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CHEYENNE BELVOIR RANCH
LEVEL II STUDY

EXECUTIVE SUMMARY

1.0

INTRODUCTION

JR Engineering, LLC entered into a contract with the Wyoming Water Development
Commission to provide professional services for the Cheyenne Belvoir Ranch Level II
Study. The purpose of this study is to characterize the present development of the water
resources on and near the ranch and to determine the potential for future development of
water resources, more specifically the ground water supply component.
The report contains background information, data obtained in the field, and the
engineering processes used to drill, complete, and airlift nine test holes in preparation for
the drilling, completion, and pump testing of a single production test well for the
Cheyenne Belvoir Ranch Test Well Project, Fiscal Year 2005. This project included:
hydrologic and geologic reconnaissance, test hole exploration, aquifer delineation,
potentiometric surface mapping, geologic correlation, geophysical analysis, and test hole
design and completion through the base of the Ogallala Aquifer below the Cheyenne
Belvoir Ranch. Upon completion of the test hole program a location was chosen to
install a test well. This study includes the results of the drilling and testing of Belvoir #5
well. This well will be used as a water supply for the City of Cheyenne.
The Belvoir Ranch consists of approximately 17,000 acres west of the City of Cheyenne.
The project area is located in Sections 19, 20, 21, 22, 25, 28, 30, and 31, T13N, R68W, in
Laramie County, Wyoming. Figure 1 shows the location of the Belvoir Ranch project
area. Figure 2 shows the nine test holes drilled for exploration purposes, and the
production test well, Belvoir #5. The Belvoir #5 will eventually be purchased for use as
a municipal well by the Cheyenne Board of Public Utilities (BOPU) and will meet the
Wyoming Department of Environmental Quality completion standards.
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2.0

BACKGROUND

The water resources of the Belvoir Ranch consist of surface diversions from Lone Tree
Creek and ground water diversions from the Ogallala aquifer. The wells in Lone Tree
Creek Valley have sufficient hydrostatic head to cause flowing conditions. The water has
been, and is presently being used for the irrigation of hay. The City of Cheyenne
purchased the ranch in part to develop the water in the Ogallala aquifer and for the
potential for deeper ground water development.
In addition to the wells owned by the City, there are three wells located on state leases
within the Belvoir ranch owned by Dyno-Nobel (A.K.A. Coastal Chem) that are
withdrawing water from the Ogallala aquifer.
3.0

GEOLOGY

In general, the geologic units deposited below the Cheyenne Belvoir Ranch are
homogeneous on a basin scale, but quite heterogeneous on a local scale. This makes
general predictions and modeling on the ranch possible, but challenging. The surface has
some regions of Quaternary alluvium deposits (0-20 feet), but in general the surface
consists of the Tertiary Ogallala Group. The Ogallala Group is approximately 300 feet
thick and rests on the Tertiary White River Group. The White River Group is composed
of two formations, totaling 500 feet thick. The Tertiary groups rest upon Cretaceous aged
sediments composed of the following respective formations: The Lance/Fox Hills
Formation, and the Pierre Formation. This study focuses on the Ogallala Group and
briefly mentions the White River Group, as all drilling was stopped near the base of the
Ogallala Formation.
4.0

HYDROLOGY

The groundwater source for the Cheyenne Belvoir Ranch is the Ogallala Aquifer, which
is limited to the saturated parts of the Ogallala Group. On the ranch, the Ogallala Group
is exposed and varies in thickness from 150 feet to more than 300 feet thick. The western
portion of the Ogallala Group on the ranch has larger average grainsizes, but is not
saturated. The eastern portion of the Ogallala Group on the ranch is saturated, but has
finer grainsizes. The Ogallala Aquifer is generally understood to recharge through direct
infiltration of precipitation and ephemeral stream flow from the west.
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Individual wells on the Belvoir Ranch and surrounding areas yield varying quantities,
which are dependent upon the local permeability of the aquifer (12 to 1,100 gpm). The
substantial differences in yields are due to coarse-grained channel deposits location,
orientation, and saturation. The desired high yield deposits vary laterally and vertically,
making test hole drilling a necessary tool for water exploration on the Cheyenne Belvoir
Ranch.
5.0

