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INTRODUCTION

The Casper Aquifer Exploration Program was authorized initially by the 1982
Session of the Wyoming Legislature and con$isted of three separate studies: 1)
a reconnaissance study of the Casper Formation in southeastern Wyoming
["Groundwater Development Potential for the Paleozoic Aquifer along the Flanks
of the Laramie Range and Hartville Uplift" by Western Water Consultants] 2) a
drilling and testing program near the town of Rock River [ltHydrogeologic Eval
uation of the Casper Aquifer" by Anderson and Kelly Inc.] and 3) a drilling and
testlng program near the town of Douglas ["Casper Aquifer Drilling Program 112",
by Morrison-Maierle Inc.] (Figure 1-1).

This report will summarize the results of the Casper Aquifer Exploration
Program. More detailed findings are available in the individual project re
ports.

The Casper Aquifer study area included about 1,000 square miles of state,
federal, and privately owned lands situated in parts of Albany, Converse,
Goshen, Laramie, Natrona, Niobrara, and Platte Counties. The Casper Formation
outcrops, and is recharged, along both sides of the Laramie Range from the
Wyoming-Colorado state line to Casper (Figure 1-2).

In general the areas with the greatest potential for providing a high
capacity and good quality water supply are within a relatively short distance
from the recharge area, and where the permeability has been enhanced by some
type of deformation or solution activity. The Drilling Program 111 wells were
located in close proximity to a major fault system and produced mediocre yields,
while one of the Drilling Program 112 wells produced 2,328 gpm with minimal
drawdown from the crest of an anticline.
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II. REVIEW

Groundwater Development Potential For the Paleozoic Aquifer Along the Flanks of
the Laramie Range and Hartville Uplift by Western Water Consultants.

The purpose of this investigation was to produce a reconnaissance level
evaluation of the potential for groundwater development in the Paleozoic rocks
surrounding the Laramie Mountain-Casper Mountain ranges and the Hartville
Uplift, located in the southeastern quarter of Wyoming.

The results of this investigation focus on those areas having the most
promising conditions for moderate to large scale groundwater production. Site
selection was heavily influenced by the presence of favorable geologic struc
tures which have the potential for improving well yields through permeability
enhancement due to structural deformation. Other important criteria used to
screen sites included: presence of thick saturated sections of water bearing
rocks, good water quality, shallow to moderate drilling depths, and good re
charge to the site.

The Iocation of the study area is shown on Figure 1-1, page 2. The area of
investigation encompasses about 1,000 square miles of state, federal, and
privately owned lands situated in parts of Albany, Converse, Goshen, Laramie,
Natrona, Niobrara, and Platte Counties, Wyoming.

This investigation was not intended to pinpoint the locations of production
wells, however, the results presented in the report constitute the first step in
a scientifically sound procedure for identifying potential sites for groundwater
development. It was the intent of the investigation to use a limited number of
realistic objective criteria to identify those locations which warrant further
exploration effort.

The criteria used to screen sites for the investigation are those typically
utilized in municipal water development. The user of the report should first
determine if the criteria outlined therein for selecting sites falls within the
constraints affecting his needs. For example, if large drilling costs are no
object or if potable water is not required, there are more accessible alterna
tives than the sites selected in the report.

The next step in the site selection is to move to a more detailed level of
analysis in order to determine the viability of specific sites. In this stage
test drilling to determine potential yields and water qualities should be
conducted as a prelude to the construction of costly production well fields.
Stages in the total process include:

Stage 1. Regional screening of sites based on objective criteria
(accomplished in this reconnaissance report).

Stage 2. Site evaluation wherein:

a. the most favorable drilling locations are identified
within the site based on field evaluation,

b. if appropriate, test wells are drilled to evaluate the
characteristics of the aquifer, and

4



c. water quality is evaluated using nearby springs, existing
wells, and test holes drilled during this stage,

Stage 3. Final development of the site pending favorable results from
Stage 2 evaluations. It is only during this stage that
production well field construction can be justified.

An important factor which each user of the report should understand is that
the designation in the report of a priority site specifies only that the site
has more favorable characteristics than its surroundings. It must be recognized
that the report is based primarily on favorable geologic conditions at the
identified sites. However, in most cases there is no site specific drillhole
data to substantiate the productivity of the aquifer.

Three fundamental premises underlie this reconnaissance report. (1) The
best quality gro':!ndwaters found in the area of investigation, other than waters
in shallow Cenozoic deposits, occur in Paleozoic sandstones and limestones 
primarily in the Casper /Tensleep, and Madison Formations. (2) The Paleozoic
limestones generally have very small productivities. (3) In order for the
Paleozoic rocks, both limestones and sandstones, to be highly productive they
must contain significant secondary permeability.

The study concentrates on areas where geologic structures, such as faults
and sharp folds, impart secondary fracture permeability to the rocks. Such
areas tend to be highly productive in comparison to surrounding parts of the
same aquifer, and water qualities tend to be good because circulation is
enhanced. Because of these considerations substantial effort was made to
identify structurally deformed Paleozoic rocks.

