Spelman, 1958). Ground 
water production from the Sundance Formation within the 
study area is limited, due to limited recharge 
potential, greater drilling depth, and the possibility 
of poor quality water associated with oil and gas 
reservoirs. 

Paleozoic Aquifer System 

Paleozoic aquifers within the study area likely offer 
the best potential for ground water development. These 
aquifers include saturated, permeable sections of the 
Pennsylvanian-age Casper Formation, Mississippian-age 
Madison Limestone and Cambrian-age Flathead Formation. 
outcrops of these rock units within the study area are 
highlighted on Figure 10. 

The Casper Formation is reported to be in excess of 700 
feet thick in the study area, and is composed 
principally of quartzites, sandstones, and limestones. 
The upper part of the formation is locally cavernous 
and is composed largely of light- and dark-brown, fine 
grained, cherty quartzites (Spelman, 1958). The middle 
section consists of alternating light-gray, 
fine-grained sandstones, calcarenites, and limestones. 
The lower section is composed of alternating brown to 
gray, fine-grained, thin-bedded, locally cross-bedded 
sandstones and gray to pink crystalline limestones 
(Spelman, 1958). Sandstones occurring in the upper and 
lower sections likely offer the best ground water 
potential, particularly where secondary permeability 
has been introduced by folding, fracturing, and 
solution cavities. Where saturated, the Casper 
Formation is considered a major aquifer. 

Spelman (1958) reports that the Madison Limestone 1S 

composed of gray, brown and pink, dense limestones 
which are locally dolomitic. Where undisrupted by 
structural features, the Madison Limestone 1S 
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generally considered impermeable. However, where 
secondary permeability has been introduced by folding, 
fracturing, and solution cavities, the Madison 
Limestone can be one of Wyoming's most prolific ground 
water sources. Within the study area, the Madison 
Limestone is reported by Spelman (1958) to be 180 feet 
thick. 

The Flathead Formation consists of massive, gray, fine 
to medium-grained sandstones and brown, very coarse
grained quartzites (Spelman,1958). Within the study 
area, the Flathead Formation is reported to be about 
110 feet thick. The Flathead Formation is considered a 
minor aquifer. 

structure 

Geologic structures in the study area are associated 
with the northeast flank of the Laramie Range. The 
Laramie Range is a large asymmetric anticline. The 
structural axis is asymmetric to the east where the 
range trends north-south, and asymmetric to the north 
where it trends east-west. The Laramie Range is the 
northern continuation of the Colorado Front range 
(Fenneman, 1931). The southern portion of the range 
extends from the Cache la Poudre River in northern 
Colorado, 110 miles north to the Laramie Peak area. 
From Laramie Peak, the structural axis bends broadly to 
the northwest in the vicinity of Douglas (Spelman, 
1958). From the Douglas area, the range trends west 
for approximately 60 miles to its terminus southwest of 
Casper. 

The east flank of the Laramie Range, south of the 
Douglas area, is characterized by discontinuous 
Precambrian-cored thrust faults, high angle reverse 
faults, and steeply dipping Paleozoic and Mesozoic 
rocks. Similar geologic relations occur along the 
northeast flank of the range near Douglas and along the 
north flank between Douglas and Casper. Tertiary rocks 
bury much of the geologic structure along the east, 
northeast, and north flanks of the range. 

The Laramie Range is separated from the Powder River 
Basin to the north by a major fault system which trends 
roughly east-west. The fault system extends from the 
western terminus of the Laramie Range, southwest of 
Casper, to a point approximately 15 miles 
east-southeast of Douglas (Love and Christiansen, 1985; 
DeBruin, 1985). Relative movement along the fault zone 
is up to the south and down to the north. The fault 
is expressed at the surface in T.32 N., R.76 W., as a 
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south-dipping thrust, along which the Casper Formation 
is upthrown against the late Cretaceous Cody Shale. 
The fault passes immediately north of the study area, 
where it is buried by Tertiary rocks. The fault is 
recognized in the subsurface by abrupt changes in 
structural elevation of various formations encountered 
during oil and gas drilling. The fault system may 
manifest itself in the area east-southeast of Douglas 
as a series of normal faults which displace late 
Tertiary (Miocene) strata in T.32 N., R.69 w. 

Rocks are complexly deformed within and adjacent to the 
study area. The study area lies in the arc where the 
axis of the Laramie Range shifts from a predominant 
north-south trend to an east-west trend. The resultant 
deformation consists of a series of doubly plunging, 
crescent-shaped compressional folds or anticlines which 
trend predominantly northwest-southeast. The 
anticlines are cored by northeast dipping thrust faults 
which involve Precambrian basement rocks. The thrust 
faults and associated folds are situated peripheral to 
the Laramie Range proper and oriented roughly parallel 
to the structural axis of the range. 

According to Richter and Huntoon (1982), Paleozoic 
rocks are commonly severed along thrusts of the type 
described above. Since the faults and associated folds 
are oriented parallel to the flanks of the Laramie 
Range, the structural severing of the Paleozoic rocks 
by thrust faults may effectively preclude ground water 
flow between the parts of the Paleozoic aquifer in the 
hanging wall and footwall blocks (Richter and Huntoon, 
1982). The exposed rocks on the northeast flank of the 
Laramie Range are, therefore, isolated from their 
counterparts which are totally buried in the footwall. 
The result is little or no basinward flow of ground 
water (Richter and Huntoon, 1985). 

Formation of the Laramie Range and major peripheral 
structures occurred as a result of Laramide 
deformation. The Laramide orogeny began in late 
Mesozoic time (late Cretaceous) and ended in early 
Tertiary time (middle Eocene). Erosion associated with 
the Laramide tectonism resulted in a rugged topography 
with relief probably greater than that seen in the 
present (Knight, 1953). 

The Laramide orogeny was followed by a period of 
relative tectonic quiescence in middle Tertiary time, 
during which the Eocene topography was essentially 
buried by thick deposits of Oligocene-age White River 
and Miocene-age Arikaree sediments. During late 
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Tertiary time (late Miocene and Pliocene), the Wyoming 
region was subject to broad crustal upwarping 
accompanied by renewed down-cutting by streams. The 
crustal upwarping locally resulted in small-scale 
normal faulting (Knight, 1953). 
Late Tertiary normal faults with a predominant 
east-west trend have been identified in the study area 
from previous geologic mapping (Love and Christiansen, 
1985; DeBruin, 1985), aerial photo reconnaissance, and 
field checking. Within the study area, late Tertiary 
normal faults are recognized by displacements in the 
Oligocene White River Formation and younger rocks. 
Examples of these faults are shown on Figure 8 in T.32 
N., R.72 and 73 W. Possible late Tertiary normal 
faults occur in Paleozoic rocks along the northeast 
flank of Sheep Mountain (see Plate 3). These faults or 
fractures appear on aerial photography as subtle linear 
features which cross-cut all older structures. 