TEST HOLE EXPLORATION

Nine test holes were drilled for water exploration within the Ogallala aquifer on the
Belvoir Ranch. JR Engineering supervised the drilling of the test holes by Sargent
Drilling.
The nine test holes were drilled specifically to obtain geophysical and geologic
information at each site. Seven of the nine test holes were completed and developed as
monitor wells, TH 1, TH-2, TH-3, TH-4, TH-5, TH-6, and TH-9. In general, the monitor
wells were screened from bottom of the hole to 40 feet below surface. The screen and
blank were made of 4” PVC and 0.040” slots. The holes were gravel packed from the
base to 40 feet below surface. Grout was placed from the top of the gravel pack to
surface.
6.0

AQUIFER EVALUATION

The data from the test hole drilling program was used to develop a detailed understanding
of the Ogallala aquifer on the Belvoir Ranch and to determine a location for the test well.
Cross sections and log profiles were constructed. Maps of the potentiometric surface and
the base of the Ogallala aquifer were prepared.
Geologic cross sections were constructed to show the extent and configuration of the
Ogallala aquifer. The Ogallala outcrops to the west near the mountain front. West of the
Cheyenne Belvoir Ranch Cow Camp No.1 well, the Ogallala is unsaturated, becoming
saturated to the east. The aquifer then begins to thin again east of the ranch. The log
response on the resistivity logs and neutron logs confirm this trend of coarse aquifer
material. Test holes TH-1, TH-2, TH-3 and TH-4 did not have sufficient saturated
thickness to be considered for municipal well locations. Similarly, TH-6 and TH-9 did
not have sufficient sand and gravel thickness to be considered.
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The potentiometric surface was mapped using existing data and the water levels from the
test holes. Although there are minor variances in water levels, the overall trend of water
levels has remained relatively stable since the Lowry and Crist mapping in 1967.
6.1

Test Well Location

As part of the study JRE determined a location for the Belvoir No. 5 test well. The
following parameters were analyzed to determine the best location for the test well:
•

Need for data in the area,

•

Results of test hole development,

•

Thickness of aquifer,

•

Aquifer saturation,

•

Lack of interference with existing wells,

•

Results of geophysical and geological logging.

Based on these factors a location at TH-5 was deemed as the most favorable. The test
well is located 100 feet east of TH-5. Based on the logs and sieve analysis for TH-5, a
well design was prepared.
7.0

BELVOIR NO. 5 TEST WELL

7.1

Well Construction

The test well, Belvoir #5, is located in the Northwest quarter of the Northeast quarter of
Section 21, Township 13 North, Range 68 West, Laramie County, Wyoming.
The drilling encountered large cobbles in the upper 100 feet and a series of sands, gravels
and clay to a depth of 272 feet. Upon reaching total depth, casing and 0.090” slot
stainless steel screen was installed. The two screened intervals are from 110 feet to 150
feet below surface and 170 feet to 260 feet below surface. Gravel pack was installed
from total depth to 40 feet below surface and grouted to the surface.
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7.2

Well Development

The well was developed for 30 hours utilizing surging and the addition of clay dispersant
additives. At the end of the development the water was clear and sand free. The well
was allowed to recover prior to starting the pumping test. Static water level after
recovery was 82 feet below surface.
7.3

Pumping Test

The test consisted of a 4-hour step test and a 24-hour constant rate discharge test. The
step test began at 100 gpm and was increased 100 gpm up to 700 gpm. The last interval
was produced at 782 gpm, the maximum capability of the pump. Following the analysis
of the step test and the capabilities of the pump, it was decided that the constant rate test
be run at 750 gpm.
Transducers were installed in the test holes, TH-5, TH-4 and the test well to measure
drawdown during the constant rate test. At the start of the test the static water level was
82 feet. At the end of the test the pumping water level was 101 feet, for a total drawdown
at the end of 24 hours of 19 feet.
The transmissivity was determined using two methods. The time vs. drawdown was
plotted for the observation well TH-5. The results show the transmissivity to be
approximately 100,000 gpd/ft. The storativity was 10-2 . A distance vs. drawdown was
plotted using the Belvoir #5, TH-5 and TH-4. Based on this method the transmissivity
was approximately 81,000 gpd/ft. The storativity was 10-5 .
The results of the pumping test show that the aquifer in this area is highly productive and
capable of 750-1000 gpm. The storativity values indicate that the well is largely confined
with a minor component of unconfined flow from the upper gravels.
7.4

Water Quality

Near the end of the constant rate aquifer test, a water quality sample was obtained from
the Belvoir #5 test well to evaluate the water quality of the Ogallala Aquifer.
The water sample was collected from the wellhead after 24 hours of pumping and was
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transferred to Energy Laboratories of Casper, Wyoming, for analysis. In addition, field
water quality measurements including pH, electrical conductivity, and temperature were
collected during aquifer testing. Results for select constituents detected during the
analysis are summarized in Table 1.