The data base developed for the report includes the following products:

1. Stratigraphic correlation of the Paleozoic rocks along the flanks of
the Laramie Range.

2. Structural contour map of the Casper/Tensleep Formation.

3. Potentiometric surface associated with the Paleozoic Aquifer.

4. Geologic map showing the locations of the Paleozoic outcrops.

5. Tectonic map showing the locations of faults and folds which deform
the Paleozoic rocks.

6. A potentiometric surface map of total dissolved solids in the
Paleozoic Aquifers.

7. Locations of favorable sites and areas of existing groundwater devel
opment.

8. Locations of wells having groundwater rights that are completed in the
Paleozoic Aquifers.
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Hydrogeologic Evaluation of the Casper Aquifer (Drilling Program #1) by Anderson
and Kelly, Inc.

The purpose of this Casper Aquifer drilling and testing program was to
determine aquifer characteristics and general development potential of the
formation in the area 50 miles north of Laramie, adjacent to the Como Fault.
With knowledge of these characteristics an evaluation of the long-term yield of
wells completed in the Paleozoic Aquifers in this area could be accomplished.

The investigation included the construction of an observation well and a
production well, an evaluation of the results of aquifer testing, basic water
chemistry, and a radiochemical analysis of the water.

The drilling site is located in the swi of Section 6, Township 23 North,
Range 75 West, in Albany County, about 17 miles north-northeast of Rock River
and about 50 miles north of Laramie, Wyoming (Figure 1-1, page 2). Section 6 is
a state-owned section with the grazing lease held by True Ranches, Inc., who
also own all surrounding property. The elevation in the area ranges from 6,920
to 7,000 feet above sea level. The site is included within the U.S. Geological
Survey Sevenmile Spring quadrangle.

The Casper Formation is known to be a good producer in municipal water
supply wells at the towns of Laramie, Medicine Bow, and at other sites north of
Laramie, notably at the high-yielding Alcoa and McGuire wells. In the McGuire
well permeability was increased apparently by fracturing and solution activity
resulting from structural deformation.

Although many wells have been successfully completed in the Casper Forma
tion, particularly near Laramie, little is known about the hydrologic character
of the unit elsewhere.

The observation well and production well were drilled into the Casper
Formation within a few hundred feet of the Como Fault. This area, about 18
miles north of the town of Rock River, was selected for the project in order to
test a prevailing theory of probable high well yields adjacent to major faults.
The observation well was drilled to a depth of 765 feet and the production well
to a depth of 1,000 feet (Figure II-I).

Drilling records show that overall secondary permeability enhancement due
to natural fracturing was minimal although a zone of very low competence was
encountered at a depth of 920 to 935 feet in the production well. Aquifer
testing began with multiple-step testing to determine the maximum short-term
well yield, and to plan for the long-term constant rate pumping test. The
maximum short-term pumping rate was 375 gpm but the 3-day test was restricted to
250 gpm in order to insure that a constant rate could be maintained with a
pumping water level above the pump intake. Aquifer testing showed calculated
transmissivity values less than 2,000 gpd/ft at the production well, and in the
5,000 to 6,000 gpd~~ range at the observation well. Storativity was calculated
to be about 7 x 10 ,and the specific capacity of the production well is 0.85
gallons per minute per foot of drawdown (Figure 11-2).

Analysis of the pumping test data showed that the nearby Como Fault acts as
a barrier to groundwater flow, causing modest well yields and large drawdowns.
In addition, water from the production well is of poorer and markedly different
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quality than water from Casper Formation wells at the towns of Laramie and
Medicine Bow. The difference in quality is attributed to the shale-dominated
Cretaceous section, which is known to contain poor quality water and is now
believed to abut the Casper Formation at the fault.

Since the water quality in the observation well, 600 feet away, is similar
to other Casper Formation waters in the area, the poor quality water encountered
in the production well is believed to be a localized phenomenon in close prox
imity of the fault system, and is not believed to be representative of the
Casper Formation water quality in the area.

The potential for future development of groundwater from the Casper Forma
tion at this particular site appears limited to stock-watering. Well field
development would result in wells yielding only 100 to 200 gpm with pumping
lifts of about 1,000 feet. Water quality near the Como Fault is unsuitable for
domestic use because of radionuclide and sulfate concentrations in excess of EPA
secondary standards.

The Casper Formation remains a potential aquifer for major groundwater
development in those areas where secondary permeability has been enhanced by
faulting and/or folding within the Casper Formation itself. Where faulting
involves other formations that are predominantly shales, fracturing within the
Casper Formation may be minimal and water quality within the Casper Formation
may be adversely affected.
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Casper Aquifer Drilling Program #2 by Morrison-Maierle, Inc.