The traces of the late Tertiary faults or fractures 1n 
the study area are relatively straight, and may be 
projected to spring discharge points, both in the 
Tertiary and Paleozoic strata. The close association 
of these younger faults or fractures with springs 
provides evidence that the late Tertiary structural 
features may have enhanced secondary permeability and 
provided preferential routes for ground water flow. 

The aerial photogeologic reconnaissance was directed 
toward evaluating structure, recharge potential, and 
hydrogeologic relationships within the Mesozoic and 
Paleozoic aquifer systems. Outcrops of the Mesozoic 
and Paleozoic aquifer systems, are shown on Figures 9 
and 10, respectively. 

The most extensive outcrop of the Mesozoic aquifer 
system occurs as a broad hogback locally known as 
Manning Ridge, located in the southern part of T.30 N., 
R.72 W. The Cloverly Formation forms the northeast 
facing dip slope. Another extensive outcrop of the 
Cloverly Formation occurs south of Sheep Mountain in 
T.30 and 31.N, R.72 W. The Sundance Formation also 
crops out in both of these areas. However, recharge 
potential in the Sundance is considered poor because 
the formation crops out as thin bands in the steep 
southwest faces of the Mesozoic hogbacks. The Sundance 
Formation lacks the erosional resistance to form a dip 
slope. Recharge potential on the Cloverly Formation 
dip slope may be favorable. However, the Cloverly 
Formation is considered a minor aquifer, with flowing 
yields ranging from 1 to 10 gpm and pumped yields 
locally up to 150 gpm (Feathers et al., 1981). The 
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highest yields are reported along the east side of the 
Powder River Basin near the Black Hills. 

Potentiometric data for the Mesozoic aquifer system 
within the area of investigation is very limited. 
Numerous unsuccessful petroleum test wells were drilled 
into Mesozoic aquifers within the study area; however, 
no potentiometric data are available for these test 
wells. 

Because of the limited potential for a high yield well 
in the Mesozoic aquifer system, and the distance from 
potentially favorable drill sites to the Ridgewater 
Improvement District, the Mesozoic system is considered 
in this report as a secondary target for a municipal 
water supply. Consequently, the Mesozoic aquifer 
system was not considered for Level 3 hydrogeologic 
reconnaissance. 

The Paleozoic aquifer system, for the purposes of this 
investigation, is considered the primary target for a 
municipal ground water supply. The Paleozoic system is 
considered a major aquifer by Feathers et ale (1981), 
with reported yields exceeding 2,000 gpm in parts of 
the Powder River Basin. According to Richter and 
Huntoon (1982), the Paleozoic aquifer is one of the 
most significant water-bearing units in southeastern 
Wyoming. 

Extensive outcrops of the Paleozoic aquifer system 
occur in three general areas within the area of 
investigation: the Laramie Range, the La Prele 
Canyon-Table Mountain area, and Sheep Mountain. These 
areas are described in the following sub-sections. 

Laramie Range 

A discontinuous, narrow belt of Paleozoic rocks crops 
out along the flanks of the Laramie Range. As shown on 
Figure 10, the Paleozoic rocks strike northwest and 
extend from T.31 N., R.74 W. southeast into T.29 N., 
R.72 W. The Paleozoic outcrops form flatirons on the 
Precambrian core of the Laramie Range. The rocks dip 
northeast at a fairly consistent angle of 12 degrees 
(Mort, 1939). 

The Paleozoic dip slope is deeply incised along the 
flank of the Laramie Range. Major streams, which flow 
transverse to the Paleozoic rocks, flow directly from 
the Precambrian surface onto tongues of Tertiary rocks 
which extend into the deep Paleozoic canyons. The 
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streams are not in direct hydraulic connection with the 
Paleozoic system. 

The Paleozoic section along the flank of the Laramie 
Range was included in the area of investigation 
primarily to evaluate the feasibility of a large-scale 
production well which would serve both the Ridgewater 
area and the City of Douglas. Because of the higher 
costs associated with increased length of the 
conveyance system, ground water development ln this 
area would be considered feasible only if the potential 
existed for a large-volume production well. Because 
the outcrop, and hence the recharge areas, are 
relatively narrow and discontinuous along the flank of 
the Laramie Range, the potential for a large-volume 
production well is considered low. Therefore, the 
Laramie Range dip slope was eliminated from further 
study during the Level 2 reconnaissance. 

La Prele Canyon-Table Mountain Area 

Extensive outcrops of Paleozoic rocks form dip slopes 
along the eastern limit of the north flank of the 
Laramie Range in T.32 N., R.73 W. (see Figure 10 and 
Plate 3). For the purpose of this report, this area is 
identified as the La Prele Canyon-Table Mountain area. 
structural geology is favorable in this area for the 
development of a large-volume ground water supply. 
Secondary permeability has been enhanced by folds and 
faults in the Paleozoic rocks. 

As shown on Plate 3, a large, high angle normal fault 
(Table Mountain Fault) extends northeast from Section 
27, T.32 N., R.73 W. into the Powder River Basin for 
an unknown distance. The fault has several hundred 
feet of vertical displacement and cleanly severs the 
Paleozoic section, giving rise to potentially good 
vertical permeabilities within the zone (Huntoon and 
Richter, 1981). A post-Miocene normal fault, with 
approximately 200 feet of vertical displacement is 
clearly identified on aerial photography and on the 
ground in Sections 19 and 29, T.32 N., R.72 w. and in 
Section 24, T.32 N., R.73 W. The fault may extend to 
an intersection with the Table Mountain fault, as shown 
on Plate 3. Geologic conditions may be favorable for a 
well site at the projected intersection of these two 
normal faults. 

Although geologic conditions may be favorable for a 
well site along the Table Mountain Fault, the area may 
be hydrologically unfavorable. A limited recharge area 
exists east of the Table Mountain Fault. A larger 
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recharge area exists west of the fault; however, ground 
water flow may be influenced by La Prele Creek, which 
is in direct hydraulic connection with the Paleozoic 
aquifer. La Prele Creek gains water from the Paleozoic 
aquifer as it passes through La Prele Canyon. The 
elevation of gaining reaches of La Prele Creek in the 
vicinity of Ayres Natural Bridge Park is approximately 
200 feet lower than the base of the Paleozoic outcrops 
in the vicinity of the Table Mountain Fault (see Plate 
3). Consequently, ground water flow in the recharge 
area west of the fault may be directed westward toward 
La Prele Canyon. 