TABLE 1
Belvoir #5 Test Well
Water Quality
of Selected Analytes

Analyte

Belvoir #5

Maximum or
Recommended Level

Calcium
Magnesium
Sodium
Potassium
Bicarbonate
Carbonate
Sulfate
Chloride
Nitrate
Fluoride
TDS
pH
Hardness
Temperature (°C)
TCE (ug/l)

53
7
7
2
165
<1
22
7
2.4
0.6
186
7.97
161
11
4.3

200
236
100
50
250
N/A
250
250
10
4
500
8.5
500
N/A
5.0

Notes: Results listed in mg/L unless noted otherwise.
< Indicates analyte was below method detection limits.

Review of the data presented in Table 1 indicates ground water from the Belvoir #5 test
well meets both WDEQ/WQD Chapter VIII Class I water quality standards and the
National Primary Drinking Water Standards for the tested constituents. The calcium
bicarbonate type water derived from this well also appears to present little threat of well
yield reduction or corrosion to the well casing. TCE was detected in the Belvoir #5 test
well. Despite detection, TCE was measured at concentrations below the U.S. EPA’s
maximum contaminant level of 5 ug/l.
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8.0

CONCLUSIONS AND RECOMMENDATIONS

The Belvoir Ranch Level II Study consisted of a water resource evaluation of the
Ogallala aquifer underlying the ranch. This evaluation consisted of an environmental
report, drilling of nine test holes, including installation of seven monitor wells, and a
production test well (Belvoir No.5). The following are our conclusions and
recommendations
8.1

Conclusions

Prior to this study, little was known about the Ogallala in the area from the Cheyenne
Belvoir Ranch No. 2 well west to the Cow Camp. The only wells that existed were small
stock wells with no production testing. The Coastal Chem wells 27 and 28 in Section 28
are the farthest west municipal-type wells and are marginal producers.
The results of the test hole program showed that there is very little saturated aquifer west
of Section 20 in Test Holes 1, 2 and 3. Test Hole 4 shows marginal aquifer development
and saturation. Test Hole 6 shows poorly developed aquifer potential. Test Hole 9, on
the east side of the ranch also shows inadequate saturated thickness for production.
Test Hole 5 is in an area of the aquifer that has well developed sands and is almost
entirely saturated. This productive section of the aquifer continues to the east, including
TH-7 and the Cheyenne Belvoir Ranch Enl. Borie #1 well. The results from TH-8 show
that the sand development is beginning to decrease.
The data from these test holes enabled JR to eliminate areas from future consideration for
significant well development on a municipal scale. Conversely, JR was able to delineate
an area of the aquifer, within the Belvoir Ranch, that has considerable potential for a
municipal well field (Figure 3).
In conclusion, the study resulted in the following:
•

The nine test holes were successfully drilled into the Ogallala aquifer, seven were
completed as monitor wells,

•

Data from the monitor wells shows that the Ogallala is not water-bearing from a
point at approximately the Cow Camp west to the mountain front,
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•

The area east of, and including TH-5, has excellent potential for development of
the aquifer, based on saturation, and aquifer thickness,

•

One production test well was drilled and tested,

•

Delineation of the productive area of the Ogallala aquifer underlying the
Cheyenne Belvoir Ranch.

8.2

Recommendations

There is future well development potential of the Ogallala aquifer on the Belvoir Ranch.
Based on our evaluation of the test hole data and review of existing data and wells we
developed an area for future well development.
In addition, we recommend the following:
•

The test well, Belvoir #5, be completed as a municipal well to supply the
Cheyenne BOPU,

•

Drill three test holes in sections 23, 25 and 26. These holes should be drilled into
the White River for further evaluation of its potential,

•

Based on the results of the test drilling, construct two additional production test
wells, in the Ogallala and/or White River aquifers,

•

The long term potential of the wellfield needs to be explored. We recommend
additional long term pumping tests for production wells and possibly other wells
in the area,

•

Utilizing existing data, perform a reconnaissance study of the potential of the
Lance/Laramie aquifer,

•

The water levels in the seven monitor wells should be periodically recorded. This
can be accomplished manually and/or by transducers. This long-term monitoring
can be integrated into a computer ground water model to predict production and
manage the ultimate well field.
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