The purpose of the Casper Aquifer Drilling Program No. 2 was to develop
information on the productivity of the Casper Aquifer system by constructing a
well into the aquifer and conducting an aquifer test. The results thus obtained
were evaluated to determine the long-term yield potentially available from the
aquifer system. The test program also provided parameters needed to predict the
response of the aquifer system to large scale groundwater withdrawal.

The initial scope of Drilling Program No. 2 consisted of drilling and
completion of one production well and one observation well, both fully penetrat
ing the Casper and Madison Formations. The wells were to extend to an estimated
maximum depth of 2,500 feet. Aquifer testing was to include a 24 hour stepped
rate test, a seven day constant rate test, and a recovery test.

The Casper Cross No. 1 well was drilled near the headwaters of Bed Tick
Creek between Sheep Mountain and LaPrele Reservoir in the NEiNWi, Section 36,
Township 32 North, Range 73 West, at an approximate elevation of 5,720 feet. It
was completed at a total depth of 931 feet (Figure 11-3). Interpretation of the
geologic log and correlation of the log with the local geology indicates that
the well penetrated the entire thickness of the Casper Formation and the upper
few feet of the Madison Formation. The well did not penetrate water-bearing
strata in the Casper Formation but did encounter a number of drained voids or
caverns. Groundwater was encountered at what is interpreted to be the contact
between the Casper and Madison Formations at a depth of 928 feet. The
groundwater encountered at 928 feet was confined under artesian pressure and
stabilized in the well at 715 feet below ground level. Air lift tests of the
well obtained yields as great as 104 gpm and indicated a long-term yield of 80
gpm. Drilling operations were terminated at 930 feet due to severe lost circu
lation conditions. In order to obtain the maximum information from Drilling
Program #2, the initial scope of work was modified to eliminate the production
well at the Casper-Cross No. 1 site, and to include a second test well in a new
area referred to as the Natural Bridge Well site (Figure I-I, page 2).

The Natural Bridge Well was drilled near the Natural Bridge State Park on
the west side of LaPrele Creek in the swi sWi, Section 16, Township 32 North,
Range 73 West, at an approximate elevation of 5,330 feet. It was completed to a
t"otal depth of 902 feet and penetrated the total thickness of the Casper Forma
tion, as well as about 38 feet of the Madison Formation (Figure 11-3).
Production was primarily from four zones of secondary permeability enhancement
in the Casper Formation, as indicated by geologic and geophysical logs. The
well was subjected to both stepped rate tests and constant rate tests of yield
and drawdown. Discharge during the stepped rate tests ranged from 546 to 2,328
gpm, and indicated the presence of a negative hydraulic boundary in the aquifer.
The calculated value of transmissivity is equal to 38,824 gpd/ft at a specific
capacity of about 39 gallons per minute per foot of drawdown (Figure 11-4). The
constant rate test was conducted at a rate of 2,244 gpm, and indicated a
transmissivity of 38,098 gpd/ft and a storativity of 0.037. Both the
transmissivity and storativity values are for conditions after the onset of
boundary effects.
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DRILLING PROGRAM NO.2 WELL DESIGN
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III. SUMMARY

There can be considerable variability even between well sites that demon
strate a high potential for substantial yields. For example: 1. The Rock River
well was drilled adjacent to a large displacement fault and produced low yields.
2. The Casper-Cross well was drill ed in the vicinity of, but at a greater
distance from large displacement faulting and produced low yields, however there
was evidence of tremendous permeability in this area. If hydrogeologic con
ditions had been conducive to a saturated formation this could have been the
best well of the three. 3. The Natural Bridge well was drilled near the crest
of an anticline and produced very high yields.

This indicates that, in certain cases, proximity to large displacement
faulting is less desirable than the folding enhanced permeability found along
anticlinal structures. In anticlinal areas there is less risk .. that the aquifer
will be severed, such as was the case at the Rock River well. A discontinuity
in the aquifer can reduce recharge, thereby creating a negative boundary and
reduced well yield, as well as contributing adverse quality water to the target
aquifer.

The best case occurs when a potentially high yielding aquifer is fractured
without disturbing the source of recharge. The fracture enhanced permeability
promotes increased groundwater circulation, and the increased circulation tends
to enlarge the flow passages due to solution activity. This leads to specu
lation that carbonate sequences are more likely to be higher producers than
sandstone sequences, in areas of fracture permeability enhancement, because of
the greater solubility of carbonate rocks.

In the vicinity of anticlinal folding the aquifer often remains intact
thereby retaining recharge mechanisms, and the permeability of the aquifer is
enhanced by more subtle fracturing and resultant solution activity.

As is pointed out in the reconnaissance study summarized herein, no report
of this nature can pinpoint well locations without detailed field investiga
tions. However, a good deal was learned about the hydrogeology of the Casper
Formation through the course of the Casper Aquifer Exploration Program. This
will provide a base upon which field investigations can expand to locate specif
ic production well sites when the need arises.

Copies of individual reports are available from: Wyoming Water Development
Commission; Herschler Building, 3rd Floor East; Cheyenne, Wyoming 82002. Phone
307/777-7626.
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