Ground water production from a possible well positioned 
along the Table Mountain Fault may impact existing 
water rights in the La Prele Creek vicinity. Evidence 
of hydrologic impacts caused by ground water 
withdrawal in this area was documented during a pumping 
test conducted on the Natural Bridge #1 test well. The 
well had a reported maximum yield of 2,390 gpm and a 
long-term safe yield estimated in excess of 2,000 gpm 
(Morrison-Maierle, 1984). However, according to WWDC 
personnel (personal communication, 1989), production 
from the Natural Bridge #1 test well caused significant 
stream losses from La Prele Creek, eight hours into the 
pumping test period. 

The La Prele Canyon-Table Mountain area was 
investigated under Level 3 reconnaissance. However, 
because of a limited recharge area east of the Table 
Mountain Fault, the large distance from the service 
area, and the potential to impact existing water rights 
west of the fault, this area is not considered a 
primary test site. 

Sheep Mountain 

The Sheep Mountain area offers the best potential for 
a Paleozoic aquifer test well which would meet the 
projected water supply requirements of the Ridgewater 
Improvement District and vicinity. This conclusion is 
based on the following criteria: 

1. Favorable geologic structure for enhancement of 
secondary permeability; 

2. Favorable recharge potential; 

3. Minimal potential impacts on existing water 
rights; and 

4. Minimal length of conveyance system. 
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Sheep Mountain is a doubly plunging asymmetric 
anticline located in the north half of T.31 N., R.72 W. 
(see Plate 3). As shown on Plate 3, Sheep Mountain 
trends northwest-southeast and is cored by a 
northeast-dipping thrust fault which involves 
Precambrian rocks, and locally severs the Paleozoic 
section. Rocks on the gentle northeast limb of the 
fold dip at angles ranging from 10 to 27 degrees 
(Spelman, 1958). Dip angles are steepest near the top 
of Sheep Mountain and become gentler toward the base of 
the outcrop. A geologic cross section through Sheep 
Mountain is presented on Figure 11. The location of 
the cross section is shown on Plate 3. 

The predominant northeast dip is disrupted by an 
east-west trending anticline and syncline located in 
sections 31, 32, and 33, T.31 N., R.72 W. The 
anticline is doubly plunging and the syncline 
apparently plunges east. A large fault occurs between 
the two folds. Spelman (1958) interprets the fault as 
high-angle normal. However, the structural orientation 
of the fault with respect to the anticline and syncline 
may provide evidence that the fault is a thrust or high 
angle reverse fault. Because the fault plane is 
obscured by slope wash, the orientation of the fault 
could not be determined in the field. The folds become 
more open and the fault apparently dies out to the west 
of Scofield Pass. The structures are traceable 
eastward to the point at which they plunge beneath 
Tertiary rocks in Section 33. 

The Casper and Madison Formations on the northeast dip 
slope of Sheep Mountain are intensely fractured. Most 
of the fractures are small scale, and no preferred 
fracture orientation could be determined in the field 
or from aerial photography. The Minnekhata Limestone 
member of the Goose Egg Formation, where exposed along 
the flanks at the east end of Sheep Mountain, forms a 
ledge which is "rippled" by numerous small-scale folds 
and faults. These small-scale features are considered 
subsidiary structures to the Sheep Mountain Anticline. 
It is probable that subsidiary deformation along the 
flank of Sheep Mountain is manifested as folding and 
minor faulting in the ductile Goose Egg beds, and as 
fracturing in the hard, brittle beds of the Casper and 
Madison formations. 

In addition to the numerous small-scale fractures on 
the surface of the Casper and Madison formations, 
several subtle fractures or faults having a predominant 
west-northwest trend were recognized on aerial photos 
1n the northwestern part of the Sheep Mountain 
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GENERALIZED REGIONAL GEOLOGIC CROSS SECTION. SHEEP MOUNTAIN AREA, 
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Anticline. As shown on Plate 3, the fractures or 
faults apparently cross-cut all other structures. 
These subtle cross-cutting fracture/fault systems may 
be late Tertiary rather than Laramide features. 

Recharge potential for the Paleozoic aquifer on Sheep 
Mountain appears to be favorable. Unlike the Paleozoic 
section along the Laramie Range and in the La Prele 
Canyon-Table Mountain area, Paleozoic rocks on the 
northeast dip slope of Sheep Mountain are unsevered and 
continuous over a relatively large area. The recharge 
area on Sheep Mountain consists of approximately 5 or 6 
square miles of exposed Casper, Madison, and Flathead 
strata. 

Several deeply incised canyons occur on the dip slope, 
through which intermittent streams flow. The canyons 
are fairly straight, and, based on field relations, 
appear to be fracture controlled. The canyons have 
been cut into Precambrian rocks in their upper reaches. 
In the central and lower reaches of the canyons, stream 
beds occur directly on, and are in hydraulic connection 
with the Paleozoic aquifer. 

Potentiometric data for the Paleozoic aquifers in the 
Sheep Mountain area are limited. A potentiometric map 
by Richter and Huntoon (1982, pl. 3) shows basin-ward 
ground water flow to the east and northeast in the 
immediate vicinity of Sheep Mountain, based on 
potentiometric surface elevation data from: 

1. Flowing streams which cross Paleozoic outcrops; 

2. Springs issuing from Paleozoic outcrops; 

3. Water wells; and 

4. Drill-stem tests from petroleum test wells. 

Site-specific potentiometric information in the 
immediate vicinity of Sheep Mountain was collected 
during the field investigation. Nine small springs or 
seeps were located along the base of the Casper 
Formation outcrop and in the Scofield Pass area on 
Sheep Mountain, and two water wells were located in 
Section 11, T.30 N., R. 72 W. The wells are inferred 
to be completed 1n the upper part of the Casper 
Formation, based on well depth and distance from the 
Casper outcrop. According to the State Engineer's 
Office (1989), the water right permits on these two 
wells have been cancelled. One permitted well is 
located in Section 23, T.30 N., R.72 W. on the plunging 
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nose of the Sheep Mountain Anticline. According to the 
state Engineer's Office (1989), the well flows 20 gpm. 

The elevation of the Paleozoic potentiometric surface 
along the flanks of Sheep Mountain and in the Scofield 
Pass area ranges from 5,087 to 5,780 feet above mean 
sea level, based on spring/seep elevations and static 
water levels in the wells. The occurrence of springs 
and seeps along the flanks of Sheep Mountain provides 
evidence that parts of the Paleozoic aquifer are 
locally saturated. 

Aquifer Parameters 

Within the study area, aquifer test data from which 
aquifer characteristics and parameters can be derived 
is limited. The most extensive area-specific data are 
applicable only to the Tertiary and Quaternary aquifers 
in which over 90 percent of water wells within the 
study area are completed. With the exception of 
information on two water wells completed in the 
Paleozoic system in the western portion of the study 
area, all aquifer data for the Mesozoic and Paleozoic 
systems have been extrapolated from oil field data and 
from water-well data generated outside the study area. 
Aquifer data generated inside and outside the study 
area are summarized in Tables 3 and 4. 

Tertiary System 

As outlined in Table 4, the Tertiary aquifer system is 
extensively developed in the immediate 
Ridgewater/Douglas vicinity. Most water wells 
completed in this system are less than 400 feet deep 
and derive water from the White River Formation. 
Existing information for these wells indicate that 
yields from the White River Formation are unpredictable 
in terms of quality and are typically less than 25 gpm. 

Characteristics of the Tertiary system are suitable for 
development of ground water that is intended for 
individual domestic and/or stock watering purposes. 
However, unless a well field that would not infringe on 
existing water rights could be developed, they do not 
represent the type of aquifer that could sustain a 
long-term municipal supply. The consultant therefore 
recommends that focus of this investigation be directed 
to the Mesozoic and Paleozoic systems which are 
commonly more productive. 
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Table 4 Slmnary of Regional Grourd-\later Qual ity Information, Ridgewater \later S~ly Project. 

A~ifer 
System Region TDS SULfate Chloride Iron 

~!!BlLl ~!!BlLl ~!!BlLl ~!.I}9lll 

Tertiary Converse Co. 718-4,530 105-270 26-41 

Mesozoic Southwest Powder River Bas in 

Cloverly Fm. 0-7,901 25-10,000 
Sundance Fm. 416-4,100 156-2,750 5-18 0.31-1.4 

Paleozoic Converse Co. 

Casper Fm. 200-3,610 1,200-2,400 110-1,100 0-0.88 
Madison Ls. 650-5,682 192-3,229 18-3,140 
Flathead Fm. 102-110 

Domestic Use Standards 
(Uyoming Dept. of 
Envircnnental Quality) 500 250 250 0.3 

Sources: Feathers ~~. (1981); \lestern \later Consultants, Inc. (1982). 
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Mesozoic System 

Very few wells are completed in the Mesozoic aquifer 
system within the study area and area-specific water 
well test data are not available. As presented in 
Table 4, aquifer parameters are derived principally 
from outlying areas and from oil and gas test wells. 
The rock units that comprise the Mesozoic aquifer 
system are commonly associated with oil and gas 
production in the Douglas area. 

Though these rock units are considered minor aquifers, 
the parameters and characteristics summarized in Table 
4 may be adequate to support a small-volume municipal 
supply, if sufficient saturated thickness can be 
located and tapped. As mentioned in previous sections, 
however, the recharge areas for these aquifers are 
limited within the study area and ground water quality 
may be unpredictable due to influence from oil and gas 
reservoirs. For these reasons, the consultant 
recommends that examination of aquifers at prospective 
test sites not be limited to the Mesozoic system. 

Paleozoic System 

As with the Mesozoic system, very few wells within the 
study area are completed in Paleozoic aquifers. Though 
the Paleozoic aquifer characteristics presented in 
Table 4 are derived largely from water wells located in 
outlying areas, they indicate that aquifers in the 
Paleozoic system may offer the best potential for 
ground water development in terms of quantity. 

Paleozoic aquifer test data are available for two water 
wells within the study area. These wells include the 
Casper Cross #1 Well (NE 1/4, NW 1/4, Sec. 36, T.32 N., 
R.73 W.) and the Natural Bridge #1 Well (SW 1/4,sw 1/4, 
Sec. 16, T.32 N., R.73 W.). The Casper Cross #1 Well 
penetrates sedimentary rocks of the White River 
Formation (surface to 500 feet), the middle and lower 
Casper Formation (500 to 928 feet), and possibly the 
upper surface of the Madison Formation (928 feet to 
T.D. at 930.5 feet). As reported by Morrison-Maierle 
Inc. (1984), the White River and Casper formations were 
unsaturated to a depth of 928 feet. The remaining 2.5 
feet of the well intercepted saturated strata under 
confined conditions with approximately 200 feet of 
head. Well tests revealed a maximum yield of 104 gpm 
of acceptable quality water with an estimated long term 
safe yield of 80 gpm. 
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The Natural Bridge #1 Well penetrates sedimentary rocks 
of the White River Formation (surface to 42 feet), the 
Goose Egg Formation (42 to 94 feet), the Casper 
Formation (94 to 863 feet), and the Madison Limestone 
(863 feet to T.D. at 901.5 feet). As reported by 
Morrison-Maierle (1984), five principal water-producing 
zones occurred in the Casper Formation. Maximum yield 
from the well was measured at 2,390 gpm; long-term safe 
yield was estimated in excess of 2,000 gpm for 
intermittent pumping schedules. Water quality at the 
Natural Bridge Well was reported to be suitable for 
domestic use. 

Though these high yields are favorable, personal 
communication with the WWDC (1989) revealed that 
production from the Natural Bridge #1 Well may have 
resulted in nearby stream losses that were recorded 
during the tests. This situation may indicate that a 
significant percentage of the yield from the Natural 
Bridge #1 Well is attributable to direct stream losses 
through fractures rather than true aquifer storage. 
Additionally, this situation illustrates the importance 
of well site selection to minimize impacts to existing 
water rights. 

The above area specific information is sufficient to 
demonstrate that Paleozoic aquifers in the study area 
are capable of yielding significant quantities of good 
quality ground water. The consultant therefore 
recommends that prospective test sites offer 
consideration of the Paleozoic aquifer system. 

D. GROUND WATER QUALITY 

Ground water quality data for the study area is limited 
for the Tertiary aquifer system and very limited for 
the Mesozoic and Paleozoic systems. Regional ground 
water quality information compiled by Feathers et al., 
(1981) and Western Water Consultants (1982) 1S 

summarized in Table 5. 

Tertiary System 

As reported in Feathers et ale (1981), water quality 
for the Tertiary aquifer-System in the southwestern 
portion of the Powder River Basin is highly variable. 
The variability may be attributable to the 
discontinuous nature of the permeable strata from which 
ground water is typically derived. Ground water 
quality for the Tertiary aquifer system within the 
study area is also variable. However, the large number 
of domestic wells completed in the White River 
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Table 6 Aquifer Parame~ers, Rldgewater Study Area. 

System Aquifer 

Approximate 
Thickness 

of Favorable 
Strata 
(ft) 

Aquifer Parameters 

TERTIARY ~ite River Fm. o· 600 Channel sandStones offer best ground'water development potential. Yields generally low (5 to 25 gpm) and 
unpredictable. Maximum reported yield of 60 gpm at H.F. ~lff ~ell; S~ 1/4, NE 1/4, Sec. 21, T32N, R71~; 
depth = 150 feet; completed In gravelly channel fill from 10 to 130 feet; S~l = 42 feet. Reported specific 
capacf~fes are generally less than 0.5 gpm/ft. Reported hydraulic conductivities range from 0.0002 to 0.03 
gpd/ft. Aquifer parameters may increase with fracturing. ~hite River Formation used frequently as 
ground-water supply within study area. 

HESOZOIC Cloverly fm. Upper (Dakota) Sandstone In upper and lower members offer best ground-water development potential. Flowing yields reported 
90 to range from 1 to 150 gpm. Pumped yields reported as high as 250 gpm. One pumped well within area of 

lower (lakota) detailed hydrogeologic study is reported to yield 10 gpm. Aquifer para~ters 89 calculated from oil field 
36 data = porosity = 0.10 to 0.20; hydraulic conductivity = 0.4 to 36 gpd/ft ; transmissivity = 7 to 90 gpd/ft. 

Only two water wells within the study area are possibly completed In the cloverly formation; no aquifer 
parameter or yield infonmatlon is available. 

Sundance fm. lower (Canyon Thick sandStone sequence In lower part of Canyon Springs member offers best ground-water development 
Springs) 85 potential. Pumped wells within the area of detailed hydrogeologic study are reported to yield between 3 and 

25 gpm. Flowing yields reported up to 10 gpm. Aquifer parameters as calculated from oil field data: 
porosity = 0.10 to 0.30; 8 to 1,300 gpd/ft. No water wells reported to be completed in Sundance fonmatlon 
with study area. 

PALEOZOIC Casper fm. Upper 198 Sandstone layers In upper and lower part of formation offer best ground-water development potential, 
lower 74 especially where faulted or broken. Flowing yields reported 8S high as 200 gpm In other parts of Powder 

River Basin. Pumped yields reported as high was 400 gpm. Aquifer paramet~rs as calculated from oil field 
data: porosity = 0.06 to 0.25; hydraulic conductivity = <0.1 to 18 gpd/ft ; transmissivity = 2 to 900 
gpd/ft. Only two water wells within study area are reported to penetrate Casper Formation: Casper Cross 61 
well; HE 1/4, N~ 1/4, Sec, 36, T32N, R73Wj and Natural Bridge well; S~ 1/4, S~ 1/4, Sec. 16, T 32N, R73W. 
The construction and testing of both of these wells is well documented by Horrison-Malerele, Inc. (1984). 
The Casper fonmation at the Casper Cross N1 well was reported to be dry with substantial loss of circulation 
during drilling. The Casper fonnatfon at the Natural Bridge well··was reported to be saturated bUI'ylelds may 
have been directly linked with stream losses recorded in La Prele Creek rather than aquifer storage. Yields 
for these wells ranged from 104 gpm at Casper Corss #1 to 2,390 gpm at Natural Bridge #1. 
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Table 6 Aquifer Parameters, Rldgewater Study Area (continued). 

System Aquifer 

Madison La. 

flathead Fm. 

Approximate 
Thickness 

of favorable 
Strata 
(ft) 

1M 

110 

Aquifer Parameters 

Locations where the formation has been disrupted by faulting and folding offer the beat potential for 
ground-water development. Flowing and pumped yields reported up to 1,000 gpm In other parts of Big Horn 
Basin. Aquifer parameters: porosity. 0.08 to 0.25; hydraulic conductivity m 0.2 to 20 gpd/ft2i 
transmissivity where fractured. 1,000 to 60,000 gpd/ft. ~ells penetrating the Madison Ls. within the Btudy 
area Include only the Casper Cross #1 and Natural Bridge wells discussed above. Maximum yield for the Casper 
Cross #1 well was reported tO,be 104 gpm from the upper 3 feet of the Madison; yields from the Madison at the 
Natural Bridge well were not significant. 

Basal units of the formatIon may offer best ground-water development ~tentfal. Aquifer parameters reported 
by USGS: porosity. 0.13 to 0.20; hydraulic conductivity a <20 gpd/ft. No wells are known to penetrate the 
flathead Formation wIthin the study area. 

Sources: Banner Associates (1981); Feathers!! !i. (1981); Morrlson-Halerele (1984); Mowater Services (1979); Spellman (1958); ~estern Yater consultants 
(1982). 



Formation 
sediments 
quality. 

indicates that 
may generally 

ground 
be of 

water from these 
acceptable domestic 

Available laboratory water-quality data indicate that 
wells tapping the White River aquifer within the study 
area generally yield water of the sodium-calcium 
bicarbonate and sodium-calcium sulfate types. Total 
dissolved solids (TDS) concentrations ranged from 274 
to 1,274 mg/L and pH ranged from 7.21 to 8.28 standard 
units. Field analyses of water samples collected from 
three wells completed in the White River aquifer were 
consistent with the above laboratory TDS and pH data. 

Mesozoic System 

Feathers et ala (1981) reported that ground water 
quality in the Mesozoic system is highly variable and 
that water quality deteriorates rapidly as distance 
from outcrop areas increase. Limited data show that 
Mesozoic aquifers in the southwestern portion of the 
Powder River Basin yield water of the sodium chloride 
and sodium sulfate types. Near outcrops, TDS 
concentrations in ground water from the Mesozoic 
aquifers will generally be less than 1,500 mg/L. 
However, in areas where oil and gas production from 
Mesozoic formations is common, TDS concentrations will 
generally be greater. Mowater Services Inc. (1979) 
reported that Tertiary aquifer wells in the Douglas 
area occasionally contain methane gas derived from the 
upturned and truncated ends of underlying Mesozoic 
aquifer strata. Area specific water quality data for 
the mesozoic aquifers was not available or does not 
exist. 

Paleozoic System 

Information reported by Western Water Consultants, Inc. 
(1982) indicates that the Paleozoic aquifer system 
likely offers the best potential in terms of water 
quality_ Near outcrops, ground water from the 
Paleozoic system is generally of the calcium-magnesium 
bicarbonate type with TDS concentrations usually less 
than 500 mg/L. With increasing distance from outcrop 
areas (toward the center of the Powder River Basin), 
the major ion composition of ground water in the 
Paleozoic system changes to a calcium-sodium sulfate 
type and TDS concentrations generally increase to the 
range of 500 to 3,000 mg/L. In the center of the 
Powder River Basin, ground water in the Paleozoic 
system is of the sodium sulfate or sodium chloride type 
and TDS concentrations typically exceed 3,000 mg/L. 
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Analyses of ground water taken from the Paleozoic 
system within the study area indicate some variability 
in quality. Ground water that issues from the 
Jackalope Plunge Pool Spring (likely from the Casper 
Formation), is warm (approximately 86~F), is of the 
calcium-sodium sulfate type and has a TDS concentration 
in the range of 600 to 700 mg/L. In contrast, field 
analyses show that Casper Formation ground water 
collected from wells and springs along the north flank 
of Sheep Mountain is colder (57~F to 64°F) and has TDS 
concentrations in the range of 260 to 420 mg/L; field 
sampling did not include major ion characterization. 
Ground water from wells completed in the Paleozoic 
aquifers in the western portion of the study area 
<Casper Cross #1 and Natural Bridge #1) is relatively 
cold (about 64~F), is of the calcium bicarbonate type, 
and has TDS concentrations in the range of 260 to 480 
mg/L. These data indicate that water quality in the 
Paleozoic aquifers near outcrops along Sheep Mountain 
should be acceptable for domestic use. 

E. MINIMIZATION OF IMPACT TO EXISTING WATER RIGHTS 

Test site selection is based, in part, on potential 
impacts that ground water removal from selected 
aquifers may have on existing water rights. 
Minimization of such impacts can be accomplished by 
locating prospective test sites as far as is practical 
from the following: 

1. Permitted water wells completed in target 
aquifers; 

2. Permitted springs which issue from target 
aquifers; 

3. Geologic structures which are extensively 
exploited because of their relationship to 
ground water resources; and 

4. Streams that are related to the ground-water flow 
regime (in particular gaining and/or losing 
streams which flow over or near recharge areas of 
target aquifers). 

Water Wells 

Data regarding existing water wells within the study 
area were obtained through examination of records on 
file with the University of Wyoming Water Research 
Center, the Wyoming state Engineer, and through field 
checking. As previously mentioned, over 90 percent of 
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the water wells within the study area are completed in 
the Quaternary and Tertiary aquifers. Because the 
Quaternary and Tertiary aquifers are not considered 
primary targets, the focus of the impacts study was on 
water rights filed for wells completed in the Mesozoic 
and Paleozoic aquifers. Data regarding such wells 
within the area of detailed hydrogeologic study are 
summarized in Table 6. The locations of wells listed 
in Table 6 have been plotted on Plate 3. 

Springs 

Data regarding the springs within the study area were 
obtained through examination of existing literature, 
USGS topographic maps, and through field checking. The 
majority of springs within the study area issue from 
the Tertiary aquifers and were not extensively studied. 
However, several springs and seeps were identified that 
issue from the Paleozoic system. The most noteworthy 
of these include the Douglas City Spring <Sec. 3, T.32 
N., R.74 W.) and the Jackalope Plunge Pool Spring (Sec. 
8, T.31 N., R.71 W.) both of which have water rights 
filed through the Wyoming State Engineer. The 
remainder of Paleozoic springs were identified at the 
east and west ends of the Sheep Mountain anticline. 
The locations of Paleozoic springs within the area of 
detailed hydrogeologic study are plotted on Plate 3. 
The consultant recommends that aquifer test programs 
include surveillance of the major springs and selected 
minor springs to determine the potential to impact 
existing water rights. The potential to impact the 
Douglas City Spring is considered extremely low; the 
potential to impact the Jackalope Plunge Pool Spring is 
considered low to moderate. 

Geologic Structures 

Wells and springs in the Tertiary aquifer system are 
generally not associated with any particular geologic 
structures. The limited number of wells and permitted 
springs in the Mesozoic and Paleozoic systems indicates 
that extensive development of particular geologic 
structures has not taken place. Those structures 
within the area of detailed hydrogeologic study which 
have obvious relationships to the Paleozoic aquifer 
system include the La Bonte Anticline from which the 
Jackalope Plunge Pool Spring issues and the Sheep 
Mountain anticline from which several small springs and 
seeps issue. Springs and seeps issuing from the Sheep 
Mountain anticline are not known to have existing water 
rights. 
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Table 8 Inventory of Wells Within the Area of Detailed Hydrogeologic study, Ridgewater 
study Area. 

Probable 
Formation 

Location in Which Permit 
~ ~ % Sec T R Permit # Depth yield Completed status 

(ft) (gpm) 

NE SW 11 31 72 P35849W Casper Cancelled 
NE SW 11 31 72 P50621W Casper Cancelled 
NE SE 23 31 72 P32974W 120 20 (flowing) Casper Active 
SW NW 10 31 73 P11410P 2,100 25 Active 
NW SE 31 32 71 P60448W 240 10 Cloverly Active 

SW NE 22 32 73 P19094W Cancelled 
NW NE 5 31 71 P6634P 171 25 Sundance Active 
NW NE 5 31 71 P6635P 84 3 Sundance Active 
SW NW 5 31 71 P68182W 190 15 Sundance Active 
NW NE 7 31 71 P41431W 280 10 Sundance Active 

NW NE 7 31 71 P42699W Sundance Cancelled 
NW NE 7 31 71 P42703W 225 18 Sundance Active 
SE NE 7 31 71 P31143W 155 19 Chugwater Active 
SE NE 7 31 71 P41428W 140 8 Chugwater Active 
SE NE 7 31 71 P47014W 172 15 Chugwater Active 

SE NE 7 31 71 P48467W Chugwater Cancelled 
SE NE 7 31 71 P48469W Chugwater Cancelled 
SE NE 7 31 71 P50242W Chugwater Cancelled 
SE NE 7 31 71 P50619W 240 9 Chugwater Active 
NE SE 7 31 71 P48470W Chugwater Cancelled 
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Table 6· Inventory of Wells Within the Area of Detailed Hydrogeologic study, Ridgewater 
study Area (continued). 

Probable 
Formation 

Location in Which Permit 
\ ~ t \ Sec T R Permit # Depth yield Completed status 

(ft) (gpm) 

NE SE 7 31 71 P60370W 80 10 Chugwater Active 
SE SE 7 31 71 P49233W Sundance Cancelled 
SE SE 7 31 71 P49234W Sundance Cancelled 
SW NW 8 31 71 P46412W 120 15 Chugwater Active 
SE NW 8 31 71 P65548W Cancelled 

NW SW 8 31 71 P16859P 75 5 Chugwater Active 
NW NW 17 31 71 P51272W 74 20 Sundance Active 
NW NW 17 31 71 P55418W Sundance Cancelled 
NE NE 18 31 71 P36240W 120 12 Sundance Active 
NE NE 18 31 71 P62421 120 Sundance Active 

SW NW 26 32 72 OIL WELL 670 
NE NE 34 32 72 OIL WELL 644 
NE SE 27 32 72 OIL WELL 249 
NE SE 27 32 72 OIL WELL 300 

13 32 72~ OIL WELL 3,688 

NE SW 27 32 72 OIL WELL 293 
SW SW 26 32 72 OIL WELL 2,137 

NW NW 13 31 72 Unpermitted Goose Egg 
SW SW 6 31 72 Unpermitted 
SE NW 6 31 72 Unpermitted 



streams 

The only streams located within the area of detailed 
hydrogeologic study are Wagon Hound Creek and Bed Tick 
Creek. Wagon Hound Creek is located south of the Sheep 
Mountain anticline and is separated from the structure 
by thrust faulting which has completely severed the 
entire geologic section. Bed Tick Creek is located 
along the north side of Sheep Mountain and may gain 
small amounts of water discharging from small Paleozoic 
springs or seeps near the northwest end of the Sheep 
Mountain anticline. The consultant recommends 
surveillance of Bed Tick Creek during aquifer testing 
to determine potential water rights impacts. 
Surveillance of Bed Tick Creek may be difficult due to 
the extremely low to nonexistent flows that were 
observed during field checking in July, 1989. 

F. SELECTED TEST SITES 

Based on information in the preceding sections, three 
prospective test sites were selected and are ranked in 
order of hydrogeologic preference with no consideration 
of economic or political factors. The test sites 
include: 

1. At center of north-south section line between 
Sections 33 and 34, T.32 N., R.72 W. 

2. At center of SE 1/4, NW 1/4, NE 1/4, Section 11, 
T.31 N., R.72 W. 

3. Near section corner in NE 1/4, NE 1/4, NE 1/4, 
Section 35, T.32 N., R.72 W. 

These prospective test sites are plotted on Plate 3 and 
are discussed in detail in the next section. 
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IV. FEASIBILITY EVALUATION 

The feasibility of ground water development is herein 
evaluated with respect to constructibility of the well and 
conveyance, storage, and treatment systems. Individual 
discussions regarding well constructibility are provided for 
each prospective test site. Discussions regarding the 
conveyance, storage, and treatment systems are provided 
independently of prospective test sites. 

A. WELL CONSTRUCTIBILITY 

Well constructibility encompasses a broad range of 
considerations, some of which can be defined only after 
construction begins. At this point, the most important 
considerations for well construction are as follows: 

1. Depth to target aquifers; 

2. Influence of formation 
geologic structures on 
well yield; 

composition/character and 
drilling conditions and 

3. Potentiometric conditions; 

4. Physical access; 

5. Distance from service area; 

6. Expected water quality; and 

7. Potential influence of ground water development 
on existing ground water rights. 

TEST SITE 1 

As shown on Plate 3, Test Site 1 is located on the 
northeast dip slope of Sheep Mountain near the 
northwest end of the structure. The site is about 4 
miles (straight-line distance) from the Ridgewater 
Service Area and can be accessed via dirt roads from 
the ranch located in the west-central portion of 
Section 34. The target aquifers at Site 1 include 
those in the Paleozoic system (Casper Formation, 
Madison Limestone, and Flathead Formation). Estimated 
drilling depths to the top of these aquifers are: 

Casper Formation - 700 ft. 

Madison Limestone - 1,400 ft. 

Flathead Formation - 1,600 ft. 
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Formations that would be penetrated above the target 
aquifers include the White River Formation, the lower 
part of the Chugwater Formation, and the Goose Egg 
Formation. 

The composition and character of formations that would 
be penetrated are expected to offer reasonable drilling 
conditions and optimum well yield. In some instances, 
drilling conditions in the Goose Egg and Casper 
formations can be difficult, due to loss or reduction 
of drilling fluid circulation when using conventional 
rotary techniques. 

Geologic structures which may influence drilling 
conditions at Site 1 include subsidiary faulting and 
folding associated with the northwest end of the Sheep 
Mountain anticline. As shown on Plate 3, these 
features include a small anticline and syncline 
separated by a high angle fault and numerous small 
fractures. These features trend roughly east-west and 
may introduce substantial secondary permeability as 
reflected by numerous small springs and seeps which 
issue from the Casper Formation in the area. Site 1 
has been aligned with these features to intercept such 
secondary permeability. 

Potentiometric conditions 
offer relatively shallow 
optimum available drawdown. 
to be less than 50 feet. 

at Site 1 are expected to 
pumping water levels and 

Depth to water is expected 

As discussed in previous sections, water quality in 
the Paleozoic aquifers near Site 1 is expected to be 
good. Field checking of springs and seeps in the area 
revealed that TDS concentrations will likely be less 
than 500 mg/L. Ground water is expected to be of the 
calcium-magnesium bicarbonate type. 

The potential to impact ground water use in the 
vicinity of Site 1 is moderate. As mentioned, several 
small springs and seeps in the area issue from the 
Casper Formation and a gaining reach of Bed Tick Creek 
is very close to the prospective drill site. Field 
checks revealed that these ground water features are 
likely used for stock watering. With the exception of 
isolated pools at spring points, the reach of Bed Tick 
Creek in question was dry at the time of field 
checking (July 1989). Water rights for these features 
are not known to be filed through the Wyoming State 
Engineer. 
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TEST SITE 2 

Test Site 2 is located on the northeast-facing dip 
slope of the Sheep Mountain anticline, approximately 2 
miles north of the southeast end of the structure (see 
Plate 3). The site is approximately 4.5 miles 
(straight-line distance) from the service area and can 
be accessed from a rough dirt road which parallels a 
series of powerlines north of the site. The target 
aquifers at the site include those in the Paleozoic 
system. Anticipated drilling depths to the target 
aquifers are: 

Casper Formation - 700 ft. 

Madison Formation - 1,400 ft. 

Flathead Formation - 1,600 ft. 

Formations that would be penetrated above the target 
aquifers include the White River Formation, the lower 
part of the Chugwater Formation and the Goose Egg 
Formation. It is noteworthy that these drilling depths 
and formations are identical to those listed for Site 
1. with the exception of subsidiary geologic 
structure, Site 2 offers conditions that compare 
closely to those described for Site 1. 

Subsidiary geologic structures at Site 2 include minor 
fracturing and folding that is evident in exposures of 
the rock units south of the site. These features 
likely introduce secondary permeability in the target 
aquifers, although the magnitude of such permeability 
may be less than at Site 1. 

Two wells located south of the drill site likely 
produce water from the Casper Formation. Field 
checking indicated that the water is of good quality 
«500 mg/L TDS) and that water levels are within 50 
feet of the surface. 

Records on file with the state Engineer show that 
permits for the two wells mentioned above have been 
cancelled. The distance from Site 2 to areas where 
active ground water rights are filed for the Paleozoic 
aquifers should be sufficient to preclude significant 
adverse influence. The consultant does, however, 
recommend surveillance of the Jackalope Plunge Pool 
Spring and Well P32974W (see Table 6 and Plate 3) if 
Site 2 is selected for drilling and testing. 
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TEST SITE 3 

Test Site 3 is located approximately 2.3 miles 
(straight-line distance) south-southwest of the 
Ridgewater Service Area (see Plate 3). County Road 8 
provides access to the site. Target aquifers at the 
site include those in the Mesozoic and Paleozoic 
systems. Drilling depths of formations that may be 
penetrated at Site 3 are: 

White River Formation - surface to 200 to 400 ft. 

Cloverly Formation - may not intercept 

Morrison Formation - 200 to 400 ft. 

Sundance Formation - 375 to 575 ft. 

Chugwater Formation - 675 to 875 ft. 

Goose Egg Formation - 1,325 to 1,475 ft. 

Casper Formation - 1,625 to 1,775 ft. 

*Madison Limestone - 2,375 to 2,475 ft. 

*Flathead Formation - 2,525 to 2,675 ft. 

*Formations may not be penetrated due to extensive 
drilling depth. 

Drilling conditions from surface through the Chugwater 
Formation are expected to be favorable. Adjustments to 
the chemistry of drilling fluids may be required 
through areas of thick shale sequences such as the 
Morrison and Chugwater formations. Below the Chugwater 
Formation, drilling conditions are expected to be 
similar to those described for Sites 1 and 2. Drilling 
conditions in the Goose Egg and Casper formations may 
be somewhat more favorable due to less severe 
structural deformation and compression caused by 
greater burial depth. 

Geologic structures which may influence drilling 
conditions and well yield at Site 3 are limited to 
faulting. As shown on Plate 3, Site 3 is located near 
the possible intersection of two faults which have been 
projected from their visible traces. These faults 
include the post-Miocene normal fault which is visible 
north of Sheep Mountain and the east-west trending 
fault with which Site 1 is aligned. It is noteworthy, 
however, that projection of these faults is speculative 
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and that structural enhancement of permeability at Site 
3 may be minimal. 

Potentiometric conditions at Site 3 are expected to be 
similar to those described for Sites 1 and 2. However, 
the saturated thickness of water bearing strata may be 
somewhat less, due to reduced structural influence. 
Water quality at Site 3 is anticipated to be acceptable 
although it may be less favorable than at Sites 1 or 2. 
Reduction in water quality at Site 3 would likely be 
attributable to increased distance from recharge areas 
and potential influence from oil and gas producing 
zones to the north and east. 

The potential to influence ground water rights at Site 
3 is low to moderate. If the Sundance aquifer is 
tapped, it may influence production from Sundance wells 
to the south. However, the distance from Site 3 to 
these wells and the anticipated low yield of the 
Sundance aquifer suggests a remote possibility. Site 3 
may also be roughly aligned with the same structural 
trend (La Bonte Anticline) from which the Jackalope 
Plunge Pool Spring issues. However, projection of the 
La Bonte Anticline to Site 3 is speculative and the 
anticline likely dies out south and east of Site 3. If 
Site 3 is selected, the consultant recommends 
surveillance of selected wells and the Jackalope Plunge 
Pool Spring. 

B. ACCESS 

Preliminary contacts were made on July 28, 1989 with 
the owners of the 3 recommended well sites. Verbal 
permission to drill a test well has been granted in 
each case, contingent upon successful negotiation for a 
permanent easement, should the test well be successful. 

C • SURVEYING 

The surveying necessary for scaled aerial photos of the 
raw water transmission pipe and the service area was 
scheduled during Phase I. This task has been delayed 
until after a drilling site has been selected so that 
the areas to be photographed can be more accurately 
determined. 

D. GROUND WATER ALTERNATIVES 

The economic feasibility of any ground water source 
depends primarily on these factors: expected water 
quality, anticipated long-term well flow capacity, 
construction costs and future O&M. TriHydro identified 
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three promising drilling sites and the Warm 
also known as the Jackalope Plunge, 1S 

potential ground water source (Table 7). 

Springs, 
a fourth 

The Warm Springs has a natural flow of about 750 
gallons per minute. Mr. and Mrs. George Weiss own 
water rights associated with about 600 gpm. While its 
reported TDS of 690 mg/L exceeds EPA's recommendation 
of 500, its quality is considered acceptable for 
municipal uses. Therefore the feasibility of Warm 
Springs as a ground water source was evaluated. 

At $18 to $20 per lineal foot, the raw water 
transmission pipe will cost about $100,000 a mile. If 
each residential tap were to pay $60 annually for debt 
reduction, 43 are needed to amortize 1 mile of pipe 
with a 5% loan for 1/3 of the total construction cost. 
These 43 customers will use about 35 gpm at peak summer 
usage rates. 

E. WATER RIGHTS IMPACTS 

All but two existing ground water developments produce 
water from the White River Formation. The Box Elder 
Spring, furnishing 1.4 to 2.0 cfs to the City of 
Douglas, is inside the study area near the northwest 
corner; numerous structural folds, which occur over 
this relatively large distance, reduce the possibility 
of interference. 

Warm Springs water emanates from the Casper Formation 
and is 2.5 miles southeast of drilling Site 2. At 
least two anticlines cause structural discontinuity 
between the two locations, reducing the possibility 
that a production well at Site 2 could impact the flow 
of Warm Springs. In the unlikely event that the Warm 
Springs water flow would diminish, and the flow 
reduction could be traced to a production well at the 
Site 2, the owners could claim damages if the natural 
flow were to fall below 600 gpm. 
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FEASIBILITY 
CRITERIA 

1. Expected Water ** 
Quality (TDS) 

2. Water Volume (GPM)** 

3. Comparative Costs 
- Source Construction 
- Raw Water 

Transmission Pipe 
- Power to Well 

4. Annual Cost to 
Water Users 
(factor .05828) 
(5%-40yrs.) 

5. Annual Cost, $ per 
Household Served 
- Residential Taps 

(NO. ) at 0.8 gpml 
tap 

TABLE NO. 7 

TRIHYDRO DRILLING SITES 

1 2 3 

200-500 200-500 300-800 

200-400 200-400 200-400 

$ 75,000 $ 75,000 $125,000 

$400,000 $500,000 $250,000 
$100,000 $ 30,000 $ 50,000 

$ 11,200 $ 11,800 $ 8,300 

$ 45-23 $ 47-24 $ 33-17 

(250-500) (250-500) (250-500) 

NOTE: * Excludes cost of purchasing Water Rights 

WARM SPRINGS 

650-700 

600-700 

$ 50,000* 

$650,000 
$ 20,000 

$ 14,000 

$ 18-16 

(800-900) 

** Water quality and volume estimates are presented here for 
illustrative purposes only, and do not represent an 
expectation of what will be encountered during drilling. 
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